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DEVELOPMENT OF STANDARD-FREQUENCY
TRANSMITTING SETS '

By L. Mickey and A. D. Martin

ABSTRACT

This paper describes the d.evelopm.cnt of radio transmitting equipment use‘d_in
the standard-frequency service provided by the Bureau since 1923. Ditficuities
encountered in the design and operation are discussed and 111}pr0\'ements noted.
Tn the establishment of the 3,000 ke/s schedules, innovations in frequency multi-
plication and control, based on the prlnClpl? of the synchropi;ed oscl}lator and
harmonic amplifier, are described. Expansion of the transmitting equipment to
the present 30-kw installation is covered in detail. Diagrams and photographs
of the Beltsville, Md., trapsmitting station are given.
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I. INTRCDUCTION

The widespread development of radio has brought increasing de-
mand for close regulation of all radio frequencies to insure the maximum
utilization of the available spectrum. In order to comply with gov-
ernmental regulations, which become more and more exacting, each
radio station must have access in some form to an accurate standard
of frequency. This may be an independent standard of high accuracy,
a substandard periodically compared by wire or radio with a precision
standard, or a frequency supplied continuously by radio or wire from
a precision standard.

National standards of frequency are maintained by the govern-
ment laboratories of the various nations as bases of frequency assign-
ment and administration. Comparisons with the national {requency
standards are accomplished through three principal activities of the
government laboratories: (1) Measurement of station frequencies;
(2) measurement and calibration of {requency meters, piezoclectric
oscillators, and other standards sent to the laboratory for that pur-
pose, and (3) the radio transmission of standard-frequency signals.
The first method becomes a large and expensive undertaking while
the second is subject to inaccuracies resulting from changes of instru-
ments in transit. Consequently, the third method of comparison has
become increasingly important. It has proved to be the most ac-
curate, economical, and practical means of dissemination of the na-
tiona. frequency standard.
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A radio transmission of standard frequency may consist of: (a) A
standard radio-frequency signal, (b) a radio-frequency carrier modu-
lated by a standard audio frequency, or (¢) a standard radio-frequency
carrier modulated by a standard audio frequency. In Europe, the
Laboratoire National de Radioelectricité and the National Physical
Laboratory use a standard frequency of 1 ke/s to modulate a carrier
frequency of approximately 200 kefs.  Asin (b) above, the accuracy
of the carrier frequency is not held to be of major importance. The
practice in the United States has been the transmission of unmodu-
lated standard radio-frequency signals, although experimental trans-
missions of the (¢) classification are being conducted. Since early in
1993 the Bureau of Standards has provided a service of transmitting
standard-frequency signals which at various times have covered the
range from 125 to 10,000 ke/s. '

II. EARLY STANDARD-FREQUENCY TRANSMITTERS

The first apparatus used for the transmission of standard frequencies
consisted of a single self-excited triode oscillator coupled to a simple
antenna. It was adjusted to the desired frequency by means of a
precision frequency meter. A stage of power amplification was later
added for the purpose of minimizing the effects of varying entenna
characteristics as well as increasing the distance range of transmission.

The development of the piezoelectric {requency standerd provided
a great improvement in the accuracy of the transmissions. Schedules
were arranged so that all transmitted frequencies were multipies of
a 100- or 200-ke/s standard. The oscillator was adjusted to the
desired frequency by the method of beats between the transmitter
and harmonics of the stendard. A fine adjustment of the circuit
capacitance made possible an accurate frequency setting.

Two transmitters were employed to cover approximately 30 fre-
quencies between 125 and 6,000 ke/s. Numerous difficulties limited
the accuracy attainable. Poor regulation of power supply and tem-
perature changes in tube and circuwit elements caused some shifting of
frequency. Furthermore, the wide range of frequencies made difficult
the neutralization of the power amplifier.

