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Receiver: The primary signal Hy induces current in.any conductive zone
within the ground. This current produces a secondary electromagnetic field
Hg which is out of phase with, and of different amplitude to, the primary
signal. (Fig. 3.65). Because the primary and secondary fields are alter-
nating signals, the resultant electromagnetic vector traces an ellipse at
any position near the conductor (Section 2.3). The receiver measures two
of the following properties of the resultant ellipse (Fig. 3.66):

Orientation of the minor axis (tilt) =6
Ratio of minor to major axis (ellipticity) = b/a
Amplitude of the minor axis (field strength)

Distribution of main VLF transmitters

Fig. 3.64 Distribution and optimum range of main VLF transmitters.






50°+

149

Tilt (degrees)

Crossover

OO

-50°-

inclinometer

|
I
|
!
l
|
I
l
|
I

— EMI16 VLF Receiver

Signal coil
/ 9

Reference coil .
. Secondary magnetic field
—
_ .

— T TP ——
~
~

~

Ve Elliptical polarization

Survey direction ——————»

olc®@ U o W

Fig. 3.66

\Primary magnetic field

/ _::— Conductor
|
‘ Y
l\ I Induced current
|
\ |
A {
\ |
|
\ |
\
|
AN
N
N
Phase difference
Major axis
Minor axis
Tilt (dip angle of minor axis)
Ellipticity

Parameters of the polarization ellipse. The VL
measures any two of the parameters 6, b, b/a.
anomaly ie shown at the top of the figure.

F receiver
A tilt (9)






151

base station to a convenient number such as 100 %, 200 % or 300 %. It is
most important that no further adjustment be made after commencing a
'loop'. Recent test work in South Africa indicates that signal strength
can vary appreciably over short periods of time (15 minutes) and that even
under the best conditions the amount of time that can elapse before reoccu-
pying a base station is limited to about one hour. This short term varia-
tion is particularly noticeable during the early morning with the transmis-
sion from NWC (Australia) and results from the fact that the transmission
path is in daylight whence the ionosphere-ground surface wave gquide is dis-
torted by the break up of the Heaviside and Appleton layers. 'Recéption
from NWC is at its best in South Africa during the late afternoon and early
evening and surveys using this station alone should be planned accordingly.

Notes: Parameters such as dip angle or ellipticity are largely independent
of field strength variations and as such are preferable for local usage.
Readings should be taken with comprehensive notes being made of any obser-
vable geclogy and cultural features (pipe lines, fences, etc.). Table 3.7
shows an example of a typical field data sheet.

3.4.3 Data reduction and presentation

The original field data should always be plotted as profiles for which the
following plotting convention exists. Both tilt and ellipticity (or field
strength) are plotted along the same profile axis. Because of the asymme-
try of anomaly curves the data are plotted so that tilt anomalies have
negative slopes when traversing from left to right along the profile, i.e.
the operator was facing towards the right hand side of the plotted profile
when reading the instrument (Fig. 3.67). The tilt data can be plotted
either in degrees, or as a percentage of the primary signal. These are
related such that degrees = arctan (percent/100). A topography profile, if
available, should be presented with the tilt and ellipticity profiles.

In areas of rugged topography and where subsequent contouring of data is
required a Fraser filter, (Fraser, 1969) is applied to the dip angle data.
This filter is proportional to the discrete first derivative and affects
the dip angle data as follows:

(a) It causes a 90 © phase shift such that cross-overs over a subsurface
conductor (where dip changes from positive to negative)-and inflection
points are changed to peaks.

(b) It amplifies surficial anomalies, and eliminates random noise by
acting as a band pass filter. )
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Fig. 3.67 Tilt and ellipticity VLF profile results (top) and Fraser
Ffiltered tilt resulte (middle). ,

The filter is applied to each data point along a profile in a direction
opposite to the survey direction. This results in negative cross-overs be-
ing transformed into positive peaks. Only positive values are contoured to
avoid confusion from the flanks of tilt anomalies, though this may result
in the loss of information. Filtering and contouring are in general
applied only to tilt angle data. The band w1dth of the filter has been
optimized for a 20 m reading interval.

The Fraser filter is easily programmed for use with such calculators as the
HP41C and TI 59 and is represented by

F2,3 = +(A; + A)) - (A3 + Ay)









