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This invention relates to a method and means 
for maintaining stable patterns of antenna, SyS 
tems. 
In the recent times considerable attention has 

been given to the problem of maintaining a stable 
pattern in directive antennas both in the broad 
cast field and in the radio range beacon trans 
mission. 

In the broadcast field antenna arrays which 
lo would transmit all their power in one or more 

directions and Will present no radiation in an 
other direction can be utilized to eliminate inter 
ference between adjacent transmitting stations 
and would increase the number of stations which 

15 would operate on a single channel. This neces 
sitates the maintenance of correct phase and 
amplitude relations between the currents in the 
various antennas of the array. Such relation 
ships are subject to many perturbing effects and 

2 a great difficulty has been experienced in the prior 
art in maintaining the directivity of antennas 
within allowable tolerance. 

In the radio range beacon transmission where 
the safety of an aircraft is involved the require 

25 ments for maintaining a stable antenna pattern 
are much more rigorous than in the broadcast 
field, and I shall therefore illustrate my inven 
tion as applied to the beacon antennas. It is 
however wel understood that my invention is 

30 equally applied to broadcast antennas and to any 
other antennas and I desire to claim all novelty 
inherent in the invention as broadly as the prior 
art permits. vn 
In systems commonly employed for aligning 

35 airways the on course zones are determined by 
the intersection of two space patterns from two 
independent antenna groups. Any change in one 
antenna group will change the intersection and 
shift the course indication. Consequently, it is 

4 necessary that the phase relations between the 
currents be maintained to a considerable accuracy 
in order to assure the stability of the two space 
patterns. Considerable difficulty, has been ex 
perienced, however, in the past maintaining this 

45 accuracy within the allowable limits. It has been 
recognized that a minute change of tuning in one 
of the antennas for any reason, such as the 
effect of nearby poles, faulty insulators, etc. dur 
ing wet weather, will result in a change in phase 

50 angle between the antenna currents. This causes, 
unintentional shifting of the airway courses and . 
may impair considerably the safety of an air 
craft. 

It has also been found some time ago that fre 
55 quently considerable shifts in course took place 

(Ci. 250—11) 
which have been caused by conditions other than 
those resulting from the detuning of an an 
tenna. In such cases the plane of polarization of 
horizontal field components which was due to 
the horizontal parts in the loop antenna was 
shifted during the night on account of reflection 
from ionized layers in the atmosphere. 

It is therefore an object of my inventiori to 
eliminate all the inconveniences of the prior art 
and to provide a radio range beacon transmission 
System in which all unintentional shifting in the 
direction of the aligned courses will be eliminated. 

It is a further purpose of my invention to pro 

10 

vide a stable radiation pattern for an antenna 
System free from various perturbing influences. 

It is a further purpose of my invention to 
maintain automatically predetermined phase re 
lationships between various currents of an elec 
trical System. 

It is a further purpose of my invention to main 
tain automatically predetermined phase and cur 
rent relationships of an electrical system. 

It is a further purpose of my invention to pro 

5 

vide a means sensitive to a phase change between 
two currents and to the direction in which this 
phase change Occurs, 

Further purposes appear in the specification 
and in the claims. 
My invention involves both the method and the 

subjects matter. - 
In accordance with my invention I provide an 

arrangement for stabilizing the radiation pattern 
of an antenna System in which I include two re 
ceiving antennas placed in the radiation field at 
two assigned locations in which the intensities of 
produced signals bear a certain predetermined 
relationship one to another. The antennas are 
mutually connected in a manner as to oppose the 
effects resulting from the received signal and to 
produce a combined effect which is zero as long 
as the radiation pattern is maintained stable. 
If, however, the radiation pattern changes, the 
effect derived from one antenna increases while 
the effect derived from another antenna decreases 
thus causing the appearance of the combined 
effect the magnitude and the direction of which 
represent the change of the radiation pattern. 
The combined effect is made to act upon one of 
the parameters of the antenna system in a man 
ner as to counteract the cause which has produced 
the unintentional change, in the radiation pat 
tern and thus to maintain the stability of the 
pattern. 
A better understanding of the invention may 

be had by referring to the following detailed de 

80 

35 

40 

50 

  



? 
scription which is accompanied by drawings in 
which, - 

Fig. shows a normal space pattern for for 
beacon courses 90 degrees apart. 

5 Fig. 2 shows the space patterns of a pair of 
antennas in which currents differ in time phase 
by various amounts. |- 

Fig. 3 shows an arrangement for stabilizing the 
radiation pattern of a pair of antennas. 

10 Fig. 4 shows a modified arrangement for stabi 
lizing the radiation pattern of a pair of antennas. 

Fig. 5 shows the Superposition of two normal 
figure-in-8 patterns of unequal intensity for four 
beacon courses in which two sets at 180 degrees 

ls are at an angle different from 90 degrees. 
Fig. 6 shows schematically the general arrange 

ment of a radio-range beacon transmitting sta 
tion. 

