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The present invention relates to improved 
means for transferring high frequency power 
from a generating apparatus to a utilization ap 
paratus. In particular the invention is con 
cerned with the provision of an effective system 
for transmitting ultra-short waves from an os 
cillator or other source to an amplifier, modulat 
ing device, or the like. 

It is known that in order to assure efficient 
transmission of electrical power from one point 
to another, the various elements of the trans 
mitting system must be properly matched in im 
pedance. Absence of such matching results in 
loss of power due to reflection at junction points 
and to other causes. 

It is an object of the present invention to pro 
vide means useful at Wave lengths on the order 
of from 1 meter to 5 centimeters or less for effec 
tively matching the impedances of dissimilar cir 
cuit elements which are to be joined in a com 
mon circuit. 

It is my further object to utilize in the fore 
going connection, means which can be readily 
adjusted to meet the requirements of numerous 
conditions ofuse and which are characterized by 
a simple and readily usable construction. 
The features which I desire to protect herein 

le in 
vention itself together with further objects and 
advantages thereof, may best be understood by 
referring to the following description taken in 
connection with the drawing, in which Fig. 1 
represents an ultra-short Wave system embody 
ing the invention; Fig. 2 is a sectional view taken 
on line 2-2 of Fig. 1, and Figs. 3 and 4 are dia 
grammatic representations useful in explaining 
the invention. - , 

Referring to the drawing, there is shown at the 
upper part thereof on ultra-short Wave oscillator 
of a type Which is fully described in my co-pend 
ing application, Serial No. 211, 123, filed June 1, 
1938. The oscillator includes a tubular glass en 
velope which consists of an elongated shaft por 
tion 0 and an enlarged anode-containing por 
tion II. At one extremity of the shaft portion 
there is provided means for producing an elec 
tron beam, such means comprising any known 
type of “electron gun.' The particular combi 
nation illustrated includes a cathode 3, shown 
in dotted outline, a focusing cylinder i 4 sur 
rounding the cathode and electrically connected 
thereto and an accelerating electrode 5 posi 
tioned adiacent to the focusing cylinder and 
maintained at a high potential With respect to 
the cathode. 

(C. L'78-44) 
At the opposite end of the envelope there is 

provided an anode 7 which receives electrons 
projected toward it from the cathode 13 and 
Which may consist of graphite or an equivalent 
heat-resisting material. Adiacent to the dis 
charge-receiving face of the anode, there is a 
cylinder 18 which is adapted to serve as a sup 
pressor grid for intercepting secondary electrons 
emitted from the anode during operation. This 
Cylinder is preferably maintained at a negative 
potential with respect to the anode. 

In the intermediate portion of the envelope 
there are provided a series of electrode elements 
20 which serve to fix the potential of the inte 
rior surface of the envelope wall. These may 
Sultably comprise bands of conducting material, 
for example, resistance paint applied circumfer 
entially to the interior wall surface. They are 
provided with lead-in connections and spring 
contacts 22 which make it possible to apply a 
definite potential to the electrodes 20. With cir 
cuit connections such as those shown, the elec 
trodes 20 are at ground potential, while the cath 
ode is maintained severalthousand volts nega 
tive by means of a battery 23. The accelerat 
ing electrode 5 is biased to a potential inter 
mediate that of cathode and ground, and the 
anode 17 is held several thousand volts above 
the cathode by the use of a battery 24. These 
potentials are, of course, exemplary and may be 
varied Within Wide limits. 

In orderto maintain the electron beam in focus 
during its passage through the envelope, there 
are provided a series of magnetic coils 25 (shown 
party broken away) mounted co-axially with 
the envelope. These may be excited with direct 
current and function in a known manner to pre 
vent dispersion of the beam. In some cases, they 
may advantageously be replaced by electrostatic 
beam-focusing means. 
The electrode combination which has been so 

far described comprises means for producing a 
unidirectional electron beam of constanti aver 
age intensity and velocity. The remaining 
structure comprises means for producing ultra 
high frequency oscillations in accordance With 
the principles set forth in my aforementioned 
prior application, Serial No. 211,123. 

In my said application it is pointed out that 
an electron stream may be modulated either as 
to electron velocity or as to charge density. The 
first type of modulation involves the creation of 
systematic irregularities in electron velocity 
from point to point along the stream. The sec 
ond involves the production of Variations in 
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i lated stream. If this condition is fulfled, cur 
70 

2 
charge density, such variations being manifested 
as systematic irregularities in the electron group 
ing. W 

In the conventional design of electronic dis 
charge devices, no distinction is made between 
these tWo types of modulation. I have found, 
however, that With reference to ultra short Wave 
devices improved resultsare obtained by using 
constructions in which velocity modulation and 
charge density modulation are produced sepa 
rately. The oscillator shown herein embodies 
this principle. 

