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ABSTRACT 

This is the final report on Contract AF 19(604)-3502, under which 

various investigations were made from 16 July 1958 to 15 June 1961. 

These investigations included theoretical studies on surface wave 

antennas and on power pattern synthesis, studies of various realiza¬ 

tions of leaky-wave antennas, studies of some frequency-independent 

structures and a twisted Yagi antenna, studies of a highly efficient 

surface-wave launcher, and of ridge waveguide directional couplers. 

The results of these studies contribute to the body of knowledge 

ultimately applicable to the Air Force electronic countermeasures 

problem. 
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ECM ANTENNAS AND COMPONENTS FOR MISSILES AND SPACE VEHICLES 

I INTRODUCTION 

The purpose of the investigations made under this contract was to 

develop new information on antenna systems that eventually might be 

useful for Air Force ECM systems. In this report the theoretical in¬ 

vestigations of surface-wave antennas and leaky-wave antennas will be 

considered first, followed by discussion of a technique for determining 

the smoothest aperture distribution that will give a specified radiation 

pattern for any large aperture antenna. Next, a number of different 

antennas designed on a leaky-wave basis will be considered, followed by 

a discussion of other types of antennas, including frequency-independent- 

types. Finally, ridge-waveguide directional couplers—which can be very 

useful in ECM antenna systems—will be considered. 
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II RESEARCH PROGRESS 

A. THEORETICAL WORK 

1. Synthesis of Modulated Corrugated Surface-Wave Structures 

The surface-wave antenna has shown promise as a flush-mounted 

end-fire antenna, but its development has been limited by the lack of 

basic theoretical knowledge of its mechanisms of radiation. Theoretical 

work under this contract has developed some of the needed information. 

In Scientific Report 4, an exact procedure is described for designing 

a surface that will support a prescribed group of surface waves simul¬ 

taneously. The surfaces developed by this procedure are modulated (i.e., 

contain periodic waves in the direction of propagation), and have surface 

impedance values that vary periodically in the direction of propagation. 

Finite-length surfaces of this type are reminiscent of Simon's cigar 

antenna." The report presents several surface designs, and a discussion 

of some general properties of the surfaces and the composite waves they 

support. Certain limitations of the design procedure are described. 

It is shown that an exact procedure exists for the design of a 

modulated corrugated surface to support a specified group of surface 

waves. In the illustrative examples the surface impedance level on such 

a surface attains values well in excess of the corresponding values for 

single-mode surfaces designed for the fastest wave in the group. This 

upholds the view that a modulated surface can support a wave of velocity 

slightly less than that of light, as a part of a relatively tightly bound 

wave system. 

The analysis is limited in application to two-dimensional corrugated 

surface radiators. It is further limited in that it provides no infor¬ 

mation on the bandwidth characteristics of the structures designed. 
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2. Radiation from Variable Reactance Surface-Wave Antennas 

Scientific Report 12 presents a comprehensive investigation of 

radiation from surface-wave structures. This report is a theoretical 

study of the properties of flush-mounted or two-sided variable-reactance 

surface-wave antennas. The paradox of radiation from a constant-reactance 

surface wave antenna is examined to derive an understanding of the 

principle of radiation from a surface-wave antenna with periodically 

varying parameters. The report discusses the principle of radiation from 

Simon's "cigar" antenna, which has caused some controversy. Finally, a 

theory, which in principle is exact, is developed for variable reactance 

surface-wave antennas. By this theory, the surface field can be 

termined using a field representation in terms of coupled cylindrical 

modes. Approximate expressions for the surface field are derived, for 

use in practical designs. It is expected that this theory will be useful 

in cases requiring high accuracy in predicting the radiation pattern of a 

tapered surface-wave antenna. 

In the design of distributed-aperture antennas, such as the leaky- 

wave antenna, it is often assumed that no sudden changes occur in the 

aperture distribution. However, a prescribed power pattern may be real¬ 

ized with any one of an infinite number of aperture distributions, and 

it is useful to know which aperture distribution is the smoothest for a 

given power pattern. 

