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I'{EASIREI'{ENTS OF EMISSTONS FROM TORNADO I'{ODEIJ

PRODUCTS LTD LOOP TRANSMITTER T)PE 2-I

1. I}ITRODUCTION

The Tornado Model Products loop transmitter operating on 137 kHz has been
examined to determine compJ-iance wittr Subpart D para t5.l1L of the FCC
Rules relating to Low Power communication Devices operating at frequencieq
below 15oo kHz. This folrows the originar series of tests carried out in
september 1.979 which was reported on in ERA Test Report No 5o43/lx7/L.
Further tests h/ere regarded as necessary and this present investigation
was devised to satisfy a1r inquiries relating to the original measurements.

According to the manufacturerrs informati-on, the loop sizes vary from
small loops of 10 x I feet to the largest loop of about 5o feet diameter.
The smaLlest loop is the onLy one which is likely to be elevated above
ground.

Several loop sizes and configurations have been
measurements have been mad.e at various distances
at selected points around, the loop.

qramined and fieLd strength
fron the Loop centre and

In addition, measurements have been mad.e of
harmonics and also of the dependance of the

: voltage and tuning.

2. TEST I\4ETHoD

Owing ao. *: presence of background

lt was not possible to measure the

the distribution of transmitter
fundamentaL radiation on supply

noise due to remote broadcast transmitters
fundarnental radiation at 137 kHz at

Measurements of r.f. raaiatiJn were made at the ERA open field test site at
Leatherhead England. The measurements were made using a schwarzbeck FSI,IE r5I5
E.F. interference measuring receiver in conjunction with a Stoddart g22ao4
screened roop aerial; detaiLs of the measuring equipment are given in
Appendix A.

2.L VarLation of field strensth vrith distarnse.
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distances greater than 50 metres from the centre of the 1ooprand therefore
a calcuLation of the field at 3OO metres was necessary.

The rate of reduction of fietd intensity with increasing distance was

therefore necessary in order to make an accuxate extrapalation to greater
distances- To this endrmeasurements of fieLd intensity were mad.e at several
distances from two different loop configrrrations-, a 10 x B foot loop and a
46 x 46 foot loop. The magnetic field intensity hras measured at 5 distances
away from the former loop,and 7 distances away from the latter, sufficient
to establish a uniform rate of decay.

2.2 Loop Ori.entation

Measurements were made for the Io :< 8 foot J.oop both rvhen it vras laid on
the ground, and when elevated to a horizontal plane 4 feet above the

' ground on a rotatabLe turntable. The fiel-d strength was monitored vrhilst
the loop was rotated through 35Oo about a vertical axis.

For the 46 x 46 foot loop measurements yere made at points 30 metres_ from
thti centre of the loop,which were separated by angJ-es of 9oo and
corresponded to East, North and west directions from the loop.

2.3 Loop gogfigurations

rn addition to the square 46 x 46 foot Ioop, having approximatery the
same area as a 50 foot diameter circle which is the }argest J-ikely to be
encountered vrith this system, two other configurations of loop were tested.
one comprised two loops of 23 x 46 feet, and the other three J-oops of 15 x 45
feet. For each configuration the transmitter vras trined to obtain maximum
carrrent through the J-oop wiie.

2.4 Harmonic Emissions

.. Measurements were made at 5 metres from the 1O x 8 foot J-oop of aL1 :the
emissions from the loop which incLr:ded hamonic frequency emissions up to
the 28th harmonic at 3.83 MHz.



2..5 Additional Tests

Measurements were also made of the field intensity due to the 46 x 46 foot
loop at the fundarnental frequency for the conditions when the transmitter
tuning was adjusted to reduce the output current in the loop to about half
of the resonant current.

Measurements were also made of the field intensity when the supply voltage
vras varieC over the range B5B to 1O4? of nominal.

3. RESULTS

The measurements of magnetic field are expressed in terms of the equivalent
plane wave electric fielC i.e volts/metre = amps,/metre x 377. The readings
corresPond to the rms value of the sine wave required to obtaj-n the sarne

resPonse on the indicator at the tuned frequency. For continuous wave

signals, as we have in this case, the time constants at the detector and
the meter play no partrand th.e response on the Schwarzbeck receiver is
identical to that obtained with,an"averagert or ,,peak,, reading meter.

