Rl Lebilelilelibe

another MRL Handbook... HB-7

EAPERIMLATS

WITH

Pr . ‘ —".”5\';: )
Ly A A 8
g T

Magnelism

and

COILS

5 Page By Elmer G.
Foreword....... P s s PRESA 2
Electricity & Magnetism.... 3 Osterhoudt.
Current & Electron Flow.... 3
Electron Theory of
Magnetislh. i. .. s.cvv0 PPt |
Barth or Terrestial
Magnetism......ccc... woon 4
Permanent Magnets.......... b
Lines of Force and Pull.... 7
Permeability, Reluctance ] 3
R D P 8 3

Blectricity Produces a |
Magnetic Pield........... 9
O Movement in Magnetic Field
Produces Electricity.....11

10 Inductance, Self....coccec00.12 3

11 Mutual Inductance.......... 15 4

12 Low Prequency Transformers.19 o 4
13 A.C. Resistance....c.cc.....21

CONTENRTS

Sec

® NOom » W~




Experiments with Magnetism and Coils.

I. ELECTRICITY & MAGNETISM.

The four principal things in
Radio receivers are the coils
for inductance; condensers for
capacity; resistors for resist-
ance and tubes, or semi-conduc-
t:rs for rectifiers or amplifier
stages.

There are several forms of
Blectricities. Static comes from
friction. Voltaie llcctricit{ is
caused by chemical action within
a battery. Thermal is produced
when two opposite metals are
plated together and heated. Ani-
mal Rlectricity may come .from
certain fish, eels, etc. Pieso—
electricity {e another form that
comes from a Quarts crystal when

ressure or current iz applied.
hoto—oleetrieitl is derived
from Photo—electric cells when
they are energized by light. You
get Thermionic Electrie %I from
emisasion of electrons from a
heated tube filament or cathode.
Rlectricity may also be formed
with breaking up of water drops.
There are others but our main
concern in this Handbook is with
Magneto-electricity which con-
cerns coils, magnets, dynamos,
generators, etc.

We do not exactly know what
Electricity and Magnetism are
but we know how to produce and
control them. We do know that
Electricity produces Magnetism
and Magnetiam produces Rlectri-
city. They are two distinctly
different things and act differ—
ently in the circuit. Wherever
there is a current of Electrici-
ti there is also a magnetic
field. This magnetic principle
is used in all coils, motors,
dynamos, magnets, etc. and even
in deflection of cathode rays in
Television. Electro-magnetic
wvaves make up most of the trans—
mitted waves of Radio stations,
which vary in length from 18 mi.
long to 1/250th of an inch. The
Broadcast band waves may run 666
to 1969 feet in length. Even the
Cyclotron depend# for its opera-
tion on the rapid movement of
these waves at high frequency.It
covers the Blectromagnetic spec-
trum from Audio thru Gamma rays.

2. CURRENT & ELECTRON FLOW.

If one goes back a number of
{eara they will find many au-
horities claiming that Electric
current flows from positive to
negative. With a battery they
even s it flows from positive
to negative a vire and from
negative to positive within it.
Lately it has become good theory
to claim Electron current flows
from ne(ativc to positive. This
latter is called the "electron

drift.” Some even claim, that
for graeticnl purposes of Rlec-
[

tricity, it goes from positive
to necttive. One writer, as an
easy out, says:"whichever pole
we call positive, the opposite
is negative!"

From the EBlectron theory it is
now considered that positive
grotons do not move — only nega—

ive electrons move from nega-—
tive to positive, as they reach
a fair balance. Positive protons
cannot travel thru a metal but
only negative electrons can move
around from place to place.

Bdison proved there was a cur—
rent flow from filaments of vac—
uum tubes as they gavc of f nega-
tive electrons, similar to the
evaporation of water. He did not
realise he had the %rinoi le of
the modern vacuum tube in his
hand. This is known as Thermion-
ic emission as they give off
Thermions. Ani substance, when
heated suffie ontll, will give
off electrons. If a Platinum
heater ia coated with an oxide
of Barium or Strontium its emis-
sion is greatly increased. When
8 Thorium salt is added to a
tube filament it is called a
Thoriated filament.

This thermionic emission can
be tied in with the Electron
current flow theory.DC filaments
give off electrons when heated.

f we put AC on them we will get
a strong AC hum in the set. 8o
the AC type tubes put a Cathode
around the filament — the latter
js then heated like an electric
iron. DC ecan also be used on AC
tubes— as you find in auto sets.
As & result, the Cathode given
off steady negative elecironn,




When heated sufficiently these
negative electrons are attracted
to the positive plate and elec—
tron current now flows from the
ground side to the plate over
his thermion path. De Forest

came along and put a grid in the
diode vacuum tube (Fleming valve
it was called), between filament
and plate. By interruption of
this electron flow b! this grid
we can now "trigger® the value
of the flow to %late at will. A
tiny signal is then amplified in
the fhones. The point, we are
ng,is that electron current

lows from negative to positive.

3. ELECTRON THEORY OF MAGNETI SM.

They used to believe that met-
als contained magnetized mole-
cules. Now they think they are
spinning electrons - each actin
as a tini wvhirling electrifie
ball within the atom. The more
magnetized a material the faster
they spin. It is known that a
moving negative electron produe-
es an Electric current and that
an Blectric current produces a
magnetic effect. It is also be-
lieved that magnetic substances
have more electrons spinning in
one direction than the other, in
order to give them polarity. In
a non-magnetized material the
atoms are thought to be haphas-—
ard, but in a magnetic material
they are arranged with N and §
golea adjoining. If the extermal

ield is reversed sufficiently
the atoms are re—arranged. If
enough magnetization ocecurs the
material becomes saturated.

4. EARTH or TERRESTIAL MAGNETISM

Magnets are divided intoc three
classes. (1) Natural magnets as
Lodestone. (2) Permanent magnets
as bars of hardened steel that
have been magnetiged. (3) Elec-
tro—magnets which are soft iron
bars wound with a coil of insul-
ated wire. Coils also come under
this category except most of
them use air or powdered Iron
for cores.

Lodestone, Magnetite, Iron ox-
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ide (Fe Og) was used by Norse
navigat&%s and Chinese as early
as 218 A.D. They mounted it on a
float in water and used it as a
compass. Not all Magnetite is
magnetized in the natural state.
"Magnet" was named from Magnesia
in Asia Minor, where in 585 B.C,
it was found already magnetiazed.
Before the days of Queen Eliza—
beth people thought the North
Star attracted the compass. Co-
lumbus' compass was a magnetic
needle in a cork floating in
water.

We cannot discuss magnets un-
less we mention the Ba as be-
ing the largest magnet of all.
The Earth's magnetism is esti-
mated as extending 4000 miles
from land. We can call this mag-
netic flux, as you'll see later.
These lines of force flow out
North and back down thru the air
to the South pole and up thru
the magnetic core of the Rarth.
As with other magnets the at-
traction is greater at the poles
and it is said the lines of
force are closer together at the
North pole.

If you are at the pole and you
hold a tiny horseshoe magnet
near a compass needle — the lat-
ter will deflect it away from
the pole. But, over a long dis-
tance the pole is stronger. It
may be compared to a strong Ra-—
dio station that you can hear
hundreds of miles. On the other
hand, a 1000 watter will blast
{our agezker when near it - bdbut

t won't carry 100 miles away.
The field becomes weaker in-
versely as the square of the
distance. A field 4 times the
distance away will be 1/16th of
the gower of the stacion - or,
in this case,the magnet or pole.