3. A Variational Method of Synthesizing Antenna Power Patterns 

In Scientific Report 9, a variational approach is developed for de¬ 

termining both the phase and the amplitude of an antenna excitation 

function that approximates a prescribed far-field power pattern. No 

information on the phase of the prescribed pattern need be supplied. 

The resultant pattern will be an optimum approximation in a mean-square 

sense and the excitation function will be the smoothest one possible under 

the prescribed circumstances. The relative importance of the pattern fit 

and the smoothness of the excitation function can be adjusted by means of 

weighting factors The width of the radiating aperture appears as an 

explicit parameter of the synthesis procedure, so trade-offs between 
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aperture size, pattern error, and smoothness of excitation function may 

easily be examined. In particular, this latter feature makes possible 

an explicit determination of the relationship between a given amount of 

super gain and the resulting fluctuation of the excitation function in 

the radiating aperture. The smoothness requirement also has the effect 

of achieving the highest possible aperture efficiency consistent with 

the allowable pattern error. 

A feature of the procedure is that both the aperture width and the 

extent of the angular region over which the pattern fit is to be achieved 

appear as explicit parameters of the problem. Also, either the phase or 

the amplitude of the aperture function can be prescribed. The synthesis 

procedure will then determine the other function. The function so de¬ 

termined will be conditionally optimum. 

In the light of a limited amount of analysis, it appears that the 

necessary computations are well within the capabilities of moderately 

fast digital computers. Thus, the computing costs should not be a serious 

limitation in the practical application of the method. 

B. LEAKY-WAVE ANTENNAS 

1. A Leaky-Wave Antenna with a Curved Aperture 

In the analysis of wide-aperture antennas excited by a traveling wave, 

the leaky-wave concept has proven to be very useful because the accuracy 

of such an analysis is less a limiting factor than is the precision with 

which an antenna can be built to the design. Leaky-wave antennas are of 

interest in airborne ECM work because they can be flush-mounted, they 

have relatively small volume, and can be scanned electrically. Different 

antennas based on the leaky-wave principle, each having unique construc¬ 

tion or performance capabilities, have been developed under this contract. 

Scientific Report 5 presents the design and the measured performance of a 

leaky-wave antenna whose radiating aperture is curved to fit flush with a 

30-degree sector of a cylindrical surface. The radius of curvature of the 

surface is about 46 inches, or 44 wavelengths at the design frequency. 

The aperture of this antenna is 18 inches in the E-plane with an arc 
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length of 24 inches in the H-plane. It comprises an inductive sheet 

spaced over a conducting surface. 

The radiation patterns of this antenna were measured over the 

frequency range 8 to 13 kMc. At the design frequency, 11.42 kMc, the 

experimental results check extremely well with the theoretical predic¬ 

tions for a pencil beam 3.8 degrees wide in the H-plane by 3 degrees in 

the E-plane, tilted 55 degrees in the H-plane from the normal to the 

surface at the feed end of the antenna. 

It had been shown previously that the behavior of a wire-grid 

leaky-wave structure on a flat surface could be very precisely predicted, 

permitting independent and precise control of the phase and amplitude 

distributions across a flat antenna aperture. These new measurements 

showed that nearly as precise control can be obtained when the antenna 

is curved gradually in the H-plane to fit flush with a curved surface. 

An appreciably smaller radius of curvature could be used before the 

errors would become significant for most applications. It follows, then, 

that leaky-wave antennas of this type can be designed to fit any singly 

curved surface whose radius of curvature along the aperture lies between 

some lower limit (less than 44 wavelengths) and infinity. They can be 

designed to radiate pencil-beam or shaped-beam patterns. 

