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Study Schedule No. 9 
For each study step, read the assigned pages first at your 
usual speed. Reread slowly one or more times. Finish 
with one quick reading to fix the important facts firmly 
in your mind, then answer the Lesson Questions for that 
step. Study each other step in this same way. 

Q I. Introducing Resonant Circuits Pages 1-2 
This short section introduces the L-C circuit, and tells how it is different from 
the filter circuits you have studied so far. 

• 2. Series Resonant Circuits Pages 3-9 
By comparison with familiar circuits, you are shown how a resonant circuit of 
the series type functions. Here is a remarkable circuit, capable of stepping up 
voltage, due to the cancellation effects produced by phase. Study and restudy 
this section. Be sure you understand how the series resonant circuit works 
before going on, as you will find this information valuable when you study r.f. 
circuits. Answer Lesson Questions 1, 2 and 3. 

• 3. Parallel Resonant Circuits Pages 10-14 
The simple act of putting the coil and condenser in parallel instead of in 
series gives a completely different circuit action. Yet, both circuits will accept 
or reject signals if properly used. Answer Lesson Questions 4 and 5. 

4. Practical Resonant Circuit Facts Pages 14-19 
The resistance within a resonant circuit has much to do with its ability to 
select, as you learn from the section on the Q factor. There are also sections 
giving practical ways of distinguishing series and parallel circuits, and on tun
ing these circuits. Answer Lesson Questions 6 and 7. 

• 5. How Resonant Circuits are Used Pages 19-23 
More practical data—showing typical methods of putting resonance circuits to 
use selecting or rejecting signals. Answer Lesson Question 8. 

• 6. Coupling Radio Circuits Pages 24-28 
There are four ways of connecting a voltage source to a resonant circuit. These 
methods of coupling and an introduction to inductive coupling are given here, 
again from the practical "how it works" angle. Answer Lesson Questions 9 
and 10. 

^ 7. Mail Your Answers for this Lesson to N.R.I, for grading. 

8. Start Studying the Next Lesson. 
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HOW TUNED CIRCUITS FUNCTION 

COUPLING RADIO CIRCUITS 

lntroducin3 Resonant Circuits 

SEPARATING different frequencies 
*^ which have become mixed is an im
portant task in radio. An antenna picks 
up signals from many different stations 
and we want to pick out just one of 
these. Within the radio, we have cases 
where we prevent hum, correct the 
tone quality and do other desirable 
things by making the proper separa
tion. As you learned in a previous les
son, coils and condensers can be used 

for this purpose. I f we want to pass on 
to the load only frequencies below a 
certain value, we can use a coil be
tween the source and load, or we can 
use a condenser in parallel with the 
load. To make the cut-off more sharp, 
we may use both. 

Similarly, if we wish to pass on to 
the load only frequencies above a cer
tain value, we merely reverse the con
nections. This time, we use a con-

Courtesy General Electric Co. 
Resonant circuits are used to select the desired station from among all others which are broadcasting. 
When you tune a radio, you are varying either the L or the C of these circuits to make their reactances 

balance at the desired frequency. 
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denser between the source and load; 
we use a coil in parallel with the load; 
or use both. 

These circuits are known as filter 
circuits — called high-pass filters if 
they allow only frequencies above a 
certain cut-off frequency to pass, and 
called low-pass filters if they allow 
only frequencies below the cut-off 
frequency to pass. 

• Notice that these circuits use only 
a single coil or a single condenser, or 
else they use one in series and the 
other in parallel with the load. There 
is another combination of a coil and 
condenser in which both are used to
gether. This combination acts in a 
different manner altogether, forming 
the basis for new groups of filters. 

• As you will soon see, there are 
many instances where we do not want 
all the frequencies above a certain 
value, or all the frequencies below a 
certain value. Instead, we may want 
to pass a certain narrow band of fre
quencies and exclude all others above 
or below this particular frequency 
range. Or, we may want to reject a 
narrow band of fiequencies, yet pass 
all others above and below this narrow 
band. We can get these actions by: 
/, using a coil-and-condenser com
bination between the load and the 
source; 2, using the proper combina
tion in parallel with the load; or 3, 
using the proper combination as the 
load. This combination is known as 
an "L-C" circuit (L is the symbol for 
inductance; C is the symbol for 
capacitance). 

• This particular action occurs be
cause of the manner in which the 
reactances of these parts vary with 
the frequency. As you know, an in
crease in frequency causes a higher 
inductive reactance, while the same 
increase in frequency causes a lower 

capacitive reactance. In other words, 
if we increase the frequency applied to 
a coil-condenser combination, the re
actance of the coil will increase while 
the reactance of the condenser will de
crease. Hence, with any coil-and-con
denser combination, there is some fre
quency at which the two reactances are 
exactly equal, as will be shown in this 
lesson. A very special action occurs at 
this frequency. 

By choosing different coil and con
denser values, we can "move" this 
action to a different frequency. This 
makes it possible for us to "tune" a 
radio receiver (by using variable coils 
or condensers) so that we can select 
the desired signals and exclude signals 
from other stations operating on other 
frequencies. The L-C circuit used for 
frequency selection is called a tuned 
circuit or a resonant circuit. 

• Another important use for this 
characteristic of a resonant circuit is 
in the generation of radio waves. The 
fact that this particular combination 
of parts can be made to accept some 
one frequency and exclude others 
makes it possible to use this com
bination with vacuum tubes in Mich 
a way that radio frequency waves of 
a desired frequency are generated. 
Thus, the L-C circuit can be used in 
transmitters and in oscillators to 
produce any desired frequency, while 
other L-C circuits can be used to 
accept or reject a particular frequency 
from among many others. 

• Before we can see how L-C circuits 
are used for these purposes, we must 
learn how they may be connected to
gether and how they act at resonance. 
Therefore, in this lesson we will show 
first how the two main types of 
resonant circuits function, then dis
cuss some of the ways in which they 
are used in radio. 
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Series Resonant Circuits 
There are two distinct types of 

resonant circuits, each having its own 
peculiar behavior. In a series reso
nant circuit, the source of voltage, the 
coil, and the condenser are all in 
series. In a parallel resonant circuit, 
the source of voltage, the coil, and the 
condenser are all in parallel. We will 
consider series resonant circuits first. 
• The easiest way for you to under
stand the important actions that take 
place in a series resonant circuit is 
to analyze several circuits in turn. 
We'll start with a circuit composed of 
an a.c. generator and a variable resist
ance; then we'll add an inductance; 
next, substitute a capacitance for the 
inductance; and finally, combine the 
inductance, capacitance, and resist
ance into a resonant circuit. At each 
step, we'll see what current flows in 
the circuit and what voltages exist. 
This step-by-step procedure will show 
you exactly what effect each circuit 
element has on a resonant circuit. 

For our explanation, we'll assume 
that the a.c. generator in the circuit 
produces 110 volts with a frequency 
of 500 cycles. This frequency is chosen 
purely for convenience, because it 
allows us to form a resonant circuit 
with inductance and capacity values 
which are easy to handle in calcula
tions. Actually, any frequency—even 
r.f.—could be used and would show 
us the same fundamental facts, if the 
parts values were properly chosen. 

The Resistance Circuit. Fig. lA 
shows a circuit with which you're al
ready familiar. I t is made up of a 
variable resistor—value set at 120 
ohms—in series with the a.c. source. 
An ammeter is put in the circuit, and 
a voltmeter is placed across the re
sistor to show the current and voltage 
that exist in the circuit. As you 

already know, all the source voltage 
will be developed across the resistance, 
so the voltmeter reads 110 volts. And 
Ohm's Law for this circuit tells us the 
current flowing will equal the voltage 
divided by the resistance, so our am
meter reads .92 ampere (actually .917' 
as it is 110-4-120, but the meter read
ing will be so close to .92 that we 
would accept this as our reading. 
Other similar practical values are used 
in this lesson.) You learned from your 
previous lessons that this current is 
in phase with the voltage. 

The Resistance-Inductance Cir
cuit. Now, suppose we add a 100-
millihenry (mh.) coil in series with 
the resistance; this will give us the 
circuit shown in Fig. IB. The ammeter 
now shows a current flow of about .33 
ampere. The reason for the decrease 
in current is that we have added the 
reactance of the coil to the circuit. 

The voltage developed across the 
coil is shown by a meter to be 103 
volts, while that across the resistance 

FIG, I. When either a coil or a condenser is 
used in series with a resistor, the circuit current 

is reduced, as we would expect. 
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is 39 volts—a total of 142 volts, which 
is considerably more than the 110 
volts generated by the source. As you 
learned in your lesson on coils, phase 
causes this effect. The voltage across 
the coil is out of phase with the cir
cuit current (the voltage leads the 
current by 90°), while the voltage 
across the resistor is in phase with the 
current. 

The Capacitance-Resistance Cir
cuit. Now, let's replace the 100-mh. 
coil with a 1-mfd. condenser as in Fig. 
IC. At 500 cycles, the reactance of a 
condenser of this size is approximately 
the same ohmic value as that of the 
100-mh. coil. (If you wish, you can 
check this fact by figuring the re
actances of the coil and of the con
denser by the methods given in earlier 
lessons.) We see at once that this is 
true when we measure the current and 
voltages in the circuit. The voltage 
across the condenser is 103 volts, and 
that across the resistor is 39—a total 
of 142 volts, exactly what we found 
in the resistance-inductance circuit. 
And the current is again .33 ampere. 

As you know from your study of 
condensers, the voltage across the con
denser is out of phase with the circuit 
current (the voltage lags the current 
by 90°) while the resistor voltage is 
in phase with the current. 

THE RESONANT CIRCUIT 

So far, the actions of the com
ponents of the three circuits we've 
analyzed have been familiar. I f we 
combine the three parts, then, we will 
have a circuit with a condenser, a coil, 
and a resistor all in series with an 
a.c. source, and you might expect the 
current to decrease further. 

