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ILLUMINATION

The history of artificial light is a very interesting
one, and is romantic in many ways

In a practical Reference Set of this kind we have
not much time or space for detailed history, but a
few of the high spots in the development of artifi-
cial lighting will probably make the study of our
present lighting equipment much more interesting,
and enable us to more fully appreciate the equip-
ment itself.

Mankind has been trying to create better forms
of artificial light for many hundreds of years. Not
being satisfied with the daylight hours given them
by the sun, men have tried by a number of means
to create light, in order to be able to see during the
hours of darkness and to make better use of some
of this time.

Probably the first artificial lights were burning
wood fagots carried about in the hands. Then came
the first oil lamps for burning vegetable oils and
whale oil from a vessel; and later the lamps with
cloth wicks for burning kerosene.

These kerosene lamps are still used by the thou-
sands where electricity is not yet available. But
even on farms and in small villages kerosene lamps
are rapidly giving way to electric lighting.

Wax and tallow candles were also a popular form
of light for many years. Chandeliers, or candle
holders, with large numbers of candles in them
were used to get a greater source of light for large
rooms and auditoriums.

However, all of these sources of light were in-
clined to flicker and give off smoke and fumes, and
were very inconvenient.

141. EARLY ELECTRIC LIGHTS

Up to the time of the development of electric
hatteries and generators, and less than one hundred

y
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years ago, there were no very powerful or steady
sources of artificial light.

Electric arcs or flames drawn between two carbon
clectrodes were one of the first types of electric
light, and while they were not entirely steady or
free from smoke, they were able to produce great
amounts of very bright light.

The first arc lamp to be used commercially was
one installed in the Dungeness light house in Eng-
land in 1862, and from this time on arc lights
came into quite general use for lighting interiors
of large buildings and for street lighting.

Powerful arc lights of a highly improved type
are used today for search lights, flood lights, and in
motion picture work; while some of the older type
are still in use in street-lighting systems.

142, EDISON’S INCANDESCENT LAMP

From 1840 on a number of experiments were
made with incandescent lamps, or the heating of
high resistance metal or carbon strips to a glowing
temperature by passing electric current through
them. But none of these were successful or practj
cal until Thomas A. Edison invented the cart‘
filament incandescent lamp in 1879.

Edison’s first lamps consisted of very thin fila-
ments of carbonized thread, then paper, and later
bamboo; all sealed in glass bulbs from which the
air was removed by vacuum pumps, to eliminate
oxygen and prevent the filament from burning up.

Later lamps of this type were developed with
thin metal wire filaments, and the modern incan-
descent lamp has a tungsten filament, which can be
heated to temperatures of 2800 to 3000 degrees cen-
tigrade before it will melt. This enables it to oper-
ate at glowing white or incandescent heat and give
off great amounts of clean steady light.

Fig. 152-B This night photograph of the business section of one of our large cities is a good illustration of the extensive use of electric light.
A sing buildings will thousands

le one of these large

use many of electric lamps.
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Edison also developed the first efficient electric
senerdtors to supply current for his lamps, and in
.&52 built in New York City the first central sta-
tion generating plant for supplying electricity for
light and power. From that time on the develop-
ment of electric lighting has been rapid, and today
modern electric illumination is one of the greatest
advantages of our civilization, and one of the great-
est fields for the trained electrical man to enter.

143. USES AND ADVANTAGES OF ELEC-
TRIC LIGHT

Electric light in the home greatly improves the
appearance, mcreases comfort, speeds the work of
the houswife, and reduces eye strain and makes it
a pleasure for members of the fanuly to read or
study durmg evemng hours. And the cost of electric
light is low enough to be within the means ot almost
every family today. It is cleaner, safer and more
convenient than any other form of artificial light
we have.

In shops and factories, electric light speeds up
production and reduces errors, increases safety and
generally improves the morale of employees.

In stores, hotels, and ofice buildings electric illu-
mination is used on a vast scale and makes the
rooms as bright at night as at noonday, whether
they have outside windows or not.

The exteriors of buildings in cities are beautifully

od lighted and streets are lighted brightly with
electric lamps; and now great airplane landing fields
have their special hghting equipment which makes
them nearly as bright at night as during the day.

Practically every new building erected in any
town or city is wired for electric lights, and many
older buildings which have not had lights are rapidly
being wired for them today.

Thousands of homes, offices, and industrial plants
with the older wiring systems are being rewired for
modern and efficient electric illumination.

Almost everyone today realizes the value of bet-
ter lighting; and its advantages and economy are
so apparent, when properly presented, that this is
one of the greatest fields of opportunity for the
trained electrical man who knows the principles of
modern illumination.

This field also provides some of the most fascinat-
ing and enjoyable work of any branch of the elec-
trical profession.

144, NATURE OF LIGHT

In commencing our study of practical illumina-
tion, it will be well to get a general understanding
of the nature of light.

duight is energy in wave form, and can be trans-
ted through space and through certain trans-
%cnt objects. When these waves strike our eyes,
they register through our eye nerves and upon our
brain cells an impression which we call light. We
are familiar with sound waves and how thev are set

up by disturbance or motion of air and transmitted
by vibration through air, water, and some solids.
We also know that electro magnetic waves are set
up around conductors carrying electricity. In the
case of radio energy, these waves are of very high
frequency and short wave length. Light waves are
considered to be of an electro-magnetic nature, and
are known to be of extremely high frequency and
much shorter wave length than the shortest radio
waves.

Light is generally the result of intense heat, and
the sun is, of course, our greatest source of light.

CLOUDINESS
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This chart shows how little actual daylight we
have over a considzrable period of the year

Fig. 152-C. Examine this chart carefully and note the number of hours
per day that.daylight is available, and you will see how necessary
some form of efficient illumination becowmes, in order to make
good use of the hours of darkness.

145, LIGHT COLORS, WAVE FREQUENCIES

The different colors of light are due to the differ-
ent wave frequencies. Ordinary sunlight, while it
appears white, is really made up of a number of
colors. In fact, it is composed of all the colors of
the rainbow, and a rainbow is caused by the break-
ing up or separation of the various frequency waves
of sunlight by the mist or drops of water in the air
at such times.

White hght or daylight is generally the most
desirable form for illumination purposes, but it
must contain certain of the colors which compose
sunlight, as it is the reflection to our eyes of these
various colors from the things they strike that en-
ables us to see objects and get impressions of their
color. Certain surfaces and materials absorb light
of one color and frequency, and reflect that of an-
other color; and this gives us our color distinction
in seeing different things.

White and light colored surfaces reflect more
light than dark surfaces do.

The ordinary incandescent lamp supplies a good
form of nearly white light that is excellent for
most classes of work, but for eolor matching and
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certain other jobs requiring close separation of col-
ors, a light of more nearly daylight color is needed.
For this work lamps are made with blue glass bulbs
to supply more of the blue and white light rays, and
less of the yellow and red rays of the ordinary
electric light bulb. More on the units and measure-
ment of light will be covered later.

146. PRINCIPLES OF GOOD LIGHTING

To secure good lighting, or effective illumination,
we must not only have sufficient light of the proper
color, but must also avoid glare and shadows.

No matter how much light we may have, if there
are sources of bright glare in range of the eyes,
or definite black shadows from standing or moving
objects, it is still not good illumination.

Glare is very tiring to the human eye and we
all know that if we look directly at the sun or a
bright unshaded light bulb, it is painful to the eyes.

The pupils of our eyes must change their open-
ings or adjust themselves to different intensities of
light, and as they do not do this instantly, we can-
not see things well when we first look away from
a bright light to objects or spaces less brightly
lighted.

The same thing applies with shadows which cause
dark areas intermixed with the light ones. The eyes
cannot change rapidly enough to see well or be
comfortable when they must be continually moving
from light to shadow, etc.

Glare and shadow are both caused by very bright
sources of light concentrated in small spots, or a
“point source” of light, as we say.

The more the light from a source is concentrated
at one point, the brighter will be the glare if we
look at this point, and the more distinct will be
the shadows of objects illuminated by this source.

2
)

Fig. 153. Two common types of incandescent lamps of which there
are many millions in use today.

147. REFLECTORS

While the incandescent lamp is a wonderful,
clean, efficient, and convenient source of light, those
of the larger sizes are bad sources of glare if they
are within the normal range of vision. This can
be avoided by the use of proper shades and re-
flectors.

Because these lamps have their light produced at
one small source, the filament, they are also produc-
ers of very definite shadows, unless they are cov-

ered with diffusing globes to soften and spread out
their light over a greater area. .

Reflectors, shades, and diffusing globes for th‘
various classes of lighting installations will be cov-
ered a little later.

Fig. 154. This view shows various types and sizes of Mazda lampe,
ranging from 50 to 1000 watts each.

148. TYPES OF INCANDESCENT LAMPS

Now that we know something of the nature of
light and the most important fundamentals of good
illumination, let us return to our common sourb
of electric light, the incandescent lamp.

These lamps are now made in sizes from a frac-
tion of a watt to 50,000 watts each, and will fit prac-
tically every conceivable lighting need.

Extremely small lamps are made for surgical in-
struments, telephone switchboards, flashlights, etc.

Carbon filament lamps are not used much any
more, although they can still be obtained for certain
uses where they are desired.

The tungsten filament lamp, which is commonly
known as the Mazda Lamp, is the one most gen-
erally used.

Two of these lamps are shown in Fig. 153. The
one on the right is one of the smaller size, which are
still used and have the same shaped bulb as the
carbon lamps, and are known as type “B”. The one
on the left is one of the larger sized lamps with the
newer shaped bulb, called the type “C”.

Fig. 154 shows a number of bulbs of different
shapes and sizes, such as are commonly used in
general lighting today.

One of the newest styles of lamps is the type
“A”, which are made in sizes from 10 to 200 watts
and are frosted on the inside of the bulb. This is
a very great improvement as it softens the light
and reduces glare without materially reducing their
efficiency. These new bulbs have stronger ﬁlame’m‘
and present a beautiful pearl-colored appeara
They are ideal for use where reflectors or bowls
not used over them. Fig. 155 shows four of these
type “A"” lamps of the more common sizes for home
and general lighting use.

%
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The larger Mazda lamps of 150 watts and over are
usually made with clear glass bulbs and known as
he type “C”. As these larger lamps are generally
enclosed in diffusing bowls or mounted high up
and out of range of ordinary vision, their clear glass
bulbs are not so objectionable. Fig. 156 shows two
of these type “C” lamps, and you will note that they
have long necks to keep the heat of the filament
farther away from the base and sockets. Some of
the larger ones even have a mica heat barrier in
the neck, as shown in the right-hand lamp in Fig.
156.

AO0

25 Watts 40 Watts 50 Watts 60 Watts

Fig. 155. Theu four lamps are the sizes most commonly used in
general home lighting, and show the shape of the newer type bulbs.

The smaller sized lamps have the air withdrawn
from the bulbs before they are sealed, so the fila-
ments operate in a vacuum to prevent their burn-
ing up, as before mentioned. The larger sizes are

lled with an inert gas, such as nitrogen, to keep

e filaments from burning up and also to keep the
intense heat away from the glass bulb and permit
the lamps to be operated at higher temperatures.

General Lighting Service
110, 115 and 120 Volts

150-\Watts

Fig. 156. Two of the larger Mazda lamps, such as used for office
md factory ligbting. Note the shape of the filament wires and
manner in which they are attached to the heavy “hld *

vln.. and supported hy small brace wires.

300-Watts

Fig. 157 shows several types of special bulbs for
decorative lights in homes, hotels, theatres, etc.
The bulb on the left is an ordinary type “A” in
shape, but can be obtained with orange or other
colored glass, to give a soft colored light. The
others are known as “flame tip” bulbs for candle
type fixtures.

The blue glass lamps for producing the “daylight
color” for color matching etc., are called the “C-2”
type. While this color is very desirable in depart-
ment stores, art studios, dye plants, etc., the yel-
lower light of a clear bulb would be more desirable
in foundries or forging shops, as rays of this color
will penetrate a dusty, smoky atmosphere better.

Lamps of 500 watts, 1000 watts, and up are gen-
erally used for street lights, flood-lights, motion
picture photography, lighting airplane landing fields,
ete.

QDecoratlvc LamP s

A-Bulb D-Bulb

F-Bulb
Fuhlﬂ Lunps of the above type are used for dl:c_?nuvo lghb:

s, etc. The type “A” p on the
h;thaordinuythnpedbdbbutunboobhlmdlnvmahn.

149. LAMP LIFE AND RATED VOLTAGES

The life of the average Mazda lamp is about 1000
hours of burning time. Many of them will last
much longer, as shown by the test data in Fig.
158, but others burn less time and, therefore, make
about 1000 hours the average. After lamps have been
operated a long time, their light output becomes
less until in some cases it is better to discard them

than to wait for them to burn out.
]

Hours Burned 0 200|400 |600 soohmx'lzoo'mqlmiaw
Number lamps rem.‘ning. | 100 97 94| 8 7| oo| EEREK

[}

]

Fig. 158, These figures, taken from an actual test on 108 lamps,
show the life in hours, or the uumber of bours which the various
lamps burned.

These lamps are commonly made for voltages
of 110, 115, and 120; and some are made for 220,
240, and various other voltages. The 110 volt lamp
is, however, the most common type. These various
voltage ratings are obtained by slight changes in
the filament resistance of the lamps.

150. EFFECT OF VOLTAGE ON LIFE AND
EFFICIENCY OF LAMPS
Incandescent lamps should always be operated
at their rated voltage. If they are operated on lower
voltages they will not give nearly as much light
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or be as efficient in the amount of light produced
per watt of energy consumed. If they are operated
at voltages above their rating, they will burn very
bright and operate at higher efficiency, but the life
of the filament will be materially shortened. So the
best balance between efficiency and lamp life is ob-
tained by operating lamps at their rated voltages.
A small change in voltage will make a considerable
change in the lamp’s efficiency and life, as shown by
the table in Fig. 159 for lamps operated 5% below
rated voltage. The term “Lumen” is the name of
the unit used to measure light delivered by the
lamp, and will be explained later.

For Lamps operated at 5% below mormal voltege

Lumens will be 17% below mnormal
Watts D @ 8% - "
Effime'ncy @ o 0% - »
Lamp Life Double

Fig. 159. This little table shows how important it is to have incan-
descent lamps operated at their proper rated voltage.

Fig. 160 shows another illustration of the changes
that take place in the watts used and the light pro-
duced at different voltages below normal. This
test data also shows the amount of electric energy
in watts which is wasted when the lamp is operated
at lower voltage and lower efficiency.

151. UNITS OF LIGHT MEASUREMENT

Now, before we undertake to plan illumination
layouts or select equipment for certain applications,

The best .
100% VoL Ts [ PO AT TS A vaiapced
condition
£ R 5 5L 72
951’ VOLTs[ 83% LIGHT | S
27 mrsre T
BO%VOLTSI 69 % LIGHT =\
Represents an expenditure
as%voLTs R 5 15 L5% of wattage for whch no
7° { 5610 LIGHT j — vhght 1s oblained in veturn

Fig. 160. This chart shows the actual amount of light lost and energy
wasted when lamps are operated at less than their rated voltage.

let us find out a little more about actual quantities
of light, units of measurement, etc. An understand-
ing of these units and principles is just as important
in illumination as Ohms Law is in gencral electrical
work; and you will find them very interesting, as
they show us still more about the nature of light.
\We have been speaking of incandescent lamp
sizes and their rating in watts, which is a very con-
venicnt term for general use and for buying lamps,
etc. \\While the rating in watts will give us a general
idea of the sizes of the lamps, it does not tell 1‘
just how much light a certain lamp can be expecte
to produce.

152. CANDLE POWER AND LIGHT
MEASURING DEVICES
Lamps were formerly rated in Candle Power,
using a standard candle as a basis of comparison.

Fig. 161. Two typeoﬂol photomeLt?r‘n.A:uch as &.ud for measuring the light from any source by comparing it with thal from a standard

. r are
louregp.'l;l:‘ hichever may be used in the

scales at the point where the light from each source is balanced on the
sliding element,

mirror o




Hlumination.

Light Units, Candle Power and Lumens 221

For measuring the candle power of a certain lamp
or comparing it with the standard candle, we use a
device called a Photometer. In principle this device
works as follows: A piece of white paper, having
in its center a spot which is oiled or greased to make
it more transparent than the rest, is held up between
the standard candle and the light source to be
measured. Let us assume that we first place it
exactly half way between them. We will now
examine the oiled spot from the side on which our
lamp under test is located. If the spot appears dark
it shows that there is less light striking it from
the candle on the opposite side than from the lamp
under test. Then we can move the paper screen
closer to the candle until the spot appears to be
the same color as the rest of the paper, which will
indicate an equal amount of light is striking it on
both sides. Then by comparing the distance that
the two light sources are from the screen we can find
out how much brighter the tested lamp is, or how
many candle power to rate it at.

Fig. 161 shows two types of photometers which
operate on this principle. The upper one carries a
mirror in a sliding dark box, which has small open-
ings in each end for the light to enter from each
source. The standard candle and the light to be
tested are placed at opposite ends of the marked
scale or bar. Then, by moving the mirror box back
and forth along the slide until the light on both
.:ides of the oil spot is equal, we locate the balance

point, and the candle power of the new source can
then be read on the scale at this point. This in-
strument should be used in a dark room.

The lower device in Fig. 161 has a “grease spot”
screen arranged to slide along a scale in a ‘“dark
box”, and between the two sources of light, until
a balance point is found by the appearance of the
grease spot as previously explained.

Fig. 162. If we bave a photometer or light measuring device at
“P,” it shows that the amount of light coming in one direction
tfrom the candle to the instrument, will remain the same in all
three of the above tests.

153, MEAN SPHERICAL CANDLE POWER

This method of measuring or comparing sources
of light which we have just described, only takes
into consideration the light coming from the source
in one direction, or striking an object in one certain
spot. For example in Fig. 162 we have a photo-
meter at “P” to measure the light from a candle.

o
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Fig. 163. The “lumen” or unit of light q ity is the t of
a definite amount of light, such as that which escapes from the
opening in the above illustration.

In view “A” the candle is entirely exposed and the
photometer gets its reading only from the very
small cone of light that comes in its direction.

In “B” we have the candle partly enclosed in a
sphere, the inside of which is dead black, so that it
absorbs all the light which strikes it and reflects
none. The photometer will still read the same, how-
ever.

Again at “C” we have the opening closed still
more, but the photometer will still read the same as
long as the direct beam to it is not interfered with.

So these devices measure only the light coming
from a source in one direction, and take no account
of that escaping in all other directions.

The light around a lamp may not be quite as
bright in all directions, because of the shape of the
flame or filament as the case may be. If we measure
the candle power in a number of places at equal dis-
tances all around a lamp and average these read-
ings, the result is known as the “Mean Spherical
Candle Power”. This comes somewhat closer to
giving the total light emitted from the source.

154. LUMENS, UNIT OF LIGHT QUANTITY

For stating the total amount of light actually
given off by a source we use the unit Lumen.

Let us enclose a light which gives off 1 candle
power in all directions, in a hollow sphere which
has a radius of 1 foot, or diameter of two feet, and
the inside of which is dead black so it will reflect
no light. See Fig. 163. Now, if we cut a hole in
the sphere 1 foot square as sho>wn at OR, the
amount of light that will escape through this hole
will be 1 lumen. If the area of the opening was %
sq. ft., then the light emitted would be ¥4 lumen:
or if the opening was 15 sq. ft., the escaping light
would be !4 lumen; etc. A sphere with a 1-foot
radius has a total area of 12.57 sq. ft., so if we were
to remove the sphere the total light emitted would
be 12.57 lumens from a 1 candle power source.

A Lumen may be defined as the quantity of
light which will strike a surface of 1 sq. ft, all
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points of which are 1 foot distant from a source of
1 candle power.

From this we find that we can determine the
number of lumens of any lamp by multiplying its
mean or average candle power by 12.57.

We can now rate or measure in lumens the total
light of any lamp, and also compare the number of
lumens obtained with the number of watts used by
a lamp. All Mazda lamps of a certain size and type
will give about the same number of lumens each,
but the lumen output per watt, and their efficiency,
varies with their size. The larger the lamp the
higher the efficiency, and it ranges from about 10
lumens per watt for small lamps to 20 or more
lumens per watt on lamps of 1000 watts and larger.

The table in Fig. 164 gives the lumen output of
common Mazda lamps and their wattages. These
values vary a little from time to time, with the im-
provement made in lamps, but this table will serve
as a convenient guide in selecting the proper size of
lamps to get a certain desired amount of light.

LUMEN OUTPUT OF MULTIPLE MAZDA LAMPS

| 110-115-120 Volt
Standard Lighting Service
Clear Lamps

Standard Lighting Servnce*220-280-240 250 Vol:
110-115-120 Volit Service
Mazpa Daylight Lamps Clear l.amps

Size of Size of Size of
Lamp in Lumen Lamp in Lumen Lampin | Lumen
___Watts | Output Watts Output Watts | Output
1000 1530 100 990 10 1100
150 2535 150 1650 | ... S -
200 3400 200 2210 200 2920
300 5520 300 3590 300 4560
500 9800 500 6370 500 8350
750 14550 | ... R 750 13125
1000 20700 | ... —— 1000 19000
1500 33000 U — 1500 27300

Fig. 164. This table shows the number of lumens of llfht delivered by
various sizes and types of lamps, and will very con-
venient for future reference on any lighting problems.

155. FOOT CANDLES. UNIT OF
ILLUMINATION INTENSITY

Electric lamps are a source of light, and the result
of this light striking surfaces we wish to see is
illumination.

While the lumen will serve as a very good unit
to measure the total light we can get from any
source, we must also have a unit to measure the in-
tensity of light or the illumination on a given sur-
face, such as the top of a desk or work bench, or at
the level of work being done on a machine, etc. The
unit we use for this is the Foot Candle,

A foot candle represents the intensity of illumi-
nation that will be produced on a surface that is one
foot distant from a source of one candle power, and
at right angles to the light rays from the candle.
See Fig. 165. The foot candle, then, is the unit we
use in every, day illumination problems to deter-
mine the proper lighting intensity on any working
surface.

Referring again to Fig. 163, we find that the sur-
face O P Q R is illuminated at every point with an
intensity of 1 foot candle, and we also know that
the total amount of light striking this surface is 1
lumen. This shows the very simple and convenient

relation that has been established between these
units, in their original selection by lighting engi-
neers. This relation can be expressed as follows:‘
When one Lumen of Light is evenly distributed
over a surface of 1 sq. ft., that area is illuminated to
an intensity of 1 foot candle.

This is a very convenient rule to remember. It
shows that, if we know the area in square feet that
is to be lighted and the intensity in foot candles of
desired illumination, we can then multiply these
and find the number of lumens that will be required
to light the area. For example, if we desire to
illuminate a surface of 50 sq. ft. to an average in-
tensity of 5 foot candles, 250 lumens must be
supplied at a distance of one foot from the surface.
More light will be required as the distance is in-
creased. See Art. 157.

o

Fig. 165. The unit foot-candle refers to the intensity of illumination
on a surface one foot distant from the standard source of one
candlepower, as shown above,

156. FOOT CANDLE METER

There are a number of large and elaborate de-
vices used in laboratories for making exact test
and measurements on light and lighting equipb
ment; but for practical convenient use right on the
job, the Foot-Candle Meter is extensively used.

Fig. 166 shows a view of the back of one of these
meters opened up. They consist of a flashlight bat-
tery, small standard lamp bulb, rheostat for ad-
justing the lamp voltage to proper value, and a volt-
meter to check this voltage and make sure the lamp
is being operated at proper voltage and brilliancy.

v REI"L!CTOﬂ BAITERY

Fig. 166. This view shows the important parts of a foot-candle meter.
Note the lrrangement of the nandard lump behind the paper screen,
and also the and ter used in nuiin‘ proper
adjustments.

In front of the lamp is a long square chamber,
over the side of which is placed a piece of toug
white paper. Along the center of this strip of pa
is a row of uniform grease or oil spots which allow
more light to show through them than the rest of
the paper.

We all know that the farther any object is from
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a certain source of light, the less light will strike
it. So the oil spots appear quite bright near
he lamp, and are gradually dimmer as they get
farther away from' the lamp. Those still farther
away appear darker than the paper, because, with
normal light striking the paper from outside the
instrument, there is less light behind these spots
than on the observer’s side, so they appear dark.

This, we find, is the same general principle of the
photometer explained earlier. Between the bright
appearing spots and the dark appearing ones, there
will be one or two that appear the same color as
the rest of the paper around them. This is the point
at which the light within the instrument is exactly
equal or balanced with that striking it from the out-
side, and at this point we can read the intensity of
the outside light in foot candles, on a scale printed
along the paper strip.

Photo Courtesy Western Electrical Instrument Co.

Fig. 167. Newer type of convenient light meter, using a photo-electric
cell to give a direct reading in foot candles on a meter.

To use a foot-candle meter, the rheostat switch
should be turned on and the knob rotated until the
voltmeter needle comes up to a mark on its scale,
which indicates that the lamp is operating at proper
voltage and brilliancy. Then the meter is held face
up toward the light source, and at the level of the
working surface where the illumination is required.
The shadow of your body should not be allowed to
fall on the face of the meter during tests. A number
of such tests at various places in a room will give
the average foot candle intensity and show us
whether the illumination is sufficient for the class
of work being done.

Tables of proper illumination standards for vari-
ous classes of work will be given later.

The standard foot-candle meter is made to read
intensities from 1 to 50 foot candles. It is possible
to test intensities lower and greater than this by
operating the lamp in the meter at less or more than

ais rated voltage, by setting the rheostat to hold the
‘dtmcter needle at the extra marks which are pro-
vided for this purpose on the scale.

Ordinary daylight is far too bright to measure
with these meters and is of a color that does not
match the meter lamp accurately.

On a normal summer day with the sun shining,
the intensity of illumination outdoors may be 500
foot candles even in the shade, and 5000 to 8000 in
the direct rays of the sun.

157. INVERSE SQUARE LAW FOR LIGHT

We have already mentioned that the farther any
object is from a source of light, the less light it
receives from that source.

A very important rule to remember is that the
illumination on a surface varies directly with the
candle power of the source of light, and inversely
with the square of the distance from the source.

So we find that a small change in distance from
a light will make a great change in the illumination
on an object. The reason for this is illustrated in
Fig. 168. Here we have a standard candle, and if
the surface at “A” is 1 foot from the candle, its
illumination intensity will be 1 foot candle. If we
move the surface or plane to “B”, which is two
feet from the source, the same number of light rays
will have to spread over four times the area, as that
area increases in both directions. Then the illumi-
nation intensity at double the distance is only 14
what it was before, as the distance or 2 squared is
4, and this is the number of times the illumination
is reduced.

If we move the surface to “C”, which is 3 feet
away from the light source, the rays now are spread
over 9 times the original areas, and the intensity of
illumination on the surface will now be only 1/9
of its former value, or 32 equals 9. So we call
this the Inverse Square Law for Light.

158. LIGHT REFLECTION

We all know that light can be reflected from cer-
tain light-colored or highly-polished surfaces. This
fact is made good use of in controlling and direct-
ing light in modern illumination.

Fig. 168. Note how the illumination int Y less on any
surface as its distance from the light source increases. The farther
the surface is from the source, the greater the area a given number
of light rays must be distributed over.

Some surfaces and materials are much better
reflectors than others. Generally the lighter the
color, or higher the polish of a surface, the more
light it reflects, and the less it absorbs.

The percentages of light that will be reflected
from some of the more common materials are as
follows:

Highly polished silver...................... 92%
Good silvered-glass mirrors............ 70% to 80%
White blotting paper......ccc.... 82%
Yellow paper 62%
Pink paper 36%
Dark brown paper.......coveermencae 13%
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Controlling Light with Reflectors

The better classes of reflectors are used in direct-
ing the light of sources where we want it. The
colors of walls and ceilings and their reflecting
ability should also be considered in lighting interi-
ors of buildings.
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Fig. 189. Note the angle of light reflection from a smooth surface as
shown at “A.” The illumination at “B’ shows how light is re-
flected from both surtaces of a piece of silvered glass.
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Vig. 170. This illustration shows how a curved reflector can be made
to send all the light rays from a source in one direction. The
shape of such a reflector is called a “parahola.”

159. CONTROLLING AND DIRECTING
LIGHT WITH REFLECTORS

Bare incandescent lamps are wonderful sources
of light, when we consider their efficiency and the
quantity and quality of light they produce, but
they may also be rather wasteful of light unless
proper reflectors are used to direct their light
where we want it.

Bare Mazda lamps are a source of bad glare
which is very tiring to the eve, and they create bad
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Fig. 171. Above are shown several types of porcelain enameled,
metal reflectors. Note how their various shapes give different
distribution of the light, as shown by the curves under each
reflector.

shadows which impair vision and are likely to cause
accidents in industrial lighting.

A bare lamp also wastes a great deal of its Iigh.
which goes upwards and sidewise and not down as
we usually want it to. So, to direct the light as
desired, we use reflectors with the proper shapes
and curves. These reflectors turn back the light that
would otherwise go up and sidewise, and send it
down either in a broad or narrow beam as desired.

Fig. 172. The two top reflectors and the one at the lower left show
how light can be controlled in any direction desired, by using
the proper shape of reflector. The unit at the lower right shows
a reflector which also has a glass diffusing bowl.

160. TYPES OF REFLECTORS

Fig. 171 shows several types of metal reflectors
of different shapes, and beneath each one is shown
the characteristic curve of light distribution for that
type of reflector. From these curves it will be seen
that the curvature of a reflector can be made to
spread or concentrate the light more or less, as
desired.

Fig. 173. This larger view of the diffusing unit shows the position
of the bulb and glass howl in the reflector. is a very efficient
and popular type unit for factory lighting and other similar work.
(INlustration Courtesy of Benjamin Electric Co.)

Fig. 172 shows several other types of reflectors.
The upper two are used for throwing the light
one side and downward, and the lower left one i
spreading the light in two narrow horizontal beams.
The lower right hand unit is a combined reflector
and glass diffusing bowl.
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The ordinary reflectors direct the light down-
ward and shield the eves from side glare of the
.amps. This is often sufficient when the lamps are
mounted high enough to be above the ordinary line

of vision. :

Fig. 174. This shows the manner in which the light distribution from
a lamp or reflector can bhe plotted on a chart, to give a charac-
teristic curve for that light or reflector.

The reflector unit with the glass bowl reflects the
light downward, and the bowl enclosing the bulb
has a milky white color and spreads or softens the
light from the bulb so there is no glare even when
looking up at the unit from underneath. Broaden-
ing the source of light in this manner also softens
he shadows a great deal, making this type of light-
g unit a very popular one for commercial and
industrial buildings.

Fig. 173 shows a larger view of this unit and also
a sketch which shows the shape of the glass bowl
and the location of the lamp. These units have
ring-shaped slots in the top of the reflector to allow
a small amount of light to reach the ceilings, and
eliminate the dark spots that would otherwise be
above a metal reflector and cause quite a contrast
to the lighter areas around them.

Fig. 175. Corrugated, mirrored glass reflectors of the above type are
very efficient in preventing side glare and directing light down-
wards to the surface where it is desired.

161, ENAMELED METAL REFLECTORS

The inside surfaces of metal reflectors of the types
here shown are covered with heavy white porcelain
enamel, to give them a high reflecting efficiency.
While polished metal can be used as a reflector it
usually tarnishes in a short time and is then not
much good. So porcelain enamel or glass is better.

Fig. 174 shows a curve of light distribution, and
also the manner in which the various candle-power
measurements are plotted on the chart to indicate
the illumination intensities at different points along
the curve.

Fig. 176, Corrugated giass reflectors of this type break up or diffuse
the side rays from a lamp and also reflect a greater portion of
the light downwards, as shown in the curve at the right.

162. MIRRORED GLASS REFLECTORS

Glass shades and reflectors are also used exten-
sively where there is not too great danger of break-
age. Some glass reflectors have the outside silvered
and then covered with dark paint. The silvered
surface makes the inside of the unit of higher re-
flecting efficiency, and the dark paint stops all side
light and glare.

Fig. 175 shows several types of glass reflectors of
this kind. You will note that the glass is corrugated
to break up the light rays, diffusing them enough to
prevent reflection of the sharp outlines of lamp fila-
ments. If this is not done the light from such a
reflector might cause spots of glare on glossy paper
or bright metal surfaces if they were worked upon
under these lights.

Another type of glass reflector in quite common
use is the sharply corrugated type shown in Fig.
176. These reflectors break up the light from the
bulb enough to reduce the side glare considerably.
\While they don’t soften the light source as much
as some of the other types, they are very good for
certain applications. Note the curve of light dis-
tribution for the reflector in Fig. 176 which shows
that this type of unit directs a greater part of the
light downward.

IFig. 177 shows one of these glass reflectors with
a special type of holder which allows them to be
easily removed for cleaning. This reflector has a
different shape from the one in Fig. 176, which you
will note changes its light distribution curve con-
siderably.

163. PRISMATIC REFLECTORS

This type of glass reflector is made with grooves
running in both directions, so that its outer surface
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Enclosing Bowl Fixtures

Fig. 177. These glass reflectors mounted in convenient hangers, as
shown above, are very commonly used in factory lighting and
in some classes of general office lighting.

n reality consists of a number of little prisms,
which very effectively break up or diffuse the light.
These reflectors present a very good appearance and
are quite frequently used in office and store lighting.
Fig. 178 shows three units of this type. You will
nc 2 that the bulbs are entirely enclosed with these
fixtures, so there is no chance of any direct glare
from the lamp.

:64. OPAL GLASS REFLECTORS AND
DIFFUSING BOWLS

Glass lighting fixtures using white or opal-col-
ored glass are made in a great variety of shapes and
sizes for general lighting and offices and stores.
Opal-colored glass diffuses the light very effectively,
and thus softens the source so there is very little
glare or shadow if the fixtures are properly in-
stalled.

Fig. 178. Several styles of prismatic glass lighting units. Note tha

these units completely enclose the lamp so that all light is

diffused or softened before reaching the eye.

There are two different grades of opal glass,
known as light opal and dense opal, either of which
will, of course, absorb or stop a certain amount of
light from the bulb. But this small loss is more
than made up by the greater efficiency of light-
ing which is free from glare and shadows. Persons
can actually see much better with a little less light

if these effects which are so tiring to the eye are
not present.

Fig. 179 shows two types of glass bowls of
very popular style. These are fastened in the metal
canopy with thumb screws, which can be seen in
this illustration. This enables the globes to be
easily removed for cleaning and replacing the bulbs.
When attaching the globes to a fixture of this type,
the thumb screws should be tightened firmly and
evenly; but not too tight, as it is possible to crack
the glass globe in this manner.
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Fig. 180 shows two styles of glass fixtures which
are made for mounting closer to the ceilings.

Glassware or fixtures of the types here described
can be plain opal-colored, or made more ornamental
with decorative painting on the outside. These
decorations, of course, reduce the efficiency of the
fixture somewhat by absorbing a certain amount
of light. Fig. 181 shows another popular type of
glass fixture in which the lower part of the bowl
is opal-colored and the upper part is clear glass.
Then, above the bowl, is suspended a broad opal
reflector. The clear glass in the top of the bowl
allows considerable light to go upward and strike
the under side of the opal reflector, from which it
is again deflected downward to the working surface.
Glass lighting fixtures of these types allow a cer-
tain amount of light to go upward, lighting the
ceilings more or less uniformly, and present a very
cheerful appearance as well as softening the light
generally and reducing shadows.

165. GENERAL CLASSES OF LIGHTING
UNITS
Lighting fixtures are often classed in three gen-
eral divisions called :—Direct, Indirect, and Semi-
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Indirect. The direct lighting fixture is one from
which the greater part of the light comes directly
from the bulb down to the working plane. The metal
and glass reflectors of the first types described
come in this class. The indirect lighting fixture
is one in which no light comes directly down from
the bulb to the working plane, but instead is all
first thrown upward to the ceiling or to a broad re-
flector above and then directed downward. Lights
of this type are used where it is very essential to
avoid even the slightest glare and to eliminate
shadows almost entirely. With such fixtures we
might say that the ceiling is our secondary source
of light; and as we know that shadows are more
pronounced when the light comes from small
“point” sources, we can readily see that light com-
ing from the broad area of a ceiling would produce
almost no shadows.

Fig. 180. Short fixtures of the type shown above can be used for
mounting close to the ceiling in low rooms.

Fig. 182 shows a view in a drafting room which
is lighted with indirect fixtures of this type. You
will note that the light is all directed first to the
ceiling and produces a very uniform light through-
out the entire room. While this type of light is a
little more expensive and requires more lamps and
current than a direct lighting installation, it is one
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Fig. 181. This fixture has a bowl, the lower part of which is white
to diffuse the light, and the upper part is clear to allow the light

o upw and strike the reflector, from which it is directed
e: wﬂnumﬂlamawﬂdlﬂuudm.

of the very best classes of installations where exact-
ing work is to be done.

Semi-indirect fixtures are those from which part
of the light is directed downward through a diffus-
ing globe, and the balance is thrown upward, and
then reflected back by the ceiling. Some fixtures are
also classed as Direct Diffusing, because while prac-
tically all of their light is thrown directly down to
the working plane, it must pass through a diffusing
bowl as with some of those previously described.

— —y

Fig. 182. This drafting room is lighted with indirect fixtures which
throw their light to the ceiling first. The ceiling then reflects
it downward to the working surface.

166. DEPRECIATION FACTOR

Almost all lighting fixtures are subject to a very
definite reduction in efficiency from the collection
of dust and dirt on their light transmitting or re-
flecting surfaces. Few people realize what an effec-
tive absorber of light a thin film of dust actually is.

In some installations where a beautiful selection
of fixtures has been made and the lighting is of very
sufficient intensity when the installation is new,
after a few months the dirt that is allowed to ac-
cumulate on the fixtures absorbs from 14 to 34 of
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Fig. 183. This is an actual photo showing how much of the light
can be lost if the reflectors are not kept cleaned.
the light. This is particularly true in certain in-
dustrial plants where smoky, oily, and dusty atmos-
pheres exist. Fig. 183 shows an actual view of a
fixture of which one side has been cleaned and the
other side left with the remaining accumulation of
oil and dirt. This is undoubtedly a worse case than
is ordinarily encountered, but it serves as a good
illustration of the necessity of keeping fixtures
clean. Regardless of the amount of money spent



228 Illumination.

Depreciation Factor

in purchasing fixtures that will eliminate glare and
shadow, a great deal of the electricity used will be
wasted and the lighting will be unsatisfactory if
the fixtures are not kept clean. An occasional wash-
ing with soap and water will remove ordinary
dust and dirt from lighting fixtures, and where nec-
essary special cleaners can be employed.

Of course, it is impossible to prevent some dust
and dirt from accumulating, even if the fixtures
are cleaned frequently; so when we are selecting
fixtures we generally allow a certain amount for
this Depreciation Factor. This will vary from 1.2
to 1.6, and a good, safe average value to use is 1.4.
This means that in planning a lighting installation,
after determining the foot candles of lighting inten-
sity that would be required to produce the de-
sired illumination, we should then multiply this
by the figure 1.4, to have enough light reserve to
keep the lighting satisfactory in spite of ordinary
depreciation.

— — —

Fig. 183-B. Special hangers of tbe above type are often used with
lamps which are mounted very bigb in shops or factories. They
ow the lamps to be lowered with a chain for convenient cleaning

and repairing.

Some fixtures, of course, collect more dust than
others in the vital places where it interferes with
their light distribution. In some cases when buying
fixtures, the depreciation factor for that particular
type will be given by the manufacturer or dealer,
but when this value is not known, the average

factor of 1.4 can be generally used.

167. COEFFICIENT OF UTILIZATION

Another very important item to consider in plan-
ning a lighting installation is what is called the
Coefficient of Utilization. You will recall that
earlier in this section we mentioned that, if we
knew the number of square feet that had to be illu-
minated and the foot-candle intensity to which it
was desired to illuminate the area, the product of
these values would give the lumens that would
have to be utilized to produce the desired illumina-
tion.

When we say these lumens must be utilized we
mean that they must be effectively used and not
absorbed or wasted in other places besides the
working surfaces. Only a part of the total light

emitted by any lamp reaches the working plane,

as a certain amount will be absorbed by the re-
flector or enclosing glassware of the fixture, am.
some will be absorbed by the walls, ceilings and
other objects. In some cases part of the light that

is directed upwards and sidewise from the fixture

is again reflected to the working surface.

The coefficient of utilization therefore refers to
the percentage of light used at the working plane.

So we find that the coefficient of utilization de-
pends on the type of fixtures; and on the color of
walls and ceilings to quite an extent, as the darker
colors absorb and waste much of the light from the
source, while light colors reflect back to the work-
ing surface more of the light which strikes them.

Under average conditions a unit of the type
shown in Fig. 173 has a coefficient of utilization of
about .70.

Fig. 184 shows a table of coefficients of utilization
for various types of reflectors. You will note that
the figures given vary for light or dark walls and
ceilings.
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Fig. 184. This tatle sbows the percentage of lir.hl:‘ whicb we can expect
to obtain at the working surtace, from ps used in differe
tyres of reflectors, and in rooms of different sbapes. Note that
color of walls and ceilings also influences this percentage.

The ratio of the room width to its ceiling height
is also considered, because in narrow high rooms
more of the light strikes the walls. In wide rooms
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Fig. 185. This sketch shows how the walls of narrow rooms ahsorb
a certain amount of the light. If the wall in this case was removed

. note how the light beams from
&o chtwo lamps would overlap and produce more light on the
nches.

the room was twice as wide

which are not obstructed by partitions, the light
from the several lamps overlaps and not as much
of it is ahsorbed by walls; thus the utilization factor
is raised somewhat. Fig. 185 shows a sketch of a
room and what the effect on the light would be,
both with and without the center partition.

Fig. 186 shows the amount of light ahsorption and
reflection obtained from painted walls and ceilings
of different colors, and from this we can see that
in many cases it would pay to coat them with white
or light colored paint, to rednce light waste by
ahsorption. The white or lichter colored paints
greatlv improve the utilization factor by increasing
reflection.

168. WORKING PLANE

Now that we have considered some of the more
common tvpes of lighting units for industrial and
commercial lichting and some of the important
‘ﬂoints governing their efficiencv, let us find out

something about the ptroper location and arrange-
ment of lights to obtain best results and efficiency.

In monnting fixtures for industrial or commercial
lighting we mnst consider the distance the light will
have to travel from them to reach the Working
Plane. This term refers to the level at which the
light is used. Tn an office. it may be the top of the
desk: or in a drafting room, the top of the tables;
in a store. the counter top: and in a machine shap,
the height of the machine or bench at which the
operator works.

As it is very seldom that the maximum light is
wanted at the floor, we must plan to obtain the
proper intensities at the working plane.

Examination of the eauipment or work in a room
or huilding. will readilv show at what height from
the floor the working plane is: but if no measnre-
ments can he made. it is usually assumed to be
about 214 feat from the floor.

169. MOUNTING HEIGHT

The next important point to consider in the loca-
tion of the fixtures is the proper Mounting Height.
This is the perpendicular distance from the working
plane to the source of light: and it is. of course,
this distance that affects the coefficient of utiliza-
tion and the light intensity obtained at the work-

‘mg nlane.
7/ The distance from the flanr to the ceiling in any
room is called the Ceiling Height.

With direct lighting the source of light is the
lamp itself and is reflector. In indirect and semi-

indirect lighting the source is considered to be at
the ceiling. Fig. 187 illustrates this.

170. NUMBER AND LOCATION OF LIGHTS

In general. we should never try to skimp on the
number of lights or lighting circuits when plan-
ning a lighting installation. If good lighting is
economy, then it is certainly false economy to try to
save on wiring materials or fixture costs by cutting
down on the number of lighting outlets or trying to
spread them as far apart as possible.

At the rate standards of lighting are improving
today in all classes of up-to-date buildings, it is far
better to plan for the future and to put in adequate
lighting while it is being installed.

Best results can be obtained by having sufficient
outlets close enough together to give even distribu-
tion and uniform lighting.

|
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Fig. 188. The above chart sh the per of light that will
be ahsorbed and also the percentage that will be reflectsd. by
and ceilings painted with different colors.

171. SPACING DISTANCE

In small rooms that are enclosed by permanent
partitions and where one lamp is sufficient, it is, of
course, a simple matter to locate this unit in the
center of the ceiling. In large rooms where a num-
ber of lamps are necessary, we need some rule or
standard by which to determine the number and
spacing of the lights.

The distance between lights or lighting outlets
is known as the Spacing Distance. This distance
will vary somewhat with the shape and height of
the room, but it can easily be determined by the
following simple rule: For best efficiency the spac-

Direct | Direct Diffusng  Indirect i Semi Indirect
Mourting Mounting
Height He;ght
_______ + __MorkmqPlame_ _ __¥__ .-
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ing distance should be the same as the mounting
height.

In some cases this may seem unnecessarily close,
but if good illumination is desired, lights should
seldom be spaced more than 114 times the mounting
height. There may be certain cases where a build-
ing when it is first erected will not need that much
general lighting, but if it is later changed to some
other use, the standard amount of iHlumination may
become very necessary.

172. LIGHTING BAYS

In large rooms where a number of lights are to
be installed they should be lined up as neatly as
possible for good appearance. In some buildings
the larger rooms have posts or supports at uniform
distances throughout them, which sort of divide
them into Bays. If possible, the lights should be
arranged uniformly in these bays.

In planning an illumination layout, however, we
should divide the room or space into imaginary
bays or squares, as soon as the mounting height
and spacing distance have been determined. The
width of each bay should be made the same as the
spacing distance, and each bay should have a light
in the center of it. See Fig. 188. .

173. PRACTICAL ILLUMINATION
PROBLEM
Let us assume that the size of the room shown
in this' Figure is 30x40 ft., and 13 ft. high. We will
assume that the working plane is 214 ft. from the

Fig. 188-B. This pboto shows a visw well lighted machine
a
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floor, and that the lighting units will hang down
2%4 ft. from the ceiling. In this case our mounting
height will be 13’ — &, or 8. Then, for maximum’
efficiency, the spacing distance should be about 8 ft.,
and not over 12 ft., if good lighting is desired. As
the building is 30 ft. by 40 ft., a spacing distance
of 10 ft. will give us 10-foot light bays, which will
fit this space evenly. So we will adopt the 10-foot
spacing distance, and bays 10’x10’, as shown by the
dotted lines. This layout will require 12 lights.
Spacing the rows of lights 10 ft. apart leaves
5 ft. between the outside rows and the walls; which

g
____;_
“_;“
____;__

bays,” as shown by the dotted lines, greatly simplifies an illumina

Fig. 188. Dividing the area which is to be illuminated into “light
tion problem. ‘

&
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shop which is lighted in this manner. (Photo Courtesy Light Magazine).
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should be all right, unless some special bench work

is to be done along the walls.

‘ Now that we know the number of lights to use
nd that the area of the bays to be supplied by each

light is 10x10, or 100 sq. ft.,, our next step is to

choose the desired illumination intensity.

The required intensity in foot candles will vary
considerably for various classes of work. For ex-
ample, a shop doing nothing but coarse assembly
work may only require 8 to 10 foot-candles (F.C.)
while another shop doing very fine machine work
may require 20 to 50 F.C. A store or office may
need 10 to 20 F.C., while a drafting room or sew-
ing room requires 20 to 40 F.C.)

Let us assume that our problem is for an office
building where the owner desires 15 F.C. intensity.

Now, in order to determine the required lumens
to produce this intensity, we recall that we must
consider the utilization factor, according to the
type of fixture and the color of the room walls and
ceiling. We will use for this job a light opal-glass
unit of the semi-enclosed type, and assume our
walls and ceilings are both light colored.

Looking up this fixture in the table of utilization
coefficients in Fig. 184, and in the column for light
walls, light ceilings, and a room with a ratio of
width to height of about 2, we find the coefficient
is 45.

If we wish to assure the proper lighting intensity
fter the fixtures are installed a while, we must also

nsider the depreciation factor of, say 1.4.

Now we are ready to lay out all this data in a
simple formula to make our final calculation of re-
quired lumens as follows:

F.C. X B. A. X D.F.
C.U.

L =

In which:
L = Lumens required per bay

F.C. = Foot-candles desired intensity
B.A. = Bay area (one bay)
D.F. = Depreciation factor

C.U. = Coefficient of utilization
So, substituting our values, we have:

15 X 100 X 1.4
Lr=-———— —-
45

Now, from our table of lumen output of Madza
lamps in Fig. 164, we find that a 300-watt lamp gives

, or 4666 + Lumens per bay.

5520 lumens, so that would do very well for this

job.

It will be well to review this problem until you
thoroughly understand each step of it and the rea-
sons for using each of the factors we applied in
calculating the spacing distance, size of bays, num-
ber of outlets, size of lamps; as these are the im-
portant factors in any commercial illumination

roblem. Once you have obtained an understanding

Athese fundamentals and a little practice in using
them in the simple formula given here, you should
be able to lay out a practical illumination job very
easily.

174. STANDARD ILLUMINATION INTENSI-
TIES IN FOOT-CANDLES

For your convenience in determining the proper
illumination intensity to use for various classes of
work and different buildings, a list of the standard
foot-candle intensities for the most common classes
of lighting is given here:

RECOMMENDED FOOT-CANDLE

INTENSITIES
COMMERCIAL INTERIORS
Auditoriums ... ST 3to 5
Automobile showrooms 10 to 20
Banks 10 to 20
Barbershops 10 to 20
Bowling alleys (general).......cccounen...... 8to 10
On pins 20 to 30
Pool and billiards (general)........................ 8to 10
On tables 20to 30
OFFICES (private and general).............. 10 to 30
Close work 20to 30
No close work 10 to 20
File rooms 8to 10
Vaults 8to 10
Reception rooms 8to 10
RESTAURANTS 8to 10
SCHOOLS 8to 30
Auditoriums 8to 10
Drawing rooms 20 to 30
Laboratories 10 to 20
Manual training rooms 10 to 20
Study rooms and desks 10to 20
STORES
General 10 to 20
Automobile 10 to 20
Bakery 10 to 20
Confectionery 10 to 20
Dry goods 10 to 20
Grocery 10 to 20
Hardware 10 to 20
Meat 10 to 20
Clothing 10 to 20
Drugs ...... 10 to 20
Electrical 10 to 20
Jewelry 10 to 20
Shoe 10 to 20

SHOW WINDOWS
Large cities

Downtown 100 to 200
Outer districts 50 to 100
Neighborhood stores .......ceeceeeee. 30 to 50
Medium-sized cities
Downtown 50 to 100
Outer districts 30 to 50
Small towns 30 to 50
THEATRES
Auditoriums 3to 5§
Foyer 8to 10
Lobbies 10 to 20




Factory Lighting

232 Mlumination.
CHURCHES
Auditorium 8to 10
Sunday-school rooms 10 to 20
Pulpit or rostrum 10 to 20
Art-glass windows 30 to 50
INDUSTRIAL INTERIORS
ASSEMBLING
Rough 8to 10
Medium 10 to 20
Fine 20 to 30
Extra fine 50 to 100
MANI"FACTURING
Screw machines ..o 10 to 20
Tool making 20 to 30
Inspecting 50 to 100
Drafting roooms 20 to 40
ELECTRICAL MANUFACTURING
Battery rooms 8to 10
Armature winding 12to 20
Assembly 10 to 20
FOUNDRIES 10to 20
MACHINE SHOPS
Rough work... e 8to 10
Grinding and polishing......cooeneeececececeec. 10 to 20
Fine machine work and grinding......... 20 to 50
TEXTILE MILLS 10 to 30
ENGRAVING 25 to 100
JEWELRY MANUFACTURING .......... 50 to 100

This list of recommended illumination intensities
will give the proper values for most any kind of
ordinary illumination. While it does not, of course,
mention every possible class of work, a general
study of the intensities required for the various
types of work covered will enable you to determine
the proper intensities to use on almost any problem
you may encounter,

The lower values given in the list are the mini-
mum values for efficiency in the class of work for
which they are given. The higher values are recom-
mended as the best practice where maximum effici-
ency is desired.

