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4 Claims.

Tlns mvention relates to high -frequency im- ‘

\pedance transformers

" “For many purposes‘it may be- desu'ed to convert
& complex impedance 4nto a substantially non-
‘reactive or pure res1stance For ‘example, in‘the
resistance pad referred to in ‘the British patent
'apphcatlon No. 186, 507/42 it ‘may ‘be ‘desired to
‘remove an’ unwanted reactance from ‘the’ pad 50
fas to Teave a substantially ‘pure resistance. Also
‘in ‘¢cases -where ‘it is deslred to ‘provide ‘an im-
“pedance match between s coaxial line circuit-and
K Waveguide difﬁculties are sometlmes encoutit-
"ered ‘in obtammg the desired impedance match
_owing to'the- presence: of ‘an- unwanted reactance.
“Furthermore, itis sometimes- necessary ‘to connect
a” waveguide to a ‘hollow cav1ty resonator wl‘nch
“has a complex impedsnce and ‘in such a case it
may benecessary to make the complex: 1mpedance
-of ‘the resonator ‘appear ‘as & substantlally non-
“reactive or pure: Tesistance.

“The ‘object of ‘the- present invention therefore
s ‘to provide an 1mproved Impedance transformer
“for- the purpose of converting a complex mrped
.ance ‘into -a substantially - non-reactwe ‘or ‘pure
'iresxstance

‘According to one feature of theinventiona high-

frequency. nnpedance “transformer ‘is provided
comprismg a. length of transmissmn line, ‘said
“transmission Tine having at one end g complex
-impedance A-:7B and wherein, in order to make
“said complex Impedance appear from the other
end of sajd’ line as a substantially non-reactrve or
pure resistance, the length and the characterfstm
"1mpedance Zo .of the transmlsszon line and the

Acomplex impedance are so rélated to one: anotherr
that
— kBB (LB
'J?lihel.'ﬁ
) k=1 —tang
© tan 6

According to, another feature of the inventton
- a’high frequency impedance transformer is pro-
,v1ded comprising a Tength of wavegtiide, “said
waveguide ‘having -at oneend a -complex 1mped-
~ance, A--iB and: ‘wherein, in_order to make said
omplex impedanceé. appear from the ‘other _ehd
of said. wayeguide as a su“bstantxally non-reactive
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‘ot pure resistance, the Tength and. .characteristic
impedance Zo of the wavegulde -and the, comple\:
.impedance are.so. related to one another tha.t

. iR k2 Né )
| gy =HBANE e;"+"4f P+ By
-Where
: L _l—tam®
b=fne

Tn “the preferred forims ‘of ‘the “invention “the

‘length of transmission line or Waveguide is made
“effectively equal “to -one=eighth ‘of the operating
“frequency ‘angd the characteristic impedance.of ‘the
‘transmission line or ‘waveguide and the modults
“of said” complexxmpedance are made’ substantlally

equal to one another in order to make said corm-

-plex impedance .appear -as = substantially non-

‘reactive or pure resistance. ‘Thus, if the length
of transmission line or waveguide is one-eighth of
a wavelength long or any odd multiple of “one-
eighth of a waveleémgth, then the impelance Zo
of the transmission }ine or ‘waveguide is made
equal to the modulus :

WA+B)

jof ‘the complex impedance. The ‘value .of said
;pure resxstance isgiven by the- expressmn

M+B

,M‘ -

" .where M is the modulus of the- eomplex imped-~
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ance.
If the length of transmxssmn line or wavegmde
employed is equal ‘to: or is in the neighborhood

-of ‘& quarter ef :a wavelength -of the operating
-frequeney ‘or integral multiples thereef, then.in
-order-te make the-complex impedanceappear €S

a substantially non-reactive:or pure resistance:it
is necessary to make the characteristic impedance
of the transmission: line -or waveguide very small
which is inconvenfent in practice and hence such

Jdengths: of transmissionline or wavegwde should

be avoided. .