It could not be definitely determined whether the very slight dis¬ 

crepancies that occurred (3 db differences at 4C db down from the main 

lobe on one side of the beam) were due to approximations made in pre¬ 

dicting the radiation from a curved surface, to approximations made in 

the design of the leaky-wave structure, to finite tolerances in the 

construction of the experimental antenna, or to combinations of these 

factors. 

Although the antenna described was constructed by stretching large 

numbers of parallel wires across the aperture, the wire grid could be 

replaced by a grid of flat strips photo-etched on a Teflon-glass fiber 

laminate. The width of the flat strips would be twice the diameter of 

the round wires. 
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2. A Dielectric-Loaded Wire-Grid Antenna 

Scientific Report 8 describes the design and the measured performance 

of a flat, leaky-wave antenna in which the inductive, leaky surface is 

backed with a slab of dielectric. The analysis is based on a transverse 

resonance analysis which determines the physical dimensions of the antenna 

for a specified aperture distribution. 

The antenna consists of a 28- by 18-inch trough filled with a di¬ 

electric material over which parallel wires are strung. At the design 

frequency, 4.75 Gc, the antenna radiates a pencil beam 9.4 by 8.3 degrees 

wide at an angle of 54 degrees measured from the normal to the inductive 

surface. 

The beam can be scanned from approximately 75 degrees down to 

12 degrees, measured from the normal to the aperture, by changing the 

frequency from 5.25 Gc to 4.20 Gc. Beyond both limits the radiation 

pattern deteriorates rather sharply. 

It is shown that by using a transverse-resonance analysis, the 

behavior of the flat dielectric-loaded leaky-wave antenna can be predicted 

with very good accuracy. The refraction at the interface causes the an¬ 

tenna to scan over a wide angle for only a small change of frequency. In 

the first model built, the dielectric was molded. The antenna behaved 

substantially as predicted, but losses in the dielectric and poor me¬ 

chanical stability led to the construction of a second model in which the 

dielectric was machined to fit the antenna. This gave a poorer fit and 

consequently the radiation pattern did not agree with the predicted patterns 

as well as in the first model. However, the gain of the second model was 

close to the estimated value. 

The availability of a new low-loss dielectric resin led to the design 

of a conical leaky-wave antenna. The design is described in detail in the 

report. Construction of the antenna was not completed within the contract 

period due to difficulties with the casting process. 

The report describes a method of designing a leaky-wave antenna on 

a digital computer. Dimensions for the flat antenna were calculated from 

the curves and compared with those from the machine program. The maximum 

difference was 0.002 inch. 
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The dielectric-loaded leaky-wave antenna has several advantages 

over the non-loaded type. Some of these are: 

(1) The indueive surface is better supported. 

(2) Beam scanning can be accomplished within a 

narrower frequency range. 

(3) The loaded antenna is thinner than the air-filled 

antenna working at the same frequency. 

(4) The dielectric raises the breakdown point inside 

the antenna. 

Whether these featurrs outweigh such disadvantages as higher cost, less 

accurate aperture control, and greater weight, will depend on the re¬ 

quirements in each case. 

3. An Antenna Array of Longitudinally-Slotted Dielectric-Loaded 

Waveguides 

Scientific Report 6 describes the design and measured performance 

of an antenna made up of an array of dielectric-loaded rectangular wave¬ 

guides with common narrow walls. There is a longitudinal slot in the 

center of each broad wall. The preferred form of this antenna has a 

slab of dielectric over all the slots, although it can also operate with 

dielectric within each guide. The report discusses an approximate theory, 

and presents empirical design data from which an experimental model of 

this antenna is designed. Empirical data are also given for cases with 

dielectric inside the waveguides. The radiated H-field from this antenna 

is parallel to the antenna aperture, and the main beam is directed up 

from the aperture at an angle equal to the arc cosine of the velocity of 

light divided by the slotted-waveguide phase velocity. 

