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Ore Actke Our I3ow 
. . . . 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. 

RADIO 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 read your favorite journal de-
voted to your "specialty" in radio, but for covering the rest of the field 
RADIO 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 RADIO 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 
RADIO DIGEST possible: RADIO, QST, All- Wave Radio, Radio Engineering, 
Communications and Broadcast Engineering, Service, 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 Telegrafica, T. C9..- R. Bulletin, R4dio 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 RADIO 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 copies which were not shipped to dealers are available at 10c each ; they will not be included in subscriptions. 
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fUllRf1116{ SUPERHET SELECTIVITY 

BY  JA M ES  J. LA M B 

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 20040-1 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. 
Unquestionably 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. 

The full range encompassed 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 the medium 
range, a Transfilter unit' in the 
same variable-selectivity circuit 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 circuit switched out. 
Since, the band-width requirements 
of c.w. telegraph and 'phone re-
ception have been found to be sat-
isfied by the two  higher-order 
ranges of selectivity, using the 

1 J. J. bintb. "Riceirrr SeIrctirity Cbarac• 
QST, May, 1935: The Radio AMA-

if111/ .1 Handbook, latb Edition (193 7). p. 88. 
2 /.  Lamb, "A New 1.F. Coapling Sy. 

trin,•' QST, April, 1937. 

•Joarnal of she American Radio Relay Ltagair, Inc., 

3 

Wert Hartford, C m. C 1937, 
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crystal filter and Transfilter 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 i.f. amplifier used in the 

experimental investigation included 
two stages of intermediate-frequen-
cy amplification with two 465-kc. 
air-tuned air-core transformers in 
addition to the filter unit, a diode 
second detector, and a "fiat" two-
stage audio amplifier with 6L6 out-
put.  The two if. 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 Transfilters 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 605A 
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 i.f. 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 w indicate i.f, 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 rube 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 
in audio beat-note out-
put of the auxiliary 
monitoring receiver unit. 
The stability of the 605A 
signal generator, which 
is of the oscillator-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-
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 
background noise level. 
This reference current 
was 40 microamperes 
through the diode load 
resistor of 100,000i 
ohms, the signal input 
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 
made to insure that overloading 

FIG. 1—QUARTZ CRYSTAL FILTER AND ROCHELLE 
SALT "TRANSFILTER" CIRCUITS FOR CONTINUOUSLY 
VARIABLE  SELECTIVITY  BY  TUNED  IMPEDANCE 

CONTROL. 
Ci -501.tisf d. variable midget (Bandwidth control). 
C2-15-mild. variable with low-capacitance crystal mount-

ings such as National CHR and Bliley BC3; 25-1.411d. 
for higher-capacitance mountings such as  Bliley CFI 
(Rejection or phasing control). 

C3—Each 75- pfd. or 100-guld. fixed mica. 
C4-50-ppfd. trimmer type (Output coupling capacitance). 
C5-75-gµfd. variable (Output transformer tuning). 
Ti —Input transformer, 5.5-mh. primary closely coupled to 

I.2-mh. tuned secondary. 
Tr—Output transformer, I.2-mh. winding tapped approxi-

mately 14 turns from inside (ground) en d. 
T1 and T-2 are shielded from each other. 

QX-465-ic. filter crystal. 
TX -465-kr. Transfilter (Brush Type A). 

filter switch. 
SW2—S.p.s.t. switch to open ground of Transfilter with Stri 

closed. 

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 i.f, 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, 
Tsai:411er  minimum  selectivity;  E, 
straight superhet without 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. 1 A which 
provides both variable band-width 
control and variable rejection. The 
operation of this circuit has been 
treated previously3 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 

3 J. J. Lamb, "Developments in Crystal Fit-
ter:," QST, Nov.. 1933; "Interference and 
Noise Reduction in Communication Receiv-
er:." Proc. Radio Club of America. Nov., 
1936; U. S. Patent No. 2,054,757; The Radio 
Amateur'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 Transfil-

ter circuits showed that the simple 
choke-condenser input and resist-
ance output coupling given in April 
QST2 was considerably less satis-
factory than a coupling circuit giv-
ing  more  favorable  impedance 
matching. The Transfilter 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 cir-
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 
Transfilter 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. 
1 B. In practice, it has been found 
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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 
lipid. 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 
transformer-coupled selectivity char-
acteristic of the if. amplifier with-
out either filter ("straight" super-
het). It is especially interesting to 

note that the selectivity range with 
the Transfilter 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 
sufficient for reception of 'phone 
signals under adverse interference 
conditions. Throughout this range 

43 

03  15  20  25  30  32 
701A, OANonnolw — ac 

FIG. 3—TOTAL BAND - WIDTH 
CURVES CORRESPONDING TO THE 
SELECTIVITY CURVES OF FIG. 2 
TO SHO W MORE CLEARLY THE 
FULL-RANGE COVERAGE OF THE 
CRYSTAL AND TRANSFILTER CIR-

CUITS OP 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 suffi-
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 obtained by an audio-fre-
quency tone control with ordinary 
if, 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 i/2 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.3 
In obtaining  the  Transfilter 

curves, the 50-1.11.tfd. bandwidth 
condenser C, was set at approxi-
mately 1/3 capacitance for mini-
mum selectivity and at approxi-
mately 1/2 capacitance for maximum 
selectivity; that is, the input cir-
cuit was capacitatirely reactive at 
maximum selectivity. The phasing 
control C2 was set near minimum 
capacitance. The phasing control 
has but slight effect on the symme-
try of the resonance curve with the 
Transfilter,  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  across  the Transfilter, 
however, and improves the steep-
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to i.f, resonance 
for -straight- su-
pernet operation. 
This refers par-
ticularly to the 
C.W. gain with the 
crystal filter cir-
cuit adjusted for 

tl  aptimum selectiv-
ity, at which ad-
justment the 
second - detector 
input  (and the 
c.w. beat-note out-
put) is maximum. 
The gain is ac-
tually reduced at 
minimum selec-
tivity (maximum 
bandwidth) al-
though the listen-
er might get the 
opposite impres-
sion because the 

interfeance 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 is 
also the effective sensitivity of the 
receiver. 
In the circuit 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 

1.0 

FIG. 4—IMPEDANCE-MATCHING TRANSFILTER CIRCUITS 
WITH VARIABLE RESISTANCE CONTROL OF SELECTIVITY. 
TI.',  ante tot tbe remotion lead it retried in approximately 

logamtbmit trot. Fixed reline,  of good e.f. ebmatterit-
tit, shoal/ be tiled. The 101 4  a.ce it 10,000 sham, mbirb 
ii Acmes. 

R1 -1000-obar %-eratt  R3-2100-obar %-rvatt 
R,-1500-obste %-strut  R 4 -3000-01. M yi-setut 

Other entail redact in A are the tame as in Fig. 1. The tn. 
pat and otapar trantformert of B are Haarmarlionel rryital- niter 
1.10e. 

ness of the skirts of the resonance 
characteristic. 
A matter of some importance in 

judging the relative merits of se-
lective if. 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. IA 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 circuit tuned 



10 RADIO DIGEST SEPTEMBER 

TABLE I—RELATIVE C. W. GAIN AND SENSITIVITY 

I.F. Circuit 
I.F. Input 
For Conn. 
Output 

Straight Super 
Transfilrer Broad 
Transfilrer Sharp 
Q uartz Xtal Filter Broad 
Quartz Xtal Filter Opt. 
Quartz Xtal Filter Sharp 

Relative 
Voltage Gain 

17 pv. 
22 µv. 
25 'iv. 
35 µv. 
20 µv. 
23 µv. 

100 
87 
70 
50 
85 
74 

db 

—2 
—3.5 
—6 
—1.5 
—2.5 

I.F. Noise 
Equiv. 

Relative 
Effective 
Sensitivity 

2.0 µv. 
1.32 µv. 
0.80 µv. 
0.60 µv. 
0.35 µv. 
0.30 µv. 

0 db 
± 3.5 db 
+ 8.0 db 
+10.5 db 
+15.0 db 
+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. IA 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 if. 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 detector 
always has r.f. signal voltage pres-
ent in actual reception. The c.w. 
noise equivalent in microvolts is 
calculated by substitution in the 
following simple equation: 

NE, E, 
✓ P. 

✓ P, 
where 
NE =noise equivalent in micro-

volts. 
E, =signal input microvolts. 
P„ =noise power output with no 

signal input. 
Pa =signal beat-note power out-

put. 
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The signal input was sufficiently 
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,2 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 

1, 

\ r. , , y.......0„ 

, 
A 
.. • if 

/ 

,,  
7 

\ 

.. v, " 
•-1S  -10  -  0  OS  no  to 

Kc. ~ PI RESO..NCE 

FIG. 5—SELECTIVITY CURVES FOR 
RESISTANCE VARIATION OF 
BAND- WIDTH OBTAINED WITH 
THE CIRCUIT OF FIG. 4A, 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. 413 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.3 
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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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 of 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 

.5 

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 Transfilter, 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 Transfilter 
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-

. 

7 

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. 
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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 
broadband 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 Transfilter by 
simple plugging-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 Transfilter 
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  frequencies, 
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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qmplifier Aeasuring 2echnique 
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. 

KI ER N A N 

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 

A more or less standard arrange-  d.c. plate and grid currents may 

tJ 1932, by McGraw-Hill Publithing Co., Inc., 330 W. 42 St., 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, at reference 
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-

FIGURE 2—T WO RESPO NSE 
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 
ocher. 
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 PO WER 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 
technician 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 difficult 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 1111111111111111 •1111111 
1 11111111M111111 1E11111111 
1111.111111111M11111111 
M.11111111 •11111111 
IVIEN1111111111131h01 
1111111111111111111•111111111 
111111E111i 1111 M111111111 
1 1111111111191111P1 • 

CYCLES PER SECOND 

FIGURE  4—TRANSFER  CHAR-
ACTERISTIC  (CURVE  A)  AND 

PO WER 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 
the impedances between 
which it is designed to operate, are 
available, the turns ratio may be 
found from the relation 

R. 
N 2 -  . (1) 

If no data is obtainable, 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 IVAVE 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)  SHO WS  AN  AR-
RANGEMENT WHICH MAY BE USED TO 
DETERMINE  TRANSFORMER  IMPED-
ANCE.  FIGURE 7-(RIGHT) SHO WS A 
METHOD  OF  SIMULATING  THE  IM-
PEDANCE OF THE TUBE FEEDING 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 2 

W  -  .  (2) 

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 
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FIGURE  8 — CIRCUIT  FOR  DE-
TERMINING PO WER 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 bridge5 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 

277-fL .  (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 6L6 rubes 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, a check was made of the 
output transformer losses as fol-
lows—the transformer turns ratio 
was 3.5, the r.m.s. 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 =  -  or Z,=500 X 3.52 = 6125 

Z, 
E2 

ohms (plate to plate) and IV  -

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. 

REFERENCES 

Dickey, Edward T., "Notes on the 
Testing of Audio Frequency Amplifiers." 
Proc. I.R.E. Aug. 1927. 

2 Diamond, H., and Webb, J. S., 
"The  Testing  of  Audio  Frequency 
Transformer-Coupled Amplifiers." Proc. 
I.R.E. Sept. 1927. 

3 Electronics, Feb. 1937, Page 53. 
4 Barton, Loy E., "Recent Devel-

opments of the Class B Audio and 
Radio  Frequency  Amplifiers."  Proc. 
I.R.E. July, 1936. 
5 Terman, F. E., "Measurements in 

Radio Engineering." 



41 From Proceedings of the 
Institute of Radio En-
gineers, June, 1937 

THE SHUT-EXCITED fillTf111111 
BY J. F. MORRISON AND P. H. SMITH 

Bell Telephone Lakorworiet 

THE 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-
sirable 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-

e 1037, by Innunte of Radio 

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 capaci-
tance. A sketch of the shunt-ex-
cited antenna, series capacitance and 
concentric  transmission  line  is 
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 

Engineer:, Inc., 330 W. 42 St. 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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FI G U R E 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 \inv.' 
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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 W WI UNIFORM 

CROSS-SECTION VERTICAL RADIATOR. 

opportunity of studying its perform-
ance when either series or shunt-
excited for comparison purposes. 
Impedance at the Bare of Insulated 

Antennas 

A study of the impedance at the 
base of the insulated antenna was 
made in order to determine the an-

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-
pected  from  transmission  line 

.1 
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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 pilfds. 

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 

,--N, 
) 0  50  000  .50  200  250  300  350  400  450  500  550 

01(5,5TANCE 1.64 

FIGURE 4—LOCUS OF IMPEDANCE VECTORS AT THE 
BASE OF THE W WI 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 J. Lahr', 'Impedance of 
Antenna'," Hochleequenz rnd ElektroaArnik, 
L'ol. 43, pp. 166-1'1; May, 1934. 
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SHUNT-EXCITED ANTENNA. 

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 
tipfds. 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 p+tfds. to this apparent 
shunt capacitance. 
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 point 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 
methods: 

I. 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 
conducuir. 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 
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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 & S 
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 ratio at 
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the base of the inclined conductor. 
Current Ditiribution 

To simplify the mathematics in 
the computation of antenna per-
formance, it has been customary to 
assume that the current is sinusoi-
daily 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 

2,  Vitro is nos at prawns any rigoroas 
toirlion. 

were present, each vector would 
have  t be  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. 0. Pedersen has extensively 

investigated this 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. 
Mea furement ol Current Dittribution 
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. “Raiitation from • virtual •nitima our 
Pe tri!' condign-long rartb. — Daniamir 

Natarvi  abolige Sarnlanii, on Commission 
by G. E. C. Gal, Vimmelsbaliti 32. Co mo-
bagen, 
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important precautions are taken in 
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 

progressively  at  many  points 
throughout its length and plotting 
the data thus collected as an index 
of the current distribution along 
the antenna. 
Since the exploring loop circuit 
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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 field 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 WVC/J 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 figures 
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 sufficiently small to give 
reasonably 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.  Gihring and G.  H.  Brown, 

"Tower Antenna for Broaelean Use", Prot. 
IR E., vol. 23, pp. 311-358; April, 1935. 
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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 members 
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 
feet.  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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Dotted circles calculated on assumption of sinusoidal cur-
rent distribution and a perfect conducting plane earth. 
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1450-kilocycle frequencies corres-
pond closely to the 0.25-and 0.64-
wavelength mode of operation. 
When making the measurements 
below the tap point of the inclined 
conductor, the exploring loop was 
placed so that little, 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 case of the insulated an-
tenna except in the region below 

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-
excited 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 oscillator 
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 

LSCO  'SOO  '700 

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 what is prob-
ably more important in the case of 
high power stations, a substantial 
increase in the fading free area is 
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 

• 

radiator at 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 the co-operation of the 
management and technical staffs of 
Radio Stations  Detroit, Mich., 
and WSM, Nashville, Tenn., in the col-
lection of data given in this paper.) 

W ITH MOST applicants asking perm ission  to increase  power,  it is un-

" usual to find N.B.C. seeking F.C.C. sanction to decrease power at 
one of their outfits from 2500 to 50 watts.  Another company has applied 
for a 3-watt broadcast ticket on 550 kc.-11Auto. 
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A Practical Discussion of the Two- Wire Open Type and Concentric Tube 
Non-Resonant R. F. Transmission Lines. 

• 

FROM 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-
pacity 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 
application 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 

ID 1937, by Commercial Radio Eqhipmeni Co., 216 E. 74, Komar City Mo. 

35 



36  RADIO DIGEST  SEPTEMBER 

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 three-wire transmission line 

is but an adaptation of the two. 

