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Various functions performed by the different tubes in the successive stages of a radio receiving circuit.

In a previous lesson we learned that when a radio wave was sent out from an
antenna, it consisted of two component parts - the radio frequency carrier and the
audio frequency. The audio frequency was impressed upon the carrier and the ampli-
tude of the carrier or'RF"wave was modulated by the audio signal impressed upon it.
"his constituted a modulated wave,

In a receiving set just the reverse operation takes place, The radio wave in
traveling through space coliects upon the antenna and by induction causes high
frequency alternating currents to flow in the antenna ivhat are in every respect
similar to those which o;-iginally flowed in the transmitting antemna. The receiver
set must tnen accept these reduced currents and demodulate them; that ig, to separate
the radio frequency from tne audio frequency so that only the audio freguency may be

reproduced as sound in the loud speaker or headphones whichever may be in use,
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In addition to performing the preceding operations, some recelving sets are pro-
vided with additional parts so as to pe able to alter or increase the strength of
the receivi#g siznals., The amplification can be effected either while the signals
are atiil atv a high frequency when it is known as radio frequency amplification, ov
aftsr they are reduced to a low frequency when it is lknown as audio frequency ampli-
fication, 4 complete receiving set must thus include a tuner, a radio freguency
amplit'ier, a detector and an audio frequency amplifier. Iv is tne design and operation
or thege various parts that distinguish one receiving set or circuit from another,
We will now take up a study of the tuning methods and detector and leave the amplifying

systems for later lessons,

TUNED CIRCUIT SYSTHMS

Since radio messages and programs are carried through space in the form of an
electric wave motion, a receiving station in order to be able to reproduce the signals
must be arranged to intercept tnese waves and absorb some of their energy. Aalso, as
the various transmitters send out their signals on waves of different fregquencies,
the receiver must have adjustable selectivity so that it can respond to waves of only
one frequency at a time,

Such response selectivity is obtained through the use of tuned circuit systems,
and since the currexnt in such a tuned circuit circulates back and forth at nign
frequencies, the circuit is often referred to as an oscillating circuit. Briefly,
the entire action 1s as follows: As the waves advancing through space are intercepted
by the receiving antenna, voltages are induced in it and conducted to the receiver
itself via the lead-in. In the recelver these signal voltages come upon a tuned circuit
that is adjusted to respond only to a certaln frequency. A voltage of this frequency
will cause a current to circulate, and this current builés up a voltage that is then

rent throuzh a numwber of stages of amplification and finally reproduced in the speaker
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as audible sounds.

A tuned circuit coneists essentially of an inductance coil and a condenser,
either one or beth of which are variable. Common practice is to use a fixed induc-
tance coil and a variable condenser, The relative size of the coil and condenser
détermines the rate at which the current can circulate and the response frequency of
the circuit, It is the inductive effect of the coil and the capacity of the condenser
that regulate the rate at which the current can vary in the circuit. Generally the

circuit ig thought of as oscillating at a certain frequency.

HOW A CIRCUI'l OSCILLATES

The electrical actions going on within an oscillating circuit while a high
frequency current is flowing back and forth in it, are most interesting,. In Fig, 1
are illustrated the succeseive conditions as they take place. The condenser "C" is
connected across coil YL" with a switch "S" for opening and closing the circuit,

At "4" the condenser is in a charged condition, that is, electrical energy
(known as the charge) is stored up between its plates. The upper plate is at a high
or positive potential (pressure), and the lower at a similar low or negative potential
In this condition tre condenser is in a very unstable condition; and as soon as a
chance ig given it, the electrical charge tries to redistribute itself so that both
plates will be at the same potential or pressure. As® soon as the switch "S" is closed
this redietribution begins to take place, and the oscillating action commences.

Since an electric current always flows from a region of high pressure to one of
low pressure, a current flow takes place in the direction indicated by the arrows in
"BH, Thie current flows through the coil "L, and as it does so it builds up a
magnetic field (lines of force) around the turns of the coil., When the redistributicn
is completed and both condenser plates are at the same potential, there is no longer

any force to keep the current flowing, and for an instant all action ceases., At thie
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stage all the electrical energy which was at first ptored up in the condenser as an
electrostatic field between the plates, is mow found as magnetic energy in the form

of a magnetic field around the coil.
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Fig. 1. Electrostatic and magnetic nctipns taking place in an o-cillating circuit
consisting of a coil and a condenser.

This ie illustrated at"D". But when the current flow ceasee, there is no longer any
force to maintain this magnetic field, and as a result it at once begins to collapse. 5
As these lines of force collapse or shrink, they cut all the turns of wire on the coil
and induce in them & voltage which tends to keep the current flowing, Current flow thus
contimies toward the lower plate of the condenser as is shown at "E", When the magnetic
field has completely diseppeared, all the energy 1s again stored up in the condensger,
The condenser is again charged as it was originally, but this time in the OppOsite
direction as illustrated at "F', The lower plate is now at high potential and the
upper at low potential.

