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ABSTRACT OF THE DISCLOSURE 
The elements of a log periodic antenna are fed by a 

waveguide. In one antenna, elements located in the nar 
row wall of a rectangular waveguide are electrically in 
sulated therefrom. The elements have probe sections in 
side the waveguide parallel the electric field. Adjacent 
probes extend in opposite directions so that currents in 
duced in adjacent elements are 180° out-of-phase. 

BACKGROUND OF THE INVENTION 

This invention relates to antennas exhibiting pseudo 
frequency independent operation and more particularly 
to an improved log periodic antenna which is fed by a 
waveguide, 

Log periodic antennas have the desirable characteristic 
of maintaining a relatively constant radiation pattern and 
impedance over indefinitely large bandwidths. Most log 
periodic antennas include some form of tapered-V or 
parallel-two-wire transmission line feeder system such as 
are described and referenced in IRE International Conven 
tion Record, part I, 1961, pages 76-85. A log periodic 
dipole antenna which incorporates an improved and sim 
plified feed system and is electrically symmetrical about 
the longitudinal axis of the antenna is disclosed in my 
Patent No. 3,286,268, Log Periodic Antenna With parasitic 
Elements Interspersed in Log Periodic Manner, assigned 
to the assignee of this invention. Printed circuit antennas 
in accordance with my invention in the above patent may 
be constructed wherein the parasitic elements are etched 
in copperclad on one side of a printed circuit board and 
the driven element and a two-wire transmission line feed 
are etched in the copperclad on the other side of the print 
ed circuit board. 
At high frequencies, e.g., in the SHF band, it is diffi 

cult to provide a satisfactory feed for log periodic anten 
nas. The two-wire transmission line feeder system becomes 
more impractical as frequency increases because the size 
of the conductors of the two-wire line varies inversely with 
frequency. This relationship is required to maintain a 
reasonable element rank to feeder line (conductor) size 
and thus maintain the antenna patterns relatively constant 
over the band. This decrease in the size of the conductors 
of the two-wire line causes an increase in losses in the feed 
line and a resultant decrease in the gain and efficiency of 
the antenna. Also, as the size of the feed line conductors 
decrease, tolerances on elements of the feed line must be 
come tighter causing a resultant increase in the cost of 
manufacture of the antenna. The efficiency of the printed 
circuit log periodic antenna also decreases at higher fre 
quencies because of increasing dielectric losses. 
An object of this invention is the provision of an im 

proved frequency independent antenna for operation at 
high frequencies. 

SUMMARY 

In accordance with this invention, the system for feed 
ing a log periodic antenna comprises a waveguide trans 
mission line. A log periodic dipole antenna incorporating 
this invention comprises a plurality of parallel pairs of con 
ductive elements. The elements of each pair are located 
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2 
on opposite sides of a waveguide feed and are normal to, 
electrically insulated from, and extend through an asso 
ciated narrow Wall of the waveguide. The lengths of and 
spacings between the portions of the conductive elements 
outside the waveguide increase logarithmically from one 
end of the antenna to the other. The end of each element 
inside the waveguide comprises a probe or length of con 
ductor parallel to and coupled to the electric field in the 
Waveguide, The probes on each dipole set, as well as the 
probes on axially adjacent elements, extend in opposite di 
rections so that currents induced in the elements outside 
the waveguide are 180° out-of-phase as is required for 
pseudo-frequency-independent operation. In a modified 
form of this invention, the elements of axially alternate 
dipoles do not extend into the waveguide but are directly 
electrically connected to the associated narrow walls of the 
waveguide. The probes on the remaining dipole elements 
which are insulated from the waveguide, extend in the 
same direction. In another form of the invention, the ele 
ments of axially alternate dipoles are electrically insulated 
from and extend perpendicularly through an associated 
broad wall of the waveguide. The portions of the elements 
of these alternate dipoles inside the waveguide are paral 
lel to the electric field. The elements of the other dipoles 
do not extend into the waveguide but are electrically con 
nected to the associated broad wall of the waveguide. It 
has been discovered that the pseudo-frequency-independent 
operation of these waveguide feed log periodic antennas is 
improved by varying the length and spacing of the con 
ductive elements slightly from the geometric ratio T in 
order to compensate for the dispersive effects caused by 
the conductive sheath comprising the waveguide and the 
probes in the waveguide. 

