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This invention relates to reactance compensa-
tion and more particularly to improvements in
the art of neutralizing the effects of the react-
ances which are unavoeidably present in radio fre-
quency power circuits. - As is-well known to those
skilled in the art, the frequency band width
throughout which a radio frequency transmission
circuit operates efficiently to transfer power is a
function of the shunt reactancses present -in:the
circuit. Thus a radio frequency source of inter-
nal resistance R shunted by a capacitance C will
develop across a load of impedance R a voltage
which is at least 70 percent of its maximum value

at any frequency within a band of width

1
AM=RE

The center frequency fo of the band Af depends
upon the magnitude of inductance L connected
across the source:

fe 1

" om/LC

It is apparent that the greater the capacitance
C, the narrower the band throughout which the
system will transmit power efficiently.

The principal object of the present invention
is to provide improved methods of and means for
compensating the effects of reactance in radio
frequency power circuits.

Another object is to provide improved methods
of and means for obtaining broad-band operation
of radio frequency power circuits.

A further -object is to provide methods of and
means for compensating the reactances of short-
circuited guarter wave line sections such as are
used in line balance convertor systems, quarter
wave supporting stubs and the like.

A still further object is to provide an improved
coaxial transmission line structure wherein the
inner conductor is supported on dquarter wave
stub lines, including means for compensating the
reactances of said stub lines,

These and other objects will become apparent
to those skilled in the art upon consideration of
the following description with reference to the
accompanying drawings, of which Figure 1 is a
schematic circuit diagram of a power transmis-
sion circuit embodying the invention; Figure 2
is a group of graphs illustrating the effects of
varying the characteristic impedance of one of
the transmission line elements in the circuit of
Figure 1; Figure 3 is a further group of graphs
illustrating the design of the circuit of Figure 1;

Figure 4 is a schematic diagram of a stub sup-’
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ported coaxial fransmission line constructed in
accordence with prior art practice; Pigure 5 is a
schematic ‘diagram- of a stub supported coaxial
line in accordance with the practice of the instant
invention; and Figure 6 is a schematic diagram
of a stub supported open-wire line analogous to
the coaxial line of Figure 5; Figure T is a modi-
fication of Figure 6; Figure 8 is a schematic dia~
gram of a further type of power transmission cir-
cuit embodymg the invention; and Figures 9 and
1¢ are modifications of Figure 8.

Referring to Figure 1, it is assumed that a load
!, of impedance Zo is to be energized {rom a source
g, also of impedance Zo through a transmission
line § having a characteristic impedance of Zo.
In the absence-of ‘any further circuit elements,
the load | and line 5 will be matched to the source
3 at all frequencies, providing efiicient transfer
of power independently of frequency. It is as-
sumed, however, that it is necessary to connect
across the load f a transmission line section 1,
short-circuited at its end remote from the load .
It is well known that quarter wavelength short-
circuited . transmission lines exhibit characteris-
tics similar to those of parallel resonant circuits.
Thus at the frequency at which the line T is one-
quarter wavelength long, a -very high impedance,
resistive in character, is presented across the load
£, At lower frequencies, the line T acts like an
inductance connected to the load {, while at
higher frequencies the line T presents a capacitive
As long as the re-
actance of the line T is very much greater in
magnitude than the impedance Zo of the load f,
there is substantially- no impedance mismatch
caused by the presence of the line 1. However,

‘ab all frequencies outslde of a certain, relatively

narrow band, the reactance of the line 7 will be
of the same order as the impedance Zo, or lower.
At any of these frequencies, a major portion of
the current from the source 3 will flow through
the line 1, dausing serious impedance mismatch
and preventing efficient transier of energy from
the source 3 to the load |I.

