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CI From RADIO, 
April, 1938 

fl Card-Indexing Sgstem 
• Radio /Mot 

With the wealth of information made available in recent 
years by the various magazines in the field of radio communi-
cation, a system of filing this material for easy and quick 
reference is quite important.  In this article, Mr. Curran dis-
cusses his adaptation of the Dewey System of Decimal Classi-
fication, a systematic method of filing, to the needs of radio-
men. 

BY GEORGE  W. CURRAN 

•VOUR back copies of RADIO, 
I.R.E. Proceedings, or whatever 

your favorite technical radio maga-
zine may be, constitute a very valu-
able source of information. In these 
back files will often be found ma-
terial unpublished in text books or 
elsewhere. To prove their value to 
yourself take twelve issues from a 
year or two ago and glance through 
their pages. You will invariably find 
a number of articles containing ma-
terial pertinent to some problem re-
cently at hand and which would 
have been very useful had you been 
able to find them at the time. 
As your file of back copies in-

creases in size, it also increases in 
potential value, but unfortunately 
a new condition also develops 
which tends to minimize its value. 

The quantity of reference material 
becomes so large that a search for 
any particular information becomes 
a considerable task. 
As a solution to this problem, 

the writer has been using for sev-
eral years a system of card indexing 
which is simple and easy to main-
tain and which makes the finding 
of any given reference an easy mat-
ter. All of the articles as they are 
published are cataloged on cards 
according to subject matter. This 
places all of the references pertain-
ing to any one subject in a group 
by themselves., with the date and 
page of publication quickly avail-
able. 
The system used is the same as 

that used by the Bureau of Stand-
ards in compiling the "Radio Ab-

0 1938, RADIO, Ltd., 7460 Beverly 8114., Los  Angeles. 
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CARD-INDEXING SYSTEM  5 

325.1  Beam antennas 

Simple rotary, 28mc 
Flat—top beam 
Push—button directivity 
Multiple unit, steerable for 
s—w reception 

Notes on flat—top beam 
Feeding the push—button ant 
with concentric line 

Mechanical suggestion for 
amateur rotatable 

Erecting Bruce folded array 
"Flop—over", reversible 
horizontal directivity 

(cont'd) 

Jun 37 QST-50 
Jun 37 Radio-10 
Jun 37 Radio-56 

Jul 37 IRE-841 
Jul 37 Radio-14 

Jul 37 Radio-15 

Jul 37 Radio-49 
Jul 37 Radio-51 

Nov 37 Radio-16 

How a typical index card on beam antennas will look.  Note the general method of 

recording the references. 

stracts and References-. It is known 
as the Dewey Decimal System and 
details of the classification may be 
obtained from the Bureau of Stand-
ards Circular no. 385 or by con-
sulting the August, 1930, issue of 
the Proceedings, page 1433. These 
published forms also include an 
alphabetical index which is con-
venient w have but not necessary. 
The Dewey classification extends 

over the whole general field of 
knowledge. The subject that we are 
interested in, radio, is placed thus: 

Class 600.  Useful Arts 
20.  Engineering 
1.  Mechanical 
.300 Electrical 
.080 Communication 
.004 Radio 

Hence all of the references pertain-
ing to radio would be cataloged in 
a large library under the general 
number heading of (621.384). In 
an indexing of radio subjects only, 
however, it would be superfluous to 
write this number each time and 
it is the practice to abbreviate the 
number (621.384) by the letter R. 
An idea of the form taken by the 

classification table for radio may 
be had by considering its main di-
visions: 
R000. Radio 
R100. Radio Principles 
R200. Radio Measurements and 

Standardization 
R300. Radio Apparatus and 

Equipment 
R400. Radio Communication 

Systems 
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355.2 VT Transmitters—Crystal  
controlled.  

Bi—push, 3 band, 6A6, 6A6, 
PP 6L6's 

April 37 Radio-8 

FIGURE I 

R500. 
R600. 
R700. 
R800. 
R900. 

Application of Radio 
Radio Stations 
Radio Manufacturing 
Nonradio Subjects 
Miscellaneous Radio 

The classification (R000) is for 
material of a general nature which 
cannot very well be placed under a 
specific heading. (R100) is for ar-
ticles dealing mainly with theory 
and not with particular apparatus 
or methods. (R200) is for the fil-
ing of all articles having to do with 
the measurement of any of the 
fundamental quantities of radio. 
(R300) is one of the large depart-
ments in indexing the contents of 
your references as thereunder will 
appear all of the articles on equip-
ment construction. 
(R500) and (R600) are of small 

use to the amateur. Under (R700) 
might be filed shop hints. (R800) 
has been reserved for subjects which 
cannot strictly be classed as radio 
subjects. Examples are articles on 
batteries or motor-generator sets. 
(R900) has never been used by the 
writer although it would undoubt-
edly have use in more elaborate 
filings. 

Each one of the above general 
headings is subdivided again and 
again, narrowing down so as to 
cover specific items.  Consider for 
instance R200-Radio Measurements. 
The main subdivisions are: 

R210. Frequency 
R220. Capacity 
R230. Inductance 
R240. Resistance;  Current; 

Voltage 
R250. Generating  (transmit-

ting) apparatus 
R260. Receiving apparatus 
R270. Intensity (field intensity, 

signal intensity, noise, 
etc.) 

R280. Properties of materials 
R290. Other radio measure-

ments 
In turn the sub-headings under 

R210-Frequency Measurement, are: 

R211.  Circuit resonance meth-
ods 

211.1 Frequency meters 
212.  Parallel wire methods 
213.  Harmonic methods 
213.1 Harmonic amplifiers 
213.2 Multivibrators 
214.  Piezo-electric standards 
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355.5 VT Transmitters-General and  
Miscellaneous.  

Reducing harmonic radiation 
April 37 Radio-18 

FIGURE 2 

Space does not permit the pres-
entation of the entire classification 
but its completeness can be appre-
ciated by observing that altogether 
there are about 480 items in the 
tables covering everything in radio 
from A to Z. Further, the system 
is flexible so that any one of the 
480 can be further extended to suit 
the individual needs of the user. In 
case you do not have the August, 
1930, issue of the I.R.E. Proceed-
ings or do not wish to send for the 
Bureau of Standards circular, the 
former could be consulted at a pub-
lic library and the table copied 
down for futute use. There are also 
a number of explanatory notes re-
garding the use of the table which 
will be found helpful. 
Now as regards the use of the 

system. 
The cards in the index used by 

the writer are the standard 3" x 5" 
lined filing cards which are kept 
together in a heavy cardboard filing 
case which is approximately 5" wide 
by 4" high by 11" deep. The unit 
is very similar to ones found in the 
card index files of public libraries. 
The box with index tabs and a 

supply of cards can be purchased 
at a book or stationery store at a 

nominal price. The only identifica-
tion to be found on the one in use 
here are the words "Weis Re-order 
No. 35"; however, it is a standard 
item and should be obtainable with-
out difficulty. This particular size 
card has been found convenient; 
however, one of larger dimensions, 
say 5" long by 4" or 5" high, might 
be more suitable since more entries 
could be then placed on one card. 
The index tabs are labelled R000, 

R100, R200, and so on through 
R800. These are placed in the box 
with R000 in front and the rest 
following in order. The cards of 
the index are filed behind the prop-
er index tab. This segregates the 
cards into groups according to the 
main divisions of the system. 
As an illustration of the use of 

the system, let us take the April, 
1937, issue of RADIO. The first ar-
ticle appears on page 8 titled "The 
Bi-Push Tr-Band Exciter or Trans-
mitter". Vacuum tube transmitters 
appear in the classification table un-
der the number R355, with further 
subdivisions according to frequency, 
viz., • 

355.1  Low Frequency (10-100 
kc.) 
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355.2  Medium frequency (100-
1500 kc.) 

355.21 Broadcast frequency 
(550-1500 kc.) 

and so on. However, the writer has 
been using a different subdivision 
which has been found more suit-
able: 

355.1 C.w. Crystal controlled 
355.2 Telephone 
355.3 Portable (and transceiv-

ers) 
355.4 Keying methods and de-

vices (break-in) 
355.5 General and miscellan-

eous 

with the remainder of R355 the 
same as in the published table. Most 
of the present day transmitters are 
crystal-controlled so that most of 
the transmitter articles will be in-
dexed under 355.1, excepting tele-
phone, of course. The few that are 
self-excited may be filed under 
355.5, or if portable under 355.3. 

According to the above then, the 
first article on page 8 should be 
indexcd under the number 355.1. 
A card would then be made out, to 
be put in its proper place behind 
the index tab R300, as shown in 
figure 1. 

This would be the first entry on 
that card; subsequent articles hav-
ing the same ,..-1 rat:on number 

red [(low until the 
card was  v.licn another would 
be started. It is desirous to have 
the entry contain tie maximum 
amount of information, at the same 

time making it as brief as possible 
in order not to occupy too much 
space on the card. Whenever pos-
sible, the title of the article should 
be used, but where it does not con-
tain the necessary amount of infor-
mation the writer has been making 
substitutions as illustrated above. 
The tube complement is usually in-
cluded, since that is usually one of 
the most important details and at 
the same time it gives a clue as to 
the kind of transmitter being writ-
ten about. The number 37 is used 
as an abbreviation for 1937 to save 
space; the 8 is of course the page 
number. If the reference being in-
dexed was from the Institute Pro-
ceedings, the letters "IRE" would 
appear instead of "Radio". Ab-
breviations in the text of the entry 
are also useful in saving space, but 
they should not be carried to the 
extreme. Future deciphering might 
be difficult. 

Since we are considering refer-
ences having to do with transmit-
ters, we will skip the article about 

antennas (it would be filed 
under R320) to the one on page 
18 titled "Reducing Harmonic Ra-
diation". The information in this 
article applies to all transmitters in 
general and therefore belongs under 
355.5. The card _would look like 
figure 2. 
The next transmitter article is 

on page 22, "Ten-Meter Mobile 
Crystal Control". This would be in-
dexed under 355.3 as figure 3 
shows. 
If any of these transmitter ar-

ticles had contained special items 
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355.3 VT Transmitters-Portable  
(Transceivers).  

10 meter, xtal, 6A6 PP osc to 
6A6 PP, phone 

April 37 Radio-22 

FIGURE 3 

of interest, as for instance a new 
way of keying or a power supply 
of special design, the references 
should be entered again on other 
cards under the index number for 
keying (355.4) and for a.c. power 
supplies which is (356.2). Cross 
indexing of this kind greatly in-
creases the utility of your card in-
dex. 
The above outlined procedure is 

followed for the remainder of the 
articles in the issue. The ten or fif-
teen entries necessary for one issue 
will take only a short time, espe-
cially after you become more famil-
iar with the system. The complete 
classification table may look rather 
lengthy or complicated but its ar-
rangement is logical and soon seems 
comparatively simple. The articles 
appearing in the Institute Proceed-
ings are handed out on a silver plat-
ter, so to speak, inasmuch as the 
publishers furnish the Dewey classi-
fication number at the bottom of the 
first page of each article. 
Reproduced on page 5 is a sam-

ple of a completed card, this being 
325.1 Beam Antennas. An inspec-
tion of this sample card will indi-

cate the general method of record-
ing the references. The (cont'd) 
alongside the heading indicates that 
this is not the first card under 325.1, 
Beam Antennas. There are other 
cards before this one, and, as the 
card is filled, there are probably 
other cards listing the same subject 
following this one in the file. 
You will be surprised to note 

how rapidly the number of entries 
in your file will increase, especially 
if, having the time available, you 
extend your indexing to include is-
sues from the preceding year or so. 
When done an issue or two at a 
time, this will not take long to 
accomplish; the time expended will 
probably be small compared to the 
time saved in the future when you 
come to search for some badly 
wanted reference. 
The writer attaches a great deal 

of value to his index which now 
has approximately 3000 entries un-
der about 270 different headings, 
some of the references from as far 
back as 1921. With a reasonable 
amount of work anyone could soon 
build up a similar index of great 
usefulness. 
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MOH  Y OSCIL0611fIPH 
• 914 4p,plicaii0414, 

BY  H.  F.  MA Y E R 

General Engtnerring Laboratory, General LItttrtr Co. 

°T /0  AN  increasingly greater ex-
tent the communication engi-

neer is studying the characteristic 
curves and performance records of 
his apparatus on the screen of a 
cathode ray oscillograph rather than 
a sheet of graph paper. Instead of 
recording columns of data and plot-
ting a new series of points each 
time a parameter is varied, he snaps 
a switch and the curve appears. He 
may even vary the parameters while 
viewing the curve, and thereby lo-
cate an optimum point quickly and 
accurately—as in the now familiar 
system of aligning radio receiver 
intermediate frequency stages by 
means of a frequency-modulated 
signal and an oscillograph. 
This paper deals with a single 

one of the many possible applica-
tions of the oscillograph; namely, 
the tracing of vacuum tube char-
acteristics. The circuits described 
here are all completely electronic 
and require no rotating switches 
or other moving parts. While this 

limits the performance in certain 
respects, it extends the opportunity 
of using the system to those who 
may be without the facilities for 
building a mechanical commutator. 
The most elementary circuit, de-

signed to trace the plate current vs. 
plate voltage curve of a diode recti-
fier, is shown in figure 1. As the 
curve desired has plate voltage for 
its abscissa and plate current for its 
ordinate, one of the horizontal de-
flection plates of the oscillograph 
is connected to the cathode of the 
rectifier and the other to the anode; 
the vertical deflection plates arc 
connected across a resistor, R,, in 
series with the rectifier, to receive 
a voltage proportional to the plate 
current. Then an alternating volt-
age of any wave form and fre-
quency may be-applied to the recti-
fier and R, in series and the oscillo-
graph spot will move always along 
the curve of plate current vs. plate 
voltage. 
Figure 2 shows a more useful re-

01938, MtGraw.bitil Pubitthing Co., Int., 330 W. 42 Si., N.Y.C. 
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C. R. OSCILLOGRAPH APPLICATIONS  11 

finement of this circuit. In order to 
make the curve extend to the values 
of current attained on peaks in ac-
tual operation, it is necessary to 
use a voltage which is positive for 
only a small part of a cycle so as 
to avoid excessive average current 
and consequent overheating of the 
tube. This is accomplished by in-
setting a load resistor ft, shunted 
by a condenser, C, and applying a 
higher a.c. voltage. The blocking 
rectifier is inserted to keep the in-
verse voltage from reaching the 
oscillograph plate, and the high re-

sistance, R3, to permit the charge 
to leave the plate after reaching it 
through the blocking rectifier. This 
circuit became an almost indispen-
sable part of a test set during the 
development of a small, high-vac-
uum rectifier. 
In testing the tubes, the load, 

112, and the voltage are adjusted 
to operate the tube at full output 
and rated inverse peak voltage. 
Then with the tube cold, the high 
voltage and the filament voltage 
are applied simultaneously, and the 
building up of emission as the fila-

Figure 1.  Elementary cathode ray tube circuit for tracing the voltage-curreist 
characteristics of a diode. 
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Figure 2.  Refinement of the diagram of figure 1 which enables peak solves of 
current and voltage to be recorded. 

ment heats is observed on the os-
cillograph. The time required for 
the curve to reach the lower limit 
set for satisfactory operation is a 
measure of the emitting quality of 
the cathode. The presence of gas is 
immediately apparent from the 
shape of the curve, as is low emis-
sion.  Cathode sputtering is evi-
denced by a flash of current at low-
er-than-normal plate voltage, and 
an arc-back shows as a surge of 
current in the negative direction. 

To trace the characteristic curves 
of an amplifier tube requires a more 
complicated circuit. The one shown 
in figure 3 has given good results. 
This circuit provides a family of 
curves of plate- current vs. plate 
voltage for various equally spaced 
grid voltages. The principle of ob-
taining the proper coordinates is 
the same as in the case of the di-
ode, the extra apparatus here being 
for the purpose of providing the 
various grid voltages. An alternat-
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ing voltage, E„ is applied to the 
tube under test and the series re-
sistor, R„ through the rectifier, T2, 
which, with the high resistance, 112, 
serves to block the negative half-
cycle of voltage. 

Thus on each positive half-cycle 
the oscillograph spot traces the 
plate-current plate-voltage charac-
teristic of T„ for the grid bias at 
that time, and during each negative 
half-cycle remains stationary at the 

Figure 3.  Schematic wiring diagram of cathode ray oscillograph suitable for 
tracing the characteristics of multi-element amplifier tubes. 
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Figure 4.  Cathode ray oscillograph circuit for tracing the transconductance os a function 

of the control grid voltage. 

origin. 
To trace a complete family of 

curves for various grid voltages, 
the grid voltage must be held con-
stant during positive half-cycles, 
while the spot is moving, and 
changed by a fixed increment dur-
ing negative half-cycles. This is ac-
complished by charging the con-
denser chain, C, C2 C3,  through 
the pentode, T., in steps, and finally 
discharging it through the thyra-
tron, T,.  C, C, C, is charged in 
steps due to the fact that the pen-
tode, T,, has an alternating voltage 
on its screen and control grids, and 
hence conducts only during alter-
nate half-cycles. 
The voltage, E5, is phased with 

respect to E, so as to make T, con-
duct during negative half-cycles of 
E,. Since the current passed by T, 
is substantially independent of its 
plate voltage, so long as it exceeds 
the screen voltage, the increments 
of the charge applied to C, C, C, 
are equal. The amount of the incre-
ment depends upon the setting of 
the screen potentiometer, P3. When 
the voltage on C, C, C, reaches a 
value determined'by the setting of 
P„ the thyratron fires and dis-
charges C, C, C,. 
The other details of the circuit 

are of minor importance, but con-
tribute to the stability and flexibil-
ity. The reason for using three con-
densers C, C, C, instead of a single 



1938  C. R. OSCILLOGRAPH APPLICATIONS 15 

Figures SA, SB, end SC, from left to right, showing the she ccccc ristics of o 617 tube. 
The conditions under which measurements were mode ore given in the text. 

one is to provide three ranges of 
maximum bias voltage. The re-
sistors, R„ R2 and R,, permit a 
reasonable grid leakage current to 
flow in the tube under test. 
The potentiometer, P2, across the 

battery, E2, permits adjustment of 
the minimum bias to zero, which 
it would otherwise not be, since the 
thyratron may discharge in the con-
densers to almost any voltage, de-
pending upon the circuit constants. 
The microammeter in the grid cir-
cuit of the tube under test facilitates 
the adjustment of P 2. 

The oscillograms of figure 5 
show the results of a few minutes' 
work with the camera. The curve of 
figure 5A represents the characteris-
tics of a 6J7 with current as ordi-
nates and plate voltage as abscissa. 

Figures 6A and 611, 
left to right.  Theta 
curves show the trans-
conductance of 6K7 
with control grid 
vettage end with no. 
3 grid visits.* es ab-
scissa*, respectively. 

The control grid voltage is the para-
meter.  The screen grid voltage is 
90 volts and the suppressor grid 
voltage is 0. 
Figure 5B represents the same 

conditions except that the suppres-
sor is connected to the screen.  In 
figure 5C, the suppressor is con-
nected to the plate, but other condi-
tions are the same as in the other 
two diagrams. 
Another tube characteristic which 

may be traced in a fairly straightfor-
ward manner is the mutual conduct-
ance vs. grid voltage.  The circuit 
of figure 4 accomplishes this by us-
ing the tube as a high-frequency 
amplifier with a low impedance 
load in the plate circuit and a small 
grid signal, and plotting the recti-
fied output against the variable grid 
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voltage. The signal is supplied by 
a 175 kc. oscillator to the grid 
whose mutual conductance is under 
consideration. 
If we wish to plot no. 1 grid 

mutual conductance against no. 1 
grid voltage for various no. 3 grid 
voltages, then the signal and a 60-
cycle voltage are applied in series 
to grid no. 1, and the step-voltage, 
generated by the circuit of figure 4, 
is applied to the no. 3 grid. The 
output of the detector feeds the ver-
tical deflection plates of the oscil-
lograph, and the horizontal deflec-
tion plates are supplied by the same 
60-cycle voltage as the grid of the 
rube under test. 
It is desirable to include a micro-

• 

ammeter in the lead of each grid 
having one of the variable poten-
tials in order to adjust the minimum 
bias to zero. The order of magni-
tude of the deflecting voltages ob-
tained from this circuit is such as to 
require an oscillograph having an 
amplifier in each of the deflecting 
plate circuits. 
Some curves taken with this cir-

cuit are shown in figure 6. Figure 
6A shows the transconductance of a 
6K7 as ordinate with control grid 
voltage as abscissa and no. 3 grid 
voltage as the parameter.  Figure 
6B shows the transconductance of 
the 6L7 as ordinate, no. 3 grid volt-
age as abscissa and control grid 
voltage as parameter. 

Candor 
A FTER much scurrying around, a technical employment 

agency finally found a Ph.D. for a company who wanted 
a physicist who could write. His job was one of translation so 
the man in the street could understand what his company was 

doing.  In conference with his prospective employer, every-
thing went well.  His technical qualifications were 100 per 
cent.  Finally he was asked, "Do you write?" 
"Yes," he said, "but the editors send it oil back." 

Pleased with the young man's candor, they promptly gave 
him a better job in another department, and ot latest reports 
the company was still trying to find a physicist who can write. 

—Electronics. 
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ONE of the most interesting phases of radio is the rebuilding 
of power tubes. When a tube is received, it is tested for vac-

uum with a high-frequency coil to determine if there is a 
slow leak or crock somewhere in the tube —also as to whether 
or not there is any vacuum in it. 
Next is to determine whether the gas is air or if it is gas 

that has been liberated from the electrodes.  If the gas is air, 
new stems are needed.  If the job is a water-cooled tube, the 
metal-to-glass seal may be crocked or leaky which con gener-
ally be repaired if it is hard glass.  If it is soft glass, it will 
probably require a new bulb and a gloss-to-copper seal. 
We ore now ready to break the vacuum at the tip off and 

open the tube with a hot wire.  The grid and plate are exam-
ined for defects. Then the filament is measured with a microme-
ter to determine the diameter.  A new filament is formed of 
the same diameter and spot-welded to the leads.  The grid 
and plate are accurately put back in place and the necessary 
getter cups mounted. 
The bulb is washed out to remove the old magnesium getter 

and metallic deposits from the original exhaust procedure with 
acids and water, then dried out with acetone. After the bulb 
is dry, the tube is ready to be sealed together and the exhaust 
tube attached. 
It is now ready to exhaust and is sealed to the vacuum mani-

fold. A preliminary vacuum test is made for leaks. If o.k. up 
to this point, it is baked in an electric oven, at from 400° for 
lead glass to 500•C for hard gloss, for at least one hour or 
until the gas and water vapor is completely exhausted. 
An ionization gauge gives a constant check on the gas lib-

erated. The next step is to carbonize the filament to its proper 
conductance, about 80 per cent of its original conductance, if 
it is a thorioted filament.  If it is a pure tungsten filament, 
no carbonizing is needed.  A high-frequency water-cooled 
vacuum-tube furnace or coil is put around the tube and the 
ports outgassed slowly at first, then the temperature is raised 
to 1300°C or higher while there is an air blast on the tube 
which keeps the glass from collapsing. 
The parts are bombarded alternately internally and exter-

nally at the highest temperature they will stand and still hold 
their correct shape from 6 to 18 hours or until there is no more 
gas liberated.  It is baked again to clear the glass from gas 
deposited during the bombardment of the metal parts. 
The getter is flashed and the elements sparked out with a 

coil. The tube is generally bombarded again before sealing off. 
The bases ore mounted and baked on, after which it is put in 
on aging rock for some time to stabilize its operation. 

