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2,335,969 

LOOP ANTENNA systEM 
William A. Schaper, Cicero, Ill., assignor to 
Johnson Laboratories, Inc., Chicago, Ill., a cor 
poration of Illinois 
Application April 4, 1941, Seria No. 386,778 

(C. 250-40) 2 Claims. 

This invention relates to a signal collecting 
system for radio receivers and more particularly 
to a loop antenna system for use in a ferro-mag 
netically controlled tuning system. 
The use in high frequency circuits of cores of 

finely divided ferro-magnetic particles moulded 
into suitable shape is well known. Because of 
the high efficiency of transformers and coils pro 
vided with such cores as well as the compact and 
small size thereof, such devices have come into 
great and wide-spread use. Thus Patents Nos. 
1,940,228 and 2,051,012 both show Such Systems 
and the resonance control of circuits of this char 
acter is generally referred to as permeability tun 
ling. 
As is well known, it is highly desirable to pro 

vide antenna tuning in order to maintain a high 
level of antenna, efficiency as Well as provide a 
high signal to noise level ratio. Because of its 
desirable characteristics, a loop antenna is fre 
quently used. The efficient utilization of a loop 
antenna, with a permeability tuning means for 
such a loop is the problem toward which this in 
vention is addressed. 
A practical requirement for a loop antenna, 

system is that it should have a more Or less uni 
form output over the tunable range thereof. 
Precise uniformity may be expensive and difficult 
to achieve so that in practice some departure is 
tolerated. This requirement is present because 
of the high gain level at which modern receiver 
circuits are generally operated. Hence, in Order 
to maintain this gain level, it is necessary that 
the loop antenna, System feed in carrier signals 
at a substantially high level. By itself, a loop 
cannot do this unless elaborate and impractical 
accessories are provided. In combination with 
an antenna circuit tuning means, however, it is 
possible to obtain satisfactory loop performance. 
The ordinary loop antenna, has resistance, ca 

pacitance and inductance as Substantial factor's 
in its operation as part of a resonant circuit. If 
such a loop is tuned with a condenser, thus mak 
ing capacitance a variable, then the inductance 
of the loop should be as large as possible, con 
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sistent with minimum capacitance of the entire 
circuit. Irrespective of design, all loops have a 
voltage drop characteristic with drop in tuned 
frequency. With condenser tuning, it has proven 
impossible to compensate in the antenna circuit 
for this loop characteristic and thus such systems 
inherently lose signal voltage With frequency 
drop. 
Apart from a natural desire to extend the ad 

vantages of permeability tuning in a radio re 55 

ceiver to loop antenna circuits, it is apparent 
from the above considerations that there are 
real advantages in tuning by operating upon the 
antenna system inductance rather than capaci 
tance. In inductance tuning, the inductance 
itself does not remain constant over the fre 
quency range but rather varies inversely with the 
square of frequency. This is important for its 
effect upon the Q of the antenna system. With 
inductance tuning, it is possible to maintain a 
Satisfactory Q. value over the tunable range or 
even increase it at the low frequency end pro 
Viding that other factors hereinafter given are 
properly considered. This, of course, reflects in 
a Satisfactory signal output characteristic over 
the tunable range. 
As a practical matter, if a ferro-magnetic core 

is to be utilized as part of an inductance tuning 
expedient in a loop antenna system, it will be. 
necessary to concentrate the tuning function in 
an inductance coil and operate upon the loop 
itself indirectly because of its functional relation 
ship as part of a resonant antenna circuit. Ob 
viously, providing a loop antenna, with induc 
tance tuning means Would be impractical both 
from a manufacturing angle and sales angle. 
Such a tuning means contemplates either a 
change in the effective loop turns or moving a 
ferro-magnetic core or both. By providing a 
separate inductance tuning coil in the antenna, 
circuit, as hereinafter disclosed, highly desirable 
operation of the system over the entire tunable 
range is attained. 
In general this invention provides a series con 

