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Above ts a coaxial circuil
erystal in its glass enclosure.
Al right the crystal is shown,
3% Umes actual size, with
connecting wires soldered in
position. Weighls on wires
reflect mer%y back into crys-

tal, so cul losses.

How would you solder a wire to a
crystal? This must be done for most
of those wafer-thin plates of quartz
used in electrical circuits. They play
a big part in the myriad-channel tele-
phone system that utilizes coaxial
cables.

This is how Bell Laboratories sci-
entists solved the problem: A spot of
paste containing silver is deposited on
the crystal and bonded to it by oven
heat. The crystal is then vapor-plated
with a thin layer of silver. Then a fine
wire is soldered to the spot by a con-
centrated blast of hot air. The result

EXPLORING AND INVENTING, DEVISING AND PERFECTING, FOR
CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE

www americanradiohistorv. com

is a rugged electrical connection to
the surface of the crystal which does
not interfere with its vibrations.

Sealed in glass tubes, the crystals
are precise and reliable performers in
the telephone system. Each is a crystal
gate to a voiceway, separating your
conversation from the hundreds of
others which may be using a pair of
coaxial conductors, at the same time.

This spot of paste, this tiny wire,
this puff of air are among the tremen-
dous trifles which concern Bell Tele-
phone Laboratories in finding new
ways to improve your telephone service.
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A HANDY LITTLE GADGET
WE THINK YOU’'LL LIKE

. Write for yours today

This Sprague Capacitor indicator comes in mighty handy

to engineers, designers or anyone else who works with
capacitors. Fits the pocket. With it you can quickly con-
verl the capacilor celor code to copacitance, tolerance
and vellage vaolues; determine the availability of re-
quired capacitor types in the proper physical sizes, and
read partnumbers direct withoul cross reference ordelay.

Write on company statienery for your Indicator fo-
day. We'll send it promptly —with our compliments.

Capacitor:
"Hoslabhm Raslsfars
PI'DNEEFIS OF i g

~ ELECTRIC AND ~ ELECTRONIC FHDERESE

SPRAGUE PHENOLIC MOLDED TUBULARS -
T T et /ﬂ/f- |
smaller than convastionol poper lvbulare— kighly Bagi- /

orel mabiyre-revistani—nan-inflommable — rugged

—witrotonseislenb—comervatlvely rated lor = 4%,
| 1o +B5"C operatian.
| Wiite for Spregue Bullern: 27104 Samgded on regues?
{
|

| o guesniy wpers

S - g

o FE . Rl s e W =TS . i

SPRAGUE ELECTRIC COMPANY, NORTH ADAMS, MASSACHUSETTS
COMMUNICATIONS FOR JUME 1949 » |
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SYLVANIA TUBES ARE RIGHT AT HOME
IN THE FINEST HOME RECEIVERS

ESPEY

b T
GARDD @ RROID

El.ﬁll

Hvﬂ‘-n

Olyihpic

FHILCO
Regal

Sentinefrled.

Sibyestine

Do

STROMBERG-
CARLEON

Tole Lome
=2
fz.Ef"F'-m

m:

Sub-miniatures, seven: and nine-pin
miniatures, standard tvpes, and the
great Lock-In radio tobes are all in-
eluded in the famouns Sylvania line . . . all represeoted
in the leading makes of home rﬂ:lﬂ‘ﬂ—fmm portable
miodels Lo eonsols combinations and televizsion receivers,

It is the high quality of these Sylvania tubes that

has made them preferred , . . has made them famous
throughout the world.

For full information about Sylvanin tubes, see o Syl
vania Distributor, or write Sylvania Electric Products
loe., Radio Tube Division, Emporicm, Pa.

SYLVANIA
ELECIRIC

BADMy TURES, CATHODE RAY TRBEES, ELECTROMEC DEVICER; FLUDRESCEMT
LAMPS, FIXTURES. WIRIND DEVICES: PHOTOLAMPS: ELECTRIC LIGHT BULBS
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How is YOUR company doing
in this "EVERYBODY-BENEFITS” plan?

EMPLOYEES BUYING
U 5 SAVIMGS BONDS
VIA PAYROLL PLAM

100%
["woay up hure in
Lo many psmpanlisl)
B0% {'—'Tﬂlﬂ paal
I5%

AVERAGE INVESTMENT IN
U, 5. SAVINGS BOMDS
PER WORKER PER MOMNTH

‘-n_-
18 =

o -

Compare your employee participation
with others who have Payroll Savings

Ef the figures for your company fall below those shown
above, vou're missing your share of benehits of the Pay-
roll Savings Plan| These benefits are described below.,
Nation-wide experlence proves that when top manage-
ment puts the “0OK” on the Plan, its benefits rlse sharply.

BENEFITS TO EMPLOYEES: Every 33 invested in Saviogs
Bonds pay 84 at maturity, Workers gain 4 35%% retumn
on their moneoy—enabling them in the foture to buy
more of the things they will want—plus the peace of
mind that goes with regular saving,

BENIFITS TO EMPLOYERS: The feeling of security that goes
with participation in Payroll Savings makes workers
more contented. Worrying less, they work better. Among
the more than 20,000 large companies with Payroll Sav-

ings, records show that—following installation of !]mﬁ

Plan -~ production increased, ahsenteetsm and accldents
decreased [

RENEFITS TO THE NATION: The Payroll Savings Plan is a
powerful deterrent to inflationary forces. Every Savings
Bond dollar built up in the Treasury withdraws a dollar

from the swollen spending stream. The Plan thos con-
tributes to national secerity—which affects your security!

WHAT CAN YOU DO? [f vour company has the Payroll
Savings Flan, make sure it's heing adequately promoted
— backed by your top executives—to bring your company
its full measure of benefits. If you haven't yet installed
the Plan, why pass up lts benefits any longer? All the
help you nesd is available from your State Director,
Savings Boods Division, U. 5. Treamry Department.
He is listed in your telephone book. Call him now!

Do You Realize..
Crenr §F5,000,000,C00 warth -ad’ Savings hn-dl hoee bessn
Bli'u# nincs 1947,
More than % of fhis volemae — over §.50,000,000,000 < i pill
held by iva porchozars. -

Durlug 3 mostha of 1948, 1,500 additionad lorge firms in-
: whalled tha Poyeoll Soviegs Plon,

L

iz thiy plan, 7 8000000 workers ara soch Inweriing
o The i ag e of 5§20 par manth of thelr poy—

more thos §150,000,000 asr mosih—in Benade |

Tha Traosury D i
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COHMUNICATIONE

This in e official U, & Treasury edvorisesant prepomd undar the suspieer of the Treasury Deparfeant ang fhe Advarifiing Cauned,
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On the Development Front . -

CircuiTry and facility research, now
being conducted on an unusually wlde

scale, has accelerated the pmcessmg_

of unusual equipment and materials,
featuring many new developments and
improvements. An interesting example
is the magnetic amplifier, a war-time
project employved for the amplification
and mixing of powers down to a mi-
crowatt. '
The current introduction of mag-
netic materials of high permeability
has now made it possible to use less
excitation because of core saturation,
The particular {feature of the mag-
netic amplifier, which is normally a
static device, is its ability to amplify
moderately low d¢ powers and provide
a simplified mixing of input signals,
which may be at different voltage
levels. The amplifier also has the
advantage of being a particularly
rugged piece of equipment, since there
are no filaments or moving parts.
There is, however, one disadvantage
and that is the need for an ac supply,
operating usually between 400 and 1600
cps. The time delay, because of the input
circuit inductance, is another problem.
During the war the Germans used
the magnetic amplifier in various servo
applications. Today, the amplifiers are
employed as line-to-line voltage regu-
lators, ac and de voltage regulators, in-
strument amplifiers, control relays, etc.
In an interesting appraisal of these
amplifiers, in a paper presented be-
fore the British Institution of Elec-
trical Engineers, A. G. Milnes pointed
out that the amplifiers have been found
suitable for the mixing and amplifica-
tion of dc powers down to about 10
watt, with a zero stability of 1011 watt.
High - permeability  saturable cores
must be used.to give good transductor
performance, with a power gain of 10
te 20 per stage, according to Milnes,
With self excitation or other positive
feedback, the power amplification can
be increased to 2,000 or more. Milnes
also reported that much higher gains
are possible, but cannot be used in
practice if the amplifier must operate
over a wide range of supply voltage
and frequency.
Describing a 400-cycle 2-stage am-
plifier. used to operate a sensitive

JUNE,

1949

polarized relay for an input power of
004 microwatt, Milnes said that the
power required to operate the relay
was about 600 microwatts and there-
fore, the power of amplification re-
quired was 1.5 X 10° The ¢ windings
were connected in-series and self ex-
citation was used in both stages. The
amplifier featured reduced self excita-
tion of the first stage, assuring good
zero stability, with the maximum out-
put of the stage lower, so that the
final stage could not be swamped by
an excessive input signal and its output
reduced below the level required to
operate the relay. During a test, the
zero stability was found to be about
=*+1 microamp for a voltage and fre-
quency range of =10%.

In another important development,
a product of extensive research in
selectivity, it has been found possible
to operate on adjacent channels in
mobile service. During one test, mes-
sages were receivable even when the
vehicle was within 4-mile of the land
station transmitting on other chan-
nels. Normally intermodulation inter-
ference cuts off communications with
such cars when they move with a
radius of 174 miles of other stations.
As a result of this unique development,
cabs will be able to use the recently
adjacent-allocated channels without
fear of interference.

In tests conducted by RCA at Cam-
den, observers were able to pick up on
fixed-type receivers, signals from mo-
bile units transmitting on four adja-
cent channels: 157.47, 157.53, 157.59
and 157.65 mc.

Another very successful adjacent-
channel test was conducted by Motor-
ola in Chicago.

The cavity resonator has played
quite an important role in the selec-
tivity probe. Commenting on the ap-
plication of this device, in the mobile
communications field, at the recent
RMA-IRE spring meeting in Philadel-
phia, Henry Magnuski, chief engi-
neer of the research department of
the Motorola communications and
electronics division, said that a cavity
inserted between the antenna and the
receiver can provide a high selectivity
at the 7f level where we need it the
most and reject the unwanted signal

before it reaches any tube in the re-
ceiver, thus very effectively preventing
the receiver from becoming desensi-
tized. This can be achieved with a
relatively low loss on the order of 1 or
3 db to the receiver sensitivity.
Discussing intermodulation inter-
ference, Magnuski pointed out that this
form of interference originates in some
non-linear part of the receiver, usually
in the first mixer stage where the re-
ceived signals are strong. Tt is then
amplified by the »f stage where non-
linearities always exist, If we assume
that the receiver is tuned to a fre-
quency, f, and the two interfering
transmitters are on frequencies f + A
fand f + 2 A f (the uniform chan-
nel spacing makes this case a very
usual one), the second harmonic of
the first transmitter or the frequency
2 f + 2 A Jis definitely generated
in the mixer stage, and often in some
other stages of the set. Thus this sec-
ond harmonic beats with a frequency
of the second transmitter, namely the
f 4+ 2 A f, and by subtraction gener-
ates the frequency, f. Magnuski then
pointed out that no selectivity after
the mixer stage will help, since the
frequency, f, is the one to which the
receiver is tuned, A rejection of the
unwanted frequencies must be achieved
ahead of the mixer, either at the an-
tenna circuit or at the rf amplifier.
Unfortunately, declared Magnuski, neither
the antenna circuit nor rf amplifier are
usually selective enough to reject the un-
wanted frequencies. However, the cavity
resonator does quite a good job of decreas-

ing the intermodulation interference, be-
cause 1t rejects both unwanted frequencies.

The Standards Problem

Stanparps, which have proved to be a
a boon to both industry and government
in simplifying design and processing, are
now being carefully studied for legal adop-
tion in state laws and local ordinances.

This approach has been considered pre-
viously, but no substantial steps were
taken in view of the fear of the anti-
trust laws. Court decisions appear to
have dispelled that fear to some extent,

The ASA are fostering the move for
legalization and have prepared an unu-
usually interesting report on model laws
and ordinances, The committee, who pre-
pared this report, are asking for com-
ments and suggestions on the various
methods proposed for legal recognition of
national standards. Any help provided
will be deeply appreciated.—L. W,
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Live oF TAE Majur problems confront-
ingr prospective tebevision and FM sta-
tions iz the proper selection of an an-
tennid site. Tn many instances there is
amily one really good site avoilable; e,
the top of the tallest building or nearby
il [t is generally pot necessary to
invoke the sse of site festing methods
o affivm this fact, 1o most cases, how-
ever, the salutn s not =2 simple, The
commuenity may efer a number of pos-
sible locations, all proinising, but nooe
votstanding

Whar rules spply ih making the final
selecrion . asfuming that the rela-
tive gost winld be the same for each
site under conssderation,

Cenerally, the fine of mghr rule-of-
thumb applies fairly well. Hedght, of
coprse, 18 extremely impormant. B,
il sorme natural prominence suitable for
i antemish locateom hes on tlig osler
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Iymats of the desired sefvice area, i
shoold nat be neceszary to risk non-
uniform covernge and possible attenus-
ticay by bualdings, leees, eic., 10 ohtain
height,

Man-made, az well as warwral re-
fleciing  objects, may send oop eclu
sigmpls over g wide zone, thevehby de-
grading the pervice from whas maghe
otherwise be ¢ pood lacation.

In exiremely hilly. areas, one par-
ticular hill-top location might provide
herter servace in the vallews than uther
cipaally elevared locations.  [1 may he
hard to prove ithis fact ercepd by ex-
periment.

On the assumption Ut the most ac-
curate method of checking a site s
put & station on bhe atr from e site
inn question, we can procesd oa con-
giderption of the type of test signal de-
saresd -

(a1 A contimaousswave Wanamitter
conll ke sruployved.  Thas woolid
afford infarmation on h=ld in-
rensitied, bob in general would
wpf  furnish  data  regarding
echues, which maghi be nljec-
ponable in welevision seevice,

(8] Secondly, oo actual ielevision
station framsmntting o fes) i
ternt aignal offers possibilities,
since it wiuld permit direct ob-
servabion of proture guality and
field atemsity. This probably
wodld  be the ideal technigue.
The abjections ta this dea are
praciical  ones Ta  proveds
direes data, the skabwn  would
have to vadmie power equivalent
to the proposed TV station, and
wonild, thersfore, be very nuarly
as large and expensive.  How-
ever, this system s still ynder
condideration,  The advantages
of derecl observaiion of gualiy
are obvious. 1§ any receiver in-
stallanond already exise in the
service aron, thess sets can be

used  for  bypeoal  dn-the-hooe
oheervations  and  démonscra-
LinnE

(¢ Third, o swepl-Trequency oo
transmutter conlid be used to in-
dicate the presence ef refec-
tions, but the relative delay of
e pefections b nol easy o
obtaim,

(fy And finally, o pulse fransmies
could he employed. This type
of zignal wil peimil ohserva-
tion of fishl intensity. . Using n
special pulss receiver with an
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MeasurementTechniques’

oscilloscope output indicator, by
radar technique the time delay
between the received pulse and
any reasonably long - delayed
echo can be observed. Relative
strength of the echo can be de-
termined,

The pulse technique seemed to offer
the greatest promise, 50 in our devel-
opment of a practical system, we se-
lected this approach.

Power outputs in the order of 30 kw
(erp) are frequently encountered in
TB broadeast installations at this time.
A small simple pulse transmitter em-
ploying radar principles could provide
this same order of power. Although
it might be possible to compensate for
lower test power by added gain in the
receiver system, this expedient was not
deemed wise. Modern TV receivers
approach fairly close to the theoretical
optimum noise figure. Therefore, it is
doubtiul if a receiver could be provided
which would allow a justifiable reduc-
tion in the test transmitter power. The
test should furnish information of cov-
erage in the fringe areas. If the test
signal is obscured by noise in these
areas, no accurate estimates can be
made of what improvements higher
power at the transmitter might yield.
We, therefore, set an erp of 30 kw as
the practical goal for our test system,
assuming an antentia power gain of
two.

The problem of supporting the
transmitting antenna of such a site
measurement system was quite difficult
to solve,

Temporary masts or scaffolding can
be used, but if the preliminary tests re-
sult in poor coverage, there remains
the problem of extending the height of
these deviees until satisfactory cover-
age i3 noted.

Airborne Supports

An airborne support, if practical,
would overcome the above abjections,
This support might have to operate at
heights over five hundred feet above
the ground. It would be impractical
to have an airhborne antenna fed by a
transmitter on the ground because of
excessive line losses. It is, therefore,
necessary that this airborne support
provide sufficient Lift for both trans-
mitter and antenna, The transmitter

Study of Types of Sites and Equipment Which Can Be
Used at Test Points, Reveals That Four Types of Trans-
mitters Afford a Means of Checking Before Final Selection
is Made; CW Transmitter, Actual TV Station, Swept
Frequency CW Transmitter and Pulse Transmitter.

Effective Results Achieved in Typical Setup Using a
Hard-Tube Pulse Modulator, Two Coax Loop Transmitting
Antennas with a Power Gain of Two, Modified TV Chassis
for Pulse Reception and a Barrage Balloon Equipped with

Transmitter and Antenna.

E. S. CLAMMER

Commercial Engineer
Engineering Products Department, RCA Victor

primary power supply could be self-
contained or power could be fed from
the ground.

One of the most desirable character-
istics such an airborne support must
possess is the ability to hover almost
motionlessly for ‘several hours at a
time. The only apparatus which has
been able to fulfill these requirements
has been a well-piloted helicopter.
Tests have demonstrated their ability
to hover, and they appear to be capable
of much better stability than any other
airborne test platform.  The lifting
capacity seems to be adequate in the
case of the larger machines, One heli-
copter operator who uses a Sikarsky
5-51, estimates operating costs in the
order of $85.00 per flying hour. The
main disadvantage of this type heli-
copter is lack of general availability.

It is possible that in the future
more of these machines will be awvail-
ahle, which would eliminate the major
objection and perhaps lower the cost
figure,

The transmitting antenna should,
ideally, be eqguivalent in performance

*From o paper presevied af the Third
Annnad  NAB  Broadcast  Engineering
Copnference.
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to the antenna which will eventually be
employed. This obviously is not prac-
tical where small size and light weight
are of paramount importance,

An approximation of the ideal case
is realized when the antenna used in
the tests has enough vertical directivity
to eliminate straight up-and-down
radiation, Some errors may be in-
volved through using a wider vertical
angle of radiation than the final an-
tenna's, but tests have shown fairly
good correlation. In  general, the
lower gain antenna will produce poorer
results than the larger stacked arrays,
thereby yielding conservatively weight-
ed test data.

