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It is important to realize that this graph depicts a OC voltage. Voltage, though
changing, was always in one direction. It either increased, stayed the same, or decreased,
but never reversed itself.

°

Depicting AC Voltage‘

Here is a graph illustrating an AC voltage. Let us study it carefully.
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Q/ This graph depicts an AC voltage not a DC voltage. We know this because we have

decided to indicate everything above the horizontal line as being in one direction, and
_everything below the horizontal line as being in the opposite direction. Let us explain:

Before we begin, there is zero time and zero voltage.

In the first second, thé voitage rises from zero 1o
four volts. ' o '
" In the next second (two seconds total) the voltage

“drops from four volts back to zero volts. ' .
“One half dycle or ane alternation has been completed. . . | o
The voltage has gone from zero to four volts and. !
back to zero (a to ¢ on the graph). -
- ‘Now stay with me: )
7T In the next second (three seconds total) the voltage
N again goes from zero to four volts — but in the

opposite direction. The voltage indicated from c t0

d on the graph is not a decrease, but an increase.
(Remember everything below the horizontal line
indicates a voltage in the opposite direction from
that above the line.)

In the next second (four seconds total) the voltage drops from a high of four

volts back to zero volts. A second one-half cycle or alternation has been
completed. :
A total of one cycle has taken place in four seconds.



Cyéles and Frequ:zncy

Let us make sure we understand the relationship between cycle and frequency.

Cycle  One complete back and forth motion.

l & J U i 7 U ! Frequency The number of cycles in a given length of time {in other words,

Thus:

“their frequency of occurrence.)

If a cycle of AC occurs once every second we have a frequency of one CPS
(cycles per second).

If 60 cycles of AC occur once every second we have a frequency of 60 CPS.

with the use of generatdrs and oscillafors (to be introduced shortly) it is possible to generate
¢requencies from a few cycles per second to billions of cycles per second. '

Hertz = CPS- " _ o .
~In the early 1960s it was decided, in honor of the German physicist Heinrich Hertz, to
replace the term “cycles per second’’ (CPS) with Hertz (Hz). s P
60 CPS becomes 60 Haz. A ~ ‘ff—a
20,000 CPS becomes 20,000 Hz. | © [
' — : o A . s ’\ : ‘
METHODS OF PRODUCING AC | ~ Heinrich TES. Harz

“There are basically two methods of producing an alternating current:

_With electrical generators or with electronic oscillators.

Electrical Generators
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These are electromechanical devices that produce a high current at relatively
low frequency. They generate large amounts of electrical power. Generators
work on the principle of electromagnetism {we will look into electromagnet-
ism in Lesson 3), and are found in equipment as diverse as automobile

. engines and power generating plants.

2N



Electronic Oscillators

oUTPUT These are electronic circuits that are designed to produce lesser amounts of
—1L current but at frequencies up to billions of cycles per second. They find

applications in audio and radio frequency generating equipment. Some
typical oscillators are listed here:

‘.___)l____ 1. Sirens 4. TVs 7. Radar

2.  Alarms 5. Sonars 8. Electronic test equipment
-'-:_.:' HARTLEY 3. Radios 6. Electronic
OSCILLATOR musical
instruments

We will study oscillators more closely in Unit {H.

SUMMING UP ,
_ {n Lesson One we reviewed the concept of current flow and introduced the ampere as its
unit of measurement. We discussed the need for direct current, pointing out that three major .
~ electronic components, vacuum tubes, transistors, and integrated circuits require a source of DC.

- Next, alternating current was introduced, and along with it away of illustrating vojtages and
cyrrents against time, through the use:of graphs. Finally, methads of producing alternating current
by generator and oscillator were briefly previewed in preparation for more detailed exploration in
lessons to come, ' '

/-7
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1. Explain why, in a DC circuit, current flows everywhere in
the cirxcuit at the same time.
2. List three electronic components that require the use of
DC. .
3. List the two primary sources of DC
4. What is the frequency of alternation of AC provided by
your wall socket at home? -
5. : What is the frequency of alternation of AC in Europe?

It's not in the book, but if you ask enough people, you will
surely £ind out! B ,

6. Why is AC transmission superior to DC transmission?

7. ~ What problem is associated with the transmission of
electrical power at low voltage levels?

8. What does the term "hertz® mean?

9. For the AC voltage graphed on page 1-5, how long does it
take to complete

(a) cne cycle?
(b) two cycles? § =+

10.  What is the fLequency cf the AC voltage graphed on page
11.- - Draw a neat grayh showxng ‘an alfernating voltage with a
frequency of 5 Hz. o .

12. : List two methods of producing an alternating current.
13. List four‘electIOnic devices that make use of

oscillators.



Vacuum Tubes - Transistors ‘ {ntegrated Circuits
voltage in the ~ | voltage, 3-18 . voltage, 3-15
hundreds -
| current in amperes | “currentin the ‘ . ‘current in the
ST Uritliamps - | microamps -
(thousandth of | (millionth of an
an ampere) "~ ampere)
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Objectives: gg :
in this lesson you will:
a. Learnhowa bqsic cell converts chemical energy into efectrical energy.
b. Learn how zinc-carbon, alkaline, mercury, nickel-cadmium, and solar cells operate.

c. Learn how cells or batteries can be connected in series and parallel for more current
and voltage.

d. Learn how power supplies are organized to change AC into DC,

METHODS OF PRODUCING DC

Batteries and Power Supplies
As was mentioned in Lesson 1, the current and voltage requirements
of today's electronic devices altow for the extensive use of batteries.

Let us compare the voltage and current needs of vacuum tubes,
transistors, and integrated circuits. ‘

As you can see — suhd state components such as-transistors aid integrated circuits operate in
-voltages from 3 to 18 and draw current in the order of milliamperes and even microamperes. Such
power requirements are easily supplied with today’s batteries.

Let us list a few advantages that batteries provide:

* < Portability -

«'  Long Life
K Easy installation and replacement

L ox

_ High efficiency

*  Small size

: All these advantages and more make for the widespread use of batteries. We will look at
them in more detail shortly. ’

. Alt_hougb the use of batteries is growing rapidly, they are a very expensive source of power
relative to what is available at your wall socket. The need for a continuous, high current, depend-
able source of DC, where portability is not the concern, is very much in demand. .

Such requireme.nts can only be met by power supplies — fundamental electronic circuits
that change the AC available at your wall socket to smooth steady DC at voltages ranging from
a few to thousands.



Power supplies come in two forms. They are either separate units known as bench models,

or, they are built into the electronic device requiring DC. L
Bencu MooeL | L— T.V. Has 1vs
Power SupeLy Power SueeLy

Buit In
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We will take an extensive look at power supplies, beginning with this lesson, and then
carrying through in detail in Lessons 4 through 9. '

BATTERIES

The Basic Chemical Cell - .
The basic cell stores energy in chemical form. When that energy
is released it is converted into electrical energy for our use.

A basic chemical cell consists of:

—~  Two dissimilar metal plates .

—  Acid or e!ectrolyte solution

Due to. d.emsca! action, excess electrons dre accumulated at

R
’ the negative terminal — while a lack of electrons exist at the.
positive terminal.-We now have a dlffarence in charge, or voltage.

e

" ACID

A Lemun Ceil :
.. - The ‘requirements for a snnple cell outlmed
. gbove can-be met with a (emon,.to_s,up_ply. the acid, - . R
.and two dissimilar metals (an iron nail and copper
‘strip for example.) Such a cell can produce more
than one volt
As crude as this lemon cell may seem, it is lmportant to realize that all chemical ce
batteries are basically made of the materials |llustrated that is:

Two metal plates separated by an acid solution.

s or

Before we proceed to investigate the dlfferent types of cells, a few terms need to be

introduced. Look them over carefully. ‘
#  Cell — The basic electrochemical device for producing electricity.

*® Battery — Two or more cells connected together.
*  Primary Cell — One that is not rechargeable.

*  Secondary Cell — One that is rechargeable.



The Carbon-Zinc or Dry Cell o T

The basic characteristics of a carbon-zinc cell are:

It has extensive shelf life. — It produces 1.5 volts.

(t is the most widely used standard cell. — It comes in sizes AAA, AA, C, and D. The larger the
cell the more current it can produce over a specified

period of time.

— tisaprimary cell.

CARSONROD oo : ‘ GRANULATED

. ‘ CARBON AND

. L MANGANESE

{}2 010X10€E

METAL CAP PAPER AND MIX
POSITIVL SATURATED WITH
TCRMINAL suﬂs&wcmc

CHLORIDE

INSWATING - NC
LEEVE CASE NEGATIVE
: : TERMINAL

The carbon-zinc cell consists of:

* A npegative plate made of zinc.
* A positive plate made of carbon..

*  An acid (electrolyte) of sal ammoniac and zinc chioride.

Carbon-zinc cells find extensive use in toys; radios, and portable equipment requiring
moderate current levels. Remember though, since they are a primary cell, they are non-rechargeable.

i -Cadmium Cell POSITIVE NEGATIVE
Nickel-Ga SINTERED SEPARATOR  SINTERED
PLATE

Nickel-cadmium cells are available in standard sizes .
‘and produce 1.25 volts. Their main advantage lies in T
their rechargeability — up to 1,000 times in many instances.

.....

DIAPHRAGM

WELDED / it

A nickel-cadmium cell consists of: POS ITIVE TAB
' . - NYLON SEAL 7
« A negative plate made of metallic cadmium. . ‘
* A positive plate made of nickelic hydroxide. NICKEL PLATED_—
#  Anacid (electrolyte) of potassium hydroxide. STEELACKET -

WELDED |
NEGATIVE TAB

SEPARATOR/

Nickel-cadmium or ni-cad’s are used whaerever rechargeability and long life is desirabls.



The Alkaline Cell

58 —

The atkaline call is similar to the carbon-zinc cell and can be interchanged with it in almost

all applications.

L

METAL CAP (POSITIVE) CoveR

" INSULATING WASHER

JACKET

INSULATOR DISC

CATHODF
MANGANESE
D1oXIDE

CAN
ANODE

KIVET

ZINC
SEPARATOR

K7, INNER

XAl _— merac sorrou
INSULATOR

.CUTER METAL BOTTOM
(NEGATiVE)
=

/SfAL

e

The main advantage of the alkaline cell is that it produces
_more current for longer perlods of time. While more expensive
“than carbon-zinc cells, they are usually worth the additional
cost. Also, some types of alkaline cells can be recharged.

~ -

Alkaline cells are ideal {cr powering photoﬂash un.ts motor-dr-vpn toys, flashhgh ts, and

other eqmpment requiring a high current source

Mercmy Cell.

The basic characteristics of -3 mercury eell are.u.; e

— It delivers approximately 1 33 to 1.40 volts at a very
‘constant rate of discharge, This is indicated in the

dischafge cuive to the left.

— Itis small in size. Some are as tiny as an aspmn tablet.

— it has a high efficiency for its size.

TIME =
The mercury cell consists of:

POTASS UM HY DROX1DE

£LECTROLYTE CONTAINED

IN ABSORBENT MATERIAL
\

. \

A

INNER
STEEL CASE\_

SAFETY
ABSORBENT
SLEEVE

QUTER STECL CASE
"{‘P POSITIVE

STEEL
"QUTER TOP
© NEGATIVE

 e=

.

TIN PLATED
INNER TOP

SEALING AND
INSULATING
" GASKET

I\, AMALGAMATED
" ZINC ANODE
PLLLET

GAS VENT

o BARRIER

X MERCURIC OX10€
DEPOLARIZING
CATHOCE PELLET

#*

— ltis a primary cell.

A’negative plate made of mercuric oxide.
A positive plate'made of zinc.
An acid (electrolyte) of potassium hydroxide and zincate.