Fig. 7 shows another means for stabilizing the 
20 radiation pattern of an antenna system. 

Referring now more particularly to Fig. 1, the 
numerals fo and represent the usual figure 
of-8 transmission characteristic for giving the 
visual or aural type radio beacon courses 2, 3, 

25 4, 15. The arrangement for producing these 
courses may preferably take place by means of 
the transmission line type of antenna system de 
scribed in the "Bureau of Standards Journal of 
Research'', vol. 10, Jan. 1933, Research Paper. 

30 #513 entitled: "The cause and elimination of 
night effect in radio range beacon reception” by 
Harry Diamond-see particularly under subtitle 
'V Transmission-Line Antenna System' (pp. 23 
33 of the said research paper). ' 
The use of the transmission line antenna sys 

tem involves the problem of accurate control of 
the time phase angle between the currents in the 
antennas of each pair. When the time phase 

35 

angle is 180 degrees, a true figure-of-8 space pat- / 
tern is obtained. When it is 180 degrees minus ?{} 
the space phase angle between the two vertical 
antennas, a cardioid is obtained. For phase an 
gles intermediate, to those two values, a space 
pattern intermediate to the true figure-of-8 and 
cardioid results. Fig. 2 illustrates the dependence 
between the phase displacement of currents in 
two opposite antennas of a pair and the resulting 
space pattern. In this figure, O represents the 
space pattern corresponding to the difference in 
phase of 180 degrees between the currents of 
antennas 7 and 19 respectively; . 0-a corre 
sponds to the case in which the current in the 
antenna 9 leads the current in the antenna, 
by 165 degrees; and -b, represents the space 
pattern when the current in the antenna, 9 leads 
the current in the antenna by 150 degrees. 
The control of the phase relationships in a 

pair of antennas. provides a method for altering 
the radiated space pattern to permit alignment 
of the beacon courses at arbitrary angles. Re 
ferring to Fig. 1, if the phase angle between the 
currents in one pair of antenna be changed from 
180 degrees to 165 degrees, the corresponding. 
space pattern changes so that the polar diagram 
of its intensity is not any more 10 but foa (see 
Fig. 2). Superposition of the pattern Ca (in 
stead of ) and of the pattern will give four 
equisignal zones different from those designated 
by 2, 3, 4, 6 in Fig. i. 
The use of the above method of altering the 

angular direction of the beacon courses in order 
to align them with airway routes is clearly shown 

45 

70 

in Fig. 16, p. 30 in the referred research paper by Harry Diamond. 
The property of this antenna system which Ts 

2,190,037 
permits alteration of its radiated space pattern 
involves a very accurate control of the phase 
angle between the currents in the two vertical 
antennas of a pair. Obviously the phase angle 
between the currents in the two vertical an- 5 
tennas of a pair must be kept constant within 
rather close limits, or the angular direction of 
the beacon courses will vary from time to time. 
It has not been possible in many instances to 
maintain this constancy of phase within certain 
preassigned tolerances. Wery frequent and unin 
tentional changes in the phase relationships were 
observed and which were due to various acci 
dental causes of random nature and beyond 
human control and resulted usually from the 15 
effects of nearby poles, faulty insulators during 
wet weather, etc. Since the safety of an air 
craft depends upon a stable pattern Such phase 
changes cannot be tolerated and it is necessary 
that the phase relations between the currents 
be maintained at a very great accuracy. 

In accordance with my invention I am show 

20 

ing in Fig. 3 one of the embodiments of my in 
vention illustrating a means for maintaining an 
antenna pattern stable and which has been 
chosen with a view to simplicity of operation and 
convenient illustration of the principles involved. 

Referring now more particularly to Fig. 3 the 
schematic diagram illustrated therein represents 
one half of a complete antenna system required. 0 
for a range-beacon installation. Numeral 30 
represents a transmitter which is connected 
through the transformer 3 to two-wire parallel 
conductor transmission lines 32 and 33 respec 
tively, the transmission lines being of such a 
nature as not to radiate. The transmission line . 
32 is used to feed power from the transmitter 30 
to the antenna. by means of a radio fre 
quency transformer 34 while the transmission 
line 33 feeds power from the transmitter 30 to 40 
the antenna 9 by means of a radio frequency 
transformer 35. The antenna is provided 
with a loading coil 36 (to resonate it at the fre 
quency of the transmitter) and a fine tuning 
coil 3 for more minute adjustments. In a sim 
ilar manner the antenna, 9 is provided with a 
loading coil 38 and a fine tuning coil 39. Assume 
now that the current flowing in the antenna 9 
leads the current in the antenna. 7 by 165 de 
grees. Consequently the resulting radiation pat 
tern will have the form represented by numeral 
Oa in Fig. 2. In this radiation pattern the points 
MI and N (shown in Fig. 2) correspond to certain 
locations at which the strength of the respective 
signals has a predetermined ratio. Let for in 
stance the signal strength at M be a/b times 
larger than the signal strength at N. At the 
referred points, MI and N are placed receiving 
antennas which are shown in Fig. 3 and desig 
nated respectively by numerals 40 and 4. The 
receiving antenna is provided with an inductor 
42 while the receiving antenna 40 is provided 
with an inductor 43. ? 