No great amount of energy is dlssmated in
the line T under the foregoing conditions. The
current is reflected back down the line § to the
source 3. Denoting the current transmitted by
the source 3 as i, and the 1ef‘ected culrent 12,
the absolute value of )
ﬁ

o

is’ the reflection coefficient K. 'Theé désree  of
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impedance match is commonly expressed in terms the impedance of the line 71 to the impedance
of standing wave ratic R where of the load {. From such families of curves the
s — |7°l ﬁgttest curve, corresponding to the.curve C of

k= i H‘ll Figure 2, may be selected to determine the cor-

o 5 rect ratio Ze/Zo for providing optimum reactance

2, the standing wave ratio compensation. This has been done, and the re-

Referring to Figure
is a Tunction of frequency, when sults are illustrated by the curve E of Fizure 3.

i

1

on the line §

supplying thxe load { shunted hy the line T with- The abscissa of the graph of Figure 3 is Zo/Zs.
out compensation, as represented by the solid where Zs is the surge impedance of the quarter
curve A, The ratio f/fo represents the departure ., wave line sections 1 and (1, and Zo of the im-
from the vesonant frequency of the line 7, that pedance of the load I. From the curve E the
is fo is the rescnant frequency of the line T and f proper value of the impedance Zc in terms of the
is the actual frequency of the energy being trans- load impedance Zo may be selected. Although the

mitted. It is seen that at resonance the standing  lines 5, 7, {1 and 9 are illustrated schematically
wave ratio is unity, indicating that no reflec- 15 in Figure 1 as parallel open-wire lines, it is to be
tien cccurs. At all other frequencies, R is less understood that any or all of the above lines
than 1, increasing with the departure from fo. may be of coaxial construction.

The curve of A, as well as the other curves of Denoting the electrical length of the line sec-
Figure 2, is hased on the assumption that the tion 9 as p, and that of the lines T and 1 as /2,
characteristic impedance of the line 7 is twice the impedance looking into the load { from the
the impedance of the load {. 20 end of the line section 9 is
In accordance with the present invention, the T o A o

line 5 terminates in 2 line section 8 of one-half (1) z,= 207 VR )42 sin ﬁ,ﬁ/‘). -
wavelength at the resonant frequency of the line ZotiZs%an pf2 Zo cos (p/2) +jZ, sin pi2
1, angd of impedance Z.. A quarter wave line I, The impedance looking into the line section 9
electrically identical with the line 1, is connected from its junction with the line 5 ts

JZ0Z, sin (p/2)
Zy cos p/24-72Z, sin p/2

+3Z, tan p

@) Za= 7 _ ZwZ, sin p/2 tan p Z.
¢ Zyceos p/2+7Z, sin pf2
_—Z,Z. tan p sin p/2+7Z. 7, cos p/2 tan p-+5Z,Z, sin (p/‘>)Z
- ZZy oS p/2—ZyZ, sin p/2 tan p+]Z Z, sin p/2 ¢
across the junction between the lines 5 and 8. Denoting the impedance at the end of the line 5,
It is found that by adujsting the surge impedance looking into the line 9 and including the quarter
Zc of the line section 8 to the proper value, the wave line Il as Z;,
1 1 1
® 2T G P
@ 1 ZyZ,sin (p/2) tan p—Z.Zy cos p/2—jZ.Z, sin p/2 1 i
Z: Z,Z;tan p-sin p/2—jZ.Zy cos pf2 tan p—jZyZ, sin p/2 Z, Z, tan p/2
standing wave ratio may be maintained substan- _ Denoting the conductive component of the admit-
tially equal to 1 over a wide range of frequencies. =~ tance
The curves B, C and D of Figure 2 show how the 1
ratio R varies with frequency with values of 1.1 7
Zo, 1.2 Zo, 1.3 Zo respectively for the surge imped- !
ance Zc of the line section 9. If is seen that with as Gi:
8 Gi= [(ZnZ sin p/2 tan p— cos p/2)(ZsZ. tan p tan p/2) -+ (2.2 cos p/2 tan p4-ZyZ, sin p/2) (Z.7.) sin pf2]
ZJ[(ZZ, tan p sin p/‘)) +(Z:Zy cos p/‘> tan p+Z0Z, sin p/2)?2)

Ze=1.1Z, the standing wave ratio remains Denoting the susceptive component of
higher than .9 throughout the range .57 fo to 1.43 1
fo. With Z.=1.2 Z,, the ratio R remains sub- 35 7
stantially constant at unity from .75 fo to 1.25 fo. i
The preferred value for Z. probably lies some- as B;:

