
By B E V E R L Y  F. FREDENDALL 
National Broadcasting Company 

"One minute to goJ'  and while the pieduction man is trying 
to quiet those in the studio, the operator experiences once again 
that empty feeling in the pit of his stomach. Finally the cue is 

heard, signal lights flash, and the announcer swings into action. 
Once started, that  "zero hour" feeling is safely past and the 

broadcast settles down to a perfect presentation of a well-re- 
hearsed show. 

Few people listening to programs while in an easy chair in 
their own homes have an opportunity to witness behind-the- 
scenes activities in a broadcasting studio or  to learn some of the 
technical aspects of network operation. 

? - I he term "radio network" has come to be increasingly fa- 
miliar to all Americans. A network is composed of member 
stations in various parts of the countr j ,  which draw on pro- 
grams originating by one of the major broadcasting companies. 
r .  1 hese programs fall into two classifications-sponsored and 
[sustaining. O n l j  429 of the entire broadcast day is of the 
former type while the remainder is of the sustaining type. I n  
the case of sponsored program:), member stations are paid to 
carr l  them, whereas the network principal originates and pays 
for the numerous sustaining programs. T h i s  latter type in- 
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eludes an increasing number of Public Service features, such a s  
' T h e  NBC Symphony" and "The Army Hour,"  which con- 
tribute greatly to the public welfare. 

T h i s  network service is as flexible as that which the news- 
papers receive from the great news agencies. Member stations 
have the privilege of using or rejecting available programs. I n  
addition to  network features it  is highly desirable t h a t  they also 
provide listeners with "local" interest and news programs which 
are important in maintaining a station's popularity. 

Alost people believe that  not only does the program reach t h e  
listener by radio but that the transmission of network programs 
from one broadcast station to  another is also done entirely by 
radio. Such is not the case. T h e  Federal Communications 
Commission has long ago ruled that wire lines shall be used be- 
tween stations whenever they are available. T h i s  means tha t  
the same type wires that carry telephone conversations a r e  used 
to carry local and transcontinental programs f r o 4  station to sta- 
tion. Radio is resorted to  mainly on special events broadcasts 
when wire line service is not available. T h e  reason for  this 
order is to  conserve the crowded short-wave radio spectrum f o r  

(Continued on page 17) 

SPECTRUM 
TRANSMITTING EQUIPMENT 

GOOD BROADCAST STUDIO & TRANSMITTER 100% 
I WIRE CIRCUIT TO LOCAL TRANSMITTER 90% 

I TRANSCONTINENTAL WIRE CIRCUIT 60% 

I LOUDSPEAKERS 
BEST 1943 LOUDSPEAKER 93% 

I GOOD LOUDSPEAKER 7 4 %  I 

RADIOS 
AVERAGE CONSOLE HOME RADIO 57% 

MIDGET HOME RADIO 39% 
I 

INSTRUMENT FUNDAMENTALS 1 
EXTREME PIPE ORGAN I 

I PICCOLO ' I 

1 VIOLIN I I I 1  ' I  

PHYSICAL OR SCIENTIFIC SCALE 

4 7 -  



horizontal load on surfaces with a slope of 30' or more, of five 
pounds per square foot of vertical projection ; a live load on main 
cables of 200 pound5 concentrated to  take care of a man 
working. 

Some of the other limitations of design are that a net sup- 
ported direct]; on a cable should produce maximum cable sag of 
not more than six per cent of the span with an average sag of 
all cables of not more than three per cent. T h i s  will keep the 

end slopes of the cables, flat enough so that  they wil l  not cast 
shadow?., Sloping cables supporting nets should be limited to a 

maximum slope of about 20Â with the horizontal, except when 
facing the south. 

Mos t  of the buildings built in this area before 1933 do not 
have adequate strength to resist the pull of cables. If a d ~ a n t -  

age is taken of earthquake hiacing installed in buildings since 
1933, the! usually can be used to support and anchor the cables. 
However, special connections must be made in all cabes, and in 
man; cases some minor additional bracing is needed. W h e n  no 

building is available for  anchorage, concrete "deadmen" 'vi eigh- 
ing up to thir t l  tons are installed. W h e n  anchor cables are in- 
stalled at  steep angles, as they must be in some cases, the columns 
adjacent to  "deadmen" carry extremely high loads and the 
design of footings may become quite serious. 

