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The Quarter.Wave Transformer Prototype

LEO YOUNG~, SENIOR MEMBER, IRE

Swnmarg-A quarter-wave transformer not only changes im-

pedance levels, but will also behave as a band-pass filter. In practice,

however, band-pass filters are usually required to terminate in equal

input and output impedances. They often consist of several dkect-

coupled cavities, which are similar to transformers whose impedance

steps have been replaced by reactive obstacles.

It is c[emonstrated how one can synthesize a quarter-wave trans-

former, and then ( ‘dktort” it to obtain a direct coupled cavity filter

with a predictable performance. This is illustrated and confirmed by

numerical examples,

The method is particularly convenient to use in reverse. The

quarter-wave transformer prototype is easily derived for a direct-

coupled cavity filter which has already been designed by another

approximate method, and thus gives an independent evaluation of its

performance. If necessary, the filter can then be redesigned, as

illustrated in thk paper.

INTRODUCTION

T J+IS PAPER is concerned with a novel method of

Jr design of direct-coupled cavity filters. Previous

methods have relied on lumped constant equiv-

alent or prototype circuits, or at least have made use

of the concept of Q as it occurs in those circuits. A survey

of these methods has recently been given b y Riblet,l

Instead of starting with an L-C circuit, another

transmission line circuit is here taken as the prototype.

This is a quarter-wave transformer, or a half-wave

filter, which can be synthesized exactly.z 1t might be

expected that by taking one transmission line circuit

as a model or prototype for ano’ther transmission line

circuit, it should be possible to relate their perform-

ances more accurately than when the final transmission

line filter is based on a lumped-constant equivalent cir-

cuit. That this can indeed be so will be demonstrated by

numerical examples in this paper.

THE FIOMOGENEOUS QLTARTER-W7AVE TRANSFORMER

The homogeneous ideal quarter-wave transformer is

described by an impedance function Z(p), wherez

P= –jcot O, (1)

0 being the electrical length of each section of the multi-

section cascaded transformer (Fig. 1).
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Fig. l—Quarter-wave transformer (f?= rr/2 and L = ~ &,
at center frequency).

The insertion loss polynomial, PL, is given by

FL = 1 + P.(K2), (2)

where Pm must be positive for real values of v = cos 0. If

all roots of P. are to occur at real frequencies, they nlust

all be double roots for P. to stay positive. Hence ~C’L is

of the form

P~ = 1 + Q.’(p), (3)

where Q. is even or odd in p. Riblet showed further that,

given an insertion loss polynomial of the form (3), one

can always synthesize a quarter-wave transformer hav-

ing this same PL. Following Collin, Q.(p) may be set

equal to k T. (p/po) for Tchebycheff pe rformance,3 or

kp” for maximally flat (Butterworth) performance.

The author4 has tabulated the values of the cha rac-

teristic impedance ratios Zl, Zz, Zl, . . . , (Fig. 1) for

the homogeneous quarter-wave transformer,, to givs an

equal ripple (Tchebycheff) response. The length L of

each section (Fig. 1) is a quarter guide wavelength at

‘(center frequency” and is defined by

AQ1A*2
L=

2( X,1 + Ajj ‘
(4)

where Agl is the greatest and ~~z is the smallest guide

wavelength in the pass band.

? R. E. Collin, “Theory and design of wide-bandl multisection
quarter-wave transformers, ” pROC. IRE, vol. 43, pp. 179--185;
February, 1955. Our scale factor PO is Collin’s @and Riblet’s s. T.
is the Tchebycheff polynomial of degree n, and kz is a constant, called
the pass-band tolerance.