If the value of the substantlally pure resistance
afforded by the transformer is not of the required
value, then it is pessible to employ, in conjunc-

tion with the .transformer,.a further section.of
transmission liné or waveguide effectively equal
_to one-quarter of a wavelength.long or odd’ nte-
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gral multiples thereof so as to convert the pure
resistance afforded by the transformer in ac-
cordance with the invention to some other desired
value,

In order that the invention may be clearly un-
derstood and readily carried into effect it will now
be more fully described with reference to the
accompanying drawings, in which:

Figure 1 illustrates diagrammatically a trans-
former in accordance with one form of the inven-
tion,

Figures 2 and 3 illustrate diagrammatically
transformers in accordance with the form of the
invention shown in Figure 1 associated with fur-
ther sections of transmission line for converting
the pure resistance to a desired value, .

Figure 4 illustrates the application of the in-
vention to the coupling of a. coax1a1 line circuit
to a wave guide, .

Figure 5 illustrates diagrammatically the cou-
pling of two waveguides by a coaxial line circuit,

Figure 6 illustrates diagrammatically an im-
pedance transformer comprising a section of
waveguide, and

Figure 7 illustrates dlagrammancally a modi-
fication of the arrangement shown in Figure 6.

Referring now to Figure 1 of the drawings
which illustrates the invention as applied to a
transformer comprising a section of coaxial line,
the reference numeral 8 indicates a section of co-
axial line feeding a complex impedance A+;B in-
dicated by the reference numeral 9. In order
to make the complex: impedance appear to be a
substantially non-reactive or pure resistance at
the end of the transmission line 8 an impedance
transformer is inserted between the line 8 and the
impedance 9 indicated at {9 composed of a fur-
ther section of coaxial transmission line the
length and the characteristic impedance Zo of
the section 10 and the complex impedance 9 are

so related te one another that
Zo— —kB+VkZB;+4(A2+Bz) eh)
W_here .
_l—tan%é-
kb= tan ¢

It is preferred to make the length of the sec-
tion 10 effectively equal to one-eighth of the
wavelength of the operating frequency, the char-
acteristic -impedance. of the section (0 and the
modulus of the complex impedance 9 being made
substantially equal fo one another. Thus, if the
length of the section 18 is one-eighth of a wave-
length long or any odd multiple of one-eighth of
a wavelength, then the impedance Zo of the trans-
mission line is made equal to the modulus

WA+B)
.of the complex impedance. Where the length of
‘the section §0 is equal to n odd eighth-wave-

lengths then when 7 is 1, 5, 9 etc., the value of the
‘pure resistance is given by the expression

M\/M+B

and when » is 3, 7, 11 ete., the value of the pure
resistance is given by the expression .

M—B

M+B .

where M is the modulus of the complex imped-

ance.
If the value of the substantxally pure reswtance

M
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afforded by the transformer is not of the required
value, then it is possible to employ, in conjunction
with the fransformer, a further section of a trans-
mission line effectively equal to one-quarter of a
wavelength or odd integral multiples thereof so
as to convert the pure resistance afforded by the
transformer in accordance with the invention fo
some other desired value. . Figure 2 of. the draw-
ings illustrates the introduction of such a quarter
wavelength section I{ between the section 10 and

_the complex impedance 9, whilst Figure 3 of the

drawings illustrates the introduction of the quar-
ter wavelength section 11 between the line 8 and
the section 10. In the latter case, assuming that
the complex impedance A--jB is transformed by
the transformer 10 to a pure resistance R and it
is desired to convert the pure resistance R to an-
other pure resistance R’, for example, in order
to provide an impedance match with the line 8,
then the characteristic impedance Z’c of the

-quarter wavelength section 11 is given by

Z'v=+RR’

Whilst the invention is capable of a wide vari-
ety of uses, it is of particular importance in
matching a coaxial cable to a wave guide. Here-
tofore when. it has been desired to effect an im-
pedance match between a cable and a waveguide,
such has been accomplished by connecting the co-
axial cable to a probe projecting into the wave-
guide. To effect an impedance match two re-
quirements have -to be satisfied. Firstly, the re-
sistive component of the guide impedance as seen
from the end of the coaxial cable must be made
equal to the characteristic impedance of the ca-
ble, and, secondly, the reactive component of the
guide Impedance as seen from the end of the co-
axial circuit must be made zero. . Usually, in or-
der to satisfy these requirements the length of
the portion of the probe which projects. into the
guide is adjusted so that the resistive component
is of the required value which usually leaves a
large reactive term which is then tuned out by
varying the position of a tuning piston associated
with the waveguide. It has been found that it is
even sometimes necessary . to employ additional
tuning plungers. On account of the number of
adjustable elements that it is necessary. to em-
ploy in such an arrangement the latter is not
only complicated to adjust but the impedance
match is liable to be disturbed by mechanical
shock. Furthermore, the matching of a cable to
a waveguide in this manner necessitates an accu-
rate balance to be made between two relatively
large reactances and hence any small change. in
the operative wavelength which changes either or
both of the two opposing reactances usually re-
sults in the two reactances becoming unequal giv-
ing rise to a relatively large residual reactance.
Thus the arrangement described affords only a
satisfactory impedance match over a relatively
narrow frequency band.

