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FREFACE

This Record comprises two equipment handbooks
written for two associated instruments designed and
constructed within the Engineering Services Branch of BMK:
the MPE—-1 Photo-electronic Magnetometer and the MCC-1}
Magnetometer Controller.

One system, comprising two MPE-1 units and one MCC-1
is to "be installed at the Mawson (Antarctica) Magnetic
Observatory during 1983. A second system will also operate
during 1983 at the Canberra Magnetic Observatory, where
long-term performance will be assessed; it will then be
installed on Macquarie Island. :

The MFE-1 design principles may have other
applications --- for example, in measuwing the vertical
magnetic field in a magnetotelluric system; this is to be
investigated.

Contributions to the development of these
instruments by - the following BMR staff members are
gratefully acknowledged: ‘ '

F. McGregor, of the Observatories Section, requested
the instruments and assisted with many helpful discussions.
Within the Engineering Services Branch, initially D. Gardner
and later G. Black played a major part in constriction,
testing and debugging; D. Stevens and R. de Graaf designed
and fabricated the mechanical components, and R. Gan with
K. Mort " produced the drawings, printed circuit artwork and
parts lists. ’ '
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GENERAL . DESCRIPTIDN AND PERFORMANCE bPECIFICATIDNS

1.1 GENERAL DESCRIFTION

: The. MFPE-1 measures variations in any specified
horizontal component of the earth’™s magnetic field, using a
QHM (Quartz Horizontal Magnetometer) in an electronic
feedback loop which backs off the variations, thus keeping
the @HM magnet in a null position. :

The position of the OHM mirror is sensed optically,
using a light-emitting diode (LED) 1light source -and a
lateral—-effect photodiode detector. The amplified detector
signal causes & current to flow in a Helmholtz ceoil around
the @HM, thus backing off the field changes. The voltage
giving rise to this current is therefore a measure of the
field component and forms the output of the MPE-1.

' J

This system has the advantage that @HM magneto-
meters, already owned by BMR and having known histories and
characteristics, can continue to be used in data acquisition.
systems requiring electronic inputs. Also, the dis-
advantages of photographic recording are eliminated.

A Type 1 control loop is used, which means that
there is essentially no error in the null position of the
magnet for any steady-state field within the range of the
instrument. Electronic compensation, necessary for control
loop stability, gives a relatively rapid time response
without overshoot, and a frequency response without peaks.

Figure 1.1 is an annotated photograph of the MFE-1.
The entire system mounts on an acrylic base plate measuring:
&00 mm % J00 mm x 20 mm. The electronics” assembly,
comprising the light source, the detector and a
15.e¢m x 153 em. printed circuit board, is housed in & diecast
box mounted at one end of the base. The 8HM and Helmholt:z
.coil system mount at the other end. Ad justments are
provided for mechanical and opt@cal alignment.

‘The @HM is unmodified'éxcept for the addition of a
biconvex crown glass lens 2% mm diameter, 275 mm focal
length) and its retaining ring. Also, a small keeper block
is installed in the torsion head to prevent the fibre holder
from falling through its clamp when the clamp is loosened to
allow the quartz fibre to be torsioned. This operation is
necessary to orient the magnet at rlght angles to the field
component being measured.

A The Helmholtz coil system was previously used, for
scale-value and orienting: functions, with La Cour
variometers. The system comprises two orthogonal Helmholt:z
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coils (radius 11.2 CM); each rewound " with 12;turhsipér

section. The feedback coil has its axis across the base;
the axis of the  orienting coil is parallel with the long
edge of the base. . A separate single turn is wound under
each of these <coils. The one under the feedback coil is

used for scale- »alue (calibration) checks; the other is not
used. o

A1l suwfaces likely to give undesirable light
reflections are painted matt black. )

In a normal observatory -installation, two MPE=1
units measuwre orthogonal field components. . A separate
instrument, the MCC-1 Magnetometer Controller, supplies plus
and minus 15 volts d.c. (from 240-volt mains) to both MFE-1
units, and also provides the necessary orienting current and
scale—-value current facilities. The MCC-1 is fully
described in a separate handbook.

The MPE-1 was entirely designed and constructed in
the Engineering Services Branch of BMR.



-
o

Flus and minus 1 000 nT referred to initial
reference field.

OUTFUT

Analogue, 10 mV/nT, bipolar, into a high impedance.

RESOLUTION
Limited by noise level. Better than 0.04 nT has
been observed during periods of magnetic and seismic
quiet. Basic instrumental noise is not vet
determined.

TRANSFER FUNCTION (normalized wrt'QHM natural frequency)

CONSTANT FOLES gERDS
1 920 -0,32 -0.87
-2.40 + j2.473 -0.96
-2.40 - j2.43 '
-8.90
=29.8

FREQUENCY RESPONSE

For a GGHM with natural period T seconds, the MFE-1
response with reference to a steady field (0O dB) is:

approx. 3.7 dB down at f = 1/T Hz,
0 13. 8 n n n _F — SIIT "
. 17.2 " " "of o= 1T ",

The wultimate roll-off is —18 dR/octave (equivalent
to —-460 dEB/decade). :

STEP RESFONSE
For a BHM with natural period T seconds, the
104 to 0% rise-time is 3.2T seconds.
The output is overdamped (no overshoot), and settles
to within 14 in 8T seconds.

FOWER SUPPLY

.Cc. at 70 mA (typ.), 1746 mA (max.)
£, at S5 mAa ¢ ., 124 mAa "
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2. BLOCK DIAGRAM DESCRIFTION

Figure 2.1 shows the MFE-1 block diagram.

Light from the light-emitting diode (LED) is chopped
at a&about 220 Hz. The light passes through the lens on the
GHM and 1is reflected by the BHM mirror back through the
lens, coming to & focus on the lateral-effect photodiode
which produces a differential current output dependent on
the distance of the light spot from the centre of the photo-
diode. A pair of low-noise transresistance amplifiers with
gains of -1 V/uA convert the photodiode currents to
vol tages. ‘

g The position sensitivity of the photodiode depends
on the praoduct of the light-spot intensity and the
photodiode responsivity. In order to keep this product
constant, regardless of component replacement or aging, the
transresistance amplifier outputs are summed and half-wave
demodulated to give & d.c. signal proportional to the
intensity—-responsivity product. This signal is summed with
a preset voltage reference, the sum forming the input to an
integrator which drives the LED. The resulting negative
feedback loop ensures that the demodulated d.c. signal
remains equal and opposite to the reference voltage, so
keeping the intensity-responsivity product constant. Thus -
the loop—gain of the overall magnetometer feedback loop. is
independent of the optical devices. -The LED drive circuit
is enabled at a 220-Hz rate by the chopper oscillator, thus
chopping the light beam. '

A unity-gain differential amplifier subtracts the
transresistance amplifier output voltages to give a 220-Hz
square-wave signal with sign and magnitude determined by the
direction and distance of the light spot from the centre of
the photodiode. Subsequent a.c.coupling eliminates the
effects of d.c. drift in the high-gain input circuits.
After further amplification -(by one hundred) in an a.c.
coupled amplifier; the signal 1is converted to d.c. by a
full-wave synchronous demodulator and is amplified by a d.c.’

- amplifier having adjustable gain. This adjustment ensures
that the desired loop gain is attained, irrespective of QHM
characteristics. The open-loop gain is set so that a

variation of one nanotesla in the field being measured
causes & change of thirty—-three millivolts in the output of
the d.c. amplifier. '

For essentially zero steady-state error, the control

loop requires an integrator; this follows the d.c.
amplifier. Associated with the integrator is a lead-lag
compensation network —-—— one of two needed to combine the

desired response .characteristics with an adequate stability
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margin. EBoth compensation networks are adjuétébié to allow
for differing @HM characteristics.

Analogue . output for a chart recorder or for a data
acquisition system is taken from the integrator stage via a
unity—-gain buffer amplifier. The nominal output
sensitivity is 10 mV/nT and the tange is plus and minus
1 000 nT. ’

The feedback path comprises the second lead-lag

compensation network, the Helmholtz-coil driver (nominal
transconductance -1 mA/V), and the Helmholtz coil, which
- produces the feedback field to null the measured field and
has & coil constant of about 94 nT/mA. The combined
response of the Helmholtz coil and its driver can be set, by
an adjustment in the coil driver, to be 100 nT/V, thus

Setting the output sensitivity to 10 mV/nT.

A three-position loop switch, between the second
compensation network and the coil driver, is used in the
setting-up procedure. Normally the loop is closed, but the
loop switch may be used to open the loop or to connect a
test souwrce to the opened loop for initial coil-driver and
loop—gain adjustments.

The 220-Hz (nominal) chopper oscillator supplies the
- reference signal for both demodulators, and also the signal
which chops the LED drive current.