On the higher bands, two stacked
loops seemed to give the desived pat-
tern with the simplest antenna layout,
On the lower bands, the loops were
hard to construct, so stacked turnstiles
were emploved,  Other configurations
might well be used ta achieve the same
resufts.

The receiving setup should, of
course, be mobile, to facilitate rapid
surveying of a large area, It should
be possible to make ineasurements
while 1n motion.  Communications be-
tween the transmitter control point
and the mobile units would be a desir-
ahle, but not a necessary feature. Tao

L


www.americanradiohistory.com
www.americanradiohistory.com

Figure 4

A test pattern taken from WCAU showing the
distortions caused by echoes.

facilitate a rapid survey, if costs per
unit time are considerable, multiple
mobile units may permit a cost saving,
For this reason, low cost and generally
available standard equipment should be
employed wherever possible.

The receiving antenna could be a
fairly elaborate affair with extreme
directivity to permit analysis of direc-
tion of arrival of echoes, or, to expe-
dite observations while in motion, it
could be relatively non-directional,
Opinions differ on the best approach
to this problem. The antenna height
should be such that mobile operation
can be used, but it should also be pos-
sible to extend the antenna to a stand-
ard 30-foot elevation to make direct
measurements at this height,

Unfortunately, few of the commer-
cially available field intensity meters
are suited for measurements on' a
pulsed signal. However, the require-
ments are such that an improvised set-
up <an be made using standard compo-
nents. A wide-band receiver with a
pulse detector and pulse observation
'scope can be used as the receiving and
indicating system, and a standard sig-
nal generator can be used to standard-
ize the receiver sensitivity, Calibra-
tion of the entire system, including the
vehicle and antenna may be made in
the usual fashion in a standard field of
known intensity.

The techniques of pulse observation
are fairly well known. A standard
synchroscope can be used to observe
the nature of the principal pulse and
subsequent echoes. Delay lines permit
observation of the full pulse length.
Sweep rates can be chosen to display
echoes to advantage,

Recording System Problem

Due to the complexity of the infor-
mation to be recorded, signal intensity,
number and importance of echoes, geo-
graphical location, etc., the recording

system poses a serious problem which
has not been completely solved. Pho-
tographic records with marginal nota-
tions seem to offer the best solution.
It is not too difficult to arrange a sys-
tem to record peak signal voltage on
the usual chart recorder, but this often
does not provide adequate information.

We have, up to this point, deter-
mined the natwre of the elements which
will comprise our measuring system.
We have rejected some obviously un-
suitable arrangements. We have made
some arbitrary selections of the re-
maining choices, We have planned a
system which, we believed, required no
radically new or untried techniques,
and which would be assembled from
components presently available, Now
let us probe the manner in which we
applied the principles and the amount
of success achieved during field tests.

Test Transmitter

The test transmitter, designed to
produce a 1-microsecond pulse at a re-
currence rate of 400 pps, and a peak #f
output of 15 kw was built around a
hard-tube pulse modulator.?

The- 7f section of the transmitter
consisted of two triodes (VT-127)
connected in a push-pull, tuned-plate
tuned-grid, grounded-cathode oscillator
circuit, Preliminary tests showed the
feasibility of this circuit on channels 2
to 13. Our tests were made on channel
13; somewhat better performance could
be expected on the lower channels.

The transmitter was operated from
a 400-cycle single phase 110-volt power
source and consumed -approximately
500 watts.

The pulse-rate was controlled by
the main power line frequency, ap-
proximately 400 pps.

The oscillator was designed to feed
into a balanced two-wire rf transmis-

Figure 6
Miles Brown, who headed the field expeditions
during the site project, at the controls of the
test and measurement equipment in the truck.
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: Figure 5
An undistorted WCAU test pattern.

sion line of 300-ohms characteristic
impedance.

The unit was housed in a light cylin-
drical protective container, and had a
total weight of about 58 pounds., Its
design permitted hanging from a rope
support or resting on a flat sucface.

The 400 ¢ps main power supply was
derived from a rotating machine which
reguired 220 volts 3 phase to drive its
motor unit. A rectifier power supply
supplied the required dc for the gen-
erator field.

Transmitting Antennas

The antenna used in our tests, de-
signed for channel 13, consisted of two
coaxial loops, each one wavelength in
circumference spaced approximately
one wavelength, Its calculated power
gain was two.

The antenna which weighed approx-
imately 2 pounds, could be suspended
from a rope harness or clamped to a
horizontal boom for rigid support.

Neither the transmitter nor the an-
tenna were designed for all-weather
operation, although after exposure to
the elements for a reasonably long
period of time successful operation was
achieved, provided the units were al-
lowed to dry before applying full
power.

Receiving Antennas

The receiving antenna was quite simple,
consisting of a folded dipole and one re-
fiector spaced !4 wavelength.

Means were provided for supporting the
antenna 12 above the ground for continu-
ous mobile operation, although the mast
could be extended to a height of 30’ if
desired. Rotation from the truck at either
elevation was also provided,

Antenna termination box provided
means for feeding two receivers from one
feed line, an attenuation of about 5 to 1

IMIT type 3, available in limited quantities
from war surplus.
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in voltage resulting when this branching
circuit was used,

The pulse receiver was a modified tele-
vision chassis, using only the picture chan-
nel up to the video amplifier.

A variac and voltmeter provided means
for maintaining the line voltage at a con-
stant value.

The video circuits were compensated to
match the input circuit of the pulse 'scope.

A chopper relay was provided to supply
a zero-output base line to facilitate gain
measurements using a cw input '51gnal
and an 'scope output indicator.

The picture receiver was a standard
model,

The pulse observation ’scope was_oper-
ated in the mggered sweep posmon a
delay-line built into the ’scope permitting
observation of the entire pulse, Minor
modifications were made in the mtenmﬁer
circuit to produce a brighter trace.

A standard signal generator was in-
cluded to facilitate calibration of the re-
ceiver sensitivities, A terminating re-
sistor and an elevator transformer was
used to transform from the unbalanced
low impedance of the generator to the
300-ohm balanced inputs of the two re-
ceivers or the branching network.

A telephone circuit was provided be-
tween the operator’s position and the driv-
er’s seat in the truck cab.

The Tests

QOur test consisted of mounting the
transmitter and antenna from a barrage
balloon® inflated with 3,000 cubic feet of
helium and allowing it to rise 250 feet.
The transmitter power was supplied by a
ground power supply connected to the
balloon with a pair of light insulated
wires. Several days were spent in check-
mg the transmlssmns by means of the mo-
bile receiving unit. It was found that the
balloon, in the presence of a light breeze,
would not remain in one position for any
predictable length of time. This shifting
in position and altitude of our transmit-
ting antenna resulted in wide variations
in received signal level. The balloon was
accordingly discarded as a suitable an-
tenna support.

During these tests, however, we had
become familiar with the operation of the
equipment and satisfied that it showed a
reasonable amount of promise. Our next
step was to correlate our measurements
against a known TV signal,

Accordingly, arrangements were made
to use the facilities of WCAU-TV in
Philadelphia. Our test transmitter and
antenna were mounted on the WCAU-TV
tower in the center of Philadelphia at a
point 725 above the street level and ap-
proximately 60' below the center of the
WCAU-TV antenna. In general, the
field strength from our test setup on chan-
nel 13 was found to be roughly 709% of
that from WCAU on channel 10.

Three Test Runs

Three test runs were made on as many
radials. The first run was from WCAU
to the Philadelphia Airport.

At the airport, both WCAU and our
transmitter produced about 60,000 micro-

2War surplus type M-1,

Figure 7

A view of the pulse transmitter suspended from
the blimp during a.typical test in Camden,

volts on the antenna feed line with the
antenna 12' above the ground. This sig-
nal was sufficient to overload the tele-
vision receiver when the feed line was
connected directly to it. The airline dis-
tance was about 6 miles, and excellent pic-
tures were observed at this particular
location. No echioes were noticed even
while rotating the antenna, a clear steady
picture being maintained even while driv-
ing the truck at high speed along the
highway. In some obviously poor receiv-
ing locations. echoes were noted and ex-
cellent correlation was obszrved between
the picture and pulse presentations.

Two observers were used, one checking
the picture and the other the pulse. In
almost every case, simultaneous shouts of
echoes were heard when a poor location
was encountered. No serious transmis-
sion faults were noted on this run.

The other radials chosen extended irom
Philadelphia northwest to Norristown,
Pennsylvania, "and from Camden to
Princeton, New Jersey. Good correlation
between both signals were the general
rule, and no serious differences were
noted.

A trip was made to the region near
Wyncote, Pennsylvania, from which sev-
eral complaints about echoes had been
received.

The particular address which was first
investigated showed that the complamts
were justified. The section is shielded
from the line-of-sight path to WCAU by
a relatively high hill, and across the val-
ley a higher ridge of hills receives the

Figure 8
Closevp views of the equipment used during the
tests: pulse recciver, slightly modified TV
receiver and the ’scope.

signal more-or-less directly. Signals re-
flected from prominent objects on the
higher hill arrive at the Wyncote section
with an intensity comparable to the main
signal.

Echo Problems

Several pronounced echoes were appar-
ent. Although the intensity of the echoes
relative to the main wave varied widely
with the position of the receiving 3ntenna,
it would have been difficult to pick a loca-
tion where an acceptable signal could be
received. With our antenna extended to
3¢, the situation improved somewhat, but
even under the optimum conditions pic-
ture quality was somewhat degraded.

The pulse measurement showed very
close correlation with the picture obser-
vations. The direction and distance to the
major reflections could be estimated with
a fair degree of accuracy.

To check this determination, a run was
made toward the echo source, following
the antenna bearing indication.

As the mobile receiver approached the
hills on the opposite side of the valley,
the separation of the echoes and main
pulse became less, and we finally arrived
at a group of three large water tanks,
each of which was responsible for a major
echo. Other objects were also producing
echoes, but the three tanks were the prin-
cipal offenders.

In the region around the tanks, echoes
were still serious enough to cause rela-
tively poor pictures in spite of the in-
creased strength of the main pulse.

Pulse Test System Results

The tests conducted to date seem to
demonstrate the essential practicability of
our proposed pulse-test system, Our ex-
perimental model has not been developed
to the extent where it could be considered
a commercial product. It was not our
objective to develop such a product, but
rather to prove that the equipment could
be constructed and employed to provide
propagation data under actval field con-
ditions.

Qur experimental setup gave reasonably
good qualitative data, A trained ob-
server could, by using this equipment, de-
termine correctly in almost every case
whether good, mediocre or unsatisfactory
service would be rendered. It may well
be true that the general lack of precision
encountered in whf propagation measure-
ments will introduce so many important
errors that further refinement of the
measuring equipment is not justified.

*

Use of Test Data

It must be remembered that the data
furnished by a preliminary check are not
intended to supplant data taken during a
final field strength survey, made on the
completed installation. They are merely
used 1o indicate approximately what re-
sults should be expected.
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The 11,400 watt rf dummy load,

Four types of dummy loads (left to right): 300.watt incandescent
lamp; chmspun unit; 660-watt fat-ivon element; 660 watt spiral-
heater clement.

RE DUMMY LOADS

Survey of Several Types of Air-Cooled Resistors, Normally
Used as Broadcast Transmitter Dummy Loads, Reveals

That One Type, of Low Inductive Design with a Wattage
Rating of 11,400, Is Very Effective.

THE DUMMY LOAD is a particularly im-
portant piece of equipment at the
broadecast site, affording an opportun-
ity to study the radiation characteris-
tics of the transmitter, either prior to
the installation of an antenna system,
or with the antenna cut out, during
off-the-air periods.

The dummy load is actually a resis-
tor of usually known characteristics

by HERBERT G. EIDSON, Jr.

Chief Engineer, WIS and WIS-FM
Technical Director, WIST

that is used to dissipate the power
from an 7f generator (the transmit-
ter), so that the power from the gen-
erator can be measured accurately or
long tests can be run while the gen-

Simplified schematic of the WIS AM dummy load. Each resistor is a 44-ohm (approximate) unit and

the wattage is 285; the total resistance is 18.2 ohms, X  is

6.7 ohms at 600 ke and the total

wattage is 11,400,
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erator’s output is placed into the load
and not into an antenna where it would
radiate.

The simplest load that can be used
as a dummy is a regular incandescent
lamp bulb. For transmitters with over
1,000-watt  rating, however, this
method becomes rather cumbersome.
If 100-watt bulbs are used, then ten
are required to dissipate the wattage
without overloading; 500-watt bulbs
can be used but are rather expensive
and usually require special bases. The
resistance of a bulb is also very diffi-
cult to measure, for it is not the same
at different degrees of light intensity
or wattage dissipation. At frequencies
up to about 30 mc and at low power
the bulbs can be used as a simple
dummy load. This type of load pro-
vides an accuracy of about 6% if the
following method is used: Let us as-
sume we have a 100-watt broadcast
transmitter in which we want to de-
termine final stage efficiency. Two
identical 100-watt 120-volt bulbs are
first obtained. One of these is coupled
to the output of the transmitter and
the other connected to the output of an
auto-transformer plugged into a 120-
volt ae line. A reliable ac voltmeter
should be placed across the lamp ter-
minals, an ¢¢ ammeter heing connected
in series with the lamp. The voltage
should be adjusted until exactly 100
watts are being dissipated by the bulb
as indicated by the readings of the
two meters, the watts = E I formula
being used for calculations, With the
use of a light meter, a reading well up
on the scale of the meter dial should
be obtained, the distance of the light
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A typical u:ike setup for a remote with a band. The applause meteris at the lafe on the table and
is ¢ i

to & microph
instance n separate mike was used "?',t

ployed since r

it is not susceptible to breathing, noises.

‘With vocalists experienced in broad-
casting, you will have little trouble
with the ribbon mike, if you wish to
use it. Frequently vocalists prefer the
ribbon as the accentuated bass charac-
teristic of the mike augments their
style.

Sooner or later you will have to
make a quick remote setup with an un-
familiar dance band. If the leader has
participated in several broadcasts, it is
best to ask him what special mike setup
he uses for his band, since his group
will probably have its own distinctive
style, brought out best by a certain
mike placement. His observations of
previous mike setups are also quite
valuable, since he can call on his ex-
periences with engineers on previous
remotes and, while his advice may not
apply perfectly to your particular loca-
tion, the information can serve as an
excellent guide.

Generally, the microphone for the
sax section picks up the brasses. The
brasses are usually seated directly be-
hind the sax players. The strings are
difficult to pick up as they are not as
loud as the other parts of the orchestra
and the special mike for the string sec-
tion must be thoughtfully placed to
avoid too much brass section pickup.
Another non-directional or cardiod

PA esmplifier circuit modified for broadcast sta-

tion use. The transformer {T') is positioned
for minimum bhum pickup.
k]
Fde .
™ Ry
e
Formiagl
Sirlg ke l; L /
Biagng 00 & =,
Apront Om:: -
Femara < E
Program
Line d
= v

{not shuwnl)] which hangs from the ceiling of the auditorium. In this
e vocalist and the announcer, and a special pe amplifier
t was not required for the band.

mike should be provided to pick up the
string bass, guitar, and drums. The
mike should not be placed too close to
the drum, as it is lond and may mask
the other rhythm instruments. The
piano may be picked up by the vocal
mike. On occasions, this is impossible,
and accordingly a separate mike will
have to be provided. The foregoing
is a guide, and in this work, the rules
are made to be changed.

A pa microphone is frequently
placed adjacent to the vocal micro-
phone, since the vocalist is the only
member of the band that needs sound
reinforcement.

Let us now consider a very impor-
tant part of the remote picture that is
too often overlooked, showmanship.
While actual conduct of the show is
the announcer’s responsibility, the en-
gineer must cooperate by providing

the additional facilities required by the
show,

Whenever possible the remote man
should make as professional a setup as
conditions will permit, particularly
when the equipment is visible to the
audience. We all know that to the
eyes of the public, the man operating
the equipment is an engineer. Why
not preserve this favorable impression
by avoiding haywire installations?
Engineers should not appear at a re-
mote loaded like a pack mule with
equipment.. Perhaps two trips may be
required, but it is worth the effort in

_providing that more favorable im-

pression.

Equipment should be clean. Call
letter plates should be on every mike.
Every labeled mike appearing in pub-
lic is a plug for the station and call
letter plates last indefinitely. A sign
painter should letter the station call
and affiliation on the remote amplifiers,
the pa amplifier and the speakers. A
simple letter design is attractive, easily

Cl p of the iature transformer mounted
in the corner of a pa amplifier next to the phono
input terminal strip.

v

read, and can be quickly touched up in
the event it becomes damaged.

An effective way to add zip to any
remote amateur show is to use an ap-
plause meter. Contrary to accepted
belief, it is nof necessary to have an
elaborate electronic gadget to evaluate
applause peaks. All that is necessary
is an extra remote amplifier with a vu
meter and a mike placed far enough
from the audience so that whistles from
any given group will have no effect on
its operation. A high front position
of the mike is suggested, and the am-
plifier should be positioned so it can be
read by both the master of ceremonies
and those in the audience at close
range, though it is not absolutely nec-
essary to have the aundience see the
meter. The size of the meter on the
amplifier may make reading the peaks
extremely difficult. Before the show,
the gain of the applause meter can be
adjusted for suitable reading when
warming up.

A pa system should be used on a re-
mote whenever possible. The pa is an
immense aid in attracting a crowd or

(Continwed on page 30)

An interview at a remote point using a portable
dynamic mike and & home made handle as de-
scribed in the text.
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Design ProblemsInTriodes

Tubes Required to Generate RF in the 100 to 1000-mc
Bands, Particularly for Broad Bandwidths of 6 mc or More
. for TV, Pose Many Complex Problems, the Key Question
Being How to Obtain High Electron Current Density in
Any Type of Tube, Including the Klystron and Magnetron,
Except the Traveling Wave Tube Where Beam Density

Limits Power.

Analysis Covers HF Tubes Developed for

Class B or " Application, Operating with Circuits External

to the Tube.

by HOWARD D. DOOLITTLE

Develapment Enpglneer
MoshieH Laberatories, Ise.

THERE ARE MAMY ways B0 fenevats of
wmplity rf 1-'n|-'r§:'_'||I in the 100 1o 1 000
me band.  To date the greatest effort
has been speit n explocmg the nse ol
trindes. and fecrodes for this work:
This dpproach has been followed in
view of the extengive experiznce gvail-
ahle o tubes of these fvpes a1 low fre-
gquemcies, plos the face that the elec-
iropic and mechanical dezign are rela-
tively simple compared with ifransit-
tiree devices.

