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MILITARY CURRICULUM MATERIALS

The military-developed curriculum materials in this course
package were selected by the Naticnal Center for Research in
Vocational Education Military Curriculum Project for dissem—
ination to the six regional Curriculum Coordination Centers and
other instructional materials agencies. The purpose of
disseminating these courses was to make curriculum materials
developed by the military more access‘ble to vocational
educators in the civilian setting.

The course materials were acjuired, evaluated by project
staff and practitioners in the field, and prepared for
dissemination. Materials which were specific to the military
were deleted, copyrighted materials were either omitted or appro-
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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.- Military
Curriculum Materials
Dissemination ls ...
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an activity to increase the accessibility of
military-developed curriculum materiais to
vocational and technical educators.

“This project, funded by the U.S. Office of
Education, includes the identification and
acquisition of curriculum materials in print
form, from the Coast Guard, Air Force,
Army, Marine Corps and Navy. |

Access to military curriculum materials is
provided through a “Jjoint Memorandum of
Understanding” betwgn the 1.5, Office of
Education and the Départment ol Defense.

The acquired materials are reviewed by staff
and subject matter specialists, and courses
deemed applicable 1o vocational and tech-
pical education are selecter for dissemination,

The National Center for Research in
Vocational Education is the U.S. Office of
Education’s designated represeptative to
acquire the materials and conduct the project
activities, o

-

Project Staff:

Wesley E. Budke, Ph.D., Diractor
National Center Clearinghouse

" Shirley A. Chase, Ph.D.
Project Director
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What Materials
Are Available?

U |

QOne hundred twenty courses on microfiche
{thirteen in paper form) and descriptions of
each have been providéd to the vocational

Curriculum Coordination Centers and other
instructional materials agencies for dissemi-

« nation.

Course materials include progremmed
instruction, curriculum outlines, instructor
guides, student workbooks and technical
rnanuals.

The '120 courses represent tha following
sixteen vocational subject areas:

Agriculture Food Service
Aviation Health
Building & Heating & Air
Construction Conditioning
Trades Machine Shop
Clerica! " . Management &
Occupations Supervision
Communications  Meteorology &
Drafting Navigation
Electronics Photography

Engine Mechanics Public Service

The number of courses and the subject areas
represented will expand as additional mate-
rials with application to vocational and
technical education are identified and selected
for dissemination.

it v T ey

How Can These
Materials Be Obtained?

Contact the Curriculum Coordination Canter
in your region for information on obtaining
materials {e.g., availebility and cost). They
will respond to yvour request directly or refer
you to an ipstructional materials agency
closer to you. -

CURRICULUM COORDINATION CENTERS

EAST CENTRAL NORTHWEST
Rebecca S. Douglass William Daniels .
Director Director

100 North First Street  Building 17
Seringfield, IL 62777 Airdustrial Park

217/782.0759 . Olympia. Wa 98504
206/763-0879

MIDWEST SOUTHEAST

Robert Patton James F. Shill, Ph.D.

DireCtor Director

1515 West Sixth Ave.  Mississippi State University

Stillwater. DK 74704 Drawer DX

408/377-2000 MississiPpi St_ate. MS 39762
601/325-2510

NORTHEAST WESTERN

Joseph F. Kelly. Ph.D. . Lawrence F. H. Zane, Ph.D.

DireCtor . Director

225 West State Street 1776 University Ave.

Trenton, NJ 08626 Honolulu, HI 96822

609/292-6562 808/948-7834
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The National Center for Research in R Ih{a-mntion ang Field
Vocational Education’s mission is to increase HES Barvices Division
the ability of diverse agencies, institutions, g? :
and organizations to solve educational prob- ‘5! b=
lems relating to individual career planning, Egg .
preparation, and progression. The National ?;_ = 2 R The iatice~! Center for Beaearch
Center fulfills its mission by: = > »in Vezontiora) Cdeeation

™.

» o Generating knowledge through research

. Devefoping educational programs and
prolucts

» Evaluating individual program needs
and outcomes .

+ Installing educational programs and
products )

* Operating information systems.and
services

. Conductlng leadership development and ‘i, .
training programs

FOR FURTHER INFORMATION ABOUT
Military Curriculum Materials
6 WRITE OR CALL
Program Infocmation Office
The National Center for Rescarch in Vocational
Education
The Chio State University
1962 ¥enny Road, Columbus, Ohio 43210
Telephone: 614/486-3655 or Toll Free BOO/
B4B-4B15 within the continental U.S.
{except Ohio)




OVERVIEW

MODULE ELEVEN

CAPAC I TANCE
In this modute you will learn about another circuit quantity, capacitance,
and discover the effects of this component upon circuit current, Vvoltage,
and power. You will learn about the circuit temponent which makes use

of this quantity and how it functions.

-

For you to more easily learn the above, this module has been diwided

into the foliowing seven lessons:

Lesson 1 The Capacitor . + « « + + + &
Lesson || Theory of Capacitance . . . .
Lesson Total Capacitance . . . . . .
Lesson IV RC Time Constant . . . . . . .
Lesson ¥ Capacitive Reactance. . . . . .
Lesson VI Phase and Power Relationships .
wwwson VI Capacity Deslgn Conslderations.

TURN TO THE FOLLOWING PAGE AND BEGIN LESSON I. ..
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The Capacitor

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

-electrostatic field

-what a capacltor éga
-what a capacitor does

BEFORE YOU START THIS LESSON, PREVIEW THE- L1ST OF STUDY RESOURCES
ON THE NEXT PAGE. ' y

13




Study Resources Eleven-|

LIST OF STUDY RESOURCES
LESSON |

The Capacitor

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

STUDY BOOKLET:
Lesson Narrative
Programmed'lnstruction
Lesson Summary
ENRICHMENT MATERIAL: Fa
NAVPERS 9%400A-1b ''Basic Electricity, Alternating Current."
Furi’amentals Bf Electronics. Bureau of ‘Naval Personnel.
Washington, D. C.: U.S. Government Printing 2ffice, 1965,

. —

X +
. ¥ = b3

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE.
TAKE THE PROGRESS CHECK AT ANY TIME.
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NARRAT i VE
- LESSON | »

The Caiecitor ’

* The Capacitor

- .

‘By aow vou are familiar with every component in-your power sﬁbply
and the, role each piays in the circuit except for the two capa~
‘citors. PR '

’
*, L] *

m - . . .
An important concept’ in the understanding of capacitance is the.
.electrostatic force field and its representation by electrostatic
lines of force. Y .

o

Electrostatic Field R - - .

-
L] L]

You alread} know ‘that hod!es having -like charges repel each other
and that bodles having unlike charges attract each other.: A body.
that is deficient in electrons is designated.as having a posltive
charge, while a body that has zn excess of electrons is designated
as having a negative charge,

. . " '
The phenomenon of charge attraction or repulsiion leads to the
supposition that each charged body has around: it an electro-
static field made up of. invisible lines of force similar to lines
of magnetic flux.

Electrostatic lines of force dlffer From magnetic lines of flux

in two respects: )

1. Electrostatic ifines do not form closed loops (obServe the
illustration on tie next page), whereas lines of magnetec
flux do form closed loops.

Electrostatic lines are polarized from positive'to negative,
whereas magnetic flux fines are directed from thg-N to the
$S pole outside of the magnet.

a
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The closer the charged hodies

are to each other, the stronger

is the force between them. The
farther apart they move, the weaker
the fcrce becomes.

This illustration shows two
charged metal plates, one nega-
tive, the other positive, and
the electrostatic field between
them poiarized in the direction
of the arrows.

If a free electron were placed in the center of the eléttrostatié)
field, because like charges repel, it would terd to be repelled b
the negatIVe plate. On the other hand, because unlike charges attract,
, it would be attracted to the positive plate therefore, it would
. move in a direction opposite to the electrostatic field. (The— .
direction of the ficld was defined more than a century ago when it
was thought that positive charges were the current carriers.)

4

-

What a Capacitor |s

.

A capaclitor consists of two conducting surfaces called plates whlch
are separated by a nonconductor called the dleiectric.

B - - i F e T LR e e
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LEAD

The dielectric between the two
plates may be vacuum, air,

TR < wexed paper, ceramic, glass or
m\\\\\}\&\\» PLATES any othar nonconducting material

~ R through which electrons will not
easily pass.

Schematic Symbol

The schematic symbol for a capacitor represents the leads connected
to the two plates and separated by -space. | |

What a Capacitor Does | l
&

A capacitor stores energy between |ts plates when the plates are
charged. To show how this energy is stored, let's examine the action
in this circuit:

|
L
2“—%
3 4
—EA=10V -
- —— r

When the switch Is first moved to position 2, the source will mcve
electrons around the circuit from the capacitor's lower plate to the
upper plate. Current cannot flow through the dielectric so the
electrons plle up on the top plate and a difference of potential
builds up between the two plates. This vVoitage on the capacitor
will rise to equal the source voltage, and current flow will then
stop. An electrostatic (force) “field is established between the
plates by the difference of potential and energy is stored in this
fleld. )

Moving the switch to position 3 after the capacitor is charged will
cause no change in the clrcuit conditions for the excess electrons
on the top plate of the capaciter still have no place they can go.

\ The rapacitor will still have 10 volts difference of potential
between its plates.

If the switch is now. placed in position 4, a path is created for

the electrons to travel from the top plate to the bottom, and the

force of attraction and repulsion (electrostatic field) will make

them move until the force drops to (.- At this point, all the

stored energy has heen returned to the circuit. d

»
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You saw earlier how a free electren placed in an electrostatic
field is attracted to the positively charged plate. HNow let's see
what happens to the atoms of a dielectric material in a capacitor.

This illustration shows one atom of the non-conducting dielectric
between the plates of an uncharged capacitor. Remember that the
electrons of an insulator are pot free to leave the atom, they are
tightly bound electrons.

iy

b
e s

~— The illustration shows what happens
to an atom In the dielectric when the
capacitor Is chare 3. Because the

-— electrons tend to be attracted to the
positive plate and repelled by the
negative plate, but are not free

— to leave the atom, the orbital shells

":ﬂ--—__
L3

are stretched toward the attracting
plate, thus elongating thelr orbits and distorting the shape of the
atom. In this way some dielectric.materials increase the capacitor's
ability to store a charge. The eneray required to distort the electron
orbits Is transferred from the source to the electrons. Because energy
can never be created nor destroyed, as long as there is a charge on the
plates the electron orbits remain distorted.

You can think of the displaced electrons as being like a spring

which is stretched. As long as a spring is held In a state of

tenslon. it stores energy. Similarly, when the charges of the

plates neutralize in the capacitor, the electrors spring back to

their normal position; the energv which was stored returns to the
circuit.

A capacitor, then, is an electrical device consisting of two con~
ducting plates separated by a nonconducting material; 1t is a
device that stores electrical energy in its electrostatic fleld.

A capacitor's abtlity to store energy makes it dangerous to the re~
palrman, for the charge may be retained even after the circuit is
de-energized. The only way you can be certain a capacitor does
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Narrati#e Eleven-|
nou have a charge is to discharge it, preferably not through your . I
body! Review the safety precautions in Module Zero ro before you put

your hands in any circuit containing capacitors.

Elgctrons do not flow through the nonconducting dielectric in a
capacttor. However, electrons can be forced to move through a non-
conductor if enough force is applied. |t is conceivable, then, that
if you apply a great enough voltage, you can force the bound
dlectrons of the dielectric to break loose and move through a
capacltor. |f the voltage rating of a capacitor is exceeded, it
destroys the capacitor's ability to store energy, thus destroying '
its purpose.

AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YQU MAY STUDY ANY
OF THE COTHER RESGURCES LISTED. |F YOU TAKE THE PROGRESS CHECK AND
ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. |F NOT,
STUDY ANY METHOD OF INSTRUCT!ON YOU WISH UNTIL YOU CAN ANSWER ALL THE
QUESTIONS CORRECTLY.

Ig
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PROGRAMMED INSTRUCTION
LESSON |

The Capacitor

TEST FRAMES ARE B AND 27. 'AS BEFORE, G0 FIRST TO TEST FRAME 8 AND
SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DERECTIONS
GIVEN AFTER THE TEST FRAME.

I. Recall that.like charges and untike charges
repel/at tract

repel/attract

- o W o B M oy W oy o T o M o o W o M e o oay M T W @ M o ™ o o o

(repei; attract)

2. This principle is put to use by the components ir your power sup~’
ply called capacitors. These components are cylindricat in shape,
and larger than the resistors.

The capacitors are located between what terminals in your power
supply?

a. TV -T2
b. T2 - T7
c. T2 - T3
d. T3 - T7

Tb. 172 - 77; d. 13 - 17)

-+

3. An electrical charge at rest is known as static electricity. Ffrom
this you might infer that a‘ capacitor works on the principle of:

a. electromagnetic lines of force.
b, electrostatic ltines of force.

{h. electrostatic lines of force)

+
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The forces of attraction and repulsion are caused by electro-
static lines of force that surround every charged body.
LL N /‘ ——

- Which of the following bodies has an electrostatic field?
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o

5. For simplicity, and by agreeméht, the electrostatic field is
represented schematically by lines which are said to leave a
positive charge and enter a negative charge.

Complete each item below by showing the sign of each charge or
the direction of the field.
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Electrostatic lines of force diff~r from magnetic lines of flux
in that they do not form closed loops.

Check the correct statement(s).

Electrostatic lines are continuous loops between negative
and positive.

Electrostatic lines do not leave the megative body and
enter the positive body.

Electrostatic 1ines of force travel from negative to
positive by charged bodies in an infinite direction.

{b) Electrostatic 1ines do not leave the negative body and enter
the positive body.

Electrostatic lines of force are basically different from magnetic
lines of flux in another respect in that they do not have north
and south poles. :

1

Electrostatic tines of force:

can be.cons.dered north and south.
leave a north pole and enter a south pole.
leave a south gole and enter a north pole.
are not considered north and south.

{d) are not consicered north and souti.

8.

€

Electrostatic lines of force:

are invisible.

form closed loops.

are directed from negative to positive,
move: from N to S.

are directed from positive to negative.

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT-PAGE.)
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ANSWERS - TEST FRAME 8
a. are invisible.

e. are directed from positive to negative.

R T . T T T I I A T T R T R

-

}F ALL YOUR ANSWERS MATCH THE CORRECT ANSUERS, YOU 1AY GO TO TEST
FRAME 27. OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PRUGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 8 AGAIN. .

9. An electrostatic field can be formed between two pieces of con-.
ducting materia) separated by a nonconductor. Show with arrows
the direction of the electrostatic lines in this sketch. _

- o e e M m M W owm e o e e e e

——
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10. Energy may be stored in an electrostatic field like that of
frame 9, for the excess electrons on the right-hand piece of
metal (plate) will try to move to the left-hand plate because
of the attraction between positive and negative. 1f a conducting
path is placed between the plates, the energy will be returned
to the circuit,

&

« i

Electrons wiﬁl move from when the switch is
A to B/B to A

(B to A)

11, The ability of this device to store energy may be increased by
placing a nonconducting sor:d hetween the plates in place of
air or a vacuum. You wiil see why this is so in th2 following
frames.

Which of these units will be able to store more energy in the
electrostatic field?

a. . . b.




Eleven-1I

12. If an atom of a nonconducting material is placed in the center
of an electrostatic fieid, its electrons will not leave the atom
as readily as those of an atom of a conducting material; however,
they will be affected by the force of the field.

LOCATICN OF ATOM
With the two bodies charged as shown in the preceding illustra-
tion, the orbital electrons are:

a. attracted toward the positive body.
b. not affected at all.
attracted toward the negative body.

la) attracted toward the positive body

When a nonconducting solid is placed between two bodles with
opposite charges, the electrostatic field stretches the orbits
of tts bound electrons, but normally does not dislodge the

electrons from their orbits.

Which of the following iilustrations shows an atom of a non-
conducting material between two charged bodies?

b.

|\l [
l‘lt ‘r(,u
1"\
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14, We can relate this concept to the stretching of a spring. As
long as you exert a force, the spring remains stretched; as soon
as you'let go, the spring snaps backi

1f we were to neutralize the charges in the diagram, tne electrons
would- -

a. dislodge from
the atom.

b. stay where they
are.

c. go back to cir-
cular orbits.

{c) go back to circular orbits

The device used to store epergy by virtue of an e'ectrostatic
field is .called a capacitor.

A capacitor stores electrical energy in a/an:
a. magnetic field.

b. electrostatic fietd.
static field.

(t) electrostatic field

A capacitor consists of two conducting surfaces called plates
that have wires connected to them. The plates are separated
by a nonconductor called the dielectric.

A capacitor physically consists of:

plates, leads, conductors.
leads, plates, iron.
dielectric, olates, conductors,
conductors, l.ads, dielectric.

{c) dielectric, plates, conductors.




-

Polo “ 4. E!QVEH"'
17. The dielectric between the twe plates may be vacuum, ajr,
. paper, glass, or any other nonconducting material through which
electrons do not easily pass.

The best diclectric material is:

. a. iron, )
b. . ceramic. ' .

c. copper. . ¢ } b
d. silver.

{b) ceramic

18. This illustration shows a simple capacirar and its schematic symbol

o T

Label the diagrams below.

i ., -&—-_
.. e —— - i — . !
—— — LEAD(CONCUCTOR)

PLATE s LEAD

. DAELECTIRIC ~ N
PLAIE ————

- PLATE- -
LEAD GONBUCTCR) e AD
- : }
. “




e -
+ “

P.1. " _ - 0. ' Eleven-{

w1
oV

-:I I}*

If the two plates of the capacitor have no charge on them and
SW! is closed, electrons are: . o

LR T Py
- KA Y

P B

a. pulled off Plate A. \
b: pulled off Plate B. °

¢. forced onto Plate A.

d. forced onto Plate B.

5

[11]

Py
i\,.
19
k
%,
i
i
i
¥

-0
~ {(b. puiled off Plate B; c. forced onto Plate A.)

20. Plate A now assumes a negative charge and Plate B assumes a .
positive charge. A

. » 4 I
‘ [ . =

#r

L]

theck the correct statement{s). .- b l I"" .

a. A difference of: potentlai exists between the two plates.

b. Electrostatic lines of ‘force are directed from Plate A |
to Plate B.

c¢. Electrostatic lines of force are directed from Plate B
to Plate A.

- m W w w m w ow e ow owm oo™ o W o W e o o w M o oW W T o om e ™ om o W o
4 * .

(a. A dlfferencé of potential exists between the two plates' c. Electro=
static lines of force are directed from Plate B to Plate A.)

