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MULTIPLE SANDWICH BROAD BAND RADOME 
Samuel S. Oleesky, Charles E. Peach, Gerald B. Speen, 
and Donald H. McClure, Los Angeles County, Calif., 
assignors, by mesne assignments, to Zenith Plastics 
Company, Gardcna, Cali?, a corporation of Delaware 

Filed Apr. 15, 1955, Ser. No. 501,629 
8 Claims. (Cl. 343-907) 

The present invention relates to dielectric panels or 
walls designed to ef?ciently transmit electromagnetic en 
ergy in the microwave spectrum and in particular to such 
panels or walls constructed of a multiplicity of layers in 
shapes suitable for radomes and similar housings. 
To suit the aerodynamic requirements of high speed 

?ight, radome housings have been designed and developed 
to take advantage of the dielectric properties of various 
plastic materials. Several con?gurations of wall structures 
for radomes have been developed. These con?gurations 
usually consist of from three to ?ve layers of materials 
of different dielectric constants. Panels or walls having 
these known con?gurations are fairly pervious to the 
transmission of electromagnetic radiation of a narrow 
range of frequencies and exhibit generally satisfactory 
transmission e?iciencies when the incidence angles of 
the radiation are not too high and are con?ned to a 
very narrow range. The critical performance quality of 
these known panel con?gurations with respect to fre 
quencies and incidence angles of electromagnetic radia 
tion has been a serious disadvantage in their use for 
radome and similar construction Where it is highly de 
sirable that the panels or walls of the structure have 
“broad-band” qualities, that is, provide satisfactory elec 
trical performance in connection with the transmission 
of electro-magnetic waves of wide ranges of frequencies 
and wide ranges of incidence angles. 

Accordingly, it is an important object of the present 
invention to provide panels or walls for radomes or simi 
lar structures or housings characterized in that they elli 
ciently transmit electromagnetic radiation of a wide range 
of frequencies and a wide range of incidence angles, in 
cluding very high incidence angles. 
Another object is to provide panel or wall con?gura 

tions comprising a multiplicity of layers of dielectric ma 
terials designed to produce panels or walls having high 
strength qualities and capable of e?‘iciently transmitting 
energy in the microwave spectrum over a wide range of 
frequencies and over a wide range of incidence angles 
of the impinging energy. 

Additional objects will become apparent from the fol 
lowing description. 

Broadly stated, the present invention provides a dielec 
tric panel or wall construction comprising a multiplicity 
of layers, preferably about seven or more. The outer 
most layer of the construction preferably is of relatively 
high dielectric constant material, having dielectric con 
stants in the preferred range of about 2.0 to about 40 
and especially about 2.7 to about 20. The layer next to 
the outermost layer preferably is of relatively lower di 
electric constant material, having dielectric constants in 
the preferred range of about 1.0 to about 10 and es 
pecially about 1.0 to about 6. Additional inner layers 
may have dielectric constants of di?erent values, pref 
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erably falling within a preferred range of about 1.0 to 
about 20. 
A more detailed description of speci?c embodiments 

of the invention as applied to radomes is given with ref 
erence to the drawings, wherein: 
FIGURE 1 is a perspective view showing a panel con 

struction for use as a section of a radome; 
FIGURE 2 is a cross-sectional view showing a speci?c 

wall con?guration comprising six skin layers and ?ve core 
layers; 
FIGURE 3 is a graph showing the transmission of 

electromagnetic radiation through the wall con?guration 
shown in FIGURE 2 as a function of the frequency of 
the radiation impinged on the wall at an incidence angle 
of 30°; 
FIGURE 4 is a cross-sectional view showing another 

speci?c wall con?guration comprising four skin layers and 
three core layers; 
FIGURE 5 is a diagram showing the magnitude and 

phase angle of an electromagnetic wave transmitted 
through a seven-layer dielectric wall construction of the 
invention; and 
FIGURE 6 is a similar diagram for an eleven-layer 

dielectric wall construction. 
A dielectric panel or wall construction having satisfac 

