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WAVES AREN'T ALWAYS IN THE AIR 
WGRC Became a Submarine Station for /sight Days 

By JAMES GALLOWAY 

Mount Ararat in miniature. The staff at WCRC knows how Noah felt. 

WHEN WGRC returned to 
the air after their transmit 
ter equipment (which by 

the way was 100% RCA) had 
been inundated about two weeks 
by the flood waters of the Ohio, 
River, the whole staff joined in 
singing "River Stay Away From 
My Door." 

Charles Lee Harris, President 
and General Manager, and Robert 
J. McIntosh, Secretary and Pro- 
gram Manager spent quite a bit 
of money before the station was 
built, in research, grading and 
filling, raising everything above 
the highest flood level ever known 
in the Ohio Valley. 

The transmitter site is located 
on 181/2 acres of ground lying be- 
tween New Albany and Jefferson- 
ville, Indiana and immediately 
across the Ohio from the center of 
Louisville, Kentucky. It is a part 
of the original grant from the 
House of Burgesses as a home- 
stead for George Rogers Clark, 
"The Washington of the West." 

The field is as flat as a pan- 
cake and the "1884" high water 
scarcely covered it, so that the 
boys thought they had Old Man 
River beaten to a stand still; 
"But the rain descended and the 
floods came," and the floods not 
only carne but they kept on com- 
ing and coming and coming and 
to what extent they came is best 

observed by the sad looking little 
picture of the beautiful transmitter 
house just as the flood had re- 
ceded. The floor line of this house, 
as indicated by the lower band, is 
3 inches above the '1884' flood 
mark. But in the recent flood the 
entire transmitter house was com- 
pletely submerged and there the 
muddy waters of Old Man River 
stayed for eight days and the worst 
part was that it came so fast that 
the equipment could not be gotten 
out. However, one of the engi- 
neers went in, up to his neck and 
brought out enough parts from the 
RCA Transmitter so that they 
could stay on their frequency, 
and hooked them up to a piece 

NORTHSIDE 
BROADCASTING CORPORATION 

NEW ALBANY 
I N D I A N A 

March 10. 1J:7 

RCA Manufacturing Company 
Camden, Nee Jersey 

ATTENTION: Mr. R. A. N11em 

Dear Mr. kllsnn: 

Have you ever had anything happen In your lite that ms eo good that you could not express it without becoming emotional? Well, the wonderful thi.,.. that RCA Manufacturing Company have Just done for our Station cm be rut in 
that category. 

First, you came flying to our aid es the flood receded, then thoroue.,. 
cooperation from Carden ,,laced the dynamic Keuchte on the Job, then our new 
sent eso ehlp,,ed by express prepaid within forty eight hours after he arrived. 
RCA ehould be proud of Jim Keechle, he cox,letely t're down and reassembled our transmitter and speech input rack in five days tine --.hut an engineer) 

Oh well, what's the use of trying to express ourselves except to say that after batty, out by the Ohio River flood that me are now back on the air with what we besseve to be the only transmitter equipment under the se, and we are ,aerk,fl .long ae nornnlly sa ever. 

Truly, gr. Nissan, w,tn the wonderful cooperation that wee brought into action by al. of your forces no one could receive or 
en 

oak for better treatmen" than we have received In the hands of RCA NanufucturingCompany. 

Fe do not have words to thank you and will wind up by saying that w, 
-)eve that there le not another station in the world, operating on the e 
'.ht is putting out clearer signal and a greater wallop than NCRC and 

some 

it all to being 100% RCA equipped. a 

ke are enclosing o resolution that prevailed unanimously at a called men, ing of the Stockholders of the Northeide Broadceating Corporation only yeeterday, which Is self expimitary. 

kith kindest personal regarde, we are, 

Tours very truly, 

NORTNSI DE BROADCASTING CORPORATION 

/ 
_IH:RCM Charter Lee Bride, President 

Thank you. Mr. Harris. We appreciated the opportunity to be of service. 
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of "ham" equipment. Then the fun 
began. 

After wire permission from the 
Federal Communications Commis- 
sion to operate a temporary emer- 
gency license on 50 watts, the city 
power failed. But did that stop 
them? No ! They borrowed a 
sound truck that was equipped 
with a gasoline driven motor gen- 
erator, belonging to a picture 
show, but were never able to get 
more than 18 or 20 watts, until 
those old RCA parts put out an 
SOS for a larger generator, a dis- 
tance of thirty miles. Then one of 

their advertisers, who operates a 
large hatchery, jerked an 1800 
watt, gasoline- driven, A -C- genera- 
tor from his hatchery and brought 
it in by boat and truck. Old Man 
River kept coming and flooded 
the staff out of their temporary lo- 
cation. Then they went to the high- 
est ground in New Albany, a 
school house, and were able to 
put lights into the school. 

By this time the Police Station 
was flooded out and they too, 
went to the only lights in the city 
at the school. Then the State 
Police came in, then the Military 
Authorities, then the Red Cross, 
and finally the Evacuation Bureau. 
All of course, went to the lights 
and WGRC. 

The crowding necessitated by 
the emergency made doubly diffi- 
cult the work of everyone en- 
gaged in the various activities but 

At a culled meett,g of the Stockholders of the Morthslde Br- '..doosting 

Corporation held at its studlne in the inoiano Theatre Building, Ben Albany, 

Indiana, Monday March d, 1957 at 2t5O P.N. 

The following resolution prevailed by ununimuua motet 

RESOLVE]. That the President and Secretary of the Corporation be instructed 

to communicate the thanks end Appreciation of the Northside Broadcasting Corpora- 

tion to RCA Manufacturing Company of Camden, New Jersey, to Mr. R. A. Nilson their 

Field Representative and to fr. James Knecht', their Installation Engineer for the 
wonderful service rendered Station !DOC in the replacing of the e;uipment located 

at our Transmitter Bouse in Clark County. Indiana, which w..e completely destroyed 

during the recent flood in the Ohio River. 

FURTHER. RESOL7ED. That it is the unanimous sense of the stockholders, offi- 

cers and directors of the Northside Broadcasting Corporation, including its staff 

of Engineers that the recognised wonder signal being put out by MAC is reflected 

entirely in the fact that our Station is 10011 RCA equipped. 

FURTHER RESJLVED, the copy of this reemlatirn be spread upon the Minute 

Book of this Corporation and that certified copies be sent to RCA Manufacturing 

Company, to Mr. R. A. Nilson and to Mr. Janes Eccetto. 

./ ' 'y' 
C L, _nt 

` President 

t.ary 

I hereby certify that this is a true and correct copy of the minutes spread 

upon the fidute Book of the Northside Broadcasting Corporation as of Monday March 

3, 1957. 

(seal) 

Secretary 

And we greatly appreciate the sentiment expressed in the resolution. 

could not be avoided. Recogniz- was - one of the greatest catas- 
ing the situation for what it really trophes in the history of the Ohio 

Valley - everyone made the best 
of conditions as they found them. 

Early in the game Bob McIntosh 
conceived the idea of equipping 
the few motor boats that were 
available, with battery radio sets 
and then many automobiles con- 
taining radio sets were comman- 
deered by the Military Authorities. 
Then a train load of cruisers and 
motor boats was rushed through 
from Lake Michigan, equipped 
with battery sets. Well, by this 
time with everything centered 
around WGRC the station was 
certainly doing business - more 
than it ever expected to do or 
ever expects to do again. 

All other means of communica- 
tion being entirely cut off for more 
than a week from both Jefferson- 
ville and New Albany, all rescue 
boats, land cruisers and ambu- 
lances, moving sick from the hos- 

(Continued on Page 27) Control room with everything back to normal operating conditions. 
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HEARST EXPANDS COAST STATIONS 
hl:lll: Steps Out II itli .\1'ir Studios and Transmitter House 

By FREDERICK RAGSDALE 

New, modernistic studios of KEHE in Los Angeles. 

KEHE, owned and operated by 
the Evening Herald and Ex- 
press, and nationally repre- 

sented by Hearst Radio of New 
York, together with the California 
Radio System are entering their 
new home. As key station of the 
Columbia Radio System, a Mc- 
Clatchy- Hearst network of six Cal- 
ifornia stations, KEHE's new stu- 
dios will also house the executive 
offices of the network. 

The large, single -story, Califor- 
nia -type structure is located mid- 
way between Hollywood and 
Downtown Los Angeles at 141 

North Vermont Avenue -the main 
crosstown artery in this section of 
the City. Its modernistically let- 
tered orange neon sign is visible 
for a half mile in either direction. 

The building, with a total of 16,- 
848 square feet of floor space, in- 
cludes a beautiful radio theatre 
seating over 300 persons in de- 
luxe loge chairs, a large stage for 
companies of as many as 100 
persons, with an associated mon- 
itor booth, artists' lobby, and ci 

secluded sponsor's viewing lounge 

on the balcony. Two other large 
studios for orchestra and ensem- 
bles, one of which houses a pipe 
organ, are also included. There 
is a connection between the organ 
studio and the playhouse so that 
if organ music is required in the 
theatre, it may be cued in from the 
other studio. A headphone ar- 
rangement for the organist and 
facilities for putting the organ 
studio's music on the theatre am- 
plifier system make the arrange- 
ment workable. 

Master Control Room 

Two small studios for solo and 
small dramatic presentations, to- 
gether with a large announcer's 
studio and a rehearsal studio 
complete the production equip- 
ment. The Master Control Room 
is accessible from any and all of 
the large studios without passing 
through long corridors. A sepa- 
rate entrance for the theatre audi- 
ence has been provided, so that 
guests of the programs can go 
directly from the street into the 
theatre without passing through 
the offices. 

Air Conditioned 

The building is completely air 
conditioned throughout. None of 
the studios have windows, and 
the windows in front offices do not 
open. This affords ideal working 
conditions for all even on the hot- 
test California summer day. In- 
direct lighting provides better il- 

lumination than daylight. 
From the technical standpoint, 

the station's speech input equip- 
ment is the latest designed by 
RCA, from microphones to moni- 
tor speakers. The use of a three - 
channel system makes it possible 
to feed three different out -going 
programs simultaneously. All pre- 
amplifiers, monitor amplifiers, re- 
lays, etc., are installed in rack 
cabinets in the master control - 
room. In the center of the control - 
room sits the control console desk 
housing a six -channel mixer, four 
volume indicators and the key - 
switches for incoming remote 
lines. The six channel mixer oc- 
cupies the center panel, and is 
used for handling all local an- 
nouncements, transcriptions, and 
the pick -up of programs from 
other studios by means of an ex- 
tension line bus from each of the 
other control- booths. In this way 
the master control operator may, 
by a key selector, fade in or out 
of a program locally without dis- 
turbing the set -up on the three out- 
going channels. 

Simplicity Emphasized 
Likewise, between each control - 

booth runs a multiple extension 
bus, permitting any control booth 
to pick up a program originating 
in any other control booth simply 
by throwing a key on that booth's 
panel. All of the control booth 
consoles are of duplicate design 
and incorporate several new fea- 
tures. Along the bottom of the 
panel is a row of seven faders, six 



BROADCAST NEWS 

STUDIO 1 

SPEAKER 
1 TO STUDIO 

LISTENING JAC 

o 
O 

MIKES 

<44 BI 

MAY. 1937 

PAEANS, 

JACKS 
WARS 

RELAYS 
POTS 

X 41 BI X á 

j 

44B 
F.511 

X 

TO MONITOR 
BUS 

41-B 

z 
H 
N 

I 

X 41B 

4WB > 

MU LT. EX TENSION 

KEYS 

X me. 

RELAY 

ó8 

SELECTOR 

\ RELAY 

94C1- 

BOOTH 

SPEAKER 

T-B MINE VVI 

M POT 

JAC 

X 
JACK 2 X 

KEY 

40C 

JACKS 1(- 
HATCH. 

((IIC6 

TRANS. 

X PAD 

J 
W 
z 
z 
4 
_ u 

Typical Studio Channel at KEHE. 

of which are mixers and the sev- 
enth the master gain control. 

Above each mixer is an on -and- 
off push button switch for cutting 
in or out of the various micro- 
phones. Just above the row of 

faders is a line of fifteen key 
switches. Fourteen of the keys are 
used to select from the multiple 
extension bus. The other key is for 
the talk -back mike. To the left of 

the row of key switches is a selec- 
tor switch for the monitor speaker. 
With this selector the operator 
may monitor any other studio 
channels for program cueing. 

On the right of the panel is a 
group of six signal lights. Three 
of these lights indicate the chan- 
nels in use, while the other three 
work in conjunction with three 
push- button switches for selecting 
the outgoing channel. Below the 
push- button switches are three 
turn -key switches for controlling 
the interlocking relays. With this 
system, an operator in one con- 
trol booth may, by pressing two 
of the selector keys, pick up a 
transcription theme from one of 

the studios, sound effects from an- 
other, and blend both into a dra 
matic show being put on in th, 
studio before him. 

Monitoring System 
Another feature is the monitor- 

ing system used. Each out -going 
channel as well as all program 
lines from control booths are 
hooked to monitor amplifiers. 

These amplifiers feed a monitor- 

ing bus that runs through the 

building, not only to the studio 

and control booths but to all the 
offices as well. In each office is 

a selector switch box with volume 
control that controls a speaker 
mounted in a modernistic console. 
This arrangement enables persons 
in any of the offices to listen to 

any outgoing program or audition 
by merely turning the selector 
switch. 

5 

Returning to the master control 
room, all input and output circuits 
are normaled through jacks, thus 
providing a flexible arrangement 
for substituting equipment in case 
of failures. One of the racks con- 
tains a beat -frequency oscillator, 
a special bridging amplifier for 
incoming remote programs, a 
standby power supply and a cus- 
tom built all -wave receiver of 
special design that is wired into 
the monitoring bus. All equipment 
both in the control booths and the 
master control room is finished in 
two -tone gray, giving a very strik- 
ing appearance. 

Future Requirements Anticipated 

All wiring between studios and 
master control room is run through 
metal ducts with removable cov- 
ers. There are two of these ducts 
to each studio control booth in 
order to segregate the low and 
high level circuits to avoid inter- 
ference. Also, anticipating future 
changes in equipment or circuits, 
two special conduits were in- 
stalled frcm the junction boxes in 
the control booth to the base of the 
cabinet -racks in the master con- 
trol room. The junction box in 
each control booth is mounted in 
the wall just below the control 
console, each box being barriered 
off in three sections, to prevent 
cross -talk between circuits. 

(Continued on Page 33) 

The new transmiller house, also modernistic In design. 
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LOGARITHMIC RECORDING OF FIELD 
INTENSITIES 

n intplilitvltirrrt 44 they Subject Discussed in the Lust Issue 

By JOHN P. TAYLOR 

Fig. I. The TMV 75 B Field Intensity Meter shown with a portable logarithmic 
amplifier. This combination. operated from batteries. is suitable for use in the 

field and provides a recording range of 50 db. 

the preceding part of this ar- 
le' several methods suitable 

: r making graphic recordings 
of broadcast station held intensi- 
ties were considered. The equip- 
ment setups discussed were those 
Lest- adapted for linear recording, 

the possibilities of logarithmic 
recording being but briefly men- 
hurled in the concluding para- 
graph. In the second part, which 
follows, an arrangement devel- 
g.ed for making recordings di- 

.: : !', virithmic scalo will 

Advantages of Logarithmic 
Recording 

1 ..ttgs 
defuute advantages in some 

have 
in- 

.-tances and, -as propagation and 
coverage phenomena are investi - 
gated in more and more detail, - 
wil! undoubtedly be made use of 
more frequently. This is not to 
say that they will replace linear 
recordings, - - except in special 
cases. The two types of recordings 

John P. Taylor "Graphic Recording of 
Ft.-1 lntensntes." H: :. ._ !1- 

Pq 9. Dec. 1936. 

have well -delineated applications. 
For instance, linear recordings 
will always be requisite where a 
good degree of accuracy is re- 
quired, and, probably, in all cases 
where the range of field intensities 
to be recorded is comparatively 
narrow,- within, say, 30 db or 
thereabouts. This will ordinarily 
include all observations made to 
determine coverage of a station 
within its primary area (that is, 
where recordings are required for 
only comparatively brief periods). 
Also, of course, all measurements 

within the vicinity of a station, - 
as, in determining "effective field 
intensity at one mile," harmonic 
radiation, etc. Logarithmic re- 
cordings, on the other hand, will 
be of greatest advantage under 
those conditions where a wide 
range of intensities is to be en- 
countered. Such conditions are 
met with when making observa- 
tions in the secondary area of a 
station (skywave reception), or 
where different powers or differ- 
ent antenna systems are to be 
compared, or where two stations 
of quite -different signal strengths 
are to be recorded alternately. 
The reasons for the respective ad- 
vantages under these, and var- 
ious other, conditions will be obvi- 
ous from a comparison of the log- 
arithmic and linear scales corres- 
ponding to a given range (see Fig. 
7, Part I). 