4 L. Young, “Tables for cascaded homogeneous quarter. wave
transformers,’) IRE TRANS. ON MICROWAVE THEORY AND ‘lkcH-
NIQUES, I,ol. MTT-7, pp. 233–237, April, 1959; and vol. MTT-8,
pp. 243-244, March, 1960.
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The bandwidth W is defined by ~...----~~

‘=2(L2 ‘5) &-&&+r---’--r&J
1 , ~

Given the output-to-input impedance ratio R (taken

greater than unity) and the bandwidth W, the relative Fig. 2—Half-wave filter. 0 =electrical length
(I9= m at center frequency).

characteristic impedances are tabulated in Young’s

artic1e4 for values of R from 1 to 100, and W from O

(maximally flat) to 120 per cent.

Since the quarter-wave transformer converts between

two impedance levels with the minimum reflection in-

side a specified pass band, it behaves as a bandpass

filter. From the filter point of view, it is unfortunate

that the input and output impedances are different. The

next section shows how a band-pass filter with equal, or

nearly equal, input and output impedances can be

achieved.

DIRECT SYNTHESIS OF THE HOMOGENEOUS

HALF-WAVE FILTER

r
5 I

0

Fig. 3—Equivalent circuit of an impedance step. Impedance
ratio: Z.Z’/Zl’=ZI/Z?. Reflection coefficient: r’ = —17,

is now twice as frequency sensitive as a quarter-wave

section of line. To use the tables4 for designing a half-

wave filter, the procedure in a typical case might be as
. .

tollows :
To avoid the monotone increase in impedance levels

of the ‘{Tchebycheff” quarter-wave transformer, the
1)

theory may be extended to a cascade of lines in which

each section is 180 electrical degrees long at center fre-

quency. Instead of a quarter-wave transformer, there
2)

results a half-wave filter, which is a direct-coupled

cavity-resonator type of filter,5 with the resonant

cavities defined by the characteristic impedance dis-
3)

continuities (Fig. 2). The synthesis may be carried out

directly, or may be based on the design of a quarter-

wave transformer prototype. The latter approach is
4)

sketched in below.

SYNTHESIS BASED ON THE QUARTER-WAVE

TR.4NSFORMER

Synthesis by Quarter-Wave Transformer Tables4 or

The maximum permissible W3WR in the given

pass band and the number of sections (cavities) is

specified.

From the “Maximum VSWR” tables, find the

parameter R by looking under the column for

twice the bandwidth actually specified.

With R so determined, and still using twice the

bandwidth specified, find from the tables the

impedance ratios 21, 22, 23, . . . .

Invert every other impedance step, making suc-

cessive line impedances either

212 21223 Z12Z32 Z12Z32Z5
Zl, —,— —

Z2 Zfz ‘ Z~2Z4 ‘ ZZ2Z42 ‘
(6)

1 Z2 Z22 Z,2Z, z22z4~
—) P,_
ZI Z12 Z12Z3 ‘ zl’z# ‘ Z12Z32Z5 ‘

(7)
To find the appropriate conversions, regard every

other step in the half-wave filter as an equivalent circuit

consisting of one 90° and one ( — 90°) line length, with a

step in between, as illustrated in Fig. 3. They are equiv - instead of Z1, Zz, 23, 24, 25 (if n=4, Z5=R; if n=3,

alent in the sense that they provide identical nor- Z4=R; etc.).

realized impedances with respect to the respective char-
General Synthesis Procedure Based on the Quarter-Wave

acteristic impedances. This follows from the identity
Transformer

Ilr

-( )Trl

Note particularly that the 90° lines in the equivalent

circuit are perfectly frequency independent. When this

substitution is made for every other step in the half-

wave filter (Fig. 2), it contracts into a quarter-wave

transformer with one difference, that each line section

For n >4, or R >100, or half-wave filter bandwidths in

excess of 60 per cent, no tables are as yet available. In

this case, M is first determined from the half-wave

filter bandwidth W by

(maximum frequency — minimum frequency
2W=2

arithmetic mean frequency )

4
—— — sin–l po.