Mercurv cells. because of their small size and high efficiency find wide usaae in hearina aids.
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Solar Cell

Increasing interest is being shown in the use of solar cells — devices that convert light
ﬂglggy_di‘rg_ggl_yjnto electrical energy. While their overall efficiency is still quite low (20%), once
built and put into use, the power they provide is essentially free.
‘ Solar cells are of two types, selenium and silicon. They both
convert light directly into electricity. Each cell has a particular
o rd voltage and current rating. It is possible to connect these
’\ P\ ) '15 ( —;% cells in series and parailel to increase their power ratings. | have
- e \/ 36 %-volt-100ma (thousandths of an ampere) solar cells con-
nected to provide 9 volts at 200ma. This array has been
powering a 5-transistor radio for over six years at no cost
beyond the original investment of $12.00.

One very practical use of solar cells is to recharge nickel-cadmium batteries. A typical
setup is shown here:

-//5 l_ O The battery will discharge only when more current is drawn
SOLAR /K / = from the circuit than the cells are able to supply. When the
CELLS T __——NIC,«D circuit is not operating, the cells will recharge the battery.
,\ + , The diode prevents the battery from discharging through
T " * the solar cells. '
DIOYE == o

" BATTERIES IN SERIES AND PARALLEL
What we have been discussing so far are cells.— chemical (and solar) units that produce a
_vol‘ta‘qe. When you combine two-or-more ceils you have a gaﬁew.

"‘—1 S ) o aor sz
D CeLL

it is possible to connect cells or batteries in series and parallel to increase their voltage and

[2VOLT CARBATTERY

i

cuirent.

Oqestion’: If you had two 6 volt batteries, how would you connect them to obtain 12 volts?

Answer: Connect the two batteries in series.

What is a series connection? '
A series connection means the negative pole of one battery is connected to the positive
pole of another battery as shown here:

6! Y _
When this happens, the voltage adds, 6 volts + 6 volts = 12 volts.

This connection provides ' This connection provides

18 volts. 6 volts. o

o] = e C
A T [T T

e | Ler ] et & CELLS



Question: ~ If you had two 6 volt batteries how would you connect them to produce
more current? .
“Answer: Connect the two batteries in parallel.
What is a parallel connection?

: A parallel connection means the positi‘;eﬁ‘bles are connected together and the negative
poles are connected together as shown here:

When this happens, the voltage does not add, but the current does.

+ % —o—1 4 amperes + 4 amperes = 8 amperes.
A ¢

AT & AMPS AT % Ames This set-up will provide twice as much current, or, if the load requires only
4 amperes, it will deliver 4 amperes for twice as long.

This connection provides 12 amperes at 6 volts.

- o Y
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INTRODUCTION TO POWER SUPPLIES

As we mentioned in the beginning of our lesson — power supplies.are circuits that change
AC to DC. Available at your wall socket is a 120 volts at 60 cycles alternating current. A power
supply whether of the bench type or built-in, will take that 120 volts AC and through a serie‘s of -
steps, or stages, alter it to produce a steady DC at the voltage desired.

To introduce you to the power supply, a block diagrarh for the 5-volt power supply project
~ contained in Unit 1} is'shown below. Most power supplies are organized in, the sarme manner, SO
study the diagramn carefuily. : E B

S.TAGEI' | STAGE IT : STAGE DL \ 'STAGE.EZ" | +

VerTaee  RECTIFICATION | fwrerive b VoLrace
r::gg::ﬂ‘;n) I | {cardaToRs) Resyeation

A i
, / (§Voir Recunaten)

e \——
YOO Y YOOy
PULSATING B, g-12 VoLTs OC. S.voLTS DC.

Stage | SR N |
Takes the 120 volts AC input from the wall socket and reduces it to 6.3.volts AC. The
major component is the transformer. {Some power supplies wiil, through the use of a
transformer, step the voltage up as well as down.)
Stage
The 6.3 volts AC is now changed to a pulsating DC.through-the use of.tectiﬁecsjn_the_,form
of a ““bridge” (usually containing four diodes). ’ ‘
Stage Il1 '

- Through the use of electrolytic capacitors, the pulsating DC (PDC) is “filtered”’ into a |
smooth DC.
Stage |V
A voltage regulator now takes'the smooth DC which can range anywhere from 6 to 10 volts
and insures that only a steady 5 volts will be made available at all times.

We will be looking into each of these stages in detail starting with Lesson 4.
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SUMMING UP

In lesson two we explored some reasons for the growing popularity of batteries and analyzed
the workings of a simple chemical cell. We reviewed the major characteristics of the more widely
used chemical cells such as carbon-zinc, alkaline, mercury and nickel-cadmium and touched on the
fundamental aspects of the solar cell — a device that turns sunlight directly into electricity. We

“showed how cells and batteries can be connected in series and parallel to increase both the current

and voltage available. Finally, we outlined the various stages of a typical power supply in preparation
for a more in-depth study in lessons 4 through 9.
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UNIT 2 LESSON 2 QUESTIONS

1. List five advantages of batteries or cells as DC sources.

2. What is the main principle of operation of the chemical cell?

3. Describe

the basic components of a simple chemical cell.

4. List advantages and disadvantages of:

(a) the
{b) the
(¢) the
(d) the

5. It is pos
crease both current and voltage.

carbon-zinc cell
2lkaline cell
mercury cell
nickel-cadmium cell

sible to connect cells or batteries in series and parallel to in-
Find the voltage output and the curreut cap-

ability of the two combinations shown below.

» - .
() = 0\4__}-/0——% @ TT - ="
. + » A + ¢ hd i
vV gA — = /}qu \ -
‘éaﬁQmMJ - r:* _ | cee [-& | =& ] =

| . ‘/) .
1~ - & : > v
. oﬂ,f4~f—f;\\b . -

6. Draw a dlock diagram, and label the stages, of a.basié power supply.
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LESSON 3 — ALTERNATING CURRENT — HOW IT IS GENERATED, DISTRIBUTED,
MEASURED, AND PRICED

Objectives:
In this lesson you will:

a. Learn how electric generators operate.
b. Learn how power plants produce electrical energy.

c. Learn how to measure and determme the cost of household electrical
energy consumption.

il PawWE R
L= VLANT

I e

ELECTRIC GENERATORS

. Magnetism And Electric Generators

o ((/CQ\W When a coil of wire (a conductor) is passed through a magnetic field . -
g//% o 3 \,j_ /Q (produced by a magnet) a current will be induced into the coi! of wire.
=, = L./ Adevice built using this principle is known as an electric generator.
“Z. #
Magnetsc Field Such generators are.used to produce over 95 percent of the electricity
Coil of ere : Generator . in this country. The electricity supplied to your home, office, or

factory is produced using electric generators.

Regardless of the type of power generating plant—hydroelectric
~(water) steam, atomic, geothermal, wind, etc. in their final
production process all will rotate a turbine which is connected
to an electric generator.
So, before we look at Apower‘plants in detail, let us explain
the working of a basic electric generator.

S\Q |

Mo 6 ENERATOR

TURBINE

Magnetism-
In order to understand how magnetism can produce electricity we need to take a quick look

at the basic magnet itself.

Permanent magnets come in two popular shapes:

.

S
W =
e ’
Bar shaped Horseshoe shaped

-
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All such magnets have a north and south pole that attract or repel each other

based on the following principle:

LIKE POLES REPEL, UNLIKE POLES ATTRACT.

o Pl =

REPEL ATTRACT

Surrounding every magnet there exists a magnetic field. The shape of this field is determined

primarily by the shape of the magnet.

Generating Electricity

if a conductor such as a coil of copper wire is made to cross a magnetic field, the free electrons

_in the conductor will move in one direction, resulting in current flow. Here is how it works:

. e SR 5 E—v—%@:;”

—- A coil of wire is placed around a permanent magnet.
Attached to the coil is a meter. (Notice the coil is not
connected to a battery or any other source of power.)

— A magnetic field exists around the permanent
magnet.

—  If the coil and magnet just sit there, neither moving,
nothing will happen, that is no current will flow in the
coil of wire,

Megerr
7 g
/%—,«.,i.y_‘,,_:, T T

< 2
=

——

If however, the coil of wire tari be made
to “cut across’’ the magnetic field, current
will be produced. This can be done by:
moving the coil, moving the magnet, or
moving both the coil and magnet.

As the coil moves toward orie pole, cut-
rent will move through the coil in one

~ direction. As the coil moves toward
the other pole, current flows through
the coil in the opposite direction. The
result is alternating current.




The Basic AC Generator
To make a workable generator one would need:

a. A large magnet.
b. A coil with a large number of turns.

c. A mechanical means of rotating the coil as quickly as
" possible through the magnetic field. (The faster the wires
in the coil cut the magnetic field, the more current that
is produced.)

Here is how such a generator-would work:

AGNET
SLIP RINGS M
/ \ :
MAGNETIC FIELD
DIRECTION /
OF ~ ROTATING
- ROTATION ( 'l —coiL oOR ARMATURE
N (simplified
A.C.
OUTPUT BRUSHES 7

AN i . (rws ‘]MAeNET

As the coil of wire (only one loop is s shown for simplicity) is rotated counter clockwise
through the magnetic field, current is induced into the coil in the direction indicated. As
coil segment ““a’* moves down, current is generated in one direction. At the same time'
coil segment “b" is moving up, generating current in the opposite direction. Yet the total
effect is for current to flow completly through the conductor (coil) in one direction

~ (counter clockwise. )

As the coil is rotated through the next half cycle (rotation) current is induced in the op-
‘posite direction. The result, after one complete revolution, is the generation of an alternating
current.

Power plants that produce our electricity operate on the principles just outlined.

Let us take a look at them. -

ELECTRICAL POWER GENERATING PLANTS

As was stated a moment ago — in addition to the need for a large magnet and a coil
with many turns of wire, a means of moving the coil rapidly through a magnetic field
is required to make a practical generator.

In a large generating facility a turbine is attached
to the armature or coil of an electric generator.

When the turbine moves around, the coil (or
armature) will also move around.

But how do we get the turbine to move?

; here a ential o methods:
Turbine Generator T re essentially two meth



* Mechanical energy from — bbb T

*  Mechanical energy from steam, developed by heating
falling water (hydroe!ectnc L ‘_ water. S
power plants.) : Let us take a look at both systems. (/1 ‘/‘;‘A)’
i\ '\,‘):/
M

Hydroelectric Power Plants (% mm%' W
In the hydroelectric system (which produces about 16 percent of our nations electrical needs)
energy to turn the turbine is provided by falling water.
One of the most practicle ways (although not the only) to create falling water, is to dam
up a river, This creates a lake behind the dam. When water is let out of the lake it falls through
huge intake structures called penstocks, 7 M

to the power house below the dam. L}/Z\K‘E.

The turbine is located in the power : o
house, and as the water “hits"”’ the N —
buckets or blades of the turbine it
rotates, driving the electric generator. Loo—

Steam Electric Generating Plants
Steam electric generating plants provide the vast majority of electrical power in our country
— approximately 62 percent,

In steam plants, water is heated to produce steam which is fed under pressure to a turbine.
Steam rushing against the turbine blades causes the turbine to rotate, driving the electric

generator.

A typical steam generating system is shown hera:

Intermediate-pressure

Second reheat Main steam turbine ]
i) \ ) High-pressure i .
o Boiler First reheat turbine Low-pressure
i / ! turbine

1 SRl 4 —

| L 4 W - /’,_'_';<\

pal .

. A ‘

: /\ Generator
/ / ]

I
\—.-
\f\

‘“I/

Condenser

Feed.water heaters
Make-up
water

The methods of heating the water in a steam plant, though varied, fall into two broad categories:

Heat derived form the burning of fossil fuels. —  Heat derived from nuclear reaction
' (nuclear power plants.)

in both cases the result is the same — water is heated to create steam.
‘ Gas

Wood LO”“}‘—‘* Water —3*|  Steam Plant
00 }-—“————'—*”"‘
[Coa

L Nuclear
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ELECTRICAL DISTRIBUTION SYSTEM

Regardless of how electrical energy is generated, it must of course be distributed to homes,
offices, and factories. A typical distribution systém would look like this:

1. Power Plant — Various metnods 8re used 10 arive eiectric gsnarators, where the
electricity is actually made.

MECHANICAL ' —

GENERATOR :
ENERGY NE S
2 Substation — From the generator electricity goes through a

substation where it's voltage is stepped up to
32,000 volts so that it can be sent over hlgh
voltage transmission lines for long distances.