Possibilities of Log Amplifier 
Field intensity meters can be 

built to give either linear or loga- 
rithmic recordings. The TMV -75 -B 

is of the first type, that is, it is de- 
signed to have linear output scale. 
This is because its most important 
applications, and those for which 
it is used most of the time, are in 
determining primary coverage, ef- 
fective field strength, harmonic 
radiation and the like - where a 
good degree of accuracy is essen- 
tial. When the possibility of mak- 
ing logarithmic recordings is con- 

Win 
1110=111111111111 

Fig. 2. A typical recording (skywave reception) of a 50 KW station about 400 
miles distant. This is about average for winter conditions summer daytime 
intensities are considerably lower. The wide range of field intensities from 
daytime to nighttime conditions illustrates the limitations of a linear scale in 

recording this type of reception over extended periods. 
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sidered, the first thought that oc- 

curs is to provide, for use with the 
TMV -75 -B, an amplifier, or con- 
verter, having a linear input and 
a logarithmic output. A diode de- 
tector such as used in the TMV -75- 

B is linear over the greater part of 

its characteristic, but becomes al- 
most parabolic at the low end of 

the curve. This means that the 
amplifier characteristic must take 
this into account -a measure 
which, fortunately, turns out to be 
quite easily accomplished. By 
properly adjusting the compensa- 
tion a logarithmic curve very 
good over 40 db and useable up 
to 50 db can be obtained. A de- 
vice of this type - illustrated in 
Fig. I - has been worked out by 
the writer and found to operate 
quite satisfactory." Such an am- 
plifier has the advantages of be- 
ing self- contained, thus making it 

easy to use in the field, and of in- 
cluding a self -calibrating arrange- 
ment, so that the whole setup can 
be placed in operation in a very 
few moments. Moreover, the unit 
is available for other laboratory 
uses where a linear- input -logarith- 
mic- output is of advantage. 

Need for Wide Range 
Because of its simplicity and 

portability (speaking relatively, of 

course) the above arrangement - 
that is, of a logarithmic amplifier 
operating directly from the field 
intensity meter - is the best ar- 
rangement for field use. Where 
observations are to be made over 

' John P. Taylor "A Direct- Current Ampli- 
fier for Logarithmic Recording" (to be pub- 
lished). 

Fig. 3. The ACR -175 Receiver and DC Amplifier (in front). This combination is 
a -c operated, and hence is particularly suitable for recording at semi -fixed 
locations. It provides a recording range of 80 db of accuracy satisfactory for 
this type of recording. The field intensity meter (used to calibrate the setup) 

and the portable log amplifier are at the rear. 

comparatively short periods -sev- 
eral hours or so - or where an 
operator stands by to make occa- 
sional checks of the calibration, it 

is quite satisfactory. However, it 

has two drawbacks which impose 
limitations that are undesirable, 
and which lead to the considera- 
tion of other methods. First of 
these is the limited range. Al- 
though 50 db provides a wide- 
spread curve compared to a lin- 
ear scale, it will not be suffi- 
cient under certain circumstances. 
(Note: Although cm amplifier of 
this type of range greater than 50 
db could be designed, it is hardly 
practical due to the difficulty in 
obtaining stability). If, for instance, 
it is desired to make observations 
extending from daylight hours into 
darkness, a very wide range of 
field intensities will be encoun- 
tered. This is indicated in Fig. 2, 

which is an actual record (linear) 
of the signal of a 5KW station 
some 400 miles distant. it will be 
seen that during the daylight 
hours the intensities are low - 
ranging from zero to 40 microvolts 
(this is for winter conditions) and 
having a mean value of only 7 or 
8 microvolts. As darkness ap- 
proaches the intensities rise very 
rapidly, as can be seen, and for 
winter evening conditions will 
have intensities varying from 0.3 
to 7 millivolts, and averaging 

(Continued on Page 22) 

Fig. 4. Interior of th 
showing the extreme 
plug (at the right) is 
6E5 Magic -eye socket 
No other connections 

the recorder are 

e DC Amplifier 
simplicity. The 
inserted in the 
of the receiver. 
except those to 
required. 

Rec. 

Fig. 5. Schematic diagram of the DC Amplifier (shown in Fig. 3) for use with 
the ACA -175 Receiver. An additional tube, in parallel, will make it possible to 
obtain a curve of better correspondence at the high end of the bind. Values 
of components, which are not particularly critical, are as follows: 

R, 5.000 ohms, adlustable R, 1 000 ohms. fixed 
A, 2,000 ohms. variable 
A. 20,000 ohms, variable 
A. 6.000 ohms, fixed 

A 10.000 ohms. fixed 
P, 1 Meg. potentiometer 
M 0.10 milliammeter 
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MODEL HOME FOR WORCESTER STATION 
Latest Ideas in Design Incorporated in New Plant 

Completed home of important Massachusetts Station. 

BROADCASTING operations of 
WTAG have been transferred 
to the station's new trans- 

mission plant on Shrewsbury 
street, Holden, accompanied by a 
rise in power from 500 to 1000 
watts, thereby greatly intensifying 
the service to listeners of this sta- 
tion which is owned and operated 
by the Worcester Telegram and 
The Evening Gazette. 

Operations will hereafter be 
conducted at the new Holden 
plant erected at a cost of one hun- 
dred thousand dollars and includ- 
ing in its building program a mod- 
ern transmitter house and the 
most modern type antenna sys- 
tem comprised of three giant fab- 
ricated steel towers. Offices and 
studios of WTAG will continue at 
18 Franklin street. 

Placing in service its new one 
thousand -watt transmitter of the 
most modern type, and using the 
giant, directional, triple towers 
which form the new antenna sys- 
tem of WTAG, the station brings 
about a marked increase in the 
efficiency of coverage for WTAG 
listeners. 

Broadcasts Improved 

Broadcasts to the WTAG audi- 
ence will be markedly improved 
by virtue of the new transmitter 
and the antenna system formed 

by two fabricated steel towers 
rising to a height of 360 feet and 
a third tower 260 feet in height. 
Broadcasts will continue to com- 
prise complete coverage of en- 
tertainment and current events 
brought to WTAG listeners from 
all corners of the world through 
the station's own facilities as well 
as those of the National Broad- 
casting Company's coast -to -coast 
Red Network and the Yankee Net- 
work of which WTAG is a mem- 

ber station. Installation of the new 
transmission equipment with at- 
tendant improvements in WTAG's 
capacity for service to the radio 
public is in line with permission 
granted by the Federal Communi- 
cations Commission. 

Ideal Site Chosen 

Construction of the new trans- 
mitting facilities was begun the 
first of August, following purchase 
of the large Holden tract selected 
because of its flat terrain and the 
good transmitting qualities of its 
soil which combine to make it an 
ideal spot for purposes of radio 
transmission. At that time the site 
was farm and pasture land. It 
was necessary to clear the land 
and remove a farmhouse and 
other buildings before beginning 
construction of the WTAG trans- 
mitter house, the steel towers and 
the operator's residence. 

Radio programs quite literally 
will fare forth into the ether from 
a locale where potatoes and corn 
flourished a season ago. Pro- 
grams originating in the Franklin 
street studios of WTAG, in New 
York and other studios of NBC 

The RCA Type 1 -D Transmitter ready to go on the air. 

I 
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and in the Yankee network studios 
will be relayed by the new 1000 - 
watt transmitter in a new trans- 
mitter house built of yellow face 
brick and limestone, along mod- 
ern architectural lines. WTAG's 
newly -built modern cottage near- 
by is occupied by the chief trans- 
mitter operator. 

Land Had to Be Cleared 

When WTAG took possession 
of this site late last summer, the 
land was partly under cultivation. 
Brush, trees, and more than a mile 
of stone walls had to be cleared 
before construction work could 
advance far. One of the principal 
tasks previous to beginning act- 
ual tower construction, involved 
removal of those stone walls, 
which proved to be of even more 
sturdy construction than the ma- 
jority of such walls which dot the 
New England countryside. Many 
of them were laid deep under- 
ground with a base fifteen to 
twenty feet wide, only the top to 
which they tapered being visible 
above the ground. They yielded 
to a crane and hand tools used to 
root them out. 

Brush was cleared by hand and 
burned. The farm buildings were 
torn down and removed. All of 
the work, including the construc- 
tion of all buildings and installa- 
tion of all equipment, except the 
actual work of erecting the steel 
towers, was in the hands of Wor- 
cester contractors. Specialists in 
the latter work swung into place 
the eighty thousand pounds of the 
fabricated steel Blaw -Knox towers. 
Lowell & Whipple were the gen- 
eral contractors for the transmit- 
ter house, operator's cottage and 
other work. 

Landscaping of the grounds 
surrounding the transmitting plant, 
interrupted in the Fall by cold 
weather and ground conditions, 
will be completed in the Spring. 

Greater Area Served 

The new directional antenna 
system will bring an increase in 
the area served by WTAG. 

Points previously served by the 
station in northern Worcester 

county will find the quality greatly 
improved. 

Meanwhile, for the average lis- 
tener in WTAG's territory, instal- 
lation of the new transmitter and 
its accompanying increase in 
power means simply doubling the 
quality of the programs heard reg- 
ularly under WTAG's usual pol- 
icy of presenting the cream of 
radio entertainment from every- 
where. 

A glimpse into the technical 
background of the new transmis- 

New antenna, new home, new equipment 
for New England's WTAG. 

sion system reveals that 126,720 
feet of copper wire were laid to 
form the ground system of the 
new set -up. This wire, of about 
half the diameter of an ordinary 
lead pencil, was laid six inches 
underground. Running some 2900 
feet between the towers and from 
the towers to the transmitter house, 
is the concentric transmission line 
forming what is perhaps the long- 
est transmission line of any such 
system in the country. 

The towers are set in heavy 
concrete bases extending eight 
feet into the earth. Upon these are 

comparatively small porcelain in- 
sulators which surprisingly bear 
the eighty thousand -pound load of 
the towers with complete safety. 
The lowers are built to withstand 
a wind velocity of 115 miles an 
hour, which is vastly greater than 
has ever been recorded in this 
vicinity. 

Completely Equipped Plant 

The new antennae and trans- 
mitter house were constructed 
under the supervision of John J. 

Storey, managing director of sta- 
tion WTAG, and Prof. Hobart H. 
Newell, consulting engineer of the 
station. Mr. Storey also super- 
vised building of the operator's 
cottage. The transmitter house 
contains the actual transmitter fa- 
cilities in its 55 x 30 feet quarters, 
along with reception and obser- 
vation rooms where visitors are 
welcomed. In the basement is an 
emergency electric plant and a 
modern heating plant. Above are 
operators' sleeping and lounging 
quarters and workshop. Equipped 
with its own emergency electrical 
plant, WTAG could continue oper- 
ations even in the event that 
power from regular sources should 
fail. 

The steel towers are painted in 
alternate stripes of international 
aviation orange and white, these 
colors having been designated by 
the Airways Division of the De- 
partment of Commerce. At night 
they are lighted by six 100 -watt 
beacons on the sides of the three 
towers, topped on the East tower, 
by a 500 -watt beacon, and, on the 
other two, by lights of 100 -watt 
power. These red beacons con- 
form to the specifications of the 
Department of Commerce and so 
serve as aviation guides. Under 
normal conditions their beams are 
visible many miles. In the day, as 
well as at night, the towers form a 
landmark that may be seen from 
many surrounding highways and 
railroads - as well as from the 
highways of the sky. 
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NEW EQUIPMENT SOLVES PROBLEM 

FOR SMALLER STATIONS 
Tiro Studio Speech Input bark Provides Efficient System 

By W. L. LYNDON 

AMONG the recent develop - 
ments of great interest to 
smaller stations is the new 

RCA 78 -A Speech Input Rack. A 
factory assembled and wired 
grouping of standard rack -type 
apparatus, controlled from an 
operating console and permitting 
an unusual degree of flexibility, 
in use this unit solves many of the 
problems which have confronted 
the lower powered stations. At the 
same time the price is sufficiently 
attractive to place it within the 
reach of almost every station. 

The studio problems ir. broad- 
casting stations are often aggre- 
voted by the necessity for provid- 
ing unusual setups, for making 
rapid changes from one program 
to another and for holding audi- 
tions at the same time that broad- 
casting is being carried on. It is 
desirable to be able to do these 
things without an excessive lay- 
out of apparatus, and often such 
possibilities are not provided 
when the original installation is 
made. 

Provision for Expansion 

It was with these facts in mind 
that the 78 -A equipment was de- 
veloped. The RCA Standard 78 -A 

Studio Equipment provides the ut- 
most in flexibility for two studio 
operations, but involves only a 
minimum amount of equipment. 
There is available space on the 
speech input rack which will per- 
mit the addition of a pre -amplifier, 
a meter panel or line equalizer, a 
33 -A jack panel, and a 55 -A line 
amplifier. Also, space is available 
on the relay panel for five addi- 
tional relays and the relay recti- 
fier is conservatively rated which 
will allow the addition of relays 
or signal lights. We know from 
past experience that it is never 
advisable to design a studio lay- 
out without providing means for 
expansion and changes. A front view of the 78 A rack. 

The equipment is composed of 
three main items; namely, the 
booth control console, the rack of 
amplifier equipment and a wall 
mounted tube type relay rectifier. 
All amplifiers are the standard 
RCA 41 -B and 40 -C series as used 
by most leading stations and net- 
works. Facilities are available for 
three microphone outlets in each 
studio. These microphones may 
be the RCA Velocity Type 44 -A, 
44 -B, 74 -A, 74 -B, 77 -A Unidirection- 
al type, or the 50 -A inductor micro- 
phone. Where it is desirable to 
have a microphone in the booth 
to permit station announcements, 
switching facilities have been in- 
cluded for this feature. This ar- 
rangement will permit the use of 
three microphones in one studio, 
two in another and one in the con- 
trol booth. 

Separate Control Console 

The booth control console should 
be located so that the operator 
may have visible access to both 
studios. This console contains 
three pre -amplifier input key 
switches, four mixer input key 
switches, four mixer output (air - 
audition) key switches, a two-po- 
sition line output key switch, a 
monitor selector key, a talk -back 
key switch, four mixer controls 
and an overall master gain con- 
trol, a volume indicator meter and 
a monitor amplifier volume con- 
trol. The black bakelite panel on 
which these parts are mounted is 
hinged from the top so that it may 
be easily opened and the mixers 
and key switches readily serv- 
iced. Twisted pair shielded wire 
has been used to connect up this 
console and all out -going circuits 
are terminated on a connection 
block located in front of a cutout 
at the rear panel of the console. 
The rear of the console is remov- 
able to facilitate the connecting of 
the external wiring. The console 
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is finished in a medium gray with 
a silver gray trim. 

The mixers employed are of the 
ladder type and are properly 
matched by means of loading re- 
sistors and a transformer to the 
master gain control which is of a 
balanced ladder type. 

As shown on the accompany- 
ing diagram four normalled thru 
circuits are provided for remote 
line or transcription purposes. 