tory broad-band qualities for use in radomes can be 
made as shown in FIGURE 2. A ?rst, or outermost skin 
layer 10 is made of material having a dielectric constant 
of preferably about 4 and an adjacent, or second, core 
layer is made of material having a dielectric constant of 
preferably about 1.2. Succeeding skin layers 12,114, 16, 
18 and 20 similarly are made of material having the same 
dielectric constant as skin layer10, and succeeding core 
layers 13, 15, 17 and 19 are made of material having 
the same dielectric constant as core layer 11. 
A particular wall con?guration was made, as shown 

in FIGURE 2, to have six skin layers 10, 12, 14, 16, 18 
and 20 made of 0.010 inch layers'of glass cloth, such as 
1 ply of 181 glass cloth or two plies of 120 glass cloth 
laminate impregnated with a material such as an alkyd 
resin or a polyester resin. The dielectric constant of the 
material in the six skin layers was 4.0. The ?ve core 
layers 11, 13, 15, 17 and 19 were made of 0.072 inch 
layers of polyisocyanate foam having a dielectric con 
stant of 1.2. The six skin layers and the ?ve core layers 
were cemented together with a suitable resin to form a 
unitary panel or wall structure having a overall thickness 
of 0.420 inch. 
The e?iciency of transmission of both perpendicular 

and parallel polarized electromagnetic energy of the re 
sulting wall or panel structure was measured for a range 
of frequencies from 2.0 to 33 kilomegacycles per second 
over a range of angles of incidence from 0° to 60°. By 
perpendicular polarization it is meant that the electric 
vector of the incident electromagnetic wave is perpen 
dicular to the plane of incidence and in parallel polariza 
tion the electric vector lies in the plane of incidence. The 
results for perpendicular polarization at an incidence an 
gle of 30° are shown in the graph of FIGURE 3. The 
graph shows that over 90 percent of the incident elec— 
tromagnetic energy was transmitted by the wall or panel 
structure over the entire range of frequencies tested and 
that about 95 percent transmission was achieved over 
about half of the range. 
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All of the experimental results are summarized in 
Table 1 given below: 

TABLE 1 

Transmission 
Frequency, Kmc./sec. 

2.4 7.0 

Incidence Angle: (*) (**) (*) (“9 
0° 97.8 99. 9 96. 3 95.0 

96. l 98. 6 94.0 93. 3 
96. 8 97.6 93. 9 93. 1 
94. 8 97. 8 91. 8 93. 6 
94. 3 98. 1 89. 4 95. 5 
94. 9 98. 0 84.0 98. 0 
91. 3 97. 5 78. 6 97. 5 
91. 0 98. 8 71. 3 97. 2 

Transmission 
Frequency, Krnc./Sec. 

9.375 13.0 

Incidence Angle: (*) (H) (*) ("'9 
0°_. 98.8 95. 3 96. 3 97.5 
10° 98. 6 95. 8 95. 6 95. 4 
20°. 97. 9 95. 9 95. 6 94. 6 
30°.-. 96. 9 95. 6 90. 4 96. 3 
40° _ _ _ . r _ _ _ _ _ _ _ _ _ _ _ _ _ . r _ __ 94. 0 95. 4 94. 0 94. 8 

50°.-- 90. 5 95. 5 89.0 94. 5 
55° 82. 0 94. 6 83. l 94. 3 
60° _ . _ . _ . . _ _ . _ _ _ _ _ _ _ _ . _ _ _. 73. 8 96. 9 77. 6 93. 0 

Transmission 
Frequency, Kme./Sec. 

17.0 33 

Incidence Angle: (') C“) (*) 
0° 90.3 85. 8 89. 7 

90. 8 82. 9 90.8 
90. 1 85. 4 94.0 
89. 9 86. 4 96. 5 
86. 5 89. 4 96.0 
84. 6 93. 8 84. 5 
82. 6 93. 5 75. 3 
80. 9 93. l 67. 5 

‘Transmission with perpendicular polarized electromagnetic energy. 
" Transmission with parallel polarized electromagnetic energy. 

