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Filed Dec. 14, 1962, Ser. No. 244,728 
U.S. Cl. 343-840 
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The invention described herein was made in the per 
formance of work under a NASA contract and is subject 
to the provisions of Section 305 of the National Aeronau 
tics and Space Act of 1958, Public Law 85-568 (72 Stat. 
435; 42 U.S.C. 2457). 

This invention relates to a focusing re?ector for radiated 
electromagnetic energy and more particularly to such re 
?ector that discriminates against interfering electromag 
netic energy of shorter wavelength than the wavelength of 
the radiated energy. , 

The preferred embodiment of the invention described 
herein and shown in the drawings comprises a core formed 
of cellular honeycomb constructed of plural bonded rib 
bons, the edges of which ribbons are shaped to de?ne the 
contour of a concave surface such as a paraboloid. The 
honeycomb material has a cell size no greater than one 
quarter wave length of the energy being re?ected so that 
the surface of the honeycomb material will be substan 
tially opaque to such wavelength and will re?ect the same. 
Signals having shorter wavelengths will pass through the 
individual honeycomb cells and thus will not re?ect to 
an antenna spaced relative to the concave surface. 

Operation of paraboloid re?ectors such as parabolic 
re?ectors in an environment in which infra-red and shorter 
wavelength radiation is present requires special precaution 
to prevent excessive heating of the re?ector and to assure 
that the intensity of shorter wavelength radiation does not 
exceed the intensity of the lower frequency intelligence 
containing signals. The foregoing considerations have be 
come particularly important in relation to the placement 
of antennas in space vehicles, because the intensity of 
infra-red and shorter wavelength radiation is greater in 
outer space since the radiation is not impeded by the iono 
sphere. Re?ectors having the foregoing electrical char 
acteristics must also have suf?cient rigidity that the re 
?ecting surface thereon maintains a desired shape. Addi 
tionally, an antenna of the type here under consideration 
should be lightweight, simple, and inexpensive to produce. 
An object of this invention is to ?ul?ll the foregoing 

desiderata. 
Another object is to provide an antenna that has struc 

tural rigidity and has a re?ective surface with electrical 

3 Claims 

continuity and frequency selectivity so that higher inter- - 
fering frequencies will not be re?ected by the device. 

Still another object is to provide a method for expedi 
tiously forming an antenna with the last named char 
acteristics. The object includes providing a piece of honey 
comb with a suitable contoured concave surface thereon 
and providing a thin sheet of conductive material, a?ix 
ing the skin to the concave honeycomb surface, and creat 
ing a pressure differential across the thin sheet so that 
the thin sheet will be partially drawn down into the honey 
comb cells. A myriad of small concavities or dimples 
will not have substantial effect on relatively longer wave 
length signals but will have substantial effect on shorter 
wavelength signals. The latter will be focused at a point 
very near to the surface of the skin and will there ‘be dissi 
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pated, rather than being re?ected to an antenna disposed 
in front of the concave surface to receive or transmit the 
longer wavelength signal. 

Alternate embodiments of the invention can be con 
structed in which a thin sheet of conductive material is 
a?ixed to the curved honeycomb core and is provided with 

. a plurality of holes spaced from one another by an amount 
no greater than one quarter wave length of the signal 
being re?ected. The thin layer can also be formed of con 
ductive mesh attached to the edges of the honeycomb 
forming ribbons. These two modi?cations provide a path 
through the anntenna for dissipation of thermal energy 
contained in infra-red and shorter interfering frequencies. 
Energy that passes through the openings in the conductive 
face will with high probability also pass through the 
honeycomb cells. Thus, the re?ector is not heated to a 
temperature high enough to cause destruction thereof by 
the interfering short length waves. 
These and other objects will be more apparent after 

referring to the following speci?cation and attached 
drawings in which 
FIG. 1 is a cross-sectional elevation view of a honey 

comb core forming a parabolic re?ector surface; 
FIG. 2 is an enlarged view of a portion of the honey 

comb core taken substantially along line 2—-2 of FIG. 1; 
FIG. 3 is an enlarged cross-sectional elevational view 

showing another embodiment of the present invention; 
FIG. 4 is an enlarged view of a portion of the antenna 

illustrating still another embodiment of the invention; 
FIG. 5 is a cross section view view taken substantially 

along line 5—5 of FIG. 4; 
FIG. 6 is a plan view of yet another embodiment of 

of the present invention; and 
FIG. 7 is a cross section side view of the embodiment 