With the condenser in thie charged conditf&n, it is aéain very unstable or restless,
and the stored up charge at Once tries t0 redistripute itself. Current flow immediately
vegins again, this time from the lower plate through the coil to the upper plate as is

illustrated at "G". ZEnergy transference again takes place from the condenser into the
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coil and then from the coil into the condenser again until the upper plate is positive
and the lower negative. When the action is completed, we are back at "A" once more,
ready to start all over,

Such a complete geries of actions 1s known as one cycle, and consists of a
current surge in one direction and back again. Four transformations of eonergy take
place: From electrostatic emergy in the condenser at "A" to magnetic ensrgy in the
coil at "D, from magnetic to electrostatic energy at "F¥, and then in reverse from
electrostatic to megnetic and lastly from magnetic to electrostatic again at "A'.

Of course, these actions all occur at a tremendous speed, The mmber of cycles that
occur per second is known as the oscillation frequency of the circuit. The oscillatvion
frequency, as we shall see later on, depends upon the size of each coil and of the
condenser. In broadcasting service frequencies ranging from 545,000 to 1,500,000
cycles per second are used today. This means at the higher frequency the period of
corplete time required for ome cycle is les. than one-millionth of a second.

These oscillations do not continue indefinitely, but on account of the resistance
of the wires and of the coil a certaln amount of emergy is dissipated during each
cycle, with the result that the current surges soon die out. It is evident that the
lower this resistance is, the less energy will pe dissipated and the more intense will
each current surge be. It is for this reason that all circuits in a Radio receiver
should be made as perfect as possible so that all energy loss will pe reduced to a

minimam.

THEE TUNFD OSCILLATING CIRCUIT

Fvery tuned Radio circult involves the two electrical principles, inductance and
capacity. Either one or both of these elements can be variable, but it is common
practice to employ a definite fixed inductance coll and a variable capacity in the form
of a condenser,

30LL9R02105 Page 5




A typical tuned circuit is illustrated in Fig, 2 in which we have the inductance
coil PL" shunted by the variable condenser "CF, An alternating current set up in
this circuit will oscillate (flow oack and forth) at a rate or frequency depending
upon the size of the coil and the condenser., By varying the capacity of the con-
denser, it is possible to regulate the ability with which it can take on or give out
a complete charge; and this in turn controls the frequency at which the current will
oscillate in the circuit., The tuning elements of most Radio receivers consist of
Just such oecillation circuits, a fixed inductance coil shunted by a wvariable con-
denser, and the tuning process consists of adjusting the relative values of the
inductance and capacity until the current in the tuned circuit oscillates at the same
frequency as tne waves coming in over the antenna. Wnen two such circuits oscillate
at the same frequency they are said to be in resonance, The word, resonance, means
to be in step.

The tuned circuit can readily be compared to a wave filter, for when tuned to a
particular frequency it admits waves of only tnat frequency and withholds or rejects
all the rest, The efficiency of the tuning apparatus detsrmines how effective the
Radio recelver will be in selecting only one station at a time. The most elaborate
receiver would be of little value in practice if its tuning equipment will not permit

snarp and selective tuning,

MECHANICAL ANALOGY OF 1HE TUNED CIRCUIT

The electrical action of an oscillating circuit as was just described, can readily
be compared to the up and down motion of a spiral or coiled spring at the bottom of
which 1s suspended a welght., When the weight is once given a slight push, it will
keap on boobing up and down for some time, just as a current once set up in the electri-

cal circuit will continue to oscillate for some time,
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The frequency or rate at vnich the weight will vibrate or bob up and down, will
depend upon its size and upon the stiffness or elasticity of the spring. The weight
corresponds to the inductance in the slectric circuit and the spring corresponds to
the condenser, Tne inductance, like the weight, acts like a load on the system; and
the greater the weight, the slower it will pob up and down. 4lso, the larger and
more elastic the spring is, the slower will be the rate of vibration; wnile with a
finer and stiffer spring the faster will be the rate of vibration. The conditions in
the electric circuit are very similar, The greater the inductance, that is, the grsater
the electric load on the system, the slower will be the rate of vibration or the
frequency. The size of the condenser like the stiffness of the spring also affects the
frequency. The larger the condenser, the longer time required for a complete charge
and discharge; that is, the slower will be the rate of oscillation. By changing either

the inductance or the capacity, the oscillation fregquency can be wvaried.

