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Loop Antennas for Aircraft* 
G EOR GE F. LEVYt, ASSOCIATE, I.R.E. 

Summary— While the theory of operation and the procedure for 
measurement are similar for all loop antennas, the electrical and me-
chanical design of aircraft loop antennas differs considerably from 
that of the other types. In this paper those characteristics, requirements, 
and design considerations which are associated uniquely with aircraft 
loop antennas operating in radio range or beacon band extending from 
200 to 400 kilocycles will be discussed. 
In the case of aircraft loop antennas it is necessary to satisfy three 

important requirements. The first requirement is that a loop antenna 
form a highly efficient portable antenna; the second, and most impor-
tant requirement, is that the loop be capable of being used as an accurate 
direction finder; and third, an electrostatically shielded loop antenna 
is an effective way of decreasing precipitation or snow static which is 
quite bothersome to radio reception on aircraft.1.2 

The "low-impedance" and the "high-impedance" types of air-core 
aircraft loops are considered in detail. Both types are analyzed mathe-
matically on the basis of their receiving efficiency and directive proper-
ties. Actual polar-characteristic curves are given for a number of loop 
antennas of both types. Iron-core loop antennas which have been used 
quite extensively abroad are considered separately and comparison is 
made with the more widely used air-core types. 

INTRODUCTION 

iN ORDER to receive signals the loop must, of course, be placed outside of the fuselage in the case 
of all-metal airplanes, and it is desirable to place 

it outside the metal framework in the case of fabric-
covered airplanes. Mounting it away from the fuselage 

Fig. 1—Icing of a loop antenna. 

puts the loop antenna into the air stream where it 
presents an appreciable aerodynamic drag on the air-
plane and is itself subjected to a considerable distortive 
force. When commercial aircraft speeds of over 200 
miles per hour are considered, this drag represents a 
substantial loss of horsepower. Icing of the loop an-

* Decimal classification: R525. Original manuscript received 
by the Institute, March 30, 1942; revised manuscript received, 
November 23, 1942. Presented, Winter Convention, New York, 
N. Y., January 12, 1942. 

Communications Engineer, United Airlines, Chicago, Illinois. 
H. K. Morgan, "Rain static," PROC. I.R.E., vol. 24, pp. 959-

963; July, 4936. 
2 H. M. Hucke, "Precipitation static interference on aircraft and 

at ground stations," PROC. 1.R.E., vol. 27, pp. 301-316; May, 1939. 
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tenna under certain conditions further complicates the 
problem. Fig. 1 clearly shows a moderate accumulation 
of ice on a typical aircraft loop antenna. Thus it has 
been found that drag and icing considerations limit the 
size of rotatable loops having self-contained shielding 
to a maximum diameter of about 12 inches. 
Another method is employed to reduce aerodynamic 

drag and icing and at the same time relieve the loop 
antenna itself of strain, and that is to use a streamlined 
housing over the loop. Example of such construction is 
illustrated in Fig. 2. The electrostatic shield may be 

Fig. 2— Streamlined loop-antenna housing. 

made a part of the loop or may be incorporated in the 
housing. Removing the shield from close proximity to 
the loop winding will result in a substantial improve-
ment in the Q of the loop antenna. 
In addition to aerodynamic drag and icing, the prob-

lem of moisture absorption is also present. This prob-
lem is very important as it directly affects the electrical 

performance of the loop antenna by lowering the Q of 
the loop and its connecting transmission line. The 
moisture problem is greatly aggravated by the changes 
in altitude and hence, changes in pressure to which the 
loop is subjected. To maintain the Q at its maximum 
value under all kinds of flying conditions requires the 
hermetical sealing of the loop antenna and the con-
necting transmission lines. 

The remaining mechanical problem to be considead 
in the design of loop antennas is that of rotating and 
indicating mechanisms. The loop gear box, besides 
satisfying certain mechanical requirements, must also 
possess certain electrical characteristics. It is very es-
sential that the parallel capacitance presented by the 
gear box be as small and low-loss as possible. 

Aircraft loop antennas can be definitely divided into 
two types which have come to be commonly called, in 
aircraft loop parlance, the "low-impedance" loop and 
the "high-impedance" loop. The main distinguishing 
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feature is the number of turns employed in the wind-
ing. The low-impedance-loop winding generally runs 
anywhere from four to twenty turns, whereas the high-
impedance-loop winding may run from twenty to as 
high as seventy turns. The constructional details of a 
typical low-impedance loop are illustrated in Fig. 3. 
Because of the difficulties of hermetically sealing high-
impedance loops and of constructing and installing 
low-loss and low-capacitance transmission lines, high-
impedance-loop ins.tallations are rarely used  on 
transport and military aircraft. 

