APPENDIX A

CURRENT AND POTENTIAL TERMINALS

A-1 Pin connections

The Current and Potential pin connections are shown below, figure A-1. It can be scen that the
"Mobile Probes” and “Remote Probes” connectors cach consist of a current and potential pin, Pins A and B
are current output pins whilst M and N are potential input pins. The leads of the PA3 Four probe kit are
marked to correspond with the sequences AMNB and 1234. The sequence AMNB is the more conventional
identifier.

A or 1 Current Output
M or 2 Potential Input
N or 3 Potential Input
B or 4 Currcnt Output

Figure A-1. Currcnt and Potential pin connections.

The current pins are galvanically isolated from the potential pins and the internal circuitry. The
potential pins are connected to an internal amplifier, but are not galvanically isolated from the internal
circuitry, including system ground. Therefore, you should ensure that any equipment connected to the
analogue output is insulated from the earth’s surface or surface vegetation. I this precaution is not taken
then serious reading crrors can occur.
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A positive reading will be obtained when the potential difference between A and M is smaller than
that between A and N, ie probes connected to AMNB are laid out in a line in the sequence AMNB. If the
M and N probes are transposed, then a negative reading will occur,




APPENDIX B

CHARGER, ANALOGUE, RANGE CONNECTIONS

B-1 Introduction

The six way plug labelled as (4) in figure 2-1 of section 2 acts as a connector for Charger Input,
Analogue Output and Range Status Qutput. The battery charger plugs into this connector' and allows the
batteries to be recharged without undoing the case. An analogue output signal is provided for data logging
or chart-recorders. Range status information is provided via two logic bits for data loggers.

B-2 Pin Connections

The pin connections of the six-way plug are shown ir figurc B-1. Pins 1 and 2 are used for the
charger input (only use the constant current charger supplied with the RM4). Pins 3 and 4 are used for the
analogue output (see section 4-6 for further details). Pins 1, 2, 5 and 6 are used for the range status output
(see below for further details),

n 1 Charger +ve / Range status reference
2 Charger -ve / Rangc status ground
3 Analogue output - signal
4 Analogue output - ground
5 Range Status - Bit 1
6 Range Status - Bit 2

Figure B-1. Pin conncctions for charger input, analogue and range status output.

B-3 Range Status Outputs

Range status information is provided via two logic bits for data loggers. The logic bits can also
indicate if contact resistance is greater than the compliance of the RM4 - in other words if a current probe
is out of the ground. They may therefore be used to detect when the mobile frame of Twin array is re-
inscrted into the ground, and hence trigger an external data logger to automatically take a reading, A truth
table of the status output bits is shown below :



Bit 1 (pin 5) - Bit 2 (pin 8)

2000 ohm range
200.¢ ohm range
20.00 chm range
Current probe out
of the ground

<o
1]

- Logic O
Logic 1

Y =
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0
1
0
1

Table B-1. Logic Table for Range Status Bits.

This information can be used, it conjunction with the analogue output, to provide automatic logging
of the data. The advantage of logging data with the range status output bits, as opposed to using the analogue
output alone (see section 4-6), is that a record can also made of the range in use and a reliable indicator of
when a current probe is out of the ground is obtained. The voltage levels of the logic outputs are :

Logic 1
Logic 0

approx. -0.4V with respect to Charger +ve (pin 1)
approx. -4.4V with respeet to Charger +ve (pin 1)

(Charger +ve is approx. -0.3V wrt battery +ve)

Interface circuitry should have a high input impedance and is best configured using analogue
comparators or operational amplifiers. A means of interfacing to 5V logic levels is shown in figure B-2.
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Any circuitry attached to the range status and analogue output connector MUST be isolated from
ground for correct measurements. If it is not properly isolated leakage currents may [low through your body,
cqusing severc measuremcnt eIrors.
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APPENDIX C

MAKING YOUR OWN TWIN ARRAY

C-1 Introduction

This Appendix provides guidelines for making your own 0.5m Twin array system. The design may
be modified to suit your own purposcs.