(6) Bi=[(ZvZ, sin p/2 tan p—Z.Zy cos p/2)(Z.Zy cos p/2 tan p-Z,Z, sin p/2) — 2272 tan p sin? {0/2)]

1
Z, tan p/2

=[(Z5— 2 Z3sin? (p/2) tan p— Z2Z3 cos? (p/2) tan p+ Z32Z,Z.sin (p/2) cos (0/2) tan? p— Z3Z.Z.sin p/2 cos p/2]

Z(Z.Z. tan p sin (p/2))2+ (Z.Zy cos p/2 tan p-+ZyZ, sin p/2)2]—

1

= Z[(Z,7, tan p sin (p/2))2 - (Z.Z, cos p/2 tan p+Z,Z, sin p/2)2]—m

where between 1.1 and 1.2 Zo, providing a stand- Thus Z;, Ri and Xi may be computed for any
ing wave characteristic intermediate those shown 70 values Zs, Zo and Ze.
by curves B and C. Curve D shows clearly that
s fet An “-e nr a1 - ge e 3 -
;_.03 Zo is outside the preferred range cf values for % Zim Ri-rjX =
Families of curves similar to those of Figure 2 .
may be calculated and plotted for other ratios of 7 The standing wave ratio R may be computed as

1
G'—f—jB
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mentioried above from the direct and reflected
currents it and ia.

: R, X,
» ZE: 1Y|
9 iy= A[ 1-5—i7

where A is a constant. The curves of Figure 2
are calculated by substituting the indicated values
of Z¢, Zo and Zs in the above Equations 4, 5, and
6 to determine Ri and X, which are substituted in
Equations 8 and 9 to determine the currents i1
and iz for calculating the standing wave ratio.
By differentiating the expression for B: (Equa-
tion 6) with respect to p, substituting p=nr ra-
dians, and setting .

d(By) _
dp =0
and solving for Z. in terms of Zo:

Z 2
ENATC)
Z. Zy
(10) ZE= Zs
’%
This represents the value of
Z,
Zy

which provides zero rate of change of Bi with
frequency. Equation 10 is represented graphi-
cally by the line F of Figure 3. It is seen that
the curve F deviates from the curve E by a vary-

ing amount, up to about 10 percent at
Zy__
Z. =1

This is accounted for by the fact that the curve
which is flattest at fo is not necessarily the flat-
test throughout an appreciable range. See Fig-
ure 2. Since the values of

Ze
Zy

represented by the curve B were determined by
inspection of families of curves like that of Fig-
ure 2, it is probable that the optimum value, for
a given set of conditions, for the ratio

Z
Z,

lies somewhere between that indicated by the
curves E and F of Figure 3.

The above described method of reactance com-
pensation may be applied. to the design of a
stub supported transmission line. Referring to
Figure 4, a coaxial stub supported line construct-
ed in accordance with prior art practice com-
prises an ouber conductor 13 and an inner con-
ductor 15. In order to avoid the use of insulating
materials for supporting the inner conductor 15,
a plurality of quarter wave short-circuited stub
lines are provided, with their outer conductors i1
connected to the outer conductor 13, and their
inner conductors 19 connected to and supporting
the inner conductor 5. At the frequency at
which the stub supporting lines are exactly one-
quarter wavelength, the impedances presented hy
the stubs are so great. with respect to the char-
acteristic impedance. of the line 13, 15 that their
shunting effect is negligible. At lower frequen-
cies, the lines 11, 19 present inductive reactances
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along the line 13, I5 and at higher frequencies,
capacitive - reactances. These reactances are
neutralized to some extent by placing the stub
lines at points 21 and 23, one-quarter wavelength
apart along the line i3, 15. At frequencies some-
what lower than jo, the inductive reactance pre-
sented by the stub at the point 21 is substantially
inverted by the quarter wave section between the
points 24 and 23 to provide capacitive reactance
at the point 23, which tends to cancel the in-
ductive reactance presented by the other stub
line at the point 23. Thus the system of Figure
4 will operate efficiently throughout a band of
frequencies, rather than only at the single fre-
quency fo. The same principle may be applied
to a stub supported parallel open-wire line.

