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MILITARY CURRICULUM MATERIALS

The military~developed curriculum materials i this course
package were selected by the National Center for Research-in
Vocational Education Military Curriculum Project for dissem~
ination to the six regional Curriculum Coordination Centers and
other instructional materials agéncies. The purpose of °
disseminating these courses was to make curriculum materials
developed by the military more accessible t0 vocational
educators in the civilian setting. .

The course materials were aogquired, evaluated by project
staff and practitioners in the field, and prepared for
Jdissemination. Materials which were specific to the military .
were deleted, copyrighted materials were either omitted-or -eppro-
val for their use was obtained. These course packages contain
carriculum resource materials which can be adapted to support
vocational, instruction and curriculum development.
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an activity to increase the accessibility of
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vocationa! and technical educators.
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Education, includes the identification and
acquisition of curriculum materials in print
form from the Coast Guard, Air Force.
Army, Marine Corps and Navy,

At?cess to military curriculum materials is

provided through a “Joint Memorandum of
UndeXstanding’” between the U.S. Office of
Education and the Department of Defense.

¥ [he acquired materials are reviewed by staff

and subject matter specialists, and courses
_ deemed applicable to vocational and tech-
~ nical education are selected for dissemination.

The National Center for Research in
Vocational Education is the U.S, Office of
Education’s designated reprecentative to
acquire the materials and conduct the project
activities. :
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The National Center for Research in
Vocational Education’s mission is to increasa
the ability of diverse agencies, institutions,
and organizations to solve educational prob-
- lems-relating-to -individual -career- planning- -
preparation, and progression. The National
Center fulfills its mission by:
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¢ Generating knowledge through research
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products
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and ouytcomes

¢ installing educational programs and
products

* Operating information systems and
services

¢ Conducting leadership development and-
training programs
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Military Curriculum Materials
WRITE CR CALL
Program Information Office
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DVERVIEW
MODULE FOURTEEN ~- °
PARALLEL AC RESISTIVE-REACTIVE CIRCUITS
In this module you will learn about parallel RL, R and RCL circuits

and the conditions that exist at resonance.

For you to more easily learn the above, this moduie has beeh divided

- . B

into the foilowing six lessons: ’,
Lesson !. Solving for Quantities 1n.RL Parallel tircuitg ..
Lesson I1. Variationai Analysis of RL Parallel Circuits .

Lesson 111. Paralfel RC and RCL AC Circuits . . . . . . .

Lesson IV, Paraliel ResOnance . . + . + + + « v v & & & s o o
Lesson V. Effective Resistance in Parallel RL Circuits . . - . .
Lesson VI. Parallel Resonance Experiment . . . « « « « « « « « &

TURN TO THE FOLLOWING PAGE AND BEGIN LESSON .

nt
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Overview ' Fourteen-!

OVERVIEW
LESSON |

Solving for Quantities in RL Paraliel Circuits
L]

In this lesson you will study and }earn about the following:
\.
-review parallel resistive circuits
-parallel residtive-inductive circuits

~methods of solution of RL parallel circuits

BEFORE YOU STARf THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES .
ON THE NEXT PAGE.
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Study Resources Fourteen-!

L{ST OF STUDY RESOURCES ‘ -
" LESSON |

.
Solving for Quantities id?REbParallel Circuits

. ™

To learn the material in this lesson, you have the option of choosing,
according to your experieace and pPeferencés, any or ald of the
following: ’

-

PR |
STUDY BOOKLET:
' . tF
Lesson Narrative .
Programmed Instruction
Lesson Summary

¥

ENRICHMENT MATERIAL:

~

NAVPERS 93400A-1b 'Basic Electricity, Alternating Current."
fundamentals of Electronics, Bureau of Naval Personnel..
Washlngton, D.C.: U.S.\Government Printing Office,..1965

LY =

AUDI0-VISUAL :
S1ide-Sound Presentation - ''Solving for !T ina Pﬁral!el RL Circuit."
§

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY
~ TAKE THE PROGRESS.CHECK AT ANY TIME.




Narrative Fourteen=-!
NARRAT I VE
LESSON |

Solving for Quantities in R Parallel Circuits

Reviewing Rules for Parallel Resistive Circuits

Several modules back, you jearned to solve for quantities in
parailel circuits which were purely resistive. Now we will briefiy
review the rules you used.

Rules

Branch resistance controls
branch current.

Voltage is common across all

branches.
Da A
. Tutal resistance and total

impedance must be less than
smallest branch resistance or
opposition.

Total current equals sum of
branch currents.

Solve for the following quantities in the ahove circuit:

’ lT-
To find‘lT, add the branch currents. Voltage Z;

is commBn; therefore, the applied voltage is ER2

across Rl," and ve can determine lRl'

- 150 v
RI 30

are both § 2. |R3 =

| or 5 a. Similarly IR2 and IR3 IR2

Ca+5a3+5a=15a (total current) Pe

P
a

/6

I

PF
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»

To solve for ZT’ you can use Ohm's Law.

~N
"
-
vi - o
<,
W <

—
"

e b
< N

lz,

Sclving for ER2

As vcltage is common in a paraliel circuit, the voltage drop across
any of the branches is the same as the applied voltage, or 150 volts,

Solving for Pt

o

&

True power can be determined by the F‘t = 2R formula. In this

|
purely resistive circuit | = i5 a, RT = 10 ~; thérefore,
Pt = 2280 w or 2.25 kw.

-

'Solving for'Pa g

Apparent poher in a purely resistive circuit is equal to true power.
You can prove this by the formula P_ = E x |; P_ =150 v x 15 a =

a 2
2.25 kw.

Sclving for P

Reactive power is not present in a purely resistive circuit.’

Angle Theta

In a purely resistive circuit, /6 is zero because E and | are in
phase. '

Power factor

You know that the power factor in a purely resistive ¢ircui« is
unity, or 1.

. " What would happen to total current in the parallel
circuit we have been analyzing if frequency were
doubled? '
'You should know the answer is nothing. Current in paraliel circuits

is determined by branch resistance, and frequency usually does noti
affect the value of carbon (except for some skin effect at extremely
high frequencies}. = e

e o, 130 Y
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Parallel Resistive-Inductive Circuits

when solving purely resistive parallel circuits, branch currents
are added directly because E and | are in phase. In circuits zon-
taining both resistive and reactive component., E and | are

no longer in phase. In an RL parailel circuit, for exampie,

I_ cannot be determined by directly adding branch currents because
tﬁe current through the resistive branch is in phase with the
applied voltage, while the current through the inductive branch
lags the applied voltage by 90°.

To solve for | in this
circuit, the sum of the branch
(f{:\ﬁg R X currents has tO be determined
F/uov 400} 00 by vector addition.

Recall that in series AC circuits we had to solve for Z. and
voltage vectorially. We used the impedance triangle and the .
voltage triangle. In parallel AC circuits we will use only

8 current triangle. THINK CURRENT is the password for this
module.

This means that we will not use an impedance triangile to solv.
for Z. in parallel circuits. Instead we will first find lT’
then solve for ZT by Ohm's Law.

Q In solving AC parallel circuits, a voltage triangle will never
be used because voitage is common.

which of these quantities would you not vector for when
solving an AC parallel RL circuit?

Remember, for parallel circuits think current only; therefore, you
do not vector for i or E_.

14

||
H

'1



Narrative . Fourteen-|

Solving the RL Parallel Circuit

1, = We want to solve this circuit for

2. = each quantity listed to the left.

B Pom —— 5 3R X,
_ S 2ov Yaon 3o
, /8 =

First we must find current through each branch of the network
in order to compute the total current.

To find | through the resistive branch:

Then, to find | through the inductor:
]=..E-§..
L XL
_ 120 v _
Tl hoa

IL = 4§ a

Because the 3 amps through the resistor and the 4 amps through the
inductor are not in phase, we must add them vectorially.

The Current Triangle

In parallel circuits, voltage is the common reference} therefore,
volitage appears in the standard vector position. The voltage across
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IR 3a Ea the resistor and the current through the
- > resistor are in phase; therefore, 1, is
plotted in the standard vector posi%iOn.

IR 3a €2 . .
- » Recall that in a purely inductive circuit,

, voltage leads current by an angle of 90°

" (EL1). For this reason E_ and |, are

4a *90° out of phase, with Eﬁaleadinb; there~
fore, the |, vector is a”~} quantity.
(Note that %he -j is the result of
changing the reference.)

lﬂ 3a

’M

_’ -

Vectorially adding the values of the
branch currents produces the total
circuit current. Tharefore, IT is

5 a.

8

» o
a -
-

N A A

ot

This information can be expressed in rectangular notation, giving

first the | through the resistor, then the | through the inductor,
thus: 3 a - j4 a.

In polar form, this is expressed 5 /-53.1°. (You recall this is
/8 for a 3-4-5 triangle.)

Solving for ZT

Now that we have found |, you can solve for total impedance
by Ohm's Law. (Remember: We do not vector for ZT in parallel
circuits.)

E

Z. = -
TT

Cf\Dglzov gnwﬂ x ., l0/0 .

2. = &30 (E_ is our reference;
o T 5 /-53.1° therefore, we assign
an angle of 0°.)

() | :. a
2. =2k /53.1

Solving for True Power

o

/

You kncw that power is consumed only by Eesistance. To find

the value of P, use the formula, P_ = I"R. | in this case must
be the current through the resistive branch, not total circuit
current,

‘ ' | 10 16
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1R

-
L}

(3)% x 40 @

e~
]

9 x 4o

-
I

Pt = 360 w ™ by
a Solving for Reactive Power . .

.2
Px"l.xl.

= (02 x 30
16 x 30 .

-
i

-
[}

480 vars

-
]

/ - solving for Apparent Power

- By the power formula P = Ea X IT

P=120vx5a
P = 600 va
a

Power factor

You know that the power factor is equal to the C0S /6. For

/8 of 53.1°, PF is 0.6. You can also determine this by using
P

the formula PF = FE‘
: N a -
Now, remember two important rules for solving parallel circuits:

1. THINK CURRENT - vector for I only.

2. To find ZT’ first find IT’ then apply by Ohm's Law.

Solve this circuit.

e = ™
[ —— £, 240V Llt«ton X, 30Q
, Z. =
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- State [T in rectangular form:

State [T in polar form: .

Your first step was to find lg and 1§ R = 6a; |, =8 a.

L’ L
tn rectangular form: . = 6a~j8a

The current triangle:

Ig 60
1 - This is a 3-4-5 triangle, so IT =10 a

a In polar form IT = 10 a /-53.1°,

| 3
Then by Ohm's Law, ZT = TE“

240 v /0°
1—0?7—]o=249/53l°

Observe that the two circults we worked had identical ohmic values,
30 ohms and 40 ohms. Only-the applied voltage was changed from

120 volts to 240 volts. Changing voltage did not affect the total
impedance. In both circuits 2. was 24 ohms. Voltage Does Not
Affect Impedance in A Circuit.

Assumed Vol tage Method

Since the applied voltage has no effect on ZT, you may assume any
voitage to solve for 7

‘The assumed voltage {any~one you plck that is easy to work with)
wlli help you find the correct Z .

Using the assumed voltage method solve for ZT.

e,

»

™~
H

W

§ﬁEKXﬂ1 X 1004} T

12 18
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. You may have realized a workable, easy, voltage to assumé is 100
volts. 1. = 1.41 a /~45°, and 2_ = 70.7 @ /45°. Whatever
voltage you used, Zy = 70.7 @ /h§°.

w———

Parallel RL Problems

120y
. C/\DE‘ guoﬂ 477mh It Eo

f 1KHx

i . ® R

k. Cr\l €, 360v §a90n 120023% £)np
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Answers
1, 2T=2!a9 /53.1°
2, XL=209 ”~
3. ZT = 35,36 0 /45°
i 2. =729 /36.9°
. ;=5 a /-36.9°

IR =4 a

'L = 3 a

Pt = 440 w

P = 1800 va

a

PF = 0,80

/6 = -36.,9°

AT TH1S POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY
ANY OF THE OTHER RESOURCES LI1STED, IF YOU TAKE THE PROGRESS
CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT
LESSON. |F NOT, STUDY ANY METHOUL OF INSTRUCTION YOU WISH UN-
TiL YOU- CAN ANSWER ALL THE QUESTIONS CORRECTLY.

hi

20)

4
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PROGRAMMED INSTRUCTION

LESSON |

Solving for Quantities in RL Parallel Circuits

- THIS PROGRAMMED SEQUENCE HAS NG TEST FRAMES.

Y

. {n this module, we will discuss the important characteristics of
parallel resistive-reactive circuits and develop th= rules and
graphs for finding circuit values. The basic circuit configurations

. to be studied include paralle! RL, RC, and Rl types. At this time,
. . it will be helpful to review parallel circuits containing only re-
- sistive elements.

1. In a series circuit, current Is common, buc in a parallel
circuit, is commnon. '

{voltage)

2. The voltage drop across resistor Rl equals the voltage drop
across R2 whlch equals the voltage drop across R3. This may be
stated as 'the voltage drop across any branch in a paraliet -
circuit is equal to the vol tage "

- o m a Em am M e e o E o g Em am Gy am g o g am s s am am e m gm am gm o m

{source or appliedj

3. The current acts quite differently. The total current,

flowing from the source divides into separate branch currlnts
whose values are determined by the voltage and branch resistance.
Given Ea and Rl, we can calculate il according to the equation




Fourteen—|

Jj.‘ Equaticns for I, and !3 are similarly written:

5

The sum of the branch currents must equal the
current.

= W m W™ m o Em o Em o B ™ m om ™ o W e m wk m m m om W o o o s o o o o

{total)

For the circuit given in frame 1, the total current is written

'T = !l.-i- 12 + 13. The total current can also be calculated

from known values of source voltage and total resistance by
the formula _ .

L T T . T T T

OO
)
-
'

16
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6.  The equivalent resistance of a parallel network can be cal-
culated-by the sum of the reciprocals method which is
mathematically written as = . The equivalent
circuit for the parallel reSistive circuit in frame 1 is:

——

1 1 1
nmtetm

7. For review, calculate the unknown’values in the following examples.

m
"

10 v - A |, =
\

=
~n
n
=3
=
O
it
it

In summary, the rules for ourely resistive parallel circuits are:
A N .
LY
1. Vnltage is common across cach branch.

2. Total current is the sum of the individual branch currents:

!T = ll + lz +"0 * * + ln
3. Total circuit current 1. = =2 (ohm's Law) .
Tt Ea Es
L. Branch currents are resolved using the equations i, = =, 1, = ==
. ) i Rl 2 RZ

- (where 1 is‘;t;ranch ! 2, ... .. current.)

5. Total circuit resistance can be calculated from:
£ v
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6. Phase difference between current and voltage is zero (/8 = 0).

7. True power equalc apparent power since the load is purely
resistive.

o
_ 2
Pt = (iT) RT = Pa = Ea‘T'
8. Power factor is unity: PF =1.
8. The voltage drop between point A and B is to the

drop afross € and D

. . T P L TR I R . T T T e

9. In the circuit in the ﬁreceding frame, the voltage drops across
the resistor, R, and the inductor, L, are the same and are equal
© to the voltage.

- am m wm gm w4 vm m em m e wm m gm wm m m m m mm mm dw o om m owm o S m m

{source or applied)

10. From known values of source voltage, branch resistance, anu in-
ductive reactance, we can solve for the current through each
branch of the network by Law,

{Chm's)

11, Current flowing through the resistive branch in the example
circuit, with Ea =100 v and R = 25 @, is calculated from the

equation ]R = and is amps ,
Ea
‘R_‘ l‘ . -

13 -

3¢

. .
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. f? 3
12. We are able to calculate IR from the equation IR = Ea’ since
the voltage. drop across the resistor is equal to

{source or+applied voltage)

Similarly, the voltade drop across th= inductive branch equals
source voltage. Branch current, I, , can be calcuiated from
the equation ! anh is

amps, with_Ea = 106G v and XL = 20 9.

In a parallel RL circuit, total current, 1., cannot be obtained
by directly adding 1, and IL as in a-purely resistive circuis
slnce the two currents are

~ {out of phase)

15. With the voltage across each branch common and the currents in
the resistive and inductive branches out of phase, we
‘solve for total current by addition of individual
branch Gurrents. : )

\vector}

In a parallel RL circuit, voltage is common and can’be repre-
sented by a, vector in the position.

(standard or reference)
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17.

Fourt-en-]

In the branch containing purely resistive elements, current
flowing through R and the corresponding voltage drop, E,, are
in phase. Therefore, can be plotted in the same .

direction as Ea’

In the purely inductive branch of the parallel RL circuit,

the same source voltage Ea’ appears across the inductance.
The branch current, is out of phase with voltage. From
YeLl, the [CE man," the voltage the current by

{leads)

Voltage, however, is common and plotted in the standard position.
Voltage leading current by 90° is the same as current
voltage by 90° for a purely inductive load.

B o

{1agging)

Current flow in.a parallel RL circuit can be represented in

rectangular notation with the lagging { current rotated

clockwise from the standard position by a operator. The
, +j7-]

rectangular- notztion for the illustrated vector diagram is

written .

> s 4
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. 21. The total current can now be calculated by vector addition of
“lgand b . in the diagram, I, is the _ of the current
vector t%iangle. I

-, W m W m e o om o om W™ om om m m W o m m m m am m am m  m m m mm m m am m m m m

{resul tant)

Fl

z
* 22. From the current vector diagram, you can see that o is out
of phase and lags the applied voltage, Ea’ by the .

23. Total impedance, Z.., can be calculated from known values of
applied voltage ans total current; from Ohm's Law, ZT = .

2k, 1n the example parallel RL circuit, the following values were
calcuiated:

Cf\,):, 120v §a 30 X 4ol p=5a

/6= -36.9°

Write 'T in rectangular form.