SIGNAL PICKUP CHARACTERISTICS OF AIRCRAFT 
LOOP ANTENNAS 

Consider now the electrical aspects of the high- and 
low-impedance-loop systems. In the high-impedance 
case the loop has sufficient inductance so that it is 
always tuned to the incoming frequency by a condenser 
connected directly across it. By simple series-circuit 
analysis, as shown in Fig. 4, it can be seen that the 

0 A' A 16,0t /f/Arq 

Fig. 4— High-impedance-loop input circuit. 

h=effective height of loop in meters 
e= field strength in millivolts per meter 
Co=distributed capacitance of loop 

e = he 

(at resonance) 

but 

i = —  
RL 

(C. = --Xc 
RL 
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QL — 

RL 
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RL 

voltage appearing across the condenser C is equal to 
Qe or directly proportional to the Q of the loop. It is 
desirable to obtain a very high value of loop Q for two 
reasons. A high input voltage will be obtained to the 
radio-frequency amplifier, and by virtue of the higher 
radio-frequency grid voltage, the signal-to-noise ratio 
of the receiver will be increased. In order fully to 
realize the advantages of a high-impedance loop, the 
loop is fed directly into a radio-frequency amplifier, 
which is located very close to the loop. The output of 
the amplifier may then be connected to the remainder 
of the receiver through a low-impedance, low-loss 
transmission line. If it is desired to couple the loop to 
the receiver with a high-impedance line, the line neces-
sarily must be short and fixed in length for all instal-
lations. The losses in the line and its capacity will 

decrease the Q of the loop, and reduce the available 
tuning range, respectively. Alternatively, if an attempt 
is made to match the tuned loop circuit to a low-im-
pedance transmission line, it will be found that the 
voltage step-up obtained by virtue of the high Q of the 
loop will have disappeared. 

If it is desired to couple the loop to the receiver via a 
low-impedance line without an intervening amplifier, 
then the best arrangement is to use a low-impedance 
loop connected directly to a low-impedance concentric 
transmission line with a matching transformer at the 
receiver input. Fig. 5(a) shows the actual physical 

COIN •• •Ile DA M,  oo. 
idr,a, • 

• SCF,4j  CIRCUIT 

O.  AL MA ,  • 

8 ...5m4PL/F/ED c ffico/7 
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Fig. 5— Low-impedance-loop input circuit 

(a) —Actual circuit of a low-impedance-loop system. 
(b)—Simplified circuit of a low-impedance-loop system. 
(c)—Equivalent circuit of a low-impedance-loop system. 

circuit of a low-impedance-loop system. Mathematical 
analysis of this circuit is considerably more involved 
than that of the high-impedance case and numerous 
engineering approximations must be made. This dia-
gram may be simplified to Fig. 5(b) by considering the 
transmission line as equal to a lumped capacitance CL. 
The series inductance and resistance are very small 
and may be neglected. This approximation is permis-
sible because the line is very short as compared to the 
wavelength. 

By Thevenin's theorem, the voltage impressed across 
the primary of the transformer of the simplified circuit 
is 

E = 

Ro  jcoLo — 
where Cr = Co + Cc.  (1) 

Rationalizing and combining terms, (1) becomes 
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1  1 )  jR0 
— — (coLo    
oCr  6:CT I  oCr 

E = e  (2) 
1 )2 

Ro2 + (oLo    
0;CT 

By substituting actual circuit constants used at the 
frequencies being considered, it is found that R02 and 
Ro/wCT are very small and can be neglected without 
impairing the engineering accuracy. Making this ap-
proximation and setting 

COL° 

(2) becomes 

1 
= Xo — Xcr = 

c.:Cr 

1E1 =e 
Xe 

Xer 
(3) 

Using the same theorem, the equivalent impedance 
obtained at the primary terminals looking back toward 

the loop antenna is 

—  (Ro  jod.o) 
Cr 

Z =   (4) 

Ro  j (4/.0 —  1 ) 
a:C2 

Rationalizing and combining terms, (4) becomes 

 (Ro-Fjw/.0)[Ro —j (01-0— —1 
wCp  uCT 

Ro2 (41.0  1  )2 
o Cr 

(5) 

Using the same procedure as in (2) it is found that 
terms Ro2 in the denominator and RoLo/CT and 
—jR02/wCr in the numerator can be discarded thereby 

simplifying (5) 

— j 
(Ro jw1-0) 

o Cr 

z -   
1 

COLo — 

oCr 

1  .vR02+ 0,2L02 

jz — wCT  
XCTX0 

1  x. 