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 find 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 

✓ z 
(1) 

✓ y 
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: 
✓ r jwL 

Z. =   (2) 

✓ g + jwC 
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  Diametm 
B & S  in ['rebel 
2   .257 
4   .204 
6   .162 
8   .1285 
10   .1019 
12   .0808 
14   .0641 
16   .0508 
18   .0403 

✓ L 

(3) 
✓ 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 

2 S 
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 2S expressed a ratio only, 

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

Equation (4) is surprisingly ac-
curate so 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 Zs 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 ratio 
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 Zs of 200, 300, 400, 500 
and 600 ohms. 
Formula (4) i3-. 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 

d  Zs 
S _-,_ —  anti-log —  (5) 

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 1/2 and 5/8 
inches 0.D.; 5000 watts, approxi-
mately 7/8 inches 0.D.; and 50,000 
watts, 21/2 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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Wire 
Gauge 
Number 
B & S 
6 
8 
10 
12 
14 
16 
18 

TABLE B 
Correct Wire Spacing in Inches, Center to Center, 

for Surge Impedance Values of 

200 Ohms  300 Ohms  400 Ohm,  500 Ohms  600 Ohm, 
.42  .987  2.28  5.26  12.1 
.339  .783  1.81  4.17  9.61 
.269  .621  1.44  3.31  7.62 
.213  .493  1.14  2.62  6.04 
.169  .391  .903  2.08  4.79 
.134  .309  .716  1.65  3.80 
.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-
sary 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 

Z. = 138 Logi° — 
d 

(6) 

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: 
Z. 

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 
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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B0Vf111CfD 10-20 SUPERHET 
BY  H.  G.  MU S T E R M A N N 

TN 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 difficult 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 
20-111..tfd. 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 first r.f. stage is 
trimmed with a panel mounted 
condenser (C.). This takes care of 
antenna variations. 
A shelf of 1/8' thick aluminum 

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-
tional 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 Manton Publication, Corp., 16 E. 43 St., 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 beneath 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 each have their rear 
and bottom edges turned over a 
half inch. Use of angle strips at 
these points instead of the turned-
over edges would be an easier 
method 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-Frepency Amplifier 
The two-stage if. 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 he 
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 Transfilrer, 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 are of standard type, 
the output transformer being an or-
dinary beat oscillator type thc same 
as used in the beat oscillator 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 are 

connected across the secondary of 
the Transfilter input transformer to 
provide a capacitative center tap. 
The 50-ppfd. condenser, C1„, 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 circuit. 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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C-0.1 mfd. 400 volt 
tubular paper con-
denser (17) 

C1—.01  mfd.  400 
volt tubular paper 
condenser (4) 

C2-5 mfd. 50 volt 
tubular electrolytic 
condenser (1) 

C6-25 mfd. 50 volt 
tubulor electrolytic 
condenser (2) 

C4— .0001  mfd. mid-

DIAGRAM OF THE 

get mica condenser 
(2) 

C5—.00025 mfd. mid-
get micr condenser 
(2) 

C6 —.006 mfd. mid-
get mica condenser 
(1) 

Cr —Mica  trimmer 
condenser,  30 
mmfd. 

C6 —Air trimmer con-
denser (6) 

RECEIVER PROPER. 

CD— Midget  tuning 
condenser (5) 

C10— Midget tuning 
condenser (2) 

C11 —Dual 8-8 mfd. 
filter  condenser 
( 1 ) 

C12 —.00 00 5  mfd. 
midget mica con-
denser (2) 

R-350  oh ms,  1/2  
watt (4) 

R1-1,500 ohms, IA 

NOTE CRYSTAL FILTER 

watt (1) 
R2-2,000 ohms,  1/2  
watt (7) 

R3-25,000 ohms, 1/2  
watt (1 

R4-50,000 ohms, 1/5 
watt (7) 

123 -100,000  ohms, 
1/2  watt (7) 

R6-500 oh m s,  V2 
watt (1) 

127 -1,000 ohms, 1/2  
watt (1) 

CIRCUIT 

R6-1 megohm, V2 
watt (2) 

RD-2  megohms,  1/2 
watt (1) 

RID -200,000  ohms, 
1/2  watt (2) 

R11 -500  oh m  25 
watt resistor (1) 

Rr,-10,000 ohm po-
tentiometer (1) 

112 -25,000 ohm po-
tentiometer (2) 
(See Next Page) 
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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, 

C7, 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.o. 
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 if. stage and two silencer 
stages. The simplified Watzel-Boh-
len second detector silencer circuit 
is therefore used. The Griffin "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 Griffin 
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 

R14 -5 00,00 0 ohm 
potentiometer (1) 

1215 -500 ohm wire-
wound potentiome-
ter (1) 

Rie--500 oh m  10 
watt resistor (1) 

SW —Type 32421 
switch 

5W1—Type 62 switch 
SW2 —Type 763 
switch 

P HON ES" —Type Al - 
single-circuit phone 
jack 

RECEIVER DATA (Continued) 

T—Type  IFC  (Yon 
core)  465 kc. if. 
transformer 

T1—Type IFCO beat 
oscillator  type 
transformer 

T2—Type  IFC 
core) 465 kc. if. 
transformer 

T3 —Type  IFD  twin 
diode transformer 

T4— Type  T - 6 2 2 6 
plate-to-line trans-
former 

T6 —Type T-6194 line-

to-single or P-P 
grids. 

T6—T ype 1-6806 
pentode to 10 or 
2000 ohms 

T2 —Type T-6409 150 
ma.  smoothing 
choke 

Tg —Type T-7429 150 
ma. swinging choke 

T6 —Type T-7062 
power transformer, 
745  volt  c.t.  at 
145 ma., 6.3 volts 
ot  4.5  amps.,  5 
volts 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  Sparing 
L Pri.  3  Closewound 
L Sec.  41/2 1/2".  34" 
Li Pri.  4  Closewound 
Li Sec.  43/4  
L2 Pri.  4  Closewound 
L2 Sec.  43/4 1/2"  W 
L3 Cat.  11/2 Closewound 
L3 Sec.  41/4  

FOR 20-METER BAND 
L Pri.  6  Closewound 
L Sec.  93/4 3/4" 
Li Pri.  7  Closewound 
LI Sec.  103/4 7/8" 
L2 Pri.  7  Closewound 
L2 Sec.  103/4 7/s" 
L3 Cat.  21/2 Closewound 
L3 Sec.  11  7/8" 

All coils wound with No. 24 d.s.c. wire. 
Cathode sections of L3 coils are separate 
windings. APC-25 trimmers in LI. 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 6F6 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 6F6 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 classes are con-
nected together, this will short 
the noise resistors R„ and 
R12.  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 different anten-
nas without resorting to 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 PO WER AMPLIFIER AND 
PO WER-SUPPLY UNIT 

speaker use. The next control, go-
ing from the left, is the beat os-
cillator vernier condenser. Next in 
line comes the c.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 ccnter 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.o. circuits. This is also a three-
position switch, giving the three 
switching combinations shown on 
the d'agram. 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.-off — 
b.f.o.-off" position which is useful 
at times. 
The next three controls, in order, 

are the noise silencer potentiometer, 
Transfilter 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 easily 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 i.f. 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 i.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 C7, 
should be set at or near minimum. 
Neither setting is critical. With the 
Transfilter switched in and the 
a.v.c. turned on, a test signal 
should be tuned in to a peak read-
ing on the R meter. All the i.f. 
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, C10, 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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•El y  JO H N  F.  RI D E R 

W 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. 

0 1937, by John P. 

The peculiar adaptability 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 measurements, 
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 

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 ppid., 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-

redly 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.) 

• 

ratting rape Yeeps Potato growers T O5led 

A NEW "TALKING-TAPE" machine to furnish potato growers  with up -
L-1- 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 varying 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. 



(Mhat the eatkode-Way Osci&graph Shows 

Normal Amplifier Operation 

Fig. 1. The input signal obtained by using the linear sweep on the horizontal plates of the 
oscillograph and connecting the vertical plates to the input of the amplifier stage. Fig. 2. 

Amplified output of the stage, obtained by connecting the vertical plates to the amplifier 
output. Note that both these oscillograms have identical waveforms, but different ampli-

tudes. Fig. 3. Amplifier characteristic showing the linear relation between the input and 

output voltages; this pattern was obtained by connecting the vertical plates to the 

output and the horizontal plates to the input of the stage. 

4 

Normal Amplifier Operation with Complex Wave Input 

Figs. 4, 5, and 6 are similar to Figs. 1, 2, and 3, except that these oscillograms were made 

with a complex wave input instead of a sine wave. The output oscillogram, Fig. 5, is simi-
lar to the input. Fig. 4, except that the positive and negative peaks are reversed.  This 

occurs also in Fig. 2, but does not show as the peaks ore alike.  This phase reversal is 
characteristic of a tube, which shifts the phase by about 180 . Fig. 6 shows that the plate 

voltage changes follow the input voltage changes, as the trace is a straight line.  Note 

that the oscillograph controls for Fig. 6 are adjusted for equal gain of both amplifiers, so 
that the trace represents the actual grid and plate excursions to the same scale. In Fig. 3 

the oscillograph controls were adjusted to obtain a trace inclined at about 45 . This latter 

adjustment makes it easy to see if the trace is linear. 
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Overload of an 
Amplifier 

Figs. 7 to 14 were made 
by connecting the verti-
cal plates across the am-
plifier output and using 
a sine-wave input.  For 
a low value of input sig-
nal,  Fig.  7 shows  the 
output to be a sine wave 
and Fig. 8 shows the cor-
responding characteristic 
to be linear. As the in-
put signal is increased. 

Fig. 9 shows on increased 

output,  but  with  some 
distortion, since the stage 

is operating at a high 
signal level.  Note that 

the upper part of the 
characteristic, Fig. 10, is 
slightly curved. 

12 

00  •  • 

7 

0 

w V V 

9 

1 • 

14 

A  further  increase  in 
signal  input  does  not 
produce  on  appreciable 
increase in output, Fig. 
11, but it does introduce 

distortion, shown by the 
flattening of the peaks. 
The  characteristic,  Fig. 
12, shots a greater flat-

tening of the peaks.  A 
still  greater  input  in-
creases the distortion, as 
shown in Figs. 13 and 14. 

7 
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Push-Pull 
Amplification 

Fig. 15 is the sine-wave 
input  to  the  push-pull 
stage.  When  only  one 
tube is excited, the out-
put, Fig. 16, shows the 
distortion,  due  to  the 
curvature  of  the  tube 
characteristic. When the 
other  tube  is excited, 
the  output  shows  the 
same type of distortion, 
Fig. 17, with the phase 
reversed. With both tubes 
excited,  the  flat  peak 
produced  by  one  tube 
combines with the sharp 
peak  produced  by  the 
other, so the overall out-
put is symmetrical, Fig. 
18,  and  can  hove  no 
even harmonics. 

- ,-V \/\/‘ 

19 20 21 

Distortion Due to Load Mismatch 
When a tube is improperly matched to its load, distortion is generally produced.  Fig. 19 

shows the distorted output caused by too small a value of load impedonce, while Figs. 20 
and 21 show how the distortion is reduced for increasing values of load impedance.  A 
power loss also occurs when the amplifier is incorrectly matched to its load. 

Estimation of Gain 
The  input-output  voltage  charocteristic 
con be used to indicate the approximate 

gain of a stage. Figs. 22 to 25 show this 
characteristic for a stage of varioble gain, 
the input signal  'horizontal deflection) 
being constant for all traces.  The gain 
equals the ratio of the vertical and hori-
zontal projections, drawn dotted on the 
oscillograms in white ink.  Note that the 

gain increases as the vertical height in-

creases.  Both oscillograph amplifiers must 
be adjusted for equal gain to obtain accu-
rate results. 22 

LI 

23 24 
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Phase Distortion 

The  signal  through  on 
of, amplifier is a com-
plex wove and contains 
many different frequen-
cies. If too small a value 
of coupling capacity  is 
used  in  a  resistance-
coupled stage, the rela-
tive phases of these fre-
quencies will be altered, 
so that the output will 
not be the some as the 
input. Fig. 26 shows the 
input signal and Fig. 21, 
how  the  waveform  is 
changed  when  a small 
coupling condenser is 
used.  As  the  coupling 
c a pa city  is increased, 
Figs.  28  and  29,  the 
output  wavefor m  be-
comes  more  nearly the 
some as the input, Fig. 
26. More important than 
the phase distortion, 
which  normally  is  un-
detectable by the ear, is 
the frequency distortion, 
which takes place under 
the above conditions. 

Hum and Noise 

It is sometimes difficult to obtain a sta-

tionary pattern because of the presence of 

of hum  voltage.  The waveform of the 

hum  voltage  which  may  be  present  is 

shown in Fig. 30 and the same voltage 

superimposed on on a.f. signal may be 

seen in Fig. 31.  Note that the pattern 

appears solid because the sweep is syn-

chronized at a multiple of the hum fre-

quency  to  permit a stationary  pattern. 

When the receiver output contains noise, 

the pattern will appear fuzzy, as shown 
in Fig. 32. 
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IN THE article to follow 1 have 
attempted to set forth and ex-

plain certain principles which I 
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 requirements 
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 

MO O R E 

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" Tuned Ctrcuits 
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 circuits 
are employed, the impedance 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 circuits are em-

1937, W irt. Ltd.. 7460 Betetly Bird., Lot Angrier 
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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 pop 
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 total variation of capacity 
effected by varying the tuning ca-
pacity is sufficient to give the re-
quired band spreading. 

Circuit 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 i.f. 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 mIde, 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. 
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 ooff  coils such as 
the National SW-3 coils. 
For very long coils of 
small diameter, more 
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 can 
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 receiver. I was 
hardly able to notice any change in 
the performance of the receiver 
after  installing the pre-selector. 
There was no image suppression, 
and the signal-to-noise ratio of the 
receiver was still the same. I 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 
can. 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 

THE MOST SUCCESSFUL CRYSTAL 
FILTER CIRCUIT TRIED. 

Cr--Twning con-
denser 

CN —Nertralizing 
condenser 

SC—I 'eriable selec-

tivity control 

(see text) 

form factors, 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 Choke 
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 a.v.c. This class is 
commonly known as the variable 
ti 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 to 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 i.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 
wcak signals). The gain of a broad 
cut-off tube 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 from 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, 

•The mutual conductance of a type 58 at 
volt bias and 150 volts Jerre" voltage (tier. 
mat plate voltage) it approximately the tame 
as for a 57 under the same conditions. How-
ever, the plate current on the 58 will be ex-
cc/jive under these conditions. To bring the 
plate current down to a sale  value, it will be 
nereisary to increase the bias to a valise that 
cut, the mutual conductance to lets than half 
that of the 57 operating under the first men-
tioned tonditions. In other words, the mutual 
conductance of a 57, for a given plate cur-
rent,  is higher than that of itr variable 
cousin, the 38. If we run both tubes at the 

maximum safe plate current, the 57 will have 
the higher gain. —EDITOR. 
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if not practically all, pre-r.f. am-
plifiers are coupled to the detec-
tor through an untuned primary 
which is inductively coupled 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 21/2 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-r.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 
-1- 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 heard, it should 
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 
steps' 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 



60 RADIO DIGEST  SEPTEMBER 

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-r.f. 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 6L7 used in the 
control position of noise silencer 
circuits in the first i.f. 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 6J7 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 ill "Inter-
mediate Amplifier Design",  C. P. Bane, 
RADIO tor March, 1936. 

which it will not operate, and this 
threshold level 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 i.f. amplifier are so 
weak that they can just be heard, 
then the second detector must be a 
weak signal detector. This is 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 redly 
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 I 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 
rs- operator himself is high-
ly in order. It 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 to ruin it 
by improper operating. By 
this I mean that one should 
not use a loud speaker, since 
the external noises within the 
room are then competing 
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-
noise 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 a.v.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 

a.v.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 a.v.c. in the usual 
way. 