Greater need for the service on the higher frequencies and the
impracticability of transmissions within the broadcast band because
of interference from the numerous stations of greater power, resulted
in & shifting of the schedule to the range from 1,500 to 10,000 ke/s.
Tn 1930 one transmitter was dismantled and the other reconstructed
for more efficient operation on the higher frequencies. An improved
type of oscillator tube ana a 500-watt screen-grid power amplifier tube
were installed. Oscillator inductors of heavy copper tubing were
constructed, forced ventilation was applied, and an_adequate power
supply and filter system were provided. A variable-length, single-
wire, voltage-fed antenna was employed. The length was adjusted
to the optimum value for'each operating frequency. A view of this
transmitter is shown in figure 1.

While this equipment showed much improvement over the earlier,
several limitations remained. Temperature changes in the oscillator,
with the consequent frequency variations, persisted in spite of the
improved ventilation. These were caused mainly by the large radio-
frequency currents and the use of changeable inductors. In_this
connection many desirable changes suggested themselves. These
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Fravwe 1.—FEarly standard-frequency transmaitler

1,500 lo 10,000 ke/s.
Aultiplier-amplifier oscillator systems.
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FIrGURE 3—I-kw ecperimental 5.600-le s ranswitter with rectifier.
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included the reduction of the oscillator power and the installation of
intermediate screen-grid amplifiers to minimize the effects of all exter-
nal influences ou the oscillator, the use of continuously variable
inductors throughout the transmitter, and, finally, an increase in
power output to provide better distance coverage. This type of
{ransmitter was abandoned, however, in favor of equipment with more
elaborate and dependable frequency control.

1II. CHANGING DEMANDS OF THX SERVICE

The service heretofore described made a number of frequencies
conveniently available through the greater part of the radio frequency
spectrum. With the growth of large communication systems, there
has been a development of elaborate working standards and monitor-
ine stations whereby all radio stations in a system have their fre-
quencies accurately checked. In addition, several commercial

reanizations offer a general frequency-monitoring service. Broad-
casting stations are required by law to have accurate frequency-
nonitoring equipment. The American Radio Relay League conducts
o schedule of standard-frequency transmissions which serves the
amateur bands. The Federal Radio Commission maintains a num-
ber of monitoring stations for the careful checking of all station
frequencies. There has thus been a change in the type of service
demanded from an extensive range of standard frequencies formerly
provided to a basic frequency of extreme accuracy directly controlled
by the national frequency standard. Such a single frequency makes
available a direct, convenient, and accurate comparison with the
national standard to every radio inspector, communication company,
manufacturer of frequency standards and control units, scientific
laboratory, amateur, or other interested party.

IV. CHOICE CF FREQUENCY

With this fact in mind, efforts were made to determine z suitable
single radio frequency for the purpese. The advantages of a low or
medium frequency were more than offset by the cost of the required
installation, while broadcast frequencies were 1 ndesirable for obvious
reasons. The choice, therefore, lay in the region above 1,500 ke/s.
A study of transmission phenomena for day and night, winter and
summer conditions showed that no single frequency would actually
cive universally satisfactory service. A frequency of 5,600 ke/s was
chosen as the best compromise valie, because of its usual lack of skip
distance and yet its comparatively wide coverage, its relative freedom
from interference with previously assigned stations, and its convenient
integral relation with most frequency standards. The harmonic
frequencies of 10,000, 15,000, and 20,000 ko/s were also chosen for
future experimental purposes.

V. SYNCHRONIZED OSCILLATORS

The national primary standard of frequency maintained by the
Bureau consists of 1 f 100- and 200-k 1 i1l !
I onsists or & group O ana 0 xC/S piezo 0sC ators
which are compared daily with the Naval Observatory time signals.
1‘A~high precision standard of frequemey. W. A. Marrison. Proc. L.R.E., vol. 17, p. 1103, July 1929.
Bell System Tech. Jour., vol. 8, p. 493, July 1929; The accuracy of the primary frequency standard of the