3. OFERATION

The MPE—-1 is intended to be used with the MCC-1
Controller, which has provision for two—-component operation,
i.e. two MFE-1 units, each measwring a specified horizontal
component of the earth’s magnetic field.

Normal practice is to set up the MFE-1 units in a
magnetic observatory, and the MCC-1, together with a. local
chart recorder if required, in an anterocom sufficiently far
from the magnetometers to avoid magnetic interference. (A
remote recorder may also be connected via the MCC-1).

, Special requirements for the MFE—-1 are a darkened
room and & pier or support free from vibration ——— the GHM
suspension acts as a pendulum if disturbed mechanically, and
causes the output to be modulated. See Section 4.6 for a
cautionary note against locating two MFE-1 units where they
can interact magnetically or optically.

Section 4 describes in detail the setting-up
procedure for the MFE-1. Once this has been done,
operation is straightforward,. The following precautions

‘should be observed:

1. Do not allow magnetic materials near the MFE-1;
they could cause the OHM magnet to flip to the
wrong orientation ——— see Section 4.6.

2. If, for any reason, the light spot is deflected
off the active surface of the photodiode, it is
unlikely to return to the null position.
Therefore, large rapid field changes, or
momentary power failures, which could cause
this, should be guarded against. To recover,
open the feedback loop and allow the magnet
oscillations to decay before closing the loop;
if the magnet has flipped, proceed as in
Section 4.6.

Small oscillations on the output are usually caused
by mechanical or seismic disturbances. Other possibilities
include feedback from the local recorder pen motor, and
beats caused by the light from one MFE-1 being detected by
the photodiode in the second MPE-1 (it is unlikely that the
chdpper frequencies in the two unite will be the same, so a
beat will occur at a frequency equal to their difference).

The MCC—-1 provides scale-value pulses. Regular -
inspection of the amplitude and rise—~time of the pulses at
the MPE-1 output will reveal performance abnormalities.
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The electronic control loop is not expected to
contribute a significant temperature coefficient compared
with the known coefficients of OHM magnets. If it is
desired tg reduce temperature effects, a non—-magnetic
thermally insulated cover should be carefully placed over
the MFPE-1 unit. This would also serve as a light shield.
The inside of the cover must have a matt black or otherwise
non-reflective surface.



4. SETTING-UF FROCEDURE

This description is comprehensive in that it applies
te the initial installation of a newly constructed system.
For a previously aligned system some steps are obviously
unnecessary and may therefore be omitted; however, the
sequence of the remaining steps should conform with the

sequence -given in this description. Unless indicated
otherwise, the setting-up may be performed in moderate
ambhient 1light. For a two-component system it is more

practical to set up both components together than to set up
one component completely and then to repeat the whole
procedure for the second component.

4.1 EQUIFMENT REQUIRED
Controller, BMR Type MCC—-1 (part of installation)
CRO with two-channel summing capability
Digital multimeter (DMM)
Bubble level, circular
Tommy-bar, non-magnetic, for adjusting GHM torsion
Measuring scale, non—-magnetic .
White card with vertical black line for observing

light spot
Screwdrivers, various sizes
Stopwatch
4.2 HELMHOLTZ COIL SYSTEM

The Helmholtz coils are adjusted for height and
levelled with respect to the base during construction.
Should re—adjustment ever be necessary, there are adjusting
screws (with locking clamps) on each of the four sides of
the coil assembly.

To assist with system alignment, the feedback coils
are parallel to the longer edge of the base, i.e. their axes
are at right angles to this edge. Nominal alignment
tolerance 1is 1/4 degree; this should be checked when
initially setting up.

4.3 QHM HEIGHT

The @HM should be transported in its own transit
box. To mount it, first undo the single set-screw in the
side of the polycarbonate mounting pillar on the MPE-1 base
and remove the sliding section. Ensure that the GHM is
clamped and remove it from its transit box. When mounted,

the blackened lens retaining ring must face the electronics



assembly. Fasten the 0OHM to the sliding section of the
mounting pillar with two screws, working from the underside.
Replace the assembly on the fixed part of the mount and
tighten the set-screw.

Unclamp the G@HM. With a measuring scale, check
that the @GHM magnet is vertically centered in the coil
system. If adjustment is necessary, clamp the @HM and
loosen the set-screw. Raise or lower the @HM by the

necessary amount and tighten the set-screw.

4.4 OPTICS ——— INITIAL SETTING

Unclamp the ©GHM and measure, from the base, the
height of the horizontal centre-line through the G@HM mirror.
Clamp the @HM. Ad just the vertical position of the plate
holding the LED and the photodiode so that the LED emitter
and the active surface of the photodiode are equidistant
above and below the mirror height. ({Note that the LED and
photodiode are nominally 100 mm apart.)

Ad just the lateral positions' of the LED and the
photodiode for symmetry with respect to the @HM.

Check that the four nylon screws which clamp the
electronics assembly to the base are located in the rear-
most of the three sets of threaded holes in the base.
Loosen these screws and move the entire assembly so that the
screws are central in their adjustment slots. Re-tighten
the screws.

4.5 OPTICS —-- COARSE ADJUSTMENT

Using a circular bubble level, ensure that
the @HM is vertical by checking and adjusting the levelling
of the base. Check this at several places around the coil
system and estimate an average level position if there are
discrepancies caused by the base sagging or warping.

Connect the MPE-1 to the appropriate channel (X or
Y) of the MCG-1 Controller via the cables supplied, and
apply power. Ensure that the MPE-1 loop switch is in the
OPEN (central) position.

Remove the eight nylon screws retaining the rear
cover of the electronics assembly and remove the cover.
Turn the optical sensitivity potentiometer, R49, fully
clockwise to ensure maximum light intensity.

Using & white card to observe the position of the
light beam at the QHM, adjust both the lateral position and
the tilt angle of the LED to centre the beam on the QHM
lens. = Clamp the lateral adjustment. If excessive lateral
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movement {greater than 1 cm) of the LED is necessary, the
cause is probably an offset between the mechanical and

optical axes of the LED. The effect of such an offset
should be removed by rotating the LED in its holder until
the offset is confined to the vertical plane only. To do

this proceed as follows:

Turn the power off. With the rear cover of the
electronics assembly removed, undo the three
aluminium screws heolding the printed circuit board;
‘allow the board to hang freely. Remove the two
screws from the flanges of the LED assembly mounting
bracket and pull the assembly forward, easing the
shielded lead through the hole in the front plate,
so that the rear of the LED is accessible. Working
inside the brass light shield, locsen the two small
screws which fasten the LED nylon clamp ring. The
LED may now be rotated and checked. Repeat until a
satisfactory position is obtained. Restore the
electronics assembly and set the lateral adjustment
and tilt angle of the LED. Clamp the lateral
adjustment. '

4.6 FRELIMINARY ORIENTATION AND FIBRE TORSIONING

When choosing locations for the MPE-1 units in a
two—-component system, ensure that:

1. The units are spaced sufficiently to reduce
mutual magnetic interference, from either
magnets or feedback Helmholtz coils, to 1 nT or
less. One metre separation is probably

adequate, but this should be checked at initial
installation.

2. The wunits are either sited or screened to
prevent the light source of one firom
illuminating the photodiode aof the other,
whether directly or by reflection. .

Because the MPE-1 system measures the horizontal
magnetic field component at right angles to its longitudinal
axis, there are two possible orientations, 180 degrees
apart, for measuring & given field component. For each
orientation, the outputs for a given field variation will
have opposite signs. An orientation convention is
therefore necessary and has been defined by the BMR
Observatory Section: the GHM end of the base should be to
the east to measure X, and to the north to measure Y.



{Note that the GHM mirror bhas a single central
reflective coating on one side, and two strips of
reflective coating (top and bottom) on the other
side. The axis of the magnet is at right angles to
the plane aof the mirror (to within 0.3 degrees), and
the south-seeking pole of the magnet faces an
aobserver viewing the singly reflective side of the

mireror. A reversal af this magnet-mirror
relationship would =~ change the orientation
convention, because an acceptable light spot is

obtained only from the singly reflective side of the
mirror which must therefore face the light source
and detector.)

Fhysically orient the MPE-1 by aligning the coil
system to the desired direction, following the orientation

convention laid down. Level the base as described in
Section 4.3, and proceed as follows to torsion the GHM
fibre.

Unscrew the conical brass cap at the top of the GHM.
Use a fine tommy-bar to loosen the two clamp screws in the
torsion head. (Above the clamp is a keeper block which
prevents the fibre-holder from falling through the clamp.
DO NOT LOOSEN THE SCREWS IN THE KEEFER BLOCK.) Unclamp the
@HM magnet. Tarsion is adjusted by rotating the spindle of
the fibre-holder with the tommy-bar so that the mirror
assumes its correct rest position with its singly reflective
side facing the electronics assembly.

