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SUMMARY

a. The operation and the routine use of a Limpet Logger and a
Grant Recorder and the various possible types of power
supply are described and discussed, A suitable design
for a power-pack is given.

b, The selection of a recording site, and installation of the
instrumcents and probes, including methods of protecting,
joining and 1labelling probe leads, are described.

c. Calibration of the instruments and probes is described.
' The stability of the instruments and possible sources of
error im recording are indicated.

4, Various methods of converting the recorded data into a
computer~compatible form ~re described. Their relative
costs and accuracies are assessed.

e. Overall costs of using the equipment are assessed.

f. Advantages and disadvantages of wsing a strip-chart recorder
are exsmined in comparison with use of a magnetic or paper
tape recorder,
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:=INTRQDUCTION

The main aim of this paper is to describe and discuss some methods
- of collecting detailed soil temperature data and converting them
into a computer-compatible form. The methods were those used

in Merlewood project 301/12 which is part of the intensive study .
of energy flow and nutrient circulation in a whole ecosystem on
the Meathop Wood IBP slte, near. Grange-over-Sands, I have chosen
to deal with my subject in some detail intentionally so as to

give the reader an adequate background to the problems which

arose ard to the solutions to ‘the problems.

Soil . temperature data were required in the Meathop project for

- three main reasons'

a. To facilitate the setting up of laboratory experiments at
--*itemperatures close to mean field temperatures.,

'b@'_'To allow metabollc data collected at various temperatures
in the Ilaboratery to be corrected for the difference
between these temperatures and field temperature.

C. To allow comparisons of temperature or metabolic data
to be made

(1) within the site spatially or temporally and
( ) between Meathop and other 51tes. '

sm;e:rxb‘n & EQUIPMENT

In 1964-65, when the research was belng planned the equipment
which was requlred had to be relatlvely 1nexpensive "and had to
possess .certain characteristics: L

2. []The ablllty to record from 10-30 po;nts contlnuously or at
frequent intervals during each day, to ‘cover the possible-
need for detailed temperature data in soil and plant

physiological studies, and to facilitate accurate
- estimation of. temperature mean and range on a daily, weekly,
monthly and yearly- ba31s

: Qb._, The 2bility to operate satisfactorlly from batteries in the

absence of 2 mains electricity supply.

C. The ability to perform satisfactorlly under fleld conditlons
. When unattended for at least a week,

“eea,”_ Of a design such that the generﬂl Performance,.including

- accuracy of recordlng,'could be checked e3511y 1n the

__,In 1965 three types of recorder appeared to satlsfy the above

~conditions:
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(i) A 50-channel Westinghouse data-logger (Table 1) which
had a punched paper tape output and which cost about
. £2500 oxr £50 per channel. ©This seeméd to.be a well-
;_tested logger,.and it had.been chosen by the Forestry
Compission: for: meteorological recordlng after exam-
::,1nat10n of warious logging systems, but it .appeared
. to be too. large and expensive for our- temperature
g_recordlng reguirements.  However, bearing in mind
" “that it has pexrformed satisfactorily for the Commission
u;h31nce about 1965 and that it has several advantages
over, other systems (Fraser, 1968 and 1960) it might
have been a better choice than the equipment which we
finally selected, particularly if it had been used
to reccord data from zll the meteor01091ca1 equlpment
on the Meathop site. :

(ii) A lO—probe D~ Mac- lepet Logger (Table 1) which cost
7 about £330 1nc1ud1ng 10 temperxature probes with long
»: leads =nd- approprlate input boards. ..iCalibration
.7 equipment-and probably a second Logger would have been
_» needed to cover all our requlrements and inclusion
of this equipment would have increased the total
Cost to £910 and cost per probe from £33 to £45.5.
In the D-Mac Logger, data are recordedi on magnetlc
'tape ‘and can be fed dlrectly into a computer using a
suitable interface, or, punched automatically on to
paper tape for computer input. Early versions of the
Logger were known to be unyeliable in operation but
an improved version became avallable 1n about 1965
when We were ch0051ng equlpment.

o (did) A,Gran$ Strip-chart Temperatuxe Recorder (Table 1)
which cost about £310, including 24 temperature
_probes with long 1eads, i.e. £13. per recording point,
. ..7 This was considerably cheaper than the other two
;g . Systenms but the running costs were 1likely to be
T greater: than those for the data loggers because of
- the 1abou¥” involved in converting the recorded data
dinto a computer-compatible form. Like the Westinghouse
assembly the Grant required to be housed in a well-
insulated weatherproof shelter. - It was known to be
a falrly xeliable’ 1nstrument on ev1dence gathered
from Several users.

