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~PURPOSE:

The goal of this contract is the deszgn and development of work-
able oomnonen‘cs for test and systems use in double rounded ridge
waveguzde for the 11.0 to 26,5 Ge frequency range. )

ABSTRACT:

" This contract mvolves the deszgn and develoi:zﬁent of ﬁlcro-
wax;'e components in double rounded ridge waveguide for the 11.0 to
26.5 frequency range., The components developed during this con- |
tract will operate over the frequency range now covered by portions
of three standard rectangular waveguides namely RG- 52/U,11.0 to
12,4 Ge; RG-91/U, 12,4 ¢o 18 Gc; and RG-53/U, 1B to 26.5 Ge,
The éomponents de_:veléped are comparable in performance t§ rect- -
angular waveguide comporients and may be used for test or systems
appucﬁg*xf )Th?ire‘lCal and emp&ncal design procedures are dis-
cussed for the various components and their final performance data

is given,
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" FACTUAL DATA

1. INTRODUCTION

'Tms contract consists of the design and development of components

for measurement and systems application in the 11,0 - 26.5 Ge frequency.

‘range, The components were built in the double ridge waveguide con-
- figuration us shown in Figure 1., Electrical characteristics and mech-

-anical construction of the waveguide will be described briefly followed

by a descriﬁ:tion and €iscussion of each component,

Electrical Characteristics

-The effect of inserting ridges into rectangular waveguide is to pro-
duce a capactitance (C) katrthe ridge step (see Figure 2a), This capaci- |
tance willrlo,wer the cutoff frequency of the TE10 mode, Thg_ capacita.ncre
bg_curs in a low electric field region for the TEgq Iﬁode and therefore tvhe
loading effect is le'ss;'in thi;;Eése. The overall effect is to increase the
frequency range fo'r propagation of the TEIO mode without gecond and
higher ofder modes appearing. Rounding the ridge corners will in-
crease the power handling capabilities of the ridge waveguide by re-
ducing the électric field strength at the sharp corners, since electric

field infensity always increases in the vicinity of sharp corners., The

electric field intensity at the ridge corner is reduced with increased

rounding as indicated in Figure 3, The rounding will introduce induct- A

ances into the equivalent circuit, resulting in the more complex T-junc-
tion eircuit indicated in Figure 2b, This equiivalent circuit is used to

calculate the characteristic impedance and cutoff frequency of the rounded

guide, Optimum dimensions for a series of double ridge waveguidss

with a 2.4:1 bandwidth were determined by the NARDA Microwave Corp.

E Lal
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under Contract No,DA 36-039 SC 78187XSee Figure 4). Components

weré developéd under that contract in the 4,75 to 11.0 Ge range. The
present contract involves extending this development to the 11,0 to 26,5 Ge
range, Dimensions for ridge waveguide in this frequency range, as well
as others which were determined under DA SB-OBQSC 78187, are under
consideration for industry s.tandérdization by the Electronic Industries
Assbcietion.&A detailed theoretical analysis of ridge waveguide may

be found ianeferences 1,3,6,8 and §. .

Power Ha.ndling and Attenuation

The power handling and attenuation characteristics 01; the 11,0 to
26.5 Gc double rounded ridge waveguide compared to rectangular
guides covering this frequency range are given in Figures 5 and 6,
The ridges reduce the power handling to 1/4 that of RG-53/U, which

has «bout the same a and b dimensions, The attenuation is of the same

‘magnitude as in RG-33/U waveguide, but is considerably greater than

RG-91/U and RG-52/U waveguides, The characteristics of ridged
waveguide are ideal for use in low power broadband applications,
Considerable savings in size and weight may bé achieved when the
;‘idge guide is used at the lower end of the frequency range, compared

to rectangular guide for the same frequencies, For example, the

‘ridged guide cross section inthe 11,0 to 26,5 Gc range is 1/4 that

of X-band guide for 11,0 to 12,4 Gc, The higher attrénuation of the
ridged guide may be disadvantageous in some applicafions, however,
where only short runs of waveguide are involved the absolute difference
will be small,

YSee Reference 1

2See Reference 2

A
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Fabrication of Ridge Waveguide.

A critical factor in the fabrication of waveguide in small sizes is

that of holding tolerancés.v This problem caused considerable difficulty

during the contract, It was oﬁriginally decided to sub-contract the man-
ufacturevof \-extmded W:'avéguide in the necessary size,. --This would
greatly simplify the constructionof many of the components, com-
pared to machining the waveguide out of solid bar stock. Afrtérr many-
attempts and considerable experimentation by the firm (Sta:_idard
Metals, Inc.) who undertook the extrusion job it was decided that the
waveguide could not be extrudedto the required tolerance, Maost
components produced under this contract were finally machined from
solid stock., The closest tolerances that can be held by present
ex;trusion methods and thé fesulting maximuméércentage deviation

of characteristic impedances is compared to the required tolerances

and corresponding impedance variations in the following table,

REQUIRED EXTRUDED .

DIMENSION Tolerance %Imp.Var, Tolerance _ % Imp.Var,
a =,002 0.74 +,002 0.74
b +,002 0.84 +,002 0,84
d +,0005 1,50 . %002 6.00
8 =,0005 0.30 +,002 1,20
TOTALS . 3.38 - 8.78

The required tolerance will give maximum mismatch between two
mating guides of 1,07 VSWR., The extruded tolerances would give
1,18 VSWR, It was determined thata 1,08 VSWR which would result
in less than 0, 2% of the power reflected, should be the maximum

allowable VSWR for component use in ridge guide, In most of the




components, precision machining produced tighter dimensional

tolerances than *&"ere_r.equired, so that precise measurements may

be té.ken on futux;g components, In two cases {rutary joint and att-
enuatqr) a different fabrication method was used. The ridges wefe
screwed or soldered into rectangﬁ_xlar guide having the same "'a" and
"p' dimensions as the ridge guide. This method is to be avoided
for ridge guide components in general since it requires custom
machining of the ridges to obtain the required gap dimension between
the ridges. It is also difficult :o iﬁsure goeod contact between ridge

and guide. Electroforming of the guide was investigated, bu: found

to be expensive and only applicablé for short lengths of guide, It

waeg found that for the present, the most economical method for making
ridge guide to tolerance in this small size i{s by machining. Detailed
machining and assembly procedures for the components may be de-

termined from a perusal of the component detail drawings,

- 10~
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II. DESCRIPTION OF COMPONENTS | S

The following components were designed and fabricdated-for this

contract:

1, Precision Slotted Section ) —

2, Adapter, double ridge 10 RG-52/U reotangﬁlar guide

3, Adapter, double ridge t6 RG-91/U réctangulér guide” " |
4, Adapter, double m‘dge 10 RG-83/U rectangular ‘gu_idre !
5, | Sliding Termination
6. Tunable Crystal-Bolometer Mount