COUPLFD CIRCUITS
In radio practice it is common to employ a number of tuned oscillation circuits and

then pass thne incoming signals through each one in succession. The advantage of this
arrangement is that 4f the first circuit is not completely effective in filtering out
the undesired gsignals, the gecond one is sure to block them out; and if it is further
necessary, a third and even fourth tuned or filter circuit can be used. It is through
the use of guch a series of tuned circuite that great selectivity is secured in our
modern Radio receiving sets, By selectivity is meant the extent or degree to which a
receiving circuit can select the waves of a desired frequency and exclude all the rest,
A recelver that has great selectivity is sald to be very sharp tuning; while a broad
tuning circuit is one that is not so effective in excluding the undesirea wave lengths

or frequencies.
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In order to transfer the energy from one circuit to the next, some form of
coupling device rmst be used, This coupling device may be a pair of adjacent coils,
a transformer, a condenser or a vacuum tube, All these various coupling methods
will pbe taken up in later lessons in their appropriate places,

The most common system of coupling used is inductive coupling, In this system
we have two adjacent coils, andi the current flowing through one of them by induction
causes a current to flow in the other, The relative number of turns in the two coils
and their positions with respect to each other determine the tuning qualities to a
great extent, In Fig, 3 are illustrated two coupled circuits *A" and "B", In circuit
"A¥ ig a generator "G" by meens of which the high frequency oscillations are produced
and caused to flow through the coil YP", As these current oscillations flow through
"Pf, they set up around it a pulsating magnetic field, As this field expands and
contracts with each current surge, it cuts the turns of the coll "S" in circult
"B" and causes a current to flow in it, The coil "P", through which the original
current flows is known as the primary, and the coil ®*S" in which the induced current
flows is known as the secondary coil, The current in circuit "B" is of the same

nature and frequency as that in circuit "A",
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Fig. 2, 3 and 4 Ilustrations of coupled oscillating eircuits,

ACTION OF A CLOSED OSCILLA'ION CIRCUIT

Just how a tuned circuit can be made to select only one fregquency and exclude all
the rest 1s easily explained with the aid of Fig, 4., Here we have a fixed inductance
coill "S* ghunted by the variable condenser %C", Current waves coming down from the
antenna flow through the coil "P" and by induction try to induce curreant waves of a
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similar nature and frequency in the coil ¥S", But the tuned circuit "“SC" is very
particular, and will allow current of only one frequency to flow or oscillate in it,
depending upon the setting of the condenser "C",

Assume that the setting of "C" is such that the frequency of the circuit is
1,000,000 cycles per second, corresponding to a 300-meter wave length, Ourrent of
this frequency coming down from the antenna will induce a similar current in the coil
"S" and this induced current will at once find free passage to flow in the circuit
"SC", The nature of the current, of course, is alternating, and for the firet half
cycle it will flow in one direction, and then reverse and flow in the opposite direc-
tion. At the instant it is ready to start all over again, another currentwave comes
down from the antenna through "PY and gives the oscillating current in "SC" another
push which sends it on its way with greater strength. This process ie repeated with
uniform regularity, with the result that a strong oscillating current is caused to
flow in the circuit "SC*., The oscillation current then does the work in operating
the recoiving set.

It is seen that electrically the process of tuning consists of so balancing the
inductance and capacity of a tuned circuit against each other that free passage is
peruitted a train of waves of a certailn frequency and all othere are excluded either
entirsly or nearly soc. But as will dbe proven later, there are a rumber of other

factore that affect the efficiency of the tuning process.

RESONANCE CURVES

A resonance curve is a chart drawn on cross-ruled paper showing the nature of the
current flow in a closed oscillation circuit while it is being tuned inte resonance
with anovher circuit, For example, in Fig. 5 is the primary circuit "P" in which
the generator "G" is causing a high frequency current to oscillate., Coupled to this

circuit is the secondary circuit "IC", which is tuned by means of a variable condenser
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"CY" and into which is also connected a sensitive current indicating meter "M,

The current oscillating in the primary circuit "P¥ by induction tries to cause
similar current to flow in the secondary circuit "IC"; but unless *L* and "C" are
adjusted to the proper values, this induced current cannot get thrcvgh and no
appreciaole result will be produced. However, as the condenser is slowly turned and
the circuit brought in tune with the primary, the meter *M" wili indicate a gradual
increase in current flow, Suddenly the meter pointer will move far over and indicate
a strong flow of current, As the condenser is turned farther, the pointer suddenly
moves back agein and thern gradualiy deoreases to gero. At the ocondenser setting at
which the meter indicated maximum current flow, "L" and "C" were so balanced that
the two circuits were in resonance (in step) with each otker,

The above conditions can be represented graphically as is illustrated in tne

chart Fig, 6.
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Horizontal distances represent dial settings and vertical distances strength of

current flow, 4s the condenser is moved from Ot o 30, the meter indicates no current
flow; but as soon as 30 is passed, the meter needle slowliy moves to the right, indi-
cating that a graduslly increasing current is fiowing, When 50 is passed, the needle
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swings to full deflection anu stands at maximum when the condenser is set at 60. As
soon as 60 is passed, the needle comes back to the left, and between 7O and 90 slowly
returns to zero, The curve is known as a resonance curve and shows the current flow
in circuit YLC" for different condenser settings. When the condenser is at 60, the
current flow is maximum, and at this setting the two circuits are in resonance, It
will be seen later on thav if this resonsnce curve is very narrow and peaked, the
tuning of the circuit is very sharp, while if the resonance curve is round and wide,

the tuning is very broad,.

