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RADIO-AND-ELECTRONIC ENGINEERS
IN WAR AND PEACE

Reprinted from Proceedings of the IL.R.E.

By Major General Harry C. Ingiecs

HIEN the history of World War IT is written, it will be iound that although

little publicity was given to the work engaged in during hostilities by radio
and electronic engineers, it was the painstaking research activities and patriotic
devotion to duty of these brilliant scientists which materially hastened the final
Allied victory.

Following on the heels of the Pearl Harbor aitack, our country called for
help, and many leading radio-and-clectronic engineers, most of them members
of The Institute of Radio Engincers, were prompt in their response. Today the
United States is the communications center of the world and much of the credit
must go to the excellent co-operation of these men of science.

In these davs of whirlwind warfare, with entire armies moving al unbelievahle
speed, signal communications are of paramount importance in directing our gi-
gantic offensives. The Signal Corps, whose principal mission is to insure swift
and reliable communication among all elements of the Ariny from the high com-
mand in Washington to the most advanced outpost, employs every serviceable
means to achieve that accomplishment.

But is in the ficld of radio and electronics that the Signal Corps has attained
pre-cminence in signal communications. Many amazing items of signal commun-
ications equipment have resulted from the research activities of radio-and-electronic
engineers in co-operation with Signal Corps engineers. For the time being much
of this equipment must remain a military secret. However, members of The
Institute of Radio Engineers may well feel proud of their contribution to the suc-
cessful performance of this equipment on hattlefields in every quarter of the globe,
and to the winning of the great conflict now raging. Without their scientfic aid,
the magnificent victories now bheing won by our forces might not have heen
possible.

The Signal Corps has trained thousands of men in the basic principles of
radio-and-electronic engineering in order to provide personncl to operate and
repair the intricate and astounding signal equipment now helping our men to
win victories all over the world. Radio-and-clectronic engineers, by lending their
knowledge of this vital science, helped to improve and perfect this vast training
program.

Thus the radio industry will have a large reservoir of trained personnel upon
which to draw for its postwar expansion, which will eclipse anything it had at-
tained prior to the opening of hostilities in the Far East.

Radio-and-electronic engineers now have a big job in helping us to win the
war. But they will also have a job after victory in helping to set up new applica-
tions of the devices they aided in developing for military purposes. But what
is more important, members of The Institute of Radio Engineers, when peacetime
comes, can render a patriotic service to our country by helping it to grow even
stronger, through science, so that no aggressor, or combination of theni, may ever
again threaten our security.

Copyright 1944, Institute ¢f Radio Engineers, Inc., 330 TWest y2nd Sireet, N.Y.C.
(Proceedings of the I.R.E., December 1944)
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MODERNIZE YOUR OSCILLOSCCOPE

Reprinted {rom Radio News
P

By 4. D. MAYO

NYONE who has iried to buy a complete oscilloscope recently will know

that it is very difficult 1o get one either with or without a priority rating. On
the other hand, it is possible 10 find a number of the earlier models which can
e bought. The so-called “basic” oscilloscopes, consisting of only a tube and power
supply without amplifiers or sweep circuits, were once quite popular for use in
“ham” stations to produce trapezoidal modulation patterns. This is, incidentally,
about all these oscilloscopes were ever any good for.

Here are the details relating to the reconstruction of one of the National 3-
inch scopes. The original oscilloscope had a 906 tube mounted in a case swith a
power transformer, rectifier tube and little else. There was an intensity control
and a switch to change from 60-cycle sweep to an external sweep circuit. There
were no controls to position the spot on the screen.

In the new model it was deemed advisable 10 have centering, intensity, focus,
vertical and horizonial gain controls, as well as switches to select various input
combinations and to vary the frequency of the sweep circuit. An 884 thyratron
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Chassis layout showing placement of various component parts.

tube was used as an oscillator to produce a saw-tooth wave for the sweep circuit.
6C6 tubes were used for vertical and horizontal amplifiers. These particular tubes
were used because they were on hand and their characteristics are entirely satis-
factory for this use.

The original power supply consisted of a half-wave rectifier, a type &1 tube,
fed by the power transformer which also had two filament windings to supply
the rectifier and the 906. Another winding was included which was used originally

Copyright 1944, Ziff-Davis Publishing Co.. 340 N. Michigan Avenue, Chicago, IlI.
(Radio News, December 1044)
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Monrrxrzie Your OSCITLLOSCONE 9

to supply the 60-cycle sweep voltage to the 906. This latter winding was not used
in the present design. Filter for this power supply consisted of a .3uid oil-type
condenser rated at 1500 volts. This small amount of filter was sufficient consid-
ering the small amount of current drain of the cathode-rav tube.

In order (o operate the various accessory circuits to be affixed, a separate
power supply was added. This consisted of a midget 5-tube transiormer with an
80 rectifier and condenser input filter. One of the things to watch out for in a job
of this type is magnetic coupling from the power (ransiormer tor the. cathode-ray
tube. “There is a magnetic field around the ourside of a power transiormer and 1f
the transformer is mounted near the tube it will be impossible to get the spot
steadv on the screen. The magnetic field will detlect the electron beam, and there-
tore the spot. at a 60 cvele rate and in a direction depending on the axis of the
magnetic field.

To minimize the above etfects the power transiormers were both miounted
underneath the chassis. The National transformer was all right from this stand-
point since it was totally enclosed inside an iron case in the first place and no
doubt originally was designed with the idea of keeping the Hux density down
to a Jow level. The first anc of the midget hroadcast transiormers tried in this
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Wiring diagram of the oscilloscope. Sufficient controls have been added to conform
with present-day professional units.

spot was a new one with only a half-shell shield on it. This transiormer had
considerable effect on the electron beam and it was replaced with a completely
shielded transformer taken from an old hroadcast recciver of reliable make. about
10 years old. The transformers in older receivers were considerably better made
than che present ones from several angles. It is important to select a transformer
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! Tre Ranio ENGINEERS” DIGEST FERRUARY

which is not only well shielded hut which has a relatively large number of primary
turns for the core size. If 1t is passible to sclect a transformer out of a group for this
use one should he selected which has a low excting current when the primary
15 energized.

Sometimes it is possible to minimize any movement of the spot by rotation
of the power transformer when it is mounted. The heam can be noted as the
transformer 15 turned to various positions. 1 it is absolutely necessary to use a
transformer which reacts on the electron beans, as o last resort a section of fairly
thin walled steel pipe can he mounted around the cathode-ray tube as a mag-
netic shield.

Inspection of the cireuir diagram will show that a part of the voltage irom
the added power supply 1s used in series with the old power supply to operate
the cathode-ray tube. Since controls were added for centering, focusing and
controlling the intensity of the bcam, a little higher voltage than optimum was
necessary 1o give some leeway on the controls. It was casy to add these voltages
since the positive side of the cathode-ray tube power supply is operated grounded
while the negative of the conventional power supply i1s grounded.

The 6C6 ampliliers are ordinary pentode voltage amplifiers similar to those in
the input stage of a speech amplifier. Since thev are sometimes used at frequenc es
in the upper audio range the plate loads consist of chokes in scries with 100,000-
ohm resistors. This combination insures better response to higher frequencies.
The cathode by-pass codensers are small for the same reason. DBoth stages are
working into fairly high capacitive loads presented by the necessarily long leads
and the input capacitance of the cathode-ray tube. The saw-tooth sweep wave
contains considerably higher frequency components and it is desirable to have
good-lrgh-{requency response.

Without the amplifiers, full deflection on the screen of the 906 will he secured
with about 90 volrs peak on the deflecting plates. The amplifiers have a voltage
gain of about 60 and with them in the circuit full deflection will be secured with
an input voltage of onlv 1.5-volts peak. This is desirable for both vertical and
horizontal input circuits. Vertical deflection becomes very sensitive, allowing
waveforins to be examined in low-level audio stages. An amplifier following the
sweep oscillater is necessary since its output is kept low to insure good waveforn.

A switch is provided to switch the vertical amplificr out of the circuit when
it is desired to put r.f. or other very-high frequency on the vertical plates. Therie
is also a switch to throw rhe grid c'reuit of the 884 to an external hinding post
for external synchronizing voltage.

A third switch selects any one of three tyvpes of sweep voltage: 60 cycle,
internal saw-tooth, and external. The horizontal amplifier is left in the circuit
at all times. For 60-cvcle sweep it is only necessary 1o feed a little a.c. from the
Alament supply into the amplifier. For saw-tooth sweep the amplifier grid is
connected to the output of the 884 oscillator. For external sweep the amplifier
grid is switched to the herizontal input binding post and the external voltage
connected to ths post. The horizontal gain control, being in the grid circuil
ol the horizontal amplifier. is left in the circuit at all times. Therefore, the
length of the pattern in a horizontal direction is adjustable under all conditions.

The original case was not large enough to contain all the necessary parts
and controls. Therefore a new case and chassis were made. Considering  the
fact that ordinary scrap sheet metal was used for the new case. the whole assem
bly is very strong. The sheel metal was laid out and marked. Then it was taken
ro a tin shop and hent to shape on a hrake.

The chassis is 4-inches high. ¢reater than the average chassis height hut
necessary to contain the power transtormers and other parts. The iront panel
is secured to the chassis and the two pieces hecome one anit. A flange, consisting
of a piece of sheet stec] Dhent o a eylindrical shape. is soldered in the hole Tor

wWww.americanradiohistorv.com



1945 MoorrNIZE YoUR OSCILLOSCOPE 5

the window of the cathode-ray tube. The inside is lined with thin lelt to cushion
the tube. Black Telt is used to cut down reflected light coming in from the side.

The rear end of the cathode-ray tube is supported in a 7-prong socket. the
old one, and the socket is held in place with a bracket fashioned from shect
metal. The hracker was made up and the proper height for positioning the socket
o it was determined by holding the tube in place. The cover slips on from the
hack. Since the back of the cover comes up to the back of the chassis therk is
a hole in the cover to allow the line plug to pass.

When first turning the unit on it is best to leave all of the tubes out except
the two rectifier tubes. Cheek both power supnlies for d.c. voltage and make
sure that the filter condensers and circuit are all right. The unorthodox econ-
nections used in the power supply connections, that is, a 1000-volt supply with
the positive ground and the interconnections berween the two, will give rise
to the possibility of surges and other troubles. The filter condensers are subjecterd
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of wvarious operating controls.

to higher peaks than they would be in broadcast receiver operation. It is im
portant that their leakage he fairly low in this application due to the small current
drain on the power supply.