D E S I G N  P R O C E D U R E  
I n  designing the protective concealment for an industrial 

plant, the first step is to obtain complete photographs from the 
air of the area and enough information on the size, area, and 
roof construction of the building so that  models of the entire 
area can be made. 

After  the models have been made, various camouflage schemes 
that blend in with the general camouflage plan in that area, as 
set up b; the Office of Civilian Defense, are  tried and photo- 
graphs taken of the model. After  one of these is chosen and 
developed to its final form, plans are made in order that ttiis 
work can be carried on in the field. 

O F F I C E  OF C I V I L I A N  D E F E N S E  S E T - U P  FOR 
P R O T E C T I V E  C O N C E A L M E N T  

I 'he  Office of Civilian Defense has set up a standard pro- 
cedure for  the handling of all camouflage problems except those 
of the armed forces. Each cit; and county has appointed a 
camouflage officer v> hose dut] is to act as liaibon bet- een the 
office of Civilian Defense, Protective Construction Divisioli and 
industry in their lespective areas. If any industrial firm de- 
sires infurmation regarding the protective concealment of its 

plant, the Protective Concealment Division of the Office of 
Chi l i an  Defense nil1 make a complete study of it and report 

the result?. T h e  request is m.ide through the local camouflage 
officer n11o obtains the nec<~;-ar; information and transmits it 

to the 0. C. 1). T h e y  then proceed with a complete design (,f 
the camouflage as outlineJ abo\ e and obtain the a r i q  'Ã apprui a1 

of the final Jajout. T h e  approved plan is then transmitted to  
the plant by the local camouflage officer. If the official-) of the 
plant ~ i s h  to carr) out this plan, an 0. C. D. approved cam- 
oufleur is en~plojcd to prepare detailed plans of construction and 

to handle the work in the conventional manner. I f  the indus- 
trial f i rm does not ~ i s h  to  do the work at  this time, a t  some 
later date the army ma\ require the work to be done if it feels 
it  is essential that  this particular plant be camouflaged. 

COMMERCIAL BROADCASTING 
(Continued from page 7 )  

services, usually international in scope. I n  one sense this is a 

handicap to the broadcaster fo r  it is felt that  there a re  times 
when other means of transmission would be m r i o r  to existing 
wire line facilities. For example, one school of thought believes 

that 14 ith the increasing knowledge and improvement in the use 
of the ul t ra  high frequency radio spectrum (above thirty mega- 
q c l e s )  an improvement in  program tranbmisbion would result 
with no increase in cost of service, and without congeation i n  
the radio spectrum. 

T h e  actual path over which network programs reach a l l  
member stations is a vast system of wire lines leased for t-wenty 
hours a day from the telephones companies a t  an annual aggre- 
gate rental of over three million dollars. Between New York  

and Chicago there is a "round robin" circuit and from Chicago 
to the Pacific Coast a "reversible" circuit. Added to this basic 

pattern are several supplementary "legs" radiating to al l  parts 
of the country and via short wave radio to other countries. A 
"round robin" circuit is one in  which a program is always trans- 
mitted in a given direction around a "loop", regardless of t h e  
point of origin. For  example when "New York originates a 
program it travels over the telephone wires to Chicago via  
Schenectady and Cleveland, enters the Chicago network control 
board and passes out again to  N e w  York via Pittsburgh and 
Washington. 

I t  is dead-ended a t  N e w  York. Should a switch in program 

origin from N e w  York to Chricago he necessary, Chicago would 
open the loop and N e w  York would connect the incoming and  
outgoing circuits. T h e  program thus travels eastward over a 
southern route and back again over a northern route. T h e  

elapbed time for program to travel to N e w  York and back t o  
Chicago again is one fifth of a second. Each station along t h e  
linr gets a "feed" as if it were listening in on a party line. T h e  
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must be accurately timed. This  is accomplished by "cues." T h e  

normal between-program switching cue is the now famous 
chimes, a trademark of N B C  programs, of three musical notes. 
Following the chimes cue, each station is allowed twenty sec- 
onds, in order to make an identification announcement and re- 
turn to the network for resumption of the program. 

If ,  however, during a program an announcer in New York 
wishes to introduce a speaker in Chicago he will usually end 
his introduction with words like "Air. John Doe will speak to 
jou from Chicago." Th i s  constitutes a word cue, following 

which, both points must switch and continue program within 
one second. T h e  .National Farm and Home Hour  is an ex- 
ample of this type of switching occurring between Washington 
and Chicago. 