Referring again to Fig. 3, the numeral 44 desig- . . 
nates a three electrode tube provided with an 
anode 45, cathode 46 and a grid 4. The anode 45 
is connected to one end of the tuning coil 39 of the 
antenna 9 by means of an arrangement includ 
ing an inductance 49 in series with a by pass 
capacitor 50 (of substantially zero reactance). 7m 
The cathode 46 is connected to another end of 
the tuning coil 39 and to ground through a 
biasing battery 48. The grid is connected to 
ground by means of a path which consists of re 
sistors 5 and 52 in series and shunted by the is 

25 
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ence between the currents in the antennas and capacitors 53 and 54. Rectifiers 55 and 56 are 

provided which contain cathodes 57, 58, and 
two anodes 59, 60 respectively. The anodes 59, 
60 have a common terminal 6 with the resistors 
5 and 52. The cathode 57 is connected to the 
resistor 5 by means of a path including the 
resistor 62 and the secondary winding of the 
transformer 63. The cathode 58 is connected to 
the resistor 52 by means of a path including the 
resistor 64 and the secondary winding of the 
transformer 65. The primary windings of the 
transformers 63 and 65 are included in the cir 
cuits 66 and 67 respectively. The circuit 66 is 
inductively coupled to the receiving antenna, 40 
by means of a winding 68 and the circuit 6 is 
inductively coupled to the receiving antenna, 4 
by means of a winding 69. 
The operation and performance of this ar 

rangement can be explained as follows: 
In order to eliminate the radiation from the 

transmission lines 32 and 33 the input imped 
ances of the radio frequency, transformers 36 
and 35 must be respectively equal to the Surge 
impedances of the lines. If the terminating in 
pedance is not equal to the corresponding line 
impedance, part of the wave reaching the ter 
minating impedance will be absorbed by it and 
part of the wave will be reflected along the line. 

. This in part sets up standing waves and causes 
radiation from the line. The radio frequency 
transformers 34 and 35 employed for coupling 
the transmission lines 32 and 33 to the vertical 
antennas 7 and 9 are accordingly designed SO 
that the input impedance of each is equal to the 
surge impedance of the respective transmission 
line. In this way radiation from transmission 
line is eliminated. The proper adjustments nec 
essary in order to insure the equality, between 
the surge impedance of the line and the input 
impedance are described in the referred research 
paper by Harry Diamond, chapter W, pages 32-33. 
The variable inductors 37 and 39 shown in 

series with the vertical attennas T and 9 Serve 
for minute tuning of the antenna, to the radio 
frequency of the transmitting set. It has been 
recognized, however, that due to various per 
turbing effects, an antenna, 9 (or ) when 
tuned to the frequency of oscillation does not 
remain tuned after it has been once adjusted by 
the variable inductance, 39, but drifts away from 
the tuning conditions to which it has been set. 
A slight change in tuning of one antenna will 

cause a decided shift of phase between the cur 
rents of two opposite antennas and consequent 
shifting of the course. If it is arbitrarily said 
that the maximum allowable shift of course shall 
be 2 degrees, then the phase of the currents 
must be correct to within -2 degrees. A shift 
of such magnitude can occur with a very slight 
change in antenna constants. To consider a 
specific case (see F. G. Kear: "Phase Synchroni 
zation in Directive Antenna Arrays with Partic 
ular Application to the Radio Range Beacon,” 
Bureau of Standards Research Paper RP581, p. 
126) assume a vertical tower 125 feet high with 
a resistance of 10 ohms and a capacitance of 
500 mmf. The phase angle between the current 
and voltage is zero when the antenna is exactly 
in tune. For an angle of 2 degrees a change in 
capacity of 1.2 mmf. is all that - is necessary. 
Such a change could readily be caused by the 
effect of rain or snow. It is apparent, therefore, 
that some means of phase control must be pro 
vided. 

In order to maintain constant the phase differ 

ductor 42 of the antenna 4. 

