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16 Claims. (C. 250-33). 

This invention relates to antenna systems for 
wave signal devices and more particularly to an 
antenna, for a nobile vehicle which utilizes the signal picked up by the conducting body of the 
vehicle. - - - 

In the prior art, various antenna arrangements 
have been used in an attempt to find a satisfac 
tory antenna for use with mobile vehicles such 
sautomobiles, trains, boats and airplanes. In 

such applications it is desirable to provide an 
antenna which is rugged so that it will not be 
damaged by vibration, one which is small and 
makes an attractive appearance, and one which 
does not require defacing the vehicle for instal 
lation thereof. It is also important that the 
antenna, itself be of inexpensive construction and 
the installation be as simple and 
In attempting to provide an antenna, which 

meets the above requirements, consideration has 
been given to use of the body of the vehicle as 
the signal pickup means but such systems have 
generally been unsuccessful. This is due to the 
fact that sufficient signal strength was not ob 
tained without picking up a great amount of 
noise and other interference. Also in certain 
cases in which the body of the vehicle was used 
as an antenna, undesirable directional character 
istics were obtained which made the system en tirely unsatisfactory. 

Accordingly, it is an object of the present in 
vention to provide a new and improved antenna, 
System for mobile vehicles. - - - - - 

It is another object of the present invention 
to provide an improved antenna system which 
litilizes the signal picked up in the metallic body 
of a vehicle. Without direct connection thereto. 
A furthel' object of this invention is to provide 

3. antenna, System utilizing the conducting body 
of an all tomobile to provide a non-directional 
antenna, which provides relatively high signal 
level, 
A still further object of this invention is to 

provide ai) antenna System for a vehicle which 
can be installed on the vehicle without defacing 
the vehicle in anyway. 
A feature of this invention is the provision of 

a loop which is positioned with respect to the 
Vehicle body in Such a nanner to inductively 
pick up the signal appearing in effective loop 
circuits formed in the vehicle body. 
A further feature of this invention is the pro 

Vision of inductive pickup loops supported on the 
body of a vehicle to pick up the signals from 
effective loop circuits formed in the vehicle body, 
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- of Fig. 6; 
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with the pickup loops being so positioned to pro 
vide a non-directional reception pattern. 

Further objects, features and advantages are 
apparent from a consideration of the following 
description taken in connection with the accom 
panying drawings in which: w w - 

Fig. 1 illustrates the manner in which effec 
tive signal loop circuits are formed in a vehicle 
body; ' ' ' ' ' ". . . . . . 

Fig. 2 shows installation of pickup loops in an 
automobile; "...', . . . . . . . . . . u . 

Fig. 3 is a cross-sectional view along the lines 
3-3 of Fig. 2; - 

Fig. 4 is a detailed view partly broken away 
illustrating the pickup loops in accordance with 
the invention; w a 

Fig. 5 is a circuit showing the manner in which 
the outputs of the pickup loops are combined in 
a radio receiver; ' , v - 

Fig. 6 shows an alternative pickup loop con-.. 
struction; -' ' ' ' t . . . ... " . " 

Fig. 7 is a cross-sectional view along the lines 

Fig. 8 illustrates the physical construction of 
a multi-turn pickup loop; ' ' ' ' - - 

Fig. 9 illustrates a circuit for use with loops as 
shown in Fig. 8; and k - . . . . . 

Fig. 10 illustrates a circuit for combining 
outputs from high impedance pickup loops. 

In practicing the invention we provide signal 
pickup loops adapted to inductively pick up sig 
inals from effective loop circuits formed in a me 
tallic vehicle body. In our copending applica 
tion Serial No. 724,436, filed January 25, 1947, 
subject “Antenna Systern,' we have described 
the manner in which the vehicle body forms 
effective loop antenna circuits and a system for 
direct coupling to said circuits. The present ap 
plication is directed to a system wherein the sig 