Bureat of Standards. C. G. Mcliwraith. Trans. Am. Geophysical Union, Twelfth Annual Meetin,
(N'tl. Acad. Sci., Washington, D.C.), p. 29, 1931. P ¢
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The direct control of the transmitted frequency by the standard
presented the problem of multiplying the sta andard frecuency of 100
or 200 ke/s to the desired 35,0 00 ke/s. Preliminary e::porlments in
frequency multiplication were onauctu{ using the principles of the
harmomc amphﬁor the multivil m‘,k , and the svnchr omzed oscil-
lator.? ‘ihe most effective multipl ml')n was cbtained with a self-
excited oscillator operating in synchronism with & harmonic of an
1mpresseci frequencv A type ‘10 (7.5-watt) triode was em sloyed 1n

a tuned-grid oscillator circuit and the f oney from the ‘standard
was m)phm directly to tiie grid. A high vaiue o1 gl an: resistor

was used and the regeneration was so adjusted thai Hations were
]ust maintained. Correct operation wa ctermi b - & monitering
detector-amplifier loosely coupled to sseillatory o uit As the
frequencv of the latter w as adjusted to approach the de 11'ed harmonie

o
of the standard, the beat note between the two adually decreased
until, at a certain low \"lhw, it suud nly dis ved, showing that
the harmouic of the standard-frequeney source was now co nt“ollmg
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the oscillator. Further adjustment ol the tuning over small range
did not disturb this control. ;"Ldj;ustment berond a' is range was
indicated by the reappearance of the beat note in the telephones or
P

L
loud speaker. The range of cont 101 or syneir nizatioz epended on
the voltage and wave form of H1e input frequency, the type fmd rela-
tive power of the oscillator under cont rol, and the or der of multi-
plication.?

An examination of the operation of a synchron:z zed oscillator was
made with a cathode-ray oscillogr fu‘n One set of plates was connected
to the contro! frequency source mri the other to the oscillatory circuit.
The latter was then tuned to various h armonics of the input frequency.
Synchxomuat;on was indicated b a stationary & Oure At either end

of the control range a Lissajous 1009 figure appear ed with the narber
01 loops corresponding to the har orn nu be" while at the center of
the range these loops codzmsca into a line or peating figure. Inter-
pretation shows that at the c\,rt T of cortlul T'ancre “the peaks of
the fundamental and harmonic voltages are coincident in time regard-
less of polarity. A variation of tunin tl v’omh. the range pmduces a
phase shift in the harmonic voltage wave of ap pmmm“tu plus or
minus 90° or a total of 180°. This 1s lnde’we'mm of the crder of har-
monic at which the circuit is operating.
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2 On sorne experiments in which two neig nbouring maintained oecxmtov\ qrcum afiect a resonating cir-
cuit. J. H. Vincent. Proc. Phys. Soc., Lonion vol. 22, p. 84, Feb. 1§,

"The automatic syvuchronization of triode oseillators. V. ‘p Jeton, :roc Camb, Phil. Soc., vol. 21,
p. 231, 1922.

Sur la synchronization harmonidque des cscillation
174, p. 448, Feb. 13, 1922,

De la synchromzatmn harmonique et multiple. M. J. Mercier. Journal de Physique, vol. 5, p. 168,
June 1924.

A new method of obtaining {reouﬂncw stabilization of a
erystal. C.W. Goyder. B.W. & W.E, IIL p. 717, e 2

Forced oscillations in a circuit w 1t h uonlmmr .esut”n B. van dm Pol, Jr. Phil. Meg., vol. 3, p. 65,
January 1927.

A new frequency transformer or frequency changer. I Koga.

{Tber Erzwungene Schwingungen in Flekironenréhrent
p. 84, Nov. 5, 1928.

Le rréquencemctre &talon absolu du Laboratoire Nationsl de Dadiodleciricité. B. Decau. L/Onde
Electrlque vol. 9, p. 449, October 1930.

Uber die Mitnahmeerscheinungen an Rohrengeneratoren Bei Verschiedenen Trequenzverhaltnissen.
H. Winter-Glinther. Zeitschr. f. Hochf. Tech., vol. 37, p. 39, February

Synchronization of Westinghouse radio stations W37 Zand WBZA. 3.D. G
vol. 11, p. 29, September 1631.