—John W. Jaffray in "Communications." 
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II 200-300 ific. Broadcast 
Pack Transmitter, Receiver 
BY L. C. SIGMON 

One/ Engrnees KCM0 

IN DESIGNING a pack transmitter to be used for relay broadcasting, 
the following facts are considered 
of primary importance. 
The transmitter must be as lighr 

in weight as practical for good 
voice quality and frequency stabil-
ity. The pack must be of such size 
that it will not interfere with the 
normal movements of the person 
wearing it . . . especially in build-
ings and other congested places. 
The antenna system is also of im-

portance in that it must be used 
both inside and outside of build-
ings during broadcasts . . . the an-
tenna must be short enough to pass 
through standard doors. 
Still another important considera-

tion is electrical interference when 
broadcasting from varied locations. 
The ultra-high frequencies of 

500, 300, 200, and 100 megacycles 
were chosen for the experimental 
licenses of KCMO's pack transmit-
ters. The frequency of 100 mega-
cycles was abandoned because of the 
length of the rods required in the 

19314. B.:Id,* 0 4111  Pabil I bing 
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plate and grid circuit of the oscil-
lator for the required degree of 
frequency stability, as well as the 
antenna length. 
The frequencies now in actual 

use for the relay pack transmitters 
are 200 and 300 megacycles.  The 
200-megacycle frequency is used 
more than the 300 because of the 
variation in signal strength on 300 
megacycles when working under 
low steel ceilings and near metal 
objects. 
The 300-megacycle transmitter is 

used mainly for the talk-back cir-
cuit between the remote engineer 
and the operator of the 200-mega-
cycle transmitter and receiver. An-
other advantage of working at 200 
and 300 megacycles is the lack of 
any noticeable interference. 
Figure 1 (pictorial section) shows 

the pack transmitter with the 300-
megacyc.le transmitter attached to 
the projecting pipe.  Each end of 
the pipe contains a plug so that 
transmitters of different frequency 
may be plugged in.  The antenna 

. In.. 19 E 4" Sr.,  N.Y C. 
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fdit or's Choice 
From "Communications" for April comes this article on a pack 

transmitter for relay broadcasting.  It is Editor Ray D. Rettenmeyer's 
choice from the material in the recent issue which he believes readers 
of "Radio Digest" would find most interesting. 

projecting out of the transmitter is 
a quarter-wave.  All transmitting 
controls are locked in place after 
the transmitter is set on frequency. 
The antenna to the right is the re-
ceiving antenna and is also a quar-
ter-wave. 
The modulating unit is enclosed 

in the upper left-hand corner of the 
pack transmitter proper; the upper 
right-hand part contains the re-
ceiver.  The meter on the front 
reads the total plate current of both 
transmitter and receiver, the cur-
rent being approximately 20 mils. 
The left-hand dial is the regenera-
tion control and the right-hand dial 
the receiver tuner. The central bar 
knob is for audio gain control. The 
switch breaks both the "A" leads 
and "B" minus voltage. 
The lower part of the pack trans-

mitter contains three "B" batteries 
(45-volt) and two 3-volt "A" bat-
teries. The total weight of the bat-
teries is only four pounds, eight 
ounces. In testing the pack trans-
mitters, a small power supply was 
constructed to replace the batteries. 
The jacks for the microphone 

and headphones are located in the 
left and right-hand corners on top of 
the pack unit. The back plate of 
the transmitter pack is attached with 
self-tapping screws.  Four rubber 

8,45V  8,45V  8,45V.  A,3V. A.3V, 

Figure 3.  Schematic diagram of the 300 

and 200 Mc. broadcast pack transmitter 

and receiver. 
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sponges are provided, one on each 
corner of the back plate so that the 
pack will fit comfortably. 
The microphone used is a dou-

ble-button carbon type.  Dynamic 
microphones have been used with 
excellent results, but are somewhat 
heavier. 
The transmitter is elevated above 

the pack so that the antenna project-
ing from the top of the transmitter 
is in the clear of the person wearing 
the pack and others in the vicinity. 
Figure 2 (pictorial section) shows 
the 300- and 200-megacycle unit 
out of the case.  The construction 
is almost self-explanatory.  The 
tuned lines in the grid and plate 
circuits were used to provide the 
required degree of frequency stabil-
ity, as well as improve the circuit 
efficiency.  The rods used are %-
inch, solid brass, and less than 1/8. 
wavelength long. The spacing be-
tween centers of the brass rods is 
% of an inch.  The distance be-
tween the rods can be varied but 
longer rods will be required. 
The problem of insulation is not 

serious at these ultra-high frequen-
cies with the construction shown. 
The voltage is slightly less than 
maximum at the tube socket and at 
a voltage node at the end of the 
rods.  A standard socket is used 
for the 955 acorn tube. The con-
denser shunted across the end of 
the grid and plate rod is a special 
high-frequency unit. It was found 
necessary to shield the plate volt-
age lead.  The transmitter should 
be grounded at only one place on 
chassis, this being near the ground-
ed filament lead. 

The tuning of the transmitter is 
accomplished by means of a penny 
soldered off-center to an 8/32 
threaded brass rod. The reason for 
the penny being soldered off-center 
is to give a vernier tuning effect. 
Another small plate is soldered to 
the grid rod to complete the tuning 
condenser. Construction details are 
shown in figures 2, 3. 
The plate rod is also tapped every 

quarter of an inch from the end 
with a 6/32 tap for approximately 
1% inches.  This is to locate the 
proper coupling point for the an-
tenna condenser.  The transmitter 
proper is constructed on 16 gauge 
aluminum, but copper is preferable 
when weight is not an important 
factor. The case of the pack trans-
mitter is made of 22 gauge cold 
rolled steel. 
The modulator unit is of the 

Heising type, using another 955 
tube. See figure 3. 
The quality of voice transmission 

from the pack transmitter is very 
good, provided the transmitter is 
not modulated too heavily.  The 
greatest source of distortion was 
due to the non-linear characteris-
tics of the regenerative detector 
used in the receiver. If a low per-
centage of modulation is used, the 
distortion is not at all objectionable. 
All programs broadcast from the 
relay pack transhlitter go through 
an equalizing circuit which also 
helps to improve the quality of 
transmission. 
The farthest distance so far tried 

for reception was three-quarters of 
a mile over open country. No doubt 
greater distances can be covered 
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with higher power.  The approxi-
mate power of the transmitters is 
0.1 watt. 
The 300- and 200-megacycle pack 
transmitter for KCMO was not de-
signed to cover a great distance, 
but to be used inside large audito-
riums and for the man-on-the-street 
broadcasts, etc., where it is usual-
ly necessary to use several hundred 
feet of microphone cable. The sig-
nal received is piped back to the 
station through a remote amplifier 
and telephone lines. 
The reason for incorporating the 

receiver in the pack transmitter is 
to permit the person wearing the 
pack to receive instructions from 
the remote engineer, or so that 
when two pack transmitters are 
used in conjunction, each announ-
cer carrying the pack will know 
what the other is saying and doing. 
Figure 3 shows the circuit dia-

gram of the receiver used in the 
pack transmitter.  The receiver is 
shown separately in figure 5 (pic-
torial section). It was found neces-
sary to make some slight changes 
in the receiver so that it would 
tune to better than 300 megacycles. 
The removal of two stationary 
plates from each of the tuning con-
densers and the spreading of the 
turns of each coil will usually ac-
complish this.  Transformers were 
also added to the receiver so as to 
match a 500- or 50-ohm line, these 
transformers being bridged across 
the grid circuit of the 6C5 audio 
transformers. Receiver antennas 
are of the tuned type and are 

made from a 72-ohm concentric 
transmission cable.  The outside 
copper tubing is an odd number of 
quarter wavelengths, the projecting 
wire being a half wavelength long. 
In our first test quarter-wave an-
tennas were used on both transmit-
ter and receiver. It was found that 
by using half-wave antennas on the 
receiver and the transmitter about 
4 or 5 db gain could be expected. 
The antennas now being used are 
one-quarter wavelength long for 
transmitters and half wave antennas 
on the receivers that feed the re-
mote equipment. 
Some tests of interest that have 

been made are the enclosure of the 
pack transmitter in a completely 
copper plated cabinet.  The re-
ceiver was at a distance of approxi-
mately two hundred feet.  There 
was very little drop in signal when 
the transmitter was completely en-
closed, either on 200 or 300 mega-
cycles.  One of the most remark-
able things about the 300-mega-
cycle signal is that no interference 
of any kind has been received, and 
very little on 200 megacycles. 
One of the most serious problems 

so far experienced on 300 mega-
cycles is the variation of signal 
strength due to some interference 
effect in and around metal struc-
tures. This condition is not noticed 
in the open until a half mile or 
more away from the receiver. Rapid 
movements of the person carrying 
the pack transmitter had no effect 
on the reception within reasonable 
distances. 
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program construction of today. The 
television art is a comparatively lux-
urious one. 
Manifestly, such an art can hardly 

be introduced rapidly on a large 
scale in times of marked economic 
depressions, nor can it be expected 
to win public favor under such cir-
cumstances.  The television pro-
grams will be paid for, under our 
present system of broadcasting oper-
ation, by advertising sponsors in 
the main. The sponsors will in this 
way purchase a portion of the pur-
chasing power and general good 
will of the looking and listening 
public. 
But the size of the audience, its 

purchasing power, and its mood will 
all influence the extent to which the 
advertiser can justifiably support 
television broadcasting. According-
ly, there is an action and reaction 
between economic conditions and 
television success. If times are bad, 
the programs must be restricted 
which, in turn, affects the public 
response that justifies the broad-
casting of the programs. Only in 
reasonably good times can this cir-
cle of effects be broken advan-
tageously. Accordingly, those con-
templating television as a career 
will watch closely for times of gen-
eral economic recovery since it is 
in such times that arts like tele-
vision can be expected to flourish 
and to afford opportunities for a 
multitude of new workers. 
Assuming that television comes 

into its own in the next five or ten 
years, probably the best way to out-
line the various occupational oppor-
tunities which it will offer, and the 

requirements of each position, will 
be to describe the activities of the 
field in some detail (with the vari-
ous prospective openings italicized). 

• Manufacturing Opportunities 

Let us start at the factory where 
the necessary equipment for tele-
vision transmission and reception 
originates. Here are needed appara-
tus engineers who are capable of 
doing research, development, and 
design work in that complicated 
field. These men must be technically 
trained and well-qualified along 
conventional radio lines in order 
to meet the more difficult problems 
of television. These radio engineers 
are, in fact, electrical engineers 
with specialized training in the 
particular field of communications. 
In the factory there are also 

needed tube engineers  who will 
handle the similar problems of vac-
uum-tube and cathode-ray-tube pro-
duction which are an integral part 
of the television transmitters and 
receivers. Some of these men may 
be university-trained physicists who 
are prepared to enter the equally 
complex but more commercial fields 
of tube research and design. 
The usual factory personnel will 

be required for television equip-
ment constructit n,  including lest 
men,  supervisor 1. production and 
manufacturing engineers, and the 
like.  The qualifications here are 
similar to those for positions of 
the same type in other fields except 
that the manufacturing and test 
problems are probably more difficult 
and more rapidly changing than in 
most other fields, thus demanding 
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a flexible, responsive, and original 
mind as well as great native energy 
and determination. 

• Transmitting Station Jobs 

Once the television transmitter 
has been built and shipped, it must 
be installed in the television trans-
mitting station and thereafter main-
tained. At this point an entirely 
new series of openings will exist. 
Television station engineers will 

include field-surrey engineers who 
will determine the best location for 
the station and its antenna system 
and who will study the strength 
and acceptability of the signals 
throughout the service range of the 
station. These men will also furnish 
the data which will satisfy the gov-
ernmental authorities that the sta-
tion is covering its territory with 
an adequate service in the physical 
sense. 
The equipment must be main-

tained in good condition at all 
times, and emergencies must be met, 
and this is the job of the main-
tenance staff of the station. Men of 
great reliability and prompt re-
sourcefulness are required for this 
type of work. 
The television-station studios will 

require a staff of their own of con-
siderable size and of wide diversity 
of tasks. Considering the technical 
men only for the moment, there 
will be lighting experts who will 
arrange and control the powerful 
illumination which floods the sets 
(scenery) in the studio and the 
actors. These men must be skilled 
electricians capable of handling, 

shifting, and controlling illumina-
tion in any desired fashion. 
There will be the microphone or 

sound men in the studio who will 
place and control the microphone 
supports or booms which hold the 
microphone close enough to the 
actors to pick up speech or music, 
while still keeping the microphone 
outside of the field of view of the 
camera.  Here men with steady 
hands, quick responses, and a cool 
way of working effectively will be 
required (particularly in the stress 
of high-speed operations during the 
studio performance). 
In the control rooms of the stu-

dio, there will be sound-control 
men and picture-control men who 
will handle respectively the quality 
of the sound and the picture which 
is being transmitted. These men 
will be technically trained, probably 
as junior engineers, and they must 
have quick responses, good judg-
ment, and manual skill in getting 
the picture and sound results which 
will best please the audience. 
Sometimes, the television trans-

missions will be from sound-mo-
tion-picture film which has been 
previously made. For example, a 
film newsreel may be transmitted. 
This requires that there shall be 
projectionists who will handle and 
project the film on the television 
pickup whereby it is sent to the 
audience. Here too there will be 
necessary film-sound control men 
and film-picture control men who 
will carefully monitor the transmis-
sions. 
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• Camera Men 

The television-camera men will 
constitute a new profession as well. 
These men handle the television 
pick-up or "camera" which is 
trained on the action and carefully 
and continuously focussed. The re-
actions of these camera men must 
be instantaneous, they must work 
with perfect coordination in groups 
where several angle-shots of the 
same scene are to be transmitted, 
and they must be resourceful and 
artistic in their pictorial sense. 
It should be remembered that the 

television broadcast cannot be al-
tered after it is transmitted.  The 
first transmission to the audience 
is the last transmission, in general, 
and there is no opportunity to rec-
tify errors or limitations by a suc-
cession of "takes" (as is commonly 
done in present-day motion-picture 
production). Accordingly, the job 
of television-camera men will be 
exacting and important. 
The television-camera men in the 

studio will be a part of a larger 
group, for it is clear that the out-
door television pick-ups will re-
quire the services of men of similar 
qualifications and perhaps as great 
resourcefulness to meet the multi-
tude of complicated, partly unfore-
seeable, and sometimes uncontrol-
lable conditions to be encountered 
in outdoor jobs. The outdoor cam-
era man will necessarily be of some-
what the same type as the present 
successful newsreel camera man 
who can meet an emergency 
promptly and effectively. 

Since a fair portion of television 

programs may be, as stated above, 
from film, it will be necessary to 
film program material, recording 
both picture and sound in the 
same way as now done by the mo-
tion-picture studios and newsreel 
companies. This will lead to a de-
mand for film camera men, sound 
recordists, editors, cutters, and other 
men of the types found in the mo-
tion-picture studios of today. The 
demand in these fields may develop 
fairly rapidly as the program "hun-
ger" of television broadcasting rap-
idly increases after its commercial 
inception. 

• Television Service Men 

Still considering work of pri-
marily technical nature in the tele-
vision field, it is clear that the tele-
vision receivers of the future must 
be installed correctly and kept in 
good operating condition. This re-
quires the existence of a good-sized 
group of television service men. 
Such men must be familiar with the 
circuits of television receivers, their 
operation, the testing of the re-
ceivers for faults and their correc-
tion, and the best method of in-
stalling and maintaining the re-
ceiver in the home. 
The public response to television 

will depend in some measure on 
the skill, honesty, and diplomacy of 
these service men, particularly dur-
ing what may be the more or less 
difficult early days of commercial 
exploitation of television. 
Governmental regulation of radio 

broadcasting, as at present, will lead 
to the need for a number of radio 
supervisors in the various districts 
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of the country charged with the in-
spection and supervision of the op-
eration of the stations to determine 
that the Federal regulations are ob-
served and to report on matters of 
service to the Federal Communica-
tions Commission. 
Further, the staff of the Commis-

sion will necessarily include engi-
neering and legal experts in the 
new field of television. Those in-
terested in entering the Govern-
ment service may find openings of 
this sort congenial in the future. 
There will necessarily be a con-

siderable number of related or ad-
ji.nct activities to those mentioned 
above in related fields. For example, 
once television broadcasting is car-
ried out on a nation-wide scale, it 
will be necessary that the programs, 
in part at least, be syndicated or 
carried by wire or radio. 
If wire methods are used, the 

-coaxial cable- will likely find con-
siderable application. The construc-
tion of such cables, their installa-
tion, their operation and mainte-
nance will then form one of the 
fairly extensive activities of the 
Telephone Company with the crea-
tion of a corresponding teleuision-
cable staff. 
To the extent that radio-relay 

methods of syndicating network 
programs are used in the television 
field, there will have to be estab-
lished a radio-relay staff, consisting 
of engineers, maintenance men and 
the like to keep the connecting links 
in perfect operating condition. 

• Opportunities For Writers 

Leaving the field of technical 

television occupations, it is evident 
that there may exist a bewildering 
multiplicity of opportunities for 
persons of the necessary originality, 
energy, and application. Programs 
cannot be started until there are 
authors. 
Since the television lookers may 

be practically insatiable in their de-
mands for program material, it will 
tax the inventiveness and strength 
of the authors to the utmost to sup-
ply the steady flow of interesting 
and usable material for the tele-
vision programs of the future. 
The material prepared by the 

authors will, in some instances, re-
quire revision or adaptation by re-
write men or script men who will 
have to be high-speed literary lights 
of special ability to meet the instant 
and considerable demands of the 
program staff. 

• Directors, Actors, Musicians 

The casting and production of 
the programs will require a num-
ber of persons, including, of course, 
directr,rs who will know how to 
build up, rehearse, and present tele-
vision programs.  These men can 
be drawn partly from the legitimate 
or -little- stage and the motion 
picture studios.  In part, however, 
they will have to be trained at 
dramatic schools' which may be es-
tablished for the purpose. 
At this point there is reached 

what may be the most serious tele-
vision demand of all, namely, the 
demand for qualified actors.  By 
-actors- are meant all those appear-
ing before the television camera and 
microphone including musicians. 
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announcers, dramatic and comedy 
characters, commentators, vaudeville 
actors, lecturers, interviewers, and 
the like. 
It must be remembered that we 

do not as yet know just what are 
the desirable qualifications for a 
television actor.  The nature and 
psychology of the home audience, 
the limitations and opportunities of 
home presentations, the technical 
capabilities and restrictions of the 
television screen, and the general 
economic problems of television 
will all affect the suitability of a 
given person as a prospective tele-
vision actor.  Since only a minor 
fraction of the aspirants will please 
the radio public, it follows that a 
great number of applicants will be 
necessary to meet the situation. 
However, the career of a tele-

vision actor will be appealing to 
many and, in spite of the long odds 
against the individual, it is likely 
that there will be intense compe-
tition from a horde of applicants 
for these openings. Probably those 
who have been adequately trained 
and have had successful experience 
in somewhat similar fields will 
stand the best chance of success-
fully entering this new field. 
A considerable number of studio 

openings will necessarily exist in 
the television field, for example, 
jobs for carpenters, scenic painters, 

• 

set artists or designers, costume ex-
pi its, wardrobe mistresses, make-up 
men, historical-research specialists 
(who will see to it that no histori-
cal inconsistencies or inaccuracies 
are present in the performance) and 
the like. 
Such openings will increase only 

rather slowly in number as time 
goes on, since it is likely that the 
full development of the television 
field as a branch of the art of the 
stage will take a generation or more 
because of the many and novel 
problems which are involved. 

• Caution! 

One final word may be in order 
in the form of advice to the person 
who is thinking of entering the 
field of television. Don't push and 
run—walk; and watch where you 
are going. 
Speed in rushing into the field will 
not be nearly so helpful as first 
knowing where your abilities lie, 
cultivating those abilities by train-
ing in fields similar to television, 
and then everlastingly sticking to 
the job of perfecting your talents 
and their application once you have 
entered the television field. 
Remember that television success 

will come rather as the result of a 
prolonged marathon of effort than 
from a brief gold-rush of enthu-
siasm. 

At o distance of eighteen feet, the roar of the King 
of Beasts measures about 87 db ubove the threshold of 
hearing. —Master Servicing. 
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rechniquo of preparing signal plates 
was developed which permits the 
accurate reproduction of all types 
of subject matter. The structure of 
a tube employing this principle will 
now be described. 

• Monoscope Structure 

The photograph of figure 1 shows 
the Monoscope. (See pictorial sec-
tion.) The tube consists of an elec-
tron gun, a signal plate, and a col-
lector enclosed in a highly-evacuated 
envelope.  The electron beam is 
scanned over the signal plate by an 
electro-magnetic deflection system. 
The electron gun which supplies 

the scanning beam must be of high 
quality if the best video signal is to 
be obtained.  The electron beam 
should be very small when it strikes 
the signal plate if good resolution 
is desired. The beam current should 
be reasonably high because the video 

current varies directly with beam 
current.  However, the size of the 
beam should not be sacrificed to ob-
tain high beam currents. The elec-
tron gun developed for Iconoscopes, 
provides a small beam with ade-
quate current, and therefore, was 
readily adapted to the Monoscope. 
The final anode of this gun oper-
ates at 1000 volts, and a very small 
beam can be obtained for currents 
of several microamperes.  The use 
of this gun proves to be an advan-
tage in test work when it is desired 
to use a Monoscope in an Icono-
scope camera. 
The signal plate is made from 

aluminum foil and carbon.  The 
surface of the aluminum has a nat-
ural coating of aluminum oxide 
which has a reasonably high second-
ary-emission ratio while the car-
bon has a relatively low ratio.  It 
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Figure 2.  Schematic diagram' showing Monossop• nnnnn alone. 
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was found that aluminum foil de-
veloped for advertising and pack-
ing purposes as well as special inks 
developed for printing on metal 
foils were satisfactory materials for 
signal plates.  As a result, the ad-
vantages and flexibility of commer-
cial printing processes can be util-
ized. 
The desired picture or pattern is 

printed on aluminum foil with a 
black-foil ink. The only other proc-
essing necessary before sealing the 
signal plate in the tube is to fire 
it in hydrogen.  This process re-
moves the volatile matter from the 
ink and thus leaves it practically 
pure carbon. 
Subject matter for reproduction 

on a signal plate can be divided 
into two classes: black and white, 
and half-tones.  Cartoons are a 
good example of the first, while 
snapshots, which contain tones be-
tween black and white, illustrate 
the half-tone group. 
Photo-engravings are made of the 

subject matter for printing the sig-
nal plates.  The black-and-white 
material is tre-ated as a line-cut, but 
the half-tone material  must be 
broken into a number of dots of va-
rious sizes depending on the half-
tone value. This is done when the 
photo-engraving is made by photo-
graphing the material through a 
suitable screen.  A screen is used 
which will break the picture into 
more elements than are used in the 
television scanning system for which 
the tube is designed. As a result, 
this technique of obtaining half-
tones does not limit the resolution 
of the television system and the 

half-tone effect is reproduced just 
as in a newspaper photograph. 
In order to give the picture the 

correct polarity on the Kinescope, 
i.e., so that white corresponds to 
white in the original, it is neces-
sary to make the signal plate in a 
definite manner, depending on the 
number of stages in the video ampli-
fier.  If the video amplifier has an 
odd number of stages (as is normal 
between Iconoscope and Kinescope) 
the picture on the signal plate of 
the Monoscope should have blacks 
and whites reversed, but should 
not have printed matter reversed. 
The reversal of blacks and whites is 
necessary because the aluminum 
oxide, although white in appear-
ance, has a higher secondary-emis-
sion ratio than the carbon, and, 
therefore, produces a signal which 
corresponds to black. 
The secondary-emission current 

from the signal plate is collected 
by a conductive coating on the bulb 
wall. This coating is operated at a 
potential positive with respect to 
the signal plate, which is operated 
at the same potential as the final 
anode of the electron gun. 

• Monoscope Operat,on 

The electrical operation of the 
Monoscope is very similar to that 
of the Iconoscope except that a col-
lecting voltage is required for the 
secondary-emission from the signal 
plate.  However, no optical system 
is required because the test picture 
or pattern is enclosed in the tube. 
A typical connection is shown in 
figure 2. For convenience, the sec-
ond anode is operated at ground 
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potential.  The first stage of the 
video amplifier may be operated 
with self-bias or fixed bias.  In 
the latter case the bias adds to the 
collecting voltage, but the value of 
the combined voltage is not critical 
for potentials above 20 or 30 volts. 
The video amplifier must be of 

high quality to amplify faithfully 
the video signal. If the signal is to 
be used for test work, the frequency 
band of the amplifier should be 
broader than the circuits under test 
so that limiting conditions will not 
be confused. 

• Monoscope Uses 

The Monoscope may be used for 
a variety of purposes.  In commer-
cial applications, frequently repeated 
announcements and advertisements 
could be taken from a Monoscope. 
Fixed backgrounds for studio work 
could be obtained—the final signal 
being a suitable combination of 
video signal from an Iconoscope for 
action and from a Monoscope for 
background. 

However, the biggest field for the 
Monoscope is in television testing. 
The same video signal can be ob-
tained from day to day, and the 
quality is not affected by such vari-
ables as poor optical focus, dark 
spot, and amplifier noise.  The 
Monoscope, therefore, is an impor-
tant devise for checking perform-
ance of Kinescopes, receivers, and 
studio systems. 

I. Kinescope Tests 

The television-tube manufacturer 
is concerned with how well his 
product will perform when repro-

ducing video signals.  Short-cut 
tests have been tried, but give poor 
correlation with the results ob-
tained when an actual picture is re-
produced. However, the quality of 
the latter is difficult to reduce to a 
quantitative basis unless the test 
picture or pattern has a specific 

Figure 3.  Test pattern for checking 
resolution. 

character from which can be accu-
rately converted into a reliable video 
signal. The Monoscope is admira-
bly suited for this purpose. 
Simple tests insure the quality of 

the video signal used for rating the 
Kinescope.  If the scanning on the 
Monoscope is reduced and that on 
the Kinescope is maintained at nor-
mal, an enlargement of the scanned 
portion of the signal plate will be 
seen on the Kii  cope.  This en-
largement removes the possible lim-
itation of Kinescope resolution. 
Also, the reduced scanning low-

ers the frequency band of the video 
signal so that the video amplifier 
does not limit the resolution. Under 
these scanning conditions, the focus 
of the electron gun in the Mono-
scope can be accurately set to give 
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Figure 4.  Test pattern fo checking all 
parts ot scanning pattern. 

maximum resolution. The electron 
gun used in the Monoscope will 
give a resolution of 500 to 600 
lines without difficulty; therefore, it 
more than fulfils the requirements 
of the present system of 441 lines. 
Figure 3 shows a test pattern which 
is often used for checking resolu-
tion.  The lines used to form the 
half-tone circles in the center can be 
easily seen when the scanning is 
condensed. 
After the focus of the Monoscope 

is set for maximum resolution, the 
resolution of the video amplifier 
can be checked.  This is done by 
making the Monoscope scanning 
normal size and increasing the scan-
ning on the Kinescope. The latter 
is necessary to remove the possible 
limitation of Kinescope resolution. 
If a test pattern similar to figure 3 
is used, the resolution of the ampli-
fier is easily checked by noting the 
resolution of the -V- in the upright 
position.  The resolutions of the 
Monoscope and video amplifier 
should be appreciably more than 
the resolution to which the Kine-

scope is to be rated.  Under these 
conditions, the limits of the Kine-
scope resolution can be determined 
and reliable test data obtained. 
Experience has shown that the 

resolution in all parts of the scan-
ning pattern on a Kinescope may 
not be uniform.  Figure 4 shows a 
test pattern which is suitable for 
checking all parts of the scanning 
pattern under similar conditions. 
Each section carries -V's- which 
correspond to resolutions of 150 to 
450 lines.  Also, tones between 
black and white are included to give 
a check en the modulation charac-
teristic. 