the 

separate pickup loops positioned within the ve 
hicle body. The pickup loops may be single turn 
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coils having one side very closely positioned to 
the vehicle body and the other side spaced from 
the body as far as practicable. The loops are po 
sitioned on the body at positions where maxi 
mum coupling with the loop circuits formed in 
the body can be obtained. The signal picked up 
ey the two pickup loops are combined to provide 
a substantially non-directional reception pattern. 
We have also found that the invention may be 
practiced by the use of high impedance pickup 
loops which may be utilized as the tuning induct 
ance for an antenna, circuit which is tuned 
through the band by a variable condenser. 
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Referring now to Fig. 1 there is disclosed an: 
automobile ?o having a metallic body if... Al 
though an automobile is disclosed by way of 
example, it is to be pointed out that any other 
body made of conducting material can be used. 
Although a great number of different loops are 
formed by such an automobile body, it has been: 
found that the loops of maximum signal pickup: 
which are displaced at a sufficiently wide angle 
so that the signal therefron can be combined 
to provide a substantially non-directional pat 
tern are the conducting paths shown generally 
by the dotted lines designated f2 and 3, respec 
tively. The reasons these paths provide maxi 
mum signal is that the paths indicated provide a 
loop of a very large area, and form a conducting 
path of relatively low impedance. Although it 
is possible to make connections to the vehicle 
body to pick up signals from the loops directly, 
this system has an inherent disadvantage in that 
the loops are continuous and the portion of the 
vehicle body between any designated pickup 
points causes a relatively low impedance short. 
across the antenna. This difficulty is avoided 
by picking up the signals from the loop circaits 
formed in the vehicle body inductively, and in. 
ductive pickup loops for accomplishing this putEa. 
pose are illustrated in Figs. 2 to 10, inclusive. 

Fig 2 is a perspective view illustrating the in 
side of the front portion of the automobile 0. 
The top 5 is an integral part of the metal body 
it, doors 6 and are secured to the body, and 
windshield portions 8 and 9 and a dash; 20 are 
illustrated. Inductive pickup loops 2 and 22 
are positioned on either side at the front between 
the portions 8 and 9 of the windshield and the 
adjacent doors 6 and 7. The pickup loops are 
secured to the car body and are positioned at 
substantially right angles thereto as shown in 
Fig. 3. It is apparent that the coils are lirnited 
in length to the space between the top of the 
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body and the dash 20. The pickup loops 2 f and 
22 are adapted to be connected by cables 23 and 
24 to a wave signal device such as the receiver 
25 which is illustrated as mounted under the 
dash 20 of the automobile ?o. 
In Fig. 4 the physical construction of the pick 

up loops is shown. Each of the loops includes a 
single turn of wire 30 which is mounted on the 
edge of an insulating form 3 which may be of 
any suitable material such as paper, wood or 
plastic. An insulating form 1 inch wide, 4 inch 
thick and 18 inches long has been found to be a 
suitable size for installation in an automobile 
without taking up too much space and obstruct 
ing the view unduly and yet to be of sufficient size 
to form a relatively efficient pickup coil. The 
form may have rounded corners as indicated at 
29 so that the loop will fit close to the automo 
bile body. In order to provide a neat appear 
ance the insulating form 3 and coil 30 may be 
covered by upholstery material 32 identical to 
that used in the vehicle in which the loops are 
installed. As will be described, transformers fol" 
coupling the loops to a lead-in cable are desir 
able in some instances and should be positioned 
close to the pickup loops. These transformers 
may be very small and made with the pickup 
coils as a single unit as indicated at 3 in Fig. 4. 
The transformers may also be covered by the 
upholstery material 32 so that they are relatively 
inconspicuous. For securing the pickup loops to 
the car body, brackets 33 may be provided. The 
brackets may be secured to the vehicle body by 
screws or other suitable means, it being feasible 
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4 
in many automobiles to use screws which secure 
the molding about the windshield thereby elimi 
nating the need for additional screws or for de 
facing the vehicle in any manner. 
In Fig. 5, there is illustrated a circuit, which 