An experimental antenna using standard 0.900- by 0.400-inch waveguide, 

had an aperture 9 inches wide by 20 inches long. The antenna was fed from 

a hog-horn that yielded an approximately sinusoidal H-plane illumination 

over the 9-inch aperture width. The slot width was varied over the 20-inch 

length to obtain a T.ylor aperture distribution yielding a theoretical 

radiation pattern with -25.5-db E-plane sidelobes and with a 5.4-degree 

beamwidth. At the design frequency of 10 kMc the beamwidths were 

5.4 degrees (E-plane) and 8.0 degrees (H-plane), and the first-sidelobe 
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levels were -22.0 db (E-plane) and -23 db (H-plane). Good radiation 

patterns were obtained from 8 to 11 kMc. Using the experimental data, 

it should be possible to design this antenna to yield a variety of 

radiation patterns. 

The antenna can be flush mounted in the skin of an aircraft or 

space vehicle. It requires only about one wavelength of depth, and the 

dielectric covering the aperture can act as a radome. 

The array of slotted waveguides can excite a surface wave in the 

dielectric. However, by restricting the thickness of the dielectric 

slab, the amplitude of the surface wave can be kept very small, at least 

30 db below the main-beam peak. The excitation of the surface wave 

should not hinder the practical application of this antenna. 

4. Leaky-Wave Antennas Using Periodically Spaced Small Apertures 

Scientific Report 10 describes the application of Bethe's small- 

aperture theory and leaky-wave-antenna theory to the design of narrow- 

beam antennas radiating through small apertures periodically spaced along 

one wall of a rectangular waveguide. 

The first antenna described uses a dielectric-filled rectangular 

waveguide with rectangular apertures spaced along one narrow wall, radi¬ 

ating into a parallel-plate region, which flares into a horn. This 

antenna was 30 inches long and was designed for a center frequency of 

11.0 Gc. It gave reasonably good patterns from about 10.4 to 11.8 Gc, 

scanning from about 55° to 25°, measured from the waveguide axis. The 

beamwidth was between 4.75° and 6.5° in this frequency range. 

The other antenna described is a single rectangular waveguide de¬ 

signed to be part of an array of waveguides laid side-by-side, radiating 

through crossed slots in their broad walls. This antenna radiated an 

elliptically polarized wave, but the design analysis is applicable to 

linear polarization as well. The antenna was 20 inches long. It scanned 

a five-degree beam through about 22 degrees, with ellipticity less than 

six db, over a 25$ frequency band centered at about 9.0 Gc. 
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Design analyses, formulas, and measured performance are presented 

for these antennas. Both worked sufficiently well to demonstrate the 

applicability of small-aperture leaky-wave concepts to the design of 

narrow-beam antennas. 

5. A Wide-Band, Transverse-Slot, Flush-Mounted Array 

Scientific Report 2 describes the design analysis and measured 

performance of an antenna composed of an H-plane array of parallel wave¬ 

guides having quarter-wavelength-thick transverse slots extending com¬ 

pletely across the array. Each relatively wide nonresonant slot in this 

array radiates only a small amount of power, and the dimensions of the 

slots are relatively uncritical. The radiated H field from this antenna 

lies parallel to the transverse slots. The cosine of the angle between 

the direction of maximum radiation and the plane of the antenna is equal 

to the velocity of light divided by the phase velocity of propagation 

along the array. 

An experimental antenna was built with a radiating aperture 9 inches 

wide and 20 inches long. The antenna was fed from a hog horn which 

yielded approximately sinusoidal H-plane illumination over the 9-inch 

aperture width. The power coupled from the transverse slots was varied 

along the 20-inch length of the aperture to achieve a Taylor aperture 

distribution with -25-db E-plane side lobes. At the design frequency of 

11 kMc the beamwidths were 5.4 degrees (E-plane) and 7.3 degrees (|l-plane), 

while the first-side-lobe levels were -24.7 db (E-plane) and -24.2 db, 

(H-plane)—in close agreement with theoretical expectations. The di¬ 

rection of maximum radiation was within 0.35 degrees of the design value 

at 11 kMc. Good radiation patterns were obtained from 7.0 kMc—which is 

slightly above the cut-off frequency of the guides--to 11.5 kMc, which is 

slightly below the frequency at which spurious lobes are generated by the 

widely spaced slots. 

