* TV 16-MM FILM PROJECTOR SYSTEM

* L-SECTION LOW-PASS FILTER DESIGN PROCEDURES
* REMOTELY-CONTROLLED PROGRAM CIRCUIT-SWITCHING METHOD
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INDIVIDUAL OVERLOAD PROTECTION

Advanced electronic design provides
each unit with Individual protection
agains! overloading -failure of any one
chunnel becouse of everload does nol
affect vperation of others.

VERSATILE MULTI-CHANNEL OPERATION

Each chonnel provides up to 3,000 wetts
for conlinuous wave er frequency shift
transmission— 2,500 watte carrier for
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WHulﬁ-Chnnnul Radio ﬁ'ﬁumiﬂer with
IVIDUAL OVERLOAD PROTECTION

phone operation. Three basie units—
power supply, lransmiiter, and mody.
lator—permit o variety of combinations
through simple chonnel switching.

TESTED FREQUEMNCY STABILITY
Meels rigid F.C.C. requirements for
ground siclion operation, Frequency sia-
bility within plus or minus .002% at
lemperatures ranging frem 0 to 45
deqrees C,

i = i
B T %
b T

i 5
ST
——— e
=

A # BUNNELLs .

York B8, W Y




Iha "GO'ham” - Tv -
Radio - Phonograph

N NN NN

N AN

LITE® gives
ggi?:ﬂcﬁmnce in fhge new ZENITH

This internally threaded Cosmalite coil form of cloverleaf design in the very
heart of the Zenith Television Transformer permits quick tuning of both primary
and secandary frequencies through the upper end. The hexagon shaft of the
frequency setter easily passes through +ﬁe uppser core and engages in the
lower core . . . adjusting the frequencies of both coils with the greatest ease.

Consult us on the many vses of
Cosmalite (low cost phendlic
tubing) in television and radio U e “Claridge” - TV
receivers. *Reg. U. S. Pat Of. Table Recaiver

2% CLEVELAND CONTAINER

6201 BARBERTON AVE. CLEVELAND 2, OHIO
PLANTS AND SALES OFFHCES ol Ptymouih. Wik, Chicogo, Botrod), Ogdensburg, RY.. Jomvesburg, N J.
ABRASIVE DIVISION at Clevolond, Otlo
CANADIAN PLANT: Yhe Clavetond Conlainar, Conoda, Lid,, Prascoit, Omarto

Cosmalite coil forms are also used
in transformers of Zenith's fable radios,

REPRESENTANIVES

sucl:\. as the now Super - Sensitive CANADA Wi, T, BARRON, EIGHTH UINE. RR ¢), QAKVILLE, ONTARIO
Major"* FM receiver, above. METROPOLITAN
NEW YORK I R. T. MURRAY. 614 CENTRAL AVE., EAST ORANGE, N.J.

NEW ENGLAND  E. . PACK AND ASSOCIATES, 948 FARMINGTON AVE.
WEST HARTFORD, CONN.
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RADIO-TELEFAX UNITS
WITH SYLVANIA TUBES

SPREAD THE NEWS
OF INCOMING SHIPS!

Pilot boat Coptoin sending written massage of arrivol of
the big ship through Link unit equipped with Sylvania
tubes, and In short order . ..
* * %

... message arrives in Western Union Marine News room
os facsimile reproduction, then is transmitted by an opera-
tor and simulianeously appeors on lickers at offices of
newspopers, customs, posial and immigration authoritiss,
taxi, steamship companies and many others.

Link radio equipment used in Western Union Marine Reporting Service

ADIO-TELEFAX, a new type of telegraph
communication, reports ship arrivals as part
of Western Union’s Marine Reporting Service.

Out at sea, the captain of the New York Pilot
Boat spots incoming liners, writes a message such
as “SS QUEEN ELIZABETH INCOMING AT
1644” on a telegraph bla-lnk and inserts it in an au-
tomatic Telefax transmitter. The unit then trans-
mits it to Western Union over a VHF radio chap-
nel. It arrives as a facsimile of the sent messagel

And inside this Link equipment, rugged Sylvania
tubes, operating smoothly, do their part in this

Important marine reporting service. Find out
more about the complete Sylvania line of Radio
Tubes . ..see your Sylvania Distributor or write
Radio Tube Division, Emporium, Pa.

SYLVANIA
ELECTRIC

COMMUNICATIONS FOR JULY 1949

RADIO TUBES: CATHODE RAY TUBES; ELECTRONIC DEVICES; FLUORESCENT LAMPS, FIXTURES, WIRING DEYICES; LIGHT BULBS; PHOTOLAMPS
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Aworther successti/ start
with OUMONT!

ERIE'S FIRST
TV STATION

# Says EDWARD LAMB, publisher ef "The Erie Dis-

pateh’’ mad ewner of TV Station WICT: "D Mont squipment fulfills that bill. And so Statien
“In bringing the only telecasting service to Erie.  WICU waes, I8 and will conlinue lo be Du Moni

Penna., we insist on five pretequisiies: (1) Bast picle-  equipped.”

risl quelity obfminable; (2} Adequate signal strength

telecasting sconomica,

throughout aren secved; {3) Equipmeni operable by ' Asgardiesn whal yous lnlacasiing stari may be—

ipushyinexpecisnced local personnel; (4) Depend- Tnsding satropeliien TV station o Delwoek yindisg, oz
ProvinuaLy Lo LA, pat again the smalltown |ndepandan: TV station—you can
abla service, regardlass: and (5) Equlpement thal, with

alweays connt en Du Moal ke how for scecomically-

minimum chaolescence, can be expandad n step with salp-and.sound guidamon,

E.| ALLEM B PU USNT LANDSATOEIEN, TRC

D BOHT LADCORATORTES, IHE = TELEVISION EGURFMENT DIVISICN, 47 HARDINRG AvE, CLIFTON, 8, |+ DU MONT METPORK AND

WARD, 515 MADISOM AVE. NEW YORE ZI, M, Y. DU MONTS JOMN WANAMAKGR TELEVINGON STUDIOS, NEW YORE 3, W T.
WITH, WASHINGTON, D & = ETATION WDTY, PITTSRURGH, PA. = MOME GFFICES AND FLANTE, FASSAIL AND EAST PATERSON, M. L
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The New TV Veryhlgh-Uitrahigh
Chonnel Praposals

TV’'s future, which during the past
year has been quite a crystal-gazing
project, appears to have emerged from
that mystic stage and acquired an en-
tevprising pattern, with the blessings
of government and many in industry.
The government appraisal bas been in
the form of a sevedty-six-page for-
mula citing suggested allocations for
the 2/if and nhf bands, while a com-
bined industry-government effort has
provided the famous Ad Hoc commit-
tee report' and six other pertinent en-
gineering avalyses covering propaga-
tion,

In the official FCC proposal, which
will be the subject of a hearing begin-
ning August 29 in Washington, ap-
pears for the first time a complete
evaluation of such factors as permis-
sible interference ratios for co-channel
and adjacent channel operation for
three grades of service. For the first
or grade 4 service a 55-db desired-to-
undesired co-channel ratio is sug-
gested and a 20-db desired-to-unde-
sived adjacent channe) ralio is pro-
posed. For the second or grade B
service, the ca-channe! ratio indicated
is 46 db and 12 d9 for adjacent chan-
nels, while for the third or grade C
service a 40-db co-channel ratio is pro-
posed and 6-db adjacent channe! fac-
tor suggested. The service availabil-
ity for each of these grades has been
indicated as 909 of the time and 909,
70% and 50%, respectively, {or the
various locations of the three services.
The FCC stated that they recognize
that by means of sync or offset carrier
operation some improvemeént (n the
interference ratios may be possible
and cited that they will make every
effort to encourage such operations,
but will not use them as a means of
reducing separation between stations
but rather to extend the service area
of the transmitter,

To interpret the field intensity of
transmitters the Commission has pro-
posed the use of iso-service contours
which were discussed in a supplemen-
tary Ad Hoc report by William C.
Boese. These contours express ser-
vice in terms of the ratio between de-
sired and wndesired signal in db or the

JuLy,
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minimum requiréd sigrals in db above
one microvolt per meter. This has
been done to facilitate computation of
service and interference field intensi-
ties. The same terms may be carried
over to the ouiput of the transmitter,
transmission Une losses and antenna
gain. The use of this system permits
the application of the same unit
throughont the service, whether in the
transmitting equipment or in the field,
and has the additional advantage that
a db of power added at the transmit-
ter results in a db of increased feld
intensity. So that these matters can
be placed on a related basis, the db
with respect to transmitter power and
antenna gain-as- well as the field in-
tensity, must be expressed as db with
reference to some given level.
Analyzing the separations possible
between co-channel and adjacent chan-
nel stations for.the 4, B and C ser-
vices, the FCC-réported that at 63 mc
co-channel grade A stations, with an
output of 10-kw, would have 10 be 148
miles apart, ‘while grade € stations
would have to be 252 miles apart. At
600 mc, over relatively siooth terrain,
grade A4 co-channel stations with an

~output of 10-kw could be 103 miles

apart and grade C stations 125 miles
apart. Quite a difference in separa-
tion is indicated in adjacent-channel
operation, with grade A4 stations in
the 10-kw category requiring a sepa-
ration of 50 miles at 63 mc and 43
miles at 600 me.

The Commission cited that it has
endeavored wherever possible to have
a co-channel separation for metropoli-
tan stations in the veryhigh band of
220 miles and adjacent channel sepa-
ration of 110 miles. On the ultrahigh
bands a co-channel spacing of 200
miles has been selected for metropoli-
tan stations and 100 miles for adjacent
stations. In the case of community
channels, a co-channel separation of
140 miles and-adjacent channel sepa-
ration of 60 miles has been suggested.

In the new ultrahigh allocation plan
forty-two 6-mc channels have been
proposed, channels being numbered 14
through 55, with I4 beginning at ap-
proximately 470 or 500 me, depending
on 2an action to be taken hy the FCC

1See pages 6, 7, 8, and 9, this issne.

with respect to the request of Bell
Labs for the use of this channe! for a
broad-band mobile communications
system. Thirty-two of the channels
have been suggested for metropolitan
and ten for communty station use.

According to the FCC plan, metro-
politan stations will be authorized to
employ an erp between 10 db (10 kw)
minimum for channels 2 to 55, and
20 db (100 kw) maximum for chan-
nels 2 to 13 with a 23-db (200 kw)
maximum for channels 14 to 55, pro-
vided the antenna height is a mini-
nwm of 500’ above average terrain,
Where antenna heights of 500’ ¢cannot
be employed, the FCC cited that
authorization might he granted but no
increase in power will be allowed.
Community stations will be authorized
to operate with an erp of not less than
7db (5 kw) and not more than 13 db
(20 kw).

No provisions for directional trans-
mitting antennas have been provided
in the new plan. The Commission
stated, however, that they recognize
that such antennas may be useful to
cover particular sites, and accordingly
they might be permitted in appropriate
cases. .

Detailing the procedures used to
establish the required field intensities
at the antenna, the Commission indi-
cated that it assumed the connection of
half-wave dipoles to a receiver via 50/
of RGS9U coax for 63 to 195 me
operation. In ranges near 600 wme
small rhombics with 300-ohm lines
were assumed.

Commenting on the possible use of
any channels for color, the Commis-
sion pointed out that any system pro-
posed must be able to operate in the
6-me chanrel and permit use of exist-
ing receivers, with only relatively
minor modifications being required.

The members of FCC, industry and
the independent consultants, who toiled
around the clock, processing the data
for these invaluable reports, certainly
nierit a vound of ringing applause for
their conscientious efforts. While all
the proposals may not be letter-per-
fect, we do have the nucleus of a work-
able plan which can be applied to an
urgently needed allocation program
for expanding TV.—L, W,
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DUBING THE VERYHIGH: ILTRAFRIGH
allocalion bearing: in December, 15948,
it became apparent that appropmate
Afdwers te. many vital propagation
issues were not avatlable, and thus any
iminediate processing of an allocation
plan weald be impessible.  Sipce the
need for such a plan is s0 urgent, o
was decided to appoint an imparnial
engineering  commities, which  would
probe all the issues and provide the
FCOO with data which copld he psed
bz formulate ap acceptable lower and
npper-band program

The committes, known s the Ad
Hoe commuttes, have after zix months,
compiled a substantial report, which is
replete with extremely pertinent data
and which has been of material assis.
taree i prepaning the long-awmiced
allocations jan.

Broadly speaking the objectives of
the committes were: (1), Predicsion
of service field intensities, (2}, eval
uation of the random variabions  in
field intensity from median levels dus
to lacal terrain and buildings: [3),
tropospleric  propagation curve vl
uatien . anel (4], method of combining
the effecis of the spatinl and time vari-
atioiss of the desired sigoal and ope or
more interfering signals

The Report!

(A} Prediction of Servieg Pield [n-
I ¥ Frur fecters wers consd
ered in this study, The frst concerned
& modification of grommd wave signal
range curves.  Althoogh not specifi-
cally proposed by the FCC, the qoes-
tion arose at the conference of the des
sirability of revising ihe groond wave
signal range curves appearing in part
3 of the rules.  The committes consid-
ered iy probler and decided thai, for
the purpess of making statistical coms
parisons between measured and cal-
culated valwes of feld intensity, the
standard curves would be modified o
that they follow the frec-zpace [nverse
diztatice walpe, rather than twice this
¥iloe, out to the point of departore o
the smooth-earth theoretical rurve be.
low that walue. This eorrection was
made since the line covresponding
twice inverse distance represents the
envefope of values expected  under
smooth earth conditions, rather than
the median valee, 03 exemplified by
thieae curves,

In the second point, the spparent
FABSTIELING . antenng height was

The AD HOC

Study, by Group of FCC Specialists, Independent Con-
sultants and Members of Industry, Covering Propagation
Problems Involved in FM and TV Transmissions Between
50 and 250 Mec, Reveals New All-lmportant Information
Which Has Served as a Base in Planning the Forthcoming

VHFI/UHF Allocation

Program.

by RALPH LEWIS

prihet. This factor was considered
cinee it-was foumdd to be a prevoquisite
te the delermipation of some of the
ather factors.  Severs] alternatives to
the present practice of specifying the
average limighl above terrain between
2 and 10 miles from the transmitter
were connidered ; namely, {a) the de
terminalion of an equivalent - ground
plang, (&} the wie of & residupl height
whete high ground intervened between
the fransmitter aml receiver, () ao-
teong  height shove recetving  point,
and (4] an equivalent earth's radips
passing throagh trunsmitter &nd Te-
ceiver sites.  Althoogh individusl in-
vestigation by several eomemittee mem.
bers jndicated dmproved pgreement in
somie cases beiween measaremetts and
predictions made in accordance with
une or pune ol the altermative meth-
s, Lhe commuttee agreed that the im-

‘WCommenting on their Bndings. the cummities
#lated that this report is & Bmal goc on sl of
the  prodems :mlTl that ol evaluaving the
zmulebive r*nr: al twa er mare inderlering
sIgnals. Thig proved to b= & very dilfieslt theen.
rutsesl problem asd a folubkm assable loe use
I praciea dfkcagion problesss hiss w01 vet been
Inund.  The committes Felb that tha asract wai
ERCrEMely. mpariant and mighd sariou efeet
vz allsentmn prohless where igversl inderier
NEnals e prediemi,  Howersr, 1 was comiider
Uent  the scbwtton ol chis prelslem sboold net
@alay che lagsancs of this repurk, simee 0 may
e used 10 cvalmite the affmct |;|i' o predoim-
ingnt inlecionzg -'nlrrlal 11 I8 imiznded 4o cun-
I a pindy & chis prolilem with the hope shan
4 fepedt om Usmo phase ol the prablem will be
ivacabls pror 0 che coptlusten of the Rale
Malring Froveedings, whick gre sopecied to be
hild aabesn the nexk alecy iy

*Tha commitiee indieated] ket ke mformaian
1L hid had bo work with was [ar 200 sean? dor it
Itk onmizer these curvea be be mrrhr: than a rals-
nwly rooph dggeddimation g the progagation
m-udril-:llll s b expected throughaus ike 15::11-::!
Sades.  Albsugh an 2Morl has been mada 0
axprtds the de@gice of acozracy ol the cirveis In
i cadrw that has not bees bde, 11 should

borne im misd. theredore, ihat ndditionsl es-
gerimemial dem miy meibs Hoadvinable ta moed
My Ube curved, pas toa ooiesferalle ¢xlant
N worma mpkanged

COMMUNICATIONS FOR JULY 194%

provement was peither sufficiently sys-
fematie, nor the magnitude of the in-
dicated iniprovenent suficient 10 war-
rant a Jeparture from the 200 mile
rile for the investigation of the staths-
tical relntionships between predicted
and mezasured valoes,  Conseguently,
the average bedight of the transeitting
antemn b the 2000 mils sector of
the radinl along which the measure.
ments were taken was wesed as a basis
for ail of the report shadies.