In the arrangement illustrated the electron 
beam proceeding from the cathode is caused to 
traverse a space enclosed by an outer conducting 
shell 35 and an inner tubular structure which is 
Within the shell and extends longitudinay 
thereof. The inner structure includes a series 
of conducting tubes numbered 40, 4, and 42 
respectively, the tubes being relatively spaced so 
as to provide gaps between them. These gaps 
are conductively bridged by means of metallic 
elements 43, 44 connecting with the various 
tubes. In the gaps there are provided tubular 
electrodes 45, 46 Which are connected to the 
shell 35 bymeans of metallic members 48, extend 
ing between them. (See Fig. 2.) 
Assuming that the shell 35 is grounded as 

shown, the electrodes 5 and 6 may be con 
sidered to maintain a constant potential. The 
tubular members 40, 4, and 42, however, may 
be considered as forming the inner conductor of 
a concentric transmission line, of which the cyl 
inder 35 forms the outer conductor. Under 
these conditions standing Waves may be caused. 
to eXist along the tubular conductors. The fre 
quency of Such Wavesis determined by the length 
of the conductor 35, which is preferaby so ad 
Justed as to produce Waves of a frequency corre 
sponding to the desired oscillation frequency. 
This may be done by making the length of the 
conductor 35 approximately equalto some multi 
ple number of half Wave lengths of the desired 
frequency, 

VVith the arrangement specified, potential 
variations occurring at those portions of the 
transmission line which are in the vicinity of 
the extremities of electrode 45 are effective to 
cause longitudinal velocity variations in the elec 
tron beam. Within the field free space enclosed 
by the tubular conductor A, these variations 
may be converted into charge density variations 
by virtue of a sorting process by which the faster 
electrons become grouped with the slower elec 
trons. Subsequently, the charge density modu 
lated beam passing through the electrode 46 
gives up energy to the transmission line system 
so that energy feed-back to the region of the 
electrode 45 is accomplished. By this means 
the System is maintained in continuous and self 
Sustained oscillation. 
After leaving the space enclosed by the elec 

trode 35 the charge density modulated portion 
of the beam is caused to traverse an output elec 
trode 50. This electrode is preferably of a length 
Which corresponds to a spacing between adiacent 
charge density maxima and minima in the modu 

rent pulses Will be produced in the electrode by 
virtue of inequalities in the charges approaching 
toward and receding from it. These pulses wili 
have a frequency determined by the oscillation 
frequency of the transmission line systen pre 

- viousy traversed by the beam. 
In use, the high frequency energy abstracted 
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from the beam by electrode 50 must be supplied 
to a suitable utilization device, such as an am 
plifer or modulator. A fragmentary portion of 
such a device is illustrated at 55 at the lower 
portion of Fig. 1. This comprises a glass enve 
lope enclosing a cathode 56, a focusing electrode 
5, an accelerating anode 58, and a high fre 
quency input electrode 59. The output elements 
are not shown since their character is not ma 
terdal to my present invention. However, if the 
utilization device is to be an amplifier, it may 
suitably be of the type described in my prior 
application S. N. 211,124, fled June 1, 1938. 

In order that energy may be effectively trans 
mitted between electrode 50 and the control or 
input element 59 of the device 55 there is pro 
Vided a non-dissipating transmission system, 
illustrated as a concentric conductor transmis 
sion line. The main body of the line comprises 
an outer conductor 70 and an inner conductor 

, these being insulatingly separated by means 
of spacers 2. . . . 
In orderto assure the most effective transfer 

of power along the transmissionline, it is neces 
say that its impedance be properly matched 
both to the impedance of the oscillatorand to 
the impedance of the utilization device 55. As 
to the latter, the condition desired to be fuilled 
for Optimum or most effective cooperation of the 
device 55 and the transmission line is that the 3o impedance presented to the transmission line by 
the device shall be substantially equal to the 
characteristic impedance of the transmission 
line. At the frequencies here under considera 
tion, the characteristic impedance of the line 
may be taken as equalto its surge impedance 
Zo, Which in turnis equa to 

L 
C 

This quantity is substantially a pure resistance 
of value Ro and for practical dimensions of the 
line will have a magnitude on the order of 
about 70 ohms. It is necessary to match this to 
the impedance of the contro electrode 59, which 
may be on the order of 100,000 ohms. 