DESCRIPTION OF DRAWINGS 

This invention will be more fully understood from the 
following detailed description of preferred embodiments 
thereof, together with the accompanying drawings where 

FIGURE 1 is a perspective view of a waveguide fed log 
periodic dipole antenna embodying this invention; 
FIGURE 2 is similar to a transverse section of FIG 

URE 1 but shows only one dipole element and the electric 
field pattern in the waveguide; 
FIGURE 3 is a perspective view of a portion of the 

waveguide of FIGURE 1; 
FIGURE 4 is a curve of a correction factor for deter 

mining the length of the probe in the waveguide; 
FIGURE 5 is a perspective view of a waveguide fed 

log periodic Yagi-Uda dipole antenna embodying this 
invention; 
FIGURES 6-10 are transverse sections of waveguide 

antennas showing different orientations of the probe of an 
element of a log periodic antenna in different types of 
waveguide feed, wherein 
FIGURE 6 is similar to a transverse section of FIG 

URE 5 but shows only one dipole element and the elec 
tric field pattern in the waveguide, 
FIGURE 7 shows elements extending through both the 

broad and narrow walls of a ridged waveguide and cou 
pled to the electric field between the ridges, 
FIGURE 8 shows elements extending through the wall 

of and coupled to the electric field supported by a circular 
waveguide, and 
FIGURES 9 and 10 show elements coupled through the 

broad and narrow walls, respectively, of a rectangular 
waveguide and coupled to the magnetic field in the wave 
guide; 
FIGURE 11 is a perspective view of a waveguide fed 

log periodic Yagi-Uda monopole antenna embodying this 
invention; 
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FIGURE 12 is H-plane antenna patterns illustrating 
the operation of a waveguide fed log periodic monopole 
antenna similar to the antenna of FIGURE 1 which was 
built and tested; 
FIGURE 13 is a plan view of a modified form of this 

invention wherein the ratio of element lengths is varied 
from the geometric ratio t for providing improved pseu 
do-frequency-independent operation; 
FIGURE 14 depicts curves showing the relationships 

of element lengths and spacings of the antenna of FIG 
URE 13 and conventional waveguide fed log periodic 
monopole antennas; 
FIGURE 15 shows curves illustrating the comparative 

operation of the antenna of FIGURE 13 and conventional 
waveguide fed log periodic monopole antennas; 
FIGURE 16 is a plan view of a modified form of this 

invention wherein the ratio of element lengths is varied 
from the geometric ratio r, 
FIGURE 17 depicts curves showing the relationships 

of element lengths and spacings of the antenna of FIG 
URE 16 and a conventional waveguide fed log periodic 
antenna; and 
FIGURE 18 shows curves illustrating the comparative 

operation of the antenna of FIGURE 16 and a conven 
tional waveguide fed log periodic monopole antenna. 
DESCRIPTIONS OF PREFERRED EMBODIMENTS 
The antenna of FIGURE 1 comprises a rectangular 

waveguide transmission line feed 1 and pairs of con 
ductive elements 3 and 3' to 7 and 7', inclusive, which 
function as dipoles. The ends of the waveguide are closed 
by shorting plates 9 and 10. A waveguide to coax adapter 
11 in broad wall 12 adjacent to plate 9 couples electro 
magnetic wave signals to and from the waveguide. The 
waveguide is terminated with a resistive load 13 compris 
ing a dielectric wedge coated with a lossy material Such 
as powdered carbon. The load 13 is connected to plate 10 
and centered in the waveguide. 

Elements 3-7 and 3'-7 are parallel to each other and 
perpendicular to opposed narrow waveguide walls 16 and 
17, respectively, through which the elements extend. Each 
element is oriented and supported in the waveguide simi 
lar to the single representative element 3 in FIGURE 2. 
Element 3 comprises a radiating section 3a outside the 
waveguide and a probe section 3b and connecting section 
3c inside the waveguide. Element 3 is electrically insulated 
from and supported on waveguide wall 16 by a spacer 18 
of electrically nonconductive material such as Teflon. 

