
March 8, 1955 D_ J_ LQRUSSO Re. 23,960 

ANTENNA SYSTEM FOR TELEVISION 

Original Filed May 12, 1950 2 Sheets-Sheet 1 

INVENTOR. ' 

Daniel J. Loruao 

*"m Mwdg 
_ ATTOPNEY 



March 8, 1955 D. J. LORUSSO 

ANTENNA SYSTEM'FOR TELEVISION 

Re. 23,960 

2 Sheets-Sheet 2 Original Filed May_l2. 1950 

03642044640 | __ l 

LOW FREQJ'MCHAMELS 

IIO I70 I80 > I90 200 ZIO 220 

FREQUENCY ‘MEGACYCLES 
7O 80 90 I00 40 5060 

I80 

_ INVENQTOR 
DANIEL J. ' LORUSSO 

8% 70- 0% 
' ATTORNEY 



United States PatcntO 
1 

23,960 
ANTENNA SYSTEM FOR TELEVISION 
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5 Claims. (Cl. 250—33.57) 

Matter enclosed in heavy brackets [] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

The present invention relates to antenna systems and 
is particularly directed to an improved antenna for the 
reception of signals of frequencies associated with tele 
vision broadcasting. It is the primary object of the pres 
ent invention to provide an antenna which is designed 
for high gain unidirectional performance throughout all 
of the presently designated television channels. 
When considering the general problem of high gain 

performance, the e?iciency of a conventional dipole an 
tenna is well understood, as is its action at frequencies 
other than for which it is designed. Brie?y, a simple di 
pole designed for one frequency will operate at reduced 
ef?ciency when operated at differing frequencies. In the 
event of higher frequencies, the loss of effectiveness is due 
to ?attening out of the radiation lobes so that although 
more wire or metal is being energized, the effective radia 
tion of the antenna in any one direction is less. As a 
resuit, a fairly uniform response is achieved over a fre— 
quency range only wide enough to reasonably cover one 
television channel with a width of six megacycles. 
The conventional folded dipole antenna is well known 

to have higher e?iciency over a wider range than the 
simple dipole noted above, as the folded dipole possesses 
a fairly uniform response across a range of frequencies 
wide enough to reasonably cover four television chan 
nels, with a range of twenty-four megacyclcs. Such a 
folded dipole antenna, however, [fails] falls far short 
of offering a full solution to the problem, since it is 
incapable of operation over the entire twelve television 
channels with a range of from 54 to 216 megacycles. if 
n t onventional folded dipole is operated at frequencies 
hey ond its range, it will result in ?attening out the radia 
tion lobes, so that the effective radiation in any one direc 
tion would be less. _ 
EThe present invention provides a bat wing-shaped d1 

polc antenna of continuous conducting material forming 
a complete electrical circuit,] One feature of my inven 
tion is an improved folded dipole driven element of sub 
stmttially but wing shape, preferably with the front por 
tion of the dipole concaved towards the front of the 
antenna, while two rear portions of the dipole are bent 
inward [away] and rearwardly from the front portlon 
to obtain varied spacingbetween the front and rear 
portions, so that the band width is broadened and ?atten 
ing of the lobes is prevented, and so as to render the 
center impedance substantially constant. All the energy 
becomes substantially additive and in phase, with the lobe 
sharpening effect remaining in line for a considerable 
frequency range. [The antenna] Such a driven element 
is cut to a one-half Wave length for a. [given] selected 
channel in the lower frequency range, for example chan 
nel 3 at 61 megacycles, so that at higher frequencies it 
[becomes continuously more effective than a half wave 
until, at the highest channel frequency to be received, it 
may function as a two full wave] may function, by virtue 
of its length, as a multiple half wave antenna with prac 
tically the same in-line pattern as at lower frequencies. 
Accordingly, voltage derived at such higher frequencies 
is more effective. 
The frequency response over the entire twelve tele 

vision channels is increased, when two bat wing-shaped 
dipoles of the above described type are used in the form 
of an X, so more wire will be energized and more energy 
will be transferred to the transmission line. 
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My invention also involves an antenna system or array 
using parasitic re?ector and director elements, but with 
the director or directors cut or proportioned, not as here 
tofore to the driven element’s length, but instead to a one 
half wave length for a selected channel in the higher 
frequency range, thereby sharpening the system’s respon 
siveness to said selected channel while still leaving said 
driven element su?iciently exposed for satisfactory re 
ception. of all other channel frequencies. 
The above and other advantageous features of the 

present invention will hereinafter more fully appear from 
the following description considered in connection with 
the accompanying drawings, in which, 

Fig. l is a perspective view of my improved antenna 
system as it appears when looking upwardly from beneath 

_ the supporting mast. 
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Fig. 2 is a plan view of the antenna system shown 
in Fig. 1, on an enlarged scale. 

