PRIMARY RADIO-FREQUENCY STANDARDIZATION
BY USE OF THE CATHODE-RAY OSCILLOGRAPH.

By Grace Hazen and Frieda Kenyon.

ABSTRACT.

A method of high accuracy has been developed for the primary standardization of
radio-frequency. Comparison is made between a tuning fork of accurately known
frequency with an electron-tube drive and a generating set of radio-frequency current
by the use of two radio-frequency generating sets and Lissajous figures produced in a
cathode-ray oscillograph.

The apparatus used in this work consisted of a Bureau of Standards type R70B

wave meter which has a variable air condenser, 4 fixed mica condensers and 3 inter-
changeable inductors, a tuning fork of 1,024.2 cycles per second driven by a s-watt
eleciron-tube generating set, z radio-frequency generating sets each using a 250-watt
-electron tube, a cathode-ray oscillograph having a tube of the cold cathode type
requiring from 18,000 to 20,000 volts to operate. The Lissajous figures were formed
on the flucrescent screen by the alternating electric fields from two generating sets
applied at right angles to each other and to the electron stream by means of condenser
plates mounted on the tube.

The procedure adopted was to adjust the second of the rzdio-frequency generating
sets to a known multiple of the tuning-fork frequency by the use of the Lissajous
pattern ratio produced in the cathode-ray oscillograph. The wave meter was then
brought into resonance with the radio-frequency generating set and read for the known
frequency. A range from 1% to 22 times the tuning-fork frequency was covered in
this manner. The third radio-frequency generating set was then adjusted to a known
multiple of the second generating set, stillusing the cathode-ray oscillograph. Radic-
frequencies up to 22 times the second generating-set frequency were determined. The
wave-meter circuit thus standardized was used as a basis for higher-frequency work.
The second or lower-frequency generating set was set at a definite frequency from
this standardized circuit, and the higher-frequency generating set adjusted to a multi-

ple of it by means of the Lissajous figures.
The range of the wave meter standardized in this manner is from 3.5 to 5,000 kilo-

cycles per second.
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I. INTRODUCTION,

A method for primary standardization of radio-frequencies is
described in this paper. The method involves a highly accurate
comparison of the frequency of a tuning fork with a radio-fre-
quency by means of a cathode-ray oscillograph.

This method had its origin in some experiments performed by
L. M. Hull * m this laboratory in 1g1g. He showed that two
radio-frequency generating circuits could be maintained suffi-
ciently constant to produce and maintain a definite pattern on
the screen of a cathode-ray oscillograph; that is, better than 1
cycle per second in 300,00c cycles per second. The use of the
cathode-ray oscillograph in a similar manner to compare a racio
and an audio frequency was then undertaken by Dr. G. Breit
and later by R. T. Cox under the direction of Dr. J. H. Dellinger.
Doctor Breit and Mr. Cox left the Bureau of Standards while the
work was under way, and it was carried to completion by the
present authors under Doctor Dellinger’s direction.

The purpose of this work was the establishment of absolute
values of radio-frequencies in terms of the easily measurable
audio-frequency with which they were compared by the cathode-
ray oscillograph. The results obtained have been verified by
comparison with results obtained by several other methods,?
including measurement at low frequencies of inductance and
capacity and calculations from these measurements, the multi-
vibrator using a tuning-fork frequency and harmonics, and
measurements of actual length of very short waves on parallel
wires stepped down to the usual radio range by the use of har-
monics.

II. OUTLINE OF METHOD.

The standardization was based on an audio-frequency standard
produced by a carefully calibrated tuning fork with electron-tube
drive. A radio-frequency generating set was adjusted to exact
multiples of this audio-frequency by the use of Lissajous figures
produced by the application, through small condenser plates, of
voltages of the two frequencies to a cathode:ray oscillograph.
The wave meter being standardized was then read for the known
frequency of the radio-irequency generating set.