With such a pattern as this, the 
Kinescope can be rated under dif-
ferent bias conditions with various 
amounts of video signal input. An 
illuminometer can be used to check 
the light output for a definite sig-
nal.  Experience has shown that 
such elaboration is necessary to ob-
tain reliable test information. Per-
haps, as the art progresses, suitable 
short-cut tests can be devised. 

2 Receiver Tests 

A standard source of high-quality 
signal has numerous advantages in 
the development and production 
testing of receivers.  Various reso-
lution patterns serve as good -yard-
sticks- for measuring receiver char-
acteristics if they can be converted 
into video signals of good fidelity. 
As has been pointed out, the Mono-
scope is particularly useful for this 
purpose.  By adding standard syn-
chronizing impulses to the Mono-
scope signal and modulating a small 
transmitter, a very useful test signal 
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can be obtained for readily checking 
the receiver. 

3. Television System Tests 

When a television system is in-
stalled, numerous tests must be 
made to adjust the various circuits. 
The Monoscope materially aids such 
testing.  For instance, any extrane-
ous signals entering the grid cir-
cuit of the Iconoscope can be easily 
detected.  Since the video signal 
from the Monoscope is directly pro-
portional to the beam current, any 
variation in beam current is revealed 
as a modulation of the video signal. 
Therefore, any extraneous signal or 
hum in the circuits is revealed. 
When the shading signals which 

are sometimes added to the Icono-
scope video signal are removed, the 
video-amplifier can be checked for 
pick-up and frequency response by 

using a Monoscope video signal. 
Such tests help to separate confus-
ing factors which often combine to 
give poor over-all operation. 
Because there are not any half-

tones in the video signals from a 
Monoscope except those that are 
created by the limitation of resolv-
ing power of the beam, the signal is 
rich in the higher-order harmonics 
which make up the corners of a 
square wave. This type of signal is 
exceptionally good for showing the 
transient response of video ampli-
fiers. 

The Monoscope is a type of tube 
which has proved very useful for 
testing of television devices and 
circuits.  It is believed that the 
Monoscope will aid materially in 
advancing and perfecting the art 
of television. 

(See pictorial section for photograph of this device.) 

• 

New Stations Planned 

THE FCC has created a new class of station, the educational broadcast station, which will be non-commercial in character 
and subject to the rules and regulations governing other high 
frequency broadcast stations.  This answers the ancient cry of 
educational agencies that they be given o place in the radio sun. 
These stations will be licensed to organized non-profit edu-

cational agencies for the advancement of their educational 
work and for the transmission of educational and entertainment 
programs to the general public.  No sponsored or commercial 
programs may be transmitted, and all commercial announce-
ments must be cut from programs rebroadcast by these stations 
from regular broadcast stations. 
Educational stations will operate on twenty-five single chan-

nels (frequencies) spaced 40 kc. apart from 41,020 to 41,980 
ki locycles. —"RADIO". 



Ell In 1111D10... 
WILHELM WEBER -1804-1891 

1LHELM EDWARD WEBER, the German physicist, was W born at Wittenberg on Oct. 24, 1804.  He was the 
younger brother of Ernest Heinrich Weber, the author 

of Weber's "Low". 
With his colleague, K. F. Gauss (from whom the unit of 

mognetic field density, the gauss, gets it name) Weber showed 
that it is both theoretically and practically possible to define 
them, not merely in terms of other arbitrary quontities of the 
same kind, but in terms of which the units of length, time and 
mass are the basis.  Thus started the never-to-be-ended argu-
ment as to whether the metric system of designation for elec-
trical units, or some arbitrary system, was the more practical. 
But the strength and soundness of Weber's argument for 

the universal adoption of the c.g.s. system really gathers 
force rather than losing it, with the passing of the years.  It 
is no little tribute to his genius that the system is practically 
universally used by scientists.  Weber's theory of electricity 
was founded on the views of Techner, who considered that 
positive and negative charges move in a conductor with equal 
and opposite velocities.  From this Weber worked out the low 
of forces between charges. 
His work on electricity did much to stimulate other mathe-

matical physicists to emulate his example.. He also carried on 
extensive researches in the realm of magnetism, and developed 
Faraday's ideas regarding the explanation of diamagnetic 
phenomena. In his observations in terrestial magnetism Weber 
not only employed an early form of mirror galvanometer but, 
about 1833, he devised a system of electro-magnetic teleg-
raphy which worked successfully over a distance of 9000 feet. 
In conjunction with his elder brother he published, in 1825, 

a well-known treatise on wove forms..  In 1833 he collabo-
rated with his younger brother, the physiologist Edward Fried-
erich Weber, in an investigation into the mechanism of walk-
ing.  Weber died at Gottingen, Germany, on June 23, 1891, 
at the age of 87.  —The Ohmite News. 
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"n" u versus "l" 

WHICH IS THE REAL "FIGURE OF MERIT"? 

The modern r.f. amplifier or mixer valve with its high plate resistance 
has confronted the receiver design engineer with a problem he did 
not even have to think about a few years ago —that of designing 
interstage coupler primaries so that a high dynamic resistance is 

presented to the preceding valve. 

In practice, the fact that a tuned circuit has a dynamic resistance 
is often disregarded and design is carried out along "cut and try" 
lines until o tolerable state of efficiency is achieved.  Whether this 
"tolerable" efficiency is always the optimum can be questioned; it 
would seem that a more logical design procedure for r.f. and if. 
interstoge couplers could be evolved by taking the primary imped-
ance into consideration.  Some notes on this subject, together with 
on outline of the procedure for computing coupler primary imped-

ance, are presented in this article. 

OF LATE years there has been 
rather a tendency to regard 

the factor "Q" as the only item of 
importance in tuned circuit dc-sign. 
Admittedly, the value of "Q- may 
be revarded as a reliable index to 
the efficiency of a tuned circuit 
alone, but the fact that a tuned 
circuit rarely operates alone must 
not be lost sight of. This means 
that when optimum c-fficiency is 
desired the relationship of the tuned 
circuit to the valves with which it 
works must be considered. 
The conditions existing in an 

r f. or if amplifier are, in many 
respects, similar to those under 

Asitraltan Rialto hohlicarioni, 

which an a.f. amplifier operates. 
In the latter, matching of the load 
to the valve is usually regarded as 
being of prime importance yet, in 
an r.f. and i.f, amplifier, direct con-
sideration is rarely given to this 
factor. 
It will be noted that the word 

-direct- was used in the preceding 
paragraph. This is because the value 
of the r.f. and if. plate load is 
rarely even thought about in terms 
of impedance  most technicians ap-
parently regarding the factor "Q" 
as something in the nature of a 
synonym to -impedance," although 
it is really only one of the factors 

30-32 Carrington Si., Sydrtry, N.S.W. 
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which regulate the impedance of a 
tuned circuit. 
If we accept this assumption— 

that "Q" and "Z" are largely re-
garded as synonymous—, it is quite 
easy to understand how the present 
trend towards higher and higher 
"Q" values, without regard to any 
other factors, has come about. We 
know that the majority of r.f. and 
i.f. amplifier valves in use have 
plate resistances far higher than 
can be conveniently "matched" by 
any tuned load, therefore (still ac-
cepting the above assumption), the 
higher the "Q" the nearer we will 
be to obtaining a correct "match." 

• Definition of "Q" 

Just how mistaken such a pro-
cedure is can readily be demon-
strated by considering the real na-
ture of the factor "Q."  First of 
all, this factor is derived by divid-
ing the reactance of a tuned circuit 
element by its resistance at the fre-
quency under consideration. This 
means that the factor "Q" may be 
regarded as an index to the effi-
ciency of a coil (or condenser), 
and also as an index to the selec-
tivity of the circuit in which the 
coil or condenser is employed. 
In both cases, the efficiency and 

selectivity vary with "Q" and in 
the same direction. This means that 
any move towards higher "Q" 
values for tuned circuit elements 
must result in greater tuned circuit 
efficiency and higher selectivity, but 
it does not necessarily mean that 
the oterall efficiency of the stage in 
which the tuned circuit is employed 
u'lll be increased. 

Before elaborating on the last 
part of the last sentence, it must 
be pointed out (although it should 
be obvious) that in most cases, a 
limit to the value of "Q" which 
can be employed is set by the side-
band requirement of broadcast re-
ception. It has been shown previ-
ously that selectivity increases with 
"Q"; consequently, the limit of 
usable "Q" is reached when the 
side-band attenuation becomes ob-
jectionable. 
This reveals another fallacy in 

the "higher Q" method of design 
because even if the impedance of 
a tuned circuit always increased 
with "Q," no one would dream of 
suggesting that the overall efficiency 
of an r.f. or i.f. amplifier stage is 
determined by the degree of side-
band cutting which is tolerable— 
yet, in effect, this is what tech-
nicians are doing by thinking in 
terms of "Q" to the exclusion of 
all others. 

• Derivation of "Z" 

Revert now to our contention 
that overall stage efficiency does not 
necessarily increase with the "Q" 
of the tuned circuit elements— 
which is the same as saying that 
tuned circuit impedance does not 
necessarily follow the variations in 
"Q" of its elements. 
The impedance of a parallel-

resonant circuit, which is the type 
of tuned circuit used for the vast 
majority of r.f. and i.f. couplers, is 
equal to the product of its react-
ance and its "Q." This means that 
the reactance of the elements in a 
circuit is equally as important as 
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their  in determining the ef-
fective impedance. A little thought 
along these lines will show that an 
increare in "Q'' without considera-
tion of the reactance can actually re-
J1111 in a reduction of tuned circuit 
impedance. 

• S, me Excmp!es 

An example will serve to demon-
strate this. We will assume that we 
have an i.f, transformer using a 
9 millihenry coil tuned to res-
onance at -165 kc. by means of a 
1 50 ppfd. condenser. The react-
ance of the tuned circuit elements 
in an assembly such as this will be 
approximately 2,200 ohms. By us-
ing multistrand litz and a good iron 
core, it will be possible to obtain 
an effective  value of 110 for 
the coil so that, as the effect of the 
condenser (if it is a good one) on 
the  factor will be negligible, 
the impedance of the circuit at 
rcsonance will be 

X Q -_, 2,200 / 140 

308,000 ohms. 

To the adherents of the -higher 
Q.' technique, this assembly 
wouldn't look so good, however, 
and some way of increasing the 

would be sought.  The 
simplest way of doing this is to 
reduce the size of the coil, thereby 
reducing the r.f. resistance of its 
winding and its self-capacity. By 
working along these lines, we can 
build a coil with an inductance of 
about 0.5 millihenry and an effec-
tive -Q . factor of 200--apparently 

a vast improvement.  This coil, 
when tuned by a condenser of 250 
plafd., will resonate at 465 kc. and 
it would seem that we now have a 
much more efficient circuit for use 
in our i.f. transformer. 
A check-up on the reactance, 

however, reveals that this has 
dropped to 1,400 ohms and, calcu-
lating the impedance as before, we 
find that 

X.Q = 1,400 X 200 = 
280,000 ohms, 

a drop of about 28,000 ohms in the 
resonant impedance of the circuit. 
Under some circumstances, the ex-
tra selectivity provided by the 
higher  circuit might be desir-
able; but, if this is not the case, 
we are confronted by the fact that 
the chase after  has resulted in 
lower overall efficiency from the 
stage in which the tuned circuit is 
to be employed. 
An alternative to this is provided 

by designing the existing 0.8 milli-
henry coil for higher "Q,- instead 
of merely reducing the inductance 
and getting an increased  as a 
result of the smaller amount of wire 
necessary. If we can improve the 
design of the 0.8 millihenry coil 
without altering its inductance, the 
higher value of  will result in 
an increase of the tuned circuit im-
pedance. 
For example, if by some means 

we are able to increase the "Q" of 
the 0.8 millihenry coil to, say, 150, 
the reactance remains constant and 
the resonant impedance becomes: 
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X.Q  2,200 X 150 = 
330,000 ohms. 

This means that a gain in both 
stage efficiency and selectivity will 
be obtained. Summing up, then, it 
should be clear from the above that 
the factor "Q," by itself, is by no 
means as important in tuned circuit 
design as is generally believed. 
Two factors determine tuned cir-

cuit impedance—the real index to 
overall stage efficiency—and both 
of these should be considered as of 
equal importance when optimum 
performance is sought. 

• Considering the Valve 

At this point, another factor pre-
sents itself for consideration —that 
of varying the design of interstage 
couplers to suit different valve 
types. 

We have already admitted that 
the majority of r.f. and i.f. ampli-
fier valves in general use have plate 
resistances which are too high to 
be conveniently "matched" by the 
tuned circuits they work into. Even 
so, this does not absolve the receiver 
designer of the responsibility of 
bearing in mind the variations be-
tween different valve types and ar-
ranging his interstage couplers to 
best advantage for the type in use. 
Unfortunately, however, there is 

a distinct trend towards the use of 
a common type of tuned circuit for 
all valves—the reasoning (if any) 
apparently being that the "mis-
match" is so bad in any case that 
a variation either way does not 
matter. 

Nothing could be further from 
the truth. For a start, reference to 
fundamental valve theory tells us 
that the gain obtained from a pen-
tode varies almost directly with 
the load resistance, when that load 
is less than the plate resistance of 
the valve. This means that a given 
percentage variation in the primary 
impedance of an r.f. or i.f. inter-
stage coupler will result in an al-
most equivalent variation of the 
stage gain in the same direction. 
The second factor is that the 

plate resistance of the valve may 
be regarded as a resistive shunt 
across the primary tuned circuit of 
the interstage coupler. It is well 
known that the effective "Q" of a 
tuned circuit may be altered by 
shunting a resistor across it, so, 
looking at the problem from this 
angle, we can see that a circuit hav-
ing a certain effective value of "Q" 
when operated with a valve having 
a plate resistance of, say, 0.5 meg-
ohm, will have a higher effective 
"Q" when operated with a valve 
having a plate resistance of double 
the value. This means, in practice, 
that the selectivity of a given cir-
cuit will be improved if it is oper-
ated with a valve of higher plate 
resistance than the one for which 
it was originally designed. The con-
verse is also true. 
The significance of this in the 

present discussion is that if the 
selectivity obtained from the circuit 
when the lower resistance valve is 
in use is satisfactory, the same de-
gree of selectivity can be obtained 



1938 "Q" VERSUS -Z"  39 

with the higher plate resistance 
valve if a circuit incorporating lower 
"Q" elements is used. We have al-
ready pointed out that an increase 
in "Q,' under certain conditions, 
can result in a reduction of tuned 
circuit impedance; the reverse also 
applies and an increase in tuned 
circuit impedance can be obtained 
by reducing the "Q" of the tuned 
circuit. This factor may be used to 
advantage in receiver design, and 
improved performance may be ob-
tained from high plate resistance 
valves without sacrificing selectivity. 
An example will serve to clarify 

this. We will assume that adequate 
selectivity is provided by a given 
tuned circuit when it is operated 
with a valve having a plate resist-
ance of 0.5 megohm. When used 
with a valve having a plate resist-
ance of 1.0 megohm, the selectivity 
increases to such an extent that a 
reduction in tuned circuit "Q" is 
indicated as being necessary. We 
can calculate the reduction of  
which will be necessary to restore 
the selectivity to its original state, 
but for our present purposes we 
will assume that a 20 % reduction 
will be sufficient. 
There are two ways of obtaining 

the desired reduction in "Q." The 
first is to cheapen the design of 
the tuned circuit, such as by using 
a lighter gauge of wire for the coil. 
This will give us the required re-
duction in selectivity, but nothing 
else. 
The second method is to retain 

the present basic design and in-
crease the inductance of the coil. 
This will reduce the "Q" and in-

crease the reactance, thus giving us 
a gain in tuned circuit impedance. 
The latter is desirable as it will im-
prove the efficiency of the stage ap-
preciably. 
The latter, incidentally, brings to 

mind a point that should not be 
lost sight of; namely, that if the 
original tuned circuit is used with 
the high plate-resistance valve and 
the extra selectivity tolerated, the 
relative efficiency of the stage will 
be considerably less than when the 
low plate-resistance valve was used. 
This is due to the fact that the 
resonant impedance of the tuned 
circuit remains fairly constant, no 
matter the valve with which it is 
used, and, consequently, the "mis-
match" with the high plate-resist-
ance valve will be even more pro-
nounced. This factor alone should 
be sufficient to influence designers 
to consider the resonant impedances 
of their tuned circuits with relation 
to the valves in use. 
The above details provide plenty 

of reasons for an interstage coupler 
redesign when valve types are 
changed and, reverting back to our 
example, as a "Q" reduction of 
20% can be tolerated, this reduc-
tion may advantageously be ob-
tained by the second method, i.e., 
increasing the inductance. 
To avoid confusion, we will use 

the constants employed in our 
earlier example as a basis for dem-
onstration. 
There we had an i.f. transformer 

with a primary inductance of 0.8 
millihenry, tuned by a 150 litifd. 
condenser, giving a reactance of 
2,200 ohms, a "Q" of 140, and a 
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resonant impedance of 308,000 
ohms. We will assume that this is 
the original tuned circuit which 
gives adequate selectivity with a 
valve having a plate resistance of 
0.5 megohm. To offset the increase 
in selectivity due to the use of a 
valve having a plate resistance of 
1.0 megohm, it is necessary to re-
duce the "Q" of the coil by 20%. 
This means that the present  
of 140 must be reduced to 112, or 
thereabouts. 
The next problem is to determine 

just how much the inductance will 
have to be increased in order to 
bring about this reduction in "Q." 
Unfortunately, there is no way in 
which a direct calculation can be 
made, so that the old "cut and try" 
technique must be resorted to. For 
a lead here, we cannot do better 
than take advantage of the fact that 
the coil must be tuned by a con-
denser and it will therefore be ad-
visable to adjust the coil to suit a 
convenient capacity value. 
As the coil is to be increased in 

size, the condenser must be reduced, 
so, going down from 150 1.4.1fd. we 
find that the next convenient value 
is 100 vtlfd. To resonate with this 
capacity at 465 kc., a 1.2 milli-
henry coil will be required. This 
is just 50% more than the existing 
inductance and, unless heavier wire 
is used for winding, the "Q" of the 
finished coil will be somewhat less 
than the required value of 112 
(assuming, of course, that the same 
form and core are used). However, 
no very great difficulty will be en-
countered in building a 1.2 milli-
henry coil with an effective "Q" 

factor of 112 and we can go ahead 
with our computations on this basis. 
A check-up on the reactance of 

the new LC combination (1.2 mil-
lihenry and 100 vilfd.) shows that 
a figure of 3,400 has been achieved. 
This means that the tuned circuit 
impedance is now 

X.Q.  3,400 X 112 , 
380,000 ohms, 

a gain of about 23 % on the orig-
inal value. 
In terms of performance, this 

means that the original selectivity 
has been retained and also that the 
gain of the high plate-resistance 
stage is over 20% higher than it 
would have been if the old i.f. as-
sembly were used. 
A still greater improvement 

would be obtained if a coil could 
be built to resonate with a 50 1.4.tfd. 
condenser at 465 kc. and still give 
a "Q" factor of 112. If this can 
be done, the reactance will go up 
to nearly 7,000 ohms and the reso-
nant impedance will be about 0.75 
megohm. The relative efficiency of 
the stage in this case would be 
greater than that of the original 
assembly with the 0.5 megohm 
plate-resistance valve. 
The need for serious considera-

tion, along the lines indicated 
above, to be paid to interstage cou-
pler design is made very apparent 
when the plate-resistances of a few 
of the valves in general use are 
inspected. 

Looking at the popular 6.3 volt 
r.f. and i.f. amplifier valves first, 
we find: — 
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Types 6D6, 6U7G, 
6K7G  0.8 megohm 

Type EF5  1.2 megohm 

Obviously, an assembly which is 
ideal for the first three types will 
not provide anywhere near the same 
relative efficiency when used with 
the fourth type. 
Now consider 6.3 volt frequency 

converters: — 

Types 6A7, 6A8G 0.36 megohm 
Type EK2  2.0 megohms 

The difference between the plate 
loading requirements of these types 
is so obvious that no emphasis 
should be necessary, yet it is a 
matter of cold, hard fact that re-
ceivers are being made which use 
!di:mical first-stage i.f. transformers 
for these widely-divergent valve 
types. 
Two valves have been announced 

overseas which are going to make 
the problem of first i.f, design even 
more important. These are the 6K8, 
triode-hexode, with a plate resist-
ance of 0.6 megohm, and the 
6J8G, with a plate resistance of 4.0 
megohms. One can readily imagine 
the bad reputation these valves 
(especially the 6J8G) will acquire 
if designers persist in regarding an 
if. transformer as a "universal" 
coupling device. 
Looking at the battery-type valves 

we find that even greater attention 
to interstage-coupler resonant im-
pedance is necessary. This is be-
cause so many different sets of op-
erating conditions are employed in 
battery-operated receivers. 
Consider the popular 106-

1C7G type first. No fewer than 
three sets of ratings are in use for 
this valve and, as a result, its plate 
resistance may be anywhere between 
0.5 and 0.75 megohm. Obviously, 
a different plate load is desirable 
for each class of service. 
A similar state of affairs is en-

countered with the European type 
KK2 frequency converter. Here the 
plate resistance may be anything be-
tween 1.0 and 2.5 megohms. A 
plate load which could be classed 
as "efficient" when this valve is 
operating under conditions which 
give it a plate-resistance of 1.0 meg-
ohm would be a long way from 
"efficient" under the 2.5 megohms 
conditions of operation. 
The battery-type r.f. and i.f, am-

plifiers also vary considerably. Aus-
tralian type 1C4 has several rated 
conditions of operation and equally 
as many plate-resistances. The oc-
tal-based replacement for the 1C4 
(type 1M5G) has a different set of 
plate-resistances altogether, and 
these should be borne in mind when 
a changeover to the newer valve 
type is contemplated. 
A different set of conditions 

again is encountered when the 
European type KF3 is considered 
so that such a thing as an inter-
stage-coupler v : ch will provide 
the same relative efficiency when 
used with any of these types can 
exist only in imagination. 

• Conclusion 

The conclusions that may be 
drawn from the above notes are, 
therefore: — 
(I ) the factor "Q," while it may 
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be accepted as an index to the effi-
ciency and selectivity of a tuned 
circuit as such, cannot be accepted 
as a reliable indication of the effi-
ciency of that tuned circuit when 
it is operating in conjunction with 
a valve; 

(2) the quantity "Z" (resonant 
impedance) is the only factor which 
can be accepted as a reliable indi-
cation of the efficiency of a tuned 
circuit when it is operating in con-
junction with a valve; 

q4Ost 

(3) the quantity "Z" for a tuned 
circuit at resonance is derived by 
multiplying the reactance at reso-
nance by the effective value of  
and, consequently, both these fac-
tors must be taken into considera-
tion when designing a tuned cir-
cuit which is to act as the load im-
pedance for a valve; and 
(4) the widely-divergent plate re-
sistances of valves in common use 
today warrant greater attention be-
ing paid to the design of interstage 
couplers. 

• 

"Nuffite Aleats If 
• • • 

H ARDENED copper, the mythical secret of the anc ient  Egyp -
tians, has been announced as a rediscovery at various 

times in recent years.  But Cupoloy, a new alloy of copper, 
chromium and silver comes closest to being truly "hardened 
copper".  Cupaloy has 80 % to 90% of the conductivity of 
copper and with suitable heat treatment is stronger than hot-
rolled structural steel. 

DRYING point from the inside out has become a standar d 
method with large automobile manufacturers during the 

last few years.  Entire car bodies as well as parts are dried 
with heat produced in the metal itself by induced currents 
created by 360 cycle current in coils through which the parts 
pass.  The oven itself remains cool as it is mode of non-con-
ducting materials.  Car bodies are also dried after washing 
operations by this method.  Three minutes of heating costing 
about Sc a car are required for this purpose. 

LECTRICAL bug-killing in the soil of greenhouses is the 
latest novel application of electricity.  Passage of current, 

from a 220 volt source, between metal plates 12 to 18 inches 
oport, heats the soil to from 150 to 200 degrees Fahrenheit. 
Only a few minutes heating is sufficient to sterilize the soil, 
killing o particular pest, the "Nematode," as well as other 
harmful life. 
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CIITHODE-IlflY TUBE 
BY  I.  G.  MALO FF 
RCA R.-,,arch Divirion 

EVER since high-definition tele-vision pictures were first dem-
onstrated, newspaper writers and 
laymen have commented on the 
small size of the picture. 
Seemingly it has been of little 

interest that the size of the picture 
has had little to do with the amount 
of information communicated.  In 
early work on high-definition sys-
tems a 9-inch diameter cathode-ray 
tube was used to produce a picture 
approximately 6 by 8 inches. Most 
of the present direct-viewing cath-
ode-ray tubes are 12 inches in di-
ameter and produce pictures ap-
proximately 71/2 by 10 inches. Even 
so, larger pictures are wanted. Con-
sequently, a great amount of effort 
and money has been spent here and 
abroad in the quest for methods of 
producing large television images 
having adequate brightness, con-
trast, and definition. 
This paper describes a method of 

obtaining large television pictures, 

0 1938, RCA Inarmari, 

namely, the method of large direct-
viewing cathode ray tube develop-
ment. This tube was built with the 
primary purpose of studying tele-
vision pictures of large size (18 by 
24 inches) under conditions where 
brightness, contrast, and definition 
were adequate and where the meth-
od of reproduction did not limit the 
performance of the system. 
The most important consideration 

in favor of the large direct-viewing 
cathode-ray tube is that the total 
amount of light obtainable from a 
luminescent screen is directly pro-
portional to the area of the screen. 
This point will be clarified further. 
At present the most widely used 

luminescent materials for screens 
in cathode-ray till es are: the zinc 
orthosilicate (willemite) and the 
zinc sulphide.  Both materials ex-
hibit the property known as "cur-
rent saturation." A current-satura-
tion curve of a yellow willemite 
screen, bombarded by 10,000-volt 

Inc, 73 Varsch Si, N.Y.0 
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This new device for obtoining large bright television images of 
high contrast and high definition is a direct-viewing cathode-
ray tube 41,2 feet long and 31 inches in diameter.  It is of the 
continuously evacuated type and gives a picture 18 by 24 
inches in size.  The paper describes the design and construction 
of the new tube, the reasons for the development, the diffi-

culties which were overcome, and the results obtained. 

electrons in a developmental projec-
tion tube, is shown in figure 1. 