nected loop antenna and tunable inductance coil 
whose free outer terminals are shunted by a ca 
pacitance of suitable value and constitute the 
output terminals. This capacitance may be war 
iable Within predetermined limits but is merely 
used for adjusting the tunable characteristics of 
the system, particularly at the high frequency 
end, and is not used for tuning purposes itself. 
In other words, the condenser once adjusted to a 
particular loop circuit will not ordinarily be op 
erated upon again. The inductance coil is pref 
erably provided with a ferro-magnetic core of 
finely divided ferro-magnetic particles suitably 
moulded in a manner well known in the art. 
The coil itself is preferably cylindrical and has a 
ratio of length to mean diameter of at least 4 to 1 
and preferably somewhat greater as set forth in 
United States Patent No. 2,051,012. The resist 
ance and Q characteristics of the coil are con 
trolled in the manner set forth in the patent to 
have characteristics as hereinafter set forth, 
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It is preferred to have the free loop terminal 

at the ground or low potential side of the sys 
tem although this is not essential. The other 
free terminal will naturally be the high potential 
side of the system. . 
An important consideration in the carrying out 

of my invention is the control of the radio fre 
quency resistance characteristics of both the loop 
and coil. Thus for any broadcast range cover 
age, the inductance coil resistance over any fre 
quency range should vary over a certain prede 
termined resistance range with reference to loop 
resistance as disclosed hereinafter. An impor 
tant factor is the relative values of the induct 
ances in the loop and inductance coil. The rela 
tionship between the two is of great importance 
and contributes to the efficient operation of the 
system as a whole because of the implicit func 
tional relationship to the Q's Of the System and 
components thereof. Preferably, the loop in 

2,885,969 
the desired characteristics themselves will be 
pointed out. Core 32 may be moved in and out 
of inductive relationship with winding 30 by suit 
able means such as a ganged control of a plu 
rality of tunable elements in cascaded circuits of 
a radio receiver. 
Loop antenna 3 may be either of the shielded 

or unshielded type and within the limits of de 
sired characteristics may have any desired con 
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dictance itself and the total antenna circuit in 
ductance should satisfy certain requirements. 
The invention will be further described in con 

nection with the drawing wherein: 
Figure 1 shows a circuit diagram of a preferred 

form; and 
Fig.2 shows a modification. 
Referring now to Fig. 1, an inductor O is 

shown having one terminal connected to ter 
minal 2 of a loop antenna F3. The free loop 
terminal 4 is here shown as grounded. The free 
inductor terminal 5 has a capacitance 6 be 
tween it and ground. Thus terminals f4 and 
5 form the output terminals of the entire an 

tenna System. The capacitance 6 forming part 
of the antenna System may either be a real con 
denser or may be the capacitance existing be 
tween the inductor and ground or may even be 
the capacitance between the load into which 
the System feeds and ground. 
As shown here, the system may be connected 

to its load-a, radio receiver, for example-by any 
suitable means such as, for example, a coupling 
condenser 20 disposed between terminal S and 
control grid 2 of a vacuum tube 22. Tube 22 
may be a simple amplifier or a detector tube to 
combine radio frequency impulses with local os 
cillations in a superheterodyne circuit or may be 
a mixer tube wherein the functions of an oscil 
lator and first detector are combined. The cath 
ode 23 of vacuum tube 22 completes the load cir 
cuit back to ground either through a direct con 
nection as shown or condenser. The output of 
tube 22 is fed into plate circuit 24 and thence is 
treated in the usual fashion well known in the 
radio art. If desired, an automatic volume con 
trol lead 26 may be connected through a suitable 
resistance 2 to the control grid of tube 22. 