(6) 

(7) 

Using the new voltage E and the new equivalent im-
pedance Z, obtained by Thevenin's theorem, the final 
equivalent circuit may be drawn as shown in Fig. 5(c). 
Using the notation shown, the circuit equations for 
Fig. 5(c) may be written 

E = iiZp — jcoMi2 (8) 

0 = — jC a 1 ij  ZSi2 (9) 

where 

xcrx0\ 
zp=Kp+ixp=z+zi=Ri+i(xLi+ xe 

Zs = R 8 -1-i XS = Z2 + X s = R2 +j( XL, —  XC2)• 

Solving for the secondary current i2, 

jcoME   jcoME 
i2 =   (12) 
ZpZs — w2M2 (Rp±jXp)(Rs±jXs) — w2M2 

Expression (12) may be rearranged to 

jcoME 
22 =   (13) 

(10) 

w2m2Rp w2m2xp  
(Rp+ixp) [Rs+   Rp2+x-p2 lj  s Rp2±xpq] X 

To obtain the condition for maximum secondary cur-
rent i2, the absolute value of I i21 2 is differentiated with 
respect to the tuning reactance Xc2. The maximum 

value of i2 is obtained when 
W 2 M 2 X p 

X s  =  0. 
R p 2  +  X p 2  

Equation (13) then becomes 

coME 
I i21 — 

N/Rp2 ± Xp2 ( Rs ± 
R p 2 ±  X p 2 

Using the approximation method previously stated it 
is found that 

/2„2<<Xp2 and (15) becomes 

2 M2 R p 

(14) 

(15) 

1 i21 = 
coME 

Xp(Rs + w2M2RP ) 
Xp2 

But I eel =Ii21 X,, and (16) becomes 

ME 
1 e,I =   (17) 

w 2 M2 R p \ 

X p2 ) 

Equation (17) also may be expressed in terms of the 

"figure of merit" or Q as 

EQpQs 

w2MC2(Qp + Qs)  (18) 1 ee I =   

For purposes of calculation, it is desirable to express ec 
in terms of the constants of the coupling transformer. 
Experimental work with such transformers has shown 
that in actual transformers 

Xc,Xo 

(16) 

Let 

C2Xp (Rs -I-

x. 

K2 = 
w 2 M2 

X LI XLI 

(19) 
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Equation (18) may then be rewritten as 

2E1C2Xer,QL,Q1.2 
I  = 

wAf(4QL,  10 Q).2) 

It can be readily seen that the expression for e, is not 
a simple function of the circuit and transformer con-
stants. It should be restated that the entire loop, trans-
mission line, and coupling-transformer system are 
always tuned to regonance by condenser C2, which is 
located usually within the receiver or otherwise ganged 
to the other tuning condenser in the receiver. 
In the practical design of such a system a low-

impedance loop is first constructed with as high a Q as 
possible commensurate with the mechanical and elec-
trical limitations already discussed. Then a tightly 
coupled transformer is constructed having a high-Q 
primary of very closely the same inductance as the 
loop, and a high-Q secondary whose inductance de-
pends on the degree of coupling attainable. In practice, 
it has been found that the value of resultant secondary 
Q and the degree of coupling become a compromise. 
Consequently, the coefficient of coupling is fixed any-
where from 88 to 95 per cent at which point a high 
value of resultant secondary Q is still obtained. In-
creasing the coefficient of coupling beyond this value 
will decrease the resultant secondary Q very rapidly 
thereby lowering the over-all voltage step-up. It is 
only by using coupling transformers embodying the 
closed iron or cup cores that high values of coefficient 
of coupling and Q may be obtained. The inner iron 
core is usually made adjustable so that the inductance 
can be accurately set for correct alignment with the 
other circuits at the low-frequency end of the band. 

