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LESSON PROGRESS CHECHS

Record your answers in the spaces provided. When you have completed
a lesscr progress check, compare yaur answers to the cor:ect answers.
The correct answers are located at the end of each module along with

plank pages for notes.

{F YOUR ANSWERS ARE ALL CORRECT, GO ON TO THE NEXT LESSON. IF NOT,
STUDY ANY OF THE OTHER RESOURCES AVAILABLE FOR THAT LESSON UNTIL
YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY.
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PROGRESS CHECK
LESSON

Electricity and the Electron

1. Labe! the three particles indicated.

(:r A,

5o c

&

O

2, If a neutral atom contains 10 protons and 14 neutrons,
it should contain:

a. 24 electrons.
b. 10 electrons.
¢. 14 electrons.

3. The atomic particles which orbit the nucleus are:

a. protons.
b. neutrons.
c. electrons.

|

h. The nucleus of an atom is composed of:

a. electrons and neutrons.

b. protons and electrons.

c protons, electrons, and neutrons.
d neutrons and protons.

5. Prntons and electrons normally are:
a. equal in number.

b. equal in size and weight.
c. found in the nucleus.

|




Progress Check One-1{
6. Electron movement is theoretical because:
a. the effects of electricity are unpredictable,

b. the existence of electricity is not positively known.
c. electron flow or movement cannot be directly observed.

|11

7. Which statement(s) is/are truel

The neutron is the lightest particl “ound in the atom.
Electricity is explained by the mc :nt of protons.

. The electron is the most mobile atowic particle.

All atoms have the same atomic structure and contain
the same number of electrons, protons, and neutrons.

e. Atoms may differ from each other in the numbers of
electrons, protons, and neutrons wh'ch make up their
structure.

anNn oW
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PROGRESS CHECK
LESSON 1t

Electron Movement

1. Label the atomic particles.

() c
2. State the Law of Charged Bodies:
3. Match
; 1. two protons a. attraction

2. proton and electron
3. (+) and (-)
4. two electrons b. repulsion
5. positive and negative
6. (+) and (+)
7. like charges c. nelither
8. wunlike charges
9. negative and negative
10. positive and positive
11. two neutrons

L., Match.

B

weakest attraction to nucleus
greatest attraction to nucleus
easiest to free from its atomic

orbit
A o
s

AVS IR N I
. .

11




Progress Chech One-1t
5. Which correct!ly describes "‘random drift?!

a. the general movement of electrons in one direction through
a wire,

b. the occasional straying of electrons from one nuclear
orbit to another in the same atom.

¢. the undirected movement of free electrons in a wire.

d. the haphazard movement of atoms in a wire.

1]

o
£

hi- ' correctly describes ''free electrons?"

electrons which are no longer attached to an atom.

electrons which maka up the outermost shell of an atom,

_ ¢. electrons which have become attached to another atom's
nuclieus.

oW

7. When an electron is removed from a neutral atom the atom becomes

a’/an:
3. negative ion.
b. positive ion.
¢. uncharged ion.
d. free ion.

8. The energy required to free an electron from it's parent atom
is known as:

potential energy.
atomic energy.
jonization potential.
electromotive force.

oanow

1]




Sound/Slide
Constructing a Jimple Circuit

Self-Test
Module One - Lesson I

1. In the simple circuit, what device acts as the source?
Answer

2. What device acts as the load?
Answer

3. What is the function of the source?
Answer

4. 1In a de-energized circuit, the switch is in the
position. open/closed.

5. The '"blueprint' or plan used for constructing a simple circuit
is called a diagram.

6. The negative terminal of a dry cell is the terminal
of the cell, on the outer edge/
in the center

7. When wiring a circuit, the switch should be

open/closed,

usdo 4
tabpa a23n0 3yl vo g ‘o1lewdyds G fudado 4 IMO(4 O JudLUND
534ned 1Pyl 3os0, Byl SapiAocid f ‘due| e -z ‘AidjleQ 4O (@D 2 ‘i
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PROGRESS CHECK
LESSON {11

Current Flov.

1. Draw a schematic of the ¢circuit shown below.

&

2. Which arrow correctly shows the direction of current flow?

o A
® N g
“-— B _—f‘/

3. Which correctly describes electron current flow?

a. free electrons moving in one direction.

b. the directed drift of positive and negative charges through
a wire.

c. the drifting of outermost electrons away fror their atomic
nuclei.

d. the random drift of electrons in a conductor.
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L, In which circuit will current flow?

L

®




Progress Check One-111

§. Match.
__l. cell 3. amec———
2. switch
3. flamp b. A A\ —
4., conductor
c.f___éé)___
d. —o—po—
e. S

6. Which arrow points to the negative terminal?

L
T‘\s

7. Which statement(s) is/are true?

a. Current will not flow in a circuit unless there is a complete
path.

b. When a circuit is closed, there is an incomplete path.

¢. A circuit is open when there is an incomplete path.

d. Current flow in a conductor is from positive to negative.

—
——
————
——————




Progress Check One-1V

PROGRESS CHECK
LESSON IV

Measurement of Current

1. How many electrons constitute a coulomb of charge?

2. When two coulombs of charge pass a given point in one-half second,
the current is:

a. 2 amperes.
b. 4 amperes.
¢. 0.5 amperes.
d. 1 ampere.

1]

3. Which formula is used to determine current flow?

a. Q= %
S
c. 1 =Qxt
d. t=Qx

4, Convert to scientific notation.

a. 210

b. 0.0431
c. 83,000
d. 0.001

5. Convert to Aecimal numbers.

____a 103
b 107!
¢, 10-3
_d. 107




Progress Check One-1V
6. Convert to amperes (use scientific notation).

a. 20 ma
b. b ma
c. 5 .a
d. 30 .a

1]

7. Convert to microamperes (use scientific notation).

0.003 a
0.010 a
0.000004 a
0.000020 a

1]

an oo




Sound/Slide

The Ammeter

Self-Test
Module One - Lessun V

The unit of measure for current is the .

On an ammeter, the black terminal is and the red

terminal is .

3. What indicates that an ammeter is connected with incorrect polarity?
Arswver:

4. When an ammeter is to be conanected into a circuit, the firs: step is

[ Y

5. When an ammeter is properly connected into a simple circuit, the

meter is connected so that:

a. only a small amount of the total current will pa:<s through the
meter.

b. all of the current flowing in the circuit will pa s through the
meter,

Answer:

A milliampere is equal to ampere({s).

The name for one millionth of an ampere is one ampere.

It is good practice to celect a meter having a range

than you expect to measure. greater/smaller

o~y O

BEST COPY AVAILABLE
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PROGRESS CHECK
LESSON V

The Ammeter

1. Labe! the parts of the ammeter.

R B SR

k. I

. - d

2463

T

2. Which statement(s) is/are true?

a. The basic unit of electron current is the ampere.

b. When measuring current, the ammeter must be connected in
paraliel.

c. The ammeter is used to measure coulombs per second and
is represented schematically by+

d. Polarity must be observed when conne€ting the ammeter into
the circuit.

e. Current readings will be higher when the ammeter Is connected

near the negative terminal of the cell than when connected
near the positive terminal.

"3, Which meter is properly connected for taking current measurements?

® @

Meter #1
Meter #2
Meter #3
Meter #4

an oo

111
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L. Wrich correctly lists the steps for hooking up an ammeter and
recording current?

a. (1) Place switch in closed position.
(2) Break circuit and connect meter in series (observe
polarity).

(3) Place switch in open position and take current reading.
b. (1) De-energize circuit.
{2) Connect leads, placing the meter in series and

observing polarity.
(3) Energize circuit and take current reading.
¢c. both
d. neither

5. Build the circuit shown below. Then record the current in the
blank below.

T T2 13
———®- 1
Ds2
4 ®
h-_———/r — -
18 . 17 %%

13



PROGRESS CHECK ANSWERS

MODULE ONE
LESSON | LESSON 111
1. a. electron 1. 2
b. neutron —t— (D
¢. proton T \
2. b 2. b
3. ¢ 3. a
4. d 4, e
5. a 5. 1-e
6. ¢ 2-d
7. ¢, ¢ 3-¢c
b-a
LESSON ] 6. a
1. a. proton 7. a, ¢
b. neutron
¢. electron LESSON 1V
2. Like charges repel and 1. 6,250,000,000,000,000,000 or 6.25 x 10‘8
unlike charges attract. electrons
3. 1-b 7-b 2.5
2-a 8-a 3. b 9
3-a 9-b b, a. 2.1 x 10 ,
b-b 10-b b. 4.31 x 12
5-a 11-c c. 8.3 x 12
6-b d. 1 x 10
4. 1-a 5. a. 1000
2-c b. 0.1
3-a ¢. 0.001
5. ¢ d. 100,0092
6. a 6. a. 2 x ?0_3&
2. b b. & x !0-6a
8. ¢ ¢c. 5 x 10 "a
d. 3 x 10-53
7. a. 3 x 107.a
b. 1 % lohua
c. & x IOOLa
d. 2 x !01ua




PROGRESS CHECK ANSWERS MCOULE ONE

LESSON V

l. a. positive termiral
b. pointer (needle)
€. negative terminal
d. meter dial (scale)

2. a, ¢, and d

3. ¢

L. b

5. About 0.2 amps

IF YOUR ANSWERS ARE ALL CORRECT, YOU MAY TAKE THE MODULE TEST. IF NOT,
STUDY ANY OF THE OTHER RESOURCES AVAILABLE FOR THIS LESSON BEFORE TAKING
THE PROGRESS CHECK AGAIN,




Progress Check Two-1
MODULE TWO

PROGRESS CHECK
LESSON

EMF From Chemical Action

1. Match. A 8 ¢

carbon electrode
negative terminal
2inc electrode
electrolyte
positive terminal

LV I Sl Ve 8

1

e —

2. Current flow inside a dry cell is from:

a. positive to negative
b. negative to positive.

19



Progress Check Two-1

3. ldentify the kind of cell connection used in each circuit and
the amount of voltage being applied to trne lamp.

a. _Jusv sy LSV cell connection:
T T T voltage at lamp:
b. cell connection:
voltage at lamp:
1.5V
-[ ®
’{FSV
ir
c. cell connection:
qLsv D
1 .
Jrsv voltage at lamp:

L., Which statement(s) is/are true?

a. Terminals of the opposite polarity are connected together
in @ series aiding connection.

b. Terminals of the same polarity are connected together in a
series opposing connection.

c. Both.

d. Neither.

5. Which statement(s) about electromotive force is/are true?

a. EMF Is a force which tends to move electrons.

b. EMF is the same as voltage.

c. EMF is generated by the chemical energy released as a
result of mechanical work on the cell.

d. EMF causes an accumulation of opposite charges on a
cell's terminals.

——
———
-~ op———

20




Progress (heck Two=1

6. Match.
1. Voltage a. Vv
2. Electromotive Force b. E
3. Volt c. EMF
7. Match.
LI - a. Series-aiding

b. Series-opposing

c. Parallel

J U

—————




Progress Check Two-|

8. Convert to volts. (Use scientific notation.)

a. 10 mv volts

b. 5 .v volts

C. L Ky volts

d. 30 My volits

9. Match

1. 3 .v a. 0.005 v
2. 5000 Kv b. 30 :v
3. 0.03 mv c. 12 kv
4, S mv d. § My
5. 0.000003 v e, 0.003 mv
6. 0.012 Mv ,
7. 12,000 v

i0. Convert values as indicated.

volts to millivolts
volt to microvolts
millivolts to microvolts
volts to kilovolts

x 106 volts to megavolts
megavolts to kilovolts
1000 millivolts to volts

1 microvolt to volts

2 microvolts to millivolts

WA &L - N

- T 0 LOOTWL

. 3 x IO“ kilovolts to megavolts
1 kilovolt to megavolts

rL‘O

22
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PROGRESS (HECK
LESSON |

Magnetism

1. Which set of magnets will be attracted?

i
P

2. Wwhich diégram correctly shows the directional property of
flux lines?

- . b.
| E S -

23




Progress Check Two-11

3.

k.

5.

Which statement(s) is/are true?

a. Opposite poles of a magnet have opposite magnetic polarity.

b. The force of magnetic attraction of a magnet is uniform
throughout the magnet.
¢. The magnetic attraction of a magnet is greatest at its

S ——
A ——
e ——
——
—

center.

d. The magnetic force of a magnet is present only at its
poles.

e. The magnetic force of a magnet surrounds the magnet in a
field.

Label the unmarked bar magnets with N or S.

t\
VV

(

o

e

W, \

~

s

Which correctly states the Law of Magnetic Poles?

. Lines of force rep-1 each other.

Like magnetic poles repel; unlike poles attract.

Magnet ic attraction will always be strongest at the poles.
Lines of magnetic force are polarized.

1]

on oW
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6.

7.

Which statenent{s) is/are true?

The strength of a magnetic field at any point is indicated
by the flux density.

Flux density for any magnet is greatest at its poles.

Flux density increases as distance from the poles increases.
A strong magnetic field contains few lines of flux.

The attraction for a piece of iron is strongest where the
flux density is highest.

magnet, the external lines of force:

leave the magnet from the north pole and enter the south
pole.

often cross each other.

leave the magnet from the south pole and enter the north
pole.

may be broken by a piece of iron shielding.



Sound/Slide
Electromagnetic Induction

Self-Test
M..'.Je T.C = LL" bR G AN t ’ =
1. The left-hand rule is used to determine the direction of flow

in a generator.
2. When using the 'efg-hand rule for generators, the thumb points in the direc-
tion of , and the first finger in the direction of the
. The center finger will point in the direction of

—— -

3. If the field is moving rather than the canductor; the
should point in the direction of motion of the conductor.
L, A majnetic fiald is always visualized as having a direction that is from
to .

uINosS ‘yldou ‘§ faAjle(AL ‘qunyy ¢ I(J3puo
1BY) Ul) MO} JUIIND ‘xNry U0 PIIf4 ‘UoiIoW 4O ISNIYY 7 LIudLIND 7

26
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PROGRESS CHECK
LESSON 11

Electromagnetic Induction

1. Electromagnetic induction is:

a. the process by which magnetism is produced by an electric
current flowing through a conductor.

b. the generation ot tMF caused by a difference in charge
between two points.

c. the movement of electrons or current through a conductor.

d. the action which causes electron displacement in a con-~
ductor when lines of force move through it.

———
————
———
———

2, List tha three factors that determine the amount of induced EMF.
1)
2
3)

3. Which ccrrect!f illustrates the Left-Hand Rule for Generators?

Q
9. ‘-‘\0 L b. .\OQ
Q@ %,
Q?
Flux o
ELECIRON
MOVEMENT
ELECTRON -
MOVEMENT §
<
- ___d.
¥
= “
<
&
5
ELECTRON ©
Mux MUVEMENT

ELECIRON
MOVEMENT

27
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1 x
L. Match,
-*
1. e - a. electron displace-
R F i “ls ment toward X
' _—.—-Q.
Y
b. electron displace-
ment toward Y
2.

5. Label the polarity of the conductor.

28
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6. Electrons will flow from:

7. Which statement(s) is/are true?

a. Decreasing the speed of the conductor through the magnetic
field results in more EMF.

b. A magnetic field is stronger if the flux density is
increased.

c. If the srr=ugth of the magnetic field is incrcased, EMF
viiil decrease.

d. If the number of turns of wire (or loops) in a magnetic
field is increased, more EMF results.

e. EMF is greatest when the conductor is moving paraliel to
the lines of flux.
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PROGRESS CHECK
LESSON {1V

Generating AC Vol tage

1. For the sine wave shown, how much time is required to complete one

cycle?
i t { { { { t 1
N P
. A\ : i :

! ] ] P
t | *. |
b r ? T
! 3 ? 7 8 seconds
{
I\ N Y AT T\ (A &
i 1 N | 1 1N\ L/ |
e e

a. L seconds

b. 8 seconds

c 2 seconds

d. 6 seconds

2. What is the frequency of this sine wave?

(R

1 Hz. 1 {

1/2 Ha.
{1 second.
2 Hz.

!
I
1 }
1 t_ 2 ' seconds
!
]

-

a0t oow

111

3. If the time required to complete one cycle is 1 millisecond,
the frequency of AC is:

10 Hz.

100 Hz.
1000 Hz.
10,000 Hz.

anow

4. List the two factors which determine the frequency of a generator.

1)
2)
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5. induced EMF would be maximum at:

— AUX LINES
AUX LINES
b.
— FLUX LINES
AUX LUNES
d.

6. Wha: is the peak-to-peak value of the sine wave shown?

peak-to-peak =
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7. Which correctly describes a cycle?

one alternation
two alternations
three alternations
four alternations

an oo

g

st AC meters are calibrated in:

average values.
peak-to-peak values.
effective values.
amplitude values.

an oo

1]

9. Match the lettered parts of the graph to their appropriate terms.

1. sine wave

2. cycle

3. alternation

4. negative peak amplitude
5. positive peak amplitude
6. zero EMF

7. effective value (RMS)
8. peak to peak amplitude
9. period




Progress (Check

Two-~1iV

10, Which statement(s) is/are true?

11.

The number of cycles per second is called the amplitude.

ar

AC
d. Al

]

a
b. The peak value of a sine wave is the maximum positive

max it un negative value attained during one cycle.

c. One cycle of a sine wave is produced each time a simple

generator rotates one complete revolution.
voltage values are usually expressed in effective

values.

The symbols
and voltage

-

-

ano oo
e e p e
L J

11

-

used to represent instantaneous values of current
are:

N MM

33



Sound/Stide
AC-D( Generator Qperation

Self-Teat
Module T.0 = Le~son V

1. List the three requirements for electromagnetic induction to occur.
There ™us: be:

a.
o.
c.

2. A generator is a device used to convert energy into

energy.

3. An AC generator will have while a DC generator will
have .

L., 1nside the wire loops (coils) of either an AC or DC generator, the
direction of current is .

constant/changing periodically

5. Draw a graph of the current inside the wire loops (coils) of a generator.

0 }~4— $ -
a. for 90° rotation 90~ 180" 270° 360"

b. for 270° rotation 0
[} 4 4 2

L B 1 |

90° 180° 270° 360)°

6. The current is maximum at:

a. 0.0180°. and 360°
b. 90o o
¢. 90 and 270

Oéi\gif (6 0 g6 0O
A U : :‘9
4
‘q ‘e G ‘tA{iedi1porsad butbueyo 4y ¢ (49pso 3e4]

ut) J4olernuwod e “‘sbuts diys *f  f(J43pJO Jeyl uvi) 81143093 ‘flestueydaw 7
1{49pJ0 Aur Ul) LOLIOW ArilIe(AL *D ‘platy S1jaubew e 'q *‘a030npuod e e ‘|

-
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PROGRESS CHECK
LESSON V

Uses, of AL and DQ

- —— e = e oA ———

1. Match the lettered parts in the diagram to their appropriate
nares ur functions.

A

H armature

2. slip rinas

3. brushes

L. rotating loop

5 creates lines-of-flux
6. magnet

2. Another name for an AC generator is:

a stator.

b alternator.
¢. <commutator.
d rotor.

e CROW model.




Prougress Chechk Two-V

3. The brushes that carry current from the slip rings to the
outside circuit are usually made of:

lead.
zing.

copper.
carbon.

oafn oL

1]

L, Which statement(s) is/are true?

a< A commutator is a switching device.

b. Slip rings are normally made of copper.
¢. A commutator is used to change DC to AC.
d. Slip rings are used in a DC generator.

- em————
A
e p—
« ap—g——

5. Label the polarity of the brushes.




Progress Check Two-V

L ]

6. Which diagram shows the output waveform taken from a commutator?

’ Bl
o —
7. Match.
_ .1, usually used for transmission over a. AC
great distances with low loss of
e.ergy

2. the output generated does not vary
in direction
3. generator has its contact ring b. 0C
divided into segments (commutator)
L. generator has 3lip ring which trans-
mits EMF to the load
5. voltage may be inci'ecased or decreased
in value with a low loss of energy

8. In what positicn of the commutator would induced EMF be
maximum,

A. B.
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Sound/Stide
Voltage Measurement - The DC Voltmeter

Self-Test
Module Two - Lesson Vi

1. When a meter is said to be “polarity sensitive,"” it make
does/does not
a difference which lead is connected to the positive or negative side
of the source.

2. 0OC voltmeters “‘polarity sensitive.'
are/are not

3. The red lead should be connected to the side
of the source. negative/positive/either
L. A yoltmeter is connected in with the component across

series/parallel
which voltage is to be measured.

5. When measuring the voltage across the load, the voltmeter is connected
so that:

a. all of the current flowing through the load flows through the meter.
b. a small part of the current is passed through the meter.

q g ‘1ajjesed 4 ‘3ag3jsod ‘¢ ‘tade 7 1s30p ‘|

Q 38
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PROGRESS CHECK
LESSON Vi

Measuring Voltage

1. Which schematic shows the voltmeter correctly installed?

A, B. C.

£ o

® T ® A

.

L

-6

2. To measure DC voltages, a voltmeter must be connected:

in series with the load being measured.

in parallel across the component or source to be measured.
across a potential difference.

with its red lead to the negative side of component being
measured and black lead to the positive side.

onNn o

1]

3. Between what points can voltage be measured?

and
and
and
and
and
and

o>
mMmMOOO
l > l

o

-0 Qan oW

+
-t

L. what is the potential difference across the lamp?

®

volts

39
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5. wWhich statement(s) is/are true?
a. Voltage can be measured only - iross a potential
difference.
b. A difference in potential exis': where EMF i< generated
and where enerqgy is used by the load.
c. The schematic symbol of a voltmeter is —@—
d. Polarity must be observed when measuring DC voltage.
e. A voltage drop occurs where EMF is generated.
f. A voltage rise occurs at the voltage source.
6. To which point in the diagram would the negative terminal of
the voltmeter be connected? (Circle your answer.)
A 8
dil;
7. What is the total EMF produced by the two batteries?
N
A l | I~ ‘ 'y B EMF = volts
6v 3v
8. What is the potential difference between points A and B?
A® 4‘! z§ Jlx‘ B
6v 1,5v
a. 6 volts
b. 4.5 volts
c. 7.5 volts
d. 1.5 volts
9. Complete the table:
Voltage between:
B

9 Llyly)

Lo
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10. Which of these meters would be most useful for measuring
0.000070 volts?

a. b c.

11. Which meter(s) is/are correctly connected for measuring DC voltage?

a. meter #1
b. meter #2
c. meter #3
d. meter #4
e. meter #5

12. Label the polarity of the voltmeter terminals.

a.

L



Progress Check Two-VI

13. Using PB 0-1, build a simple circuit according to the schematic below.

r’; —

17

Energize the circuit, then measure and record voltage:
a. at the source (between T1 and T8). volts

b. across the load. volts

¢. across the closed switch. volts

b
.'1: |

De-energize the circuit, then measure and record voltage:
d. at the source (between T1 and T8). volts

e. across the load. volts

f. across the open switch. volts

L2




LES
1-d
2-a
3-b
Lh-e
5-¢c
a
a.
b.
c.
a,
a,
1-b
2-¢
3-a
1~c
2-¢c
3-a
b-a
5-b

a.

b
c.
d

i-e
2-d
3-b
b-a
5-e
6-c
7-c

PROGRESS CHECK ANSWERS

MOOULE TWO

SON |

10.
parallel, 1.5 volts
series, 0 volits (opposing)

series, 4.5 volts (aiding)

b, ¢
d
1.
2.
3.
4.
1 x 1072y 5,
. 5 x 10—6 v 6.
b x 103 v 7.
.3 x 107 v
1.
2.
3.

L3

LESSON | (Cont'd)
. 5,000 or 5 x 103 mv

a

b. 1,000,000 or 1 x 106 .V
c. 4,000 or 4 x 103 .v

d. 0.004 or & x 1073 ky

e. 5 My

f. 3,000 or 3 x 103 kv

g. Vv

h. 0.000001 or 1 x 1070 v

0.002 or 2 x 1073 mv
30 Mv
0.001 or 1 x 1073 My

T her e
[ ] » -

LESSON "1
b

2 2 =

LD o o w

LESSON i}

d

1) strenglh of magnetic field

2) speed of telative motion between
conductor and magnetic field

3) length of conductor in magnetic field

o



PROGRESS CHECK ANSWERS MODULE TwWO

LESSON 111 (Cont'd) LESSON IV (Cont'd)
L, 1-b ) 10. b, ¢, d
2-t 11. ¢
3-a
L-b LESSON V
5. 1. 1-B
2-D
3-C
L-B
6. 5-A
6-A
2. b
LESSON 1V 3.
1. a L. a, b
2. a 5. A.
3. ¢ -
L, 1) the speed of rotation
of the armature (coil of B. = >0
wire)
2) the number of pairs of
magnet’c poles in the
generator 6. A"p_q &
5. a, ¢ 7. 1-a
6. 120 volts 2-b
7. b 3-b
8. ¢ ey
9. 1-H 5-a
2-D 8. 8
3-t
L-¢
-
6-A
7-F
8-G
9-D




PROGRESS CHECK ANSWERS MODULE TWwO

LESSON VI
1. B
2. D, ¢
3. a, ¢, d, f
L, o v
5. a. b, ¢, d, f
6. A
7. 9 volts
8. b
a1 e | | m|
v 3v ov Hv j
10.
11. a, ¢
12. a. (-)
. {+)
13. a. 3 volts (approximate)

c
a

a

b

a

b. 3 volts (approximate)
c. zero volts

d. 3 volts (approximate)
e. zero volts

£

. 3 volts

IF YOUR ANSWERS ARE ALL CORRECT, TAKE THE MODULE TEST. {F NOT, STUDY
ANY OF THE OTHER RESOURCES AVAILABLE FOR THIS LESSON BEFORE TAKING
THE TEST.

L5 -
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PROGRESS CHECK
LESSON !

Characteristics of Resistance

1. List three factors that determine the resistance of a conductor.

(1)
(2)
(3)

2. Which is the poorest conductor?

a. gold

b. copper
c. aluminum
d. carbon
e. silver

3. A material is a conductor because:

a. its atoms can easily accept and give up electrons.
b. its atoms do not readily accept or give up electrons.

4L, Define resistance.

5. The letter abbreviation.for resistance is and its unit
of measurement symbol is .

6. Which section of copper wire has the most resistance?

a. b. c.

i —— e —— ——

L9




Progress Check Three-|
7. Which stateent{s) is/are true?

a. Resistance is a measure of the amount of current flow in a
conductor.

B, AN egterial L Uffer <ove amount of opposition to electron
ﬂD'.—.;.

¢. The more resistance a material has, the smaller the
current it will conduct.

d. The atomic structure of a material has very little effect
on ity resistance.

e bt
——
D
——

8. 33 h =33 x 100 = (in basic units).

9. 1.0 x !03 hilohms equals one .

10. Which is true?

500,000 ohms equals 50 Megohms.
Ohms divided by 1000 equal Megohms,
Ohms divided by 1000 equal kilohms.
0.5 Megohms equals 500 kilohms.

onNn ow

|

11. 1f tha length of a conductor is halved, what is the effect on its
resistance?

12. Which section of silver conductor has the least resistance?

50
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13. Which taterent{s) iv/are true?

a. The greater the cross-sectional area of a conductor,
the smaller the resistance.

b. The areater the cross=sectional area of a wire, the
higher the resistance.

¢. An insulator is a material which aids electron flow.

d. Rubber, glass, and porcelain are examples of poor
conductors.

e. Non-conductors have a low resistance.

f. Good insulators have a high resistance.

g. The unit of measure for resistance is the ampere.

[T

If you don’t know what it does don't fool with ijt!

51
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PROGRESS CHECK
LESSON 11

Resistors

1. Resistors are usually classified according to:

a. the materials used for their resistance elements.

b. their ohmic value or amount of resistance they possess.

¢. whether their resistance value is fixed or can be
varied.

d. their physical size.

2. Which statement{s) is/are true?

a. The value of a fixed resistor is set and cannot be varied.

b. Potentiometers and rheostats are classified as fixed
resistors.

c. More than one resistance value can be obtained from a
tapped resistor; however, each of these values is fixed.

d. The maximum resistance value of a tapped resistor depends
on the number of taps or connections that it has.