T
(8)

Note that 2 W, not W, has to be used for the half-wave

s S. B. Cohn, “Direct-coupled-resonator filters, ” PROC. IRE, vol.
filter. (For dispersive guides, replace frequency by re-

45, pp. 187-196; February, 1957. ciprocal guide wavelength.)



7960 young: The Quarfer-wave ~ransformer prototype ~ircuif 485

In place of step 2), R is determined from the for-

mula3

(R+ 1)’

()
=l+k2Tn2$

4R /Jo

(9)

where

k2=I’m-l

_ pm/’
—

1– Irn!z

(Vm – 1)’
——

4vm ‘
(lo)

Pm,, I I’~] , and Vm being the maximum values of the

inserticm loss function, the reflection coefficient, and

the VSWR, respectively.

Instead of referring to the tables,4 Riblet’s method is

now used, with PO from (8) and R from (9), i.e., as if a

quarter-wave transformer of twice the desired band-

width were being designed.

Finally every other impedance step is again inverted.

Corrditzon ,for Equal Input and Output Impedances

We observe from (6) or (7) that if n= 1 or 3, the

input and output impedances are the Saline, since2,s

Z~Zn+,_.l =R; whereas for n = 2 or 4, they are not equal.

This result can be generalized for odd and even n,

respectively.

Lemma: The output-to-input impedance ratio of the

half-wave filter is equal to the VSWR of the filter at

center frequency.

Corollary: The input and output impedances of a

half-wave filter are equal if and only if the filter is

matched at center frequency.

Proof of Lemma: At center frequency, each line

length is 180° by definition of the half-wave filter. Now

input impedances are unchanged when adding or sub-

tracting 180° line sections. Therefore, at center fre-

quency, all intermediate line sections may be removed,

leaving the input and output lines directly connected.

This proves both the lemma and its corollary.

It is clear from the lemma that all Tchebycheff half-

wave filters consisting of an odd number of sections will

have equal input and output impedances, since

T.(O) =: O if n is odd. Similarly, all Tchebycheff half-

wave falters consisting of an even number of sections

cannot have equal input and output impedances, since

T,,(O) #0 if n is even, except in the limiting case when

Tchebycheff becomes maximally flat perfc)r-mance.

Numerical Results

To obtain numerical confirmation of these results, a

nondispersive two-section quarter-wave transformer

was designed and analyzed, and the half-wave filter

derivecl from it was also analyzed. The two response

curves so obtained are shown superposed in Fig. 4.

:W
080085 090 095 100 105 110 115–

NORMALIZED FREQUENCY,f+

Fig. 4—VS117R against frequency of half-wave filter and its
quarter-wave transformer prototype.

The prototype quarter-wave transformer chosen has

n = 2, R = 5 and a bandwidth of 30 per cent. Frorr the

tables,

ZQ = 1,

2, = 1.5142,

22 = 3.30208,

Z3=R =5. (11)

The normalized frequency response plotted in Fig. 4

confirms the bandwidth of 30 per cent and gives a

maximum VSWR of 1.051 as predicted in Table I of

Young.4

For the half-wave filter, (6) yields:

20 = 1,

21 = 1..5142,

Z, = 0.6944,

Za = 1.05125. (12)

This is also plotted in Fig. 4 and, as expected, gives a

15 per cent bandwidth (just half that clf the qua.rter-

wave transformer), but the same maximum VSW R of

1.051, which is also the output-to-input impedance ratio

of the half-wave filter.

DIRECT COUPLED CAVITY FILTERS

The homogeneous quarter-wave transformer and

half-wave filter perform like a transmission line loaded

at equal intervals by obstacles of real and constant

reflection coefficients. They resemble the direct-coupled

cavity resonator filter,5 in which each cavity is a section

of uniform transmission line bounded by reactive ob-

stacles.