Inductor O consists of a coil of wire 30 Wound on 
an insulating form 3 within which is movably 
disposed a core 32. Core 32 is moulded of finely 
divided iron or other ferro-magnetic particles in 
accordance with the teachings of Patent No. 
1982,689. 
As set forth in said patent, the fineness of 

the ferro-magnetic particles and density of 
moulding depends upon the frequencies and range 
Over which the inductor is to be used. Also the 
thickness of insulating form 3, the closeness of 
wire turns to each other, size of wire and man 

struction. Loop 3 is made of wire having such 
size and character and the construction is such 
that the ohmic resistance of the loop rises with fre 
quency over the tunable range. This rising char 
acteristic with frequency increase. or conversely 
a dropping characteristic with frequency drop 
should be as great as possible. This makes it 
easier to design a suitable inductor. At the pres 
ent time, it is possible to design a loop for broad 
cast reception whose resistance over the range of 
about 1600 kilocycles, hereinafter abbreviated to 
kc., to 500 kc. will vary as much as 5 to 1. A 
Smaller ratio may be used if desired. The man 
ner in which such a characteristic may be ob 
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tained is well known in the art and is disclosed 
for example in Bureau of Standards Circular No. 
74, entitled Radio Instruments and Measure 
Inents. 

Loop 3 has fewer turns of wire than would 
be the case with the same loop for condenser 
tuning. The number of turns of a loop are a func 
tion of the loop area, the tunable range, prox 
inity to ground, nature of load into which the 
antenna System feeds, and the nature and de 
tails of the tuning means for the antenna circuit, 
With everything else the same, however, the loop 
turns in the system disclosed herein will be sub 
stantially less than those for a condenser tuned 
System. The actual number of loop turns may 
vary within wide limits but as the inductor char 
acteristics must be functionally dependent upon 
loop characteristics, it is evident that the loop 
limits will be determined in large measure by 
limitations in inductor design. 
The reduction in the number of loop turns of 

a loop antenna as described above markedly 
raises the Operating efficiency of the loop. In 
ductance of a loop varies as the square of the 
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O 
ner of winding are all important factors in the 
design thereof. Since these various factors and 
their effects are now well known in the art, no 
further details in regard to obtaining the char 
acteristics desired herein will be given, although 75 

number of turns so that a reduction in the num 
ber of turns causes a disproportionate drop in the 
Self-inductance of the loop. The operation of 
Such a loop by itself promotes a higher signal 
to noise ratio, particularly in view of the resist 
ance characteristics of a permeability tuned sys 
tem. 
As pointed out originally, all loop antennae 

lose in efficiency as signal collectors with a drop 
in signal frequency. In order to compensate for 
this and to provide an antenna system which 
Operates satisfactorily as a whole over the tun 
able range, it is necessary to design the inductor 
with relation to the resistance, inductance and 
capacitance characteristics of the loop in such a 
manner that the characteristics hereinafter de 
scribed are obtained. 
The inductor, as a discrete electrical element 

in a high frequency circuit, exhibits certain phe 
nomena with frequency changes. Thus the radio 
frequency resistance of the wire decreases with 
frequency because of a reduction in skin effect 
as well as other reasons, assuming the core is 
out. In other words, the inductor coil behaves 
like a loop in that respect. However, as the core 
is inserted into the inductor coil to increase the 
inductance, the coil exhibits an increased re 
sistance to high frequencies. By controlling the 
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inductor structural details, it is possible to con 
trol the rising resistance characteristics as the 
core moves into the coil. 
The Q or efficiency of the inductor alone may 

be varied as desired. Since both inductance and 
resistance are Q determinants, with frequency 
variations as a third factor, it is possible to have 
a ferro-magnetic inductor whose Q by itself may 
rise, fall Or be substantially constant over the 
frequency range. 
I have determined that in order to attain de 

