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RADIO AND AUDIO FREQUENCY CHOKES 

SCOPE OF ASSIGNMENT 

This assignment will cover the 

various type of inductances, both 

air -core and iron -core, that are 
employed in radio -frequency and 
audio -frequency applications as 
choke coils, to impede the flow 

of a -c through them into portions 
of the circuit where it is not 

desired to have these currents 
flow. 

Another application is to 

employ them as reactances so as 

to develope a voltage across them 

when a -c is caused to flow through 
them. This is the case, for ex- 

ample, when so- called impedance 
coupling is employed in an audio 
amplifier. 

Unfortunately, an inductance 
or choke coil has inevitably asso- 

ciated with it a certain amount 
of resistance in the coil wind- 

ings as well as an equivalent re- 
sistance representing the eddy - 
current and hysteresis losses in 

the core, and further to compli- 
cate matters, a certain amount 
of capacity between turns and be- 
tween layers of turns is also 
unavoidably present. As a re- 
sult of the distributed capa- 
city effects, the coil may show 
resonance, and at higher fre- 
quencies actually behave like 
a capacitor! 

This assignment deals with 
these various factors, shows 
how they may be minimized by 
proper design, and then discusses 

the applications of such devices 

to radio circuits, as well as 
the use of R -C filters in ampli- 
fier stages. 

GENERAL CONSIDERATIONS 

In both radio frequency and 

audio frequency circuit and vacuum 

tube applications it frequently is 

necessary to conduct both direct and 

alternating components of voltages 

and currents to or from a given point 

in a circuit without the two mixing 

except at that point. As an ex- 

ample, it is common practice in high 

power radio transmitters to feed the 

d.c. components of voltage and cur- 

rent to the vacuum tube plate through 

a circuit which will pass only di- 

rect current, and to take the radio 

frequency components of voltage and 

current from the vacuum tube plate 

to the load circuit by means of a 
connection which will block the 

direct current and pass only the 

radio frequency current. Thus the 

d.c. and R.F. components in this 

case mix only in the tube and not in 

the circuits; this is called "paral- 

lel feed ". Many applications of 
this principle are found in radio 

apparatus; typical applications will 

be discussed in this assignment. 
The problem of blocking d.c. 

from the R.F. circuit is simple; the 

latter is fed through a capacitor 
which completely blocks the direct 

current but which, by proper choice 

of capacity, passes the radio fre- 

quency with negligible opposition. 
By the use of a much larger capaci- 

tor, audio frequency components 
likewise can be passed while block- 
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ing the d.c. components. 

Passing the direct current 
while at the same time blocking the 

radio or audio frequency components 

is equally simple in principle but 

not always so simple in practice. 

Methods of accomplishing this employ 

series inductance (commonly known 

as a "choke "), series resistance, 

and sometimes bypass capacitors in 

conjunction with L or R. These 

methods will be discussed. 

GENERAL USE OF THE CHOKE. -When 
used to block radio or audio fre- 

quency components but to pass direct 

current, the inductance is called a 

"radio frequency choke" (RFC) or an 

"audio frequency choke" (AFC), which 

ever is appropriate. The operation 

of the two are similar, but at the 

higher radio frequencies some char- 

acteristics of coils which are not 

particularly important at the lower 

audio frequencies become of major 

importance. 

Consider the problem expressed 

in general terms above. It is de- 

sired to apply at a certain point in 

a circuit a d.c. voltage and at the 

same time a radio frequency voltage, 

and it is necessary that the radio 

frequency current variations enter- 

ing the d.c. supply source be kept 

to a minimum; it also is necessary 

that the d.c. voltage be isolated 

from the radio frequency circuit. 

The direct current may be kept out 

of the alternating current circuit 

by means of a capacitor. (See Cl, 

Figure I). 

It is necessary to keep the 

A.C. variations out of the circuit 

of direct current generator O, but 

at the same time to force the alter- 

nating current through R, the load 

resistor. With switch S open and 
alternator AC operating, the alter- 

nating voltage will force an alter- 

nating current through the capacitor 

and the load circuit. If switch S 

is now left open and switch Si clos- 

ed, there will also be a d.c. vol- 

tage forcing a direct current com- 

Fig. 1.--Circuit analysis for 

separating a -c and d -c components. 

ponent through the load circuit. 

Since the d.c. generator is also 

connected across the alternator it 

is apparent that there will be an 
a.c. component flowing through the 

direct current generator, alternate- 

ly adding to and subtracting from 

the direct current through the gene- 

rator. This condition is very un- 

desirable as the surges will expend 

power that would otherwise be use- 

fully expended in the load; also 
there will be a good chance of this 

additional current damaging the d.c. 

generator. (In a radio circuit, 
Load R may represent the plate -fila- 
ment resistance of a vacuum tube.) 

To prevent the a.c. variations 

from taking place through the d.c. 

generator, the ideal plan would be 

to connect a very large value of 
low- resistance inductance between 
point x and the generator. If switch 

S is now opened and switch S 

closed, the inductance will be con- 

nected in series with the load and 
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the d.c. generator, but NOT between 

the alternator and the load. Since 

the effect of inductance is to pre- 

vent current variations through it, 

it would seem that it is only neces- 

sary to make the value of L large 

enough in order to obtain any desired 

degree of attenuation or choking 

effect upon the alternating current 

variations, and therefore keep the 

a.c. component completely out of the 

d.c. circuit without opposing the 

flow of the direct current through 

the load circuit. 

If a perfect inductance or a 

coil containing only inductance and 

a nominal amount of resistance could 

be built, that would be true, and 

the greater the inductance the 

greater the choking effect would be- 

come. Such a condition is not too 

difficult to obtain practically at 

frequencies within the audio band, 

that is, at low frequencies, al- 

though even at these frequencies 

problems arise, as will be explained 

later in this lesson. 

DISTRIBUTED CAPACITY OF COIL. - 
When applying this principle to 

radio frequencies and inserting a 

large value of inductance in order 

to get large a.c. attenuation be- 

tween the d.c. power supply and the 

load, it frequently is found that 

the circuit acts as if no inductance 

were present; in fact, on test the 

circuit may act, so far as the radio 

frequency component is concerned, as 

if a CAPACITY were connected between 

point x and the generator. If at 

this point the inductance Is further 

increased by adding turns to the 

coil, it will be noted that the con- 

dition becomes still more aggravated 

and instead of greater opposition to 

the current variations, the current 

variations through the d.c. circuit 

are increased. It also will be ob- 

served that if the frequency of the 

alternating current is increased, 

leaving the same value of inductance 

in the d.c. circuit, the current 

variations through the d.c. circuit 

will increase. This indicates that 

the coil is not acting as an induc- 

tance, but instead is acting as a 

capacity. 

From this it will be seen that 

the principle of increasing the 

value of inductance almost indefi- 

nitely to increase the choking ef- 

fect, while it may be used success- 

fully (within limits) at audio fre- 

quencies, cannot be directly applied 

to radio frequency circuits. (It 

should be mentioned here that even 

at audio frequencies, usually above 

5000 cycles, precautions in design 

must be taken to avoid parallel re- 

sonance in audio frequency chokes 

and transformers). 

The failure of the coil to act 

under all conditions as an induc- 

tance is due to the fact that a coil 

has not only inductance, but ALSO 

CAPACITY DISTRIBUTED THROUGHOUT THE 

WINDING BETWEEN ITS TURNS. 

The inductance of a coil 
depends to a large extent upon the 

shape of the coll. In a similar 

manner the distributed capacity of a 

coil also depends to a large extent 

upon the shape of the coil. 

The effect of the distributed 

capacity is shown in Figure 2. The 

capacities between the individual 

turns are in series and the total 

capacity is ACROSS THE ENTIRE COIL. 

