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This invention relates to an improved electromagnetic 
reflector and more particularly to an improved radar re 
flector having a large effective cross section and substan 
tially omnidirectional characteristics. 
A theoretically perfect omnidirectional radar reflector, 

that is a reflector which will reflect incident waves uni 
formly in all directions is a sphere. However, the con 
vex reflective surface which a sphere presents to incident 
waves substantially reduces the percentage of transmitted 
energy which is reflected back to a receiver. The use of 
various shaped directional reflectors has been investigated 
extensively and the theoretical optimum unidirectional 
response of a reflector is produced by a perfectly con 
ductive planar member in which the incident radar energy 
is transmitted toward the plane normal thereto. How 
ever, such a reflector is highly directional and even a 
slight departure from the normal axis produces a sub 
stantial reduction in the usuable reflected energy. - 

It is therefore one particular object of this invention 
to provide an improved reflector for electromagnetic 
waves having a large effective electromagnetic cross sec 
tion, 

It is another object of this invention to provide an im 
proved electromagnetic reflector having a large effective 
cross section over a substantial range of directions. 

It is a further object of this invention to provide an 
omnidirectional reflector for electromagnetic waves which 
has a large substantially uniform electromagnetic cross 
section for incident energy from any arbitrary direction. 

It is a still further object of this invention to provide 
an improved omnidirectional reflector for electromagnetic 
waves which may be constructed of relatively simple and 
inexpensive parts with a minimum cost of fabrication. 

Further and additional objects of this invention will 
become manifest from a consideration of this description, 
the accompanying drawings and the appended claims. 

In one form of this invention a solid reflector is pro 
vided comprising a plurality of triangular corner reflectors 
disposed in edge to edge relationship whereby the outer 
edges thereof form a portion of an icosahedron. For the 
purposes of this description, the triangular corner reflec 
tors may be termed trihedral angles or trihedrons. More 
particularly, fifteen right trihedrons are assembled in edge 
to edge relationship with their apexes directed inwardly to 
ward a common center and the planes of their outer edges 
defining an icosahedron with five adjacent surfaces re 
moved. 

For a more complete understanding of this invention 
reference will now be made to the accompanying drawing 
wherein: 

FIG. 1 is a perspective view of one embodiment of 
this invention; 

FIG. 2 is a reduced bottom plan view of the embodi 
ment of FIG. 1; 

FIG. 3 is a top plan view of the embodiment of FIG. 
1, this figure also representing the bottom view of a modi 
fied embodiment; 

FIG. 4 is a bottom plan view of the embodiment of 
FIG. 1 with the bottom plate removed to indicate the 
internal construction of the reflector; and 

FIG. 5 is a perspective view of one trihedron forming 
a part of the embodiment of FIG. 1. 

Referring now to the drawings and more particularly 

2 
to FIG. 1, a radar reflector 10 is illustrated mounted on 
a vertical post 12. The radar reflector comprises a total 
of forty-five triangular surfaces 14 disposed in a unique 
manner to produce optimum reflection of incident radar 
waves from all directions above the ground. 
The faces 14 are assembled together in sets of three, 

as clearly illustrated in FIG. 5, to form trihedral corner 
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reflectors comprising three faces 14a, 14b, and 14c, se 
cured together along adjacent edges 20 and having a 
common apex 16. In the preferred embodiment of this 
invention the corner reflector 18 is formed very precisely 
as the corner of a cube. That is, the angle formed by 
any two faces 14 of the trihedron 18 will be 90' when 
measured normal to the common edge thereof. Thus, 
the angle formed by faces 14a and 4b when measured 
normal to the common edge 20a is 90. Similarly, the 
angle formed between faces 14b and 4c measured nor 
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mal to the edge 20b is 90° and the angle formed between 
faces 4a and i4c when measured normal to the com 
mon edge 20c is 90. Any departure from this orienta 
tion will produce substantially reduced efficiency. 
The forty-five triangular faces when thus combined 

provide fifteen identical trihedral corner reflectors which 
may be assembled whereby the outer edges define a por 
tion of an icosahedron as illustrated in FIG. 1. An icosa 
hedron is a solid figure having a total of twenty planar 

In a regular icosahedron, the sides are triangular 
and are joined in edge to edge relationship in such a man 
ner that at every apex of the figure five sides meet. In 
the instant embodiment each of the planar portions form 
ing a side of the icosahedron are defined by the edges 24 
and the area defined by these edges is open with the three 
triangular faces 14 defining a hollow trihedral angle 
therein. 