THE WAVE METER

The wave meter is an important instrument wused in the Radlo laboratory for
measuring the wave length or frequency of electric waves such as are used in Radio
practice. In this instrument use is made of Jjust such an oscillating circuit as we
have been discussing. In other words, a wave meter consists of an inductance coil
and shunted across the coil is a high grade wariable condenser and in addition has
connected in series into the circuit a delicate electric meter for indicating the
strength of the current flowing, The general circuit arrangement is illustrated in
Fig. 7, in which "L® 1s the coil, "C" is the condenser and "M" the current indicating
meter,

The rate at which a current flows back and forth in an oscillating circuit, that
is tke frequency, depends upon the amount of inductance and capacity that is connected
into the circuit., If we use a coil of the correct mumber of turns and a condenser of
suitaole size, we can arrange the oscillating circuit to cover any desired wave length
range, When this circuit ig then calibrated so that it is known what the wave lengtk
or frequency of the circult 1is for the various condenser settings, the instrument 1is
ready for use., This information is generally given in the form of a curved line
drawn on cross-ruled paper called a calibration chart.
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Suppose it is desired to measure the wave length of some unknown signals that
are being received, The wave meter 1s then placed so that the coll "L" is near the
wire that is leading down from the receiving antenna. By induction current 1s caused
to flow in the meter coll., The variable condenger is next adjusted until ths meter
shows the greatest amount of current flowing through the wave meter. From this
calibration chart it is then observed what the wave length for this particular con-
denser setting is, and this value will be the wave length of the unkmown signals.

Further data on the wave meter and its applications will be given later,

HOW TO CALCULATE TEE WAVE LENGTH OF A CIRCUIT

The frequency at which an alternating current will oscillate (flow back and forth)
in a circuit, depends upon the relative sizes of the coil and condenser, If a large
coil and large condenser are used, the freguency will be low; that 1s, the wave length
will be long; while if a small coll and condenser are used, the frequency will be
high and the length of each wave very short, A definite mathematical relation exists
petween the inductance value of the coil and the capacity of the condenser, and this
makes it possiple to calculate the size of coll and condenser capacity needed inorder
to have thecircuit cover a desired wave length range., This information is important
in designing tuning units for different wave length bands,

To calculate the wave length of a circuit consisting of a coil shunted by a con-
denser, it 4s only necessary to multiply 1884 by the square root of the product of

the inductance and capacity. Writtenm in formula form this would de

¥ = 184 \/LxC
in which "W" is the wave length measured in meters, "L" represents the inductance
measured in microhenries, and "C" the capacity in microfarads, A meter is a unit of

length in the metric system equal to about 3-1/3 feet (39.37 inches). The derivation
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of the formmula 1s a rather complex mathematical process somewhat too difficult to be
taken up at this time., The number 1884 is merely a constant numerical factor which
is always used,

To illustirate the use of the formula, suppose we have a ,0005-Mfd. condenger
and a coll with an inductance of 73 microhenries. Multiplying 73 by 0005 we get
.03b5, The square rooi of ,0365 is ,191, and this multiplied by 1884 gives 359,83,
or approximately 360 meters. When numerous calculations have to be performed, the
agove method is rather lengthy and requires too much time, A simpler method has been

worked out by means of which the same resulis can be obtained with far leses effort.

SIMPLIFIXED WAVE LENGTH CALCULATIONS
From the wave length formula given in the preceding section it is evident that

for any given wave lengih the product of the inductance and capaclty under the sguare
root'sign must always be a constant quantity. For example, by working out the formula
it can be shown that for a wave length of 360 meters the value of L x C under the
square root sign would be ,036U48. If we used a large condemnser, a small coil would
nave to be used; while if we used a small condemnser, a large coil would be needed,

In otner words, the product of the condenser capacity and the colil inductance must
always be equal to .03bu8.

Suppose we wanted 10 use a .00025-Mfd. Eondenser. To get the slge of the coll
needed, it would be necessary merely to divide .03648 by .00025, which would give as
a —~esult 146, This means that for a 360-meter wave lengith if a ,00025-Mfd. condenser
were used, a coil having an inductance of 146 micronenries would be necessary, In a
8lmilar way the necessary coil inductance could be calculated for any other size
condenser,

The product of the condenser capacity and coil inductance undsr the square root

sign 18 commonly called the "LC" value, These "LC" values have been worked out by
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means of the formula given previously and are listed in the table below for wave
lengths ranging from 200 to 600 meters. This table will be found a great time saver

in the design of coil and condenser combinations for various tumed oscillation circuits,

TABLE
1 2 3 1 5 6
Wave Fre- L C Wave Fre- L C
Length quency Values Length quency Values
200 1,500,000 .01129 420 714,285 -04970
220 1,363,500 .01362 440 681,880 05446
240 1,250,000 01623 TS 652,200 05960
260 1,153,850 .01902 430 625,000 06480
230 1,071,300 .02209 500 600,000 .07039
300 1,000,000 «02530 520 576,900 +OT604
320 937,500 02884 540 555,600 .08210
340 882,300 03249 560 535,715 08836
360 833,350 .036u8 580 517,00 09467
380 789,400 04070 600 500,000 10140
400 750,200 04507

In the above table are given 6 columns of figures: Column 4 is a continuation of
column 1; column 5 a continuation of 2 and column 6 & contimuation of 3, Columns land
4 give the wave lengths and columns 2 and 5§ the corresponding frequencies, These fre-
quencies are obtained by dividing the wave lengths into 300,000,000, the speed at which
Radio waves travel. Columns 3 and 6 give the L C values obtained by solving the formula
gilven for each wave length given.