In order that theinput impedance of the am 
plifer may be made to assume a purely resistive 
character, it is connected to an appropriate reso 
nant circuit. Such a circuit may be provided by i 
means of a resonant transmission Fine compris 
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ing an inner conductor 74 and an outer conduc 
tor5, these conductors being assumed to extend 
from the point marked “aº to the point ºbº of 
Fig. 1. Assuming that the distance a-b corre 
Sponds to a half wave length at the frequency 
involved less the amount required to tune out 
the stray capacity of 59 to the outer shell SO, 
the resonant line will presenta high impedance 
at both ends, such impedance being approxi 
mately determined by the formula 

8Zof 
re 

(See Electrical Engineering, vol 53, pages 1046 
1053). In this formula Zo (which is the same 
as Ro above referred to) is the characteristic 
impedance of the line, fisits resonant frequency, 
ris the resistance of the line per unit of length 
and c is the velocity of the line. The input 
impedance thus determined is substantially of 
resistive character. Its' value, however, is on 
the order of one thousand times the characteris 
tic impedance of the transmission line which is 
formed by the conductors 70 and 7. 
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2,233,166 
In order properly to match these two imped 

ances my invention prOVides a series condenser 
of adjustable value interposed between the line 
70, i, and the line 4, 75. This condenser, which 
is shown at 80, may comprise, for example, a 
pair of metallic disks 77, 78 Whose spacing can 
be varied at will. As will be shown in the follow 
ing, such a condenser can be made to modify 
in a desired fashion the impedance presented to 
the extremity of the transmission line 70, 7, by 
the circuit containing the conductors 74 and 75 
and the electrode 59. Referring particularly to 
the requirements of the presenti case, it can be 
made to cause the composite impedance pre 
Sented to the line 70,7 to assume a value equal 
to Ro, the characteristic impedance of the line. 
This may be better understood by referring to 

the schematic representation of Fig. 3 in which 
Xc represents a capacitive reactance equal to the 
reactance of the condenser 80 (Fig. 1), R. rep 
resents the composite impedance of the line 74,75 
and the electrode 59, and XL represents an in 
ductive reactance provided by slightly detuning 
the transmission line 74, 75. This can be done, 
for example, by slightly shortening the line to 
a length than one-half Wave length So that its 
inductance becomes predominant. It is desired 
that the inductance XL be approximately equal 
to the value of the capacitive reactance Xc in 
Which case the reactive component of the com 
posite circuit impedance becomes negligible. 
Since the value of inductance required to ac 
complish this result is relatively small, it can 
be obtained Without seriously detuning the reso 
nant line 74,75. 

It can readily be shown that the composite 
resistance of the circuit of Fig. 3 is approximate 
ly equalto 

X2 
R 

This becomes equal to Ro, the characteristic im 
pedance of the line 70, 7 if the value of the 
capacitive reactance Xcis approximately equal to 

VRoR 
that is to Say, to the geometrici means of the 
Said characteristic impedance and the input im 
pedance of the device 55. When this condition 
is fulfilled, as it may readily be by proper ad 
justment of the condenser 80 (Fig. 1) the trans 
mission line 70,7 I will be terminated in its char 
acteristic impedance and there Will be no possi 
bility of Wave reflection at the junction between 
this line and the line 74, 75. In other Words, 
proper impedance matching at the line extremity 
under consideration is assured. 
At the other end of the line the condition de 

sired to be fulfilled is that the oscillator shall 
Work into its Optimum load impedance. This lat 
ter quantity is ordinarily on the order of from 
3000 to 20,000 ohms and is determined by the 
following considerations. 
The peak A. C. voltage developed across the 

gaps bounding the electrode 50 has to be limited 
to a value above which the electrons in the beam 
underneath Would be actually brought to rest. 
Practically this limit must be set still JoWer by 
reason of heat generated in the glass envelope 
directly below the gaps and by the danger of 
arc-over. The peak induced current is limited 
to a value approximately equal to or less than 
the D. C. beam current. Formaximum utiliza 
tion of the power capacity of a tube, the Voltage 
limit shouldbe reached at the same time that 
the current limit is reached. Consequently the 

3 
optimum load impedance can betaken as being 
approximately equal to the voltage limit divided 
by the current limiti. 