Tt should be possible to center the beam with the two horizontal and vertical
centering controls if the values ol divider resistors and controls shown in the
circuit diagram have been used. The spot probably will not be small and well
defined on the initial try. T this case it can be adjusted to a small, sharp spot
by manipulating the focus and intensity controls. The focus and intensity controls
iterlock to some extent so that it is necessarv to alternately adjust once and
then the other until the desired shape of spot is obtained.  When the spot

WWW.americanradiohistorv.com



6 Ture Rapro Excrneers’ Digest Frrruary

is once adjusted and centered, its brilliance probably can be controlled by the
intensity control alone. Since the line switch is on the intensity control, this
control alwavs will need to be readjusted when the unit is turned off and back on.

When adjusting the size of the spot be sure there is no voltage being fed
into either the horizontal or vertical deflection plates. Without the 6C6 tubes
in place there should he no deflection of the spot. Any deviation fromn a sharp
spot on the screen indicates that there is either a voltage being fed onto the de-
flection plates or else there is a magnetic field acting on the beam. \When the 6(6
tubes are put in place the vertical and horizontal gain controls should he returned
to the minimum setting.

With the amplitier tubes in place. turn the sweep selector to 60 cycles. Tt
should he possible to get a horizontal line on the screen by gradually turning
up the horizontal gain control. Tt should also he possible to get a similar line
iy turning up the control with the sweep turned to “internal™ and with the 824 in
place. TT horizontal sweep can not he obtained in either one of the above cases
there is probably something wrong with the horizontal amplifier stage.

Next, check up on the vertical deflection. Feed a little a.c. voltage into ithe
vertical input binding posts and increase the vertical gain contral setting. There
should he deflection of the beam vertically, and the deflection should increase as
the control is increased. \Vith the amplifier switch thrown to the “ofi” position
the deflection should he much less and the voltage input will have to be increased
greatlv to get full deflection on the screen.

With 60-cycle input on the vertical plates, turn the sweep to “internal” and
set the sweep frequency-selector switch to the first position. With the vernier
sweep control knob it should be possible to get one, two, or three sine waves
on the screcn. Try the sweep lock control with the switch on “internal” indicating
internal synchronization control. By advancing the lock control it should be easy
to lock the sweep oscillator in with the 60-cvcle input and make the traces stand
still on the screen.

If the finished oscilloscope stands all the abave tests satisfactorily it will be
useful for many different testing applications.

Probably the most common use of the oscilloscope is in the testing of audio
amplifiers and equipment. Nost a.c. power mains supply a wave shape that is
almost pure sine wave. By observation of this wave shape on the screen ol the
oscilloscope it is easv for one to fix in his mind the approximate shape of the
desired sine wave. It is useful for testing an amplifier which is operating with
a sine wave input. Tf anv distortion of the sine wave shape is noted in any
amplifier stage one will know that something is haywire in that stage. With the
‘scope left attached and the wave shape under obscrvation changes can he made
in the particular stage in question and its response characteristics improved.
Bv this method the signal can be traced visually through the amplifier and the
performance of eacl stage studied.

The input terminals of the oscilloscope will load the circuits to which it is
attached, capacitively, to a degree ranging from ncgligible on power stages to a
considerable amount on high-gain input stages. In order to prevent leakage
of high voltage from the scope into input stages under observation, it is important
that the ground terminals of the amplifier and the scope be tied firmly together and
grouncdled.

Waves appearing on the screen of the scope from a stage under observation,
which do not check with the input wave shape. can be identified and their source
determined. TFor jnstance. if an amplifier is heing checked with a 400-cycle audio
tone and a 60-cycle wave appears modulating the 400 cycle, it will indicate that
Lium is entering the stage irom some cause. If a 120-cycle wave appears it usually
will indicate power supply ripple due to insufficient flter. 60- and 120-cvcle

www americanradiohistorv. com



1945 MoberNizZE Your OSCILLOSCOPE 7

waves are easily identified Hy turning the sweep to 60 cycle. A single loop of
almost any shape (depending upon the phase relations of the vertical and horizontal
voltages) will indicate 60-cycle hum. A double loop of a figure 8 shape, cither
clongated or sq washed down, will indicate 120 cycle. 1t is possﬂ)lc to get straight
lines in both of the above cases if phasing is exactly such as to give such a
pattern but usually there will be enough of a loop to identify the f1equcncy

Voltages can be measured with the oscilloscope if the vertical gain control is
calibrated in terms of volts necessary to produce a certain deflection on the screen.
For instance, if 1-volt peak input voltage will produce 22" deflection on the
screen, a 347 deflection will correspond to about 1.5-volts input. By employing
the osc1llos,r raph in measuring the voltage at the input and output terminals of
an audio stage, the stage gain can be <lctc1 mined wth a fair degree of accuracy.

You will find that from a practical standpoint if an audio amplifier will pass
a sine wave which looks good on the scope at the output terminals you can be
fairly sure that the harmonic distortion in that amplifier hardly can be heard. The
mere visual inspection of the output wave will reveal distortion more quickly
than the car.

Ilectronic Boiler Control

Electronics has taken on still another job. It controls the waler-level
of boilers, automatically shuiting off the fuel supply if the water drops below the
safety level.

www americanradiohistorv com



BROADCASTING'S POST-WAR
EQUIPMENT PLANS

Reprinted from Electronics

Standard a-m stations indicate what gear they will need for modernization of
existing plants, and replacements. Proposed increases in power are reported. In-
tentions relative to other services such as f-m and television are revealed. Elec-
tronics’ survey emphasizes importance of market offered by one branch of the
communications field.

HEN the war ends and transmitting equipment once more becontes readily

available there will be a substantial backlog of demand for it among stand-

ard a-m broadcast stations. Fullv 34.2 percent of the stations now n operation

hope to increase power and 26.1 percent of this group proposing to crack on

more kilowatts have already filed application with the FCC for permission to do so.

These and other facts indicative of the post-war market for electronic gear

m one of the most important hranches of the communications field are revealed

m a survey just completed by Erecrroxics. The editors contacted chiel en-

gineers ol 64.8 percent ol all standard a-m broadcast stations in the countryv. Only
8.9 percent said they have no plans.

Complcte New Transmoticrs

In addition to the need for new equipment where power increases are pro-
posed, there are many reasous why stations want to purchase new gear. Chicf
among these, in order of importance, are:

Obsolescence of equipinent
Worn-out equipinent
General inadeqiacy

Poor quality

Desire to standardize

Thus 7.4 percent ol all the stations contacted plan to buy complete new
a-m transmitters soon alter V-19° (Victorv-in-Europe) day or after Japan col-
lapses. Architects, builders and suppliers ol materials such as sound-proofing
and lLighting in particular will he interested to know that 3.9 percent of all the
standard a-m broadceast statious contacted hope to have new studios, and 1.3 per-
cent say thev are alreadv dickering for new transnitrer building sites.

Component Puaris and Accessorics

Partial replacement of existing equipment, or addition of duplicate equipment,
1s contemplated by 69.4 percent of all stations. Reasons given are the same as

PLANS FOR PEOPLE
Technical Personnel per Station
Pre-War Today Post-War

MEN 7.4 6.7 1.7
WOMEN 0.4 1.6 0.8
7.8 8.3 12.5

Copyright 1945, McGraw-Hill Publishing Co., Inc., 330 1Vest 42nd Streei, N. Y. C.
(Llectromnics, Januury 1045)
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ProavcasTing's Post-War Fouivviext Prax 9

those noted in connection with complete new transnuitters.

The following list

indicates the number of stations apparentlv waiting 1o buy or build specific items:

Transcription equipment ... e

+4.0%

Recordmg devices

434

Microphones ...

Studio audio systenis

. 408
. 299

297

Freld amplifiers
Audio and nodulation monitors ...
ANtenna SVSIEIILS it
Transimnission Lines ...

. 258
12.6
123

L'requency wonitors

4.3

R-F WSS oo
Power SUpPPUEs s
Modulators ..

19
19
A3

Other indicated items include mobile units, auxihiary

transimitters, emer-

gency power systems, ground systems, master controls, attenuation panels, mis-
cellaneous amplifiers, level indicators, overload equipment, phasing and coupling

devices.

There will be much new construction

among standard a-m broadcast sta-

tions, uside from their plans for other
services.

wWww.americanradiohistorv.com



10 Tur Rapio ENGINEERS' DIGEST KFesruary

Post-war plans are not vet sufficiently far along to permit determination
of the number of individual items the average station proposes to acquire. However

in the case of microphones, sufficient information is at hand to indicate that
purchases should average better than one per station.

Tubes and Test Equipment

Regarding replacement tubes, 1.9 percent of the stations surveved say they
use more or less standard tvpes readily available even in war-time and have
ample stocks on hand, while 62.3 percent are apparently obtaining a sufficient
number of harder-to-get types of tubes to keep things going and perhaps avoid
the need to place abnormally heavy orders when the dam breaks. The remaining
35.8 percent are, to sone extent. tube starved. [t looks as though a-m Droadcast
stations will lay an average of $315 on the line for replacement tubes the instant
these hecome available.

Purchase of new test and measurement equipient is planued by 51.6 percent
of all stations contacted. Specifically, the items rank in this order of interest :

STGNAL GOREIULOVS et e — o 17.4%
Field strength aneters - 15.1
Noise and distortton 1eLers oo 4.7
N O Y 17 07
OSCUIOSCOPOS e 8.0
F'ube testers ... 4.5
Vacuwm-tube voltsneters .. 132
Phase monitors .o, w 2.6
Square-ware Generalors ... . 2.2
Multimeters : . 1D
Capacitance bridges . ; - 1.3
Circiit analyzers ..., 1.7

Tnterest was also exhibited in impedance bridges, O meters, and miscellaneous
mstruments.  Dollar value of proposed purchases cannot be estimated owing to
the probable duplication of individual items and to the unknown factor of price
on post-war gear.

Other Services, S-T Links

Immediate post-war operation of frequency-modulation stations, in acldition
to present a-m facilities, is planned by 66.8 percent of the stations contacted.
Of those planning such additional services 40.6 percent say they have already filed
applications with the FCC. Average power requested appears to be in the neigh-
borhood of 10 kw. Eveutual operation of television transmitters is planned by
17.8 percent and 38.5 percent of this group have filed applications in Washington.
Average power requested is 6 kw.

Plans for studio-transmitter links among standard a-m stations proposing to
operate f-m and television stations alter the war are highly speculative and depend-
ent upon some factors over which the stations themselves have little control. Of
the stations surveved, however, 67.8 percent presented some tentative plans. Of
this group 2.7 percent will need no s-t links at all, since studios and stations
are to be at the same location. Among stations proposing f-m service. 40.3 per-
cent hope to use radio links, 35.4 percent plan wire links, and 12.9 percent would
like to use coaxial cables. Tn the television picture, 11.2 percent plump for radio
links, 4.4 percent expect to use coaxial cables, and 1.1 percent hope wire lines

www americanradiohistorv. com




1945 BroapcasTing's Post-\WAaR EQUiPMENT PLAN 11

suitable for the job can be devised. These percentages total more than 100 percent
beciuse alternate proposals were given in a number of cases.