The existence of an exact synthesis procedure for the

ideal quarter-wave transformer and half-wave filter

suggests using these circuits as ‘iprototypes’~’ for the ap-

proximate design of direct-coupled cavity filters.b This

is analogous to the use of lumped constant ‘fequiva~ent”

b The derivation of the half-wave filter from the quarter-wave
transformer was itself a similar (but exact) procedure. The present
application calls not merely for the inversion of impedance steps
(having real r), but them replacement by reactive obstacles (com-
plex r).
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circuits, for which synthesis procedures and formulas

have been worked out by Darlington7 and others.

Cohn,5 for instance, has thus worked out some very

useful formulas. The author can attest to the accuracy

of Cohn’s formulas for most cases of practical interest.

Nevertheless, there are times when they must be ex-

pected to, and do, break down. This happens, for in-

stance, when the cavity length is no longer close to 180

electrical degrees, as is stipulated in Fig. 14 of Cohn’s

article.5

THE QUARTER-WAVE TRANSFORMER PROTOTYPE

Any transmission line loaded at intervals (Fig. 5) can

be represented by a transformer circuit consisting of

line lengths 01, dz, &, etc., separated by impedance step

transformers (Fig. 6). The reflection-coefficient of the

first step, I’1, should be equal to the reflection coefficient

of the first obstacle, and so on for rz, I’s, etc. Each T is

real but is no longer constant, varying in amplitude

with frequency. Similarly the 0’s of the prototype trans-

former (Fig. 6) are no longer equal to each other, or even

commensurable, and may all vary differently with

frequency.

Each obstacle in Fig. 5 has two symmetrically lo-

cated reference planes giving it a real reflection co-

efficient. At center frequency, each reference plane is

separated from the next one by an electrical length of

90 degrees.a The separations between obstacles at

center frequency are @l, oZ, . . . electrical degrees, as

shown. It follows that this filter is represented by a half-

wave filter equivalent as shown in Fig. 6, with

01=02= . . a = 90° at center frequency. It would have

a frequency behavior like that of a quarter-wave trans-

former if the I“s remained constant, and the O’s re-

mained equal to each other.

Now, if the )7’s increased or decreased slowly together

with frequency, then a performance still not very differ-

ent from a quarter-wave transformer’s might be ex-

pected. Also, the 0’s increase or decrease together at

about the same rate for similar obstacles (e.g., shunt

inductances). We shall therefore average their rate of

change, compare it to that of an originally 900 long line,

and use it to predict the filter bandwidth.

The reference planes, which in Fig, 5 are shown 90°

apart at center frequency, shift with frequency and

determine the changes in the 0’s. Their movement can

be traced to two main causes:

1)

2)

Treating the transfer matrix of each obstacle as

constant, the electrical separation between ad-

jacent reference planes at any frequency is equal

to the c?sange in the initial electrical separation @

between the corresponding obstacles.

Any frequency dependence of the obstacle parame-

ters may cause the reference planes to move.

7 S. Darlington, “Synthesis of reactance four-poles which produce
prescribed insertion loss characteristics, ” ~, Math and Pi%ys., vol. 18,
pp. 257–353; September, 1939.

$ I.e., the filter is “synchronously tuned. ”

0, $,
r T 7

~’-
Fig. 5—Direct-coupled cavity filter (synchronously tuned). Refer-

ence planes with real r are 90° apart at center frequency. All
parameter values (rl, r2, . . . ,
frequency.

1A b, . . . ) pertain to center

rlrz En l%+I

~--”..-~-”
0 0

Fig. 6—Equivalent circuit of cascade of two ports.

Thus, if each obstacle is a shunt inductance, its

susceptance is inversely proportional to fre-

quency, and the reference plane positions are

functions of the susceptance values.

