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e Make Our Bow

- . or perhaps we should say our second bow. Two months ago there
appeared our first RADIo DIGEST, a little fellow of 34 pages, which was
offered at a few newsstands and radio parts stores. So quickly were they
gone that it left us slightly dizzy.*

Taking our cue, the size of RADIO DIGEST has been trebled to 104 pages
and it is now offered to radiomen everywhere.

Rapio DiGest will endeavor to bring you in each issue outstanding
material from the entire field of radio—except from the business and enter-
tainment angles. By all means, continue to rcad your favorite journal de-
voted to your “specialty”’ in radio, but for covering the rest of the field
Rapio DIGEST will, we hope, fill the gap resulting from the fact that few
radiomen can find the time to read the more than twenty excellent papers
now in the field.

What would you like to see in Rapio DIGEST? Won't you tell us? Your
letters will be of the greatest help in guiding us to select the type of material
you want. !

We want publicly to offer our grateful thanks to the publishers of the
following papers whose gracious permission to use their material has made
Rabio DIGEsT possible: Rapio, QST, All-Wave Radio, Radio Engineering,
Communications and Broadcast Engineering, Seriice, Successful Servicing,
Radio News, Bell System Technical Journal, Bell Laboratories Record, RCA
Review, Journal of the Institute of Radio Engineers, The Radio Engineer,
Broadcast News, Revista Telegrifica, T. & R. Bulletin, Radio Review, and
Electronics. From many RADIO DIGEST has first choice ahead of all others
in the field. Several whose best material will be brought our readers regu-
larly are not otherwise available to the general public. In addition to those
mentioned, the leading foreign journals and trade and house organs will be
combed regularly for unusual material.

RADIO DIGEST is presented by Radio, Ltd., publishers of Rapio maga-
zine, who have also recently become publishers of the “Jones Radio Hand-
book™ and a complete line of well-known radio texts.

The present RADIO DIGEST has no connection with the magazine of the
same title which ceased publication several years ago.

*A few cggies which were not shipped to dealers are available at 10c¢ each; they will not
be included in subscriptions,
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FULL-RANGE SUPERAET SELECTIVITY

BY JAMES J.

"T"HE FULL range of receiver se-
lectivity ideally desirable in
amateur communication would em-
brace band-widths from the mini-
mum required for c.w. telegraph
signals to the maximum required
for high-fidelity "phone. In practice,
this might mean a total effective
band-width range of from less than
100 cycles to over 20 kc. Further-
more, in order to cope with the
wide variety of interference condi-
tions encountered with the different
types of signals, the selectivity
should be continuously variable
throughout this 200-to-1 range and
should also include the additional
feature of ability to reject a par-
ticular interfering signal even with-
in the band-width range for which
the receiver may be adjusted, espe-
cially in c.w. telegraph reception.
Ungquestionably this is a large
order. Actually, full-range vari-
able selectivity meeting these ideal
specifications is now within our
reach. In this article we shall at-
tempt to show one method of ap-
proach by practical circuit arrange-
ments and graphical performance
data.

LAMD

The full range encom may
be covered by the same if. am-
plifier in three steps, each capable
of giving continuously variable
band-width between its mimimum
and maximum limits. These are
from 100 cycles or less to approxi-
mately 3.5 kc, from 3.5 to ap-
proximately 9 kc., and from 9 kc.
to over 20 kc. These are total
band-width figures at 10 per cent
maximum response; or, to put it
differently, total band-width at ten
times resonance input.! For the
highest selectivity range, the famil-
iar variable-selectivity quartz crys-
tal filter is used; for 31: medium
range, a Transhlter unit® in the
same variable-selectivity arcuit car-
ries on in place of the quartz crys-
tal; and for the broadest range,
variable-selectivity interstage trans-
former coupling fulfills the job
with the filter arcuit switched out.
Since, the band-width requirements
of c.w. telegraph and ‘phone re-
ception have been found to be sat-
ished by the two higher-order
ranges of selectivity, using the

1]. J. Lamb, '’Receiver Selectivity Charsc-
tevistics,”’ QST, May, 1935; The Radio Ama-
tear’s Handbook, 1410 Bdirien (1937), p. 88.

3]. ]. Lamb, ’A New 1. F. Conpling Sys-
tem,”” QST, April, 1937.

¢ Journal of 1be American Radio Reley Leagne, Inc., Wess Hartford, Conn. © 1937, ARR.L.
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crystal filter and Transhlter respec-
tively, only these two ranges will
be treated in detail in the present
article, the ‘‘straight” transformer-
coupled i.f. selectivity being shown
in each case simply for comparison.
The Experimental Set-up

The if. amplifier used in the
experimental investigation included
twn stages of intermediate-frequen-
¢y amplification with two 465-kc.
air-tuned air-core transformers in
addition to the filter unit, a diode
second detector, and a “‘flat” two-
stage audio amplifier with 6L6 out-
put. The two i.f. transformers of
this unit were adjusted for a rela-
tively broad frequency characteris-
tic to provide a fair amount of tol-
erance near resonance to accom-
modate minor deviations in fre-
quency of the several quartz crys-
tals and Transhlters used. A Raw-
son Type 501 milliammeter was
connected in the second-detector
circuit to indicate the rectified d.c.
and a General Radio Type 583A
power output meter was connected
to the 6L6 stage for audio output
measurement. The first if. stage
was preceded by the filter circuit
and this, in turn, was preceded by
a 6L7 first detector. For i.f. selec-
tivity, sensitivity and noise-ratio
measurements, the grid circuit of
the first detector was connected to
the output of a G.R. type GOSA
standard signal generator. An auxil-
iary if. amplifier, second detec-
tor and audio unit was used for
aural monitoring throughout the
tests, its i.f. input being taken off
in parallel with the input to the

grid of the first if. amplifier fol-
lowing the filter unit.

In making the selectivity tests,
the second detector of the main
unit was used as a vacuum-tube
volt-meter to indicate if. amplifier
output. This method of output in-
dication prevents the frequency
characteristic of the audio ampli-
fier from affecting the measured
selectivity.

The standard procedure for mak-
ing selectivity tests was followed
in all other respects, throughout
the hundreds of readings which
were taken in obtaining the data
presented here and in checking and
rechecking those of a critical na-
ture.

The input signal throughout the
measurements was in the interme-
diate-frequency range, of course,
the first detector serving simply as
the input coupling amplifier. The
results obtained fully represent ac-
tual superhet receiver performance.
However, they were checked thor-
oughly by using-the first tube as
the mixer in a converter circuit
both with signal generator input
and in the reception of communica-
tion and broadcast signals.

Since many of the measurements
were made at extremely high filter
selectivity, careful adjustment of
the signal-generator tuning and
measurement of the frequency devi-
ation from resonance were neces-
sary. In these measurements, the
frequency reading from the magni-
fied tuning scale of the signal gen-
erator was checked by measurement
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of frequency increment
eq

in audio beat-note out-
put of the auxiliary
monitoring receiver unit.
The stability of the 605A
signal generator, which
is of the osallator-am-
plifier type, is excep-
tionally good.

The general proced-
ure in making selectivity
measurements for each
of the various i.f. cir-
cuit combinations was as
follows:

The i.f. gain and sig-
nal input level were ad-

AAAA,

I

i
AVC T

justed to give second-
detector current corre-
sponding to that ob-
tained with what would
be considered a ‘‘nor-
mal”  signal-delivering
output well above the
bacEground noise level.
This reference current
was 40 microamperes
through the diode load
resistor of 100,000}
ohms, the signal input

FIG. 1—QUARTZ CRYSTAL FILTER AND ROCHELLE

SALT ""TRANSFILTER’’ CIRCUITS FOR CONTINUOUSLY

VARIABLE SELECTIVITY BY TUNED IMPEDANCE

CONTROL.

C1—30-upfd. variable midia (Bandwidth control).

Co—15:uufd. variable with low-capacitance crystal mount-
ings such as National CHR and Bliley BC3; 25-upfd.
for bigher-capacitance mountings mrl as Bliley CF1
(Rejection or phasing control),

Cs—Each 75-uufd. or 100-uufd. fixed mica.

C4—350-upfd, trimmer type (Output coupling capacitance).

Cs—75-uufd. variable (Ousput sransformer umingf.

Ty—Input transformer, 5.5-mb. primary closely coupled to
1.2-mb. tuned secondary.

To—Ouspus trantformer, 1.2:mb. windin tapped approxi.
mately Y4 turns from inside gro:mg) end.

Ty and Ty are shielded from each otber.

QX~—465-bc. filter crystal,

TX~—465-ke. ramﬁder (Brush Type A).

SW1—S.p.s.6. filter switch,

k) Wz—SI.p.J‘.;. switch 10 open ground of Transfilter with § . 1
closed,

on i.f. resonance ranging

between 10 and 40 microvolts. For
most of the curves the signal gener-
ator’s attenuator was then set for 2,
10, 100 and 1000 times this reso-
nance and then on the other side.
In certain special cases where there
were irregularities in the selectivity
curve, additional readings were tak-
en for the particular frequencies at
which these occurred. Before start-
ing each run a preliminary test was
nade to insure that overloading

would not occur at any stage in the
lineup for the maximum input level
which would be used in the run.
Furthermore, each run was made at
least twice to check for possible
erroneous  readings in frequency
settings or input microvolts.

The tuning of the if. coupling
transformers was also checked for
each filter combination to make
sure that the “straight” selectivity
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FIG. 2—SELECTIVITY CURVES FOR
THE VARIABLE-BAND-WIDTH CIR-
CUITS OF FIG. 1.

A, crystal filter maximum selectivity;
B, crystal filter minimum selectivity; C,
Transfilter maximum selectivity; D,
Transfilter minimum  selectivity; E,
straight superhes withous either filter.

characteristic was not off resonance
for the particular circuit in use.
Filter Circuits

Previous experience with varia-
ble-selectivity filter circuits using
quartz crystals gave preference to
the arrangement of Fig. 1A which
provides both vartable band-width
control and variable rejection. The
operation of this circuit has been
treated previously® and need not be
repeated in detail here. Band-width
is varied by adjustment of the paral-
lel-tuned impedance as indicated in
the diagram, maximum band-width

8]. ]J. Lamb, "Developments in Crystal Fil-
sters,’”” QST, Nov., 1933; '"Interferance and
Noisse Reduction in Communication Receiy-
ers,'" Proc. Radio Club of America, Nov.,
1936; U. S. Patent No. 2,054,757,; The Radio

Amateny’s Handbook, 14th Edition (1937),
pp. 104-106.

(minimum selectivity) occurring
with this circuit tuned to crystal
resonance and decreasing band-
width (increasing selectivity) oc-
curring as the parallel-tuned circuit
becomes reactive (either side of
resonance). With the impedance
matching which this circuit pro-
vides, the overall c. w. gain of
the receiver is practically the same
with the input circuit adjusted for
“optimum” (medium-high) selec-
tivity as it is with the crystal short-
ed out and the input circuit ad-
justed for maximum ‘“‘straight”
superhet gain. Either side of this
point the over-all gain decreases
slightly, both toward maximum
band-width and toward extreme
minimum band-width.

Preliminary tests with Transfl-
ter circuits showed that the simple
choke-condenser input and resist-
ance output coupling given in April
QST? was considerably less satis-
factory than a coupling circuit giv-
ing more favorable impedance
matching. The Fransfilter unit is
of fairly low impedance and accord-
ingly cuts the gain of the input am-
plifier or first detector when fed di-
rectly from its plate. The same cit-
cuit used for the crystal filter was
found to overcome these advantages
and to give nearly the same overall
gain  with the Transfilter as
with the crystal, even though the
Transhlter unit has a ground con-
nection which might be expected to
impair the operation of the bal-
anced circuit. A preferred Trans-
filter arrangement is shown in Fig
1B. In practice, it has been found

_——QJ
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satisfactory to use the Transfilter
interchangeably with a crystal of the
same frequency (465 Kc.) in this
circuit.

With the Transfilter, selectivity
is varied by the same method as
with the crystal filter; that is, by
variation of the parallel-tuned im-
pedance which constitutes the input
to the divided circuit. Although
the selectivity-control condenser set-
tings are not exactly the same as for
a quartz crystal of corresponding
frequency, minimum selectivity oc-
curs with the input circuit resonant
to the Transfilter frequency and in-
creasing selectivity occurs as the in-
put circuit is tuned either side of
resonance. ‘The resonance setting
(maximum band-width) comes at
lower tuning capacitance with the
Transfilter than with the crystal be-
cause the Transfilter capacitance to
ground is apparently greater by 10
pufd. or so. The adjustment is still
well within the range of the con-
denser, however.

Measured Performance

The range of selectivity obtain-
able with these two circuits is
shown in Fig. 2. Curve A is for
the crystal filter at maximum selec-
tivity, Curve B for the crystal ad-
justed for minimum selectivity,
Curve C for the Transfilter circuit
with the maximum selectivity ad-
justment and Curve D is for the
Transfilter with the minimum selec-
tivity adjustment. Curve E is the
transformet-coupled selectivity char-
acteristic of the i.f. amplifier with-
out either filter ("'straight’” super-
het). It is especially interesting to

note that the selectivity range with
the Transhlter practically continues
on from where the crystal range
reaches its broadest. This is illus-
trated even more clearly by the total
bandwidth curves of Fig. 3 which
are plotted from the same data. The
principal difference between the se-
lectivity of the crystal filter at its
broadest and of the Transfilter at
its sharpest is that the Transfilter
selectivity characteristic is some-
what broader near resonance, giv-
ing a slightly greater effective band-
width.

The crystal filter provides selec-
tivity from the highest that may be
used for c.w. telegraph signals with
slow-speed keying to a band-width
sufhicient for reception of ‘phone
signals under adverse interference
conditions. Throughout this range

5 o
' ) or
// ’ €)4
/r / 4 ¥ a
LY ’
§ / / / ‘/‘
3 /Y y
X 7 N "
N ( / / /
F ' L .
8 / 4 /] 9
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TOTAL BANOWIOTH — Hc.

FIG. 3—TOTAL BAND - WIDTH

CURVES CORRESPONDING TO THE

SELECTIVITY CURVES OF FIG. 2

TO SHOW MORE CLEARLY THE

FULL-RANGE COVERAGE OF THE

CRYSTAL AND TRANSFILTER CIR-
CUITS OF FIG. 1.
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the crystal filter also provides adjust-
able rejection or control of symme-
try of the response characteristic for
elimination of a particular interfer-
ing carrier even within the normal
band-width range. The Transfilter
selectivity range carries on from
this point to a band-width suff-
ciently great for speech reception
with entirely adequate fidelity. In
fact, the Transfilter selectivity at
its broadest is generally useful for
broadcast program reception, pro-
viding fidelity fully as good as that
customary with the average broad-
cast receiver.

This range is especially adapted
to short-wave broadcast reception
where it is desirable to constrict
the frequency band of the receiver
anyway because of the noise and
adjacent-channel interference which
is aggravated by the fading so char-
acteristic of these frequencies. True
high-fidelity reception is practically
never feasible on the high-fre-
quency bands, and considerable
high-frequency attenuation is inevi-
tably necessary. This is accom-
plished by the i.f. band-width con-
trol with the Transfilter in much
more satisfactory fashion than it
can be obrained by an audio-fre-
quency tone control with ordinary
i.f. selectivity.

In running the selectivity charac-
teristics of Figs. 2 and 3 with the
crystal filter, the band-width con-
trol C, of Fig. 1 was set at slightly
less than half capacitance for maxi-
mum selectivity and at approxi-
mately 15 capacitance for minimum
selectivity. The minimum selectiv-

ity setting is, of course, that at
which the balanced input circuit is
resonant to the crystal frequency,
while the maximum selectivity set-
ting is that at which the input cir-
cuit is inductively reactive for the
crystal frequency. The rejection or
phasing control C, was set to make
the selectivity characteristic approxi-
mately symmetrical at 100 times
resonance input; that is, so that the
frequency deviations above reson-
ance and below resonance were ap-
proximately equal for constant out-
put with 100 times resonance in-
put. The crystal-filter selectivity
characteristic can be steepened on
either side, of course, by other ad-
justments of the rejection control.?