In Figure | appears a graphiszal an-
alyeis of the progress made during the
lagt mine earz in raising the power
level amd frequency of triodes. The
term ¥ an the graph represents the
power obtamable in & nartow  band
tetrode weth mternal citouits operaned

The principal ratuEms mothe
ign af I‘.H.Eh fre y fubes
{a) jve = 3
h‘! tl:lrrrhcm fwnve STEve] must B less

i- Fhan 45 of & wnwlrngl;h
(by The time of Aight of elec-
trons [riam cothode o anode mgst b=
smail rompared with the period ol
| the ascillatuen,
(£ Inductance in lewds to epdecs
trigles must be keps As low BB poa-
aibile,

Ta =

(a)  Interelectrode  capacitamees
must b feld a3 |low g peedabie

(€] AN surfaces carrving rf cur-
tert misst be of low resistance and
insulators must be ol o low loss type

if} For broadband televidion ap.
plications the tmbe muast operate af
relatively Jow plate voltage and high
plate curceni

{#) Good thermal design is re-
quired to mabttin working parts af
A sufficient|y low remperature and o
redie frequency drifts.

(] Good mechanionl design is re-
goired to maingin good alipnoient
of electrodes b0 prevent frequency
variations a5 a redult of mechanical
wErirtinns,

This lisd presents the more impor-
tant gspects of tobe design amd ey
meang of rogineering these factors inla
good trfie design the progress shown
m Figure 1 was achieved,

The power probem s hasically one
of size. As the frequency is inereased
& stmiple cavity operating 1o its funda-
mental mode will decrense i gize.
This means that & fuks working in
conjunction with such a eawity angd as
i part of it must also decrease in siee
Certain types of cavities can be poads

*Erow g gaper presenied of the Third
Aminal NAH  Broadeas Eugiugering
Lanferemce.
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which are many wavelsngths long m
oive dimension and theicfore lave a
large volume.  An aonular cavity is of
snch B type and offers peegibabities of
accommodating a large and a higher
power tube.

Figure 2 illusteates many  pormis
listed in the design requivements, amd
shows the PrOETEssee design ot @ Sk
kv triode &6 2, 25 and 1 L0 me. A eon-
ventional tube osed al the low AN fre-
quencies appears &t (g1 Mechanically
tis tube paes a press seal op the cathe-
ade and & copper Aewrpkespier andle
seal. Ln'.mg' glass was used largely doe
ro ease i handiing ; glass sealing could
be handled st large dizsfances from
meta] seals withoat danges of seal
breakage from hear while sealing in
the tube. The tube in (6 illustrates
how electrode lead inductance hns been
redupced, by simply  shortening  the
plaszware amd using fwo parallel con-
nectons to the grid. Further progress
mide in reducing lead inducrances 13
shown in (b, Al leads including Bath
cathdes are made on largi_- diarneier
cylinders. This laiter wbe alsn has sub.
stantially redoced ioterelsctrode spac-
ings o lower  mbe  impedance  3nd
redisce transit tine. Tt hai not been
necessary ot this power load and fre-
quency ta shorten fhe length of the
perive cathode strsceure. For any high-
er fréquency ean 110 e this would be
the next step with 3 consequent pedise-
fion in power poless the diameter were
srmltaneously increased,

Figuie J shuws a f0-kw tube devel-
oped for 110 ine and beside it a 15-waee
triode, the 2039 for 2,500 me.  These
fwar tubes are at the extresnes of the
power verzis frequency curyve of Fig.
ure [,

Figure 4 Hlusirates the progressive
design achieved with increasing fre-
quency inteivodes.  For econoinee rea-
sons Letrodes are mot m gemeral use a&r
high powers even at low frequencies,
to date most tetrodes being rated below
L kw. The necessity ior using triodes
m geounded grid circuits sbove 30 1o
I me, with inherently fow power
garn, has renewed inferest i the possi-
kility of ohtainmg substantially higher
gains in terrodes.  Considerable ad-
vantage 4 realized wp o from 100 1o
A e, depending on the power level,
Capacibive feedback feom plate to con-
trol  prid and  lead inductonee from
sereen e cathode limits gam nhove the
frequencies given, In (o) of Figore
4 we have the low frequency desigm.
Here the glass envelope s 8 vacoom
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fiert Eidunn

ing (1]
wnit wih ga ¢! beldge. The of genesmar and ©

al ha bEodsin

peniver b ar right,

WIS upprstar Aey Parke wdjosting she dummy losd lor a 5.Ew

cramemiter.

meter from the bulh brng measured
carefully.

The next step liwvolves fring up of
the transmitter and adjusting of the
excitaion and Joad copditions until the
lamp being used & w dummy foad be-
comes &5 bright os the Grst lamp which
wis measured on the light neever and
at the same dtance. Al this moment
the transmutter will be now producing
100 waits. The sficiency can then be
determiined by dinding the (00 waltz
oiiput by the de inpar to the frans-
mitter. I a sacrifice of accuracy must
be taken, due to lack of extra makerialz
mentioned such as o lightmeter, etr.,
ther the twa famps can be wsed alone.
In thiz case the lamps are placed side
b smicde ane the transiafler is adjested

The ghysical u&nllrﬂlul‘lillﬂﬂl the v domeny lead

%

AL

until the two lamps appear o have the
sampe hrightness, nsing the =ye s an
imdicator. I the lamps are rated ar
120 wolts, then the criteriz should be
acjosted B 120 volts as read on the
valtmieter peross the Janip terminals.

The main disadvantage of wsing
lamsps as dummy leads is thab one i
never sure that the tcanamitter’s Aol
tobe plites are operating into their cor-
rectly reflected foad, [ The proper luad
far @ transmmitter 19 o cesisior of known
cluaracteristics )

A pickel-baze alloy flat-wire element
with & rating of abogt 6 watss. (iren
eleiment that s e to cestore life to
hwprned-out Aabirona}, has been foumd

[} ]
excellent a8 @ bond. It is simiple amd

very stable  There m wvery little re-
actames ab hroadeast Erequencies in thas
ressstor andd the  resistance i.'.hn.rl.g:s
very little for small amowois of wait.
age.  Three nf these have besn con-
nected in parallel to foliv Inad 2 1,000
watt FM transniutter operating at 1047
me.  Calculation of efficiency was im-
poszible due o high reactance 0 the
leacs at thiz high frequency. bue the
load served s purpose m allowing the
transmitter 4o be ron at ahoot full
power for about 2 week, while it was
being  adjusted  properly.  The fe-
sistors had to be carefolly watched
during this period however, for hot

[Cotdinmed o bage F8)

Plee whowing the chisesceristhas ol spiesl sad ibe shmmpuo slemanre s o ol B eed X
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REMOTE EQUIPMENT
And Setups

How to Choose and Use the Correct Mike, Amplifier and
P A System for the Remote Job. , .. How to Adapt Standard

PA Amplitiers for Broadcast PA Work. .

. . Attractive,

Professional-Type Equipment Layouts Which Afford Best

Results.

by ADELBERT KELLEY

Chist

WINR, Binghamian, Mew Yark

TrEe BEMOTE REsignment is nne of the
most interesting on the hroadeast tech-
nicign's schedule.  Almost every show
presents an wnwseal situation and it s
certainly  true that, o variety in the
spice of life, the remote ebgincec’s
existence s well sensoped, Every locas
teon offers i pecylwr  limitations,
Smee thers ic frequently binle time o
make the setup before aiv time, experi-
mentation with mike placement, re-
hearsals, ee, are impossible. Iy ds
here thatl previous exporience proves
to b @ mosl waloablbe guahfication, for
technigues, arrived at by experience,
can be vsed a5 3 guide in arriving at a
sansfactory - solution fo the varoas
praliems,

The eastest remote to et wp and op-
erate i the intérvidw, where a single
muke 15 nsed and the announcer either
carries the mike or operates from a
floor stand.  Handles are not generally
availabfe do7 mrikes, buf 8 wery satis-
jactory grip can be {abricated by
threading a 5 length of 14" ppe, forc-
g a hicycle handle-bar grip gver i1,
and screwing it ongo fhe micraphone,
For thia remote, the dymame mike hag
heery Eound wa e et as iF s gmaller,
e rugged, and in addition adoptz
itzel well g0 close tnlking, Theve 15
problem of mike plicement or balance
here, and room acoustics do nol enter
infe the picture sioce the signal-to-
nowke Tatio 15 Migh. The public-address
syEtert may give trouble, since there ig
practically an mhnite variety of mike
positions and locations.  The best way
to insure no feedback is to operate ihe
fo conservatively.

The majority of mosical peckups

eriginate from mght clubs and here the
problems are many. Crashing dishes,
andiefice poise, madequale spase and
crowding are ooly = few, In these in-
stances it has been Townd best to place
the microphone sz close to (s mnasical
instruments, as s compatible  with
bdelity, w combar the high ambient
fobe-level of the locativn. A thoroggh
koowledge of the characteristics of
dymamic, ribbon, and cardiod mikes is
mast helpful in arcangmg satistactory
getups in these Iocations, IT at all pos-
sibile, tlie simpless s2top should be used,
As g general rule, the use of ome od.

The wpute of wonluimo wlizn on @apley g re-
muies, which ot anly Besi lREle Se recommend
the eepabilsizen o Fhe saginsering divilon s

rasges maasdemenal and pigues

ihe xpamEar.
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crophume, intellipendy placed, s best,
but it is often impossible o arcange
all personnel around one mike due o
cramped quarters. Ifia then necessary
to increase the npumber of microphones,
always keeping in mind that the more
mkes used the hacder i wall be to
keep the background noise down amd
cope with bterference problems,

The musical combination now being
paed at most night spots is the plams
and Hamowond organ, which  lend
themnselves admirably to the single-
mike setup. Where [t is possible, the
mgttuments should be arranged so the
Mayers face each “other, the organ
speaker being spotted 2o both plavers
can hear it It d5 n relagively simple
maiter to place a aon-directional or hi=
directioral mike i the zone between
the speaker and the poano so that hath
mstroments will be in balance. The
same inike can plio be used by the
ANTEUTICEE,

It wust be remembered that noac-
ranging  mikes getups  the musicians
must be considered, too.  (dfren the
boys are quite lemperamental and ex-
treme tack it quite a requirement. For
SVeEry engieer who kmcws mike pl.ai;_'\:-
ment, there is & musician who |knows
twice ok much. A fine balance musi be
drawn betwesn chieoving their apin-
wons regarcling searing amd mike place-
mienl, of ighormg them completely for
your owiy, god doschiless more sagis-
factory, way, Musicians fre arnists
and must be hept comforiable or they
will play adly. The:r wishes regard-
ing placemant showld be respecesd as
much as possitibe, as it does effect their
air work.

Most night club vocslists. have be-
cime 50 accustomed to the use of the
fu avstem, that moike placement for
brogdegsting i= often dificelt. To get
the most volume out of the po aystem,
the performers get as clase to the mi-
crophone a5 phisically possibde.  Thne,
of course, i5 ad from the broadeasting
peant of view, particalacly if & ribbon
inicrophone s wsed. There is fittle one
con do to combat the long swanding
labde of swigging the muake, short of
building & puard rail arownd L We
have found that the best Hoog o do i
avoid the nse of ribbon mikes enrirely
for pight club vocal work, and ase =
dynamic instead.  This onit does not
get basty, when worked too close, pnd
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and Tetrodes for HF*

Figare 1

Plot of progress mado doring the last mine years in enising the

power level nnd frequency of triodes. Graph illostraten the fre- [1:14]

queney versus power oulpmt of triodes wsing external eircusits, / \
The symbal X reprosents m resnatron with an ioteroal cireudt., 50 P

2 = Pra-wier Triode A" \
,, N\

container and no attention has been
given to lead inductance. In {b) pro-
vision has been made for an external
shield to assist in the isolation of the
input and output circuits, The tube in
") illustrates how the screen electrode
is brought out on a low inductance ring
seal and multiple pins for the control
grid are provided to reduce lead in-
ductanices, In (d) appears a proposed
design permitting close bypassing of
sereen to cathode to raise the frequeney
ceiling further,

High Frequency Design Requirements

() Electrode Length: Tn arder that
the cathode emit to grid and plate uni-
formly it is necessary that it act as «
lumped constant in the direction of
wave travel. That iz, it must he not
more than 15 of a wavelength, At
100 mec the cathode must be less than
18 cm long and at 1,000 me it must be
less than 1.8 em long.

(h) Lead Inductances and Interelec-
trode Capacitances: Since these two
items are part of the LC circuit, they

Figure 2
The progressive reduoction in lesd isductince
of a 50 kw triode, At {a) appesrs an AM (re-
guency type tuba for 2-mc operntinn. The de-
sigm ot (b)) lor a 25.mc tebe illustrotes snother
atep In elecirode lewd Inductanse reduction, At
{c) is 110-me type tube which forther illustrates
the progrees maEn in the lead induttonce reduoe-
LEE

100000

SOO0D

St KE

Powar Walls

a0 1,000 EOOD I0pon

Fragquancy In Mc

obviously must be small encugh to be
compatible with the equation "

1

fm=———

2L
C is primarily determined by power
requirements, cathode emission, and
transit time. In tubes above 100 me
leads must be of the ring or disc type.
Only copper or silver plated metals are

suitable g carry the high rf currents
without excessive loss,

(c) Limitations Due to Cothode
Emission Density: The greatest single
problem in obtaining high-frequency
power is cathode emission density; 1.e.
the number of amperes per cm®. Any
attempt to increase the yield from com-
mercially feasible emitters s always a

E o Fllgmmt

Gridd

(b} (3]

Fitpmant
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compeaetise oo fube fife. The latter
cannot be cut too shorty for ecopomic
reasons, This the emission problem
becomes more severe as baodwidih re-
GuiremEnts Increass,

At preseni power dutput can be in-
creased oply by incressing  cathode
wrea with the resulting higher inber-
electroe capacitance and consequent
reduction of the ratio of inductance o
capacitance in the tuned cireuit, How
far it is practical to carry this proce.
dure is not clear at present,

(d) Limitations Due to Tronsit Time;

The next most serious problem is
tranait time. In Figure 5 iz shown a
plot of efficiency versus frequancy for
& Mfwatt triode. In elass ¢ ampli-
fiers the plate current Aows in bunches
fr transit time takes  edect  these
bunches are smeared out 20 that some
electrons arrive at the plate too late,
cousing increased anmods heating as
well a: failing to contribute to the
fundamental componeit of plate cor-
eeit.  Treinsit bme, or the tme it
takes an electeon 0 move a distance, d,
between parallel plate electrodes with
w difference of potentinl, I, can he
equated as follows:

I = 08 —— micraseconids
B
The three-halves power law for cor-
ronl fow between plane elecerodes is:

e
Jd =i lﬂ'*—ﬂ-nmpr.-"m:‘-
i

Coanbining thess equations by eliminae-
ing ¥, restles in

day M
T=dah = 1 :r-) micTosecoods

This cquation shows that for space
charge Jlimited emission transit time
can be reduced anly by reducing spac-
ing or by increazing enidsion density.
The resnatron-commected tetrode with
high screen valtage will reduce transit
time variations in the grid-plate spac.
ing and hence efficiency will pot fall
off a5 fast, a3 shawn tn Figore 5 for
triades.

(=) Fncreased Emdrsion Reguirements
Due fo Displocemend Currenta: When
a capacitor b5 charged, a displacement
corrent equal fo the extermal siredic
current flows in the vaconm space.
The cathode must be capable of emit-
ting this current as well as the condoc-
tiom current.  Otherwise plate corrent
would nor be related to grid vaoltage;
e, the cathode emission will saturate.
At the higher freégoencies being con-
sidered, the displacement current may
be furger than the conductien current,
This fact imposes & further require-
ment for higher smission cathodes.

() Limitations Dee fo Wide Band-

LS 8

|

=

Figese 1
Camperiann & nél sed =l type fubsa A} sl
i om Blcke  [1f0eme: bt wlld a1 right o [5-waki
Sleme  trpe, bnih El.l. rimd wesl csoNtrue-

width; The bandwidth of an amphfier
can be sofwed by the eguation:
L

e R
Where: & f = bandwidth in me.
A=shunt impedance of

wisimbe-grul cavity
= effective grid-anode ca-
pac tance.

In m complete transmitter there are
ather sireiit elements thar spore energy
hezide the grid-plate tube capacitance
and hence the tobe's basdumdih most
alwayvs be fram 253% to MG greater

Pigure 4

Pregeessive II-HI.I.I ol degrodes b mieimize lead
mdu::l.nu melule inped and oubpet cir-
T .j-l':l h wn §f desiin, &y (B} an sx-
rarnml  ahi By haoa pravided #n assdat an
iwluting Ehe [Wpur and ewpel creull
risé gyargea alemirode hms hems Bra auk @
I.-h- reducgines roed wewl and mol pioa [or

l;.u\lﬂml. grid hewe been provided o reduge
leud urtanees. AL Jd) 08 @ senpostd tdn
permifs gleme bypessing of

raise 1he [regueoey obiling.

ls ik

ol & guba
screma B emthode Ld

b

"'h—---ll
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thin that of the complete transmitter.