sirable Operation of a loop antenna, and variable 
inductor it is necessary to control the high fre 
quency resistance characteristics of the entire 
system and also control the resistance charac 
teristics of the inductor alone with variation in 
tuned frequency. For best operation it is desir 
able to maintain the total high frequency resist 
ance of the system substantially constant over 
the tunable range although a variation of as 
much as 25% may be tolerated. Since the loop 
preferably has a dropping resistance character 
istic with drop in frequency, this means that the 
resistance of the remainder of the System must 
have a rising characteristic with frequency drop, 
The simplest solution is to endoW the inductor 
with such a rising characteristic and this is ace 
cordingly done in a manner well known in the 
art. It is preferred to have the rise as gentle 
as possible. The actual resistance characteristics 
of the inductor as a whole are closely bound up 
With the inductance variation of the inductor 
and this, of course, is directly controlled by the 
effective permeability of the core in the coil. I 
have determined that the ratio of maximum to 
minimum coil resistances should be less than the 
effective permeability of the core and, in fact, 
this ratio of resistances approaches the effective 
core permeability as a practical limit. 
The same considerationis apply to the Q of the 

component parts of the system and the total Q. 
In practice it may be difficult to raise the Q as the 
frequency drops. In other words, if the Q of the 
inductor at the high frequency end of the range 
is quite high, it may be rather difficult to obtain 
a sufficiently fast rising Q characteristic in the 
inductor alone with frequency drop to raise the 
system. Q at the low frequency end of the range 
with conventional loop construction. This is 
principally due to an excessive resistance rise. 
As a rule, the costs of such an inductor may be 
high and commercial requirements both of cost 
and characteristics are satisfied when the induc 
tor permits a moderate rise such as about 50 or 
'100% in the Q of the system as the frequency 
drops. This is particularly true of the broad 
cast range with its comparatively extensive COV 
erage. 
Thus it follows that the ratio of maximum coil 

resistance (when the core is all the Way in) to 
minimum coil resistance should be as low as p0S 
sible for conventional loop design. Where the 
loop resistance goes through a very large range 
of values; i.e., where the arithmetical difference 
in the maximum and minimum resistances are 
large, then as will be apparent from equations 
given later, the resistance ratio of the coil may 
be greater. It is also understood that the re 
sistance values in ohms of the loop and coil at 
the high frequency end are of the same order, 
although one may be two or three times the other. 
In practice, the minimum coil resistance is gen 
erally larger than the maximum loop resistance. 
Hence, a resistance variation of one or the other 
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Will have a substantial effect on the total resist 
ance of the system. 
The relative proportions of inductance in the 

loop and inductor as well as total inductance are 
5 also important. In general, for all kinds of tun 

ing a good signal to noise ratio is obtained if the 
total inductance of the entire antenna System is 
kept relatively low. Hence, while this invention 
has as an important factor the relative disposi 

10tion of inductance in both the inductor and loop, 
in so far as this reactance element may be sep 
arately treated, and not with the total inductive 
reactance in the entire antenna circuit, never 
theless from a practical operating angle, it has 

15 been found that the total inductive reactance 
does have an effect on the relative intensities of 
signal and noise impulses transmitted to the Sys 
tem output terminals. For this reason the total 
maximum inductance of the System must be 

20 considered. 
The relative values of loop and minimum coil 

inductances may vary with the loop value either 
being larger Or. Smaller. The permeability of 
the core, determining the tunable range, will 

25 generally determine this relationship. Where 
the core construction is such that the inductance 
range of the inductor is large, then it is possible 
to have the minimum coil inductance less than 
that of the loop. Naturally, the maximum induc 

30 tor inductance will be greater than that of the 
loop for ordinary broadcast purposes. 

In short Wave reception however, it may be 
necessary to maintain the inductance of the coil 
below that of the loop Over the tuning range, a S 

35 suming that the same loop is used as for ordinary 
reception (550 kc. to 1600 kc.) and different in 
ductor coils are switched in. Of course, if loop 
Switching is utilized as part of the frequency 
range changeover, then the relative distribution 
of inductance may remain substantially as first 
indicated. But for ordinary broadcast frequen 
cies of 550 kc. to about 1600 kc. the ratio of loop 
inductance to coil inductance may be about 2.75 
or less with present types of loops. The variation 
in this ratio is a function of the ratio of maxi 
nun to minimum coil inductances. This latter 
ratio of course is directly controlled by the per 
meability of the core When inserted into the coil. 