When we sum up the recommendations given in
the foregoing list, we find that a good general
division of proper intensities to keep in mind is
as follows:

5 to 10 FOOT-CANDLES

Suitable for coarse wnrk, such as rough assem-
bly and packing. Sufficient for warehouses,
stockrooms, aisles, etc. This is enough light to
prevent a gloomv appearance.

10 to 15 FOOT-CANDLES

Considered good lighting for most kinds of
work on light-colored surfaces, but is not suffi-
cient for fine details on dark-colored surfaces.

15 to 25 FOOT-CANDLES

Excellent lighting. Permits quick and accurate
work, and stimulates workmen and speeds un
production enough to more than pav for the
small extra cost of the light.

50 to 100 FOOT-CANDLES

Needed only for extremely fine and accurate

operations, inspection, etc. Generally used only
at local spots where needed, and along with gen-
eral lighting of lower intensities.

Another good general rule to remember is that,
for ordinary factory lighting, 200-watt lamps in
standard R.L.M. reflectors and spaced 10 ft. apart
will usually give very satisfactory lighting. The
R.L.M. dome is a common type of unit which is
approved by the Reflector and Lamp Manufacturers
Association, and is very commonly used in indus-
trial lighting.

If there are certain sections which require more
light, larger bulbs can be used in the units at these
points, provided the outlets are wired to stand the
increased load. For this reason it is usually better
to install wires plenty large enough to carry a cer-
tain increase of load in case of future improvement
in the lighting.

Observing the lighting needs and selecting and
recommending the proper illumination intensities
for various buildings and classes of work is a very
interesting and profitable field, and should prove
very easy and enjoyable work for the man with a
good understanding of the fundamental principles
of illumination covered in this section. Practice
using the tables and simple formulas, until you can
use them easily in planning any ordinary illumina-
tion system. Fig. 188-B shows a splendid example
of good illumination in a machine shop.

175. FACTORY LIGHTING PROBLEM

Suppose we have a job of lighting a factory room
55 ft. wide, 100 ft. long, and 17 ft. high. The work
to be handled is not very fine, the material is light-
colored, and the owner desires good illumination,
which in this case should be obtained with an in-
tensity of about 12 foot-candles.

Let us say the average working plane is about
30 inches, or 2¥ feet, from the floor; and that the
lighting reflectors chosen will hang down 215 feet
from the ceiling. Then if the room is 17 ft. high, the
mounting height will be 17 — 5 = 12 ft.

We decide to use the maximum efficient spacing
distance, which we have learned is 1% times the
mounting height. Then 114 X 12 = 18 ft. spacing
distance.

Each light bay will then be 18’ X 18’ or 324 sq. ft.
This figure will be approximate and may need to
be corrected to suit the shape of the room, for even
rows of lights. Then, to find the number of outlets,
we can divide the total floor area by the square feet
per bay. The floor area will be 55 X 100" = 5500
sq. feet. Then 5500 <+ 324 = 169+ ; or, we will say,
17 outlets.

Now, as our room is nearly twice as long as it is
wide, a good uniform arrangement will be the three
rows of 6 outlets in each, or 18 outlets. This wil
be one more than our figures call for, but when bal
ancing up the rows for appearance, it is always bet-
ter to add a light or two than to remove any. See
the lavout for this problem in Fig. 189. This ar-




IHlumination.

Office Lighting 233

rangement will give a spacing of 1814 ft. between
the rows of lamps, and 1624 ft. between the lamps
in the rows. It also leaves a space of 91 ft. be-
tween the rows and the walls on the sides, and 8%
ft. at the ends.

Now that we have decided upon the number of
outlets, our next step is to determine the exact
number of sq. ft. per bay. So we will divide the
total floor area by the number of outlets, or 5500
+ 18 = 305.5+ sq. ft. per bay.

Before we can complete our problem and deter-
mine the number of lamp lumens required per bay
to maintain 12 foot-candles of illumination, we must
consider our utilization and depreciation factors.
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Fig. 189, This sketch shows the arrangement and spacing of lights
for a practical factory lighting job.

We will assume that we are going to use steel
dome, porcelain-enameled reflectors, and that the
walls and ceilings of the room are both light-col-
ored.

By referring to the table in Fig. 184, we find that
for this fixture used with light walls and ceilings,
and in a room whose ratio of width to height is
about 2, the utilization factor is .57. Then, using
1.4 as our average depreciation factor, our problem
can be completed by the formula for lumens, which
we have previously used.

12 F.C. X 305 B.A. X 14 D.F.
L=

57 C.U.

In which we will recall—

F.C. = Desired foot-candles
B.A. = Bay area in sq. ft.

D.F. = Depreciation factor
C.U. = Coefficient of utilization

Working out this formula with our figures for
this job, we find it gives 8989.4+ lumens required.
Then, from the table in Fig. 164, we find that a
500-watt lamp gives 9800 lumens, so it will be
plenty large enough for this job.

If the glare from bare bulbs in these units should
be objectionable to any of the operators, we can
install bowl frosted lamps.

The upper view in Fig. 190 shows what happens
when lighting units are spaced too far apart. This
pyoduces contrasting spots of bright light with
shadows in between, and is very poor practice. The
lower view shows the more uniform illumination
obtained by proper spacing of the units at distances
not to exceed 134 times their mounting height.

176. OFFICE LIGHTING PROBLEM

In another problem, suppose we have a room
92 ft. square and 13 ft. high which we wish to
illuminate to an intensity of 10 foot-candles, with
indirect lighting fixtures. Assume the working
plane to be 3 ft. from floor.

When using indirect fixtures, we will remember,
our source of light is considered to be at the ceiling,
so in this case we do not subtract the length of the
fixture from the ceiling height to obtain the mount-
ing height. Instead, we subtract just the height of
the working plane; so 13 — 3 = 10 ft., which will be
the mounting height.

In this case we will‘use the proper spacing dis-
tance for maximum efficiency, which is the same as
the mounting height, or 10 ft. Then the first esti-
mate for the bays will be 10 X 10 or 100 sq. ft.

The total floor area is 92’ x 92' = 8464 sq. {t. Then
the estimated number of outlets will be 8464 + 100
= 84.6+.

As the room is square, we can use 9 rows of
9 lights each, or a total of 81 outlets; which is
close enough, because we are using close spacing
anyway.

Now to get the accurate number of sq. ft. per
bay, we divide the total floor area by the chosen
number of outlets, or 8464 + 81 = approximately
104); sq. ft. per bay.

We will assume the walls and ceilings to be light-
colored, as the ceilings should certainly be to get
reasonable efficiency from indirect fixtures, with
which the light must be reflected from the ceiling.

A0 fect

Fig. 190. Note in the upper view the very undesirable effect of uneven
|llummat|on. which results from spacing lighting units too far apart.
Below is shown the much more efficient lighting obtained with
proper spacing distance.

Referring to Fig. 184 again, we find the coefficient
of utilization for indirect fixtures and light-ceilings
and walls is .42. This is for a room of 5 to 1 ratio
of width to ceiling height; as the one in our problem
has a ratio of about 7 to 1, or 92 <+ 13. But the
table only gives these ratios up to 5, and we will
recall that on ratios above 5 the difference is very
little anyway.

With indirect fixtures, the depreciation factor is
likely to be rather high unless both the fixtures
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and ceiling are kept very clean; so we will use

1.6, or the maximum average depreciation factor.
Then our final problem can be stated in the for-

mula:
— 10 X 104.5 X 1.6, or 3981-lamp lumens
42 required.
From the table in Fig. 164, we find that the next

size larger than this is a 300-watt lamp, which gives
.5520 lumens. This is more than our estimate calls

for but it is a good general rule always to select a -
lamp with the next larger rating in lumens, rather
than to use one smaller.

Of course, if we find that for a certain layout
the next larger lamp has a considerably greater
lumen output than is actually required, we can, if
desired, rearrange the layout to slightly increase
the spacing distance and size of bays. But, in gen-
eral, it is a good plan to have a little extra light,
to keep it up to standard after the bulbs and hxtures
start to depreciate.

Another thought to always keep in mind, is that,
while a certain illumination system may be con-
sidered excellent today, in a year or two it may be
desired to increase the intensity considerably with
improving standards.

Fig. 191 shows a well-lighted store in a medium-
sized town, using 500-watt lamps on 10-ft. centers.

For store and office lighting, it is general prac-
tice to use direct-diffusing, indirect, or semi-indirect
fixtures. Both the opal glass bowls and prismatic
glass are quite popular.

In office lighting jobs, one should always inquire
whether the present layout of desk, equipment, and

Fig. 1. Amlll!‘hhdoﬁeo,uchunhvnlbovo,p-mlhmuchhlhrlndmmoﬂdmtvwkvlﬂlbucnnﬂhfwm
also provides which

a more cheerful atmosphere

imaproves tha morale of

those working in such places. (Photo Courtesy Light
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small private offices is permanent or not. Many
offices change these things around quite frequently,

nd in such cases good general lighting which is
sufficient for almost any work or condition in the
office will save a lot of trouble and remodeling of
the lighting system.

Fig. 192 shows a very good office lighting system
using enclosed glass bowls, which diffuse the light
nicely over the desks and equipment.

Fig. 193 is an installation of indirect lighting
units, which shows the soft even light distribution
obtainable with such fixtures and the absolute free-
dom from glare or noticeable shadows.

ig. 193. This office is lighted with indirect units wbich are ideal for
avoiding all glare and shadow effects. (Pboto Courtesy Light
Magazine).

177. SHOW-WINDOW LIGHTING

Show-window lighting is a branch of store light-
ing which has proven to be one of the best sales
stimulants that the modern store has. On busy
streets where large numbers of people pass by, a
well lighted show window with goods interestingly
displayed will attract a great amount of attention to
a store that many people might otherwise pass by.

A number of tests made on stores with various
show-window lighting intensities showed the inter-
esting average results listed in Fig. 194.

In show-window lighting the light sources should
be concealed, as we must remember it is not the
lights the store owner wants to sell but rather the
goods the light is to shine on.

Effect of lighting mtensities om show wimdow results

e L e R e
ensity stopping on sales cost qaim
15 750 3.5 cents.

L 40 33% 1000 | 15 - 2.46
100 73% 13.00 18 5.6

Fig. 194, The above table sbows the results obtained with different
lighting intensities in show-wind Sucb tests as this certainly
‘ prove that good show-window lighting pays.

The reflectors should be set so their light shines
downward and back into the window, in order to
put proper light on the side of the objects which
faces toward the customer. The light should never
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Fig. 195. This illustration shows how the light should be directed on
the objects displayed, and not toward the window or observers.

be directed toward the window glass or passers by,
as it would then have a tendency to cause glare in
people’s eyes and defeat its entire purpose. Fig. 195
shows how a lighting unit can be concealed in the
front top corner of the window, and the manner in
which it should distribute its light rays over the
depths of the window.
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Fig. 198. A common type corrugated glass show-window reflector. Note
bow the light distribution curve compares with the desired angle of
ligbt shown in Fig. 195.

178. SHOW-WINDOW REFLECTORS

Fig. 196 shows a typical show-window reflector
of the corrugated glass type, and also its curve of
light distribution and the manner in which its shape
directs the light to fit show-window needs.

Fig. 197 shows two of the corrugated glass show-
window reflectors with silvered and painted outer
surfaces. The one on the left is shaped to throw
the light down and slightly back into a shallow win-
dow, while the one on the right is curved to direct
the light farther back into deep show-windows.

Fig. 198 shows a group of show-window reflectors
mounted behind the concealing curtain, as men-
tioned before. A row of 150-watt lamps in such
reflectors as these, spaced on 12-inch centers, will
give excellent show-window lighting. If the same
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Fig. 197. Mirrored glass show-window reflectors with different shapes,
to properly direct the light in windows of different depths.

sized lamps and reflectors are spaced on 18-inch
centers, it will give good lighting, and on 24-inch
centers fair lighting.

Foot-candle intensities for show windows were
given in the list in Article 174.

Fig. 198. This photo shows the manner in which show-window reflec-
tors should be mounted and concealed for best results,

179. SPOT AND COLOR FLOOD LIGHTS

Proper use of special show-window flood lights
and colored spot lights on certain objects will give
very beautiful and attractive effects that in prac-
tically every case will pay well for the cost of in-
stalling and operating. Fig. 199 shows an adjust-
able show-window flood light with a detachable
color screen which can be fitted over it. A number
of different color screens can be obtained at very
low cost, to make changes in color effects, and to
keep up interest in a window display. Fig. 200
shows a spot light on the left, and on the right is a
small reflector used for lighting display cases in
store interiors.

Fig. 199. Adjustable flood lights with colored screens can be used
to produce beautiful and decorative esffects.

Fig. 200. On the left is shown a spotlight for concentrating bright
light on certain objects in show-windows. The small reflector on the
right is of the tyoe commonly used in glass counters and display
cases.

180. COUNTER LIGHTING

For lighting display cases and interiors of glass
counters we can also use compact tubular reflectors
with special long slender bulbs made for the pur-
pose. These reflectors fit neatly under the wood or
metal corner frames of the counters, so they do not
obstruct the view or create a bad appearance in the
case. Fig. 201 shows the method of installing this
material in a glass show-case. Fig. 202 shows several
different lengths of these trough-like reflectors and
a number of the fittings used with them. The wires
can be run in special small tubing, some of which is
also shown.

Fig. 203 shows what remarkable effects can
obtained with properly concealed show-windcb
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Fig. 201. Long trough-shaped reflectors with special tubular lamps are
btainable for conveni installation in glass counters as shown
above.
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lights, and properly distributed illumination in the
window.
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Fig. 202. Show case and counter lighting units are made in convenient
sections whi can be easily plugged together for lighting cases
of different lengths.

181. ELECTRIC SIGNS AND BILLBOARDS
Electric signs today are made in such a great va-
riety of styles and types and to produce such beauti-
ful and life-like effects in some cases, that one might
think them very complicated devices. While some
of the larger ones are marvelous pieces of mechan-
ical construction and use very ingenious arrange-
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ments of electrical circuits, they are really not hard
to understand for one who knows the principles of
electric circuits and the general principles of sign
construction and operation.

182, BILLBOARD LIGHTING

One of the simplest forms of illuminated signs is
the billboard type which consists simply of large
flat panels on which are painted the pictures and
words of the advertisement. Many of the illustra-
tions for such signs are made up on large paper sec-
tions and pasted on the boards. This makes it eco-
nomical to change or renew them as desired.

Billboards of this type are quite commonly equip-
ped with electric lights, because, in many cases, they
actually attract the attention of more people when
lighted at night than they do during daylight hours.

Fig. 204 shows the common method of mounting
the reflectors on conduit extensions out over the top
edge of the board. With the reflectors in this posi-
tion they do not obstruct the view of observers, and
they direct their light toward the sign and away
from the observers’ eyes, so that the lights them-
selves are hardly noticeable.
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Fig. 203. This exhibit of Mazda lamps in a show-window of an electric store, shows the very beautiful and decoratively effects which can
be produced by proper show-window lighting. (Photo Courtesy of Light Magazine)
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This is ideal, because it is the sign we want peo-
ple to see and not the lights. This principle is a very
good one to keep in mind in illuminating problems,
as the best results are often obtained by having the
light sources practically concealed, or at least very
inconspicuous; leaving the illuminated object to be
the principal attraction to the eye.

Billboard lights should be mounted several feet
out in front of the boards as shown in Fig. 204,
because if they are placed close to the top edge,
the light strikes the board at a sharp angle and
causes glare and shadows. Mounting them out the
proper distance from the board allows their light
to diffuse evenly over the board.

r S - - =

Fig. 204. This view shows the manner of mounting reflectors on conduit
extensions for billboard lighting. Note how the reflectors are curved
to direct the light on the board, but away from the observers.

In some cases where reflected glare from the
lamps above the board comes at just the exact angle
to strike the eyes of observers who are slightly
below the board, the lights can be arranged out in
front of the bottom edge of the board and pointed
upward, as shown in Fig. 205-B. This method of
mounting can also be used where billboards are
viewed from above and we desire to keep the re-
flectors out of the direct range of vision.

The mounting as shown in Fig. 205-A is to be
preferred whenever it is possible to use it, because
the position of the reflectors keeps their inside sur-
faces and the bulbs more free from dirt and rain.

Billboard reflectors mounted on conduit exten-
sions should usually be braced with steel wires
running to the top of the board, to prevent the
wind from blowing the reflectors sidewise.

183. ELECTRIC SIGNS, CONSTRUCTION
AND OPERATION

Many electric signs are made of steel framework
covered over with sheet metal. These can be made
in square, round, high narrow, or long horizontal
shapes; as well as ornamental designs. Some signs
of this type merely have letter shapes cut in the
sheet metal on both sides and covered with opal or
colored glass. Light bulbs inside them cause the
glass letters to show up brightly at night.

Fig. 205. If objectionable glare is produced by mounting the units
above the board as in *"A,” they can be reversed and mounted

Other signs have lamp receptacles screwed into
small round holes in the sheet metal, and bulbs
screwed in these receptacles and projecting out from
the face of the sign. These bulbs can be obtained in
various colors, and arranged in rows to form letters
or patterns of almost any desired shape.

Beautiful action effects can then be obtained by
connecting the bulbs to motor-driven flashers. By
causing groups in sign borders to light up and go
out progressively or in numerical order, they can
be made to appear as though they are actually mov-
ing. thus giving the “chaser” and “fountain” bord
effects, and other action displays so commonly use
on large signs.
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Fig. 2¢. Thus shows connections for a sign flasher to be
used to light the lamps 1, 2, 3, 4, etc., in rotation.

184, FLASHER CIRCUITS

Fig. 206 shows how a flasher can be connected to
light a row of lamps in order, and then extinguis
them in the same order. A motor-driven drum hzb
a number of circular metal segments attached to it;
and arranged with their ends staggered, or one be-
hind the other in a slanting row. A number of
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spring-brass or copper brush contacts slide on these
segments as the drum is rotated. The metal strip
on the left end of the drum may be continuous, or
‘nearly so, in the form of a ring around the drum.
. This ring is connected by a “jumper” to all other
segments, so with one line wire connected to the
left brush contact, all segments are kept alive or in
contact with the lower live wire throughout the ro-
tation of the drum.

If the drum rotates in the direction shown by the
arrow, the segments will strike the stationary con-
tacts in order, from left to right, closing the circuits
to the lamps in order—1, 2, 3, 4, 5, etc. All lamps
are connected by a common wire back to the top
line wire.
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Fig. 206-A. Wiring diagram for two flashers used to obtain combination
effects on an electric sign. The flasher at the left controls the
border lamps only, whille the one on the right controls the letters
of the sign.

Flashers of this type can be obtained with many
dozens of contacts, to be used to gradually spell out
whole words composed of lamps on the sign.

Several flashers of this type with different num-
bers of contacts and operated at different speeds
may be used together on one large sign to get the
various combination effects desired. Fig. 206-A
shows how two flashers are used, one to provide a
“chaser” border effect, and the other to flash the
letters of the word “Eat” on in rotation, and then
all off.

You will note that to produce the motion effect in
the border, it is not necessary to use a flasher with
as many contacts as there are lamps. Instead, these
lamps are connected in parallel groups, so that ev-

ery fourth one is connected to the same flasher con-

‘act. This makes the lamps come on in the order

, 2, 3,4, and also 5, 6, 7, 8, coming on at the same
time; or lamps 1 and § together, 2 and 6 together,
etc. The segments on the drum are usually of the

Fig. 207. Motor-driven sign flasher mounted in weather-proof box.
Flashers of this type are made with different numbers of drum units
and contacts, to produce a great variety of effects.

proper length so that one lamp of the four is out
all the time, and as the drum rotates, the dark
lamp is first No. 1, then 2, 3, 4, and repeat. This
matches up with the next group, as all groups are
operated from the same flasher; so it produces an
appearance of continuous motion around the sign
border.

A large sign may have several thousand lamps
on it, connected in groups to several branch circuits
or return wires, and one wire from each lamp con-
nected to its proper flasher wire.

You can see, however, from Fig. 206-A, that the
manner of grouping the connections simplifies them,
and makes it only an easy matter of circuit testing
to connect each wire to its proper flasher brush.

Fig. 207 shows a photo of a sign flasher such as
commonly used with signs of the type just describ-
ed. Note that this lasher has two separate sections,
and rotating segnients made of strips of brass or
copper bent to shape and attached to the shaft-like
separate wheels. Iig. 208 shows a large sign which
uses this type of flasher.

Fig. 208. Large signs of the above type often use several flashers, and
:ﬂ:co:::.bhnuon of lamps and Neon tubes to produce very beautiful
Sign lamps are often mounted in sheet metal

channels or troughs which have the inner sides and

back painted white. This gives a more sharply
defined shape to letters and figures, as it prevents
the light from spreading so much. Very striking
effects can also be produced by using lamps under
black inverted trough-shaped letters, mounted so
they stand out slightly from a white background

as shown in Fig. 209.

Many large flasher signs also have lighted bill-
board areas combined with the motion effects. Some
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Fig 209. Very attractive :lf’m can be made with inverted trough units,
to produce outstanding black letters on white background as shown
ve.

of the largest flasher signs which have special “mov-
ing letters”, or continuous reading effects, use a
paper roll with holes punched in it, similarly to a
player piano roll. This paper is in the form of an
endless belt, and is drawn slowly along between a
large metal plate and a “bank” of small contact
“fingers”. The holes in the paper are arranged in
the form of letters or shapes which are to travel
across the sign. The sign face has a bank of lamps
arranged in rows both ways, the same as the con-
tacts are; so as groups of contacts drop through
the holes in the moving paper and strike the metal
plate completing their circuits, corresponding lamps
light up on the sign.

Fig. 210 shows the arrangement of the contacts
and lamps, and the method of connecting them. The
wires are grouped or cabled together hut can be
easily traced from the contacts to the lamps and
you can see that any contact that is allowed to
touch the metal plate will close a circuit to a cor-
responding lamp.

The sketch in this figure shows only a compara-
tively few lamps, but on a sign of this type they are
so numerous and close together that almost any let-
ter or figure can be made to light up by having the
groups of holes punched in the paper in the desired
shape. Then as the paper moves and the holes slide
from one set of contacts to another, the lighted let-
ter on the sign shiits from one set of lamps to the
next and moves across the sign.

Fig. 211 shows a splendid example of the adver-
tising value and beautiful effects of combined elec-
tric sign and decorative hghts on the front of a
theatre building.

185. NEON TUBE SIGNS

Neon gas signs are very attractive and the pecu-
liar reddish color is one that attracts the eye and
penetrates foggy or smoky atmospheres very effect-
ively.

These signs are made of long glass tubes which
are bent into the shapes of letters or figures de-
sired, and then filled with neon gas. They are then
sealed air and gas tight and mounted on a back-

ground or frame, or in some cases in sheet metal
channels or trough letters.

Neon is a rare gas which is extracted from the
air where it exists in very small quantities. When
high voltage electricity is passed through it, it glows
with the peculiar reddish hue already mentioned.
Neon tubes are operated at voltages ranging from
5000 to 20,000, according to the size and length of
the tubes.

These high voltages are usually obtained by use
of small step-up transformers right at the sign, and
the high voltage wires must be very carefully in-
sulated along the sign framework.

One special neon sign transformer delivering 30
milliamperes at 15000 volts will operate about 60
feet of ordinary neon tubing, or 30 feet of blue tub-
ing using argon and helium.

Some of the smaller signs of this type are oper-
ated with ordinary spark coils, but their light is not
as steady as that of signs operated with transform-
ers. .
One of the particular advantages of neon signs
is that the tubing can be heated and bent to form
letters written out in complete words, and also
the most intricate curves and designs for decorative
figures.

Metal ‘Plate

Fig. 210. The above diagram illustrates the principle of signs with
traveling reading matter. Note how each contact on the paper
belt is wired to a lamp in a corresponding position on the sign
above.

In addition to neon gas, some signs use tubes with
mercury vapor, which give a beautiful blue color
when high voltage is applied to them. Green colo
is obtained with mercury vapor in amber colored
glass tubes. By using helium gas and amber colored
glass, gold, pink and other colors can be obtained.
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Various letters and sections of tube signs can be
operated with flashers, and some large signs use
a combination of neon and mercury vapor tubes
with various colored incandescent lamps, to create
some very beautiful and striking effects.

A little farther along in this section of Illumina-
tion will be explained in detail the operation of neon

signs.

Fig. 21). This photo of the front of a large theatre shows what
beautiful effects can he obtained by the use of flasher signs and
lights on the building itself.

186. SIGN WIRING, AND CONSTRUCTING
SMALL SIGNS

Electric signs are one of the most profitable forms
of advertising illumination, and in many localities
offer a very good field for the trained man to install
or service them.

Sign manufacturers will make almost any type or
design of metal sign to the specifications of the
customer or electrician. You can also build the
smaller ones very easily in your own shop if you
desire.

The frame should be of angle iron, and covered
with substantial sheet metal to form a box of the
desired shape and size. The letters and figures can
be painted on, after the sign has had a coat of
weather-resisting paint.

A color combination that serves well both for day
and night visibility is a dark blue background with
white letters. If the sign is to be lighted with bulbs,

cut 114" round holes in rows along the letter shapes.
Two-piece threaded sign receptacles can be screwed
tightly into these openings. Then wire up the re-
ceptacles, either in parallel or with one common
wire and separate wires to a flasher if desired. All
connections, including the binding screws on re-
ceptacles, should be soldered to prevent corrosion.

Then the connections, backs of receptacles, and
all exposed metal edges should be covered with a
good coat of weather-proof paint or sealing com-
pound. If the sign is large its circuits should be
divided so that none carries over 15 amperes, and
each circuit should be fused separately.

In small towns one can often have the local tin-
smith or metal shop build the sign bodies, and a
sign painter decorate them. In this case the elec-
trician can wire and hang them, and share the
profits.

In hanging signs over sidewalks, they should be
fastened very securely so there will be no chance of
their ever falling and injuring anyone. They should
be bolted to a substantial part of the building and
braced with chains from above and both sides.

The local authorities should also be consulted on
their rulings before any signs are hung over public
walk-ways.

187. FLOOD LIGHTING

Flood lighting of building exteriors is another in-
teresting branch of advertising illumination. It is
a particularly attractive form of display on build-
ings having light-colored walls and good appearing
architecture.

Flood lights on buildings are usually concealed
on a ledge or balcony of the building so their rays
are directed upward and at the proper angle against
the sides of the structure.

They should never be placed in a position where
they can shine into the eyes of passers-by.

Fig. 212 shows several styles and sizes of flood
light Projectors. Note their weather-proof housings
and adjustment feature, to allow them to be “aim-
ed” or pointed at the area to be lighted.

Fig. 213 shows the shape of the concentrated
beams thrown by shallow-type reflectors and also
those from deeper reflectors which spread the beams
over a greater area.

In many cases where it is not convenient or pos-
sible to locate flood light projectors on the same
building they are to light, they are located on some
other building nearby, and perhaps across a street.

For best efficiency, the beams must be able to
come from a short distarice out from the vertical
walls, rather than be directed too nearly parallel
with the walls they are to light. Certain effects,
however, can be produced by units quite close to
the walls or columns to be lighted.

Fig. 214 shows a row of powerful flood lights on
the parapet of a skyscraper, and used to light the
narrower portion of the building which projects
on up from this level.

Beautiful effects can be obtained by properly
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— : Fig. 215 shows the effect of flood lighting on the
’ top of a large office building.

Flood lights are also very extensively used for
lighting railway yards, race tracks, bathing beaches,
and places where construction work is being done
at night. In public parks flood lights are often used
to illuminate fountains and monuments, with very
beautiful results. Fig. 216 shows an illuminated
fountain which uses water-proof projectors mounted
right in the water. In the background is a beautiful
example of flood lighting on a tower.

|
|

Fig. 214. This photo shows a row of flood light projectors in use on
the top of a skyscraper office building. (Photo Courtesy Li.h'

Magazine).

Fig. 212. Several types of flood light projectors. Note the weather-

proof construction and adjustment features of these units.
using mixed colors on buildings of striking architec-
ture, and also by use of “dimmer rheostats” auto-
matically operated by small motors in connection
with automatic tilting mechanisms, to cause chang-
mg and moving colors to play over the building.

The deeper-colored lights such as red and blue
are, of course, not as efficient as the white or amber
ones, because the color lenses absorb some of the
light. The effects obtained with colors, however,
are well worth the extra cost.

=
= Fig. 215. This building is a very good example of the beautiful effects
obtainable with modern flood lighting. (Photo Courtesy Light
- Magazine).
- 188. STREET LIGHTING
- Street lighting is becoming so common that many
o of us fail to notice or appreciate it any more. But
when we think of the benefits derived, in the reduc-
= tion of accidents and increased business on well
_ > lighted streets, and that in many of the larger cities
= great lamps of 1000 to 3000 watts each light the
A streets nearly as bright at night as in the daytimec.
‘ -— we find it is really a wonderful branch of electri
; I e illumination. The installation and maintenance of
®. 213. This diagram shows how reflectors with shallow or deeper street lighting systems furnish profitable employ-

iy 2» be made to concentrate or spread the beams of light as ment to great numbers of trained electrical men,
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Fig. 216. The fountain in the foreground is illuminated by flood lights
ﬂaced within its bowl, and in weather-proof projecters. In the
ckground is shown a well flood-lighted tower.

and in the small and medium-sized towns often pro-
vide a worthwhile contract for some alert graduate
who can convince the officials of his home town that
better street lighting pays.

Arc lamps, which were formerly extensively used,
are being rapidly replaced by Mazda lamps, because
of their greater simplicity and rehability.

\Where arc lamps are still in use, it is a simple
matter for the trained man to make any necessary
adjustments on their coils and mechanisms which
feed the carbons as they burn away, or to locate
any trouble on the system.

Incandescent lamps of from 200 to 2500 watts or
more are commonly used for new street lighting
installations.

189. SUSPENSION TYPE UNITS

For overhead lighting systems in small and me-
dium-sized towns, clear lamps of 200 to 500 watts
or larger are often placed in simple reflectors of the
type shown in the lower left view in Fig. 217. These
units are then suspended from overhanging arms
on poles, or hung from steel wires stretched across
the street between poles or buildings. Reflectors
of this type are low in cost, and when mounted at
the proper height, provide quite effective lighting.

‘hese bare lamps, however, are the cause of a cer-
4in amount of undesirable glare and shadows.

Directly above the reflector in Fig. 217 is shown
a swivel cross-arm used for hanging such reflectors.
The porcelain insulators on the ends of the arm are

for the purpose of attaching the wires of the lamp
circuit.

On the right in Fig. 217 is shown a street lighting
unit of the medium-priced, enclosed type which is
also for overhead suspension. These units soften
and diffuse the light and produce more even illumi-
nation, with less glare and shadows.

Fig. 217. Above are shown two types of street lighting units and
also a swivel cross arm or hanger used in their mounting.

Fig. 218 shows two types of *“cutout” or “discon-
nect” pulleys for use with overhead street lights.
These pulleys allow the lamp to be lowered for
cleaning, inspection, and repairs. When the lamp
is lowered by releasing its supporting chain or rope,
it is disconnected from the line by the prongs of the
cutout pulley dropping. out of their sockets. This
makes the lamp safe to work on, and when it is
pulled back in place, a guiding device causes the
connecting prongs to slip back in their clips as the
lamp is drawn up tight in the cutout head.

Fig. 218. Cut-out pulleys used for disconnecting and lowering street
lights for cl and inspecti

190. POST TYPE UNITS AND STREET
LIGHT CIRCUITS.

Where more elaborate street lighting is desired,
enclosed glass units on top of posts at the side of
the streets are commonly used. Fig. 219 shows
several styles of these units both for single and
double lamps.

Street lights are commonly connected in series
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on high-voltage circuits, to make possible the use of
smaller wires, as the distances between them are
considerable. You will remember that when devices
are connected in series the current is the same in
all parts of the circuit, and that which flows through
one device flows through all the others as well.
These circuits are often operated on 2300 volts and
higher, so the wires must be well insulated, and
considerable care should be used in working around
such circuits. We can now see the advantage of
using cut-out pulleys when working on these lamps.

Fig. 219, Hollow concrete or metal posts with large globes, as shown
movc. are used in many of the better nppu'rl.n: nt:;ot lighting

191. SERIES LAMP “CUTOUTS”

On the older series street-lighting circuits, if one
lamp burned out, all lamps on that circuit went out,
because they were all in series. Nowadays there
are in use special sockets which have short-circuit-
ing springs that cut out the lamp if it opens the
circuit. Fig. 220 shows a sectional view of a socket
of this type from which the operation of prongs
can be easily understood. A thin film or strip of
insulating material is placed between the tips of
these spring contacts and remains there as long as
the lamp is in good condition.

If we have, for example, a circuit of 100 lamps
in series and 2300 volts is applied to this circuit,
the voltage drop across each lamp when operating
will be about 23 volts. This voltage drop we know
is proportional to the current flow and to the lamp
resistance. This low voltage will send current
through the lamp, but will not puncture the insulat-

ing film in parallel with the lamp. However, if a
lamp burns out and opens the circuit, all current
momentarily stops flowing. With no current flo
ing there is no voltage drop at any of the lamps,
and the full 2300 volts will be applied for an instant
across the springs of the lamp which has opened
the circuit. This voltage is high enough to puncture
the insulating film and burn it out, thus shorting
the defective lamp out of the circuit, and allowing
the others to operate once more.

Special transformers at the sub-station compen-
sate for the reduced resistance and voltage drop
due to the loss of the one lamp. These will be
explained later in the section on transformers,

Instead of applying the high voltage of the line
circuit directly to the lamps and sockets, many
modern series street lighting systems use small
transformers at each lamp to reduce the voltage for
the filament. All of these transformer primaries are
connected in series, as in Fig. 221. This increases
the safety and reduces lamp socket insulation costs.
It also permits the use of lamps with filaments of
larger diameter and lower resistance. They are,
therefore, stronger and more rugged and also of
higher efficiency.

The current through these low-voltage lamps
may be from 6 amperes to 20 amperes, or more
on the different sizes; and they are made for volt-
ages from 6.6 to 60.

Wiring for street lights can be run on the pol
where suspension type units are used, and unde
ground for better appearance with post type units.
Underground wiring can consist of lead covered
cable buried in a trench and run up through the
hollow poles to the lamps, or of rubber covered
wires or lead covered wires in underground ducts
of tile or fibre conduit.
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Fig. 220. This sketch shows a sectional view of a socket and “film
cut-out” used with series street lamps. Note how these cut-out
lrrinn on contact cli_m. short circuit the shell and center terminals
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Fig. 221. This diagram shows the of series street
hghting transformers which are used to reduce dn voltage at each

light.

192. MOTION PICTURE LIGHTING

Electric light is used on a tremendous scale in the
motion picture industry, both in the photography
and in the operation of projector machines in thea-
tres; and the lighting of the theatres themselves.

In the taking of motion pictures there are used
some of the highest foot-candle intensities that are
encountered in any branch of illumination. While
it was formerly thought that such pictures had to
be taken in sunlight, powerful electric lights now
reproduce effects of sunlight or daylight in almost
any required intensity.

‘Arc lamps were formerly used very extensively

and still are to some extent, as the color of their
light rays is particularly good for exposing the
older types of film. However, there has been devel-
oped a new type of film that is sensitive to the
yellow and white rays of incandescent lamps, and,
therefore, these lamps because of their quieter and
cleaner operation are rapidly replacing many of the
arc units. Mazda lamps require much less atten-
tion and adjustment than arc lights, and provide a
steadier light. Their quieter operation is a great
advantage in their favor for the filming of talking
pictures.

The constantly changing lighting requirements
on various movie “sets” and the care and main-
tenance of the lighting units provide a great field
of fascinating work for trained electrical men who
know practical illumination.

Single lamps of 10,000 watts each and larger are
commonly used in motion picture photography, and
“banks”, or portable units, consisting of 4 to 12 or
more lamps are used.

An interesting problem, and one which will help
you to realize the size of this equipment, will be
to calculate the current that will be required by two
banks of six 10,000 watt lights each, and two single
20,000 watt lights if they are operated on a 110-220
volt, three-wire circuit. Also determine the size
of cable necessary to carry this current to the lights
in a temporary location 150 feet from their gen-
erator, with not over 5 volts drop.

AVIATION LIGHTING

The aviation industry is fast becoming one of
the heavy users of modern and efficient electric
illumination.

A great deal of night flying as well as daylight
flying must be done to maintain fast air-mail and
passenger schedules, and the safety of night flying
depends on electric illumination in many ways.

Aviation lighting can be divided into the follow-
ing classes:

Airport lighting
Route beacons
Lights on planes

Many millions of dollars have already been spent
1n airport lighting, and it is undoubtedly safe to say
that within a very few years every town of any
size in this country will have a lighted- airport.

193, AIRPORT LIGHTING EQUIPMENT

A well-lighted airport requires the following
equipment:
Landing field beacon light
Landing field flood lights
Boundary lights
Obstruction lights
Approach lights
Illuminated wind-direction indicator
“Ceiling” projector
Hangar lights
Shop lights.

Many of these lights are rated by government
standards, and the airports are given ratings by the
government according to the type and completeness
of lighting equipment used.
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194. AIRPORT BEACONS

The purpose of the airport beacon is to direct
pilots to the airport. These beacons are rotating
or flashing searchlights of 15,000 to 100,000 candle-
power, and are usually mounted on a tower or on
the top of one of the hangers, so their beams will
be unobstructed in all directions. If a flashing
light is used, the flashes should not be less than
1/10 of a second in duration, and should be fre-
quent enough to make the light show 10 per cent
of the time. Beacon lights for airports or route
beacons usually have two bulbs mounted on a
hinged socket base, so if one bulb burns out the
other is immediately swung into place by a magnet.
This is necessary to make these units dependable
at all times.

:

Fig. m.Onthohhhlhml!ysalrouﬁngbum,luchuuud
at airports and :l routes. On the right is a view of the double
lamp mechaniam, which swings a new lamp in place if the one in
use bums out.

Fig. 222 shows on the left a beacon light unit
mounted on the case which contains the revolving
motor and mechanism. On the right is shown the
double lamp unit which can also be seen inside the
light at the left. This light has a 24 inch diameter,
and uses a 1000 watt, 115 volt bulb, and develops
2,000,000 beam candlepower. Such a light can be
seen by the pilot from a distance of 10 to 35 miles
in fair weather, and is a great help in guiding him
to the airport.

. 228. This ) hndln‘ﬁld bhas a lens similar to those
H‘Uod hmllthtll.:u‘:u, - “stw-.WMhrm
nee

195. LANDING FIELD FLOOD LIGHTS
Landing field flood lights are used to illuminate
the surface of the landing field, in order to enablr

pilots to land their planes safely. In landing
plane it is very important for the pilot to be able
to see the ground and judge his distance from it,
also to see the length of the field or runways on
which he has to bring the plane to a stop.

Fig. 24. A hndin¢ ﬁcld lighﬂ
ps mounted beh
light over a wide lrn

unit which has a number of powerful
front, in a manner to spread their

Flood lights should also illuminate the field well
enough to show up any uneven surfaces. Some
fields are lighted by several different flood lights
located on opposite sides of the field, while others
use a bank or group of lights located near the
hangars. Sometimes a large portable light is used
so it can be moved about by hand on a light weigl
wheeled truck. Fig. 223 shows a unit of this last
mentioned type.

Fig. 224 shows a large unit in which a number
of lamps are mounted, and you will note that its
shape allows the beams from the several lamps to
spread over a wide angle in order to cover the
entire field from this one light source.

Fig. 225. A number of smaller arranged as sl:own, provide
very effective dhmbuum of lfght over the fie

Fig. 225 shows a number of smaller flood lights
arranged to throw their separate beams over t?

field in a wide spread fan shape. Whatever ty

of flood lights are used, they should light the fiel
uniformly and without harsh shadows, and their
color should be such that they do not distort normal
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Fig. 228. This photo shows a well-lighted airport at night, and illus-
trates the great advantage and safety feature of such lighting for
night flying.

colors or appearance of objects. They should keep

all light in an upward direction at an absolute mini-

mum, to avoid glare in the pilots’ eyes. For this
reason flood light units are equipped with reflectors
and lenses which spread their beams in a wide angle
horizontally, but very narrow in the vertical plane.

The vertical beam spread is usually not over 5
or 10 degrees, and the units should be so adjusted
that the top edge of this beam does not point above
a horizontal line. Flood light units should be kept

own close to the ground, preferably within 10 feet.

‘ the top of their beams is higher than this it often

1akes the ground surface appear closer to the pilot
than it really is, when he views it from above the
beam.

Fig. 226 shows a well lighted landing field which
is illuminated by a 24 KW floodlight. Fig. 227
shows a bank of smaller 3000-watt flood lights in
action at night.

Fig. 221. This landing field is hted with a group of small flood
lights such as shown in Fig. 225.

The four lamps on the left in Fig. 228 are some
the types and sizes commonly used in airport
flood lights, while the one on the right is of the
type used in beacon lights. Note the special con-
struction of the filaments and sockets of the larger

lamps, and the peculiar shaped bulb of the middle
one, which keeps the glass farther from the heat
of the filament.

Planes should always be landed against the wind,
so as the wind changes the pilot must change his
direction of approach and landing run. For this
reason it is best to have either portable lights, or
lights located on two or more sides of the field,
so the direction of the light beams can be changed
with the wind and avoid making it necessary for
the pilot to ever face the beams.
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Fig. 228. Here are shown a number of

erful lamps of the typs which
are used in airport flood cons.

hts and bea

Fig. 229 shows an excellent layout for permanent
flood lights located around the field and remotely
controlled by switches in a control room at the
hangar. The devices marked “remote controllers”
are magnetically operated switches which close the
circuits to these large lights, as their current would
be too heavy to handle with the push buttons.
Note that parkway cable is used to supply high
voltage to step-down transformers at each light.
This circuit is shown in a “one line” diagram until
it reaches the remote control switches, where the
two conductors are shown separated.

Parkway cable of this type can be buried under
the ground surface 10" or more, and makes a very
good system of wiring for airports, where of course
no overhead wires should be used.
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Fig. 229. Wiring diagram for a very practical and efficient airpert
flood lighting system. The lights are fed by individual transformers,
and all remotely controlled froms one centrel peint.
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196. BOUNDARY LIGHTS

Boundary marker lights are used to indicate to
the pilot, the location of the edges of the landing
field, and are very essential in order to enable him
to judge the length of the field and the proper
place to approach the ground. These lights are
white in color and should be either 25 watt lamps
if connected in parallel, or 600 lumen series lamps.
They should be spaced from 75 to 125 feet apart
for best efficiency, and never more than 300 feet
apart. Boundary lights are to be mounted 30
inches above the ground, and the circuits must not
have over 5 per cent voltage drop at the farthest
points.

Fig. 230 shows three common types of boundary
lights. The one in the center is simply a lamp of
the proper size enclosed in a weather proof glass
globe, and mounted on a special pipe fitting on a
30-inch pipe.

These units on the pipe stems are not very visible
in the day time, so it is well to have a circle of
whitewashed gravel or crushed rock about 3 ft. in
diameter around their bases.

!
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Fig. 230. Several types of boundary lights used for indicating the
line and of the di field at night.

The unit shown at the left in Fig. 230 has a
white metal cone base, which makes it very visible.
This unit uses a prismatic glass globe which is
more efficient than the clear glass, as it directs a
stronger beam of the light upward.

Units such as this and also the one on the right
in the figure can be merely set on the ground and
connected to the circuit by detachable plugs. This
makes an added safety feature in case they are
struck by a plane, as they will tip over easily with-
out doing so much damage to the plane.

197. APPROACH AND OBSTRUCTION
LIGHTS

Approach lights are simply certain boundary
lights that are equipped with green globes to indi-
cate good points of approach to the runways of a
field. They can also be used to indicate wind
direction by turning on only those which are on
the proper side of the field to bring a plane in
against the wind.

Approach lights should have 50 watt parallel
lamps or 1000 lumen series lamps, because their
green globes absorb more of the light.

Obstruction lights are red and should be placed
on tops of all trees, chimneys, water tanks, power

or telephone poles or radio towers which are ncar.

to the landing fields. They should also have 50
watt parallel or 1000 lumen series lamps, and 100
watt lamps are recommended in some cases.

We have mentioned several times the possible
use of either parallel connected lamps or series
lamps for airport lights. Both systems are in use.

The series system has the advantages of lower
cost of copper wire and less voltage drop, par-
ticularly in the longer circuits such as those to
boundary lights or flood lights located on far edges
of the field.

The parallel system has the advantages of being
somewhat safer due to its lower voltage, using
lower cost lamps, and being a somewhat simpler
system, as it doesn’t require sockets with film cut-
outs or constant current transformers.

The selection or choice of one system or the
other would depend to some extent upon the size
or area of the field, the number of lights to be op-
erated, and the distance from the source of current

supply.
198. ILLUMINATED WIND DIRECTION
INDICATORS

It has already been mentioned that planes should
be landed against the wind in order to reduce their
landing speed. Wind direction. indicators are,
therefore, used at airports to show an approachin
pilot the direction of the wind. These are ver
necessary, as his own air speed may make it diffi-
cult for him to tell the wind direction accurately
unless he can see moving clouds or smoke.

A “wind cone” or tapered cloth sack with an
opening in the small end is commonly used for
a wind direction indicator. In other cases a large
wind vane shaped like an arrow or sometimes like
a small plane may be used.

These devices should be mounted on a pole or
tower, or on the top of hangars in some conspicuous
place. To be effective at night as well as during
the day, they should be illuminated from above
by one large reflector and light, or better still by
four reflectors mounted on 2 ft. brackets as shown
in the left view in Fig. 231. These reflectors should
have 150 watt lamps in them, and a 60 watt red
lamp above the unit to serve as an obstruction
light.

In some cases wind cones are lighted from the
inside by a 200 watt lamp and reflector pointed in
their mouth, and free to revolve with the cone as
the wind direction changes.

The right hand view in Fig. 231 shows a “wind
tee” shaped like a plane, and lighted by rows of
bulbs on its wings and body.

199. “CEILING” PROJECTORS

The “ceiling” projector light is used to dctcrmix’

the “ceiling” height. This term applies to the
height of clouds or fog above the landing field.
It is quite important to know this “ceiling” height
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Fig. 231. On the left is shown a wind-cone, with four lights mounted
above it, for illuminating the cons at night. On the right is a wind
tee made in the shape of a small airplane. This can also be illuminated
by rows of lamps on its wings and body.

and be able to report it by radio to aviators ap-

proaching from a distance. This gives them an

idea of how clpse they will have to approach the
ground in order to see the landing field or its
lights.

This information regarding “ceiling” heights can
also be transmitted to various other airports along
the route, either by telephone or radio, thus keeping
the pilot informed of weather conditions at various
airports which he may have to use.

For a “ceiling” light a 500-watt, narrow beam
projector can be used. If this unit is tilted upward
at an angle of 45 degrees with the horizon, then
the spot where its beam strikes the under side of

clouds or fog will be directly above a spot on the

‘round, which is the same distance from the light

unit as the bright spot on the cloud is above the

earth. This can be proven by the fact that the
diagonal of a square is at an angle of 45 degrees
with either its base or vertical side, and, of course, the
base of a square is the same length as its vertical
side. See Fig. 232.
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‘&- 232. This dingram illustrates the method of calculating the height
o of clouds or fog with a ceiling projector.

Other angles can be used, and then with a simple
quadrant and pointer set in the same plane as the
projected beam, and a definite distance away from

[ el

the projector; we can by sighting along the pointer
toward the point where the beam strikes the clouds,
obtain a direct reading of the “ceiling” height.

200. HANGAR AND SHOP LIGHTING

The interior lighting of airport hangars and re-
pair shops is another very important use for electric
illumination. In the handling of planes in and out
of the hangars, and in making repairs on them,
good lighting is a great time saver and promoter
of safety.

In the shops where some of the very critical
repair and adjustment of engine or plane parts
must be made, it is equally important to have effi-
cient illumination. Fig. 233 shows an exterior
view of a well-lighted hangar in the upper part of
the figure, and an inside view below. Industrial
lighting fixtures and principles can be applied to
these buildings.

Fig. 233. The top view shows the outside appearance of a well lighted
hangar, and below is shown the inside of the hangar and the
arrangement of the lighting units.

201. AIRWAY LIGHTING OR ROUTE
BEACONS

The Federal Government requires airway bea-
cons approximately every ten miles along principal
flying routes. These beacons should consist of
projectors at least 24 inches in diameter, using
1000-watt lamps and producing 2,000,000 beam can-
dlepower. These units are kept continually re-
volving at a speed of six revolutions per minute
by a small motor and gear mechanism.

In addition to the revolving beacon there should
be two “On Course” lights with 18-inch, 500-watt
projectors to indicate to the pilot the direction of
the next airport. These course lights can be
equipped with a mechanism to keep them contin-
uously flashing the number of that particular bea-
con in the Morse Code. This also indicates to the
pilot the distance he has progressed along the
course. These lights can be fitted with amber or
red cover glasses, while the rotating beacon uses
a white beam.