The above table shows that very high transmission of 
both perpendicular and parallel polarized electromagnetic 
energy was observed in the panel having the con?guration 
shown in FIGURE 2 over a wide range of frequencies and 
over a wide range of incidence angles. 
A radome panel 21 (FIGURE 1) is made with a wall 

construction of the type described above by molding the 
core layers to the desired shape and dimensions. The skin 
layers are cut to size and cemented between and to the 
outside surfaces, as the case may be, of the core layer 
forms to construct the desired con?guration. The result 
ing panel con?guration is ?xed in a suitable frame to form 
the ?nished panel 21 for mounting in a radome either 
before or after a suitable weather resistant coating is ap 
plied to the outer surface of the panel. 
The core materials preferably employed in the panel or 

wall constructions include fabric or ?ber laminates and 
foams such ‘as glass, acrylic, and other fabrics made of 
synthetic ?bers, foams of glass, synthetic plastic foams of 
polyisocyanates, polystyrene, polyethylene and other syn 
thetic plastics, and foams of cellular hard rubbers, cellular 
hard resin, and foams of blends of rubbers and resins. 
The skin materials preferably employed in the wall or 
panel con?gurations comprise fabrics of glass ?bers, 
acrylic and other synthetic ?bers and ?ber laminates or 
sheets of these ?bers. 
The thickness of each layer of core material or skin 

material employed is determined by the dielectric constant 
of the material and the ranges of frequencies and incidence 
angles for which the wall structure is to be used. For a 
given overall thickness of the wall structure, it is desirable 
to select the dielectric constants, the thicknesses of the 
successive layers of skins and cores, and the number of 
such skins and cores so that the amount of re?ected elec 
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4 
tromagnetic energy is reduced to a minimum and the 
amount of transmitted electromagnetic energy approaches 
a maximum for a broad range of frequencies and incidence 
angles of impinging electromagnetic radiation. It has 
been found that the number and thicknesses of skins and 
cores of various dielectric constant materials can be deter 
mined for a range of frequencies and incidence angles 
when the skins and cores are chosen so that angles of 
phase shifts of electromagnetic waves in the successive 
skins and cores are determined so that the electromagnetic 
energy transmitted beyond each layer is reinforced to an 
optimum value over a range of frequencies and incidence 
angles vand is not reduced by cancellation to a relatively 
much lower value. A method of computing these rela~ 
tionships has been developed which gives satisfactory 
agreement with test data obtained from computed con 
?gurations of wall structures. The method is as follows. 

Parameters for single sheets 
Consider a multi-layer dielectric wall composed of 

n—l lossy, homogeneous, dielectric sheets with radiation 
of wave length A incident at an angle 0. Consider air as 
medium 1, the ?rst layer as medium 2, etc., with the sub 
scripts on the dielectric constant (e), the loss tangent 
(tan 5), and the thickness (d), indicating the layer under 
consideration. 
The parameters for the mth layer are (m=2, 3 . . . n) 

,r,,,=21i;l\/em-sin2 a (1) 

cm tan 5,, 
Ln‘ 2(em——sin2 0) (2) 

and 

T = e“, cos t)——1,/e,,,—sin2 0 (3a) 

"m cm cos 0—l—\/em~~sin2 0 

for parallel polarization and 
__ ' 2 _ 

71mzw/em 51H 0 cos 6 (3b) 
w/e,,,—sin2 19+COS 0 

for perpendicular polarization. 
The equations for the transmission and re?ection co 

e?‘icients for the mth layer are: 

By computing the parameters w, L, and r for Equations 
1, 2, and 3a or 3b, and using them in (4) and (5), values 
of T and R are obtained. an, is the phase shift experienced 
by the wave in passing through the mth layer. L is an 
arbitrary designation. rm is the ratio between reflected 
and incident energy at the interface between the mth and 
nth layers. E?iciency is de?ned as the ratio between the 
energy leaving a layer and that impinging upon the layer. 
The transmission co-e?icient is determined by the vector 
of the wave leaving the layer divided by the vector of the 
incident wave. Similarly, the re?ection co-e?icient is 
determined by the vector of the wave re?ected from the 
surface divided by the vector of the incident wave falling 
upon the surface. It should be noted that (4) and (5) 
hold for waves travelling from right to left as well as from 
left to right. 