But—something unusual happens! 
The voltages and the circuit current 
increase tremendously when compared 
with the values of Figs. IB and IC. 
As Fig. 2 shows, a current of .91 

ampere flows, and the voltage across 
the resistor rises to 109 volts. These 
values are almost what they were in 
the simple resistance circuit shown in 
Fig. lA. Evidently, as far as the 
resistor voltage and the circuit cur
rent are concerned, the coil and the 
condenser might as well not be in the 
circuit. 
• See what happens to the condenser 
and the coil voltages! Both increase 
to 285 volts—well over twice the 
source voltage. The circuit current has 
increased to almost three times what it 
was in the circuits shown in Figs. IB 
and IC. As we would expect, the volt
age drop caused by this current flow 
through the coil and condenser react
ances has also increased almost three 
times—from 103 volts to 285 volts. 
Just what makes this increase possible? 

There is a very simple reason for 
these increases. The condenser volt
age is 90° behind the circuit current, 
and the coil voltage is 90° ahead of 
the circuit current. Therefore, the 
two voltages are 180° out of phase 
with each other, which means their 
effects are exactly opposite. And, 
since the voltages are equal in size 
and opposite in effect, they cancel one 
another completely so far as the 
circuit is concerned. A voltmeter 
placed between points X and Y in Fig. 
2 would show no voltage. (That is, 

t - L - C CIRCUIT—! 

FIG. 2. When both the coil and the condenser 
are connected in series and are resonant to the 
applied frequency, their reactances effectively 
disappear. The circuit current is novr determined 
by the source voltage and the resistance. The 
voltage drops across both the coil and the con
denser are large, and their values are the prod
uct of the circuit current multiplied by the re-

ipective reactances. 
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it would if the coil were a perfect in
ductance, without resistance. But any 
practical coil has a certain amount of 
resistance, which will cause a slight 
extra voltage drop across the coil that 
the condenser voltage will not cancel. 
This is the reason why the full source 
voltage does not appear across the 
resistor in Fig. 2—one volt has been 
dropped in the coil resistance.) 

This canceling effect of the voltages 
across the coil and the condenser is 
always present to some extent In a 
series L-C circuit, whether or not 
resonance exists. That is, even when 
the coil and the condenser reactances 
are not equal, some cancellation will 
occur. I f the condenser voltage is 
smaller than the coil voltage, i t will 
cancel a part of the coil voltage, and 
so cause a slight increase in circuit 
current over that which would flow if 
the coil were used alone. The same 
condition holds if the coil voltage is 
smaller than the condenser voltage. 
But the canceling effect becomes 
extremely noticeable only when the 
coil and the condenser reactances are 
equal for the particular frequency fed 
into the circuit—that is, when the cir
cuit is at resonance. Then we get the 
enormous increase in circuit current 
we found in the circuit of Fig. 2, where 
practically all that limits the current 
is the resistor. 

Reducing R. Fig. 3 shows what 
happens if we reduce the size of the 
resistor in our resonant circuit. Here, 
the electrical sizes of the circuit com
ponents are the same as in Fig. 2, 
except that the ohmic value of the 
resistor is reduced from 120 to 50 
ohms. The circuit current increases 
to 2.1 amperes—and the condenser 
and the coil voltages (the result of 
this current flow through their imped
ances) jump to 670 volts! This shows 
that the value of the resistance in a 
resonant circuit is very important in 

FIG. 3. The voltages measured here prove that 
the circuit current in a resonant circuit depends 

only on the circuit resistance. 

determining the amount of current 
flowing. Notice, however, that less 
voltage appears across the resistor in 
the circuit of Fig. 3 than was across 
it in Fig. 2—107 volts for the former 
as against 109 volts for the latter. 
This difference is caused by the in
creased voltage drop across the resist
ance of the coil when the current is 
increased. 

We cannot, therefore, produce an 
almost infinite current or an almost 
infinite voltage across the coil or 
across the condenser by reducing 
resistor R to zero. The resistance of 
the coil will limit the current floW; 

even if there is no other resistance in 
the circuit. However, if we used a 
coil with very low resistance and care
fully removed as much resistance as 
possible from the remainder of the 
circuit, we could get a very high cur
rent in our resonant circuit (and so a 
very high voltage across the coil and 
across the condenser). Of course, in 
practice, the source voltage usually 
will range from a small fraction of a 
volt to just a few volts, so even at 
best the condenser or the coil voltage 
is small. However, in such a circuit, 
it is sometimes necessary to limit the 
source voltage so the current will not 
rise to such values that the condenser 
voltage ratings are exceeded. 

Resonant Voltage Step-Up. One 
of the most useful effects in a series 
resonant circuit is the fact that a high 
voltage—much higher than the source 
voltage—can exist across the coil and 
across the condenser at the resonant 
frequency of the combination. This 
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is called resonant voltage step-up. By-
connecting across either the coil or the 
condenser (but not across both), we 
can use the voltage across that part to 
operate another circuit. The resonant 
circuit in effect has "amplified" the 
signal to which it is tuned, but will 
not so treat other frequencies. Hence, 
the circuit "selects" particular fre
quencies by increasing these more 
than others. You will meet and use 
this effect constantly in your later 
work in radio. 

Conditions in a Series Resonant 
Circuit. Let's repeat the substance 
of what you've just learned, so i t will 
be firmly fixed in your mind. In a 
series resonant circuit at resonance we 
have: 

1. Maximum circuit current, deter
mined by the resistance in the circuit 
and the source voltage. 

2. Maximum and equal voltages 
across the coil and across the con
denser, determined in size by the cir
cuit current and by their reactances. 

3. The L-C part of the circuit (the 
section between points X and Y in 
Fig. 2) acts like a resistor of low 
ohmic value; this resistance is almost 
entirely concentrated in the coil. 
• Remember—this condition of series 
resonance exists for the circuits we've 
been considering only at one particu
lar frequency. We deliberately chose 
the values of inductance and capacity 
used so that their reactances would be 
equal at 500 cycles, the frequency of 
the source. Their reactances would 
not be equal at any other frequency, 
so, with the particular condenser and 
coil we have used, our circuit cannot 
be resonant at any other frequency. 
In other words, our circuit is tuned to 
resonance at 500 cycles. 

VARYING L AND C 
Let's see what would happen if we 

were to use other values of capaci

tance or inductance in our circuit. 
Varying C. Suppose we were to 

vary the value of C (by inserting con
densers of different sizes) while leav
ing the source frequency, the coil, and 
the resistor just as they are in Fig. 2. 
We are particularly interested in the 
circuit current I , since it determines 
what the voltage across L or C will be. 

Fig. 4- shows a plot of the circuit 
current / for various values of C. With 
condensers smaller than 1 mfd., cir
cuit current I drops rapidly; the 

.) - ^ 

CAPACITY OF C 

FIG. 4. This graph shows how the current varies 
In a series resonant circuit when the value of 
capacity C Is varied from 0 to 3 mfd. Note 
that at 500 cycles and with a 100 mh. coll, reson
ance and maximum current occur when the 
capacity of C Is I mfd., making Its capacitive 
reactance equal to the Inductive reactance of L. 

smaller the value of C, the lower the 
current. The reason is quite simple; 
reducing the electrical value of C in
creases its reactance above that of L , 
and that portion of this capacitive 
reactance which is not cancelled by L 
acts to limit current flow. 

With condensers larger than 1 mfd., 
the ammeter reading likewise drops; 
increasing the electrical value of the 
condenser makes the reactance of C 
lower than that of L , with the result 
that a portion of the inductive re
actance is left over to limit current 
flow. 
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• Incidentally, when we tune our 
series resonant circuit away from 
resonance, the circuit will act the same 
as that reactance which is the larger 
or is predominant. Lowering the value 
of C here makes the capacitive react
ance the larger, and the series resonant 
circuit therefore acts like a condenser, 
while increasing C makes its reactance 
less and the circuit acts like an induct
ance. 

Varying L. I f the inductive re
actance (instead of capacitive re
actance) were varied by inserting 
various values of L in the series 
resonant circuit, similar results would 
be obtained, as it is the amount of 
reactance left over (not balanced out) 
which governs the current. This is 

. \ . . . 
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INDUCTANCE OF L 

FIG. 5. Varying L instead of C produces this 
kind of graph. Resonance again is obtained 
when the coll and condenser reactances ere 

equal. 

shown by Fig. 5—a graph of the cir
cuit current for various values of L . 

Varying Both L and C. With a 
500-cycle source, we know that res
onance can be obtained with a 1-mfd. 
condenser and 100-mh. coil. Could 
resonance also be obtained at this 
same frequency with other values of 
L and C? Suppose we try using a 
50-mh. coil and vary C. I f we do, we 
will find that we get resonance (maxi

mum current) with a 2-mfd. conden
ser. Now notice—multiplying together 
the values of L and C in our original 
circuit (Fig. 2) gives a figure of 100 
(100 X 1). We get exactly the same 
figure for a circuit with a 50-mh. coil 
and a 2-mfd. condenser (L X C = 50 
X 2 = 100). As a matter of fact, we 
would find, if we tried other values of 
L and varied C to bring the circuit to 
resonance at 500 cycles, that multiply
ing together the values of L in mil-
lihenrys and C in microfarads at 
resonance always will give the number 
100 for a 500-cycle source (this figure 
is sufficiently accurate for practical 
purposes). The larger the value of L , 
the smaller will be the value of C 
required for resonance. 
• I f we changed the source frequency 
to, say, 1000 cycles, then changed 
either L or C until resonance was 
reached, we would find that the prod
uct of L (in millihenrys) multiplied 
by C (in microfarads) would be 25. 
At some other frequency, we would 
find the product of L times C would 
be equal to some other number; in 
other words, there is one number cor
responding to each resonant frequency. 
Tables are available giving these 
numbers for different frequencies, so 
an engineer who is assembling a res
onant circuit need only look up this 
number for the frequency in question, 
then choose values of L and C which, 
when multiplied together, will give 

•this number. (Although this number 
is equal to L times C, engineers for 
convenience often omit the word 
"times" and simply call it the L-C 
value.) 

