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This invention relates to the détermination of
‘resoriant frequencies of Teactive rietworks and is
“partieularly -directed to the ‘problem -of “ascer-
“taining the 'resomant " frequency of “transmission
line'sections,

"It “is “accordingly “the “object of “the “inverition
‘to provide’ a ‘novél ‘meéthod and means of “ascer-
‘taining ‘the-resonant frequencies of resctive net-
“‘works.

_A-further object of the .invention‘is to deter-
“niine - the-velocity of “propagation of s wave along
a line section. This is accomplished by -ascer-
taining-the resondting frequency for an untermi-
nated line section of -known -length. At such

frequency the ‘line seétion comprises an odd’

uarter-wave multiple of the wave'length propa-
gated therein. Inasmuch as the ‘order-of ‘mag-
nitude of -the -velocity is-ordinarily known from
the construction of the cable, the particular mul-
tiple ‘Thay be obtained. Consequently, from ‘the
wvalue ‘of ‘the -exciting -frequeney, ‘the veloéity-of
‘propagation may be-calculated. o
“Ancexémplary -form -of apparatus suitdble for
effectuating the method of ‘the -present .irven-

tion issshown-in the drawing, in:eonneetion with,

which the invention will be further described.
The system of the present invention includes a

shielding cabinet 1 subdivided at 2 into two com-

partments 3 and 4. Compartment 3 contains

a variable frequency oscillator including a triode :

5 coupled conventionally with a tuned circuit in-
cluding inductance 6 and tuning capacitor 1.
Balanced capacitor 8 is provided for trimming
adjustment of the oscillator frequency.

The oscillator inductance is very loosely
coupled through shield 2 with inductance 10,
which forms a tuned circuit with tuning capacitor
i1 and inductance {2. Trimming capacitor 13 is
also provided.

The desired coupling of inductances 6 and (0
may be established by employing a sheet metal
shielding member 2 suitably apertured. Under
such loose coupling the coil 10 may be considered
as driven by a constant series voltage.

The coupled circuit includes in series a jack
14 for receiving connection of the network whose
resonant frequency is to be determined. In the
drawing an unterminated concentric line section
is shown, which is resonant at frequencies at
which it constitutes a quarter wave length or an
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‘odd ~hitltiple Thereof. At .resonant . frequencies
the‘iﬁipedance appearing.across’jack 14.will_con-
Stitlite 7a .pure Tesistance, Which -will _not -affect
thHe -Fesonant.ftequency. .of the “tiined éircuit.
~As shown i ‘the draWine, the tank condenser
‘1:d11d the ‘condenser ‘11 _6f the tuned . dirciiit are
Zanged 1o ‘a ‘conimon ‘Gontiol 15. “For lining up
“the. ¢cireuits, "a, 's6lid -conductor “fay “be ihserted
to Short jack 4 and trimmérs 8 ang (3 adJusted
‘so”that the naturgl résonant “freduencieés. of the
“oscillator “tank “ciretiit and the “coupled eirciit
substantially - coincide -throughout the “tuning
range, "This may Ye “détérimined - by ‘a vacuum
“tlbe voltmeter 16-0f any siiitable. type connected,
for instance, to €6il f2. On corréct tracking the
-aseillator and coupled “direuit “aretiined togéther

“through the “rarige, “and voltmster “16 ‘will “indi-

ca,te ‘s stibstantially uniform voltage throughout.

- On-¢onnettion “of “thenetwork to’jack ‘4, the
reactance thereof wiil detune the- coupled ‘eireuit
50" thabnmvoltmeber indication'is obtained except

gt therresonant! frequency sof'the-nétwork. -Con-
seqfiertly tThellatter may’ be- “determined \immedi-

-gt6ly By adjusting’ thecoltrol 15 for a’maximum
deflection of voltmeéter'16.

