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ROBOT TIMER

by ANGUS DUNCAN McCUSKER

Faced with the problem of delaying the signal
on station KFAB to synchronize with WBBM,
the CBS engineers devised a unique solution.

HOSE of us who listen to our
broadcasts in the big cities rarely

have anything to complain of in
the way of reception from the local sta-
tions. Little do we know or care what
reaches the “wide open stretches” between
cities, between broadeast stations. The
farmer, the rancher, and all of those who
do reside in the space Detween cities are,
however, a source of revenue to the ad-
vertisers, and hence a worry to the sta-
tions.

Recently people living between Chicago
and Lincoln, Nebraska, were annoyed by a
barrel-like effect that linked the WBBM
or KFAB programs from either or both
stations. They complained to CBS, and
set in motion the engineering force. Even-
tually a queer contraption resulted, and
the problem cleared up. Rapro NEws pre-
sents an exclusive article on how the bar-
rel effect was overcome.

It took twenty-three thousandths of a
second for an electrical current to travel
the five hundred miles of telephone wire
between stations WBBM in Chicago and
KFAB in Lincoln, Nebraska. Conse-
quently, a program piped from WBBM
to KFAB would go on the air just twenty-
three thousandths of a second later in Lin-
coln than in Chicago.

Ordinarily, a delay of this kind would
make no difference. But, with both sta-
tions operating on a frequency of 770 kilo-
cycles, there was a fifty or sixty mile strip
of territory between them where a receiver
set at 770 kilocycles would bring in hoth
stations.

This presented no problem of heterodyn-
ing, because the precision equipment at
hoth stations kept both transmitters exactly
on the assigned frequency. However, the
overlapping area was nearly midway be-
tween the stations, and since radio waves
travel with the speed of light (less than
three thousandths of a second for five hun-
dred miles), reception from KFAB com-
ing in twenty-three thousandths of a sec-
ond behind WBBM gave a hollow, barrel-
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like quality that is so unpleasant.

k B. Falknor, chief engineer of Co-
s central division, tackled the prob-
The only cure was to get exact time

synchronization. The problem reduced it-
adcast by ex-

self to delaying WBBM's
actly twenty-three thousandths of a second.
This was much more difficult than it
sounded, for the delay had to be effected
without reducing the tone quality of the
broadcast. For this the tone frequencies
ranging from 50 to 6000 cyeles had to be
equalized.

It was impossible to buy equipment, for
the good and sufficient reason that nobody
had ever faced the problem before. The
nearest approach was in trans-Atlantic
telephone work, where the telephone com-
pany had installed equipment to delay the
voice long enough for an automatic vol-
ume control tube to function and control
fading.

This meant that CBS would have to de-
vise its own electrical equipment, a jobh
that would take several months. In the
meantime, Falknor went to work on a
makeshift mechanical delay to fill in while
the electrical delay was being developed
and 1nstalled.

Sound travels through air at the rate of
1080 feet per second. Hence, if WBBM’s
program were to travel through twenty-
three feet of air before reaching the mike,
it would be delayed by the neccessary
twenty-three thousandths of a second.

Falknor had a section of lead sewer pipe
cut to the proper length, and set it up with
a loudspeaker at one end and a dynamic
mike at the other. He killed echoes at
the speaker end by installing an exponential
matching unit made of an aluminum cast-
ing. It was designed to match the 1m-
pedence of the speaker with that of the
pipe. This functioned so well that sound
leaving the speaker went into the pipe
without distortion.

However, there was sound reflected
from the mike diaphragm. These waves,
mecting those coming from the speaker,
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The First Solution.

Row on row of impedance matching coils which
delay the signal long enough to synchronize.

caused a series of beats that distorted the
sound picked up by the speaker.

The cure for this was a terminating net-
work of cloth placed in the pipe ncar the
mike end. Because of the wide range of
audio frequencies encountered, Falknor be-
gan by putting gauze near the center of
the pipe. Working toward the mike end,
he used heavier and heavier fabrics, con-
cluding with some pieces cut from a me-
chanic’s overalls.

This improvized dampening equipment
worked quite well, but there were still
humps in the sound. These were elimi-
nated by feeding the output from the mike
through electrical equalizers, one equalizer
for each hump. Since each equalizer cut
the total volume, an amplifier was installed
after every equalizer.