The decision to use the 2-10 mile
rule in the stodies made poder the
supetvision of the committes for the
purpnses of formulating o general allo-
caton, is nod to be taken as a recoms
mendateon that alternnte methods for
the feterrmnation of the antenma
height in specific cases should pod be
permittted  wnder the Commassion’s
rales.  Tao the eontracy. the committes
felt thay the roles should provide ape-
cifically for the pse of applicable alrer-
nutive methods of specifying the ane
tenie height, such as those mentioned
ghowe.  However, when such alterna-
teve methods are wsed, due considera-
tion must be given o their effects upon
the stabistical predictions presented in
this - report, since these lutter  weere
based on the sse of the 2-1emile rle,
and may no longer be walid for such
aliternative method.

The third factor involved the receiv.
ing antenna height-gain function. [n
comparing the coverage predicied by
the FCC standards with the coverage
2y revealed by experience, it was pec-
essaTy o use data obmined from Reld
intensity surveys of operating FM and
TV stations, A large portion of these
data were taken by mobils surveys at



Committee Report

receiving antenna heights of from &
to 12’ above ground. In order to re-
late the field intensities measured at
this level to the field intensities to be
expected at housetop level, at a nom-
inal height of 30, it was necessary to
evaluate the variation of field intensity
with receiving antenna height. A
study of available data taken at vari-
ous receiving antenna heights was
made to determine whether the as-
sumption of a linear increase in field
intensity with increasing height, which
prevails for the plane earth and has
heretofore been used, should be adopted
for this purpose. The data indicated
that the linear relationship could not
be expected to apply specifically to any
particular pair of measurements at a
particular receiving location, and that
the ranges of departure from linearity
appeared to increase with frequency.
However, the conclusion was reached
that for the purpose of computing the
gain which would be achieved on the
average, on oOther than mountainous
terrain, the linear height-gain relation-
ship should be used, More specifically
it was found that, with horizontal
polarizations, the field exceeded for
some specified percentage of the re-
ceiving locations varied approximately
in direct proportion to the receiving
antenna height.

Correction factors for standard
curves was the fourth point probed.
Studies involving comparisons of the
predicted and achieved coverage of
thirteen FM and TV stations in the
vhf band were made by the Central
Radio Propagation Laboratory of the
National Bureaun of Standards, under
the sponsorship and guidance of the
committee.

These studies consisted of a statisti-
cal evaluation of the ratios of pre-
dicted to measured field intensities
along radials from the stations studied.
The analyses provided factors for the
correction of the smooth-earth theo-
retical values to relate them to median
signal levels to be expected under
average terrain conditions in the east-
ern part of the United States. These
factors are shown graphically in Fig-
ure 1 and may also be computed from
empirical formulas (4) through (&),
in which the values are expressed in
db.

In arriving at these empirical equa-
tions, formulas (1) to (4) were set
up, where E(L,T) denote the field
intensity expresscd in microvolts per
meter for 1 kw of radiated power, and

2
: e ik ik
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Distance in Miles from Teonsmliting Station

Figure I °
Correction to the théoretical smooth earth field intensity required to dive the median of the fields
to he expected over irregular terrain for FM and TV stations, The theoretical fields were ca.lcn['nteci
by measuring the travemitting antenna height above the average level of the terrain between two
ond ten miles from the transmitting matenoe; this correction was considered applicable lor receiving

aotennaa uwp to 3 in beight.

At distanoes less than 12 b’y b’./A, the iree space field rather than

the theoretical smootb earth field should be uged a& the relerence,

F (L, T) denote the field intensity ex-
pressed in db above one microvolt per
meter for 1 kw as follows:

F(LT)=20loguE(L,T) (1)

In equation (1), L denotes the per-
centage of the receiving locations and
T the percentage of the time. For
example, F(50,50) denotes the field
intensity in db above 1 microvolt per
meter for 1 kw exceeded at 509 of
the receiving locations for 509% of the
time,

The effective radiated power, F’, is
expressed in db above 1 kw radiated
from a half-wave dipole and may be
caleulated by ‘means of the following
formula:

P’=1010g'10P—P"+G (2)

Here, P denotes the actual trans-
mitter power delivered to the trans-
mission line expressed in kw, P de-
notes the transmission line and an-
tenna power loss cxpressed in db, and
G denotes the gain of the transmitting
antenna array in the direction of the
receiving location expressed in db
relative to that of a half-wave dipole.

The formulas for the field intensity
are different at distance d less than or
greater than a certain distance, d,,
which is the distancc expressed in
miles beyond which the theoretical

smooth-earth field is always less than
the free-space field.

do = 231 X 104 H' H' fan, (3)

Within this distance the reference
field is assumed to be equal to the free-
space field,

Thus, for distances less than do, the
formula for the corrected field is:

F' (50,50} = P" + 20 logie (137,600/2)
+ M(d, f) (f)

(8=d;; 50 < fuc < 250 mc)
Where:
M,y =

0.06 fme + 0.5
d| 0.072 4 0.001 fpe -——n-—

o

(dédo; 50 < fmc < 250 me
(5
For distances between d, and ap-
proximately two radic horizons, the
formula becomes:

F'(50,50) =P 4+ S+ M(df) (6)
(do ==d =Z(\/2H, +2H.);
50 < fme < 250 mc]
Where:

M(d, f=0.001fn. d 4 0.072d
= 0.06 fme - 0.5 7

(do == d = 37.5 miles 50 < fmo < 250 mc)
and
M(d, fy =2.2-0.0225 fue (&)

[37.5 miles = d = 2(\/ZH, + VV2H,) ;
50 < fme < 250 me]
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Figure 2

Estimated variation with distance of the tropospheric field intensities exceeded for 195, 109 and 509, of the time: Radiated power, 1 kw; {requency, 63

mc; receiving antenns beight, 30"; trangmiting antenna height ss indieated.
the 309, fields beyond 95 miles from measured Fi/Eio, gssuming thet the distributions were db-normal.

In the foregoing formulas, F* (50,
50) is the field intensity in db above 1
microvalt per meter for a radiated
power of P” in db above 1 kw, M (4, 1)
is the correction to the smooth earth
fiedd to give the expected median field
over irregular terrain, and is expressed
in db, 4 is the distance in miles irom
the transmitting antenna, fn. is the ¢f
expressed 1in mc and § denotes the the-
oretical field intensity expected over a
smooth spherical earth with a radius
equal to 4/3 of its actual value; § is
expressed in db above 1 microvolt per
meter and is to be calculated for a
power of 1 kw radiated from a hori-
zontal half-wave dipole, The trans-
mitting antenna height, H,, to be used
in these calculations is the height ex-
pressed in feet of the center of the
actual radiating system above the aver-
age level of the terrain 2 to 10 miles
from the transmitting antenna location
in the pertinent direction. The re-
ceiving antenna height, H,, is the
height, expressed in feet, of the an-
tenna above the level of the terrain
immediately under it. H,”and H, are
the corresponding heights above a
plane tangent to the earth of 4/3
radius at the geometrical ray reflection
point and allow for the effects of
earth curvature in determining d,.

Figure 1 gives examples of the ter-
rain correction factor, M(d,f), as a
function of distance for several fre-
quencies of interest in television allo-
cation problems and for two transmit-

conditions,

ting antenna heights A, = 100’ and
H, = 1,000/. The dashed portions of
these curves are extrapolations and
thus may not be as reliable as the pre-
dictions shown for the intermediate
distances.

(RB) _Eualﬁatiou of -Random Terrain
Variations: In a study* on ground wave

propagation over irregular terrain at -

frequencies above 50 me by K. A.
Norton, M. Schulkin and R. $. Kirby
of the Bureau of Standards, appears
data which provides a relationship for
the estimation of the spatial distribu-
tion of field intensities in suburban
and rural areas in going around a sta-
tion at a fixed distance where the
median field intensity has been pre-
dicted using the foregoing formulas.
This will pérmit the estimation as a
function of the distance from the tele-
vision station of the percentage of re-
ceiving locations at which a particular
field intensity is available; Thus, it has
been found that the field, F (L, 50) ex-
ceeded at L per cent of the receiving
locations for 30 per cent of the time
may be determirned from the cumula-
tive log-normal distribution:

F(L,50) = F(50,50) + R(L} (%)
Where: (L) is the ratio in db of the
field intensities exceeded at L per cent
of the receiving locations to the field
intensity exceeded at 509 of the re-
ceiving locations. For the available
data and with the method of analysis

*See editorial.
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The 19 helds within 95 miles were extrapolated from measured Euw/Eeo, and

The values shown represent median terrain

used, the distribution function R(L)
was found to be approximately inde-
pendent of the frequency, the distance,
and the transmitting or receiving an-
tenna height. As noted, the data were
principally for suburban and rural
areas. There was some opinion among
committee members that the range of
signal variation in heavily built urban
areas increased with increasing fre-
quency, but no data were available on
this matter.

In using equations (4), {6), and
(9) for estimating the field intensities
expected to be exceeded at a specified
percentage of the receiving locations
at a distance d from some new station,
three kinds of errors may be intro-
duced: (a}, the new station may be
located in terrain which is markedly
different from that involved in the
measurements used to develop the
foregoing formulas; (&), the median
terrain factor, M (d, f), may not be the
true median value even for the kind of
terrain encountered in the eastern part
of the United States, since 1t was de-
termined from the measurements on
only a few radial lines from only thir-
teen television stations; and (c), the
factor, R(L), for very large or for
very small values of L may also be
somewhat in error. In the opinion of
the members of the committee, these
equations represented the best pres-
ently available data for determining
the average effects of terrain and are
suffiiciently accurate as to be useful for
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Figure 3

Estimated varietion with distance of the tropospheric field intensities exceeded for 1%, 104% and 50% of the time: Rediated power, 1 kw; frequency, 195

me; reeeiving antenna height, 30°; transm

application by the FCC to broadcast
station allocations.

(C)Tropospheric PropagationCurves:
In its analysis of tropospheric propa-
gation, the committee considered only
vanations expressed as levels exceeded
for various percentages of the total
period of recording, Some of the re-
cordings were for the period of a year.
Other data for lesser periods were
weighted 1n accordance with the total
period of recording so as to render
them comparable thereto.

The curves produced indicate the
levels of held intensity expected to be
exceeded for the indicated pcrcentages
of time, at median receiver locations
at various distances from the trans-
mitter. They are therefore useful for
the prediction of the wvariation in the
intensity of service fields as well as of
interference felds. In those cases
where a station is so situated that in-
terference does not occur within the
distance ranges at whieh the signal is
capable of providing service, the vari-
ation in the intensity of the desired
signal will produce a limitation to the
service rendered by the station, which
is a function of time.

The committee found that inade-
quate theory and insufficient measure-
ments made impossible a precise eval-
uation of tropospheric propagation at
this time. Measurements made at in-
dividual recording locations for com-
parable distances, frequencies and an-
tenna heights varied more than =10

db, due hoth to the differences in the
terrain and the troposphere. These
variations, which'-tend to obscure the
effects of power, antenna height and
frequency, are presumed to be due
mainly to terrain effects in the vicinity
of the receiver;"but conditions at or
near the transmitting site may also be
responsible for apparently systematic
terrain effects which have been noted
in connection with simultaneous re-
cordings made at different sites in the
same direction. In addition, some of
this variability is undoubtedly due to
differences in prevailing weather con-
ditions over the various paths meas-
ured. TIn spite of these considerations,
it is nevertheless considered that the
prepared curves will much more nearly
depict actual propagation conditions
than the grourd wave helds previously
used, especially at the larger distances.

The data used in the report were
unfortunately limited to a restricted
number of paths principally along the
Atlantic Coast. There are limited
data available along the California
Coast whieh indicate that these curves
arc not strictly applicable to that area.
In still other areas, there is reason to
believe that the conditions may he sys-
tematically different from those rep-
resented by these curves. However,
the committee was unable to prepare
curves for other areas of the country,
either with regard to the effects of ter-
rain or of the troposphere, and recom-
mended that the FCC use these curves

itting entenna height ss indicated. The values shown represent medien terrain conditions.

for all areas until more comprehensive
information becomes available.

(D) Method of Combining the Effects
of Spatial and Time Variations of the
Degired Signal and One or More In-
terfering Signals: As previously indi-
cated, it was the purpose of the com-
mittee to outline only the general prin-
ciples of combining the several factors
which determine the quality of service,
since the ultimate application involves
policy questions which were beyond
the cognizance of the committee.

Before interpreting the practical im-
plications of the studies embodied in
this report, there are certain consider-
ations affeeting the minimum feld in-
tensity required for satisfactory ser-
vice, which warrant reviewing:

First, there is the problem of inter-
ference to be overcome by the desired
feld intensity, with the interference
eonsidered to be constant with respeet
to time and location, as noise devel-
oped in the receiver and cosmi¢ radio
noise.

The ultimate limiting factor to re-
ception in a receiver with adequate
gain, barring external interfering
sources, is the noise produced in the
rf eircuits of the receiver. This is
measured in terms of the reeeiver noise
figure, which is a eharacteristic of the
particular rcceiver design.  Cosmic
radio noise, being of similar character,
ean be combined with the receiver

(Conlinued on page 30)
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Pigure 1
The ﬁﬂy-oositioq audio swiech section, which is
4% square and is coostructed )ike an attenuatar.

Rigure 2

Top view ol the awtopositioner switeh wunit showing the danged
switeh bank. FRroat section i3 a control ewiteh. Tbhe second sectiop
oporutes lamp cirovits and the lnst four sectians are for audio work.

A System of Remotely=-Controlled

A PROBLEM which has been ever pres-
ent with the broadcast engineer, since
the first days of broadcasting, is the
switching of various program circuits.
Switching from one program to an-
other occurs many times during the
broadcast day, and when multiple stu-
dio operation and several feeds are in-
volved this process can become quite
complex. Remote lines also call for
their share of attention. Program
switching has evolved through a num-
ber of stages which are familiar to all,
Patch cords, lever keys, interlocking
relays, and pulsed stepping switches
are all used to good advantage.

In the case of multiple system oper-
ation — TV/FM/AM — where extra
studios are on the outskirts of the city,
it is necessary to operate many pro-
gram loops and order wire circuits. a
job often too big for the telenphone
cables. As a solution, to obtain full
usefulness of all circuits with only a
small number of interconnecting tele-
phone cable pair between points, a re-
mote switching systemt was devised.

The system accomplishes audio
switching right at the central termina-
tion point of all lines by a switch bank
consisting of individual 50-position
sections and 100 contact studs to pro-
vide 50 non-shorting circuits. Only
every other terminal is wired so that
the rotor blade can move from one
position to the next without cross-
connecting the  incoming circuits.
Two of these sections are required for
each outgoing line from the switch
unit. Fifty incoming pairs are then
wired to the appropriate switcli con-
tacts. Since in this particular appli-

0 o

cation each remote “program line also
requires an associated order wire, or
engineering pair, four switch sections
are ganged together to select these
audio circuits.