This relationship between L and C 
at any resonant frequency makes it 
easy for engineers to predict before
hand what values of L , C, and fre
quency will give resonance in a par
ticular circuit. When any two of these 
values are known, they can find the 
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third either by means of a chart, a 
table, or a mathematical formula * 
• We just said that the product of 
L and C for a circuit resonant at 500 
cycles is 100, while L times C for a 
circuit resonant at 1000 cycles is 25. 
This is an example of a general rule 
which you will find useful to remem
ber—the lower the L-C value of a 
series resonant circuit, the higher the 
frequency to which the circuit is res
onant. In other words, decreasing the 
value of either L or C increases the 
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Curve A 
L = 100 mh 
C= I mfd. 
R = 120u> 

Curve B 
L = IOO mh 
C = t mfd. 
R u l O O i o 

Curve C 
L = 5 0 mh 
0 = Z mfd. 
R = 120 ui 

SOURCE FREQUENCY IN CYCLES 

FIG. 6. Here is what happens when you vary the 
frequency of the source in a series resonant cir
cuit. These curves prove that for any given set 
of values tor L and C, there Is only one fre
quency at which resonance and maxltnum current 
will be obtained. Notice that It Is possible to 
obtain resonance with a different value of L and 
C, providing the UC product is the same. Also, 
reducing the circuit resistance (curve B) pro

duces a sharper curve with a higher peak. 

resonant frequency of a series resonant' 
circuit, while increasing the value of 
L or C decreases the resonant 
frequency. 

in * For those who are interested 
mathematics, this formula is : 

f = 159,000 H- V L C 
In this formula, f is the resonant fre
quency in cycles, L is the inductance of 
the coil in microhenrys (1 millihenry — 
1000 microhenrys) and C is the condenser 
capacity in microfarads. This formula 
applies to both series and parallel res
onant circuits. 

For example, using a 100-mh. coil 
and a condenser of 2 mfd. does not 
give resonance at 500 cycles, but does 
give resonance at the frequency cor
responding to an L-C value of 200. 
As we expect, the new resonant fre
quency is lower than 500 cycles—it is 
near 355 cycles. Hence, when we 
change either the coil or the condenser, 
we tune away from one frequency but 
establish resonance at another. Thus, 
an L-C circuit is always resonant to 
some frequency, although it may not 
be the desired frequency. 

Resonance Curves. The most im
portant characteristic of a resonant 
circuit is how mucli better it accepts 
the desired resonant frequency than 
the undesired frequencies on either 
side. In radio receivers, for example, 
we want the resonant circuits to tune 
in a desired carrier frequency signal 
while rejecting the adjacent undesired 
carriers. To find how well a resonant 
circuit can do this, we refer to a curve 
obtained by plotting current against 
source frequency. (Such a curve is 
commonly called a resonance curve, 
because it shows how circuit condi
tions change as we pass through res
onance.) Three such curves for series 
resonant circuits are shown in Fig. 6; 
let us see how much they can tell. 
• Curve A in Fig. 6 is for the series 
resonant circuit in Fig. 2; i t was 
obtained by keeping the source volt
age constant while varying the fre
quency and measuring the circuit cur
rent. You can see that there is quite 
a drop in circuit current as you go 
above and below the resonant fre
quency of 500 cycles. The sharper the 
curve at resonance, the greater will be 
this drop in current or, as radio men 
say, the better will be the selectivity 
of the circuit. (Since such a curve 
shows how selective a circuit is, it is 
often called a selectivity curve.) You 
will learn later in the course, however, 
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that a certain amount of broadness in 
the curve at resonance is also desir
able in order to keep distortion at a 
minimum. Let us see how we can get 
a more peaked curve, and a broader 
curve. 

• You will recall that the rheostat 
(R) was set at 120 ohms in Fig. 2; if 
we change the setting to 100 ohms, the 
circuit resistance at resonance will be 
lower and we will secure a more 
peaked resonance curve. This is evi
dent in Fig. 6 from the fact that curve 
B for 100 ohms has a higher and 
sharper peak than curve A for 120 
ohms. Lowering the resistance in a 
series resonant circuit thus improves 
selectivity, as i t allows a higher cur
rent at resonance. This means the 
resonant step-up is greater, but the 
voltages at other frequencies are not 
stepped up, so the difference between 
the voltage at resonance and the off-
resonance values is greater. 
• Suppose we use a 50-mh. coil and 
a 2-mfd. condenser, resetting R to 120 
ohms. We still get resonance at 500 
cycles, as the L-C value of 100 has not 
been changed, but now curve C in 
Fig. 6 represents conditions in the cir
cuit. Note that this curve is con
siderably broader at resonance; this 
indicates that a wider range of fre
quencies around the resonant value 
will be passed almost equally well. I f 
we experimented further in this same 
way, we would find that the lower the 
value of L , while circuit resistance is 
kept constant, the broader will be the 
resonance curve obtained. (Incident
ally, resonance or selectivity curves 

like those in Fig. 6 are also known as 
frequency response curves or simply 
as response curves.) 

Resonance Current and Voltage. 
We have pointed out several times 
that a circuit will be resonant at 500 
cycles regardless of what values of L 
and C we use, provided only that the 
product of L times C equals 100. The 
circuit current will be about the same 
at resonance whether we use a large 
coil and a small condenser or a smaller 
coil and a larger condenser. This is 
because the reactances of L and C 
cancel at resonance, no matter what 
their values are, and only the resist
ance in the circuit limits the current 
flow. 

The voltages across the coil or con
denser at resonance, however, will de
pend upon the values of L and C. I f 
we obtain resonance by using a 50-mh. 
coil, for instance, the voltage across 
it will be only about half what i t 
would be across a 100-mh. coil. You 
can readily see the reason for this— 
the voltage across the coil is equal 
to the current times the coil reactance. 
A 50-mh. coil has only half the re
actance of a 100-mh. coil and, since 
the current remains constant, reducing 
the coil reactance one-half reduces the 
voltage across it by one-half. For this 
reason, in series resonant circuits a 
high L-to-C ratio is used when the 
greatest resonance voltage step-up is 
wanted. (A large inductance and a 
small capacity are used.) Don't con
fuse this ratio with the L-C value; 
the ratio is L - i - C , while the L-C 
value is L X C. 
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Parallel Resonant Circuits 

When the source for a resonant cir
cuit is connected in parallel with both 
the coil and the condenser, as in Fig. 
7, we have a parallel resonant circuit. 
The values of L , C, and R used in this 
circuit are the same as those in the 
series resonant circuit in Fig. 2, so 
you might expect that circuit current 
and voltages would be about the same 
for Fig. 7 as they are for Fig. 2. But 
actual measurements would show that 
they are completely different. 

For one thing, the circuit current in 
Fig. 7 (measured on an a.c. ammeter 
in series with the generator) is very 
low. (As you recall, the circuit cur
rent in a series resonant circuit is 
high.) And, practically all the gen
erator voltage appears across the res
onant circuit, between terminals X 
and Y, with almost no voltage across 
resistance R. This is completely dif
ferent from the series resonant circuit. 

120 OHMS * 

no V. 
SOURCE 
500 ~ 

8>^^ 

<8> 

FIG. 7. A t resonance, a parallel resonant cir
cuit reduces the line current to a very low value. 

In the series circuit, nearly all the 
generator voltage appears across re
sistance R, and almost none across the 
resonant circuit. (Of course, there is 
always a high voltage across each of 
the parts in the series circuit, but these 
voltages cancel one another. Across 
the whole L-C circuit, between ter
minals X and y in Fig. 2, there is 
almost no voltage.) 

• Suppose we set up a circuit like 
that in Fig. 8, with a.c. ammeters in
serted in the parallel resonant circuit 
to measure currents and through 
C and L , respectively. We would dis
cover another surprising fact—there 
is plenty of current inside the parallel 
circuit itself! 7i and are both high, 
and equal to one another. Yet, out
side the parallel circuit, there is prac
tically no current. 
• Clearly, this resonant circuit for 
some reason acts like a very high 
resistance across its terminals {X and 
y in Fig. 8), but at the same time 
offers very little opposition to cur
rent flow in the resonant circuit itself 
(the circuit made up of L, C, and the 
two ammeters). The reason for this 
peculiar combination of actions is 
really quite simple. Here, our refer
ence factor is the source voltage which 
is across both the coil and the con
denser. You know that the current 
flow in a coil is 90° behind the coil 
voltage, while the condenser current 
is 90° ahead of the condenser voltage. 
Since the source voltage is now across 
both the coil and the condenser, i t be
comes the coil voltage and the con
denser voltage. As one current is 
ahead 90° and the other is behind 90°, 
this makes the currents 180° out of 
phase. (Compare this with the series 
resonant circuit, where the current is 
the reference value and the voltages 
are 180° out of phase.) 