It is understood that the antenna can be used to both 
radiate and receive electromagnetic wave signals. The 
term “radiating' section used herein is intended to include 
the sections, such as the section 3a, of the element outside 
the waveguide used for receiving as well as radiating elec 
tromagnetic wave signals. 
The electric field pattern of the dominant TE10 mode in 

rectangular waveguide is represented by curved line 19 in 
FIGURE 2 which approximates the amplitude and dis 
tribution of field vectors indicated as arrows 20. Probe 
3b preferably is centered in the waveguide between nar 
row walls 16 and 17 and extends parallel to the electric 
field vectors for producing a maximum signal current 
transfer between probe section 3b and the waveguide. The 
direction of the current in radiating section 3a correspond 
ing to the electric field shown and is represented by arrow 
21. A current is not induced in connecting section 3c be 
cause it is perpendicular to the electric field in the wave 
guide. 
In order to obtain pseudo-frequency-independent opera 

tion from a log periodic dipole antenna, the currents in 
adjacent and opposite radiating sections (e.g., sections 
3a, 4a and 3a, 3a', respectively) must be excited 180 
out-of-phase. This phase reversal is accomplished in ac 
cordance with this invention by pointing the probes (e.g., 
probes 3b and 4b, 3b and 3b', respectively) of adjacent 
and opposite elements in opposite directions. This is clearly 
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4. 
illustrated in FIGURE 3 wherein probes 3b and 4b extend 
toward the opposite broad walls 22 and 12, resepctively, 
and probes 3b and 3b' also extend in opposite directions 
toward the broad walls 22 and 12, respectively. The direc 
tion of the currents induced in the respective probes 3b, 
3b', and 4b, 4b' are indicated by the arrows 23, 24, and 
25, 26, respectively. Arrows 23 and 24 indicate that the 
currents induced in probes 3b and 3b' are in-phase. Ar 
rows 29 and 30, however, indicate that the currents pro 
duced in the associated radiating sections 3a and 3a' are 
180° out-of-phase as is required for pseudo-frequency 
independent operation. Similarly, arrows 29 and 31 indi 
cate that currents produced in adjacent radiating elements 
3a and 4a are 180° out-of-phase. Thus, this orientation 
of the probes in the waveguide provides the proper phase 
relationship of currents produced in the radiating sections 
for pseudo-frequency-independent operation. 
The outer ends of the element radiating sections on 

both sides of the waveguide are on lines which intersect 
at a point X (not shown) to the right of elements 7 and 
7, as viewed in FIGURE 1. The lengths of and spacings 
between adjacent radiating elements increase from right 
to left as viewed and are related by the constant scale 
factors 

ln an wit= la--) Ta’ai-) (1) 
1 /l E. - ov-2 tan 2 () (2) 

and the element spacing to element length ratio 

8, 1-v?. 
l, 

2 tan 2 (3) 

where Vris a constant having a value less than one, in 
is the length of the nth radiating section from point X, 
lon-1) is the length of the adjacent longer Section xn is 
the distance from point X to the radiating section in 
31) is the corresponding distance to the radiating Sec 
tion lon1), and s is the spacing between the radiating 
section l and the adjacent shorter radiating section. 

This antenna radiates in the backfire direction, to the 
right as viewed in FIGURE 1. Conductive ground planes 
or plates 33 are connected to the waveguide flush with the 
narrow walls of the waveguide to reduce the effects of 
the waveguide structure or antenna operation. 
In order to maintain the VSWR and gain of the an 

tenna substantially constant, it is desirable to decrease 
the length of the probes from their maximum obtainable 
length. The curve of FIGURE 4 was derived from ex 
perimental data and is a plot of the length L of the probe 
(e.g., probe 3b) as a function of the length H of the 
radiating section (e.g., radiating section 3a), both lengths 
L and H being normalized to the inside height b of the 
narrow wall of the waveguide. 
A modified form of this invention having increased 

directivity is shown in FIGURE 5. The pairs of raidating 
sections 35 and 35 to 42 and 42, inclusive, are asso 
ciated with the broad walls 43 and 44 of waveguide 45. 
The lengths and spacings of the radiating sections 35a, 
etc., are determined as described in relation to the em 
bodiment of FIGURE 1. The even-numbered or longi 
tudinally alternate elements are oriented and supported 
in the waveguide similar to the element 36 in FIGURE 6. 
The element 36 comprises a radiating section 36a outside 
the waveguide and a probe section 36b in the waveguide 
parallel to the electric field represented by arrows 46. 
Elements 36 are Supported in and insulated from the 
waveguide by spacers 18. The lengths of the probes are 
determined by the relationship shown in FIGURE 4. 
The odd-numbered alternate elements comprise radiat 