"DANGERY
Yoy HigH
VoL
R

3. Large Consumers — The electricity
now goes through another substatic
- where the voltage is lowered (to ap-
proximately 4,000 volts) and fed tc
large office buildings, department
stores, and industrial plants.

Private Homes — Just before the
voltage is delivered to your home it

, is further reduced to 240/120 volts AC.
Homes 240/120V

4.

ENERGY COST _AND MEASUREMENT

Energy is the capacity for doing work. Household appliances consume electrical energy and in
the process perform wark. It is important to know how much energy a given appliance consumes.
This will aid you in identifying where energy is wasted and conservation efforts should apply.

The wattage \rz,ating of most appliances is listed on the appliance itself.

= [ZWATTS
34

Wattage ratings are an indication of the rate at which a
uses electric energy.

Energx is the wattage rating over time. If you know how
fast a car traveled and you multiply by how long it traveled,
you can tefl how far it went.




In the same way if you know the rate at which
energy is used, wattage, and you multiply it by
how long it was used, you will find the total
energy consumed.

5 = ENERGY
C ON SUMIED

Power in Watts Time in Hours IN WATT HOURS OR KILOWATT-HOURS.
ire a couple of examples:

N

3¢ 1200 WATTROURS

/00 WATT LIGHT BULS - Ol Lﬂa@! [XWBD::
750 WATT oo 3 7 5 WﬂFﬁM@WQS
i omven 3¢ = o 2378 [Gwlh.

ste: — One kilowatt hour (kwh) = 1,000 watt hours. A kilowatt is a more convenient term to use.

1ergy Consumption Chart‘

The chart below lists twenty common household appliances along with their:
Average wattage rating.
Average hours'used per year.
Estimated kwh per vear.

You arrive at the estimated kwh by multiplying the wattage rating times the hours used, then
viding by a thousand. '

ITEM CHECK OFF AVERAGE WATTAGE AVERAGE HOURS | ESTIMATED kwh

. RATING USED PER YEAR| USED PER YEAR

- conditioner {room) 900 1,000 900 kwh
anket (electric) 177 831 147 kwh
n (attic) 370 1,467 377 _kwh
aver (electric) 14 129 1.8 _kwh
dio/record player 109 1,000 109 kwh
/ color solid state 250 2,200 550 kwh
/ black and white 108 2,186 236  kwh
wing machine : 75 147 11 kwh
cuum cleaner 630 - 73 46 kwh
ander 386 39 15 kwh
n opener » 240 4 1 kwh
ffee maker 894 119 106 kwh
en, microwave / 1,450 , 131 190  kwh
1ge with oven 12,200 96 1,171 kwh
rezer (15 cu. ft.) 341 3,504 1,195 kwh
frigerator 396 3,791 1,501 kwh
rthes dryer . 4,856 205 995 kwh
mn (hand) 1,008 143 144 kwh
1ishing machine 512 201 103  kwh
iter heater 2,475 1,705 4,220  kwh
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UNIT 2 LESSON 3 QUESTIONS

1. Explain the operation of an electrical generator. Include in your explan-
ations ~

(a) a discussion of the basic principle upon which the generator works.
(b) a labelled diagram showing a simple generator, with an explanation
of how this setup produces current.
2, Iist the two most predominant types of electrical genergting systems,.
#. What does the wattage (power) rating of a device tell you?
4, Tind the energy used (in watt-hours) by the following devices:

(ag a 1200 watt tea kettle operated for 12 hours féA%A;“éﬂ
(b) & 750 watt baseboard heater operated for 1.5 hours., /~/7%

5. At 6 cents per kilowatt-hour, what would it cost to opeérate a 7.5 watti
night light 24 hours a day for a period of one year? Show calculations. 394

6. On the chart below, list the items from the table on page 3-5 that you use
most frequently. IList the estimated kwh used per year. Multiply this value
by 6 cents ( $,06) (an average value). The result will be the cost per year
to run that appliance, ' ,

ESTIMATED kwh USED ~ CURRENT PRICE COST PER YEAR
o PER YEAR x PER kwh e=m
~exampie: fan {attic) 377 - 06 | s18.62
_L X =
2. X =
3. X =
4, X =
5. X =
6. X =
7. A0 X =
8. X =
9. X o=
10. X =

3-7
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Lesson 4 — TRANSFORMERS

OBJECTIVES:

In this lesson you will:
# Learn what a transformer is and what it is used for.

o Learn how a transformer is constructed.
*  ‘Learn about electromagnetism, the principle of transformer operation.

*  Learn how a transformer functions in a power supply.

WHAT IS A TRANSFORMER?

Astransformer.is an electrical component that; through: magnettc

. i duct;on ‘transfers electrical ‘energy: from one circuit tof nothe‘,.
In the prc process it will usually step up.or downjvoltage (and cusrent).

A transformer operates on AC (alternatmg current).

Here is an example of how it is used:
\ | Your wall socket makes available 120 volts AC at up to 30 amperes, !

120VAC l ”};/ \: — An ordinary lamp will operate directly on 120 volts AC. Just
e ’ plug it in and it lights up. The lampnieeds 120 volts ' AC and’
: “draws’ on an average of one to two amperes of current

vouts$ But what if you had an electrical device such as a doorbell or
.small.motor-that ran on 12 volts AC? If you plugged such a
device darectly into the 120 voit wall sacket
it would blow up, You will need to step the 120 volts dowri-:
a® R,{/’ to 12 volts. That is where the transformer comes in.

A 12 volt transformer will step down the 120 volts AC to
12 volts AC to power the doorbell or motor,

The ability of a transformer to step-up or down a voltage or current is important for two

reasons:
One — It allows us, using alternating current, to transmit electrical power over long.
distances. .
Two —  Once electrical power arrives at our hame, its voltage and current can again be

stepped up or down for use in numerous electrical and electronic devices.

Let us look at these two points for a moment.

DC -+ i{f) \/@ ’*(zgﬁ FJH usi(J X
AC -+ Fﬁ\m \f{:ﬁ% Sﬂ? m (w PN
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Aeansmitting Electrical Power.

It is very difficult and wasteful to transmit large amounts of current over
long distances. The idea is to transmit large amounts of: 80 (at low

—Tﬂ ol @ T current levels). In that way, power losses are kept to a minimurm.
1

@ < TRANSFORMER But our homes require relatively low voltages (240/120) at high currents
‘ oW VOLTAGE (15- 50 amperes). How do we go from the power lines that may be
\ gtjrlgﬂﬂgnvggmr carrying 4,000 to 50,000 volts (at low current) to 240/120 volts at high
current? You guessed it — we use a transformer. Those cylindrical things
stationed on telephone poles are transformers that step down the 4,000
volts being carried by the power lines to 240/120 volts for use in our homes.

Transformers in Electrical Equipment

There are many electrical devices in your home that are designed to run dtrectly on 240/120
volts AC and do not need a transformer. Here are just a few:

1. lron 3. Hairdryer 5. Electrical typewriter 7. Lights

2. Heater 4. Blender 6. Toaster 8. Range
g L
&ae- 4

There are other devices, however, that require a different AC voltage (usually smaller) or even
a DC voltage. These items are mostly electronic, such as:

1. Clocks 3. Computers 5. Electrical typewriter
2. Lights 4. Calculators 6. Doorbell

@ B =

If such equipment requires only a smaller AC voltage, a simple step-dowri
@@Hg 4 . transformer is placed hetween the wall socket and the device. (A step-up
120 vac Z Vre ~ transformer would be used for AC voltages higher than 120 volts.)
- ?m 'POWER If the equipment requires DC at higher or lower voltages than is available -
1IGVALS : at the wall socket (120 volts AC) then a power supply is used. Remember,

12.VAC 12vpe a power supply is a device that changes AC to DC.

The first stage or section of that power supply will consist of a transformer
” ?! to step up or down the AC voltage to the approxiinate value needed. The
rest of the power supply ch th .
5P Do A w P pply changes the AC to DC

Therefore, as you can see, from the power generator to the electrical devices in yvour home —

if an alternating current needs to be stepped up or down anywhere along the way — a transformer -
is required.

CONSTRUCTION OF A TRANSFORMER

Transformers come in all sizes, from tiny little units no bigger than a
thimble, to huge devices larger than a truck. Of course, the range of sizes
found in the electrical equipment in your home is not that wide. Here we
encounter transformers from an ounce or two, to five or ten pounds.

The lighter and smaller variety tend to be of the audio frequency (AF).or
_radio frequency (RF} type. These transformers.are designed primarily. to+
t((:QQpJe:\ene‘rgy (through electromagnetic induction) from:-one circuit:to...
.another. We will have a chance to study these types more closely in Unit

11 which deals with amplifiers and oscillators. For now, we will concentrate




The Power Transformer '
A power transformer is one that is designed to deal with the power available from the wal
socket, usually 120 volts AC at up to 10 amperes. It takes that voltage and steps it up or down.

In actual construction, the transformer will consist of an iron core (in laminated form)
with two or more coils of wire wound around it.

FIRST =y 3 seconp
=y coit

’LAM:NATED
|RON CORE

One coil is wound onto the iron core and the second coul is wound over the first coil.
They do not short together because each coil is coated with an insulating
substance such as lacquer or shelfac. :%

. - PRIMARY
lways.connected to the colL
e wall socket. '

coiliis he secondary.ilt receives electrical pow
from the primary coil {through electromagnetic induction) and
delivers it to a load such as a bell, motor, or the “bridge” rectifier
of a power supply.

Remember — the power transformer consnsts of two coils wound
on an iron core.

/ .
PRIMARY ColL S‘ECONDARY coiL
schematic symbol

THE PRINCIPLE OF TRANSFORMER OPERATION — Electromagnetism

, Before we investigate electromagnetism, let us make sure we understand the relatlonshsp
between current, voitage and power; and the difference between AC and DC

Power | Power is simply voltage times current. The unit of measurement is the watt.
E E = [P [f 120 volts is pushing 3 amperes of current through a circuit, we have 360
m — watts of power.

120 volts x 3 amperes = 360 watts.

It is not always convenient to write out the words, current volitage, or power.
We therefore use letter symbols to keep things short.

The letter symbol for current is |, for voltage €, and for power P. Thus we
can say:

E x | = P, or voltage times current equals power.

53
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AC and DC

DC, remember, is current moving in one direction over an extended period of time. It is the
type of current derived from batteries or power supplies.

+ -_ TR — +
:D:‘ supPLY |

AC, on the other hand, is current that is moving first in one direction, then in the opposite
direction, back and forth. The number of times it moves back and forth (one cycle) in one second
is known as its frequency. An alternating current of 60 cycles per second (60Hz) is available at

your wall socket. It is the type of current produced by AC generators.

- m If you plug something into the wall socket (such as a lamp), it will
Geuéﬁrop. o\ use 120 volts of pressure to push electrons in the lamp's circuit
ST (current) back and forth 60 times per second. How much current

the lamp uses depends on the design of the lamp circuit.

Notice an interesting characteristic of the AC available at your wall
/\ /-\ / socket? it is always changing — that is, it is never at a fixed value for
any length of time. It is either increasing or decreasing in one direc-
tion or the other. This will be a very important point to remember

when when discussing electromagnetism — the principle upon which
a transformer operates. 3

A,C.~ALWAYS CHANGING

Electromagnetism

{n a previous lesson we saw how magnetism can produce electricity. If a magnetic field is
made to cross a conductor it will induce a voltage, and thus a current in that conductot.