The fact that the currents 7i and 
are 180° out of phase means that the 
condenser discharges during the half 
cycle in which the coil stores up 
energy; on the next half cycle, the coil 
releases energy while the condenser 
stores it. When the impedances of the 
coil and the condenser are equal (that 
is, at resonance) the energy stored by 
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the condenser equals the energy re
leased by the coil, and vice versa. 
Then the condenaer absorbs all the 
energy released by the coil, and in 
turn releases this energy to be ab
sorbed by the coil. Thus the coil and 
condenser pass current back and forth 

FIG. 8. The current within a parallel resonant 
circuit Is very high, compared to the line cur

rent, due to resonance current step-up. 

inside the resonant circuit, causing the 
high readings on the meters in the cir
cuit. The source has to supply only 
enougli power to make up for the small 
power losses in the small resistances 
within the coil and the condenser, so 
the current outside the resonant circuit 
is small. 
• Whenever a coil and a condenser 
are in parallel in an a.c. circuit (re
gardless of whether or not their re
actances are equal), one will be feed
ing current back into the line while 
the other is drawing current. There
fore, the line current at any instant 
(taking phase into account) will be 
the difference between the two cur
rents. When the reactances are equal, 
as at resonance, the line current is a 
minimum, while both the coil and con
denser draw a current determined by 
their reactances and the voltage across 
the resonant circuit. At resonance, 
then, a parallel resonant circuit he-
haves as a resistor of high ohmic 
value, reducing line current almost to 
zero. The resistance of a parallel 
resonant circuit at resonance is known 

as the resonant resistance of tlie 
circuit. 

Resonant Current Step-Up. You 
have just seen that tlie current through 
either the coil or the condenser in a 
parallel resonant circuit is higher than 
the line current at resonance. This is 
resonant current step-up—the ability 
of a parallel resonant circuit to cir
culate a current many times greater 
than the current fed into it. This par
ticular characteristic is very useful in 
iTidio circuits, as you will soon see. 

VARYING R, L, C, AND F 
Varying the Coil Resistance. Since 

all coils have a certain amount of 
resistance acting in series with their 
inductance, let us see how increases 
in this resistance affect a parallel res
onant circuit. Instead of analyzing 
circuits using coils with the same in
ductance and various values of resist
ance, let us assume a circuit like that 
in Fig. 9, where we' have a rheostat 
Tfi in series witii our coil. I f we were 
to start with R., at zero resistance, 
then increase it gradually, we would 
find that the coil current goes down 
only a little, the condenser current 
remains the same, but the line current 
goes up. This means that when the 
resistance in series with the coil in a 
parallel resonant circuit is increased, 
the resonant resistance of the L-C cir-

FIG. 9. Resistance within the resonant circuit 
(Rl) reduces the current step-up. 
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cuit (between points x and y in Fig. 8) 
is decreased. This allows more line cur
rent to flow, and makes the line current 
value more nearly equal to the con
denser current. We can conclude, then, 
that inserting resistance in a parallel 
resonant circuit decreases both the 
resonant current step-up ratio (the 
ratio of coil current to line current) 
and the resonant resistance. 

Varying C. With the parallel res
onant circuit in Fig. 9 tuned to res
onance and both R and R^ at their 
zero resistance settings, let us see what 
effect varying C would have on the 
line current while the source frequency 
is kept constant at 600 cycles. Fig. 
10, in which the line current is plotted 
for various values of capacity, shows 
the result we would get. 

Starting with a very small value of 
capacity for C, we would find that 
condenser current is practically zero, 
as it offers a very high reactance. The 
line current is then determined by the 
coil reactance (R is set at zero). 
Hence, the coil and line currents are 
both about .35 ampere. 

As the capacity of C is gradually 
increased, its reactance decreases, so 
we would find that the condenser cur
rent goes up, line current goes down, 
and coil current remains unchanged. 
Coil and condenser currents become 
more nearly equal as the capacity of 
C approaches its resonant value. 
Finally, the condition of resonance is 
reached, where line current is at its 
minimum value and the coil and con
denser currents are equal. 

Increasing the capacity of C above 
the resonant value causes line cur
rent to go up again, while condenser 
current continues to increase. With 
a very high capacity for C the re
actance of C becomes so low that coil 
current becomes negligible in compari
son with the extremely high condenser 
current, and meters / and of Fig. 

/ 
\ 

RESONANCE 

U=IOO MH 
f = 5 0 0 ~ 
R=0 
Rl=0 

CAPACITY OF 0 

FIG. 10. This graph tells how the line current 
changes when the capacity of the condenser (C) 

In a parallel resonant circuit Is varied. 

9 read almost the same values. 
• Lowering the capacity of C below 
the resonant value (the value giving 
resonance at the source frequency) 
makes the reactance of the condenser 
greater than the reactance of the coil. 
A parallel resonant circuit acts the 
same as the part drawing the most 
current (having the least reactance), 
so in this case the parallel circuit acts 
like a coil. On the other hand, raising 
the capacity of C above the resonant 
value makes the reactance of the con
denser less than that of the coil, so 
the parallel circuit acts like a 
condenser. 
• Actually, when we reduce or in
crease the value of C from the res
onant value, we make the parallel 
circuit resonant to some other fre
quency. The frequency to which the 
circuit will be resonant with the 
changed value of C is, of course, the 
frequency at which the reactance of 
the coil will equal the reactance of the 
new value of C. From what you 
already know about how the react
ances of coils and condensers vary 
with frequency, it will be easy to see 
that decreasing the value of C raises 
the frequency to which the circuit is 
resonant, while increasing the value of 
C lowers the resonant frequency. 
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Varying L. I f we were to vary in
ductive reactance (instead of capaci
tive reactance) by using different sizes 
of coils for L while keeping the source 
frequency constant, we would find 
that low-inductance values of L had 
the same effect as high-capacity values 
of C, and high values of L gave the 
same results as low values of C. 

Varying Frequency. Now suppose 
we see what would happen in the cir
cuit shown in Fig. 9 if we were to set 
both R and R, to zero resistance and 
vary the frequency of the source with
out changing its voltage or the coil 
and condenser values. Suppose we 
start with a very low frequency (less 
than one cycle per second). This is 
very nearly the equivalent of direct 
current, and you know that C will act 
as an open circuit (very high react
ance), while L will act as a short 
(very low reactance). This means 
that a very high current will flow 
through the coil and ammeters / 
and Zg. 

Increasing the frequency gradually 
from zero to 500 cycles makes the 
reactances of L and C more and more 
nearly equal, with the parallel res
onant circuit acting in the same man
ner as a coil (because below 500 cycles 

FIG. I I . The effects of variations In frequency 
on the line current for a parallel resonant cir
cuit are given on this greph for two different 

L-C ratios. 

the reactance of L is lower than that 
of C). Line current drops to almost 
zero at 500 cycles, and condenser cur
rent increases gradually, being equal 
to the coil current at 500 cycles. 
• When the source frequency is 500 
cycles, we have the resonance condi
tion already described. 
• As the source frequency is increased 
above 500 cycles, coil reactance goes 
up and condenser reactance goes down, 
making our parallel resonant circuit 
behave as a condenser, with line cur
rent increasing again to supply the 
extra current drawn by the condenser. 
At a very high frequency, the react
ance of L will be so high that i t will 
act as an open circuit, but the react
ance of C will be practically zero, and 
line current will be just as high as 
it was for very low frequencies. 

Varying Both L and C. I f we were 
to insert various values of L in Fig. 9 
and use the correct values of C to give 
resonance at 500 cycles, we would find 
in each case that the same number is 
obtained by multiplying together the 
values of L and C. In other words, 
the product L-C is a constant for a 
given frequency, just as it was for 
series resonant circuits. Furthermore, 
it is the same number as the L-C value 
for series resonance. Also, the for
mula for determining the resonant fre
quency when L and C are known 
(already given you in a previous foot 
note) applies to parallel resonant cir
cuits as well as series resonant circuits. 

Resonance Curves. We can draw 
the same kind of resonance curves for 
our parallel resonant circuit that we 
draw for the series circuits by plotting 
frequency against line current, as in 
Fig. 11—the entire 110 volts is ap
plied, as R is reduced to zero. W ĥen 
L is 100 mh. and C is 1 mfd., curve A 
is secured, while when L is 10 mh. and 
C is 10 mfd., curve B is the restilt. 
As you can see from these curves, 
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lower values of L in parallel resonant 
circuits make line current increase 
more rapidly off resonance. In other 
words, a parallel resonant circuit 

tunes more sharply if L is small, so a 
low L-to-C ratio is desirable here. A 
small inductance and a large con
denser are used for greatest selectivity. 

Practical Resonant Circuit Facts 
Tuned circuits are found most com

monly in the r.f. stages of radio ap
paratus, where they are used to sepa
rate signals coming from different 
stations. This separation is possible 
when the stations operate on different 
frequencies, as we will show you later 
in this lesson by means of typical 
circuits. 

However, there are several points 
we should clear up before going on to 
these practical circuits. We should 
get an idea of the amount of resonance 
step-up obtainable; learn how to 
recognize series and parallel circuits; 
and learn how these circuits may be 
adjusted or tuned to resonate with 
different frequencies. We will now 
take these subjects up in order. 

Q FACTOR 

You have learned that the resonant 
voltage step-up or resonant cunent 
step-up of any resonant circuit in
creases as the resistance in the circuit 
is decreased. Since a high step-up 
ratio usually is wanted, engineers 
seldom insert resistors intentionally in 
resonant circuits. However, any res
onant circuit has a certain amount of 
loss caused by the effective a.c. resist
ances of the coil, the condenser, and 
the wiring in the circuit. Usually we 
can assume this loss is concentrated 
in the coil. And we can see what effect 
such a loss has on a circuit by using 
a quantity called the "Q factor" of 
the coil. 

The Q factor is really a measure of 

the merit of the coil. I t can be com
puted for any coil from the formula 
Q = X l -4- R, where R is the total a.c. 
resistance of the coil, and X l i? the 
inductive reactance of the coil. (Test 
instruments are available which will 
measure the Q of a coil.) As prac
tically all the loss in a resonant cir
cuit is concentrated in the coil, we 
usually assume that the coil Q is also 
the Q of a resonant circuit using that 
coil. This factor applies to both series 
and parallel resonant circuits. 
• Of what use is tlie Q factor to us 
in our study of resonant circuits? For 
one thing, it allows us to compare two 
coils of the same inductance to see 
which has the more desirable charac
teristics for use in a tuned circuit. 
If two coils have the same inductance, 
but the Q factor of one is higher than 
the other, we know at once that the 
coil with the higher Q will give shartier 
tuning (better selectivity) in a res
onant circuit. (This follows from 
what you have already learned. You 
know that a circuit tunes more sharply 
if the resistance in it is small, and 
from the formula just given, it, is 
obvious that if two coils have the same 
inductance, the coil with the higher 
Q factor will have the smaller resist
ance.) 