Referring to Figure 5, a stub supported coaxial
line in accordance with the instant invention is
shown. This line will operate over a wider band
of frequencies than that shown in Figure 4. A
line section comprising inner and outer conduc-
tors 25 and 27 respectively is inserted in series
in the line i3, 15. The section 25, 27 is one-half
wavelength Iong at the frequency fo, and the
stubs 17, 19 are connected to the ends thereof.
By proportioning the diameters of the conductors
25 and 27T to provide the proper surge impedance
in accordance with the information illustrated
graphically in Figure 3, the half wave line section
and the supporting stubs are designed to intro-
duce substantially no reflection throughout a rel-
atively wide band of frequencies. It will be ap-
parent that supporting sections such as that illus-
trated in Figure 5 may be placed at points along
the line 13, 15 as far apart or as close together
as dictated by mechanical consideration. A fur-
ther possibility is to provide a stub at each half
wavelength interval along the line (3, 15. In
this case the diameters of the inner and outer
conductors will remain constant throughout the
length of the transmission line. However, the
input and output impedances of the line will be
somewhat lower than the characteristic imped-
ance of the line itself.

As is the case with the prior art stub sup-
ported line of Figure 4, analogous parallel open-
wire lines may be constructed embodying the
principles illustrated in Figure 5. Referring to
Figure 6, an open-wire line comprising parallel
conductors 41 includes a section 43 one-half
wavelength long of characteristic impedance Ze,
shunted at each end by quarter wave open-wire
stubs 45, short-circuited at their lower ends,
which rest on a supporting surface 47. The cor-
rect value of the impedance Z¢ of the section 43
may be obtained by adjustment of the spacing
between the conductors 43, as shown in Figure
6, or by using conductors in the section 43 which
are of a different diameter from the conductors
41.

Referring to Figure 7, a structure similar to
that of Figure 6 is illustrated, in which the half
wave conductors 43 are spaced the same as the
conductors &1, but are of smaller diameters to
provide the correct value of Zec. Coaxial quarter
wave stubs 49 are substituted for the open-wire
stubs 45 of Figure 6. Each of the stubs 48 com-
prises a conductor 58 surrounded by a conductive
sleeve 52. The sleeve 52 is one-quarter wave-
length long at the mean operating frequency and
js connected at its lower end to the conductor §8.
Four coaxial stubs 49 are required, one for each
end of the conductors 43. Each stub operates like
the stubs {7, 19 of Figure 5. The operation of
the system of Figure 7 is like that of Figure 6,



2,410,085

7

A further application of the invention is illus-
trated in Figure 8. A radio frequency source 3,
which may be a vacuum tube oscillator or ampli-
fier, is to be coupled to a load {. Tt is assumed
that the impedance of the source | is matched to
that of the Ioad {. A capacitance, represented by
a capacitor 28, is shunted across the source 3. As
stated above, the smaller the value of the ca-
pacitor £9, the hreader the band throughcut which
energy can be transmitted to the load {. The
capacitor 2§ is shunted by an inductor 2{ to res-
onate at the center frequency fo of the band
throughcut which transmission is desired. A half
wavelength line section 23 is connected at one
end to the source 3. The other end of the line 33
is shunted by a quarter wave stub 238, A line 37is
connected to the line 33 and across the stup 3§,
and extends to the load {. The line 37 is designed
to have a characteristic impedance Zo equal to the
impedance R of the load {. The characteristic
impedance Zs of the stub 35 is made equal to

1
SHC

_W\/Lf_
Ve

where L is the inductance of the inductor 3f and
C is the capacitance of the capacitor 29. The
proper characteristic iimpedance Zc for the half
wave section 33 may be determined from the curve
E of Figure 3.

Referring to PFigure 9, a capacitor 3% and an
inductor 36, identical with the capacitor 29 and
inductor 3, may be placed at the end of the half
wave section 33 instead of the stub 25 of Figure 8.
The impedance Zc of the secticn 33 may be de-
termined by using a value of

1
8fC
with the curve E of Figure 2.