The use of the avove table will greatly eimplify the work of figuring coil and con-
denser combinations. For instance, suppose we want to prepare a circuit that will tune
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up to 560 éeters and that we have available condensers having a capacity -7 .00035
microfarads. Looking in column 6 opposite the 5b0-meter wave length we find that
tne "LC' value is 08836, The next step is to divide .08836 by .,00035 and receive
as a quotient 252,95, which 18 tne necessary inductance of the coil.

It is thus evident that witn this simplified methed very 1little calculating work
is necessary. It is not even necessary that the formula given be known or used.
When it i1s known what the maximum wave length to be used is, and the capacity of tne
éondenser has been decided upon, it is only necessary to civide the correct "LC" value

by the condenser capaclty to determine the inductance of the coll nesded.

VARJABLE CONDENSERS

As commonly used today.ltne variable condenser consists of two groups of metal
plates, one stationary and the other movable, so that the amount of plate surface that
the two groups overlap can be varied. The plates of each group are electrically
connected, and the two groups thoroughly insulated from each other, The nature of
this insulating material as well as the method of intercomnecting the plates of each
group, détermine to a great extent the quality and efficlency cf a condenser.

The capacity of a condenser, it was previously‘st.ated, is measured in farads; but

‘since this is a very large unit, tne microfarad is commonly used in Radio work, A

farad is equsl to one million microfarads. For.very small measurements a still smaller
unit is used, the micromicrofarad, whicn is equal to one millionith of a microfarad.

The primary purpose of a:cqndenser is to store up electrical emnergy. Wnen a
voltage (difference in potential) is impressed across tne two sets of plates of a con-
denser, a current flow into the condenser will take place until tne voltage across the
two sets of plates is the same as tne applied pressure. This current is known as the
charging current, and the energy stored in the condsnser is known as the charge., A
meagsure of the amount of electricity that tne condenser can nold is what is known as
its capacity,

30LL9R02115 Page 15




The capacity of a condenser determines the time with which it can take on and
give out a complete charge, When used in conjunction with a coil, the capacCity of
the condenser as well as the inductance of the coil, will regulate the rate at which

a current can oscillate (flow back and forth) in the circuit,

MINIMUM CAPACITY IS IMPORTANT

The wave length range of a coil tuned by means of a variable condenser, depends
not only upon the maximum capacity of the condenser but also upon its minimum capacity,
The maximum capacity determires the highest wave length that can be reached, while the
minimum capacity determines the lowest wave length, It is therefore very important
that the condenser be properly designed so that it will have a sufficiently low capacity
when all the plates are withdrawn, The present broadcasting wave length is from about
200 to 600 meters, a ratio of 1 to 3, Since the wave length depends upon the square
root of the condenser, acCording to the formula previously given, this means that the
minimum capacity must be at least one=ninth or less of the maximum capacity, All of

the better condensers have a range of 10 to 1 or better, and satisfy this requirement,

TYPES OF VARIABLE CONDENSERS
SRR A A TV TR R o ITED iRy kv

Variable condensers are ﬁade in three or réur diffe;ent types in order to secure
special tuning features when they are used in connection with a fixed inductance coil,
These types are: Straight line capacity, straight line wave length, straight line
frequency and straight line tuning,

The term, "straight line" is used because the line which represents graphically
the variation of either the capacity, wave length or frequency changes against movements
of the rotor plates, is a straight line, The advantages of these different types and

their applications are brought out in the following paragraphs,
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The svraight line capacity condensers are the oléd familiar ones with the semi-
circular rotor andé stator plates., With these, equal angles turned through by the rotor
plates produce equal changes in the capacity of the condensers. This type of condenser
is suitable for wave meters and other calipvration work in which very sccurate capacity
meagureniente are to be made., This type of condenser is not so sultable for tuning
purposes in present day Radio receiving sets, however, as the other types are, because
stations separated by a certain number of meters in the lower wave length range will
crowé closely together on the lower sections of the dials, while stations in the upper
vave length will be wicely separated on the éial settings.