In obtaining the Transhlter
curves, the 50-pufd. bandwidth
condenser C, was set at approxi-
mately 1/3 capacitance for mini-
mum  selectivity and at approxi-
mately 15 capacitance for maximum
selectivity; that is, the input cir-
cuit was capacitatively reactive at
maximum selectivity. The phasing
control C, was set near minimum
capacitance. The phasing control
has but slight effect on the symme-
try of the resonance curve with the
Transhlter, the rejection action
being noticeable only at frequencies
far removed from resonance in con-
trast to effective rejection action
up to within a few hundred cycles
of resonance with the crystal filter.
The phasing condenser is effective
in neutralizing stray capacitance
coupling actoss the Transhlter,
however, and improves the steep-

R L
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S ¢ to if. resonance
for “straight” su-
pernet opcration.
This refers par-
ticularly to the
c.w. gain with the
crystal filter cir-
cuit adjusted for

-

97 DEY \o Ta oo optimum selectiv-
al \ " ity, at which ad-

| e fustment the

: second - detector

Sty input (and the

c.w. beat-note out-
ut) is maximum.
he gain is ac-

tually reduced at

minimum selec-
tivity (maximum
bandwidth) al-
though the listen-

v o T 8 g

FIG. 4—IMPEDANCE-MATCHING TRANSFILTER CIRCUITS
WITH VARIABLE RESISTANCE CONTROL OF SELECTIVITY.
The resisiance in the common lead 15 vared in approximasely
logarsthmic sieps. Fixed rvesisior units of good r.f. characieris.
11cs should be used. The toial vesistance is 10,000 obms, which
1 sufficient.
R1—1000-0bm V4-watt
R1—1500-0bm YS-wast R4—3000-0bm V4 -watr
Otber ciremit valnes in A are the same a5 in Fig. 1. The in.

Rg—2300-0bm V5-wats

pui and outpus transformers of B are Hammarlund crysial-plier

er might get the

1ype.

ness of the skirts of the resonance
characteristic.

A matter of some importance in
judging the relative merits of se-
lective i1.f. circuits, in addition to
their contribution of selectivity, is
their effect on the overall gain and
effective sensitivity. In connection
with crystal filters, for instance,
there is considerable divergence of
opinion as to whether this or that
particular arrangement is the bet-
ter in point of how little it reduces
the gain of the receiver. In our ex-
perience, the impedance-matching
crystal filter circuit of Fig. 1A has
practically negligible effect on the
c.w. gain of the receiver as com-
pared to the gain with the crystal
shorted out and the drcuit tuned

opposite impres-

sion because the
interference and background noise
increase when the selectivity is re-
duced so that the gross sound out-
put becomes greater. However, the
net c.w. signal output is less, as 1s
also the effective sensitivity of the
receiver.

In the darcuit arrangement of
Fig."1B, using the Transfilter, the
gain is also negligibly affected as
compared to the straight superhet
gain. In practice, differences of a
few decibels in overall gain are
readily compensated by adjustment
of the receiver's gain control—pro-
vided, of course, the receiver has
a proper margin of surplus amplifi-
cation to start with. This should be
true with any good receiver having
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TABLE I—RELATIVE C.W. GAIN AND SENSITIVITY

’ LF. Inpuc
LF. Circuic | For Const.
Outpuc
Straight Super | 17 uv.
Transfilter Broad ' 22 uv. [
Transfilter Sharp 25 pv. |
Quartz Xtal Filter Broad | 35 uv.
Quarez Xtal Filter Ope. 20 pv.
Quartz Xtal Filter Sharp | 23 Wv.
]

Relative L.F. Noise Relative
Voltage Gain Equiv. Effective
Sensitivity
% |
—— L o R | X
100 0 2.0 pv. 0 db
87 —2 1.32 pv. 3.5 db
70 ) 0.80 pv. 8.0 db
50 0.60 pv. +4-10.5 db
85 —1.5 0.35 uv. +15.0db
74 —2.5 0.30 uv. l +16.5 db '

a two-stage intermediate amplifier.

Of more importance than gain
is the effective sensitivity of the re-
ceiver. This effective sensitivity is
by no means a simple matter of
how much amplification the re-
ceiver has. It is, rather, a matter
of signal-noise ratio. It is best ex-
pressed in terms of the receiver's
noise equivalent.

The noise concerned is the receiver
“hiss” noise, which would be the
lowest possible noise background
under ideal receiving conditions.
The noise equivalent will be de-
termined primarily by the signal-
noise ratio at the input of the re-
ceiver but will be affected by the
subsequent  selectivity because the
noise power output is generally re-
duced in proportion to the reduc-
tion in effective bandwidth of the
receiver.

Table I gives typical quantitative
comparisons of the overall gain
and effective sensitivity of the i.f.
amplifier for the various orders of
selectivity obtained with the cir-
cuit of Figs. 1A and 1B. In mak-
ing these measurements, the receiv-
er gain control was left fixed. The
unmodulated c.w. signal input was

adjusted to give 500-milliwatt beat-
note output with each circuit com-
bination in making the gain meas-
urements, the input frequency being
tuned to i.f. resonance. The noise-
equivalent measurements were made
in a similar manner, the c.w. beat
oscillator being “on” for both the
signal output and noise output
measurements. It should be em-
phasized that receiver noise output
should always be measured (or
judged) with a carrier present in
the second detector. The noise out-
put with no carrier has little sig-
nificance, since the second detecior
always has r.f. signal voltage pres-
ent in actual reception. The c.w.
noise equivalent in microvoles is
calculated by substitution in the
following simple equation:

\VANDH
NE—E,
8
where
NE=noise equivalent in micro-
volts.
E, ==signal input microvolts.
P, —noise power output with no
signal input.
P, =signal beat-note power out-

put.

E—[
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The signal input was sufhciently
great so that the noise output was
negligible with the signal present,
and the beat oscillator voltage was
always large enough so that the sig-
nal output power varied as the
square of the signal voltage in the
range of the measurements.

The relative sensitivity figures are
especially interesting in that they
show the large signal-to-noise ratio
improvement with increasing selec-
tivity. In the case of c.w. reception
with the crystal filter at maximum
selectivity, for instance, the sensi-
tivity is about 700 per cent of the
straight superhet sensitivity, while
the 'phone sensitivity with Trans-
filter-sharp or crystal-broad selectiv-
ity is raised over 300 per cent.

In the range of adjustment of the
selectivity or bandwidth control
with these circuits, the resonance
frequency of the crystal filter varies
but a few cycles. With the Trans-
filter, the resonance frequency varia-
tion is a few hundred cycles at the
most, although here again the varia-
tion is so small as to be hardly
noticeable if the signal is first tuned
in on resonance with the filter ad-
justed for maximum selectivity.

In a previous article,? suggestion
of varying the selectivity by adjust-
able resistance in the common
ground connection of the Transfilter
was made. Impedance-matching cir-
cuits incorporating resistance con-
trol of selectivity are shown in Fig.
4. The circuit of Fig. 4A is the same
as Fig. 1B with zero resistance in
the ground lead from the Transfilter
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FIG. 5—SELECTIVITY CURVES FOR
RESISTANCE VARIATION OF
BAND-WIDTH OBTAINED WITH
THE CIRCUIT OF FIG. 44, C, SET
FOR MAXIMUM SELECTIVITY
WITH ZERO RESISTANCE.

Zero- and 2500-ohm resistance curves
practically coincide with the 1000-ohm
curve and are not shown. Note the
sharper “nose”’ and wider broadening in
the skirts as compared with the imped-
ance variation curves of Fig. 2.

maximum selectivity (C, adjusted
for slightly higher capacitance than
the resonance setting). Fig. 4B is
of a type in which impedance step-
down at the input is obtained by a
transformer with a low-impedance
secondary instead of the divided-
capacitance stepdown used in the
other circuit. When used as a crys-
tal filter, the circuit of B is of the
fixed-selectivity type.®

The selectivity curve of Fig. 5
shows the decrease in selectivity
which occurs as the resistance in the
ground lead from the Transfilter is
increased. The curves for zero re-
sistance and for 2500-ohm resistance

and the input circuit adjusted for are not shown since they practically
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FIG. 6—TOTAL BAND-WIDTH
FOR RESISTANCE VARIATION.

coincide with the 1000-ohm curve.
The most interesting feature of
these selectivity curves is the
“notch” which appears with 20,000-
ohm resistance. This double-hump
effect indicates the equivalent of
over-coupling with a transformer.
As compared to the selectivity
curves ot Fig. 2, it is apparent that
increased resistance tends to broaden
the nose of the se-
lectivity character-
istic less effectively,
while the skirts of
the curves spread
out more rapidly.
They also show that
the selectivity char-
acteristic is gener-
ally less symmetri- =
cal with resistance
variation than with
variable impedance
control. The curves
of Fig. 6 show the

ST DET

total bandwidths for the various
values of resistance.

The gain of the circuit falls off
somewhat more rapidly with in-
creasing bandwidth as compared to
the gain variation with impedance
control of selectivity, although the
loss is not especially noticeable in
practice. On the whole, adjustable
impedance control of selectivity ap-
pears to be preferable to resistance
control with the Transflter, just as
it has been found to be preferable
with the quartz crystal filter.

Band-Pass Transfilter Characteristics

An interesting band-pass type of
selectivity characteristic was ob-
tained with two similar Transflter
units connected in parallel in the
circuit of Fig. 7. Except for the ad-
ditional unit, the circuit is identical
with that of Fig. 1B. The two units
had the same rated frequency of
465 kc. and actually differed only
200 cycles in resonance frequency.
The band-pass curve of A of Fig.
8 was obtained with the bandwidth
control condenser C, critically ad-

15T LF.

T

FIG. 7 — VARIABLE-SELECTIVITY BAND-PASS

CIRCUIT USING TWO TRANSFILTER UNITS IN

PARALLEL. CIRCUIT VALUES BEING THE
SAME AS IN FIG. 1B.

The resonance frequencies of the two units differ ap-
proximately 200 cycles.

J——
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justed so that the same output was
obtained on both “humps” with
constant signal input. Mid-frequency
of this selectivity curve is approx-
mately 1.2 kc. lower than the maxi-
mum selectivity curve obtained with
the input condenser C, adjusted for
slightly greater capacitance than the
broad:band adjustment. The greater
broadening of the selectivity curve
near resonance is especially desir-
able in broadcast program recep-
tion, although the overall c.w. gain
with this circuit is practically the
same as with a single unit,
Practical Applications
Detailed suggestions for incor-
porating these full-range selectivity
methods in existing receivers are
hardly necessary. For instance,
many sets with two-stage 465-kc.
amplifiers and crystal filters are also
adaptable to the Transhlter by
simple Flugging-in of this unit in
place of the crystal and slight re-
adjustment of the filter circuit. At
the present time 465 kc. is the only
frequency for which the Transhlter
units are available. For greatest con-
venience in operation, of course, an
additional switch to change from
crystal to Transfilter would be in-
cluded. As shown in the circuit of
Fig. 1B, the ground lead of the
Transfilter should be opened when
switching to crystal or “straight su-
per”’. Otherwise, the Transfilter ca-
pacitance to ground throws the in-
put circuit out of balance for crystal
and straight superhet operation.
Further interesting and useful se-
lectivity characteristics are obtained
with two variable-selectivity crystal
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FIG. 8—MAXIMUM AND MINIMUM
SELECTIVITY CURVES OBTAINED
WITH THE BAND-PASS CIRCUIT
OF FIG. 7.

filter circuits in cascade. With
one filter adjusted for minimum
selectivity and the other for op-
timum selectivity, for instance, in-
dependent rejection control in c.w.
reception makes it possible to
eliminate two interfering hetero-
dynes of different frequendies,
whether both are on the same side
of resonance or on opposite sides of
resonance. The crystals may differ
100 cycles or so in frequency with-
out appreciably impairing operation,
it has been found. In fact, such a
difference actually may prove ad-
vantageous, since it gives a band-
pass characteristic in the region near
resonance.

With present production control
facilities and the manufacture of
both types of filter elements prom-
ising even better tolerances, we can
look forward to wide-spread use of
such cascaded electro-mechanical
circuits in our receivers.
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BY E. F.

THE DESIGN of satisfactory audio

frequency transformer-coupled
amplifiers depends upon the charac-
teristics of the transformers as well
as upon those of the tubes used in
the individual stages.

The important characteristics of
audio transformers are: (1) fre-
quency response, (2) turns ratio,
(3) working power level, (4)
physical dimensions, (5) primary
inductance, (6) insertion loss, and
(7) phase shift. The frequency re-
sponse is usually given by the
manufacturer by means of a curve
or by a statement of the deviation
in decibels for a specified frequency
range. The turns ratio is generally
given directly, or indirectly, by
specifying the impedance values
between which the transformer will
serve as a matching device. The
working power level is specified on
power output and modulation trans-
formers and on some high fidelity
units, but is not as frequently speci-
fied as might be desired. The physi-
cal dimensions are usually given,
but the primary inductance, in-
sertion loss, and phase shift are
seldom indicated, and for this rea-
son these characteristics must usual-
ly be measured by the user if knowl-
edge of them is essential for design
purposes.

A more or less standard arrange-

KIERNAN

ment of apparatus for frequency re-
sponse measurements is shown in
figure 1. The beat frequency oscilla-
tor, suitably terminated, feeds
through the gain-set into the device
being measured. A suitable load in
the form of a non-inductive resistor
is connected across the output. The
oscillator output is maintained con-
stant at some convenient level ref-
erence or zero by means of the
volume indicator. This latter de-
vice should preferably be a vacuum
tube volt-meter.

To measure the gain, or amplifi-
cation, the oscillator, adjusted to
zero level, is set at the reference
frequency. The volume indicator is
switched to the load and the gain-
set adjusted until the volume indi-
cator again reads zero level. The
gain in db is then read from the
dials of the gain set. Data for a
frequency response curve is ob-
tained by varying the oscillator over
the desired range and repeating the
adjustments.

If the device being measured is
designed to operate in a circuit de-
livering an appreciable amount of
power, the above measuring proce-
dure may fail to give a true picture
of the performance at rated output.
The development of class AB and
class B audio amplifiers wherein the
d.c. plate and grid currents may

© 1937, by McGraw-Hill Publishing Co., Inc., 330 W. 42 S1., N.Y.C.
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FIGURE 1—SET UP LABORATORY

EQUIPMENT FOR DETERMINING

THE FREQUENCY CHARACTERIS-

TICS OF AUDIO FREQUENCY AM-
PLIFIERS.

change several hundred per cent dur-
ing the passage of a signal, makes
it imperative to take measurements
at the rated output level. Satura-
tion of transformer cores at high
signal levels causes an increase in
the harmonic distortion and a fall-
ing off in response at the low fre-
quencies.

In figure 2 are shown two curves
purporting to portray the response
of an audio amplifier. Curve A was
supplied by the manufacturer with
the amplifier. Curve B was obtained
by the writer from data acquired in
a measuring arrangement as shown
in figure 1. To develop the rated
output required a signal input at
—40 db level. The input level
during the measurement, atreference
frequency, was at —90 db; the V.I.
reading zero level in both positions.
The conditions under which curve
A was obtained are not known.

Voltage and power transfer char-
acteristics of the class B amplifier
shown in figure 3 are given in the
curves of figure 4. Curve A is the
voltage transfer characteristic; curve
B is the variation of power output
with frequency at constant distor-

tion. Although the voltage transfer
data were obtained at a level ap-
proaching the rated output of the
transformer (200 watts) the curve
does not give a true picture of the
performance. Curve B indicates in-
sufficient primary inductance, due in
this case to an undersized core, as
shown by the falling off in power
transfer at the low frequencies. The
voltage transfer characteristic fails
to show the terrific harmonic dis-
tortion taking place due to core sat-
uration, as the peak amplitude of
the distorted wave was approxi-
mately the same as that of a sine
wave. Leakage reactance was re-
sponsible for the drooping high fre-
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E'“‘,A S .-w—d»tw‘
T TS TIRE
-+ o e
g-ad ‘4'.«
8- = v -
'§‘~ }41 qu[f_;‘
-l

<YLY MR SLCOND ‘-‘

FIGURE 2—-TW O RESPONSE
CURVES REPRESENTING THE SAME
AUDIO AMPLIFIER

quency end of curve B. These
faults were overcome by increas-
ing the core size, and by breaking
the primary and secondary up into
several sections each, which were
wound alternately one . over the
other.