Figure 4 of the drawings illustrates the inven-
tion as employed to obtain an impedance match
between a coaxial cable 12 and a waveguide (3.
One end of the waveguide (3 is closed by a con-
ductor 14 which may be permanently fixed in po-
sition as distinet from the adjustable piston em-
ployed in the prior arrangement above referred
to and the coaxial cable is connected to_a probe
15 projecting into the waveguide, the probe 15
also being rigidly fixed in position in any suitable
manner and disposed at a desired position with
reference to the closed end of thé guide. The

75 probe 15 may comprise a projecting portion of
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the centre. conductor of the. coaxial cable: the
euter conductor - of which is conmnected to: the
waveguide, as shown. The impedance at the
point: where the probe passes into the waveguide
is. .determined. by any of the well known means
&nd; in general, this impedance will be complex
and not equal to the characteristic impedance.of
the coaxial cable. In order to .convert the com-
plex impedance into a substantially pure re-
sistance a transformer in accordance with the in-
vention is employed which, as shown, comprises
a sleeve 16 surrounding the probe 15 or centre
conductor and insulated therefrom, said sleeve
being:preferably one-eighth of a wavelength long.
The characteristic impedance of the transmission
line formed by the sleeve 16 and the portion of
thie probe 15 or centre conductor surrounded
thereby is made equal to the modulus of the com-
plex impedance. This transformer will convert
tHe complex impedance to a pure resistance R-and:
if' it is necessary to convert the pure resistance R
to & value equal to the characteristic impedance
of the coaxial cable in order properly to terminate
the coaxial cable, then a further transformer ef-
fectively equal in length to ome-quarter of a
wavelength is then inserted between the cable 13
and the transformer in accordance with the in-
vention, the characteristic impedance of the
quarter-wave transformer being made equal to

/ Z”o R

where Z’’o is the characteristic-impedance of the
coaxial cable.” The quarter-wave transformer, as
shown, comprises a sleeve |7 surrounding and
jifisulated from the centre conductor of the co-
axial cable and it may be convenient in practice
to form the sleeves 18 and {7 integrally with one
another, the sleeves fitting within:and being con-
nected to the outer conductor of the cable, as
shown. The construction described will provide
an impedance match between a coaxial cable and
a waveguide which is of a rigid nature and re-
quires no adjustment after being initially cor-
rectly assembled. If desired the space between
the cenfre conductor and said sleeve may be
filled with solid insulation and it will therefore be
appreciated that the physical lengths of the trans-
formers may be different from their electrical
lengths depending upon the dielectric constant
of ‘the insulation employed.

‘It will be appreciated from the above that-an
impedance match can be obtained whatever is
the length of the portion of the probe (5 which
projects into the waveguide and furthermore, the
mateh can be obtained whatever the position of
the probe relatively to the closed end of the wave-
guide. This is advantageous since it is possible
thereby to make the arrangement less susceptible
to changes of operating frequency. As stated
above, the magnitude of the complex impedance
as seen through the transformer according to
the invention when employing & transformer ef-
fectively equal to one-eighth of a wavelength

long, is equal to
M+ B
Myu—B

and if B is small compared with A, that is to say,
about one-fifth or less, the expression reduces
approximately to A--B. Hence, if the length of
the probe is adjusted together with the position
of>the closed end of the guide so that the:-wave-
guide’impedance has its two components A and
B varying with frequency in such a way that the
sum-of the two is-constant, then- the impedance-
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seeén: through: the: transformer section will: also
be. constant with frequency. Thus; since it is
possible to vary the length of the probe and the
position of the closed end of the waveguide in-
dependently of one another, it is possible to ob-
tain a condition in which the component A falls
with frequency and the component B rises-with
frequenecy over g relatively wide- range-of fre~
quenecies in such a- way that the sum of the two:
componentsis constant. ‘Hence, such an-arrange--
ment: will afford an impedanee mateh over a rela-
tively wide frequency range.