Consider, for instance, the three-cavity symmetrical

filter shown in Fig. 7, which uses shunt susceptances

bl, bz, bz, bl. At center frequency, the spacings are

@I = 90° + ~{ arc tan (bu’2) + arc tan (bJ2) }

~, = 90” + arc tan (bJ2), (13)

in order to satisfy the synchronous tuning condition

which requires that adj scent reference planes with real

)7 be 90° apart at center frequency. If the b’s were

constant, the incremental separations of the reference

planes over a bandwidth W due to “Cause 1)” would

be

Aw; 4wW; and 6W. (14)

The change in magnitude of each b causes additional

separations over the band W due to “Cause 2)” of

+{arctan(++“ arctan(i+d
‘arctan(i%)-arctan(+ii)}

arctan(i%i)-arctan(+i)an’

+{arctan(+%)-arctan(z%v)
+arctan(~) -arc tan(’)}, (15)

respectively.
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Design by L-C Equivalent Circuit

Example 1: CohrI’s design formulass for n =3, W =30

per cent, and maximum VSWR = 1.143, yield

b, = 0.42849, bz = 1.29085. (16]

Fig. 7— Direct-coupled cavity filter using shunt inductances. 41, ~, This corresponds to
are soacinm at center f req uencv: fJI, bz are susce~tances at center
freqti:ncy.-

1.16

VSWR

1.12

108

I04

I00
0.80 0,88 0.96 104 112 120

NORMALIZED FREQUENCY, f —

Fig. 8—VSWR against frequency of direct-coupled three-cavity filter
designed by L-C equivalent circuit (example 1).

Together, (14) and (15) give the total movement over

the band W. When they are averaged and divided into

(90 W)”, they also show how much the original quarter-

wave transformer bandwidth has contracted. This may

be used to predict the filter bandwidth.

This procedure can be applied to any number of sec-

tions or cavities, and to couplings other than shunt in-

ductive elements, provided their frequency behavior is

known.

Numerical examples will illustrate the working of this

method. Excellent agreement was obtained between

predicted and subsequently analyzed performance. The

method of solution is essentially a trial-and-error pro-

cedure, in which a quarter-wave transformer has to be

found which, after “distortion,” meets the filter re-

quirements.

NUMERICAL EXAMPLES

Specification and Description

A symmetrical direct-coupled cavity filter using in-

ductive coupling posts is to be synthesized in coaxial

line, to the following specifications:

number of cavities (n) . . . . . . . . 3,

max’imum VSWR . . . . . . . . . . . . . 1.1 approximately,

banc!width (TV), . . . . . . . . . . . . . . 0.3(= 30per cent).

The filter structure is shown schematically in Fig. 7.

At center frequency, the shunt susceptances are bl and

b~, their reflection coefficients are I’1 and I’,, and the

spacings are ~1 and 4z, as shown.

Two design methods are now presented, one by a

lumped constant equivalent circuit, and one using the

quarter-wave transformer prototype.

487

bl bi
= 0.20949, r, =

‘1 = 44+ bl’
— = 0.54229,, (17)

44+ bt’

and makes, by (13),

~, = 112.465°, ~, = 122.837°, (18)

which is appreciably less than the near 180° spacings

demanded by the approximation.6 When this filter was

analyzed, the frequency response curve shown in Fig. 8

was obtained. Instead of a Tchebycheff response with

three zeros and two ‘(hoops, ” there is onl;y one zero and

no hoop. To understand this failure of the L-C equiv-

alent circuit method, consider the quarter-wave

transformer prototype corresponding to (1 7). Taking

ZO = 1, this transformer has

l+rl
zl=— = 1.4981,

l–rl

()

l+rz
z2=zl — = 5.165’7,

l–r,

23 = R/Zl = 17.8120,

R = 2,2 = 26.6844. (19)

From the tables,4 we see that no transformer with

R = 26.6844 has a Z~ less than 1.5295, which value

occurs only for the maximally flat transformer. There-

fore, we would indeed expect a frequency response like

that obtained in Fig. 8.