FPlace a white card in front of the photodicde and
continue adjusting the torsion until the lateral ' rest
position of the reflected light spot is approximately
central with respect to the photodiode. Special care is
needed to avoid large magnet swings when adjusting in the X
orientation if X is very close to H (total horizontal
field), i.e. when the declination angle is small. Under
these conditions, the magnet may swing through H to a point
of instability and suddenly flip through & large angle. If
this occurs, detorsion the fibre and start again. (To
detorsion the fibre, remove the set-screw from the OHM
mounting pillar to &llow rotation of the GHM without
disturbing the alignment of the MFE-1.)

4.7 FOCUSING

With the @HM unclémped and the reflected light spot
observable on the white card held hard against the photo-
diode, loosen the four nylon screws which fasten the

electronics assembly to the base, and move the assembly
longitudinally to obtain the best focus. Tighten the
SCrews. Recheck the tilt angle of the LED for maximum

illumination on the GHM mirror and, removing the white card,



adjust the vertical height of the front plate of the
electronics assembly so that the light spot falls on the
active surface of the photediode. (The spot may be seen
in moderate ambient light when viewed from behind the GHM.)

4.8 FINAL ORIENTATION

Check that the physical orientation of the system
has not been disturbed, and remove all magnetic objects from,

the wvicinity. Switch the MCC-! Controller to ORIENT and
select X or Y channel as appropriate. When the MCC-1
switch labelled *+", "0OFF", - is placed in the "+ or -7

position, a d.c. current of up to 20 mA, set by the ORIENT
CURRENT potentiometer, +{lows inm the orienting Helmholt:z
coil, which 1is orthogonal to the feedback coil. The
maximum orienting field available is about 2 500 nT.

Place the white card in front of the photodiode and
set the MCC-1 switch to "+7. Note the distance and the:
direction of the light spot movement. Turn the switch to
COFFT and adjust  the torsion to move the light spot by a
small amount in the direction in which it moved in response
to the orienting cuwrent. Return the switch to "+ and
again note the direction and distance of movement. If the
movement 1is in the same direction but the distance is
larger, switch to. "-" and start again.

Once the correct orienting current polarity is

determined, continue the sequence: current on, note
deflection direction, current off, adjust the torsion so the
light spot moves in  this direction. The deflection
produced by the orienting field will lessen with each
adjustment until, for the correct adjustment, no movement
will occur. This should be checked with the orienting
current - at maximum. If the adjustment is taken too far,

the adjustment direction will change but the same current
polarity must be used.

Clamp the torsion head and replace the conical cap.

Re—-ad just the photddiode lateral position to centre
‘the light spot.

4.9 LOOP SWITCH FUNCTIONS
These must be understood for making the eiectronit
adjustments detailed in the following sections. The loop
switch is & three—position toggle switch mounted on top of
the electronics assembly. The positions and functions are:

1. CLOSED The switch actuator is towards the GHM.
This is- the normal operating position with the
feedback loop closed. This position is not



used for most of the setting-up procedure.

OPEN The switch actuator 1is central. The
control loop is disabled, and the output is a
low—gain representation of normal OHM behaviour.
Most, but not all, of the setting-up is done in
this mode.

tJ

(2]

SET GAIN The switch actuator points away from
the QHM. In this position, also, the loop is
apen, and & current step 1is applied to the
Helmholtz coil for gain setting and approximate
calibration.

4.10 ELECTRONIC OFFSET ADJUSTMENTS

Remove the eight nylon screws holding the rear cover
of the electronics assemhly and remove the cover. Refer to
the MPE-1 circuit schematic diagram and the annotated photo-
graph, Figure 4.1, to locate components on the printed
circuit board. Note that all potentiometer adjustments are

accessible through holes in the sides of the electronics
housing.

Remove the link between A4 and AS amplifier stages.

Connect a DMM between MZ and & ground point close to

A7 pin T and adjust R22 for a reading of 0.000 volts.

Set R27 at approximately the centre of its
adjustment range and connect the DMM between M4 and a ground
point close to AB pin 3. Adjust RI0 for a reading of
0.000 volts.

Turn RZ2 and R37 Ffully anticlockwise (minimum
resistance). With the loop open, connect the DMM between

pins A and B of the output connector J! (or between peoint F
on- the printed circuit board and ground, which is equivalent

and may be more accessible). Adjust R3I&6 for a reading of
0.000 volts. Set the loop switch to CLOSED to allow the
integrator capacitor to charge. Re~adjust RI6 to obtain a
constant DMM reading, i.e. zero integrator drift. To
maintain a high resolution for this adjustment, the
integrator output “can be kept close to zero by opening the
loop momentarily. Generally, the integrator drift cannot

be eliminated completely, but, as the correct adjustment
point 1is approached and passed, the drift rate reduces and
changes direction. This 1is & useful indication of the
carrect adjustment point.

Set the loop switch to OPEN, remove the DMM, and
replace the link between A4 and ALS.
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4.11 INITIAL CALIEBRATION

The purpbse of this adjustment is to set the
combined response of the Helmholtz coil and its driving

amplifier to 100 nT/V. For a Helmholtz-coil constant
Kh nT/mA, the magnitude of the transconductance of the coil
driver, 1Gly must be 100/7(Eh) mA/V. The theoretical coil

constant for a Helmholtz coil is:
Eh(th) = {64.pi/ (sqrt3) 3. (n/r) nT/mA

where n is the number of twns on each coil section and r is

the coil radius (and coil separation) in cm. For the coils
used in the MFE-1, n=12 and r 1s 11.2 cm. Thus,
Eh(th) = 26.34 nT/mA, and

161 1.038 mAsV

il

With & DMM, measure the voltage, Vc, at M3 (the
input to the <coil driver) when the loop switch is in the

SET GAIN position. Disconnect one lead to the feedback
Helmholtz coil {axis transverse to the MFE-1 base) and
insert the DMM set to measure curtent. Set the loop switch

to OPEN; the current should be approximately zero. Switch
back to SET GAIN and adjust R47 for a current change of

1.038((Vc) mA. The nominal value of this current change is
1.5%7 mA, but component tolerances will cause variations from

unit to unit. Restore the Helmholtz coil lead and return
the loop switch to OFEN. '

Note that R47 is located near the centre of the
prrinted circuit board. It is therefore advisable to make
this adjustment with & screwdriver having an insulated
bl ade.

4+12 COMFENSATION NETWORKS

Measurement of the natural period of the GHM is
needed for setting-up the compensation networks. The
natural period of a givern 0HM varies inversely as the square
roat of the field component along the magnet axis; it must
therefore be determined for each location and orientation.

Observe the 1light spot on a white card placed in
front of the photodiode. Momentarily move the loop switch
to SET GAIN, then return it to OPEN. The resulting field
impulse will cause a damped natural oscillation of the GHM.
Use a stopwatch to time ten full periods and note the
average period, Tav.

The four resistance networks, RI1 + R3IZ, R3I3 + R37,
R38 + R39 and R40 + R41, must each be adjusted to have a
total resistance given by:



Rcomp = 72.34(Tav) kohms

To make the necessary resistance measurements, turn
off the power to the MFE-1, then, for each network, connect
a DMM, <et to measure resistance, to the relevant points
shown on the photograph of the printed circuit board (Figure
4.1)., Although 1% accuracy is easily obtained, matching
the four networks is more important than . obtaining absoclute
accuracy. T

Disconnect the DMM before restoring the powér.

4.13 OFTICAL SENSITIVITY
Darken the room. In particular, a&a.c. operated
lighting should be eliminated.

Connect ene channel of a two-channel CRO to Al pin 6
and the other channel to A2 pin 6. Feep both channels at
the same sensitivity.

The signal amplitudes on the CRO screen may be
unsteady for some time because of pendulum-like oscillations
of the GHM suspension induced by mechanical disturbances -—-—
even loop-switch operation will cause them. Time must be
allowed for thege to decay sufficiently to obtain a reliable
estimate of average signal amplitude. If the light spot is
approximately central on the photodiode, both channels will
display about the same peak-to-peak amplitudes for the 220-
Hz signals at the ocutputs of Al and AZ. Set the CRO to sum
both = channels.. The peak-to-peak amplitude of the sum is
proportional both to the light intensity and to the photo-
diode responsivity.

Turn R49 fully clockwise (if not done previously at
Section 4.3). This gives maximum LED brightness and forces
the optical control loop outside its control range. Allow
any signal perturbations to decay, then finely adjust the
vertical height of the front plate of the electronics
assembly for maximum peak-to-peak signal amplitude.  This
ensures that the 1light spot is vertically centred on the
active surface of the photodiode.