The use of a cathode ray oscil-
loscope for checking harmonic dis-
tortion is entirely practical, con-
trary to many opinions. This is es-
pecially true if the distortion is
composed mainly of even harmon-
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FIGURE 3—A HIGH POWER CLASS
B AUDIO AMPLIFIER PUSH-PULL
CIRCUIT.

ics which cause flattening of a
sinusoidal signal trace. Figure 5 is
a sketch of an oscilloscope trace
having 2.35 per cent harmonic dis-
tortion as measured on a General
Radio Type 636-A wave analyzer.
Slightly over 2 per cent was due to
the second harmonic, the balance
to the fourth and higher. Other
harmonic combinations might be
more difficult to observe; however,
a reference trace taken at the out-
put of the oscillator and inscribed
on a transparent mask mounted
over the end of the tube will fa-
cilitate comparisons. We may ex-
pect to obtain eventually cathode
ray tubes with two sets of control
elements, such as are now available
in Europe, which will enable the
technictan to observe two independ-
ent traces simultaneously.

Where a large number of meas-
urements are to be made, a great
deal of time may be saved through
the use of a motor driven frequency
response plotting device

Although it is generally advis-
able to take measurements on trans-
formers under actual working con-
ditions, it is possible to obtain val-

uable information in certain in-
stances under simulated conditions.
For instance: the leakage reactance
of a class B input transformer is an
important factor in determining the
effective impedance inserted in ser-
ies with the class B grids. The leak-
age reactance is dificult to evalu-
ate; however, the arrangement of
figure 6 can be sued to obtain data
to show the variation of the insert-
ed impedance with frequency.* A
resistor is connected across the pri-
mary to simulate the plate circuit
of the driver tube. Resistor R is a
decade resistance box. A beat fre-
quency oscillator together with an
audio amplifier is used as a source
of voltage. The decade box is ad-
justed until the two voltmeters read
the same. The value of R is then

1] T T
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R | 1L
oo:E '&1
[} ‘l (| |
4 4
D 1
| R
[0 T 1110 [ ][
CYCLES PER SECOND
FIGURE 4—TRANSFER CHAR-
ACTERISTIC  (CURVE A) AND

POWER OUTPUT

the impedance of the half second-
ary at the given frequency.

When measuring the frequency
response of an individual trans-
former designed for use in voltage
amplifiers, the arrangement of fig-
ure 7 is used. The resistor in the
primary simulates the impedance
of the device out of which the
transformer is to operate. The volt-
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meter readings are con-
verted to db variations
from the value at the ref-
erence frequency.

If the turns ratio of an
audio transformer is not
known but the values of

%)

<)
o/

- B +

the impedances between
which it is designed to operate, are
available, the turns ratio may be
found from the relation
R,
Nz —

(1)

If no darta is obtair‘;able, the ratio
may be measured by placing a
known voltage of 400 cycles, or
thereabouts, across the primary and
measuring the secondary voltage
with a vacuum tube voltmeter. The

=

FIGURE 5—OSCILLOSCOPE TRAC-
ING OF WAVE SHAPE IN
AMPLIFIER
voltage ratio will very nearly equal

the turns ratio.

In transformers having the wind-
ings divided into equal halves, the
impedance of either half taken sep-
arately, or of the two in parallel, is
equal to one-fourth the value of
the two in series aiding.

The power handling capabilities
of a transformer may be ascertained
with the arrangement of figure 8.

FIGURE 6—(LEFT) SHOWS AN AR-

RANGEMENT WHICH MAY BE USED TO

DETERMINE TRANSFORMER  IMPED-

ANCE. FIGURE 7—(RIGHT) SHOWS A

METHOD OF SIMULATING THE IM-

PEDANCE OF THE TUBE FEEPING THE
AMPLIFIER

The secondary is loaded with a re-
sistor of appropriate value. A vari-
able source of voltage, of low fre-
quency and good wave form, such
as the commercial power line ad-
justed by means of a regulating
transformer, is applied to the pri-
mary. The value of the highest volt-
age allowable across the primary
without excessive distortion of the
magnetizing current wave form as
observed in the oscilloscope, deter-
mines the power handling capabil-
ity. Knowing the turns ratio and
load resistor value, the power may
be calculated from the expression.

E?
)

¢ R
Although physical dimensions of
a transformer are readily obtain-
able directly if not available from
manufacturers’ data, the winding
terminal arrangement may present
some difficulty if the diagram has
become lost. The terminals com-
mon to any one winding may be
found readily with a continuity or

ohmmeter. Split windings may be
phased out by placing a low value

W —=
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FIGURE 8—CIRCUIT FOR DE-
TERMINING POWER HANDLING
CAPABILITIES OF TRANSFORMER

of A.C. across one section and
measuring the voltage across the
two sections in series, then again
with one section reversed.

The primary inductance of an
audio transformer is most conveni-
ently measured by means of the
Hays bridge® which is arranged to
pass d.c. through the winding, when
necessary, during the measurement.
The arrangement shown in figure
6 may be used to obtain an approxi-
mation from the expression

Xy, = 2afL . 3)
The accuracy is low and the result
will vary with the voltage and fre-
quency used.

Quantitative insertion loss data is
seldom available; it may at times,
however, be of importance. In one
instance a pair of GLG tubes in

push-pull operation, under class
AB, conditions could not be made
to deliver the 30 watts specified by
the tube manufacturer. Suspecting
the rating to represent an “ideal”
amplifier, 2 check was made of the
output transformer losses as fol-
lows—the transformer turns ratio
was 3.5, the r.ms. voltage from
plate to plate was 433, the second-
ary load was 500 ohms, the power
delivered to the resistor was 25

watts. Therefore,
Z,
N2=—o0rZ,=500X3.52 = 6125
Z,

EI
ohms (plate to plate) and W—=——
: R

4332
— —=30.65 watts out of tubes.
6125
25
Also ———=0.815=0.9 db inser-
30.65
tion loss.

Phase shift is generally not ap-
parent to the ear, but with the ap-
proach of television, which covers
from the lowest audio to the lower
radio frequencies, this factor will
become of increasing importance.
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THE SHUNT-EXCITED ANTENNA

BY J. F

MORRISON AND P. H

SMITH

Bell Telephone lLaborasories

HE ADVANCES in broadcast

antenna design made during
the last decade have been primarily
directed toward increasing the in-
tensity of radiation at the ground
level with a concurrent reduction
in the intensity at elevations above
the ground. The reasons which
make this form of distribution de-
sitable and the advances made in
that direction are well known to
the radio engineer, so that it is not
necessary here to emphasize the
importance of continued work to-
ward that objective. However, the
concentration of thought on the
radiation characteristics has dis-
tracted attention from a consider-
ation of the many other problems
that are associated with the present
design practice.

Antennas such as are used for
broadcasting are connected at the
base through the generator or coup-
ling impedance to the ground, and
it is generally understood that the
coupling impedance as viewed from
the antenna in no way affects the
radiation characteristics of the an-
tenna. In fact, as far as the radia-
tion characteristics are concerned,
the antenna may be connected di-

rectly to ground without affecting
its performance. It might at first
appear difficult to couple power ef-
ficiently into a vertical antenna
grounded at its base, particularly
at frequencies other than the reso-
nant frequency of the antenna.
However, consideration of the prob-
lem will indicate that this can be
accomplished by using a very small
portion of the antenna, at its base,
as a coupling impedance. The im-
pedance across this coupling section
may then be transformed to the
characteristic impedance of a con-
centric transmission line by an in-
clined conductor and series capadi-
tance. A sketch of the shunt-ex-
cited antenna, series capacitance and
concentric  transmission line s
shown in figure 1.

The advantages afforded by the
shunt-excited antenna are immedi-
ately evident. In the first place, an-
tenna structure cost is less since no
base insulators are required and the
more rigid support which can be
provided at the base permits the
use of smaller cross-sectional di-
mensions in the case of the self-
supporting type vertical radiators.
Filter devices for obstruction light

© 1937, by Institmte of Radio Engineers, Inc., 330 W, 42 S1. N.Y.C.
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FIGURE 1—COUPLING ARRANGEMENT FOR THE
SHUNT-EXCITED ANTENNA

circuits are not required and the
circuits may be run directly to the
antenna base and thence vertically
up the antenna structure. Difficul-
ties caused by lightning are reduced
and the need for static drain de-
vices is eliminated. The resistance
of the radiating system is perma-
nently adjusted, by methods de-
scribed later, to equal the charac-
teristic impedance of a transmission
line. This feature eliminates the
need for coupling transformers and
also makes possible a standardiza-
tion of antenna current meter scales
for all installations using the same
type of transmission line. When
the transmission line is correctly
terminated by the resistance of the
radiating system and a series reso-
nating capacitance, the current read-
ing at the sending, or transmitter,
end of the line is a direct indica-
tion of the current entering the
radiating system, as the losses in
well-designed lines are negligible
at broadcast frequencies. The haz-
ards of contact with high voltages

which exist with insulated struc-
tures are removed since the base of
the structure is at ground poten-
tial.

Figure 2 was prepared from im-
pedance data taken on an experi-
mental antenna 200 feet high and
four inches in diameter. This figure
shows the resistance and reactance
at the base of the inclined con-
ductor as a function of the coup-
ling section height and distance to
the base of the~ vertical structure,
when the system was operated at
the resonant frequency of the an-
tenna. Resistance values less than
100 ohms which are generally re-
quired to match a concentric type
transmission line were obtained
when the inclined conductor was
at an angle of about 45 degrees
and the sides of the triangle thus
formed were less than 0.035 wave-
length long. It will be noted that
the sign of the reactance at the
base of the inclined conductor is
always positive so that it is only
necessary to use a series condenser
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FIGURE 2—RESISTANCE AND REACTANCE OF A FOUR-
INCH DIAMETER SHUNT-EXCITED ANTENNA.

to adjust the antenna impedance to
unity power factor.

The results obtained with the
experimental antenna were suf-
ficiently encouraging to justify
the continuance of the investigation
with an antenna having physical di-

mensions that might commonly be
used in practice. The work was
conducted at Detroit, Michigan,
where through the courtesy of the
Detroit Daily News a 400-foot

Blaw Knox uniform cross-section
vertical radiator at station WW]
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was made available, It is six feet,
six inches square throughout the
entire height except for the lower
22 feet which tapers to the dimen-
sions of a single conical porcelain
insulator. Since this radiator is in-
sulated from ground, it provided the

tenna input power during field in-
tensity tests and to obtain informa-
tion which would be useful in the
study of the shunt-excited antenna.
The measured resistance and reac-
tance are shown on figure 3 plot-
ted as a function of the antenna
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FIGURE 3—RESISTANCE, REACTANCE, AND CHAR-
ACTERISTIC IMPEDANCE OF THE WW] UNIFORM

CROSS-SECTION VE

opportunity of studying its perform-
ance when either series or shunt-
excited for comparison purposes.
Impedance at the Base of Insulated
Antennas
A study of the impedance at the
base of the insulated antenna was
made in order to determine the an-

RTICAL RADIATOR.

height in wavelengths. It will be
noted from these data that the an-

ti-resonant frequency (as defined by

unity power factor at the base)

occurred at an antenna height of
0.425 wavelength instead of 0.5

wavelength which might be ex-
line

from transmission

pected

A
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theory of a uniform lossless line.
Since the capacitance of the base
insulator was shunted across the
measuring device, it would be ex-
pected to affect the impedance data.
However, in the case of the anten-
na studied, the capacitance of the
base insulator was about 30 pufds.

the frequency is varied. Irregulari-
ties in the data which are not evi-
dent from separate resistance and
reactance curves are more readily
observed and a better check upon
the accuracy of the impedance
measurements is provided. The sol-
id curve represents a locus of the
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FIGURE 4—LOCUS OF IMPEDANCE VECTORS AT THE
BASE OF THE WW] UNIFORM CROSS-SECTION
VERTICAL RADIATOR

and at the frequencies used its ef-
fect upon the data was slight.
The data shown on figure 3 are
re-plotted on figure 4 as a series of
impedance vectors, thus combining
resistance and reactance on a single
plot. In this manner of depicting
the data, a curve which connects
the points represents their locus as

calculated impedances based upon
a transmission line formula for a
line with distributed losses?.

It appeared that the impedance
measurements at the antenna base
were including the effects of a ser-
ies inductance not considered in

1, E. Siegal and ]. Labus, "lmpedance of
Antennas,’”” Hochfrequenz und Elekivoaknsiik,
Vol. 43, pp. 166-172; May, 1934.
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these equations as the locus of the
measured impedance vectors is
raised vertically from the computed
curve. It was also found that the
measuring impedance vectors were
rotated around on the locus curve
in a clockwise direction. This lat-
ter is the effect that would be pro-
duced if the antenna had a greater
electrical length than the formulas
would account for. However, meas-
urements of the standing current
wave on the antenna, which will
be explained later, indicate that the

physical height was about 95 per
cent of the electrical length and this
value is in close agreement with
that predicted by the transmission
line formulas.

Siegal and Labus have found ex-
cellent agreement between com-
puted and experimental impedance
data for horizontal antennas ar-
ranged so that the effect of the
ground was largely eliminated.
Since the data presented here were
taken between an antenna base and
ground, it is probable that the
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ground influenced the data in a
manner not taken into account by
the formula. This is to be expect-
ed, however, as in actual practice
an impedance may be encountered
by the ground currents in distribut-
ing through the ground network,
and formulas for computing the
radiation resistance are developed
on the assumption of a perfectly
conducting ground plane.

It may be significant that the
differences between the computed
and measured reactance when the
antenna  was operated at one-
quarter and three-quarter wave-
lengths were respectively 25 and 75
ohms positive reactance. These dif-
ferences correspond to the effect of
an additional series inductance of
6.8 microhenrys. If, in addition, a
lumped capacitance of about 200
ppfds. is also assumed to exist in
shunt with the antenna base, the
computed values for the antenna
impedance agree closely with the
measured results over the band of
frequencies studied. It is known
that the base insulator contributed
about 30 pufds. to this apparent
shunt capaatance.

Impedance of the Shunt-Excited

Antenna

The shunt-excited antenna may
be analyzed into the following com-
ponents: (A) The vertical portion
above the tap J)oint of the inclined
conductor and (B) the vertical

portion below the tap point. The
impedances of these two portions
with respect to ground are in paral-
lel and form the terminating im-
pedance for a third component

comprising the inclined conductor.
A calculation of the impedances at
the base of the inclined conductor
using this concept of circuit me-
chanics has been found to agree to
a good approximation with the
measured values.

To arrive at quantitative values
for the impedance of the antenna
above the tap point of the inclined
conductor, the same locus of the
impedance measurements  which
were made at the base of the in-
sulated antenna was assumed to ap-
ply to the section above the tap.
The frequency at which any one
impedance at the base was meas-
ured was modified by the ratio of
the total height of the structure to
the height of the section above the
tap point, thereby obtaining a new
frequency at which approximately
the same antenna impedance might
be expected to exist at the tap
point. Thus the plot of impedances
at the base of the structure as a
function of frequency is shifted
along the frequency axis to obtain
the impedance data for the antenna
above the tap point.