7. Variabie Attenuator

8. E-H Tuner

g, Tunable Waveguide Short
10, . Rotary Joint .
11, Directional Coupler

12, Balanced Mixer
13, - Flanges ' ‘ . _

The design of cach component will be discussed and final data

presented in the follow:ing scctions, Photographs of typical compon-

-~ i
¢ to 1,

ents are given in Figures

Precision Slotted Section

The slotted section is one of the most important test compone:nts
since it is used as-a standard-of impedance to measure other components, o
The residual VSWR of the slotied scotion must be low in order to measure
the V8WR of other components accuraiely. A metiod of sampling the field
in the transmission line must he provided such that the distortion due to
sampling introduces negligible error,
The slotted section which was made for this contract consists of a

double ridge waveguide mmaimn Tine containing a siot, o probe section
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and & secondary double ridge waveguide section containing a slide

screw tuner (see Figurell., A detector mount containing a bolometer

or a crystal isconnected to the sécondafy line and is in tuin connected

to a VSWR amplifie"r,-‘for measurements, The probe,a 0,006 irj.ch diameter
teflon coated wire, ie extended into the main line by meanls of arscr'ew |
driven mechanism, The energy coupled to the probe is conducted

through a coaxial sé;tidn into the secondéry— guide, ;I:ﬁe siide -scgéew

tuner is used to match the detector mount to the probe transition sec-

tion of the secondary guide,

The detector for the slotted line may be either one of the double
ridge tunable crystal-bolbmeter mounts provided in the contract, or
it may be a rectangular waveguide detecir used with the appropriate

adapter to double ridge guide.

The slotted section has a precision milled tellurium copper maiﬁ
tranamission line, Tellurium copper is used beceuse of its machin-
ability and its ability to retain high conductivity under corrosive condi-
tions., The narrowest slot width prac.tical mechanically was used to
keep the residual VSWR low, Tapers (ymg long at the lowest frequency
are used at the ends of the slot te reduce‘the residual VSWR due to slot
reflections, Accurate centei'ing of the slot to within 0,0005 inches was
_accomplished by precision machining and assembly metheds in order - —-—-—
to prevent the appearance of slot waves, Probc travel is greater than

(1/‘2)Ag at the lowest frequency in the band,

A precision calibrated dial indicator is provided to accurately
measure relative probe travel., This is desirable for precise impedance

measurements, The least count on the indicator (s 0.0005 inches, which
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is 0,001 )‘g at the highest frequency, Phase can therefore be measured
to a least accuracy of 0,36 degrees or 22 minutes. Smooth carriage
travel without backlash is obtainad by-using a planetary ball reduction

drive coupled to a rack and pinion, Possible slot leakage and res-

onances are suppressed by using a disk of absorbent NARDA IRON

material around the probe section,

Empirical methods wereused to determine the dimensions of the
secondary line probe transition sectidn, The back cavity dimension
" ", -see figure 12,was set to give the flattest coupling response over

the band, Resonances which were found in the secondary line coupling

~response were eliminated by changingVtherrprobie-rholrdiefrr length, The

amount of probe insertion into the guide was limited to avoid distortion
or'pulling’'of the main line power, Final test resuits are given in
Figure-13. The residual VS5WR is 1,04 maximum and éverages 1.02
over a good part of the band,  Slope is well under 1,01, Coupling

to the secondary line is a minimum of 1¢,0 db down from the main

line for negligible " pulling'' effect,

Adapters, Double Ridge tc Rectangular

- -Adapters were fakbricated for the three rectangwglar waveguides
that cover the 11,0-26,.5 Gc band, These include adapters to RG-52/U
(11,0-12,4 Gc portion of the band); RG-921/U (12,4-18 Gc band); and
RG-53/U (18,0 -26,5 Gec Band), The transition from ridge to rect-
angular guide is made by means of four ridge steps (see Figure 0),

The impedance required for each step 1§ determined from Tchebyscheff
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coefficients calculated as a function of thé rectangular guide bandwidth,

The ridge configuration for each step section is determined by solutions

“af the transmission lin,e‘ equation to obtain the appropfiate impedance

across the step, Ridge corners are fr_iade square to simplify calcula-

tions and to avoid exiremely difficult matching problems, The '"a' and

" "b' dimensions are ‘ta'perfe'a;l{nearly from the ridge to rectangular guide.

The "s'" dimension is also tapered to maintain a constant s/a ratio in
order to simplify calculations, The only parameter that mus: be de-
termined is the "d" dimension. The step length is nominally made
equal to Ag/4 as determined at the'center of the step. This length is
reduced by epproximately 4% in order to compensate for the discon-
tinuity capacitance at-the step-junction,. The step capacitance effec-
tively increases the eiectrical length of the step, so thephysical length
must be shortened appropriately, Impedances for the sections are
determined {rom available graphs, See Appendix A for a sample cal-
culation, Four steps were chosen as the minimum number which would
give the specified characteristics, Accuracy was assured by holding
close tolerances on the steps and calculating step impedances to within
1/2% from the Tchebyscheff value required across the Vstep. In the
original design, the variation in the b/a ratio from the ridge to rect-
angular guide was neglécted in thé célculations. rThis was d<;ne to
Bimplify calculations since it appeared that the differences would be
negligible, Initial tests of the RG-21/U and RG-53/U transitions showed
a higher VSWR than was anticipated, A detailed evaluation indicated

that the higher VSWR was due to erroneous impedance calculations that



“
e e, v ey
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resulted from neglecting the b/a ratio change. Recalculating the step
design and making the appropriate modification on the transi’tions re-
sulted in units which were all within the specified VSWR of 1,08,

See Figure 15 for final data on the three transitions.'

Sliding Termination

A sliding matched termination has been made in double ridge
guide as shown in Figure 16, L564 grade synthane strips are used
as lossy elements invthe unridged portion of the guide, Two vanes,
2-29/32 kinchrlrong by 0,020 inch thick, are angled from the narrow

”_yvau to the_ridged.,,, Good contact at the wall and ridges is assured
by leaf spring méuriting. Minimum travel is greater than ! inchto
provide greater than (1/2) Xg travel at the lowest frequency. The

VSWR of the termination is within the specified value of 1.02 (see

Figure 17).

