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CIRCUIT COMBINATIONS THAT PROVIDE SUBSTAN-
TIALLY UNIFORM SIGNAL SELECTIONt

Band-Pass Filter Circuits Combined With Tuned Resonance

design of radio broadcast re-

ceivers toward the separation
of the functions of signal selection and
radio-frequency amplification. This
trend began a few years ago, when the
majority of manufacturers discarded
the coupling tube method of supplying
the signal in the antenna to the re-
ceiver, and has now gone so far that
laboratory models have been con-
structed and commercial receivers
have been built in which the complete
function of signal selection is accom-
plished before any amplification of the
signal is permitted to take place. This
separation of functions has been ac-
complished through the use of the
band-pass filter. Whether or not this
separation of functions should be
complete remains to be seen after a
more thorough study of the band-pass
filter has been made. Such filters as
are generally used have certain in-
herent disadvantages which in a prac-
tical radio receiver must be eliminated
and which in general are most easily
eliminated by combining the band-pass
filter with other circuits.

HERE has been a marked ten-
dency in recent years in the

“Phantom Stations”

The desirability of adequate signal
selection and filtering before amplifica-
tion is well known to everyone. Due
to *the non-linear characteristics of
amplifier tubes, a certain amount of
rectification of the signal takes place
in the first stage of amplification as
well as in the following stages result-
ing in a small rectified current avail-
able for the modulation of other car-
riers if they are present. In the
neighborhood of a strong broadecast
station, as a result, a carrier to which
the receiver is tuned will sometimes
be modulated by the audio-frequency
signal of the partially rectified carrier
of the local broadcast station, and
both signals will be heard together.

—*E-ngineem'ng Dept., F. A.' D. Andrea, Inc.
fDelivered before the Club, September
11, 1929.

Circuits in Cascade

By E. A. UEHLING*

This modulation can take place in an-
other way. Two stations whose car-
rier frequencies are separated by such
an amount that their difference falls
in the broadcast band can often be
heard together when the radio re-
ceiver are not impaired, and they
quency. The result is the well-known
phenomenon of “Phantom Stations.”
In order to avoid this condition, a
more thorough separation of signals
is required before any amplification
takes place.

The band-pass filter is well known
for its selective properties. It has
other advantages as well, among them
being the flat top characteristic which
so adequately permits the transmission
of sidebands. As a consequence, side-
band cutting is reduced to a minimum,
yet the selective properties of the re-
ceiver are not impaired, and they
may, in fact, be improved. A broad-
cast receiver must, however, be cap-
able of receiving carriers over a wide
range of frequencies. It is here that
trouble is encountered in the use of
the band-pass filter. Its character-
istics at one end of the frequency
range may be entirely unlike its char-
acteristics at the other end. A varia-
tion in band width with change in

3

frequency is the most evident of these
varying characteristics. There are
others as well, among them being a
marked change in the ratio of the
input and output voltages if the coup-
ling between the circuits of the band-
pass filter is permitted to have a value
less than the critical value at any fre-
quency in the broadcast range. Occa-
sionally there are conditions under
which it is desirable to design the cir-
cuits in this way.

A band-pass filter in its most simple
form consists of two circuits of posi-
tive and negative reactance coupled
together by means of either a positive
or negative reactance or a combination
of one or both. Two such circuits,
coupled by a negative reactance, are
shown in Fig. 1-A. In Fig. 1-B and
Fig. 1-C, respectively, similar circuits
coupled by a positive reactance are
‘shown; in Fig. 1-D and 1-E the same
circuits having a coupling between
them consisting of a  combination of
reactances, and in Fig. 1-F the same
circuits again with capacitative and
magnetic coupling. The discussion in
this paper relating to band-pass cir-
cuits will be confined entirely to the
two-section type of structure.

k-

1k

@

-D-

-E.
FIG.1

Typical band-pass filter circuits.
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Two methods of antenna coupling.

Two-Section Band-Pass Filter

One of the properties of a two-sec-
tion band-pass filter as shown in these
figures is that to an e.m.f. placed in
one of the circuits there will be two
frequencies at which the alternating
eam.f. and current will be in phase.
These two frequencies occur when the
reactance of the first circuit X and
. of the second circuit X, is expressed

by
X =x ‘/5‘ (B! — R, Ry)
R,

R and
Xz=:t‘/%j (B2 — Ri Ry)

where B is a real quantity and is equal
to the coupling reactance, and R, and
R, are the resistances of the first and
second circuits, respectively. The
coupling between the circuits must be
sufficient in which case

B2 > R:i Rs

It is at these two values of reactance
given by the above equation, the posi-
tive and the negative value, that the
two peaks of the band-pass transmis-
sion characteristic occur. The radio
engineer is interested in the separa-
tion of these peaks; for on this separa-
tion the selectivity of the receiver and
the degree of side-band cutting largely
depends. In general, R, and R. are
equal, or nearly so, when loosely
coupled to the energizing circuit, so
that

X,=X;==+ VB?*—R?