L 11mate1y, for Meathop, oneg lepet Logger and one 24-point Grant

. Recorder were acquired with the intention of using the Logger

'~ for routine soil. temperature: recording over several years and the
Grant as a reserve instrument and for recordlng temperature in
special projects. On the basis of our experience with the
instrunents at Meathop, a- 30~point Grant FRecordex was purchased
'dubsequently for use on the Moor House IBP site in the Northern
Pennines.




3. THE LIMPET LOGGER

e

- 0ﬁf1ine description

The D-Mac temperature recording system consisted of up to
10 probes linked to a specizlly designed magnetic tape
recorder which was enclosed in a heavy metal waterproof
box. The probas available in 1965 were ach about 6 cm
long and 1.5 cm in diameter and consisted of a transistor
embedded in Araldite. The Mark II probes, which we tried
to use aftexr poor performance by the larger probes, were
also cylindrical, 5.0 ¢m x 0.65 cm, and each consisted of
2 diode enclosed in a senled stainless steel tube. Both

. types of probes had time constants* of about 3 minutes.

The recorder had several main parts:

(i) & precision clock powered by a 1.5 volt battery

(1i) A main control unit incorporating a power stabilizer,
electreonics controlling the sequence of operations
and an analogue-to-digital converter

(111) A channel selector

(iv) A magnetic tape-deck
(v} An internal power supply or terminals for an external
supply (see Section 5 below}.

”gperatlog

Recording was initiated by the electromechanical clock.
This switched on the power to the tape~deck motor and to
the main control unit where the voltage was stabilized and
applied to the sequence controller, the anzlogue-to-digital
converter and the probes. THe input voltage from the
probes varied with temperature and was converted into pulse
form by the analogue- to-digital converter and then recorded
on the already moving magnetic tmpe. The analogue voltage
input from each probe was sampled in turn via the channel
sﬂlector, then power to the various parts of the Logger was
switched off by the control unit.

4. THE GRANT RECORDER

outllne descrlptlon

The Grhnt temperature recording system consisted of up to
24 or 30 probes linked to a modified Rustrak-type miniature
Recorder. Each of the probes used =t Meathop consisted

of a thermistor bead mounted inside a stainless steel tube
{length 12 cm, diameter 0.5 cm}. Similar probes of about
half this size were used at Moor House. Both probes had

- time constants of about 20-30 seconds, but other sizes

and shapes of probes with different electrical character-
istics are availebhle,”

* A time constant is the time required for an electrical quantity,

e.g. voltage or resistance, to rise to 63.2% of its final

value or to fall to 56.8% of its initial wvalue.




' contlnuous or 1n;erm1ttent reﬂordlng.

The Recorder contained a control unit whigh, in some
instruments, is attached to the back of the Recorder, or,

in others, house& in 3 separate die-cast box. This unit
comprised an eclec’ric clock, a 5.4 volt battery or terminals
for a stepped-down mains power supply (Section 5), a multi-

~: point rotary switch and sssociated motor, input sockets fox
" the probes, the circuitry necessary for calibration checks,

an ON/OFF switch and a selector switch for. ch0031ng

Qp ration

If the controls were set for intermittent recording, such
as the hourly recording used on the IBP sites, a cam on the
clock operated a switch which switched on the motors driving
the strip-chart recorder and the xotary. switch. A constant
voltage of about 5.4 volts was applied to each thermistor

~in turn through the rotary switch and the current flowing
~through the thermigtor was indicated by the galvanometer on

the recorder. This current depended on the resistance
of the thermistoxr, which in turn depended:. ¢n the probe
temperature. . . :

While each thermistor circuitl was complete, the loosely~
pivoted needle of the galvanometer was pushed several times
on to the moving pressure-~sensitive strlp-chart by a
chopper-bar; thus a trace was produced from a series of
scratches on the paper. In more modern Grant Recorders,

:short gaps between successive traces. are prodhced by inter-
mittent action of the choppexr-bar. This facilitates

identification of individual traces during chart reading.