Allow the signal to settle down, then back off R49
until the signal amplitude is 800 mV peak—-to-peak. Dis-
connect the CRO. ‘

4,14 LOOP GAIN

With the room darkened, and with the loop switch at
OFEN, observe the waveform at M4 with a CRO set to measure
dec. volts. The wavefarm will appear as a baseline with
spikes at the chopper frequency. If the average level of



the baseline is well away from zero volts, by, say, more
than one volt, bring it to zero by adjusting the photodiode
lateral position. Wait wuntil the resulting mechanical
disturbance has decayed sufficiently to allow a reliable
reading of the baseline average voltage. ~

Change the "loop switch setting to SET GAIN. The
baseline will oscillate about a new average level. Again,

some delay may occur before this new level can be measured
reliably.

. Adjust R27 so that, when the loop switch setting is
changed from OPEN to SET GAIN, the change in average d.c.

voltage at M4 is 5.0 volts. (This 1s approximately
equivalent to 3% mV/nT.)

4.15 FEEDBACEK. AND QUTFUT FOLARITIES

Again with the room darkened and with the CRO
connected as in the previous section, work firstly on the X
wnit and aobserve the direction in which the average position
of the light spot moves when the loop switch setting is
changed from OFEN to SET GAIN. I+ the Helmholtz coil is
connected correctly, this movement should>be to the left for
an observer facing the photodicde, because the X field (the
field towards the north) should be reduced by the negative
input to the coil driver. If the movement is to the right,
reverse the connections at the feedback Helmholtz coil (the
12-turns—per—-section coil with its axis transverse to the
MPE-! base).

: Mext, observe the average d.c. voltage level shift
at M4 when the loop switch setting is changed from OFEN to
SET GAIN. The level shift should be in a positive
direction; if it 1is not, reverse the connections to the
photodiode (at points "a&’ and "b° on the schematic). Note
that all connections to the printed circuit board are made
via - lead—-mounted push-on 1-mm cage jacks, so reversing the
photodicde is simply a matter .of reversing two of these
connections located at the top right of the board (see
Figure 4.1). : :

The resulting configuwration ensures that the
feedback will be negative, and that the output will increase
positively for a magnetic field change tending to rotate the
@GHM magnet clockwise when viewed from above (i.e. for an
increase in the X field when the X orientation is carried
out as per Section 4.6).

Note however that a unit configured as above, and
placed in the Y orientation, gives a positive output for
field increases towards the west, rather than towards the
east. To change the output polarity for the Y unit,
reverse both the photodiode and the feedback Helmholtz coil



connections (reversing only one of these wili result in
positive feedback).

To check the feedback polarity, switch the feedback
loop to CLOSED. The voltage at M4 should rapidly go to
zero and the normal oscillations caused by magnet rotation
should be damped out immediately. (Theie.. may be some
secondary oscillations caused by the magnet-mirror system
swinging as a pendulum.) Fositive feedback would produce
increasing oscillations of the GHM magnet. ’ :

Disconnect the CRO and repiace the reér cover on the
electronics assembly.

4,156 ESTARBLISHING THE REFERENCE OUTFUT

Femove all magnetic material from the vicinity and
enswre that the MPE-1 system is still correctly oriented
physically. Feep the room darkened. N

Set up the chart recorder at a sufficient distance

to avoid magnetic interference. Zero the recorder before
connecting the MFE-1 output. A full-scale sensitivity of
10 volts corresponds to 1 000 nT, or plus and minus 3500 nT

with a centre zero.

With an assistant to observe the recorder (or other-
wise), and with the loop switch at CLOSED, adjust the
lateral position of the photodiode for zero recorder pen
deflection. Clamp this adjustment.

4.17 SCALE-VALUE TESTS

When an automatic scale-value test is initiated via
the MCC-1 Controller, the initial recorder deflection for
both the X and the Y components is intended to be positive.
If this is not so. reverse the connections at the
appropriate scale-value coil.

The scale-value coil is & single turn, wound under
the feedback coil. The theoretical coil constant is
8.0F nT/mA. If scale-value determinations indicate that
scale-value adjustment is necessary, use a screwdriver with
an insulated blade to adjust R47, keeping the loop closed.

4.18 INSULATING COVER

' If a thermally insulating cover or light shield is
to be used (see Section 3), place it over the MPE-1, taking
care not to disturb the orientation.

This concludes the sefting-up procedure.



S. CIRCUIT DESCRIFTION

Refer to the schematic diagram, MFE-1 Sheet No. 1.

5.1 PHOTODIODE AND TRANSRESISTANCE AMPLIFIERS

The 1light detector, CR10Q, is a Schottky-barrier
lateral-~effect photodiode, "United Detector Technology" type
FIN-LSC/4, with an active surface length of 10 cm, It is
operated in the photoconductive mode, i.e. into a low
resistance which, 1in this case, is essentially zero, being
the virtual earths of operational amplifiers Al and AZ. '

Reverse bias, usually used to increase response
speed, 1is, in this case, needed to swamp the effects of
amplifier bias currents. Approximately -1.4 volts is
applied between anode and cathode by the voltage divider R1
and R2, bypassed by Cil.

The total current from the cathode of the photodiode
is proportional te the intensity of the light incident on
the active surface. This current divides between the
contacts at each end of the cathode in a ratic dependent on
the position of the light spot with respect to the centre of
the photodiode; the two currents are equal when the spot is
central. ’

The photodiode cathode—-contacts connect directly to
the virtual earths. of Al and AZ. The 1 Megohm feedback
resistors, R3 and R4, give a transresistance of -1 V/uh for
each of these amplifiers, i.e. for every microamp of current
into the virtual earth, the output voltage reduces by
1 volt. Capacitors C2 and I3 ensure stability of these
amplifiers by compensating for the capacitance of the input
leads.

The choice of operational amplifier type LF3IG6N for
Al and AZ was governed by the need for low noise, high input
resistance, low bias current and wide bandwidth.

The LED 1light source is chopped at about 220 Hz.
Thus, the outputs of Al and A2 are 220-Hz positive-going
square-waves whose sum is proportional to the total light
intensity and whose signed difference measures the deviation
of the light spot from the centre of the photodiode.

S. 2 OPTICAL CONTROL LOOF

The optical control loop maintains constant optical
"gain", regardless of aging or replacement of the LED or the
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photodiocde. . The sum of the outputs of Al and AZ is
proportional to the intensity of the light spot from the
LED, the responsivity of the photodiode and the gain of the
transresistance amplifiers. The sum of the outputs of Al
and A2 is kept constant by feedback, and thus the optical
"gain" remains constant. :

The outputs of Al and AZ produce 220-Hz currents, in
RS and Ré&, which are summed, via coupling capacitor C8 and
half-wave demodulator AlZ, into the virtual earth of Al1Z2.

Al2 is connected as a summing integrator: the de-
modul ated currents fram Al and AZ are summed together with a
reference cuwrent set by RS0 and the voltage preset by R49,
a potentiometer connected across the precision 6.9-volt

reference, CR3. Feedback action around the control loop
keeps the sum of the currents from Al and AZ always equal
and opposite to the reference current. The wvalue of the

integrator capacitor, C38, sets the optical control loop
time constant to be several . times longer than the QHM
natural period, thus preventing the loop from trying to
track short-—-term changes in apparent light intensity caused
by movement of the GHM mirror. ‘ )

@1 and @Z form a Darlington emitter-follower which
drives the LED ("STANLEY" type ESERHS00-0). RE1 limits the
maximum LED curreht“vtq“ about 40 mA peak. For notrmal
operation, R49 is set so that the sum of the outputs from Al
and A2 is 800 mV peak-to—peak, which requires a LED current

=

of less than 3% mA peak.

R38 provides an on-card ground reference for the
emitter of 01, CR7 prevents the output of Al2 from going
negative - and so damaging the base-emitter junctions of (1
and (2.

The & output of the chopper oscillator, Al4, is a
220~-Hz sgquare—-wave, swinging between +46.8 V  and —-6.8 V.
While the chopper output is positive, CRS is reverse-biased
and the current drive to 02, and thus to the LED, is un-
affected. During the negative half-cycles of the chopper
output, CRé is forward-biased and the 6.8-volt zener-diode,
CRS, conducts in its reverse direction, shunting the @2
drive current and thereby chopping the LED ocutput at 220 Hz.

The half-wave demodulator, Al3, consists of two CMOS
bilateral switches labelled "A" and "C" on the schematic.
(Switches B and D are not used.)  Switch C is driven by the
@ output of Al4, and Switch A is driven by the antiphase
NOT-@ output. Each switch turne on when its drive is
positive, and turns off when its drive is negative.
Thus the summed currents from Al and A2 are connected to the
virtual earth of Al12 while the LED is on. While the LED is
off, Switch C is aff and Switch A is on, thus shorting the
summed currents to ground and disconnecting the integrator.
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A1Z7 therefore acts as a synchronous detector of the 220-Hz
signals from Al and A2.