ing sections that are directly electrically connected to the 
associated broad walls of the waveguide as in FIGURE 5 
and do not extend inside the waveguide. The requisite 
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phase relationship of currents in adjacent elements is 
established by mutual coupling between driven radiating 
sections (even-numbered elements) and adjacent parasitic 
radiating secions (odd-numbered elements) as described 
in my Patent No. 3,286,268. 
FIGURE 7 shows elements 48 and 49 located in the 

broad and narrow walls, respectively, of a double-ridged 
rectangular waveguide 50 for coupling to the electric field 
induced therein. Similarly, FIGURE 8 shows elements 
52 and 53 in the wall of a circular waveguide 54 for 
coupling to the electric field supported therein. 
FIGURE 9 shows an element 56 in the broad wall of 

a rectangular waveguide 57 having a probe section 56b 
comprising a coupling loop for coupling to the magnetic 
field in the waveguide. The embodiment of FIGURE 10 
is similar to that of FIGURE 9 except that the element 
58 is located in the narrow wall of waveguide 59. 

All of the radiating sections of the elements in the 
preferred embodiments of this invention in FIGURES 
1 and 5 are parallel and aligned in the same plane. It 
has been found, however, that the axially aligned ele 
ments (e.g., the elements 3 to 7 and 3’ to 7, see FIGURE 
1) associated with opposite walls (e.g., walls 16 and 17, 
respectively, see FIGURE 1) of the waveguide may be 
located in planes which are spaced apart. For example, 
the elements 3 to 7 may be aligned in a plane closer to 
wall 12 than wall 22 whereas the elements 3' to 7 are 
axially aligned in a plane that is closer to wall 22 than 
wall 12. It has also been found that the axially aligned 
alternate elements (e.g., the odd-numbered elements 35 
to 41 and the even-numbered elements 36 to 42, see FIG 
URE 5) in the same waveguide wall (e.g., the associated 
wall 43 in FIGURE 5) may be located in the planes 
which are spaced apart. It was determined empirically 
that these planes containing the elements may be spaced 
apart approximately one-quarter of the of the height of 
the shortest radiating section without a significant change 
in operation. 
The dipole antennas of FIGURES 1 and 5 are essen 

tially a pair of log periodic monopole antennas arranged 
back-to-back in opposite walls of the waveguide. The 
dipole antenna can be converted to a monopole antenna 
by removing from the waveguide the elements associated 
with one of the waveguide walls. No special connections 
are required to feed the remaining elements of the an 
tenna to provide pseudo-frequency-independent opera 
tion. 
The antenna shown in FIGURE 11 is a waveguide fed 

Yagi-Uda monopole antenna in which the elements 61 
to 65, inclusive, are located in the narrow wall 66 of 
waveguide 67. The alternate elements 62 and 64 are di 
rectly electrically connected to wall 66. The other ele 
ments 61, 63, and 65 are insulated from wall 66 and 
comprise probe sections 6b, 63b, and 65b, respectively, 
aligned in the same direction within the waveguide. An 
electromagnetic wave signal is coupled directly to wave 
guide 67 through a second waveguide 68. 

By way of example, a waveguide fed log periodic 
monopole antenna array of the type shown in FIGURE 
1 and having the following dimensions and operating 
characteristics was built and successfully tested. 
T-0.85 
or-20 
S/-0.872 
Number of elements-11 
Length of longest element-1.3000 inches 
Length of shortest element-0.587 inch 
Element diameter-0.125 inch 

Spacer: 
Maximum diameter-0.1875 inch 
Minimum diameter-0.125 inch 
Height extending into waveguide-flush 
Height above waveguide-0.050 inch 
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6 
Waveguide: 

Width (inside)-2.840 inches 
Height (inside)-1.340 inches 
Wall thickness-0,080 inch 
Frequency range-2.60-3.95 ghz. 