The frequency separation of the two
peaks can be easily determined. Omne
peak occurs when the reactances X
and X, are given the positive values
of the above equation, and the other
peak occurs when the reactances X
and X. take on the negative value.
To determine the frequency separation
of the peaks it is necessary only to
determine the rate of variation of the
reactances with changes in frequency.
This is done for an ordinary series
circuit which is a generalized form of

each of the circuits of the band-pass
circuit.

1
szL—h)—C
dx 1
do Lt ao
dx__dxde 27
di dedi 27LTac
at resonance
1
@k
Then
dx
aF =47L
cdf_ 1 @
dx 47L

Thus, for a small change in fre-
quency near the resonant point of the
circuit, the change in frequency per
unit change in reactance is equal to

1.
47TL
unit change in reactance is inde-
pendent of the original value of .

As the generated frequency is varied
from the value it has at one peak of
the transmitted band to its value at
the second peak of the transmitted
band, the reactance of the individual
circuits X; and X, changes from

+ V' B2—R2 through zero to F V B2— R,
The ‘total change in reactance is then

The change in frequency per

VB?z—DR2the greater is the accuracy
of this equation. The error intro-
duced® by spreading the value of
the derivative over the width of the
band is, however, very small when
radio circuits are considered because
of the relatively small value of f as
compared with f, the resonance fre-
quency of the individual circuits.
The frequency width of the trans-
mitted band is usually given by equa-
tions which neglect the circuit resist-

ances. According to these formulas
the lower frequency peak is given by
S I
fi= \/l——i—f
and the higher frequency by
f:
B=yi—x

where f, is the resonant frequency of
one circuit taken alone and K is the
coefficient of coupling

o M
VIiL,

If
Li=L,=L

M
K=1

Then f, the frequency width of the
band is

=ty £ =1, [\/I—I—:K—\/l_%] 3

Circuit Resistance

But the radio engineer cannot afford
to mneglect circuit resistances when
dealing with band-pass filters. This
is especially true considering the rela-
tively narrow width of the trans-
mitted band of frequencies and the
high value of the radio frequency to
which it is referred. Considered in
this way, the coupling appears very
close to the critical value and in this
range the circuit resistances play an

2V Bz—R?2. Integrating equation (1)
i _ 1
dx™ 47L
we have
f— X
T 47 L
Therefore, the frequency separation
of the points of maximum transmls-
-sion is
_ X =2\/B2—R2= VBi—R? @
47 L 47L 27L
The narrower the band width,
or the smaller the quantity
4014 11 51

{ ST TURNS ADUACENT

707 25 54 20 42472
475 302 200 545

0 . 10 0 105
/)A /\
496 278 200 545

Transmission characteristics of coupled circuits.
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extremely important role. It will be
evident that for zero ecircuit resist-
ances all values of coupling are
greater than the critical value for
(B*-R’) would always be greater than
Zero.

It will be interesting, nevertheless,
to show that equation (3) is approxi-
mately equal to equation (2) when the
resistance term in equation (2) is
dropped. The two fractions of equa-
tion (3) can be expanded into an infi-
nite series of which all but the first
few terms are negligible.

1 15
—_— 2 _
VIi—K 1+ 1/2K + 3/8 K s

105

K3+ @K + o
———__1__ — 1/2 K + 3/8K2—1§
V1+K 48

—_— 4

K3 + 384K ......

and
w!‘
f]r=2_1T

Substituting these values in equation
(3) "and neglecting all terms in which
K appears to the second and higher
degrees

W, K . I_E
f—§;b+2+ ...... 15 ]
© o M
=3 KE=37g

Neglecting the resistance term in
equation (2)

_VB—R
) 27rL
we have -
B
f—27TL .

and if inductive coupling is wused

“oMandf= establishing the

- oM
27 L
approximate equality of -the two
equations.

Having determined the width of the
transmitted band of frequencies and
the factors affecting this width, it re-
mains to determine what variations
exist when the circuits are tuned to
different carrier frequencies in the
broadcast range without introducing
any change in these circuits except to
vary the tuning condensers as is ordi-
narily done in tuning a receiver made
up alone of tuned circuits in cascade.
In the process of tuning, L remains
unchanged. B, the coupling imped-
ance, will, however, vary, and R will
vary. If the quantity (B°-R?) can be
maintained constant, the transmitted
band width will remain constant. R
in general increases in value with fre-
quency. B increases in value with

frequency if the coupling is inductive

and decreases if the coupling is capaci-
tative. It might appear on first con-
sideration that inductive coupling
would give more uniform width of
band than capacitative coupling. It
must be remembered, however, that

we are interested not only in the direc- -

tion in which the coupling impedance
varies, but the rate at which it varies

ONE TO ONE RATIO COUPLING
IN EVERY CASE

A-TRANSFORMER - PRI. AND SEC.,
WOUND ON 23/1§ FORM ; PRIMARY
WOUND DIRECTLY OVER SEC.AND
SEPARATED FROM IT BY 3 LAYERS
OF PAPER.