Tunable Crystal Bolemeter Mount

A tunable detector mount was designed (sketch shown in Fig-
ure 18) which incorporates a slide screw tuning mechanism, It is

useable with a comxial (1N26) cartridge detector; eitner crystal or

bolometer,

It was necessary to use a coaxial transmission line mount for
the detector because of the dimensions of the 1N26 cartridge (shown
in Figure 19), This necessitated a waveguideA to coaxial transition

which was built into the unit,
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Sometimes when a coaxial cartridge of this type is used, the outer
conductor of the cartridge is cut back to expose the center conductor

(Figure 20a), which is then used as a probe into the main line of the

‘mount, This technique was not feasible in the case of the ridge wave-

guide mount because the ridge was too narrow for this type of construc-
tion, The probe would be reguired to extend through the ridge as the
center conductor of a coaxial line, The minimum inside diamefer of

the outer conductor for 509 characteristic impedance would be , 145 inch

while the ridge is only C.118 inch wide (Figure 20b), The design of the

waveguide to coaxial transition shovm in Figure 19 utilizes a smaller

diameter center conductor which tapers to the sufficiently larger size

to form a finger connector to the pin of the detector, The use of the

smaller diameter center conductor allows the 5652 characteristic impe-~-

dance to be presented throughout the transition,

The usc of a coaxial cariridge detector obviates the possibility
of using the mount ac;ross the band with no tuning adjustment, Also,
since impedance of a crystal varies greatly, with {requency, this
constitutes another demand for the addition of a matching device., These
effects are indicated in the “untuned" curve of Figure 21, The back
cavity dimension was chosen to give best match at mid-band (18,0 Ge),
The cartridge VSWR measurements indicated two symunetrically plaﬁcerd
VSWR épikes across the {requency spectrum. The third VSWR spike

at the low cnd of the band is probakly due to the geometry of the mount,

The effect of the slide screw *uner is shown by the "tuned" curve
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which Indicates that a match of 1,08 or better was obtained across the
band with a IN26 crystal, A bolometer (in a 1N26 case) should give
equal or better results since the bolometer impedance is constant while

that of the crystal varies widely.

Variable Attenuator

A va:@ble flap attenuator was designed for the 11.0 to 26,5 Ge
frequency range, The basic m'echanicarl configuration of the attén;x_m-
tor is shown in Figure 23,

The input (Section A-4) is & double ridge configuration with sharp
corners (Figure 24b ) having the same TE,, cutoff wavelévnng’th as the
standard rounded corner guide (Figure 24a ). ‘ -

’Ifhg Minitg frgqueﬁéy impedance of the rounded ridge guideand =~ . .
sgquare ridge equivalent\'are both 18882, Since the lclO is the same,
the impedance of both guides will be identical at any frequency. The
only mismatch involved will be the step between the ridge heights

shown in Figur;ef 22 .A :

. .
.09'3 \ ] (,096

fazz T _ =
S

27 ZASNS SN -

Fig, 22




et conmat A

© =-33-

£2 “hgy

YOLVANALLY AAIND IDMY JTHN00

V4

,/bd,au NOWLWANILINY INUHLNAS

z

,fbf :

Yol L g

oy

D

-
=



e

() ,
(61 dandy Jo ,¢{-g uOIPIG)

. uoreangyuo))
I2uJI0)) IIpry 2aenbg ardarg

- b “8ryg
SNOILVHNDIINOD HOLVANALLY ' TEVTHVA

, (r)
:o:oow, pIED UOTIENUSIY
: ﬁ

QYYD ASSOT"

, (@
(61 3anBig Jo V-V UOTIOG)

Wdoﬁd.:rwﬂcoo
Jarao) agdpry oxenbg d1qnog.

Nore

(®)

vorjeandriuol)
afipry afquo(] pIepuely




ST TN T T T T T T T e T T T T N e e—m—

L~

The step capAacitance may be found using the graph of Figure 25,
The mismatch may be calculated to be less than 1,01,

The upper ridge is then tapered down to the waveguide wall and

the lower ridge tapered up to give the single ridge waveguide config- P

uration shown in Figure 24¢ . This section was designed to have the
same {irst mode cutoff and the same impedance as Section A-A' , The
second mode cutoff was found to be 24,0 Ge which is within the band,
However,‘ no deterioration in the VSWR or attenuation characteristics
was found at 24,0 Gc or above, This would indicate either that the

secondary mode was not being excited or that if excited the power

carried was substantially below the primary mode power.
7 The a’gténuétéf card is iziser;ted throuéh a Vsrlotrin theﬁunr_icrlged
waveguide wall in the center section (Figure 24d), It was found that
if the slot is made narrow encugh (0,050 or less), tapers at the slot
ends are not necessary. ‘The residual VSWR from this slot was
fount to be lese than 1,05 The atteauation card is driven into the

guide by a microme{er which is spring loaded to eliminate backlash, .

A number of materials were tried as éttenuation elements in an
attempt to obtain tﬁe maximum attenusation over the band with the
mMum frequency sensitivity, These include NARDA IRON, Synthane
and Filmohm, The material which gave the best results was 1802 per

square Filmohm, A calibration curve for the 'attenuator is given in

. Figurs 25, A curve. of the maximum VSWR.over the-band is given in -

Figure 27,
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‘at the side wall of the main line guide (see Figure 30 ).

E-H Tuner

An E-H tuner was built in the form of a four port junction of _

double ridge waveguide E and H plane tee sections (Figure 28 Te

Due to the geome‘é?of the junction, continuity of the double ridge can
7onlyrbe pre'servedmin one plane (Figure 29 ). It was decided to pre--—
gerve the'ridge continﬁity in the E plane tee both for mechanical
reasons ‘and because the introduction of an H-plane ridge at right
angles to the main line would create a large discontinuity in the trans-

mission path, The ridges in the H-plane arm were therefore terminated

As a preliminary step in the develépment of this tuner, a test
piece was built in the D8 (4.75 - 11 Ge) weveguide size. using the avail-
able extruded aluminum double ridge tubing and a pair of sliding shorts -

which were developed under the previdus contract (DA 36-039 SC 78187)?

The data obtained from this test piece was sufficiently encouraging
to justify the design of a similar structure in the D11 size. All wave-
guides in D11 were formed by precision machining from solid aluminum

bar stock.

During the tests of the DO unit, it was noted that the coupling to
the H-plane side arm was not tight enough for satisfactory tuning of the

H-plane short., This was attributed to the termination of the H-plane

ridges at the side wall of the main line, It was obvious that some sort

of coupling structure had to be designed to compensate for weak coupling

to the H-arm,

3

See Reference 1



E-H TUNER Showing Junction and Orientation
o of Waveguides

Fig, 28
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E-H TUNER Showing Continuity of Double Ridge
in E-Plane ,

Figi23 - e
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A number of coupling strﬁcm:eé, in the form of thin metallic
plateé from the lower ridge in the side arm to{the lowe;‘ mazAn liné _zii“dgg,w
wére designed ahci tesrte‘d in order to ir z‘:;)viejhercouplri:ng_fp the H-arm,
The present form (see Figure 30 ) is the best compromise between side
arm coupling and main line VSWR. A main line discoﬁtkmity would
limit the best obtainable maich, It is believed that ‘further improve-

“ment in coupling could be achieved by adding an additionallcapacitive
coupling structure in the top- of the side arm as shown dotted in |
Figure 30, The present tuner using only lower ridge corr;pensation

. introduces a VS:WR of 11:! minimum with greater than 20:1 over most

of the range.