The Crystal 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 sacrifice.of amplification as 
is the case with circuits which ob-
tain their selectivity control by de-
tuning of the secondary of the if. 
transformer. The selectivity control 
is made of an 11-point Yaxley 
switch and a group of small 1/2 
watt carbon resistors. The resistors 
are mounted around the switch in 
order of increasing resistance. They 
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 megoluns. 
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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T HE author  condemns the 
practice of wearing earphones 

on the cheek bones, a practice 
which be says must have origi-
nated in the stone age and 
should have 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 
have 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 I prefer 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 R5 that you are able to hear 
will be increased 100%. 
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COASUMERS' RESEARCH 
Zooks al Radio 
• 

Remember "100,000,000 Guinea Pigs" and "Your Money's Worth"? Herein, the 
organization responsible for those books —Consumers' Research — turns its at-
tention, through the medium of a disinterested writer, to radio. 

• 

IT 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 rube 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 especial-
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 return to the old 
method employing physically sepa-
rate tubes for oscillator and mixer. 
This latter point, strangely enough, 
tics 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 earlier 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-
pensators, etc.  However, where a 
large 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, (area, ernp-
tor. 
Speaking of cabinets, Consumers' 

Research finds that radio cabinets 
are designed as furniture (iic) 
rather than as efficient 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 
noticeable. 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 comment, the following re-
marks, among others, were appended to the 
previous comments: 

it is no excuse to say that the ideas are 
difficult to express—because advertising men 
pride themselves in getting across  difficult 
ideas. Their sin is in the fact that they, for 
good business reasons, like to say things in 
unclear terms so that much of the real truth 
is hidden. It is often what they omit to say 
that is important, and what many people will 
think they meant. There is no possible ques-
tion of lack of ability on their part to say 
what they please if they happen to wish to 
say that which is of use to the consumer. I 
need hardly tell you that by a nice choice of 
words an advertising man can avoid difficulty 
with she Federal Trade Commission and with 
the Better Business Bureau 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 that adver-
tising men don't use "technical" terms out of 
ignorance.  They have their own persuasion 
value to the man to whom they are mystical, 
and it is not uncommon for the advertising 
men to call in the engineers to "say some 
'ethnical terms" in order that the former can 
Dick out to me good phrases for the next batch 
if copy (the accurate technical significance of 
which the advertising men will comprehend 
slmost 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 that 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 not be 
replaced until something with a 
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 
misleading other than through a 
lack of appreciation of the fact that 
his prospective buyers just don't 
know what to make of all thc 
technical.' terms. Some of them 
(thc 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 because 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 year's models.- The 
automobile industry learned 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 11-orhi be consulted for 
some very relevant remarks. 
The matter of combination long-

and short-wave receivers comes in 
for its share of attention. Consum-
ers' Research feels—as does this 
writer—that short-wave reception, 
is, at best, so uncertain and unsat-
isfactory that the utmost considera-
tion ought to be given to drop-
ping this feature from many mod-
els.  It is doubtful if few, other 
than the comparatively negligible 

number who become short-wave ad-
dicts, use the short-wave facilities 
once the initial thrill has evapo-
rated. The network stations carry 
re-broadcasts  of  all  important 
foreign events, and, picked up by 
extremely sensitive receivers under 
technical control, the programs as 
re-broadcast are almost certain to be 
far better than the same thing 
picked up on a home receiver which 
in all probability is bringing in 
at the same time all of the power 
company's leaky insulators and as-
sorted ignition, X-ray, and other 
noises. 
It seems to many competent ob-

servers that the money spent by the 
set manufacturer on short-wave cir-
cuits could well be diverted to im-
proving such matters as side-band 
trimming, cabinet resonance, and 
detector distortion—just to mention 
a few. And, although Consumers' 
Research apparently hasn't suggest-
ed it, let us put in our little argu-
ment for a receiver that can be 
used in a vicinity like New York, 
Philadelphia,  Boston—any  area 
well covered by high-quality sta-
tions—and that will give truly 
high-fidelity reception from the lo-
cal .stations. We may be wrong, 
but it is our guess that some alert 
manufacturer could make himself 
some nice business with such a set; 
and it wouldn't have to cost a for-
tune, either. Introduced and adver-
tised for what it is—a good local 
receiver—such a job would appeal 
to a great number of people with 
enough discrimination to want mu-
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sic rather than a lot of nearly un-
intelligible propaganda delivered in 
bad English and tossed about by 
three or four thousand miles of as-
sorted thunder storms. 
Circuit noises come in for plenty 

of attention in the Consumers' Re-
search report—and rightly so. Far 
too many receivers have such a 
terrific amount of 60 and 120 cycle 
hum that it seems almost as if there 
were no power supply filtering at 
all. It is the belief of this writer that 
much of this is due to the use of 
the field coil of the conventional 
dynamic speaker as the filter choke. 
Let it be stated here that we have 
never known an engineer — our-
selves included—who had even a 
faint idea of how much inductance 
a speaker field would show under 
d-c load; rather, these fields are in-
variably specified as "so many ohms 
resistance." That, of course, gives 
some control of their regulation of 
the power supply, but that's about 
all.  Little wonder, then, that we 
find filters using quantities and 
quantities of microfarads in an at-
tempt to smooth out the ripple! 
However, power supply noise 

isn't all. There is the nose sup-
posedly inherent in mixer tubes, es-
pecially those of the pentagrid va-
riety; there is noise generated in 
resistors, especially when they are 
worked just on the verge of over-
load;  likewise with condensers. 
There is noise caused by thermal 
emf's; by chemical action —a pro-
lific source of noise especially if 
the set is used in humid locations; 
and by a host of other causes, some 

of which, we suspect from per-
sonal experiences, may never occur 
to engineers until sad tales drift 
back from the field. 
RADIO ENGINEERING had recent-

ly, in an introductory note to a 
certain article on automatic selec-
tivity control, a very pointed obser-
vation to the effect that the fewer 
controls on the set, the less likely 
it will be for the user to jam 
things up.  This point was later 
taken up by a writer in The Wire-
less World, and apparently it is 
tacitly concurred in by Consumers' 
Research.  However, this latter's 
comment is directed more toward 
the variable selectivity idea; we 
wonder if there isn't a profitable 
suggestion  contained  in  their 
thought? Suppose that a set's se-
lectivity were to be adjusted on in-
stallation to meet local require-
ments; suppose that the manufac-
turer were to guarantee satisfactory 
local reception provided the selec-
tivity  adjustment  remained  un-
touched, once set; suppose further 
that the customer ..wanted satisfac-
tory distant reception (if he knew 
what he meant by that!) then the 
selectivity could be sharpened but 
with the distinct understanding that 
local reception would be impaired 
—from a quality standpoint, that is. 
Such an arrangement would be, 

to say the least, novel, and un-
doubtedly worthy of a trial at 
least.  It would remove the stigma 
of adding another gadget to in-
crease the selling price; it should 
do away with both tone controls 
and variable selectivity controls. 
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But it ought to keep everybody 
happy—the coil people would still 
sit their variable coupling coils 
(although  the  variable  feature 
would be under lock and key in so 
far as the average user was con-
cerned) ; the  set  manufacturer 
could claim, with a fair degree of 
truthfulness, that each of his sets 
would be individually adjusted to 
the requirements of the user. 
In concluding this analysis of 

some of the faults which Consum-
ers Research finds with the present-
day radio sets, we are impressed 
especially with one point—the dis-
cussion given in their report on the 
matter of safety from electrical 
shock. Speaking subjectively for a 
moment, this writer in a varied ca-
reer has been closely associated 
with organizations and individuals 
intensely interested and concerned 
with safety in industry—and in the 
home. We can state unequivocally 
that many of these former associ-
ates felt so keenly the danger immi-
nent in the average radio set that 
their families wcre, literally, forced 
to do without sets in their homes; 
and in those homes where they 
were grudgingly permitted, the sets 
were so hedged about with safe-
guards (not put there by the manu-
facturer) that they were almost 
reminiscent of a high-voltage 
switchboard. 
Not so long ago the metropolitan 

press carried a story of the electro-
cution of a youth who, in attempt-
ing to remove a tube from the 
socket—with the set -on" —came 
into contact with the tube prongs 

and some grounded object at the 
same time. Presumably, the con-
tact with the tube prongs was es-
tablished before the prongs had en-
tirely left the grip of the socket 
springs. Such an occurrence ought 
to be impossible. In the first place, 
it should be impossible to get at 
the chassis, even for tube replace-
ment purposes, when the set is con-
nected to the line. Service men, 
and others who appreciate the in-
herent danger, would not be seri-
ously handicapped by this. 
The question of ac-dc receivers, 

with their direct connection to the 
line, is of sufficient importance to 
warrant the most serious consider-
ation. Chief among the points to 
be considered is that of providing 
a ground connection for these sets 
—which would  probably  mean 
doing away with the idea of using 
the chassis for a common return 
circuit; this would not be such a 
bad idea even for those sets which 
are isolated from the line by a 
transformer. The use of a high-
conductivity ground bus might as-
sist in the elimination of some of 
the miscellaneous noises that are 
due to the admixture of 60 cycle, 
direct audio- and radio-frequency 
currents, all trying to get to ground 
through a conductor that, at best, 
may not be any too good electri-
cally. 
The matter of making radio sets 

safe is an urgent one and deserves 
immediate study. The problem is 
not insurmountable, nor is the cost 
of making a set safe anything to 
become alarmed about. 
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EfIDIOTHEROPY 
BY  AA RO N  NA D ELL 

R ADIO  FREQUENCIES at present 
- used in medical practice are 

obtained either from vacuum tube 
or quenched gap oscillators, and 
operate into a wide variety of loads 
the nature of which depend upon 
the therapeutic results desired. 
Frequencies found advantageous 

range from 1,000 kc. to 30 Mc. Cur-
rent medical opinion inclines to be-
lieve that specific frequencies have 
no selective effect either upon body 
tissues or malignant micro-organ-
isms.  Proper choice of frequency 
in accordance with the results de-
sired is, however, important biolog-
ically. 
Applications of r.f. to medical 

purposes can be divided, very broad-
ly, into three general classes: means 
for raising the temperature of body 
tissues; means for exciting the 
"electric knife" and similar sur-
gical instruments; means for pro-
ducing ultra-violet radiation either 
without or within the body. 
Current medical terminology dis-

tinguishes between diathermy and 
short-wave therapy. Diathermy is 
the term applied to treatment with 
frequencies of the order of 1,000 kc. 

applied by direct contact of elec-
trodes with the body of the patient 
The thermal effect produced by this 
method depends rather largely upon 
the ohmic resistance of the tissues 
through which the current must 
pass. Short-wave therapy uses from 
30 to 9 meters, roughly.  Direct 
contact with the electrode is em-
ployed for some purposes, while for 
others the patient is placed between 
the plates of a .condenser or in the 
field of an induction coil. 
The primary purpose of both 

treatments is to raise the body 
temperature.  Increase  of  body 
temperature is followed by several 
distinct reactions, all of which may 
be favorable to the patient under 
certain circumstances. 
An indirect benefit results from 

the stimulation of blood and lymph 
circulatory systems. Both capillary 
blood vessels and small lymph pas-
sages are dilated by heat. Increased 
circulation may result in direct wash-
ing away of body poisons or harm-
ful deposits.  It also brings to the 
heated tissues a larger number of 
the germ-eating white corpuscles of 
the blood. 

() 1937, by B•yan DaVII Pmb. Co., Inc., 19 E. 47 51., N.Y.C. 
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Nevertheless, some types of radio 
fever are dangerous to some types 
of  infections.  Thus  diathermy, 
which acts mainly upon the surface 
and  subcutaneous  tissues,  may 
prove harmful in the case of car-
buncles, driving the infection into 
the unheated deeper layers. Short-
wave therapy, on the other hand, 
has been found helpful in such 
cases because the temperature rise 
is more evenly distributed in three 
dimensions. 
A very wide variety of electrodes 

and of techniques is required both 
by reason of the number of diseases 
now being treated by radio-therapy, 
and by reason of the construction 
of the human body, in which the 
great divergence in the nature of 
the tissues alters heating effects ac-
cording to the locality involved. 
The three types of heating mech-

anism, conductive, inductive and 
electro-static, operate differently up-
on different tissues,  and choice 
among them is made by the phy-
sician. The equipment is so built 
that any of the three types of elec-
trodes can be plugged in as re-
quired. 
Many of the electrodes, par-

ticularly among the contact type, 
must at times be introduced into 
orifices of the body for direct ap-
plication to the scat of the trouble. 
They are, consequently, made in 
many different sizes and shapes. 
The condenser plates are made in a 
number of different sizes, for con-
centrated or diffused application of 
heat. To enable them to fit the con-
tours of the part of the body to be 

treated, they often consist of sheets 
of soft metal foil, which is readily 
bent and shaped, thoroughly in-
sulated in heavy layers of rubber or 
felt or both.  The induction coil 
may take the form of a heavily in-
sulated flexible cable that can be 
curled into a spiral and laid upon 
the body, or twisted into a helix 
about an arm or a leg. 
The contact electrode is often 

used in association with a con-
denser plate, particularly for in-
ternal applications.  Thus, in the 
treatment of sinus infections, a con-
denser plate the size of a large 
saucer may be propped in front of 
the patient's face at the end of a 
stiff cable, and a small contact 
electrode introduced into the nostril. 
Or two contact electrodes may be 
introduced into the orifice, or one 
into the orifice and a contact elec-
trode placed upon the surface of 
the body nearby. Or the condenser 
effect may be used entirely.  In 
some sinus treatments, to continue 
with that example, heavily insulated 
plates are bound upon the patient's 
forehead.  Still another method in 
such cases is to place the patient's 
head between two plates—insulated 
against accidental contact and burns 
—which do not touch the patient 
at all. 
The design of the apparatus is 

always such as to assist the physi-
cian in avoiding accidental burns. 
One precaution is to key the output 
by means of a foot switch, operated 
by the physician, which is never 
closed when contact electrodes are 
being applied or removed, but only 
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after a firm and broad contact has 
been established.  When a large 
contact electrode is applied to a 
rounded surface—a shoulder, for 
example—soft metal foil is used 
and shaped to press upon a relative-
ly large area.  The object here is 
to avoid contact at a few points 
only, which would result in high 
current density at those points and 
again be likely to burn the subject. 
Double precautions are taken in 

the matter of electrode leads. They 
are heavily insulated to avoid ac-
cidental burns, but in use are also 
carefully kept away from the pa-
tient's body in order not to heat 
portions of his anatomy where heat 
might possibly stir up trouble rather 
than allay it. 
Temperature tests are made by in-

serting small thermometers or ther-
mo-couples into the tissues, either 
during the treatment or immediate-
ly after the r.f. has been switched 
off.  Intra-muscular  increases  of 
temperature amounting to as much 
as 9.1 degrees F have been record-
ed after twenty-minute applications 
of 10.5 meters, with equipment 
nominally rated at an output of 420 
watts. Intra-muscular temperatures 
as high as 107 degrees F and sub-
cutaneous temperatures up to 106.9 
degrees F have been recorded in 
this way. 
The electric knife may here be 

considered a generic term applied 
to three types of surgical apparatus. 
The knife itself cuts flesh, and to a 
lesser degree, fatty tissues, by direct 
application of r.f. at very high cur-
rent densities.  The desiccator, or 

electro-coagulator, applies a slight-
ly broader surface at lower current 
densities, and sears flesh. 
The desiccator is favored in the 

more modern type of tonsil re-
moval, or "tonsil coagulation." In 
one method, an electrode is placed 
against the back of the patient's 
neck, and the desiccator is applied 
to the tonsil. A more modern meth-
od eliminates the contact plate at 
the back of the patient's neck and 
substitutes a two-electrode desiccator 
or coagulator. The principle in every 
case is the same; current density is 
high enough to sear flesh only at 
the point where the coagulator is 
applied. 
The electric knife is essentially a 

coagulator which consists of an ex-
tremely thin, stiff wire of steel or 
tungsten,  with  correspondingly 
higher current density.  It cuts 
human flesh very readily, so readily 
that the thin stiff wire does not 
even bend appreciably as it is drawn 
through the tissues. 
A variety of the electric knife 

consists of a closed loop of thin, 
stiff wire. The loop is pressed in-
to the flesh and then drawn through 
a shorter or longer distance and 
pulled up again. A section of tissue 
as much as a quarter-inch deep is 
removed — without bleeding and 
with little chance of infection—for 
microscopical or other examination, 
as, for example, in cases of sus-
pected cancer. 
In place of radiothermy or 

electric knife loads, ultra-violet light 
generators may be plugged into the 
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oscillator for internal or external 
use.  One large "sun lamp" con-
sists merely of a quartz bulb con-
taining mercury, and a bit of argon 
to assist ionization. The bulb, under 
its reflector, is surrounded by a few 
turns of inductance which is en-
ergized by the oscillator. Different 
types of bulbs will give a wide 
spectrum, ranging principally from 
2800 to 3100 Angstrom units, or a 
narrow spectrum in which the pre-
dominating frequency is close to 
2500 A.u. The vapor in the latter 
is under lower pressure, and the 
bulb remains cold. 
Extremely small ultra-violet gen-

erators of the latter type are avail-
able, some not much larger than 
the tip of a radio jack.  These, 
firmly fastened to the end of an 
equally  thin  but  well-insulated 
cable or catheter, which carries r-f, 
can be introduced into the lungs 
and other deep-seated organs, bring-
ing the germicidal properties of 
ultra-violet light to infections not 
easily attacked by any other form 
of treatment. 
Oscillators are of two general 

types, one using standard vacuum-
tube circuits, and one using the 
quenched spark gap. In the latter, 
the electrodes are of tungsten and, 