This is what we want to do in the secondary winding ;
(coil) of the transformer.

We will not, however, do it using the magnetism from
a permanent magnet, but from that produced by electro-
magnetlsm

Electromagnetism is the magnetism created by electricity. It works somethlng like thus

Surrounding every current carrying wire is a magnetic field. Regardless of how the current
is produced — battery, generator etc. it will be surrounded by a magnetic field with the followmg
characteristics:
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One —  The magnetic field starts from the center of the wire and

‘ moves out.
- Two —  The strength of the magnetic field is related to the amount

of current in the conductor. The more current, the stronger
and further out the magnetic field.

The magnetic field has a direction and a polarity — thus it
is similar to the magnetic field generated by a permanent
magnet.

The magnetic field expands and contracts as the current
increases or decreases. If the current is always changing
(AC) the magnetic field is always changing, moving out
or back in. Now we can see how an alternating current,
applred to a coil of wire, will produce a moving magnetlc

i ‘

As the AC goes through one complete cycle it creates a magnetic field (electromagnetism)
that expands and contracts in one direction, and then in the opposite direction. Since the current is
always rncreasmg or decreasing, the magnetic field is always expandmg or contractlng

If we now place a second cail of wire very close to the first. (waund on top of |t),the magnetlc
field created by the alternating current in the first coil will always be crossing the secondary coil.
Remember if a magnetic field is made to cross a conductor (secondary coil) it wili induce a voltage
and current in that conductor. This is exactly what we now have.

& MAGNE Tie

/\- \;5:/ el s Only. instead of the current being created by a permanent magnet
- _égff_“WY moving back and forth — it is created by an electromagnet
e e ‘ Thus we have a basic transformer. Now all we need to do is see

rmMAan LSECONDARY how the transformer steps up or down the incoming voltage.

Stepping the Voltage Up or Down

A step-up transformer is one that increases or steps up the incoming
voltage. ‘

A step-down transformer is one that decreases or steps down the incoming
voltage,

Whether a transformer steps up or steps down the incoming voitage is determined by the
number of turns of wire in the secondary coil compared to the number of turns in the primary coil,

PriviAny E seonommy M there are mare turns in the secondary than in the primary, the voltage
) ! is st
R epped up.
Py g:},‘,ww _ If there are fewer turns in the secondary than in the primary, the voltage
STEP-DowN - is stepped down.
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Here is an example:

Step-down transformer

Step-up transformer

£ o
k ] (.
. ¢ 1200 VAC , - I t 12 VAC
20 VAC : H 120 VAC 2k
1 100 turns 10 turns

100 turns 000 turns
l% X 120 volts = 1,200 volts | 10:1 ratio

TR I YUY,

1:10 Ratio Tl16x 120 volts = 12 volts

The Step-Up Transformer
Here there are ten times as many turns of wire in the secondary coil as there are’in the primary

coil, Therefore, the voltage is increased by ten times — to 1,200 volts.

What would be the output voltage of this transformer_?

g , 1 to 5 ratio — the.‘refore the
- is 5 ti the input voltage
120 VAC ; output is 5 times the tnp g
A :
| s |
200 turns 1,000 turns ‘ “answer = 600 VAC

The Step-Down Transformaer
Here the secondary has one-tenth the number of turns as the primary. Therefore, the voltage

is decreased to one-tenth of 120 volts AC — or 12 volts AC.
- What woul_d be the output voltage of this transformer?

3 to 1 ratio — therefore the

C
.
3 e output is 1/3 of the input voltage
120 vac » . 2|f E
. 3 |
e
Lan ngﬁ answer = lfo VAC -

Multiple Secondaries
Some transformers are built with multiple secondaries, that is, more than one secondary

coil. Hera is an example:
Such transformers save cost, space, and weight in applications where

' E 2%0VAC various secondary voltages are needed.
120

2} [ | ——
VAC:‘IE 6VVAC
Il E_5vAC

nrimarv  secondarv
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THE TRANSFORMER IN A POWER SUPPLY
As a final matter, let us now take a quick ook at how the transformer operates in a power

supply.
Here we have the complete schematic of the power supply project for Unit Il.

T1 D1-4 S —Oer

/R

—( 1ViC
“

REGULATOR

N OUT}— 5YDC

GND | + Rz_”

1/

g

In this power supply the power transformer steps-down the incoming 120 volts AC to 6.3
volts AC. Here is what happens:
—  When S1is closed 120 volts AC appears across the primary coil.
The Ne-2 bulb is used as a pilot light.
—  The AC traveling through the pnmary creates a magnetic field that
cuts across the secondary, inducing a voltage.

—  Since the number of turns in the secondary is less than the number
of turns.in the primary, the voltage is stepped down.

The 6.3 volts AC appearing across the secondary coil of the transformer will now be fed to
the rest of the power supply where it will be changed to DC.

SUMMING UP

In Lesson Four we saw how a transformer is used to step up or down an AC voltage; from
the power generating plant to the electrical devices in your home. We saw how a transformer is
constructed and how it operates using the principles of electromagnetism. Next, we learned how a
transformer can increase or decrease an incoming voltage by winding the secondary coil with more
or less turns of wire than the primary. Finally, we saw how a transformer operates in a power
supply to step up or down the line voltage to the approximate DC voltage of the power supply

output.

-7
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UNIT 2 LESSON 4 QUESTIONS

'What is the main purpose of a transformer?

List four devices that require the use of a transformer.

List two important reasons why we use a transformer to step up or down
a voltage or current.

Why will a transformer not operate with DC?
What is meant by the term "electromagnetism"?

In a short paragraph, with illustrations if appropriate, summarize
the principle of operation of the transformer.

Which of the two transformer c01ls is always connected to the
source of power?

.In a step-up transformer, which coil has more turns, the primary

or secondary coil?

A transformer delivers 12 volts at 2 amps. How much power is being
dellvered7 gt : : _ :

A transformer has 1000 primary turns and 500 secondary turns. What
is the secondary voltage if the primary voltage is 120 V? Lorie

LA

A transformer has 100 prlmaryAturns and 300 secondary turns. What

-~

is the secondary voltage if the prlmary voltagp is 120 V2 T s
If a transformer is 100% efficient, power in is equal to power out.
Find the primary current required by a transformer delivering 24 V
at 5 amps, when the primary voltage is 120 volts. /A

What is a multiple-secondary transformer?
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LESSON § - DIODES AND CAPACITORS

Objectives:

In this lesson you will:

* Learn what a diode is and what it is used for.

* Learn how a diode is constructed.

* Learn about the basic principles of diode operation
along with many applications..

% Learn how diodes function in a power supply.

* Learn how a capacitor operates as a ripple filter in a
power supply.

— D WHAT IS A DIODE? -0 F

A diode is an electronic one-way gate. It allows current to pass through it in only one direction.
As such, it aids us in converting alternating current (AC) to direct current (DC).

X Without the diode, modern electronics would be very different
/\\ indeed. 1t is one of the simplest, yet most widely used, electronic
ﬁ\\c R /;;9 components. Familiarization with its function will enable you to
\ fﬂ) understand the operation of many electronic circuits. In addition,
7 diodes are simpler than, but similar to, transistors. If you under-

\ fBur Nor W &7 .. stand diode operation, you are halfway to understanding transistors.
THE Ormerl <P 5 :

—H—

[ 54

One-Way Gate - ‘ .
The diode is a two element electrical device. One element is known as the cathode, the
other element the anode. ‘ '

CATHODE
Here is the schematic symbol. = ry
ANODE
*  |f the cathode is negative with respect to the | S 1 ®
anode, the diode will conduct or pass current l\\l
as shown.
—>
DIRECTION OF CURRENT
FLoW (= To+)
*  |f the cathode is positive with respect to the @ |19
anode, the diode will not conduct current. N
FLOW (+T0-)
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The two circuits below illustrate how the diode allows current to flow in one direction only.

Diode Connected Correctly (right polarity) '

— *—} + Anope  In this circuit, current will flow and the famp will light. The diode’s
cathode is negative with respect to the anode. The diode “opens
t‘ its gate”’, so to speak, and current is allowed to flow.
CATHOOE

ks

! 7
//@, L #4T Bucs
Diode Connected Incorrectly (wrong polarity)

In this circuit, current will not flow and the lamp will not light.
(cATHope The diode’s cathode is positive with respect to the anode. The
diode “'shuts its gate” so to speak, and no current is allowed to flow.

“anooE

il

ey’“f'?'ﬁw.e

Acting as one-way gates for current flow, diodes find many important applications. Here
we list just a few. We will explore them in more detail later on.

# Diodes as Rectifiers

Rectifiers are electrical devices that change AC to DC. Diodes,
employed as rectifiers, change the AC output of a transformer

" to pulsating direct current (PDC). This is a critical step in any
power supply’s conversion af AC to smooth DC.

SIMPLE PO\I)ER supeL.Y

# Diodes in Radio Frequency C‘l’CUItS
D* PAR”AL Diodes have been used for years in radios to’ demodulate incoming
C“‘CU‘T ~ radio frequency signais. Even the first crystal sets used galena
crystals or diodes for this purpose.

*  Diodes in Logic Circuits

Diodes are used in switching or logic circuits to control many
functions from car starter controls to complex computer systems.

LOGIC CIRCUIT

*  Diodes as Light Indicators

Light emitting diodes (LEDs) are special types of diodes that emit
light when the cathode is negative in respect to the anode. They
—%)} _ come in a variety of colors and are used as pilot lights, digital

=

readouts, and in numerous electronic games,

; Before we explyore these diode applications in detail, let us take a fook at the diode’s
physical characteristics and how it operates.
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DIODE CONSTRUCTION

Diodes come in various shapes and sizes, a few of which are shown below. it is most
important to identify or locate the cathode end of the diode. This end is usually characterized
by a band or “atypical” marking of some type. Study these drawings carefully.

. CATHODE ANODE

GLASS DIODE u’
| d cathod g POWER DIODE
colored band‘s are always toward cat een metal case is the cathode end

—

PLASTIC DIODE EPOXY‘DlODE
band indicates the cathode end tapered end is the cathode -

= = r‘;___.—w—m
) ~FLAT SIDEC

POWER DIODE LIGHT EMITTING DIODE
threaded end is usually the cathode - flat edge or short lead is cathode

: Voltage and Current Ratings

Diodes are rated in terms of their current and voltage handling ability. As an example, a
1N4001 diode is rated at 1 ampere and 50 volts.

: Thls means that the TN40G1 diode can handle up to 1 ampere of current and up to 50 volts
~ of electricat pressure. If either one of these factors, current or voltage, is exceeded, the e diode could

be damaged.
However, the ratings given represent the maximum current and voltage that can be applied.

If a circuit requires, let us say, one-half ampere at 25 volts, then the TN4001 diode would work fine.

. NG

§ 5 2 |f more than 1T Amp

- 1N4001 _ ———{Z i".zj"‘- - or 50 Volts is applied
i L, diode will be destroyed.

Up to 1 Amp / 50 Volts ‘ i i
1

It is possible to place diodes in parailel to increase their total current handling ability.
If two, 1 ampere, 50 volt diodes (1N4001) were placed in parallel, their combined current rating
would then be 2 amperes. Their total voltage rating would remain the same however, at 50 volts.

1 0
N 4001 1N 4001 (Parallel Connection)
1 amp'/ 50 volts ' 2 amps / 50 volts




Half Cycle.

- e~
DIODE OPERATION
Semiconductor diodes are made of the same materials as those used in the construction
of transistors and integrated circuits, silicon and germanium. The silicon diode is the more popular

of the two because it can handle a greater amount of current.
During manufacture, a block of silcon is treated (doped) with arsenic, such that it has a

slight excess of electrons. It then becomes known as a N-type material.

Another block of silcon is treated (doped) with boron such that it has a slight deficiency
of electrons. |t then becomes known as a P-type material.