This in effect forms a parallel cir- 

cuit, the inductance forming one 

branch and the distributed capacity 

of the coil forming the other 
branch. Thus at frequencies at 

which the coil distributed capacity 

is effective, the coil must be 

treated as a parallel circuit com- 
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posed of inductance and capacity 
instead of as a simple inductance. 

It is shown in the study of 
parallel circuits that a given LC 

Li 1_ C T i 
L2 _;`Cs 
Ls =i C3 

L4 == Ca 
--1 

La =i= C - _-y 
Le =;=Ce 

Fig. 2.- Distributed capacity of a 

coil. 

circuit may act as a resistance, a 

capacity, or an inductance, its mode 

of operation depending entirely upon 

the frequency at which it is operat- 

ed. If the parallel circuit is op- 

erated at its resonant frequency it 

acts as a high value of resistance, 

at frequencies higher than resonance 

as a capacity, and at frequencies 

lower than resonance as an induc- 
tance. 

Since every coil possesses both 

inductance and capacity, then every 

coil must also have some natural re- 

sonant frequency. With the coil 
thus forming a parallel LC circuit 

having a resonant frequency, it is 

apparent that the coil may be placed 

in the circuit and, by adjusting the 

frequency, caused to act as either 

resistance, capacity, or inductance. 

FREQUENCY - IMPEDANCE CHARACTER - 

ISTIC.-In most tuned parallel cir- 

cuits, as shown in another assign- 

ment, a somewhat sharp impedance 
curve is desired, that is, one which 

rises to a high value at resonance 

and falls off sharply at frequencies 

on both sides of resonance. This 

condition is obtained by so select- 

ing the circuit constants that both 

XL and X are reasonably small, that 

is, by the use of relatively small 
inductance and large capacity. 

In the radio frequency choke 

very different characteristics are 

desired. A transmitter usually is 
designed to operate over a compara- 

tively wide band of frequencies, and 

even if designed for only one fre- 

quency may be tuned over a consider- 

able range of frequencies during the 

process of calibration. The choke 
should act as an inductance and be 

fairly effective over the entire 
frequency range. This will necessi- 

tate a circuit having high impedance 

over a wide band of frequencies. 

In the ordinary tuned circuit, 

due to the comparatively low value 

of reactance in each branch, the 

current in each branch is relatively 

large, the actual amplitude of 
course depending upon the applied 
voltage. At resonance the two cur- 
rents counteract each other and the 

total resulting current is almost 
zero; but as soon as the voltage is 

applied at a frequency other than 
the resonant frequency, with the two 

current amplitudes large, one in- 
creasing rapidly, as the other de- 

creases rapidly the difference in 

current amplitudes results in a 

large current in the external 
circuit. 

If, however, a parallel circuit 

is so designed that the reactance of 

each branch is many thousands of 
ohms, then the current through each 

branch will be small. Assume that 

at resonance both XL and X, equal 
20,000 ohms. The resistance may be 
considered negligible in this case 

and the resulting impedance will be 

in the order of several hundred 
thousand ohms. Assume an alterna- 



GENERAL CONSIDERATIONS 5 

ting voltage of 5000 volts. The 

current in each branch of the cir- 

cuit will be .25 ampere. The re- 

sulting current in the external cir- 

cuit will be almost zero. 

If the frequency is now de- 
creased twenty -five per cent the in- 

ductive reactance will become 15,000 

ohms and the current through XL will 

be E/XL, 5000 /15,000 or .333 ampere. 

The same decrease of frequency will 

increase the capacity reactance to 

26,667 ohms, the current through Xe 

now equalling E/XC, 5000/26,667 or 

.188 ampere. 

The resulting current in the 

external circuit is the difference 

between the two branch currents: 
I = IL - I _ .333 - .188 = .145 

ampere. The total impedance equals 

the applied voltage divided by the 

external circuit current: 

Z = E/I = 5000/.145 = 34,483 ohms 
which appears as inductive react- 

ance. 

In contrast with the sharply 
tuned parallel circuit discussed in 

the preceding lessons, this parallel 

circuit, while possessing the same 

high impedance characteristic at res- 

onance, also has impedance of more 

than 34,000 ohms as far as twenty - 

five per cent from the resonant fre- 

quency. 

CORRECT OPERATING FREQUENCY. - 
If the frequency had been increased 

the same amount above resonance as 

it was decreased below resonance, 
the impedance would still be more 

than 37,000 ohms but the circuit 

would then be acting as a capacity 

instead of as an inductance. This 

condition is usually undesirable but 

the choke ordinarily may still be 

used because of its high impedance, 

if the impedance of the load circuit 

is well below the impedance of the 

choke. With such a coil, a consid- 

erable frequency variation may be 
permitted before the choke becomes 

useless, because of its high impe- 

dance over a large frequency range. 

If the coil were designed for even 

larger resonant reactances, that is 

larger inductance and smaller dis- 
tributed capacity, it would be ef- 

fective over an even wider range of 

frequencies. The most effective op- 

erating frequency of a choke, where 

it will act as a very large induc- 

tance, will be at a frequency just 

slightly below its resonant fre- 
quency. 

To be most effective the choke 

should be designed to have a reso- 

nant frequency SLIGHTLY HIGHER THAN 

THE FREQUENCY AT WHICH IT IS TO BE 
OPERATED, and should therefore be 

operated at a frequency just lower 

than its resonant frequency. For 
example, a choke coil to be effec- 

tive at an operating frequency of 
500 KC /s might be designed to have a 

resonant frequency in the order of 

525 KC /s or 550 KC /s. This value 
usually is not critical. 

There are circuits in which the 

R.F. choke must be operated at a 

frequency lower than its resonant 
frequency, that is, as an induc- 
tance. One such circuit is a crys- 

tal controlled oscillator in which 

the plate circuit is untuned, con- 

sisting simply of a choke coil. For 

this type of oscillator to oscillate 

the plate load must be inductive so 

that the choke which constitutes the 

plate load circuit must have a 

natural frequency higher than the 

crystal frequency. This circuit is 

shown schematically in Figure 3. 

The next point to consider is 

how to obtain the desired character- 

istic when constructing a choke coil. 

With an ordinary tuned circuit a 

very sharp impedance curve may be 
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obtained by using a small inductance 

and a large capacity. To obtain a 

very broad and high impedance curve, 

+B -C 

Fig. 3. --Use of an inductive plate 

load for a crystal oscillator. 

the design should be reversed. In 

order to obtain, at any frequency, a 

large inductive reactance, the maxi- 

mum amount of inductance must be 

used. The limiting factor on how 

much inductance it is possible to 

use at any given frequency is the 

distributed capacity of the coil. 

As the inductance is increased by 

increasing the number of turns, the 

distributed capacity of the coil 

combines with the inductance to form 

an LC product which of course results 

in resonance at some frequency. 

To be most effective the choke 

should act as an inductance, there- 

fore it must have a resonant fre- 

quency higher than the frequency at 

which it is to be operated. But as 

the inductance is increased, at some 

point, due to the effect of the dis- 

tributed capacity, the LC product 
will be such as to produce a reso- 

nant frequency equal to the desired 

operating frequency. If turns are 

added beyond that point the coil 

will assume the characteristics of a 

capacity, an undesirable condition. 

It is evident that in order to 

be able to use maximum inductance, 

the coil must be designed to have 

minimum distributed capacity. 

An approach to the situation 

mathematically is from the viewpoint 

of an equation for the approximate 

resonant impedance of a parallel 

circuit, in which the resistance is 

practically all in the inductive 

branch. This is the condition 
approximated in most choke coils. 

The equation expressing the resonant 

impedance is approximately Z = I_,/CR. 

With R maintained at a constant 

or negligible value, it will be seen 

that an increase of L and a decrease 

of C will both be in the proper di- 

rection to increase Z. 