B-TUNED IMPEDANCE, 2% FORM.

C-TRANSFORMER - PRIMARY: AND SEC.
WOUND ON 23 FORM END TO END.

SCREEN-GRID VOLTAGE +45
S 8o =
< 60 x T 1=
- B =1
—

2 L€
w 20 1=

e

-

500 700 900 1400 4300 1500
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FIG.5

Amplification of one screen-grid
tube with transformer and tuned
impedance coupling.

with frequency. The value of quantity
(B*-R®) may be substantially constant
though the individual quantities are
varying in opposite directions, pro-
vided that the rate of variation of
these quantities is actually low. Such
is the case under certain conditions.

The rate of variation of B for in-
ductive coupling is

dB_dleM] .

do— do M @
The rate of variation of B for capaci-
tative coupling is

—1
dB__ [Z—C‘] L
&-_(:)—d doe =w20 (5)

In an average radio circuit of fairly
low resistance coils and for 10,000-
cycle band width at 500 kilocycles, M
for inductive coupling, and C for
capacitative coupling will have a value
such that the values of the two deriva-
tives just given will be approximately
the same. As the frequency is in-
creased, the value of equation (4) re-
mains unchanged, which means that
for inductive coupling the band width
increases constantly as the frequency
is increased, the resistance term being
more nearly negligible as the peaks
of the transmitted band separate from
one another. On the other hand, when
capacitative coupling is used, we must
use equation (5), the value of which
decreases with increasing frequency,
which means that the rate of decrease
of the width of the band as the fre-
quency increases becomes less and
less.

Capacity Coupling

‘While neither type of coupling is
wholly desirable from the point of
view of changes in band width with
changes in frequency, capacity coup-
ling under certain conditions offers the
greater possibilities. This is espec-
ially true if the band-pass filter is to
be combined with other resonant cir-
cuits in cascade. Such a combination
first of all improves the characteristics
of the band-pass filter by flattening the
portion of the transmitted curve be-
tween the two peaks. In this way the

1nz

advantages of both types of circuits
can be utilized and the combination in
most respects is very desirable. A
little further study of the character-
istics of a combined band-pass filter
and resonant circuits will disclose the
important advantages which exist in
favor of capacity coupling. As already
shown, the transmission band becomes
more narrow as the frequency is in-
creased. The selectivity of ordinary
resonant circuits, however, decreases
as the frequency is increased because

of the increasing resistance of the cir-

cuits. To offset this decrease in select-
ivity, a band-pass filter that has a
very narrow band at high frequencies
and a 10,000-cycle band at low fre-
quencies will give an over-all se-

lectivity band that is of almost con-

stant width.

Selectivity curves showing the
transmission characteristics of such
a combination of circuits are shown in
Figs. 9 and 10. In this combination of
circuits a capacity-coupled type of

band-pass circuit precedes the first .
- amplifier tube and adequately per-

forms the function of signal selection.
In the amplifier, tuned -circuits are
used to couple the amplifier tubes and
the detector. These circuits have se-
lectivity characteristics of their own
which tend to improve that of the
band-pass circuit at the longer wave-
lengths. At the short wavelengths
conditions are reversed. The tuned
circuit characteristics are broad at
these wavelengths, but in combination
with the capacitative-coupled band-
pass circuit of extremely sharp se-
lectivity characteristics at these wave-
lengths, the transmission a few
kilocycles off resonance is very mater-
ially reduced. The result is a se-
lectivity characteristic at all wave-
lengths that is substantially uniform.

There are still other possibilities. .

Radio-frequency amplification tends to

L.»éﬁ

~TO A TUNED IMPEDANCE CIRCUIT~

-A-
T
T
-Ij |

~TO A BAND PASS CIRCUIT~
FIG.4 -B-

Two methods of screen-grid
coupling.
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FIG.6

Amplification of one screen- grid
tube with transformer coupling.

increase as the frequency is increased.
In some cases this change in amplifi-
“cation can be partially eliminated by
the introduction of fixed regeneration
that affects the higher wavelengths
only, by careful design of the antenna
coupling system, by self resonance in
the primary circuits of the radio-fre-
quency transformers, and by several
other methods. If screen-grid tubes
are used, however, this problem be-
comes more difficult, and if the ampli-
fication is made to meet the require-
ments at 500 ke. it may be so large
at 1,500 ke. that over-all regeneration
will produce instability. This condi-
tion can be partially removed by using
a capacity-coupled band-pass filter
that has its coupling impedance so
adjusted as to pass through the point
of critical coupling at some point in
the broadcast range. At all fre-
quencies greater than this critical fre-
quency, the gain will be gradually re-
duced as the frequency is increased
with the result that the receiver will
have a more: nearly uniform amplifi-
cation curve and the possibility of
oscillation at short wavelengths will
not be present even though the total
amplification is further increased at
the longer wavelengths than could
otherwise have been done.