250 Mumination.

Airway and Airplane Lights

Fig. 234 shows a typical airway beacon on a
tower which is also equipped with a “wind-cone’".
This particular beacon is located at an interme-
diate landing field. Where beacons of this type
are near to power lines they can obtain the energy
for their lights from these lines. In other cases they
must be equipped with an independent lighting
plant similar to farm lighting plant installations.
These beacons and plants have to be maintained
and inspected by trained men, as their condition and
dependable operation are very important. Imagine
yourself in the place of a pilot, and the great
comfort you would receive from being able to see
at least one beacon ahead at all times along your
route. These airway beacons are a great safety
factor in night flying.

r e —

Fig. 234. This photo shows a typical airway beacon mounted on a
steel :rwer. and also provided th a wind-cone for day-light
use only.

202. AIRPLANE LIGHTS

It may seem rather surprising to talk of lights
on airplanes, as probably a great many people don’t
even realize that planes carry lights. Government
regulations require, however, that every plane
which flies between sunset and sunrise must be
equipped with flying lights, to indicate its position
and direction of flight to other pilots.

These lights consist of small automobile-type
lamps of 18 or 21 candlepower, mounted in stream-
lined pyralin shells. These are mounted on the
tip of each wing, and one on the top of the tail
or rudder. The left wing light must be red and
the right one green, while the tail-light shows clear
white. Government specifications can be obtained
governing the proper angles between these lights.
Airplanes also require lights on the control-board
in the pilot’s compartment. These lights are usu-
ally equipped with a small rheostat so they can
be adjusted to just the right brilliancy to show
the instruments, and in this manner avoid glare
in the pilot’s eyes and enable him to see better in
the darkness ahead.

Many of the larger planes, or planes intended for
night flying, are equipped with powerful landing

lights for use in landing on unlighted fields. These
units use a lamp with a concentrated filament which
requires about 35 amperes. They are, therefore,.
kept switched off when the plane is flying, and
turned on only when needed for use in making a
landing. Otherwise they would place a very heavy
drain on the battery.

Landimg Lamps
35 Amperes
260,000 C.P.

~——

& {
|
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Fig. 235. Simple wiring diagram for lights on an airplane. Trace this
circuit and note which lights each of the switches control.
Ordinary flying lights and landing lights can b

supplied from a light-weight battery carried aboard

the plane. Fig. 235 shows a wiring diagram for
the commonly used lights on a plane, and Fig.

236 shows the mounting of wing tip and rudder

lights, as well as landing lights. The upper part

of this figure shows the tail-light mounted on top
of the plane rudder, in its stream-lined shell. You
will note that the front end of this shell is painted
black while the rear end, or more sharply tapered
end, is clear and allows the light to escape in this
direction. The lower left view shows a wing tip

Fig. 23¢. The top view shows a tail-light mounted on the rudder of an
lane. The two views below show two me of mounting wing
tip lights and landing lghts.
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light for the nght wing, and also a landing light

which is built in, or stream-lined, with the forward
‘edgc of the wing. The lower right view shows a
different form of mounting for the wing light, and
also for the landing light, which in this case is
hung underneath the wing in a stream-lined shell.

This stream lining is exceedingly important, and
every device of an electrical nature or otherwise,
that is attached to the outer surface of any air-
plane, should be stream-lined to prevent air resist-
ance to the forward motion of the plane. The
greater part of this resistance occurs at the trailing
ends or edges of such devices where violent whirl-
ing eddy currents are set up in the air, causing
a sort of vacuum at these ends or edges; so you
will notice that all of these devices taper most
toward their rear ends. This is a very good point
to keep in mind when installing any equipment on
airplanes.

Fig. 237 shows the interior lighting of a large
cabin-type passenger plane. Many of these planes
carry lighting of this nature, which not only makes
them very attractive in appearance but makes it
possible for passengers flying at night to read, play
cards, or otherwise occupy their time.

Where large numbers of lights are used in this
manner the plane is usually equipped with a wind-
driven generator mounted on the outside of

the fuselage, or between the wings, in a stream-
"ned casing and driven by a small wind propeller.

From the foregoing material on aviation lighting.
we can see that this is developing into a tremendous
field for trained electrical men who have a good

knowledge of the principles of electric wiring and
testing, as well as the fundamentals of illumination.

It will be well for every student to keep on the
alert for opportunities in this field, and not to
overlook the possibility of being the first in his
home town to suggest that they provide a well-
lighted airport for the general good of the town;
and possibly get the job of laying out and installing
the equipment.

Fig. 237. The insides of large clbln-type planes are ohen hgh'ed to
gw:hmany of the same ts and con Pullman
coach.

MERCURY VAPOR LAMPS

A special type of lighting unit, which has be-
come very popular and generally used in industrial
plants and large machine-shops, is the Mercury
Vapor Lamp.

Its particular advantage lies in the yellow-green
color of the light it produces. This light is particu-
larly good for certain machine-shop operations, and
the handling and assembling of small bright metal
parts, as well as in textile mills.

Lamps of this type are not intended for com-
mercial or home lighting, but only for such special
applications as mentioned, and where its peculiar
color is not objectionable. Ordinary Mazda lamps

roduce a light which, as before mentioned, is largely
thte in color, but also contains a considerable

jercentage of violet and red rays. These rays are
somewhat tiring to the eyes in certain classes of
work.

The Mercury Vapor lamp produces light with

a predominance of yellow and green rays and a
small percentage of violet and blue. In light of
this color small objects, such as screws, pins,
bolts, nuts, etc., stand out very sharply. Therefore,
the use of this type of lighting unit increases pro-
duction speed and reduces errors in machine
shops, with less eye-strain for employees. Large
automobile manufacturing plants have installed
many thousands of these units.

203. MERCURY VAPOR TUBES

The source of light in a Mercury Vapor lamp
is a long glass tube, approximately an inch in
diameter and 50 inches long, in which there is
sealed a small quantity of mercury. This tube
is suspended at a slight angle so the mercury runs
down to the lower end, at which there is a bulb
equipped with a metal electrode sealed into the
glass and in contact with this pool of mercury.
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Fig. 238 shows a view of a complete unit with
the tube mounted in its trough-shaped reflector.
The lamp mechanism, which will be explained later,
is in the metal housing above the reflector. The
upper end of the tube has two bulb-like horns or
extensions on the glass, with a metal electrode
sealed into each one. Wires from each end of the
tube connect to proper coils in the lamp mechanism
and from this to the supply line. Most of the air
has been exhausted from the tubes of these
lights, leaving them to operate in a vacuum. When
they are cold most of the mercury is con-
densed and run to the pool at the lower end of
the tube, so it is necessary to use a spark or impulse
of rather high voltage to vaporize a small amount
of the mercury.

We should understand that a high voltage spark
will pass through a much greater distance in an
ordinary vacuum than through open air, so by ap-
plying about 2000 volts from an induction coil in
the lamp mechanism, we can start an arc through
the tube.

As soon as a little mercury vapor is built up it
forms of soft green arc or light throughout the full

length of the tube. Thus the name Mercury Vapor
Arc.

Fig. 238. This view shows a complete mercury vapor lamp. Note dn
mounting of the tube under the long reflector, and the manner
which the lamp is hung at a slight angle.

As long as the lamp is operated this arc continues
to agitate the surface of the mercury pool and create
sufficient vapor to keep it going. After the vapor
forms and the arc is established, the resistance of the
lamp tube is low enough so the arc can be main-
tained with from 70 to 100 volts, and about 3.8
amperes on the common sized lamp. The total
wattage rating of the lamp is about 450 watts, part
of which is used up in the resistors and coils. The
voltage from the lamp coils is about 120 to 130
volts, but not all of this is applied to the tube.

The source of light from these units, being spread
over such a long tube, distributes the light softly
and evenly with very little glare and shadow effects,
which is one of their decided advantages.

The average life of the tubes is two years or more
if they are properly cared for, but they should be
very carefully handled as it is easy to crack them
and allow air to leak in if the tubes are strained or
bumped. For this reason they are protected by
long metal bars running full length of the tube and
attached to the ends of the reflector.

2v4. LAMP MECHANISM

Fig. 239 shows a top view of the lamp mechanisn
and coils. This consists of a pair of resistance unit
at the left end, and next to these are the coils of an
auto transformer which raises the line voltage, and
has taps brought out to terminals to obtain the
proper voltage adjustment for the operation of the
tube. The pair of coils at the right of the center
are those of an induction coil which generates the
high voltage for the starting spark to ignite the tube

Fig. 239. Above is shown the mechanism and coils of a mercury vapor
lamp. Also note the mercury shifter switch at the extreme right end.

or start the lamp. Just to the right of these coils
is a small mercury switch in a glass tube. This
switch is mounted on a pivot so when the coils are
energized and the ends of their cores become mag-
netized they attract a small iron plate on the mer,
cury switch, tilting it up and causing a “V"” shap’
depression in the glass to separate the pool of me
cury and break the circuit.

When this circuit is broken and the flux around
the induction coils is allowed to collapse, it induces a
high voltage of about 2000 volts in these coils. There
is also an added resistance unit just above this tilt-
ing or “shifter” switch in this view.

205s. LAMP CIRCUIT AND OPERATION

Fig. 240 shows a simplified wiring diagram for
an A. C. mercury vapor light. Examine this dia-
gram carefully and note the connections and cir-
cuits through the various coils and the tube.

We know that alternating current is constantly
reversing in direction, but let’s assume for the mo-
ment that the current is entering at the lower line
wire as shown by the small arrows. We can trace
this flow of current through the lower half of the
auto transformer—A.T., then through both wind-
ings of the induction coil—I.C., through the mer-
cury switch—M.S., and protective resistance—R3;
then back to the upper line wire.

This flow of current energizes the induction coils
and magnetizes their cores. This magnetism
attracts the meta} plate or armature on the mercury
switch, causing it to tilt and break the circuit we
have just traced.

When this current stops and the flux around ?
induction coils collapses, it induces the high volta
previously mentioned, and this is applied to the
ends of the lamp tube as shown by the dotted ar-
rows.
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We also find that this high voltage is applied
across the two terminals at the lower end of the
ube. One of these wires we know is connected to
the electrode in contact with the mercury, and the
other one is connected to a thin metal starting band
which is clamped around the stem of the tube, and
also attaches to a strip of metal foil which is pasted
to the under side of the bulb.

The high voltage across these two points sets
up a capacity charge through the glass to the mer-
cury, exciting the surface of the mercury and emit-
ting the first mercury vapor. As soon as this vapor
is started, the high voltage across the ends of the
tube establishes the arc. After the arc is started
the line current will flow alternately through re-
sistance R1 and R2, and into the two horns or elec-
trodes at the upper end of the tube, as shown by
the large arrows, down through the tube and back
through both windings of the induction coil, to the
center tap of the auto transformer. From here it
returns to either line wire, according to the polarity
of the A.C. line at that instant.

The auto transformer A.T. serves to increase the
voltage of the tube slightly above the 110 volts on
the line.

You will note that the current flows through the
tube in only one direction, so we find that this tube
also acts as a rectifier as well as a source of light.
In other words, current can flow from the metal
‘ectrodes at the top of the tube, into the mercury

apor, but it cannot flow from the vapor back into
these electrodes, because of the high resistance film
built up at their surfaces the instant the reverse
current attempts to flow. This principle will be
more fully explained in a later section.

Fig. 240. Wiring diagram of a mercury vapor lamp, showing the
various circuits traced throuzh the tube and coils.

These mercury vapor lights are also made to
.erate on direct current, and those for D.C. opera-

n have no transformer, but merely the pair of
induction coils and mercury switch in addition to
the tube; so their circuit is much simpler than the
one we have just traced.

206. INSTALLATION

When installing lighting units of this type they
should be suspended by two pieces of chain or
strong rope, and hung with the tube at the proper
angle; or otherwise they will not operate satisfac-
torily. This angle can easily be determined by level-
ing the tops of the hooks provided with the unit, as
these hooks are made in uneven lengths to obtain
the proper slope for the tube. The upper end of the
reflector should be about 8 inches higher than the
lower end when the mounting is finished.

The next step is to insert the shifter switch in its
mounting and connect its terminals to the binding
post provided. This shifter when mounted, should
rotate freely, and it should not be possible for it
to slip to either side far enough so that the metal
armature can touch either of the iron cores of the
induction coils. Next, the tube should be unpacked
and washed clean before mounting. Remember to
handle these tubes very carefully to avoid cracking
them. To test new tubes before placing them in the
lamp, or for testing old tubes that are thought to
be defective, the condition of the vacuum can be
determined by the sound of the mercury in the tube
when it is allowed to run slowly from one end to
the other. Tilt the tube up so the mercury runs
slowly down to the opposite end. and if it produces
sharp-sounding metallic clicks like shot rolling in
the tube, this indicates that the vacuum is good.
If the mercury slides to the bottom end of the tube
without producing these clicks it is an indication
that the tube has leaked air and the vacuum is
destroyed.

The end with the two horns should be at the
higher end of the reflector. Place the tube in the
holding clamps and tighten them securely, but not
too tight, or the glass may be cracked when heated.
It should be possible to rotate the tube with the
fingers after the clamps have been fastened. Be
sure that the single negative terminal points straight
down from the black bulb. Observe the mercury
to see that it covers the metal contact which is
sealed in the glass at this terminal. If these lamps
are operated without sufficient mercury in the bot-
tom end the tube may be ruined.

After the tube is installed, it is a very simple
matter to connect its terminals to the wires provided
on the lamp unit and reflector.

207. OPERATING VOLTAGE

The tubes are rather critical as to their operating
voltage, and if the line voltage is considerably
lower than normal because of voltage drop, the
lamps may not start promptly. In this case, when
they are turned on the mercury switch may keep
operating and clicking repeatedly, without starting
the lamp. When this happens the voltage at the line
terminals should be tested with a volt meter, and
if it is found too low the connections can be shifted
to the inner taps shown on the auto transformer
coils. This will enable the transformer to raise the
voltage on the tube,
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These terminals are usually marked for the differ-
ent voltages, so it is easy to tell where to connect
the line wires. When these lamps are connected
on circuits from 95 to 125 volts, wires not smaller
than No. 12 should be used, and each circuit for a
single lamp should be fused for 15 amperes.

For each additional lamp placed on any branch
circuit, the fuse should be increased by 10 amperes
per lamp.

208. CARE AND MAINTENANCE

If mercury vapor lamps are installed in cold rooms
they may be somewhat slow in starting and also
give less than normal candlepower. In such cases
it may also be necessary to change the line connec-
tions to apply higher voltage to the tube; or even
to increase the line voltage somewhat.

The resistance units used with these lamps occa-
sionally burn out but they can be very easily re-
placed, as they are screwed into standard sockets on
the unit, the same as a lamp or plug fuse would be.

In maintaining a group of these lamps it is very
important to keep the tubes clean by washing them
occasionally with soap and water, and also to keep
the negative terminal and starting band free from
dust and dirt. An accumulation of dirt around the
starting band will often allow the high voltage
starting current to flash over at this terminal and
cause the lamp to fail to start.

If a lamp fails to start after several operations
of the shifter switch it should be turned off until
the trouble is located, so that this switch will not
be damaged by continuous operation. Failure to
start is usually due to one of the following causes:
low line voltage, very cold tube, blown fuses,
burned out resistance unit, stuck or broken shifter
switch, loose connection, cracked tube, or dirt ac-
cumulated at the starting band on the negative
terminal. Checking each of thees items systema-
tically will usually locate the trouble.

The transformer or induction coils can easily be
tested for open circuits, shorts, or grounds, as ex-
plained in previous sections.

Be very careful not to connect an A.C. lamp on
a D.C. circuit, or a 60 cycle A.C. lamp on a 25 cycle
circuit, or it will be burned out.

Extra tubes and resistance units can be obtained
from the lamp manufacturers and kept on hand for
convenient and prompt repairs.

The extensive use of this type of lamp in manu-
facturing plants will make this material very valu-
able for any maintenance electrician to know, and
have on hand for future reference.

209. HIGH INTENSITY MERCURY VAPOR
LAMPS

A recent developed mercury vapor lamp known
as the high intensity mercury vapor lamp, is shown
in Fig. 241. This lamp produces a bluish white light
which is excellent for machine shop or other indus-
trial operations where metal parts are to be handled.

This lamp has a very high efficiency,
of about 40 lumens per watt, as compared
with 15 to 18 lumens per watt for or-
dinary incandescent lamps. These lamps 5
are made in 250 and 400 watt sizes. .

The larger size is constructed with two
bulbs, one within the other as shown in
Fig. 241. The inner bulb contains mercury
vapor, and a small amount of argon gas, ' |
two main operating or arc electrodes, |
A and B, and one auxiliary starting elec-
trode C. a |

An evacuated space between the inner \\\’ﬂ .
and outer bulbs helps to retain enough . |
heat for best operation of the lamp. Fla. 2

These lamps start on about 5 amperes at 20 volts,
and after heated up, they operate on about 29 am- |
peres at 150 volts. These special voltages are sup- |
plied by individual auto transformer or reactor |
units used with each lamp. This permits operation
of the lamps on regular 110 or 220 volt A. C. cir-
cuits.

When these lamps are first turned on they pro-
duce a faint blue glow from a small arc started be-
tween electrodes A and C. After a warm up period |
about 10 or 12 minutes, the main arc forms between |
electrodes A and B, producing very intense blue-
white light. The larger sized lamps of this type must
be operated in a vertical position to prevent the
arc from bowing and melting the glass bulb.

210. SODIUM VAPOR LAMPS

_ Une of the newer types of lamps which is con'i
ing into use for highway and street lighting, use |
sodium vapor in which an arc is set up by means
of special electrodes connected to an individual
transformer for each lamp.

The sodium vapor and electrodes, as well as the |
|

starting filaments are located within a sealed inner

glass bulb. (See Fig.242.) An outer sealed bulb main-

tains an evacuated space or “vacuum envelope”

around the inner bulb, to help retain the heat re-

quired for these lamps to operate at best efficiency.
The filaments in each end of the bulb are used

to heat the vapor and throw off electrode to start

the lamp, after which an arc is maintained between

the anodes in opposite ends of the tube. A small

amount of neon gas is included in these lamps to

aid in starting the arc.

The lamps produce a light

ourea of yellow color which is

Pl very good for clear vision on
. highways and streets. The

Giass efficiency of these sodium

lamps is about 45 lumens
waewro  per watt, or almost 3 times ‘

as high as that of ordinary
incandescent lamps.

They operate on from 2 to
28 volts and 5 to 10 amperes.
The special voltages requir-
ed for the filaments and
electrodes are supglied
separate windings of a sp

cial small transformer for
| ™ | each lamp as shown in
Fig. 32 Fig. 242.




With all the vast number of homes in this coun-
try that are wired for electricity, there are still hun-
dreds of thousands of old houses to be wired, as
well as the many thousands of new ones that are
built yearly.

Another very important fact to consider, from the
standpoint of opportunities for the trained electrical
man, is that actually a majority of the homes that
have been wired a few years do not have efficient
or adequate lighting. This is partly because the old
style fixtures installed years ago were not made
very efficient, and partly because it used to be the
opinion that home-lighting fixtures should be chosen
for beauty and appearance, rather than for lighting
efficiency.

This idea is out-of-date, and the most important
essential in modern home-lighting is first to see that
the wiring and fixtures are planned and chosen to give
adequate light of the right quality; and second, to
give proper attention to the appearance and artistic
features.

We should keep well in mind that good fixtures are
now made to provide ample and proper lighting, as

ell as pleasing appearance and decorative effects.

Properly designed lighting is one of the greatest com-
forts and conveniences that any home owner can enjoy,
and in building new homes or remodeling old ones, the
lighting should be considered equally as important as
many pieces of the furniture, and as one of the most
important features of the decorations.

Home lighting does not require any elaborate cal-
culations, but the illumination for practically any room
can be easily planned by application of the simple fun-
damentals of illumination, and the general rules on the
following pages. Furthermore, the great number of
homes which really require improved lighting and more
modern fixtures, offer splendid opportunities right in
his own neighborhood, to practically every graduate
who wishes to take advantage of them.

211. LIVING ROOM LIGHTING

The living room is, of course, one of the most im-
portant rooms to have well lighted, as in the average
home this room is the one in which the members of the
family spend much of their time, and also one that we
wish to have most attractive when guests are present.

Proper lighting units for the living room are the ceil-
ing shower or cluster, wall bracket lights. and portable
floor or table lamps. The ceiling fixtures are often
ralled chandeliers or by the more modern name

uminaire. No one of these types of lights is alone
sufficient for a well-lighted living room, but two or all
three of them should be combined to obtain the varied
or complete lighting effects desirable,
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212. CHOICE OF CEILING, WALL, OR
PORTABLE UNITS

The ceiling fixture for the average sized living
room should consist of four or more lamps of 40
watts each or larger, and they should be equipped
with glass shades to soften the light and prevent glare.

Fig. 243. This photo shows a living room lighted only hy the ceiling
fixture. There is plenty of light in the center of the room, hut you
will note the room appears very plain.

The purpose of the ceiling fixture is to provide gen-
eral light throughout the room, and it should provide
sufficient light to give the room a bright and cheerful
appearance.

Ceiling fixtures should, of course, be chosen of a
design and color to harmonize with the room furnish-
ings and decorations, and they can be hung either
quite close to the ceiling in low rooms, or suspended
down farther in higher rooms.

Usually they will shed a more even light on the ceil-
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ing if they are down from 18 to 30 inches from it. The
bottom of the fixture should be at least 6 ft. 6 in. or
more from the floor; and preferably 7 ft. or more,
even if it is necessary to use a very short fixture
close to the ceiling.

Fig. 243 shows a living room lighted by a ceiling
fixture only, and while the room is fairly well
lighted, the general appearance is plan and drab and
the light is centered too much above and below the
fixture.

Portable floor and bridge lamps, as well as table
lamps, are very good for local spots of light and for
reading in a chair directly beneath them without
lighting the rest of the room. They also add a great
deal to the decorative appearance, with their local
spots of light and their colored shades.

There is in many homes, however, a wrong tend-
ency, to depend on portable lamps almost entirely
for living room light. Portable lamps are not in-
tended for this, and do not give sufficient general
illumination for many occasions.

T8 il lighte, ami portable. lampe.  Compere. caretully” the. ateren:
effects in the three photographs on this page.

Fig. 244 shows a room using only the portable
lamps, and while the effect is restful and fine for a
quiet evening alone with a book, it would not do
at all for a room full of company, with card games
or social gatherings.

Floor lamps with open tops, and in some cases extra
lamps and reflectors to direct light to the ceiling, are
very useful and beautiful in their effects.

Fig. 245 shows a rom well lighted by the ceiling
luminaire and portable lamps, and with the walls
“livened up” by wall bracket lights. A combination of
lighting units of this kind provides wonderful dec-
orative possibilities and comfort, by the use of all
or certain ones of the lights at proper times.

Novelty table lamps, concealed cove lights, and arti-
ficial electric windows, can also be added to produce
beautiful effects and increased attractiveness of the
living room. Some of these are shown in Fig. 246.

Sun parlors or porches should also be well equipped
with outlets for floor and table lamps; and ceiling fix-
tures of a type that give a soft light are desirable.

. 246. These four views illustrate some of the effects obtainable
with lights placed behind decorative objects, concealed coves, and
artificial windows.

213. DINING ROOM FIXTURES

In the dining room we should have a flood of soft
white light on the table, and sufficient light on the walls
and ceiling to prevent them from appearing dark and
depressing. There should also be a reasonable amount
of light on the faces of the diners. Here we can use a.
good-looking ceiling fixture with four or more shaded
lamps of about 50 watts each or larger. This fixture
should be hung low enough to center its light well
on the table, and yet not low enough to shed too
much light in the eyes of persons seated at the table.
About 30” to 36” above the table is generally a good
height.

Buffet lights add to the appearance, and provide part
of the extra light needed for the walls. A very well-
lighted dining room is shown in Fig. 247.

Beautiful effects in dining room lighting can also be

Fig. 247. The above dining room photo shows the manner ‘in which the
light should be principally centered on the table, and yet should
!i":lt: the walls and ceiling sufficiently to prevent a dark appearance
in the room.
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obtained with a semi-indirect ceiling fixture and wall
lights of the types shown in Fig. 248.

Semi-indirect ceiling luminaires of this type shed
soft white light on the table to make the dishes, food,
and silverware show up to excellent advantage; and
they also direct sufficient light on the ceiling to give a
cheerful and well-lighted appearance to the room.

The inverted bowl wall lights of the type shown in
Fig. 248, add the small fountains, or touches of light
on the walls, which just complete the good appear-
ance of this room.

Fig. 249 shows a number of popular fixtures
which are both efficient and beautiful in appear-
ance. These units deliver a sufficient quantity of well
diffused light, and add to the comfort, appearance,
and actual value of a home enough to be worth many
times their cost.

The semi-indirect unit in the upper right corner of
Fig. 249 is typically a dining room fixture, and the
one in the center of the top row is particularly good
for use in low living rooms. The others are typical
living room fixtures.

Fig. 250 shows several styles of fixtures for din-
ing room lighting.

Fig. 248. A combination of a semi-indirect ceiling fisture with shaded
wf?ll lights of the type shown, produces a very beautiful lighting
effect.

214. BEDROOM LIGHTING

Bedrooms should also be well lighted with soft light
that is not tiring to the eyes of one lying in bed. Ceil-
ing units of the types shown in Fig. 251 and
mounted close to the ceiling are very good.

It is very important to have sufficient light at dress-
ing tables and on mirrors; and wall bracket lights or
attachable brackets for clamping on each side of the
mirrors should be provided.

Portable lamps on small tables by the beds, or clamp
lights to mount on the heads of beds are ideal for read-
ing lights.

Plenty of convenience outlets should be provided
around the walls of bedrooms, for the attachment plugs
of portable lamps, curling irons, fans, etc.

A switch controlling one of the lights in the room
should be located near enough to the hed to be within
easy reach of a person either in bed or right at its edge.

The clamp lights on the head of the bed will accom-
plish this, or in some cases a small light is mounted
under the bed with a switch at the head of the bed.
These lights will shed sufficient light on the floor
to enable one to move about the room easily, and
yet they do not throw light in the faces of other
sleepers. Fig 251-A shows a well lighted bedroom.
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Fig. 249. Several very efficient and popular types of dining room and
living room fixtures.
215. KITCHEN UNITS

The kitchen is one of the simplest rooms in a
house to properly illuminate, and yet it should al-
ways receive careful attention, because it is the one
in which the housewife spends a great deal of her
time.

A low hanging fixture should never be used in a
kitchen, but instead a short unit which is high up
and close to the ceiling should be used. It should
be of the enclosed type with a dense white glass

Fig. 250. Udhdhhmam”hhﬁhcl_
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bowl, and equipped with at least a 100-watt lamp.
Such a unit will provide well diffused light of
good intensity throughout the ordinary kitchen. In

Fig. 251. Several types of bed room fixtures which are mounted close
to the ceiling and produce soft, well-diffused light.

addition to this overhead unit, it is usually well to
have a wall bracket light with a white glass shade
mounted over the sink, and possibly one over the
range. Fig. 252 shows how cheerful a kitchen can
be made with proper lighting and light colored wazlls
and ceiling.

the dome

This photo shows a well lighted bedroom, using
light in the ceiling and portable lights on the dresser and table.

Fig. 251-A.

The left view in Fig. 253 shows more clearly, the
shape of the kitchen unit and wall light and on the
right is shown a very good unit of the porcelain
enameled, metal dome type, to be used in the laun-
dry room in basements.

Lighting units of this type are so low in cost
compared to their value in the home, that it is often
very easy to sell the home owner modern kitchen
and laundry lighting equipment and get the job of
replacing his old ones with the new.

Fig. 252. Awa:lli(hudkitdun.tuchnlhmmlbovo.hnd

e greatest conveniences in any home.

Clothes closets should be equipped with a wall
bracket light over the door, and enough to one side
so if a pull-cord switch is used the cord will not
hang directly in the doorway. A wall switch at the
door or just inside may also be used.

|

1 1 E

Fig. 253. At the left is sb the arrang t of col unit and
wall bracket light for kitchen. On the right a very efficient type
of reflector for laundry rooms and basement lighting.

216. BATH ROOM LIGHTS

Bath rooms should have two wall bracket lights
above the wash stand, one on each side of the mir-
ror. Another above the mirror is also very con-
venient for general light in the room and for comb-
ing one’s hair. Bath room lights can be controlled
by key sockets or pull chain sockets on the bracket
lights at the mirror or by wall switches for lights
out of reach. If chain sockets are used on non-
polarized wiring systems, insulator links should bf’

put in the chains to reduce chances of persons ob
taining shocks by touching the chain when one han
is on a faucet.

The mirror lights should be low enough to well
illuminate one’s face and the under side of the chin
for shaving, and should use 50-watt inside frosted
bulbs.

Large dark colored bath rooms may also require
a ceiling light.

217. PORCHES, ATTICS, BASEMENTS, AND
GARAGES

Porches and entrances can be made safer and
much better appearing at night, by the use of ceil-
ing lights of lantern design on the porch, or bracket
lights of suitable weather proof type at each side
of doors.

Attics and basements should be lighted with drop-
cord lights or other low cost units, and in sufficient
number to enable one to work conveniently in any
part of them. Where basements are used for chil-
drens’ play rooms ceiling fixtures similar to kitchen
units can be used, and controlled by pull-cords or
wall switches.

Garages should not be forgotten, and the light
should be controlled by three-way switches both
from the house and garage as previously explained.
One or more attachment plug receptacles should
also be provided, to permit the use of portabl‘
trouble lights or vacuum cleaners around the car.
Fig. 254 shows a number of the various types and
sizes of Mazdm lamps commonly used in home light-
ing.
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In wiring any home for lights remember to in- of the greatest fields of opportunity for profitable
stall plenty of convenience outlets in all rooms, and and interesting work that the electrical industry
hree-way or four-way switches where they will add offers to the trained man. We are certain that
to the convenience in controlling the lights. whether you choose to specialize in this line of

work, either as an employee of a contractor or fix-
ture dealer, or in business for yourself, you will
find the material covered in this section of great
‘value to you. No matter what line of electrical work

Fig. 254. Above are shown a number of modern Masda lamps of the
types commonly used in home lighting.

18. QUALITY WORK PAYS
Always recommend lighting equipment that will
be a permanent satisfaction to your customer as
well as a credit to yourself. The home owner’s
pride in the appearance of his home, and his concern
for the comfort, convenience and safety of his wife
and children, are points that should not be forgot-
ten in selling good lighting.

In completing this simplified practical material
on illumination you can readily see that it is one

Pig. 256A. Note the contrast in these two photos. . 8.
MhMtﬁ&nn&MM“Mﬂmﬂynﬁmmmﬁn‘
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you may follow, a practical knowledge of these prin-
ciples of good illumination will prove handy to you
many times in the coming years.

219. I E. S. STUDENT LAMPS

A very excellent and efficient new type of lamp
for reading, student’s use, or office desk work is
called the I. E. S. (Illumination Engineering So-
ciety) student lamp. This lamp has been carefully
designed to meet best lighting standards, and to
provide ample lighting intensity with a minimum of
glare and shadow.

A view of this lamp is shown in Fig. 255. The
exact diameter of the shade and its height from the
table have been carefully determined. The color
and reflecting quality of the shade material are
also important. The dense opal glass inverted bowl

on which the shade rests is also an important fea-
ture in the efficient operation of this lamp. This
bowl! softly diffuses the downward light and blend.
the bowl brilliancy nicely with the light from the
reflecting surface of the shade. The bowl also
permits enough light to go up to the ceiling to
provide some general illumination in the room and
thus avoid sharp contrasts.

A very interesting feature of one model of this
I. E. S. lamp is that it is equipped with a special
3-light bulb to permit control of the amount of
light for various purposes. These lamps are made
in 50-100-150 watt, and also 100-200-300 watt size.
They have two filaments controlled by an elec-
trolier switch in the lamp. On the smaller size
one filament is of 50 watts and one of 100 watts.
Either of these can be operated separately. Another
position of the switch puts both filaments in opera-
tion in parallel, using 150 watts.

FLUORESCENT LAMPS

FLUORESCENT LAMPS

Fluorescent lighting is one of the developments
in electricity which fairly may be classed as revolu-
tionary. So far as the field of illumination is con-
cerned, fluorescent lighting doubtless is the most
important advance since incandescent lamps re-
placed the early arc light. Much of the importance
is due to the wide acceptance and adoption of this
new kind of lighting in industrial work, in com-
mercial establishments, and in home lighting.
Fluorescent lighting became known to the general
public only during the Chicago Centennial Exposi-
tion of 1933, yet today we see it everywhere. The
advantages of obtaining light through fluorescence
had been apparent to scientists for many, many
years, but as a practical application it had been
classed with the “impossibles”.

One of the reasons for the popularity of fluores-
cent lighting is that so much of the power produces
light and so little, relatively, goes into heat. A
40-watt incandescent lamp delivers about 760
lumens, while a 40-watt fluorescent lamp delivers
2100 lumens. Evén when we consider the additional
power for control equipment required with the
fluorescent, and not with the incandescent, the
fluorescent lamp still produces about 90 per cent
more light than the small incandescent lamp for the
same power consumed. This power efficiency not
only saves on the cost of lighting and on wiring,
but lessens the heat and makes it more comfortable
for those working under bright lights during warm
weather.

Among other advantages of fluorescent lamps are
that they will produce the most economical close
approach to daylight effects, that they are the first
lamps to produce colored light with reasonable
efficiency, and that their large surface areas com-
pared with incandescent lamps permit getting lots

of light from a source that is not too bright to
look at.

THE FLUORESCENT LAMP

Fluorescent lamps are made with long glass tubes
having at each end metal caps with two contact
pins. Fig. 1 shows several such lamps, the rating'
from top to bottom, being 20, 40, 30 and 15 watt
Fig. 2 illustrates several types of fixtures in which
the lamps are used,

Fig. 1. Fluoresscent m.!":‘om 8-1,.”40-“.’ 3« x 15-watt Ratings, As

The construction of a lamp as it would appear
broken open is shown by Fig. 3. At each end is a
small coiled wire filament connected through the
gas-tight glass press to the two contact pins carried
in phenolic insulation by the end cap. The filament
is coated with materials such as used on filaments
of radio tubes, to provide a large emision of elec-
trons at fairly low temperatures. The inside of the
lamp tube is filled with argon gas, and there is a
small drop of mercury which is vaporized by heat
from the filaments and which then provides a path
of fairly low resistance through which electrons
may pass from one filament to the other after t
lamp is in operation.

The inside of the lamp tubing is coated with a
thin layer of materials called phosphors. A phosphor
is a substance which becomes luminous or which
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glows with visible light when struck by streams of
electrons which are caused to pass through the
'pace between filaments inside the lamp. When the

Fig. 2. Fluorescent Lamp Fixtures. The Three At the Top Are Used In
_?_t;::.s. Offices and Residences. The Bottomn Fixture Is an Industrial
phosphors are thus made luminous the action is
called fluorescence, which gives this kind of lamp
its name, fluorescent. Were there no fluorescent
materials coated on the inside of the glass tubing
there would be practically no visible light with the
lamp in operation. In fact, there wouldn’t be even
s much light as you see inside a radio tube, for
‘uring normal operation of the fluorescent lamp the
filaments carry no current which would cause them
to glow. Now let’s see how such a lamp as this can
be made to operate.

GUARO WIRE ~PHOSPHOR
METAL CAP- FILAMENT. COATING.  INSULATION:
P 77
W ‘\.\,_4. «,7 / ‘ / P\
e
PINS. < > PINS

/‘/’—f/\v o
u\ PURI \_/

GLASS PRESS GLASS TUBE: "ARGON GAS AND
MERCURY VAPOR

Fig. 3. Construction of a Fluorescent Lamp.

FLUORESCENT LAMP OPERATION

The basic principle of fluorescent lamp operation
is shown by Fig. 4, where we have the two fila-
ments connected together on one side through a
switch and on the other side connected to the alter-
nating-current supply line. In diagram A the switch
is closed. Current from the line flows through the
two filaments and the switch in series, heating the
filaments to a temperature at which they will readily
emit great quantities of electrons and at the same
time vaporizing the mercury to fill the tube with
he low-resistance mercury vapor.

After a few seconds of filament preheating the
switch is opened as in diagram B. This opening
of the switch gives, in effect, the arrangement of
diagram C where one filament remains connected

to each end of the a-c line but to nothing else. As
you know, in an a-c supply the voltage will be
highest at one end while lowest at the other, then
will reverse to become lowest at the first end and
highest at the second. These voltages are sufficient
to cause flow of electrons, and current, through the
low-resistance mercury vapor from the filament
which, at any moment, is of higher voltage to the
one which is of lower voltage. When the voltage
reverses there is a similar flow of electrons and
current in the opposite direction. Since, on a
60-cycle supply, there is a flow in each direction 60
times each second the reversals follow one another
so rapidly as to produce a practically continual flow
or discharge of electrons inside the tubing.

tn'uca A — :‘
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Fig. 4. Fundamental Operating Principle of Fluorescent Lamps.

The streams of electrons strike against the phos-
phor coating inside the tube and this coating glows
brightly to make the lamp “light” To turn off
the lamp we need only open another switch, the
usual off-on type, in the a-c supply line. The switch
shown in Fig. 4 is called the starter switch or
simply the starter. It may be operated either by
hand (manually) or automatically.

MANUAL STARTER SWITCHES

Although the great majority of fluorescent lamps
are controlled by automatic starter switches, we
shall consider the manual type first because it is
simpler. All manual or hand-operated switches
do three things in order. First, they close the line
circuit through the filaments to heat the filaments
and vaporize the mercury. The operator keeps the
switch in this first position for from two to three
seconds while the filaments glow, or until he notes
that they are glowing.
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The second movement of the manual switch opens
the connection between the two filaments so that
they are left connected to the two ends of the line.
On this motion of the switch the lamp should light.
The third motion of the manual switch opens the
line circuit to extinguish the light and may also
re-close the connection between filaments ready for
the next start.

In one style of manual switch a button is turned
progressively clockwise through the three posi-
tions. In another style a button or lever is pushed
down until the filaments glow, then is released and
the bulb lights. The lamp is turned off by push-
ing the button down and releasing it immediately.
This latter type of switch may be mounted on an
overhead fixture and operated with a pull cord.

The manual starter switch acts also as the off-on
switch for the line current. The automatic starter
switches act only as starters to open and close the
connection between filaments, and require that some
type of off-on switch be connected in the line as
for any other kind of lamp.

AUTOMATIC STARTERS

There are three general classes of automatic
starters. The first to be used was the magnetic
starter which operated on the principle of a mag-
netic relay to open the filament connection after a
time interval. This type is no longer being applied.
The other two classes include switches that are
operated by heat, utilizing the principle of the
thermostat to open and close their contacts.

The thermal starter includes a resistance element
which carries the filament current and is heated
by this current. The heater element heats a
bimetallic thermostat blade and causes this blade
to bend and open the filament connection after the
filaments have been heated enough to glow.

The glow type starter also uses a bimetallic
thermostat blade, but instead of using a heater
element the blade is heated by a glow discharge
that takes place through neon, argon or helium gas
that fills the glass bulb containing the switch. The
glow type is the one most commonly used on alter-
nating-current supply.

LAMPHOLDERS

The fluorescent lamp is supported in the fixture
by some form of insulating lampholder through
which conections are made from the operating cir-
cuit to the contact pins on the end of the lamp. Two
styles of lampholders are illustrated in Fig. 5. With
the push type of holder the end of the lamp with
its pins is pushed into slots where it is held by
spring contact members. The style shown on the
left in Fig. 5 has J-shaped slots which form a
sort of bayonet lock for the lamp pins. A variety
of the push type called the ejector lampholder has
extended parts of the contact springs or holding
springs which may be pressed to force the lamp
out of the holder.

STARTER.=§ Ui
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Fig. 5. Lampholders for v?ﬁgp:l:l?ndd;:m?mp and Making Contact
With rotary types of lampholder the pins on the
ends of the lamp are inserted into a vertical slot,
then the lamp is rotated a quarter turn to make
the electrical contacts and at the same time lock
the lamp securely in place. See right hand view in
Fig. 5. Rotating the lamp another quarter turn
in either direction releases the locks and permits it
to be withdrawn from the holder. Both styles of
lampholders are produced with different mechanical
details by different makers, but the illustrations of
Fig. 5 show the two general principles followed.

The rotary lampholder of Fig. 5 is attached to
a base in which is a socket for holding an auto-
matic starter switch and making the necessar_\.
electrical contacts to the switch. These automatic
switches when made for this style of mounting are
enclosed in small cylindrical metal shells with con-
tact pins on the end that goes into the socket. Both
the thermal and glow types of starter are made in
this style for socket mounting, and such a mounting
may be used with any style of lampholder. Since
a separate starter is required for each lamp, one of
the holders will have a starter socket and the other
will not.

Starters sometimes are mounted with other parts
of the lamp operating equipment instead of in one
of the sockets, but the replaceable type (socket
mounted) is now generally used.

The starter mounted as in Fig. 5 may be replaced
when defective by taking the lamp out of its holders,
removing the starter by twisting it through part
of a turn and lifting it out of its socket, then re-
placing it with a new one. Fig. 6 shows how a

Fig. 66 How a Replaceable Starter Is Mounted On One of the
anzold.l

Which Are In the Fixture
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starter is mounted underneath one end of a lamp
and how the starter is removed from its socket.
Starter sockets for large lamps often are placed on
the side of the holder opposite the lamp, so that
the starter may be replaced without taking out
the lamp.

GLOW SWITCH STARTER

Fig. 7 shows the parts of a glow type starter
switch as they appear after taking off the metal
cylinder that enclosed them. Inside the small glass
enclosure is the bimetallic blade that bends one way
when heated and the opposite way when cooled. The
glass is filled with neon, argon or helium, accord-
ing to the size of the lamp and the voltage that

CAPACITOR:
@"‘GLASS ENCLOSURE.
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| ~—1L_BIMETALLIC BLADE. : :
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Fig. 7. Construction and Connections of a Glow Switch Starter,

‘vill be applied to the switch. Before the lamp
)s turned on by its off-on switch the bimetallic blade
is contracted to separate the blade end from the
fixed member of the switch. Thus the connection
between the two lamp filaments is open, and we
have the conditions represented by Fig. 8.

— LAMP E—I

A}
r cr-swncn OPEN.
1 H

Fig. 8. How the Glow Starter Is Connected To the Lamp.

In Fig. 8 voltages from the line pass through
the lamp filaments and to the switch contacts and
the capacitor connected across the contacts. The
capacitor is thus connected in order to lessen inter-
ference with radio reception as the switch contacts
open while carrying current. The voltage difference
across the neon or other gas inside the switch
causes the separated parts to the switch to be
covered with a glow as electrons flow through the

oas. This glow is exactly like that which takes
‘lace in the small neon-filled night lamps or signal
lamps which doubtless you have seen. Heat from
the glow discharge warms the bimetallic blade in
the switch so that it bends to close the contacts

and allow preheating current to flow through the
lamp filaments.

With the switch contacts closed there no longer
is a voltage difference between them, so the glow
discharge ceases, and the bimetallic blade com-
mences to cool. As the blade cools it bends to
separate the switch contacts. This leaves the lamp
fllaments connected only to the line and not to
each other, so the lamp lights, The switch con-
tacts remain open while the lamp is lighted and also
while it is turned off by opening the regular off-on
switch to cut off the current supply.

If either filament of the lamp should be burned
out no voltage difference reaches the glow switch,
there is no glow discharge, and the switch contacts
remain separated. If the lamp is worn out from
use or otherwise is in a condition which prevents
it from lighting even with the filaments complete,
the glow switch continues to close and open its
contacts as the glow discharge is established with
the contacts separated and is stopped by their
closing. This generally causes a flashing or blink-
ing in the lamp as the filaments are heated and
cool off.

A no-blink type of glow starter prevents the
switch from opening and closing when the lamp
fails to light. This no-blink type is like the one
of Fig. 7 except that, as shown by Fig. 9, there
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Fig. 9. The No-blink Type of Glow Starter.

is an added heater-operated bimetallic switch. This
extra switch ordinarily remains open, but should
the glow switch continue to close and open, the
pulses of current through the heater finally bring
it to a temperature that bends its enclosed bimetallic
blade and closes the auxiliary contacts. This short
circuits the glow switch so that it no longer oper-
ates. Current continues to flow through the lamp
fllaments, keeping them heated, and through the
switch heater to keep the contacts closed until the
lamp is turned off and the heater cools.

THERMAL STARTER

Fig. 10 shows the parts of a terminal starter and
Fig. 11 shows how this type of starter is connected
to the lamp. Inside the glass bulb of the switch
is a fixed contact, another contact carried by a
bimetallic blade that bends with heating and cool-
ing, and a heater element for heating the bimetallic
blade. Outside the glass is the usual capacitor con-
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nected across the switch contacts to reduce radio
interference.

BIMETALLIC BLADE &

HEATER: _{ APACITOR.

cooolhoo
———— o ——

Fig. 10. The Parts and Connections In a Thermal Starter.

As shown by Fig. 11 the switch is connected so
that current from the line passes through the heater
element, one of the lamp filaments, the switch con-
tacts, the other lamp filament, and back to the
line. The switch contacts are closed to begin with
so that this circuit is completed. Within two or
three seconds after the current is turned on by
the regular off-on switch, the heater element has
warmed the bimetallic blade of the switch enough
to bend it and open the contacts. This opens the
connection between the two filaments, leaves each
connected to one side of the line, and the lamp

lights.
) SWITCH
HEATER.— I !
CAPACITOR ~
LAMP

Fig. 11. How the Thermal Starter Is Connectsd To the Lamp.
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So long as the lamp remains lighted current
that flows to one of the filaments, and maintains
the electronic discharge through the lamp, flows
through the heater element and keeps the switch
blade warm enough so that the contacts remain
open. With this type of starter enough heat is
retained in the switch to keep the bimetallic blade
bent and the contacts open for some little time after
the current is turned off at the off-on switch in
the line. Consequently, with a thermal switch, it
usually is impossible to immediately relight the
lamp after it has been turned off.

BALLAST COILS

In the simple circuits shown up to this point we
have included only a lamp and a starter switch.
With only these parts the lamp filaments would
be subjected to the full voltage of the line after
the starter opens. The line voltage always is
higher than the voltage at which fluorescent lamps
should be operated. Operating voltages across the
filaments are from 40 to 90 per cent of the average
line voltage or the “design. voltage,” which is as-

sumed to be 118 volts on a nominal 110-125 volt
alternating current circuit.

Before going on to discuss how the lamp voltag‘
is controlled it may be well to explain that the
lamp filaments really act as filaments only while
they are carrying the preheating current. Once the
connection between filaments is opened, leaving
them to carry only the electronic discharge cur-
rent, they should be called electrodes rather than
filaments. An electrode is an element through
which current enters or leaves a gas.

Now back to the matter of lamp voltages. In ad-
dition to requiring an operating voltage lower than
that from the line, fluorescent lamps require for
starting, a momentary voltage quite a bit higher
than that from the 110-125 volt lines in order to
establish the electronic discharge through the gas
inside the tubing. Thus we have the problem of
supplying a voltage higher than that from the
line at the instant of starting, and a voltage lower
than that from the line while the lamp continues
in operation. Both of these things are accomplished
by inserting in series with one side of the line an
inductance coil or a choke coil which is called the
fluorescence lamp ballast,

A coil having many turns wound on an iron core
has high inductance. When current has been flow-
ing in such a coil and suddenly is stopped the mag-
netic lines of force which have existed around th
winding collapse and cut back through the turn
This cutting of the conductor by lines of force
induces a voltage which is much higher than
that which was sending current through the coil.
It often is spoken of as the “inductive kick.”

BALLAST »———

LINE B.
LINE | STARTER

BALLAST. =

LAMP

(3)STARTER.

Fig. 122 How the Ballast Is Connected In Circuit With the Lamp
and Starter.

By connecting a ballast as shown at A in Fig. 12
for a glow starter or as at B for a thermal starter,
we will obtain an inductive kick and a high starting
voltage at the instant the starter switch opens
the connection between the electrodes. In these
diagrams, and in others to follow, we indicate the
starter by a circle enclosing a letter S. This is an
accepted symbol in diagrams for flourescent lamp
circuits, and since we now understand the construc-
tion and operation of starters the symbol will help
to simplify the following diagrams.

Once the ballast has furnished the instantaneou
high voltage for starting the electronic discharg‘
within the lamp tubing the ballast acts as an induc-
tive reactance or choke coil to use up some of the
line voltage and deliver only the correct value to
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the lamp electrodes. Inductive reactance is the op-
position to flow of alternating current that results
‘from induction in a coil winding. It provides im-

pedance to flow of alternating current just as resist-
ance furnishes opposition to flow of both alternating
and direct current. The inductance of the ballast
makes its opposition to alternating current much
greater than would result only from the resistance
of the wire in the winding. The impedance of the
ballast is such that the remaining voltage is just
right for the lamp being used.

The ballast must be designed especially for the
line voltage, for the number of lamps operated in its
circuit, for the wattage rating of the lamps, and
for the frequency of the supply circuit. A rela-
tively high frequency, such as 60 cycles, causes a
much greater inductive reactance in a given ballast
than does a lower frequency such as 25 cycles.

POWER FACTOR

Whenever we include in an alternating-current
circuit a coil or winding having large inductance,
such as the fluorescent ballast, something rather
peculiar takes place in the circuit If it were pos-
sible to construct a coil having inductance but
having no resistance, and to connect this coil into
an alternating-current circuit, no power would be
used in sending current through this coil. The
rapidly changing current (alternating current)

would produce’changes of magnetism and changes
'»f voltage in the coil that would return to the
circuit just as much power as was taken from the
circuit.

If this coil with inductance but no resistance were
on a circuit with an electric meter such as used
to measure energy consumption, just the ordinary
kind of kilowatt-hour meter, current would flow
into and out of the coil, but the meter would regis-
ter no energy consumption. The electric service
company to whose lines the coil and meter were
connected would have to supply the current going
into and out of the coil, but would collect no money
because no power would be used.

It is impossible to build a coil having no resist-
ance, because there is resistance in the wire with
which the coil is wound. However, it is entirely
possible to build a coil having large inductance and
comparatively little resistance. It also is possible
to use in the same circuit with the coil a capacitor.
The relation between the inductance of the coil, the
capacitance of the capacitor, and the resistance of
the conductors in all the parts determines how much
power will be used in the circuit and how much will
be returned to the line.