DIRECTIONAL CHARACTERISTICS OF LOOP ANTENNAS 

A comprehensive treatment of this aspect of loop 
antennas is very lengthy and beyond the scope of this 
brief paper. In the following discussion only the most 
important and pertinent considerations will be brought 
out. While no mention was made of the two types of 
loop windings in the preceding discussion of high- and 
low-impedance loops, there are in general two different 
types of loop windings; namely, (1) the solenoid type 
in which all the turns have the same area, and (2) the 
pancake or spiral-wound type in which the areas of 
successive turns decrease towards the center of the 
winding. The two types have different directional 
characteristics and will be considered separately. 
The expression for the effective voltage induced in 

the loop may be derived by either considering the 
electrostatic component alone or the electromagnetic 
component alone of the radiated wave as acting on the 
loop. In any case the same answer is obtained, which is 
usually given as 

E 
2TeNA 

(20) 

cos 4)  (21) 

where E=effective voltage in millivolts 
N= number of turns 
e= field strength in millivolts per meter 
A =area in square meters 
4)= azimuth angle 
X = wavelength in meters 

If the effective voltage E is plotted against the angle 
4)on polar co-ordinate paper, a double-circle curve will 
be obtained as shown in Fig. 6(a). This is the theoreti-
cal polar pattern of a loop antenna. 

For the solenoid type, the actual polar characteristic 
is distorted from the theoretical pattern by three ef-
fects. These are (1) the displacement-current effect, 
(2) the antenna effect, and (3) the shape effect.3 
Referring to Fig. 6(b) it can be seen that each suc-

_27rA/e4 cos 
A 

7-"efoREr/c-Az  LOOP  ROZA!?  C NARACrERAST/O 

A•111 

.111  D/I,Er 7,0N or 
lEArN  VI% 

49  Sozewcup rrpE 
OF  LOO P 

Fig. 6 
(a)— Theoretical polar characteristic of a loop antenna. 
(b) —Winding diagram of a solenoid type of loop. 

cessive turn is displaced in space from the preceding 
turn by distanced, which may be equal to the diameter 
of the wire or greater than the diameter if the loop is 
space-wound. Thus for all positions of the loop except 
for 4)=0 the voltages developed in the successive turns 
will have a slight phase difference existing between 
them; by virtue of the capacitance existing between 
turns, a displacement current will flow across the coil 
eventually passing through the tuning condenser and 
producing a signal. Since the loop is tuned, the main 
loop effect produces a current through the winding 
which is in phase with the voltage, while the displace-
ment current produces a voltage 90 degrees out of 

3 A. S. Blatterman, "Theory and practical attainments in the 
design and use of radio direction findings apparatus using closed 
coil antennas," Jour. Frank. Insl., vol. 188, pp. 289-362; September, 1919. 
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phase with the current. In Fig. 7(a) there is shown the 
distortion of the polar characteristic by the presence 
of the displacement-current effect. 
The antenna effect or vertical component is oc-

casioned by the capacitance of the loop structure to 
ground causing it to act as a simple vertical antenna. 
The magnitude of the voltage pickup is a function of 
the linear dimensions of the loop and is independent of 
the orientation of the loop, therefore, giving a circular 
polar pattern. When referred to the axis of the loop, 
the phase of the antenna-effect voltage does vary with 
the angular position of the loop. In Fig. 7 (b) the 
manner in which the polar characteristic is distorted 
is shown when both the displacement current and 
antenna effects are present. When the displacement-
current effect alone is present, both nulls of the loop 

RES,ILTA Nl 

A  D/STORT/ON OF POLAR CHARACTER/57"/C D UE TO 
.DiSPLACFAIENT CURRENT  EFFL-Cr  (.70uR FRANK INSV 

bulge to appear in the polar characteristic near the 
vicinity of the minima while a wide low winding causes 
a flattening of the characteristic at the maxima. 
The behavior of the polar-characteristic curve of a 

loop antenna around the minima is of the most impor-
tance. In comparing Figs. 6(a) and 7(a) and 7(b), it 
can be seen that it is necessary to reduce both the dis-
placement-currea effect and the antenna effect in 
order to secure sharp minima. Both are affected by the 
shape of the loop. The displacement-current effect for 

a DiSTORT,ON OP POLAR CRARACTER/STIC  JX./E TO 
AiSPLACE MENT CURRENT EFFECT PLUS  ANTENNA 
erPecr  (.TOOR PRANI(LIN N WT) 

Fig. 7 
(a)—Distortion of polar characteristic due to displacement-current 

effect. 
(b)—Distortion of polar characteristic due to displacement-current 

effect plus antenna effect. 

are broadened by equal amounts while the maxima 
remain practically unchanged.  Introducing both 
effects simultaneously broadens one null consider-
ably more than the other while the maxima are also 
increased. 
While the two effects just discussed contribute the 

most distortion to the polar characteristic, there is 
another effect, while not present in aircraft loops, 
which further distorts the characteristic of the solenoid 
type of loop. This effect is known as the shape effect. It 
has been found that a high narrow winding causes a 