The problem of obtainng wide band-
width is not witbque to high frequency
tuhes, but the problem of cbeining
both wide bandwidth and high powet
simuitanecusly is a more difficale prob-
fem the higher the frequency.  Ae low
frequencies, say 100 mo, and narcow
band swuch as FM spesch hrongoasting,
the KC product can be relatively large
gsimce & f i8 (15 me As the desired
bandwidth iz inereased the BC prod.
uct must be decreased.  For television
the KT product must be abous 1/30 of
that useshle in FM broadcast, Ohawds
unsly, the same fube canmnet necessdadiby
be used at the same power Jevel in both
cases.  In practice FM bobes are s
desigmer] for minimam bandwidth dae
to the high veltages that would be re-
quired.  Most FM tubes are useable at
feme television service,

The shunt impedance is determined
E,
by B = —

supply voltage and [, is the average do
anode current.  Any attempt to lower
i by increasing . f, i5 exactly offzer by
an equal increase n capaeitance, unleds
higher cathode emission densiy can
somehow be ohtzined. For a given
plate voltage, rathode aren can be in-
creasesl ; pe for [O00 me & 2-cm long
cathode can be made on ever increas-
ing diameters, with oo adverse effects
on Bandwidih.  Suoch a chamge doss
raize the tMal capacitance and reduces
the LC rato.  Sinee larger diameters
will have lower £, this procedure can
be carried to the point where the cir-
cuit intpedarics becomes so low that it
1% chiffielt tn work with. It Bs alsa poss
sible that maodes of vibration around
the cathode may tend to form since
this distanee becomes large compared
e & wavelength,

Ainece, due to cathade smission lome-
tations, the plate voliage st be kept
low for broadband amplifiers, it is also
essential that the posimve-grid drive,
requited bo pull the full cathode car-
vent, e kepe low sa thae the largest
possible plate woltage swing con be
wsed. Figure 6 shows the grid drive
requiteimnents of risdes as a function
of grid-cathode spacing.  Since for foll
utilization of emission, the peak cuar-
rent capabilities of the cathode most be
drawn, corves of constant current den-
sity, J, in ampsfem® are given, For pure
tumgsten S = 05 amp/om®; o oxide
cathodes f = 1 to 2 ampsfem”; for
thoriated tungsten cathodes & = 1
ampSem” and for thorip cathodes o § of
2o J ampssem’ g feasible.  From this
graph -it can be seen that the closest
possibde prad-cathode spacing is desir-
able, Cloae spacing b5 also required to
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minimize transit time as discussed pre-
viously,

Fabrication of High Frequency Tubes

From the foregoing discussion it 13
evident that electrode spacings must
decrease as frequency increases for
two reasons; (1) to prevent loss of
efficiency due to transit time and (2)
to keep the ratio of voltage to current
low to obtain large bandwidth. The
fact that closer spacings increase inter-
electrode capacitances 15 unfortunate,
both from considerations of the »f cir-
cuit constants and also the modulation
requirements. The only way to im-
prove the situation appears to be in
obtaiming higher emission cathodes,

For the present, design is limited to
cathode emission of 1 ar 2 amps/em®.
For a given cathode area there will be
a maximum plate voltage which will
permit the necessary bandwidth. The
product of current by voltage then de-
termines the power level; or, in other
words, the maximum amount of cath-
ode area that can be designed into a
suitable cavity determines the power
level at the freguency for which the
cavity was designed. Also since cath-
ode emizsion is limited, transit timeé
can be reduced only by reducing grid-
cathode spacing. For this reason tubes
for I,OO0 me require grid-cathode spac-
ing of the order of 3 to 15 thousandths
of an inch. This requirement in turn
means that prid wire diameter must be
small compared with this spacing; i.e.
wires of 1 to 3 thousandths of an inch.
Such dimensions would make cooling
of grid wires extremely difficult if it
were not for the fact that the grid must
not be over T of a wavelength long.
The grid wires may be imbedded in a
thick copper cylinder and bronght out
to  the external electrode surface
through a short low inductance ring or
disc seal,

The anode can be of thick-walled
copper and similarly be brought out to
the external contacting surface through
a low inductance ring seal. The length
of insulation between grid and cathode
will be determined by the plate voltage
and mechanical limitations of good
vacuum seal design. The anode may
be air cocled or water cooled,

The cathade for 1,000 me cannot be
over LB em long, but it can be several
centimeters or even inches in diameter,
It, too, must be brought out on a ring
seal for low inductance. Since the
emitter surface must run at from
B00° € for oxide cathodes to 1,650° C
for thoriated cathodes, the low induc-
tance lead must have high thermal im-
pedance to prevent excessive loss of
heat.  (Mherwize poor cathode effi-

100
My Kid
e (v )
T = aff. ot any high freq.
- ”,* eff. of any low freqg
= K = constant
- t = fraquency
g d = grid - calhode specing
- E = pisitive grid valts
bry
E 50
B
£ 25
&
&
o 500 [ e s] 1,500 2000
Frequancy In Mc

Fifura 5
A plot of officiency versus freguency for shf triodes: 100 wott output.

ciency results and the external cathode
lead requiries excessive air flow for
cooling.

The complete assembly presents
many mechanical and thermal prob-
lems which are inherent to the high-
frequency design. First, the electrode
spacings vepresent a large share of the
capacitance of thé tuned ciremit and
must be closely held from tube to tube
and must not be subject o excessive
motion due either to vibration or nor-
mal heating. It is not practical to use

insulators m the vacuum for maintain-
ing spacings since considerable capaci-
tance would be added. The ring type
seals when properly constructed can be
made to support electrodes adequately.

The most radical departure from
former tube manufacturing technigues
iz due to the ring seals themselves and
the requirement on minimum overall
size, Due to the high temperatures re-
quired in outgassing tube parts, only
high temperature solders can be used

{(Comtinned on page 32)

Figure 6
Graph illustrating the peok-grid voltage i":ll'.ll.h drld}ﬂ"md' spacing for various onthode carreat
nsithes,
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W‘l‘m television racing ahead to new records

in popularity—to ever higher figures in
dollar volume—choice of picture tubes takes pri-
ority with designers and builders of receivers.
The picture tube is the heart of the TV set. Cost,
picture size, brightness—these must be carefully
weighed in the light of the particular market at
which a new receiver is aimed.

Good news to designers is G.E.’s introduction
of the two tubes shown here. One—the 8l%-inch
type (8AP4)—dovetails with requirements of the
low-priced receiver market where costs must be
scrutinized down to the last penny. The 12%-inch
aluminized tube (12KP4) matches the needs of
that field of sale—also large—where picture size
and quality come first.

Both tubes are G-E-designed to embody to-
morrow’s advanced engineering concepts. Both
tubes are G-E-built to highest precision standards

COMMUNICATIONS. FOR JUNE 1949
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S TELEVISION AARRERS

TYPE 12KP4_4 12%-inch cathode-ray tube, all-glass
construction. Aluminized screen. Offers the brightest picture—
93 percent brighter (average) than a standard tube at 11,000
volts! Offers a big picture—95 square inches when the entire
tube face is scanned; 75 sq. in, when standard raster of 3-by-4
aspect is employed. These areas are nearly half again as large
as with the popular 10-inch type. . .. Here’s the tube for TV-set
manufacturers who put quality first, who wish to build con-
sumer acceptance based on superior performance, on a larger,
brighter, sharper picwure. . . . Here's the tube that's setting the
Pace in 1949 television!

.metal-cone envelope. Has plenty of picture area—47
square inches when the entire tube face is scanned;
36% sq. in. when standard raster of 3-by-4 aspect is
used. . . . Half the weight of an all-glass tube, so ideal for
small TV receivers that are lifted and moved about. . ..
Shortness of tube (14'% inches) saves valuable space for
the cabinet designer . . . Requires a simpler, less costly
circuit, because the BAP4’s triode construction does
away with need for a Grid-No.-2 voltage supply. . . .
Low in price, up-to-the-minute in design—a combina-
tion that's putting this tube in first place with builders

COMMUNICATIONS FOR JUNE 1949 e 19
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FM OVERAILL

Talephone Lina

Coamie Limitar Transmittar

Figure 1
Block disgram ol a typical broodeast station setap.

Fidure 2
An overall test arrandement.
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In the March and April issues of
COMMUMICATIONS. oppeared a two-
part discussion of proof-of-performance
by F. E. Talmadge. The analysis by
Parker provides additienal dato on the
subject and covers other test proce-
dures which can be wsed,

Witnin THE MEXT sixty days it will
become mandatory to provide overall
performance test data on all FM sta-
tions to the FCC,

In runs with our equipment, we have
found that four basic instruments are
essential for the measurement program:

(43 Audio signal generator or os-

cillator.

(2) Level indicator (o meter).

(3) Modulation monitor,

(4) Noise and distortion meter.

(5) "Scope (optonal),

Since the performance requirements
are quite stringent, it then follows that
the festing equipment must exceed all
these requirements in order to prop-
erly test the station apparatus.  Other-
wise, erroneous conclusions will be
drawn in making the tests, Such
equipment is readily available commer-
cially and a great many stations al-
ready have the necessary egquipment
meeting the required specifications,

The Audie Signal Generator

Thiz instrument should have avail-
able a standard 600-ohm output, and
should cover the audio frequency range
of 30 to 15,000 cycles, with an output
of 15 dbm* and no more than 14 of 19,
{.25% ) distortion at any frequency in
this range. The hum or noise level
should be at least 70 db below the 15
b output,

Level Indicator

A vn meter will serve admirably for

this operation. It should have a flat
frequency response curve, and accord-
ingly only a high guality iestrument®
be used.

Medulation M onitor

This is often one of the weakest
links in the chain. The monitor must
be in good working order in every re-
spect and correctly calibrated as to fre-
quency and percentage modulation.
Singe all the monitors on the market
have a suitable demedulated andio out-
put provided specifically for test pur-

“15 dbm = 15 db bosed on a 1 milliwatt refer-
snco,
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PERFORMANCE TESTS

poses, no further discussion seems re-
quired. However, the writer has found
that the counter type is preferred over
the discriminator type for ease and
consistency in making the noise and
distortion tests,

Noise and Distortion Meter.

This instrument should be capable
of measuring noise down to -70 db
and distortion down to 34 of 1%
(.25%) from 50 to 15,000 cycles.®

In these performance tests, primary
interest is in overall frequency re-
sponse, distortion and noise level.
These three tests have to be made from
the control console input to the de-
modulated output of the monitor. Fig-
ure | illustrates a typical station ar-
rangement. Obviously, there are wide
variations from this arrangement but
each would present a special problem.
Since this is a basic arrangement it
will serve adequately for the basis of
this discussion.

Figure 2 shows a block diagram of
our overall test setup. No telephone
line is shown between the studio and
transmitter for simplicity of explana-
tion. However, where a telephone line
is employed, the services of two test
men and a communication line between
them will be required.

A level of -10 dbm should be fed
into one of the remote channels of the
speech input control console. Amn iso-
lating and loss pad of 20 db must be
inserted between the audio signal gen-
erator and the input channel of the
console. The zw meter must be placed
across the input terminals of this pad
to insure proper response measure-
ments. If the signal generator em-
ployed does not have a balanced output,
then it may be necessary to connect
an isolating transformer between it
and the pad. The center tap of the 20
db H pad, as well as that of the isola-
tion transformer, should be tied to
ground.

The gain controls on the various
pieces of equipment should be set at
the proper levels-for 1009, modulation.
Particular care should be exercised to
assure that no unit in the chain is
overloaded or operated at a level

2 Weston B62 has been found to meet all
requirements.

IRither the Hewlett-Packard or General Radio
analyzer have been found to meet these require-
ments. They seem rclatively free from the ill
effects of internal «f pickup from the transmit.
ung equipment.

‘RMA recommendations are based on npoise
measurements using 400 cycles on all FM
equipment,

Equipment Required and How It Should Be Used in Proof-
of-Performance Tests, Which FCC Will Soon Declare

Mandatory.

by B. E. PARKER

Head, FM Engineering Department
Gates Radio Company

greatly different from that recom-
mended by the manufacturer. To pre-
vent limiting action in the limiter, the
limiting control should be set below
the limiting point, or else the limiting
action should be disabled by removing
the rectifier tube supplying the limiting
voltage.

With the signal generator set at 400
cycles* and with the transmitter modu-
lating 1009, the overall noise reading
may be taken.

Should difficulty be encountered in
obtaining the noise readings as out-
lined under the FCC Limits section, it
will be necessary to isolate the noise
pickup point by progressive elimina-

" tion starting from the transmitter end.

Distortion should be measured at the
same levels as just described. In ad-

dition, distortion measurements are re-
quired at modulation percentages of
509, and 25%. Checks at 50, 100, 200,
400, 1,000, 2,500, 5,000, 7,500, 10,000
and 15,000 cycles will give a good
overall distortion picture, However,
a fairly good picture may be obtained
with only half these checks.

If distortion tests indicate that the
overall performances do not meet the
values outlined in FCC Limits, the
progressive elimination method, as
used in making noise tests, should be
employed in determining the specific
piece of equipment introducing the ex-
cessive distortion,

Overall frequency response tests are
considerably complicated due to the
pre-emphasis used in FM transmitters.
The shape of the response curve is
illustrated in Figure 2a. Since this is
a radical departure from the normal
straight line response sought in AM
equipment overall performance tests,

{Continned on poge 31)

Figure 3
View of o typical test setup for a 3 kw FM station.! The lower instrument an the left, on the portable

table, is a noise and distortion meter? and abave this is an FM

meter®. To the right is an eudio

generatort and shove this is & 'scope®. The use of the portable table permits moving to the desired
test location while keeping the wiring between units intact, The 5” 'scope has often proved a decided

asset in determining the nature of the noise or distortion present. The monitor haa a j

jack for

measuring the AM noise compouent of the FM carrier, when used in conjunction with a ofom, such
as the one incorporated in the noise and distortion meter illustrated here.

1Gates BF-3D. 2Hewlett-Packard 330.C. ?Hewlett-Packard 335-B. & X _
F SRCA 16{1-}3? axy Hewlett-Packard 205-AG,
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TUBEK Enginecering News

Application of Twin Triodes (6)6 and 19)6! in AM and
FM Systems, Where One Section Is Used as a Mixer and
the Other Section as a Local Oscillator. Highlights of TV
Tubes, the 1X2, a T-6l/2 Miniature Rectifier with a
15,000-Volt Inverse Peak Rating, and the 6BQEGT and

25BQ6CT Beam Pentodes.

THE rrIpciral advantage of a frkode
mixer 5 its low level of tube noise.
The advaniage i3 especially importait
at the higher frequencies ot which
mast of the lowhing of the resaonant
cltguits comes From ibe tubes [n the
case of & peogode or u penbagrad con-
verter, the major part of the owtpoe
moize pesilts from division of corrent
between the plate ang the streen cir-
cutte. In the AM brosdeast band it i3
practical o use circuits of high enough
impedance 5o that fhe noise from a
pedstagrid converter is Tess than the
thermal-ngitation noiss fram the inp
circwil 1o the FM band, however, the
advantage of Jower noise from g tricde
cunl be fully wobzed.

The Tocal-oscillaggr “waltage for d
tricepe mixzer nmy he applied at the
control grid by indocsive or capacitive
coupling  betwseen the local-oscillztor
cireuit and the control-grid cireuit, ar
it may be introdoced Tetween cathode
and groumd. The contrmi-grid hins
sl be sufficient to Timit the grid curs
tent fmoa small valoe b prevent ex-
cessive Jopding of the input citcwit
This haas may be obtained by vse of a
cathade resistor, or by wae of o grid
resiztnr of several megobims. In the |at-
ter case, the bigs is obtpined from the
gebd current caused by the oscillator
voliage,

The ootputl sesistapce of a frimde
mixer i substantially lower than thal
of a pentode mixer or 8 pentRgTid com-
verter,  Comssquently, the gain real-
ized from the triode iz generally low-
&r. The lvwer pulput jmpedanee of the
trinds mnst alsa he mbken mnin accoant
in the design of the of transformer.

Charocterisfics

In Figure | we have the conversion

transcondoctance, plale edreent, amd
pinte resistance obtained from one sec-
pion of 416 or 1976 as funcuons of the
control-grid hias, when thiz hias is
obtained by varying the Incal-gecillator
valtage supplisd o the conerol grid.
These curves apply for a plate supply
veldtpge nf 100, The osaximnm valoe
of conversbon transconductanos, 1700
micromhbos, 15 obtiined with & hids of
3 wodts developed [rom a peak cscilla-
tor vnltage af approcemately 25 The
plate resistance per soctiom of cither
tube: for this condition is about TG00
phms and the piate corrent is 30 mill-
amipeses. The curves show that bower
vilues af pscillater vaoltage will reduce
ihe plate reslstance as well &5 low-
er the cmrversarm tl.'ﬂ.ﬂ!’l.'l’JI'II.IL'II:m:II.‘L'L
Higler values of oseillntor volinge can
be toelerated, it are objecticmalle be-
casd of inecreased radiation, partigu-
lazly m receivers not using on rf siage.

Cute Voltoges

The wariastion of conversien TFLRS-
condoctance  with control-grid  bias
when additimal ias i3 supplied feom
an ave systen, the cecillater walmge
being held conssane, is dihastraved in
Figure 2. This aperation character-
mabic bs abfobmed with 1914 in an ac/de
feceiver, [noa receiver in which higher
voliages are svallable, the cutof woli-
age of the triode cam be extendsd o
larger megatore values by obtaining
rthe plate voltage through a series e
LTS

Dexlgn af IF Trassfarmar

The of transformer beyween  the
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mixer plate and the grid of the ﬁgst
if stage moa e designed to @ive satis-
factory gain and selectivity when it is
foaded on the primary side wilh an
inpedance of 16000 ohiws fromi Ehe
plate of the mixer tube, For the AM
broadeast bamd, because it is desirable
that the first of circgit chall oot be
Igacleed ooy fiueh by the pate resistangs
of the tube, # low-impedance connec=
tion 1o the transformer primary is
recommended.  This connection may
b conveniently obiained by using a
winging sumilar o ope gsed weth oa
bigh-impedance tube { pentede of peni-
agril converter] but with-a tap lo-
cated 2o as b present lhe desiced
impedance to the triode. plate, 1t i 34
desited to obtain the same selecrivicy
as wonhd be ohfained from a high-im-
pedance tube, fhe woltage ratio be-
tween this tap and the high-porential
gide nf the winding mast be equal
the square roof of fhe catio of the
plate resistance of the high-impedance
tube to that of the triode. Thus, if
the plate-resistance values r:-:rmpar:ﬂ
are oive megohm and 16,000 chma, the
voltage ratid should be approximately
Hin L.

Use of Law L/C Ratia

A siniilar result can be obmaimed by
nsing a lew L0 ratio o the §f trans-
formoer primacy, 1 e F of the low-
inductance winding i the same as that
of the high-indisctance winding for
which it is substituted, the ratio of
capacitances required for tnbes with
high aod low walues of plae resistance
j3.the reciprocal of the rato of dutput
resictances. Thus, i the tobe with &
l-megohm plate resistance requires &
capacitance of 120 mmid, o bube with
g 16,00Kcohm plate resistance wookd
require 8 rapacitance of 7,500 mmid
far the same selectivity. Such g eapac)-
tor, howeyer, is likely to be rather
by

Increailng Ealn

Selectivity may be sacrificed for
amplibcation by the use of 3 higher
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Figure 1

Operation charncteristics of the 6J6 and 1916 in
mixer service. In caleulnting this plot the Bla-
ment voltages used were: 6.3 for the 616 and
189 lor the 1976, The plote voltage was. 100

tap position or of a higher LC ratio
than the values suggested above.' In
the FM band, it is common practice to
use 4 primaty circuit impedance sev-
eral times higher than the tube plate
resistance, 30 that the amplification
obtained approaches the maximum pos-
sible value for the mixer tube.