! L. M. Hull, ““The cathode-ray oscillograph and its application in radio work,” Proc. I. R. E., 9, p. 130!
1921.
?“Reducing the guesswork in tuning,”” by J. H. Dellinger, Radio Broadcast, 8, p. 242, July, 1923.
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The wave meter consists of a variable air condenser with fixed
mica condensers, which can be connected in parallel with it,
and six interchangeable inductance coils. The resonance circuit
and current-indicating device are shown in Figure 1. A standard
tuning fork having a frequency of 1,024.2 cycles per second was

=L
=

Fig. 1.—Circuit diagram of the wave meter and resonance indicator.

The wave meter has six interchangeable inductors, and four fized mica condensers which may be
added in parallel to the variable condenser.
used. The fork is driven by an electron-tube generating set
without mechanical contact, as shown schematically in Figure 2.
te circuit is so designed that it can be tuned to resonance with
the fork. The apparatus * is described briefly in Section III, 2,
and in detail in an article by Eckhardt, Karcher, and Keiser.
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F1G. 2.—Schematic circuit diagram of the tuningfork drive.

A transiormer connected across the coil in plate circuit produces the voltage of the tuning-fork fre-
quency in the cathode-ray oscillograph.

A transformer across the coil in the plate circuit serves to procduce
a voltage of this frequency on one set of electrostatic deflecting
plates mounted on the cathode-ray oscillograph. The diagram
of apparatus as assembled is shown in Pigure 3. The other plates

3 An electron-tube tuning fork drive,” by E. A. Ecikhardt, J. D. Karcher, and M. Keiser. Jour. Opt.
Soc. of Amer., 7, D. 949, November, 1922.
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on the cathode-ray tube are comnected to a second electrom-
tube generating set. The cathode-ray stream, ordinarily appear-
ing as a bright spot on the fluorescent screen of the tube, is deflected
i a horizontal direction by the voltage on one pair of deflecting
plates and in a vertical direction by the voltage on the other
plates. When the two voltages are applied at the same time, a
blurred rectangle appears except when there is a simple ratio
between the two, then a Lissajous figure showing this ratio appears
(fig. 4).
TO TUNING-FORK-DRIVEN GENERATING SET
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L
T16. 3.—Arrangement of ihe apparatus wied for primary frequency siondardization.

With this nrement the wave T can be coupled to either generator by a slight turn.

By means of these Lissa Jous figures, the second or low-frequency
generating set can he adjusted very accurately to known multi-
ples of the tuning-fork frequency. The wave meter is then tuned
to resonance with the low-frequency generating set, the setting of
the variable condenser being read for this known u‘equeney.
In this manner wave-meter settings were found for frequencies be-
tween 3.5 and 20 Luonvcics per second. ‘To reach higher frequen-
cies, a third or high-frequency generating set was used. The low-
frequency generating set was adjusted in the usual manner to

o)
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F16. 4.—Photograph of Lissajous figures of varicus ratios.
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F1c. 5.—The standard wave meter.

A wall galvanometer end cryztal detector replaced the detactor shown in the picture.

Fi1c. 6.—The electron-tube drive for tuning fork.

The electron-tube circuit is tuned to the frequency of the fork as shown by the presence of
zero beat between the impressed and natural frequency of the fork.
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ITT. APPARATUS,
1. THE WAVE METER.

The wave meter * used in this standardization is designated as
a Bureau of Standards wave meter, type R70B. It is shown in
Figure 5. The circuit contains variable condensers and inter-
changeable inductors. The variable air condenser is of the type
deseribed in Bureau of Standards Circular No. 74 with some
modifications. It has a maximum capacity of o.0cor2 uf. The
resistance is negligible, due to the elimination of solid insulating
material excepting the three short Pyrex glass rods which insulate
the fixed plates from the moving plates and case. The con-
denser has a capacity calibration curve which is practically
Huear from 5 to 170°  The dielectric is almost entirely air. A
siow-motion device permits fine adjustments of the condenser to

be made. ondenser 1s read by a verater and

‘he scaie of the ¢ ) the
condenser scale is continued to 190° in order that readings may
be made between 151 and 186°, There are four fixed mica con-

densers of n.001, 0.002, 0.004, and 0.008 uf, respectively, which

PRI ST, ST, B
O11QEUSCT Sinigsy
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call > il wle vari

can be connected in parallel w
or in any desired combination. [he shields of both variable and
miica condensers are grounded through a metal post which ex-
tends through the carriage top ou the low potential side of the
wave meter. The condenser leads terminate in binding posts in
which the terminals of the inductors fit and can be firmly clamped.