Design by Quarter-Wave Transformer Prototype

Example 2.’ For our first trial solution, we select a

prototype transformer with R =25 and (transformer)

bandwidth of 4.5 per cent, for which the maximum

VSWR is 1.06. From the tables4 (with ZO= 1), one ob-

tains by interpolation

z, = 1.5955,

z, = 5.0000,

Z~ = 15.670,

R = 25.000, (20)

yielding

21–1
rl=— = 0.22943, I’, = ~—~—f= 0.51619, (21)

Zl+l

and hence

2r1
b~= —

VI – r,’
= 0.47143,

2rz
bz = = 1.2054.

dl — r~z
(22)
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Also

arc tan (bl/2) = 13.263°, arc tan (b2/2) = 31.077°, (23)

and therefore

q% = 112.170°, ~, = 121.077°. (24)

We now wish to predict the filter bandwidth W. The

average 6 is

(25)

If the susceptances did not change with frequency and

remained equal to their initial values bl, bz, then the

bandwidth would be reduced to (90/115.139)X 45 per

cent = 35.2 per cent. The effect of the variation of the

susceptances over the band is given by (15) and reduces

this further. To calculate the quantities in (15), we

must guess a value for W. Taking this as 0.3, (15) be-

comes

}{ 15.500° — 11,583° + 35.355° — 27.658°} = 5.807°,

35.355° – 27.658° = 7.697°, (26)

and again

5.807°,

which have an average value of 6.437°. Since this is the

incremental separation due to the change in the sus-

ceptances in a 30 per cent change in frequency about the

center, the 6.437° increase is equivalent to an increase

in the average line length of

6.437” e 0.3 = 21.46°. (27)

Moreover, it is clear that, although (27) was derived by

assuming a 30 per cent bandwidth, it is a measure of the

average rate of movement of the reference planes, and

this average will not be rapidly affected by the exact

length of the frequency interval used for averaging.

Hence, the exact guessed value of W to obtain (27) is

not critical.

We therefore anticipate, by (25) and (27), a reduc-

tion in bandwidth from the 45 per cent of the quarter-

wave transformer to

90
X 45 per cent = 29.7 per cent. (28)

115.14+21.46

The filter given by (22) and (23) was analyzed and its

frequency response is given in Fig. 9. Its maximum

VSWR is 1.03, and its bandwidth (for 1.03 VSWR) is

24 per cent, instead of 1.06 and 29.7 per cent, respec-

tively, predicted from the quarter-wave transformer

prototype of (20).

Example 3: It is seen from Fig. 9 that the bandwidth

is still too small. To increase the bandwidth, one sees

I
~f~

1.00 I ,1
0.80 0,88096 1.04 112 1.20

NORMALIZED FREQUENCY. f +

Fig. 9—VSWR against frequency of direct-coupled three-cavity filter
designed from quarter-wave transformer prototype (example 2).

VSWR

1,12 -

1.08 -

I 04 -
;i

1.00
080 0,88 0.96 1.04 1.12 1.20

NORMALIZE FREQUENCY)+ —

Fig. 10—VS~R against frequency of direct-coupled three-cavity
filter designed from quarter-wave transformer prototype (ex-
ample 3).

that from the transformer tables4 bl should be increased

and bz decreased. We try

bl = 0.50000, bz = 1.2000. (29)

This gives

01 = 112.500°, +.2 = 120.964°, (30)

and

rl = 0.24254, rz = 0.51449, (31)

so that the transformer prototype (with ZO = 1) is

ZI = 1.6404,

22 = 5.1159,

Z3 = 15.955,

R = 26.172, (32)

which the tables show has a maximum VSWR of 1.10

and a (transformer) bandwidth of 52.8 per cent. The

filter bandwidth W is again predicted as in the last ex-

ample, and is expected to be 34.6 per cent. This filter

was also analyzed and its frequency response is shown

in Fig. 10. It is seen that the maximum VSWR is 1.07

instead of 1.10 as predicted; the bandwidth (for 1.07

VSWR) is 30.6 per cent instead of 34,6 per cent, as pre-

dicted (for 1.10 VSWR).