it; mmg <4) 

Combining the dielectric sheets 

Consider any two dielectric walls p and q, whether they 
be single sheets or multi-layer walls. The following equa 
tions may be applied to the combination of the two walls: 

Dc: (6) 
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where 

Tm is the over-all transmission coefficient of the com 
bined sheets for an incident plane wave travelling from 
left to right. 

Tip,“ is the over-all re?ection coefficient of the combined 
sheets for an incident plane wave travelling from left to 
right. 
Em is the over-all re?ection coefficient of the combined 

sheets for an incident plane wave travelling from right to 
left. 

Tl, is the transmission coefficient of the dielectric wall p 
for an incident plane wave travelling from left to right. 

T], is the transmission coefficient of the dielectric wall q 
for an incident plane wave travelling from left to right. 
Em is the re?ection coefficient of the dielectric Wall p 

for an incident plane wave travelling from left to right. 
E2 is the re?ection coe?icient of the dielectric wall p 

for an incident plane wave travelling from right to left. 
R11 is the re?ection coe?icient of the dielectric wall q 

for an incident plane wave travelling from left to right. 
R12 is the re?ection coefficient of the dielectric wall q 

for an incident plane wave travelling from right to left. 

Application of equations 
(1) Two single sheets—media 2-3.—The transmission 

and re?ection coet?cients for each sheet, T2, T3, E2, E, 
are calculated by use of Equations 4 and 5. These values 
are then used in Equations 6, 7, and 8 by considering: 

Tm = 
33ml = 2223 Subscripts indicate direction 
Rpq2 _‘ R32 

(2) Three single sheets-media 2-3-4.—~T4 and E4 are 
calculated by use of Equations 4 and 5. These values 
and those found above are used in 6, 7, and 8 by con 
sidering: 

(3) n Single sheetswmedia 2~3~4 . . . n.—The above 
procedure is repeated ‘for as many layers as desired, 
each time using the values of the previous multi-layer as 
the p-layer for the next calculation. 

It may be noted that, in the calculation of sequences 
of several single sheets, the quantity Elm is not needed 
for obtaining Tm and Ema of the succeeding multi-layer. 
Thus, only these latter two quantities need be calculated. 

(4) Double symmetrical sandwich—media 2-3-4-5 
6-7——where layers 2, 4, 5, and 7 are identical and layers 
3 and 6 are identical.—By the above procedure, ?nd the 
quantities T24 and E, for the single sandwich under 
consideration. Combine the two single sandwiches by 
Equations 6, 7, and 8 by considering: 
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The transmission curve plotted in FIGURE 3 is typical 
in its illustration of the close agreement of theoretical, 
calculated transmission values with actual, measured val 
ues for the panel having the con?guration shown in 
FIGURE 2. 
FIGURE 5 diagrammatically shows the magnitude and 

phase angle of an electromagnetic wave transmitted 
through the ?rst n(n=1, 2, . . . 7, air equals 1) layers 
of a seven layer broad-band dielectric wall of the inven 
tion wherein the ?rst, third, ?fth and seventh layers of 
the wall had a dielectric constant of 4.0; the second, 
fourth and sixth layers had a dielectric constant of 1.2 
and were 0.250 inch thick; the ?rst and seventh layers 
were 0.020 inch thick; and the third and ?fth layers were 
0.010 inch thick. The diagram shows a reinforcement of 
the magnitude of the electromagnetic wave as it passes 
through the wall. It will be seen that vector T2,; is much 
shorter than vector T“, which is the vector through the 
entire wall structure. 
FIGURE 6 is a similar diagram for an eleven layer 

broad-band dielectric wall of the invention wherein the 
dielectric constant for the ?rst, third, ?fth, seventh, ninth 
and eleventh layers was 4.0 and the thickness was 0.010 
inch; and the dielectric constant for the second, fourth, 
sixth, eighth and tenth layers was 1.2 and the thickness 
was 0.072 inch. This diagram shows the rotation of 
the transmission vector through approximately equal 
angles for equal layers and shows some reinforcement 
of the magnitude of the electromagnetic wave. 