The impedance of that portion
of the antenna between the tap
point of the inclined conductor and
ground was considered to be a pure
reactance because of its short
length. The reactance was com-
puted from its physical dimensions
based on the static formula for a
straight conductor in free space.
At the higher frequencies where
the length of this section becomes
a larger fraction of a wavelength,
it was realized that the reactance
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would depart somewhat from a
linear relationship with frequency.
Based on transmission-line theory,
this departure from linearity with
frequency would be proportional
to the tangent of the electrical
length. This correction, although
taken into account, was small even
at the highest frequencies consid-
ered. It was found also that ef-
fectively an additional inductance
could be considered in series with
the computed reactance of the struc-
ture between the tap point of the
inclined conductor and ground.
When this inductive reactance or
its equivalent effect is included in
the calculations for the impedance
at the base of the inclined con-
ductor, close agreement is obtained
with the measurements. It is in-
teresting that its value (which in
this case was 6.8 millihenrys) was
found to be the same as the value
observed in the case of the insu-
lated antenna when it was operated
at one-quarter and three-quarter
wavelengths.

If the inclined conductor is con-
sidered as a single wire transmis-
sion line, its input impedance is a
function of its resistance, character-
istic impedance, electrical length,
and terminating impedance. Its ter-
minating impedance is considered
to be the resultant value of the an-
tenna impedance above the tap in
shunt with the total reactance be-
low the tap point. The correlation
of calculated impedance at the base
of the coupling line with the meas-
ured data is shown on figure 5.
The discrepancy between the cal-

culated curve and measured points
may be partly due to coupling ef-
fects between the antenna and coup-
ling line which were not consid-
ered.

The impedance at the base of the
inclined conductor may be adjust-
ed to the desired impedance by two
mechods:

1. The distance between
the base of the antenna
structure and tranmis.
sion line termination
may be varied. This
adjustment changes in
length, but does not
noticeably influence the
terminating impedance
of the inclined con-
ductor.

2. The height of the ver-
tical coupling section
may be varied. This
adjustment changes all
parameters but has the
greatest influence upon
the terminating imped-
ance of the inclined
conductor. The changes
are, to a certain extent,
compensating. Conse-
quently, the adjustment
is not critical and the
desired impedance can
be obtained within
very close limits.

It is suggested that in practice
the distance between the antenna
base and the transmission line be
fixed and adjustments made accord-
ing to method number 2. This
suggestion is made merely in the
interests of simplicity of design

_;A
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practice, where it is desirable to
predetermine the physical location
of the concentric transmission line
termination. The data on figure 5
were taken using a No. 8 B & §
gauge copper wire as the inclined

conductor. In practice, it is expected
that a larger conductor will be used
with correspondingly lower charac-
teristic impedance. This would have
the desirable effect of increasing
the resistance to reactance ratro at
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the base of the inclined conductor.
Current Disiribution

To simplify the mathematics in
the computation of antenna per-
formance, it has been customary to
assume that the current is sinusoi-
dally distributed along the radiating
element. In a uniform transmission
line which possesses no losses in
the form of radiation or otherwise,
this assumption is strictly true.
However, in the actual antenna the
constants are not uniformly dis-
tributed, and power losses occur
mainly in the form of radiation.
As a result, the current distribu-
tion must depart from the sinus-
oidal form. Furthermore, the phase
of the current at various points
within each half cycle of the stand-
ing wave also departs from that
implied by the sinusoidal assump-
tion.

The reason for this departure?
becomes apparent if we consider
the current at any point to be the
resultant of two vectors rotating in
opposite directions at the same
rate. One vector represents the
current traveling away from the
generator to the far end of the an-
tenna and the other represents the
current reflected back from the far
end of the antenna toward the gen-
erator with a smaller amplitude
due to radiation losses. From such
an illustration it may be seen that
the resultant vector is at no time
equal to zero amplitude and its
phase is continually changing as the
components rotate. If no losses

3. There Is not a1 presems amy rigorous
solution.

were present, each vector would
have the same amplitude and
the resultant vector would then
vary sinusoidally as the components
rotated. From this reasoning it
follows that an antenna, which is
intended to radiate power, will not
have a sinusoidal current distribu-
tion. Actually, it may depart ma-
terially from that form even though
the cross-sectional dimensions of
the structure are made uniform

P. O. Pedersen® has extensively
investigated chis departure from
sinusoidal form in small diameter
antennas constructed of wire and
has concluded that while the de-
parture is appreciable, the radiation
characteristics, computed from ac-
tual current distribution, agree very
well with those predicted using the
sinusoidal assumption. This agree-
ment may not be as good in the
case of tower radiators which have
a much larger diameter, but experi-
ence has indicated that the assump-
tion usually leads to sufficient ac-
curacy for practical estimates. The
rigid support at the base of the
shunt-excited antenna permits the
use of smaller cross-sectional di-
mensions in the case of self-sup-
porting structures.

Measurement of Current Distribution

The current distribution which
is sometimes referred to as the
standing wave on a radiating ele-
ment can be measured with an ac
ceptable degree of accuracy if some
3. ""Radiation frem « etriical anteana over
g.:l p:‘lr}nll rqndurlin, carih,” Danmarks
aturgidenskabelige Samfund, on Commisiion

y Gud, Vimmelshaftes 32, Coprn:
bagen, 1933,
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important precautions are taken in  progressively at many points

the collection of data. The measure-
ments are usually made by placing
an exploring loop circuit, which
contains a current indicating de-
vice, in proximity to the antenna

throughout its length and plotting
the data thus collected as an index
of the current distribution along
the antenna.

Since the exploring loop circuit




30 Rabio DIGEST

SEPTEMBER

is taken as an index of the current
at each point of observation, par-
ticular precautions should be taken
to minimize the influence of the
field emanating from other points
along the conductor.

The antenna may be viewed as
many elementary current elements,
each contributing a field intensity
at the point where the exploring
loop is located. The total feld is
the sum of these effects properly
added in magnitude and phase. The
field intensity from one of these ele-
ments is proportional to the ampli-
tude of the current in the element
and varies inversely as the square
of the distance between the ele-
ment and the exploring loop. It
is also proportional to the sine of
the angle between a line drawn
from the element to the exploring
loop and the center line of the an-
tenna. Thus, if the exploring loop
is close to the antenna, the effects
of current elements other than
those in the immediate vicinity of
the exploring loop are greatly re-
duced and it may be said that the
loop samples the average current
along a length of antenna which is
comparable to the distance the loop
is away from the antenna.

If the antenna is non-uniform
in cross section, the field which is
picked up at each sampling point
when the loop is held close to the
antenna is affected by the varying
distances and angles to the current
elements due to the antenna con-
figuration and is likely to give er-
roneous results. In those cases
where, owing to the configuration

of the tower, it is necessary to hold
the loop well away from the an-
tenna, more careful consideration
must be given to interpreting the
results.4

The uniform cross-section design
of the radiator at station WW] pre-
sented, for the first time since the
advent of tower radiators, an ex-
cellent opportunity to measure the
distribution of current on a full size
radiator without the aforementioned
difficulties occasioned by non-uni-
formity of tower diameter. The ex-
ploring loop circuit used for col-
lecting the data shown on fgures
6 and 7 consisted of a small vari-
able air condenser, vacuum tube
rectifier, multiscale microammeter
and a loop antenna from a Western
Electric 44A field intensity measur-
ing set. This latter set was chosen for
its rigid mechanical construction and
the wooden housing of the loop
served as a jig for obtaining a con-
stant separation from the tower
structure. The relative size of this
loop with respect to the tower
height was sufhiciently small to give
rcasonably accurate samples of the
current at the points under consid-
eration. At the same time it was
large enough to permit sufficient
pickup of the field from the small
currents provided by a low power
oscillator. A rope suspension was
arranged for carrying the appara-
tus up and down the tower and
also served as a support for the
apparatus at the measuring points.
When making measurements, the

4. H. E. Gibring and G. H. Brown,
""Tower Antenna for Broadcast Use”, Proc.
I.R.E., vol. 23, pp. 311-358; April, 1935.

—;d
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loop was oriented to cut the mag-
netic field at right angles by sup-
porting it firmly against one corner
of the tower. In addition, it was
located at the same point with re-
spect to the tower cross membcrs
of each section, where a measure-
ment was made.

Figure 6 shows the current dis-
tribution measured by this method
when the tower was insulated at
its base and excited at a frequency
of 1450 kilocycles. 1450 kilocycles
is the frequency at which maximum
ground plane field intensity was
observed and also corresponds to

a standing wavelength of about
0.64 wavelength. By observing the
standing wave at 1450 kilocycles,
it will be noted that the length of
the wave between the two mini-
mum points (top of the antenna
and 80 feet above ground) is 320
fect. Since one-half of the wave-
length in free space at 1450 kilo-
cycles is 339 feet, the ratio of 320
to 339 indicated that the apparent
wave velocity on the radiator was
about 95 per cent of the free space
value. Figure 7 is a plot of simi-
lar data taken when the antenna
was shunt-excited. The 550- and
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SHUNT-EXCITED ANTENNA
Dotted circles calculated on assumption of sinusoidal cur-
rent distribution and a perfect conducting plane earth.
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TRIBUTION ABOUT THE WW] ANTENNA
(SHUNT-EXCITED)

1450-kilocycle frequencies corres-
pond closely to the 0.25-and 0.64-
wavclength mode of operation.
When making the measurements
below the tap point of the inclined
conductor, the exploring loop was
placed so that litle, if any, field
was picked up from the inclined
conductor. Therefore, these data
represent only the current relations
in the vertical portion of the radi-
ator. It will be noted from the
1450-kilocycle curve that the dis-
tribution is substantially the same
as in the casc of the insulated an-
tenna except in the region below

_—<d

the tap point where the current
builds up to much larger values.
This is to be expected as the volt-
age with respect to ground must
go to zero at the base.

While in this case, the current
amplitude in the vertical section
below the tap is larger than in the
case of the insulated antenna, it
was believed that the phase rela-
tions between the current in that
section and the current in the in-
clined conductor would produce a
cancelling effect upon the radiated
field. To determine more definitely
the effects of the exciting circuit
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upon the radiated field, compara-
tive field intensity measurements
between the insulated and shunt-
exdted antenna were made.

Field Intensity Measurements and Data

The ground plane field intensity
was investigated with a Western
Electric 44A field intensity meas-
uring set. A low power osallator
was used to excite the antenna but
for comparison purposes the meas-
ured data were corrected to cor-
respond to a power level of 1000
watts and a constant distance of
one mile from the antenna. The
results at frequencies which corres-
ponded to an antenna height of
about 0.25 and 0.64 wavelength
are shown in polar form on figures
8 and 9. It will be seen from
these data that the field intensity
distribution patterns for the base-
insulated and shunt-excited antenna
are substantially the same.

The measured field intensity cor-
rected for 1000 watts was plotted
as a function of the physical height
of the radiator in wavelengths for
both methods of excitation and is

shown in figure 11. It will be noted
that in the region of 0.35 wave-
length physical height the measured
field was slightly less in the case
of the shunt-excited antenna. It
was found that this slight departure
was caused by losses in the ground
system near the base of the antenna,
which can be overcome by the use
of an improved ground system.

In the case of either the series
or shunt-excited antenna, there ap-
pears to be little economical justi-
fication for antenna heights between
0.25 and 0.5 wavelengths on the
basis of increased signal strength.
Theoretical conclusions and meas-
ured results show that the field in-
tensity curve rises very slowly for
antenna heights between 0.25 and
0.4 wavelength. For example, only
12 per cent or one decibel im-
provement in field intensity can be
expected under the best of condi-
tions, when the antenna height is
increased from 0.25 to 0.4 wave-
length. This fundamental fact
makes it difficult to justify the in-
termediate heights as 5 to 10 per
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cent is considered good accuracy
in the measurements of field inten.
sities.  On the other hand, 32 per
cent or 2.4 decibels improvement
can be expected if the antenna
height is increased from 0.25 to
0.55 wavelength and whar is prob-
ably more important in the case of
high power stations, a substantial
increase in the fading free area s
realized.

Through the courtesy of the Na-
tional Life and Accident Insurance
Company, field intensity tests were
made at distances ranging from 35
to 110 miles in several directions
from the 0.58 wavelength vertical

ITH MOST applicants askin
usual to find N.B.C. seekin
one of their outfits from 2500 to
for a 3.watt broadcast ticket on

g
g

50 watts. Another
550 ke.—Rapio.,

radiator ar station WSM in Nash-
ville, Tenn. Automatic recording
equipment was used for the collec.
tion of these data. The antenna
was excited by the shunt and ser-
ies method alternately every hour
between midnight and 8 a. m. over
a period of three weeks. An exam-
ination of these data showed that
there was no discernible difference
in the fading characteristics between
the two methods of excitation.

(Acknowledgement: The authors wish
to acknowledge 1he co-operation of the

management and ical  staffs  of

techni
Radio Siations WW ], Detrois, Mich.,
and WSM, Nashville, Tenn., in the col-

lection of data given in 1his paper.)

permission to increase power, it is un-
F.C.C. sanction to decrease power at
company has applied
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BY EVERETT L.

DILLARD

A Practical Discussion of the Two-Wire Open Type and Concentric Tube
Non-Resonant R. F. Transmission Lines.

JROM THE lower broadcast to
the ultra high frequencies the
non-resonant transmission line is
becoming more and more the means
whereby radio frequency power is
transferred from transmitter to an-
tenna. The accepted practice is to
place the antenna in the clear at
some distance from the transmitter
proper. By this means the trans-
mitter, the building housing it and
other nearby obstructions are placed
outside of the strong induction
field of the antenna. This reduces
absorption losses and undesirable
re-radiation from nearby semi-reso-
nant objects, at the same time im-
proving the efficiency of the radia-
tor. It is apparent, then, that a
complete study of antenna systems
must include not only the subject
of antenna design but also a thor-
ough investigation of transmission
lines if the subject is to be ade-
quately covered.
In brief, there are but two types
of transmission lines — resonant
and non-resonant. Both are used

to transmit, in a sense, radio fre-
quency power,

All transmission lines, whether
of the single or multiple wire or
even of the concentric tube type,
possess distributed constants; that
is to say, the inductance and ca-
padty is distributed along the
length of the wire and is not con-
centrated or “lumped,” as in an or-
dinary coil or condenser combina-
tion. In this respect the transmis-
sion line is similiar to an antenna.
From this it is evident that, unless
certain precautions are observed,
there will exist standing waves
along the wire lengths.

The non-resonant or untuned
line is the more commonly used
transmission line system employed
on the broadcast and police fre-
quencies and has found very ready
applicition on the high and ultra-
high frequencies. As its name im-
plies, it is a line which does not
have pronounced standing waves
along its length, Whether the sys-
tem is but a few feet or several
thousand feet long makes but little

© 1937, by Commercial Radio Equipment Co., 216 E. 74, Kansas City Mo.
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difference. The line acts as though
it were of infinite length, no stand-
ing waves are present, and there
is a smooth distribution of voltage
and current everywhere along the
line, which in practical cases is
maximum at the power source and
tapers off gradually in amplitude
as the antenna is approached.

The resonant line and the non-
resonant line look exactly alike on
first glance. In the open two-wire
type both consist of two closely-
spaced wires running parallel for
some distance, but electrically there
is a difference and an important
one. In order to make a transmis-
sion line behave as an infinite line
(that is, to operate without the
presence of standing waves) the
line must be terminated at the re-
ceiving terminal (the antenna end)
in a pure resistance which has a
value in ohms equal to the surge
impedance of the line. The anten-
na tuned to resonance as it is in
most all cases simulates this con-
dition when the line is properly
coupled to the antenna circuit.

An untuned feeder system may
consist of one, two, three, four and
even more parallel wires. Increased
constructional  difficulties of the
multi-wire type of line where three
or more parallel wires are used,
and the danger of appreciable feed-
er radiation from an improperly ad-
justed single wire feeder restrict
commercial usage and acceptance to
the more familiar two-wire type of
line.

The threc-wire transmission line
is but an adaptation of the two-

wire type with the middle (third)
wire grounded. Where four, six,
eight and even greater numbers of
wires are used in the system it is
possible to secure a somewhat low-
er surge impedance with less loss
than is possible with the more con-
ventional two-wire line.

The two-wire transmission sys-
tem is easy to construct. Its surge
impedance can be calculated quite
easily, and when properly adjusted
and balanced to ground, undesirable
feeder radiation is minimized since
the current flow in the adjacent
wires is in opposite directions and
the magnetic fields of the two wires
are in opposition to each other. It
cannot be said that the open type
of line will completely suppress
line radiation but in a properly ad-
justed line radiation can be  sup-
pressed to a satisfactory degree.
Only in the co-axial or concentric
tube line can radiation be entirely
suppressed.