may be used for coupling the loops 2 and 22 to 
the input circuit of a radio reeciver. This is 
accomplished by connecting the loops 2 and 22 
to primary Windings 35 and 36 of transformers 
37 and 38, respectively. The transformers in 
clude secondary windings 39 and 40 which are 
connected through coaxial cables 23 and 24 to 
the radio receiver. To eliminate interference in 
the lead-ins, coaxial cables are used with one 
side of the transformer being connected to the 
center conductor and the other side of the trans 
former and the shield of the coaxial lead-in being 
grounded. The coaxial lead-ins extend to a radio 
receiver 4 including a vacuum tube 42 having a 
:grid 43 to which the input signal is applied. The 
receiver illustrated includes a tuning inductance 
44 and a trimmer condenser 45 in the input cir 
cuit to which the antenna, 22 is connected in the 
usual manner. The antenna. 2 is connected in 
Series With inductance 46 which is substantially 
identical to the tuning inductance 44 and con 
denser 4, which is substantially identical to the 
input trimmer condenser 45. For coupling the 
antenna 2 to the receiver a condenser 48 is pro 
Wided which forms a common path for the two 
loop antennas. Circuits for coupling spaced loop 
antennas to a radio receiver are disclosed in our 
Copending application referred to above and also 
in application for patent of Fred B. Williams, 
Fred P. Hilt, and William Blinoff on “Antenna. 
Coupling Systems,' Serial No. 781282, filed con 
currently herewith. As such systems are not 
Specifically a part of the present invention, they 
will not be described in detail. 

Although the pickup loops 2 and 22 are illus 
trated as mounted on the roof supports between 
the Windshield portions and the adjacent doors, 
it is apparent that the signal in the effective loop 
circuit.S in the vehicle body could be picked up 
by installing the loops in other positions. The 
position chosen is believed best because the roof 
Supports are of relatively small cross section and 
the currents flowing in the paths through the 
body as indicated by lines - f2 and 3 of Fig. 1 are 
concentrated more at these points than at any 
‘other points along the path. As the currents 
through these parts are, therefore, concentrated 
the pickup of the loops is more effective at these 
points. As previously stated, the pickup loops 
should be mounted so that one side of the loop 
is as close to the vehicle body as possible so that 
magnetic lines linking the loop circuits formed 
in the car body will also link the pickup loops. 
For this Sane reason it is also desirable that 
the pickup loops have as large a cross-sectional 
area as possible. This size is, of course, limited 
as the pickup loops must take up a minimum 
amount of space and must not obstruct the view 
of the driver and passengers in the vehicle and 
must, therefore, extend into the vehicle as Small 
a distance as possible. In tests made, it has been 
found that pickup loops in which the conductors 
are Spaced approximately 1 inch apart provide 
a very satisfactory signal pickup. 
The pickup loops 2 and 22 have been described 

as being used to pick up signals from the loop 
circuits in the car body inductively and when 
positioned as shown in Fig. 3, the pickup loops 
are effectively shielded by the conducting por 
tion of the car body so that they cannot directly 
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pick up signals from outside the car body. The 
pickup loops may be so positioned to pick up 
signals directly from the air and the signal thus 
picked up may add to the signal picked up due 
to the inductive coupling with the car body to 
increase the Signal strength. 

In Figs. 6 and 7, there is illustrated a modified 
pickup loop which has also been developed for 
use with automobile radio receivers. The loop 
is formed by a strip of thin metallic foil 5 which 
is positioned inside the door support on the auto 
mobile body. The conducting foil can be held 
in place by a strip of tape 5. The metallic 
foil and tape are both very thin thus not inter 
fering with the closing of the car door. The 
car door is effective to conceal the conducting 
strip and tape when the door is closed. The 
paint on the door support insulates the foil from 
the automobile body but, of course, allows the 
foil to be very close to the body. A conductor 
52 is attached to the foil at the top and extends 
inside the car body and down along the up 
holstery between the window portion 8 and the 
door f6. In most automobiles a roll of material 
is provided about the edge of the door to Which 
the conductor 52 can be secured. Such a roll 
is indicated at 53 in Figs, 6 and 7 and may be 
used to support the conductor a Way from the 
automobile body. The conductor 52 is connected 
to a transformer 37 as is conductor 54 which is 
connected to the conducting foil 5 at the botton 
end thereof. The metallic foil 5 and conductors 
52 and 54 form a closed loop which is completely 
equivalent to the loop formed by the Wire 39, the 
loop being connected to the transformer 3 in 
exactly the same way as in the modification 
shown in Figs. 2 to 5. Although a loop is illus 
trated on only one side of the automobile in 
Fig. 6, in accordance with the invention, loops 
may be positioned on both sides of the auto 
mobile and connected to a radio receiver in the 
same manner as illustrated in the previous modi 
fications. 