As the magnetic pole is 1400
miles away from the actual North
- we get a different reading in
different locations. This dif-
ference ic call Declination. De-
clination in New York City is
11% deg. West. In San Franciseo
it is 18 deg. Bast. A slight
change occurs after lonf periods
and during sun spots. It can be
estimated in advance. When Co-
lumbus sailed West his compass
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began acting ug and scared the
sallors. They did not know about
declination then - and sailors
al:;is were superstitious.

ch is North? We know that a
South pole attracts a North. So,
what pole of a needle is point-
ini toward the North? It is usu-
ally agreed that it is called
the North pole — which now makes
our North pole become South. Hi.

s

4-1. Gauss’ Pendulunm.

4-|. Experiment. Gauss Pendu-
lum. An interesting experiment
can be performed if you own a
large horseshoe magnet. Suspend
it on about 12" of fine silk
thread, above a table.Lay a pro—
t{aetgr :?det it to teil the an-
gle of s . Apparently any an—
gle it ian?tar ed will be kept
as long as it is suspended. A
light maﬁnet may also be placed
on a cork in water but probably
the swing wouldn't be as pro-
nounced as the fine thread - due
to less friction. we started it
at 7% deg. off center and it re-—
turned every time. Then at 65
deg. off center and it returned
each time to its starting point.

There is also a slight side vi-
bration of approximately 1 sec.
we cannot explain. The principle
shows that the two poles have
:?ual strength, which is true of

1 magnets.The North pole pulls
it back to center and the South
ole pushes it back again. If
hey were uneven in pull - it
would stop swinging. This can
work in any DC magnetic field as
well as that of the Barth.

Magnetic storms produce the
Aurora borealis, Northern or
Polar lights. In the South they
have Aurora australis, or South-
ern lights. Some may run for but
a few minutes — others for days.
These storms may swing the need-
le 45 de%. off scale in Polar
regions. It has little effect at
the Bquator. However, as Radio
signa go the shortest way,
which is usually over the Poles
— the Auroras greatly affec
transoceanic reception. Many
telegraph and telephone lines R
affected nearer the Poles. Sun
spot activity has been increas-
ing lately - and long distance
reception has iqgroved. RCA En—
gineers claim that Sun spots
help DX reception. No doubt the
magnetism has something to do
with this condition.

The Aurora theory is that the
Sun gives off electromns, again -
as any ‘incandescent body — and
they pass to the Earth thru a
vacuum of outer space, or rari-
fied gas. Cathode rays are visi-
ble in a vacuum, as surrounds
the Earth's atmosphere, the same
as we see in a TV icfure tube.
Cathode rays are likewise de-
flected by the magnetic poles,
like the magnetic deflection
eircuit in our TV tube.

As a little experiment, place
a magnet near an Electric light.
If AC— the filament will vibrate
60 times per second. If DC it
will just be pulled over.

5. PERMANENT MAGNETS.

More has been learned about
magnets in the last 10 years
than 20 centuries before. There
are 3 classes of magnetic sub-
stances used for cores. They are
Diamagnetic, Paramagnetic and
Ferro-magnetic. Diamagnetic and
Paramagnetic are really consid-
ered non-magnetic in general.

Diamagnetic substances are
less than unity and assume a
crosswise position to the direc-
tion of the magnetic field. Some
of these materials are Bismuth,
Antimony, Copper, Silver, Zinc,
Sulpbur, Mercury, Gold, Water.
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Quarts, etc. If these are placed
in a strongly magnetized field
they become weakly magnetiszed.
Bismuth, with a permeability of
0.9008 {s the strongest.

Paramagnetic substances are

greater than unity and align
hemselves with the field. Some
of these are Oxygen, Manganese,
Chromium, Platinum, Aluminum.
They also become weakly magnet—
ized in a strong field, but lay
with the field instead. Platinum
with a permeability of 1.00002
is the strongest of this type.

Ferromagnetic substances are
very much greater than unity.
Some of this type are Iron, Co-
balt, Nickel, and many alloys.
Iron is the best magnet; Cobalt
the least. But, in combinations,
as alloys, it all changes. Co-
balt—steel magnets are about the
best, but as Cobalt is expensive
- nol over 35¢ is used. A Canad-
ian 5¢ piece will be attracted
to a strong magnet, due to its
Nickel content. But a 5¢ U.S.A.
will not as it contains too much
Copper which would neutralisze
its magnetic properties.

By using fine magnetic materi-
al super-magnets are now made.
Pine Iron dust runs about a bil-
lion billion to a gound. Super-
magnets are now made by G.E. of
Manganese and Bismuth embedded
in plastic. Abroad they use Bar-
jum and Iron oxides.

If a permanent magnet is heat-
ed to a cherry red it will lose
its magnetism. Also if it is
garred very hard. Both tend to

is—arrange the atoms so they go

back to haphagsard formation. If
a heated bar cools in a magnetic
field it becomes magnetiszsed per-
manently.A bar of steel may also
be permanently magnetized if it
is placed inside a coil energiz-
ed by DC. Residual magnetism is
that which remains in a magnet,
even in a soft iron bar there is
always some left. Permanent mag-
nets become weaker all the time,
but good ones retain their m

Alloys. By combining magnetic
and non-magnetic substances in
the right proportions metallur-
gists have been able to develop
some very strong magnetic mater—
ial. This is similar to adding
"impurities” to Germanium to in-
crease its sensitiviti. Another

ood instance of an Alloy caus-
ng a major change is Wood's
metal where Lead, Tin, Bismuth &
Cadmium, with highest melting
point of 327 deg. C. being drop-
ped to 71 deg. C. by combining.
Also when Silicon and Mgigbdenul
are added to Steel to harden it.
Nature has many tricks but our
Scientists are gradually catch-
ing up with her!

e Alnico alloy contains 12¢
Aluminum; 20¢ Nickel; 54 Cobalt,
and the rest Iron, and was one
of the earliest Ainico steels.
Alnico usually goes under Alloi
#111, but now a more powerfu
one, Alnico V, has been created.
Alnico has the power to hold its
magnetism almost indefinitely.
Alnico is now used in most head-
phones, speakers, magnets, etc.

Permalloy is another core ma-
terial of 80¢ Nickel and 20%¢
Iron. There is a whole series of
Permalloys developed by the Bell
Laboratories.

Heusler Alloys are of non-mag-
netic materials, as Copper 60{;
Manganese 24%; iluminum 16412
you study up on Alloys you will
find it very interesting.

netism for a long time. This.gs S-1. Magnetizing by Jarring Atoms.

called Retentivity. Magnets may
be aged by heating to 100 deg. C
for 12 hrs. when they become
more permanent.

5-1. Experiment. If a soft
Iron bar is placed in a North &
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South position (A) and slantin
a little as shown, and tappe
with a hammer,it becomes slight-
ly magnetised. As evidence it
can be checked with a compass or
magnetic needle. Laying it down,
tag?ing again may remove its
magnetism. So do not over-jar a
magnet. (B) Bar may be held near
a magnet and tapped with the
sa}; reaults.t
near a stre run a magnet
thru the sand Q;S’aee hovﬁggch
Iron you can pick up.
Never hold a magnet close to
our watch — or it will cause it
lose time as hairspring will
become :Agneti:ed and "sticky."
I've had a lot of trouble around
a bench where speaker fields,
etc. would magnetize my watch -
causing it to stop eventually.

6. LINES OF FORCE & PULL.

6-1. End-of -Horseshoe Magnet.