It has been said that when a two
wire line is terminated at the re-
ceiving terminal (antenna end in
the case of a transmitter) with the
equivalent of a pure resistance
equal to the surge impedance of
the line that the line then becomes
a non-resonant line and pronounced
resonances disappear. It is then the
problem to ﬁng a way to go about
calculating the surge impedance of
any two wire transmission line,
which impedance we will call Z,.

Any two parallel conductors sep-
arated from each other have a ca-
pacity between them that is distrib-
uted along their length, and any
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conductor, even though it be only
short lengths of wire, will possess
some inductance along its wire
length.

It can be shown mathematically
that the true surge impedance of
any two wire parallel line system
is equal to

iR

Z, —= (1)
y 2
Where Z, — the surge impedance
of the line in ohms,
z — the impedance in ohms per
centimeter length of line.
y = the admittance in ohms per
centimeter length across the

line.
Therefore:
Vr+ jwL
ige=="20 T (2)
Vg+ juC
Where:
r — resistance per cm. length,

i.e. the static value, assuming
uniform current distribution
along the line, and

g = conductance per cm. length
(reciprocal of resistance) as-
suming uniform voltage dis-
tribution along the line.

For high frequency transmission
lines where the terms r and g are
of negligible value as compared to
the reactive components of the to-
tal impedance and admittance terms
as given in Equation (2), these
can be neglected and by cancella-
tion of the upper and lower jw
terms we have the more familiar
formula which reduces to

TABLE A
Wire Gauge Wire
Number Diametes
B&S in Inches
2 257
4 .204
6 .162
8 .1285
10 .1019
12 .0808
14 L0641
16 .0508
18 .0403
VL
Ty (3)
v C

Substituting the known formulas
for L and C in Equation (3) which
involve the diameters of two paral-
lel evenly spaced wires of a known
spacing from wire center to wire
center, the formula reduces to a
more usable form for practical cal-
culation. For two parallel wires,
knowing the above factors, we
have

28
Z, — 276 log,,

4)

Where:

S is the exact distance between
wire - centers in some convenient
unit of measurcment, and

d is the diameter of the wire
measured in the same units as the
wire spacing, S.

Since 25 expressed a ratio only,

Rdo
the units of measurement may be
centimeters, millimeters, or inches.
This makes no difference in the
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anrswer so long as the substituted
values for S and d are in the same
units.

Equation (4) is surprisingly ac-
curate 50 long as the wire spacing
is relatively large as compared to
the wire diameter. Error in com-
putation will arise when the two
wires are in close proximity to
each other. An examination of the
formula will also show that it is
impossible to obtain with the open
type of two wire line a character-
istic impedance of less than 83.08
ohms, for this is the computed
surge impedance under the extreme
conditions where the wire spacing
S is equal to the wire diameter d.
This would be the hypothetical
condition where the two wires
would absolutely touch one an-
other and yet be insulated from
one another. It can be seen that
the losses in such a theoretical line
would be quite high, so for com-
mercial applications surge impe-

dance values of less than 200 ohms
are seldom used in the open type
two wire line and even at this com-
paratively high value of Z, the
wire spacing S is still uncomfort-
ably close, being only 5.3 times the
wire diameter d.

Chart No. 1 gives in graphical
form the correct surge impedance
of any two wire line if the ratic
of S to d is known. The chart is
self explanatory and transmission
engineers will find it sufficiently
accurate for practical purposes. To
assist in arriving at the ratio of
S to d, wire diameters in inches for
the commonly used wire gauges are
given in Table A.

As a further aid to those who
are not mathematically inclined and
who prefer to construct their trans-
mission lines from even more prac-
tical data, the reader’s attention is
directed to Table B. Here the cor-
rect spacing in inches is given for
all practical wire sizes for lines
having a Z, of 200, 300, 400, 500
and 600 ohms.

Formula (4) is the general form
in which the equation of a two-
wire line is mostly given. However,
in practical cases the surge impe-
dance that is desired usually is
known as is also the wire size to
be used, and the unknown for
which the solution must be made
generally is S, the wire spacing. By
transposition and solving for S,
Formula (4) is given the more
practical form

Z

S = — anti-log
2 276

()
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where S and d have the same mean-
ing as in (4).

The two parallel wire line, while
easy to construct, does have three
obvious disadvantages. First, the
line does radiate some energy; sec-
ond, its surge impedance at conven-
ient wire spacings is far too large
to match directly to the center of
a half wave Hertz (74 ohms), or
to the ground junction of the quar-
ter wave Marconi (37 ohms), with-
out a coupling net-work, and third,
the two wires must be balanced
electrically to ground.

Since both the second and third
disadvantages apply to the type of
antenna used mostly on the lower
broadcast and police frequencies the
co-axial cable has come into almost
universal use for connecting such
antennas to the transmitter, the two
wire open line still remaining pop-
ular for the higher frequencies.

To one who is not familiar with
concentric tube lines the neatness of
the installation and the seemingly
small diameters of such lines even
for relatively high powers provide
a striking contrast to the two wire
feeder system. Typical outside di-
mensions and power ratings for un-
modulated carrier conditions are:
1000 watts, between 15 and 34
inches O.D.; 5000 watts, approxi-
mately 74 inches O.D.; and 50,000
watts, 215 to 3 inches O.D. Most
cables commercially obtainable ap-
proximate a surge impedance of
70 ohms.

A cross sectional end view of a
co-axial cable is shown in figure 2.

As in the parallel wire line the

power lost in a properly terminated
line is the sum of the effective re-
sistance losses along the length of
the cable, and the dielectric losses
between the two conductors. In a
well designed line both are of neg-
ligible importance, the actual meas-
ured loss in a good line being less
than 0.5 per 1000 feet at one mega-

cycle.
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Of the two losses the effective
resistance loss is the greater, and
since it is largely due to the “skin
effect” the line loss, all other con-
ditions the same, will increase di-
rectly as the square root of the
frequency. Such lines are almost
always made of soft copper tubing,
having a very low d.c. resistance,
which with the large conductor sur-
face available (high frequency cur-
rents tend to travel on the outside
of a conductor) will make the line
losses of negligible importance for
the line lengths normally used.

Examination of figure 2 shows
that instead of having two conduc-
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TABLE B
Wire Correct Wire Spacing in Inches, Center to Center,
Gauge for Surge Impedance Values of
Number
B&S 200 Obms 300 Obhms 400 Obms 300 Obms 600 Obms
6 42 .987 2.28 5.26 12.1
8 .339 .783 1.81 4.17 9.61
10 .269 .621 1.44 3.31 7.62
12 213 .493 1.14 2.62 6.04
14 .169 391 903 2.08 4.79
16 134 .309 716 1.65 3.80
18 106 .246 .568 1.31 3.01

tors running side by side with each
other, one of the conductors is
placed inside of the other. Because
of this the line has been termed
the concentric or co-axial trans-
mission line. Since the outside con-
ductor completely shields the inner
one, no radiation can take place.
Both conductors may be tubes, one
within the other, or the line may
consist of a solid wire within a tube.
In either case the inner conductor
is insulated at regular intervals
from the outside tube by a circular
insulator of either pyrex or some
non-hygroscopic ceramic material
with low high-frequency losses. The
insulators are slipped over the in-
ner conductor and held in place
either by some system of small
clamps or by “crimping” the wire
immediately in front of and behind
each insulator. If the insulator fits
snugly over the inside conductor,
this latter method is to be preferred
as the mean or average distance of
the outside diameter of the inside
conductor from that of the inside
diameter of the outside conductor
remains more uniform and the cal-
culated results will be more ac-

curate than if some other system
using clamps or small metal collars
to hold the insulating spacers are
used. Moisture must be kept out
of the tube if best results are to
be secured. It is therefore neces-
saty to solder or otherwise join
tightly the line sections together so
that no leak occurs.

This only prevents water from
seeping into the line in outdoor
installation. The co-axial cable may
be either buried in the ground or
suspended above ground. In most
installations the tubing is buried in
the ground—going into the ground
at the transmitter house and coming
out of the ground directly at the
base of the antenna, at the tuning
house.

To avoid condensation of mois-
ture on the inside walls of the line
it is the general practice to fill the
line with dry nitrogen gas at a
pressure of approximately 35
pounds per square inch. The nitro-
gen gas not only prevents the gath-
ering of moisture but also detects
any leakage in the line. If pres-
sure cannot be maintained uniform-
ly in the line over long periods of
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time, it is a certain indication that
somewhere there is a leak. Natu-
rally this leakage generally takes
place at the points where the sec-
tions are joined together in what
is presumably a watertight and air-
tight connection.

Filling a line with dry nitrogen
gas also greatly increases its power
capacity, a power capability rating
of three to one being quite com-
mon for the nitrogen filled line as
compared to a line operating under
normal atmospheric pressures. Near-
by metallic objects cause no loss
and the cable can be run up air
ducts, wire conduit, elevator shafts
just as easily as a flexible hose. In-
sulation troubles can be forgotten.

It is this characteristic which
makes the co-axial cable so valu-
able where transmitter installations
must be made in large buildings,
such as is the case with a majority
of police transmitters. Even at fre-
quencies as high as 100 megacycles
line losses can be kept within toler-
able limits. For the smaller powers
flexible co-axial cable can be se-
cured in long line lengths up to
several hundred feet, thus doing
away with the need for couplings
or sections.

The derivation of the formula
for computation of the character-
istic surge impedance of a concentric
tube line also goes back to the
fundamental equation given, (1).
Stated in its most general form it
is given as

D
Z, — 138 Log,, — (6)
d

Where:

D is the inside diameter of
the outer tube, and

d is the outside diameter of the
inner tube.

As in the case mentioned before
the dimensions of D and d may be
in millimeters, centimeters, or .
inches so long as both are given
in the same units, since this in-
volves only a ratio.

However, this formula is not that
which is most generally used since
here again we generally know what
surge impedance we want and it is
more practicable to have a method
for solving either for D or d.

Transposing the above formula
to a more practical form we have:

8
D — d anti-log (7)
138

Or, where D is known and it

then becomes necessary to solve for

d to obtain a given desired imped-
ance, then:

D

d=
Z, (8)
anti-log

138

Remembering again those of our
friends who do not care to juggle
equations, the attention of the read-
er is called to Figure 2, which gives
the graphical solution covered by
the formulas given.

It can be seen that the chart reads
either way: Z, can be found in-
stantly when knowing the ratio of
D/d, or conversely the ratio of
D/d can be found at once for any
given surge impedance, Z,.
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ADVANCED 10-20 SUPERHET

BY H. G.

N THIS article is described a re-

ceiver built specifically for 10-
meter work. Nevertheless 20-meter
coils are also provided, as a receiv-
er that performs well on 10 always
works a little better on 20. A set
of 5-meter coils is contemplated for
the near future. This will permit
the reception of crystal controlled
transmitters on this band.

High gain in the r.f. stages is of
most importance for a 10-meter
receiver and is most difiicult of at-
tainment. High-inductance coils and
small tuning capacities are impera-
tive if this high gain is to be real-
ized. For this reason the some-
what odd construction shown in the
high-frequency section is used. Four
20-upfd. midget tuning condensers
are ganged to a PW-0 type drive
unit. The 500-degree scale of this
unit provides adequate mechanical
band spread. The coil sockets are
placed as close as possible to the
condensers in a raised position.
This gives shortest tank leads. APC
air trimmers are mounted right in
the coils. The fist r.f. stage is
trimmed with a panel mounted
condenser (C,). This takes care of
antenna variations.

A shelf of 15" thick aluminum

MUSTERMANN

is mounted an inch above the chas-
sis, and supports the entire high-
frequency section with the excep-
tion of the drive unit. This is bolt-
ed direct to the chassis, being raised
a half inch. Both the drive unit
and the shelf are fastened to the
chassis by means of long 6/32 bolts
and Cardwell half-inch spacers.
Two of the latter make up the inch
height for the shelf. This shelf
should be fastened in about a dozen
places to the chassis to keep it rigid.

Another set of half-inch spacers
raises the tuning condensers to the
proper height above the shelf for
ganging to the drive unit. Great
care should be exercised in lining
up this unit with the four con-
densers. Shim brass washers should
be added to the condenser mount-
ing spacers to place the condensers
at the exact height necessary. To
check the alignment, loosen the
couplings. They should be able to
spin free on the shafts. The Na-
tonal type TX-9 were found to
be superior to others in eliminating
play. It is most important that
there be no play between the drive
unit and the oscillator condenser.

The resistors and bypass condens-
ers for the high-frequency section

© 1937, by Manson Publications Corp., 16 E. 43 $1., N.Y.C.
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are mounted beneath the shelf.
They should be wired in place be-
fore the shelf is fastened to the
chassis. Connection wires between
this unit and the parts beneath the
chassis are run through grommets
in the chassis. They should be cut
about a foot long and connected to
the shelf first. Liberal use of double
mounting lug strips, both beneath
the shelf and bencath the chassis,
tie all loose wires and small parts
securely in place.

The back partition is fastened to
the chassis with a length of half-
inch aluminum angle. The inter-
stage shields cach have their rear
and bottom edges turned over a
half inch. Use of angle strips at
these points instead of the tumed-
over edges would be an easier
mcthod of construction. The holes
in these shields through which the
shaft assembly runs should be large
enough so that they do not touch.
The hole in the panel through
which the drive unit shaft extends
should also be made quite large—
about an inch in diameter.

Intermediate-Frequency Amplifier

The two-stage i.f. amplifier in-
corporates both a crystal filter and
a noise silencer. Most of the 10-
meter work at W2TP is done on
phone, therefore a crystal filter fa-
voring phone signals was felt to be
most desirable. The new Brush
Crystal Transfilter provides a band-
width which is a compromise be-
tween that of the regular crystal-
filter and the straight transformer-
coupled amplifier.

Jim Lamb’s crystal filter circuit

provides best impedance match to
and from the Transfilter, which is
of low impedance. The crystal is
across but half of the input trans-
former, while the output transform-
er is tapped down. Both of these
transformers arc of standard type,
the output transformer being an or- .
dinary beat oscillator type the same
as used in the beat osallator stage.
The only difference is that the b.f.o.
transformer used for crystal output
has the internally mounted grid
leak and condenser removed. This
is a simple process.

Two mica fixed condensers arc
connected across the secondary of
the Transhilter input transformer to

rovide a capacitative center tap.

he 50-ppfd. condenser, C,,, is
mounted under the chassis and is
controlled with an extension shaft
and insulated coupling. As both
sides of this condenser are above
ground, an insulated mounting is
necessary. A small piece of bake-
lite does the trick. This condenser
is the selectivity control when the
Transfilter is switched in. With
the filter switched out it serves to
tune the input transformer second-
ary to resonance. The regular in-
ternally mounted secondary trim-.
mer condenser, not shown in the
diagram, is left in drcuit. It is use-
ful in determining the setting of
C,,, both being connected in paral-
lel.

The crystal switch is mounted on
a bracket under the chassis and is
also controlled from the panel with
an extension shaft and coupling.
It should be wired so that when
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SCHEMATIC DIAGRAM OF THE RECEIVER PROPER. NOTE CRYSTAL FILTER CIRCUIT

C—0.1 mfd. 400 volt
tubular poper con-
denser (17)

Ci—.01 mfd. 400
volt tubular paper
condenser (4)

Cr—5 mfd. SO volt
tubular electrolytic
condenser (1)

C3—25 mfd. SO volt
tubular electrolytic
condenser (2)

C4—.0001 mfd. mid-

get mica condenser
2)

C5—.00025 mfd. mid-
?;t micp condenser
)

Cg—.006 mfd. mid-
Qtlﬂ mica condenser
(R3]

Cr—Mico trimmer
condenser, 30
mmfd.