»
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21. Recall that the dielectric material of a capacitor is a noncon-

ductor.
Check the correct statement(s).

a. There is normal current flow through a capacitor.

b. The bound electrons in the dielectric stretch thuir orbits
like a spring when the capacitor is charged.

c. No current (s supposed to flow through a capacitor.

- eEm W m m om Om W W m e W W W Om M W W m em W am am m am - e W = mom o -

| 1]

{b. the bound electrons in the dielectric stretch their\prbits like
a spring when the capacitor is charged; c¢. No current is supposed

L

TH -\, 1( - ek
c&v “’"—" L

5
B Ry

to flow through a capacitor.)

22. Because energy cannot be destroyed, a capacitor stores the energy
- required of the charge in its electrostatic fileld.
As long as there is a difference In potential between the plates
of a capacitor, it keeps the energy in its:
a. dielectric. )
b. plates.
c. electrostatic fie'd.
d. leads. :
{c) electrostatic field
23. A capacitor is capable of storing and retaifing an electrical

chargé, because of this it represents’ a potential gdanger even
after the circuit is de-energized. .

After a capacitive circuit has beett de-energized there may still
be an excess of electrons on the plate and a deficiency
of electrons on the pTate of the capacitor.

afe o = e e eeEmamEm W E m W oMW OEm oeom W OE M OEoEeom B omeomeow o Meom oW om =

-

(negativé, positivej
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2k, Before ;ttemptlng any repairs- or measurements in a de-energized
capacltive clrcult all residual charge should be removed from

the capacitor. To do this a conducting path §s placed across the .
plates of the capacitor allowling movement Of electrons between
S the plates and thus neutrallzing any remaining charge.
o
- {Go to next frame.)
E »
; 25. 1f the charge across the plates Is allowed to neutralize, the
- \ energy which was stored is released and returned to the circuit. ]
§1 If SWl was closed across thls charged capacitor: '
Al |8 ’
3_ -l i+ .

- Swi )
_—————— i

a. 'the excess electrons on Plate A would move to Plate B
through the capacltor. . -

b. the excess electrons on Plate B would move to Plate A
through the capacitor.

c. the excess electrons on Plate A would move to Plate B -
through the external circuit. . .
d. the excess electrons on Plate B would move to Plate A .

through Ehe external clreulit.

M W o M W M M W M o Em am = am W = - - . o W W =" = w = o= - W m e = - - -

{c} the excess electrons on Plate A would move to Plate B through the
external clreuit..

26. ¥ enough force is applied to a capacitor, you can force the bound
electrons of the dielectric 'to break loose and move through a capacitor.

1f too high a voltage is applied to a capacltor, t:

a. allows current flow through it.
N b. Js not able to stcre a charge.
. ¢. stores a greater charge.

- o W W o W o W m m W @ m m W W W = - - e o a = - - A W S o m M & o

{a. allows current flow through ft; b. 1s not able to store a charge)

-, Q . L)
Q "‘:‘ W ) - 22 29
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27. theck the statement{s) about a charged capacitor that is {are)
true. w

a. forces electrons through the dielectric from its nega~
tive plate to its positive ('ate.

b. has a difference of potential across its piates.

c. Stores energy on the plates.

d. stores energy in electrostatic field.

{THI'S IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)

23
30
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ANSWERS - TEST FRAME 27

'b. Has a difference of potential across its plates.

d:. Stores enesgy in electrostatic field.

IF ANY OF YOUR ANSWERS 15 INCORRECT, GO BACK TO FRAME 9 AND TAKE THE
PROGRAMMED SEQUENCE.

1¥ YOUR | NSHERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU

MAY STUDY._ANY OF THE OTHER RESOURCES LISTED. 1F YOU TAKE THE PROGRESS
CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF
NOT, STUDY ANY METHOD OF INSTRUCTION YOU UISH UNTIL YOU CAN ANSWER ALL
THE QUESTIONS CORRECTLY.

31
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SUMMARY
_LESSON |

The Capacitor

Basically, capacitors store electrical energy. Imagine that you have
a body with an excess of positive charges and you gradually move a
negat ively charged body toward it. At some distance separating the
two bodies, you will notice an attractlve force between the two un-
like charges and that this attraction increases as you bring them
closer together. On the other hand, if you were to bring a second
positively charged bod7 near the first positive charge, at some dis-
‘tance separating the two like charges, you would notice a repelling
force that increases as the separation decreases.

An 1solated charged body, such as the fixed positive charge in the
example, has syrrounding it a force field which interacts with any
other charge brought within its field. ° The strength of this force
Sfield at any point depends on the magnitude of the body's charge

and the distance from the body. This field can be represented by
invisible lines of force and is called the electrostatic field of a,

~ charged body. By definition, neutral bodies have no electrostatic fields.

The direction of the field, and therefore, the direction of the lines
of force, is defined as leaving a positive charge and entering a nega-
tive charge as indicated In the illustration on the next page. The
direction of the fleld was defined more than a century age when it was
thought that positive charges were the current carriers. Hence a
positive charge experiences a force in the direction of the lines of
force.

A free electron placed In the field of a charged body, therefore,

moves in a direction agalnst the electrostatic field. When two or

more charged bodies are placed sufficiently close to one another that
thelr electrostatic fields overlap, the direction and magnitude of the
resulting lines of force are changed. The following examples illustrate
like- and unllke~charged spheres and opposite-charged parallel plates.

I
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[
3 .
A ELECTROSYATIC FIELD
[
N e e v (! )
i )
B YL ——] A h\
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":E"': - '\'_l:.' '-':‘.{..." = £
ELECTRON T:sm:: T
{\ An illustrative exercise is to imagine you have a free electron and
k . You "drop" it at different locations in each of the three fields
i I1lustrated. Remembering that electrons move against lines of force, .
<" find the place that the electron would come to rest.
[ ; .
8 A capacitor consists of two conducting plates separated by an insulator -\
, called the di:lectric. Air is a common dielectric since dry air s a
’ non-conductor. Mica, ceramic, and glass are other common dielectric
. materials, ' -
v A capacitor stores electrical energy in the electrostatic field re-
'{. ; : sulting from opposite charges on its plates. A capacitor placed in a
: clrcuit with 2 voltage source has charges .t opposite polarities on

its two plates as a resuit of electron flow. . When the magnitude of the
charge on the capacitor equals the voltage source, current flow ceases.
~ The charged capacitor, and resulting electrostatic field, is storing
the electrical energy developed by the voltage source. Capacitors in
a circuit must be treated carefully, for you can never Qe sure a
capacitor is not charged unless you short its plates together.
Review safety precautions in Module Zero before working on any cjrcuit
contalning capacitors. By shorting the capacitor platet with a con-
ductor, current flows, the plate charge goes to zero, and the
electric field goes to zero. Hence, the stored electrical energy is
released and returned to the clircult.

o

¥
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Since the insulating dielectric is matter composed of atoms and mole-
cules, the tightly-bound charged particles in an atom, namely electrons
and protons, are displaced from their equilibrium positions. Therefore,
you have a distortion of the atomic configuration under the influence
of the electrostatic force field:

——
— ik /-
- u ']{f/;' — ______llll”l +
hy VT — ﬂ\‘H| +
i = hi
h"dlik—- — |! +
! p& «— : q |i|' +
bl [4— S
- 'Hﬂ!l”‘_ 'ﬂ“’[ +

in case of material dielectrics, additional energy is stored by dis-
torting the atomic orbits from normal.

The positively charged nucleus [s attracted to the negative piate;‘
while the orbital electrons are attracted toward the positive plate.

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY STUOY

THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH.  |IF YOU TAKE
THE PROGRESS CHECK ANO ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE

NEXT LESSON. IF NOT, STUOY ANOTHER MLTHOO OF INSTRUCTION UNTIL YOU CAN

ANSWER ALL THE QUESTIONS CORRECTLY.

v
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OVERVIEW
LESSON 11

“Theory of Capacitance

in this-lesson you wiil study and learn about the following:

-

~definition of capacitance
-measuring capacitance
~charging the capacitor
-discharging the. capacitor
-factors affecting capacitance

SEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES

ON THE NEXT PAGE.
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LiST OF STUDY RESOURCES
LESSON I

Theory of Capacitance

To learn the material in this lesson, you have the option of. choosing,
according to your experience and preferences, any or al! of the
fol Towing:

STUDY BODKLET:
Lesson Narrative
- Programmed instruction

Lesson Summary

ENRICHMENT MATERIAL: ,
NAVPERS 93400A-1a "Basic Electricity, Direct Current."
Fundamentals of Electronits. Bureau of Naval Persénnel. .
Washington, D.C.: U.S. Government Printing Office, 1965. .
. NAVPERS 93400A-1b "'Basic Electricity, Alternating Current." .
Fundamentals of Electronics. Bureau of Naval Personnel.
Washington, ).C.: U.S. fovernment Printin§ Office, 1965. .

.

"

AUD 10-VISUAL:

Stide/Sound Presentation - "Factors Affecting Capacitance.'

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

ey
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NARRAT I VE
LESSON !!

, Theory of Capacltance

Definition of Capacitance .

Capacitance 1s usually defined as the measure of the ability of
two conducting surfaces separated by some form of nonconductor

to store an electric charre. 1’ other words, If we measure the
ability of a capacitor to store electrical energy, we speak of

the capacitance (C) of the component.

. Measuring Capacitance
<

Capacitance 1s measured In units called farads, named after
Faraday (of Faraday's Law fame) . A farad is abbreviated as f.

Capacitance s equal to 1 farad when a voltage changing at
the rate of 1 volt per second causes a charging current of
1 awp to flow.

Like reslstance and‘lh&uctance, capacitance 1s a physical property
and cannot be changed by voltage, current, or frequency.

The basic definition of the:farad Is as follows: A capacitor has
a czpacitance of 1 f If Ttistores 1 coulomb {Q) of charge when '
connected across a potential of 1 voit, or

c=2

If. we ‘ncrease thervolitage, what happens to capacitance?

F

Nothing! Remember, capacltance is a physical property and cannot
be changed by changing voltage. When voltage Is changed, the
number of electrons {(charge or @) on the plates of a capacitor
must change. et
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. . fa_
What Is the L of a capacitor If .001 Q of charge

Is stored when a potential of 200 v is applied
to C?

C =25 uf

Normally, capacitance As measure?ziﬁ microfarads (uf) or plcofarads
(pf). Pico Is equiv ._Pt to 19

If a.capacitor s rated at 3200 -pf, what Is its ra*lng
In microfarads?

3200 pf 1s the same as 0.0032uf.

‘Charging the Capacitor

zfi’v:— We will again use an idealized situation, .
A

3 a purely capacitive circuit, to explain
?‘ capacitor action. in this de-energized
circuit, the plataes of the capacitor are
not charged, no electrostatic field has
been created, and no energy Is stored in
the capacitor.

L.
T

UNCHAR(::D

Now, if we move the switch to positlon 2,
there Is a surge of electron flow. This
causes: ‘ '

1% e
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1. electrons to pile up on the top Plate.
2. the top plate to become negative. .
' 3. electrons to be pulled off the hottom plate.
) 4. the bottom plate to become positives <
5. . an electrostatic field between the plates.
6. a difference of potential to exist.between the plates.
7. energy to be stored in the electrostatic field.
g:' As socon as the difference of -
3.1" potential across the capacitor
4 {E.) is ‘equal to the applied
. vo?tage {i0 volts in this purely b
- ¢ e capaclitive circult), the two '
- o voltages in the circuit balance
. and the flow of electrons stops.
. The capaclitor {5 now charged.,
t{::%% .

Moving the switch to position 3 after the capacitor is charged

leaves the electrons on the plates with no path to return to a

neutral condition, and in theory, the capacitor can hold this

charge forever. In actuality, a-good capacitor can hold a charge

for weeks at a time, and a capacitor can shock you severely if you &
touch both terminals of a charged one. Again, be sure to follow

safety precautions when you work on a circuit containing”capacitors.

Discharging the Capacitor .
. |
r A Now, if we move the switch to
3“ ‘_—] position &, we provide a conducting
path between the two plates of ine Y
‘1 - capctitor. There is an excess of
— cxm electrons op the nejative plate which
+ can now flow to the positive plate
fr which lacks electrons. With the o
capacitor acting as the source, cur~

fent flows briefly and the capacitor
releases its charge. As the capacitor discharges, it becomes '
neutralized, and the stored energy is returned to the circuit.

1t is important to understand that a capaéitor does not consume R

power. The energy that the capacitor draws from the source is
recovered when the capacitor diccharges. :

Remember that at no time does electron current flow through the
capacitor. The current that appears to flow in a capacitive
circuit is cal’ed displacement current. As one electron returns

% 41 -
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to fhe pasitive plate, a dirferent electron leaves the negative
plate; no electrons actually flow through the dielectric.

Factors Affecting Capacltance -

Three factors affect capacitance - the area of the plate surface,
the amount of space between plates, and the dielectric constant.

Ay
Plate Area - The greater the surface area of the plates, the greater
the capacitance.

Observe the difference In the area

’ of the plates in figures A and B.
Notice also that fewer electrons
pile up on the plates of the.smaller
capacitor {(A). On the smaller plate,
electrons are closer together and
=0V O%O repel each other'more. Due to the
T repelling effect, the - urce can~
not force as many elect -5 onto

the smaller plate as on ine larger
one. Because electrons spread out

% more on a larger plate, the
repel ling effect is less for a
y  'given number of ~lectrons.
(r.‘N&
Vi
Capacitance is dlrectly proportional to p!af% area. There- L

fore; if we double the plate area, we double the capacitance.

Plate Spacing - Capacitance is also determined by the distance
between the plates. Notice in the j1lustration that the plates

In figures A and B are identlcal
except for the spacing between

i . them.

= v TIIT A

-

o By Coulomb's Law we know that the
closer together the plates are,

i the stronger the electrostatic

-— 10V II B field and a stronger fleld means

]- a greater capacitance.

Therefore, we can say that capacitance is jnversely proportlonal
to plate spacing. The greater the distance Letween the plates,
the smaller the capacitance.
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Dielectric Constant - The amount of capacltance of a pair of
plates Is affected to a great degree by the type of dielectric
material used between the plates. :

-

e ety
BARPED

Experimentation has proved that, when the area between the
plate$ is a vacuum, the capacitor has a minimum capacitance.
To compare the ability of dielectric materials to inctease -
capacitance, numbers designated as dieleclric constants have
been assigned to each dielectric material.

e
=

¥
i
iy
.
e
£
B

A
Ly
3
i
?,

The dielectric constant for vacuum is | and air is very nearly
the same, so it is usually considered to be 1. Some other common
dielectric constants are:

Waxed paper 3.5
Glass - 5-10
Wood 2.5-8
Pure Water 81

The dielectric constant tells how many times th: material increases
. the capacitance when used instead of a vacuum for the dielectric.

If the vacuum dlelectric of a capacitor is replaced with pure water,
the capacitance will be 81 times greater.

. We can say that capacitance is directly proportional to the
dielectric constant and the plate area, #nd lInversely piro-
portional to the distance between the piates.

L]

AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY
OF THE OTHER RESOURCES LIiSTED. |Ff YOU JTAKE THE PROGRESS CHECK AND
ANSWER ALL OF THE QUEST!ONS CORRECTLY, GO TO THE NEXT LESSON. |iF
NOT, STUDY ANY METHOD OF iNSTRUCTION YOU WiSH UNTIL  YOU CAN ANSWER
ALL THE QUESTIONS CORRECTLY.
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PROGRAMMED INSTRUCTION
LESSON 11

Theory of Capacltance

TEST FRAMES ARE lb 18, AND 27. -AS BEFORE, FiRST GO TO TEST FRAME 3o’d
AND SEE iF YOU CAN ANSWER ALL THi'QUESTIONS THERE FOLLOW THE DIRECTIONS

GIVEN AFTER THE TEST FRAME.
/ -

1. Recall that'inductance is associated with the abitity of an in- .
ductor or circuit to oppose a change in:

a. finductive reactance.

b. henrys.
¢c. current.
’ d. CEMF. o

{c) current

2. In contrast, capacitance is associated with the ability of a
capacitor or circuit to oppose a change in voltage.

Two plates separated by a dielectric and connected in a circuit:

a. have inductive reactance.
b. oppose any variatior of the circuit potential difference.

¢. have the ability to pass a current.

{b) oppose any variation of th: circuit potential differences

3. Capacitance may be definazd as the ability of two conducting
surfaces separated by a nonconductor to.store electrical
energy.

A cépacitor is a component which may:

a. store eiectrical energy.

b. oppose a change in voltage.

¢. normaily pass current.

d. store cwrent via its associated magnetic field.

{a. store electrical energy; b. oppose a change in voltage)}

e
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4, The.symbol used fo designate a capacitor Is C.

The letter 'that is used to !na!cate a device that stores electrical
energy and opposes a change Tn voltage Is:

ol a. R.
b - L -

Ll T C [ c [ ’
:.‘:.\ - d-. V 3
v,
o .
%f 5. Capacltance Is measured In unlts called farads, abbreviated f.
3‘ ‘- - —
i;; The capacitor shown has a capaci tance of .
% {
_g {
e i - - mTeSESsST TS e e
5 "

{40,000- ufd)

6. Capacltors with capacltance values in the farad range may be
as large as the butlding you are In, More practical units of
measurement are the mlfﬁofarad {10 ” farad) abbreviated uf
and the plcofarad (10 "¢ farad) abbreviated pf.

Which value of .capaclitance Is the greatest?

a. 10 uf

- W W o e W ok o M e W EE M W S g g e W e e W A M W W W M W o W M

45
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7. Sometimes Tt will be necessary for you to convert from pf to pf
and vice versa.

F}

Example: 3200 pf is the same as 0.0032 uf.

We can arrive at the equivalent for the prefix pyzfirst sub-
stituting the power of ten; 3200 ¢ = 3200 x 10 f. Then all
we have to do Is move our decimal point six places to the
left to change to microfarad (10 ° f). So we can say that

= 0.0222 uf is equal to 3200 pf.

Now let's work a few problems.

a. 5 uf equals pf .
b. 0.025 uf equals - pf
c. 500 pf equals . uf
d.* 0.0085 f equals pf

R T O s W oW wm ow om o L Y

{a. 5,000,000; b. 25,000; c. 0.0005; d. 8500)

b L,

8. Like reslstance and inductance, capacitance is determined by the
component design and does not vary with changes in voltage, current,
or frequency.

The € of a'capacitor:

a. goes up when |, E, or frequency Is Increzsed.

b. 3Jces down when |, E, or frequency is decreased.

c. [Is strictly a physical property.

d. -does not increase or decrease with changes in 1, E, or - s
frequency.