. In the current studies, dummy probes, i.e. plugs containing
- very high resistances, were used to produce a gap between

almost identical traces on the charts.

If the Grant was switched for continuqus running, then the
rotary switch opezated continuously and, immediately after
one recording cycle was finished, another began,

POWER SUPPLIES

The choice of source of power was. conditioned by Lhe avallablllty
of particular socurces on the site, the voltage redquired, the
variability in voltage tolerated by each recording instrument

and the effect of temperature on the instruments and their

e

power source.

. Batteries

. From April 1966 when recordlng first began, untll May

1967, mains eTQCLrlc1ty was unavailable on the site and
both "ihstruments were battery-powered, Batteries were
obtained either from ITT Electronlc Serv1ces or Mallory
Batteries Ltd., (Table 1), :



- Limpet Logger

A constant voltage wa2s unnecessary for this instrument
as the built-in voltage stabilizer will stabilize
voltages varying between 11,0 and 14.0 volts. 132.5
volt batteries, each composed of three 4.5 volt
carbonrzine radio batteries in series (Ever=Ready
AD28 orx ‘equivalent ), were mainly used for our lLogger.

D= Mac do not recommend these batteries for use below

0°C but our Logger recorded data at temperatures down
to +3°C whilst it was powered by them. A manganese-
ulkallne battery, the Mallory $KB1141 consisting of
nine Mni300 cells, was recommended for use at low
temperatures =znd 1t performed satlsfactorlly under
these conditions.  However, it was expensive, costing

-5-9 times as much as & comparable carbbn-zinc'battery,

but it had a longer:shelf-life and larger ‘capacity
than the latter. Sutton and Rorison (1370) used a
Deac {Table 1) ¢hargeable nickel-cadmium accumulator
successfully in their Loggexr. This is suitable for

-all the temperatures normally encountered in the field

down to -20°C

Grant Recorder

A constant voltage is essential for this instrument.
As supplied in 1965 our Recorder was powered by =2

5.4 volt mercury battery (Grant OR4). composed of

four Mallory ZM12 or RMiZR. cells each supplying about
1.35 volts.,

In1t1a1 laboratory tests with the Recorder running at

~ temperatures ranging .from about -9°C to 15°C indicated

that if OR4 batteries were used near to.or below O C,
the recorded temperature and the battery voltage under
load changed during each recording cycle (Table 2).
Below 0°C the voltage change could be as high as 0.6
volts with one OR4 battery or 0.25 volts if two OR4!'s
in parallel were used to reduce the current drain per
battery. Use of a mercury battery composed of four
Mallory RM1450R cells, specially designed for use at
low temperatures6 reduced the voltage change to about
0.16 volts at Even for temperatures above

0°C, use of thls battory ninimized the variation in
temperature reCorded during a recording cycle (Table
2}. Although the low-temperature batteries cost more
than the OR4's,they had a greater eapacity so the
overall cost per day of use was 2bout the same for
both batteries. Because of these considerations,

our Recorder was powered by a composite RMI450R battery
during the whole of its first year of operation. On
the Moor House site 2 Recorder using low-temperature
batteries has performed satisfactorily under Pennine
moorland conditions at ambient temperatures as low as
-79C (0. W. Heal, personal communication}.




6.

Grants now offer a range of alternative power supplies,
including Deac accumulators and various high- and
low-temperature merxcury batteries with a shelf-life

of two years or more at room temperature. They also

'supply Recorders suitable for various mains power
.supplies. :

Mains

In May 1967, a 240 volt 50 cycles A.C. power supply became
available at Meathop and this was rectified and stepped
down for the instruments using a power-pack (Fig. 1)
de51gned with the help of Mr. W. H. Moore (Freshwater
Biological Association), constructed by Mr. J. Heath
(Biological Records Centre, The Nature Conservancy,

- Monks Wood Experimental Statlon) and modified later by

Mr. F. Broomfield (Grange-over-Sands). Electrical
camponents were obtained mainly from ITT or Radiospares Ltd,
(Table 1). ° The pack had threé characteristics which made
it particularly suitable for our purposes:

(i) The A.C. mains ripple on the rectified supply was
reduced to well within the limits spec1f1ed for the
Logger. _

{(ii) If the mains supply falled a stand-by 12.5 volt
accumulator, consisting of two Lucas SCZ7E accunulators
in series, was automatically brought into use.

