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This invention- relates to antennas and, more ‘particu 
larly, to a zigzag antenna 
quencies. ‘ , 

One object of this invention is to provide a zigzag 
antenna which is relatively short in length and effective 
in operation. ‘ _ ‘ 

A further object of this invention is to provide a zig 
zag antenna having a pair of antenna elements which 
are formed by printing a zigzag conductive layer on a 
base plate. 
An antenna constructed in accordance with the inven 

tion and designed to operate over a given range of fre 
quencies comprises a base plate having ?rst and second 
?at surfaces on opposite sides. First and second antenna 
elements are fastened to the ?rst‘side of the base plate 
and third and fourth antenna elements are fastened to 
the second side of the base plate. Each of the ?rst and 
second antenna elements has an input end substantially 
at the center of the ?rst side and are folded in generally 
zigzag fashion in the direction of the opposite ends of 
the base plate. The third and fourth antenna elements 
have input ‘ends at substantially the center of the base 
plate and are folded in the direction of the opposite ends 
‘of the 'base plate. The outer ends of ‘the ?rst and third 
antenna elements are connected together and the outer 
ends of the second and fourth‘antenna elements are 
connected together. The input ends of the third and 
fourth elements are all connected together. , 

Other objects,'features and advantages of this inven 
tion will become fully apparent from the following de 
tailed description taken in connection with the accom 
panying ?gures of the drawings, in which: ' ‘ 
FIGURE 1 is a schematic diagram illustrating an an 

tenna construction; I, 
FIGURE 2 is a perspective view of another ‘antenna 

structure wherein the antenna elements are applied to 
a base plate; a > i - t ‘ 

FIGURES 3 and 4 illustrate schematically variations 
of the antenna shown in FIGURErl; ' i i t \ ' 

FIGURE 5 illustrates a folded zigzag antenna con 
structed in accordance with this invention; 
FIGURE 6 includes curves showing some character 

istics of a zigzag antenna constructed in accordance with 
this invention; 
FIGURE 7 includes curves showing other character 

istics of an antenna constructed in accordance with this 
invention; and 
FIGURE 8 shows some characteristics of the antenna 

illustrated in FIGURE 5. 
Referring now to FIG. 1, on substantially the same 

plane is provided a pair of antenna elements 1a and 1b 
which are formed by folding conductive wires in zigzag 
fashion, and which are arranged opposite to each other 
in the advance direction of folding. The inner ends 2a 
and 2b of the elements 1a and 1b, respectively, are feed 
ing points while the outer ends 3a and 3b are open cir 
cuited. The portion of each antenna element between 
the two ends is folded in one plane to give it a height 
D and a length L. The length L of the zigzag antenna 
elements In and 1b and the height D are made sub 
stantially less than M4, i. being the wave length of an 
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electromagneticwave at a predetermined frequency with 
in a range of frequencies for which the antenna is dee 
signed. 
The antenna elements may be composed of a conduc 

tive wire, ‘conductive plate or conductive pipe, but it may 
preferably be constructed of a conductive layer 5 on a 
base plate 4 of an insulating material such as Bakelite 
or the like. The print wiring has a predetermined width 

> d as shown in FIGURE 2. Thus both antenna elements 
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1a and 1b may easily be arranged on substantially the 
same plane. ‘ 

The shape of the antenna elements may be made either 
in a sawtooth form having a sharp triangular top as shown 
in FIGURE 3 or a‘ sawtooth form having a ?at top as 
‘shown in FIGURE 4. 

, FIGURE 5 shows another form of an antenna wherein 
two antenna elements In’ and 1b’ are also arranged on 
the back face of the insulation base plate 4 along with 
the front pair of the antenna elements 1a and 1b. The 
two outer ends 3a and 3a’ are connected together by 
a conducting strip 6a and the two ends 3b and 3b’ are 
connected together by a strip 6b. The inner ends of 
the two elements 1a’ and 1b’ are connected together by 
a strip 60. 
When an antenna element folded zigzag in the manner 

described above is used, a zero phase current is dis 
tributed on it, so that the length from trough to trough 
of the current distribution is shortened. That is, just 
when the zero phase current of M2 gets on the antenna 
elements 1a and 1b along the zigzag direction, the wave 
length is much diminished or contracted; on the other 
hand, the phase velocity along the antenna elements be— 
comes higher so that the wave length is extended. When 
using a zigzag antenna having a resonant frequency in 
the range of about 100 to 110 megacycles in which the 
print wiring is eifected on the insulation base plate 4 
.as shown in FIGURE 2, and D is 5 cm. and L is 20 cm., 
as shown in FIGURE 2, the rates of extension and con 
traction are shown by curves 7 and 8, respectively, in 
FIGURE 6. The abscissa indicates the interval between 
adjacent antenna elements, namely the pitch W and the 
ordinate indicates the rates of contraction and extension 
in ‘ percentage. ‘ 