6-1. Experiment. Place a piece
of paper over the ends of a mag-
net, bar or horseshoe. Throw
some filings from the emerywheel
on top of the paper and watch
how the lines of force form. You
can also lay it alongside the
horseshoe magnet and note forma—
tion in different positions. If
you pull it back and forth you
will find many of them jump to
the ends of others. The attrac-
tion of small particles for each
other is about as great as the
magnetism in the magnet. Each N

ole of a particle will adhere
o the S pole of its neighbor.

If you consider all the lines
of force together it is called
Flux. Flux density is the number
of lines of force passing thru a
line drawn perpendicularly to
the field path. Flux density de-
termines the strength of the
field and magnet. Magnetic flux
around wires consists of ecircu-
lar lines of force around the

wire in a clockwise direction
(if you figure Electron current
flow). Larger wire has a larger
field. Flux density is always
greater than the field intensity
— and no two m ets are alike.
The unit of magnetic flux is
the Maxwell. and represents one
line of magnetic flux. Unit of
flux density is the Gauss. A
Bauss is 1 Maxwell per square
centimeter up from the magnet.

®

6-2. Combining & Opposing Fields.

6-2. Experiment. You can get a
good picture of the lines of
orce if you have two magnets.
Bar magnets are preferred but a
cougle of horseshoe magnets will
work. At (A) place them about 2"
afart- or farther if the attrac-
tion is too great. Place a piece
of cardboard over them and throw
some Iron filings over the whole
cardboard.You 11l find.the out-
er fields combine and tend to
straighten out.



At (B) if you place them so
they oppose each other the lines
of force do not combine. The
lines of force form at the North

ole and go thru the air to S.
n any of these experiments, in
case you drop a lot of filfn%a
on the magnets - use a rag to
wipe them off.

)

i
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6-3. Circular Paths &
Broken Hacksaw Experiment.

Fig. 6-3. As lines of force
travel easier thru an Iron path
a Toroid, or doughnut ring it
it can be magnetized, will keep
all its magnetism within the
ring. This is the reason magnets
are made in the form of horse-
shoes- to retain their magnetism
longer.

If you'd like to further im-—
press the Atomic theory of mag-
netisw— magnetise an old hacksawv
blade by rubbing one end of a
magnet against one end of the
blade. Now test both ends for

netism. Break it into pieces
and you'll find each piece be-
comes a separate magnet, each
with a N and S fole.

A Unit Magnetic Pole is defin-
ed as that pole which repells a
similar pole at a distance of 1
cm. of 1 Dyne. A Dyne is the
force which, acting on a mass of
1 gram for 1 second, would give
it a velocity of 1 cm. r sec.
The force between two fo es acts
along the line adjoining the

oles. Therefore, a North pole
s acted on by two forces — one
of repulsion and one of attrac—
tion. In the path between N & S
poles there are different de-
grees of attraction as can be
seen by setting a compass needle
at different positioms.

————S
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Attraction or repulsion is in-
versely proportional to the sq.
of the distance between them.For
instance, if the distance is in-
creased 4 times, we get 1/16th
of the attraction, or repulsion
when they are together. There-
fore, headphone and speaker gagn
are made small as possible to
develop the most pull. If too
far away from the pole pieces
the phones become weak. Check Ur
phones and see if diaphragms can
easily be bent to the poles.

7. PERMEABILITY, RELUCTANCE,
SATURAT 1 ON.

Permeability is the abili@z to
germeate, or soak thru. It is

he ease with which lines of
force can flow thru a magnet as
compared with air, which is rat-
ed as 1.0. It may be defined as
the flux-multiplying property of
a substance. Iron core gives
more permeabi 1t{ to a coil as
it concentrates the inductance
toward the core.

Certain Irons may be magnetis—
ed more easily than others, but
their magnetiszation finally ends
at a saturation point. Soft Iron
cores change polarity easil
with a change in direction o
current of coil around it. Lami-
nated cores are used in trans-

formers for AC. It means "in
layers." But for DC - solid Iron
cores are used. A laminated core
can become magnetimed and de-
magnetised easier than a solid
core as it cuts down Bddy cur-
rents which cause heating and
reactance to AC flow.

Reluctance is the opposition
to the flow of lines of force.
It means unwilling; slow to act.
Reluctance in magnetic circuits
is analogous to resistance in an
electrical current cirecuit.

Magnetic saturation is the
point where no more magnetiszin
can be done. If you place wea
magnets across a powerful horse—
shoe magnet and leave it for a
few days - they will be saturat-
ed as far as practicable. (See
Handbook No. 1 on phones.)
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Permeab. Flux Den.

Maxwells auss
O s o ensnssessasnsssannees s siside valoesdllO 3K
Iron—cobalt Alloy (Co 34%)ececcessccccsess13K 8K
*Heusler Alloy (Cu 60¢; Mn 24¢; Al 164)...200 2K
Iron, purest commercial annealed.......... 6K
Nickelo.oo-oo.-o.uoo.ooooooooosoooooooo.oo‘“)‘lx l—m
Permalloy (Ni 78¢; Iron 21$)..ccceceeeccss..0ver 80K K
Perminvar (Ni ?ﬁg; Pe 30%;, Co 258)ceecess 2K 4
Silicon steel (S1 4%).ccccccrcrccncscccess 510K 6-8K
Steel, castecccisccocacecaccccecnacanesss 1500 7K
Steel, ppen hearth......cccieeviecncneass 37K 6K

*Heusler Alloys are non-magnetic. K-1000

7-1. Permeability of Magnetic Materials. (Hausmann)

8. ELECTRICITY PRODUCES MAGNETIC
FIELD. ELECTRO-MAGNETS.

8-1. Electric Wire Dipped
in Filings.

8-1. Experiment. In 1819 Oer-—
sted discovered that an Electric
current is always surrounded by
a magnetic field. Hook a #14
wire across a dricell and lay it
in some Iron filings and see how
they cling.

/1 B e i
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8-2. Oersted's Experiment.

8-2. Experiment. In 1820 Oer-
sted found a single wire would
control a needle by setting it

parallel to the lines of force,
and at right angles to the wire
and the flow of current. A com—
pass needle always sets itself
parallel to the magnetic lines
of force. However, for Oersted's
experiment you may suspend a
magnetized needle over a single
giece of hookup wire hooked to a

rycell. In (A) position "off"
align the rig so needle points
to the North gole. (B) Lay the
needle over the wire and close
switch. (C)Lay needle underneath
the wire and see it reverses.
Reversing the current also gives
an opposite reading. Needle also
sticks to wire when current is
on. Note the arrows show Elec-—
tron current flow when you are
using the left-hand rule (8-4).
Lines of force go around the
wire at right angles.

8-3. Field of Looped Wire.

8-3. Experiment. Taking Oer-
sted's experiment above, we form
the wire into a loop instead of
the straight wire. You will find
the needle now points in a 46
deg. angle. Place it below the
loop and it will point in the
dotted position. The more turns
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in the loop the easier it will
swing to one side.

8-4. The Left-hand Rule.

8-4. Experiment. Push a %12-14
wire up thru a cardboard. Hook
it in series with any lamp for a
resistance, a 6 v. storage bat-
tery and a switch. Scatter some
Iron filings around on the card-
board and push the switch. You
will see how lines of force form
around the wire. We are using
the left-hand rule with Electron
current going from negative to
positive as shown at (B). If you
srefer to say Electric current

lows from positive to negative
then use the right-hand rule.
Reversing the current shows a
change in Iron filings.