Also, a knowledge of the Q factor 
of the coil used in a resonant circuit 
will let us find out several things 
about the circuit itself. In a series 
resonant circuit, the applied voltage 
multiplied by the Q gives the voltage 
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available across either the coil or the 
condenser. In a parallel resonant cir
cuit, the line current multiplied by Q 
gives the current flowing in the tuned 
circuit; also, multiplying Q by the 
coil reactance will give us the resonant 
resistance of the parallel resonant 
circuit. 
• Notice—we used the a.c. resistance 
of the coil in our formula for Q factor. 
This is not the same amount as the 
d.c. resistance of the coil, which we 
could measure with an ohmmeter. The 
a.c. resistance of a coil is always much 
higher than the d.c. resistance, par
ticularly when the coil is used in r.f. 
circuits. This is because r.f. current 
does not travel through the entire 
cross-section of the wire in a coil, but 
instead tends to travel close to the 
wire surface. The tendency becomes 
more marked as the frequency of the 
current is increased. This is known 
as the "skin effect." 

The skin effect means that the 
actual current-carrying area of the 
wire in a coil is considerably reduced 
as the frequency of the current in
creases, and therefore the resistance of 
the coil increases. To this resistance 
must be added dielectric losses in the 
coil form, shield losses, and, in a coil 
which has an iron core, losses in the 
core. All these factors make up the 
a.c. resistance of the coil as they repre
sent losses. This resistance has all the 
characteristics of resistance, and must 
not be confused with reactance, which 
the coil also has. Engineers frequently 
draw a resistance symbol in series 
with the coil symbol to indicate that 
the coil resistance is in series with the 
inductance. 

Since both the a.c. resistance and 
the inductive reactance increase as the 
frequency of the circuit current in
creases, it might seem as if these in
creases would cancel one another, so 
that the Q factor of the coil (the ratio 

of the reactance to the a.c. resistance) 
would remain constant for all fre
quencies. In the interest of greater 
operating efficiency, many coil design
ers try to achieve this effect. Usually, 
however, the a.c. resistance of a coil 
increases much more rapidly than 
does the coil reactance as the fre
quency of the circuit current is raised. 
Therefore, it is generally true that 
the Q factor of a coil becomes smaller 
when higher frequency currents flow 
through it. In recognition of this fact, 
the Q factor of a coil always is speci
fied as having been measured at some 
particular frequency. 

COMPARING RESONANT 
CIRCUITS 

A comparison of series and parallel 
resonant circuits is given elsewhere in 
this lesson, in a table. Here are a few 
additional facts: 
• When a resonant circuit is designed 
for a particular frequency, inductance 
and capacity values are chosen which 
will give the L X C value necessary 
at that frequency. However, we often 
want a resonant circuit which can be 
tuned over a band of frequencies at 
will. For example, the r.f. circuits of 
your radio tune over the broadcast 
band, covering frequencies from 550 
kc. to 1500 or 1600 kc. In these cases, 
the maximum inductance or capacity 
value of the variable part is found, 
then the circuit is designed to tune 
to the lowest frequency in the band. 
Then, as the variable capacity or vari
able inductance value is decreased, the 
circuit tunes to higher frequencies and 
thus is made to cover the desired 
band. In this case, notice that there 
are a number of frequencies applied 
simultaneously, and the resonant cir
cuit is adjusted to "tune in" or accept 
the one in which we are interested. 
• When a choice of several L and C 
values is possible and maximum selec-

15 
STEAM POWERED RADIO.COM



Comparison of Series and Parallel Resonant Circuits 

S E R I E S R E S O N A N T C I R C U I T S 

(RES.OF 
COIL) 

C 

iC SOURCE 

1. The coil, the condenBer aad the A . C . volt
age source are all in series. 

2. Resonance occurs when the reactance of L 
is equal to the reactance of C. 

3. At resonance, source current is a maximum 
(very high). 

4. At resonance, a series resonant circuit acts 
like a resistor of low ohmic value. 

5. At resonance, the voltages across L and C 
are equal in magnitude but 180 degrees out 
of phase with each other. 

6. At resonance, the same current flows through 
the entire circuit. 

7. At resonance, the voltage across either L 
or C may be greater than that of the source, 
giving resonant voltage step-up. 

8. At ^ resonance, increasing the value of coil 
resistance r lowers the circuit current, 

thereby lowering the resonant voltage step-up. 

9. Off resonance, the circuit acts like that part 
which has the higher reactance. 

a. Increasing C above its at-resonance value 
makes the circuit act like a coil. 

b. Reducing C below its at-resonance value 
makes the circuit act like a condenser. 

c. Increasing L above its at-resonance value 
makes the circuit act like a coil. 

d. Reducing L below its at-resonance value 
makes the circuit act like a condenser. 

e. Applying a higher frequency than the 
resonant one makes the circuit act like a 
coil. 

f. Applying a lower frequency than the 
resonant one makes the circuit act like a 
condenser. 

10. The product LC is constant for any given 
resonant frequency. 

11. Increasing L or increasing C lowers the 
resonant frequency. 

12. Decreasing L or decreasing C raises the 
resonant frequency. 

13. The Q factor of the circuit is essentially 
equal to the coil reactance divided by the 
A . C . resistance of the coil. 

P A R A L L E L R E S O N A N T C I R C U I T S 

L 

-'ttWW'-i •mm-
(RES. OF 
COIL) , 

1. The coil, the condenser and the A . C . volt
age source are all in parallel. 

2. Resonance occurs when the reactance of L 
is equal to the reactance of C . 

3. At resonance, source current is a minimum 
(very low). 

4. At resonance, a parallel resonant circuit 
acts like a resistor of high ohmic value. 

5. At resonance, the voltages across L , C and 
the source are all the same in iQ^gnitude 
and phase. 

6. At resonance, the currents through L and 
C are essentially equal in magnitude but are 
180 degrees out of phase. 

7. At resonance, the current through either 
Z, or C is greater than the source current, 
giving resonant current step-up. 

8. At resonance, increasing the value of coil 
resistance r increases line current, thereby 
lowering the resonant current step-up. 

9. Off resonance, the circuit acts like that part 
which has the lower reactance. 

a. Increasing C above its at-resonance value 
makes the circuit act like a condenser. 

b. Reducing C below its at-resonance value 
makes the circuit act like a coil. 

c. Increasing L above its at-resonance value 
makes the circuit act like a condenser. 

d. Reducing L below its at-resonance value 
makes the circuit act like a coil. 

e. Applying a higher frequency than the 
resonant one makes the circuit act like 
a condenser. 

f. Applying a lower frequency than the 
resonant one makes the circuit act like 
a coil. 

10. The product LC is constant for any given 
resonant frequency. 

11. Increasing L or increasing C lowers the 
resonant frequency. 

12. Decreasing L or decreasing C raises the 
resonant frequency. 

13. The Q factor of the circuit is essentially 
equal tô  the coil reactance divided by the 
A . C . resistance of the coil. 

16 

in a previous lesson, but now let's 
spend a little time learning more about 
how variable inductances work, be
cause inductance tuning is becoming 
increasingly more important in modern 
radio receivers. (It has been used in 
transmitters for years.) 

You will recall that anything which 
increases or decreases the magnetic 
flux linkage per ampere of current 
flowing through a coil will increase 
or decrease the inductance of the coil. 
For example, increasing the number 
of turns on the coil increases its in
ductance, and increasing the amount 
of fiux flowing through the coil like-

tivity is desired: 
A. For series resonance, use a large 

inductance and small capacity, 
giving a high L-4 -C ratio. 

B. For parallel resonance, use a 
small inductance and large 
capacity, giving a low L -4- C 
ratio. 

• After the L and C values have been 
chosen, the Q factor then determines 
the actual voltage or current step-up. 
The higher the Q (the lower the a.c. 
resistance), the greater the step-up. 

Distinguishing Between Series 
and Parallel Resonant Circuits. One 
question often asked even by expe
rienced radio men is, "How can I tell 
whether a resonant circuit is of the 
series or parallel type when I see i t in 
a circuit diagram or in radio appara
tus?" It's not really very difficult. 
Here's a simple procedure that will 
give you the right answer every time: 

1. Locate the coil and the conden
ser forming the resonant circuit. 

2. Locate the source of a.c. voltage 
for this resonant circuit. Typical 
sources will be receiving antennas, 
plate circuits of vacuum tubes, and 
voltages induced from other circuits. 

3. I f the source for the resonant 
circuit is in series with the coil and 
the condenser, you have a series res
onant circuit. 

4. I f the source for the resonant 
circuit is connected directly in parallel 
with both the coil and the condenser, 
you have a parallel resonant circuit. 

VARIABLE INDUCTANCES 

You know that a circuit can be 
tuned by varying either the ca
pacity of the condenser or the in
ductance of the coil, but how do we 
actually vary these things? You know 
the answer as far as variable con
densers are concerned, since they have 
been fully covered in another lesson. 
Variable inductances were mentioned 

FIG. 12. Methods of varying the Inductance of 
a coll. 

wise increases its inductance. One 
way of building a variable inductance, 
then, is to use a coil which has the 
number of turns required to give the 
maximum desired inductance for a 
circuit, and provide some means of 
using fewer turns when we want to 
reduce the inductance in the circuit. 
One scheme which has been widely 
used for this purpose is shown in Fig. 
12A. Here, various turns on the coil 
are connected by means of wire leads 
(taps) to metal contacts over which 
a contact arm moves, thus permitting 
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the operator to select as many or as 
few turns as he requires. 