The finished contraptions worked like
the diagram above. Programs were ied
into the loudspeaker at the same time they
left for KFAB. Sound from the speaker
went through the matching unit to the lead
pipe, and at the end of twenty-three thou-
sandths of a second had reached the mike.
The cloth network eliminated most echoes,
but cut the entire volume enough so the
mike output was fed through an amplifier.
It then passed through a series of equal-
izers and amplifiers to eliminate all humps,
and then to the transmitter. While all this
was happening the identical program was
traveling the wires to Lincoln, and was
broadcast from KFADB at the exact instant
it left the antenna of WBBM. It gave
satisfactory results over a tone range from
100 to 5000 cycles from the day the two
stations were synchronized, and was used
for several months.

The electrical delay system that was put

(Continued on page 82)
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of BUENOS AIRES

In that Metropolitan store on the
Calle Rivadavia 869 Mr. Fran-
cisco Fernicola, the proprietor, is
enthusiastic for he writes:
“They ask for them .. these serv-
icemen and ama-

teurs . . and come
back again and
again for other

Centralab parts . .
Naturally I must
agree with them
that they are the
best.”

TYPE
310

Smooth controls, permanent re-
sistors, positive selector switches
.. perform their miracles in myr-
iad languages
in all parts of
the globe. Man-
ufacturers,
servicemen,and
amateurs
everywhere
SPECIFY
CENTRALAB.
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Meet Centralab at the
National Radio Parts
Trade Show
Chicago, June 8-11

Cent.;alab

DIVISION OF GLOBE UNION, INC.
MILWAUKEE, WIS.

Complete Radio Engineering course in 96

weeks, Bachelor of Science Degree. Radio
(television, talking pictures and the vast
electronic field) offers unusual oppor-
tunities for trained radio engineers.
Courses also in Civil, Electrical, Mechan-
ical, Chemical, Aeronautical Engineering;
Business Administration and Accounting.
Also short diploma courses in Surveying

(36 weeks), Drafting (36 weeks). Low
tuition, low living costs. World famous
for technical two-year courses. Those

who lack high school may malke up work.
Students from all parts of the world.
55th year. Enter June, September, Jan-
uary, March. Write for catalog.

1668 College Ave. Angola, Ind.

TRI-STATE COLLEGE
Now You Too can Do It §

Develop your own pic Anybedy can do
it with our u)mp]em ;mmln;, and develop-
ing kit (nothing else to buy), More than
pays for itself, Here's what you get:
printing frame, developing powders, b
printing paper, 3 trays, measure ¥11SS, sLir
od. red light Yha simple insuuction

SE| \ID 'NO MONEY,

Just name and address.
Pay postman $1. 00 plus postage. Money
back if not as deserib

FOTOKIT CO., 478 E. 98th St., Brooklyn, N.Y.

RADIO NEWS

No provision was made to measure the
plate current to the buffer-doubler as an
ordinary tuning lamp was considered suffi-
cient for tuning that circuit, With the
tuning lamp loosely coupled, the huffer-
doubler tank condenser is rotated until
reaching the point of greatest brilliancy
which indicates that this circuit is now in
resonance,

The tuning lamp method is also used to
tune the grid tank circuit of the push-pull
final. Due to the interaction between the
buffer-doubler plate tank and amplifier
grid tank it is necessary to return these
two circuits. With the lamp remaining in
the grid circuit of the final, retune each
tank until the greatest brilliancy is ob-
tained.

Before voltage can be applied to the final
the circuit must be neutralized. With the
lamp coupled to the final tank coil and the
final tank condenser set to the point of
greatest brilliancy the two trimmers are
adjusted simultaneously until the lamp
ceases to glow, care being taken to keep
the two capacities approximately equal. If
upon retuning the plate and grid tank cir-
cuits the bulb still glows this entire pro-
cedure must be repeated. Continue until
there is no sign of r.f. in the plate circuit.

We are now ready to throw on the volt-
age to the final. With the meter plugged
into J. tune the plate circuit for minimum
current.

The antenna circuit may now he con-
nected to the coupling coil Lis. This coil
must be exceptionally closely coupled to
the final tank coil and although it may be
wound inside or outside of the plate tank
the best method to obtain the necessary
close coupling is to interwind the turns of
the coupling coil with the turns of the
plate tank coil. Further information re-
garding this is given in the Coil Data
shown elsewhere.