C-2 Mobile Frame

An outline drawing ol the mobifc frame, is shown in figure C-1. This shows typical dimensions,
materials and placcment of handle grips which will give a lightweight, yot robust frame, that is comfortable
to use, The following points should be closely observed.

1 The steel frame and probes should be mounted on an insulating cross beam made [rom a hardwood such
as mahogany or keruing, The beam cross section should be 50mm by 50mm to provide good strength, Tt
should be linished in the central section by linseed oil to provide protection against water. The ontcr sections
can optionally be finished with scveral coats of paint : first aluminium wood paint, second primer /sealer,
followed by at least two coats of paint snitable for outdoor use and rough handling.

2 The probes may convenicntly be made from 250mm lengths of 12mm threaded steel rod, preferably
stainlcss steel. The end to be inscrted into the ground should be filed into a non-sharp point.

3 All cabling should be firmly clamped to the frame to minimise varialions in capacitive coupling. It is
suggested that pve sheathed, 6A, twin-core mains cable is nsed lor the length of cable running from the RM4
connecior to the wooden beam,

4 Elcctrical connection to ordinary steel probes may be made by first filing the Lops of the probes, then using
a blow lamp at a low sctting, tin the tops with a resin-cored solder suitable for clectrical work. Next, (in the
cable which may then be soldered to the probe tops. If you use stainless steel probes then you should drill
and tap a hole in the top to take an M4 bolt. Solder the cable to solder tags which are then attached to the
top of the probes by M4 bolts.

5 When fixing the probes to the wooden beam it is IMPERATIVE (hat additional electrical insulation is used
between the probes and the wood. It is not sufficicnt to rely on the insulating properties of the wood. It is
suggested that short Iengths of plastic tube arc set into the wood and that nylon washers separate the nuts,
which are used to fasten the probes to the wood, [rom the wood surface. Use locking compound with the
nats to prevenl them shaking loosc.

6 Once the probes are mounted on the beam, any exposed ¢lectrical connections should be encapsulated
in a resin or plastic compound, (non- corrosive), such as "Plastic Padding” uscd for car body repairs, and
finished with a rubberised car-body underseal Lo exclude moisture. The bolts on the under side of the beam
should be simitarily sealed.
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Figure C-1. Mobile Frame construction.
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C-3 Remote Probes

-For general purpose use remote probes should be of similar construction and dimensions to those
on the mobile frame, although of course each probe should be independant of one another and not joined
by a wooden beain. Typically these will consist of an "L" shape, 20 ¢m vertical length, 10 em horizontal length,
with the far end of the 20 ¢m length filed into a non-sharp point. The 10 cm length should ideally have a hole
drilled in the end to take a 4mm plug, This will connect via a 2m lcad to the remole probe cable drum - see
below. Alternatively you can use "Bulldog” or "Crocodile" ¢lips to connect to the probes. Unless you use
stainless stcel you may find it sometimes difficult to ensure a good electrical connection due in the presence
of rust deposits on the exposed mctal.

C-4 Connecting Cable

Suitable cable for connecting the remote probes to the mobile frame is pve sheathed, 6A twin-core
mains cable. The length should not exceed 50m since the resulting increase in cable capacitance will lcad to
cxcessive offsets in the background resistance, long setting times and reading variation with contact resistance,
The cable should be stored on a cable-drum and it is most convenient to connect the cable to a pair of 4mm
sockets mounted on the drum itself. Two 2m leads can then connect from the drum to the remote probes,

C-5 Twin Array Wiring

The connection of the probes to the RM4 resistance meter are shown in figure C-2. Note that it does
not matter which of the mobilc frame probes is connected as current or potential probe so long as both are
connected to the same plug at the RM4 and the same goes for the remote probe.
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APPENDIX F

SURVEY AIDS

F-1 Grid Diagonal Dimensions

Tablc F-1 shows the diagonal dimensions of various grid sizes. These may be used to define a right
angle when layout out a grid,

Survey Grid Dimensions Diagonal
10 x 10 m 1414 m
20x20m 2828 m
30 x 30 m 4243 m
10 x 20 m 2236 m
10 x 30 m 3162 m
20x30 m 36.06 m

Table 5-1. Diagonal dimensions of various grid sizes.