Measurements show that under 
the conditions of normal television 
scanning, this saturation is a func-
tion of the area of the scanning spot 
and not of the total scanned area. 
But the area of the scanning spot 
is necessarily a function of the total 
area, if the detail of the picture is to 
be preserved; i.e. it cannot be larger 
than a certain fraction of the total 
area scanned.  In actual practice, 
since the luminous spot is round, a 
certain overlap of the scanning lines 
is permissible.  As a limit, after 
which a serious loss of detail takes 
place, 50 per cent overlap may be 
taken. The present tentative stand-
ard calls for 441 lines per frame. 
about 10 per cent of lichich are 
blanked out during vertical syn-
chronizing time. The observed pic-
ture, therefore, consists of -100 hori-
zontal lines. Allowing 50 per cent 
overlap, this calls for the line width 
of one-half of one per cent of the 
height of the reproduced picture as 
the limiting maximum line width. 

It may be deduced from the 
curves of figure 1 that at 10.000 
volts the maximum useful bright-

ness of this particular type of lu-
minescent screen is 0.7 candlepower 
per square inch or 100 candles per 
square foot.  The maximum useful 
beam current (while it is on) is 58 
jaa per square inch, but when the 
average power over a period of one 
complete white frame is considered. 
it is only 0.80 of the product of 
volts and amperes (max.). 
The factor of 0.80 is introduced 

because in actual operation the elec-
tron beam scans a given picture 
area for only 80 per cent of the time. 
since 20 per cent of the time it is 
extinguished for the line and frame 
returns or fly-backs. 
As to the minimum required 

brightness of the screen, opinions 
vary greatly.  As a yardstick, the 
brightness  of  a motion-picture 
screen is often used.  A committee 
of the Society of Motion-Picture En-
gineers concludes that the high-
lights of the picture should have at 
least 11-foot lamberts or 3.5 candles 
per square foot if eye fatigue is to 
be completely avoided.*  The rec-
ommendation, however, is that 0.86 
to 1.65 candles per square foot he 
adopted as a temporary standard 

smpE. Vol  .7t, i May 1916 i and Vol 
I Aug  19151 
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AT 10000 VOLTS ON SECOND 
ANODE & SCANNING LINE 
WIDTH 009" NO BLANKING 

0  100  200  300  400  500 
SEAM MICROAMPERE S 

CURRENT SATURATION OF YELLOW 
wiL LEMITE IN 3-INCH KINESCOPE 

Figure 1—Current-safurafion of a wlicmite ***** n. 

There is very good reason to be-
lieve that a television picture should 
have more light than that. The au-
thor's experience indicates that at 
no time has he seen a television 
image that was too bright in a nor-
mally lighted room. With the tube 
shown in figure 2, (see page 52) 
with 1.1 ma. in the beam at 10,000 
volts on the second anode, high-
lights of 40 candles per square foot 
were obtained.  The picture was 
bright and permitted demonstra-
tions in a brightly illuminated room, 

but no observer pronounced the pic-
ture as being too bright. In a dark 
room such a picture is definitely too 
bright. 

The reason for low screen bright-
ness being satisfactory for motion-
picture theaters is that there is prac-
tically no stray light and the size of 
the image is very large. The thea-
ter hall is devoted to the showing 
of pictures and everybody there is 
looking at the picture.  The tele-
vision receiver is placed in a room 
which is used for other purposes. It 
may be the living room of a resi-
dence, a hotel lobby, or a restaurant. 

To be of maximum usefulness, a 
television receiver should not inter-
fere with any other functions of the 
room.  The willemite screen by it-
self, at 10,000 volts, is capable of 
giving a surface brightness as high 
as 100 candles per square foot or 
;1 i-foot lamberts or apparent foot-
candles.  For a screen 18 by 24 
inches it would require 25 ma. at 
10,000 volts.  For the previously 
mentioned figure at 40 c.p. per 
square foot, only 6 ma. at 10,000 
volts are required.  The lower the 
current density of the luminous spot, 
the higher is the screen efficiency. 
At 2 ma. and 10,000 volts a direct-
ly bombarded luminescent willemite 
screen of the type described will 
have a brilliancy of 14.6 c.p. per 
square foot or -46-foot lamberts 
which is nine times the upper 
brightness limit of the tentative 
SMPE standard. 

During the first quarter of the 
present year the construction of a 
direct-viewing TCR tube with screen 
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18 inches by 24 inches was com-
pleted at the Camden Laboratory of 
the RCA Manufacturing Company, 
Inc. The rube is of the demount-
able, continuously-evacuated type 
and has a metal envelope with a 
Pyrex sight glass.  Figure 3 (see 
page 52)  shows a side view of 
this tube. The envelope is made of 
good grade steel 1/4-inch thick with 
arc-welded seams and flanges. 
It has the shape of a cone, and is 

4.5 feet in length. The outside di-
ameter of the larger flange is 31 
inches.  A three-stage oil-diffusion 
pump is directly connected to the 
tube through a special outlet. For 
fore-vacuum, a mechanical vacuum 
pump is connected to the diffusion 
pump by means of a length of rub-
ber hose. The glass cover is convex 
outward, 31 inches in diameter and 
2 inches thick. This thickness is re-
quired because the total atmosphere 
pressure on the glass is approximate-
ly 51/2 tons. A special machine was 
constructed in the laboratory for 
grinding and polishing both sur-
faces of the glass.  The technique 
used was that of grinding telescope 
lenses.  A layout of the grinding 
machine is shown in figure 4 (see 
page 53). 
For vacuum-tight joints between 

the glass and metal as well as be-
tween metal flanges, pure gum rub-
ber gaskets proved very satisfactory. 
The performance of the tube is 
quite satisfactory when vacuum of 
the order of 10-6  mm Hg is 
reached. Normally such a vacuum 
is reached after 48 hours of opera-
tion.  The vacuum measurements 

are made by means of thermocouple 
and ionization gauges attached to 
the sleeve connecting the vessel and 
the diffusion pump. 

The tube was designed for 10,-
000 volts on the second anode. For 
safety reasons, instead of operating 
the metal envelope at 10,000 volts 
positive, it is grounded and the 
cathode is raised to the same volt-
age, but negative.  This arrange-
ment greatly facilitates the construc-
tion of the electron gun. The elec-
tron gun used in this tube is shown 
in figure 5 (see page 53).  It 
gave beam currents as high as 8 
ma. at 10,000 volts with corre-
sponding brilliancy of the high. 
lights.  However, the best overall 
performance was obtained with a 
gun giving 2 ma. in a narrow beam 
with negligible defocusing and with 
— 150 volts cut-off grid voltage. 
The design of the power supply 

and video amplifier for the de-
mountable tube offered many diffi-
culties.  The cathodes in the last 
stages of the video amplifier had to 
be operated at minus 10,000 volts 
and, of course, had to be capacity-
coupled somewhere along the chain 
to the low-voltage stages. The two 
coupling condensers during the op-
eration are charged to 10,000 volts 
and at the same time are required 
to pass low video frequency cur-
rents. All the meters and controls 
on the last stages of the amplifier 
had to be insulated for 10,000 volts. 
A view of the portable outfit con-
taining the video amplifier, synchro-
nizing and deflecting circuits, and 
high and low-voltage supply, is 
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shown on the right-hand side of 
figure 3. 
In received pictures, the signals 

of which are taken from an Icono-
scope pickup of a regular moving 
picture frame, it is to be noted that 
the sides of the image are straight 
and there is no apparent bulging of 
the image. The reason for this ef-
fect is that the 2-inch thick glass 
disc is used only as vacuum cover 
or a sight glass while the lumines-
cent material is deposited on a flat 
glass sheet 3/4-mm thick, which is 
fastened to the walls of the tube. 
The flat appearance of this type 

of luminescent screen is not its only 
advantage.  The fact that it is flat 
greatly improves the overall con-

• 

trast of the reproduced picture. On 
a concave screen, illuminated parts 
throw light directly on the backs of 
the image, thereby reducing the con-
trast. The fact that the screen glass 
is thin improves the contrast in de-
tails by reducing the well-known 
-halation- or -the spurious ring' 
effect. 
In conclusion it may be stated 

that with the tube described, large, 
bright television images of high de-
tail and of high contrast are obtain-
able.  This tube possesses real en-
tertainment and communication 
value and may be shown in normal-
ly lighted rooms in daytime and at 
night. 

Tape Tags 

THE electrical boys at the Douglas Aircraft factory have o neat system for identifying wires.  Everyone that has at one 
time or another puzzled over which wire was which as he 
looked at a transformer with multileads will be interested. 
White adhesive tope as carried by the dime stores will serve 

the purpose.  Cut off a short length from the roll and roll 
that piece on a typewriter platen.  Typing the figures on the 
adhesive tape makes a neat job or they may be written on in 
ink.  Many different ways of doing this will suggest themselves 
as the wire size or area to be covered may vary. After typing, 
place the printed tope on a smooth board, press down firmly, 
then cut with o sharp knife or razor.  In this way a whole 
string of numbers may be typed at one time and then cut off 
with the least bit of trouble. 
For o lasting tag that will not easily soil, brush on a little 

white shellac after the tape has been applied to its place. 
This scheme is not limited to wires.  Doting vacuum tubes, 

placing your name on a tool, indicating meter polarity, dial 
markers, marking plug-in coils, and many other uses can be 
thought of. 
No harm to the typewriter if the pressure rollers are re-

leased.  This ovoids pressing tope too hard against platen. 

—RADIO. 
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THE DELTII-STfill MIXER 
BY  J.  N.  A.  HA W K I N S 

QPEECH-INPUT mixers are used 
4--/ to mix the outputs of two or 
more sound sources into the input 
of an amplifier channel. The out-
put of the amplifier channel may 
modulate a radio transmitter or it 
may be directly reproduced by loud-
speakers as in a public-address sys-
tem. Also the sound may be stored 
to be reproduced at some later time, 
as in disc and film recording. 
Mixers may be either electronic 

or resistive. Electronic mixing has 
both advantages and disadvantages, 
hut as resistance mixing is almost 
standard in high-quality mixing cir-
cuits, this discussion will describe a 
new resistance-mixer circuit. 
Resistance mixers use either series 

mixing, parallel mixing, or a com-
bination of the two methods. These 
older mixing methods will not be 
discussed in detail as the common 
circuits can be seen in any broad-
cast or recording handbook. It is 
enough to say that some four-posi-
tion mixers average a 700% im-
pedance mismatch and 17 decibels 
minimum insertion loss. 

In the four-position mixer circuit 
shown in figure 1 the impedances 
are matched looking forward or 
backward, and standard variable 
pads can be used for any number of 
inputs from two to sixteen. The in-
herent mixer loss (minimum inser-
tion loss) is 6 db up to four posi-
tions and only 12 dh for the six-
teen-position mixer. 
The same impedance pads which 

serve as master gain also serve for 
each input channel, which reduces 
the number of spare pads necessary. 
The input and output circuits are 
identical and can be used inter-
changeably as either inputs or out-
puts. 

The mixer can do a number of 
things that the average mixer cir-
cuit cannot do.  Two inputs can 
feed up to four separate outputs, 
each with its own gain control. Four 
inputs can feed $wo outputs, or 
three inputs feed three outputs, with 
always a separate gain control on 
each input and output channel. 
However, one precaution must 

he kept in mind.  The inputs and 
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outputs must be chosen with care 
due to the hybrid balance which 
exists between inputs A and B, C 
and D, and between E and F. Thus 
if terminal A is used as an input, 
terminal B cannot be used as an 
output as there is nearly infinite loss 
between A and B regardless of the 
pad settings.  Likewise there is 
newly infinite loss between termi-
nal C and terminal D, and terminal 
E and terminal F. However, the 
minimum loss between terminal A 
and terminals C, D, E or F is only 
6 db.  Thus, while there are six 
pads shown, this particular arrange-
ment can only be used as a four-
position mixer, with the other two 
pads acting as separate master gain 
controls in two separate output 
channels. These two output channels 
are useful in many services; such as, 
feeding the main and monitoring 
amplifiers, feeding a network and a 
local transmitter, etc. Note that the 
nearly infinite loss between the two 
output circuits prevents line noise, 

0 

-4 

A C. 

; 

F gun 1.  Schematic of the 4-positloa 

mixer circuit. 

Figure 2  Equivalent circuit of delta-star 
mixer of figure 1. 

switching clicks or other unwanted 
sounds appearing in one output 
channel from reaching the other 
output channel. 
The high loss between the termi-

nals in the same vertical plane in 
the diagram of figure 1 (AB, CD, 
EF) can be visualized more easily 
by examining the equivalent circuit 
of figure 2. It is from this equiva-
lent of the four-position mixer that 
the arrangement gets its name. Fig-
ure 2 will be seen to be a delta net-
work combined with the common 
star network, both borrowed from 
common three-phase practice. 
Each of the resistances in figure 2 

represents the output resistance of 
the variable pads shown in figure 1, 
and they are all equal. In figure 2 
it will be seen that any voltage ap-
plied across A will not appear 
across resistance B because both 
ends of B are at the same potential 
as long as C equals F and E equals 
D.. However, any voltage im-
pressed across A will _produce a volt-
age across the other four resistances 
C, F, E and D. 
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By the same token it is seen that 
any voltage impressed across C will 
not appear across D. Likewise near-
ly infinite loss exists between E and 
F. The circuit resolves itself into a 
balanced bridge, but it is shown in 
this form to show that in certain 
balanced bridges three conditions 
of balance exist and not just one. 
This matter of infinite loss be-

tween three pairs of terminals has 
an unusual and interesting aspect. 
It means that three studios, for ex-
ample, can be interconnected by 
means of microphones and monitor-
ing speakers, so that each studio 
can talk or listen to the other two 
studios without singing or audio 
feed-back as long as the acoustic 
loss in each studio, from speaker to 
mike, is greater than one-half of 
the net gain between any mike and 
loudspeaker.  This condition is 
easy to realize in practice without 
special mike or speaker placement. 
While it is rarely necessary to 

inter-connect three studios for full 
triplex conversation, the use of two 
studios with full duplex facilities is 
not uncommon. At the present time 

• 

it requires the use of headphones at 
one end of the conversation, at 
least, but with this mixer arrange-
ment loudspeakers can be used at 
both ends without trouble. 
One of the main advantages of 

the Delta-Star mixer is that standard 
and similar pads are used through-
out.  In the four-position arrange-
ment of figure 1, six 200-ohm pads 
may be used working out of four 
200-ohm sound sources and feeding 
two 200-ohm lines or amplifier in-
puts. Mixing transformers are not 
shown in figure 1, but they might 
consist of 7.00-ohm isolation trans-
formers to allow the one side of 
each incoming and outgoing circuit 
to be grounded. The mixer may be 
extended up to 16 inputs and 2 out-
puts, still using 200-ohm pads 
throughout, and with all imped-
ances matched regardless of the 
number of inputs. This means that 
a station can standardize on one im-
pedance for its inputs, outputs, 
lines, pads and mixing transform-
ers, and yet be flexible enough to 
meet future mixing requirements. 

Studio on Wheels 

BALTIMORE, MD —Station WFBR now has a nevi mo-
bile studio which is built on a trailer 25 feet long, 

6 feet wide and 10 feet high.  This mobile studio with 
its control room has all the equipment of the regular 
studios.  It is to be moved by means of a truck which 
will carry a 500 watt transmitter and turntables.  It is 
planned to visit every town in Maryland with this equip-
ment, to transmit and record programs by local talent 
and to retransmit the recorded features later from the 
main station so the participants con heor. —Radio News. 
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THE MONOSCOPE 

C. E. Burnett describes, 

on  page  28,  this tube 

which has been designed 

to produce a video signal 

cf a test picture or pat-

tern enclosed in the tube. 

RADIO'S PROVING 

GROUNDS 

Above , The first SO-kilo-

watt transmitter installed in 

1927  at  Whippany,  N.  J., 

site of the  Bell Telephone 

Laboratories' field station for 

radio testing. 

Left / The "contraption" 

that was developed to lay-in 

the ground system at Whip-

pany. The reel is attached to 

the tractor that draws the 

plow. 
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Figure 2.  Left  12-inch direct-

viewing  television  cathode-ray 

tube for large light output at 

high contrast. 

Figure 3. I Below I Side view of 

the  31-inch demountable TCR 

tube. 

• 
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Telettidermt 

90nacte,1 

Figure 4.  Above , Machine for grinding 

and polishing glass covers for 31-inch TCR 

tube described by I. G. Maloff in his article 

on page 43, "Direct-Viewing Type Cathode-

Ray Tube." 

Figure 5.  Right  Electron gun fcr 31-inch 

demountable TCR tube. 

All tla.1 roartt  RCA kct h 
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Figure 1. The 300-Mc trans-
mitter and receiver. 

Figure 2. ( Top lelti The transmit-
ters uncosed. Note tuning condens-

er next to socket. 

Figure 4. 1Lower left) Side view of 
the 200-Mc. transmitter. Note 3 8 

rod tapped  for antenna  coupling 
•  condenser. 

Figure 5.  Right) The 300-Mc. re-
ceiver removed from the pock. 
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Stabilitg of Reception 
al Two meie4,1 

A.  DECI N O 
R.11.1  841 Lat...., 

ULTR A•SHORT waves which 
are transmitted to points well 

beyond the optical horizon undergo 
variations in the received field in-
tensity that usually are not observed 
over the shorter distances. This fad-
ing is attributed to variations in the 
amount the waves are bent back to 
the earth by the refracting property 
of the lower atmosphere. 
An experimc-ntal study of the ex-

tent of these variations, undertaken 
by the research department of the 
Laboratories, has been carried out 
over a sixty-kilometer path between 
Lawrenceville and Deal with two-
meter waves. 
Typical patterns of the fading it 

revealed are given in figure 2. Rec-
ord 1 shows fairly steady reception 
with slow changes of a fraction of a 
decibel. Such steadiness was of fre-
quent occurrence and has been ob-
served on several successive days. 
Record 2 shows more rapid varia-
tions but still small in amount. The 

third type of fading produces a 
gradual variation in received field 
upon which are superimposed 
changes more pronounced and of 
somewhat longer periods than those 
of the other two records. Most of 
the fading which was observed was 
of this general type. 
A striking and interesting pattern 

is that of record 4, where a rela-
tively slow fading accompanies a 
very slow change amounting to as 
much as twenty db. 
In the fifth case the pattern, when 

the speed of the chart was increased 
sixty times, was found to involve 
a succession of very rapid variations 
in amplitude. Fading of this char-
acter, which oc(urred more often 
during the colder days of the year, 
may have been produced by an air 
mass moving across the path and 
redirecting some of the energy to 
the receiver. A large object might 
have the same effect; and in fact 
a similar flutter has been noticed 

C) 1918. Boll Telobewe Labefator m  Vi Wr it Si, Nyr 
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Figure  1—Fading 

tests were mode be-

t ween Lowr  ilk 

and Deal, New Jersey, 

over a sixty-kilometer 
path which was ob-

structed by a hill 54.8 

meters high. 

AwilENCE VILLE 
TRANSMITTER 

0 

coincident with the passing of an 
airplane. There were occasions dur-
ing the tests when the field dropped 
out completely for a few seconds. 
A clearer picture of variations in 

the received field over a period of 
several days can be gained from 
figure 3 where the data on fading 
has been summarized. The locus of 
the average field for each hour is 
shown, with vertical lines indicat-
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ing the range of fading for that 
hour. 
On some days when reception 

was stable, only small variations oc-
curred while on others the fading 
range was of the order of fifteen 
db. For one watt radiated from a 
half-wave antenna the field strength 
during these days was from fifteen 
to forty-live db above one microvolt 
per meter, and throughout the year 

NO.4 OGT.7 

34 

32 

3., AVERAGE 
FOR TEAR 

FIELD 
1936) 

28 

26 

4 

22 

20 

I. 

16 
I A N 

rI ME 

2:30 

Figure 2—Various types of fading observed on two-meter waves at a distance of sixty 
kilometers from the sending station.  Received field strength values are for radiation 

transmitted at the rote of one watt from a half-wave antenna. 



STABILITY OF RECEPTION  57 

Figure 3—Fading of 

two-meter waves ob-

served  over  a four-

day period.  Vertical 

lines  indicate  the 

range of fading. 
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it nearly always remained within 
these limits. The average value of 
the corresponding field strength for 
the whole year was twenty-eight db 
above one microvolt per meter. 
Thus the field that was measured 
varied within a range of about fif-
teen db above and fifteen db below 
the averaged value. 
The instability of these ultra-

short waves can be attributed to 
variations in the refracting power 
of the lower atmosphere which de-
pends on changes of dielectric con-
stant with altitude. The dielectric 

0 

a 
ID 

NPR 
3 

71.1 

0 0 30  

72 
Est 
16 40 

20 

constant is dependent on the pres-
sure, temperature and humidity of 
the air.  In general, it decreases 
gradually with height above the 
earth. The result is a gradual bend-
ing of the waves toward the sur-
face. In practice, the average field 
strength will vary as atmospheric 
conditions change this refracting 
property. 
At times, the gradient of the di-

electric constant—that is, its race 
of change with altitude —may 
change abruptly or become large 
enough to bend the wave sharply 

50 

FADING 
IN DEOBE1-S 

0.2 

1.0 

10 

2  4  6  6  10 NOON 2 4 

EASTERN STANDARD TIME 

6 • ID MID. 
NIGHT 

Figure  9 —The  field 

strength re mained 

within a range of 5 

db SO per cent of the 

time for any hour of 

the day during 1936 

and exceeded  10 db 

about 5 per cent of 

the time. 
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Figure 5—An increase of 7 db in power would raise the received field to 34 db above one 

microvolt per meter 50 per cent of the time and above 28 db 99 per cent of the time. 
The average value observed for the year 1936 was 28 db. 

back toward the receiver. This gives 
a mu:ti-path transmission which re-
sults in fading by interference, ana-
logous to that experienced by the 
longer waves where the received 
field consists of a ground wave and 
a wave that is reflected from the 
ionosphere. 
The large amount of data avail-

able made it feasible to analyze the 
distribution of fading with time. 
Figure 4 shows the time distribu-
tion for four fading ranges for each 
hour of the day. For 1936 the field 
for any hour of the day stayed with-
in a range of five db for eighty 
per cent of the time. It had a range 
greater than ten db above five per 
cent of the time. These curves also 
show that the fading was least 
around the mid-day period from ten 
to four o'clock. Most fading of large 
amplitude occurred in the evening 
and early morning hours. In the 
first part of 1937, reception was 
more stable than in 1936. 
Fading is a factor which must 

be considered in ultra-short wave 

transmission when determining 
what power is needed to insure a 
given minimum field intensity at 
the receiving terminal. Theoretical 
formulas, which have been verified 
experimentally, are available for 
calculating the average field 
strength. 

The phenomenon of fading, how-
ever, requires an increase in power 
to maintain the minimum field in-
tensity at that average value. Since 
the depth of the fading is variable, 
the required increase in power de-
pends on the percentage of time the 
field must be above that value. This 
increment can be obtained from 
data on the distribution of the field 
intensity for a representative period. 

Figure 5 shows 'actual intensity 
was below average value about fifty 
per cent of the time; and an in-
crease in transmitted power of eight 
decibels would have maintained the 
intensity above that average approx-
imately ninety-nine per cent of the 
time. 
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Quiet New Jersey Countryside Becomes Bell Telephone 

Laboratories' Field Station for Radio Testing 

See Pictorial Section for Photographs 

FROM dairy farm to experimental 1-.radio laboratory is the transfor-
mation that has overtaken a section 
of the countryside near the little 
town of Whippany, in northern 
New Jersey. Though the huge barn 
still stands, no longer does the bo-
vine herd wander out each morning 
to graze on the hillside. And on 
that hillside now stand two tall 
structures that nature never grew. 
Inside the long building the whick-
ers and grunts of placid animals 
have been replaced by the clicking 
of relays and the muffled whine of 
powerful generators. The posts that 
mark the place where stalls once 
stood now support a wicket fence 
that bears the warning sign, -Do 
not enter unless all power has been 
turned off.- Instead of milk, the 
"farm" now turns out sound, and 
no farmer was ever as much con-
cerned with the purity and quality 
of his milk as Whippany's engi-
neers are with the purity and qual-
ity of their -product." 