Tunable Waveguide Short_

A short was made using positive contact fingers as the s‘r{oz.'ting
mechanism, In the first assembly, commercially available spring
fingers were used, These were found to be lossy and errafic since

"the contact area was limited (see Figure 31a ), To remedy this
defect, i’ingers were made by slitting a pieée of sheet metal which had
been wrapped around the shorting block (see Figure 31b ), This mod-
ification resulted in a short with smooth performance and & minimum 7

ré_fiééfiori coefficient 01757'07.97, correspoﬁdihg to aVéWR?- 73777de 7

- across the band as shown in Figure 32 | - A

The short is tuned by means of a non-rotating micrometer which

canbe read to 0,001 inch, The minimum travel is greater than 1/2

guide wavelength at the lowest frequency in the band.




. -Ade

.
1
!
:
;

Te " dg |

JLHOHS HAINDIAVM S THYNNL

()
sxofur g udisa( reury

NCE

szodury Juridg TeTSIOWWOD)




Litiein.

SegeatepN

(o : — pASOREPORS

Tmeiiie

N S

T iieer
prealdl !
a s ReDE
T T
reacmat -
T
1 + i
+ Y
el T
T
> :
1 + T !
yaoean )
1T I8
1 —
1
T
i
N BEEE B I '
it g Y e .
HOSS SEDSH SRR 2e0s ¢ SESapapay 3
peted SRESE o 19394 PO aue:
Y = i
*SETIREIN oo saesy
F1I3iiel
POPegu.
i

emiyiees




ST T T T T T R T T T e T T TR T T T e e

Rotary Joint_

The rotary joint is used primarily to transfer power from a
source to a rotating antenna, The joint made for this contract con-
Bists primarily of double rili"g:e guide input and output arms with

transitions to a rotary coaxial section (see Figure 33 ) The ridges

in each arm taper from the standard ridge guide:dimensions toa

cross section with a 5002 characteristic impedancre in order to match

to & 500 coaxial line, The dimens‘ions of the co;axial line are limited

by the ridge width since the line must pass through the ridge. . The

center conductor must bBe heavy enough to withstand the torsional

forces imposed on it. Considering these factors, a coaxial line

with an outer diameter of 0,082 and an inner driame'texr' ‘,’f,o-,o_?? were

chosen , giving a characteristic in—ipedance ot 5092, The atteﬁuation

of coaxial lines at 26,5 Gc is-high compared to what it is at frequencies

where coax is normally used. For the particular line used, the att- - :
enuation is ,31 db/in, The length of the coaxial section must be at i

least one inch to allow for clearance of components when rotating,

so that the insertion loss will be #t least 0.3 db. The VSWR of each

coax to ridge gulde transition was optimized separately using a special
lossy NARDA IRON coaxial termination, The transitions are diff-
erent, In ane the center-conductor is solidly fixed into the ridge while
in the other the center conductor is free to rotate within a bearing,
The bearing consists of a Graphite bushing within which the center

conductor rotates with a sliding fit assuring electrical contact (see
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Figure 34a ), In attempting to reduce the insertion loss this bushing
was replaced By cne made of Teflon dielectric, However, no sig-
nificant difference was obscrved. Another method of accomplishing |
rotation would be with a non-contacting choke éeoticn (See Figure 34b)
within which the center conductor '{rould turn, Time did not permit
ttempting this approach, However, thriﬁsxwr.nigiht be onemethod of
reducing the insertion loss, The VSWR of each section was optim-
ized by varying the length of the back cavity dimersion, A maximum
VSWR of 1.6 was obtained in each section, The sections were:
assembled with a Graphite bearing in the center (see Figure 33)
A short low loss dielectric bead was used to prevent the center
conductor from bowing, - The results obtained with this configuration
are shown in Figure 35 U Maximum VSWR was 2.%1, and maximum
insertion loss was 1, 5dh. The required VSWR of 1,25 for this compon-
ent is considered unrealistic. Neglecting other factors, the maximum
VSWR due to the coaxial transitions might be 1,6 x 1,6 =2,56, This
will give a reflected loss of 0,76 db, Adding the coaxial iine los‘s
will give a total insertion loss of 1,07 db. It does not seem possible
to subsiantially improve the VSWR of the transitions, since the best
results with the coaxial to ridged guide transition in the 4,73 t0o 11,0G
band gave a 1.5 VEWR, One proposed method of iImprovement is ¢
varyAthe coaxial line length between the transitions to effect some

canceliation in the VRWR due to phasing of sne mismatches.

" Linc iéngths may bte altered by either a physical change in length

n
(&
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or by dielectric loading to change the elgctfical length. Dielectric

loading was found to increase the insertion loss,

This method wes tried to a limited extent during the contract,
The extent of work done was not conclusive, Time and funding were

factors limiting the scope of work done on this particular parameter,

A number of other attempts were made to try to reduce VSWR and
insertion loss, These included using a thin dielectric éheet asan )
outer conductor bearing, instead of a Graphite center conductor bearing,
eliminating the dielectric bead center conductor ‘véupport and building in
a choke section in the outer conductor gap. The choke section was
eliminated from consideration in the original design since it was
calculated that extraneous mrodes could be seitrup if perfect symmetry
was not maintained. All of the modifications which were tried could

not effect an improvement so that the original design was retained,

Directional Coupler

The present directional coupier was made using iris coupling
between two identical waveguides as shown in Figure 36a . This
differs from the coupler made in the 4.75 to0 11,0 KMC range which had a
single ridge secondary line as shown in Figure 36b . It was possible to
use thersingle ridge configuration for the secondary line in that frequency
rang.e since the secondary line cutput used a transition from the single
ridge guide to coaxial line, In the 11,0 to 26,5 KMC range it is not
practical to use coaxial line because of the high loss at these frequencies,
Therefore, the secondary line in this case must come out in déuble

ridge guide,
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Another possible configuration is shown in Figure 36 ¢ ., Double
to single ridge tfansitions are made in the primary and secondary lines,
The unridged coupling hole plate allows greater ‘va‘riation in the position of
the coupling holes in relation to the guide walls. In the double to double
fidge configuration it was found that the holes should be closer to the
guide center for flatter coupling, Because of the ridges, this was im-
7possible torachie‘ver:r ‘Tgréi;gle 1o éingle ridgércoirifigurati'on will over-
come this difficulty, However, it was determined that the mismatches
from the double to single transition and the machining difficulfies

involved make this approach undesirable,

A sample calculation for determining the coupling values for each
hole in the Tchebyschefsf paftern is given in Appendix B, The hole
diamete: required”to give a particular coupiing is determined experi-

mentallv by making test patterns consisting of holes of the same

‘diameter a particular distance from the side wall, A piot of hole

diameter vs couplinvg' per hole is given in Figure 37 , for the opti:hum
hole location, Which was found to be x = 0.093'.’ The cptimum spacing
between holes which gave the best directivity is 0, 1925'.[ A plot of
coupling, directiviiy and VSWR is given in Figure 38 ., The average
coupling was 19,85 db with a variation with frequency of £3,35 db.