Cg—Air trimmer can-
denser (6)

Co—Midget tuning
condenser (5)
Cip—Midget tuning
condenser (2)
Cy1—Dual 8-8 mfd.
1;i|ter condenser

1)

midget mica con-
denser (2)

R—350 ahms, Vs
watt (4)

Ri—1 ,500 ahms, V5

watt (1)
R';—Z,OOO ahms, '/z
watt (7)
R3—25,000 ohms, 15
watt (1)
R4+—50,000 ohms, V,
watt (7)
R;—100,000
Ve watt (7)
Rg—5S00 ohms, Vs,
watt (1)
R+~—1,000 ohms, V5
watt (1)

ahms,

Ry—1 megohm, Y%
watt (2)

Rg—2 megohms, Vs
watt (1)
R1¢~—200,000
Ve watt (2)
R;;—S00 ahm 25
watt resistor (1)
R,g—l0,000 ohm po-
tentiometer (1)
R135—25,000 ahm po-
tentiometer (2)
(See Next Page)

ohms,
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the crystal shorting section is closed
the other section is opened, and
vice-versa. This removes the crys-
tal entirely from circuit in the “off”
position of this switch.

Two mica trimmer condensers,
C,, are also used in the filter cir-
cuit. One serves to adjust the coup-
ling to the Transfilter output trans-
former, while the other is useful in
balancing the crystal bridge circuit.

Four types of transformers are
used in the i.f. amplifier. The first,
T, is of the iron-core type. This
helps to offset any signal loss in
the Transfilter circuit. The output
transformer, T, is a standard b.f.0.
type, as previously mentioned, with
the grid leak and condenser re-
moved. T, is of the air-core type,
while T, is a diode transformer
with untuned, low-impedance sec-
ondary. The center tap of the sec-
ondary is unused.

The Silencer System

Various types of noise-silencer
circuits were available for this re-
ceiver. The Lamb noise silencer,
cut in ahead of the filter circuit,

is theoretically the most effective.
This would, however, involve the
addition of three more stages, an
extra i.f. stage and two silencer
stages. The simplified Watzel-Boh-
len second detector silencer circuit
is therefore used. The Grifin “'see-
saw’” automatic silencer was consid-
ered, as was an automatic version -
of the present silencer which was
worked out for this receiver by
Bohlen and Watzel. Both Grifhn
and Watzel recommended the
manually-controlled circuits in pref-
erence to the automatic for most
effective noise suppression on weak
signals. More elaborate versions of
the circuit used at present in the
receiver are theoretically superior—
in practice the present circuit is as
effective as any, as well as being the
simplest in point of number of
parts necessary. The built-in switch
on the noise silencer control cuts
it completely out of circuit when re-
ception of strong signals is desired
without blocking.

The beat oscillator circuit is
standard except for the addition of

RECEIVER DATA (Continued)

R3j4—500,000 ohm T—Type IFC (iron to-single or P-P
potentiometer (1) core) 465 kc. i.f. grids.
Ry5—500 ohm wire- transformer Te—Type T-6806

wound potentiome-
ter (1)

Rjg—S500 ohm 10
watt resistor (1)

SW—Type 3242)
switch

SW;—Type 62 switch

SWo—Type 763
switch

*PHONES”"—Type Al-
single-circuit phone
jack

T1—Type IFCO beat
oscillator type
transformer

To—Type IFC (air
core) 465 kec. i.f.
transformer

To—Type IFD twin
diode tronsformer

T+—Type T-6226
plate-to-line trans-
former

Ts—Type T-6194 line-

pentode to 10 or

2000 ohms
T+—Type T-6409 150

mo. smoothing

choke

Tg—Type T-7429 150
ma. swinging choke

To—Type T-7062
power transformer,
745 volt ct. at
145 ma., 6.3 volts
at 45 oamps, S
voits at 3 amps
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a panel vernier control. This is
mounted under the chassis the same
as the selectivity control condenser.
As the frame of the condenser is
at ground potential it is bolted di-
rectly to the chassis. Another ex-
tension shaft and coupling are used.
Cardwell couplings are preferable
for use under the chassis because
they are small.

COIL-WINDING TABLE
FOR 10-METER BAND

No. Winding  Pri-Sec.
.Coils Turns Length Spacing
b ST 3 Closewound
L Sec. 41/ 157 1 7%
L1 Pri. 4 Closewound
L1 Sec. 4% VA Y
L2 Pri. 4 Closewound
L2 Sec. 4% 1,7 %"
L3 Cat 115  Closewound
L3 Sec. 4% 1" Tl

. 2
FOR 20-METER BAND
L Pri. [ Closewound

L Sec. 93, 34" 14"
L1 Pri. 7 Closewound
L1 Sec. 1034 % 17
L2 Pri. 7 Closewound
L2 Sec. 103 v/ 147
L3 Cat. 215  Closewound
L3 Sec. 11 /ol 1"

All coils wound with No. 24 d.s.c. wire.
Cathode sections of L3 coils are separate
windings. APC-25 uimmers in L1, L2 and L3.

Audio System

Two audio stages are employed,
one on the receiver chassis and one
on the power supply chassis. The
6C5 on the receiver proper switch-
es either to a pair of phones or to
an output transformer. This trans-
former has an output impedance of
500 ohms. A 500-ohm line-to-grid
transformer on the power-supply

chassis feeds the 6FG pentode out-
put tube. As a large Western Elec-
tric cone speaker is used, the out-
put transformer has an impedance
of 2000 ohms to match the speaker.
The wattage output of the GFG6 is
more than sufficient to take care of
the cone speaker. Reasonable room
volume is all that is required.

A common ground to the chassis
is shown in the power sup-
ply diagram. If the receiver
and power chasses are con-
nected together, this will short
the noise resistors R,; and
R,,. It would be better to
float the minus B lead in the
power unit free of the chassis
to avoid this.

The best of receivers is
handicapped if it cannot be
easily and effectively con-
trolled. A glance at the front
panel photo shows that this
receiver is quite adequately
controlled. The upper left
knob is the antenna trimmer,
this being connected across
the first r.f. coil in place of
the APC trimmers used on the
other high-frequency stages.

This takes care of d(}ﬂ’ergt antgen-
nas without resorting t0 a screw-
driver adjustment. The correspond-
ing control at the upper right of
the panel is the i.f. gain control.

Eight controls are ranged along
the bottom of the panel. That at
the extreme left is the audio gain
control. It is connected so as to
be effective for both earphone and
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SCHEMATIC DIAGRAM OF POWER AMPLIFIER AND
POWER-SUPPLY UNIT

speaker use. The next control, go-
ing from the left, is the beat os-
cillator vernier condenser. Next in
line comes the r.f. gain control.
This varies the screen voltage on
the first r.f. stage. The small knob
just to the left of the dial controls
the phone-speaker-B plus switch.
In the center position this switch
cuts off the high voltage, this po-
sition being used while transmit-
ting. On either side of the center
position the high voltage is on. In
the left position the phone circuit
is closed, the phones being plugged
into a jack on the back of the chas-
sis, while in the right position the
500-ohm line to the output stage is
closed.

The small knob just to the right
of the dial controls the a.v.c. and
b.f.0. circuits. This is also a three-
position switch, giving the three
switching combinations shown on
the diagram. The ground contact
of this switch is bent slightly so
that it also makes contact when the
switch is in the center position.

This provides an ‘“a.v.c.-of —
b.f.o.-off" position which is useful
at times.

The next three controls, in order,
are the noise silencer potentiometer,
Transhilter switch and selectivity
control. The noise silencer has a
built-in switch to throw it out of
circuit, while the filter switch is
of the two-position type.

The signal strength meter is of
the balanced bridge type. This is
of value in determining the com-
parative strength of incoming sig-
nals, also in providing a check on
the variations in strength of any
particular station. In order to se-
cure the most casily readable scale
a standard meter from an RME
receiver is used. This is calibrated
in both an R scale and in decibel
variations. These meters can be se-
cured direct from the Radio Mfg.
Engineers in Peoria, Ill. A 500-
ohm variable resistor is mounted
on the chassis for adjustment of
the meter calibration. This should
be adjusted so that the meter needle
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reads zero with the if. gain con-
trol set at maximum, a.v.c. switch
in the "“a.v.c.-on” position and the
antenna disconnected.

Adjustment and Operation

The 1.f. circuits should be first
lined up on completion of the re-
ceiver. The coupling condenser,
C,, feeding the tap on the Transfil-
ter output transformer, T,, should
be set at or near the maximum ca-
pacity. The other balancing trim-
mer condenser, also labelled C,,
should be set at or near minimum.
Neither setting is critical. With the
Transfilter switched in and the
avc. turned on, a test signal
should be tuned in to a peak read-
ing on the R meter. All the if.
circuits should be then trimmed for
maximum meter swing.

With the crystal switched out
the secondary trimmer in transform-
er, T, should be adjusted so that
the selectivity condenser, C,,, tunes
to resonance in its center position.
This will give a proper range of
control for this latter condenser
with the Transfilter both in and
out of circuit.

If the secondary windings on the
high-frequency coils are made iden-
tical as to number of turns and
spacing, little difficulty should be
had in tracking these circuits. A
slight change in the spacing will
bring the stages into perfect track.

No tendency toward oscillation
is had anywhere in the receiver.
This is due to the care taken in

both mechanical and electrical iso-
lation of the various stages. The
bypass condensers in the high-
frequency section ground to the
nearest point on the shelf. The
value of the construction procedure
followed in this section is attested
to by the fact that, with the coup-
ling to the oscillator condenser
loosened, the other three stages may
be tuned through resonance, with
the dial, without the slightest ef-
fect on the frequency of a c.w. sig-
nal. This is a bit unusual in 10-
meter supers. A ground bus is used
to support the bypass condensers in
the i.f. section in a convenient po-
sition. The shield lug of each tube
socket in the receiver should be sol-
dered to a lug on its adjacent
socket mounting bolt. In the i.f.
section each lug should again con-
nect directly to the nearest point
on the ground bus.

The operation of the Transfilter
has proven its installation to be
worthwhile. With the filter in cir-
cuit it is found that, while the sig-
nal drops only slightly as compared
to the no-filter position, the back-
ground noise is either greatly re-
duced or eliminated. The setting of
the selectivity control determines
the effectiveness of the Transfilter.
In its most selective position it is
possible to bring through, with lit-
tle or no QRM, a weak phone sig-
nal that is blotted out without the
filter by a strong adjacent signal.

———
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AUDIO AMPLIFIER CHECKING
with the OSCL'[[oqmp/z

eBY JOHN F.

ITH THE introduction of the

new small screen cathode-ray
tubes and the resulting economies
which they make possible, an ever
increasing number of servicemen
are becoming owners of cathode-
ray oscillographs. Now, more than
ever before, many servicemen are
surveying these shiny new instru-
ments with their array of knobs and
wondering just how the new instru-
ments will help them speed up
their service work.

Those using the cathode-ray os-
cillograph for the first time will
probably be disappointed. It is
going to take a considerable

amount of experience and study be-’

fore one will be able to save time
in service operations through the
use of the oscillograph. At the be-
ginning, if one is an average serv-
iceman, he will attempt to do
things with the oscillograph that it
was never meant to do. He will
find the large number of controls
confusing; and he will run across
all sorts of puzzling effects. But
with experience and study, an un-
derstanding of just what the instru-
ment is capable of will come, and
then he will find himself amply re-
paid for all the effort expended.

RIDER

The peculiar adaprability and-
usefulness of the cathode-ray oscil-
lograph over all other types of
measuring instruments is that it
permits the visual observation of
waveforms. Whereas the ordinary
type of instrument can tell us only
the magnitude or the size of a
given voltage or current, the oscil-
lograph can tell us not only the
magnitude but its waveform. As
such it is to be expected that the
oscillograph will be especially use-
ful for making measurements which
involve waveform considerations,
while other instruments will be bet-
ter adapted for measurements where
the waveform is of no special im-
portance.

The greatest usefulness of the os-
cillograph in the service field lies
in the ease with which it makes
possible the checking of audio am-
plifiers. We do not mean to imply
that the oscillograph cannot be used
for-making any r-f. measurements,
but rather we should like to dispel
any impression that measuremcnts,
quantitative or otherwise, can be
made on r-f. amplifiers in receivers.
There are two reasons why the os-
cillograph, as produced commercial-
ly for service use, is not adapted for

© 1937, by Jobn F. Rider, Publisher, 1440 Broadway, N.Y.C.
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making r-f. measurements. In the
first place, the signal voltages found
in the radio and intermediate-fre-
quency amplifiers of receivers are
too small to permit a reasonable
deflection of the cathode-ray beam
and in the second place, the input
capacity of commercial oscillographs
is of the order of 50 ppfd., so that
the detuning of the circuits caused
by placing the oscillograph across
the r-f. circuit renders the test
meaningless.

On the other hand, in the case
of audio-frequency measurements,
the signal levels found in receivers
are appreciably higher and further-
more it is possible to use the in-
ternal amplifiers included in com-
mercial oscillograph units. The in-
put capacity of the oscillograph for
audio-frequency work is, of course,
small enough to be entirely neg-
ligible. We further stress the appli-
cation of the oscillograph to a-f.
measurements because most r-f.
measurements can be made indi-

rectly through their effect on the
final a-f. waveform. Thus, for ex-
ample, if distortion is taking place
in the mixer stage of a receiver,
then this can be located by noticing
that no distortion is present when
the signal is applied to the first
i-f. stage but that it does appear
when the signal is applied to the
first detector.

With this article we present a
number of interesting oscillograms
which explain graphically the oper-
ation of audio amplifiers and which
should be of value in that they il-
lustrate both normal and abnormal
conditions of operation. To avoid
the necessity for constantly referring
to the text, we have included a de-
scription of each oscillogram in the
accompanying caption. While the
oscillograms shown by no means
constitute a complete treatment of
all the phases of audio-amplifier
tests with the oscillograph, the
more important cases are treated.

(See following pages for oscillograms.)

@Mt’nq zape j(eeps Potato growers Posted

NEW “TALKING-TAPE” machine to furnish potato growers with up-

to-the-minute market news has been developed by Bell Laboratories.
This automatic crop news service is a new recording and reproducing de-
vice, the first installation of which was offered on an experimental basis by
the New Jersey Bell Telephone Co. to the Department of Agriculture.

The device employed is a magnetic tape recorder. As the tape passes
under the pole-pieces of an electromagnet, voice currents flowing in its coils
make a permanent magnetic pattern in the tape. When passed under the
pole pieces a second time, this varving magnetism sets up currents in the
magnet coils which, suitably amplified, are a reasonably faithful copy of
the original currents. This device appears to have possibilities for news
distribution.
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Normal Amplifier Operation

Fig. 1. The input signal obtained by using the linear sweep on the horizontol plotes of the
ascillograph ond connecting the verticol plotes to the input of the omplifier stoge. Fig. 2.
Amplified output af the stoge, abtoined by connecting the verticol plotes ta the omplificr
output. Note thot bath these oscillagrams hove identicol woveforms, but different ompli-
tudes. Fig. 3. Amplifier chorocteristic showing the linear relation between the input ond
output voltoges; this pottern wos obtoined by connecting the vertical plotes to the
output ond the horizontol plotes to the input of the stoge.

41 5 3

Normal Amplifier Operation with Complex Wave Input

Figs. 4, 5, ond 6 ore similor to Figs. 1, 2, ond 3, except thot these oscillagroms were made
with o complex wove input instcod of o sine wove. The output oscillogrom, Fig. 5, is simi-
lar to the input, Fig. 4, except thot the positive ond negotive pcoks ore reversed. This
occurs olso in fig. 2, but does not show os the peoks ore olike. This phose reversol is
chorocteristic af o tube, which shifts the phose by obout 180°. Fig. 6 shaws thot the plote
voitoge chonges follow the input voltoge chonges, os the troce is o stroight line, Note
that the oscillogroph controls far Fig. 6 ore odjusted for equol goin of both omplifiers, so
thot the troce represents the octuol grid ond plote excursions to the some scole. In Fig. 3
the oscillogroph controls were odjusted to obtoin o troce inclined ot obout 45°, This lotter
odjustment mokes it eosy to see if the troce is lineor.
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Overload of an
Amplifier

Figs. 7 to 14 werc mode
by connccting the verti-
col plotes ocross the om-
plifier output ond using
o sine-wove input. For
o low volue of input sig-
nol, Fig. 7 shows the
output to be o sine wove
ond Fig. 8 shows the cor-
responding chorocteristic
to be lincar. As the in-
put signol is incrcosed,
Fig. 9 shows on increcosed
output, but with some
distortion, since the stoge
is operoting ot o high
signol level. Note thot
the upper port of the
chorocteristic, Fig. 10, is
slightly curved.