With a fluorescent ballast used as in Fig. 12 the
lamp circuit will take from the supply line some cer-

tain amount of current which we may measure in
.mperes, and will operate at the line voltage. If this
were a direct-current circuit the power in watts
being used would be equal to the number of am-
peres multiplied by the number of volts. But in

an alternating current circuit containing induc-
tance or capacitance or both inductance and capac-
itance the power being used is not equal to volts
times amperes, or to volt-amperes, but is equal to
something less because of the peculiar action by
which part of the power is returned to the supply
circuit. Only part of the current that flows does
useful work, or furnishes power. The rest of the
current is wasted so far as power production is
concerned.

The percentage of the ‘“apparent power” (volts
times amperes) that actually produces power and
does useful work in the circuit is called the power
factor of the circuit. The power factor of a fluores-
cent lamp circuit with a ballast, as in Fig. 12, is
between 50 and 60 per cent. This means that only
50 to 60 per cent of the current is useful. We
must have wires large enough to carry the entire
current without overheating, but if our power factor
were not so low we might get along with much
less curent and use smaller wires.

If we connect a capacitor in series with the bal-
last coil, or introduce capacitance into our inductive
circuit, the capacitance will counteract some of the
effect of the coil inductance and we will raise the
power factor. With a certain relation between the
values of inductance and capacitance the two will
balance. Then the circuit would act as though
it contained neither inductance nor capacitance, but
had only resistance. All the current would be used
in producing power, and we would have a power
factor of 100 per cent. If the inductance and capac-
itance were nearly balanced we might have a power
factor of 90 per cent or maybe 95 per cent. This
is what actually is done in many fluorescent lamp
circuits.

Ballasts, startérs and other control elements are
mounted inside the lamp fixtures. Fixtures which
have no capacitor, no power factor correction, are
specified as of low power factor. Those in which
a capacitor or capacitors bring the power factor
to 90 per cent or better are specified as of high
power factor. The cost for electric power is the
same for both types with given lamps in them. Since
low power factor units take more current it is
necessary to use larger circuit wiring than for the
same wattage of lamps in high power factor units.
This becomes important in large installations, but
means nothing when only two or three small lamps
are used. Some power companies require that all
fluorescent fixtures be of high power factor types,
since this avoids carrying useless current in the
lines.

Fig. 13 shows connections in a two-lamp circuit
having power factor correction. The lower lamp,
marked “lagging lamp” has only a ballast between
it and one side of the line. In series with the ballast
for the other lamp, marked “leading lamp” is a
capacitor bypassed by a small high-resistance unit.
The two lamps and their ballasts are in parallel with
each other. In the parallel path for the lagging
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lamp there is only inductance (the ballast) and re-
sistance. In the other path there is inductance,
capacitance (the capacitor) and resistance.

BALLAST
TSV 900
RESISTANCE
T __BALLAST
—FTITIIO b ]
CAPACITOR.

LINE

I

LEADING LAMP

e

[ LAGGING LAMP

T

Fig. 13, A Two-lamp Circuit With Power Factor Correction.

With only inductance and resistance in a circuit
or a branch of a circuit the peaks of alternating
current occur slightly later in the cycle than do the
peaks of alternating voltage that causes the current
to flow. Such a circuit is said to have a lagging cur-
rent, and we have marked the lamp as being the
lagging lamp. With enough capacitance in a cir-
cuit to overbalance the effect of the inductance the
peaks of alternating voltage occur somewhat later
in the cycle than do the peaks of current produced
by the voltage, hence we say that such a circuit has
a leading current, and we mark the lamp in that
circuit as being the leading lamp. The power factor
of the entire circuit, including the two lamps, their
ballasts and the capacitor, will be better than 90
per cent.

COMPENSATOR

In Fig. 14 we have added another inductance coil,
called the compensator, in series with the starter of
the leading lamp. In the circuit of Fig. 13 there
may be so little current in the path containing the
capacitor and the leading lamp that this lamp lights
with difficulty because of insufficient filament pre-

BALLAST.

——— 7SUB0000

BALLAST
001
CAPACITOR —~'

COMPENSATOR

LINE. m) 500
LEADING LAMP.
—13
LAGGING LAMP.
E EJT
I o—

Fig. 14. How the C tor Is C
Circuit.

ted In a High Power Factor

heating. To overbalance the effect of the capac-
itor and allow more current for starting, we con-
nect additional inductance in this branch, the ad.
ditional inductance being the compensator. As soon

as the lamp is lighted the starter switch is open,
and since the compensator is in series with the
starter the compensator carries no current after
the lamp lights, Compensators are not required
with 65- and 100-watt lamps, but are used with all
smaller lamps in high power factor circuits.

STEP-UP TRANSFORMER

The voltage required to start the electron dis-
charge through, 30-, 40-, and 100-watt lamps is too
high to be furnished even from the inductive
kick of the ballast when operated from a 110-125
volt supply line. With these lamps it is necessary,
when using this supply line voltage, to provide a
transformer which will increase the starting volt-
age. Fig. 15 shows a two-lamp circuit with a step-up
transformer. The transformer is of the auto-
transformer type in which part of a winding acts as
the primary and the whole winding acts as the
secondary. In Fig. 15 we have two sections which
act as secondaries, one for each of the lamps. All
the windings are on one core.

AUTO TRANSFORM ER.”

LINE.
o 0000000 40000000 [ 1] '

Fig. 15. A Transformer Used To Increase the Voltage From a 118-128
Volt Line,

The transformer is designed with windings and
core of such proportions that while the lamps are
operating the voltage from the transformer is
dropped low enough to suit the lamp requirements.
Technically, the transformer is said to have high
leakage reactance and poor voltage regulation,
which is just what we need in this case. The volt-
age regulation secured with the transformer makes
it unnecessary to include ballasts in the lamp
circuits.

AUXILIARIES

Starters, ballasts, compensators and auto-trans-
formers are called auxiliaries. Whichever of these
parts are used, and in whatever combination they
are used, the whole collection of control devices for
a lamp fixture is called an auxiliary. Two ballast
coils often are wound on a single core but wire’
separately as shown in the preceding circuit di
grams. Starters, ballasts, compensators, and
auto-transformers may be mounted together within
a single case and called the lamp auxiliary, or any



Fluorescent Lighting

267

of them may be separate units and separately
mounted. The grouping, mounting, and wiring cir-

.cuits vary with different manufacturers. The circuit

diagrams which have been shown represent typical
connections between units, but different arrange-
ments may be used and still produce fundamentally
the same electrical circuits.

It is a general rule that the watts of power con-
sumed in the auxiliary for a lamp or lamps must not
exceed one-third of the rated watts for the lamp or
lamps. Thus, the auxiliary for a 30-watt lamp may
consume as much as 10 watts of power, making the
total power requirement, or the power taken from
the line, equal to 40 watts. The wattage required
for operating fluorescent lamps and their auxiliaries
always is greater than the wattage of the lamps
themselves,

Auxiliaries may be marked with the “design volt-
age” at which they are designed to operate most
efficiently. The design voltage for 110-125 volt
supply is 118 volts, and for 220-250 volt supply is
236 volts. In certain three-phase circuit connec-
tions found on industrial supply lines the nominal
line voltage is 199-216, and the design voltage is 208.
Auxiliaries must match the supply lines on which
they are to be used.

LAMP CHARACTERISTICS

The accompanying table shows the normal oper-
.xting characteristics of fluorescent lamps in gen-

eral use. The lamps are listed according to their
nominal wattage, which does not include the watts
loss in the auxiliaries. The values given in the table
apply when the lamps are operated from lines sup-
plying the design voltage and when operating at a
suitable room temperature, which is a temperature
allowing the lamp tubing to be between 100° and
120° F.

The 3500° white lamp is the type furnished when
only ‘“white” is specified, and is the lamp often
used for ordinary illumination. The “soft white”
lamp gives light with more red, so produces a

“warmer” effect as often desired in residences.
Daylight lamps are used chiefly where it is im-
portant to distinguish colors as they would appear
under natural daylight. The colored lamps are
used for decorative work, although the green lamp
sometimes is employed in photographic processes
where maximum illumination is desired.

STROBOSCOPIC EFFECT

When a fluorescent lamp is operated on alternat-
ing current the current and voltage drop to zero
twice during each cycle, and at these instants
the electron discharge ceases within the tubing.
Were it not for the hold-over effect of the phosphor
coating the light would go out twice during each
cycle, or 120 times per second on a 60-cycle supply
line. The light does not go completely out, but it
does drop very decidedly. Our eyes do not dis-
tinguish variations of light occurring more than
20 times a second, so the effect discussed means
nothing for ordinary purposes of illumination.

If a rapidly moving object is viewed by light
that increases and decreases at a rapid rate, you see
the object only while it is brightly illuminated. As
the object moves at a constant rate you see it as a
succession of images along the path of motion. This
is called stroboscopic effect because it is the effect
utilized with devices called stroboscopes which are
used for observing the action of moving objects by
making them appear to stand still at certain speeds
and positions. The stroboscopic effect of fluorescent
lamps may be objectionable when they illuminate
moving objects such as the work revolving in lathes
and other machine tools. You can observe the effect
by moving any bright object rapidly back and forth
under the light from a fluorescent lamp.

Stroboscopic effect is worst with the daylight and
blue lamps, and is almost as bad on the white lamps.
The effect is relatively small with green and other
colored lamps. Using high power factor auxiliaries
such as illustrated in Figs. 13, 14 and 15 reduces the
stroboscopic effect to relatively low values, so that it
is but little more pronounced than with incandescent

FLUORESCENT LAMP CHARACTERISTICS

Nominal Watts...ocoooiiiiciicii e 6
Bulb Type Number......ooiiiin T-5
Tubing Diameter.......cooooooviiieiiieeceeeee 5
Length, Inches ..o 9
Average Life, Hours..........coi . 750
Lamp Amperes........omoiicciieeas 15
Lamp Voltage.....ccoo 45
Lumen Output, Average:

3500° White. ..o 180

Soft White ..o

Daylight .o 155

GIeen ..o

Gold ..o

Blue ..........

Pink

Red

250

4 15 20 30 40 65 100
T-12 T8 T-12 T8 T-12 T-17 T-17
1% 1 1% 1 1% 2% 2%
18 18 24 36 48 36 60
1500 2500 2500 2500 2500 2000 2000
37 30 35 34 41 135 145
41 56 62 103 108 50 72
460 615 900 1450 2100 2100 4200
325 435 640 1050 1500 :

370 495 730 1200 1700 1800 3350

900 1300 2250

375 540 930

315 460 780

300 440 750

45 60 120
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lamps. This happens because the peak illumination
from one lamp comes in between the peaks from
the other lamp. Three fluorescent lamps operated
in the three phases of a three-phase circuit produce
a negligible stroboscopic effect. When operated on
direct current there is no stroboscopic effect what-
ever, since the voltage and current are of constant
values.

DIRECT CURRENT OPERATION

When fluorescent lamps are operated on a direct-
current supply line the ballast is used in series with
a resistor as shown in Fig. 16. The ballast produces
the high voltage for starting the electric discharge
through the lamp. The induced voltage caused by
stopping direct current in the ballast causes collapse
of the magnetic lines of force through the winding
just as does stopping an alternating current. How-
ever, opposition to current flow caused by reactance
in an alternating current circuit does not exist with
direct current, and the only opposition of the ballast
to flow of direct current is the resistance in the
winding. Consequently, to reduce the current to
that required by the lamp, it is necessary to use the
series resistor. The resistor is mounted in a shield
or case of perforated metal. It operates at tempera-
tures which are 70° to 90° F. above room tem-
perature.

[ " RESISTOR.

BALLAS E
LINE

] LAMP

| 3 gl
| il

Fig. 16. The Connection for a Voltage Dropping Register Used With
Direct-current Supply.

The added ohms of resistance in the resistor must
be enough so that the number of ohms multiplied
by the number of amperes of lamp current equals
the required drop of voltage in the resistor. The
operating lamp current flowing continually in this
series resistance causes a power loss in watts equal
to the number of ohms of resistance multiplied by
the number of amperes of lamp current. This power
loss is so great in comparison to that in the ballast
alone on an a-c current that direct-current operation
of fluorescent lamps is relatively inefficient. The
total power consumed usually is more than double
the number of watts taken by the lamp.

Inasmuch as a transformer cannot be used with
direct current to step up the voltage for starting
there is no economical way of raising the voltage
from the line to start the larger lamps. Lamps of
the 20-watt and smaller sizes may be operated from
110-115 volt d-c lines, but larger sizes must be run
from 220-230 volt lines.

The glow starter seldom works satisfactorily on
d-c circuits because there is no relatively high peak

voltage (as with alternating current) to establish
the glow in the switch. For direct-current operation
it is usual practice to use thermal starters for Iamps.
up to and including the 40-watt size, and to use
manual starters for larger sizes. The thermal starter
continues to heat the bimetallic blade of the switch
until it operates.

Direct current causes an electronic discharge al-
ways in the one direction through the lamp tube
with the result that a relatively dark space may
appear at one end. This fault may be overcome by
using a reversing type of off-on switch that reverses
the direction of current flow each time it is turned
off and then on again. Operating such a switch two
or three times a day will usually keep the tubing
uniformly bright.

LAMPS IN SERIES

Two of the 14-watt fluorescent lamps may be
operated in series with each other and with a special
incandescent lamp with the circuit shown in Fig. 17.

7\
! =
LINE. INCANOESCENT BALLAST.
L 14-WATT LAMP 14-WATT LAMP,

ET

BulnE

Fig. 17. Circuit for Two l4-watt Lamps In Series and a Manual
Sequence Swil

The incandescent ballast lamp has the usual screw
base and a white glass bulb, giving light while re-
ducing the voltage from the line to that required by
the two fluorescent lamps in series. The starter
switch is of the manual type, constructed so that
both lamp circuits are closed for preheating the
filaments and so that the circuits are opened one
after another so that the two fluorescent lamps light
in sequence. This provides the maximum starting
voltage for each lamp, whereas were they started at
the same instant only half as much voltage would
be available for each one. This circuit is used on
110-125 volt a-c lines or on 110-115 volt d-c lines.

Three of the 65-watt fluorescent lamps may be
operated in series on a 220- or 236-volt a-c supply
line with the circuit shown in principle by Fig. 18.
Between one side of the line and the fluorescent
lamps are two tungsten-filament incandescent lamps
connected in parallel with each other. These incan-
descents act as resistors to reduce voltage from the
line to that suitable for the fluorescents. The starter
switches for the three fluorescent lamps are built in
one unit. All three close for preheating the fil:
ments, then they open one at a time to start the
lamps in sequence, just as with the series circuit
of Fig. 17.
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B L2l

LINE

L@lmcmozsczm LAMPS.

65-WATT LAMP 65-WATT LAMP 65-WATT LAMP J

—%E bwﬁ

"ﬁ‘ .l STARTER SWITCH

Fig. 18. Connections for Three 65-watt Lamps In Series With a
Manual Sequence Switch.

Single 6-watt or 8-watt fluorescent lamps some
times are operated in series with a voltage-dropping
resistor and without any ballast on 110-125 volt a-c
lines or on 110-115 volt d-c lines. The small cur-
rents taken by these lamps do not cause an exces-
sive power loss in the resistor while the lamps
operate. The total power is much greater than that
used in the lamps themselves, but still is compar-
able with that taken by a 15- or 25-watt incan-
descent lamp, which gives fewer lumens than the
two small fluorescents.

FLUORESCENT LAMP OPERATION

Fluorescent lamps start most easily and operate
most satisfactorily in delivering steady light when
the room temperature is between 50° and 90° F.
.'l'he light from standard fluorescent lamps falls off

quite rapidly as their temperature drops, and falls
off to some extent as the temperature rises above
the range mentioned. There are some special types
of lamps which will start and operate in tempera-
tures as low as zero F.

When standard lamps must be used where tem-
peratures are low, trouble may be lessened by doing
everything possible to maintain a fairly high supply
voltage. It also helps in starting to use thermal
starters rather than the glow type. Lamp tempera-
tures may be raised by covering the open side of
the fixture with glass or with transparent pyroxylin
sheets to retain the heat produced by the lamps
and the auxilaries.

The life of the fluorescent lamp depends more
than anything else on the condition of its filaments.
If the line voltage is low the filament coating mate-
rial is rapidly dissipated, so that the lamp becomes
more and more difficult to start. Low line voltage
with incandescent lamps merely lessens the light,
and increase the life of the lamp. With fluorescent
lamps, low voltage does decided harm. Every time
the fluorescent lamp is started some of the coating
is taken off the filaments. The fewer the starts dur-
ing a given number of hours of operation the longer
the lamps will last. The best life ordinarily is ob-
tained with lighted periods of three or four hours
each.

The end of the useful life of a lamp usually is
indicated by a rather rapid falling off in illumina-
tion or in lumen output. The lamp finally will refuse
to start, or may flash on for a moment and then go
out for good.

Lamp requirements for a desired distribution and
level of illumination with fluorescent lamps are cal-
culated just as they are when using incandescent
units. The lumen output from a new fluorescent
lamp drops quite rapidly during the first 100 hours
or so of operation, then levels off to the average
values given in our table of characteristics and re-
mains with little further drop until near the end of
the life of the lamp. After planning and installing
fluorescent equipment the illumination level at first
will be higher than that calculated, but soon will
fall to normal. Because the fluorescent lamp emits
light from a long tube rather than from what
amounts almost to a point with incandescent lamps,
spacing center-to-center between fluorescent lamps
may be greater when they are in line than when
side by side.

FLUORESCENT LIGHTING TROUBLES

The occompanying “Check List” lists practically
all the troubles, and apparent troubles, which occur
during the operation of fluorescent lamps, gives the
reasons and explanations of each kind of trouble,
and makes suggestions for remedies.
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CHECK LIST
on Fluorescent Lamp

Operation

Here’s how to use the check list. Find the
“symptom” in the list below which indicates your
problem and note the reference number. Locate this
number in the reference section for possible causes
and suggestcd remedies. Service problems may re-
sult from one or a combination of these causes.

Just a word of warning. Don’t neglect lamps that
blink or whose ends remain lighted. Correct such
trouble at once,* or remove a lamp or the starter to
avoid damage to lamp, starter or ballast.

SYMPTOMS

Normal End of Life
—Lamp won’t operate; or flashes momentarily then goes
out; or blinks on and off, perhaps with shimmering
effect; ends probably blackened.—1-a.
End Blackening .
—Dense blackening at one end or both, extending 27-3~
from base.—1-b.
—Blackening, generally within 17 of ends.—1-f.
—Blackening early in life (indicates active material from
electrodes being sputtered off too rapidly).—2-a, 2-b,
3-a, 3-b, 5-a, 6-a.
Dark Streaks—Streaks lengthwise of tube.—1-j.

Rings
—Brownish rings at one ur both ends, about 2” from
base.—1-c.
Dense Spots .
—Black, about '%” wide, extending about half way

around tube, centering about 1” from base.—3-d.
*Bnds Remain Lighted—2-b, 6-b.
*Blinking On and Off

—Accompanied by shimmering effect during ‘‘lighted’’
period.—1-a.

—Blinking of relatively new lamp.—1-k, 2-a, 3-c, 4-a, 4-b,
5-c, 6-a.

—With two-lamp ballagts: if one lamp starts, one end
of the other may blink on and off without starting;
occasionally, both lamps may start.—6-c.

No Starting Effort, or Slow Starting
—1., 1-m, 1-n, 2-¢, 2-d, 3-a, 3-c, 3-e, 3-g, 5-c, 6-d.
Flicker (not stroboscopic effect)

—Pronounced, irregular flicker on looking directly at
lamp (spiraling, swirling, snaking, etc.)—1-g, 2-e, 3-a,
3-b, 5-b.

—Flicker suddenly occurring.—1-h.

—Persistent tendency to flicker.—1-k.

Dark Section of Tube

— V4 to 1% of tube gives no light (tubes longer than 24").
—6-e.

Short Life—1-f, 3-f, 5-a, 7-a, 3-a, 2-a, 2-b, 3-b, 6-a.

Decreased Light Output—4-b, 4-c, 4-d, 5-¢, 7-b.
—During first 100 hours’ use.~—1-d.

Color and Brightness Differences

—Different color appearance in different locations of
same installation.—1-e, 7-c.

—Lamps operate at unequal brilliancy.—5-c.

Noise

—Humming sound, which may be steady, or may come

and go.—3-h, 3-1
Overheated Ballast—3-i, 3-j, 3-k, 6-f.
Radio Interference—1-0, 6-g.

Reference Guide at a Glance:

Possible Causes

Suggested Remedies

1. LAMPS

1-a | Normal failure; active ma.

terial on electrodes exhaust-
ed; voltage needed for op-
eration exceeds voltage sup-
ply.

Replace. lamp (remove old
lamp promptly)

through radio receiver.

1-b | Normal—end of life. Replace lamp.

1.c | Likely a natural develop- |New lamp, if appearance is
ment during life, though |too objectionable, or shield
improper starting may have |tube ends from view; check
some effect. for proper starting.

1-d | Light output during first
100 hours is above pub-
lished rating, sometimes as
much as 10%. (Rating is based
on output st end of 100 hours.)

1-e | Actual slight differences (in |Replace lamps if objection-
white or daylight lamps) |able. (If warranted. color tem.
may be discernible; per. [perature f’an be check:d Ii:n Ilb:u-

t. i 1

haps wrong color  lamp |17 S deemine yheier i
used; possibly lamp outside

limits of color standards;

or apparent color difference

may be only difference in

brightness between old and

new lamp.

1-f | Mortality laws (i. e., for 2500-
hr. avy. life, some will fail at
shorter life. others last much
longer than rated hours. 2500-
hr. life based on operating lamp
3-4 hours for each start.)

1-g |New lamp may flicker. Flicker should clear up
after lamp is operated or
turned on and off a few
times.

1-h | May suddenly develop in |[Should clear up by itself.

any lamp in normal service.

1-i |Mercury deposit, common |Should evaporate by itself
especially with 17 lamps. |as lamp is operated.

1-j |Globules of mercury on | Rotate tube 180°. Mercury may
lower (cooler) part. cvaporate by increased warmth,

though it may condense out again
on cool side.

1.k | Possibly lamp at fault. Replace lamp. Investigate
further if successive lamps
blink or flicker in same
lampholders.

1.1 |Open circuit in electrodes, |If open circuit is shown by
due to broken electrode, air |test or inspection as in 3-8,
leak, open weld, etc. replace lamp.

1-m | Burned-out electrode (might |1f open circuit is shown by
be caused by placing one |lest or inspection as in 3-8,
end of lamp across 115 |replace lamp.
volts).

1-n | Air leak in lamp. In test |Replace lamp.
with test lamp (see 3-8)
leak is indicated by absence
of glow, though electrode
lights up.

1-0 |Lamp radiation “broadcasts” | Locate aerial 9 ft. from

lamp; or shield aerial lead-
in wire, provide good
ground, and keep aerial
proper out of lamp and line
radiation range.
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Possible Causes

Suggested Remedies

Possible Causes

Suggested Remedies

2. STARTERS

4b

Cold drafts hitting tube.

Enclose or protect lamp.

2-a |Starter defective, causing | Replace starter. 4-¢ (Where heat is confined |Better ventilation of fixture.
on-off blink or pro]onged around lamp, llght output is
flashing at each start. lower.

2.b |Ends of lamp remain light- 4-d |Low temperature operation. Enclose.
ed; starter failure due to: (Below 65° light loss is 1%

Short-circuited condenser | Replace starter. or more per degree F
in starter, or
Switch contacts welded | Replace starter. SERVOCTAGE
together. 5-a | Too low or too high voltage. | Check voltage with range
2.c |Starter at end of life. Replace starter, S on_ballast nameplate.
2-d | Starter sluggish. Replace starter. 5-b | High voltage starting. Check voltage.
. o ) 5-¢ | Low circuit voltage Check volt d
2-¢ |Starter not performing prop- | Replace starter ! B€ (Decreased| Lheck voltage and correct
- { . H
erly to pre-heat electrodes. o bt outpat sleo 'Z‘:c;h“l’g if possible.
change in voltage. with output of
3. AUXILIARIES AND FIXTURES lagging” lamp—in two.lamp cir-
cuit—decreasing much faster thaa

3-a Nodstarting compensator in | Install compensator in se- that of “’leading” lamp.)
leading circuit of two-lamp |ries with starter in leading
ballast. circuit. None required for & Gy

65- and 100-watt lamps. 6-a | Loose circuit comact.(likely Lampholders rigidly mount-

3-b | Ballast improperly designed |Use ETL approved ballasts a;f lﬁippltwld“) causing on- |ed; lamp securely seated.
or outside specifications for |of correct rating for lamp ORI
lamp wattage, or wrong bal. |size. 6-b | In new installation, circuit | Check circuit wiring.
last being used. may be incorrectly wired.

3-¢ [Low ballast rating. Check ballast. 6-c |Individual starter leads from |Rewire starter leads.

3-d |Normal—but if early in life | Check for ballast off-rating the 2 pairs of lampholders
indicates excessive starting |or unusually high circuit may be crisscrossed. (If this is
or operating current. voltage. case, one lamp will not make

starting effert uniess the other is

3-6 | Remote possibility of open. | Check ballast. |in its lampbolders.)
circuited ballast. 6-d | Possible open circuit. Test lamp in another cir-

3-f | Improper ballast equipment | Check ballast equipment. cuit, being sure of proper
on D- Icontact in lampholders,

3-g | Burned-out lamp electrodes | To determine necessity for |Check voltage from one
due 10: replacing lamp, examine lampholder to the other.

broken lampholders, | lectrodes by viewing end (Uon ol or T oo
lampholders with attached of bulb against pinhole o ar each bolder should be alive;
starter sockets, surface- l'ghll; (s te:;byﬂconnect- he““) ¢ ware o check 2 e
ing base pins in series with ones.
mounted on metal. test lampt on 115-v circuit. If no voltage indication from
one strand of conductor | Flyorescent glow means in- lampholders, check circuit
touching grounded fixture. |1act electrodes and active leads to lampholders.
improper wiring, elgctrons.) If still no voltage, check
El)e-gess :rperaat;(:il;ﬁo;flthiut “‘.“‘.'e':'“ for ;:;"6': circuit connection.
sistance.y 2 _hSir:ep hip- 6-0 R,E (;;:leé-ati::in:ith;l;t“r;vé Install reversing switches.
60- 14. 40-w. "
c"iﬁﬁe"d from some other | % Small ' diameter or switches.
. miniature. . .o . e
200-w 65-w and 100-w. 6-f | Short in wiring. Correct wiring.

3-h [Slight transformer hum in. | Mount ballasts on soft rub- 6-g |Line radiation and line |Apply line filter at lamp or
herent in ballast equipment; |ber, Celotex, etc., to- pre- feedback. fixture; sometimes possible
varies in different ballasts, [ vent transferring vibrations to apply filters at power
Objectionable amount may |to supporting members, and outlet or panel box.
be due to improper installa. [to reduce hum to a mini-
tion or improper ballast de. [ mum. 7. OPERATION
sign. 7-a | Too many lamp starts. Average life rating based

3-1 [Short in ballast or capacitora | Replace ballast or capaci- on operating periods of

tor. 3-4 hours.

3-J |High ambient temperature |Refer to fixture manufac- 7-b [Dust or dirt on lamp, fix. |Clean.
inside fixture housing. turer., ture, walls, or ceiling.

3k | Prolonged blinking tends to |See “Blinking On and Off,” 7-¢ | May be due to reflector fin- Interchange lamps before

heat ballast, and heating is
aggravated under high am-
bient temperature inside fix-
ture housing.

and correct the cause.

ish, wall finish, other near-
by light, room decorations,

etc.

assuming color difference.

31

Overheated ballast.

See 3, 3-), 3k, 6-1.

4. TEMPER

ATURE

Low temperature (difficulty
may be experienced below
50° F). See Note A.

With thermal starter, can be
operated at lower tempera.
tures.

NOTE A—For satisfactory starting and operation at low tem-

peratures: (1) Keep line voltage up. (2) Conserve
lamp beat (e. g., by enclosure). (3) Use starters
which provide higher induced starting voltages and
longer electrode heating periods—i. e., thermal
switches.
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NEON SIGNS

The principal parts of a neon sign are shown by
Fig. 1. Although here we show only a single letter
formed by the luminous tubing connected to the
transformer, ordinarily the one transformer would
furnish current for several letters or words, and
possibly for ornamental borders and other features
of the sign.

Gas —|

Guass
Tusing.—>|

~Buack Guass On Coaring:

Hign Voirass Secomoant (

B |
Privany. —— —~

Fig. 1. The Principal Parts of a Neon Sign.

L

The exposed and visible parts of the sign consist
of glass tubing in which is neon or other gases
which become luminous when high voltage from
the secondary of the transformer forces current
through the gas. The tubing is continuous from one
transformer connection to the other, with portions
which are to be invisible formed with black glass
or coated with black paint.

In each end of each section is a metallic electrode
through which the alternating current enters and
leaves the gas. Wires from the electrode pass
through a gas-tight glass press and are soldered or
welded to a metallic cap. The capped ends of the
tubing section fit into receptacles to which are
attached the high voltage cables from the secondary
terminals of the transformer. The tubing is mount-
vd on the sign panel or framework with supports

which usually consist of a glass extension on a
metal base, with the sign tubing wired onto the
glass of the supports. The transformer may be in
a box that carries the sign, or may be mounted
separately with high voltage cables running from
the transformer housing to the sign.

The high voltage secondary of the transformer
furnishes a potential difference of from 2,000 to
15,000 volts for its section of tubing, the voltage
depending on the length and diameter of tubing and.
on the kind of gas or gases in the tubing. Current
through the tubing usually is between 15 and 50
milliamperers, or between 0.015 and 0.050 ampere.

HOW A NEON SIGN IS BUILT

The first step in building a neon sign is to lay
out the letters in full size on a sheet of asbestos or
other heat-proof material. Then the tubing is
heated in gas flames, is bent to the shape of the
letters, and is spliced together to make lengths
suitable for connection to a transformer. A small
piece of tubing, called the tubulation, is attached to
each section of sign tubing so that air may be
pumped out and the gas admitted.

To each end of the tubing section is then attached
an electrode. As shown by Fig. 2, the electrod
with its wire lead comes made up into a short piece
of glass tubing. This glass jacket of the electrode
is welded (melted) to the ends of the sign tubing.
The tubing section now is checked for air-tightness
by using the tubulation opening, then is connected
to a vacuum pump through the tubulation and
enough air pumped out to lower the internal pres-
sure.

ELECTRODE —

LEAD-IN WIRE
{C

s

7
PRESS OR PINCH GLASS JACKET.

Fig. 2. An Electrode in Its Glass Jacket for Attach

t to Tublng.

The next step is to connect the electrode leads to
a bombarding transformer, which is a transformer
that furnishes a voltage as high as or higher than
the regular operating voltage and furnishes a cur-
rent larger than that which will be used during
normal operation, The bombardment current pass-
ing through the air remaining in the tubing pro-
duces brilliant light and a great deal of heat. The
electrodes become red hot and the tubing gets so
hot it will scorch paper. The combination of high
temperature and reduced pressure inside the tubing
allows all kinds of impurities to come out of the
glass and the electrodes and to be pumped out
the tubing as the pressure is further reduced by
the vacuum pump after the bombarding trans-
former is turned off.
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The tubulation now is disconnected from the
vacuum pump and attached to the glass flasks or
flasks in which are the gas or gases to be used in
the sign. Enough gas is admitted to bring the
pressure up to the desired operating value and the
tubulation opening is sealed off by melting the
glass. The final step may be that of aging the sign
by running it for a few minutes with a current that
is about the same or somewhat greater than the
normal operating current, continuing this aging
for a few minutes until the gas inside the tubing
shows normal brilliancy. The sign now is ready for
mounting.

GASES USED IN LUMINOUS SIGNS

The tubing of luminous signs, which generally
are called neon signs regardless of the gas actually
used, are filled with neon, helium or argon, with
a mixture of all three, or with a mixture of neon
and argon or one of helium and argon. In addi-
tion to these gases the tubing may contain mer-
cury vapor which is produced by evaporating a
drop of liquid mercury by means of the heat of the
discharge through the gases.

In clear glass tubing, neon alone produces the
orange-red glow that is characteristic of neon signs.
With a little mercury vapor added to the neon the
light becomes blue. Mercury vapor by itself pro-
duces green light. Helium produces a pinkish-

white light.

. Argon alone in a clear glass tube produces a pale
blue light which is not intense enough or brilliant
enough for sign work. Argon is mixed with the
other gases because it has much lower electrical
resistance than the others and permits the dis-
charge to commence at voltages considerably lower
than would be needed for neon or helium. Argon
in a tube containing mercury allows the initial dis-
charge whose heat vaporizes the mercury. Argon
often is called “blue gas” in the sign trade. Neon
and argon give deep lavender, helium and argon
give pink, while neon, helium and mercury vapor
give blues and greens.

The quantity of gas in the tubing is proportional
to the pressure of the gas. The higher the pressure
the more gas is in the tubing, just as a higher pres-
sure in an automobile tire means more air in the
tire. Gas pressures always are far below the pres-
sure of open air. Average pressure in the air at
sea level is 14.7 pounds per square inch, which is
equal to the downward pressure per square inch of
a column of mercury 760 millimeters, or approxi-
mately 30 inches in height. Gas pressures in lumin-
ous tubing usually run from 10 to 20 millimeters
of mercury, which means pressures per square inch
equal to that of mercury only 10 to 20 millimeters
in height. This means that the gas pressure inside

e tube is roughly about 2% of normal atmo-
spheric pressure.

The opposition to flow of current through the
gas is least when the pressure is about three milli-

meters of mercury, At still lower gas pressures the
opposition increases very rapidly and the current
drops off accordingly with a given voltage differ-
ence across the tubing. At higher gas pressures the
opposition to current flow increases slowly, and, of
course, the current decreases slowly for a given
voltage difference.

With a given current in the tube the more gas that
is present the more light will be produced, so as to
obtain desirable amounts of light it is necessary to
have in the tubing more gas and a higher pressure
than would provide the least opposition to current
flow. Another reason for having more gas is that
the gas gradually disappears from the space inside
the tubing while the sign operates.

ELECTRODES

The electrodes must be made of materials which
will not deteriorate rapidly when heated in the
gases used inside the tubing, and the materials
must not combine chemically with the gases. Heat-
ing depends on the current carried by the electrode
and on the drop of voltage which occurs at and
near the surface where current enters and leaves
the gas. The size of the electrode, or its surface
area, varies in accordance with the current and
with the kind of gas. The kind of gas also affects
the operating voltages.

Electrodes generally are made from iron, cop-
per, aluminum or nickel, any of which must be in a
highly purified condition. Surfaces may be treated
with chemicals that retard combination of the elec-
trode material with the gases and that retard oxi-
dation. Copper electrodes may be treated with
borax for this purpose. The wires that pass through
the glass press or the pinch usually are made of
an iron-nickel alloy that expands and contracts at
the same rate as the glass when heated and cooled,
thus preventing cracking of the glass.

During operation of the sign the action of gas
molecules striking the electrode surface causes elec-
trode metal to be detached, an action called sput-
tering of the electrodes. The detached metal lodges
on the inside of the tubing near the electrodes. The
end blackening and the slight loss of metal from the
electrode are of no particular consequence, but as
sputtering continues the gas gradually disappears
from the space within the tubing. The useful life of
the sign comes to an end when the amount of gas
and the gas pressure drops so far that there no
longer is sufficient light emitted or when the rising
opposition to current prevents a further flow with
voltage furnished by the transformer. Sputtering
and “cleanup” of the gas is retarded by higher gas
pressures and by the use of electrode materials
adapted to the kind of gas used.

SIGN TUBING

Luminous sign tubing varies in outside diameter
from 5 to 45 millimeters. There are 25.4 milli-
meters in one inch, so we have tubing from about
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1/5 inch to nearly two inches in diameter. Sizes
most commonly used are from 6 to 20 millimeters
in outside diameter, between which there are stand-
ard sizes at each millimeter. Fig. 3 shows com-
parisons between a few sizes of tubing.

Q0O

€mm.

IOmm

20mm.

[T

T1INCH. 32mm.

Fig. 3. Relative Sizes of Some Luminous Sign Tubing.

Tubing may be transparent and colorless, or it
may be made with various colored glasses, may
contain uranium which gives light by fluorescence,
or may be coated with fluorescent materials. With
clear glass tubing the color of the light depends
on the gases used, as previously explained.

Neon in red glass gives a light of nearly pure
red, while in purple glass it gives a lavender-red
and in yellow glass gives orange. Helium in amber
or yellow glass produces shades of yellow, tan and
gold. Many other colored glasses may be used.
Neon used in fluorescent tubing will produce such
colors as orange, rose, gold, salmon, lilac or deep
pink. The same tubings filled with mercury and
argon will give white, blue, green, daylight effect,
deep blue or orchid. Argon in uranium glass gives
a clear green. The subject of Fluorescence is ex-
plained in the section on fluorsecent lamps.

VOLTAGES AND CURRENTS

The gas inside the sign tubing is an electrical
conductor. As with any other conductor, the re-
sistance increases with length, so the greater the
length of tubing the higher the voltage required to
send a given current through it, or the less the
current for a given voltage. Again, as with other
conductors, the greater the cross sectional area,
which is proportional to tubing diameter squared,
the less is the resistance. The greater the diameter
of the tubing, the more current will flow with a
given voltage difference; or the lower will be the
voltage required to produce a given current.

The statements just made with reference to tub-
ing length and diameter, and the corresponding
voltages and currents, apply for any given gas at
some certain pressure, or apply when the gas and
its pressure remain unchanged. Different gases
offer different resistances to current flow. Of the
three commonly used gases, argon has the least re-
sistance, neon has more than argon, and helium has
much more than neon. As mentioned once be-
fore, the resistance is least when the pressure is

about three millimeters of mercury, and it increases
with either less pressure or more.

The light emitted by the tubing depends on thc.
relation between gas pressure and current. More
pressure, which means more gas, with a given cur-
rent means more light. More current with the
same gas pressure also means more light. These
relations are true because light results from col-
lisions between electron and atoms. More gas in a
given space, or more current in the given space,
then must mean more collisions and more light.
This explains why a certain current produces more
light in a tube of small diameter than in one of
larger diameter when the gas pressure is the same,
we simply are crowding the electrical action into a
smaller space and so have more action and more
light. Small diameter tubing, with its high “cur-
rent density,” heats to a higher temperature than
does larger tubing. This is a decided advantage
of small tubing when using mercury, for the mer-
cury must be vaporized by heat in the tubing.

In a typical sign with a tubing section 15 feet
long the potential difference across the ends may
be 2,500 volts, as shown by Fig. 4. The total volt-

— — IS FT. Sl
+ELECTROOE. 47 ELECTROOE —~
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VOLTS. VOLTS.

2500 VOLTS.

Fig. 4. Voltage Distribution in Sign Tubing.

age drop is made up of 1950 volts drop along the
length of the tubing and of 550 volts drop at the
electrodes where current is entering and leaving
the gas. If we make the tubing shorter the elec-
trode drop will remain the same but the tubing
drop will decrease as the length decreases. The
result is that we are using a greater percentage of
the total voltage at the electrodes and a smaller
percentage for producing light in the tubing. This
is wasteful of power, so as a general rule it is not
advisable to use very short lengths of tubing. On
the other hand, if we go to extremely long lengths,
the voltage difference required for operation be-
comes too high to be easily produced by ordinary
transformers, or too high to be insulated by the
usual kinds of insulation used on high-voltage con-
ductors.

TRANSFORMERS FOR LUMINOUS TUBES
The transformer for operating a luminous tube
sign must furnish a very high voltage for breaking
down the resistance of the cold gas and starting the
discharge of current through the tubing. Buthb
this high starting voltage were maintained after t
discharge commences and the resistance drops, the
current through the tubing would be excessive.
Consequently we need a transformer that auto-
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matically limits the current, by lowering its volt-
age, once current commences to flow. Such a
‘transformer is secured with a design that permits

high leakage reactance. The general principle of
one such design is shown by Fig. 5.

(—— SECONDARY————
MAGNETIC
SHUNTS.
NN\
CORE —1~
AIR GAPS.
~—PRIMARY.

Fig. 5. Sign Transformer Having High Leakage Reactance, Showing
the Magnetic Shunts tween Winding Sections.

In a transformer we ordinarily desire that as
many as possible of the magnetic lines of force
from the primary winding cut through the turns
of the secondary winding, thus producing the great-
est possible induced voltage in the secondary for
given changes of current in the primary. Magnetic
lines which do not cut both windings are called
leakage lines. With little leakage, or with good
linkage of primary and secondary, the secondary
voltage drops but little as the current increases.

In the transformer which is to have high leakage
ve build extensions or magnetic shunts on the core
so that many of the magnetic lines from the prim-
ary are kept away from the secondary winding.
Thus the greater the secondary current, the greater
will be this magnetic leakage. The effect is as
though we were to increase the reactance of the
secondary winding as the current increases, so that
the increasing reactance to flow of alternating cur-
rent would sharply limit the increase of current.
Even when the secondary terminals of a luminous
tube transformer are short circuited on each other
the secondary current will be only 20 to 60 milli-
amperes, depending on the type of transformer.

Luminous tube transformers usually are rated
according to their open circuit secondary voltage,
which is the voltage available for starting the dis-
charge, and according to their short circuit second-
ary current, which is the maximum current that
will flow under any conditions in the tubing cir-
cuit. The short circuit secondary current in these
transformers may be only 15 to 20 per cent more
than the normal operating current for the sign.

In transformers rated at 7,500 secondary volts
and above, a connection or tap is brought out from
the center of the secondary winding and, as in
Fig. 6, is grounded through the metal case of the
\iransformer, which itself is connected to some good

lectrical ground. The maximum potential at either
end of the secondary then is only half the secondary
voltage, so the highest external voltage to ground
is half that of the secondary winding. This re-

duces the hazards in using these very high volt-
ages. When testing such a transformer for faults
you will find a ground on the secondary, but this
indicates no defect.

PRIMARY l

ok

|

J0000¢

| CASE
GROUNDED.

< MIOPOINT |CONNECTION.
SECONDARY.

Fig. 6. How the Secondary Midpoint {s Grounded.

Transformers of standard types usually are avail-
able on secondary open circuit voltages ratings of
2,000, 3,000, 4,000, 5,000, 6,000, 7,500, 9,000, 12,000
and 15,000 volts. Each voltage will be available in
several ratings of short circuit currents, such as
18, 24 or 30 milliamperes. The higher the voltage
of the transformer the greater the number of feet
of tubing it will operate. After allowing for the
voltage loss at the electrodes, which does not vary
with tubing length, the number of feet of tubing
on any transformer varies almost directly with
transformer voltage. The larger the diameter of
the tubing the greater is the length that may be
handled with any transformer voltage. The kind
of gas has much effect on the tubing length han-
dled by a transformer. Where 30 feet of neon
tubing might be placed on a given transformer, the
same transformer would handle about 36 feet with
mercury and argon, but only about 13 feet with
helium.

Because of the high reactance of the luminous
tube transformer, which is necessary in producing
the needed voltage regulation, this transformer has
a very low power factor—usually something be-
tween 45 and 60 per cent. As explained in the
section on fluorescent lamps, the power factor
shows the percentage of current that is useful in
producing power. A capacitor connected on the
primary side of the transformer is often used to
raise the power factor to 90 per cent or even better.

SIGN FLASHERS

As you know from observing luminous tube
signs the great majority, other than in the smallest
sizes, are of the flasher type in which various letters,
words, and decorative parts light alternately or in
some definite order. This method of operation not
only attracts more attention to the sign but also
saves power, because only part of the tubing is
lighted at one time.

Flasher switches are of two general types, one
of them operating on the primary sides of trans-
formers for each section of tubing, as in Fig. 7,
and the other operating on the secondary side of
a single transformer which lights several sections
of tubing, as in Fig. 8. Switching on the primary
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side requires a separate transformer for each sec-
tion of tubing whose lighting is to be separately
controlled. With the high voltage flasher on the
secondary wiring the single transformer is con-
nected at different times to any tubing sections
or combinations of sections which provide a load
suited to that transformer.

,TRANSFORMERS.
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I'ro LINE.

Fig. 7. Sign Flasher on Primary Side of Transformers.

Note that in Fig. 8 the tubing sections are con-
nected in parallel with one another, but that only
one section is lighted at one time. If two sections
were in parallel and an attempt were made to
light both at once, the one having even slightly
lower resistance than the other would light first
and then the voltage would drop so low due to
flow of current that the other section never would
light.
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Fig. 8. Sign Flasher Operating in the High Voltage Secondary Circuit
of a Single Transformer.

The high voltage flasher of Fig. 8 operates sim-
ilarly to the high tension distributor of an auto-
mobile ignition system which sends current suc-
cessively to the spark plugs. There is quite a bit
of sparking in this type of switch, so it is com-
pletely enclosed by a ventilated housing. In some
styles of high voltage flasher there are additional
contactors which cut off current from the primary
of the transformer at the moments when the high
voltage circuit is being switched from one point to
the next. Thus the high voltage switching takes
place with no current flowing and there is no
sparking.

LUMINOUS SIGN TROUBLES

It already has been mentioned that the sign
eventually will fail, due to loss of gas from the

space inside the tubing, because of normal sput-
tering. Among the more common causes for pre-

mature failure are tubing leaks at any splices whic}’:

were made during construction, as at points be?
tween letters, or leaks at joints between the elec-
trode cover and the tubing. Leaks may occur also
at the sealed-off tip of the tubulation, or anywhere
along the tubing. Leaks at and near the elec-
trodes sometimes are caused by a broken or defec-
tive electrode housing. A style of housing having
a spring contact for the electrode cap is illustrated
in Fig. 9.

HIGH VOLTAGE
TERMINAL . -

CONTACT SPRING.

AV

\ |
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LOCK RING‘—*'JJ LL; ¥

Fig. 9. A Receptacle for Lumi

Tubing.

Excessive blackening of the tubing near the elec-
trodes, before the sign has operated for very long,
usually indicates excessive sputtering which is
caused by low gas pressure. A flasher-operated
tube in which there is a faint glow during periods
when no current should go to this section may in-
dicate that there is enough capacitance betwee
parts of the flasher to permit some current to pasb
through the capacitance and tubing section,

It is highly important that the supply line voltage
remain within its normal range. A low line voltage
will cause the sign to flicker, especially when the
transformer is operating a length of tubing near
the maximum which may be handled with that
transformer. If line voltage is persistently low the
remedy is to install a larger transformer or else
to use a shorter length of tubing. A booster trans-
former is sometimes connected between the reg-
ular transformer primary and the low voltage line.
The booster is an auto-transformer that raises the
voltage from the supply line by seven or eight
volts before it reaches the sign transformer.

A transformer that is too small for the kind and
length of tubing in its sign will run hot, will cause
the sign to flicker, and eventually will burn out.
Such a transformer causes much trouble in wet
weather when there is more than the usual leakage
of current across wet and dirty surfaces of insula-
tion. An underloaded sign transformer, or one
much larger than required for the connected tubing,
also will run hot. This is because the voltage
secondary current is too low to provide proper regu-
lation ; therefore, the operating primary current re-
mains too high. As a general rule it is advisable t
connect to each transformer a length of tubilp
almost equal to the maximum length of that kin
and size of tubing that the transformer normally
should operate.
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1, Define the terms "VOLT, "AMPERE" and "OHM",

¢ What four factors determine the resistance of a wire?

8. Is the joint resistance of a circuit increased or decrcased as equipment
is added in parallel?

4. Does an ammeter have a high or low resistance? Why?

5. A new dry cell is connected across an unknown resistor. An ammeter in the
circuit reads . amperes., What is the value of the unknown resistor? .

6. If you have a voltohmmeter, how may you determine the amount of current a
given circuit will draw?

7. What is the unit of capacity?

8. Is pure distilled water a good insulator?

9. Find the total capacity of a circuit which contains a mf, mmnf and -
a __.__ mmf capacitor in series. +»>

10. You have two pieces of wire, both eight feet long. One is of copper, the
other is of steel. Which wire will have the lower "I squared R" losses?

11, Consider two pieces of wire, one . feet and the other feet long. v
The foot wire has the cross sectional arca of the
foot wire. Which has the least resistance?

12. A voltage of volt is impressed across a resistor of two ohms. What
current will flow in this circuit?

13, How many millampereg are represented by amperes?

4. A_; ohmand a ohm resistor are connected in parallel. What is the
resultant resistance? What would the resistance be if the two resistors
were connected in series?

15. A _mf and a nf are connected in parallel., What is the total capac-
ity?

16, A _, ohm lamp and a ohm relay are connected in parallel and 110 volts
DC applied to the terminals. What power is consumed?

17, A radio set draws watts. What will be the current drain when the set
is connected to a . volt storage battery of __, ampere hour capacity?

18, Two _ * henry inductances are connected in parallcl. What is the total
inductance? What would the total inductance be if the two dnductances
were connected in series?

19, What 1s the total resistance of the resistive network as shown?

Work step by step and draw each equivalent circuit.

) AV NS
Rl = I R2
R2 = e
F $
4 -
RT - { S
L |
> AN\ ——
0. A radio set requires : volts to operate. There are six volt

batteries available. Traw o simple diagran, showing all polarities, of
the proper connections of these batteries to secure the twelve volt supply
necessary.
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VOLTAGE DROP IN THE ELECTRICAL CIRCUIT

R @ D

R R &

K J 1 H G
Which point is at the higher pressure? A or B, J or I, B or D, K or A.
What is the difference in pressure between A-B, B-D, C-F, F-G, F-J, A-Z? i
What is the drop in pressure from A-B, C-E, F-G, H-K, E-I, E-G, D-I?
What is the total pressure drops around the circuit?

Is the sum of the pressure drops equal to the applied pressure?

What is the pressure rise in pounds from Z to A?

B 2. o B

@, @. Q.

=z ® J 1 3]
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1 Whicﬁ point is at the higher pressure? A or B, J or I, B or D, K or A. A
2 What is the difference in electrical pressure between A-B, B-D, C-F, E-G? .
3 What is the drop in pressure from A-B, C-E, E-F, F-G, K-Z, H-K, A-F, G-2?
4 What is the sum of the electrical pressure drops around the circuit?
5 1Is the sum of the pressure drops equal to the applied pressure?
6 What is the pressure rise in volts from Z to A?
4 £ 9 £ 3
= 1 T T -
o ' ! | e
g 6 6 6
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Pee st - SR ;
& . >k a2 s
] J 1 H &

1 Assume same conditions as shown in (B).
2 What is the reading on each of the voltmeters? Note that each meter in-
3 dicates the difference in pressure between the points to which it is con-
4 nected. What is the sum of the "voltage drops"™ around the circuit?
S What is the applied voltage? Does the sum of the voltage drops equal
6 the applied voltage? Mark the readings of the different meters shown.
sorv. -
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1 What is the rate of current flow in amperes?
2 What is the voltage drop per 10 feet of 1ine? Res. of ten fest is one ohm.
3 What is the total line voltage drop?
4 What voltage is applied to the load?
5 Does the load voltaege plus the line drop equal the applied voltage?
6 Mark in the readings on the different meters shown. -

| S



vk 77 Y 4
Job #11 Name FLoAL 4 _ Y AN No_7

Make correct answer by underlining the lettery figure,

/FE

thus: B.