In order to cause the transmission lines 70, 71 
to present the desired impedance to the oscilla 
tor, an eXpedient similar to that used at the other 
end of the transmission line is employed. Thus, 
there is provided in connection with the elec 
trode 50, a resonant type transmission line adapt 
ed to provide a tuned tank circuit for the elec 
trode. This may comprise either a half-wave 
line Of the character used in connection With 
the electrode 59, or a quarter wave line short 
circuited at its extremity. The latter arrange 
ment is that shown in Fig. 1, wherein the reso 
nant line comprises the concentric conductors 
8 and 82. 
There is also provided a variable capacitive 

coupling between the transmission line 70, 7 
and the electrode 50. This coupling is obtained 
for example, by means of a movable disk 83 hav 
ing its surface directly opposed to, but spaced 
from the Surface of electrode 50. 
The manner in which the condenser disk 83 

serves as a matching device is indicated in Fig. 4 
Which represents the reactance of the condenser 
as the quantity X''c, and the characteristic im 
pedance of the transmission line 0, Ti as the 
quantity Ro. The reactance X''L is an inductive 
Component provided by slightly de-tuning the 
resonant line 75,76 as by shortening its length. 
It should be of approximately the same value 
as the capacitive reactance X''c so as to give the 
Circuit as a Whole an essentially resistive charac 
teristic. 
ASSuming that the optimum load impedance 

of the oscillator has a value R1, the illustrated 
netWork can provide this impedance if the quan 
tity X''cis made approximately equal to 

vRR 
that is, to the geometric mean of the two imped 
ances to be matched. (This is true on the as 
sumption that Rois small with respect to R1). 
Thus, by adjusting the condenser 83 (Fig. 1) 
to give the indicated value of X''c, the transmis 
sion line 70, 7 can be properly matched to the 
oscillator. 

In adjusting the apparatus in accordance With 
the principle described in the foregoing, I prefer 
first to compute an approximate setting for the 
coupling condensers 80 and 83 and to adjust the 
condensers to this setting. (It will be noted that 
the Various sections of the transmission line are 
provided With mutually slidable elements So as to 
permit this adjustment.) Thereafter the reso 
nant transmission lines associated With the elec 
trodes 50 and 59 are respectively adjusted to 
resonance. As to the former, a preliminary ad 
justment may be made by moVing the sliding ele 
ment 85 until resonance is attained. A nore 
delicate tuning of the System can be reached by 
means of a Vernier condenser comprising a Small 
metal disk 86 Which is movable toward and away 
from the electrode 50. The transmission line 
74, 75 is adjusted by appropriate movement of 
its telescoping parts. Another vernier condenser 
87 provided in connection With the electrode 59 
makes finer tuning possible. 
After this initial Setting is made the coupling 

condenser 80 may be more precisely adjusted 
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by trial and error to give optimum output from 
the utilization device 55, The same thing may 
be done With the condenser 83. After each such 
change the resonant lines associated With the 5 
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electrodes 50 and 59 will need to be slightly re 
tuned (primarily to controll the values of the 
inductive impedance components referred to in 
connection with Figs. 3 and 4). Proceeding thus 
by a method of successive approximations it is a 
relatively simple matter to obtain optimum ad 
justment of the system in a short time. 

Et will be understood that various known me 
chanical expedients may be employed for facili 
tating accurate adjustment of the various partS. 
For example, I have shown set-screws 90 provided 
at appropriate points for rigidly fiXing the vari 
ous slidable joints after a satisfactory adjustment 
has been reached. Alternatively, these joints 
may be given a screw-threaded construction 
which will permit fine adjustments to be made. 
The coupling system described in the foregoing 

is especially advantageous in that a single com 
bination of elements may be made to Work satis 
factorily over a fairly Wide range of frequencies. 
That is to say, if the operating frequency of 
the oscillator is changed, the coupling System 
can be adapted to the change simply by appro 
priate readjustment of the variable condensers 
80 and 83 and of the resonant lines 70, l' and 
74, 75. 
While II have described my improved transmis 

sion system as applied as a connection between 
an oscillator and an amplifier or the like, it Will 
be understood that it may be used With equal 
facility in any connection where the transmission 
of ultra high frequency energy is desired. For 
example, it may be employed between a power 
tube and a load device such as an antenna. 
Other uses Will occur to those skilled in the art. 
I aim in the appended claims to cover all such 

variations of structure and use as fall Within 
the true spirit of the foregoing disclosure. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. In combination, a device for delivering power 

at ultra high frequency, a system for receiving 
power at such frequency, the impedance of the 
system being materially different from theim 
pedance Which it ought to present to the device 
for optimum cooperation therewith and means 
for matching the impedances of the device and 
system, said means including a lumped capaci 
tance serially interposed between the device and 
the system and having a capacitive reactance the 
value of Which approximates the geometric mean 
of the impedances of the device and System. 