Fig. 3 is a perspective view similar to Fig. 1, and illus 
trating a modi?cation of the invention. 

Fig. 4 is a chart illustrating the frequency response 
in decibels across the entire range of twelve television 
channels obtained by utilizing my improved antenna, as 
shown in Fig. 1. 

Fig. 5 is a diagrammatic illustration of the ?eld or 
lobe pattern obtained by my antenna at widely differing 
frequencies. 

Referring ?rst to Fig. l, the antenna array or system 
is shown as being mounted at the top of a mast 1, which 
provides a suitable ?tting 2 for supporting a cross bar 3 

. extending at right angles to the vertical axis of the mast 1. 
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lt is to be noted that the cross bar 3 is substantially hori 
zontal, and extends both forwardly and rearwardly from 
the mast 1, so as to support the several elements of the 
antenna system in the same plane. The ?tting 2 is ad 
justed on the mast 1 so that the cross bar 3 points gener 
ally in the direction of the station, or stations, from which 
it is desired to receive signals. 
As best shown in Fig. 2, the driven element of the 

antenna system, as indicated by the reference character 
D, is composed of tubular conducting material [in the 
form of a bat wing-shaped dipole providing a complete 
electrical circuit, with the front portions 4 connected at 
their ends to an insulating plate 5 mounted on the bar 3.] 
bent to approximate bat wing shape, to provide two 0p 
posed V-shaped structures whose substantially alined 
front arms 4, 4 have their inner ends connected, at an 
insulating plate 5 on bar 3, with the respective lead-in 
wires 7, 7 of a transmission line. It is to be noted that 
the portions 4 are slightly concave toward the front of 
the antenna, [in the direction from which signals are 
received, so that the effects of ?attening of the radiation 
lobes is prevented, as will later appear. The two rear 
portions 6 of the dipole D are bent] to tilt the dipole into 
the wavefront, as is commonly done in this art. The 
rear arms 6, 6 of the V-shaped structures are conductively 
connected together and slant rearwardly away from the 
front portions 4 to obtain a varied spacing between the 
portions 4 and 6, which spacing has the effect of broaden 
ing the band width and of obtaining a center impedance 
characteristic that will match a conventional 300 ohm 
transmission line of which the lead-in wires 7 form a 
part. > 

The antenna system also consists of tubular metallic 
directors 8 mounted on the front end of the crossbar 3 
by ?ttings 9, with the directors extending in spaced parallel 
relation. The directors 8 are of substantially equal 
lengths, and, Eas shown,] according to my invention, 
the directors 8 are cut to a one-half wave length for [a 
given] any selected channel in the higher frequency range, 
for example channel 7 at 177 megacycles, and are ap 
proximately one-third the length of the dipole D, which as 
previously noted is cut for a one-half wave length at 61 
megacycles. When directors are used at frequencies 
higher than channel 7, they will be shorter making them 
somewhat less than one-third the length of dipole D. 
The antenna system also includes a tubular metallic 

re?ector 10 supported on the bar 3 by a ?tting 11, with 
the re?ector extending parallel to the directors 8, and fac 
ing‘ the inclined legs 6 of the driven element D, which 
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[points] converge in the direction of the re?ector 10. 
The length of the’ reflector‘ 10 is slightly greater than the 
over-all length of the driven element D, [and the above 
noted general relation between the lengths of the parts of 
the antenna’v systemis' of very great importance in making it 
possible for the single driven element D',,to‘ pick up both 
high‘ and low frequency broadcasts falling within the 
presently designated television channels] 
[As previously pointedout, the antenna" shown in Fig. 2 

is drawn’ to scale on the basis of calculations which take 
into account the‘ range of frequencies employed for tele 
vision, and frequency modulation broadcasting, as out 
lined above. In other words, there exists a very de?nite 
relation between the length of the driven element D, and 
the re?ector 10, as compared to the lengths of the direc 
tors 8, and there will next be considered the basis on 
which, these relative‘ lengths are determined in order to 
obtain satisfactory reception from separate channels 
chosen from both’ the low and high frequency groups] 
[For example, let it be assumed that for purposes of 

illustration, it- is desired: to have the antenna of Fig. 2 
tuned to receive broadcasts] in accordance with ordinary 
practice'in the art. 