A siraighyu line wave length condenser has the plates shaped so that the wave length
of a circuit using a fixed indonctance coil with the condenser, changes by egual amounts
when the rotor plates are tuned through equal angles as indicated by the civisions on
the dial, With such a condenserstations in the lower wave lengfhs will pe separated
as much ag those in the higher wave lengths., '"n other woréds, stations that are sepa-
rated by an egual mumber of meters are spread uniformly over the tuning dial., Such &
condenser is desifémed thay its capacity increases as the square of the angular movement
through which the rotor plates are turned,

With a straight line frequency condenser the frequency of a circuit into which the
condenser is connectedé changes by equal amounts for equal variations in the é&ial
settings of the condenser., This arrangement is of advantage because all proadcasting
stations are assigned transmitting wave lengths so that stavions in adjacent territories
will differ by 10 kilocycles (10,000 cycles). In other worés, all broadcasting stations
are rated on a frequency basis instead of according to wave lengths., There ig one
disadvantage to this type of condenser, however, and that is that stations in the ex-
treme upper wave length ranges are crowéed consideravly on the upper section of the éiel,

Most condensers are designed and built so that the plates can rotate through a

1alf circle or 1280 degreee, There are a few makes of conéensers, however, that are
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consiructed so that the plates turn through 240 or 270 degrees. ‘this is a big ad-
vantage in tuning, for it spreads the tuning range over bigger space and separates
the wave length bands so much further,

For most satisfactory tuning the pest condenser design to use ls a comoination
of the straight line wave length and straight line frequency types. In other words,
the condenser plates are shaped so that for the lower part of the scale the condenssr
tunes on the straight line frequency basis and on the upper part of the scele on the
straight line wave length basis, Witk this arrangement there is no crowding at either
end of the condenser and the stations are spread uniformly over the tuning dial,
'this type of condenser design is now used in practically all commerclal radio rsceiving
sets.

To obtain these various tuning characteristics different shapes of rotor plates
are useds In the suralght line capacity type the plates are semicircular in shape,
in the straight line frequency type they have a sharp curve at one end and gradually
straighten out toward the other end, whils in ths straight line tuning the plates are

somewhat semioval in shape,

SPECIAL CONDENSER APPLICATIONS

In most modern receiving sets there iz more than one tuned circuit, and each of
these requires its own tuning condenser. When two such circults are used, two tuning
condensers would be needed and there would conseguently be two tuning controls, If
three tuned systems are used, three condensers would be required and there would be
three tuning controls. Three such tuned systems are illustrated in Fig., 8, each
circuit oeing tuned by its own individual condenssr., The result of using two or more
coupled tuning systems of this kind, is that much greater selectivity (sharper tuning)
is had, Those undesired frequencies tnat succeed in paseing through the first tuner

ars caught and held back in the following stages,
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Fig. 8. Showing how a 3.gang condenser is connected into a tuned circuit system,

In case two or more tuned systems are employed, the number of tuning controls
can be reduced by mountiing several of the condensers on one shaft, Then as the common
shaft is rotated, several of the circuits are tuned at the same time, Such condensers
conseisting of two, three or four sections are known as multiple or gang condensers,
Many single condensers are built so that their shaft can be removed and two or more
of them mounted on a single shaft, The dotted lines in Fig, 8 indicate that the
three condenser sections operate as a single unit,

In order to employ such multiple tuning systems successfully with a gang con-
denser, it is very important that the coils and condenser sections be puilt with the
utmost precision, for otherwise the individual circuits will not tune alike, In other
words, omne circuit will be tuned to a differemt frequency than the other, and the
very purpose of using several tuned systems will be defeated. However, it is possiole
10 overcome such difficulties by comnecting across ome or several of the sections of
the main tuning condemser a small three or five-plaie condemser. Such small con-
densers are known as midget condensers and serve as trimmers, Such a trimmer condenser
is shown connected across the third section of the main condenser in Fig, 8, Tuese
trimmer condenssrs then make up for the tuning differences that may exist in the various
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cirgquits. More about the use of multiple condensers and midget condensers is given

in later lessons where circuits employing such systems are taken up in detail.

LOSSES_IN CONDENSERS

The term "low-loss®, when honestly applied to a condenser, means that the instru-
ment is so built and such materiale are used, that all losses are reduced to a minimum,
Frequently, however, the application of this termis stretched a little, for laboratory
tests show that the condenser is no better than the average. The losses thatmay
occur in a condenser are of three kinds: Resistance, dielectric, and eddy current
losses,

The electricity that alternately flows into and out of a condenser encounters the
resistance of the plates and all contacy points, Brass plates are superior to aluminum
only in that they can be socldered or welded together better. The main point to observe
in a condenser is the method of assembling the plates. Good electrical contact should
be estadblished between the plates of each group so that minimum resistance is intro-
duced at these places,

The dielectric includes all the ingulating material used in the conetruction of
the condenser. The materials commonly used are hard rubber, fidbre, bakelite, glass
or isolantite. Isolantlve is a substance similar to porcelain but finer grained and
less porous, Losses can occur in this dielectric in three ways., Surface leakage is
the passing of electricity from one set of plates to the other over the surface of the
dielectric, but this generally is small unless the matertal is covered with dust and
moisture. Body leakage 1s the flow of electricity through the entire dielectric on
account of its poor insulating qualities, Using only the best insulating material
reduces this loss to a negligible amount., Apsorption refers to the ability of the
dielectric to absord energy like a sponge absorbs water, With some materials this ap-
proaches quite an appreciable amount. Eddy currents are the stray electric currents
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that are set up in the metal frarework of the condenser, especially the end plates.
Practically all of these losses increase as the frequencies become higher., At

very high frequencies (short wave lengths) not too much atiention can be given to

some of these points, for often the efficiency of a condenser is so low, that it is

useless in high frequency receivers.

