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Figure 5.7(b) compares the theoretical and experimental radiation power patterns 

of the X-band narrow-wall-slot-HPB-array design in the plane cut that is orthogonal to 

the H-plane and passing through the θ = -18o line shown in Figure 5.6(b); θ = 0o on the 

horizontal axis of the plot in Figure 5.7(b) corresponds to the same spatial point in the 3-

D radiation power pattern as θ = -18o on the horizontal axis of the plot in Figure 5.6(b). 

 

 
Figure 5.7(b). X-band narrow-wall-slot-HPB-array’s radiation pattern in the plane cut orthogonal to 

the H-plane and passing through the θ=-18o line shown in Figure 5.6(b). 

 

Figure 5.8(a) (5.8(b)) shows the orientation of the standard gain horn antenna in 

the experimental set-ups shown in Figures 5.4(a) (5.5(a)) and 5.6(a) (5.7(a)) for 

measuring the radiation patterns in the H-plane (plane cut orthogonal to the H-plane). 
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Figure 5.8. (a) Orientation of the standard gain horn in Figures 5.4(a), 5.6(a). (b) Orientation of the 

standard gain horn in Figures 5.5(a), 5.7(a). 

 

5.2 Array designs in the industrial frequency band 

In terms of the peak gain achieved by the array designs, the double-narrow-wall-

slot-HPB-array and double-split-waveguide-HPB-array designs that were discussed in 

Sections 3.3 and 4.1 respectively are the best array designs available. 

To further improve the directivity of their radiated fields, a wire mesh of 

appropriate dimensions can be used as a ground plane for the apertures of the double-

narrow-wall-slot-HPB-array and double-split-waveguide-HPB-array. 

Figure 5.9 (5.10) compares the radiation patterns of the arrays in the H-plane 

(plane cut that is orthogonal to the H-plane and passing through the θ = -17o line shown 

in Figure 5.9). The H-plane radiation power pattern of the double-split-waveguide-HPB-

array is shifted by 8o in Figure 5.9, so that the peaks of both patterns line up for making 

beam-width comparison easier. 
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Figure 5.9. H-plane radiation patterns of the double-narrow-wall-slot-HPB-array, double-split-

waveguide-HPB-array. 
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Figure 5.10. Radiation patterns of the double-narrow-wall-slot-HPB-array, double-split-waveguide-

HPB-array, in the plane cut orthogonal to the H-plane and passing through the θ=-17o line shown in 

Figure 5.9. 

 

In this section, the dimensions of the double-narrow-wall-slot-HPB-array and the 

double-split-waveguide-HPB-array designs at 10GHz are scaled up for operation in the 

industrial (ISM i.e. Industrial, Scientific and Medical) radio band. The ISM frequency 

band ranges from 902MHz to 928MHz. The scaling up of dimensions is only to change 

the operating frequency and needs to be such that the performance of the waveguide 

antennas is still identical, i.e. the gain of the antenna, the reflected power into the feed-

waveguide are the same for the X-band and ISM band antennas. For the TE10 mode of 
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operation, the WR-975 (L-band) waveguide supports the ISM band frequency signals. 

The goal of the analysis is to find the operating frequency in the ISM band (fL) and the 

proportionality constant (C) that is used to scale up the dimensions of the array designs at 

10GHz for operation at the frequency of choice in the ISM band. 

The free-space wavelength ( Xλ ) at 10GHz is 30mm. The broad dimension (aX) of 

an X-band waveguide that is also used to compute the guide wavelength at 10GHz ( gXλ ) 

is 22.86mm. So, for a standard X-band waveguide under the dominant (TE10) operating 

mode at 10GHz, gXλ  is 39.7554mm. Therefore the ratio of gXλ  over Xλ  at 10GHz (ratio-

X) is 1.3252. 

Lλ  is the free-space wavelength in the ISM band that needs to be computed. The 

broad dimension (aL) of a standard L-band waveguide is 247.65mm. gLλ  is the guide 

wavelength that is computed from Lλ  and aL. The value of Lλ  is iterated on, until the 

ratio of gLλ  over Lλ  (ratio-L) is equal to ratio-X. The choice for Lλ  that satisfies the 

condition, ratio-L = ratio-X, is approximately 325mm. Hence the corresponding 

operating frequency of choice in the ISM band (fL) with an L-band waveguide as the 

feed-waveguide is approximately 922.4MHz. So, for a standard L-band waveguide under 

the dominant (TE10) operating mode at 922.4MHz, gLλ  is approximately 430.7mm. 