• 

to obtain relatively high energy at 
frequencies up to 30 Mc., are ground 
with optical precision and spaced 
at less than 1 mil. The gap is not 
sealed, but open to forced draft 
which provides cooling and facili-
tates quenching. Three frequencies 
are present in the gap: the 60 cycles 
of the power supply; the 20,000. 
cycle wave-train frequency, and the 
30 Mc. tuned frequency. 
The oscillating circuits are con-

ventional, and may be described as 
the tuned spark or primary circuit, 
a tuned secondary or tank circuit, 
and the output or "patient" circuit. 
The latter presents a special 

problem because of the great variety 
of electrodes used, and the number 
of ways in which each electrode 
may be applied. A mere change in 
the position of the patient, with 
reference to the electrodes, may de-
tune the output circuit. A condenser, 
or in some models an inductance or 
a loose coupler, is provided, and is 
continually adjusted during treat-
ment as required, adjustment being 
made by reference to a hot-wire am-
meter, and the condenser, tuner or 
coupler reset for maximum reading 
whenever the patient shifts position 
with reference to the electrodes, or 
the  electrodes  themselves  arc 
changed or adjusted. 

IN THE MAY issue of The Illinois Guardsman there was published a corn-
prehensive article on "What About Our Bands". The article discloses 

an alarming fact: that our bands are faced with practical extinction! 
Yes, all the trombone players in the Army and National Guard might 

have to go back to the line as gun-toting soldiers instead of horn toterm.— 
RADIO. 
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13110fIDCOST fillTEfinfl DEVELOPMEHTS 
BY RAYMOND F. GUY N.B.C. Engineer 

ONE OF THE first important con-
tributions to the knowledge of 

antennas was the discovery by Mar-
coni in 1895 of the effect of raised 
aerial wires or antennas, when used 
in conjunction with radio transmit-
ting and receiving apparatus. This 
discovery marked the beginning of 
the development of our modern 
antenna systems. 
To generalize a bit, the main im-

provement of the modern antennas 
for broadcasting has not been a 
large increase in the amount of 
wave energy radiated, but has been 
the "compressing" of the same 
amount of energy down close to the 
earth where the receiving antennas 
are located. The poorest transmit-
ting antenna may be very efficient 
at radiating power, but at the same 
time be very ineffective in serving 
its purpose by diverting energy high 
into the air, utterly wasting much 
of it. It costs approximately $5.00 
per watt to install a 50,000 watt 
station and approximately $15.00 
per watt to install a 5 kilowatt sta-
tion.  It is not good economics to 
waste 25 to 50 per cent of this cost-
ly power by directing it toward the 
upper atmosphere where it is either 
dissipated or reflected to cause fad-
ing. 

e 1937, by RCA Instirriter 

Meaturement of Network Coverage 

The need for specific coverage or 
"circulation" data on its own and 
associated stations led the NBC in 
1933 to undertake to measure and 
evaluate the coverage given by each 
of the then 90 odd NBC network 
stations. There followed the most 
comprehensive and thorough coast-
to-coast study of field intensity cov-
erage ever undertaken, and, si-
multaneously, there were sorted, 
analyzed and tabulated, the contents 
of five million individual audience-
mail letters.  Statisticians counted 
and tabulated these letters station by 
station and by individual counties. 
During the field intensity survey of 
each of these 90 odd stations, 18 
measuring cars were driven 232,218 
miles throughout 1,250,000 square 
miles (40 per cent of the area of 
the United States); to make 21,316 
individual field intensity measure-
ments, not counting repeats or 
checks, in four months consecutive-
ly elapsed time. The field intensity 
contours for each station measured 
were carefully plotted and correlat-
ed with the mail analysis, and 
counted heavily in the evaluation of 
the coverage. 
The coverage of a station is af-

fected by a number of factors, some 

Inc., 73 Verick St., N.Y.C. 
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FIGURES 1, 2, 3—COVERAGE FACTORS. 

of which can be controlled and 
some of which cannot. They arc: 
1—Power. 
2—Antenna design. 
3--Soil conditions as they de-
termine the rate of decay 
of waves over the earth. 

4—Interference from other sta-
tions. 

5—Local noise levels. 
6—Frequency assignment. 
The field intensity of a station 

varies as the square root of the ratio 
of one power to another. The fre-
quency assignment has a consider-

able effect upon the coverage ob-
tainable.  Ordinarily changes of 
power and frequency may be made 
only with consent of the Federal 
Communications Commission and 
consequently are not under direct 
control of the broadcaster. Figure 1 
shows a comparison of the areas 
which can be served by a 50,000-
watt station over average soil when 
operating on  approximately the 
highest broadcast frequency in one 
case, and approximately the lowest 
broadcast frequency in the other 
case. Figure 2 shows the difference 
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in area which exists with a station 
of 50,000 watts on 1000 kilocycles, 
when transmitting over the two ex-
tremes of soil conditions which 
might be encountered in actual 
practice. Soil conditions obviously 
play an important part in determin-
ing coverage.  Figure 3 shows a 
comparison of the areas when oper-
ating with 50,000 watts, using in 
one case approximately the lowest 
brcadcast frequency and the best 
soil conditions encountered in prac-
tice, and in the other case approxi-
mately the highest broadcast fre-
quency and the worst soil encoun-
tered in practice. This is a combina-
tion of figures 1 and 2. 
Other factors which affect cover-

age are interference and local noise 
levels, but these are partly a func-
tion of field intensity received. The 
remaining factor is the antenna and 
it is to this that the rest of the paper 
is devoted. 
Evaluation of Antenna Effectiveness 
Because the amount of energy ra-

diated by an antenna does not ex-
press its effectiveness in giving serv-
ice along the surface of the earth, a 
ready means of evaluating antenna 
effectiveness other than power out-
put divided by power input is re-
quired. There is another reason. 
There has been no suitable means 
available for measuring the power 
output of an antenna. 
Measurement of average field in-

tensity at one mile provides this 
method of evaluation quite satisfac-
torily. (In some cases attenuation 
within one mile makes a small cor-
rection desirable.) The type "T" 

antennas produced, with 50 kilo-
watts power, approximately 1200 
millivolts at one mile. Guyed tow-
ers with narrow bases and tops and 
large center sections appear to pro-
duce 1600 millivolts at one mile or 
slightly more.  The uniform cross 
section towers of about 195 degrees 
electrical height, such as the new 
WJZ anti-fading antenna, produce 
slightly over 1800 millivolts at one 
mile. If each of these quantities is 
corrected for attenuation within one 
mile, they would become about 
1300, 1700 and 1900. 
The one-mile field intensity indi-

cates the distribution of the radiated 
field directly. A low field intensity 
at one mile ordinarily indicates that 
much of the energy from the an-
tenna goes skyward.  A high field 
intensity indicates that the energy is 
"squashed" or compressed close to 
the earth where it is most useful. 
Broadcast antennas may be im-

proved in effectiveness by going to 
great heights, but economic factors 
usually make it impractical to do so. 
For the lower broadcast frequencies 
a height of about.190 electrical de-
grees will usually serve to prevent 
serious fading within those areas 
receiving serviceable field intensi-
ties, with powers up to at least 50 
kilowatts. 

Top Tuned Antennas 
Due to the proximity of airlines 

with heavy traffic, it is sometimes 
necessary to build an antenna to less 
than 190°. If the restrictions are not 
too rigid, it is possible to approach 
the performance of an ideal antenna 
by using a lumped loading system 
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at the top of the tower. This ex-
pedient is a modern and tremen-
dously improved version of the old 
familiar flat top. The improvement 
consists of adding a lumped capac-
ity flat top with lumped 
series  inductance,  if 
necessary, to raise the 
current loop to the op-
timum point on the 
tower. If the tuning 
coil is used and it is 
large enough, the tower 
characteristic and cur-

rent distribution may be 
varied at will over a 
tremendous range.  FIGURE 
The WMAQ antenna was built 

with top loading because of the 
proximity of commercial air lines. 
It is 490 feet high, operates on 670 
kilocycles with 50,000 watts and 
has a 60-foot steel saucer out-rigger 
at the top. Eighty feet below the 
top there is a sectionalizing system 
containing insulators and a tuning 
coil. 
This tuning coil and the weather 

proof copper housing weigh over 
1500 pounds and cost approximate-
ly $1500. The assembly is practical-
ly air tight and is insulated for the 
70,000-volt peaks which are often 
obtained during modulating condi-
tions. The reactance required in 
this tuning coil to obtain the de-
sired current distribution is approx-
imately 400 ohms for this antenna 
height. The current in the coil un-
der the optimum conditions of ad-
justment is over 50 amperes. The 

insulators not only have to be ade-
quate for the high voltages devel-
oped, but also must support the 
upper 80 feet of the tower and the 
60-foot out-rigger, up to a 100-mile 

1.2 

1.1 ._ 

1.0 

0.1 

DJ 

0.7 

04 

/  

0.3  vn440-170 
101,9_ATWTC SlittgAvt,..41.46EteisT; 

11C. 
AT FZItnibm “ 3 A fUNCTKIN 

cui  HT  

OCT 1935 
0.3 

02 I I 

I V  
0.1 

0 0 10 40  50  60  70  ao  90 
TOP POUCTANC£ -1J1. 

4—GRAPH OF ONE-MILE SIGNAL 
INTENSITY. 

wind velocity, with a suitable factor 
of safety. Several preliminary me-
chanical designs for the sectional-
izing structure were discarded be-
fore a final satisfactory design was 
evolved.  In addition to the other 
problems, the lighting circuits for 
the tower had to be carried through 
and beyond this point.  This was 
accomplished by making the coil 
large, of one inch IPS copper tub-
ing,  and  running  the  circuits 
through the tubing. 
The manufacture of this coil was 

quite a problem in that short lengths 
had to be brazed together and then 
formed into a coil. It could not be 
made in one piece.  The lighting 
wires had to be installed in the tub-
ing before it was formed.  All of 
the supporting insulation is built of 
micalex with sufficient insulation to 
carry the design up to the corona 
point. Special clamps and other 

20  30 
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parts had to be built to make the 
corona point as high as reasonably 
possible. The entire coil assembly 
is inside a copper can approximately 
six feet in diameter and six feet 
high with only one door, in the 
bottom. 
Figure 4 shows the one mile sig-

nal intensity as a function of the 
amount of inductance used in the 
top tuning coil. Figure 5 shows 
that the measured current distribu-
tion obtained with the top tuned 
was sinusoidal, and it may be com-
pared with the theoretical ideal dis-
tribution which is shown on the 
same curve.  Full advantage was 
taken of the opportunity to study 
thoroughly this first ideal design of 
a top tuned antenna system, but 
lack of space prevents showing all 
of the many other measurements 
made. One of the most important 
things that these measurements 
showed was that there were no fac-
tors in the design of such a tower 
that could not be satisfactorily eval-
uated by the design engineer. 
A Study of the Effect, on Distant Trans-
missions, of the Vertical Pattern of 

a Broadcast Antenna 
It is established that the "squash-

ing" of the vertical field of an an-
tenna increases the primary service 
area. However, how does this effect 
the transmission to distant points? 
Various theories had been ad-

vanced as to exactly what happens 
to a broadcast wave in its path from 
a transmitting antenna to a receiver 
at a distant point.  No very exact 
measurements were available to 
show how the energy from the 
transmitting antenna should be 

concentrated to obtain the most fa-
vorable distant transmission.  For 
instance, does a wave bounce sev-
eral times between the heaviside 
layer and the earth? In 1934 the 
opportunity presented itself to make 
such observations and measurements 
in connection with some other re-
search on directive broadcast trans-
mission. 
NBC designed a directional an-

tenna for station WPTF, Raleigh, 
N. C., and in 1934 had adjusted it 
and placed it in operation. There 
were two identical antennas with 
50-foot wooden bases and 320 feet 
of steel above them, tapering from 
an 11-foot square at the steel base 
to a 3-foot square at the top. These 
antennas had 30-foot steel saucer 
outriggers and associated tuning ap-
paratus at the tops which were used 
for adjusting the effective electrical 
height and current distribution. 
These are "tuned top" antennas. 
For the purposes of the experi-

ments to be described, these anten-
nas were operated independently of 
each other under different adjust-
ments to obtain r quick means of 
switching from one condition of 
vertical field distribution to another. 
Relays were available for switching 
purposes at each tower and these re-
lays were controlled remotely by 
push buttons in the transmitter 
building. The original purpose of 
the relays was to change from di-
rective to non-directive transmission 
at sunset, but for the purposes of 
this experiment they were used to 
disconnect and suitably detune one 
antenna while the other one was 
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being used and vice versa. 
One antenna was adjusted for 

normal current distribution. The 
other antenna was adjusted by 
means of the top tuning system to 
produce a minimum signal intensity 
at the surface of the earth.  The 
latter adjustment gives a vertical 
distribution pattern as shown in 
figure 6. With the facilities pro-
vided, these conditions could be 
alternated practically instantaneous-
ly.  By means of field intensity 
measurements on the ground and in 
an airplane, the vertical patterns of 
these two antennas were measured 
and checked against the calculated 
patterns.  A recording station was 
established four miles from the sta-
tion to keep a continuous check up-
on the adjustments during the trans-
mission. Previously established re-
cording stations made continuous 
recordings of field intensity at Cor-
bin, Kentucky; Marion, Illinois; 
Emporia,  Kansas;  Albuquerque, 
New Mexico; Oklahoma City, Ok-

lahoma; Duluth, Minnesota; Ur-
bana, Illinois; Columbus, Ohio, and 
Boulder, Colorado. 
The transmitting conditions were 

alternated at twenty-minute inter-
vals between the hours of 12 mid-
night to 6 a.m., of which the hours 
of 3 to 6 a.m. are shown in the 
figures. KPO operated on the same 
frequency until 3 a.m. after which 
the channel was clear for this exper-
iment. Only a few of the many re-
cordings are shown, for lack of 
space, although the experiment con-
tinued over a period- of approxi-
mately two weeks to evaluate prop-
erly temporary changes in long dis-
tance transmitting conditions. With 
the exception of Corbin, Kentucky, 
which was within the sky wave 
range of the transmissions from 
WPTF, no recording stations re-
ceived any signal during transmis-
sions with zero ground signal in-
tensity. The recordings did not in-
dicate zero because of the static lev-
el, but no signal was heard.  The 
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measured intensity at the surface of 
the earth under this condition was 
.2 of 1 per cent of normal. The ex-
periment shows many interesting 
points, the most important of which 
is that the transmission which pro-
vides coverage to distant points is 
confined to angles less than 10 de-
grees above the surface of the earth. 
This establishes clearly, that the 
ideal broadcast antenna should con-
centrate all of the radiation as low 
as possible.  In these tests there 
were no evidences of multiple re-
flections.  It is not possible under 
practical conditions to build anten-
nas high enough to obtain the indi-
cated ideal distribution because they 
would in some cases be 3,000 feet 
in height. Other mechanical com-
plications, in addition to the height, 
present difficulties which make such 
a radiator impracticable. 
Affect of Current Dittribution on 