Input Conductance and
Fecdback Ceonsiderations

In the AM band, the short-circuit
input conductance of the 6]6 mixer is
determined by the signal-grid current.
For 2 bias of 1 volts and a resistance
of 6 megohms, this current is .5 micro-
ampere, The corresponding conduc-
tance in micromhos is of the order of
ten times this current value; that is,
5 micromhos, or a resistance of 200,-
000 chms, A resistance of this value
would load the input circuit consider-
ablv. When a tapped #f transformer is
used, however, the leakage inductance
at the tap in conjunction with the
plate-to-grid capacitance of the tube
results in some negative conductance.
At 1600 ke, an inductance of 12.5
microhenries in the plate cireuit would
produce a negative conductance of 5
micromhbos, The value of conductance
will be highest at the if end of the
broadeast band, which is desirable be-
cause the effect of the circuit loading
is also greater at higher frequencies.

In the FM band, the transit-time
effect and the feedback produced by
the inductance of the cathode lead re-
stalt in grid-circuit loading, In addi-
tion, because the #f transformer pre-
sents capacitive reactance to the signal

frequencies, additional loading results
should the #f transformer comprise
the whole of the plate impedance. It
is desirable, therefore, to include se-
ries inductance in the plate circuit of
the tube to produce enough regenera-
tion to partially counteract these fnput
loading effects. The inductance may
take the form of a long lead, or a
small, single-turn coil. At 100 me, an
inductance of .03 microhenry produces
a negative conductance of 50 microm-
hos,  Because the short-circuit in-
put conductance of the 6]6 used as a
mixer at 100 mc is in the order of 50
micromhos, a higher value of plate n-
ductance would cause oscillation at the
sigmal frequency.

{ Datn based on copyrighied mforma-

tion supplicd by the twbe departwent of
RCA

Hytron TV Tubes

Turee tUsEs for television applica-
tions have been developed by Hytron.

Beam Pentodes

Two of the tubes, types 6BO6GT
and 25BQ6GT are beam pentodes de-
signed specifically for use as horizon-
tal deflection amplifiers in television
receivers using magnetic  deflection
tubes. Their construction and process-
ing make them suitable for the high
peak inter-electrode  voltages com-
mon in this service. The 6BQAGT,
with a 6.3-volt heater is for use in
transiormer-operated seis, while the
23BO6GT with a 2%-volt heater is
suitable for wse i sets employing
series-heater connectionz, The tubes,
which use a T-9 bulb, feature a plate
brought out to & top cap for isolation
of the high voltage and convenience in
circait layout.

The maximum peak heater-cathode
voltage of these tubes is 135; maxi-
mum  plate voltage, 300; maximum
grid No. 2 voltage® 200; maximum
negative de grid No. I voltage, —5(;
maximum plate dissipation, 10 watts;

* Preferably obtained from platevoltage su
ply through s series dreopping resistor of suf-
feient magnitude ta limit the grid-Ne. 2 mpot
to the rated maximum value for wide variation
in grid-Ne, ! current,

*4 The duty cycle of the volfage pulee must
mot excesd 13% of one sconning cyele and its
duration must be lmided to 10 microseconds,

8

—

g
.

Comeersion Tresscordecionce]ge )= Misromsas
2
2

-8 -0 = -1 [}
BYE welin

Figare 2
Plot obrained with the 6J6 snd 19J6, weing tha-
same fAlament and plate voltages indicated in
Figure 1, with additional bias supplied irom an
are system.

maximum grid No. 2 input, 2.5 watts;
maximum plate cucrent, 100 ma; maxi-
mum peale positive surge plate volt-
ages**, 5000; maximum peak nega-
pive surge grid No. 1 voltage®® —100
and maximum grid Ne, [ circuit re-
sistance, (L5 megohn.

The heater voltage of the 6BQ6GT
is 6.3, and the 25BOQG6GT, 25, Heater
current of the 6BQO6GT is 1.2 amp.
and the 25BO&GT, (L3,

The 1X2

The third Hytron TV tube is a 1X2,
a miniature Slamentary-type half-wave
high-voltage rectifier designed to sup-
ply power to the anode of the picture
tube, Tt was developed for use in both
#f and flyback types of power supplies
as well as for use at power-line fre-
quency. In new equipment applica-
tions, the 1X2, which has a T-618
bulb, when used within its maximuam
ratings, iz a replacement for the
1 B3GT /8016,

Filament potential of the tube is
1.25, Filament eurrent, 200 ma. The
voltage drop {approx.) at 7 milli-
amperes, 15 100, Capacitance, plate to
filament, is 1 mmfd,

Maximum Ratings . . .
Design Cenfer Bosls

Maximum peal inverse plate poten-
tial of the rectifier iz 15000, Maxi-
maum peak plate current s 10 ma.
Maximum de load current is 1 ma, and
the maximum frequency of supply
voltage is 300 ke,

WHEN YOU CHANGE

= E—— AT —— 4

YOUR ADDRESS

Be sure to ootily the Subseription Department of COMMUNICA-
TIONS, 52 Vanderbils Avenue, New Yook 17, M. Y., giving the old
i s well #s the new nddress, and do this ot least four weeks in

sdvance.  The Posr Office Department does oot forward magazines
unless you pay ndditional postage, sed we cannct doplicate eopies
mniled to the old nddrese, We sik your cooperation,

WANTED TO BUY!

Am anxious to purchase well established manufzcturing
concern in electronics or electrical field grossing ap-
proximately 850,000 to $100,000 annually. Write Box 5,

COMMUNICATIONS, 52 Yanderbilt Ave, M. Y. 17, N. Y.
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AIRBORBNE ELECTRONIC

Mack-Up System Featuring a Shielded Room with 60 to
70 db Attenuation of External MNoise, Developed During
the War, Now Used Extensively by Government Agencies
to Secure Invaluable Design and Operational Data.
Information Available Covers Variety of Types of Inter-
ference: Pulse Type, RF Oscillator Leakage, Spurious
Signals, Hash Type Produced by Video Signals, Etc. Tests
Also Provide Data on Voltage Regulation, Sensitivity and

Qutputs, Power Loads, Etc.

by ). J. MacGREGOR and K. L. HUNTLEY

Sanige Ehectronic Engineer

Elettraninc Engincce

Maval Mossarcs Laherabory

(e oF THE IMPETANT Maval wars
time activities, aboot wheeh Tittle was
kpown excepd by those immediately
copcerned and which due to its rlassi-
fication status recerved oo puldicity,
wis conpocied af the Maval REesearch
Laboratory in Washington, b . This
activity was known as Adborie Elees
frovse Sysieanas Awelyns® As a result
of [engthy and careful consideration
by the Systerns Engineering Board of
the Hadio and Elecietcal Branch {now
Electronie Dhivision} of the Bureaw of

A petrol gdrecal miedheap A @ shlelded room

Aeronantics soppiementsd by confer-
enced with repressntatives of MRL ths
activity was officially muthorized by the
BuAer in September of 43 Person-
el were lmmediately assigned wa the
wirk af MRL and the arrangement for
facilities begun.

Prior to the war arcrafi electronie
instollatioss comsisted of o wery few
units, emploving o fairly narrow fre-
fuency range.  Simulianecos operation
wad geldom if ever required.  Excepr
for ignoition interference, which until

the present ignition harnesdes were de-
yelopeld, had alwayvs besn 8 puisance,
there was littde to interfere with mes-
mal operation of the egquipment. While
for years ressarel amd developrent
work had been underway on mmny ol
the electronic squipments now in pro
ducticn, 1he war with its problems and
demands not only accelerated this wark
but created a new conception of the
enormnns posschilites alectronics could
provide i modern warfare  Bejore
the war, radio, radar, and ather ebec-
tromie devices were conceived dnd de-
veloped as individual ynits. The prime
cotrsideration was  perfermance of &
specific foncbon by each of these sepa
Tate onits Far the most part they
performed satisfactorily as such, The
incorporption of these units oo air-
craft installations natgrally was on o
piece-by-piece basis as they hecame
available, with Httle overall thinking
in terms of o complete Fystem. AS B
result many unpredictable and unsatis.
factory characteristics appearsd, umotg

4 ryrfem i sthned we @ complets insislls
tinn ol all clectrical aml sleciromc it with
Lhetr dtpnciptad cantrols, indicarars eos, orme
mr o colgasite IpSercrensces] gyilem i 8 DO
tioalar aireraft.  Sywiems vary inoa T
wilh the trpe of ‘plang amd inglude I'_r:m-. vight
majnr ucils [ev Some simaie place Salbtera 12
ad mimy 53 thirty-Ave onitd in e larger watrsl
plamew, Thep vary almg in the dams 1ppe o
1irgradt depessding om  LEciz metical mssie

& dysrem gualpnr in d | as id ¥
siady of e SEET | aharar of uch
upll frrming an islegral pae of fke cpmplnis
installation, The wark af this scionily, bowever,
wag pacried beyund the scope ol seah a defiss.
tise 1t eomgleeed of the qunally iovpoctasd, kel
psuslty more diEAcull, phase of determini=g ang
| img corrocHve messotes do afl lactees
tantributng o ||||u|:||h-cl-urr af  limited par-
formames of the system, T alwn indeded divey
miming sy [ossible mimplification or improos
mpnf of b diere wikhauf impairmenl & s
btended avegall  function,

Tegwldn view &l & putral aircralf sniusss mack-op.
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Systems Analysis

in the Lab

e et serious of which were signal
interierence  hetween  onits,  matpot
logses due to mizmatched impedances,
electrical interference, and Interaction
beetweeen contrals.  Braedly, equigiments
which functioned effectively alone did
nob abways function satisfactoriby upon
integranon mio 5 system.

Anather phaze of the work was to
asceftaim. (0 what extent open waring
could be used as g replacement for
shislded eables. Prior to and during
tlee early stages of the war intercon-
necting cabling was entirely of shielde
cables. Hawever, when copper and
rubber became critical materials, 18 was
necessary in comsecve these materinls
wherever possible; hepce the change
over to open wiring.,  This was accom-
plished tn ihe exfent of open wiring
tetng substituted for shielded cable uwp
ta LS0o% in the inore elaborate and
I, in the simpler assemblies, The
refult was g saving of approximately
150 pounds in the largest nirplanss,
about equally divided between cobber
and copper.  Thiz wieight saving 35 in
itself & important item in sdccraft ine
stallations. COpen wiring also seduces
the possibility of failure of all eguip-
mieits, such as might cotur due to shel]
fire piercing 8 oghtly humdled shielded
cahle, A major ghjecrion to open wir-
ing w5 that it adds, in many cases, con-
giderabily to the difficolites of reducing
interference berwesn writs,

g of the first taske of the group
wis o determine and provide the nec-
esgary facilities to accommodate the
project. Since it was an sntirely pew
activity there was practically no in-
formation, published o otherwise, to
serve a3 a puide.  Early consideration
of the activity assumed that bench tesis
would suffice.  However, if soon he-
came evident that z mock-up of the
‘plane bowvsed in & shiclded room would
b preoquiTesd fo ohtaln consistent resulls.
bl easurensents indicated that two types
of oo shiclding would provide the
&0 ro 70 b attenuation of outside -
eerference, considersd the minimam
necessary for most of the investiga-
tions, Both were used in this work.
In one methad =olnd msterial [ Sisal-

kraft) was applied to walls, ceding,
and fAoor alomg with adequase treat-
ment of doors, windows and  other
apemings.  This type of shislding re-
quires provision for hghts, power lines,
venbilation, heating, efe. all of which
{excepting lights] must be completely
covered with shielding and bonded 1o
the walls whers they enter the shislded
romm.  In addivion all light and power
lines must be adequately Altered before
pntering the room.  The second method,
fhe double shielded type, consisted of
a wooden frame of 2% x 4% members
(the spacing between the innper and
vuter screens beling the 4% dimension
coveredd with 4 x 4 hardware cloth on
ali sides, top, and bottom.  Seams or
overlapping joibtts have to be com-
pletely soldered.  The inner shisld may
be grounded ar ome or several poinds,
Heating and byghtiog must be provided
extermally, Ths elimipates all wtility
power circuits  from  entering the
scppened room except those reguired
for electrical equipment necessary for
the analysis, These power leads were
isolated from the neoming line by an
electrastatically - shiclded transformer.
Filtering wes accomphished by special
flters in each power lead. A special
filter was also wed (o filter the 2B-volt
de powet entering the room.

The first method i the most expen-
sive grd difficalt to provide and since
the rooms wsing this method are single
shiglded they offer little, if any, atien-
patien advantages over the hardware
cloth double shieldmg ab freguencies
up o 100 me.

Careful Doslgs of Mock-Ups

Ac mentinned 8 mock-op of the aur-
crafit for which the system wus in-
tended was necessary o ohtain consis-
tent results singe shight displacement
of some units had a marked effect on
the ewverall characteristics of the sys-
ters. . Thess puock-ups were constrocted
to conform very clogedy bo tle actial
drmendgsons of 1he aircrafi,

[To Be Canciuded in the July lssoe]

A b

{Akove|
I'ndarvida wiaw ol ihe sacenns mach-ap.

= Helew |

Ferward view ™ mock-op «f the patrol sircesd
ARSI I ien

As ati wiew of the gwiral sirceslt agerapsr’s
pakliian,
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TV.

NOW AVAILABLE

THE FIRST PRACTICAL BOOK

ON THE INSTALLING OF TV and Fi RECEIVER ANTEMMAS

. FM ANTENNA

INSTALLATION

Cver 15,000 words of proctical information,
with mors tham 130 photogrephs aad drow-

imgs emvering every conceivable
stallation, bosed em scfual exp
the field. Teplcs covered leclude ., ..

Antenna Tools

{Besic Tools Required . . . Applivation of the Correct
Tools for Specific Types of Installations, Involving Flat.
top Roofs, Slate Roofs, Tile Roofs, Chimneys, Etc.)

The TY Antenna Installation Problem
{Fundamentals of All TV Installations . . . Judging
Specific Application Features of the Vorious Types of
Antennas Which Can Be Used [or TV Work . . . Solving
Reflection Problems . . . Improving Signal-to-Noise
Ratio.)

Solving the Problems of 12-Channel Reception
{Factors With Which Service Men Muost Be Familiar to
Accurately Install Antennas For Full-Band Coversge . . -
Typical Problems Analyzed.)

High Frequency TV Antenna Installations
{Antennas and Installation Procedures Which Afford Best
Resnlta. Solving Major Tnstallation Problems Involving
Tuned Indoor snd Chutdoor Antennas. Application of
Stub Filters,]

by IRA KAMEN

Manoger, Televislon Anfoors Depf.
Commercial Rodio Sound Corp.

and LEWIS WINNER

Edifer, SERVICE and
COMMUNICATIONS

af En=

TV Interference
( Analysis of Nine Sources of Interference and Solutions

Which Have Proved Effective.)

Fringe Reception

| Selecting, and Installing Antennes for Maximum Recep-
ton in Aress Over 45 Miles From Stations . . . Tower
Installations . . . Estimating Tower Costs.)

TY Master Antenna Systems

{ Typleal Multiple Dwelling Antenna Systems Tor Simul-
taneous Operation of Many Heceivers From s Single
Antenna Array and Amplifier Setup.)

FM Antennas
{ Analysis of Practical FM Antennas . . . Selscting Proper
Antenna for Rural and Urban Jobs, )

The Business of TV Antenna Installations

(How ta Conduct Successfully TV Installation and Ser-
viee Work Today . . . Proper Use of Corred Types of
Inatallation and Servicing Agreements and Warranties )

TV Antenna Tricks of the Trade
(Antesina Installation Deviees Whick Will Improve Pie
tnre Fidelity.)

(Indexed for Quick Keferenee)

BRYAN DAVIS PUBLISHING CO., INC., Bock Dept.

52 Vanderbilt Avanue, Mew York 17, M. Y.

Send me a copy of TV . .

paid, for which | am endlosing $2.00,
(Flease Fring)

ADDRESS ._..._ ..

CITY AMD STATE. . ... o eiciiriiamans
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F*d Antenna Installation, post.

AT YOUR JOBBER
OR ORDER DIRECT

-_
Price $2 Post Paid
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VETERAH WIRELESS OPERATORS

A

The Spring Meeting

THE ANNUAL SPRING meeting in May,
at the Fireplace Inn in New York
City, attracted over forty members,
who heard an enlightening talk on TV
by Rodney D, Chipp, director of engi-
neering of the DuMont TV network.
Chipp took the boys behind the scenes
at the station and in the field, disclos-
ing the varied jobs which have to be
performed, not only while the pro-
grams are on the air, but before, dur-
ing rehearsals and during test periods.
Many of the problems of patching in
sight and sound from remates, secur-
ing perfect sync operation between the
station and the operators in the field
and filling in with slides or movies
during intermission points were also
described by Chipp.

Among those who listened in were
... L. C. Munn, M. G. Cartier, R. S,
Egolf, A. F. Rehbein, R. K. Davis,
C. R. Shanholtzer, M.,  A. Churchill,
H. B. Black, H. B. Koch, E. M. Stet-
son, G. N, Mathers, B. Morris, L. B.
Victor, H. L. Cornell, E. H. Price,
Eugene C. Cochran, John Lohman,
Howard Williams, Fred McDermott,
F, Orth, Ken Richardson, Earl P.