Fig. 8—Unshielded low-impedance solenoid loop antenna. 

a given area is minimum for a circular loop because 
this shape gives the shortest possible perimeter, there-
by decreasing the capacitance between turns. This 
effect can also be reduced by properly spacing the 
turns to decrease the distributed capacitance. An obvi-
ous, though sometimes undesirable, way to decrease 
the antenna effect, is to construct a loop of small 
vertical dimensions, but this is often impossible to do 
since mechanical and other considerations determine 
the dimensions. Antenna effect may be reduced by 
electrostatically balancing the winding to ground by 
means of a center tap. This method, while effective, 
complicates the mechanical construction and input-
circuit details and, therefore, is seldom used. The best 
and most effective method of eliminating antenna effect 
is by electrostatically shielding the loop winding. Since 
the antenna effect is a manifestation of the electro-
static component of "the wave, a shield must be used 
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which greatly attenuates the electrostatic component 
leaving the electromagnetic component comparatively 
unaffected. Shields which satisfy this requirement are 
the tubular gap-type used in low-impedance loops and 
the Faraday-screen type. 
In Fig. 8 is shown the polar characteristic of a typi-

cal unshielded low-impedance-solenoid type of loop 
antenna. While two definite minima are obtained, a 
complete null is not pQssible because of a small amount 

Sr 

en 
IVI 

Fig. 9—Shielded low-impedance solenoid loop antenna. 

110 
)00 

of antenna effect. A very small amount of displace-
ment-current effect is also manifested by unequal 
magnitudes of the minima. In Fig. 9 is shown the polar 
characteristic of the same loop in a toroidal gap-type 
shield. The minima have been reduced to definite 
"nulls" and the general shape of the characteristic ap-
proaches the theoretical double-circle curve very 
closely. There is, however, a slight difference in the 
magnitudes of the maxima. The difference in size and 
position of the curves of Figs. 8 and 9 is due to different 
scales and has no significance whatever. 
In Fig. 10 is shown the polar characteristic of a typi-

cal unshielded high-impedance combination solenoid 
and pancake type of loop of approximately the same 
diameter as the low-impedance loop just discussed. The 
minima of this loop are considerably less well defined 
than the low-impedance type indicating the presence 
of much more antenna effect and also a very small 

amount of displacement-current effect. From this 
curve it is apparent that the antenna effect is also a 
function of the number of turns. A loop having this 
characteristic would make a poor direction finder. This 
polar characteristic, as shown in Fig. 11, can be enor-
mously improved by surrounding the loop with a dome-
shaped Faraday type of shield. 
The other type of loop winding used is known as the 

single-pie pancake or spiral winding. The polar pattern 
of this type is also distorted by two effects,3 (1) the 
antenna effect and (2) the winding-pitch effect. Re-
ferring to Fig. 12(a), we can see that the displacement-

310  IX" 11, 
FY,  ieo  /r0.  :Om   

Fig. 10— Unshielded high-impedance loop using a combination 
solenoid and pancake type of winding. 

current effect is entirely absent. If the plane of the 
loop is oriented at right angles to the radio wave, all 
the turns lie in the same plane and parallel to the elec-
tric field, and there is no phase displacement in the in-
duced voltages of the different turns, and, therefore, 
no displacement current flows. The antenna effect is 
much the same as in the solenoid type with the excep-
tion that it is of greater magnitude. Blatterman3 has 
shown that the antenna effect may be expressed ap-
proximately by 

Ii  2.VD 

where h = height of loop 
N=number of turns 
D =spacing between turns 

(22) 
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As in the solenoid type, the polar magnitude is inde-
pendent of the azimuth angle, but the phase does vary 
with the angular position of the loop. Blatterman has 
also shown that the straight loop effect of a pancake 
loop is composed of two components in quadrature. 
One of these components is equal to 

NDE  (23) 

where E = maximum amplitude of the field intensity in 

the center of the loop. 

