Transmission Line Energy Indicator. Johan W. Alexander.
US Pat. No. 2467648 April 19" 1949, Filed May 2™ 1946.

This invention overcomes the problem of standing waves on a transmission line by combining the
outputs of current and voltage sampling networks in the same meter after rectification. When
current is at a maximum, voltage is at a minimum and vice versa. A capacitive voltage divider is
used.
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1

This invention relates to a device for detecting,
hy means of an indicating instrument, the trans-
mission of high-frequency energy through a con-
dictor wherein standing waves appear: The in-
vention may be used with particular advantage
in radio transmitting devices having an sdjust-
able operating frequency.

Inradiotransmitting deviees having an adjust-
able operating frequency difficulties are experi-
enced in cerfain cases in providing an antenna-
current indicator reguired for controlling the flow
of - antenna-current and/or for tuning the an-
tenna, ¥iE when the antenna-current indicator
must'be connected to a conduetor wherein siand-
ing waves apoear. In this case the sensitiveness
of the indicator largely depends on the operating
freguency and this sometimes o such a degree
that the indieator is not or substantially not op-
erable for oneor more definite frequencies.

The primary object of this invention is to avoid
the abovementioned ' drawbacks by providing a
high frequency - energy indicator which is inde-
pendent of standing waves and the frequency of
energy appearing on the- transmission line to
which the indicator is coupled.

To this end, according fo the invention, the
indicating instrument is controlled by two meas-
uring -veltages, one of which {(first) depends on
the current appearing at any point on the trans-
mission-line, whereas the other (second) measur-
ing voltage depends on the high-frequency volt-
]E’;EE appearing at or near the same point on the

ne.

When making use of the invention the indicat-
Ing Instrument will always give an indication
sinee; of” course, a current node and a voltage
node can never appear simultaneously . at one and
the same noint on the transmission line exhibit-
ing- the standing -waves: Thus, the measuring
voltages. derived at the peint of connection from
the current and voltage there appearing will nor-
mally. cause. indications supporting esch other,
whiereas in the cass of the point of connection
heing, located in a current node or voltage node
the measuring voltage ecorresponding {hereto will
disappear. Howover the other measuring voltage
will be-maiimum ab this poind 5o thaf a clear
indication wiil sfill o obbuined.

The two measuring voltages need not be taken
from exactly the sanie point of the high-fre-
quencyline: However, for obtaining a reliable in-
dication the- distance between the points: from
which theiwe measuring voliages are faken re-
spectively,  should be chosen smaller than . about
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2.
one gquarter of ‘the smallest operating wavelengthi
to be expected.

In order {o avoid-direct electrical ‘connections:
with the: conductor: conveying. high-frequency:
energy the first measuring voltage is preferably:
taken from & high-frequency transformsr; wheres.
as the second messuring voltage is taken froma:
eapacitative potentiometer.

The indiecating -instrument preferably consists:
of a sensitive direct current meter to which the:
messuring voltages. after rectification, are so sup=.
plied as to support each ofher.

The invention will be more fully explained by
reference to Figures 1-and 2 representing respecs.
tively the eircuit arrangement and the construec=.
tion' of & partieularly suitable form of . constrie-.
tlon of the device according to the invention; Fig:
3 representing an improved circulfl arrangement:
Fig, 4 represents another improved: eifreuit ars
rangement,

In Figures-1'and 2 the reference number 1 .des-.
ignates one conducior fransmission line forming:
part of the antenna ecireuit of a radio transmit<.
ting device having an operating frequency which:
is adjustable within a broad range of frequencies,
say several megacycles, Standing waves of ‘the
operating - wavelength appear on the conductor:
In this case the ground in effect serves-as. the:
other conductor. It will be pbvious, however, that
the transmission line may consist of & palrof cons+
ductors.

The' conductor | is surrounded by a toroidal
measuring winding 3 which is wound ahout a tu=
bular form 2, Winding 2 together with the con-
ductor | constitutes a high-frequency - transs.
former., TFurthermore two cylindrical condenser
rlates §5; 6 supported on the opposite walls of a
fubular dielectric-4 are arranged concentrically
with -the conductor I, Plates 5 and § together
with the conductor | constitute a capacitative po-
tentiometer consisting of the condensers Ci1 and
Ca.

In the-iHustrated arrangement s voltage (first
measuring. voltage), which is proportional to the
high-frequenecy current in the part of the.cons
duetor | surrounded by the measuring - winding 3;
appears at the measuring winding 3, whereas:the
voltage set up at the condenser C: (second meas=
uring- voltage) is proportional to the high-fre=
guency: voltage prevailing in the same conduetor
part.