The inductors used with this wave meter are six coils. Five
of these are single-layer coils ® of hexagonal cross section. They
are wound on frames of laminated phenolic material made as
open in construction as strength permits, giving the coils air
cores in as far as possible. They are wound with silk-covered
radio-frequency cable, each strand of which was tested for conti-
nuity. The coils have an average ratio of coil diameter to length
of winding of about 2.1. These coils have inductances of ap-
proximately 10, 57, 392, 2,460, and 5,440 microhenries, respec-
tively. A coil of higher inductance was of five layers of radio-
frequency cable on a Pyrex glass cylinder. It has an inductance
of 127,000 microhenries. Bank winding was employed to decrease
its distributed capacity. Four of the high-frequency coils were
boxed to prevent injury in handling.

“For a detailed description sce “‘Standard wave meter, Bureau of Standards type R7oB,”’ by R. T.
Cox. Jour. Opt. Soc. Amer., 6, p. 162, March, 1g922.

% Bureau of Standards Circular No. 74, "Radio Iastruments and Measurements,” and Bureau of Stand-
ards Letter Circular No ro3, “Description of a series of single-laver inductance ~oils suitable for radio-
regquency standards.””
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4 eircuit consisting of a crystal detector and sensitive wall
galvanometer cerved to indicate resonail The indica 1*“g
circuit was codpxea to the four higl —Irequenc" coils by a single
turn of one-eighth-inch brass rod, and to the twe lower-frequency
coils by one and three turns of No. 14 wire, respectively.

The wave mefer is mounted on a strong truck with rubber-

tired, ball-bearing swivel wheels. The variable and fixed con-
densers as well as the lead supports are fastened to the top.
Arrangement is also made for clamping the coupling loops of the

1

indicating device and crystal detector to the top of the truck
The frame was grounded when measurements were made.

2. THEE TUNING-FORK CONTROLLED GENERATING SET.

The tuming-fork ¢C Amo‘l -d generating set giving the funda-

' ) Figure 6. The tuning fork useé in
the sound section ¢f this bureau. The
with an oscillograph and chronometer
was compicted.

merntal frequenc 18
this was standar
measurements @
before it was used, and again after the wor

-4

k
The results of careful determinations gave a irequency Gf

vibrations per second at 20° C. ‘The coefficient of ifrequency
change with temperature was taken as —O0.0I1 per cen
is the temperature coel ziuAL estall

degree centigraGe.
Al

orks, in general, with a precision better

[

B

‘ar carbon-steel Luning
« ner cent per degree centigrade.
clectron tube, as shown iv

tion, the ampdtuce being increascd as ibe
‘he vibration of ihe fork is
reluctance of the circuit, thus cat
rrent which is further amphified b:
chuit The ampnncahon

& and the con

h\. {ork is

temperat ure~correct10n readi“;




The generatling sets used in stepping up from the frequency of

g s
the tuning-fork generating set have a range from 3.4 to 3,000
kilocycles. A circuit diagram is shown in Figure 8. They are
of the same type, each using a single 230-watt electron t

The plate voltage was obtained from high-voltage battertes
giving a constant current of small value. From 300 to ;00
‘oits were applied to each generating set from separate batteries
to insure against reaction. A detailed description of the high-
voitage batteries 7 has been given by j. L. Preston and E. L.
4

Eall. The flament current was suppled by two zo-volt 4-

F16. 7. —Diagram of the circuit network of tuning fork with electron-tube drive.

ampere batteries used in parallel to obtain a steady current.
The generating sets were provided with two sets of inductance
coils and three variable condensers from 0.002 to 0.03 uf for coarse
adjustments. Variable air condensers from 300 to 1,000 puf with
slovr-motion screws were used for the finer adjustments.