Considering the fact that all of the above figures deal with the proposed post-

war plans of just one communication group . . . the existing standard a-m stations
ol the country . . . it is apparent that the potential market for transmitting equip-

ment in the United States itself is indeed Dright, without cven considering export
possibilities. For there are many f-m stations already operated by people not
having a-m licenses, and therefore not covered in this survey, and several sich
television stations. More stations, operated by people not yet in the field, are
obviously to come. There 15 also much additional business among present and
potential operators of point-to-point comnmercial communications services, police,
fire, forestry and other public-welfare services, and industrial services such as
aviation and railroads that are clamoring for space on the airlines. —— W. MacD.

Mobile Airport Light Unit

Mobile airport lighting wnits — the most powerful ever made — are
dluminating new or captured landing strips in battle areas. A wnit is equipped
with fowr 3.000-watt flood Lights. 1t is mounted on a truck, and is “self-powercd”

carrving generators. trausforiuers and contyols.

WWW.americanradiohistorv.com
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ELECTRONIC ANALYZERS IN INDUSTRY

Reprinted From Service

By S. J. Murcek

ODERN production testing is a precision operation. This requrement is

rendered complex when the permanence of the equipment calibration over
long periods of time is taken under consideration. Fortunately, certain elecironic
testing circuits readilv meet these requirements.

Gencerally, where precision in measurenient is a factor, such electronic circuits
are not of the dvnamically coupled type, since, in most instances, the electrical
characteristics of the product under control are most readily obtainable as d-c¢
voltage or current characteristics. Again, where the end-circuit must have a
considerable power capability, thyratron control assumes difficult proportions.
Hence, where precision is a circuit requirement, production testing circuits in
corporate directly'coupled tube systems together with d-c¢ indicator circuits, such
as are to be found in the moisture content analyzer and the electronic precision
guage. These devices are intended {for precision product control under modern mass
production methods.

The Elecironic Moisture Conlent Analvzer

During the course of manufacture of cither paper or textile products, the
material being processed is subjected to considerable immersion in various chem
ical mixtures containing a high percentage of water. Consequently, prior to the
preparation of the finished product for stordge or shipment. it must necessarily
undergo a drying operation, in which the product moisture content is reduced
to an acceptable minimum. Since the prime requisite of mass-production process-
ing is rapidity of completion, it is necessary to provide a means capable ol deter-
mining the maximum speed at which the drving operation may he accomplished.
Further, siuce the drving speed is dependent. in appreciable measure, on the min
imum acceptable moisture level 4n the finished product before shipment, the drying
operation might readily he controlled automatically hy an electronic device res-
ponsive to the product moisture content.

It is an established fact that water, if impure, is a condutcor of electricity,
its resistivity being inverselv proportional to the content of impurities. Therelore,
the processing and dyeing baths utilized in the manuiacture of paper and textiles
are electroconductive, and the moisture content of the cloth or paper is inversely
proportional to the product resistivitv. Thus, if the resistance, taken transversely
through the cloth or paper, is high, the moisture content is obviously very low.
It is this principle which determines the operation of the moisture content analyzer.

The electrical circuit of the moisture content analyzer is shown in the diagram
given in Fig. 1. In this device, the d-¢ voltage obtained from an industrial type
of power filterrectifier system is impressed across a measuring circuit consisting
of a pair of electrodes, which are in contact with product under analysis, and an
electrical measuring shunt having a relatively high resistance. The small voltage
developed across this resistance by the product leakage current functions to con-
trol an electronic systemy which, in rurn, automatically controls the speed of the
product drive-roll motor.

Copyright 1044, Brvan Duwis Publishing Co., Inc., 19 East y7th Street N. V. C.
(Service, Novenber, 1944)
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In Fig. 1, the industrial type of power supply conprises a source of a-¢ power.
This is the winding 32 on the main power transformer 20 core, the industrial
rectifier tube 31, together with a suitable filtering circuit consisting of the smooth-
mg reactor 30 and two capacitors 29 and 33. The d-c voltage developed by this
cireuit is impressed across bleeder resistor 28, as well as the product analyzer cir-
cuit and rhe motor main shunt tield 27. The principal function of resistor 28 in-
volves the discharge of the liltering capacitors 29 and 33. should the d-¢ circuit
load be disconnected hefore the a-c power supply comnecred to the terminals 22
and 23 of the power transformer is opened. It al<o serves to suppress the rise of
high voliages across the terminals of field winding 27 in event of an abrupt change
m the motor operating conditions,

DIRECTION OF
MOTION

Fig. 1, a production moisture analyzer applying electronic principles. An increase in the
moisture content of the processed material 1 results in increases of the current through
and voltage developed across the grid input resistor 4, together with accompanying de-
creases in the thyratron 14 rectified a-c and the drive-roll motor 25 shaft speed, per-
mitting the material to remain in the drying oven for a greater length of time.
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The uecessary processing motion is imparted (o the product by drive-roll 26.
The product 1 is thereby drawn between the measuring electrodes 2 and 3 which
are in contact with this material. Since the product 1s then effectively connected
in series with the d-¢ power supply and the resistor or shunt 4, a leakage current
which is propotional in magnitude to the moisture content of the product flows
through the resistor 4. Lt is further evident, that the voltage thus developed
across this resistor is also proportional to the moisture content of the product.
This voltage tends to drive the control grid of the amplifies pentode 7, positive,
with respect 1o the cathode.

The cathode of pentode 7, in Fig. 1, is maintained slightly positive with respect
to the grounded or negative terminal of the d-c power supply by means of a
Inas control potentiometer, 6. The resistance element of this potentiometer, to-
gether with that ot the potentiometer 10. comprise a voltage divider which is
connected in parallel with the d-c power supply. Since a fixed, constant potential
is thus established across the resistance element of the control potentiometer,
variation of the potentiometer slider arm position determines effectively the voliage
which prevails across resistor 4 to drive the control grid of rhe amplifier pentode
positive with respect to the cathode.

When the voltage developed across resistor 4 tends to drive the control grid
of the amplifier pentode positive with respect to its cathode, the pentode plate
current increases, and the plate-cathode voltage present here decreases propor
tionately. This is due to the increased voltage drop developed across the pentode
plate loading resistor 11, As a result, the control grid of thyratron 14, which is
effectively connected to the plate of the amplifier pentode. in series with the grid
current series limiting resistor 12, swings negative with respect to its cathode. The
latter condition is self-evident when it is taken into account that the cathode
of the thvratron is held positive with respect to the grounded or negative terminal
of the d-¢c power supply by a voltage approximately one-hali that present across
the output terminals of the d-c power supply. This condition is obtained by means
of a thyratron hias control potentiometer 10. The sliderarm of this potentiometer
is so adjusted that the potential existing between the cathode of the thyratron
and the negative terminal of the d-c power supply meets these conditions.

Since it is required that the moror-speed control be continuously variable,
thvratron tube 14 is operated as a phasecontrolled rectifier. To obtain phase-shift
control over the thyratron anode current, the grid-cathode voltage applied to this
tube is modulared by a voltage wave which is displaced by 907, with respect
to the plate voltage wave. The plate voltage is obtained from the main power
supply transiormer winding 15, in Fig. 1. This is shown as E, in Fig. 2. A phase-
shifting circuit, comprisng the transformer winding 18, the resistor 16, and the
phase-shift capacitor 19, i Fig. 1. functions to produce a grid-cathode voliage
component which is 90° late in phase with respect to the plate-cathode voltage
wave E; in Fig. 2. The grid-cathode voltage component is given as L., E.u,
and Loy, respectively, Tor various magnitudes of amplifier pentode plate - cathode
potentials, which are shown as 1%, Ey, and Egp, respectively.

An inerease in the platercathode voltage present across these electrodes of the
pentade amplifier results in a proportionate increase or phasc-advance i the
positive a-¢ hali-cvele which the thyratron 14 conducts.  Hence. an increase
m the pentode amplifier plate-cathode voltage results in an inerease in the average
cnrrent conducted by the thyratron.

The current conducted by the phase-controlled thyratron reatifier passes
through the auxiliary feld winding 24 of the roll-drvive motor. This auxiliary
shunt feld is wound in a direction opposed to that of the main winding 27, and
therefore, their magnetomotive forces or magnetic fields arc opposed. In conse-
quence, an increase in the current conducted by the thyratron rectifier results 11

www.americanradiohistorv.com



1945 I LECTRONIC ANALYZERS IN INDUSTRY 15

a decrease of the drive-roll motor field strength, and an snerease in the motor shakt
speed, the latter operation being characteristic ot a d-¢ motor having separately
excited felds.

In Fig. 1, the roll-drive motor is shown to impart motion to the product under
analvsis. Here, the product 1 is drawn between the analyzer clectrodes 2 and 3
by the drive-roll 26. The shait of the drive-roll is shown directly-coupled to
the controlled d-c motor. The armature of the drive-roll motor ohtaing its power
supply from a separate d-¢ power source, 35 and 30, in series with the disconnect
switch 34. As a direct result of this arrangement, the electronic analyzer device
is small, since it functions to supplv only a small portion of the power required for
the motor operation,

Under normal operating conrlitions, the ampl.fier pentode bias-control potenti-
ometer 6 functions as the moisture level control. Tt is so adjusted that the produat
moves at a speed which produces or results in satisfactory drying ol the material
after which adjustment the device functions to control the specd of the product
in accordance with the percentage of moisture present in the material.

A rise in the prodnct-moisture content results in a greater positive swing of
the pentode grid with respect to its cathode, increasing the tube plate current.
The resultant decrease in the pentode plate-cathode voltage causes the grid of
the thyvratron to swing negatively with respect to its eathode, the thyratron
plate current deercasing as a result.

Since a decrease in the motor auxiliary field current, which is supplied by
the thyratron rectifier, results in a decrcase of the motor shaft speed, the product
rate of otion also decreases, and the drving time increases proportionately.

Conversely, a decrease in the product-moisture content results in an merease
in the amplifier pentode plate-cathode voltage. This is accompanied by a rise
in the average auxiliary field current conducted by the thyratron. Since the
motor field strength is thereby decreased, the motor shait speed, as also the prod-
uct rate of motion, increases, decreasing the product drying time.

Maintenance and Servicing Requirements

Sinee the electronic moisture content analyzer is essentially « production iest-
g device, speed in its servicing and repair are imperative.  However, adequate
service or repair are uot readily carricd out properly when thesc operarons
must be carried out hurriedly. The only way in which hoth may be accomplished
without serious loss is the substitution of a sparc or emergeney unit Tor the defect-
ive device.