8-5. Making a Galvanometer.

8-5. Experiment. A sensitive
Galvanometer is a handy thing
around the shop. Drawing shows
how it is made. Ri %P a card-
board form and fi t into a
wooden base. Wind 200, or more
turns of #$32 enameled wire and

bring out to binding posts. Ob-
tain a good sensitive compass to
mount as shown with glue. Por
experiments you may place needle
so it points to the North - in
ani position t6 use as a null.
lectro-magnets. A solenocid,
or coil, is an electro-magnet,
even tho it has an air core.

0

r

8-6. The Contracting Helix.

8-6. Experiment. A contracting
helix experiment will serve to
show how the magnetism generated
by individual turns in a coil
tend to full it together. A coil
of wire is suspended and with an
end floating on the surface of
Mercury. It can also work by us-—
ing a flat metal surface.Current
is then applied and the wire
will raise up enough to inter-
rupt the current flow — which
will show on the meter. When the
contact is broken the current is
off and coil drops back again.

8-7. Coil Fields Attract.

8-7. Experiment. Attraction of
coils. Wind 2 coils with about
100 turns each. Suspend one by
the lead taped to the center for
balance. Be sure they are hun
close together.Apply the curren
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and watch them swing =o their
fields rest in the best magnetic
position. '

8-8. Attraction with Iron Cores.

8-8. Experiment. wWind a few
turns of magnet wire around a
nail and hook to a dryecell. Use
Iron filings to fick up. Note
when current is off the filings
drop off. Note difference in at-
traction with a few turns of
fine wire and a few of large
wire. You ean try the coil with-
out the nail and see the differ-
ence in attraction. The Iron
core increases magnetism several
hundred times. Test the compass
needle for N and S poles.

A test with a Toroid, or a
doughnut coil (B), wound without
the Iron core gave 23 lines of
force per square inch. With an
Iron core it gave 40,000 lines,
or 1739 times the magnetic ef-
fect with the Iron core.

Magnetism is used in so many
different ways as transformers,
coils, speakexs, power supplies,
chargers, magne{ic brakes, dyna-
mos, generators, magnets, and
even 1n transmission of Sonar,
Radar, TV, etc. Large electro-
magnets are used in magnetic
cranes to pick up scrap Iron.

8-9. D'Arsonval Galvanometer.

D' Arsonval Galvanometer. Fig.
8-9. This is called the dead-
beat galvanometer where the hand
returns to zero when no current
flows. It is called the D'Arson-
val movement and is the prineci-
ple of most DC Ammeters, Volt-
meters, and even motors. It is
very sensitive to the smallest
voltage— and can be used in most
experiments in this Handbook.

9. MOYEMENT IN A _MAGNETIC FIELD
PRODUCES ELECTRICITY.

In 1831, or 12 years after
Oersted discovered that an Elec—
triec current in a wire produced
magnetic lines of force, Farada{
discovered that moving a coi
thru a ma%netic field produces a
current of Blectriecity.

9-1. Faraday‘'s Experiment.

9-1. Experiment. Here is Fara-
day's simple experiment that you
can do. Just a single turn of
wire hooked to a miecro—ammeter
or Galvanometer. Draw a magnet
past it and watch meter, and see
polarity of current. ﬁbv, draw
the other pole past it. The fas—
ter it is moved - the greater
the current produced. A very
simple ex?erinent - but in those
days ®"who'd a thunk it?"

9-2. Magnetic Movement
2 Produces Electricity.

TYTTT T
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9-2. Experiment. A little more

ractical experiment than Para-
§qy'-.!hks a 2" Crystal set coil
and hook an 0-500 micro—ammeter
or galvanometer across it. Push
a bar magnet inside the coil and
watch the reading jump. It will
either act positively or nega—
tively. Pull it out and the cur-
rent reverses the reading. Our
meter gave 20 miecro-amps. or
more on a test.

i8S
U

9-3. Secondary Cutting of
Lines of Force.

9-3. Experiment. This is an
interesting experiment. Hook an
0-500 micro-ammeter, or galvano-
meter across one side of an Aud-
io transformer, or the primary
of an output transformer. Swing
a magnet back and forth, close
to the ends of the transformer.
You will get a reading of about
80-100 micro-amps. on the posi-
tive side. Swing it over to the
other side of magnet and it goes
negative. The idea here is that
the magnetism is transferred to
the core and then to the windin
and to meter. The magnet doesn'

roduce EBlectricity directly,
ut it is the curting of the
lines of force that make it.

9-4. Electric Generator

Principle.
9-4. Experiment. If you can
rig up a turn or so of wire to

turn inside a magnetic field you

have the principle of the Elec-
tric generator. As it is swung
around the current rises to pos—
itive and back to negative in a

wave form. This is the Sine NWave
of AC. If 100 million lines of
force are cut per second it will
produce 1 volt emf. So you can
see how many turhs of wire that
would have to be cut to produce
voltages up into 6 figures fena—
rated in a power house. It is

9-5. Generator with its own
Electro-magnetic Field.

shown a little more extensively
in Fig. 9-5. Here the core is
soft Iron laminations and the
nagnetic field 5roduced by the
large number of turns on the
field poles. Note that the wind-
1nga are reversed to get the N
and S poles.

10. INDUCTANCE - SELF INDUCTANCE

A magnetic cireuit has a flow
of magnetic lines of force, but
in an Blectrical circuit we get
a flow of Electrons from nega-
tive to positive. In magnets we
have a driving force called M.M.
F. (Magneto-motive force). but
in an Electrical circuit we have
emf. (Blectro-motive force). In
a magnetic circuit we have Re-
luctance but in an Rlectrical
circuit we have resistance.

S
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Self-inductance is the same as
Inductance. We have inductance
in a coil if there is a current
there or not. A 100 mhy. coil
still has the same amount of in-
ductance if no current flows.
Inductance has no effect on DC,
but if the current is varied in
ln{ vai or AC is used, then we
ge se !—inductnnce. Inductance

s a property of a coil - just
like the appearance of it is a
property.
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10-1. Self Induced Coil.

We have seen how a wire with
DC can generate lines of force

around it. If we use AC, or vary
this DC in any, way, we generate
a Counter emf (I10-1) in the same

coil eircuit. This runs in an
ogponite direction to the ori-
ginal EBlectron current flow.

Glectyon
~— Current

Coum*&rewﬁ,

A J L

X

10-2. Counter emf.

&

10-2. Experiment. Here is a
ood, simple experiment to get
he value of Inductance and

counter emf. impressed on you.
Rig up 2 drycells in series and
run to a SPST Toggle switech and

an Audio choke, or one side of
an Audio trtnsforner. Wet your
fingers and touch (1) and (x) &
have someone turn the switch on.
You will feel no shock. Have him
switch it off and you may possi-
bly detect a little shock. How-
ever, touch (x) and (2) and have
him do the same. When "on"™ you
won't feel a shock, but note the
strong shock when he cuts the
switch off. You did not feel the
DC—- but when the switch was shut
off, with the inductance in ser-
ies you got a good shoeck. This
latter was the counter emf. gen-
erated by the coil, and going in
reverse direction %o the origin-
al Blectron current flow.

An Blectric bell will work the
same if you bridge the contacts
with your fingers.The same prin—
ciple of breaking the circuit is
used in some gas lighters where
a spark is generated by counter

enf. -

Self-inductance agfliea to the
same circuit. Mutual inductance
applies to a nearby circuit.