Figure 10 illustrates a further mochﬁcamon
wherein stub lines 32, and 34, not necessarily one-
guarter wavelength long, but identical with each
other, are sulstituted f01 the inductors 31 and 36
of Figure 9. The system of Figure 10 is otherwise
identical with that of Figure 9 and is designed in
the same manner.

Thus the invention has heen described as an
improvement in the art of reactance compensa-
tion. A half wavelength transmission line is con-
nected to the point at which the reactance to be
compensated appears, and is shunted at its cther
end by a reactance element substantially identical
with that to be compensated. By adjusting the

which is equal to

Z,=

characteristic impedance of the half wavelength

line in accordance with that of the reactance cle-
ments and the impedance of the transmission cir-
cuit, compsensation is efiected throughout a rela-
tively wide band of frequencies. Several appiica.-
tions of the invention have been described. 1Ifis
to be understood, however, that the invention may
ke used in numerous other situations where unde-
sirable reactance is present. One such applica-
tion is illustrated in copending U. S. patent ap-
plication Serial No. 550,568, filed by G. H. Brown
and D. W. Peterson on August 22, 1944, and en-
titled Radio power division networks, wherein the
reactance of a line balance convertor device is
compensated.

The invention covered herein may be manufac-
tured and used by or {or the Government of the
United States for any governmental purpose with-

(413
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out payment to me or assigns of any royalty there-
on.

I claim as my invention:

1. In a radio frequency network including a
load and g reactance element shunting said load,
means for compensating the effects of said re-
actance element comprising a transmission line
one half wavelength long at the center of the band
of frequencies throughout which the system is to
operate, connected at one end to said load, and
a second reactance element substantially identi-
cal with said first reactance element connected to
tiie other end of said line,

2, In a radio frequency network including a
source and a reactance element shunting said
source, means for compensating the effects of said
reactance element comprising a transmission line
one half wavelength long at the center of the band
of frequencies throughout-which the system is to
operate, connected at one end to said source, and
a second reactance element substantially identi-
cal with said first reactance element connected to
the other end of said line.

3. A radio frequency network including a source
of radio frequency energy, a load, a resonant ele-
ment shunting said load and resonant at the
center of the band of frequencies throughout
which the system is to operate, and means for
compensating the reactance effects of said res-
onant element, comprising a transmission line
substantially one half wavelength long at the cen-
ter of the band of frequencies throughout which
the system is to operate, with one of its ends con-
nected to said load and the cther of its ends con-
nected 1o said source, and a secoend resonant ele-
ment connected to said last mentioned end of gaid
line and resonant at the center of the band of fre-
quencies throughout which the system is to oper-
ate.

4. A radio frequency network including a source
of radio frequency energy, a lead, a resonant ele-
ment shunting said scurce and rescnant at the
center of the band of frequencies throughout
which the system is to operate, and means for
compensating the reactance effects of said res-
onant element, comprising a transmission line
substantially one half wavelength long at the cen-
ter of the band of frequencies throughout which
the system is to operate, with one of its ends con-
nected to said source and the other of its ends con-
nected to said load, and a second resonant element
connected to said last mentioned end of said line
and resonant at the center of the band of fre-
quencies throughout which the system is to op-
erate.

5. In a radio frequency network including a
load of impedance Zs, shunted by an element
which exhibits parallel resonant characteristics
to energy of wavelength X\, and has a surge im-
pedance Zs, a system for compensating the re-
actance of s2id element throughout g band of fre-

‘queacies, comprising a transmission line of length

N2 and surge impedance Ze, connected at one of
its ends to said load, and a second element ex-
hibiting parallel resonant characteristics identi-
cal with these of said first mentioned element,
connected to the other end of said line, the surge
impedance Zc of said line being such as to sat-

isfy the relation:
1 +¢ 1+ 4<Z

70
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6. In a radio frequeney network including a
source of impedance Zo, shunted by an element
which exhibits parallel resonant characteristics
to energy of wavelength A\, and has a surge im-
pedance Zs, a system for compensating the re-
actance of said element throughout a band of
frequencies, comprising & transmission line of
length 2/2 and surge impedance Ze, connected
at one of its ends to said source, and a second
element exhibiting parallel resonant character-
istics identical with those of said first mentioned
element, connected to the other end of said line,
the surge impedance Z¢ of said line being such
as to satisfy the relation:

Z\?