F-2 Survey Guide Line Colour Coding

The survey guide lincs (no longer available from Geoscan Research) are of a length suitable for
surveying on 20m grids and are graduated for taking readings at 1m and 0.5m intcrvals. The lincs arc
intended for usc only as guidc lines for surveying, and not for accurate marking out of survey grids, since the
nylon lines will stretch slightly, The colour coding used is as follows :

The contral perpendicular line, along which traverses are made, is terminated at each cnd with a black band.

The two parallcl Tines, which dotermine the position of the central perpendicularc line, are terminated at cach
end with blue bands.

The centre of cach linc is marked by a black band, and indicales when 20 readings have been taken at 0.5m
intervals,

Marker points for surveying at a 1m reading interval are yellow.

Marker points for surveying at a 0.5m reading interval are red.




F-3 Survey Sheets

Copies of the survey sheels opposite may be uscful for recording essential details of the site, for
example layout of the grid patiern, weather conditions, geology etc. This will be of particular use when it
comes to prescnting and interprefing thc survey at a later date.
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APPENDIX G

SEALED CONNECTORS

G-1 Assembly Instructions

Cable Socket and In-Line Cahie Plug

O e

Fig. 1

1. Prepare cabis ta lengths shown in Fig. 1.When using 2 or 3 way connactors the cable diameter must be
betwesn 8 to 8. 1mm and 7 to 9mm when using 8 way cannactars.

2. With the aid of ool (Fig. 3} ramove [nsert retaining ring(B)(Fig. 2) and withdraw insart from the outer shell. if a
difterent connection conflguration is required simply raplace or exchange inserts to suit indlvidual requirements.

3. Undo the cable retalning nut(Dand remeve cabis grip and sealing gland.

4. Feed cable retaining nut, cabie grip, sealing giand and connection outer sneH ovar prapared cable and terminate
aDDI‘UDnate cciaul’ wirg onto the corresconding terminal on ingert

5. Puli the cahia back gemi‘,r until insert |8 in the connector housing. Note that tha Insert has a Hat on the meunting
flange which aligns with a corresgending flat insids the outer sheli. Fit retaining ring®over the insert and with
tha aid of the tool. lock the retaining ring ay tuming toal in a clockwisa directfon to tarque lmits of 0.40Nm min,
282Nm max.

6 Push saaling gland, and cable grlp int2 the connection sheail and tlghten the cable rataining nut to limita of
1L.70Mm min, 4.00MmM max.,

Cable Sockat

w2 af

1. Cabla ralairting nut

2 Cable grip

1. Seallng gland — 8~ 8.1mm far 2 and 3 ways,
¥ -9mm far & way fras cabls connectors,

4. Cabla sockst cutar shali

5. Sockat lngert

. Insert retzining ring

TN

Sealing Cap
ard Intagrai
Taal

fg. 2 In-Lina Cable Plug Fig. 3
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APPENDIX H

CONVERSION TO RESISTIVITY

H-1 Introduction

The RM4 displays and logs readings in units of resistance (ohms), not resistivity units {ohm-m).
This can be used directly if you arc just wishing to locate structures in the ground. However, using resistance
as the units means that if yon make measurcments over the same picce of ground, with different probe
configurations and geometries, then you will obtain very different readings in each case. If we correct for
these differences in geometry then the readings can be expressed in terms of resistivity, and you can then
make more realistic comparisons of measurements made with the different probe configurations. Resistivity
is representative of the bulk properties of the ground, not the probe configuration used.