Write total current in polar form,
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25. In the preceding example, total impedance is determined from
E .
the formula, ZT = TE" We cannot simply divide 120 volts by
T
"5 amps, but must also take into account the phase difference,

- . N H — ?
/6. Using polar notation, Z; = a2 7-36.9° °

- s W E O a8 W ™ 8 o E o E E E E ™ o mm T E o s o o

. {120 v /0°; the phase angle for Ea is zero since it is
the reference value.}

120v /0°
26. For example Z, = T3 736.9° ° the total impedance is calculated

to be ZT = .

(2% @ /36.97

27. The total impedance of a parallel RL circuit is always calculated
from applied voltage and total current, using Ohm's Law, and not
by vector addition of resistance and impedance. In a fixed cir-
cuit with constant values of R and X , the total impedance, ZT’
does s with changing values of E_ or 'T’

change/not change a

{not change)

© 28, From the equation, Ea = ITZT’ you c¢an see that increasing E
produces a proportional in tys since ZT

is constant_for a given cirauit.

M 4 W me Em 4% Em am Em sk Em Em Em Em Em " 8 s o S o Em o Em o ok Em Em Em Em Em o Em Em Em

22
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29. In the circuit illustrated beloﬁ, what happens to Z; if
Ea is increased from 120 volts to 240 volts?
. £ r 230f] x, 308l
) 8. remains the same
b. increases
C. decreases
d. cannot be determined
(a)
30. This ‘fact. that the applied voltage does not affect circuit im-
. pedance. allows us to assume any applied voltage to determine
Z; of a paraflel circuit.
Assume Ea = {120 volts AC and solve for ZT’
I's
gn 20l x, 4of)
’ (2h o /36.9°)

31. Solve the preceding circuit for ZTg using an assumed voltage
. of 240 volts AC.

(24 o /36.9%)

. 23 24
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-
32. when‘using the assumed voltage method for determining ZT’ the
values of current are not true values.

So}ve for IT'

CI\D ; R 400 x, 401

a. | amp

b. greater than | amp

¢. cannot be determined

33. Recall that true power, P_, is that power dissipated by the
resistance as heat. In terms of 1, and R, P_ = .
For 'R expressed in amperes and R in ohms, Pt is expressed
in .

(IR)ZR; watts)

34. True power may also be determined from the branch current and
the voltage drop across the resistance using the equation

30
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35, Solve for true power using both equations and compare answers.

Pt = watts.

s R X
'\’ nov §:mﬂ. 40()

L . . . S SR

{(8B0)
36. Recall also, that reactive power is that power stored by reactive
components and returned to’ the source. In terms of } and XL
P = . For IL expressed in amperes an& XL in ohms,
P: is expressed in R
2
(IL) XL, vars ,

37. Reactive power may also be determined from the branch current and
the voltage drop across the resistance using the equation Px =

- e o o o M om = W W o o o om E E om m m o o o o o o o 8 o ogm m m E am

38. Using the circuit itlustrated in frame 35, solve for reactive
power. Px = vars.

- o m W™ m om om m




P.I. ' fourteen-1|
39. Apparent power, Pa’ is a combination of the power dissipated by

the resistive components and the power stored by the reactive
components.

In terms of Ea and 'T’ Pa = .

GEm

0. When Ea is in volits and IT in amperes, apparent power is expressed
'n : .

Solve for Pa.

(volt-amperes; §00 va)

ki, The power factor for any circuit is defined as the ratio of true
power to power. 1t may also be expressed as the
of the /8.

- e o o S o s o W o e e oam o mm am am am am am m e A o e am W e o e w W

{apparent; cosine)

26
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- h2. Solve thjs parallel RL circuit for the indicated values.

a. IR =
b. IL =
- c IT =
d. Zp=
. Ex 100v §325.Q 250 e, o=
f. P, =
9. P =
h. P =
i. PF =

State total current in rectangular form.

State total current in polar form.

- A e m Em W T m W e o M g W e T m e T m m Em m o m W o W = o o o

(a. ha; b. ha; c. 5.7a /-45°; d. 17.5 9 /55%; e. -45°;
f. LOO w; g. 400 vars; h. 570 va; i. 0.7; rectangular

form: 1. =k a - jh a; polar form: 1, =5.7 a /-45°

YOU MAY NOW TAKE THE PROGRESS CHECK OR YOU MAY STIOY ANY OF THE OTHER
TESOURCES LISTEQ, F YOU TAKE THE PROGRESS CHECK ANO ANSWER ALL THE
QUESTI10ONS CORRECTLY, GO TO THE NEXT LESSON. 1F NOT, STUOY ANY

METHOO OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS
CORRECTLY.

27 33
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. SUMMARY

LESSON |

Solving for Quantities in RL Parallel Circuits

In Module Six you were introduced to the rules governing parallel
circuits. Before the discussion of the more complex AC circuit,
perhaps a brief review of these rules, using a purely resistive
circuit, will be heilpful.

1. In a parallel network voltage is the common value.

Ea = El = E2 = 53 =, .. .

2. Total circuit current equals the sum of the branch currents.

= + * *
lT Il ﬁlz + I3 + . + In
3. Branch resistance determines branch current, with the branch
containing the larger opposition having the smaller current.

4, Total circuit resistance is smaller than the smallest branch
resistance.

Wher, dealing with purely resistive circuits. we are able to add the
branch currents directly to find total current; E and | are in phase,
/8 is 0°, and the circult power factor Is 1. |If a reactive element
Tinductance in this case) is placed In the circuit, there is a

phase shift between the applled voltage and circuit current. Because
of this, other forms of computation must be used. For example, the
individual branch currents can no longer be added algebraically to find
IT; vectorial addition must be used.

In series AC circuits, current is the common value and the in-
dividual voltage drops are added vectorially to find E . In paraliel
circuits, voltage is the common vatue and current divides between

the branches. Hence, voltage, not current, must be used as the vector
reference in a paralle? circuit.

To solve this circuit with the
o information given, the first step
£ R X, is to find the individual branch
§7sn 400 - currents. To do this, Ohm's Law
is.applied to each branch.
{Remember to include the angle
associated with each value.)

34
28
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100 /0° 100 /0°

[-] E_ - - ~an®
|R= —-},-5—':—/-{1-'6-—-— ].338-{2__ |L‘=XL— 0 /+900 2.53 / 90
Ea has & 0° angle because it is the reference value.

The next step is to find 1. Since there is a 30° phase angle between
the current through the resistive branch (1.} and the current through
the inductive branch (IL), vector addition ﬁust be used to combine

lR and |, .

L
Ip 13a
AL Bl S 1)
1.33 a - j2,5 a=2.83 a /-62°

Although this is an inductive circuit, tne circuit phase angle is a
negative angle. The reason for this is apparent; reversal Is due
to the change in reference values (current lags voltage).

Now that IT has been computed, zT can hbe found by applying Ohm's Law.
E, 100y /0°
Loy, CTE ey TSN ,

T ——m

Remémber, In Parallel Circuits You Must Vector For 'T’ Not Z or Ea.

Apparent power is computed for parallel circuits in the same manner
as for series. In the above example:
Pa = lT
PF is still equal to the ratio of true power to apparent power.,
b .

PF = 5‘, or more conveniently, PF = €0S /6.
d

x E_ = (2.83) (100) = 283 va

PF = COS 62° = 0.4695

True power can be computed for any circuit by using Pt = IT x E_ X cos /e

or if you wish, Pt = IR2 x R or Pt = IR x ER' The last equation is

usually the most convenient for parallel circuits,
i

P, = lp x ;{= (1.33) (100) = 133 w
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One fact you must always remember is that the impedance of a circuit
is not affected by any change in applied voltage. This fact Is
apparent if you examine two identical circuits with aifferent values
of E_.

a

3.3 a e = 6.6a

2.5 a I =5a,
ﬁ‘ R xl ﬁg é" xl L
QDW é”“wn baz7 (U )zoov S8 a0 I, =8.34a
-36.9° 6 = -36.9°

/8
z

Z. =249 =24 @

T T

As you can see, the circuit phase angle does not change and ZT remains
the same.

Occasionally you will be required to find the impedance of & circuit

when the vailue of - the applied voltage is not known. Because the value

of E_ has no effect on the impedance of the circuit, you can assume

any Voltage you wish to find Z,.. For example, any value of assumed

voltage can be used for this circuit. .

We'll use 250 v.

R 125() X, 601

250 s0°

L

'L = 36—7:963 = h.16 a /-90°

4

L.65 a /-64.3°

250 /0°

= o = 53.8 Q-/+64.3°

E
Iy = 7= %65 7-6h.3

T:I

The circuit impedance found in this manner is a valid figure; however,
you must ¥eep in mind that lT is correct only if the assumad Ea is
applied. '
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In serfes circuits, the circuit is either predominately resistive or
predominately reactive depending upon which device developes the largest

voltage drop. A parallel circuit, however appears reactive or
resistive depending on which branch carries largest current.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED {NSTRUCTION OR 80TH.
IF YOU TAKE THE PROGRESS CHELK AND ANSWER ALL OF THE QUESTIONS COR-
RECTLY, GO TO THE NEXT LESSON., IF NOT, SELECT ANOTHER METHOD OF
INSTRUCTION UNT!L YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.

.
T
]
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- " OVERVIEW
LESSON 1 ‘
Variational Analysis of RL Parallel Circuits

In this lesson you will study and learn about the following:

- ~effe<t of a change in frequency
-effect of a change In applied voltage
-effigt of a change in resistance
~effect of a change in inductance

*

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES
ON THE NEXT PAGE.

39

-

¥




Study Resources ' . . Fourteen-t|

%
N L1ST OF STUDY RESOURCES : u
LESSON {1 .

- Variational Analysis of RL.Pzralliel Circuits

To learn the material in this lesson, you have the option of choosing,
according to your experience and preferences, any or all of the

follawing:.

STUDY BODKLET:
Lesson Narrative
Programmed Instruction

Lesson Summary

ENRECHMENT MATERIAL:
NAVPERS 9340DA-1b “Basic Electricity, Alternating Current.'
Fundamentals of Electronics. Bureau of Naval Personnel.
Washington, D.C.: V.S, Government Printing Office, 1965.

YJ MAY NDW S5TUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY
TAKE THE PROGRESS CHECK AT ANY TIME.

i
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NARRATIVE

“ LESSON 11

£

Variational Ana1y§is of RL Parallel Circuits

We will assume that this resist|ve-
inductive paraiiel network has

e a high-Q coil; therefore, we will®
(’\; . 2 not need to consider effective

resistance as we analyze the
circuit.

v

r

We will examine the network to determine what will happen to all
other circuit quantities If we change one of the four variables --
frequency, applied voltage, resistance, or inductance.

If Frequency+ls lncreased

The first step in anaiyzing a
parailel circult is to draw the
é current vector diagram.

&'

>

Now if f is increased, what will happen to X, ?

~

$ince X = 2ufL, if f is Increased X, increases {4).

if X increases, |, decreases {+). 1, in a parallet RL -
circhit Is unchangkd by a change in fpequency kecause nelther

E_ nor R are affected by frequency. Therefore, if | decreases,
then IT decreases (+) as we can see'from the vector hiagram.

: R
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I £ IT decreases, ZT must have increased (t). We can see this
E
by a look'at Ohm's Law == 2. + = == .
¥ IT+

Since current .through the resistive branch has npot t£hanged, and
the resistance has not chang:d, true power does not change.

Apparent power, however, changes because total current de-
creases and the applied voltenz is unchanged.

Loqking’again at theé current vector diagram, you see that as
. lL decreases, /8 decreases. ’

If angle theta decreases, then the power factor increases. You
know this to be true because Pt is the same, but Pa decreases.
s -
P
) , o PFA = 5=
.- at

s

The table to the right shows the complete
picture of the effects of an increase in .
the frequency &% the voltage appliegd to a
parallel RL circuit.

‘ * - o | ‘ = =il i | =

Changlng Applied Voltage o

The results of a change in the volfége applied to a parallel
RL circuit are easily analyzed.

None of the physical properties of the circuit are affec.. by
any change in voltage; thus, R and L remain the same. Without

-
* -

37 42
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{.

a change in eithef frequency or inductance, X remains the
same. With both X, and R unaffected, the cir&uit impedance
is also unaffected.

If E. is decreased, Ohm's Law shows that IL, and IR and IT
also decreased.

With a decrease in !T’ IR and the applied voltage, Pt and Pa
both decrease.

A 100k at the current veclor diagram
indicates that as i,, 1,, and 1T all
decrease, /6 does not cliange.

L7y *
Zy [ —»
l' *
Iy
Therefore, PF does not change. l: ‘+—‘
xl —i
PF -
I', *
s *
A *
[o_|—»
R i
L i

Son
[
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Okay, let's see if you can correctly
analyze this circuit if the value of
R is increased. Indicate changes to
each circuit quantity by arrows in
the table at the right. )

Draw the current vector diagram.

.-a‘;x"n‘-»“Il.!‘.-‘n"-n"-!‘u

You know that if R is increased, then [ through the resistive
branch decreases. | is unaffected since a change in R
doesn't change either frequency or inductance; therefore, it
does not affect XL.
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In

)l The vector diagram indicates
! that if |  decreases and |
does not change, 1} decrea&es.
T

e | 4
1y Q
Iy *
LY *
If | decreases, and E_ is constant, then Z 1 —
T a T L
increases,
If 1, and |_ decrease and Ea is unchanged, PF *
then P, and P_ decrease.

-~ , T '"""t a 3 " *
Another look at the current vector diagram B, +
shows that /6 increases and the power -
factor decreases. Px -

le | &
R | 4
L -
~
15
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Complete the table to shdw what happens if inductance
is decreased.

Turn tn the next page for the answers.
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Answers:

1f L Is decreased, XL decreases, and 'L
increases. n

+|i i , 31. increases.
‘R does not change.

— v

\‘\I
; 1
. L 4
if 1, increases and £_ is constant, Z z
4 a T |
ecreases. | N —S—

As neither I, nor R changes, Pt does
not change.

As IT increases, Pé3 increases.

Obviously /8 increases; therefore, PF
decreases, R remains the same.
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’

With the four variables changed separately as indicated in.
the chatrt, conduct a variational analysis of the circuit.
‘ _ indicate the changes to each circult quantity by arrows,

'- § ok [0y [

Turn to the next page for the answers,
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Answers:
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PROGRAMMED INSTRUCTION

LESSON 11

Variatlonal Analysis of RL 2arallel Circuits

In this lesson, we will perform a variational analysis on parallel
RL circuits to determine what effect changes in frequency, source
voltage, resistance, and inductance have on the circuit values.

. You remember from past lessons that a variatlonal analysls of the
circuit values consists basically of choosing one quantity as an in-
dependent variable and documentlng the relative changes of all other

. values as the independent variable is changed.

In the basic parallel RL circuit, we have the ability to vary or
change four quantitias. Each quantity, in turn, is considered

the independent variable and a variational analysis performed. We
will assume that the effective resistance of the coil is negligible,
R = 0,

eff

The four independent variables are:
1. frequency 3. resistance
i 2. voltage k. inductance
Before performing the anatysis, i1t will be helpful to briefiy review
the characteristlics of parallel! RL circuits and present the funda-

. mental equaticns used to calculate circuit values.

Basic Circuit " Rules and Equations

Voltage is common.

X, - 2nfl

L

f =

AL

— AP
»
o
-
!
>qmn1=1 ™m

@&

L

tT x IR + |l (vector sum)

»

Lo . !;5{}
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Current Vector Oiagram

The only vector diagram ca!cuiatlons

§~ are for current values,
.
M . IL
TAN!_G_."T—
R
2
P, = (IR) Ror ip x E
Pa = EaIT
P
PF«T,-E- = C0S /9
a

Case | - Frequeﬁqy of AC Voltage

We have chosen to Increase the frequency of the AC source,
N keeping E_, R and L constant. In the following frames, we
* discuss tfle effect of increasing f on the remaining cir-
\\ cuit variabies. !n our circuit example, effective resistance
of the inductor is assumed negligible with Reff = 0,

THERE ARE NO TEST FRAMES IN THIS PROGRAMMEO SEQUENCE.

I. Resistance is a physical property of the circuit. Increasing
source frequency produces change in R. How
do you incfease resistance? -

{no: increase value of resistor)

2. Impedance of the inductor is given by the formula: X = 2afi.
An increase in £ produces a/an in X . k is

» measured in .

{increase; ohms}
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. . 3. Increasing the frequency produces a corresponding increase in
' X, . Branch current through XL correspondingly .

according to Ohm's Law: IL =

k. cturrent flowing through the resistive branch depends only
on Ea and according to Ohm's Law. Therefore,
when f is increased.

R
(R; does not change) .
5. Knowing the changes to |, and |, , the dependence of total current

(1_) on increasing frequency caf be determined from the current
veItor diagram. ‘!ncreasing frequency causes 3 decrease in IL and
afan in Iy

(decrease)

6. From the same current vector diagram, we can determine that
the phase angle

(decreares)

’

ot
‘ by

47
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7. Total circuit impedance {Z.} can be expressed as a function of
E, and ) s accordTng to Ohm's Law: Z, = .
o
Increasing f causes ZT to .

(IT; Tﬂ; increase)

8. The current flowing tiirough the resistive branch does not
change wlth an increase In frequency since resiitance is a
physical property. As shown by the formula, 'R x R, true power
with an increase.in f. Ve

[does not change)

9. The current flowing through the jnductive componeﬁt decreases with
an Increase jn frequency. As shown by the equation:
E

X

L= 2nfL, lL - fﬂ and PX = Iz XL, reactive power
L

«*  with an increase in frequency.