1937, Weitern El 

Early in 1926 a new transmitter, 
powered at 50 kilowatts, was near-
ing completion at the Philadelphia 
plant of the Western Electric Com-
pany. Following the design of Bell 
Telephone Laboratories' engineers, 
Western Electric craftsmen had set 
up racks and frames, installed coils 
and meters and performed the in-
numerable tasks necessary for the 
construction of the most powerful 
broadcasting transmitter ever manu-
factured on a commercial basis. 
Back in New York, engineers at 

the Laboratories' headquarters were 
faced with an unusual problem. 
They wanted to operate the new 
transmitter for testing purposes, 
measure its signal strength, design 
antennas, conduct any number of 
exhaustive tests and experiments. 
But to install it at the West Street 
laboratories was out of the ques• 
tion. Fifty thousand watts of radio 
frequency power would raise havoc 
with thousands of receiving sets in 
New York City, besides interfering 

Co., Int., /93 Broadu ay, N.Y.( . 
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seriously with other work going on 
in the engineers' own building— 
delicate tests and measurements that 
demanded the utmost precision. 
It was finally decided that the so-

lution lay in using a field labora-
tory, away from the crowded me-
tropolis and suitable for high pow-
ered transmission, where experi-
ments could be carried on without 
interfering with radio reception. 
Three men were detailed to find 
such a place and spent two months 
in exploring New York's neighbor-
ing countryside before they found 
it at Whippany. 
An initial force of four engineers 

was sent out to prepare the place 
for use and set up the transmitter 
which had been shipped to Whip-
pany. 
For a time they ceased being en-

gineers and became carpenters in 
charge of removing the stalls in the 
main building. After this job had 
been finished, they became foremen 
of a gang of ditch diggers during 
the laying of the extensive ground 
system, a criss-cross bed of wires 
buried in the ground over 7,000 
square yards in extent. The engi-
neers figured out a method of lay-
ing the wires underground that has 
since been widely adopted.  They 
rigged up a plow with a hollow 
blade through which wire was 
threaded and fed from a reel so 
that . when drawn by a tractor the 
plow would slice deeply into the 
soil, laying the wire along the bot-
tom of the cut. Across the parallel 
rows of wire laid by this method 
ditches were dug and the transverse 

wires placed, soldered at every 
point where they crossed. Needless 
to say it was a tough and muddy 
job and the sale of hip boots in 
northern New Jersey reached a new 
high. 
The engineers next became 

steeplejacks, superintending the 
erection of the two 250-foot an-
tenna towers which still dominate 
the scene. These towers were placed 
well to the front so that the build-
ing would be away from the denser 
portion of the antenna field. 
All this time the installation of 

the transmitter had been going on. 
Panel by panel, rack by rack, the 
transmitter grew, until the com-
pleted apparatus stood ready to 
send out over the air the words, 
"This is radio station 3XN, Whip-
pany, New Jersey." 
As soon as the installation had 

been completed, it was decided to 
use it for a demonstration of tele-
vision by radio, coincident with a 
wired television program scheduled 
for April 7, 1927. A five-kilowatt 
transmitter that had been installed 
in New York was moved out to 
Whippany and adjusted for use as 
the image transmitter. The 50-kilo-
watt transmitter was used for the 
speech channel. This was the first 
time that a television program had 
ever been successfully broadcast by 
radio and Whippany received its 
initial taste of newspaper headlines. 
Following this spectacular work, 

the engineers settled down to test-
ing and experimenting with the 50-
kilowatt transmitter.  Starting in 
May, 1927, a number of test broac; 
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casts were made after midnight, ac-
cording to commission regulations. 
Rabid radio fans in all parts of the 
country, listening in late at night, 
would suddenly run across a mu-
sical program at an unusual spot on 
their dials. So clear and loud was 
the signal that many thought they 
had picked up a local station. Soon-
er or later they would hear an an-
nouncer's voice saying, -This is a 
test broadcast from 3XN, an experi-
mental station at Whippany, New 
Jersey.'• 
Engineers took turns announc-

ing at the microphone until one 
night one of them grew too enthu-
siastic and broke into the forbidden 
realm of advertising by adding 
. . . , a 50-kilowatt station de-

veloped by Bell Telephone Labora-
tories and manufactured by the 
Western Electric Company.'' From 
that time on, Artic Dolan had the 
job of announcer and the faux pas 
was never repeated. 
DXing was at its height at this 

time and mail from radio fans 
flooded the local post office. Thou-
sands of letters were received ask-
ing for verifications and many were 
the variations applied to the spell-
ing of -Whippany- by distant listen-
ers unable to find this small town 
on their maps.  At one period, de-
spite the fact that listeners were 
asked not to write in, 13,000 letters 
were received from all over the 
United States and from many dis-
tant foreign countries as a result of 
only ten test broadcasts. 
Another problem which occu-

pied Whippany's engineers was that 

of developing and learning a tech-
nique for antenna tuning with their 
powerful transmitter.  In this re-
search one set of engineers would 
erect an antenna and another group 
had to figure out a formula for its 
tuning. It became the great delight 
of the antenna-erecting group to 
make the task of the others as hard 
as possible.  This friendly contest 
resulted in an unexpected discovery. 
While using all sizes and shapes of 
antennas a single wire, supported 
vertically by a balloon, was tried. 
This form, the original -vertical 
radiator," had astonishing results. 
The field strength measuring equip-
ment, sent out in trucks during all 
tests, showed that with the vertical 
antenna an increase of more than 40 
per cent over the then conventional 
types could be obtained. The out-
come of this was the first vertical 
radiator, installed at WABC in 
1928 and followed by other instal-
lations in all parts of the country. 

A NOTHER contribution to radio 
Ix was the result of these ex-
periments in that they developed 
and improved a technique for field 
strength measurement and the cor-
relation of the data obtained for use 
in selecting transmitter sites. This 
technique has been used in selecting 
sites for transmitting stations all 
over the world. 
By this time the necessity for and 

value of a held laboratory had been 
well demonstrated.  The removal 
of higher-powercd radio broadcast-
ing equipment from headquarters 
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had eased the problem caused by the 
increased amount of radio energy 
dissipated throughout the building. 
The concentration of broadcasting 
activities had made it possible to 
carry on experiments and tests that 
could never have been conducted in 
New York. The success of the work 
at Whippany had definitely shown 
it to be an ideal site for the field 
laboratory. 
In 1928 Whippany's engineers 

took to the air.  Elaborate tests of 
the new aviation radio telephone 
transmitters were made, culminat-
ing in a number of demonstrations 
that attracted nation-wide news-
paper headlines.  In one, a repre-
sentative of every metropolitan New 
York newspaper was taken up in 
a Bell Laboratories' plane. Each re-
porter talked to his city editor from 
the air.  In another demonstration 
the Graf Zeppelin was guided to its 
landing by a plane equipped with 
the new aviation equipment.  In a 
third demonstration, a three-way 
conversation  was  held  between 
Whippany, the laboratories' plane 
and a meeting of scientists at the 
Massachusetts Institute of Technol-
ogy.  These were the first public 
demonstrations of plane-to-ground 
commercial radio telephone equip-
ment. 

The next  important task of 
Whippany's engineers was that of 
testing a circuit designed to improve 
the operation of all types of radio 
equipment.  This circuit has since 
become known as stabilized feed-
back. The first broadcasting appara-
tus in which it was installed was a 

one-kilowatt experimental transmit-
ter. After thorough testing in this 
and other transmitters, it was in-
stalled for commercial use for the 
first time in the 50-kilowatt trans-
mitter at WOR. 
In 1933 William H. Doherty, 

stationed at Whippany, began ex-
perimenting with a circuit designed 
to increase the efficiency of broad-
cast transmitters. When perfected, 
it became known as the Doherty 
Circuit, and in 1937 was awarded 
the Liebman Memorial prize by the 
Institute of Radio Engineers. 

The present force of engineers, 
led by A. W. Kishpaugh and R. E. 
Coram, has just completed the in-
stallation of one of the new 50-
kilowatt transmitters, replacing the 
old model which was sold to a com-
mercial broadcasting station and is 
still doing an efficient job. 
It is just a little over ten years 

since the first 50-kilowatt transmit-
ter was installed at Whippany. But 
to compare the new transmitter with 
the model of 1927 is like comparing 
one of this year's automobiles with 
one of a decade ago. The transmit-
ter of today may transmit the same 
amount of power as that of 1927 
but, like today's car, for that same 
amount of output power an enor-
mously decreased amount of input 
energy is required. The 1937 trans-
mitter has advanced in outward ap-
pearance as much as this year's 
streamlined car has advanced over 
its predecessors. And in its interi-
or, as in the modem car, is incor-
porated every improvement that re-
search engineers have developed. 
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MANY articles have been written 
about the use and application 

of the decibel. The emphasis has 
invariably been placed upon the 
mathematical and technical aspects 
of this concept and only brief men-
tion made of its physiological and 
psychological aspects. Yet, for the 
serviceman to use intelligently the 
decibel in his work, it is necessary 
that he also have a clear physical 
picture of this very important con-
cept. 
The decibel' (abbreviated db) is 

a ratio of two powers, whether elec-
trical or acoustical power. It is not 
a measure of a definite amount of 
power, although, once a standard 
reference level is given, it may be 
so used. 
In order to get a rough picture 

'The decibel is mathematically defined as 
p1 

db = 10 login — 
P2 

rt miding that the imeedarues of the two 
C11111113 31 which P1  and P2 are measured are 
tqual 

2)19 M by Henderson 

of the number of db which corre-
sponds to various differences in 
acoustical power, let us, for the 
moment, assume that zero level cor-
responds to the acoustical power of 
ordinary conversation, about 10 mi-
crowatts. Very faint speech is about 
20 db lower in intensity, whereas 
very loud conversation is 20 db 
higher. A whisper is about 40 db 
lower intensity than ordinary con-
versation. 
Both electrical and acoustical 

power are measured in watts. They 
both represent power but in differ-
ent physical forms. Electrical power 
is convertible into acoustic power 
and vice versa. It should be kept 
in mind that the conversion of 
power from one form to another 
involves a loss in usable power due 
to the inefficiency of the apparatus 
employed to effect this conversion. 
For example, an amplifier which 
has a power output rating of 15 
electrical watts will not be able to 
deliver 15 acoustical watts. To 

Pub/orations, Inc., 1270 Sixth Art., N.1 '.(1 
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transform electrical watts into 
acoustical watts a loudspeaker is 
needed. Assuming that the loud-
speaker has an efficiency of 10% 
then, although the amplifier de-
livers 15 electrical watts to the 
speaker, only 1.5 acoustical watts 
are emitted by the loud speaker as 
sound waves. 
In the laboratory a change of 1 

db is perceptible, but under ordi-
nary circumstances a change in 
power corresponding to 3 db is 
just discernible. Since power dou-
bles for each 3 db increase, it is 
clear that the least change that the 
ear can ordinarily detect requires 
that the power be either doubled 
or halved. In practice, for example, 
this means that if a 10-watt ampli-
fier is replaced by one of 15 watts 
that the change would go unno-
ticed, providing that all other fac-
tors remain unchanged. 
A rough idea of the difference in 

intensity which corresponds to 51r 
db can be obtained by listening to 
a loud sound and then closing the 
entrance to the canals of both ears. 
The fainter sound then heard will 
be about 50 db down from the orig-
inal sound. 
The accompanying chart gives 

the acoustical level in db for vari-
ous common sounds. Reference to 
this chart, together with a little 
practice, will enable the service-
man to become acquainted with va-
rious acoustic levels. Some com-
ments regarding this chart follow. 
The threshold of hearing or 

threshold of audibility is the mini-
mum intensity of sound which is 
just audible (10-It) watt.  The 

DB  SOURCE OF SOUND 
130 
125 
120 
115 

1!0 
105 
100 

Threshold of pain 

Hammering on steel plate  2 
feet , 

Maximum power of a full sym-
phony orchestra 

Riveter '35 feet , 
95 
90  Pneumatic Drill .10 feet , 

85 

80 

Roaring lion ,18 feet , 

Policewhistle IS feet , 

Very loud radio music in home 
75 
70 

Fifth Avenue and 42nd Street 
65  Ordinary conversation ,3 feet , 

Thunder '1 to 3 miles';  Dog 
barking '20 feet , 

60 

55 
50 

45 
4t) 
35 

25 

20 

Is 
1') 
5 
0 

Church bells '1200 feet. 

Average business office 

Very quiet radio in home 

Average room in home 

Quiet garden 

Average whisper  4 feet 

Threshold of hearing 

zero reference level used in the 
chart is that of the threshold of 
bearing namely, 1 10,000,000,000,-
000,000 of a watt. The ear is an 
extraordinarily sensitive organ, for 
if the threshold of hearing were 
but slightly (approximately 11 db) 
lower the unaided ear would be 
able to hear the movements of 
atoms and molecules. 
The threshold of feeling or 

threshold of pain occurs when the 
intensity of the sound becomes so 
great that sound is no longer per-
ceived as such but rather as a pain. 
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ful sensation. This threshold of pain 
occurs 130 db above the threshold 
of audibility. 
The decibel ratings are average 

values for the distances given; the 
minimum and maximum values may 
differ by about 10 db. 
In table 1 are tabulated the power 

ratios corresponding to the decibel 
range from 0 to 130.  From this 
table it will be seen that if one 
sound is 10 db greater than a sec-
ond sound, then the first sound has 

Tot)1.1 I. 
C18  PO WER RATIO 

1 
10  10 
20  100 
30  1,000 
40  10,000 
50  100,000 
60  1,000,000 
70  10,000,000 
80  100,000,000 
90  1,000,000,000 
100  10,000,000,000 
110  100,000,000,000 
120  1,000,000,000,000 
130  10,000,000,000,000 

ten times the power of the second, 
if the first sound is 20 db greater 
than a second, its power is 100 times 
as great ; if the first is 30 db greater 
than the second, its power is 1000 
times that of the second; and if the 
first sound is 60 db higher than the 
second, its power is one million 
times greater. 
The intensity range from the 

threshold of hearing to the thresh-
old of pain is 130 db. All tones 
falling within this range are heard 
by the ear as sound. By examining 
table 1 it can be seen that the hear• 
ing range (from 0 to 130 db) cor-

TabIe II. 

DI 

0 

2 
3 
4 

6 
7 
8 
9 
10 

POWER RATIO 

1.00 
1.26 
1.58 
2.00 
251 
3.16 
3.98 
5.01 
631 
7.94 
10.00 

responds to a power increase of 10,-
000,000,000,000 times. No device 
as yet made can even approach such 
an enormous power handling range. 
A radio or the ordinary phonograph 
record, for example, can only 
handle an intensity range of 35 db, 
or in other words, a power range 
of 3160 to 1. 
Further examination of table 1 

reveals the important rule: Power 
is mu!tiplied by ten for each ten 
decibel increase. 
Table 2 tabulates the power ra-

tios corresponding to the decibel 
range from zero to ten. From this 
table another important rule can 
be derived, namely: Power doubles 
every three decibels. (More accu-
rately, power doubles for every 3.01 
db increase, but 3 db is a suffi-
(iently close approximation for all 
Practical purposes.) 
Tables I and 2 when used to-

gether give the decibel equivalent in 
steps of one decibel for any power 
ratio within the range of 0 to 130 
clb. The rule for using these tables 
is: Add the decibels and multiply 
the power ratios. 
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The Infinite Rejection Principle 
flpplied to Image fittenuation 

BY  KA R L W.  1'.11. ES and  J L 

AN inherent peculiarity of the 
superheterodyne is its ability 

to respond simultaneously to sig-
nals of two different frequencies 
which are separated by twice the 
frequency of the i.f. amplifier. 
Where the oscillator, mixer and 

r.f. amplifier tuning condensers are 
ganged together, as is now accepted 
modern practice, and the oscillator 
is tuned i.f. frequency higher than 
the frequency of the desired signal, 
the undesired signal of the other re-
sponse frequency, commonly re-
ferred to as the image, will be more 
or less attenuated because of the se-
lective action of the tuned circuits 
between the antenna and mixer. 
The amount of this attenuation, in 
terms of voltage, is called the image 
ratio, and will depend on the shape 
of the selectivity curve of the input 
circuits. The if. amplifier selectiv-
ity will in no way affect this ratio. 
Now at a frequency of, say 1000 

AU G H LI N 

kc., the image ratio of a superheter-
odyne with an r.f. stage ahead of 
the mixer will be of the order of 
10,000 or better, that is, the image 
signal will have to be 10,000 or 
more times as strong as the desired 
signal to give the same output. At 
2000 kc. the ratio will be down to 
something like 1000 and 7 Mc. to 
about 200.  At 14 Mc. a ratio of 
about 50 is usual and at 30 Mc. a 
ratio of two or three is considered 
pretty fair.' 
Now why does the image ratio 

become so poor at the higher fre-
quencies?  Simply because as the 
frequency goes up the percentage 
difference between the signal and 
image frequencies grows less; in 
other words, the image frequency is 

'The image ratio figaes are based on an 
i.f. of the order of 465 kc. and the use of 
ordinary tubes and circuits at signal fre-
quency. At the higher frequencies, some im-
provement in performance can be secured by 
using acorn tubes because of their lesser load-
ing effect on the tuned circuits. —EDITOR. 

• Journal of tbr Amertgan Radto Rein) Leatne, Inc.. W rit  Hartford, Conn. 
1938, A.R.R.L. 
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climbing nearer the nose of the reso-
nance curve and approaching par 
with respect to the signal frequency. 
If we persist in our attempt to 

eradicate the image by means of 
purely selective devices at frequen-
cies in the neighborhood of 30 Mc. 
and higher, we will find that prog-
ress is comparatively slow. We can 
go on adding preselection to the 
point where the number of stages 
becomes impracticable to handle and 
still not duplicate the performance 
given by a few stages at the lower 
frequencies. 
Some other means of improving 

image ratios at the higher frequen-
cies obviously is needed.  One 
method which shows promise is a 
variation of the if. infinite rejection 
system described in November, 
1937, QST.  Similar coupling de-
vices can be made infinitely selective 
in rejecting the image frequencies. 
Figure 1 shows the fundamental 

circuit.  As in the i.f. system, we 
have a primary L, which couples to 
L3 through the mutual M and ca-
pacity C3. L, and L3 together form 
the signal-frequency tuning coil; L, 
and L, the image-rejection circuit 
inductance.  The reason for using 
L, will be exnlained later on. 
The coupling between the anten-

na (or interstage) input and the 
grid circuit is the product of M and 
C3. For the signal frequency the 
circuit behaves very much the same 
as a straight inductively-coupled 
stage with small capacity coupling 
at the high-potential side. But for 
image frequency,  the voltage 
through C, equals the voltage in-
duced in the mutual M and, being 

Ant 

MA VC 

Figure 1—The Image Rejector 
Circuit. 

Values of the components label-
led will depend  upon the tuning 
system and other features of the 
receiver with which the rejector is 
used.  Experimental values deter-
mined In one type of receiver ore 
as follows: 
C3-7 and 14 Mc.: 15-µpfd. varia-
ble; 28 Mc.: 10- fd. variable. 

L -7 and 14 Mc.: 41A turns no. 
34 d.s.c., diameter 3/4 inch. 28 
Mc.: 21/2 turns no. 34 d.s.c., dia-
meter % inch 

1._ -7 and 14 Mc.: 10 1/2 turns no. 
22 d.s.c., diameter %  inch. 28 
Mc.: 2 turns no. 20 d.s.c., diam-
eter 3/4 inch 

L1 -7 and 14 Mc.: 3 turns no. 22 
d.s.c., diameter 34 inch. 28 Mc.: 
2 turns no. 20 d.s.c., diameter 3'4 
inch. 

Li-7 and 14 Mc.: 15 turns no. 34 
d.s.c., diameter 3/4 Inch. 28 Mc.: 
8 turns no. 34 d.s.c., diameter 3/4 

inch 
R -1000-ohm rheostat 
These will serve as a basis for 

experimental work with a particular 
set-up. The main tuning condenser 
is assumed to cover 7 and 14 Mc. 
at opposite ends of Its scale. 

of opposite sign, cancels out.  To 
make the null infinite, the power-
factor corrector R is necessary. With 
proper power-factor correction, no 
coupling exists at image frequency. 
In practice, because of stray cou-

pling or through direct pickup in 
some part of the circuit beyond the 
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rejector stage, some image signal 
may leak through, but with careful 
design the signal-to-image ratio can 
be made better than 100,000 at 
frequencies as high as 36 Mc. This 
is the highest frequency so far at-
tempted. 
Experimental work has been done 

on single-stage application and on 
two standard receivers. In one in-
stance, in which the rejector system 
was inserted in the mixer circuit of 
a receiver having no r.f. stage, 
image ratios of over 2000 were 
achieved at frequencies as high as 
16 Mc. Stray couplings by-passing 
the rejector circuit prevented greater 
rejection. This gives some idea of 
the effectiveness of the rejector cir-
cuit, however, because an image 
ratio of 2000 at 16 Mc. is higher 
than can be obtained in a good re-
ceiver with two or three stages of 
preselection ahead of the mixer. 
Figures 2, 3 and 4 are curves 

showing the front-end performance 
of a receiver having one r.f. stage 
ahead of the mixer, the rejection 
being applied to the r.f. grid circuit. 
The i.f. selectivity of the receiver is 
not included in these curves.  In 
each case the rejector is adjusted to 
signal frequency plus twice the i.f., 
the signal circuit being tuned to 
resonate at 7 Mc. in figure 2, 14 
Mc. in figure 3 and 30 Mc. in fig-
ure 4. The power-factor correction 
resistor, R, is in all cases adjusted 
for maximum attenuation of the 
image. The plots extend to only a 
ratio of 10,000, or 80 db; the ac-
tual signal-to-image ratio is over 
100,000 in all cases. 
Because of the worth-while im-

provement in the complete wiping 
out of image frequencies that this 
radically different coupling circuit 
offers, some practical information 
should be included in this article. 
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Figure 2. Selectivity curve of r.f. end with 
receiver tuned to 7 Mc. and image rejector 

adjusted to 7.93 Mc. 

So that interested experimenters 
may be able to adapt such a device 
to their present equipment, we have 
built up a simple r.f. stage which 
may be connected to any receiver. 
The parts are few and the construc-
tion is simple. The frequency range 
is from 9 to about 16 Mc. and the 
unit is intended for use on the 14-
Mc. band.  This is the range in 
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which the average image starts to 
become bothersome.  The circuit 
diagram and constants are given in 
figure 5. 
To get the rejector circuit working 

tenuated.  Finally, adjust resistor 
R, for maximum attenuation. When 
you are sure the system is working 
properly on this frequency, the re-
ceiver and the preselector can be 

flit 00 nee 

,00,f oat, 

401 

.1 S  S 
meGAC ,C4 

',aura 3  Receiver tuned to 14 Mc. and 
image rejector adjusted to 14.93 Mc. 

.0301 r 
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; 4Y, 

79  30  I. 
r• faveNer • .c 

figure 4.  Receiver tuned to 30 Mc. and 
image rejector adjusted to 30.93 Mc. 

The 1.f selectivity of the receiver is nof included in these curves or in 

figure 2. 

the curves of 

properly pick out some band where 
you know there arc images, for ex-
ample, the region around 13 Mc. 
Tune over this band until you pick 
up the image of some 14-Mc. ama-
teur 'phone, and peak up the cir-
cuits by means of C, and C.. Then 
slowly turn the rejector condenser, 
r,,,, until a spot is found where the 
phone drops out or is greatly at-

tuned to the 14-Mc. band and the 
rejector adjusted to wipe out bad 
images in this range. 
If no rejection point can be 

found, it may be because L, is re-
versed, C, may be too large, R, may 
be too large or too small, or there 
may be no images at the frequency 
to which the preselector and re-
ceiver are tuned. 
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If a rejection point is found and 
the image is still audible, see if the 
image can be picked up with the 
antenna disconnected.  If so, the 
image signal is getting in at some 
point past the rejector circuit and 
shielding should be tried to reduce 
this pickup. 

No coil information for use on 
the 30-Mc. band is given because it 
is difficult to give constants which 
would have much practical value at 
these frequencies.  The coils have 
so few turns that the wires leading 
to them are apt to have as much in-
ductance as the coils themselves, and 
since C, may become less than 1 
pj.tfd., duplication therefore would 
become quite difficult. 

Another reason for not doing so 
is that at this frequency the rejector 
preferably should be built into the 
receiver itself, so that maximum 
efficiency may be achieved and 
proper shielding employed to pre-
vent the image signal from being 
picked up on the output side of the 
rejector circuit. 

The incorrigible experimenter 
will wind coils for other ranges— 
perhaps with happy results. To him 
we offer this advice.  Couple the 
plate of the r.f. stage to the input 
of the receiver with the shortest 
possible lead, and on the 30-Mc. 
range tune the plate circuit of this 
tube and couple to the receiver 
through a low-impedance line.  It 
is important to build up the greatest 
gain possible at these frequencies. 
The image frequency is so close (in 
percentage) to that of the signal 
that with complete rejection of the 

image there may be appreciable loss 
of signal strength.  At 30-Mc. the 
gain may drop to about one-tenth of 
what it was without rejection, so if 
the r.f. stage gain is kept high— 
and a gain of ten can be had at 
these frequencies—the desired sig-
nal (with the rejector set to the 
image frequency) will be at about 
the same level at the receiver as it 
was before the selector-rejector stage 
was added. A great deal of this 
loss can be overcome by careful cir-
cuit construction in attaining maxi-
mum Q in the tuned circuit, togeth-
er with the optimum degree of an-
tenna coupling. 

For example, in a production 
model of the receiver in which this 
system is used, there is only a 20 
per cent loss in gain with the re-
jector circuit set for maximum at-
tenuation; with an image ratio of 
2000 there is no perceptible loss of 
desired signal. 