Nelson, George Duvall, Benjamin
Beckerman, Sam Schneider, R. ]J.
Iverson, Ray Morehouse, Charles

Cooke, Joseph L. Savick, Henry T.
Hayden, Jr., George H. Clark, C. D,
Guthrie, E. N. Pickerill, O. P. Penny,
J. E. Quinn, V. P. Villandre, ye prexy
Bill McGonigle and ye secretary Bill
Simon,

Personals

WE wisH to correct an error in re-
porting that A. J. Stebbart had lost his
wife. Arthur advises that it was his
mother. . .. Capt. Fred Muller is tour-
ing down South and reports says that
he is feeling much better. . . . The
board has announced another winner
of a VWOA Marconi Scroll of Honor
for meritorious service during the
USCG Eastwind and Gulfstream col-
lision—Hernando R. Ruiz, who was
chief radio officer of the Colombian
steamer Republica de Colombia, . . .
William R. Eberle has rejoined our
ranks. Eberle was a VWOA member
many years ago. An RCA man since
1917, he now works for RCA Com-
munications, . . . H. T. Williams, also

At the recent annual
VYWOA Spring Meet-
ing in New York City
(left to right): ye
prexy William J. Me-
Gonigle; Rodney D
Chipp, director of en-
gineering of Du Mont
television, wha was
guest speaker, and Wil-
liam C. Simon, chair-
man of the VWOA
board of directors and
secretary of the asso-
ciation

an old member, has rejoined. Williams
started his career back in ’16 as a
radio operator aboard the Zulia. He
served ahoard several passenger and
cargo ships until ’22, when he trans-
ferred to Independent Wireless as a
marine radio inspector. In '29 he went
with RMCA with whom he remained
until 33. From ’33 to "46 he held several
positions such as district manager of
RMCA, Great Lakes. He's now with
the sales department of Mackay Radio.
. . . Another old timer, Clarence H.
Scruggs, has also become a member.
His wireless career began aboard the
Delfina in '29. He has served on many
ships such as the President Harrison,
QOrizaba, Dorthy Alexander and the
Luckenbach ships until 41, when he
started with the 'CC. In 1946 he left
the FCC and went back to sea. He is
now on board the S.5, Junior of the
United Co. . .. H. D. Taylor is now
chief engineer of WTIC in Hartiord,
Conn. . , . Le Roy Thompson, Jr., is a
major in the Signal Corps. . . . A. B.
Tyrrell is wth RCA International, N.Y,
C.... Not all of the stations are owned
by the chains, because VWOA old
timer Clinton R, White of Chicago owns
WRCW. . . . G. V. Willets likes the
redwood section of California so much
that he has purchased a home in the
redwood empire and finds that the sim-
ple life is ideal for writing. He also
advises that he'll be unable to continue
as VWOA rep in San Francisco be-
cause he is miles from cities, . . . Ben

ASSOCIATION NEWS

Wolif, who wmany of the newcomers
will recall as having kept a close watch
over their actions on the air at Grand
Island, Neb., for many years, since
his retirement last June now finds life
more enjoyable because he can moni-
tor the actions of the River Platte fish
with no FCC forms to fill out. . . . An-
other Wollf; Sidney, is traffic radio
chief of A. P, located way up in the
Rockefeller Plaza buildings in N.Y.C.
He can also be found in North Castle,
N. Y, and can often he heard on his
rig, WZHIG. . . . A. J. Martin, of
Bristol, Conn., recalls with pleasure
the days in '18 when he was with the
CAC, USA. in France. He's now
with the Superior Electric Co., and
also likes to talk with the boys over
WIIFG. . .. J. R. Arkinstall, who for
the last few years has been with the
U.S. Maritime Academy at Fort
Schuyler, must be very busy because
we haven’t heard from him in a long
time. . . . We always thought the life
of a radio op aboard ship was pretty
easy, but R. E. Barber’s doctor ad-
vised him to give up that life. Instead
he now is in the building maintenance
field, selling and renting maintenance
and supplies. . . . E. N. Blackie re-
ports from Redondo Beach, Calif., that
he is with the Navy in the electronics
group. He started as a ham back in '08,
still operates W6WNZ and has a yen
for the magnetic detectors and type D
tuners of 40 years ago. ... L. E. Bon-
duaux lives in Dumont, N. Y.
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"™ Sarles—Fr-00- 158

np shows sk pfight, =
srandard
brsadciat WrAtiams
wntl usmd Witk RCA
smd other equip-
mank. - .7 imtéy-
cracpsnldbs muarts

Wewd on many tvpes of pound and

GO uﬁn]: B ﬂ:ltpli_l:l mddi-
tiom to micropha AR 5 AP
il Ty e:w'naen. men
A 8 m8 the gunlity Bttingsin the
field. {hver n pericd of years various
improvements have hesn made in
insulating materials, shell design, mn-
tarinl nod clamp constraction

Avuluble through meay perts jobkEsma m the
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Dummy Loads
{ Continged from page 11)

spots would develop and if they were
not oorfected that portiom would bam
out, These spots would ocewr dus to
heat produced by the proximity of the
other elements.  The conditien wonid
be corrected by incremsing the space
between the elements,  Dhmspar’ units
wiTe nod available af that tone or they
woubd have been uged,

Commercially Made Demmy Loads

For greamest accuracy and best all-
round cesults o resistive uoi, e
Just for the purposs of dissipating the
head cawsed by of power, should e
used. Spch a unit iz often ceferred to
a3 a bty wand becouss it resembles
the wire arrangemeitt in the  comonon
electric bread toaster.  The ommplegs
resistor 15 made of special wire® so thas
its resistance chavges very little be-
tween full joad aod itz cold condition
ity reactance i3 very Iow, The meost
cummonfy used wunit i rated ar 2ES
watlz. (This wattage can be incredsed
15% if a zingle ynit s wsed. ) Ttz im-
ductive resctance measgres about 11
ohme at the ow end of the broadcast
haid aod abont 38 ohms ak the high
end, The resstance runs abost 44
ahms i the broadeast band.  Several
of these units can be placed o a nom-
ber of different arrangemenizs to grrive
at almost any desired resislance.

Common Uses of fhe Dummy Lood

The must common wse for the dom.
my lead is measirement of power out-
put from A broadcast  transmitter
Soober of laber ap @)l stations thees
comes A time when the antenma re-
sistance t5 suspected of having changed
due bo & difference of resdings on the
tramsmitters e, o obiain the correct
rf reading i the antennz, a higher
power gr lower inpud must be run,
Thiz can be psoally traced to any one
of fve problems :

17} Antenna resistance has changed.
(2 R aptenna meter has loat 6
Accuricy.

AMPERITE

Studio Microphones

Idesl for
BEDADCASTING
RECORBINE

PUBLIE KDDRESS

e oA sars
no ety sy
Evan luuhln::.w—d
anginesr =f the Hatal
Bew Yorker

& Ehaul tigh tia tha
npw Amperiie Migomg.
plane=or dond T bl
awny —raprsduciion
dr:rpl parfec

u Mol affeafod by
eny climati; condons.
& pevpiliad o wilh
shand seesrs “lacking
eraynd.”

"Komnlok" Mikea
whadel SEM, Hsd &1 200
Mogsl KEH, it §18,.00

{#) Final stage meters have Iost
their accaracy.

(4) Foor connection in sutput stage,
conpling lmes or antenna.

{53 VWeak mbhes m transmiteer,

The easiest way {0 check the antenmi
resisiance i5 by use of the dummy load
of known resistamee.  The boad shoald
be mensured by o reliable of bridge,
when coststructed, If possible it should
be adjusted so thar its readings are
exactly that of the antzona, This re-
sisiadice 35 placed across the rof frins-
missian line in place of the antenng and
i series with & newly ealibrated of
wnmeter.  With the transmitter oper-
ating at normeal meter readings, the
ammeter reading through the domene

L3 (Thmepua.  iype WEHE-EFOA, prodused Ls
Tha Sealeg Co. Hartford 6 Conn

Cheruckermwizos of dwmmy |osds ar BF oyedes

Chm- Flat
spen  Elemant
o 104 [} K3
; - 14 11Z
24T E&
.......... 252
e 2BAT Az
s Faein BHRS i
......... 45,7
PANTP YT T,

5.8

253
19.35

Spiral
Element 100 W Lamp 700 W Lomp
§F: 114 113

1]
5 ) - 262
610
il 913 =0
Linles
19. 1425 432
1822 QB2 (60 lee) 158 (600 lec)

The shere Sfwres are ned axbwmely sournie dus o e oss o 8 dieelard @& solimever, abindasd
il ammeded (ecturesy 2% ) amd fhe nex of a sbidé ruls.
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load should be noted and the power |# ; S
calealated by the wse of the formla:

Sometimes 1.[{:1:1[::; =|l:lj;'jf will bave a chu'.m nf 626 r"b"fa.r RESIStﬂr vaI"E's

small amount of reactance.  This can
usually he toned oul by adjusting the

fissal plate oming slightly, If thas stage
is properly neutralized, e should
tune for maxirmem power cutput,  Flate
current dip should be very cloge 1o this
point,

A dummy losd iz also gaebul when o

trandanitter 5y being tuned op when

yvou're off the alr, during the daylight H

hours. 11 has been found thar a E.E.cw Hﬂﬂﬁ'ﬂd&' ﬂf HHIEI" Sfﬂﬂl’ rfpe'sj Sizes and WIIHES.'
AN rransmitter’s carrier cannot be o m—

heard over approximately two omiles, e

when speratng inte & dummy  load,
and the operating frequency is on the
low. end of the lroadeast band

-

—_— —_— - f—.

-
i

Dpmmy Load for o S5-Hw
AM Tronsmifler

Sometime ago the writer was asked
to tane wpoa 5-kw AM pransmitier, the
final stage being a Doherty amplifier,
whicls was o aperate into f directional
army of three towers. An old trans
matter of the same power was on the
gir in another room and its output ex-
cited the phasing unit thar would have
to be moveed into & new operaling TOMT
beside the newly purchased transmatter.
In other words, the Doberfy amplifier
wiihd have to be tuned and operated
for ar beast & month (Lo remove bugs)
without the benefit of the phasing wnit
and antenny system.  The answer, of
course, was 3 remstive Joad, having
the zame recsistance and reactancs 55
the input 0 the phasing wnit. Te do
this job a 11,400-watt unit was assem.
bled. A high watiage factor was
selectesf cimce we wanted o make meas.
uwrements at 1009 medulation with a
st wave and of coorde in this condi-
tiat, the ontpot of the trensmider in.
creases 1.5 thinmes fts normal Carries
artpu

It was thaes possible to tune the trans.
mitter 50 that it matched correctly inlo
the composite dammy load, Then the
phasing unit waz moved in beside the
riew transmitter and the lobger jeads
from the 1hees towers connected o i
I8 wag then readjusted so that its input
on directional and non-directional opee-
ation was the same as hefore, op that
of the dummy resistance.

The load 15 made ap of fen banks of
parallel resiztors |44 ohms ench), each
bank comtaining four resistors o
nected in series. It ean be seesn then
that the total resistapce should be
somewhat lesa thag one-half that of
&gy one resistance.  The resistance of
the losad a8 messured on g G-R #f
bricge was 186 ahms, with an ndue-

the Variety!. . the Range! . . the Quantity!
Ready to Meet Your Needs Quickly!

More Ward Leonard wire-wound resismors
have been produced and used over more years
than any other make. And records show that
quite often 4 srock wil 48 the perfect answer o
many an industrial need . . . for application, for
performance, for ecomomy, for guick delivery. For
expmple; there are 626 Vitrohm mbular stock
values in fived and adjuswable rypes . . . and
many others . . . promptly available! It pays
check inw them . . . for pewr requirements.
Contact your locad Ward Leoward

Astborized Industrial Distrikator,

Send now for handy
Stock-Unit Catalog 2130

Radva aid Hlecrvamic Diusibues Divdidan

WARD LEONARD ELECTRIC CO.

530 Wnst Jocksan Bled,, Chicoge 4, U, 5. A, I:'l!i"'_'."

ror  RESISTORS - RHEDSTATS « RELAYS + CONTROL DEVICES
o . :'*._._:!.I_.. oy e . y T i

{Cantimued om paege 303
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NEW... \mproved Wiring Eliminates Leakage

Remge: 111 db fn 0.2
slape.
Frequency reip.: 0.1 db.,
fram O le 20 ke
Aveurouy 0.0 db
lmpedante, lood vac=
tian: 4, B, 14, 50,
150, 200, 500, & .
#00 ohens,
Impedence, lemim.
gab,: 50, 1580, 304,
500 & 400 shms
Rafarance bewal: Tl
inke &S00 shns,
Chaudte "7
whbalanied.
Altenustars: 10w i,
Toel & 5x0,7 db.
Lead esrr. EBp.:
Tommamn, seel. 1 .
Lomd sechion T w.

TYPE 12AT & TYPE T2ATK (KIT]

TRANSMISSION MEASURING SET

A precision Goin 5ot with specially develaped
wiring that permits no trovblesome leokopge
and provides improved frequency charachar-
lstics.  Available completely cssembled, o
in kit farm—which permits the sale of a high
accuracy instrument ab @ low price,

WRITE FOR DESCRIPTIVE BULLETIN

arirs oof P

SADES

wiah  Clachesol Hedqipdones [hpdroimesi

FAaRE NEW JERSEY

PLUGS &
SOCKETS

500 SERIES

Camback Alinr-

‘E-t::ll;hlrl akls by alroud
deem Brodost Chorachecidiben.
Bochal - canbacih har besmus, bl

Hipa dadrdvs plaied. Mg conbactu hard biram,
smdreiom plated, 3, L & 0, ), uid 12 coviosi
Flegs and scchats polarized, Long leobage path
LT e, and Inziio g . Cama avd
Eeniialy, dledl peboilead [nuborcofed]. Pasg
end pached hb:h Inlaidkinageibhle 7 sges ord
Brothatic T 4 ik e
o idanied wits somimn bowelta.

We'rls far Jfomes BLELETR 520 for Tull deinls
tfigm

HOWARD B. JONES [I'I'h'ISII‘.'I'II

g =

RUUILD BETTER ELECTADNE. ELUPUENT
STANDARDIZED
READY-

T0-USE
CABINETS

CHASSIS

PANELS

!qulpm-nl -
is preforned by 10 e
Sarvice Man, :
Amabeurs, and
Manufocturars
becowse ihey're
adapfahle, soips

fo-assamble, eco-
namical. ﬂtnuHF:Hr
desgned, ruggediy
eanuruched by spe-
clalists. Fameus for

qualiby and ecsmamy,

Wiiks far Cateleg,
PAR- METAL

PHCIDULTE- {DHFCIIEATIGH

ke [ (-1, T

ISLAMD CITY &' 8§ ¥
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{ Comtisned from page 29)
tive rfeactance of 6.7 obms al 00 ke

The frame which supports  the
doemmy Inad resistors was made ug, in
our case, of two main paris.  This
station already ownerd 3 frame which
wiald hold op o twenty of the ahm-
spun wiits, Angle iron and iron strap-
prag was used 1o add the extra frame
to support the additional wnits.

The load has been o use for over
I# months and provided very satisfac-
tory resuies:

Remote Equipment

[ Comiinued from paoge 131

holdimg attention, and it is most equip-
ment with large apdiences. Ewen on
the familiar waw on She sereed hroad
cast the po iz uwseful, so that all can
heat, nor merely 4 halfl 2 dozen
crowded arogmd the mike

We bave toynd thar o 3-ware sys
tem supplics enougl power for almost
any nesd) i ddition a ten-wait sys
tem 1s psed for the smaller jobe. Al
most By cotmmercial P J.TI'I'.1|.I.|1|.'T Can
be modified b ke hour by installing a
|i|||.'-|:l.'l-g::||! transtormer in ke phono
mpuat cipcuit

Chat on the job, the amplafier 15 set
up by bridgmg ets input across the re-
eote litte.  The volume of the ampli-
fier iz adjusted aller the remore gm-
pitfier is turned on and then operated
for eorrect gam control sstrings,  Tfau-
ally ane setbing of the phona fader om
the po sysrem will suffice for the show.
Sobgequent  volwme  adjustment  can
then be made with the remote amphifier
raders,  Attachment of the pg syatem
across. the &00-ahm line canses hitle
loading effect since the resistors offer
a high-bridging resistance,

No specinl pa mike i3 ceqoiced, un
less it s desired to wse obe for warns-
op prior to show time, Ths moye per-
mits 4 clear remate ine, and the cues
can be hearvd withoul nrerference.
After the remots goes on the air, the
i meike can be turned off, and the
rosdcase mikey jdeed

With the nse of the po, these is the
everpreaendl  fecdback  problens.  The
=5t way ko avoid feedback 18 |_-|':'.|,:'|n:.-'-
ment of good  operating practices?
cautions manipolaton of the pg volume
contred, and the careful determination
of {evels pri-::-r to gir tirme. Then when
the broadeast swares, it will noe he
marced by an ear-splitting hurst of
foedback thot will make you wenor 1o
fprget public-address systemis forgver |
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RABO ENGIMEERING . TELEVISION ENGINEERING
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NEW YORK 17, N. Y.

Group
Subscription
Plan

Saves Fifty Per Cent of the Yearly Subserip-
tion Price if Four or More Subscriptions [In-
eluding Your Own) Are Properdy Entered on
This Form.
| Year —%1.00
2 Yoars—352.00

{Foreign: Add $1.00 for posfagel

Flepws ey wmmuel aulmsriplioes (1% imiues) [er e@ch of the oondersipred [or shick phyrfomt i
saclossd ®t the raie of £100 each. {This wate spphes nnly o= 4 of mae aubsiripions whm
tesupkliens: aee glven b

Mome " E . . et B BV S e . £ Lt H = B
Address AN it . et i S e e A g
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Your Depariment

EITEL-MeCULLOUGH
VACUUM PFUMP

A waduum pumig, the BEVOE a8 od=drflgmien
Ivgez, Bad been ennoonced by Eiiel MeCulloogh,
an Hrunoi Califcrma
Fump s skid o afer spesds ug 1o OF liepes.
c ik hi m ol 4 = 11 mm
i, elear glata pump bareel, s ligusl copling

wnd no charcesl trep,

FTL SLOTTED LIMES

A afolird hae, FTLAJ0A, desipned for mabong
impedanee g wavelPAglh MmeasaresEnLe m 14
ramgs of Bl bn JAEE] me has 1 pnnoingeg by
Federal Telecammamication Lahoigbeeess, Lo,
00 Wachingon fAve |, Nerey 3L M. 1 Maas
UTEMENDY  dam alio miade  with sdescwhar
whghtls reduced accuracy in Lhe mEnge hetawean
1,I6EF araf FINE] mo

it iy & cowrinl ling 250 comie=cters lmg
h;r-n: a meTpE smptdense of L0 ohma RS
nhim:

AMPERITE MICROPHOME STAND

A mioropRome alind  deiagn e pulpet aml
fenehgsg ugm, :x pow pranabde Froms the Amper
ke I:..:- . Inc, 56l Bropdwey, Mew York 14 N, Y.
Can b adapted Bor use sl srandard Amperite
LD T T s T

Stand can slea he ogsed g the desk R leger
afo% comMudetalidn and  fop detaing  wich

securders,
" oE o

TURNER MICROPHOMNES

Two fildropiscey have laen annnonged by the
Tamer Compeny, Cedar Bapids, lowa: el
25K and 3Lk availelile 1= w rouce of oryssal oo
dynammiz girowis  Crystal mdes (BX) is o owwid
to b equippdild with 3 musderey sealed orysal;
hen on efective spur ol 42 db below 3 wodd)
dymefog tm; asd Hai rosponse lron 505,000 cga.

The dynamic {25000 Fatures Alicn - mag:
=eti, cmlpot lewel of W db belaw | woltfdyrnesey
cmoar hegh imgedince, ind ol responsa Vpom

O o pa.

Chher textures jncfode 3¢ ilting head and W
=7 foupler mouncing.