Hand in as instructed for checking. Be sure to answer every question.
answers will be marked /
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A-B J-I B-D K-A

2-1-4-6 2-1-6-4 9-3-2-6 5-10-90-95 2-90-93-92 10-5-90-100

or word with red pencil

Correct

6-5-1-4 2-5-1-4 95-5-90-100 3-5-93-94 4-8-90-92 91-4-9-96 94-97-3-100

A-B J-1I B-D K-2A

6-1-4-99 2-1-97-99 3-95-98-4 96-91-5-92

10 0 100 90
seldom never sometimes always
" 0 1bs. 90 1bs. 110 1bs. 100 1bs.

99-6-1-4 1-97-96-2 96-97-95-1 95-90-5-10 1-3-5-99 3-5-4-1 5-95-90-100

5 volts 100 volts 90 volts 10 volts

seldom sometimes always never
5 volts 15 volts 100 volts 90 volts
Is A at a higher electrical pressure than B? Yes No

Is A more positive than B? No Yes

Does voltage indicate: (4) Pressure (B) Difference in pressure
Is J at a lower electrical pressure than K? Yes No

Is J more negative than K? No Yes

—

What is the difference in pressure between D and H? 95 93 96
2 amps 5 amps 10 amps
1 volt 5 volts 20 volts
5 volts 10 volts 100 volts

100 volts 95 volts 90 volts

sometimes seldom never

Is the sum of the voltage drops eqdal to the applied voltage:

sometimes never always

Study the checked sheet until you know and understand all the answers.

0

1 amp
50 volts
90 volts
50 volts

always

seldom

) b




Electrical .Circuits [

tors like that of Fig 8, and other apparatus with
which we shall become well acquainted. b &
‘ Group 5. Meters or measuring instruments for
indicating, and sometimes for making records of,
the conditions existing in all parts of the electrical
system.

Group 6. Apparatus for changing the energy of
the moving electricity into some other form of
energy which we wish to use. This is a big group.
In it we shall find motors, electromagnets, storage
batteries, electrochemical vats, electric arcs, elec-
tric furnaces, - various inductors or coils, electrical
resistors, many varieties of lamps, radiating systems
for radio transmitters, electrical discharge devices,
and many other parts which are of importance in
ccrta;n lines of work. All these devices use the elec-
tric current to produce mechanical motion, heat,
llght sound, chemical changes, or radiation.

A TYPICAL SYSTEM

To learn how our classification will work out
when applied to an actual electrical system let’s
examine the electrical parts used on an automobile.
We select the auto-electric system because you
probably are more familiar with the starter, lamps,
horn and ignition for an automobile.

Fig. 9 shows the auto-electrical parts which we
shall consider first. The initial source of energy
is the automobile engine which produces mechanical
.10“0!1 From here we may go on with our classi-

ication according to the numbered groups as pre-
viously listed. Corresponding numbers are on Fig.9.

Group 1. The generator receives mechanical
energy of motion from the engine through a belt,
and changes this mechanical energy into electrical

energy. Compare this with our original definition
of group 1.

Group 2. Electric current flows to the battery
through a copper wire covered with insulation, and
from the battery flows through the steel of the auto-
mobile chassis back to the generator.

Group 3. The cutout is an automatic electrical
switch which, when the generator has attained
speed sufficient to force electricity through the bat-
tery, connects the internal parts of the generator
to the wire going to the battery. The cutout is our
controlling mechanism, '

Group 4. In the system of Fig. 9 the generator
is designed and automatically regulated to produce
Just the nght amount of force and other charac-
teristics in the electric current so that this current
will produce the desired chemical changes inside the
battery. Consequently, in this part of the auto-
electric system we require no additional devices
for changing the kind of current which is being
produced.

Group 5. The ammeter is our measuring instru-
ment which indicates the rate at which electricity
moves through the generator and battery.

Group 6. Flow of electric current through the
battery produces chemical changes in the plates and
liquid inside the battery. Energy is stored in the
battery in the form of chemical chiangés, and later
on this chemcial energy will be changed bick into
electric current for operating the starting riotor,
for producing sparks at the spark plugs, for light-
ing the lamps, and for blowing the horn.

In the system of Fig. 9 we started out with
mechanical energy taken from the engine and

Fig. 8. If this machine 1s'rated at 500 Kw., how ‘many horse power is this equal to?
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ended with chemical energy stored in the battery.
Probably you already knew that a storage battery
does not store electricity in the form of electricity,
but simply undergoes internal changes during the
“charging” process which enable the battery later
on to produce electric current while it is “dis-
charging.”

ENGINE.
(MECHANICAL
ENERGY)

(=)s AMMETER
ol

j 6 BATTERY.
1 (CHEMICAL| —*
. ENERGY.
)
[

Fig 0 A Portion of the Auto-electric System.

AN ELECTRIC CIRCUIT

The electrical parts and wires in Fig. 9 make up
what we call an electric circuit. Fig. 10 is a sim-
plified diagram of this circuit in which the parts are
represented by “symbols” rather than by pictures.
These, and other standard and universally recog-
nized symbols, make it easy for anyone to quickly
draw correct electrical diagrams that are under-
stood by everyone else in the business.

An electric circuit is the complete conductive path
through which flows, or may flow, an electric cur-
rent. A circuit always must include at least the
four things which we now shall list.

ey

R

CONDUCTOR.2  _.-*" (G AMMETER 5

= CUTOUT 3 — | I

BATTERY 6 —

GENERATOR. 1| l
- -CONNECTION_ TO FRAMEWORK. 2

= =

-

Fig. 10. Simplified Diagram of the Auto-electric System.

First. The circuit must include a source of cur-
rent, meaning that there must be a generator or
some other device which uses some kind of non-
electrical energy and which produces a flow of elec-
tricity or an electric current. Maybe it should be
mentioned that the reason we do not have a gen-
erator or similar apparatus in every house lighted
by electricity is that the circuit starts from outside
the house.

Second. The circuit must include one or more de-
vices which will change electrical energy into some
other form of energy such as chemical energy, heat,
light, mechanical motion, and so on. It might be
natural to argue that one could connect a single
length of wire from one terminal of a battery to the
other terminal and thus let current flow without
going through anything which produces some other
form of energy. But current flowing through that

wire would heat the wire, and the wire itself would
be a device which changes the electrical energy into
the energy which is heat.

Even though the heat from the wire might be
wasted, it still would be produced. We may waste
any kind of energy, but cannot destroy it. The
only thing that can happen to one kind of energy
is to change to some other kind. That is a funda-
mental law of nature.

Third. The electric circuit must include a con-
tinuous conductor or a succession of joined conduc-
tors through which electricity may flow from the
source of current to the devices which use the cur-
rent to produce some other form of energy.

Fourth. The electric circuit must include also
a continuous conductive path from the device which
uses electric current back to the part which pro-
duces the current. Since everything consists of
molecules and atoms, and all atoms contain elec-
trons, everything is full of electricity (electrons) to
begin with. All we can do is pump them around
a circuit. You cannot continue pulling electrons out
of the wires inside a generator without letting re-
placement electrons re-enter the generator, nor can
you continue pushing electrons into a battery or
anything else without letting an equal number move
out and back to the source. Fig. 11 shows a cir-
cuit which includes a generator, a switch, a motor,
and the necessary conductors.

SWITCH
D - -

Fig. 11, Complete electric circuit. The current flows over the top wire
from the generator to the motor, then back along the lower
to the generator.

The idea of having a complete electric circuit,
out and back, is much the same as having to have
a complete and unbroken belt between a steam
engine and a machine to be driven. If the belt can-
not come back from the machine to the engine
flywheel or pulley it won’t long continue to move
out from the engine to the machine. If you cut
either side of the belt you will prevent transfer
of energy from the engine to the machine. It makes
no difference which side of the belt you cut. Just
as truly you will prevent transfer of electrical
energy from a source of current to a consuming,
device if you open either side of the circuit. It
makes no difference which side. Many hopeful
“electricians” have tried to beat this rule, but none
have succeeded.
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MORE ELECTRIC CURRENTS

Let’s go on to Fig. 12 where we have represented
‘most of the remaining parts of the automobile elec-
trical system. Now we shall assume that the en-
gine and generator are idle, and that the cutout
has acted to open the circuit between generator
and battery. This leaves chemical energy in the
battery as our original source of non-electrical
energy. Now for our six groups.

45 SWITCH-3 WIRES-2

" BUTTON-3
=SWITCH-3

con-4 —{:
SWITCH-3 +HORN
= PLUG-6A |, ©

A . H LAMP-6
AN Nem e eme d
N '

! “STARTING MOTOR-6 |  ‘—-——-—=-=---=-
I ——— _ _ FRAMEWORK-2

AMMETER -

Fig. 12. More Parts of the Auto-electric System.

Group 1. The battery is not only the source of
chemical energy, but is also the device which
changes this energy into electric current.

Group 2. The battery is connected through
wires and through the metal of the automobile
framework to the lamps, the horn, the starting
motor, and the ignition coil. The coil, in turn,

‘IS connected to the spark plugs. This is our wiring,

Group 3. Our controlling mechanisms include the
lighting switch, the horn button, the starting
switch, and the ignition switch.

Group 4. The maximum difference in pressure (in
volts) which the battery can develop is not enough
to force electricity across the air gaps in the spark
plugs and produce the intensely hot arc that ignites
the mixture of gasoline and air in the cylinders.
Consequently, we must employ the ignition coil, a
device which uses current at the electrical pressure
supplied by the battery and furnishes a pressure
sufficient to force electricity across the spark plug
gaps. The ignition coil is a kind of electrical trans-
former which converts the 6 volt pressure we have
available into a pressure of 10,000 volts or more,
suitable for the job to be done.

Group 5. The ammeter which previously we
have used to indicate the rate at which electricity
flows through the generator-battery circuit is now
used to indicate the rate at which electricity flows
through the battery and the lamps, the horn, and
the ignition coil. In actual practice we probably
would not carry horn current through the ammeter.
The rate of current flow through the starting motor
is so great that it would ruin this small ammeter,
so the starting current is not carried through the
meter.

Group 6. The apparatus which changes energy
of the moving electricity into other forms of energy
includles (1) the lamps which produce the energy
which is light, (2) the horn which produces the

energy which is sound, (3) the spark plugs which
produce the energy of heat, and (4) the starting
motor which produces the energy of mechanical
motion.

In the whole automobile electrical system (Figs.
9 and 12) we commenced with mechanical energy
of motion from the engine, changed it to electrical
energy in the generator, then to chemical energy in
the battery, then changed this chemical energy into
light, sound, heat, and more mechanical energy or
motion. All electrical systems are like that, just
changing one kind of energy into other kinds which
suit our needs.

QUANTITIES OF ELECTRICITY

Quantities of potatoes are measured by the bushel,
quantities of water may be measured by the gallon
or by the cubic foot, and for everything else there
are various units in which their quantities may be
measured. Quantities of electricity are measured by
the coulomb. A coulomb is just as definite a quan-
tity of electricity as is a cubic foot a quantity of
water.

We might define the coulomb by stating the num-
ber of electrons in a coulomb, but rather than get
into figures running into uncountable billions of
electrons we define a coulomb by stating what it
will do. In Fig. 13 the jar at the left contains two
copper plates immersed in a solution of silver
nitrate, with the plates connected to a battery
which will cause a flow of electricity. When one
coulomb of electricity flows through the solution
from one plate to the other this much electricity
will take out of the solution and deposit on one
of the plates about 1/25000 ounce of silver. Whether
this quantity of electricity passed in a second, an
hour or a month, it still would take with it and
deposit the same amount of silver.

Fig 13. A “Voltammeter” Which Measures Quantitics of Elestricity.

Except in the eletroplating of metals and similar
jobs we seldom need talk about quantities of elec-
tricity such as might be measured in coulombs,
but an understanding of the coulomb as a unit of
quantity makes it easier to understand the real
meaning of electric current and how current is
measured.

ELECTRIC CURRENT

In order to turn a water wheel so that it will fur-
nish a desired amount of driving power it is neces-
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sary that water flow over or through the wheel at
a rate of some certain number of cubic feet (or
gallons) per second. We may define the rate of
water flow as so many cubic feet per second. Just
as the rate of flow. of water is measured in so
many cubic feet per second, so is the electric cur-
rent measured in so many coulombs per second.

In order to light the ordinary “60-watt” electric
lamp bulb to normal brilliancy electricity must flow
through the filament in the bulb at a rate of about
one-half coulomb per second. To keep ‘a household
flatiron normally hot the electricity must flow
through the flatiron at a rate of about eight to nine
coulombs per second. To run a small fan the elec-
tricity must flow through the fan motor at about
four-tenths coulomb per second. In none of these
cases are we talking about the speed or velocity
with which-the electricity or the electrdns- pass
through-the lamp, flatiron or fan.. ~We are talking
about rates of flow in the sense-that certain quanti-
ties of electnctly pass through the part in a given
period of time.

When electricity flows at a rate of one coulomb
per second: we-say that it flows at a rate of one
ampere. Thissunit of flow (really one coulomb per
second) Wwas-'named :the ampere to honor Andre
Marie» Ampere, a' Frenth physicist and scientific
writer who lived in the early part of the last cen-
tury. We should remember that the ampere means
a rate of flow of electricity.

Instead of saying that the electric, lamp requires
a flow of one-half coulgmb per second we say it
requires a flow of one-half ampere Similajly,’ the
flatiron takes a flow of eiglit to nine amperes, and
the fan motor ' takes about four-tenths ‘ampere.

FRY
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Fig. 14. An Ammeter for Measuring Electric Current. Flow.
YD :

Rates of flow in amperes are measured and indicated
by an instrument called the ammeter, such as pic-

tured in Fig. 14. Fig. 15 illustrates how this and
other types of meters are used-in practical work.

Fig. 15. Using Meters To Test the Operation of an Electric Motor,

AMPERE-HOUR, ANOTHER QUANTITY

A coulomb of electricity is a very small quantity,
and that unit is too small for convenient use in
many kinds of electrical measurements. A more
convenient quantity, and one more often used, is
the ampere-hour. One ampere-hour of electncnty
is the quantity that would flow when the rate is one
ampere and the flow continues steadily for one hour.
The ampere-hour is a unit much used in storage
battery work, electroplating, and similar elcctro‘
chemical processes.

There are 3,600 seconds in one hour. One coulomb
of electricity passes during each second when the

rate is.one ampere. Therefore, in 3,600 seconds the

total quantity will be 3,600 coulombs, and we find
that_one ampere-hour is equal to 3 600 coulombs of
electricity.

ELECTROMOTIVE FORCE

We have learned that all substances are made up
of molecules and atoms, and that all atoms contain
electrons, which are negative electricity. Conse-
quentily, all substances are full of electricity all the
time. But in a wire or other conductor there is no
particular-tendency for the electricity to move, and
form an electric current, until some force is applied
to the electrons. Forces which move or tend to
move electricity arise from mechanical energy of
motion, from chemical energy which alters chemical
makeup of substances, from light energy, or other
forms of energy as these forms are changed into
electrical energy.

One of the commonest examples of changing
chemical energy into electrical energy is the stor-
age battery used in automobiles. The chemical
conditions in a “charged” battery are repre-
sented by one of the diagrams in Fig. 16, whic“
shows the active materials or the materials whic
undergo changes. The positive plate material is
oxygen and lead, the negative plate material is lead
alone, and the liquid in which they are immersed



Electromotive Force 15

consists of oxygen, hydrogen and sulphur (sul-
phuric acid). These chemicals do not like to remain
in the combinations shown. They are under a strain,
and may be thought of as containing pent up chem-
ical energy.

Posmive  Prate. Liauio. Necanive Puare
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Fig. 16. Chemical Changes in a Lead-acid Storage Battery Cell.

The chemical energy in the charged battery can
accomplish nothing until we connect the positive
and negative plates to an external circuit in which
electricity may flow. Then things commence to
happen inside the battery as the chemical energy
changes into electrical energy. As shown in the
diagram marked ‘“discharged,” the oxygen from
the positive plate goes into the liquid. The sul-
phur that was in the liquid splits up, part going
into the positive plate and part into the negative
plate. So long as these chemical changes continue,
the chemical energy changes into electrical energy
and changes into a force that causes electricity to
move through the battery and around the external
circuit.

If we keep the circuit connected to the battery
‘or long enough, both plates will contain lead and

ulphur (sulphate of lead) and the liquid will con-
sist of two parts of oxygen and one of hydrogen,
which form water. If electricity is forced to flow
through the battery in a reversed direction, oxygen

will leave the liquid and rejoin the lead in the posi-
tive plate, and sulphur will leave both plates and
go into the liquid. Then the battery has been
re-charged, again contains pent up chemical energy,
and is again ready to change this energy into elcc-
trical energy.

We have examined one method of producing a
force which will move electricity or which will pro-
duce an electric current. Later we shall examine a
method which changes mechanical motion into a
force that causes electricity to move.

The forces produced wlhen some other form of
energy is changed into electrical energy act with
reference to the electricity as do the pressure dif-
ferences that are applied to water in a hydraulic
system. Just as hydraulic differences of pressure
tend to cause flow of water, so do differences of
electrical pressure tend to cause flow of electricity.
An electrical pressure difference or force that moves
or tends to move electricity, and form a current,
is called an electromotive force. The abbreviation
for electromotive force is emf. We generally speak
of such a force as an “ee-em-eff”’, pronouncing the
letters of the abbreviation rather than using the full
name.

Devices such as batteries and generators in which
some other form of energy changes to electromotive
force are called energy sources, since they are the
source of the force or energy which causes current
to flow. They are not sources of electricity but only
of energy in the electrical form, because they pro-
duce no electricity but merely place electricity in
motion.

The electromotive force produced in a battery,
generator or other current source is measured in a
unit called the volt, named in honor of Count Volta,
an Italian physicist who lived about 200 years ago.
The volt is a measure of the difference in clec-
tric pressure or electric force, much as the unit
called pounds per square inch is a measure of water
pressure, steam pressure, and other pressures or
forces. A dry cell produces an emf of about 1%
volts, a storage battery cell produces an emf of
about 2 1/10 volts, and electric generators or dyna-
mos produce emf’s from a few volts up to thousands
of volts, depending on the construction of the gen-
erator.

ELECTRICAL RESISTANCE

We have said before that the electric current con-
sists of moving electrons which have been tempo-
rarily separated from atoms and which travel among
the atoms as they progress through the conductor.
Movement of the negative electrons through a con-
ductor is opposed not only by the attractions ex-
isting between them and the positive parts of the
atoms, but by constant collisions of the moving
electrons with other electrons and with the atoms.
The degree of opposition to electron flow depends
largely on the structure of the conductor—in other
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words on the kind of material of which the con-
ductor is made.

The opposition of a conductive material to flow
of current acts in many ways as does the opposi-
tion of piping to flow of water through it. Water
flows less freely through a pipe that is rough or
corroded on the inside than through an otherwise
similar pipe that is smooth and clean. This effect
is similar to that of different materials in electri-
cal conductors. For instance, electricity flows much
less freely through a steel wire than through a
copper wire of the same size and length.

There is no simple unit in which we may de-
fine or measure the opposition to flow of water
through pipes. We would have to say that a given
difference in pressure in pounds per square inch
causes a flow of so many cubic feet per second or
minutes. But the opposition of a conductor to flow
of electricity through it is measured in a simple unit
called the ohm. Like other electrical units this one
is named after a man, in this case after Georg
Simon Ohm, a German scientist, who lived long
ago.

Opposition to flow of electricity is called electrical
resistance. One ohm of resistance is that resistance
which permits electricity to flow at a rate of one
ampere when the force causing the flow is one
volt. The resistance of the filament of a lighted
60-watt electric lamp is about 220 ohms. The resist-
ance is only one ohm in about 390 feet of the size
of copper wire most often used in the electrical
wiring for houses. The resistance of materials
used for electrical insulators runs into billions of
ohms.

It is quite apparent that the greater the resistance
of a conductor or of an entire circuit to flow of cur-
rent through it, the less current will flow with a
given applied voltage, or the more voltage will be
needed to maintain a given rate of flow. When we
say that a resistance of one ohm permits a current
of one ampere with a difference in. pressure of one
volt, we say also that a difference in pressure of one
volt causes a flow of one ampere through a re-
sistance of one ohm, and that a current of one am-
pere will flow through a resistance of one ohm when
the difference in pressure is one volt. This simple
relationship between the units of resistance, pres-
sure and current is going to make it very easy to
solve all manner of electrical problems.

TERMINAL VOLTAGE

We have learned that an energy source, such as a
battery or generator, produces electromotive force
measured in volts, by changing chemical or mechan-
ical energy into electrical energy. Batteries, genera-
tors, and other kinds of energy sources have within
themselves various kinds of electrical conductors
which form a path through which electricity may
flow through the source itself. Were there no con-
ductive path through a source, electricity could not
be moved around and around the circuit consisting

of the outside connections and the source itself.
Like all conductors, those inside a source have more
or less electrical resistance. Part of the clectro’
motive force is used up in sending the current
through this internal resistance of the source, and
only the remainder is available for sending current
through the external connections or the external
circuit.

The portion of the generated emf that is available
at the terminal connections of a source, and which
may be used for sending current through the ex-
ternal circuit, is called the terminal voltage of the
source. The number of volts available from a source
should not be called emf, but should be called the
terminal voltage, if we wish to distinguish between
the total force or pressure difference produced and
that which remains for use outside the source. All
electrical pressures differences, wherever they exist,
may be measured in volts,

DROP IN VOLTAGE

Consider the water circuit of Fig. 17. In this
circuit there is a water pump which changes
mechanical energy from its driving belt into the
energy contained in moving water, and which fur-
nishes the difference in pressure required to keep
water moving around the circuit. At one point there
is a pipe coil containing a good many feet of pipe.
At several points are gauges which indicate water
pressures in pounds per square inch. Water i
assumed to flow in the direction of the arrows. I
common with the electrical current, it always flows
from a point of higher pressure to a point of lower
pressure,

Pirg |
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Fig. 17. Water Circuit In Which There Are Drops of Pressure.

It is certain that all pressure difference available
from the pump must be used in sending water
around the circuit, for there is no pressure at the
inlet side of the pump. It is quite apparent, too,
that all the pressure available from the pump won't
be used up at any one place in the water circuit, but
will be used in accordance with the oppositio
to flow encountered by the water as it moves arourr1'
the piping.

The gauge at A will show a pressure almost as
high as the total available from the pump, because
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it takes but little force or pressure to get water
from the pump to A. It takes some force or pres-
.sure to send water through the pipe from A to B,
so the gauge at B shows a pressure a little lower
than the one at A. The pressure at A must be
enough to drive water from here all the rest of the
way around the circuit and back to the pump, but
the pressure at B need be only enough to drive
water from this point back to the pump.

The coil in Fig. 17 is made of a long length
of rather small pipe. It takes quite a bit of our
available pressure to send water through all this
pipe, so the pressure remaining at C will be con-
siderably less than we had at B. The pressure
remaining at C must be enough to send water from
here back to the pump, but no more. At D, the
pump inlet, the pressure is zero.

Fig. 18 represents an electric circuit quite simi-
lar to the water circuit of Fig. 17. In this electric
circuit there is a battery from which, after using
part of the emf to overcome resistance within the
battery, there remains a pressure of six volts at one
of the terminals. The pressure at the other bat-
tery terminal is zero, just as pressure is zero at
the point where water returns to the pump in the
water circuit. Therefore, the difference in pressure
between the terminals is six volts.
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Flg. 18. Electric Circuit In Which There Are Drops of Potential and
Differences of Potential.

The entire six volts is used up between A and D
in the electric circuit, for we start out with six
volts and end up with no volts. But, as with the
water circuit, all the pressure is not used up in
sending electricity through any one part of the
circuit, but rather it is used as required to over-
come the resistance in various parts of the circuit.
The greater the resistance in any section of the elec-
tric circuit the more pressure must be used up in
that section to force electricity through its re-
sistance.

In Fig. 18 we assume that it takes only one volt
pressure to overcome the resistance of the wire
‘'om A to B, but that in the long length of wire in
the coil it is necessary to use up four volts of pres-
sure, which is the difference between the pressures
at B and C. The remaining one volt of pressure

sends electricity through the wire from C back to
the battery.

The pressure in any electric circuit undergoes
a continual drop as we progress around the circuit
and use up the pressure in overcoming resistance
of different sections. The pressure is greatest at
one side of the source and is least at the other side.

DIFFERENCE IN PRESSURE

It is the difference between the pressures at two
points in a circuit which causes current to flow
from one point to the other. In Fig. 18 it is the
entire pressure difference of the battery that causes
current to flow through the entire circuit from A to
D. Current flows from A to B because the pressure
at A is higher than at B, it flows from B to C be-
cause the pressure at B is higher than at C, and
from C to D because the pressure at C is higher
than at D.

T oC VOLTMETER 8

Fig. 19. Voltmeter for Measuring Potential Differences In Volts.

Pressure differences are measured in volts. The
measurement of the number of volts pressure differ-
ence between two points may be made with an
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Flg. 20. Using a Voltmeter To Mecasure Potential Differences.

instrument called a voltmeter. One type of volt-
meter is illustrated in Fig. 19. Fig. 20 shows how
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a voltmeter might be used to measure potential dif-
ference in volts by connecting wires from the termi-
nals of the voltmeter to the two points whose poten-
tial difference is to be measured. You will recog-
nize that the pressure difference between two points
is exactly the same thing as the drop in voltage
between those points.

VOLTAGE

When electromotive forces, pressure differences,
or pressure drops are measured in volts or in multi-
ples or fractions of volts, the number of volts often
is spoken of as the voltage. For instance, someone
might ask about the voltage of a generator, mean-
ing the pressure difference available for the external
circuit, or they might ask about the voltage across
a coil or other part of a circuit, meaning the pres-
sure difference across that one part.

In the language of electricity, which we now are
learning, each word and term has an exact and pre-
cise meaning when used correctly. However, you
will find that electrical men are sometimes rather
careless in their use of these words, speaking of
the emf across something like a coil instead of
speaking of the pressure difference.

ELECTRIC POLARITY

One terminal of a source has, at any one instant,
a pressure higher than the other terminal. The
one of higher pressure is called the positive ‘termi-
nal, and the one of lower potential is called the
negative terminal. Positive terminals may be indi-
cated by the plus sign (<) and negative terminals
by the minus sign (—), as has been done with the
source terminals in Fig., 20. Positive is also indi-
cated by the letter P or the abbreviation POS, and
negative by the letter N or by NEG.

Voltmeters and other meters have one terminal
marked positive and the other negative. In order
that the meter may read correctly its positive termi-
nal must be connected to the point of higher pres-
sure and its negative terminal to the one of lower
pressure.

Because of pressure drops and differences in a
circuit one point will have a pressure higher than
another point. The point of higher pressure is posi-
tive with reference to the other one, which is nega-
tive with reference to the first point. In Fig. 20
the pressure becomes lower and lower as we pro-
gress from A to D. Then point A is positive with
reference to B, and B is negative with reference
to A. But because the pressure at B is higher than
at C, point B is positive with reference to C while
being negative with reference to A.

The words positive and negative, as just used,
describe the polarity of points in an electric circuit
with reference to other points in the same circuit.

The whole mass of the earth or the ground us-
ually is considered as having zero pressure or no
pressure at all. Then we may speak of anything

whose pressure is higher than that of the earth as
being positive, and of anything whose pressure is
less than that of the earth as being negative. You
may wonder how we can have a pressure less than
zero, but this is explained by remembering that the
earth’s pressure is only arbitrarily taken as zero,
just as one certain point on the thermometer is
arbitrarily considered zero. We may have pres-
sures lower than the earth’s zero pressure just as we
may have temperatures lower than zero on the
thermometer. In electrical terminology, the term
potential is often used in the same sense as the word
pressure is here applied; thus the “difference in
pressure” in volts and the “difference in potential”
in volts mean one and the same thing. For purposes
of simplification, the word pressure has been em-
ployed in the foregoing material.

RESISTANCE OF CONDUCTORS

Several times it has been mentioned that the re-
sistance of a conductor depends largely on the kind
of material in the conductor. When talking about
electron flow in conductors we listed a number of
materials in the order of the freedom with which
electrons pass through them. From our later dis-
cussion of resistance it is evident that the material
(silver) permitting the freest flow of current must
have the least resistance, and that materials per-

mitting smaller rates of flow when a given diﬂ'er‘

ence in pressure is applied to them, must hav
higher resistances.

The resistance in ohms of a conductor is affected
by other things as well as by its material. Here
are the factors which determine resistance:

1. The material of which the conductor is made.

2. The length of the conductor. If a certain kind
of conductor is made twice as long, its resistance
will be exactly doubled, since it is twice as hard
1o force a given current through twice the original
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length., See Fig. 21. Halving the length of the
conductor will drop its resistance to half the origi-
nal value. Resistance varies directly with the length

Effect of Length deoS?“ Sectional Area On Resistance .
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of a conductor that is of uniform size and material
throughout.

3. The cross sectional area of the conductor, The
cross sectional area is the area of the flat surface
left on the end of a conductor when it is cut straight
through from side to side. Changes of cross sec-
tion in the same length of conductor are shown
in Fig. 21, If the cross sectional area is doubled
the resistance is cut in half. It is easier for elec-
tricity to flow through a large conductor, just as
it is easier for water to flow through a larger pipe.
If the cross sectional area is halved the resistance
is doubled. It is harder to force water through a
small pipe than a large one, and harder to force
electricity through a small conductor than through
a larger one.

4. The temperature of the conductor, In all pure
metals, and in most mixtures or alloys of metals,
the resistance increase as the temperature rises. The
resistance of a copper wire is about 9 per cent
greater at 70° F. than at 32°, and at 150° is about
27 per cent higher than at 32°. Each different metal
has a different rate at which its resistance changes
with changes of temperature. An alloy called man-
ganin, much used to provide resistance in electrical
instruments, changes its resistance less than one-
hundredth as much as does copper for the same
change of temperature. Liquids which have been
made conductive, such as those used in storage bat-
teries, have less and less resistance as their temper-
ature rises through normal ranges. The resistances
of carbon and graphite become less as their temper-
ature rises. In order to specify resistances with
accuracy we should know and mention the tempera-
ture of the conductor. When no temperature is
mentioned it generally is assumed to be 68° Fah-
renheit, which is 20° centigrade.

CONDUCTANCE

The conductance of @ conductor is a measure of
the ease with which it permits current to pass
through it, as opposed to resistance which is a
measure of the opposition to current flow. The unit
of conductance is the mho, which is ohm spelled
backward. The conductance in mhos is equal to
the reciprocal of the resistance in ohms. The re-
ciprocal of a number is 1 divided by that number.
Thus, the reciprocal of 10 is 1/10. If the resistance
of a conductor is 10 ohms its conductance is 1/10
mho.

Nearly all our practical calculations are made
with resistance measured in ohms. Conductances
in mhos are seldom used.

ELECTRICAL SYMBOLS
When we wish to show the wiring connections
and the parts included in an electric circuit or part
.of a circuit, it is not necessary to draw pictures
of the parts. Conductors and various electrical
devices are shown by symbols which represent these
parts in a general way and which are understood

by all men working in the electrical industries.
Several standard symbols are shown by Fig. 22.
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Fig 22 Symbols Used In Electrical Wiring Diagrams.

The cell represents a single dry cell or a single
cell of any other type which produces electromotive
force from chemical action. Several cells together
form a battery. The number of cell symbols drawn
to represent the battery may or may not correspond
to the number of cells actually in the battery to be
shown. The long line of the cell symbol represents
the positive terminal and the short line the negative
terminal.

The generator symbol is marked “direct current”
because it represents the kind of generator which
causes electricity to flow always in the same di-
rection around a circuit. This is the kind of flow
we have been considering and shall continue to
study until taking up the subject of alternating
current later on. Alternating current is a surg-
ing back and forth of electricity in the conductors,
moving one direction for a brief period and then in
the opposite direction for an equal period of time.

Wires which cross over each other without being
joined together or in electrical contact may be
shown in any of three ways. Electricity cannot
flow from one to the other of wires which are not
in actual contact, or which are separated by in-
sulation as indicated in these symbols. If two or
more wires are in direct contact so that current
may flow from one to the other at the point of
contact, we show the joining by means of a small
dot at the junction.

If a large amount of resistance is concentrated
into a small space, as by winding much wire into
a compact coil, we may call the unit a resistance
or a resistor. The symbol for such concentrated
resistance is a zig-zag line. Many resistors are
so constructed that a brush or other movable con-
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tact point may be slid along the resistance wire,
thus including between the contact and one end of
the wire more or less resistance or more or less of
the total length of the wire. Such an arrange-
ment provides an adjustable amount of resistance
for use in a circuit to limit the flow of current. An
adjustable resistor may be called a rheostat. The
arrowhead in the symbols represents the movable
or sliding contact point.

Switches, as you doubtless know, are devices in
which metallic conductors may be conveniently
brought together so that current may flow through
them and through a connected circuit, or which may
be separated so that they have between them the
insulation of air, which prevents flow of current.
A push button switch is of the type used for door
bells. A knife switch opens and closes with a mo-
tion like moving the blade of a jack knife. The
knife switch for which a symbol is shown has two
blades, that simultaneously opens or closes two
conductive current paths.

Fig. 23 is a diagram of an electric circuit show-
ing how simple and easily understood are the con-
nections and the paths for current when we use
symbols to represent the electrical devices. Refer
to the symbols of Fig. 22 and see how many of them
you can identify in Fig. 23. Fig. 23 shows two
coils whose symbols are not included in Fig. 22.

-
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Fig 23 Wiring Diagram In Which Symboels Are Used.

SERIES CONNECTIONS

Fig. 24 shows two circuits. Each contains a gen-
erator, a switch, a resistor, and two lamps, If the
generator were running and the switch closed, cur-
rent from one side of the generator would have
to pass successively through each of the other parts
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Fig. 24, Series Circuits.

before coming back to the generator. Furthermore,
every bit of current that goes through the generator

must go also through every other part of the circuit.
The current cannot divide at any point. All the
current that flows in any one part of the circuit
must flow also in every other part.

Any circuit in which all the current flowing in
any one part must flow also through each other
part is called a series circuit. When parts are so
connected that all the current through one of them
must pass also through the other these parts are
connected in series. It makes no difference in what
order the parts come, if they all carry the same
current they are in series.

There are three things about series connections
that we should understand.

1. The current in amperes is the same in all
parts connected in series. If the flow is five am-
peres in any one part it must be five amperes in
every other respect.

2. The total resistance in ohms of all the parts
connected in series is equal to the sum of their
separate resistance in ohms. In Fig. 25 we have four
lamps in series. Each lamp has a resistance of 40
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Fig. 25. Four 40-obhm Lamps Connected In Series.
ohms. Neglecting the very small resistance of

the connecting wires, the total resistance of this
circuit is 4 x 40, or is 160 ohms.

3. The total difference in pressure in volts which
is supplied to the parts in series, as from a current
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Fig. 28. Five 50-volt Lamps Connected In Serles.
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source, must equal the sum of the pressure differ-
ences or pressure drops across the separate parts
in the circuit. This became apparent when study-
ing Fig. 18. In Fig. 26 we have five lamps, across
each of which a voltmeter would show a pressure
difference of 50 volts. Neglecting the small pres-
sure drops in the short wire connections, the sum
of these voltage or pressure differences is 250 volts,
which is the total difference in pressure that must
be supplied by the generator.

OHM’S LAW

Ohm’s law is a rule that helps to solve more
different kinds of electrical problems than any other
one rule or law that we can learn. The law says
that if the pressure difference across a circuit or
any part of a circuit is doubled, the current will
double, and that half the pressure difference will
produce half the current. In other words, the cur-
rent in amperes increases and decreases directly
with increase and decrease of the pressure differ-
ence in volts. Ohm'’s law says further that dou-
bling the resistance will permit only half as much
current to flow, and that halving the resistance will
permit as much current to flow. This means that
the current increases proportionately to every de-
crease of resistance, and that the current decreases
proportionately to any increase of resistance. This
statement assures the applied voltage to remain

.onstant.

At A in Fig. 27 we measure a pressure difference
of 4 volts across a resistance of 2 ohms. The cur-
rent through the resistor will be 2 amperes. At B
the pressure difference has been raised to 10 volts,
two and one-half times as much as at A, and the
current through the resistor now is 5 amperes,
which is two and one-half times the original current
through the same amount of resistance.
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Fig 21 Relations Between Amperes, Veoits and Ohmas.
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At C in Fig. 27 the pressure difference across a
2-ohm resistance measures 8 volts. The current is
4 amperes. At D the resistance has been increased
to 4 ohms, twice as much as at C, and now we have

current of only 2 amperes with the same pressure
‘ifference. Doubling the resistance has cut the cur-
rent to half,

The easiest way to remember Ohm’s law is to say
that the number of amperes of current is equal to

the number of volts pressure difference divided by
the number of ohms resistance, or simply that
amperes are equal to volts divided by ohms. When
one quantity is to be divided by another we often
write them as a fraction. For example, the fraction
¥4 means that 1 is to be divided into 2 equal parts,
and the fraction 6/3 means that 6 is to be divided
into 3 equal parts. Ohm's law written with a
fraction appears thus:

volts pressure difference

Amperes = or Current =

ohms resistance

Instead of using the words for amperes, volts and
ohms, or for current, pressure difference and re-
sistance, we generally use letter symbols. For cur-
rent in amperes we use the capital letter I, which
you may think of as standing for intensity of current.
For pressure difference in volts we use the letter E,
which stands for electromotive force. For resist-
ance in ohms we use the letter R, which stands
for resistance. With these letter symbols we may
rewrite Ohm’s law thus:

Ohm's law shows the relation between amperes,
volts and ohms in any part of a circuit, or, of course,
in a complete circuit. If we use the numbers of
amperes, volts and ohms of Fig. 27 instead of the
corresponding letters in the formula I = E/R we
will have for A 2 = 4/2, and for B 5 = 10/2,
and for C 4 = 8/2, and for D 2 = 8/4, all of
which work out correctly.

The great usefulness of Ohm’s law arises from
the fact that if we do not know the current but
know only the resistance and the pressure difference
we merely divide the volts of pressure difference
by the ohms of resistance to find the unknown cur-
rent in amperes.

In Fig. 28 we have a battery furnishing 10 volts
pressure difference (E) to a lamp whose resistance
(R) is 5 ohms, and we wish to know the current
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Fig. 28. A 18-volt Battery Supplying Cwrent To a $-chm Lamp.
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in amperes. We use the known pressure difference
and known resistance in Ohm’s law thus:

E 10
I = — = — = 2 amperes

R 5
In all these simple problems we shall ignore the
resistance of the connecting wires. Even were we
to have as much as ten feet of ordinary copper wire
the resistance of the wire would be only about 1/40
ohm, which would have negligible effect on our figures.
Now that the relationships between current, dif-
ference in pressure, and resistance have been es-
tablished, we shall begin to substitute the term “dif-
ference in potential” for “difference in pressure” in
order to acquaint you with use of the word. Remem-
ber that you may substitute the word “pressure”
for “potential” in any practical electrical situation,
as both terms mean virtually the same thing. The
only advantage of using the term potential lies in
the fact that it is widely used in electrical literature.

Probably you know that any formula such as
I = E/R which involves three quantities may be
changed around to show any one of the quantities
when we know the other two. We already have
learned how to find the current in amperes when we
know the potential difference in volts and the re-
sistance in ohms, but how about learning the poten-
tial difference from known current and resistance,
and how about learning the resistance when we
know only the current and the potential difference?

Using letter symbols for the three quantities we
may write Ohm’s law for unknown potential differ-
ence as follows: -

E = IR, which means volts = amperes X ohms

You may easily prove to yourself that this form
of the law is a correct one by substituting for volts,
amperes and ohms the corresponding numbers from
Fig. 27, and you will find that the formula always
works out.

In Fig. 29 we have represented an electric toaster
whose resistance is 10 ohms, and with an ammeter
we measure the current as 12 amperes. What is
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Fig. 29. A Toaster for Which the Potential Difference Is To Be
Calculated.

the potential difference in volts that will cause 12
amperes of current to flow through 10 ohms of re-

sistance? All we need do is place the known
values in Ohm'’s law, thus:

E= IR = 12 X 10 = 120 volts

In Fig. 30 we have an electric oven ‘in whose
heater coils the resistance is 2 ohms, and we

Fig. 30. An Oven of Known Resistance, Taking a Known Current, for
Which the Potential Difference Is To Be Calculated.
measure the current as 55 amperes.
find the potential difference in volts.

E= IR = 55X 2 = 110 volts

Just as we changed Ohm’s law around to give
the value of an unknown potentia! difference, so
we may change it again to show an unknown resist-
ance in ohms when we know the potential diﬂ'er‘
ence in volts acruss the resistance and know thd
current in amperes flowing through the resistance.
llere is the third form of Ohm’s law:

E volts
R = — or Ohms = ———
I amperes

It is easy to

Again you may prove that this form of the law
works out by substituting in it the numbers of
ohms, volts and amperes of Fig. 27.

Fig. 31 shows a powerful magnet or electromag-
net used for lifting parts made of iron or steel. An
ammeter shows that a current of 20 amperes flows
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Fig. 31. An Electromagnet for Which the Potential Difference and
Current Are Measured, and of Which the Resistance Is To Be Learned.
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through the coils inside the magnet when the ap-
plied potential difference is shown by a voltmeter
o be 80 volts. To find the resistance in ohms of
the magnet coils we use the measured quantities in
Ohm'’s law for resistance.

E 80

R = —— =

— = 4 ohms
I 20

USING OHM’S LAW

Current voltage and resistance are the three most
important things that we have to consider in prac-
tical work with the great majority of eclectrical
devices and the wiring that connects them together.
Electricity flows only through conductors, and all
conductors have resistance. Therefore, every part
in every electrical circuit has resistance. The cir-
cuit of Fig. 32 includes a generator, an ammeter,
a switch, a rheostat, a lamp, and the connecting
wires. There are various amounts of resistance in
every one of these parts.

The ammeter of Fig. 32 shows the current flow-
ing through the meter. Since this is a series cir-
cuit we know that the current in every other
part is the same as that in the ammeter. The
voltmeter is connected across the terminals of the
generator, so it shows the potential difference
across these terminals and across the entire ex-
ternal circuit. The voltmeter might be connected
Q‘ross the rheostat, the lamp, the ammeter, the

witch, or any of the wires—and then would show
the potential difference across each of these parts.
In every circuit in which electricity is flowing we
have a current which is forced to flow through
resistances by the potential differences in the
circuit. An understanding of Ohm’s law means
an understanding of all the relations between cur-
rent, voltage and resistance, and an understand-
ing of the electrical behavior of every common
type of circuit.

An understanding of Ohm’s law does not mean
merely the ability to say that “amperes equal volts

CURRENT

divided by ohms,” and to repeat the other forms
of the law for volts and ohms, but means under-
standing of how these rules work out in prac-
tice. Supposing that the rheostat of Fig.
32 were enclosed within a box with only the oper-
ating handle showing, and that you wanted to know
which way to move the handle to increase the re-
sistance. If you understand the relations between
resistance and current as shown by Ohm’s law you
will know that the ammeter in this circuit will show
less current when you move the handle to increase
the resistance. You will know also that with the
voltmeter connected across the rheostat the voltage
will increase when you miove the handle in the
direction that increases the resistance of the
rheostat.

Here is a little table showing what happens to
cach of the three elements—current, voltage, and
resistance—when one of them is kept at the same
value and another is made more or less. In each
part of the table is written the form of Ohm’s law
that gives the answer shown there.

PoTENTIAL RESISTANCE
DIFFERENCE
Amperes Volts Ohms
SAME MORIE MORE
E=1IR R = E/I
SAME LESS LESS
E = IR R = E/I
MORE SAME LESS
I = E/R R = E/I
LESS SAME MORE
I =LE/R R = E/I
MORE MORE SAME
I = E/R E =1R
LESS LESS SAME
I = E/R E = IR

Fig. 32. A Typical Electric Circuit.
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In this table we have the answers to the problem
about moving the rheostat handle. On the first
line of the table we find that more resistance means
more potential difference in volts is required if
the current is to remain the same, and on the fourth
line we find that more resistance means less cur-
rent in amperes if the voltage remains the same.
The formula R = E/I answers the questions be-
cause if in it you use different values of volts (E)
with the same value of amperes (I), you will
find out what happens to resistance. If you try
different values of amperes (I) with the same
value for volts (E) you again will find out what
happens to resistance under these conditions.

Supposing you know what a certain electrical
device must have a current of six amperes to oper-
ate correctly, but an ammeter shows the current
to be eight amperes. You can reduce the current
by changing either the potential difference in volts
or the resistance in ohms. The table shows that
less current will low with more resistance and the
same voltage, or with less voltage and the same
resistance. Ohm’s law will answer thousands of
electrical questions,

When Ohm first explained his law for the rela-
tions of current, potential difference and resistance
he did not write something like I = E/R, but he
stated that current varies directly with potential
difference, and inversely with resistance, that po-
tential difference varies as the product of current
and resistance, and that resistance varies directly
with potential difference and inversely with current.
This is just a short way of saying all that is shown
by our table. The three formulas by which we show
Ohm’s law are merely convenient ways for work-
ing our problems which involve certain numbers of
amperes, volts and ohms.

One of the easiest ways to remember all three
formulas for Ohm’s law is to remember this ar-
rangement of the letter symbols,

£
IXR

Supposing you want to know the value of E or
volts. Cover the E with the tip of your finger
and you see only I X R, which means that multi-
plying the number of amperes (I) by the number
of ohms (R) will give the number of volts. If
you want to know the number of amperes just
cover up I, the symbol for amperes, and you see
E over R, which means to divide the number of
volts by the number of ohms. If you want to find
the number of ohms, cover up R, the symbol for
ohms, and you see E over I, which means to divide
the number of volts by the number of amperes.

It is necessary to understand the relations be-
tween current, potential difference and resistance
as shown in the table, but this requires no memoriz-
ing, only a little reasoning for each case. For in-
stance, you can read the first line of the table thus:

With the SAME current there will be MORE po-
tential difference with MORE resistance. All you
need do to figure this out for yourself is to re
flect that it certainly is going to take more potential
difference or more force to send the same current
through more resistance. Stated in another way,
if you have the same current and observe that more
potential difference is needed to maintain this cur-
rent, it is certain that the resistance must have
increased, because it takes more force to get the
same current through more resistance.

Just as we have analyzed the meaning of the first
line of the table, so you should check over each
of the other lines for yourself. You will find that
the conclusions are just common sense in each
case, that they merely state what you already know
about the behavior of current, voltage and re-
sistance.

PARALLEL CONNECTIONS

Fig. 33 shows a water circuit in which all the
water flowing through the pump P flows also
through the water wheel or water motor WW and
through every other part of the circuit. The gauge
G indicates the pressure available from the pump

Fig. 33. Water Circuit With Its Parts In Series.

or the source of pressure. Fig. 34 shows an elec-
tric circuit which is similar to the water circuit
of Fig. 33. All the current that flows through the
generator G in the electric circuit flows also through
the lamp L and through every other part of this
circuit. A voltmeter VM indicated the electrical
pressure difference or the potential difference avail-
able from the generator. There two circuits, as
you will recognize, are series circuits.

In the series electric circuit we have the sam
current in all parts. The total resistance of the
circuit is equal to the sum of the resistance in its
parts. The total potential difference from the source
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must equal the sum of the potential differences
icross the parts of the series circuit. These are

vM

Fig. 34. Electric Circult With Its Parts In Series.

the rules for a series circuit, as we learned pre-
viously.

In Fig. 35 we have added a second water wheel
WW2 to our water circuit. Both sides of each
water wheel are connected directly to the pump
through pipes. The two wheels are in parallel with
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Fig. 35. Water Circuit With Two Water Wheels In Parallal.

each other. Fig. 36 shows an electric circuit like
that of Fig. 34 except that we have added a second
lamp L2 and have connected both sides of this lamp
directly to the generator through wires. The two
lamps are connected together in parallel.
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Fig. 36. Electric Circuit With Two Lamps In Parallel.

A parallel connection of two or more parts may
be defined as a connection with which the total
current divides, part going through each of the

QnS. If we consider each separate unit in a par-

lel connection all by itself, Ohm’s law will tell

us all the ralations between current, potential dif-

ference and resistance in that unit or in that
“branch” of the parallel system.

The first thing to note about a parallel connec-
tion is that the potential difference across all the
units or across all the branches is the same. In
Fig. 35 the pressure difference from the water pump
is applied equally to both water wheels, since both
are connected directly to the pump. In Fig. 36 the
potential difference from the generator is applied to
both the lamps, because both lamps are connected
directly to the generator. When two wires come
together, as do the two from the tops of the lamps
and the other two from the bottoms of the lamps
in Fig. 36, there can be only one potential at each
junction. We cannot have two different potentials
or voltages at the same point in a conductor or in
a junction of conductors. Then, if the potentials on
each side of the lamps are alike, there can be only
one potential difference, and this potential differ-
ence acts across each of the lamps.

When we know the potential difference across all
the parts connected in parallel, and know the re-
sistance of each part, it is a simple matter to de-
termine the current in each part. All we need to
do is use Ohm’s law which says I = E/R. As an
example, consider the parts shown in a parallel con-
nection by Fig. 37. The potential at the top of
the diagram is 30 volts, at the bottom is 6 volts,
so the potential difference across A, B and C must
be 24 volts. A voltmeter connected across any one
of these units would read 24 volts.
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Fig 37. Three Resistances Connected In Parallel.

The resistances of the units of Fig. 37 are marked
in the diagram. Knowing the potential difference
(E) and the resistance (R) for each unit allows
finding the currents for each unit as follows:

Unit A I =E/R = 24/4 = 6 amperes
Unit B I =E/R = 24/3 = 8 amperes
UnitC I = E/R = 24/12 = 2 amperes

The total current for the units of Fig. 37 must be
the sum of the separate currents, or must be
6 4+ 8 4 2 amperes, which makes a total of 16
amperes.