The operation of this antenna is shown in part in the 
H-plane antenna patterns of FIGURE 12. The operating 
bandwidth is limited to the waveguide bandwidth. These 
patterns are taken in a plane orthogonal to the E-plane 
and inclined 25 to the ground plane. These patterns 
show a well-formed beam of about 78 half-power beam 
width in the H-plane. This corresponds to about 11 db 
directive gain above that of an isotropic radiator. Gain 
and E-plane pattern shape are relatively constant over the 
entire frequency range. The beam shape in the H-plane, 
however, does change slightly. 
The patterns shown in FIGURE 12 indicate that the 

H-plane antenna pattern, or more specifically the half 
power beamwidth, varies approximately 28 percent over 
a 52 percent bandwidth. The half-power beamwidth of a 
conventional log periodic antenna fed by a two-wire 
transmission line, such as the antenna described in Patent 
No. 3,286,268, varies approximately 10 percent over a 
similar bandwidth. The variations of the antenna pat 
terns of FIGURE 12 are believed to be caused by the 
dispersive effects of the coupling probes and the wave 
guide on the phase velocity of electromagnetic waves in 
the waveguide. Since the phase velocity of the electro 
magnetic waves in a waveguide is a nonlinear function of 
frequency, the relative phase of currents induced in the 
probes vary as a function of frequency. The presence of 
the coupling probes in the waveguide also causes the 
phase velocity of electromagnetic waves in the wave 
guide and adjacent the coupling probes to decrease. The 
resultant effect of the presence of the coupling probes in 
the waveguide is to cause the phase velocity of the elec 
tromagnetic wave to also be a nonlinear function of fre 
quency. The phase velocity has been determined empiri 
cally to be a function of probe spacings, probe lengths, 
and probe diameters. 
A modified form of this invention wherein the ratio of 

spacings between elements is varied from the geometric 
ratio t to compensate for the nonlinear effects of the 
phase Velocity of signals in the waveguide feed is illus 
trated in FIGURE 13. This monopole antenna is similar 
to the dipole antenna of FIGURE 1 and comprises a plu 
rality of elements 71-78, inclusive, perpendicular to the 
narrow walls of waveguide 79. An electromagnetic wave 
signal is applied to the waveguide through waveguide-to 
coax adapter 80. The ratio of the lengths of the radiating 
Sections satisfy the scale factor Vt=0.895. The spacings 
between elements, however, were determined empirically 
to provide improved pseudo-ferquency-independent oper 
ation. The lengths of and spacings between radiating sec 
tions of an antenna that was actually built and tested, 
and whose operation is shown in FIGURE 15, are listed 
in Table 1. 

TABLE 1. 

Element Length i (inch) Spacing s (inch) 
7---------------------- 1,300 750 
72--- ... 163 0.870 
73--- 1,042 0, 625 
74--- 0,935 0,500 
75------ 0.836 0.46 
76---------- 0,748 0.350 
77---------- 0.670 0.300 
78---------------------- 0, 600 ------------------------ 

The spacing s in Table 1 is the distance between the ref 
erenced element and the adjacent shorter element. A line 
A-A is drawn between the tips of elements 71 and 78 to 
show that their respective lengths deviate from the line 
arly progressive change typical of other log periodic 
altennas. 

The curves of FIGURE 14 are plots of element spac 
ings as a function of the length of radiating sections of 
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the antenna of FIGURE 13 (Table 1) and so-called 
"conventional” waveguide fed log periodic antennas. The 
term "conventional” means that the ratios of the spac 
igs and lengths of the radiating sections both satisfy the 
geometric ratio t. Curves 83 and 84 correspond to an 
antenna similar to the one shown in FIGURE 13 where 
in the ratios of both the lengths and spacings of radiat 
ing Sections satisfy the geometric ratio r, and wherein 
the included angle is 20° and 30, respectively. Curve 85 
corresponds to the antenna of FIGURE 13 wherein the 
element spacings vary as shown in Table 1. The geo 
metric ratio t is 0.80 for all of these antennas. 
The curves of FIGURE 15 are plots of the half-power 

beamwidth as a function of frequency which illustrate 
pseudo-frequency-independent operation of the antenna 
of FIGURE 13 (Table 1) and “conventional' wave 
guide fed log periodic antennas. Curves 86 and 87 show 
the operation of conventional waveguide fed log periodic 
antennas corresponding to the curves 83 and 84, respec 
tively. Curve 88 shows the operation of the antenna of 
FIGURE 13 corresponding to the curve 85. These curves 
indicate that the half-power beamwidth of the antenna 
of FIGURE 13 varies less than 6 (8 percent) over a 
frequency band of 52 percent whereas the half-power 
beamwidth of the "conventional' antennas described by 
curves 83 and 84 varies more than 24 (31 percent) 
over the same frequency band. 
Another modified form of this invention wherein the 