I DIFFERENTIAL AND A.C. AMFLIFIERS

The outputs from Al and AZ are subtracted by unity-
gain differential amplifier AZ to give a 220-Hz signal with
an amplitude proportional to the distance of the light spot

h

from the centre of the photodiode. If most of the current
from the light spot flows into the virtual earth of Al, the
output of A3, at monitor point M2, will swing from around

zerc volts to a negative level; if most of the photodiode
current flows to AZ, the signal at M2 will swing from around
zero volts to a positive level. "

The output of A3 is a.c. coupled to A4 by C11 and
R15, which is retuwrned to ground. The signal at A4 pin 3
1is therefore a square-wave swinging symmetrically about
zero volts and 1is either in phase or in antiphase with the
chopper reference, depending on which side of the photodiode
the 1light spot falls. {(Note that there is essentially no
signal when the main feedback loop is closed because the
light spot 1is kept at .the central null position; with the
loop switch at OFEN, however, the signal may be observed as
described.)

The gain of a.c. amplifier, A4, is set at 101 by
resistors R16 and R17. The output of A4 is a.c. coupled by
C14 to a synchronous full-wave demodulator circliit via'a
link which is removable for offset adjustments. '

5.4 SYNCHRONOUS FULL-WAVE DEMODULATOR

AT is connected as a unity—gain inverter so that
antiphase signals appear at R25 and R26. A6 is a quad
bilateral switch. Switches A and C operate identically to
. those in Al3 ——— see Section 5.2. Switches E and D operate
similarly, except that the phases of their drive signals are
reversed, giving full-wave detection. If, for example,
Switch €C is turned -on by one half-cycle of the chopper,
allowing, say, a positive current to pass through R25 and
R10 From the signal at the link, then, on the next chopper
half-cycle, Switch D will be turned on; the signal at the
link will now be negative, but the current passed by
Switch D, through R26 and "Rifa, will again be positive

because of the inversion by AS. "Full-wave detection
reduces the amount of 220-Hz ripple fed to subsequent
stages. . The switching spikes which remain are reduced by

C32 and C33.

Currents passed by A& on successive chopper half-
cycles are summed into the virtual earth of A7. :



.9 VARIARLE-GAIN D.C. AMFLIFIER

: Adjustable gain 1is needed to set the loop gain for
the required theoretical response. Fotentiometer RZ7 sets
the gain around A7. The overall gain from the link to M4

is:
R27/7 (R25 + ng) V-dc/V—peak

In the setting-up procedure, RZ7 is adjusted so that
a field  change of one nanctesla results in &- thlrty ~three
millivolt change at M4 ——— see Section 4.14.

C20 'is included to ensure the staﬁility of this
amplifier.

3.6 INTEGRATOR AND FIRST COMFENSATION NETWORE

A8 is connected primarily as an integrator, with C24
as the integrator capacitor and R3I1 + R332 as the input
resistance. However, addtional © components are added to
cbtain a lead-lag network for loop compensation. The lead
is obtained by RIZI3 + RI7 in conjunction with C24:; +the lag
results from C21 in conjunction with R3I3 + RI7. Ad justment
details for these networks are given in Section 4.12.

The output of the integrator forms the output of the
forward path of the feedback loop. Output for a chart
recorder, o other form of data acqguisition system, is
buffered by unity-gain amplifier All, type 0OFO7CJ, chosen
for its low voltage offset and drift. RS7, in series with
the ocutput of All, isolates this amplifier Ffrom the
capacitance of the recorder cables.

3.7 SECOND COMFENSATION METWORE

A? is connected a5 a wunity-gain inverter for d.c.
However the capacitors associated with this stage provide
the second lead-lag compensation network. The lead results
from CZS + CZ in conjunction with RI8 + RI9; the lag
results from CZ9  in conjunction with R40 + R41. The two
resistor networks must be equal for wunity dec. gaing  full

adjustment details are given in-Section 4.12.

Fe S LOOF SWITCH

_ 52 is & three-position toggle switch having unusual
features which require explanation. On the schematic, 82
is shown in the CLOSED position: there is & connection

firom the output of AY to the following stage, and the
integrator circuit (AB) is in its normal state.
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Wher the actuator of S2 is moved to its central
position, OPEN, only sections "a" and "c" of 82 change over;
sections "b" and "d" remain as shown on the schematic. The
control loop is thus opened because A9 is disconnected from
the following stage; the integrator circuit is unaffected.

When the switch actuator is moved from OFEN to SET
GAIN, sections "a&" and "c" remain as in the OFEN position
and =ections "b" and Yd" change over. A? is =till dis-—-
connected from the +following stage and the integrator
capacitor, C24, 1is discharged through R37; A8 becomes a
low—gain lagged amplifier.

This configuration allows observation of the forward
path response when the loop is open -—— a possibility which
would be precluded by integrator drift if a pure integrator
remained. Furthermore, in the SET GAIN position, section
"d" allows a known current to flow to the following stage:
for calibration and gain adjustments. '

COIL DRIVER

5.9
AlD  is connected to convert the output veoltage from
A to a corresponding current to drive the feedback

Helmholtz coil.

8% and @4 are complementary emitter—followers to
boost the available current. Neither side of the feedback
coil is .grounded; the ceil connects between the output of
the booster transistors and the local feedback network which
consists of a shunt resistance, R46 + R47, to ground, and
the feedback resistor, R45. The transconductance of the
coil driver is thus:

=(1/R44) {1 + R45/(R46 + R47)3F A/V

The nominal. value is -1 mA/V, but R47 is adjustable in order
to set the overall magnitude of the '"gsin" of the coil
driver and the feedback Helmholtz coil at 100 nT/V. (The
nominal coil constant is 9246.4 nT/mA.)

The purpose of the back-to-back zener diodes, CR1
and CRZ, is to eliminate any inductive voltage spikes which
may be generated by sudden current changes in the coil.
S0 is included for stability.

In the SET GAIN position of the loop switch, an
equivalent input voltage to the coil driver of approximately
-1.51 volts is derived from the —-6.9 volt reference, CRB8..
This produces a field of about 151 nT when R47 is correctly

set. Instructions for this initial calibration are given
in Section 4.11. Furthermore, once the calibration is set,
this test field may be used to set the loop gain ——— see

Section 4.14.
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S. 10 CHOFFPER OSCILLATOR

Al4 is a CMOS astable multivibrator operating at a
nominal frequency of 227 H=. This frequency was chosen to
avoid beats with mains harmonics and to ensure that the a.c.
signal in the input stages has a frequency high enocugh to
avoid the 17 and low-fregquency burst noise sources
associated with active devices; at the same time the
frequency 1is low enough for square-waves to be passed with
little waveform distortion. The frequency, set by RS54 and
C39, is not critical.

The outputs of the chopper swing symmetrically
between plus and minus 4.8 \V, enabling the switches in the
demodul ators, A& "and Al1Z3, to handle both positive and
negative inputs.

S FOWER SUFFLIES AND LAYOUT

The MFE-1 operates from plus and minus 13 V suphlies
located in the MCC-1 Controller. Worst-case current
demands for one component are 176 mA from the positive
supply and 124 mA from the negative supply.

Considerable attention was given to component
layout, and to power csupply and earth routing on the printed
circuit:board to avoid instability from spurious feedback to
the high—gain input stages. Extensive power supply
bypassing and decoupling was included for the same reason.
In particular the LED current must not flow in the supply or
earth leads serving other parts of the circuit.

ALl CMOS circuits, i.e. AL, AIE,-A14,‘are supplied
from plus and minus &.8 V derived from the 15 V rails by
zener dicdes CRIZ and CR4. 5

S.12 CONNECTORS

J1l connects the MFE-1 to the MCC-1 Controller; the
connections to the Helmholtz coil system are made through
J2. ; .
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GENERAL DESCRIPTIBN AND PERFORMANCE SPECIFICATIDNS

1.1 GENERAL DESCRIFTION

The MCC-1 is an. auxiliary instrument in the magnetic
observatory installation of the BMR-designed MPE-1 Fhoto-
electronic Magnetometer. A typical installation comprises
two MFE-1 .units measuring orthogonal components of the
earth®s magnetic field (usually X and Y), and one MCC-1 unit
which provides the following facilities and functions:

X Flus and minus 15-volt power supplies for the
MFE-1 units.

¥ A cuwrrent source which may be used either to
generate scale—value pulses or for - 0GOHM
orientation (see MFE-1 .handbook). T

-* An automatic sequence of scale-value DuiSES'whiCh
may be initiated locally or remotely.

¥ Connections for remote and/or local chart
recorders to display the MPE-1 .outputs.

¥ Independent access to _all scale-value and
orienting coils via front-panel jacks.