Where incorrect operation cannot be readily corrected, the substitution of the
spare analyzer wnit quickly determines whether the defect lies in the electronic
device or in the customer’s controlled apparatus, which includes the roll-drive
motor. Inoperative mator equipment ix usually quickly replaced by the manutac-
furver’s own repair staff, again resulting in a further general localization of pos-
sible defective cquipment.  Through application of this substitution method as
a means of trouble diagnosis. any continued defect would be rapidly traced to
the analyzer electrodes and the associated electrode wiring.

In the event that troublesome operation is due to leaky clectrode supports
to electrode wiring, as determined with a suitable high-voltage megohmmeter, the
most rapid progress in correction of the defect mayv be etfected through replace-
ment of the defective wiring, and thorough cleaning of the clectrode supports.
Carbon tetrachloride or pentachloride should he used as the cleansing agent, 1
order to leave a minimum thickness of residual grease hlm.

Repair of the analvzer wnit proper, which consists of the electronic portion
of the svstem mounted 1n its own integral housing, involves the replacement of de-
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fective components, minch in the same manner as with public address equipment
Defective tubes, especially thyratrons and gaseons diodes, account for the great-
est number of equipment failures. Hence, tube testing is an important phase of
the repair or maintenance operation

The moisture level control potentiometer 6, in Fig. 1, is of the wirewound
type. Since the moisture analyzer is unavoidably in close proximity with a wet
atmosphere, this potentionieter is subject to corrosion and oxidation. It should
be carefully tested and inspected, and subsequently replaced if it shows consid-
crable evidence of rusting. The samie procecdure applies to the Dleeder resistor
28, even though this resistor is coated with a vitrcous enamel layer.

Condenser failures are few in equipment of the instrument nature, since tlese
are all of the wet impregnated types. In event a condenser should fail, however,
instrumentation for the defective capacitor is carried out in the manner familiar
to radio servicing. Resistors incorporated into the moisture analvzer cireuit sVl
tem, other than the moisture level control potentiometer and blecder resistor, ane

Fig. 2, Thyratron d-c grid
control.  Thyratron plate-
cathode voltage, which is the
positive half of the a-c cy-
cle, is shown here as E,.
and the grid-cathode phase-
shift a-c component as E.,.
When the amplifier pent-
ode plate-cathode voltage is
such that the grid d-¢ com-

=/=3 VoEtace ponent is positive with re-
vl Nt

R L 90° spect to the cathode, Eg, the

- N thyratron conducts the en-

E2|b tire half cycle 14 ffom an-
gle 0° 10 180°.

molded-resistance compound units which exhibit no tendency to cause equipment
failures. In general, it is evident that the maintenance and repair of precisior
electronic equipment of instriment grade need present no harrier to the Service

Man.

Among the various production testing devices of this nature, the plotoclec-
tromc precision guuge is of particular interest to the Service Man. This device
incorporates nearly all of the principles conventionally applied to electronic pro-
duction testing devices.

The Piotoelectronic Precision Guage

One of the most difficult operations arising in the mass production of 1a-
chined or turned plastic or metal machine components involves the inspection of
the finished pieces. This inspection must he rapid, yet precise. Prior to the ad
vent of electronic testing devices, various types of fixed mechanical guages were
employed to deterniine whether the inspected part adhered to the desired specili-
cations. Ilowever, these fixed guages were subject 1o cousiderable wear, m ad-
dition to the cumbersome nature of their application.

The photoelecironic guage avoids all of the ditficulties niet in mechanical
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guages, since the part under measurement partially intercepts only a narrow
beam of light while under inspection. Once this device is calibrated, thercfore, i
provides unerring measurements over considerable periods of time without fur-
ther attention. Further, these measurements are accurately made even by un-
skilled personnel because of the simple nature of this operation. TIn isolated
instances, such as those incident to the inspection of numerous similar pieces,
the measurement operation is carried out automatically. Under these conditions,
the photoelectronic guage functions to remove from the production line all pro-
cessed pieces which do not adhere to the specified tolerances.

Usually, the photoclecironic guage is a relatively simple device, and is so de-
signed as to be utilized in muluple arrays. flere, one of the basic guage units
1s adjusted to reject micasurements having less than a given minimum tolerance,
and another rejects, of the remainder, those items which exceed the given maxr-
imum tolerance. When these two inspections arce completed. the processed picces
which were inspected without causing either unit of the mspection arrav 1o operate
are obviously within the specthed limits, and therefore aceeprable. Such an imspec
ton arrangement is knowu as a go-no-go array.

An interesting electronic circuit 1s used in the photoelectronic guaging unit. A
departure from conventional mndustrial electronic system practice is here represent-
ed in the thyratron control of signal lamps as a means of measurement tolerance
indication.

In order that the measurements accomplished with the aid of this device
be precise, it is neccessary that the light heam focus, above the inspected item 1,
Le concentrated to the minimwn diameter possible. This diameter is, however, de-
pendent on the dimensions of the light source filament. Lamps intended for photo-
electronic applications are usually provided with filuments having a small overall
area. Despite this design precaution, the hlament area is siill too great for ac-
curate light beam guage systems, and added care must be taken in the selection
of the light source lamp.

The light source is a special form of the incandescent lamp, known as the
Pomnt-O-Lite. Its glass envelope contains, in addition to a filament which has a
low operating temperature, a small tungsten sphere and a rarefied inert gas atmo-
sphere. A detailed illustration of the construction of th's lamp is given in Ifig. 3.

When the Point-O-Lite lamp is in operation. an ionized arc path js developed
hetween the filament and the second electrode which is actually an anode, or plate.
Due to the intensity of the current in the are path, the temperature of the plate
sphere is raised to incandescence. However, since the lamp filament operates at
a relatively low temperature, serving merely to provide an electron siream required
for the ionization of the gas armosphere, the actual source of illumination in the
lamp is the plare sphere. Thus, in the Pomit-O-Lile. the actual area of the lijght
source proper, which is the anode sphere, 15 comparatively small. '

Since, in anv tightlv-iocussed light projection system, comprising a light
source and a suitable lens, such as the convex lens, the cross-section of the light
beam at the point of {ocus is directly dependent on the area of the source of light.
Hence, in the system employing the Poini-O-Lite, the cross-section of th heam
at this point is very small.

The transmirtted light is arranged to lall, if it is unobstructed, on the photo-
electronic camera lens in such a manner that a considerable portion of the photo-
tube cathode is illuminated. If the height of the measured part, inclusive of that
introduced by the interposition of the guage cradle, above the true surface. is such
that a portion of the light beam is obstructed, the illuinination falling on the photo-
tube cathode is proportionately decreased. As a result of these conditions, a small
change in the height of the measured component above the true surface affecis a
considerable change in the illumination incident on the photorube cathode.
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nasmwch as the phototube anode-cathode resistance is inversely proportion-
al to the illumination incident on the phototube cathode, a change in the illum-
mation of the phototube cathode results in a proportionate change in the flow of
the tube plate current.

Then the voltage appearing across the phototube plate-loading resistor is dir-
ectly proportionanal to, and varies directly with, the phototube illimmination, Cons
quently, an inerease in the height of the measured object reduces the phototube
ilumination, and in consequence voltage apparent across the plate loading resistor.

I'he voliage appearing across the phototube plate loading resistor is, in the
precision elecironic guage, compared with a constant pilot or standard volt-
age. This voltage difference is subsequently amplified by a high-gain static volt-
age amplifier. The voltage standard is developed by the gaseous glow regulator
tube under the comrol of the calibration potentiometer. That is, the calibration
potentiometer is arranged as a voltage divider, connected in parallel with the
regulator tube in such a manner that a suitable constant potential is secured he-
tween either of its resistance element terminals and the slider arm. Here, the
voltage component existing between the positive terminal of this potentiometer

Fig. 3, Point-O-Lite, with a brilliant light
source of small emitting area, plate sphere
3. The glass envelope 1 contains a rarefied
inert gas atmosphere 2. An intense arc, de-
veloped between the filament 5 and the
plate sphere, heats the latter to incandes-
cense. The filament is connected to the plug
shell 9 and solder knob 10, the sphere to
auxiliary shell 7. An auxiliary sphere 4, dir-
ectly connected with the filament leg serves
to protect the filament in event of
over-voltage surges.

and its shider arm s designated as the pilot or standacd: potential. The ohmage
of the resistance element ol this patentiometer is Jow in comparison to the series
resistance ol the phototube and the phototube plate loading resistor. This, together
with the fact that the current in the phototube circuit at any time is small, effects
a virtually negative change m the standard potential regardiess of the phototuhe
current variation.

L has been shown that an inercase in the height of the measured object results
i a decrease of the voltage appearing across the phototnbe plate loading resis-
tor. As a resulr, the grid of the pentode static voltage amplifier pentode swings
negatively with respect to the cathode, resulting in a reduction of the tube plate
current.  As a further result, the voltage drop across the pentode plate loading
resistor decreasces and the pentode plate-cathode voltage increases. Hence, an
inerease m the height of the measured machine part results in an increase in the
plate-cathode voltage of the pentode.

The slider arm of the potentiometer is permanentlv adjusted in such a manner
that the potential berween the slider arm and the cathode of the pentode is exactly
one-half that existing hetween the positive terminal of the d-¢ power supplv and the
cathode of this tube. Ii, therefore, the potential between the pentode anode and
cathode is exactlv one-hali that existing between the positive terminal of the d-c
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voltage supply and the cathode of this tube, the grid-cathode potentials of the
thyratron tibes ave zero, and hoth tubes tend to conduct. These thyratrons, how-
ever, are tetrodes, and, as such, vequire that the control grid be positive with re-
spect to the cathode on the order of several volts in order that the tube conduct.

Stynal Lamp Asseinbly

A suitable signal-lamp assembiy 15 connected in series with each thyratron
anode. These lamp assemblies are provided with removable color lenses or caps,
usaully red and green, depending on the position of the guage unit in the m-
spection array. The lamps may be provided with either a red or green lens, which
will be discussed m a later paragraph. [t should he observed here that the a-c
voltage developed by the windings is shightly more than twice the normal lamp
filament voltage. The excessive voltage across cither of these windings is neces-
sary since the illumination emitted by the filament of the signal lamp is directly
proportional to the tesperature of the Alament. In addition, the thyratron tube
is a ftalf-wave rectifier, which indicates that the true power in the rectified out-
put s slightly less than half the product of the a-¢ voltage and the normal lamp
filament current.