The magnitude of this component, also called the 
winding-pitch effect, is independent of the angular 

Fig. 11—Shielded high-impedance loop using a combination 
solenoid and pancake type of winding. 
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As in the solenoid type of loop, this loop is also to be 
considered for use as a direction finder; and therefore, 
it is necesary to obtain sharp minima. The antenna 
effect may be reduced by the same means already dis-
cussed under the solenoid loop while the winding-pitch 
effect may be reduced by decreasing N and D which 
in most cases is determined and fixed by space and Q 
consideration. Electrostatic shielding is the best prac-
tical solution to the problem. To illustrate the function 

position of the loop, and would appear on the polar 
diagram as a circle. The other component produces the 
conventional double-circle polar pattern being equal 
to the area-turns product times cosine (1). Fig. 12(b) 
shows a polar characteristic of the pancake loop with 
the various distortive effects. In combining the various 
curves to obtain the resultant, it must be remembered 
that the winding-pitch effect is always in quadrature 
with the conventional-loop effect, and must be added 
vectorially at every angular position. As already 
stated, the phase of the antenna effect is a function of 
the angular position of the loop and must be so con-
sidered in order that the three effects may be properly 
combined to obtain the resultant polar characteristic. 

DIRECTION OR 
WAVE TRAVEL 

A  PAM/CANE OR SP/PA 
TI'PE Of LOOP 

B  V STORriON OF POLAR  CHARACTERAST/C DUE TO 
ANTENNA A ND W/NO/A/6 PITC H EFFECTS 

(.1•04/R FRAN/LL/N incsr) 

Fig. 12 
(a)—Winding diagram of a pancake or spiral type of loop. 
(b)—Distortion of polar characteristic due to antenna and 

winding-pitch effects. 

of an electrostatic shield in improving the polar charac-
teristic of a typical range-band high-impedance pan-
cake loop, Fig. 13 shows the characteristic of such a 
loop having an outer winding diameter of 12 inches and 
an inner diameter of 5 inches with and without an 
electrostatic shield. Without a shield the pattern de-
viates slightly from a true circle, thereby making the 
loop useless as a direction finder. Surrounding the loop 
by a dome-shaped symmetrkally located Faraday 
shield promptly restores the conventional double-circle 
pattern also giving extremely sharp and symmetrically 
displaced minima. From the data presented, it would 
seem very desirable, in fact necessary, to shield all 
direction-finding loops. As a matter of fact, most air-
craft loops utilize this type of construction. Besides 
greatly improving the direction-finding properties of 
an aircraft loop, an electrostatic shield eliminates 
certain kinds of electrical noises and effectively reduces 
the characteristic aircraft precipitation static. 
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Besides the distortive effects already discussed, there 
is another effect obtained with both types of loops and 
known as the quadrantal error. This effect is not in-
herent in the loops themselves but is a function of the 
environment in which the loop is placed. On aircraft, 
the wings"and fuselage reflect or refract the radio wave 
energy causing a distorted wave front. The loop is sub-
jected to this distorted field and erroneous bearings 
will result if the angular position of the loop relative 
to the nose of the airCraft is read directly from a uni-
form azimuth scale. Because these errors occur at 90-

1W 
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Fig. 13—Shielded and unshielded high-impedance 
pancake type of loop. 

degree intervals, they are known as quadrantal errors. 
The errors are constant for any one type of aircraft 
and for any one loop position on the aircraft and can 
be readily measured and compensated for. It has been 
found that loops mounted in a nose shell of insulating 
material give the greatest quadrantal errors, as high as 
50 degrees in some cases. The normal installation is 

either below or on top of the fuselage in which case the 
quadrantal error may be between 7 to 15 degrees. Of 
the top and bottom loop mounting positions the bot-
tom position possesses additional navigational ad-
vantages over the former. 
The effect of the shield on the signal-pickup char-

acteristic of the loop has been investigated somewhat 
quantitatively, and it has been found that there is a 
decrease of roughly 2 to 4 decibels which may be at-

tributed to two factors. The Q of the loop is lowered by 
the addition of the shield, thereby accounting for ap-
proximately 30 to 40 per cent of the total reduction. 
The remaining 60 to 70 per cent may be attributed 
directly to the shield. The decrease in signal pickup is 
lower in the low-impedance than in the high-impedance 
loops because high-impedance loops generally have a 
much higher initial Q which is influenced considerably 
by the addition of the shield. 

COMPARISON OF SoLENOID-TYPE AND PANCAKE-TYPE 
LOOP WINDINGS FOR AIRCRAFT USE 

In conclusion, a comparison of the two types o 
loop windings from the standpoint of aircraft applica 
(ion might be made. The solenoid type of construction 
adapts itself nicely for low-impedance loops having 
the toroidal-gap-type shield. A pancake type of winding 
may also be employed in a lowsimpedance loop, but it 
presents somewhat greater constructional difficulties. 
Very often a combination of the two types of windings 
is employed as when several shallow pancakes are 
wound adjacent to each other and connected in series. 
This type of winding will have a polar characteristic 
very similar to the normal solenoid type especially 
when the inner and outer diameters of the winding are 
almost the same. In the case of low-impedance loops 
using both types of windings, the Q over the aircraft 
beacon band of 200 to 400 kilocycles will remain fairly 
constant, which is desirable. 
It has been found in the laboratory that the most 