After-having -been' rectified, which may:be ef=
fected by means: of ‘dry rectifiers:T and; 8 respecs
tively, and ‘after having been filtered hy-means:of
a condenser 8, the:said: two messuring voliages



2,467,048

3

are supplied in the same sense to a direct current
meter 10, To complete the rectifying circuit for
the second measuring voltage the condenser Ca2
is bridged hy a resistance I 1.

By means of the iillustrated device an indiea-
tion of the energy transmiited by the conductor
is obtained over a broad range of frequencies of
say 1 te 10 megacycles.

In view of quantitative measurements it is ad-
vantageous to make the device such that the in-
dication sensitiveness is as much as possible in-
dependent of the adiusted operating frequency.

In regard to the frst measuring voltage this
can be achieved by connecting in parallel with
the measuring winding 3 a condenser 12 having
such a value that the created resonant circuit is
tuned to the frequency corresponding to the geo-
metrical mean proportional of the limiting fre-
gquencies of the range of frequencies to be covered
and by subsequent strong damping of this reso-
nant cireuit 3, 12 by means of a resistance 3.

The range of {requencies, within which a uni-
form sensitiveness is obtained in regard to the
first measuring voltage may, if desired, be ex-
tended by taking the first measuring voltage from
fhe series-connected measuring windings of a
plurality of high-freguency transformers, the
meastring windings forming part of a corre-
sponding number of resonant civcuits funed to
different frequencies. This modification is illus-
trated in Fig. 4 which is similar to Fig, 1 except
that winding 3 is now comprised of a plurality of
series-connected windings 3., % and 3: each
shunted by a condenser [2a, 125 and 12, respec-
tively, o form & paralle]l resonant circuit there-
with., FEach parallel resonant circuit is tuned to 2
different frequency within the desired range
whereby a uniform response is obtained through-
out said range.

In regard to the second measuring voltage care
should be taken, in order that in the represented
device the sensitiveness shall be substantially in-
dependent of the frequency, that the resistance
of the measuring circuit connected in paralle]
with the condenser Cs, i. e. the resistance 11, has
a sufficlent value so that the natural frequency
independence of the capacitative potentiometer
Ci, C2 15 substantially conserved.

Fig, 2 illustrates in z partially sectional view
a preferred embodiment of a unitary structure in-
corporating all the elements in the ecircuit of
Fig. 1 with the exception of the divect current
meter 0. The structure is in the form of a lead-
through insulator and is adapted for insertion
at any convendent point in a high frequency line,
The fubular dielectric 4, supporfing plates 5 and
B, and the tubular form about which toroid 3 is
wound are arranged concentrically about central
conductor | and are surrounded by a eylindrieal
envelope 4. The opposite ends of the eylindrical
structure are enclosed by stand-off insulators 15
through which conductor | extends. The re-
maining element of the eircuif is housed within
the structure at switable positions and leads are
extended therefrom for connection to meter (0.
The structure in conjunction with meter 10 pro-
vides a high-frequency energy indicator which
is responsive regardless of the existence of stand-
ing waves on the line and is independent of the
line frequency within the prescribed range.

Due to interference between the circuits for
the first and second measuring voltage an indi-
cation dependent to some degree on the applied
frequency still oceurs in the forms of consfruc-
tion represented in Figures 1 and 2.
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The latter can be eliminated when making use
of the eireuit shown in Fig. 3, in which the two
measuring voltages are supplied to the measuring
instrument through the intermediary of separate
series resistances 17T and I8 respectively.

If desired, changing over of the measuring
range of the device can be effecied in a wvery
simple manner by making use of a series resist-
ance 20 which is common to the two measuring
voltages and can be short circuited by means of a
switch 9.

What T claim is:

1. An arrangement for indicafing high-fre-
guency enercy in a transmission line having two
conductors for conveying a predetermined fre-
quency range of wave energy fo a lead, standing
waves appearing on said line, said arrangement
comprising & coil surrounding one conductor of
said line at any first point thereon to derive a first
measuring voltage whose amplitude is a function
of the high freguency current existing at said
firgt point, a capacitor having a pair of plates,
one plate being capacitatively coupled to said one
conductor at a second point thereon whose spac-
ing from the first point is less than a half wave-
length of the lowest frequency in said range, the
cther plate being connected to the other con-
ductor to thereby form a caepacitative potenti-
ometer to derive a second measuring voltage
whose amplitude is a function of the high-fre-
quency wvoltage existing at said second point,
means to rectify separately said first and second
measuring voltares, direct-current indicating
means, and means to apply in the same polarity
sald rectified first and second measuring volt-
ages to said divect-current indicating means,