An{ change of current in an
Blectrical circuit will cause
the generation of counter emf,
or voltage in that same circuit,
or a neighborini one. The prop-—
erty of a circuit which enables
it to exercise this power is
called Inductance. The greater
this ability the greater the in-
ductance. By forming conductors
into coils the induéttance is
greatly increased, as ‘the lines
of force fall back on adjacent
turns. A coil used on account of
its inductance is called an In-
ductance, altho it would be more
properly called an Inductor. Its
counter emf. opposes any in-
crease or decrease in voltage -
so it offers resistance to the
flow of AC, etc. as it flows in
opposite direction to current.

Inductance in Engineering may
be compared to a mechanical in-
ertia, or mass; a resistance in
termg of a quasi-frictional

force.
Mechanically- a body in motion
ssesses Kinetic energy that is
issipated and the engrgy being
measured by one/half the product
of the square of the velocity.
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Electrically - current flows
until dissipated and measured by
one/half the groduet of the self
inductance and the square of the
current. The Electrical analog
of mechanical inertia is Induct-
ance, as the current does not
exacély contain Kinetic energy
as does water, ete. Inductance
is the resistance of a coil to
AC, pulsating DC, or high fre-
quency. Inductance is the co-
efficient of self-induction and
is the product of the number of
turns and the number of lines of
force thru the circuit.

The Standard of Inductance is
one square turn of wire.

The Unit of Inductance is the
Henry. A circuit has an Induct-
ance of 1 hy. when a current,
changing at the rate of 1 amp.
per second, induces a counter
emf. of 1 volt in the circuit.
Or, if a current of 1 amp. in a
circuit develops 100 million
cutting lines of force - the in-
ductance is 1 henry.

One hy. is a large unit — like
a Parad is a large unit in ca-
pacity measurement. Henries are
used 1n Audio chokes, transform-
ers, etc. However, for coils we
use the millihenry (mhy.) or one
thousandth of a henry. For the
smaller coils we use micro-henry
(phy.), or millionth of a henry.

The simplest coil is one turn
of wire — or a straight bar as
used in HI-F circuits. Both the
wire and bar have Inductance,
resistance, reactance to AC,
etc., altho small. Adding turns
Jjust adds up the same properties
of the single turn but in d4if-
ferent proportions.

A long wire, we'll say 50 ft.,
has Inductance, resistance, ete.
Just like a 1-turn coil. But if

t is wound around a form to
make a coil of many turns, then
the Inductance is increasead many
times.If an Iron core is insert-
ed into the coil- the Inductance
is again greatly increased. The
self-inductance builds up be-
tween all the turns.

As we have seen, the field in
one or more layered coils is
parallel to the axis of the coil

and groportional to the product
of the current in amp. and the
number of turns on the coil.This

roduct is called the Ampere
furns of the coil.

© 1
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10-3. Coil Shapes.

Referring to 10-3-A Helix is a
spiral type coil, and may also
be called a Pancake. Technically
an{ kind of a coil is termed a
helix, but now—-a-days they de-
signate the tyges.The old trans-
mitting helix is an example.

10-3-B. Solencid is from a
Greek word "Soleno" meaning pipe
or channel. "0id"” means alfke.
It is used for describing a coil
that is wound on a coil form.The
best froportion is where length
is a little more than diameter.
Basket weave is also a solenoid.

10-3-C. The Toroid coil is
bent into the form of a doughnut
and used quite extensively now

in filter circuits, etc. (See
HB-6). It has a concentrated
field where very little loss in
lines of force are encountered.
Doubling the turns on a coil
makes the Inductance 4 times as
great., For instance, if a coil
of 20 turns has an Inductance of
15 micro-henries— then if we put
40 turns of smaller wire in the
same space, we get 60 micro-hen-
ries. You can figure it out on
some coil charts you may find.

Referring to Fig. 10-4-A. if
we put two coils in series with
100 and 200 micro-henries res-—
fectively, we just add up their

nductances, i.e.,300 micro-hen-—
ries. This is the same as with
resistors. Coils in series are
usually called "loading coils."

Now let's look at Fig. 10-4-B
and we find 3 coils in parallel.
Their values are 100, 10 and 200
micro-henries. The rule is that
the final figure is less than
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100 200
@ 5 O OO O000 Of
100 10 200
I I AR
100 + 10 n 200
i - 20 i W |
200 o 200 * 200 200

(or) 329?0 = 8.7 Millihenries

10-4. Coils in Series
and in ‘Parallel.

the smallest value — so it must
be less than 10. As the current
is mostly shorted by the 10 -
smaller amounts of current leak
off thru the 100 and 200. You
can see how Blectrical laws work
together— and don't we know that
a coil is a form of resistor? To
make it easier — we just divide
the numerator (23) into the de-
nominator (200) and get 8.7 mi-
cro-henries for the circuit.This
is not technically accurate but
it is a lot easier. It is to be
noted that coils in parallel
must be far enough apart, or
shielded from each other, to get
an accurate reading.

Re Fig. 10-4-B you'll notice
that for figuring condensers we
do just the opposite. They are
added when in gtrsllel. But if
they are in series then the par-
allel coil formula is used. So,
you'll get less capacity than
the smallest value in ser .

Inductance of stranded wires
is about the same as for solid
wvires of the same circular mils
area.

When considering self-induct-
ance of power lines at 50-60 ci.
the greater the diameter of the

15

wire — the smaller the self-in-
ductance. For Iron wire the self
inductance is greater than for
Cogger—fg;obably due to the nag—
netic effect. For (2) #10 light
wires, spaced 30" apart for a
mile - the self-inductance of
each wire is only 2.13 mhy.

The self-inductance within a
turn prevents AC attaining its
maximum value. It also prevents
it from reaching a minimum value
at once. This is called Current
lag, and due to the counter emf.
generated in each turn, The AC
resistance of a single layer is
nuch less than for a multi-layer
at Radio trequenc{. This is the
reason you see coils at HF made
single er and spaced. For the
lower Radio freq. as Broadcast &
long waves — they may be ?oneg-
comb, or universal wound. (HB-B)

Air gaps lower the self-in-
ductance of a coil. Air gaps are
used in most transformers, audio
chokes, etc. and are attained by
covering laminations with Shel-
lac or Varnish to loosen them up
in stacking the cores.

Il MUTUAL INDUCTANCE.

Mutual inductance is the abil-
ity of one circuit to produce an
emf. in a nearbdby circuit, or
circuits, when the current in it
changes. It may be shut on or
off, or reversed at high or low
speeds as HF and LF, or it may
be fluctuated or modulated DC.

11-1. Movement is required
for Mutual Inductance.

Experiment ||-1. You will not
get mutual induction unless a
change occurs in the lines of
gorc:. ft is eas{x;% pro;; thi;

r up a 1 urn co
s{d hg%kniop& drycell. Wind one
14" in dia. to slide inside the
2" coil. Hook a micro—ammeter a-—
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cross the 14" coil as shown. You

ush the coil inside and watch

he meter.when the coil is still
there is no transference of en-
erqz — but as soon as it is mov-
ed there will be a distinet sign
on the meter. Possibly when you
pushed it in you got a positive
reading. If you pull it out you
get a negative one, or vice ver
sa. Also, if when the coil is
stationary you click the battery
on and off you get a reading.
Inductance has no effect on DC -
other than to offer resistance
depending on size of wire and
winding. Altering the current
flow in the first coil causes
the lines of force to increase,
decrease or reverse, and it has
been shown that any movement of
the lines of force produce Blec-
tricit{. In this case it is pro-
duced the second coil.