(decrease) ;

0. To find the variation In apparent power, consider the baslic
equation, Pa - EalT.

Since ‘T decreases with an increase ir f, Pa .
{decreases)
11. variations in the power factor can be determined from either ohe
of the formulas: + P
t
PF = N
3
PF = COS /¢
With an Increase in f, true power remains constant and apparent
power decreases. Since /8§ decreas¢s, COS /9 and
PF for a corresponding increase in f.
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-

12. Fill in the blank blocks with arrows to indicate increase {4},
decrease {+}, or no change ().

-

\rp -

R (X |[Zr { % U

Case || - Source Voltage

-
in this analysis, we increase £ and determine the
relationships of the fol lowing Jariables.

xl z‘- ln ! ]

13. Resistance is a physical property and does not change with an
increase in E_. Reactance depends only on § and L, so X, is
unchange<. The total circuit impedance (Z.) Is a combination
of R and X, and therefore - with an increase
fn source voltage., *




b

A . .
L

Fo l - ' ) ) 1" Fourteen-’l l

4. Branch surrents, }_ and IL’ depend on the applied voltage
and br.ach impedance.

%

»
m

. " lu—a
v : _ R R
- J
.E
| = =
L XL
. Therefore, since R and X, are vot affected by a change of
"applled voltage, | and ¥L : with an increase

in source voltage, Ea'

lincrease}

15. The dependence of total circuit current on source voltage can

be determined from Ohm*s Law; (IT‘u EEJ. Increasing €, pro-
duces a corresponding increase in T .

16. In Ohm's Law, wel can see that |_ and 1, increase a proportional
amount for a givﬁn change in E_. By looking at the current
vector diagram, you can see that the phase angle
with an increase in Ea'

{does not change)

OU]’
n

5
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17. True pover, reactive power and apparent power can be expressed as
the product of voltage and current as shown by the equations:

Pt = EalR
Px = EaIL
Pa = EalT
As E, is increased, |, IL and | increase, producing corresponding
?n both power values.

{increases) . -

“* Y

18. Since the power factor Is equal to the coslne of /2, a change
in the applied voltage causes in PF.

- em = m m m = m m m m m o m m o m W m m m m m m m m A = om M = m ok W m m om

{no change)

19, Place arrows in the blanks to show the change caused by an
increase in source voltage.

- m M M M W o m m m % om M o= om % m 8 m % m o om m o = W o om M m o om M ™ = o= o=

S

6
51
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Case 111 - Resistance

R L R.[ X 12 | % [0 (% |fo_ | % | & [ &% | #

In this example, we decrease the magnitude of the resistance.
The following current vector diagram will help you visualize
the changes in clrcuit vaiues.

¥
20, For a decrease in circuit resistance (5) determine the change,
if any, to the following values. .

a. Ea - Does a change in R cause Ea to change?

b. t, = Current flowing through R

R
c. X, =~ Since the reactance of the inductor depends on f and L,
a decrease in R produces in XL.

d. lL -

e. 2, - Since total impedance is determined by Ea and IT’ a
decreasing R causes an increasing IR and

in ZT‘

f‘ ﬁ.* - *

g. Pt - IR increases, producing in true power.

h. PX - ]L does not change, producing in Px reactive
power .

i, lT - .

IR Pa -

k. PF - The power factor equals C0S /8. The phase angle decreassas
and PF .

- mr m Em m W m m m W W mk M TR m oam m m e  m m om mk ey s mk mk mm W o m mr m om om

ta. no; b. increases; c. no change; d. no change;
e, a decrease; f, decreases; ¢. an increase; h. no change;
i. increases; j. increases; k. increasss)

S7

52 '
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21. Show with arrows the effect of decreasing R.

L & X [ Zy W (o W o tje | B TR |8 | e

Case IV - |nductance

22. In Case IV, we vary the inductance by decreasing L. For
the remaining circuit variables, determine their dependence
on decreasing L and indicate their variation by arrows in the
following chart.

Bl orotX 1 Zr [ % 0 | N jle | R O|R | & | e

D . T T R T . T . T S Y

YOU MAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE
OTHER RESOURCES LISTED. [IF yOU TAKE THE PROGRESS CHECK AND ANSWER
ALL THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON, |F NOT,

STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL
THE QUESTIONS CORRECTLY.

5354
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SUMMARY
LESSON 11

Variational Analysis of RL Parallel Circuits

During this lesson, we wlll examine a parallel neiwork to determine what
happens to circuit values when each of four variable quantities ---

. frequency, inductance, resiscance, and applied voltage -- are changed.
Remember, when dealing with parallel ci-cuits, vector current, not
impedance. The relative values of 1, and |, determine whether the
circuit is predominantly resistive of reactive.

Just as in series circuits, the value most obviously affected by any
chapge- in frequency is fiductive reactance. For exampie, an increase
in frequency causes a corresponding increase in X .

An increase in the opposition of the inductive branch causes a de-
crease in the current through that branch.

The resistive branch, for practical purposes, is not affected by any
variation in frequency.

Total current is equal to the vector sum of the resistive curtrent
(IR) and the reactive current {I.}. 1In this case, with the decrease
in IL there is a corresponding decrease in IT’

Since |, decreases and [, remains the same, the circuit appears ,
more resistive and [g_degreases.

Ix

With the decrease in /0, there is an increase in PF,

Since total current decreases while the applied voltage remains the
same, there must be an increase in impedance.

Although the PF increases, true power remains the same, because
there is no change in the resistive branch.

Since apparent power is equal to total current times the applied voltage,
it decreases.

oy
o

54
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To summarize:

- [ ‘d— * >l

- .*'.'.'L"ﬁ [3 LI i E B ) B

[y

1

Any variation in inductance :aff_ects the circuit in the samz
marner as a comparable change in frequeacy.

60
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The table below shows the eff-ar of a decrease In resistance in
the resistlve branch of an RL parallel clrcuit.

- ’F)?ﬂ‘n‘a:,.“p-’--.-.:‘ﬁ

}

Any variation in applied voltage causes a proportional variation
in all values of voltage, current, and power.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH.
1F YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS ¢OR-
RECTLY, GO TO THE NEXT LESSON., IF NOT, STUDY ANOTHER METHOD OF
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.
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OVERVIEW ' .
LESSOY 111
Parallel RC and RCL Circuits

In this lesson you will study and learn about the following:

-solving parallel RC circuits

~variational analysis of parallel RC

circuits

-splving parallel RCL circuits .

BEFORE YOU SYART THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES
ON THE NEXT PAGE.
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Study Resources ‘ Fourteen-!11)

LIST OF STUDY RESOGRCES

LESSON 11
Paralle! RC and RCL Circuits

To learn the materlal in this lesson, you have the option of choesing,
according to your experience and preferences, any or all of the
following:
STUDY BOOKLET:

Lesson Narrative

Programmed {nstruction

Lesson Summary

ENRICHMENT MATERIAL: )
NAVPERS 93400A~1b *"'Basic Electricity, Alternating Current."
Fundamentals of Electronics. Bureau of Naval Personne!.g
Washington, D.C.: U.S. Government Printing Office, 1965.

YOU MAY NOW STUDY ANY OR ALL UF THE RESOURCES LISTED ABCVE. YOU MAY
TAKE THE PROGRESS CHECK AT AMY TIME.

5 0
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NARRAT I VE . _
LESSON 111

Parallel RC and RCL Circuits

Solving Parallel RC Circuits

To solve for quantities in parallel RC circuits, you proceed XLt
Just as you did to solve parallel RL circuits. Again with

parallel RC circuits, we approach the problem via the vector

diagram for current. -

£ ® Xc
%ov SO 1 9of)

Here again, voltage is the common
» > reference. Since current through the
Es Ir resistive 1e¢g is in phase with the
applied voltage, 1, is vectored in the
standard position. Recal! that c.rrent througg the capacitive
branch leads the voltage by an angle of 90° (1&5). For this
reason the vector for lc is drawn upward to indicate Ic leading Ea‘

le . .

Find the values of §_ and |,. and

construct the curren@ vectof diagram

to determine .. .
Ey ) _L"c T ,
3s0v Snofl T 900} lg=__ =

Your vector diagram should look like this:
IRF33

'Ic =4 a
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By abplylng Ohm's Law, we can soive for ZT'

Ea
S :
360 v /0°
4t TSI
zT-}_z/sz /-53.1° -

Soive the preceding clrcuit.

True power is computed by either of the formulas: Pt = (IR)2 xR
Pt n IR X Ea or Pt = IT X Ea x CO0S /8 :

2
Pt (!R) x R
Pt =9 x {20
e ™ 1080 w or 1.08 kw
Apparent power, |s found using total c¢ircuit values.

a
Pa = 1800 va

p = IT X Ea =6 a x 360 v

Reactive power, Is found by using total circuit values multipiied

by the sine of /8 (/g = 553 I°) x E_ x SIN /8, or by using
component values P x X Bnce ;e 1s%known It Is much simpier
to use the sine fufl ctioﬁ

P = I; x €, x SIN /e

Px = 53 x 360v x 799
P = 1438 vars

Power factor i's equal to the €0S /8 which is 0.6 for an angle
of §3.1°

The only di fference between solving an RC parailel circuit and
an RL parallel circuit Is in the sign of the circuit phase angle.

The phase angle is positive in RC circuits, but negative in
RL civeults,

& 66
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1L/7\

Narrative Fourteen~111

Practice F:oblems:

]l z =
R 0 T
~ -
do 20 xc = .
A
2. In problem 1 does the circuit appear more resistive .
or more capacitive?
3.
A Eﬂ 2
R Py t
s:gl T X
100§l
k,

Ea 2KV
@ gy SInfFD
f 300Hx |

Pl’ 360w
. 30 £ a
a
) lc -
I.r =
Z.r =

Answers:

1. = 26.6 0 /-70.5°

zT
E = 160 v

a

xc = 28.3 0 /-90°

2. Capacitive 87

62
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3. 70.7 @ /-45° . o
4, 2 a
5. Ea = 20 v : | .
Ie™ 5.a /90° .
Iy=5a/53.1° - -

Z - 2h 0 /-53.1°

VJariational Snalysis of Paralliel RC Circuits

+ -
-~ .

When conducting a variational analysls of an RC circuit, keep
in mind the formula :

_0.159 )
Xe * Fc

and the current wvector diagram.:J

E

Changing Frequency

[f frequency is increased Iet's, see what happens o other
circuit quantities,

\f frequency is increased Xc decreases .

[f X,. decreases, tc.increases.

¢
l, remains the same because R is unaffected by a change in
fﬁequency. . )
If 'C increases, and 'R remains the same, 'T increases.

If I; increases and E_ remalns the same, Zp decreases,
As 'T increases, Pa increases. 7 -

As 1. increases, P_ increases (Px =-i2x (Xc))
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The current vector
dlagram shows that
ss 1. Increases /6
incréases,

)
Lf angle theta Increases, PF decreases,

Capacitance is a physical property and i not
affected by frequency.

l l-b-h-»‘-t—q—-hl-ﬂd—-»

n ”I;N“ﬁ“w“g #n-z“-rq““

Complete this variational analysis table using arrows
to indicate the results of the changes indicated.

"

W [ oy [

vraw the curre ¥ vector
diagrams,

Check with answers on next page.

& 69
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Ansviers: For these vectors only, the dotted lines
are the original circuit conditions.

r

oy [ T [y

. ik R NENE!
MEEEEEAER
Wy 1y [~
e v 1=V i ¥
X ||~ 4 | 4
e [—»{ ¢ |4 | 4
Py ¥ ¥ | —»|—>
HEEEEREE!
BB NI EE
Lo (~—»l A 1§y | ¥
— A |l —

Solving Paralle]l RCL Circuits

The objective here is to solve for each of the quantities listed
at the right margin in this three-branch paralie! circuit on top
-of page 66. -
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First by Ohm's Law, we solve for .
current throuy.. cach branch and

(\'gmv #l‘wﬂ X, soft  —-X¢ 30fl

ffnd that 'k =3 a 'R ==‘
Il. =2 a ll. =
lC =k a | lC =__
l.'. =
Ft =
P =
X
¢
’ Pa = —_—
/8 =
- PF =
And we can draw these vactors.
A
'C du
=
| 'm e
h 2

In drawing the current vector diagram, we algebraically add the
current quantities of i, ard IL' This is possible because |
and b are 180* out of phase.

[g]

Express in rectangular notation:
'R =3 a+ j0a
t. =0a-jZa :

l£=ﬂa+|4a 71

Ii,=3a+j2a
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The vector diagram then shows }_ =3 aand }, = 2 a. This
pargllei RCL circuit appears to

the source as a parallel RC circuit
(more capacitive than inductive}.

i
1
|
|
i
t
=y
We may now convert IT from rectangular notation to poiar notation.

'

'r

TaN /8 = 22
— a

TAN /0

Therefore, TAN /8 = 0.6667
Looking in the trig tables we find that when the TAN is 0.6667, then,

/8 = 33.7° ' €05 /8 = 0.8320

SIN /8 = 0.5548 Iy = 3.6 a /33.7°

The combined values of inductive reactive power and capacitive
reactive power is the circuit reactive power (P_}. Capacitive
reactive power is 180  out of phase with the inductive reactive

cower.
4 .

—— Py

‘e

Solve for Zr of the preceding circuit.

ZT=

Solve for Pt’ Px’ and Pa‘

=

Answers: 33.3 0 /-33.?0
389.42 W
432 va

239.67 vars
67 :722
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Practice

C,\D Ep 360v éu 90fl

Draw current veceors and solve.

Check answers on next page.




Narrative Fourteen-11}

Answers:

5 a /-36.9°
720 /36.9°

Hiho w
1080 vars

1800 va

-36.9°

0.7997
b a
6 a
3a
3a

AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY
ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS
CHECK AND ANSWER AcL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT
LESSON. F NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UN-
TIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.
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PROGRAMMED INSTRUCTION
LESSON 14

Parallel RC and RCL Cirfcuits

THIS PROGRAMMED SEQUENCE HAS NO TEST FRAMES.

1. A simple parallel RC circult Is illustrated by the diagram below.
* The only difference between this circuit and a parallel RL circuit
is that a capacitor replaces the Inductor. Consequently, voltage
Is stil} _» the voltage across the resistor equals
the voltage across the capacitor, and both are equal to

2 &,
’ﬂ
AN
)|

g

- e m e a mr M ar ar am  oar W ar W W ar oar W M M o o 8 W ar m W e W o o o oam ow

2. Since voltage is common, E_ is represented by .a vector in the
position.

- e M o e e M o W o o Mmoo ar o ar mr ar ar ar m oar En A WM o mr oam aw a om -

(s tandard}

3. Current through the resistive branch is in phase with the

and is represented by a vector in the standard position. .
—— > »
{voltage)
H )
79
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b, The magnitude of ‘R can be calculated by Ohm's Law.

~{current)

tn the purely capacitive branch, current _
30°.

. {leads)

7- In the current vector diagram, tc is drawn as a vector polinting
in the . position.

+j/=j

&

P R L

Using the symbols lﬁ and |., the total current in the circuit
9 .

be written In Tectangular Rotatlon as
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In the current vector diagram, the resultant vector represents
the current flowing in the circuit and /8
is the angle between circuit current and

{total; wvoltage)

. For the example circuit, |, and |. can be c¢ilculated according
to Ohm's Law. The magnituge

of bfanch currents are:

. The cursent vector diagram for the above example is glven
below. Total current can be calculated to be
wlth a phase angle of

(5.5 a;
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. An important rule to remember in calculating total impedance
was given in the discussion of parallel RL circuits. Namely,
total impedance is calculated according to Ohm's Law for total
current and source voltage. The equation for ZT is written:

. Now, the magnitude of the total impedance can be directly
calculated to be . To determine the phase of
the total impedance, we must include the phases of £ and 'T
in the equation. 2

(22 @ /-63.47)

. The source voltage (E_ = 100 v) is the reference value and can
be written in polar form as:

E =
a

The total current written in polar form is:

(106 v 70°; 4.5 2 /63.5°)

S
. Using the equation, Z_ = T23 the total imnedance written in
polar notation becomes T

(22 o /-63.4°)
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16. The true power of any circuit is that power dissipated in the
resistive elements as heat. {in parallel RC circuits, the
equation for true power may be written in terms of IR and R.

The true power for the example circuit is .

For iR and R given in amperes and ohms, respectively, the true
power is expressed in !

{200 w; watts)

. Apparent power is equal to the product of source voltage and
. The magnitude of Pa for the example c¢ircuit is
va.

(total current; 450)

Reactive puwer is equal to the product of the source voltage.
total current and the sine /6. The magnitude of P for the
same circuit s vars.

(402.3 vars)

In the variational anaiysis of parallel RC circuits, we
independently vary the following circuit quantities and determine
'what happens to the remaining circuit variables.

1. frequency (F)

2. source voltage fEa)

capacitance

resistance
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Again, it will be helpful to summarize the ruies ond equations
describing parallel RC circuits. Frequent use of the current
vector diagram will be made to visualize circuit characteristics.

Basic Circuit N\ Rules and Equations

VYol tage is common

_0.159
xC c

O

Current Vector Diagram T IR ﬁ,;lc

i
TAN_/_6_=-’-£
R

2
(!R) R or IR Ea

2
1 X X, or IpE SIN /0

T

Inithis example, we increase frequency and determine the
corresponding changes, if any, in the remaining circuit
guantities. Upon completing the short statements, note the
variation in the above table by appropriately directed arrows.
Draw the current vector diagram when necessary.

R - Resistance is a physical property; therefore R
with an increase in freguency.
1
2nfC

kel

X. - X. is proporstional to ; therefore X

¢ ;
an increase in f.

¢

|R - Since R and E, are constant, |

1

Sy




Fourteen=1411

lc - From Ohm's Law, IC is expected to with a decrease
in X..
¢
- - " - *
’T With lR constant and IC increasing,

]
_‘_- ;‘-

. R
The vector diagram shows that the phase angle, 8,

E
From Ohm's Law, ZT = TE“ the total impedance
- . T
wi th Ea held constant and IT .creased.