&_1+1/1+4(70)
Zo Ze
7

7. In a radio frequency network including a
load of impedance Zo, shunted by an element
which exhibits parallel resonant characteristics
to energy of wavelength A, and has a surge im-
pedance Zs, a system for compensating the re-
actance of said element throughout a band of
frequencies, comprising a transmission line of
length A/2 and surge impedance Z., connected
at one of its ends to said load, and a second ele-
ment exhibiting parallel resonant characteris-
tics identical with those of said first mentioned
element, connected to the other end of said line,
the surge impedance Zc of said line being such
that the quantity )

Z,

Zy
has a value lying within the range of 90 percent
to 100 percent of that of the quantity

Z\?
ry/14()
Z,
*Zs
8. In a radio frequency network including a
source of impedance Zo, shunted by an element
which exhibits parallel resonant characteristics
to energy of wavelength A, and has a surge im-
pedance Zs, a system for compensating the re-
actance of said element throughout a band of
frequencies, comprising a transmission line of
length 2/2 and surge impedance Ze, connected
at one of its ends to said source, and a second
element exhibiting parallel resonant characteris-
tics identical with those of said first mentioned
element, connected to the other end of said line,
the surge impedance Ze of said line heing such
that the quantity

2z,
N Zo
has a value lying within the range of 90 percent
to 100 percent of that of the quantity

é)z
o)
Z,

*Z
9..In a radio frequency network including a
source of radio frequency energy, a load of im-
pedance Zo, a transmission line section connect-
ed to said load device, and having a length of an
integral number of quarter wavelengths at the

center of the band of frequencies throughout
which the system is to operate and a surge
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impedance Zs, 2 system for compensating the re-
actance of said transmission line section, includ-
ing a second transmission line section of one half
wavelength and a surge impedance Ze connected
at one of its ends to said load and at the other of
its ends to said source, and a third transmission
line section substantially identical electrically
with said first transmission line section, connect-
ed to the scurce end of said half wave line, the
impedances Zo, Zs and Zc being related as follows:

10. In a radio frequency network including a
load, a source of impedance Zo, a transmission line
section connected to said source, and having a
length of an integral number of quarter wave-
lengths at the center of the band of frequencies
throughout which the system is to operate and
a surge impedance Zs, a system for compensat-
ing the reactance of said transmission line sec-
tion, including a second transmission line section
of one half wavelength and a surge impedance
Zc¢ connected at one of its ends to said load and
at the other of its ends to said source, and a third
transmission line section substantially identical
electrically with said first transmission line sec-
tion, connected to the load end of said half wave
line, the impedances Zo, Zs and Zc being related as

follows:
——
()
oZs

.-
Zy

Ze
Zy

11, In a radio frequency network including a
source of radio frequency energy, a load of im-
pedance Zo, a transmission line section connected
to said load device, and having a length of an
integral number of quarter wavelengths at the
center of the band of frequencies throughout
which the system is to operate ahd a surge im-
pedance Zs, & system for compensating the re-
actance of said transmission line section, includ-
ing a second transmission line section of one half
wavelength and a surge impedance Zc connected
at one of its ends to said load and at the other
of its ends to said source, and a third transmis-
sion line section substantially identical electri-
cally with said first transmission line section,
connected to the source end of said half wave
line, the impedances Zo, Zs and Ze being related
so that the quantity

Ze
Zy

has a value within the range of 99 percent to 100
percent of that of the quantity

Z 2
1 \/ 1 4(—‘)
+ + Z,
Z,
7
12. In a radio [requency neitwork including a
source of radio frequency energy, a load of im-
pedance Zo, a transmission line section connected
to said source, and having a length of an integral
number of quarter wavelengths at the center of
the band of frequencies throughout which the

system is to operate and a surge impedance Zs, 2
system for compensating the reactance of said
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transmission line section, including a second
transmission line secticn of one half wavelength

and a surge impedance Z. connected at one of
its ends to szid load and ai the other of its ends
to said scurce, and a third transmission line sec-
tion substantially identical electrically with said
first transmission line section, connected to the
load end of said half wave line, the impedances
Zo, Zs, 2and Zc heing related so that the quantity

Z.