Conventionol Arravs

In the conventional go-1o-yo array, two of these inspection guage units are
emploved, the first having the red lens cap on the lamip assembly which indicates
excessive height, and the sccond incorporating the red lens cap in the lamp as-
sembly, which indicates a deficiency in the object height. In addition, the stand-
ard test object used to calibrate the first unit is machined to slightly less than the
maximum desired tolerance, and the test object used in the calibration of the sec-
ond unit 1s slightly more than the minimum desired value. Thus, if the objects to
be measured arc gnaged in the cradle of the first unit, cach lighting the red indi-
cator lamp. they are rejected for excessive height. If neither, nor the green indicator
lamp s illuminated, the objects are then guaged in the cradle of the second unit,
wherein cither lamp s dark or the green lamp is illuninaced, if the objects are of
the corvect height. Such an inspection array may be operated in a rapid and correct
manner by relatively unskilled hands, though the array is usually incorporated
into an automatically-controlled inspection system when the number of ohjects
to be measured is great.

The guage circenit is so adjusted, by means of a calibration potentiometer, that
the indicator lamps are dark when the height of the measured unit is at the correct
level. A subsequent decrease in height results in illumination of one of the lamps.

wWwWw americanradiohistorv com



20

"STATION RIDING

CROSS-MODULATIONS PRESENTS SERIOUS PROBLEMS TO THE
SERVICEMAN

Reprinted irom Radio-Craft
By Leo G. Sands*

HE 1erm “Station riding™ was first heard by the writer in San Francisco in

1930. It was used by radio technicians of the Bay City to describe a type
of radio intericrence very prevalent in that area. Station riding is the type of
interference that allows an unwanted signal 1o “ride” the carrier of a wanted signal.
When a signal is tuned inoon a radio receiver and station riding is present, two
or move sighals are heard at the same time. When the receiver is detuned, neither
the desired nor the undesired signals are heard. In the case of a broad tuning or
noti-selective receiver, interfering signals are usually heard bherween  stations,
Station riding affects highly selective radio receivers as well as receivers with
poor sclectivity.

To rid the receiver ol this annoving ferference, many schemes were
tested. Changing the antenna, a better ground connection, wave traps, etc., were
tried. These methods often reduced or climinated the interferece. In other cases,
the source of interfernce had to be lucated and the remedy applied 1o the source.

The source of station riding is usually hard to Jocate unless a radio mterference
locating device or a sensitive portable radio receiver is used. Typical causes of
station riding are poor electrical contact between sheets of metal on a metal roof.
two pipes touching but not making good electrical contact, antenna touching metal
drain pipe, poor electrical contact at splices on guy wires httached to antenna
mast or metal chininey, or alinost any mass of metal making poor electrical contact
to another mass of metal. (Fig. [). The theory that has heen advanced on the
cause of this starion riding claims that rectification of strong radio signals takes
place at the point of poor elecrrical contact. (See “Foxhole Emergency Radios”
in September Radio-Craft.) When two or more radio signals are rectified at
rhese points, their sum and difference frequencies are radiated by the metal objects.
The more signals that are picked up and rectified, the larger 1s the number of
radiated beats. When several signals are rectified in this fashion, nearby receivers
may pick up jumbled signals every few kilocycles on the receiver tuning range.

[n one instance, the writer was called to diagnose a case where the listencr
complained that the radio was unusable. It was found that half a dozen mixed
signals were being received every ten kilocveles throughout the broadeast Land.
Every carrier. including the high power local stations, was accompaniced by half
a dozen interfering signals. Linc filters and wave traps were tried to no avail
Being a loop antenna type receiver, an outdoor antenna and ground were tried.
The owner felr that it must be the fault of the radio receiver. One of another make
was tried and the results were found to be just as bad.

Tracking Down the Trouble

Armed with a portable receiver (which also suffered from the same inter-
ference), the writer iollowed the power lines in front of the house and found the
interference strongest when directly under the wires. The power lines were fol-
Jowed to their rermination in the next block at a construction company tool shack.

* Assoc. I RUE.

Copyright 1915, Radcraft Publications, Inc., 25 IVest Broadway, N.V.C.
(Radio-Craft, Jannary 1943)
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A switch box was located on the wall of the shack. The wires were fed to the
switch hux through a vertical piece of conduit. From the bottom of the switeh box,
another short piece of conduit terminated in an outlet box. This lower picce
of conduit was grounded. Upon examining the switch box. the writer slamnied
its door shut. The interierence ceased. Moving the conduit caused the interfer
ence 10 reappear. Loor clectrical contact between the top piece of conduit and
the switch box apparently caused rectification of radio signals. (Fig.2.) Tight
ening the conduit to the box cleared the trouble.

Another case of severe station riding occurred with a popular brand multi-
tube receiver which was normally quite selective. The receiver was located less
than one quarter of a mile from a hve-kilowatt hroadeast station. This station
did not cause interference, hut a ten-kilowatt station fifteen miles away rode every
signal that could he tuned in on the broadeast band. The writer tried every trick
in the bag mcluding a check of the house wiring. One peculiar condition of this
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case was the Tact that the interference ceased every day between the hours of
noon and one P. M., apparently due to load changes on nearby power lines.
Since the radio was unc of a very popular brand. the distributor was anxious 10
keep the radio sold, so a factory engincer was dispatched to the scene. e too
tried every trick he knew including the replacement of the built-in loop antenna
with an antenna transformer and an outdoor vertical rod antenna. Nothing scemed
to reduce the interference, so the dealer who had sold the radio exchanged it for
one of another make. This receiver worked fine without a trace of station riding.
The first receiver used variable capacitor runing and the second redeiver used
permeahility tuning. lowever, this proves nothing as in other locations receivers
with permeability tuning suffered from station riding just as badly as those with
capacitor (uning.

By-Passing the Line

Still another case. This radio receiver wax one of good design with excep-
tionally good selectivity. but it too suffered irom severe station riding. The writer
found that running a short ground lead 10 the grounded side of the A.C. line at
the outlet to which the radio was connected completely eliminated the trouble.
(The reader should be cautioned not to try this unless he has definitely deter-
mined which side of the line is grounded. For salety reasons, a lirge paper
dielectric condenser (2.0 mid. or larger) should be used in series with the ground
lead.) In this case, the cure did not work uuless a sufficiently large condenser
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was used. (See Figs. 3 and 4.) Another word of warning to the reader is to
he careful not to violate underwriter rulings.

In cases where the source of interference has been found 1o be caused by
two pipes touching, insulate the pipes irom each other or bond them together
so that a better electrical contact is established. On buildings with metal roufs,
it ix suggested that the individual metal plates be honded' together and then
grounded. Watch the antenna and lead-in, making surc they do not touch near-
by metal objecrs. In the case of rusted guy wires, break them up with stram
nsulators or clean and solder the splices. Metal clothes lines ternnated at rusty
hooks or pulleys should he checked.

In cases where it is not practicable or economical to cure the station riding
at its source, or where the source is too difficult to locate, other measures may
be tried. In receivers using 2 loop antenna where only one interfering signal is
present, a loop type wave trap should be tried. This consists of an extra loop
antenna strapped to the loop antenna in the receiver, as shown in Fig. 5. This
extra loop is shunted by a trimmer condenser of sufficient capacity to tunc it to the
frequency ol the interfering signal. Adjust the trimmer condenser until the at-
tennation ol the interfering signal is maxiamun,

For receivers designed for use with an external antenna and ground, wave
traps of the resonant or anti-resonant types may be tried. A combination of both
types may be used as shown in Fig. 6. Adjust hoth wave traps for maximum
attenuation of the interfering signal. Where interference is general Irom stations
at the high freguency end of the broadcast band, the interference may be reduced
by shunting the antenna and ground connections with a small mica condenser
of approximately 50 to 100 micro-microfarads capacitv. If the receiver has short-
wave bands and the listener uses these bands, and R.1%. choke of approximately
2.5 millihenries should be used in series with the condenser (Fig. 7). The re-
actance of the choke will be so high on the short wave bands as to nullily the
effect of the condenser, but still make it effective on the broadcast band.

A good ground conncction often helps in reducing radio interference. (The
writer has seen a nail driven into a flower pot used as a ground—ihis is not a
good ground connection.) Use ol a properly designed line filter aids materially,
especially with A.C.-D.C. tvpe receivers. l.oop antenna type receivers olten
perform better when used with a vertical rod type outdoor antenna. See Fig. & on
suggestions as to methods of conunecting an outdoor antenna to Toop anteuna
receivers. The one-turn loop coupled to the receiver’s loop antenna works quite
effectively, especially with receivers using two- or threc-rurn Jow mpedance
loop antennae.

When inge interference is strong. a sensitivity control as shown in Fig9
will often make the receiver more usable. This control may be installed on the
rear of the receiver chassis and adjusted to a position where reception is most
satisfactory, then left that way.

The writer has wandered from the original discussion of staton riding to
other tvpes of radio interference as their cures arc closcly related. There is no
definite cure-all for all cascs of station riding, and some cases will give that radio
technician quite a tussle before the answer is found. It is hoped that some of
the suggestions presented here will be ot henefit in the quest for better radio
reception.
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SOUND CONDITIONING FOR POSTWAR
HOMES

Reprinted from F Y aAxD TELEVISION

Review of Techniques Which Will Enhance High-Fidelity
Effects of FM Reception.

This article, prepared by the staff of Architectural Forum, Sepiember, 1944,
reviews the application of sound conditioning to new and remodeled lomes, with
particular reference to enhancing the quality of FM reception. As the authors point
out, “a $500 radio in « small, acoustically bad room is not heard to best advantage.
But if the room is acoustically planned for iis use, the room seems bigger. the tone
much richer.”

Another problem discussed is that which arises when “Mother plans to listen to
a symphony concert on the radio. Father wants lo go over some repbris. and Junior
has homework to do.”

Consulting engineers who associate themselves with leading dealers and archi-
tects in their communities will find many problems of home sound conditioning pre-
sented for solution as radio listeners learn how their enjoyment of FM reception can
be augmented by simple acoustic treatment of walls and ceilings.

ITH present advances in the science of acoustics, sound conditioning should at
last get its share of attention in the planning of modern homes. Segregation
of sound 1o provide quiet areas in different parts of the house, reduction of clatter
within a room, and acoustical treatment {or accurate sound reception would add much
to family comfort and should be considered while design of a house is in progress.

PROGRESS OF SOUND CONDITIONING

Sound conditioning has already heen applied with brilliant success lo nouresi-
dential interiors such as theaters, broadcasting studios, restaurants and hospitals—
wherever noise reduction is a problem of prime importance. Sound control has he-
come so accurale that acoustical engineers now can produce any desired auditory
effect. The first attempts toward acoustical improvement by haphazard use of sonnd-
absorptive materials have given way lo architectural understanding of the problem,
with quality and liveness of tone the paramount objective,

This may be observed in broadeasting studios which have gradually developed
from conventional rectangular rooms equipped with sound-absorbent material on
the ceiling alone. Today studio walls are tilted, never parallel, and hroken surfaces
jut into the room. Acoustical material is used sparingly on certain walls while others
are paneled with plywood to reflect sound and afford resonance.

