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ABSTRACT

This report describes the design and construction of an optimized
rectangular shielded-loop antenna employed as the receiving antenna
for reception of VLF (20 kc) standard frequency broadcasts from the
National Bureau of Standards, Boulder, Colorado. The receiving site
is located at Redstone Arsenal, Alabama. This design affords an
approximate 60 per cent increase in effective height with a 3-db in-
crease in terminal output voltage over a conventional loop antenna.
The antenna will tune from 14 to 34 kc and can be optimized at any
frequency within this band with the proper value of gap loading. A
current bibliography of loop antenna literature is also included.
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AN OPTIMIZED ULTRA LOW FREQUENCY
SHIELDED-LOOP ANTENNA

1. INTRODUCTION

Renewed interest in the very low freguency region of the spectrum
was brought about recently when the National Bureau of Standards
Laboratory at Boulder, Colorado, began transmitting standard-
frequency broadcasts on 20 kc, with 15 watts effective radiated power.
A review of the available literature revealed that virtually no work
had been done in this region of the spectrum since the early '"spark
gap'' days. It seemed that subsequent investigators had jumped over
this part of the band. In those days circuit components would have
been so unwieldy that working in that range would have been very
difficult,

Now that component technology has provided much smaller compo-
nents, it is logical that good techniques previously developed in the
1920's and 1930's be reviewed for possible reapplication. This design
came from the '"lost art'" and is based on a paper”~ by R. E. Burgess.

A shielded loop is indicated in view of the expected high ambient
noise level in the 20 kc region of the spectrum.

II. DISCUSSION

The general loop analysis is treated comprehensively in other
literature and is omitted here. A conventional shielded-loop antenna
utilizes an open circuited shield and usually has an insulator to pro-
tect the inner loop winding. The concept presented here utilizes
capacitive loading of the gap to effect an increase in the loop output
voltage. The following assumptions are made regarding the voltages
induced in the screen and loop, and the mutual currents so produced:

A. The screenand loop each have an induced e.m.f. independent
of the other, and proportional to the area turns and magnetic intensity
perpendicular to the plane of the loop/screen--the gap (point at which
the screen is separated) being sufficiently small not to affect the
screen voltage.

B. The screen and loop are inductively coupled only, the coupling
being expressed by mutual inductance M.




C. The linear dimensions of the screen are small compared to
a wavelength, and the currents in the screen and loop can be con-
sidered uniform. (Without this assumption the treatment requires
application of transmission line theory.)

Considering the aforementioned assumptions, the equivalent cir-
cuit is as shown in Figure 1. Z] and Z) are the total impedances
around the screen and loop circuit. «] and 4 are the induced e.m.f.'s;
the corresponding instantaneous currents are i] and i. The close
proximity of the screen increases the self capacitance, and thus the
self resonant frequency of the loop. Conventional loops minimize this
effect by running the loop wire centrally in the screen, which is usually
aluminum or copper tubing. A shielded loop can be optimized by using
the maximum number of turns and still have the self resonant frequency
sufficiently high (approximately twice the operating frequency). By
application of gap loading, a value of x¢ can be found that will be
reflected into the loop as xy, by transformer action. This is effec-

tively an increase in loop turns. An increase in output voltage will
result since:

io = he x (applied field volts /meter)

and:

he (effective height) = EE—N}\Z—é (1)
where:

for A <<0.001 A%

A = mean area per turn

N2 = number of loop turns

A = wavelength

The ratio of e.m.f.'s, 7~ is denoted by N and is assumed real.

This ratio approaches the value N as the cross section of the screen
decreases.




The Kirchoff equations for the two circuits are:

screen

by = Z1ip + jwMip (2)
loop

Ly = Ny = Z2ip + jw Mij (3)
where

w = 21 frequency (4)

The solutions for the currents are:

screen oM

‘ Zp - jwNM ) = Zy 47

1=k S T (5)
WM + 2122 z; + w2m2

)

loop M
jw
. NZ1 - joM L - Z1 29 (6)
2,2
+
WM + 2122 Zy + 2N
&

iz=f,

In the second form of each current the numerator is the effective vol-
tage and the denominator the effective impedance. In the numerator
of equation 5, 42 corresponds to the original field and -j “/“1;/1 «1 to
the secondary field produced by the screen. ’

Mutual inductance M may be defined as the linkage between the
loop and the magnetic flux produced by the unit current in the screen.
Since each loop turn links with screen flux, this linkage is equal to
(number of turns) x (flux produced by the unit current in the screen);
therefore:

M = N L] or K2L = N2 Lj (7)




where K is the coefficient of coupling between the screen and loop,

L] and L, respectively. K may be calculated since at these frequen-
cies mutual inductance M can be determined with an inductance bridge.

M = L aiding - L opposing
4

(8)

Measuring the total inductance of the primary (screen) and secondary
(loop) inductances in series aiding and then in series opposing, K may
be found by:

et (9)
Y

The optimum gap load value of Cj is given as:
2

1+KP
; _c L-Kyg2+p
t.
1 op 1 - K2 (10)
where:
C = value of capacitance required to tune the screen to fre-

quency of interest.

.Q _ Q of screen ckt,
Q, -~ ~Qof loop ckt. (11)

v
f

III. RESULTS

Figure 2 provides a convenient method of determining actual values
of the many variables encountered in this design. The loop inductance
Lj, Qj of the screen, Q> of the loop, self resonant, distributed capa-
city, optimum value of gap loading, and increase in pickup due to gap
loading have all been measured using this test arrangement.

Figure 3 shows the physical configuratiou of the shielded loop
antenna and some of its construction details.

Figure 4 is an aerial view of the receiving site. The optimized
shielded-loop antenna can be seen mounted between the telephone pole
on the right of the photograph. The antenna is oriented so that the
maximum of the radiation pattern is directed toward Boulder, Colorado.

Figure 5is a close-up photograph of the moulded plastic gap with
the loading capacitors and the lighting protection mounted. The




lighting protection consists of a needle spark gap set to protect the
capacitors. The spark gap is adjusted for a clearance which is de-
pendant on the working voltage of the capacitors used for loading. The
details of the moulded gap and its construction are given in Figure 6.
The gap loading capacity versus loop output voltage is shown in

Figure 7. From these measurements, the optimization by gap loading
is confirmed. The optimum number of turns is determined by mea-
surements plotted in Figure 8.

These measurements can be accomplished by approximating the
shield with aluminum foil and laying the loop out on the ground. The
ground will not effect the self resonant frequency since it is already

shielded at ground potential with the foil. The data are taken as the
number of turns is increased.

In Figure 9 the final loop design parameter measurements provide
a series of conditions which are plotted so that a condition number can
be given to the choice of a particular operating point. Condition No. 13
was given to this design; the gap load was 0.2 microfarad, Qp is 18,2,
the loop inductance is 9.5 millihenrys (no gap load), with gap loaded
the loop inductance is 24 millihenrys, the capacitance required to
resonate the loop at 20 kc with the gap loaded is 0,003 microfarad,

and a 3.92-db gain over a conventional shielded-loop antenna was
realized.

IV. CONCLUSIONS

This design was fabricated and utilized with a 20 kc WWVL receiv-
ing system designed by the Radiation Branch of the Electromagnetics
Laboratory, AMICOM, The system was operated successfully by
receiving and recording signals broadcast from the National Bureau of
Standards 20 kc WWVL station located at Boulder, Colorado.
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Figure 4. AERIAL VIEW OF RECEIVING SITE
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Figure 5. GAP LOADING MOUNTING ARRANGEMENT
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