The.Primary, or the first coil
is the exciting coil, or the
Inducer. This induces current
into the Secondary near it by
mutual induction.

-[m Ring

See Coils v
B u,.\%
:. Ao
LHO s
1t A

11-2. Repulsion Coil &
Experimenters’ Traansformer.

11-3. Experiment. This is a
Eood rig for the Experimenter to
eep around the shop. It has a
lot of uses, but the most impor—
tant here is to show the power
of an induced voltage.

Obtain a bunch of Iron, or
stovepipe wire, and cut into 10"
lengths. If not straight they
can be rolled between 2 boards.
Drop them in Shellac, or Varnish
and let dry on some strips of
wood. Bundle them up into a core
about 1" in diameter — and wrap
it solidly with plastic Electri-
cian's tape. This Shellac insu-
lates the wires from each other
to keep down Eddy currents and
conseguent heating. The tape al-
so helps insulate the core.

Wind about 200 ft. of #18 Bn-—
ameled wire for the grinary -
preferably on a cardboard, or
Bakelite tubing with wooden ends
and make solid. Start winding 8 G
from one end — and cover a dis-
tance of 4". The 1" is to fit
into the box top. Briqg taps out
at 250-300-400-500-600 turns by
running thru Spaghetti and over
to the switch points. Leave &"
of the core above with which to
experiment. The Dial lamp is us-
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ed to tell when rig is on. We
suggest you use a DPST knife sw,
to make it safer. Use a 20 amp.
fuse for protection.

You may cut an Aluminum rins
to fit loosely over the core. I

ou turn on the switch it should
hrow the ring into the air. The
ring acts as a shorted 1-turn
coil with a potential of about
.8 volt. But the current will be
about 300-600 amps. depending on
the tap used. Lens says that an
induced current flows in oppo-
gite direction in mutual induc-
tion ecircuits and causes the
ring and coil to repel each oth-
er. This is done best on the 400
500-600 turn taps. The ring will
soon become warm due to passage
of hi-amperage current.

Various secondaries may be
wound and sli d over the core
for experimen use.lt may also
be used to light lights, for
filament transformers, etc. Use
the Tum Per Volt (tpv) ratio to
figure secondary voltage. If you
are using the 600 turn tap at

10 volts you have about 6 tpv.

the 260 tap it is 250/110 or
about 2 tpv. It is not a good
idea to use the 250 turn tap un—
less you have a secondary gul—
ling on the core or it may blow
a fuse. A one-turn coil may be
hooked to a 1/25th watt Neon
lamp to make it "light thru the
aiprl®

A fine wire portable secondary
coil, with many turns, may be
used to step up the voltage. Us-—
ing the tpv. rule again, if we
wind a secondary with 1280 turns
and put on the 250 tap - we'll
get 532110 or 550 volts on the
secondary. Many interesting ex-—
periments can come from this.

1 1-3. Experiment. An interest-
ing setup for 1iltenins'to vari-
ous types of current is shown.
Use an output transformer, w tf
secondary going to &honen. A
for DC - hook 25.3 ycell. You
will note the only time you hear
cnythin; is when current is put
on o f£. You won't hear pure

C. iB Hook up a busser, or a
ell to a battery and the pri-
mary. You will hear the ™“tone"
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11-3. Kinds of Current.

in the phones. This is intermit-
tent DC - as it is run off the
battery and the contact is made
and broken many times per second
as compared to AC. By pushing
the contacts together you raise
the tone (frequency).This is the
principle used in vibrators in
Auto radios, to make the 6 or 12
volt battery go up thru the pow-
er transformer to be stepped up.
(Cf This can be hooked to the
output of any Radio or Crystal
set — and you will get pulsating
DC. The modulated signal comes
into the rectifier (crystal or
tube.) and only one side is used.
So, it is really pulsating DC.
10) Run 110 eircuit thru a 10
watt lamp, for protection, and
into the ¢ransformer. You will
now get a 5060 cycle hum, de-
ending on your power line. This
s pure AC. One may add a signal
enerator's output to the trans-
ormer and get RF (Hi-P) or aud-
io (Lo-F) frequency tones. This
bit of listening will help to
identify types of current.
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A 1/26th watt Neon lamp be
hooked across the output instead
of the phones. If AC both elec-
trodes will glow. Ififmlnating
DC - only one side will glow.

Mutual Inductance
Electron Current Flow.

11-4.

I1-4. Experiment. Getting back
to Lenz' law — where the second-
arz current is in reverse to the
primary, it may be associated in
our minds of two gears in action

oing oppositely. So the current

n the Antemna-ground circuit is
out of phase with the secondary
tuning circuit. If several sec-
ondaries are wound close to the
primary source of power - the
current flows in opposite direc-
tion to the primary, in each of
the circuits. If the secondaries
are very far away from the pri-
mary, even very sensitive in-
struments cannot detect the cur-
rent induced. For the experiment
hook a drycell up to a buzzer &
run into the primary of an Audio
transformer. On the secondar
hook a DC voltmeter with correc{
solarity. The arrows show the
irection of the Electron cur-
rent flow.

However, when you disconnect
the battery you will notice the
meter jumps below zero — showing
that counter emf. is being gen-
erated, and to be opposite in
phase, or direction. You will
also notice this is very stron
as the lines of force drop bac
onto the wire. This is one rea-
son we find an Electric lamp
burned out after we turned it
off. Also, you will hear said:
"well, the Radio played alright
last night, but now it won't go
on." This strong counter emg.
burned out a tube, transformer
or blew a condenser when the se

was turned off. The ordinar

telﬁgronc receiver can detec{
clicks of .003 amps. of current,
but it is the counter emf. gen-
erated that you hear.

Mutual induction between pri-
mary and secondary depends on
several things. (1) The greater
the number of turns of wire on
the coils the greater the trans-
ference of energy to the second-
ary. (2) The sise of the coils &
wire regulates the coil field.
(3) The distance between cuils.
The closer they are the more en-—
ergy is transferred. (4) The

osition of the coils. Mutual
nduction is greater when the
coils are placed parallel to one
another- or one inside the other
with planes running the same di-
rection. If placed at right an-
les - practically no mutual in-
uction occurs between them. (5)
Nature of material that separ-
ates them.Air has little shield-
ing effect between the coils.But
if Iron is placed between them
it tends to absorb some of the
lines of force and keep them u
closer to the coil. Brass an
Cgpfer will also confine lines
of fo

We run into m different ex-
amfles of mutual induction in
daily life. Noisy gover lines
can cause trouble for several
blocks avag by induction. Power
companies have "detection cars”
that seek out the offenders - in
many cases "bugs" or transform-
ers on the les.

Cross talk from phone lines
often results from wires being
too close together. Crossing or
twisting wires of the same cir-
cuit tends to lessen this evil.
This also applies to 110 volt
cords that are twisted so the
lines of force tend to neutral-
ise each other.

**A Varian magnetometer is to
go into the air with a Satellite
under present plans. It may helg
solve problems about Sunspots
relation to magnetic storms; why
Cosmic rays are more active at
the Poles and why Auroras affect
Radios. Varian claims invention
but Gauss (1835) had the first.
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12. LOW FREQUERCY TRANSFORMERS.