In the particular embodiment described, the bottom 
fifteen triangular faces which would define the bottom 
five icosahedron sides have been removed and a flat plate 
22 substituted therefor whereby the reflector is especially 
adapted for ground mounting. In the particular embodi 
ment described the vertical post 12 is secured to the bot 
tom plate 22 and the post will normally maintain the re 
flector above the ground at a predetermined height for 
most efficient signal reflection. As all incident signals 
will be arriving at the reflector parallel to or above the 
ground plane, the removal of the lower sides of the 
icosahedron will in no way impair the efficiency of the 
reflector. 

It is contemplated that the reflector of this invention 
may be utilized in many ways. For example, a reflector 
may be used as a drop from flying aircraft, missiles and 
the like for testing, military countermeasures, as decoys 
and the like. In such operations it will be desirable to 
utilize the entire symmetrical figure comprising a total of 
sixty triangular faces formed into twenty corner reflectors 
or trihedrons as a complete balanced solid in the nature 
of an icosahedron. 

Referring now to FIG. 4, a bottom view with the bot 
tom plate removed illustrates the internal construction of 
the reflector 10. Therein it can be seen that the lower 
five trihedrons 18a, 18b, 18c, 18d and 18e extend into 
the reflector with the apexes thereof directed to the center 
of the body but disposed from the center a substantial dis 
tance, Intermediate the lower trihedrons 18a-e are tri 
hedrons 18g-k which can be clearly seen in FIGS. 1, 3 
and 4. The combination of the lower trihedrons 18a-e 
and the intermediate trihedrons 18g-k form a closed hol 
low body open at the top and bottom. A top assembly 
of five trihedrons 18m-q are formed into the star-like 
group shown most clearly in FIG. 3 and assembled in 

70 abutting relationship with the upper edges of the inter 
mediate trihedrons or pyramids i8g-k. All of the abut 
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ting edges described and illustrated may be secured to 
gether in any manner depending upon the nature of the 
material employed. The only requirement in choosing 
materials for use in this invention is that the outer Sur 
faces of the faces have good reflective properties for elec 
tromagnetic waves. 

In the event that a complete solid is desired, a second 
star-like assembly identical to the upper assembly com 
prising structures 18m-a may be constructed and secured 
to the lower edges 24d-h of the illustrated embodiment. 
The bottom view of the reflector will then be as shown in 
FIG. 3, rather than as shown in FIG. 2. As is clear from 
the showing of FIG. 4 the apexes of all the trihedrons 
18a-g are directed toward the center of the solid but are 
disposed a substantial distance therefrom. The precise 
spacing of the apexes from the center will, of course, be 
determined by the nature of each trihedron, the shape of 
the faces thereof, and the angle therebetween. It has been 
found that optimum response is accomplished through 
the utilization of the particular type trihedron described 
above in which the various faces are disposed in normal 
relationship. In such a construction the assembly illus 
trated in FIG. 4 necessarily results. 
The advantages of a reflector constructed in accordance 

with this invention may be roughly determined for certain 
theoretical calculations. While these calculations are 
theoretically accurate in determining the approximate re 
sponse of various reflectors, it has been found in practice 
that the actual radiations or reflections vary substantially 
from the calculated values. However, the reflector de 
scribed hereinabove has proven more uniform throughout 
the entire range of azimuth and elevation than any re 
flector heretofore known of comparable size and com 
plexity. - 

In a typical assumed situation, it has been theoretically 
determined that the same power ratio (that is the same 
ratio between incident and reflected power) will be ob 
tained from targets having the following configurations 
and dimensions: A sphere having a 270 ft. diameter for 
incident energy having a 1 cm. wavelength, a sphere of 
90 ft. for 3 cm. wavelength energy, a sphere of 27 ft. for 
10 cm. wavelength energy, and a reflector of the type 
described having a corner length of 2 ft. for all wave 
length small with respect to the corner length. 