practical types of windings to be employed in high-
impedance loops are the pancake and the combination 
winding described above. A straight solenoid type of 
winding would assume undesirable dimensions. The 
writer's experience has shown that the combination 
winding while having a high Q, in the neighborhood of 
250, at the low-frequency end has a Q of only 100 or 
lower at the high-frequency end of the band. This 
seems to be a property of the type of wi-ilding, irrespec-
tive of wire size, diameter, and other factors. The pan-
cake type, on the other hand, has a very high and 
uniform Q characteristic over the entire band. By using 
an electrostatic shield, a good polar characteristic, to-
gether with sharp and symmetrically displaced nulls, 
can be secured from high-impedance loops employing 
either types of winding. 

The only remaining point of comparison is the signal 
pickup as measured by the effective height of the two 
kinds of windings. Assuming loops of the same outside 
diameter, it is readily seen that the combination wind-
ing loop will have a greater area-turns product, which 
is a measure of the effective height, than the pancake 
type. To find what the difference actually is, the area-
turns product for two types will be compared. In the 
combination type, since the r's are very shallow, all 
the turns will be considered to be concentrated at the 
mean diameter, which although approximate, is suf-
ficiently accurate for practical comparison. Therefore, 



we have 

1943  Levy: Loop Antennas for Aircraft  65 

In actual loops of this type the number of turns N is 
about 70 or more so that the expression may be further 
simplified by considering N>>1. 

DN 3 

Total (area X turns) = iNr2-FrDN2+ —].  (29) 
3 

Area-turns products of actual loops, of the same induc-
tance and outside diameter, using the two different 
methods of winding have been calculated from the 
above expressions, and it has been found that for the 
solenoid or combination type it is about 30 per cent 
higher than for the pancake type. However, when the 
effective heights, which are proportional to the area-
turns product, are multiplied by the resultant Q, the 
pancake type actually delivers more signal voltage to 
the grid of the amplifier by virtue of its higher Q. 

IRON-CORE LOOP ANTENNAS 

Iron-core loop antennas have not been used on com-
mercial and military aircraft in this country for several 
reasons. In the first place, the air-line companies were 
required by the Government, in the fall of 1937, to in-
stall loop antennas on their aircraft for direction-
finding and precipitation-static purposes. At that time 
the iron-core loop was not sufficiently developed for 
practical use. In the second place the much greatei 
weight of the iron-core loop was, at first, considered a 
definite disadvantage against its use on aircraft. This 
disadvantage has since been proved to be erroneous. 
As has been shown above, the pickup of a loop-

antenna system is dependent on the Q of the loop. The 
first reason for the introduction of an iron core is to 
increase the Q in a manner similar to that in a coil. 
Since the pickup is also dependent on the area-turns 
product the number of turns used in an iron-core loop 
will be less by virtue of the permeability of the iron 
core. Polydoroff4 has shown that while the product of 
the Q and the number of turns of an air-core loop and 
an iron-core loop of the same area and an inductance is 
the same, the actual signal pickup of the iron-core loop 
is multiplied by the effective permeability of the iron 
core. Consequently, for identical signal pickup, the 
physical size of an iron-core loop can be substantially 
reduced. It is also possible to mount the loop very 
close to the metal surface of the aircraft without ap-
preciably lowering the Q. These features simplify the 
aerodynamic problem. Polydoroff has also shown that 
antenna or electrostatic effect can be practically elimi-
nated by simply grounding the core. The directional 
properties of iron-core loops are shown to be consider-
ably improved. This is attributed' directly to the 
higher Q. 
An iron core may be used with either the low- or 

high-impedance type of loop construction with equally 
good results. However, in the former type a much 
greater effective permeability can be realized. 

