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This invention relates to an antenna structure, 
and more particularly to an antenna, structure 
for high radio frequency waves comprising a 
Short, thick, wide-band pick-up element forming 
an internal tunable re-entrant cavity resonator. 
An object of the invention is to provide a small 

and compact tunable antenna, which is readily 
portable and well adapted to use in a wavemeter 
of simple and effective design, or to use in other 
radio apparatus. ... " 
A further object is to provide an antenna struc 

ture comprising a pick-up element and tuning 
means for the antenna, which may be housed 
entirely within a pick-up element of the an 
tenna. An additional object is to improve the 
Sensitivity, efficiency, and sharpness of tuning 
of high frequency antennas. 
The novel features which we believe to be char 

acteristic of our invention are set forth with par 
ticularity in the appended claims. Our inven 
tion itself, however, both as to its organization 
and method of operation, together with further 
objects and advantages thereof may best be 
understood by reference to the following de 
scription taken in connection with the accom 

() 

20 

25 
panying drawing, in the single figure of which is 
shown in partially sectional view an antenna, 
structure in accord with the invention, together. 
with elements which may be associated there 
with to provide a compete Sensitive waverineter. 

Referring now to the drawing, a dipole an 
tenna, is shown comprising two oppositely ex 
tending arms or pick-up elements , 2. Each arm 
comprises a hollow cylindrical member. With a 
high diameter-to-length ratio. Such an element 
provides broad-band characteristics and is 
usually termed a cylindrical antenna, element. 
It will be understood that the cylindrical shape 
of the arms is preferred but not necessary, and 
that other shapes wi'l provide, obviously, an 
operative antenna element. In a particular 
operative embodiment, the arms and 2 are 
each a little less than 4 inches long, providing 
an overall length for the dipole of approximately 
8 inches, and are 14 inches in diameter. A 
dipole of these dimensions is effective to pick up 
signals in a band between 700 and 1100 mega 
cycles. - 

A high diameter-to-length ratio of the antenna, 
elements provides reception over a wide fre 
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quency band, with the dimensions mentioned 
above, the ratio will be 1:3, which has proved 
satisfactory in the practical embodiment herein 
described. For an antenna, consisting of a Wire 
element, the ratio would be one-to-many thou 
sands. The antenna, elements here under Con 
sideration, for example, may have a ratio of be 
tween about 1:10 and 1:1, although the inven 
tion may be applied to elements with a greater 
or less ratio. It will be apparent from the re 
mainder of the description as set forth herein 
that the limits of the ratio are dependent Only 
upon practical mechanical design considerations, 
upon the desired requirements of the cavity 
resonator within one arm of the dipole, and 
upon the band width to be received by the an 
tenna. 
The arm of the dipole antenna, of the figure 

houses a cavity resonator indicated generally 
at 3. The Outer was of the resonator, as shown, 
comprise the cylindrical pick-up arm itself, in 
cluding the cylindrical wall and an end wall 4. 
An additional Wall 5, provided with Suitable 
openings, closes the other end of the cylinder. 
The resonator 3 has two re-entrant elements 

6 and , each in the forin, preferably, of hollow 
cylinders, element 6 extending from wall 5 into 
the cavity preferably coaxially therewith and 
element extending toward element 6 from wall 
4 in a similar manner. It will be understood 
that all of the members described, including 
cylindrical arms and 2, end walls 4 and 5, and 
re-entrant elements 6 and 7 are conductive and 
are conveniently made of copper or other con 
ductive metal. 

Cooperating with elements 6 and is a con 
ductive, tubular, tuning member 8 arranged in 
longitudinal sliding relationship with respect to 
members 6 and for varying the capacitive 
coupling therebetween. Tuning member 8 is in 
sulated from elements 6 and T by insulating 
bands 9 and O which form bearing surfaces to 
permit sliding of member 9 within elements 6 
and 7. The bands may be attached either to 
the tuning member or to the respective elements 
6, 7 as desired. Londitudinal sliding of tuning 
member 8 is controlled by a rod of insulating 
material, secured by glue, by a pin, by a pressed 
fit, by a threaded stub, or in like manner, to 
member 8, and having a toothed portion 2 for 
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cooperation with a rotatable gear wheel f3. The 
gear wheel is arranged for rotation by a Cali 
brated dial 4 through a suitable shaft 5. 
Tuning of the resonator is accordingly ac 