3.1 
lance

Figure I shows the dependance of field intensity wit} distances for the
two loopsr 15 x B feet and 46 x 46 feet. The best line ttrrough both sets
of points gives a dependance on distance of about d - 4-2, (g4dB down per
decade of distance), tl.is where botlr loops are laid out on the ground.
For a 100p in free space, i.f not near ground, we would, expect the rate of
decav in the near field to be d-3 (60 dB down per decade of distance). For
loops whlch are on the groundr'it would be expected for considerable
dissipation of radiated energy in the ground to take place with an increased
reduction in field strength, for which a rate of about d-4 is not,
unreasonable, and is consistent, with our previous experience of systens
of this nature.
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For loops on the ground we can

-B4dB to the field strength at
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therefore apply wittr confidence a factor of
30 metres to give the field at 3OO metres.
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This would only apP1y in the frequency range up to aboqt L6o k1z, where all
the distances are less than one sixth wavelength and the near field
extends to 3OO metres.

Eor the eler.,ated, ,o"n; which approximates more closely to free space
conditions, hre have appried a - 60 dB factor which is fairry severe

' approach (without any but theoretical justification) , but should provide
a worsL case figure.

3.3 Lo_op C-onfiguratiot

Tabre I shows the comprete set of resurts of measurements on the five roops
oramined, together r*ith the calculated value of field at 3oo metres. For
tfie -'l-o x 8 foot loop there was a 6dB (2 : 1) increase in fieLd shrength
when the loop was ralsed to 4 feet above the ground. For this erevated
condition the - 60 dB factor has been appliecl to the most meaningful
measurement to obtain a worst case figure.

For the uniform loops on the ground,, the field strength varies approximately
according to the area of ttre loop. Ehe two segrmented loops ga,re field
s'urength which were IO dB (3 : 1) down on the 46 x 46 foot uniform looprl
which gave the highest figures of 4 dB (UV./metre) 1.e. .I.6 (UV,/metre).

Fign'rre 2 shows the fLelds at' 3@ metres for all the roops when comparec with
the limits of Para 15.111 of subpart D. All these varues come welL d,o,arn

below the limit and the margin in all cases was in excess of 2odB i.e.
less than 1 of limtt valuerand compl-ete compliance with the requirements
of FCC 10 *r1u" was obtained under all conditions.

rt is also probable that the fierd strength wourd be even rower if the loop
were to be totally iirunersed in water. The propogation of the wave through
a conducting medium would result in significant attenuatLon which wouid onry
reduce the signal at 3OO metres.
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3.4 Harmonic Emissions

Table 2 shows the relative magnitudes of the measurable harmonic emissions.

The second harmonic was more than 5odB down on the fundamented, the third
lras more than TodB down, and aII others less than SOdB down.

Using the figures in Table 2 and the ratio of field intensity obtained

. between the 46 x 46 foot and 1O x B foot loops of 35 dg(56:1), an estj-mate

of the field strength at 30 metres of the 9th harmonic at 1.33 MHz, for
the 45 x 46 foot loop is 3 dB (UV/metre) i.e l.4UV/metre;which is 22dB

beLow the ECC lirnii. Al-I other harmcnics above 5OO kllz rvere at least
4dB less than this vaIue, and other iocp configurations would be at least
14dB down.

3.5 Additional Tests

TabLe 3 shows the results of detuning the 46 x 46 foot loop; reductions

of 5dg and 4.5 dB were obtained in fieLd strength at.30 metres when the

"I-oopcurrentwas.reducedbyddJustmentofthetransmiLEertuning
component

The variation in the supply voltage (Table 4) produced no changes in fleld
strength; the transmitter was operating from a regrutated d.c. supply and

no variations in output wouLd be expected.

l'leasurements of field intensity on the receiver used with the transmitting
system showed no identifiabLe signals in the freguency range 1oo kHz to
io mr, with the measuring system at its highest sensitivity.

4. CONCLUSIONS

The assessment of radio frequency emissions from the Tornado Model Products

transmitter Type 2 -1 has shown that for ttre worst case conditions i.e
largest Loop area and optimum orientationrthe maximum field strength of the

fundamental radiation was 1.6 UV/metre at 3OO metresrwhich completely
complies wittr the FCC Rules Subpart D Para 15.111- limit of L7.5 UV/metre. ' ,
SimiJ-arly, all harmonic radiation levels complied witJ: the relevant limits

. by a sinilar margin of over 2OdB.