- o e m oma [mh e e ok M mh o wl M a owa MY e w e w mh e w ow aw

[T

(c. Ts strictly a.physical property; d. does‘not increase or decrease
with changés in I, E, or frequehcy)

R T 3
mm e g m e ATl dgeod 0 —meMTL o1l el . i o e 4
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9. A capacitor is said to have a capacitance of 1 farad if it stores
1 coulomb (Q) of charge when conne&ted across a potential of |
volt. Stated as an equation, C = B

Example: What is the C of @ capacitor if 0.001 Q of charge is
stored when a potentlal of 200 v is applied across it?

o
[}
mj

C = 0.001 Q Pee +
200v

C =68 uf

What is the value of a capacitor that stores 0.015 coulombs
of charge when a potential differsnce of 300 volts is connected
across its plates?

a. & uf
b. 50 .f |
c. 0.5 pf
. d. 5 pf
T (B 50 uf

10. Match the correct term to each description.
1. ability of a circuit to oppose 3. inductance
a change in voltage.
2, ability of a circuit to oppose
a change in current. b. capacitance
3. ability of two conducting surfaces i
separated by a nonconductor to
store an electric charge.

- (THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)

&7
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ANSWERS - TEST FRAME 10

1 -b
2 -a
3-b

IF ALL YOUR ANSWERS 'MATCH THE CORRECT ANS“ERS.‘YOU MAY GO TO TEST
FRAME 18, OTHERWISE, GO BACK TO FRAME | AND TAKE THE PROGRAMMED .
SEQUENCE BEFDRE TAKING TEST FRAME 10 AGAIN.

— v
-
+

+ >

11. We will now analyze a purely gapacitive circuit and see what ~ «¢
happens when we-charge the capacitor. ror

s

.

‘In the circuit shown:

a. an electrostatic field exists between the capacitor's " » .
plates. ) -

b, no potential difference exists across the capacltor.’

c. current flow is maximum. .

d. eneryy is being stored in the capacitor's electrostatic

- field. )

{b} no potential difference exIsts across the capacitor

4
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itiow move the switch to position 2, electrons move in the

_direction indicated by the arrow.

T Gl T P ey
. .- T
N 1

-

PR
ey

=y

ety

¥4 3

O

In the circuit above:

plate A is becoming negative. ‘
electrons are moving through every part of the circuit.
plate B Is becoming positive.

a capacltor voltage is developing.

the plates are storing energy via inductance,

an electrostatic field is developing.

-------- - om m oa W B E W E W A o W W™ @ W W om m & om e om

_{a. plate A is becoming negative; c. plate B is becoming positive;
d. a capacitor voltage is developing; f. an electrostatic fleld
is developing)

e

&

. 13. As the capacitor is being charged, electrons are flowing through
every part of the circuit except the dielectric of the capacitor.

'The éurrent that seems to flow In a capacitive circuit is a re-
sult of the displacement of electrons; it can be called:

circult current.
tapaci tor current.

e-—-displacement current.

-
B/ e m w M m Em S Em W m m W W S 8 s W W oem W W E W W W m W om o om om om s o= m -

{c) displacement current

49
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When you close the switch in this ‘cireuit, displacement current
appears to flow through the capacitor.

While the capacitor is charging, the lamp light.
. "will/will net

- E o e e i e W o B S G o e N e e g S W e S N dm @ e wr W e

{will}

After a brief period of time, the capacitor fs charged and the
capacitor voltage (E.) equais the source voltage and opposes
more current flow in the circuft.

Labal the polarity of the capacitor voltage and write in jts value.
(Capacitor has charged fully.)

ol
3oy
=V f¢ = —
N )
g -
—
pd R 2 4
oV . fhm
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2

; When the capacitor voltage equals the source voltage you really
K have two sources connacted together that oppose one another,
After the capacitor is fully charged, the displacement current
. stop and the lamp Tlght.

A Wil 172111 not will/will not

£
-
;
i
5

twill; will not

17. 1f the switch 1s moved to poslition 4, there 1s a current path
betweeén the two plates of the capacitor and the charge can
neutrallze. .

-

As the capacitor dlscharges: 5:‘
a. E. increases. l i -
b, E. decreases. - c
c. d?sp!acement current = +

flows,

d. stored energy is returned
to the circult,

e, electron current flows through the capacitor.

{(b. E. decreases; c. displacement current flows; d. stored
eﬁ@;&y s returned to the clrcuit)
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18. Malch the correct term to each description.

l. exists only when capacitor
charges and discharges.

2. polarity opposes Ea N a, displacement
, current
3. developed as capacitor charges.

k., decreases as capacitor charges. b. capacitor
voitage

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT o
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)

g 92
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ANSWERS - TEST FRAME 18

IF ALl YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO TO TEST
FRAME 27. OTHERWISE, GO BACK TO FRAME 11 AND TAKE THE PROGRAMMED
SEQUENCE BEFORE TAKING TEST FRAME 18 AGAIN.

%

19. low we learn about the factors which affect the capacitance
of a capacitor. First is the plate area. Capacitance Is
ditsctly proportional to the plate area.

To ,decrease the capacltance of a8 capacitor You can .

4. Jncrease pilate area.
b. Increase applied voltage.
c. decrease the plate area. .

- o E B e E e B e 8 o B o Mm@ W m om B e om om W R om om m s dm s =

(c} decrease the plate area

53 oN
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20. A capacitor with large plates can store more charge with the
same amount of voltage applied than one with smaller plates.»

The capacléor storing the most charge is capacitor T .
A B
5’“‘:‘“
o
i1
O .

21. Capgacitance varies inversely with the distance between the plates.

Capacitance [ncreases 1f vou:

a. move the plates closer together,
b. move the plates farther apart.
¢. increase plate area.

d. decrease plate area.

{a. move the plates closer together; c. increase plate avea)

-n
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Eﬁ-' 22. The electrostatic field Intensity also varies Inversely with the
, : distance between the plates.

3

g . &

f‘ ...:'_:.-. p = 0V

oy *

»

L A

L -

E:\;I" : H * ._.- R

o T Tov

'

! B

4

3

; The capacitor in circuit has the strongest electrostatic ;

. field. . (A) {B)

. - o e W W W W o w o LT L L R R A T I O T

f;«.. L4

{A) ‘

23. As the strength of the electrostatic field increases, a greater
charge is stored.

As the electrostatic field gets stronger:
. electrons leave the dielectric., °*

b. more energy Is stored Im the electrostatic Field.

c. more electrons are stored in the dielectric.

~{b) more energy is stored in the electiostatic field

95

A, 2 Y
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24, The dielectric constant 1s a number that compares the capacitance
of a capacitor with this dielectric material to the same capacitor
with a vacuum dielectric, A vacuum i{s given the dielectric constant
of one {1}. ,

Here are some examples of dielectric constants:

Material Dielectric Constant
waxed paper 3.5
glass 5-10
wood 2,.5-8
pure water 81
Pure water will _ capacitance 81 times compared to a
vacuum. raisg?lower

(raisel

25. The capacitance can be raised if a better nonconducting material
is used between the plates.

_Of the materials listed, the capacitance of o capacitor ls greatest

if we use a - dielectric.
a. silver . .
b. copper
c. mica
d. gold
{c) mica

176
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.26. Experimentation hss proved that when the dielectric between the
plates is vacuum or air the capacitor's ability to store a

charge is at a minimum. . ¢

Assume the plate spacing and plate area are the same in each of
the capacitors illustrated. Capacitor has the greatest
capacitance. TAY (B)

: PAPER, MICA OR
AIR DIELECTRIC

18}

27. Check the ftems that jncrease capacitance.

a. increasing frequency.

b. increasing voltage.

c. Tlarger plates.

d. using mica as a dielectric instead of air.

e. wuysing vacuum as dielectric instead of waxed paper.
f. moving plates closer together. .

. 9. 'Increasing current. .

- Em Em Em o mom o oa om Em W Em g omom om o e w e om o= - e m m m e om -
-

(TH1S 1S A TEST FKAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS. GIVEN AT THE TOP OF THE NEXT PAGE.) "

S7
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ANSWERS - TEST FRAME 27
¢. larger plates. ’
d. using mica as a dielectric instead of air.

f. moving piates closer togéther.

1F ANY OF YOUR ANSWERS IS INCORRECT G0 BACK TO FRAME 19 AND TAKE
THE PROGRAMMED SEQUENCE. .

}F YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR
YOU MAY STUDY ANY OF THE OVHER 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.
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SUMMARY
LESSON i

Theory of Capacitance

Definition of Capacitance ‘ .

Kl

Capacitance is usually defined as the ability of a circult to store

-electrical ene.gy. Theretare, the capacitance () of a‘capacitor

In an electrical circuit is a measure of thls ability to store
electrical energy

I

Capacitance is measured in units called farads. A 1-farad capacitor
will store 1 coulomb of charge when & potential of | volt Is applied .

across the terminals.
' - coulombs)
¢ {farads) volts

Normally capacitance Is measured in microfarads (uf) or picofarads (pf).
One farad is equal to:

' 10% uf = 1012 pf .
Capacitance is 4 physfcal property of the component and does not
depend on the circuit parameters of voltage, current, and resistance.
A capacitor wlll have the same value of capacitance {farads) in one
circult 35 in any other circult in which it Is placed.

Factors Affecting Capacltance B

The pYyslcal preoperties of a capacftor that affect its value of capa-
citance include: {1) area of the plate surfaces; (2) spacing between
the plates; {3) dielectric constant of the Insulatdr.

Plate Area - The greater the surface area of the plates, the greater
the capacltance. Remember capacitance is the ability to store charge;
so a greater plate area means more storage area for charges. Capaci-
tance Is directly proportional to plate area. Therefore, If we double
the plate arew., we double the capacltance. ‘

Plate Separation - The capacitance is Inversely proportional to

the separation between the plates. That is, if we double the
separation be?en two plates, keeping all other factors the same,
t

the capacltan Is ope~half Its original value. Since capacitance

is the ability to store energy in the electrostatic field, Increasing
the separation between plates decreases the field strenaoth, thus de-
creasing the capacitance.

39
52
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Dlelectric Constant = The dlelectric constant is a8 measure of the abllity
of a nongonductor to store slectrical energy in the distortion of fts
atomic €onflguration. Hence, a materlul with a large dlelectric con-
stant/can storé more energy In the dlstortion of its atomic orblts

th material with a Yow constant. “Dlelectric constants are relative
ers based on 1 0 for a vacuum, Dlelectric constants for other

Vacuum 1
Waxed Paper 3
Glass 5-10
Pure Water 8

Dispiacement Current ~ Remember that at no time does current fiow
thrugh the capacitor. The current that appears to flow in a
capaclitive clrcult is a displacement current. When one electron
arrives at the positive plate of the voltage source, another electron
leaves the negatlve platwe, glving the appearance of a contlnuous
current. L )

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY
STUDY THE LESSON NARRAT{VE OR THE PROGRAMMED INSTRUCT{ON OR BOTH.
If YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR-
RECTLY, GO TO THE REXT LESSON. IF NOT, STUDY ANOTHER METHOD OF
!N?TRQCTION UNTiL YOU CAN ANSWER .ALL THE QUESTIONS CORRECTLY.

5
3 60
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OVERVIEW
LESSON 11

Total Capacitance

In thls lessonh you wlll study and learn about the following:

=serles capacltors.
-parallel capacltors
-series~paralliel capacitors

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

-

4

63
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L1ST OF STUDY RESOURCES
LESSON 11!

Total Capacltance -

To learn the material in this lesson, you have the option of choosing,
according to your experience and preferences, any or all of the | B
following: '
~ STUDY. BOOKLET:
Lesson Narratlve
Programmed Instruction
Lesson Summary

ENRICHMENT MATERIAL:
NAVPERS 93400A-1b 'Basic Electricity, Alternating Current."
Fundamentals of Electronics. Bureau of Naval Personnel.
Washington, 0.C.: U.S. Government Printing Office, 1965.

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

‘5T 64
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NARRAT IVE
ﬁs LESSON i1l
%5 ) ‘ Total Capacitance

Capacitors can be placed in circuits efther in serles or parallel,
Just as inductors and other components can. Then, to determine
the total capacitance in a circuit, we must be familiar with.the
rules for calculating capacitance in the vartous configurations
of circuits.

P R Z i

. Serjes

RIECEL R

- if we wire two capacitors in series as shown, in effect, we

v increase tte distance between
two plates, A and %. You

know that increasing the

space between plates decreases

A B i capacitance., Therefore, when

3
L4
<.

capacitors are wired in series,
C Ca ] _total capacitance decreases.
t Total capacitance (C.) then

L_i |._= is 1c.s than the amount of .
. the smallest capacitor,

Recall that inductance and resistance in series are additive;
capacitance Is not., To find C, tn series we apply the rules

for determining resistances In parallel. For example, we can
find total capacitance by using the sum of the reciprocals

method,
tr = } , for series combinations, s
LI A A )
, C1 t2 - c3
or the product over the sum method if only two capacitors are
In series,
Cl x C2.

v rtrec2

Observe that these are methods for soiving for total resistance
in parallel, but now we have substituted L for R to solve for
CT in series.
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¥ind CT in both clreuits.

( | |§*:_ Cr =
) c1g czh T ———
. ot 0uf
I I I ol
‘- cz- 03. -
00241 10,0001 002ut
S
Total capacitance in problem (1) is § uf, and in problem (2)
1s 909pf o7, rounded off. 910pf. Problem (1) could have been
solved simply by dividing the equal value of the wo capacitors
{(10uf) by the number of capacitors. 10 ¢ 2 = 5uf. Problem (2)
c3n be solved by the sum of tne reciproczls method.
qu ' Parallel ' )

When capacitors are wired in parallel as shown, you can assume
that, 1n effect, the cross=~

sectional area of the plates
) Oid— L has been increased. As the

501 104 plate area increases, capaci-
_ tance Increases; therefore, .
’)_ ' in parallel connections, the .
values of indis1dual capacitors can be added to determine total ..
capacitance. ‘ i

Cp = C1 + €2 +C3 4 .... 4 Cn

Q 59
ERIC 66
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Clpacltincc In paraliel Is figured In the sane way that resistance
Is computed in series. -

»
L]

; "Flnd €. - '
- cr -\

LY

> . c""—- cz aratalm . i -

T

C; In this parallel clircult s 60 uf.

Series-Parallel

Now that you know the rules for finding totai capacitance in
both series and parallel circults, you can comblna these rules .
te solve for CT In series-paraltel c¢lrcults.

Recall that when solving reslstive clrcuits the flrst step
was to determine the equivalent reslstance of the parallel net-

mrko hat
See If you can find C. In this circuit; remember that the rules \
are exactly opposlte Io those You used for RT’ B
1 B
| | |! | kK
l l : I o=
: Cyo C,e T —
100t . tout
L Cy= L Cye
—— g 5111 o w4
LY
\
e~ ... __. By parallel rules, C3 and Ch in the parallel network can be i
added for a total of 10 uf. Then, In effect, we.have a circuit
( 67 o .
o 60
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with three 10uf capacitors in series. |f we divide 10uf by 3,
we arrive at a figure of 3.3uf which is CT in this series-parallel
circult. .

AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YQU MAY STUDY ANY
OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND
ANSWER ALL OF THE QUESTIDNS CORRECTLY, GO TO THE NEXT LESSON. |F NOT,
STUDY ANY METHOD OFf INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE
QUESTIONS CORRECTLY.

. 68
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. _ . PROGRAMMED INSTRUCTION
LESSON il

I3

Total Capacitance

S e

ot

TEST FRAMES ARE 4, 8 AND 13. A3 BEFORE FIRST GO TO TEST FRAME 4 AND
SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE DIRECTIDNS
_ GIVEN AFTER THE TEST FRAME.

5 -

R O T T IR S R T Yy

,. o 1 -
| |
. ; I
| : :
I I
- :
’ i § I B
, el A=
s Cy c
\ ’ : Ebb 1.
. it

S

" Notice that when we connect capacitors in series we have
in effect increased the distance between the plates.

From this we can conclude that when capacitors are wired in
series, total capacitance (cT).

a. fincreases.
b. decreases.
c. stays the same.

* {b) decreases (NCIE: Capacitance is inversely proportional to
distance between the plates.g
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To find total capacitance (CT) when capac!tors are connecte )
in series, use the same formula you would use to find total
resistance or total inductance when they are connected in
parallel.

Which rormula(s) can be used to determine CT of series con-
nected capacitors?

a. CT =Cl +C2+ ... +Cn
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Example: Find the total capacitance of this circuit.

10ouf

Solution: = Co = S
T 1,1
[ ¥

—_
1 1
Touf  TOuf

CT =

1
Ly
10uf

CT = Syf

In thls pariliuisr clreuit; what other method might have been
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Find the total capacitance of these circuits (state all answers
tn uf).

Ca

{THIS IS'A TEST FRAME. COMPARE YOUR ANSWERS WITH Th. CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE,)}
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ANSWERS - TEST FRAME 4

10pf

. FF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, GO TO TEST FRAME 8.
OTHERWISE, GO BACK TO FRAME ! AND TAKE THE PROGRAMMED SEQUENCE BEFORE
TAKING TEST FRAME 4 AGAIN.

[ C3

Notlce that when we connect capacitors in parallel, we effectively
increase the plate area. ‘

From this we can conclude that when capacitors are connected in
garallel CT:

a. fIncreases.
decreases.
stays the sane.

{a) ftncreases
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To find C. when capacitors are connected in parallel, use the same
formula ysu would use to find total resistance or total inductance
in‘series.

Which formula can be used to determine CT of parallzl connected
capacitors?

cl
Ccl

t2 +C3 + ... + Cn)

find CT of this circuit.

(cT =C] + €2 +C3

CT = 50uf + 10pf + 20pf

cT = 80uf)
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8. Find the total capacitance of these circuits.

—_— a.(figa ::rf%Lf

(THIS iS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
" ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)




ANSWERS - TEST FRAME 8
17.5uf
15,000pf or 0.015uf

{F ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, GO TO TEST FRAME 13.
OTHERWISE, GO BACK TO FRAME 5 AND TAKE THE PROGRAHHED SEQUENCE BEFORE

TAKING TEST FRAME 8 AGAIN.

Capacitance in series s computed the samz way as resistance
in . Capacitance in parallel is computed

(sertes/parallel)
the same way as reslstance in

ESerius/parallelT

(parallel; series)
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L 1
—_T°

To find the CT for the series-paral}el network shown, we
can:

add Cl, €2, and C3 directly.

use the reciprocal method to find C__ of C2 and C3
and add this sum directly to Cl. q

add C2 and €3 directly and use e the reciprocal method
to find the equivalent capacitance of this suim and cl.