Once ‘fL’ is known, ‘C’ is simply gLλ  over gXλ  and is approximately 10.8473. 

Hence, all the dimensions that make up the double-narrow-wall-slot-HPB-array and the 

double-split-waveguide-HPB-array designs at 10GHz need to be multiplied by C = 

10.8473 to obtain the corresponding array designs operating in the ISM band at 

922.4MHz. 
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The power handling capability analysis for the array designs in the ISM band is 

done with the aid of HFSS. Full-wave analysis is performed on the array designs at 

922.4MHz. The magnitudes of the E-field values inside the structures are obtained and 

the maximum field values are recorded. The well-known electrical air breakdown value 

of approximately 3MV/m in [Lide, dielectric strength], [Rees] for static fields at one 

atmosphere of air pressure is used as the upper limit for the maximum allowable E-field 

values inside the structures. So, for the double-narrow-wall-slot-HPB-array (double-split-

waveguide-HPB-array) operating at 922.4MHz, at an air pressure of one atmosphere, an 

input power of approximately 80MW (100MW) through the L-band feed-waveguide 

produced air breakdown inside the structure. 

The air pressure at sea level is one atmosphere or 760Torr [Goody], [Lide, 

pressure units]. When operating the antennas at increasing altitudes above sea level, the 

value of air pressure falls [Goody]; consequently, the electrical air breakdown value also 

falls [Rees]. As a result, the maximum allowable power through the L-band feed-

waveguide needs to be appropriately adjusted depending on the altitude above sea level. 

The pressure at an elevation of ‘h’ meters above sea level can be computed using 

Equation 5.1 [Goody]. 
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⎜
⎝
⎛−

= H
h

ephp   0   (5.1) 

Where: 

( )hp  is the pressure at an elevation of ‘h’ meters above sea level 

( )0p  = 760Torr is the pressure at an elevation of zero meters above sea level 

H = 8400 meters is the approximate scale height of the Earth’s atmosphere [Goody] 
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Between the air pressure values of approximately 260Torr and 760Torr: the 

electrical air breakdown values are directly proportional to the air pressure values [Rees, 

sparking potentials], and can be computed using Equation 5.2. Using Equation 5.1, the 

air pressure on Mount Everest can be approximated to 265Torr. Since the antennas are to 

be mounted on a land vehicle, in the above-mentioned range of air pressure values for 

which Equation 5.2 is valid, the lower limit (260Torr) is adequate for the design purpose. 

0

0 )__)((__
p

BrfieldEpBrfieldE =   (5.2) 

Where: 

p0 = 760Torr is the air pressure at an elevation of zero meters above sea level 

0__ BrfieldE  = 3MV/m is the breakdown E-field value for static fields at an air 

pressure of p0 = 760Torr 

p is the value of air pressure between the values of 260Torr and 760Torr 

BrfieldE __  is the breakdown E-field value for static fields at an air pressure of ‘p’ 

Torr 

It is now illustrated how the power handling capability of a high power antenna is 

affected by the location where it is operated. Consider for instance that the location under 

consideration is Albuquerque, New Mexico, U.S.A. at an elevation of approximately 

1610 meters above sea level. From Equation 5.1, the air pressure at this elevation 

(h=1610m) can be computed to be approximately equal to 627.44Torr. Note that this 

value of pressure (p) is between the values of 260Torr and 760Torr that are mentioned 

above. Since the electrical air breakdown value for static fields at an air pressure of 

760Torr is approximately equal to 3MV/m, the corresponding air breakdown value at 

627.44Torr is computed from Equation 5.2 and is approximately equal to 2.48MV/m. 
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Therefore, for the double-narrow-wall-slot-HPB-array (double-split-waveguide-

HPB-array) operating at 922.4MHz, at an elevation of 1610 meters above sea level, an 

input power of approximately 66.05MW (82.56MW) through the L-band feed-waveguide 

would produce air breakdown inside the structure. This is approximately 82.56% of the 

amount of power that the corresponding array can handle at one atmosphere of air 

pressure. 
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6. FUTURE WORK 

6.1 Circularly polarized rectangular waveguide narrow-wall aperture array designs 

The array designs in Chapters 3 and 4 produce the same polarization as the 

structure in [SSN 503] and are complementary to that in [SSN 459]. Both types of 

structures are required to produce vertical as well as horizontally polarized radiated 

power. The structures can be used in one of the following two ways to achieve both 

polarizations. The two structures can be powered at the same time but with a phase shift 

of ± 90o introduced between their inputs, thereby resulting in circularly polarized 

radiated power. In this circularly polarized mode of operation, the peak power available 

at the source is almost always shared between the horizontal and vertical polarization 

directions of the radiated field. The two structures can also be powered one after the other 

and not simultaneously, such that the peak power available at the source is radiated half 

of the time in the vertical/horizontal polarization direction. In this mode of operation the 

duty cycle for each structure is reduced to half. 