Fading 
Early in 1934, NBC designed a 

directional  antenna  for  Station 
WHIO, Dayton, Ohio.  One of 
these towers was utilized in an in-
teresting experiment that showed 
the reduction of fading which can 
be accomplished by controlling the 
current distribution.  The WHIO 
antennas have an electrical height 
of approximately 135 degrees and 
have at the tops steel saucer outrig-
gers with tuning coils which make 
possible a wide variation in the ef-
fective electrical height. Upon the 
completion of one tower and before 
the second one was erected, record-
ings of fading were made to show 
the effectiveness of the tuned top in 
reducing high angle radiation and 

fading. These recordings were made 
during consecutive periods when 
the vertical distribution of field was 
varied by changing from a top tuned 
ideal condition to an untuned con-
dition at the top. These conditions 
produce the effect of a substantially 
ideal antenna in one case compared 
with a short antenna in the other 
case.  The fading with the top 
tuned was unnoticeable with auto-
matic volume-controlled receivers 
whereas the fading with the top un-
tuned was distorted and unusable. 
In 1935 a tuned-top antenna was 

built at Station W MAQ, Chicago, 
Ill.  This was 490 feet high, top-
tuned to raise the effective electrical 
height from 130 degrees to 190 de-
grees. A comparison was made of 
the fading at 60, 85, and 125 miles 
when the transmitting conditions 
were alternated between the old in-
effective W MAQ antenna, the new 
antenna with the top tuned and the 
new antenna with the top untuned. 
Comparisons were also made of the 
fading from this station, operating 
normally, and other Chicago sta-
tions also operating normally. Space 
does not permit showing these re-
cordings, although they did de-
monstrate effectively the superiority 
of an antenna of the ideal or ap-
proximately  ideal  characteristics 
compared with the obsolete "T" 
types supported between 300-foot 
towers. 
Mechanical Design of Antenna Tower, 
Much thought has been given by 

the NBC to the mechanical specifi-
cations for radio towers. It is rather 
common practice to design broad-
cast antennas for an indicated wind 
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velocity of 90 miles per hour, cor-
responding to an actual wind veloc-
ity of 68 miles per hour. A search 
of recorded wind velocity over pe-
riods of approximately 50 years, in 
many localities, indicates that a tow-
er designed for 90 miles indicated 
velocity is safe, although the figure 
could not be reduced much before 
it became unsafe.  Cost estimates 
covering a 500-foot guyed antenna 
of uniform cross section designed 
for different wind velocities were, 
for a 90-mile indicated wind design 
$16,969, a 100-mile design $18,260, 
a 120-mile design $19,621, and 
140-mile design $22,207. 
A factor of considerable impor-

tance which is often overlooked is 
the difficulty in determining the 
wind conditions which cause the 
failure of a radio tower. The gov-
ernment maintains wind reporting 
stations at many locations, but they 
record only average conditions in 
the immediate vicinity and these 
would not necessarily hold true for 
an antenna located several miles 
away, or even several hundred feet 
away. The literature was searched 
to find all of the data published 
concerning the variation of wind ve-
locity over various sections of a 
tower at given instants. 
There is comparatively little in-

formation available on this subject. 
The wind velocity is higher at the 
top of a high tower than it is at the 
base by a rather considerable amount 
although tower designers ordinar-
ily do not design antennas for such 
a condition. In mechanical specifi-
cations for NBC's radio towers full 

allowance is made for these condi-
tions and in the case of the WIZ 
antenna it was specified that the top 
section should be designed for a 
wind load of 35 lbs. per square foot 
and the lower section for a wind 
load of 25 lbs. per square foot, from 
any angle.  Thirty-five lbs.  per 
square foot is equivalent to an in-
dicated wind velocity of 125 miles 
per hour or an actual wind velocity 
of approximately 95 miles per hour. 
Generally speaking, a guy wire, 

with full wind loading on the tow-
er, should not be required to carry 
more tension than one-third of its 
ultimate strength.  In addition the 
guy wires should be initially stressed 
to not less than one-half of the 
stresses they will be subjected to un-
der full wind loading conditions. 
The object of this specification is to 
reduce the slack in the guys and so 
minimize whipping of the tower 
which would introduce extremely 
high transient stresses in the guys 
during gusts of wind. It is not be-
lieved that the scope of this article 
is wide enough to warrant going 
further into this particular phase of 
the subject. 

Ground Screens 
Where there is high base voltage 

on a tower the reduction of dielec-
tric losses in the earth merits careful 
consideration. These losses are the 
result of heating of the earth be-
tween the lower part of the antenna 
and the actual ground wires which 
customarily are buried. High base 
capacity should introduce very lit-
tle loss, but interposition of the 
earth may introduce considerable 
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loss which, fortunately, can be ra-
ther easily reduced. The first appli-
cation of the ground screen and the 
quantitative measurements of the re-
duction of losses on broadcast fre-
quencies was at station KOA, Den-
ver, Colo., 1934. Those tests con-
sisted of making measurements of 
field intensity at one-mile distance 
with constant power input, over the 
broadcast  spectrum,  without  a 
ground screen. The entire perform-
ance was then repeated with a 
ground screen in position. This en-
tailed making painstaking measure-
ments of antenna resistance and re-
actance over the broadcast spectrum 
under each condition since the an-
tenna input power could not have 
been determined without them. The 
screen consisted of galvanized iron 
fencing of approximately 3/4-inch 
mesh, 50 feet square.  Figure 7 
shows the improvement in average 
one-mile field strength over the 
broadcast spectrum obtained by the 
use of this ground screen. An equal 
improvement obtained by increasing 
the power of this station would 
have cost over $30,000 whereas the 
ground screen cost approximately 
$300. 

New IVIZ Antenna 

Over ten years ago, Stuart Bal-
lentine* pointed the way to the 
modern broadcast antenna, but the 
high cost and mechanical problems 
proved to be a deterring influence 
on  rapid  development.  Several 
years ago high steel radiating tow-
ers made their appearances. The 

*Proc. IRE —Vol. 12, 833-839, 1924. 

first designs were less than ideal in 
that they had wide bases or wide 
mid-sections producing variations 
in inductance and capacity, which 
in turn produced current distribu-
tions quite different from the sinus-
oidal distribution desired. 
Brown and Gehringt recently 

demonstrated  in model  experi-
ments an effect which had been an-
ticipated  mathematically.  Briefly, 
the benefits expected from antennas 
built with slightly greater than 
one-half wavelength were only part-
ly obtained because of the cross sec-
tional  variation  throughout  the 
length. This produced non-sinusoi-
dal current distribution which led 
to the distortion of the vertical field 
pattern. Some concentration of the 
vertical field at low angles above 
the earth was obtained, but not to 
the extent anticipated. The diame-
ter or cross section of an antenna 
is not important within sensible 
limits so long as it is substantially 
uniform throughout its length. 
Variations result in reducing the 

radiation at low angles and increas-
ing it at high angles. Brown and 
Gehring showed conclusively that 
this is true. It has been proven to 
be true in measurements of actual 
antennas, but not quite as conveni-
ently as can be shown with model 
experiments in which changes in 
shape can be readily made, other 
conditions remaining unchanged. 
The measured 1800  millivolts at 
one mile obtained at WJZ, Bound 
Brook, N. J., near New York City, 
represents about the maximum that 

',Proc. IRE —Vol. 23, 311-353, 1935. 
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can  be obtained,  at 
present at least, with 
antennas built to about 
o n e-h a I f wavelength 
height. The 1800 mil-
livolts recorded in-
cludes no corrections 
upward for ground loss 
within one mile, or 
other factors which rep-
resent the last unavoid-
able losses in any man-
made instrument. When 
correction is made for 
earth loss within one 
mile, which in this case 
is 6 per cent, the WJZ 
field becomes 1910 millivolts per 
meter. NBC, in its studies of an-
tennas, coverage, etc., has measured 
the one mile field intensities of 
many radio stations. On an equal 
power basis, WJZ has the highest 
field ever measured, as it should 
have. 
Prior to approval of the WJZ 

project, careful calculations were 
made of the improvement which 
could be obtained by the construc-
tion of a new tower, including the 
population which would be added 
to the service area, those who 
would be relieved of fading, etc. 
After the antenna was placed in 
service on November 15 the letters 
from the listening audience were 
carefully tabulated on maps to show 
where fading had been eliminated, 
where it was just noticeable and 
where it still existed and these 
maps were then compared with the 
engineering estimates of improve-

WP TF -660 NC. 
VERTICAL DISTRIBUT ION FOR 

PROPRGAT 'ON TESTS 
1933 

FIG. 6—VERTICAL DISTRIBUTION PATTERN 
FOR PROPAGATION TESTS. 

ment which had been made prior 
to construction. This new antenna 
is 640 feet high, is triangular in 
shape, and has 61/2-foot faces. The 
tower is built to withstand an ac-
tual wind velocity at the top of 95 
miles per hour and at the bottom 
of approximately 70 miles per hour. 
Particular attention was given 

in this design to reducing or elimi-
nating arc-overs of the insulators 
due to high static charges. A study 
was made of the potential gradient 
of the tower and also an estimate 
was made of the static potentials 
which might be developed across 
the guy-wire sections. As a result 
the insulators are very close togeth-
er near the tower and are separated 
increasingly toward the bottom of 
the guys. These insulators are built 
in such a manner that the failure 
of the porcelain will not permit 
them to pull apart. The porcelain 
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at all times is under compression. 
The large insulator has a flashover 
rating of 100,000 volts when dry 
and 85,000 volts when wet. These 
insulators are capable of resisting a 
mechanical  tension  of  200,000 
pounds. The normal load due to 
the weight of the towers, guy wires, 
etc., is 230,000 pounds. The guy 
wires for the tower contain 12 of 
the large insulators and 33 of the 
small ones. The upper guys con-
sist of 11/4-inch stranded cable with 
an ultimate strength of 162,000 
pounds. The static stress without 
wind loading on these guys is 
24,000 pounds and under full wind 
loading  conditions  is  48,000 
pounds. The bottom guys consist 
of 1-inch stranded cable with an 
ultimate  strength  of  103,000 
pounds, a static stress without 
wind loading of 15,400 pounds, 
and a full wind loading stress of 
30,000 pounds. 
Directly beneath the base of the 

antenna is a copper ground screen 
48 feet square and radiating from 
the ends of this copper screen are 
120 radials of buried copper ribbon 
each 600 feet long. Altogether there 
are over 90,000 feet of buried cop-
per ribbon in the ground system of 
WJZ. 
The antenna is connected to the 

transmitter through a coaxial tube 
transmission line of greatly im-
proved design. It has a dry flash-
over rating of 95,000 volts and a 
wet flashover rating of 85,000 volts. 
Although the line is not the largest 
coaxial type ever built it has, so far 
as is known, the highest voltage 

raring of any ever built. 
The transmission line is designed 

to operate with 500 kw. carrier and 
2,000 kw. peak modulation power. 
It is of coaxial tube aluminum al-
loy construction with an outer tube 
inner diameter of 10 inches, and 
an inner tube outer diameter of 
23/4 inches. 
The line is 500 feet long, is built 

in 22-foot sections, and has provi-
sion for the 10-inch longitudinal 
expansion which would develop be-
tween a —40* and +120 range of 
temperatures. The line is support-
ed above ground at 22-foot inter-
vals. At each support a small trol-
ley on ball bearings is free to move 
on a weather enclosed track. The 
inner conductor is free to move in-
dependently of .the outer one as it 
will to a minor extent. The slender-
ness ratio of the inner tube is so 
low, and the resistance to move-
ment so low, that buckling and 
short circuit could not occur. The 
clear  air sparkover voltage  in 
"coax" lines usually is considerably 
greater than can be obtained be-
cause of the necessity of imperfect 
insulating supports between tubes. 
A new type of conical porcelain in-
sulator is used in the line which 
makes possible a design in this case 
with only 15 per cent difference be-
tween an ideal line without insula-
tors and the actual line. The heat 
loss per insulator is only 3.8 watts 
on 500 kw. 
The tower lighting consists of 

100-watt lamps on each corner at 
the 105, 210, 315, 420, and 535. 
foot levels and a 1,000-watt Fres. 



1937 BROADCAST ANTENNA DEVELOPMENTS 85 

nel lens aviation beacon 
at the top, flashing red 
at 40 cycles per minute. 
The lighting is con-
trolled by a Weston 
light meter which auto-
matically operates at a 
pre-determined value of 
light intensity. 
Judging by the re-

sponse from listeners, 
which was immediate 
and enthusiastic, the se-
vere  selective  fading 
along  Long  Island 
Sound, in Westchester 
important areas, has been elimi-
nated. The signal was at the 
same time increased five decibels. 
If the increase obtained with the 
new antenna were to be obtained, 
instead, by increasing power, 115 
kw. would be required.  Sixteen 
thousand square miles have been 
added to the WJZ primary service 
area. This is equivalent to an area 
126 miles square. 
The writer wishes to take this 
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opportunity to acknowledge the 
efficient and  untiring work of 
Mr.  Lester  Looney,  Mr.  Carl 
Dietsch and Mr. William Duttera, 
Engineers of the NBC Radio Facili-
ties Group. These men have taken 
a very prominent part in building 
up the Radio Facilities of NBC 
over a period of many years. The 
antennas described in this paper 
were largely engineered by Mr. 
Duttera. 

• 

A SPECIAL EMPLOYMENT survey of the entire radio industry is being 
planned by the Bureau of Labor Statistics, U. S. Department of Labor. 