The generating sets were shielded by wire-screen cages which

werz grounded. Their condensers were fitted with long handles
made of insulating material leading through the cages. All

TonAn vrrmen 4+ P S - A PO « 1 a4, 1 + R
leads were inclosed in grounded metal cases, and the batteries
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F16. 9.—The cathode-ray osctllograph. with cover raised to show tube.

Lissajous figures are produced on the screen of the tube by voltages of frequencies having
an integral relation.
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4, THE CATHODE-RAY OSCILLOGRAPH.

The cathode-ray oscillograph® as used to compare the frequencies
of two electron-tube generating sets is shown in Figure 9. It has
been described in detail by L. M. Hull. In the cold-cathode
tubes used for this work 15,000 volts or more were applied to the
cathode, and the electron stream thus excited was reduced by a
diaphragm with a single aperture to give a small bright spot on the
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Fic. 8.—Panel type generating set used in the frequency standardization.

Two radio-frequency geserators of this type were used. Fach had a range from 3.4 to 6,000 kilocycles
per second.

fluorescent screen. Alternating electric fields from the generating
sets were applied at right angles to each other, and the electron
stream by means of condenser plates. Lissajous figures could
thus be formed on the fluorescent screen. Figure 1o shows the
oscillograph circuit with current supply and reciifying device,
a 220-voit, 6o-cycle alternating-current line, and two transformers

8 Reference 1, D. 446,
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furnished the high voltage which was rectified by two kenotron-
rectifier tubes. A choke coil was used in the circuit and the anode
of the tube was grounded through a water resistor of approxi-
mately 2 megohms.

The first cathode-ray tube used was a meter in length. It had
a high vacuum requiring over 20,000 volts to produce a bright

- . &

7O TUNING-FORK GENERATING SET

o

TO HIGH-FREQUENCY GENERATING
SET

>

TO LOW-FREQUENQY
GENERATING SET

1//&:\

23 =

220 VOLTS 32 VOLTS
60 CYCLES

F16. 10.—Caihode-rey tube and mounting.

spot 1 mm in diameter. It was practically free from the tendency
to flach over. The second tube was about 75 cm in length. It
was operated at approximately 18,000 volts and required a con-
centrating coil of s00-ampere turns to reduce the size of the spot
to 114 mm in diameter. The condenser plates used to apply the
deflecting voltages to the tube were copper-foil strips 1.3 by 9
cm. They were mounted directly on the glass between the
diaphragm and the bulb.

IV. PROCEDURE.

The calibration as outlined was accomplished in three steps:
(1) Determinaticn of the wave-meter settings corresponding to
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_known frequencies between 13.1 and 620 kilocycles by the direct
comparison of the generating sets with the tuning-fork generating
set and the drawing of the calibration curves from the values of
L, and C, thus obtained. (2) Standardization of wave meter,
using the two remaining coils with no fixed condensers, by a
similar method using perviously standardized coils as a basis for
frequency comparison, 620 to 4,900 kilocycles. (3) Determina-
tion of wave-meter setting corresponding to known frequencies
below 13.1 kilocycles employing fixed condensers in the wave
meter. The basis of frequency comparison was the fork and
previously calibrated coils.

1. DIRECT COMPARISON WITH TUNING FORK FOR LOW-FREQUENCY
STANDARDIZATION.

The work of standardization was begun using the s-layer bank-
wound coil of approximately 127,000 microhenries. A 3-turn coil
coupled to this inductor and in series with the wall galvanometer
and crystal detector served as the resonance-indicating device.
The coupling between the coils was sufficiently loose to insure the
reaction being inappreciable, the settings of the variable condenser
being unaffected by slight displacements of the coupling coil.