Since R and IR are constant, Pt
Apparent power equals E, x I;» and it
an increase in f.

P

From the ratio of FL’ the power factor
a

The completed matrix for a change in frequency is:

Xe | i [ W% %1t /o | n

e N RE TN A e

Answers:
R - does not change; XC - decreases; IR - is also constant;

Ic - increases; IT - increases; ZT - decreases; /0 - increases;

P£ - is constant; Px - increases; Pa ~ increases; PF ~ decreases




Case 1§ =~ Source Voltag_g
- Y

22. Compiete this table.

Fourteen-l1i1

-

Ic W

Case 111 - Resistance

.

23. Complete. this table.

glxc e | % b |

|
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Case IV - Capacitance

24. Complete this table.

e | i | &

Dotted lines are
original circuit
Parallel RCL Circuits conditions.,

A simple parallel RCL circuit consists of one purely resistive
branch, one purely inductive branch, and one purely capacitive
branch. The basic rules for solving parallel RL and parallel
RC circuits apply to a parallel RCL circuit.

A basic RCL circuit is illustrated at
the left. Voltage is as
in the parallel RL and RC circuits.
The total source voltage, E_, appears
across branches AS, (D, and® .

{common; EF)
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26, Given clrcuit values, we can dlrectly solve for the current
flowing through each of the three branches using

{Ohm’s Law}

27. Solve for branch currents.

. C;\Ds‘m gu sofd %xlzsﬂ —- X 200

e . T R . T T .

{2 a; Ga; 5a) -

28. E_ and the current flowing through the broach are in
pﬁase; therefore, the vector representing IR Is plotted in the
standard position.

- ok B mk G e mm de mk de mm P ke mk e mk mk e M mm un de 4m de mk mk mk ou W mk gy e B e m

tresistive)

29. Current in the inductive branch the voltage by 90°
while current in the capacitive branch the voltage by
90°,

£, "TA




P.I. Fourteen-111

30. We cannot solve the current vector diagram yet since the circuit
vectors point in three separate directions. First, we pmust
represent branch currents in rectangular potation. In

rectangular notation, the branch currents for the example circuit
are:

22 +]0 a;

31, We can add brapnch currents when they are expressed in
rectangular potation. The resulting sum is:

IR =2 a4+ j0a

=0a-jha

{2 a+ 31 a)

32. We can now draw a vector diagram of the branch currents re-
presenting IR and the difference between

and
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%
33. Since all branch currents are represented in the vector
- diagram, we can solve for the circuit current.
N {total)
34. Convert Iy from rectangular notation to polar notation:
[ lT ) -
(2.25 a 726.6°7 -
35. Knowing both the source voltage and total current, we can e
solve for the total impedance of the circuit using Ohm's Law.
2; = _ .
Toov /0° «
— v ° .
226 /326.6° 44,8 0 /-26.6
36, "atermine true power, apparent power and reactive power for the
example.
I3
P, =
P =
a
P =
X
{200 w; 22h va; 100 vars)}
YOU MAY TAKE 14E PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE OTHER f;
RESOURCES LISTED. [Ff YOU TAKE THE PROGRESS CHECK ANO ANSWCR ALL THE ‘
QUESTIONS CORRECTLY, GO ON TO THE NEXT LESSON, F NOT, STUDY ANy
METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS o
CORRECTLY. -

< 81 86
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SUMMARY
LESSON 11

Paralle! RC and RCL Circuits

The procedures for solving parallel RC circuits are identical to
those used to compute RL parallel vajues. The only difference is
the sign of the resulting circuit phase angle. An inductive
parallel circuit has 2 negative phase angle while a capaC|t|ve
parallel circuit has a positive phase angle.

] The firsv step is to apply Ohm's
' Law to each branch and find I
and I

r\>sl75v guooﬂ 3¢ 75 /0 0.75a/0°
128 fp = 195 76° =
75 /6% 0.6 a /+90°

¢ 725 /-90°

B anch currents are a?ded vectorially to find Iy and /8.

0.96 a /38.6°
=0.75 + jo.6 =

IT
nce I is knowr'\a Ohm s Law is applicd to compute Z.
E, 75 /0%
E e— = = - °
z - " 5.9 /86 78.2 9 /-38.6

P3wer can now be determined:

P, = (1% x & = (0.75%) (100) = (0.56) (100) = 56w

= (1% x x; = (0.67) (125) = (0.36) (125) = 45 vers

E, = (0.96)(75) = 72 va

Parallsl RC circuits react to changes in voltage, impedance,

or reactance the same way as parallel RL clrcuits. Keep {n mind

that X. |s inversely proportiona’ to frequency and capacttance while
is Slrectly proportional to frequency and inductance. An increase

IB frequency causes a decrease In capacitive reactance. .

'f you have successfully mastered RL and RC circuits, you will find
that the three~branch RCL circuits will present no problem.

§7
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The first step is to find

the current through each branch.
- ' E, 100 /0°
lo=2= : = 0.1 a /~90°
100+ wQ SR ‘OOQJ_ SN0 age0
“ B 1007 o % Xe E 100 /0°
" 75008 s 2 = =02 a
R R 500 /0° :
E. 100 /0°
-i = — - o
X e s 95" 7=35 0.25 a /+90

Combine the branch currents using rectangular notation.

IL = 0=~ jo.i
’ L -lR = 0.2 + jO -
. B Ic = 0+ j0.25
= i0.15
IT 0.2 + jO.15
- The effects of | and |. tend to cancel cach other and the resuit is
0.15 amps of reactive clirrent. To find 1., the resistive gurrent (IR)
. and the difference between lL ana IC are added vectorially.

i
1
i
% 0.25 a /+36.8°
|
L

R 2¢
Once | has been determined, the other civcuit values can be computed
in exactly the same manner as in any other circuit. Because the
mathematical procedure to derive reactance in the parallel RCL circuits
is too lengihy, the sine function of the circuit phase angle is used
to resolve . circuit value of P

E
= .9 = 100 V - - E)
ZT g W = 400 ¢ /-36.8
P, = (:R)"’ x R = (0.04) (500) = 20 w
Po=Ip % ?a?* SIN /8 = {0.25) (100} (6.599) = 14,9 vars
P, =iy x E; = (0.25)(100) = 25 va

PF = COS /6: (OS /36.8° = 0.8007

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY
STUDY THE LESSOM NARRATIVE OR THE PROGRAMMED [NSTRUCT!ON OR 30TH. -
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL "F THE QUESTIONS COR-
RECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD OF
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.

&& \
= —— = |
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OVERVIEW
LESSON 1V

Resonant Frequency in Parallel AC Circuits

In this lesson, you will study and learn about the following:

-analyzing a paral’.l LC circuit

-an ideal parallel L C circuit operating
at its patural resonant freguency

-analyzing a practical tank circuit

-effects of operating parallel LC
circuits at other than resonant
fredquency

-filters using parallel resonant circuits

BEFQRE YOU START THIS '.SSON, PREVIEW THE LIST OF STUDY RESOURCES

ON THE NEXT PAGE.
T
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LIST OF STUDY RESOURCES
. LESSON IV
Resc.uant Frequency in Parallel AC Circuits

To learn the ~terial in this !esson, you have the option of<choosing
according to your experience and preferences, any or all of the

following:

STUDY BOOKLET:
Lesson Narrative
Programmed Instruction
Lesson Summary

ENRICHMENT MATERIAL :
NAVPERS 93400A-1b '"Basic Electricity, Alternating Current."
Fundamentals of Electronics. Burear of Navai Personnel .

Washington, D.C.: U.S. Government Printing Office, 1965.

AUDIO-VISUAL: ) R
Slide/Sound Presentation - "Regg;gﬁbe in Parallel Circuits.”

YOU MAY NOW STULY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU
MAY TAKE THE PROGRESS CHECK AT ANY TIME. '
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NARRATIFE
LESSON |V

Resonant Frequency in Parallel Al Circuits

Analyzing an 1€ Circuit

So far in this module, we have analyzed parallel RL, RC and
RLC clrcuits. How we wlll idealize (disregard all circuit
‘resistance) a clrcuit that has only reactive components,

a capacitor and &« coi?.

Our task in analyzing this LC parallel circuit is ‘c determine
the total current and then total impedance.

€ 120v {x; 400 —j-xcilﬁl

As this is a parallel circuit, we will analyze the problem
using the current vector diagram. ‘Again our common reference
is the applied voltage.

fe Aa] D Using Ohm's Liw, we determine
L7y _DJ‘?O the current through the capacitive
T branch is & amps, and construct a
vector for l? to show that current
t

leads the voltage by 90°.

We can determine that the current through the inductive branch
is 3 amps. Tne vector for IL is drawn to show xihat voltage leads
current by 90°.

Because |. and |, are 180° out of phase, w¢ can algebraically add
these quagtities to solve for total curren..

0+ jha .
0-i3a
=04+l a

857 <

>
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Now, by using Ohm's Law, we caw solve for Z%.

E

Ip =4

zT a

Z. =120 @

T

Note that ZT is greater than either X or X, . This<is an important
aspect of a parallel LC circuit and wé will discuss it further,

When fhe source of power is removed, current will continue to
circulate betwen L and C.

-~ fj
]n DAMPED WAVE ©

This action is due t6 the discharging of ths capacitor and the
collapsing field of the inductor., The current will continue to
circulate back and forth between L and C at a diminishing rate.
A damped wave is formed due to the resistance present in any
practical circuit. This action is known_ as flywheel action or
flywheel effect. ’

[}

An Ideal Circuit at Ratural Resonant Frequency

Notice that Xc and KL are equal, both 30 ohms.
(A)
U_/'\

ja 120V %&3"9 = X 00

e

Current is fiowiag in both branches of the network. = + 34 amps
and IL = - ik amps. The current vector diagram is pIoEted below:

'\

¢ 1Hx
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Because |, and |, are zqual and opposite, they cancel each other;
thus, the total Eircuit current is 0-since at any given instant

of time, current is flowing in one direction through the capacitive
branch of the circuit and in the opposite di‘ection through the
inductive branch. The appearance in the tank is that of a loop of
current. This is c2lled circulating current or tank current, and the
parallel L. circuit is called a .ank circuit.

The point to be stressed is that ““ere is n0 current drawn from the
source. The line current equals 0. A high current flows in the tank,
but no current flcws to or from the source. ¢

Solving for ZT in the ideal circpit yjelds:

_ l20v

T %8 ° infinity («)

Z

{Dividind zero into any number actually yields an undefined number..
However, if ILIN becomes smaller and smaller, eventually there is
no current flow ;rom the source, and an infinite ampunt of opposition
is implied.)

9 -
When these conditions exist:

The parallel circuit is said to be at its natural resonant frequency.

Natural resonance always occurs when Xt = Xc,

This is tru= for both series and parallel circuits.

In practice, an "ideal circuit' never 2xists because resistance is
always present. However, we will further discuss this ideal circuit
to better understand what takes place at natural resonant frequency.

Recall that to find resonant frequency in series AC circuits, we
used this formula which came from the !L = Xc condition:

. 0.159
° T

f

"Sincg X, = X. in parallel circuits at resonance also, the same
formuta is used to find fo'
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Answer: 159 KHz

Analyzing a Practical Tank Circuit

— -

"+ Consider the circuit shown beiow;

—

l.
line .

prmmmmme e
n
2

D o v it o . o

[

L]
In practical applications, ideal circuit conditions can never
be achieved. A practical circuit always has some resistance.
This resistance is primariiy due to the coi]'s windings and‘lis
depicted as a resistor in series wi.h the coil'in the above
circuit. - . _ g

Remember, that with X

and R in series, the phase angle is between
0 and 90°. "~ )

L

This means that the current in the capacitor, and the current in
the coil are not exactly 180° out of phase, and therefore, are
not exactly equal and opposite.

Since the two ‘'currents do not completely cancel, there !s some

line current flowing to and from the source. -Obviously, if the
‘- ratio of X, to R is large, there is little difference between

the two branch currents, and the net !ine‘current“is small .-

55
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Note ‘the effect shown on the Ziagram below,

¥

»

Ea

]

!

13 $
(ideol) |

e Y

‘practical)
"

Using Ohm's Law, we see that although the impedance of the
parallel resonant circult is not infinite as in the ideal! tank,
the total impedarce is still very large.

Note that thus is exactly opposite to series resonance, since
in series reso e circwits, we found the circuit current to
be very high, and the .impedance gquite small.

Off*Resonagée Ef{egls in Practical Parallel Circuits

- .
We have seen that when any LC circuit operates at its resonant
frequency, the reactances are =2qual. We have seen that X
at only one_ frequency for a given C‘and L combination. ke
sgurce sees a re#‘st|ve load, whe ther R, L, and C are in serles
or in parallel.

At frequencies other than that of resorance, the effects of the
reactances are not carcelled (X, does not equal X.}, leaving one
or the aother dominant. |In analyzing the off-resonance effects
of the series RLC combination, we learned that when X, is the
larger, the circuit is inductive; when Xc is the larger, the

Scircuit is capgc}tive. . ‘

K,
Examine the paratlel circuit shown beluw.

£

variable -~ %
T €
freque.xcy
generator
sot at 60hz

In our example, 60 Hz is the resonant frequency. Suppose we
now change the variable-frequency generator to produce an output
of 30 Hz. Since f has decreased, X, decreases but X. increases,
At .his lower frequeicy, the curreni through the col? increzses
while the current throujh the capacitor decreases. The total

92 36
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. . vector sum current supplied by the source is now largely
inductive current. The circuit current lags the applied
voltage (ELI}. Hence, the circuit now appears inductive.

In general, we see:

If the source frequency is below fo’ the parailel

LC circuit appears inductive.

Now we raise the source frequency sbove f . X. increases and

X. decreases. At this frequency, the curPent &hrough the coil
décreases, while the current through the capacitor increases.
The current from the source is capacitive current and it leads
the applied voltage (ICE). Therefore, the circuit behaves like
a capacitive circuit.

In general , we see:

If the applied frequency is above fo’ the parallel

circuit appears capacitive.

Filters Using Parallel Resonant Circuits

A parallel resonant LC circuit may be used as a very efficient
bandpass filter. A very common use for a circuit fike this is
the tuning section of a radio receiver. The high impedance of
the tank circuit at or near resonance develops a relatively
high voltage to pass on to the following circuits. Here is a
schematic of this type tank.

Vanlonno

oo ,l

£

Frequencies higher than the resonant frequency are bypassed
through the capacitor while those below resonance are passed
through the inductor without producing a significant voltage

drop.

By using a variable capacitor in the circuit, a tunable filter
results, and the circuit can be adjusted to pick up one par-
ticular radio station while rejecting all others.
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Should you desire to eliminate one frequency from a circuit
(for example, a ham station creating interference with your TV),

you can wire in a tank circuit like this one, and adjust it " -
to reject the undesired signal.

This is called a band

. elimination filter, for it .
cuts out a limited range of
frequencies without greatly
..g affecting signals above or .
input )7 below its cutoff frequencies.
output i
*— L

AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY

ANY OF THE OTHER RESOURCES LISTED. |F YOU TAKE THE PROGRESS

CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, G0 TO THE NEXT v

LESSON. IF NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL .
YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.

3

I
§|
‘:
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PROGRAMMED INSTRUCT ION

LESSON IV 4

»

Resonant Freguency in Parallel AC Circuits

THIS PROGRAMMED SEQUENCE HAS NO TEST FRAMES.

‘The idedl LC Circwit

-$0 far in this module, we have discussed parallel RL, RC and RLC
circuits and developed rules for determi ing the circuit values.

By performing a variational analysis on iiese circuits, we have been
able to observe characteristics of each type of circuit when circuit
values are independently varied. A fourth type of parallel circuit
containing only reactive elements displays interesting and unique
characteristlcs. The parallel LC circuit cannot be totally without
resistance for all circuits have resistance in their elements and
wire. However, we will first discuss the ideal circuil with only
reactive elements and later consider effects of resistance.

L3

1. The basic ideal L{ circuit is shown in the diagram below. Since

it Is a parallel circuit, is common and the voltage
drop across AB the drop acrcss CD. +

{voltage; equals)
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2. The current flowing through each branch can be calculated from
the equations:

T L 8
¢ "X,
E
[ ==
LT X
Ea
;‘ and IR-=E—_

Using the values of voltage and impedance in the example, find:

3. ‘Remember that current fiowing through resistance is in phase with
voltage, inductive current the applied voltage by 90°, and
capacitive current the applied voltage by 90°.

{Tags: leads)

h. The following current vector diagram can be drawn. Current through

the resistive elements is in the ideal LC circuit example.
Ic da
Il 2a

{zero)
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As we did in parallel RLC circuits, we can algebraically add |. and
I, when pxpressed in rectangular form. This is the same as saying
tkat thel capacitive and inductive currents are " degrees
out of phase and can be added by finding their difference.y ¢

. 5
We must first write the three types of current in rectanbular.
notation for the example ¢ircuit. o

The total circuit current can be calculated by adding.
0a+ jo a
0a-j2a

) . Y

0 a+ jh

{0 a+ j2a)

in this example, total current expressed in rectangulzr notation
can be easily converted to polar form. Therefcre, Iy = 0a+ j2a
in polar form becomes: !
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Il

. [
[ 1

9. The total impedance can be calculated from Ohm's Law:

When the source of power is refioved, current will continue to
circulate between L and €. This effect is due to

——

{The discharging of the caracitor and the cotlapsing field of
the inductor.)

ANPNI
\v// N/

DAMPED WAVE

After the source of poWer is removed, the current will continue
to circutate back-and forth between the inductdr and capacitor

at a diminlshing rate. This actien is known as flywheel action
or flywheel effect, The damped wave is caused by the

‘present in any practical circuit.