The facing page -shows & photograph of the MCC-1.
The unit 1is housed in an instrument case measuring 88.% mm
high by 417 .mm deep, and is suitable for either 19-inch rack
mounting or bench mounting.

The various front and rear panel components and the
internal power transformer @connect, via hard wiring, to a
single printed circuit board.which contains the regulated
power supplies, the current source.and the control logic.

The unit operates from 240-volt 30-Hz mains power.

The MCC-1 was entirely designed and constructed in
the Engineering Services EBranch of BEMR.



1.2

CURRENT

FERFORMANCE SFECIFICATIONS

Flus and minus 15 V (within 3%) at 350 mA with
current limiting and overload protection.

SOURCE

ACCURACY: ' Within 2% of nominal scale—-value

current.

SWITCHARLE to any one of: X orient coil

Y " "
X scale-value coil

Y "n H
FOLARITY: Reversible.
ORIENT MODE: O to 30 mA by ten—turn potentiometer.

Manual switching.

SCALE-VALUE MODE: 4, 8, 20, 40 or 80 mA, switch
selectable. Single current step applied manually.

Automatic sequence initiated by press—button, remote
earthing contact or TTL logic LOW.

AUTO SCALE-VALUE SERUENCE: See Figure 1.1

240 VY, 30 Hz at 43 mA typical.
Fuse 250 mA delayed action (Slo-blo)




Y Coil

X Cofl

- —-—_ - - N—

5

TIME IN MINUTES '(thjzox.) AFTER TRIGGER

~ Fig. 11

AUTO SCALE-VALUE CURRENT SEQUENCE



[=]
@
&

Bl

[ 4 L 4 L L J L 4 v w w -
(78
2INTIVA L ) o m
Aneee  Fves FIWNOS LNIYYND 40 DILVWIWIS A701% T 94 g9
-* .Xd. ....ﬂf X : v .M
e L5
X ¥
. ; NI
A | s "
TIWYND FIYNOS 4 Cod J m
z_\ d
. ..n.__
. 1 @
= A
v =
¥ T |- ‘ =
lale e “ m
. i
qu,.;_a,l [ | ¥
s poivayILN I _ 2
1037UN7 ——— (T I © W
. — . . — M G
| 3MIvA ATwrg | g w
. b [} 3
L AA— f EZLELEFL Y] ey %
2 as9 Qs %3 2% el
m . » : . ﬂ w
£ | 2|8
= RN R LT 0iwnia
m F72YNag -
; |
B
) 3
4\'. 1+
"9y

MOLWUYYIAN)

273 vYs1Q H_'

1SNV 1a33an) LNHDO

-

] i

YOI WIA™NGD ANITPYUND ©1L 2V WL0A

Bureau of Mineral Resources,

Geology and Geophysics,

P.O. Box 378, Canberra City,ACT.2601




Figure 2.1 1is a block schematic of the current
source circuit. ’

A six-volt reference is buffered by two unity—gain
amplifiers, .one inverting, the other non-inverting. The
resulting positive or negative six—-volt. level is selected by
signals from the control logic, which operate Switches A and
E to give the desired output current polarity.

In the ORIENT pesition of 81, the positive or
negative six " volts is attenuated by the ORIENT CURRENT
potentiometer to give continuous control over the output
current. In the SCALE-VALUE position of S1, there is no
attenuation; the six-volt. level becomes the input to the
following voltage-to-current converter. '

The voltage—-to-current converter is a Type 1 control
loop consisting of a summing integrator, a current booster,
a current sampling resistor and a differential amplifier.
The integrator comprises an coperational amplifier with input
resistor R, and feedback capacitor C. ~ The current drive
capability of the integrator is boosted by a simple
transistor amplifier, and the output current passes through
the switched resistor Ro. The voltage. across Ro is applied
to the unity—-gain differential amplifier and fed back to the
second input of the integrator. When there is a load on
the output,.i.e. a connection (through 'the ceil) to ground,
the feedback action of the control loop keeps the voltage
across Ro equal to the voltage at the input to the voltage-
to—current converter, i.e. minus or plus six volts. Thus
. the output current, Io, 1is &6/Ro amps for the scale-value
settings (MANUAL or AUTO) of 81, and continuously variable
up to this value for the ORIENT setting.

Ro can take any of +Ffive values for scale-value
currents of 4, 8, 20, 40 and 80 mA, and is fixed for the
arienting current of up to 30 mA.

The output passes through . kK2, the current on/off
relay operated by the control logic, and is routed via S1
and k3 {(also operated by the control logic) to the selected
X or Y scale—-value or orient coil.

To help increase the life of the relay contacts, the
control logic operates Switches C and D immediately prior to
the contacts opening. Before the contacts open, Switch C
turns off and Switch D twns ong the integrator is
disconnected - from the source voltage and the capacitor, C,
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is rapidly discﬁarged through Rd, thus reducing the current
almost to zero. Similarly, the turn-on of the full current
is delayed until after the contacts close. o~

CONTROL LOGIC

r
r

The black diagram of the control logic, Figure 2.2:
should be considered in conjunction with-Figuwe 1.1, the
~diagram of the auto scale-value current sequence....

On receipt of a trigger, which may be from the front
panel press—button, from a remote contact closure, or from a
logic 1level change in & data acquisition system (DAS), the
reset is removed from the timing and counting logic.

The timing 1logic produces a pulse train with a
period of approximately one minute. These. pulses are
counted and decoded as shown, to select the current
polarity, to _activate the CURRENT-ON relay, K2, and to
JOisable the integratar, all at the times required by the
" sequence of Figure 1.1.. The decoded outputs are effective
when the MODE switch, S1, (see Figure 2.1 and schematics) is
in the AUTO position. :

i In the MANUAL and ORIENT positions of S1, the manual
override logic inhibits the auto sequence; the CURRENT-ON
relay, <2, is activated continuously., and the integrator is
always enabled. In these modes, the current polarity is
selected by a front panel toggle switch which controls
Switches A and E of Figure 2.1. In the centre, or OFF,
position of the toggle switch, the current is turned off by
opening both Switch A and Switch E. A very small current
may still flow to the MFE-1 because of offset voltages in
the voltage-to—-current converter; at worst the zero error-
would amount te no more than 0.03%4 of the selected current
range. No "off" current can flow in the AUTO mode because
the circuit is broken by relay K2. '

Also, in the MANUAL and ORIENT modes a second toggle
switch selects the X or the Y MFE-L. Both toggle switches
are disabled in the AUTO mode. A bright red light-emitting
diode (LED) alerts the operator that the mode switch is in
the MANUAL or ORIENT position.

Recorder interconnections, power supplies, etc., are
dealt with in following Sections.
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Z. INSTALLATION AND OFERATION

3.1 INITIAL ADJUSTMENT

Connect the MCC-1 to 240-volt mains using the power
cord supplied. (This cord has a moulded I-pin female
connector which mates with the receptacle on the rear panel
of the MCC-1. Equivalent connectors atre common on power

cords for a variety of appliances and instruments,.e.g. the
Hewlett—-Fackard 7100B recorders which form part of the
initial MFE-1 installation at Mawson.)

Remove the top cover of the MCC—1 and turn the power
on at the front panel. .

CAUTION
Al though all live 240-volt connections are
insulated, every precaution must be taken to avoid

electric shock when working with the cover removed.

Refer to Schematic Sheet No. 2a. and connect a
digital multimeter (DMM) between monitor point Ml and a
ground point at or near All pin 3.  Adjust R38, the only
adjustment potentiometer on the printed circuit board, for
6.000 valts at Ml Disconnect the DMM and replace the
cover. The MCC-1 may now be mounted in a 19-inch rack or
may be left free-standing on a bench. -

T.2 MFE-1 CABLING

Cables For connecting the MPE-1 units are supplied.
Refer to J8 and J? on Schematic Sheet No. 7 for connector
pin  numbers.’ All connectors are labelled on the rear
panel.

When connecting over long distances, or in areas
prone to electromagnetic interference, 2.Q. near
transmitters or generators, it is advisable to use twisted
pair for recorder (0Q/F) cables. Freferably, use shielded
twisted pair: provigeion is made for this on the MCC-1
connector. Shields should be terminated at the MCC—-1 only;
. leave the MFE-1 ends floating to avoid earth loops.