Position of Band-Pass Circuit

‘When the band-pass circuit is used
in this way and loosely coupled to the
antenna circuit, it will supply to the
grid of the first amplifier tube for a
given voltage in the antenna circuit, if
the coupling between the circuits is
sufficient, a voltage equal approxi-
mately to one-half the voltage that
would have been supplied had an ordi-
nary tuned circuit been used. It does
not follow, however, that from the
point of view of maximum voltage
amplification a more desirable position
for the band-pass circuit could have
been found. If used in the output cir-
cuit of a screen-grid tube, the voltage
amplification for the stage would be
only one-half the amplification obtain-
able if a tuned circuit had been used
instead. In fact,” it is more or less
general that when a band-pass circuit
is supplied by means df an ideal gen-
erator, i. e., one in which the generated
current is independent of the load im-
pedance, the voltage amplification is

‘tions for each type of circuit.

approximately one-half that obtainable
if an ordinary tuned circuit had been
used instead of the band-pass circuit.
If a band-pass circuit is used follow-
ing a —27 type tube, the loss in amplifi-
cation as compared with that obtain-
able with an ordinary tuned circuit,
other conditions being identical, is ap-
proximately 309, under the best condi-
This
loss in voltage amplificalion can be
shown very easily.- Referring to Fig.
3-A where the ordinary antenna cir-
cuit is shown, the current in the tuned
circuit is given by
.0 M e
R= 7,
where Z, is the forward equivalent im-
pedance of the antenna circuit, that is,
the impedance of the antenna circuit
as influenced by the tuned circuit. But
the resonant frequency of the antenna
circuit is usually much higher than the
highest frequency of the broadcast
band and the coupling impedance is
usually very small. Therefore,
7.’ = 7, approximately

and

. _ (5] M €

2= 6)

In Fig. 3-B is shown an antenna cir-

cuit coupled to a band-pass circuit.
The current in the first of the band-
pass circuits, the one to which the an-
tenna is coupled, is given by

LW M e:

= le/ Zzl
where Z.’ is now the impedance of
the first tuned circuit as influenced by
the impedance of the following circuit
to which it is coupled and not that
of the tuned circuit alone as before.

Again,
7.’ = 7, approximately
and
I = M e nearly
o Zo )
If R.=Rs
12 == 13 (7)

and the equation just given holds as
well for the current in the final cir-
cuit, which is the one in which we are
interested.

This equation differs from equation
(6) only in the term Z.' which has
replaced Z.. In the term Ze'

X2,=X2’_"w2z?2l[ X;=0

and

‘ 2 M2 )
R/ =R+ 5 Re=2Rs
3

Therefore, the denominator of the
equation (7) is twice as large as that
of equation (6) and the voltage ratio
when the band-pass circuit is used is
one-half that obtainable with an
ordinary tuned circuit. Now assume
that the band-pass filter had been
placed after one of the screen- -grid
tubes. The circuit is shown in Fig.
4-B. The load impedance would be
that of a tuned circuit and is equal to
L
R/C
where L is the inductance of the tun-

"Ru=

1NA

v

ing coil, C the capacity of the tuning
condenser, and R the resistance of
the first circuit as influenced by that
of the circuit to which it is coupled.
This resistance R, is equal to
w? M2
7z
Therefore, the resistance term in the
equation for RL is twice as large for a
band-pass circuit as for an ordinary
tuned circuit. Therefore, RL is re-
duced one-half when the band-pass
circuit is used, and the amplification
which is equal to

is also reduced one-half.

R-F. With Screen-Grid Tube

Having considered the problem of
signal selection and the selectivity
characteristics of a particular type of
band-pass filter combined with tuned
radio-frequency circuits, we will now
turn our attention to the problem of
radio-frequency amplification using the
screen-gridl tube. Both impedance
coupling and transformer coupling will
be considered. Because of certain
characteristics of the screen-grid tube,
and in particular the high plate im-
pedance of these tubes, the problem of
high amplification per stage is reduced
to one of obtaining a high load
impedance.

The elementary equation for ampli-
fication with a single three- or four-
element tube is

¢ R
g= re + R
This can be transformed and reduced
to more simple terms by neglecting the
value of RL whenever it appears with
rp in comparison with which it is
small as follows:

R/=R.+ R2=Rl+%—le=2R;
2

_ #Bu _ p¢ Rurp
g = = -+ RL re re +Ro
=Gn RL + o =G, Ruapproximately.

The external load impedance is usually
obtained by means of a resonant cir-
cuit. If an anti-resonant circuit ap-
pears directly in the plate circuit, the

TYPE OF COIL
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- Amplification of one screen-grid
tube with tuned impedance
coupling.

load impedance Ry is given by

RC
where L is the inductance of the re-
sonant circuit, C is the capacity and
R is the resistance.