—-_-—-_-—-————-—-_-u----..,__—_-.__-.__-__

{c) add {2 and €3 directly and use the reciprocal method to find
the equivalent capacitance of thls sum and Cl1.)

11. To solve the helow series-parallel capacitive circuit for CT’ .
the first step is to determine the equivalent capacitance
(C ) of the parallel network.

Find the equivalent capacitance of the parallel network.

Ct
{
i 20u¢

{b) 20pf




=~ equjvelent capacitance

(Coq) = 20uf

Qur next step is to combine the equivalent capacitance (C )}
with C1, . €q

CT for this circuit is:
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{TH1S 1S A TEST FRAME. CUMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) :
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ANSWERS - TEST FRAME 13

1Ouf
35uf
3.75uf

IF ANY OF YOUR ANSWERS IS INCORRECT, GO BACK TO FRAHE 3 AND TAKE
THE PROGRAHMED SEQUENCE. -

IF YOUR ANSWERS ARE CORRECT, YOU MAY 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. |Ff NOT,
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTiL YOU CAN ANSWER ALL THE

QUESTIONS CORRECTLY.
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SUMMARY
LESSON 11}

Jotal Capacitance

In many complex ~ircuits, capacitors occur in several configurations
of series, parallel, and series-parallel connections. To determine
the total capacitance of a clircuit, we must be familiar with the
rules for calculating capacitance for the t..re. common circuit
configurations.

““series

for two or more capacitors wired in series as shown, the total capacl-
tance is smaller<than any of the individual capacitances. The total
capacifance of the circuit below can be thought of as one capacitor
with an increased plate separation equivalent to the plate separa=
tions of ea¢h individual capacitor.

o

The total capacitance can be calculated witi: the formula for series
configurations.

Parallel

For capacitors wired in parallel, total capacitance for the circuit
below increases since the effective cross-sectional area of the
plates has been increased. c

— Co—q— Cj—

r . D

The total capacltance for the parallel configuration can be caicu-
lated with the formula,

CT =Cl +C2 +C3




-

Swnen@ry creven=1i1

Series-Parailel

In complex circuits, total capacitance can be calculated by reducing
the series-paraliel network to a simple series or paraliel circuit
and then solving the resulting equivalent circuit. This is the same
procedure that was used in solving complex resisiive circuits.

Perform the following exercise by soiving the circuit
for total capacitance.

F—HH —

30ut  &ut

8ut J‘?m
o L 1.

Cr = 3.75 uf

i

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY STUDY
THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTW. IF YOU
TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO
TO THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD OF INSTRUCTION UNTIL
YOU CAN ANSWER ALL THE QUESTIONS CURRECTLY.

»
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RC Time Constant
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In this lesson you will study and lears about the following:

P

-analyzing an RC circuit on charge

= prr g Phy et ee

-analyzing an RC circuit on discharge
~computing RC time constants

L

~Universal Time Constant Chart
~effect of variation of time constant

T T

o
e

P ¥

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

LIST OF STUDY RESOURCES
LESSON 1V

RC Time Constant

To learn the material in this lesson, you have the option of
choosing, according to your experience and preferences, anv gr

- all of the following:

STUDY BOOKLET:
Lesson Rarrative
Programmed Instruction ) .

Experiment
Lesson Summary

ENRICHMENT MATERIAL: .
NAVPERS 93400A-1b "Basic Electriclty, Alternating Current.'

Fundamentals of Electronics. Bureau of Naval Personnei.
Washington, D.C.: J.S5. Government Printing Office, 1965,

AUDIO~-VISUAL:
Sound/S1ide Presentation - f'Capacitance: Time constants.”

©

YOU MAY NOW STUDY AﬁY OR ALL OF THE RESOURCES LISTED ABOVE. YOU
MAY TAKE THE PROGRESS CHECK AT ANY TIME,
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NARRATIVE
LESSON 1V

RC Time Constant

R You know that, theoretically, In a purely capacitive circuit
the capacitor charges instantly when the circuit is energized,
as there is nothing In the circuit to limit current flow to the
capacitor.

L DR

You know that there cannot be a practical, purely capacitive
‘B clrcuit because every circuit contains conductor resistance and
: Internal re:istance in the source. There Is always some resistance
in a circeit; therefore, it Is necessary to analyze what happens
in a resistive-capacitive circuit (RC circuit) as the capacitor
charges,

Analyzing an RC Circui* on Charge

in the circuit filustrated, the 20-
ohm resistor represents all ¢ircult
resistance lumped into one value.

Before SW! was closed to position 1,
the circult was open, and there was
no current fiow, no voltage drop
Buf —T— across Rl. nor any capacitor volitage.

-~

The Instant SWl is closed to position
1, current flow Is maximum in the
circuit. By Ohm's Law, if E_ Is 100 voits and R Is 20 ohms,
maximum current Is 5 amps. ?herefore, at the instant the circuit
is energiz;d, there Is 5 amps of current in the circuit.

Recall that in an LR circult, at the instant the circuit is
energized current s mintmum. Again, in comparing, we see that
inductance and capacitance act In opponsite manners.

Now at time Zeros when the circult Is energized, current s maximum,

and the voltzge drop across the resistance 1s maximum at 100 volts,
Voltage across the capacitor (Ec) is zero.

87
80




Narrative Eleven~lY-

As the capacitor charges, it starts

to build up a difference of potential,
E., which is in direct opposition

tg the applled voltage. Therefore,
curreiit decreases, the voltage drop
across the resistor decreases, and

EC increases.

<
Baf-
AOW -

This trend continues untit current is ze. o, £, |s zero, and

E. Is maximum at 100 voits. Notice that the sum of the voltage
dfops across the resistor and the capacitor equals the applied
voltage. ™

Notice also that the presence.of resistance in the circuit limits
the charging current, and the capacitor aiways takes some perlod
of time to reach its fuliy charged state. Then the circuit
becomes - tatic (I = 03 ER = 03 Er = max.) until something Is

done to vhange it.

Bischarge

§ Now, if SWl is moved to position 2,

Sw
21’? - we provide a pcth for the pited up

-»
7
electrons at the negative piate

E
of i00 volts becomes a source. Tge
energy stored by the capacitor is
dlscharged.

—= &%

- 100V

R

200 to flow to the positlve plata.
+

c

8 uf
Therefore, upon beginning discharge,
current is again maximum at 5 amps.
The capacitor voltage has besome the source voltage, and
therefore, the voltage drop across the resistance equals the
capacitor voltage. When £, is 100 volts, then E, is 100 volts.
As the capacitor voltage bégins tn decrease, ER ﬁecreases pro-
portionately.

When £. is /O volts, E, is 70 volts. As voltage decreases,
curreng decreases, Th?s trend continues until the capacltor is
fully discharged. Then: Ec is zern

E; Is zerc

1" is zero
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Computing RC Time Constants

The length of time that a capacitor take¥ to reach 63.2% of Its
maximum voltage or to decrease to 36.8% of its maximum voltage
is called one TC. It takes five time constants to fully charge
the:capacitor t{arough a resistance, and five time constants to
fully discharge the capacitor through the reslistance.

The formula for determining one TC in an RC circuit is:

Tt (in seconds) = R (in ohms) x ¢ {in farads)

In this circuit, what is the TC?

| it

= Wov

-

Tt=Rxt .

6 £)

Tc = (20 ohms) x {15 x 10°
TC = 300 x 16-6 seconds or 300 microseconds or
0.7 milliseconds

Therefore, in this circuit It takes 0.3 millisecords for E
to increase to 63.2% of its maximum {100 v), or 63.2 volts?
or it takes 0.3 milliseconds for the ER to decrease to 36.8%
from fult charge (36.8 volts).

&9
82
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FRACTION OF MAXIMUM I ORE {i«\O0%

ob
par

Let's look again at our old friend,
the Universal Time Constant Chart,

which never changes.

The percentages that are valid

for inductance are also valid for

capacitance.

Ffrom analysis of the RC cir~

\\\ cuit, can you determine what
quantities are plotted on Curve A?

|
0 .
160%
sk 98%
8
.r—\
j -3 <
5
A—{zeo%
KITAY
2 [_. Q%%P 135.5%
1 & %
-\““Tﬁ_ 2% O%

ot

2T 3T 4T ST Y what is plotted on Curve 87
RC 2RC sRC AaRC SRC

In a capacitive-resistive circuit, | and E, are maximum at

Time 0, and capacitor voltage is on the rige;_therefore, Curve

A indicates Ec on the rise, or on charge. Curve B represents |
on charge and €, on charge, as they decrease. It also represents
all guantitier §n discharge, Ec, I, and ER‘

Recall that you can solve for quantities at particular time
constants by using the percentages on the chart and multiplying
maximums by the percentage for a given time.constant.

WI
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¢ L
“ fo 24 uf )
——00V
- [ 4
i3]
By using thé values in the above circuit and the
rarcentages of the Universal TC Chart, which you

have memorized, find:

4

0 microseconds- =

By Ohm's Law, yYov determine that | = & ampc. The time constant
formila TC = R x C tells us that TC = 60 microseconds.

@ Time 3 = 5% x 100 volts or § olts .
@ Time 2 = 86.5% x 100 volts ¢ 86.5 volts
# 240 microseconds - Ec at time 4 = 98% x 100 volts = 98 volts

E
E
E

R
c
c

ar

Practice Problems

ANAAAS- ‘
]- :ﬁg . F'ND: TC =
-“_‘;ov csuf ' Ec g ;g - —
A - | @ 458 usec =

8L
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2. FIND: E, @1 7TC=__
—————ANAAN — ) @ 200 psec =
| TYe0psee ong i ——
T zaZ100% _

3. In problem 2, if the value of R is increased after
& TC ha'e passed, what will happen to Ec?

1. Tt = 150 psec
. @72 = 43,25 v
ER @ T2 =675 v
| @ 450 psec = 83.5 ma
2. ER g 17C=36.8v
| @ 200 psec = 3.375 amps

3. Nothlng

Effects of Varlatlons In TC

The time consfant of a given c.rcult is equal to R x C. There-
fore, If resistance or capacitance is Increased, the T(
increases. If elther R or € Is decreased, the TC decresses.

The only way TC can be changed Is to vary R or L.. The only other

indgpendent variable in the circuit is the applied voltage. Let's

see what hapoens In this circuit 1f~the E- is changed f-om 10 volts

AAAAA——— to 20 volts. The time constant does not
08 ¢hange; it still takes 20 micrusegonds

for the capacitor voltage to reach

. 63.2% of its maximum. However, the

oV 20 —— maximum will have doubled from 10

volts to 20 volts; there.ore, the

1

B 92
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cdpacitor must charge to twice the voltage in the same amount
of time.

Therefore, if Ea increases, the rate of charge also increases.
The capacitor has to charge faster. |f Ea decreases, the rzte
of charge decreases.

Ll

-

g

AT TH1S POINT, YOU MAY PERFORM THE EXPERIMENT WHICH STARTS ON PAGE 110
PRIOR TO TAKING THE PRUGRESS CHECK, OR YOU-MAY STUDY ANY UF THE
RESOURCES LISTED. |F YOU DO THE EXPERIMENT, TAKE THE PROGRESS CHECK,
AND ANSWER ALL OF THE QUESTIONS CCRRECTLY, €0 TO Tt NTXT LESSON. |IF
NOT, TUDY ANY METHOD OF INSTRUCTION YQU WISH UNTIL YOU AN ANSWER ALL
THE QUESTIONS CORRECTLY. ’ '

*
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PROGRAMMEO iNSTRUCTION
LESSON 1V ° . ' ¢

RC Time Constant

TEST FRAMES ARE 12, 17, 33 ANO 37. AS BEFORE, GO FIRST TO TES. FRAME
12 ANO SEE I YOU“CﬁN ANSWER ALL THE QUESTIJHS THERE. FOLLOW THE  ~
OIRECTIONS GIVEN AFTER THE TEST FRA'E. )

. -
}. A capacitor charges to the source pctential instantly if there -
Is no resistance in the circuit. . .

In the circuit shown, the capacltor charges to the appi:gd Swl

~oltage: -
a. the moment switch is ‘closed. /s
. ' o =fo :
b. in a definite amount of time. T OV
s
(b} in a definite amount of time . .
/ , -— s »

2. The amount of time required to charge a capacitor to- 63.2% (or
decrease to 36.8%) of the applle% voltage in a OC resistives
capacitive (RC) circuit is known"as the time constant (TC).
A time constant is: S .

a. the time required to fully charge the capacitor.

b. the time required for the source voitage to decrease -
to 36.8% of E_, .. .

c. the time rrqu?red’*or Ec to be 63.2% of E . '

TcT the time required for E, to be 63.2% of E_.

|
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3. To determine the TC of a GC series RC circuit we use the formula
Tc (in seconds) = R {in ohms)} x € (in farads).

Determine the time it takes for EC in this circuit to reach 63.2%

Of an ;
a. 50 msec . R- 100
b, 2 usec :EE:
c. 50 usec Chnf

{c} 50 usec

4, The formula TC = R x C says that the time It takes the capacitor
to charge to 63.2% of applled voltage is directly proportlonal
to the product of R and C.

f the value.of R or L is increased in an RC circuit, the time to
charge the capacitor:

a. Iincreases.
b. decreases.
c. stays the same.

- o B o o mr mr mr omr omr w mr ok e Er Er Er o m mr Er M Er mr o Er o Er B o m E m m oa W

la) increases

1

5. Recall from DU LR circuits that it takes about § tlme constants
to reach steady values.

Labeil the time constants belaw.

1 T2 B3 ' %
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POV _y,

We will now anzlyze a DC RC circuit while charging the capacitor,
At the instant the switch Is closed displacement curvent Is at Its
greatest Ohm's Law value because the capacitor has not bullt

up an opposing voltage. . 2"

-

At the Instant the switch is closed:

a. Ec ts- minimum.
E. Is maximum.
t”is maximum,

is minimum.

.

P T L R

1 is maximum)
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v T P gpndY pediEriy

Ohm's Law can he used to determine_ the amount of current flow
in the circuit which, for the first instant, is controlled only
by the resistance.

v v

The moment the switch is closed, the maximum current is:

a. 6.6 a.

b. § a.

c‘ 0.23. -

d. 6.6ua.
{b) 5a.

8. Because current flow through the resistor is maximum the
e . instant the switch is closed, ER is also maximum.
3

In the schematic beiow, when the circuit is first energized,
the voltage drop across the resistor is:

*—9
a. 5 Ve 1' +
a b. 100 v. 20 0
—& -
€. 66wV, ‘ -a:r 100V
*
d. equal to E_. o
—~— a ‘ ;"___’-

TR T I AP T
TAE A .
LTt . .

@O
-7
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9. As the capacitor continues to charge, the circuit current starts
to decrease because Ec is opposing Ea. -

. As the potential difference across the capacitor increases:

T %
a. current flow increases, '
2¢ +1
b. current fiow decreases. ) gnogé
— -3
c. Ea decreases. ‘::"‘h L=
0oV

- o o omr W A s mr M o o P W Er a Em mr m E o o o o o omr R omr m mr omr  om m

(b} current flow decreases

10. As the current flow in the circuit is decreasing, the voltage drop
across the resistor must aiso be decreasing.

Which of the below statement{s) is true concerning a DC series

RC circuit? ' . 3

- ER varies inversely with charge time. 29 .

. b. Eg varies directly with charge time. - R.200

€. Ec varies inversely with charge time.E:IgQV

. d. E. varies directly with charge time. EZ100V
CBMf

- Er om0 mr W WM omr N ™ mr T Er omr W mr W Er o om W mr omr mr mr o Er mr Er mr o om om

(a. E, varies inversely with charge time; d. Ec varies directly
with charge time.)

91 s
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11. When Ec is equal to Ea all electron flow stops.

Refer to the diagramn frame 10. When Ec is equal to 100
volts the current in the circuit is and ER is

. maximum/zero
max imum/zero

{zero; zerol

12. Check the correct statements concerning a DC RC circuit when the
capacitor is fully charged.

a. Ec maximum

. \'E

b c zero ,
c. 1 maximum
d. | zero

e, ER maximum

(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)
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ANSWERS ~ TEST FRAME |2

max fmum

a. E

c

d. 1 zero

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO
TEST FRAME 17. OTHERWISE, €O BACK TO FRAME ! ANO TAKE THE PROGRAMMED
SEQUENCE BERORE TAKING TEST FRAME 12 AGAIN,

i'f
29 .

§ R2062
+

Now if the switch is moved tc position 2, the capaciter
discharges.

3

Ouring discharge, the capacitor acts as a:

a. load.
b, source.
¢. Tresistance.

{b) source
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ih‘
iy |
2 -
RI20:
—& +
—100V
£.: 10OV
Aekmg—
l CI5Mf -

The instant that the switch is moved to position Z electron flow
in the circuit is at its maximum Ohm's Law value again.

The instant the switch in the above circuit is thrown to position

Z, current flow is amps.,
(5)
‘ - t:
5 N
.2 -
i & 200
—F, +
© -
CASMEST

As the capacitor continues to discharge, its potential decreases,
and current flow in the clrcuit

increases/decreases
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oy

P.1. Eleven-iV

16.
» rz F; .
kr
! . R200 S oov
— + .
[ mv + ~
3 . """"'&
= C.ISui h——"w
Recall that in any circuit the voltage rise is equal to the .

voltage drop. .
As the capacitor discharges!

a. Eg and E, decrease together. - ' o

b, £, increases.-

——— R

decreases, E_, increases. - )

- m m s m e wm ' m m m om W™ W™ owm W™ owm W™ owm o m A m wm M wm wm o

c. as E

{a) ER and EC decrease together

3
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—
_1. -

2
R200

L
prtum

cais s

1

Check the conditions that exist in the apove circuit when the
capacitor is fully discharged.

_a. E; maximum.
ER Zero.
c. | maximum.
I zero.
e. E_. maximum.

(TH!S 1S A TEST FRAME. COMPARE YOUR ANSWERS WITh THE CORRECT
*ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)

F-3




ANSWERS - TEST FRAME 17
b. ER Zero.

d. | zero.

IF ALL. YOUR ANSWERS MATCH THE CORRECT ANSHERS, YOU MAY. GO ON TO
TEST FRAME 33. OTHERWISE, B0 BACK TG FRAME 13 AND TAKE THE
PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 17 AGAIN.

[

. Use the graphs below to answer frames 19 to 22. These graphs
show capacitor voltage, circult current, and the voltage drop
across the resistor in the series RC circuit yring growth,

(Circuit is energized at time zero.)