Setting the switch bank to any pre-
determined position 38 ‘the function of
the head of the switching unit, which
in turn is driven by a small two-phase
motor.  Basically, the remote device
consists of an indexed circular plate,
called a stop wheel, retained by a relay
operated pawl. This wheel is coupled
to a torque limiting friction clutch
which is geared to the drive motor.
The driven element, in this case the
switch, is connected to the stop wheel.
Whenever the relay is energized it re-
tracts the pawl, the motor switch con-
tacts close and the entire mechanism
15 set in motion. When the relay is
de-energized the pawl drops into an

indexing slot and there is a positive:

stop.
Control System for Relay

So that positioner device can be set
up to desired points, a special seeking
switch has been included on the main
switch bank and a similar switch at
the remote control point. The obvious
means is to use switches with as many
contacts and interconmecting control
wires as there are positions to be
selected,

1The autopositioner. ‘Type 380.

fn the countrol systeya equation, P =2N—2,
where N equals the number of control wires
and P equals the controlled positions.

COMMUNICATIONS FOR JULY 1949

One type positioner’ has a seeking
switch directly coupled to the stop
wheel. Whenever the selector switch
is set to any given position, current
flows in the corresponding control
wire energiziung the relay, and the
positioner runs until the seeking switch
arrives at the same relative position.
The notch on the rotor btade then dis-
connects the relay allowing the pawl
to drop in the proper indexing notch
on the stop wheel. The engaged paw!l
aiso opens the motor contacts, and the
cycle is completed.

However, when a large number of
positions are involved, fifty in this
case, the interconnecting cable becomes
very cumbersome. Also, a large cable
is not very practical when the control
unit and switching gear are to be sepa~
rated by any great distance. To real-
ize the full advantages of remote oper-~
ation, control switches mathematically
based on the binary number system
were devised. In this way N number
of wires plus a common or ground
wire will yield 2" combinations. In
practice the number of positions is lim-
ited to 2° — 2, since there are fwo
unique combinations in the number
series which are not physically usable.
If five wires and ground are used, the
number of positions that ¢an be con-
trolled is 2" — 2, or 30. Six wires and
ground allow a possible sixty-two con-
trofled positions. The fifty-position
unit shown requires sjx control wires

*From a poper presenied al the Third
Anmal NAB. Broadcast Engineering
Conference,

[ Y



Figure 3
Rear view ol the autopositioner switch uait. iny five in_comu_\g
order-wire pairs and five incoming progrem pairs were wired jo

this particuler switch bank to facilitats viewing.

Figure 4
The atop wheel and relay.

lndexed Siop Wheel

Paw}

—

[

A/P Reloy

Molor Switeh

PROGERAM-CIRCUIT SWITCHING"

Switching Setup, Developed to Handle Remote Loops and
Order Wire Circuits for AM, FM and TV Stations, Can
Control Fifty Program Loops and Fifty Ofder-Wire Pairs
from a Central Location.

by JOHN A. GREEN and ROBERT D. ESSIG

Directar Engineer

Broadcast Engineering Department
Collins Radio Company

and a ground wire, but not all of the
passible combinations are used.

Sefenlum Rectlfier Power

Power (dc) to operate the positioner
relay is obtained from four selenium

rectifiers connected in a bridge circuit.
No fltering is necessary. An auxil-
iary relay is energized whenever the
unit is running for the purpose of
sifencing the program output line dur-
ing the switching cycle.

The remote control box is primarily

Figure §

Schematic of the mechanicel elements showing their relationship

to ooe another. Any number of index notchea on the wheel can

be used as long as (he correct reduction geering between ¢he
index plate and the filty-position switch shelt is used.

A/® Reloy 8 Powt

Reduclion
Geor

Nolor Pinwa

Cluten

Gearing
} !
Frichan 10 Noteh 50-Posiiion

S(op Wheel

St Aeduc)ion

Swich Gon?
Rolor Shal

{Drves Seehing
Swhch 6 Audio
Switches)

a ffty-position rotary switch similar to
the positioner seeking switch. For
ease in setting to a desired channel,
the switch has been driven by the knob
through reduction gearing. The knob
shaft also carries the detent mechan-
ism. A circular dial coupled to the
switch shaft has been marked with
numbers from 1 to 50, the set position
being read through a small window.
Further refinements are the spring
return operate toggle and the holding
relay which allows a channet to be
chosen in advance to the time of actual
switching.  Lettered neon indica-
tors show when the positioner is run-
ning and whether the dial is preset 1o
a new condition or is indicating the
channel in use.

Switching Cycle Timing
The positioner’s switching cycle re-

quires approximately 0.1 second per
position. A ten-position unit, which

Flgare 6

Reor view of the mounting plate, with the switch
banks removed.
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Figers 7

Diagradi af 1he anfaporitioasr maolor and ewiick soiar ahaki.

wioald adequately serve the switching
needs of mest stations, would accom-
plish itz most invelved  switching m
ane secomd gr bess,  The Afvy-position
unit will inake one complete revolu-
tiony i fowr seconds,

Additignal Applications

The uzes of the remote swinching
system are not fumited o the breadeast

Fonr apeswissng] peawihilnies: la o, wiier the  costrul ewitch is @,
hinati Tha fali in & iluswares Row (he bresk in e alreudh

imiustry alome, Az g mechanmical posi
tionig device, the poditioner can apply
tovgues: ol 6 inch-pounds  directly
through the friction ¢lugeh, amd the
driven shaft will actually bave a re-
positioning accuracy of 003 degree,
By an expedient of reduction gearing
betwern the contrsl head and the load,
veeful  torgee s oemsmly  mwbbapleed.
When this 15 done the stop wheel ro-
tntes &b & higher speed and corssspoaad-

Fujurs &

Fijurs 3

The pusition contrdl swih  The Jerds redor has
brEn Fut 19 fomesl tha i clipn in diflwrent
camhinefians al the Bidety SpEiEm,

ingly fewer index notchey are seeded.
The bmiting case 13 a arop wheel with
ot potel,  Ifsuch o reduction were
smployved on the hivy-position omil, the
availtalde bond worque would be 6 inch-
prauhds nualtiplied by ffty, or 3 inch-
peanids,

Any pomber of poitioner heads can
be ganged togethor and doven by &

flmerrnnedd v pagd 31}
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FREQUENCY DOUBLERS
With Low=Q Tank Circuits

TRE ranx cIrcurt ( of a frequency
doubler may be of the order of 25 or
less. Such operation is easily con-
ceivable in a number of practical cases;
for example, in a buffer-dounbler stage
of a trangmitter in which the carrier
frequency is to be made adjustable over
a moderate frequency range without
necessitating retuning of the buffer.
If the doubler is an AM stage, its tank
2 will usually be of the order of 10 to
15. Or, if the doubler is utilized in an
FM transmitter in which the deviation
is at all large, to prevent distortion it
is necessary that the phase character-
istic of the tank impedance be linear
with  frequency, thus requiring a
low Q.

When a doubler is to be operated
under these or similar conditions, the
low tank { causes the plate voltage
wave to appear as shown in Figure 1.
Alternate cycles are of unequal height.
This faet can be attributed to the tank
circuit by either of two modes of rea-
soning. It can be said that the plate
current pulses deliver energy to the
tank to overcome losses and thus main-
tain oscillations at the natural fre-
quency of the tank. The high damp-
ing associated with the low { causes
the oscillations to die out at a fairly
rapid rate, so that there is quite an
appreciable decrement in the oscilla-
tions over the two-cycle period between
current pulses., It can also be said
that, due to the low (), the impedance
of the tank at resonance is not enor-
mously greater than the impedance at
a frequency one-half the resonant fre-
quency. Therefore, a plate load of this
nature presents a fairly high impe-
dance to the second harmonie com-
ponent of plate current, to which it 1s
tuned, but it also presents an.appre-
ciable impedance to the fundamental
current component. That the voltage
wave of Figure 1 is a superposition of

Figure 2 .

Circuit in which the tank is shunted with a
series~-resonant circuit tuned to the fundamental,

-~

Analysis Indicates That Frequency Doublers Can Be
Applied Effectively in FM or AM Systems Where the @

May Be 25 or Less.

by R. W. BUCHHEIM

Instructor, Electrical Engineering
Yale University

a fundamenta] and a larger second
harmonic ¢an be seen by inspection,

The fundamental component can he

removed and the wave form purified .

by lowering the. tank impedance at the
fundamental. This ean be done sim-
ply by shunting the tank with a series
resonant eircuit tuned to the funda-
mental. A complete tank of this type
is shown in Figure 2.

The tank components can be com-
puted by using the following relations:

Let @, be the fundamental angular
frequency, and w, its second harmonic.

At w,, the impedance, Zi, of L, and
C, In series is

()

Zy=———— (2)
J. w: Cy
which corresponds to an admittance Y,
7 we Cy
¥, = {(3)
-3

Combining V¥, with the admittance of
C., the total adihittance, ¥,, is

)
Ynzjwﬂ Crm— (4)
3

Equation {4) indicates that the net-
work L, = C, =C, appears, at w., to be
a capacitance C,, where

G
1 Co=Co—— )]
W, = (1) 3
L, C, (Continued on page 33)
Figure 1

Low tank Q characteristic plate-voltage wave with alternate cycles of uwnequal height.

Tank Volis

COMMUNICATIONS FOR JULY 1949 * 13



Figmrs |
Tha pulicd-13ght pmaccier.

Telavinign LCycis For

Erakddrd Sousd

Siandard Seusd  Fhm Film Cyclae
=
i =E - TE I
E%ﬂ"_;i HEE T
380 f= |28 E=ZEL23D
4 g=lda| TP 7REEGg
'mlm-
B4
Dars
e
i 18kr: i u.l i
] |m-m
Ramin
o
Wl =i m.E -
m i =211 |-Hm
ﬁ-- R - B
I:Illn|
J i1 i “D-n b
1 —iillaw z az
m.lllﬂl |
Z
& e =—=tnm Oen
[IIF ] ﬁ
e B J

:]' ?Far:

il

L %_1_

Repeat

Mipusw 2
Tirmi evele &l I.ﬁ: lE-mm gprajscior.

TV 16=-mm Pulsed=Light Projector:-

Tas l6-mM MOTION-FICTURE prajecior
and its aspocinted film camera has be-
ciane the kackbione of most T station
layouts, Fer all seatbons, 16-pm Alm
consisting of jeatures, newereels and
commercials, acropmd for o barge pare
of the program time and for those sta-
tions without direct network faciiities,
video transcriptions on 18-mm Gim has
hocome oe of fhe major  program
soarces,  In fact, a4 recent sdurvey
shows that abowt 308 of the program
time i5 gecounted for by Alm tronsms-
Al0MS,

In TV service, requiribg iatermit-
went mobion flm projectors the stand-
ard soumi motion picture Rbm o with 24
frames per second muar be comverted
ta the 30 frames per second TV stand-
ard,  In addition, it 15 desirable to
tlominate enly  during the wvertical
blanking period of the TV signal and
thus the film must be stationacy in the
gate at thla tme. An examination of
the 1f-mum projector time cycle shows
the conditions whieh must be ot for
lhumination time and pull down time
The verlical blanking 15 st at 5% (o
B of 1760 of & second o thay the illg.
minafion thne cannot exceed 585 of
1760 of a second o B30 microseconds,
In developing a projector for standard

IG-mim motion picture gound Alm, pro-
vision has o be mede for the trans
porting of 24 frames per second inber-
mittenily pasgy the aperiure  The TV
system with its €0 fields per second
hiag L/2.5 thmes the 24 frame owolioon-
picture saie. In practice, this b4 frame
differential 5 taken care of by il
mingting one frame three Limes and
the next one twice, This imposes re-
strictions on the maximum pull down
tome of ¥ milliseconds.  Foctumatsly,
there are standard l6-mm projectors
that have better then 7 milliseconds
il down  so that 11 the projector
mechaniam 8 sypnchroniced with the
virtical pulse Trom the svnc penerator,
no spectal  intsrmittent, sch as e
quired for 35-mm projecters, 19 needed.

As indicated the ilumination of the
hlin most be timed to synchronize anth
the TV sync generator, This can be
aceomplished either by vsmg a rotats
ing shuiter io interrapt & <onfinddous
light source sgech 78 an are or incns
descent projection lamp or by a sys-
temy we found very effective, tluming-

*From g paper prepeiled o the Thard
Anouad NAR  Sroodearr  Engincering
Conferauce,
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tion ol the §ilm from a pulsed light
source’ timed from the sync generatar,

INuminotion Roguiremenfs

Hipgh-intensity illumination has been
foamd necessary tn obtain snhs.Ea::mr}l
reproshsction with present film pickap
tohes.  The short bight pulse (B30
microseey for TV is only YW as fong
as- the 2% pulse i 3 conventional
motion  pacture. projectds.  Thus the
light oorput must be very high fo give
adequate  intensity  throogh 3 dense
film omto the camera ohe moessie. It
witd Foungd that the pulsed light-spurce
system affords this high intensity illu-
minaton without requirieg elther ex-
cessive power of forced cooling.

In operation, the arc in the Aash
tube sirikes betwesn the two lungsten
alloy tips, sbout S000 to 7000 volts
being requeired to break dewn the gap.
The tube iz filled with Krypton gas at
a pressure of two atmaspheres which
gives g Bluish-white light pulse,

There are three tfunctions a satis-
{oetory pulsed Dpht system most fol-
fill

(1) Gas between the electrodes must
he jonized.



Shutterless Projector Uses Plulsed- Light from a Krypton

Flash Lamp,

Controlled by

the Sync Generator.

Hi-Fidelity Audio Provided, With Frequency Response

Equalized and Hum and Microphonics

Minimized.

by H. B. FANCHER

Hepd, TV Transmitter Division
General Electric Campany

(2) Energy for the light pulse sup-
plied to the lamp.

(3) Light pulse cut off at the proper
time,

Circult Elements Required
For 3 Functlons

In Figure 4 appears a circuit of the
pulsed-light system. In the setup a
vertical synchronizing pulse from the
sync generator is fed through a buffer
amplifier and used to trigger the mul-
tivibrator which in turn fires a block-
ing oscillator and thyratron. An RC
circuit, in the grid of the pulse ampli-
fier tube, is used to filter sharp spikes
from the sync line, and to make the
circuit insensitive to disturbance on
the sync line such as might be caused
by power line hash in the ground sys-
tem. The pulse, developed by the
blocking oscillator, is used to drive a
7158 high-voltage pulser tube. High
voltage for this pulser is supplied by a
conventional half-wave rectifier. The
output of the 715B is an oscillatory
wave having a peak-to-peak value of
15,000 volts with a 1 microsecond
period. This voltage appears across
the gap of the lamp and performs the
first function of jonizing the gas.

Salentum Rectlfier System

A much lower voltage, at high cur-
rent, is required to maintain the arc
in the flash tube during the light im-
pulse. This is provided by a three-
phase selenium rectifier with an out-
put of approximately 135 volts at ap-
proximately 2 amperes, in conjunction
with two resonant circuits. In the cir-
cuit, Ly and C make up a resonant
charging circuit which charges the
capacitors to a peak of 600 volts just
before the high voltage pulse is applied

‘Synchro Lite, using a Krypton filled fiash
tube (type FT-230) made by the G. E. lamp
department.

to the lamp. This charging circuit
operates in conjunction with a reso-
nant discharge circuit consisting of
L,, C, the flash tube and the thyratron.
The duration of the flash and the shape
of the hight pulse is controlled by this
resonant discharge circuit which is so
designed that the light pulse will be
414 to 5% of the 1760 of a second field
rate. This insures that the light pulse
will be equal to or, less than the lower
limit of the vertical blanking period.

Resongnt Waveforms

The thyratron carries the full flash
lamp current and acts as a diode to
cut off the light pulse during the nega-
tive swing of the resonant discharge
cycle. The peak current, through the
lamp, is approximately 70 amperes and
the light pulse is a half sine wave
which reduces the transient generated

Figure 3
Flesh-tube size comparison.

in the camera pickup tube over that
from a rectangular light pulse. (The
unit is fully enclosed with safety inter-
locks for protection of personnel and
with the necessary power switches on
the front panel. No adjustable con-
trols other than these power switches
to control the high voltage and low
voltage power supplies are required.)

Tests have revealed that with aver-
age film, the pulse-light system de-
livers 20% more video signal from an
iconoscope flm chain than the same
ilm in a system using a 1,000-watt
projection lamp and a rotating shutter.
From an operating standpoint, the sys-
temn permits stopping 2 single frame in
the gate, illuminated at full intensity
without danger of burning or blister-
ing the film. This allows a channel to
be readied for switching on the line
with shading, back light, and level ad-
justments preset and gives the pro-
gram director a clear image for pre-
view of his available channel.