The key switches located on the 
input of the 41 -B preamplifiers per- 
mit the use of six microphones. 
The key switches on the input of 
the mixer controls allow either the 
output of the pre -amplifier or line 
to be fed to a mixer. The key 
switches on the output of the mix- 
ers designated "Air- Audition" al- 
low that particular mixer to be 
switched through to either the reg- 
ular broadcast channel or to the 
audition circuit. This feature per- 
mits an audition to be conducted 
during a broadcast by using the 
monitoring amplifier in the audi- 
tion channel. During such an audi- 
tion, the operator may monitor the 
regular program by plugging a 
pair of headphones in a jack pro- 
vided on the side of the console. 

There are three inputs on the 
monitor key switch which will per- 
mit switching the monitor ampli- 
fier input to either the outgoing 
program bus, a cue circuit or the 
audition circuit. The cue circuit 
may be the rectified output of the 
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The console - the central unit in the 
new equipment 

transmitter carrier or where the 
78A equipment is used in a multi - 
studio installation involving a 
master control room, it may be the 
output of any pre -patched circuit. 

Talk -Back Facilities 

The monitor circuit is normalled 
through a non -locking two -position 
talk -back key. When this key is 
operated, it transfers the input to 
the monitoring amplifier to the 
talk -back microphone circuit and 
at the same time operates the 
booth and studio speaker relays. 
The operation of the booth re- 
lay prevents acoustic feed -back. 
The talk -back microphone may be 
of the high output magnetic vari- 
ety or a carbon microphone may 
be used if a suitable battery, coil 
and power supply is provided. 

An interlocking feature prevents 
the possibility of talk -back into a 
studio when that studio has once 
been set up for broadcast position. 
However, talk -back facilities are 
still available in the second stu- 
dio in which an audition may be 
picked up. 
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Standard Speech Equipment Rack 

The rack is a standard 9AX cab- 
inet type on which is mounted the 
loudspeaker relays, three 41 -B pre- 
amplifiers, a 40 -C amplifier, a 94 -C 
monitoring amplifier, a 33 -A jack 
strip, and a 57 -A master power 
switch and fuse panel. The rack 
is wired with twisted pair shielded 
cable and all power and audio 
circuits have been carefully sepa- 
rated to prevent coupling. 

High- Fidelity Performance 

At normal gain settings, the 
overall hum level of the broad- 
cast channel is -60 db. below 
zero level output (unweighted). At 
this output level the overall dis- 
tortion is .25 of 1<i'%% RMS measured 
at 400 cycles. 

The 94 -C monitoring amplifier 
provides 18 watts of audio power 
which is sufficient to drive a num- 
ber of office speakers in addition 
to the studio and booth speakers. 

The control room monitor speak- 
er may be the UZ -4209 double 
voice speaker mechanism which 
the user may mount in a suitable 
baffle or the new 64 -A loudspeak- 
er which consists of a double voice 
coil mechanism mounted in an 
acoustically matched folded horn. 
The 94 -C amplifier will supply 
field excitation for two of these 
type speakers. 

The equipment is designed to 
operate from a power supply of 
105/125 volts 50 /60 cycles and 
the total power consumption is ap- 
proximately 450 watts. 
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Simplified Schematic of th. 78-A Two Studio Rack. 
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DIRECTIONAL ANTENNAS 
.1 !lyrelupnlent of Analytical Methods .ippliCabi(' to 

General Problems in .1rra- Design 
DR. G. H. BROWN 

Reprinted through the courtesy of Proceedings of the I. R. E. 

TFIE multielement or direction- 
al antenna is becoming of in- 
creasing importance through- 

out the spectrum of radio frequen- 
cies. Various forms of directive 
arrays have been used for many 
years for short -wave use. In the 
past few years, arrays have be- 
come important in the so- called 
"broadcast" band of frequencies. 
The purpose of the arrays used in 
this range of frequencies has been 
twofold. In some cases, the energy 
is directed into a desirable or 
densely populated territory at the 
expense cf a decrease in the en- 
ergy sent out into thinly populated 
territory, waste land, or large 
bodies of water. By far the great- 
est use of the directive array has 
been to prevent energy from go- 
ing out in such directions which 
point toward the service areas of 
stations on the same or adjacent 
channels. The use of such arrays 
allows stations to increase their 
power without increasing the 
amount of interference they cause 
to another station. 

Problems in Designing Array 
In designing an array, it is de- 

sirable to determine several quan- 
tities. The shape of the space dis- 
tribution curve of the electric in- 
tensity (or magnetic flux density) 
at a distance from the array is de- 
termined by the relative phase 
and magnitude of the currents in 
the elements making up the array. 
The next step is to place the scale 
factor on this diagram. This is 
usually done by integrating the 
flow of power through the surface 
of a large sphere whose center 
lies at the array. For an array 
consisting of more than two ele- 
ments, this process is very tedi- 
ous. By reducing the field rela- 
tions to a study of self- and mutual 
impedances, the problem becomes 
that of analyzing a coupled cir- 
cuit. This process has the added 
advantage of yielding relations of 
importance in designing the feed- 

ing and matching circuits. The 
amount of power contributed by 
each element is then known, as 
well as the effective resistance 
and reactance which each element 
will offer to its respective trans- 
mission line. With a complete 
knowledge of the phenomena oc- 
curring in the system, the adjust- 
ment becomes merely a correc- 
tion of second order effects instead 
of the usual "cut-and-try" proced- 
ure which must be followed when 
the action cf the system is not 
thoroughly understood. 

It is the purpose of this report to 
develop analytical methods which 
are readily applicable to the gen- 
eral problems that arise in array 
design and to provide design 
curves which may be used with- 
out reference to the field theory 
underlying the problem. The the- 
ory will be applied to a number 
of important cases. It is realized 
that some of the work closely par- 
allels that of other authors. In 
fact, a certain amount may seem 
a duplication of previous work,' 
but this was done for complete- 
ness and continuity of treatment. 
Furthermore, the report has been 
prepared with the idea of utility 
predominating over that of pre- 
senting entirely new material. 

II. The Fields in the Vicinity of a 
Transmitting Antenna 

In order to predict effects occur - 
ing at the antenna itself, it is nec- 
essary to have available expres- 
sions for the electro- magnetic field 
in the vicinity of a radiating ele- 
ment. In particular, let us examine 
the top -loaded antenna shown in 
Fig. 1. This antenna consists of a 
vertical wire with a nonradiating 
capacity area at the top so that the 
current distribution is as shown. 
Then I, is the length of the portion 
cf sine wave suppressed by the 

P. S. Carter, "Circuit relations in radiat 
ing systems and applications to antenna 
problems," Proc. I.R.E., Vol. 20, pp. 1009- 
1041; June, (1932). 

capacity area. We define 
quantities. 

the 

B =2rrb /i. radians 
= 360b /). degrees 

i1 = 2aa /i. radians 
= 360ó/i. degrees 

G =,1 -f- B. 

The current on this antenna is 
then distributed according to the 
relation 

Fig. 1. 

/0 sin (G - ky) 
m= 

sin G 
(1) 

where y - the distance from the 
surface of the earth to the point at 
which the current, i,,, is being de- 
termined. 

/ = current at the base of the 
antenna 

ì. = operating wave length 
6-= 

The components of electric inten- 
sity at point, P, are" 

+/ 
30/0 [ (z - a) 

s sin G rt 
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-lAr' COS B 

I z -(- a) 
cos B r 
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-E 
ro 
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ikr- sin B 

kr,3 

'Appendix III. 
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cos G 

where, 

ro = N/x2 
z2 

rl= + (z - a)2 

r2 = + (z+a)2. 

(2) 

(3) 

The magnetic flux density lies in 
horizontal circles, with the center 
of the circles lying on the vertical 
axis of the antenna. The magnetic 
flux density is 

10-p/0 j" 

Bo - 1 L iAr cos B 
x sin G 

+ E- JA'' cos B - 2E -JA" cos G 

(z - a) + E- jkr'smß 
ri 

(z +a) j E_)kr' sin B 
r2 

1 

(4) 

When there is no loading at the 
top of the antenna, the field com- 
ponents become 

3010 r (z - a) 
Fr-+1 L E-1kn 

X sin G ri 

+ (z + a) 
2z 

c.--1"' - E-/'ru cos G 
r2 ro - 

(5 

304 E 
JA E-JA,a l'a=-)- +- 

sin G ri r2 

2E -- ik'' 
cos G] 

r0 

and, 

10-0/0 B-j [E 

x sin G 

ihr, _ itrr- 

(6) 

- 2E - cos Gl. (7) 

At times, the sectionalized ar- 
rangement (Fig. 2) is used instead 
of top loading. The coil is placed 
some distance from the top of the 
antenna. The total antenna height 
is d, while a is the distance from 
the earth to the coil. The length of 
sine wave which would be above 
the coil point if the coil and top 
section of antenna were replaced 
by a straight wire is b. Then we 
define 

D = 27rd /À. radians 
= 360d /À degrees 

A = 2ira /À radians 
= 360a /2 degrees 

B = 27rb /i, radians 
= 360G /i degrees. 

Fig. 2. 
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(E JA The antenna current is given by + sin ID - A) ' 

/0 sin 1 G - ky 
i = (8) 

sin G 

when y is less than a. When r is 
greater than a, the distribution is 

i - sin B sin (D - ky) 

sin G sin (D - A) 
(9) 

The components of the electro- 
magnetic field become 

E-- ikri CC S( D - I l 

- E-)A"' CCS ( D - :I1) ] (12) 

where, 

r = 02 +z2 

r1 =V.c2+Iz-a12 
r2 =/i=+fz+al2 
=0'+Iz-dl2 

ra=02+(z+dl2. (Continued on Page 14) 
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,.' :,terued from Page 13) 

All the above fields have been 
computed on the assumption that 
the earth beneath the antenna is 

a perfect conductor. 
The above expressions are es- 

sential in computing the mutual 
impedances between antennas. 
They are also of use in investi- 
ciating earth currents near trans- 
mitting antennas,' in adjusting 
top -loaded or sectionalized an- 
tennas,' and in estimating the ef- 

fects of supporting guys. 

III. The Mutual Impedance 
Between Antennas 

The classical method of calcu- 
lating the power radiated from an 
antenna was to integrate the 
Poynting vector over the surface 
of a sphere whose radius was 
very large compared to the an- 
tenna dimensions and to the wave 
length. This process then gave 
the radiation resistance of the an- 
tenna. Several years ago, Pistol - 
kors ° moved the surface of the 
integration so that this surface co- 

incided with the surface of the an- 
tenna. This method yields the re- 
actance as well as the resistance 
of the antenna. This procedure 
has been elaborated upon by 
other workers.' 

The Poynting vector in this case 
becomes the product of the cur- 
rent flowing in an element of con- 
ductor and the component of elec- 
tric intensity at the surface of the 
conductor and parallel to the di- 
rection of current flow. The com- 
ponent of electric intensity is found 
by letting the point, P, of Fig. 1 

approach the surface of the an- 
tenna. Then the distance, z, as- 
sumes the value, y, which is the 

'G. H. Brown, "The phase and magnitude 
of earth currents near radio transmitting 
antennas," Proc. I.R.E., vol. 23, pp. 168 -181; 
February, (1935). 

`G. H. Brown, "A simple method of adjust 
ing sectionalized and top -loaded broadcast 
antennas," Broadcast News, No. 19, p. 14; 
April, (1936). 

'A. A. Pistolkors, "The radiation resistsance 
of beam antennas," Proc. I.R.E., vol. 17, 
pp. 562.628; March, (1929). 

°J. Labus, "Recherische Ermittlung der Im- 
pedanz von Antennan." Hochfrequenz. und 
Elektroakustik, p. 17, January, (1933). 

Fig. 3. 

elevation of the current element 
we are examining, and x ap- 
proaches the radius of the con- 
ductor. The total power passing 
outward from the surface of the 
conductor (Fig. 3) is 

v 
p Illattsl = 

FvivdY 
v 

(13) 

Here i is the current in the an- 
tenna element and F is the verti- 
cal component of electric intensity 
at the elevation, y, where this elec- 
tric intensity is due to the current 
(and charge) of the entire antenna. 
The notation F has been used in- 
stead of F, to agree with the cur- 
rent notation and to indicate that 
the field is to be taken at the sur- 
face of the conductor. This elec- 
tric intensity is computed from (3), 

(6), or (11), depending on type of 
antenna used. Equation (13) con- 
sists of a real term and an imagi- 
nary term, each of which is pro- 
portional to /a'. Thus the real co- 
efficient of /,;2 is identified as the 
radiation resistance and the imag- 
inary factor as the reactance of 
the antenna. 

Fig. 4. 

Let us now turn to the situation 
of Fig. 4. Two antennas of heights 
a and a' are separated a distance, 
d. The self- resistance and react- 
ance of either antenna may be 
found by equation (13.) At the 
same time, antenna No. 2 pro- 
duces a field at the surface of No. 
1 which yields a Poynting term of 

power. Thus the power flowing 
out of No. 1 due to the presence of 

No. 2 is 

a 

pr = 
v 

Fvivdy 
-o 

where i is the current in No. 1 

and F is the electric intensity at 
the surface of No. 1 due to No. 2 
[x = d in (3), (6), or (11)]. This 
power term splits into a real and 
an imaginary part, multiplied by 
the product, //'. We have thus ar- 
rived at a definition and a means 
for computing the mutul impe- 
dance between two antennas. We 
shall denote this complex impe- 
dance as 

Z,=R,,,+iX,=1Z,I/__+9, 
(15) 

where, 

and, 

Zm I= V R,2 + X,n1 
(16) 

tan 0,= X,,, /R,,,. (17) 

Likewise, the power flowing from 
No. 2 due to No. 1 is 

,-a, 
F.t.dy' p' = 

W --0 
(18) 

where i,,. is the current in No. 2 

and F. is the electric intensity at 
the surface of No. 2 due to No. 1. 

Because of the reciprocal rela- 
tion existing between (14) and (18), 

(p,,, = p,,,'), either may be used to 

evaluate the mutual impedance. 
When one antenna is top -loaded 
or sectionalized and the other is a 
straight vertical wire with no load- 
ing, it is generally simpler to in- 

tegrate along the top -loaded or 
sectionalized antenna since the 
expression for the field due to the 
simple antenna is less cumber- 
some to handle. 

In general, it is desirable to plot 
the integrand of (14) or (18) and 
perform a mechanical integration. 
The actual integration yields very 
cumbersome formulas7 which in- 

volve a large amount of arithme- 
tic before a numerical answer is 
obtained. Experience with both 
methods has proved that the 
graphical method is less tedious 
as well as less time -consuming. 

(Continued on Page 32) 

'G. H. Brown and Ronold King, "High - 
frequency models in antenna investiga- 
tions," Proc. I.R.E., vol. 22, 471, equations 
(7) and (8); April, (1934). 
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REAL DRAMA ON THE AIR 
If .ti.1/ Presents licit! :!tvoun t of Hood Conditions 

By HARRY STONE 

/ 
/THAT'S all, WSM. Go home 
and get some sleep. If we 
need you again we'll call 

you." 
Thus did a tired -voiced WHAS 

announcer write "finis" to one of 

the most dramatic chapters of all 
radio history. 

For 79 hours without interrup- 
tion, WSM had placed its trans- 
mitter at the disposal of flood - 
stricken Louisville. No time to 

change tubes or make adjust- 
ments but 24 hours a day without 
a moments rest. How many lives 
were saved by radio is, of course, 
highly problematical, but it is defi- 
nitely known that rescue work in 
Louisville continued to take its di- 
rections from a transmitter 175 

miles away while WHAS was off 

the air. That the nation was en- 
abled to listen in on this gripping 
drama while it was being enacted 
is evidenced by the fact that more 
than 200 stations throughout the 
country were rebroadcasting WSM 
at intervals during those three 
days and four nights. 

