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TOTEM-2A

HERZ TOTEM-2A

Multi-Channel VLF Electromagnetic
Continuous Measuring Survey Instrument

Airborne VLF data are mainly used for the in-
terpretation of large scale geological features
such as faults and conducting rock units. Un-
der favourable circumstances smaller con-
ductors such as those due to sulphide miner-
alization may be revealed. VLF data are re-
garded as an excellent, cost-effective com-
plement to airborne magnetic data.

The TOTEM-2A receives the magnetic com-
ponent of fields radiated from VLF transmit-
ters in the 15 to 25 kHz frequency range (op-
tionally, 10 to 30 kHz). These transmitters are
located around the world for the purposes of
navigation and communication with subma-
rines. The parameters normally measured
are the change in total field and the vertical
quadrature component, and the total field
gradient from dual sensors. The sign of the
quadrature polarity is also recorded.

A TOTEM-2A system includes a sensor com-
prising three mutually orthogonal air-coil or
ferrite-cored coils and a pre-amplifier mount-
ed on an assembly, which can be placed in-
side an aerofoil (either a stinger or towed bird
with 4.5-inch (114-mm) inside diameter). A
cable connects the sensor to an electronics
console which provides outputs for analogue
or digital acquisition systems.

The TOTEM-2A employs highly unique digital
and linear integrated circuits to implement the
functions of crystal-controlled phase-locked
loop frequency synthesizers, dual frequency
heterodyne conversion and proprietary time
domain sampling vector computation tech-
niques.

Simultaneous dual frequency operation en-
sures that transmitters can be selected to
provide good coupling with conductors of any
orientation. The gradient mode measure-
ments enhance interline contouring and de-
lineation of multiple conductors.

Because of its simplicity, size and ease of
operation, this VLF system is an ideal add-on
to existing airborne geophysical exploration
systems.
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Outstanding Features

Automatic Measurement of two VLF
Stations

The TOTEM-2A can be configured to meas-
ure two VLF transmitting stations simultane-
ously, which results in greatly improved data
quality for two important reasons. First, the
likelihood of finding conductive bodies that
strike in different directions is enhanced.
Secondly, responses from more than one
transmitter can be correlated to verify the re-
sults of each measurement, thereby resulting
in better confidence in the data and thus bet-
ter interpretations.

TOTEM-2A VLF Nose Stinger
(Photo courtesy of Tundra Airborne Surveys Ltd.)

Accurate Frequency Selection

The frequency of the Line and Ortho chan-
nels can be selected individually by means of
three digital thumbwheel switches, in 100 Hz
steps, throughout the full range of 15.0 to
24.3 kHz. Optionally, through special hard-
ware customization the range can be extend-
ed to cover 10 to 30 kHz.

Wide Signal Bandwidth

As VLF stations are located at 100 Hz incre-
ments, the acceptance bandwidth around the
nominal frequency is sufficient to accommo-
date modulation plus some offset without
causing severe modulation noise.

Detects Geological Strikes in Almost
any Direction

The TOTEM-2A has the capability to detect
conductors with strikes in almost any direc-
tion due to its efficiency in operation making it
feasible to read two transmitted signals.

Quantities Measured by the
TOTEM-2A

The TOTEM-2A VLF can process simultane-
ously dual frequency information from each of
two spatially separated sensors, thereby
permitting gradient measurement at two pri-
mary field azimuths.

Primary Fields

The horizontal magnetic field component Ho
of the propagating field from VLF radio
transmission stations is utilized by the
TOTEM-2A as the source of primary excita-
tion. This component continues to exist be-
neath the earth’s surface as Hd, decreasing
at a rate dependent on the ground conduct-
ivity.

Secondary Field

Conductivity variations in the horizontal
plane, due to localized mineralization or other
geological structure, causes a secondary field
to be generated.

The TOTEM-2A avoids the need for inde-
pendent orientation and amplitude or phase
reference, by effectively measuring the
change in magnitude and the ellipticity (polar-
ization) of the total field (primary plus sec-
ondary).

Because anomalous secondary fields are
generally quite small in comparison with the
primary field, these measurements equate
very closely with measurement of the in-
phase horizontal and quadrature vertical sec-
ondary fields.



The nominal 100% primary magnitude is de-
termined in an anomaly free zone.

To avoid interference from aircraft or bird roll,
pitch and yaw, it is necessary to make field
measurements with an orthogonal (xyz) array
of three antennae.

The three directional antennae components
are designated as Line, Ortho and Erect:

Line couples maximally with a field in the
nominal direction of flight (in-line with flight).