If the resonant circuit is coupled
inductively to a coil which is located
in the external plate circuit the load
impedance is given by
_ * M2

R

where M is the mutual impedance
of the radio-frequency transformer and
R is the radio-frequency resistance of
the secondary circuit. It will be
understood from this equation why
oM must be made so much larger in
value when screen-grid tubes are used
instead of the —27 type.

A little calculation will show that
if M is made so large that it is equal
in value to the inductance L of the
tuning coil, the value of Rr obtained
with transformer coupling is equal to
that obtained with impedance coup-
ling. To obtain this value of M the
primary inductance will have to be
greater in value than the secondary
inductance because the coefficient of
coupling K cannot be made equal to
unity.

A little study of these equations will
give us some idea of the possible am-
plification per stage and the factors
that affect this amplification. If the
inductance L is equal to 200 micro-
henrys, the maximum capacity of the
tuning condensers will be 419 mmf.
or slightly more. The resistance R
of the circuit may be of the order of
10 ohms at 550 kc. If impedance
coupling is used, the load impedance
at 550 ke. will be

R

R

L 200 . 106
RL:E@ =10 410 i0® =47700 ohms,

and at 1500 kec. the load impedance,
assuming that the resistance R has
increased from 10 to 30 ohms, will be
R __ L __ 200.10°¢

"“RC™ 30.56.10"
The screen-grid tube has a mutual con-
ductance of approximately 1000 mi-
cromhos. The amplification per stage
is then equal to.

G=G=Rr=1000.10-% . 47,700 =47.7
at 550 ke.

= 119000 ohms.

The amplification available is found
to be directly proportional to the
tuning coil inductance and inversely
proportional to the circuit resistance.
The latter consideraton calls for coils
of good shape factor, shielding that
does not appreciably intercept the
magnetic lines of force of the coil,
large size copper wire, low-loss ma-
terials in the constructon of coil forms
and compensating condenser dielectrics
and supports, and good condensers.
The value of L should be made as
large as practical not only because of
the increase in amplification obtain-
able, but also because the selectivity is
improved thereby as is indicated by
the equation for the decrement of the
tuned circuit, given by

R
I=371
R-F. Choke
‘When the stages are impedance

coupled an r-f. choke coil must be used,
to avoid an excessive use of blocking
condensers in the tuned circuit, and
a grid resistor. The use of such a
choke has several advantages. The
gain characteristic of the amplifier
can be varied considerably by choosing
the characteristics of the choke coil.
The choke coil impedance must, how-
ever, be extremely high at all fre-
quencies to prevent it from adding
considerable reactance to the tuned
circuit. The characteristics of r-f.
choke coils vary considerably with the
conditions under which they are used,
as for example, the circuit to which
they are connected, their proximity to
the metal chassis of the receiver, and
the iron plate on which this chassis
rests in the console and the character
of the bolt used to hold the choke coil
to the chassis.

Because of the characteristics of the
choke coil and because of the effec-
tively closer coupling obtained with
tuned impedance circuits, the amplifi-
cation characteristic in the r-f. stages
is in general more uniform than is
obtained with transformer coupling.
Comparative results for the two types
of coupling are shown in Fig. 5. If a
different design of r-f. choke coil had
been used, a different curve for impe-
dance coupling would have been
obtained.

The same latitude in design is per-
missable with transformer coupling but
there are greater practical limitations.
In order to obtain a reasonably low
ratio of amplification at short waves
to that obtained at long waves, the
primary inductance must be very
large. The effect of increasing primary
turns is shown in Fig 6. One reason
for the decrease in amplification at the
short wavelengths when the primary
inductance is increased above a certain
value can be understood by considering
the equation for transformer coupling.
The load impedance we have found
equal to:

w? M2
Ri= T,
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The ratio of the voltage across the
primary to that impressed on the grid
of the preceding tube is then

E; w? M2

ETE = Gu R =0GCGn R, »

If the coefficient of coupling between
primary and secondary is nearly unity
the voltage_ step-up or step-down be-
tween primary and secondary is sub-

stantially equal to £ and the volt-

M
age ratio between the grids of suc-
cessive tubes is then

M2 L
" R: M

As @M is increased, the value of the
term Rr increases and may reach a
value where it is no longer possible to
express the equation for amplification

g =

re
Re + 12
which may become considerably less
than unity in value. Then the gain
will have to be expressed as follows:
w® M2 TP L
g=0Cn ﬁ— —'——‘wz VE M
Ie ;Tz‘
rp L
A - Gm Irp Rz 1\7[
PRV D +1
w? M2 wL
PRy + «® M2 0 M
w M
wRF ol
With respect to variations in M
this value of g is a maximum when:
W M2=rr R»

When °M? is increased in value by
varying M to the point where it be-
comes equal to or greater than r,R.
there is a decrease in amplification.
The decrease in amplification at 200
meters with increasing primary turns
as shown by the curves of Fig. 6 may
not be explained in this way, however,
for it is doubtful whether the con-
ditions for optimum coupling have
been satisfied in these tests. These
results are more likely due to capacity
coupling between primary and second-
ary which reduces the load impedance
of the primary circuit when the num-
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ber of primary turns exceeds that of
the secondary.