WSM Comes to Aid 
Louisville's plight first became 

known at WSM Saturday night, 

Part of the Staff at WSM during the 
flood odds. 
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Aaron Shelton, WSM engineer aboard the "Lockandam." stringing antenna for 
shortwave transmitter. 

January 23rd. Harry Stone im- 
mediately offered Lee Coulson of 
WHAS whatever assistance need- 
ed. This was graciously declined. 
But on Sunday afternoon a tele- 
type message from Coulson to 

Stone told a startling story. The 
city flooded, police radio dead, 
and notice to WHAS that their 
power was going off at 8 o'clock 
-would WSM help. 

That WSM did help is now a 
matter of record. Working in two 
shifts of twelve hours each, WSM 
announcers and operators kept 
the station going for the longest 
period in its history. Police bulle- 
tins and emergency calls by the 
thousands poured forth in a mo- 
notonous yet dramatic fashion. 
Each one meant lives in danger - 
lives that depended upon a radio 
transmitter and a makeshift tele- 
phone circuit between Louisville 
and Nashville for their chance to 
live. 

Many times during those ago- 
nizing hours this line would crac- 
kle and pop, then fail momentar- 
ily. But always it would clear up 
and the calls continue. 

All the while Louisville was in 
trouble there were other localities 
also in distress. Paducah, Evans- 
ville and dozens of smaller com- 
munities. These, too, had to have 
help so as these appeals came in 
WSM would cut in, read these 
messages locally. 

Boats Equipped 

The U. S. Engineer Office with 
its fleet of river steamers equipped 
with standard radio receivers, di- 
rected the relief activities of this 
fleet through a pre - arranged 
schedule on WSM. Two of their 
boats, the "Lockandam" and the 
"Jayhawker" were equipped with 
short wave transmitters and were 
able to carry on direct communi- 
cation with WSM wherever they 
went on the Ohio, Tennessee or 
Cumberland Rivers. Eddyville, 
Kentucky, cut off from the world 
for days, sent out its first word over 
a twenty watt transmitter on the 
"Lockandam." Smiths Grove, Ken- 
tucky, marooned without food, 
water or medical supplies, sent 
the American Legion Commander, 

(Continued on Pago 24) 
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FLOODS MAKE WORK FOR NBC STAFF 
II ide . frfvf (:fnerefl In keeping .Nation Informed 

Long shifts fatigue even radio men. NBC group on flood duty. 

THE beautiful Ohio River tear - 
ing through one of the most 
fertile and populated sections 

of the United States gave radio an 
unforseen opportunity to demon- 
strate its capacity for performing 
extraordinary service, despite ad- 
versity. 

Encountering the three great 
scourges, flood, famine, and fire, 
radio men demonstrated a re- 
sourcefulness, energy, and endur- 
ance that stirred admiration far 
and wide. They lived up to the 
old tradition of a radio man who 
would never desert a sinking ship 
or leave a humane act undone. 

NBC and associated stations 
sprang into action as soon as the 
Ohio reached flood stage. The 
principal points of departure for 
the flood zone were Cleveland 
and Chicago. Portsmouth, Ohio, 
one of the first cities flooded, was 
covered by F. D. Whittam and 
Tom Manning, from WTAM, 
Cleveland. Their equipment in- 
cluded three transmitters, three re- 
ceivers, and two portable field 
amplifiers. 

Equipment Rushed 
Equipment from Chicago wcts 

rushed to Vincennes, Evansville, 
Cairo, Paducah, and Memphis. 
In addition to mobile units, there 
were three portable intermediate 

and ultra -high frequency trans- 
mitters, three receivers, two por- 
table field amplifiers, and a gas - 
driven generator for charging 
batteries. 

Eye -Witness Accounts 
One of the most spectacular ac- 

complishments by radio men in 
the flood zone was the eye-wit- 
ness accounts broadcast from air- 
plane transports -"flying studios" 
-which covered the flood zone 

bearing parties of NBC and local 
station announcers, and by cour- 
tesy of NBC, newspaper reporters. 

The transport studio sent out 
signals from a 50 -watt intermedi- 
ate frequency transmitter, whose 
wavelength varied between 125- 
180 meters. Any one of four fre- 
quencies were available between 
the 1600 and 2200 kilocycle band 
set aside for.relay broadcasting. 

The FCC ruling which author- 
ized all units to communicate with 
any class of station, without spe- 
cial license or commission, en- 
abled the portable and mobile 
units to adopt a broadcasting 
band and technique which best 
suited their purposes. 

Although they worked in an 
area where roads were virtually 
impassable and where regular 
lines of communication were un- 
dependable, NBC field units man- 
aged to get to the "front." They 
saw and described much of the 
dramatic action incident to build- 
ing levee defenses, to feeding ref- 
ugees, and evacuating homes. 
NBC's great offensive ranged over 
an area with a frontage of 1800 
miles. 

(Continued on Page 33) 

Ut 
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STEADY PROGRESS FOR WRAK 
II illitttnrspurt .tilatioii Irrstalls . Neu. Equipment 

By LOUIS N. PERSIO, Chief Engineer 

The antenna at WRAK with the sub- 
structure to raise it above flood level. 

ON November 5, 1936, Radio 
Station WRAK, Williams- 
port, Pa., put into service 

its new High Fidelity installation. 
This installation is made up of 
High Fidelity equipment from mi- 
crophones to antenna. 

The RCA Type 44 -B De Luxe ve- 
locity and 50 -A Inductor micro- 
phones are used in the studios. 
The speech equipment is made 
up of combinations of RCA High 
Fidelity pre -amplifiers and pro- 
gram amplifiers. 

For High Fidelity reproduction 
of recorded and transcribed pro- 
grams, two RCA type 70 -A tran- 
scription tables with type 71 -A 
vertical tone arm attachments are 
used. 

WRAK's studios are located in 
the heart of Williamsport's busi- 
ness district. 

The antenna system and trans- 
mitting quarters are located just 
inside the west city limit, near 
where the Lycoming Creek joins 
the Susquehanna River. The trans- 
mitting equipment is housed in a 
newly erected brick veneer build- 
ing. A new, RCA High Fidelity 
100 -250 watt transmitter, with as- 
sociated line equalizers, line am- 
plifier, modulation and frequency 
monitors make up the transmis- 
sion installation. 

Substructure for Antenna 
The antenna is a vertical self 

supporting quarter wave type. Be- 
cause it is possible for the area 
in which the antenna is erected to 
become inundated as it was dur- 

ing the March flood of 1936, the 
antenna is erected on a twenty 
foot substructure of the same con- 
struction, in order that it may at 
all times be above high water. 

Ground System 

A buried radial type of ground 
system is used. Twenty thousand 
feet of number eight gauge copper 
wire went into the construction of 
this ground system. The radio fre- 
quency energy is conveyed to the 
antenna by a 600 ft. nitrogen filled 
concentric line, buried two feet 
underground for protection as 
well as to minimize temperature 
change effect. The line terminat- 
ing and antenna equipment is 

(Continued on Page 24) 

The new RCA ET4250 Transmitter which steps up power for WRAK. 
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TWIN BUFFALO S1( 

By RALPH J. KINGSLEY, Technical Supervisor, WBEN 

Main control room of WBEN between 
"A"' and "B'" studios. 

ABOOST in daytime power 
to 5000 watts has resulted 
in the installation of a new 

three hundred foot vertical radia- 
tor and a new RCA 5 -C transmit- 
ter at WBEN, located at Buffalo, 
New York. 

The site of the new transmitter 
plant is on Shawnee Road and is 
about midway between Niagara 
Falls and Buffalo. The original 
building housing the transmitter 
equipment has been almost com- 
pletely rebuilt and the grounds sur- 
rounding the building have been 
tastefully landscaped. In order to 
accommodate the power transfor- 
mer and water cooling unit, a new 
wing was added at the rear of the 
building. A bedroom, kitchen, two - 
car garage and oil burning heat- 
ing system keep the operators 
comfortable during the worst 
weather conditions. 

Auxiliary Transmitter 
The original type 1 -C transmit- 

ter is now used as an auxiliary to 
the new 5000 -watt unit. This trans- 
mitter has its separate antenna 
system supported between two 
two- hundred foot steel towers as 
well as its separate power supply. 
In case of failure of the main 
transmitter, this auxiliary unit 
automatically goes on the air. 

The new transmitter has now 

been on the air about six months 
and reports from listeners indicate 
that they thoroughly approve the 
high fidelity signal. The new ver- 
tical radiator has helped materi- 
ally in extending the service area. 

This vertical radiator is 300 feet 
in height and is of uniform cross - 
section from top to bottom. The 
bottom tapers to a point where the 
base insulator is located. The 
structure is supported by a single 
set of four guy wires. The tower 
is illuminated and painted in ac- 
cordance with U. S. Airways 
specifications. 

As a part of the new installation 
is included a four -channel speech 
rack housing the hum compensat- 

New Equipment all Alan 

ing equipment, duplicate line am- 
plifiers, line testing equipment 
and modulation and distortion 
measuring equipment. The rack is 
completely A.C. operated and in 
the event of failure of the main 
power source, the rack auto- 
matically swings over to the auxil- 
iary power source. 

Ideal Location 
The WBEN studios are located 

on the 18th floor of the Hotel Stat- 
ler in the heart of downtown Buf- 

falo. This is also the site of the 
W8XH ultra high frequency broad- 
cast transmitter which is operated 
in conjunction with WBEN twelve 
hours daily. 

Transmitter house at WBEN, located at Martinsville. N. Y., showing the new 
5KW transmitter. 
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TIONS MODERNIZE 
te Line For U KE.A- -U F.HR 

By P. E. FISCHLER, Chief of the Technical Department. WEBR 

Main Studios located on a console type desk, so 

The new vertical radiator at WBEN 

with ground system converging at 
the base. 

lN 
July, 1936 WEBR was pur- 

chased by The Buffalo Evening 
News from Howell Broadcast- 

ing Company and became a basic 
outlet for the NBC Blue Network. 

Almost at once an extensive pro- 
gram of construction was started. 
This work has but recently been 
completed and the new WEBR is 

thoroughly modern, from micro- 
phone to 304 foot vertical radiator. 

Transmitting Plant 
The transmitting plant was 

given first consideration. The quar- 
ters housing the old transmitter on 
the 10th floor of the Larkin Termi- 
nal Building were completely re- 

modeled. An RCA Type E.T. 4250 

(100 -250 watt) Transmitter and 
RCA speech -input equipment were 
installed. Simultaneously, steel 
workers began the erection of the 
304 foot Blaw -Knox vertical radia- 
tor on the roof of the Terminal 
Building. The tower was sectional- 
ized and loaded at the 200 foot 
level for operation as a half -wave 
radiator at 1310 K.C., affording low 
angle radiation which greatly in- 
creases signal intensity in the 
area the station desires to serve. 
The flashing beacon light atop 
this structure, 416 feet above street 
level, is the tallest Buffalo land- 
mark. 

19 

For several years the main 
studios and offices of WEBR have 
been housed in a three story brick 
building at 23 North Street. For- 

merly a private residence, this 

building has been aptly named 
"Broadcasting House." It also has 
been remodeled and redecorated, 
the most extensive work being 
done on the 2nd floor where the 

Inside the transmitter house at WEBR 

showing the main transmitter in the 
background. 

two main studios and master con- 

trol room are located. 

Throughout the studios sound- 
proof walls, doors and windows 
have been installed to exclude 
outside noises and ceilings and 
side walls treated to assure per- 

fect acoustics. 

The master control room has 
been enlarged to accommodate 
the new RCA two channel speech - 
input equipment. All studio and 
adjacent circuits, mixing and 
channel switching facilities are 

situated as to afford the control 
operator an unobstructed view in- 

to both studios. This method of 

arrangement has been found 
highly satisfactory by many sta- 

tions throughout the country. 

Monitoring Systems 
A system for monitoring pro- 

grams and auditions has been in- 

stalled, with high fidelity speakers 
located in the studios, client's 
room, reception room and execu- 
tive offices. Talk -back facilities 
are also provided from the client's 
room, executive offices and mas- 
ter control room into the studios. 

The decorative scheme through- 
out the building has been carried 
out in black, cream and pastel 
shades which creates a most 
pleasant and restful atmosphere 
for artists and personnel in addi- 
tion to presenting a beautiful ap- 
pearance. 

A worm's eye view of the vertical 
radiator. 
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FEATURES BRING NEW TRANSMITTER 
TO THE FRONT 

THE Type 100 -E Broadcast 
Transmitter has met with wide 
acceptance. It has provided 

a reliable commercial transmitter 
at a cost which could be econom- 
ically justified by the lower pow- 
ered broadcasting stations. Many 
letters have been received from 
satisfied users complimenting the 
manufacturers upon the combined 
attractive appearance and reli- 
able low -cost operation of the 
transmitter. Since many of these 
users were contemplating an in- 
crease in power, they requested 
that the necessary equipment be 
made available to enable the 
transmitter to be operated with an 
output of 250 watts. 

After a careful consideration of 
all the factors involved, the RCA 
Manufacturing Company decided 
to place on the market a modifi- 
cation kit with which the RCA 
Type 100 -E Broadcast Transmitter 
could be converted into a high - 
quality transmitter capable of op- 
erating at either 100 watts or 250 
watts. Several important basic 
factors were involved in the de- 
sign of such a kit and they are 
listed as follows: 

1. The fidelity of the 100 -E 

transmitter should not be im- 
paired when changed to 250 
watts and, if possible, should 

+1 
DB 

5 

4 

3 

Irlrlitiunal I nit Steps Up Power 
By C. M. LEWIS 

be improved by modification. 
2. The additional parts should 

be inexpensive. 
3. The installation should be 

relatively easy- requiring a 
minimum of time and labor. 

4. The modified transmitter must 
meet all the regulations of 
the F.C.C. and must be corn - 

pletely reliable during con- 
tinuous operation at the in- 
creased power output. 

5. The low -cost maintenance 
feature of the 100 -E should 
be retained by using prop- 
erly designed parts and in- 
expensive tubes. 

6. The additional equipment 
should harmonize in appear- 
ance with the 100 -E and 
should require a minimum 
of space. 

Two readily adaptable methods 
for increasing the power output 
were available. Either a second 
linear amplifier could be added to 
the existing transmitter or the pres- 
ent 100 watt linear amplifier could 
be converted to a "Class C" r -f 
amplifier and then plate modulat- 
ed by means of a suitable modu- 
lator. Many advantages of the 
plate modulation method were 
readily apparent. First, an inex- 
pensive tube complement was Front view of the 100 /250E 

Broadcast Transmitter 
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Typical Operating Curves of the RCA Type 250E Transmitter. 
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available; second, the increase of 
power would actually improve 
the fidelity and ease of tuning; 
and, third, the modulator would 
require little space and could be 
easily installed. Any increase of 
operating costs would be slight 
because of the improved amplifier 
efficiency. 

Accordingly, the Type 100 -EM 
Modulator Units were designed 
and built. When these modula- 
tors are added to the 100 -E, the 
completed unit is known as the 
RCA Type 250 -E Broadcast Trans- 
mitter. Its circuit and operating 
characteristics are on file with, 
and approved by the Federal 
Communications Commission. 

As shown in the accompanying 
photographs, the 100 -EM Modula- 
tor unit has been built into a 
frame assembly similar to that 
used for each section of the 100 -E 
Transmitter. The unit matches the 
100 -E in appearance and is mount- 
ed on top of the 100 -E frame by 
removing the cover, fastening the 
modulator frame on the r -f ampli- 
fier frame and then replacing the 
cover on top of the complete as- 

The 100.E Modulator Unit. 

Simplified Schematic of the 250E 

sembly. Longer corner moldings 
are furnished which take the 
place of those previously used 
with the 100 -E Transmitter. A 
meter is provided for indicating 
the combined plate currents of the 
modulators. Also included on the 
modulator panel are a rheostat 
for varying the power output over 
a limited range and a switch 
which operates the power change 
relay pi oviding operation at either 
100 watts or 250 watts. 