Loamp Howse

The optical system, except for the
projection lens, consists of a separate

Fidure 4
Circuvit of the synchro-lite system,
- Blocking High Voltoge
Oscillotor Pulsar
(65N7) (718B)
Kryplon
Flo§h- Lomp
FT-230 *
| LV Supply v | HY Supply [2
w,'%w‘,’u 2 1{ex2/879) : l
° (6%X5/67-6G) _
Lamp Coloft
Thyratron
{FG-172)
Multivibrator
[ SE— (M)
Verticel [
Blanking {6SNT)
Puise =
%— LV Lamp
200V Supply L
S0/60n Selanium- !
Recllfiers
==
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lamp howse with provision for precision
moonting angd contral foy the fash
lamp, reflector, snd condensing  fens
I'_'||'51.ED'L

The condénding lens system |5 de-
signed 1o un:formly illuminace the Glm
in the aperture &nd is 30 designed wath
s Tefector mirtor o climinate Ay
Hicker in the projecied picture from
are wander in the flash tobe. Thiz 1=
done by allowing suffickenny overiap of
the aperture by the light besm and by
properly  positiomng the  reflectel
immges wath respect oo the direet image.
Eoth rotation and elevation of the
Aash lamp is provided o position
properly the light source with respect
to the oplical systeni  The porojecnon
leme itsell, complenes the oprical sys-
fem, [t consists of & 3% 12 fe-credite
coutedd lens® which projects the correcy
gize picture a1 podistance of WX rrom
the projection bens

The projeztos hesd drmell is & modi-
fisd Filmo-are projector” with o siand-
ard dophlie-claw type mdermigtent with
a pull dewn of 4.0 milliseconds. The
interiaitent movement 1% doven by a
1800 rpm, 1/75 hy symehrogou: motor
Aigce o mechamcal shutter e Fe-
rpanresl, the drrye mvtdr con bie srrmall
and  consequently, the sarcing  and
stopping time e grently reduced, since
there are mp heavy elemenls e add -
ermia o the system. A sqarnng time of
three secomds amd & stopping Lioie of
twn wecomeds i5 thus awsined A wepas
Tabe I::Lkvr'up mechamsm and moter are
ucheded whech are also nsed o pro-
vide rewind facilities.  Swvnchronizo-
tion of the intermittent movement of
the fitlm with the TV syne genecator s
amsured sinee the syncheonouos . moror
drive apd the TV syne geoerator are
both  locked  fo the power systenm.
Thasing the projectir & accomplished
by orechanizally changing the position
between the motor shait and the mter-
mittent drive shailt with o set-crew
couping. Omce the projeckr 13 prop
erly phased with the svne generator
and wther projectors in the same 5y
tem, there m oo weed for furiber ed-
juBtment.  Since the pabsed-light sve-
tem properly times the light pulse with
the syne generator, no de beld on the
driving osctar 38 reguired and the pro-
Jector will plways come up with the
proper phase,  Complete freedom irom
the power Iine :I'rrr[m-:l:u."_-' can bhe ol
wined by svnclronizing the progector
driving motor directly from the sync
generator.  Thia elinomates woy pro-

S —

*Eeldl gl Howrll

4,000 reel drmme @t preedled wills the pao
Fcind g FhEl af 1o TED minuzeg ofF continmunm
film cien b provided wlth (He prajeetor, T jnibei
minens mowemenl gnd driving meckaniem 0 de-
g Joe 1008 hr lile.
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Flpars §
Cueeeil and salggge mawalorme. The time scale
has bean dsgrorced booillesirade @more efectively
the dischecging and currene warslnrm.

jector phasing requirenient and per-
mits ihe station syne generator o be
phased with rensote or network sgnal
my meed 1he suggested EMA  recom-
mendation  concerping contimaty ot
vertieal synchromizabon. A framing
devire” iz provided i the projector
head to permt exact.plarrment of the
film frnme in the aperture

The sound svstem consisis of p o=
ventional exciter lamp, Tens, sl with
n phatocell pickup,  The excuwer Inmp
Blament iz highted by & high-frequency
(5 ko) supply te eliminate i ham,
A Dk shield s provided oo exclude
pxteaneons light from the voom from
entering the photocell.  After the flm
leawes the pacture aperiure, the wter-
mutttent motion i largely redwoved by
i contineoesly moving Geeond sprocket
and & thord  continuously  moving
sprocket wihich draws the hlm al n
constant gpeed Eruom the sound aper-
fure.  Wilrabion femoving or dieng
devices are wsed, . These, known as the
souand filter, consist of p weighted ro-
tating fywhee] rigully mounted to the
shaft of the coller which carries the

Fijuiw &

Negr wiew nl the lamp hoome.
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filoin pazt the sound aperture, I ad-
dition, a fdevice called] an - ascillatery
stabalizer is used to neutralrze arregus
larities n the rate of hlm travel by
Bransimiting o (ofwacd motion of e
Glin on the take-up side of 1he soond
gperture hack to the portion of the
film that has not yer regched e odnd
aperture a3 2 backword impulse.  This
acts so that any change from a con-
stant rate 1n the travel of the film iz
tade o piewtralize itself  Fimally, a
conpstant  fengion  takeap mechanizm
provides o seeadily IncCEASIE  LOTgUe,
a3 the wheel becomes Topded with hlm,
and probects -against wibraton  ond
sethks inherent :n 3 take-op driven by A
spring belt wilth o elip elurch o pdjust
for differences due to changes in the
amount of film on the rbssap reel.

Audio System

The awduy system has o peocelly
which along with a preamplifier], makes
ujr. the sound head for the progeetor.
Since the photocell s a low level, lngh
impedance spevice, the location of the
amplifier pext Lo the phototypbe redoces
hum and poise pickup and peovides o
high-lewel  lowes.  impedance  signal
which can be passed through o cable
to the nmpliher m the projecior haze.

Angplifier, & two-tnbe affair, has a
self-contained  power supply -and an
:qm'l]z:l:lnn netwirk o conipensate {or
the film soansd track defictencies; The
amphfier ifseli bas a frequency  re
sponse between 30 and 10000 cycles
within =014 db and a ooise level &
e below =20 dhan which 15 the natmal
output signal Jevel fed from ihe vt
into a OO0 LS50 ohn Line

The equalization provided will gve
the svstem @ Hat response {frow 30 b
L0 oycles Trom 4 9tandard mulifre-
guency tesl Aboe  Old ooy ibn may
dicraze a somewhatl reduced frequency
ramge which can be oldzined by con-
trols i the egoalization pnetwoerk,

Tlhie systein naizs level s made op
principaily of the random nowse from
the photocell and first amplifier and
picrophonics from the projector mech-
anism.  With the prejector stopped
and 9 250 newtral fillee in the gate,
the noise lewel is 55 db and with the
projector rumibyy, the total signal-to-
noise ratio b5 20 dh

Credits

The writer wishes 1o acknowledge
the work of Lo €. Deewnies and E. H,
Lederer of the transmatker i:15.,|.;'.n|=ri:n;
devision, who contribazed e the design
of the patsed-light grstem,
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han unexpecled answer®

d from 3 telephone repeatet

fize systerm 15
Qp Connrgs I i over W 2 o
* insulled oF bout using 2 sPea Frequency
opera(.lng wit Yes—if @ Kellogg vace sed. The
e . thepbone Repeater ‘s,_h mndafd

—— This is possﬁ::z o
—————— = fu.“Y ze&g‘znel:dwr Usit, zh‘::ﬂcghp
No. o sharp CU4Q d-pass:
2= i:,ﬁlsle‘:li, 200-2700 CPS ‘band-p2
filless.

—————
———

By limiting the band of frequencies to be passed and amplified,
the No. 204-2 Filter allows maintaining a high degree of balance
with a relatively simple network. It thus permits maximum re-
peater gain on circuits upon which a carrier system is superim-
posed and on heavily-loaded cable lines. The No. 204-2 Filter - . " .
also producés a quiet circuit. Its use greatly attenuates any noise ~ , UMY construction [acilitates agdaptation
voltages outside of the pass-band, eliminates carrier leak and fo various circuit reqivrements, while a

. . . variety of line units may be obtained for
cross-talk and 60-cy. hum induced by adjacent power lines. different circuit or signalling functions,

. . . . . . Kellogg Repeaters are available for operas
Stable balance is easily obtained with maximum ease in the tion (g}%m 2])4v or 48V battery or ;rfm a

Kellogg Repeater with continuously variable potentiometers and 105-125V 60-cy. AC power source.
a series of small capacity steps. An ordinary screwdriver quickly
makes all adjustments, with no need for strapping. Gain adjust-
ments are accurately calibrated in 1-db steps so gain is always
known without necessity for measurement.
Kellogg Switchboard and Supply Company

6650 So. Cicero Avenue
Chicage 39, (Minels

SEND FOR OUR REPEATER BOOKLET TODAY]

” ”ﬂ‘ SWITCHEOARD AND SUPPLY COMPANY

Culabihiard 1497 REPEAYER ] I CITY. STATE
6330 Bouth Clcero Avenue - Chlcage I—
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IN THE analysis of electrolytic corro-
sion in coils, in part 1¥ it was pointed
out that leakage paths may be estab-
lished over the surface of the coils
from terminal to terminal, or through
insulation from one conductor to an-
other where potential gradients exist,
or between conductor and frame
through the insulation. Many corro-
sion failures have been located deep in
a coil structare, far from outside sar-
faces, where a leakage path had formed
between the copper of the conductor
and ground.

In order to have current flow
between wires or between wire and
ground or terminal in a coil, it is nec-
essary that the insulating film on’ the
magnet wire be broken to the extent
that it is no longer a barrier to the
potential impressed on 1t.

Electrolytic corrosion is frequently
caused by minute nicks, or cracks in
the film of the wire, This explains
why many opens in coils, resulting
from this type of cortosion, appear as
a broken wire. Microscopic examina-
tion, however, will reveal greening on
the end of the wire,

It must be noted that these factors
for producing electrolytic corrosion
are essentially the same as those pro-
ducing chemical corrosion, namely,
impurities in the construction, material
and moisture—with the flow of dr in
leakage paths added. This flow of
current causing the action described,
accounts for the spread of electrolytic
corrosion.

In 1937 the theory of electrochem-
ical oxidation of cellulose as a cause
of electrolytic corrosion was intro-
duced.! Many tests seem to substan-
tiate this as a fact. Electrolytic cor-
rosion will take place in a coil, making
use of the purest forms of cellulose in-
sulation, if a dc potential and moisture
are present.

This corrosion is the result of elec-
trochemical oxidation. Cellulose such
as paper or cotton will oxidize at the
particular spot, where they contact
minute areas of bare copper wire that
carry a positive potential in respect to
other wires in the coil.

The oxidation products will combine
with the moisture to form complicated

Figures 1, 2, and 3 (top to bottom)
Curves shown bere ere based on electrolytic
corrosivn tests which indicate the difference
hetween a material that will corrode and one
that will not. These are stress-strain curves
on small diameter ¢copper wire, before and alter
the corcgeion tests, tests heing made on hack-
ings ol pressure-sensitive papers. A sample
showing no corrosion had a cellulose acetats
hacking, while the sample which corroded used
a paper hacking, (See CoMMUMNICATIONS, Janu-

ary, 1949, for detailed analysis of eurves.)
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Corrosion In Multiple

organic acids, which are good electro-
Iytes. These organic acids migrate
within the coil and are readily ioniza-
ble. Once these organic acids are
present, electrolyti¢ action can take
place as previously mentioned. It
might well be that the organic acids
are corrosive in themselves and also
attack the copper chemicaily.

Galvanic Corrosion

Galvanic corrosion is in the overall
corrosion picture in a very mild way.
Few open circuits occur from this
source, but increased resistance be-
tween terminals of coils is often due
to galvanic action, which takes place
when two dissimilar metals are joined.

The degree of action depends on the
relative position of one of the metals
to the other in the electromotive force
series of the metals. Any metal in this
series is negative or cathodic to those
below it. Whenever dissimilar metals
are joined by amalgamation, contact
potentials are set up within the amal-
gam itself and ion migration takes
place within the joint. However, this
ion migration inside the joint proper
has no bearing on the corrosion prob-
lem and is a subject of its own.

The Problem of Molsture

Moisture is again a factor in gal-
vanic corrosion. The emf established
by the two different metals in conjunc-
tion with the moisture forms many
galvanic cells or minute batteries at
the surface of the metals, the water
becoming an electrolyte to complete
the circuit, Any or all of the reactions
which take place in a battery, such as
evolution of hydrogen, dissolving of
metals, and plating actions, can take
place in the many galvanic cells at the
surface of the bi-metal joint. It is
these actions which attack the metal,
form corrosion, and reduce cross sec-
tion area to the point where resistances
are affected.

Up to this point, the fundamental
causes of corrosion in multiple layer
coils have been described. These reac-
tions take place in one form or an-
other, regardless of whether the coil
makes use of layer insulation or is ran-

1 Dr. H. N. Stepbeng and Mr. Gehrenbeck at
Minnesota Mining and Manufacturing Com-
pany.

* ComdunICaATIONS, JANUARY, 1949,
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Layer Wound Coils

dom wound without insulation between
the layers, The big question is the
control of corrosion in 2 coil.

Multiple Layer Coil Corrosion Control

As mentioned previously, chemical
corrosion takes place while the coil is
at rest and not energized. Its contro!
can only be effectively maintained by
carefully checking the purity of all
materials entering into the coil con-
struction. Paper and cotton materials
should have a neutral acid number or
ph if safety from chemical corrosion is
to be assured.

This control can be accomplished by
extracting or leaching the material
under question in distilled water, run-
ning a hydrogen-ion concentration
check on the extract with a ph meter,
or titrating the extracted solution
against a standardized acid or alkaline
solution, depending upon the circum-
stances.

Ii the coils are varnish treated, the
characteristics of the varnish film after
aging must be known, and assurance
established that any acids or soaps
formed will not be corrosive. As
pointed out, ingress of moisture plays
a most important part and any treat-
ment, potting in compound, or sealing
up that can be done on a coil will help
guard against ehemical corrosion,
Air-borne impurities, such as CO,, acid,
or alkali, and other fumes in small
quantities which combine with mois-
ture to form corrosive solutions should
be shielded out by treatment or potting
whenever it 1s possible to do so,

The problems of heat transfer and
economics should be given careful con-
sideration in deciding whether or not
a coil should be potted or sealed in a
can. Last but not least, all Aux re-
maining at soldered or brazed connec-
tions should be removed.

Electrolytie Corrosion Control

Control of electrolytic corrosion has
been a problem for years and while
there is still no control technique uni-
* versally recognized definite progress is
being made in that direction. Due to
the magnitude of the problem, many
people having a responsibility in the
control of materials entering into mul-
tiple layer coils, have a method or
technique for evaluating electrolytic
corrosion. They have established their
own technique, whether they are man-

Part 11* of Report on Progress Achieved In Overcoming
Electrolytic Corrosion In Multiple Layer Coils; Tests Used

To Determine Characteristics of Corrosion.

by HOWARD ORR

Works Laboratory
General Electric Company
Fort Wayne, Ind.

ufacturers of coils or suppliers of ma-
terials used in coil structures.

One point definitely certain is that
not all materials are subject to electro-
lytic corrosion and that materials pro-
duce electrolytic corrosion in varying
degrees. These facts seem to be borne
out by all the methods used in evalu-
ating electrolytic corrosion. At the
present time, it seems evident that
materials which are not subject to
electrochemical oxidation and are not
ionizable are not subject to electro-
{ytic corrosion.

Some of the.materials that do not
produce electrolytic corrosion are cel-
lulose acetate, methylamathaculate,
polysterene, polyethylene, acetate buty-
rate and Nylon. Materials which do
produce this type of corrosion are kraft
paper, rag paper, cotton cloth, tapes,
and sleevings, phenolic compounds and
animal glues. In the case of paper and
cloth, varnish treatments do not guar-
antee against corrosion of the electro-
lytic type, and a neutral ph is not a
guarantee against electrolytic corro-
sion.