Effect of Capacity

The effect of capacity between the
primary and secondary windings of
an r-f. transformer designed for screen-
grid tubes is more important than
similar capacities have been considered
in the past. This capacity has its
effect on the amplification per stage
and on the frequency range that a
given tuning condenser will cover.
The latter effect is probably the more
important, and is especially noticeable
if the primary winding is wound close
to the secondary and covering only a
portion of the secondary winding. In
general, coils with an equal number
of turns for both primary and second-
ary have been found most satisfactory.
Especial care must be taken that the
" stages will tune to the same frequency
over the entire broadcast range. Be-
cause of the very close coupling re-
quired, and the effect of the copper
in the primary winding on the dis-
tributed capacity of the secondary,
these coils may not tune to the same
frequency over the broadcast band
with the antenna coil or other coils in
the receiver that differ from them in
construction.

Selectivity requirements may not, in
general, permit the use of unity ratio
in the design of the radio-frequency
transformers. The resistance added to
the tuned ecircuit and due to the tube
. plate impedance will be equal to

w? M2
rl’

This may amount to nine or ten
ohms at 200 meters. If impedance
coupling is used, the same value of
resistance is added to the tuned cir-
cuit if the full number of turns on the
tuning coil is used in the plate circuit
of the amplifier tube.

Rl

Methods of Measurement

Two distinct methods of measure-
ment have been used in obtaining the

experimental data that was necessary
for the verification of the theory.
Most measurements on radio receivers
and circuits require the use of a very
small known input voltage. If ampli-
fication measurements on a single
stage of radio frequency are to be
obtained this voltage can be as large
as .1 volt and its value must be ac-

curately known. .If several stages of

radio-frequency amplification or an
entire receiver are to be measured,
this voltage may have to be less than
a millivolt and if a very sensitive® re-
ceiver is to be measured it may have
to be as low as a microvolt, and again
the voltage must be accurately known.

There are a number of well-known
methods of obtaining a small known
voltage of radio frequency. One of
these is to pass a current of the de-
sired frequency through a straight
copper rod of negligible resistance and
to use the reactive voltage drop of a
portion of this rod to supply the input

voltage. The inductance of the rod
can be calculated by empirical
formulas. '

A second method is to use the re-
sistance drop of a small non-inductive
resistance. "It is, however, more diffi-
cult to obtain a small accurately known
resistance of negligible inductance than
it is to obtain a small accurately
known inductance of negligible
resistance.

A third method is to use a mutual
inductance. Empirical formulas for
mutual inductance are not, however,
as accurately known as for self-induct-
ance, and measured mutual induct-
ances would not be of a sufficiently

small value to render them, satisfac--

tory for this purpose.

A fourth method is to generate a
large voltage of the desired frequency,
measure it with a thermocouple meter
or vacuum- tube meter, and then at-
tenuate it- with a radio-frequency
attenuator of known characteristics to
the desired value.

The first and fourth of these
methods have been used to obtain the
curves described in this paper. The
first method was used exclusively until
another method giving smaller volt-
ages was necessary. Then the results
obtained by the first method were
checked by the fourth and they were
found to be reasonably accurate.

The first method is valuable because
it can be used conveniently without
the need of elaborate apparatus. It is
accurate, provided that considerable
care has been taken in determining
that the calculated impedance and the
actual- impedance across which the
voltage drop is used are identical. For
the purpose of these measurements a
copper rod .15 cm. in diameter and
25 cm. long was used. The inductance
of this rod is given by the formula

L — .002 [2.303 logw%l — .75]

where 1 is the length of the rod in cm.,

d is the diameter of the rod in cm.,

and L is the inductance in micro-
henrys. The inductance of the rod
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described is then equal to .287 micro-
henrys, and the reactance is equal to’
991 ohm at 550 ke. and 2.703 ohms at
1500 ke. If two milliamperes of cur-
rent are permitted to pass through the
rod at either frequency, the voltage
developed between the ends of the rod
will be 1982 microvolts at 550 ke. and
5406 microvolts at 1500 ke.

The mechanical and electrical ar-
rangement must be such that the
thermocouple meter cannot read cur-
rent that does mnot actually pass
through the rod. In general, the meter
should be connected to the circuit as
near ground as possible and the cir-
cuit should be grounded at one point
only and all capacities to ground for
the rest of the circuit should be as
low as possible. Sources of error that
might be encountered are: a, mutual
inductance between the portion of the
rod used for supplying the reactive
voltage and the ends of the rod
whether the end lengths are in the
same straight line as the useful por-
tion or not; b, mutual inductance be-
tween the useful portion of the rod
and the ground wires and metal
chassis; ¢, charging currents in the
circuit.