{Resistance)
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Ideal tC Circuit at Natural Resonant Frequency

As we will see in the following frames, the ideal LC paraliel cir~
cuit displays unique properties when the inductive and capacitive
réactances are equal. The frequency of the applied voltage at which
X, equals XC is defined as the natural resonant frequency of the
circuit.

i2. in the circuit illustrated below, XL is equal to Xc.

(\y)awov  —Lxc 256 x, 258

Recall the equations for reactances:

_ 0.159
Xe = ¢
XL = 2nfL .

The frequency at which X, = XL is defined 25 the ___
frequency o? the circuit, and is denoted as fo.

- sm w m omm M W o A m om, W o A E R e M W R am de M v M o M A o A e e o om, m

(natural resonant) o

13. I1f we change- the freguancy from resonance, say increase it,

X and X . In any .case, X, no .
lgnger equals X, . A similar non-resonance pghenomendn occurs
if we decrease %he applied frequency from‘fo. 4

.
- e e G Mmoo b Em e S o omm M W Em m W A o om, E m m E oam E my om, W g

[*3

(decreases; increases)

- r‘\
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1

4. In the current vector diagram below, the inductive branch
current is to tihe capacitive branch current.

. in the parallel L circuit at the resonant frequency,
I, are equal and vectorially pliotted ig
directions.-

lopposite}

The totsl current calculated by vectorially adding Ic and Il

. When & paraliel LC circuit is operating at resonance, the
current flows from the capacitive branch to the inductive
branch at one instant, while &t another instant current flows
from the inductive branch to the capacitive branch in the
) direction. N

(opposite)
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18. This alternating current appears as a loop -of current in the
tank circuit defined by ABCD  in the diagram.

A <

Ey 0Ov  —-X¢ 2500 x, 250

B D
Even though current flows in the tank circuit, the total cur-
rent flowing from the source is

‘At resonance | = 0, so the tctal impedance is infinite,
Rolve the circuit in frame 18 for ZT‘

200w

IT 0a ‘

(Note: Any number divided by zero is actually an undefined
number., However, as current gets smaller and smaller, impedance
must be increasing, so that when current is zero, impedance must

have reached infinity.)

.y

+

In review, the natural resonant frequency of an ideal parailel
LC circuit occurs when capacitive reactance
inductive reactance.

{equals)
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21. 1n practical electrical circuits, resistancde is always present.
This resistance changes the special characteristics of\ resonance.
The extent of the changes depends on the ratio of the'inductive
reactances to the resistance. Recall that low-Q coils have a
relatively large resistance.

ﬁ(effective)

22. A practicat LC circuit is shown in the diagram.

- a——

~

(\)a  xcron

xl mﬂ

»0{)

Recall that, with resistance in series With L, thg current flow-
ing througk the inductive branch is no longer 9D° out of phase
but lags voltage by a phase angle between

23. We represent this change in the phase a2ngle inductive current,
as indicated on the vector diagram below.

Right away, we expect the total LJrrent at resonance to be
, due to the presence of l

{greater than zero)
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24. In the ideal parallel LC circuit at resonance, | is zZero,
afd the total ‘impedance is Infinite. |In a practical circuit,
if R is small, the total current (or ILINE) is also small,
and ZT is not infinite but remajng

=~

25., RecalY that resonance occurs when the inductive reactance, X
i to the capacitlve reactance, XC’

(equal)

L
26. In the circuit example, assume that we have fixe values of L
and. L. The reactive impedances are defined by the equations:

A9

2nf L
0

+

In the resohant condition, we can equate the two, X Co

and substitute:

= -

1

f [,

21“OL 2nf C
0

The resonant frequency can be calculated from this equation,
using 2n = 6.28.
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If we now increase the applied frequency above fo’ keeping all
other factors constant, XL and Xc

Lincreases; decreases)

. Since XL is greater than X., the current flowing through X
is than tEe capacitive current. Look at

E
a .
=) for the solution.

{smaller)

. We can say, therefore, that when the applied frequency is
above fo' IC is larger than IL and the ¢ircuit appears

{capacitive}

If we decrease the applied frequency below fo’ X
and X. .

‘\decreases; increases)

E
. From Ohm's Law, {,. = =2 and I = EE-. I is

Co KT X L

than |, when the parallel LC circuit operates below resonance.
In this case, the circuit appears

(Targer; inductive)
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32. Parallel resonant circuits are commonly used as filters to
select or reject narrow bands of frequencies. Based on what
you know about filters and parallel reconant circuits, which
of these is a bandpass filter?

INO———

Gholce A Is correct, for the parallel LC clrcuit has a high
. impedance at or near resonance only. At any frequency lower

than its lower f o’ the signal is shorted through the Inductor
to .ground qithou% developing a usable output voltage.

A signal at a frequency‘of 20,000 Hz useful at

is/is not
the output of a bandpass filter with the resonance curve shown?

T ‘
i

!

(is not)
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-
&

3, Frequencies higher than the upper f _ are bypassed through the
capacttor and again no usable Outpu%Ois developed. Using the
graph from frame 33, determine which component offers low
impedance to a frequency of 65 KHz?

{the capacitor)

* - N -

35. decause the impedance at (or near) resonance is high, an
output voltage develops across the tank circuit in this region,
and a graph of voltage versus frequency looks much like the
impedance curve. ) )

What is the resonant frequency of the circuit whose output
is graphed here? .

o

voltage

(1500 KHz)

36. A very common use for bandpass filters is the tuning circuit
used in a radio. Placing a variable capacitor in place of
the fixed capacitor allows the reSonant frequency to be varied
so that one station will be received while all others are re-
jected.

What station (frequency) does this circuit select?
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’ 37. A parallel LC circuit may also be used to eliminate an unwanted
frequency, such as interference to the picture of your TV. This
is done by wiring the circuit a little differently:

Il

INO—— our

TAAAALST

= ————

Here, the voltage developed across the resistor (IR) is
at resonance because the impedance of the tank
max imum/min tmum
circuit is .
. . max i mum/mi nimum

- e m m m m m m a m m m m W A e o M o M o M om m m ar m M oar om m w om om o

(minimum; maximum)

38. The circuit shown in frame 37 is a band reject filter, for it
elim.nates of frequencies from the
one band/all but one band

output.

- e o o w om m m m m o o m m m m mm m m  w m w E a M  am w m am o o

{one band)

YOU MAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE
OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND ANSWER
ALL THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. iF NOT,

STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL
THE QUESTIONS CORRECTLY.

1171

107
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SUMMARY
LESSON 1V

Resonant Freguency in Parallel A¢ Circuits

To further Your understanding of hcy components react to applied
frequency. when connected in parallel, we will now idealize (dis-
regard all circuit resistance) a circuit containing a-capacitor
and a coil.

&
Consider first that |, and lc
are 180° out of phase. Becalse
of this phase difference, they
cancel each other and the current-
drawn from the source equals the
agifference between the two (Ic -4

L)'

Ay

—X
]

-C\D&%‘ Exlson

50 /9°
|. =

¢ 30 /-%°

= 1.66 a /+90°

L 0]

T 0+ j1.66
It .66a 0 + j0.66

JORE S

As you can see from the illustration, | amp of current passes back
and forth between the coil and the capacitor with the source supply-
ing the extra 0.66 2mp to maintain |c at its Ohm's Law value.

Because of the transfer of energy between the two reactive devices,
f total current is less than elther Ic or lL'

By applying Ohm's Law, we can solve for ZT'
E
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. Note that Z, is greater than either X. or X . This ic an important
aspect of a paralle! LC circuit and weé will discuss it further.

When the source of voltage is removed, current will continue to circulate
between the inductor and the capacitor forming a damped wave. This
action is known as flywheel action or flywheel effect.

Circuits which contain Tnductance in parallel with capacitance are
. called tank circuits. The current which flows within tha, tank (back
and forth betwzen the capacitor and the coil} is known as circulating
current (I IP) or tank current (I ANK)‘ The current which the source
. supplies ig called line current (TLINE)’ Line current is merely
another pame for l.l..

By looking at the accompanying
schematic and using a little

b _L imagination, you should be able
EACI\D xlfnoon Xc to determine | iNg @nd circuit

150V 10041 impedance. Yomli can see that
XL = Xc. This means that 'L = Ic.
_ Due to the 180° phase shift between the equal branch currents, there
e is a complete canceling effect and ILINE is zero.
= I5C = - °
'L = To0 7z90° = V-5 2[00
_ 150 - o
le = T80 7-90 1.5 a /490
, _0-j15
LINE 0 + j1.5
0+ jO

With line current known to be zero, circuit impedance can be computed
by Ohm's Law.

-

. 225120 infinity (=)
(Remember, this is an ideal situation.)
$
.MC 109 Ild
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When these conditions exist:

the circuit is said to be at its rnatural resonant frequency.

Natura} resonance always occurs when the frequency of the applied
voltage is such as to make Xb = Xc. This is true for both series

and parallel circuiis. ;

Recall' that the formula used to find rescnance in series circuits is

e w1 . 0.189

°  a/AC JLC

The same formula is used to find the resonant frequency of a parallel
network because we are looking for the samg circuit condition, XL = Xc.

conditions can never be
coil's windings upsets
e inductive and capacitive

In practical applications, ideal circui
achieved. The resistance present in t
the balance between current through
branches.

1

©

R 1
The two currents are not exactly equai and opposite; therefore,
there is some line current drawn from the source.

# The dotted line {1, ) represents

what |, would be under i{dzal con-
Ie dition%; the solid vector (1, ) re-

presents the actual current %hrough

the inductive branch. MNote that |
is slightly less than 1. and the tbo
currents are not exactly 180° out
of phase.

144
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pue to the resistance in the circuit, Lt increases from the - .}
value of 0, and impedance decreases from ¥Ef|n|ty to some Finit.
value.

A more practical statement of conditions at resonance of a para
circuit is;

ILINE = minimur value

ZT = maximum value

At the resonant frequency, a parallel LC circuit appears purely
resistive to the source (/6° = 0°) because the only current drav..
is due to the circuit resistance. |f frequency {s varied from
resonance, the reactances (XL and XC) are no ‘longer equal.

when the applied frequency drops below f , inductive reactance
decreases and inductive current |ncreases

At the same time, capacitive reactance |ncreases and capacitive
current decreases.

Since the inductive current is the greater, the circuit appears
inductive at frequencies below resonance.

When the applied frequency va-ies above the resonant frequency, ii-
ductive reactance increases and inductive current decreases. Capacitive
reactance decreases and capacitive current Escreases.

Since capacitive current is the greater, the c&rcurt appears capa-
citive at frequencies above resonance.

L

Remember, at resonance ! is minimum and 2 is\mgximum, 50 |

L INE LiNE

Wwill increase whether frequency goes above or belpw resonance.

, . |
One use for this type of circuit i3 a band-pass fglter. This filler
develops a sijnificant voitage only if the applied\frequency is
near its resonant frequency. |In this way, we get a.circuit which
selects a very narrow band of frequencies and reject all others.
A variable capacitor is used to build a wively-used tuned circuit

for radio receivers: :
anlenna
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The capacitance is varied to select the desired station while all
other frequencies fail to develop usable outputs,

, Wired like this, the paratlel LC network forms a band-reject filter:

&>

input

% output

AT THIS POINT YOU MAY._TAKE THE LESSON_P.ROGRESS. CHECK, OR YOU MAY
STUDY THE LESSON NARRATIVE OR 'THE PROGRAMMED INSTRUCTION OR BOTH.
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR-
RECTLY, GO TO THE NEXT LESSON. |F NOT, SELECT ANOTHER METHOD OF
INSTRUCTiON UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.
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OVERVIEW
LESSON V¥

Effective Resistance in RL Paralle! Circuits

\
1
In this lesson you will study and learn about the following:

-oractical RL circuits
-solving for current
~effect of Q of a coil in parallel

RL circuits

BEFORE YOU START THIS LESSON, PREVIEW THE LiST OF STUDY RESOURCES
ON THE NEXT PAGE.
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. LIST OF STUDY RESOURCES
. ‘ LESSON V
o Effective Resistance in RL Parallel Circuits
. a,

To learn the material in this lesson, you have the option of choosing,e

according to your experience and preferences, any or all of the
L}
following: \

STUDY BOOKLET:
Le -on Narrative
Programmed Instruction

Lesson Summary »

ENRICHMENT MATERIAL:
NAVPERS 93400A-1b. ‘'Basic Electricity, Alterpating Current."
Fundamental of Elec.ronic-. Bureau of Naval Personnel.

Washington, D.C.: U.S. Government Printing Office, 1965.

YOU MaY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY
TAKE THE PROGRESS CHFCK AT ANY TIME. ¢

|
ii
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NARRAT I VE
LESSON V

Effective Resistance in L Parallel Lircuits

Fractical 2L Circuits

Up to this point in parallel circuit analysis, we have con-
sidered the coil as ideal. In other words, we have assumed
that the coil was purely inducrive, but in reality we knew this
to be untrue. A ccil also has resistance -- the effective re-
sistance of the coil. When tle effective resistance of a coil
“is high in relation to XL, it cannot -be ignored.
7; 100 /0°f) Iy X,
-= If the Q of a coil {(Q ===} is
less than 10, the effective re-
Reffsistance must be taken into

2 | |60{lconsideration. The branch of
@EA 100V S R100{) |  the circuit which contains the
s Y

ix coil is no longer considered

ﬂpurely inductive because, in
L 180 effect, there is resistance in
1 series with the coil.

When a leg of the parallel network has both R and X , then |
through the leg no longer lags £ by 90° as it does *n a purely
inductive leg. The phase angle changes, and as with any series
RL circuit, the ohmic values of R and X cannot be aritimetically
added to find the total impedance‘in the€ branch.

Before we can determine the current flow through this resistive-
reactive branch of tha network, it is necessary to find total
impedance in the branch. ’

Remember that we can vector to find Z_ in series AC circuits
only; however, the coil and the effecIive resistance are ir
series in thls branch of the parallel circuit.

Find Z of branch 2, or 22, by vector addition.

Z0 /00 -2

E, 100V gn e
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L

impedance vector diagram:

As this is a 3* -5 triangle,
you know Z2 = 100 ohms, and
/8 = 53.1°, .

$olving_for Current

Mow we know that the impedance in branch 2 is 100 ohms /53.1°.
We also know that because the coil and the effective resistance
2re in Ser:es, the same current flows through each one. Current

through Z2 is determined as follows:

| -..-..E.i
i2 2 -
100 /0° ('
| = To0 8 75307 lemember E_ is the
22 100 @ /53.1_ common refe-gnce in
a parallel petwork.)

izz =1 a/-53.1°

&
»

(Note: Here we are saying.that the current in’the inductive
leg is lagging E_ by 53.1°. This makes sense because in a
purely :nductlve circuit | lags E by 90°, but because we have
resistance in series with the coil, the phase angle has de-
creased frem 90° to 53.1°.)

Current through Zi is determined in thts manner:

=2
Z1 R

I =

V21

Adding the Biznch Currents

To add the individual branch currents to obtain total
curres.t, we must express them in rectangular notation.

u7 121
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- |

1 a /-53.1° ({polar)

22
) ly, = .6 - j0.8 a (rcctangular)
Adding IZI and I22 to find IT:
1,y = 1.00 +jo 2
15y = 0.6 - j0.8 a
- | Therefore: I = 1.6 - jo.8 3

Now we have IT expressed in rectangular form.

Constructing Current Vector Diagram

Since we know the values of re-
sistive and inductive current,
we. Can use the formuia

I_A '

. L_ 0.8 _
TAN /g = T-R--- % .5000.
In the trig tables, we find: 76 = 26.6°.
Cos /& = .B9k2
'r 'r 1.6
Thén Cus /8 = T;; transPosed, IT = C0S 75 or IT = ngni-u {.8 a.

‘In potar form, Iy is 1.8 a /-26.6°

W

Relationsﬁip of ) in Parallel Circuits

In many applicatlons of parallel networks, keeping power con~
sumption at a minimum is important. The greater the P of a
given circuit, the more power consumed.

When :ffective resistance of a coil in a parallel RL circuit
increases, then the power consumed increases. When the

circuit consumes more power, the inductor stores less power.

A low-Qcoil dissipates more power than one of equal inductance
with a hlgh Q, because the effective resistance is greater in
the low~Q cosl

As long as the Q of g ccll remains 10 or above, we need not
concern ourselves wnfh the phase shift of the inductive leg be~
cause the effective resistance is negligible. However, if the
Q of the coil i's less than 10, phase shift must be considered.

. e 12

|
|
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For your purposes in this school, you will disregard the ef-
fective resistance of the coil unless otherwise directed.

-

AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOu MAY
STUDY ANY Or THE OTHER RESOURCES LISTED. |F YOU TAKE THE
PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO
TO THE NEXT LESSON. 1F NOT, STUDY ANY METHOD OF INSTRUCT ION
YOU WISH .UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.
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PROGRAMMED INSTRUCT [ON

LESSON V

-

Effective Resistance in RL Paraltel Circuits

THES PROGRAMMED SEQUENCE HAS NO TEST FRAMES.

An inductor possesses both resistance and impedance. To simplify
calculatlons, we can represent the effective resistance of a coil
as a pure resistance In series with the coil., With the resistance
"removed', .the impedance of the coil is again purely reactive and
its value is represented by XL.

1. In the parallel RL circuit shown, four major elements are
indicated although the actual circuit has only three parts --
voltage source, resistor, and .

b
%

&
Ny
AAN—
R
___}......._.._......___l

- o o o m ar mw oa w o o o W W o o M o omr mr wr W oar o dwr om oar w wr w w ww m w

{inductor or coil)

2. R ard X are expressed in ohms. The effective resistance of
the cai* is expressed in .
( (ohms)
\ -

3. To calculate voltage and current values for the parallel circuit
itlustrated, we can start with the procedure déVEzoped in the
last lesson for ¢lrcuits with purely resistive and ifnductive
branches. For the resistive branch, we calculate thesbranch

current accordlng to the equation |, = , since
voltage is common and Fhe voltage drop across the resistor
is equal to .