It is well established that in order
to have electrolytic corrosion moisture
must be present; therefore, one of the
first requirements is the conditions

2In June, 1945, the American Society for
Testing Materials established SubCommittee 7
Section E of Committee D-9. It is the duty of
this committee to establish test methods, ac-
ceptable to industry, for the evalualion of
pressure sensitive tape. Ume of the properties
ol pressure sensitive tape requiring evaluation
is its electrolytic corrosion factor. It was in
this committee that the many individual meth-
ods for evaluating corrosion were brought o
light.

Each method presented, of course, carries
much weight and merit, Industry engaged in
the manufacturing of coils and also those en-
gaged in the manuoflacture and supply of coil
construction materials have representation on
Sub-Committee 7. The work of this committee
is pertinent and important to the problem of
electrolytic corrosion, because any test methods
established for the evaluation of clectrolytic
corrgsion of pressure sensitive tapes will be
applicable, with only slight modification, to the
other insulating materials.

Evaluation of malerials for electrolytic cor-
rosion is of course a big problem. Inasmuch
as no method of acceleraled test has yel been
zdanted by ASTM no attempt has been made
in this paper Lo eatalog cor place values on the
various methods.

under which tests® are to be made.
Temperature and humidity are espe-
cially important, In order that accel-
erated tests mean anything they must
be significant to the service conditions
in which coils are placed. Recom-
mended temperatures range from 75°
to 125° F and humidity from 85 to 100
per cent plus dew, There is little dif-
ference of opinion existing on the tem-
peratures within the range given, Ii
salts are used for obtaining a definite
humidity according to the Interna-
fional Critical Tables the temperature
will be fixed by the humidity. Opin-
ion, however, is divided on_ the proper
relative humidity for testing purposes.

One school of thought advances 98
to 100 per cent plus periodie cycles of
dew, the theory being that much elec-
trolyte will be produced quickly, cur-
rent fAows will be heavy, answers
would be fast and the test would rep-
resent the worst condition ¢oils could
be subjected to. The disadvantages
are, that due to the severity of the test
many materials which are entirely ade-
quate for their purpose might be re-
jected. The condensation or dew pre-
¢ipitated on the material may dissolve
a large amount of airborne impurities
to forin electrolytes which are not pro-
duced by the material under test. Of
minor importance would be the rapid
deterioration of the test fixtures.

The second school of thought on test
conditions makes use of humidity be-
tween 90 and 95 per cent. Under this
condition, the electrolyte formed, which
is all produced within, and by the ma-
terial under test, will show the degree
of corrosion, thereby allowing closer
eontrol. in separation and classification
of materials. The formation of heavy
current carrying electrolytes on the
surface of the material being tested is
minirized.

The disadvantages of these lower
relative humidities are that some ma-
terials may he pronounced non-corro-
sive, which on a very long time test
would produce some corrosion. In ac-
ceptance test work, material will be
withheld from production for a longer
period of time if the lower humidities
are nsed,

[To Be Continued]
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Your telephone receiver should
treat each tone in the voice alike;
that is important to you, because
proper balance makes pleasant
listening and easy understanding.
Naturalness in receiver perform-
ance is pictured in a matter of sec-
onds by the apparatus shown at left.

The receiver is clamped in place
and an oscillator feeds into it fre-
quencies representing all talking
tones. Then a bright spot darts
across an oscilloscope screen leav-

/

YOU

can hear better

\

ing behind it a luminous line which
shows instantly the receiver’s
response at each frequency. It is
precise; and it is many times faster
than the old method of measuring
receiver performance point-by-
point and then plotting a curve.

At Bell Laboratories, develop-
ment of techniques to save time
parallels the search for better
methods. For each time an opera-
tion is made faster, men are freed
to turn to other phases of the Labo-
ratories’ continuing job — making
your telephone system better and

easier for you to use each year.

BELL TELEPHONE LABORATORIES

EXPLORING AND INVENTING, OEVISING AND PERFECTING, FOR CON-
TINUED IMPROYEMENTS AND ECONOMIES IN TELEPHONE SERVICE.




TUBE

T LscreasEn use of the i bands
have prompted the prodoction of quite
& wvariety of tohes for fixed and mohile
EFEVITE

One twbe, Tecently announced, the
P63 p S%pin miniamre vhf bean
powes amiplifier, has besn desighed for
ugs in Jow-power, mohile transmitters
and in the low-power stages of hgher-
power, hxed-station tramsmiteers,  Io
has & maxmum plate dissipation of 12
watts and can be operated with il
input up to 175 me.

In class & service at 50 me, this am-
plifier can deliver a wseful power ok
put of aboyt ¥ walls (ccs} with a plate
voltage of 300 and a driving power of
035 watt, With s driving power of
6 watt, the tube affords & wseful
power outpist of aboor 21 wabts as &
doubler ard LY walts as a tripler,

E74} lastalletion ond 4pplication

The bpse g of the 5763 At the
moval Dopn socket, and il used 0 ae-
seaft tramsmitters at high allitades, it
is recommended that the socket clip of
pin 2 be remioved. Hemowal of this clip
will belp to wnsulate the plate {pin 1},
from grid 2 {pin ¥) and thus prevent
any fashaver,

The buif becomes hoo doring cofi-
Binuoums operation amnd, therefore, free
circytation of 2 around the tobe most
be provided, IF g tobe shield i nsed,
it has been fmmd adwizable to paint the
inside and cutside surface of the shield
& matte Black, and to provide vendils-
vion slists 10 prevent the temperature ag
the hoitest point on the bulb surface
from excceding: 2507 .

Girid T of the tube has been designed
with heavy support rads, and has bao
pit eonnestions { pins & and ¥) to per-
mit copfer grid operation.. lo opera-
igm, it b esdeniiad that both grid Moo 1
fing be conmected into the cireuit,

Im clazs © FM service the 5763
ghouid be operated with grid bias ob-
tained from o fised supply or from a
grid resistor. The gse of a grid re-
stetor s preferred becanse the bHas is
autcmatically adposter] ps the Imad on
the ercuit varies. Because of the high
amplihcatzon fzctar af the tobe, o small
cathode rezigtor of 68 ohms can fur-
nish sufficient voltage to protect the
tube in the event of excitation failure
and resultant lose in developad bias, A
cathode bias of 3 valls, veqoired  for

'RCA

Engineering News

Features of the 5763 Miniature Beam Power Amplifier,
4.65A Power Tetrode and 811-A Power Triode VHF
Tubes Designed for Fixed and Mobile Service.

protection, is sufficiently somll o make
the de plate power loss an animportans
fackor

In class C service, the grid cursent
and driving power vequired o obeain
the desired power ooipar owill vary
with the plate leading. 1 the plate zir-
cull presents 8 relatively low resstance
1 the tube, the desired oulput can he
ohtiined with velatively low grid cur-
rent and driving power, but plate-cir-
cuit efficiency 15 sacrificed.  Con-
versely, if the abe aperates into u rela-
tively high load resistance, relatively
high grid cureent and driving power
are requirsd to obtain the desived gut-
put and the plate-circat effecoency will
ke high, In practice, a comprimmise
rest be made between these extremes,

Az stated enrlier, the tobe can be
operated at full foput up to 175 fo
Hewever, it i recommended that i1 he
used as a frespuency moultiplier rather
thap a3 @ sieaighe-through amplifier at
Irequencies above 133 me, to avold ex-
cegsive driving poweer doe to b et
Tnading,

Becawse of the relatively large &
corrents cartied by the grid amd plate
terininals, beswvy conduwctors must be
used 1o make the circuit connections.

When two or more tabes are wsed in
the circuit, precoutions should e taken
so that the plate corrent deawn by each
tube = the same,

When more rf power iz reguited
than can be obixived from o single
fube, pish-pull or paralie]l circuit ar-
rangements may be used. Two tubes
in parallel or posh-pull will give ap-
proximarely twice the power ourpat of
one tube, The paralle] connection re-
fuires po o mcreade oo exciting eoltage
mecesdary 0 drive the tube.  With
wrther connection, the drveing poveer
regquired |5 approxinmtely bwice that
for o single tube

The #-454

Another recently announced o
tube, the 4-65A" a power tetrisde, has

& maximum plate dissipation of &5
witts and was developed for maodula-
tor, power smplifier, and  osollato
service.  Can be nied with tull mput ae
Erequencies uf to 50 me and with re-
duced inpul up to 250 me,

The BT1- 4

A third ohy tube, for Tagher power
applicateon, the AL1-A' power fricde,
hay also become availalble, A psoae of
these tubes in class B af service, with
s plate input of $M0 waits (eoed) re-
guires a dreveng power of 4.4 watly
aml can modulate 100 per cent an ff
amplifier havimg an input of S80 watts,

Iin wnmodutated clazs O service
pnder swas coaditions, twa B1L-As op-
erated with & plate input of 320 watts
require a driving power at the tubes of
about 14 wakts, Operation with maxi-
mum Tatings is permissible wp o to 30
mc, and with reduced ratings to WG me.

In class & modulator or af service,
the B11-A should have an input ivans-
furmee - designed o give good fre-
quency Tesponse when operated tolo an
open circuit, such as that represented
by Ehe grid circiit of the class B stage
when the signal inpot bs small. I
should slsn be designed to handle the
reaquired mput power for o sliong sig-
nal, The outpur vranstormer showld
b designed so that the resistance Joad
preseofed by the modolated cluss ©
atage 15 refectsd as the pecomnendoed
pate-to-plate load m the elasa B stape.

In thiz type of service the tobe re-
-:|1|irrs no grid bias at plate u-:ﬂl:.u;u wp
to and including 1,2X), but above this
valos, 5 seall amoent of grid bias is
required.  In feas operation of the fube
with 15K volts o the plate, 0 i3 nec-
rssary io wse a grig biss of —43 voils
with reference (o midpoint of filament
operated oncac, or aboat =04 valts with
reference o the negalive end of the
Alament operated on de.

[ Dl lased on copyrigited wformaban
propaved by the by Dleportmdint of
A
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L=Section Low=Pass

Pigurs 1
Eleoexinry low-pesa £3mrs

FiuTeRs are comvenrently specihed in
terms of £, the characteristic jmpe-
dance, and f, the cut-off frequency, A
singlessection filter of the tvpe under
consideraiion, ternunmated ap £, s
shown in Figure [{a). Defined in the
usual way, £, 15 the input impedance
o the Alter section when it s ber-
minated in thal same impedance.  Tlis,

Z.

Tul
Foemlal 4

JI w
Solving for £,

Jaul L arps
Bom— g\ D)
Z c 4

Arw approaches o

L
-0 Y (2)
-

& purée fesElineg,

If the filver is abways ferminsted in
ity charpcteristic impedance, 8 source
of power conoected to the Al will
alwaye see that impedance 25 a Joad,
Cut=ff will eccar when the source
dises u pure reaclance, ames then no
power will be absoshed by the load
Thas takes place when the sguare root

term in (1) disappears. Thus,
L wr[rf
= _ 2 =
N £
and
3
Wy = R
L o
wilnere w; i the cot-aff angular fre.
quency, Then,
|
fo== id)

~VIT

Probe of Theory and Design of Low-Pass Filters Based on
L-3ections, Commonly Used for Decoupling Purposes and
tor Smoothing the Output of DC Power Supplies
Discloses Other Applications Where Some Variation in
Transfer Throughout the Pass-Band Can Be Tolerated.
Chart Developed to Facilitate Design Work.

by PETER G. SULZER
Resparch Agsistant
e Pennaylvanin State College |

where [, i the cut-off frequency, It
should e soted that Lhe resonant fre-
quency of & series LO gircuit s

1
Therefore the caut-off fre=
e I0

qQuénscy 38 Cwloe the eesonant [requency.
In some applications i iz necessary
te know the phasze shifl and time delay
throggh the filter. Referring to Fig-
ure 1{#],
fy

Za

Solving for the ratio —,
By

E, 1

E. 14i=CZ,

AE low [requencies, (2} can be substi-
futed for Z., and therefore
Ea 1 1
e = <
£ 14+1e/TT ~TE&LC (5)
where 8 = tan™t {=wy/LC ). If the
phase angle @ b5 small, B = tan B =
- w LT, indicating, as might be ex-
pected, a lag through tle Glier, Since
i
T = m—
-]

f=wLe (&)
where § & the delay tme throngh the
filker, By combining (4} and (4} it
ts possabile to ohkzin the relation that

2} ¢ COMMUMICATIONS FOR JULY 1949

1
(7

[ =

T e

The expressions derived so far apply
i 2 Aleer wath any mamber of sections,
simoe g perfect match is assumed, each
sechon properly terminating the one
hefore it 2, and f. are independent
af the mamber of sections, while the
expressioms for 8 and § moest e mulie-
plueed by the mamber of sectums.

Efecty of Terminathon

Unforvenately, in pracice it iz lm-
possible to terminate the filter in the
vahoe of £, given by (7], since s
impedance becomes entirely lossless ab
the cut-off frequency, [t 13 wmaally
necessary, therefore, to nse Hie bowe
frequency walae, given by {2}, a3 an
approximation.  Comparison of (1)
andd {2} shows that g somewhat beiter
approximation can  be  gheamed by

L
GEing = in series with a resistance
a

L
egaal v — a2 3 terminaran.
C

Caleulation of the transfer charac-
teristic of the Rlter is hest carried ot
with Lhe aid of malrix algebra® In
wming this method, & pair of eguations
is obtained in the form

E|ﬁ ﬁ.E:-f H.Iri-
.II|=":.'E|--1- L'f,

where A, B, C, and [ are coefficients
associated with the nelworl, aml I,
amnd {; are the corrents respectively
emering the network st the lefi-hand
gide amd leaving at the right-hamnd

]



FILTER DESIGN
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Figure 2

Voitage-transfer characteristics of two-section flters with various

terminations.

side. If the terminating impedance is
included as part of the network, the
cemposite network made up of the fil-
ter and its termination will see an
open circuit, and therefore I, = O.
Then,
E2 1
Ei=AE,or—=— (%)
£ 4
E,
where — is defined as the voltage
E,

transfer characteristic of the filter.

The coefficients 4, B, C, and D are
the elements of the over-all transfer
matrix for the network, which is ob-
tained as follows :

Referring to Figure 1(¢), it can be
seen that the network is easily divided
into series and shunt elements. The
transfer matrix for a series element,

Z, is
1 z] _ J1ieL
o 1] o 1

in this case, while the transfer matnx
for a shunt element Z, is .

FF1 0 1 G
[ ]-

- 1] -

z Juw( 1

To find the transfer matrix for these
two seetions in cascade, the product of
the individual matrices is taken, in
order :

1 Jel 1 0
X
Q 1 JoC 1
VleelC FaolL
1 sec 1

It will be noted that the product has
the same number of elements as each

of the original matrices (for the
square matrices being considered
here). Each element of the product is

formed by multiplying the correspond-
ing row of the first matrix by the cor-
responding column of the second. The
elements of thé. row and eolumn are
multiplied in order. Thus, for the
product formed above, 4 = (top row
of first) X (left-hand column of sec-
ond) =1x14+Jel XJTewl=1
- w* LC.

In analyzing the circuit of Figure
1{¢), it i5 convenient to assign unity
values to L and €. The overall trans-
fer matrix is then given by the prod-
uct of the matrices

L
L]

from which

J(2e—w)
A=1-3F 4 4 °
l+—Je

2
Rationalizing, and applying (9), it is
found that
6w+w10

EzI_V -4_|_¢,.|2
E 44 —Gu 4 1] wte
(10)

which is the wvoltage-transfer charac-
teristic of the two-section flter with
R — L termination. In a similar way
the characteristics of filters with dif-
ferent numbers of secticas and various
terminations can be found.

~of terminations.

Figure 3

Voltage-transfer characteristics of resistance-terminated Rlters with
various numbers of sections,

E, f
Figure 2 shows — wversus — for
E, fo

two-section filters with various types
Since the parameters
are dimensionless ratios, they. can be
applied to any filter of the type under
consideration. The circuit elements
are assumed to be lossless. It can be
seen that.a very uneven characteristic
is obtained below cut-off when the fil-
ter is open-circuited. With an R ter-
mination a much flatter characteristic
is obtained, while the best results are
had with the R — L termination.