This was determined by estimating the effective radar 
cross section of a sphere from the equation: 
(1) or-tra 
where o is the radar cross section, and a is the radius of 
the sphere. 
The effective radar cross section of a single corner 

reflector for incident energy along the corner axis is esti 
mated from the equation: 

4ara 
3X2 

where a is the corner length and X is the wavelength. 
These equations may be substituted in the general radar 

equation for calculating power ratio in a closed reflection 
system: 

P G2x2F2 
(3) P. (4)3f4 
wherein P is the power received at the receiver; P is the 
transmitted power; G is the antenna gain; R is the radar 
range; and F is the pattern propagation factor. For the 
purposes of this study, it is assumed that the pattern pro 
pagation factor F is a constant, namely, unity, and that 
the radar range, and antenna gain are fixed. Thus the 
power ratio is a function of effective radar cross section 
and wavelength only. 
As will be clear, substituting Equation 2 in Equation 

3 will eliminate the factor A, and thus power ratio from 
a corner reflector is independent of wavelength. 

(2) g 
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4. 
Theoretical calculations and tests indicate that an as 

sembly of triangular corner reflectors as shown and de 
scribed above produce average minimum reflection char 
acteristics of the order of 70% of the reflection along the 
axis of one corner reflector in all directions and that the 
reflection is sufficiently uniform to maintain reliable radar 
indications for all angles of incidence. Thus by multi 
plying the combined equation of Equations 2 and 3 by 
the factor .7, the minimum power ratio for a reflector as 
taught by this invention is determined. 

Without further elaboration, the foregoing will so fully 
explain the character of my invention that others may by 
applying current knowledge, readily adapt the same for 
use under varying conditions of service, while retaining 
certain features which may properly be said to constitute 
the essential items of novelty involved, which items are 
intended to be defined and secured to me by the following 
claims. 

I claim: 
1. A reflective radar target comprising a closed poly 

hedron having sixty plane surfaces in the shape of right 
triangles, said surfaces being made of a material which 
is reflective to electromagnetic radar radiation, said sur 
faces being joined edge-to-edge and being arranged in 
twenty open trihedrons having open sides facing out 
Wardly and apexes pointing inwardly toward the center 
of said polyhedron, each of said trihedrons being com 
posed of three of said surfaces joined at right angles to 
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one another in a configuration corresponding to an inter 
nal corner segment of a cube. 

2. A reflective radar target comprising at least a seg 
ment of a polyhedron having sixty plane surfaces in the 
shape of right triangles, said surfaces being made of a 
material which is reflective to electromagnetic radar ra 
diation, said surfaces being joined edge-to-edge and being 
arranged in open trihedrons having open sides facing out 
Wardly and apexes pointing inwardly toward the center 
of said polyhedron, each of said trihedrons being com 
posed of three of said surfaces joined at right angles to 
one another in a configuration corresponding to an in 
ternal corner segment of a cube. 

3. A reflective radar target, comprising a flat base 
plate in the shape of a pentagon and surmounted by a 
forty-five sided segment of a sixty-sided polyhedron hav 
ing plane surfaces in the form of right triangles, said sur 
faces being made of a material which is reflective to elec 
tromagnetic radar radiation, said surfaces being joined 
edge-to-edge and being arranged in fifteen open trihedrons 
having open sides facing outwardly and apexes pointing 
toward the center of said polyhedron, five of said sur 
faces having edges joined to said pentagonal base plate, 
each of said trihedrons being composed of three of said 
surfaces joined at right angles to one another in a con 
figuration corresponding to an internal corner segment of 
a cube. 
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