‘Instead of the six skin and ?ve core layer wall struc 
ture discussed ‘above in connection with FIGURE 2, a 
structure having fewer layers, such as that shown in 
FIGURE 4, for example, can be used. Namely, a Wall 
structure having four skin and three core layers of 4.0 
and 1.2 dielectric constant, respectively, has been found 
to give satisfactory broad band performance character 
istics. ‘It is not necessary in every case that both the 
outermost and the innermost layers be skins of high di 
electric constant material to have wall structures of broad 
band characteristics. The innermost layer can be a core 
layer of relative low dielectric constant material, for 
example. Other examples of speci?c wall or panel con 
?gurations employing skin layers of material having a 
dielectric constant of 4.0 and core layers of dielectric 
constant 1.2 have been made with the following con?gura 
tions and transmission characteristics. 

EXAMPLE 1 “ ' 

The ?rst or outermost layer was a skin of 0.010 inch 
thickness and the second a core of 0.072 inch thickness. 
The third, ?fth, seventh, ninth and eleventh layers also 
were skins of 0.010 inch thickness and the fourth, sixth, 
eighth and tenth layers also were cores of 0.072 inch 
thickness. The overall thickness of the wall structure was 
0.420 inch. Transmission values were calculated for this 
structure at incidence angles of 30° and 50° for a range 
of frequencies. Tables 2 and 3 summarize the results. 

TABLE 2 
[Angle of incidence 30°] 

Transmission Frequency, mc./sec. 

(**) 

* Perpendicular polarized ener . 
" Parallel polarized energy. gy 
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TABLE 3 
[Angle of incidence 60°] 

Frequency, mc./sec. Transmission * 
33,000 77.53 
24,000 91.16 
16,000 87.89 
12,000 96.06 
9,375 89.40 
7,000 83.03 
4,000 _. 89.17 

2,000 97.38 
1* See footnote, Table 2. 

EXAMPLE 2 

The ?rst, third, ?fth, seventh, ninth and eleventh layers 
were skins. The ?rst and eleventh layers were 0.020 inch 
thick and the third, ?fth and seventh and ninth layers 
were 0.010 inch thick. The second, fourth, sixth, eighth 
and tenth layers were cores 0.072 inch thick and the over 
all thickness was 0.440 inch. Table 4 contains a sum~ 
mary of transmission values calculated at an incidence 
angle of 30". 

TABLE 4 
Frequency, mc./sec. Transmission * 

33,000 69.87 
24,000 70.39 
16,000 ___ 81.78 
12,000 ______________________________ _- 39.83 

9,375 _ 98.13 

* See footnote, Table 2. 

EXAMPLE 3 

The ?rst, ?fth, seventh and eleventh layers were skins 
of 0.010 inch thickness and the third and ninth layers 
were skins of 0.020 inch thickness. The second, fourth, 
sixth, eighth and tenth layers were cores of 0.072 inch 
thickness and the overall thickness was 0.440 inch. Table 
5 contains a summary of the transmission data obtained 
at an angle of incidence of 30°. 

TABLE 5 
Frequency, mc./sec. Transmission 33,000 __ 91.91 

24,000 94.11 
16,000 80.59 
12,000 ______________________________ __ 94.17 

9,375 _ 98.53 
7,000 _ _ 90.67 

4,000 __ 90.97 

“ See footnote, Table 2. 

EXAMPLE 4 

The ?rst and eleventh layers were skins of 0.020 inch 
thickness and the third, ?fth, seventh and ninth layers 
were skins 0.010 inch thick. The second, fourth, eighth 
and tenth layers were cores 0.060 inch thick and the sixth 
layer was a 0.120 inch thick core. The overall thickness 

, was 0.440 inch. See Table 6 for transmission data ob 
tained at an angle of incidence of 50°. 