For obtaining the velocity of propagation with-
in a cable section, the apparatus may be employed
to yield direct results by suitable calibration
of control 15. Assuming mnormal construction
wherein the average dielectric constant within
cables of the type considered is 2.25, and that
measurements are to be taken at about 100 me./s.,
the wave length within the cable will be sub-
stantially 200 cm., and a three quarter wave
section is 150 cm. long. If, therefore, a 150 cm.
section cable be inserted in the jack 14, its res-
onant frequency adjacent 100 mec./s. as deter-
mined by control 15 corresponds to three quarter
wave lengths. Since the period required for
propagation to the end of the line is 34.1/f sec-
onds, the velocity in centimeters per second is
200 f. The velocity expressed in per cent of the
velocity in free space is 24 f where f is expressed
in megacycles. Control 15 may be directly cali-
brated in the velocity of propagation, if desired.

Where a number of cable sections are being
tested, the reading of vacuum tube voltmeter 16
varies inversely with their attenuation and will
afford a rough indication of the relative proper-
ties of the lines in this respect.
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Where the constructional characteristics of a
line are unknown and cannot conveniently be de-
| termined, the quarter wave length multiple may
. be found by ascertaining two adjacent resonant
frequencies of the section, Since the wave length
is inversely proportional to the frequencies, and
only the ratio of the former is required, the de-
sired information may be derived from the for-
mula

(27L—|—1) A/4=(2n+3)N'/4

where N’ is the shorter of the adJacent resonant
wave lengths.
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It will be understood that the other line lengths '

may be employed and that the illustrations dis-
cussed are exemplary only. It is further appar-
ent that a short-circuited half wave or multiple
half wave section may be employed.
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The invention described herein may be manu- *

factured and used by or for the Government of

the United States of America for governmental

purposes without the payment of any royalties
thereon or therefor.

Iclaim:

1. Means for ascertaining the resonant fre-
quency of an electrical network including an
oscillator tunable over a range of frequendies, a
circuit tunable over said range of frequencies
" coupled to said-oscillator, common control means
for simultaneously tuning the oscillator and the
© coupled circuit together through said range in
tracking -coincidence, means for indicating the
response developed in the coupled circuit, and
means for electrically coupling a reactive elec-
trical network with said coupled circuit to detune
the latter except at the resonant frequency of the
network.

2. Means for ascertaining the resonant fre-
quency of an electrical network including an

oscillator tunable over a range of frequencies, a -

circuit tunable over said range of frequencies
coupled to said oscillator, commoh control means
for s1mu1taneously tuning the: oscillator and the
coupled circuit together through said range in

tracking coincidence, means for . indicating the.

response developed in the coupled circuit, and
means for connecting an . electncal network in
series in said coupled- circuit whereby the latter
is detuned and unresponsive except at the reso-
nant frequency of the network.
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3. Means for ascertaining the resonant fre-
quency of a transmission line section including
an oscillator tunable over a range of frequencies,
a circuit tunable over said range of frequencies
coupled to-said oscillator, means for simultane-
ously tuning the oscillator and the coupled circuit
together through said range in tracking coinci-
dence, means for indicating the response devel-
oped in the coupled circuit, and a transmission
line section connected in series in said coupled
circuit whereby the latter is detuned and unre-
sponsive except at the resonant frequency of the

. line section.

4. Means for asoertammg the resonant fre- -
quency of an electrical network including an
oscillator circuit tunable over a range of ire-
quencies, a circuit tunable over said range of fre-
guencies coupled to said oscillator, means for
simultaneously tuning the natural frequencies of
the oscillator circuit and the coupled circuit over
said range in tracking coincidence, means for
electrically coupling a reactive electrical network
with one of said eircuits to detune said circuit

- _except at the resonant frequency of the network,
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and means for mdlcatmg the signal leve] in the

- coupled circuit,

5. The method of ascertaining the resonant
frequency of a reactive network electrically cou-
pled to a resohant circuit excited: by a tunable
oscillator comprising the steps of tuning the oscil-
lator over a range of frequencies, simultaneously
tuning the resonant circuit over the same range
of frequencies in tracking coincidence with. the -
oscillator, and indicating the signal leve] in the
resonant circuit to determine the frequency at
which the resonant circuit is not detuned by the

_reactive network
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