Another feature of the parallel 

circuit which makes it desirable to 

use large values of XL and Xe is the 

condition existing at resonance if 

XL and Xe are small. With the high 

plate voltages commonly used in 
transmitters and the comparatively 

low resistance of the coil, the cir- 

culáting current at resonance may be 

large enough to burn up the plate 

choke. This was a common occurrence 

in older types of transmitters where 

the choke design was such that the 

inductance was comparatively small 

and the distributed capacity cor- 

respondingly large. As the trans- 

mitter, during the process of adjust- 

ment, was tuned through certain fre- 

quencies, chokes frequently were 

burned out due to the large circula- 

ting currents through the windings. 

This condition is not encountered 

nearly so often with modern choke 
coils. 

STANDING WAVES.- Standing waves 

represent a phenomenon common to all 

LC circuits in which the capacity or 

inductance (or both) is distributed 

over the linear dimensions of the 
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circuit and not lumped. A common ex- 

ample of such a circuit is an anten- 

na; another is an improperly termi- 

nated transmission line over which 

energy is transferred from one point 

to another. 

Consider first the formation of 

standing waves on a transmission 

line. If such a line is terminated 

by a load having resistance equal to 

the characteristic impedance Z. of 

the line, (to be explained in a later 

assignment) all the energy reaching 

the receiving end of the line will 

be dissipated in the terminating re- 

sistance, there will be no reflec- 

tion and no standing waves. An im- 

pulse voltage progressively appear- 

ing equally at all points along the 

line (assuming a line short enough 

that attenuation may be neglected), 

and will be completely dissipated in 

terminating resistance Zt. If a 

high frequency alternating voltage 

is applied at the sending end (see 

Figure 4), each alternation will 

the receiving end of the line is 

open- circuited. Start an impulse of 

energy along the line from the send- 

ing end. Such an impulse moving 

along a line consists of equal parts 

of magnetic and electric fields, the 

electric field being due to the volt- 

age, the magnetic field to the cur- 

rent. When the impulse, which is 

represented by current and voltage 

in the line, reaches the open end of 

the line, there is no resistance in 

which its energy can be dissipated; 

further, the current at this point 

must drop to zero because current 

cannot flow in an open circuit. 
This results in a sudden collapse of 

the magnetic field component of the 

impulse and this collapsing magnetic 

field, just as a moving field in a 

generator, creates an additional 

electric field. This second elec- 

tric field adds to the original 

electric field so that the voltage 

at the open end of the line is great- 

er than the original voltage. 

Generator or 

Sending End 

4 
Line 

Terminating Impedance 
or Receiving End + 

Za 

Fig. 4. -A transmission line terminated in its characteristic impedance exhi- 

bits no reflections from the far end. 

travel progressively along the line; 

a voltage indicating device moved 

progressively along the line will in- 

dicate the same voltage at all 
points even though the line may be 

several wavelengths long. 

Now consider the conditions ex- 

isting in such a line if the termi- 

nation impedance is disconnected and 

This increased voltage starts 

an impulse of energy back along the 

line in the opposite direction, the 

phenomenon being called "reflec- 

tion". Since there is nothing in an 

open circuit to absorb energy, the 

reflected impulse, which assumes the 

form of equal electric and magnetic 

fields, will have the same amplitude 



8 RADIO AND AUDIO FREQUENCY CHOKES 

as the original pulse. Thus at the 

open -circuit end of the line the 

voltage will be double the original 

voltage. The voltage of the reflect- 

ed wave starts out in phase with the 

original voltage but the current in 

the reflected wave will be opposite 

in direction to the original current 

at the reflecting point. 

The result of the failure of 

the energy to be dissipated at the 

end of the line and the consequent 
reflection back along the line, when 

a continuous source of A.C. energy 

is applied -as in Figure 4 -is a 
series of "standing waves" of energy 

along the line as shown in Figure 5. 

k/2 

of given length because the wave- 

length of the energy will be shorter. 

A similar curve could be drawn 

for the current in the line. Since 

at the extreme end of the line (open 

end) the current must be zero while 

the voltage is maximum, the current 

curve will be displaced 90° (X /4) 

from the voltage curve all along the 

line. Thus the current will be max - 

imum at points of zero voltage and 

zero at points of maximum voltage. 
It should be pointed out that 

for the development of substantial 
energy in the line in the form of 
standing waves, the length of the 

line and the frequency must be such 

I 
X/2 

Fig. 5.- Standing -wave phenomena on an unterminated transmission line. 

The voltage wave will have maxima at 

the open end of the line and at all 

even half- wavelength points from the 

end along the line. At one -quarter 

and all odd quarter- wavelength points 

along the line (from the open end) 

the voltage will pass through zero 

and reverse. 

It will be seen that for a 

given frequency the number of volt- 

age maxima or minima will depend 

on the length of the line. Converse- 

ly, for a given length of line the 

number of voltage maxima and minima 

will depend on the frequency. At a 

higher frequency a greater number of 

such points will exist along a line 

that the electrical length is an odd 

number of quarter -wavelengths. 
The phenomena would be similar 

if the extreme end of the line were 

grounded except that the voltage and 

current curves would be displaced 

90 °. Reflection will still occur 
but at the grounded receiving end 
the current will be maximum and the 

voltage zero. Such a line must be 

an even number of quarter- wavelengths 

long for the development of substan- 

tial standing waves. 

Now apply this theory to a coil. 

If the single wire line of Figure 5. 

is replaced by a long coil of wire 

having equivalent LC product and the 
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coil is connected at one end to a 

source of high frequency energy as 

in Figure 6, the result will be as 

moving a small neon bulb progres- 

sively along the coil. Brightest 

glow will be at points of voltage 

Fig. 6.- Standing -wave phenomena in a 

shown. The transmission line is one 

example of distributed L and C. In 

the coil the L and C values per lin- 

ear unit of length are greater than 

in the straight wire but in princi- 

ple the two are identical. 

One way of showing this effect 

is to wand a coil several feet long 

on a form of small diameter--for 
example, one inch -and place a sec- 
tion of neon tubing parallel and 
close to the coil. Energize the 
coil with an R.F. oscillator whose 

frequency can be varied over a wide 

range. As the oscillator is tuned 

through the frequencies at which the 

coil represents an odd number of 
quarter -wavelengths, the neon tube 

will glow at the points of voltage 

maxima as shown in Figure 6. If the 

extreme end of the coil is grounded, 

the voltage maxima will be displaced 

90° and the oscillator must be tuned 

so that the coil represents an even 

number of quarter- wavelengths. Just 

as in the long line, current maxima 

will occur at the points of zero 
voltage. If a long section of neon 

tubing is not available, the voltage 

maxima and minima may be located by 

o 

coil having distributed inductance. 

maxima with no glow at voltage mini- 

.. 

Now the principle as demon- 
strated in Figures 5 and 6 does not 

change as the length of the coil is 

reduced, its diameter increased, or 

the shape and dimensions of the coil 

changed to meet any desired specifi- 

cations. So long as an alternating 

voltage is applied to one end of a 

coil and the frequency made such 
that the coil is resonant, points of 

maximum current and voltage will 

occur in the winding. The frequency 

may be that of the resonant frequency 

of the coil or, as in Figure 6, it 

may be one of the harmonics of the 

coil's natural frequency. In either 

case the voltage may be such as to 

break down the insulation or the 
current may reach sufficiently high 

peaks to burn out the winding. Fig. 

7 illustrates the actual connection 

of a plate choke for a transmitting 

vacuum tube. The d.c. component of 

plate current is fed to the tube 

from the source (d.c. generator or 

high voltage rectifier) indicated by 

+B through the choke coil marked 
R.F.C. In this case capacitor C, a 
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relatively large bypass capacity, 

effectively grounds the lower end of 

the choke for radio frequencies. 
The alternator of Figure 6 is re- 

placed by the vacuum tube, the high 

Cl To R.F. - Tank 
Circuit 

Fig. 7. -Use of r -f choke in paral- 

lel plate feed. 