TABLE 6 
Frequency, mc./sec. Transmission * 

33,000 ____ 85.49 
24,000 ______________________________ __ 91.32 

16,000 ______________________________ _- 61.36 

12,000 _ 90.12 
9,375 _ ____ 94.89 

7,000 ___ 84.66 
4,000 _______________________________ _.. 84.60 

* See footnote, Table 2. 

EXAMPLE 5 

The ?rst and thirteenth layers were skins 0.020 inch 
thick and the third, ?fth, seventh, ninth and eleventh 
layers were skins 0.010 inch thick. The second, fourth, 
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8 
sixth, eighth, tenth and twelfth layers were cores 0.060 
inch thick, the overall thickness being 0.450 inch. Table 
7 contains a summary of transmission values obtained at 
an incidence angle of 50°. 

TABLE 7 
Frequency, mc./sec. Transmission * 

33,000 85.92 
24,000 74.17 
'16,000 68.64 
12,000 90.67 
9,375 94.30 
7,000 82.81 
4,000 82.37 

' See footnote, Table 2. 

EXAMPLE 6 

The wall structure was the same as in Example 5 ex 
cept that the seventh layer was 0.020 inch thick instead 
of 0.010 inch thick and the overall thickness was 0.460 
inch instead of 0.450 inch. Table 8 contains the trans 
mission data obtained at an incidence angle of 50°. 

TABLE 8 
Frequency, mc./sec. Transmission * 

33,000 85.73 
24,000 52.66 
16,000 76.88 
12,000 91.26 
9,375 93.80 
7,000 ___ 81.02 
4,000 80.14 

‘ See footnote, Table 2. 

EXAMPLE 7 

The wall structure was the same as in Example 6 ex 
cept that the second, fourth, sixth, eighth, tenth and 
twelfth layers were 0.072 inch thick instead of 0.060 inch 
thick and the overall thickness was 0.532 inch instead of 
0.460 inch. Transmission values were calculated at in 
cidence angles of 30° and 50°. Tables 9 and 10 sum 
marize the results. 

TABLE 9 
[Angle of incidence 30°] 

Frequency, mc./ sec. Transmission * 
33,000 86.42 
24,000 82.43 
16,000 ...._ 90.84 

12,000 91.22 
9,375 .. 96.28 
7,000 95.96 
4,000 89.95 

‘ See footnote, Table 2. 

TABLE 10 

[Angle of incidence 50°] 

Frequency, mc./sec. Transmission * 
33,000 _ 57.56 
24,000 ______________________________ .._ 45.09 

‘16,000 ______________________________ .... 84.81 

12,000 ______________________________ .._ 84.68 

9,375 _ _.... 96.43 

7,000 _ _ _ _ _ _ _ . _ _. 86.75 

4,000 _______________________________ _.- 80.98 

2,000 _ _..___ 91.22 

* See footnote, Table 2. 

It will be observed that all of the wall structures ex 
empli?ed above exhibit highv transmission of electromag 
netic energy over a wide range of frequencies. 

Although most of the wall or panel structures discussed 
above had a total number of layers of skins plus cores 
equal to about seven, eleven, or thirteen layers, it is to be 
understood that any total number of layers can be used, 
limited only by practical feasibility. A total of twenty 



3,002,190 

to thirty, or more layers is believed practical or feasible 
in actual practice. 
The foregoing description is primarily for explanatory 

purposes, and is given chie?y to illustrate certain speci?c 
embodiments of the invention. It is understood that 
many variations in the structure, con?guration and details 
of the wall or panel structures described above will occur 
to one skilled in the art. Accordingly, it is understood 
that such changes and modi?cations in the structure, con 
?guration and details of the speci?c embodiments of the 
invention illustrated and described above may be made 
within the scope of the appended claims without depart 
ing from the spirit of the invention. 
What is claimed is: 
'1. A dielectric wall for the transmission of a major 