Deficiency of electrons
results in excess of protons +

N-type R P-type
Excess of Electrons — ——— 0 N
When these two blocks of silcon are fused together [+ fia*f ===
they form what is known as a PN Junction Diode. In the [i,f,* RN ety
process a voltage barrier is formed at the junction preventing RS Rt
the electrons in the N-type material from moving over to the PN-Junction Diode

P-type material.

However, if a voltage is applied as shown, the barrier is overcome and the diode conducts.
Remember — like charges repel, unlike charges attract.

The electrons from the'battery repel those in the _)f\{ i W'GP
N-type material across the junction. At the same time protons s s
in the battery pull these same electrons across to complete 2o et
the circuit. . _—Battfry :
i

Convertihg AC to DC
One of the principle functions of a diode is to convert AC to DC. When this occurs the

" pracess is known as rectification and the diode is acting as a rectifier. Knowing how this is
accomplished is a prerequiste to understanding virtually all diode applications.
E—.

' \][\\_/ AC .Qiode ) Load

: Basic Rectifier Circuit ,
o ‘% ‘ During the first half cycie the upper terminal of

\ e " the AC source is positive with respect to the lower

terminal. Therefore the anode of the diode is

positive with respect to the cathode and the diode

s d ,
: OUTRUT Wil conduct current.

During the second half cycle the upper terminal
of the AC source is negative with respect to the
lower terminal. Therefore the anode of the diode
is negative with respect to the cathode and the

oUTPUT
ofts 0——— negaty
diode will nct conduct.

1 Half Cycle

As the incoming AC continues, we will have a pulsating direct current across the load
resistor. We know the result is DC because current flows through the resistor in only one direction,
Lost Admittedly the current is pulsating, and for half of the time itis

///r/;// not even there. We have converted AC to DC by eliminating half
X m m m of the AC cycle. This is not a particularly efficient way to go about

such a conversion. Shortly we will see how it is quite easy to
Wave Form of PDC “recover’’ that lost half cycle and take full advantage of all the

(Pulsating Direct Current) power available.
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DIODE APPLICATIONS

Let us take a look at some typical diode applications.

Signal Diodes

Small germanium diodes are used as rectifiers in crystal radio receivers. Originally such
20° ANTENNA radios used a galena (lead sulfide) crystal as the detector or
rectifier. Today a simple TN60 germanium diode will do the job.
ANED DIODE When used to detect a radio frequency signal these diodes are
EARPHONE

4 referred to as signal diodes.
ot T
00l
' ' Diode “Detects’’ Radio

d7 Frequency Signals.

CAYSTAL

Switching Diodes

Diodes can be connected to form basic logic circuits that are used to control many function
Oftentimes several conditions must be met before a desired function

fé‘r’; : ?ﬁ',‘,fr KEY is to begin. An example could be in the starting of a modern car,
- where the seat belts must be fastened, the gear shift must be in park,
)
Qs

+SVo

p and the key must be turned on. If any one of these conditions is
not met, the car will not start. A logic circuit, using diodes to
A accomplish this, might look like the one here.

i

Zener Diodes

The zener diode is a special type of diode that can be used as a voltage regulator. We will
Schematic Symbol for E F explore its operation more fully in Lesson 7 which deals with the

Zener Diode subject of voltage regulation in power supplies.
' BAAN + The circuit to the left shows how a 9 volit zener diode could be
1 ' oy used to “‘step down” the 12 volts available at your cars cigarette
=12V ZENER lighter, to 9 volts for operating small transistor radios and similar
=T electronic devices. The zener diode will only “‘pass’ the amount of
S — voltage it is rated at. In this case even though the input voltage is

above 9 volts only the latter voltage is made available to the load.

" Light Emitting Diodes (LEDs)
An LED is a diode specifibdally designed, while conducting current, to emit light. The

light can be red, amber,yellow, or green,or It may be infrared and thus invisible. Compared to
conventional incandescent lamps LEDs are very small in size. Actually the LED consists of a tint
A7 “chip’ only a few thousandths of an inch across mounted in

N4 . .
a relatively large plastic package.
Cathode ' Anode i ylareep ? X . .
' . The life expectancy of an LED is almost endless. Once wired
T in and operating within specified ratings an LED should last
>4

; ' forever.
LED's Have A Very Long Life , ‘

17,
2

Sz

™

55



Diodes As Rectifiers

Although rectifiers are used primarily in power supply circuits (as we will see shortly)
they have other interesting uses, two of which are shown here.

A power control circuit.

- This circuit may be used as a: .

o)
T
n
I

Incandescent lamp dimmer.
Soldering iron control.

— Heater control.

— “Instant-on’’ for AC radios.

— Two-speed control for power tools.

oa-200v

|

In operation, full power is supplied when S1 is in the ‘‘high’’ position while only pulsating
direct current (half-wave) is available when the switch is in the low position, limiting the
power supplied to the load.

Polarity protection circuit.

It is very easy to damage solid state (transistor and IC) circuits by connecting them to a
_ power source of incorrect polarity. -By using this polarity
protection circuit you can avoid such potentially dangerous

© M C;‘;cggr problems. The diode permits the application of DC with
PROTECTED correct polarity, but blocks the application of power with
o reverse polarity. Since the circuit consists of only a diode,
it can be built right into the equipment being protected.

Polarity Protection Circuit

DIODES IN POWER SUPPLIES

" Earlier we showed how a diode, acting as a rectifier, could convert AC to DC. What was

shown then, and depicted again here, is known as half-wave rectification. +
' 0
. Y
The output is pulsating direct current (PDC). But INPUT , ‘ ;
the original AC wave is missing — simply lopped off by the '—'Q: >
diode. Although this type of circuit has been used T
extensively in inexpensive AC radio power supplies, ' )

two problems come quickly to mind:

Waveform of AC at input of
Transformer

One — Half-wave rectification is wasteful. Converting Waveform of PDC at
AC to DC by eliminating half the AC is almost Output

like cheating. We have to find a way to recover
that lost one-half cycle or alteration. )

T 1 + v
1} . H
\ ! \ ’ ,
\ ‘. D
‘ea? AT

[ — Half-Wave Is Missing

¥
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Two — Half-wave rectification is difficult to filter. Hard To Fill Large Gaps
Changing PDC to smooth DC, the kind we would

get from a battery, requires “filling in"" the spaces / l \
between the pulses. This is known as filtering, m /\ m

and is done primarily with electrolytic capacitors. Waveform of Half-Wave Rectification
Obviously it would be easier to ““fill in the gaps"

if they were not so wide apart. If we can recover Note That Gaps Are Smaller

the half cycle AC that is missing and place it in

between the positive cycles we would have_fgﬂ; / f | ' | \ \

wave rectification. Not only would this restore P NV PN A NY P

half of the original power, but would make the job
of filtering much easier.

Waveform Of Full-Wave Rectification

Let us now take a look at full-wave rectification as it is used in a typical power supply.

Full-Wave Rectification

Here is a circuit designed to provide full-wave rectification. Notice that instead of one
diode we now use four. This diode configuration is known as a bridge. The output current across
the load is still POC but we have recovered the negative half cycle lost during half-wave rectification. -

Here is how it works:

+ l(V\/’YVYYl
Waveform of Voltage Across

-0 ' Load Resistor

quihg the positive half cycle the tcp of the transformer secendary is Edsitive, the bottom
half negative. The sequence of current flow isas tollows: ' ’ '

One — Current arrives at junction A and then goes through D1.
It cannot go through D2 because D2 is not of the correct

polarity.

Two — When current arrives at junction B it proceeds around
and up through the load resistor. It cannot go through D4
‘because it is not of the correct polarity.

Three — When current arrives at junction C itvwould seem to
have a choice; go through D3 or D2. But the anode of D3 is
positive, therefore the current will go through D3.

Four — When the current reaches junction D, it would again
seem to have a choice. Yet it will not go through D4, but
straight to the positive end of the transformer.

Now let us follow what happens durinklg the negative half cycle.
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During the negative half cycle the top half of the transformer secondary is negative, the
jottom half positive. The sequence of current is as follows:

One — Current now arrives at junction D first. Because of diode polarity it will travel through D4
to junction B,

Iwa — Again, because of diode polarity, the current will not go through D1 but travels around
and up through the load resistor.

Three — After arrival at junction C the current will travel through D2 because its anode is positive.

Four — Finally, at junction A the current will head straight for the positive end of the transformer,

We have now completed one cycle of alternating.cufrent. The output across the load
resistor is PDC with every half cycle accounted for. None of the.incoming AC is wasted ar cut

PR PRIV

Now that we have completed lessons 4 and 5 we are half way through our analysis of the
basic power supply. We have seen how the transformer takes the 120 volts AC and steps it down
to 6.3 voits AC. The diode bridge then takes the 6.3 volts AC and converts it into fullwave
pulsating diréct current. Now all that remains is to see how the PDC is smoothed out (filtered)
and kept at the correct voltage (regulated.)

P1
N

A.C.
‘ _ =} PULSE
71 D1-4 I ey

, R1 ' REGULATOR '
;8_1; 4 IN ouT syic
I A + 4 LGN T4
\}ﬁgJéAg./ cilcol C3|C4 Re
T — B
SUMMING UP | ’

In Lesson 5 we saw how diodes, acting as one-way gates, can convert AC to DC. We saw
how diodes are constructed, and reviewed the more popular types. We investigated some important
diode applications in radio detection, switching, voltage regulation, and rectification circuits.
Finally, we studied in detail the operation of a diode bridge in converting AC to pulsating direct
current {(PDC) in a basic power supply.



_8__}._,

CAPACITORS IN POWER SUPPLIES

One of the most important applications for a capacitor is as a filter in a power
supply. By filter we mean a circuit that will aid in changing pulsating direct current to
smooth DC. As you will- recall from Lesson 5, the output of a full-wave bridge rectifier
is PDC. What we want is a smooth DC to power vacuum tubes,
transistors, and integrated circuits. We get smooth DC by

“filling in*' the “valleys’’ between the PDC. A large electroly-
POC tic capacitor can do the job. Here is how it is done:

%/WY VALLEYS" FILLED lN SMOOTH D.C.

{ , I

Without C1, current would travel in pulses up through R1. It starts at
zero — reaches a maximum value — descends to zero again, and repeats.

+

T The current is always changing, either increasing or decreasing — in one
‘ ﬁ 3 direction.
_ o=

With C1 in the circuit, current still travels in pulses up through R1. But
when it arrives at point A some of the current is diverted to the lower plate of C1, filling it
with electrons.

When the current pulse starts to decline, (see illustration) the capacitor will unload
its charge of electrons. They will rush down to point A, Because of diode polarity the
electrons have only one way to go and that is up through R1, With the
resistance of R 1 in series with C1 the discharge time (remember the RC

+ ' time constant) is quite a bit longer than the normally descending curve.
, U B S e iown e i o S s 'FIFLTERED OvreruT
/- N v NS \‘: N v/ NS \ : :
A Y Y oy Ny Y
{

St Normat. OQuteuT
Nowmaer DESCENOING CoavE |

The resulting wave form looks like the one shown here. Such an output is called
Tiltered Voltage. It is nota hundred percent pure or ripple free, but with large capacitors, ripple
"can be less than one percent of the
output voltage. Smooth DC
0 ‘

We should now be able to see how the power supply changes 120 volts AC to smooth
DC. All that remains is to investigate how this smooth DC can be “regulated” to the exact
voltage we want.

™

REGULATOR

N /T/
N

Filter Capac:tors
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UNIT 2 LESSON 5 QUESTIONS

1. Draw the schematic diagram for a semiconductor diode, and
label anode and cathode.

2. Under what circumstances will a diode conduct?

3. ' Under what circumstances will a diode not conduct?
4, How can one identify the cathode on a diode?
5. A clrcult calls for a 1N4005 (1A/600V) dlode. All you

have are 1N4001 (1A/200V) and 1N4007 (1A/1000V) diodes. Could vou
use either of these as a substitute diode in the circuit?
Explain.