Ea -

7 Ea
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k.,
z, I
- i'--"-"-1
[ I H 1
t ll
. Y : 1 %eff  Similarly, the voltage drop across
. Ea Sk I : the reactive branch is equal to
< i~ < iy the voltage.
[ L
A ! :
* L_'_-J

. -—.:J
---_-------------_------------------m----/l— g -

{source) \ 7

£
5. MNeglecting the resistive b:nc\h\‘Ja moment, we can solve for

current flowing through the inductive branch as if it were a
series circuit as shown. With
R and X, , this is simply a

eff L L circuit like you

Zg studied in Moduie Twelve. /
== '
| 3 | Rets

o 3
] 1 +
: 1 XL
! '
3
, o
(series)
7
6. Since R P is shown %0 be in series with the coil, the impedance
of the Branch (22) must be equal to the sum of
Reff and XL. {
{vectored)
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7. Youknow the voltage drop across the resistive element is in
phase with the current. The voltage drop across the.igductive
element is out of phase and current by 907,

W g e e T — R

“Tieads) —

8. Recall that in a series RL circuit we cannot directly add impedances
to obtain the total impedance of the circuit.. ZT must be obtained
by vector addition of and - .

Draw the impedance vector diagram for the inductive branch in the
-circuit illustrated and ,Jabel the impedance and phase angle.

y 4 Z2
r--=-

I
IRt

9. Calculate the impedance and phase angle of the inductive branch

when Reff and XL are both 1V ohms.

b
@£
]

PO i g e ———— e T Y it R

126
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10. The impeaance of the inductive branch can be represented in
rectangular notat.on as:

ohms .

- e o o o o E o M W mm we m E mE oam o W o a8 o o o o o S S o W

(10 + jio} -

e

11. The same current, 1., Flows through X _and R ... For a source
voltage of 100 volts, we can solve for t, using Chm's Law,

2 -
¢ E Il
lz = fi {impedance of the inductive branch}. )
2
When we divide 100 volts by 14 ohms to obtain I,, we must
consider the difference between eoltage and
current.
N Rett
£, 100V § R \ ol
X
ol
T
(phase)

i2. Remember that we are solving this branch for impedance and
current in order to ultimately solve the parallel RL circuit.
For the parallel circuit, E_ is the common reference and
therefore has a phase angie. Ea written in
polar form is ) .

- e o W M o om W o W oy o m m m o o o 4 W M o 4w o o o e o W o

{zero; 100 v /C°)

127
123
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13. With E_ = 100 v /0° and 2. = 14 @ /45°, the current 1, flowing
througﬁ the inductive branch is

4. Recall that in a purely inductive circuit, vo!tagq,leads
current by 90°., This is the same as current 13gging g vol-

tage by 90°.
“\

- For the inductive branch of the example circuit, we have found

““--uth&t_ggLrent lags the voltage by 45°, This decrease in the
phase angle from-90°. is caused by the i
clreuit. -

{reslstance of the toil or Reff)

15. Current flowing through the resistive branch can be calculated
directly from Ohm's Law.

00 v /0°
Toazor " 20
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16. For the parallel RL circuit, we have calculated the branch
current to be:

=22 00°
= S fuhge

2 7.1 a /<45 R

To find the total current for the circuit, we combine

and |, by addition since thz two currents
are out Of phase.

- e o M o am W W™ m oar m W om oae m m o o ok o o om e omr m W a W m ar m w m o ow

(vector)

17. Since the branch currents are not 90° out of phase with each
other (I, = 2 /0°, 7.1 /- hS’) combining them is a. bit
more dif%luult To Zomblne these to currents they must first
be expressed in notati-

{rectangular)

18. Iy written in rectangular notation is:

19. Branch current |,, consists of a resistive component (I.)
and a reactive component (I ). To change I, from it's polar
form (7.1 /45°) to rectangu*ar form, follow’ the procedure
learned in Module Twelve, Lesson |||

resistive element (IR} = (Cosine le) (Hyp)

reactive element (IL) = (SIN /o) (Hyp)

Convert 12 to rectangular nota ion .

1% 129

|
I
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s
14

20. The procedure for adding the branchxtﬂrrent vectors ¢an be

visualized from these diagrams. , , .
. » /' : N

step |

||.3_°.... .

1. Convert |, and 12 from polar notation to rectangular,
notation.
2, Add |, and |, to determine the total current expressed .

in rectangular notation.
3. Convert IT from rectangular notation to polar notation.

Solve the example problem for total current and express in
polar notation. 'T -

P . T R T T T T T

% 2 7-35.57) — —

IF YOU DID NOT GET THE CORRECf ANSWER, GO TO FRAME 21. |F
YOU WERE CORRECT, GO TO FRAME 29,

21, From the diagram, branch ¢urrent, ll’ is in phase with the
comnon voltage and possesses a zero phase angle. The polar
representation, |, = 2 a /0°, can be directly written in

rectangular 7orm- l! =

- m owm wm wm wm wm mt M M u owm W™ W o owm o owm wm owm ogm m wm m o e m wm wm owm wm o wm

150
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4 22. Converting 1, to rectangular notation is slightly more com-
plicated and“can best be visualized by looking at the drawing
showing one component in the standard direction and one com-
ponent in the . direction.

23. We can calculate the component values of the inductive branch
current (IR - jI. )} by applying the trigonometric functions to the
vector diagram shown in Frame 20.

The resultant is represented by the current |, (7.1 a /-45°),
To find the resistive value (IR), apply the cosine function
* IR
Cosine = T
2
by rearranging the equation we get
'R = Cosine 12
Cosine /-45° = 0.707
I2 =7.1 a

Therefore, the resistive elqment of I2 =

{C0S /-45° x 7.1 a or 5 a; Note: We are not attempting to
say chat you vector current in a series clircuit. We are
simply converting a vector representing that current from
polar notation to rectangular notation,)

127 131
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© 2k, Similarly, the magnitude of |, in the ~j direction can be
.calculated from the trig rela%ionship:

SIN ZE.’ ind?ctive
2

Then, the Inductive element of I2 =

‘\(SIN /-45° x 7.1 aor -~ j§5 a)

25. Now we can write 1, in the rectangular notation.

" (5 a - js a)
26. The total current for the circuit in rectangular notation is
the sum of I‘ and 12.
2 a4+ jo

5a-jsa

27. Now that we have a value for I in rectangular notation, we
can convert to polar form usinz trigonometric functions.
7a

The /8 can be calculated using the tangent.

From the trig tables:

5= 0.7143; -35.5°
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23. The magnitude of 1. can be found using the equation for the
cosine of the phasg angle:

(8.6 a /-35.5°)

29. Recall that any coil contains some resistance. A high-Q
coil contains resistance or Reff than a low-Q
coil.

[}
A rule of thumb to follow is that if the Q of a coil is
greater than 10, the effective rasistance is negligible
and can be considered .

{lower; zero)

30. To prove the statement made in Frame 29. We will work a
problem first with a low Q ¢2il, then in the following frame
replace it with a high-Q coii and rework the circuit.

" 1. Solve for @

-

2. Z of branch 2

] I
) ’ l Re 3. 1, (polar)
Qe e | E
| X hoo, (rectangular) _
| 400 |
I 1 ;
6. Iy
" 7. ZT
’ X
4o
(. 0=== =30_,.33
Reer . 30

2. Z2 = 30 + jho = 50 Q2 /+53.1°

E, 100 /0° v
A - T A

=2 a/-53.1°

Q ('
w133
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(Cos./-53.17)(1,) 1 = (SIN /-53:1°)(2)

(0.6004) (2) (0.7997)(2)

3.2 - j1.6 (REC)
3.58 /-26.6° a (polar)

E, 100 /0° v
= q= _8.7_6’5 =36.6° = 28 Q /+26.6 )

the low-Q coil with a high-Q.

Solve for:

I2 (poiar)

I2 (Rec)

Z, = 40 @ /90° because with a high Q coil (XL ratio of ten or

more} the effects of Re § are negligible anthhe branch can be
considered purely inductlve and the resistance disregarded, .

1
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a — - —an©
i2=-ir =1l—6—ﬁ9—05——2.5/90a
|2 =0-j25a

Ea 100 /0° v

5 W g "wra -~ Ll

I,= 0 - 325 a
Iy = 2 -j2.5 a {vzztangular)
X o255 .
Tan R 3 1.25 ’
Sin 315
cos .6239
Vi) 51.4°
1= ta —3§§§ « 3.2 /-51.4° a (Polar)

€0s /8
e, 100 fo° v
.l_.= ——j—l l|.° = 3‘1.25 / Sl.ll' f

32. By examining the results computed for branch 2 in frame 31,
(you can see the Z, is very nearly equal to
and /6 is quite close to ®. The effects of R off 3T
negligible so the branch can be considered purely

TXL, 907, inductive}

¥

YOU MAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUOY ANY OF THE
OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND ANSWER
ALL THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT,

STUDY ANY METHOD OF NSTRUCTSON YOU WISH UNTIL YOU CAN ANSWER ALL
THE QUESTIONS CORRECTLY.

.

1135
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SUMMARY
. LESSON V

Effective Resjstance in,  RL Parall®l Circuits '

In Module Thirteen you weré introduced to effective resistance

and its effect on the operation of a coil. The R of the coil

acts as 8 resistance In serles with a pure inductSnce and reduces the
inductive phase angle from the ideal 90° to something less than this,
i in respect to X(

If the ratio of X, to R (Q) is less than 10, the effect of
Reff‘on clrcuit acticn must be takensinto consideration. For example:

In this clrcuit, the effective re-

%' | r\DtA mv-. én 1000

sistance of the toil.is represented
as a resistor in series with the

11 coil. .The effect of this series

. E :g'& resistance increases the impedance
| hoﬂ + of the inductive branch and reduces
! : * the phase angle from the ideal 90°.
] | .
:l :*l 60§}
L.

The impedance of the reslsti~e branch is equal to the value of the
resistor (Zé = 1000). The impedance of the inductive branch is
0 .

Z, =10 + jo0 or 612 /80.6°.

The branch currents can now be computed by Ohm's Law:

s, = 00 o L _10ov__ Con o
II 1009 l a /0° |2 Zn/80 6% 1.64 a /-80.6

fefore the branch currents can be aﬁdéd, they must be converted from
polar form tu rectanguiar form.

bianch oné current = 1 /0° =1 + jO

Branch two current = ).64 /-80.6° = 0.268 - j1.61

‘

Total current = 1. + jO
0.268 - j1.61
t ]‘02 - j » ]

136
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Total circuit current and circuit phase angle can now be found by
converting the rectangular representation for IT to polar form.

Iy = 2.15 a /-51.8°

Recall that Q is determined by the ratio of reactance to resistance
X .

within the coil; Q = "Ln A coil with a low X, to R ratio has a

low Q and therefore cannot be regarded as a phre induc tance.

As long as the Q of a coil remains 10 or above, the effective re-
sistance is considered negligible and the shift in /8 in the
inductive branch need not be considered. If the Q of the coil is
below 10, however, the effect of its resistance on the circuit is
cignificant and must be considered.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH.
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS
CORRECTLY, GO TO THE NEXT LESSON. IF WOT, STUDY ANOTHER METHOD OF
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.

: 13437
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OVERVIEW
LESSON VI
Parallel Resonance Experiments

In this lesson you will conduct some experiments with 2 parallel
RCL c¢ircuit operating at a range of freguencies including the

resonant frequency,
You will require:

~NEAT Board 8

~Audio Signal Generator

-Multimeter
You will perform the following experiments:

-determining fo by ILINE
-determining fo by 'C and lL

-effects of thanging Q
-effect of f of varying €

BEFORE YOU STARY THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES
ON THE NEXT PAGE.

139

136




Study Resources Fourteen-VI

 LIST OF sTUDY RESOURCES
LESSON VI
Paratlel Resonance Experiments

Since this lesson consists of experiments, there is onlY the narrative.

There are no other studY resources and no .progress checks.

TURN THE PAGE AND BEGIN THE NARRATIVE.

140
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NARRAT | VE

LESSON vt

Paralle! Resonance Experiments

'

For this set of experiments you need NEAT Board 8, a signal
generator, and your multimenter.

Observe- that the NEAT Board has three parallel branches. We will use
onfy the capacitive and inductive branches for our experiments. Also
observe that in the inductive branch, by changing $-803, we have an
option of adding one of three different valued resistors or of not
having any resistance in series with the inductive leg.

The' basic clreuit for the experiments looks like this:

Notice that ammeter connections are indicated for | NE® IC’ and
IL' Your meter leads will bé connected in the comm%* gest pelnts
T- 806 and T_ 807 on the NEAT board, and the setting on $-802 will
dBtermine whfch current measurement s belng taken. For exampie,
1f 5-802 is in the M-{meter) 801 position, you Will be reading
line carrent as indicated by the meter face M=-801.

Nc Perform the experiments.

step 1. Setting up NEAT Board L

1. Set 5-801 to the ON position.
2. sat 5-806 to positicn A.

3. Set $-802 to M-B01 poslition
. set $-803 to Poslfipn A.
5

. Set $-8B04 to the OFF position,

141
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_. Step 2. Setting Up Audio Signal Generator

}. Put band selector in position ¢,

2. Select sine wave position.

3. Turn frequency control all the way counterclockwise.

b, Turn amplitude control ail the way cfockwise.

5. P':3 in signal gen;rator and turn on power switch. (The
red power-available tight sbould glow.} Allow a few

minutes for warm-up.

6. Connect test leads to output jacks (black to bottom
terminail}.

7. Insert other end of test leads to NEAT board terminals
'rp ~802 and Tp-aos (black to Tp—aos).

Step 3. Setting Up Simpson 260

1. Set up SimpSon to read OC current on 10 ma scale. -

2. lnsert test leads from Simpson to terminals T -806 and
-307 (black to T -306)

[

- Experiment | - Determining fo by lLINE

Step 1. Slowly raise the frequency contro} of the signal generator
. and observe the current reading on the meter.

Step 2. By manipulating the frequency control, tune the signal
generator to the. frequency where line current Is
minimum and keep it there. This is fo.

what does the range dial indicate resonant frequency to
be?

if frequency Is var]ed above or below f , does 'LINF tn-
crease or decrease? .

Notice f_is approximately 4.2 KHz. NE increases when applied
f 9 N
requency varies elther above or below

140
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Experiment 2 - Determining fo by Lé and IL

Step |.

Step 2.

Switch 3-802 to M-B02 position. You will now be reading
- lc.
Record reading ___

Switch $-802 to M-803 position. You will now be reading
] -
L

Record reaqing
What condition exists when IL equals Ic?

What other circuit quantities must hbe equal in
order for IL to equal Ic?

e

gl

VWhan i

n

L

In an ideal tank, if |

approximately 3.47 ma

approximately 3.47 ma

and lc are equal, resonance exists.

L equals Ic, then XL equals Xc.

Experiment 3 ~ Changing Q

Step 1.

Step 2.

Put $-802 back to the M-B01 position. You are

reading | again. Tune signal generator again to
INE

ensure yoh are still at fo. ’

While switching $-803 from position A to position B,
C, and D to add different values of resistance, note
the meter reading at each position.

Has ILINE increased or decreased?

* In what position is resistance greatest?

In what position is Q lowest?

In what position is ILINE greatest?

wol 43
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ILINE increased. N

Resistance Is greatest in position D.

Q is lowest in position D.

* i . - . .
ILINE 5 greatest in position D‘

Step 3. Place $-803 back to position A.

Experiment 4 -~ Changing fo by Varying Capacitance

Step 1. Place $S-806 in position B.

Step 2. This places variable capacitor C-80) in the circuit.
Turn C~801 fully counterclockwise.

Step 3. Adjust signd) generator until | is minimum.
: LINE
What is new fo?

Step 4. Adjust 6'80] to center or midrange position.

Step 5. Adjust signal generator until ILiNE is minimum.
What is new fo? .

Step 6. Adjust C-801 fuliy clockwise.

Step 7. Change the band selector on the signal generator to band D
‘and adjust the frequency control for minimum line current.

Step 8. Record new f,

13.5 KHz; 18 KHz; 25 KHz

NOTE: When adjusting for minimum IL!NE’ down scale multimeter
as you approach 0 ILINE'

144
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i -

When You decreased capacitance did you cause Xc to
. Increase or decrease?

When Xc changed, did Ic increase or decrease?

Why did you have to raise frequency to reach a new
f 2
Lv)

Xc increased

Ic decreased

The decrease in capacitance caused the circuit to resonate at a

higher frequency.

TURN SIGNAL GENERATOR OFF. UNPLUG ALL TEST LEADS. UNPLUG SIGNAL
H GENERATOR.

Return the NEAT board and signal generator to the materials center.

Study the resonant characteristic curve for a parallel circuit
shown below. How does it compare with Your results?

A

IMPEDANCE

AT THIS POINT, SEE YOUR LEARNING SUPERVISOR FOR FURTHER INSTRUCTIONS.




