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Recent developments have indicated the desirability of setting forth
scme of the theory of the loop antenna in 2 non-mathemstical and simple way.
I em gging to attempt to explain the most important properties of these
antennas by means of verbal description. The formal development of the
basic concepts can be found in under;raduate texts. (Slater and Frank is &
good source.) Haven Whiteside pres.='.s experimental results in NR 371-015,

Cruft laboratory Technisal Report H.o. 377.

Thres laws are implicitly or exwulicitly employed in the following
édiscussion: Ienz's Law, that the current induced in a circuit by a change
in the magnetic field flows in such 2 sense as to orpose the change;
reradey's Law of induction, which is really & quantitative statemsnt of
lenz's law; and the boundary condition that the tangentiel electric field

et the surface of a perfect conductor is zero.

As & starting point I choose to consider a loop of perfectly conducting
materiael in space under the influencc of z radiation field. Faradasy's law
nay be stated es follows: The sum of the tangential electric fields around
any closed contour is equal to the negative time rate of charnge of the ragnstic
flux which is enclosed by that contour. A contour enclosed by a conductor
~has no tangential electric field so the first half of our equation is zero
and we conclude that the flux chenge inside the loop is 2lso zero. The
indueced currents exactly rancel any change in the applied field, forming a

wagnelic dipole with nodes in the direction of the loop exis for a planar lcop
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wnicn is small compared to the wavelength of the incident radiation. By

snall I mean that the diameter is less than 0.1 wavelength,

The loop also responds to the electric ccomponent of the inecident field
which lies along any diemeter. Being a conductor and insisting that no
tangential field components exist on its surface, it polarizes itself to
cancel those components. The result is an electric¢ dipole whose nodes lie
on the diameter of the loop in the plane of the inclident electiric field,
and 1s therefore perpendicular to the mognetic dipole. By reciprocity,

these two dipole patterns are the same for transmission, scatterin or
i 2 b4

receiving.

in order to use the loop &s a prooe it is necessary to load it. If a
resistor is inserted into a break in a conducting loop we have a reglon in
waich tangential electric fields cen exist, currents flowing in the loop are
limited by the resistor to give the value of volisgze drop predicted by
Feraday's law, these currents, for practical values of resistance, are
srall enough that thelr magnetic field is negligible compared to the incident
field, and the end result is that we can use the loaded loop to measure fields
quantitatively. The signal voltage is simply equal to the product of the loop
area and the time rate of change of the magnetic field, in MKS units, for

optimum loop orientation.

Sp far, so good, but the simple loop suffers from the disadvantage of
responding to the electric field &lso ir sny orientation in which it has
magnetic sencitivity unless it can be belonced to ground with the feed points
at the dipole node. This is too drastiic & restriction, though it offers a
mode of measurliog nmgnehlc reaspons2 in & push-pull c¢ircuit and electricnl

reaponse in push-imish.  For very smnll loops the electrical senaltivity cnan
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be ignored. The electrical height of a milti-turn loop is not apprecisbly
greater then that of & single turn loop, though its increased capacitance
allows it to drive a line more effectively, while its magnetic sensitivity
is directly proportional to the number of turns. ‘However, voth inductance
and capacitance increase with the number of turns so that the resonant
frequency goes down and the stored energy goes up. For our purposes we
like single turn loops. A 1 m. loop of a single turn of csble may have

e resonance at 40 me, but the stored energy is so low that very little

signal 1s generated by this resonance on a 90 ohm load.

For purposes of determinétion of pulse shape it is convenient—to avoid
the necessity of tryingz to unscramile electric and ragnetic s3ignals by the
Jjudicious employment of shielded Iiops. (I guess 2all I'm really trying to
Go is to define "judicious".) Ia tze siielded loop the loading is a little
more esoteric. It comprises a loc. of coaxial cable with & gap, or some
gaps, in the outer conductor. Iet us confine ourselves to a single gap.
Currents induced in the outer surfezce of the cuter conductor transfer to
the inner surface at the gap and find themselves traveling down the cable.

The load resistance seen by these currents is plainly the characteristic

resistance of the cable. It doesn't matter whether the currents are excited

by the electric or the magnetic field, but the forrer cen be eliminated by
placing the gap at one of the null ooints of the dipole field of the loop.
Tne loop is thus placed with its load gy on a dismeter parallel to the
incident electric field and its axis parallel to the magnetic field.
ringnetically Induced currents go zrcund the loop and don't care where the

gap 1s8. Electrical signals travel up and down and have zeros at the poles.

If we place tho lond gap tuward ur gwny Crom the alenal sourde we

moximize electrical sensitivity. In the Tirst case cirrvents due to positive
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E and positively increasing B add, in the second they oppose one another.
The frequency dependences of the two modes differ, and the result is

severe or trivial distortion depending on the relative size of the loop.

I have said nothing about transicont ef7ects due to the finite time
of transit of signals across the loc» and azround its circumference. These
are of little importance 1f we confine ocurselves to 1 meter locps at

frequencies below 50 mc.

Here are “hiteside's measured values cof the ratio of electric to
magnetic sensitivities of some. singly loadad loops, oriented for mexlmim
electrical response. 4 1ls, of course, the loop diemester and A is the

wavelength of the signsl.

a/n sE/sB
0.1 -2 do
0.05 =95
0.025 -15
0.013 -20

For & 1 meter loop, d/l amounts to 0.1l at 30 mc, and the electrical

signal is 80% of the magnetic signal. The resulting distortion is non-trivial.

Any esrea énclosed by the cables of the system between the gap and the
tie point between the fwo outer conductors is part of the loop. TFor clear-
cut knéwledge of the effective area of the loop it is best to place that tie
point &s shown in Fig. ;, which shows the manner in which a loop might be

installed in an airplane wing or other unlikely location.



In Fig. 1, I illustrate a case in which it is not feasible to bring
the signal leads out either opposiie cr adjacent to the load gap. The
resultant loss of symmetry is only a minor nuisance because it is restored
by adding a little delay to the short leg of the loop. From this figure
one can readily see how the loop can act as a magnetic dipole, a folded
electric dipole, or both. The signal shown on the drawing produces maximum
B and nuil E effects. If the loop is rotated 90° around its axis, both
magnetic and electric sensitivities ere maximum. The loop has no magnetic
sensitivity to & signal traveling normal to thé plane of the paper, but has

maximum electric sensitivity to that signal vhen the electric vector is

in the left-right direction.

This discussion has been conducted on e very inelegant and primitive

'

basis, not in an attempt to insult anybody's intelligence, but in the hope

of not missing any significant factor.
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