(111) The output voltages were adjustable so that about

11.5-~14.0 volts off-load or 11.0-12.5 volts on-load
was available for the Logger and a constant 5.75 volts,
on and off load, for the Grant. A voltage slightly
lower than 5.75 volts was preferred for the latter
but’ the choice of voltage was limited by the
availability of a suitable zener diode for the power
‘pack. Because of the use of 5.75 volts rather than

-~ a 5.4 volt supply it was necessary to keep the

' Recorder at 139-159C (Section 6a), otherwise the

limit of adjustment on the upper calibrating potentio-
meter (Section 7a. (1)) was reached,

In 1968, after faults on the Logger had led to faults in the
power-pack and an interruption of the power supply to both
Grant and Logger, the latter was linked directly to the

-stand-by accumulators of the power-pack. This arxrxangement

seemed to be satisfactory, but the accumulators needed re-
charglng every 1-3 weeks,. T




6.  INSTALLATION AND MAINTENANCE OF THE INSTRUMENTS .

=39

Selection of the recordina site and installation of the

__instruments

'The ecosystem studies at Meathop were centred on one

particular hectare of deciduous woodland and work was
carried out elther on thls hectare or on adjacent comparable
areas.

'As a first step towaxds choosing a recording site, the

variability of soil temperature across the hectare was
examined by installing 23 Grant probes horizontally at the
base of the litter layer at points selected randomly from
a grid of 30 permanent sampling points used for various
purposes (Fig. 2). Recording began in April and continued
until June 1966. - Daily mean temperatures at each sampling
point were calculated from hourly readings for the two

or three days in each month on which the temperature range
on the site was greatest (Table 3a).

It appeared likely that maintenance of temperature probes
on the hectare would cause considerable site disturbance
$0 the possibility of recording on an adjacent area was
tested, Six probes weré removed from thie hectare and
placed at the base of the litter layer ont’ a small adjacent
area (Fig. 2} in late June 1966. The remaining 17 probes
gave an adequate estimate of soil temperature on the

"hectare (Table 3a). Soil temperature measured on the

small area in July 1966 gave an accurate estimate of the

- s0il’ temperature on the hectare (Table 3b) so Logger and

Grant probes were installed horizontally in stacks in the
soil (Table 4) on the small area (Fig. 2), and routine
s0il temperature recording began. One of the initial

aims was to compare the performance of the two instruments,
s0 some Logger and some Grant probes were placed alongside

" each other (Table 4), This comparison had to be curtailed
"becauSe of poor performance by the Locgger.

From April untll December 1966, the recording instruments
were kept in an insulated metal box placed on the soil

-~ surface in a well shaded place in the Wood, In December

1966, the instruments were tramsferred to more favourable
condltlons in a newly-built field laboratory. This was

heated to maintain a ‘temperature of 35°C.  In spite of

this and the provision of a stable stepped-down mains power
supply (Section 5b above), it became difficult to maintain
the Grant Recorder on calibration so in January 1969 it was
placed in a polythene and wooderi~frame tent in the field
laboratory. The tent was heated by an electric light bulb
controlled by a cheap bimetallic thermostat. Maintenance
of a suitable environment for the Logger presented no major
problems.
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Probe le¢ads -

(1)

Protection

The probes were up to 100 m from the instrument box

or field laporatory so a considerable amount of cable
was exposed to possible hazards. (Fig. 2). The mein
bundles of leads were held together with PVC adhesive
tape and suspended from a wire supported 30-50 cm above
the soil surface. These leads were undamaged after

-use for four and a half yvears except for slight

gnawing of the insulation by small mamnals in the area
where the cables ran along the soil surface and into
the soil,

Other cables, running to a second recording area

100 m from the main site, were tied singly to wooden

posts and suspended about 50 cm above the ground.