The measured performance of the wide-band, transverse-slot, flush- 

mounted, antenna array agrees well in all essential points with the theo¬ 

retical analysis. Therefore it is believed that the analysis presented 

in this report may be safely used to design this type of antenna to give 

a wide variety of pattern shapes for various applications. 
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This type of antenna can be flush mounted in the skin of an 

aircraft or space vehicle and requires only about one wavelength of 

depth. The angular position of the beam can be varied over an angular 

interval of about 35 degrees by varying the operating frequency from 

7 to 11.5 kMc. If the antenna were mounted behind a radome so that it 

could be mechanically scanned, it would probably have less volume than 

a parabolic antenna having equivalent electrical performance. 

C. OTHER ANTENNAS 

1. A Sinuous Flush-Mounted Frequency-Independent Antenna 

The leaky-wave antennas discussed in the preceding section are wide- 

aperture narrow-beam antennas operating over a moderate frequency range. 

Another type of antenna having application to ECM work is the frequency- 

independent antenna, which has a moderate beamwidth but an extremely 

wide frequency range. The frequency-independent antennas investigated 

under this contract were flush-mounted types. 

In Scientific Report 3, the design and measured performance of a 

sinuous flush-mounted frequency-independent antenna are described. This 

class of antennas has constant input impedance and pattern shape over an 

essentially unlimited frequency band. The antenna described had linearly 

polarized radiation patterns with beamwidth and direction of maximum 

radiation essentially constant over a 5-to-l frequency range, extending 

from 3.2 to 16 kMc. The bandwidth of this type of antenna is limited by 

the bandwidth of the ridge-loaded feeding waveguide. It is believed that 

the operating bandwidths could be increased by using a more heavily 

ridge-loaded feed or shielded coaxial feed structures having maximum 

dimensions much smaller than the smallest operating wavelength. The 

antenna can easily be scaled to operate over other frequency bands. 

The experimental antenna was well matched and was efficiently ex¬ 

cited from a heavily loaded ridge waveguide. The performance of four 

different antennas was measured, illustrating how the beamwidth and 

direction of maximum radiation is influenced by the antenna dimensions. 

Because the effective center of radiation moves along the antenna with 

frequency, it is believed that it could be used for frequency scanning, 
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either by mounting the antenna at the focal surface of a reflector, or 

by distorting it to lie on a cylindrical surface. 

2. Other Frequency-Independent Antennas 

Two other frequency-independent antennas were worked on briefly 

under this contract. One consisted of 38 closely spaced dipole elements 

arranged so that element spacing and length changed by a constant multi¬ 

plier in proceeding from one to the next. The elements and balanced feed 

line were made by printed circuit methods on either side of a thin Teflon- 

glass fiber sheet, which was mounted over a reflecting cavity in such 

manner that the distance from the plane of the elements to the reflecting 

wall changed linearly in the same proportion as the element length and 

spacing. This arrangement allowed the antenna to be flush-mounted. 

The intended frequency range of this antenna was about six to one, 

but difficulties with the feed and input impedance reduced the range of 

satisfactory operation to something less than four to one. Insufficient 

time remained on the contract to pursue the development of this antenna 

further. 

The other frequency-independent antenna consisted of a tapered 

single-ridge waveguide with a row of tilted slots cut along the center of 

the nonridged wall. In this antenna only a small portion of the energy 

was radiated, and in such manner that the pattern was not frequency- 

independent. To overcome this, it would be necessary to tilt the slots 

more or make the structure much longer. Tilting the slots more would have 

increased non-frequency-independent, cross-polarized radiation which was 

already as great as could be tolerated. The antenna was more than twice 

as long as a dipole frequency-independent antenna covering the same 

frequency range, so making it much larger was impractical. Therefore, no 

further development was done on the ridge-waveguide frequency-independent 

antenna. 