The directivity wae a minimum of 29 db, VSWR was 1,07 or less in

both the primary and secondary lines,

Balanced Mixer

the design of a balanced mixer rather than a simpler single ended mixer,

\« -—-o-u(j- '
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{ ' The most obvious advantage is local oscillator (L.0O,) noise
suppression, but there are others in the form of L,0O, and signal

circuit isolation, and lower L,O, power requirements,

A low vealue of required L.O, power is exiremely desirable be-
cause sources capable of broadband operation have limited power out-
put, Fixed broadband coupling to the L,O, is desirable to allow for
rapid tuning of the receiver, which is necessary since the mixer is
to operate over the entire D11 band, Isolation is desirable to limit
radiatioﬁ of L.,O, powerfrom the antenna which is connected to the
signal port, and also eliminate possible L,O. frequency pulling by

reactances in the signal circuit,

Two basic configurations for a balanced mixer were investigated

{ under this contract, The first method was the 90° coupter mixer, -

90° Coupler Mixer

Theory of Operation

This mixer incorporates a hybrid junction in the form of a
sidewall coupled-3 db directional coupler as the mechanism by

which signal and L.O, powers are combined,

This device is shown schematically in IFigure 38 . Signal
voltage ES is introduced at port 1 and divides evenly between
ports 2 and 4.  There is a relative phase shift of 80 degrces

between these ports and the phase de';éy through the coupler is

- ~— —-—-@degrees. “Local osciliator voitage 'ELMO amt-tipesignal {requency = -

e it e et
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compdnent of L,0, noise ;voltra’ge'Es, are introduced at port 3,
dividing evenly between ports 2 and 4 as shown, Mixer crystals

are placed at ports 2 énd_é. The I.F.voltages Ed2 and Ed4
produced by the crystva.l convertors havrer a relgtive phase shift
bet‘a‘/een them at ports 2 and 4 which is determined by the sum

of phase shifts at the two 'freqﬁencies from which-they are derived,
-Thus the difference frequency at port 2 due to the true signal voltagé
E; and the iocal oscillator vol“fage Eiois Ey = Ej [_Ba+ "- 90°
while the IF voltage due to L, O, noise voltage Egr and L,O,

voltage E is Ey, = E,/24° - 1807

The net cffect is to produce in-phase IF voltages at ports 2
and 4 for the IF voltage derived from mixing L.O. and signal power,

The IF voltages due to mixing of L,O, and L,O, noise powers result

in reversed phasg components at the itwo ports. . ..

The crystals are series connected between ports 2 and 4, so
that the in-phase componente add and the reversed phase noise
components cancel, l-The series connection is obtained either by
using reversed polarity cry;stélsror b} using normaeal crystals in
reversed mounts. The former procedure is preferred for mech-
‘anical simplicity sincé the crystals are fmrchased-and their pb}.az"ifyﬁkf

is easily reversed during menufacture; while reversing the mount

polarity requires involved design work,

The same results are obtained if the input contains sideband
~_components at the L.. 0. ffequencv These undergo the same phase = ==

v -

shift as the desired signal and are cancelled in the mixer,




'4See Reference 10
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The first attempt at a double ridge balanced mixer ‘was to be

of the 80° coupler type. The justification for this lay in the fact

- that some experience with multihole couplers in ridge waveguide. ..

was available and a 20 dt coupler was already under development
as part of the project., Data taken in the 20 db coupler programn
made if gppa;féat th:at a bala.nced:idl;hybndiw;s unattainable usiné
multi-hole coupling.

A search was therefore madeto locate a coupling mechanisem

that was capable of flat coupling over a broadband. Another coup-

ling mechanism was tried4 which utilized warped mode coupling

of waves in sidewsll coupled waveguides. The coupling was ob-

" tained through a wire grating which filled the aperture between the

two guide's. Experimental evidence had shown that a coupling of

4db 0,15 db over a 10% bandwidth was obtained in rectangular
waveguide with no compensation for changes in guide wavelength

variation and the discontinuity caused by the array.

Reference 10 indicated that if compensation were applied, the

useful bandwidth could be greatly extended. The best results

- with 8 test-coupler using this-grid array in DY size extruded ridge — —

waveguide tubing was 3.8 db £2,7 db from 4.75 to 7,50 KMC, It
was decided that this technique did not offer possibilities of flat
enough coupling o'verithe required band. A sketch of'the test

piece is shown in Figure 40,




Sketch of SIDEWALL GOUPLED RIDGE GUIDE COLPLER -

USING WIRE GRATING

Fig. 40
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signals at ports I and § are combined at one diode (D) while those,

On the basis of the investigation described above, it was deqid_ed;
that development of a broadband coupling structure would require
a method which did not rely on frequency sensitive coupling ele«-
ments, The desired coupler would be a type which gave powef ,
division simply on the basi‘s of geometry.' The "'reversed-field"
mixer utilizes this type of coupling and‘ it formed the basis of our’
second design, o -— | "

Reversed-Field Mixer

Theory of Operation -

The reversed field mixer is composed of an in-phase equal
power splitter in the input signal circuit and a'reverséd—phase
balanced power splitter in the L, O, circuit, The L.O, noise
suppression of this device can best be explained by reference to
the schematic represeﬁ;étion of Figure 41,

Signal frequency voltage Es enters the signal circuit in-phase -

power splitter, dividiig equally (Eé/sfz—) at ports 1 and 2, There

{8 no relative phagse shift between ports 2 and 4; but there is a

phase delay {(8) from the input to each of the_ outputs. The input

to the L, O, circuit consists of a component E; o &t the LO freq-

uency and a noise componeri E_, st the signial frequency. Both

of these components divide evenly and appear at ports 3 and 4,

There is 180° relative phase shift between ports 3 and 4; in addition

to the phase delay (#) {rom the input to each of the ports, The

'6_0,"
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of 2 and 4 are combined at the other diode (D,). At Dl two IF

components are generated, E0 andr EO' ; Veach having the cox_n;
bined phase of the voltages which produced them, Thus 'Eais
produced from signal and LO voltages, while E(;, is the result
~of the combinzation of the L,0O, and noise voltages,

Since the diodes are connected in series bucking, in -
'.phase voltages (Eoﬂ, ) cancel while out of phase components (EO)
add; thus the output of the mixer does not contain any extraneocus
information due to noise compo?r‘\{ents present in the L,O, source
output. .