R.F. voltage being developed at the 

tube plate because of the excitation 

voltage applied to the grid. R.F.C. 

in Figure 7 will have standing waves 

set up in it just as in the coil of 

Figure 6 if the frequency applied to 

the grid of tube V.T. has the neces- 

sary relation with respect to the 

natural frequency of coil R.F.C. 

Figure 8 illustrates another 
characteristic of the choke coil 

which must be taken into considera- 

tion. Such a coil at resonance and 

at all ODD harmonic frequencies acts 

as a parallel resonant circuit, that 

is, as a very large value of resis- 

tance. At all EVEN multiples of the 

resonant frequency of the coil, how- 

ever, it exhibits the characteristics 

of a series resonant circuit; that 

is, it acts as a low value of resis- 

tance. This latter condition may 

have two serious effects: First, 

the current due to series resonance 

may be sufficient to damage the 

choke; second, the choke may offer 

such low R.F. impedance that it will 

effectively short -circuit the R.F. 

tank circuit. 

The choke should of course be 

so designed that at no frequency at 

which the transmitter is to operate 

will it approach series resonance. 

To minimize the possibility of 
trouble developing from this source 

during the various processes of tun- 

ing the transmitter, the series se- 

lectivity of the choke should be 

made as great as possible. It will 

be remembered that a series circuit 

offers maximum selectivity when it 

is composed of large L and small C. 

This, as has been shown, is also the 

desired condition for the large and 

broad impedance characteristic de- 

sired in a choke when operating near 

parallel resonance. Thus from every 

point of view the most effective 
choke coil for a given resonant fre- 

quency is one having the greatest 

possible inductance and the minimum 

capacity. 

This condition is shown in Fig. 

8, curve Z1 representing the impe- 

dance curve for a coil having large 

distributed capacity and a corres- 

pondingly small value of inductance. 

Curve Z2 represents the impedance 
curve for a coil having small dis- 
tributed capacity and corresponding- 

ly large inductance. Both coils are 

assumed to have the same resonant 
frequency. 

In the case of Z1 at F2, F4 

and F6 and all even multiples of Fr, 

(the resonant frequency), the cir- 

cuit acts as a very low value of re- 

sistance, and as a comparatively low 

value of reactance for a considerable 

frequency range on either side of 

these points. Therefore there will 
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be a fairly wide zone of low impe- 

dance on each side of the even mul- 

tiples of Fr where the choke cannot 

be used. 

be operated over a greater frequency 

range than can the coil represented 

by Z1, and the series resonance 

danger points will cover a much 

F (Increasing) 

Xc 

Fig. 8.- Alternate series and paralle 
circuit, 

In the case of Z2 the impedance 

at the resonant frequency and at ODD 

multiples of Fr is considerably high- 

er than is the case with Z1. At the 

even multiples of Fr, even though at 

the exact points of F2, F4 and Fe, 

the series resonant points still 

exist, the impedance curve rises 

more steeply than does curve Z1 and 

the very low impedance zone for that 

reason is much more narrow. 

The coil represented by Z2 can 

F. Fe 

2 

1 resonance phenomena in a distributed 

such as a coil. 

smaller frequency range. 

CONSTRUCTION AND DESIGN FEATURES. 

DESIGN OF EFFECTIVE CHOKE COIL. - 
It is apparent that from every view- 

point the really effective choke is 

one designed to have the lowest pos- 

sible distributed capacity and the 

maximum inductance, consistent with 

the desired resonant frequency. The 
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remaining question is, how to design 

such a choke coil. 

Before it is possible to design 

a coil having low distributed ca- 

pacity it is first necessary to 

understand how the shape and dimen- 

sions of the coil enter as factors 

in the distributed capacity, and what 

factors determine the distributed 

capacity of the coil. 

In a single layer coil, the 

distributed capacity is roughly pro- 

portional to the radius and practi- 

cally independent of the number of 

turns and the length. For a closely 

wound solenoid the distributed ca- 

pacity in micro -microfarads is ap- 

proximately equal to.6 the radius in 
centimeters. 

The capacity of a coil is de- 

termined largely by the spacing be- 

tween turns in which a difference of 

potential exists. Therefore a 

single layer coil will have lower 

capacity for given diameter of wind- 

ing because the spacing between N 

number of consecutive turns is 

greatest, for a given wire size, in 

a single layer winding. 

ted capacity and ease of assembly. 
The single layer winding on a 

form of small diameter has one marked 

disadvantage, however, when used at 

any but the higher frequencies. The 

disadvantage lies in the space occu- 

pied by such a coil. With low dis- 

tributed capacity and large induc- 

tance, many turns will be required 

for a coil that is to have a low re- 

sonant frequency. This will mean a 

long cumbersome coil occupying con- 

siderable space, particularly when 

the current to be carried is large 

with the necessity for a compara- 
tively large size of wire. 

MULTI -LAYER WINDINGS. --If the 
coil is wound in ordinary layer form, 

from one end to the other end, back 

again, etc., (See Figure 9) the ca- 

pacity of the coil becomes excessive. 

The effective capacity effect is 
much greater when a high numbered 

turn is brought back alongside a low 

numbered turn because the voltage 
between turns is greater. For ex- 

ample, a coil twenty one turns long 

and four layers deep wound from one 

end to the other and back, will have 

Fig. 9.- Ordinary layer wound coils would have excessive distributed capacity. 

From this it would seem that a 

long coil of small diameter with a 

single layer winding should form the 

ideal choke. At the higher frequen- 

cies this type of coil is extensive- 

ly used because of its low distribu - 

turn number 41 alongside turn number 

1, turn number 60 alongside turn 

number 22, and turn number 77 along- 

side turns number 1, 41 and 42. 
This is shown approximately in Fig.9 

which represents a cross -section of 
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a simple layer winding. This type 

of winding, while producing large 

inductance, also has extremely large 

distributed capacity. 

A much better compact form of 
winding for all purposes in which 

large inductance is required with 

small distributed capacity, is the 

bank wound coil. This winding is 
illustrated in Figure 10. Here the 

high numbered turns are consider- 

ably removed from the low numbered 

Second, a coil of large inductance 

has quite large dimensions due to 

the space occupied by the form on 

which it is wound. Hence in recent 

years such coils have been replaced 

to a large extent by machine wound 

self -supporting inductances such as 

the "Universal Wound" coil. 

This coil, shown in Figure 11, 

is similar in general shape to the 

coil of.Figure 12 except that it is 

so wound as to be self -supporting. 

Fig. 10. -A bank wound coil has less distributed capacity because 

difference between adjacent turns is lower. 

turns. Such a winding produces a 

coil with as much inductance but 

much less distributed capacity than 

in the case of the layer -wound coil 

of Figure 9. 

The bank wound choke coil has 

been quite extensively used as it 

provides comparatively large induc- 

tance with fairly low distributed 

capacity for a specified resonant 

frequency, thereby forming an effec- 

tive choke. A coil of this type can 

be kept within smaller dimensions 

than a single layer coil having the 

same inductance. 

A bank wound coil has certain 

disadvantages: First, its type of 

winding is not adaptable to machine 

production; a coil of large induc- 

tance is expensive because of the 

skilled labor involved, and because 

of manual production it is difficult 

to hold production tolerances close. 

the voltage 

That is, the turns overlap in such a 

manner that, when tightly wound by 

Fig. 11.--A self -supporting univer- 

sal wound coil. 
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machine, the entire winding locks 

together in a compact assembly. The 

distributed capacity of such a coil 

is small and is in the order of that 

shown for the slot -wound coil in the 

next section. This type of winding 

is adaptable to a large range of in- 

ductance; it is used, because of its 
small physical dimensions, for com- 

pensating coils of a very few micro - 

henries in television video ampli- 

fiers, as windings for receiver R.F. 

and I.F. coils, and for choke coils 

in the order of hundreds of milli - 

henries in low frequency transmit- 

ters. 