The need for two high power antennas to radiate both vertically and horizontally 

polarized power can be eliminated by developing a single high power waveguide antenna 

that radiates circularly polarized power. The options for this single structure are shown in 

Figures 6.1, 6.2 and 6.3. Some existing waveguide antennas that produce circularly 

polarized radiated fields can be found in [Armstrong], [Montisci]; but the structures 

shown in Figures 6.1, 6.2 and 6.3 are better suited for high power applications. The bends 

in Figures 6.1, 6.2 and 6.3 can be optimized for minimum reflections using the same 

techniques that were used to design the HPB-radiator’s H-plane taper (discussed in 

Chapter 2). The advantage of the circular-polarized-slot-array over the circular-polarized-
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slot-HPB-array and the circular-polarized-split-waveguide-HPB-array is its structural 

simplicity. Unlike the circular-polarized-slot-HPB-array, the inter-element spacing 

between ‘all’ of the apertures of the circular-polarized-slot-array is designed to obtain 

circularly polarized radiated fields and cannot be used as a free design variable to 

minimize the reflected power. Unlike the arrays in Figures 6.1 and 6.2, the circular-

polarized-split-waveguide-HPB-array can beam steer because of its split-waveguide 

input. 

 
Figure 6.1. Circular-polarized-slot-array. 

 

 

Figure 6.2. Circular-polarized-slot-HPB-array. 

 

 

Figure 6.3. Circular-polarized-split-waveguide-HPB-array. 
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6.2 Modified narrow-wall-slot-HPB-array for higher gain 

Although the gain of the narrow-wall-slot-HPB-array is smaller compared to the 

double-narrow-wall-slot-HPB-array and the double-split-waveguide-HPB-array, its 

structural simplicity is its advantage. Therefore it can be investigated whether the gain of 

the narrow-wall-slot-HPB-array can be improved by slightly increasing its structural 

complexity. Adding a design variable to the narrow-wall-slot-HPB-array’s design 

procedure, discussed in Chapter 3, might achieve this. The design variable under 

consideration is the broad dimension of the waveguide. 

By including the narrow dimension as well as the broad dimension of the guide in 

the design variables, it needs to be verified whether the number of apertures radiating in 

harmony can be increased while keeping the overall length of the array constant. This 

would decrease the distance between the apertures, resulting in a more uniform aperture 

field distribution along the length of the array. The criterion that needs to be satisfied 

while changing the guide dimensions is that for the operating frequency under 

consideration, the dominant mode still needs to be the TE10 mode. 

Following are some design considerations when the number of array elements is 

increased. When the narrow-wall-slot-HPB-array had only five elements as shown in 

Figure 3-1, in the ideal case scenario, the fractional power radiated by each element when 

compared to the fractional power at the input of each element ranged from 0.2 through 1; 

when the number of elements is increased to say ten, the same range is now 0.1 through 

1. The implications of this can be that the length offset between the shortest and longest 

slots that is needed to produce the above mentioned higher range could make the uniform 

array criteria invalid. Therefore the maximum number of array elements is limited by the 
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maximum length offset that can be tolerated between the shortest and longest slots. More 

care is also needed while designing the spacing between the elements. This is due to the 

fact that the guide wavelength along the length of the waveguide can change even for a 

single frequency, since the broad dimension of the guide is included as a design variable. 

It needs to be verified whether by changing the dimensions of the slots appropriately 

along the guide, the inter-element spacing between all the elements can be kept the same 

and the uniform array criteria still holds. A modified narrow-wall-slot-HPB-array 

configuration for higher gain might look like the structure shown in Figure 6.4. Note that 

the (broad-wall/narrow-wall) taper shown in Figure 6.4 may not be linear. 

 

 
Figure 6.4. Modified narrow-wall-slot-HPB-array for higher gain. 
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