These cables were cut frequently in one small area

of the wood, probably by jays. The cutting ceased

when the cablés were laid on the so0il surface and

covered with planks or roofing tiles, but, again,

small mammals caused some damage to the insulation. -

At Moor House, Grant cables placed inside a split
plastic hosepipe were adequately protected against
sheep and small mammals but indification of individual
cables was difficult when the need for checking arose.
Suspension of cables from posts was eventually used
and this was satisfactory except that some chafing of
cable insulation on the posts occurred when the cables
were moved by strong winds (0. W. Heal, personal
communication}. . .

Junctions

Junctions should be avoided in the field if possible

as they are always a potential source of trouble.

However, at Meathop, they were necessary where a

cable was seriously damaged, and a2lso 2-3 m from a probe .
where cables were longer ‘than a few metres. The

latter arrangement enabled us to test the long lead

or the probe plus short lead separately, if a fault -
arose in a probe circuit. If a fault was detected

in & long lead, and if a rapid inspection failed to

reveal the cause of the:-trouble, the cheapest solution

.Wwas inevitably to use a substitute cable. When a

break occurred in the insulation, moisture secped
rapidly into the cable. . The affected length was

‘usually removed if about 0.5 m of cable on each side

of the break was cut out before the cable was re-
joined.
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Three types of junction were Gsed Successfully (Fig.
3a, b and c}, Typical examples of these were completely
dry after 1 year (a), 1-3 years (b) and 1-1.5 years
(c) of use. Extra protection was provided by inverting
2 metal biscuit tin, a plastic box or a concrete roofing
tile over each junction. Junction type d {Fig. 3)
was successful for only a few months. The small
amounts of moisture, which gradually leaked into the
- plastic tube, led to coxrosion o6f the plugs and
metal tubular connectors and eventually to a
significant change in their electrical resistance.

- (iii) Labelling

Individual cables should be labelled so that they can
be identified easily when cable faults occur. If
cables are more than a few metres ih length it may

be necessary to label each cable at several points.,
It is particularly useful to have a label on each
cable near to the recording instrument, on either
side of a junction, inside junction boxes and near to
the probes.  Dymo plastic labels (Table 1) will last
for several years on cables, if the two ends of each
label are stapled together with an office stapler.

e, Routine maintenance

Keeping of an instrument log-book, which was taken into the
field every time we inspected the instruments, has proved
invaluable.

During the first eighteen months of the project a standard
series of .checks on instrument performance was developed and
notes on the diagnosis of faults were written. The former
were designed particularly to reveal faults which might
otherwise have been overlooked, e.g. calibration drift, and
to facilitate interpretation of the recorded data. The

- diagnestic notes included a list of the main faults which
~occurred, together with their symptoms.,  Copies of both
the check~1list and the notes providéd a useful supplement
to the manufacturers® handbooks and they were always
available in the field laboratory.  They reminded trained
staff of their duties and were particularly useful when

. new staff had to assume responsibility for the instruments.

7. CALIBRATION OF THE INSTRUMENTS
.5. Meth;éé .
Two types of calibration were used:
(1) Caliﬁiafiqn without the probes
This”ihﬁcivéd checking and adjustiﬁé.the recoxding

instrument so that it recorded accurately when a
standard electriczl analogue of temperature was




_ Grant.

10.

fed into it. This analogue was normally produced
externally for the Logger and internally for the

.I_ff

‘fFor the Logger,'thls callbretlon 1nvolved adjustment
‘of the analogue-to-digital converter and # should not

be required when D-Mac probes and circuitry are being
used-. We never attempted'it.  Cslibration of the

.Grant Recorder changes with temperature and/or with

changes in the power supply voltage (Section 7b (ii)).
Re-calibration was therefore carried out at least
once per week at two reference points using the two

“built-in rotary potentiometers. - Suitably positioned

points may be chosen when the Grant is being ordered.
Calibration with the probes

This involved compzrison of the temperature recorded
by the Logger or Grant with thdt indicated by an
accurate thermometer, followed by adjustment of the
calibration  (the Logger) or- corredtion for calibration
error (the Grant ). ~For laboratory calibration, a
bundle of probes was suspended in a v1gorously stirred
water-bath so that the probe ‘tips were 28 near as

possible to and at’ the .same Ievel as' a mercury-ln glass
‘thermometer (10 cm immersion, rarige ‘=5 C_440° C, graduated
'in 0.19C and calibrated by the National Phy51ca1

Laboratory to the nearest 0,05°C). The water-bath
temperature was controlled to within #.0.25°C, but
calibration was attempted only when the temperature_

wes stable to W1th1n * 0 1°C.