proportion of electromagnetic energy transversely there 
through over a broad band of frequencies comprising an 
outermost skin layer of material having a dielectric con 
stant of from 3.5 to 4.5 and a thickness of from 0.01 to 
0.02 inch, an inwardly adjacent core layer of material 
having a dielectric constant of from 1.05 to 1.4 and a 
thickness of 0.06 to 0.075 inch, and inwardly alternating 
skin and core layers of said materials having dielectric 
constants and thicknesses substantially the same as said 
?rst skin and core layers, respectively, there being at least 
four of said skin layers and at least three of said core 
layers, and thicknesses of 0.01 to about 0.02 inch and 
0.06 to 0.075 inch, respectively. 

2. A dielectric wall according to claim 1, wherein there 
are six skin layers and ?ve core layers. 

3. A dielectric wall according to claim 1, wherein the 
skin layers comprise glass fabric and the core layers com 
prise a polyisocyanate foam. 

4. A dielectric wall for the transmission of a major 
proportion of electromagnetic energy transversely there 
through over a broad band of frequencies comprising 
spaced skin layers substantially 0.02 inch thick, two core 
layers adjacent and between the skin layers substantially 
0.06 inch thick, two skin layers adjacent and between said 
core layers 0.01 inch thick, two core layers adjacent and 
between the last-mentioned skin layers 0.06 inch thick, 
two skin layers adjacent and between the last-mentioned 
core layers 0.01 inch thick, and a middle core layer 0.12 
inch thick, the skin layers containing glass fabric and 
having a dielectric constant of 4 and the core layers con 
taining a polyisocyanate foam and having a dielectric 
constant of 1.2. 

5. A dielectric wall for the transmission of a major 
proportion of electromagnetic energy transversely there 
through over a broad band of frequencies comprising 
seven skin layers alternating with six core layers, the 
outermost and innermost skin layers being 0.02 inch 
thick and the ?ve remaining skin layers being 0.01 inch 
thick, each of the core layers being 0.06 inch thick, the 
skin layers containing glass fabric and having a dielectric 
constant of 3.5 to 4.5 and the core layers containing a 
polyisocyanate foam and having a dielectric constant of 
from 1.05 to 1.4. 
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10 
'6. A dielectric wall for the transmission of a major 

proportion of electromagnetic energy transversely there 
through over a broad band of frequencies comprising 
spaced skin layers de?ning opposed outer faces thereof 
and having a dielectric constant of from 3.5 to 4.5, a core 
layer inwardly adjacent each skin layer, .072 inch thick 
and having a dielectric constant of from 1.05 to 1.4, and 
additional inwardly ‘alternating skin and core layers, 
there being at least four skin layers and at least three 
core layers, said outer skin layers being .02 inch thick, the 
remaining skin layers being .01 inch thickness. 

7. A dielectric wall for the transmission of a major 
proportion of electromagnetic energy transversely there 
through over a broad band of frequencies comprising 
spaced skin layers de?ning opposed outer faces thereof 
and having a dielectric constant of from 3.5 to 4.5, a core 
layer inwardly adjacent each skin layer, .072 inch thick 
and having a dielectric constant of from 1.05 to 1.4, and 
additional inwardly alternating skin and core layers, there 
being at least four skin layers and at least three core 
layers, said outer skin layers being .01 inch thick, the 
next innermost skin layer being .02 inch thick, and the 
remaining skin layers being .01 inch thick. 

8. A dielectric wall positioned with respect to a source 
of electromagnetic energy for transmission of a major 
proportion of electromagnetic energy transversely there 
through over a broad band of frequencies comprising an 
outermost skin layer of material having a dielectric con 
stant in the range of 2.0 to 40, an inwardly adjacent core 
layer of material having a lower dielectric constant in the 
range of 1.0 to 10, and inwardly ‘alternating skin and core 
layers of said materials having dielectric constants in said 
higher and lower ranges, respectively, there being at least 
four of said skin layers and at least three of said core 
layers. 
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