Fig. 2 is drawn to scale, to exemplify an antenna sys 
tem or array which is constructed and proportioned, ac 
cording to my invention, for the most favorable recep 
tion of te'lecast‘s coming from channel N0. 3 having a 
frequency of from 60 to 66 megacycles, in the low fre 
quency range, as well as from channel No. 7 having a fre 
quency of from 174 to I80 megacyeles, in the high fre 
quency range. To meet this condition, the length of the 
directors 8 will be made to substantially correspond with a 

4 . . 

legs bent in opposite directions with respect to the cross 
bar 3'. In this modi?ed arrangement, the driven elements 
D4 and D—2 are identical \with the driven elements D 
of Fig. 1 to the extent of each being in the form of a bat 
wing, with the elements D4 and D-2 being additionally 
bent so that [the bases 4 and legs 6 thereof] their opposed 
V-shaped structures extend away from the cross bar in 
four dilferent directions, thereby increasing the amount of 
energy that will» be transferred to the transmission line. 
It has been found that the modi?ed antenna system of 
Fig. 3 will‘ respond to an extremely wide range of fre 
quencies when thetwo driven elements D—1 and D-2 are 

I connected in parallel, and coupled to a television receiv 

one-half wave length for channel No. 7, at 177 mega- _ 
cycles, which is approximately 30 inches, while the length 
of the driven element D will be made to [correspond] 
correspond with‘ a one-half wave length for channel No. 3, 
at 61 megacycles, which is approximately 90 inches. 
In other words,‘ the ratio between the lengths of the driven 
element D and a director 8 is substantially 3 to 1, which 
ratio is substantially the ratio that exists between the 
highest frequency in channel No. 7, at 180 megacycles, 
and the lowest frequency in channel No. 3, at 60 mega 
cycles. As previously noted, the length of the re?ector 
10 is slightly greater than the length of the driven element 
D, so that the re?ector v10 will have a length of approxi 
mately 100 inches for the antenna system shown in Fig. 2. 
The spacing between the parts of the antenna system 

along the cross bar 3' is also of some importance, and with 
the particular arrangement shown in Fig. 2, it has been 
found that best results are obtained with a spacing of 8 
inches between the driven element D and the nearest 
director 8, and a spacing of 18 inches between the front of 
driven element D and the re?ector 10. When two direc 
tors 8 are employed, they should be spaced apart a dis 
tance of 15 inches, which is substantially one-half the 
length of each director. 
The speci?c [frequencies] examples given above for the 

relative lengths and spacing between the parts of the an 
tenna system, shown in Fig. 2, are illustrative of the way in 
which the [driven element D is] respective driven and 
parasitic elementsare laid out to obtain the best results 
for the reception of television broadcasts coming in from 
separate stations assigned to different channels in both 
the high frequency and low frequency ranges. Obviously, 
the exact proportions of the driven element D, with refer 
ence to the directors 8 and the re?ector 10 can be varied. 
as required, to best tune the driven element D for re 
ceiving broadcasts’ from other channels, without depart 
ing from the underlying [principle] principles of the 
present invention, [namely the utilization of a single 
driven element of bat wing form] as particularly specified 
in the appended claims. ' 
As previously pointed out, all of the members entering 

into the antenna system shown in Figs. 1 and 2, lie in a 
horizontal plane, and it has been found that this particular 
arrangement is satisfactory to meet most of the condi 
tions outlined above, with regard to receiving broadcasts 
[for] from channels in both the high frequency and low 
frequency ranges; However, in order to increase the dis’ 
tance range. and sensitivity of’the antenna to frequencies at - 
opposite ends‘, of they entire television band, it has been 
found desirable in some cases to employ two driven ele 
ments in parallel. Such a modi?ed arrangement, is shown 
in Fig. 3Ywh'e'rein a pair of bat wing driven elements n+1 " i 
and D-2 are mounted on the ?tting 5 with their bases and 
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ing set by the lead-in wires 7 of the transmission line. 
[From the foregoing, it is apparent that by the present 