In accordance with the invention it is also 
possible to use high impedance loops instead of 
the low impedance single turn loops disclosed in 
the prior modifications. Such a loop is shown in 
Fig. 8 with the structure being substantially iden 
tical to that of Fig. 4 except that the insulating 
member 6 is wider so that a large number of 
turns of wire 6 can be wound thereon. In pick 
up loops actually constructed, an insulating form 
approximately 1% inches wide, 3% inch thick and 
13 inches long was used with a coil of Wire having 
12 turns Wound thereon. The corners of the foriil 
adjacent the body were rounded as indicated at 
62 so that the coil could be positioned closely 
adjacent the vehicle body. Such a coil had all 
inductance of approximately 50 microhenries 
and was used in a circuit as illustrated in Fig. 9. 
In this circuit the coils 63 and 64 are connected 
to primary windings 65 and 66, respectively, of 
coupling units which include secondary WindingS 
6 and 68 the inductance of which is variable. 
The coupling units are so constructed that When 
using movable cores for varying the inductances 
of the secondary windings, the inductance of the 
primary windings is not substantially affected by 
the position of the cores. The secondary wind 
ings are connected in Series resonant circuitS in 
cluding trimmer condensers 69 and it and a 
common coupling condenser A . The circuit.S 
are tuned to the desired frequencies by the Wari 
able inductance secondary Windings 6A and 68. 
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6 
the pickup loop 64 to the resonant circuit for the 
pickup loop 63 in the proper phase relationship 
so that the signals are combined to provide an 
input signal to the receiver having a Substantially 
non-directional characteristic. The circuit for 
connecting the loops to a radio receiver is de 
scribed more in detail in the copending appli 
cation Serial No. 781,282 referred to above. 

Inductive pickup coils may also be used for 
applying a radio frequency signal to a receiver 
which is tuned by variable condensers. In Such 
a system the pickup loops may have a Still larger 
number of turns to provide a very high induct 
ance. Fig. 10 illustrates an antenna input circuit 
for use with such higher impedance loops in 
which the loop. 72 forms the inductance of the 
input circuit which is tuned by a variable con 
denser 3 to COVer the desired band of frequen 
cies. The second loop 4 is connected in series 
with variable condenser 5 which is similar to 
tuning condenser i3. The condenser 6 is con 
mon to both circuits to couple the antenna, 
to the receiver. It is to be noted that coupling 
transformers are not required at the loops. 

It is seen from the foregoing description that 
We have provided an antenna, Systern for a mobile 
vehicle which utilizes the signal pickup by the 
conducting vehicle body. The antenna, System is 
very easily installed and may be entirely enclosed 
Within the vehicle body So that the appearance of 
the vehicle is in no Way altered. It is obvious 
that the pickup loops may be positioned on the 
Vehicle body in other positions than adjacent the 
roof Supports as described. The pickup loops 
may also be positioned outside the Vehicle but 
Such loops have the Same disadvantage as rod 
antennas that mounting provisions must be made. 
Also the pickup loop Would have to be more rigid 
for outside mounting and would have to be water 
proofed and styled to conform to the particular 
car body. The antenna, disclosed also does not 
require defacing of the vehicle in any way as the 
mounting of the Small pickup loops can be a C 
complished. Without, dainagig the Vehicle, AS 
the pickup loops themselves and the loop circuits 
formed in the automobile are disposed at an 
angle of between 45 degrees and 90 degrees with 
respect to each other, the signals from the two 
loops can be combined to provide a substan 
tially non-directional pickup pattern. This is 
desirable so that reception is not aiected by the 
direction in which the vehicle is moving or the 
position of the vehicle with respect to the wave 
Signal device with which the device in the We 
hicle is communicating. The antenna, System in 
accordance with the invention is Superior to the 
normal rod-type Vehicle antennas in that it is not 
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Substantially affected by Shielding caused by Wi 
aducts, bridges and the like through Which the 
Vehicle may move. 
While We have described certain embodiments 

of our invention which are illustrative thereof, it 
is obvious that Various changes and modifications 
can be made therein without departing froin the 
intended Scope of the invetition as defied in the 
appended claims. 
We caim: 
1. An antenna, System comprising a body for an 

autonobile having a netal portion and an in 
sulating windshield, said metal portion being of 
such configuration that a pair of closed loop cir 
cuits are formed therein extending on the op 
posite sides. Cf. Said Windshield, a pair of iOOpS 
supported on said body on opposite sides of said 