T h e  circuit between Los Angeles and Chicago is "reversible." 
T h a t  is, the operators at  the two ends of the circuit have control 
of the direction of program transmission. Thei r  daily traffic 
schedules and cue sheets tell them exactly when to operate 

reversal keys associated with this line. Normally reversals take 
place between programs when the twenty second "local an- 
nounce" period is available for switching. If,  however, a fast 
switch is desired, as for example during a world news program 
when the New York announcer calls in his Australian associate, 
the Australian announcer delays his start six seconds, four of 
which are used in the actual reversal and two as a safety factor. 

T h e  operator at  the transmitting end of the line has control 
over the direction of transmission b\ the fact that he has applied 
a control voltage to the same pair of wires that carry the pro- 
gram. This  operation simultaneously connects an amplifier 
and sends an impulse on to the next section of line. A reversal 
takes place as the result of operating a turn key at each end of 
the line. First, voltage is removed from one end of the line and 
all the relays progressively drop out. Next, a control voltage 
is applied from the other end of the line and a new set of relays 
reverses the amplifier connections and sends an impulse on to 
each successive section. A complete reversal takes four seconds. 

Let's take a look now at  some of the behind-the-scenes ac- 
tivities which precede a sponsored program. Officially all con- 
tact between the client and broadcaster is through the sales de- 
partment, but as soon as a commercial program has been planned 
the broadcaster assigns a "production man" to the show whose 
dut j  it is to set in motion all necessary parts of the broadcasting 
organization. H e  is, in a sense the stage manager. 

Once the program has been written, "auditions" are held for 
the selection of all who are required to take part. T h a t  is, the 
announcer, actors and others are given a tryout in order that 
the ones best suited to the various parts may be selected and en- 
gaged. This  means that a studio with "live-microphones" must 
be used so the producer calls the studio assignment desk, for a 
studio and technical operator. T h e  assignment desk consults 
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picking an available one mutually agreeable to the production 
man, enter this new program rehearsal on the charts and upon 
the specific day's daily work schedule which in mimeographed 
form goes to all departments, and from which the engineering 
department schedules an operator. 

Thus  begins the first of a series of rehearsals totaling six to 
ten hours for a half hour show. First the rehearsals begin with- 
out the aid of a microphone or sound effects, with each part of 
the program rehearsing separately. T h a t  is, the acting and 
music is perfected separately until sound effects are added o r  
when the time approaches for a dress rehearsal. 

While the program is taking shape another department is 
busil) engaged in lining up the proposed network. T h e  traf-  
fic department, having received instructions from the sales de- 
partment must now undertake the far reaching task of contact- 
ing each and every station the advertiser wants to engage for  
his program. Certain stations forming the basic network must 
usually be engaged as a unit while the supplementary groups 
and some individual stations may be added or omitted at the 
choice of the advertiser and in consideration of the availability 
of the stations. 

An expensive-talent program must have a sufficient number 
of station outlets together with their listening audience to in- 
sure not only the start of the program series, but its continua- 
tion. Consequently, a mutually beneficial agreement between 
member stations and the network principal was evolved, where- 
by, during certain hours of the day, each station would be avail- 
able for network programs. T h e  traffic department contracts 
each station whenever a new program series is to begin. O n e  
program, for instance, may necessitate as many as 500 telegrams 
before the network for that particular program is established. 

T h e  Press department now begins the job of publicizing the 
new show, and including its listing in regular published network 
schedules. I t  is an interesting fact that these schedules must be 
made out three weeks in advance. 

Every piece of music used on network programs must be 
cleared through a central New York office to insure that a t  
least four hours will elapse before the same selection is re- 
peated. Talks and all written material must be checked by the 
Program department before the) are approved for lelease. I n  
short, the sale of any time period is governed by acceptability of 
the product, the program, the continuity for the specific period 
in question, and its relationship to preceding and following pro- 
grams. 

Frequently recordings are made of a dress rehearsal. T h i s  
recording never goes on-the-air, but is made in order that those 
taking part may study their presentation to further improve the 
show. I t  is called a transcription, and is a record 16 inches in 
diameter which run5 for fifteen minutes when played at the 
speed of 33 1/3 re\olutions per minute instead of at the usual 
home phonograph speed of 78 R.P.M. 