The 100 -EM Modulator is fur- 
nished wired to a terminal board 
and is complete except for the 
audio input transformer which 
is furnished separately and is 
mounted on the lowest shelf of the 
100 -E transmitter where it replaces 
the modulation transformer for- 
merly used. The unit uses two 
RCA -838 modulator tubes and two 
RCA -866 rectifier tubes. Bias volt- 
age for the modulator tubes is ob- 
tained from the rectifier which fur- 
nishes power to the audio ampli- 
fier on the bottom shelf. Separate 
potentiometers are provided for 
adjusting the bias voltages to the 
two modulator tubes. 

Supplied with the modulator 
unit is a kit of parts which include 
the necessary wire for making 
connections between units as well 
as all the small parts required in 
modifying the 100 -E transmitter for 
the adoption of the modulator unit 
and the power increase. Several 

(Continued on Page 24) 
Right hand view of the transmitter 

showing compact arrangement. 
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LOGARITHMIC RECORDINGS 
,Continued from Pago '1) 

uluund 2 millivolts. That this rec- 
ord represents typical levels to be 
expected is indicated by compari- 
son with the conclusions of Nor- 
ton, Kirby and Lester". Moreover, 
from data collected by these au- 
thors, it can be assumed that in 
the case of a 500 KW transmitter 
the maximum nighttime levels will 
tun about three times as high (in 
fact, skywave intensities as high 
as 25 millivolts, at 644 kilometers 
have been observed in the case 
of WLW), while the daytime mini- 
mums will still be of the order of a 
few microvolts. From a considera- 
tion of these levels it is evident 
that a range approaching 80 db is 
desirable if extended observations 
- - as for instance over twenty -four 
hour periods - are contemplated. 

Desirability of A.C. Operation 
The second marked disadvan- 

tage in using the field- intensity- 
meter -amplifier combination is due 
to the limitations imposed by bat- 
tery operation. The field intensity 
meter itself is very stable, and the 
amplifier which is illustrated em- 
ploys a method of compensating 

'K. A. Norton, S. S. Kirby, and G. H. Les- 
ter, An Analysis of Continuous Records of 
Field Intensity at Broadcast Frequencies," 
IRE Proc., Pg. 1183, Oct. 1935. 

for changes in battery voltage. 
The combination will operate for 
several hours without necessity of 

readjustment, providing the bat- 
teries are not too- run -down. How- 
ever, in some cases, it may be de- 
sirable to make extended runs. In 
this event the battery- operated 
equipment would require an oper- 
ator to make readjustments every 
few hours. Obviously it would he 
desirable to have a completely - 
automatic equipment which would 
run without attendance for twenty - 
four hours at a time. A.C. opera- 
tion is the only practical answer 
to this. If all batteries are elim- 
inated, and a voltage regulator 
used in the A.C. input line, an 
equipment practically free from 
drift (once it is fully warmed up) 
is poc-. ': 

Use of AVC Characteristic 
In considering _ins of obtain- 

ing an all -a.c.- operated layout, 
without necessity of building a 
new field intensity meter, it was 
decided to try using one of the al- 
ready available types of receiv- 
ers. Moreover, since it is more 
easy to obtain stability in the i -f 

or r -f stages than in the direct -cur- 
rent amplifier, it was decided to 
have the output of the detector be 
as nearly logarithmic as possible. 
Since the AVC action of a re- 

-._. 
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Fig. 6. An actual response curve of the receiver.amplifier combination, made by 
a direct comparison with readings of the field intensity meter - such a curve 
should be made for each station to be observed. it can be done quite easily. 
either by direct observation of station signals or by using a signal generator. 
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Fig. 7 A section of a record chart 
suitable for use with the receiver - 
amplifier combination when an adjust- 
ment such as that shown in Fig. 6 is 
used. Each small division on the chart 
represents 2 db. The decibel range 
and the corresponding millivolts -per- 
meter range are indicated for compari- 
son. As can be seen. this range ex- 
tends from approximately the smallest 
measurable intensities to the highest 
intensities likely to be encountered on 

skywave reception. 

ceiver, as ordinarily employed, 
operates more or less logarith- 
mically, a start was made from 
this point. Fortuitously, it was 
found that the Type ACR -175 Re- 
ceiver possessed an AVC charac- 
teristic very nearly exponential 
over approximately the range de- 
sired. Moreover, means were at 
hand whereby the necessary 
small adjustments could be made 
to bring the response within re- 
quired limits. 

General Arrangement 
The arrangement, then, is as 

shown in Fig. 3. The ACR -175 Re- 
ceiver drives a direct- current am- 
plifier, which in turn drives the re- 
corder, the whole being calibrated 
by comparison with the field inten- 
sity meter. The amplifier is coupled 
to the receiver by a simple ar- 
rangement which consists merely 
in plugging into the socket of the 
receiver from which the 6E5 magic - 
eye tube has been removed. Thus, 
the part of the avc voltage ordi- 
narily applied to the magic -eye 
tube is used to drive the grids of 
the direct- current amplifier. In ad- 
dition, filament and plate voltages 
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for the amplifier are obtained from 
the corresponding socket connec- 
tions. A five -wire cable carries 
these leads to the amplifier, thus 
providing a convenient arrange- 
ment, and obviating need of an 
additional power supply. Since no 
batteries are required, the opera- 
tion is entirely from the a.c. line, 
and, if this is supplied through a 
voltage regulator, the equipment 
will be exceedingly stable. 

Amplifier Details 
The schematic of the amplifier 

is shown in Fig. 4, along with the 
values of the various components. 
The circuit is straightforward and 
requires only a brief note. The 
potentiometer P1 controls the part 
of the avc voltage applied to the 
grids of the parallel 6J7's. R, , R5, 
R 6, form a voltage divider. Oper- 
ating plate voltage flows through 
the meter M and the recorder. In 
order to balance out the plate cur- 
rent at no input, a small addition- 
al positive voltage is tapped off of 

the bleeder and fed back through 
resistors R1 and R_ to the meter 
and recorder. Adjustment of R_ 

sets the meter and recorder at 
zero as desired. Switch S1 pro- 
vides for shorting the recorder 
during adjustment and calibra- 
tion. Resistor R3 allows the re- 
corder to be shunted down so that 
only 5 mils will flow through it at 
maximum. The shape of the char- 
acteristics is first adjusted by 
varying P1, the r -f atteunator of the 
receiver, and, if necessary, the 
antenna coupling. This done R, is 
used to adjust the zero point on 
the scale and R3 to adjust the 
maximum point. 

The construction of the amplifier 
is exceedingly simple. The front 
view may be seen in Fig. 3, and 
an interior view in Fig. 6. Looking 
at the front panel, the controls 
from left to right, are the input po- 
tentiometer, the balance control 
and the shunt resistor. Aside from 
the necessity of shielding and 
keeping the connecting cable 
short, details maye be changed 
as desired. 

An 80 db Range 
This setup will provide a loga- 

rithmic output over a range of 80 
db. Several minor adjustments 
are available which allow the 
shape of the characteristic to be 
altered slightly, and the range to 

be adjusted (and, if desired, re- 
duced to 60 db). These are the in- 
put potentiometer P1, variation of 
which changes the range and also 
the curvature,- by matching the 
amplifier characteristic to the re- 
ceiver characteristic. Adjustment 
of the r -f gain control of the re- 
ceiver has the same effect, since it 

changes the shape of the avc 
characteristic slightly, as well as 
introducing attenuation. Any type 
antenna which is non -directional 
can be used,- but a good height 
is of advantage in keeping weak 
signals above the noise level. 
Some means of varying antenna 
coupling is handy, although not 
absolutely necessary. The whole 
setup must, of course, be cali- 
brated by comparison with the 
TMV -175 -B Meter. Ordinarily this 
should be done each time the 
equipment is returned to a different 
station. A typical calibration is 
shown in Fig. 6. As will be seen, 
the correspondence is quite good, 
-the maximum error being about 
2 db. This is generally satisfac- 
tory for this type of work. How- 
ever, should better accuracy be 
desired this could probably be 
obtained by adding one or two 
more tubes in parallel. In this 
case a Variac can be used to in- 
crease the input voltage to take 
care of the added filament load. 
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Even for normal operation this use 
of a Variac is convenient, in that 
it provides an additional, and par- 
ticularly convenient, means of 
further adjusting the characteristic 
to the desired scale. 

Convenient Scale Markings 
If the recorder described in the 

first part of this article is used, the 
80 db scale can very handily be 
made use of. Paper for this re- 
corder can be obtained which has 
forty small divisions, and is 
marked from 0 to 80. When this 
is used the record is direct- record- 
ing in decibels above the refer- 
ence level. Fig. 7 shows a section 
of such a scale with the corres- 
ponding field intensities marked 
for comparison. 

Linear Changeover 
It is of interest to lute that this 

same setup may also be used, if 

desired, in making linear record- 
ings. All that it is necessary to do 
to make the changeover is to 
switch the AVC control of the re- 
ceiver to the "off" position, and to 
adjust the r -f gain so that the 
proper scale is obtained (such 
that the maximum signal to be 
observed will not cause overload- 
ing). A typical calibration for 
operation in this manner is shown 
in Fig. 8. As will be seen the cor- 
respondence is very good,- max - 

(Continued on Page 31) 
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STEADY PROGRESS FOR WRAK 

(Continued from Page 17) 

housed in an all metal tuning 
house of moisture proof construc- 
tion, and located on a platform 
erected at the top of the twenty 
five foot sub structure, which is 
also the base of the antenna. 
Running parallel and buried with 
the above mentioned concentric 
line is a one and one quarter inch 
conduit containing four two wire 
lead covered lines used for anten- 
na lighting, remote reading anten- 
na meter, direct telephone com- 
munication with transmitting quar- 
ters and an auxiliary line. 

The transmitting site was chosen 
after the results of an intensity 
survey showed that it was the 
ideal location for transmission 
purposes. 

Comments from rural and out- 
side listeners on the increased 
signal strength and improved 
quality of the new installation, 
have justified beyond a doubt, the 
efforts and cost entailed for an in- 
stallation of high quality and ef- 
ficiency. 

REAL DRAMA ON THE AIR 
(C.nunuvd It or1 Pug° IS) 

at midnight, in an outboard motor 
boat to stop the "Jayhawker" and 
tell of the plight of their commun- 
ity. This was immediately trans- 
mitted to WSM and while he was 
still on board getting emergency 
supplies, he could hardly believe 
his ears when the voice from the 
radio said help was on the way 
from Mayfield. Small wonder that 
a hard boiled World War veteran 
broke down and cried. 

On to Paducah went the "Jay- 
hawker," then to other Ohio River 
points broadcasting first hand re- 
ports from many communities. 

WSM overnight became the 
clearing house for flood relief in 
the Louisville and Paducah terri- 
tories. Telegrams, telephone calls, 
literally thousands of them came 
in from all parts of the United 
States offering assistance. Be- 
cause of limited communication 
facilities to Louisville, there were 
directed to WSM. Of feis of boats, 
airplanes, policemen, firemen, 
serum and supplies all had to be 
answered over the air. Caravans 

Scene on the Booneville Salt Flats near 
test. The information was relayed 

of trucks carrying supplies were 
begging for information on how to 
get to Louisville over flood cov- 
ered roads. Airlines, with their 
transmitters at Bowman Field 
silenced, were asking instructions 
for landing their ships near the 
stricken city. Such was the re- 
sponsibility placed on the staff of 
WSM as by water, air, rail and 
highway, help was being rushed 
to the flooded area. Radio Ama- 
teurs, Automobile Clubs and Rail- 
road employees in remote places, 
all contributed their bit toward 
supplying this necessary informa- 
tion. 

Watching the portable transmitter on 
the 'Jayhawker" 

Salt Lake City during an automobile 
to Salt Lake City over KNEF. 

FEATURES BRING NEW TRANS- 
MITTER TO THE FRONT 

(Continued frorm Page 21) 

changes are necessary in the 
audio shelf to convert it to an 
audio amplifier and driver unit. 
The RCA -45 stage is omitted and 
the RCA 46 stage changed to use 
four RCA 2 -A -3 tubes. The r -f 
power amplifier is modified to use 
grid -leak bias and a relay and re- 
sistor assembly is provided for 
correctly adjusting the plate volt- 
age and reducing it for 100 watt 
operation. A meter is supplied to 
measure the d.c. grid current of 
the r -f power amplifier and is 
mounted on the panel of the ex- 
citer unit replacing the "EXCITA- 
TION CURRENT" meter. In addi- 
tion, complete instructions are fur- 
nished describing the modifica- 
tions and wiring changes. 

Careful tests and examinations 
have proved this scheme to be 
more than adequate to meet the 
six basic design considerations. 
Its performance is demonstrated 
in the accompanying curves and 
technical specifications. Here is a 
means which permits the present 
100 watt broadcaster to increase 
his power to 250 watts with a pro- 
gram fidelity of the highest order. 
The change is made with a min- 
imum of time and expense and 
the station owner is assured of the 
operating reliability, service, and 
patent protection that is built into 
every RCA product. 

(Continued on Page 35) 
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ELECTRON PATHS MADE VISIBLE 
New Method Proues I stful In Laboratory 

By DR. V. K. ZWORYKIN and E. A. MASSA 

APHYSICIST who "plays" 
with electrons in complicated 
electrostatic and magnetic 

fields would be aided consider- 
ably in solving his problems if he 
could see the paths taken by the 
electrons as he causes various 
forces to act upon them. The paths 
referred to are not the familiar 
traces such as those seen on the 
screens of cathode ray oscillo- 
graphs, which represent the mo- 
tions of the ends of a concentrated 
bundle of electrons, but rather the 
paths taken by the electrons in- 
side the tube as they pass from 
the emitting surface through vari- 
ous control fields to their final des- 
tination. 

Cne method which has been 
tried for accomplishing such re- 
sults makes use of ionization in a 
small quantity of gas which is 
placed in the tube for the purpose. 
This method is not always satis- 
factory, however, for several rea- 
sons; first the gas pressure re- 
quired is critical; second, the pres- 
ence of the gas affects the focus- 
ing of electrons; and, finally, the 
thermionic cathodes in the tube 
are usually ruined after running 
a while. 

Principle of Luminescence 
To overcome these disadvan- 

tages, a method was developed 
which makes use of the principle 
of luminescence. A thin layer of 
willemite (which is similar to the 
material usually used on the view- 
ing screens of cathode ray tubes) 
is deposited on a specially pre- 
pared surface which is placed in- 
side the tube along the axis in 
which the electron path is desired 
to be observed. The surface intro- 
duced in the tube must be an elec- 
trical insulator, so that the poten- 
tial distribution in the tube will 
not be disturbed and, at the same 
time, it must be free of the possi- 
bility of acquiring a negative 
charge, otherwise the electrons 
will be repelled by the charged 
surface. 

A thin sheet of mica coated with 

a thin layer of willemite was 
found successful in making the 
electron paths visible along the 
tube in the plane of the sheet, but 
a negative charge was found to 
accumulate on the mica, causing 
distortion of the electron stream. 
To overcome this difficulty, the 
mico is first coated with silver 
"beads," similar to the mosaic of 
an "Iconoscope." The willemite is 
then deposited over the silver 
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sheet of specially prepared mica, 
such as already described, with 
its plane at right angles to the 
planes of the multiplying and ac- 
celerating electrodes. 

When the tube was placed in 
operation, the electron paths in- 
side the tube became clearly vis- 
ible. The variation of the focusing 
with changes in the magnitudes 
of the electrical and magnetic 
fields became clearly observable. 

Tube used to show electron paths in operation. 

"beads," and the composite sheet 
is then built into the tube to be 
studied. 

At the proper time during the 
evacuation and activation of the 
tube, the silver beads on the mica 
are oxidized and activated with 
caesium to make them good sec- 
ondary emitters. Since the sec- 
ondary emission ratio of such a 
surface is greater than unity, the 
mica tends to go slightly positive 
if anything, rather than become 
negatively charged as occurred 
over the plane sheet of mica 
coated with only the luminescent 
material. It has been found that 
the special composite surface be- 
haves as an insulator inside the 
tube and, hence, does not affect 
the potential distribution in space. 

