H19-1—Y
LU, K1) SIPEIPOUER,

Mika Vorst has written thdis article sbout the development of the 500 kw, transuiticr
that WLJU=7C0 used in the *30's. Informetion wes taken from Proceedings of the Inst-
itute of Redio Engineers, Yolume 22, Numberi0, October 1934, It was quite an
echievement then, and certzinly en interesting story today.

On May 2, 1934, WU put & S00 kuw, transmitter into reguler service., JLJ had
eluays been the first to incresss powsr to successive levels, Crosley Radio Co, had
filed with the FAC in Ifey 1932 for an increase in power from 50 to 500 kw., since ic
was felt that ony lesser increase uwculd have shoun relatively small improvement; e
CP had besn issued the folicuing month, The 50 ku, transmitter wos to be used as the
driver for the 500 kw. trensmitter.

The total cost of the improvement was sbout $SOD.UD' . The snnual cost of oper=-
ation end maintenance wes sat st §170,000, for & 20 hour broadcast day. Tha uso of
high level class B modulation provided & pnwer saving of 425,000 yearly,

For economy of both cost end maintenence, the pouer erplifier wss divided into
3 units and the modulator into 2 units so that & failure wouldn't take the uhule
trensmitter off the air. There were a total of tuwslve 100 ku. pover amplifier tubes
end eight 100 kw. modulator tubes, All tubes opersted at & plate voltzge of sbout
11,800 volts, If a short occurred, the transmitter sutomaticelly went off the eir
for 4 cycles, then went back on tha air., If the short persisted, the transmitter
again went off and the defective power smplifier unit was sutomatically cut out and
the rerainder went back on the air with sbout 350 kw. The entire cff-rir time rarcly
exceeded 3 seconds. If & modulator went out, the transmitter wen:t back on the air
after seversl seccnds uith full power but with reduced modulation. The 4 pcuar emp-
lifiers and 2 modulator units could be used in elmost eny arrangerent. The pouwer .2t
eupplied by two 33,000 volt lines from 2 differont distribution centers end cers to
the transmitter over widely separated routes.

The trensmitter wes made as sn intecral pert of 2 building witn 5 scperate roor. .
Eech room was entirely shielded #s & unit and rooms vere electrically bondzd et nur-

erous points, The problem of radio freguency insulsticn wmads a neu styla of insulsiice

necessery, so O produced long-bar green-tint Mycalex for this specific epplication,

The moduletion system wes unicue in ssveral respects: the power required wos 10
times greater than ever obtained before Prom any sudio emplifier. The ficdality -2d
to be meintained or edvenced, snd the outpu: had to have an efficiency ac high as
possible. Since the modulator stage wes divided into 2 units, separete interstage
traneformers were used to couple them with the previous stage. These transfaormers
weighed over 2 tons esch, The modulator stege was then trensformer coupled to ths
load circuit by 2 identical transformers. These trensformers wers rated at 180
kilovolteamperes eech from 30 to 10,000 cps, and were oil-immersed and welghed i3 tuvn
esch, The hefght wvas 11 feet end the case around each unit was ellipticel in shipe,
heving & maximum dimenafon of 7 feet snd 2 minimum dimension of 4 3/4 feet. Thz2 cir-
ect current componant of ths powsr eamplifier plate current was psssed through a 73d-
ulstion inductance reactor rather than through the secondary windings of the trans-
formers, The reactor had 4.5 henrys of inductance st 60 emperes, and was similar in
sheps to the modulator output transformers but weighed only 12 tons (onLy!).

Uith an input to the pouer amplifier of 700 ku., tha output cf the modulator
system required to give 100% modulaticn wes 350 kw. The power input for 1005 r.-om’.-l—
stion was 12,5 milliuatts. This corresponds to e power emplificetion of 28,000,000
times. Current limiting resistors connected in series with the platss of each cf tic
modulator tubes wers of such & size to limit the surge current to 1000 arperas or co.
Thas power diesipeted in them wes 12,000 kw. for & time of about 1/12 of a sezcnd.