'
}
1
—
f
{

=R0

&ucmon
[

CHARGE

{Go to next' frame.)}
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19. At¢ 71O, Ec is at i*s - value,
max imum/mi n Emum
{minimum)
20. Circuit current at TO is at its value,
maximum/mi nimum
{maximum} :

21, The curve for E. and circuit current are similar because they
both reach their and values at the same

- e m wm m m m oW om om W W W m am owm ™ o W o W o M W S W W om W™ oM W W om W oW

{minimum; maximum) (either order)
gy : 9

22. The greatest rate of change in current occurs between:

a. Tl - {2.'
bo T2 = T3t
c. Th-T1s5,°
d, TO « TIl.
« @y 10 - 711
- L]
s il
1 e
L05 A

98

-

A E— i~ /S KT - e L e, i -
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23. Use the graphs below to answer frames 24 to 27. Thése graphs
show E., circuit curcent, -and E, during discharge of the
capacl?or in the RC circuit shown below. (Circuit is de-

energized at time zero.) )

| I [ T NS S R B |
I Rk I I I S BN '
AT N R R A . o
LT S N ey
LJ I H
| il : Loy 2
I by
—— _L-!b
i | j I I | —
B
o pov 10w .
A =
e S SEIPR T B . Mt
RN ‘ o
| | | i V!
! l | !_f__- .
t Y oy 8T - $
i ! | I ; !
! byl -
T h B %% Wi DECAY CURVES .
(o to next frame)
2li. The greatest voltage drop across the resistor is at time:
___a. To. .
b. TI. -
c. T3.
= e mm e m - -
{a] 70 "
99 10 ,

-

I
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25. The capacitor’ ii/igmpletely discharged at:

a.
b.

The greatest rate’of change in current is between:

TI - T2,
T2 - T3.
T4 - TS.
TO

{d) 70 - T}

. Hhen the electrostatic fieid of the capaiitor is depleted
what are the values of:’

Current?

tall zero}
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28. Let's Jook again at our old friend the Universal Time Constant
Chart which never changes.

=

M IQRE {I«100%

~

/.

N W os LD N D ©

2% 3
T aT ST

RC 2RC 3RC 4RC SRC

From this chart, you can determine the values of E_, ER and 1
during the of an RC circuit.

S
&
B
&
£ g

.

(Growth or charge; decay or discharge)
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}

29. Recall that you can solve for quantities at particular time .
constants by using the percentages on the chart and multiplying
maximum values by the percentage for the time constants.
g9 '?-----_:iq,? T )
=.8k\ - . SAesn. .
w o7l-\ - V4 R SW I
& *
Bl -\ /632% - »* -
P ]
2 By 100V R300Q
X4 -1 \368% =
= - - .
Y R e A o C2Mf—T
& \ o
) RN ]
B | et N g g - |- 1
E 0 : i L ge 0%
0T 1T 2T 3T 4T ST
RC 2RC  3RC 4RC MC
Example:
In the circuit shown, find: . °
the time constant. oy v

]Q
2, Eg (2 7C after switch'is closed}. AN
3. EC (180 psec after swi tch-_‘t‘s‘*c-lose.d.\i- e
b, 1(5 TC after switch is closed.) i

S = {Answers on next page.) . o,
-". - I ’ . {! -'
|

- ~

109 o

102
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B . TC=Rx¢C

e\ TC = (300) (2 uf)

5 TC = 60 psec -

g 2. E, after 2 TC:

; 180 v x 0.135

i ER = 3.5 v

1

4 3. After 180 usec, we are at the

g‘ 3rd time constant .

100 v x 0.95 ' ,
X

& "
- h. Capacitor is fully charged , ©
3 Current flow stops  °

¢ l =0a '

. o
30. . '.l .
. [ J
R10Q
= Ea"SOV
T
C2Mf —L

Assume the capacitor in the above circuit is being charged,
What is the voltage drop across the capacitor after 60 usec?

a. L47.5v
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3t. : -ot—o—
% . 9
——gaz100v R:259
c2uf ;:
~ Assume the capacitor in the above ¢ircuit is being discharged.
What 1s | at Ti?
a. b a
b, 2.52 a
c. V.47 a
{c) 1.47a
320
R{309
—- taz60V
4‘
Craytf
""—e .
Assume the capacitor is being charged. Solve for the quantit!e;s
indicated.
a. | maximum
b. TC
c. ER at T2
d. E, at T3
e. 1 at Th
3 {a. 2a; b. 80 usec; c. 8.1v; d. 57v; e. 0.0%)
= '
e 111
S 10, -
[S 24 - :
IC - )
T s R S A
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33.

e
—
Tap——

> T

| eaz90v

2 12 -

ﬁ__{

The capacitor started discharging at T0. Solve for:

| at 1)

E_ at Ti~

R

1 at TS5

a
b.
c. ER at T3
d
e, E. at 75

-----

-------------------------------

{THIS IS A TEST FRAME.

COMPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)
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ANSWERS - TEST FRAME 33 .
a. 1.10 amps
b. 33.%2 v
c. &S5v

!F ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO
TEST FRAME 37. OTHERWISE, GO BACK TO FRAME 18 AND TAKE THE PRO-
GRAMMED SEQUENCE BEFORE TAKING TEST FRAME 33 AGAIN.

34. Recall that the time constant Is directly proportional to the
product of R and C.

if Ror C is decreased in a DC RC circuit, it takes:

a. less timez to charge the .capacitor.
b, more time to charge the capacitor.
€. the same time to charge the capacitor.

= mn we wm r dm ter am W e wm am e dm am R o= e o e owm =

~

{a) less time to chargethe-capacitor

113
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seo
% ‘L |
Lewov | w003
T
d Rt ——

in a BC RC circuit, if E_ Is increased or decreased, the time
constant will not change.

If the applied voltage in the above circuit is varied, the
capacitor charges to 63.2% of Ea in .

a. Susec.
b. 10usec.
c. 20usec.
{c) 20 psec
e : [
360 - _9"'_%“‘ )
.
il R0OT T
—=_ Eal20v '

kY

T - -
«  Cr2pt —=

-

Notice that in the above circuit we have increased £ _ but left the
values of R and C the same. Now the capacitor must charge to
a higher voltage in the same period of time.

-

In a DC RC circuit, If Ea is increased then the rate of charge is:

a. increased. e
b, decreased.
c. stays the same. -
{a) increased N . ,

L N s . " P

PR, T A
LT e -
LT BN X S P N SV JOP AP
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37. I1n a DC RC circuit, if:

l. R is increased.

2. E_ is decreased. a. rate of charge Increases
_ 3. ¢ is decreased. b. rate of charge decreases
y, Ea is increased. ¢. TC decreases

(TH!S §S A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT - -
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)

115




ANSWERS - TEST FRAME 37
'\-“.p-")

1. b,

----------------------------------

9F ANY OF YOUR ANSWERS 1S INCORRECT, GO BACK TO FRAME 34 AND TAKE
THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 37 AGAIN.

NOW TAKE THE EXPERIMENT WHICH BEGINS ON THE NEXT PAGE, If YOU HAVE NOT
ALREADY DONE SC.
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EXPERIMENT
RC Time Constant .

This experiment illustrates one pussible application of RC circuits
mak ing use of RC time constants.

1. Draw Practice Board #11-4, a 90-volc battery, a 10 MQ resistof}
a 1 M2 reslstor, and an oscllloscope from the resource center.

2. This is the Tircuit you will be working with.

AN

Zokgov  Lepoapy oy

RO M 0

First an explanation of a new device, the neon lamp. This

type of lamp is designed to fire {1ight} at a particular voltage
{65-70 v for this Tamp).* Until this voitage is impressed across

it, the 1amp acts =s an openh circuit and no current flows

through 1t. When the proper voltage ts applled, the lamp fires ‘
and acts as a short circult, conducting current until the

voltage drops below its extinguishling voltage {(approx 35-40 v

for this lamp).

At the Instant the switch 1s closed w1l the lamp ifght?:

G

Yes/No *

ANSWERS ARE LOCATED ON PAGE 11&4.

117
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~Experiment Eleven-IV
3. SW ’
e
i NEON
) - Ztesov "21 w Prame

At the In;tant the -switch is closed, current flows as shown,
charging the capacitor through the 10 M2 resistor. No cutrent

_ flows through the neon lamp because the firing voltage has
‘ _ not yet been reached

Disregarding the neon lamp, how long does It take to charge ¢
the capacitor to source voltage?

4, Because no current is flowing through the Iamp, the circuit at
- this time appears as a 10 Hn resistor in series with a 9.} y¥d
capacitor as shown:
Sy TC=RxC
(10 x 10 } (.1 x 16 }

TC = 1 sec

Lo .
—— EQ:9OV € : =
ey o Charge time = 5 TC

5(s) = 5 sec .
RIIOMO

The neon lamp is In parallel with the capacitor. Wii}
the capacitor ever charge to 90 v?

Yes/No ¢

L]

‘ ’ 5. Since voltage Is common across a parallel network, the voltage

’I” developed across the capacitor as it charges is impressed across

- the neon lamp. 0Nnce the capacitor has charged to a value equa!l

: to the lamp's firing voltage (65-70 v), the lamp fires, conduct~ ‘
s Ing current and discharging the capacitor.




capacitor discharge completely when the iamp fires?

Experiment Eleven~1V

- *

. == Crof | (%{:::

&

.

The neon lamp has a cut-off voltage of 35-40 volts. Will the
Yes/No

To determine the fime required for the capacitor to charge

enoug to fire the lamp the first time, two values must be

?onsidergd, the firing voltage (65-70 v) and the time constant
1 sec). . : -

Source voltage is 90 v; so after 1 sec the capacitor charges
to volts, after 2 sec it could chdrge to
volts,

The firing voltage for the lamp 1ias between these two
values. %o the initlal flash time must be somewhere between
1 and 2 sec. By using the Universal Time Constant Chart, the
time can be pin-pointed with a little more accuracy as

to seconds.

2'¢ 100%
8 S --95%__j§?£n__._
<.8 - -
w 7 N
&
n S —
25
_3 L
&~
z 2 —
S
4 R TV S
g ) 5% "oy
* ot 37T 4T ST | -
3RC  4RC S5RC |
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8.

65V /

Connect the 90 v battery between terminals Tl and T8. Now
measure the time it takes for the lamp to flash for the first
time. Close the swltch and time the first flagh. De-energize
the circuit and short the capacitor. Repeat this procedure
several times to find an average time. REMEMBER THE CAPACITOR
MUST BE SHORTED EACH TIME THE CIRCUIT IS DE-ENERGIZED.

Time

If you left the circuit energized after the initial flasl,
you may have noticed that the subsequent flashes occurred in
less time (about 0.5 sec apart). The increased flring rate
occurs, because the lamp does not conduct long ‘enough to
completely discharge the capacitor. This graph shows the
voltage variations in the circult after the switch is closed
(Time 0).

////’

15 20 25 30 35 40 45 SECONDS
e >

Notice that on the initial charge, the capacitor must charge
from 0 to approximately 65 volts while on each succeeding
charge it only has to go from 35 to 65 voits.

The flash rate may be varied by changing the vaiue of resistance

in series with the capacitor.. To F-ove this, replace the 10 Mp

resistor with the t M2 resistor. This decrease in resistance

causes the flash rate to . To prove your
increase/decrease

answer energize the circuit and observe the flash rate.

De-energize the circuit and chort the capacitor.

The charge and discharge cycle of .the capacitor may be viewed
by placing an oscilloscope across the capacitor.

a. Set the oscilloscope up according to the instructions given
in ""The Oscllloscope Job Program 9-6-1."
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b. ¢Connect the ground Jead to the negative side of the capacitoi. .

c. Connect the probe to 'the positive side.
Energize the ciscuit and adjust the scope to obtain a
Clear trace. . -

Sketch the trace:,

De-energize the circuit and short the capacitor.
Turn of f and disconnect the scope.
Replace the | MQ resistor with the 10 MQ resistor.’

Return materials to the resource center.

qnswers:
No
5 sec
No
No
56.89 v; 77.8 v
“approximately 1.25 - 1.5 sec

between 1.2 and 1.5 sec

10. Increase
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l_l. e. The sketch should be similar to:

~

" YOU MAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUOY ANY OF THE OTYER
RESOURCES LISTED., 1F YOU TAKE THE PROGRESS CHECK ANC ANSWER AlL THZ
"QUESTEONS CORRECTLY, 60 TO .THE NEXT LESSON. IF NOT, STUDY ANY "
METHOO OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE QUESTIONS

CORRECTLY . . : CL

f -
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SUMMARY .
. LESSON 1V

RC Time Constant

.

in a purely capacitive circult, the capacitor charges instantly
when the voltage is applied, and similarly, discharges Instantly
when shorted. Practically, every c'fcuit has ¢onductor resist-
‘ance ﬁwlre), internal resisiance (source) and other resistive
components. The resistance in the below illustration represents
all clircuit resistance lumped into one valve. In this lesson we -
will discuss the phenomenon of resistive-capacitive circuits In
the transition state. That is, we want to describe voltage and
current characteristics of an RC circuit during the time of
charging or discharging the capacitive elements.

A typical resistive-capacitive circuit is tilustrated below. |t
contains a voltage source, resistive and capacitive®components,
and a switch which can be positioned for: {1 and 3) open circult;
(2) capacitor charging; and {(4) capacttor discharging.

I

k] ’ M
in position 1, there 1s no current flow, no .voltage drop across
'R, and no charge on the capacltor.

At the instant the switch is closed to position 2, the full voltage,
Ea, appears across points A ¢o B and current flows. ‘
o E

By Ohm's Law, the instantaneoys-maXlmum-current flow Is 1 = 2. .

At this initlal time {Time 0), current Is maximum, voltage drop
across R is equal to £_, and the voltage and charge across C is
zZero., As the capaclto? charges, a voltage develops across C opposing
E, and, hence, decreases current flow. When the charge of the capac-
itor reaches maximum, the voltage drop across C Is. equal and )
opposite to E_ preventing any more current flow. Therefore, the
larger R 1s, the longer the time requ?red to reach equitibrium,

i

-

L
3
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When the switch is moved to position &, the capacitor-resistor

elements are shorted, and the voltage across C pioduces a current,
, E

o= -ﬁ-c-:-, moving in the opposite direction to the charging current.

It Is Important to noté that:

L]

€, (max) = E, {max)
and , 1chargin‘g (max) = _I_":discharging {max)

since R is constant. As discharge current flows, i and E. approach
zero. }

1
*

Computing RC Time Constants

By definltion, the time it takes a capacitor to charge’ and reach .
63.2% of -its maximum voltage, Ea’ is one tlme constant, TC. . B

& .
.«

e«RxC " ~ - ) ’

Likewise, the time constant for discharging a capacitive-reslistive
circuit from maximum is that time E. takes to fall to 36.8% of its
maximum value. This is the 'same TC calcuiated from the formula
for the same RC circuit.

Universal Tim:e Constant Chart

&
The Universal Time Constant graph that was valid for inductance
also applies to capacitive phenomenon in the transition state.

£

LQ' . With the switct at position 2 at
3-9 . 98% 00X § rime 0, ! and E_ are maximum.
2 Capacitor voltaae, E., is zero.
=.8 As current flows and charglng of
w 7 C occurs, Curve A represents the
5 gl increasing capacitor voltage.
v Sf 632% ——1—- Curve B represents the decreas-
s ) ing current and voltage drop
g ’ across R.
X ) 36.8%
g0 X - | A
-3 '
ICY
z*® 'C"/@' 135%
4 @. 5%
2%  O%
“ T T 2F  3F  ar st
RC 2RC  3RC 4RC SRC

17 124
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You tan calculate maximum values of E, and | at Time O from Ohm's @ )
Law. The RC time constant of the circuit is calculated from

TC = R x C. From the graph, you can then calculate E., t_, and |
at any time by multiplying the maximum values by the percentage for
that time.

The time constant of any RC circuit depends only on the values of
R and C and does not depend on Ea. .

AT THIS POINT, YOU MAY PERFORM THE EXPERIMENT WHICH STARTS ON PAGE 110
PRIOR TO TAKING THE LESSON PROGRESS CHECK, OR YOU MAY STUDY THE LESSON
NARRAT IVE OR THE PROGRAMMED INSTRUCTION OR BOTH. |IF YOU DO THE
EXPERIMENT, TAKE THE PROGRESS CHECK, AND ANSWER ALL OF THE QUESTIONS
CORRECTLY, GO TO THE NEXT LESSON. |IF NOT, STUDY ANOTHER METHOD OF
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESI!ONS CORRECTE}.
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OVERVIEW
LESSON V
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Capacitive Reactance

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

~how 2 capacitor werks

-comparing Ianductors and capacitors
- -capacitance in AC circuits
. ~how frequency- affects Xc

-how capacitance affects Xc
-mathematical formula for Xc
~how Xc affects current

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES .:
ON THE NEXT PAGE. )
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Study kesources 4 Eleven-V

LIST OF STUDY RESDURCES
LESSON V

Capaclitive Reactance

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

following:
—— 7

—- STUDY BOOKLET:
Lesson Narrative
Programmed Instruction
Lesson Summéry

ENRICAMENY MATERIAL: .
NAVPERS 9340O0A-1b "Bagié'ﬁleq;ricity, Alternating Current.!
Fundamentals of Clectronics. Bureau of Naval Personnel.
Washington, D.C.: U.S. Government Printing Office, 1965,

AUDIO-VISUAL:
"Super B - "'Capacitive Reactance"

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

121 128
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NARRAT ! VE ) '
LESSON V .

Capacitive heactance

How a Capaci tor Works

L Let's look at a circuit with a capacitor in 1t. At the instant .
il that the switch is closed, there is

no voltage deveioped across

the capacitor, so the source sees no

opposition in the circuit., Circuit

current is maximum at this_first instant

T and electrons will pile up on one plate

of the capacitor and pull awvay from .

the other plate until a difference of

[otential equal to source vcltage builds

up across the capacitor. At that time, E_ and Ec are equal and opposite,

and the displacement current ceases. 3

I
L
i

L)

i

o

Now, with the capacitor in a fully-chargec¢ state, if the source
were changed from 10 vclts to 20 volts, the capacitor would

- again react to a voltage change by charging until a capacitor
voltage of 20 volts was reached.
You recall that capacitance Is associated with the ability of .
a circuit to oppose a change in voltage. Therefore, any change .:
in the applied voltage -- not only an increase, but also a decrease
-- causes the capacitor to react. Ffor example, if the applied
voltage to our capacitive circuit were decreased now from 20 volts
to 10 volts, the capacitor would discharge until E. was again
equal to Ea.