To study the shapes of the elec- 
tron paths inside an electron mul- 
tiplier, a model of the tube was 
built having two stages of multi- 
plication and a thermionic source 
of electrons at one end. Along the 
axis of the tube was placed a 

The paths of the electrons are 
shown above, which shown the 
electrcn multiplier in operation. 

Deviation Visible 
The development of the de- 

scribed method for making elec- 
tron paths visible has given us a 
very useful tool in the electronic 
laboratory. Various arrangements 
of electron lens systems in differ- 
ent types of new tubes can now 
be studied directly by viewing the 
actual shapes taken by the elec- 
tron streams inside the tube under 
various conditions, and it is no 
longer necessary to rely entirely 
on the electric meter to determine 
the performance of a tube. By be- 
ing able to watch the electron as 
it moves along its complicated 
path, it is easy to see at what 
point along the way it deviates 
from its desired course. The di- 
agnosis of trouble is thus greatly 
simplified, and electronic research 
may be carried on more effi- 
ciently. 
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UNIQUE FEATURES AT SEATTLE 
Twin Transmitters on Same Antenna 
By FRANCIS J. BROTT, Chief Engineer, KOMO -KJR 

TWO five -kilowatt broadcast 
transmitters operating simul- 
taneously on the same anten- 

na, with carrier frequencies only 
50 KC apart ! To most visitors, 
that is the most interesting feature 
of the new KOMO -KIR transmit- 
ting plant in Seattle. 

A single 570 foot self- supporting 
tower is doing double duty at this 
new installation with full effi- 

ciency for both KOMO (920 KC) 

and KJR (970 KC). An unusually 
good location on the filled -in tide 
land cf Seattle's Elliott Bay, en- 
ables this antenna to deliver an 
excellent signal throughout the 
Puget Sound area. In fact, the 
measured efficiency of this radia- 
tcr exceeds 95 %. 

Twin Transmitters 

Twin RCA 5 - C transmitters 
housed in a specially designed 
building, supply the five kilowatts 
of power needed for each fre- 
quency. These units embody the 
utmost in compactness, neat ap- 
pearance and performance. In 
every respect they exceed the ac- 

ROMO KIR Technical Stall 

cepted high- fidelity standards of 
modern broadcast practice. 

The modernistic transmitter room 
contains only the two transmitters 
and the supervisory equipment. 
Cooling systems and high -voltage 
transformers are located directly 

The antenna and transmitter house of KOMO -KIR in the foreground. Elliott Bay 
and the business center of Seattle in the distance. 

underneath them on the lower 
floor, allowing for great simplicity 
in installation and using a mini- 
mum of floor space. 

Terminating the two four -wire 
transmission lines to the antenna 
tower is an equipment house, con- 
taining the line coupling and fil- 

ter circuits. The output of each 
line -terminating unit is passed 
through an acceptor -rejector net- 
work before connecting to the an- 
tenna. These networks, supplied 
by the RCA Mfg. Co., consist of 
two branches, one of which is ser- 
ies- resonant at the pass frequency. 
So high a filtering efficiency was 
achieved that no cross -talk can be 
measured above the carrier noise 
level, which is 70 db below pro- 
gram peaks. 

Trouble Free 

Nothing has been spared in the 
design of this plant to make it as 
nearly trouble free as possible. 
Duplicate high- tension power lines 
supply the sub -station directly at 
the rear of the building. Each line 
feeds a separate transformer bank 
and automatic relays immediately 
switch all equipment to the emer- 
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gency bank in case of a power 
failure on the line being used. 
This action is rapid enough so 
that transmission of programs is 

not interrupted. 

Additional 1 KW Transmitter 

Another provision against any 
lengthy delays is the mainten- 
ance of a completely separate 
one kilowatt transmitter on the 
lower floor of the building. This 
equipment is ready for immediate 
use on either frequency, as either 
KOMO or KJR. Consequently, it 

would be almost impossible to 

face a situation in which there 
would be any need for going off 

the air due to equipment failures. 
A complete apartment occupies 

the north wing of the building, pro- 
viding living quarters for the resi- 
dent engineer, Bob Walker. 

The studios of KOMO -KIR oc- 
cupy nearly an entire floor cf the 
Skinner Building, in the heart of 

Seattle's metropolitan center. Am- 
ple space is available in the five 
studios and great flexibility of 
operation is permitted by the 
unique control system used. A 
total of one hundred fifty -six re- 
lays in a semi -automatic selector 
system, make the switching of 

programs and studios smooth and 
almost mistake- proof. A master 
control -room centralizes all ampli- 
fiers and switching equipment 
and permits supervision of the en- 
tire system. 

ATLANTA OFFICE EXPANDS 

It isn't often that we have an 
opportunity to congratulate mem- 

bers of our staff on such impor- 

tant events in the pages of Broad- 

cast News. But on April 5, 1937, 

there arrived at the home of D. A. 

"Red" Reesor, twins -Judith Caro- 
line, 61/2 lbs., and Thomas Wil- 

liam, 51/2 lbs. 
If the stations in the Southeast- 

ern District notice "Red" rushing 
about these days, they will under- 
stand the reason. 

Francis J. Brett, Chief Engineer of 
KOMO KJR. 

One of the two 5 -C Transmitters with studio equipment. 
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WAVES AREN'T ALWAYS IN 

THE AIR 

(Conlin,,,- Page - 

pitals to the temporary quarters 
on higher ground, all direction in 
rescue work by boats went out 
over WGRC. Military messages, 
Red Cross, the direction of trucks 
bringing emergency supplies in 
from the North, South, East and 
West, in collaboration with the 
State Police Authorities, all ferry- 
ing of supplies coming from the 
North by boats across the River 
to Louisville, Ky., were directed 
by WGRC. In addition to this, 
these boys established a Bureau 
of Missing Persons with the aid of 
the Red Cross, Military Authori- 
ties and Evacuation Department, 
and more than 10,000 messages 
were handled in bringing families 
together and locating lost persons. 
It can be pretty safely stated that 
the only child ever brought into 
the world under the direction of 
radio, occurred in the Silver Street 
School the second night they were 
on the air. WGRC stayed on the 
air 240 hours without a break and 
some of the boys stayed on the 
job 72 hours at a stretch. 

CBS TO DEDICATE NEW 

SHORT WAVE STATION 

Regular daily program service, 
especially designed for listeners 
of Europe and the British Isles, 
was initiated by the Columbia 
Broadcasting System on Corona- 
tion Day, Wednesday, May 12, 

when network officials dedicated 
station W2XE, Columbia's new 
high - power international short 
wave broadcast transmitter. 

The new station, which has a 
peak power of 40 kilowatts, was 
officially opened at 5:00 A. M., 
EDST (9:00 A. M. Greenwich Mean 
Time) with short dedicatory ad- 
dresses by E. K. Cohan, CBS di- 
rector of engineering, and William 
Lewis, vice president in charge cf 
programs. The first program of the 
regular series was transmitted 
toward Europe and England by 
means of directional antennas 
and went on the air at 5:15 A. M., 
EDST, when W2XE carried the 
Coronation ceremonies as they 
were broadcast from London by 
CBS in collaboration with the 
British Broadcasting Corporation. 
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BUILDINGS FOR MEDIUM POWERED 
TRANSMITTERS 

Suggestions Based on Recent Ue-elopnterIs 
By T. A. SMITH 

Rear view of WSYR under construction. 

Wl'I'H the trend toward lo- 
cating broadcast transmit- 
ters on the edge of built -up 

areas, more and more stations are 
faced with the problem of con- 
structing a suitable structure to 
house their equipment. Such a 
building must meet the operating 
needs of the station for convenient 
service and must offer protection 
for the equipment against the ele- 
ments. It must obviously fit the fi- 

nancial requirements of the station. 

A Specialized Problem 
Many station engineers, to 

whom falls the lot of solving the 
problem, are handicapped be- 
cause of lack of experience in 
building layouts, which is only 
natural since the number of build- 
ings designed for broadcasting 
purposes is not large. Then too, lo- 
cal architects usually have had no 
experience with such a special- 
ized problem. Architect engi- 
neers, dealing with this type of 
work, can provide satisfactory 
plans and have the necessary 
background for designing a radio 
building. However, the number of 
such organizations is small and 

often the burden lies with the sta- 
tion engineer. 

The purpose of this article is not 
to provide plans which may be 
used for construction, but to pre- 
sent ideas which have worked out 
well, and to illustrate good prac- 
tice by a description of several 
buildings constructed for 1 KW sia- 
tions. Two of these contain provi- 

sion for a power increase to 5 KW. 
Since buildings are designed 

primarily for the protection of the 
operators and the equipment, it is 
of course essential to provide a 
tight roof and to avoid wall con- 
struction which is subject to water 
seepage. Architects are familiar 
with precautions to prevent seep- 
age which is apt to occur in cer- 
tain types of brickwork. Cellars 
in marshy land must be carefully 
handled. But, further, building con- 
struction should be such as to min- 
imize summer heat and to provide 
for proper light and ventilation. 

The material of the building is 
an important factor in the design. 
Insurance rates on non -wood 
buildings are usually consider- 
ably less, and from a standpoint 
of permanence, brick, stone, or 
concrete have many advantages 
to offer over wood. The majority 
of buildings constructed recently 
are of the fireproof type. 

Cellar Not Essential 
Formerly, structures housing 

transmitters were built with a cel- 
lar to contain the radio auxiliaries 
as well as the heating system. 
Now that transmitters are smaller 

Front view of the structure before completion. 
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and more compact, and with the 
use of oil heating systems, build- 
ings are generally of a single floor 
construction. In some cases, space 
has been excavated under only 
part of the building to accomo- 
date the heating plant. 

The essential space in a build- 
ing is that needed for the appara- 
tus, a lavatory for the operators, 
a small workshop, and room to 
store spare tubes and other ap- 
paratus. Where weather condi- 
tions require it, space for a heat- 
ing plant must be provided also. 
In addition, a room is often in- 
cluded for an operator to sleep in 
after late work, or if weather con- 
ditions prevent reaching or leav- 
ing the building. Many in the 
northern section of the country 
consider it advisable to include a 
bedroom so that a man can re- 
main in the building when snow 
blocks roads. Often there is an 
cffice and in the case of the 
building at WSYR, this office is 
provided with a folding bed so 
that no separate bedroom is need- 
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ed. A small workshop is prac- 
tically essential. It should be 
equipped with a bench, a vise, 
and other tools. 

Many of the station buildings 
contain one or two garages for the 
cars belonging to the operating 
staff. In the case of stations in the 
north, a garage is quite essential. 
Buildings often contain a small re- 
ception room for visitors and 
sometimes a small audio control 
room, although modern practice is 
to have all apparatus in the same 
room. 

Convenience Necessary 

For use with a 1 KW transmit- 
ter, a typical building would con- 
tain besides the transmitter room, 
a lavatory, a bedroom, a work- 
shop, heating plant room, and a 
single garage. 

There are, of course, an infinite 
number of ways to lay out such a 
building. Convenience dictates a 
central transmitting room with 
doors leading off to the other sec- 
tions. The boiler room and the 
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lavatory should be adjacent to 
reduce water piping costs, and if 

a bedroom is included, it is well 
to locate it in the rear of the build- 
ing, to avoid subjecting a sleep- 
ing operator to the chance of in- 
trusion from visitors. An inside 
entrance to the garage is appreci- 
ated in wintry weather. 

In isolated sections, it is well 
not to have the entrance to the 
transmitter room directly behind 
the operator's back. If visitors 
enter, the operator should be able 
to see them at once. WSYR has 
solved this problem as shown on 
the drawing. 

Often a wide door is placed in 
the transmitter room opening onto 
a loading platform in the rear. 
While this is not normally used, 
it facilitates handling of heavy 
equipment during the installation 
period. 

Lighting Important 
Lighting and ventilation are de- 

serving of serious consideration. 
Since a considerable amount of 

(Continued on Page 30) 
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BUILDINGS FOR MEDIUM 
POWERED TRANSMITTERS 

(Continued from Page 29) 

heat is developed in a transmit- 
ter, provision must be made for 
carrying it off. The heat devel- 
oped in a 1 KW transmitter will 
be in the order of 5 KW which 
represents the equivalent of a 
rather good -sized electric heater. 
RCA transmitters are designed to 

take advantage of chimney effect - the heat is carried up to the 
top, where it may be readily ex- 
hausted. 

Temperature Control 

Some stations, such as WFBR 
in Baltimore, have refrigerating 
plants at their transmitter build- 
ing. Others use blowers or fans 
and some use the chimney effect 
of the room to carry off heat. In 
northern climates, heat is not a 
major factor, because open win- 
dows, together with a reasonably 
high ceiling and a heat insulated 
roof, will handle the matter. But 
in the south, careful provision 
should be made for disposing of 
this developed heat. It is not 
merely a matter of comfort for the 
staff; equipment will last longer 
and parts failures will be less fre- 
quent if room temperature is 
maintained at a normal value. 

If no mechanical means for dis- 
posing of the heat are to be used, 
a skylight above the transmitter 
with ventilating apertures is often 
helpful. The monitor roof shown 
in the accompanying photographs 
accomplishes this in a more pleas- 
ing manner, and also provides 
better illumination. The natural 
currents of warm air will provide 
for circulation and disposal of the 
heat. 

If the room is small or has low 
ceilings, an exhaust fan above 
the equipment is a requisite. Of 
course, wherever possible, ceil- 
ings should be high and roofing 
should be provided with suitable 
heat insulation which will also 
save on fuel bills in the winter. 
There is no more uncomfortable 
experience than to remain in a 
room having a low ceiling in the 
summer with the sun beating down 
on an uninsulated roof. The tem- 
perature in some such buildings 
may, at times, exceed 130 degrees 
F. The effect on electrical parts 

of such room temperatures is very 
bad indeed, to say nothing of the 
discomfort of the operators. 

Heating in winter is no serious 
problem, since ordinary domestic 
boilers are usually quite suitable. 
Oil, gas, or electricity are used, 
depending upon the local rates. If 

water cooling is employed in the 
transmitter, a radiator should be 
located near the transmitter water 
system radiator, to prevent freez- 
ing during the night. 

Location of Windows 

An important factor in proper 
building design is correct illumi- 
nation. Lamps should be placed 
to avoid shadows and reflections 
from polished surfaces. It is wise 
to locate windows away from the 
operator's line of sight toward the 
transmitter, since otherwise the 
glare from daylight will make it 

impossible to read meters or see 
other details of the equipment. 
Windows are preferably located 
directly behind the equipment or 
well off to one side. 

Having discussed some general 
points involved in transmitter 
building design, it may be of in- 
terest to examine one in more de- 
tail. Photographs and a floor plan 
layout of WSYR, Syracuse, N. Y., 
are shown. This building was de- 
signed by Lockwood, Greene En- 
gineers, Inc., a firm of engineers 
and architects who have designed 
a number of transmitter structures 
including WBT, WMCA, WNEW, 
WJSV, KYW, etc. The building 
was constructed by the J. D. Tay- 
lor Construction Corp. of Syra- 
cuse. Paul F. Godley was con- 
sulting engineer. 

Special Design 

This building was designed to 
accommodate an RCA 1 -D trans- 
mitter and an auxiliary transmit- 
ter, and was planned to allow for 
a possible increase in power if it 

ever became feasible. The north- 
ern climate requires provision for 
two garages in order to protect 
the cars of the operating staff, al- 
though one of these garages can 
be used as storage space if it is 
not required for normal use. The 
garages are entered from the rear 
of the building. The heating sys- 
tem is steam with gas fuel. The 

boiler room is below the floor 
level, other cellar space not being 
excavated. 

Rooms consist of: transmitter 
room, auxiliary equipment room, 
workshop, office and bedroom, 
lavatory, boiler room, lobby and 
two garages. The overall dimen- 
sions of the building are 58' -6 " 

by 38' -10 " although the main part 
of the house is only 26' -4" deep. 
Material is brick and stone, and 
the finished structure presents 
a particularly attractive appear- 
ance. 