Turmpr has glso redesgned Lthiar  sodel 7
oardid- Lrpe micropkeae.  The lmnerior feldlis
the lestureg of 3 comhbinglim Grepft usisg bola
valopi wied drnemic trpe genemsors, and the
urw desigs ix =il oo [WriseE imgmeve pericome
ance; esginesred with a mde ranpge pchap ot
the [ront and 3 sharply sltenmaied ouspet st
the rear with afteudimetsly 13 db discnmima
ton elmerm dront snd veas @t all Iesgiesecies
Hesporse s said 1o be sobslaztufe Ast From
B3 i 19000 rps. Ohwlgut 13 pated at E; db Bedoar
1 moleidprsfsy om at Wgh impedasce Ml s
l"'l'll-"h aferds chowte of SL.R0MK ohing ar high

Muma s A o TR LTl G T e Wt 0 P B
Addreas _.............. . . e eeames . .
Ciey-State ., i 35 B = b o 3 s e
Oooupntion .. ....._. Tam o i A 4 -
Emplayved by e e e e
Fhaium ol Bl i s i R LA e b e e et e el e
I35l ¥ Mampfasiarsr. Eronlsr Bhallen. et |
Your Title ... ... S . I e NP o o
Your Depariment O L o T Lt
Mame .. . et e . e .
Address TR, S w ey p ; L by L ;
Cigy-State . 1 T T L R T
Chesupation dan kel e s e
Empioved by . . Pk g P it L T ok Tt Y
Marwre of Poriness ) : ; .
iHinte 1§ Werofscuresr, Nrodies Bigtles, o)
Youar Ticle S R T H SR 3 e CIS e e
Your Depoartment . ..o ;. : 7 Y TR Tt e A

Tunizess gr professional chissaheations s required 16 compibE gur recorde. I:p_'l; pubscriber ahoudd
wrise ot ol the [eldewing clamsihrabions {6 sate indicafed.  Les sepaiEis . khees af pqlp..r Frir
wikdiiozal npmes.

CHIEF ENGINEER EMGINEER EXECUTIVE
PLURCHASING AGENT DEFARTMENT MANAGER

Stuta voor clessification i sor llseed,
This Growp Séni In By—

Mame ........

Address
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& W FREQUENCY MULTIPLIER

An ul-bimd Feequepsy multiplies ling been an
mommend by Barker & Williamaen, leq. 27
FairfAeld Avesse, Dipper Darbye, Pa. Uole, de-
sagned i Keep power fequibrementy [ns, osweErg
HIA40 . 151 amd Wemeler bande

Can he ueed with ehiber ofs or erypilal jogpest
:’: Al GElpEl 2 oot by w25 uediils b o

mife

SYLVANIA WAVEGUIDE wWINDOWS

Lelzad . waveguide Tefsame wisdows, desgned
b permit oiver soksring, wrihou? disags, in
mizruoenerpuide (vstsie bfmrating from 1000
b a&0.000 e, hive Bean pongunosd By e alm-
irlllllﬂ"! dEvimpn o Sylvania Elestric’ Prodocis.
e

Windows are gaad o ellmingbe glass strose 3
relypivaby  high  vesspecature  diHerenialy  pes
hieed for salver aoldrring  Power Dzsae rangs
ram I ga | dh. Ths new windows (90 e
Autddies wborn 150 ms, wlll gand esseres mg
L A5 Fumds. peE BQUAFE incs & 177

Applkgtuny indmde pressurized Gr gasflled
mavprguihle avsiemms for &l types of radag
a & # rigktion, Bz contrnl, keg srd shor
mamge scarcs and shose bow gaa wnilvees apg
amceredngical uges, . They ara abes used o the
condlructedn wl TR ang ATR swliohing tuboe
and 1o isolsle portves o vadium wyetzme,

- § %

TRANSVISION PLIERS

Mrpad-dnl gleii - hesduomn g
duifimg edyge and & leag Ehl_l’..- Fn't:lf:;ql::ﬁn;:l.g
smull pfoey sech gl Mminiklam ssokeis, s, hawe
b Aol By Tranavieon, Jeo, Mew RKo-
chelle, M. ¥ !
Dleerald Jengibt 847 wilth twpers froms 3
an ke | et ™ on the extreme

-3
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The Industry Offers

G:R UHF INTERPOLATOR

M anigEpelating l'r.f-illunry deederd |y e
with hatbrrdyne I:lr:uu.:u cy mebars mo rmalian
asturate iTequency mrasEmen . uhf ui
in abgut RN me b betn asaoudeed by
Gemsral Hadie o, 25 Massaohuiens Awe,
Cambridpe W, M

Inslroment Frowalss B Serds of Sarsonics of
A monimal 1w sgnal whine Dandamaentsl in
adjoitabls ower o range of 1% AL L% DR
|||:Ir|'|'!.'l'||.|. ard QLN R. TOTEFORY from pag hars
e by fHn desl i skldinel,  Cidmequendly;
whan & legueccy lying  bedween (99 prad
e w Mmeadorod afgeegimatedd - oo 8 [Tequesey
mmirt, it ¢an b maiched amd detsrmimed

agrurately  walh  the mesrpoliting  [eequesoy
yhaméard

l:ne:q.e:u:d particalarty Bor use with i G-F
FE-A  hricrediee [réguescy miciér,  which

gavers & hmdamemial Tasgs of WO o M0 me
Sartg of lmreanics. bmesd gn e Ll Fosda

raesial, 8 alsa genearal by the dewies, for
mam with the G-H 0. A betzrrdone resmncr
sHeret, lof mtdRUrEMEnE in 18a Finge etwees
1N azmd SAF mc

&. E. TV TUBES

Two TV iwbled, & migiatuse kclode lor =ee a4 4
mdedrgrid of fer and losal oseslladod

EP.I'I"Q réceivers dzad a Deas poeer i,

Iu'p-: Seen gnnoinged & the tube divisss of

=
"I"n- rricde, the pA B4 im ane bricda secibng
al the 12ATY, wwin 1sule It lzxrures a mpde-
5.q:|'|,¢|1 n"u: which &3 mabd ko pave improved
i rapbini -|.Lu|:||:||..l: wid  feduce  ham: el
The ﬁ.i.Ei arer voltage in &), while Lhe
Bastsr currenmg 1% ammpere.  As & ol A
amyilier, i|l||;|I plabe wnliags ad [HE bns "nll
hiaz ephage is —L, the amplifacion lsctor &
tragsoaducrance &l migmmhos, and e plste
carrent 1} milHamperes
The  peam fawer amphficr, tha 19HGA-G
demigned dor Bociepeial - dellsobes urouiks, may
aar] wilth pictors tules  oferilieg i l=ms
thian M k¥
de plate welilge = 300 ¥. wmk che
Habe ourrent s [l ma. i Eabic
mathode woliage =3 3581 with heacer posibive o
gegalve im respror o eashode
P oEow

C-0 DISCHARGE-TYFE CAPACITORS

Heavy Suly  discharges 7pe  sapacibors, cypr
AVL 12w, with a sxpigily wnd waltige Fating
ol x-.nm mid, 150 working woits, bave hem
derakrad by  thd  Cornell: Dailivs Elcii e
Cup., Scaith Plamfield, B J. Ower-all &mes
aiopy {ractsnpular cassl oo 07 by BT mp o che
Base, mith @ Seiget of 117 Featores are cop
FEr s hars ané htarp wive jmads, mdoedual
il comrreomed N p;.rallln' with individenl ci

oinry. hamimd in betmeieally ealed mlues
R fonlgirrs, wagh 3w naulutsd deam 1he
nadnr howming.

RECA FM/AM [5OLATION UNIT
A&s FE/AM lwistica wmd disagnol o 1edislen
Pl

puswer @orodd (o Inpplning moas ol oam
AM mntenna tewer b leed an P astenns
minunyed .;| r'res towpr, ham heen mnnnonced
by &he Engizessiag Produms  Depan
ment

Tha unit {irps BAF 1441 Was awive]l Hanges
gt hois jnpop amd  ooizwt, which ochinesl o
Mandird 1T 51.5-ahm  Hanged  line  which
exipnde frem fop end bedises of rhe usia.

The tasdannn unikn comaisdg ol 'wo wsries
Eenssaitd olroudis  ooupled ther En suck =
degren 1s bo prride c@ecbive Bamd pass abar
weserianios gver (ke W o HE-mg bend | The
induciors eensdit of solid topper Inops. and rhe
capreitors conmest ol huiile-in sonceniric ling 1e-
actancey which e o0oGEncric with I®e inpus
End auzpus eonducinre hg inpuf mascmbly i
iosulated frome the autput sssembiry.

EXACTI.Y THE RIGHT

SELECTOR SWITCH
FOR YOUR APPLICATION

OTHER
SHALLCROSS
PRODULTS
Akro-Ohm Preciafos

Raglsrary

Cambinod Kalvin-
Whectiions Brldgaes

Low Reslstoncs Tesd
Swis (Bond Towters]
i

www americanradiohistorv. com

MANUFACTURING
Dept. C-69 Collingdale, Pa.

Talloring a selector switch by g dpeaibe ap-
plication coomomically is not a job for en-
gingers who only produce a few types oc-
casionally. Modern switch engineering calls
lor plenty of “know how." It calls for 2 back-
ground of dowens of sandard types from

Fault Lacotien which adaptations can be made. Mot the
kit least important, @ calls for highly special-
:';:“m'"' ized dies, equipment and trained assemblers
valtmater [ T
Mutlpilars E:“ m?:l,u‘i-e which Shallceoss offers o Tull
Ehwlliross Varlotes h
Attanuatars
Printgttatrti® WRITE FOR ““E’El”ﬂl"ﬂlﬁ SHEET
Snardaid s Let Shlllnﬁs: qduud.e I 'rr.lur‘jﬂ;ﬂ-lh 5::'!1:-“- r m
metts Stagdard ¢ meoaz of them subject Lo
h"::::gm"r aifaptarions, nutwrfﬁl:hm for bridgos, decade boses.

iransfarmes tapping. resisvor and capacitor paralle-
ing, induactans “PEI;EI . televisbon, and many other
exarting uses. Ask

arm C-1,

SHALLCROSS

COMPANY

COMMUNICATIONS FOR JUNE 1947
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BIRTCHER

STAIMLESS STEEL - LOCKING

TUBE
CLAMPS

Srabnlian

TYPE

We'bere wibration s o problem, Birlcher
Loching TUBE CLAMPS effer o toolprook,
practical salution. Becommesdad for gll
typeg of lubay ard wmilor plog-in cam-
ponanls

More then three milllen of these
clamps in use,

FREE CATALOG

Sand b lui & & T
1ieml e 4! arad our piondord corps
e lstng dekn bose Fppes, ecommonded
clomp deskgn, cnd pree fil.

THE BIRTCHER corPoRATION

SRET HUMIrNGEOHN DR P08 AHGELTE 33

Ohmyspun
RESISTORS and
llE:l"l‘ﬁIl UNITS

Non-inductive, thin, Aexible—when
deskted—wide wari of dimengiong
from 34" wide up. ldeally suited for
‘.g:ndini’n:nmiuu, etc, See Cat, I,

Diepe. &
18 Mew Park Ave, Hanford, Conn

{ Conidtieed Jrame pane 315

instances this las been attributed to
imsufficient o improper grounding. A
copper  shest placed nnderneath  the
transmitter and extenshng gnder the
cguipment Facks often proves guite
satisfactory &s 4 common grousad.

As has been previossly pointed out,
operation of the vatloos audin ampli-
fers ot the proper levels ks of para-
monnt importance for e TeRsons

{11 The highest signal - to - noise
tatio or level is obtainable con-
sistent with the outpul level
recommmended by the manufac-
turer, If this oubpol 12 ton low,
then the gignal-to-noise  ratio
suffers proportionally,

{£] The ouwtput operating level pf
the amplificr musar be within the
tevels recommended by the man-
wfacturar if excessive distortion
1 to be svorded, TE iz compara-
tively easy 1o unknowingly ex-
ceed these levels. For thiv teg-
san it is worthwhile to measurs
the input apd outpul levels of
the warwaes pieces of  aodio
equipment v means of a we
meker,

In making the freqoency-response
checks, one often used method consasts
of maintabing W modulation ai all
frequencies . The atternator controls
un the signal generator offer an attrac-
tive temptation to do this aince they
are calibrated m db steps. The re-
sponse carve 15 then deawn by adding
ar subtracting the atlenoatar setiing
from thar of the reference frequency
sefting, This sometimes feads to seri-
ous errors, aiten &8 mach as 2 or 3 di
This is troe of even the leading makes
of commercial equipment. It 15 by no
mseans a refection on the goality of the
Instrinent as b represemts & compro-
mise in the degree of accuracy neces-
sary to sell the instrument at 3 reasom-
able price.

These errars are largely due to the

[ fallowing causes:

(1) Fregoency response errors of
the attensating networks.
Working info a resistive boad
with only a relatively =mall
amount of attenmuntion, these
seldom exceed one dh  How-
ever, i practice, we may find
ouf load s reactive -since a
transiormer dises mot present @
pure resistamee gt all freqgoen-

ciex. This  latter  eondition
may double ar priple the error
tacior

£ Commercially availoble attene-
ators cannot be economically
manulpcinred {0 exiact db steps,
In other words, twenty sep-
argte db steps may prove o be
a todal ot 21 or 9 db actoally,

32 8 COMMUNICATIONS FOR JUME 1949
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since the Individesl error is
additrve

Dase tis these srrars thherent in tha
abowe method, it 1 oot to be recoms
mended for overall periormance tests,
In the previously described method,
the accurpcy limitatons are anly those
of the operator inn reading the meter
and  the modulation inoaiter  meter.
The latter s hxed by FOO approval
wf the instrument.

Measurements may be made from s
microphone iwput rather than o re-
mese impub channel if desiced. Should
a mcroghone input channel be ised,
the input level should be —50 dbie.  In
nsing mikec claniiels;, extreme precag-
tions must be exercised in balanemg
the feed as well 25 psuring thar there
e no frequency diserimination in the
pads or attenuating network.  This
laiter oflen proves troublesome and
mast difficult in the field due to the
low sigmal level, It is recommended
that measurements frst be carried out
using & remote channel before attempe-
ing  measurements | through a mike
chanoel.. Thes will permic concentra.
tion on the most difficell portion of the
overall checks and will nor be rhe
limtiting fmctor of the fest setup.

Triodes and Tetrodes for HF

(Conutmied from page |7]

in brazing operatsms.  In rompaet
tubes, it is difficult o braze one joint
without excessively  heating  other
varts of the tube. These problems are
under  good - control fow, either by
localized heating psing induction heas
ng or simultanecus brazing of many
jomis Gt nnce,

Alternative electrods designs  use
eleciron. guns rather thap fine wire
grisks, Such structures are mare diffi-
cult o dekign, from the electrical poing
of wiew of achieving good  electron
immchipg, bat of coorse have advan-
tages over the fine wire type in rigidity
and ease of ecoling.

Concluzions

Whereas power levels of 5 1o 10 kw
precent doeee formmadable problems ad
the high frequency end, they are ob-
viopsly not unsolvable, Proper design
w0 insure adequate stability of elee-
trade position, fresdom of insulators
from thermal strains, smprovements in
vaaling means, and additional experi-
eipce with low impedance lipes are re-
quired.  Economically, it may be more
suitable to gse a nomber of tubes in a
cavity rather than to use a single tuhe
The latter would require very lbarge
diaimeter seals of shori lengih, which
are difficulf o make.
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FM Performance Tests

[ Conbinied from page 21}

different test techniques must be usesd.
It has been found that the following
method is perhaps the simplest apd

most  foniprood o several methods
treed

The awdio signal generator is set &t
5,000 cycles and the gain central ad-
vineed untt| 369 modelation i indi-
cated on the modulation monitor, The
leve] should be noted on the test ow
meter atfached o the &b db pad and
maintained at this level throughout the
frequency check,

The signal generator is then shifted
to 7,300 cveles and the manitor reading
noted “and the plot marked | Figure
2ay. The same yrocedure should Le
ustd mb the following awhio freqeen-
coes  JOLOOM, 150041, 50, 100, 400, 1,000
and 2500,

Thes will provide pine points on ihe
curve and epable drawing o response
curve by connecting these poines. If
the reeponge exceeds the fop cufve ab
any trequenscy ihe whole cucve may be
dropped dewn by this ameunt.

Since the varios amplifiers io the
chain, the telephone hine and the trans-
mitter amay all be down ope ar gwa db
at the extremie freéquency poings (50
and I5K0 cyelea), these may be pd-
ditive and pocumulative  eausing the
overall curve o fall outside the FOC
fimitem €

Speclal Cossiderotions

Special consideration to test equip-
menl grounds 15 of paramonnt mjor.
tanee.  Short ynsheelded fengths of in-
ferconnecting leads are especially sus-
ceptible do «f pickup. Thi pckup is
rectibied im the grid circoits and often
shifts the bias on that tube or intro-
duces 2 hum component m the tesg
signala.  The latter iz probobly intro.
duced by slope detector action.  These
conditigng are most wrooblestme when
the test equipment iz close 1o the trans-
mitter and its associated feld of dicest
radiation. Obwiously i s adwants-
goons b fmove the test SuIpment as
far as possible from the Lransmibter
when s becomes evident,  Often the
sume: king of poiee pickup is present
in new installations due to rf pickup in
pssocuted audio equipment.  In most

{Cmituen on pope 32
“The Jargsi Gatey” FM  cranemider models
bawe jmoorportited o 1he bBasic axicler o conkrnl
It ednproside for exboonasl respange drap ol =l
15000 cfcks Thin Jurpacly provedeg omly 3
smzll amount ol EgaalEation i -I guld  nii
be used & [ 1 8 Higails
.:I!l o inr i:ll]l].l!jrl.‘i’l. I:"'.t e |_|'|,¢ |=|g¢|||||||
I||t rHrCmil k15000 cyclen 12 mope thaa [ die
S0 mnd M- cwale Bevel
$ﬂ= -’.:-rl 1549, CoMMUSIELITOHS, fapes 23
aitd 23, Tur FOC limif celan.

%4

For
TELEVISION
RECEIVERS

.'
Speclfy COSMALITE*

Cosmalite Coil Forms give exceptional performance
at a definite saving in cost to you.

Punched, threaded, notched and grooved to meet
your individual specifications.