A  further incrcose in
signol input does not
produce on opprecioble
increcose in output, Fig.
11, but it does introduce
distortion, shown by the
flottening of the pecoks.
The chorocteristic, Fig.
12, shoWws o greoter flot-
tening of the pcoks. A
still grcoter input in-
crecoses the distortion, os
shown in Figs. 13 ond 14.

O
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Push-Pull
Amplificotion
Fig. 15 is the sine-wove
input to the push-pull
stoge. When only one
tube is excited, the out-
put, Fig. 16, shows the
distortion, due to the
curvoture of the tube
chorocteristic. When the
other tube is excited,
the output shows the
some type of distortion,
Fig. 17, with the phose
reversed. Withboth tubes
excited, the flot peok
produced by one tube
combines with the shorp
peok produced by the
other, so the overoll out-
put is symmetricol, Fig.
18, and con hove no

even hormonics.

20

Distortion Due to Lood Mismotch
When o tube is improperly motched to its lood, distortion is gencrolly produced. Fig. 19
shows the distorted output coused by too smoll o volue of lood impedonce, while Figs. 20
ond 21 show how the distortion is reduced for increosing volues of lood impedance. A
power loss olso occurs when the omplifier is incorrectly motched to its lood.

Estimotion of Goin

The input-output voltoge chorocteristic
con be used to indicote the opproximote
goin of o stage. Figs. 22 to 25 show this
chorocteristic for o stoge of vorioble goin,
the input signol (horizontol deflection
being constont for oll troces. The goin
equols the rotio of the verticol ond hori-
zontol projections, drown dotted on the
oscillogroms in white Ink. Note thot the
goin Increoses os the verticol height in-
creoses. Both oscillogroph omplifices must
be odjusted for equol goin to obtoin occu-
rote results,
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Phase Distortion

The signol through on
o.f. omplifier is @ com-
plex wave and contains
mony ditferent frequen-
cies. It too small o volue
of coupling copocity s
used in o resistonce-
coupled stage, the relo-
tive phoses of these fre-
quencies will be oltered,
so that the output wiil
not be the some os the
input, Fig. 26 shows the
input signal ond Fig. 27,
how the waveform s
changed when a smoll
coupling condenser is
used. As the coupling
c€apacity is increased,
Figs. 28 ond 29, the
output woveform be-
comes morc ncorly the
same as the input, Fig.
26. More important than
the phosce distortion,
which normolly is un-
dctectoble by the eor, is
the frequency distortion,
which tokes place under
the above conditions

Hum and Noise

It is somctimes difficult to obtoin o sto-
tionory pottern becouse of the presence of
of hum voitage. The woveform of the
hum voltage which moy be present is
shown in Fig. 30 ond the somc voltoge
supcrimposed on on o.f. signol moy be
scen in Fig. 31. Note thot the pottern
oppears solid becousc the swcep is syn-
chronized ot o multiple of the hum fre-
quency to permit o stotionory pottern.
When the recciver output contoins noisc
the pottern will oppcor fuzzy, os shown
in Fig. 32.
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WERK SIGNAL RESPONSE

BY MORTON E.

N THE article to follow I have

attempted to set forth and ex-
plain certain principles which 1
have found to be of the utmost im-
portance in the design and con-
struction of a super-heterodyne re-
ceiver for amateur use.

The problem of the design of a
receiver for the specific purpose of
weak signal reception is materially
different from the problem of de-
signing a receiver for any other
use whatsoever.

It is safe to say that the majority
of sets used by the amateur do not
satisfactorily meet the requircments
for a receiver for the reception of
weak signals.

What is required is that truly
weak signals shall be sufficiently
amplified to the point that they may
be heard, and that they be heard
with as little accompanying inter-
ference as possible.

We are therefore interested in
the design of weak signal amplifi-
ers as opposed to the design of high
level amplifiers. We are interested

in Super/zefs

MOORE

primarily in the detection of weak
signals and not in the linear de-
tection of high-level signals, since
in general we need only to be able
to understand the intelligence of
a radiophone signal, without re-
gard to the problem of high fidel-
ity reception, and since the recep-
tion of c.w. signals will permit of
all the distortion within the receiver
which would arise from any system
of detection or amplication.
"Low C” Tnned Circuits

Starting with the tuned circuit, it
has been repeatedly demonstrated
that the best results, as regards am-
plification, are to be had when cir-
cuits having a high L-C ratio are
employed. When low L arcuits
are employed, the mpedance of
the . parallel-tuned circuit is consid-
erably lower than when high L
circuits are employed, which sim-
ply means that the induced voltage
across the grid of the tube is cor-
respondingly lower and the gain of
the amplifier correspondingly less
than when high L drcuits are em-

© 1937, Radio, Lsd., 7460 Beverly Bled., Los Angeles
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ployed (also low C, obviously).
The writer has made calculations of
the L-C ratios of the tuned circuits
employed in the r.f. and detector
circuits of amateur receivers manu-
factured by several nationally
known manufacturers, the above
mentioned circuits supposedly hav-
ing very high L-C ratios. The
writer has also made calculations
of the L-C ratios which it is pos-
sible to use on the basis of a rea-
sonable allowance for minimum ca-
pacity. The possible L-C ratios are
usually several times greater than
the L-C ratios employed by the
manufacturer. It is sufficient to say
that the highest possible L-C ratios
will be obtained only when the
minimum capacity of the circuit is
kept very low, and the coil wound
so that it tunes to the highest re-
quired frequency with this value of
capacity. This means that there
shall be no padding condensers
used for band spreading; the use
of padding condensers can be ob-
viated by the use of small condens-
ers of fixed capacity in series with
the tuning condensers, adjusted so
that the toral variation of capacity
effected by varying the tuning ca-
pacity is sufficient to give the re-
quired band spreading.
Circust Resistance

The L-C ratio is, however, not
the only thing which affects the
performance of the tuned circuit.
The effective resistance of the cir-
cuit has a very large bearing upon
the performance of the circuit. Both
the impedance and “Q" of a tank
circuit are inversely proportional

to the circuit resistance R, and the
highest values of impedance and
circuit Q will result when R is at
a minimum. Now it so happens
that the presence of a conducting
material in the field of a coil in-
creases the effective resistance of the
coil through losses in the material
as induced eddy currents, and if
the material should have a permea-
bility greater than unity, then also
through hysteresis.
Coil Shielding

Until recently it has not been
feasible to manufacture if. trans-
formers with iron cores because
with materials formerly used the
core loss was so great that the per-
formance of the circuit would not
equal the performance obtained
with air cores. The moral of this
is to keep the shielding well away
from the coils, especially at the
ends of the coils. From the theory
of electricity and magnetism it is
possible to calculate the effect upon
a given coil by the introduction of
a conducting material within its
field, but unless certain simplifying
assumptions are made, the calcula-
tions are quite involved, and for
practical application to the design
of shielding are rather without
value, since they are very laborious
to make, and since the simplifying
assumptions usually only approxi-
mate the actual case to begin with.
However, a few simple suggestions
are in order. i

Have the coil removed from the
shielding at least two coil diameters
at the ends and at least one coil
diameter at the sides with normal
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shapes of coils such as

= e

the National SW-3 coils.
For very long coils of
small diameter, more

&
5

space should be left at
the ends, while for coils
of large diameter and
short length, more space
should be left at the
sides. The difference between pro-
per and improper shielding caa
hardly be appreciated without ac-
tually comparing the two.

I have in mind a certain pre-se-
lector which I constructed in one of
my weaker moments. The pre-selec-
tor was housed in a very small can,
coil and all, and fitted inside the
cabinet of an FB7 recciver. 1 was
hardly able to notice any change in
the performance of the recciver
after installing the pre-selector.
There was no image suppression,
and the signal-to-noise ratio of the
receiver was still the same. 1 later
took the pre-selector from inside
the cabinet and tacked it onto
the outside, putting the coil in the
very center of a spacious shield
an. The images completely disap-
peared, the signal-to-noise ratio was
immensely improved, and the pre-
selector now was really a worth-
while addition. And the only
change was to put the coil in the
center of a large can where it could
really get down to business. Pull
those padding condensers out from
inside your pre-selector and first
detector coil forms at least!

Coil Construction

As to coils themselves, there is

not much information available on

HE-

l-frn'\o o
*

THE MOST SUCCESSFUL CRYSTAL
FILTER CIRCUIT TRIED.

Cr—Tuning con-  SC—V uriable selec-

denser o
Ca—Neutralizing Ty cageves
condenser (see text)

form facrors, wire sizes, etc. The
design of coils for high frequency
work seems to be a moot question,
and as to the best design, there is
not much which can be definitely
said. However, again a few gen-
eralities are in order. Small coils,
wound with small wire, are out.
Coils should be of reasonable diam-
eter.  Further, if the turns are
spaced some distance apart the per-
formance will be improved. The
National SW-3 coils furnish an ex-
ample of construction embodying
the above principles.
Vacuum Tube Choice

Having disposed of the tuned
circuit, let us now consider the
other element in the circuit which
requires attention, the vacuum tube
itself. The function of a vacuum
tube in an amplifier is to amplify
the signal as much as possible, or
as much as is required. There are
many different types of tubes avail-
able for amplification, but for the
purpose of r.f amplification the
tetrode and the pentode seem the
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only likely ones, since they require
no neutralization and give greater
amplification than do other types.
The pentode is generally conceded
to be superior to the tetrode in
point of amplification. There are
two distinct classes of pentodes
available for r.f. amplification. The
first class is intended for use in the
i.f. stages of broadcast receivers
for use with av.c. This class is
commonly known as the variable
U tube, and is represented by the
'58 and 6D6. When driven over
the whole range of grid swing pos-
sible, this type of tube gives the
greatest amplification  obtainable.
However, this pre-supposes a high
signal level. It is perfectly ridicu-
lous to expect a weak incoming sig-
nal o swing the grid of the first
tube over a range of from 10 to 30
volts as is required with this type
of tube before it really gets down
to business. The advantage claimed
for this type of extended (remote)
cut-off tube for use in 1.f. channels
is the reduction of cross talk at
high levels, the cross talk result-
ing from a grid going beyond cut-
off and the amplifier acting as class
“C". It is apparent that when
working at low levels with the bias
near zero, we are well away from
cut-off bias, and therefore the broad
cut-off tube has absolutely no
preference over the sharp cut-off
tube as regards cross modulation
(when working at low-bias with
weak signals). The gain of a broad
cut-off wwbe when working at very
low signal levels is poor, and such
tubes should never be used for

the purpose of weak signal ampli-
fication when maximum weak sig-
nal response is desired, the fact that
such tubes are commonly employed
in commercially made receivers for
this purpose notwithstanding.

The other type, known as the
sharp cut-off type, is highly desir-
able for weak signal amplification,
and will give excellent results
when used for this purpose.* Pen-
todes of this class are the ‘57 and
6C6. Though these tubes will give
excellent gain when operated under
rated conditions, the gain at low
signal levels may be considerably
improved by reducing the bias from
the rated value to from 1 to 1.5
volts, and increasing the screen
voltage to from 125 to 150 volts.
The emission frem the filament in
this type of tube is sufficient to
handle the above conditions while
still giving reasonable life.

Metal Tubes
It will be noted that so far noth-
ing has been said of the metal
tube. We shall now issue a word
of caution about the use of metal
tubes. Owing to the fact that most,

oThe murual conductance of a type 38 at |
volt bias and 130 volis screen voltage (nor-
mal plate voliage) is approximately the same
as for a 37 under the same conditions. How-
ever, the plate cusrent on the 38 will be ex:
cessive under these conditions. To bring the
plate current down to a safe value, it will be
necessary fo increase the bias to a value that
cuts the mutual conductance to less than half
that of the 37 operating under the first men-
tioned conditions. In other words, the mutual
conduciunce of a 37, for a given plate cur-
rent, is higher than that of its svariable
W cousin, the 38. If we run both tubes at the
maximum safe plate currens, the 57 will bave
the higher gain.—EpiTOR,
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if not practically all, pre-r.f. am-
plifiers are coupled to the detec-
tor through an wntuned primary
which is inductively cougled to
the tuned circuit of the detector,
and owing to the fact that the
plate-to-filament  capacity of the
tube is directly across the primary
of the coupling transformer above
mentioned, it will immediately be
apparent that at high frequencies it
is desirable to keep the plate-to-
filament capacity of the tube as low
as possible. This is one of the
reasons for the use of acorn tubes
at ultra-high frequencies. Since
metal tubes in general have from 2
to 214 times the output capacity
of glass tubes, and since they dif-
fer but little from glass tubes in
operating characteristics, they will
not produce as satisfactory results
as glass tubes at high frequencies
such as 14 and 28 Mc. In the
i.f. stages where the plate-to-fila-
ment capacity becomes a part of
the tuning capacity of the primary
circuit, the above statements do not
apply, and metal tubes may be used
to advantage because of their
small size.

Let us consider the remaining
requirements for weak signal ampli-
fiers. The pre-t.f. amplifier is the
most important one to consider. It
should employ a sharp cut-off tube
as previously explained. It should
be run wide open at all times (1
volt bias for a 57 or 6C6), and
no gain control of any kind what-
soever should ever be used on this
stage. Further, though the intro-
duction of regeneration will bring

THE design of a receiver
for weak signal reception
is a problem which is not to
be treated in the manner
usually accorded the design
of receivers for other pur-
poses, and unless the particu-
lar problems encountered are
carefully studied and their
solution considered, there can
be no hope of obtaining a
satisfactory receiver for weak
signals when the job is final-
ly finished.

about more amplification, and in
cases of receivers lacking in gain,
will enable weak signals never be-
fore heard to be heatd, it shoxld
not be employed since, though am-
plification is increased, the noise is
increased all out of proportion to
the increase in gain.

If a receiver is incapable of
bringing in weak signals without
regeneration, then there is some-
thing sadly lacking in the receiver,
and said receiver is in serious need
of attention, and the solution does
not lie in the addition of regenera-
tion pre-r.f.. I cannot too strongly
emphasize this point. Ever notice
how with the old “detector and one
step” the noise of the detector in-
creased as the point of oscillation
of the detector was approached?
Ever notice the loud hiss just be-
fore the detector broke into oscilla-
tion? Well, to be effective, a re-
generative r.f. stage must be operat-
ed just below the point of oscilla-
tion in order to get gain, and the
resulting noise is thus amplified by
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the receiver, which absolutely ruins
the signal-to-noise ratio. The r.f.
can never be operated under the
condition of oscillation, and if it is
not operated just below the point
of oscillation, then it is not regen-
erative in the true sense of the
word. Therefore, regenerative r.f.
is “‘out’’.*

The output signal level from the
first detector, even though a good
stage of high-gain pre-rf. precedes
it, will not be high when con-
sidering weak signals, and the first
i.f. stage should therefore employ
a sharp cut-off tube, or at the very
worst, nothing with a more remote
cut-off than the GL7 used in the
control position of noise silencer
circuits in the first if. stage. It
has been recently demonstrated by
Western Electric that the sharp cut-
off tube is in every way superior
to the broad cut-off type, and such
tubes are employed in the Western
Electric 10-A receiver, the last word
in high fidelity broadcast receivers.
The ham might well learn a lesson
from this and use such tubes as the
57, 6C6, and G]7 in his receiver,
since their superior weak signal
amplification is unquestioned.