Note that one side of each recorder output and the
common line for the orient and scale-value coils in each
MFE~1 are all at ground potential. Nevertheless, these all
should be kept separate in the cabling to avoid interaction.
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.2 _  RECORDER CAELING

Jé6  {(remote recorder) and J7 (local fécarder),'on
Schematic Sheet No. Z, show the pin numbers for the recorder
cables and for the remote auto scale-value trigger switch

L4

{(pins E and F). Again, the use of twisted shielded pair is
recommended for recorders and - for the reéemote trigger
circuit. '

3.4 TRIGGER SOURCES

As well as from the press-button on the MCC-1 front
panel the  auto scale-value current sequence may be
triggered from a remote contact closure (between pins E and
F on  J&5), or from a HIGH to LOW 3-volt logic level change
connected through Ji11, an insulated BNC connector. Note
that in the latter case, the grounds of the MCC-1 and the
logic source are connected. T

Fie D ACCESS TO MFE-1 COILS

Inserting a phone plug {(tip and sleeve) into any of
the front panel jacks, J2-5 (see Schematic Sheet No. 2a),
disconnects the selected scale-~value or orient coil from the
MEC-1, allowing & current from an 1ndependent source to be
connected via the phone plug. The common connect10n5 to
the coils remain grounded in the MCC-1 however.

I.6 CURRENT MONITORING

The MCC-1 output current, whether to X or Y. to
scale-value o orient coils, may be monitored om a
milliammeter plugged into phone jack J1 on the front panel
(the central jack --—- see also Schematic Sheet No. 2a).
The meter is actually inserted into the common line for all
c0115.

3.7  FRONT FANEL CONTROLS

When the POWER switch is turned on, the green LED
immediately above 1t .indicates that the negative 15-volt
regulator is working.

In the centre of the panel, the MODE switch has
three positions:

In the ORIENT position, orienting current is fed to
either the X or the Y orient coil, selected by the toggle
switch at the top left of the MODE switch. The value of
the orienting- current is adjustable by the ten—~turn ORIENT
CURRENT potentiometer, which gives a linear increase from
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zero to approximately 30 mA. The polarity of the orienting
current is selected by the toggle switch at the top right of
the MODE switch. The current is off when the actuator of
this toggle switch is in its central position.

In the MANUAL position of the MODE switch, a scale-
value current, set at 4, 8, 20, 40 or 80 mA by the CURRENT
switch at the right of the panel, is fed to either the X or

the Y scale-value coil -—-— again with the X or.Y selection
~and the polarity determined by the toggle switches.

In both the ORIENT and MANUAL positions of the MODE
switeh, the red LED immediately above it is on.

Once the MFE-1 units have been set up (see MFE-1
handbook), the normal position for the MODE switch is AUTO.
In this position, the red warning LED is off, the toggle
switch settings have no effect, and current can flow in the
scale-value coils -only. Scale-value current, set by the
CURRENT switch, will Fflow in the auto sequence shown in
Figure 1.1 whenever a trigger is received (see Section 3.4).

An  aute  trigger sequence can be terminated by
momentarily setting the MODE switch to MANUAL.



Refer to Schematic Sheets Nos 2, 2a, 3.

4.1 VOLTAGE REFERENCE AND FOLARITY SWITCHING

CR? is a 6.9-volt reference biased from the +15-volt
rail by R37. Rl16, R17, and potentiometer R38, form an
adjustable voltage divider to give +6.00 volts at monitor
point M1. Al10 is connected as a voltage follower and All
as & unity—gain inverter. Flus and minus six volts thus

appear at the outputs of Al0 and All respectively.

AlZ is & CMOS- quad bilateral switch operating
between positive and negative 6.8-volt supply rails, and so
"able to accept bipolar voltage levels within this range.
Switches A and B are operated by the control logic: each is
turned on by a HIGH logic level on its control line. For
positive output current, Switch A is turned ony Switch B is
turned on (and Switch A off) for negative output current.
R20 and R21 prevent excessive current flow during the
simul taneous switching of Switches A and R.

The outputs of Switches A and B connect together and
to one section of the MODE switch, Sla. For the AUTO
SCALE-VALUE setting of this switch, the selected positive or
negative six-volt source connects directly through S1b to

23, the input resistor to the integrator in the voltage—to-—
current converter.

e In the ORIENT position of S1, the ORIENT CURRENT
potentiometer, . R24, buffered by voltage follower Al2,
provides continuously variable control over the voltage fed
to R23. -

4.2 VOLTAGE-TO-CURRENT CONVERTER

This is described in principle in Section 2.1.

When Switch C 1is on, R23 is the input resistor to

the integrator formed by Al4 and Cl1. Complementary
emitter followers, 04 and @5, boost the current drive
capability of the integrator. When relay K2 1is on,

connecting a load coil, selected by Sle and K3, to ground,
the output current flows through one of- the resistors
selected by the CURRENT switch, S5. The voltage across the
selected resistor is measured by unity—-gain differential
amplifier Al1S3, and fed to R26, a second input resistor to
the integrator. Feedback action around this high gain loop
causes the currents flowing into the two integrator inputs



to be equal and oppositeQ For an input voltage, Vin, at
R23, the voltage, Vo, across the selected resistor, Ro, is:

Vo = -Vin(R26/R23
For positive scale-value current,
Vin = —6{R23/(R23 + R20)3

LIR2&6/ (R23 + R2M 2

Thus, T Vo

]

H{110/ (100 + 10) 3

= & volts
Thus the magnltude of the output. current,’ i1o!, is
maintained at e
1loi = &/Ro amps

Ro correspnnds to the resistor selected by 85, or Sld in the
ORIENT mode. .

ol Resistors R27 to R3O0 are matched to 0.3%4 For
calibration accuracy. o

In the AUTO mode, the integrator is disabled before
relay K2 breaks the load circuit (and is enabled after K2

makes), to help extend the 1life of the relay contacts.
Switches C and D receive control signals of opposite logic
level. To disable the integrator, Switch C turns off, dis-

connecting the input’ voltage, and Switch D turns on, dis-
charging C11 rapidly through R25. 6.8-volt zener diodes,
CR10 and CR11l, protect the CMOS switch from 51gna1 voltages
exceedlng its suppllee.

4.3 COIL ACCESS AND MONITORING

J2 to J5 are phone jacks with normalling contacts.
When & plug is inserted, the MCC-1 circuit is disconnected
and the caoil connects to the plug, allowing an independent
current source to be used (but note that there must be a
common ground with the MCC-1).

~J1l is a similar phone jack in the common line for
all coils. -~ A meter connected to a phone plug inserted in
J1l can thus monitor the MCC-1 output current.

4.4 LOGIC CIRCUITS —-—- GENERAL

Schematic Sheet No. 2 details the logic circuit
connections. Figures 4.1 and 4.2 are logic diagrams
showing the main relevant waveforms for the AUTO and MANUAL
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modes respectively, and should be considered with the
schematic and with this description.

. CMDS devices are used for all logic functions.
They should be handled with care to avoid failures caused by
electrostatic charge. They must be stored in conductive
foam or foilg a perscn handling them should ensure he is
earthed, and for working on the printed circuit board the
tip of the soldering iron must be earthed.

4.3 TIMING LOGIC

Al is connected as an astable multivibrator with a
period of . approximately one second set by R1 and Cl. The
resulting 1-Hz sguare-wave is fed to A2, an industrial time-
base generator which is triggered on the falling edges of
the input pulses and divides the frequency by 60, giving a
rectangular—-wave with a period of about one minute. This
is fed to A3, a Johnson decade counter with decoded outputs,
i.e. separate outputs which go HIGH for each of the zeroth
(reset), first, second, third, etc., minute pulses received.

In the AUTO mode, two inverters in A7 cause AT to
reset immediately after the seventh minute.

4.6 TRIGGER CIRCUIT

The AUTO sequence (see figure 1.1) may be initiated
by a trigger from the MCC-1 front panel press—button, 54, by
a remote contact closure to ground, or by & S-valt logic LOW

signal from a data acquisitiocon system (DAS) . For the
remote or DAS operation, the LOW signal turns on @1 via Ri1
or R12, thus activating relay kl. The single contact of Kl

is in parallel with S4; operation of either will produce a
LOW signal at AS pin 12, which is the necessary condition to
trigger the AUTO seqguence.

The emitter supply for @1 is from A?, a three-
terminal S-volt regulator, giving compatibility with TTL
logic. '

8. 7 RESET CIRCUIT

A4 is .a dual J-K flip flop with only one section
used. In the RESET state the NOT-Q output, pin 14, is
HIGH. so keeping A2 reset and inhibiting the output of one-
minute pulses. A6 pin 13 is also kept HIGH, enabling the

trigger signal to be received.

On receipt of a trigger signal, A6 pin 11 goes HIGH,
clocking A4 so that its NOT-&@ output goes LOW. This.
removes the reset on A2 and inhibits any further trigger



inputs because of the LOW level at A6 pin 13Z.

The counting circuits then operate until the end of
the seventh minute ‘when the °7° output of AZ goes HIGH
momentarily and resets A4 via Sli. Two inverters in A7
insert a short time delay for resetting A3 via Sih, so
giving & very short 77 output pulse.