At 14 to 30 Mc. the rejector con-
denser capacity (C3) ranges from a 
fraction of a Nild. to but a few 
vilfd. and resistor R is from 250 to 
1500 ohms. The higher the frequen-
cy the lower the resistance needed. 
Some interaction between the re-
jector control and the selector con-
trol may be experienced; in a single 
stage this is of little consequence, 
but when built into-a receiver with 
all the tuning controls ganged to-
gether may be quite serious.  To 
overcome this defect L, (figure 1) 
is employed. The use of this coil 
increases the voltage in the rejector 
circuit and reduces the effect of C3 

on the signal-tuning circuit. When 
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6K7 

• 

L4 Ls 

Figure 5—Circuit Diagram of Image-Relecting Presslector for 
9- to 16-Mc. Range. 

L1-10 turns no. 34 s.c. 
turns no. 20 

L -3 turns no. 20 
L1, k and L3 on same form, diameter 118 inch; 1.•: and L3 spaced 

74 inch, L1 and L3 closely coupled.  Note winding direction 
in drawing. 

Li-15 turns no. 36 s.e. 
L-, -5 turns no. 20 
Lj and 1,, on some form, diameter 34 inch, '8 

CI-100-14 0d. variable t optional , 
C= 100-plitd. variable, input tuning 
C:7-20-pufd. variable, image rejection 
C, -150- mifd. padder, output tuning 
C —200-14µfd. fixed 
C11, C7. C. -0.05-pfd. paper 

8-pfd. electrolytic 
Ri-600 ohms, 1 2 watt 
R2-100-ohm variable  power factor correction) 
R.j-500 ohms, 1,2 watt 
R j-10,000-ohm variable I gain control ) 
R7.-100,000 ohms, 1,2 watt 
R,;, R7-20,000 ohms, 1 watt 
T—Power transformer to deliver 250 volts d.c., with 6.3-volt fila-

ment winding 

inch between coils 

L, is used, C, becomes considerably 
smaller. 
Although the value of resistance 

used for power factor correction 
must be carefully adjusted for maxi-

mum rejection, in practice it has 
been found that a fixed resistor of 
optimum value for the band over 
which the circuit is to work will per-
mit dispensing with one control 
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without undue sacrifice of image at-
tenuation.  Provided the proper 
value of fixed resistance is used, 
highly effective image suppression 
can be obtained—not the full capa-
bilities of the system, but still capa-
ble of relegating practically all 
image signals to the background. 
The fixed resistor could be incor-
porated in the plug-in coils (or 
switched with the coils in a band-
switching receiver) after the opti-
mum value for each range has first 
been obtained experimentally by the 
use of a variable resistor. 
To give practical information on 

coil design and the incorporation of 
this circuit into existing manufac-
tured receivers is out of the ques-
tion. 
The majority of curves and coil 

information contained in this arti-
cle are taken from the work done 
on the application of the infinite 
image rejector to a standard "Chal-
lenger" type receiver.  A rejector 
was inserted in the r.f. stage and 
was made to operate over the range 
from 7 to 30 Mc. The gain of the 

new receiver with and without the 
rejector in operation is the same for 
all frequencies up to 20 Mc. Be-
yond 20 a slight loss of signal is 
observed when the rejector is ad-
justed to the image frequency. 
The design of an r.f. amplifier is 

generally a compromise between 
gain and image rejection.  In the 
conventional cascaded selective cou-
pling circuits gain and image ratio 
are inversely related because of the 
broadening of the resonance curves 
of the individual circuits when the 
coupling is adjusted for maximum 
gain. Since in this system the two 
functions are distinct and separate, 
the gain of the r.f. stage can be 
made considerably higher than nor-
mally permissible, thus compensat-
ing for slight attenuation of the sig-
nal when the rejector is in use in 
the 30-Mc. band. 
With higher than normal gain in 

the first tube, a better signal-to-
noise ratio can be obtained over the 
frequency range below 30 Mc., with 
complete freedom from images. 

Army Radio Communications Lagging 

yj ASHINGTON, D. C. —War Deportment experts cle-
w dared that present army communication methods 
have become obsolete because of the speed of mobile 
fighting forces.  This was the outcome of observations 
during the field maneuvers held lost summer.  Accord-
ing to observers, radio, telephone, and messenger com-
munication has not yet acquired the efficiency needed 
to supply the commanding officer with the necessary 
information and to transmit his orders —Radio News. 
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The "Pigeon Cooker" 
BY  J.  E  BRO WN 

Reports that homing pigeons were being slowed up by 
radio towers, sent the Navy into a flurry of activity. In-
dependently Engineer Brown undertook a similar survey, 
with the consequent results described in this article. 

HOMING pigeons were used as a 
means of communication long 

before radio was in existence. Now 
under the present Signal Corps plan 
of the U. S. Government, they are 
still continued as a necessary ad-
junct to the communications of the 
military forces. 
Occasional reports have filtered 

through from time to time of the 
homing instinct of pigeons being 
disturbed when released in the vi-
cinity of radio transmitting stations. 
One of these reports covers tests 
conducted by the navy department 
of Lakehurst, New Jersey, and 
shows quite conclusively that the 
pigeons were affected.  Those ex-
posed to radio waves at the anten-
na of the A T & T transmitter at 
Ocean Gate, New Jersey, took much 
longer to return home than did 
those birds released at the same lo-
cation, but not exposed. 
In order to find out, if possible, 

what the effect of radio waves on 

pigeons were, a I00-watt oscillator 
was constructed in the laboratories 
of the Zenith Radio Corporation 
and a series of experiments con-
ducted at many different wave 
lengths on homing pigeons. This 
I00-watt oscillator was nicknamed 
the Pigeon Cooker. All tests were 
conducted at the site of the former 
WJAZ radio station near Mt. Pros-
pect, Illinois.  The oscillator was 
arranged to have large tank coils so 
that the pigeons could be placed in 
a strong field.  The oscillator cov-
ered the range of 5 to 50 meters. 
The first tests were conducted 

last fall, using 50 pigeons borrowed 
from various pigeon lofts in Chi-
cago.  The pigeons were released 
one at a time at suitable intervals. 
The tests were carefully arranged 
so that only those pigeons intended 
to be exposed to radio frequency 
were exposed. The remainder were 
kept 1/2 mile away from the oscil-
lator, inside a steel bodied truck. 

fr, /93h, Zdf•Ddiu puhi,hinz . (MR So. Dearborn Si., Chteateo. 
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The following results were ob-
tained: 

EXPOSED TO RADIO FREQUENCY 

Number of  Flying 
Wavelength  Pigeons  Time 

11 Meters  5  17 4/3 Min. 
13 Meters  5  17 3/5 Min. 
15 Meters  4  20 3/4 Min. 
20 Meters  6  23 2/3 Min. 
30 Motors  2  17  Min. 

NOT EXPOSED TO RADIO 
FREQUENCY 

Number of Pigeons  Flying Time 

21  25 1 2 Min. 

According to these tests, those 
pigeons not exposed to the oscilla-
tor took longer to return home than 
did those exposed to the oscillator. 
This was at variance with reports, 
but there were irregularities in the 
tests.  The pigeons flew the same 
distance in both cases to the same 
destination. The only difference in 
treatment was that those exposed to 
the oscillator were held in the op-
erator's hand for three minutes in 
the held of the oscillator; those not 
exposed were held in hand for a 
fraction of a minute only, that is, 
the time actually involved in remov-
ing it from its cage and tossing it 
in the air. 
In order to eliminate this irregu-

larity in all future tests, all pigeons, 
both exposed and unexposed, were 
held in the hand and in position in 
the coil of the oscillator for the 
same period of time.  The period 
of three minutes of holding was de-
cided upon since exposure times as 
great as ten minutes did not show 
any different reaction on the pigeon. 
The tests previously outlined led 

to some doubt in the timing of the 
pigeon's arrival at the home loft. 
To remove this possibility of error, 
it was decided to limit the number 
of birds used to those from one or 
two lofts so that observers could be 
stationed at these lofts to secure ac-
curate timing. 
Another series of tests were run 

a few weeks later using 8 birds from 
one loft.  Four were exposed to 
radio frequenc-y, four were not ex-
posed.  Unfortunately the observer 
at the loft failed to make any ac-
curate record of the pigeon's ar-
rival and hence the test was value-
less. 
Another test was then made with 

these same birds and from the same 
loft in which test birds were re-
leased in groups, 4 exposed and re-
leased simultaneously; 4 unexposed 
and released simultaneously.  In 
this test a wavelength of 20 meters 
was used and the exposed birds 
took 38 minutes to get home, the 
unexposed 50 minutes to get home. 
These tests were still at great vari-

ance with the reports that pigeons 
were actually slowed up by expo-
sure to radio waves.  The careful 
check on the pigeons revealed that 
the) did not go straight home, but 
stopped to eat, loiter, go out of their 
u a), list! with other pigeons and do 
u hateter pigeons dp when not on 
the job. - Of the birds that were 
exposed to radio waves, those that 
were doing this visiting and eating 
found themselves so disturbed by 
exposure that they actually flew 
straight home, giving them better 
time than heretofore. Pigeons were 
then chosen which were true horn-
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log pigeons, that is, they were per-
fect specimens, which actually flew 
straight to their "home" loft. 
There was still some question as 

to the accuracy of the timing of ar-
rival of the pigeons and in order to 
eliminate fully all doubt on this 
score, the pigeon loft and services 
of Mathew Manka, 2815 N. Fair-
field Avenue, Chicago, Ill., were 
hired.  As a further precaution a 
member of the engineering depart-
ment was stationed at the loft to 
check the pigeon's return time. In 
all tests thereafter, careful watch 
calibration was maintained and the 
element of possible time inaccuracy 
removed. 
Tests were resumed under these 

conditions at Mt. Prospect, Illi-
nois, with the following result: 

EXPOSED TO RADIO FREQUENCY 
Number of  Flying 

Wavelength  Pigeons  Time 
5  Meters  1  33 Min. 
11.5 Meters  3  29 Min. 
15  Meters  4  27 Min. 
20  Meters  5  27 Min. 
30  Meters  3  31 Min. 
40  Me  4  32 Min. 
50  Meters  3  28 Min. 
Average Time -29 1/2 Min. 

NOT EXPOSED TO RADIO FREQUENCY 
Number of Pigeons  Flying Time 

2  24 1/2 Min, 
2  24 1/2 Min, 
3  30  Min. 
2  23  Min. 
3  37  Min. 
2  24  Min. 
3  21  Min. 

Average Time -26 1/2  Min. 
Flight Course -25.6 miles. 

About 125 pigeons flown during en-
tire tests. 

Above  compilation  covers  40  pi-
geons. 

It appears from these figures that 
homing pigeons exposed to radio 
frequency are affected by the ex-
posure and in some way their abil-
ity to return home definitely slowed 
up. Here then Well confirmation of 
the reports. The difference in time 
used to return home between the 
exposed and the unexposed birds 
is not very great; however, it must 
be borne in mind that the power of 
the oscillator is not great and its 
radiated field is very much restrict-
ed by comparison with what would 
exist around a high power radio 
transmitter. In this respect the re-
sults obtained are significant. 
During the course of these exper-

iments many other tests were con-
ducted.  In some cases fixed per-
manent magnets were hung around 
the necks of pigeons.  This was 
done to determine whether the pi-
geon's homing instinct might be af-
fected by the earth's magnetic lines 
of force or as has been suggested 
(since there exist no two places on 
the earth's surface having the same 
magnetic field strength) these birds 
might seek that field strength which 
exists at the home lofts.  It was 
found that the magnet on the pi-
geon's neck did not seem to affect 
his homing ability at all. 
It is of interest to note that ex-

posure to radio frequencies in the 
ranges tested frequently seemed to 
make the pigeon restless and that 
at 20 meters the respiration and 
heartbeat seemed to increase a no-
ticeable degree, and to an extent 
much more noticeable than at any 
other wavelength in the range used. 
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By transmitting the wave-forms of the transmitter scanning 
voltages, it is possible to send pictures interlaced four-to-ont, 
with flickerless reception at 15 frames per second.  A new 
system developed in the Du Mont Laboratories. 

• 

RECENT newspaper reports to the 
effect that the Allen Du Mont 

Laboratories had developed a sys-
tem of television transmission in 
which high-definition pictures are 
sent in one-half the band-width re-
quired in the conventional system, 
have excited the curiosity of all 
those who are at present wrestling 
with the wide-band problem. 
The band-width required for a 

television channel depends directly 
on the number of complete pictures 
transmitted per second. In the new 
system, the number of complete 
pictures sent per second (the 
"frame frequency") has been re-
duced from 30 to 15, and as a 
consequence the band-width re-
quired is just one-half as great. 
It is appreciated that this reduc-

tion in picture frequency intro-
duces a high degree of flicker un-
less special means are taken to pre. 
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vent it. The means taken in this 
case is a high interlace ratio, four-
to-one as compared with two-to-
one in the present R.M.A. stand-
ard. The "field frequency" (the 
number of times the picture area 
is fractionally scanned) thus re-
mains the same, 60 per second, in 
the new system as in the conven-
tional system, the only difference 
being that each interlaced "frac-
tional" frame contains one half as 
many lines as formerly. The num-
ber of lines, 441, and the number 
of picture elements per line, 4/3 X 
441 for 4-to-3 aspect ratio, remain 
the same. 
Consequently d Aidcerless 441• 

line image is produced, even though 
there are only 15 complete frames 
per second. It is true that one-half 
the information is transmitted in a 
given time, but except for very 
rapid motion in the picture, the 

IN(., 330 W . /ha Si., N.Y.C. 
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effect is the same as though 30 com-
plete frames were transmitted. 
The achievement of a 4-to-1 in-

terlace ratio has long been desired 
in television, but it seems impos-
sible to accomplish when the con-
ventional method of transmitting 
sync pulses is used. In the conven-
tional system, separate sweep-volt-
age generators are employed at 
transmitter and receiver, and sync 
pulses are sent to achieve syn-
chronism between them. To pro-
duce a properly interlaced picture 
by this method, the sync pulses must 
maintain a time accuracy of less 

than a microsecond, even when the 
interlace ratio is only two-to-one. 
When an interlace ratio of four-to-
one is attempted, the degree of ac-
curacy required is so great that the 
sync signal method falls down. 
In the new system, however, all 

this is taken care of by eliminating 
the sync signals altogether. Only 
one sweep voltage generator (pro-
ducing horizontal and vertical 
scanning) is employed, that at the 
transmitter. The wave-forms of the 
vertical and horizontal scanning 
voltages, produced by this gener-
ator, are used as modulating signals 
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on an auxiliary carrier. After de-
modulation and amplification at the 
receiver, the wave form is then used 
directly as a sweep voltage for the 
receiving cathode-ray tube. The re-
ceiver is thereby considerably sim-
plified, in principle at least. 
No amplitude-operated sync-sig-

nal separation circuit is necessary, 
and no sweep-voltage generators 
are required.  In their place is 
simply a detector and high-voltage 
amplifier, at whose output the 
sweep voltage appears automati-
cally, having been taken directly 
from the transmitted signal. 

• Detci!s of the Transmitter 

The transmitter, shown in the 
block diagram, employs a conven-
tional channel for the video signal, 
that is, a source of video modula-
tion, a modulating amplifier and an 
r.f. power amplifier. 
The output carrier of this trans-

mitter contains video signals only; 
no synchronizing pulses are present. 
The audio-frequency carrier is mod-
ulated with three signals: the audio 
itself, the vertical (low frequency) 
sweep-voltage waveform, and the 
horizontal (high frequency) sweep-
voltage wave-form. 
The audio signal occupies the 

frequencies from 30 to 10,000 cy-
cles. The low frequency sweep volt-
age wave-form contains a funda-
mental of 60 cycles per second 
(equal to the field frequency) and 
if a simple saw-tooth wave is used, 
all harmonics up to the tenth, that 
is, up to 600 cycles. These frequen-
cies are employed to modulate a 
sub-carrier of 15 kc., which in turn 

modulates the final carrier—thereby 
occupying a region above the upper 
limit of the audio signal. 
The high-frequency sweep volt-

age wave-form has a fundamental 
of 6615 cydes, for four-to-one in-
terlace. If a simple saw-tooth wave 
is used, it contains all harmonics up 
to 66,150 cycles. These components 
are applied to a sub-carrier still 
higher in the audio range, say 200,-
000 cycles. In this system, the en-
tire audio channel, including sweep-
wave-forms, is 266 kc. wide. 
A very considerable reduction in 

this band-width is accomplished by 
the use of a double saw-tooth, 
scanning in both directions.  The 
picture is then scanned with lines 
moving alternately left-to-right and 
right-to-left, and with frames built 
up alternately from the bottom up 
and from the top down. The har-
monic content of such a double 
saw-tooth wave contains no impor-
tant components above the funda-
mental, and it is feasible to use a 
sub-carrier of 25,000 cycles. 
In this case, the audio carrier 

contains frequencies only up to 
31,615 cycles. This represents a 
carrier 20,000 cycles wider than 
would be required for speech alone, 
but the saving in band-width in the 
video carrier is about 2 megacycles, 
vastly greater than the increase in 
the audio channel. • 
The complete television channel, 

in the new system, contains a video 
carrier with side bands correspond-
ing to a 441-line, 15-frame picture, 
with blanking signals if conven-
tional saw-tooth scanning is used, 
no blanking signals being required 
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Block diagram of the receis er. In the waveform channel, third detectors are used 

to separate the scanning waveforms from the sub-carriers. 

if double saw-tooth scanning is 
used. 
In addition to the video carrier, 

the channel contains a wide-band 
audio channel with 30,000 cycle 
sidebands. These sidebands contain 
the audio signal, and the wave-
forms of the low- and high-fre-
quency scanning voltages, which 
are of the double saw-tooth variety. 
The sweep-voltage wave-forms dou-
bly modulate, first the sub-carriers 
of 15,000 and 25,000 cycles, and 
then the high-frequency audio-
channel carrier. 

• Reception in the New System 

The receiver, shown in the block 
diagram, accepts both video and 
audio carriers at once, as in the 
conventional system. The first mixer 
tube thereby provides two i.f. fre-

quencies, one containing the video 
modulation, which is amplified and 
demodulated in the conventional 
manner. 
The other i.f. frequency contains 

the audio and wave-form compo-
nents. The audio is detected and 
passed to an audio system whose 
upper cut-off is 10,000 cycles. None 
of the wave-form components reach 
the loudspeaker, therefore. The 15,-
000 cycle output of the second de-
tector is amplified in a 15 kc. i.f. 
amplifier, passed through a 3rd de-
tector, amplified and applied to the 
vertical plates of the cathode-ray 
tube. The 25,000 cycle output of 
the second detector is passed 
through a 25 kc. i.f. stage, a 3rd 
detector and amplifier, then applied 
to the horizontal plates of the cath-
ode-ray tube. 
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While the receiver contains tubes 
and circuits comparable in number 
to those required for sweep volt-
age generation and sync signal sep-
aration in conventional circuits, the 
tubes in the new system are operat-
ing in non-critical circuits, of con-
ventional design. 
Furthermore, the receiver, once 

built, is equipped to follow the 
transmitter signal, if the number 
of line and frames, or even the 
manner of scanning, is changed. 
This feature of versatility of the 
receiver units promises to make it 
possible to place in the field tele-
vision receivers which will not be-
come obsolete when greater defini-
tion is desired in television pictures. 
Synchronism, being maintained 

by wave-form rather than by pulses, 

is exact and unvarying. The inabil-
ity of the receiver to fall out of 
step with the transmitter makes 
possible the four-to-one interlace 
ratio. Even higher interlace ratios 
have been successfully transmitted, 
without weaving or pairing of the 
lines. Furthermore, highly irregular 
scanning wave-forms have been 
tried with success, and the sine-
wave has been shown to be practical 
as a scanning wave-form. By em-
ploying the easily-transmitted sine-
wave as the basis of the scanning, 
and by converting the sine-wave to 
a linear wave by passing it through 
a rectified tube both at transmitter 
and receiver, linearity of scanning 
(and consequent evenness of light 
distribution) are preserved. 

Chromium Polish 
co MUCH chromium is now being used in radio sets and 
•-) panels that it is well to know that this finish may be pol-

ished.  The only materials required ore absorbent cotton or 

soft cloth, alcohol, and ordinary lamp black. 

A wad of cotton or the cloth is moistened in the alcohol and 

pressed into the lamp black.  The chromium is then polished 

by rubbing the lamp block adhering to the cotton briskly over 

its surface.  The mixture dries almost instantly and may be 
wiped off with another wad of cotton. 

The alcohol serves merely to moisten the lamp block to a 

paste and make it stick to the cotton  The mixture cleans 
and polishes very quickly and cannot scratch the chromium 

service.  It polishes nickel-work lust cs effectively as it does 
chromium. —"RAD10-. 
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Rather than condense 
this valuable report of 
the I.R.E. technical com-
mittees into a few pages, 
the editors have deemed 
it best to reprint the ar-
ticle in its entirety — 
footnotes and all —in two 
sections: Port I, Electro-
acoustics, and Port II, 
Electronics, in this issue; 
radio receivers, television 
and facsimile, and trans-
mitters and antennas will 
appear in the next issue. 

PART I—ELECTROACOUSTICS 

THE advance in applied acoustics 
in radio consists of the refine-

ment and improvement of existing 
equipment, combined with devel-
opments designed to meet the re-
quirements of new projects.  This 
report divides the field into the 
following subjects: loud speakers, 
head telephone receivers, micro-
phones, studios, electromechanical 
instruments, and measuring instru-
ments and techniques. 

• Loud Speakers 

Direct radiator loud speakers 
have been improved by advance-
ments in the design of the mechan-
ism and of the acoustic means for 
coupling between the driving sys-
tem and the air at low frequencies. 
The acoustic labyrinth' 113.s been 
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improved by employing a new ma-
terial for the lining. This material, 
besides having very desirable acous-
tic properties, is self-supporting, so 
that it obviates the use of metal 
lath which was a feature of the old 
construction. 
A loud speaker for use in moni-

toring booths and review rooms to 
simulate the quality of sound mo-
tion-picture reproduction has been 
developed. The cabinet is designed 
on the principle of a Helmholtz 
resonator to improve the low-fre-
quency response. The low-frequency 
driving mechanism consists of a 
conventional permanent-magnet dy-
namic loud speaker. The high-fre-
quency unit consists of a short four-
cell horn coupled to a dynamic 
mechanism.  A suitable 800-cycle 

, Inc.. 330 Welt 42nd Preet, N.Y.C. 
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cross-over network and tone con-
trol, together with an adjustment 
for mechanical phasing of the high. 
and low-frequency units, permit 
matching of this loud speaker to 
the acoustic characteristics of the 
individual room where it is used. 
The introduction of the acoustic 

phase inverter1.2 into the mid-price 
range console class has been made 
possible by the development of a 
simple, rigid, nonvibrating, curved 
panel for enclosing the back of the 
loud-speaker to provide the capaci-
tive element of the acoustic system. 
This method of improving low-fre-
quency response has also been ap-
plied to a table model during the 
past year. In addition to improving 
the quality of reproduction, it has 
reduced acoustic feedback. 
A means for improving the re-

sponse of a loud speaker in a cab-
inet consists of a short straight-axis 
horn associated with the rear radiat-
ing portion of a diaphragm. This 
device has the economic merit of 
reducing the air-borne acoustic 
forces upon the walls of the cabinet, 
permitting a much lighter and, con-
sequently, cheaper cabnet construc-
tion. Also, a suitable design allows 
the cabinetmaker much greater lati-
tude since cavity resonances are 
largely eliminated, the speaker and 
horn combination being the domi-
nant element in the circuit. 
A study of the mechanical con-

stants revealed the fact that there 
was a definite oscillatory system ex-
isting in most edge structures. An 
annular flexing edge for a cone dia-
phragm in which secondary reso-
nances occurring from this area are 

eliminated without unduly restrict-
ing the amplitude range of the 
compliance has been developed. By 
confining the constants of the sys-
tem between the cone proper and 
the mounting gasket to compliance 
only, it has been found possible to 
eliminate nearly all of the irregular-
ities in the response characteristic 
occurring in the range from 800 
cycles to 2000 cycles. This type of 
a cone edge usually produces low-
frequency amplitude distortion since 
its action may either cause rectifi-
cation or restriction.  In general, 
this does not seem to be a commer-
cial hindrance, since usually the dis-
tortion is purely harmonic and does 
not contain objectionable transient 
components. 
Considerable research has been 

done in the field of fibers used in 
cone diaphragms. It has been found 
possible, through various combina-
tions of materials, to influence great-
ly the high-frequency response of 
cone diaphragms. The introduction 
of fibers such as wool into the com-
position of the cone results in great-
ly increased mechanical resistance. 
This possibility has been utilized 
for two different purposes: first, to 
reduce the high-frequency response 
for such applications as the automo-
tive-header loud speakers, and sec-
ond, as a flexing edge of this soft 
material to be used in conjunction 
with a somewhat harder body where 
it is desired to reduce the amplitude 
at resonance and to minimize sec-
ondary edge resonances. 
Extensive use has been made of 

corrugated disks as an outside sus-
pension for centering the voice coil. 
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This type of suspension provides a 
means of shielding the air gap 
against foreign particles, a relatively 
small stiffness which improves the 
low-frequency response by reducing 
distortion, and high rigidity in a 
lateral direction for keeping the 
voice coil aligned in the air gap. 
Compliances have been used in 

the cone near the coil to effect a 
sharp high-frequency cutoff. In ad-
dition, this compliance reduces the 
mass reactance before cutoff and 
thereby increases the response in 
this region. 
In the allied field of sound re-

enforcing and public address, two 
permanent-magnet loud speakers of 
60 and 100 watts power rating have 
been developed. Indestructible ma-
terials such as bakelite and metals 
have been used to insure a long and 
useful life.  High efficiency over a 
wide range is obtained by means of 
a multiple-flare horn.  The use of 
a permanent-magnet field eliminates 
the expense of wiring and provid-
ing a means for field supply. 
Intercommunicating systems have 

become popular. The acoustic com-
ponents are, of course, the micro-
phone and the loud speaker. Most 
of the systems employ magnetic or 
dynamic loud speakers similar to 
those used in small radio receivers. 
In general the same unit, with suit-
able compensation, is also used as 
the microphone. Small loud-speak-
er units suitably compensated are 
also used in those systems where 
a separate unit is employed for the 
microphone and the loud speaker. 