6. How is an N-type semiconductor made? (one sentence)
7. j How is a P-type semiconductor made? (one sentence)

8.  Awhen a diode is used as a rectifier, what is its
function?

9. State six applications for the semiconductor diode.
10. Draw the schematic diagram for a half-wave rectifier’

circuit. Sketch the voltage wave form across the transformer
secondary, and across the rectifier output.

11, Draw the schematic diagram for a full-wave bridge
rectifier. Sketch the voltage waveform across the transformer
secondary, and across the rectifier output.

12. Draw diagrams showing the direction of electron flow
through a bridge rectifier and 1oad re51stor, for both
transformer voltage polaritles.

13. When does the filtexr capacitor in a power supply charge?
What device does this charge move through?

14. When does the filter capacitor in a power supply
discharge? What device does this charge move through?

5- 10
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Lesson @ — VOLTAGE REGULATION

OBJECTIVES:

In this lesson you will:

*  Learn why power supplies need to produce a regulated voltage. ‘
*  Learn how'zener diodes act as voltage regulators.

* Learn how three-terminal voltage regulators operate.

AN
)
, 9(%\”

{n Lesson 7 we are going to investigate voltage regulation as it is used in many power

supplies. So far (lessons 4, 6 and 6) we have seen how a power supply can step down 120 volts
AC, then rectify and filter it to produce a smooth direct current. The power supplies voltage
output, depending on various physical characteristics, is anywhere from 8 to 11 volts (for a

6 volt power supply.) Such a power supply can and does find wide application. Yet, there is
one serious drawback. Many of the components and circuits we will be dealing with require

a steady, unvarying DC voltage of a particular value. All TTL integrated
circuits, for example, require 5 volts £ % volt. If for any reason these ICs

receive more than 5 volts, they may be destroyed.
' 5 volt

Voltage Regulator

(+)

IN  OUT

fj—f GTD
o |

In studying-about vo!tage regullation we will first see wity power supplies produce

unregulated or unpredictable voltages. We will then explore the basic features of zener diodes
and three-terminal voltage regulators.

THE MEED FOR VOLTAGE REGULATION

As we mentioned earlier, TTL iritegrated circuits require a steady 5 volts to power them.

Anything less and they will not work, anything more and they could be destroyed. There are

designated is the maximum voltage available. A 9 volt battery,

other components that require a fixed and predictable voltage. These could
be almost any voltages, though 9, 12, 15, and 24 are the more called for.

If one uses batteries to power elactronic devices you can be reasonably sure the voltage

///”_\
, You can count on ==
because of age or use, may be putting out-less than 9 volts, but 3y
lv will it put out mor . me not to produce e
rarefy witt 1t pt more. more than 9 volts ‘

With power supplies things are different. Because of factors to be in a moment,

a 6 volt power supply for example can deliver anywhere from 6.3 to 11 volts. This would be

UNREGULATED
POWER

suppLY

—ot (3 unacceptable for use with TTL ICs requiring 5 volts. Let us see why a
o ff’V““ power supply can produce such a wide range of voltages.

[
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Power Supnly Variations

The schematic for a 6 volt unrequlated power supply is shown here. Without a load (no
power being drawn from the power supply) the output voltage will measure from 8 to 11 volts
depending on the size of the filter capacitors and transformer. The larger the capacitors the more

charge they will hold, so ripple is reduced and the average
voltage is higher. . Ironically smaller and less expensive transformers
) have a few extra turns wound on their secondary coil in order to
e 811 VOLTS compensate for other losses. The result is often an extra volt or
.__.__I_I___o.. two. These two components then, can add 2 to 5 volts beyond
what might normally be expected from the power supply.

Load Variations

Another factor that affects the output voltage of an unregulated power supply is the changing
current requirements of the load. As the demand on the power supply

increases (because more current is being drawn) the 11 volt DC output Power Supply Load
will drop down lower and lower until it reaches 6 to 7 volts. As the P.S. fla
load’s current demand changes it affects the voltage stability or output.

Again this is undesirable for many applications, especially TTL circuits As current demand of
requiring 5 volts over a wide range of current demands. load changes so does

voltage output.

A voltage requlator will keep the output voltage steady at its designated rating (example
5 volts) regardless of:

One, what the unregulated power supply may be producing.

Two, the changing current requiraments of the load.

Such voltage regulators are either simple zener diodes or a combination of zener diodes '
and transistors in one package, known as & three-terminai voltage regulator. Let us now take a
look at eacti one in turn.

Zener Diodes L _ - Thiee — Terminal Voltage Regulators

/
‘ﬁ@\\

THE ZENER DIQDE AS AN INEXPENS!VE VOLTAGE REGULATOR
The Basic Diode

Let us review the characteristics of an ordinary silicon diode.

4. . . When‘a silcon diode is “forward biased,” the anode positive and
s Forward Bias  the cathode negative, it will conduct.
— —_— —»-—C

When the diode is ‘reverse biased,” the anode negative and the

-~ - ] cathode positive, it will not conduct.
Reverse Bias :
+ & a i i

A If a reverse voltage is applied to such a diode, in excess of its

—y / SAL
100V A ;7"‘3 n 4001 rated capability, it will “break down'’ and probably be dastroyed.
< w1 Amp/50V :

-2



What has just been said can be depicted graphically as shown here.

Note the following points: Increase

) in forward(4 +
— As the forward voltage increases the forward current A
current increases and the diode conducts. .

—As the reverse voltage increases there is only‘. Increase in
a very slight reverse current. (This is known as leakage ncrease in reverse voltage forward volta
current and is too small to be significant.) o : _P
— Yet as the reverse voltage continues to increase \_Breakdown . -
there is a point reached where the diode breaks down (avalanche) . Increase n
and rapidly conducts (reverse current.) In a matter of _ Reverse current
 moments the current will be enough to destroy the ' {.

diode.

The Zener Diode

A zener diode is a special type of diode that is built to break down at a given voltage
and serve a useful purpose as it does. The schematic symbol for a zener diode is shown to the left,
Current

~NA v
Cathode LN Anode —f—O—'—% limiting
| Unregulated resistor

A zener diode is connected in a circuit with reverse

bias, that is a positive voltage to the cathode and a negative voltage '~ Re qulated
voltage on the anode. The zener diode is rated at a particular zo‘g';"g*gﬂfé voltage
voltage; let us say 5 volts. Here is how it works: o = e : —

. As long as the unregulated voltage appearing across the zener diode is less than
5 volts it will not conduct.

— If the unregulated voltage exceeds 5 volts the zener diode will “break down'" "
or avalanche, and the diode conducts. I
-— Yet, instead of being destroyed, it will continue to conduct current. Further-
‘ more, the voltage across the zener diode will.remain constant at 5 volts. The -
requlated volitage across the zener diode will be 5 volts.

- ==Thus anything connected to the regulated output can be assured of receiving
no more than 5 volts regardless of the incoming unreguiated voltage. The
zener diode acts as a voltage requlator.

Zener diodes are available with ratings from 2 volts to 300 volts and % watt to over 100
watts. They find wide use in circuits requiring voltage regulation at low to moderate current
levels,

THE THREE-TERMINAL VOLTAGE REGULATOR

Zener diodes, while useful in many voltage regulating applications, have one major draw-
back; they cannot supply a lot of current to the load. If a significant amount of current is
Zener diode S& required the zener diode must be given help in the form of additional

often times cannot components, particularly transistors. Such a voltage regulating circuit
take the current could become quite complex as illustrated in the accompanying data
sheet for the LM309. Fortunately all these discrete components (transistors, zener diodes, resistors,
etc.) now come packaged in one case the size of an ordinary power transistor. Such a device is
known as the three-terminal voltage requlator.
oUT ﬂ ~GROUND The terminals are jnput, around, and output. All you d.o is purchase
IN the regulator for the voltage you want out, connect a slightly ﬁg
higher voltage in, and ground the case. - L

~GROUND I ” Three-terminal regulators come in a wide range of voltages with 5,
e L™ ouT 12, 15, and 24 volts being the most popular. Current handling
GROUND ability can reach 5 amperes.

TO-3 Case T0-220 Case =
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All three-terminal regulators have an interesting feature known as automatic thermal
shutdown. |f the power levels for the regulator are exceeded, an automatic sensor circuit will
jetect the resulting increase in chip temperature and shut down the regulator to protect it.

Data Sheet

LM 309 five-volt regulator

general description

The LM309 15 a complete 5V requiator fabricated
an a single silicon chip. It is designed for incal
cgulation un digital logic cards, ehiminating the
fistribution problems associated with single-point
egulation. The device is available in two cornmon
ransistor  packages. In the solid-kovar TO-§
wader, it can deliver output curtents 1t excess of
100 mA, if adequate heat sinking is provided. With
he TO-3 power package, the available output
wrrent is greater than 1A,

The regutator  is essentially  blow-out  proaf.
surrent fimiting is included to limit the poeak
Jutput cureent to & safe value. In addition, thermal
hutdown is provided to keep the IC from
werheating. Hf internal dissipation hecomes tou

vedt, the regulator will shut down to prevent

xcessive heating.

sonsiderable effort was expended to make the
M309 easy. to use and mnitize the number of
xterival components. it is (ot necessary {0 bypass
he output, although this does inprove tansient

electrical characteristics (Note 1)

response somewhat, Input bypassing s needed,
however, of the cequlator is lacated very far from
the fitter capacitar of the power supply. Stability
is also achieved by methods that provide very good
rejection of load or line teansients as are usually
seen with TTL lagic,

Although designed primarily as a fixed-voltage
regulator, the output of the LM309 can be set to
voltages above 5V, as shown below. It is also
pussitle 1o uve the circuit as the control element in
precision regutators, taking advantage of the good
curcent-handling capability and the thermal aver-
load protection,

To summanze, outstanding features of the regula:
tar are:

a Speafied to he campatible, worst -case, with
TTH and DTL )

2 Qutput cuirent in excess of 1A

e (nternal thermal overload protection

& No external components cequired

schematic diagram

outryf

[
rllv

CAQUHD

connection diagrams

105 (H)

LT AT

sytrat

. cao
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Crder Number LM309H

Spa Packege 9
PARAMETER CONDITIONS MIN TYP MAX | UNITS
Output Voltage T, =25°C 48 5.05 5.2 v TO3 (i
Line Regulation T, = 25°C
TV V< 25V 4.0 50 mv
Load Reguiation T, =25°C )
LM309H 5mA < lour < 0.54 20 50 mv
LM309K 5mA <loyr < 15A 50 100 mv e
= Qrder Number LMI09K
Output Voltage V<V <28V Seq Package 18
5 mA S 'OUT S ‘mcx
P<p .. 4.75 5.26 v
Quiescent Current IV<VinS25V 5.2 10 mA
Quiescent Current Change TV < Vi €25V - 0.8 mA
5mA <loyr <lmax 08 mA
Output Noise Voltage Ta =25°C
10 Hz <1 < 100 kH/ 40 uv
Long Term Stability " 20 mvV
Thermat Resistance
Junction to Case {Note 2)
LM309H 15 oW
LM309K 3.0 C/W

Note 1: Unless otherwise spectf.ed, these specifications apply for 0°C < T <125°C, Vg = VOV and
1oyT = 0.1A for the LM309H or loyT = 0.5A for the LM309K For the LMIOIH, Imay * 1) 2A and

Prvax = 2.0W. For the LM30IK, Iy = 1.0A and Prgy = 20

Nota 2: Without a heat sink, the thermal resistance of the TO-5 packaga s sbout 150°C/W, while that
of the TO-3 peckage 15 approximatety 35°C/W. With a heat sink, the effactive tharmal resistance can
only epproech the vslues specilied, depending on the efficiency of the sink.