3 
9 it is necessary to introduce an effect which 

will tend to overcome any change in tuning, con 
dition and which will be controlled by the de 
parture from the said tuning conditions. The 
controlling element which will counteract the de 
tuning will be in this particular case the vacuum 
tube 44 which is included in a circuit across the 
inductance 39. The plate circuit of the vacuum 
tube 44 acts as a resistance &nd the magnitude 
of this resistance is controlled by the grid volt 
age. As can be seen a variation in plate resistance 
of the vacuum tube 44 will cause a change in tuning 
of the antenna 9. This is due to the fact that the 
equivalent inductive component of the circuit in 
cluding the inductance 39, the inductance 49 and 
the tube plate resistance of the tube A4 will change 
with a variation in the magnitude of the plate 
resistance of the tube 44. It is thus seen that a 
variation in the grid bias of the tube 4 will 
modify the tuning conditions of the antenna, 9 
and change the phase between the current of 
the antenna, 9 and the antenna . On the 
other hand the grid voltage of the tube 44 is de 

O 
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pendent upon the departure of the antenna 9 
fromits predetermined and assigned tuning con 

i ditions. . So that any Variation in the tuning con 
dition of the antenna, 9 is immediately counter 
acted by the effect introduced by the tube. 44. 
This counteraction is caused by the following 
sequence of actions. When the predetermined 
phase difference between the antennas 7 and 9 
is maintained and no 'drifting action' is noticed 
the radiation pattern of the antennas 7 and 9 
is stable and the intensity of the radiation field 
is shown schematically on the polar diagram Oa 
of Fig. 2. Then the intensity of the field in 
point M is a/b larger than in the point N and 
consequently the voltage induced across the in 
ductor 63 of the antenna. 40 is a/b times larger, 
than the corresponding voltage across, the in 

The voltage across 
the inductor 3 is transmitted by means of the 
circuit 68 to the secondary winding of the trans 
former 63. This voltage causes a unidirectional 
current to pass through the path which includes 
the plate 59; cathode 57, resistor 62, primary 
winding of the transformer 63 and resistor 5. 
The steady part of this current passes through 
the resistor t in the direction indicated by the 
arrow and causes a drop of potential between the 
terminals of this resistor. Similarly, the alter 
nating voltage across the inductor 42 of the an 
tenna 3 is transmitted by means of the circuit 
67 to the secondary winding of the transformer 
65. This voltage causes a unidirectional current 
to pass through the path including the plate 66, 
cathode 58, resistor 64, primary winding of the 
transformer 65 and resistor 52. The steady part 
of the current flowing through this circuit passes 
through the resistor 52 in the direction indicated 
by the arrow and causes a drop of potential be 
tween the ground and the terminal 6. 
Consider the case when the phase difference 

between the antennas T and 9 is maintained 
exactly at predetermined value of 165 degrees and 
consequently the voltage developed across the 
inductor 43 is a/b times larger than the voltage 
across the inductor 42. The resistors 5 and 52 
have been, however, so proportioned that the 
voltage drop in one of them equals the voltage 
drop in another. Now since these voltages are 
opposite in sign and in series the resulting voltage 
which is equal to their sum and is applied be 
tween the ground terminal and the grid of the 

55 
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tube 44 is zero. Thus the effect upon the grid quently the phase difference between the current; 
voltage of the tube 46 is equally zero and the tun 
ing condition of the antenna, 89 remains 
tunaltered. 
NOW suppose that due to an external influence 

Such as mentioned above, the inductance of the 
antenna, 9 slightly increases. Consequently a 
certain lag of a degrees appears between the cur 
rent in the antenna, 9 and the voltage in the 
antenna, 9. Under normal conditions the cur 
rents in the antenna, 9 leads the current in the 
antenna, 7 by 165 degrees. At present, however, 
due to the detuning the phase angle becomes 
165-a degrees and this changes the space pat 
tern in such a manner that the intensity of field. 
at point M. (see Fig. 2) becomes stronger while 
the intensity of field at point N becomes weaker. 
This causes an increase of Voltage. across the in 
ductor 43 and a decrease of voltage across the 
inductor 42. 
Now the voltage across the inductor 43 is largel 

than a/b times the voltage across the inductor 42. 
Consequently the voltage across the resistor 5 
will be larger than the voltage across the resistor 
52. Since the resistors 5 and 52 are in series 
and the referred to voltage drops are in opposite 
directions the resultant voltage between the earth 
terminal and the point 70 will be equal to the 
difference between the absolute value of the volt 
age drop across the resistor 5 and the Voltage 
drop across the resistor 52 and the polarity will 
be such that the point TO will become positive 
with respect to the ground terminal. Now since 
the point TO is connected to the grid of the 
tube .44, the potential of the grid of the tube 44 
becomes more positive. This has an effect such 
as to reduce the negative grid bias between the 
grid and cathode of the tube 46 (this negative grid bias being supplied by the battery 48). The 
tube 44 is operating in a circuit the constants of 
which are such that the operation is over a curved 
portion of its grid voltage-plate current chare 
acteristic (the lower knee of the curve) in Such 