Now let’s consider the three units of Fig. 37 as a
group. For the entire group we know that the
potential difference is 24 volts, which is the same
as the potential difference for each unit. We have
figured out that the total current is 16 amperes for
the group of parts. Now, what is the effective
resistance of the entire group of units, or what
would be the resistance of a single unit equiva-
lent to the three?

As is usual when having to solve an electrical
problem we call on Ohm’s law. We wish to learn
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the effective resistance, so must use the formula for
resistance or use R = E/I. Let’s put our known
potential difference (E) and our known total cur-
rent (I) into this formula.

R = E/I = 24/16 =
alent resistance.

Supposing that we do not know the potential
difference, but know only the resistance of several
units connected in parallel and wish to know their
equivalent or effective resistance considered as a
group. All we need do is select any voltage, prefer-
ably a number of volts into which each of the num-
bers of ohms resistance will easily divide. For
the resistance of Fig. 37 we might select 72 volts.
Then we figure out the separate currents for 72
volts instead of 24 volts and find that they will be
18, 24 and 6 amperes. The total current then is the
sum, 18 + 24 4 6, or is 48 emperes. Finally we
use Ohm’s law to find the effective resistance, this
way,

1% ohms, the equiv-

R= E/I = 72/48 = 11 ohms.

This is an easy way to figure out the effective
resistance of any number of resistances connected
in parallel; just select any voltage, calculate the
currents, and use the total number of amperes and
the selected number of volts in Ohm’s law for re-
sistance, R = E/I, and you will have the equivalent
number of ohms.

The rule usually used in cases like this says that
the sum of the reciprocals of the separate resist-
ances equals the reciprocal of the equivalent resist-
ance. The reciprocal of any number is 1 divided
by that number. To apply this rule to the example
of Fig. 37 we would have to add the reciprocals
of the resistances.

1 1 1
—_ +t — + — = 7
4 3 12

To ‘add fractions they first must be changed to
equal fractions all having the same denominator, or
the same number below the line. Our present frac-
tions may be changed so that all have 12 for the
denominator, thus,

r 3 r 4 r 1
4 12 3 12 12 12
Then we may carry out the addition.
e, 3 4 1 8
—_— 4+ — —_— =
12, .., 12 12 12

Here we find that 8/12 is the reciprocal of the
resistance. The reciprocal of any fraction is that
fraction inverted or turned upside down. Then the
reciprocal of 8/12 is 12/8, and 12/8 is equal to 114,
which is the equivalent resistance in ohms.

Fig. 38 shows another example of resistance in
parallel. It would be a good idea if, before looking

at the answer which will be given, you work out
the equivalent resistance for yourself, either by
selecting any convenient voltage and using Ohm

law to find currents and then the resistance or else
by using the reciprocals of the separate resistances.

Fig. 38. Resistances In Parallel for Which the Equivalent Resistance
Is To Be Calculated.

The reciprocals of the numbers of ohms are,

1 1 1 1 1
1 5 20 4 Y

To simplify the last fraction, 1 over 4, we may
actually divide 1 by !4, which gives us 4. To
change 4 into a fraction we may write it as 4/1, so
instead of working with 1 over 4 we may sub-
stitute 4 over 1, to which it is equal. For the next
step we may change all the fractions so that the
have 20 for a denominator and add them, thus, ‘

20 4 1 5 80 110
e
20 20 20 20 20 20

Since 110/20 is the reciprocal of the resistance
we must invert this fraction to get 20/110 as the
number of ohms. This fraction 20/110 should be
simplified to 2/11, which is the equivalent resistance
in ohms of the five parallel resistances.

Fig. 39 shows four lamps connected in parallel,
each lamp having a resistance of 40 ohms. When
all the parallel resistances are alike their equiva-
lent resistance is equal to the resistance of one unit
divided by the number of units. In Fig. 39 the
equivalent resistance must be equal to 40 ohms
(resistance of one lamp) divided by 4 (the number
of lamps), or must be equal to 10 ohms.

7 ]'
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Fig. 39. Equal Resistances In Parallel.
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In practice many problems will arise which re-
quire the calculation of total resistance of two
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resistances in parallel, and there is a most con-
venient formula for computations of this type. If
one resistance is called R, and the other R,, the
total resistance Ry may be found from the formula

R. X R,
R+ R,

Note that this formula merely indicates that we
must take the product of the two resistors and
divide this value by the sum of the two resistors.
By repeated application of the same formula, the
total resistance of any number of parallel resistances
may easily be determined.

e

R1‘=

In wiring diagrams such as apply to the elec-
trical equipment in buildings you often will find
lamp circuits as shown in Fig. 40. At A there are
12 lamps in series, which requires only a single wire
or conductor running from lamp to lamp. At B the
12 lamps are connected in parallel, which requires
two wires or conductors so that both sides of each
lamp may be connected directly to the source of
current. .

There are three important facts to keep in mind
about parallel conections. Here they are:

The current for the parallel group is equaj to
the sum of the currents in the several units.

The potential difference is the same across all
‘units in the parallel group.

The equivalent resistance of the parallel group
always is less than the smallest separate resistance.

SOURCES CONNECTED IN SERIES

Two water pumps are connected end to end or in
series for the water circuit of Fig. 41. With the
pumps connected this way it is plain that the rate
of water flow, in gallons per minute, must be the
same through both pumps. One pump adds to the
pressure developed by the other one. If we as-
sume that water comes to the inlet of the lower

pump with zero pressure, and that this pump is
capable of producing a difference in pressure of
50 pounds per square inch, water will issue from
the lower pump and pass to the inlet side of the
upper pump at this pressure. If the upper pump
is capable of producing a difference in pressure of
50 pounds per square inch, this pressure will be
added to that already existing at the pump inlet,
and from the upper pump water will issue with a
pressure of 100 pounds per square inch:

Fig 4 Water Circuit With Two Pumps Connected In Series.

Fig. 42 shows an electric circuit with two gen-
erators connected in series. As in all series cir-
cuits, current is the same in all parts, including
the generators, The generators are capable of
applying a difference in potential of 100 volts each
to current flowing through them. Just as with
the water circuit of Fig. 41, the electric poten-
tial differences will add together and the total
for the two generators will -be 200 volts.
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Fig. 4. ‘Diigram for Lamps Cobnécted In Series and In Parallel
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With sources connected in series, their potential
differences add, but the current can be no more than
@;{? so1 that through one of the sources. It is not necessary

that sources in series provide equal potential differ-
ences. If a 110-volt generator and a 10-volt gen-
erator are connected together in series they will

' 199§ 200€ furnish a total potential difference of 120 volts.
’ But, and this is important, the current taken from

dho the two generators in series must be no greater than
@ 190 safely may be taken from either of the generators
3 alone. If one generator alone is capable of de-

livering 15 amperes of current, and the other alone
is capable of delivering only 3 amperes, then the
maximum current from the two in series may be
no more than 3 amperes. A greater current will
overheat and seriously damage the generator hav-

— - ing the smaller current capacity.
Fig. €2 Electric Circult With Two Generators Connected In Series.
. SOURCES CONNECTED IN PARALLEL
. Fig. 43 shows three dry cells connected in se- In Fig. 44 we have taken the two water pumps
ries and furnishing current to a lamp. Each dry which were connected in series in Fig 41 and have
cell produces a potential difference of 134 volts, re-connected them in parallel. Each pump still is
so the three in series produce a potential difference capable of furnishing a pressure difference of 50
of 3 X 134, or 4}% volts for the battery of cells. pounds per square inch when pumping water at the

rate of 100 gallons per minute. If each unit pumps

+ this 100 gallons per minute, the combined flow from
. the two together passes into the common outlet
tie ‘e ke pipe and makes 200 gallons per minute.

The total difference in pressure from the two
pumps in parallel, as they deliver water to the‘
tank circuit, will be equal only to the difference

- & in pressure of one pump. The pressures from

the two pumps come together in the common
pipe connected to their outlets. If the pressure

Fig. 4. Sources In Series Add Thelr Potentials. in this common pipe were any greater than that at
50 ¢85. —
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Fig. 4. Water Circuit With Twe Pumps Cennected In Parallel.
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the pump outlets, we would have the impossi-
ble condition of a high pressure and a low pressure
existing at the same point in the water circuit.

Fig. 45 shows two electric generators connected
in parallel. Each generator is capable of delivering
50 amperes flow at a difference in pressure of 100
volts. Just as with the parallel water pumps, the
current from these parallel generators will add
together to make a total flow of 100 amperes, but
the potential difference applied to the external
circuit will be only that of one generator, or only

100 volts.
(}?mor
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Fig. 45. Electric Circuit With Two Generators In Parallel.

In Fig. 46 we have four dry cells connected to-
’gether in parallel. The potential difference applied

to the resistor will be that of one dry cell, or will
be 114 volts. However, the current which may be
sent through the resistor will be four times the
current that could be taken from one dry cell. The
maximum current from one dry cell ordinarily is
considered to be one-quarter ampere, so the four
cells in parallel would furnish a maximum of one
ampere.

AALE

Fig. 4. Sources In Parallel Add Their Currents.

With sources connected together in parallel the
combined potential difference will be the same as
that from one of the sources alone, but the com-
bined current will be as great as the sum of the
currents which might be taken from all the sources.

When sources are connected together in parallel

'they all must have the same potential difference

or voltage. If one of the water pumps in Fig. 44
produced a pressure difference of 100 pounds and
the other a pressure difference of 50 pounds, the
higher pressure would force water backward

through the pump of lower pressure. If you were
to connect a 100-volt generator and a 50-volt gen-
erator in parallel, the 100-volt unit would send
current in a reverse direction through the 50-volt
unit. Connecting a 2-volt storage battery and a
1%4-volt dry cell in parallel would send current
backward through the dry cell.

Provided that sources in parallel have the same
voltage they need not have the same current capac-
ity. You might connect in parallel a large and a
small storage cell, because regardless of size all
storage cells of a given type provide the same
voltage. Each cell would furnish to the external
circuit its proportionate share of the total current,
and neither cell would force current backward
through the other one.

POLARITY OF CONNECTIONS

All sources which are connected together in se-
ries or in parallel must have their positive and nega-
tive terminals connected together in such a way
that all of them act to send current in the same
direction through the external circuit. With a se-
ries connection of sources the positive terminal of
one source is connected to the negative terminal
of the one following, as shown by the “Right” dia-
gram in Fig. 47. If one or more of the units are
reversed, as in the “Wrong” diagram, the poten-
tial of the reversed unit will oppose or buck the
potentials of the other units. If the units have
equal potentials each one that is reversed will
cancel the effect of one that is correctly connected.
If the units of Fig. 47 were 2-volt storage battery
cells the three conected right would deliver a total
of 6 volts, but with one reversed the total ex-
ternal potential difference would be only 2 volts,
because two of the cells cancel each other. This
has puzzled many men who have assembled a stor-
age battery with one cell reversed.
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Fig. 1. Polarities of Sources Conmected In Seriss.

Fig. 48 shows three sources connected together
in parellel. One diagram shows the right method
of connection, with which all three units send cur-
rent the same way to the external circuit. In the
wrong connection one unit is reversed. Then the
current from this unit circulates as shown through
the other units instead of going to the external
circuit. Because of the low internal resistance of
sources, such an incorrect parallel connection will
cause immense currents to circulate, and the units
quickly will overheat and be ruined. In a parallel
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connection of sources all positive terminals must be
connected together and all negative terminals must
be connected together.
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Fig. 48. Polarities of Sources Connected In Parallel.

COMBINED SERIES AND PARALLEL
CONNECTIONS

Fig. 49 shows six cells. Three are connected in
series to make one group, ard the other three are
connected in series to make a second group. If
these are dry cells furnishing 114 volts each, the
total voltage of each group will be 414 volts, but
the current from the group should be no more than
from a single cell. The two groups of Fig. 49 are
connected together in parallel. The voltage of
sources in parallel is the same as that from one
source, so here we still have only 44 volts. But
a parallel connection permits a current equal to the
sum of the currents from the sources so connected.
This means that the current from the arrangement
of Fig. 49 may be twice the current from one
group, or twice the current from one cell.

Fig. 49. Six Dry Cells Connected In Serles-parallel.

When units are connected in series to form
groups, and the groups connected in parallel,
the combination is called series-parallel connection.
The overall voltage is that of one of the series
groups and the overall current is the sum of the
currents from the groups.

In Fig. 50 the six cells have been re-connected
with pairs in parallel. Two cells in parallel will de-
liver the same voltage as one cell, but twice the
current. The three parallel groups are connected
together in series. Sources in series will deliver
a total voltage equal to the sum of the separate
voltages, so here we have three times the voltage
of one cell. But sources in series will deliver a
current only as great as that from a single source.
Each source in the series connection is a two-cell

group whose current is twice that of a single cell,

so the curent from the entire combination is only
twice that from a single cell. The current and volt-.
age from the arrangement of Fig. 50 is just the
same as from the arrangement of Fig. 49.

ot

Fig. 50. Six Dry Cells Connected Io Parallel-series.

When cells are connected together in parallel
to form groups, and the groups are connected in
series, as in Fig. 50, the arrangement is called a
parallel-series connection. The overall voltage is
the sum of the voltages of the groups, and the
overall current is equal to the current from one
group.

Either series-parallel or parallel-series connec-
tions will increase both voltage and current over
that obtainable from a single unit. Which kind of
connection is used depends on which may be more
conveniently made.

Cells or other sources connected in series to form
a group must be considered as though the groul.
were a single source when it comes to making the
parallel connection. In Fig. 51 there are three
cells in one series group to provide 414 volts, and

L

Fig. 51, Unequal Voltages of Groups Connected In Parallel.
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six cells in the other series group to provide 9 volts.
This violates the rule that the voltages must b

the same for sources connected together in parallel?
The voltages of all series groups must be made alike
by using thé same number of similar cells in each

group. : 2o



ELECTRICITY IN MOTION

In the preceding pages we have discussed the
.I)ehavior of electricity in motion or of the electric
current, and have studied most of the important
rules and laws which tell just what will happen
when electricity flows in a circuit. The subject
of the electric current was given first consideration
because nearly all practical and useful electric de-
vices and machines depend for their action on flow
of current in them; also because an understanding
of how this flow takes place will make it easier to
understand everything which is to follow.

_ Electricity in Motion 31

We have dealt primarily with the action of direct
current, which is a current flowing always in one
direction around a circuit, but when we come to
study alternating current you will find that every-
thing learned about direct current will help in that
field, too.

In the following section we shall learn some-
thing about how chemical changes produce an elec-
tric current, and how things may be turned around
to produce useful chemical changes from a flow
of current.

P et > @ X G oo

ELECTRICITY AND CHEMICAL ACTION

The fact that chemical action will produce a
direct current of electricity was accidentally dis-
covered in 1785 by Luigi Galvani, an Italian pro-
fessor of physiology, while dissecting a frog. He
touched the frog to a piece of iron and noticed that
one of the legs twitched, just as your leg would
do when traversed by an electric current. While
trying to explain what really happened in the frog
leg, Volta, after whom the volt is named, devised
.;1 arrangement of alternate pieces of two different

etals separated by paper moistened in water and
acid. This “voltaic pile” produced a continuous
flow of electricity.

The simplest *“voltaic cell” consists of a strip of
copper and a strip of zinc immersed in a solution
of sulphuric acid and water as in Fig. 52. The metals
are called elements or plates, and the liquid is
called the electrolyte. An electrolyte is a mixture
with water of any substance which permit the
liquid to act as a conductor for electricity. The
substances used are salts, acids or alkalies.
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Fig. 52. The Simplest Type of Voltaic Cell for Producing a Current.

‘RIMARY AND SECONDARY CELLS

If the elements of the cell in Fig. 52 are con-
nected to an external circuit, current will flow
through this circuit from the copper element to the

zinc element. The copper has become positive
with reference to the zinc, which is negative. At
the same time the zinc will commence dissolving
into the acid electrolyte and be destroyed. Hydro-
gen gas will separate from the acid and collect as
bubbles on the copper. The gas is an insulator,
and after a short time will so cover the copper as
to prevent further flow of current.

All practical cells which produce current by de-
struction of a metal have zinc or some compound
of zinc for one of their elements, and the zinc ele-
ment always is negative. In all these cells the zinc
is gradually dissolved or eaten away, but nothing
happens to the other element, which is positive. In
all cells there is a pronounced tendency for gas to
collect on the positive element and to retard or
prevent flow of current. This action of the gas
is called polarization of the cell. Most of the dif-
ferences between various types of cells are due to
the different methods of removing the gas or
of depolarizing the cell so that it may continue to
furnish current. When nearly all of the zinc has
been eaten away, or when there is practically no
more hydrogen to separate from the electrolyte,
the useful life of the cell is ended.

An electric cell which produces an emf and a flow
of current while its elements and electrolyte un-
dergo changes which render them no longer useful
is called a primary cell.

When discussing Fig. 16 we talked about a cell
in which the chemical changes may be reversed by
sending through the cell a current in a direction
the opposite of that which the cell furnishes to an
external circuit. There the elements or plates and
the electrolyte are restored to their original con-
dition and the cell again is ready to provide an
emf and current flow. Such a reversible cell is
called a secondary cell to distinguish it from a pri-
mary cell. Secondary cells usually are called
storage cells, and two or more connected together
are a storage battery. Fig. 53 illustrates a number
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of large storage batteries used for furnishing cur-
rent in telephone work.

CELL CURRENT AND VOLTAGE

The emf and potential difference produced by any
voltaic cell, primary or secondary, depends entirely
on the materials in the plates and in the electro-
lyte and not at all on the size or construction. A
cell the size of your little finger would furnish
just the same potential difference as any cell in the
batteries of Fig. 53, provided both contained the
same kinds of elements and electrolyte.

The current that may be taken from a voltaic
cell as a source depends on the the emf of the cell,
on the internal resistance of the cell and the re-
sistance of the connected circuit, and on the degree
to which polarization increases the internal resist-
ance and thus cuts down the current. Current flow
from a cell follows Ohm’s law, I = E/R, just as
does current in every other circuit containing an
emf and resistance.

The total quantity of current that may be taken
from any voltaic cell before the cell becomes dis-
charged depends on the quantities of active chemi-
cal materials in the plates and the electrolyte. Since
more material means a bigger cell or battery, it fol-
lows that the bigger the cell or battery the more

electricity it will deliver. The quantity of electricity
delivered might be measured in coulombs, bu

nearly always is measured in ampere-hours. Th

quantity actually is measured as the number of
ampere-hours that are delivered before the terminal
voltage or potential difference drops to some speci-
fied value.

TWO-FLUID CELLS

The most practical way of preventing excessive
polarization is to provide in the electrolyte, or
mixed with the electrolyte, some substance which
will furnish a plentiful supply of oxygen. The
oxygen combines with the hydrogen to form water
which remains harmlessly in the electrolyte space.
Several types of cells accomplish such depolariza-
tion by using two different fluids or liquids.

One of the earliest two-fluid cells is the Daniell
cell of Fig. 54. Inside the glass jar is a copper
cylinder on one side of which is a copper basket in
which are placed crystals of copper sulphate or
“blue vitriol”. Inside the copper is a jar made of
porous earthenware and around the outside of the
copper is a solution of copper sulphate in water.
Inside the porous jar is a piece of zinc with which
has been mixed mercury. This amalgamated zinc
is immersed in a water solution of zinc sulphate.

Fig. 83 Storage Batteries Which Furnish Electric Power for 2 Telephone System.
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The porous jar keeps the two liquids separate, but
‘llows electricity to pass through the liquid-filled
ores.

Fig. 54 A Daniell Two-fluid Cell With Liquids Separated By a
Porous Cup.

A less costly type of Daniell cell is the gravity
cell of Fig. 55. The copper sulphate solution is much
heavier than the solution of zinc sulphate, so the
zinc sulphate solution floats on top of the copper
sulphate and they remain separated. In the copper
sulphate solution at the bottom is placed a star-
shaped arrangement of copper strips, and in the
zinc sulphate at the top is suspended a “crow-foot”
of amalgamated zinc.

Fig. 55. Gravity Cell In Which the Lighter Liquid Floats Above the
Heavier One.

Either type of Danielj cell furnishes a potential
difference which remains almost constant at 1.08
volts. In order that the materials shall not dete-
riorate too rapidly these cells must be used in cir-
cuits where there is a continual small flow of cur-
rent, hence these types may be called closed-circuit
cells. These and other varieties of two-fluid cells are
no longer commonly used, having been displaced by
dry cells by the Edison primary cell, and by power
furnished by lines which now enter most buildings
to furnish electric light and power from central

tions.

EDISON PRIMARY CELL

‘The only primary cell of present-day importance
using liquid electrolyte in jars is the Edison type,

called also the Edison-Lalande cell, illustrated by
Fig. 56. This cell is much used for telephone work,

h_ .

for railway signals as installed in Fig. 57, for many
other kinds of signal systems, alarms, beacons, elec-
tric clocks, and for any small current requirements
such as for operating electric time stamps and sim-
ilar devices.

Fig. 57. Edison Primary Cells In a Railway Signal Tower.

There are three plates. The two outer ones, made
of zinc and mercury, are connected together and to
the negative terminal. The center plate (positive)
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contains copper oxide, the oxide furnishing oxygen
for depolarizing action. This plate is covered with a
thin layer of metallic copper to provide good con-
ductivity. The liquid electrolyte is a 20 per cent
solution of sodium hydroxide (caustic soda) in
water. The liquid is covered with a layer of mineral
oil which prevents evaporation of the electrolyte
and prevents air from reaching and combining with
the caustic. ‘ .

The Edison primary cell has a potential of 0.95
volt when no current is flowing. When current
flows the potential difference drops to between 0.6
and 0.7 volt. Various sizes of cell will furnish cur-
rents of from one to six amperes intermittently, or
from 0.6 to four amperes continuously. The total
discharge ability varies from 75 to 1,000 ampere-
hours in the several sizes.

When the cell has been used enough to dissolve
the zinc to the limit of practical discharge a thin
section, called an indicator panel, at the bottom of
the zinc element will break through as shown in
Fig. 58. The panel at the left has been eaten partly
through, and the one at the right has completely
disappeared, indicating complete exhaustion. Small
sizes of cells may be discarded when exhausted, but
in all the larger sizes it is economical to renew the
plates and electrolyte, and put in fresh oil. These
supplies are obtainable from the manufacturers or
from electrical supply stores.

Fig. 58. Zinc Elements of Edison Primary Cell, Illustrating Indicator
Panels Which Show When Ce! _Is Exhausted.
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To renew a cell the old plates are taken out of the
cell cover and thrown away, the liquid is emptied
out and the jar washed clean. The new elements
are held in the cover with the original nuts and
washers. The jar is partly filled with clean water,
then the caustic soda is added slowly while con-
stantly stirring the liquid with a clean stick or a
glass rod. The solution must be handled very care-
fully, as it will burn the flesh and clothing if spilled
on them. The liquid level then is brought up to
the correct point by adding more water.

If the cell is to be used on open-circuit work,
where there is not a continual flow of current, a piece
of copper wire should be connected between positive
and negative terminals and left in place for a couple

of minutes after the plates are immersed in the hot
solution. The wire then must be removed. The elec
trolyte level should be kept within 34 inch of th(’
top of the jar by adding water to replace any
evaporation. After adding water the electrolyte
should be stirred to mix it.

DRY CELLS

From the standpoint of general usefulness the
dry cell is the most important of the primary cells,
since millions are made and sold every year. Fig. 59
shows the external appearance and internal con-
struction of the usual form of dry cell. The cell is
contained within a cylinder or can of zinc which is
the active negative element and which forms the
negative terminal when connections are made by
contact with other conductors, or to which may be
fastened some style of screw or clip terminal for
wire connections. Around the outside of the zinc
can be is a cardboard cover which is the insulator
for the cell.

Fig. 59. The Outside and the Internal Construction of a Dry Cell.

The positive element of the cell is a rod of car-
bon, on top of which is a brass cap to which may be
fastened a screw or clip terminal when such a con-
nection is used. Surrounding the carbon rod is a
mixture of black oxide or manganese and powdered
carbon. The black oxide furnishes oxygen for de-
polarizing and the carbon provides guod electrical
conductivity. The positive carbon rod and the sur-
rounding conductive mixture are insulated from the
negative zinc cup by a layer of porous pulp paper
or blotting paper which lines the zinc. The electro-
lyte is a solution of sal ammoniac in water, which
saturates the mixture and the paper liner. The top
of the mixture around the carbon rod is covered
with sand or other porous material and is sealed
with a hard insulating compound. The largest size
of the so-called “dry” cell actually contains about
3.4 fluid ounces of water,

The largest dry cell is 214 inches in diameter and
6 inches high, the No. 6 size, and the smallest i
7/16 inch in diameter and 11/16 inches high, t
size N. There are many intermediate sizes. Re-
gardless of size, one dry cell furnishes a potential
of 114 volts when delivering no current or a very -
small current, and smaller voltages as the current
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increases. A cell in good condition will show from
1.50 volts for the larger sizes down to 1.47 volts for
the smallest size when a voltmeter is connected
across the cell terminals. The testing voltmeter
must be of a high-resistance type, which means it
has a high resistance of its own and consequently
takes little current. Dry cells never should be tested
with an ammeter or any other instrument of low
resistance which allows flow of a larger current
than the cell is designed to deliver.

When a dry cell has been discharged to the limit
of its useful life its voltage will have dropped to
between 0.75 and 1.1 while a normal current is flow-
ing from it. This “end voltage” depends on the class
of cell tested. The large No. 6 cells should show
0.]5 volt if of industrial types, 0.93 volt if of general
purpose type, and 1.08 volt if of telephone type.
Flashlamp cells are discharged when they show
0.75 to 0.90 volt while delivering normal current.
Hearing aid cells are discharged at 1.0 volt, and
radio batteries are discharged when they drop to
between 1.0 and 1.1 volts per cell.

Radio batteries consist of a number of dry cells
assembled in a case and connected togehter in series
to furnish various total voltages. Fig. 60 shows at
the left a battery assembled with a special form of
flat cells which save space and at the right an other-
wise similar battery made up from cylindrical cells.
The series connection shows up clearly in the right-
rand picture. Here the left-hand terminal is the
negative terminal. From here to the middle terminal
there are 15 cells in series, providing 2215 volts at
1% volts per cell. From the middle to the right-
hand terminal there are 15 more cells, providing an
additional 2215 volts. Consequently, between the
left-hand terminal and middle terminal, or from the
middle to the right-hand terminal we may obtaair
2214 volts, and from the left-hand to the right-hand

terminals may obtain 45 volts. Radio batteries in
standard types may contain as many as 60 cells, to
provide 90 volts. All the internal series connections
are soldered or welded.

Dry cells deteriorate even if not used. A good
cell may be kept idle or stored for about a year
before deterioration is at all serious. Of a number
of cells stored, five or six per cent will show a
noticeable drop in voltage at the end of six months.
Deterioration will be much worse if the cells are
stored where it is damp, or where the temperature
is very high. When the voltage of a dry cell has
dropped, the internal resistance has increased to a
high value. Therefore, one low-voltage cell used in
a series or parallel group with other good cells will
greatly reduce the voltage or current from the
whole group. A badly discharged dry cell often will
show bulges or wet spots on the cardboard cover
where the zinc has been eaten nearly or entirely
through. )
e :

AIR-CELL BATTERY

The air-cell battery or air-depolarized battery is
a type designed for radio use. The negative element
is zinc. The positive element is a rod of porous
carbon which extends through the cell cover to the
outside of the battery so that oxygen from the out-
side air may enter through the pores of the carbor
to effect depolarization. The electrolyte is a solu-
tion of caustic soda in water.

oo 0 o= o =
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Each air cell furnishes a potential difference of
1.25 volts while delivering its normal current. The
cell potential will drop gradually to about 1.15
volts at the end of its useful life. The air cell cannot
be recharged nor can its elements be renewed. The
only care required during the life of such a battery
is to periodically add clean water through a filler

Fig. 60. Internal Construction of Two Types of Radio “B” Batteries.



36 Electrolyte Cells

opening to keep the electrolyte level at the correct
point.

STORAGE CELLS AND STORAGE
BATTERIES

Storage battery cells may be of the type using
plates of lead and lead peroxide with an electrolyte
of diluted sulphuric acid. This is called the lead-
acid type. Another type uses plate materials of
iron and nickel with a caustic electrolyte. This is
the Edison storage battery or the nickel-iron-alka-
line storage battery. Both of these types of storage
batteries will be examined in detail during a later
seetion of our work.

ELECTROLYTE CELLS

At the left-hand side of Fig. 61 we have a plate
of zinc and another of carbon immersed in an elec-
trolyte and connected through an external resistor.
This voltaic cell will produce an emf or voltage, and
current will flow through the external circuit from
the carbon to the zinc while flowing inside the cell
from zinc to carbon. We call the zinc the negative
plate or element and the carbon the positive plate
or element, these polarities referring to the poten-
tials applied to the external circuit. Zinc dissolves
from the negative plate and combines with other
chemicals in the electrolyte.
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Fig. 61. Current Flow In Voltaic and Electrolytic Cells.

At the right-hand side of Fig. 61 we have a cell
with the same elements and with an electrolyte
containing zinc in the form of zinc sulphate. If
direct current is sent from an external source so
that the current flows from carbon to zinc through
the electrolyte, zinc will leave the electrolyte and
will be deposited as pure metallic zinc on the plate
or element toward which the current flows. This is
an electrolytic cell and the action in the cell is called
electrolysis.

When talking about electrolytic cells we speak
of the elements or plates as the electrodes. The
electrode through which current enters the cell and
passes into the electrolyte is called the anode. The
one through which current leaves the electrolyte
and the cell is called the cathode. The anode is con-
nected to the positive side of the external current
source and the cathode to the negative side of the
source.

When one ounce of zinc has been dissolved from
the negative plate in the voltaic cell the cell will
have delivered a total quantity of 23.24 ampere-
hours of electricity. If the same quantity of 23.24
ampere-hours of electricity is put through the elec-
trolytic cell there will be deposited one ounce of zinc
on the cathode from an electrolyte which contains
zinc in some chemical form. The accompanying
table lists the number of ampere-hours required to
either dissolve or deposit one ounce of various
common metals, depending on the direction of cur-
rent flow.

AMPERE-HOURS PER OUNCE OF METAL
DEPOSITED OR DISSOLVED IN CELLS

Gold el 3.85 Copper e 23.90
Silver . 7.05 Tungsten .............. 24.80
Lead ... 7.33 Nickel .o 25.90
Cadmium ........... 13.53 IX0n oo (2720
Tin o (129 _ (40.83

(25.6 Chromium ............ 43.80
Platinum ..............15.57 Aluminum ... 84.50
Zinc 23.24

Where two values are shown the quantity de-
pends on the chemical form of the metal.

Electrolysis may be defined as the separation o'
addition of chemicals in an electrolyte, and the dis
solving of metals from the anode and depositing of
metals on the cathode, or at least the production of
certain gases at the electrodes, when current flows.
With many metals the process will work either
way, the metal may be either dissolved or deposited,
but with some metals, including nickel, iron and
cobalt, the process can result in depositing the
metals.

ELECTROPLATING

One of the most useful applications of electrolysis
is in the plating of certain metals over other base
metals to provide decorative effects, to provide pro-
tection against rust and corrosion, to provide a
wear-resisting surface, or even for the building up
and replacement of worn surfaces. Most electro-
plating is done with chromium, gold, silver, nickel,
brass, copper, chromium and zinc although some
such work is done also with platinum, tin, cobalt,
iron and lead. As an example, a very thin plating
of chromium provides a surface harder than the
hardest steel, which protects the base metal, will
reduce wear, lessen friction, and at the same time
provide a fine appearance.

As shown by Fig. 62, the object to be plated is
made the cathode in an electrolyte containing i
some chemical compound the metal which is to b
plated onto the buse material. Anodes are used on
both sides of or all around the cathode so that elec-
tricity may flow from all directions to the article
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being plated and cause an even deposit of the plated

.metal.
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Fig. 62. Principle of Eectroplating.

The exact chemicals, currents, voltages, tempera-
tures and general procedure vary not only with the
kind of metal being plated but with the ideas of
those in charge of the shop. For example, nickel
plating often is done with an electrolyte containing
nickel sulphate or nickel ammonium sulphate, to
which may be added ammonium sulphate to in-
crease the conductivity, some acid to help keep the
anode rough, and something like glue or glucose
to make the plating extra bright.

When plating with gold we obtain the effect
called red gold by adding copper cyanide or copper
acetate to the electrolyte, obtain white gold by
adding some nickel cyanide, and obtain green gold
by adding silver cyanides.

The anodes may be of some material, such as car-

on, which is not affected by the electrolytic action,
whereupon all the plated metal must come from the
electrolyte and chemicals containing this metal
must be added to the liquid at intervals. In other
cases the anode is made of the metal to be plated, as
in Fig. 63. Here, in plating with copper, the anode
is of copper. Then copper dissolves from the anode
into the electrolyte while being deposited from the
eclectrolyte onto the cathode. The object of the
operator is to get metal dissolved into the bath
(electrolyte) as fast as it plates out. As the anode
metal dissolves, it generates an emf just as dissolv-
ing a metal generates an emf in a voltaic cell. Under
ideal conditions this generated emf would equal the
emf consumed in depositing metal on the cathode,
so the external source would need to provide only
enough voltage to overcome the resistance in the
cell and the connections.
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Fig. 6€3. Plating With Anodes of the Metal Being Plated.

Used tin cansg are detinned by making them the
anode in an electrolytic cell having a caustic soda

electrolyte. The tin is recovered as it plates out
of the solution, while the iron of the old cans is left
in a pure state.

A variety of electroplating called electroforming
is used for making the electrotypes used in printing
and engraving, also for making the dies or stamps
for reproducing phonograph records. The original
phonograph recording, which is in wax, is covered
with a layer of conductive graphite and then elec-
troplated with copper. The shell of hard copper thus
formed is used as a master plate on which are made
a number of copies by another depositing of metal
in an electrolytic cell. These copies are used for
stamping or molding the records to be sold. Similar
processes are used for coating cheap plaster images
with copper so that they look like bronze statues,
for plating baby shoes which are to be preserved,
and even for plating of such delicate things as
flowers and plants.

ELECTROLYSIS OF WATER AND OF SALT

Water consists chemically of two parts by volume
of the gas hydrogen and one part of the gas oxygen.
With an electrolysis cell, whose principle is shown
by Fig. 64, it is possible, by decomposing water, to
produce these two gases in the relative volumes
mentioned. A little caustic soda is added to the
water to make it conductive. When direct current
flows as shown by the diagram, hydrogen bubbles
up from the cathode and oxygen at the anode. The
water disappears, but the caustic soda remains. The
electrodes usually are made of nickel-plated iron.
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Fig. 64. Electrolysis of Water, Producing the Gases Hydregem and
gen.

The hydrogen thus produced is used in combina-
tion with the oxygen in the process of oxy-hydrogen
welding, for the manufacture of ammonia and of
wood alcohol, for help in separating metals from
their oxides, for the making of cooking fats from
various oils, and for inflating balloons and dirigible
airships. The oxygen is used for welding in the
oxy-acetylene process, and in great amounts for
dozens of chemical processes and medicinal uses.

When a water solution of sodium chloride, ordi-
nary salt, is decomposed in an electrolytic cell it is
possible to obtain a whole variety of some of the
most important chemicals used in commerce and
industry as well as in the home. We obtain caustic
soda for use in making scaps, as a cleaning agent,
and in various electrolytes. We obtain chlorine for
use in bleaching of cloth, paper and other materials,
for use as a disinfectant and for purification of city
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drinking water, for use in medicine and in photog-
raphy, and for use in certain processes of extracting
metals from their ores. We obtain sodium chlorate
which is used in the manufacture of dyes, medicines,
and explosives. Finally, we obtain hydrogen, whose
uses already have been mentioned.

ELECTROLYTIC REFINING

In the processes of electrolytic refining of metals
we start out with an alloy or mixture of metals
which is used as the anode in a cell. The principal
metal to be recovered dissolves into the electrolyte,
as do also all other metals which are less “noble”.
By a noble metal we mean one that resists corro-
sion, a form of chemical decomposition. Platinum,
gold and iridium are examples of highly noble metals,
because they remain unaffected by most acids and
other chemicals. Zinc and iron are not noble metals,
they are base metals, because they are easily at-
tacked by many chemicals. The electrolyte, current,
voltage, temperature and the general operating con-
ditions are such that the principal metal and those
less noble pass into the electrolyte, while all those
more noble remain in the anode.

The principal metal to be recovered is deposited
in a pure state on the cathode of the cell. The less
noble metals remain in the electrolyte where they
sink to form the “mud”. About nine-tenths of all
the refined copper is produced electrolytically. Gold,
silver and arsenic are recovered in the same process.
Cell circuits are operated at about 200 volts and
12,000 amperes. The cathode builds up from an
original weight of about 10 pounds to 200 pounds
with addition of copper to it. Total copper refining
capacity before recent expansions was about
1,600,000 tons a year, which, for the electrolytic ac-
tion alone would take a current of about 250,000
amperes at 200 volts flowing day and night every
day if all the work were done in one spot.

In refining at the United States mints the bullion
(alloy for the anodes) consists of about 50 to 60
per cent silver and base metals, 30 to 35 per cent
gold, and 10 to 15 per cent copper. The electrolyte
is made with nitric acid and silver nitrate. Silver
crystals are deposited on the cathodes, from which
they are scraped off. From the remains of the
anodes is recovered gold which is 80 to 90 per cent
pure. This is sent to the gold refinery where the
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Fig. 65. Cell for Electrolytic Refining of Silver.

gold is purified and where such valuable metals
as platinum and palladium are recovered at the

same time. .

One style of electrolytic refining cell is shown IE'
Fig. 65 where the cathodes are marked C and the
anodes A. The anodes are encased in cloth bags
which catch the slime that contains gold. The
cathodes are of stainless steel, from which the de-
posited silver is scraped mechanically into trays.

ELECTROLYTIC FURNACE

Fig. 66 shows the action of an electrolytic cell
which is at the same time a furnace, and with which
is produced aluminum. Electrolytic furnaces are
also used for the production of magnesium, sodium,
calcium, cerium and beryllium. Some of these
names may sound strange, but the substances are
of great practical usefulness. For instance, steel
alloyed with beryllium has such strength, toughness
and other valuable properties that the results are
almost unbelievabe.
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Fig. 66. Electrolytic Furnace for Producing Metallic Aluminum.

The ore of aluminum is called bauxite, which oc-
curs naturally in earthy masses and in small rock-
like grains. The bauxite is treated in another kind
of electric furnace to produce alumina, which is
aluminum and oxygen. This alumina is added on
top of the electrolyte in the electrolytic furnace.
The electrolyte is cryolite, a substance of icy or
waxlike appearance coming from Greenland, and
containing aluminum, sodium and fluorine. The
current that causes the electrolysis keeps the tem-
perature of the bath at about 1,800° F., which is the
reason for calling this a furnace.

The anodes through which current enters the cell
are blocks of carbon. The cathode is the molten
aluminum itself which settles to the bottom of the
cell, and the carbon lining which is encased by steel.

All voltaic cells produce direct current and all
electrolytic cells require the flow of direct current.
These two fields are by far the most important
present uses of direct current. The other great fields
of electricty require the use of alternating current,
with which we now shall prepare to get acquainted.
As the first step in this preparation we shall study
magnetism and electromagnetism in the following
section. It is the combination of magnetism and t
electric current that is the foundation of all alterna
ing-current applications and also of some direct-
current applications which we still have to in-
vestigate.




A magnet is a piece of iron or steel which has the
ability to attract and hold other pieces of iron and
steel, and which is attracted and held in certain
positions by another magnet. Doubtless you have
used a toy magnet to pick up nails and similar
articles. Magnets are put to practical use in mag-
netic tack hammers which hold the steel tack to be
driven, in magnetized screw drivers which will
hold a screw, in the compass which points north
and south because it is attracted by the earth which
itself is a huge magnet, and in many other ways.

NATURAL MAGNETS were first found in
Magnesia, a country in Asia Minor, about 600 B.C.,
and for this reason were called magnetic or mag-
nets. (See Fig. 67.)
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’ Fig. 671. Sketch of utunl magnet or lodestone.

These first magnets were just lumps of iron ore
or oxide, which were found to have the power of
attracting small pieces of iron. Later it was also
discovered that if an oblong piece of this material
was suspended by a thread, it would always turn
to a position with its length north and south. If
moved or turned, the same end would always go
back to point north. So its end which pointed north
was called the North seeking or North end, and
the other end the south seeking or south end. It
was used in this manner as a crude compass and
often called “Lodestone,” meaning leading stone.

ARTIFICIAL MAGNETS are made of steel
and iron, in various forms. Common tvpes are the
straight bar and horseshoe forms. (See Fig. 67A and
67B.) These are usually much more powerful than
the natural magnets or lodestones.

Artificial magnets can be made by properly strok-
ing a bar of steel with a lodestone or some other
magnet, or by passing electric current through a
coil around the bar. In fact we find that a piece
of iron often becomes magnetized, just lying near
a strong magnet. This last method is called In-
duced Magnetism.

If a small bar of soft iron is held near to, but not
.uching a strong magnet, as in Fig. 68, the small
bar will be found to have magnetism also, and
attract nails or other iron objects. But as soon as
it is taken away from the permanent magnet, it will
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Fig. 67A. Common bar magnet.
Fig. 67B. Horseshos magnets with :‘Inupm” across poles.

lose its charge. This is an example of induced

magnetism.

Fig. 6. The small bar or iron attracting the nails, ebtains its mag-
netism by induction from being near the large magnet.

MAGNET POLES

All magnets whether natural or artificial, usually
have their strongest pull or effects at their ends.
These ends or points of stronger attraction are
called Poles.

Ordinary magnets usually have at least two poles,
called north and south, because of their attraction
for the north and south poles of the earth,

If we dip a bar magnet in a pile of iron filings
or tacks, we find it will attract them most at its
ends, and not much in the middle. (See Fig. 69.)

ATTRACTION AND REPULSION

If we take two magnets and suspend them so
they can turn freely until they come to rest with
their north poles pointing north, and south poles
pointing south, then we know that their ends which
point north are alike, as well as the two which point
south.

Now if we mark these magnets and bring the two
north poles together, we find they will try to push
apart, or repel each other. The two south poles
will do the same if we bring them near each other.
But if we bring a north pole of one magnet near the
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south pole of the other they will try to draw to-
gether or attract each other.

This proves one of the most important principles
or rules of magnetism often called the first law of
magnetism, as follows: Like Poles Always Repel
and Unlike Poles Attract Each Other. This law
should be remembered as 1t is the basis of opera-
tion of many electrical machines and devices.

Prove it for yourself with magnets, at your first
opportunity, so you will remember it better.

o 7

Fig. 69. Sketch of bar magnet showing how iron filings are attracted
almost entirely at its ends or poles.

EARTH’'S MAGNETISM

We have learned that the north pole of one mag-
net attracts the south pole of another magnet, and
that the south pole of one attracts the north pole of
the other. We know also that the north pole of the
compass points toward the geographic north on the
earth. Since the north pole of the compass must be
pointing toward the south pole of the magnet which
is attracting it (the earth), the earth’s south mag-
netic pole must be near its north geographic pole.
This is shown by Fig. 70.
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Fig. ;0. Sitet;h 7aho_win¢A—e;rth’s ﬁ:é;etlc ﬁeld and poies. Note {hat (;e
maghetic poles do not exactly align with the geographical poles.
The earth’s magnet poles are not exactly at its

geographic poles or are not exactly at the ends of

the earth’s axis. Consequently, the magnetic com-
pass does not point to the true geographic north
and south. Aviators, marines and surveyors make
suitable allowances for the difference between mag-

netic north and geographic north. The difference
varies at various places.

LINES OF FORCE .

Magnets do not have to be touching each other,
but will exert their force of attraction or repulsion
through a distance of several inches of air in many
experiments.

If we place a magnet under a piece of glass or
paper which is covered with iron filings, and tap or

jar it, the filings will arrange themselves as shown
in Figs. 71A and 71B.

=

Fig. 71-A. Iron filings on a paper over a bar magnet, show shape of
lines of force around the magnet. (Left).
Fig. 71-B. Fillngs over end of magnet. (Right).

This gives us some idea of the shape and dire
tion of the lines of force acting around a magnb
For practical purposes it is assumed that all mag-
nets have what are called Lines of Force acting
around and through them, and in the direction indi-

cated in Fig. 72,

These magnetic lines are of course invisible to
the eye, and cannot be felt, but we can easily prove
that the force is there by its effect on a compass
needle. By moving a small compass around a large
magnet we can determine the direction of the lines
of force at various points. They always travel
through the compass needle from its south to north
pole, so it will always turn to such a position that its
north pole indicates the direction the lines are trav-
eling. It is well to remember this, as a compass can
often be used to determine the direction of magnetic
lines of force in testing various electrical machines.

MAGNETIC FIELD AND CIRCUIT

The lines of force around a magnet are called
Magnetic Flux, and the area they occupy is called
the Field of the magnet.

The strong, useful field of an ordinary magnet
may extend from a few inches to several feet around
it, but with sensitive instruments we find this field
extends great distances, almost indefinitely, but
becomes rapidly weaker as we go farther from tlg
magnet. b

In Fig. 72, note that the lines of force through the

bar or Internal path, are from the south to north
pole, and outside the magnet through the External
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path, are from the north to south pole. This is a
very important fact to remember.

' I

Fig. 72. Sketch of magnetic field, showing direction of lines, Inside and
outside the magnet,

We can also get further proof of the shape of this
magnetic field by floating a magnetized needle in a
cork, over a bar magnet as in Fig. 73.

If started at various points in the field the needle
will travel the lines as indicated.

The path of lines of force around and through a
magnet 1s often called the Magnetic Circuit.
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Fig. 713. Floating a needle in a cork, in water over a magnet, to show
shape of lines of force,

ACTION OF MAGNETIC FIELDS

When two magnets are placed with unlike poles
near each other as in Fig. 74, we find that their lines
of force combine in one common path through them
both as shown by the dotted lines.

These lines then seem to try to shorten th- '~ path
still more by drawing the magnets togeth. ., thus
their attraction for each other.

It may be well to consider magnetic lines of force
as similar in some ways to stretched rubber bands,
revolving like endless belts, and continually trying
to contract or shorten themselves.

This will help to get a practical understanding
of many important effects and principles of mag-

ism, without going into lengthy and detailed
@

If we place two magnets with their like poles
near each other as in Fig. 75, we find their fields
will not join, as the lines of force are coming in

opposite directions. Therefore they crowd apart in
separate paths between the ends of the poles, and

Fig. 7. Two bar magnets with unlike poles near each other, and
attracting. Note how their fields join.

the magnets push apart or repel each other to avoid
this conflict or crowding of the opposing fields.

Fig. 75. Two bar magnets with like polea near each other and repelling.
ote how their fields oppose.

PROPERTIES OF MAGNETIC MATERIALS

Soft iron is very easily magnetized, but does fiot
hold its charge long. In fact it loses most of its
magnetism as soon as the magnetizing force is re-
moved.

Hard steel is much more difficult to magnetize,
but when once charged it holds its magnetism much
longer.

A good steel magnet may hold a strong charge
for many years. Such magnets are called Perma-
nent Magnets. '

Materials that hold a charge well are said to have
high Retentivity, meaning retaining power, ' = 7

Therefore steel has high retentivity and soft iron
is low in retentivity. In order to understand how
magnets become charged, and why:some:will hold
a charge better than others, let us briefly consider
the molecular theory of magnetism. We know. that
all matter is made up of very small particles called
molecules, and these molecules consist of atoms and
electrons.

Each molecule has a polatity of its'own, or might!
be considered as a tiny magnet. “In a bar of iron
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or steel that is not magnetized, it seems that these
molecules arrange themselves in little groups with
their unlike poles together, forming little closed
magnetic circuits as in Fig. 76.

Fig. 76. Simple sketch showl t of molecul
in an

g the sup d ar
unmagnetized bar of iroa.

This view, of course, shows the molecules many
times larger in proportion to the bar, than they
really are.

Now when lines of force are passed through the
bar, from some other strong magnet, causing it to
become magnetized, the little molecules seem to line
up with this flux, so their north poles all point one
way and all south poles the other way. (See Fig.
77.)

Fig. 77. Molecules lined up, in a fully magnetized bar.

In soft iron this change is effected very easily,
and as we have already said it can be easily mag-
netized. But the molecules of iron also shift back
to their natural position easily, so it quickly loses
its magnetism.

With hard steel the molecules do not shift so
easily, so it is harder to magnetize, but once charged
the molecules do not shift back to their normal
position so easily, and it holds its magnetism much
better, as stated before.

When charging or making permanent steel mag-
nets, tapping or vibrating the bar slightly seems to
help speed the process. On the other hand if a
permanent magnet that has been charged, is struck
or bumped about roughly it will lose a lot of its
strength, as the jarring seems to shift the molecules.
Therefore, permanent magnets should be handled
carefully.

The magnetism of a bar can also be destroyed
by heating it to a cherry red. This is one method
of De-Magnetizing.

If a magnet is placed in a reversing flux or field
from some source, so its charge or polarity is rapidly
reversed, the rapid shifting of the molecules sets up
heat. This is called Hysteresis loss. Naturally this
effect is much less noticeable in soft iron than in
hard steel, as the molecules shift easier and with
less friction and heat, in the soft iron.

MAGNETIC AND NON-MAGNETIC
MATERIALS

Iron and steel are the only materials having such
magnetic properties as allow making them into
useful magnets. That is, only iron and steel can be
magnetized strongly enough to make them useful
in magnetic circuits. Nickel and cobalt are weakly
magnetic, but not enough so to be useful for mak-
ing magnets, especially in view of the fact that
these metals are much more costly than iron or
steel.

Other metals mixed with iron or steel to make
various “alloys” change the magnetic properties,
Using half iron and half cobalt makes an alloy more
easily magnetized than the purest iron. Chromium
and nickel mixed into iron to make stainless steel
will produce an alloy hat cannot be magnetized, but
using straight chromium to make another type
of stainless steel produces one that is magnetic,

Using small quantities of chromium, tungsten,
cobalt, aluminum or nickel to alloy the steel pro-
duces magnets which not only are very strong
but which retain their magnetism with but little
loss over long periods of time, thus making excel-
lent permanent magnets. Among the most gen-
erally used permanent magnets are those of the
Alnico alloys containing aluminum and nickel
along with the iron. These are stronger an’
more permanent than the older cobalt magnet
which, in turn, are better than the still older
types using tungsten and chromium,

Among the metals which are entirely non-mag-
netic or which cannot be magnetized when used alone
are copper, aluminum and manganese. ~ Yet when
these three are mixed in certain proportions to
make Heusler’s alloys the result is a metal about
one-third as good as cast iron for a magnet. Tin
is another non-magnetic metal, yet an alloy of cop-
per, tin and manganese is slightly magnetic.