The government's survey will largely be confined to radio manufacturers 
who are now on the mailing list of the Bureau of Labor Statistics and 
contributing monthly data to that Bureau. 
A normal or average week's employment will be the basis of the pro-

posed survey.  Detailed data on wages, working hours, total earnings, 
number and sex of employees, overtime, bonuses, holidays, union affiliations, 
and specific employment conditions will be obtained.  It is reported that 
the survey has been urged by labor organizations and also is supported 
by several radio manufacturers.  It will be the first survey of this nature 
in ten years. 
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14HE RECENT announcement  of 
±  the discovery of a number of 
ionized layers in the atmosphere 
at heights considerably less than 
that  of the  Kennelly-Heaviside 
Layer suggests to the writer that 
some  notes  regarding the con-
ductivity of the air near the surface 
of the earth may be of interest. 
A molecule of a gas is ionized 

when  an electron,  or negative 
charge, is removed from it. Both 
the electron and the remaining 
positive part are known as small 
ions. If an electric field is applied 
to the ionized gas, the ions will 
move, the rate of movement being 
known as the mobility of the ions, 
the movement itself constituting an 
electric current. 
The small ions are often cap-

tured by specks of dust or small 
drops of moisture, known as nuclei, 
thus forming large ions. The mo-
bility of these large ions will, due 
to their size, be smaller than that 
of the small ions. The air over land 
is more dust-laden than over the 
sea, and in consequence, there will 
be more large ions over land areas 
than over sea,  and  they will 
outnumber the small ions, the re-
verse being the case over the sea. 
The actual number of small ions is 

approximately the same over land 
and sea, the reason for this being 
explained later. It must be remem-
bered that winds will have a con-
siderable effect on the distribution 
of the ions. 
The agents causing the ionization 

are three in number, viz., (a) radi-
ation from radio-active substances 
(radium, uranium, thorium, potas-
sium, etc.) in the earth; (b) radi-
ation from similar matter in the 
atmosphere (radon, thoron) ; and 
(c) the penetrating radiation, com-
monly known as-"Cosmic Rays." 
The radiations from radio-active 

matter are usually denoted as a, 13 
and y rays. a rays consist of posi-
tively charged particles. This has 
been proven by magnetic deflection. 
The particles are actually atoms of 
helium, differing from the ordinary 
atom in their charge.  13 rays are 
formed of negatively charged mov-
ing particles (a stream of elec-
trons). y rays differ from a and 13 
in that they do not consist of par-
ticles, but are similar to X-rays, 
being an electro-magnetic radiation 
with a frequency of the order of 
1016 kcs. per sec. 
All three rays are capable of pro-

ducing ionization, but the y rays 
having much greater penetrating 

0 1937, by Radio Society of Gt. Britain, 53, Victoria Si., London, Eng. 
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TABLE I. 
Approx. Number of Ions per cu. 

cm. of Air. 
Over Land  Over Sea 

Large  1,000 to 80,000  200 
Small   600  600 

power than the other two, can come 
from greater depths in the earth, 
and, therefore, are emitted in larg-
er quantities and will affect the at-
mosphere to a greater height. The 
ionization by a rays from the earth 
is probably restricted to a few 
inches of the atmosphere near the 
ground. g rays can produce slight 
ionization up to heights of 30 feet, 
while 7 rays are appreciably effec-
tive up to one mile. 
The radio-active gases in the at-

mosphere were originally produced 
from the radio-active matter in the 
earth. In the atmosphere there is 
no very absorbing medium, and the 
a rays are, therefore, responsible 
for most of the ionization from this 
source. A greater quantity of a 
rays than g and y are emitted from 
radium and its emanations. The 
radiations from gases in the air de-
crease with height, and are prob-
ably appreciable up to about three 
or four miles above the earth's sur-
face. The radio-active gases being 
rarer over the sea than land, the 
ionization caused in this way will 
be much smaller over water than 
land. 
The universal penetrating radia-

tion was first suggested when it 
was discovered that the ionization 
of the atmosphere tended to in-
crease with height after the first 

kilometer or so. The two ionizing 
agents mentioned above would re-
sult in a continuous decrease with 
height.  It appears that there must 
be an ionizing radiation coming 
from above. The ionization appears 
to be due to fast downward mov-
ing particles, but these particles are 
generally considered to be a second-
ary radiation, the primary radiation 
being electro-magnetic, with a fre-
quency higher than that of 7 rays. 
The radiation appears to consist of 
at least four components, with dif-
ferent absorption coefficients. No 
variations in intensity of rays with 
siderial or solar time have been dis-
covered; it is therefore improbable 
that rays have their source in the 
stars or sun. 

Among the suggestions that have 
been made to explain the radiation, 
the most important is that of Dr. 
R. A. Millikan, who considers that 
the rays are formed in interstellar 
space by the production of various 
elements from hydrogen, the vari-
ous components being due to the 
formation of particular elements. 
Excluding hydrogen, about 99 per 
cent of all matter is made up of 
helium, carbon, nitrogen, oxygen, 
magnesium, aluminum, silicon, iron, 
nickel, and cobalt. These elements 
can be arranged in four groups, as 
those readers familiar with the Pe-
riodic Table in Chemistry will at 
once appreciate, the groups being: 

(a) helium (2) 
(b) carbon (6), nitrogen (7), 

oxygen (8) ; 
(c) magnesium (12), aluminum 
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(13), silicon (14) ; 
(d) iron (26), nickel (27), co-

balt (28). 
The numbers in brackets are the 

atomic numbers of the elements, 
and, for convenience, can be con-
sidered as representing the number 
of revolving electrons in one atom 
of that particular element. (Accord-
ing to Rutherford's theory, atoms 
consist  of a central  positively 
charged nucleus around which re-
volve a number  of negatively 
charged electrons.) Thus, an atom 
of carbon would contain 6 revolving 
electrons. The atomic weight of car-
bon being 12, means that the nu-
cleus contains  12 protons, and, 
since the whole atom is neutral in 
charge, must also contain 6 further 
electrons.  Millikan suggests that 
these four groups correspond to the 
four components of the penetrating 
radiation in the manner already 
stated. 
It has also been suggested that 

thunderstorms may be the source of 
part of the radiation. 
Of the three sources of ioniza-

tion discussed, the radio-active mat-
ter in the air is most effective over 
land, and the penetrating radiation 
is most effective at sea. The per-
centages of the ionization caused by 
the various agents in free air at 
sea level are shown here. 
The effect of the penetrating 

radiation is obviously the same over 
land and sea, and it therefore fol-
lows that the degree of ionization 
of the air will be less over water 
than land, actually ions being formed 
about six times as rapidly over land 

TABLE 2. 

Agent.  Over Land.  Over Sea. 
Radio-active 
Matter: 

Earth —  30% to 40%  Nil 
Air  ---- nearly 50%  Nil 

Penetrating Rad.  20%  100% 

than sea. The death rate of the 
small ions is, however, more rapid 
over land areas, due to more dust 
in the air, and this results in the 
number of small ions over land and 
sea being approximately equal. 
Now if S is the resistivity of the 

atmosphere and an electric field of 
intensity F is applied, then the cur-
rent i through unit area is given by 

= --

S 
the current being due to streams 
of positive and negative, small and 
large ions. 

1 
The conductivity —is proportion-

al to the mobility of the ions, i.e., 
conductivity is proportional to 
(nk  NK) where k and K are 
mobilities, and n and N the num-
bers of small and large ions respec-
tively. In clear air, NK is usually 
negligible compared with nk, owing 
to the low mobility of the large 
ions, and even in large towns, NK 
only approaches 1/5 of nk. 
From this it follows that the 

conductivity of the air mainly de-
pends on the number of small ions 
present, and will be almost the 
same over land and water. 
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Pottier fimplifier Tube 
for UlIra-High frequencies 

• BY  A.  1.  SA M U E L 
Bell Telebbove LabeNito.itt 

THE DEVELOPMENT by the Labo-ratories of an amplifier tube 
capable of handling a moderate 
amount of power at frequencies as 
high as 300 mcgac-ycles per second 
now makes possible an appreciable 
extension of the usable portion of 
the radio-frequency spectrum. The 
use of conventional vacuum tubes 
at these very high frequencies has 
been found unsatisfactory because of 
certain effects which at lower fre-
quencies are of secondary impor-
tance. For an appreciation of these 
effects, certain concepts arc neces-
sary. 
One of them has to do with the 

time required for the electrons to 
travel from the cathode to the 
anode within the tube structure. 
This time is the so-called electron 
transit time. At low frequencies it 
can be neglected; at high fre-
quencies it must be considered. 
One effect it produces is a lag in 
the phase of the output current with 
respect to the grid potential. The 
calculation of this delay is com-
plicated by an important distinction 
which must be drawn between the 

C. 1937, by Bell 

rate of arrival of electrons at the 
plate and the plate current.  As an 
electron approaches the plate it in-
duces in that plate an image charge. 
The magnitude of this charge varies 
with the proximity of the electron 
to the plate.  The flow of current 
in the conductor to provide this 
charge actually constitutes the plate 
current.  Viewed in this light the 
component of plate current due to 
any given electron commences to 
flow when this electron leaves the 
cathode and ceases to flow at the 
instant of the electron's arrival at 
the plate.  Nevertheless, the net 
effect of the transit time, as may be 
shown by a detailed analysis, is to 
produce an appreciable phase dif-
ference between the grid potential 
and the plate current. 
A further consequence of the 

finite transit time is that under 
operating conditions (that is with 
alternating potentials on the tube 
electrodes) the electrons arriving at 
the plate usually will have velocities 
greater than the velocity correspond-
ing to the potential of the anode at 

Telephone biberatories, 463 We:: St., N.Y.C. 
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the instant of their arrival.  The 
excess energy corresponding to the 
greater velocity is obtained from the 
alternating component of the elec-
trode potentials, and its dissipation 
at the plate in the form of heat 
decreases the useful output obtain-
able from the tube.  Part of this 
energy comes from the grid circuit, 
and is responsible for the so-called 
input impedance or active grid load-
ing. The practical effect of this in-
put loading in an amplifier is to in-
crease the power demands placed 
upon the input supply. Its effect is 
by no means negligible even at only 
moderately high frequencies, and at 
ultra-high frequencies this input 
loading becomes of major im-
portance. 
A second important concept for 

the correct understanding of ultra-
high-frequency tube design has to 
do with the increased importance 
played by the interelectrode ca-
pacitances and the lead influences. 
The difficulties encountered in the 
use of the simple three-element tube 
as an amplifier at moderately high 
frequencies as a result of feedback 
or singing caused by the inter-
electrode capacitances,are,of course, 
well known.  Such difficulties are 
greatly increased  at higher fre-
quencies. They may be largely over-
come by the use of a multi-element 
tube structure.  At ultra-high fre-
quencies, lead inductances common 
to both input and output circuits 
produce a similar effect, and so 
must be avoided in the tube design. 
The large charging current re-

quired by the interelectrode capaci-

FIGURE 1—PERSPECTIVE SKETCH 
OF THE HIGH-FREQUENCY 

DOUBLE PENTODE. 

tances at high frequencies affects 
the cathode design. At low fre-
quencies the rate at which electrons 
leave the cathode at any instant is 
identical with the rate at which 
they arrive at the anode. At high 
frequencies this is no longer true. 
The peak instantaneous emission 
may greatly exceed the value that 
would be required-for operation un-
der identical voltage conditions but 
at a lower frequency.  The high 
charging current is also responsible 
for an increase in the resistance 
losses in the tube leads. The re-
sistance of these leads is, of course, 
greatly increased at high frequencies 
because of the so-called "skin" 
effect. Resulting losses decrease the 
efficiency of the tube and may, in a 
power tube, produce enough local 
heating to cause a more or less 
rapid deterioration of the lead-to-
glass seals, which may ultimately 
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destroy the vacuum.  Short, heavy 
leads are therefore required for 
ultra-high-frequency operation. 
The interelectrode capacitances 

together with the lead inductances 
are responsible for still another 
difficulty. The frequency to which 
the input and output circuits of an 
amplifier may be tuned is set by the 
natural frequency formed by the 
interelectrode capacitances and their 
associated lead inductances.  For 
most practical purposes the oper-
ating frequency of an amplifier must 
be well below these values. This 
places an upper limit on the per-
missible values that the  inter-
electrode capacitances and lead in-
ductances can have. 
Many of the factors which have 

been discussed can be compensated 
by reduction in dimensions. It can 
be shown, in fact, that if all the 
dimensions of a vacuum tube are 
reduced in the same proportion, the 
transconductance, plate current, and 
amplification factor for fixed elec-
trode potentials will remain un-
changed while the values of inter-
electrode  capacitances,  lead  in-
ductances, and electron-transit time 
will be reduced in direct proportion 
to the reduction  in size.  Un-
fortunately,  a reduction  in di-
mensions without a corresponding 
reduction in all operating voltages 
is possible only at the expense of an 
increased demand on the emission 
capabilities of the cathode. The re-
quired emission per unit area must 
vary inversely as the square of the 
linear dimensions. Added to this is 
the increased demand caused by the 

high-frequency charging currents 
already discussed.  The available 
emission is fixed by the character of 
the cathode surface, and cannot 
easily be increased. A proportionate 
reduction in cathode dimensions, 
therefore, is not feasible. Further-
more, the proportionate reduction 
of the anode dimensions would re-
quire an increase in the power 
dissipation per unit area—again in-
versely proportionate to the change 
in linear dimensions.  While the 
heat-dissipating ability of the anode 
can be increased in a number of 
ways, most of these will increase the 
tube capacitances.  The high grid 
temperatures which may result from 
the reduction in dimensions also 
makes necessary the introduction of 
cooling provisions. Because of these 
effects one must combine a re-
duction of dimensions with the in-
troduction of special mechanical 
arrangements to overcome the other-
wise harmful effects of this re-
duction. 
All these factors have necessarily 

been taken into account in the de-
velopment of the new tube. As may 
be seen in Figure 1, it consists of 
two relatively large concentric metal 
cylinders and two sets of tube ele-
ments diametrically opposite each 
other outside the outer cylinder. The 
cylinders act as a shield between the 
input leads to the control grid and 
the output side of the tube, as sup-
ports for the screen and suppressor 
grids and as a radio-frequency by-
pass condenser between them, and 
as  low-impedance  leads  inter-
connecting the two sets of screen 



92  RADIO DIGEST  SEPTEMBER 

T A B L E  I 

Operating Characteristics and Constants of the Double Pentode Tube 

Filament current (each side)   5.0 amperes 

Filament potential (each side)   1,5 volts 
Rated anode dissipation (each anode)  15  watts 
Rated screen dissipation (each side)   5 watts 

At Anode and Screen Potentials of 500 Volts and Anode Current 
of 0.030 Ampere-Characteristics of each Side 

Transconductance  1250 micromhos 

Anode resistance  200,000 ohms 

Normal control grid potential  —45 volts 

Interelectrode Capacitances (When Properly Mounted) 
Direct control grid to control grid   .0.02 micromicrofarad 
Direct plate to plate  0.06 micromicrofarad 

Total control grid to ground (each side).___ ........ _  3.8  micromicrofarads 

Total plate to ground (each side)  3.0  micromicrofarads 
Control grid to plate (each side)  0.01 micromicrofarad 

Lead Inductances 
Total grid to grid  • 0.07 microhenry 

Total plate to plate  0.08 microhenry 

Rating as Class A Amplifier 

Maximum direct plate potential   —  500 volts 
Maximum direct screen potential  500 volts 
Maximum continuous plate dissipation (each)   15 watts 
Maximum continuous screen dissipation (total)   10 watts 
Maximum output at 150 megacycles with distortion 

down 40 decibels  .....   1 watt 
Nominal stage gain at 150 megacycles     20 decibels 
Nominal control grid potential  —45 volts 

Rating as Class B Amplifier 

Maximum direct plate potential  500 volts 

Maximum direct screen potential  500 volts 
Maximum space current (total)  150 milliamperes 

Maximum continuous plate dissipation (each)   15 watts 
Maximum continuous screen dissipation (total)   10 watts 
Maximum output at 150 megacycles   10 watts 
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FUNCTION  OF FREQUENCY. 

and suppressor grids. The control 
grids are of an unusual design, con-
sisting of a cooling fin to which 
are attached loops of tungsten wire 
encircling the thoriated tungsten 
filament. These control grids pro-
ject through the slots in the cylin-
ders and are in turn surrounded by 
loops of wire attached to the inner 
and outer cylinders and acting as 
the screen and suppressor grids re-
spectively. The control grids are 
supported directly on their leads 
which project through one face of 
the tube envelope. The semi-cylin-
drical anodes are also supported 
directly on their leads which project 
through the opposite face of the 
tube envelope.  This unusual con-
struction is made desirable by the 
ultra-high-frequency requirements 
which have just been described. 