For field callbratlon, elther the!probes and thermometer

were placed in water in a thermos flask, the contents

"being shaken gently and contlnuously, or the thermometer

was placed alongside a probe in the soil. ' Field
calibrations were caxried out ‘only when the ambient

‘temperature was virtually cohstant. " In field and

laboratory calibrations a reading from a probe under
test was always compared with the mean of thermometer

_readlngs taken before and after the probe readlng.

- For the Logger, ealibratlon (11) 1nv01ved adjustment

of resistors on the input boards until the probes

: under.test“were_on calibration at' two p01nts, one at
“each end of the measureable temperature range. The
" digital reading from each probe, i.e. the reading

which would normally be recorded on magnetic tape,
was indicated on the visual display unit of a D-Mac
portable calibrator. S e

The Grant probes are carefully matched with each other
and with the Recorder by the manufacturers but changes
in their calibration may otcur and if: necessary these
would have. to be corrected during data processing.
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i)

11.

. Changes in the accuracy of recording |
(ii'

Limpet Logger

Factors such as changes in ambient temperature or
power supply voltage did not appear to affect the

calibration of the Logger but such effects may have
been obscured by the many instrument faults which
occurred.

The Logger transistor and diode probes were on cali-
bration to within + 1 digit on the portable calibrator
(+ 0.5°C) at all points in the measureable temperature
range (-10°-40°C) immediately after calibration. Both
types of probe, or their associated circuitry, were
unstable in routine use, wandering off calibration
0.5-2.0°C within a few days or weeks after calibration.
This and other instrument malfunctlons eaused us to
stop using the Logger and led other workers, e.g.
Sutton and Rorison (1970), to use alternative types

of temperature-measuring probes and circuits with the
Logger. .

Grant Recorder

The adccuracy of the temperatures recorded on the Grant
depended on the magnitude of four types of erroxr, the
first two being associated with probe characteristics,
the second two with the characteristics of the

__Recorde;_when_;t was operating w1th the probes:

1, The range of variation in the temperatures
'~ recorded from different probes “when the latter
“were all at the same temperature, was approXimately
4+ 0.39°C in both 1965 and 1970.

2. The drift in calibration of individual probes
between purchase of the couipment and the end of
recording (1965-1970) ranged-from 0 to -0.39%C
for recorded temperatures of 0°-20°C, These
slight changes were probably. assoc1ated with
changes in thermistor r981stance with age (see,
for oxample, Mortimer and Moore, 1953), or
changcs in the re81stance of probe lead connections.

3. . The temperature indiczted by the Recorder deviated

 from the ambient temperature experienced by the
probe in a characteristic way which was related
to thé characteristics of the electrical components
in the instrument (Fig. 4). According to its
spe01flc?t10n the Grant ought to record within
+1 C These limits were, achieved over A& recorded
temperature range of about ~5% to +40°C when the

- Recorder was on callbratlon at its 1wo fixed

- reference points, 15° and 350C. . :
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4. Because the Recorder components were sensitive
to ambient temperature changes, internal calibration
of the instrument at the two reference points
varied + 19C independently. of the temperature
experlenced by the probes..

If the errors 1ndicated in 1- 4'above were additive,
then the maximum deviations of recorded temperatures
from true temperatures would be -2.6° and +2. 3%
for individual temperature recordings on the chart.
In practice, recorded temperatures were not corrected
for the variations between probes (1) and drift in
probe calibration (2) because these errors were so
small and were compensated for partly by use of
replicate probes at the same soil depth. No
correction was made for the variation in the internal
calibration of the Recorder (4} but this error was
“minimized By checking and adjusting the Recorder at
least once per week (Section 6¢ above). and by keeping
it at a fairly high and. .constant temperature {(Section
5b and 6a above).