T

3. This illustration shows a:

a. rheostat

b. potentiometer

¢. sliding contact resistor TERMINAL
d. tapped resistor ‘

52
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b, Which Circuit shows a rheostat?

l“

— A ___ B
- - .- -
Y
e e AR . A

f

.

i
—

i

—
- g—r »
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5. Draw the schematic symhol for each of the resistors illustrated.

%4




Progress Check

6. Match.

1.

£ W

on ~ oM

NN

inexpensive and easy to a.
manufacture

ohmic values tend to change b.
with age

€)-.ensive to manufacture

able to carry large amounts

of current without damage

low current handling capabilities
highly accurate resistance values
ohmic values not highly accurate;
wide tolerance range

resistance values very stable
over long periods of time

7. Which statement(s) is/are true?

Three-11

carbon resistors

wire-wound resistors

Resistor value refers to the number of ohms of resistance

a resistor has. .
Resistance is a physical property.

It is possible to tell the resistance value of a resistor

from its physical size.

Resistors with greater cross-sectional area have gica.er

resistance.

8. Which resistor has the most resistance?

a.

b.

CQ

—f) woo.  }—
—) m —
R
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9. The waltaye rating of a resistor:

a. determines a resistors ohmic value.

b. determines the maximum current a resistor can safely carry.
¢. refers to the amount of resistance possessed by a resistor.
d. is determined by the resistor's physical size.

10. Match.
1. highest ohmic value a. (:5""r;;ff'“"_::)“__
2. highest wattage rating . o
b'h-{) 0.0000sM"~  }—-
- 2r. ——
c. ‘ ; , 1X107 :)

11. in which circuit would the lamp burn brightest?

a. b. <.

!
l
|
l

56
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PROGRESS CHECK
LESSON 111

Resistor ldentification

1. What is the ohmic value of the resistor represented by the
diagram shown?

57 ohms
68 ohms
570 ohms

680 ohms m BLACK

an oo

2. A resistor is coded with four color bands. 1lhe first band is
green, the second is blue, the third is orange and the fourth
i+ gold. What is the resistance of this rcsistor?

a. 45 Kohms
b. 56 Kohms
< 67 Kohms
d 560 Kohms

3. What is the ohmic value of the resistor illustrated by the
drawing shown?

a. 36 Kehms
b. 47 Kohms YELLOW
c. 360 Kohms

| d. 470 Kohms VIOLET

ORANGE

L., wWhat is the ohmic value of a resistor whose first color band
is orange, second band is orange, and third band is green?

a. 2.2 Megohms
b. 2.3 Megohms
c. 3.2 Megohms
d. 3.3 Megohms
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6. The tulerance of this resistor is:

m_

7. Which is the correct sequence of color bands on a 24 Kohm resistor

3. vyellow, red, orange, silver.
b silver, red, yellow, orange.
¢. red, yellow, orange, gold.

d. red, yellow, orange, silver.

!
|

8. Color band ''b'" on the resistor below indicates the:

first significant figure abcd

second significant figure

tolerance

1]

anow

9. What is the resistance of the resistor illustrated in figure #17

a. 5.63 ohms
b. 56 kohms
c. 56.3 ohms _Q RCA2GFS63Id )'_
d. 563 ohms

10. What is the magnitude of resistance offered by a resistor that
has the designation '"RC22B304K"7

a 100 kohms
b 10 kohms
c. 10.4 kohms
d 22.1 kohms

11, Wwhat is the resistance of this resistor?

a. U475 kohms ————m —

Y. 4.7 megohms _6 )__
¢c. L47.5 ohms RN6OBATSF

d. 475 ohms




Progress Check Three-{V

PROGFESS CHECK
LESSON 1V

The Chmmeter

1. The principle function of an ohmmeter is to measure the
magnitude of:

a. current
_____b. resistance
¢. voltage
d. conductance
2. in the schematic shown, which ohmmeter will indicate the resistance

of resistor §}

on oW
" s = B
13

L)

1]

3. On the diagram shown, an ohmmeter must .be connected between
points to measure the combined resistance of
resistors A and B.

a. 1| and & C B A

—— b Zand 3 e AN e AAA A AN A
c. 2 and & 1 2 3 4
d. 1 ana 3

L. When resistance is measured using the ohms function of a mult]-
meter, minimum resistance values will be indicated when the meter

pointer is at the portion of the ohms scale.
a. linear portion
b. extreme left
€. extreme right
d. center

5. When resistance is measured with a multimeter, the scale

is such that maximum resistance is indicated at the .
a. extreme right
b. extreme left
c. linear portion
d. center
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6. When measuring a 100 Kchm resistor, the pointer on the ohmmeter

<cale indicates 10. In what pusition is the range selector?
A R x 10
___b. Rx 100

c. R x 1,000

d. R x 10,000

7. wWhat will the pointer indicate on an Ohmmeter scale if the range
selector is set to R x 10,000 and the resistor being measured is
5.6 Megohms/

___a. 0.56
b. 5.6

____c. 56

____d. 560

8. The pointer of an ohmmeter indicating mid-scale, with the range
selector in the R x 100 position, will when the
range sclector is moved to the R x 10,000 position.

a. move toward infinity
b. not move
¢. move toward zero




LY ]

F I VS I S I

PROGRESS CHECK ANSWERS

MODULE THREE

LESSON 1

(1) type of material used

(atomic structure of a
. material)
(2) length of conductor
(3) cross-sectional area
of conductor
d
a
Resistance is the property
of a material that opposes
current flow.
R, .
b
b, ¢
33,000..

megohm

. ¢, d
. Resistance will be halved

. a
. a, d, f

LESSON 11
a, ¢

a, ¢

b

B

5.

- \D 00 ~J

1.

Ll VY I N

LESSON !{ (Cont'd)

VS

. A~
© A A8

o> o

6 aa eonoeooe e %
é@

-

0 N = T 0 B 0~ O \N 2 W M = -n B O 0N

LESSON 111

b

b
b
d



PROGRESS C(HECKH ANSWERS MODULE THREE

LESSON 111 (Cont'd)

a

-t - A\D o ~d o N
o . . . . .
o o o O n

—
o

LESSON 1V
5

N

o ~d O 1 W o -
o o o N0

IF YOUR ANSWERS ARE ALL CORRECT, YOU MAY TAKE THE MODULE TEST. |IF
NOT, STUDY ANY OF THE OTHER RESOURCES AVAILABLE FOR THIS LESSON BEFORE
TAKING THE PROGRESS CHECK AGAIN.




Progress Check Four-1

PROGRESS CHECK
LESSON 1

Mea~uriry Current in a Series Circult

1. State the correct definition of a series circuit.

2. Compute and record indicated values of circuit current.

a. b.
i 6A
~d é s SN
—T— ta 10V
| gy 12A
R — AFAA

a. | b. i

R2 R1

3. Which schematic shows the meter correctly installed for
measuring current?

a. b.

e AA—— AN
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L, Match the ~cheratics to their appropriate characteristics.
,—J\,P-J/\A——T { _._F: N ]
a. --:'-L-- b. L < 7/ ‘.
. = < /} “.
(] N
1L _
'
o :®
c d. <; e ﬁ;
= — NS S e
T .S A/ 1\1)
— 7/
1. more than une path for current flow
2. series circuit
3. paraliel circuit
L. only one path for current flow
L  To measure direct current on any scale, except the 50 micro
amp scale, the meter function switch must be in the
position.

6. Which illustration indicates a current value of 20 .amps?
a. b.

\ 150
3
s

bgg
2

200

<,
.’0

S00MA™ /_—10MA A< oA
sov_Jég;fe;A_"nA agv \ /IMA
T et -

.:‘6‘5




Progres~ Check Four-1|

7. Using Practice Board 0-1, a 62 k resistor, and one dry cell,
construct a series circuit as ﬁpdicated by the schematic and
close the switch, then measure and record circuit current.

tf; '\/'./V“—%2
Ry 62K
L ¢
— e "c
1] 17

8. Wwhat is the current reading indicated below?
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9. On the illustration below, check the arrows which point to the
jacks used when making current measurements in the ranges of
0-1 ma, 10 ma, 100 ma, 500 ma.

Nimpsdon
!

»

e e
e N,

10. Modify the series circuit you constructed for question #7 as
shown below and close the switch, then measure and record
circuit current.

— N A

T
L~

18 i?

70
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PROGRESS CHECK
LESSON (!

Voltage in a Series Circuit

d——a 4 ey — A e ea—

1. Study the ~cheratic, then chech the statement(s) that is/are true.

- Ea
: — W
-, ER2 T

. G
AW
5V

The voltage rise is equal to the sum of the voltage drops.
The total voltage dropped is 13 volts.

The voltage drop across Rl is greater than the voltage
drop across R2. -

The voltage rise at the source is 4 volts.

The total applied voltage is 18 volts.

The rise in potential is 9 volts.

The polarities indicated for both voltage drops are correct.
The polarity indicated for ERI is correct.

N oW

O MmN Q

A

2. Select the resistor in each schematic that will have the largest
voltage drop.

_ ____b.
lsil J‘ L
14 L W 1
Ea 20V J J Eo S0V
2 R £
1 R3 R
v “> é'o 2 a5
VA
R 5.
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3. Match lettered arrows on schematic to corresponding voltage

concepts. A s
i

AT

o

1. voltage rise ,
2. "0'" difference in potential .
— e

3. voltage drop

k. Compute and record the correct amount of total voltage rise or
drop in each schematic.

gy 3V
—A\ N
a -
2 -zv ~tR2
- -
—1—-1 -«
voltage drop
Ep3 2V
b.
—_— Egy LSV
voltage rise
4#1
fra 1SV

12




Progre~s Check Four-{t{

5. Co pute and record the source voltage (Ea) in each schematic.

Epq 25v
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PROGRESS CHECK
LESSON (1!

The Multimeter as a Voltmeter

1. Match.
e
1. a. AC voltage meter
connection
VAV b. DC voltage meter
connection
c. incorrect voltmeter
‘ I connection (AC or DC)
-~ ,
2. e L2 (5;)
—_— S g
wotome
3
“ @3

[(n
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2.

Checkh the statement{s) that is/are true.

a. When measuring voltage with a multimeter, the function
switch must always be in the +DC position.

. When reading DC vultage, polarity must be observed.

€. When measuring DC voltage with a multimeter, correct
meter connection will cause pointer deflection to the
left of zero.

d. Meter polarity of the Simpson 260 can be changed by
moving the function switch to cither +0C or -DC.

e. Meter polarity of the Simpson 260 can only be changed
by removing the test leads from the circuit and reversing
them,

Interpret the meter DC scale below by matching the indicated
voltage to the range switch position.

%

-

?
Range-Switch Position DC Vol tage
1. 10v a. 540 volts
2. 50 v b. 135 volts
3. 2.5 v c. 27 volts
L., 250 v d. 1.35 volts
5. 1000 v e. 5.4 volts



Progre- - Check Four-t1i1

L., Checkh the lettered parts and scales cof the multimeter that are used
for m¢a~uring DC voltage.

BEST COPY AVAILABLE

76
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5. The diagram below illustrates a circuit with a variable resistor,
a fised resistor, and a source connected in series. The variable
resistor is shown at three different settings.

Check the statement(s) that is/are true.

a. The largest voltage drop will take place across the least
resistance.

b. The voltage drop across the variable resistor is always
greatest. :

¢. The voltage drop across the variable resistor will become
greater or smaller as the resistance goes up or down.

d. The voltage dropped across a fixed resistor always remains
the same.

e. The sum of the voltage drops always equals the applied
vol tage.

77
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6. Using Practice Board 0-1 and components drawn from the material
center, construct a series circuit as indicated by the schematic.

‘:'-——Eo——fvv\»—'i—'vvv‘——?.
Ry 4.7 Ry 10
T asv
v ' R3 22 ..
o .-"" P o a A\ A A A ‘
Ts % T8 Ts

Energize the circuit then measure ard record DC voltage at
the points indicated below.

Test points T2 to T3.
Test points T3 to 75,
Test points T5 to 76.
Test points T7 to 78.
Test points T1 to 1B.

nan ol

Open the switch and measure and record voltage at:

f. Test points T7 to T8.

7. Check the statement(s) that is/are true.’

a. Polarity does not have to be observed when measuring AC
voltage.
b. When measuring AL voltage with a multimeter the function
switch is not used.
c. The black DC arc on the Simpson 260 is used for measuring
AC voltages.
d. The figures directly below the scale marked 2.5 VAC only on
the Simpson 260 sre used for measuring AC voltages 2.5 v or less.
e. fhe figures above the red AC arc on the Simpson 260 are used
for measuring AC voltages.




Progres~ Chechk Four-1{t

B. lnterpret the meter reading and record the indicated AC voltage
for each range switch position.

T IR LA W T T

RPange Switch Position Meter Reading
a. 10 v volts AC
b. 50 v volts AC
c. 2.5 v volts AC
d. 250 v volts AC
e. 1000 v volts AC

BESTCOPYAVNMBLE




PROGRESS CHECK ANSWERS
MODULE FOUR

LESSON | LESSON 1! (Cont'd)
1. Only one path for current 5. a. 35 v
flow. b. 55 v
2. a. 6 amps
b. 12 amps LESSON 111
3. a 1. 1. b
k. 1-b and 4 2. a
2-3a and ¢ 3. ¢
3-b and d 4. a
b-a and ¢ 2. b, d
5. +DC or -DC 3. 1. e
6. a 2. ¢
7. Approximately 25 .amps 3. d
8. b 4. b
9. ¢, e 5. a
10. Approximately 250 milliamps 4. b, e, f, g, h, |
5. ¢, e
LESSON It 6. Approximately
1. a, ¢, f, g, h a. 1.25 v
2. a. Rl b. 2.6 v
b. R1 ¢c. 0.6 v
3. 1. a a. O v
2. band d _ e. b.5v
3. ¢ f. L.5 v
4., a. 6.5 v (drop) 7. a, d, e
b. 3 v (rise) 8. a. 7.5 VAC
b. 37.5 VAC
c. 1.9 VAC
4. 187.5 VAC
e. 750 VAC

80




PHOGHESS LMECK ANSWERS MODULE FOUR

PE YOUR ANSWERS ARE ALL CORRECT, YOU MAY TAKE THE MODULE TEST. {F NOT,
STULY ANY OF THE CTHER RESOURCES AVAILABLE FOR THIS LESSON BEFORE TAKING
THE PROGRESS CHECK AGAIN.

PIIOR SHOT-

81 -



Pecgre,- {heck Five-d

PROGRESS (HEC(K
LESSON 1

Veltase. Current, and Resistance

Too A circuit tmat has only one path tor current flow is
a/a- circuit.
a. open
b series
c.  shert
¢. parallel
2 1T Circuit resistance is physically changed to a higher value,

ard the applied voltage remains dnchanged, circuit current will:

~a. increase.
U decrease.
" ¢. remain the same.
d ircrease by the square.

]

3. Wnat is the value of Ep1 in the diagraneshown below?

— 3 e i ?
c. 80 v -
— —ta 60V
= 1o0v
AAA
Ep3 20V

-

If the value of valtage applied to a circuit is physically
doubled while circuit resistance is unchanged, circuit current
Wwill:

. =4 ma
a. decrease by four times, e
____ b, double.
c. rerain the samre.
d. increase by four times, __L-Eo
T 10V ? Ry
e o P S—

E7




Progres, (heck Five-l

§. Physicall, reducing a circuits applied voltage to half of its
original value «.ill cause the circuit current to be:

a. falved.

r Joebled.
¢. tripled.
Jd. quadrupled.

6. Tre state-ent, "Circuit current is directly proportional to
the applied voltaqge and inver«ely proportional to circuit re-
sistance,' s hnown as:

d4. Rirchhoff's Law.
) Joule's Law.

.. Ohm's Law.

d Weber's Theory.

7. Prnysically decreasing circuit resistance will cause circuit
Current to:

a increase by square.
b. decrease.

< increase.

d resain unchanged.
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PROGRESS CHECK
LESSON 1

Qhmts Law Formula

1. Cunverting chemical energy to electrical energy within a source
describes a:

a. fall in potential.
b. rise in potential.
<. voltage drop.

d. power transfer.

2. Wwitat is the value of the voltage drop across a 30-ohm resistor
that has 2 amps of current flowing through it?

_____a. 0.06 volts

____b. 15 volts

____c. €0 volrs
d. 120 voits

3. What is the value of current?

V4
T a. 1.66 ma —, T~
b. 16.6 ~a
c. 166 ma £s
d. 1.66 a — Jov éntm
) R p
.
S
L., what i< the value of the load resistance?
a. 300 ohms 4 ma
b. 480 ohms — . .,-_df_____
< 30 Kohms
L d 48 kohms
._:__ k
T 120V gﬂL

e - - - ——— e
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5. Wnat is tre voltage drop acro,s a 1 kohm resistor that has
2 =a of current flo.ing through it?

a., 2 v
o o, - v
::::‘c. 2 v

d. 0.5 My

6. Which of the folluwing mathematically expresses Ohm's Law?

a [:E—-
—_— R

v, f - Ik

<. W =FD
")

__d. P=T:

7. whicn of the following accurately describes the conversion from
electrical energy to heat energy within a resistance?

voltage drop
current loss

rise in potential
power loss

L. O U

———

8. what is the value of source voltage in the circuit diagram
“ hC‘.‘.ﬂ be : ':)'n‘.'?

a. 6 v
_____b. 8 v
T 12 v
4. 24y AN
Ry 2K
| —2ma
L —AAA
IbrbK
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9. 50 wolia, applied arrgss 3 resistor, causes § amps of current
to flow. What is the value of the resistor?

___a. 10 ohms,

b, 25 oms,

€. 250 ohms,
d. 2.5 hohms.

10. What is the value of total current in the diagram below?

4. 2 ma — AN 3
b. 5 ma K .
c. 2 a B Ry 5K
d. § a
d. Ee
— 4y
-1 ﬂ39ﬁ
& 7K .
AN\~

11. What is the value of current flow if a 40-ohm resistor is
connected across a 20-volt battery?

a
a

[ > o T o g+ T]
vy oo
TR TRV o N

1]

12. What is the value of the load resistor in the diagram shown

below?
i=iOma
a. 10 ohms. @)
b. 100 ohms.
¢. 1 kohm. 1 ta
d. 10 kohms, _— 00V

—~— Rt ?
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13. wWhich ot the following is a characteristic of the circuit

represented by the diagram shown? Ry
[
a. Voltage drops are eqgual, L
. Total resi-tance i+ Hralier -

than the smallest resistor.

c. Total current is the sum of Ry
individual currents. Ry

R

d. Total resistance is greater
than the larges. resistor.

14. Wwhat is the rrsistance of R3?

a. 8 ohms
b. 12 ohms
¢c. 18 ohms
— d. 20 ohms

15. What is the value of RT?

765 kohms
15.5 kohms
15.75 kohms
. 765 Kohms

O ow

11
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PROGRESS CHECK
LESSON (11t

Power

1. The amount of work done per unit time describes:

a. current.

b. wvoltage.

< resistance.
d power.

2. How much power is dissipated by a circuit that has a 75-volt
source and a current flow of 5§ ma?

a. 35w
b. 3.75 w
¢. 0.3/ w
d. 37.5w

3. Which of the following correctly expresses the relationship
that exists between power, work and time?

o
o
u

T L4 Hx

c P=WxT
d. P=W+T
k. In the circuit represented by the diagram below, how much
power is supplied by the source?

|
a. 6.15 w 3‘,1
b. 16.6 w -
c. 110w 20W
d. 160 w s"s”‘" g

£
QIOONV

93




Progress Check Five-111

5.

Electrical power can be expressed as:

a. fource per unit area.
., coulombs per unit time,
c. work per unit tire.
4. joules per coulomb.

How much power is dissipated by a circuit that has a Lo-volt
source and a total resistance of 880 ohms?

a. 10w
b, 220 w
c. Hbho w
d. 880 w

||

How much power is dissipated by a circuit containing 6 K ohms
of resistance when 2 ma of current is flowing?

.o 2.4 mw
24 mw
1.2 w
12 w

an ok

1]

9k
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PROGRESS CHECK
LESSON 1V

internal Resistance

1. When a load is placed across a source, what causes the decrease
in terminal voltage?

the internal resistance of the source.
the physical size of the source.

the pouwer dissipated by the load.

the physical size of the load resistance.

——e

——— ——

e C W

4. Internal resistance is an opposition to current and will
Ccause voltage to be present across the load.
more/less '

3. As circuit current increases, the voltage drop across the

internal resistance will .
increase/decrease
4. Increasing the load resistance will result in circuit
more/less
current and therefore voltage dropped across the internal
resistance. more/less

5. All sources of EMF contain a certain amount ot resistance.
This opposition to current flow is called:

a. terminal resistance.
b. internal resistance.
¢c. load resistance.
d. circuit resistance.
6. Internal resistance of a source be measured with
an ohmmeter. can/cannot




Progress Check Five-V

PROGRESS CHECK
LESSON V

Treubleshooting Series Circuits

1. A shorted component in a series circuit will
total resistance.

cause an ircrease in
cause a decrease in
have no effect on
always double

—

oanoco

2. Wwhat eftect will an open have on total resistance of a series
circutt?

Total resistance will increase to infinity.

Total! resistance will always double.

Total resistance will always decrease to zero.
Total resistance will decrease to a smaller value.

an oo

3. In a series circuit a shorted component will cause:

a. a decrease in circuit current
b. an increase in total resistance
¢. a decrease in all voltage drops
d. an increase in circuit current

s, —

L., In the circuit represented by the diagram shown, a short across
R-3 will cause &/an.

a. increase in total R Rq
resistance.
b. decrease in totail
circuit current. -
¢. decrease in the voltage ~
drops across E,, and E_,. R,
__ _d. increase in the voltage
dips across ERI and ERZ‘
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5.

Five-V

What effect does an open have on circuit current?

a. It will cause current
b. 1t will cause current
o will Cauae current
It will cause current
value,

——

r

Q

—
—

to decrease to 0.

to exactly double.

to increase at a linear rate.

to decrease to half its original

Determine the trouble in the circuit represented by the diagram
shown by comparing the abnormal with the normal measurements.

NORMAL CIRCUIT  ABNORMAL CIRCUIT

a. point A grounded MEASUREMENTS MEASUREMENTS
_____b. Rl open
c. R3 open 3 200 v 200 v
~ T d. point B grounded M 50 v 0
M2 10 ma 0
M3 150 v 200 v
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PROGRESS CHECK ANSWERS

MODULE FIVE

LESSON_ 1 LESSON 111
1. b 1. d
Z. b 2. ¢
5. d 3. a
b b ., ¢
5. a 5. ¢
6. «¢ 6. b
7. ¢ 7. b

LESSON 11 LESSON 1V
1. b 1. a
2. ¢ 2. less
3. <« 3. increase
b ¢ L., less; less
5. ¢ 5. b
6. a 6. cannot
7. a
8. d LESSON V
9. a 1. b
10. a 2. a
11. b 3. d
12. d 4. d
13. d 5. a
Th. a 6. ¢

(o

15.

IF YOUR ANSWERS ARE ALL CORRECT, YOU MAY TAKE THE MODULE TEST. STUDY
ANY OF THE OTHER RESOJRCES AVAILABLE FOR THIS LESSON BEFORE TAKING THE
PROGRESS CHECK AGAIN.
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PROGRESS CHECK
LESSON

Ru'es for Voltage and Current

1. A paraltel circuit is one in which:

a. the currents through each branch are equal.

b. there is more than une c¢urrent path connected to a common
voltage source.

¢. the vo.tagu drops across each component are different.

d. there !y only one path for current flow.

2. Which statement below expresses the re.,ationship between source
voltage and the voltage drops across each branch of a paralle!

circuit?
____a. Sour ltage increases as any branch voltage drop
decrcases.
b. The voltage drop across each branch is equal to source
voltage.

¢. The voltage drop across each branch increases as the
source voltage decreases.

d. Source voltage is the sum of the voltage drops across
each branch.

3. Which of the following equations is the mathematical expression
for total voltage in a parallel circuit?

[ VI

X
+

——
——
———

- -
——

E
£
E
1

- — -

a E1 E x E
b = E E . + E
1 n
c. E’ £ E
d El £ E

» N

L. Which of the following equations would be used to determine
total current in a parallel circuit?

A =l =, = =0
LR P P P T Y
¢ ‘T = 11 + 12 + ... In
. d 'T = !1 x !2 X ... X !n
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5. In a parallel circuit, current through each branch is inversely
proportional to:

the number of branches.
the -ource voltage.

total circuit current.
the branch resistance.

a0 oo

1]

6. Between what two points of the circuit represented by this dia-
gram should an ammeter be inserted to measure total circuit current?

a. Aand B 2» g

b. Cana D

¢. D and €

d. £ and F % R‘ - % Rz
«<
et
D E F

7. When R3 is added to the circuit diagram shown below, the current
through R1 will:

. -
____a. increase. f
b. decreasr by haif. 1 Ry Ry %&
C  dagrer the square. ——
T, .t charge -1
|
—_
B. Int . -.u’i repr2sented by the diagram shown below, between
vhat s ints -houvld an ammeter be inserted to measure the

cembi e . oranch cusr.nts of R2 and 52]

a Loavl N
- € » . F C D G H
c C ard D - —e -
d. A and B
= %n, Rg SR
E
A B8 F
L ——
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9. What will happen to the total current in a parallel circuit when
ancther resistor is connected in parallel?

Current will always triple.
Current ..ill decrease.
Current will not change.
Current will increase.

cn o

——
——

10. In the circuit represented by the schematic shown below, between
what two points would a fuse be placed to protect all circuit

components?
A B
___a. Aand B ’
b, Cand 9
. ¢c. Eand F iy ,
d. G and H é T
—- q : ;
F
bl ermeee e o>—e
d D G H

11. In the circuit represented by the diagram shown below, if 52 is
opened, the voltmeter reading will:

a. ingcrease.
b. decrease.
c. drop to zero.
_ d. remain steady. Ry Ry
T s2
Sy
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PPOGRESS CHECK
LESSON 11

1. In the circuit below, it resistor Eg_is replaced with one of greater
resi-tance, the:

a total circuit resistance will decrease.
b. current flow through Rl will increase.
[
J

voltage drop across Bthi!l increase.
pover dissipated by Rl will remain the same.

2. wrich of the following equations is used tu determine the total
re~istance of a two-branch parallel circuit?

a. R_ =Rl - R2

— T
_ o RT = R! + R2
. R = Rt x R2
—— " T TRT ¥ R2Z
R1 + R2
et R r SRRz
3. In the circuit represented by the diagram shown, if Rl is
disconnected from the circuit, the indication on ohmmeter
MY will:
_a. increase. T T T T T )
b. decrease.
c. drop to 0. Q
_____d. increase to infinity. @ gnl g 2 Ry

1¢6
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L,

1 o third current path is added to a two-branch parallel circuit,
the total resistance of the circuit will be:

. dess thar it as befure the current path was added.

t. reater than it was Letore the current path was added.
€. the sa'¢ as it .as before the current path was added.
d. «qual to the resistance of the additional current path,

Which of the following expressions could be used to determine the
total resistance of a parallel circuit containing resistors of
veual value?
R
a. R, = -
—_— T n
R x R2
—— T Rl x R2

R1 + R2
—— T R + R2

RI + R2

Which of the following expressions could be used to solve for
total power of a parallel circuit when the power dissipated by
each branch resistor is known?

a PT = | ET
___ b PT = P1 - Pz + ...+ Pn
c PT = P‘ x P2 X ... X Pﬂ
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7. Which cf the belou. resistors has the same resistance as the
cvguivalent res~istance of El and ﬁg}

Brow Yellow Jrange Hrown
Plack Blue Grey
Yellow Yellow
C d.
| !

Brown Arow Urange
Red Yellow Green

8. whict of the following describ~s the relationship between the
equivalent resictance and the individual branch resistance of
a parallel circuit? Equivalent resistance will always be:

a. wureater than the largest branch resistance.
bh. ~maller than the smallest branch resistance.
¢. ecgual to the «um of the branch resistance.
d. eqgual to the -mallest branch resistance.

9. 1In the circu.t represented by the diagram shown below, what will
happen to the equivalent resistance when R3 is connected?

____ 4 increase - ———
., decrea-e {
¢. double _ 2
_____d. not change %R‘ Rg 3
§
i
i
<4 —-— -
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10.

11,

12.

13.