ratio of the lengths of adjacent radiating sections is 
varied from the geometric ratio r for providing improved 
pseudo-frequency-independent operation is illustrated in 
FIGURE 16. This monopole antenna is similar to the 
dipole antenna of FIGURE 1 and comprises a plurality 
of elements 91 to 102, inclusive, perpendicular to the 
narrow walls of waveguide 103. An electromagnetic sig 
nal is applied to the waveguide through waveguide-to 
coax adapter 104. The ratio of element spacings satisfies 
the scale factor Wr=0.922. The lengths of the radiating 
sections were determined empirically, however, to pro 
vide improved pseudo-frequency-independent operation. 
The lengths and spacings of radiating sections of an 
antenna that was actually built and tested, and whose 
operation is shown in FIGURE 18, are listed in Table 2. 

TABLE 2 

Element Length l (inch) Spacing 8 (inch) 
1,40 0, 618 
.34 0,570 
28 0. 524 

.18 0.484 
1.05 0.446 
0.94 0.412 
0.86 0.38 
0.79 0.351 
0.71 0.324 
0.67 0.299 
0.64 0.276 
0.61 ------------------------ 

The curves of FIGURE 17 are plots of element spac 
ings as a function of lengths of radiating sections of 
the antenna of FIGURE 16 (Table 2) and a “conven 
tional” waveguide fed log periodic antenna. Curve 106 
corresponds to an antenna similar to that in FIGURE 16 
wherein the ratios of lengths and spacings of radiating 
Sections both satisfy the geometric ratio T=0.85 and 
wherein the included angle is 20. Curve 107 corre 
sponds to the antenna of FIGURE 16 wherein the length 
of radiating sections vary as shown in Table 2. The ratio 
of spacings of elements satisfies the geometric ratio 
T=0.85. 
The curves of FIGURE 18 are plots of half-power 

beamwidth as a function of frequency which illustrate 
pseudo-frequency-independent operation of the antenna 
of FIGURE 16 (Table 2) and a "conventional” wave 
guide fed log periodic antenna. Curve 108 shows the 
operation of the conventional waveguide fed log periodic 
antenna described by curve 106. Curve 109 shows the 
operation of the antenna of FIGURE 16 described by 
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8 
curve 107. Reference to these curves reveals that the 
half-power beamwidth of the antenna of FIGURE 16 
varies less than 10 (15 percent) over a frequency band 
of 52 percent whereas the half-power beamwidth of the 
conventional antenna described by curve 106 varies 
more than 24 (37 percent) over the same band of 
frequencies. 
Although this invention has been described in relation 

to specific embodiments thereof, variations and modifica 
tions will be apparent to those skilled in the art. For ex 
ample, both the element lengths and element spacings 
may be varied so as to depart from the geometric ratio r 
in order to provide improved pseudo-frequency-independ 
ent operation. Thus, the scope and breadth of the in 
vention is, therefore, to be determined from the follow 
ing claims rather than from the above detailed descrip 
tion. 
What is claimed is: 
1. A log periodic antenna having pseudo-frequency 

independent operation and a longitudinal axis, compris 
1ng: 
a waveguide for propagating electromagnetic wave sig 

nals and supporting electric and magnetic fields 
associated therewith, said waveguide having a longi 
tudinal axis parallel to the axis of the antenna, 

a plurality of axially and differentially spaced con 
ductive elements associated with said waveguide, 
each of said elements comprising: 
a first section outside of said waveguide, and 
a second section inside said waveguide, 

means for electrically insulating said elements from 
said waveguide, and 

means for coupling said elements to at least one of 
said fields in said waveguide so that electric cur 
rents in axially adjacent element are 180° out-of 
phase with each other, said coupling means com 
prising: 

portions of said second sections extending par 
allel to the electric field in the waveguide, 

said elements being oriented such that said par 
allel portions of the second sections of adjacent 
elements extend in opposite directions. 

2. The antenna according to claim 1 wherein: 
said waveguide has a rectangular cross-section and 
two pairs of opposite walls, 

said insulating means being located in one wall of one 
of said pair of walls, 

each of said elements having a third section disposed 
within said waveguide and extending perpendicular 
to the planes of the other pair of walls and par 
allel to the electric field in the waveguide, 

said coupling means comprising said third sections of 
said elements, 

said elements being oriented so that the third Sec 
tions of adjacent elements extend in opposite direc 
tions. 