Due to symmetry sidebands of the input signal at the

L.,0. frequency are also cancelled,

kﬂA revcf'se,réhrérsié x:l;i);er :vas constructed in doul;lé rr;.cige
wave@uide using an H-plane septum as the in-phase power spliti-
er in the signal circuit, and an E-plane coaxial tee tuned to pro-
vide reversed phase equal power signals from the local oscil-

lator, The physical configurations of these couplers are shown

The mixer diodes have a common connection through the |
septum 1o their respective pin terminals, A matched pair of diodes

is used to facilitate barléhce.' »

provided, An integrally built ridge guide to coax transition is used

for this purpose., The crystals are fed from the coax end of a wave-

Although the 1O, feed is in coaxial line, a waveguide inputis _

-g2-
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ELECTRIC FIELD CONFIGURATIONS FOR RIDGE GUIDE STRUCTURES

T
|

Normal Double Ridge Guide Ridge Guide with H- Plane Power
(a) ' (b)

Signal
Field Components

o Y Y SEERIE T ﬂ /
N . s F‘ 4 s B N e - S
Coaxial Tee Ficld Reversed Phase Power Splitter”

(c)

Fleld Components

o Septurn Plate

| Dircction of Travel of L.O.
! Feed Unit

= s . se o

Coaxial Tec Feed ~ Top \1ew (Section A-A of Flg 43 (c) ) shovung constmctlon

Fig, 43
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guide to coax transition, The L.O, feed is shown in Figure 42,

and the crystal feed is shown in Figure 44, 7
Tum'niadjustinents are provi‘.déd ox{ the eipefirﬁéntal model

for purposes of taking data under a variety of conditions, Each

of the waveguide to coax transitions is ‘equipped with an adjustable ‘

short in the cavity behind each transition, The shorts for the ‘

crystal transitions are single ridge to {it the single ridge guide

formed by the H-plane septum, Another adjustment is available

through variation of position of the ''tee-bar' L,O, feed across the

width of the main line,

The present mixer is & developmental model which has not

‘been fully developed due to limited funds, A number of modifica-

tions still remain to be made before a satisfactory unit is achieved,
However, enough data has been taken to prove out the basic design

configuration,

Tests were made at mid-band (18,0 Gc) and the two end
point frequencies (11,0 and 26,5 Gec). Excellent belance was
obtained with only slight adjustinents of the separate crystal

mount shorts at all three frequencies,

Coupling from the L., O, circuit was -20 db(minimur;x) at
11 Gc; and ~-14 db at 18 Ge. The coupling value at 26.5 Ge could
not be determined due-to measurement problems, This situation

results from loading effects of the discontinuities in the mixer



. FOR Dij- BALANCED MIXER
Fig, 44
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structure; particularly those due to the discontinuily at the

leading edge of the H-plane septum. A method by which this

effect could be neutralized has been considered,

The neutralizing structure would teke the form of a transverse

" slot in the septum plate, A side view of tr 3 plate and slot is shown

in Figure 45. The in~-phase E field components from the signal -
port pass the slot undisturbed since they produce & net zero
{ield across the slot; the slot appears as a series short circuit
{Figure 45a). For the reversed E fields due to L., O, input
(Figure 45b) there is a net field across the siot whié‘n appears
as a series open circuit, This series open circuit appearing
close to the L,O, fced imposes g high impedance load to the L.,O,
for any line length between the 1,0, feed and the septum, An
optifrr;;r;:érérsirtién of 5:he Slot wouldr nave tc;:bérdretie;rimmed empir-
ically,

In view of the good results- obiained at the low and mid-band
freq*&encies, it is expccted that satisfactory coupling at the high

end of the band could be obtained through further development,

Isolation was found to be greater than 20 db during all the tests,

This resuit was cxpected since the power splitiers in both the 1.. O,
and signal circuits depend on geometric properties of their res-
pective.junctions, Since the isolation is based on geometry, one .

would expect a constant value independent of frequency. However

it was found that thec isolation increased ‘rom a vaiue of 20 db (min,)
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tion is not unreasonable when one considers that the VSWR results

- from the combined effectis of the

i
/
i\
f
)
N
b
: -
I
oo

at 11 Ge to > 35db at 26,5 db, This variation is explainable" »
through a consideration of the frequency dependence cf the asym-

metric discontinuities in the coupling junctions,

A reasonable amount of dicde sensitivity was ocbserved through-
out the tests, A minimum of .55 ma.per channel crystal current

was produced from 0.75 mw per channel input power.

The signal port VSWR was found to be < 2:1at 1! Ge; 5,8:1
at 18 Ge; and 3.5:1 at 26,5 Gc. A maximum figure of 3:1 across the
band would be considered good performance, Tne higher VSWR is
partly due to the tapered septum transition from ful height double ~
ridge guide to twin single—ridgéihaif-heighr guide,

The L.O, port VSWR was found to be rather high. This sitva-

1

"tee-bar' feed discontinuity

and the reflections through the waveguide to coax transitiocn. The

VSWR was found to be 10:1 a* 11 Gc; 8:1 2t 18 Ge; and 7:1 at 26,3 Ge, 2

Some improvement in this VSWR could be obtained by medifying
the coaxial feed, A first attempt would be ‘0 use a straight sectign
to replace the '"tee-bar', The waveguide to coax transition could
also be modified to provide a better match by compédséting for

the fact that the coax portion is terminated in an impedance other

than its characteristic impedance,

The limited amount of testing indicates that a satisfactory basic

structure for a ridge guide balanced mixer has been developed.: It
is pelieved-that further development will lead ‘o cither a single unit
or at most two units which will operate as balanced mixers across

the 11-286.3 Ge band.
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Flanges

Six 7standard flangés were supplriﬂerd as part of the contract as
shown in Figure 46a . The pins and'pin holes are located as shHown
in Figure 46b '. . The ping and pin holes must be located ‘accurately 4
with fes.pect to the internal waveguide dimensions to inéure pro;ﬁer
mating of the waveguide cpenings. This must be done after securing
the flange to the waveguide wall and flange cut out. The pins and
piri holes are therefore not included on the flanges. These flanges

are being standardized by the Electronic Industries Association for

‘use with standard waveguide tubing;, whenever the tubing becomes

available, Charts are presented in Figures 47 to 49 giving dim-
ensions for a series of flanges for double ridge 2.4:1 bandwidth

waveguide,
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o1, CONCLUSIONS

- All the components required for”t}'xe 11.0 to0 26,5 rounded ridgé
waveguide were desrigned and built, Workable components which met
or approached the required specifications were developed in most
cases, 7Tixe feéulﬁé éﬁtamiérd mth ther VE-H tuner are satisfactdry for
most a;;phcations although the required specifications were not met.
Satisfactory results were not achieved in the case of the Rotary Joint
and Balanced Mixer. The difficulties which arose in the development
of the Mixer and Rotary Joint were three fold, First, there are in-
herent difficulties associated with broadband component design matching
techniques. This was especially true in the case of the Balanced Mixer,
Even a good full rectangular waveguide bandwidth b;ianced mixer is
considered " state of the art" . iiSecond; there are additional problémé :
due to the higher frequencies involved, compared to the 4.75 to 11,0Gc
band. In the rotary joint, moder problems and coaxial line attenuation

proved to be major design considerations, Third, mechanical prob-

_— lems pggociated with. ridges ign
components, tight tolerances are required for satisfactory results,
. _In view of the results obtained in the allotted time, it is concluded

that additional effort would result in improved performance for the

" Rotary Joint and Balanced mixer, The results obtained on all the

other components for this contract were quite satisfactory and compar-

- ——able to'results which would be expected’ixri'écfangul'argﬁide‘dfﬂﬁs T

size,

- In all tha ..