. 39 and influences the tuning conditions of the 

50 

a manner that increasing the grid potential posi 
tively decreases the A. C. plate cathode resistance 
of the tube 44. As it is shown in the figure this 
A. C. resistance forms a shunt of the inductor 

antenna, 9 in such a manner that if the A. C. 
resistance of the tube decreases the inductive re 
actance of the antenna, also decreases. Conser 
quently, any tendency to cause the increase of the 
inductance in the antenna, 9 is immediately 
counteracted. It can be shown similarly that any 

55 tendency to decrease the inductance 9 is cor 
respondingly counteracted by the reverse: action 
of the same auxiliary circuit. This means that 
the auxiliary circuit represented by the numerals 
5 to 70 inclusive has an effect on the antenna. 
arrangement which is stabilizing as to the phase 
variations. That is, any tendency to cause the 
drift in phase of the current in the antenna 9 

the lagging direction is immediately counteracted 

70 

Tus 

with respect to the current in the antenna in 

by the action of the said auxiliary circuit. 
It can be shown similarly that any tendency 

to cause the drift of the current in the antenna, 
with respect to the current of the anten år 
the leading Or in the lagging, direction as corre 
spondingly counteracted by the reverse action of 
the same auxiliary circuits. That is any change 
or any tendency to change the tuning conditions. 
from the resonance conditions with respect to the 
transmitter frequency in either of the antennas 

, is corrected and counteracted and conse 

in the antenna. and the current in the antenna 
as is maintained constant. 

It is apparent that the effectiveness of the con 
trol of the associated circuits depends upon the 
circuit constants, the amplification factor of the . 
tube 48, the rectification efficiency of the tubes 
55 and 56, etc., and approaches as a limit the 
ideal condition. Its action is such that it only re 
duces the amount of drift, but usually does not 
reduce it to zero. It is apparent to those skilled 
in the art, that the degree of effectiveness of the 
circuit is controlled by the circuit constants and 
can be increased at will to approach as nearly as 
desired to the ideal limit of zero drift. It is well. 
understood by those skilled in the art that should 
additional rigor of control be desired it can 
readily be obtained by use of an amplifier to in 
crease the potential changes applied to the grid 
of the tube 44, or by other suitable means. 
Another method of producing an electrical ef 

fect responsive to a change in the antenna pat 
tern in which the electrical effects produced by 
the two receiving antennas referred to in the 
description of Fig. 3 are directly subtracted one 
from another without rectification can be effected 
by means of a "dynamometer' type electric me 
ter. . In this arrangement the voltages across 
the two receiving antennas are added in series 

5 

25. 

opposing and then impressed across one of the so 
coils of a “dynamometer' type meter, the other 
coil of the meter having impressed across it part 
of the voltage being carried by the main oscil 
lator. The motion of the needle of the “dyna 
inoneter' will then be a measure of the amount 
of detuning both in magnitude and in direction. 
Now, as it has been described previously, after 
an electrical effect has been produced which is a 
measure of the detuning the said effect can be 
made to act upon one of the antennas in a man 
ner. So as to stabilize its tuning and to counter 
act any drifting. One method of acting upon the 
tuning of the antenna, has been in the description 
of Fig. 3 the said method was entirely electrical 
in nature. It is, however, possible and sometimes 
convenient to act upon the antenna mechanical 
ly in a manner so as to change its tuning condi 
tions. This variation of its tuning conditions is 
accomplished by the changing of the value of one 

35 

4. 

9f the reactive parameters of the antenna tuned 50 
circuit. This can be accomplished by means of 
Some electromechanical device such as small no 
tor or Solenoid or electromagnet which will act 
nechanically upon the capacitance or inductance 
of the antenna in response to the tiectric cur 
rents or voltages which measure the amount of 
drift in the tuning. For example, a small vari 
Ometer, or other variable inductance or a smal 
condenser with one novable plate. The mechan 
ical displacement and consequently the electrical 
magnitude of this variable reactance can be con 
trolled by the electrical voltage or current which 
is a measure of the amount of drift in tuning the 
antenna and can be made to vary the said react 
ance so as to counteract or tend to counteract 
the said drift. The mechanical displacement of 
the variometer coil or the condenser plate can be 
conveniently combined with means for indica 
ing visually the exactness of tuning. The dis 
placement of the variable inductance or vari 
able capacitance can be controlled either by the 
difference in the, rectified voltages of the aux 
iliary circuits described in connection with Fig. 
3 or could be controlled directly by the difference 

s 

O 

of the two voltages by means of the suitably ar 
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6 
30, 3, into the vertical antennas 32, 33, 34, 
35. The transmitting set contained in the 

dotted rectangle 20 includes a master oscillator 
designated by block 36, delivering radio fre 
quency OScillations which are respectively trans 
mitted to the amplifiers 137 and 38. The ampli 
fier 37 receives the modulating frequency (for 
instance 60 cycles) from the block 39 and trans 
mits the modulated carrier to the power ampliffier 
40. The amplifier 38 receives the modulating 
frequency (for instance 86% cycles), from the 
block 4 and transmits the modulated carrier 