The wave meter was coupled loosely to the low-frequency
generating set whose frequency was to be compared with that of
{he tuning-fork circuit. The capacity of the cathoderay de-
flecting plates, which were connected in parallel with the con-
denser of the generating set, was relatively small, so that any
small change in the condition of the tube had a negligible effect
on the frequency of the generating set. The tuning-fork gener-
ating set, which was connected through a transformer to the other
et of cdeflecting plates, was tuned to resonance with the Jork.
This was done by adjusting a variable air condenser until beats
between the impressed and natural frequency of the fork ap-
peared. This could be detected aurally and was further indicated
by the milammeter in the plate circuit which showed the presences
of beats very nicely. The tube was always used with the same
plate voltage. Small changes in plate current—that is, in the
amplitude of the fork—appeared to have a negligible effect on the
frequency of the fork as shown by tests. Lissajous figures showed
1o change with small forced changes of current, etc. If the cir-
cuit is left so closely adjusted that the beats are slow they will
automatically die out.
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To tune the low-frequency generating set to a frequency where
the Lissajous pattern could be readily found, a tentative calibra-
tion of the wave meter was made by comparison with the previous
standards of the bureau. The wave meter was set at approx-
imately the desired point, the low-frequency generating set tuned
to it, and small adjustments made until the pattern appeared.
For low ratios the pattern was readily recognizable, but for the
more complex ratios, although recognizable as a pattern, the
ratio could be selected only with great difficulty due to the blur-
ring of the lines. The tentative calibraticn was relied upon to
determine the right frequency ratio corresponding to the pattern.
It was found possible by this method to use ratios as high as 22: 1.
As the generating set was brought to the desired frequency, the
attern on the field appeared to be in rotaticn. The rate of rota-
tion decreased as the generating set was gradually adjusted to the
frequency ratio, and finally when the exact multiple relation was
obtained the pattern stood still. A difference of one cycle per
second from the lower frequency was sufficient to cause one rota-
tion per second. A slow motion of the pattern was thus not ob-
jectionable, since at the frequency measured the percentage error
was negligible. When the pattern was located the wave meter
was detuned in order to prevent any reaction effect, and the gen-
erating set adjusted until the pattern was sufficiently stationary,
then the wave meter was again tuned to the generating set and a
reading taken. If the pattern was watched during this process,
a slight reaction effect could be noticed, the pattern starting to
rotate as the wave meter was being brought into resonance, com-
ing to a standstill when the resonance point was reached, and
again rotating if the resonance point was passed. This reaction
could, of course, be decreased by decreasing the coupling, but the
effect was small, and it was decided that less error was introduced
in this way than by decreasing the coupling to a point where the
galvanometer deflections became difficult to read. Settings of the
wave meter were made by decreasing and then by increasing the
capacity, the reaction in the two cases tending to doubly change
the frequency of the generating set, but no change could be noticed
in the setting—that is, the error introduced was negligible. Under
certain conditions, however, recognizable interaction could be
noted beween the two generating sets operating through the
cathode-ray oscillograph. This is further discussed under obser-
vational difficulties. :

¢
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Each reading was checked by independent settings. The
sunine-fork circuit was thrown out of resomance with the fork
and retuned, the low-frequency generating set readjusted, and
the wave meter again retuned. In this manner some 5 tc 30
frequency determinations were obtained on the circuit with each
coil and the variable air condenser.

A summary of the results from one low-frequency generator
pattern ratio is given in the following table as illustrative of data
obtained. The two runs were made by different observers and
on different days.

TABLE I—Summary of Observational Results.

Pattern ratics. Diference
between
" two runs
: Fr t;gtd:gncy as shown
Low- High- e by wave-
frequency | frequeacy meter
generator. | gensraier. reag-
ing.

Fer cent.