Basement May Be Utilized 

WTAG, in Worcester, Mass., 
also has constructed a building to 
house a 1 -D transmitter. In this 
case, the building consists of a 
complete basement and first story. 
Power equipment is located be- 
low and it is planned to place an 
emergency gasoline driven gen- 
erating system there later. The 
garage is not included as an in- 
tegral part of the building, but is 
located in the rear. 

Ventilation is provided by the 
use of high ceilings and ample 
window space, although in this 
location summer heat is not a 
serious problem. The building is 
substantial and pleasing. A house 
nearby for one of the operators 
makes sleeping quarters unnec- 
essary. 

Unique Features 

WHEC, Rochester, N. Y., has 
constructed a transmitter building 
which was put into service last 
fall. The general arrangement 
is somewhat similar to that of 

WSYR. Several unique features 
have been incorporated and spe- 
cial attention has been paid to 
light and ventilation. The trans- 
mitter room is large and open, 
with space for a possible increase 
in power. Air conditioning is pro- 
vided. A folding cabinet contains 
a refrigerator, stove, and food sup- 
plies in case the staff is isolated 
at the building during the winter. 

These structures illustrate mod- 
em practice in transmitter house 
design for medium power stations. 
Considerable time and thought 
have been expended on the de- 
sign of these buildings and they 
have already proved their prac- 
ticability. 
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SIZE ISN'T EVERYTHING 
Texas Station (:orer., !f ide Area N itlf Loa. /'ouer 

OUTSTANDING among the 
stations of the great South- 
west is the small but pow- 

erful KPLT located in Paris, Texas. 
With a coverage area that belies 
its size, it has been picked up 
over four hundred miles distant 
and covers thoroughly within a 
radius of fifty miles. This region, 
one of the many rich trading 
areas in the state, has not hither- 
to been served by a local station. 

Though not a large structure, 
the transmitter building of KPLT is 
strongly constructed and modern 
throughout. A little less than half 
of the building houses the trans- 
mitter equipment and the remain- 
der of the building was utilized as 
an efficiency bachelor apartment, 
to be occupied by the operator. 
The station will have three li- 

censed operators and the chief 
plant operator, Herbert Wiley, will 
live at the transmitter home. 

Three coats of stucco and a coat 
of white paint were used on the 
exterior of the building. The call 
letters "KPLT" are done in red tile. 

The rock drive -way from High- 
way 24 to the right -of -way line 
will be built to connect with the 
gravel drive -way building from 
the high -way line to the garage 
and transmitter home of KPLT. 

The building is located on High- 
way 24, just south of the Paris city 

._.., K P L T 

Front view of the new transmitter house for KPLT. 

limits. KPLT is equipped with the 
latest in RCA transmission and 
studio equipment. 

Programs will go on the air 
through the 165 -foot tower, which 
has been erected and painted ac- 
cording to Department of Com- 
merce, bureau of air navigation 
specifications. The tower has been 
grounded with 120 wires, each 165 

feet long, buried about six inches 
beneath the surface of the earth 
and converging at the center of 

the tower base. The tower is nine 
feet square at the base and 16 

inches square at the top. Two 

Transcription equipment In control room. 

days were required to erect the 
tower, but preparation for the act- 
ual erection took many more days. 

LOGARITHMIC RECORDINGS 
(Continued from Page 23ì 

imum deviation being about 5%. 
This curve, moreover, was made 
offhand, -the linearity could prob- 
ably be improved somewhat by 
more careful adjustment. 

Conclusion 
In closing it is necessary to 

point out that the setups described 
above, as well as those consid- 
ered in the first part of this article, 
should be properly considered as 
illustrative rather than as a strict 
guide. While the details have 
been given for the benefit of any 
who wish to follow them, these 
are for the most part uncritical, 
and similar arrangements of other 
components can be used to ob- 
tain the same effect. The only res- 
ervation necessary is to warn that 
careful calibration should be 
made,- preferably under actual 
operating conditions. An r -f oscil- 
lator or signal generator can be 
used to make the calibration, - 

providing care is taken to avoid 
the pitfalls common to such opera- 
tions. The surest way is to check 
as many as possible of the cali- 
bration points by comparison with 
actual measurements on the sta- 
tion which is to be observed. 
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DIRECTIONAL ANTENNAS 
(Continued from Page 14) 
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Fig. 5. ' 

The special case where the two 
antennas are of equal heights is 
of great importance. Fig 5 shows 
the value, I Z,1 for height, a, 
(G = 2,ra /1) and spacing, d, for a 
number of values of G. The an- 
tennas are straight vertical un- 
loaded antennas over a perfect 
earth. Fig. 6 shows the phase 
angle, B,,,. 

These mutual impedances are 
referred to the current at the base 
of the antenna except in the case, 
G= 180 degrees, where the refer- 
ence is made to the current loop 
at the center of the antenna. 

It is to be noted that, as d= 0, 
the mutual impedance between 
two identical antennas approaches 
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the self- impedance 
of each antenna. 

Fig. 7 shows the 
components, R,,, and 
X,,,, as a function of 

d/1 for G = 90 de- 
grees. 

Fig. 8 is a similar 
set of curves when 

G = 60 degrees. 

It is seen that for d 

> 0.151, the curves 
of mutual reactance 
are almost identical 

in shape, differing 

only in scale. When 

d < 0.151, the react- 

ances depart great- 

ly in character. The 

similarity between 
the mutual resistance curves holds 
for all values of d. Table I shows 
the ratio R,,, /R as a function of 

d /i, for a number of values of G, 

where R,, is the value of mutual 
resistance when d/1 = 0. Re is 
then the self- resistance of a single 
antenna. We see that, for a given 
d /1, R,,, /R is substantially con- 
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Fig. 7. 
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TABLE I. 

Fig. B. 

/Re 
G 0 degrees 90 degrees 180 degrees 230 degrees 

0.0 1.0 LO 1.0 1.0 
0.05 0.955 0.967 0.999 0.931 
0.10 0.9195 0.918 0.990 0.900 
0.15 0.831 0.848 0.936 0.777 
0.20 0.710 0.735 0.837 0.640 
0.25 0.569 0.582 0.722 0.493 
0.30 0.412 0.412 0.598 0.328 
0.40 0.1036 0.0532 0.335 -0.0199 

« 

» t 

\. \ . 
at 

Fig. 6. 

stant for all values 
of G less than 180 de- 

grees. This fact is of 

importance in the 
work that follows. 

The above values 
of mutual impedance. 
have been calculated 
for antennas located 
directly above a per- 

f e c t l y conducting 
earth. (Fig. 9(a)). 

When the conducting earth is 

replaced by a wire exactly like 

the antenna already in use (Fig. 

9(b)), the values of mutual impe- 

dance given above should be 
doubled in magnitude. 

O 

Fig. 6 
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New transmitter house for KYA. San Francisco. 

HEARST EXPANDS COAST 

STATIONS 

(Continued flout paye Si 

The drawing shown on page 5 

will serve to illustrate a typical 
studio channel set -up. Many novel 
technical arrangements which 
should set examples for future sim- 

ilar installations are incorporated 
in KEHE's magnificent new set -up. 

The walls of the three large 
broadcast studios have been 
"splayed," or angled, and the 
space between the flat wall and 
the splaying is filled with batting 
to deaden the studios. But the thin 
facing board is of hard finish, 
adding to the studio's brilliance, 
so they're not too dead. 

Walls Treated With Acoustical 

Plaster 
The walls of the other studios 

are being treated with acoustical 
plaster. The front offices are fin- 

ished with an acoustical block 
ceiling, and heavy carpeting. The 
corridors, however are carpeted 
in linoleum. 

Mr) building measures 156' 

hi rit1 jt- by 110' deep. It is a one - 
.;tnry structure, with two story ro- 

tunda arid 35' lower. 

HAS IT EVER HAPPENED 

TO YOU? 

Recently we heard of an unsual 
occurrence in a leading station in 
the Northwest. A program was on 
the air, the participants busily en- 
gaged in watching their lines and 
no one bothering to keep an eye 
on the studio entrance. 

Suddenly, without any warn- 
ing, an additional character was 
added to the cast -a damsel 
much the worse from unwise tip- 

pling. How, or when she entered, 
no one seemed to know - but 
there she was. 

Unfortunately for our story, she 
was escorted from the scene be- 
fore she got on the air or some- 
thing that gag men eliminate from 
their scripts might have been fed 
into thousands of receivers. 

Our point is simply this, that 
many humorous events must oc- 
cur during the thousands of pro- 
grams that go on the air every 
year and we think Broadcast 
News readers could get a healthy 
chuckle out of them. Why not 
send them In? 

Or perhaps it may be a techni- 
cal problem that had to be solved 
within a fraction of a second. 
These items would be interesting 
and informative for a great num- 
ber of station employees and we 
would like to publish them. 

WORK FOR NBC STAFF 

(Continued from Page 16) 

Individual acts of bravery, hard- 
ship, and suffering on the part of 

the microphone crews were many. 
Five NBC network stations, WCKY, 

WLW, WSAI, WAVE, and WMC, 
remained on the air twenty -fours 
a day during the emergency. The 
National Broadcasting Company 
changed its schedule and broad- 
cast twenty -five network programs 
and pickups from no less than 150 

strategic points. 

Among radio's most celebrated 
flood- fighters are the team of 

Clyde Baker, Chief engineer of 

NBC's Memphis outlet, WMC, and 
Bill Fielding, WMC announcer, 
credited with having saved 263 

people marooned by rising waters. 
Working a short -wave transmitter, 
this team directed the rescue ef- 

forts of the U. S. Army Engineer 
boat "Sequoia." Without radio 
contact, it it doubtful whether such 
rescues could have been made. 

Speedy Action 

Within twenty -four hours after 
flood warnings had gone out, NBC 

had nine crews in the field. In 

boats, autos, mobile units, they 
interviewed refugees, gave eye- 
witness accounts, and broadcast 
appeals from relief agencies. 

We can judge what working 
conditions were like from the brief 
filed in behalf of Announcers Tom 

Manning and Bromely House and 
Engineers Alvin McMahon and 
Frank Whittam. They spent many 
a day on nothing but chocolate 
bars and dry sandwiches. This 
crew didn't mind so much having 
to sleep cold nights in the mobil 
unit and their automobile, but go- 

ing day after day with only a hit 

of food here and there was wear- 
ing on their usual good humor. 
They not only did their regular 
job of broadcasting, but joined 
others in doing the actual rescue 
and relief work. 
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A REVIEW OF BROADCAST ENGINEERING 
Articles in Leading Publications, October- December, 1936 

ACOUSTICS 

How Loud Is Sound? by C. H. Tower, 
Brush Strokes, Oct. 1936, Pg. 3. 

Timely and useful discussion of the 

meaning of sound measurements, the units 
of sound intensity and sound pressure. and 
their expression in practical terms. Includes 
a handy table showing the relation of the 

various units over a wide range of inten 
sities. 

How Loud Is Sound? by C. H. Tower, 
Comm. 6. Broadcast Eng., Nov. 1936, Pg. 7. 

Reprint of the above article. 

Acoustical Levels, Radio Engineering, Nov. 
1936, Pg. 18. 

Table only, from the above. 

Room Acoustics for Phone Amateurs, by G. 

C. Omer, Jr., Radio, Nov. 1936, Pg. 26. 

A simplified but excellent discussion of 

the use of sound deadening materials n. 

small rooms. Applicable directly to small 
control rooms. 

ALLOCATION 

World Congress of Broadcasters Meets in 
Paris. Broadcast News, Oct. 1936, Pg. 24. 

Continuation of Dr. Joliffe's report. 

FCC Officials Give Outline of Purposes as 
Allocation Hearings Get Under Way, 
Broadcasting. Oct. 15, 1936, Pg. 10. 

Policy Changes, Not Reallocation. Forseen, 
by S. T ff. Broadcasting, Oct. 15, 1936, 

Pg. 9. 

Case for Clear Channels and Superpower, 
Broadcasting, Oct. 15, 1936, Pg. 11. 

The Case for High Power, Electronics, Nov. 
19 ";6. Pg. 13. 

Regionals Fear Economic Ruin in 500 KW. 
Broadcasting, Oct. 15, 1936. 

AMA's Recommendations on Allocation, by 
L. C. Horle, Radio Engineering, Nov. 1936, 
Pg. 10. 

Allocation Hearings: Some Conclusions. 
Broadcasting, Oct. 15, 1936, Pg. 10. 

Gradual Increases in Station Power Seen, 
by S. Taishoff, Broadcasting, Nov. !, 1936, 
Pg. 26. 

Speedy Action Seen on Allocations Policy, 
by S. Taishoff, Broadcasting, Dec. 1, 1936, 
Pg. 9. 

Nine articles covering the so- called "allo- 
cation" hearings held in October. Together 
these present a general resume of the evi- 
dence submitted and the reactions of vari- 
ous observers. 

Should Broadcasting Occur in the 500 -550 
KC Band? by C. B. Aiken, Electronics, Oct. 
'936. Pg. 17. 

Reviewed by 
J. P. TAYLOR 

A careful discussion of this timely pro- 
posal by an eminently qualified authority. 

Increased Power Is Proposed by New 
Chairman in Dominion, by J. Montagnes, 
Broadcasting, Nov. 15, 1936, Pg. 28. 

Note on the plans of the CBC indicating 
general increases of power for Canadian 
stations. 
Permits for 54 New Stations Granted by 
FCC During Year, Broadcasting, Dec. 1, 

,936, Pg. 19. 

Complete list (with powers and frequen- 
cies) of the new stations authorized dur- 
ing 1936. 

ANTENNAS 

The Shunt- Excited Antenna, y J. F. Mor- 
rison. Pickups, Nuv. 1936, Pg. 8. 

Reprint from Bell Labs Record for Aug 
ust. See previous review. 

A Note on the Placement of the Coil in a 

Sectionalized Antenna. by Dr. G. H. Brown. 
Broadcast News, Oct. 1936, Pg. 14. 

A mathematical analysis of the factors 
involved, from which are drawn conclu- 
sions of definite value in the design of an 
antenna of this type. 

A Turnstile Antenna for Use at Ultra -High 
Frequencies, by Dr. G. H. Brown, Broad- 
cast News, Dec. 1936, Pg. 20. 

Reprint from Electronics for April. See 
previous review. 

Concerning New Methods of Calculating 
Radiation Resistance, Either With or With- 
out Ground, by W. W. Hansen and J. G. 
Beckerley, IRE Proc., Dec. 1936, Pg. 1594. 

A new method of computing radiation 
resistance. Treated in considerable detail. 

New Antenna for WIZ, Broadcast News. 
Oct. 1936, Pg. 27. 

Publicity on the new WIZ antenna. 

MICROPHONES 

Microphones and Microphones. Broadcast 
News, Oct. 1936, Pg. 12. 

Description and characteristics of three 
new RCA Velocity Microphones. 

Directional Microphone, by J. P. Taylor, 
Comm. 6 Broadcast Eng., Oct. 1936, Pg. 8. 

Detailed description of the Uni- direc- 
tional microphone, with emphasis on the 
relation of this new type to previous types 
of non -directional, directional, and semi -di- 
rectional characteristics. 

Rebuilding a Commercial -Type Condenser 
Microphone for Practical Ham Use. by R. 

S. Coe, (DST, Dec. 1936, Pg. 35. 

Details for the revamping of Type 4A 
and Type 4A1 condenser microphones. 

FIELD INTENSITY 

Graphic Recording of Field Intensities. by 
J. P. 'Taylor, Broadcast News, Dec. 1936, 

Pg. 6. 

Methods and equipment for graphic re- 

cording of broadcast station field inten- 
sities 

FREQUENCY CONTROL 

A New Piezo -Electric Quartz Crystal Holder 
With Thermal Compensator, by W. F. 