All recorded data were corrected for errorx, (3) using

a computer program developed by D. K. Llndley (Systems

Section, Merlewood). This used the relationship
o = a

T = 0.372449 ¥ 1.18680t - O. 02540722 + 0.0010620t° -

0.0000206803t% + 0. 0000001858891:5

where T and t are respectlvely the corrected and the
recorded temperature. Coefficients correct to a
large number of dec1mal places were essential to
avoid errors of >1°9-29C in the corrected data.

8. TRANSFERENCE OF THE RECORDED DATA Y0 A COMPUTER

a,

Data collected on magnetic tape

There are several ways of handllng data in this form. They

) may be read directly into a computer from tape using a

suitable interface; this approach has been used at the
Institute of Hydrology at Wallingford. Alternatively, they

o may be punched on to paper tape, printed out, or displayed

in digital code on a v1sua1 display unit for checking purposes.
Suitable- equlpment "e.g. the D-Mac 2utomatic translator with

. visual display onlm cost basically about £1000, a tape-

punch or typewrlter being optional extras costlng £350 or
more.

" Sutton and Rorison (1970) are succeésfully using a transliation

system for Logger tapes which involves feeding the output
from a modified D-Mac portable translator through a special
adapt er unit into a Solartron Data Logger (Table 1). The
electrical output from the latter drives a tape-punch and




an electric typewriter. One advantage of this system

is that the. digitally coded information on magnetic tape

.is converted into temperature values snd the output consists
of simultaneously produced paper tape and a print-out for
-checking purposes.

To.extract the data from the Meathop Logger tapes, we used
the D-Mac translation sexvice which produced a paper tape
punched in a specified code, e.gi ASCII eight-track or
Ferranti Mercury five-track code. This service was rather
slow but it was relestively cheap and in our experience the
output was acceptable for many purposes. It was always in

. .the digital code used on the Logger magnetic tape but a
- .computex program for conversion of the data into temperature
_Tform could easily be written.

Data on strlg-charts

:  If £2000 or morz is avalleble, a commerc1a11y manufactured

trace~-readex or pencil-follower may be bought to convert

-data on strip-charts into a computer-~compatible form (see
- equipment by D-Mac Ltd. and Normalair-Garrett Ltd. (Table

1)). For most of the Meathop data several less sophistic-

‘2ted methods of extracting the data were used:

-{i1) Manual method

This involved placing each chart on a simple stand
made of Tufnol, brass and white metals {Fig. 5)6
reading off each temperature to the nearest 0.5°C
and writing it down on a printed form, then later,
punching the data on to paper tape. The printed
form was arranged so thst each row contained alil
the data collected from different probes on a part-
icular hour of & particular day. Each column .
contained all the hourly data collected from one probe
in one day. Columns: were numbered 1-24 and a
space was available at the head of each column for
inserstion of depth of probe in the soil. ' Houts of
the day were printed at the s ide of the form and there
were two rows of 'boxes' for deily total and mean
temperatures per probe at the foot of the form.
tBoxes' were available at the head of the form for
insertion of information on the instrument in use, the
cosite, 'date and day number.

Reading off the dato from the" charts was very tedious
2nd expensive so we attempted to improve our technique
in several ways (Teble %), Of these; reading off

and 'simultaneously punching the data was the most
xapid and cheapest approach. Editing of the paper
tapes produced by this méthod is relatively easy if

a standard, clearly defined tape format is ndopted.
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(11) Use of A commerc1a1 date proce381ng serv1ce

-

Strlp—chcrts can he read satisfactorily commerlcally
but the cost is high even when a special low-price
contract is arranged for the work (Table '5). We
usedthe firm now known =s the C. I. Data Centre Ltd.,
(Table 1), and obtained satisfactory tapes and print-
outs of doba collected over eighteen weeks,