Let's depart from program building activities and again con- 
sider technical aspects of the ai t  of broadcasting. While i t  is 
recognized that there are technical problems associated with all 
forms of transmission, only the primary ones concerned with 
n i re  line circuits will be mentioned since this 1s the astern 
in current use. 



ond. A perfect system would pick up, transmit, and reproduce 
this entire band without distortion or  impairment of any kind. 
I n  practice we know that each piece of equipment, from micro- 
phone to loud-speaker, in varying degrees contributes to a 
change in the original sound. A good studio plant will properly 
pick up and transmit electrically all 10 octaves and a good 
broadcar.t station can also function over the entire audio spec- 
trum. T h e  wire line from studio to local transmitter functions 
onlj 90'c (i.e. 9 out of 10 octaves) from 16 to 8,000 cycles. 
Thus  the highest quality from a broadcast transmitter takes 
place when that transmitter is being fed from its own local 
studio? equal to 90% for a frequency band of 16 to 8,000 cycles. 
However, on a network program, where the transmitted fre- 
quenc? band is further limited both by technical and economic 
reason:' to the narrower range from 80 to 5,000 cycles, the cox- 
erage is only 60%). 

T h e  reduced upper limit primarily is governed by the 10 kilo- 
cjcle separation of channels of the present broadcast band. Since 
t v o  adjacent stations, separated by only 10,000 cycles must 
share the frequency band h i n g  between them, it is clear that 
those frequencies above 5000 cycles emmitted by one station will 
jointly occupy a part of the band normally thought of as being 
associated with the other station. Under local receiving con- 
ditions this does little harm, but for distant reception when the 
desired station is received with weak signal intensity, the re- 
sultant crossing of programs is objectionable. Because of this 
fact the average present day receiver is manufactured for good 
selecti~it! by cutting off the upper frequency response limit at  
something less than 5000 cycles per second. 

So far we have spoken only of the pick up and transmission 
of sound frequencies. T h e  loudspeaker is the weakest single 
link in the entire chain. Loudspeakers varj  from 93% co+er- 
age (40 to 17,000 cycles) thru 74% (60 to 10,000 cycles), 
usualh found in a good broadcast plant, to the poor midget radio 
receiver of sa! 39% (200-3,000 cycles) coverage. 

Additional factors affecting the quality of transmission of 
wire line circuits are harmonic distortion, noise, and phase shift. 
Harmonic distortion is caused by the generation of spurious 
overtones which result in "mushy" rather than clear and distinct 
sound?. Background noise means that the full intensity range 
found in a symphony orchestra cannot be transmitted correctly. 
Instead, the range must be compressed somew hat to fit technical 
limitations. Phase shift is evidenced by a peculiar chirping 
sound which tags along after the main part of the sound has al- 
read) a r r i~ed .  Th i s  phenomenon is known in radio vernacular 
as "birdies" and is caused b! the various speeds of travel of the 
frequencies making up the original sound. 

D i e  losses encountered as sound frequencies flow along a 
telephon? wire are fa r  greater than those which the commercial 
power engineer deals with at  60 cycles over the high tension 
lines radiating from Boulder Dam. 

Suppose all sound frequencies entering a telephone cable to 
be at  equal intensit). As this energj flows along the line i t  
decrease;; at  an uneven rate. T h e  loss for high frequencies is 
greater than lew frequencies. A t  some distance from the start 
an equalizer is placed acrws the line in order to reduce the 

energy of the low frequencies to a point of equality with the  
highest frequency. W i t h  the aid of the equalizer the energy 
is again on a par, but so low that noise from other nearby wire 
circuits become troublesome. An amplifier is therefore inserted 
to again bring the energy up to the original level. Th i s  con- 
tinual loss and rebuilding process is repeated each 40 miles for  
a cable circuit and about every 150 miles for an open wire 
circuit. 

T o  illustrate the losses encountered in the use of wire lines 
for transcontinental service compare a 50  kilowatt short wave 
radio transmitter, operating between New York and Los An- 
geles, with the hypothetical condition where the same power 
might be used at  the entrance to a transcontinental wire circuit. 
T h e  radio link, although suffering to a considerable degree 
from selective fading and noise, would at  least be understand- 
able at  the receiving end. Whereas, if it were possible to utilize 
50 KW at the imput to a bare telephone line, the small energy 
in watts delivered at the far end would be expressed by a deci- 
mal point followed by at  least 35 zeros before the first signifi- 
cant figure, or, in terms of atomic physics, one electron every 
two seconds. 

Now, 1 ou are invited to that easy chair near As 
you exercise your free choice with a careless t wrist 
and bring your favorite program to life, may you enjoy it more 
for a wider knowledge of the processes which make such enter- 
tainment possible. 
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