5 

to the power amplifier 42. 
In the previous embodiments shown in Fig. 3. 

and Fig. 4 means were provided for maintaining 
the Space distribution of a pair of antennas in 
such a manner that the phase displacement, be 

20 

25 

tween the currents in these antennas was auto 
natically kept at 165 degrees. and consequently 
the polar diagram Oa (see Fig. 2) was main 
tained invariant. It is well understood, however, 
by those skilled in the art that when the pat 
terns of two pairs of antennas are superposed 
one upon another in order to align the courses 
it may not always be possible to maintain the 
direction of the courses constant by maintaining 
the invariancy of each of the said patterns. In 

30 

35 

many cases various accidental and unintentional 
changes occur in the relative strengths of the 
two Superposed patterns and this causes shifts in 
the direction of courses and impairs considerably 
to the conditions of safety of an aircraft. 

In this embodiment I am therefore providing 
means of maintaining constant the direction of 
the aligned courses resulting from the superposi 
tion of two patterns by maintaining the form of 
each of the patterns invariant and also by main 
taining their relative strengths constant. 
Consider again the space pattern shown in Fig. 

5. In order to eliminate any accidental and un 
intentional shifting of the courses ff2, 3, 4, 

5, a provision should be made for the following: 
l. The Space pattern radiated by the pair of 

antennas 33 and 35 (Fig. 6) must maintain stable its normal figure-in-8 pattern. 
2. The space pattern radiated by the pair of 

antennas 30 and 32 (Fig. 6) must maintain stable its normai figure-in-8 pattern. 
3. The relative strength of the pattern G with 

regard to the pattern (Fig. 5) must be con 
stant. 

SS 
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7 spectively and which are transmitted to the said 

In order to satisfy the conditions (1) and (2) 
lineanS are employed which are similar to those 
explained above in connection with Fig. 3 or Fig. 
4. For instance, the pattern radiated by the 
antennas 33 and 35 is maintained stable by 
means of two receiving antennas placed at points 
A and B respectively. The points A and B are 
preferably located in the vertical plane which 
passes through the antennas 33, and 35 and 
intersects the plane of the figure along the line 
W. Under normal conditions the voltage induced 
in the receiving antenna placed at point A bears 
a certain predetermined relationship to the volt 
age induced in the receiving antenna placed at 
point B. These two voltages are transmitted to 
an auxiliary circuit arrangement which is sub 
stantially similar to the one designated by the 
numerals 5 to 70 inclusive in Fig. 3 and operates 
in the manner explained above. Briefly, if the 
phase relationship between the currents in the 
transmitting antennas 33 and 35 are correctly 
adjusted the voltages which appear at the re 
ceiving antennas located at points A and B re 
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auxiliary arrangement oppose their effects and 
produce a combined effect which is zero as long 
as the parameters of the antennas 33 and 35 
maintain their values constant. If, however, due 
to weather conditions, wind, temperature, etc., 
the parameter of one of the antennas, for in 
stance of the antenna (35 changes slightly its . 
value, the pattern radiated by this antenna be 
comes distorted. Then the voltage transmitted 
by the receiving antenna at A to the auxiliary 
circuit changes its relative value with regard, to 
the voltage transmitted by the receiving antenna 
at B to the said auxiliary circuit and the com 
bined effect is no longer zero; its magnitude and 
direction represent the change of the radiation 
pattern. This combined effect is made to act 
upon the parameter of the antenna 35 in a 
manner as to counteract the cause which has pro 
duced the unintentional change in the radiation 
pattern. ? 

In a similar way, any unintentional variation 
of a parameter in the antennas 32 and 34 may 

O 

5 

be counterbalanced by an effect which is derived 
from two receiving antennas placed at points C 
and D respectively. The points C and D. are lo 
cated preferably on the axis in the vertical plane 
which passes through antennas 32, f34, and in 
tersects the plane of the figure along the line. W. 
The receiving antennas placed at points C and D 
act in the same manner as the antennas placed at 
points A and B upon an auxiliary arrangement 
which is similar to the arrangement which is 
designated by the numerals 5-70 in Fig. 3. If 
the phase relationship between currents in the 
antennas 32 and 34 slightly changes its value 
due to the drift of one of the parameters the said 
auxiliary arrangement is made to act on a pa 
rameter in one of the antennas 32, 34, in such a 
manner as to counteract the said change in the 
value of the parameter and to maintain the cor 
responding space pattern in its normal, figure 
in-8, form. · ?• ~ . . . . 