If the measuring equipment is well
arranged mechanically and electrically,
these errors can be made very small.
The errors due to mutual inductances
can be eliminated Dby using instead
of a copper rod, a copper rod and
sheath concentrically arranged, the
sheath acting as a return circuit. The
sheath will not eliminate mutual im-
pedances but it will make them more
definite and susceptible to calculation.
Current flowing in the copper sheath
does not produce a magnetic field in-
side the sheath, yet a mutual induct-
nace between these two branches of
the circuit does exist due to the elec-
trostatic fields existing between the
electrons comprising the current. The
mutual impedance can be calculated,
whereupon the resultant impedance of
the rod alone becomes known and can
be used for supplying the reactive
voltage drop.

Thus, having a source of known
voltage, we need only an output volt-
age measuring device to measure the
voltage after amplification. A vacuum
tube voltmeter is most satisfactory for
this purpose because of its slight effect
on the apparatus to be measured.
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Amplification is then given as the quo-
tient of the measured output voltage
and the known input voltage. Selec-
tivity measurements can be made in
the same way, varying either the in-
put frequency or the reactance of the
circuit under test.

The curves shown in Figs. 5, 6, 7
and 8, were obtained by the use of the
method just described. These results
were checked at a later date using a
standard signal generator  supplying
an accurately known voltage across a
very small resistance. The latter
method is the fourth one mentioned
above. For single stage amplification
measurements this voltage was" ap-
plied directly to the grid of the ampli-
fier tube. When making measure-
ments on a complete receiver and

MODULATION 30 %
WAVELENGTH 535 METERS.

20
z s b
Zs
T~
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s
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. FREQUENCY IN KILOCYCLES
FIG.12

Fidelity characteristic from
antenna to loudspeaker.

when making measurements on the
transmission c¢haracteristics of band-
pass circuits, this voltage was applied
to a dummy antenna circuit consisting
of the 2-ohm resistance of the signal
generator, a .00025 mf. condenser and’
the primary of the transformer used

for coupling to the apparatus being
measured. In addition to checking the
results obtained by the first method,
this method was_used to obtain the
results of Figs. 2, 9, 10, 11 and 12:
The last four figures describe the per-
formance of a laboratory receiver de-
signed according to the principles dis-
cussed in this paper. The selectivity
curves are of special interest. They
illustrate what can be ‘done in the

‘way of maintaining uniform selectivity

characteristics in a receiver. Though
the selectivity curve at 200 meters is
slightly broader than at 545 meters, it

~is believed that there is an improve-

ment in results over that which is
usually achieved with four tuned cir-
cuits in the space available for the
radio-frequency circuits.

o)

Book Review

ST

ELEMENTS OF RADIO COMMUNI-
CATION, by John H. Morecroft,
x 4+ 269 pages, John Wiley & Sons,
1929, $3.00. )

RADIO TELEGRAPHY AND TELE-
PHONY, by Rudolph L. Duncan and
Charles E. Drew, x 4+ 950 pages, John
Wiley & Sons, 1929, $7.50.

Here are two new volumes, both
broadly concerned with radio tech-
nology, both issued by the firm of
John Wiley & Sons, and both presenting
a valid claim for admission to the pro-
gressive radio engineer’s library, yet
differing considerably in their contents
and mode of presentation. The differ-
ence in contents would follow natur-
ally, of course, from the fact that the
two books are issued by the same pub-
lisher at about the same time. Another
point of similarity is that all the
authors are well known as radio edu-
cators, although in different fields.
Morecroft is Professor .of Electrical
Engineering at Columbia TUniversity,
and author of the classic Principles of
Radio Communication. Duncan is Di-
rector of the Radio Institute of
America, in which Drew occupies the
position of Instructor in Radio.

The Duncan-Drew work is almost as
long as Morecroft’s Principles of Radio
Communication. The difference be-
tween the two books may be inferred
from the statement that a professional
radio engineer, if he could secure only
one of them, would unhesitatingly
choose the Principles, while a radio
serviceman or operator would be likely
to pick the work of Duncan and Drew.
This is consistent with the object of
the authors, and the fields in which
they have done their work. Similarly,
a student radio engineer would natur-
ally take to Morecroft’s FElements,
although he might also get valuable
material out of Radio Telegraphy and
Telephony. He would find in all of
Morecroft’s writings a firm, highly
evolved theoretical grasp of the type
which forms the only reliable basis for

practical results in engineering, and
less concern with the details of con-
temporary equipment. The tendency
of Duncan and Drew is to present the
elements of the subject in much detail
and to break down all subjects into
easily .comprehended fundamentals,
and then to leap directly to lengthy
apparatus description.