invention, there is provided an improved antenna array 
or system, characterized by the utilization of a bat wing 
driven element, so proportioned and disposed in such re 
lation to a director and a re?ector, that it will resonate 
at both the higher frequencies and the lower frequencies 
presently employed in television broadcasts] It has 
been found by actual tests that my improved antenna gives 
high gain unidirectionalperformance over the entire range 
of frequencies as presently employed for television chan 
nels. Fig. 4 graphically shows the frequency response ob 
tained by my antenna, expressed in terms of decibel gain, 
across the entire low and high frequency range of tele 
vision channels extending from 54 to 216 megacycles. 
In this chart, the vertical ordinates represent decibels plot 
ted against the horizontal ordinates which represent the 
frequencies of the various television channels. It is to be 
noted in Fig. 4 that the maximum response at 177 mega~ 
cycles in channel 7 is the result of cutting the directors 8 
to a one-half wave length at this particular frequency. 

Fig. 5 graphically shows the ?eld or lobe pattern ob 
tained by the use of my antenna at two widely di?erent 
frequencies, such as are represented by channels 3 and 
7, respectively. The dotted line pattern of Fig. 5 illus 
trates the extreme sharpening of the lobes which results 
from cutting the directors 8 to match the frequency 
of 177 megacycles of channel 7, while the full line pat» 
tern shows the response of the antenna at the 61 mega 
cycles of channel 3. It has also been found that the 
lobes, of the full line pattern at frequencies that are not 
affected by the directors 8 can be sharpened by increas‘ 
ing the degree of concavity of the front portions 4 of 
the driven element. Therefore, it will be apparent from 
a consideration of Figs. 4 and 5, that my antenna is 

' particularly adapted to give high gain performances that 
will be superior as compared to an antenna employing 
either a simple dipole or a conventional folded dipole 
as a driven element, either of which elements are de? 
nitely limited in the number of television channels over 
which they will resonate. By utilizing my antenna the 
necessity of installing separate antennas for receiving 
signals at the higher and lower frequencies is eliminated. 

[in other words, my invention resides in providing a 
single bat wing shaped dipole that will] My invention 
enables a single dipole or driven element to function 
throughout all of the twelve television channels, with 
out the need of using two separate folded dipoles, one 
longer dipole for the low frequency channels, and one 
vshorter dipole for the high frequency channels, which 
would require a phasing or connecting section, and 
possibly a quarter-wave matching section, to electrically 
connect both dipoles together. In my antenna, the 
center impedance of my dipole will match a conventional 
300 ohm twin lead transmission line without the need 
of resorting to quarter wave sections or other matching 
devices. The importance of this feature is readily ap 
parent when it is remembered that conventional receivers, 
as now manufactured, are almost invariably matched 

, to a 300 ohm line, and the use of any type of matching 
section between the line and the antenna necessarily 
causes the circuit to become frequency sensitive and thus 
nulli?es any broad band characteristics that the antenna 
itself might possess. 
Coming now to the performance of the directors. it 

is Well known that parasitic directors at resonant fre 
quency will absorb transmitted power and reradiate 
with such a phase relationship. that the reradiated signal 
adds to the original transmitted signal. Then the dipole 
will be able to, gather useful energy both from the original 
wave and from the re'radiated wave which is sent out by 
the directors. 
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The conventional dipole, or folded dipole with para 
sitic directors all of [approximate equal lengths,] ap 
proximately the same length as said dipole, is common 
ly known as a Yagi antenna, and has a high gain at only 
a very narrow band of frequencies, with the result that 
a fairly uniform response is achieved only wide enough 
to [reasonably] satisfactorily cover one television chan 
nel with a maximum width of six megacycles. 

If the Yagi antenna is operated at frequencies other 
than what it is designed for it would be practically nulli' 
?ed, because the dipole being approximately the same 
length as the directors, will operate only at frequencies 
that the directors are designed for, as directors have a 
narrow band width and will function to cover one chan 
nel only. 