As this is a broad subject we
will only attack it in relation
to coil coupling, etc. Low fre-

uency transformers include Aud-
20 transformers and chokes, pow-
er transformers, AC line trans-

formers of various ty{:e ete.
what is looked for low fre-
quency transformers is unity, or
ect coupling.This is as near

:1 as possible. It can never be
attained in air-core coils as so
mapny lines of force are lost in
the air. As said before, with an
Iron core the lines of force
tend to concentrate on the core

ath — so very little magnetism
fa lost. The greater the lines
of force hug the core — the more
energy will be transferred to
the secondary.
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12-1. Transformer Core Shapes.

Most transformers in Radio uge
closed core transformers (12-1).
(A) shows an open core — and is
seldom used except in various
spark coils, etec. (B) is a type
used in large heavy duty trans-
formers, etc. (C) is where the
vindings are both made on the
center leg — and used in most
Radio power, chokes and audio
transformers. (D) shows one type
with an air gap - to keep down
losses from Hysteresis.

By winding transformers with a
fine wire- and a very thin layer
of insulating paper between - we
are able to get a lot of turns
into a small space. We are also
able to cut down the heat loss
that would be generated with a
larger wire.wire must be of suf-
ficient size to carry the watt-
age — and still be small enough

to get the desired number of
turns in the "window". The wire
sise and length determines the
resistance of the coil

By comparison — we can get an
idea as to how wires may carry
the current. For instance, 2400
turns of #21 magnet wire may
draw 1.5 Amps. But, 2400 turns
of #36 wire will only draw .06
Amps. (60 m.a.) But they will
each produce the same amount of
field force. Audio transformers
may draw as much as 25 m.a.
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12-2. An Audio Transformer.

Most present Audio transform-
ers are wound like (12-2) with
the primary on first — and the
secondary over it. The lines of
force are kept where they belon
— near the core. It is also muo
easier to wind them - as various
windings may be wound over each
other without removing-the form
from the winder. The order of

roper connections is shown, al-

gho if you get an Audio that
howls - just reverse one side.
Sometimes the leads aren't mark-
ed correctly. A good quick way
to check ratios of transformers
is to check DC resistance of the
primary and aecondarg. If they
measure 1000 and 3000 ohms the
ratio is close to 3:1. If you
want 1:8- just reverse it. Don't
do any switching with a power
transformer unless you are sure
of your windings. 3:1 is used in
tube sets. But in Transistor op-
eration they use the lower re-
sistance on the secondary.

As Physics' students know "we
cannot add or subtract energy -
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gust change it around." So, in
iguring input and output volt-
ages of transformers - we won't
get the exaet ratio. There is
some loss in heat due to Hyster-
esis and heating of wires. A
transformer is considered 98¢
efficient if the input vstta%e
is 1000 and the output is 980.
This shows a 2¢ loss in heat - &
is a good transformer that will
do this. When re-winding trans-
formers, etc. we do not have to
wvorry about this loss - as it is
negligible. Tubes and parts al-
low for a lot of leeway — and if
a power transformer - it is a
safety factor in our favor. A
balance of power always occurs.
Infut and output watts are in
fair proportions. 110 volts at
5 Amps. 1nput is 550 watts. If
output is 550 volts - then we
have 1 Amp — if the heat loss in
negligible.

n power transformers the pri-
mary is always placed on the
bottom of winding — and may be
larger wire than the secondary
hi—voltage, as it must carry the
wattage of the filament windings
too.As filament windings are apt
to be bulky - they are placed on
the winding last. If the primary
or secondary is burned out it
doesn't pay to re-wind them, al-
tho we used to do it when they
were not obtainable or too ex-
pensive to buy.

So, our main overhaul job on a
gcuer transformer would probably
e the filament windings. If you
have a 2.5 v. winding you'd like
to make into a 6.3 v. here is
how you proceed. Hook up the
powver transformer and check the
correct output voltages of the
filament — we'll say it is 2.7.

Now dismantle the core piece by
piece. Start removing the fila-
ment winding and count each turn

— and write the total down. You
will observe that the 2.5 volt
filaments are heavy wire - due
to heavy current drawn by 2.5 v.
tubes. Now, you can use smaller
wvire for the 6.3 v. and you will
have to, in order to get the ai-
ditional turns into the window
of the core. They do not center—
tap the 6.3 v. windings nov as

one side is grounded in the
cireuit when wiring up.

Taking the TPV ratio - we'll
say 2.7 volts required 54 turns,
then the TPV ratio of the whole
transformer is 20. This goes for
input and output. Say we want to
wind 6.3 volts— we wind 6.3 x 20
or 126 turns of a smaller wire
in the same space. Without un-
vindinf the transformer we can
now tell how many turns we have
in the primary, i.e., 20 x 110
or 2200. Or on the secondary at
650 volts x 20 is 13,000 turns.
As to size of new filament wind-
ing, you can check a current-—

arryin% capacity chart for wire
?pa e |5, -6). When replacing
windings - be sure you wind them
tight, as none of us seem to get
them as compact as the factory.
Also insulate well with Blectri-
cian's plastic tape so it won't
short to the core. Be careful
when replacing laminations so
they do not cut the insulation.

T T T
E --.-.-----3

IPERINIWERTEST

m
12-3. Vagner Series Transformer.

An interesting type of power
transformer is shown in Fig. |2-
3.It is called the Wagner series
transformer. It uses a Copper
bar 3" x 3" x 12" long to form
the primary. It is used in 8ower
houses to measure up to 60,000
volts - as this hi-voltage would
burn up any meter connected di-
rectly. Around this straight bar
are wound many fine turns of
magnet wire. As we know, one
straight wire throws off lines
of force - so the induction is
{icked up by the secondary to

he meter. Tg; fine wire euts 1t
down so much that is has bdut 2
to 60 watts on the secondary. I

vorked around a powver house at
BiSOCreek, Calif., awhile in
1920, where they used these se—
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ries transformers. These large
busbars ran along on concrete
foundations, and looked perfect-
ly harmless. They had fences a-
round them - and we were warned
to stay out — which was heeded
by everyone.

13. AC RESISTANCE.

There are many things that may
cause resistance to AC flow thru
coils, or magnetiec circuits. For
g:neral usage they are combined

to the term AC Resistance.They
vary in importance di?ending on
the nature of the coil and its
use.AC Resistance is higher than
the Ohmie resistance.The follow-
ing eclassifications include most
of then.

(1) Counter emf, or regenera-
tion of another current back on-
to the wires, or adjacent coil.

(2) Distributed capacit §i0r
capacitative reactance between

wires.

(3) Properties of the form,
wire and insulation.

(4) Sise of form, wire, etc.

(6) Dopea, or binders, used to
secure the wire and form.

(6) Sharp turns & coil shapes.

(7) Proximity to other parta
in the eircuit.

(8) Prequency of the signal.

(9) Shielding of the colls.

(10) 8kin effect, or ecireuit
resistance.

(11) Temperature & humidity.

(12) Rddy currents and current

lag.

‘%o make a good coil we must
take all these things into con—
sideration. By experiment we can
f£ind which set of conditions is
best. Regardless of all "Q" me-—
ters, etc. we find that if two
coils are wound differently for
the same frequency, and are tun-
ed to a DX station, we can very
quickly see which one works the
best. By taking note of each of
;he conditions above, we are in

or improvement. While there is
no perfect condition— all we can
do gl to work toward this end.

Plain DC resistance is a defi-
nite property, independent of
frequency, etc. and depends on
the sise and length of the wire.