3 See footnote 2, above,

« The cathode ray oscillograph. J. B. Johnson. Bell System Tech. Jour., vol. XI, p. 23, January 1932.

tectriques. oI J. Mevcier. Comptes Readus, vol.

ms‘“mwr by mesns of an oscillating quartz
)

Proe. LR.E., vol. 15, . 659, August 1927.
¥i. Witte. Arch. f. Elektrot., vol. 23,

Radio Engineering,



M) Stendard-Frequency Transmitting Sets 5

A succession of synchronized oscillators was required to attain the

desired frequency for transnission. The first oscillator was tuned to
the fundamental of the 100- or 200-ke/s standard to give an ouptut rich
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F1eore 2.—(4) Controlled-oscillator multiplier, (B) UX-865 harmonic ampli-
Jier, (C) Pentode harmonic amplifier.
in harmonics. The second operated at 1,000 ke/s with a rich harmonic
output, and, in turn, controlled a third oscillator at 5,600 ke/s; figure
2(4). Type ‘10 tubes were used in each stage. Once they were set
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in the middle of the control ranges, as indicated by the monitor, and
allowed to reach constant temperature, the system would remain in 2
synchronized condition nntil disturbed by voltage or temperature
changes.

This frequency multiplier, with the addition of two stages of push-
puil screen-grid power amplification, was set up as an experimental
150-watt transmitter at the Bureau of Standards. The transmitted
signals were received at a field station 8 miles away and compared
with a pertable secondary standard. At this peint the signals were
satisfactory for frequency measurement or calibration purposes.
However, the transmissions caused ohjectionable interference with
other Bureau projects. This necessitated the removal of the trans-
mitter to the field station where it was controlled by 200-ke/s stand-
ard oscillators.? 'The signals were then received and measured at the
Bureau. A continuation of tests over a period of several months
showed the feasibility of standard-frequency transmissions with this
systerm.  An official schedule was issued and seekly transmissions
were begun in Jenuary 1931. They were continuously measured at
the Buresu and the frequency of the controlling standard adjusted to
the correct value in terms of the primary standard. The nominal
power output was soon increased to 1 kw and the antenna system
improved.

While the results were highly encouraging, this multiplying system
lacked the desired stability and required frequent monitoring by the
operator to maintain control throughout all stages. If one oscillator
drifted out of coutrol because of temperature or voitage variations, a
beat frequency modulation was impressed on the transmitted signal
and radiation occurred on more than one frequency.® Furthermore,
in case of power failure at the input frequency the control would be
lost throughout the system and the transmitter would continue to
operate at reduced output on a number of frequencies corresponding
to the harmonics of the oscillator stages. These difficulties are char-
acteristic of systems capable of independent oscillation such as the
controlled oscillator and the multivibrator. It is very desirable in
the transmission of standard frequencies that in either of these events,
however rarely they may occur, the transmitter cease to radiate.
Rather than attempt to provide features for automatic readjustment
or shutdown in case of loss of control, experiments with nonoscillating
multiplying systems were conducted.

VI. HARMONIC AMPLIFIERS

The harmonic amplifier principle appeared to be the only satis-
factory solution to the problem. Numerous tubes were tried in vari-
ous circuits with multiplication factors of 2 to 10. Of the tubes avail-
able at the time, the type 865 (7.5-watt) screen-grid tube was found
best suited to barmonic amplification. By applying slight over-exci-
tation with a high d-c and resistor-bias voltage a fair output voltage
gould be obtained at the fifth harmonic of the excitation frequency.
The low current consumption and plate dissipation of this tube resulted
in economical operation. It was necessary, however, to supply addi-
ticnal amphification between two such multiplying stages. An imped-

5 A 20'0-‘kilocycleﬂpiezo oscillator.  E. G. Lapham. RB. 8. Jjour. Research, vol. 11, p. 59, July 1933.
¢ Stabilisateurs piezo-3lectriques IT. J. Jammet. I,’Onde Electrique, vol. 7, p. 63, February 1928.
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ance-coupied, rather than tuned, ‘:}mpliﬁex' was ‘mplo‘yed. This
wave ample orid sping on the succeeding tube, 51mp11@qd1§1d]ustments,
and added stability. Accordingly, a complete n}ultlp‘ner unit was
built, consisting of one tuned stage at 200 ke/s, an impedance-coupled
stace, & tuned stage at 1,660 ke/s, a second iimpedance-coupled stage,
2 tuned stage at 5,000 ke/s, figure 2 (B), follpvvgd by a push-pull buffer
amplifier. The type 865 tube was used throughout. Intefstage
shielding was not used in the e.\:per}mental model, but ax external
hield was employed to avoid reaction from the power amplifying
stages. L . o