2. An impedance-matched System including 
a device for delivering power at high frequency, 
a utilization device adapted to be energized by 
the first-named device, a transmission line of 
indeterminate length connected between the 
devices for transferring power between them, 
and separate condensers respectively providing 
lumped capacitances serially interposed between 
opposite terminals of the transmission line and 
the devices, the capacitive reactance of each con 
denser being approximately equal to the geo 
metric mean of the characteristic impedance of 
the transmission line and of the impedance Which 
the line ought to present to the associated device 
for most effective cooperation thereWith. 

3. In combination, a device capable of supply 
ing power at a, plurality of different operating 
frequencies Within an ultra high frequency band, 
a utilization device adapted to be energized by 
the first named device, a transmission line of 
indeterminatè length connected between the de 
vices for transferring power between them, and 
separate condensers respectively providing 

2,233,166 
umped capacitances serially interposed between 
opposite terminals of the transmission line and 
the devices, the capacitive reactance of each con 
denser being adjustable through a range such 
that for each operating frequency of the power 
Supplying device an adjustment can be found at 
Which the capacitive reactance of Such condenser 
is approximately equato the geometric mean of 
the characteristic impedance of the transmission 
line and of the impedance Which the line ought 
to present to the associated device for most effec 
tive cooperation thereWith. 

4. In combination, a first discharge device hav 
ing an output electrode adapted to deliverpower 
at high frequency, a second discharge device hav 
ing an input electrode adapted to receive power 
at the said high frequency, a transmissionline for 
transmitting power between the two electrodes, 
a condenser serially interposed between one 
terminal of the transmission line and the said 
output electrode, said condenser having such a 
Value as to match the characteristic impedance 
of the transmission line to the optimum load 
impedance of the first discharge device, and a 
Second condenser serially interposed between the 
line and the said input electrode, the said second 
condenser being of such value as to match the 
characteristic impedance of the line to the input 
impedance of the said second discharge device. 

5. In combination, a devicefor supplying power 
at ultra high frequencies, a power-transmitting 
System connected to the device and having an 
impedance materially different from the optimum 
load impedance of the device, the said system 
impedance being of substantially resistive char 
acter, a condenser providing a lumped capaci 
tance serially interposed between the device and 
the transmitting system, and adjustable circuit 
means connected across the device for providing 
an inductive component substantially equato the 
capacitive reactance of the said condenser, the 
Value of such capacitive reactance being approxi 
mately equal to the geometric mean of the char 
acteristic impedance of the transmission line and 
of the optimum load impedance of the said de 
vice, Whereby the said line and device are brought 
into impedance matched condition. 

6. In combination, a device adapted to be ener 
gized at ultra high frequency, a transmission 
System for supplying power at ultra high fre 
quency to the device, said system having a char 
acteristic impedance which is materially different 
from the input impedance of the device, a con 
denser providing a lumped capacitance serially 
connected between the transmission system and 
the device, and adjustable circuit means con 
nected across the device and providing an induc 
tive component substantially equato the capaci 
tive reactance of said condenser, the value of said 
capacitive reactance being approximately equal 
to the geometric mean of the impedances of the 
device and of the system, Whereby the device and 
System operate in impedance matched condition. 

7. In combination, a discharge device adapted 
to supply power at ultra-high frequency, a con 
centric conductor transmission line connected to 
the output circuit of the device for receiving 
power therefrom, and means for matching the 
characteristic impedance of the line to the opti 
mum load impedance of the device, said means 
comprising a condenser serially connected be 
tween the line and the device and having a 
capacitive reactance Which approximates the geo 
metric mean of the said impedances, and a 
resonant-type transmission line connected across 
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2,288,166 
the output circuit of the device, said last-named 
line being adjusted to provide an inductive com 
ponent Which is at least approximately equato 
the capacitive reactance of the said condenser. 

i 8. In combination, a device adapted to be ener 
gized at ultra-high frequency, a concentric con 
ductor transmission line connected to the device 
for supplying pover thereto, saidine comprising 
an outer and a spaced inner conductor, and 

10 meatasfor matching the characteristic impedance 

5 
of the line to the impedance of the device, said 
means comprising capacitance-providing elements 

i serially interposed in the said inner conductor at 
a point relatively near its connection With the 
said device, the lumped capacitance provided by 
said elements being approxinately equal to the 
geometric mean of the impedances of the Said 
device and of the transmissionaline, 

WILLIAMI C.HAHN. O 