The coupling condenser 7 applies the signal from is windshield, Said loops including portions posi 
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tioned closely adjacent to said metal portion with 
the planes of said loops being substantially per 
pendicular to the said metal portion and means 
for coupling said loops together in such phase 
relation that a Substantially non-directional ain 
teina system is obtained. 

2. An antenna system for an automobile hav 
ing a metal body including roof supporting por 
tions on either side of a windshield comprising, 
a pair of loops supported on said roof supporting 
portions, Said loops being so positioned to be in 
inductive relation with effective loop circuits 
formed in Said body and extending through Said 
roof supporting portions, and means for coupling 
Said loops together in Such phase relation that a 
Substantially non-directional antenna, System is 
obtained. 

3. An antenna System for a nobile vehicle in 
cluding a body having conducting portions and 
insulating portions comprising, a pair of loops 
Supported Within said body, each of said loops 
being positioned with respect to said body to be 
in inductive relation with a closed loop circuit 
formed in Said conducting portions, and means 
for coupling said loops together in such phase re 
lation that a Substantially non-directional an 
tenna System is obtained. 

4. An antenna System comprising a conducting 
body, said body being of such configuration that 
a pair of effective loop circuits are formed there 
in which are disposed with respect, to each other 
at a Substantial angie, a pair of pickup loops po. 
sitioned on said body, each of said pickup loops 
being in inductive relation with one of said ef 
fective loop circuits in Said body, and means 
coupling Said pickup loops together in sugh phase 
relation that a Substantially non-directional an 
tenna, Systein is obtained. 

5. An antenna, System for a wave signal device 
which is adapted to be installed in a mobile 
vehicle having a conducting body comprising, a 
portion of Said body, said portion being of such 
configuration that a pair of effective closed loop 
circuits are defined thereby which are disposed 
with respect to each other at a substantial angle, 
a pair of pickup loops positioned on said body 
portion in inductive relation with said effective 
loop circuits, and means coupling said pickup 
loops together in such phase relation that a sub 
stantially non-directional antenna system is 
obtained. 

6. An antenna system comprising a conduct 
ing body, Said body being of such configuration 
that a pair of effective closed loop circuits are 
formed therein the planes of which are disposed 
with respect to each other at a substantial angle, 
a pair of elongated pickup loops positioned in 
dividually in the planes of said loop circuits with 
an elongated portion of each pickup loop closely 
adjacent Said conducting body, and means cou 
pling Said pickup loops together in such phase 
relation that a substantially non-directional 
antenna, System is obtained. 

7. An antenna, System for a wave signal device 
adapted to be installed in a mobile vehicle haw (; 
ing a conducting body comprising a 5 least a por 
tion of Said body which is of such configuration 
that a pair of effective angularly disposed loop 
circuits are formed therein, a pair of pickup 
loops positioned in the planes of said loop cir 
cuits with a portion of each pickup loop closely 
adjacent Said body, and means coupling said 
pickup loops together in such phase relation that 
a Substantially non-directional antenna system 
is obtained, 
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8 
8. An antenna system for a wave signal device 

adapted to be used in a mobile vehicle having a 
conducting body comprising, a pair of elongated 
pick-up loops supported on said body and being 
individually in inductive relation to closed loop 
circuits formed in said body, each of said pick 
up loops having long sides one of which is posi 
tioned closely adjacent a portion of said body 
throughout the length thereof, and means for 
connecting Said pick-up loops to said wave signal 
device in Such phase relation that a Substantially 
non-directional antenna system is obtained. 

9. An antenna system for a wave signal device 
adapted to be installed in a mobile vehicle having 
a conducting body, comprising at least a por 
tion of said body which is of such configuration 
that a pair of effective spaced loop circuits are 
formed therein, a pair of pickup loops positioned. 
on said body in inductive relation with said effec 
tive loop circuits, and means for connecting said 
pick-up loops to said wave signal device to pro 
vide a non-directional antenna, pattern. . 