In spite of the unusual form of 
the tube, electrically it is the 
equivalent  of two  conventional 
negative-grid, pentode tubes.  Its 
performance at frequencies as high 
as 300 megacycles is quite com-
parable with the performance of 
conventional tubes at much lower 
frequencies. 
Operating  characteristics  and 

constants are listed in Table I. 
Special attention is directed to the 
values of interelectrode capacitances 
and lead inductances. It will be ob-
served that while the interelectrode 
capacitances are low they have not 
been reduced in proportion in the 
reduction of operating wavelength. 
A more important feature, how-
ever, is the reduction of the lead 
inductances. 
For a tube which is to be used 

at ultra-high frequencies, certaia 
characteristics not ordinarily con-
sidered are of particular significance. 
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One of the most important of these 
is the active grid loss which, as al-
ready mentioned, comes about be-
cause of appreciable electron transit 
time. Figure 2 gives a plot of the 
push-pull input shunting resistance 
of this tube as a function of fre-
quency. The value of 30,000 ohms 
at 150 megacycles is to be com-
pared with 2,000 ohms, a typical 
value for two conventional tubes in 
push-pull.  At 300 megacycles the 
input resistance of the twin pentode 
is still above 6,000 ohms, while 
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FIGURE 4—INPUT-OUTPUT REAC-
TION DETERMINED EXPERI-

MENTALLY AT 150 MEGA-
CYCLES. 

for conventional tubes it is so low 
as to make them entirely inoper-
ative.  The variation in the input 
resistance with the operating con-
ditions of the tube for a constant 
frequency of 150 megacycles is 
shown in Figure 3.  It is evident 
that if a high value of input re-

sistance is to be realized, high anode 
potentials with low space currents 
must be used. The reduction in the 
filament-grid spacing made possible 
by the unusual construction is in a 
large measure responsible for the 
improvement in the input resistance 
just noted. 

A characteristic measurable only 
at the operating frequency is the 
interaction between the input and 
output circuits which results from 
the residual value of the grid-plate 
capacitance.  This reaction differs 
from that predicted for the low-
frequency capacity measurements on 
a cold tube because of the inductance 
of the screen-grid lead, and because 
of the electron space charge.  The 
reaction can be measured by ob-
serving the variation in the input 
impedance resulting from the tun-
ing and loading of the output cir-
cuit.  Experimentally  determined 
values are given in Figure 4. 

The double pentode tube has 
been found useful as a high quality 
class A amplifier, as a class B ampli-
fier, as a frequency multiplier, and 
as a modulator at frequencies of 
300 megacycles per second and be-
low.  Its performances in these 
various modes of operation is quite 
comparable to the performance of 
conventional pentodes of similar 
ratings at much lower frequencies. 
Stable operation with some gain has 
been obtained at frequencies as high 
as 500 megacycles. When operating 
as a class A amplifier at 150 mega-
cycles, an output of 1 watt is ob-
tained with the distortion 40 dec-
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ibels below the fundamental. Under 
these conditions the stage gain is 
20 decibels. Outputs of 10 watts 
with a plate efficiency of 60 to 70 
per cent and a gain of 10 decibels 
are secured when this tube is used 
for class B operation. 
The development of this tube 

demonstrates that power amplifier 

• 

T aal° Remarks That . . . 

tubes of the negative-grid type are 
usable at higher power levels and 
frequencies than have been reported 
previously.  This type of develop-
ment removes a practical barrier 
which, up to the present, has pre-
vented the successful utilization of 
frequencies that extend above one 
hundred megacycles. 

T HE NEW YORKER introduces the megacycle as a vehicle. Discussing 
a television demonstration in Gotham. this magazine says that the images 

which were sent over to the Empire State building by wire came back to 
RCA building on a megacycle. 

• 
T HE LATEST invention pounced upon by paranoia victims is television. 

According to a late report, the sufferers aver that enemies watch them 
out of mirrors, by way of television. 

• 
T HE BROADCAST industry has invested a total of $40,000,000. 24,500,000 

homes in the United States are equipped with sets and 4,500,000 re-
ceivers are installed in cars. 

• 
T HE NEW light-polarizing glass is available from Land-Wheelwright 

laboratories, Boston, Mass.  It is called "Polaroid.' and is a special 
sort of safety-glass in which the central shatter-proofing layer is replaced 
by a special layer containing a vast number of crystals. It is seriously being 
considered as a means of cutting down headlight glare (polarize lamps one 
way and windshields another).  Cure? Yeah— and costly.  Maybe less 
costly when we all %ear them—on our cars, not in our eyeglasses. 

• 
A FTER a skidding automobile crashed through a bridge rail in Boston, 
telephone cables held it suspended until rescuers extricated the driver 

unhurt. Good wiring! 
• 

W 9FWN and W9ESZ have noticed a fluttering of their 10-meter signals 
" only when metal planes of the Northwest Airlines are flying almost 
directly over FWN's antenna. They are trying to justify the suggestion of 
reflections. 

• 
IT IS unlawful to run a radio in a Boston hotel lobby on Sunday without 
••• a special permit. 



THE TECHNICAL HELD 
in Quick :Review 
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R ADIO DIGEST briefly summarizes for its readers the contents of leading 
radio articles in current technical publications, some of which may 

appear later in RADIO DIGEST. 

ANTIDOTES FOR BUG 
PolsoN, by G. S. Granger 
—One of the most useful 
and abuseful adjuncts to 
,radio telegraphy is the 
semi-automatic transmitter 
key, better known as the 
"hug". The sorry results 
caused by those who sacri-
fice everything for the sake 
of its speed is well-known 
to all amateurs. Mr. Granger explains 
the principles of the key and carefully 
outlines its proper use. 
5 AND 10 SUPERHET, by S. 0. Oeh-

man—An attempt to overcome the reti-
cence of hams toward superhet receiv-
ers on the 5 meter band, by solving the 
two principle objections formerly held 
against its use: noise and lack of van-

August, 1937— 
DAY PROPAGATION AT 

MEDIUM FREQUENCIES, by 
Raymond M. Bell and Paul 
S. LeVan—Describing the 
data obtained from experi-
ments upon the day pro-
pagation of frequencies be-
tween 550-1500 kcs, ob-
tained from 60 stations 
under similar receiving 
conditions, this discussion throws a new 
light upon the propagation of these fre-
quencies for those interested in this 
particular phase of radio. 

1111-WIM 
RADIO 
AUGUST, 1937 

M afflOff PlIblIC/110III Corp. 
16 E. 43 Sr., N.Y.C. 
23t a ropy—P.30 yearly 

transformer. 

able selectivity control. 
A. C. OPERATED BIAS 

SUPPLIES FOR 'PHONE AND 
C. W. TRANSMITTERS, by 
W. E. McNatt—Presenting 
practical, concrete infor-
mation about a.c. operated 
bias supplies.  Both low 
and high voltage units are 
considered, as are the volt-
age regulator and power 
A small but sufficient 

amount of mathematics is included to 
make his system clear. 

THE RME-69 RECEIVER AND THE NA-
TIONAL "1-10"—Descriptions of these 
commercial models operating between 
600 and 10 meters and 1-11 meters re-
spectively. 
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NEW AIRCRAFT  RADIO 
RECEIVERS, by Stanley J. 
Gusto!.  Mr. Gustof de-
scribes here the construc-
tion features of the latest 
receivers being used in 
commercial and small pri-
vate planes. 
MIXER CIRCUITS, by Al-

bert Preisman —This sec-
ond installment of the dis-

cussion of these circuits contains much 
interesting information — both descrip-
tive and mathematical —not previously 
revealed. 

96 
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In the July, 1937, COMMUNICATION & BROADCAST ENGINEERING 

300 K.W. GRID CONTROLLED RECTI-
FIER, by I. M. Williams—High d-c volt. 
age single section power rectifiers are 
relatively new. This short but informa-
tive description of such a rectifier oper-
ating at Rocky Point, Long Island, the 
RCA Communications Transmitting Cen-
ter, is therefore especially interesting. 
The rectifier supplies plate voltages from 
8,000 to 20,000 volts d-c to high power 
tubes for transmitting commercial mes-
sages to various parts of the world. An 
induction type phase shifter is used to 
regulate the output voltage magnitudes 
by changing the phase relationship be-
tween the grid anode voltage and the 
primary voltages of two low capacity 
grid transformers. The range, provid-
ing for a gradual rise in d-c rectifier 
voltage, is secured by turning the rotor 
of the phase shifter. Turning torque is 
supplied by a small dc motor, gear-
reduction unit, and a magnetic clutch. 

PERFoRMANCE OF  A DIRECT  LAT-
ERAL RECORDING SYSTEM, by Frank W. 
Stellwagen —Although  the general the-
ory and the performance of the indi-
vidual component parts in direct lateral 
recording systems have been discussed 
previously this artir le for the first 
time reveals the detailed data on the 
re,ordingplayback  system,  showing 
overall performance as well as that of 
the component parts.  The article is 
romplete with machine specifications, 
performance curvim, and layout dia-
grams. 

PoRT AMA  If 11:11•SPI in  LEVEL  HE. 
(0501.a, by 4. W. Nirmann- -In  the 
field of sound measurements a great 
dern•nd exists for sensitive, portable, 
high speed level rem orders. The reuorder 
here des, riled ontain• several new fea-
ture..  It an be used, by an inter-
changing of potentiometers, both to re-
tain [permanent records of electrical 

measurements in db units, and acousti-
cal measurements in phone units. The 
apparatus consists of an input poten-
tiometer, amplifier, rectifier, and motor 
driven disk, which, coupled to the in-
put potentiometer by a magnetic clutch, 
can vary the potentiometer setting to 
hold the rectified output of the ampli-
fier constant.  A recording stylus in 
contact with a moving strip of wax 
paper indicates the changes.  Various 
potentiometer ranges can be used; as 
high, for instance, as 0•75 db for elec-
trical measurements. The phone poten-
tiometer used in recording sound in-
tensity has a variable reaction to col--
respond to that of the human ear. Its 
frequency response changes, as does 
that of the ear, at different signal in-
tensities. 

SNOW STATIC EFFECTS oN AIR( RAFT, 
by H. M. llucke—Condensing a previ-
ously presented report on the United 
Air Lines' study of this problem as it 
affects radio reception. 

TELEVISION STUDIO CONSIDERATIONS, 
by W. C. Eddy—There are many tech-
nical problems which must be sur-
mounted before television can lie wide-
ly produced.  Assuming that this will 
be done, however, it is interesting to 
anticipate, as this article does, the pos-
sible changes that will be required in 
broadcast entertainment and technique 
before the commercial success of tele-
vision can be expected. 

THE Low  POWER TRANSMITTERS, by 
John P. Taylor—Last month Mr. Tay-
lor described several of the standard 
transmitters available for low [power 
broadcast stations. The current issue 
contains the second installment of the 
series, in which the W. E. 301A/30III 
and the Collins 300E/300E transmitters 
arm discussed. 



98 RADIO DIGEST  SEPTEMBER 

DEVELOPMENTS IN 1938 
RECEIVERS—This year me-
chanical improvements and 
constructional refinements 
are  most  in  evidence. 
Some limitations are cited 
in the methods of realign-
ment in case of circuit 
constants caused by age-
ing, heat or humidity. Little change is 
made in acoustical features other than 
that both positive and negative feedback 
ale used in some models for better fre-
quency response.  Glass tubes, such as 
the G types, are used more. Tuning ease 
is stressed.  No increase of either the 
ultra-high or extra-low frequency ranges 
are apparent.  Prices are generally 
higher, but present indications are that 
a greater value will be obtained for 
the money. 
DIRECTIONAL ARRAY FIELD STRENGTHS, 
by A. R. Rumble—Careful considera-
tion of two salient features is involved 
in the designing of any directional an-
tenna array: the shape of the pattern 
and the absolute magnitude of the sig-
nal strength contours in the pattern. 
In this discussion a method is indicated 
for computing the performance of di-
rectional arrays and comparing them 
with the performance of a single ver-
tical radiator of the same height. The 
mathematical results obtained are es-
pecially useful in the planning of im-
provements in broadcast radiation sys-
tems. 
RELAYS IN TUBE OUTPUT CIRCUITS, 

by E. E. George—Virtually every com-
mercial application of the vacuum tube 
requires a relay in the plate circuit of 
the final tube. This article describes a 
method for obtaining a visual compari-
son of the tube and relay characteris-
tics by superimposing the relay charac-
teristic on the tube characteristic with 
the origin of the relay curve corres-
ponding to the plate supply voltage and 
zero plate current. This permits the 
determination of the circuit conditions 
for developing the optimum relay map 
netomotive force. The effect of varia-

electronic-il 
•   
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nuns of voltage or relay 
and tube characteristics is 
easily seen. 
VIDEO  AMPLIFIER  DE-

SIGN, by R. L. Freeman 
and 1. D. Schantz—A vi-
deo amplifier is one that 
is responsive to picture 
signals, and, therefore, is 

an extremely good audio as well as a 
very wide band radio frequency ampli-
fier. It is used in the studio for amplifi-
cation and for impedance matching pur-
poses; in the transmitter for amplifica-
tion and modulation; in the receiver 
for amplification, and often times in all 
three components of a television sys-
tem as a polarity changer. In the de-
sign of such an amplifier the frequency 
response, phase shift and transient re-
sponse must be considered. Practical 
data, including an example, for the de-
sign of such an amplifier is given here. 
RADIO TUBE Noise, by Hugh G. 

Hamilton—Commercialization  of  the 
screen grid tube produced tremendous 
increases in radio receiver sensitivity. 
The problem of background noise, how-
ever, has been an undesirable accom-
plishment. A considerable amount of 
this noise is introduced by slight elec-
trical fluctuations in the tubes. In ad-
dition to the known effect of tube noise 
due to the shot effect, gas ionization, 
x-rays and secondary emission, on the 
ultimate sensitivitj, of an amplifier, 
other electrical or mechanical variables 
may set up disturbances of even a 
higher order of magnitude. These may 
be outlined as follows: (1) Variable 
electrical leakage deposits; (2) Pres-
ence of conducting threads of carbona-
ceous material lodged between ele-
ments; (3) Variable or sliding con-
tact between metal parts, nominally at 
the same potential; (4) Poor welding 
of the elements to their lead wires and 
intermittent short circuits between ele-
ments;  (5) Mechanical vibration of 
elements. The importance, prevalence, 
and effects of each of these individual 
sources of noise are considered. 
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. THE FOURTH C. G I. R. 
AT BUCHAREST PAVES THE 
WAY FOR CAIRO, by James 
J. Lamb and John C. 
Stadler—Reporting the re-
sults of the International 
Radio Consulting Commit-
tee's recent meeting, the 
two representatives of the 
International Amateur Ra-
dio Union present encour-
aging information of increased recog-
nition for amateur radio. 
PICK YOUR SPOT ON YOUR NEIGH-

BORS' SUPERS, by George Crammer— 
Revealing the information which ex-
plains how beat interference from ama-
teur signals arises in broadcast band 
superhet receivers, this article describes 
how beats with popular local stations 
can be avoided. 
A 50-Wan C.W.-'PnoNE TRANSMIT-

TER FOR 220-VOLT D.C., by M. P. Mims 
—The sorry plight of a brother ham 
secluded from the average world, and 

From the 
BATTERY PERFORMANCE FROM THE R. 