COSMALITE Ask us about the many various

= - . : .

e oot warar, | PUNching dies we have ava lable

waused paper baws ]

pharnciic tubing, a e s . 4

witable for all coll I“q”l'”ﬁ’ given ":l'-:“'-'-k action and
specialized attention.

forma in Kadic and
Telavision Recsivers, &

L * Bep 7. 5, Pl O

7CLEVELAND CONTAINER 4R

201 BARBERTON AVE, CLEVELANMD 2, OHID

PLEHTS RAD SALIS OFRCES ol Pywsi, Wisi., Dibga, Buiait, Sydasbasg BT, dusiduay, B |
5 B8 AUVE DIVIEION of Drdsand Thin |
Lardninm FLaNE) Thy Olanwlersl Covmine, Coroda, L Frosses, Sraria

FRFRLEINTATIWES

Camaba mem T anEEOE, BIGHTH (IME, BE ], CuEVILE, OFRTARID
METEDPCITAR
HEW FORE
MW Edaanb B R RAdT AR ASECOCLEIEE RIE PRRMIRGTEN AvE

LS HaBTRCHEDE, COsP.

A, muEkar, pid SEETEAN A%, Ball GRamQd, W |

COMMUNICATIONS FOR JUNE T¥4% = ]]
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News Briefs

INDUSTRY ACTIVITIES
The Micretans Camgany. Minocwpulis sod S,

Paul, Minp, hearing and marlacyarers, have
purthased  elin - Anrhpmsrer Diviionm m (e
Aundas Thevelopmesy Cestgany, §roman podis

Ralph E. Allison, persbdent of the Awde e
welapmenl Uimiigany, has jolped Meroloss a6
liczelor amd zechnical edviser o ghe Alpdio
meier  EEvigion. 5. L B o prosidens al
Micactnny,

Ell_tl-MnF":lIhlq'l. e will manufactors mess|
16-mch TV piciare cubex a8 thei o Sall Lake
plans.. Flaus eall dor completivn of tooling pruoe
tn tha Krsd @l the yoar

PERSONALS

E:'"-'-""H 0. Roberis has bty appsinded redayi
Ll squipment pidducd manmper for General
Elegaria’s  fruzsmuzeer  divislon

G, W. DeScuss hes been named mpnaEer of
galer admanistsmthan Teethe 5. B Lghbs din
i

R V. Demtmcon o o glafl axsimtany o ghi#
Ronsger o ihe 4. E. ube drrasboss

L. E, Record has bics named U wisir  uf
"E"E devilopines ani seqlvsg aburstories o
the Q. E. dube dewigiim.

';P:-HIJ F. wn-tlh'\l'?r tormiealy with The Andeew
orppratian, kag sHoed phe itterizg  wia ff
al The Tvelund Cronigioss I:tl:lrx:::m.'. A

Etham [§. Basseit iv now POTErAMEnt: saben g
peivisnr ol che W, Seklie Ta

Swon Bialel ard Léon Adulman hpve beenms
I"':"lll\.ll'lllh. = B T [T T rEps in ks RreELss
muirepnlicgm Mew Yerk seen,

Lailin J Weodp has Bemm agpninred vlee ores:
denl. dirzcdne 0 researth wnd anginesmmng, o
dizect xll eppieestty and  remesch  GcLivilies
of Fhilea Lap

Weuds wilt be ppslsted by David B, Smial
iz previlent—rikearch am| engineering

Cowmans  mnd Farmer, Rpytheon Sroadeasy
efulpmrsl mps far ghe Mol-Wesl, e now kb
cidid ay A Rl Secect, Evangcom, 1B

dwch Porlmoth of Perlsula - Colmap . ] Sxio-
atpien, Hapidtan repa, Cabd | apgied recewtly the
fadin rec g tube divizan pli=y ol Ravideon
Mamaiaciuring Cn. ap Hewtos, Mass.

H. @, Edson, asostanr treasiser of ifm Kb
g Ewirchboprd azd v Cnmpany lé'ﬂ..u
deeinel @ sooplified syscem o reoved kesping
Yor amsll {mlephope oerihag rempanies,

Tha slmphbad srsiem Wil wocs ka pob
Rated amil released a8 o looe socewice po pmaldl
jmdegandent  clephome  aperaung  obaRpLnie
The b are presengly Bing  tesded  under
Practical comdiilons s vasibus appical koo S
B0 MNAL By chyvious comgdon g My ba glims-
watul Belore 18 aiziem iy gmnemally dlaedd
s

lin Lbe jireparacion of ibe dorme, . comsiders
o bk béen givan o Eiiodeal sStEte reguire-
mminty ax mreqoribed by the oty Gormmize
wgoint  ElaiziBratian  manuak
tioni ceardinetimg jhe ayEism (o
Stata § 1] -E'ﬁu akm

rg &l he durzeal
hi

A rEvicrmEy 1es spct
13 savaAnsi Gf The @
b 1o K

E i
al dE=siribusion. dsge may
ER o= any o iry sales
Arvenpon Bl Cempany

LITERATURE
Tha nrrirrhzlm L pwnain Cun\l:-ur. ¥ Recks

F=ll Plaza, Maw Yark M ;In;\-u. York., have

] d a1 paps twakles werihing  mald-

IHE erialn and reama.  Tligraned wiE color

phoapp=apit

Cunneny  Elecane 0 v, IR
taolde L Angeles A, Tabd,, Eave

ipeihcaibons AN GCEREY Shalr wiih
arrpnpessrnly fhowm in o deewil st hall

Pichueed hede me game of fhe more

fackad by the namn DBGS — @ lpeder bn lhe
mamileslirg of £ anial coanegleny
Wrip he Bwsboated cotalags. Bepafment T

IT'S KINGS FOR

wiifedy ysed RF pp-aoel U HF

gnid Pulse connechorg They are all

Precsion-made 2nd Pressunzed
when reguired. [eer 300 bypes

available. most al {kem i Stock. |

\ |:|J:'I
lectroreécd

80 LETINSTEM WML, BRAERLTA 7L W ¥

CONNECTORS

HeIT A

LHI weal R IR LRSI LR BRI

Momdeciwsr of Fodor, Whip, and dwerisll adnemnss
Microptane Mugs oed  locks:
Todor disembdan, Tohis Appsmhblion, Microwose ong
Spadsal Elecirone Fyuipemgal

dtkle,  dlesrreries of all bamg AN <hell j3ped
agrep ineiuaed will o eEphoded viEss oo uine e
ceplacle gnd une plog,

Wells Sales, Ine, 120 K. LeSalla 51
23 i, hawe releassd o #pags refag
wilh - ppeEnifdcalions, watngs and

warirly: ol rolayw Alen wocluded q
Lyprs ul miniature gwisches, dry Sac and orps
ml reevifigre, crgngmiging (b2l @nd pilol el
Aashtight bulba

hecapn

Aeravax  Corp., MNew' Bedlard, Mas ., hae
publizkd an iHusiraded Fokded o the Aerdesin
rmpiciinnor remstanice hpdge  lar jifiy
thechmg copanicamoe. resissance, power fwsied,
ahinr2s anid dpres, leaksge, safc

Enternatiass] Hegbalbanie Co, 0 M, Fiodd 5.,
Philadriphiz 8, Pa., kave prepared o hoilens,
B-5 @eeoribing Trpe BW. 50 [ wnd T wan o
wikkigs wire-woummil resisiors

Thi Shullorsas & I ing Co., ol fale
Pe j Rawe prapafed 8 boaklel (ROD - degiting
lorty styon alwmilerd  precision  cesisler  iypes

jindlaling
[ I -|||I;|-

Hooilse g Elpike{ and oikar
alapts bend. o the  VaTERL. [ypes  wft
ivadibile gl incledee etz ono Faciere such
HE |Eo=f TErewl [fMEErmrure! 12mpendluase oo
sffient | were mraw gnd allnys, dks

srveslemn  pypes dewgned B JAN

Tha Androew Carp, 541 e 75 Skiest, Tni
£ T D Bawe releaded o H-pege geoeral
srise liwt Baeietin TR cowermp conk cobley
heeings, ling acowpeorien. ol lgtung clomp.
MES. ENUEANED. cdmponiile. esbc

E. F. Jehnnam Co, Wiasesn, Miin., have
tahed bolleen  descrbing  cheir
mly announced Redp Waie anbsada arrafy,
b im Ev@ilable  wirkh panamitic o dsaeeEn
wlemEnis

Tho BEley Elorg Co, Ene. Peons., have
heve stléased 3 |2 pape tethoecal bublany tor
rring eoyelal mmis, - crpmial-qonirollesd  oecila
pers qnd general afyelal lomedion, seludiog
®. Eréquonce-rangs wharasterictio chars =0e.
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90811 HIGH FREQUENCY
RF AMPLIFIER

Tha Me. 208D BF Ampfes i fhs same unlb o
s in (ha fe: 0010 stmpbiie Gede=iD-23
et My Banl opu sl sanbesd e Frenamillor
Can ow panal dr Basr mounind Uams 3298
dr JEIP puke with sarmael 7% sabl suips,
jHighay pulpul may bis abijs e b (b e ol
tergsd pasling.] Frévilons ors modo 1o quick
Baeadl 8 By meane af Ehe s (2000 assbaa

L1 ¥ Pamels caili. Exl e poer-
piicl. Chanils 4™ x FI0Y saciusive of liangag,
Crwwer-adl yasdight 147,

JAMES MILLEN
MFG. CO., INC.

MAIN OFFICE AMD hl_.!d‘.!ﬂ_:'!t.:—: 1

MALDEN
MASSACHUSETTS

Last Minute Reports...

THEe Coaxtal Camr had a hirthdey a
few weeks ago, it twentieth. This our-
ﬂlﬂd-i[?_ development ams concelved by
twn oldiimers st Bell Labs, Llcod Espen-
schizd and Herman A- Affel, who in 1929
installed an expertmenial cable ai Phoes
maxville, Pennsylvania. .+ Rager M.
Wies, now engaged in fube research and
developmenl for Philcs, has been award-
e the Presidentia] Cerrificate of Merit.

o Emil ], Maginot s now sales man-
ager of Mational Unien Radio Corpora-
L F | R [he mew field of msogeetic
muptifiers wis discussed recently by Pro-
fessar Emst Weber, chairman of the
Lradupte Sechosl of Elecirical Engineers
ing, Broaklyn Polytechnie Instinge, in 4
jamt mecting of the [nfroment Society
of America amd the Radic Club of Amer-
£ .0 o Chicles A, Powel, assistamt to
the wice president in charge of engineer-
ing at Western Electric, has beoome &
lecturer  in  elecirical  eopineering  ar
M.L'T. ., Theseventh tebevision tech-
nical program, held recently by RCA ab
their plant in Camaden, featured talkes and
demanstrations Cape.  William .
Eddy, techaical director of WHEN,
Syracupe. on TF  mludin  lgkiiag, and
{to Schade, RCA  development  =ngi-
neer, on & opcle wen-gme  aperadion,
Ambng thage in atendance were:

Meil Arveschoup, WDHN, New Brosasish,
N I.; H. A Acder, CBS, Montreal, Cansda;
C. ¥ Baugr, Camadmn Aviacios rErunlik,
Mestraad, Canagda; H. K, Hilliard, CHC, "I"q:.
rantn, Caneda: 'H.. Flortan, CHL, Toreain, Case
ada; 5ﬂlllul "-'u"["'t' . E1|5:|!h 2T
"ﬁ- 5 ar:mE t‘?ml-ﬁhnuu :B:a.d.m- Bimilans,

asliveglon
SITI.'L‘“:I'D.“ﬁJ. D_ Epﬁ?ﬁkn 51:”1
o LHL (] LEN] L 1:]1” T
Carads; &, (ilbert. CFA.E. Caolgary, Canndaj
Ww. Obermiller, RCA Beasl; Oiamin Wi
Eidin  Dégarimemd  Elecirizk Il.'prl_l-uu_ I::I |:..
1 nigl B, Filesm, N
W Berris, £ ille, Joim Varty, 3 ¥ oy,
hWEI'_t Waghele, B. L. Walle, B Careall, W.

mgTier, W Lurl:n, Jnas Srrrow_ Frank
artm, Fred Betn, Patri Lynzh, H. E
hirl, F. Lewiz Stargasch, Ed. Harper. Safn

Swbaroft, Irvim Calle, Dave Gillare, A

l:..euar:ltnle ; n L. Palter and Tonaid My
'E!IU_.. hiladelphla; C. F. Fulk, 'I.'i'l:!l..'n.!
Sis Ankessd, Texaa; Card Lee and ]'nhnl Fetper,
Eestiirdes

mliﬁl? E'“’":‘.;Tﬁm?“ﬂ'!}

"‘“1'_5: W aypra,  Cobag ]

in: Jula Pafgamisn
N gl AR R e R
rmen u 11511] m, Al
E. B Vendermark, WMEE, Jecksszville, Flu,
r. Edoasds, Cristegarn, BAT, Ttaly; I_u.,l
Speexil®,  EAL Iy Ineent  Chandler,
whITR ancheiier H.; Hernerd “ulh{ﬂ
IEH-IT.-‘ 'H'lnhrrh-. Een: L° 8. Mateger, and
I:I'rr. WBHE :::leu.l .z lnnrﬂl
P‘\:IErll'n: WE Mew Worky Leear Flaier
'l'l'li.'[l'ﬂ'.. H 'H'.'I" B C. Artman, EM
K Walker e, CEUA,
Edrun:ﬂ'nn Lopadin! Runeell Adams. Hariow L.
Lucas, and Joen A, Didine, WEBNS, Columbmem,
0 Willkam H. Fnk=acs, Jr, EYW. DPhiade]
I‘TLI- Eu:rtr.:l.lﬂ? WWIH'[ grre  Flanbs,
Jumes Scknitr, KOV, I&;ﬁ hg_unlr.Ft_...
Cally WET, Charlotse. M M. 0. Cale,
WEHT, South Bend, Indisos: O. Peersom Ward,
ETTE, Springfedd Moy Héward  Bair,
wﬂhln. Lewwyiie, Pi.; f: _{”.ﬁ:uﬁ.lm G T.
Brazee, arid H. T. H'.ldd' B, Mew "Em'j:
and . Marshall, WFIL. Philudelpghia. . .

The Four State Clapter of the Assoe
%ilb!lj P|:||:'f: hl'_;umrnunk.;.tiu'ni Oficers
no,y recently held their spring mesting
at Erie, Penmsylvania Il-?-:mba-r's {rom
Mow York, Mew Jersey. Pemnsylvania
and Comnmectical  attended, : {Fliie
Sehramm, director of the University of
1iinais I'1!.1‘.II.'L'|'I:t of Communications Fe-
search will ropresent this counibry on the
iterndtioml commission which will meet
im Pariz 10 study technical redquirements
M mMass Commundestiomns
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WOLLME LEVEL - 4

Type 1301-A Low-Distortion Qscillator

Here's Your “PROOF-OF-PERFORMANCE ”

AS ANNOUNCED by the Federal Communications Com-
mission,* effective August 1, 1949 all a-m and f-m broadcast
stations will be required to make proof-of-performance
checks of over-all noise and distortion of the complete
station at least once a year.

Many stations already make these measurements at fre-
quent intervals as routine operating maintenance to insure
the continuous high-quality service the modern transmitter
system is capable of supplying.

General Radio instruments for these measurements have
been available for some time, and are in regular use by the
leading stations where this equipment has given accurate,
convenient-to-use and trouble-free service.

The G-R Type 1932-A Distortion and Noise Meter meets
all of the F.C.C.’s requirements for measurements of this type
for both a-m and f-m services; the Type 1301-A Low-Distor-
tion Oscillator is the ideal companion unit for use with the
Type 1932-A. Both of these instruments are relay-rack
mounted and can be supplied in panel finishes to match most
existing installations.

TYPE 1932-A DISTORTION & NOISE METER
For measurements of sine-wave voltages, distortion and noise

throughout the audio range. Over-all pass-band of the volt-
meter circuit extends to 45,000 cycles, thus including all

amended

*F.C.C. Rules and Regulations, Sections 3.254 and 3.46, os

H = e e

noise and distortion products contained in this range;
particularly the 3rd harmonic of a 15,000-cycle test is in-
cluded.

This instrument is continuously adjustable and can be set
to any frequency quickly since it has only one main tuning
control plus a small trimmer. With it measurements can be
made on a-f distortion in radio transmitters, line amplifiers,
speech amplifiers, speech input equipment to lines; noise
and hum levels of a-f amplifiers, wire lines to the transmitter,
remote pick-up lines and other station equipment.

Full-scale deflections on the large meter read distortions of
0.3, 1, 3, 10 or 30 per cent; range for carrier noise measure-
ments extends to 80 db below 100% modulation, or 80 db
below an a-f signal of zero dbm level. The a.f range is 50 to
15,000 cycles, fundamental, for distortion measurements
and 30 to 45,000 cycles for noise and hum.

Type 1932-A Distoriion and Noise Meter: $575.00

TYPE 1301-A LOW-DISTORTION OSCILLATOR

Especially designed for-rapid measurements, this highly-
stable oscillator has exceptionally low distortion. By means
of push buttons, 27 fixed frequencies between 20 and 15,000
cycles may be selected in logarithmic steps. Any frequency
between steps can be obrtained by plugging in external re-
sistors. The distortion over the entire range will not exceed
the following percentages: with 5,000-ohm output, 0.1%
from 40 to 7,500 cycles; 0.15 % at other frequencies. With
600-ohm output 0.1 % from 40 to 7,500 cycles; 0.25 % from
20 to 40 cycles and 0.15 % above 7,500 cycles.

The oscillator is calibrated to within =(114% -+ 0.1 cycle);
the calibration is not affected by changes in load or plate
supply voltage; drift is less than 0.02 % per hour after a few
minutes operation. The operation of the oscillator is unaf-
fected by ordinary climatic changes.

Type 1301-A Low Distortion Oscillator: $395.00
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in communications...

WILCOX SERVES THE GOVERNMENTS OF THE WORLD

Wherever airplones fly — wharever lives depend on reliable communications
=yau'll find WILCOX radio transmitting ond receiving equipmant. From the
Seandinovion countries fo New Zeolond. . from Porfugal 1o Pokistan, the govern-
ments of the world select WILCOX because of its proven performance under all
extrames of climote, temperature, and humidity.

As with mony governments, WILCOX i boing wiad by the United Stotes
government in the bosic communicotion sysbems for the Alr Force, Signal Caorps,
and ihe Civil Asronoutics Authority,

The governmants of the world have spanned the globe with WILCOX com-

—  munications. Fram the Berlin Al 1o the Orient, . WILCOX equipments corry the

messages that help keap freedom a vital forca In the turbuldnt affairs of the world.
WRITE TODAY...for complets information en all types of point-to-point,

oir-borne, ground station, or share-la-ship communications equipmant.

WILCOX ELECTRIC COMPANY

h KAMSAS CITY MISSOURI
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