The different types of termination
have wvery little effect above cut-off.
Therefore, when filters of this type are
useqd for decoupling purposes, with the
applied freguencies well above cut-off,
the type of termination is of no conse-
quence,

Effect of Number of Sectlons

Figure 3 shows the voltage transfer
characteristics of filters with 1, 2, 3,
and 4 sections, with resistive termina-
tion. It will be noted that the number
of maxima is equal to the number of
sections. It will also be noted that the
attenuation beyond cut-off increases as
the number of sections is increased.
Table I lists three of the voltage trans-
fer charaeteristics used in plotting
Figure 3. These eharacteristics refer
to Alters with unity values of L and
C. For any other filter, w can be re-

w
placed by 2 — or 2 -——, since for the
we fe

unity-valued filter w; = 2. Therefcre,
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(=)

where # is the number of sections.
This is a useful relation, because it
gives the attenuation through the filter
in compact form. Since this relation
applies only to flters cperated well be-
yond cut-off, it will hold under open-
circuit conditions, and can also be ap-
plied with fair accuracy to any ter-
mination likely to be found in practice,

E,
Table T also lists — for various values
E,
of —.
fﬂ
Applicatlons

Power-Supply Filters: By employing
(11) it is possible to obtain a simple
relation between the rms% ripple
(rms value of lowest-frequeney ripple
component/de output voltage, times
100) and the LC product of the filter
section, By substituting (4) in (11)
it is found that

E, 1

El erc

for one section. Considering a full-

wave rectifier operated at 60 cps, the .

lowest ripple frequency is 120 cps;
(11) then becomes

E, 1.76
|l Lc
With this type of rectifier the peak

2
value of the 120-cycle ripple is — X d¢
3

output voltage.®* The per cent ripple is
then given by

24 o

Similar results can be obtained for
other types of rectifiers and different
numbers of sections. Figure 4 shows
L X C versus rms% ripple for half-
wave and full-wave rectifiers operat-
ing at 60 cps with one-section and
two-section flters. With two sections
the L C product refers to each sec-
tion alone. The seetions are assumed
to be equal, which is the most econom-
ical design.?

Considering an example, suppose it
is desired to design a full-wave 60-
cycle power supply with 0.19% rms rip-
ple. Referring to Figure 4, a one-
section flter will require an LC prod-
uct of 840, while two sections will re-
quire an LC product of 38. Thus,
with one section a capacity of 80 mfd
could be used with an inductance of
10.5 henrys; while with two sections,
two 40-mfd capacitors could be used
with two 1-henry ehokes. The second
design is much more economical.

Decoupling Filters: Decoupling fil-
ters are commanly used to block a Af
signal, while passing de, or some low
frequency. The variables for purposes
of design are L, C, and Z.,. To find
the relations between the three vari-
ables, (2) and (3) can be solved simul-
taneously for L and €. Thus,

Zy
L= (12)
7 {o
1 L
C= — (13)
ZOTT]‘c Zo:r

Figure 5 is a plot of L and C versus
fe, with Z, as a parameter. In draw-
ing this chart, an attempt was made to
cover the maximum possible frequency
range consistent with a reasonable
percentage accuracv. Therefore, it is
not necessary to refer to auxiliary
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Table [
WValues ecalculated for a resistive termination;
they can also be applied to open-circuit termina-
tion with reasonable ascurmcy.

charts in order to interpolate between
decades. The frequency range is from
1,000 cycles to 100 mc, while the char-
acteristic impedance range is from 1
chm to 100,000 ohms. Use of the chart
is best illustrated by the following ex-
ample: '

An #f amplifier was designed with a
voltage gain of 10 per stage, a band-
width of 5 mc, and a center frequency
of 30 mc. Because of the low plate-
supply voltage available it was neces-
sary to use L C decoupling filters in
the plate supply between stages instead
of the wusunal RC filters. To mini-
mize regeneration it was desirable to

E,
have an attenuation (—- ) of at least

1

23, with only one section. Referring
to Table I, it can be seen that the de-

sired ratio — is 2.5. Thus a cut-off
fe

frequency of 12 mc was chosen. The
largest plate-bypass capacitors avail-
able were .001 mfd ceramicons. Refer-
ring to Figure 3, the intersection of
12 me and 001 mfd gives a Z, of 27
ohms, It will be noted that capacity
is read downward on the right-hand
side of the chart, and that the lines
slanting upward to the right indicate
the capacity for different values of Z..
Referfing to the left-hand side of the
ehart, and using the lines that slant
downward to the right for Z,, the re-
quired inductance is 9.7 microhenry.
The inductance was measured by reso-
nance at 6 mc with a .001 mid capaci-
tor; see (4).

It was desired to place another such
filter between the detector and the
video amplifier of the same #f strip.
The maximum video irequency to be
passed was 5 mc. However, to pre-
serve the phase response ol the system,
it was decided to malke the cut-off fre-

Thus —

o
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became 3. The input capacity of the Pigare §

video amplifier, including a connector
and short cable, was 20 mmid. Know-
ing f. and C, it is possible to 6nd Z,
and L from Figure 5. These values
are Z, = 1,600 ohms, and L = 51
wicrohenrys. Tle required attenua-
tion throogh the fler was 1/10,000,

Design chart for decoupling Rlters.

which was necessary to prevent if re-
generation with the poor shielding
used. Referring to Table I, it can bs
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seen that three sections were required.
Since this Glter delayed the video sig-
nals, the magnitude of the delay was
of interest. With the aid of (7), ¢
was found to be .0318 wmicvosecond per
section, or a total of .095 microsecond,
In a radar set this would cause a range

(Continucd on page 32)
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AIRBORBNE ELECTRONIC

Ix PLANING the mock-up of the fise.
lage, the use of the solid material and
the doyble-chielded Ipprl:lal:':n Was CoHl-
sidered. -~ After considerahle mvestiga-
tion il was decided 10 use 404 mesh
hardware eloth in the constroction of
the mock-up fuselage.  This material
when carefully soldered at all overlap-
ping and mating surfaces proved to be
fully as adequate, electrically and me-
chamically, ag solid metal for simnlat
ing the skin of the arrcraft.  Aleo the
meah  of this material was coarse
enough o allow sufficient passage of
air and fight t eliminate a ventilating
and lighteng problem within the fresel-
age. This material js rigid encugh to
be  partially sell-supporting, rasily
galdered and readilv formed into o any
shape,

Fuseloge Dedlgn

The simulated aivcraft fusélage was
comadructed on & wooden frame which
provided the necessary Tigidity ; foor-
g, bulkheads and shelves were mades
of plywoad coversd with hardware
mesh cloth which was carefully sol-
dered (bonded) at all jownts, The
mock-up wis made full seale: the di-
mensions, location af shelwes,  hulk-
heads, position of equipovent, rogting
of cables, and locations of antennas
obtained from drawings of the sircraft.

Anfennve Patferns

It was mot considered feasible to ob-
tain antenng patterns oo a fuil scals
mnck-up in a shieldef room How-
ever, any interaction, intecference o
mal-fubctioning  of  equipments  pro-
duced by anbefina coupling on & mack-
up cenpares favorably whith an actoal
aircradt installatiom,

Power Comalderatioms

Power for the electronic equipoeit
is abtaned from the geoerator speci-
fied for the particolar aircrail under
investigation, The aircraft emgroes
driven generator is operated by a vari-
drive penerator test stand Jocated i a
erreened room adiacent to the sereened
room containing  ihe mock-up. The
wari-drive is capable of driving the aic-
craft generator vnder itz normal load

and speed conditions. The power reg-
ulators, cutout and aircraft battery are
Iocated either near the generator or in
the fuselage depending wpon the air

craft installation. Power and other
connections  beltween  generator  dapd
mock-op are routed through a conduit
hetween the lwo rooms,

Systems Analysls Procedure

The system analysis beging with a
careful check of cach equipment prior
to imatallaticn in the mock-up to make
sure that equipments being used are
functioning pormally m every respect.
The eqmypenent is then installed in the
mock-ap placmg the components as
close a5 possible mr the fncation desig-

- nated for each cquipment in the pro-

disction areraft, Interconneciing cables
are fahricated ysing unshiclded wires
i the initial - installation except for
coax cables apd other wires that are
known to reguire shielding, The in-
terrunnectimg cables are also located
in the mock-up as near-as posilie w
the position specified on the production
nireraft drawing.  The various equip-
ments are intefodmected a0 comipli-
ance with the pequirements and specis
ficatbone set up for the pircraft, Le., all
radio receiver awdin and fransmitrer
siile fone circuits wre conpected to the
intereomnmemication system,

Checkups

At the completion of the inszatlation,
including all power and clectironie
equipments for the aircraft, sach eoiip-
ment 15 carefully checked in every re-
spect to determine if it s functioning
normafly.  Egurpments that do not
Tunctien normally are chocked o deter-
mine the caugse, and corrective action
iz taken,  Then all equpments are
turned on simitlanecusly and each is
carefully checked to determine §f any
other eqoipment in the secrafl, when
operited in & norinal manner, canses
any malfuncticning or otherwise inger-
ieres with the equipment being checlked.

Meck-Up Resus

Briefly zome of the cowmses of aie
borne svitem malfunctioning, experi-
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eaced i these mock-ups, am:

{2} Bedoction i owtput or sensi-
tivity due to mis-matohed  irnpe.
dances ar parallel operation of an-
tennas, plecaees, e,

(b)) Electrical interference ar ins
teraction  between comtrois;  je,
audio . level st one position  affects
level at another station,

() Insuficierd adjustment of i6-
dividoal eguipmens wo allow com-
posite aircraft system to function a3
required,

(d} Voitage regulation of power
equipment paor with sudden changes
in load from po-load to full-load,

re} Cherloading of wiring, fuses,
circgit breskers, and power generat-
ing and contteol equpment.

i) Lack of protection for some
circuies.

(7} Power eguipment frequency
variation adversely affecting equip-
miettbs ; Le., causing over beabing, ex-
cespive  ripple, dlmormal  voltages,
eho

Inferference Problems

Electrical wmterterence hetwees units
i# another serious trouble enconntersd
i eomposite system,  Equiperents
which may be interference-fres when
operated  independantly  may  caose
enoigh itterference to render all other
equipment in the aircraft inoperable.
The major sources of inferference
fourd m the systom foversd at this
activity have been found to be:

(a) Interference from rotating
machinery; dynamodors, inverters,
e iotord and generators,

(&) Interference prodocerd by in-
terropbed soqrees| wibrators, relay
contacts, inger type voltage regula-
tors and many  other deveees of @
siomilar nabure

() Pulse-type imierference pro-
duced by radar modulatoes, bt
vibrator cicvonts, wweep  circuits,
marker pulses and spark wibes.

() Bf cacillator leaknge produced
by crystal, beat, master and local
cacillators.

() Spurioos signals produced by
buffers, harmonic  amplifiers and
transmitter, fnal amplifer, fonda-
mental and harmonic frequencies:

11 flash rype interference pros
duced by wideo zignals



Systems Analysis in the Lab

Part |l

. . . Constructional

Features of Full-Scale

Mock-Ups Used to Check Characteristi;s of Antennas
and Their Patterns, Power Systems, etc. Procedures Used
in Systems Analysis to Determine Features and Faults in

Projected Airborne Setups.

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

Senior Electronic Engineer

Electronic Engineer

Neval Research Laboratery

In the analysis of electrical interfer-
ence it is usually imperative to deter-
mine: (&) the source of interference,
and (b) various paths by which it is
being conducted to the affected equip-
ment, that is; line conducted interfer-
ence, radiated interference or a com-
bination of both. Receivers which
cover the interference frequency range
and are equipped with a loop probe are
essential for this phase of the investi-
gation,

After the previously mentioned in-
terference information is determined
corrective action can be taken. Usu-
ally this is done at the source of inter-
ference and consists of adding a prop-
erly designed flter, shielding, isola-
tion, bonding, etc. However, in some
cases it may be necessary to apply the
corrective measures on the equipment
which is experiencing the interference.
No definite instructions can be given
for any particular interference or
equipment, but careful analysis of all
pertinent information togethér with
technical and practical knowledge of
filters and interference will enable one
to correct the most severe cases of in-
terference.

Systems-Analysis VYalve

This systems-analysis activity proved
that the logical place for such work is
in a laboratory where all necessary test
facilities and a wealth of technical in-
{ormation are available. Practically
all of the malfunctioning, interaction
and interference problems which had
been arising in the field were elim-
inated as a result of this activity. To

expedite the providing of usable sys-
tems to the service groups it was often
necessary to incorporate corrective
measures which were applicable to that
particular system in a particular type
of aircraft. In all cases where the
correctives were made at the source of
the trouble they were adequate for any
installation. The reason this was not
always possible was that it would re-
quire a major modification to produc-
tion equipment with a resultant delay
in delivery . The wartime urgency
made temporary correctives manda-
tory. With peacetime removal of this
urgency and closer cooperation be-
tween military agencies and manufac-
turers, many if not all of the difficulties
revealed by system analysis can be
eliminated.

Group's Expansion

The system analysis group worked
on approximately 60 systems none of
which were entirely adequate and
many not usable in the original form.
This is no reflection on any individ-
ual's ability to work up a system, as in
all cases discrepancies were entirely
unpredictable. Aclually the origina-
tors of the system did amazingly well.

In its early stages this activity con-
sisted of two radio engineers, two
Naval chief radiomen and one screened
room with which it was possible to
conduct work on but one system at a
time. However, the results of this
work so conclusively established its
importance that the Bureau of Aero-
nautics immediately authorized expan-
sion of the project. Accordingly it

Figure {

A forward view of the operator’s posiction in the
mock-0p.

soon reached its peak performance
with a group of 22 engineers and facil-
ities for conducting an analysis of five
systems simultaneously. This condi-
tion obtained substantially the same
throughout the war. While it is no
longer being conducted at NRL the
project has been set up on a permanent
basis by BuAer at other Naval agen-
cies. The techniques and facilities de-
veloped at NRL are still largely used
and personnel trained there are re-
sponsible for the work at some of these
agencies. '

Credits

The writers wish to acknowledge the
aid of persons in the Bureau of Aero-
nagtics, especially Captain L. V. Berk-
ner, whose foresight and cooperation
made this project possible; also mem-
bers of the Airborne Electronic Sys-
tem Analysis group at the Naval Re-
search Laboratory who contributed
much toward making this a successful
project.

Bigure 2

A forwacd view ol the petrol sircrait navigator's
position.

COMMUNICATIONS FOR JULY 1949 o 27



The Industry Offers
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At the annuel dioner-cruise of the Chicago Chapter, left ¢o right: Howard Dodge, Walter Marsh, George Martin, Les Gorder, Bill Halligan, Tommy
Rowe (chairmen), Royal Higging (standing), Tom Moore (fuest spcnker, Chicofa Rochet Society), Louis Baer, wnd Harold Safford.