The capacitor opposes changes in the source voltags through the
charge and discharge currents. The delay in the thange of capacitor
voltage In an RC circuit {RC time constants) Is a good }llustration

RRAer T orghape e Tiu i

of this.
TR Comparing inductors and Capacitors
g;, To point put that a capacltor reacts to the rate of change in B

voltage, not to the rate of change in current, it may help to
analyze the two circuits at the top of the next page:

o
T

o
g

- .
Ehig Tt Lt i

2 R .-
B L S S
By R A ek o Lo s B - - <

LGt fe
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NOTE: Assume both circuits
have been on for more
than five time constants.

How would the Inductor and the capacitor react in the

circiits above if the variable resistor were changed
from 10Q to 5Q7 -

£

Note that in circuit B, if resistance were decreased, current would
increase, and the inductor would react to the change in current
by producing more CEMF to choke the increase in current flow.

However, in circuit A, as the capacltor is fully charged, dis~
placement current becores zero, and changing the resistance does
rot affect a change ia current, nor does the capacitor react. A
capacitor only reac.. to oppose a change In the voitage across it.

Capdcitance in AC Circults

Up to this time, we have observed capacitors tn only DC circuits.

Now, you can see that if we were to take the battery out of the

circuit and quickly reconnect it with the terminals reversed,

the electron flow would be opposite to the original dlirection

through the circuit. 1f we continued to repeat this process very
- quickly (changing tne battery connections back and forth from one

polarity to another), we would have the same effect as if we

had 2n AC source, which constantly changes polarlty.

To react to the changing voltage, the polarity across the plates
* of the capacitor must change constantly.

-

*




Narrative - ‘Eleven~¥

If the capacitor has time {a short
_enough time constant) to charge to this
maximum value, at the moment the voltage
reverses, the capacitor reacts by »
! .. dlscharging to again equallze the capa-
+ citor voltage and the applied voltage.
— Remember, the amount of resistance and
- r Gapacltance determines how much time
I's required to fully charge the capaci-
tor; so It is possible {in fact
probable) that the capacitor does not
. 7 charge to Its maximum.vaiue when the
’ e , « applied voltage reverses; therefore,
—_ - |- —.———the-capacitor 15- continuously-charging
or dischargirg.

i

A Capacit_ive Reactance !Xc) . s

}:e noted abovs that with an AC voltage, It is possible that the
pacitor might never have a chance to fully develop the voltage
atross its plates. We said this depends upon the amount of

resistance and capaclitance. The higher the frequency, the less

time it takes the applied voltage to yo from zero to maximum,
and consequently, the less time the capacltor has to charge.

One other factor affecting thls process, then, Is the frequency

of the appiied voltage. The higher the frequency, the less time

the capacitor has to react.. The less time the capacitor has to )

react, *i.: higher the, current ‘or the iess capacitive reactance

thare is. Increased f + decreased X.+. Therefore, we can say

that X, is inversely proportional to?t. .

Capacltance Affects X.

Similarly, If you increasa the capacitance, X. decreases. For
example, by increasing capacitance we Increass the amount of
charge required to develop a glven potentlal difference across

the capacitor. (C = %; therefore, € = %.)

i 131

124
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If capacltance is Increased, it takes the capacitor longer to
charge to the applied voltage, and a greater current will flow
during the charging process. Thus capacitive reactance Is less.

Increased € + decreases X.¥. Just as X. s inverseﬁy proportional
to frequency, It is @iso ?nversely propgrtional to capacitance,

X. Formula

. . . , -_(,:_
The formula for finding X. reflects the inverse relationship of
. f and C: .
—— - * X ]
"t BT

Note that although resistance affects the amount of time regquired
to charge or dlscharge the capacltor, it does not affect the
amount of oppositlon the capacitor offers to the AC current.

. Xo is Independent of clrcult resistance.

Here, as In the formula for X, , the 2% is a constant (6.28).
One divided by 271 is equatl to 0.159; therefore, you may simplify
the Xc formula to: .

_ 0.158
Xe = ~f7

Find Xc in thls circult.

. ¢
6; F21KKx LC-2 1 f

Answer: 79.5 ohms. i .

Il
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Effects of .X. on Current

100V
1 KH2

.

1

[ J TR

tet's see what happens'to other circuit
quantities when X

is changed in a

Eleven-V

purely capacitie circuit.

kpqw-that if you increase f:

"

f

T

and if opposition decreases:

+

What happens to total cufrent if you decrease capacitance?

c +
Xc 4
'T ¥

"Substituting X. in Ohm's Law Formula

As X

—]

is opposition, it can be substituted for R in the Ohm's

Law ?ormulas.

-+

o

What'happens to total current if we increase frequency? You

Find !T in a circuit where Ea = 100v and Xc = 500.

T

-

-

R SO

133
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‘ P e _Tota‘l curEent is 2 amps. b .
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In Lesson 11} you lTearned that parallel capacitance is additive .
and that series capa :tance must he computed by the product

over the sum or reciprocal method. This is true only for

capacitance. Capacitive reactance is an opposition to current

and i{s measured in ohms. Because of this, total capacitive re- , .
actance (XCT) is computed in the same manner as total resistance. . .

e

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 ALL OF THE QUESTICNS CORRECTLY, GO TO THE NEXT LESSON. IF NOT,
STUDY ANY METHOD OF INSTRUCTION YOU WiSH UNTIL YOU CAN ANSWER ALL THE
QUESTIONS CORRECTLY.




] . ’ /;-'\

P.l. - ) Eleven-V
. %
PROGRANMED INSTRUCTi ON . ¢
LESSON ¥ - . -

Capacitive Reattance

TEST FRAMES ARE 16, 29 AND 31. AS BEFORE, GO FIRST TO TEST FRAME 16
AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE FOLLOW THE DIREC-
TIONS GIVEN AFTER THE TEST FRAME.

hd 4
M

.

I. Recail that one of the characteristics of capacatance Is.the

wt e, ¢ . r
. e prid

abitity to oppose a change in circuit “
. . . vol tage/current
, . ) ] - ? .
{voltage) ~ .
B o ’ R ~ * . -
2. We can most easiiy observe how this happens by recalling our &
knowiedge of internal resistance.
) i
: ;“: eV
| % 1IRIZIN
. LY
When the switch is ciosed, current flow is: o
a. iamp‘. -
b. 10 amps. . P .
¢. 0.1 amps. ) -
{b} 10 amps
.. 129 136

“
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- -
3. ‘
o) g
i it :
- : ?i ': : ) -
ok ]
L;--.?J
) 10 AMPS - .
(" (a)- N
L) . - : U' .
How much voltage Is dropped across the internal resistance?
a. 5 volts
b. ¥ volt

-

c. 10 volts

L L I T R R T I T R R

< . ' u

"{c) 19 volts

-  oe—e
L, . P '___._‘. . =3
-
! H fuwvz “
' yRi
hov 3194
. Y '
(A — .
S

<, Theoretically, the entire amount of applied voltage would be
dropped across the Internal resistance.

Internal reslstance:

a. decreases the terminal voltage of the source.
b. Increases the terminal voltage of the source.
c. has no effect on the terminal voltage of the source.

M owm W W M e B O E e B B wm M 8 M g o owm o wm owm M M S gm S M W owm

{a) decrezses the terminal voltage of the source -
~
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S. Let's look at this same circuit with a capacitor in it. At the
Tnstant the switch is closed, the tapacitor uas not had a chance.
to charge and develop an opposing voltage. ®

ok 1
oo ECOV

i o 7T
N

The instant the switch Is closed, the capacitor in the above
circuit acts like a/an circuit.
open/short

" om W e W W W W B W W B omom WL W oEm oW W @ o B W B Em E m & B =B & = & = o=

{short) -

L€

6.

The instant the switch is closed In the above circuit, only
the is limiting current flow.
capacitor/internal resistance

Linternal resistance)

i 138
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O vl

As the capacitor charges:

—
B

a."EP] decreases.

b. teérminal voltage decredses. .
c. terminal voltage increases. )

d. ERl increases.

B i e I I I R N L . . T T T T R A

RRRR

[

(a. E_., decreases; ¢. terminal voltage Increas s.)

R1

RE S

-Hut—o-

e hat -
€a: ) .«
; Koy —— N
#REIDV Ri i -1 '
PR 1544

- 0
O
. N/

T

3
4.
Z‘é.
&
Y
:
3.
T34
[
2

f

|'s

ot v
T
E

Yl Tov fu s

P

LhEe L

‘EA‘#,

3
*E
s

TR

a

T

The terminal voltage of the source in the above circuit dees not
reach its full value until the capacitor is fully .

Ah wr am o me s A AR W M M e W me M M wh M M M B me W ome me owm M B me oem w4 W W W gy

f
2

A\!;_‘ o

(charged)

.
e
e
R
Lo W

vod
e

ERIC: . 132
D O SORNS WS I - Y



P.1. Eleven-Vy

£Clov -

g et -.q}.\.}-(.’,_’?gﬁr:r\wg;g AR ¢ ALy
. A . s
. B B
o
-
i)

I"‘ gg;“
--JJ\AV\AJ\.{

If we now suddeniy change E_ to 20 v, the capacitor has to
react to this change by

charging/discharging

-, W m W W O am om W W W o= - A o om Em E W oW W e W W = o= o= - - W w W = W = -

o ""c,*‘-i’r‘*,\'&‘r"f‘ﬂ""'"“" (alary
Lo . a

{charging)

ok

10. Any change in the applied voltage causes the capacitor to react
to that change.

I f E in a capacitive c!rcuit decreases, the capacitor has
to

charge/discharge

- eam am m w - W wr A MR W W gy MR M S AR A W s A W M B M M M W E E = m s .

{discharge)
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11. Due to the property of capacitance, any change in E_ causes
the capacitor to react so as to limit the change in capacitor
voltage until the capacitor is fully charged or discharged.

Check the correct statement(s).

a. While the capacitor is charging or discharging, a voltage
is devejoped across Ri. .

b. While the capacitor is charging or discharging, the
capacitor voltage does--not equal Ea.

c. While the capacitor is charging or discharging, the
terminal voltage does not change.

- m M e e a m R & m & W om o “ @ o am W W m m m s @ s o = - am W am = = -

{a. While the capacitor is charging or discharging, a voltage is
developed across Ri; b. While the capacitor is charging or dis-
charging, the capacitor voitage does not‘equal E .
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N RTLTAT T

12, Let's see what H;ppens when we use an alternating source voltage
in a capacitive circuit.

e i | g ate s
|
i

Lo il
.

You cin reverse the charge across a capacitor by reversing the
battery as shown below. 1n each circuit, draw the polarity slgns
- in the boxes hext to plates A and B, - -

e —Fe

Ty
R

. .
i i

- wm s e S S s T W W S S W wm M B A W A e o mk o w M o W M S M W g W E om w
r}

e, Bfe

—|If )| —

13. An AC generator alternately reverses polarity; therefore, if we .
connect~an alternator across the clircuit, the capacitcr reverses
its charge with each of AC voltage.

{al ternation) .
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14, in flgure A, the positive alternation charges the capacitor as
shown.. Draw the polarity signs In figure B to show how the .
capacitor charges durlng the negatlve aiternation.

€
\
!

g """'tfl
"""U—_
....................... e mm e e - -
+] ef-
v
-« ‘
-———>+/\"T
—(Y) @
f’““

15. If you connect ammeters Into the c¢lrcuits balow, the ammeter
wiil show a continuous reading in circult

Ty )
05— @
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. 16, A capacltor:
a. blocks AC.

. b. blocks'a steady flow of OC.
C. acts as an open in a DC circuit when it is Ffully charged.
_ d. acts as a short in a DC circuit when fuily charged. .
(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS MiTH THE CORRECT
ANSVERS GIVEN AT THE TOP OF THE NEXT,K PAGE.) - -
. ‘ 3

T
St

Su A o e
& b

ke Tty
W R

Niiny e et

®

[ .
(‘l :,g.yr . . .

! P Ve oal . A . . N
M : oa T B T L S P - B
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ANSWERS - TEST FRAME 16
b. " blocks a steady flow of DC.

c. acts as sn open in a DC circuit when it is
fully charged.

+
----- M O e S E E e w M e wm @ @ wm @ m @ @ W M oA m m m ow owm

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO TO TEST
FRAME 29. OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PROGRAHMED

SEQUENCE BEFORE TAKING TEST FRAME 16 AGAIN.

17. When' there is an AC source, the capacitor is constantly reacting
to the change and deVeloplng a voltage that opposes any change in
- E - -
a .

: The effect of these two oppos ing voltages current.

- W m m W E wm om Wm ow oW om m A W m a w -

(limit)

18. The opposition which a capacitor offers to alternating current
is called capacitive reactance and is designated Xc.

*

CapaciZive reactance:

a. -limits current flow in a capacitive AC circult.
b. 1s an ability to oppose a change in voltage. a
c. is an abllity to oppOSe a change in AC current.

ta}) limits current flow {n a capacitive AC circuit

-
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19. The opposition a capacitor offers to AC is measured in the same \\
units as the opposition an inducter or vesistor offers. - AN

113

i Ll &

R
R S T T,y
. - o

s

Xc is measured in:

%

’ Lg:‘

i

3 i
% - a. henrys.
3 b. farads.
2 c. ohms. \
i e A R T “ .-
.o (c) ohms
% 20. When the source:§s constantly changing polarity, as in AC, it
i is possible thatlthe capacitor might never have the time to de-
T velop an opposing voltage equal to the source voltage. '
gé - The faster an AC voltage changes, the the capacitor
3 will react. more/ less
:::-\“ -l W M B g W W @ W e W BT W B A W T W m ow - e s v e =2 o= - e =2 e - =
£ .
i {less)
s
. 21. We can say then that capacitive reactance is in;terseiy pro-
3 portional to frequency. :

if frequency is decreased:

a. Xc goes up.

b. X! goes down. .
c. X[ stays the same. ' ’
d. C goes up.

{a) Xc goes up
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R T
T W

22, Since a greater amount of capacitance must accumulate more-charge
to reach a given voltage, you can see that if € is increased, it
takes longer fos the capacitor to charge and it reacts less

. quickly. )

If capacitance is increased: )
a. Xc_goes up.

; ) * bt xC QOQS -dm.
. o c. .Xc stays the same,

O M W W s oam W W M ST e g g W B wm ok oga W R g ow owb B o w o T M wh owR o
& v . .
H . »
5l
4
[
. f

{b) Xc goes down

23. We can say that X. is _- proportional to f and .

M M E o W o R m W o W Sy W B & W S v o Ay W S S W v M R W W e W A oW &

{inversely)

_______
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e 2b. The formula for finding X, reflects the inverse relationships
of f and C. ) )
;3\ Xc n m ‘ Where: Xc = capacitive reactance in ohms

27 = a constant (6.28)

" f = frequency In Hertz

A
i
3.
H
B
W

C .= capacltance in farads

Example: What Is the Xc of the circuit Tilustrated below?

F4KHx
Gfg;) B o

Sotutlon: )(c - 2_;:%5'

i
-

X
' (6.28) (4 x 107) (25 x 107%) .

Note: Any time you have -5--;-3- you can simpiify the equation and
substitute 0.153 for the numeral ] above’ the jine. ()(c = %552)

0.159 ° - ' S,
So: X.'= —
© wxaed) (2sx107 '

C 00 x 1072

{Go to next frame)

!
) (3
.
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LR T et
AR TN

25 Hhat is the capacitlve reactance of the clrecujt Illustrated
below? ¢

Ty — 4]
. o ‘¢ FoiHz i
“o. i caaye r‘“
N ’ PR :

‘a, 53 MR
b. - 8 M
¢. 53
T4 1k
EONGE )

.
F

26. X cannot be measured with an ohmmeter, but the.value of E
ﬁd 1 canabe detarmined and Ohm‘s Law applled.

.

The Ohm's Law.formu]a to flnd Xc can be wrltten as:

' — ' Y -~
.1 R v . N\
a x-.-.,a > . _-J
—— " c E- T, -
N b. X . =E xI : ‘l’
S - 7
E ’
C. = e, { ‘.
.“ xc l ’\
aaa-ﬁ.n--—q-.,.-ﬁ-h.———ﬁﬁ-ﬁﬁ—--ﬁﬁ.---ﬁ-ﬁh-
i ’.

{c. X:o=

13
¢c™

- .-

27 What would your ohmmeﬁer reading be if you attempted to measure
X across a capazitor?
s 0 ohméA T ) . _
*_». infinity ¢
" ¢. depends on the reslstance of the capacltor

W o e W W e W W M om W W m W R W o o A W W ol W R e om R e m W om kR o

.
L]

6Y Tn¥intty (Tt will read Infinity because the capacitor will
simply chorge to the value of the- Internal batteries of the
ohmmeter, and than al¥ current will stop.)

t
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28. Calculate Xc in the circuit illustrated betow.

S —
T

29, Solve for the quantitles listed In the clrcuits Fliustrated
below:

A. Wy
CHR7TU -

-~y

(THIS"IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT
"ANSWERS GIVEN AT THE TOP OF 'THE NEXT PAGE.)
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ANSWw RS - TEST FRAME 29 .

A. 100 2, 1 amp

----------------------------------

- IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO To TEST
FRAME 31, OTHERWISE, GO BACK TO FRAME 17 ANO TAKE THE PROGRAMMEOQ
SEQUENCE BEFORE TAKING TEST FRAME 29 AGAIN.

[
b
a
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30. Since X. depends on the frequency of the applied voltage and
the amoﬁnt of capacitance, let's see what happens to other
quantities when these values are changed in a purely capacitlve
circuit,

Example:

@W = 71

~
KK

If frequency is increased In the above circuit, then xc decreases;
133 xc decreases, then lT must increase.

f ¢
X. +
e

If C is dgg;eased in the above clrcult, then:
e 8+ 7 X decreases. '

b. Xc ingreases.
c. Iy decreases:

d. I.r Increases.

Y B e B B Em B EB B B B B E B E s B @ S oEm B om B B R B R AR &R R R N W om

(b. Xc Increases; c. IT gecreases)

s 152
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3). Indicate by arrows what will happen to Xe and I; inan AC

capacitive circuit if f is decreased; if C is increased.

° : ry .ct

- mm ok W R R mm mm B kR R M mk mm kR T kR M kR M M A ok mr mm T mm s mm mm A

(THIS 1S A TEST FRAME. COHPARE YOUR ANSWERS WiTH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.)}

153

146
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ANSWERS - TEST FRAME 31

IF ANY OF YOUR ANSWERS 15 INCORRECT, GO BACK TO FRAME 30 AND TAKE
THE PROGRAMMED SEQUENCE.

32. Total capacitive reactance (X T} }. cunputes In the same way
as total resistance, product dver sum oi reciprocal method
for parallel circuits, addition For series circuits.