If desired, two sections of waveguide may be-
contiected together by a length of eoaxisl cable-
each end of which is matched to its associated’
waveguide by the  construction described with
reference to Figure 4. Figure 5 illustrates such
an arrangement, the reference numerals 17- and-
18 indicating two sections of waveguide and:the
numeral 19 & length of coaxial cable. The co-
axial cable is provided with a rotatable joint 20,
such as the plug and socket joint described in
the specification of British patent application
No. 11,862/42, the provision of such a joint en~-
abling the two sections of waveguide to be ro--
tated with respect to one another without the
necessity of providing specially constructed joints
in the waveguide sections. Heretofore, when it
has been desired to employ two sections of wave-
guide ‘mounted -for relative rotational movement
it has been usually necessary to provide special
tuning plungers and to.:maintain the distance
between the two waveguide sections very small
and of a fixed dimension. If the two sections of
waveguide are coupled by means- of ‘g coaxial’
cable as shown in PFigure 5, the distanee between-
the two waveguide sections can be made of any
desired length, since the coupling -is afforded-
by a coaxial cable which can be of any appropri-
ate length without disturbing the impedance
match. There is also an added advantage that
the coaxial cable joining the two waveguides can
be bent so as to negotiate corners or other ob-
structions. The dimensions of the coaxial cable
should be chosen to afford a minimum loss-but
the dimensions ‘must not be such as to-permit
the propagation of unwanted modes.

The invention can also be-applied to impedanece-
transformers composed -of sections of -waveguide:

Tt is' known that the theory of two-wire trans-
mission lines, such as coaxial cables, can be ap-
plied to waveguides providing that in-gny given
problem the guides have substantially the same
physical dimensions and energy-of the same mode
is-transmifted through the guides. In the case
of a two-wire transmission line the impedance at
any point-is defined as the ratio of voltage to the
current at that point. In the caseof a waveguide,
however, the impedance at any point-is defined
as the ratio of the transverse electric-field-to the
transverse magnetic field at that point.

Suppose that in-any-guide of any form-in cross~
section there are three-axes, x, ¥ and z mutually
at right-angles and that 2 is the axis along which
propagation occurs, then the characteristic -im-
pedance Zo-of the guideis:

H, "  H,

these  two ratios -having the same value. This
ratio gives the same value at every-point in the
guide but is different for-each mode of the en-
ergy transmitted.

‘For H-waves (or-transverse electric-waves) -the
ratio-becomes it/No, where \o-is the-wavelength in:
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air and At is the corresponding value in the guide.
For E waves (or transverse maghnetic waves)
the ratiois

Ao
kX

where & is the dielectric constant of the material
in the guide and the permeability of this mate-
rial is assumed to be unity. Since A+ depends on
the particular E or H mode being transmitted
gnd also on the dimensions of the guide, it follows
that the characteristic impedance of the guide is
also a function of these quantities. In practice,
however, energy of only one mode is propagated
and since, as stated above, the two-wire theory
only applies o waveguides when the physical di-
mensions of the latter remain substantially con-
stant, the problem of applying the present in-
vention to waveguides is considerably simplified.

The guide most commonly employed is one of
rectangular cross-section and in such a guide en-
ergy of the Rioc mode is usually employed. With
such a form of guide and energy of the stated
mode, the characteristic impedance of the guide
is

877 _
\/ _ ot
(20)

where a is the longer side of the cross-section of
the guide. Theratio

A
Z"=x_;= ¢)

M
2a

is constant since the guide has substantially the
same physical dimensions throughout its length.
Thus, in a transformer in accordance with the
invention and composed of a section of waveguide
the characteristic impedance of the waveguide
can be given an appropriate value to transform
a complex impedance into a pure resistance by
suitably choosing the dielectric medium of the
guide.