\q ?Dﬁ

absolute maximum ratings
TYPICAL APPLICATION

Input Voltage 35V

Power Dissipation Internally.Limited

Operating Junction Temperature Range 0°C 10 125°C FIXCO S0V REGULATOR

Storage Temperature Range -65°C to 150°C \ 2 5V

H -
Lead Temperature {Soldering, 10 sec) 300°C ot 309 St
' I . l >
027 .f <[ 3 Tavound ‘l- ?20.14F

THE VOLTAGE REGULATOR IN A POWER SUPPLY

Here is the complete schematic for a one ampere, 5 volt fully regulated power supply.

REGULATOR

il 11 D1-4 S
)

LM3o9

‘1‘ ) + GND
e

— At point A we have AC at approximately 11 volts. This can be useful for
timing circuits requiring a 60 Hz signal.

—— At point B after the filter capacitors, but before the voltage regulator, we can
expect to find 8 to 11 volts DC. This voltage can be used for many projects
requiring 6 or 9 volts. . '

—— At point C we have the 5 volt regulated output. This will be particularly
valuable for projects using TTL ICs.

SUMMING UP

In Lesson 7 we have discovered why power supplies produce an unreg-
ulated output voltage and why whis” is undesirable. Next, we explored the
fundamental characteristics of two voltage regulators, the zener diode
and the three-terminal voltage regulator. Finally, we examined the com-
plete power supply with its LM 309 voltage regulator. .

&- <



UNIT 2 IESSON 6 QUESTIONS

1. State two reasons for voltage fluctuations in a power supply.
o, State the main purpose for a voltage regulator.
3, Name two common types of voltage regulator.

4, Draw the schematic diagram for a simple zener diode voltage regulator,
and explain what would happen if the current limiting resistor were not
included in the circuit.

5, When being used as a regulator, is a zener diode fcrward biased or reverse
biased?

6. What is the advantage of an IC regulator over a zener diode regulator?

Before answering questions 7, 8 and 9, make sure you haVe carefully studied
the information on the IM 309 voltage regulator.

7.. What current can be delivered by an IM 309 regulator:
ga) in a TO-5 package? 2 o0»./7
b) in a TO-3 package? /.4 o7 7
8. What maximum input voltage will the IM 309 accept? 35V
g, If a voltage applied to an IM 309K regulatof is 20V, and the regulator
is delivering one amp of current, '
(a) What is the voltage between input and output? ZR _
(b) What power is being dissipated by the regulator? (hint: use the
" answer to part (a) in your calculation.) /5 »/ A;4Vr" ‘
¢) What is the effect of this power on the regulator? e
d) What will happen to the IC if it gets too hot? e~
e) If you were to accidently short the output to ground, what would

~ happen? o7 .. ¥ Loz

& -4
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Lesson J— THE COMPLETE POWER SUPPLY

OBJECTIVES:
In this lesson you will: ,
*  Examine the overall operation of a fuily-regulated power supply.
*  Examine special features of the major power supply components.

*  |nvestigate the characteristics of special power supplies such as:
variable voltage output, voltage multiplication, overvoltage protection,
and dual-polarity.

In previous lessons we have studied the major components that make up a typical
regufated power supply. It is now time to consider the completed power supply as a unitin
itself. We will first look at the entire circuit by tracing the incoming AC voltage through each
stage of the system. Then, we will re-examine the significant components, discussing new and
important characteristics such as:

— The use of a center-tapped transformer.

— The use of a bridge-rectifier assembly.

—- The use of high-level filter capacitors.

—The use of “noise’’ elimination capacitors with voltage regulators.
—The use of a bleeder resistor..

‘ in the second haif of Lesson 8, we will investigate other power supplies with distinctive .
features like: variable output, voltage multiplication, over voltage protection, and dual-polarity.

THE FULLY REGULATED POWER SUPPLY

The schematic for a fully-regulated DC power supply is shown here along with graphs
of voltage waveforms at key points. Let us examine it closely.

' . ~Q-AC.¥
= —O8-liv
REGULATOR
1IN OUT— 5V
GND +

== R?Z
.cﬂ“cé[ C3[C4
) 5

il ) D r.gmw
N - p /! =)

E-11VDC 5voC
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120-Volt AC Input

The tine cord plugs into a wall socket with 120-voits AC at 60Hz. When switch S1 is
closed, 120-volts AC appears across the primary winding of the transformer and the neo bulb
which is in series with resistor R1. The function of the neon bulb is
simply to act as a pilot light to let you know the power supply is on.
The neon bulh must have a resistor (33k to 150k) in series with it to
limit current to a safe value. Many such pilot lights come ¢ncapsulated )
with the resistor already connected. There is no polarity involved so it is simply placed across
the transformer primary coil in either direction.

OR

-
% Dial Lamp Assembly
=~

Down To 6.3-Volts AC
The transformer steps the 120-volts AC down to. approximately 6.3-volts AC that will

appear across the bridge rectifier at points B-B. Notice that we are 5 &
still dealing with AC (A transformer does not change AC to DC). ’3'” VAC
) - } [’ B‘/ W

AC Converted to PDC

The four diodes (arranged in a bridge) convert the AC to o _
pulsating direct current (PDC). The output of the bridge rectlflcr ‘ -
3-11 VOLT.SPDC (115

is full-wave rectification as shown here. ‘ f

N Y YY"

Smoothmg Out The PDC

The filter capacitors, by chargmg and dmchargmg at the-
appropriate time, fill in the “valleys” between the peaks of the
pulsating direct current. The result is a smooth DC at anywhere
from 8 to 11 volts.

: s-vu vOC

T IV

' SM00TH DC.

Regulating To A Steady 5-Volts

Finally, we use a three-terminal voltage regulator (L.LM309) to provide 5-volts at up to
1-ampere of current. Regardless of the power supply input voltage (up to
35 volts} or the toad fluctuations, only 5-volts will appear between the
negative terminal and the output of the LM309.

P zMJoy.ﬂf_;
Unr-eyu/A/lc/
— » = o
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SPECIAL FEATURES OF THE MAJOR POWER SUPPLY COMPONENTS
in lessons 4 through 7, we examined the major components that comprise the regulated
power supply. Let us now look at each one again, with emphasis on special features we did not
have a chance to pursue before,

The Center-Tapped Transformer

Here we see three types of rectifier circuits that convert
AC to PDC. We have already examined the half-wave and full-wave
bridge rectifier. The third method, using two diodes and a center-
tapped transformer is widely used and we should be familiar with
how it works.

First, notice that the output, even though we are using only two
diodes, is full-wave rectification,

During one-half cycle of AC the top of the center-tapped

secondary coil is positive (A), the bottom half negative (C).

» The center tap (B) is neutral or at a voltage half-way between that

of a A and B. In this situation, current will flow from the center tap, up through RL (the load)
to the junction of D1 and D2. At that point, current will travel through D1, which is forward
biased, to the positive end of the secondary coil at point A,

During the next half-cycle of AC, the top of the center-
tapped secondary coil is negative (A), the bottom half positive
(C). Again current will flow from the center tap, up through RL
to the junction of D1 and D2. This time the current will travel
through D2, which is forward biased, to the positive end of the
secondary coil at point C.

One complete cycle of aiternating current has been converted into full-wave puisating
direct current. It should be noted that when using a center-tapped transformer it must be rated
at twice the voltage of one without a center tap. If you would normally use a 6.3-voit AC
transformer, one rated at 12.6-volts AC would now be required.

The Bridge Rectifier Aséembly S : ‘ R
In order to form a full-wave bridge rectifier four diodes are necessary. Separate diodgs,

with proper current and voltage ratings can and are often used. Lately

however, in response to the demand for quick and easy assembly, four AC

diodes have been formed or molded into a convenient little package;

two styles of which are shown here. _— +
(7] A¢ - .
At 2( 4+ W AC
Gl A (;}AC

Alternating current from the transformer’s secondary coil is connected to points marked
AC. Polarity at the input of the bridge is unimportant since we are dealing with alternating
current. The negative and positive terminals of the output of the bridge are placed across the

filter capacitor,

Bridge rectifier assemblies have both a current and‘ voltage rating. An example would
be 100P1V/2-amperes. This unit can handle up to 100 volts and up to 2 amperes of current.



Choosing The Right Filter Capacitor

The filter capacitors smooth out pulsating direct current from'the rectifiers to create
nearly pure DC required by the electronic circuitry load. The value of these capacitors is
critical to the performance of the power supply. The total capacitance
should be no less than 1000uF per ampere of output current. A typical
5-volt, 4-ampere DC power supply would require no less than 4000
microfarads for good filtering.

- A 4000uF capacitor, at let us say 50 volts, would be quite large. As you already

know, it is possible to place capacitors in parallel to increase the total capacitance. The
power supply project that comes with Unit {1 has two 1000uF

A L Aol
T T capacitors connected in parallel for a total of 2000uF of filtering.
“ Since the power supply is rated at 1-ampere, this is twice the
Capacitor in Parallel minimum capacitance required.

Voltagé Regulators and Noise Bypass Capacitors

In Lesson 7 we examined a standard three-terminal voltage regulator, the LM309.
In addition to the LM309 series, there is the LM340 group of regulators in which the
output voltage is indicated by a number suffix added to the basic series

number. For example, the LM340-5 is a 5-volt regulator, while the LM309
LM340-12 is a 12-volt device. Another popular regulator family is the
7800 series. The output voltage is given by the last two digits in the LM340
~ type number (7805 for 5-volts and 7812 for 12-volts output, for 7800
example.)
You may have been wondering what capacitors C3 and C4 are used for in the
L.M309 5-volt power supply we have been studying. These are known
___E_—I——O as noise bypass capacitors and they should be placed across the
output terminals of the voltage regulator. They aid in eliminating
] '”‘*'ﬂ; I’C;]; -0 transient load variations.

‘Bleeder Resistois And Voitage Dividers

The purpose of a bleeder resistor is to provide a discharge path for the filter

capacitors. In power supplies that do not employ voltage regulators, O
this resistor also acts to prevent sharp increases in voltage output under —L* __L

light ar no-load conditions. If the charge is not “bled off” of large filter T r

capacitors they can store electrical energy for many hours. This e
represents a dangcrous source of voltage lying around waiting for Bieed:ar Resistor

discharge — possibly across you. So, when building power supplies
of any type, it is always a good idea to include a bleeder resistor.

. Bleeder resistors can also serve double duty as voltage dividers. They can be tapped
to provide one or more voltages lower than the maximum voltage of the power supply.

Troov
+ j
00 Sov P
OLTS ‘ 10V w"”’(@// A voltage divider can be either two or more resistors in series, a

ﬁ/ fixed resistor with taps at different points, or a variable tesistor
— Tapped Resistor capable of producing a variety of voltages. A power supply,
having its DC output connected to a variable resistor such as a
potentiometer, can supply a varying voltage output depending upon the position of the

potentiometer arm.

7_ oA
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. SPECIAL PURPOSE POWER SUPPLIES
Before we conclude our discussion of power supplies, let us briefly consider four
additional features available with more specialized DC power sources. We will be examining
variable power supplies, voltage multiplication, over-voltage protection, and dual-polarity
power supplies.

Variable Power Supplies

There are many times in which a variable output voltage is desirable. A 0-15 volt
power supply could be built to power a variety of projects from LED fiashers to CB Radios.

In the previous section, we shower how a potentiometer, connected across the
power supply output, will allow you to vary the output voltage. This happens because the
potentiometer acts as a, continually varying, voltage divider.
Such a systerﬁ is a bit crude but it can work. [t is even
possible to connect a potentiometer across a battery to
form - what is commonly referred to as a “‘quick and dirty “
power supply. In an emergency, ! have built justsucha
circuit to power TTL {Cs. “Quick and Dirty”

But for better voltage regulation and less current drain, it is best to use a
transistor to control the voltage output. Here is how it works.