3. Twisted Yagi Antennas 

A different approach to modulated traveling-wave antennas was in¬ 

vestigated in Scientific Report 1. This report discusses the limitations 

of conventional traveling-wave antennas, and the advantages of modulating 
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either the ph.ee or aaplitude o! the guided wave, »nlfore traveling-».« 

antennaa-auch as the long Vagi, the polyrod, and the corrugated-aurl.ee 

antenna-have uaelul end-fire radiation characteristics »hen the axial 

dimension of the antenna la not too great (leas than about 20 .avelength.). 

The end-lire characteristics may be preserved lor even greater lengths 

either the amplitude or the phase (or both) of the travellng-ave propa¬ 

gation along the antenna Is appropriately modulated. The gradual Listing 

of the elements of a long Vagi antenna about its central axis »ere found 

to yield some of the advantages gained from other forms of modulation, 

in addition, circular polarization of the field In the axial direction 

may be attained. The expressions for the field patterns of the 

Vagi »ere derived, and compared *ith measured patterns taken on a model 

ten-wavelengths long. 

The agreement »as considered close enough to alio, the design of 

antennas on the basis of the theory, coupled »ith experimental results 

on the velocity of propagation of the surface «ave as a function of 

antenna parameters. This relationship should be measured more accurate y 

than »as done in this Investigation, since the phase velocity is the most 

critical design parameter of the antenna. 

The two most important results of applying the twist principle are 

(1) The attainment of arbitrarily high gain at a 

phase velocity that is sufficiently low to allow 

for easy excitation of the antenna 

(2) The production of circular polarization. 

in addition to other applications, the Listed Vagi can be used as 

a research-instrument for studying the general principle of modulated 

surface-wave structures, since it achieves the effect of an amp 

modulated antenna at constant phase velocity. Invariably, other forms 

of modulation, such as those produced by varying the spacing or length 

of elements, result In a mixture of modulations of the amplitude and 

phase velocity of the traveling wave. 

The report gives examples of arrays of twisted sections, describing 

them in simplified terms for purposes of discussion. Using »ell-kno»n 

methods of pattern synthesis, It should be possible to obtain patterns 
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with specified ratios of main-lobe to side-lobe level Ly employing twist 

sections of different lengths and phase velocities. One could also 

synthesize patterns having the main lobe at a specified angle with the 

axis, although this could probably life done more efficiently by other 

forms of modulation. 

D. COMPONENTS 

1. Flush-Mounted Surface-Wave Launcher 

Some work was done on transmission-line components that might be 

useful in the study or the application of SCM antenna systems. Scientific 

Report 11 describes an investigation of a flush-mounted surface-wave 

launcher of very high efficiency. The launcher consists of an array of 

partially dielectric-filled waveguides coupled to a dielectric slab out¬ 

side the waveguides by small slots cut in the broad faces of the waveguides 

The launcher supports two normal modes with slightly different phase ve 

locities. All power can theoretically be extracted from the waveguide 

system for a coupling length of half of the beat wavelength of the normal 

modes, provided that the dimensions of the launcher satisfy the following 

two conditions: (1) The normal modes of the uncoupled system must have 

the same phase velocity, and (2) Each normal mode of the coupled system 

must carry the same power inside as outside the waveguides. 

Measurements were made on a surface-wave launcher consisting of an 

array of five waveguides coupled to a dielectric slab. It was shown that 

more than 99 9 percent of the waveguide power can be extracted from the 

waveguides for a coupling length of 7.5 wavelengths. There was close 

agreement between theory and experimental results. Because of the finite 

width of the launcher, some of the extracted power is radiated from the 

sides of the launcher. This side-radiation decreases when the width of 

the launcher is increased The side-radiation can be eliminated by 

placing metal sheets at the sides of the launcher. 