When we wish to use steel for its strength, yet
wish to have the metal non-magnetic, we make
allows containing small quantities of copper, nickel,
chromium and manganese. Steel thus alloyed to
be non-magnetic is called paramagnetic.

Antimony and bismuth act very peculiarly. The
stronger the magnetic field in which these metals
are placed the fewer lines of force travel through
the antimony or bismuth. These metals are said
to be diamagnetic.

All materials which have not been mentioned in
the preceding paragraphs are wholly non-mag-
netic. They canot be magnetized and they have
not the slightest effect on a magnetic field in whic.
they are placed. The non-magnetic materials i
clude air and all other gases, all the liquids, all
metals not already mentioned, and all other solid
substances such as glass, wood, paper and so on.
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PERMEABILITY AND RELUCTANCE

Experiments prove that magnetic lines of force
.\vill pass through iron and steel, or magnetic mate-
rials much easier than through air, wood and brass,
or non-magnetic materials of any kind. So iron and
steel form a good path for magnetic flux, and are
said to have high Permeability, and low Reluctance.
The term reluctance means the same to magnetic
flux as resistance means to electric current.

Fig. 78A & B. Sketches showing how lines of force can be distorted
and made to follow d:; enli;r path through the small
on bars.

If we place a small bar of soft iron in the field of
a larger magnet as in Fig. 78A or near the ends of
two magnets as in Fig. 78B, in both cases the lines
of force will largely choose the easier path through
the iron as shown. This can be proven by sprinkling
iron filings on a glass over such a group of magnets
and iron. This not only proves that iron is of lower

luctance than air, but also that magnetic flux will

oose the easiest path available.

Good soft iron has only about 1/2000th part as
high reluctance as air. For this reason we construct
many magnets in the form of a horseshoe, which
brings the poles closer together, greatly reducing
the air gap reluctance and increasing the strength
and life of the magnet. (See Fig. 79A and 79B.)

. J

Fig. 79A. Horseshoe magnets have a much shorter flux path through
from pole to pole.

Fig. 79B. Double magnet coustructed in horseshoe shape, also to
shorten its air gap.

In Fig. 79B, the bar joining the two magnets to-
gether is called a yoke. We often place a soft

iron “keeper” across the ends of horseshoe magnets
as in Fig. 80, when they are not in use, to provide a
complete closed circuit of magnetic material and
eliminate the air gap reluctance. This will greatly
increase the life of the magnet.

PULLING STRENGTH

Horseshoe shaped magnets having unlike poles
near each other, have a much greater lifting power
when in contact with an iron surface, than the one
end of a bar magnet does. This is because the
horseshoe type has so much better complete path
of low reluctance for its lines of force, and the field
will be much more dense, and stronger. (Compare
Figs. 80 and 81.)

Fig. 80. Horseshoe magnet with keeper bar across its poles to decrease
gap when not in use.

In Fig. 81, the lines must pass a considerable dis-
tance through air, which greatly weakens them. In
Fig. 80, the lines can travel entirely within a closed
iron path or circuit of much lower reluctance, and
give a much stronger pull.

A good horseshoe magnet weighing one pound,
should lift about 25 pounds of soft iron.

Fig. 81. Bar magnet attractin iece of iron. Note the long path
through air, whidl‘tb: lz:u of force must taks.

EFFECTS OF AIR GAPS

As air is of such high reluctance it is very im-
portant to reduce the air gaps as much as possible
in all magnetic circuits where we wish to obtain
the greatest possible strength of flux or pull.

If two magnets are placed as in Fig. 82A, and
their pull measured, and then they are moved far-
ther apart as in Fig, 82B, we find that the small
increase in the distance or air gap makes a great
reduction in their pull. If the distance is doubled,
the pull is decreased to about ¥4 of what it was.

& e 1
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Fig. 22-A. & B. Doubling the distance b ts, their pull to % of what it wae.
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~ If the distance is tripled, the pull decreases to
about 1/9 of what it was.

If on the other hand we reduce the distance to ¥
its original amount, the pull will increase to 4 times
the original pull.

So we get another very important law of mag-
netism as follows:

The force exerted between two magnets varies
inversely with the square of the distance between
them.

If we change the strength of the magnets we find
their combined pull will vary with the Product of
Their Separate Strengths.

MAGNETIC SHIELDS

While iron is a good conductor of magnetic flux,
and air is a very poor one, we do not have any
known material that will insulate or stop magnetic
lines of force. They will pass through any mate-
rial. But we can shield magnetic flux from certain
spaces or objects, by leading it around through an
easier path., As before mentioned the line of force
will largely choose the easiest path. So if we ar-
range a shield of iron around a device as in Fig. 83,
we can distort the flux around, and prevent most of
it from entering the shielded area.

SIFT IRON

Fig. 83. Iron shield to deflect lines of force away from instrument
or device (A).

Quite often the magnetic field of some large gen-
erator or electric machine may affect the operation
of a meter or some delicate device located near it.
So you should remember how to shield such instru-
ments. Many meters are equipped with iron cases
to shield their working parts in this manner.

Sometimes in our work with magnets we find
evidence of more than two poles, or points of at-
traction at other places along the magnet besides
at its main poles. Such poles are called Consequent
Poles, and are formed by adjoining sections being
oppositely magnetized so the fluxes oppose. Very
weak magnets may sometimes develop consequent
poles. (See Fig. 84.)
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Fig. 84. Consequent poles in a bar magnet.
+ If a long magnetized bar is broken into several

pieces, each piece will take on separate north and
south poles. (See Fig. 85.)
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Fig. 85. Bar magnet broken into several pieces. Note each piece takes
on separate poles in !Kis case.

Two or more separate magnets with their like
poles grouped together will in many cases give more
strength than a single magnet the size of the group.
Such a magnet is called a Compound Magnet. (See
Figs. 86A and 86B.)
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Fig. 86A. C d bar t
Fig. 86B. Compound horseshoe magnet.

COMPASS TEST

When using a compass to test the polarity of
magnets, or the direction of flux on motors or gen
erators, it is well to first test the compass by letting
it come to rest in the earth’s magnetism, away from
the device to be tested. Compass needles some-
times have their polarity reversed by the influence
of strong magnets around which they are used. But
the end of the needle that points north is always
the north pole, and the one which will point in the
direction of flux travel.

This may seem confusing because we know un-
like poles attract, and might wonder how the north
pole of the compass would point to the north pole
of the earth. But remember that the magnetic pole
of the earth which is near its north geographical
pole, is in reality a south magnetic pole. This was
illustrated in Fig. 70.

ELECTROMAGNETISM

We have become familiar with the behavior of
the electric current in electric circuits and have
learned how magnetic lines of force act in a mag-
netic circuit. Now we are going to learn how to
produce magnetic lines of force and magnetic fields
by using an electric current, or how to produce
the kind of a magnet called an electromagnet.

For several huundred years the early scientific
experimenters knew something about the elec-
tric current and something about magnets and ma
netism. Yet it was only a little more than 1
years ago that our modern electrical industry and
science got its real start when it was found pos-
sible to produce a magnet with an electric current
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and then to produce electric current from mag-
netism, The first ‘“strong” electromagnet was
made in 1830. It would lift nine pounds. Later
that year Joseph Henry, a famous American physi-
cist, made an electromagnet that would lift more
than 700 pounds, and in 1831 made one that would
lift nearly a ton.

The fundamental fact on which depends all our
uses of electromagnetism is that magnetic lines of
forcc appear around a conductor when current
flows in that conductor. That is, we may use elec-
tric current to produce a magnetic field around
_ a wire.

The strength of this magnetic field around a wire
depends on the amount of current flowing, and can
be varied at will by controlling the current flow.

The direction of the line’s rotation depends on
/ the direction of current through the wire; reversing
if we reverse the current.

If we pass a stiff wire which is carrying current,
vertically through a piece of paper, as in Fig. 87,
and sprinkle iron filings on the paper, they will
arrange themselves in a pattern as shown.

Flg. 87. Electro ic lines sb w hy ir; filings around a conductor.

If we remove the filings and place several small
compass needles on a cardboard around the wire,
they will point in a circle as shown in Fig. 88. These
experiments prove the existence of this invisible
magnetic force, and also show the circular shape of
the field around the wire. The north poles (black
ends) of the compass needles also show the direc-
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Fig. 88. Small compass needles showing shape and direction of lines
around a conductor.

tion the lines of force travel. If the current flow
is stopped, the needles wilk all point north, but as
soon as current is again started they will point in
a circle once more.

DIRECTION OF LINES AROUND
CONDUCTORS

Note the direction of current in the wire in Fig.
88, and the direction the needles point. If we change
the leads at the battery, and thereby reverse the
direction of current through the wire, the needles
will at once reverse their direction also. This proves
that the field reverses with the current.

We can see from this that if we know the direc-
tion of current in any wire, we can determine the
direction of the lines of force around it. Or if we
know the direction of flux, we can find the direction
of current.

A single compass needle is all that is required
to tell the direction of flux. See Fig. 89.
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Fig. 89, Convenient eompau test for direction of flux around conductors.
Note the direction of current and flux of
uch of the wire.

Here we have a bent piece of stiff wire connected
to a battery by other wires. The current in the left
end is flowing away from us, and if we place a com-
pass under the wire it points to the left. If we move
the compass above the wire it points to the right.

This proves that when current is flowing away
from you in a wire, the lines of force are revolving
Clockwise, as the hands of a clock turn.

When we try the compass on the right end of the
loop where the current flows toward us, we find it
points opposite to what it did on the left end.

This proves that when current flows toward you
in a wire, the lines of force revolve counter clock-
wise. See the lines of force indicated by the dotted
lines. Study this rule over carefully and start prac-
tising it at every opportunity on actual electric cir-
cuits, because it will be very useful later in your
work on power machines and circuits.

RIGHT HAND RULE FOR DIRECTION
OF FLUX
Another simple rule by which you can determine
the direction of current, or flux of wires, is called the
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“Right hand rule”. Grasp the wire with the right
hand, with thumb pointing in the direction of cur-
rent flow, and your fingers will point in direction of
flux around the wire. See Figs. 90A and 90B.)
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Fig. 90. “Right hand rule” for direction of flux around ductors.

This rule should be memorized by practice.

Of course in the case of a bare, uninsulated wire
it is not necessary to touch or actually grasp it to
use this rule. After a little practice you can use
it very well by just holding your hand near the
wire in a position to grasp it, and with thumb in
direction of current, your finger tips will indicate
the direction of flux.

MAGNETIC FORCES BETWEEN PARALLEL
WIRES

If we run two wires parallel to each other, close
together, and both carrying current in opposite
directions, we find their lines of force being in oppo-
site directions tend to crowd apart, and actually
make the wires repel each other. See Fig. 91A.

In Fig. 91B, are shown two flexible wires sus-
pended close together, yet loosely and free to move.
When a rather heavy current is passed through
them in the direction shown by the arrows, they will
crowd apart quite noticeably. The dotted lines show
where they would hang normally when no current
is flowing.
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Fig. 91. This sketch shows the repulsion of parallel wires, carrying
current in opposite directions.

If we run two wires parallel to each other, close
together, and both carrying current in the same di-
rection, we find that their lines of force tend to join
together in one common field around both wires, as
in Figs. 92A and 92B.

When wires are close together in this manner,

the combined path around the two is shorter than
the two separate paths around each. Then by join-

Fig. 92. When parallel wires cai current in the same direction, their
= flux tends torgnw them together

ing each other, the lines avoid going in opposite
directions in the small space between the wires.
This flux around the two wires tends to pull them
together, as the lines of force are always trying to
shorten their path, as we learned before.

In Fig. 92B, we again have the two suspended
parallel wires, this time carrying current in the
same direction, and we find they now draw toward
each other.

This magnetic force exerted between wires often
becomes very great in the heavy windings of large
power machinery, especially in case of excessive
currents during overloads or short circuits. So we
find their coils are often specially braced to prevent
them moving due to this stress.

STRONG FIELDS AROUND COILS

We can make excellent use of this tendency of
magnetic flux, to join in a stronger common field
around two or more wires, to create some very pow-
erful electro-magnetic fields.

One of the best ways to do this is to wind a coil
of insulated wire as shown in Fig. 93A.

Fig. 93-A. The lines of force around the turns of a coil join together,
in one very strong field.
Fig.. 93-B. Sectional view, note how the join around all turns, and
the dense flux st up in the center of the coil.

We can easily see that all turns of such a coil
are carrying current in the same direction on all
sides of the coil. If we split such a coil from end
end, as shown in Fig. 93B, we can then see how t
flux of all the turns will unite in a common field
through the center of the coil and back around the
outside.
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OLENOIDS

Such a coil of a single layer is called a Helix.
Coils for creating strong electro-magnetic fields, are
often wound with many layers of insulated wire on
a spool of brass or fibre, or some other non-mag-
netic material. Such coils are called Solenoids. See

« Fig. 94,

By referring to both Figs. 93 and 94, we see that
all the lines of force travel one way through the
center of the coils in a very dense field, and back
the other way outside the coil. Thus a solenoid has
north and south poles just as a bar magnet does.

Now if we place an iron core inside of a solenoid
the field will at once become much stronger, as the
iron offers a much better path for the lines of force
than air does. When we start to insert the core in a
solenoid that has current flowing in it, we find it
exerts a strong pull on the core, tending to draw
it into the coil. This seems to be an effort of the
lines of force to draw the iron into the most dense
flux. which is inside the coil.

Fig. 94. Solenoid tube.
direction

Note the

or coil d on a !
of the lines, and polarity of this solencid.
A solenoid will give a strong and fairly uniform
pull for about half its own length. This is the most
effective distance. Solenoids with movable cores
attached to levers, or handles of switches and con-
trollers, are used considerably on electrical equip-
ment. These are called plunger magnets.

ELECTRO-MAGNETS

While an iron core is inside a coil and current is
flowing, we find the iron becomes strongly inag-
netized due to the very dense field in which it is lo-

‘ated. But if the core is soft it loses practically all

ts magnetism as soon as the current is turned off.

Such a coil and core are called an Electro-Magnet.
Or in other words an Electro-Magnet is a core of
soft iron, wound with a coil of insulated wire.

Electro-magnets are the ones used in bells, buz-
zers, relays, lifting magnets. and electric motors and
generators. They can be made extremely powerful,
and have the advantage of being magnetized or
demagnetized at will, by turning the coil current on
or off.

The lifting magnet in Fig. 95 is an example of a
huge electro-magnet. With the current turned on
it is lowered to the iron it is to lift, often raising
tons of metal at one time. Then when we want it
to drop the iron the current is simply turned off.

Attraction and repulsion is the same with elec-
tro-magnets as with permanent magnets. That is,
unlike poles of two electro-magnets attract each
other and their like poles repel each other. This
rule holds also when one of the magnets is an elec-
tro-magnet and the other a permanent magnet. The
same rule holds when one of the elements is a sole-
noid or when there are two solenoids. he fact of
the matter is that the actions of permanent mag-
nets, solenoids, and electro-magnets are alike in
every way. It makes no difference whether a mag-
netic field is produced by a permanent magnet or
by an electric current, the behavior of the field
or the flux is just the same in either case.

Fig. 95. Electro-magnet used for handling fron and steel. This magnet
hlnn‘l’u-:berolooﬂlhdd.iuhmorm

CONSTRUCTION OF SIMPLE ELECTRO-
MAGNETS. RESIDUAL MAGNETISM.

Electro-magnets for various tests or handy uses,
can be easily made by winding a few turns of insu-
lated wire around any soft iron core, and connecting
the coil ends to a dry cell or storage battery. Even
a nail or small bolt will do, and will prove quite a
strong magnet when wound with 50 to 100 turns of
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No. 24 to 30 wire, and used with a dry cell. But
you will note that as soon as the coil is disconnected,
or the battery current turned off, the core will lose
practically all its noticeable magnetic strength, as
far as any attraction is concerned. However, in
reality there is almost always a very feeble charge
left in the core for a while after the current stops
ﬂowing This charge remaining or residing in the
core is called Residual Magnetism. The softer iron
the core is made of, the less residual magnetxsm it
will retain. Residual magnetism plays a very im-
portant part in the operation of many electric gen-
erators, as will be found later.

Permanent magnets can be made by placing a
piece of hard steel in a coil for a time, with the cur-
rent turned on. Then when the current is turned
off, the hard steel being of higher retentivity than
iron, retains considerable of its charge as residual
magnetism.

Powerful electro-magnets are often used to charge
permanent magnets, by holding or rubbing the mag-
net to be charged on the poles of the electro-magnet.
See Fig. 96.

A good charging magnet of this type for charging
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magneto magnets, can be made of two round cores
of soft iron about 3x6 inches, wound with 500 turns
of No. 14 wire on each. They should have a soft
iron bar 1x3x8 inches bolted to their bottom ends.
and square pieces 1x3x3 inches on their top ends.
Such a magnet can be used on a 6-volt storage bat
tery, and is often very handy in a garage or elec-
trical repair shop.

horseshoe magnet is in
its poles wi

95. POLARITY OF ELECTRO-MAGNETS

It is very important to be able to determine the
polarity of solenoids and electro-magnets. A com-
pass will, of course, show the north pole by the
attraction of its tail or south pole. But if we know
the direction of winding of a coil, and the direction
current passes through it, we can quickly find the
correct polarity with a simple rule. This rule is
called the Right Hand Rule for Electro-Magnets.

Grasp the coil with your right hand, with the
fingers pointing around the coil in the same direc-

tion current is flowing in the wire, and your thumb
will point to the north pole of the magnet. See
Fig. 97.

Fig. 97. Right band rule for determining polarity of electro-magnet.

Every electrical man should know this rule, as
there are many uses for it in practical work. Prac-
tice it until you can use it easily.

It can also be used to find the direction of current
flow if you know the polarity of the magnet. In
such a case we again grasp the coil with the right
hand, thumb pointing to north pole, and the fingers
will point in direction of current flow around the
coil.

We already know that the flux around a wire will
reverse if we reverse the current flow. This is
equally true then of the flux around a coil or group
of wires. So we can reverse the polarity of a sol-
enoid or electro-magnet at will, merely by reversing
the current supply wires to it.
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Fig. 98. Electro

g coil for destroying residual

Some special electro-magnets are wound with a
separate demagnetizing coil, in addition to the main
coil.

This may be a smaller coil, wound in the reverse
direction to the main coil, so if connected just for
an instant, after main coil is turned off, it will just
destroy the residual magnetism that might other-
wise remain. See Fig. 98.

If when switch (A) opens the main circuit at
(B), it is momentarily closed to (C), it will create
a reverse flux to more quickly demagnetize the core.

It is also possible to wind a coil on a core so i
will create no magnetism in the core. See Fig.

Iere the coil has been wound with two wires, and
their ends connected together. The current flows
through an equal number of turns in each direction,
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so practically no magnetism will be set up in the
core. Non-magnetic coils of this type are often used
.&n meter construction.
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Fig. 99. Non-magnetic winding. One half of the turns the other
alf, so the core does not become m.gnetlzxpo“

THE MAGNET CIRCUIT

A magnetic circuit includes tthe entire path
around which flow the magnetic lines of force, just
as the electric circuit includes th eentire path
through which the current flows. Just as an elec-
tric circuit must include a source of electromotive
force which causes current to flo wso must the mag-
netic circit uinclude a source of the force that causes
magnetic lines to move around the circuit. In a
magnetic circuit this source is a permanent magnet

- an electromagnet. Just as there is resistance
'r opposition to flow of electric current in its circuit
so there is oposition to flow of magnetic lines of
force in the stecl and other parts of the magnetic
circuit.

Magnetic circuits are illustrated in Figs. 78 to 81.
Note that in each case we show the complete path
followed by the lines of force or the flux, sometimes
through stect or iron and sometimes through air.
In each of these illustrations we might replace the
permanent magnet with an electromagnet and still
have the same form of magnetic circuit. In para-
graphs which follow we shall deal with some of the
laws relating to the force, the flux, and the mag-
netic oposition in magnetic circuits. You will find
that the rule and laws are similar in many ways to
those for the electric circuit.

UNITS, SATURATION AND STRENGTH OF
J/ ELECTRO-MAGNETS

The strength of an electro-magnet depends on
the number of turns in its coil, and the amperes or
amount of current flowing through them, or as we
say the Ampere-Turns.

The Ampere-Turns are the product obtained,
when the amperes are multiplied by the number of
turns.

. A coil of 100 turns, carrying 2 amperes, has 200
anipere-turns. (Abbreviated I.N.)

Another coil of 400 turns carrying 4 ampere, has
200 ampere-turns.

We say therefore that the number of ampere
turns, determines the Magneto-Motive-Force. (Ab-
breviated M.M.F.) Ampere-turns measure also the
magnetizing force,

The greater the M.M.F. or number of ampere-
turns we apply to a given core, the stronger magnet
it becomes, up to certain limits.

As we go on increasing the ampere-turns and
strength of a magnet, the lines of force in its core
become more and more dense and numerous. After
we reach a certain point in flux density, we find a
further considerable increase of ampere turns of
the coil, does not cause much increase of flux in the
core, as we have apparently reached its practical
limit in the number of lines it can carry. This is
called the Saturation-Point.

Good magnetic iron or steel can carry about
100,000 lines per square inch, before reaching the
practical saturation point. Therefore, if we wish
to make electro-magnets requiring more than
100,000 lines of force, we should use a core larger
than 1 square inch cross sectional area. Fifteen am-
pere-turns per inch of core length, on a closed core
of 1 square inch area, will produce approximately
100,000 lines of force.

The chart in Fig. 100, showing the lines of force
per square inch, produced in soft iron by various
numbers of ampere-turns, may often be very useful
to you.

To read the chart select any number of ampere
turns at the bottom line and run up the vertical
lines to the curve, then to the left edge, and
read number of lines. Thus 5 ampere turns gives
about 67,000 lines per square inch. 10 ampere turns
gives 90,000 lines. 12 ampere turns about 95,000
lines, etc.

It is interesting to note how the factors in a mag-
netic circuit can be closely compared to those of
an electric circuit. In the electric circuit, we have
pressure or Electro-Motive-Force, Current and
Resistance. In the magnetic circuit we have Mag-
neto-Motive-Force, Flux and Reluctance. And in
the electric circuit we have the units volt, ampere
and ohm, while in the magnetic circuit we have the
Ampere-Turn, Lines of Force, and Rel.

The Rel is a name often used for the unit of re-
luctance. Its symbol is R

One rel is the amount of reluctance offered by
a prism of air or non-magnetic material, 1 inch
square and 3.19 inches long. We know that iron
is much lower reluctance than air, and it takes a
bar of mild steel or wrought iron 1 inch square and
460 feet long to have a reluctance of 1 rel. Cast
iron is somewhat higher reluctance, and a bar 1 inch
square and 50.7 feet long has 1 rel reluctance.

One ampere turn can set up one line of force in
a reluctance of 1 rel
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Fig. 100, Curvc showing number of lines of force that can be set up in
t sheet iron, with various numbers of ampere turns.

PRACTICAL ELECTRO-MAGNET
CALCULATIONS

To calculate the total flux or lines of force in a
magnetic circuit we can use the following formulas:

M

$ = —
R
In which:
¢ equalsflux in lines of force.
M equals MMF in ampere turns.
R equals reluctance in rels.
IFor example, if we have 1200 ampere turns
M.M.F., on a magnetic circuit of .03 rel, what
would be the total flux?

00
or 40,000 lines.
03

In order to be able to calculate the reluctance of
a magnetic circuit, we must know the Reluctivities
of common magnetic and non-magnetic materials.

Non-magnetic materials all have a reluctivity of
about .313 rel, per inch cube.

Mild steel or wrought iron usually has a reluc-
tivity of about .00018 rel, per inch cube, and cast
iron .00164 rel per inch cube, under favorable con-
ditions. But of course, the values vary somewhat
with the density of the flux used in the metals.

Knowing these values, the reluctance of a core
can be found as follows:—

v X L
A

¢ = —, or Flux =

In which:

‘R equals rels.

v equals reluctivity of core per inch cube.

L equals length of core in inches.

A equals cross sectional area of core in square
inches.

If you wish to make a magnet using a wrought
iron core 2x2x8 inches, what would the core reluc-
tance be?

v X L
fR =

, or R =

.00018%8
4

or .00036 rel.

If the same magnet has an air gap of about
2x2x1 inches, what would the total reluctance of
the circuit be, including the core and air? ‘

v X L 313 X 17
,or R = = .07825 rel.

4

reluctance of air core.

Then .00036 plus .07825 == .07861 rel reluctance of
total circuit.

If you wind 1000 turns of wire on this core, and
pass 5 amperes of current through the coil, how
much flux will be set up?

5 amps X 1000 turns equals 5000 ampere turns
or I.N,, and L.N. also equals M or MMF.
Then from our formula for determining flux:

or 63,605 lines.

¢ = —, or flux =

.07861

LIFTING POWER

The pulling or lifting power of a magnet de-
pends on the flux density in lines per square inch,
and the area of the poles in square inches. Then
to determine the actual lift in pounds we use the
figure 72,134,000, which is a “constant,” determined
by test of the ratio of lines to Ibs.

From this we get the very useful formula:
Area X (Flux Density)? .

72,134,000

(Note, the flux density is to be squared or multi-
plied by itself.)

If a magnet has a pole area of 4 square inches
and a flux density of 100,000 lines per square inch,
what would be its lifting power?

4 X 100,000*

Lbs. = —m ——
72.134.000

So we find that a good magnet should lift over
138 pounds per square inch of pole surface.

We can usually depend on a lift of over 100
pounds per square inch even though the magnet
is only working at a density of 90,000 lines per
square inch. This, of course, means the lift obtain-
able when both poles of the magnet are actually in
good contact with the iron to be lifted.

You have now learned how to use the units Am-
pere-turn, lines of force, and rel, to calculate flux
and pull of magnets by simplified formulas.

Pounds Pull =

or 554.5 + pounds.

C. G. 8. UNITS

It may be well to mention here another set of
units used in some cases instead of those above
mentioned.

These are the Gilbert, Maxwell, and Oersted.

The Gilbert is a unit of M.M.F., similar to the
ampere-turn, but one ampere-turn is larger, and
equal to 1.257 Gilbert.
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The Maxwell is a unit of flux, equal to one
ine of force.

The Oersted is a unit of reluctance, and is the
reluctance of 1 cubic centimeter of air or non-mag-
netic material.

This second set of magnetic units are from the
C.G.S. (Centimeter, gram, second) system of units,
and can be used for practically the same purpose
as the ampere-turn, line of force, and rel. They
merely differ slightly in size, the same as the centi-
meter and the inch are both units of measurement,
only of different sizes.

The practical man will probably find the ampere-
turn, lines of force, and rel, much easier units to
use, because they deal with square inches instead
of centimeters, and the ampere-turn is so easily
understood, as a unit of M.M.F. The other units
are merely mentioned and explained here, so if
you see or hear them used from time to time you
will understand their meaning.

Direct current is best for operation of Electro-
magnets, as its steady flow gives a much stronger
pull per ampere-turn, than alternating current.

However, many A. C. magnets are used on motor
controllers, relays, circuit breakers, etc.

MAGNET WINDING AND REPAIRS

In making electro-magnets the core should be of
good soft iron, and covered with one or more lay-
ers of oiled paper or varnished cloth insulation.
This will prevent the wires of the first layer of
winding from becoming grounded or shorted to the
core, if their insulation should become damaged.

Some sort of end rings should be provided to
hold the ends of the winding layers in place. Hard
fibre is commonly used for this purpose. See Fig.
101, which shows a sectional view of an electro-
magnet.

Some magnet coils are wound with- thin insula-
tion between each layer of wire, and some are
wound without it. It is not absolutely necessary to
have the turns of each layer perfectly flat and even,
as they are in machine wound coils, to make a good

Fig. 101. Sectional view of electro-magnet, showing core, insulation and

magnet. But they should be wound as smooth and
compact as possible.

Magnet wires, with insulation of cotton, silk,
enamel, or combinations of cotton-enamel or silk-
enamel, are used for winding electro-magnets.
Enamel is excellent electrical insulation, takes up
the least space in the coil, and carries heat to the
outside of coil very well. Therefore it is ideal for
many forms of compact coils, of fine wires. But the
cotton or silk covered wires are easier to handle
and wind, as they stand the mechanical abuse
better.

When winding a magnet coil with very fine wires
which are easily broken, it is well to splice a piece
of heavy flexible wire to the fine wire, for both
starting and finishing leads of the coil. The piece
of heavier wire used in starting the coil should
be long enough to make several turns around the
core, to take all strain off the fine wire in case of
a pull on this end wire. Then wind the fine wire
over the “lead in” wire, and when the coil is finished
attach another piece of heavy wire, and wrap it
several times around the coil, to take any possible
strain on this outer “lead” wire. Any splices made
in the coil should be carefully done, well cleaned,
and soldered, so they will not heat up, arc or burn
open, after the coil is finished and in service. A
layer of tape or varnished cloth should be put over
the outside of the coil to protect the wires from
damage.

When repairing and rewinding magnet coils from
motors, controllers, relays, or any electrical equip-
ment, be careful to replace the same number of
turns and same size of wire as you remove. Other-
wise the repaired coil may overheat or not have the
proper strength.

If the wire removed is coarse, the turns can
usually be carefully counted. If it is very fine and
perhaps many thousands of turns, it can be accur-
ately weighed, and the same amount by weight,
replaced.

The size of the wire used for the repair should
be carefully compared with that removed, by use
of a wire gauge or micrometer.

The same grade of insulation should be used
also, because if thicker insulation is used it may be
difficult to get the full number of turns back on the
coil, or it may overheat, due to the different heat
carrying ability of the changed insulation.

TESTING COILS FOR FAULTS

It is very simple to test any ordinary magnet coil
for “open circuits,” “grounded circuits” or “short
circuits,” commonly referred to as opens, shorts,
and grounds.

A test lamp or battery and buzzer can be used for
most of these tests,

See Figs. 102-A, B and C.
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In Fig. 102-A, the coil has a break or “open,” and
a battery and test lamp or buzzer connected to its
ends, will not operate, as current cannot pass
through. If the coil was good and not of too high
resistance, the lamp or buzzer should operate. In
testing coils of very high resistance, a high voltage
magneto and bell are often used instead of the bat-
tery and lamp.

In Fig. 102-B, the insulation of one turn of the
coil has become damaged, and allows the wire to
touch the core. This is called a “ground.”

With one wire of the lamp and battery circuit
connected to the core, and the other connected to
either coil wire, the lamp will light, showing that
some part of the coil touches the core and completes
the circuit. If there were no grounds and the insu-
lation of the entire coil was good, no light could
be obtained with this connection, to one coil lead

and the core.
C
[ S ”;I

Fig. 102. Methods of testing colls for faults.

In Fig. 16-C, the coil has developed two grounds
at different places, thus ‘“shorting” out part of the
turns, as the current will flow from X to X1 through
the core, instead of around the turns of wire. With
the battery and lamp connected as shown this would
usually cause the lamp to burn a little brighter than
when connected to a good coil. If a good coil of
the same type and size is available, a comparative
test should be made.

Some of the turns being cut out by the “sho+”
reduces the coils resistance, and more current will

flow through the lamp. In some cases a low read- .

ing ammeter is used instead of the lamp, to make
a more accurate test.

Short circuits may also occur by defective insu-
lation between two or more layers of winding. al-
lowing the turns to come together and possihiy
shorting out two or more layers, thus greatly weak-
ening the coil and causing overheating.

Figs. 103 to 106 show several types of electro-
magnets.

Note carefully the windings and direction of cur-
rent flow in each of these magnets. and check the
polarity of each with your right hand rule. This
will be excellent practice and help you to remem-
ber this valuable rule.

The two coils on the double magnet in Fig. 103
are wound in opposite directions to create unlike
poles together at the lifting ends. This is very
important and necessary, or otherwise the magnet
would have like poles, and not nearly as strong

attraction or pull. The coils of the telephone re-
ceiver and bell, in Fig. 105, are also wound op-
positely for the same reason.

/
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Fig 103. Plunger type magnet at left. Shell type magnet at right.

“Those in the motors in Fig. 106 are wound
opposite to create unlike poles adjacent, to alloaw
a complete magnetic circuit from one to the other
Note carefully the path of the flux in each ca~c

If you have carefully studied this section on muy
netism and electro-magnetism. you have gain. i
some very valuable knowledge of one of the i
important subjects of electricity.

You will undoubtedly find many definite uses i
this knowledge from now on, and it will be a great

help in understanding electrical machines of |)r:u‘-‘

tically all kinds.
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Fig. 105. Sketches showing use of electro-magnets in telephone receiver
and door bell.
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Fig. 106-A. Flux path in a simple early type of motor. Fig. 106-B. Note the several flux paths in this modern 4 pole motor frame and poles.
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Whenever a wire or other conductor is moved in
a magnetic field so that the conductor cuts across
the lines of force there is an electromotive force
produced in that conductor. If a conductor remains
stationary and the magnetic field moves so that its
lines cut across the conductor an electromotive
force is produced in the conductor. This action of
producing or “inducing” electromotive force by
movement between a conductor and a magnetic
field is called electromagnetic induction.

Without electromagnetic induction we would
have no electric generators and would be reduced
to using batterics for all the current we need.
Much of our need for current would disappear,
because without electromagnetic induction we
would have no electric motors, no transformers,
and none of the dozens of other devices on which
our present electrical industry depends.

GENERATING ELECTRIC P.RESSURE
BY INDUCTION

If we move a piece of wire through magnetic
lines of force as in Fig. 107, so the wire cuts across
the path of the flux, a voltage will be induced in
this wire. Faraday first made this discovery in
831.

If we connect a sensitive voltmeter to this wire,
thus completing the circuit, the needle will indi-
cate a flow of current every time the wire is moved
across the lines of force. This induction, of course,

ELECTROMAGNETIC INDUCTION

only generates electrical pressure or voltage in the
wire, and no current will flow unless the circuit is
complete as shown in Fig. 107. So it is possible to

L N

Fig. 107. When a wire is moved through magnetic flux, voltage iIs
generated in the wire.

generate voltage in a wire, without producing any
current, if the circuit is open.

In fact we never do generate current, but instead
we generate or set up the pressure, and the pres-
sure causes current flow if the circuit is completed.
But it is quite common to use either the term
induced voltage, or induced current. This is all
right and sometimes simpler to state, if we simply
remember that current always results from the
production of pressure first, and only when the cir-
cuit is closed.
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DIRECTION OF INDUCED PRESSURE
AND CURRENT

Referring again to our experiment in Fig. 1, if
we move the wire up through the flux the meter
needle reads to the left of zero, which is in the
center of the scale. If we move the wire down
through the flux, the needle reads to the right. If
we move the wire rapidly up and down, the needle
will swing back and forth, to left and right of the
zero mark. This proves that the direction of the
induced pressure and resulting current flow, de-
pends on the direction of movement through the
vragnetic field, and that we can reverse the voltage
and current, merely by reversing the direction of
movement of the wire.

A simple rule to determine the direction of the
voltage induced, when the direction of the lines of
force and movement of the conductor are known,
is as follows:

Consider the lines of force as similar to moving
rubber belts, and the wire as a pulley free to re-
volve when it is pushed against the belts. (See
Fig. 108.)

Assume (A) and (B) to be the ends of wires
to be moved. (A) is moving upwards against lines
of force traveling to the right. Then its imaginary
rotation would be clockwise as indicated by the
arrows around it, and this will be the direction the
lines of force will revolve around the conductor
from its own induced current. Then remembering
our rule from the section on electro-magnetism, we
know that clockwise flux indicates current flowing
away from us.

Fig. 108. Sketch of conductors moving through flux, as in a simple
generator. Note directoin of induced pr ..

Wire (B) is moving down against the lines of
force, so if it were to be revolved by them it would
turn counter clockwise. As this would be the di-
rection of flux around the wire from its induced
current, it indicates current would flow toward us.

Another rule that is very convenient, is the right
hand rule for induced voltage, as follows:

Hold the thumb, forefinger and remaining fingers
of the right hand, at right angles to each other.
Then let the forefinger point in the direction of
flux travel, the thumb in direction of movement of
the wire, and remaining fingers will point in the
driection of the induced pressure. (See Fig. 109.)

In the illustration the flux moves to the left, the
wire moves up, and the current in the wire would

be flowing toward you, as indicated by the three
remaining fingers.

"Practice this rule, as you will find a grea‘
deal of use for it on the job, in working with motors;
generators, etc.

AMOUNT OF PRESSURE GENERATED DE-
PENDS ON SPEED AT WHICH LINES
ARE CUT

Referring back again to Fig. 107, if we hold the
wire still, even though in the magnetic field. ne
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Fig. 1. Right hand rule for direction of Induced voltage. Compare
position of fingers with direction of flux and wire movement.
pressure will be generated. Or if we move the
wire to right or left, parallel to the path of the flux,

no pressure will be produced. So we find that t
wire must cut across the flux path to genera
voltage, or as we often say it must be “Cutting”
the lines of force.

The faster we move the wire through the mag-
netic field, or the stronger the field and greater the
number of lines of force, the farther the meter
needle moves.

So the amount of pressure or voltage produced by
electro-magnetic induction, depends on the speed
with which lines of force are cut, or the number
of lines cut per second.

A very important rule to remember is that one
conductor cutting 100,000,000 lines of force per
second will produce 1 volt pressure.

This probably seems to be an enormous number
of lines to cut to produce one volt, but we do no’
actually have to use one magnet with that many
lines of force, as we can speed up the movement
of the conductor in an actual generator, so fast that
it will pass many magnet poles per second.

We can also alld the voltage of several wires
together by connecting them in series in the form
of coils. (See Fig. 110A and 110B.

Here we have three separate wires all of which
are moved upwards through the flux at once, and
we find an equal amount of pressure is induced j
each, all in the same direction. Then when \b
connect them all in series as shown, so their volt-
ages will all add up in the same direction in the

circuit, our meter reads three times as much voltage
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as it did with one wire. Generator coils are often
made with many hundreds of turns so connected,
hus obtaining very high voltage.

SIMPLE GENERATOR PRINCIPLES

In Fig. 111A and 111B are shown single turn
coils A, B, C, D, arranged to be revolved in the
field of permanent magnets. The ends of the coils
are attached to metal slip rings which are fastened
to the shaft, and revolving with it. This gives a
connection from the moving coils to the lamp cir-
cuits by means of metal or carbon brushes rubbing
on the slip rings.

Fig. 110-A. Using several wires connected in series to obtain higher
induced voltage.
Fig. 110-B. Coil of several turns, as used in generators.

Assume that the coil A, B, C, D in Fig. 111A re-
volves to the right, or clockwise. The wire A. B,
will be moving upward through the flux, and the
induced pressure will be in the direction indicated
by the arrow on it.

Wire C, D, is moving downward, and its induced
pressure will be in the reverse direction, but will
join with, and add to that of wire A, B, as they
are connected in series in the loop. Note that the
current flows to the nearest collector ring, and out
along the lower wire to the lamp, returning on the
upper wire to the farthest collector ring and the
coil.

Q. 111-A. Simple electric generator of one single wire loop, in the flux
of a strong permanent magnet.
ig

. 111-B. Here the coil has revolved one-| turn farther than in (A).

In Fig. 111B is shown the same coil after it has
turned one-half revolution farther, and now wire

A, B, is moving downward instead of up as before.
Therefore, its pressure and current are reversed.
The wire C, D, is now in position where A, B was
before, and its pressure is also reversed. This time
we find that the current flows out to the farthest
collector ring, and over the top wire to the lamp,
returning on the lower wire.

ALTERNATING CURRENT AND DIRECT
CURRENT

So we see that as the conductors of such a sim-
ple generator revolve, passing first a north pole and
then a south, their current is rapidly reversed.
Therefore we call the current it produces alternat-
ing current, abbreviated A. C.

If we wish to obtain direct current (D. C.), we
must use a commutator or sort of rotary switch,
to reverse the coil leads to the brushes as the coil
moves around. All common generators produce
A. C. in their windings, so we must convert it in
this manner if we wish to have D. C. in the ex-
ternal circuit. (See Fig. 112-A and B.)

Fig. 112-A and B. Single loop generators with simple commutators, for
producing direct current. Note how current continues in same
direction through the lamp, at both positions of the coll.

Here again we have a revolving loop. In Fig.
112A the wire A, B is moving up, and its current is
flowing away from us, and that of C. D. toward us.
The coil ends are connected to two bars or segments
of a simple commutator, each wire to its own sepa-
rate bar. With the coil in this position, the cur-
rent flows out at the right hand brush, through the
lamp to the left, and re-enters the coil at the left
brush.

In Fig. 6B, the coil has moved one-half turn to the
right, and wire A, B is now moving down, and its
current is reversed. However, the commutator
bar to which it is connected has also moved aroun:
with the wire, so we find the current still flows in
the same direction in the external circuit through
the lamp.

INDUCTION COILS

Now did you think of this?
If moving a wire through lines of force will in-
duce pressure in the wire, why wouldn’t it also

generate pressure if the wire was stationary, and
the flux moved back and forth across it?
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That is exactly what will happen. (See Fig. 113.)

Here we move the magnet up and down, causing
the lines of force to cut across the wire which is
stdtionary, and again we find that the meter needle
swings back and forth. This proves that pressure
is’ generated whenever lines of force are cut by a
wire, no matter which one it is that moves.

You also know that every wire carrying current
has flux around it.

Now if we place one wire which is carrying cur-
rent, parallel and near to another wire, its flux

will encircle the wire that has no current. (See
Fig. 114A and B,

Fig. 113. Induction experiment, moving the magnet and its field instead
of the wire.

When we close the switch the current starts to
flow in wire “B,” building up its magnetic field
around it. In building up, these lines seem to
expand outward from the wire, cutting across wire
“C,” and. the meter will show a momentary deflec-
tion when the switch is closed.

After the flux has been established the meter
needle drops back to zero, and remains there as
long as the current in wire “B” does not change.
This shows that no induction takes place unless
the current is changing, causing the flux to expand
or contract and cut across the wire.

When we open the switch interrupting the cur-
rent flow, and allowing the flux to collapse around
wire “B,” the meter needle reads in the opposite

Fig. 114-A d B. Sketches showing how inducﬂon takes place between
l‘ o two wires, when current and. flux are varied. ’h

direction to what it did before. Then it drops back
to zero once more after the flux has died down.

If we open and close the switch rapidly, causix’
a continual variation in current and flux of wire
“B,” the meter needle will swing back and forth.
showing that we are inducing alternating current
in wire “C.” This is the principle on which induc-
tion coils and power transformers operate.

If we arrange two coils as in Fig. 115, we find the
induction between them much greater than with
the single straight wires, because of the stronger
field set up around coil A, and the greater number
of turns in coil “B” which are cut by the lux. The
meter will now give a much stronger reading when
the switch is opened and closed.

In Fig. 115, coil A, which is said to be excited or
energized by the battery, is called the “Primary.”
Coil “B,” in which the voltage is induced by the
flux of the primary, is called the “Secondary.

Fig. 115. Induction between two coils. A is the "pnmar‘y conl ln which
exciting current flows. B is tbe ‘“secondary coil’” in
current is being induced.

TRANSFORMERS .

Two coils or windings on a single magnetic core
form a transpormer. With a transformer we may
take a large alternating current at low voltage and
change it into a small current at high voltage, or
may take the small alternating current at high volt-
age and change it into a large current at low
voltage. This ability of the transformer makes it
possible to use generators which produce moder-
ately large alternating currents at moderately high
voltages, and to change over to a very high volt-
age and proportionately small current in the trans-
mission lines.

Do vou wonder why we want smaller currents
in our transmission lines? It is because the power
required just for forcing the electricity to flow
against the resistance of the lines varies with the
squarc of the current. Twice as much current
means four times as much power just to overcome
resistance, while half as much current means only
onc-fourth as much power to overcome resistance.
Then when we drop the current to one-tenth its
original value by using a transformer we have
cut the power loss duc to resistance to one one-
hundredth what it might have been.

With such a cut in the effect of line resistance
on power loss we are enabled to use smaller w
containing less copper for our long-distance tr:
mission lines. he cost of large copper wires and the
difficulty of handling and supporting their great
weight in large sizes make it uneconomical to trans-



Transformers 57

mit direct current more than a mile or two, yet by

;sing alternating current with transformers it is
‘conomically possible to have transmission lines
hundreds of miles long.

The elementary princpie of a transformer is
shown by Fig. 116. Here we have two windings on
opposite sides of a ring-like core made of iron.
Actually it is more common practice to wind one
coil around the outside of the door and to have
both of them on one part of the iron core. Later on
we shall study all types of transformers and their
uses.
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Fig. 116. Core and windings of a simple transformer.

The source of alternating current and voltage is
connected to the primary winding of the rtans-
former. he secondary winding is connected to the

"rcuit in which there is to be a higher voltage and

smaller current or else a targer‘clirréat and smaller
voltage than in the primarv. Ff:there are more turns
on the sccondary than on the primary winding the
sccondary voltage will be higher than that in the
primary and by the same proportion as’the nimber
of turns. The secondary current then will ‘be pro-
portionately smaller than the primary current. With
fewer turns on the secondary than on the primary
the secondary voltage will be proportionately lower
than that in the primary, and the secondary current
will be. that much larger. Alternating current is
continually changing, continually increasirig and
decreasing in value. Every change of alternating
current in the primary winding of the transformer
produces a similar change of flux in the core.. Every
change of flux in the core, and every corresponding
movement of magnetic field around the core, pro-
duces a similarly changing movement of magnetic
field around the core, produces a similarly changing
electromotive force in the secondary winding and
causes an alternating current to flow in the circuit
which is connected to the secondary.

In discussing the action of -the transformer. we
have mentioned clectric power and loss of power.
As you well realize, the production, transmission
and use of power represent much of the practice
of electricity. In the following section we shall talk
about power, what it really means, and how it is
measured,

P - T~ ———

POWER AND ENERGY

When first commencing to study electricity and
the electric current we became acquainted with the
word energy, and found that energy means the
ability to do work. At that time we did not talk
about the real meaning of work as the word is used
in a mechanical or technical sense. This we must
do before we can understand the meaning of elec-
trical power and power measurements.

A common definition says that mechanical work
is done when any kind of energy is used to produce
motion in a body formerly stationary, or to increase
the rate of motion of a body, or to slow down its
rate f motion. For example, you use muscular
energy when you lift a stone from the floor onto a
bench, and you do work. Were the stone too heavy
for you to lift you would have done no mechanical
work no matter how hard you tried, for you would
have caused neither motion nor change of the rate
of motion in the stone. This latter statement shows

w different may be the everyday and the techni-
wil uses of a word. Most people would say that you
might do a lot of work in trying to lift a stone too
heavy to move but the engineer would say that you
had done no mechanical work.

The most generally used unit of work is the
féot-pound. One foot-pound of work is done when
a mass (which us usually call a weight) of one
pound is lifted one foot against the force of gravity.
The total amount of work done is equal to the
number of feet of motion multiplied by the number
of pounds moved. If the stone we talked about had
a mass (weight) of 20 pounds and you lifted it
through a distance of five feet you would have done
20 times 5, or 100 foot-pounds of work.

Whether you did all the moving of the stone at
one time or whether vou lifted it through one foot
during each hour for five hours the amount of work
would have been the same, because work involves
only the mass moved and the 'distance through
which it is moved. Time doesn’t enter int6 the
matter of mechanical work.

MECHANICAL POWER

Power is the rate of doing work. Supposing you
lifted the 20-pound stone through ‘the distance of
five fcet in one second. You would have done 100;
foot-pounds of work in one second, and weuld have
worked at a rate .of 100 foot-pounds pér secotid.:
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Your power rate would have been 100 foot-pounds
per second. Power involves work and time. One
of the units in which power may be measured is
“foot-pounds per second”. Power is equal to the
total amount of work divided by the time taken to
do the work. It is assumed that the work is being
done at a uniform or constant rate, at least during
the period of time measured.

Instead of taking one second to lift the stone
supposing you took two seconds. Then your power
rate would be 100 foot-pounds per two seconds, or
only 50 foot-pounds per second. Taking twice as
much time means half the power when the work is
the same. If you took four seconds to lift the weight
the power rate wouldt be 100 foot-pounds per four
seconds, or only 25 foot-pounds per second.

The foot-pound per second is a unit too small to
be used in practice. Mechanical power most often
is measured in the unit called a horsepower. One
horsepower is the power rate corresponding to 550
foot-pounds per second. Since there are 60 seconds
in a minute, one horsepower corresponds also to
550 times 60, or to 33,000 foot-pounds per minute.

An electric power at the rate of one horsepower
would be capable of raising a weight of 33,000
pounds through a distance of one foot in one
minute, At the same rate of one horsepower the
motor would lift during one minute any number of
pounds through a distance such that the pounds
times the number of feet equalled 33,000.

ELECTRIC POWER

In order that the electric motor might continue
working at the rate of one horsepower we would
have to send electric current through the motor at a
certain number of amperes when the pressure dif-
ference across the motor terminals was some certain
number of volts, The number of amperes and the
number of volts would have to be such that multi-
plied together they would equal 746. We now need
a unit of electric power to describe this product of
amperes and volts. Ordinarily we use a unit called
the watt. One watt is the power produced by a cur-
rent of one ampere when the pressure difference is
one volt. We could use for our unit of electric
power the volt-ampere, meaning the product of
volts and amperes which produce the power. The
volt-ampere actually is used as a unit of power in
some cases, which we shall investigate later on.

The total number of watts of power is equal to
the number of amperes of current multiplied by the
number of volts pressure difference, both with ref-
erence to the device in which power is being pro-
duced. In a preceding paragraph we said that the
number of amperes times the number of volts must
be 746 to produce one horsepower. hen we may say
that 746 watts of electric power is equivalent to one
mechanical horsepower.
“"The symbol for electric power in watts is P. We
may use this power symbol together with E for

volts and I for amperes to make a power formula,

thus,
WP = E X1 .

volts X amperes.

Power in watts =

With this formula we may learn the number of
watts of power when we know the number of volts
pressure difference and the number of amperes cur-
rent. With two more formulas we may learn the
number of volts when knowing watts and amperes,
and the number of amperes when knowing watts
and volts. Here are the formulas:

w ] watts
E= — Volts =

1 amperes

1\ watts
I = — Amperes =

E volts

Here are three typical problems in which we use
the three formulas relating to power in watts:

With an ameter in series you find that an electric
flatiron is carrying 6 amperes while a voltmeter
shows that the voltage difference across the connec-
tions to the iron is 120 volts. We may us the
formula W = ExI to find the power in watts being
used to heat the iron.