To those unfamiliar with the tuning of
a Pi network the f{ollowing procedure
should be followed. Without touching the
final tuning condenser at any time set con-
denser Ci: about half way and tune to min-
imum plate current with Ci. If the ampli-
fier is not loaded to the proper value reset
Ci: to another point and retune with Ci.

Continue until the proper loading is
reached. It will be necessary to juggle the

tap on the antenna coil if Ci: does not tune
to resonance or if the proper loading can-
not be reached.

It might be interesting to know of some
of the incidents experienced that did ¢
a little concern at the time, first of wh
was the ever-ready reply at the ham stores
when shown a part needed for the rig, such
as: “Is that the smallest you have,” or,
“Sorry, can't use it, not small enough.” T'll
bet at least one dealer here will be glad
that this rig is finished. Then, there was
the trouble experienced when trying to
find a socket for the a.c. input small
enough to mount beneath the power supply
base. After haunting various electrical
and hardware stores for quite some time
with little success I found that banana
jacks answered the purpose very well.
Also, the evening when 1 decided to take
the rig to the home of one of my ham
iriends but could find nothing suitable to
carry it in until noticing my wife’s favorite
sewing box which answered the purpose
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perfectly (snitched while she wasn't look-
ing), however, since then a carrying case
has been purchased, which, according to its
dimensions, was really made for this trans-
mitter. It is made of metal and measures

15" x 7" x 6",

ths are now heing made to build a
model receiver to be used with this rig. I
think it can be built its comparison in size
with my model rig will be much the same
as the comparison between the ordinary
transmitter and receiver. It can be truth-
fully said here that having owned and op-
erated various rigs up to a kilowatt in
power, no thrill has equalled the one re-
ceived when the pure crystal note gen-
erated by this midget rig was first heard.

There is one other satisfaction, and
that is: unless advised to the contrary
I will consider this rig the world's small-
est relay rack transmitter incorporating a
power supply, four tuned circuits, and an

antenna coupler, complete in every detail.
COIL DATA

For 40 meter operation using an 80 meter
crystal, L1-35 turns closewound No. 28 P.E., L2-
18 turns closewound No. 28 P.E., L3-18 turns
closewound No. 22 P.E., L4-24 turns slightly
spacewound No. 22 P.E.

For 20 wmeter operation using a 40 meter
crystal, L1-16 turns closewound No. 28 P.E., L2-
8 turns closewound No. 28 P.E., L3-8 turns
closewound No. 22 P.E., L4-11 turns slightly
spacewound No. 22 P.E.

For 10 meter operation using a 20 meter
crystal, L1-7 turns closewound No. 28 P.E., L2-
4 turns closewound No. 28 P.E., L3-4 turns
closewound No. 22 P.E., L4-5 turns slightly
spacewound No. 22 P.E.

Antenna coupling coil L5 to be interwound on
the final amplifier tank coil with approximately
one-third the turns of the tank coil.

Antenna coil L6-22 turns, 2” diameter, 25"
long, No. 14 wire.

Link—1 turn on 10 and 20 meters, 2 turns on

40 meters.
_I'EJ_

Robot Timer
(Continued from page 47)

in permanent service has an even wider
range, equalizing frequency extremes from
50 to 6000 cycles.

It is made up of filter sections having
attenuation characteristics similar to ordi-
nary telephone cable. The problems of
equalization and repeating are similar to
those encountered with cable.

Each filter section gives the greatest time
delay possible while having the ratio of
loss between the lowest and highest fre-
quencies such that transmission at the two
extremes may be equalized.

The program is fed to the first filter sec-
Then it goes to an equalizer, which
of course reduces total volume, and then to
an amplifier. From here it goes to the
second filter section, etc., until it has been
delaved the correct time interval.

Since the robot timer was put in service,
new telephone cable between WBBM and
KFAB has increased the time lag to thirty-
six thousandths of a second. In the equip-
ment now used it takes twenty filter sec-
tions to delay transmission this long, and
the programs radiate from the two stations
at exactly the same instant.

Thus, sometimes does the broadcast en-
gineer face and solve problems which are
“not in the book” and for which he must
use his ingenuity. Falknor is modest, he
says il is all in the day’s work.
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