A. C. POWER SUPPLY, by George Gram-
mer—A recent highly practical applica-
tion of the a.v.c. principle in radio for 
regulating the voltage output of power 
supplies makes possible the use of recti-
fier-type power supplies which duplicate 
battery performance—without the life 
factor. The operation of three circuits 
are discussed by Mr. Grammer: adapta-
tion of the RCA circuit, essentials of 
Bell Laboratory development, and de-
tails of a practical voltage-regulated 
power supply for amateur receivers, 
speech amplifiers, and other devices re-
quiring like voltages and currents. 
UNIT-STYLE PORTABLE STATION, by 

Clinton B. De Soto and Byron Good-
man—Construction considerations of a 
four-unit portable rig designed for use 
under three conditions—on field days, 
during vacation trips, and for emer-
gencies—are outlined by the authors. 
Since a six-volt battery is all that is 
needed for operation, in addition to 
the units themselves, this rig is quite 
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in a place where the only 
source of power is a 220. 
volt system, prompted the 
rnearch made by the au-
thor, resulting in the suc-
cessful rig described by 
him here. 
BEAM TUBES IN A PUSH-

PULL AMPLIFIER, by Clark 
C. Rodimon —Further in-
formation on the beam 

transmitter tube, the RK-48, presented 
as a sequel to the article one month ago 
which was devoted to the RK-47. 
CLASS-B AUDIO DRIVER CONSIDERA-

TIONS, by Douglas Fortune—The per-
formance of an otherwise perfect Class-
B audio stage may be impaired by an 
inadequate driver or by imperfect 
driver transformer design.  To insure 
against this, the author points out some 
of the important considerations in the 
design of a driver stage which will de-
liver perfect quality to the Class-B 
grids. 

August, 1937, QST 
convenient for emergency purposes. The 
transmitter can be operated on 'phone 
or c.w.  The units consist of a dual 
Genemotor assembly, a class B modu-
lator, a four-tube superheterodyne re-
ceiver, and a 35-watt input crystal-
controlled transmitter. 
56 Mc. CONVERTER OF HIGH STABIL-

ITY, by Byron Goodman—A simple 
solution to the principle of 56 Mc. 
c.w. reception—that of obtaining a 
stable high-frequency oscillator—is sug-
gested: use of a higher intermediate 
frequency, thus abolishing image dif-
ficulties; placement of the oscillator on 
the low- side of the signal frequency, 
and incorporation of high C. 
DE-LUXE 'PHONE TRANSMITTER WITH 

GROUPED CONTROLS AND CABLE TUN-
ING, by S. L. Baraf and Frank Ed-
monds—Aimed for those desiring to be 
on the air with a definite frequency 
and with a high quality signal, this ar-
ticle explains something new in trans-
mitter construction regarding simplified 
tuning and control protection. 
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VERSATILE 60 WATTS OF 
Ammo, by Ray L. Dawley, 
—In answer to numerous 
requests for a description 
of a self-contained modu-
lator capable of sufficient 
output to modulate the 
"Bi-Push", the T20 rig, 
and other transmitters of 
similar power capabilities, 
Mr. Dawley presents an 
amplifier that will meet these condi-
tions and, in addition, can also be used 
to drive a higher power modulator, as 
well as being suitable as a high power 
public address amplifier. 

THE SIMPLEST UNIVERSAL ANTENNA 
COUPLER, by W. W. Smith—A surpris-
ing number of things can be done with 
a tapped coil and variable condenser— 
antenna coupling and tuning for in-
stance. The combination, when built up 
to enable different methods of connec-
tion, makes a unit that is surpassed in 
its utility only by its versatility.  De-
tails of the connections that make pos-
sible proper "matching", so called, of 
the feeder and the transmitter; load-
ing adjustment, and harmonic suppres-
sion are discussed in detail. 

MAKING LIFE MORE SIMPLE, by F. 

SCIENCE AND SOCIETY, 
by David Sarnoff—An ad-
dress  delivered  by the 
president of RCA before 
the  American  Physical 
Society, at Washington, D. 
C, on April 30, 1937. 
TELEVISION STUDIO DE-

SIGN, by R. M. Morris and 
R. E. Shelby—Describing 
in detail the present plant 
and equipment in Radio City. 
RECENT DEVELOPMENTS IN DIVERSITY 

RECEIVING EQUIPMENT, by J. B. Moore. 
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Alton Everest —The ap-
plication of the constant 
current type of curves to 
vacuum tube characteris-
tics  is relatively  new. 
Graphical class C amplifier 
design and calculation be-
comes a very simple pro-
cess, however, when one 
familiarizes himself with 
the interpretation and ap-

plication of these charts. This method 
of presenting tube characteristics is ex-
tremely useful and should become wide-
ly popular if encouraged. 
INSTANTANEOUS, REMOTE CONTROLLED 

QSY (PART II), by Dave Evans—There 
are many advantages in instantaneous 
bandswitching, known to every amateur 
operator. During the amateur's approxi-
mately annual appraisal of his rig, Mr. 
Evans suggests some simple changes 
that, if incorporated, will provide this 
desirable end. In the February issue 
of RADIO, he described an exciter unit 
incorporating remotely controlled, in-
taneous QSY and band change. In 
the current installment a method is ex-
plained for applying the same band-
changing and QSY features to a high 
power amplifier stage designed to take 
one kilowatt input. 

sillEst, 
JULY, 1937 

501- a copy-41.30 yearly 
RCA Instant's Technical 

Press 
73 Varki Si., N.Y.C. 

Discussing the most recent 
design of the diversity re-
ceiving equipment for the 
reception of high frequen-
cy trans-oceanic radio sig-
nals. 
GRAPHICS OF NON-LIN-

EAR CIRCUITS, by Albert 
Preisman — Introducing 
quite  general  graphical 
constructions for solving 

non-linear circuits based upon the point-
by-point method of solving differential 
equations. 
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Aligatft, 1937— 
IDLING CHARACTERISTICS 

or ELECTRoLYTIC CONDENS-

ERS, by I.. W. Appleton — 

Users of electrolytic con-

densers  are  confronted 

with the "shelf-life" factor, 

the extent of deterioration 

of the anode fil m fro m the 

time  of  shipping  to  the 

time of use.  This article 

discusses  these  characteristics 

wet-type electrolytics, 

INDUCTANCE OR CAPACITY TUNING, by 

W. E. Bonha m —Further discussing and 

mathe matically deriving the effects  in 

circuits of tuning by these syste ms, Mr. 

Bonham concludes his article with this, 

the second install ment. The author's first 

article appeared in Radio Engineering 

for July. 

10 the July, 

DYNAMIC  SYMMETRY  IN RADIO  DE-
SIGN, by  W. C. Eddy-1n introducing 
the principle of Dyna mic Sy m metry to 

radio design engineers, the author re-

veals that natures laws of design have 

been reduced to  the co m mon  deno mi-

nator of a mathe matical progression by 

botanists sonie time ago. Dyna mic Sy m-

metry is a form of good co mposition. 

not a series of rules de manding strict 

adherence.  It can be considered as a 

syste m of two-di mensional co-ordination 

assisting the engineer in designing ap-

paratus which is both pleasing to the 

eye  and  durable.  The  article  in  the 

current issue is the second of a series 
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2fe d ropy -12.00 yearly 

Bryan Davi, 

PaIlishist Co., Int. 
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of  the 

SERviriNG M OVIE SOUND, 

by W. 11". Walt:—Some of 
the  re markably  si mple 

trouble-shooting  tests em-

ployed  by  experienced 

sound engineers in sound 

motion  picture  work  are 

revealed by Mr. W altz.  A 

block  sche matic  diagra m. 

in which the batteries ad-

mittedly  should  be  re-

placed  by  rectifiers  and  perhaps  the 

photocell amplifiers re moved. illustrates 

THE  NEW  W I ElvERS. 
One of the several articles 

appearing in various mag-

azines concerning the lat-

est models of radio receiv• 

ers. 1.ike the others, it em-

phasizes  the  fact  that  a 

majority  of  the  improve-

ments are  in  the line of 

increased convenience for 

the user, with less changes 

made in bettering set perfor mance. 

TURrs  IN  TRANSIT,  by  Stanley  W. 

Todd — The  substantial  losses  incurred 

by the transportation co mpanies during 

the earlier days of tube and set ship-

ping  made  necessary  a study of the 
packing  proble m.  Imprmements  in 
tube stnictures have helped materially, 
but the scientific parking develop ments 
described here have done even more. 

1937, litre— 

devoted to this subject. 

PLATE EFFICIENCY or CLASS "11" AN-
et.IFIERS,  by  Paul Adorjan--Mantafee• 
hirers'  ratings  of  plate  dissipation 

usually  are  expressed  as  "watts  aver-

aged over any audio frequency cycle-. 
The  designer  hi mself  must  determine 

the average plate efficiency of his tubes. 
Tubes considered he re are for use In 

class B amplifiers. The necessary mathe-

matical method to be used by designers 

in  calculating  the  watts dissipated  in 

a tube under any conditions of opera-

tion, and hence  to  deter mine  the op-

timu m condition of operation, is care-

fully outlined. 
• 
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the general layout, and as-

sists in the understanding 

of  the  exa mples  used. 

Means  of  localizing  the 

trouble, checking the vari-

ous parts, and correcting 

the faults are dealt with. 

Bic- SCREEN  TELEvISIoN 

PICTURES,  by  the  Tele-
vision Reporter — One of 
the  more  frequent  criti-

cis ms of cathode ray television is that 
the size of the pictures is not sufficient 
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for practical use. At an I.R.E. conven-
tion, however, an electron gun able to 
project images of a size and quality 
comparable  to  home  movies  was 
shown.  The gun is a tube about 18" 
long and produces an image about 11/4  
by 21/4  inches on its self-contained 
fluorescent screen. The brilliance of 
this image is sufficient to permit simple 
optical projection on a large external 
screen. An image enlarged to 3 by 4 
feet was presented with sufficient clar-
ity to be visible by the large assem-
blage. 

1937 OLYMPIA TRANS-
MITTER, by G. McL. Wit-
ford—In this, the first of 
three articles dealing with 
the individual units of a 
modern  transmitter, Mr. 
Wilford discusses the ex-
citer. The rig is designed 
for  two-band  operation 
without changes in either 
the exciter or the p.a. 
Changing the positions of switches and 
the antenna coupling are all that is re-
quired. The exciter is designed for the 
14 and 28 Mc. bands, but should work 
with equal efficiency in the 7 and 14 
Mc. bands, or the 3.5 and 7 Mc. bands. 
It supplies 200 watts to the p. a., and 
in itself will operate as a high effi-
ciency low power transmitter. 

SEVENTH ANNUAL B. E. R. U. CON-
TESTS, 1937—Detailed listing of the par-
ticipants in the annual transmitting and 

THE TINY TOT, by A. I. Haynes—Al-
though tiny in size, 6W by 4-11/16" 
by 67A", this receiver will give results 
equal to the best of larger super.regens, 
either for home or portable use.  Its 
radiation is negligible and it operates 
from any power supply capable of sup-
plying 250-300 volts d.c. and 6 volts 
a.c. or d.c. for the filaments. It makes 
use of the new "small drain" tubes, is 
simple to construct, and has excellent 
sensitivity and selectivity. A transmit-
ter to complete the portable-mobile rig 
will be described next month. 
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Radio Society of Gt. Brit. 
33, Victoria St., London 

receiving contests, spon-
sored by the British Em-
pire Radio Union, is in-
cluded in this report of 
the contest results. 
DUMMY AERIALS—THE-

ORETICAL CONSIDERATIONS, 
by I. H. Edwards and H. 
G. Coleman—Dummy an-
tennas which are the ac-
tual. equivalent of those 

daily in use, are the subject of the au-
thors' work.  Explaining the proper 
combinations of inductances, condensers 
and resistors necessary to simulate the 
various types of antennas, the article 
provides complete analyses for dummys 
of different electrical lengths: 1/4 wave, 
1/2 wave, 3A wave, etc. 
THE "RADIO" W. A. Z. PLAN—A col-

umn quoting the February issue of RA-
DIO on the advantages of the Worked 
All Zones Plan and the use of the 
W.A.Z. map issued by that publication. 



21 Years Old.. • 

Bain. Befau Btaadcaistiptg Begafs 
The M agazine " R A DI O— is today the recognized w orld-

wide  authority  of  stnealeur.  short wave.  and 

experi mental radio. 
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of national repute, and to add pep, 
variety, and sparkle to its content 
it accepts and pays for many from 
-outside" sources.  More profusely 
illustrated than any magazine in its 
field. 
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JONES RADIO HANDBOOK ,5 the standurd tent 
of the field. Over 450 pages.  Profusely illus-
trated.  Completely revised; not a rehash of 
previously published material —a library in it-
self.  New equipment is shown throughout, in-
cluding dozens of receivers and transmitters 
from the smallest to the lorgest.  $1.50 per 
copy in continental U.S.A.; elsewhere, $1.65 or 
is., postpaid. 

JONES ULTRA HIGH FREQUENCY HANDBOOK is 
a reprint of the u.h.f. chapter in the big "Jones 
Radio Handbook". The most complete work of 
its kind. U.h.f, and micro-wave practice is des-
cribed in detail together with complete trans-
mitters, receivers, and all associated apparatus. 
$0.50 (or 2s.) per copy, postpaid anywhere. 

JONES ANTENNA HANDBOOK is a reprint of the 
antenna portion of the big "Jones Rcdio Hand-
book". Need more be said? $0.50 (or 2s.) per 
copy, postpaid anywhere. 

AMATEUR RADIOTELEPHONY is the first work 
written expressly for the "phone mon" and is 
devoted entirely to the technicalities peculiar 

to this field; all general systems of modulation and amplification are described 
together with complete transmitters, measuring equipment, and the like. 
Questions and answers for preparation for the special-privilege Class-A license 
examination ore included.  128 pages; thoroughly illustrated.  $0.75 (or 3s. 
2d.) per copy, postpaid anywhere. 

RADIO AMATEUR NE WCOMER tells how to start right in amateur radio, how to 
learn the code, pass the license examination, and build your first simple yet 
effective equipment.  The first book which every beginner should have.  No 
mathematics, no "deep" theory. $0.25 (or is.) per copy, postpaid anywhere. 

"RADIO" ANTENNA HANDBOOK is a book on an-
tennas and nothing else!  Everything worth telling 
about them  is gathered together into this one 
book.  Much of the material is in no "general" 
handbook.  Those who break  records  long  ago 
learned that the antenna is the all-important fac-
tor, more important by for than the receiver used 
or the power of the transmitter. Get the most from 
your station by using the proper antenna.  $0.50 
(or 2s.) per copy, postpaid anywhere. 

"RADIO" BINDER. This binder in brilliant imitation 
leather holds your copies of "Radio" neatly and in 
addition  takes the great annual  handbook  by 
"Radio".  Makes a real library of your "Radio" 
literature; each copy is removable separately. $1.50 
in U.S.A.; elsewhere, $1.75 (or 7s. 3c1.). 

W.A.Z. MAP including "DX Zones of the World". 
Outline mop, 34"x28" on heavy white paper. Only 
$0.25 (or is.), postpaid anywhere. (5 international 
postal reply coupons will be accepted as 75c 
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