10. An antenna System comprising the metal 
body for a mobile vehicle having a configuration 
Such that a pair of closed loop circuits are 
formed therein which are disposed at a Substan 
tial angle with respect to each other, a pair of 
pick-up loops supported on said body and posi 
tioned with respect to said body to be in in 
dividual inductive relation with said closed loop 
circuits formed in said body, each of said pick 
up loops including a single turn of wire mount 
ed on an insulating form, and means coupling 
said pick-up loops together in such phase rela 
tion that a Substantially non-directional an 
tenna System is obtained. 

11. An antenna system comprising a body for 
an automobile having a conducting portion and 
an insulating windshield, said conducting por 
tion being of Such configuration that a pair of 
loop circuits are formed therein extending on 
the opposite sides of said windshield, a pair of 
pickup loops each including a single turn of 
wire, Said loops being supported on Said body on 
opposite sides of said Windshield with a part of 
each turn positioned closely adjacent a portion 
of Said conducting portion, and means cou 
pling said pickup loops together in such phase 
relation that a substantially non-directional an 
tenna, System is obtained. 

12. An antenna, System for an automobile 
having a conducting body, and a plurality of 
doors hinged to door supports on said body so 
that a pair of angularly disposed effective loop 
circuits are formed in said conductive body con 
prising, a pair of pickup loops Supported on said 
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body in inductive relation to said effective loop 
circuits formed in said body, each of said pick 
up loops including a strip of metal foil Secured to 
One of Said door Supports and conductors Se 
cured to the ends of said strip of foil to form a 
loop having a single turn. 

13. The method of providing radio frequency 
Signals for a wave signal receiver installed in an 
automobile having a conducting body which 
comprises, inductively picking up signals from 
loop circuits formed in said conducting body at 
a rair of Si3ced cirts therecra 3.ind combining 
said signals picked up to provide a signal for 
said receiver which is substantially independent 
of the direction of the Source thereof. 

14. The method of providing radio frequency 
signals for a, wave signal receiver installed in a 
vehicle having a body at least a portion of which 
is conducting which comprises, inductively pick 
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ing up signals from angularly disposed loop cir 
cuits formed in said conducting portion, and 
combining said signals picked up to provide a 
signal for said receiver which is substantially in 
dependent of the direction of the source thereof. 

15. An antenna System for a wave signal de 
vice in a mobile vehicle, such antenna system 
including in combiantion, a three-dimensional 
vehicle body having conductive portions which 
afford a closed loop circuit and also having open 
insulating portions, at least one of said conduc 
tive portions having a restricted cross-section, 
and means for coupling said closed loop circuit 
to Said wave signal device including an elongated 
pickup loop positioned within said vehicle body 
with one longitudinal side thereof closely adja 
cent to said restricted conductive portion of said 
body and the opposite side of said pickup loop 
spaced from all said conductive portions of said 
vehicle body by a distance at least as great as 
the width of said pickup loop, said pickup loop 
extending lengthwise of said restricted conduc 
tive portion and being positioned with respect 
thereto to be substantially entirely shielded from 
signals outside said vehicle body, so that signals 
are picked up by said pickup loop substantially 
entirely by induction from said closed loop 
circuit. 

16. In a mobile vehicle having an electrically 
conductive body in which an effective loop cir 
cuit is defined, and in which vehicle an electronic 
receiver is mounted, an antenna system for in 
ductively picking up signals from said loop cir 
cuit and applying the same to said receiver in 
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cluding in combination, an elongated insulating 
coil form of flat configuration positioned within 
said body with one longitudinal edge thereof 
closely adjacent to a portion of said conducting 
body defining said loop circuit and the opposite 
longitudinal edge thereof spaced from said con 
ducting body by a distance at least as great as 
the width of Said coil form, and a pickup loop 
Wound around the edges of said coil form, said 
form being narrow so that said pickup loop as 
a whole is disposed in proximity to said body por 
tion, and is substantially entirely shielded there 
by from signals outside said conductive body, 
Whereby signals are picked up by said loop sub 
stantially entirely by induction from the loop 
circuit in said body. 

FRED B. WILLIAMS. 
FRED P, HTLL. 
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