• Head Telephone Receivers 

A crystal-type high-fidelity head-
phone has been developed for use 
in exact monitoring work of radio 
broadcasting and motion-picture re-
cording.  The new headphone has 
a uniform response to 12,000 cycles. 
The impedance of a pair of these 
headphones is very high, 80,000 
ohms minimum at any frequency; 
consequently the power-source char-
acteristics are not affected. 
The sensitivity is approximately 

one volt per dyne per square centi-
meter at 1000 cycles. These head-
phones are exceptionally rugged and 
will withstand a considerable 
amount of mechanical abuse with 
little danger of breaking the crystal 
element or changing the frequency 
response. 
An extremely lightweight crystal 

headphone with high output has 
been developed.  The cases and 
caps are of aluminum.  The cases 
are hermetically sealed so that even 
the most adverse atmospheric con-
ditions cannot damage them. The 
cases are small, measuring 21/8 
inches in diameter by 5/16 of an 
inch thick. The impedance of the 
headphone is of course high, being 
of the order of 16,000 ohms at 
1000 cycles.  Driving impedance 
of any value from 100,000 ohms 
down may be used without destroy-
ing the quality.  However, if an 
impedance higher than this is used 
there will be a loss of high-fre-
quency response.  The response 
covers the range from 60 to 10,000 
cycles. 
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• Microphones 

The manifold problems of sound 
collection are so varied and wide 
in scope that it has not been possible 
to develop a universal microphone 
which adequately satisfies all the 
requirements under all conditions. 
Directional and nondirectional mi-
crophones have definite applica-
tions: nonuniform response over a 
limited range may be fitted for pick-
up and transmission under certain 
conditions, weight and size may 
sometimes be a consideration, while 
for other uses high output may be 
more desirable than small weight, 
etc. 

Consequently, each year new 
microphones are developed to satis-
fy some new problems in sound 
pickup or to effect an improvement 
over existing microphones used in 
some collection problem. 
A high-impedance bidirectional 

crystal microphone has been de-
veloped consisting of a diaphragm. 
type stiffness-controlled crystal unit 
operated on the pressure-difference 
principle.  A simple passive net-
work is employed to render the out. 
put voltage uniform at all frequen-
cies and substantially in phase with 
the sound pressure. This unit has 
been combined with a nondirec-
tional crystal element to give a uni-
directional microphone with a car-
dioid polar directional character-
istic. 
A convenient and useful feature 

of this microphone is the provision 
of a switch for convenient connec-
tion of either one or both elements 
of the microphone to the output 

terminals, thus making available any 
one of the three basic response 
characteristics; that is, nondirec-
tional, bidirectional, or unidirec-
tional to suit operating conditions. 
The front-to-back discrimination in 
the unidirectional position is about 
20 decibels between 100 and 5000 
cycles.  No special amplifier char-
acteristics are required for use with 
this microphone. 

Heretofore, in the cases where a 
microphone having greater direc-
tivity than the unidirectional com-
bination of a pressure gradient and 
pressure microphone was required, 
the microphone associated with a 
parabolic reflector has been the only 
type available.  This reflector is 
directional because its sound-con-
centrating property is a function of 
the angle of sound incidence. How-
ever, this property is also a function 
of the frequency, and the normal 
incidence response of the micro-
phone is therefore distorted. A new 
highly unidirectional microphone 
has been obtained by coupling 
a moving-coil microphone to an 
acoustic impedance element com-
posed of a bundle of 50 3/8-inch 
diameter thin-walled aluminum 
tubes whose length vary by equal 
increments from 11/4 inches to five 
feet. 
The function of this variation in 

length is twofold. Pirst, the multi-
ple resonances of the individual 
tubes occur at intervals so close to-
gether that the net effect of the 
bundle is that of an acoustic resist-
ance over a fairly wide frequency 
range. The high quality of the at-
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tached microphone is therefore not 
impaired. 
Second, high directivity is se-

cured, because for sound incidence 
other than normal each tube intro-
duces a different path length with 
phase cancellation resulting at a 
composition chamber between the 
microphone and ends of the tubes. 
Since this microphone does not dis-
tort the quality of direct sound, 
high-quality pickup may be secured 
without equalization.  The direc-
tionality is equivalent to that of a 
parabola three feet deep and three 
feet in diameter, but the light 
weight of five pounds and small 
diameter of three inches render it 
more convenient for ordinary use. 

• Studios 
The design of studies for sound 

collection has advanced to the point 
where it is possible to state with 
reasonable assurance the require-
ments for good acoustics under a 
variety of conditions.  That is to 
say, the design of studios is now a 
fairly definite and precise engineer-
ing job. 
Sound-absorbing materials for 

practically every conceivable use 
have been developed.  A tremen-
dous amount of data have been gath-
ered on the properties of sound ab-
sorbers.  Therefore, this phase of 
the subject seems to be quite com-
plete. 
The problem of the distribution 

of sound in rooms is extremely com-
plicated.  It is quite well known 
that the performance of radio re-
ceivers varies considerably in differ-
ent rooms. It appears that the dif-

ference cannot be attributed to re-
verberation alone. The free vibra-
tion s,3 (characteristic frequencies 
or eigentones) of a room have been 
studied. These investigations indi-
cate a better knowledge of the reso-
nance in rooms is required before it 
is possible to understand and con-
trol the phenomena of intensity dis-
tribution and reverberation which 
are so closely related to room reso-
nance. 

• Electromechanical Instruments 

A new sound-on-disk recorder 
has been developed* in which the 
principle of feeding part of the out-
put of the system back to the input 
of the associated driving amplifier 
in properly controlled relationship 
is used.  This principle, which is 
widely used in feed-back amplifiers, 
replaces the usual practice of pro-
viding dissipative elements for the 
control of an electrically driven vi-
brating system. 
Heretofore, no practical applica-

tion of feedback to electromechani-
cal systems has been made, possi-
bly because the requirements for 
stable operation of such systems are 
difficult of achievement. Through 
recent developments these require-
ments have been satisfactorily met. 
The new recorder is capable of re-
cording on wax or direct-recording 
material without appreciable effect 
on its characteristics, which include 
a uniform response from 30 to 12,-
000 cycles and exceptional freedom 
from distortion products. The re-
corder is extremely simple and af-
fords easy means for field calibra-
tion from the feed-back element 
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whose output is in direct propor-
tion to the stylus velocity.  These 
means also make available a moni-
toring voltage which, properly am-
plified, gives a precise aural picture 
of the stylus behavior during re-
cording. 
Vertical and lateral high-fidelity 

crystal phonograph pickups have 
been improved with low stiffness 
and low moment of inertia.  The 
stiffness is the order of 1.5 X 106 
dynes per square centimeter. Both 
types operate satisfactorily with as 
little as 0.4-ounce needle pressure, 
although one ounce is recom-
mended for general use. This pres-
sure is easily adjusted by means of 
a sliding weight. 
The 12-inch aluminum arm is 

curved in order to reduce tracking 
error to a minimum. The frequency 
response is fiat from 30 to 10,000 
cycles for either type when fed into 
the following loads: 30,000 ohms 
resistance in series with 0.03 micro-
farad for the vertical pickup, and 
15,000 ohms in series with 0.03 
microfarad for the lateral model. 
A method of recording sound 

magnetically on steel tape5 similar 
in principle to that of the Poulsen 
Telegraphone has been developed. 
By making use of perpendicular in-
stead of longitudinal magnetism, 
the speed of the tape may be re-
duced to 8 inches per second for 
recording speech.  The low tape 
speed eliminates many of the diffi-
culties encountered with those sys-
tems which made use of longitudi-
nal magnetism.  The ratio of the 
signal-to-ground noise has been 
substantially reduced. The record-

ing medium is a steel tape having a 
thickness of two mils and a width 
of 50 mils. 

• Measuring Instruments and 
Techniques 

A distortion meter has been de-
veloped for measuring the total 
harmonic  content  generated  in 
audio-frequency systems. The meter 
is used in conjunction with a beat-
frequency oscillator having very low 
harmonic content in the output. A 
part of the output of the oscillator 
is fed to the system to be tested and 
another part to the analyzer. The 
output of the device to be tested is 
fed into the harmonic analyzer. The 
amplitude and phase relations of 
the fundamentals, from the oscil-
lator and device to be tested, are 
adjusted by means of suitable net-
works so that none of the funda-
mental remains. The remainder is 
the total harmonic generated in the 
system under test.  This is meas-
ured by means of a root-mean-
square meter. 
A system known as the velocity 

bridge has been developed for ob-
taining the velocity of the voice 
coil of a dynamic loud speaker. The 
loud speaker to be tested is bal-
anced against a similar loud speaker 
blocked.  When a voltage is ap-
plied to the bridge, the output is 
proportional to the-back electromo-
tive force generated in the loud 
speaker or to the velocity of the 
voice coil in a dynamic loud speaker. 
This system permits recording a 

graph of the voice-coil velocity ver-
sus frequency with automatic or 
semiautomatic recording equipment, 
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and thereby removes this class of 
measurement from the point-by-
point method which has been used 
in the past. 
An instrument for obtaining a 

visual indication of the response-
frequency characteristics of such 
audio-frequency apparatus as micro-
phones, loud speakers, transform-
ers, amplifiers, etc., has been de-
veloped. The indicating device is 
a 5-inch cathode-ray tube with a 
long-persistence screen.  By this 
means as many as 4 or 5 response 
curves can be compared simulta-
neously. 
The maximum frequency range is 

30 to 15,000 cycles per second, but 
it is possible to observe any desired 
portion of this range. The sensitiv-
ity of the instrument is continuous-
ly variable from a full-scale of 6 
decibels to a full-scale of 48 deci-
bels.  The equipment is portable 
and alternating-current-operated. 
Although designed for laboratory 
use, this apparatus should find other 
applications such as factory test, 
field studies in theatres, etc. 
In the conventional arrangement 

for measuring the indoor response 
of a radio receiver, the pencils of 
sound reflected from the floor are 
stronger than any other primary re-
flections; this is particularly true in 
the case of the rotating microphone. 
Due to the dimensions and geom-
etry, the floor reflection causes a 
marked change in the response char-
acteristic  in the mid-frequency 
range. This effect is so pronounced 
that often times other effects which 
seriously impair the response char-

acteristic are masked and may go 
undetected. 
First-order floor reflections may 

be eliminated by the use of an in-
clined deflector, which becomes the 
floor in front of the receiver to be 
tested, arranged so that sound re-
flected from this new floor will not 
strike the microphone.  The re-
sponse characteristic obtained under 
these conditions is free of first-order 
floor reflection effects. 
An instrument for calibrating vi-

bration pickups has been developed. 
It consists of a "vibration cell" of 
rigid construction containing an 
inertia-actuated Rochelle salt crystal 
resonated an octave above the high-
est frequency to be measured. Vi-
brations from a Rochelle salt crystal 
driver, or other convenient source, 
are transmitted through the "vibra-
tion cell" to the pickup being cali-
brated, and the relative output volt-
ages compared.  This method has 
been very useful in checking the 
response-frequency characteristics of 
high-output vibration pickups used 
for field work. 
A standard of low-frequency 

sound pressure was developed fol-
lowing the general theory of previ-
ous investigators.  This "dynamic 
piston-phone" consists of a chamber 
about 50 cubic centimeters in vol-
ume and a piston 0.3 centimeter in 
diameter driven by a moving-coil 
mechanism, capable of executing 
strokes of approximately 1.0 centi-
meter at frequencies between 20 
and 100 cycles.  The stroke is 
measured by means of a telescope 
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and scale.  The variation in pres-
sure may be computed from the 
variation in volume. A small cry-
stal microphone is used as a pres-

• 

sure indicator within the piston-
phone chamber and thus becomes a 
calibrated microphone for the meas-
urement of sound-field pressures. 

PART II —ELECTRONICS 

ELECTRONICS appears to have 
been devoid of radical depar-

tures from the trends of the recent 
past. In the older applications the 
chief advances are additions to and 
refinements of the already extensive 
quantitative knowledge of the be-
havior of electronic devices. In the 
newer and more active fields of tele-
vision and ultra-high-frequency 
tubes, greatest progress is reported 
in the extension, improvement, and 
refinement of methods and devices 
which have in the recent past been 
generally accepted as the most prom-
ising. It is not within the scope of 
this report to discuss the signifi-
cance of these trends, nor to specu-
late on the future. 

• Television Tubes 

Electron Optics 

In the field of electron optics 
theoretical and experimental work 
has continued, so that exact expres-
sions are now known for many of 
the properties of electron lenses. 
1.2.3.4 The knowledge of electron 
optics has been used to improve 
electron microscopes,3.6 the intensi-
fication of optical images,' and the 
construction of cathode-ray tubes 
with multiple beams.° 

Apparatus has been developed 
for the automatic plotting of the 
paths of electrons moving through 
electrostatic fields.2.1° 

Television Camera Tubes 

Sensitivity of the Iconoscope type 
of tube has been increased and the 
operating characteristics have been 
investigated further. 11.12.13 Several 
new kinds of pickup tubes were de-
veloped; some utilize photo-conduc-
tive or photovoltaic effects, or sec-
ondary-emission amplification of an 
electron picture to give additional 
sensitivity or a less spurious sig-
na l.14,15,16 

Television Picture Tubes 

The development of cathode-ray 
tubes has progressed to such a point 
that large television pictures have 
been shown by projection on a 
viewing screen. 17,18,19,20 
Advancements in theory and im-

provements in the practice of pro-
ducing fluorescent_screens have in-
creased their efficiency and stabil-
ity.21.22,23,24  A method of measur-
ing the color of these screens has 
been described." 
A large, continuously evacuated, 

direct-viewing cathode-ray tube per-
mitting an 18-1-24-inch  picture 
has been described." 
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Ostillogroph Tubes 

A new type of oscillograph tube 
has appeared."  A study has been 
made of the ultra-high frequency 
performance of electrostatic-deflec-
tion tubes." 

1 U. H. F. Vacuum Tubes 

Progress in the field of ultra-
high-frequency vacuum tubes dur-
ing 1937 has followed the trend of 
1936 in that advancements have 
been made principally in tubes 
where the electron-transit time is a 
small fraction of the oscillatory pe-
riod. In this group the greatest im-
provements have been evident in 
conventional negative-grid triodes 
including both an extension of the 
upper frequency limit and a sub-
stantial increase in power output in 
the frequency range of 50 to 1500 
megacycles. 
Small negative-grid triodes of 

unusual design have been de-
scribed29 which extend the upper 
frequency limit of triode oscillators 
to the neighborhood of 1800 mega-
cycles and increase the upper limit 
of triode amplifiers.  From these 
tubes used as oscillators, a power 
output of approximately 16 watts at 
500 megacycles has been obtained, 
which is more than double the out-
put reported last year." The special 
feature of these tubes is that the 
plate and grid electrodes are sup-
ported by leads which in effect go 
straight through the envelope pro-
viding two independent leads to 
each of these elements. This dou-
ble lead construction is used to de-
crease circuit losses, to increase the 

limiting frequency, and to provide 
an effective means of neutralization. 
The application of special lead 

and mounting arrangements has 
been extended to radiation-cooled 
tubes of larger sizes resulting in 
outputs of 400 to 600 watts at 50 
megacycles.31-32 The frequency limit 
of small water-cooled tubes has been 
extended to 300 megacycles.33 A 
high-power water-cooled pentode 
capable of delivering 6000 watts at 
50 megacycles has been described." 
The literature indicates a contin-

ued investigation of less conven-
tional tubes, particularly those in 
which the electron-transit time is 
critically related to the oscillatory 
period.35.36.32-38 In this group two 
interesting types of magnetrons have 
appeared.  One of these35 has the 
unique feature that the oscillatory 
circuit is connected between split 
end plates which are negative with 
respect to the cathode and receive a 
negligible electron current. 
The other new magnetron" has 

the unusual feature that the electron 
emission is introduced at the end of 
the plate cylinders, rather than uni-
formly along the axis of the anode 
as in the ordinary magnetron. This 
arrangement is reported to elimi-
nate cathode bombardment. 

• Receiving Tubes 

In the field of receiving tubes, 
although no radically new develop-
ments have been reported, progress 
has been made in the extension of 
fund amental theory, in the reduc-
tion of noise, in the simplification 
and improvement of tube structures, 
and in the use of new materials. 
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Theoretical studies have been 
made of the effects of space charge 
in genera1,39.4° more specifically in 
the grid-anode region.41 Further 
investigations into the theory of 
tube noise have been reported." 
The operation and design of 

multielectrode converter tubes have 
been the subject of further investi-
gat jons. 43,44,45,46,47 

There has been evidence of con-
tinued activity in the field of beam 
tubes.48.49 
Improvements have been made 

in getters" and in structures for 
minimizing tube noises." Study of 
contact potential has contributed a 
better understanding of this sub-
ject. 52 

• Transmitting Tubes 

Advances in large high-vacuum 
tubes have extended the high-fre-
quency limit of operation.  These 
developments are treated in the re-
port on high-frequency-tubes. 

• Gas Tubes 

Most of the advances in gas tubes 
have found application in the in-
dustrial field. Since some of them 
have possible use in radio, a brief 
summary is induded here. 
Considerable progress has been 

made in the improvement of the 
ignitron-type of rectifier.  Individ-
ual sealed-off ignitrons have been 
developed for use in large multi-
phase rectifiers providing high-cur-
rent power supplies." A new type 
of ignitor rod for reducing the ig-

nitor current required for reliable 
initiation of the cathode spot" has 
been described. 
Thyratrons filled with a mixture 

of argon and mercury vapor have 
been developed.” These tubes are 
reported to have the low voltage 
drop which is characteristic of mer-
cury vapor, but with critical grid 
characteristics that are independent 
of temperature over a range much 
wider than that of tubes containing 
mercury vapor alone. 
Cold-cathode tubes are becoming 

increasingly important as control 
or relay &vices and are capable of 
performing many of the functions 
for which small thyratrons have 
generally been used. 56.57.58 

• Photoelectric Devices 

Progress in photoelectric devices 
has been limited largely to detail 
improvements in commercial tubes 
and to further scientific study of the 
photoelectric properties of thin 

59.60,61,62,63 fil MS  and the character-
istics and theory of barrier-layer 
photoelectric cells.64.65.66.67 
A new type of phototube has 

been described in which the anode 
consists of a network of tungsten 
wires which may be made incandes-
cent as a means of cleaning them, 
placed parallel to.the cathode, sat-
uration being obtained with only 
three to four volts." The effect of 
hydrogen on reducing the time lag 
of argon-filled phototubes was in-
vestigated." 
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Liquid Soldering Flux 

A CHEMICAL action that is frequently set up between ordi-
nary soldering flux and metal tends, after a time, to 

cause the introduction of resistance at the joint. This action is 
particularly harmful where the connecting metal surfaces are 
quite small, as in radio and other delicate electrical work. The 
possibility of this chemical action may be lessened by swabbing 
the joint with alcohol as quickly as possible after the soldering 
flux is used. But even that is not a certain precaution. 
The slow chemical deterioration of the connection does not 

take place when rosin is used as the flux, and for that reason 
rosin-core solder is used almost exclusively for all fine soldering 
work. But since often too much rosin runs onto the connection 
being soldered and must be scraped away if c neat joint is to 
be made, a liquid rosin soldering flux such as described here 
will be found extremely convenient. 
This liquid flux is formed by adding rosin to denatured alco-

hol until no more will dissolve, thus creating o saturated solu-
tion.  After the joint to be soldered has been carefully cleaned, 
it is pointed with this alcohol-rosin solution, using a small 
point brush. The joint may be soldered easily then if o clean 
and well-tinned soldering iron is used.  This solution should 
be kept in a tightly-corked jar when not in use, to prevent 
evaporation. Since the alcohol is used up more quickly than 
the rosin, a little alcohol should be added occasionally as needed 
to dissolve lumps. This flux is not only extremely easy to use 
but it is economical, since inexpensive solid wire solder is used 
with it. —Rodio. 
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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. 

STAGED IN THE WOOD, 
by E. T. Turney, Jr.—A 
complete constructional 
and layout description of 
a 500-600-watt phone and 
8 0 0-9 0 0-watt c.w. rig, 
mounted upon a combi-
nation wooden baseboard 
and wooden cabinet. The 

74//- Ggft/ 
1 another 6L6 or 807, the 
latter tube to be operated 

eff/0  as a frequency multiplier 
in a circuit very similar 

•   ,to that used in the new 
Afamon Mplcrit:,01,09.38, coo .  Jones harmonic oscillator 
16 E. 43 se., N.Y.C.  as described in recent is-
73e • repy—S2.50 yearly  sues of RADIO 

final amplifier uses a pair of 1-1F200's 
operating at 2000 volts for either phone 
or c.w; this stage is plate modulated 
by a pair of ZB120's for radiotelephony. 
The rig operates on 3.5, 7.0, 14 and 
28 Mc. 
THE FREQUENCY QUINTUPLER, by S. 

T. Carter.—A description of a two-tube 
exciter using Pierce and Jones oscilla-
tors.  A combination of a 6L6 Pierce 
crystal oscillator, capacity coupled to 

• 
A VERSATILE 5-METER TRANSMITTER-

RECEIVER, by Irwin Wolfe. The trans-
mitter uses a t.n.t. 6E6 oscillator, run-
ning with about 15-18 watts input, 
modulated by a single 6L6 fed from a 
single button mike. The receiver uses 
an 89 detector coupled into a 6V6 audio 
and is designed to feed a loudspeaker 
with good volume.  The whole outfit 
runs from a single Mallory 300-volt 
100-ma. Vibrapack. 

APRIL, 1938 

ADVANCED DESIGN E.O.C. UNIT, by 
John P. Taylor.—A transmitter exciter 
design using an electron-coupled 807 
oscillator with an untuned plate circuit 
capacitively-coupled  to another  807 
used as amplifier-doubler.  As the ef-
fects of temperature variation, plate 
voltage variation and load reaction 
are the main causes of frequency change 
in self-excited oscillators, each of these 

94 

factors is considered and the design is 
such that each is eliminated or mini-
mized. Due to the use of beam power 
tubes, very little excitation is needed 
and a good deal more output is avail-
able than is usual with similar compact 
units. Since portable or emergency use 
as a low-powered transmitter was de-
sired, provision is made for power also 
being supplied by a vibrator plate sup-
ply and storage battery. The oscillator 



THE TECHNICAL FIELD  95 

covers the 160-meter amateur band; 
the amplifier is tunable to frequencies 
in the 80-meter or 160-meter bands 
with the same plate tank circuit with 
nearly 15 watts output in either fre-
quency range.  As for stability, tests 
showed that after about 5 minutes' fila-
ment-warming the total drift decreased 
with time and reached a maximum in 
one hour of about 300 cycles. 

A PUSH-PULL 5-METER SUPER-REGEN-
ERATIVE RECEIVER, by R. J. Hagerty.— 
The writer disliked the susceptibility of 
the ordinary 5-meter superheterodyne to 

SELECTING SPEECH-INPUT 
UNITS, by John P. Taylor. 
—An intelligent analysis 
of the problem of select-
ing  speech-input equip-
ment for broadcast station 
use. The main factors to 
be considered in selecting 
the  equipment  can  be 
classified under three headings: con-
structional and appearance features, 
electrical design features, and perform-
ance. Ample analyses, with many il-
lustrative charts, are given to help in 
evaluating each of these considerations. 

CONTROL-ROOM SWITCHING, by I. G. 
.Sperling.—An article discussing how 
general operation of the broadcasting 
station can be improved and simplified 
by intelligent layout of the speech-input 
equipment and by proper installation of 

MARCII, 

SELENIUM RECTIFIERS.—Recent devel-
opments of the selenium rectifier in 
communications and other fields of elec-
tricity make this article of interest to 
many. Although short, it is amply il-
lustrated with performance charts and 
dimensional photographs and deals quite 
completely with the characteristics of 
these metal disc rectifiers. 

CATHODE-RAY BALLISTICS, by F. Mal-
colm Gager.—"Hollman and subsequent-
ly Libby have indicated that high-fre-

Bryan Davis Pub. Co., Inc. 
19 E. 47 St.. N.Y.C. 
23c a copy —$2.00 yearly 
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automobile QRM and desired a port-
able-mobile receiver. He describes the 
receiver which resulted from a design 
pointing to the improvement of the 
super-regenerative circuit.  Shown by 
photos and circuit diagram is a receiver 
consisting of push-pull 6D6's for r.f. 
amplification,  a push-pull  series-fed 
Hartley detector circuit using 6J5G's 
with a 76 furnishing low frequency 
quenching and a 41 audio amplifica-
tion.  Exceptionally good results, with 
more signal strength and lower hiss 
level, are claimed. 

the switching facilities. A 
number of suggested im-
provements and simplifica-
tions in design are indi-
cated and diagrammed. 