1:20 1:12 240 0.06
1:13 260 03

1:14 880 08

1:15 300 01

1:16 320 03

1:17 340 00

1:18 350 ot

i 1:19 380 04
‘ 1120 ! 400 co
| 1:21 | 20 | G0

j i i {

2. TEE CALIBRATICN CURVES.
In drawing the calibration curves the following procedure was
foliowed o obtain intermediate points when Lissajous figures were

p

at some considerable frequency intervals. The distributed
capacity and pure inductance of the coil and leads were computed
f-om the known value of the capacity of the variable air condens

in the circuit when resonant at o given frequency. The follewing

4n
27

4

£ oam 1
iormuia was usea:

ZTW/LP(C-FCJ .
Jj=frequency in kilocycles per second from observaticnal data.

C =capacity in micromicrofarads as given by precise measurs-
ments of the variable condenser at a low frequency of charge
and discharge. (The condenser was especially constructed
to have a capacity virtually independent of the frequency.)

C, =distributed capacity of the coil and leads calculated from

two frequencies with the corresponding values of capacity
by using the above formula twice.

L, = pure inductance from the formula.
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For each two frequency determinations, of which there were 5
to 30 for each coil in the circuit, a value of C, was found. The
value of C, giving the least mean deviation was then used to
obtain a tentative value of L, from the formula. Trial values of
C, higher and lower than the above were then tried until the point
of minimum average deviation of the tentative values of L, was
reached. This value of L, was then used to calculate the distrib-
uted capacity from the formula. The weighted mean of values of
€, so obtained check the value of C, used to determine L,. Having
determined the value of C, and L, the same formula was used
to determine the frequency of the circuit for other values of the
variable air condenser C. These values were determined for every
two degrees of the condenser scale and plotted against frequency.

<

(See fig. 11.) The probabie error in the computation was found

by the usual formula

2
P=0.0745Y (n—1)
where
p =probable error;
o =deviation irom meai;
n =number of readings.
1t was slightly less than o0.02 per cent for the pure inductance
and in determining the distributed capacity o.1 puf.

3. HIGH-FREQUENCY STANDARDIZATION.

The wave meter was standardized to a frequency of 22,000
cycles by this process, using Lissajous pattern ratios up to 22 :1,
which was practically the limit of visibility for the Lissajous
figures in the cathode-ray tube used. For this reason the next
step beyond this frequency required the use of the third, or high-
frequency generating set. This generating set could be compared
with the low-frequency generating set altermately with the tun-
ing fork by means of a mercury switch connected to the cathode-
ray oscillograph. The low-frequency generating set was set to
some multiple of the tuning fork, the switch thrown to the high-
frequency generating set, which was in turn tuned to successive
multiples of the low-frequency generating set. After each read-
ing a check was made with the tuning fork, fcilowing the same
method as given above. As the frequency was increased, it
became more difficult to set upon a pattern since a very small
percentage change in frequency would cause a rapid motion of
the pattern. For example, five rotations per second of the pattern,
which is fairly rapid, would give a percentage error of 0.003 per
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cent at 100 kilocycles, and only o.0005 per cent at 1,000 kilo-
cycles per second. Special fine-adjustment condensers and slow-
motion devices on the generating sets were necessary to obtain a
stationary pattern at high frequencies. While it was quite pos-
sible to maintain the generating sets at a constant frequency for
some little time, they were found to be extremely susceptible to

CotL 27749E
NO FIXED CONDENSERS

\
“”X ﬂ—w\*\ STANDARD WAVEMETER R70B

FREQUENCY IN KILOCYCLES PER. SECOND

CONDENSER DEGREES

Fic. 11.—A calibration curve as drawn for the standard wave meter R70B.

Condenser degrees plotted ca abscissas and frequency on ordinates.

voltage changes, either in the plate or filament circuits. Work
at high frequencies was impossible unless the batteries were well
charged. Perhaps more trouble was experienced from this than
any other cause.

By this means four of the six inductors were standardized in
the wave-meter circuit and calibration curves drawn from data
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obtained. The coil and variable condenser of the highest ire-
quency thus standardized was then used as the standard for
further work, the tuning fork being no longer used.