Personufs

Lerovy BrEMMER, when not 21 home in
Los Angeles, is either radio engineer-
ing KRSC-TV in Seattle, or making
2 summer trip to Alaska where he is
supervisor of the radio stations of the
Nakat Packing Corp., of Seatile. . . .
Wm. A. Breniman, who likes Iltinois
so much that he still lives in La
Grange, writes that he would like to
see more about some of the lower
brass of VWOA in the annual year-
book, instead of so much about the
higher level brass. Regardless, though,
he thinks VWOA. is okeh. Back in ’19
he published the Trans-Pacific Wire-
less Operators Hendbook. He is now
chief of the Communications Opera-
tions Division, third Region CAA,
which means he supervises about 550
Communicators. . . . Packanack, N. J.,
is now the home of Alired Dowd. . . .
H. J. Buckley, Elmwood Park, T,
writes to say that he is with WGN in
the engineering department, a post he
has held since '37. He started back in
'14 as a ham, and has worked aboard
ship, in broadcasting at WLS and
WBEBM, and with Northwest Airlines.
... One of the talented 1echnical wri-
ters oow with FTR is none other than

F. E. Felton. Larry, as many know
him, also operates W2Z2BS. HHe has
served as an operator at WNY, WSH,
Eastern Air Lines, CAA in Hacken-
sack, N. J., and the N.Y. Merchant
Marine. . . . F. J. Gommo, one of the
outstanding installation engineers of
Tropical Radio, has been doing a
bang-up job in Central America, out-
fitting many of Tropical’s stations with
new transmitters and receivers. . . .
Alfter a long absence we've received a
note from C. P. Gruetzke, wishing
everyone best 73s. CP is now living
in San Pedro, Calif. . . . H. D. Hayes
is with the FCC in Chicago with the
title of Engineer in Charge. Hayes
has been with the government in radio
since 23 and for a while in ’16-17,
having worked in San Francisco and
Seattle, Washington.
Hill, one of TRT’s oldest (in service),
is now working at their new station
at OJUS, Fla.... V. A. Kamin writes
that he is now living in Elgin, Ill. . ..
Ye secretary, Bill Simon, has puc-
chased a gleaming new car and left
with part of his family for a tour of
Kentucky, revisiting his old home
town, Frankfort, and other familiar
sites in Louisvilte. He'll also he stop-

. Earle E.

ping off at Chattanooga, Tenn. . . .
From oldtimer C. D. Guthrie has come
an absorbing report of his experiences
as a naval radio op, a career which be-
gan at eighteen as a student at the
Pennsylvania Naatical School, with
training aboard the U. S. S. Saratoga,
a sloop of war built in 1842. It was
aboard this famous ship that Admiral
Dewey, Farragut and others served.
In ‘04 Guthrie enlisted in the U. S.
Navy as an Electrician, third class and
was posted aboard the U. S. S. Lan-
caster, another oldtimer which roamed
the seas during the Civil War. While
serving aboard the barttleship Ken-
tucky, as an Llectrician, second ¢lass,
in the dynamo room, Gathrie received
his Brst opportunity at the wiretess
business, when he was assigned {for
duty ip the wireless room. These were
the early Telefunken days and were
quite thrilling, notes Guthrie. The
range then, using a coherer, was 150
miles maximum. The coherer was
praised and criticized, and surveys by
the experts finally indicated that other
methods should be used. As a result,
Guthrie discloses that the mercury tur-
bine interruptor was changed from

(Continued on page 31)
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The Ad Hoc Report

{Contfmusd from page W)

noise figure to give an effective noise
figure, The effective tbise figure, to-
gether with an appropriate value for
an acceptible signal-to-noise ratio, cin
be combined to give the mmmum re
quired signal power ak the inpul to the
receiver for the several TV channels.
The appropriate valoes of minimom
cequired field imtensity can then be de-
terminsd by wsing appropriste valnes
for the receber anténnd capture area
and transmission line boss, botl of
wiich may be expected to be warable
with frequency. These valoes of re-
quired feld woold appear to be appro-
priate for rural areas, Since the moae
figure and gain will be variable among
the warious tecetvers available to the
public, a détermmation of the appro-
priate noise figure o ose in this con-
peEction may imvolve a statistical sbady,
as well as the subjective derermination
of acceptable signal-to-poiss ratios,

The second problem concerns inters
fering signals originating ouwtside of
the receiver fram nearhy scurces such
as oscillator radistion from other re-
CELFEFS, SPUTIOMS omVissions, amd igni-
bion interference

The Commissian, in its present tele-
vision rples, specihes 4 value for the
field intensity reguired for service an
srban areas n addition o & valoe re
quiredd for roral arens.  In wrban areas
where noizse and imterierence external
1o the receaver are of sufficient inven-
sity po determine the minimom gaable
feld, it slecasld be moted thet if the in-
terfering feld intensities enter the re-
ceiver throggh the antenna, the differ-
ences m the efective length: of the
antenna and in the line losses at dif-
ferent freqeemcles cease tu be factors
in the determination of the minumum
required signal for satisfactory service,
Secondary effects mmy be present hes
cause of the preater tendency of pome
presently waed felewision antennes fo
hawe a more distorted field pattern on
channels F-13, which may produce a
direchionel discrimipation in favor of
rambomly located mierfering somreoes.
Furthermore, the presence of wolti-
path  tranamisgion, producing  ghose
images, will tend to degrade the zer-
vice below that indicated by feld in-
rensity measurements dhove. None of
these effects has been evalpated for
latk of thme and data. There 5 a seri-
pais guestion ps fo whether they should
be wmken mntp accimnt esther in thas
cage of bn the case of interfering tele-

wision signals, o the assumption that
the set owner shouold be expected (o
provide himself with a suitable antenna,

The interrelation between the mini-
mum signals required in the presence
or shsence of noise and intecference
external to the receiver, as functions
of frequency, are discussed b some
lemgth im a report by B AL MNorton*
The values wsed were gecepted by the
committes &3 illustrative only, but the
fedency cap be poted for the mbos-
makm valwe of sipnal at which external
moise becomes controlling to increase
with fregqoency. There was  some
opitkon  3mong  commiies  members
that the 5 millivolts per meter {34 db
abows one microvolt per meeter) mow
specified as the median field intensity
for acceptable urban service, while ap-
parently adeguate fo overcome  both
receiver noise and external nodse ami
interference at an ncceptable percent-
ape of locations for chammels 2.6, is
oot sufficient W Overcon  peceIver
noiae on channels F-13. I this is troe,
it is the consensns of the committes
that the effect 15 not dog prmaridy to
the differences i the calcolable efects
of anfeoop length, ling bosses, and
available receiver npise hgures, bat
maest be to & large extent due to the
unknown differences i the rangs of
signal variation o wrban aress and o
the efects of the antenng pattern. The
committes had insufficient dsta on the
varmtwm of field intengitiss in wrhan
areas ab close distances from Lhe trans-
mitter snd at locations away from the
maim arteries of travel op which much
ol the presently available feld intensity
data have been measgred, o make o
recommetdation on the magnitode of
the differential which may be required,
However, the problem exists and it i
recommended that a contimsing stsdy
be mmcle Iooking toward o delimite
ATIEWET

The third problem fwolves an in-
terfering signal whizh originates from
andvher sintion operating on the sume
or adjacent channel.

I this case, sinee borh the desired
and undesiced fields will be wvariable
with time and locatbon, it s necessary
i lake both of these variations into
account with appropriate allowance for
any efects pf eorrelation.

Where there pre bwo o more sta-
tioms interflering with the desired sts-
tion iz angther extremely important
lactor.

It i5 pelf-evident that the interfes-
ence which 5 cansed by a plurality of
stations will add i some manner &6
that @ net mcrease o interf=resce,
ahove that cagsed by one station, wall

"Eee mbuarial
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resuit.  This praobleen has received =
conaideratle study, and several ap-
proaches to it have been made by vari-
ous members af the committee. At the
present time, however, there is no
generally acceptable solution available
Moreover, certain aspects of the - sub-
jectlve effects of adding miterferesces
require leboratory imvestigation, par-
ticularly wilh regard to the ingecfer-
epce from adjacent chanpels.  This
problem will be studied further by the
committes and i is hoped that a prac-
tical poswer will be available hefore
the conclusion of the telavision robe
makiiy procesdings.

Mg bo the question of correlation of
the terrain correction factor veriations
hetween the desiced and wndesived sig-
nals, the commitize did not have avail-
able measurements which have been an-
alyeed to evaluate the correlation quan-
titatively, and L was considered Tikely
that it would not be negligibte. How-
ever, for the solution of the immediate
problens, and until expérimental data
are availalle, the Committes recom-
mesteled thai the effects of this corre-
laticny be neglected.  The effect of as-
suming a eorrelation cocficient of zeco
will be to oyer-sstimate the percentage
of ceceiving locations, L, ree from
interfercnce for & specified pEreentage
of the time when £ < 50%, and to an-
derestrmate L when £ = 505 bt wall
have no effect when L = 5065,

In combining the effects af irregu-
lar terrain pnd of troposphesic propas
ganion, 1t was U fesling of the com-
muittee that the troposphenc variations
wontld be odependent of the terrain
viriations, In other words, the tropo-
spheric fading range will be the sams
at hoth good apd poor locations. There
are po direct measprements  which
prove this relation, but the inference
may be drawn from a consideration of
the data in the report by E. W, Allen,
I, W. o Boese and Harry Fine of
the FOC, This s considersd to apply
to hath the desired and wadesired
signals,

[ the matter of the correlation be-
rweer the time variations of e de-
sired and  undbesired signals, it owas
recamnmended that  zera  correlation
should he assumed when applying the
corves to allocation problems,

The report was endorsed by eleven
mettibers of the committes: E, W,
Allen of the FOC, who served ag chair-
man: W. T Boese, FCC: Harry Fipe,
FioC; I, G, Bear, comsulting engineer;
Z. L. Baley, consulting engineer and
IRE prexy; E. M. Wilmotte, console-
my enginesr; A, F. Murray, consul-
ing engineer ; B 1% Wakeman, DubMoant
Labs: J. W. Weight, CBS: G. H,
Broam, HOA  [ahoramry  Division:
ated B. W Harnsen, Waestinghotise



Remote-Control Switching

(Conlinned from page 12)

common motor while still retaining in-
dependent control. Three or four con-
trol heads are commonly used in air-
craft radio apolications to tune the
equipment to the selected frequency
channel.

Credits

While our broadcast engineesing
department accomplished the system
engineering on this switching unit, the
system of control and wire-saving
scheme was the work of the mechan-
ical department. We are particularly
indebted to H. M. Schweighofer for
his efforts in devising the fifty-position
control switch and positioner assem-
bly; Mr. Schweighofer is one of the
inventors of the remote device and is
largely responsible for its develop-
ment,

VWOA News

(Continued from page 29)

two segments, providing about a 25-
cycle note, to a four- and then six-seg-
ment resulting in a 500-cycle note or
higher.  (The 500 cycle later became
the Navy standard.) From then on
Guthrie says they were able to cover
distance. When 800 miles {rom Cule-
bra in the Virgin Islands, Guthrie re-
veals that he heard the Flagship Maine
and when he informed the captain that
he had been in touch with the Flagship,
the captain remarked: “My God, man,
do you know where we are?”’ A mes-
sage to the Flagship convinced the
captain that contact had been estab-
lished. Confirmation was definitely
established a month later when a news-
paper clipping captioned “Wonderful
Feat of U. S. Warship” was received.
The report cited the great distance
worked. GDG says that he believes
Ben Wolf on the Maine was the one
who rececived the message. - CDG’s
classmate Bob Woolverton, who was
in charge of the wireless room, was
quite a resourceful fellow, constructing
all types of new gadgets. Those days,
reports Guthrie, proved the need for
ingenuity, for many of items they
needed, were never available and had
to be made. When CDG’s Navy en-
listment expired, he sailed out of New
York for the United Wireless Co.,
serving on the Royal Steam Packet
ships, the Togus, Treni, Nile and

(Continued on page 33)
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List Price..........:..... $80.00

Modal 726. Cardyne 1. With MC-3
connector and withont external
shock mount. List Pcrice. .$59.50

Try the Cardyna now) Send for Bulfetin No. 1329
ELECTRQ-VOIGE, (NC., BUCHANAN, MICH.

Expon: 13 Eus) 40th St., New York 16, U.S.A.
Cables: Arlab

NO FINER CHOICE THAN

ElellioYoree

*Paten) Pand.
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Ilstaﬂahnn Information on

IIECEI‘U'ING
ANTENNAS
... M Antenna Installation

by Irm Komen
Mla i Antimplen dand TY D
l:.‘r:ulu.:ﬂll:l '.'I.-lpuln:- Epund f.:orn.m-
and Lewis Winner

Hditorisl Direcior,
Frvan Davie Poh, Ca. Tms;
Editze. Sirtfcd and Cemmomicsiions
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¢« « bmgsd wnfirely on actual sxpe-
Hascek in tha meat sctive TV gad FM
wroaz In rhe cosntry,

Dwer 15,000 words af vital data with
ovnr 130 pheotor end drawinge.

Tea choplers covering:
Instaiiation Toals
Antemne  ImstalicHen Procedures
Securing T2-Chenvel Coveroge
HF Anfenso Insfeflations
TV Inferference
Frings Heception
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FM Antensas
Insteniation Barlness Proctless
Tricks of the Trode

Tha firs* book In which you'll find
complete dmiga and inefallation in-
formation on evary bype of TY &nd
Fud racefring astenna.

Contairy detailed illustrafice and wab-
jwzt [edan for rapld rofaronae.

Avathakle dircct o Bhraugh ﬂ.ﬂﬂ
waur BisLribisto Fospadid
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Low-Pass Filter Design

{Comdenupd from page 25)

error of 089 mule, or AF dest, which
wis nat considered excessive

Tranemipafon-Type Filtern: Trans-
mission-type Alters, in which the atten-
uation both below and abeyve emt-off
are of interest, can be designed with
the pid of Figures 2, 3, and 2. The
variation in transfer theoophout the
past-batie and the atenuation beyond
cot-pff are imcbicated in Figures 2 and
3, while circuit vahes can be oltained
from Figure 5, As before, an example
iz weeiul fo indicate the method -

A Alter was o be placed helween
the modolutor and class-C amplifier of
a low-powered radio transmitter,  The
parrpose of the Bl was to reduce the
gideband spread cavsed by a speech-
clippng cirenit. The maximum allow-
able variation in transmissson was 2 dh
op b0 25 cveles, The transmission
was t be down 20 db st 3000 cyeles
The load impedance presented by the
class=7  amphifier wase 2500 ghns

Fromi Figure 3 it ean be seen thal o
two-kection  hlter with AL berming-
tion would be sisfactory, A& eu-oif
fresqpuency of 2700 cyeles war chosen,
Frem Figure 5, L = 020 henry, ant
L= 45 mla

Conclesian

It has bheen shown that L-ssction
Ipwr-pass fleers are easily designed,
and are particolarly sattable for de-
cozpling and filtering.  Although it
has not been stressed in this paper, the
theory presented isalso useiul for the
dezign of arcificial fransmission lines,
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E. AL Guillermn, Cgmmapivepor Mei-
warks, page 149, virhing 10 Wiley . 1935

ol 1 Tt:m:m. Fidin Enﬁ'mr:'r.f" Haord-
Book, page 25, McelirawHill | 043

'L B Haliman, Jr, 4 Nole on the
Fisple Tovo-Element | ov-Fage Filler ot
Twa med Thrve Seclions, Proc IRE)
Movember, 1933

The Industry Offers

(Contipned from page Z8)

PHILEDQ FM COMMUNICATION
EQUIPMENT

FM i'!“'['m!"‘ e bed |.‘|‘.| for poinl-tu-porni

womamunicitione in the, Thand by Hhe
Fuhlio - Satery 50 ransga u ﬂ¥nml Iofussrial
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ADC TRANSFORMERS
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L3 11E 5 !
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WESTINGHOUSE 50-KW
AM TRANSMITTER

A Eghbevel AM massmiices with = nominal
oy meatput ol W0 kw gype S0HOGLZ. has been
ﬁllrll:lulll: Westinghirmie - Electric Carpore-
gy Rk i s

Lises rrH'nI reecifiers in al] powsr EEpeles
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TRIPLETT TV-FM SWEEP GENERATOR
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AUTOMATIC FLECTRIC

HERMETHZALLY SEALED RELAYS

A& linw of hermevically seaded relayi hae hees jn-
neusced b Antbmatic Blactrio Comgany, 1038
W. Wan Huren St, Chheage 7. 1T,

Sraled fn & controlled almospkers of drp, ==
E gan
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VWOA News

(Continued from page 31)

Clyde, which ran as far as Porto Co-
lumbia in South America. From there,
these vessels carrying no radio ops
went to England. Even if there had
been operators aboard, the Marconi
stations could not hear these vessels
because they wese not fAtted with Mar-
.coni apparatus. This sorry condition
was remedied after the Titanic tragedy
in 1912. In '09, Guthrie joined the
Massie Company, and was assigned by
C. J. Paayill to the S. S. Providence
vunning to Fall River. (This interect.
ing report from one of radio’s reel old-
timers will be continued next month.)

L]
Frequency Doublers
(Continued from page 13)
L. can be obtained from
0= —— (6)

ang

=Q (7)

This system has been applied {0 sev-
eral doublers and has proved to be
quite satisfactory.