) T —ot
—~ s Power Transistor
] fany
O..—-

A\_E

The potentiometer controls the power transistor by determining how much
voltage is placed on its base.

By controlling voltage on the base, the transistor will allow more or less
voltage to be fed to the load. o :

By combining a zener diode or three-terminal voltage regula tor with the transistor
circuit just examined, a regulated variable power supply can be built,

Voltage Multiplication

The diode-capacitor voltage multiplier is a very simple but extremely useful power
supply circuit. Such a voltage multiplier circuit allows the user to obtain a larger DC voltage
“han that available from a battery or transformer/rectifier power supply.

Voltage multiplication networks have wide application in many semiconductor
circuits. They are commonly used in digital watches to obtain the required operating
voltages from a single ‘me‘rcury cell. Voltage multipliers are also used to obtain the high.
voltages needed to power neon glow lamps, electrofluorescent displays and semiconductor
lasers. Furthermore, such multipliers are often found in the high voltage sections of color

television receivers.

iy, v
N o




The basic voltage multiblier operates on the principle of charging and discharging
capacitors with the help of “steering” diodes. Here is how it works:

——In operation an AC voltage is applied across
the input terminals. a

——During the negative half-cycle of the input
signal terminal A is negative with respect to
terminal B. C1 charges up to the peak value
of the input voltage.

~+Co

-~

— During the positive half-cycle, C2 charges up
to the peak value of the input voltage.

- Since C1 and C2 are in series, the output
voltage is double the peak input voltage.

Here are two circuits employing voltage multipliers. One is a voltage tripler, the other
is a ten-stage voltage multiplier. The latter circuit could take a 12-volt input from a digital
IC circuit and supply enough voltage to power neon glow lamps.

O——h : 14 —.OUI’PUT
1

Voltage Tripler

Ten-stage Multiplier

" A word of caution is perhaps in order. Voltag'e multipliers can easily produce very
high output voltages. Always use extreme caution and make sure all capacitors are fully
discharged before touching any part of the circuit. Remember, electrolytic capacitors in a

voltage multiplier chain can retain their charge for hours after the power supply has been = -
. . ,v/
turned off, /

/t/

Overvoltage Protection For Power Supplies

There are, unfortunately, occasions when voltage regulators will fail to act properly

™ and the output voltage will rise dramatically. |f this were to happen to a power supply
!gjf-?’ ‘fﬂf‘.i{’;\ operating an expensive computer, the result would be disastrous.
N A 13 (An expensive computer is defined as-one that you have sunk money
¥ 1/ into.) The overvoltage circuit shown below, while costing only a

couple of dotlars in parts, could save you many times that amount

by short circuiting your power supply output to ground. It is

called a “crowbat’’ because it acts as a conducting metal crowbar
i would if it were connécted across your power supply. Here is how

it works: '

T-6
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+ FUSE 5 o+
SCR
;rom [ zgi«évy A ¢ - 5 v Qutput
ower Supply LF A
— o ~lp T 2704 » Y —

— Normally the 5-volts coming from the power supply is too low to allow the
zener diode to conduct. The SCR is not operated and the 5-volts appears
as the output. :

— When the voltage coming from the power supply exceeds 5.6-volts the zener
diode conducts and generates a voltage across R2. (Remember our discussion
about voltage drop.)

— The voltage is then applied, via R1 to the gate of the SCR, which triggers it on.

— When this occurs, a short circuit develops across the output (the SCR when
conducting is just like a piece of wire) which causes the fuse to blow and shut
down the power supply.

As with voltage requiators themselves, all the discrete components now come neatly
packaged in one TO-3 type case.

Dual-Pofarity Power Supplies

Many circuits, especially those.using finear ICs such as Op Amps require a dual-
polarity power supply. This type of power supply delivers a positive and negative voltage
with reference to a common ground. Perhaps the simplest way to fashion such a circuit is
to connect two batteries in series. One terminal is 9-volts positive N v
with respect to ground, the other terminal is 9-volts negative with W=

respect to ground. ov s -GROUND

T ——0-9Vv

If you have a regulated single-polarity supply, the schematic diagram below
shows how to use a zener diode and a resistor to produce a dual-polarity.
supply. It works well in a pinch, '
but as most common zener diodes are
low power devices, its current
capabilities are limited. The

circuit here uses a 1-watt zener . _ > #/5V
diode, and is designed to deliver
only about 25 mA of current with FgoR %
adequate regulation. .
Jo\/DC ‘ &
- };\/IW
Fcney
d/pod"
_o—/5V
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With the disadvantages of the previous dual-=polarity supply circuits quite
apparent, we can see that it would be desirable to produce a properly designed
dual=polarity supply. The schematic for such a power supply is shown here:

= S4veT

| LA73 YO +/2V

Y

A=t
f-
= == %
Zecow Joor
W
[
= ,L
J-—-’ —_ é =
o 16067 ~
LAV 320 - =22V
K=l

Note the following pointS'
*  The circuit uses a fuli-wave bridge but is actuallv wired as twe half-wave
rectifiers since the transformer center tap is the common ground

The negative terminal of the bridge feeds the negative supply, the
positive terminal feeds the positive supply. :

# Independent voltage regulators are used for each side. The LM340K- 12
is a positive 12-volt regulator while the LM320K- 12 is a negative
12-volt regulator.

While dual-polarity power supplies come in a wide range of voltages, they are
for the most part, constructed along the lines outlined above.

SUMMING UP

In Lesson 8 we examined the overall operation of a fully regulated power supply. We
analyzed special features of the major power supply components such as: the center-tapped
transformer, bridge rectifier assembly, noise bypass capacitor, and bleeder resistor. Finally,
we considered in some detail, variable power supplies, voltage multipliers, overvoltage
protection, and dual-polarity power supplies.

7-¢
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UNIT 2 IESSON 7 QUESTICNS

1, TIist the four steps necessary to convert from 120VAC to a regulated DC
voltage.

2

Draw the schematic diagram for a full-wave rectifier using two diodes

and a center-tapped transformer. Using two different colours, draw arrTows
indicating electron flow in the circuit for both transformer polarities.

3,

What "rule of thumb" is used to determine the minimum capacitance for

a ripple filter in a DC supply? /aagay{/Q4

4-

What is the purpose of a ncise bypass capacitor and where is it connected

in a circult?

5

6
Te

8,

What output voltages are delivered by the following regulators?

§a§ w309 5"
p) IM 340-5 3

gc; IM 340-12 12V

a) 7815 v

(e) IM 320-12 >V

What is the purpose of a bleeder resistor?
Explain how a potentiometer acts to produce a variable voltage.

Draw a schematic diagram showing how a voltage regulator, a potentiometer

and a PNP . transistor can be combined to produce a variable regulated voltage
supply. ’

9.

Iist three devices that use voltage multipliers.

10; Draw the schematic diagram for é voltage doubler circuit, and draw arrows
showing electron flow for both alternations of the transformer. Use a diff-
erent colour for each of the two paths,

1.

12,

Why was the electronic crowbar named as it was?

What is the purpose of a crowbar circult?

13, Briefly explain the operation‘of the crowbar circuit.

14, Describe three ways of producing a dual-polarity power supply.
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AMPLIFIERS

INTRODUCTION

In many electronics applications, we want to make a

voltage or current signal larger than it originally was.
device capable of doing this is called an amplifier.
a transistor is a current amplifier,

simplest sense,

Any
In its
since a

small base current (the input current) controls a much larger

collector current

at appropriate points in a circuit,

(the output current).

By installing resistors
we can easily translate a

current into a voltage (think about Ohm's Law) or a voltage into
a current, so it is easy to construct a circuit in which a

transistor can act as a voltage amplifier.
simple one-transistor voltage amplifier.

changes in current flowing between

Figure (1) shows a
An input voltage causes
the base and the emitter, and

these changes in base current cause changes in the collector

current. Changing current through
the output changes as well, and it

Rc means that the voltage at
is easy to construct a circuit

in which the output voltage fluctuations are much larger than the

input voltage changes.
voltage is called voltage gain.

The ratio of output voltage to input
: For example,
produced an output voltage of 20 volts for an

if an amplifier
input voltage of 5

volts, it would have a voltage gain of 20/5 = 4.
V#
E b % % Re
. VouT
) o NS
oV P .___4|____

N

Figure (1)

Any amplifier can be
represented by the figure shown
in figure (2). There can be
lots of complex electronic stuff
inside the triangle, but for
many purposes all we need to
know is that if we apply a
voltage at the input, a larger
voltage will appear at the output.

oV

A simple transistor amplifier

/\j I 0u%' /\u/

Figure (2)
Amplifier symbol



- |06 -

Figure (3) looks almost the
same, but it is an inverting
amplifies, in that the out-
put voltage is exactly the
opposite of the input voltage.
Note the difference between

the input and output waveforms.

>

/\/ 1A ou? L/\

Figure (3) ‘
: Inverting amplifier
THE OPERATIONAL AMPLIFIER

has been around for several

be a versatile and most useful
We will look at some of its
how it can be used

The operational amplifier
decades, and has proven itself to
workhorse for the circuit designer.
most elementary characteristics, and explore
to construct a simple voltage amplifier.

The first thing to note
about the "op amp", as it is
called by its friends, is that it
uses a dual-polarity supply, that
is a supply with one voltage
which is positive with respect to
ground and one voltage which is
‘negative with respect to ground.
The easiest way to achieve this
‘ is to connect two batteries in

series, plus to minus, as shown

- in Fig. (4), with ground being

v { e point of connection With
_wo power supplies, the op amp is

sV

T

e
e

: Figure (4)
A simple dual-polarity
power supply

- capable of accepting and

processing true alternating
voltage.

There are other ways of
achieving a dual-polarity supply,
but they will be discussed later.

(VA

The next thing to note about
the op amp is that there are two
inputs, one for which the output has
the same phase as the input (the non-
inverting input), and one for which

ou?

the output appears inverted (of nom‘UW?/lﬂ
course, the inverting input!) See J;_——A
Fig. (5). ‘ T

\/_

Figure (5) The op émp has
two inputs
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If the inverting input is grounded, and a signal is fed
into the non-inverting input, the output voltage appears as in
Fig. (6). 1If the non-inverting input is grounded, and a signal
is fed into the inverting input, then of course the amplified

output signal is inverted, as shown 1in

ow? /\/

-f\/ A N

//OOWﬂV' Conne cf/dlir P<S //féﬁ/
,Lo)/ .j/m/o //t/f)/)
Figure (6)

A non-inverting amplifier

Fig. (7).

Figure (7)

An inverting amplifier

Another 1mportant feature of the op amp is that without

external components, it has absolutely

enormous voltage gain,

usually greater than 100,000. This means that if you were to
just connect power and an input voltage, the output would

normally just slam over to the maximum

positive or negatlve

voltage, depending on the input polarity, and wouldn't be of much
use. Of course, it has been casidned with this feature for a

reason, as we-shall now see.
FEEDBACK

Feedback is the process of re-
routlng some of the output signal back
to the input. If it is brought back
te the inverting input, we have
negative feedback. This is the type of
feedback used with the op amp.
Positive feedback is used in some
circumstances, but we won't deal with
it here. Negative feedback with op
amps has several effects, and we will

discuss two here. The first effect is
that the gain of the amplifier is
reduced. By choosing the right amount

of feedback, we can control the gain
of the amplifier. Negative feedback
also has the advantage of reducing the
amount of distortion that the

Rf
—  AAA-
Rin l
In
/\J Ou'f
Figure (8)

An inverting ampiifier
with negative feedback
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amplifier produces, and is used in
many amplifiers for this reason.
Figure (8) shows an inverting
amplifier with negative feedback. 1In
this case, the voltage gain of the
amplifier is given as Re/Ria. A non-
inverting amplifier with negative
feedback is shown in Fig, (9), with
the gain of this amplifier given as
(Rin + Re)/Ria.

Figure (9)

a non-inverting amplifier
with negative feedback