Earlier radio receivers used this 
tapped inductance extensively, while 
a variation of it is still being used 
in transmitters. Fig. 12B shows a 
transmitting coil with movable clamp 
type contacts which can be placed on 
any desired turns. Only those turns 
which carry current are effective in 
producing flux linkages. 
• You can increase flux through a 
coil and thereby increase its induct
ance by placing inside the coil a 
material which offers less opposition 
than air to the flow of magnetic lines 
of force. 

For low frequencies, iron and steel 
in either solid or laminated (thin 
sheets in layers) form make satis
factory coil cores, but for radio fre
quencies, solid or laminated cores act 
as a multitude of tiny short-circuited 
secondary coils which serve to reduce 
the useful magnetic flux. Radio 
manufacturers get around this diffl-
culty by pulverizing the steel core 
material and mixing this steel powder 
with liquid bakelite (a good insula
tor). The resulting mixture can be 
molded into a core of the desired 
shape for use with radio frequency 
coils. The metal particles are insu
lated from each other by the bakelite 
and so do not produce the short-cir
cuiting effect just mentioned. How
ever, enough iron is in the mixture to 
reduce the reluctance of the magnetic 
field and thus to increase the induc
tance. I f the core is designed so that 
it can be moved in and out of the 
coil, as indicated in Fig. 12C, ŵe have 
another form of variable inductance. 
This style of inductance variation is 
used most commonly today in radio 
receivers. 

• Two coils are often connected to
gether in series. I f the coils are some 
distance apart, so that there is no 

coupling between them, their com
bined inductance is the sum of the 
separate inductances. As the coils 
are moved closer to each other, so that 
the flux of one links the turns of the 
other, the combined inductance will 
increase if the two fluxes are in the 
same direction and will decrease if the 
two fluxes are in opposite directions. 
A variable inductance of this type is 
illustrated in Fig. 12D. 

A more convenient way of using the 
combined inductance of two coils to 
produce a variable inductance is 
shown in Fig. 12E. Here, one of the 
coils is made smaller and mounted on 
a shaft inside the other. I t is pos
sible, by rotating the inner coil, to 
vary the combined inductance of these 
coils over a wide range. When the 
coils are arranged so that their cur
rents flow in the same direction, the 
fluxes will be in the same direction 
and the combined inductance will be 
high. When the inner coil is turned 
halfway around (180°) so that the 
currents flow in opposite directions, 
the fluxes will oppose each other and 
the inductance will be greatly re
duced. A variable inductance of this 
type is known as a variometer. 
• Another method of constructing a 
variable inductance is illustrated in 
Fig. 12F. A rotatable metal ring is 
mounted in the center of the core; 
when this ring is at right angles to the 
axis of the coil, i t acts as a short-
circuited secondary winding having 
one turn. The induced voltage causes 
a high current in this secondary, which 
in turn produces a flux which par
tially balances out the coil flux, reduc
ing the inductance of the coil. Rotat
ing the ring lessens the amount of flux 
which can induce a voltage in the ring. 
This reduces the "bucking" effect of 
the flux produced by the ring and in
creases the coil inductance. A metal 
disc will work equally as well as a 
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ring in this variable inductance, for 
a disc really consists of a great many 
rings, one inside the other. A very 
important fact to remember is that 
the presence of any conducting mate
rial near a coil, such as a metal shield 
surrounding a coil, will reduce the 
inductance. 
• Of course, a fixed condenser is used 
in the tuned circuit when the induct
ance is variable, while a fixed induct

ance is used with a variable condenser 
for any one tuning range. Where 
several ranges are to be covered, as 
in a receiver designed to tune over 
short-wave bands as well as the broad
cast band, tapped coils (or separate 
coils, exchanged by a switch) usually 
are used for the extra bands. You 
will learn more about this when 
you study r.f. stages and all-wave 
receivers. 

How Resonant Circuits A r c Used 
Now, since you have learned how 

resonant circuits function, let us put 
both the series and the parallel 
circuits to use in practical radio 
applications. 

WAVE TRAPS 

Using a Parallel Resonant Circuit. 
When a radio receiver is located so 
near a powerful short-wave or broad
cast band transmitter that signals 
from this station interfere with those 
of stations broadcasting on adjacent 
frequencies, a wave trap similar to 
that shown in Fig. ISA is quite often 
used. The wave trap weakens the 
signal of the undesired local station 
before this signal gets into the ampli
fying section of the receiver. A 
parallel resonant circuit made up of 
coil L and condenser C is inserted in 
the antenna lead-in wire and tuned to 
resonance at the frequency of the un
desired signal. 

Fig. 13B shows schematically how 
this wave trap works. The antenna 
and ground system can be considered 
a voltage source, while the radio itself 
acts as a load for this source. Our 
wave trap is inserted in the circuit 
between the source and the load. Now, 
the source voltage will always divide 
between the wave trap and the load 

in proportion to their impedances. 
When the source voltage (that is, the 
input signal) has the frequency to 
which the wave trap is tuned, the 
wave trap has a very high impedance, 
while the load (the radio) has its 
usual moderately low impedance. 
Therefore, nearly all of this particular 
signal voltage is developed across the 
wave trap, and very little is fed to 
the radio. At other frequencies, to 
which the wave trap is not tuned, the 
trap will have much lower impedance 
than the radio. Then most of the 
signal voltage will be developed across 
the radio, and very little will be 
wasted in the trap. Thus, our wave 
trap acts as a signal rejector; i t keeps 
one narrow band of frequencies out 
of the radio, but lets all frequencies 
above and below this band go on to 
the set. This circuit is actually a filter. 
Since i t eliminates a narrow band of 
frequencies and lets those above and 
below pass, i t is called a hand-elimina
tion filter. 

A coil and a condenser connected 
to form a parallel resonant circuit 
which can be used as a wave trap are 
shown in Fig. 13C. The trimmer type 
condenser need be adjusted only once, 
at the time when the wave trap is 
installed. 
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FIG. 13. Using a parallel resonant circuit as a 
wave trap. 

Using a Series Resonant Circuit. 
A series resonant circuit, when con
nected to the antenna and ground ter
minals of a receiver in the manner 
shown in Fig. 14A, also serves as a 
wave trap. We can analyze the action 
of this trap with the schematic dia
gram in Fig. I4B. Again, the antenna-
ground system is represented as a 
voltage source and the receiver is 
shown as a load. The series resonant 
circuit is across this load. Notice—we 
have included an impedance Z in the 
voltage source. This is the impedance 
of the antenna-ground system. (This 
impedance was present also in the cir
cuit we just discussed, but was not 
mentioned because there i t was un
important in the analysis of that 
circuit.) 

Since the load and the series res
onant trap are in parallel, there always 
will be the same voltage drop across 
each. The source voltage will divide 
between the impedance Z of the source 
and the combined impedances of the 
trap and the receiver. At the resonant 
frequency of the trap, its impedance 
will be very low—and, of course, the 
combined impedances of the trap and 
the receiver will be even lower. Thus, 
when the input signal is of the fre
quency to which the trap is tuned, 
practically all the voltage will be 
dropped across impedance Z, and 
very little will be dropped across the 
trap and the receiver. At other fre
quencies, the trap-receiver combina
tion will have much higher impedance 
than Z, and nearly all the input signal 
voltage will be dropped across them. 
Again, we have a signal rejector which 
keeps one narrow band of frequencies 
out of the radio receiver. 

The actual connections of a coil 
and condenser used as a wave trap of 
the series resonant type are shown in 
Fig. 14c. A completely assembled 
wave trap in a neat metal housing is 
illustrated in Fig. 14D. This is of 
the series resonant type, with connec
tions like that in Fig. 14A; hence its 
two terminals are connected directly 
to the antenna and ground terminals 
of the receiver. The condenser can be 
adjusted by inserting a screwdriver 
through a hole in the top of the hous
ing, and turning the adjusting screw. 

FIG. 14. How a serial resonant wave trap should ba eonnaetad. 
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FIG. 15. A parallel resonant circuit used as a 
plate load In a vacuum tube circuit. A variable 
condenser may be used instead of the trimmef 

shown at C. 

• Be sure to remember two very im
portant facts about the two types of 
wave traps. A parallel resonant trap 
is connected in series with the receiver. 
A series resonant trap, on the other 
hand, is connected in parallel with the 
receiver. (A parallel resonant trap 
is often called a series trap, and a 
series resonant trap is often called a 
parallel trap, because of the way they 
are connected into the circuit. These 
terms, however, refer only to the 
method of connection, not to the kind 
of resonant circuit used.) 

Wave Trap Data. Wave traps of 
the parallel resonant type generally 

give best results on receivers which 
have a low input impedance, while 
those of the series resonant type will 
work best with receivers having a high 
input impedance. When the impedance 
of the receiver input is unknown, the 
practical radio man usually tries both 
types, selecting the one which gives 
the greater interference reduction. 

Adjusting a wave trap is a simple 
matter. Connect i t to the receiver in 
the proper manner, tune the receiver 
to the offending station, and then 
adjust the condenser in the wave trap 
until the offending signal is as weak 
as possible. I f more than one station 
interferes, use one wave trap for each 
interfering station. Many all-wave 
superheterodyne receivers have built-
in wave traps, which can be adjusted 
by the serviceman to tune out offend
ing low-frequency code stations. 

A wave trap is not a cure-all; there 
are many types of interference which 
it cannot reduce. You will learn more 
about the types of interference in later 
lessons. 

TUNING CIRCUITS 

Parallel Resonant Circuits in R.F. 
Amplifiers. Tuned or resonant cir
cuits are widely used for feeding radio 
frequency signals from one tube to 
another, as in tuned r.f. amplifiers. 
The tuned-impedance or high-gain 
amplifier circuit shown in Fig. ISA is 
an example. We are interested pri
marily in the action of the L-C circuit 
drawn in heavy lines, since the other 
parts of this circuit will be taken up 
in detail later in the Course. 