It is understood that the extent of the fre 
quency range may be varied within limits. This 
however is Well known and understood in the art. 
Obviously, the relationships set forth above may 
be reversed to Some extent. However, as a rule 
an antenna system is designed for a desired fre 
quency range with the loop antenna size prede 
termined. The inductance and resistance varia 
tion of the loop may be controlled by the number 
and spacing of turns and size of Wire used. Then 
the remaining portions of the circuit must be 
adapted to the loop SO as to form a uniformly 
efficient operating System. 
The modified System shown in Fig. 2 differs 

from Fig. 1 in that the position of the loop and 
coil. With respect to ground are reversed. The 
general design factors remain the same. Some 
differences may result however because of the 
presence of new circuit elements created by the 
electrostatic elevation of the loop with respect 
to ground. The mere fact that the loop is at 
different potential with respect to ground and 
the fact that both terminals are connected 
through reactances to ground will result in a 
variation of its electrostatic. elevation with fre 
quency. This type of connection has some ad 
Vantages due to its apparent rise in elevation but 
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4. 
has some disadvantages also, particularly as 
regards noise and losses if disposed in proximity 
to metal, as a radio chassis. 
The design of a loop and an inductor of the 

type contemplated herein as individual articles 
so that certain desired individual characteristics 
are obtained is a procedure guided by theoret 
ical and empirical considerations, all well known 
in the art. The correlation of these character 
istics may be more generally applied in view of 
the following mathematical analysis. 
Thus 

Fi-L1-L2ng 
FTL Lami 

where FH and F. are respectively the highest 
and lowest frequencies of the range considered, 
L1 is the loop inductance and La is the coll in 
ductance. The Subscript ma and mi merely 
refer to maximum and minimum values at the 
low and high frequency ends of the range. 

If a ferro-magnetic core of effective perme 
ability p is inserted into the coil, then 

plm c Lima (2) 
Let 

F 
=; . (3) 

then 
L1 --plan 

N-titi (4) 
Let 

L 
- L. (5) 

then 
to - N2 

T-A (6) 
The above equations give the upper limit of 

I1 and also shows the relationship between L1 
and 2. 

If the output of the antenna system is to re 
main substantially constant over the frequency 
range (this is measured in grid microvolts at the 
first tube divided by field strength at the loop 
measured in microvolts per meter) then the Q 
of the entire system must vary inversely as the 
frequency varies-the induced loop voltage drops 
off directly with frequency, 
Therefore 

(7) 
Qh and QI, are the overall Q's of the system 

at high and low frequencies respectively. 
h. (LIH + L2F)2a. QH = RH --Rag (8) 

and 
(L1L --Laz) at 

QL = RL--Rat, (9) 
where the Subscripts H and , refer to high and 
low frequency conditions and R1 and R2 are loop' 
and coil resistances respectively. Since the loop 
inductance L1 is constant, 1H and III, are equal. 
The omega refers to the product of 2 pi F. 
Making the Substitutions from Equations 2 and 

5 and bearing in mind that Lami is equal to L2H 
then 

9I-CLi H + L2H) (RL +Rel) (10) 
QL (RH --RH) (Lit. --Laz) 

By means of Equations 3, 5 and 6, the above 
Equation 10 may be reduced to 

QH Rit--Rar, 
QN (R, --RB) (11) 

From Equation 7, it follows that 
RL--Rat-Rin --Rag (12) 