It may be desired to use some 

kind of binder to hold the wires in 

place, particularly in the case of 
self -supporting windings. Very fre- 

quently a binder is used on the top 

layer of such a coil but the entire 

winding not impregnated. A binder 
usually results in some increase of 

R.F. resistance but in the case of 

choke coils this is not important. 

Collodion is one of the best binders 

from the viewpoint of minimum in- 

crease of R. 
To summarize the characteristics 

of a good R.F. choke: The R.F. 

choke coil must have an impedance of 

many thousands of ohms over a con- 

siderable range of frequencies. It 

should have a resonant frequency 
slightly higher than the frequency 

at which it is to be operated. It 

must be wound with a size of wire 

that will safely carry the direct 

current of the circuit in which it 

is to be used. 

To meet the requirements for a 

good choke coil the inductance should 

be as large as possible and the dis- 

tributed capacity as small as pos- 

sible. The maximum inductance it is 

possible to use in any coil and 

still keep within a specified mini- 

mum resonant frequency depends di- 

rectly upon the distributed capacity 

of the coil. The smaller the dis- 

tributed capacity the larger the in- 

ductance it is possible to use. The 

distributed capacity of a coil for 

any given resonant frequency depends 

largely upon the shape of the wind- 

ing. 

SLOT WINDING.--Some years ago 

engineers were confronted with the 

necessity for designing a coil to 
have the maximum of inductance for a 

given resonant frequency and a dis- 

tributed capacity lower than that of 

any previously designed types of 
coils. The result was a coil wound 

with a small size of wire in a deep 

slot cut in an insulated form. The 

form of the winding is shown in 
Figure 12. 

Slot for Winding 

Fig. 12.- Slotted Arm used in slot 
winding. 

Calculation and measurement de- 

monstrated that the distributed ca- 

pacity of a coil of this design is 

very nearly equal to the capacity of 

two rings, one within the other, one 

ring having a diameter of circle A, 
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the inside of the winding, the other 
ring having a diameter equal to that 

of circle B, the outer surface of 
the winding; both rings have a width 
equal to the width of the winding in 

the slot. 

It will be seen that with this 
form of winding, one end coming out 
from the center and the other end 
from the outside of the coil, the 

capacity of the coil will be a func- 
tion of the diameter of both rings, 
the width of both rings, and the 
distance between the two rings. 

The capacity of any capacitor 
having opposing plates of greatly 
different areas depends largely upon 

the area of the smaller plate. It 

is therefore important that the 
smaller ring, that is, the inside 
diameter of the coil, be as small as 

possible. Since the area of the 
ring depends not only upon its cir- 

cumference but also upon its width, 
it is necessary that the coil be as 
narrow as possible. These require- 
ments are met by making the slot 
narrow and the inside diameter small. 

As the width of the slot is de- 

creased, to obtain the same number 

of turns it is necessary to wind 
higher in the slot causing the outer 

turns to be further from the inner 

turns, thus decreasing the distribu- 

ted capacity and allowing more turns 

to be used, this in turn increasing 

the inductance. This design of 
course can only be carried to the 
point where the LC product does not 
exceed the, allowable maximum for the 

operating frequency at which the 
choke is to be used. Since L in- 
creases approximately as the square 

of the increase in turns, this pro- 

cedure cannot be carried out indef- 

initely for a given frequency. 
Also there is a practical limit to 
the ratio of outside diameter to 

15 

width that can be used where a quite 

large inductance is required. 

From the above it will be seen 
that a highly effective choke coil 
will be one wound in a narrow slot 
with a small inside diameter. This 

type of coil is found to have a dis- 

tributed capacity, for a given amount 

of inductance, well below that of 
any earlier type of coil. Such a 
coil, while not originally designed 
for use as a radio frequency choke, 
has proved exceptionally efficient 
for that purpose. This same princi- 

ple is applied in the self- support- 

ing universal wound coil shown in 
Fig. 11. 

SECTIONAL CHOKE COILS.--When it 
is desired to use a universal wound 
choke in the plate circuit of a high 

power vacuum tube for low and inter- 
mediate frequencies, another problem 

is encountered. The d.c. component 
carried by the choke is necessarily 
large. This necessitates the use of 
comparatively large size wire. For 
use at intermediate or low frequen- 
cies the large LC product, with the 
low distributed capacity, requires a 
coil having a large number of turns. 
This, in conjunction with the large 
wire, will result in a coil of an 
impractically large diameter if the 
thickness of the coil is kept small. 
If the coil is decreased in diameter 
and the width of the winding in- 
creased, the benefits of the partic- 
ular type of winding will be re- 
duced. 

This difficulty can be overcome 
by building the coil in sections, 
the several sections mounted on an 
insulated rod and connected in 
series, the high potential end of 
one section connecting to the low 
potential end of the succeeding sec- 
tion. (The high potential end of a 
choke is the end where the greatest 
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choking action takes place, i.e., 

where the inductance per unit length 

of winding is the greatest. This is 

in the center of the coil where 

there are the greatest number of 

turns per unit length of conductor). 

One arrangement of such a choke 

coil is shown in Figure 14. Figure 

13 shows the distribution of induc- 

tance and capacity of the entire 

Ca Cb Cc 

r--1E--1 r---- 
I I 

Za Lb Lc 

Fig. 13.--Equivalent circuit for a 

sectionalized coil winding. 

choke. Each section has its own 

inductance and its own distributed 

capacity, the total inductance being 

the sum of the individual inductances 

plus the mutual inductance. This 

causes the inductance of the combi- 

nation to be large. The capacities 

Cs, Cb and Ce are in series, their 

total capacity being equal to the 

reciprocal of 1/Ce, 1/Cb, and 1 /Cc. 

This type of winding will have 

large inductance, small distributed 

capacity, and therefore large induc- 

tive and capacitive reactance, mak- 

ing it an effective choke. 

In common with all circuits 

composed of inductance and distribu- 

ted capacity, such a coil has series 

resonant points at the even multi- 

ples of the fundamental frequency, 

i.e., at two, four, six, etc. times 

the fundamental frequency of the 

coil. However, as the values of in- 

ductive and capacitive reactance are 

large the series resonant points 

become narrow and the workable range 

of the choke is large. 

From this type of choke for the 

intermediate frequencies, a still 

more effective choke for high fre- 

quency operation has been designed. 

The principal fault of the coil 

combination of Figure 14 is the fact 

that the individual sections of the 

choke have resonant frequencies of 

their own entirely separate from the 

resonant frequency of the entire 
choke, and in addition to the narrow 

series resonant points of the entire 

choke, each section has certain ser- 

ies resonant frequencies of its own. 

This, however, is compensated for to 

a large extent by the fact that ser- 

ies resonance of one section ordinar- 

ily will not be a series resonant 

frequency of the other sections so 

High Potential 
End of Choke 

Low Potential 
End of Choke 

Fig. 14.- Practical arrangement of 

windings in a sectionalized coil. 

that a certain amount of mutual pro- 

tection is offered by the several 

sections of the choke in series. 

For intermediate frequency op- 

eration where the choke is operated 
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at one frequency or over one compar- 

atively narrow band of frequencies, 

it is not difficult to avoid the 

series resonant points, as the only 

power applied to the choke coil at 

such frequencies will be at some 
high harmonic of the fundamental 
frequency; the harmonic voltage 
being undesired ordinarily will be 
small due to the steps taken to sup- 

press it. 

In the case of high frequency 

crystal controlled transmitters 
where the high frequencies are ob- 

tained by frequency multipliers, the 

conditions are greatly different. A 
power amplifier stage may be design- 

ed to operate at a specified funda- 

mental frequency, double, and four 

times the fundamental frequency, the 

different frequencies being obtained 
by circuit adjustments. If it is 

desired to use an amplifier stage to 

cover such a wide band of frequen- 
cies the number of adjustments in 
shifting from one frequency to 

another should be kept to a minimum. 