Ir the circuit diagram shown below, the total power dissipated
by the circuit when R3 is connected will:

a. double. T -— - -
Ve 0l Chdragee,

c. increase. _L R

d. decrease. - § . 2 %

T

In a three-branch paralle! circuit, the equivalent resistance
of any two of the branches will always be:

a. the same as the total resistance of the circuit.

b. less than the total resistance of the circuit.

€. greater than the total resistance of the circuit.

d. equal to the equivalent resistance of any other two
branches.

A circuit consists of two resistors, equal in ohmic value, con-
nected in parallel. What is the total resistance?

a. owe-half the value of one resistor

b. one-half the sum of the resistors

c. the sum of the resistors

d. the same as the value of one resistor

£ [

i~ the value of the equivalent resistance of a three-branch
parallel circuit that contains resistors of 20 ohms, 30 ohms,
and 60 ohms?

a. 0.1
b. 0.6.
¢c. 10:
d. 110..
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PROGRESS CHECK
LESSON 111

Variational Analysis

1. What will happen to the total current in a parallel circuit when
another resistor is connected in parallel?

a. Current will always triple.
b. Current will decrease.

c. Current will not change.

d. Current will increase.

2. If S2 is closed and S$1 is opened, the indication on M1 will
and M2 will .
a. increase/decrease
b. decrease/increase
c. remain steady/increase R2
d. decrease/remain steady 60K ¢:
— T Ry 15K R
.

- 3. When R3 is added to the circuit diagram shown below, the current

throuEFR_t_ will: 1——-——1‘
a increase.
b. decrease by half. gl Ry Ry R3
€. decrease by the square. —_.
d. not change.

| g — ——
4, If R1 is disconnected from the circuit, the indication on
ohmmeter M1 will:
a. jncrease.
b. decrease.
c. drop to zero. MD . R Ra
d. increase to infinity.
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5. If resistor R2 is increased in value, which of the following
is correct?

a. Total clrcuit resistance will decrease.

b. The current flow through Rl will increase.

c¢. The voltage drop across 527%3!! increase.

d. The power dissipated by Rl will remain the same.

& Ry

e
—
Sole—"
e ol

6. What will happen to the equivalent resistance when R3 Is

connected?
4+—-——-q
a. increase I
b. decrease L
c. double — Ry ;"2 R3
d. not change S '
]
i
-

7. The total power dissipated when R3 is connected will:

a. double.

b. not change.
€. increase.
d. decrease.

8. what effect will an open in one branch of a parallel circuit have
on total circuit current?

An open will cause circuit current to increase.
An open will cause circuit current to double.
An open will cause circuit current to decrease.
An open does not effect circuit current.

1]

anNnoo
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9. Decreasing source voltage will cause 'R3 to:

a. remain constant.

b. increase.

¢. decrease.

d. stop.
i éﬂt 2‘2 é"s
— < <

10. Increasing E_ in a parallel circuit causes the current through each
branch to proportionally.
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PROGRESS CHECK
LESSON vV

Troubleshooting Parallel Circuits

1. An open in any branch of a parallel circuit will cause total
circuit current to:

a. increase.

b. decrease.

€. remain unchanged.
d. cease flowing.

2. In the circuit diagram shown below, If R1 opens, the reading
on Ml will

decrease to zero @

a
b. decrease by the value of |

L. R R
c — ! 2
d

-T <

1
increase by the value of !1
not change

3. In the circuit represented by the diagram shown, if R1 shorts
the indication on ammeter Ml will:

a. decrease. “QEQ

b. drop to zero. 1 |
€. increase. — égl Ry gnl
d. remain steady. T <

4, In the circuit represented by the diagram shown, if Rl opens,
the indication on ammeter Ml will:

a increase.

b. remain steady. QEQ

c. decrease.

d drop to zero. - é Ry Ry gna
-ﬂ[— ‘
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5. In the circuit diagram shown below, if R2 opens, what value
of current will flow through R&?

0 i 12ma
_____a. (A
b. 6 ma o
c. 8 ma
d. 12 ma —— Ry R R3
T
] { ] { ]
éme 6ma 6ma

6. An open in any branch of a parallel circuit will:

a. have no effect on any other branch.

b. cause total circuit current to increase.

¢. decrease total resistance.

d Increase the power supplied to the circu‘t.

7. By comparing abnormal with normal measurements, .. ...rmine the
trouble in the circuit represented by the diagram.

NORMAL CIRCUIT  ABNORMAL CIRCUIT

____a. open at point A MEASUREMENTS ML "SUREMENTS
b, .ﬁopen Ea 30 v 30 v
_____c. R2 open Ml 6 ma 5 ma
____d. R3 open M2 3 ma 3 ma
M3 3 ma 2 ma
2

© €

Rzm-: pﬁaisx-'l
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8. By compar ing the abnormal with the normal measurements, determine
the trouble in the circuit represented by the diagram.

NORMAL CIRCUIT ABNORMAL CIRCUIT

MEASUREMENTS MEASUREMENTS
____a. point A open Ea 50 v 50 v
—__ b. ooint B open M SO v 50 v
—___ €. point € open M2 B8 ma 6 ma
d. point D open M3 50 v 0

&)
-

M

-t————ﬂ;f-&




PROGRESS CHECK ANSWERS

MODULE SiX
LESSON | LESSON 11 (Cont'd)
1. b 12. a
2. b 13. ¢
3. ¢
L. ¢ LESSON 111
5. d 1. d
6. b 2. d
7. d 3. 4
8. ¢ 4, a
9. d 5. d
10. ¢ 6. b
11. d 7. ¢
8. ¢
LESSON {1 9. ¢
1. d 10. increase
2. ¢
3. a LESSON |}V
bk, a 1. b
5. a 2. b
6. b 3. b
7. ¢ . b
8. b 5. b
9. b 6. a
10. ¢ 7. ¢
11. ¢ 8. ¢

IF YOUR ANSWERS ARE ALL CORRECT, YOU MAY TAKE THE MODULE TEST. IF NOT,
STUDY ANY OF THE OTHMER RESOURCES AVAILABLE FOR THIS LESSON BEFORE TAKING
THE PROGRESS CHECK AGAIN.
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PROGRESS CHECK
LESSON |

Solving Complex Circuits

1. Which formula below correctly expresses the total power
dissipated in a series-parallel circuit?

a. P_= IZE

= |R

Pl + P2 +P3 4+ ... 4+ Pn

d P = Pl x P2
' T P1 + P2

N
‘v
Y
0

2. What is the tota! power dissipated?

a. 36 mw
b. 48 mw Ry oK
c. 60 mw
d 72 mw

— Ea
= v |
Ry 10KS g“sﬂm
Iy 2ma %%

d

3. What is the value of total circuit current?

1 R OK O

———
-—

N
af b

2.5
b. 5 ma
10
15

k. Voltmeter M2 will indicate: Sme
"*‘{Ml}—
40 volts

a.
b. 60 volts ]
c. 100 volts — ‘
d. 360 volts — Ra Ry
N \N\N—
.l 8K
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5. What is the resistance of Elj

a. 9 kilohms [T T T
b. 18 kilohms
€. 27 kilohms
S 5% !
hm =
T

111

36 kilohms —o

——

Ry 30K.

6. Which of the following expressions shows the correct relationship
between total and individual resistance for the circuit represented
by the diagram?

- R2 x R3
a. RT RY + RZ + R3
_ R2 + R3 ll
— " MR TwETR "2 gﬁs
r_ = R1_x (R2 + R3) f
—— " TTRTF RZ+ R | AAAA

+

_Ri {R2 x R3)
— 4 R = R RZFR3Y ™

x

7. What is the total circuit curreat?

6 ma —— 1|+ —AAAA

T
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8. What is the value of source voltage?

a. 30 volts TTTTr T TS
b. 90 volts ~fp3ov
€. 120 volts _L_,'_S;____T}
d. 150 volts |
- - ko :éigiﬁov <gs,aanv
T z]___ﬁ
9. What is the value of the current flowing through R37
a 8 ma T L
b. 10 ma >Ry
__c. 12ma | h 20me
d. 28 ma
T T >
i .gﬁz >Ry
< 12 8ma L
(’___E__._I,__--_«J

10. Which of the following expressions is a correct statement of
Kirchhoff's Voltage Law for the circuit represented by the dia-
gram shown below?

)=y + ) J—-—« -

w
m
[}
m
]

3 -
- > £y

c. ET = E' + E2 = E3 :>E3
— 4 Ep=E (E2 = E3) — ‘ L _5

+
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11. "A circuit that has more than one curtent path and more than one
series voltage drop,' describes which figure?

— A gy
€. 3T ——
____d. 4
RG.1 RG.2
L ‘ )|
RG.3 AG4

A short-circuit

2 ETERNITY]

Q 12L
ERIC

Full Tt Provided by ERIC.
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PROGRESS CHECK
LESSON 1

Voltage Reference

1. "An arbitrarily chosen point to which all other points are
compared'' is a description of a:

positive ground.
negative ground point.
reference point.

(none of the above)

QN oo

1]

2. Making use of various reference points, match:

1. Point A isg-~ a 125 volts positive in reference
to point C.
2. Pcint B is-- b. 75 volts negative in reference
to point 8
3. Point € is-~ €. 150 volts positive ir reference
to point D
b. Point D ig-- d. 200 volts negative in reference
to PO;nt A.
» A
Sov
—— 8
= 75V
T ¢
75V
»°
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3. What is the polarity and the value of voltage at terminal B
vith respect to ground?

]

18K

QA
a. + 30 volts ~
“b. - 45 volts ® toK -
¢c. - 90 volts 8
d. =120 volts
Ry 30K
“—— o 300V
R3

Rg 45K

L4, What is the magnitude and polarity of the voltage at point D
with respect to ground?

of
a. =100 volts SOV
b. =-200 volts =
c. +200 volts )
____d. +100 volts Egg 100V
-— £a 300V
T igy 100V
-————_B
Epq SOV
—0A

126




Progress Check Seven-{1|

5. What is the polarity of the voltage at Point A with respect
to R?

a. positive

———————

b. negative

———

1

6. What is the potential and polarity at point B with respect

to 5}
oA

a. + 50 volts

b. +200 volts Em SOV

€. - 50 volts

d. +300 volts 8

T

— e €
éﬁum"
—_— D

|]£
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7. What is the polarity an< magnitude of the voltage at point E
with respect to point B87

<A
a. =35 volts
b. +40 volts Em!OV
c. +65 volts
d. -70 volts Y
T C
Epg 40V
D
fpq 5V
—ef
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PROGRESS CHECK
LESSON 111

Voltage Dividers

1. Which feature of a voltage divider enables it to supply voltages
of positive and/or negative polarity?

number of series resistors.
size of resistors used.
location. of reference point.
number of loads attached.

]

an oo

2. What is the polarity of point € with respect to Point B?

a. negative !" é —(A)
L. §
b. positive i
€. no polarity can be assigned i ‘2
[- —0
C
—O
D
3. What is the magnitude and polarity of point A with respect
to ground?
a. negative 40 volts
b. positive 60 volts
€. negative 60 volts 20V
d. positive 20 volts

— 100V

1!

xl,L

| —0




Progress Check Seven~111i

L. What is the polarity and voltage at terminal C with respect to

point A?
—
a. -40 v
b. +60 v
c. -60 v
d. -200 v .
- — 200V

|
|

5. Which of the following diagrams shows the correct direction of
current flow, using the electron theory of current flow?

a. b.
| L
= _;%_
— . |
c. d.
= [t
Ly
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Progress Check Seven-1{1{
6. What effect will closing $1 have on total circuit current?

a. Total circuit current will decrease.
b. Total circuit current will jncrease.
¢. Total circuit current will double.

d. Total circuit current will not change.

R
- $1
[
R
7. Ciosing $1 will cause the voltage across R2 to:
a. decrease.
b. increase.
C. increase to source voltage.
d. not change.
4
—_— $
—— -l

i
[ 7
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Progress Check Seven-11i1

8. What effect will closing S1 have on total resistance?

111

oan oo

increase
not change

decrease L R
increase to infinity | ! S
R2
LOAD

9. What effect will cpening S1 have on the voltage dropped across R1?

111

on ow

increase

not change
increase to source voltage
decrease —

B ;

= —o e

%h LOAD

— -
—
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Progress Check Seven-iit

10. Moving the arm of load 1 to point A will cause ERI to:

a. double,
b. increase. ———
€. decrease. $
d. stay the same.
. LA
= R
f A
LCAD 2
]
“2 LOAD 1
B
11. Solve.
%n, 2.5K 0
| Ea t00v éﬂz 2.5K

0 " anos
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PROGRESS CHECK ANSWERS
MODULE SEVEN

LESSON | LESSON 111

1. ¢ 1. ¢

2. b 2. a

5. b 3. b

L, b k., ¢

5. b 5. ¢

6. a 6. b

7. a 7. a

8. b 8. ¢

9. ¢ 9. d

10. a 10. b

1. ¢ 11. a. 22 ma

b. 4.5 ks

LESSON |1 c. b5 v

1. ¢ d. 17.5 v

2. 1-a e. 7 ma
2-¢ f. 27.5 v
3-b g. 18.3 k..
L-d

3. ¢

L, b

5. a

6. <

7. d

IF YOUR ANSWERS ARE ALL CORRECT, YOU MAY TAKE THE MODULE TEST. |IF
NOT, STUDY ANY OF THE OTHER RESOURCES AVAILABLE FOR THIS LESSON BEFORE
TAKING THE PROGRESS CHECK AGAIN.



Progress Check Eight-1

PROGRESS CHECK
LESSON |

Electromagnets

1. Write the definition of electromagnetism.

2. In the following sketch, indicate by arrows the direction of
the lines of force.

3. In the following sketch, indicate by an arrow the direction of
Current flow.

C ‘k/ v\./ O

k. In the following sketch, indicate by arrows the direction of
current flow and lines of force.

C O

- +

5. Is the pole marked with a question mark & North or South pole?

£ /\ [\
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Progress Chech Eight=i

6. State in your own words the two primary purposes for using a
relay.

1.

2.

DON'T
GET
k- TURNED

PLAY IT
COOL WITH
ELECTRICITY

10
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PROGRFESS CHECK
LESSON 11

Inductors and Flux Density

1. Match the statement in A to the drawings in B.

A L
—_ 1. has higher permeability
—_ 2. has higher reluctance > ML
—__ 3. has less permeability b.

4b. has less reluctance JLU! ‘!LUL

2. List the five factors that affect flux density in an inductor.

Directly Proportional (Any order.)
a.
b.
c.
d.

Inversely Proportional

el




Progress Check Eight-111

PROGRESS CHECK
LESSON 111

Irducing a Voltage

1. Three factors are necessary to generate an EMF by magnetic
induction. List the three factors. {Any order.)

a.
bl
C.

2. The magnetic field generated by a current-carrying conductor
originates:

along the skin area of the conductor.

in the immediate area around the conductor.
instantaneously throughout the conductor.
in the center of the conductor.

[~ S o TN o i -V}

1]

3. When a circuit is first energized, the magnetic field:

a. expands.
b. collapses.

|

L. With the field moving outward, the conductor moves
in relation to it.

5. Relative motion exists in a current-carrying conductor due to
the and field.

6. The EMF induced in a conductor due to a changing magnetic field
the current that causes it.

7. The induced €MF opposes circuit EMF. This induced EMF is called
EMF,

8. The induced EMF is of value after current reaches
a steady value.
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Progress Check Eight-t11

9. When current is in a steady state and *he circuit is opened,
the starts to collapse.

10. When the magnetic field is collapsing, the CEMF is in such a
direction that it attempts to current flow.

11. On the schematic, indicate (with polarity signs) the polarity of

CEMF at the instant SW1 is closed.

12. On the schematic, indicate (with signs) the poiarity of CEMF at
the instant SW! is opened.

-
R

+1

Swy
e

hj- ;

13. Indicate the polarity of induced EMF in circuit B when circuit A
is first energized.

@*C%
|




Progress Check Eight-{11
4. Which of the statements below is known as Lenz's Law?

a. The sum of the voltage drops around a series circuit will
equal source voltage.

b. The direction of the voltage drops is such as to add to
source voltage. )

c. The polarity of the voltage drops is such that when added
to source voltage, the sum is zero.

d. The polarity of the induced EMF is such that it tends
to set up a current flow that opposes the original
current.

15. CEMF |s present in a circuit only when circuit current is

16. A source that will supply a continuously changing value of E
and | is a/an source.




Progress Check Eight-tv

10.

PROGRESS CHECK
LESSON 1V

Induction and Inductance

Inductance is the property of a circuit that opposes any change
in circuit

A change in circuit current produces a/an that
opposes this change.

Lenz's Law is the basis for explaining the property of .

The voltage produced by the property of inductance is called

D S —

The opposition felt by a changing current is due to circuit

The CEMF present in a circuit due to inductance the
source current.

Inductance is symbolized by the letter L and is measured in:

a. farads,
T b. henrys,

€. ohms.

d. mhos.

Very small units of inductance are normally expressed as

henrys or henrys,

To find LT of a three-branch parallel jnductive circuit, the
formula would be used.

in péral!el, total inductance is always the smallest
inductance.

5



Progress Chech Eight-1V

11. In a series circuit, total inductance is found by the
individual values of inductance.

12. A parallel inductive circuit with one inductor of 10 mh and one of

25 mh would have an LT of mh.

13. A series inductive circuit with five inductors of 3, 17, 25,

30 and 50 mh would have an LT of mh.

4. Which of the below diagrams would exhibit the greatest amount
of inductance?

d.
" N N b |
b.
[+ ul—
cl

U6
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15.

16.

17.

18.

19.

20.

21,

List three physical means available for increasing the magnetic
field strength of an inductor.

a.
b.
c.

To determine the direction of the inductive magnetic field,
you would use the for coils.

Inserting a core into a coil will create a greater concentration
of .

Inductance be affected by increasing current
through the coil.

List three physical means of increasing induction between two
coils.

a.
b.
c.

Two coils positioned at right angles will exhibit
mutual inductance.

Coefficient of coupling will be greatest between which of the
coil pairs below?
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PROGRESS CHECK ANSWERS
MODULE EIGHT

LESSON | LESSON 11 (Cont'd)
1. Electromagnetism is the 2, a. permeability
production of a magnetic b. number of turns
field by current flow €. cross-sectional area of in any
through a conductor. the core order

d. current flow through the

coil

() { L

e. length of core

)
> OJ\) ‘IL-:—{\) j LESSON 111

x/

a. motion

V .
L, (:) 4 __:i_.,{i.\ _) b. flux
\F

c. conductor
- + 2. d
5. South 3. a
6. 1. remote control of circuits 4. inward
without the necessity of 5. expanding
running great lengths of collapsing

high-current wiring. 6. opposes
2. decrease safety hazards 7. counter
involved in physically 8. zero
controlling high power 9. magnetic field
circuits. 10. sustain Swi
*——pe-
LESSON 11 £
1. 1-b 11. -
2-a +
3-a
b-p 3
12. -
—
p—

1,8




PROGRESS CHECK ANSWERS

MODULE EIGHT

LESSON 111 (Cont'd) LESSON IV (Cont'd)
13. 125 mh
13. 14. ¢
15. a. increasing turns in coil
b. decreasing space between turns
€. inserting iron core
16. left-hand rule
17. lines of flux
14. d 18. will not
15. changing 19. a. decrease space between colils
16. alternating b. use high permeability core material
€. increase coil turns
LESSON 1v 20. zero or no
1. current 27. a.
2. voltage or CEMF
3. inductance
4. CEMF '
5. inductance
6. opposes
7. b
8. milli
micro {either order)
Sl von e
v "2 " 13
10. less than
11. adding
12. 7.1 mh

IF YOUR ANSWERS ARE ALL CORRECT, YOU MAY NOW TAKE THE MODULE TEST.

23

NOT, STUDY ANY OF THE OTHER RESOURCES AVAILABLE FOR THIS LESSON BEFORE

TAKING THE PROGRESS CHECK AGAIN.
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PROGRESS CHECK
LESSON |

Rise and Decay of Current and Vol tage

1. In a DC LR circuit, when the circuit is first energizea, voltage
drop is across the inductor.

2. At the instant the circuit is energized, circuit current is
and ER is .

3. After five time constants, voltage drop across the resistor
is and circuit current is

h. When current has stabilized (five time constants), voltage
drop across the inductor is

5. As circuit current is increasing, energy is being stored in
a/an field about the coil.

6. Removing the source and shorting the LR branch will cause
the magnetic field to and current will flow in
the direction.

7. Which of the graphs below correctly indicates CEMF, EL’ ER
and | at 75 when the switch is opened?
a.
0

Curve a = | and ER

R
4 ‘f
b. ' Curve b = CEMF and EL

i

|

.4.-.-.44...-‘»...-‘,.-

i
ronnmurs_ﬁ“'fg ™ O
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Progress Chech Nine-|

8.

10.

11,

12.

13.

14,

Jon the growth and decay graph, the horizontal base represents

The purpose ot the graph is to pictorially represent the values
of voltage and current in reference to .

The vertical base of the graph represents circuit values of E
and | in cither a or direction.

Which graph represents current in a DC circuit containing only
resistance when the switch is closed at T1?

R _.f-.—-qp-ﬁ
R .
B
ot
4----{-*«—-4
i J
T2 73 14 15

Current is slower to reach its maxirum value in a circuit con-
taining inductance due to the generated by the inductor.

The of the LR circuit is greatest at T1 due
to the rate of change of current being greatest at this instant.

The polarity of the CEMF always the source EMF
during current rise.

15k



Progress Check Nine-1

15. When a circuit is first de-energized, the value of

or is maximum.

16. What values are represented by the graph below when a DC LR
circuit is energized?

100+ R E e -;:::T-—-——'
ﬁ;‘ ; ﬂ}fo’;::?( !
? : ‘ |
60 . f———t +
; ! ; : |
Koo
40%— : 1 _%
- f
f
{ ’
0% e
| E
L
——henn
TO -} 15
a. EL curve A; ER curve B
b. ER curve B; | curve B

C. ER curve A; EL curve B

d. C.E.M.F. curve A; | curve A
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Progress Chech Nine-1

17. On the graph below, the greatest rate of change is at times:

r ;f ] //’\“_1 T
LA \
R4 N
. : —
““““f"‘ — ‘
_'L Y G
8 ! e
£ ‘_fﬁ ~+ ™1 =
-5 @
! f
i N
= * |
— +
[ W 2 1B W 15 % 17 18 19 Ti0
TIME

1]

Ti-T2
T2-T3
T1-T2
T2-T3

an on

and T6-T7.
and T5-T6.
and T5-T6.
and T6-T7.
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PROGRESS CHECK
LESSON 11

LR Time Constant

A time constant is the length of time required for current to
increase or decrease to of its maximum or minimum
value.

The greatest increase or decrease in current takes place during
the:

a. first TC.
b. second TC.
c third TC.
d fourth TC.

A circuit time constant is determined by the formula:

a. T¢ ='%

R
b. TC=r
€. TC =R + (L
d. TC = RL

|

For practical Purposes five time constants are required to
reach | maximum. Each time constant of the five is:

a. of equal time.

b. inversely proportional to CEMF.
€. wvaried as current varies.

d. proportional to applied voltage.

The time constant of an LR circuit containing an inductor
of 50 millihenrys and a resistor of 5 Kohms is:

a. 0.01 seconds
b. 10 seconds

c 10 ..seconds
d 10 mseconds
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6. From the previous question, we find that it will take
for circuit current to reach maximum.

50.. seconds
63. seconds
78.. seconds
. B6.. seconds

an ow

1]

7. Which of the following combinations will have the greatest
time constant?

a. R =100 L =10.h
b. L =100 mh R = 100.:
c. R =50. L = 500 mh
d. L=10h R= 1.

8. With a maximum value of 7 amps possible, current will be
amps after two time constants of current rise.

3. On the graph below, indicate correct values of percentage at
each point indicated.

\ | < D £
\ K

N
[ |

o 158




Progress Chechk Nine-11{

10. The graph below shows current increasing. Curve A represents
or .

e

‘jF

\

Yé \J\_.__

n 12 73 " 5

1. In an LR circuit, doubling the TC will have what effect on
the growth curve?

a. Curve will be steeper, current reaching its maximum
value guicker.

b. Curve will be flatter, indicating a longer time to
reach | maximum.

i

12. One time constant is the length of time required for circuit
current to increase to:

85.5% of maximum.
9582 of maximum,

63.2¢ of maximum.
62.3¢ of maximum.

anow

1]
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PROGRESS CHECK
LESSON 111

Universal Time Constant Chart

1. Curve A depicts current from to
raximum value in percentages.
98« A . : aE—
95+~ { u
/ A
86.5% 3
632« § - /

| i el

7 I3 1 5

2. In the preceding graph, current has increased to
percent in two time constants and CEMF, i{ plotted on the graph,

would have decreased to percent,

3. As current is increasing, CEMF is and may be
indicated in percentages. Indicate percentage of CEMF on
qraph.

!
P
b
1 | )
/; I
: !
L
a ) | !
! |
‘ ,
zi ‘\T\\‘\\i\ ;
a LJ; oo
e ..
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b,

As current increases through the circuit, vol tage
is dropped across L, and voltage is dropped
across R.

As E  and CEMF are plotted as Jne, curve A represents

voltdge drop and curve B represents vol tage drop.

)
\

The TC of the circuit below is . The current

flowing through the resistor at T3 is amps .
W 1
R 100
1 ar00v 50h

——
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7. Using circuit values in question 6, indicate on the graph the
values of 1 at TC points indicated. Draw in the other curve
and indicate the value of CEMF/EL at TC points.

100

80

60

weI>»

A0

{
n 12 3 14 ]

7
,é

8. Again using the circuit in question 6, plot on the graph the
values of ER at all five time constant points.

e

Z

7

10 n 12 13 L 15
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9. On the graph draw the ER and EL curves and indicate the point

at which ER = EL'

’ H
G |
¢ 1 T2 13 14 1

10. In a circuit containing an L of 500 mh, a resistance of
1,000.. (1 k..), and a source of 250 v,

a8. the value of the maximum voltage drop across Lis
volts at Time .
b. the maximum resistive voltage drop is volts

at 7C .
c the TC is .
d. the maximum current possible is .

11. Doubling the value of L in question 10 will cause TC to

12. Decreasing the value of R in question 10 by one-half will
Cause L to

13. With an Rof 1 k., and L of 5,000 mh, TC will be

14, 1f a source of 500 volts is added to the circuit in question 13,
a current of amps will be flowing at T3.

15. Decreasing the source voltage of question 1k by one-half and R
by one-half will cause 'T to .
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a2
.

PROGRESS CHECK
LESSON 1V

Inductive Reactance

The property of a coil is such that it any
change in

Frequency is a factor in determining the opposition an inductor
offers to circuit current; hence, an inductor is a
component.

By combining inductance and its property of reactance, we get
which is symbolized by

Inductive reactance is an opposition to current and is measured
in .

Unlike resistance, however, XL is affected by changes in

As X, is determined in part by frequency of the source, a cir-
cuit containing a source of 250 volts DC would exhibit
X

- — L’
(maximum, minimum, zero)

The formula for determining the reactance of a coil is

XL =

From the formula for inductive reactance, it is easy to see
that and are variables and
is a fixed value.
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9. The circuit below has an XL of ohms .

) emer

L S00mh

é
|
4000000000 —

10. The opposition offered to current flow in the circuit below is:

18.84... |

188.4... <1
1,884... 20V L5h
18,8“0‘... 60Mx ’

11. Determine X in the circuit below.

a. 40 ohms.

b. 100 ohms. -Semp-

c. 125 ohms.

d. 250 ohms, L .02k

J

an oUon

1]

12. As the frequency in a purely inductive circuit increases, in-
ductive reactance:

a increases.

b. decreases.

c. does not change.

d decreases to zero,
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13. Which of the following determines the inductance of

a frequency

b. wvoltage

€. current

d. physical construction

14. The henry is the unit of:

a inductance

b resistance

€. capacitance
d impedance

15. A coil is said to possess an inductance of 1 henry if an EMF
of 1 volt is induced in the coil when a current through the
coil is changing at the rate of per second.

a 1 ampere
b. 2 amperes
c. 3 amperes
d. 4 amperes

16. 1f you increase the input frequency of a circuit from 60 Hz
to 120 Hz, the inductance will:

a. double.

b. halve.

c increase.

d. not change.
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PROGRESS CHECK
LESSON V

Relationships in Inductive Circuits

1. The value of reactive power (Px) is determined by using the
formula .

2. X is an -pposition to current as is R. The circuit current
bélow is amps.

o 200V XL= 100!