(1) 
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range 2.78 and gives a circuit Q. of 189. To 
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In other words, the sum of the loop and coil 

resistances over the frequency range should re 
main constant. Because a ferro-magnetic coil 
increases its resistance as the core goes in, it 
follows that the loop or rest of the circuit must 
decrease its resistance with frequency drop, oc 
curring when the core goes into the coil. In prac 
tice the total resistances may vary as much as 
25% and even more over the range of tuning. 
At the low frequency end of the range, the 

loop resistance will be a minimum and the coll 
resistance will be a maximum. In actual value, 
the minimum loop resistance will always be less 
than the maximum coil resistance. The resist 
ance values of the loop and coil at the high fre 
quency end of the range will generally be of the 
Same Order. 
Assuming the maximum loop resistance and 

minimum coil resistance to be approximately of 
the same Order and assuming a five to one ratio 
of maximum to minimum loop resistances, then 
the maximum coil resistance will come out to be 
about two times the minimum coil resistance. 
This value is easily attained in present day prac 
tice for a frequency range of about three to one 
and a Satisfactory Q. value at the high frequency 
end. The effective permeability of the inductor 
Core will always be greater than the square of 
the ratio of frequencies over which the inductor 
can Operate. Hence it follows that the limit of 
the resistance ratios, of the coil is of the same 
Order as the Square of the ratio of frequencies. 
Usually the resistance ratio 

Rat, 
Rahr 

is less than 
F. 
F2 

in practice, a good resistance ratio may be 
roughly inversely proportional to the frequency 
ratid. 
As an actual example of a system designed to 

cover a range of 1500 kc. to 540 kc. we may make 
the following calculations. 
From Equation 3, N=2.75. 
A core having a permeability of 10.5 would 

give T a value of .414. A coil having a mini 
mum inductance of 50 microhenries may be used. 
Then the loop inductance will be 20.6 microhen 
ries (Equation 5). 
The loop to which this calculation is applied 

has a Q of 50 at the high frequency end of the 
range. 
The loop resistance RIR comes out to 3.9 ohms 

from the formula 
2FHLIH R=le 

The inductance coil Q2L in this case was 80 
So that the resistance R2H comes out to 5.92 
ohms. 
The total circuit resistance is 9.82 ohms and 

inductance is 70.6 microhenries. The entire 
circuit QH comes out to 68. For constant gain, 
this Q. must be multiplied by the frequency 
determine the Q2L; the coll inductance at low 
frequency, we must know what the Qir and Rur, 
values are. In this instance, the loop was de 
signed so that Q11, was 90. Run, comes to be 78 
ohm. 

Since the total resistance of the system is 9,82 
ohms, it follows that R2L should be 9.04 ohms. 
The Q2L, the Q for the coil at the low frequency 
end of the range, works out to be 197. Actually, 
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it may be difficult to maintain all the factors as 
'equired for constant gain so that in commercial 
production some variation is to be expected. 
This application is a continuation-in-part of 

my application Serial No. 319,671 filed February 
19, 1940. 
What is claimed is: 
1. An antenna system comprising a grounded 

loop antenna and an inductance coil in Series 
therewith, a capacitance across the free termi 
nals thereof with the free terminals forming the 
output of the system, a ferro-magnetic core mov 
able in said coil for tuning said system over a 
range of frequencies, said loop having substan 
tially less turns than a similar loop having con 
denser tuning, said loop having a dropping high 
frequency resistance characteristic with drop in 
tuned frequency, said coll having a rising high 
frequency resistance characteristic with drop in 
tuned frequency, the maximum loop resistance 20 same Order. 
and minimum coil resistance being of substan 
tially the same Order. 

O 

S 

5 
2. An antenna system comprising a loop an 

tenna and an inductance coll in series and to 
gether having a pair of free terminals, a capacil 
tance across the free terminals thereof with the 
free terminals forming the output of the sys 
ten, a ferro-magnetic core movable in said coil 
for tuning said system over a range of frequen 
cies, said loop having Substantially less turns 
than a similar loop having condenser tuning, 
said loop having a dropping high frequency re 
sistance characteristic with drop in tuned fre 
quency, said coil having a rising high frequency 
resistance characteristic sufficient to compensate 
for the loop dropping characteristic to maintain 
the total high frequency resistance characteristic 
of the entire system at a substantially constant 
value throughout the tunable frequency range 
thereof, the maximum loop resistance and mini 
mum coil resistance being of Substantially the 

WILLIAM. A. SCHAPER. 