CONCLUDING REMARICS

It has been demonstrated that one can start with a

quarter-wave transformer, which is a microwave circuit

that can be synthesized to a given specification, and
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“distort” it to obtain a direct coupled cavity filter with

a predictable performance. Some examples were ana-

lyzed numerically, and the predicted performance was

closely confirmed.

This method is usually tedious to synthesize a filter

ab initio, but it is quite easy to use in reverse, i.e. to de-

rive t’ne quarter-wave transformer prototype from a

direct coupled cavity filter which has already been

designed by another method. This was found to lead to

a quick and accurate ev+uation of its performance. If

this predicted performance turns out to be inadequate,

the filter can then be redesigned as illustrated in this

paper,
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Broad~Band Ridge Waveguide Ferrite Devices”

E. IS. GRIMES, JR.~, MEMBER, IRE, D. D BARTHOLOMEW~, D. C. SCOTT~, MEMBER, IRE, AND

Summarg-The design and development of a medium CW power

level, 1.57:1 bandwidth, quadruply-ridged circular waveguide

Faraday rotator and two high CW power, 2:1 bandwidth, double

ridge rectangular waveguide isolators are discussed.

The rotator is designed in quadruply-ridged circular waveguide

with a ferrite configuration somewhat different from that proposed by

other investigators. It can be made to exhibit broadband rotation

and large rotation per unit length of ferrite section, and maybe used

in most medium CW power level applications. Fo,rt y-five degree

rotation is achieved over the 7.O-kMc to 1l. O-kMc band.

The isolators operate from 2.0 kMc to 4.0 kMc in DR-37 wave-

guide and from 3.8 kMc to 7.6 kMc in D-34 waveguide respectively.

The reverse to forward wave attenuation ratio exceeds 10.0 db to

1.0 db for both isolators.

INTRODUCTION

T

HE development of microwave components with

(operating bandwidths in excess of previously es-

tablished maximums has been necessitated by the

requirements of modern microwave systems. Perhaps

the most widely used method for maintaining good

performance characteristics of a microwave component

over a large operating bandwidth is to reduce the

variation of guide wavelength with frequency. The

guide wavelength for any air-filled microwave trans-

mission line is determined from the formula

* Received by the IRE, ?November 4, 1959; revised manuscript
received, May 10j 1960. This paper was presented at the PGMT~
National Symposmm, Cambridge Mass., June 1–3, 1959. The work
was supported by the U. S. Air Force Wright Air Dev. Center under
Contract No. AF30(600)35477.

t Sperry Microwave Electronics Co., Div. of Sperry Rand Co.,
Clearwater, Fla.

where

h = operating wavelength

h.= guide wavelength

& = cutoff wavelength.

Thus, for operating frequencies far above the cuto Ff fre-

quency the variation in guide wavelength with fre-

quency is greatly reduced. This condition caln be

brought about in circular and rectangular waveguides

by using ridges protruding into the guide, thus lowering

the dominant mode cutoff frequency without apprec-

iably affecting the next higher mode cutoff frequen cy.1,2

There, the resultant increase in bandwidth of the trans-

mission line allows operation far above cutoff.

It is the purpose of this paper to present desi{~ n in-

formation on a quadruply-ridged circular wave:guide

Faraday rotator and two double-ridge rectangular

waveguide isolators.

F~R~DAY ROTATOR

A number of techniques have been proposed for

maintaining rotation constant with frequency. In rerms

of maximum bandwidth the most successful ones k:nown

to the authors have utilized quadruply-ridged wave-

I S. B. Cohn, “Properties of ridge wa~,eguide, ” F’ROC. IRE, vol.
35, pp. 783-788; August, 1947.

a S. A. Schelkunoff, “Electromagnetic Waves, ” D., Van Nostrand
Co., Inc., ‘New York, N. Y., pp. 392-395; 1943.