Sound-absorbing materials have also been used eflectively in commercial spaces
where the noise of typewriting or telephoning formerly reduced efficiency of workers.
Under the pressure of war, lactories, too, have found that sound conditioning hoosts
production and cuts down ahsenteeism.

APPLICATION TO PRIVATE HOMES
Because of (his increase in the use of sound control, a great variety ol good-
looking and inexpensive acoustical materials are now on the market. They are the

opening wedge for [urther expansion of sound conditioning. Although non-residential

Copyright 1044, M Company, 500 1ifrh dvene, NV C.
(FA and Television, October 1944)
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applications have been phenomenally successful, few people have ever thought of
using acoustical tile, plasier, metal panels or wallboard in the home. Here noise
is often only a minor annovance, but it can have a direct effect on the nervous system,
and it is always the unwanted noise which we hear. In the future, this situation will
undoubtedly become more acute, because of the increased use of open plans, and the
trend toward bare furnishings and no rugs which create sound problems in modern
homes. A definite plan 1o control noise can contribute much toward increased com-
fort and livability in postwar construction and remodeling of the family dwelling.
It should be possible, for instance, to provide quiel areas in the home which will be
unaffected by noise in other pottions of the house. With proper planning and the

GARAGE

*A”= ACOUSTIC TREATMENT —1_|
FOR SOUND CONTROL

ROOM

I DINING I

| BED ROOM

Fig. 1. Various sound-absorbing methods are illustrated here

wise use of sound-absorbent materials, this may even be accomplished in different
parts of the same room. Better acoustical conditions could also provide greatly
improved radio reception, whether for an inexpensive $50 set or for a sensitive $500
machine.

However, since home use of acoustical materials is still mainly in the idea stage,
it is not yet certain what home-owners will want to accomplish with sound control.
A sparing and experimental use of the materials will constitute no great loss even if
results are not completely successful, for acoustical wall finishes cost only a litile
more than ordinary ones. A knowledge of the principles of sound transmission will
eliminate much of the guessing in these experiments. To better understand how
acoustics work, therefore, a brief explanation is necessary.

INSULATION ANI) ABSORPTION

There has always been a certain amount of confusion in this field because of the
failure to distinguish clearly between sound insulation and sound absorption. The
first deals with transmission of both airborne and impact noises from one space to
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another. Sound absorption on the other hand is concerned with reducing the general
noise level within a space, and with providing more nearly ideal acoustical condi-
tions. This type of sound control deals solely with airhorne sound waves which,
besides traveling through the air, hounce from any reflective surface.

Without realizing it, everyone kuows that talking to a person outdoors and
indoors are acoustically two different situations. Outdoors it is necessary lo speak
at a person, perhaps to turn your head lowards him hecause the sound waves, un-
limited, go off in all directions. Indoors, where sound is trapped and reflected, you
instinctively know the sound will reach a person even if your face is turned away
while speaking. When sound-ubsorbent material is used on a ceiling the acousticul
result is alinost as though the ceiling had been removed. 11 this sort of material ix
also wsed on walls, it might absorh too much sound, giving the uncomfortable,
because auaceustomed, sensation thal you arve out of doors.

Too reat reflection of sound waves, however, produces a booming effect during
conversation. This is easily seen in the contrast between a lurnished room and an
unfurnished one. Tn an empty apartment, sound veverberates because the waves

r— Fae = “

R 3

Fig. 2. Treatment of stair walls

hounce back and forth reflected by the bare walls, ceiling and floor. Upholstered
furniture and rugs act as sound absorbers and produce the tones we are accustomed
to hear.

In sound insulation, which combats the transmission of noise {rom space to
space, it must be remembered that airborne sounds can enter through windows, cracks
under doors, flaws in masonry or plastering, eracks around ventilating ducts, even

—

pipes and conduits. Careful workmanship, the elimination of cracks, and use of
acoustical duct filters will help this situation.

In addition, airborne sounds may be transmitted divectly through a building
structure which acts as a diaphragm set in motion by the sound waves. This motion
is translated back into sound on the other side of the structure. It can be most
effectively reduced by heavy construction such as 4-in. to 6-in. masonry walls, non-
homogenous walls, and by walls or ceiling of two or move layers with a sound-
absorbing filler like mineral wool. According to tests conducted by the Bureau of
Standards, a wall constructed of Vy-in. insulating board and plaster on each side of
2- by 4-in. studs reduces noise better than walls made with either gypsum or wood
lath as the plaster base. However, a heavy masonry wall is still better and is less
expensive than double construction floating floors and ceilings and similar devices.

Impact noises, a completely different type of sound transmission, must also be
considered if sound insulation is to he effective. They are caused by structural vibra-
tions from one portion of a building to another. Walking. moving furniture, rattling
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of water pipes are all examples of impact sounds. They can be efleclively reduced at
the source by covering the floor with rugs or resilient floor tile, anil by proper mount-
ing of pipes and conduits.

Sound-absorptive material, used mainly to reduce noise within a space, can be
applied to the problem ol sound transmission in certain cases. A hallway down which
sound travels from a living room 1o a bedroom may be treated in this way. Absorp-
tive materials may also be used to reduce noise transmission from one part of an
irregularly-shaped room to another.

Fi. 3. Wall marked “A” absorbs sound to produce quiet corner
1
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OBIECTIVES OF SOUND CONDITIONING

With the distinction clearly made between sound insulation and sound absorp-
tion, acoustical treatment of a house hoils down to three objectives: preventing the
passage ol sound from one room lo another, absorplion of noise at the source, and
sound control within rooms. To accomplish these ends, clahorate and expensive
devices are unnecessary. Careful thought and the use of certain new design ideas
make sound conditioning a relatively simple matier. Houses can be planned to main-
tain areas of complete quiet, or to accomplish al least a grear reduction in sounds
which travel fron a noisy part of the house to quiet parts. For inslance, houses may
be planned and built in such a way that children will be able to sleep in the bed-
room portion while their parents play the radio or have a party in another part of
the house. This is illustrated in Fig. 1.

In a one-story home, this can be accomplished by planning for sound control
at the design stage. A bank of fireplaces and chimney (lues installed hetween living
room and bedrooms, Fig. 1, make an excellent sound barrier for this purpose. If
the fireplace is not wanted. a masonry wall can be used, finished in the ordinary way
or left unfinished as a funetional decoration suitable for hoth modern and traditional
homes. Another excellent barrier device is a double row of closets, one row opening
into the living room and hall, the other into the bedroom. Closels are particularly
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effective, since clothes are exceptional sound absorbers. If, in addition to the creation
of an effective sound barrier, the hall connecting living room and bedrooms is treated
with acoustical material, airborne sounds traveling through the corridor will be
absorbed and considerable noise control achieved even when doors are left open.

In a two-story house this separation is more difficult because ordinary floor and
ceiling construction does not constitute a good sound barrier. Nevertheless, treat-
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ment of the side wall of the stairway with sound-absorbent material as shown in Fig.
2, would partially isolate living and sleeping quarters. Living room noises and the
sound of the radio would be prevented from going up, and upstairs noise, such as
hathroom sounds, could not come down. Actually the noise would not be eliminated
but the substantial reduction in sound (low resulting from this treatment would
probably make it worth while.

Similar to the bathroom problem is sound eontrol within a kitchen. Both these
rooms are particularly subject to reverberation because, unlike other parts of the
house, thev do not have sound-absorbent furnishings. Tile, metal, and plaster, the
malerials most commonly used, are brilliant soimd reflectors. The clatter of dishes
is therefore intensified and easily penetrales into the dining room as an unpleasant
background to dinner. larsh noises are also an anmoyance lo the housewife who
spends much of her time in the kitchen.

Again the basic treatment should he the absorbing of sound at the source. An
acoustical ceiling and resilient floor-covering deaden the noise, but additional reduc-
tion can be accomplished by the use of wooden or linoleum work surfaces instead of
enanteled metal drainboards and tables.

To prevent the transmission of sound from kitchen 1o dining room, a paniry or
utility space belween the two rooms can be used as a barrvier. This still leaves the
problem of noise entering through the door. If the door is placed next to the pantry,
and the small section of wall leading into the dining room treated with sound-
absorbent material, as indicated in Fig. 1. this problem should be cousiderably re-
duced. Sound waves wust be reflected from that particular section ol wall to o
around such a barrier, and when they hit the acoustical material they are in the main

absorbed.
ZONES OF QUIET

Conflicting activities in the same room or same part of the house is another
problem which can be solved by a moderale use of acoustical material and wit. One
of 1he most annoying sidelights to family living is the problem of using the telephone
when everyone else is around. For convenience, the phone is usually located in a
central spol. Tt can be answered quickly, hut a conversation cannot he carried on
inless other members of the familv stop Lalking and the radio is turned down. Borrow-
ing a trick from the open-front telephone booths in New York’s newest subway will
help solve the problem. Here acoustical tile lines the three sides of open-front booths,
allowing conversation even during the rumble and crash of a passing subwav. Tn the
houe, a small recess could be buill into the wall and lTined with a few acoustical tiles.
This is also illustrated in Fig. 1. Such a device is needed anvway as a planned loca
tion for the telephone and although it might not be 100 per cent effective in isolating
<ound, it would be a vast improvement over the common variety of telephone table.

Another tricky problem in acoustics is presented by a fuinily whose members
all want 1o use the living room at once. Mother plans to listen to a symphony concert
on the radio, Father wants to go over some reports and Junior has homework 1o do.
An acoustically planned L-shaped room, Fig. 3, allows all these things to be done
wilh a minimum of fuss. Mother sils heside the radio which is placed at the top of
the “L”. Sound waves traveling the length of the room would ordinarily bounce oft
the wall and into the alcove wheve father and son are seated. Acoustical material on
the end wall, however, would absorhb much of this sound, leaving the alcove relatively
quiet while the radio plays. If the sound reduction from this treatment is not
sufficient, extended bookcases can act as additional baffles.

IMPROVING RADIO QUALITY

Quile apart from segregation of sound in the living room is the problem of
improving ils acoustical quality for Detter radio reception. Since most living rooms
are small, thev never capture the true quality of a large orchestra which should he
heard in a concert hall to be appreciated. A $500 radio in a small, acoustically bad
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room is not heard to hest advantage. Bul if the room is acoustically planned
its use, the room seems bigger, the tone much richer.