Figure 6 of the drawings illustrates a wave-
guide 21 feeding a hollow resonant cavity 22
which presents to the waveguide a complex im-
pedance A-+jB. In order to convert the complex
impedance intc a substantially pure resistance a
waveguide transfermer 23 composed of a section
of waveguide is inserted between the waveguide
2§ and the cavity 22, the length and the charac-
teristic impedance Zo of the section 23 and the
complex impedance 22 being related to one an-
other in accordance with Formula 1 heretofore
referred to. The desired characteristic imped-
ance of the section 23 is imparted by providing
the section 23 with a suitable dielectric medium
indicated at 24. Preferably, as in the trans-
former shown in Figure 1, the length of the sec-
tion 23 is equal tc one-eighth of the operating
wavelength, in which case the impedance Zo of
the section 23 is made equal to the modulus

WEFE

of the complex impedance.

Theoretically, the desired impedance of the
waveguide section can be attained by suitably
choosing the dielectric medium within the guide
section, but in practice, however, any material
which is sufficiently loss free to be used in a guide
has substantially unit permeability with the re-
sult that a complication may arise due to the
fact that whereas a dielectric constant of unity
is obtainable by using air and dielectric constants
from about 2.5 o 100 can be obtained by using,
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for example, polystyrene suitably loaded with ti-
tanium dioxide, there is no available suitable sub-
stance which affords a constant between unity
and 2.5. If therefore any given problem requires
a dielectric constant within the range of 1 to 2.5
or between zero and unity, the difficulty can be
overcome by employing two sections in series with
dielectrics having constants which can be ob-
tained with available dielectrics.
To simplify this problem the term

(V32)

can be assumed to be small compared with & so
that it is possible to write

377
Zo’-%;. (3)

If in any particular problem this simplification
cannot be employed, then the Formula 2 referred
to above must be used. Assuming that the sim-
plified formula can be employed, then it may be
required to convert the complex impedance
2807100 to a pure resistance. The modulus of
this complex impedance is 297 ohms which re-
quires k& to be 1.61 which is within the range of
dielectric’ constants which cannot conveniently
be obtained. = To overcome this difficulty the
transformer may employ two eighth wavelength
sections arranged in series as shown in Figure 7,
the first section 25 having a dielectric medium of
dielectric constant %1 and the second section 26 a
constant k2. If the first section is terminated
by the complex impedance, then the impedance
seen through the two sections will be a pure re-
sistance providing that

(Z,+B)*+ A*

Z—By+ &

where Zz is the characteristic impedance of one
of the eighth wavelength sections and Z; is the
chargcteristic impedance of the cther eighth
wavelength. section. It is thus possible by em-
ploying available dielectric mediums tc provide

Zg =Z1

; eighth wavelength sections of waveguide having

characteristic impedances of the required values
to satisfy the Equation 3. For instance, in the
example referred to above k1 may be equal to 4.6
giving a characteristic impedance Z: of 175 ohms
in which case k2 will be required to be 2.5 so as
to afford a characteristic impedance Z2 equal to
238 ohms.

Alternatively, instead of employing two eighth
wavelength sections, it is possible to employ a
quarter wavelength section and fthen an eighth
wavelength section, the quarter wavelength sec-
tion transforming the complex impedance to a
suitable value to enable an available dielectric
medium to be employed for the eighth wave-
length section. In this case if Z1 is the charac-~
teristic impedance of the quarter wavelength
section and A-4jB is the complex impedance,
then the impedance seen through the quarter
wavelength section is

Z?(A—jB)
A+ B?
The modulus of which is:
Z2
V&I B
With such an arrangement it is then necessary

to make the impedance of the eighth wavelength
section equal to this modulus. It is preferred,

75 however, to employ two eighth wavelength sec~
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tions since, in this case, the overall length of the
transformer is shorter and is less susceptible to
changes in the wavelength of the transmitted
energy.