Strictly spcaking, the conversion is made to apparent resistivity, not just rcsistivity. This is because
the conversion assumes the ground is entirely uniform, yet the ground is far from uniform : it usually has a
laycred structure, conductive topsoil lies over a less conductive bedrock ete.

H-2 Conversion to Resistivity

Four probes are used to make 4 resistance measurement, two current and two potential. Figure B-
1 shows four such probes in a linear arrangement, C1 and C2 are current probes, P1 and P2 are potential
probes. A general expression for calculating resistivity from resistance measurements is shown in figure B-
1 which can be used for any probe configuration.

y | l

C1 P1 P2 C2
Resistivity (chm-m) = 2R = B§.283R
F. G.F.
where G.F, = 1 + 1 - 1 - 1
C2 P2 C1 P1 C2 P1 CtPz

whera C2 P? = distance between probe C2 and P2 etc.

Figure B-1. Formula for conversion of rcsistance to apparent resistivity.
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This expression can be simplified for a number of common probe configurations :

(1) Wenner : Resistivity = 2n R d where d = probe separalion

(2) Double-Dipole : Resistivity = 2n R 3 d where d = probe separation

(3) Twin : Resistivity = n R d {(approx)  where d = mobile = remote separation
(4) Twin : Resistivity = 2 n R d (approx.) where d = mobile separation and

where remote spacing
> > than mobile spacing

In the casc of the Wenner and Double-Dipole arrangements, d is the equal separation between all
four probes, and will be 0.5m on a PA5 frame. The first Twin formula (3) is for the situation where the
mobile and remote probe separation is cqual, typically 0.5m to 2m, wherc the distance between mobile and
rcmote probes is much greater. The second Twin [ormula (4) is for the casc when the remote probe spacing
is much larger than the mobile spacing, for cxample remote probe spacing 15m, and mobile spacing is 0.25m
to 1.5m; again the distance between mobile and remote probes must be much greater than their separations.
You can use this last formula (4) (o calculale resistivics For Twin configuration pseudo-sections, providing
the remole probes are separated sulficiently.

If we inscrt a typical value of 100 ohm-m (moist soif) into the above formulae, this will give an
insight into how the measured resistance values may vary betwecn probe configurations - this may useful
when considering the likely dynamic range of readings for a multiplex sequence that uses several diffcrent
probe configurations.

(a) Wenner : Resistance = 31.8 ghms where d = 0.5m

(b) Double-Dipole : Resistance = 10.6 ohms where d = 0.5m

(¢) Twin (0.5m rcmotes) : Resistance = 63,7 ohms where mobile separation = 0.5m
(d} Twin (15m remotes) : Resislance = 63.7 ohms where mobile scparation = 0.25m
() Twin (15m remotcs) : Resistance = 31.8 ohms where mobile separation = (0.5m
(f) Twin (15m remotes) : Resistance = 159 ghms where mobile separation = 1.0m
(g) Twin (15m remotcs) . Resistance = 10.6 ohms where mobile separation = 1.5m
(hy Twin (15m rcmotes) : Resistanee = 7.95 okms where mobile separation = 2.0m

A more gencral geomotry for the Twin configuration is shown in figure B-2. Again, you can use the
distances C2 P2, CI Pt ete to insert in the geometry factor (G.F.) to calculate resistivity from a measured
resistance value,

H-3 Remote Probe Contact Resistance.

If the contact resistance at the remote probes of a Twin configurations is high, then this can combine
with the capacitance ol the 50m 2-core remote probe cable to add an offsct to any mcasured resistance value,
This valuc will remain constant as the mobile probes are moved around. Table B-1 shows some typical values.
Usually contact resistance in moist soils is of the order of 1 Kohm, providing they arc well inserted, so there
will then be minimal offsct changes. However, in dry conditions, and contact resistance increases beyond

H-2




Grid

Mobile probes

Remote probes

Figure B-2. Plan view of a typical Twin. probe configuration.

about 5 Kohms, the offsct change can become very significant compared to the mcasured value.