This device was used to advantage in Sherman Fairchild’s Manhattan town
house.” Iig. 4 shows a view of the living room, while the acoustic treatment is
(h(wmmmed in Iig. 5. The long, low radio cabinet can be seen in Fig. 4, with a
detailed sketch in I ig. 6. The lou(lspeal\el is al the opposite end of the room in Fig.
4, and therefore does not appear in lhis view. Realizing that good radio sounds on]y
as good as the room it is in, Mr. Fairchild demanded an acoustically perfect interior
for his specially-built set. In addition to the radio, he had 1wo grand pianos. To
obtain the best possible tone from his instruments, the living room was lreated to
sound like a huge symplony hall. The ceiling was made of wood frames, some areas
filled with broken pieces of wallboard, others with rock wool to produce irregular
reflections of sound. A second cloth ceiling was siretched over this. Rock wool
padded one wall behind a grass matting and the opposite wall was made of plywood.
Glazed panels, one of which is set at an angle, formed the other two walls. The con-
struction is shown in I'ig. 5. The result in faithful reproduction of sound was extra-
ovdinary, and it seems plausible that this technive in varied form could be applied
to many situations, although perhaps not in so elaborate a form.

This sort of construction will undoubtedly become more important as the demand
for betler home acouslics increases. Trends in modern architecture—the openness
of (Ieslgn lavish use of glass, bareness of furnishings and lack of rugs—will also
tend 1o increase demand lor acoustical planming w hele hefore one could take it or
leave it alone. Modern houses will also present a sound transmission problem with
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Fig. 6. Details of the radio, phonograph, records, and record cabinet
shown in Fig. 4. Loudspcaker is mounted separately

their use of lighter materials in place of regular plaster partitions. On the other
hand they will offer heretofore unknown acounstic opportunities hecause sound prob-
lems can be solved by the design itsell. Walls need not he parallel, glazed panels may
be tilted and acoustic materials placed 1o hest advantage. With the development and
perfection of such design, sound conditioning can he aimed not only towards remedy-
ing the faults of present construction, but towards creating new acoustical oppor-
tunities for future homeowners.

The consideration of acoustic trealment for modern homes is particularly appro-
priate at a time when broadcast engineers who would like to reduce the 15,000-cycle
standard of FM fidelity complain that the acoustics in most homes are such that the
high-frequency overtones are lost. It may very well he that sound-treatment of post-
war homes will be featured along with quick-freeze units and air-conditioning. There
is no reason why, with 1nte111genl planning, modern living rooms cannot have the
acoustic characteristics of small concert halls.

Since FM standards set now will prevail for years to come, it would be far better
to set them high, even though they cannot be utilized to the fullest extent at this time.
Eventuallyv, if 15,000-cycle quality is available, progress in materials and home con-
struction will afford its advantages to radio listeners.
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RH-507 INVERTED TRIODE

Reprinted from Radio News

(Radio-Electronic Engineering Edition)
By W. A. Haves, Llectrowics Eng., T esimmghouse

USING PLATE AS CONTROL GRID MINIMIZES SPACE CHARGE EFFECT
AND PERMITS ZERO GRID CURRENT

FASUREMENT of currents as low as 10" amperc is made possible by
M the development of a new tube, called the inverted triode. In rhis tube the
outer electrode, which is normally the plate in an ordinary vacuum tube, is used
as the coutrol grid. This inversion mininuzes the space charge effect thereby ak-
ing it possible to select a value of grid bias that will vesult in zero grid current,

The sensitivity ol this tube is made possible by an extremely low grid current
and a high grid-to-cathode resistance. In addition to measuring currents as low
as 1071 ampere, it will permit indication of currents as low as 108 ampere,
which represents 4 How of about 625 clectrons a sccond. Direet potentials ol 10
volts may be measured in circuits having up to JO™ ohms resistauce.

Due to the small magnitude of the currents expected in the tvpe of applications
to which the tube is usually put, it is absolutely necessary that none of the minnte
quantitics of current be absorbed in surface feakage. Therefore, the tube has been
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Fig. 1. Typical electrometer circuit using the inverted triode tube.

designed to elininate leakage as far as possible. So-called “glass pant leg” sup-
ports, consisting of a glass sleeve surrounding a wire which acts as a support,
provide the necessary insulation between electrodes so that practically no energv
is ahsorbed from the source being measured.

Even a microscopic film of moisture on the bulb surface would provide a
leakage path betweeu the control electrode and the cathode. Consequently, it is
advisable to mount the tube in a reasonably tight shielded can containing a drying
agent. The outside of the bulb may also be treated with Silicone Resin or other

Copyright 1045, Ziff-Davis Publishing Co., 540 North Michigan Ave., Chicago, Il
(Radio News, Radio-Elecironic Engineering LEdilion, January 1943)
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suitable material, which helps break up the possible formation of moisture into
tiny droplets, and so tends to prevent a continuous leakage path from forming
through the moisture.

Flectrostatic charges which might accumulate on the inner surface of the glass
bully can seriously affeet the overall tube sensitivity. To eliminare this condition,
a small piece of spring wire resembling a “cat’s whisker™ is mounted with
slight pressure against the inner wall of the glass bulb and brought out 1o a ter-
mnal for grounding. The tube and all leads from the volrage supply should be
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shielded very carefully from any stray magnetic or clectrostatic helds. It is also
necessarv 1o shield the tube from light as there may be some photoelectric effects
while sensitive readings are being raken.

The filament is operated at a low temperature to mimmize prinary or photo
emission from the grid. The electrodes are operated at rather low volages anl
currents 1o reduce the possibility of ionizing residual gas in the tube. These low
voltages require the use of a galvanometer or miroammeter for indicating pur-
poses.

The output may also be fed into a suitable amplifier, in which case the RH-507
tube will serve as « coupling device hetween the source under measurement and
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the amplificr proper. In this way it is possible to use more rugged and cheaper
instruments 1o obtain measurements previously requiring laboratory precision
equipment. .\ typical electrometer circuit is shown in Fig. 1.

The characteristic curves shown are taken from readings of several tubes.
The plate current curves (Fig. 2) therefore represent average values, although
individual tuhes should not vary greatly from the average.

The grid current curves also represent average values taken on several tubes
Tt the readings on individual tubes may vary considerably from the ligures shown.
The curve in Fig. 3 with 4.5 volts on the anode shows that the grid current
passes through zero ar minus 1.8 volts. The important fea‘ure to nofice is thal
the grid current ol cvery tube crosses zero at some bias voltage near this value.
It is therelore possible to sclect a value of grid bias such that the grid current is
zero; hence extremely minute currents can he measured accuratelv. By adjusting
the grid hias so that the grid current is zero it has heen found practical to measure
the grid currents as low as 105 amperes and (o ohtain indications of grid currents
as low as 1079 amperes. By providing a bias adjustment on either side of the
“floating potential.”” reversal of control ¢urrent is effected to advantage in clectro-
chemical polarization studies.

The sensitivity of this tube makes several operations practical that were
previously considered very difficult or impossible. Tt is used to measure:

1. Hydrogen ion concentrations.
Currents produced Iy phototubes when subjected to starlight.
Ton current in mass spectrometer.

Alloyving constituents of steel.
Minute quantities which previously required an clectrometer or its equiv-
alent.

A enN

The tube filament may be operated from an Air Cell type hattery or No. 6
dry cells. The filament current is very critical and must he held constant, so only
seasoned hatteries should he used. Good “C” hatteries may be used {for the grid
and plate supplies.

Because of the exireme sensitivity of this tube, everv precautionm must he
taken to insure that no electrical leakage is present in the circuit wiring. Where-
ever possible, all leads from the electrodes should he air insulated. Where con-
struction requires “feed through’ insulators, the finest grade of insulating material
should be used, such as quartz glass or a material which offers extremely high
resistance to surface leakage.
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WHAT'S BEING READ THIS MONTH

Omee again for the henefit of our readers we take pleasure in presenting a
complete list of the feature articles which have appeared in the most recent 1ssues

of the leading trade and professional magazines, This month’s Tist is as Lollows:

COMMUNICATIONS (January 1945)

POLICE COMMUNICATION SERVICES )
Dolice communication probloms facing engineers today ... Lewis J. Doss

TELEVISION ENGINEFRING [

\ report on the Technical Panel Session at the S
LTI3A CONTEICNCE oo creesecemssresscesssmensss s s . Lewis Winner
AIRBORNE EQUIPMINT
Br.ish airborne communications equipment
CIRCUIT DEVELOPMENT

Coupled Circuit Design A J. Maynard
TRANSMITTER TUBI: DESIGN AND APPLICATION

External anode triodes (characteristics and applications) ... A. James Ebcl
ALRONAUTICAL COMMUNICATIONS )
Aeronautical communications il the post-war eri .. McMurdo Silver
SOUND ENGINEERING )
Resistive attenuarors, pads and network (Part I11) Paul B. Wiight

ANNUAL INDEX _

Index to Communications, 1944

U-H-F LABORATORY RESEARCH

U-H-F Power Supplv (Part I1) . . Iredell Eachus, Jr.

ELECTRONICS (February 1945)

I"IELDS IN WAI'E GUIDL: v )

Visual aid designed by Prof. Paul 1. Nelson of Univ. of Conn.

to show propagation in rectangular u-h-i guides

f’LAzV'A'];VG AN F-M STATION

Discussion of problems confronting a-m stations

considering the New Service ... P. B. Lacser
DISK-SEEAI TUBLES

Union of wave cirenit and electronic circuit inereses

the frequency limie of conventional vacuum tubes ..
MEASURING FHID ELASTICITY OF SYNTHETIC YARNS

Dyvnamie method utilizing 10-ke sonie waves reduces

crrors due 1o plastic deformation .. » S. Silverman and 1.1 Ballon
CIRCUILAR WAV GUIDE IMTELDS

Direction and relative magnitude ol helds ave plotted to

facilitute exciter and Tilter design e e George R Cooper
LOAD REMATCHING IN ELECTRONIC HEATING

Special auxiliary rematching circuits offser variations in

load characteristies during heating ¢ycle Fugene Mittehnann
THE CAA INSTRUMENT LANDING SYSTI'M PART ]

Technical derails of radio blind landing system recently

adopted by CAA for civil aviation i UL S0 s Deter Caporale

oD Meddrthoer
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ELECTRONICS (February 1945) Continued

TUBLELESS PROBE FOR VI M
Use of a carhode-follower circuit in the input of a vtvin
climinates the customary probe-monnted tuhe ... [oward 1. Daniels

A PHOTOLELECTRIC GALVANOMETER AMPLIFIER
Unit provides necessary gain for operation of industrial
clectronic recorder from sensitive galvanometer .
REMOTE WATER-STAGE INDICATORS )
A Hoat-controlled mechanism kevs a radio transmitter and

received signals are recorded on paper tAPe Maurice 11 Kensiedy
RELAYS IN INDUSTRIAL TURE CIRCUITS — PART II/