]
|

3. Since an inductor reacts to frequency changes, what effect would
the following values experience if frequency were doubled? Answer
increase, decrease, or remain the same to each part.

a XL
b. tT
c ER N
d. EL
e R
4. {n an LR circuit, what would happen to Pt if fre¢ iency were
increased?

5. What effect would increasing the frequency have on an inductor's
magnetic field?

6. True power Is dissipated only in a circuit whi_h contains
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7.

10.

In an inductive circuit containing no resistance, power in
the circuit is classed as _ power.

All power in a purely reactive circuit is not in reality
consumed; it is stored in a field.

Since it is returned to the circuit on the next half cycle, it
is called power.

Power stored in a reactive circuit is measured in

168
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PROGRESS CHECK
LESSON VI

Phase Relationships in Inductive Circuits

1. In an inductive AC circuit the current lags the applied voltage

360°.
270°,
180°.

90°.

U

an oow

2. The CEMF of a coil will be greatest when the current sine wave
is at:

maximum negative value.
passing through 0 value.
.707 of maximum value.
maximum positive value.

o oo

1]

3. In an AC inductive circuit, the voltage is such that it:

lags current by 90°.

is in phase with current.

is out of phase with the current by 180°,
leads current by 90",

an oo

I

4. In the circuit below, what phase relationship exists between
the voltage applied to the conductor and the self~induced
voltage in the conductor.

o
Eind leads Ea by 90

o
Ea leads Eind by 90

Ea and Eind are in phase.

Q 0o o o

NN

o
Eind and £, are 180" out of phase. - s




Progress Check Nine-Vi
5. Which vector diagram correctly represents the phase relationship

between voltage and current in a purely inductive circuit.
(Current is the reference value.)

a. b.

6. At what point on this current sine wave is the current going
through its greatest rate of change.

7. Which vector diagram correctly represents the phase relationship

between applied voltage and CEMF, '\
fo
a. —rta .gsmrl b.
¢
CEMF

CEMF
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PROGRESS CHECK ANSWERS

MIDULE NINE

LESSON 1| LESSON 11 .(Cont'd)
1. maximum 9. (. 952
2. minimun and minimum D. 98~
3. maximum and maximum £. 1007
k. 2zero 10. 1, ER
5. magnetic 1. b
6. collapse, same 12. ¢
7. a
8. time LESSON 141
9. time 1. growth or rise, minimum
10. positive, negative 2. B6.5%, 13.5%
11, a 3. decreasing
12. CEMF a. 36.87
13. CEMF b. 13.5%
14, opposes c. 5%
15. CEMF, EL d. 2%
16. ¢ e. 0%
17. ¢ b. less, more

resistive, inductive

LESSON 11 6. 0.5 seconds, 0.95 a or 950 ma
1. 63.2x
2. a uog' 1.0A
3. a " S8A
. a S65A
5. ¢ . .
6. a 7 remaining
7. d CEHF/EL
8. 6.05 amps AMPS

40

9. A. 63.2% 36.8V |

B. 86.5%

.m[ k
S5V
0 n 1‘{2 =) “2\1 i
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PROGRESS CHECK ANSWERS MODULE NINE

8. 11. double

. remain constant

935V 13. 5 milliseconds

”r 4. 475 ma
&0

156. remain the same

VOLTS / LESSON 1V
40|—

opposes, current

~ad
.

reactive

inductive reactance, XL

ohms

frequency

zero

2-fL

frequency and L, 2-

188

LY~ - LN B UV I " I Lt

—T
...\\
\

—
b

—
N

! ey
-
-, s
w N
a o 7] o o a n

-1
/
o

0 'R B WM B esson v
1. §2XL
10. a. 250 v, zero
2. 2
b. 260 v, §
c. 500 .second 3. a. increase
d. 250 ma b. decrease
c. decrease
d. increase
e. remain the same
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PROGRESS CHECK ANSWERS MODULE NINE

LESSON Vv (Cont '4)

4, Pt would decrease

5. changes will be faster
6. resistance

7. reactive

8. magnetic

9.

reactive power

10. volt amps reactive (var)

LESSON Vi
1. d
2. b
3. d
L, d
5. d
6. ¢
7. b

IF YOUR ANSWERS ARE ALL CORRECT, YOU MAY TAKE THE MODULE TEST. |IF NOT,
STUDY ANY OF THE OTHER RESOURCES AVAILABLE FOR THIS LESSON BEFORE TAKING
THE PROGRESS CHECK AGAIN.
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PROGRESS CHECK
LESSON |

Transformer Construction

1. Due to the methods of construction and materials used, main-
tenance of ordinary transformers is required:

a. weekly,

b. monthly.

' infrequently,
d. often.

11

2. An air-core transformer, is best at:

a. bhigh frequencies.
b. low frequencies.
c. high current.
d. high voltage.

3. The schematic symbol below is for a/an trans-

12
a. step-down, iron-core 2
b. step-up, paper-core
€. step-down, air-core
d step-up, iron-core

4. The schematic symbol below is for a/an trans-
firmer.

1:3
step-down, iron-core, tapped secondary
Step-up, air-core, tapped primary

step-down, air-core, tapped secondary

step-up, iron-core, tapped secondary
115v %g

177

an ow

1]




Progress Check Ten-1

5.

The schematic symbol below is for a/an trans-
former.
a. step-down, iron-core 3%
b. step-up, air-core
¢c. step-down, air-core
d. step-up, iron-core
115V
INPUT

A transformer is a device that transfers electrical energy
from one circuit to another electrically~isolated circuit by:

a. magnetizing current.

b. electromagnetic induction.
c. exciting current.

d eddy current.

An iron core is used in a power transformer in order to:

a. concentrate the field about the windings.
b. release the high-frequency currents.

c. disperse the field about the windings.

d increase the eddy currents.

The part of a transformer connected to the source is called the:

a. primary winding.
b. secondary winding.
c. iron core.

d laminations.

a paper.
b. carbon.
c lead.
d varnish.
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Progress Check Ten-1

10. A transformer designed for low-frequency operation requires
a core of:

low permeability.
low reluctance.

high retentivity.
high copper loss.

m

1. tron-core transformers are normally used at:

low frequencies.
low voltages.
high currents.
high frequencies.

0o

1]

12. The coefficient of coupling for the two coils would be:

maximum,
minimum.
average.
effective.

an oo

1]

[’Wﬂ’ﬂ“
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PROGRESS CHECK
LESSON 1}

Transformer Theory and Operation

1. On the schematic, the dots indicate the:

a. areas where the insulation has broken down.

b. top lead of the primary and secondary have the same
polarity.

¢. primary and secondary have the same number of windings.

d. polarity of the secondary is opposite to the primary.

2. A step-down transformer receives energy at one voltage and
delivers it at a/an:

equal voltage.
lower frequency.
lower voltage.
higher voltage.

(oW o TN o ol s T}

1]

3. The small current that flows in the primary winding of a
transformer with no load connected to the secondary is called

the current.
a. secondary.
b. exciting.
€. eddy.
c¢. leakage.

L. The extent of coupling between two inductors is expressed by:

varying current.

counter EMF.
self-inductance.
coefficient of coupling.

cn oo

1€0




Progress Check Ten-1{1

5. The phase of the secondary winding of a simple transformer
depends on the polarity of the primary winding and the:

a. wire gauge.

b. number of windings.

€. transformer losses.

d. direction of the windings.

6. Which waveform would be correct for the output of the secondary
in the illustration below?

S Y
b, VA § f\_,g
e

e (N '
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PROGRESS CHECK
LESSON 111

Turns and Voltage Ratios

. 1t the primary of a power transformer has 2,000 turns with
120 volts AC applied, how many turns are needed in the secondary
to have an output of 6 volts AC?

__a 60 turns
- b, 100 turns
< 166 turns

d. 600 turns

2. A step-up transformer has low:

__4a. voltage input, high-voltage output.
___ b, current input, high-current output.
____ €. power input, high-power output,
__d. frequency input, high-frequency output.
3. 0t a L1 ratio step-doun transformer ha. 250v on the primary,

uhat i+ the vecondary voltage?

. 25v
b LH0v
::_1_:. 250v
d. 1250v

k. Compute the output voltage (ER ) in the illustration below.

L
___ a 4ov
b. 30v
c. L0Ov e >
d. 600v 120 < -
—_— . -
% v . <_) nt
31 110
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5.

A step-down transformer receives energy at one voltage and
delivers it at a/an:

equal voltage.
lower frequency.
lower voltage.
higher voltage.

voltage is a/an:

a. step-up transformer.
b. air-core transformer.
€. step-down transformer.
d iron-core transformer.

If the primary of a power transformer has 400 turns with
120v AC applied, what is the voltage output from a 50 turn
secordary?

a. 12 v
T b, 15 v
€. 20 v
d. 25 v
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PROGRESS CHECK
LESSON 1V

Power and Current

1. 1t a 3:1 ratio siep-down transformer has 3 amps of current in
the primary, what is the current in the secondary?

a. 1la
b. 3a
c. 9a
d. 6a

il

2. How much current is flowing through the resistive load in the
circuit below?

~a. 3 amps ig?

b. & amps 17;\

c. 5 amps | E: ./ <L

d 6 armps : »
e ! (sL) Np Ng 4 Y

ip 2A
—(A)—
3. In the illustration below the applied voltage is:

a. koo v I 2A

b. 20 v
—= < o (&) - &5 2000

d. 200 v . S <

& > }
Ip 1A
L‘“““‘(‘)F__'
4 In a <tep-down transformer the current through the secondary

will be:

a. less than the current in the primary,

_b. greater thar the current in the primary.

___ €. the same as the primary.

d. directly proportional to frequency.

18}
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5. In the circuit below, if the switch is closed, the current
flow in the primary will:

increase.
decrease.

{

|
not change |
stop. @

|

i

oan ow

:
‘
-\va—f

{2\ '
(&) '

6. In a step-up transformer the primary current is:

more than the secondary current.

less than the secondary current.
cqual to the secondary current.

equal to the coefficient of coupling.

1]

an oo

7. Compute the primary current flow for the transformer shown below.

amps .

amps. Eg; 6OV o
amps.

anNnoon
\D Ohvw N

1]
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PROGRESS CHECK
LESSON V

Transformer Efficiency

1. What is the efficiency of a transformer with an input of
120 volt amperes and an output of 108 watts?

100~
90~

50~

0 B

o oL

i1

2. 1f the input power of a transformer is 600 va and the output
power is 594 w, what is the efficiency?

3. The energy used to realign the magnetic structure of a transformer
core twice each cycle is dissipated as heat. This loss is called:

a. copper loss.
b. flux leakage.

¢. hysteresis loss.

d. eddy current loss.

4. What is the efficiency of the illustrated transformer?

____a. 98«
b. 60/
__c. 100z
d.

10«
@ 120V Eq 6OV
s 1A
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5.

10.

Which type of transformer loss is reduced by using silicon steel
as the core material?

a. copper loss

b. flux leakage

€. eddy currents

d. hysteresis loss

The undesirable currents in a transformer core are

currents.

a ratio

b. eddy

€. primary

d secondary

Transformer cores are laminated in order to:

a. increase displacement currents.
b. reduce mutual inductance.

€. provide an easy path for current.
d reduce eddy currents.

a. applied voltage.

b. thickness of insulation.

c. shape of the core.

d physical size of the wire used.

Copper losses may be minimized by using:

a. larger diameter wire.
b. high-resistance wire.
c laminated cores.
d. coaxial cable.

The power dissipated by winding resistance in a transformer
is called 1°R loss, or loss.

a. eddy current
b. copper

€. hysteresis

d core
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PROGRESS CHECK
LESSON Vi

Semiconductor Rectifiers

1. A semiconductor rectifier:

a. rectifies AC to pulsating DC.
b. rectifies DC to AC.
c. pulsates.

2. Select the schematic symbol for a rectifier.

—VWW—

a.

———a

i
wtgnam

3. Select the drawing which will allow current to flow.

+ -
____a. _1"F
j'.*j-
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PROGRESS CHECK ANSWERS
HODULE TEN

LESSON 1 LESSON 111 (Cont'd)
1. ¢ b, ¢
2. a 5. ¢
3. d 6. ¢
4, d 7. b
5. a
6. b LESSON 1V
l. a 1. ¢
8. a 2. ¢
9. d 3. a
10. b 4, b
1. a 5. a
12. b 6. a

7. ¢

LESSON 11
1. d LESSON V
2. ¢ 1. b
3. b 2. ¢
4, d 3. ¢
5. d b, ¢
6. b 5. d

6. b

LESSON 111 7. d
1. b 8. d
2. a 3. a
3. b 10. b
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PROGRESS CHECK ANSWERS MODULE TEN

LESSON vi
1. a
2. ¢
3. b

A'ECDENTS’ |

don'’t us't ”::;n -

THEY ARE CAUSED!

BEST COPY RVAILASLE

IF YOUR ANSWERS ARE ALL CORRECT, YOU MAY TAKE THE MODULE TEST. F NOT,
STUDY ANY OF THE OTHER RESOURCES AVAILABLE FOR THIS LESSON BEFORE TAKING
THE PROGRESS CHECK AGAIN.
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PROGRESS CHECK
LESSON |

The Capacitor

1. Two metal plates separated by a non-conductor is an example

of a/an:
a resistor.
b. inductor.
€. capacitor.
d generator.

a farad.
b dielectric.
€. reactor.

d inductor.

3. Charging of a capacitor occurs when electrons -

a. forced onto both plates.
b. drawn from both plates.

c¢. forced onto one plate and drawn from the other plate.
d drawn from the dielectric.

k. Erergy is stored in a capacitor in the electrostatic field
through the:

a. plates.

b. dielectric.
€. conductors.
d leads.

5. The energy used to create an electrostatic field through
the dielectric in a capacitor is recovered when:

a. the electrons are permitted to return to their normal
positions on the plates.

b. the capacitor charges.

€. current flows between the plates.

a voltage source is connected across the plates.

Q.

e
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Progre«- Lheck Eleven-1i

6. Wnen a capacitor is charygyed, the bound electrons in the
dielectric:

a. ~move from - to + charged plates.

b, move from + to - charged plates.

L. are ot affected by the charged plates.
d. have their orbits distorted.

7. Aocapacitor iw able to store energy in an electrostatic field:

d. betueen the plates.
b, on the plates.
c. in the counductors.
d. in the leads.

——

—— e

o 196
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PROGRESS CHECK
LESSON 11

Theory of (apacitance

The property of a circuit which oppuses a change in voltage
is called:

a resistance.

b inductance.

€. capacitance.
d. <current.

In a given capacitor, changing the dielectric to one which has
- greater dielectric constant will have what effect on its
capacitance?

a. decrease
b. increase
€. not change
d. decrease by one-half
The capacitance of a capacitor is the plate area.
a. directly proportional to
b. inversely proportional to
€. equal to the square of
d. equal to the square root of

Which is the correct relationship between plate spacing and
capacitance?

a. Capacitance is directly proportional to the square of the
distance between plates.

b. Capacitance is inversely proportional to the square of the
distance between plates.

c. Capacitance is directly proportional to plate spacing.

d. Capacitance is inversely proportional to plate spacing.

]

Since a capacitor reacts to a voltage change by producing a
CEMF, a cecpacitor is said to be:

inductive.
resistive,
electromagnetic.
reactive.

onNn oo

1]



Progress Check Eleven-i|

6. The capacitance of a capacitor is the distance
butween the plates.

a. directly proportional to
~b. inversely proportional to
c. equal to the square of
d.

equal to the square root of

—— —
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PROGRESS CHECK
LESSON itl

Total Capacitance

1. Capacitance is the property of a circuit that opposes a change

« Current.

vol tage.

resistance.
capacitive reactance.

on ow

T[]

2. The plates of a capacitor are separated by a:

wire.

. coil.
semiconductor.
dielectric.

an oo

]

3. The plates of a capacitor, in relation to the conductors, have:

a. a small cross-sectional area.
b. a large cross~sectional area.
c. high resistance.

d. low reactance.

1]

b. The total capacitance in the below circuit is:

a. 12 uf. {€
b, 3 Lf. 3
c. 1.2 .f. ufd
d. 0.3 .f. i
_:r'_ A~ 6 ufd

[l
A
3 ufd
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Progress Chech Eleven-11}

5. Determine total capacitance in the below circuit.

a. 2.75 .f. \ |
b. 1.62 .f. A
c. 6.5 .f. 2 uid
___d. 0.154 _f,
A
.5 ufd
L
1

6. Determine the total capacitance in the below circuit.

@ T 2ufd = .3 ufd

a. 1.2 .f
b. 6.0 .f
c. 1.0 .f
d. 0.5 .. f

7. The total capacitance of the beluw circuit is:

a. 10 f
b. 20 .f
. c. 5 .f.
d. 0.5 . f. _L'O ufd___‘b ufd




Priogress Check Eleven-111

8. What i. the total capacitance in the below circuit?

a. 0.010 f.
b, 0.090 .f.
€. 0.030 .f.
d. 0.015 f,.

7
N
/1

T )
’9 O3uf |.03uf .03uf

9. What is the total capacitance of the below circuit?

___a. 1.63 pf | Epfd
b. 4.67 pf 1
c. 11 pf
‘ d. 5 pf
‘J 3pfd 6pfd

10. Determine the total capacitance in the below circuit.

15.00 .

a. .f. ‘1_
b. 60.00 .f. 1

T 6.66 .f. 30 ufd
d. 36.66 .f.

A4 ™
<E§;) KﬂBbtﬁd 10 ufd
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Progress Check Eleven-t{11

11. What is the total capacitance of the below circuit?

a. 5.45 pf {\L
b. 9.23 pf 30pfd
c. 90 pf ,f‘
d 60 pf ’#;) 20pfd _ | 20phd
\ ;: v~
20pfid
L

12, The total capacitance of the below circuit is:

a. Lo pf. ' ]
b. 20 pf. ;l;"’l’“
c. 10 pf.
d 5 pf.
,”\'OPH L

13. Determine the total capacitance of the below circuit.

a. 11 .f, "_—___lé_"‘_"“‘““
b. 1 .;f. eu‘d
c. 0.66 .f.
d. 0.33 .f -
— 3 - < 2 ufd
-
1
163 ufe
14, What is the total capacitance of the below capacitors?
Vufd
___a. 2.94 .f e o
b. Lo .f o~ 4(_
c. 0.34 .f
d. 294 .
~= 25 ufd
L
o———{{
S ufd
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PROGRESS CHECK
LESSON 1v

RC Time Constants

1. As the capacitor assumes a charge, the EMF developed across
the capacitor:

a. aids the applied voltage.

b. opposes the applied vol tage.

C. causes the current to increase.

d. decreases the app!lied voltage by 1/2.

2. Displacement current is the current which flows in a
capacitive circuit when the capacitor is:

a. charging only.

b. discharging only.

c both charging and discharging.
d shorted.

3 In an RC circuit, the capacitor requires an amount of time to
become fully charged due to limiting the charging
current

a EMF

b capacitance
€. resistance
d inductance

b. if the resistance is doubled in a series RC circuit, the time
constant will:

a. decrease by half.

b. double.

c. decrease slowly,

d. be 63.27 of its original value.

5. Resistance added to a Capacitive circuit causes a decrease of:
charging time.
displacement current.

a
b.

€. applied voltage.
d capacitance.
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Pn;qu'\-- Cheack fleven-1yV
6. The ¢ffect of adding resistance in g capacitive cireuit is to:
a.  increase the charging tiae.
L. decrease the charging time,

T, incredaswe the current drawun.
decrease the total voltage drop.

J. Weatl i the Uit onnatant of the below ¢ircuit?

. 0.3 meec.
oo 300 e, 20
L. 0.3 e,
4. 0,75 e

B, What i+ the tire constant of the below Circuit?

ag. 1000 m~ec :
- ~b. 100 misec 10K

¢. 10 roec

d. 1 msec

-1 - 10O0ufd

5. Determine the value of voltage acrosw the capacitor at the end
ot lwo time constants of discharge. The capacitor had 100 volts
aeruss its plates when discharge -tarted.

. 86.5 v -
b, 5.0 v ;

::-j-c. 95.0 v E;IO!(
d. 13.5 v .

100V

- 5 ufd

T




Progyress Check Eleven-tv

10. During charae time, the voltage across the capacitor after
four time constants will be:

237.5
a. 5 v.
b. 245 v, _€§4°-
c. 12.5 v. J
d. 5§ v. A 250V
= i
™ Juf

11, After two time constants, the voltage on the resistor in the
below circuit will be:

a. 294.0 v. ‘
b. 259.5 v. 75
c. 40.5 .
d. 15.0 v. ...1._ 300V
e 1
-1~ 06 uf

12. During discharge, after 3 time constants, what is the value of
current ir the below circuit? The capacitor was fully charged
before discharge started.

a. 0.1 amp.
b, 1.0 amp. %25
c. 1.9 amp. <
d. 0.2 amp. 1
o - ~100V
-

Ay R
VA
»
2
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13.

14,

15.

Determine the time constant of
a. 3 sec.
b, 8.3 . sec.

. C. 1.4  sec.

o d. 30 .sec.

A
—
-—

|

Eleven-1V

the below circuit,

6 Mm

Spfd

What is the time constant of the circuit below?

a 1000 picoseconds
b. 62.5 microseconds
¢c. 10 picoseconds
d

6.25 microseconds _:F_

-

25y

25K

‘1\ 250 pf

When a conducting path is provided, a charged capacitor acts

as a:
a source.
b. load.
¢. conductor.
d resistor.
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PROGRESS CHECK
LESSON v

Capacitive Reactance

1. The capacitance of a capacitor can be determined by:

dividing the voltage by the stored charge.

multiplying the voltage by the stored charge.

dividing the stcred charge by the voltage.

dividing the rate of change of current by the vnltage.

on oo

1]

2. A capacitor has a charge of 305 coulombs with 1000 volts
difference in poten:ial between its plates. What is its
capacitance?

a. 0.0005 farads.
b. 0.00005 farads.

c. 0.000002 farads.
d. 20000 farads.

3. Determine the capacitance of a capacitor with 0.001 coulomb of
charge stored when 200 volts is applied.

a. 0.000005 farads.
b. 0.00005 farads.
c. 0.000002 farads.
d. 0.00002 farads.

a. capacitance.

b. farads.

c inductive reactance.
d. capacitive reactance.

a. circuit current.

b. resistance of the circuit.

€. magnitude of the applied voltage.
d. frequency of the applied voltage.
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6. What is the capacitive reactance of the capacitor in the circuit

below?
a. 1000..
b. 100 -

— 159, 6./ IXKMx — Jufd
d. 1.59.

7. Capacitive reactance (X ) is an inverse function of capacitance
and:

a. frequency.

b. CLCMF,

c. applied voltage.
d current.

below?

a.

b. 5oo ’\leﬂz _i_.‘l_l.4 uf

¢. 3.4 k. ——

d. 31.4

9. What is the capacitive reactance of the capacitor In the circuit

below?

a. 5.0

b. 2.5.

C. 62.8 k.. 1IKHx _ L._

d. 62.8.. T 82.8uf
—— —

10. What i$ the capacitive reactance of the capacitor in the below

circuit?
a. 628.
b. 628 k.
c 10 M..
d t..




Pi. greus Check Eleven-v
1. Capacitive reactance is the oppesition a capacitor offers to:

4 change in current.
a change in voltage.
alternating current.
direct current.

aen oo

]

ELECTRICITY packs
~ a terrific wallop!

‘Ta( switches before making repairs.

BEST COPY AVAILAGLE
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PROGRESS CHECK
LESSON Vi

Phase and Po..cr Relationships

Capacitance is the property of a circuit that opposes a change

current.

vol tage.

resistance.

. capacitive reactance.

1]

oan ow
" & A

The plates of a capacitor are separated by a:

. wire.
coil.
semiconductor.
. dielecrric.

anow

When a voltage changing at the ra e of 1 volt per second
causes a charging current of 1 amp to flow, the capacitance
is equal to 1:

a. henry.
___b. ohm,

¢. coulomb.

d. farad.

In a purely capacitive circuit, with current as a reference,
where does the voltage vector lie?

+90°
-900
-270°
+180°

onNn oon

1]

In 8 pureiy capacitive circuit, the power dissipated is:

0.707 of instantaneous power.

th. aroduct of current and voltage.
27 .

al’' segative.

11

o~ ow

210



Progress Check Eleven=-Vi
6. In an AC capacitive circuit, the current:

is in phase with the vgltage.
lags the voltage by 90 S
leads the voltage by 90 .
lags the voltage by 180°.

1]

a0 ow
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PROGRESS CHECK
LESSON Vi

Capacitor Design Considerations

1. An advantage of the rotor-stator type capacitor is that its
capacitance:

a. 1is of very large value.
b. may be varied over a prescribed range.
c. is of very small value.

1]

2. Polarity must be observed in the wiring connection of

capacitors.

a ceramic.
b. trirmmer.
c variable.
d. electrolytic.

a. 0il.

b Electrolytic.
c. Paper.
d

4. The two primary disadvantages of electrolytic capacitors are
that they have a low-leakage resistance and they are:

a polarized.

b. self-healing.

c very expensive.

d. highly inflammable.
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PROGRESS CHECK ANSWERS
MODULE ELEVEN

LESSON | LESSON 11! (Cont'd)
1. ¢ 12. b
2. b 13. b
3. ¢ 14, a
4, b
5. a LESSON 1V
6. d 1. b
7. a 2. ¢
3. ¢
LESSON 11 b, b
1. ¢ 5. b
2. b 6. a
3. a 7. a
4, d 8. a
5. d 9. d
6. b 10. b
11. ¢
LESSON 11} 12, d
1. b 13. d
2. d 14, d
3. b 15. a
4, ¢
5. d LESSON V
6. d 1. ¢
7. b 2. b
8. b 3. a
9. a b, d
10. a 5. d
1. b 6. ¢
7. a
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PROGRESS CHECK ANSWERS MODULE ELEVEN

LESSON V (Cont 'd)

a
b
10, d
1. ¢
LESSON VI
1. b
2. d
3. d
L. b
5. ¢
6. ¢
LESSON Vi
1. b
2. d
3. a
4. a

IF YOUR ANSWERL ARE ALL CORPECT, YOU MAY TAKE THE MODULE TEST. IF NOT,
STUDY ANY OF THE OTHER RESOURCES AVAILABLE FOR THIS LESSON BEFORE TAKING
THE PROGRESS CHECK AGAIN.
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PROGRESS CHECK
LESSON |

Voltage and Impedance in AC Series Circuits

1. The cffective values of the voltage drops in a series LR circuit
do not add up to the total voltage because

a. effective voltage is not real voltage.

b. current through the inductor is not the same as current
through the resistor.

€. the voltage across the inductor is not in phase with the
voltage across the resistor. '

d. the instantaneous values of the vol tage drops do not equal
the effective values.

———
—————
———te
—

The graph at the left shows the
current sire wave and three voltage
curves for a s/ ries RC circuit.

Which of the following correctly identifies the three vol tage
sine waves?

4. x = Ec; y = ER; Z = ET
b, x= ER; y = ET: z = Ec
€. x = ET; y = Ec; 2 = ER
___d. x = ER; y = Ec; F ET

3. The total opposition to current in a circuit that contains
resistance and reactance is called:

impedance.

polar notation,
resistance.
complex notation.

an oo

I
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Progress Check Twelve-1|

b,

In a reactive circuit, the total opposition to current flow is:

. a. Rt'
b X
___c. ZT‘
. d. XCT'

Impedance is "he opposition that an AC circuit offers to:

__a. a change in current.
b. a change in voltage.
¢. frequency variations.
d. current.

The vector num of resistance and reactance in a series PL circuit
is:

reactance.
inductance.
capacitance.
irpedanca.

i

N oo

In a circuit that contains reactance and resistance, the total
opposition t) current is called:

complex notation.
impedance.
resistance.

polar notation.

oo Cco

1]

What is the phase relationship between voltage and current in
an AC series resistive circuit?

E leads | by 90°.
1 leads E by 98°.