In particular, note that the offset may be positive or negative, If the separation of the mobile probes
is large (say 1.5m to 2m), we would cxpect background resistance to be low, and if remote contact resistance
is.also high, then the offsct might be sufficient to give negative resistance readings.

Remote Probe Contact Resistance Reading Oftset
0 Kohm 0 ohms
5 Kohm -7 ohms
10 Kohm -24 ohms
15 Kohm -1 ohms
22 Kohm Unstable

Table B-1. Resistance offset (with 50m 2-core cuble) for various Twin remote contacl resistances.
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APPENDIX |

FURTHER READING

I-1 Introduction

The following refercnces will provide further reading matter on resistivity surveying. Although some
specific pages are listed which deal directly with resistivity surveying, most of the publications also detail other
geophysical techniques which may be of intcrest, for example magnetometry; indecd, reading about these
other tcchnigues may well help to put resistivity surveying in its proper context.

Some older refercnces are included for those intercsted in charting the progress of geophysical
surveying in archacology. Of the more recent publications, Clark’s "Sceing Beneath the Soil* may be
especially useful for those new to the subject arca who want a4 non-technical introduction to the subject (it
can be purchased through your local bookseiler or direct from Geoscan Research in paperback -form),
Scollar’s "Archaeological Prospecting and Remote Sensing” provides a very thorough, thongh much more
technical description. of archacological geophysical techniques, along with -associated subject arcas. Those
involved in a professional capacity with archacological geophysics and evaluation will be interested in two
Institute of Field Archacology (IFA) publications : (a) Technical Paper Numbcr 9, "The Usc of Geophysical
Techniques in Archaeological Evaluations"; and. (b) an IFA paper "Practice and method in the application
of geophysical techniques.in archacology”; to-be found in "Archacological Resource Management in the UK -
An Introduction’. All users should put-the-English Heritage Standards document “Geophysical survey in
archaeological field evaluation” at the top of their rcading list. This is available from' English Heritage or

direct from.Geoscan Rescarch (free of charge). Standard:text books on. geological geophysical technigues:

include Telford, Geldart .and Sheriffs "Applicd Geophysics" and Keller and Frischknccht’s "Electrical
Methods in Geophysical Prospecting”, though these require a good-appreciation of mathematical techniques
to be of greatest benefit. The journal Archaeometry publishes scveral papers associated with archacological
geophysical techniques, whilst the journal "Archaeological Prospection" publishes papers dedicated (o
archaeological prospection tcchniques, including practice, intcrpretalion, presentation, rescarch, new
techniques, reviews and a discussion forum {details available from Geoscan Research).

Archacological Prospection, Wiley,
Archaeometry. Cambridge Universily Prcss.

Aitken, M.J. (1974). Physics and Archaeology, 2nd Ed, Clarendon Press @ 267-286.

Aspinall, A., Walker, A.R. (1975). The carth resistivity instrument and its application to shallow carth surveys.
Underground Services 3 : 12-15,

Aspinall, A., Dockrill, 8.J., and Pocock, J.A. - cditors (1982). Geophysical Surveys 1982. School of
Archaeological Sciences, University of Bradford.

Clark, A.J. (1990). Secing Beneath the Soil - prospecting methods in Archacology. Batsford.
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David, A. (1995). Geophysical survey in archacological field evaluation. Pub, English Heritage. Rescarch and
Professional Services Guideline Numbcr 1.

Gatlney, C., Gater, J. with Ovenden, S. (1991). The Usc of Geophysical Techniques in Archacological
Evaluations. Pub. Institute of Field Archaeologists. Technical Paper number 9.

Gaflney, C., and Gater, J. (1993). Practice and mcthod in the application of geophysical techniques in
archacology. Archaeological Resource Management in the UK - An Introduction. Institute of Ficld
Archacologists : 205-214,

Keller, G.V. and Frishknccht, F.C, (1966). Electrical Methods in Geophysical Prospecting, Pergamon Press.