In providing the antenna of the present invention, 
I have further improved the application of parasitic di 
rectors, by making the lengths of such directors one 
third or less than the length of the dipole. As a result, 
the dipole will have two-thirds or more exposed area 
that cannot be nulli?ed by the directors when [operated] 
operating at frequencies other than the frequencies to 
which the directors are cut. The directors as used, are 
cut to half wave length of any one selected channel of 
the high frequency channels, [while the bat wing-shaped 
dipole operates at one and one-half wave lengths at 
the lower end of the high frequency channels until, at 
the highest channel frequency to be received, it may 
function at two full wave lengths] and when receiving 
at the frequency of this selected channel, the driven ele 
ment, by reason of its much greater length, functions 
as a multiple half wave length element. 
The directors will increase the efficiency considerably 

of any one selected, channel of the seven high frequency 
television channels, it being understood that, in most 
cases, the channel so selected would be the weakest of any 
two or more of the higher frequency channels that are 
within the operating range of the television receiver's 
location. [It is understood that directors are used to 
increase the e?iciency of one channel only, for example 
if operated to receive high frequency channels 7, l0 and 
13, and if channel 7 was weak, the directors would be 
out half wave to channel 7, or if channel 13 was weak 
instead of channel 7, then the directors would be cut 
to half wave to channel 13.] 

I claim: 
1. An antenna for the reception of signals of fre 

quencies associated with television broadcasting compris 
ing a dipole element providing a continuous conductor 
bent to form two opposed V-shaped structures, each 
in a plane, one end of an arm of each V being connected 
to a corresponding terminal of a transmission line, and 
with the ends of the other arms of the V’s being con 
ductively connected together, the arms connected to the 
transmission line being concave towards the other arms 
to prevent flattening of said element’s lobe pattern, while 
the varied spacing between the arms of each structure 
serves to broaden the band width and to keep the char 
acteristic center impedance of a 300 ohm transmission 
line, and with the length of said element corresponding 
to a one-half Wave length of a frequency at the lower end 
of a channel range which is to be accommodated. 

2. An antenna comprising a pair of dipole elements 
constructed in accordance with claim 1, in which the 
planes of the opposed V’s of each element are at an ob 
tuse angle to each other to provide an X-shaped struc 
ture, with the ends of the concaved arms of the V’s being 
connected in parallel relation to corresponding termi 
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6 
nals of the transmission line and with the ends of the 
other arms of the We being conductively connected to 
gether at a common point. 

3. An antenna for the reception of signals of fre 
quencies associated with television broadcasting compris 
ing a dipole element providing a continuous conductor 
bent to form two opposed V-shaped structures, each in 
a plane, one end of an arm of each V being connected 
to a corresponding terminal of a transmission line and 
with the ends of the other arms of the V5 being con 
ductively connected together, with the varied spacing 
between the arms of each structure serving to broaden 
the band width and to keep the characteristic center im 
pedance of a 300 ohm transmission line, and with the 
length of said element corresponding to a one-half Wave 
length of a frequency at the lower end of a channel range 
which is to be accommodated, in combination with a 
straight director spaced from the arms of said V’s which 
are connected to the transmission line, with said director 
cut to a length which is not more than one-third the 
over-all length of said dipole element, so that the said 
director improves the sensitivity of said element at said 
director’s resonant frequency, while leaving at least 
two-thirds of said element exposed that cannot be nulli 
?ed by said director when said element is operating at 
a frequency other than the frequency to which said 
director is cut. 

4. An antenna as recited in claim 1 wherein is pro 
vided a re?ector element spaced from the dipole element, 
and a director element spaced from the dipole element at 
the side thereof away from the re?ector element. 

5. An antenna for the reception of signals of both a 
?rst band of frequencies and a second band of frequencies 
associated with television broadcasting, the said bands 
being substantially separated, comprising a driven ele 
ment of the dipole type adapted to be included in an 
electrical circuit with a transmission line and a receiving 
set, said driven element having a length corresponding 
to a one-half wave length for a selected channel in the 
?rst band of frequencies, in combination with a single 
associated parasitic direction means, outside of said cir 
cuit, said director means consisting of at least one direc 
tor element cut in every case to substantially a one-half 
wave length for any selected channel in the second band 
of frequencies, whereby in every case, due to the wide 
separation between the two groups of wave lengths for 
the respective ?rst and second bands of frequencies, there 
is left exposed beyond the director element ends approxi 
mately two-thirds or more of the .length of the driven 
element. ' 
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