. 1 lags E by 90".
£ and | are in phase.

anNn oo

1]
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Progress Check

9. 1In the illustration, the current:

leads the voltage by 9 °,

a.
b. lags the voltage by 45°,
c
d

lags the voltage by 90°.

1]

10. In the circuit below, the current:

leads the voltage by 4

a.
b. Tlags the voltage by 45 5
c.

d. lags the voltage by 90°.

{11

221

leads the voltage by hg°.

leads the voltage by 980.

Twelve-|
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PROGRESS CHECK
LESSON 1

Vector Computations

1. The magnitude of the vector <hown below is and its
standard direction is

a ?5 v 25
b 25 s lg
C 251 15
d 15, 25

2. The tangent of the angle - for a total voltage vector is equal

to:
.o b oL
—_—— ET ——— ER
R X
< - L

3. The ratio of inductive reactance to impedance is equal to:

a. N
b. IN
c. S

u. /“

A
7
A

———
—— e
——s
——n—a.

L. The cosine of the phase angle in a series circuit can be found

using:
a EL and R,
b. XL and Z.
c. ER and ET.
d. R and XL.

222
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5. Find the impedance of the circuit.

: 20064)
a. 200
c. 400.. f
d. 450.

7. Find the impedance.

—— 300f}

_ a. 300.
b. 424 § 30041

c. 600..

d. 900..

223
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PROGRESS CHECK
LESSON 111

Rectangular and Polar Notation

1. Which of the below is proper rectangular notation for the voltage
drops in a series RL circui"?

__a. R+ X
___b. Eg - JE
. R-jX
___d. E + jE

2. When a vector is multiplied by +j, the vector is rotated:

clockwise 900.
clockwise 180°.
counterclockwise 90°
counterclockwise 180 .

a6t oo

—————
—tmacmme
———— e
A ———

3. The j operatcr used to describe the rotation of the vector
illustrated below is:

a. +j. Y
bl -jl
.2

——mae
———pp—t—
A ——
————

c. j
d. -j°. "K\\\

4. Describe the vector Z in polar form.

a. 3+ j2. A
b. 3.7 /55
c. 3.0/ __2?
. d. 2.1+ ;3
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5.

Divide 60 /30" by 12 /45° and ¢xpress your answer in polar form.

————

a5 _Z_?

___b. 72 /75°

- 72 /-15°
d. 5 /-15°

Multiply 24 [12? by 12 ZQQ? and express your answer in polar form.

—___a. 286 Lﬂg?
b, 2 /16°

. c. 36 éﬁg?
___d. 288 /16°

If Z' =12 + j18 and Z2 = 13 - j2, what is the ZT of the two in
trectangular form?

a. 30 /33°
b. 25 + j16
c. 1 + ng
d. 30 /57

The total voltage in the below circuit is:

— YL ;;;\r _l_

J0V 20V

/\U asy

HISV 20v
11

a. 20 - j30

b. 30 + j20

c. 30 - j20

d. 30 + j90
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9. find 'T' L; and PF.
AAA—S OU L
Mo X2
(E}J v ‘::

]

b ]
n
P

226
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PROGRESS CHECK
LESSON 1V

Variational Analysis of Series RL Circuits

If the frequency applied to an inductor is doubled, the current
through the inductor will:

lead the voltage.

be in phase with the voltage.
be reduced by one-half.

be doubled.

on o

1]

If the resistance is increased in a series RL circuit, the cir-
cuit phase angle will:

a. increase.

b. decrease.

€. remain the same.
X

d. equal §£—

il

1f the applied frequency is not changed but the inductance in
a series RL circuit is ancreased..the current will:

a remain the same.
b. increase.

€. decrease.

L.

Cos /-

———
———
et
— .

d. equal

If the frequency applied to a series RL circuit is increased,
the circuit phase angle will:

a. increase.

b. decrease.

c remain the same.
E

a .
d. equal C—OS__/__

—
—————
———
——
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5. If the frequency applied to a series RL circuit is reduced, the
voltage across the resistor will:

a. increase.

b. decrease.

c. remain the same.
d. equal 'T x COS /4

6. For a given applied frequency, if the irductance of a series RL
circuit is increased, the circuit phase angle will:

a increase.
b. decrease.
cC. remain the same.

Ea
d. equal T
L
7. 1f the resistance is increased ir a series RL circuit, the

voltage across the coil will:

a increase.

b. decrease.

¢c. remain the same.

d. equal Ea x €COS /.

8. For a given applied frequency, if the inductance of a series
RL circuit is decreased, the circuit current will:

a. increase.

b. decrease.

¢. remain the same.
3

d. equal 2
x!

9. If the resistance is decreased in a series RL circuit, the circuit
phase angle will:

a. increase.

b. decrease.

€. remain the same.
X

d. equal ﬁkf
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10.

11.

12.

13.

In an inductive circuit, if the frequency is decreased, the cur-
rent will be:

a increased.
b. decreased.
< unaffected.
d. squared.

If the frequency applied to a series RL circuit is decreased,
the circuit phase angle will:

a. increase.

b. decrease.

C. remain the same.
E

a .
d. equal Tos 7v

If the frequency applied to a series RL circuit is decreased,
the apparent power will:

a. increase.
b. decrease.
€. remain the same.

—
—
—r——
—

Pt
d. equal tm
a
Solve for: A 728w
Ep 72v
a | AN/,
t ———
b. R L f 60Mz X 4
c Zt
d. [o
e E
a ——————
f P
a —————
g. Px -
h PF
i £

L —
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PROGRESS CHFCK
LESSON V

Frequency Discrimination in RL Circuits

1. In an RL circuit, cutoff frequency is the point where the
true power has decreased to half the maximum power and:

a. XL = R,
b. XL = Xc.
c Pt = Pa

d. €OS /- = TAN /- .

2. In the series RL circuit below, if the frequency applied is the
f of the circuit, what is the value of XL?

co
a. 100 ohms. [ m‘,
_ b, 159 ohms. :
c. 1 Kohm. ~_Yoov
d. 2 Kohms . 1XC 159mh

3. Match the output connections with the circuit function:

A
a. High frequency discriminator to
b. High pass filter to
c. Low pass filter to . ~y B8
d. Low frequency discriminator to

C

4. When low frequencies are to be attenuated, the output of a
series RL filter circuit should be taken from across the:

a. resistor.

b. resistor and the coil
c. coil.

d. generator.
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5. In the series RL circuit below, if the frequency applied is
the fco of the circuit, what is the circuit phase angle?

o
120 ArNT

5 | y |

Zgo7 1000

90° /\} 100V 159 h
1 Khx

6. What is the cutoff frequency (fco) of the circuit below?

31.8 Hz. ' VWV
194 Mz, 100{l
500 Hz.
50 Hz.
/\j 100V .318h

|

anoo

an ow

1]
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PROGRESS CHECK
LESSON VI

Series RC Circuits

1. (f the value of capacitance is decreased in a series RC circuit,
the voltage across the capacitor will:

a. increase.

____b. decrease.
c. fremain the same.
d. equal Ec x COS /-.

2. When a series RC circuit is used as a high-pass filter, the
output is taken from across the:

a resistor.
b. capacitor.
¢. resistor and capacitor.
d gererator.
3. If the value of resistance is increased in a series RC circuit,

the voltage across the resistor will:

a increase.

b decrease.

¢. remain the same.

d. equal Ea x SIN /.

4. In the illustration below, the current:

a. leads the voltage by Sgo.

b. lags the voltage by 45 5 k\
c¢. leads the voltage by bg . A
d lags the voltage by 90°.

5. If a series RC circuit is used as a filter and the outpu® is
taken from the resistor, the circuit is a filtar.

a. high frequency discriminating
b. band eliminating

c. low pass

d. high pass
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6.

10.

In a capacitive circuit, if the frequency is increased, the
current will be:

a increased.

b. decreased.

< unaffected.

d. reduced slightly.

If high frequencies are to be attentuated in an RC filter circuit,
the output would be taken from across the:

a. resistor.
b. capacitor.
C. resistor and capacitor.
d. generator.

If the applied frequency is unchanged, but the value of capacitance
is increased in a series RC circuit, the current will:

a. remain the same.
b. increase.
¢- decrease.

£

d. €qua i Eﬁ.

If low frequencies are to be attenuated in an RC filter
circuit, the output would be taken from across the:

a. generator.
b. resistor.
C. capacitor.
d resistor and capacitor.

!f the frequency applied to an RC circuit is decreased, the
voltage drop across the capacitor will:

a. equal Ea multiplied by COS /4.

b. remain the same.

c. decrease.
d. increase.
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11. If the tilter circuit below is to be used as a low-pass
filter, the output will be taken from across pcints:

a. A and B.
b. B and C.
c. C and A.

1T

12. 1f the value of resistance is increased in a series RC circuit,
the voltage across the capacitor wiil:

a equal . x COS /.
b, increasé.

¢. decrease.

d remain the same.

13. When a series RC circuit is used as a low-pass filter the
output is taken from across the:

____a. resistor.
b. capacitor.

" c. resistor and capacitor.
d. generator.

14. In a series RC circuit, if the frequency of the applied voltage
is decreased, the circuit current will:
£

a equal 2
5 q =

increase.

¢. decrease.
E

d. equal T

Xe

————
————a—
——
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15.

16.

Find the impedance in the diagram shown. & X 30 .

a. 50 /37° ohms.
S >R 40
b. 50 /-37° ohms.

c. 50 /53o ohms.

d. 50 /-53° ohms.

Yxcoo

In a series RCocircuit, the apparent power is 265 va, the phase
sngle is ~67.6" -and the frequency of the applied ltage is 60 Hz.

Solve for:

a Pt =

b. P =
x

¢. PF =
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PROGRESS CHECK ANS'“IRS
MODULE TWELVE

LESSON | LESSON 111 (Cont'd)
1. ¢, d 9. 'T = 2a
2. b [ = 26.6°
3. a F = .89
b, ¢
5. d LESSON (V
6. d 1.«
7. b 2. b
8. d 3. ¢
9. a b, a
10. d 5. 3
6. a
LESSON 11 7. b
1. ¢ 8.
2. b 5 a
3. b 10. a
b, ¢ 11. b
5. d 12, a
6. 13. a. 2ba
7. b b. 3u
¢c. 5u
LESSON 111 d. 53.1°
1. d e. 120v
2. ¢ f. 2880 va
3. a g. 2304 var
4. b h., .60
5. d i. 96v
6. a
7. b
8. b
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PROGRESS CHECK ANSWERS MODULE TWELVE

LESSON V LESSON V1 (Cont‘'d)

1. a 13. b
c 4. ¢
a. B, ¢ 1S. b
b. A, B 16. a. 101 w
c. 8, ¢ b. 245 var
d. A, B c. .38
c

5. ¢

6. d
LESSON VI

1. a

2. a

3. a

b, a

5. d

6. a

7. b

B. &t

9. b

10. d

11. b

12. ¢

IF YOUR ANSWERS ARE ALL CORRECT, GO TO TME NEXT LESSON. IF NOT, STLDY
ANY OF THE OTHER RESOURCES AVAILABLE FOR THIS LESSON BEFORE TAKING THE
PROGRESS CHECK AGAIN.
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PROGRESS CHECK
LESSON |

Solving Series RLC Circuits

1. At high frequencies, hollow tubing is used for
conductors because of the:

a. effective resistance.
b. proximity effect.
c
d

skin effect.
circumference effect.

2. What js the impedance in the circuit below?

a. 72 /-33° ohms.

- i "AA
b. 72 /-57° ohms. 3.
40
c. 110 /-57° ohms. | \v)W4V {
o el |
d. 110 /-33° ohms. — |

3. If the frequency applied to a coil decreases, what will be the
effect upon the Q of the coil?

a. Q will halve,

b. Q will increase.

c. Q will decrease.

d. Q will remain the same.

L. In a series RLC circuit, the current will be:

a. greatest through
b. greatest through
€. greatest through
d. equal in R, L, an

2l
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. The circuit Q may be maintained at a high level by keeping
Lo a minimum.

4

a. resistance
I, reactance
€. <capacitance
d. inductance

6. When hollow tubing is uved as a conductor, it is to take

advantage of the effect.
. a proximity
b, skin
. €. Edison
d. copper

7- The change in current distribution in a conductor due to the
action of an alternating current in a nearby conductor is
called the:

a. hollow et’oct.

b, tube cffect.

¢. proximity effect.
d. «kin effect.

8. The tendency of AC conductors to carry the current on the
surface rather than throughout the cross-sectional arc¢a is
hnown as the:

. hollow effect.
tube effect.
proximity effect.
skin effect.

————tn e
e ————
—~——

an oo

9. The resistance of coils due to proximity effect may be reduced by:

decreasing the separation between conductors.
using larger conductors.

increasing the separation between conductors.
. adding more turns to the coil.

— o a—

—————

[~S ¢ IR~}

2l2
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10. What is the Q of the circuit below?

___a. 40 ' —
b. 400 2K
c. 0.05 2K
d. 0.005
AAA
50 .

11. Find the impedance represented below.
X; 30
a. 50 /37° ohms. 4 t
b. 50 /-37° ohms.
0 R 40 -

12. When a vector is multiplied by +j, the vector will be
rotated:

clockwise 90°.
clockwise 180°.
counterclockwise 90
counterclockwise 180 .

(%

1]

G0 o

13. The figure of merit of a coil may be expressed as:

a. Ten or greater
Pr
b. 5
X
¢. Proximity effect
d. Ratio of power stored to power dissipated in the coil.
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4. The effective resistance of any circuit is the combination
of:

a. DC resistance and the resistance caused by
alternating current.

b. DC resistance and the circuit resistance.

c. 21l the voltage drops divided by circuit current.

d. all the directly measurable resistances.

15. In the circuit shown, solve for:

a. £ =

a ”‘;"4”5 R 00
b. ﬁ:.' ,¢§, AN\~
c Zt =

X, 200

d Pa-
e. P =
f. P = i |

X 11
g. PF = __ X¢ 2680

2Lk
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PROGRESS CHECK
LESSON 1!

Series AC Circuits at Resonance

1. At resonance in a series RLC circuit:

a. inductance equals capacitance.
b. impedance is minimum.

C. current is minimum.

d. power factor is 0.707.

2. In a series RLC circuit at resonance the:
a. XL and Xc are equal.

b. Zt of the circuit is equal to circuit R.

€. circuit current is maximum.

N

d. phase angle between E and | is zero.

3. The total voltage in the circuit below is volts.
a. 31 /650 AAA/
b 2 72 o 28V
— b 32 /25 100V
c. 66 /65°
- A | 140V
d. 66 /25 R
4. what is the resonant frequency In the circuit below?
a. 1 Hz. | 159 uf
T b. 10 Hz. H
c. 100 Hz.
d. 1000 Hz. ,\) A59 h
0
AA -

2L5
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5.

Determine the resonant freaouency of a series RLC circuit
consisting of a & .h coil a 1.f capacitor and a 10 ohm
resistor,

79.5 kHz.
89.8 Hz.

628.0 Hz.
12.56 Hz.

an oo

1]

1f the frequency applied to a series RLC circuit is decreased
to a frequency below resonance, the current will:

increase.
decrease.

lag the voltage.
be unchanged.

an oo

1]

If the various voltage drops in a series RLC circuit are added
vectorially, the resultant will be equal to the:

impedance.
reactive voltage.
applied voltage.
true power.

an ow

1]

2L6
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PROGRESS CHECK
LESSON 111

Resonance in Series RC Circ.its

I. What two points indicate a resonant circuit on the graph?

A and B
C and D
A and C
B and D

1]

an oo

2. Comparing the vector diagram to the circuit drawing, you can
assume the circuit is operating:

a. at the upper f ., [t Y0 ?‘LMTZ

b. at resonance. co Xy 200"

¢. at the lower f
co

‘Xc 200 :

3. When the frequency of voltage applied to a coil decreases, the
Q of the coil will;

a. halve.

b. not change.
€. increase.
d. decrease.

2L7
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b, At resonance in a series RLC circuit, current is:

a max imum,

b. timited by reactance.

c minimum,

d. out of phase with applied voltage.

5. If a series RLC circuit is operating below resonance, the im-
pedance will appear to be:

a capacitive.
b. resistive.
c decreased.
d inductive.

6. If a series RLC circuit is operating above resonance, the impedance
will appear to be:

a. capacitive.
b resistive.
c. decreased.
d inductive.

7. When a series RLC circuit is operating at its resonant frequency,
the impedance is equal to:

R ; ch
L
SIN /
c. £ x COS /.
—— a —
d. R.

8. when a series RLC circuit is operating at resonance, the line
current is:

lagging E_.
leading E2.

in phase dith Ea'
minimum,

an o

]
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9. When the frequency of voltage applied to a coil increases, the
Q of the coil will:

_____a. not change.
b increase.
¢. decrease.
d. double.

10. If the frequency applied to a series RLC circuit were decreased
to a frequency below resonance, the current would:

a. increase.

b. decrease.

c¢. lag the voltage.
d. be unchanged.

11. An impedance vector diagram uses what two quantities to solve
for 27

a. Reactance and inductance.
b. Capacitance and reactance.
c Inductance and capacitance.
d Resistance and reactance.

12. is the bandwidth of a series circuit if the resonant
frequency is 50 Hz and the circuit Q is 507
a. 0.10 Hz.
b. 100 Kz.
c 1 Hz.
d 10 Hz

13. What is the Q of the circcit below?

v
a. ko -1 X
— b, 400 2K 0
c. 0.05 i
~ d. 0.005 ’\D 2K
$0 .
A'avAY.
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14,

15.

16.

17.

if the Q of the coil in a series resonant circuit is lowered,
the bandwidth will:

a. ingcrease,

b. not be affected.
<.

d.

|

decreaae.

o ecxual v
XL

When a series RLC circuit is operated at resonance, the

inductive reactance will equal the of the circuit.
a. cut-off frequency
b. resistance
¢. impedance
d. capacitive reactance

in a series RLC circuit, the current will be:

greatest through R.
greatest through L.
greatest through C.
equal in R, L, angg.

a0 ow

ik

If the half-power points of a series resonant circuit are
550 Hz and 570 Hz, what is the resonant frequency?

a. 555 Hz
b. 560 Hz
~___c. 565 Hz
d. 20 Hz
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PROGRESS CHECK ANSWERS
MODULE THIRTEEN

LESSON | LESSON 1! (Cont'd)
1. ¢ 5. a
2. b . b
3. d 7. ¢
b. 4
5. a LESSON 111
6. b 1. b
]. ¢ 2. b
8. d 3. b
9. ¢ h, a
10. a 5. a
11. b €. d
12. ¢ 7. d
13. d 8. ¢
th. a 5. a
16, a. 150 v 10. b
b. 60° 1. d
c. 20. 12, ¢
d. 1125 va 13. a
e. 562.5w 14, a
f. 974.25 var 15. d
g. .50 16. d
17. b
LESSON 1}
1. b
2. a, b, ¢, d
3. ¢
L. d

IF YOUR ANSWERS ARE ALL CORRECT, YOU MAY TAKE THE MODULE TEST FOR
THIS MODULE. |{F NOT, STUDY ANY OF THE OTHER RESOURCES AVAILABLE
FOR THIS LESSON BEFORE TAKING THE PROGRESS CHECK AGAIN.
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PROGRESS CHECK
LESSON |

Solving for Quantities in Parallel RL Circuits

1. What is the equivalent impedance of the paralle! network?

A e
a. 15.9 ohms. 24
b, 7.1 ohms, —
€. 5.5 ohms. [\, .
d. 8.9 ohms. ! o © l'q =

e A e e e—ar——

2. If the resistance is increased in an RL parallel circuit, the
total current will:

a. be reduced to zero.
b. lincrease.

c decrease.

d remain the same.

3. If the inductance in a paralle! RL circuit is increased, the
will decrease.

a power factor.

b inductive reactance.

¢. resistive voltage drop.
d. circuit phase angle.

a. b.

|
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5. What is the phase relationship between voltage and current in
a parallel RL circuit?

a. |, lags Ea by 900.

—_— L

b. g leads E_ by 90°.

—_— R

c. 1 leads E_ by 90°.

— L

d. 'R' !L, and Ea are in phase.

6. Which of the following diagrams illustrates the phase relation-
ship in a3 two-branch parallel RL circuit?
- > - | L

a. 'I k b. It “
4 In
e
5 I "
C. ; d. ‘A
1
‘ L — L e A“.‘

7. In a parallel RL circuit, the applied voltage has what phase
relationship with the branch currents?

a. Ea is in phase with lL but not 'R'
b. Ea is out of phase with 'R and 'L
C. Ea is in phase with IL and 'R'

d. Ea is in phase with ’R but not !L.

8. An equivalent impedance for a parallel RL circuit is valid only
at a given operating frequency because the:

a reactive component varies with the frequency.

b. true power of the circuit is inversely proportional to
the frequency of the circuit.

c. resistive voltage drop varies directly with the frequency.

d. applied voltage increases as the frequency is decreased.

]
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9. What is the equivalent impedance of the parallel section of
the below ¢ircuit?

a. 4.5 ohms ”‘“"‘"‘?{F’
b. 9.5 ohms ‘
€. 2.5 ohms

d. 7.8

)
=777

'
{

¥
!
F

10. If the resistance is decreased in an RL parallel circuit, the
total current will:

a increase,

b. decrease.

C. remain the same.
d. drop to zero.

11. When total impedance is computed, coil resistance is usually
taken into consideration only if the Q of the coil Is:

a. more than 50.
b. 20.
c 15.
d less than 10.

12. The addition of a resistor in series with the inductive branch
in a paralle! RL circuit will cause:

a. phase angle to increase.

b. phase angle to decrease.

€. true power to remain the same.
d true power to decrease.
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PROGRESS CHECK
LESSON 1

Variational Analysis in RL Parallel Circuits

1. What circuit quantity will be doubled if the frequency of the
voltage applied to a parallel RL circuit is doubled?

inductance.

inductive reactance.

inductive branch voltage drop.
inductive branch current.

L. T L

ro

Decreasing the frequency applied to a parallel RL circuit

causes to decrease.
a. |
R
—_—— t
c. 2
d IT
——— * R
3. Increasing frequency in a parallel RL circuit will cause ‘R
to:
. 3. remain the same.
b. decrease.
¢. increase.
d. vary with sine of angle theta.

4. Decreasing the frequency applied to a parallel RL circuit
causes to increase.

- ) N e
x3 e ~

an owe
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5. Increasing the trequency of applied voltage will cause the
current throuah L1 to:

d.  increase.

L. dJdegrease.
¢, remain the came.
d. equal E] x €0S _/__ 60 Nz

6. The addition ot g resistor in series with the inductive branch
in g parallel RL circuit will cause to decrease.

a phase anqgle
b, power factor
< {rue power
d.  resi<tive branch current

7. Increasing the frequency applied te a parallel RL circuit
Causes to increase.

a pha-e anqle
b. irpedance
<
d

8. Increasing the frequency applied to a parallel RBL circuit
causes to decrease.

| SN & N il )
- T N -
D e wd d

]
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PROGRESS CHECK
LESSON 111

Parallel RC and RLC Circuits

1. What circuit quantity will be halved if the frequency applied
to a parallel RC circuit is doubled?

a. capacitance
b. capacitive branch voltage drop
c. capacitive reactance
d. capacitive branch current
2. In a parallel RC circuit, the phase relationship of the branch

currents and applied voltage is correctly represented by
which vector diagram?

4 *

ic ic
£ [
a. -2 . b. R .
IR
/'y
'S
i

€. R’ d.

Ea

3. Select the diagram which illustrates the relationship between
Ea' ’C' and e in a paralle! RC circuit.

. fc Y /"

N Ea
¢ ____d.
\¥/ ¢
EA KA
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4,

The total impedance of this circuit is ohms,
a. 0
b. 142

e 112 R L Xc

Decreasing the resistance in a parallel RC circuit causes
to decrease.

. true power
capacitive current
phase angle

total current

1]

an oo

If the frequency applied to a parallel RC circuit is increased,
the total current will:

a. remain the same.
b. increase.

€. decrease.

d.

equal Ea x COS /..

Determine total impedance of the circuit below.

a 175 ohms

b. 60 ohms

c. 100 ohms X¢ 75:: 2100

d. 125 ohms — é .
S

Decreasing the frequency applied to the circuit below will
cause to decrease.

total current

a.
b. impedance

€. power tactor t\L,
d. capacitive reactance

$A'A
Jd1
L
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9.

10.

11.

Fourteen-t11i

It a three-branch parallel RLC circuit is operated at a very
Leni trequency, it will appear

a capacitive
b, shorted

< inductive
d resistive

to the source.

in a three-branch parallel RLC circuit, if the inductive
currents and capacitive currents are equal, the circuit will

appear to be purely:

inductive.
capacitive.
resistive.
reactive.

[~V a T o gl 9

in a parallel RLC circuit,
tive, the circuit appears

a. capacitive
b. inductive
C. resistive

‘100

A

c

R

R _3»20a

if the circuit phase angle is nega-

to the source.

24l
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PROGRESS CHECK
LESSON 1tV

Parallel Resonance

I. At resonance, the impedance of an ideal parallel LC circuit
is:

a max imum.
b. capacitive.
€. inductive.
d. minimum.
2. Increasing from resonance the frequency applied to a paraliel

LC circuit causes the current drawn from the source to:

4. appear inductive.
b. decrease.

c increase.

d lag the voltage.

3. if an ideal paralle! LC circuit is at resonance and X is 2000
. L
ohms, what is the value of Xc?
1000 ohms
4000 ohms
2000 ohms
20 Kohms

anoow

| /]

4. Dctermine the resonant frequency of the circuit below.

1 KHz r
10 KHz

100 KHz .
1000 KMz @ 159 uf 159 mh

an oo

]

5. One indication that a two-branch LC circult is at its resonant
frequency is maximum:

line current.
resistor current.
phase angle.
impedance.

1]

anow
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6. Decrvasing the frequency applied to a parallel LC circuit
from resonance causes current drawn from the source to:

lead the voltage.
decrease.
increase.
appear capacitive.

an oW

]

7. 1f a three-branch paralle! RLC circuit is operated above its
resonant frequency, it will appear to the source.

inductive
resistive
open
capacitive

|
|

an o

8. To determine the resonant frequency of the circuit below, the

values of must be known.
a Rand L
b. E_and E
c. E_and R
d. applied frequency and Z

@ §. .
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9. After the source of power is removed, the current will continue
to circulate back and forth between the inductor and capacitor
at a diminishing rate. This action is known as

action. p———meredl ey
S
a. LC
b. flywheel — £, . V™ 1
c. circulating _— "€
d. damped wave ‘k\__é'

10. A damped wave is caused by the present in any
practical circuit.

a. resistance
b. capacitance
¢. inductance
d. current

1]
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PROGRESS CHECK
LESSON V

Effective Resistance in RL Circuits

1. 1t the Q of the coil is greater than 10, the effect of R2 on
the impedance ot the circuit is:

.. 11
a. negligible,. 1 1
_____b. to increase impedance. ' Xg !
____ €. to decrease impedance. , t ;
] d. to double impedance. @ ;n‘ : |
. i
1 R :

!
--g.4

2. One of the effects of a low-Q coil, compared with a high-g
coil, in a parallel RL circuit is:

higher circuit current.
lower circuit current.
higher inductive current.
. lower resistive current.

on oa

3. Replacing a high-Q coil with a low-Q coil in a parallel RL
circuit will cause:

an increase in phase angle.

a decrease in phase angle.

no change in circuit current.

an increase in the voltage drop across the coil.

o oL

1]

L. A decrease in effective resistance in a parallel RL circuit
will have what effect on the voltage dro~ across the inductor?

no change in E

— 9 L
_____b." decrea.e in EL
____ €. increase in EL
___d. E, will decrease by 1/2

L
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5. dincreasing Re - of the coil in a parallel RL circuit will have
what effect On true power?

a. no effect
b. an increase in Pl

€. a decrease in Pt

6. If the Ref of the coil in a parallel RL circuit is increased,
the power Factor of the circuit will:

a. remain the same,
b. increase.
¢. decrease.

e
{‘,‘.; —~— ., R '4.“‘ n
(T\””‘-m_'”f-€§§%r~ . F;:%%qih ‘iiy

-
.