Appendix Fourteen
fune -
tion 0.0 010 0.2* 0.3 o4 .8°
sin | 0.0000 0.0017 0.0035 9.0052 0.007¢ C.0037
o0 | cos{1.0000 1.0000 1. 0000 I. 0000 I.0G00 1.9000
tan | 0. 0000 0.0017 9. 003% C.0052 0.0C70 0. 0087
sin | 0.0175 0.0192 0.0209 0.0227 0.0244 0,022
. t | cos 10.9998 0.9998 0.99%8 0.9997 0.$997 0.9%97
tan [ 0. 0175 0.6192 0.€209 0. 0227 0.0244 €, 0262
. sin | 0,0349 0.0366 0.0384 0.0401 0.6419 9 0436
2| cos | 0.9995 0.9993 0.9993 0.9992 ©0.9991 0.9990
tan | 0.0349 0.0367 0.038%4 0.0402 0.0419 0. 0437
sin | 0.0523 0.0541 0. 0258 0.0576 0.0593 0. 0610
4 cos | 0.9986 0.9985 0.9954 0.9983 0.9932 0.978}
] tan | 0.0524 0, 0542 0, 0559 ¢.0877 9.0594 O. 0612
) sin | 0.0698 0.0715 0.073% 0.0750 0.0767 0.0785
P 4 | cos{0.9976 0.9974 0.9973 0.9972 0.9971 0.9969
tan | 0.0699 9.0717 0.073%4 95,0752 0. 0759 0.0787
sin | 0.0872 0.0889 0.0%05 0.0924 0.094) 0. 0058
5 | cos | 0.9962 ©.9960 0.9959 0.9957 0.9956 0. 9954
tan | 0..0875 0.0892 0.0910 0.09z8 0.0345 0.0%03
sin | 0.1045 0.1063 0,008 €. 1097 0 13115 0. 1132
6 | ces | 0.9945 0.9943 ©,9942 0. 993¢ ©.S938 0. 0935
tan | 9.1051 ©0.1069 0. 108% 0.1104 0.1122 0.1139
sin | 0.1219 0.1236 0.1253 0.12v1 0.1285 0.1205
7 | cos | 0.9925 0.9923 ©0.9921 ©.99:9 0.9917 0.9914
tan | 0.1228 0.1246 0.1263 2. 1281 0.1299 0 1317
sin | 0.1392 0.1409 0.1426 0.144% 0. 1451 0. 1478
8 | cos (.0.9903 0.9900 0.9%98 0.9895 C.5393 0.9590
tan § 0.1405 0.1427 0. 1441 0. 1459 0.1477 0. 1405
sin | 0.1564 0.1582 0.1599 0.1616 v.:63! 0.1650
9 | cos | 0.9577 0.9874 0.9871 0.9369 0.98u6 0. 9dud
tan | 0.1584 0.160> 0.1620 ©. 1638 0, 1&53 0.1673
sin | 01736 0.1754 0. 1271 ©.1798 o 1805 0. 182
10 | cos | 0.984% 0. 9845 0.9842 0.9339 0.983c 0.9833
tan | 0.1763 0.1781 0.1399 0. 1817 0. 1835 0.1853
) sin |0 1908 01925 ©.1942 0.1959 0.1977 3. 1994
11 | cos | 0.9815 0.9813 0.9%8:C 0.9666 0. 9803 0.9799
tan | 0.1943 0.1962 0. 1980 0.195& 0.2016 0. 2035
. sin | 0.2079 0.209¢ 0.2113 0. 130 0.2197 W 2!r4
12 { cos | 9.9781 ©0.9778 0.9774 0.%9i%0 0.7 2 9702
tan | 0.2126 0.2}44 g 2162 0.2!80 0. 1i®9 0. 217
sin | 02290 0.2267 0 2284 €236 © 2Ma ¢ 2344
130 cos | 0.9744 0.9710 0.97%0 D.v7%7 A0 ¢ 3724
tan_| 0.2309 9.2327 08,2345 0.25.4 - 23n2 0 140
fune -
de | tion 0.0°  g1v g 9 row g9
{4y
Q
RIC 23

P
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func~
degl tior 0.0° 0.1° 0.2° 0.3° 24° 0.5° 0.6° 6.7° 0.8°°
sin |0.2419 0.2436 0.2453 0.2470 0.2487 0.2504 9.2521 0..338 0.2534 0.
24 ] cos |0.9703 0.9699 0.+c34 0.9630 0.9686 0.9681 0.9677 0.9673 0.9668 0.
tan |0.2493 0.2512 0.2530 0.2549 0.2568 0.2586 0.2605 0.2623 0.2647 0.
. sin | 0.2588 0.2605 0.2622 0.2637 0.2656 0.2672 0.2639 0.2706 0.2723 0.
15 | cos §0.9659 0.9655 0.9650 0.9646 0.9641 0.9636 0.9632 0.9627 0.9622 0.
tan J0.2679 0.2698 0.2717 0.2736 0.2754 0.2773 0.2792 0.2811 0.2830 0,
sin {0.2756 0.2773 0.2790 0.2807 0.2823 0.2840 0.2857 0.2874 0.2690 o.
t6 | cos §0.9613 0.9608 0.9603 0.9598 0.9593 0.9588 ©0.9583 0.9378 0,9573 O.
tan ]0.2867 0.2886° 0.2905 0.2924 0.2943 0.2902 0.2981 0.3000 0.3019 O.
sin ] 0.2924 9.2940 0.2957 0.2974 0.2990 0.3007 0.3024 0.3040 0.3057 0.
17 | cos [0.9563 0.9558 0.9553 0.9544 0.9542 0.9537 0.9532 0.9527 0.9521 0.
tan }0.3057 0.3076 0.3096 0.3115 0.3134 0.3153 0.3172 0.3191 0.3211 0.
sin ]0.3090 0.3107 0.3123 0.3140 0.3156 0.3173 0.3190 0.3206 0.3223 o
18 | cos {0.9511 0.9505 0.9500 0.9494 0.9489 0.9483 0.9478 0.9472 0.9466 0.
* | tan [0.3249 0.3269 0.3288 0.3307 0.3327 0.3346 0.3365 0.3385 0.3403 0.
sin |0:3256 0.3272 0.3289 0.3305 0.3322 0.3338 0.3355 0.3371 0. 3387 0.
19 | cos |0.9455 0.9449 0.9444 0.9438 0©.9432 0.9426 0.9421 0.9415 0.9409 0.
. tan [0.3443 0.3463 0.3482 0.3502 0.3522 0.3541 0.3561° 0.3581 6. 3600 0.
sin [0.3420 0.3437 03453 0.3469 0.3486 0.3502 0.3518 0.3535 0.3551 0.
20 § cos [0.9397 0.9391 0.9385 0.93Y9 0.9373 0.9367 0.9361 0.935¢ 0.9348 0.
tan |0.3640 0.3659 0.3679 0.3699 0.3719 0.3739 0.2959 0.37.9 0.3799 0.
s’
sin [0.3584 0.3600 0,.3616 0.3633 0, 3549 0.3655 0.3681 0.3697 0.3714 0.
21 [ cos $0.9336 0.9330 0.9323 0.9317 0 9311 0.9304 0.9298 0.9291 0.9285 0.
tan |0.3839 0.3859 0.3879 0.3899 0.3919 0.3939 0.3959 0.3979 0.4000 O.
sin [0, 3746 0.3762 0.3778 0.3795 03311 0.3827 0.3843 0.3859 0.3875 0
22 | cos [0.9272 0.9265 0.9259 ©0.9252 0.9245 0.9239 0.9232 0.9225 0.9219 0.
tan |0.4040 0. 4061 0.4081 0.4101 0.4122 0.4142 0.4163 0.4183 0.4204 0
sin ]0.3907 10,3923 0.3939 0.39%5 43971 0.3087 0.4003 C. 4019 0.4033 0.
23 { cos [0.9205 0.9198 0 2191 0.9184 0.9178 0.917' 0.9164 0.9i57 0.9150 0.
tan [0.4245 0. 4265 0.4286 0.4307 0.4327 0. ¢ 18 0.4369 0.4390 0.4411 o
sin [0.4067 0.4083 0.4099 0.41!'5 0. 4121 0. 4147 0.41&3 0.4179 0.4195 0.
24 1 cos [0.9135 0.9128 0.9121 0.9112 0.9:07 ©.9100 0.9092 0.9085 0.9078 0.
tan |0.4452 0.4473 0.4494 0.4515 0.4536 0.4557 0.4578 0.4599 0.4621 0.
sin |0.4226 0.4242 0.4258 0.4274 0.4280 0,4305 .4321 0.4337 0.4352 0.
25 | cos 10.9063 0.9056 0.9c48 0.9041 0.933> 9. 9026 0.9013 0.9011 0.9003 0.
tan |0.4663 0.4684 0. 4706 0.4727 0.4743 0.4770 . 4701 0.4813 0.4834 o
’ sin 10,4384 0.4399 04415 0.4431 0.4415 0.446¢ 0.4478 0.4493 0.4509 0.
06 | cos 108988 0.6980 0.8973 0.8955 0.8957 0.894% 0.8942 0.8934 0.8026 0.
tan {0.4877 0.4899 0.4921 0.4542 0 4904 G. 4936 0.5008 0.5025 0.3031 0.
sin [0.4540 0.4555 0.4571 ¢0.4585 0.4(72 0 4617 0.4633 0.464R 0.4664 0.
27 § cos [0.8910 0.8902 0.8894 0.8065c 0.337f 0.3370 0 8862 0.8854 0.8846 O.
tan [0.5095 0.5117 0.53139 0.3161 G Sig4 0.$200 0.5228 0 5250 0.5272 ¢C
func-
degltion | 0.0° 01 0.2° 0.3  ¢3° 63" 06° 07 03
[€) ‘ , 1 j ;J
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Appendix Fourteen