The operation of this type of multiplier was in all respects similar
to that of the usual frequency doubler. Neither su‘Qp}y voltages
nor tuning adjustments were found to be eritical. A high degree of
stability was obtained which was unaffected by any reasonable
cariation in temperature or voltage or mgghan}cfﬂ disturbance. An
oscillographic study revealed a phase shift with tuning, smular to
that noted in the synchronized oscillator. If such a shift were
uduced in a low-frequency stage by a variation of the tuning control,
it would be multiplied by the succeeding stages and _would result in a
larger phase shift in the output frequency, amounting to a net gam
or loss of several complete cycles. All changes 1n t‘umng,'hmvever,
are kept to a minimum during & scheduled transmission to Insure the
stability of the output frequency.

The main object of the experiments, as stated before, was therefore
aclieved. In the event of failure of any part of the equipment or
input frequency, the multiplier ceased to function and the transmitter
could not radinte. There was no source of radio-frequency voltage
other than the standard, the entire transmitter operating only as an

amplifier. )

Vihile designed for a single-frequency output, this frequency multi-
plier offered unusual flexibility. With a 200-ke/s input frequency
the first multiplying stage could be set at any harmenic 1n its tuning
range from 609 to 1,800 ke/s. Corresponding harmonics of these
frequencies could be obtained in the second multiplying stage as high
as 8,000 ke/s. 1o is easily seen that by the addition of the usual
doubling or tripling amplifiers a wide variety of frequencies covering

FE RN

the bigh-frequency spectrum was available.

The choice of tubes and eircuit operating conditions for an efficient
harmonic amplifier has been the subject of much study and experi-
nentation. Alarique 7 made an algebraic analysis of the operation
of triodes as frequency multipliers. He showed that it is desirable
1o use tubes of high mutual conductance and low internal resistance.
Of the low-power American tubes having these characteristics, the
best examples were the types ‘50, ‘43, and ‘1C, in the order named.
This analyvsis did not assume positive grid swing or saturation plate
current of the tube, both of which were present in the frequency
multipliers used. The screen-grid type 863, for instance, was found
to have marked advantages over any of the triodes abcve mentioned,
althougl it had neither of the characteristics advocated. 1tis evident
that a high amplification factor is also advantagecus. The advan-
tages of this tube lay in the greater amplitude of harmonics, smaller
amplitude of fundamental component due to low interelectrode
capacity, and less critical bias voltage required.

. P Note sur le Caleul des Etages Multiplicateurs de Fréquence & Triodes. J. Marique. L’Onde
Electrique, vol. 8, p. 1, January 1929,
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The most promising tube for this purpose was the pentode type
which had in addition to a sereen grid

ovid, a ;p 330 <“r‘1d for the
elimination of secondary emlﬂsmn from the plate. hs uube had all
the desirable characteristics mmu oned ehove, namely, a hwh mutual
conductance :Lnd amplification It ﬂto‘ and a relatively low internal
resistance. A harmonic ampiifier wa i buiit at the Burea of Stand-
ards using the type 247 pentode with um sually good results; figure
2 (0). A multiphication of 5 to 1 was obtained in one ube with a
slight voltage gain. No int@rmodlric npiiﬁﬂ tion was required.
Three tu soa were sufiicient to give a peak output of more than 100
volts at 5,000 ke/s from an input oF '“ss than 5 volts at 200 ke/s.
This umt was 1*1>tullm Md Oi"e‘l thorough an auxiliary

o
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transmitter hefore incorporation in the 1k B ter used in the

qc'neduled tl nsr nl@«lom F e tests showed ¢ 247 multiplier
to be fully us stable aml to have a lower noise leve the type 865
mult 1pher while the tube qnd operating costs were m much reduced.