If you don't know what it does don't fool with it!
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PROGRESS CHECK ANSWERS
MODULE FOURTEEN

LESSON | LESSON 11! (Cont'd)
1. b 5. ¢
2. ¢ 6. b
3. d 7. b
. b 8. a
5. a 9. ¢
6. a 10. ¢
7. d 11. b
8. a
9. a LESSON 1V
10. a 1. a
1. d 2. ¢
12. b 3. ¢
L. a
LESSON 11 5. d
1. b 6. ¢
2. ¢ 7. d
3. a 8. b
4., a 9. b
5. b 10. a
6. a
7. b LESSON V
8. a 1. a
2. a
LESSON (11 3. b
1. ¢ L. a
2. a 5. b
3. 6. b
4., d

IF YOUR ANSWERS ARE NOT ALL CORRELT, STUDY ANY OF THE OTHER RESOQURCES
AVAILABLE FOR THIS LESSON UNTIL YOU CAN ANSWER ALL THE QUESTIONS
CORRECTLY.
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tan 1,191 Li9a0 1, 2002 1. 2045 12088 12131 1.2174 1.2218 1. 2201 1. 2305
»tn 0,777 Q7782 0.7793 0.7804 0. 7815 0. TM26 0. TN3IT 0, 784N (O, 7889 . 780G
91 c0B 0. 293 0. 0280 00206 06252 O 6l 0, 6228 0,021 0. 0lyd 0. 01N4 0, 6170
tan 1,234 1, 2393  1.2437 1.2482 1. 2527 11,2572 11,2017 1,26062 1,2708 11,2753
sin 10,7880 0,.7891 0.7902 00,7912 0.7923 0.793%4 0,.7944 00,7955 0. 7965 0. 7976
52 cos [0.0157 0.6143 0.4129 0.411% 0.4101 O0.0088 0,0074 0,600 0, 6046 0. 6,032
tan 1. 2799 1,284 1.2892 1,293 1. 2985 1 3032 }, 3074 1,3127 11,3175 1.3222

? sin ] 0. 7986 0. 7997 0. 8007 0.8018 O, 8028 0.8039 0, 8049 0.50%9 Q0. 8070 0. 8080
53 cus | 0,600t 0.6004 0.5990 0.597¢ 0.59062 0, 5948 0,59314 0.5920 0. 5900 0. 5892
tann | 1.3270 1.3319 11,3307 1. 34lc 1.3405 1.3514 1.35%4 1.3613 1, 3663 1.3713

stn |0, 8090 0. 4100 O.5111 00,8121 0.8131 0.8141 0.5151 0.81¢1 O.8171 0. 811
54 tous | 0.987% 0. 5804  0.5850 0,5835 0.5821 0.5807 0.5793 0,577¢9 0.57ud4 0. 5750
tan 1.3704 13814 1, 3805 1. 3910 1. 3948 1,4019 1.4071 1. 4124 1.417¢ 1, 4229

: sin ] 0. 8192 0.8202 0,R211 0.8221 0.8231 0.8241 0, #2551 0. 8201 0.8271 0. 82481
ﬁﬁ c0s |0.5730  0.5721 0.5707 0.5093 0.5:78 0,% ¢4 0.5650 0.50635 0,521 0. 5400
tarn f1.4281 1.4335 1, 438K 1.4442 1,449 11,4550 11,4605 1, 4659 11,4715 1, 4770
' fmu -
Eﬂﬁ tion i, o 0. 1Y 0. 2¢ 0, 3¢ 0. ¢ 0. 8¢ a. 4" 0.7 0. 8¢ 0, gV
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funca
eg| tion 0. 09 [ ) 0. 20 0. 3° 0. 4° 0. 5% 0. 0° 0. v 0. 8° 0. 9v
! sin 10. 8290 0.8300 0.8310 0.8320 0.8329 0.8339 0.8348 0.8358 0.8368 0.8377
56 | cos 0. 5592 0.5577 0.5563 0.5548 0.5534 0.5519 0.5505 0.5490 0.5476 0. 5461
tan {1.4826 1.4882 1.4938 1.4994 1.5051 1.s108 1.5166 1.5224 1.5282 1.5340
i sin 10, 8387 0.8396 0.8406 0.8415 0.8425 0.84%4 0.8443 0.8453 0.8 2 0. 8471
57 cos [0.5446 0.5432 0.5417 0.%402 0.5388 0. 5373 0.5358 0.5344 0.5329 0.5314
f tan }1.5399 1 5458 1,85517 1 8577 1.5637 1.5697 1.5757 1.5818 1.5880 1.5941
j sin 0. 8480 0.8490 0.8499 0.8508 0.8517 0.8526 0.8536 0.8545 0.8554 0.8563
58 | com ]0.5299 0.5284 0.5270 0 5255 0. 5240 0.5225 0.5210 0.5195 0.5180 O.5165
! tan 11.6003 1.6066 1.6128 1.6191 1.6255 1.6319 1.6383 1.6447 1.6512 1.6577
7 sin 10 8572 0. 8581 0.8590 0.8599 0 8607 0.8616 0.8625 0.8634 0.8643 0. 8652
59 cos 10,5150 0.5135 0.5120 0.5105 0.5090 0. 5075 0. 5060 0.5045 0.5030 0.5015
tan 1. 6643 1.6709 1.6775 1.6842 1.6909 1.6977 1.7045 1.7113 17182 11,7251
L sin 0. 8660 0.8669 0. 8678 0.8686 0.8695 0.8704 0.8712 0.8721 0.8729 0.8738
0] cos ]0.5000 0.4985 0.4970 0.4955 0, 4939 0.4924 0.4909 0.4894 0.4879 0. 4863
tan 1.7321 1.7391 11,7461 1.7532 1.7603 1.767% 1.7747 1.7820 1.7893 1.7966
sin 10.8746 0.8755 0.8763 0.8771 0.8780 0.8788 0.8796 0.8805 0.8813 0.8821
jo1 cos 0. 4848 0.4833 0.4818 0.4802 0.4787 0.4772 0. 4756 0.4741 0.4726 0.4710
tan |1.8040 1.8115 1. 8190 1.8265 1.8341 1.8418 1.8495 11,8572 1.8650 1.8728
_ sin 0. 8829 0.8838 0. 8846 0.8854 0.8862 0.8870 0.B8878 0.8886 0.8894 0.8902
52 | cos [0.4695 0.4679 0.4664 0.4648 0. 4633 0.4617 0.4602 0©.4586 0.4571 0.455%
tan |1.8807 1.8887 1.8967 1.9047 1.9128 1.9210 1.9292 1.9375 1.9458 1.9542
? sin 10 8910 0.8918 0.8926 O0.8934 0. 8942 0.8949 0.8957 0.8965 0.8973 0.8980
ges cos [01. 4540 0.4524 0.4509 0, 4493 0.4478 0. 4462 O, 4446 0. 4431 0.4415 0. 4399
; tan 1..9626 1.9711 1.9797 1.9883 1.9970 2.0057 2.0145 2.0233 2.0323 2.0413
sin 0. 8988 0.8996 0.9003 0.9011 0.9018 0.9026 0.9033 0.9041 0.9048 0.9056
4| cos 10.4384 0 4368 0.4352 0.4337 0.4321 0. 43065 0.4289 0.4274 0.4258 0.4242
tan  [2.0503 2.0594 2. 0686 2.0778 2. 0872 2.0965 2.1060 2.1155 2.1251 2.1348
8in  10.9063 0.9070 0.9078 0.9085 0.9092 0.7100 0. 9107 0.9114 0.9121 0.9128
5 | cos 10.4226 0.4210 0.4195 0.4179 0. 4163 0. 4147 0.4131 0.4115 0.4099 0.4083
tan 2. 1445 21543 2.1642 2.1742 2.1842 2.1943 2.2045 2.2148 2.2251 2. 235%
sin  10.9135 0.9143 0.9150 0.9157 0.9164 0.9171 0.9178 0.9184 0.9191 0.9198
rb cos 10 4067 0.4051 0.4035 0.4019 0.4003 0.23987 0. 397} 0.3955 0.3939 0. 3923
tan 12.2460 2.256 2.2673 2.278) 2 2889 2. 2998 2.3109 2.3220 2. 3332 2.13445
ain  10.9205 0.9212 0.9219 0.9225 0.9232 0.9239 0.9245 0.9252 0.9259 0.926%
67 { cos 03907 0.3891 0.3875 9. 3859 0. 3843 0. 3827 0.3811 0.3795 0.3778 0. 3762
tan  2.3559 2.3673 2.3789 .. 3906 2. 4023 2. 4142 2.4262 2,4383 2, 4504 2. 4627
sin 10.9272 0.9278 0.9285 0.9291 0.9298 0.9304 0.9311 0.9317 0.9323 0.9330
Ps cos [0.3746 0.3730 0.3714 0.3697 0.3681 0. 3665 0.3649 0.3633 0.3616 0. 3600
tan 2.4751 2.4876 2.5002 2.5129 2.5257 2.5386 2. 5517 2.5649 2,5782 2 5916
sin 10.9336 09342 0.9348 0.9354 0.9361 0.9367 0.9373 0.9379 0.9385 0.939}
69 | cos [0.3584 0.357 0.3551 0.3535 0 3518 0.3502 0.3486 0.3469 0.3453% 0. 3437
tan 12 6051 2.6187 2.6325 2.64¢4 2.6605 2.6746 2. 6889 2 7034 2 7179 2. 7326

func -

tron 0. 0° 0.1° 0, 2° 0. 3® 0. 4° 0. 59 0. 6° 0.7° 0. 8° 0. 9%

279




O

ERIC

Aruitoxt provided by Eic:

Appendix

- i

te e
LI
-t~

a2l

444

441

et

RN

{ 1=

. 144

' -,.! -

AT

1<,
LTI |
41 4«

:;,-f,
T

ofe !
4094

+
+
LN R Y

i,
34

v

temmtl
h

Pt}

[T N
1474

Jure e

[}]
{1

(t

1"

3
1}

T IR
g

L=

vl

thm
“‘y 133
o

't
I RN
4608 2

Fourteen

@4 (LI - (L) (1 oA
[TPRRER B IR IR YO SRS S P ITRRTR R CHEN R P LA S (TR R
RS D IR R TR I E L N LU I PO § D 51 £ AR LR P
O T TS L S G I G S o~ he
N S | B PO LN B L SR LR AU T T SR IR S ALY
(S ST TR I A T D I 2 LYPR S I R LA § I
ICURETIRY B B I I EECR ERR LI 40047 54l
TR T 0, 1ny )t AEEEE W I O TR Y B (1, o4
[RIEETAE YT L O T L | N S TRPRT 2L XS B A DAY DA T § AR LI
O IR ¥ IR S I R T N B 4 Pty 3 21 3040
AL S I T R T A B S NS BN T I S ) DRNE L D LINIR )
(A AU TO S BN VTR BRUUE VU SR LG XL I IR
44 yad RS E I 4.4 7 3 410 3. 4400
i 0, 1o 40 TR TR ¢ e ) i, e e (Y, 4 Nt
A 1, g - e L T2 N g w [ YA [ BRI
4 AT ~nte LRI 4 0, 400 4 oy oo 4 1 =k
U TR A PURRY PR TS T TR LY T B A DR TIRY D |
TR 0, J4a0 TRFEUEL B LY i 2474 AAE BX}
L3R B RN SEIEIES | oree T 4 angy S IR VR I YO
R D O U I LR PP L B ICr S § BT I SRR YOI T
ICETITRCR TS BERNTRNCE S % R LR § BPR AVCE TE T R
U DETCOLEN B BSOS TN EOR N B R F24004 4 2 45
IR I T B Y R TR B B S N D RS BT Pl | B T ML
o 2tem G 21=1 002t o2l ttan o 21t
ST T SR T SR RS R T PEEE AL B PR AR | 422
T VU L T e P Tt It T ¢ B L T U f©, 1o
OO ICE R s IS B O oboerd O T e a0 gl
B R BRI I RV N A R ALEE A DRNER
[AEE P P R TART T ST RNV S TR | B T AT M LT U
O O TR I T W T T WU T N LA B S L B |
S 2924 A 3435 A 4985 G 4RG3 Ao S A0TN
1y, 1=4 1y = (i 0, inNe 4 (AR LY 1) h%e TR LEYS
(Yo ~a g oo s 0 beae 0 19 B T T A A
. omhiyg L O TR S R TR T R P o 1742
1, hms Y {1 e i~ bid TN LYE] 1Ny 1 esia,
@ 1A 0145 0 14.s o 14l e 1444 o 142
R e P22 e a1 e T2 mhg g
KRS NS BT IS S T T B LR 5 DR ST IR N L T IS
IR TTRET I ST SR A B SC YT ¢ B R SR VA A (1253
e 4147 NorAan R IS ) TR Ll as
[EE R THREEER] £, it 4., 1y et (v, gy T N
vt T AT B IF RN T I O IR S N KLU L R

~ 1. P e -~ sy IR T
B I o T TR

2to

i
1]

.

(.

{t

B P

RERRN

-
=
-

P S

=

2

TS

stn -

(Ve in

RIS

2eda

'
LA

[T

L ategthe

A
i
i
TN
R TR
usil

IS EY
s,

gt

LY B
1754
.1 10

T |
<

R T

N TE)
g LR
(LRTRE |

SNER
Y10 4



Appendix Fourteen

4. ‘-—1 T i -

2 7000 CE B o 1 [EE N [T ot L e, i1~ i1, :f

e B T T I - i iaa i - e i e e oa-. .~ L R R e NP |
-, (LRI R (g (A DR B e} IS I VR AT | AN RN Ry (b 147 s by it e, “E

LT T A (A R TN VR YRR g el B LI RIC SR T RA'E B B [ LI N o (Vegd L ARt R IY] (1 (¥~ “3
(VR TREES I B [ oNgds Lo g for 20y oo 4 Tt as o0 x 1oy, 0 HE AL ‘

i

ot b 0 L IV PI ) [LIER BYTIRRN [ I Y] [ 2 I T Y, b [N I | a2 (. 117 4 [§ JREE R |

R TS L R T LR BRI D S TR T PO BT ETLN (LI} R o7 1, 0750 G 0742 00715,
ETEO | B A R I S AT T SO P le s 12 71 13 o0 14 50 13,02 Vs va |
- [N B I (AN I [ B T A (AR EY SRy N (A IS [L Y R €0, N g [A JURY I LS | L TTR

~ s (A L FIRE AN L L N I A A L IS o, e 1o (1, (Y5314 Q. (3537 0. 038 O (059
tar {14 40 14,07 T o IS5 4 P+~ e 34 I =3 1y 44 17, 8 Is e
~1l. (Vb amyg (L . (b 1 dm=- (0 i lbwmi (LTt (LA T\ [{ AR IS | [ NI [A YIRS (. xo-us'

ST fe e (4, 0523 1 (=g Qo ddss 0 0471 . 04ag i), (143 (1 (1§12 4 401 0, 0ixg 0, (Y3
thar 110 1o T4 I LY J1 2o 22 a2 J2oan RN TR L4, 20 2T
Y (A Y BN | O el 0 ey t, by [T T (R Y I I [S Y Y I By (Y, “der; {0, "1 4axm (1, AN

DTN PP Co084 000432 0 adld o 02aT n og2e. (2 i, 0244 O 0227 (120 {01 02
T, Jdw g 30 14 1. %8 ‘' 35 0 N gt du o2 44 Q7 P LV EY

: 51, L L I R | D Y RV I R S VAP PP T AT I P 1. (10 1. oon 1 (pe 1. uog . 00n

ime 4. el TA L 0lAT 0 ol o (1) DR ICEEN T N1 R NTT (0 1INy O (1070 Y (il (35 0 anlTy

‘ 1o S 2 3, 0 R 1. a5 N 114 144 2 | L -5t 5 T4 0

L’t o I (LA L (L] 0 a4 LA DY N ", [ R [ R 0N LI I

261 /252

ERIC

Aruitoxt provided by Eic:



Progress Check Summary
SUMMARY OF MODULES

Vol tage

Voltage is a force which does work upon elect- ical charges to

maintain a difference of potential betwecn *;- terminals of a

voltage source. Voltage sources convert otl.. . forms of energy
(chemical, mechanical, etc.) to electrical potential energy.

Symbol: "E" (for Electromotive Force, or Energy)
Basic unit of measure: Volt (abbreviatad ''v,")

Measuring device: Voltmeter Schematic symbol: -—(::::}..

Connected in parallel, voltmeters ‘'work" only in energized
circuits.

Voltage 'rise'': The difference of potential measured between the
terminals of a voltage source.

Voltage “fall" or 'drop'': A difference of potential measured at
the terminals of an electrical "load", (or across parts of the

""load") . Vol tage "drops'' can be measured only when there is
current flow through the Toad.

Purpose: Voltage (E) causes current flow in electrical/electronic
Circuits when a complete "'path" (for the current) Is connected to
the terminals of a voltage source.

Current

Current is the directed 'drift" or "flow" of free electrons which
is caused when a complete '""path" is connected to the terminals of
a voltage source.

Symbol: 'y

Basic unit of measure: ampere (abbreviated Ma't)

Measuring device: Ammeter Schematic symbol: —®7

Connected in series, ammeters '‘work' only in energized circuits.

Two types of current: ''DC'* and ''AC'. DC, direct-current is '‘one-
way'' current flow: the direction of electron current flow within
the current "path' or circuit, is away from the (~) terminal of the
voltage source, through the complete ''path" (circult) and on towards
the (+) terminal of the source. OC voltage sources are batteries,
generators with a commutator and electronic ""power'' supplies. AC,
alternating current is “two-way'' current flow: The direction of
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Progress Check Summary

electron flow within the current ''‘path' is the same as for DC, but

the direction of flow alternates, or reverses, with periodic reversals
of polarity of the voltage source. AC voltage sources are generators
with slip-rings, electronic '‘power" supplies and electronic 'signal"
generators.

Schematic symbol: 7‘ ‘ ! ‘;“T‘ }7 Battery

Schematic symbol:
</\\/> (AC source)

PurEose:

Current (1) is the directed drift or flow of free electrons on their
way to do useful work within an electrical '"load'. Current flow is
the "'mechanism through which electrical energy is converted to other
forms of energy: heat and/or light, mechanical, etc."

Res istance

Resistance is opposition to current flow., The amount of resistance,
or opposition, is determined primarily by the atomic structure of
materials used as the “path" for current flow. Materials with few
free electrons have great opposition ... high resistance. These
materials are called insulators. Materials with many free electrons
have little opposition ... low resistance. These materials are
called conductors. Resistors (and ''semi-conductors'') have values of
opposition to current which fall between insulators and conductors.

Szmbol: HRH

Basic unit of measure: Ohm

Symbol: Q Ry Ry
Schematic symbols for resistors: Fixed AW Tapped m

R 0 ki

prrd

0-10K()

Measuring device: Ohmmeter (Ohmmeters '‘work'' only in deenergized
circuits.)

Variable

''Open'': an incomplete path ... permits no (0) current flow. The
value of (R), in ohms, is infinite (=) or maximum,
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Short'': permits maximum current flow ... the current ‘“path' has
no (0) opposition ... no resistance. The value of (R), in ohms,

is essentially zero (0.

Purpose: Resistance (R) is used to "control’ the amount of current
flow by affecting the number of free electrons available within the
current 'path" or circuit, which could become directed. 'R'" repre-
sents an electrical ''load", or "loads''; devices in which electrical
energy Is converted to other forms of energy (heat and/or 1ight,
mechanical, etc.) when current flows through them.

ny
=
N
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RELATIONSHIP BETWEEN (E), (i), AND (R).

Ohm's Law:

“The (value of) total circuit current is directly proportional to

the (value of) applied voltage and indirectly proportional to the
(ohmic value of) total circult resistance."

Exgression:

E (Volts)

| (amperes) = ﬂm

or a =!—'.
? . n

Relationship:

The value of circuit current depends upon the value of applied
voltage and the value of resistance. When (€) does not change,
and the ohmic value of (R) INCREASES, the value of (1) must
DECREASE. The end result is a smaller fraction, and vice-versa.
when the value of (E) is INCREASED, and the ohmic value of (R) Is
NOT CHANGED, the value of (1) must INCREASE. The end result is a
larger fraction, and vice-versa.

When rearranged, the expression can be used as a tool to determine
the direction of change (in value) of voltage drops.

Eﬁgression:

E(voltage "drop'') " '(amperes) X R(ohms)

Relationship:

when (1) INCREASES, and the ohmic value of (R) does NOT CHANGE,
the voltage ''drop' (E) must INCREASE, and vice-versa. When the
ohmic value of (R) CHANGES [such a change will always affect the
value of (1)] the direction of change of the voltage drop (E),
will always follow the same direction as_ the change in (R).

CHARACTERISTICS OF ANY SERIES CIRCUIT.

Current:

The value of current In any series circuit is the same in every
part and component (""1oads'') of the circuit because THERE IS ONLY
ONE PATH FOR CURRENT FLOW. Total circuit current (1.) is equal
to the current flow through each load in the circuit (‘Rl' Vrao

etc).
Exgression:

'T = 'Rl = tRZ oo = oo, (See M5, M6 and M7 In Figure 1)
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Voltage:

The value of the voltage drop across each load resistance in a
series circuit is equal to the value of current through the load
('Rl’ le, etc.) times the ohmic value of the load (Rl’ Ry» etc.).

Exgression:
ER(drop) = 'T X RI (or RZ’ etc.)

The total voltage drop (ET) is'equal to the sum of the Individual
voltage across (ERI’ ERZ’ etc.).

ExEression:

E. =E.. +E + E, . (See M1, M2, M3 and Mb in Figure 1.)

T R1 R2 **° Rn

The total voltage drop (ET) must always be equal to the value of
the applied voltage (Ea)

Exgression:

Resistance:
The ohmic value of total circuit resistance (R.) is equal to che

sum of the individual ohmic values of res:stance (or resistors)
in the circult,

ExEression:
Rp =Ry +Ry.. +R
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1&:"" 3K

My Ra
50ma 5K{1

FIGURE 1 (Sample Series Circuit)

Voltage drops:

ER! (M) 'y (M5, 6 or 7) x R,

= ,05a X 30002
= 150V, (M1)

ERz (M2) = 'T X Rz

= ,05a X 2000¢

= 100V (M2)

R3 {M3) = 1L, XR

T 3

= ,05a X 50000
= 250V (M3)

RT (ML) = :T X RT
= .05a X 10,0000

= 500V (Mk)
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Current:

’T n ‘R! = IR2 = IRB = 0.05a (50ma) M5 = M6 = M7

Voltage:
Eqy (150v) + €, (100V) + Epz (250v) = E; (500V) = E, (500v)
also (p x Ry) + {1y x R)) + (Ip x Ry) = (1p x R)
(.05a X 3Ka) + (.05a X 2K2) + (.05a X 5K2) = (.05a X 10K2)

Resistance:

Ry (3Ks:) + R, (2Ka) + R3(5m) = R; (10K)

HOW TO USE THE EXPRESSIONS FOR SERIES CIRCUIT CHARACTERISTICS, WITH
OHM'S LAW, TO ANALYZE ANY SERIES CIRCUIT WHEN THE OHMIC VALUE OF A
RESISTOR CHANGES, OR 1S CHANGED,

(a)-

L/

M3
Circuit to be 20{] R, M)
analyzed:

A
O-SO,Q lzé’ Mz
set ot 30}

Resistance Characteristic:

RT = R] + RZ = 200 + 300 = 500

Ohm's Law:

E
a 10V
IT=§=§5£—;= 0.2a

Current Characteristic:

Iy = IRI = lRZ = 0.2 amperes (200 ma.) The indication on M3
should be 0.2 amperes.
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Voltage drops:

ER! = 'R! x R‘ = 0.2a x 20.. = 4V, The indication on Ml should

be 4v,

ERz = 'RZ x Rz = 0.2a x 30:: = 6V. The indication on M2 ?hould

be 6V.

Voltage Characteristic:

By + Ep, = Er = E
a

R1 R2 T
by + 6V = 10V = 1OV

Test Situation:

The ohmic value of R2 Is DECREASED to 5 ohms.

Resistance Characteristic:

R' + R2+ = Rp (20c: + 50 = 25Q)

The direction of change of total circult resistance: DECREASED.

Ohm's Law:

The value of 1. has increased; therefore, the indication on M3
should increase. (Note that the value of E_ has NOT CHANGED;

neither has the ohmic value of R!.)

Current Characteristic:

+1 = 0.4a.

7= MRy = e
Voltage drops:

*ER} = &lT x R}+ = 0.4a x 200 = 8V. The value of E

therefore, the indication on Ml should INCREASE.

R has INCREASED;

‘ERZ = +IT X R2+ = O.ba x 50 = 2¥. The value of ERz has DECREASED;

therefore, the Indication on M2 should DECREASE, (Note that the
direction of change of the voltage drop followed the direction of
change in ohmic value of the resistor.)
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Vol tage Characteristic:

ER!’ + ERZ‘ = ET

8V + 2v = 10V = 10OV

+» = £ »
a

CHARACTERISTICS OF ANY PARALLEL CIRCUIT

Vultage:

The value of the applied voltage (E_), total voltage drop (ET) and
each branch voltage drop is the sama! Every branch (current

path for a load) is (electrically) connected directly to the
terminals of the voltage source.

Expression:
Eqy = Epp = Epn = Er = E, (See M6, M7 and M8 next page.)

Current:

The value of total circuit current (I.) is equal to the sum of the
individual branch currents. ‘There is more than one path for current
flow.

ExEression:

bp = tgy * g * Iap (See M1, M2, M3, Mﬁ. and M5 next page.)

Resistance:
When more current paths are added, the total circuit current

increases therefore, the ohmic value of total circuit resistance
(RT or REQ) will always be less than the ohmic value of the

branch with the smallest ohmic value.

Expression:

] ] | | Rl x R2
R {or REQ) *"mtrz* R also, Ry (or REQ) = RV + R2
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SAMPLE PARALLEL CIRCUIT

- - -
Ms )\ Ry
60mo 36K{)
— e e &
Sy
—‘—:~/// -11— ‘ff/

Voltage:

Ea =E . =E,,=tE eee = E M6 = M7 = M8

R2 Rn

-

Rl

also, 'T RT = ‘R! X Rl = ’RZ x R2 ... 'Rn x Rn

Ohm's Law:
oy = -E-:i—l 2-6-— .0la. {10ma.)
'sts%z_ %—2— .03a. (30ma.)
Current:
bp = dpgy * Mgy -o- ¥ Iep = 10ma + 30ma + 20ma = 60ma
also, EI-B EEL + Eﬁ& ees + EE& M2 + M3 = Mk
Ry RE - R2 Rn M4 + M) = M5
Resistance:
- (ﬁ',‘*'a"'*?") - (3én<+ I;K+ e (_é"*'%'*?é'l?:?g?

T ] 2 3
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le 6 ;%5 Ry

ﬁ?“g\m =1 RT = 6 Kohms
also, R = 1 6Kohms (6000 ohms)
IT 60ma

HOW TO USE THE EXPRESSIONS FOR PARALLEL CIRCUIT CHARACTERISTICS, WITH
OHM'S LAW, TO ANALYZE ANY PARALLEL CIRCUIT WHEN A BRANCH IS CONNECTED
{ADDED) OR DISCONNECTED (REMOVED).

. R R
M v )Ms :}1 1229. 4?1 Ol
= "zAv DM (DM, M2 Ma
r_' $ 52 3

VOLTAGE CHARACTERISTIC:

Ea = Er = ER! = ER2 = 12V (ER3 = 0 because S$3 is OPEN).

Meters M5 and M6 should indicate 12v; M7 should indicate 0 Volts.

Ohm's Law:
Exl 1oy
’Rl *RT=% = 2.0amps. Indication on Ml: NO CHANGE
Ep2  12v

'RZ =213 ° 1.0amps. Indication on M2: NO CHANGE

Current Characteristic:

’T = 'R! + 'RZ = 2.0a + 1.0a = 3.0a. The Indication on ML
should be 3.0 amperes.

Resistance Characteristic:

Rl x R2 60 x 120 72
Ry = RT+R2 - %+ T2, = 1§ = 4 ohms

Test Situation Switch S3 is now closed. (This adds another path
to the circuit.)