E func’
eg tion 0.0° 0.i° 0.2° 0.3° 0.4° . 0.5° 0.6 0.7 0.8° 0.9°
sin [0.4695 0.4710 0.4726 0.4741 0.4756 0.4772 0.4787 0.4802 0.4818 0.4833
28 | cos |0.8829 0.8821 0.8813 0.8805 0.3796 0.8788 0.8780 0.8771 0.8763 0.8755
tan {0.5317 0.5340 0.5362 0.5384 0.5407 0.5430 0.5452 0.5475 0.5498 0.5520
ain | 0. 4848 0.4863 0.4879 0.4894 0.4909 0.492% 0.4939 0.4955 0.4970 0. 4985
29 | cos |0.8746 0.8738 0.8729 0.8721 0.8712 0.8704 0.8695 0.8536  0.8678 0. 8669
:an | 0.5543 0.5566 0,5589 0.561z 0.5635 0.5658 0.5681 0.5704 0.5727 0.5750
sin [0.5000 0.5015 0.%5030 0.5045 0.5060 0.5075 0.5090 0.5105 0.5.20 0.5135
301 cos [0.8660 0.8652 1.8643 0.8634 0.£625 0.8616 0, 8607 0.8599 0.8590 0,858}
tan §0.5774 0.5797 0.5820 0.5844 0.5867 0.5890 0.5914 0.5938 0.5961 0.5985
ain ] 0.5150 0.5165 0.5180 0.5195 .5210 0.5225 0.5240 0.5255 0.5270 0.5284
31 | cos |0.8572 0.8563 0.8554 0.85¢5 0.8536 0.8526 0.8517 0.8508 0.3499 0.849¢
tan }0.6009 0.6032 0.6050 0.6080 0.6194 0.6128 0.6152 0.6176 0.6200 0, 6224
sin |0.5299 0.5314 0.5329" 0.5344 0.5358 0.5373 0.5388 0.5402 0.5417 0. 5432
32 ] cos [0.8480 0.8471 0.8462 0.8453 0.844) 0.8434 0.8425 0.8415 0.8406 0.839%
tan | 0.6249 0.6273 €. 06297 0.6322 0.6346 0.537i1 0.6395 0.6420 0. 6445 0.6459
gin [0.5446 0.5461 0.5476 0.5490 0.5505 0.5519 0.5534 D.5548 0. 5563 0.5577
331 cos [0.8387 0.8377 0.8368 0.8358 0.6343 0.8339 0.8329 0.8320 0.8310 0.8300
tan |0.6494 0.6519 0.6544 0.6569 0.56594 0.6619 0.6644 0.6669 0.60694 0.6720
sin |0.5592 0.5606 0.5521 ©.5635 0.3630 0.5664 0.5678 0.%693 0.5707 0.3721
34 [ cos [0.8290 0.8281 0.8271 0.8261 0.4251 0©.8241 0.5231 0.822i 0.8211 0.8202
tan | 0. 6745 0.6771 0.6796 0.6822 0.6847 0.6873 0.6899 0.6924 0.6950 0.697v
sin [0.5736 0.5750 0.5764 0.5779 0.5793 0.5807 0.5821 0.5835 0.5850 0.5864
35 | cos |¢.8192 ¢©.8181 0.8171 0.8161 0.8151 0.8141 0.8131 0.8121 0.8111 0.8100
tan |0.7002 0.7028 0.7054 0.7080 0.7167 0.7133 0.7159 0.7186 0.7212 0.7239
’ sin ]0.5878 0.5892 G, 590¢ 0.3920 0.5934 0.5948 0.59%62 0.5976 0.5990 . 6004
36 | cos |0.8090 0.8080 0.8070 0.8059 0.8049 0.803% 0.8C28 0.8018 0.8007 0.7997
tan [€.7265 0.7292 0.7319 O.7346 0.7273 0.7400 0.7427 0.7454 0.7481 0.7508
sin. [0.6018 0.6032 0.6046 9.6060 3.607% 0.6088 0.6101 0.6115 0.6129 0.6143
37 | cos [0.7986 0.7976 0.7965 0.7955 0.7944 0.7934 0.7923 0.7912 0.7902 0.7891
tan j0.7536 0.7563 9.7590 0.7618 C.7646 ¢ 7673 0.7701 0.7729 0.7V57 0.7745
sin §0.6157 0.6170 06184 0.6198 "9.621i 0.6225 0.6239 0.4252 0.6266 0.6280C
38 | cos 10.7880 0.7869 0.7859 0.7848 0.7837 0.7826 0.7815° 0.7804 0.7793 0.7782
tan 0.7813 0.7841 0.%7849 0.7898 0.7926 0.7954 0.7983 0.8012 0. 8040 0.8069
sin |0.6293 0.6307 0.6320 0.6334 0.6347 0.6361 0.56374 0.6388 0.6401 0. 06414
P9 | cos [0.7771 0.7760 0.7749 0.7738 0.7727 0.7716 0.7705 0.7694 0.7683 3.7672
tan 10,8098 0.8127 0.8156 0, 8185 . 8214 0.8293 0.8273 0.8302 0.8332 0.8%61
. sin [ 0,6428 0.6441 0.6455 2.6366 0. (481 M €494 0.6508 0.6521 0.0534 0.e547
Mo cos |0.7660 0.7649. 0.7V€38 0.7627 0.7t15 0.7e04 9.7593 0.7581 0.7570 0.7539
tan |0.8391 0.8421 0. <51 0.8481 0.8511 0.8541 0.8571 0.8601 0.8632 0.8602
sin | 0. 6561 0.6574 0.6587 0.6600 O 4613 D.o626 0.6639 0.6u52 0.9605 0.6578
41 | cos [0.7547 0.7536 0.7524 0.7513 O T30V 0.74% 67478 0.7deb 0.7455 0. 7443
: tan }8. 8093 0.8724 0.8754 0.£T35 1 vhle D 5847 0 3878 0.8910 0.8941 0,8)72
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Appendix Fourteen
-} tune- .
deg} tion 0.0° 0.1° 0.2° 0.3¢ 0.4° 9.5 0.6° 0.7°  0.8°
sin | 0.6695 0.6704 0.6717 0.6730 (0.6743 0.6756 0.6769 0.6782 0.6794
42 | cus | 0.7431 0.7420_ 0.7408 0.7396  0.7385 0.7373 0.7361 0.7349 0.7337
C | tan | 0.9004 0.9636 0.9067 0.9099 0.9131 0.9163 0.9195 0.9228 0.9260
sin | 0.6820 0.6833 ..6845 0.6858 0.6871 0.6884 0.68% 0.6909 0.6921
43 | ccs | 0.7314 0.7302 0.7290 0.7278 0.7266 0.7254 0.7242 0.7230 0.7218
ten | 0.9325 0.9358 0.9391 0.9424 0. 157 0.9490 0.9523 0.9556 0.9590
sin | 0.6947 0.6959 5.6972 0.6984 0.6957 0.7009 0.7022 0.7034 0.7046
14 | cos | 0 7193 0.7181 0.7169 0.7157 0.7145 0.7133 0.7120 0.7108 0,709
tan | 0.9657 0.9691 0.9725 0.9759 0.9793 0.9827 0. 9861 0.9896 0.9930
sin |70.7071 0.7083 0.7096 0.7108 0.7120 0.71%3 0.7145 0.7157 0.7169
45 ! cos | 0.7071 0.7059 0.7046 0.7034 0.7023 0.7009 0.6997 0.6964 0.6972
tan | 1,0000 1.0035 1.0070 1.0105 1.0141 10176 1.0212 1. 0247 1.0283
sin | 0.7193 0.7206 0.7218 0.7230 0.7242 0.7254 0.7266 0.7278 0.7290
16 | cos | 0.6947 0.€934 0.6921 0.6907 0.6896 0.6884 0.687) 0.6853 0.6845
) tan [ 1.0355 1.0392 1.0428 1.0464 1.0501 11,0538 1.0575 1.0612 1.0649
sin 1 0.7314 0.7325 0.7337 0.7349 0.7361 0.7373 0.7385 0.739 0.740¢
47 1 cos | 0.6820 7. 6807 0.6794 0.6782 0.6769 0.6756 0.6743 0.6730 0.6717
tar. | 1.0724 1.0761 1.0799 1.0837 1.0875 1.0913 1.0951 1.0990 1.1028.
s:n | 0.7431 0.7443 0.7455 0.7466 0.7478 0,7490 0.7501 0.7513 . 7524
48 | cos | 0.6691 0.6678 0.6565 0.6652 0.6639 0.6626 0.6613 C.6600 0.6587
tan | 1.1106 11145 1 1184 1.1224 1.1263 1.1303 1.1343 1.1383 1.1423
sin | 0.7547 0.755% 0.7570 0.75B1 0.7593 0.7604¢ 0.7t15 0.7627 0.7638
49 | cos ] 0.6561 0.6547 0.6534 0.5521 0.6503 0.6494 0.6481 0.6468 0. 6455
. tan 11,1504 1.1544 1.1585 1.162¢ 1.1667 1.3708 11750 1.1792 1.1833
sin | 0.7660 0.7672 0.7683 0.7694 0.7705 0.7716 0.7727 0.7738 0.7749
50 | cos [0.6428 0.6414 0.6401 0.6358 0.6374 0.6341 0.6247 0.6334 0.6320
ran | 11918 1.1960 1.2002 1.2045 1.2038 1.2131 1.2174 1.2218 1.2261
sin 10.7771 0.7782 0.7793 0.7804 0.7815 J.7826 0.7R37 0.7848 0.7859
51 | cos |0.6293 0.6280 ©.6266 0.6252 0.6239 0.6225 0.6211 0.6198 0.6184
tan | 1.2349 1.2393 1.2437 1.2482 1.2527 1.2572 1.2617 1.2662 1.2708
sin | 0.7880 0.7891 0.7902 0.7912 0.7923 0.7934 0. 7944 0.7955 0,795
52 | cos () 0.6157 0.6143 0.6129 0.6115 0.6101 0.6088 0.6074 0.6060 0.6046
tan | 1.2799 1.2846 1.2892 1.29358 1.2985. 1.3032 1.3079 1.3127 1.3175
sin |0.7986 0.7997 ©.8007 0.8018 0.8028 0.3039 0.8B049 0.8059 0.8070
55 | cos {0.6018 0.6004 0.5990 C.5376 0.5962 0.5948 0.5934 0.5920 0.5906
tan }1.3270 13319 13357 L3416 13465 1.3514 13564 1.3613 1.3663
{ sin {0.8090 0.8100 0.8111 0.8121 0.8131 0.8141 0.8151 0.8161 0.8171
54 | cos |9.5878 0.5864 0 5850 0.5835 0.5821 0.5807 0.5793 0.5779 0.57v4
tan | 1.3764 1.3814 1.3865 1.3916 1.37%8 1.4019 1.4071 1.4124 1.417¢
sin }0.8192 0.8202 0.8211 0.8221 0.8231 0.8241 0.8251 0.3261 0 g271
35 | cos 10.573c (.5721 0.5707 0.3693 0.5678 0.56h4 0.5050 0.5635 0.5.21
r tan ;1.4281 14335 14338 1. 4442 1 4i% 1. 4550 ) 4695 1. 4639 1. 4713
func-
; I;g tion 0.0°  9.1° 9.2y 03¢  0.4° 0.5° 0.6% _0.7° p.a°
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Appendix Fourteen
func- . i
deg} tion 0, 02 2.1° 0. 20 0. 3° 0, 4° 0. 5% 0. 6° 0, 7° 0. 8° 0.9°
sin |0.8290 ©.8300 0.8310 0.8320 0.8329 ¢.8339 0.8348 . 8358 0. 8368 0, 8377
56 | cos 10.5592 0.5%77 0.5563 0.5548 0.5534 0.5519 0.5505 0.5490 O.5476 0. 5461
tan {1.4826 11,4882 1.4938 1.4994 1.5051 1.5108 1.5166 1. €224 1.5282 1, 5340|.
sin 10.8387 0.8396 0.8406 0.5415 0.8425 0.8434 0.8443 0. 8453 0.8462 0. 8471
57 | cos [0.5446 0. 5432 0. 5417 0.%402 0.5388 0.5373 0.5358 0.5344 0.5329 0, 5314
tan |1.5399 ), 5458 1.5517 1.5577 1 5637 1.5697 3.5757 1.58)18 1.5880 11,5941
sin |0. 8480 0.8420 0.8499 0.8508 0.8517 0.8526 0.8535 0.8545 0.8554 0.856)
58 | cos |0.5299 0.5284 0.5270 © 5255 0.5240 0.5225 0.5210 0.5195 0.5180 0.5165
tan |1.6003 1. 6066 1.6128 1.6191 1 6255 1.63i9 1.6383 1. 6447 1.6512 1.6%577
sin |0, 8572 0.858]1 0.8590 0.8599 0.8607 0.8616 0.8625 0.8634 0.8643 0. 8652
59 [ cos |0.5150 0.5132 0.5120 0.5105 0.5090 0.5075 0, 5060 0.5045 0.5030 0 5015
tan |1.6643 1.6709 1.6775 1.6842 1.6909 1.6977 1.7045 1.7Y13 1.7182 1. 7251
ein {0, 8660 O 8669 0.3678 0.8686 O0.B695 0.8704 0.6712 0.8721 0.8729 0.8738
60 | cos {0.5000 ©. 4365 0. 4970 0.4955 0. 4939 0. 4924 0. 4909 0. 4894 0. 4879 0. 4863
tan [1.7321 1.7391 1.7461 1.7532 1.7603 1.7675 1.7747 1.782C 1.7893 1. 7966
gin j0.8746 0,8755 0.8763 0.8771 0 8780 0.8788 0, 8796 O, 5805 0.8813 0, 8821
lo1 1 cos [0.4848 0. 4833 0.4818 0.4802 0.4787 0.4772 0. 4756 0. 474} . 0. 4726 0. 4710
tan |1.8040 1.8115 1.€190 1, 8265 1.3341 1.84)18 1.8495 1.8572 11,8650 1.8728
sin {0. 8829 0, 8838 0.68846 0.8854 0.8862 0.8870 0.8878 0. 8686 0.6894 C. 8902
62 | cos [0.4695 0.4679 0. 4664 0. 4648 0. 4633 0. 4F T 0. 4602 0,4586 0. 4571 0. 4555
L tan [1.8B07 1.8887 1.8967 1.9047 1.9128 1, 4210 1.9292 1 9375 1.9458 11,9542
sin [0.8910 0.8518 0.8926 0, 8934 0.8942 0. 68949 0.6957 0, 8965 0.8973 0. 8930
63 | cos |0.4540 0. 4524 0. 4509 0. 4493 0.3470 0. 4462 0.4446 0.443] 0.4415 0. 4399
tan {1.9626 1.971) 1.9797 1.9883 11,9970 2. 0057 2. 0145 2.0233 2.0323 2 0413
sin |0.8988 0.89¢5% 0.9003 0.9011 0.9018 0.5026 0.9033 0,9041 0.9048 0. 0056
64 | cos |0.4384 0 4368 0.4352 0.4337 0.4321 0.4305 0.4289 0. 4274 0. 4258 0. 424,
tan |2.0503 2. ,394 2.0586 2.0778 2, 0872 2 0965 2.1060 21155 21251 2.1348
sin |0.9063 0.9070 0.9078 0.9085 0.9092 0.9100 0.9107 0.9114 0.9121 9.9)128
65 1 cos |C 4226 0.4210 0.4195 0. 4179 0.4163 0. 4147 0.413t 0.4115 0. 4099 0, 4083
tar |2 1445 2 1543 2, 1642 21742 2.1842 2.1943 2. 2045 2, 2148 2.22%1 2, 2355
sin |0.9135 0.9143 0.9130 0.9157 0.9164 0.9171 0.9178 0.9185 0.9191 0.9198
ﬁ,ﬂee cos |0.4C67 0. 4051 0.4035 0.4019 0.4003 0 3987 0.3971 0, 3955 © 3939 0, 3323
tan |2. 2460 L, 2566 2.2673 2.2781 22889 2.2998 2. 3109 2.3220 2.3332 2. 3445
sin [0.9205 0.9212 0.9219 0.9225 0.9232 0,9239 0.9245 0.9252 0 9259 0 9265
67 | cos |0.3907 0.3891 0.3875 0.3859 0 3343 @ 3827 G.3811 0.3795 0 I'FE 0 3762
tan 2. 3559 2.3673 2.3789 2.3906 2.4023 2 4142 2. 4262 2. 4383 2.4504 ¢, 4627
oin 10.9272 9.9278 0.9285 0,9291 0.9298 0.9304 0.9311 0.9317 0.9323 0. 9330
68 | cos [0.3746 0.3730 0.3714 0. 3697 0. 3680 0. 3665 0.3047 0 3633 0. 3616 9 3600
tan  |2.4751 2. 4876 2. 5002 2.5129 2,523 2 5386 2.5517 2 5649 2.5762 2 5916
sin |0.9336 0.9342 0.9348 © 4Ms4a 0 9361 A 93T 0.9373 0 9379 0.938% O 939)
169 | cos |0.3884 0.3567 0. 3557 0.3935 0 3518 0.2502 0. 3486 O 6N+ 3453 0. 3437
ar |2 6051 2. 6187 2.6325 2.04+4 2 6605 2 6746 2. 0849 1 T34 2. T4 Y 7324
func.
dep | vion d o° 0.1° 0. 2° o, 32 n 4" 0, 5° 0. .Y 0.0 08 09°]
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Appendix Fourteen
fonc-
ideg| tion 0. 0° 0.1° G. 2° 0, A° 0. 4° 9. 5° 0. 6° 0. 70 0. 8° 0. 90
sin |0 9397 0.°40) 0.9409 0.9415 ©0.942) ©.9426 0.9432 0.9438 0.9444 0. 9449
70 | cos [0.3420 0. 404 0.3387 0.3371 0.3355 0.3338 0.3322. 0.3305 0.3289 0. 3272
tan’ ]2.7475 2.7625 2.7776 2.7929 2.8083 12,8239 2.8)97 2. 8556 2.87i6 2. 8878
sin  [0.9455 0.9461 .0.9466 ©0.9472 0.9478 0.9483 0.9489 0.9494 0.9500 0. 9505
71 | cos 10.3256 0.3239 0.3223 0.3206 0.3190 0.3173 0.3156 0.3140 0.3123 0.3107
tan ]2.9042 2.9208 '2.9375 2.9544 2.9714 2.9887 3.0061 3.0237 3.0415 3.0595
sin  ]0.9511 0.9516 0.9521 0. 9527 0.9532 0.9537 0.9542 0.9548 0.9553 0. 9558
72 | cos [0.3090 0.3074 0.3057 0.3040 0.3024 0.3007 0.2990 0.2974 0.2957 0.2940
tan  §3.0777 3. 0961 3. 1146 3.1334 3.1524 21716 3. 1910 3, 2106 13,2305 3, 2506
sin  [0:9563 0.9568 0.9573 0.9578 0.9583 0.9588 0.9593 0.9598 0.9603 0. 9608
73 | cos J0.2924 0.2907 2.2890 0.2874 ©.2857 0.2840 ©.2823 0.2807 0.2790 0.2773
tan  ]3.2709 3.2914 2 M2z 03,3332 33544 33759 3,3077 3 4197 3 4420 3. 4640
sin (0. 9613 0.9617 0.9622 0.9627 0.9632 0.9636 0.9641 0.9646 0.9650 0.9455
74 | cos |0.2756 0.2740 0.2723 0.2706 0.2689 0.2672 0.2656 0.2639 0. 2622 0. 2605
tan  |3.4874 3.510% 3.5339 3.5576 3.5816 3.6059 3.6305 3.6554 3.6806 3.7062
pin {0.9659 0.9664 0.9668 ©. 9673 0.9677 0.9681 0.9686 0.9690 0.9694 0. 9699
75 | cos |0.2588 0.2571 0.2554 0.2538 0.2521 0.2504 0.2487 0.2470 0. 2453 O©. 2436
tan  (3.7321 3.7583 3.7848 3.8118 3.8391 3.8667 3.8947 3.9232 3.9520 3.9812
sin 10, 9703 0. 9707 0.9711 0.9715 .0.9720 0.9724 0.9728 0.9732 0.9736 0. 9740
76 | cos [0.2419 0.2402 0.2385 0.2368 0.2351 0,2334 0,2317 0. 2300 0. 2284 0.2267
tan  |4.0108 4.0408 4.0713 4,1022 4.1335 4.1653 4.1976 4.230) 4, 2635 4. 2972
sin |0.9744 0.9748 0.9751 0.9755 0.9759 0.9763 0.9767 0.9770 0.9774 0.9778
77 | cos [0.2250 0.2232 0.2215 0.2198 0.2181 0.2164 0.2147 0.2130 0. 2113 0.2096].
tan  |4.3315 4.3662 4.40)5 4. 4374 4.4737 4.5107 4.5483 4.5864 4.0252 4. 6€46
) sin  10.9781 479785 0.9789 0.9792 0.9796 0.9799 0.9803 0.9806 ©.9810 0.9813
73 | cos [0.2079 0.2062 0.2045 0.2028 0.2011 0.1994 0.1977 0.1959 0.1942 0. 1925
tan |4 7046 4.7453 4.7867 4, 8288 4,8716 4.9152 4.9594 5, 0045 35,0504 S, 0970
sin  |0. 9816 ©0.9820 0.9823 0.9826 R 9829 0.9833 0.9836 0.9839 0.9842 0.9845
79 | cos 10.,1908 01891 0.1874 0.1857 O0.T§40 0.1822 0.1805 0.1788 0.1771 0.1754
tan [5.1446 51929 5.2422 1.2924 5.3435 5 3955 S5 4486 5 5026 5, 5578 S, 6140
sin [0.9848 0.9851 ©.9854 ©.9857 0.9860 0.9863 0.9866 0.9869 0.9871 0. 9474
B0 | cos [0.1736 0.1719 0.1702 0.1685 0.1668 0.1650 0 1633 0.1616 0.1599 0©.1382
tan 15,6713 5.7297 5. 7874 5.8502 5.9124 5.9758 6.0405 6.1066 6.1742 6. 2432
sin  |0.9877 . 9880 0.9882 ©.9885 0.9888 0.9890 0.9893 ©.9895 0.9898 ©. 9900
Bl | cos [0.1564 1.1547 ,0.1530 0.1513 0.1495 0.1478 0.1461 0. 1444 0.1426 0.1403
tan |6 3138 6.3859 6.4596 6.5350 6.6122 6.6912 6. 7720 6. B548 6.9375 7. 0264
sin 0.9903 ©0.9905 ©0.9907 ©.9910 0.9912 0.9914 0.9917 0.9919 0,992 0.9923|
B2 | cos [0.1392 0.1374 0 1357 0.1340 0.132) 0.1305 0.1288 ©0.1271 ¢€.1253 0. 126
tan |7. 1154 7.2066 7.3002 7.3962 7.4947 7.5953 7.6996 7.8062 7.9158 8. 0285
sin  0.9925 0.9928 0.993C 0 9922 0.9934 0.9036 0. 9932 0.9940 0.9942 0 9943
BY | cos (0.1219 0.1201 o ligd 0.1167 9, 1149 6. ti32 0.M115 0,1097 0 1080 0. 10:3
tan |8 1443 8. 2436 8 38(3 8. %1206 8 0427 8.7769 8.9152 4. 0579 9 20%2 9 3572
func.
va|zion 9, 0° 0.1° 0, 2 0. 1° ¢ 4" b 5° 0 &° O A 0 a®
-~
15p |
18
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Appendix Fourteen
func -
degltion 0 0¢ 0.1° 0. 2° o 3 0. 4% 0. 5° 0. 6° 0.7° 0. 8° 0.9¢ ]
sin [ 0.9945 0.9947 0.9949 0.9951 0.9952 0.7954 0.9956 0.9957 0.9959 0.9960
84 fcos | 0. 1045 0.1028 0.1011 0.0993 0.0976 0.0958 0.0941 0.0924 0.0906 0.0889
tan | 9.5144 9.6768 9.8448 10.02 10.20 10.39 10.$8 10.78  10.99 1120
sin [0.9962 0.9963 0.9965 C€.9966 0.9968 0.9969 0.9971 0.997Z £ 9973  0.9974{
85 |cos [0.0872 0.08%4 0.0837 0.0819 0.0802 0.0785 0.0%67 0.0750 0.0732 0.071%
tan,rll. 43 11. 66 11.97 12. 16 12. 43 12. 71 13,00 13,30~ 13.62 13.95
sin ] 0.9976 0.9977 0.9978 0.9979 0.9980 0.9981 0.9982 0.9983 0.9984 0.%983
Bb |cos | 0.0698 0.0680 0.0663 9.04645 0.0628 0.0610 0.0593 0.0576 0.0558 0.0541
tan f4. 30 14.67 15. 08 15. 46 15. 89 16. 35 16. B3 17 34 17.89 18. 46
J sin [ 0.9986 0.9987 0.9988 0.9989 0.9990 0.9990 0.999F 0.9992 0.9993 0.9973
87 fcos [ 0.0523 0.0506 0.0488 0.0471 0.0454 0.0436 0.0419 0, 0401 0.0384 0.0360
tan }9.08 19,74 20.45 2120 22.02 22.90  23.86 24.90 2633 2% 27
gin | 0.9994 0.9995 0.9995 0.9996 0.9996 0.9997 0.9997 0.9997 0.9998 0.9998
[88 fcos {0.0349 0.0332 0.0314 0.0297 0.0279 0.0262 0.0244 0.0227 0.0209 0.0192
itan 28.64 30.14 31.B2 33.69 35. 60 38.19 40, 92 44, 07 47.74 $2. 08
. sin {0.9998 0.9999 0.9999 0. 9999 0. 9999 1. 000 1. 000 1. 000 1. 000 1. 000
189 lcos |0.0175 0.0157 0.0140 0.012Z 0.0105 ©0.0087 0.0070 0.0052 0.0035 0.0017]
tan £7.29 63.66 71.62 B1.85 95.49 114.6 143, 2 14 0 286. 5 5713 ¢
fune-
degition | 0,00 0. 1¢ 0. 2° 0. 3° 0. 4° 0. 5¢ 0. 6% 0.7° 0. 8° 0.9%
3
152
145