KAAR MOBILE EQUIPMENT

Mobile radiotelephone equipment for the 152-
162 sme band, which is said to feature low
standby battery drain, has been announced by
the Kaar Engineering Company, Middleficld
Road, Palo Alto, Califl. The iostant-heating
transmit(er consumes niog power {rom the bat-
tery dunng standby periods; the rccciver uses
-4 amperes. In combination, the cquipment
consumes a tolel of 4 amps duriog standby
optration.

FM recciver (FM-47X) and 15-watt (FM-
177)(3 oy 50-watt (FM-179X) (ransmitter is
available for the mobile service.

5 & o

MAGNECORD PORTABLE
TAPE EQUIPMENT

A one-channel, two-case porlable magnetic-
tape unit (PT6-JA) has been anuounced by
Magnceord, In¢., Cbicago 1, TII. !

Has single low-impedance microphore input,
with gain control, high leve! input, monitor
speaker, zero level output termival, a we type
seter and a 10-watt monitor amplifier and as-
sociate jack for nge with an external speaker.
Features high speed forward and rewind and
either 755" or 15” tape speeds.

Unit is said to conform 1o NAB specifications
and has a frequency response of 50 to 15,000 <ps
+2db with less than 2% harmonic distortion at
full modulation,

Y Yo 15,000 ohms per wind-
ing inch, and

w 2% watis (froe air); 5
watls (mounted on metol
surface)

+* fnlormedia'e taps within

reason

% Dissipate more power;
run cooler

% Standard, Inverted or
vortical mountings

PLASTIC-MOLDED METAL-CLAD STRIP RESISTORS

Clarostat Serier MMR strip resistors
potitively run cooler Yhon any other
similar types, size for size. Or put-
ting it ancther way, they dissipate
more power for same temperature
rise. And that's important in most
radis and othor chasals,

Rasistance element thoroughly sealed
In' ‘molded plastic casing which is
then encosed in protective metal
housing. Better clectrically and
mechanically. And we

tan prove it o your
satisfaction!

Engineering Bulletin No. 109
on request. Let us guote.

CLAROSTAT MEG. CO., INC. » DOVER, NEW HARPSHIRE » [n Canadoa: GANADIAN MARCONI CO. LTD.

Montreol, P. Q.. ond hraonthes

BIRTCHER

STAINLESS STEEL - LOCKING TYPE

TUBE
CLAMPS

Stuintess Corrasion

Where vibration is a problem, Birtcher
Locking TUBE CLAMPS offer a foolpraof,
practical solution. Recommended for all
types of tubes and similar plug-in com-
ponents.

More than three million of these
¢lamps in use.

FREE CATALOG

Send for samples of Biricher stainless
steel tube clomps ond our standard cata-
log listing tube base types, recommended
clamp designs, and price list.

THE BIRTCHER CORPORATION

5037 HUNIIING!ON DR. LOS ANGELES 32

SERIES 2400_

PLUGS & SOCKETS

e Improved Sockat
Contacs—4  Indivl-
dual fexing surfaces,
Posltive contact over
practically their entire
length,

¢ Cadmium plsted Plug
and Socket Conlacts
mounted in recessed
pockets, greatly In-
creasing leakoge dis-
tance, INCREAS-
ING VYOLTAGE
RATING,

® Interchangeabla

with 400 Seties. §-2406-$8

Send for complate Catalog No. 17. Plugs,
Sockets, Terminal Strips.

HOWARD B. JONES DIVISION

Cinch fiy. Corp. .
2480 W. GEORGE SI. CHICAGO 18, 1LL.
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How is YOUR company doing
in this “EVERYBODY-BENEFITS” plan?

EMPLOYEES BUYING
U. 5 SAVINGS BOMDS
ViA PAYROLL PLAN

1D %
s [l (L e b
5O% *—'rwr geal
5%

AVERAGE INVESTMENT IN
U, 5 SAVINGS BONDS
FER WORKER PER MONTH

10 —
158 —
50— 1mlrﬂli

13—

10—

Compare your employee participation
with others who have Payroll Savings

If the Spures for your company fall below those shown
above, you're missing your share of benefits of the Pay-
roll Savings Flan| These henefits are desoribed below,
Nation-wide experience proves that when top manage-
ment puts the "OK” on the Flan, its benefits rise sharply.

BENEFITS TO EMPLOYEES: Every 53 Invested in Savings
Bonds pay 34 st matuclty, Workers gain a 334% return
on their money—enabling them i the Future to buy
more of the things they will want—plus the peace of
mind that goes with regular saving.

BENEFITS TO EMPLOYERS: The feeling of security that goes
with participation in Payroll Savings makes workers
miore eootented, Wiorrying less, they work better, Amang
the more than 20,000 large companies with Payroll Sav-
ings, records show that—tollowing installation of the

Plan—production increased, absenteeism and accidents 'y

decreased |

REMNEFITS TO THE NATION: The Payroll Savings Flan iz a
powerful deterrent to inflationary forces. Every Savings
Bond dollar badlt up in the Treasury withdraws a dollar

from the swollen spending stream. The Plan thus con-
tributes to netional security —which affects your security!

WHAT CAN YOU DO? If your company has the Payroll
Savings Plan, make sure it's heing adequately promoted
—backed by your top executives —to bring your company
its full measure of benafits. If you haven't vet ingtalled
the Plan, why pass up its benefits any longer? All the
help you need is available from your State Director,
Savings Bonds Division, U. 5 Treasury Department.
He Is listed in your telephome book. Call him now!

i

ealize...?

Crm &7 5,000,000,000 warth of Sevings Besds hewe bees
Bought slnee 19471, -

Morn than % of this voluma —aver $30,000,000,000 =& g8
hald by e porchasuri "

Dur|hw 3 mosdhs of 1PEE, 1. 500 addifisnal large firea ine
rtalled the Payrall Saslng: Plon,

-
Yia this ples, 7500000 warkess are pech lenpting
or Tha aworege of §20 par month of Fheir poy—
mora thon §150,000,000 per mooth—In Bonde

é

The Trewmvy Depovfmenl schsewlodpun wilh appresiation the pablicedian of this memago by
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News Briefs

PERSONALS

Dr. Viadimlr K. Zwarykin, vice president and
technical consultant of the RCA Laboratories
Division, received the Lamme Medal recently
from the AIEE. L
Ds. Zworykin was awarded the medal “for
hig outstanding contribution to the concept and
design of electronie apparatus basic to modern

relevigion.”

Dr. Allen B. DuMony, president of Allen B.
DuMont Laboratories, Inc., received recently
an honorary degrce of Doctor of Engineeriug
from the Polytechnic Institute of Brooklyn.
The degree citation read in part: “Your
achievements in the science, the art and the
industrial management of teievision have been
widely recognized by members of professional
societics and trade associations, ana_ by the
ultimate beneficiaries of your genius, the
American peaple.”

Dr. Vixtor J. Andrew was honored recently by
the College of Wooster, with an award of 20
honorary degree of Doctor of Seicnce. Dr. An-
drew was graduz(ed in '26 from the College of
Wooster, and in 32 received the degree of Doc-
for of Phiosophy from the University of Chi-
cago.

James H. Jewell, manager of apparaius sales,
and John M. McKlbbin, assistanl to vice presi-
dent and manager of advertising and sales
promotion, have been elected vice presidents
ol Weslinghouse Electric.

John J. Eltrye has been appointed manager of
magnetic component sales of the Raytheon
Manufacturing Co., Waltham, Mass, Eibye
will be responsible for the promotion and sale
of voltage atabilizers, transformers and recti-
chargers and rectifiters.

Wilfrat L. Kalbley, formerly equipment engineer

for Western Electric, has joined the distributor

sales depaytment of the radio division of Syl-

vania Electric Products, Ine., and will operate

%ut_ of the Chicago office at 20 North acker
rive,

Darlel R, Donovan, formerly vice president and
sales manager of Callite Tungsten Corp., has
been appointed sales manager _on Elmet and
Fine Wire products of the North American
Philips Company, Inc. He will be located at
Lewiston, Maine.

G. 0. Wanvig, president of Globe.Union, Inc.,
since 1927, has been elected chairman of the
board. Wyeth Allen, executive vice president
for the past year and Globe management con-
sultant l‘OY"XIc past twenty years, has been
named president,

Miitory J. Strehle has been appointed assistant
sales manager of replacement tubes for the tube
divisions of G. E.

Elmer Willkam Engstrom,’ vice president in
charge of research for RCA, received recently
the honorary degrce of Doclor of Scieoce {rom
New York University.

Chanecllor Harry Woodburn Chasc conferred
the degree with the following remarks:

“Elmer William Engstrom: The advancement
of life in America owes much to that small
band of men who, like youraell, lead the way in
the vast field of industrial research. To you,

with our gratitude and thanks, we give today |

our honorary Joctorate of science.”

LITERATURE

Chicago Transformer Divislon, Egsex Wire
Corp., 3501 W. Addison St., Chicago 18, 1l
bave released 2 16-page calalog of new equip-
ment transformers. Included arc mounting and
construction detzils, dimensional drawings, {re-
quency response curves for many of the aundio
units, and a table of power-vi-db refationships.

A line of Chicago hermetically sealed ¢trans-
formers is described in a new four-page illos-
trated folder. Included are power transformers
bias transformers, filamenl transformers, an
flter reactors, all of which are constructed to
wect Grade I, Class A, JAN-T-27 specifications.

Aerovox Corp, New Bediord, Mass,, have pub-
lished » Dwurauitg decoder chart, which shows
the RMA color band ceding for molded tubular
paper cagpacilors, with corresponding pumericz)
values of capacitance, tolerance and vlo)lage.

RADIO ENGINEERING L] TELEVISION ENGINEERING

52 YANDERBILT AVENUE
" NEW YORK 17, N. Y.

Group
Subscription
- Plan

Saves Fifty Per Cent of the Yearly Subserip-

tion Price if Four or More Subscriptions {In-

cluding Your Own} Are Properly Entered on
This Form.

| Year —$1.00
2 Years—$2.00
(Poraign: Add $1.00 for postage)
Pleasc enter annual subscriptions (12 issues) for cach of the undersigned for which payment s

enclosed at the rate of $1.00 each. (This rate applies only oo 4 or more subscriptiona when
occupations are glven.)
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The Mo, PIATT MILLEY GRED TéF METER
Is cemped and corpietely sell cosdnined.
The AL pewer supply v of fhe “Srars
Parmar™ typn, Tha drem dial hos seven
collbroied urifors langih scelws from 1.5
MT e 370 MO with genargsd evar lapd
e an orblfrery wole for uee with spacial
application induticrs. fnlersal  fsrmingl
#|fin parmits BoHary cpecotlion for ot
gl

JAMES MILLEN
MFG. CO,, INC.

MAIN OFFICE AND FACTDRY

MALDEN
MASSACHUSETTS

Last Minute Reports...

Tus worLD's FLast rUBLIG demonstra-

tron of AZ3-line TV was presented re-
centfy at the British Industries Faie,
Castle Bromwich, Birmingham, En-
glanst.  From Great Britain bas also
come the report that the BBC wall
sqgon place o operatiom a new TV sta-
bior at Sutton Coldheld nehe Birming.
ham, England, to operate on & video
frequency of 61275 me, with & power
agtpat af 35 kw, the apdio transmitter
operating af 5835 me with a power
outpit of 12 kw , .. WPIX in New
York recently installed three new stu-
dis cameras, gocording io Thonms E.
Hoeward, chief engineer, who also re-
ported that the station now his a foml
of eight Reld cameras in operation. . . .
Harry F. Dart, office  mansger - of
Westinghouse Electronizs Engineering
Department, Bloomfield, Mew Jersey,
has besn named chairman for the New
York section of the IRE . Wirgil
M. Graham has announced that fhe
Hochester Fall Meeting will herealver
be known as the Radio Fall Meeting
and will be bhield this year at the Hotel
Syracuse, Syracuse, Mew York, on
Cwwtober 31 and Movemsher 1 and 2, ...
O or-ghout September 1, the Oswegn
Coninsty . Brondeasting  Company, Fuol-
ton, Mew York, will goon the air with
a . Eo ] kw AM teandmitter, | o, HL
W, Pleffer, of  Struthers-Dhans, Ine.,
fias been elected president of the MNa-
tional Associatben of Relay Manufac-
torers. . . . A three-month gradoacs
training program i slectronics iz now
being ‘held &t the Camden plant of
RECA Yictor, in cooperation with the
_E'-'Ie:-::-rt Schood of Electrical Enginesr-
ing of tha Universily «f Fennsyivania,
lweive smdent officers of the United
States Aoy Groond Forces are fak-
ing the course. . . . The Tenth Annual
Suimer  Seminar of the Emporiam
serbion of the IRE will be held on
Angust 1 and 2. Guest speakers will
inchede H. 45 Clavier, whe will dis-
cuss bomg distance communications aad
microwaves | Allen A. Bareo, covering
TV deflection and high voltage sup-
pliez ; Michael Landiz, discussing orthi-
oom camera chains, ekg. . . A dB-page
handbosk covering mimature seleninm
rectifiers has been puoblished by the
Federal Telephone and Radio Cor-
poration, Y0 Passals Avenue, [East
Mewark, Wew lersey, Priced a1 twen-
ty-five cents per copy. .. . George L.
Derwins i mow bnocharge of Lhe rans-
former operation &t Raytheon, ar Wal-
thamy, Bazs o : - John Fo Rider Puhb-
lisher, Imee. will peblish Milon Fauf-
min's Comereral Rodio  Gpermdord”
Q& Warmingd, n 576-page hook, which

s expected] to appedr o Adgost, .- .
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50 CYCLES TO 5 MEGACYCLES

THE wide-range bear-frequency oscillator has a number of movel circuit
’t':!x arrangements which make ir very valuable foc use pot only a5 & geoeral-
ne »  purpose laborsrory oscillazor, bur slso for wsting all sorrs of wide-band
"'.ﬁ citcuite and sysrems.

1 The exteptionally wide range o5 obtemed wich a single concral knoh and a two-
-jl position range selecror swicch

3 The omipst woliagr, by meaen of an a-»¢ circoir, is beld consrant wishin =15

i o - B decibels over the eotire range

[_ o K 3 Fregquency drift is beld va o wery small valug ehroogh corefully designed thermal
distributsan and wentilation system
| JJI 4 Any small drify remeiniog may be climinaed by resrtting the cenllaor oz
| I
/ § A degeneranive amplifer minimizes bum amd dictertion and slso squalizes the
; Frequency respanag
& The curpar voltage is mesured by a vt volimeter sirow the vstpus serminels
,’/_,-' ¥ Calibration may be standardized at aoy rime w wickin % cpcles and 500 £ycles an
- the low and che high ranges, respeccively
. L For taking selectivity corves on tuned circaits over a wide range of fre
vencees this ascillaror is especially ueeful o that these messaréments may
FREQUENCY CONTROL ge made very rapidly and ln:l:u.nt:r;,r with this insrrameny
AND CALIBRATION TYFE F00— A WIDE-RANGE BEAT-FREQUENCY OSCILLATOR ., ., . . 370000
The mpin dyal v ) Vrp 24 ben OEET by lang EPrnk

wealay fer S0 ryrius tn AT ddsryedsy geed 10 hfoerilas b 5 mmgo:
e Thw fvvwmvarial breguency corired Jabeaw ] 8 willvpied
buterssn — 70D apd + 70D crden madl = 19 ond 408 kife- WRITE FOR

prtien dar fha beg raizacties aages COMPLETE DATA
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What makes BENDIX* dynamotors

SO MUCH BETTER?
For the answers look inside!

; 'm""m"'" HED EANMH DIVISION i S AR
aaimbey my wesily. _ BENDIX AVIATION CORPORATION —mun [
:-fnqvﬁm-ﬂ:.-—m::::: e e e ﬂf—'lﬂ'\‘ ﬂi-' 2

L] :‘l;l-llttﬂ-rr g S b b m i
# lemamn w b @ st faas o = e |
- TTREITREE

It Pays to buy Quality . ..
and no finer Quality Dynamotor
s available than a

BENDIX DYNAMOTOR
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