The other important item hav-
ing to do with weak signal re-
sponse of the receiver is the system
of detection employed. Diode de-
tection is linear when operated at
high level. At low levels the out-
put is very, very low, and there is
a certain threshold level below

®This contention was made also in "Inter-
mediate  Amplifier Design'’, C. F. Bane,
RADIO for March, 1936.

which it will not operate, and this
threshold leve] is sufficiently high
to class it as absolutely worthless
for weak signal detection. And
this goes for the second detector.
When signals after having passed
through the if. amplifier are so
weak that they can just be heard
then the second detector must be a
weak signal detector. This js prefer-
able to adding regeneration to the
pre-selector.

What may be said of the second
detector goes doubly strong for the
first detector, for here we are really
dealing with weak signals. By the
way, did you ever notice anyone
using a diode for a first detector?
No! Why not> Must be because
they aren't so good for weak sig-
nals, as they have surely tried about
everything else. Plate circuit detec-
tion is considerably more sensitive
at low levels than diode detection,
has more distortion, is somewhat
suitable for weak signal detection,
but is not nearly so sensitive as grid
leak detection. Grid leak detec-
tion, when used with a small grid
blocking condenser and high value
of grid leak, is extremely sensitive
to weak signals and is the finest
weak signal detector for general use
known. It has more distortion than
does plate detection, but it must
be pointed out that it was used for
broadcast reception with good re-
sults long before plate detection
made its appearance. Grid leak de-
tection should by all means be used
for weak signal detection, and that
goes for both first and second de-
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tectors. To this there will always
be those who will say that after
going through the i.f. channel the
level should be high (and in this
they miss the very point of weak
signal reception, for weak signals
are very weak) and that “anyway,
you can always add audio amplifi-
cation”. Now it is obvious that
10,000 times zero is still zero, and
if there is no signal except noise
to amplify, then no amount of
audio amplification will make the
signal appear. Further, what is
wanted is a weak signal detector,
in order that the strong signals
shall not obtain unholy preference
over the weak signals when vying
for the operator’s attention.

So far we have considered only
the matter of obtaining sensitivity
within the receiver, and to the
reader it might appear that we had
forgotten all about the noise which
accompanies the signal and which
we wish to do away with if pos-
sible. But in obtaining weak sig-
nal sensitivity, we have done the
very things which must be done to
meet the requirements of a high
signal-to-noise ratio. We have util-
ized high Q" circuits, tubes es-
pecially designed for weak signal
amplification, and employed special
weak signal detectors. By utilizing
high "Q" circuits, while leaving
the noise voltage of the tube con-
stant, we have increased the signal
voltage over what it would be with
a low "Q” circuit and have there-
fore improved the signal-to-noise
ratio. By utilizing sharp cut-off
tubes we have obtained the maxi-

mum weak signal amplification, and
have reduced the tube noise from
what it would be had broad cut-off
tubes been employed, since sharp
cut-off tubes have less shot effect
(in proportion to signal) than
broad cut-off tubes. By utilizing
detectors designed for weak signals
we have made it possible to obtain
greater response to weak signals
while leaving the noise inherent in
the circuit approximately the same
at it would be had other detectors
been employed.
The Mixer Circuit

There is yet another principle
which 1 wish to advocate which
will lead to an improved signal-to-
noise ratio of the receiver itself.
It has to do with the mixer circuit.
The output of the mixer (modu-
lated detector to you) is propor-
tional to the product of the oscilla-
tor and signal voltages. Therefore,
with a given signal voltage, the

A word of caution to the
operator himself is bigh-
ly in order. 1t is obvious that
there is no point in obtain-
ing a fine signal-to-noise ratio
in the receiver itself if the
operator is going lo ruin it
by improper operating. By
this 1 mean that one should
not use a lond speaker, since
the external noises within the
room are then compeling
with the signal for the op-
erator's attention, and the
effective signal-to-noise ratio
of the receiver and operator
together will be low. Use
earphones.
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greatest output will ensue with the
largest permissible value of oscil-
lator voltage. However, though the
output increases with increase in os-
cillator voltage, when the oscillator
voltage is greater than the signal
voltage, the increase in noise is out
of proportion to the increase in sig-
nal output. Therefore, it is desir-
able to provide some means of con-
trolling oscillator output to match
the signal level. This can be done
by varying the screen and plate
voltages through a potentiometer.

There are a few other tricks to
the obtaining of a high signal-to-
noisc ratio. So far we have consid-
ered only the inherent noise with-
in the receiver. Now it is perfectly
obvious that the addition of a crys-
tal filter, whereby the selectivity
of the receiver is increased greatly,
will reduce to a great extent in-
terference arising from outside
sources. Such a filter is a most
worthwhile addition to any set for
amateur use. The installation of
a system of ‘‘delayed” instantaneous
automatic volume control (noise si-
lencing) is also highly worthwhile,
and the system developed by Lamb
is undoubtedly a worthwhile ad-
junct to any receiver. There is,
however, little if any, sense in oper-
ating the receiver with a.v.c. and
noise silencing in use at the same
time. Therefore, the av.c. being
in use only when the “silencer” is
not in use, the best results will be
had if a switch is incorporated in
the circuit of the noise silencer to
throw it from noise silencing to

av.c. by inserting the proper sized
condenser across the diode resistor
of the noise detector. This system
has the advantage that it does not
pass the signal from which the
a.v.c. voltage is obtained through
the crystal filter, and therefore the
a.v.c. will be more sensitive in its
action than had the signal been
passed through the filter and then
used to obtain av.c. in the usual
way.

The Cryssal Filter

As regards crystal filter circuits,
I have used the accompanying cir-
cuit for some time and find it
superior to any of the other circuits
which I have tried, for with this
circuit, variable selectivity is had
without sactifice.of amplification as
is the case with circuits which ob-
tain their selectivity control by de-
tuning of the secondary of the i.f.
transformer. The selectivity control
is made of an 1l-point Yaxley
switch and a group of small 15-
watt carbon resistors. The resistors
are mounted around the switch in
order of increasing resistance. Thev
should start with a value of ap-
proximately 5000 ohms and pro-
ceed in increasing size, the idea
being to have the total resistance
after the addition of each resistor
increase in somewhat near geomet-
ric progression, the final total value
being a few megohms.

It is safe to say that all the vari-
ous methods of noise suppression,
such as audio filters, peaked audio,
and many others will give results
which justify their inclusion in the
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THE author condemns the
practice of wearing earphones
on the cheek bones, a practice
which he says must bave origi-
nated in the stome age and
should bave died many years
ago. For the same reason that a
loudspeaker is not used with
this receiver (see preceding

page), earphones should not
be worn on the cheek bones.
Wear the phones directly over
the ears and have them fit as
tightly as it is comfortable to
bave them fit in order to keep
out extraneous noises within the
room.

receiver, and are to be recommend-
ed. But they should be used with
caution. When all is said and done,
much may be made of the following
point.

There are many times when it
is necessary to have the signal ap-
pear with as natural a tone as
it is possible to have it appear.
The reason for this is that many
times the crystal filter is a hin-
drance in point of selectivity in-
stead of a help. And it must not
be forgotten that the human equa-
tion, aural selectivity of the human
ear, is a very great weapon in deal-
ing with QRM, the ear being able
to distinguish between two signals
in close proximity by simply dis-
tinguishing between the pitch of
the signals.

Many times this form of selectiv-
ity will do the trick when the crys-
tal filter is absolutely useless. For
the ear to function satisfactorily in
this respect we must at least be
able to remove or cut in our audio
filters from the circuit at the flip
of a switch in order that we may
be able to determine if they are of

any help under the given condi-
tions. It is for this very reason
that 1 srefer to run the head-
phones directly out of the second
detector, as in this way it is pos-
sible to obtain a perfectly natu-
ral tone to the signal, and because
I have found aural selectivity to
be very useful on a number of oc-
casions, I have yet to see the audio
amplifier which did not to some ex-
tent change the character of the
signal and introduce noise in the
low frequency region of the audio
range.
Location

It must be realized, of course,
that in a noisy location, where the
man-made noise is of such intensity
that it masks weak signals to a
much greater extent than the in-
herent set noise even in a noisy
receiver, the improvement will not
be noticeable. But in a good loca-
tion and with a good, tuned, “‘anti-
noise’’ receiving antenna the differ-
ence is remarkable. The signals be-
low RS that you are able to hear
will be increased 100%.
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CONSUMERS' RESEARCH

Remember 100,000,000 Guinea Pigs” and "Your Money's Worth”?

Looks at Radio

Herein, the

organization responsible for those books — Consumers’ Research — 1urns its at-
sention, through the medium of a disinterested writer, to radio.

T IS BELIEVED that most of the ob-

jections to present day radios
which are cited by Consumers’ Re-
search are those which any engineer
who is at all honest with himself
would find. Several of the points
taken by Consumers’ Research are,
we believe, open to reasonable
doubt; these will be given more at-
tention in later paragraphs.

Some of the things to which Con-
sumers’ Research takes exception
are not in the province of the en-
gineer, and in some cases these
objections can be charged almost
exclusively to the sales and adver-
tising policies of the retail dealers.
It is unfortunate that in a good
many cases the manufacturer’s ad-
vertising lends itself to the extreme
distortion which characterizes the
claims made by none too ethical
or even unscrupulous dealers. How-
ever, the problem of what to do
about such dealers lies with organ-
izations such as the Better Business
Bureau rather than with the manu-
facturer who builds the set.

Let us consider in detail some of
the matters to which Consumers’
Research takes exception, not only
in the manner pursued by the manu-
facturer in his advertising, but in
design and construction of receivers
as well,

Some comment is made on the
question of the number of tubes
used in the receivers and especially
with regard to the advertised num-
ber of tubes. It is pointed out that
multi-purpose tubes while tending
to reduce the actual number of
tubes in the set, at the same time
effect some saving in power con-
sumption. There is some question
in our mind if this latter point has
any value whatever, as after all the
only saving afforded by a dual-
function tube is in the elimination
of one heater, and this means prob-
ably only 0.3 amperes at 6.3 volts—
a negligible amount of power. How-
ever, one real objection (in which
we are again in agreement with
Consumers’ Research) to a multi-
purpose tube which applies es{s;ecial-
ly to the so-called pentagrid con-
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verter is, of course, the well-known
inefficiency of these tubes at the
higher frequencies, a point which
is leading to a rerurn to the old
method employing physically sepa-
rate tubes for oscillator and mixer.
This latter point, strangely enough,
ties in with another mentioned by
Consumers’ Research; it is said that
where cost is an important factor
in the selection of a radio receiver,
due consideration should be given
to the carlier models of manu-
facturers still in business. ‘This,
however, would mean going in for
receivers of the vintage of about
1933, a matter of doubtful ad-
vantage (in the opinion of this
writer) even where the manufacturer
may still be in business.

There is one angle in connection
with multi-purpose tubes which this
writer does not feel has been given
fair consideration by the report of
Consumers’ Research. The public
demand for exceptionally low cost
sets, and the wide interest in auto-
mobile receivers—which to please
the public, must be entirely hidden
when installed in the car—led to
the wide use of this type of rube for
its low-cost associated circuits and
its great saving of space. That this
type of tube has found its way into
larger sets is just one reason why
prices have remained uniformly low.

While we are on the subject of
costs it will be well to consider
what Consumers’ Research has to
say. The report states in effect that
prices greater than about $150 are
not justified so far as fidelity, se-

lectivity, or sensitivity are con-
cerned. This writer finds himself
in agreement with this contention,
especially where it relates to need-
less refinements such as tone com-
rcnsators, ctc. However, where a
arge increase in price is obviously
due to exceptionally massive or or-
nate cabinets, it is a matter entirely
for the customer to decide; if he
wants a glorified packing crate em-
bellished with so-called “‘tasteful”
carvings and what not, carveu emip-
tor

Speaking of cabinets, Consumers’
Research finds that radio cabinets
are designed as furniture (sfc)
rather than as cfficient baffles for
loud speakers; we suspect that most
set makers will agree with this
point. It is pertinent, however, to
note further the comment to the
effect that the deficiency in the low
frequency response occasioned by
this serious lack of baffle area is
supposedly corrected by making the
circuit response so poor over the
rest of the audio range that the loss
of the low frequencies is not too
noticcable. Add to this the effects
of cabinet resonance and we have
the complete picture of what far
too many sets sound like.

Advertising of the sort that some
manufacturers indulge in comes in
for plenty of criticism—and justly
so. Here again, though, the retailer
may be responsible for over-playing
some of the catch words and
phrases that the manufacturer’s ad-
vertising staff has coined—with-
out really knowing what it's all
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about—to attract the attention of
the public.* But to this extent the
manufacturer is responsible; if his
advertising, which is usually carried
nation-wide in the popular maga-
zines and in the daily papers, gives
the retailer too much leeway then
he must expect severe criticism.
But this argument of excesses in
advertising is as old as advertising
itself. It is really too much to be-
lieve that any rational person, even
the father of the particular “brain-
child” that is being touted, a la
Hollywood, as the World-Wonder-
Super-Colossal-Super, can make the
set do all that is claimed for it

*On submitting this material to Consumers’
Research for its commens, the following re-
marks, among others, were appended 10 the
Drevious commenty:

It is no excuse to say that the ideas are
difficult 10 express—because adyvertising men
pride themselves in gesting across difficult
ideas. Their sin is in the fact that they, for
good business reasons, like to say things in
unclear terms to that much of the real truth
is hidden. 11 is often what they omit 1o say
that is important, and what many people will
think they meant. There is no possible gmes-
tion of lack of ability on their part to say
what they please if they happen to wish te
say that which is of use to the comsumer. 1
need hardly tell you that by a nice choice of
words an advertising man can avoid difficulty
with the Federal Trade Commission and with
the Better Business Bureas and other such
agencies and still give the consumer just the
shade of impression which helps to mislead
him into an unwise or uneconomic purchase.
Our objection is not to picturesque or popular
Statements, but to false statements and false
impressions. It should be added thar adver-
tising men don't use ‘technical’’ terms ous of
ignotance. They have their own persuasion
value to the man to whom they are mystical,
and it is not umcommon for the advertising
men to call in the engineers to *‘say some
technical terms’’ in order that the former can
bick out some good phrases for the nexs batch
of copy (the accurate technical significance of
which the advertising men will comprebend
tmost as poorly as will their lay audience).”’

Luck, persistence, and common
sense play so great a part in the
results that can be achieved with
any given set that it is pure as-
ininity to advance some of the
claims that we frequently see in
print.

Along the same lines is the prob-
lem of yearly models. Any engi-
neer knows that the refinements in-
troduced this year will in all prob-
ability be commonplace items on
next year's sets—either that or they
will be entirely discarded in favor
of something about which more ad-
vertising blurbs can be created.
Possibly Consumers' Research, and
certainly this writer, feels thar radio
sets aren’t ever going to be a re-
Placement item in the sense that a
car is. In the first place, how many
sets are bought as musical instru-
ments? Comparatively few, if the
truth is told; and those that are
bought for the musical entertain-
ment (or education) which they
may be able to supply will nor be
replaced until something with 4
vastly improved quality of repro-
duction is attained in the new de-
signs. Even true music lovers won't
get “excited over the addition of
another third or half octave
to the present frequency range of
the set. And how many advertise-
ments give a true picture of what-
ever improvements there may ac-
tually be? But, on the other hand,
how is the public to be told?
“Cycles” and “band width” mean
less than nothing, although adver-
tisements—some of them'—bristle
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with such terms. Here, we do not
feel that the manufacturer is being
mislcading other than through a
lack of appreciation of the fact that
his prospective buyers just don't
know what to make of all the
“technical” terms. Some of them
(the buyers) may even “fall” for
this display of erudition and buy
a set simply because they think that
the manufacturer behind the adver-
tisement must be good becausc his
ads read so complicated and “tech-
nical.”

What we have been driving at is
that there is no sound reason for
the mad rush to come on the mar-
ket with “next ycar’s models.”" The
automobile industry leamed an ex-
pensive lesson back in the days
when a "new’” model rattled itself
apart before the draftsmen com-
pleted their preliminary drawings
on the “newer” model. It might
be well to give some thought to the
idea of building a set to last for
a couple of years at least. In con-
nection with this, we can suggest
that some recent issues of The
Wireless World be consulted fo