complished by varying the capacitance between 
the ends of the two re-entrant elements. The 
capacitance increases with movement of member 
8 into element and decreases with movement 
into element 6 from the position shown in the 
drawing. The capacitive coupling between the 
re-entrant elements is a maximum. When men 
ber 8 is in a mid position with its center aligned 
with the center of the gap separating elements 
6 and 7 and the coupling is decreased by any 
displacement of member 8 from this mid posi 
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tion. It will be apparent to those skilled in the : 
art that the resonant frequency will decrease 
With an increase in the capacitive coupling be-r 
tween the elements and that the mid positioning. 
of element 8 corresponds, accordingly, to the 
minimum resonant frequency to. which the 
resonator may be tuned. 
A small loop 6 is interposed between the ad 
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jacent ends of arms and 2 of the dipole, the 
loop ends being connected respectively to the 
arms as by soldering. The signal picked up by 
the dipole elements is thus coupled to excite the 
resonator. 

In the complete Wavemeter shown in the figure, 
a crystal diode. is connected between a point 
on re-entrant element 6 remote from end wall 5 
and the center conductor of a feedthrough by 
pass capacitor 8. The outer conductor of ca 
pacitor 8 is connected to the wall of arm. to 
complete a pick-up or exciting loop for radio fre 
quency energy exciting the resonator, and this 
loop extends from the point of connection of the 
diode through a portion of re-entrant element. 6, 
through a portion of end. Wall 5 and a portion. Of. 
the outer wall of arm. of the resonator to the 
outer terminal of the bypass capacitor, and thence. 
to the center conductor and through the diode 
back to the connection...on re-entrant element 6. 
When the resonator is excited, a direct current 
voltage appears across the terminals of capacitor 
8. 
The center conductor of capacitor 8 protrudes 

outside arm f and a connection is made near 
the end 9 thereof to an external circuit. Con 
prising, an isolating resistor 20, an adjustable re 
sistor 2, a galvanometer 22, a second adjustable 
resistor 23 and a second isolating resistor 24. The 
isolating resistor 24 returns this.external circuit 
to the Outer wall of arm at a point, adjacent the 
outer terminal of capacitor. 8. It is desirable 
that capacitor 8 and the return through resistor 
24 should be close to the end wall 5 whereby.the 
external circuit as a whole does not act as a part 
of the antenna. 
The external circuit as described... provides on 

meter 22, an indication of the direct current volt 
age on capacitor 18, and thus indicates the field 
strength of radio energy received by the dipole 
antenna, at a frequency at which the resonator 
is resonant. To enable adjustments and a desir 
able. means of calibration of the sensitivity of 
the wavemeter, a calibrated dial 25 is arranged 
to adjust the resistance presented by resistors 2. 
and 23. In addition, suitable calibration of meter 
22 is desirable. The resistors 2 and 23 may be 
continuously. Variable, or they may be step at 
tenuators, and only one may be found necessary. 
The resistance of the whole external-voltage meas 
uring circuit is preferably in the order of meg 
ohms. The meter may have a full scale deflection, 
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for example, of one microampere, and if so, the 
sensitivity of the wavemeter will be of the order 
of a few hundred microvolts per meter at a fre 
quency of about 1000 megacycles. 
For convenience in construction and in later 

servicing, small conductive access plate 26 forms 
a portion of the outer wall of arm . The plate 
may be held in place by Screws (not shown). The 
capacitor 8 and diode 7 are conveniently 
mounted adjacent the plate, or may be mounted 
On the plate if desired. 
The arms f and 2 are effective to receive or 

intercept. radio waves within the band of fre 
quencies determined by the dimensions of the 
dipole elements, and in the presence of energy 
at the frequency to which the resonator 3 is 
tuned, to excite the resonator. The combination 
of the dipole antenna, receiving arms , 2 and the 
resonator 3 accordingly coact to transfer radio 
frequency energy of the frequency to which the 
resonator is tuned between the external field sur 
rounding the antenna to the circuit connected 
to the output coupling loop for the resonator, as 
represented by the diode 7, capacitor 8 and the 
portions of element 6, end wall 5 and the outer 
Wall of arm as hereinbefore described. It will 
be apparent that the diode 7 and capacitor...8 
may be physically located outside of the resonator, 
though the positioning described is more desir 
able since it eliminates radio frequency Con 
ductors, external to the antenna, structure. In 
applications, wherein the antenna, and resonator 
are used other than as a part of a simple wave 
meter, the resonator may be coupled to provide 
radio frequency energy through a coaxial cable, 
or the like, to other types of equipment located 
externally of the antenna. It would be feasible, 
also, to provide additional apparatus in the reso 
nator if desired, or additional apparatus could be 
placed inside arm 2. 
The impedance of the dipole pick-up. elements. 