For our purpose, we can represent 
the input side of this circuit (tube 
FTi and the L-C circuit) by the 
schematic diagram in Fig. 15B. Here 
we consider tube FTi to be an a.c. 
voltage source with a resistance J??. 
You can see at once that any voltage 
produced by the tube source will 
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divide between the resistance RF and 
the parallel resonant circuit. 

I f we tune the parallel circuit to 
resonance at the frequency of the in
coming signal, it will have a very high 
resistance at tliis frequency. Con
sequently, most of the signal voltage 
of tube VT^ will be developed across 
the parallel circuit and will be passed 
on to the grid of tube VT^ through 
CK. The parallel resonant circuit will 
have a low impedance for input signals 
of other frequencies, however, so they 
will be largely dropped in Rp and little 
energy will be passed on. 

A parallel resonant circuit connected 
this way passes on signal voltages at 
the frequency to which it is tuned, 
and rejects voltages at all other fre
quencies. This means that the cir
cuit possesses selectivity characteris
tics which make it very valuable for 
separating r.f. signals, so we can "pick 
out" and accept those from a desired 
station. 

The picture diagram in Fig. 15C 
shows you the actual connections for 
a parallel resonant circuit, just as you 
might find them in the chassis of an 
r.f. amplifier. Notice how much 
simpler it is to draw the schematic 
diagram (Fig. 15A) than the picture 
diagram. Except for keeping certain 
leads (such as grid and plate leads) 
as far apart as possible, the manner 
in which parts are physically con
nected together is generally not impor
tant as long as the proper terminals 
are connected together electrically. 

Series Resonant Circuits in R.F . 
Amplifiers. Another typical r.f. 
amplifier which uses a resonant circuit 
is shown in Fig. 16A. There is no 
difficulty here in recognizing the res
onant circuit made up of condenser C 
and coil L , but the question is: Where 
is the source of voltage for this cir
cuit? We must locate this source 
before we can tell whether the circuit 

FIG. 16. A series resonant circuit used in a 
vacuum tube circuit. The connections at C are 
typical, although the coil and condenser may be 

of different shape. 

is of the series or the parallel type. 
The answer to this question lies in 

the transformer made up of coils Lp 
and L . The r.f. signal current sup
plied by the plate of tube VT^ flows 
through coil Lp and induces an r.f. 
voltage of corresponding wave form in 
coil L . The field about Lp links with 
L, inducing a voltage W I T H I N L , 
just the same as if a voltage source 
were placed in series with L . In fact, 
we can represent the resonant circuit 
by the diagram in Fig. 16B, where 
the voltage induced within L is shown 
as the generator E. 

By tracing from the generator in 
Fig. 16B, you can see that to make a 
complete circuit we must go through 
part of coil L , through condenser C, 
and through the other part of coil L 
back to the generator. Therefore, this 
is obviously a series circuit—as is any 
resonant circuit in which the voltage 
is induced in the coil. 
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The identification of a circuit of 
this kind puzzles many radio men. 
Remember this one fact, and you'll 
have no difficulty in identifying the 
circuit: 

Whenever a voltage is induced 
in the coil of a tuned circuit, the 
circuit is series resonant. 

When L and C in this series resonant 
circuit are tuned to the frequency of 
the induced signal voltage, they act 
as a resistance of very low ohmic 
value. A large r.f. current, therefore, 
flows through the series resonant cir
cuit, developing a correspondingly 
large voltage across condenser C, and 
this voltage acts on the grid and 
cathode of tube FT^. At all other 
frequencies, the L-C circuit acts as a 
high reactance. The r.f. currents at 
these other frequencies are therefore 
low, so the voltages developed across 
C are low, thus the desired signals are 
favored. A series resonant circuit thus 
gives selectivity besides giving res
onant amplification of the desired 
signal. Chassis connections as they 
might be for a series resonant circuit 
in an r.f. amplifier are shown in 
Fig. 16C. 

Resonant Circuits in a Super
heterodyne Receiver. You have just 
seen how series and parallel resonant 
circuits each contribute a certain 
amount of selectivity. In super
heterodyne receivers, series and par
allel resonant circuits are often con
nected together, in the manner shown 
in Fig. 17A, to secure even greater 
selectivity. Again the resonant cir
cuits are shown in heavy lines. 

FIG. 17. In the i.f. section of a superheterodyne, 
both series and parallel resonant circuits are 

used. 

First consider only circuit L i - C i i 
clearly, this is a parallel resonant cir
cuit as is that shown in Fig. 15A, 
because tube F T i is its signal source. 
At resonance, then, a large current 
flows through coil L , and condenser C,. 

Now let us bring the L^-C^ circuit 
into our picture. The r.f. current 
flowing through coil L , induces in coil 
L2 an r.f. voltage which acts in series 
with L2 and C j , just as in Fig. 16A. 
Thus L2 and Cj form a series resonant 
circuit. The actual chassis connec
tions for this double resonant circuit 
might be as shown in Fig. 17B. 
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Coupling Radio Circuits 
Now that we are well acquainted 

with resonant circuits and with a few 
of their applications, we are ready to 
take up the different ways in which 
a resonant circuit can be coupled 
(connected) to a source of voltage. 

ANTENNA COUPLING METHODS 

The antenna circuit of a radio re
ceiver is one of the simplest and best-
known applications for coupling sys
tems, so we will use i t as our prac
tical example in connection with this 
study of coupling methods. Suppose 
we have an antenna and a ground. 

51 
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FIS. 18. How can we couple the resonant cir
cuit to the antenna-ground? 

and want to connect or couple them to 
the resonant or tuned circuit which 
feeds the first r.f. stage of a radio 
receiver, as shown in Fig. 18A. 

The antenna-ground circuit will be 
a source of voltage, as i t picks up 
energy from the traveling radio waves. 
However, like all other sources, the 
antenna-ground circuit has an im
pedance. I t has a certain amount of 
resistance and also has some inductive 
and some capacitive reactance. Hence, 
the antenna-ground circuit can be 
represented as in Fig. 18B. As you 
can see, i t is a series resonant circuit 

itself, but in practice antennas are so 
dimensioned that they are resonant 
only in the short-wave bands. Thus, 
at the lower or broadcast frequencies, 
the combination is far off resonance, 
and acts like a condenser in series 
with a resistance. 

We can lump together all the op
position as an impedance, as shown in 
Fig. 18C. We don't need to know the 
exact amount of either the impedance 
of Z a or the voltage of E , but we do 
want to know how we can couple from 
this circuit into the resonant circuit. 

There are four simple ways to 
couple an antenna to a single resonant 
circuit: 

1. Direct coupling. 
2. Capacitive coupling. 
3. Direct inductive coupling. 
4. Inductive coupling. 
Let us consider them one by one. 
1. Direct coupling, as shown in 

Fig. 19A, is the first and simplest solu
tion to this problem. The entire 
antenna voltage is applied across our 
L - C circuit, making it a parallel 
resonant circuit. The resonant circuit 
then becomes the load, and forms a 
voltage divider with the antenna im
pedance Z a , as shown in Fig. 19B. 

As you have learned, this tuned 
circuit will act as a resistance of high 
ohmic value to a signal having the 
resonant frequency to which L and C 

F ie. 19. Diracf coupling. 
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are tuned. At this desired frequency, 
then, the resistance of the input cir
cuit is much higher than the antenna 
impedance, and the greatest part of 
the signal voltage will exist across the 
resonant circuit and be passed on to 
the grid of the first tube. At all other 
frequencies, however, this resonant 

FIG. 20. Capacitive coupling. 

circuit will act as a low impedance, 
and a far smaller voltage will be 
developed across it. 

2. Capacitive coupling, as illus
trated in Fig. 20A, is the second 
method. As you can see, i t is simply 
direct coupling with a low-capacity 
condenser CK inserted in the antenna 
lead-in. 

Using the condenser gives an im
provement over the direct coupling 
circuit shown in Fig. 19. In direct 
coupling, the selectivity is more 
sharp the higher Z a becomes. The 
voltage division for off-resonant sig
nals is not effective until the resonant 
circuit impedance has dropped to some 
value near (or below) the Z a value. 
Therefore, when Z a is small, the par
allel resonant impedance must drop 
a great amount before off-resonant 
signals are eliminated. This means 
signals near the resonant frequency 
are not cut out, so the tuning is broad. 

Inserting the condenser CK as shown 
in Fig. 20A places its reactance in 
series with the antenna impedance as 
shown in Fig. 20B. Hence, it is added 
to the series impedance, increasing the 

effectiveness of the circuit. Now the 
parallel impedance does not have to 
drop so far before its value compares 
with that of the series impedance, so 
the circuit rejects frequencies closer to 
the resonant value. 

3. Direct inductive coupling of 
the form shown in Fig. 21A applies 
the antenna voltage to only a part of 
the resonant circuit. By having the 
tap 3 well up on the coil (near 1), 
the circuit still acts as a parallel res
onant circuit, but only a part of its 
impedance will be between 2 and 3, 
and hence in the antenna-ground cir
cuit. This can result in a better volt
age-dividing action, and transformer 
step-up can be used to increase the 
voltage slightly. The position of point 
3 can be chosen to secure maximum 
gain with fair selectivity or low gain 
with good selectivity, as desired. 