2. An arrangement for indicating high-fre-
quency energy in s transmission line having two
conductors for conveying a predetermined fre-
quency range of wave energy to a load, standing
waves appearing on said line, said arrangement
comprising & coil surrounding one ¢onduetor of
said line at any first point thereon to derive a first
measuring voltage whose amplitude is & function
of the high-frequency cwrrent existing at said
first point, a frst capacitor shunted across said
eoil, the value of said first capacitor being such
as to constitute with said coil a circuit resonant
at the mean frequency of said range, a second ca-
pacitor having two plates, one plate being ca-
pacitatively coupled to said one conductor at a
second point thereon whose spacing from the
first point is less than a half wavelength of the
lowest frequency in said range, the other plate
heing connected to the other conductor to thereby
form a capacitative potentiometer to derive a sec-
ond measuring voltage whose amplitude is & fune-
tion of the hich-frequency voltage existing at said
second point, means to rectify separately zaid first
and second measuring voltages, direct-current in-
dieating means, and means to apply in the same
polarity said rectified first and second measuring
voltages to said direct-current indicating means.

3. An arrangement for indicating high-fre-
gquency energy in & {ransmission line having two
conductors for conveying a predetermined fre-
gquency range of wave energy to a load, standing
waves appearing on said line, said arrangement
comprising & coil surrounding one conductor of
said line at any frst point thereon to derive a
first measuring voltage whose amplitude is a
function of the high-freguency currenf existing
at said first point, a first capacitor shunted across
said coll, the value of said first capacitor being
such as to constitute with said coll a cirenit
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resonant at the main frequenecy of said range, &

damping resistor connected across said resonant
circuit, the value of said resistor being such as to
provide o substantially oniform response through-
out said frequency range, a second capacitor hav-
ing two plates, one plate being capacitatively
coupled to said one conductor at a second point
thereon whose spacing from the first point is less
than a half wavelength of the lowest frequency in
said range, the other plate being connected to the
other conductor to thereby form a capacitative
potentiometer to derive 8 second measuring
volitage whose amplitude is a function of the
high-freqguency veltage existing at said second
point, means to rectify separately szid first and
ceeond measuring volfages, direct-current indi-
cating mesns, and means to apply in the same
polarity soid reciified first and second measuring
voltages to said direct-current indicating means.

4, An arrsngement for indicating high fre-
quency energy on a transmission line having two
conductors for conveying a predetermined fre-
quency range of wave energy to a load, standing
waves appearing on said line, ssid arranhgement

comprising a toreidal coil surrounding one con- =

ductor of said line at any first point thereon to
derive & first measuring voltage whose amplitude
is a function of the high-Trequency current ex-
isting at said frst point, & first capacitor shunted
across said coil the value of said first capacitor
being such as to constitute with said coil a cir-
cuit resonant at the mean frequency of sald
range, a damping resistor connected across said
resonant ecireuit, the value of said resistor being
such as to provide o substantially uniform re-
sponse throuvghout said frequency range, & sec-
ond capacitor having two plates, a resistance ele-
ment connected across gaid second capacitor, one
plate of said second capacitor being capacitative-
1y counled o said one conductor at a second point
thereon whose spacing from said first point is
less than s half wavelengih of the lowest fre-
quency in said range, the other plate being con-
nected to the other conductor o thereby form a
capacitative potentiometer which establishes
across said resistance element & second measur-
ing voltage whose amplitude is 3 function of the
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high-freguency voltage existing at sald second
point, means to rectify separately said first and
second mepsuring voltages, direct-current indi-
cating means, megns to apply in the same polar-
ity s2id rectifed first and second measuring
voltages {0 sald divect-current indicating means,
gnd & third capacitor connected across said in-
dicating means for filfering the applied volfages.

5. An arrangement for indicating high fre-
fuency energy on & transmission line having two
conduactors for conveying a predetermined fre-
quency range of wave energy to a load, standing
waves appearing on said line, said arrangement
comprising & first capacitor having two coaxial
eylindrical plates concentrically arransed about
cne conductor of the line at any position there-
on, the outer vlaie being connecied to the other
conductor of the line {0 thereby form a capaci-
tative potentiometer {o derive a first measuring
voliege whose amplitude is a function of the cur-
rent existing at the pesition of said first capacitor
on the line, a toroidal coil surrounding said outer
plate and concentrieally arrangsd with respect to
sald one conductor, sald coil deriving a second
measuring voltage whose amplitude is a fune-
tion of the high-frequency voltage existing at
said position on the line, means to rectify sepa-
rately zaid firsi and zecond measuring voltages,
a direct-current indicator, and means to apply
said reciified voltages to said direct-current in-
dicator.

JOHAN WILLEM ATEXANDER.
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