of FIG. 6. 
Referring more particularly to the drawings, reference 

numeral 12 denotes generally a honeycomb core formed 
by a plurality of ?at ribbons 14 bonded at recurring inter 
vals as at 16 to form a plurality of cells 17. The type 
honeycomb shown in FIG. 2 is hexagonal honeycomb but 
it should be understood that any suitable shape cell struc 
ture can be provided within the scope of the present in 
vention. Core 12 is preferably formed with cells wherein 
the maximum dimension between opposite surfaces of 
ribbon 14 is within the range of one thirty-second inch 
to one-quarter inch. Such range assures that the structure 
will have the requisite rigidity and have the proper cell 
size for the desired radio frequency selectivity. The upper 
edges 18 of ribbons 14 are shaped to form a contour that 
de?nes a concave surface 20; the surface is preferably a 
paraboloid to obtain optimum focusing but may take 
other concave shape as well. A reference point 22 in FIG. 
1 indicates the position of the focus of the paraboloid of 
curve surface 20. A transmitting or receiving antenna is 
placed at focus 22 in accordance with well-known 
procedures. 

Core 12 is supported upon a mast 24 that is attached 
to the re?ector remote from surface 20 of the core. A 
suitable antenna feed (not shown) can be mounted in a 
passage 26 formed axially with the major axis of the 
paraboloid surface. 

In the embodiment depicted in FIG. 2, ribbons 14 are 
formed of a conductive material such as aluminum and 
are welded or brazed by suitable material at their bond 
points 16. The weld points at bond 16 electrically inter 
connect all areas of surface 20. Thus, the re?ector, if 
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constructed of one thirty-second inch honeycomb, will 
be substantially opaque for frequencies up to about 1011 
cycles per second (3x103 m. wavelength) and will 
re?ect to focus 22 all signals having frequencies below 
that frequency. If one-quarter inch honeycomb is used, 
the paraboloid surface will appear substantially opaque 
to frequencies up to about 1010 cycles per second 
(21/2 X 10-2 m.). Energy having wavelengths shorter than 
those referred to above will pass through cells 17 because 
the maximum dimension between opposing ribbons of a 
given cell exceeds one-quarter wavelength. Because all 
ribbons 14 are electrically bonded at 16, electrical con 
tinuity will exist over the entire paraboloid surface, and 
the entire surface will contribute to re?ection of energy 
having relatively longer wavelengths. 

Referring now to FIG. 3, core 12 is shown in greatly 
enlarged scale to emphasize an alternate embodiment of 
the invention. The edges 18 of the core 12 are formed 
with a suitable concave shape, such as paraboloid as in 
FIG. 1. To edges 18 is a?ixed a conductive layer 28 by 
means of an adhesive layer 30. In the present embodiment 
it is not necessary for ribbons 14 or bond points 16 be 
tween adjacent ribbons to be electrically conductive, be 
cause conductive sheet 28 provides electrical intercon 
nection between all areas of surface 20. 

After a conductive sheet 28 is a?ixed to core 12, con 
cavities or dimples 32 are formed. I prefer to form the 
concavities by evacuating the air from each cell 17 so 
that atmospheric pressure acts on the top of sheet 28 
to cause partial attenuation or distortion thereof into 
the cells. In one re?ector made according to my inven 
tion sheet 28 was formed with a layer of 3 mil aluminum 
(.003 inch); a pressure differential across sheet 28 of 
approximately 2-3 atmospheres suitably formed con 
cavities 32. Any permanently extensile material can be 
used to form the concavities. The pressure differential 
formed by evacuating cells 17 must be su?icient to ex 
ceed the elastic limit of thin sheet of permanently ex 
tensile material but in su?icient to rupture the thin sheet. 

Each concavity 32 acts as a parabolic re?ector for 
wavelengths that are short relative to the distance between 
opposite points on the perimeter of each concavity. Be 
cause the perimeter is determined by the ribbon edges 18, 
the frequency characteristics of the present embodiment 
are similar to those of the embodiment ?rst described 
above. 
The embodiments shown in FIGS. 1-3 have ribbons 14 

parallel with the principal axis of the paraboloid of sur 
face 20. Parallelism is not required; it is more important 
that the dimension between cell walls along surface 20 
be chosen relative to the wavelength of re?ected energy 
and the interfering energy present to secure proper elec 
trical characteristics. The openings or depressions pre 
sented to the electro-magnetic radiation are thereby per 
mitted to serve the intended function. 
An alternate method for forming depressions 32 in 

sheet 28 is to affix the skin to core 12 with adhesive layer 
30, and then to move a relatively hard rubber roller over 
the surface. If the rubber of the roller is of suf?cient 
hardless to attenuate thin conductive sheet 28, the desired 
dimples or concavities 32 will be formed. 
A skin 34 can be attached to ribbon edges 18 which 