BOW TO SELECT A GOOD CONDENSER

When a condenser is selected, the following points should be carefully observed:

The bearings should be rugged but smooth running, the end thrust properly cared for,
the plates should not be too thin but accurately spaced and rigidly clamped, and the
dials should be smooth and true-running., The name of the manufacturer should carry
more weight and consideration than any adveriising propaganda that may be broadcast

about a condenser,

WHAT CONSUITUTES 4 GOOD COIL

With coils also the term "low-losg", naz been freely used., Numerous typee and
shapes of coils have been availapnle on the market, with gpecial and exaggerated claims
for each. The question neturally arises, what constitutes & good coil and what fectors
tend toward coil efficlency.

Practically all coils in a Radio receiver are used in connection with vacuum
tubes; and as we shall gee in a later lesson, greater signal strength is obtained from
vhese tupes when higher Voltages are delivered to tnem. Since the primary t'unction of
the coil 1s to generate these Volvages, the more efficient the coll is the greater
will be the response obtained from tne receiviag circuit, The Voltage tnat a coil can
generate depends upon its inductance, and that coil is most efficient which has the
greatest inductance for the amount of wire used, It would seem from this that the

larger the coll the better results would be obtained, But if too large a coil is used,
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the wave length range that can be covered by it would be too narrow; and if too small
a8 coil is used, less voltage would be generated in it and the circuit response
diminished, Experience has shown that very efficient and satisfactory results are
obtained with a coil haviag an inductance of 290 microhenries snd tuned by a condenser
having a capacity of ,00035 microfarads, This combination will cover the popular

broadcast range of 200 to 600 meters,

BESISTANCE LOSSES IN COILS

Resistance decreases the efficiency of a coil by cutting down the effective
voltage generated in it, It also broadens the tuning qualities of the circuit into
which the coil is connected. This resisteance really consists of two components, the
ohmic or direct current resistance and the high frequency resistance,

The ohmic resistance, as in any electric c¢ircuit, depends upon the size snd length
of wire used and upon the resistance of the contact points and commections, It would
seem that the larger the wire the less wuld be the resistance of the coil windings;
but as we shall see in the next paragraph, the use of larger wire introduces the
undesirable effects of increased coil capacity, For all general purposes No, 22 or 24
wire seems to be best, and where compact and small coil construction is needed, No. 26
or 28 can be used, Double cotton covered (D,C.C,) insulation is very good except
that it hes a tendency to absorb moisture, Double silk covered (D.S.C.) insulation
is a little better in this respect, It also has a better appearance, but is somewhat
more costly,

High frequency resistance, sometimes known as the skin effect, is due to the
tendency of a high frequency alternating current to travel only through the outer layers
or on the surface of a conductor instead of throughout the entire wire as a direct
current does, This high frequency resistance also increases as larger wire is used.
Its effects are greatly reduced, however, by the use of stranded'wire in which each
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strand is insulated continuously from the rest. Such wire is known as Litvzendraht
wire, The objection to its use, however, is that these component wires are very fine
and easily broken and when this occurs, all advantages gained oy its use are gone,
The high frequency resistance of a coil is also increased by the presence of
any insulating material in the fisld of the coil, For this reason the amount of in-
sulation on the wire and in the coil supports should be reduced to a minimum, Both
of these effscts can be reduced by spacing tne turms or grecups of turns from each
other and by using sksleton framework for the coll supports, The coll rsesistance is
also increased if metallic objects are placed within the magnstic field of the coil,

tor energy is then absorbed in the form of eddy currents set up in the metal,

DISTRIBUTED CAPACITY IN COILS

Although the function of a coil i to provide a definite amount of inductance,
it is impossibls to wind a coil without also introducing some capacity. This capacity
effect exists between the adjacent turns. The successive turns of wirs lying next vo
sach other with but a small space between thera act as though a small condenser were
connected across each turn; and since this capacity is spread throughout the entire
length of the coil, it is known as distributed capacity, The total effect of this
distriouted capacity is similar to having a condenser of squal capacity connected
across the coil, The inductance of the coll compined with its distributed capacity
form an oscillation circuit, and the frequency of this circuit is known as the matural
frequency of the coil, If this natural frequency talls within the wave length range
for which the rseceiving circuit is designed, consideranle tuning trouble will ve
experienced,

Av the higher wave lengths this distributed capacity is not so noticeaole, but
at the snorter wave lengths (higher freguencies) the effect becomes Very prominent.
In other words, the distriputed capaclty varies with the frequency. The distriouved
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capacity in a coil can be reduced vy spacing the turns, but this also decreases the
inductance somewhat, By using a minimum amount of insulating material the distriduted

capaclity is also greatly reduced.