If the pure resistance afforded by the section
or sectiong of the transformer shown in Figure
5 or 6 is not of the required value for impedance
matehing purposes, then it will be necessary as
‘in the arrangements shown in Figures 2 and 3
to employ a further section of waveguide effec~
tively equal to a quarter of a wavelength long to
convert the pure resistance to the required value.
Thus, in some cases it may be necessary to em-
ploy one or two eighth wavelength sections in
association with a quarter wavelength section or
a one-eighth wavelength section in association
with two sections each of a quarter of a wave-
length long. It may even be necessary in some
cases to employ two quarter wavelength sections
in series to perform the functions of the quarter
wavelength section shown in Figures 2 and 3.
This may be necessary on account of the fact
that the dielectric constant required to give the
quarter wavelength section the correct imped-
ance is not available. If the first quarter wave-
length section has a dielectric constant %1 and
the second section a dielectric constant of k2 and
assuming that the characteristic impedance of
the guide is inversely proportional to the square
root of the dielectric constant as assumed above,
then if the resistance produced by the eighth
wavelength section is R and that this resistance
is to be converted in order to match a guide
impedance of Zo it is necessary to arrange that

i
sz Zo

Providing the ratio of k1 to k2 satisfies this equa-
tion the individual values of the dielectric con-
stants are immaterial so that it is possible to
arrange for the constants to fall within the
available range.

If desired, instead of matching -a coaxial cable
to a waveguide by means of a probe associated
with a transformer as described with reference
to Figure 4 of the drawings, the necessary im-~
pedance match can be obtained by the use of a
transformer or transformers associated with the
waveguide as described with reference to Figures
6 and 7. Furthermore, it is not necessary in con~
nection with the matching arrangement shown
in Figure 4 for both transformers 16 and {1 to
be associated with the probe since, if desired; one
of these transformers can be associated with the
waveguide. : .

Although in the above description certain
specific lengths of transmission lines and wave-
guide sections are referred to, it will be under-
stood that equivalent multiple lengths can be
employed. ’

What I claim is:

1. A wave transmission system including a
wave guide, and an intercoupled coaxial cable,
said guide and said cable being coupled by a
probe connected to a conductor of said cable and
projecting into said wave guide, at a fixed po-
sition along said guide, one end of said wave
guide being closed, a sleeve having a length equal
to one-eighth of the operating wavelength of
said system, surrounding said probe and insu-
lated therefrom, the characteristic impedance of
the section of transmission line formed by said
sleeve and said probe being equal to the modulus
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of the complex impedance of said wave guide at
the point of insertion of said probe.

2. A wave transmission system inciuding a
wave guide intercoupled with a coaxial cable the
intercoupling being effected by an extension of
the central conductor of said cable projecting
into said wave guide at a fixed position along
said guide, one end of said wave guide being
closed, a sleeve having a length equal to one-
eighth of the operating wavelength of said sys-
tem surrounding said central conductor and in-
sulated therefrom, the characteristic impedance
of the section of transmission line formed by
said sleeve and said central conductor being equal
to the modulus of the complex impedance of said
wave guide at the point of ingertion of said ex-
tension of said central conductor, and a further
one-quarter wavelength matching section inter-
posed between said coaxial line and said exten-
sion of said central conductor to match the im-
pedance of said section of transmission line to
said coaxial cable.

3. A wave transmission system including a
wave guide and a coaxial cable coupled thereto,
said coupling being constituted by a probe con-
nected to a conductor of said cable projecting
into said wave guide at a predetermined position
along said guide, one end of said wave guide being
closed, the length of said probe and the prede-
termined position being such that the two com-
ponents of the wave guide impedance vary with
frequency in such a manner that the sum of the
two is constant, a sleeve having a length equal
to one-eighth of the main operating wavelength
surrounding said probe and insulated therefrom,
the characteristic impedance of the section of
transmission line formed by said sleeve and said
probe being equal to the modulus of the complex
impedance of said wave guide at the point of in-
sertion of said probe.

4, A wave transmission system including a
wave guide, and a coaxial cable coupled thereto
the coupling. comprising a probe constituting an
extension of the center conductor of said cable
projecting into said wave guide at a predeter-
mined position along said guide, one end of said
wave guide being closed, the length of said probe
and the predetermined position being such that
the two components of the wave guide imped-
ance vary with frequency in such a manner that
the sum of the two is constant, a sleeve having
a length equal to one-eighth of the main operat-
ing wavelength surrounding said probe and in-
sulated therefrom, the characteristic impedance
of the section of transmission line formed by said
sleeve and said probe being equal to the modulus
of the complex impedance of said wave guide at
the point of insertion of said probe, and a fur-
ther one-quarter wavelength matching section
between said coaxial line and said probe to match.
the impedance of said section of transmission
line to the impedance of said coaxial cable.
JOHN COLLARD.
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