The redio-frequency amplifier wss composed of 3 identical units each capible of
dalivering 167 ku. of carcier pouss, The filamenis of the amplifier tubes used 23
volts end drew 207 emperes, which meda the total filement current for tha po.er eip-
lifiers end the modulator of 4150 amps, . . . i

The coacentric transmission line (used becesuse it supprasses harmonic radietic )
which transmitted the pouer to the entenna house wes 760 feat long., The surge in-
pedence was 100 ohms, thereby making the line voltege TUYD vults at 70.7 emperes for
unmoduleted 500 ki. The cuter tube was 10 inches in diareiar end the inner tube was
1.875 inches, It is believed that this wes the first spplication of the concentric
transmission line for s broadcezst.ststion in the U,S,

The mein rectifier consisted of six ACA-B870 mercury-vepor tubes reted at 16,000
volts with 450 amps, The average current wes 75 erps so they were opersted consider-
sbly below their meximum rating. Three single phase plate transformers were used,
which were relstively light st 7000 pounds each. They were connected so that the
equipment could bs tested or warmed up at 8 lowered voltags of 7000 volts. The rec-
tifier could give a continuous output of 1250 kw., but the loed was alueys varying
during modulation, so the direct-current load current veried from 70 emgs Bt zero
®oduletion up to 110 amps at 1005 modulation,

Bies voltege today is aluays teken from tha power supply or from the output of
the preceeding stags, or the circult can be self-biased. In the WU transmitter, 211
bias voltzges were supplied directly by OC generators. The genecator which supplied
bias voltage for the pousre smplifier tubes wes rated at 1,2 kw. at 1000 volts; for
the modulators at 1.2 kw, at 100 volts; and the one for the first 4 sudio steges at
0.375 kw. st 1500 volts,

Uith the powsr of 500 ku, & special study had to be conducted to decide what
type of antenna would be used., One of 0,58 wevelength wes the bast prectical type
known at ths time, uhich at the frequency of 700 kc, workad out to be B31 feet, The
widest part, 35 feet ecross, wae st the 350 foot loval (chere the tLJ neon sign was),
The tower rested on & singls porcelain bese insulator and wes held by eight 2-inch
guy cables, which were broken up with 7 insulators. The tower was put into use in
June 1933 with the 50 ku, transmitter, end by comparing tha operation of the T ente
enna that ahd been used for years, it was found that the effective power had becn
doubled for this particular cperation. (The T antenna was at 0.75 of the funcamental
frequency), In some arees, it wos found that the nonfading service had increased 663,
This was nothing, though, compared to when the 500 kuw. finelly weni on.

The first squipment arrived sbout July 1, 1933, encd on Noverber 1et 500 kw. were
put on the air, Uithin & few days this wes substantielly increased with 100% rodul-
stion. The plenning had been completed meny months before the installation, so no
major chenges had to ba mede during construction., The nermal output power was 525,700
wetts, The normal poeer input to the power amplifier alcne was 1150 kw., for zero
moduletion, 1600 ku. for 100% modulation, enc 1225 kw. for normal sverage modulation,
The freguency cheracteristics st 50% modulation wes one do low at 30 to 50 cycles,

% db low a. 150 cycles, zero db to 5000 cycles, 4 db low et BOOO cycles, and tuc dh
low at 10,000 cycles, using 1000 cycles as zero db. 100} rodulation was obtainable
at ell frecuencies between 30 end 10,000 cycles,

Uith a fundamental field strength of 6 volts per meter at ons mile {note thot this
ie 6 million microvolts per meter), the strength of the strongest harmonic (the sec-
ond) wes 400 microvolts per meter st one mile, This is ecual to 0,002 wett, The
4th harmcnic dicdn't exceed 200 microvolts , and the 3rd, Sth, end 6th wvere below
50 microvolts. At the time these characteristics were believed to be in sdvance of
the requirements of the broadcast art, snd in general was at the greatest degree of
axcellence that was economically justifisble.