e IV. REGCOMMENDATIONS

The Rofary Joint and Bé.lanced Mixer are key componenis required

for systems, In order to fulfill future needs of the Armed Services for

ECM systems NAYRDA strongly recommends that funding be made avail-

able to further develop the Rotary Joint and Balanced Mixer into useable -
- components. The recommended approach for improven{ent of the Ro~

tary Joint is to make line length changes and further choke designs.,

In the case of the Balanced Mixer, modification of the local oscillator

input circuit and crystal mounts is recommended for improving per-

formance. These approaches are detailed in the section devoted to _

each component, Further investigation should also be performed to

find a practical means of manufacturing waveguide in minimum lengths

of two to {gmrrfe:et.ﬂl}{agﬁip;gg raethods such as___bro;.chi.ng might be
wem‘plqyed. Additional int'estigation of electroforming methods is also
recommended, The work conducted in this contract would be a natural

starting point for future development and investigation in these areas.
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IDENTIFICATION OF KEY PERSONNEL

Adolph Brenner Microwave Section Head

B,E.E, The City College of New York, 1954

Currently attending Polytechnic Institute of Brooklyn for M,E,E,

18583-1858 Microwave Development Engineer, FXR, Inc.

May 1958 - Oct, 1958 Project Engineer, Polarad Electronics Corp,
Since Oct. 1858, Microwave Section Head, Narda Mic¢rowave Corp, =

Philip Levine Project Engineer

B.E.E., The City College of New York, 1958

Currently attending Polytechnic Institute of Brooklyn for M.E,E,

1958-1958, Microwave Engineer, Polarad Electronies Corp,
Since 1859, Project Engineer, Narda Microwave Corp.

Peter D, Lubell Microwave Engineer

B,E.E,, The Cooper Union, 1858

Currently attending Polytechnic Institute of Brooklyn for M, E.E.,

1958-1958, Microwave Engineer, Wheeler l.aboratories
Since 1859, Microwave Engineer, Narda Microwave Corporation

STAFF HOURS SPENT ON PROJECT

to December 1,1

v - g
[ P DU TN . B

961

A.Brenner

- 198,3
P,Il.evine 1144.0
P, Lubell 1063,8
TOTAL o

2408.1 T
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RH)GE—WAVEGUIDE TO RECTANGULAR WAVEGU]DE TRANSITION -

." DESIGN PROCEDURE

boM?ﬁ:Sﬁnoﬁ FOR b/a RATIO CHANGE CQNSIDERED

klfprmatiofl"given: input impedance
ouput impedance
maximum VSWR desired

Tchebyscheff coefficients

Calculating the Tchebyscheffl ¢oefficients can be done in the

usual manner.5
dangrg \La_.rluere_s:_clf%egch section
determine crosgs section geometry of each scection,
information is obia
culated.for each multi-section (n = 3,4,5, .
basis four sections were considered adequate,

for the RG-53/U transition is given below, . e

GIVE\ Z,

1
k=5
ZYk E
o_gj@z_t_ rectangul = 1,913 = (Z, )k=1
input ridge -
- 1
- z -3 IZT28 .| o543

2
Sce Reference 7

The coefficients are then used to determine the impe-

After all this
ined the maxtmum theoretical VSWR dan be cal- -
. . « Jtransition,

-A sample calculation ’ !

. Impedance values in turn-are used to

Om this




R

- N -4 -
17 Zreg. (2)) T {387.2)(1, 0549y | 376. 5 |

-3'2'

z

Zy sz,(2;) (876.5) (1. 0549)8. 00 =320,7

Y3

z, =zz(zi) *(320.7) (1, 0549)"4. 127 = 257.p

Ly , ,
Zy "2z 4 *(287.2) (1.0549)"3. 00 =218,
b - :
v . -1
2, -z =z,2') * (218.0)(1, 054 =207,8

final calculated impedance, zi‘ﬁx«isu:"zficiently' ciose to the actyg) i.mpedancie.

Figuire 1A gives the _oi@gtag};;ﬁngitudida; CToEs section of & typical

transition.




-

AgL guide wavelength low frequency

XgH = guide Qa;'eleﬁgth high fretiuency

The mean wavelength for RG-83/U over the 18,0 to 26.3 Gc range
is 0,700, while the mean wavelength in ridge guide over the same band

is 0,594, Apply the formula above to get a mean mean value

2(0.594) (0.700)

)‘g.maan mean . . 0.6427
0.584 + 0,700 _ '

‘g average _ 2 ) 0.6470

g mean average 9'874?0 * 0'642? i 0644€ :L

2

The mean average Xg is used to determine the length of the first
. quarter wave section, From Figure 1A one can equate the ''a' and ''b"

dimension as

8 s ~(Bf)x  =aprareix
b b H—Arb—-)x =by +.0760x

Adaand A baredifferences in a and b dimengions from ridge

to rectangular guide ‘ e

w

T
X

First Step:

-

F
|
|




Given: At A: a =0.471in., b =0.218 in.,

Atx: Z,2218.0Q, © x4 =0.5378 in. (Midband)

{ ‘I, = 0.6448 = 0,0806 in,
| T8

®x, "% T (%) x ca, +.0790x: 0.4646 in,
b =b, + (BPy « b, +.0760x:0.2129 in
x, TPat ) X vy T ;0 :

atx.: b/a = 0,458

Co : let ZO o 195.0 for b/a =0,458

- Z is pfopdrtional tob/a assuming all other physical parameters

lo
are held constant.

o D 0.465  _ ] .
o zom_lgs,o (m-)-ise.o forb/ar—0.46;)

ZOoo of 185.0 ohms for b/a = 0.458 within 1.5%.

from Figure 5A xc/a may be found to be 2,62,

"'xc 21,217 ; )‘C/,’Xo,fzﬂzss

kg/k = ZO/ ZOCD =1,12; Kg = 00,6023, Z

0
d = .,1022

"~ Using Figure 4A with the appropriate correction factor determined

=2i8.,4=~=218

— S QE = 0,245 Ag(correc—ted'ior step papacitance) =0, 1476
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( If the Z0 were not close to the reguired value a new ZO © would _
7 N
have to be chosen and e calculation repeated until the correct value
was obtained. C e - S . ‘_
~---= - “The parameters at point 'A' are determined inthe same manner, which
will uniquely determine the parameters at point "' B'', 7 T
This process ig continued until ail the steps are calculated, The
| _ _ -
r ~ resultant transition gave a8 VSWR of 1,08 maximum.
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(,- o . APPENDIX B
. .. . _ DIRECTIONAL cQﬁPLERDESIGN PROCEDURE

In convéhﬁoﬁal Waveguide directional éouplers an op'ti}nﬁm designe

e;cists with respect to the frequency variation of coupling and the gi;eat-

. . est minimum directivity for a given bandwidth, As the bandwidth in-
" L. -creases the perfdrmance degenerates, The ridge guide directional
éouplér presents a particularly cifficult design proklem because of its

large range of operation,

The first important consideration of the ridge guide directional
coupler is the position.of the 'coupling elpments necessary to give the
minimum frequency variation of coupling. A hole, the most convenient

coupling.element is placed in the common wall between the two adjoii-

T e T T T e T T T T T T T e

-t - -ring waveguides, ¢ T 7 Y - T T I e

-5a -ia| & sa
0 : "X

- : Fig, 1B
The voltage coupling of the%owcst mode wave travelling in the

5
[ .
} , S .. tZdirection of the auxiliary line (FigurelB ) when excited by a wave

i‘ v of. unit amplitude travelling in the +Z directicn of the main lind is
!