3. The antenna according to claim 2 having a ground 
plane electrically connected to one wall of said one pair 
of walls, dimensions and axial spacings of said first Sec 
tions of adjacent elements increasing in the direction of 
the axis of the antenna. 

4. The antenna according to claim 3 wherein the 
lengths of said third sections of the elements vary from 
the minimum to the maximum length element according 
to the relationship 

y=0.75x, x<0.6 
y=0.45, x>0.6 

where x=H/b, H is the length of said first section, b is 
the minimum spacing between opposite waveguide Walls, 
y-L/b, and L is the length of said third section. 

5. A log periodic antenna having pseudo-frequency 
independent operation and a longitudinal axis compris 
Ing: 

a waveguide for propagating electromagnetic wave sig 
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nals and supporting electric and magnetic fields as 
sociated therewith, said waveguide having a longi 
tudinal axis parallel to the axis of the antenna, 

a plurality of axially and differentially spaced con 
ductive elements associated with said waveguide, ax 
ially alternate elements being electrically connected 
to said waveguide, the remaining elements each com 
prising: 

a first section outside of said waveguide, and 
a second section within said waveguide, 

means electrically insulating said remaining elements 
from said waveguide, and 

means for coupling said remaining elements to at least 
one of said fields in said waveguide so that electric 
currents in said remaining elements are in-phase 
with each other, mutual coupling between said alter 
nate and remaining elements inducing currents in 
said alternate elements, said currents in axially ad 
jacent elements being 180° out-of-phase with each 
other. 

6. The antenna according to claim 5 wherein said cou 
pling means comprises: 

portions of said second sections perpendicular to the 
waveguide axis and parallel to each other and to the 
electric field in the waveguide. 

7. The antenna according to claim 5 wherein: 
said waveguide has a rectangular cross-section and two 

pairs of opposite walls, 
said insulating means being located in one wall of one 

of said pairs of walls, 
said axially alternate elements being connected to said 
one wall, 

each of said remaining elements including a third sec 
tion in said waveguide perpendicular to the planes 
of the other pair of walls and parallel to each other 
and the electric fields in the waveguide, 

all of said third sections of said remaining elements ex 
tending in the same direction. 

8. The antenna according to claim 5 including: 
a ground plane electrically connected to and coexten 

sive with said one wall of said one pair of walls, the 
lengths and axial spacings of the sections of axially 
adjacent elements outside the waveguide are related 
by the log periodic design characteristics of geomet 
ric ratio t, where t is a number less than one. 

9. The antenna according to claim 5 including: 
first and second electrically conducting plates connected 

to said waveguide walls at the ends thereof and 
closing the ends of said waveguide, 

a termination located in one end of said waveguide, 
and 

a waveguide-to-coaxial transmission line adapter in a 
waveguide wall perpendicular to the electric field in 
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10 
said waveguide at the other end of said waveguide 
for coupling electromagnetic wave signals to and 
from said waveguide, 

the length and spacing of said elements outside the 
waveguide increasing from said other end of said 
waveguide. 

10. An antenna array having pseudo-frequency-inde 
pendent operation and a longitudinal axis, comprising: 
a waveguide for propagating electromagnetic wave sig 

nals and supporting electric and magnetic fields asso 
ciated therewith, said waveguide having two pairs of 
opposite walls and a longitudinal axis parallel to the 
axis of the antenna, 

a first plurality of axially spaced conductive elements 
associated with one wall of one of said pairs of wave 
guide walls, 

a second plurality of conductive elements associated 
with the other wall of said one pair of walls, 

means for coupling said elements to at least one of said 
fields in said waveguide so that electric currents in 
axially adjacent elements are 180° out-of-phase with 
each other, 

means for electrically insulating said elements from 
said waveguide, 

said elements each comprising: 
a first section located outside said waveguide, 

a second section within said waveguide, and 
a third section within said waveguide extending 

perpendicular to the planes of the other pair of 
walls and parallel to the electric field in said 
waveguide, 

the first sections of all of said elements being parallel 
and in the same plane perpendicular to the planes of 
said first pair of walls, 

the first section of each element being aligned with 
the first section of a corresponding element on the 
opposite side of said waveguide, 

the third sections of each pair of opposed elements ex 
tending oppositely. 
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