is low, and the dipole operates to, receive signals 
throughout a wide frequency range, whereas the 
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impedance of the cavity resonator is relatively 
high and tunes sharply to the selected frequency. 
An impedance match is obtained between the 
resonator and the crystal diode by proper selec 
tion of the coupling loops which couple, the an 
tenna, arm to the resonator and the resonator to 
the diode. The crystal diode circuit represents 
an impedance several times greater than that 
of the dipole if a low-current meter circuit is 
employed. The coupling, loop for the diode cir 
cuit should be, accordingly, several times as large. 
as the coupling loop from the dipole for the best 
impedance matching. 
Since the device is adapted particularly to high 

frequencies, the value of capacitor 8 should be 
of the order of a few micromicrofarads and the 
resistance of the external meter circuit, including 
resistors 20, 2, 23 and 24, may be of the order. 
of several megohms. 

Prior art Wavemeters of comparable size and 
complexity to that of the present design-exhibit 
Sensitivities of thousands or tens of thousands of 
microvolts per meter in the neighborhood of 1,000 
megacycles, whereas a wavemeter incorporating 
this invention exhibits a sensitivity of only a few. 
hundred microvolts per meter. The greatly im 
proved resultS for the very compact equipment. 
described are in large part, due to the excellent. 
impedance match between the antenna, and the 
sensitive meter circuit of the Wavemeter made 
possible by the novel arrangement. Although at 
tempts have been made.heretofore to obtain high 
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efficiency and corresponding high sensitivity in 
Small portable wavemeters, results comparable to 
those obtained with the device described have 
been provided only by much larger and more ex 
pensive equipment utilizing annplifier tubes. 
The cavity resonator according to the inven 

tion has a high Q, and provides sharp and a,c- 
curate tuning. While this is characteristic of 
tuned re-entrant cavities, the use of a separate 
device coupled to be fed by a remote antenina, 
leaves much to be desired in the Way, for ex 
ample, of portability, size, simplicity and ac 
curacy of calibration. 
While the antenna housing the cavity resonator 

in accord with this invention has been described 
as useful in a wavemeter, it is also adaptable 
for use as a sharply tunable antenna, for other 
receiving applications at high radio frequencies, 
and may be used also in connection with the 
transmission of high frequency Waves. The 
characteristics of a high-Q tuned circuit co 
operating with a wide band dipole antenna are 
of particular utility in many types of applica 
tions, and the present invention makes possible 
such an arrangement with the advantages of 
simplicity, high efficiency, compactness and the 
other advantages mentioned heretofor. 
While We have shown only certain preferred 

embodiments of our invention by Way of illus 
tration, many modifications will occur to those 
skilled in the art and we therefore wish to have 
it understood that we intend, in the appended 
claims, to cover all such modifications as fall 
within the true Spirit and Scope of our invention. 
What we claim as new and desire to secure 

by Letters Patent of the United States is: 

20 

25 

30 

35 

6 
1. High frequency apparatus comprising a wide 

band dipole antenna, with two elongated cyiiia 
drical pick-up elements, one of Said elements 
forming an internal cavity resonator, tuning 
means for said resonator comprising therein a 
re-entrant member and a movable coupling men 
ber, and exciting means coupling Said elementis 
to said resonator, a rectifier and capacitor dis 
posed within said resonator in circuit With Said 
re-entrant member for detecting the Woltage 
thereon, indicating means for measuring the de 
tected Voltage, 

2. High frequency apparatus comprising a Wide 
band dipole antenna, with two exterided por 
tions, one of said portions comprising internally 
a cavity resonator, means to excite Said 'esonato' 
with a wave received by said antenna, and nears 
for measuring the strength of oscillations in Said 
resonator. 
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