It certainly {s desirable that one 

set of choke coils be used to cover 

the entire frequency band of the 
transmitter. 

Since the operating frequency 

band is large, the number of possi- 

ble series resonant points, if each 

section of the choke has a different 

resonant frequency, is large, and 

the possibility of burning out at 

least one section of the choke on 
one of the operating frequencies 
must not be neglected. 

If, however, all sections have 

the same fundamental frequency with 
identical values of inductance and 

distributed capacity, all the series 

resonant points will be the same, 
and the choke coil then may be de- 
signed so that no one of the operat- 

ing frequencies will hit any one of 

those points. 

In Figure 13 it is shown that 

in the choke built up of sections, 

the total inductance is equal to the 

sum of the individual inductances 

plus the mutual inductance. If the 

three coils are sufficiently spaced 

and are small, the mutual inductance 

can be made small and can be balanced 

out by the effect of the capacity 
between coils. The total effective 

inductance will then be equal to 
three times the inductance of one 
section. (For this condition the 

three inductances must be exactly 

equal in value and the mutual induc- 

tance must be negligible). 

Since all the individual dis- 

tributed capacities are in series, if 

they are exactly equal the resulting 

capacity is equal to one -third the 
capacity of one coil. The effective 

capacity between coils can be made 
such as to balance out the mutual 
inductance. 

With this combination of three 
coils, all coils being identical, 
having the same number of turns, the 

same inductance, the same distribut- 

ed capacity and the same resonant 
frequency, connected in series, the 

total inductance is three times the 

inductance of one, and the total 
distributed capacity is one -third 

the capacity of one. 
The resonant frequency of any 

circuit is determined by its LC pro- 

duct. Two circuits in which the 
PRODUCTS of the inductance times 
the capacity are equal have the same 

resonant frequency, even though one 
has a large inductance and a small 
capacity while the other has small 
inductance and a large capacity. 

Consider the inductance of one 
coil as equal to L; the capacity of 
one coil as equal to C. Then with 

the three coils in series and pro- 
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perly spaced the total Lt = 3L and 

the total Ct = C /3. 

The product of inductance 3L 

and capacity C /3, may be written 

3L .21 or 
3TC 

. 

3 3 

This is seen to equal LC, the numer- 

ical values of 3 cancelling. There- 

fore the total combination has the 

same LC value and the same resonant 

frequency as one coil, but it has 

three times the inductance and only 

one -third the capacity of a single 

coil. Aside from the question of a 

single set of series resonant fre- 

quencies, this is exactly the desired 

design trend for effective R.F. 

chokes because it results in large 

values of XL and Xe and large par- 

allel resonant impedance at the fun- 

damental and odd harmonics. 

At any given frequency XL and 
X0 will be three times as large as 

in a single coil, the series reso- 

nant points of the combined chokes 

will be at the same frequencies as 
the equivalent points for the indi- 

vidual coils, and can be avoided in 

operation by proper design. It must 

be remembered, however, that to ob- 

tain this condition THE THREE WIND- 

INGS MUST BE IDENTICAL IN EVERY RE- 

SPECT. The arrangement of the coils 

and the mounting is shown in Fig. 15 

High Potential Low Potential 
End End 

Fig. 15.- Arrangement of coils and 

mounting in a three -section coil. 

The operating conditions of the 

choke are shown in Figure 16. If 

the choke is designed to have a fun- 

damental frequency of F1 and is op- 

erated at a frequency Y, f amount 

lower than its fundamental, it will 

act as an inductive reactance, the 

reactance being equal to about two- 

thirds of the total impedance at 

resonance. With a choke of large 

inductive and small capacitive 
values, this will be an impedance of 

many thousands of ohms. 

AT Y2, DOUBIE THE OPERATING HIE - 

QUENCY, the choke will be operated 

at a frequency ft amount lower than 
F2, double the fundamental frequency 

of the choke. The choke is now act - 

ing as a capacitive reactance, (see 
Point Y2), but the reactance will be 

quite high, at least several thou- 

sand ohms, and while not as effec- 

tive as at the frequency shown at 

point Y, should still have fair op- 
erating characteristics. 

Due to the steepness of the re- 

actance curves, the reactance at 
frequency Y2 which is comparatively 

close to the series resonance fre- 

quency of the choke, is high enough 

that there is little danger of the 
choke being danwged and it should be 
fairly effective in opposing the R.F. 

component of plate current. 

At Y3, triple the operating 
frequency, the choke will again act 

as an inductance and will be highly 

effective. 

At Y4, four times the fundamen- 
tal frequency, the condition is sim- 

ilar to that of point /2, the double 

frequency. The choke is again act- 

ing as a capacity reactance of sev- 

eral thousand ohms and, is more ef- 

fective than at point YZ and is 

still a comparatively good choke. 

This design allows a very wide 

range of frequencies to be covered 
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with the use of a single set of 

chokes and is particularly advanta- 

geous for high frequency operation 
where it is desired to operate on 

several multiples of a given funda- 

XI 

amplifier is to operate at the fun- 

damental and third harmonic frequen- 

cies, operation at Y and Y3 (Fig.16) 

would be as inductive reactance and 

should be highly effective. 

-Y 
F Increasing 

X 
e 

F1 

Fig. 16.- Operating conditions of 

mental frequency, especially when the 

fundamental frequency is crystal 

controlled so that there is no 

danger of tuning directly into an 

even harmonic frequency of the choke 

fundamental. 

Another possible design of 

choke for such operation, particu- 

larly where second and fourth har- 

monic operation are more important 

than the fundamental, would be to 

have the choke fundamental frequency 

somewhat lower than the fundamental 

transmitter frequency so that the 

choke operates as a high value of X0 

at the fundamental and as XL at the 

second and fourth harmonic frequen- 

cies. On the other hand, if the R.F. 

the three- section r -f choke. 

HIGH FREQUENCY CHORES. -- Another 

type of choke is useful for high 

frequency operation where consider- 

áble experimental work is done over 

a wide band of frequencies. This is 

the single layer solenoid winding on 

a long form of small diameter. 
Every few turns a twist is taken and 

the insulation removed to form a 

tap. This results in a tapped choke 

coil with which, by using a clip and 

flexible lead, the inductance of the 

choke may be quickly changed to de- 

termine the number of turns that 
will give the best results. This 

type of choke is of course used for 

experimental work and is not recom- 

mended for permanent design in a 
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transmitter for use with a single 

frequency or a fixed band of fre- 

quencies. 
An improvement of the single 

layer solenoid choke for high fre- 

quency operation is shown in Figure 

17. In this design, one end is 

11111111111111111111111111 

Fig. 17.-- Showing how the winding 

pitch may be tapered to prevent 
any isolated resonant points in 

the frequency spectrum. 

wound normally with turns close 
together. Near the middle of 
the winding the turns are spaced 
slightly, the spacing being grad- 
ually increased as the other 
end of the coil is approached. 

Such a winding has the effect 

of two or more chokes in series 
with no definite frequency char- 
acteristic change, one section 
gradually blending into the other 
sections. The closely wound 
section possesses higher in- 
ductance is effective at the 
lower (comparative frequencies); 

the widely spaced section of 
the winding is more effective 
at the higher frequencies. Such 

coils have been designed with 
no apparent "holes" over a quite 
wide band of high frequencies. 

APPLICATIONS 

R -F APPLICATIONS. -Choke coils 
are used in the plate circuits of 

high frequency receivers, particu- 

larly in the case of regenerative 
detectors where resistance or capa- 

city controlled regeneration is used. 

If the radio frequency choke is not 

used a large portion of the radio 
frequency component of plate current 

will be bypassed to ground by the 
capacity of the windings of the 
audio frequency transformer and the 

receiver will refuse to oscillate. 