W=EXI W=120X6= 720 watts

Supposing you use an ammeter to measure th
current in a lamp as 1% or 1.5 amperes and find
that the lamp is marked as requiring 150 watts.
What is the voltage difference at the lamp terminals.
To find the number of volts we use the formula,
E = W/IL

w 150
— = —— = 100 volts

I 1.5

In this example you are assuming that the lamp
actually is using power at the rate of 150 watts. Of
course, if the actual power is more or less than the
rating of the lamp the number of volts shown by
the formula will not be exactly correct.

If the 150-watt lamp were marked with its operat-
ing voltage you could use the formua I= W/E to
find the normal current in amperes for this lamp.
Say that the lamp is marked as requiring 120 volts.
The formula would be used thus:

w 150

I = = = 0 =

E 120 4

E =

114, amperes

POWER AND HEAT

When an electrci current is forced to flow in a
resistance, such as in the resistance of the heatir’
element of an electric range, the rate at which he
is produced depends on the current in amperes and
the resistance in ohms. The rate of heat production
depends also on the power being used in the re-
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sistance, this power being measured in watts. The
elation between power in watts, current in

peres, and pressure difference in volts for elec-
trical devices in which there is heating is an impor-
tant one, and we find that we frequently need a
formula which will give the number of watts of
power when we know the current and the resistance.

Our first power formula says that W = E X I,
or, Watts = volts X amperes.

Ohm’s law for pressure difference says that
E =1 X R, or, Volts = amperes X ohms.

Instead of using ‘“volts” in the power formula
let’s use the equivalent of volts, which, from Ohm’s
law, we know to be “amperes x ohms”. Making this
substitution gives a new power formula, like this:

Watts = amperes X ohms X amperes
or IXRXI

In this power formula we have only amperes and
ohms, we have gotten rid of the volts. Let’s use the
formula to learn the power in watts being used in
a resistance of 10 ohms when the current is 5
amperes.

Watts = IXRXI = 5X 10X 5 = 250 watts

Instead of writing this formula as I X R X I, we
might write it as IX I X R, which would give the
same result. When we multiply a quantity by itself,

' I X I, we usually say that the quantity is squared.

stead of writing I X I we would write I2, which

means the same thing. Then our new power
formula becomes W. = I or W = I?R.

You will find as we proceed with our study of
electrical apparatus that this formula, W = IR, is
one of the most useful in our whole collection. It
always will tell us the number of watts of power
used in producing heat is a resistance.

ELECTRIC ENERGY.

The total available energy which may be changed
into work, or which will do work, must be a
measure of the total amount of work that can be
done with that particular source of energy, such as
a battery for example. If less than the total avail-
able energy does work, then the amount of energy
actually used must correspond to the amount of
work actually done. Energy and work are so closely
related that we use the same units of measurement
for both. For instance, the fact-pound is a unit of
work and also is a unit of energy which may do
work.

The foot-pound is a unit of mechanical energy or
work. The foot-pound per second and the horse-
power are units of mechanical power. We already
have become acquainted with a unit for electric
power, the watt, but so far we have no unit in which
to measure electric energy.

Our unit of mechanical energy or work, the foot-
pound, measures a total quantity of work, such as
the work done in lifting the 20-pound stone onto
the bench. The foot-pound does not measure a rate
of working, or a power rate, but measure a definite
quantity of work. o have a unit of electrical energy
or work we must have one that represents some
total quantity and not a rate of working. Such a
unit is the watt-hour.

One watt-hour of electric energy is the quantity
of energy used with a power rate of one watt when
this rate continues for one hour. That is, the watt-
hours of energy are equal to the number of watts
multiplied by the number of hours during which
power is used at this rate. A 60-watt electric lamp
uses power at the rate of 60 watts so long as t is
lighted to normal brilliancy. But the total quantity
of energy used by the lamp depends also on the
total length of time it remains lighted. If the 60-
watt lamp is kept lighted for 10 hours it will have
used 60x 10, or 600 watt-hours of electric energy.

Just as we use the kilowatt instead of the watt
for measuring large powers, so we use the kilowatt-
hour, abbreviated kwhr, for measuring large quanti-
ties of electric energy. Most bills for electric light
and power are rendered in kilowatt-hours. It is the
total quantity of energy that you use that is the
basis on which the power company bills you. You
are billed not only for the rate at which you use
volts and amperes to produce power in watts, but
for the combination of such power rates and the
times durnig which you use them. In other words
you are billed for the total quantity of work or for
the total energy used, which may be measured in
kilowatt-hours.

Now we have nearly finished our study of basic
electrical principles, the principles on which will be
built the success of all your future practical work in
the eectrical field. Before getting into the actual
work of installation, care and repair of electrical
equipment w havee just one more matter to investi-
gate. That is the subject of what happens when
more or less than the normal quantity of electricity
exists in a body which is electrically “charged”.
That is to be our subject for the following section.
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CHARGES OF ELECTRICITY

lmagine that you have a sheet of mica, glass, hard
rubber or some other insulating material and that
on each side of the insulating material are metal
plates. The metal plates are insulated from each
other by the material between them. If you were
) connect the metal plates to the two terminals
ol a battery or other source of d-c potential there
would be a momentary flow of current from the
positive side of the battery to one plate and an
equal flow of current from the other plate to the
negative side of the battery. The flow of current
would exist for only an instant, then would stop.
No current could continue to flow because there is
insulation between the metal plates.

If the battery were disconnected from the metal
plates and then reconnected to them in the same
manner as before there would be no momentary
flow:.of current provided the plates had remained
completely insulated from all electrical conductors
while the battery was disconnected. It is evident
that the first connection of the battery produced
some change in the insulating material between
the plates which enabled them to oppose flow of
current during the second test.

* When fifst studying electricity we learned that
all substances consist of atoms which contain
electrons, and that electrons are particles of nega-
tive electricity. When a potential difference is
applied to conductors separated by insulation, as
to. the . metal plates just discussed, the potential
dlﬂerence causes negative electrons to flow from
one side of the potential source to one of the con-
ductors or metal plates. These negative electrons
pass_to the side of the insulator in contact with the
plate, and that side of the insulator becomes more
negative. An equal quantity of electrons leaves the
opposite side of the insulator and passes through
the other metal plate to the other side of the poten-
tial source. This loss of negative electrons leaves
this side of the insulator more positive than before.

When an msulatmg material is used in the man-
ner described it is called a dielectric. .The side of
the dielectric connected to the positive terminal
of the battery acquires a positive charge of elec-
tricity—meaning that it loses some negative elec-
trons and becomes more positive. The side of the
dielectric connected to the negative terminal of the
source becomes negatively charged, meaning that
it has more than the normal number of electrons.
Since the dielectric is an insulator, through which
electricity or electrons cannot flow, the unbalanced
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condition will persist on the surfaces of the dielectric
when the battery or othier source is disconnected,
and would persist were the dielectric removed from
hetween the plates so long as the dielectric comes
in contact with no conductors.

An clectric potential, or a difference of potential,
means sumply that there are more electrons at one
place than at another, ot that one place has more
than its normal number of electrons, or that another
has fewer than its normal number.

Any difference of potential is measured in volts.
Connecting the battery to the plates and the dielec-
tric produced a difference of potential on opposite
sides of the dielectric, equal to the difference of
potential furnished by the battery. Consequently,
when you connect the battery to the plates a second
time the battery potential is opposed by a potential
equally great on the dielectric, The positive ter-
minal of the battery is connected to the side of the
dielectric having a positive charge and the negative
terminal of the battery to the side having a negative
charge. The potential difference of these charges .
equal to that of the battery, so no current flows.

CAPACITANCE AND CAPACITORS
Conductors separated by insulation or a dielec-
tric, and having a difference of potential, have the
ability to produce electric charges on the dielectric.
This ability to rececive and hold electric charges is
called capacitance or may be called electrostatic
capacity. A device which contains conductive plates
and insulating diclectric arranged cspecially for re-

electrostatic condenser. .

= The capacitance of a capacitor 1S"measured in ac-
cordance with the quantity of electricity (electrons)
which may be added to one side and taken off the
other side of the dielectric. If a potential difference
of one volt causes one coulomb of clectricity to flow
into a capacitor the capacitance is one farad. If we
made a capacitor with mica only as thick as the
paper in thsi page, and used a snigle square sheet,
our capacitor would have to measure more than a
mile along each side to have a capacitance of one
farad. A unit so large as the farad is impractical for
ordinary capacitors, so we use the microfarad which
is equal to one one-millionth of a farad. _ = ___

The capacitance varies with the kind of dielectric,
and the effect of the kind of dielectric on capacitan
is called the dielectric constant of the material. T
diclectric constant of air is 1.0, while that of waxed
paper, as one example, is from 2.5 to 4.0. This
means that a capacitor with waxed paper dielectric

ﬂ ceiving electric charges is called a capacitor of an
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will have a capacitance 2.5 to 4.0 times as great as
an otherwise similar one having air for its dielectric.
Dielectric constants of most insulating materials
range from 1.5 to 8.0.

With a given knid of dielectric, capacitance be-
comes less in direct proportion as the dielectric is
made thicker, and becomes more in direct propor-
tion as the area of dielectric in contact with the
plates is made greater. Many capacitors which are
to withstand voltages of only a few hundred have
dielectrics of several sheets of thin waxed paper.
For high voltages the dielectric usually is shecets
of mica.

If a capacitor is connected in a direct-current cir-
cuit there will be a momentary flow of current as
the capacitor takes tischarge, then the current will
stop because the dielectric is an insulator.

If a capacitor is connected in an alternating-
current circuit the flow in amperes will be reduced
but some current will continue to flow. The greater
the capacitance of the capacitor the larger will be
the remaining current. This rather peculiar action
is due to the fact that alternating current merely
surges back and forth in a circuit, moving first one
direction and then the other. The alternating cur-
rent may flow in one direction until it charges the
capacitor in that direction, then may flow in the

pposite direction as the capacitor discharges and is
recharged in the opposite direction or opposite
polarity.

ELECTROSTATIC FIELDS

Just as there is a magnetic field and magnetic
lines of force around a magnet so there is an elec-
trostatic field and electrostatic lines of force around
an insulating material or dielectric material which
is electrically charged. The electrostatic field may
be represented by lines between electrostatic poles
just as the magnetic field is represented by lines
between magnetic poles. Electrostatic lines issue
from the positive electrostatic pole and return to
the negative electrostatic pole.

The positively charged end of a dielectric may be
called its positive pole, and the negatively charged
end its negative pole. Unlike electrostatic poles, one
positive and the other negative, attract each other
just as do unlike magnetic poles. Like electrostatic
poles, or like charges, repel each other—which again
is similar to the behavior of magnetic poles.

The greater the dielectric constant of a substance
the more easily it carries electrostatic lines of force.
Consequently, when a material of high dielectric
.*onstant is placed within an electrostatic field this

material tends to draw into it some of the electro-
static lines which otherwise would travel through
the surrounding air, which is of lower dielectric
constant. ‘

It is important to understand that the potential
difference between opposite sides of a charged die-
lectric may be very high and yet the quantity of
electricity which will low to and from the dielectric
may be very small. As an example, many of the
capacitors used in radio have capacitances of only
a fraction of a microfarad, which means they will
charge with only a little electricity and then will
discharge a similarly small quantity. But these
capacitors may be charged to potentials of hun-
dreds of volts, or even thousands in transmitting
outfits. Many a radio man has received a stinging
shock from the high potential discharge from a
capacitor of fairly small physical size.

Electricity which exists as an excess or as a de-
ficiency on charged bodies such as dielectrics is at
rest or remains stationary except while the body
is being charged or discharged. |This electricity
which is stationary is called static electricity, and
when talking about its effects we use the word
electrostatic to distinguishe them from effects of
moving electricity, which is the electric current.

ELECTRIC CHARGES PRODUCED BY
FRICTION

If you rub a stick of sealing wax with wool, silk
or cotton cloth you actually rub some electrons off
the cloth and onto the wax. The sealing wax then
has extra negative electrons, so is negatively
charged. The cloth has lost negative electrons, so
remains positively charged. Now there are electro-
static fields around both the wax and the cloth, and
either will attract small bits of paper, thread and
other insulating or dielectric materials—just as
either pole of a magnet will attract pieces of iron
and steel. This experiment shows that electric
charges may result from friction when two insulat-
ing materials are rubbed together. Such frictional
charges of static electricity are harmful more often
than useful.

METHODS OF STATIC CONTROL AND
PROTECTION

Now that we have an idea of the general nature
of static electricity it will be well to consider some
of the forms in which it is often encountered in
every day life outside the laboratory. Also
some of the methods of controlling, or protecting
against it, because in some of the forms in which
it is produced by nature, and in our industries, it
can be very harmful if not guarded against.

For example, one of the most common occur-
rences of static in the home, is when we walk across
a heavy carpet, and by rubbing or scuffing actién
of our feet we collect a strong charge on our bodies,
from the rug. Then when we come near to a
grounded radiator, or water pipe, or large metal
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object, a discharge takes place from our body to it,
in the form of a hot spark, sometimes from half inch
to an inch in length.

In many cases the only effects of this are the sur-
prising little shocks or rather humorous incidents
caused by it. But in some cases it becomes so bad it
is very objectionable, and even dangerous. For ex-
ample a person’s body so charged can unexpectedly
ignite a gas flame, or vapor over some explosive
cleaning fluid.

Where rugs are the source of objectionable static
it is sometimes necessary to weave a few fine wires
into the rug, or provide a metal strip at its edges,
and ground these by connecting them to a water or
steam pipe. Or it may be reduced by occasionally
dampening the rug a little.

EXPLOSIONS FROM STATIC

When handling any cleaning fluids of an explo-
sive nature, one should be very careful not to
rub the cloth too briskly, as this may produce
sparks and ignite the vapors. In dry cleaning
plants the various pots and machines should have
all parts connected together electrically, and thor-
oughly grounded with a ground wire.

Another common occurrence of static in a danger-
ous place is on large oil trucks. These trucks run-
ning on rubber tires over pavements on dry hot
days, collect surprising charges. To prevent the
danger of this accumulated charge sparking to the
operator’s hand or a can near a gasoline faucet, and
causing an explosion, these trucks should all carry
a grounding chain with one end attached to the
metal frame of the truck, and the other end dragging
on the ground or pavement. This equalizes the
charges, or lets them flow back to earth before they
build up to dangerous values.

Passenger busses are also equipped with such
ground chains or wires sometimes, to prevent the
passengers receiving a shock from static charges,
when stepping on or off the bus.

STATIC ON BELTS

High speed belts in factories and industrial plants
are often sources of surprising static charges. The
rapid movement of the belt through the air and over
the pulleys, will often build up charges that are
very likely to be harmful if not eliminated. In some
cases these charges from the belts will flash over
to electric motors or generators on which the belts
are running, and puncture the insulation of the
windings of these machines, causing leaks of the
power current through this damaged insulation,
which may burn out the machine.

A workman around such belts may get such a
shock from the static, that it will cause him to fall

 Fig. 120. Sketch showing how static can be removed from a belt,
by use of either a metal comb or roller, and ground wire.

off a ladder, or to jump against some running ma-
chinery and be injured. These dangers can be
eliminated by placing a metal roller on the belt, or
a metal comb with sharp points near the belt, and
then connecting these combs or rollers to earth, or
a grounded pipe or metal framework, to carry away
the charges before they become so large. The
combs should be located from Y4 to 14 inch from
the belt. The closer the better, as long as its teeth
do not touch the belt. (See Figure 120 which shows
both methods in use on a belt.)

Many serious fires and explosions of mysterious
source in various plants, could have been prevent
by a trained electrician with a knowledge of how
static is formed and how to guard against it.

So you see, even in this first little section on
static electricity alone, you are learning something
which may be of great value to you on the job.

LIGHTNING

Lightning is probably the most sensational mani-
festation of static electricity that we know of.

Lightning is the discharge of enormous charges
of static electricity accumulated on clouds. These
charges are formed by the air currents striking the
face of the clouds and causing condensation of the
vapor or moisture in them. Then these small
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particles of moisture are blown upward, carrying
negative charges to the top of the cloud, and leaving
the bottom positively charged. (See Figure 121.)

Or the reverse action may take place by heavy
condensation causing large drops of rain to fall
through part of a cloud. Thus one side of a cloud
may be charged positively and the other side nega-
tively, to enormous pressures of many millions of
volts difference in potential.

When such a cloud comes near enough to earth,
and its charge accumulates high enough, it will dis-
charge to earth with explosive violence. (See Figure
122.

The earth is assumed to be at zero potential. So
any cloud that becomes strongly charged will dis-
charge to earth if close enough. It js important
to remember that whenever one body is charged to
a higher potential or pressure than another, elec-
tricity tends to flow from the point of high potential
to the low. The direction of this flow is usually
assumed to be from positive to negative. It takes
place very easily through wires when they are pro-
vided. But it is hard for it to flow through air, and
requires very high pressure to force it to flash
through air, in the case of sparks or lightning.

Fig. 122. Photo of a brilliant lighting flash at night,

Very often a side of one cloud will carry a nega-
tive charge, and the nearest side of another cloufi a
positive charge. When these charges become high
enough a discharge will take place between the two
clouds. (See Figue 123.)

FRANKLIN’S DISCOVERY

Benjamin Franklin with his kite and key experi-
ment, about 1752, discovered that lightning was
electricity, and would tend to follow the easiest

‘ath, or over any conducting material to earth.

He actually obtained sparks from a key on his
kite line, to his fingers, and to ground. This led
to the invention of the lightning rod, as a protection
against lightning damage.

We say lightning “strikes” various objects such
as trees, buildings, etc., because in its tendency to
follow the easiest path to ground it makes use of
such objects projecting upwards from the earth, as
part of its discharge circuit or path.
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Rain soaked trees, or trees with the natural sap in
them are of lower electrical resistance than air and
so are buildings of damp wood or masonry, or of
metal. And the taller these objects are above the

ground, the more likely they are to be struck by
lightning.

When lightning does strike such objects, its in-
tense heat vaporizes their moisture into steam, and
causes other gases of combustion that produce
explosive force. And this along with an electro-
static stress set up between the molecules of the
material itself, causes the destructive action of
lightning. This can be quite effectively prevented

by use of properly installed lightning rods. (See
Figue 125.

LIGHTNING RODS

These rods are made of copper or material that is
a good conductor of electricity. They should be
installed on the tops, or very highest points of
buildings or objects to be protected, and on all «
the various corners or projections that are separated
to any extent. These several rods are all connected
together by a heavy copper cable, and then one or
more ground cables of the same size, run from this
to the ground by the most direct path. In running
this ground cable, it should be as straight as pos-
sible, and if any turns or bends are made, they
should be rounded or gradual bends.

The grounded end should be buried several feet
in moist earth, or securely attached to a driven
ground rod or pipe, or buried metal plate. The tips
of lightning rods are usually sharply pointed, be-
cause it is easier for electricity to discharge to or
from a pointed electrode, than a blunt one. These
pointed rods, and heavy conductors of copper, form
a much easier path to ground for electricity than the
ordinary non-metal building does, and in some cases
actually drain the atmosphere of small charges,
before they become dangerously large. When a
direct bolt of lightning does strike a rod, it usually
flows through the cable to ground, doing a little or
no damage to the building, because the heavy
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Fig. 124. Large tree shattered hy lightning, sho\vin[ the force and
power of heavy lvuhtnin;

charge of electricity flows through the good metal
conductor without causing the terrific heat that it
does in passing through air, wood, and other higher
resistance materials.

Such rod systems have ben proven to be a great
protection, both by data collected on rodded and
unrodded buildings in different parts of the country,
and by actual tests in laboratories where several
million volts of artificial lightning have been pro-
duced and used on miniature buildings.

Tests also prove that rods of a given height, pro-
tect a certain cone shaped area around them as
shown in Fig. 126. The diameter of this area at
the base, is about three to four times the rod height.
Many of the large oil reservoirs in western states
are protected from lightning fires by installing tall
masts around their edges, and sometimes with
cables strung between the masts.

Electric power lines are often protected from
lightning by running an extra wire above them on
the peaks of the towers, and grounding it through
each tower.

More about protection of lines from lightning will
be covered later under lightning arresters.

But in this section we have covered ordinary
lightning protection, the general nature of static,
and the methods of controlling it, in the places
where it is most commonly found, in our homes and
factories.

Fig. 125. Sketch of house equipped with lightning rods, to carry static
and lightning safely to ear!

Fll.. 126. Tall lightning rod used to protect oil tanks from lightning
fires. The dotted lines show the area protected, and within
which lightning will not strike.

YOUR MENTAL TOOL KIT

Now we have arrived at the point where all the
principles and rules that you have studied will com-
mence working for you. The facts that you have
learned are working tools of the electrical expert
just as much as are his voltmeters, ammeters, wire
cutters, screw drivers, and all the other things of
more substantial form,

The mental tools that have been given to you in
all these pages—the tools that henceforth you will
carry in your head—are more necessary and more
useful than the ones made of steel and brass and
bakelite that you use with your hands. The tools
you carry in your head get sharper and do better
work the more you use them. You never can lose
these tools unless you forget to use them. They
have stood up and proved their worth to electrical
men over and over again, in many cases for a h'
dred years or more.

A man with an active mind and a good knowl-
edge of basic principles is far better off than one
with an empty mind and a trunk full of gadgets that
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he does not know how to use to best advantage. The
man with the knowledge may start years behind
the other one in practical experience, yet in an in-
credibly short time will catch and outstrip the other
fellow in earnings. What's more, the greater your
knowledge and understanding of what you are
doing the greater will be the pleasure and excite-
ment in doing electrical work.

If you feel that you have not remembered all of
the dozens of facts that have been explained in pre-
ceding pages, don’t let that worry you. Most, if not
all, of them are stored away somewhere in the back
of your mind. The day you need them on the job
they will come popping out to help. And even

though you don’t remember every detail, at least
you will remember that the point was covered in
your Reference Set, and all you need do is look
back to one of the sections and there you have it.

In our preliminary studies we have gone over
many very simple things relating to electricity, and
have encountered others which are not so simple.
In the job instructions which follow we shall com-
mence with the simplest kind of work—that of in-
stalling electric signals of various kinds. Such work
is not only profitable and interesting, but it brings
out many things with which it is essentail that you
have experience before tackling some of the bigger
jobs which come later.
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SIGNAL SYSTEMS AND CIRCUIT WORK

Great Opportunities In Signal Field

The field of electric signalling is a very broad
une, covering everything from simple door bells and
call systems to elaborate burglar alarm, telephone
and railway signal systems.

Every year many millions of dollars are spent in
new installations and expansion in these branches,
creating new jobs for many more trained men
vearly.

There are millions of homes with their door bell
systems and some of them with burglar alarm
equipment to be maintained, and thousands of new
homes being built each year.

Hotels, office buildings, department stores, thea-
tres and hospitals have elaborate signal systems.
Banks, stores, and offices have their burglar alarm
systems. Fire and police departments also have
special signal networks.

Then there are the railroads with their block sig-
nals, crossing alarms and automatic train con-
trol equipment, to provide greater safety in the
operation of trains.

The telephone and telegraph field is one of the
largest branches of the electrical industry and em-
ploys many thousands of trained electrical men.
So you see the general field of signal work is far
greater than many people realize, and offers inter-
esting work at good pay in all parts of the country,
and also splendid opportunities for a business of
your own.

Many men entering electrical work overlook this
branch, thinking it is of small importaace because
of the small size of the equipment, and the low
voltage it uses.

This however is a great mistake, and signal wir-
ing and maintenance should not be overlooked just
because one may be interested in wiring or power
work.

You may plan or hope to have a business of your
own some day. It requires but very little capital
to start a business in this line, and many of our
graduates are making good money specializing in
this work in a business of their own. Others, who
are working at some other line of electricity, do
alarm and bell wiring jobs as a side line, and make
extra money. Often in this way they gradually
build up a full time business of their own.

Signal work of any kind requires a good knowl-
edge of blue print reading and circuit tracing an
testing, and needs men who know definite method
of wiring equipment from a print, and how to sys-
tematically “shoot trouble.”

Even though you may not specialize in signal
work, and no matter what line of electrical work
you follow, the principles of these signal systems
and the knowledge of circuit tracing and testing
this section gives you will be very necessary and
valuable.

The general electrician or foreman often encoun-
ters a job of installation or repair on some signal
system, even though his principal work is on power
equipment.

So make a very careful study of every part of
this section if you wish to qualify for success in
this branch of Electricity.
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This is & schedule of the lectures and the laboratory experiments that rep-
resent the training program to be undertaken in the Elementary Department.
File it in the notebook and use it as a study and laboratory work guide.

LECTURE LAB. LAB. LECTURE
. Room No. 1 3rd floor 3rd floor Room No. 1
8:30-10:15 10:30-12:00 1:00-2:45 3:00-4:30
MON. Introduction #9 & 10 Splicing Job #1 & relays
TUES. Electromagnetic #1 Circuit Wir. & tracing Basic Electricity
devices
WED. I, E, R #2 Make diagram of 4 circuits I, E, R relation
Analyze, wire & trace.
THURS. Voltage Drop & #3 Ohm's law experiment I-Distribution &
Kirchoff's Law. Kirchoff's Law.
FRI. Magnetism #4 Voltage drop experiment Electromagnetism
SAT. Exam. #5 1 & E, readings & problem = —----
Room #3 Room #3
MON. Elect.- megne- #8 Transformer experiment Generator & trans-
tic Induction former principles
TUES. Telephones #12 Kirchoff's first law exp. Elect. Cells
WED. Batteries #13 Kirchoff's second law exp. Efficiency of
Elect. apparatus
THURS. Wire Calcul. #14 Circuit demonstrating both Problems
laws. Check & calculate
FRI. Practical #30 Relay experiments Wiring systems
circuits
SAT. Exam. #31 Relay exp. continued @ = -----
Room #3 Room #3
MON, Light control #32 Relay application exp. Automatic sw.
devices & signs
TUES. National code #33 Closed circuit alarm system Wiring methods
rules
WED. Services #34 Wire signal system Grounding
THURS. Elec. Instel- #35 Wire control system Inspection trip
lations
FRI. Exam. #36 Annunciator wiring D. C. Motor
#3237 Relay wiring Construction
SAT. D. C. Motors Disassembling motors Transfer

-
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This is & schedule of the lectures and the laboratory experiments that rep-
resent the training program to be undertaken in the D. C. Dept. File it in

the notebook and use it as a study and lab. work guide.

LECTURE. LAB. LAB. LECTURE
ROOM NO. 4 5th floor 5th floor ROOM NO. 4
10:30-12:00 8:30-10:00 1:00-2:45 2:45-4:30

MON.
TUES.
WED.

THURS.

SAT.

MOR.

TUES.

SAT.
MON.

TUES.

THURS.
FRI.

SAT.

Motor Principles 1

2f
Arm. Winding 11.
procedure 8.

D. C. Motor 3.

characteristics

Drum controllers 4,

& Dynamic braking

Growler testing B

Lab. work

Brush sparking 12.

D.C. Voltmeters 14,

ammeters & watt
meters

Maintenance & 6.

Trouble shooting

Generator Char- 7.

acteristics

Parallel Opera-  10.

tion of D.C. Gen,

Lab. work

Switchboard 9.
diagram 15.
Wave winding 13.
Changing the 1€.

operating voltage
of D.C. machines

Variable E con- 17,
trol

Lab. work Exam

Lab. work

. Motor construction

Manual starters

Prony brake job
Armature winding

Carbon pile starters
Solenoid starters

Magnetic controllers

Drum controllers

Exam

Armature characteristics

Operating lathe

Maintenance werk

Generator work

Measuring wire sizes

Exam

Operating D.C. switchboard
Variable speed controller

Coil forming

Current limit controller

Variable voltage operation

Transferred

Speed, frequency & pole formulas

Starting and
controlling speed

Carbon pile and
solenoid starters

Current limit
starters

Lap windings and
armature connections

Review period

- = - -

Brush sparking

Testing equipment

Self and self exci-
ted generators

Gen. characteristics
(continued)

Review period

Steel Mill
Controller

Wave Wdg. diagrams

Tools & Materials

Review period

Difference between
D.C. and A, C.

- .- - e




SYMBOLS

+ ‘Illl‘- @ é 6 I

. TRANSFORMER

DRY A.C. AIR CORE TYPE IRON C(ORE TYPE
BATTERY CELL GENERATOR GENERATOR RADIO FREQUENCY AUDIO FREQUENLCY
[ S6ROUND CONNECTION

WIRES CROSSED WIRES JOINED AERIAL OR TO EARTH OR
NOT CONNECTED OR CONNECTED ANTENNA MACHINE FRAME

MOVING CLOSED MOVING CLOSED
CONTACT CONTACT conerr ‘/con'rac'r

/ e’ N
e 4 \4
Omr———
» —VWWWAN— —/\/\/\/\fv\
OPEN - - ,I MOVING | orPEN _ _ _,t
CONTACT

CONTACT CONTACT

OPEN CIRCUIT CLOSED CIRCUNT DOUBLE CIRCUIT FIXED VARIABLE
SWITCH SWITCH SWITCH RESISTANCE RESISTANCE
VOLTMETER AMMETER WATTMETER MILLIVOLTMETER MILLIAMMETER
coIL OPEN BRIODGE CLOSED GRIO PLATE

TERMINAL CONTACT, BRIDGE N /
T~a. ’ CONTALT M 7
T a9 .’—’ -

w =T nmaToRe $

COIL TERMINAL | —~FILAMENT
& — T~
e
TELEGRAPH TELEG. POUBLE CIRCUIZT 3 ELEMENT
KEY SOUNDER RELAY VACUUM TUBk

L L
T T -

) \o [
FIXED VARIABLE
CONDENSER CONDENSER LAMP BELL BUZZER

COYN CAL
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ON EVERY JOB TAKE THE FOLLOWING STEPS

Study the print to learn the equipment used and how it is connected.

Make a complete list of all equipment to be used on the job.

Test all equipment needed on the job.

Wire the job ONE step at a time and test each step as completed.

Mark polarity of source and see if there is a complete circuit from

(+) to (-).

If not, dot the switch or other device required to complete the cir-
cuit and then trace all paths through which current flows in the
same color as dot.

( Be sure to make tracing neat, the arrows very )
( small, and the number of arrows a minimum. )

Then write the name or number of the circuit beside the diagram and
show the color arrow used to trace it.

Proceed in the same manner with the remsining circuits using colors

in accordance with the list below: -

Circuit No. 1 - pencil Circuit No. 4 - blue
Circuit No. 2 - red Circuit No. 5 - orange
Circuit No. 3 - green

TAKE YOUR TIME - TRACE NEATLY




IDENTIFYING SWITCH TERMINALS.

BEFORE WIRING ANY CIRCUIT +that involves the use of
switches, it is first of all necessary to test the
switches themselves +to make sure that they are the
type required and that they are operating properly.

The test circuit consists of a source of power, a test
lamp, and a couple of leads. When the test leads are
touched together, the lamp should light. If the lamp
does not light, there is something the matter with the
test circuit.

Diagram A shows how to test a switch. Note that the
leads from the test circuit are placed on the switch
terminals. As this switch is normally open the light
will not 1light until +the switch button is pressed.
If the switch lights the lamp when the button is
pressed, two things are shown:

1. The switch is in operating condition

2. The switch is an open circuit type

Diagram B shows the test result on a switch that is
normally closed. If the test lamp lights when the
leads are placed on the switch terminals but goes out
when the button is pressed, two things are shown:

1. The switch is in operating condition

2. The switch is a closed circuit type

Diagram C shows a double ecircuit switch. This is
really two switches in one, for it is a combination of
an open circuit switch and a closed circuit switch.
To test this switch and find which terminals connect
to the warious parts, first find the two terminals
that will give a light without pressing the switch.
These two terminals must connect to the moving contact
of the switch and the closed contact of the switch.
The remaining contact must be the open contact. Mark
0 alongside this terminal.

Next Tind the pair of contacts that produce a light
only when the switch is pressed; these will be the
moving and open contact. As the open contact has al-
ready been found, the other contact must be the moving
contact. Mark this terminal M. The third must be the
closed contact. Mark it C. In this way, all of the
switch terminals may be identified.

If the above indications cannot be obtained, the
switch must be defective. Try another one. Always
test switches before wiring them up in a circuit. In
this way much time will be saved and, when the connec-
tion is properly completed, the circuit will operate.

M=MOVING CONTACT.
C = NORMALLY CLOSED CONTACT.

o= 0 OPEN n
SWITCH. LAMP.
M F7
AN
+
o BATTERY. —

A

}TEST LEADS.
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TRACING CIRCUITS.

THIS SHEET SHOWS HOW TO TRACE ELECTRICAL CIRCUITS, 1IF THE STEP BY STEP PROCEDURE
GIVEN BELOW IS FOLLOWED, LITTLE DIFFICULTY WILL BE EXPERIENCED, UNLESS ALL OF
THE STEPS GIVEN BELOW ARE TAKEN, THE TRACING IS NOT CORRECT AND WILL NOT BE
CHECKED.

@

S QT
a. Mark the polarity of the source of supply, |
putting a (+) mark at the point of highest A
electrical pressure, and a (-) mark at the
point of lowest electrical pressure.

b, See if there is a complete path from (4) |
to (-). In this case the path can be com- B
pleted only by closing the switch S. To
indicate that this switch is closed, place
a dot beside it as shown.

Hil=

¢. Now traee the circuit, using the arrows to
indicate the direction of current flow S
around the circuit from the high pressure |
point (4) to the low pressure point (-). C
d. Mark the number of the circuit alongside
or inside the diagram and show the color
of the arrow used to trace it thus:
Circuit #1 -

Y
: gj(:D

a. Mark the polarity of the battery (+) (-).

b. Close switch #1 with a lead pencil dot,
and trace circuit controlled by this S = A a {
switch in the same color. —_1| ' Y

|

) ¥

and show colored arrow used to trace it

A
c. Mark number of circuit alongside diagram D t4;:JJ'
thus: Circuit #1 (:)

M
d. Close switch #2 with a red dot and trace ng Q“‘
the circuit controlled by this switch in + ”:*‘ y
red. 0 1
CircuiT No. | >
Circutt No.2
g,

Coyrre.
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RELAY CIRCUITS.

|

-.through the relay switch.

-Diagram A shows an application in which a relay

and a low voltage control circuit are used to op-
erate a circuit carrying more power at a higher
voltage.

To wire this circuit:
1. Make & note of the apparatus required.

2 open circuit switches; 1 relay;
1 lamp; 2 batteries.

2. Test all apparatus involved and select
and use only that equipment that is in
operating condition.

3. Wire each circuit one step at a time,
and check each step before wiring the
next.

4. Trace the circuits according to the
method previously outlined.

Diagram B shows a relay application similar to
that indicated in A. In this case, however, the
control circuit is normally closed, whereas in A
the control circuit is normally open. The switches
used are the closed circuit type. DNote also that
in diagram A the open contact of the relay switch
is used in the power circuit, but +that in B the
closed contact is employed. The list of appara-
tus for this circuit will therefore be somewhat
different than in the previous case. The proce-
dure for wiring will be the same as before,.

Diagram C shows relay applications in which a type
of control not obtainable with ordinary switches
is ‘achieved. When switch 1 or 2 is pressed the
relay switch closes +the indicating circuit and
the lamp lights and remains alight until switch 3
is pressed, when the relay is energized and stays
that way until some other switch is operated.

Wire the circuit in 3 steps and test each before
going on to the next. The first step is shown in
solid lines, +the second in dashed lines, and the
third in dotted lines. Trace the circuits and
show the color used in the boxed section.

Diagram D shows another relay being used to ob-
tain a special type of control. Switches 1, 2,
or 3 energize the relay and close the bell circuit
The bell rings contin-
ously until switch 4 is pressed to reset the re-
lay.

Wire a step at a +time as directed in diagram C
then trace the circuits and show colors used.

s

%

2 control CIRCUIT.

|\F——J

CONTROL CIRCUIT. >
POWER CIRCUIT

~Sbd—

I E n.n
' 2 al
r POWER
coNTROL CIRCUIT. | T™cireurT.
. B |
21— |

CONTROL CIRCUIT. -,
POWER CIRCUIT.

\%
1
——— _,9.._..._._.__/;__.
FIRST STEP CONTROL CIRCUIT.
SECOND STEP —--—- |ALARM CIRCUIT.
THIRD STEP --------. HOLDING CIRCUIT.
> s ,»-»-~--g—>
LR S s/
| AQ
2 | o VL
- (- 4w
'
4 D . |
x i
. 14
FIRST STEP CONTROL CIRCUIT.
SECOND STEP-—-— | ALARM—GIRGUIT.
THIRD STEP ------.. HOLDING CIRCUIT.

Ggyﬂe.




RELAYS.

A RELAY IS A MAGNETICALLY OPERATED SWITCH that
can be used to:

1. Control circuits distant from the operat-
ing point.

2. Control a relatively high voltage or high
wattage circuit by means of a low power,
low voltage circuit.

3¢ Obtain a variety of control operations
not possible with ordinary switches.

Whether the circuits controlled will be closed or
opened when the relay coil is energized will de-
pend upon the arrangement and connection of the
relay contacts.

ACTION

When current flows through the relay coil, it mag-
netizes the iron core with a polarity that depends
upon the connection of the coil to the source.
This pole induces in the iron section of the mov-
able assembly, &a pole of opposite sign, and the
attraction between +these operates the relay
switch, If +the current through the coil is re-
versed, both poles are reversed; therefore at-
trection always occurs. From above it is obvious
that relays can be designed to operate on either
direct or alternating current.

It is important to note that while relays may
vary widely in mechanical construction, they all
operate on the same principle. The sketches on
this sheet show some of the differences in design.

TESTING
Before any attempt is made to commnect a relay in
a circuit:
1. Make a sketch of the terminal locations
2. Test and identify all terminals
3. Make sure the relay is operating

Using an ordinary test lamp circuit, first find
the pair of +terminals <that, when the test leads
are placed on them, causes the relay to operate.
These are the coil terminals. Identify them on
the terminal sketch with the symbols CT, Next
locate by test, inspection, or both, the open,
moving, and closed contact terminals. Mark them
on the terminal sketch with the symbols O, M, and
C respectively.

After the terminals have been identified, check
the operation. The relay should pull the movable
section up as soon as the coil is energized, and
drop it out as soon as the coil 1is deenergized.
The moving section should not touch the core, and
the tension on the spring should not be too low
or too high. The relay switch contacts must be
clean.

Connecting a relay in a circuit without first

making the above tests is, in the general case,
an inefficient and time wasting procedure.

Dixie REeLAY.
O, INSULATION.<»n
C \J
2
CLAPPER . L
Tyre ]
ReLAy. ~ I CoT.

WesTerRN Union ReLAY.

C=NORMALLY CLOSED CONTACT.

0= . OPEN “
M=MoOVING CONTACT.

1= MAGNET coIL WITH TERMINALS CT.
2= SpRING.
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TECHNICAL TERMS AND THEIR MEANING

A clear understanding of Electricity can be acquired only if the terms employed to
sxplain it and the units used to measure it are clearly understood. Words used in
the technical sense have exact meanings frequently different from those associated
with thelr every day use. Definitions here given refer to the technical meanings
only. Some of the most important terms and their units of measurement are:

FORCE - Force is defined as !"any agent that produces or.tends to produce motion." !
Force may be mechanical, electrical, magnetic, or thermal in character. Note that
force does not always produce motion: a relatively small force may fail to move a
large body, but it TENDS to do so. The word "body" refers to any material object:
it may be a stone, a building, an automobile, a dust particle, an electron, or any-
thing that has size. Force is usually measured in pounds; therefore the UNIT of
FORCE is the POUND.

ENERGY - This word refers to/the ability or capacity for doing work. [ One may sneak
correctly of the ENERGY in a charged automobile battery, in a raised weight, in a
compressed spring, in a tank of compressed air, etc., as work may be done by any
one of these devices. Energy may be mechanical, electrical, magnetic, chemical, or
thermal type, and the different kinds of energy may be readily converted from one
form to another: however, each conversion results in a loss of some of the useful
energy, although the total amount of energy remains the same. Since the energy of
a device represents the total amount of work that it can do, the units for work and
for energy are the same. TherNIT OF ENERGY/most frequeatly used in electrical
work is theingQEJ It is equal to approximatelylo 74 foot pounds./

¥OREK - Work is equal to the force applied to an object multiplied by the distance
throush which the object is moved.! If the force applied to a given object is in-
suificient to move it, no work is done. This definition illustrates the great
difference that exists between the technical and the general meaning of the word
work. The units used for measuring work are the same as those employed for energy.
The most frequently used UNITS QOF WORK are the FOOT POUND and JOULE.

POWER -}Power indicates the/rathat which work is done. l It is equal to the amount
of work done, divided by the time required to do it. This unit does not show how
much work hes been done, it merely indicates how rapidly, or &t what rate, the work
is being done. The fundamental UNIT of electrical PQWER is the WAIT. When the power
in an electrical circuit is one watt, this means that work is being done in that
circuit at the rate of one joule per second, or 0.74 foot pounds per second. Note
that the!WATT is not a quantity unit but a RATE unit.r Larger power units are the
horse-power and the kilowatt. The HORSEPOWER represents a rate of doing work equal
to 746 _WATTS, or 746 joules per second, or 550 foot pounds per second. Note that
TIME, which is not mentioned in the definitions of force or energy, is always a
factor in the measurement of POWER.

(a) WORK (b) (c) WORK
POWER = —ceewew- WORK = POWER X TIME TIME & -—<wece--

With the aid of the above formulas any of the given quantitiss may be calculated
when the other two are given. Thus if work and time are given, the power may be
found by (a). If power and time are given, the work may be found by formula (b),
and if the work to be done and the rate at which it is to done (power) are speci-
fied, the time required to do it may be determined by formula (c).

A 1ittle time Spént in studying the above definitions and formulas will be well
repald by an increased understanding and clearer conception of the units used.
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1. The only technicaslly correct definition of force is: (A) that agent which

10.

17.

produces motion (B) that which indicates a group acting together, such as
a police force (C) that egent which produces or tends to produce motion(D)
that agent which overcomes opposition, as when one force overcomes another.

. The only technically correct definitlon for the term energy is: (A)the rate

at which work can be done (B) the total work done in a given time (L) the
ebility or capacity of some agent to do work (D) The rate at which work is done.

. The technically correct definition for power 1s: (A) The force required to

overcome opposition (B) the rate at which work is done (C) the total work
done (D) the rate at which force is applied to an object.

. Work is always done: (A) when force is applied to an object (B) when the

applied force produces motion or a change in motion (C) when one force
orposes another.

. Of the four units given here the only one that measures force is the: (A)

Watt (B) Pound (C) Joule (D) Foot-pound.

. The unit of energy most frequently used in electrical work is the: (A) Watt

(B) Joule (C) Foot-pound (D) the kilowatt.

. Force can be: (A) mechanical only (B) electrical only (C) magnetic, mech-

anical or electrical (D) magnetic only.

. When the power used by an electrical circuit is one watt, work is being done

in that circuit at the rate of (4) 0.74 ft. 1b. per sec. (B) 1 ft. 1b. per
sec. (C) 650 ft. 1lb. per sec. (D) 75 ft. 1b. per sec.

. When the power used by an electrical circuit is one watt, work is being done

in that circuit at the rate of .74 ft. lbs. per sec. (A) always (B) some-
times (C) never.

The waft. kilowatt, foot-pounds per sec., and joules-per-second all measure
(A) work (B) Force (C) Power.

. When a battery is fully charged it is capable of doing work. To indicate

this capacity for doing work the battery is said to store: (A) power (B)
force (C) energy (D) work.

. To find the rate at which work is being done (power) divide the total work

done by the time required to do it (true) (false).

. To find the total work done multiply the rate at which work is being done

(power) by the time (true) (false).

When work is being done in the electrical circuit at the rate of 0.74 .foot
pounds per second, the power absorbed is: (A) one watt (B) 74 watts (C)
one watt-hour (D) one joule.

When one ampere of current is forced through a resistance of one ohm, work
is being done in the circult at the rate of (A) one kilowatt (B) one watt
(C) one joule (D) one watt-hour. \\

. The watt-hour, kilowatt-hour, joule, and foot-pound are all units of: (A)

(B) work (C) force.

\
The answers to the problems are A ( 3;§f£§g§3 B (JZ;?Q?O ) ¢C (‘%&577 ")

power
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ANNUNCIATOR SYSTEMS
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This i8 an elarm or signal system using an annunciator "A", and a drop
relay *D" (drop switch?nto prcvide a continuous alarm until the relay ig
re;et by hand. Apply the following tests to locate terminals on drop
relay.
(1) Be sure the drop relay is set. The 1ittle plunger must be pushed
up as far as it will go, so that the drop contacts are held apart.
(2) Test with test leads until you locate the two terminals which,
when connected, will trip the relay. These terminale will be the groun-
ded coj] terminal and the insulated coil terminal, The remaining termi-
nal will be the drop contact_terminal.
(3) To distinguish between the two coil terminals, connect one lead
to the drop contact terminal with the relay tripped and one lead to ope
of the coil terminals, The insulated coi}l terminal, when connected,
111 pull the relay armature over with a click. The otber coil terminal

%11l be the grounded coil terminal.
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This is a two-section alarm or signal system. Two or more floors, build-
ings, or departments can be protected in this manner, The annunciator
indicates which floor or building the call comes from and the drop relay
gives a continuous indication after the system has been disturbed., A
bell can be used in place of the lamp if an audible signal is desired.

COYNE




WIRING 5

Requirements For Job #2

(a) Draw a diagram, wire on table, and irace the circuit of
two lamps and two bells connected in series controlled
by one open circuit switch,

(b) Draw a diagram, wire on table, and trage the circuit of
two lamps and two bells connected parallel all controlled
by one open circuit switch,

(¢) Draw a diagram, wirg on table, and irace the circuit of
two parallel paths, each containing a lamp and bell in
series, all controlled by one open circuit switch.

(d) Draw a diagram, wire on table, and trace the circuits of
one lamp controlled from four different places using four
open circuit switches.

Job #3
10 BE WIKED AND CHECEED AT THE TABLES _fa”
Jd~ Yo Q. "'6“ AN
) _ s U
27—y /
¢ y Vg
E
151 LIR 61
6E QA AN RS 6E QD
- - N 4
L= ;ﬁ—c -/
| bl

Totene o » ' :'; J\-
Zire this job, firace the circuits, and galculcte the joint 27
ggsis&@ncg)and the resistance of gach lamp for both connections.

Have ﬂi;ing and figures ghecked at the same time. Refer to
notes given in the shop talks for assistance in working this
job.

Notice how the ammeters are connected and why. Also, how the
yYoltmeters are connected and why.

w
Reverse your battery leads and check readings. If the readings

are different be able to explain.
»




WIRING 7
RELAY APPLICATIONS

J3B W Low reeistance Track Circuit
High resistance Relay Circuit
» " <t e Y YATCUIt 7 Safety Signal Circuit
] q‘ 3 Danger Signel Circuitp
" A ?:]__.( < Y ’ |20 N /\ >
/ L \y
Ok—1 { D
¥ s RED Y
O] {0 R § ) WHITE LIGHT
Py = " C LIGHT C@ (2
Wy -] Y \V Ju
J— _E + A | .
Al v v
aF—p N’ bl -
o ik <
-

Railway crossing alarm system, When no train is on this section of the
track, current will flow through the resistance "R" and the coil *"C" of
the high reeistance relay. This will attract the relay armature, and
complete a circuit through the open bridge contact and the white lamp,
(clear signal.) When this section of track is shorted by the train
wheels and axle, most of the current will flow through tris lower resis-
tance path, thereby greatly reducing the current through *C" and releas-
ing the armature, closing the circuit to red lamp and bell, (danger sig-
nal.) An open circuit switch may be used in place of track on this job.

V.4 Mo Q - A
g d s M 4,0 g g ' I O
JO3 35 > D
M ,
LOW VOLTA§E CONTROL CIRCUIT ! POWER CIRCUIT
' s — 4
—= 1—‘? i
I Y W J [ 1 ] l Fm S
7] . 1
| 7
| ¢ STOP '
BUTTONS ks
[ ————— :
startT 4 4
e
BUTTONS # ' = A.C. LINE
1) il = gl
2;8tart1ng Circuits Stick Circuit
3

This diagram shows how a motor may be operated from several different
places, Control systems similar to the above are often used to operate
motors driving conveyors, printing presses, lathes, multiple drilling
machines, and so on. The principle of the control circuit ie the same
ag Job 37 | but two relays are used to completely isolate the low volt-
age control circuit from the higher voltage A.C. line.

COYNE |




WIRING 4

JOB #U4 NAME/,%& W Ze ﬁ;{._u <L STUDENT NOXZ{-;'_“:’Z"
#ORX AND HAND IN FOR CHECKING AFTEZR DISCUSSION ON OHM'S LAW,
CHECK METER READINGS & COMPARE WITH READINGS GIVEN IN LECTURE,

CA) IF A VOLTMETER READING IS TAKEN AS IN METHOD (a)
AND ANOTHER AS SHOWN IN METHOD ( b),THE SUM OF

®
_®_ THE TWO READINGS SHOULD BE EQUAL TO THE DIFFERENCE L__®_.
BETWEEN THE SOURCE VOLTMETER READING AND THE LOAD
Loap N

SOURCE VOLTMETER READING, WHEN THE LOAD 1S ON. THIS
DIFFERENCE IN VOLTAGE IS KNOWN AS LINE DROP.

BOTH SOURCE AND LOAD AMMETERS READ ALIKE :
BECAUSE THEY ARE IN SERIES WITH EACH DTHER I
AND CURRENT FLOWS AT THE SAME RATE THROUGH SWITCHES

EACH DEVICE IN A SERIES CIRCUIT,

Y

NUMBER| SOURCE | LOAD [LINE [LINE | TOTAL | LOAD | LINE [TOTAL | LOAD
OFLAMPS, E 1 | E I |DROP|LOSS | W W R R R
wone | 90l o] Jgi] 0 |
one |/A0| 91//% '37 Y Y81 d ¢ 7/ 25 /570 1149, £
vwo | )20\ el /o%1220) 11421 /90 L ivadl 98 | 25 lear
=~ 2 :

APPLY FORMULAS, SUBSTITUTE THE PROPER VALUES, AND ENTER BELOW.

FORMULA VALUES FOR ONE LAMP | VALUES FOR TWO LAMPS

lerﬁ"ltjISROP=L1’_:~ - Fo JA0~/1Y= LE /A0-/0 ] E
L'Jk}l&s - I X Ex ¥ A /3 X1e