has a plurality of randomly positioned holes 36 there 
through. (FIGS. 4 and 5). Holes 36 have a diameter no 
greater than the quarter wavelengths of the re?ected sig 
nal, and are sufficiently numerous to pass shorter wave 
length energy. Although removal of at least 80% of skin 
34 by formation of holes 36 therein affords adequate 
conveyance of shorter wavelength energy through the 
skin, up to 90% can be removed without excessively 
weakening the structure. Unwanted energy having a 
quarter wavelength less than the diameter of holes 36 
will pass through the holes to cells 17, and will not 
interfere with the energy that is to be re?ected by skin 34. 
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4 
face 20 of honeycomb core 12 by a conductive mesh 38 
(FIG. 6). The mesh has plural individual conductors 38 
that can be formed by expanded or stamped metals or by 
intersecting wires. The conductors are both electrically 
and mechanically bonded to one another at their intersect 
ing points 40, so that electrical interconnection is attained 
between all areas of the surface. Mechanical bonding of 
mesh 38 to ribbon ends 18 of core 12 provides structural 
rigidity to the electrically continuous surface, so that 
waves re?ected therefrom are focused at point 22. The 
openings between the conductors of mesh 38 are formed 
no larger than one-quarter wave length of the energy to 
be re?ected by the device. Energy of shorter wave lengths 
passes through the mesh ‘and the honeycomb core and 
is not re?ected to an antenna. Because mesh 38 forms the 
conductive surface area, honeycomb core 12 in the em 
bodiment of FIGS. 6 and 7 need not be conductive 
material. 

It is to be noted in connection with the embodiment 
of FIGS. 1~2 and 4-7 that the cell forming side surfaces 
of ribbons 14 provide re?ecting surfaces for energy enter 
ing cells 17. Such energy is re?ected back and forth be 
tween opposite cell walls until it is expelled from the rear 
open end of cells 17 . Consequently, the shorter wavelength 
energy that enters the cell will not interfere with the signal 
re?ected to or from an antenna by surface 20. 

Thus, I have provided a paraboloid re?ector that is 
rigid, inexpensive to produce and frequency selective. In 
addition, the structure has extremely light weight. The 
novel method for manufacturing re?ector can be used to 
form re?ectors of different shapes; and of different fre 
quency discriminating characteristics. 
While several embodiments of my invention have been 

shown and described, it will be apparent that other adapta 
tions and modi?cations may be made without departing 
from the true spirit and scope of the invention. 
What is claimed is: 
1. A re?ector for radio waves of the type having a 

concave surface for re?ectively focusing electromagnetic 
radiation to or from an antenna spaced from. the surface 
comprising a body formed of cellular honeycomb ma 
terial, said cellular material being formed by a plurality 
of ribbons bonded to one another ‘at recurrent intervals 
to de?ne plural cells, said body being arranged with edges 
of said ribbons shaped to de?ne the contour of the concave 
surface, the maximum cross-sectional dimension of each 
cell bein no greater than approximately one-quarter 
wavelength of the radiation being re?ected, and a face 
skin of conductive material af?xed to ribbon edges of the 
honeycomb body forming the concave surface, said skin 
being dimpled to form a plurality of smaller concave sur 
faces in the ?rst named surface, said smaller concave 
surfaces having a maximum dimension generally along 
the ?rst named surface no greater than approximately 
one-quarter wavelength of the radiation being re?ected. 

2. The invention of claim 1 and wherein the perimeter 
of each said smaller concave surface is de?ned by cell 
forming ribbon edges. 

3. A parabolic re?ector for electromagnetic waves of 
the type having a paraboloid surface for re?ectively focus 
ing radio frequency energy to or from an antenna dis 
posed substantially at the focus of the paraboloid compris 
ing a body formed of cellular honeycomb material, said 
honeycomb material being formed by ?at ribbons bonded 
together at recurrent intervals to form cells, said ribbons 
being disposed generally parallel with the principal axis 
of the paraboloid, said cellular material being formed with 
the maximum distance between opposite ribbons of a cell 
no greater than approximately one-quarter of the wave 
length being re?ected, and a face skin of conductive ma 
terial aflixed to ribbon edges of the honeycomb body 
forming the paraboloid, said skin being dimpled to form 
a plurality of small concave surfaces in the paraboloid 
surface, said small concave surfaces having a maximum 
dimension generally along the paraboloid surface no 
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greater than approximately one-quarter wavelength of 
the energy being re?ected. 
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