4. Inductive coupling, shown in 
Fig. 22A, is perhaps the most widely 
used of all methods for coupling the 
antenna system to a resonant input 
circuit. (Inductive coupling is also 
known as transformer coupling or 
sometimes as indirect inductive coup
ling.) Antenna current flowing through 

FIG. 21. Direct-inductive coupling. 

coil L i sets up a varying magnetic 
flux M which links coil L and induces 
in it a voltage which acts as if i t were 
in series with L . Inductive coupling 
can be designed to give very high gain, 
to give high selectivity, or to give a 
satisfactory compromise between the 
two, as desired, by varying the num-
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FIG. 22. Inductive coupling. 

ber of turns in coil and its position 
with respect to coil L. 
• The coupling methods shown in 
Figs. 19 to 22 for antenna circuits are 
essentially the same as those you will 
encounter in a host of other radio ap
plications, the most common of which 
is the coupling together of the plate 
circuit of one tube and the grid cir
cuit of the following tube. We will 
study these circuits in detail in later 
lessons, when we take up complete 
radio stages. 

INDUCTIVE COUPLING FACTS 
Any inductively coupled circuit can 

be simplified to the three essential 
parts shown in Fig. 23: a source, a 
coupling transformer, and a load. The 
source may or may not have appre
ciable impedance, and may be deliver
ing either an a.f. or an r.f. signal volt
age. The transformer may be of the 
air-core type, if its two windings 
(coils) are separated only by air or 
some other insulating material, or i t 
may be of the iron-core type. The 

COUPLING 
TRANSFORMER 

FIG. 23. Any inductively coupled circuit c*n be 
represented by this simplified circuit. 

load likewise may have impedance. 
Either the source, the load, or both, 
may be resonant circuits. In an in
ductively coupled circuit of this sort, 
the source sends through the trans
former primary (coil L,) a current 7p 
which induces in coil a voltage that 
acts directly on the load, making cur
rent /s flow through the load. 

The current flow through the load 
means that the load is taking power 
from the coupling transformer, and 
further, this power must be given to 
the coupling transformer by the 
source. Hence, the source "feels" the 
load through the coupling, and the 
current flow 7p is automatically ad-

FIG. 24. An audio frequency example of induc-
flve coupling. 

justed so that the required power is 
delivered, provided the coupler is 
properly designed. You will go into 
this in more detail in later lessons. 

Practical A.F. Application. A very 
common and practical low-frequency 
application of inductive coupling is 
that shown in Fig. 24, where a micro
phone serves as a source of a.f. signals, 
an audio amplifier serves as a load, 
and an iron-core coupling transformer 
serves to transfer to the source the 
effects of the load. This coupling 
transformer can be designed to deliver 
maximum voltage or maximum power 
to the load. 

Practical R.F. Application. A 
radio frequency application of induct
ive coupling is the little "pill-box" you 
see connected between the two halves 
of some short-wave antennas in an 
arrangement similar to that shown in 
Fig. 25A. A close-up view of this box 
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Fig. 25, An r.f. application of inductive coupling. 

appears in Fig. 25B. Generally, all 
you will find inside i t are two coils 
forming an air-core transformer, which 
is connected between the two halves 
of the antenna and the two-wire lead-
in (transmission line) in the manner 
shown in Fig. 25C. 

• We might get a little in advance of 
our subject here to explain why this 
transformer is used. You know that 
an antenna has an impedance at 
its connecting terminals; likewise, the 
input of a radio receiver has imped
ance. As later lessons will show, 
maximum power can be transferred 
from one circuit to another only when 
their impedances are equal—or, as 
radio men say, matched. The simplest 
way to match impedances is to couple 
the circuits with a transformer which 
has a certain calculated number of 
turns in its primary and secondary 
windings. Thus, the transformer in 
Fig. 25B is used as an impedance-
matching transformer so that maxi
mum signal power will be transferred 
from the antenna to the set. 

Types of Inductive Coupling. The 
action of a coupling transformer, as 

you already know, depends upon the 
fact that current flowing through the 
primary winding produces a varying 
magnetic flux. When all of the 
magnetic flux produced by the pri
mary winding links with (passes 
through) the entire secondary winding, 
we have what is known as unity 
coupling. While unity coupling is just 
about impossible to secure in a prac
tical transformer, a very close ap
proach to it can be made; this is called 
tight coupling. On the other hand, 
when only a part of the magnetic flux 
links with the secondary winding, the 
coupling is said to be loose or weak, 
and the load will have less effect upon 
the source. I f none of the magnetic 
flux links with the secondary winding, 
there is zero coupling. Let us con
sider how tight or weak coupling can 
be secured in actual coupling trans
formers. 

Tight Conpliug. When the two 
wires which form the primary and 
secondary windings of a coupling 
transformer are wound side by side 
on the coil form, as indicated in Fig. 
26A, we have tight coupling; now 
practically all of the flux produced by 
the primary winding must link with or 

FIG. 26. Unity coupling can be secured as shown 
hare. 
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pass through the entire secondary-
winding. In ultra-high-frequency ap
paratus, the same result often is 
secured by using one or more turns of 
copper tubing as the primary coil, and 
threading an insulated wire through 
this tubing to serve as the secondary 
coil. This is illustrated in Fig. 26B. 
When an iron core is used, as in Fig. 
26C, tight coupling is secured without 
the necessity for having the turns of 
the two windings close together. In 
fact, the primary and secondary may 
be two separate coils placed one inside 
or alongside the other, as long as 
nearly all of the magnetic flux passes 

FIG. 27. Loose coupling. 

through both coils. Iron cores are used 
in coupling transformers designed for 
audio amplifier circuits. 

Loose Coupling. Where loose 
coupling is desired, as in some r.f. 
transformers, the two coils generally 
are arranged in one of the two ways 
shown in Fig. 27, so that there is con
siderable space between the coils. Only 
a small fraction of the magnetic flux 
thus links with the secondary coil. 
• When two coils are loosely coupled 
to each other, we really have a con
dition where a small part of the pri
mary coil is tightly coupled with a 
small part of the secondary coil, and 
the remaining parts of the primary 
and secondary coils are not coupled'to 
anything. These uncoupled parts of 

the primary and secondary coils can 
be considered as separate, extra coils 
in their respective circuits. Thus we 
can, if we wish, think of a loosely 
coupled circuit as being a tightly 
coupled circuit with an extra coil in 
its primary circuit and an extra coil 
in its secondary circuit. I t is often 
very convenient to analyze a loosely 
coupled circuit this way. These extra 
inductances are known as the primary 
leakage inductance and the secondary 
leakage inductance, since they exist 
because some magnetic flux leaks off 
without linking the other coil. 

As you learn more about radio 
apparatus, you will see how important 
is this left-over or leakage inductance 
in the actual operation of radio cir
cuits which employ loose coupling. 
Also, you will discover that moving 
the original coils closer together in
creases the coupling, reduces the 
values of these leakage inductances, 
and affects the operation of the cir
cuit in many other ways. 

Looking Forward. Now that we 
have a general understanding of 
resistors, coils, condensers, vacuum 
tubes, and tuned circuits, we can pro
ceed to connect all these into actual 
vacuum tube circuits and study their 
operation in connection with tubes. 
This we will do in our next lesson, in 
which you will be introduced to a 
number of typical circuits actually 
being used in radio receivers and other 
radio apparatus. You will probably 
be surprised, after you have completed 
your study of this next lesson, to see 
how much you have learned from the 
first ten lessons in your Course. 

THE N. R. I. COURSE PREPARES YOU TO BECOME A 
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Lesson Questions 

Be sure to number your Answer Sheet 9FR-3. 

Place your Student Number on every Answer Sheet. 

Send in your set of answers for this lesson immediately after you finish 
them, as instructed in the Study Schedule. This will give you the greatest 
possible benefit from our speedy personal grading service. 

1. Does reducing the resistance of a series resonant circuit: 1, increase; or 2, 
decrease the selectivity of the circuit? 

2. When a series resonant circuit is tuned to resonance, is the circuit current 
flow: 1, at its highest value; or 2, at its lowest value? 

3. Suppose the capacity of C in a series resonant circuit is increased. Will the 
circuit now tune to: 1, the same frequency; 2, a higher frequency; or 3, a 
lower frequency? 

4. At resonance, does a parallel resonant circuit act like: 1, a coil; 2, a con
denser; 3, a high resistance; or 4, a low resistance? 

^.-^Vlhen not tuned to resonance, does a parallel resonant circuit act like the 
part: 1, having the higher reactance; or 2, the part haviag;..thp lower T^tz.. 
actance? 

6. To obtain the highest possible selectivity, would you use a coil having: 1, a 
high Q; 2, a low Q; or 3, a medium Q? 

7. What will happen to the inductance of an air-core coil when a powdered-
iron core is placed inside the coil? o' t C -'-'J-Jz X'JT- -'O; A/S- Tf^ 

f t i . / Y 
8. When a voltage is induced in the coil of a resonant circuit, is the circuit: 1, 

jeries resonant; or 2, parallel resonant? 
9. Name the four methods of coupling an antenna to a resonant circuit. 

10. What condition is necessary for unity coupling? ' ' ' '•' 
WljeAy /7AA ^ / ^ r/}e . r f 4 A / ^ - 7 # e ^ - ^ X f^/Y;)C>HCfrD 
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D E T E R M I N A T I O N 
Did you ever watch a steamroiier — an oid-

fashioned one with clanging gears, escaping steam 
and great clouds of hIack smoke helching from the 
stack? Wasn't it a thrill to see that great machine 
level out ohstacles in its path, leaving a perfectly 
smooth roadway? The word "determination" al
ways brings to my mind that picture of a steamroller 
—a machine which goes places once the "full steam 
ahead" lever is thrown. 

So, too, are yow determined to go places, to achieve 
success and happiness. One by one yon are com
pleting your lessons, studying hard and making sure 
yon understand everything; step by step yon are 
approaching that greatest of all goals—SUCCESS. 

Of course, the way is long and not always easy. 
But whenever the going gets a little tougher than 
usual or yon feel a hit discouraged, just bring out 
that old determination, and hack it up with every 
single ounce of ambition yon have. 
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