Find XCT’

@ | X600 | Xepa0n_| eyson @ L xeze00

i
i
{
|

------------------------------------

a. 16.20; b. 1508)

YOU MAY NOW TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE OTHER
RESQURCES LISTED. 1F 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.
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SUMMARY
LESSON V

Capacitive Reactangg

You will recall that a capacitor reacts to the rate of change of

- voltage applied to It. At the Instant
‘\np' . the switch Is closed In the circuit
Stwnwnt, maximum current flows and a
C difference of potential starts to

£
e

558
gt
‘::a'.
Lk
P
£
.
‘\
£

I]
b

. build up between the capacitor plates.
- 1 This ditference in potential opposes
tnf source voltage and reduces theb

: voltage across the resistor, thereby
VW~ reducing circult current. -When the
capacitor voltage equals the appiled voltage, current flow stops. If
we then decrease E_, the capacitor veltage becomes greater than E ,
-and current flows in the opposite direction. This reverse curren
continues until the capacitor voltage again equals Ea.

if we replace the DC source with an AC source, the capacitor
voltage continuously varles as It tries to stay equal and
cpposite to the applied voltage. Because the zapacitor voltage
7pposes applled voltage, 1t limits current from the source.
This opposition to alternatiag current fiow is called capacitive
reactance. Its symbol Is Xc and It §s measured In ohms.

Factors Affecting X.

Frequency of the AC source voltage affects the magnitude of Xeo With
an AC source, the voltage is constantly changing polarity and

it Is posslble tha. the capacitor may never have a chance to fully
charge (develop ful} potential) before the appllied voltage changes
palarity. The higher the frequency of changing polarity, the

less time the capacitor has to react. The resulting capacltor
voltage, opposing the source voltage, never reaches maximum by the
time the reverse charging-discharging part of the cycle begins. There-
fore, the higher the frequency, the less time the capacltor has

to feact, the lower the capaclitive voltage opposing the source
voltage, and the less capacitive reactance.. An Increase In f pro-
duces & decrease in xc. xc Is Inversely proportional to frequency.

Capacltance affects the magnitude of X.. From the formula for the
time constant of an RC clrcult, TC = R"x C, the time constant Increases
when capacltance Increases. 1f capacitance Increases, It takes longer
for the capacltor to charge. The capacltor's reaction takes more
current and X. decreases. Xc Is also Inversely proportional to C.
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Summary . Eieven-V
The formula for calculating X, iss
v 1
Tt ) e Znfe
where 2x is a constant equal to 6.28, 2

Since XE is a measiire of opposition 'to alternating current flow
calculated in ghms, !ﬁgegilga- X. by decreasing f or C produces
s decrease in I, Simidlarly, ecFeaslng Xe by increasing f or C
produces a corresponding increase In 1 _

N £

Ll - Fi

AT THiS POINT, YOU MAY TAKE THE:LESSON PROGRESS CHECK, OR YOU MAY
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOYH.
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR-
RECTLY, GO 70 THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD OF
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.

v
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Overview Claven-vi

- <

OVERVIEW
LESSON V1

Phase and Power Relationships

in this Tesson you will study and learn about the following: '
-phase rejatjons jn a purely capacitive
circujt
-vector representations of phase

P -relationships
-angle theéta, 9

-power factor

. e P

e

,:2
, ‘ i
BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES Y
ON THE NEXT PAGE, . Lo L
4 .
159




Study Resources . ’ ) Eleven-VI

LIST OF STUDY RESOURCES
LESSON VI

Phase and Power Relationships

To learn the material in this lesson, you have the option of choos ing,
- according to your experlence and preferences, any or all of the follow-
Ing:

_STUDY BOOKLET:
Lesson Narrative
Programmed Instruction
Experiment '
quson‘Sumﬁary

ENRICHMENT MATERIAL:
NAVPERS 93400A-1b ''Basic Elactricity, Alternating Current." -~ .
Fundamentals of?Elect;gnics. Bureau of Naval Personnel.
Washington, P.C.: U.S. Government Printing Office, 1965.

AUDIO-VISUAL :
Stide/Sound Presentation - '"Capacitance: Phase Relations."

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

153 1 60
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Narratlve . Eleven-VI *

‘ NARRAT 1 VE
“ LESSON VI

Phase and Power Relat lonships

L

Phase Relations in & Purely Capacitive C!fcuit

E § The chart on the left represents_ -
the waveforms of both current
, ' and voltage in a purely capaci-
%0 tive, ldealized circuit. WNotfce
that current and voltage are 90°
apart or out of phase.

At 0 degrees on the araph, the

80’ ] v\l 360 rate of change of applied voltage
is greatest, and maximum current :
flows to charge the capacitor to
the sdurce voltage value.

As the rate of change of appifed voltage decreases {0° to 90°

on the graph}, the charging current grudually decreases until, at
90°, the capacitor voltage and the applled volta~e are not chang-
tng and current is 0. An instant later, the applied voltage
starts decreaslng and a discharge current flows to reduce the
capaclitor voltage. This discharge current is opposite in direc-
tion to the initial charging current, so it is shown on the graph
as negative.

At 180°, the rate of change of the capacitor voltage and applied
voltage are again maximum, and pedk current mist flow to keep
the two voitages equal. From 180° to 270°, the applied and . })-
capacltor voltages Increase tQ thelr peak negative value while /
the charging current gradually decreases to 0 at 270°. After 270°, -
the circuit voltage decreases and the capacltor commences to ;v;;
discharge ceusing current to flow In the Positive directfon again.
Conditions at 360° are” the same as those at 0°, and the cycle re-
peats as long as the AC voltage Is applied to the'qircult.

Vector *Representation of Phase Relationships

J This vector representation shows

current leading voltage by 90°,

DIRECTION OF
o290 el VECTOR ROTATION

-

A

-

: 161
. 15}
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F N
s

- . L M {
You can remumber the phase relationships In either an Inductive or
a capacitive circult by the phrase:

’ EL the .1 CEman
Voltage leads Cirrent Curvent leads Voltage
in an inductive clrcuit in a capacitive circuit

Study the vectors representing the phase reléflonshfps that we have
learned for the three idealized circults we have studled.

*

Purely Resistive

. ' Voltane and current are In phase; therefore, “
- ]

= —» » the phase angle ts 0°, - ‘ N

Purely fnductive

[ 7
: Voltage leads current by 90°,
l.i:ﬂ)' '_»' ke
Pureiy Cruacitive ; _
» - 90" |’ . Current leads voltage by 90°.
ta
Angle Theta | .
- in the angles‘of the vectgrs on the pr;cedlng-page, thls symbol —

appears: 6. This is the Greek letter theta. Angle theta will
be under conslderation In our future studies. it Is always the
phase angle between current and voltage.

Power Factor

In a purely reslistive-clrcuit, you know that all the apparent
.power is dissipated by the load in the form of heat. if P_ina
purely resistive.circult Is 100 va, then the P_ Is 100 w. When
all the power that the source supplies to the Eircult Is used by
tpe load, the circuit*ls sald to have unity power factor. .

155 ‘ , S
162 | Lok
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Power companies stri.e to achieve thls ldeal power factor for
reasons of economics. You can easlly understand that the com-
pany loses money |f the plant supplies considerably more current

. 40 the.clrcults than they are paid -for. ‘for thls reason, power
companies pay considerable attention to the power factor In thelr
circults.

When all the power In & circuit i5 used, as in a purely re-
.sistive circult, the power factor Is unlity or one. Unity Is the
highest ‘power factor possible. In all circuits othar than a )
purely resistive or a purely reactive circult, the power factor or
PF will be between 0 and 1.

Power factor can be compuhed by dividing true power by apparent®

power:
\ Pt'
PF“"P—

]

Power factor in Reactive Circults

In a purely inductive circuit, lf P equals 100
va, what Is P ? P

Reactlve power In a purely !nduct!ve clreult equals the appar-
‘ent power; therefore, P = 100 vars. .

By the formula for finding the power factor, you can determ!né
the_power factor for this purely indiictive circuit.
p _
PF = 5=
a
p .
0
PF = 100 va 0

In-a purely Inductive c!rdult. none of the power Is actually being
consumed ~ it is merely being stored and sent back to the sourve,
so the PF Is O.-

Similarly, in a purely capacitive circult, no power is being dissi-
pated. All power Is being stored In the electrostatic field and
then is returned to the source. Therefore, there is no true power,
and the power factor is 0.

Any time you hav& a ouret§ reactive circuit, the power factor Is
0. Any time you have a purely resistive circul ., the power factor

1% 163
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Narrative * Eleven-VI
is 1. Circults having both resistance and reactance have a power

factor of scmewhere between -zero and one, depending on the values
of both resistive and reactiv+ components.

When you have a purely reactive circuit, what are
the values of:

PF?

L] ) . 6?

You know the power factor in a purely reactive clrcuit with no true
power Is 0.° The phase angle is 90°.

In a purely resistive circuit, what Is:
a : Ili\

a7

The power factor Is 1 and phase angle is 0.

tf you know that the PF is 0, what klnd of a
circuit Is represented?

This Is a purely reactive circuit, el ther Inductive or capacitive.

&

If the phase angle Is 0°, and PF is i, what klnd
of a circuit Is répresented?

This must be a purely resistive circuit.

Let's see what a graphic representation of the current, voltage and
power relatlonships looks like for a purely capacltive AC circults,

157
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ine power curve is .drawn by plotting the product of instantaneous
voltage and instantaneous current through their variations. The
positive'alternations of the power graph represent power transfer
from the-source to the capacitor. The .cgative alternations repre-
sant power returning to the source.

. AT THIS POINT, YOU MAY PERFORM THE EXPERIMENT WHICH STARTS ON PAGE 167 ‘<
: PRIOR TO TAKING THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE OTHER
- RESOURCES LISTED. IF YOU DD THE EXPERIMENT, TAKE THE PROGRESS CHECK,
AND ANSWER ALL OF 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.

"
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PROCRAMMED INSTRUCT IDN
LESSON Vi

Phase and Power Relationships

TEST FRAMES ARE 5. AND :7. AS -BEFORE, GO FiRST TO TEST FRAME 5 AND

SEE (F YOU CAN ANSWEK ALL THE QUESTIONS THERE. FDLLOW THE DIRECTIDNS
GIVEN AFTER THE TEST FRAME. ]

1. Notice that in inductive circuit A, current rises to maximum

after voltage. But in capacitive circuit B, current rises to
max i mum voltage.

before/after

{before)




P.t, Eleven-VI
In an fnductive circult, we say that voltage (E) Jleads current

2.
{1). But In a capacitive circuPt we say that:

In a purely capacitive circuit, the current leads the applied
voltage by 90°. ) )
Which of the below veczor diagrams represents the phase relation

between E and § In a purely —pagitive circuit?

E
1
a.A

Slegp—
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L. To remember the phase relationships of current and voltage In
purely Inductive and purely capacltive circuits, you can use
this memory ald: ELI the ICE man.

EL] means that voltage (E} In a purely Inductive clrcult (L}
curreni {1},

1eads7lags

ICE means that current (I} in a purely capacitive circult {C)

_ voltage (€).
Teads/iags

+

(leads; leads)

5. In a purely capacitive circuit:
a. E leads ] by 180°.
b. ] leads E by 180°.

z. ) leads E by 90°.

d. E leads ] by 90°.

(THIS IS A TEST FRAME. COMPARE ‘YOUR ANSWER WiTH THE CORRECT
ANSWER GIVEN AT THE TOP OF THE NEXT PAGE.)}

-

"
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ANSWER - TEST FRAME S

1 leads E by 90°,

IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO TO TEST FRAME
17. OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE
BEFORE TAKING TEST FRAME 5 AGAIN.

Let's have a quick review of the three vectors we have used so
far in our study of E and ! phase relationships.

Match the correct term to each vector.
a. purely resistive

b. purely inductive

c. purely capacitive ’

Recall that in a putely inductive circuit the power delivered
by the source is stored in the inductor's:

a. electrostatic field,

b. electromagnetic field.
static field.

{b) electromagnetic field




Eleven-V)

A}l power that is delivered by the source in a purely capacitive
circuit i3 stored in the capacitor's electrostatic field.

Check the correct statement.
A} power is consumed in a purely capacitive circuit.

No power is consumed in a purely capacitive circuit.
The electrostatic field uf a capacitor consumes energy.

{b) No power is consumed in a purely capacitive circuit

Recail that the power that the source delivers and the circuit
apparently uses is called:

resistive power.
potential power.
apparent power.

{c) apparent power

. Recall that apparent power (Pa) is a product of E_ and
its unit of measure is the:

a. watt (w).
volt amp (va).

{b) volt amp (va)

. Also recall that reactive power (P ) is power that is stored by

the reactive component, whether it"be an inductor or a capacitor,
and its unit of measure is the:

a. watt (w).
b. volt amp reactive {var).
volt amp (va).

{b) volt amp reactive (var)
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12. Use the illustretion below to answer frames 13 to 17. This chart
shows the relationship of power, voltage, and current in a purely
Gapacitive AC circuit. The power waveform indicites that during
‘the charging of the capacitor power is being delivered by the
source, and during the discharge of the capacitor power is being
returned to the circuit.

o

3

1A
(A}
&

(Go to next frame.)

. The source in the purely capacitive AC circuit shown in frame 12
is furnishing to thz circuit.

a. 100 w.
100 va.
100 vars,

(b} 100 va

Because the circuit is not <consuming any power, the capacitor is

100 w.
100 va.
100 var.




P.1. Eleven~V!

15. In a purely capacitive circuit:

a. watts equal volt amps.
volt amps equal volt-amps reactive.

{b) ¥olt amps equal volt-amps reactive

16. Thejcapacitor will charge during what part or parts of the
alternator's cycle?

90° to 180° and 270° to 360°.
0° to 90° and 180° to 270°.
. 0° o 180° only.
180° to 360° only.

(b} 0° to 90° and 180° to 270°

17. The energy that is stored by the capacitor, as indicated by the
positive alternation of the power waveform, is
on the negative alternation.

a. consumed
returned to ¢clrcuit

(THIS 1S A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT
ANSWER GIVEN AT THE TOP OF THE MEXT PAGE.) .
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ANSWER - TEST FRAME 17

b. returned to circuit

IF YOUR ANSWER IS INCORRECT, GO BACK TO FRAME 6 AND TAKE THE
PRUGRAMMED SEQUENCE.

IF YOUR ANSWER IS CORRECT, DG THE EXPERIMENT WHICH STARTS ON THE
NEXT PAGE.
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EXPERIMENT

WITH SERIES RC CIRCUIT

USING THE OSCILLOSCOPE AND A SIGNAL GENERATOR

Now that you have completed the lYessons on serles RC clrcuits, set
up your test equlpment and clrcult board and see the phase relatlon-
shlp of E. and E_, In a serles RC network. Draw an 0 scope and a
s!gnal gaﬁerator from the materlal center.

If needed, refer to the operating Instructlons on the scope and ’
signal senerator in Module Nine. Otherwise, simply study the scope
controls and the signal generator controis. As before, the osclilldscope
s a RCA Model WO33A. The signal generator |s an E1C0, Mcdel 377,

Using the serles connected RLC vector board (PB 9-6/11-6), the
oscilloscope and the slgnal. generator, do the following:

. Ensure that scope and signal generator ara off.
Turn signal generater AMPL (Amplitude) control to O.
Plug scope and slgnal generator In power source, turn
equipment on to warm up.
On the vector board, open SWi, close SW2. Thls sets up a
serles RC ‘network from T3 to Th. :
Connect upper output terminal of the slgnal generator to terminal

Th, the lower output terminal to T3.

fr%nect black jumper from upper signal generator output
terminad to the EXT SYNC/H input on Scope.
Connect screw-on test l2ad to the V Input on scope. This
test lead has three separate clips on its head, one blue,
one black, and one yellow.
From scope test lead connect the short black clip to terminal
T2 on the vector board.

- -Connect a red test lead to the blue clip; thls test lead will
be used to pick up our signal at dlfferest points in the cIrcult.
On scope, set SYNC switch to EXT posltion.

On scope, set V range to 60.

On scope, set H/SWEEP selector to 1500.

Adjust Intensity for clear distlrct trace.

On slgnal generator, set BAND selector to Range B.

Set slne/square wave selector switch to SINE position.
Set AMPL (amplitude) control to its maximum (100).

Using red test tead (from step 9) hold It to terminal T3,
adjust slgnal generator frequency selector to about 1500
cycles on scale B.

Using c-3pe conttol's SYNC/PHASE and SWEEP VERMIER contro!
adjust for a scope pattern llke this:




SERIES RLC CIRCUIT

PB 9-6/11-5

&
2 B
——
 BROWN

[ BLACTY
[ ORANGE |
GOID |

OJ }J.F ZSOO'VDC
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19. Hove red test lead from terminal T3 to T4; do not change any
scope signal generator control settings. You should have a

pattern like this (3[:25__ , indicating a phase shift of

.something less than 9C degrees.

By adjusting the SYNC/PHASE control you can adjust for a trace pattern
that 1s 180° from the pattern found at T3. We do not have a 180° phase
shift; however. this is why it's important not to change any contro!
settings once the equipment is sat up.

As in the Experiment in Module Nine, feel free to vary the signal
generator frequency, take notice of the phase relations between ER
and Ec at whatever settings your equipment is set at.
When you have completed your experiment, secure the equipment, makeﬁ_j
up the leads and turn the equipment hack into the material center.

#

YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY OF THE OTHER
RESQURCES 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 QUESTIOMS COR-
RECTLY.
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SUMMARY

’ LESSON Vi . )
’ - > T
Phase and Power Relationships '

.

A capaéitor in an AC circuit causes a phasgg?f?}ekence between
voltage and current.

The cha*t on the left represents

. the AC waveform of both current and
voltage in a purely capacitive,
idealized circult. HNotice that
current and voltage are 90° apart

or out of phase. When current is
maximum, both the applied voltage
and the capacitor voltage are min-
imum. When current goes to Zero,
then voltages are max i mum . ‘

The vector representation of the voltage-current phase relationship
in a pureiy capacitive circuit is shown below.

.
.

VECTOR ROTATION . {CAPACIT!VE)

.

9:90°

—

’f i 4 ". *

Recall the voltage-current.phase relationships for the idealized re-
sistive and .inductive circuits shown below.

A VECTOR ROTATION
90 - INDUCTIVE

VECTOR ROTATION

REZ}Z}IVE
To remember voltage-current phase relationships in pyrely inductive
and purely capacitive clrcuits, you can use the memory aid:

ELT the ICE man

ELl refers to inductive circuits (L) where voitage (E) Teads the current

) by 90°. Similarly ICE refers tc capacitive circuits {C} where cur-
rent {1) .ads voltage (E) by 90°.