293




Progress Check Summary

Voltage Characteristic:

fa = ET = ERI = ERz = ER3 = 12V. The indication on M5 and Mé
should NOT CHANGE; M7 indication INCREASES; should indicate 12V,
Ohm's Law:
| CRLI2V o ication on Mt NO CHANGE
kt ~ "RI 8 :
3
R2 _ 12V . .
lRZ S -vilalh v e 1.0a. (Indication on M2: NO CHANGE
£
R3 j2v .
!R3 = X5 e Yl 3.0a. Indication on M3: |INCREASE

Current Characteristic:

e = 2, + 1., + |

T Rl R2 R3 = 2.0 + 1.0a + 3.08 = 6.0a,

The Indication on M3 should INCREASE to 3.0a: the indication on
M4 shculd INCREASE.

Resistance Characteristic:

| i | l T 3 6
Colll I 3’ G Tt Tt
-q‘:: f:-‘-i = -% = 5{- = 2 ohms

1 Ea 12v 2 oh
also, RT = T;-ﬂ Y ohms

Test Situation:

S3 remains CLOSED; S is OPENED.

M R R7 R
¢ ms = on 12) s OM7
Ea M vIMm M M

:__ 2v S ! QD ¢ 52 2 3 3
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Voltage Characteristics:

Ea = £ = ER2 = ER3 (ERl indicated by M5, is 0 because S1 is open.)
The indication on M5 should DECREASE (to 0); the indication on M6
and M7 should NOT CHANGE.

Ohm's Law:

E
oy = -%}-s %% = 0a. Indication on MI: DECREASE

ER2  12v

{ =2 %7, - 1.0a. Indication on M2: NO CHANGE

R2

E
- R3 2 J2v - . .
‘R3 R3 g 3.0a. Indication on M3: NO CHANGE

Current Characteristic:

I = oy * 'RZ + IR3 = 0a. + 1.0a + 3.0a. = 4.0a. The indication
on M4 should DECREASE (It was 6.0a before S! was opened).

Resistance Characteristic:

< P2 x R3 120 x ha _ 482 _
Ry RZ+ R3 120+ Lo ~ 60 3 ohms

The value of total circuit resistance (R.) has INCREASED because
one of the current paths of the circuit was removed (disconnected)
when S| was opened.

Note that the ohmic value of (3 ohms) is still less than the

ohmic value of R3 (4 ohms), the branch with the smal lest ohmic
value.
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HOW TO USE THE EXPRESSIONS FOR THE CHARACTERISTICS OF SERIES AND PARALLEL
CIRCUITS, WITH OHM'S LAW, TO ANALYZE COMBINATION CIRCUITS:

Series-Parallel Combination:
£a\
Og

" .,% "

— ‘A(V My

T —

R2 and R3 form a Earallel circuit.

Voltage: E_, = E,, = M5

R2 R3
Current: 'RZ + 'RB = IM
Ry = It
M2 + M3 = Mk

; . < R2 x R3
Resistance: REq of Rz and R3 R2 + R3

R, and REq (of R2 and R3) form a series clrcuit.

Voltage: Ea = E. = E., +E of R2 and R3 Ml + M5 = M6

R1 R

Eq

Current: I, = 'Rl = (IR2 + IR3)

Resistance: RT = R, + R

1 £q of R2 and R3

Test Situation:

The ohmic value of R2 is INCREASED.
Resistance Characteristic (Series):

RT+ = R‘+ + fREq of R2 and R3
Ohm's Law:
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When the ohmic value of R2 INCREASES, the ohmic value of must
also INCREASE. This will then cause |, to PECREASE (the value of
E_ has NOT CHANGED) and the indication on M4 should DECREASE.

Voltage drops:

ERI = ’Rt& X R]+ Since !T has DECREASED (same as 'Rl) then the

voltage drop across R, should DECREASE. The indication on Ml
should DECREASE, when the voltage drop across R, DECREASES then
the voltage drop across R, must INCREASE, BECAUSE the value of
Ea and the total voltage grop (ET) has NOT CHANGED,

Voltage Characteristic (Series):

Ea = ET = ERI* + ’EREq of R2 and R3
Ohm's Law:
E £
R2‘f = | ¢ _m = ' 4
sz R2 R3+ R3

Current Characteristic:

When the ohmic value of R, INCREASES, the indication on M2 should
DECREASE. However, the vOltage drop across R3 has INCREASED which
must cause the current through R3 to INCREASE“and the indication
on M3 should INCREASE.

Hy = gt = (3R2¢ + +lR3)

Note: The change (increase) in ohmic value s always greater than
the change (increase) in voltage drop, which results In a smaller
fraction.

Parallel - Series Combination:

20;
Mg
Ry M‘ R M2
. £ Mg
! A)M
i ( : Ry M3
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R2 and R, form a series circuit.

3
Current: le = ‘R3 = M§
R2 + ER3 = M]

Resistance: R2 + 83 = REq

Voltage: E

R‘ and REq (of Rz and R3) form a parallel circuit.

Voltage Characteristic:

Ea = E. = E, = (ERl + ERB) M] = M2 + M3

Current Characteristic:

fp = 1., +

I M4 + M5 = M6

(or 1

Rl ¥ fro R3!

Resistance Characteristic:

. Rl « (RZ + R3) o Ri x REqﬁ(Series)
RT Rl + (ﬁé + ij' R, + R q {Series)

1 E

Test Situation:

The ohmic value of R3 is DECREASED.

Resistance:

Since the ohmic value of R3 DECREASES, the ohmic value of REq (R2 + R3)
must also DECREASE. This will cause the ohmic value of RT to DECREASE.

wWhen RT DECREASES, and the value of Ea does NOT CHANGE, the value of 'T
should INCREASE. This indication on M6 should INCREASE.

Ohm's Law:

t
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Note: In parallel circuits, when the ohmic value in one branch changes,
it will not affect the value of (1), (E) or (R) in any other branch
(unless a "short' occurs which "Slows' a fuse. Therefore, the indication
on M4 should NOT CHANGE. The indication on M1 should NOT CHANGE unless
the value of Ea changes.

If the indication un M6 has INCREASED, and the indication on Mk has
NOT CHANGED, then the indication on M5 must have INCREASED to account
for the direction of change in M6.

Current Characteristic:

e = | +

T R1 ‘RZ )

4 (or ‘R3

Voltage drops:

ER2¢ = ’RZ’ X R2+ The indication on M2 should INCREASE.

+ x R+ The indication on M3 should DECREASE.

E 3t X Rs

R3é = |
Note: Even though the value of ’RS INCREASED, the ohmic value of R3

has DECREASED (the original change); therefore, the indication on M3
DECREASES.

Voltage Characteristic:

Ear = £R2+ + ERB&

The sum of the voltage drops across R2 and R3 (ERZ + ERB) must still
be equal to the value of £a.

INDUCTANCE :

The property of electrical circuits that opposes any change in the
value of circuit current is called "inductance'. {ndUctors convert
electrical energy in the form of current flow, to electrical potential
energy in the form of a magnetic field.

Symbol: "L"

Basic unit of measure: henry (abbreviated "h.'" or ""hy.!')

Schematic symbols:

Fixed, air core Fixed, iron core Variable
L
l, ._'_ t!
A aaa Y Y'Y ! ;) ;:
10m} 10hy - 5-10uh
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Phase relationship between current and voltage:

Whenever the value of current in a coil increases or decreases (changes)
4 counter-electromotive force (CEMF) is created by the moving
(expanding or collapsing) magnetic field. The polarity of the CEMF
will aluays be such as to oppose the direction of change in current.
This action causes the current flowing through the coil to LAG the
veltage applied to the coil As a consequence, inductive circuits
cause circuit current to lag the applied voltage as shown by the
expression "ELI'. In AC circuits, the voltage (E) comes before {(ahead
of) current TIT in inductive (L) circuits. In other words, (1) lags
(£)

g

Waveform diagram: //f—
0
Current reference: \\\::;2;/;
\M[T\

! lags E because E por €y
aluays crosses the 1
Time-Base ahead of o \\\:2:71
or Ep

! o _/

Voltage reterence:
VYectcer diagram:

E
. 19 9
Current reference: L 1

Vectors and reference
both rotate. (1) is
always displaced from
EL by a LAG »f 90°.

Voltage referencd: L__

inductive reactance:

In AC circuits, the value of current is always changing (increasing
and decreasing) at the same rate as the frequency (f) of the applied
voltage (Ea). This produces an average value of opposition to
circuit current (really an average value of CEMF) which has the SAME
EFFECT upon alternating current AS RESISTANCE has. In other words,
inductive reactance is oppusition offered by inductors (or coils) to
alternating current.
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Symbol :

“X ' {"X" represents reactance and “sub-L'' represents self
inbuctance.)

Basic unit of measure:

ohm Szmbol:
Factors which affect the ohmic value of X :

L

Frequency (f) of the applied voltage and inductance (L).

Exgression:

X, = 2-fL (The ohmic value of XL follows in the same direction
of change as (f) or (L).)

Purpose of inductors:

Because inductors are ''frequency sensitive' they are used in
filtering circuits, phase-shifting circuits and special wave-
form shaping circuits.

POWER:

A term used to describe electrical energy in the process of being
converted and ''supplied' by voltage sources, and being converted and
"used' by electrical loads... a zomplete system of energy conversion.
Voltage sources convert other furms of energy to electrical energy
and electrical loads convert electrical energy to other forms of
energy, or store electrical energy in magnetic or elecirical fields.

In keeping with the Law of Conservation of Energy, P the power

oct’
used' by elelctrical loads must always be equal to Pin’ the power

“supplied'' by voltage sources. Electrical loads "tell' the source
how much they need by the value of circuit current, in accordance

with the relationships 'T = E%-.
As a consequence, circuit current (1) is the common factor between

P. and P .
in out

True Power:

(Abbreviated T.P.) is considered to be P - 'True' power describes
electrical energy being converted to oth@F forms of energy: heat
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and/or light. Resistance is the only circuit component which

“uses'' '""true'' power.

Basic unit of measure:

Watt (abbreviated W. or w)
Expression:
T.p. = 12R (Watts = a.% x ..)
fn “purely' resistive DC and AC circuits, with any load connection

arrangement, total (true) power (PT) is always equal to the sum
of the individual powers,

ExEressiun:

PTotal = P‘ + P2 ce. * Pn

Reactive Power:

ut’ However, reactive

power is electrical energy that is ccaverted to another form of
electrical energy. (Magnetic or electrical fields) when current flows
in circuits which contain inductance and capacitance. In AC circuits
(only) reactive power is stored in magnetic or electric fields and,

at some later time, this electrical energy is returned to the source!

{Abbreviated R.P.) is also considered to be P0

Basic unit of measure: (Volt-amperes Reactive) (VAR)

'2

Expression: R.P. - X, (or lzxc) (VAR = a.2 x .. (reactive))

Apparent Power:

(Abbreviated A.P.) Apparent Power is always considered to be Ptn

Apparent Power describes the power DC and AC voltage sources
must supply to the total electrical load.
Basic unit of measure: VA (Volt-amperes;

Expression: A.P. - Ealy (VA = Volts x amperes)

In summary, P. = Eal; and POut = 'ZRT (for resistive circults only) or
p = 122 (tor resistive-reactive AC circuits only), Since P, =P
out 2 2 in out
then Eal, = 17Ry {or 1°Z). Notice that circuit current (1) is common ...

it appears on both sides of the equal sign.
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CAPACITANCE:

The property of electrical circuits which opposes any change in the
value of circuit voltage is called 'capacitance''. Capacitors convert
electrical energy in the form of voltage, to electrical tential
energy in the form of an electrostatic (electrical) field that 1s
created in the ''dielectric' material between two metal '"plates'' when
the capacitor '‘charges'.

Symbol: '('' (for Capacitance)

Basic unit of measure: farad (abbreviated uf. (microfarad) or pf.
(pico farad)

Schematic symbols:

FIXED L ¢ varasis =~ 1 Ll
Trou 100-365p} T' 10-sops

Phase relationship between current and voltage:

Whenever the value of voltage applied to a capacitor changes (increases
or decreases), the capacitor charges or discharges so as to oppose the
direction of change of the applied voltage. This action causes the
displacement {(charging or discharging) current into or out of the
capacitor to LEAD the voltage applied to the capacitor (E.). As a
consequence, capacitive circuits cause the current to leag the applied
voltage as shown by the expression '1CE'". In AC circuits, the

current (1) comes before (ahead of) voltage (E) in capacitive (€)
circuits. (1) leads (E).

Waveform diagfam:

Current reference:

£
| leads E because | —¥}#1<::“\\\
always crosses the 0
time~-base ahead of E. /f \\\jkii
»

K7
Voltage reference: o
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Vector diagram:

Current reference:

Vectors and reference
both rotate. (1) is i

always displaced from

E. by a LEAD of 90°. Ec /6 90’
i\ 8 9%°

Voltage reference:

Capacitive reactance:

in AC circuits, the value of applied voltage is changing at the
same rate as the frequency of the applied voltage. This produces
an average value of opposition to circuit current (sometimes
referred to as '‘counter-voltage'' because the polarity is always
opposing the polarity of the applied voltage). This opposition
has the same effect upon alternating current as resistance has!
In other words, capacitive reactance is opposition offered by
capacitors to alternating current.

Syribol: ”xc” ("X represents reactance and ''sub-('* represents capacitance.)

Basic unit of measure: ohm Sxmbol: ‘L

Factors which affect the ohmic value of X.: Frequency (f) of the applied

voltage and Capacitance (C).

Expression:
xc = E:%E (The ohmic value of Xc is always in the opposite direction
of change of (f) or (C).)

Purpose of capacitors:

Because capacitors are ''frequency sensitive''. They are used in
filtering circuits, phase-shifting circuits and special wave-form
shaping circuits.

304




Progress Check Summary
IMPEDANCE :

The total opposition to aliernating current in any AC circuit Is

called imggdance.

Symbol: "z
Basic unit of measure: ohm Szﬂbol: ‘.

The impedance (Z) of alternating current circuits is composed of
resistance (R) and/or reactance (X).

ExEression:
2 2 /2

RL Circuits: Z = "R% = X, RC Circuits: 2 = "R% + (-X
. ‘éarc
Indicates Ea !ags 'T

2y

Waveform and Vector Relationships:

AC circuit voltages (ER), (EL)' (Ec) and (Ea) are vector guantities.
AC circuit oppositions (R), (XL)’ (xc) and (Z) are also vector quantities.

RL Circuit: (R = XL)

Waveform diagram:

RC Circuit: (R = xc)

Waveform diagram:

Vector diagram: Vector diagram:
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RELATIONSHIP BETWEEN | £€a and Z.

TQ

Ohm's Law:

The (value of) total circuit current (1.) is directly propor-
tional to the (value of) applied voltage (Ea) and inversely
proportional to the (ohmic value of) total circuit opposition

(2).

NE ™M
o

Expression: 'T =

Relationship:

Whenever the value of 1. changes, the direction of the change will
always be such as to on!ow the direction of change in the value of
applied voltage (Ea) or, in the opposite direction of change in the
value of impedance (Z). However, you must understand that the
direction oE change in the ohmic value of (Z) is ALWAYS determined
by the direction of change in the value of resistance (R), in ohms,
the value of inductance (L), in henries, the value of capacitance
(C), in farads, or the frequency (f), in Hertz, of the appl!ied
voltage.

HOW TO USE THE EXPRESSIONS FOR (xL). (xc). AND (Z), WITH OHM'S LAW, TO

ANALYZE AC SERIES RL OR RC CIRCUITS WHEN (f), (L), (C) OoR (R) S INCREASED
OR DECREASED:

~R)r—
RL CIRCUITS: AT
| 3
Circuit diagram: _.__@__ My
EA ! ?'h cg)iouﬁ
5

RL Series Circuit Relationships:

Current: 'T = 'LI = 'R! = M3
Voltage drops: ET = “gg‘z + ELIZ

Note: Ea = ET = Ein EL! = Ml
3

RY © Eout = M2

impedance: 2 = /R‘Z + XL}z
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Test Situation:

@

The frequency (f) of Ea (or Ein) is DECREASED. (f 7 )

Effect of change in (f) on reactance: 2 = f@ L‘ - XUQ

Effect of change in (f) on impedance: VRlz-, + xuzw = 2@_

. . .. Ear _
Effect of change in (f) on circuit current: (Ohm's Law)Q-z— !Té

The indication on M3 should INCREASE.

Effect of change in (f) on circuit voltage drops:

'T@ X R'-r = ER!® The indication on M2 should INCREASE.

I+ 2 x X @ = £ @ The indication on Ml should DECREASE,
T@ L1 L]

7
’Emzé + E“2 ; = ET—* NO CHANGE in the value of total
voitage drop.

VECTOR ANALYSIS OF THE CHANGE:

Shows limit of maximum total voltage drop
for a fixed value of Ea Point (A): R = O

Shows value of (2) A~ o : :
before (f) was DECREASED Tl Potnt (gx)'. il“= g
XL, z Shows that S ’
- & value of (2) Eu “eEr Shows NO
?: ' v has decreased g N CHANGE 1n
' , ; : AN lota]l voltage
) . A : ' \ ¢ drop.
. f \ By
. 3 EL’ H (Y -
., impedence .\ voltage
triangle | \triangle
—=._ t v —._“‘B
/ / E () Eni
Ohmic value of (R) Stows angle (@) \\Shaws direction of
does NOT CHANGE when before (f) was change in angle (6)
(f) changes DECREASED
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L O |

FILTER CHARACTERISTICS STUDY Guibt
Purpose:

The purpose of any filter circuit is to 'pass' a desired range or
Hhand'' of frequencies and eliminate (reject or discriminate against)
all other frequencies.

The term "pass'' means that the amplitude of the output voltage for
all frequencies "passed' by the filter vircuit will have high
encugh amplitudes to be used, or is useable, by other circuits.

The term "eliminate' or ''discriminate’ means that the amplitude

ot the output voltage for all frequencies eliminated or discrimin-
ated against by the filter circuit will not have high enough
amplitudes to be used by other circuits.

Types of filter circuits:

Low=pass - Output voltage amplitude of all "low' frequencies, below
the cut-off fregquency (fco), is useable.

Discriminates against “high' trequencies (all frequencies above (fcu).

High-pass - Opposite of the low-pass filter. Output voltage amplitude
of all "high" trequencies, above the cut-off frequency (f u). is
useable.

Discriminates against "low' frequencies (all frequencies below (fc“)-
Band-pass = Qutpul voltage amplitude ¢f all frequencies within a
given range or Y'band' of trequencies is useable.  Hence, the term
band-pass''.

Discriminates adainst all freguencies above the upper cut-off
frequency., and beluw the lower cut-off frequency,

Band-Eliminator - Opposite of the band-pass filter. Output voltage
amplitude of all frequencies within a given "‘band" is not useable ...
discrimates against these frequencies.

All freguencies above the upper cut-off frequency, and below the
lower cut-off frequency have useable output voeltage amplitudes

Also called "band-reject' filter, "band-stop' filter or "wavetrap'.

Cut-ot f frequency (I ): The cut-off frequency of a tilter circuit

is the frequency of the applied voltage at which the amplitude of

the output voltage (E ) is equal to the 0,707 (70.74) u! the applied
(input) voltage (E, ) (e = 0.707 x £. ) (when the output voltage
(at any frequency ls grcaterllhnt 70.7 ot "the input voltaqe, the
amplitude is considered to be ‘'useable’.)

ut
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NOTE: The frequency at which the above condition occurs in low
pass or high pass filter circuits is determined by the value of
R and L for RL circuits, R and C for RC circuits, and the value
of L and C for LC filter circuits.

The upper and lower cut-off frequency of any RLC band-pass or
band-eliminator filter circuit is determined by the value of
(L), (C) and ''Q'' of the circuit.

L. Filter response curves: Output voltage (Eout) vs. frequency (f).

Low~Pass High-Pass
RL, RC or LC Circuit RL, RC or LC Circult
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Band-Pass RLC Circuit

Band-Eliminator RLC Circuit

r— e a M — .

frequency

Y
]

5.

Any filter circuit, low-pass, high-pass, band-pass or band-
eliminator can be simplified and analyzed using a basic circuit
arrangment that you learned to analyze in Module 5: a series
circuit with two resistors, one of which is variable.

The analysis of either circuit follows the same pattern:

DC Circuit. Let's assume the ohmic value of R2 is increased (by

turning its control knob). This change should cause the value of

total circuit opposition to current (R.) to increase. The direction
of change in causes the total circult current (1.) to decrease

(indication on M3 should decrease). The direction gf change in 'T
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causes the voltage drop across Rl to decrease (indication on M)
should decrease) and the voltc e drop across R2 should jncrease (as
should the indication on M2), because the total voltage drop across
R1 and R2 (ET) must be equal to the value of Ea.

Filter Circuit. Let's assume that the frequency (f) of the applied
voltage (E_) is increased, and that the increase in (f) causes the
variable opposition to current in the box marked ''frequency sensitive'
section, to Increase. This direction of change causes the value of
total circuit opposition (Z) to increase. The direction of change

in Z causes total circuit current (I.) to decrease (indication on M3
should decrease). The direction of change in I. causes the voltage
drop across Rl to decrease (indication on M1 should decrease) and

the voltage drop across the '‘frequency sensitive'' section Increases
(as should the indication on M2) because (E.), the vector sum of the
voltage drop across Rl and the ''frequency sensitive'' section, must be
equal to the value of E_. (Note: Changing the frequency of the
voltage applied to a fifter circuit is NOT the same thing as changing
the value of the applied voltage. The frequency of E is stated in
Hertz, whereas the value of E is stated in volts. When analyzing

AC circuits in which the freqlency of E is Increased (or decreased),
you must assume that the value of Ea (if volts) has not changed.)

Conclusion. The ''frequency sensitive' section of the filter circuit
acts just like the variable resistor in the DC series circuit. In
either circuit, the value of voltage drop across the varijable opposition
to current filow '"follows' the direction of change in ohmic value. In
other words, '""As an opposition changes, so goes its voltage drop."

(This "'rule" has two exceptions, both of which are explained on

page 303 of this booklet.)

6. RL Filter Circuits

Circuit Diagram: Vol tage drop vs. frequency curves:

1
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Analysis of RL filter circuits when the frequency (f) of the
applied voltage (Ea) is increased from a low value to a higher
value.

1. Effect of an increase in (f) on the ''frequency sensitive'
(reactive) component:

2 f+ L. = fo (increasas)

2. Effect of the change in inductive reactance (XL) on
circuit impedance (Z):

'Rz- + xsz = Z+ (increases)
3. Effect of the change in (Z) on total circuit current (IT):
£
47 oy,
7 'T (decreases)
4. Effect of the change in (!T) on the voltage drop across (R)
and (L):
Resistor: lni x R» = Egt (decreases)
. d A = 4 1 B
Inductor: ‘T X xL EL (increases)
% The vector sum of ER and EL will always be equal to the
value Ea'

Note: All changes are in the opposite direction when the value
of (f) is decreased (from a high value to a lower value).

For all frequencies of the applied votlage below (fc ), the value

of ER is greater than EL‘ {(The ohmic value of R is greater than
X, )
L

. . = by .
When the frequency of E_ is adjusted to f__, € = E (point "'X'');

- o= o = H Loy
X =R, /= 45° and Eout 0.707 x E. (point ''X'').
For all frequencies of the applied voltage above (f_), the
value of E is greater than Eq- (The ohmic value o X, is
greater than R)

Cut-off frequency: The frequency at which XL = R can be determined
. . R
using the expression fco = 70
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5. Effect of a change in the value of (R) or (L) on fco:

Increased (R)

=

Increased (L)

w?f“*_ ”@Q

————M_———-—L

6. Possible arrangements for RL filter circuits:

Circuit Diegrams:

R
EA L EM
HIGH-PASS
L

T
A S e
}

LOW-PASS
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7. RC Filter Circuits

Circuit Diagram: Voltage drop vs. frequency curves:

- O T : !&n ‘ Ep
i! T : ‘ i usoble
RS HIGH PASS 070‘7_ S ' __level
: 1 :
A £ i
1 1 4 s
€~,” LOW PASS % ;
© ]

Analysis of RC filter circuits when the frequency (f) of the
appliec voltage (E ) is oncreased from a low value to a higher
value.

1. Effect of an increase in (f) on the !''frequency sensitive'
(re:active) component:

]

T Fr Co = xct (decreases)

2. Effect of the change in capacitive reactance (x ) on circuit
impedance (Z):

sz- + (-xc&)z = 2+ (decreases)

3. Effect of the change in (Z) on total circuit current (lT):

ar _
7, = It (increases)
4. tffect of the change in (I ) on the voltage drop across (R)
and (C):
Resistor: I ot x R» = Ep+ (increases)*

Capacitor: 1.t x Xt = Ect (decreases)=*

* The vector sum of ER and EC will always be equal to the value of
E_.

a
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NOTE: All changes are in the opposite directicn when the value
of (f) is decreased (from a high value to a lower value).

For all frequencies of the applied voltage below (f ), the
value of E. is greater than ER. (The ohmic value o °xc is
greater thén R)
When the frequency of E, is adjusted to fca’ E. = Ep (point "'x");
= = ° : toy e

X. = R, /v = 45° and Eout 0.707 x Ein (point X"},
For all frequencies of the applied votlage above (f o), the
value of ER is greater than Ec (the ohmic vlaue of R%is greater
than X.).

c
Cut-of f frequency: The frequency at which Xc = R can be

. . ]
determined using the expression fco = TR

Effect of a change in the value of (R) or (C) on feo!

Increased (R) Decreased (C)

ta

-—- —u—-J——-_--

- ——————frequency — — ____,
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Possible arrangements for RC filter circuits:

Circuit Diagrams: Response Curves: Eout vs, f
R
ANA— -C l’m
l T 0.707 -} ——--
f\ \Ep Eout i; ptlssedl
! £ |
| 2
] v g |
- -0 i
LOW-PASS
I8
C

0.7

[\l A “g Eout

(e — o
Wl?ﬂge - 3-—-’

frequency ———

HIGH~PASS
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8. Series RLC Band-Pass/Band-Eliminator Filter Circuits

Circuit Diagram: Vol tage drops vs. frequency curves:

e !

EL-Ec

{
knuurﬁ“,t

e . -
~—
8

———— e = ———————— e

Analysis of series RLC filter circuits when the frequency (f) of
the applied voltage (Ea) is increased from a low value to a
higher valye.

1. At low frequencies, the ""frequency sensitive' (reactjve)
components have the following relative values:

. . |
2-fL°L XL (small value) Z"fLoc Xc (large value)
2. Effect of an increase in (f) on the "frequency sensitive'
(reactive) components:

‘ _ . i
2-ftL» = XLf {increases) T FICT Xc: (decreases)

3. Effect of the change in net reactance (XL - xc)* on circuit
+ impedance (2):
/RZ

+ (fo - xc4)2 = Zi (decreases)

The difference between the value of XL and Xc is decreasing.

L, Effect of the change in circuit impedance (Z) on the value
of total circuit current (IT):
E

ar .
7, = 'T’ (increases)

5. Effect of the change in I; on the voltage drop across (R),
(L) and (€):
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Resistor: lpt x Re = Eot (increases)**

Inductor: ITf X XL+ = EL? (increases)

Capacitor: It X Xt = Ec (decreases )=
Inductor and Capacitor: (EL¢ - Ece) i+ (decreases)**

#: The vector sum of Eg and the value of (E - E) will always

be equal to the value of Ea'

when the frequency of Ea is increased to the lower cut-off
frequency, ER = (EL - Ec), point "X'' on the voltage curves.

NOTE: For all frequencies of E_, below (f ), the.ohmic value

X. is greater than X ; consequeﬁt!y, the v8iue of E. is

gFeater than E, so tRe circuit appears capacitive tS the

source: !¥ lesds E . To see the egquivalent series circult,
n

cover the inductor 1L) of the circuit diagram.
Circuit diagram: Voltage vs. frequency curves:
_o
! 4 L E‘:i o | max. i
L* 1
L ! usable
ELIMINATCR fovel

1 0.707 - -

Analysis of series RLC filter circults when the frequency (f) of
the applied voltage (E_) is increased from the lower f__ to f .
(f ) designates the 1e@sonant'' frequency of an RLC cirluit. °©
(f°) is the frequency of the applied voltage which causes the
value of X, to have the same ohmic value as X.. Note: Any
frequency hf £ , can be a 'resonant' frequency, It all depends
on the value of (L) and (C) in an RLC circuit.

when the frequency (f) of the applied voltage s adjusted to the

frequency which causes resonance'’ the following circuit conditions
exist:
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1. Net circuit reactance: Xc has decreased and xL has increased
until, at fo' XL = XC; consequently, the difference between
these two values (XL - Xc) is zero (or minimum).