If a radio frequency choke is used, 

the audio frequency component will 

pass through the choke with no oppo- 

sition, while the radio frequency 

component will be blocked by the 

choke and forced to the plate feed- 

back coil. This is shown in Figure 

1S. The choke is connected between 

A.F.T. 

Fig. 18. -Use of r -f choke to block 

the flow of r -f current, but not 

audio current. 

the plate of the tube and the pri- 

mary winding of the audio frequency 

transformer. In connecting be SURE 
that the feedback winding is connect- 
ed to the PLATE END OF THE RADIO 
FREQUENCY CHOKE. If connected to 
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the other end the circuit will not 

oscillate. 
Such a receiver choke is easy 

to construct. Between sixty and 
seventy -five turns of silk covered 

copper wire, size 28 to 32, wound 

on an insulated form one -quarter 
inch in diameter will operate satis- 

factorily over a frequency band in 

the order of from three thousand to 

twenty thousand kilocycles. R.F. 

chokes may be used in broadcast and 

communication receivers in any part 

of the circuit where it is required 

to block R.F. currents. 

In transmitters operating at 

ultra -high frequencies -as from 100 
MC to 600 MC -it is still necessary 
to employ R.F. chokes through which 

to apply plate and grid d.c. volt- 

ages. At such frequencies extreme- 

ly small chokes must be used. For 

an oscillator capable of supplying 

from 4 to 8 watts with input of 

about 30 watts at frequencies between 

300 MC and 600 MC, one manufacturer 

recommends choke coils having wind- 

ings 1 1/2 in.hes long, 1/4 inch 

diameter, with 15 turns of No. 30 

or 32 copper wire. It will be noted 

that this forms a coil long in re- 

spect to its diameter with the turns 

of small wire well spaced. Such a 

winding will have small inductance 

and very small distributed capacity. 

In spite of the very small L of such 

a coil, the choke effect at the 

ultra -high frequencies can be great. 

XL at 300 MC /s is 1884 ohms per 

p- -henry and if advantage is taken of 

the increase of Z near parallel re- 

sonance, the small choke can be very 

effective. 

Signal generators, high fre- 

quency receivers and precision R.F. 

measuring apparatus often is entire- 

ly shielded within a metal case. To 

make the shielding more effective 

small radio frequency chokes should 

be inserted in each of the battery 

or rectifier power supply leads, 
immediately inside the shielding. 

This will prevent undesirable pick- 

up and interference or radiation 
through the power supply circuit, 

and the only radio frequency energy 

entering or leaving the apparatus 
will do so by way of the proper ter- 

minals where it can be properly con- 

trolled. If radio frequency chokes 

are used in vacuum tube power supply 

leads it will be necessary to con- 

nect a by -pass capacitor between the 

+B lead and the cathode, between the 

dilate circuit and the choke and not 

between the choke and the power 

supply. This is to provide a radio 

frequency path from the plate cir- 

cuit to cathode. In this way very 

complete shielding can be obtained. 

Such R.F. filters are used in the 

power supply leads of signal genera- 

tors, R.F. oscillators, etc. 

The connection of a choke (R.F. 

C.) and bypass capacitor (C) in 

bringing a power supply lead into a 

shielded compartment, as explained 

in the preceding paragraph, is shown 

in Figure 19. Without bypass capa- 

citor C, the tuned plate circuit 
would be isolated from the cathode 

by means of R.F.C. To prevent radi- 

ation of R.F. energy from currents 

in the choke coil winding, the coil 

itself should be shielded as shown. 

In the construction of choke 

coils for transmitters and receivers 

it is not necessary to take elabo- 

rate precautions to ensure low R.F. 

resistance as is done in the ordi- 

nary tuned radio frequency circuit. 

In a good choke the impedance, due 

to the high reactance of each branch, 

is so great that the normal resis- 

tance of the coil becomes negligi- 

ble. So far as the d.c. resistance 
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is concerned, the choke is in series 

with the resistance of the tube 
which is always large, usually in 
the order of several thousand ohms, 

Fig. 19. --Use of an r -f choke to 

prevent "leakage" of r -f back into 
the plate power supply. 

so that a few extra ohms of resis- 

tance in the choke can be neglected. 

It is only necessary to use suffi- 

ciently large wire to carry the re- 

quired current with an adequate mar- 

gin of safety. 

In a well designed transmitter 

very little trouble develops in the 

choke coils, and when trouble does 

occur it is a simple matter to 

locate. An open plate choke will be 

indicated by zero reading of the plate 

ammeter or milliammeter when the 

connections in the plate circuit are 

good and the plate generator or rec- 

tifier is developing the proper 
voltage. A choke may be tested for 
open circuit by means of a battery 

and a pair of phones, an ohm -meter, 

a voltmeter and battery. The possi- 

bility of a short -circuit developing 

in a choke is almost negligible. 

A burned out grid choke may be 

indicated by zero grid current; if 

no grid milliammeter is used, the 

open grid circuit will be indicated 

by the blocked condition of the tube 

after a few seconds of operation. 
The grid choke may be tested for 

open in the same manner as the plate 

choke. 

If a choke burns out and no 
spare is available, it will have to 

be rewound unless the open section 

is near the end and can be cut out 
without seriously impairing the op- 
eration of the transmitter. If the 

choke is a single laÿer solenoid 
type, rewinding will be a simple 
matter, the principal precaution of 

course being to use as nearly as 
possible the same size wire and to 

replace the proper number of turns 

on the same length of winding. This 

can be done by carefully counting 
the number of turns removed and re- 
placing them with the same number of 

turns in the same space on the coil. 

If the choke is of the bank 
wound type, rewinding will be some- 
what more difficult but if care is 

taken a satisfactory job can be 
done. If the same size of wire can 

be obtained, the same number of 
turns should be replaced as were 
removed. 

Some high frequency transmit- 
ters have been designed with choke 
coils which can be tuned by means 
of the inductor principle, that is, 

by means of a conducting sleeve that 

is variably inserted within the coil 

to decrease its inductance due to 
the eddy -currents set up in the 
sleeve. This type of coil can be 
accurately tuned to give the optimum 

results at any given frequency with 

in its range and is used on trans- 
mitters designed to cover a certain 

limited range of frequencies in con- 

tinuously variable steps. 
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R.C. FILTERS. --In multistage 
high -gain radio receivers, it is 

necessary to supply plate, screen, 

and grid biss voltages to the sev- 

eral R.F. and I.F. amplifier tubes. 

These voltages, with the probable 
exception of the negative grid bias, 

are supplied from a common source. 
A variable grid bias voltage usually 
is supplied from the A.V.C. (auto- 

matic volume control) rectifier. 
Interstage shielding of R.F. and 

I.F. amplifiers --at least of the 

coils -is essential for stable oper- 

ation. Similarly, isolation of the 

several circuits connecting into a 

common voltage source is essential 

to prevent interstage coupling 
through the impedance of the common 

voltage source. Circuit isolation 

is accomplished in a simple, compact 

and inexpensive manner by the use of 
resistance -capacity filters as shown 

in Figure 20. 

biased to the point where no grid 
current flows; here very small com- 

paratively high resistance compo- 

nents may be used. In Figure 20 

these are represented by R1, R3, R8, 

R8, R11 and R13, all 100,000 ohm .5 

watt resistors. Above each of these 

resistors, to provide an R.F. cir- 

cuit back to ground and to the re- 
spective cathode, is a bypass capa- 

citor. In the circuit of Figure 20 

bypass capacity of .054F is used 
with each grid resistor. These are 

capacitors C2, C3, Co Co etc. The 

values of resistance and capacity 

are not critical but should be of 
such values that the resistance is 

at least 10 times greater than the 

reactance of the accompanying capa- 

citor at the lowest signal frequency. 