ELECTROLYTIC CAPACI-
TORS IN FILTER DESIGN, 
by Paul Mar-Knight Deel-
ey.—The effect of power 

factor on operating characteristics of 
electrolytic capacitors used in vacuum-
tube rectifier filter networks is complete-
ly discussed and analysed. 

REAL VS. APPARENT STATION COVER-
AGE. by R. L. Haskins and C. W. Met-
cat/.—A discussion of the influence of 
man-made static and interference on the 
actual service coverage of a station as 
contrasted with  the measured field 
strength. 

1938 

quency cathode-ray deflections as a 
function of frequency for sinusoidal 
charge forces on the electron stream 
are accounted for by a single correction 
factor and constants. The substance of 
this paper reveals a generalized correc-
tion chart for any cathode-ray tube of 
known geometry and applied potentials 
when deflected magnetically or electro-
statically by sinusoidal or nonsinusoidal 
forces. In addition, the treatment calls 
for a recognition of two dissimilar con-
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stants and a more logical reference 
point for deflection expressions which 
is more in line with recognized differ-
ences between theoretical and experi-
mental deflections." 

SOME NOTES ON SNOW STATIC, by 
Dr. Victor I. Andrew.—Some informa-
tion has previously been published on 
this type of interference which is par-
ticularly noticeable and troublesome to 
operation of aircraft communications. 

NEW YORK CITY'S FIRE 
BOAT COMMUNICATION 
SYSTEM, by Frank Borsody. 
—A complete description 
of the design considera-
tions, the equipment and 
the nu thod of operation 
of the N. Y. fire boat 
communication system. 

A PRACTICAL METAL DETECTOR, by 
W. C. Broekhuysen.—Originally de-
veloped for detecting metallic bits in 
cigars during manufacture, the tuned-
bridge detector described in this ar-
ticle can be applied to a variety of in-
dustrial applications and can be built 
readily from standard parts. 

CBS BUILDS New HOME FOR KNX.— 
A well-illustrated article concerning the 
design of the buildings and studios be-
ing used at the new CBS "Columbia 
Square" studios in Hollywood. Layout 
drawings, blueprints and photographs 
clearly illustrate the new and extreme-
ly modern installation.  Both acoustic 

Here several forms are discussed, some 
of which are the results of known phe-
nomena while others are still the sub-
jects of laboratory experimentation. 

IIIGH-FREQUENCY TRIODE OSCILLATORS, 
by Giote Reber.—A mathematical dis-
cussion of the operation of triode oscil-
lators dealing with such factors as 
transit time effects, power output, grid 
temperature and efficiency.  It is il-
lustrated by tables and curves. 

electronics 
• 

30c a copy—$3.00 yearly 
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and electrical considera-
tions in the design of 
studios and their equip-
ment are completely coy-

TELEVISION RECEIVERS, 
by E. W. Engstrom and R. 
S. Holmes.— The time is 

rapidly approaching when the radio en-
gineer will be confronted with design 
problems in television receivers and the 
radio serviceman will be confronted 
with problems in servicing them. This, 
the first article of a series, considers 
some of the general problems and be-
gins the analysis of the receiver. 

G atione-Rny SCREEN PHOTOGRAPHY. 
—Choice of film and development pro-
cedure for obtaining maximum sensitiv-
ity and contrast from each of the com-
monly used cathode-ray screen mate-
rials, abstracted from data compiled by 
R. S. Morse of the Eastman Kodak 
Company. 

MARCH, 1938 

HP6A: A RADICAL DEPARTURE IN 
PHONOGRAPH PICK-UP DESIGN, by F. V. 
Hunt and J. A. Pierce.—Unbelievable 
response, flat within plus or minus 3 
db from 30 to 18,000 cycles, with a 
needle pressure of 0.17 ounces, has been 
achieved by applying velocity micro-
phone principles to disc record pick-up 
design. 

MEASUREMENT OF MINUTE CHANGES 
OF CAPACITANCE AND INDUCTANCE, by 
S. C. Leonard.—Determining changes 
in L and C of the order of 0.0005%, 
and temperature coefficients of the or-
der of 0.0001 % by beat frequency 
methods.  Suitable for measuring the 
effect of temperature changes on radio 
components. 
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DIRECT DISC RECORDING, by C. I. 
Lebel.—In producing "immediate play-
back" records, careful attention must 
be paid to turntable, cutter head, rec-
ord blanks, and reproduction facilities. 
The second article in a series on prac-
tical recording problems. 

DISTORTION LIMITER FOR RADIO RE-
CEIVERS, by M. L. Levy.—A discussion 
of methods of preventing distortion at 

APPLYING BAND-PASS 
COUPLERS TO AMATEUR 
TRANSMITTERS, by Clinton 
B. DeSoto. — An analytic 
discussion of a continuous-
coverage transmitter with 
100 watts output on four 
bands. Over-coupled reso-
nant circuits are employed 
to obtain the band-pass characteristics. 

SIM PLE DIRECT IONA L ARRAYS USING 
HALF-WAVE ELEMENTS, by Nick C. 
Stavrou.—A resume of previously pub-
lished material on gain variation with 
spacing of close-spacing arrays. Tables 
are given on the theoretical gain of two 
half-wave antennas with different spac-
ings, and on the theoretical gain of co-
linear half-wave antennas. 

INTRA-BAND  QUICK FREQUENCY 
CH A NGE FOR TRANSMITTERS, by Byron 
Goodman.—A description of a one-
kilowatt c.w. transmitter, using 250TH's 
and combining band-pass action with re-
lay controlled padders for frequency 
shift without manual tuning. 

5-, 10-, AND 20-METER CONVERTER, by 
T. M. Ferrill, Jr.—A converter giving 
band-spread tuning, effective preselec-
tion and stable operation with only two 
tubes.  A 6K7 is used as an r.f. am-
plifier and a 6K8 (one of the new h.f. 
oscillator mixer tubes) as converter. 

the first audio or power audio grids 
from appearing in the output of receiv-
ers operating at high volume levels. 

DISTRIBUTED CAPACITANCE CHART, by 
P. H. Massaut.—An alignment chart, 
based on the Palermo equation, for de-
termining the distributed capacitance 
of single layer coils in terms of wire 
size, spacing, and coil diameter. 
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Plug-in coils are used to 
cover the three h.f. ama-
teur bands. 
A DESK-TYPE PUSH-

BUTTON FREQUENCY CON-
TROL UNIT, by Clark C. 
Rodimon.—A flexible unit 
allowing finger-tip selec-
tion of crystals or electron-

coupled oscillator operation from the op-
erating table. One of the new Yaxley 
push-buttons as designed for b.c.l. use 
is employed to accomplish the switching 
operations. 
A PORTABLE-MOBILE CRYSTAL-CON-

TROLLED U.H.F. TRANSMITTER, by Louis 
R. Padberg.—A 15-watt output unit 
which can be adapted to 28- and 56-Mc. 
work. A 6N7 Jones oscillator operating 
from a 40- or 36-meter crystal excites 
an 807 in the modulated amplifier for 
either amateur-band or mobile-police 
usage.  A 6N7 drives another as a 
class-B modulator for the 807, while a 
6C5 audio oscillator is available to be 
used as a call tone. 

CONSTRUCTION OF TELEVISION RE-
CEIVERS, by Marshall P. Wilder.—Cir-
cuit details of the experimental super-
het model together with suggestions for 
its adjustment and for the adjustment 
of the previously described receiver. The 
sixth and final article of a series by 
Mr.  Wiider dealing with  television 
theory and constructional practice. 

APRIL, 1938  • 

A TUNED LOOP FOR 80- AND 160-ME-
TER RECEPTION, by John P. Tynes.—The 

writer describes several experimental 
loops that were constructed during a 
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search for a means of cutting down the 
QRM as an aid toward better reception 
for an emergency network.  The loop 
which finally provided a satisfactory so-
lution to the problem is herein fully 
described. It is shielded and is rotatable 
in both vertical and horizontal planes. 
A single turn coupled to the tuned loop 
and fed in link-fashion through a shield-
ed cable to the regular receiver pro-
vided the necessary signal strength and 
eliminated the interfering stations in a 
satisfactory manner on the 160- and 80-
meter bands. 

PUTTING THE HARMONIC GENERATOR 
TO W ORK, by John L. Reinartz.—The 
author describes use of the "harmonic 
generator" for exciting an 814 final 
amplifier stage.  The harmonic genet-
ator . uses a 616 crystal oscillator cou-
pled with another 6L6 in such a manner 
that a number of output frequencies are 
available at the output of the 616. fur-
nishing a flexible method of driving a 
tube which requires low driving power. 
With the described set-up, about 130 
watts of output are mailable from the 
814 with only two crystals, one in the 
3.5-Mc. and one in the 7-Mc, band, with 
output in all bands from 3.5 Mc. to 
28 Mc. inclusive. 

Co% sTRUCTION  (IF TELEVISION  RE-

CEIVERS.  by Marshall P. Wilder.—The 
author herein describes the basic cir-
cuit details and preliminary outline of 
two experimental models as a continu-
ation of the television articles which 
he has presented in the past few months. 
To quote. "After an extended period of 
experiment. Mr. Wilder presents us 
with preliminary details of two very 
practical television receivers.  It must 
be admitted that even the simpler cir-
cuit is quite a fearsome affair, and it 
is obvious that a full understanding of 
the function of the various components 
will be possible only after careful study. 
The material has been prepared on the 
assumption that the interested reader 

has already made a close study of the 
previous articles in this series and that 
he is familiar with modern high-fre-
quency receiver practice.—Editor." 

DELI NE BATTERY- OPERATED PORTABLE 

STATION. by R. D. Waterhouse and W. 
C. Ililgedick.—The small battery-oper-
ated pack transmitter-receiver described 
in this article is not designed for use 
in the amateur bands, as it is one of 
the units used in the National Park 
Semice for fire communications and 
emergency use, but the ideas and layout 
can be followed for the construction 
of a truly portable station for amateur 
Li Se.  The transmitter consists of a 19 
used as crystal oscillator and buffer, 
another 19 mith paralleled elements for 
class-C amplifier which is modulated by 
a 19 class B driven by a 1F4 speech 
amplifier from a carbon microphone. 
Ite(eiver is a superheterodyne, 1A6 (re-
gency converter. 2 1A4's for IF. stages 
and a 1115 as diode rectifier a.v.c. sup-
ply and audio amplifier. Both of these 
units are built on one chassis, which 
also includes the antenna reel and a 
battery compartment for use when the 
need is imperative for lightweight bat-
tery '411.1.4. The microphone and head-
phone are combined in one of the well-
known handset units. 

SHOck-PRoOFING  THE  TRANSMITTER, 

by L. C. Waller.—"A Novel Tank-Cir-
, nit Arrangement and Miscellaneous 
Suggestions for Reducing Danger of 
Injury from High Voltages."  Further 
stressing of this subject is always in 
order even though several articles are 
published every year on the subject. 
The tank-circuit arrangement mentioned 
above is the use of concentric feed to 
amplifier tubes, providing the advan-
tages of series-feed but with the safety 
of parallel-feed as far as the lack of 
d.c. on the amplifier plate tank is con-
cerned. Other components of a phone 
transmitter are treated in turn, with 
suggestions for making them safe to the 
operator. 
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SPEF.r.fl-MODULATOR 
MODERN 11.4...sms.by Ray L. 
Dasiley.—A theoretical and 
oristru. Donal description 
of a combination .peech 
amplifier  and modulator 
using a pair of TZ40's and 
ile.igned to modulate 500 
i,olta input to the class.11: 
stage.  Automatic modulation ,ontrol i. 

incorporated to limit the peak modula-
tion percentage, and degenerative audio 
feedback is employed between the driv-
er. and the class-13 stage to reduce dlisa 
tortion ari-ing from this source. 

DivrastrY  Hi' El%F.R F.I/11 20-MUTER 
PHONE, In Rasmand P. Adams.—A two-
channel diversity receiver especially de. 
.iigned for one or possibly two-band 
,,,..eration, either on I or 211 Mr. The 
unit is built up in a two-deck rack with 
the two r.f. sertions and the r ommon 

itor on the bottom deck, arid with 
the two if. 'banned, and the (fete, tors 
arid the audio stage on the upper dci k. 

i I:W.  R A  foRM/R 1/1.sic's, 
by /jolt/ U . Row. - n •xten-ive analy 
... of the irinsiderations in the design 
of high levPI modulation transformers 
for r lass It ise where the se, ondary is 

1,, VIIrPtt  to  arry the ,lass-(. plate cur-
rent.  impute design information, to 
indir ate the method of applir ation of 
the formulas given. Is .hown for both a 
100 watt and a 210 watt universal im-
peclari,e output transformer. 

Al. (..AT 110OF RAY MOW 
I A It','. kid( Arlon. fi) II F. Falk•iis. 
An inexperoive ow illow ripe designed 
operat• from orie of the medium Yok 

A PRII., 

AN IN,  FI ELD STRENI.T II ME 
T I N. In Ray L. !Maley.  A short ''in 
•truit1011111 & At nption of a sensitive La. 

m eter  using • small dry battery tube, a 
IR1 Only this one low drain tube is 
used. the 'aim! is sensitive, arid only 
• very small amount of power is re 
g wirr d  pr o d W P • rumparativ•ly large 
plate  iirrent r hinge.  The arrange 

TRA D I 0 
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age plate supplies of the 
transmitter. to give con-
tinuous indications of the 
modulation conditions ex• 
aging within the transmit-
ter. A 913 tube is used in 
the monitor. 

A FivE,Maii.li Si PER GAINER RE. 
'AVER, by Frank C. Janes. —A descrip-
tion of a simple five meter superhetero-
dyne receiver suitable for c.w. or phone 
re, eption in the u.h.f, region and in-
corvirating a simple and new noise-
limiting ,ircuit. One of the new 6J8G 
tubes i- ii-sof as «imbination oscillator 
mixer, a ril/fi  the if. amplifier, a 
6A6 a. se, ond iletector-audio amplifier, 
arid a 6116 as tbe noise silencer. 

TIIE "ELECT Al." FA( ITF.R, by Leigh 
.Nortun.—A simplified conversion exciter 
using a 7fi Pier, e i ry.tal oscillator, a 
triode ,onne,ted 12 a. low frequency 
0,-cillator, arid an Rif2 as mixer and 
output amplifier. The unit is designed 
to 'over a 150-kc. range in the 3.S Me. 
band to give complete i overage of the 
higher-frequency amateur bands.  Op-
tional use of "edge marker" cry.tals is 
obtained by simply throwing a multi• 
position rode( tor swit, h. 

A Niar II.F. KrarivvAIT AMPLIFIER, 
by Faust R. l,ansett.- -A description of 
a ra, k mounted pirsh-pull amplifier us-

ing a pair of the new Crammatron 251 
triodes.  "I he unit is designed to oper-
ate from a 2000 volt plate supply for 
radiotelephony arid a 2500 to 3000 volt 
supply for r .w. 

1938 

merit is stable rind none of the energY 
pii krd up in the antenna is used to 
ai Nair thi.  jilt iturig meter. Thr mr 
ter  is quite linear arid it "life •ize" a. ale 

I alibrated in db.., whir h an he fitted 
to the meter dew rilied in die artii le. 
I ant  he cot out from the niagazirie and 
used if desired. 
V. II A T !LAPPIN% IN A  SI PER RIC.F.I41 
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ERATIVE RECEIVER, by Frederick r. 
Frink.—Continuing last month's discus-
sion, adapted from an article appearing 
in January, 1938, I.R.E. Proceedings, 
the author dispels some of the atmos-
phere of mystery which, in the minds 
of many persons, seems to surround the 
super-regenerative circuit. 

DETERMINATION OF SKIP DISTANCE. 
by E. H. Conklin.—The fact that many 
amateurs do not have a clear concep-
tion of skip distance and are, therefore, 
not familiar with the relationship be-
tween conditions occurring on two dif-
ferent bands leads the writer to give 
this data which may clear up some of 
the hazy points. A chart showing sim-
ultaneous behavior of frequencies above 
15 Mc. at distances up to 8 or 9 
thousand miles and another depicting 
a sample of reflection by the different 
layers of the ionosphere, plus two tables 
showing usable frequencies and dis-
tances, illustrate the article. 

A ROTATABLE MAST FOR BEAM AN-
TENNAS, by W. ran B. Roberts.—An• 
other approach to the problem of aim-
ing the antenna from point to point is 
discussed in this article about a system 
used at the author's amateur station. A 
lightweight mast is rotated by a small 
driving motor with the mast itself sup-
ported by an especially-made ball bear-
ing ring.  Provision is made for quick 
lowering of the whole mast for making 
adjustments. 

DIRECTING STUFF AT THINGS, by Jules 
Herbuteaux.—Still another method of 
furnishing a rotating support for the 
antenna pole. In this case the rotating 
mechanism is furnished by a differential 
and rear axle from a junked "Model 
T''. Direr lions are given for re-vamping 
the gear. Total cost of this very sturdy 
arrangement is about $2.50. 

TliE WHY (IF HARMONICS, by C. B. 
Stafford.—In the minds of the majority 
of radio amateurs  and in those of a 
goodly number of radio professionals as 
well I, the reason for the generation of 
harmonics by a non-linear impedance 

such as a vacuum tube is a bit in-
distinct.  The fact that the distorted 
wave shape that is emitted from a tube 
can be resolved into a certain percen-
tage of fundamental, plus additional 
percentages of second, third, and higher 
order sinewave harmonic components, 
is also unclear to most of them. 

Any distorted wave form may be re-
solved into its exact composition of fun-
damental and integral harmonic fre-
quencies by a method of graphical an-
alysis commonly known as the Fourier 
analysis. In this article. Mr. Stafford 
discusses the reasons for the generation 
of harmonics and the method whereby 
the various sine-wive harmonic compo-
nents, as found by a Fourier analysis. 
can be super-imposed upon the funda-
mental to produce the original dis-
torted wave shape. 

THE RI-SQUARE DIRECTABLE ARRAY. 
by W. U. Smith.--Describing a new ar-
ray, with reversible directivity, that re-
quires but one pole, and will cover the 
compass with low-angle, horizontally-
polarized radiation. It consists of two 
separate broadside arrays mounted on 
the same pole at right angles to each 
other, each with its own quarter-wave 
stub. The transfer from one to the oth-
er is effected by a d.p.d.t. relay mount-
ed on the base of the pole. Because of 
the shape, each antenna serves as part 
of the guying system, thus minimizing 
space requirements. 

THE HAMSET RECERER, by J. W. Bird-
well.—The most popular amateur re-
ceiving circuit ever devised, the tuned 
r.f. detector, and audio arrangement, 
is herein given another play in the way 
of circuit refinements and additions to 
form a design that is flexible and easy 
to build for good re;ults. Modern metal 
tubes are used with a 6J7 regenerative 
r.f. stage added ahead of the usual r.f. 
amplifier. The article is also construc-
tional and directions are given for mak-
ing the metal chassis. 

A -SURE-FIRE" CRYSTAL OSCILLATOR. 
by Frank C. Jones.—The well-known 
radio engineer-author describes experi-
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ments on various oscillators and ana-
lyzes the actions of the several arrange-
ments. A particularly good arrangement 
is arrived at and is shown by diagrams 
for triode tubes and for pentodes. 

MORE SPEECH POWER FROM CLASS-B 
MODULATORS, by Douglas Fortune.—The 
writer, who is an engineer for a large 
transformer company, shows why the 
average class-B modulator is the most 
conservatively operated section of an 
amateur transmitter. Starting with a dis-
cussion of power relations in speech 
waveforms, he shows how peak power 
calculations are made and how to in-
crease the peak power output. Dealing 
largely with the new 809's, plate char-
acteristics are shown, as well as a cir-
cuit for checking plate dissipation with 
a thermo-couple. 

"LET'S SEE", Two EXCELLENT 'SCOPES 
THAT ARE EASY TO BUILD, by Jay C. 
Boyd.—A fairly long and rather corn-

HAS YOUR VOICE GOT 
"UbtPx?", by Doc Schnur-
macher.—This is the first 
article in an entirely new 
and more diversified Ra-
dio News with its new 
technical and editorial 
staff. Written in the popular vein, this 
article deals with oscillogram records 
of the speaking voice and analyzations 
thereof. 
BROADCASTING LINGO, by Ted Leitz-

ell.—Pref ace:  "Broadcasters have a 
picturesque flow of slang. The author 
has gathered a few of the thousands 
of words, now in general use.  When 
put together, broadcast lingo seems like 
a foreign language." 
Is TELEVISION HERE?—The above is 

the general title of this article with op-
posite opinions voiced by two well-
known radio engineers, U. A. Sanabria 
and Commander E. F. McDonald. Mr. 
Sanabria supports the affirmative side 
of the question and Commander Mc-

plete article dealing with construction 
of two oscilloscopes, one using the 913 
tube and the other a 2-inch tube. De-
signed for numerous types of measure-
ments, each of the 'scopes uses 5 other 
receiving type tubes for rectifiers and 
voltage amplifiers. Photos and diagrams 
detail the construction of the 2 'scopes; 
much of the article is given over to a 
discussion of the various patterns shown 
on the screen under different conditions 
with drawings of 15 separate tracings. 
A 20-WATT MIDGET PORTABLE, by L. 

V. Broderson.—A short constructional 
article dealing with the popular single 
6L6G crystal oscillator circuit arranged 
for operation on several bands and built 
into a 6-inch by 6-inch metal box, com-
plete with power supply and antenna 
tuning condenser. Drawings show the 
exact dimensions and placement of 
parts as well as the circuit diagram. 
Provision is made for several kinds of 
antenna coupling. 
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wards being 

Donald the negative. 
WANT A JOB AS RADIO 

ANNOUNCER?, by Wally 
Rodda.—If you can't at-
tend the school for an-
nouncers, this article will 
help you materially to-
an announcer. 

AN AMATEUR'S TELEVISION TRANS-
MITTER, by Anthony Kowalewski.—A de-
scription of an ingeniously-designed 
amateur television transmitter installa-
tion. Most interesting part of the de-
sign is the scanning arrangement where-
by a standard cathode-ray tube is used 
in conjunction with an Eby photo cell 
to televise the film. The moving spot 
that is formed on the flourescent screen 
of the cathode-ray tube is used to scan 
the film placed between this tube and 
the. Eby cell. By placing a negative in 
this position, a positive image is ob-
tained at the output of the transmit-
ter. 
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TEST IT THOROUGHLY!, 
by W. Robert Schoppe.— 
An informative article de-
signed to influence the 
serviceman who is interest-
ed in building up an en-
viable reputation in the 
community (and, incident-
ally, who is interested in 
making the most profitable service calls) 
into thoroughly testing the receiver that 
has come in for repairs. The receiver 
should be intelligently tested with the 
age of the set, the personality of the 
owner, and the set's ultimate capabili-

SERVICE 
111.111, 01.4.4 1444 ard Atom, 1.4 .••••••• 
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Bryan Davit Ptib. Co., Inc. 
19 E. 47 St., N.Y.C. 
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ties in mind. 

PROFIT OR Loss, by Le-
land S. Hicks.—An article 
discussing the fact that 
any successful service 
shop must have at least an 
elementary system of book-

keeping to tell the value of the busi-
ness, the amount that should be charged 
for each service job, the amount that 
must be charged to overhead, and to in-
dicate the daily, weekly, monthly and 
yearly profit or loss. 

MARCH, 1938 

FADING, by James J. Reeves.—Prob-
ably the most annoying time killer for 
the radio service man is the receiver 
that operates intermittently. Well known 
to all, one of this class is the receiver 
that performs all right in the shop but 
falls again into intermittent fades after 
being delivered to the customer.  The 
use of a vacuum tube voltmeter in 
remedying this and related conditions is 
shown, as well as a satisfactory vacuum 
tube voltmeter to be used and the meth-
ods to be followed in localizing the 
trouble, by working through the various 
portions of the receiver. 

AN  Ul.TRA-MODERN 
56-Mc. TRANSMITTER by J. 
N. Walker.—A quite com-
plete description of a crys-
tal-controlled 56-Mc. trans-
mitter with a power output 
capability of about 20-30 
watts. A dual triode simi-
lar to the 6E6 is used as 
a combined crystal oscil-
lator on 28 Mc. and dou-
bler to 56 Mc. This tube is followed 
by a 316A u.h.f. (mud turtle) tube 
which acts as a class-C amplifier on 
56 Mc. 30 to 50 watts input at 450 
volts can be run on the final stage. 
A 56-Mc. TRANSCEIVER OF PROVEN 

A "BREAK" FOR SERVICE MEN,— 
"Service men in areas covered by the 
REA (Rural Electrification Administra-
tion) are being given the opportunity 
to cooperate in getting radios into farm 
homes. Aside from participating in the 
initial sales, the increased servicing pos-
sibilities add an element of interest." 
SOME ACOUSTIC PROPERTIES OF THE 

VELOCITY MICROPHONE, by A. Barbieri. 
—The author, a manufacturer of ve-
locity "mikes", discusses their action 
and shows by means of diagrams of 
wave-trains, their response frequencies 
and the reasons therefore. 
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RELIABILITY, by G. Mc-
Lean Willord.  A simple 
transceiver using a 41 oscil-
lator-detector, a 42 modu-
lator  and  a 76 speech 
amplifier.  It is designed 
to operate from a 6-volt 
filament stApply and 200 to 
300 volts of plate voltage. 
AN ALL-METAL PORT-

ABLE, by M. Buckwell.— 
A description of a low-power complete 
station mounted in a metal rack for 
easy portability.  The transmitter is 
crystal controlled and uses a 6L6 os-
cillator to feed the antenna.  The re-
ceiver is a conventional t.r.f. 
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