Diehl, RCA Review, Oct. 1936, Pg. 86. 

A brief description, with some perfor- 
mance data on the crystal unit used in the 
new RCA broadcast transmitters. 

A Treatise on Piezo -Electric Quartz Crys- 
tals, by W. F. Diehl, Broadcast News, Oct. 
1936, Pg. 2. 

A Treatise on Piezo -Electric Quartz Crys- 
tals, by W. F. Diehl. Broadcast News, Dec. 

1936, Pg. 12. 

An extended discussion of Quartz Crys- 
tals- from mine to transmitter. Good illus- 
trations of various types of circuits, etc. 

MEASUREMENT 

Making Radio Waves Behave, by E. C. 

Rundquist, Broadcast News, Oct. 1936, Pg. 

22. 

The frequency measuring service offered 
by RCA Communications, Inc. 

The Measurement of Radio -Frequency 
Power. by A. H. Taylor, IRE Proc., Oct. 

1936. Pg. 1342. 

Use of the cathode -ray wattmeter in 
making measurements of radio frequency 
power. 

An Audio- Frequency Schering Bridge, Gen- 
eral Radio Exp., Dec. 1936, Pg. 1. 

A new direct -reading capacitance bridge 
of the Schering Type. 

OPERATION 

An Engineer Reports, by J. N. Dyer, Broad- 
cast News. Oct. 1936, Pg. 6. 

A most modest but very interesting re- 

sume of the technical aspects of the his - 
t.11y- making broadcasts of the 1933 -34 

l.i;t!e America Expedition. 

NBC Radio in the Clipper Ships. by H. P. 

See, RCA Review, Oct. 1936, Pg. 102. 

Short description of the arrangements 
which made possible periodic broadcasts 
on the initial flight of the Philippine Clip- 
per. 

Probable Percentage Modulation at Vari. 
ous Audio Frequencies. by R. Serrell, 
Broadcast News, Dec. 1936, Pg. 26. 
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Theoretical investigation of the frequency 
distribution of modulating power. A start 
on a subject which has been too long 
neglected. 

A High- Frequency Pack Transmitter, by P. 

A. Greer, Comm. ä Broadcast Eng., Oct. 
1936, Pg. 5. 

A how -to- make -it article on a type of 

equipment finding increasing use. 

SPEECH INPUT 

A Study of the Characteristics of Noise, by 
V. D. Landon, IRE Proc., Nov. 1936, Pg. 
1514. 

A valuable note on the "peak value" 
and "crest factor" of smooth and impulse 
noise. 

Balanced Amplifiers. Part W. by A. Preis - 
man, Comm. & Broadcast Eng., Oct. 1936, 
Pg. 16. 

Balanced Amplifiers, Part V. by A. Preis - 

man, Comm. & Broadcast Eng., Nov. 1936. 
Pg. 15. 

Balanced Amplifiers, Part VI, by A. Preis - 
man. Comm. & Broadcast Eng., Dec. 1936, 
Pg. 16. 

Continuation. See previous reviews. 

Theory of the Loudspeaker and Mechani- 
cal Oscillatory system, Part IV. by H. 
Roder, Radio Engineering, Oct. 1936, Pg. 
19. 

Continuation. See previous review. 

Combination Horn and Direct Radiator 
Loudspeaker, by H. F. Olson and R. A. 

Hackley, IRE Proc., Dec. 1936, Pg. 1557. 

Description and theory of the sensational 
new reproducing system used in the RCA 
"magic voice" receivers and the new type 
64.A high -fidelity monitoring speaker for 
broadcast use. 

The Magic Voice, by C. O. Caulton, E. T. 

Dickey and S. V. Perry, Radio Engineering, 
Oct. 1936, Pg. 8. 

Another article on the above develop- 
ment- particularly as applied to high- fidel- 
ity receivers. 

Broadcast Studio Design, by R. M. Morris 
and G. M. Nixon, RCA Review, Oct. 1936. 
Pg. 64. 

A short but valuable and authoritative 
note on a subject which is receiving in- 
creasing attention. 

A Studio Control System for Broadcast Sta. 
lions, by S. Gresham, Jr., Comm. ä Broad- 
cast Eng., Nov. 1936, Pg. 5. 

Details of a system for the flexible con- 
trol of a broadcast system of moderate 
size. 

Mixer Circuit Design, by R. F. Smeltzer, 
Electronics, Nov. 1936, Pg. 32. 

Some ideas on the proper resign of 
mixer circuits. 

Technical Closeup of WGN, by A. R. Hop- 
kins, Broadcast News, Act. 1936, Pg. 4. 

Description and layout of one of the 
most outstanding of recent studio installa 
Ilona. 

WBT Dedicates New Studios, Broadcast 
News, Oct. 1936, Pg. 16. 

Another outstanding high -fidelity stu- 
dio installation. 

A Remote Control Amplifier, by W. H. 
Wood, Comm. & Broadcast Eng., Dec. 1936, 
Pg. 22. 

How -to-make -it article on an a.c. -d.c. unit. 

TELEVISION 

Fourth Estate Views Television, by David 
Sarnoff, Broadcast News, Dec. 1936, Pg. 2. 

RCA Television Impresses Radio Industry, 
by M. Codel, Broadcasting, Nov. 15, 1936, 
Pg. 10. 

RCA Presents Television to Broadcasters, 
Broadcast News, Dec. 1936, Pg. 5. 

RCA Television Put on Exhibition. Broad- 
casting, Nov. 1, 1936, Pg. 30. 

Four accounts of the television demon- 
strations presented during November for 
the newspapers and broadcasters. 

Television at Hand, Electronics, Dec. 1936, 
Pg. 14. 

Some illustrations from the above. 

The New Philco System of Television, by 
A. F. Murray, Radio Craft, Nov. 1936, Pg. 
270- 

Television as Good as Home Movies, Radio 
News, Nov. 1936, Pg. 265. 

Two articles on Philco's progress in tele 
vision development as indicated by recent 
demonstrations, 

Television Radio Relay. by B. Trevor, RCA 
Review, Oct. 1936, Pg. 35. 

Description of the 177 -MC circuit be- 
tween the RCA building and the Empire 
State building. 

Television for Rural Areas Indicated by 
Recent Research, Broadcasting, Dec. 15, 

1936, Pg. 46. 

Note on DX reception of ultra- high -fre- 

quency stations. Conclusions drawn there- 
from are very dubious. 

TRANSMITTER DESIGN 

A New 5 -KW Broadcast Transmitter, by L. 

G. Young, Bell Labs. Record, Nov, 1936, 
Pg. 72, 

Very brief description of WE Type 355DI 
Transmitter. 

Designing the Tank Circuit, by 1. N. A. 

Hawkins. Radio, Dec. 19_36, Pg. 60. 

Simplified discussion of calculation of 

optium L -to C ratio. 

Minimum Plate Current and Efficiency. by 
"layenay," Radio, Dec. 1936, Pg. 49. 

Some ideas on the meaning of the rela- 
tion of minimum plate current to efficiency. 

Piping RF from Transmitter to Antenna 
with Concentric Lines, by P. H. Smith, Pick- 
ups, Nov. 1936, Pg. 3. 

Short explanation of practical applica- 
tion of concentric tube transmission line. 

Terminating Concentric Lines. by C. G. 

Dietsch, Electronics, Dec. 1936, Pg. 16. 

Theory and practice of concentric line 
tot Initiations. An authoritative article likely 
lu be as widely- referred -to as Mr. Dietsch's 
earlier article on termination of open -wire 
lines. 
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Terminating R -F Lines. by J. L. Potter, 
Comm. & Broadcast Eng., Dec. 1936, Pg. 5. 

Another interesting article along the 
same line as the above. 

Impedance Chart for R -F- Lines, Electronics, 
Dec. 1936, Pg. 35. 

Impedance versus dimension charts for 
open -wire lines. 

TUBES 

Tabulation of Rectifier Tubes, Electronics, 
Oct. 1936, Pg. 35. 

A quite complete compilation of the im- 
portant characteristics of vacuum, gaseous 
and grid control rectifier tubes for indus- 
trial and transmitting purposes. 

Molybdenum -A Metal for Vacuum Tubes, 
by T. G. Troxel, Radio Engineering, Dec. 
1936, Pg. 8. 

A short note on this important material. 

MISCELLANEOUS 

We Pay Our Respects to Andrew Donald 
Ring, Broadcasting, Oct. 1, 1936, Pg. 43. 

Biographical note on the "chief broad- 
cast engineer," 

"3700 Sleuths." by F. H. Ham, Electronics, 
Oct. 1936, Pg. 11, 

How one "static ridden" town did some- 
thing about it. 

FEATURES BRING NEW TRANS- 
MITTER TO THE FRONT 

(Continued from Page 24) 

Technical Specifications of the 250 -E 

Power Output-100/250 watts. 
Power Input - 

100! 
0 Modulation Modulation 

100w 1500 watts 1800 watts 
250w 1700 watts 2050 watts 

Power Supply -105, 115 and 125 volts. 
50 -60 cycles single phase. ± 5% varia- 
tion. 

Efficiency of r -f Power Amplifier- Approx- 
imately 65 %. 

Output Circuit- (line or antenna impedance) 
70 to 600 ohm line; 45° to 140° antenna. 

Type of Modulation -- -Class "B" -high level 
- -plate modulation. 
Audio Input Level -for 100% modulation, 
- 42 db, 500 ohms (12.5 mw reference 
level). 

Audio Frequency Response- ± I db from 
30 to 10,000 cycles. 

Audio Frequency Distortion- -Less than 3' 
RMS from 0 to 100% modulation between 
50 and 5000 cycles. 

Hum Level (RMS) --- --60 db below 100% 
modulation, 

Tube Complement- - 
1 RCA 56 First Audio 
4 RCA 2A3 Second Audio 
2 RCA 838 Modulator 
1 RCA 210 Crystal Oscillator 
I RCA 865 Buffer Amplifier 
1 RCA 800 Amplifier 
4 203A Power Amplifier 
3 RCA 83 Low Voltage Rectifiers 
4 RCA 866 High Voltage Rectifiers 

Outline Dimensions- -24" wide x 20" deep 
x 68" high. 

Shipping Weight 1100 lbs. (includes 100- 
EM Modulator which is 317 lbs.) 

Notes- (I) By means of switch located on 
control panel, power output may be 
quickly changed fruni 250 to 100 watt 
(tabe complement does not change). 
(2) Vernier plate voltage control for 
power amplifier is provided on the con- 
trol panel. 



Notes About Our Contributors 

FRANCIS J. BROTT Mr. Brott, who tells of 
the unique set -up at KOMO -KJR, is Chief 
Engineer of the combined stations. 

DR. G. H. BROWN -A biographical note on 
Dr. Brown appears in Broadcast News, 
April, 1936. 

P. E. FISCHLER -Mr. Fischler, Chief of the 
Technical Department at WEBR, before com- 
ing to his present position was associated 
with a leading station in Detroit. 

JAMES GALLOWAY -Mr. Galloway, who 
contributes the interesting story on WGRC 
during the flood period, is the City Editor of 
the New Albany Ledger. 

RALPH J. KINGSLEY -Mr. Kingsley, Techni- 
cal Supervisor of WBEN, has had wide ex- 
perience in many phases of radio. He has 
been at WBEN since it has been owned by 
the Buffalo Evening News. 

C. M. LEWIS -Mr. Lewis started in radio in 
1921 when he obtained his first amateur 
radio license. He attended Baker University 
and the University of Kansas. For four years 
he was chief engineer for Station WREN, 
Lawrence, Kansas. He came to RCA in 1935 
where he associated for two years with 
the Transmitter Engineering Department and 
is now connected with the Engineering Pro- 
ducts Division as Sales Engineer. 

W. L. LYNDON -Attended Montana State 
College, graduated in 1925, B.S. in E.E. 
Joined General Electric Co. Radio Depart- 
ment on antenna development and speech 
input equipment. He carne to RCA Manufac- 
turing Co. in 1930 with the Transmitter De- 
partment. Designed and installed studio 
equipment at WCAU. In 1935 he transferred 
to Photophone Department working as pro- 
ject engineer on speech input equipment. 

E. A. MASSA -Received his B.S. in physics 
from Massachusetts Institute of Technology, 
June, 1934. He came with RCA Manufactur- 
ing Co. and from November, 1934, to date 
has been in the Electronic Research Labor- 
atory. 

LOUIS N. PERSIO -Mr. Persio, who again 
enters our columns to tell of progress at 
WRAK, is Chief Engineer of that station, lo- 
cated in Williamsport, Pa. 

FREDERICK RAGSDALE - - -Mr. Ragsdale, who 
enters the list of Broadcast News' contribu- 
tors in this issue, is Chief Engineer for Sta- 
tion KEHE. 

T. A. SMITH -Mr. Smith attended the Stevens 
Institute of Technology where he received 
his M.E. degree. Upon leaving school he 
came to RCA where he was connected with 
the Technical and Test Department. He de- 
voted his time to work on transmitters and 
development, including television. In 1930 
he joined the Sales Department of RCA and 
has been in charge of Engineerng Products 
sales for the New York District. 

HARRY STONE -Mr. Stone, who tells the 
story of WSM's contribution to the flood situ- 
ation in Kentucky, is General Manager of 
that station. 

DR. VLADIMIR ZWORYKIN -Born in Russia. 
E.E. degree, Petrograd Institute of Technol- 
ogy, where under Professor Boris Rosing, he 
started his first experiments in television. 
After graduation entered the laboratory of 
College de France in Paris, to do X -ray re- 
search under Prof. P. Langevin, During the 
World War he served in the Russian Army 
as officer in the Radio Corps. In January, 
1919, came to the U. S. and from 1920 -1929 
was member of the Research Laboratory of 
Westinghouse Electric & Mfg. Co. He re- 
ceived his Ph.D. degree at the University of 
Pittsburgh, 1926. In 1929, was transferred to 
Research Laboratory of RCA Mfg. Co., work- 
ing on television, electron optics, photoelec- 
tric cells, etc. Was made director of Electron- 
ic Research Laboratory of RCA Mfg. Co., in 
1934. On May 29, 1934, received Morris 
Liebmann Memorial Prize from I.R.E. for con- 
tributions to the development of television. 
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It will please us greatly to be 

called upon to perform the 
sanie accurate serrice for you 

For Routine Service 

Commercial Department 

Now York. N. Y. 

66 Broad Street 

Phone: HAnovor 2 1811 

Apply at the Nearer Office 

Commercial Department 

San Francisco. Calif. 

28 Geary Street 
Phone: Garfield 4200 

For Emergency Service Phone 
(Open Day 

Riverhead, N. Y. 

Phone: Riverhead 2290 

W. U. Telegraph Only 
Riverhead. New York 

or Wire the Nearer Laboratory 
and Night) 

Point Reyes, Calif. 
Phone: Inverness 9 -W 
W. U. Telegraph Only 

Point Reyes Station 
Marin Co.. Calif. 

R.C.A. COMMUNICATIONS, Inc. 
A RADIO CORPORATION OF AMERICA SERVICE: 



..8404dcast . 
High Fidelity Broadcast 
Transmitters, 100 watts to 

500 KW 

Ultra High Frequency 
Transmitters 

Mobile transmitters and 
receivers 

Microphones for Every 
Purpose 

Microphone Stands 

Mixers 

Monitoring Amplifiers 

General Purpose Ampli- 
fiers 

Pre -Amplifiers 

Program Amplifiers 

Line Amplifiers 

Portable Broadcast Am- 
plifiers 

Frequency Monitors 

High Quality Station 
Monitoring Equipment 

Complete Studio Installa- 
tions 

Modulation Indicators 

Portable Remote Pickup 
Equipment 

Transcription Turntables 

Instantaneous Recording 
Equipment 

Sound Effects Equipment 

Field Intensity Measuring 
Equipment 

Beat Frequency Oscilla- 
tors 

Cathode Ray Os c i l l o- 
graphs 

Transmitting Power Tubes for Every Purpose 