The theory was used to design a surface-wave launcher which couples 

one rectangular waveguide to a dielectric slab with metal sides. With 

this launcher, there is no side-radiation. The theory was further used 

to predict the coupling between two rectangular waveguides. 
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2. Ridge Waveguide Directional Couplers 

Ridge waveguide has been extensively used in ECM work because of 

its relatively wide single-mode bandwidth. In a ridge waveguide ECM 

system, directional couplers can be very useful. For instance, they can 

be used as sampling devices for monitoring transmitted power, wave shape, 

or spectrum. They can be used as integral parts of recirculating storage 

loops for pulse generation or storage, or as directional filters. Di¬ 

rectional couplers have also been discussed in connection with the look 

through” problem. In Scientific Report 7, both cross-guide and broad- 

wall couplers are described. The couplers were made in both single- and 

double-ridge waveguides using cross sections approximating those of some 

commercially available ridge-guide. 

An approximate determination was made of the dominant-mode fields in 

ridge waveguides at all frequencies. Evaluations were made of the fields 

along the walls of a commercially standard single-ridge guide having a 

usable frequency range from 3.75 to 15.0 Gc, and of a commercially 

standard double-ridge guide having a usable frequency range from 4.7 to 

11.0 Gc. Graphs were drawn so that the results could be applied in 

practical situations. 

Using Bethe's small aperture theory, design formulas were developed 

for simple cross-guide directional couplers in both single- and double¬ 

ridge guide. These formulas and the field-graphs mentioned above were 

used to design and construct two cross-guide couplers. For the single¬ 

ridge cross-guide coupler the coupling varied from about 42.5 db at 

3.75 Gc to about 38 db at 14 Gc, and was within about one db of the pre¬ 

dicted coupling over most of the band. A sudden change in coupling, not 

predicted by the theory, began at about 14.5 Gc and reduced the value of 

coupling to about 27.5 db at 15.0 Gc. The smallest value of directivity 

was about 8.5 db and the largest about 12 db. The directivity was ap¬ 

proximately as predicted. For the double-ridge cross-guide coupler the 

coupling varied between about 48 and 51 db over the band from 4.7 to 

11.0 Gc—substantially as predicted. The directivity was about 30 db at 

8.0 Gc, and over 20 db across the frequency band except at the low 

frequency end, where it measured 14 db. The theory indicated a 

directivity greater than 20 db over the band. 

14 



Design formulas were developed for multi-hole, broad-wall-coupled 

ridge waveguide directional couplers. The coupling for the single-ridge 

broad-wall coupler ranged between about 22 and 29 db over the 3.75 to 

15.0 Gc band. The coupling of the low points near the ends of the 

frequency band were about equal, as predicted. The predicted directivity 

was greater than 40 db, but measured values were 16 db at the lower 

frequency end of the band and over 20 db elsewhere. 

The coupling for the double-ridge broad-wall coupler was between 

26 and 33 db over the 4.7 to 11.0 Gc range. Coupling at the ends of the 

band differed by about 1.5 db, but the coupler could have been modified 

to eliminate this difference. The predicted directivity of this coupler 

was greater than 40 db over the frequency range, and measured values were 

15 db at the lower end of the band, rising to about 27 db at the center 

of the band. 

It is believed that the directivity of the broad-wall couplers could 

be improved by great care in construction, or by using many more apertures 

for the same coupling. These couplers can be made to have reasonably flat 

coupling over the broad frequency ranges of the ridge-guides, although it 

is difficult to achieve close coupling or high directivity. 

The field-graphs and formulas given in this report make possible the 

practical design of ridge waveguide directional couplers for such uses as 

signal sampling, power measurement, and storage loops in ECM systems. 

15 
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