The method followed was very similar to the preceding. The
low-frequency generating set was set to a suitable frequency
reading on the wave meter using the newly standardized coil and
condenser combination. The high-frequency generating set was
adjusted to multiples of the low-frequency generating set and the
wave meter with the higher frequency coil combination tuned to
#. Thus it was necessary to tune the wave meter alternately to
the two radio-frequency generating sets. Some difficulty was
experienced due to a noticeable reaction upon the generating sets
in wheeling the wave meter across their fields. The apparatus
was finally arranged so that, without varying its carriage, the
wave meter could be coupled by a slight turn to either generator.

4. OBSERVATIONAL DIFFICULTIES.

Interaction occurred principally at low ifrequencies, where
simple ratios such as 2 : 1 or 3 : 1 were used. The low-frequency
generating set could be tuned until a Lissajous pattern appeared;
then further adjustment changes made, the pattern remaining
absolutely stationary, the one generating set carrying the other
along with it. ‘This effect could easily be detected, since under
normal conditions if the generating set was adjusted slowly, the
pattern would appear, gradually slow dowx, and as gradually pick
up speed as the ratio relation was passed. While in the case of
reaction, the pattern would appear, slow down, remain stationary
over a long period, then jump into rapid motion or disappear
entirely. For this reason it was found necessary to use fractional
ratios as 3 : 2, 5 : 2, etc., since at these frequencies the effect was
almost absent. A test of the magnitude of this effect was easily
made by adjusting one of the generating sets, first by decreasing
its capacity, and then by increasing it, the change in the frequency
as given by the wave meter being a measure of the reaction.

A rather curious effect noticed was the presence of blurred coun-
terparts of the original figure which appeared when the generating
set was not quite tuned to the proper frequency. An explanation
was offered by R. T. Cox, formerly of this bureau, who attributed
the effect to the pulsating character of the voltage supplied to
the cathode-ray tube. He suggested that the resultant change in
the velocity of the electrons down the tube would cause a corre-
sponding pulsation in the amplitude of the deflection, thus modu-
lating the principal defiection frequency. This would produce
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the equivalent of three components, a single strong component of
the frequency of the generating set and two relatively weak com-
ponents on each side of the principal one and differing from it by
the modulating frequency. The voltage was obtained from a
6c-cycle line which supports the proposed explanation in that so
far as could be measured the spacing between patterns was 60
cycles. The situation is actually even more involved than this
owing to the presence of harmonics which produce patterns of
more complex ratios. The ratios of these were difficult to recog-
nize owing to their complexity and the fact that the harmonics
were materially weaker than the fundamental. The side figures
were consequently much biurred.

Some difficulty was experienced with the resonance frequency
of the galvanometer circuit at high frequencies. The resonance of
the galvanometer circuit thus prevented measurements being taken
at a certain frequency and at times it was found necessary to prac-
tically halt all other high-frequency work in the, building. The
interference appeared to be partly due to the use of the same
grounding system. )

Another difficulty at high frequencies was the ionization of the
gas in the cathode-ray oscillograph tube by the high potential ap-
plied to the deflecting plates. This was shown by the bulb of the
tube glowing with a bluish white or lavender Lght. A radio-fre-
guency condenser connected in series with the generating set re-
uced the potential and stopped the glow. It also furnished a
convenient means of adjusting the size of the deflection on the

o

sereen of the tube.
YV, SUMMARY.

The cathode-ray osciliograph has been shown to be a satisiuc-
tory and extremely precise means of obtaining requency ratios
for establishing values of radio-frequencies in terms of an audic-
frequency. The primary standard wave meter of the bureau was
standardized in terms of the frequency of a tuning fork having a
frequency of 1,024.2 cycles per second by this means. The methed
as used was somewhat elaborate, requiring the simultanecus use
of three electron-tube generating sets and a cathode-ray tube.
The limitations in the accuracy attainable appear to be entirely in
the audio-frequency source used as the basis of measurement and
in the wave meter.

WasHINGgTON, November 28, 1523.