Telford, W.M., Geldart, L.P., and Sheriff, R.E. (1990). Applied Geophysics. 2nd Ed. Cambridge University
Press,

Tite, M.S. (1972). Methods of Physical Examination in Archacology. Seminar Press : 25-32, 54-57.
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APPENDIX J

INTERFERENCE

J-1 Introduction

Usually you should cxperienee very few problems with interference and your RM4 resistance meter.
However, there arc some circumstance when this may be a problem and the following sections attempt to
help you avoid these in the first place, or if they do occur, suggest ways of overcoming the problem.,

J-2 Interference whilst Surveying

You may cxperience interfercnce in the form of flickering readings during some surveys. This is
more likely to be on an urban site, though some rural sitcs may also exhibit similar problems. Flickering is
mor¢ likely to be observed with arrays that have long cable runs, such as (he Twin or arrays configured using
the PA3, rather than with the smaller arrays such as a 0.5m Wenncr configured using a PAS. The
interference is usually due to underground mains power earth currents, telcphone earth return currents, or
currents conducted along underground pipes, though proximity to powcerfal radio or television transmitters
may also cause. problems, It is usnally. a function.of the distancc between the polential probes, rather than
actual .cable length,

-Firstly, try to improve the signal to noisc ratio by sctting the Filter switch (o the Urban sctting. This
will switch cxtra filtering into the RM4 signal path which is not present with the Rural selling.

If you arc using a Twin array then try inoving the remotc probes to a diflcrent location, 90 degrees
or 180 degrees with respect 1o the current position. Try to reduce the distance between the mobile and
remote probes, though see sections 5-6 and 5-7 for advice on the minimum allowable distance. If you arc
using a PA3 with wide spacing consider rotating the array through 90 degrees.

Intcrference is most likely to be observable with the most scnsitive ranges (200.0 ohms and 20,00
ohms). To improve signal to noisc ratio, consider whether you need the extra resolution - if not, switch to
a less seansitive range. However, depending on the ground resistivity, probe array configuration, and required
reading resolution, it may not be possible (o change the range sctting, In this case you should consider
another probe configuration which has a smaller distance belween the potential probes. For example, if you
experience problems with the Twin array, and have a PAS probe array available, then consider configuring
this either as a four probe Wenncr or Double-Dipole array, section 2-4(5). If you do not have the cxtra
medium length wings or struts (o give this width then configure a mini-Schlumbcrger using just the standard
frame with short wings, section 2-4(5).
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APPENDIX K

CONNECTIONS FOR EARLY PA5 FRAMES

K-1 Introduction

If you have an early version of the PAS then some of the jump lead connection details prescnted
in section 2 are not dircctly applicable. (Early versions of the PAS used a central 0.6m aluminium becam and
jumper leads were plugged into two groups of three terminals, positioned at cither cnd of the beam). All the
beam colour coding specified is the same for both early and present PAS systems, but duc to the different
location of the terminals for the jump lcads, lead lengths (and hence their identifying colours) will be
diffcrent. This appendix presents some corresponding illustrations and tables applicable to the earlier PAS
system.

If you have the current version of the PAS, which uses a wooden central beam and junction box .

attached to the frame, then you can follow the instructions prescnted in section 2 directly, and ignore this
appendix,

K-2 Replacement Tables and Figures

Colour Jump Lead Length Basic PA5 Quantity Full Kit Quantity
Black 150 mm 2 2
Red 500 mm 2 3
Green 750 mm 0 2
Blue 1000 mm 0 2
Yellow 1250 mm g 1
White 1500 mm 0 1

Table 2-2. PAS Jump lead lengths and colours.
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Figure 2-10. Socket positions for jump leads on the main frame,
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Figure 2-11. Wing, probe w.d jump lead positions required to configure a 0.5m,
0.75m or 1in Twin Electrode Array with an AD1 adapter,
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Figure 2-12, Wing, strut, probe and jump lead positions required to configure
a (.5m Wenner or 0.5m Double-Dipole with an AD3 adapter.

K-2