But, if a change occurs in the
DC su g}y, then ve start to get
Inductive Reactance or resist-
ance. Voltage lags thru an in-
ductance, but it leads thru a
condenser. Inductances will car—
ry DC, but condensers will not.
If an Inductor was required to
carry DC, plus 2 AC frequencies,
it would offer little resistance
to DC. Nowever, it would offer
resistance to the AC frequencies
—and a different amount to each.

13-1. Counter emf. in an AC Motor.

13-1. Experiment. You have
probably run into this condition
when working with motors. Hook
up a lamp in series with an AC
motor— one strong enough to keep
it running. Notice the bright-
ness of the lamp. Now, hold the
pulley with your hand, or lay a
board on it so the motor stops
for an instant. See how the lamp
lights up — showing there is no
counter emf. generated by the
motor coils. This emf. backfires
into the AC line and offers re-
sistance to the current, and it

revents lamp !rom_liq;ting to
gull brillianey. This is one of
the best experiments to.show the
effect of counter emf.

1
T
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13-2. AC-DC on a Choke Coil.

13-2. Experiment. In this we
hook a lamp across a DC power
supply - to read 110 volts ‘when
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lamp is lit. Across the other
side of the DPDT knife switch we
bhook the 110 AC line. When wve
throw the switeh to DC we will
find the lamp lights brighter
than for AC. This shows the AC
reactance in the coil in the
form of counter emf. as in the
motor. Using this in practice, -
if we put an Iron core choke in
series wvith the AC line when ex-
perimenting, we have less chanece
of blowing a fuse. If you take
the Iron core out of a choke and
put 110 across it you will prob-
ably blow a fuse or burn up the
cofl.But, if the eore is in, the
counter emf. acts as a Reactor.
You will probably notice the
lamp will light brightly for a
second — showing it takes time
to build u€ the counter emf. On
DC it lights to full brillianc
and stays there. The counter en¥
is 00 degrees back of current.

You'll also notice that when
an Rlectric loeomotive goes on
the level, or up grade, it uses
Flectricity. when it goes down
it uses counter emf. as a brake.

Current decay is often used to
describe current that decreases
due to counter emf. Growth, then
describes the slowness in re-
turning to normal. Bach of these
may amount to .01 to .001 second
— depending on the size of the
Induectance and the ebre. The
greater the henries of induct-
ance, the slower it acts. How-
ever, once a level is reached in
grow{h— the coil offers just the
same opposition to any tendency
to increase or decrease. This
point is the Inductance rating
soint. One may compare growth &
ecay of AC to heat energy after
the fuel is turned off.

Hysteresis is from a Latin
wvord meaning "to lag behind; to
retard.” It is the extra current
needed to change the polarity of
the atoms in an Iron core. It is
the lagging of magnetism behind
the voltage that produced it. A

ood exangle is pulling Iron
ilings with a magnet - whereby
it takes time to pull the fil-
ings over. When AC changes they
are pnlled the other vay

Experimente with Magnetism and Coils.

Hysteresis loss depends on (1)
frequency, (2) density of the
flux lines and (3) hardness of
the core. As this loss is con-
siderable in Iron core trans-
formers the proper metal must be
selected to keep heat losses
down. Heating limits the permis-
sible load of the transformer.
Hysteresis depends a lot on the
residual magnetism in a core.

Softest Iron is used in RBlec-
trical machinery so it will mag-
netize and de-magnetise quicker.
If hard steel it would be neces—
sary to have a very powerful
Iiofd to magnetize and de-mag-
netize, or reverse the atoms.

It takes 10-12 times as long
to magnetiae a solid Iron core
as it does a laminated one. The
solid also de-magnetizes slower.
Laminations produce air gaps be-
tveen layers — as they are shel-
lacked so each has its own lines
of force. The air gaps also les-
sen Rddy currents, with less
heat. One may use varnished Iron
wires for a core — that works
the came as laminations.

With wrought Iron (or ordinary
sheet Iron) taken as 1.0, the
best Silicon steel rates 6.25.
Cast Iron is 4.0. So you can see
Silicon steel (4%) makes the
best transformer cores.Permalloy
has a low H{ateresis' loss but a
low intensity of magnetigzation.

Bddy currents run at right an-—
gles to the magnetic flux. They
cause some loss in coils. A good
example of this is the dam%ing
effect of a brass tube pushed in
between pri. and sec. of a medi-
cal, or shocking coil, when the
output is cut down.

Air core RPF transformers are
used in most sets because Iron
would cause Hysteresis and Eddy
current losses.But powdered Iron
js alright. These losses greatly
increase as frequency increases.
Iron cores may be used up to
about 15 ke. but at Audio fre-
quencies they are OK. Hi-F cur-
rents produce more Eddy currents
in adjacent wires. A serious
loss occurs at frequencies above
3000 ke. Use wire as small as

possible without increasing re-
nistance, or by using tubing in-
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A FEW OF THE QUESTION
IN HANDBOOK %J. %.ge.sgﬁgfkn

What is the simplest form of
c0il? Commercial winder. p. 3.
How is a jumble winding made?
Where are they found? p. 4.
Qive RF choke dimensions. p. 4
Several ways to wind single-
layer coils. Bench winder. p. 5.
Data for Crystal coils. p. 6.
Why use skeleton coils? How R
they made easily? p. 6.
How to make Xmtg. coils. p. 7.
Advantage of bank coils. What
is an easy way to make them? 8.
Simple way to make Honeycomb
coils on'gosa, or on a semi—com-
mercial wipder. p. 8.
Bone{eOlb data chart. g. 9.
Simple way to make basket type
coils. Their advantage? p. 10.
Give 2 va to wind spiderwed
coils. Disa sntaie? p. 11.
Describe binocular coils. 12.
Making Pig. 8 ecoils. p. 12.
Describe several ways to make
Toroid coils. Circuit. E. 13.
Simple way to wind multi-layer
coils. where used? p. 14.
HBow to wind transformers. 165.

COINNB WO

"HOW TO MAKE COILS.*"

55 x 84
.24 pages

3 charts

46 drawings

Wire chart for turns. p. 16.
Describe simple motor coils.
How to test. To re-wind. p. 17.
Where are bucking coils used?
How do you make them? Name sev-
eral kinds and uses. p. 18.
Advantage of Bifilar coils? To
use in Crystal set. p. 10.
Details on making man tygel
of plug-in and switch coils. 19.
Complete winding chart for our
plsg— n coils. p. 22.
y is a slider used? Best way
to mount one on a coil. p. 22.
Advantages of link coupling in
receivers, transmitters and os-
cillators. How to make. p. 23.

This is a companion Handbook
to your #7, as Magnetism and
Coils tie in so well together.
One could profit more b{ reading
HB-6 after you have finished HB-
7, as the latter is more elemen-
tari~than coil winding.

HB-6 is slanted for the Novice
or sxgerinenter, altho a lot of
methods may be used to build u
commercial coils if you wish. I
represents a good many years -
over which period we learned to

"wind our own," and have select-
ed the method best suited for
each Ezfe of cofil.

You’ll find ﬁlenty to do in
HB-6, and it will be most inter-
entinﬂ. Same price and source as
this Handbook.

S.S., St. Helena, Cal.:"HB-6
gives best and most shoro cover—
age on cofils for Experimenters I
ever saw in one book."

J.P., Moscow, ldaho.:"I sure
like Bﬂ-e. Ve intereutini and
most dope would be impossible to
find elsevhere. I'11 buy all the
new ones when thef come out."

6. 3., Marengo, lowa:"Your HB-6
sure is tops. Never seen so much
useful info. gathered together
in one book at a low price."
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