In a purely resistive circuit, all apparent power is dissipated in the -
lcad. When all power the source supplies to a circuit is used by the
load, the power factor is unity (1 or 100%).

L]




Summary Eleven-vi

In purely inductive and purely capacitive circuits, all power is being
stored in the inductive Or capacitive components and returned to the
scurce through the circuit. Therefore PF = 0 for all purely reactive
circuits. 1n complex circuits with combinations of resistive and
reactive elements, the power factor {PF) is somewhere between 0 and 1,
depending on the number and magnitude of components.

As a review, the following illustration shows the relationship of
power, voltage, and Zurrent in a purely capacitive AC circuit.

A
:

(A
&)

AT THIS PDINT, YOU MAY PERFORM THE EXPERIMENT WHICH STARTS ON PAGE 167
PRIOR TO TAKING THE LESSON PROGRESS CHECK, OR YOU MAY STUDY THE LESSON
NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. IF YOU DO THE EXPERIMENT,
TAKE THE PROGRESS CHECK, AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO

TO THE NEXT LESSON. F NOT, STUDY ANOTHER METHOD OF INSTRUCTION

UNTIL 10U CAN ANSWER ALL THE QUESTiONS CORRECTLY.
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QVERVIEW
LESSON Vit

Capacitor Design Considerations

tn this lesson you will study an learn about thé following:

~variable capacitors .
~fixed capacitors
~working veltage
-WV rating and AC

~capacitor solor codes

BEFORE YOU START TH)3 LESSON, PREVIEW THE LIST OF STUDY RESOURCES
ON THE NEXT PAGE.
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L]

LIST OF STUDY RESOURCES
LESSOM ViI

Capacitor Design Considerations

To learn the material.in this lesson, you have the option of choosing,
accordIng to your experience and preferences., any or all of the follow~
ing: ' .

STUDY BOOKLET:
Lesson Narrative
Programmed Instruction

Lesson Summary

ENRICHMENT MATERIAL:

NAVPERS 93400A-1b "Basic Electricity, Alternating Current."
Fundamentals of Clectronics. Bureau of Naval Personnei.
Washington, D.C.: U.S. Government Printing nffice, 1965.

NAVSHIPS 0967~000-0140‘ '"Reference. Data."” Electronics Installation
and Maintenance Book. Department of the Navy. HNaval Ship '

Engineering Center. Washington, D.C.: U.S. Government
Printing Office, 1967.

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

3
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NARRAT FVE L 1

LESSON Vi

Capacitor Design Considerations

There ¢re two general classifications of capacitors -- (1) variable

N and (2) fixed. \ .

- Variable Capacitors : ~—

Z We are concerned with two kinds of variable cepacitors. The first
is the rotor-stator capacitor. You are nrobably familiar with this
type for your radio uses a cotor-stator capacitor to tune in sta-

ROTOR tions. As the knch turns, it causes the plates to mesh, varying
the effective plate area and con-

sequently the amount of capacitance.
STATOR _The fotor-stator normally ha§ ai~—

for its dielectric. You wili learn

more about what these variable

capacitors do when you study

resonance, which we will study

in future lessons.

A second kind of variable capacitor
. is the compression capacitor.
This type of capacitor, shown in .
7|’F *>—=SYMBOLS —= 7|'€Z the i1lustration, consists of two
plates with a mica dielectric.
The capacitance is varied by changing the distance between the
- piates simply by tightening or
MICA DIELECTRI loosening the center screw. The
compression capacitor is also
found in radios. "It serves to
make fine tuning adjustments;
however, it is not easily access~-
ible and requires shop adjustment.

symeoLs ¥
e
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Fixed Capacitors

Fixed capacitors have a fixed value of capacitance. They are
generally categorized by the kind of dielectric each uses. {om-
mon kinds of fixed capacitors use electrolytic, oil, mica, ceramic,
and paper dlelectrics,

Electrolytic

Your power supply has two electrolytic capacitors. The diclectric
is @ liquid or paste, generally paste. Electro'ytic capacitors
are used when a high amount of capacitance is required.

ALUMINUM FOIL

PAPER

O} IDE FILM

PAPER and The inside of an electrolytic
ELECTROLYTE capacitor looks something

like the iltustration {upper
left). -

An electrolytic canacitor has two disadvantages.

1) it is polarized and mus¢ be connected in a circuit
according to polarity. ) = '

& i
If connected in ceverse, the capacitor may be destroyed.
" Because it 's polarized, it charges in only one direction.

The second Jisadvantage of an electroiytic capacitor is
that it has low leakage resistance. That is, it cannot
store energy over long periods of time.
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0il Capacitor

The other fixed capac:tor that deserves special mention is the
oil capacitor, which tends to be self-healing. That is, if the
- voltage applied to the capac’tor exceeds its voltage rating, the
dielectric may break down and permit an arc between the plates.
Capacitors with most types of dielectric would be permanently
damaged, but in the oil type, the gap caused by the arc closes
when the excessive voltage is removed, and the capacitor is
useful again. DO NOT ASSUME THAT ANY AMOUNT OF VOLTAGE MAY BE .
APPLIED TO AN QIL CAPACITOR WITHOUT PERMANENT DAMAGE.

Working Voltage )

The maximum safe voltage that can be applied to a capacitor is
called the working voltage, abbreviated WV. The WV is usually
stamped on the body of the capaci tor.

Recall that if a great enough voltage is applied to a capacitor,
it can cause an arc through the dielectric between the plates,
thys damaging the component.

If you increase the thickness of the dielectric, it can take a
greater voltac-. owever, to increase the thickness of the dielectric,

the cspace bet -.nfplates must be increased, thys decreasing the capa- .
citance. Therefore, if you increase the thickness of dielectric
{assuming vou are not changing the type of dielectric}, you must
alsu increase the plate area to keep the same value of capacitance.

WY Rating and AC

In earlier lessons we learned that AC voltage is not normally
measured peak to peak. Instead, a voltmeter reads the effective
value, which is less than the sine-wave peak.

-

Now consi.der what would happen to a capacitor with a 100 WV rating

if 100 v of AC is applied to it. As une AC peaks, it exceeds i00 v
and grodby capacitor! The voltage rating of a c-pacitor !s usuaily
given in working volts DC (WVYDC). Consider a }15 v AC circuit in .
which you are called upon to repiace a defective capacitor. |If '
you were to put in a capacitor that is rated at 115 WVDC, chances
are you would damage it because the actuai voltage would

. exceed “he working voitage. Remember, you must take into con-
sideration that the AC will reach its peak value twice Ir each
cycle. Always choose a capacitor whose WYLt rating is at least
50 percent above the effective value of Al that is present in the
circuit. (Remember your meter reads effrctive values of AC.)

17
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Perhaps you have observed that the sapacitors in your power
supply are rated for 50 WVDC. However, the AC source to
the circuit Is about 115 v which exceeds the capacitor rat-
ing, Wiil the capacitors in your power supply blow up?

Why or why not?

Let's hope you remember that the transformer stepped Jown the
source voltage In your power supply to about 24 voits. Now

you can see the capacitors have a higher rating than the voltage
appiied.

“Uapatitor-ColorCodes . _

The value may be stamped ¢n the body of the component, but
sometimes values are Indicated by color codes. Because there

are so many shapes and sizes cf capacitars, no one standard system
has peen adopted. There are, however, two major systems that we
can mei.ion: :

1) Joint Army-Havy System {(JAN)
2) Radio Manufacturers Association (R.M.A.)

A compiete breakdown of these two systems and other systems clan
be found in the Electronics instailation and Maintenance Book
(E.3.M.B.), "Reference Data' section. This book is ava’lable
to you in this school and will be found on board most operating
ships in the fleat.

Take @ look at some representat ve values in the E.1.M.B. Become
faailiar with it as a referen .

Usuaily, when you find ou need to replace a cépacitor in
a specific piece of equi, . your best reference will be the
manufacturer’s manual.

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

ANY OF THE OTHER RESOURCES LiSTED. ¢F YON TAKE THE PROGRESS CHECK AND
ANSWER ALL OF THE QUESTIONS CORRECTLY, YOU HAVE MASTERED THE MATERIAL
AND ARE READY FOR THE MODULE TEST., SEE YOUR LEARNING SUPERVISOR.

IF YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THiS TIME, OR [F 70U
MISSED ONE OR MORE (UESTIONS, STUOY ANY METWOD OF iNSTRUCTION vOU WISH
UNT!L YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUEST!ONS CORRECTLY.
THEN S”% YOUR LEARNING SUPERVISOR FOR THE MOOULE TEST.

18¢
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Capacivor Design Considerations

TEST FRAMES ARE 12 AND 20. AS BEFORE,. FIRST GO TO TEST FRAME }2 AND

SEE IF YOU CAN ANSWER ~LL THE QUESTIONS THERE. FOLLOW THE DIRECT!ONS ‘]
GIVEN AFTER THE TEST FRAME.

1. Thece are two general classifications of capacitors: the class
in which the value of capacitance can be varied, and the class .
. in which the value of capacitance is fixed.

The two classifications of capacitors are:;

a. general and constant.
b, fixed and varlable..
- --c.. changing and varied.

(b} fixsd and variable
G

2. There are two main types of varlable capacitors, The rotor-

stator capacitor ls ¢ variabla capacitor that usually uses alr
as Its dielectric., .

.

A rotor-stator capacitor usually uses a/ai
dielectric.

a. mica
ceramic
air
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When the rotor is turned in a rotor-stator capacitor, the

movement of the rotor plates increases or decreases the
meshed area of the plates.

. Capacitance is varied in a rotor-stator capacitor by:

moving the stator.
changing the plate area.
changing the dielectric.

{b) changing the plate area
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B, A second tvpe of variable capacitor is the compression cupacitor
s capacitance is changed by turning the adjusting screw which
changes the plate separation.

,ADJUSTING SCREW

DIELEGTRIC
PLATES

The capacitance ot a compression capaciter is varied by:
1
a. changing plate area.
b. increasing or decreasing {istance between plates
increasing or decreasing the Ea

{b) increasing or decreasing distance between plates.

5. Capacitors that have a constant value are categorized by the
type of insulating material used berween the plates.

Fixed capacitors are named according to their:
a. dielectric.

plates.
capacitance.

(a) dielectric
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6.

Common kinds of fixed capacitors are paper, mica, oil, ceramic,
and electrolytic (paste or liquid). '

Electrolytic capacitors use chemicals in the form of a fluid
or spongy ..electric material an' are used whep a8 large quantity
of charge must be stored.

Electrolytic capacitors:
a. use a solid dielectric and have low capacitance. .

use a paste or liguid dielectric and Fave @ low capacitance.
use a paste or liquid dielectric and have.a high capacitance,

{c)} use a paste or liquid drelectric and have a high capacitance

o~

in electrolytic capacitors, the chemicals permit the capacitor
to charge in only one direction.

Tn cireuit the capacitor Is belng charged correctl&.
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In most cases the polarity of an electrolytic capacitor will be
marked on the body. 1f electrolytic capacitors are charged in

the wrong direction, they may explode.

Show how to charge the capacitor by drawing a battery across it
and labeling the terminals.

50uFD 50VDC4

S0uFD 50VDC +

x

Another type of fixed capacitor that deserves mention
is the oil capacitor.

An oil capacitor uses a/an dielectric.
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10. The oil capacitor tends to be self-healing in that, if too
high an applled voitage causes a breakdown of the dielectrlc
and an arc between the plates, the oil is capable of sealing
the gap and ‘restoring the capacitor to a useable conditlon when
the voltage 15 removed. A breakdown of the dielectrics In most
capacitors permanently damages the component.

0il capacltors: : -

are permanently damaged by arcing.
can repair themselves.

-, W Em W

\

repalr themselves

The type and category of capacitor used in your power supply Is:

varlabtle 2% X o
fixed mica.

fixed slectrolytic. .

varlable electrolytic. .

{c) fixed electrolytic

st

Match the characteristics in Column B to the type of capacltor
in Column A, °

A B

rotor-stator capacitor plate area vhanges
oi-l capaci tor plate spacing changes
electrolytic capacitor self-healing
compression capacitor usually polarized

-

© .S A TEST FRAME. &tOHPARE YOUR ANSWERS WITH THE CORRECT
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) '

M
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ANSWERS - TEST FRAME 12

1. a

IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, GO°TO TEST FRAME 20.
. OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED SEQUENCE -
BEFORE TAKING TEST FRAME 12 AGAIN.

L]

-

13. The maximum safe voltage that can be applied to a capacitor
without damage is called its working voltage. Working voltage
is abbreviated WV.

On the capacitor below, the Jetters following the voltage

are WDC. It means that Tn a DC circuit the capacitor has
o . ., a of : cvolts.

Obuf
250V wvbe

L

&

X : {working voltage; 250}

14. Recall that when we read A{ voltage with our Simpson meter,
we are reading the:

a. peak value.
b, peak-to-peak value.
c. effective value.

P T T e . T T T R Y

(c) effective value

8¢ 33 .
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15. The effective value of AC is not the peak or maximum E or |
generated for a particular alternation of & sine wave.

The ﬁeak value of an alternation is than the *
- effective value. greater/iess
{greater)
16. The effective value of the circuit shown below is equal to
what value of DC? .
a. 310 v oDC
~b. NS v DC Eg « ——
220v —pa
c. 220 v DC
{c) 220 v DC

17. Because of the peak voltage, a capacitor rated at 220 WyDC
be used in a 220 v AC circuit.

{can/cannot)

- e e m W m m om om W m m m m W om W M oW m o mim om om o m om m m w m m m m o=

(cannot)

18. if the capacitor s rated Tn WVDC and it is to be used in an AC
application, you must allow at least 50 percent more voltage
rating than the effective value of the Al voltage.

A capacitor that is rateq at 115 WDC can be used in a:

a, 50 v AC circutit.
b, 100 v AC circuit.
c. 15 v AC circeit.

- m o m Em m m om m m m m o m m om ™ o m W o W om W™ M W M om e e W m m m

Ta) 50 v AL circuit

187 194
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19. The type and thickness of the dielectric in a capaclitor are
prime factors in determining how much voltage it can with-
stand.

The working voltage of a capacitor is primarily determined by
the:

a. type and thickness of the dielectric.
b. capacitance.
c. area of the d:e!ectric.

- e W W mk m a wa e o w M oW w oW - oam m o Er M S o omr e oEm om W om L

{3} type and thickness of the dielectric

20. Select the capacitoréwhose voltage rating is the lowest that
. ) can be safely used In a circuit with a llSv AC source.

-

' : o5uf
e 200 WVDe
a. .
05u1
- b 175 WDC .
c. OSuf )
120 WVDC )

(THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT
ANSWER GIVEN AT THE TOP OF THE NEXT PAGE.)
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ANSWER ~ TEST FRAME 20

IF YOUR ANSWER MATCHES THE CORRECT ANSWER, GO TO FRAME 21 AND COM-
PLETE THE PROGRAM, OTHERWISE, GO BACK TO FRAME 11 AND TAKE THE
PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 20 AGAIN.

21. Although the values of voltage and capacitance may be stamped
on a capacitor's body, values are sometimes given in much the
same way as resistor values.

Some capacitors are .

(color coded}

- 4
22. Because there are s$o many shapes and sizes of capacitors, one
standard system of color coding has not been developed.

There are, however, two major systems -that we can mention.
These are the Joint Army-Navy system (JAN)} and the Radio
Manufacturers Assoclation (R.M.A.).

‘A complete breakdown of these two systems and other systems

can be found in the Electronics Installation and Maintenance
Book (E.I1.M.B.), "Reference Data" section. This book is avail-
able to you ir this school and will be found on board most
operating ships in the fleet.
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IF YOUR ANSWERS ARE CORRECT, 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, YOU HAVE MASTERED

THE MATER{AL AND ARE READY 7O TAKE THE MODULE TEST. SEE YOUR LEARNING
SUPERVISOR,

&
-

IF YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR IF YOQU
MISSED ONE OR MORE QUESTIONS, STUDY AANY METHOD OF INSTRUCTION YOU WISH
UNTIL YOU HAVE ANSWERED ALL THE RROGRESS CHECK QUESTIONS CORRECTLY. THEN

SEE YQUR LEARNING SUPERVISOR AND ASK TO TAKE THE MODULE TEST.
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I U SUMMARY
vl LESSON VI
Capacitor Design Considerations
There are two general classifications of capacitors -- (1) variable

jand (2} fixed.

Variable Capacitors

Variable capacitors are constructed in such & way that their capacitance

values can be changed by mechanically varying either the plate area or
the platé separation.

The rotor-stator capacitor .
shown in the diagram varies

C by changing the plate area.
This 1s determined by the de-
gree of meshing of rotor and’
stator plates. This type js

an example of a capacitor -
which' normally uses air -as a
dielectric.

The compression capacitor con-
sists of two plates with a
mica dielectric. The. capaci~-
tance is varied by changing,
the plate separation. ’

g

. R TR
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Summary

- Fixed Capacitors

F fixed capacitors have constant capacitance values and are generally

classified by the kind of dielectric used. Common dielectrics for

fixed capacitors are: paper, oil, mica, ceramic, and electrolytic.

The choice of the type of capacitor for a cizcuit configuration

* depends on many variables, such as capacitance, working voltage,
leakage resistance, and size. ' ) .
Working Voltage \

PR

-The maximum safe voltage that can be applied across a given capacitor
is called the working voltage, WV. Capacitors witﬁ“ﬁarge working
voltages usuaily have reiatively thick dieiectrics which reguire
considerable plate spacing, thus 'imiting the capaciténce.,

tn choosing capacitor working voltages for AC circuits, remember

that AC peak voltage is higher than the effective voltage. Since the

working voltage of a capacitor is usually expressed in DC, choose WY
- . values at least 50 percent higher than the AC .voltage requirements.

. . ‘ Capacitor Color Codes .

A 'single standard coding system for'indicating capacitor values does
not exist. There are, however, two major systems that are commenly
used:

i.) Joint Army-Navy System {JAN) .
2.} Radio Manufacturers Association {f.M.Al)

Cunsult the Electronics Installation and Maintenance Book {E.1.M.B.)
for a complete breakdown of these two systems and others.

AT THIS PO{NT, 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, YOU HAVE
MASTERED THE MATERIAL AND ARE READY FOR THE MODULE TEST. SEE YOUR . .
LEARN{NG SUPERVISOR. : i
IF YOU DECIDE NOT TO TAKE THE MODULE TEST AT THIS TIME, OR IF YOU MISSED- 4
ONE OR MORE QUESTIONS, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU
’ HAVE ANSWERED ALL THE PROGRESS CHECK QUESTIONS CORRECTLY. THEN SEE YOUR
LEARNING SUPERVISOR TO ASK FOR THE MODULE TEST. .
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