As in the pr, nuitiplier units, a type 885 push-pull baffer
wmpuﬁel was

In the ex ansimaitter, the mu l‘éi‘giiu unit with
buffer amplifier was followed by two stages of push-pull intermediate
1l S

type 860 {150-watt) amplification and a pusi-pull ty pe S61 (1-kw)
1

104
power ampiifier., The Iatter was coupled thm ugh a transmission line
to a horizontal half-wave antenna a Dproxt ely one eichth wave
lengtn above ground. An antenna of ¢ ter | fg’nt vas not per-
missible hecause of the TI“)"J #y of 2 Der -’cfﬂ ving field.
The equipment was in weekly (peIa ch 1931 to Novem-
ber 1932, at which time a new transmit was completed at
Leltsvxﬂe Md., sbout 13 miles {ro ureau laboratory
The experimen ml transmai ftPr was L he new location, a
new rectifier-type power supply provided 'her antennas con-

y
structed. This transmitter, togeth
and control-frequency standard, ar

VII. 30-KW TRANSMITTER

A great step in the progress of the standard-frequency service wa
marked by the 1 urchase and mbmhatmn iate in 1939 of a hwh -power
transmitter of the most advanced design. It has a continuous fre-
quency range of 4,000 to 26,000 ke/s a and & nomm 1 power output of
30 kw at the lower frequencies. It consﬁ@ of a 1 -kw exciter unit,
with its associated rectifier power supply, & 30-kw power c;‘nphﬁer,
main-plate rectifier, p‘ate uumsrorzne tap-changing contactors, and
8 water- coohn(r svstem for the large tmns‘mt‘m? tubes A block
diagram of the eqmpment is given in figure 4, while a simplified
schematic diagram is shown in figure 7. P:;oton‘npns of the major
units of the installation at the Belisville field siation are shown in
figures 5 and 6.

The exciter unit, together, with its reectifier, is a complete and
independent 1-kw transt Litter it conteins a 7.5-w type 865 oscilla-
tor or buffer arnphﬁgr £2, figure 4, four intermediate type 860 screen-
grid, fundamental, douoxnz, or tripling ampiiﬁer &, Dy, (£), (£,
and a power amp‘xﬁcr using tmo U'pe 61 (5 0-w) screen-grid tubes
in parallel (). A { Jcoueucv multiplier, as snown in figure P) (0) and
at 4 in figure 4, is built as an integral part of the unit. With a
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Foovne 500 o=l fravsmitler wndis on main floor
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FIoeRE §.-—30-kw transmitler units in basement of Beltsville, Md., station.
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AMartin

200-ke/s input from a standard, this transmitter will deliver from 600
to 1,200 watts to any type of antenna or to the power amplifier grids
at 3, 060 ke/s or any harmonic up to 20,000 ke/s.  With the type 865
(7.5- w) tube used as a seli-excited oovnlator, the unit will operate in
2 eimilar manner on any frequency from 4,000 to 26,000 ke/s.

The power-amplifier unit, figure 4 (J ) employs two type 838
(20-kw) water- cooled tubes in a push- T)UH tuned grid, tuned-plate
cireuit arrangement. Coupling to the antenna is effected through
600-ohm nmtched—1mpedanee transmission lines. The frequency is
continucusly variable from 4,000 to 26,000 ke/s by controls on the
front panel of the urit. The ”ﬂatﬂ 1nductors and associated switches

b LY I_ﬁ \:’J 1y
4th.
(F) |Amplifier
2-UXBEQ +— [ kw. 30 kw.
] Amplifier {(G)  [Amplifier |(J)
2-UVE6! 2-UV858
3rd. Paralle! Push-Pull
(£) V\Amplifier —
UX860
[
Znd.
D) Amplifier
ux8s0
T
Ist. Auxiliory Main
(€ |Ampiifier — Rectifier Rectifier
UXE50 3000 V. 15000V,
i 6-UVE72 6-UVESES
600V
M0 or Buffer 2-UX866 |(H) T
(B) Amp//f/er — 600V
UX865 2-UX866 —
l franstermen
Harmonic ‘
(A A"g'_o‘//‘,’f/'er T Contactor
200 ke.
Input

Trctre 4.—Block dicgram of 30-kilowalt tronsmitter

ho tubes are cooled by circulating distilled
water. \,o*dmeue control of i1 starting operatlons plate voltages,
and frequency adjustment is obtamea through switches and dials on
the power amplifier and exciter front panels. This affords great
flexi hﬁcy and convenience in operstion.