In order to satisfy the condition (3) consisting 
in maintaining the relative strength of the pat 
tern to with regard to the pattern constant 
an auxiliary arrangement is provided which con 
tains means similar to those represented by the 
numerals 5-0 in Fig. 3. This arrangement is 
shown in Fig. 7 which should be examined in 
connection with Fig. 5 and Fig. 6. Referring now 
more particularly to Fig. 7, numerals 200 and 20 
represent two receiving antennas which have 
been appropriately placed at the points E and F. 
respectively (see Fig. 5) in the space pattern of 
the antennas 32, 33, 34, 35. In the Fig. 7 
the rectangular block 202 includes an auxiliary 
arrangement which is similar to the one desig 
nated by the numerals 5-65 inclusive in Fig. 3. 
In this auxiliary arrangement the elements which 
correspond to those of Fig. 3 have been desig 
nated by the same numerals with the difference 
that to the numerals' designating the elements 
of Fig. 7 the subscript a has been added. Thus a 
resistor 5ta in Fig. 7 corresponds to the resistor 
5 in Fig. 3, the rectifier tube 55a in Fig. 7 cor 
responds to the rectifier tube 55 in Fig. 3, etc. 
The rectangular block 203 includes the radio 

frequency amplifier in which the modulation is 
produced and which has been designated by the 
numeral 3 in Fig. 6. Numeral 204 designates a 
fragment if a power amplifier which has been 

70 

designated by the block f40 in Fig. 6. Block 39 
designates the arrangement in which the modu-n. 
lating frequency, is produced and which has been 
designated by the same numera in Fig. 6. The 75 
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amplifier is connected to the power amplifier .204 
by means of a coupling 205. The coupling 206 
designates the connection between the master 
Oscillator and the amplifier 203. The master 
Oscillator is not shown in the Fig. 7. The coul 
pling 207 connects the block 39 with the block 
203. 
The block 203 represents an amplifier which is 

suitable for the so-called plate modulation. It 
includes a tube 298 provided with cathode 209 
grid 20 and anode 2 f. The numeral 22 des 
ignates a self-biasing arrangement in the grid 
circuit of the tube 208. The plate circuit of the 
tube 208 includes an oscillatory circuit 23, a 
secondary winding of the transformer 214, a re 
sistor 25 in series with a battery 26. The re 
sistor 25 and battery 26 are shunted by a tube 
2. The tube 2 includes a cathode 28, a grid 
29, and anode 220. The grid voltage of the tube 
27 is the sum of the voltage delivered by the 
battery 22 and the voltage resulting from the 
potential drop across the resistors 52a and 5 a. 
The Operation of this arrangement can be ex 

plained as follows: 
Under normal conditions the relative strength 

of the pattern O is maintained at a predeter 
imined value with regard to the strength of the 
pattern il. Consequently the voltage transmit 
ted by the antenna 200 to the block 202 bears 
a predetermined ratio to the voltage transmitted 
by the antenna 20 to the block 202. These two 
voltages are Subsequently applied through the 
transformers 63a and 65a to the rectifier 55a 
and 56a respectively. Consequently, a rectified 
voltage appears across the resistor 5 a. and it is 
equal and is of opposite sign to the rectified 
voltage which appears across the resistor 52a. 
Thus the voltage between the ground terminal 
and the grid 29 of the tube 27 is zero. If, 
however, the relative strength of the pattern 

changes with regard to the strength of the 
pattern (see Fig. 5) the voltage derived from 
the antenna, 200 changes its magnitude with re 
gard to the voltage derived from the antenna, 20. 
Then the rectified voltage across the resistor 5 a. 
is not equal to the rectified voltage across the 
resistor 52a. Consequently the resultant voltage 
between the earth terminal and the grid 29 is 
not equal to zero. Its magnitude and direction 
represents the departure from the relative 
Strength of the pattern with regard to the 
pattern fl. So that any variation of the relative 
strength of the pattern C with regard to the 
pattern is immediately counteracted by the 
"effect introduced by the auxiliary arrangement 
202. This has an effect such as to change the 
grid voltage of the tube 2. It is known to 
those skilled in the art that the change of the 
grid potential of the tube 27 changes the A. C. 
plate resistance. Since the tube 27 is inserted 
across the resistor 25 and the battery 26 in the 
plate circuit of the tube 208, it follows that the 
change of the grid potential of the tube 27 
changes the plate resistance of the tube 208. 
Consequently any tendency to change the rela 
tive strengths of the pattern O and f causes 
a change to the plate voltage of the tube 208 and, 
Consequently changes the power output of the 
modulated amplifier 208. 
The radio frequency oscillations are transmit 

ted from the master oscillator (shown in Fig. 
6) through the coupling 206 to the grid 20 of 
the amplifier tube 208 and they appear in the 
amplified form in the plate circuit of the tube 
20. The modulator 39 is coupled to the plate 