(28)  W. J. Polydoroff, "Antenna system for wireless communica-
tion," U. S. Patent No. 2,266,262, 1941; Great Britain, 1938. 

area X turns = irR2N.  (24) 

For the pancake type, the area-turns product will be 
obtained by calculating the area-turns product for one 
turn at a time and then summing up the individual 
products to obtain the whole. Referring to Fig. 14 and 

Fig. 14—Diagram for calculation of area Xturns 
of a spiral-wound loop. 

letting N equal the number of turns and D, the spacing, 

we have 

1 

2 

3 

4 

5 

6 

Area X Turns 

r(r-F0D)2 = r2r 

w(r+D)2= (r2+2rD-FD2).x. 

r(r+2D)2= (r2+4rD-F4D2)7r 

r(r+3D)2= (r24-6rD-F9D2)1-

r(r+-1D)2= (r2-1-8rD4-16D2)T 

7(r+ 5D)2= (r2+ lOrD-1-25D2)7 

[rd- (N — 1)D12= [r2-1- 2(N — OrD-F (N — 1)21)217 

The total area-turns product will be the sum of all the 
terms above or 

area X turns =1-Nr2 

-1-27rD[1+2+3+4+ • • • -1-(N— 1)j 
+irD2[12+22+32+ +(N— 1)2]. (25) 

The second term is an arithmetic progression the sum 
of which (for N terms) is 

ZwrD E (N — 1) = wrDN(N — 1).  (26) 

The third term is the sum of the squares of numbers 

TD2N 
TD2E (N — 1)2 =   [(N — 1)(2N — 1)].  (27) 

6 

Total (area X turns) 

[  D2N(N —1)(2N —1) . 
= w Nr2-FrDN(N — 1)-F   

6 
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Deionization Considerations in a Harmonic 
Generator Employing a Gas-Tube Switch-

WILLIAM G. SHEPHERDt, ASSOCIATE, I.R.E. 

Summ ary—A description is given of an experimental investiga-
tion of the properties of a Myra/von operating as a high-frequency 
switch in a circuit which permitted llu generation of a wide band of 
harmonics. The experiments indicate that there is an operating fre-
quency below which no difficulties in deionization occur and above 
which stable operation requires that the grid potential fulfill certain 
conditions dependent upon the frequency, wave form of the grid voltage, 
and circuit constants. It has been found possible to operate certain 
standard thyratrons at switching frequencies as high as several hundred 
kilocycles per second. For these higher frequencies the deionization of 
the tubes is incomplete but normal switching behavior is obtained. 

RID-CONTROLLED gas tubes have received 
an increasing use in recent years as switching 
devices. Because of their low impedance, rela-

tive lack of inertia, and ability to handle large currents 
they have many useful applications. Some of the more 
common are the saw-tooth generator used to supply 
the sweep for a cathode-ray oscillograph and the sub-
multiple circuit which is used to extend the range of a 
mechanical counter or to supply a subharmonic of a 
given frequency. These tubes are also well adapted to 
the production of current surges of short duration 
which have a steep wave front. These may be used for a 
source of harmonics for a carrier-frequency supply or 
to furnish standard frequencies for calibration pur-
poses. They may also be used for synchronization and 
triggering of numerous devices which are not neces-
sarily electronic. 

All such circuits which use gas-tube switching are 
eventually limited in the frequency of operation by the 
time required for the tubes to deionize and to a lesser 
extent by the ionization time. The following is a de-
scription of a series of experiments on a circuit which 
employs a gas tube as a switch at frequencies well 
above those at which these tubes have been used in 

• Decimal classification: 12339. Original manuscript received by 
the Institute, March 11, 1942; revised manuscript received, De-
cember 3, 1942. Presented, New York Meeting, April 1, 1942. 

t Bell Telephone Laboratories, Inc., New York, N. Y. 

the past. Investigations of the deionization of gas 
tubes are usually made under what may be called 
static conditions since the quantity measured is the 
time required for the tube to regain a certain dielectric 
strength after a static arc is extinguished. 1.2 In the 
following experiments the limitations imposed by &-
ionization have been investigated under dynamic con-
ditions and a number of phenomena have been ob-
served which do not appear under static conditions. 
Many of the phenomena, as would be expected, are 
the result of the particular tube employed as well as the 
circuit configuration, but some of the implications art-
general in character. The results of these investiga-
tions have been applied in the use of the circuit as a 
means of generating a group of harmonics with a rela-
tively high base frequency. 

CIRCUIT CHARACTERISTICS 

The general schematic of the circuit investigated is 
shown in Fig. 1 and the currents and voltages in the 
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Fig. 1— Harmonic-generator circuit. 

A. W. Hull and I. Langmuir, "Control of an arc discharge by 
means of a grid," Proc. Nat. Acad. Sci., vol. 15, pp. 218-225; March, 1929. 

2 W. E. Berkey and C. E. Haller, "Reignition potential of hot 
cathode grid glow tubes," Elec. Jour., vol. 31, pp. 483 487; Decem-
ber, 1934, 

66 Proceedings of the I.R.E. 
February, 19-13 