4.8 COUNTING AND DECODING LOGIC

After the trigger has been accepted, AT begins,to
count the one-minute pulses which are decoded and fed to NOR
gates in AS. Here the time .combinations necessary to
perform the sequence of Figure 1.1 are decoded.

. When any of the "0° (RESET), "1°, or "2° outputs of
AZ is HIGH, AS pin 9 is LOW; for all other combinations, AS
pin 9 is HIGH. After two- inversions (in gates of AB and Ab
which are enabled by the manual override logic) this signal
drives 02 which activates relay KI when AS pin 2 is HIGH.
In its non-activated state, K3Z selects the X set of coils;
‘"the Y set is selected when KEIZ is activated. Thus the X
coils are connected from the RESET state until the. end of
the third minute, and the Y coils are connected from the end
of the third minute until the end of the seventh minute when
the RESET state is again imposed.

When either the "1° or the 37 output of A3 is HIGH,
A pin 10 is LOW. This signal is inverted by each of two
gates in AL which are enabled by the manual override logic.
A6 pin I provides the + SOURCE ENABLE signal which is HIGH
at all times other than during the second and sixth minutes.
The - SOURCE ENABLE signal is derived from the Same logic
but is inverted by one section of A7, and so it is HIGH only
during the second and sixth minutes. : T

During the RESET state or when the 3" output of AI
is HIGH, AS pin 6 is LOW, and thus A7 pin 2 is HIGH. This
signal is inverted at A8 pin 10, the gate in A8 being
enabled by the manual override logic, and drives Q3 which
activates the CURRENT ON relay, kK2, at all times other than
RESET and during the fourth minute.

The signal at A8 pin 10 is again inverted at A8 pin
1%, but'there_is & short delay in enabling this gate because
K2 must first operate to take AB pin 13 HIGH. The signal
at A8 pin 11 forms the INTEGRATOR DISAERLE signal, and it is
inverted by a section of A7 to give the NOT INTEGRATOR
DISABLE signal. Thus the integrator is enabled (not dis-
abled) only during minutes one to three and five to seven,
but the enabling is slightly delayed until K2 has operated,
i.e. the relay contacts make before the load current builds
up. Similarly, at the start of the fouwrth minute and on
the restoration of RESET, the INTEGRATOR DISABLE signal goes



HIGH before the contacts of K2 have time to release, so the
load current 1is reduced before it is broken by the relay
contacts.

4.9 "MANUAL OVERRIDE LOGIC

When 51 is in position 1 or 2. MANUAL SCALE-VALUE or
ORIENT, S8lh ensuwres that A2, the counting circuit, remains
reset, and Sl1i keeps A4 in the RESET state. Thus only the
"RESET® and °0° inputs to AS are HIGH: AS pins & and 9
remain LOW, and A% pin 10 and A7 pin 2 remain HIGH.

Further, 83, the "+, OFF, - switch, which in the
AUTO mode could give only HIGH signals at A6 pins 2 and S
and thus could have no effect, can now take these inputs LOW
because of the LOW signal applied to its poles via Sl1g.
S1g also keeps AB pins 4 and 10 in the HIGH state.

Similarly, 82, the X/Y coil selector switch, which
in the AUTO0 mode could have no effect because of the LOW
signal at A8 pin 2, is now.able to produce either a HIGH or
a LOW signal at A8 pin 3 because of the HIGH signal applied
to A8 pin 2 by S1+.

The net etffects of switching to MANUAL SCALE-VALUE
or ORIENT are as follows (refer to Figure 4.2):

X 52, drawn in the X position, allows the signal at AB
pin 1 to be LOW, giving a HIGH signal at A& pin 8.
A& pin 9 is maintained HIGH by the signal at AB pin
4, Thus, A6 pin 10 is LOW and relay KI selects the
X coils. Switching 52 to the Y position takes AB
pin 1 HIGH and produces a HIGH level at A6 pin 10,
s0 activating relay K3 and selecting the Y coils.

X 83 1is a three—position toggle switch. As drawn in
the schematic, i.e. in the *+° position, it sets the
+ SOURCE ENABRLE 1line HIGH and the - SOURCE ENABLE
line LOW, thus selecting the positive output current
source. When 82 1is set to its central or “0OFF’
position, only the pole associated with the + SOURCE
ENABLE line changes over, the other pole remaining
as per the schematic; thus both + and - S0OURCE
ENABLE lines are LOW and there is no input to the
voltage-to-current converter, and so0 no output
current (apart from that due to offsets ——— see
Section 2.2). In the °-" position of S3, both
poles are changed over so that A6 pins 1, 2, 5 and 6
are all HIGH. This produces a LOW signal on the +
SOURCE ENAEBLE line and a HIGH signal on the - SOURCE
ENABLE 1line, and so selects the negative output
current source.

X The LOW level switched to AB pin 8 by Slg causes the



CURRENT ON relay, kK2, to remain on and the

integrator to remain enabled (via A8 pin 11 as
before).
X S1c energises the red warning LED, DS1, biased from

the negative 13-volt +ail by R22.

4.10 FOWER SUFFLIES

240-valt S0O-Hz mains power is applied to the power
transformer, Ti, via Fl, a 250-mA delayed action (Slo—-Blo)

fuse, and power switch 84, The secondaries of Tl are
connected to give 13 — O - 13 volts rmse which is applied to
two conventional full-wave rectifier circuits. CR1Z and

CR13 are connected for a positive cutput which is filtered
by Clé and applied to positive three-terminal regulator Alé.
The +13-volt output 1is bypassed by Cl17. The -15-volt
circuit is similar, using CR14, CR1S, C18, Al17 and C19.

The 15-volt supplies drive all circuits in the MCC-1
as well as the two associated MFPE-1 units.

DS2, operating from the -15-volt rail via R39,
indicates that power is on.

4.11 CHASSIS WIRING

Chassis wiring associated with the current source
and control logic circuits is incorporated into Schematic:
Sheets Nos 2 and 2a, in which hard-wiring from chassis
mounted components to the printed circuit board is
indicated. 4

The remaining chassis wiring concerned with inter—
connection - of recorders, MFE-1 units, power and trigger
sources 1is detailed in Schematic Sheet No. 3. These
functions are described in Section 3.
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k35 35a | /500 |04 |2 | BEsisTOR, ” 41501 || BrRA-55/51 3
R3¢ 2000 0.4 | 2 | Res/sTor, ’ 42001 BRA-55201 I
R37 bkl |04 |2 | Kesisror, “ 46201 BRA-55622 I
R3g 2k 0.5 |#Sc| TRimmPor, PARLARILM ELEMENT, 25-T.| Bouvens | 3282L BPc-3202 !
Fl 250mA Fuse, 23AG, SLo-BLO. Bfc- 1251 I
FUseE HoLDER. EEtLE”:G L1248 BFx- | I
PronE JAeK, TP & QLEEVE |faviuTo ' ’
N-35 WITH NORMALLING CoNTACT BuLainy Jiz N.1.V \
DILR IS : ‘
K\ Goon RELAY, D P ERprE | VAt N.LV !
DILRID-R-
= 244:5-15-
KL 29000 KF__LAY, D.1.P oot 4 N.lL.V |
_ diLaD-B-
K3 7000 RELAY, D.1.P ! ool N.I.V |
SOcKETS, Fore Ki— K3, 14-Pin UTiLox | Series 30 || BHS-40 2
S SWiTc H, 3SecTion, 3 Pole,d Posiion. | N.S.F TYPE A Bsw- 33 |
BREAK QEFORE MAKE.
a7 QWITcH, SPDT, fusH BuTTow ca K Tol Bst-22 {
33 SwiTed, DPDT,(SPecAL) g8 A 7211 NIV {
34 | SWTen, DPDT s 22 BsP-¢ \
(AP, RED. C &k | T0%9 " !
SwiTcH, Rovary, | PoLE, 12 PoS. _
548 BREAK BEFORE MAKE, STOP aT S™rusmions | LORLIN | TYPE RA || BSW- 11U '
Se SwiteH, SPDP, AC. Powé& . C &K Tio18vza. || RST-22 |
T TRANSFORMER , 240VAL/15v-CT-15v |FERGUSON- [PL30/20vA [ N. I V (
Bureau of Mineral Resources, | Instrument : MCC-1 COMPONENTS (OMP0S ITE |
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Item | Value | Vw T;Z‘ Type Make | ™™ | BMR Vocabaty
REAR. PANEL HARDWARE
. KPTO-2E
J6-39 j12-PiN CONNECTOR, Rox MTG CANNON | 14-125 BKF-o019 %
Jio 3-PIN RECEPTACLE, 240VAC PoweR., MoLEX A27A N-1.V \
T

CoNNEcTOR , BNC, INSULATED. DAGE

A390- 1 BKZ-291 . )

LASE, IN%TRoME_N T ELMASET

1482-02 | BHM- 201 {
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