- cally their current and 

circuit of the amplifier by means of the trans 
former 24. Thus the audio frequency voltige 
transmitted from the modulator to the plate cir 
cuit of the amplifier is superposed on the D. C. 
voltage of the battery 216. Consequently the 
radio frequency Oscillations in the plate circuit 
of the tube 208 are modulated by the audio volt 

transformer 24. The modulated R. F. Oscilla 
tions are in turn transmitted through the coul 
pling 205 to the power amplifier 204. As it is well 
known by those skilled in the art, the power de 
livered by the modulated amplifier depends upon 
the resistance in its plate circuit. 
explained above that by varying the effective 
plate cathode resistance of the tube 2 the plate 
resistance of the tube 23 is varied. 

ages induced into the plate circuit through the 
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Now, it can be readily understood by those 
skilled in the art that any variation in the 
strength of the pattern 0 with regard to the 
pattern is immediately counteracted by the 
effect introduced by the auxiliary arrangement, 
202 (Fig. 7). This counteraction is caused by the 
following sequence of events: Any slight change 
in the relative strengths of the patterns O and 
f causes a change in the grid voltage of the 
tube 2 and this in turn causes a variation of 
the plate resistance of the tube 208 and conse 
quently changes the power output of the ampli 
fier 208. The change in the power output of the 
amplifier 208 is done in such a manner as to 
oppose the variation in the relative strengths of 
the patterns 0 and if f in order to maintain 
the direction of the courses invariant. 

It is therefore apparent that I have provided 
a method and means for stabilizing directive 
properties of antennas by maintaining automati 

phase relationships con 
Stant. 

In view of my invention and disclosure vari 
ation and modifications to meet individual whim 
or particular need will doubtless, become evident 
to those skilled in the art, tp obtain part or all 
of the benefit of my invention without copying 
the structure shown, and I therefore claim all 
Such in so far as they fall within the reasonable 
Spirit and scope of my invention. 
I claim: 
1. An aerial layout comprising several antenna 

Systems, in which the intensities and phases of 
Currents are maintained at predetermined rela 
tionships for producing a pattern of desired space 
characteristics, means in the said pattern respon 
sive to a change in the said space characteristics 
and associated with the said aerial layout for 
maintaining the intensities of currents at a pre 
determined relationship and another means re 
Sponsive to a change in the said space character 
stics and associated with the said aerial layout 
for maintaining the phases of currents at pre 
determined relationships. 

2. In a radio beacon the combination with a 
Source of radio frequency currents of amplifiers 
for amplifying said currents, modulation devices 
for modulating currents in each of said ampli 
fflers by a different signal, a goniometer compris 
ing fixed i stator windings and rotor windings 
Crossed at predetermined angles and rotatable 
about a common axis with respect to said stator 
windings, the said goniometer receiving the out 
puts of the said amplifiers, transmitting antennas. 
tuned to the radio frequency of the said source 
and connected to the said goniometer, each of 
the said transmitting antennas having a param 
eter which controls individually its radiation 
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patterns, a controlling circuit, receiving antennas 
placed in the radiation patterns of the transmit 
ting antennas and coupled with the controlling 
circuit, the said controlling circuit being differ 
entially responsive to the Oltputs of the said re 
ceiving antennas and controlling the parameters 
of the transmitting antennas in order to main 
tain the radiation pattern of the radio beacon 
stable. 

3. In a radio beacon the combination with a 
source of radio frequency currents, of amplifiers 
for modulating Currents in each of said ampli 
fierSiby a different signal, a goniometer compris 
ing fixed stator windings and rotor windings 
crossed at predetermined angles and rotatable 
about a common axis with respect to said stator 
windings, the said goniometer receiving the out 
puts of the said amplifiers, transmitting anten 
nas tuned to the radio frequency of the said 
Source and connected to the said goniometer, 
a controlling circuit, receiving antennas placed 

for ? said currents, modulation devices 

in the radiation patterns of the transmitting an 
tennas and coupled to the said controlling cir 
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| cuit, the said controlling circuit being differen 
tially responsive to the output of the said receiv 
ing antennas, an electronic tube in the plate cir 
cuit of One of the Said amplifiers, and means 
for controlling the electronic tube by the said 
controlling circuit in a direction to continually 
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maintain the same relative magnitudes of the . 
power outputs in the said amplifiers. 

4. In a method of aligning beacon courses with 
a plurality of airways by Superposing a plurality 
of space patterns of a plurality of antenna sys 
tems, the step of producing an electrical signal 
responsive to a change in the strength of a 
space pattern and applying the said signal for 
the control of the relative. Strengths of the Said 
space patterns, the step of producing another 
electrical. signal responsive to a change in the 
phase of a space pattern and applying the said 
signal for the control of the relative phases of 
the said space patterns, the said two steps main 

0 

taining the directions of the said courses in variant. 
JACOB N.E.U.F.E.L.D. 