In the broadcast band, the lowest 

frequency is 550 KC /s and the reac- 

tance of a .05µF capacitor at that 

frequency is negligible compared 

Fig. 20.- Schematic showing use of r -c filters. 

The most simple filter is in the 

grid circuit which is negatively 

with R and a high degree of isola- 
tion is obtained. The larger R is 
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made, the smaller C can be for the 

same degree of isolation. For grid 

circuit isolation where no current 

flows and the value of R is not cri- 

tical, small inexpensive carbon re- 

sistors can be used in conjunction 

with low voltage paper capacitors. 

In the circuit of Figure 20 
similar filters are used to isolate 

the plate circuits of the R.F. tubes. 

Here, however, plate current flows 

and the filter resistance must not 

be so large as to produce excessive 

voltage drop. In this circuit R9, 

R10 and 
R18 are 12,000 ohms and the 

accompanying capacitors C9, C12 and 

C18 have capacity of .1 4F. This 

still provides a large R/Xe ratio. 

.5 watt resistors are used with 
paper capacitors of the proper volt- 

age rating. These resistors also 

serve to drop the plate voltage at 

the tubes from the +325 volts at the 

source to +250 volts as specified by 

the manufacturer for this tube. In 

the event of a tube failure, plate 

current to that tube drops to zero 

and the voltage above the resistor 

rises to that of the source, in this 

case to 325 volts. The plate bypass 

capacitors should have voltage rat- 

ing of not less than 400 volts. 

Similar isolating filters are 

used in the screen grid circuits 

where the resistors R4, R9 and R14 
(10,000 ohms) also serve as screen 

voltage dropping resistors. .14F 

capacitors of the same voltage rat- 

ing as used in the plate filters are 

employed. In the plate circuit 
filters .5 watt resistors are used 

but 1 watt resistors are used in the 

screen filters. The screen current 

of the 6L7 tube normally is slightly 

greater than the plate current, but 

in the event of an open plate circuit 

the screen current will rise to 

almost double its normal value and 

this must be considered in selecting 

the dissipation rating for the screen 

resistor. 

AUDIO FREQUENCY CHOKES. -Audio 
frequency chokes are used less fre- 

quently than R.F. chokes, but when 

used their design is Hilly as impor- 

tant as at radio frequencies. Fig- 

ure 21 illustrates the use of audio 

Tube 1 Tube 2 

Fig. 21.--Impedance coupled audio 
amplifier stage. 

chokes, in this case usually called 

"reactors ", at audio frequencies. 
The circuit is that of an impedance 

coupled audio frequency amplifier. 

L 
t 

serves as the plate load impe- 
dance for Tube 1. It carries the 

d.c. component of plate. current and 

the a.c. component of plate current 

flowing through it develops the a.c. 

component of plate voltage for ex- 

citation of the following tube. L2 

is the grid choke of Tube 2 through 

which the negative grid bias is ap- 

plied without undue loss of a.c. ex- 

citation voltage. 

The inductance of L 
1 
should be 

large enough that XL1 is not less 

than R 
P 

(Rp = tube plate -filament 
resistance) at the lowest frequency 

which must be amplified. For ex- 

ample, if Rp is 20,000 ohms and it 

is desired to amplify at frequencies 

down to 50 cycles /second, then 
XL, 

should be at least 20,000 ohms at 50 
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cycles /second, L = XL /27TF = 20,000/ 
(6.28 x 50) = 63 henries. At all 
higher frequencies XL1 is greater 

than R. A coil having sufficient 

turns to produce, even with an iron 
core, inductance of 63 henries, has 

large distributed capacity. This 

imposes the upper limit on the fre- 

quency band which can be passed and 

is the most severe limitation to the 

use of this type of amplifier for 

good audio amplification. To reduce 

C to a minimum, various types of 
windings and cores have been used. 

The most successful development 
along this line is the use of one of 

the high permeability alloys for the 

core. For specified inductance, as 

the permeability of the cbre is in- 

creased the required number of turns 

is decreased, this in turn reducing 

the coil capacity and placing the 
resonant point at a higher frequency. 

Another factor is core satura- 

tion. L1 must be so designed that 
magnetic core saturation does not 
occur within the plate current range 

of Tube 1. This is particularly 
important where a high permeability 
alloy is used because such materials 

saturate with lower ampere turn 
magnetizing force than does trans- 
former steel. When high permea- 
bility cores are used in audio plate 

chokes parallel feed should be em- 

ployed to avoid core saturation. 

The inductance of L2 should be 

as large as possible consistent with 

keeping the distributed capacity 
sufficiently low and the high fre- 

quency characteristics adequate. In 

such an amplifier Tube 2 will be 
operated with sufficient negative 
bias that no grid current flows. 

Hence core saturation need not be 
considered and the use of a high 
permeability alloy and small wire 
size permits the construction of a 
coil of small dimensions and corres- 
pondingly small distributed capa- 
city, but having inductance in the 
order of hundreds of henries. 

The use of audio chokes or re- 
actors in modulator circuits of 
transmitters is discussed in consid- 

erable detail in another lesson, as 

are the filter chokes in transmitter 

and receiver power supplies. 

Very often the R.F. choke is 
thought of as "just another coil" 

and the importance of careful design 

sometimes is neglected. The devel- 

opment engineer who wishes to turn 
out an efficient trouble -free trans- 

mitter will be as careful in the de- 

sign of the R.F. chokes as he is in 

the design of any other of the 
transmitter components. 
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EXAMINATION 

L What is the difference in the design of a parallel circuit 
for high impedance at resonance with a very broad impedance 
curve, and the design of a parallel circuit which will have 

high resonant impedance with a very sharply peaked curve. 
EXPLAIN IN DETAIL the reason for the difference in the shapes 

of the curves with respect to the relative value of circuit 
components. 

2. (A) What is meant by the distributed capacity of a coil? 
Explain why a coil has a resonant frequency. 
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EXAMINATION, Page 2 

2. (B) What determines the distributed capacity of a choke 
coil? Explain in detail the type of construction. 

3. For what purpose is a choke coil used? Why? Explain fully. 

4. What would be a desirable relationship between the fundamen- 
tal frequency of a choke and the fundamental frequency of a 

crystal -controlled oscillator if the latter were to operate 
as an oscillator -doubler. Assume choke to be used in plate 
8+ supply. Why? 
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EXAMINATION, Page 3 

5. Explain the advantages of the slot -wound choke over each of 

the single layer, the ordinary multilayer, and the bank 

wound types of chokes. 

6. A single choke coil of the universal wound type is to be 

compared with a sectional choke composed of three pi's, each 

identical to the single choke coill How should the coils be 

connected in the sectional choke for maximum L and minimum 

C? How does fr compare with that of the single choke coil? 
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EXAMINATION, Page 4 

7. (A) Discuss the design of an r -f choke coil for high fre- 
quencies and describe the type of choke you would build for 
such applications. 

(B) Explain the operation of an RC filter. What should be 
the relationship between the constants of the series and 
shunt elements of an RC filter? 
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EXAMINATION, Page 5 

8. At what frequencies do choke coils usually burn out? Why? 
What precautions can you take in designing a choke to keep 

the danger of the choke burning out to a minimum? Explain. 

9. The complete choke assembly shown in Fig. 15 has a resonant 
frequency of 5 me /s. The total distributed capacity is 

4 µµF. What is the resonant frequency, inductance, and 
distributed capacity of each individual winding? Show your 
work step by step. 
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EXAMINATION, Page 6 

10. (A) A choke coil has an inductance of 50 LH, and a capa- 

city of 5.6 µµF. List three frequency ranges for which it 

will act as an inductance, and three ranges for which it 

will act as a capacity. 

(B) At approximately what frequency will it operate most 
satisfactorily as a choke coil? Give a specific frequency 
value as an answer. 