A
has a value within the range of 90 percent to 100
percent of that of the quantity

oG

9Zs.

Zy
13. In a radio frequency network including a
source of radio frequency energy, a load of im-
pedance Zo, a transmission line section one-
quarter wavelength long connected at one end to
said load device, and short-circuited at its other
end and having a surge impedance Zs, and a sys-
tem for compensating the reactance of said trans-
mission line section, including a second trans-
mission line section of one half wavelength and
a surge impedance Zc connected at one of its ends
to caid load and at the other of its ends to said
source, and a third transmission line section sub-
stantially identical electrically with said first
transmission line section, with one end connected
to the source end of said half wave line and ifs
other end short-circuited, the impedances Zo, Zs

and Zc being related so that the quantity

Z,
Zo

has a value within the range of 90 percent to 100
percent of that of the quantity:

- 2
1o ()
Zs
2 7,

14. In a radio frequency network including a
source of radio frequency energy, a load of im-
rvedance Ze, a transmission line section one-quar-
ter wavelength long connected at one end to said
source and short-circuited at its other end, and
having a surge impedance Zs, and a system for
compensating the reactance of said transmission
line section, including a second transmission line
section of one half wavelength and a surge im-
pedance Z. connected at one of its ends to said
load and at the other of its ends to said source,
and a third transmission line section substantially
identical electrically with said first transmission
line section, with one end connected to the load
end of said half wave line and its other end short-
circuited, the impedance Zo, Zs and Zc being re-
lated so that the quantity

Z,
Zy

has a value within the range of 90 percent to
100 percent of that of the quantity:

ey o(Z)
Sk Lav 27
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15. A radio frequency power transmission sys-
tem including a load of impedance Zg, a radio
frequency source of impedance Zo, a transmis-
sion line having a surge impedance Zc connecting
said load to said source, and a plurality of short-
circuited stub line sections of lengths \/4 and
surge impedance Zs connected to said transmis-
sion line at intervals along its length of »/2,
wherein \ is the wavelength at the center of the
band of frequencies throughout which the system
is to operate, and the impedances Zo, Zs, and Zec
are related so that the quantity

Ze

Zy
hags a value within the range of 90 percent to
100 percent of that of the quantity:

1+y/1+4(5)
Z,
%7,

16. A stub supported coaxial transmission line
of characteristic impedance Zo, including at least
one supporting member comprising a half wave-
length coaxial line section of characteristic im-
pedance Zc provided with short-circuited quarter
wave supporting stub lines of characteristic im-

edance Zs connected to each end thereof, where-
in
Z.
Zy
is within the range of 90 per cent to 100 percent

of
yfieiZ)
*Zs

17. In a radio frequency power system includ-
ing a source of internal resistance R and a
capacitance C, tuned to resonance at a frequency
f by a shunt inductance L, a load of resistance R,
broad band transmission means for coupling said
source to said load including a transmission line
of one half wavelength at the frequency f and of
characteristic impedance Z. connected between
said load and said source, and a short-circuited
transmission line of one-quarter wavelength at
the frequency f and of characteristic impedance
Zs connected across said load, wherein Zs and Z¢
are related to R in such manner that

Ze

R

is within the range of 90 percent to 100 percent of

Z\*
o)
Z,
’®
18. A stub supported transmission line of char-
acteristic impedance Zo, including at least one
supporting member comprising a half wavelength
line section of characteristic impedance Z. pro-
vided with short-circuited quarter wave support-

ing stub lines of characteristic impedance Zs con-
nected to each end thereof, wherein

Ze

Z,
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is within the range of 90 percent to 100 percent
of
Z:\?
i)
Z,
%%
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