The input impedance and the standing wave ratio 
characteristics when the pitch W is 2 mm. are shown in 
FIGURE 7.‘ In this ?gure, the abscissa is the frequency 
f in megacycles and the ordinate is the equivalent input 
series resistance R, the equivalent series reactance com 
ponent X and the standing wave ratio SWR with a load 
resistance of 100 ohms. The resistance R, the reactive 
impedance X, and the standing wave ratio are shown 
by curves 9, 10 and 11 respectively. It is apparent from 
these curves that the characteristic of this antenna are 
similar to that of a dipole antenna made of a metal 
rod of 1/2>\ 

In the case of a folded antenna of the type shown in 
FIGURE 5, wherein the height D is 5 cm., length L is 
20 cm. and the pitch W of the zigzag antenna is 2 mm., 
and the print wiring is effected on both faces of the base 
plate 4, its characteristics are shown by the curves in 
FIGURE 8 when the antenna elements 1a, 1b, 1a’ and 
1b’ are short circuited in such a way that the entire length 
of the complete antenna is 145 cm. In this ?gure, the 
abscissa is expressed in frequency f in megacycles, the 
ordinate is the equivalent input series resistance R, the 
equivalent series reactance X, and the standing Wave 
ratio with a load resistance of 100 ohms; these are shown 
by curves 12, 13 and 14, respectively. It is apparent from 
these ?gures that the characteristic of this antenna is simi 
lar to that of the folded dipole antenna and the standing 
wave ratio is kept within 6 over the range from 100 to 
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140 megacycles, which presents a very excellent char 
acteristic. 
The above description has been made mainly in con 

nection with an embodiment wherein the antenna ele 
ments are arranged on the print base plate 4 and have 
the con?guration shown in FIGURE 4, but by varying 
its shape properly, many types of antennas having vari 
ous characteristics may be produced. Furthermore, if 
the print base, on both sides of which the zigzag antenna 
elements vcan be composed, is employed, it can be mass 
produced at a lower price. The antenna may be pro 
vided with the desired positive phase transmission char 
acteristic, so that antennas applicable to various uses may 
easily be manufactured. By applying a dielectric, a mag 
netic substance or the like as the material of the print 
plate, the antenna can be reduced in size, and a particular 
antenna may be made thereby. It is of course desirable 
to use the print base plate for the purpose of making the 
antenna strong. In the case of the folded antenna, a 
variable frequency type antenna may be constructed by 
changing the short circuit point of the positive-phase 
current. In other words, the elements 1a and 1a’, and 
the elements 1b and 1b’, can be connected together at a 
point closer to the feed point 2a by a suitable jumper. 

It will be apparent that modi?cations and variations 
may be effected without departing from the scope of the 
novel concepts of this invention. 

I claim as my invention: 
1. An antenna structure designed to operate over a 

given range of frequencies comprising a base plate hav 
ing ?rst and second ?at surfaces on opposing sides of said 
base plate, ?rst and second antenna elements fastened 
to said ?rst side of said base plate and third and fourth 
antenna elements fastened to said second side of said base 
plate, each of said ?rst and second antenna elements hav 
ing an input end at substantially the center of said ?rst 
side and being folded in zigzag fashion in the direction 
of opposite ends of said base plate, said third and fourth 
antenna elements having input ends at substantially the 
center of said base plate and being folded in the direc 
tion of said opposite ends of said base plate, the outer 
ends of said ?rst and third antenna elements being con 
nected together and the outer ends of said second and 
fourth antenna elements being connected together, and 
the input ends of said third and fourth antenna elements 
being ‘connected together. 

2. An antenna structure designed to operate over a 
given range of frequencies comprising a base plate having 
?rst and second ?at surfaces on opposing sides of said 
base plate, ?rst and second antenna elements fastened in 
printed circuit fashion to said ?rst side of said base plate 
and third and fourth antenna elements fastened in printed 
circuit fashion to said second side of said base plate, each 
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of said ?rst and second antenna elements having an in 
put end substantially at the center of said ?rst side and 
being folded in zigzag fashion in the direction of opposite 
ends of said base plate, said third and fourth antenna ele 
ments having input ends at substantially the center of said 
base plate and being folded in the direction of said op 
posite ends of said base plate, the outer ends of said 
?rst and third antenna elements being connected together 
and the outer ends of said second and fourth antenna 
elements being connected together, and the input ends 
of said third and fourth antenna elements being con 
nected together. 

3. An antenna structure designed to operate over a 
given range of frequencies comprising a base plate of in 
sulating material having ?rst and second ?at surfaces 
on opposing sides of said base plate, ?rst and second 
antenna elements fastened in printed circuit fashion to 
said ?rst side of said base plate and third and fourth 
antenna elements fastened in printed circuit fashion to 
said second side of said base plate with the height and 
length of each of said antenna elements being less than 
one fourth of a wave length over said given range of fre 
quencies, each of said ?rst and second antenna elements 
having an input end substantially at the center of said 
?rst side and being folded in zigzag fashion in the di 
rection of opposite ends of said base plate, said third and 
fourth antenna elements having input ends at substantial 
ly the center of said base plate and being folded in the 
direction of said opposite ends of said base plate, the outer 
ends of said ?rst and third antenna elements being con 
nected together and the outer ends of said second and 
fourth antenna elements being connected together, and 
the input ends of said third and fourth antenna elements 
being connected together. 
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