2. Effect of minimum value of net circuit reactance on circuit
impedance (2):

/kz

+ (XL - XC;E.- ¢h2 + (0) =2 (At fa' Z = R)

The value of (2) is minimum.
3. Effect of minimum circuit impedance (Z) on the value of total

circuit current (IT):
E

L ‘T {maximum)
min
h. Effect of maximum value of Iy on voltage drop across (R),
(L) and (C):
resistor: IT(max) XRa= Eo (maximum)
inductor: IT(max) XX = E, (very large value)
capacitor: IT(max) x Xo = EC (very large value)

EL = EC

Inductor and Capacitor: (EL - EC) = 0 (minimum)

Circuit Diagram: Voltage drop vs. frequency curves:

R I e |
! EL-Ec| |
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Analysis of series RLC filter circuits when the frequency (f) of
the applied voltage (Ea) is increased from fo to the upper fco'

1. When the frequency of £_ is the resonant frequency, the
following circuit condifions exist:

X, = Xcs therefore, (XL - XC) = 0. 2 is minimum (equal to R)

E, =t

L ch therefore, (EL - EC) = 0. Ep is maximum (equal to Ea)

Since the value of (Z) is minimum, Iy is maximum,

2. Effect of a further increase in (f) on the 'frequency sensitive
(reactive) components:

2-feLe = X * (increases) + (decreases)

T T - ¢

3. Effect of the change in net reactance (XL - xc)* on circuit
impedance (2):

"R+ (fo - xc\t)2 = Z+ (increases)

xThe difference between the value of X, and X, is now increasing,
. L ¢
because the value of XL is greater than xc.

4. Effect of the change in circuit impedance (Z) on the value of
total circuit current (!T):

a* ,
7 ‘Tv (decreases)

5. Effect of the change in I, on the voltage drop across {(R), (L)
and (C):

Resistor: Iy x Re = Eg? (decreases)

Inductor: 1pé x X, ¢ = ELt {(increases)

Capacitor: iT' X xce = Ece (decreases)

Inductor and Capacitor: (ELf - Ecé) t(increases)

When the frequency of E_ is increased to the upper cut-off frequency,
ER = (EL - Ec), point v on the voltage curves. Note: For all

frequencies of Ea' above (fo), the ohmic value of XL is greater than
Xc; consequently, the value of EL is greater than EC' so the circuit
appears inductive to the source: 'T lags Ea‘ To see the equivalent

series circuit, cover the capacitor (C) of the circuit diagram.
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Resonant fregquency (fo)=

When the frequency (f) of E, is such that the ohmic value of X

L
is egual to xc, for any RLC circuit, that frequency is called

the '‘resonant'' frequency. The value of (f ) for any RLC circuit
is determined only by the values of (L) an8 (C) in the circuit.

fo = ' or fo = -'—122
21vLC T

Effect of changing the value of (L) or (C) on the value of (fo):

Decreased (L) Increased (C)

ohms ——an

Possible arrangements for series RLC filter circuits:

Circuit Diagrams: Response Curves: (Eout vs. f)

v&--n__f}____?
) ok _‘1’«
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Pussible arrangements for series RLC filter circuits (con't):

Circuit Diagrams: Response Curves: (EQut vs. f)

amgplitude
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Circuit conditions below resonance:
l. The ohmic value of Xc is larger than XL.
2. Z is a large value (due to large value of Xc).
3. I is a small value (due to large value of Z).

k. Ec is larger than EL'

5. .o - EC) is large (due to large value of E.). Eq is small.
6. The circuit appears capacitive to the source: 'T leads Ea'

C'-cuit conditions at resonance:

l. The ohmic value of X_ i« equal to X .

C L

2. Z is minimum (equal ‘o the chmic value of R.) (x. - Xc) = 0

3. ‘T is maximum (due to the minimum value of 2)

&-

E, is equal to E. (very large voltages).
5. ER is maximum. (EL - Ec) is minimum,

6. T?e circuiy appears resistive to the source: 'T in phase
with Ea.

Circuit conditions above resonance:

1. The ohmic value of XL is larger than XC.

2. Z is a large value (due to large value of xL).
3. I is a small value (due to large value of ).
h, EL is larger than Ec.
5. (EL - Ec) is large <.v- to large value of EL)' E, is small,

6. The ¢’ cuit appear inductive to the source: !T lags Ea'




Progress Check Sunmmary

An Exception tu the "Rute' about Circuit Voltage Urops:

i
§
i
i
§
1
{

g we -

-‘-—-tho-—-—-n-‘-a

One of the most useful ''rules! you can learn to help you understand
the voltage relationships in electrical circuits is the one that
states: "as an oppusition (R, X or Z) changes, so gues its voltage
drop.' In other words, the voltage drop across an wupposition shouid
"follow'!' tRe change in oppusition. An exception to this '‘rule"
vecurs in high-Q RLC series circuits when the circuit is made resonant
by adjusting the frequency of Ea or "tuning"” (changing the value of
C or L).

In the diagram above, note that as the frequency of Ea is Increased
t rom fl towards fu, Xc decreases; Z decreases, %0 'T increases. The
change in xc is small, whereas the change in !T is very large. Ltven
though xc decreases, the drastic increase in IT causes the value of

EC to increase ((Tf X Xcs = ECQ): an exception to the aforementioned

“rule''. In a similar manner, when the frequency of Ea is decreased
t rom f2 towards fc, X, decreases;: Z decreases 50 ‘T increases, Even
though XL decreasec, the drastic change in 'T causes the value of EL

to increase (lT? x X b = EL1): the other exception to the '‘rule'.

Voltage "'gain'': At resonance, high-Q hLC series circuits have voltage
“gain" {when the voltage drop across (L) or (€) is considered.) When
¢ircuil resonance is approached, from ¢ither direction, the impedance
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(Z) of the circuit decreases sharply with a corresponding drastic
increase in total circuit current (I.). The large current causes
the individual voltage drops across iL) and (C) to increase to very
high voltages at resonance. (In some circuits, it is possible for
the value of EL (and Ec) to be many times the value of Ea!) The

large increase in value of EL (and Ec), at resonance, is called

voltage ‘'‘gain''.

Note: Voltage ''gain' is very useful in series RLC band-pass fiiter
circuits, particularly when the coil (L) is the primary of a
transformer. Also, the voltage and current rating of the parts
used in high-Q RLC band-pass and band-eliminator filter circuits
must be capable of handling the large current and high voltages
which can occur when a circuit is caused to be resonant.

"Q': The "Q'" (for Quality) of a coil is a number that represents
the ratio of energy stored (in the magnetic field of the coil) to
energy used (converted to heat) by the 'effective resistance' of

H H tipnis,
the coil. There are two kinds of Q" Qcoil and Qckt'

Qcoil: The value of Qtoi! s determined by the following relationship:

(xL = Q xL = 277f*L"f = Q )
Reff coil Reff Reff’ coi i+

(Refer to the example in the parentheses above.) Within the limits

of the frequency range for which it is designed, the value of Qcoil

should not change with changes in frequency of E_. This is because
the ohmic value of R (due to "'skin effect" and ""proximity effect't)
eff

changes in the same direction as the value of XL when the frequency
of Ea is changed. °*

The value of Q is determined by the following relationship:
ckt

Qckt:
X—L::Q iaMsQ
RT ckt RT RT* cktt

In the case of Qckt' the total resistance of the circuit includes the
ohmic value of Reff of the coil. The value of Qckt should always be
smaller than Qcoil‘ As with Qcoi!’ the value of XL follows the direction
of change in frequency of Ea; however, unlike Qcoi!’ the effect of any
change in value of Rags (normally a small ohmic value) is “swamped'!

(reduced) by other resistances in the circuit. (The value of total
circuit current is also less.) The "'swamping'' effect of other circuit
resistances causes the value of Qckt to change when the frequency of

Ea is changed. As a consequence, the lower value of Qth Is used as

the figure to determine the bandwidth of RL( bandpass and band-eliminator
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Progress Chech Summary
tilter circuits.

Bandwidth: This term is used to describe the number of frequencies
contained within the 'band'' between the upper and lower cut-off
t requency occurs is determined by Qckt in accordance with the

following relationship:
f .

Qf = Bandwidth (B.W.)

cht

(Note: Use of this relationship assumes that fo’ the frequency of
Ed which causes the filter circuit to become resonant, is the
center frequency within the bandwidth.)

Bandwidth may also be determined by subtracting the lower cut-off
frequency (fl) from the upper cut-off frequency (fz) as follows:

- Y = - a= H
(upper f__ - lower f_ ) (f, f‘) Bandwidth (B.W.)

Low-Q circuits (Q's less than 10) have wide bandwidths. (Many
frequencies between fI and fz), and high-Q circuits have narrow

bandwidths (fewer frequencies between f‘ and fz). The higher

the value of Qc the narrower the bandwidth of the circuit.

kt’
The illustrations show how the bandwidth of RLC filter circuits
is affected by the value of Qckt'

9, Effect of Value of "Q" on Bandwidth of Filter Circuits:

— --——Radio Station Frequencies in KHz --- - - »
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To see how the value of Qckt affects the output voltage vs.

frequency response of band-pass filter circuits, let's assume
that you live in a town which has three radio stations that are
close together, as far as their broadcasting frequencies are
concerned. You want to listen to the station which broadcasts

on a frequency of 890 KHz., but the filter circuits in your

radio have a low value of '"Q''. Now, refer to the low-Q band-
pass filter response curve on the diagram. It has a wide
bandwidth. As a consequence, there is a useable output voltage
ampl | tude at the frequency of each radio station .... they are
all being 'passed'". With this kind of response, when you tuned
the radio to 390 KHz., you would hear all three radio stations

at the same time! Now look at the curve for the high-Q band-pass
filter circuit. It has a narfow bandwidth. When the filter
circuits in a radio have this kind of response, only the frequency
of 890 KHz (5KH2z on either sid: of 890 KHz) will have a useable
output voltage and be ''‘passed'. By comparing the two response
curves, you should be able to see that the frequencies of the
other two radio stations are effectively filtered out by the
narrow bandwidth of the high-Q filter clircuit.

Note: The ability of filter circuits to discriminate between
frequencies that are close together is called 'selectivity'.

(Low-Q circuits are 1ot as frequency selective as high~Q circults.)
The diagram below shows how the value of Q_ckt affects the bandwidth

(and the selectivity) of band-eliminator filter circuits.

Output

Radio Station Frequencies in KHz ——--»

10, '"Tuning' of RLC Band-Pass Filter Circuits:
"Tuning'' is the process of changing the value of {L) or () of

an RLC filter circuit so it will be resonant to a different
frequency of .upplied voltage. (The most common method is to
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change the value of (C), using a variable capacitor.) The following
diagrams illustrate what happens to (fu) and bandwidth of a band-pass
filter circuit when the value of (C) is changad. '
{n Figure 1, the LC product of the circuit makes it resonant to
an applied voltage with a frequency of 890KHz. When the circuit

is ""tuned", by increasing the value of (C), the circuit is
caused Lo be resonant to a lower value of (fo). Notice that the

bandpass curve shifts and centers itself over the new value of
(f ).
o

Figure 1.

o - —
!

el . n A——— b ——

:
N
é

e e ae o e ﬁw_A o >

In Figure 2, the citcuit is tuned to a higher value of (fo) by

decreasing the value of (C). In this case the band-pass curve
shifts and centers itself over the new, higher value of (fo).

)

— = 4

27v'L-Cé ©
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Figure 2,

[ 3
A e —.

vollage

. - T o
—
-—— - —

Notice .that there is no appreciabls change in circuit
bandwidth when the circuit is tuned. This |s because the
value of Qck: changes in the same direction as fo; consequently,

the bandwidth remains essentiélly constant.

1. RLC (Parallel L-C Tank) Band-Pass/Band-Eliminator Filter

Circuits
Circuit Diagram: Voltage Drop vs. Frequency Curves:
1
L € PASS
l °-m_ -
|
fa
N, A f

Analysis of RLL filter circuits (represented by the diagram
above) when the frequency (f) of the applied vol tage (Ee) is

increased from a low value to a higher value.
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1. At low frequencies, the "frequency sensitive'" (reactive)
components have the following relative values: (L) and (C)
are connected in parallel; therefore, EL = Ec. The ohmic

value of X, 1Is small, so 'L should be large. The value of Xc

L

is large, so I. should be small. (The value of | is greater

L

" than lc.)

2. Effect of an increase in (f) on the ''frequency sensitive'
(reactive) components:

E
_ _ L, P .
{nductor: 2nf+L» = XLf -i:r— i+ Capacitor: 35 f1C Xc+
_E£ = |4
Xcé C

3. Effect of changes in value of 'L and 'C on total circuit
current (tTj. also called ‘line: For the circuit arrangement

shown, the value o* is equal to the difference L.tween Lhe

)

values of ‘L and ‘C (IL - lc) = 'T (or 'Iine

(5L¢ - !c+) ol P

As (f) of Ea is increased towards the lower fco’ the value of
(!L - tc) decreases; therefore, | must decrease. Since I =

‘T’ the value of ‘R must also decrease.

4, Since the value of 'T is decreasing, the value of total

circuit impedance (2) must be increasing. The value of (R)
has not changed, so the increase in (Z) must be caused by the
L-C tank.

5. Effect of change in total circuit current (lT) on circuit

voltage drops:
Resistor Iyt x R = £p¢ (decreases)*

L-C Tank 'T‘ % ZTank* = ETankQ (increases):

“The vector sum of ER and ETank must be equal to the value of
E_. Note that the direction of change in voltage drop across

[3

the L-C tank '"follows' the change in value of ZT .
ank
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When the frequency of Ea is increased to the lower cut-off
frequency, ER = ETank' (Point X' on the voltage curves.)

Note: For all frequencies of Ea, below fo’ the value of XL

is less than xc; therefore, the vaiue of ’L is greater than Ic.
The circuit appears inductive to the source. IT lags Ea‘ To

- see the equivalent series circuit, cover the capacitor (C) of
the circuit diagram.

Circuit Diagram: Voltage Drop vs. Frequency Curves:

¥

Analysis of RLC filter circuits (represented by the diagram
above) when the frequency (f) of the applied vol tage (Ea) is

increased from the lower feo to f. (fo) designates the
""resonant'’ frequency :f the L-C tank. (fo) is the frequency
of the apptied voltage which causes the value of XL to have

the same ohmic value as Xc. Note: Any frequency of Ea can be
a resonant frequency depending upon the value of (L) and (C)

of the L~C tank.

When the frequency (f) of the applied voltage is adjusted to
the frequency which causes '‘resonance'' the follow.ng circuit
conditions exist:

1. Reactance: XL = Xc (L) and {C) are connected in parallel;

EL = Ec.

L
xL

2. Current: - L= e 'circuiating
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Within the L-C tank, the circulating current (‘circ) is maximum,

(Limited only by the resistance in the tank.)

(lL - lc) =dlpat £, 1 =1 therefore, the value of (lL - !c)
= Q.

Total circuit current (lT) is minimum. {(Note: The minimum value

of 1, depends on the value of Qckt)

3. Impedance: When the tank is made resonant, it offers maximum
vpposition (Z) to circuit current.

Total circuit impedance (2) is maximum.
4., Circuit voltage drops:

Resistor: IT(min) x R =E, (minimum)

inductor: !C;rc(max) X XL = EL {maximum)
Capacitor: tcirc(max) x XC = Ec (max imum)
L-C Tank: lT(msn) x ZTank(max) = ETank (max imum)
Circuit Diagram: Voltage Drop vs. Frequency Curves:
O
i e !
! Eg %
-1 BAND
L C - PASS
(‘ t o-m_‘
L i ]
£ { 2
1_0 ?
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Analysis of RLC filter circuits (represented by the diagram
when the frequency (f) of the applied voltage (Ea) is

increased from f_ to the upper f .
o co

l. When the circuit is resonant, the following conditions
exist: X, = Xci (L) and (C) are connected in parallel, so
EL = Ec. ‘L = 1. which is also the value of ’circ' (2) is
max i mum; (!T) is minimum. ETank is maximum; ER-’S mi nimum,

2. Effect of an increase in (f) on the “frequency sensitive'
(reactive) components:

(3
M h e = L = ¢ i : ‘ = '
Inductor: 2-f+L fo fo ‘L' Capacitor: ToTICs - XC'
3
—c-zt‘t
Xc$ C

3. Effect of changes in value of ‘L and 'C on total circuit

current (CT), also called 'line: For the circuit arrangement

shown, the value of I; is equal to the difference between the

values of 'L and lc. (!L - !c) = 1 (or ’line)

(sL: - 'c’) = 131

As (f) of Ea is increased, from fo towards the upper fco’ !c
becomes greater than I The value of (SL ~ !c) increases;
therefore, ’T must increase. Since 'R = ’T' the value of lR

must also increase.

L. Since the value of I; is increasing, the value of total

circuit impedance (Z) must be decreasing. The value of (R)
has not changed, so the decrease in (Z) must be caused by the
L-C tank.

5. Effect of change in total circuit current (IT) on circuit

voltage drops:
Resistor: lTT X R+ = ER+ (increases)ﬁ
L~C Tank: ITf X ZTank‘ = ETank‘ (decreases )=

“The vector sum of ER and ETank must be equal! to the value of Ea.

Note tnat the direction of change in voltage drop-across the
L-C tank still "follows' the change in value of ZT-nk'
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Check Summary

When the frequency of Ea is increased to the upper cut-ofif

frequency, E, = E (Point 'Y on the voltage curves.)

R Tank’
Note: For all frequencies, of Ea above {o' the value of Xc is

less than XL; therefore, the value of ‘C

circuit appears capacitive to the source: ‘T leads Ea' To see

is greater than ’L' The

the equivalent series circuit, cover the inductor (L) of the
circuit diagram.

Summary of Circuit Conditions:

Circuit conditions below resonance:

1. The ohmic value of xc is larger (han XL.

The value of 'L Is larger than .. (IL - Ic) = ’T
. My is a large value (due to large value of lL).

Z is a relatively small value.

Eq is large. Ep . is small (due to small vrlue of ZTank)'

The circuit appears inductive to the source: 'T lags Ea'

O & WM
s & ® n
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Circuit conditions at resonance:

ETank is maximum. ER Is minimum {(due to minimum value of IT).

1. The ohmic value of Xc is equal to xL.

2. The value of f, is equal to lc. (IL - lc) = 0.
3. Iy is minimum. (Minimum value depends on Qckt)‘
4. ZTank is maximum,

Sl

6.

The circuit appears resistive to the source: ‘T in phase
with E,- (L-C tank acts like a resistance with a large

ohmic value.)
Circuit conditions above resonance:

l. The ohmic value of XL is larger than X

The value of 'C is larger than |

c
L (ic - IL) = o
I; is a large value (due to large value of Ic).

Z is a relatively small value.

Eq is large. Erank |5 small (due tc small value of ZTank)'

The ciicuit appears capacitive to the source: 'T leads Ea.

o Ve W N

Miscel laneous Circuit Characteristics:

Resonant frequency: f = or 122
27vLC JLC

Effect of changing the value of (L) or {C) on f,: See page 321.
Effect of 'tuning'’: See page 327.

Effect of Qckt on bandwidth: See page 325,
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Pussibla arrangements for parallel RLC filter circuits:

Circuit Diagrams: Response Curves:

(E ve. f)

out

42"
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Progress Check Summary
WAVE FORMS, VECTORS AND PHASE RELATIONSHIPS

LEARNING OBJECTIVES:

Recognize the relationship between in-phase and out-of-phase a-c
voltage waveforms and their corresponding dlagrams in terms of ampli-
tude, phase, magnitude and direction, given statements, written
problems, waveform diagrams or vector diagrams.

REFERENCES:

NAVPERS 93400A-1A, Fundamentals of Electronics, pages 156-160.
Application ltems:

1. ldentify the phase relationship of El with respect to E2 and the

phase relationship of the resultant waveform with respect to £l
or E2 in terms of leading, lagging, or in-phase for the

following:
a. El is £2, the b. El is g2, the
resultant is " resultant is
El. E2.
RESULTANT
" 52 !'N
£2
RESULTANT
c. El is E2, the d. El is E2, the
resultant is resultant Is
El. E2.
RESULTANT
g
£ g
- !2
RESULTANY
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Progress Check

Summary

2. lden:ify the phase relationship of El with respect to E2 and
the phase relationship of the resultant vector with respect
to E! or €2 in terms of leading, lagging, or in-phase for the

following:
a. El is E2, the b. El is E2, the
resultant 1s resul tant is
El. £2.
—_— ] P p—
| {
{ |
: |
€2 i |
{ |
: :
| SO - —
resultant
c. El is g2, the d. El is E2, the
resultant is resultant is
El. £2.
&
1\\\\ i
E € resuitont
resultont ..;;!// _-: L > 2 -
£
e. El is E2, the f. El is E2, the
resultant is resultant is
E2. £1.
g
Ey N
! A
\
- S
i ,* resultant
L) /
] /
v
resultant
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Progress Check Summary

3. Match the waveform diagrams with their corresponding vector
diagrams. The resultant waveform has been omitted for clarity.
(Hint: Observe the difference in amplitude of the various

waveforms.,)
a. b.
J £2
| ., ;.
3
c d.

WQ T




Progress Check Summary
L. Solve the following problems for the quantities indicated:

a. Effective value of the resultant
vol tage:

Draw a vector diagram that shows

€1, €2 and the resultant vector.
1

§y !
3Ov |
o _ _— —_— -
E :
100v

H
If the peak value of El was increased by 50 voits, what would

be the magnitude of the resultant .
b. Effective value of the resultant
voltage? .

Draw a waveform that shows £1, €2
and the resultant waveform.

g, { } | {
™ A A
I o———+———+

l/ A
¥ 28.28vpk 3 ’ | 3
.
{ ] ’ '

O 90° 180° 270° 360°
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Progress Check Summary

5. Draw the vector diagrams that represent each of the quantities
of the waveform illustrated teiow: (Show relative amplitude

of the waveform.)

" 7

&y
resultent
resultant
i :
! 1
! §
! %
; !
6. Draw the waveform diagrams that are represented by - wvector

diagrams shown. (Show relative magnitude of vectors.)

: 1 __ yresultant
%
o TR E =
 {
|
!
!

WO S e WS B ieh wefhe TN SUS WSS W e S SN
T N s v e e e S - ——— o

M - -.--—-—1.-.-—..-. -

o
Y a0 G W s o s S e -
AR WA S SR A A SR ST SRS e S B

o’ 90° 180° 270° 360°

a
3
g
g
§
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Progress Check

SERIES CIRCUITS
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Progress Check Summary

PARALLEL CIRCUITS
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Progress Check

Summary

WERTES -/ anANT CTRCTTTS

PARAL LEL-RESONANT CIRCUITS

« AV - TTR I e B
4 ¢

- ———

1a,

11.

13,

l?u'

1 Netur.

the  ap witor and the AT voelt-

il

\Uil

it N st ies,

o ats whent the reactatice of L
g tance of C.

Renutian e
te equal U th

M oresomtioe, souree current Iy o4 maxi-

aum tvery highd.

At resonan e, a seties tesonant afrcait
acts like 3 resistor of low olmic value.

At gesonatt o, the voltdages acrose L oand €
Are oqual in magnitode by 180 degrees out
ot phase with cach other.

At resosaame, the same current {lows
throagh the entjire circuit,

At tosaftam e, (he voltage across either
or € may be greater than that of the
sauree, siving resonant voltage step-up.

Al fesvnaiiie, Increasing the value of
cofl rexictunce R lowers the circuit
.utrent, tahereby lowering the resonant
voltane Step-up.

i1 resonance, .he circuit acts lize that

rart which has the higher reactance.

4. Increasing € above its at-resonance
value makes the circuft act like a
coil.

b, Reducing C below {ts at-resgonance
value makes the circuft act like a
capacitor.

.o Incseasing I above its at-resonance
value gakes the circufe act like a
cofl.

d. Reducing L below (is at-resonance
valur makes the circuit act like a
Capacitor,

. Applving a higher fruequency than the
resondant one nmakes the cfreuit act
ii{ke a coil.

f. Applving a lowet frequency than the
resonant one makes the circuit act
1ike o capacitor.

The procuct LC (s constant for any given
resonant frequency.

fncreasing L oor incrrasing C lowers the
resonant f{requency.

Decreasinog L or decreasing C ralses the
resonant froequency.

The ¢ factor of the circuit {s essen~
tially eqral to the cofl reactance divid-
vd bv the AC resistance of the coil,

10.

i1.

12.

i3.

The coil, the capacitor and the AC
voltage source are all in parallel.

Fesonance ocours when the reactance of
L is ecqual to the reactance of C.

At resonance, source current is a
ainiaum (very low).

At resonance, a parallel resonant circuit
acts like a resistor of high ohmic value.

At resonance, the voltages across I, C,
and the source ‘e all the same in
magnitude and e.

At resonance, .« currents through L and
C are essentially equal in magnitude but
are 180 degrees out of phase.

At resonance, the current through either
L or C ts great~r than the source current,
giving resonan: current step=-up.

At resonance, increasing the vslue of calu
resistance R increases line current,
thereby lowering the rescnant current
step-up.

Off resonance, the circuit acts like

that part which has the lower reactance.

a. Iacreasing C above {ts at-resonance
value makgg the circuii act 1ike 8
capacitor.

b. Reducing C below its at-resonance
value makes the circufit act like a
coil.

c. Increasing L above {ts at-rescnance
value mgkes the circuit act like s
capacitor.

d. Reducing L dbelow its at-resonance
value mgkes the circuit act like a
coil.

e. Applying & higher frequency than the
resonant one makes the circuft act
1ike a capacitar.

f. Applying a lower frequency than the
resonant onre makes the circuit act
1ike a cotl.

The product 1.C i{s constant in any given
rasonant frequency.

Increasing L or increasing C lowers the
resonant frequency.

Decrearing L or decreasing C raises the
resonant frequency.

The Q factor of the circuit is essen~
tislly equal to the coil reactance divid-
ed by the AC resistance of the coil.
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FORMULA SHEET

E;r =€ +E, ¢ 53 e E T.C.=RC ¥ = g—m X, 2
3 3
RT=RI+R2+R3'“Rn lﬂx—c- E-!Xc Xcﬂ—l-
2
P. =P, +P. +P_ ... P 2 £
T i 2 3 n Py = IE Py = I°X. Py = X
€. = §, = E_ =€, ... E £ E E N !
T .23 n '  yTalaeoS R.P__S
Np N BN tp
!T-!'+I2+33..ln
Pp = P Eplp = €1
e ht =y 'n OUTPUT
. R' . Rz © . R % of efficiency = Wx 100
EQ R, + R, EQ N E E
l 2 In—AE -'TZ Z s_é.
. | T Z, "A T “T T
Q- T, T, 1T T 2
Ry ~ R, R3 R, PA = El. PA= %24
P
g IE- = HE- = = S-—E-
l=5 I =g E=1IR R =g P, = B ip(Cos /6) F = Cos /0 o
2 . \
Pa paite PuifR pafe IR Z=R-gx
L.=L. + L.+ L L l = R2+x2 R‘Z(COS!—B_)
T ] 2 3 " Fn 2
N M X =2(sinfo) f . =or
T L, + L §2
' 2 fo “fﬂ‘lc fo. : f:ou.l
L ] 2nvLC Vi€
T ] ] ] ] E X
—+—+-—cc T L L 0
L, "L, L3 . TAN&ttE;-r-A-
L E X
TC == X = 2nfL L L 0
R L S'N!g:rﬂrgﬁ
E L] E A
| s == E={ X X =-—
X S £
L R R A
COS /8 =2 em = S -
5 g2 =, Z ¥
P, = IE P, = X, P, = o=
X X L X X p X f
L n—i- L w..g
. ¢, - ¢, QoL =7 R Q
CS%C 2 (= t
T N T T +¢C,
| lpo= dg = 1 dp=1 4 e
C. o
T T ] ] 1
Tttt T bp= U= 1)) e =y
i 2 3 n | |
L c
TAN /6 = — =
Cy 1:‘4-c2~~c3 cen € = T, ‘i;‘

s
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