Radio Telegraphy and Telephony
starts off with a brief introductory
chapter which is rather badly arranged.
The following chapters are concerned
with the elements of magnetism and
electricity, motor-generators, meters,
storage batteries, etc. Chapter IX, a
comprehensive review of the elements
of alternating-current theory, is fol-
lowed by a treatment of “Condensers—
Electrostatic Capacity—Capacity Meas-
urements,” preparatory to a 100-page
chapter on “Vacuum Tubes” and a 126-
page chapter on “Receiving Circuits.”
Considerable text is devoted after this
to alternating-current receivers and
tubes, and receiving accessories, espe-
cially loud speakers.
cial types, from the venerable 106-D
to modern tube receivers in the com-
munication field, are described at
length.

With Chapter XVII the discussion
turns to transmitting equipment. High
voltage condensers, antennas, the phe-
nomena of resonance, transmitter ad-
justment, and the characteristics of
commercial broadcast and telegraph
tube transmitters are considered in
turn. Spark transmission is relegated
to a place behind short-wave trans-
mission and reception. The arc trans-
mitter and the radio compass have
later chapters of their own. The last
chapter,, XXVI, is - concerned with
“Radio Telephone Broadcast Trans-
mitter Equipment,” although much

material on this topic is included pre- -

viously in Chapter XX (“Commercial
Broadcast and Telegraph Trans-
mitters”). An appendix and index
complete the text.
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Various commer-

The somewhat confusing arrange-
ment of broadcast transmitter material
mentioned above is a characteristic
fault of Messrs. Duncan and Drew’s
otherwise meritorious effort.  The
descriptions are- in places badly
arranged and give an appearance of
imperfect digestion of the material.
As a specific instance, the carbon
microphone, including the broadecast
type, is discussed on pages 610-614
of Chapter XX, while the condenser
transmitter is described on pages 719-
720 of Chapter XXI and again on page
894 of Chapter XXVI.

The fault of illogical arrangement is
not found in the Morecroft text. At
times the terminology is open to- criti- -
cism, as when the author refers on
page 10, to “distorted waves,” when
he means complex or non-sinusoidal
waves. Otherwise, the book sustains
throughout the impression of mature
reflection on the author’s part. The
first three chapters present the under-
lying laws governing the behavior of
audio and radio-frequency circuits and
the principles of radiation. “The
Vacuum Tube and Its Uses” is the title
of Chapter IV. Then follow chapters
on radio telegraphy and radio tele-
phony, and a final chapter, VII, on
“Receiving Sets.” Pages 257-266 con-
tain, in small type, problems arranged
by chapters. The index is brief.

Morecroft’s Elements of Radio Com-~
munication contains no plethora of ma-
terial, but at every turn Morecroft’s
wide physical knowledge is exhibited,
to the profit of the student and even
the experienced engineer. Such points
as the calculation of the capacity of
the earth on page 35, the fine range of
comparative data in the discussion of
“What Is a Good Vacuum?’ on page
104, and the illustration, beginning on
page 248, of how ordinary alternating-
current equations may be used to solve
simple filter problems, are examples of
this invaluable trait. ’

Carl Dreher.
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CONTINENTAL RADIO

CORPORATION

THE SYMBOL ornzs::vnca 160 VARICK S T., NEW YORK » N.Y.

OUR SERVICES ARE AT
YOUR COMMAND
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The pioneer house of Continental is glad to place its
extensive merchandising facilities at the command of the

“buvers, engineers, and other members of the Radio Club

of America. Through this dependable service, built up
during years of steady growth, Continental is able to
recommend members to reliable dealers in their districts
or to arrange for securing such radio materials and mer-
chandise as they need.

The names of dealers in your vicinity and any other
information you may desire will be cheerfully supplied
on request. |

Continental Radio Corporation
160 Varick Street New York City
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Amy, Aceves & King’, Inc.

55 West 42nc1" Street
New York | City

Consulting Engineers, Specializing in Radio

Research, development and design on radio receivers,
tuning systems, amplifiers, transformers,

rectifiers, etc.

Specification for radio telegraph and

~ telephone transmitting equipment,

Well-equipped laboratory facilities for testing,

research and development.

Investigation and analysis of

special radio problems.

Research in acoustics, television, talking pictures

and other arts closely allied to radio.
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Look for this mark
on every Radiotron

The RCA mark on vacuum tubes is a guar-
antee of the finest quality, uniformity and
dependability. Back of this mark are the un-
rivalledresearchand manufacturing resources
of General Electric, Westinghouse and the
Radio-Victor Corporation of America.

RADIOTRON DIVISION

RADIO-VICTOR CORPORATION OF AMERICA
NEW YORK CHICAGO ATLANTA DALLAS SAN FRANCISCO

IRCA RAIDIOTIRON

MADE BY THE MAKERS OF THE RADIOLA
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