All plate and bias voltages are obtained from rectifiers using
hot- cathode mercury-vapor tubes. The power-amplifier plate v oltaoe
of 7,000 to 15,000 volts is supplied by the main rectifier equlpment
using six t*r e 869 tubes in a full-wave three- phase circuit. The
exciter piate voltages of 1,500 and 8,000 volts and the power-amplifier
bias voltage are sunnhed from rectifiers using type 872 tubes, while
lower-plate and bias voltages are supplied from type 866 tubes. The

as well as the plates o

200
asv
e a.
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main plate voltage is adjustable by means of large contactors which
change the taps on the primary of the high-voltage three-phase
transformer. A similar, but less elaborate system, is used to regulate
the exciter plate voltages. _ _

The water-cooling system for the power amplifier consists of two
large radiators with associated fans, a centrifugal water pump, and a
storage tank for distilled water. All connections between units are
of brass pipe to reduce corrosion and resulting increase in.the water
conductivity. ) ) )

An elaborate interlocking system is provided between all units to
effect immediate shut-down of the transmitter in case of excess plate
current, low filament voltages, excess water temperature, low water
pressure or flow, or the opening of any access door in the equipment.
This insures protection to tubes and personnel in case of improper
operation or inadvertent entrance to any compartment for inspection
or adjustment while operating voltages are on.

The limitation of the transmitted frequencies to 5,000 ke/s and
harmonics thereof made the use of fixed-frequency antennas advan-
tageous, especially in view of the use of matched-impedance trans-
mission lines to the power amplifier. A single-wire horizontal
half-wave doublet was therefore installed for each operating frequency,
5,000, 10,000, 15,000, and 20,000 ke/s. 'The antennas were suspended
from wood poles 65 ft in height. This gave each antenna a height
much more than a quarter wave length above ground and a sub-
stantial amount of low-angle radiation. They were oriented in a
north-south direction so that the slight directional characteristics
favored the western part of the United States. A view of the station
building and antenna system is shown in figure 8.

VIII. RESULTS

Since the inauguration of the 5,000-ke/s transmissions in January
1931, there has been a progressive increase in accuracy of the trans-
mitted frequency. In order tc maintain the frequency continuously
in agreement with the national primary {requency standard, the
signals are received and the frequency continuously recorded at the
main laboratory of the Bureau of Standards, 13 miles distant. Ad-
justments of the control standard in the transmitting station to
agreement with the national primary standard are made just prior
to each scheduled transmission. The constancy of this control
standard is such that this agreement is usually maintained over a
2-hr schedule without any readjustment being required. The aver-
age deviations of the transmitted frequency from the national
standard are about two parts in a hundred million, while extreme
variations may reach five parts in a hundred million.

Because of phenomens which may occur in the transmitting medium
the frequency as received at some distant points may sometimes not
have this accuracy.® Apparent frequency changes greater than a
part in 10 million are sometimes noted at a distance of 13 miles when
there is ample evidence that they are not present in the transmitted
wave.

® Radio dissemination of the national standard of frequency. J. H. Dellinger and E. L. Ball. Radio
Engineering, vol. 12, p. 23, May 1932.
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The 30-kw transmitter has been used regularly for the standard
frequency schedule since April 1933. The increase in power has
resulted in marked improvement in the dependability of the signals,
especially in those areas where reception is ordinarily difhicult.
Reports of reception have come from every section of the United
States as well as points in Alaska, the Canal Zone, England, and
Ttaly. In localities where receiving conditions are at all favorable
observers report successful use of the signals for frequency comparison
purposes.

WasHINeTON, August 26, 1933.