Ortho couples maximally with a field in the
nominal direction at 90° to the direction of
flight (orthogonal to flight).

Erect couples maximally with a nominally
vertical field.

The field parameters which are actually com-
puted by the TOTEM-2A are determined rela-
tive to the principal axis signal, which may be
designated as either Line or Ortho.

The TOTEM-2A can process VLF signals
from two primary field azimuths simultane-
ously, one in each of the two principal axes.
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Parameters Measured

Total Field

The change in magnitude of the vector sum
of the principal axis field and the in-phase
components of the other two orthogonal
fields.

(100% primary field magnitude is considered
to be above the absolute magnitude of the to-
tal field established in an anomaly free zone.)

Vertical Quadrature

Magnitude of that component of the Erect
axis field in quadrature with the principal axis
field.

Horizontal Quadrature

Magnitude of that component of field, on the
Line or Ortho axis orthogonal to the principal,
in quadrature to the principal axis.

Gradient

As the TOTEM-2A can process VLF signals
from two spatially separated sensors simulta-
neously, it can therefore perform gradient
measurements.

Gradient is defined as the difference in mag-
nitude of the total field at the lower sensor
with the total field at the upper sensor. Total
field is by definition independent of sensor
orientation; hence the magnitude of the gra-
dient anomaly will not be modulated by rela-
tive misorientation between upper and lower
Sensors.
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PRIMARY SOURCE

Magnetic field component radi-
ated from VLF radio transmitters
(one or two simultaneously)

PARAMETERS MEASURED

Total field, vertical quadrature,
horizontal quadrature and gradi-
ent

FREQUENCY RANGE
15 kHz to 25 kHz - standard

10 kHz to 30 kHz - optional
(Consult RMS Instruments;
thumbwheel frequency settings
will imply an offset.)

Front-panel selectable for each
channel, 100-Hz steps

SENSITIVITY RANGE

130 mV m to 100 mV m at 20
kHz, 3 dB down at 14 kHz and
24 kHz

VLF SIGNAL BANDPASS

-3 dB at £80 Hz; < 4% variation
at +50 Hz

ADJACENT CHANNEL
REJECTION

300 to 800 Hz: 20 to 32 dB

800 to 1500 Hz: 32 to 40 dB
> 1500 Hz: 40 dB (for < 2%
noise envelope)

TOTEM-2A SPECIFICATIONS

OUT OF BAND REJECTION

10 kHz to 2.5 kHz: 5 x 104 Am
to 5 x 10" Am; < 2.5 kHz rising
at 12 db octave

30 kHz to 60 kHz: 5 x 104 Am to
8 x 103 Am ; > 60 kHz rising at 6
dB octave (for no overload con-

dition)

OUTPUT FILTER

Time constant 1 sec for 0% to
50% or 10% to 90%, noise
bandwidth 0.3 Hz (second order
LP)

INTERNAL NOISE

1.3 mV m rms (ambient noise

will exceed this)
ELECTRIC FIELD
REJECTION

< 0.5% error for 20-m tow cable

SFERICS FILTER

Reduces noise contribution of
impulse interference

CONTROLS

Power switch

Frequency selector switches
(Line and Ortho)

Meter switch (Total / Quad)
Sferics filter switch

DISPLAYS

Meters (Line and Ortho)
Sferics light
Overload light

INPUTS

Power:
231t032VDC
0.5A, fused

Signal:

Sensor upper
Sensor lower

OUTPUTS

a) Total, Quadrature, Multiplexed
(Tot & Quad), Gradient (option-
al) — Line & Ortho channels
Span: £1.0V

b) Audio monitor, stereo line and
ortho; approx. 3 Vp-p

DIMENSIONS AND WEIGHT

Console:
480 x 45 x 340 mm
(19x1.75x13.4in)
19-inch (1U) rack mount
3.8kg (8.31b)

Sensor and Preamplifier
Assembly —
Air-coil: 110 x 490 mm
(4.3x19.3in)
2.5kg (5.51b)

Ferrite (Optional):
110 x 570 mm
(4.3x224in)
15kg (3.31b)

ENVIRONMENTAL

Operating temperature:
Console: 0 to 50°C
Preamp/Antenna: -10 to 50°C
Storage temperature:
—40 to 70°C
Relative Humidity:
0 -99% non-condensing
Altitude:
0-20,000 ft

Specifications subject to change without notice
January 2024

For additional information on these and other products, contact:
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6877-1 Goreway Drive
Mississauga, Ontario
Canada L4V 1L9

Tel: (905) 677-5533
Fax: (905) 677-5030
Web: http://www.rmsinst.com

e-mail: rms@rmsinst.com
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