WHAT SIZE COIL TO USE

The process of figuring the number of turns to use in winding colls of different
diameters and that are to be used with tuning condensers of different capacities is a
ratner lengthy one. However, for those who desire this information so that they can
make practical use of it, the following table 0f values has been worked out, The
required number of turns have been calculated for eight sizes of tuding and for five

different condenser capacities,

DIAMETER OF TUBING

Con- 1k 2 2% 2% 23 3 3L 1
denser 1In. In, In, In, In, In, In, In,
00025 135 125 115 102 g0 65 60 55
0003 133 113 98 85 13 61 55 50
00035 125 109 95 82 70 60 53 ug
.00037 121 105 92 78 66 56 50 us
0005 110 9% g0 62 55 Ly 40 35

The given data is for use with No, 24 double cotton covered wire, If double silk
insulated wire i1s used, the number of turns will be practically the same in every case.
Should it happen that for some reason the stations are rather crowded together and re-
quire only three-fourths or less of the dial readings to cover the total wave length
range, it is an indication that either the condensers or the coils are too large. The
best remedy in that case is to reduce the number of turns in the coils until the greater
portion of the tuning range of the dials is used. If the lower wave lengths cannot be

reached in some cases, it is an indication ihat the coils and condensers are too large.
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The thing t0o do is to remove turns of wire (one at a time) until the desired low wave
lengths can be reached. If the lower wave length can be reached but not the upper,
either the condenser or the coils are not large enongh., The easiest way to remedy this
difficulvy is to add a few turns of wire to the coils until the higher wave length
stations can oe easily reached. For best results the coils and condensors should be so
apportioned that the 200-meter stations willcome in between O and 5 on the tuning
dials and 550-meter stations between 95 and 100 on the dials,

The number of turms given in the table is for coils that are to be used with a
variadle condenser to form a closed oscillaticn circuit. The coils may be used indi-
vidually or as the secondary of a radio frequency transformer. In the latter case the
number of turne to use in the primary will depend upon the degree of coupling that is
desired. For 2-inch or larger coils a primary of from 7 to 12 turns is recommended.
For sharper tuning 7 to 8 turns are the number to use; while if greater energy trans-

ferencs is wanted and sharp tuning is mt._J essential, 10 to 12 turns serve bvest,

REACTANCE AND IMPEDANCE

It has just been proven how a circult containing capacity or inductance offers a
certain amount of opposition to the passage of an alternating curreant, and that the
amount of opposition experienced by the current depends upon its frequency, Inductance
and capacity manifest themselves only when the current changes or wvaries, But every
circuit always has a definite amount of resistance depending upon the dimensions and
materials of the circuit. This resistance is always present, irrespective of whether
the current ie direct or alternating., Therefore, a complex circuitmay contain all
three factors, resistance, inductive reactance and capacity reactance, The total com-
bined effect of the resistance and tne inductive and capacity reactance is known as the
impedance of a circuit, Impedance thus represents the total opposition experienced oy

an alternating current and is also measured in ohms, Impedance is represented by the
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capital letter "ZY,

Inductance in an alternating current circuit causes the current to lag behind
the voltage, that is, the current reaches its maximum and zero values after the vol-
tage has done so, Capacity, on the other hand, causes the current to lead the vol-
tage, that is, the current reaches its maximum and zero values before the voltage
does so, In other words, inductance and capacity cause directly opposite effects,
When both of these are present in a circuit, one will neutralize part of the other,
and the resulting reactance "X" is equal to the difference of the two, That is:

X= XL =-Xc

Since both the inductive reactance and the capacity reactance throw the alter-
nating current and voltage out of phase (cause the current to lead or lag behind the
voltage), the impedance is equal to the square root of the sum of the square of the
resistance and the square of the reactance, Expressed in formula form, this would be:

2=z /R 4 2 = {8 ¥ m-m

Ilustrative Example: Let us assume that we have a circuit in which the induc-
tive reactance is 10 ohms, the capacity reactance is 7 ohms, and the resistance is
Iy ohms, What is the impedance of the circuit?

The combined reactance would be 10 - 7 or 3 ohms (XL -~ Xc)e The square of 3 is
9, and the square of L is 16, and the sum of the two squares is 25. Lately, the
square foot of 25 is 5, and the impedance of the entire circuit is 5 ohms, It must
be remembered that the inductive and capacity reactance partly neutralize each other, -~
the combined effect of the two being equal to only 3 ohms.

RESONANCE

If the inductive and capacity reactance of a circuit are exactly equal, they
will completely neutralize each other, and the only opposition the current will then
experience is the resistance of the circuit. In other words, the total impedance
of the circuit is equal to the resistance. When such a condition exists, the cirw
cuit is said to be in resonance,

The process of tuning a radio receiving or transmitting circuit consists essen-
tially of so balancing the inductance and capacity that they will mutually neutralize
each other, Under these conditions the only opposition the current experiences is
the electrical resistance, and therefore, the current will reach its maximum value
and the signals will come through loudest, The circuit is then said to be tuned to
that particular frequency. If signals of another frequency are desired, the capa-
city and inductance must be readjusted to take care of the variations in reactance on
account of the changes in frequency?

EXAMINATION QUESTIONS ON FOLLOWING PAGE

—
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