Effects on relay operation of gas triade control,

power supply, and filter cireuit T Uik R Furst
HERUETICAILY SEALED TRANSFORMERS )

Units resist failure caused hy moisture absorption and

accompanying fungus growth Robert M. Hasnson
U CONVERTER ANALYSIS

Conversion diagrams simplity analysis of diode, crystal and

other u-h-I converters : Harry Stockman

HIGH AND LOW-PASS FILTER DIESIGN
High- and low-pass filter design charts for use with
reactance slide-rule .. C. J. Merchant

FCC ANNOUNCES ALLOCATIONS FROM 25 to 30,000 M

Galwiclle Asset

ELECTRONIC INDUSTRIES  (February 1945)
MEASURING KLYSTRON AMPLIFIER FEATURES oo Coleman Dodd
PROPOSLD AILI.OCATIONS
ELECTRONIC TOOLS IN

CHEMICAI. RESEARCH oo, Robert H. Osborn and Lewis W. Beclk
FABRICATING PLASTICS
WABC'S NEIV TWO-BAY ANTENNA oo Ougden Prestholdt
SHHORT WAVE BC TECIINIC . Towlson
EASING MULTIPATII PROBIIEMS
FACSIMII.LE EQUIPMENT COMMUNICATION
UNTTST mie... vttt e, sier: s s enimos e oot Roland C. Davies and Peter Lesser
IFACTORY SHORT CUTS
ELECTRONIC USES IN INDUSTRY oo W C. White
OWI MOBILIE RECORDER FOR DETACFHFED SERVICE
TUBES ON THE JOB
NAVY'S “TECII” SCHOOI.
ROCK ISLAND RR RADIO

FM AND TELEVISION  (January 1945)
PROPOS!IED FREQUENCY ALLOCATIONS e Mittaw B. Sleeper
NEW HAMPSHIRE STATE POLICI SYSTEM Liewt. Rasil Cutting
'Y CARRIER EQUIPMENT . redevicl T. Budelnian
FACSIMITLE NEWSPAPERS oo e Lieut. Col. Robert D. Lewitt
DO YOU PLAN TO RUILD AN [I'M STATION? Keith KNelsey
DETAILS OF TELEVISION STATION WRGB oooeoee James D. McLean
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PROCEEDINGS OF THE I.R.E. (February 1945)
BROII'DER J. THOMPSON — 1003-1044

LLECTRONIC PAPERS e ettt H. M. Turner
THE INSTITUTE LOOKS TO THE FUTURE oo W. L. Everitt
RAYMOND F. GUY

LEILECTRONICS IN INDUSTRY .ot e, W. C. White
CAPE CHARLES-NORI'OLK ULTRA-SIHORT-WAVI:

SFULTIPLEX SYSTEM oo, N. F. Schlaack and A. C. Dickieson
CORRLECTION TO “THIE USE OF FIIILD-INTENSITY

MEASUREMENTS I'OR COMMERCIAL-COVERAGE

LV ALUATIONT oottt st et e Edgar H Felix
ULTRA-SIHORT-WAVE MUILTIPLEN ... Charles R. Burrows and Alfred Decino

ULTRA-SHORT-IWAVE RECEII'ER FOR THE

CAPE CHARLES-NORFOLK MUILTIPLE

RADIOTELEPHONE CIRCUIT ... D. M. Bluck G. Rodwin and W. T TV intringham
CORRECTION TO “ELECTRONIC APPARATUS FOR

RIECORDING IND MEASURING ELECTRICAL POTENTIALS

IN NERVE AND MUSCLE?” BY WILIIAM B. ROGI'RS AND

HORACE O. PARRACK

ULTRA-SHORT-IWAVE TRANSMITTI:R FOR THE
CAPE CHARILES-NORFOLK MULTIPLEX

SR/ S e —————————— R. . Kircher and R. W. I'ris
A NEW STUD/O-TO-TRANSMITTIER ANTIENNA (. M. W. Scheldorf
REFIIZX OSCILILATORS ..o p— ot T e e I. R. Pierce
THIE THEORY OF TRANSWVISSION LINES i E, N. Dingley, Ir.
DISCUSSION ON “NOISE FIGURES

OFF RADIO RECETFLERS” i, Diwight O. North and H. T. Friis

RADIO CRAFT (February 1945)

A PRIMER OF AVIATION RADIO .
RADIO P11.OT LANDS PLANES i S. R. Winters
SUPER PHOTO-TIMER

PHOTOGRAPHING THHE AIR

NEW FM RECEIVING SYSTEM

LLECTRONIC THICKNESS GAGE i, Wesley S. Erwin
LUMINESCENT RADIOS e M4 Heikkila
EART!HQUAKI RECORDER

Ruvimond Lewis

USES FOR 0.434-G GAS TUBE ittt Nathaniel Rhila
RADIO-AUDILNCI METER oottt esnne s e 1. Quecn
CROSS-OVER NETIVORRS ittt et Jack KNing
SPEECH AMPLIFIER, PART Vet Robert F. Scott
NOISELESS RICORIMNG oottt ettt sees st esasen s /. Queen
CAPACITY PHONQO PICKUD oottt Benjamin I©. Miesner
BRO.IDCAST FEQUIPMENT, PART VI ..o Don C. Hocfler
AN FILECTRONIC ACCOMPANIST . . B e B R Nathaniel Rhita
NECORD CHANGERS i oo oo John Ncedre
ULTRA RARTO i i om0 i 555 i S0 S et Bob White
CAPACITY BRIDGES .5 s immmdse S s lee soome s sss Alfred Thomson
INVERTED TRIOLL o movevoren vesme comsapmmessgosmezssmmyesguss vimssssas s ses oo wgos nf S0 0oge o . A llaves
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RADIO NEWS (February 1945)

ELECTRONIC FLIGHT

RECORDER .ot Thontas 3. Thoupson and Willerd C. North
TRANSMISSION LINES AT 200 Mc. i Thos. A. Garretson
ELECTRICAL COMPUTING .1IRBORNI GUNSIGHT ... Russell H. Lasche
IVACS AT WORK oot e [:dgar F. G. Swasey
“LLECTRONICALLY VOURS, —G 1. JOLIE” e Wilkigzn 1. Taylor
POWER SUPPLY TILTER DESIGN oo Harold S. Kenne
BOMBER’S EARS

TONE CONTROI. CIRCUITS FOR PHHONOGRAPHS ... P I'. k. Winter
RADIO FOR TRANSIT UTILITIES i Joan David
THE TELEVISION CHANNIEL oo l"dward M. Noll
MUITI-BAND 30 WATT TRANSMITTER .o McMurdo Stlver
LIS TALK SHOP ettt Joe Marty
PRACTICAL RADIO COURSE .o T Alfred A. Ghirardi
THE CATHODE FOLLOWER ..ot G. Donaid Hendricks
THEQORY AND APPLICATION O UH. i S Mdton S, Kiver
FRENCH UNDERGROUND NETWORK DURING

GERMAN QCCUPATION it Newneth R. Forter

RADIO NEWS Radio-Electronic Engineering Edition (February 1945)

MEASURING DIELFECTRIC PROPERTIES AT UHJ. . (. N. Works

THE CYCLOTRON o ieeosiesnssismos s e ssas s sosmissssasssssssasens Dy Bowen C. Dees

POWER LINE CARRIECR CURRINT
TERMINAL EQUIPMENT .

V.HIF. MEASUREMENTS

’. R. Crooker
D idelman

DYNAMIC RANGI: IN BROADCAST TRANSMISSION ... Haroid L. LEnnes
ELECTRONIC EQUIPMENT IN MEDICINE i Toward 4. Carter

SERVICE (January 1945)

A DEALER IN BUZZ-BOMB ALLEY e {. V. Lines
F-M ANTENNAS . Willard Moody

INTERCOMMUNICATOR AMPILIFIERS AND SYSTEMWS ... A. Ghirards
LOUDSPEAKIER MATCHING ... e S ————— S o E. B. Mensies
OLD TIMER'S CORNIR

SER-CUITS oo e e, Henry Howard
TLEST FQUIPMIENT IN THE POST WAR IERA . L. A. Goodwin, Jr.

TELEVISION  (February 1945)

FCC ALLOCATIONS REPORI DOC. 6651 — ALL EXCERPTS
ON TELEVISION

COMMISSIONER J/ETT SPEAKS OUT
ELECTRONIC EFFECTS

BUILDING A PROGRAM

5 YEARS OF TELEVISION — N. W', dyer
WHATS WRONG WITIH 1ELEVISION
PROGRAMMING

COMMERCIALS

TECHNICAL DIGEST

TELEVISION IN REVIEIV

BRITISH TELEVISION

TIIEATRE TELEVISION

UNITY IN TELEVISION (UNIONS)
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How many times have YU heard someonc
who lacks technical knowledge say, “All transiormers

are alike”?
yractically all transformers look alike to

those who do not know what to look for.

BUT, engineers—men who kwow transiormers

— know that Hudson American hermetically sealed

311 transformers provide:
u Slow baking of vacuum impregnated coils.
Infra-red heating of terminal inserts to insure
‘” ‘ hermetic sealing.
Constant expansion cocfficient of bonded pyvrex

glass and INovar steel terminals.

i

%; Pressure testing of immiersed cases before final
4

| A

application of scalng.

Minimum weight and dimensious with absolute
conformance to size.

Deliverv ol rated electrical characteristics -
sured by constant inspection and rigid rest-
mg

These features of Hudson American transformers
make their choice profitable to you, for long reliable

service and superior performance.

HUDSON AMERICAN CORPORATION

25 West 43rd Street
New York 18, N. Y.

Nl
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Feace terms every marn

should make NOW/

The war is still on , .. and will be for some time
to come,

But right now —before the war ends—every
man in America has an unprecedented oppor-
tunity to make terms with himself for his own
peace . . . his peace of mind.

For now, as never before, a man should look
at his wife and family and say, “What can I
offer them for the future?”

Now, as never befare, 2 man should look at
tomorrow-and say, “How can I best prepare for
some unforeseen emergency which might affect
my family?”

And now, a3 never before, every man in Amer-

ica has a chance to answer these questions—
an opportunity to provide for the future.

That opportunity is War Bonds. No doubt you
are buying War Bonds through the Payroll Sav-
ing Plan. Arrange to buy more War Bonds. All
you can afford.

What’s even more importani—don’t cash in
those War Bonds before they mature. Stick
them away in a safe place—and forget about
them till you can reap the full'harvest on them.

Now is the time to make your plans for peace
of mind. It’s something you owe yourself . . .
owe your family. Buy War Bonds and hold
oato them!
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