SSee Reference 7 .. - . o . . S

see Reference 11 ' = - : ]
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7 Ep,, is the magnitude of the y component of the unit electric field in, -
the main guide evaluated at the center of the ageémre; Eé.y,is the same,
except that it 18 evaluated for unit field in the auxiliary guide, Similar
definitions hold for me, Hax’ ,.Haz and Hmz' P, er and M2 are pos-
itive real humbers called respectively, the electric and magnetic pol-
" arizabilities and are given by: ) | 7
M, = M, = 2P = 4/3 r° for a round hole S @)
where r is .the radius of the coupling hole. ‘Sa is a normalizing factor
given by: - -
sa- S Exw o&@ (3)
A—— - - o -
In conforming with Bethe! s notation, the field distributionfor-the TE [0
mode in ridge waveguide is approximately : ] ' s T
E = -V, cos ??”"3%,77”, . E_:-V. sin 2% (T,PEL.JDL,» ]
¥ o e v i Ao P
Ly A2 % o A L. 2 & <
H =% y-cosy 0€x «.118 H -\’1§81nr(—z——x) lla€x g, 5a
v A 27x o A 27 ,a } -
Hz VO'A_C sin )‘c Hz‘: ’\li;—cos )TC_(’Z X) (4)

For the operating bandwidth of 2.4 to ! in the ridged-guide waVeguide
VIV, is approximately 0,17.. The normalizing factor Sa can be ex -

pressed as -X-O. K wherc K depende-upon the maximum voltage ampli-

R
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ridged portion of the guide can be written as:

tude and dimensions of thhe wa_veguide..’_ Therefore the coupling in VtAher

=

fgbd”;} Flay’ -7 et _ - ( }\“ Tet

and for the unridged portion A

A = K, lgz_ E(ﬁ)z - 1] sin® %P—(— (—g-«‘- x). - 2(_;‘_(2_)2 _(8). -

A c ‘o

Aq c

All non-frequency sensitive factors are contained in the K's,
From this it is seen that the frequency Sensitivit:;f of A is quite

dépendéin{gpgon the positicrmixi of the elem'ent‘./

In examiﬂing these relations it is found that the hole cannot be

'pfa’éédaiébove'"th e ridge because of large Trequency variations of coupling
and the restriction of the hole size to confine it to the fields within the

ridge. A holecplaced in the unridged portion of the guide at X=,153a

gives an approximate theoretical optimum variation of coupling of

+3.3 db, Actually this position is found to be intolerable because .

~-The discrepancy between the theoretical and actual optimum posxtion‘“f'

vflelds or the mdge edges and the reactive attenuamtion throug}' ‘h& hcies

for the couplmg values required the holes are large enough to Anter—

sect the fields over the ridge. Experimentally, the optlmum position

measﬁ'rerd isﬁix}h:‘?QSaf which gi-ves a coupling variation of':“:3.5:5 db

is primarily due to the holes bemg a httle large for Bethe's thpory to

strictly applv the field dlstwbunon of (4) not accountmg for th

not bemg sccounted for in (6) » : A E

R
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The next Cdnsiderationym the design of the direct{onal »co{xﬁler is to
- attain the greafest miru'mum directivity tor thevshoffe‘ﬁt-length’ﬁ 'the\
couplfﬁg array. The optimum distmbutlon makes uae of the Tchebyrsigh;ff T
/polynomlal In order to obta;n a minimum directwity o£ 40 db a Bym-
" metrical 14-element‘ array' is requn‘ed. Voltagercoupling,coeﬁlcients,. e o

for the holes are found from a step by step solution of 8 . : T e

D N+1-q) = R EgoT o (ANl g 290N, ih('(NH k)Az*‘i
, 2q - 1 : ’ kxg+1

] S @eN.LLL (M

[ rcoefflcieat of the. (\1’ +1- g eiemcnt relative to % of the- iirs

ment, ZO is a pcale factor which is gwen by: __._

'7

g at 11, ()Gcfr »
g at26.5Ge el

2k +1 . k-m é‘ 2k+1
and Azm“- o Gobem) BTH (@)

. where  ([) = ,k%ir.,k),» e

_BSee;Beferexice'VV’? LR |
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After finding the relative coupling coefficients the following table

“.—. can be made: - L v T \"?:"'T}"&&,,fi_‘_“f_‘__,
- - e S i EmsRTR s e — o e e e !
) : .- TABLE1 u “ “ B
k |1 | .2 | s. & |s |8 | 1
: ‘6": | 4 Aa.zin {11,083 21.802]34. 998147 292 54.763“;‘7
Coupling (db) Be- 34.772{22.280/13,018[8.000 | 3.890}11.274] o % =~
T e ey 2 Tahso 6] 5 TR AT IO TTE
Goupling(db}! 70, 888]64.396{56.0 00, . . S
‘ ]f%zéo%?n) - % 5,085 0,08 ‘ 3;1'11' 0.136] 0,14 _751 6.”’16; ' o
The absolute coupling of the 1é;réest_. ho):e is dgtf&fg}iged from: i |
: : - - 8 o - U
. C = 20 logw Lz Z“&r—vg{aL’-';E: +8 @ an o -0 ]
k=1 o
7 O is the overall coupling array required and thé 6 db-is thér addi- -~ o - ﬁ
e s . tional co_p“nngue to a second parallel array that is used, _The dxameter ofy
the holes are found by taking coupling . da»‘a as shown in F1gure 3';’ . The
distam e bctWeen holes’is 0,1925 1.1ches: The overall bouplmg z‘esults are _;;:, V m’
o . shown in Flgure 38 . -The average cwourplmg is 19,85 db with a 3,55 db T‘V;:
A . *vamatxorrwlth f;'equency D‘recnvlty is found to be grea‘rerthan‘zﬁ db e e o

,/ :
e “over the euure range from 11. 0 t6 26, “) Gc

P .
A
» .
’ Ex 3
T
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