(iii) Use of a custonnbullt char*—reader

.Thls 1nstrument costing approx1mately £1300, with a
punched-tape output (Fig. 6) was acquired by the
Chemical Section at Merlewood primarily for the
‘reading of charts approximately 25 cm {(10") in width.
It can be used to read off Grant data rapidly and
cheaply (Tuble 5), but, instrument or operator errors
are less easily detpcted with this; approach than with
(i) above because of the abscnce of a print-out at
the time of punching. The reader can. discriminate
between two points on the .chart c. 0.25 mm apart
whlch is- cquivalent to 0.259C .on a Grant chart with a
50°C span. Lack of reproducibility due: to erroxs
associated with factors such as parallax pr lgteral
movement of the chart could add another 0.25°C to the
error. Scaling values, indicating the digital
readings for the left- and right-hand sides of the
chart scale, have to be inserted on the tape to allow
;.. conversion of digital units to "C. - This insertion
- and the conversion 1tse1f introduces another possible
error of about 0.25°C. It therefore appears that
temperature data produced by this type of chart-reading
~followed by computﬁr data processing will have an
@IIror of >0, 5 <1.0% in.addition to recording exrors.

On the basis of the figures in Table 5, use of the Merlewood
chart-reader or manual, reading plus simultaneous punching are
clearly the best methogs of extracting data from the Grant charts,
~but recording on magnetic tape followed by avtomatic data
‘processing is- cheaper.

OVERALL COSTS oF COLLBCTING SOIL TEMPERATURE DATA

In Tables 5 ‘and 6 I have attempted to cost. the COllectlon of .
temperature data at Moathop on the bosis of the actual costs
1ncurred for the Grant Recorder 2nd the costs -that would have

. been incurred for the Logger if the latter had pexformed
'LS?tlsfactorlly.ff A1l the eosts are based on prices and salaries for
the 1966-69 period, but the—flgures can be scaled up to 19732 values
using a multiplying factor in the range 1.5 to 2.0, Table 6 should
be easily understood if the rssociated notes are studies. We did
‘not develop and.use the cheapest methods of extracting the data
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from the Grapt charts until towards the end of the work, but it
should be stressed that, of all the methods we used, the cheapest
were the most unpleasant and difficult methods for the worker.

~The main conclusion$ from these analyses of times and costs =are
< indicated in Sections 10 and 11 below,

'PARTICULAR ADVANTAGES AND DISADVANTAGES OF USING A MINIATURE

STRIP-CHART RECORDER FOR TEMPERATURE DATA CAPTURE

(i)

(i1)

C(didi)

Cadt Advantuges

Slmp11c1ty of design compared with: +hat of, say, a
Limpet Logger, so meintenance is relatlvely easy
without the aid of a trained electronics technician.

Coupled with (i) is reliability. Once we had’
identified and solved the problems related¢ to the
effect of temperature on our Grant Recorder, we found
that it was very reliable.

The recording of data on to a strip-chart provides a
permanent record of those dasta, and, as the data are
potentially immediately available at the time of
recording, identification and correction of instrument
faults is facilitated. On the Grant,. for example,

we found that the trace for a probe whose lead

. contained a slightly wet junction had a characteristic

(iv)

(v)

(i)

feathered appearznce. This symptom would not have been
detected on a magnetic tape recorder without the use
of a special probe calibration instrument.

A strip-chart record is extremely useful when a
scientist wishes to record information morée or less
continuously and where his main interest lies in
certain types of values, e.g. maxima or minima or,

in the case of scil temperature, say the- ‘number of
days on which the temperature exceeds a certain value,
Such information can be extracted very rapidly from
a strip~chart-— probably more rapidly tharn by using a
computer with a magnetic tape or punched tape record
bearing in mind the time needed for checklng and
eciting computer. inputs and outputs.

Low initial cost. . In the mid-1960s a 24-point Grant
Recorder cost about a third of the price of two 10-
channel Loggers plus calibration equipment {(Table 6).

b, Disadvantages

The overall size of the recorder limits the size of
the chart which can be used and this affects the

resolution, zccuracy and precision of the whole

- recoxrding assembly.. The use of very sensitive trans-

ducers becomes a2 luxury if the characteristics of the
recorder limit the performance of the whole assembly.
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In some miniature strip~chart recorders part of the
temperature range which the recorder can measure can
be -expanded to cover 2 full chart-width and hence the
resolution mey be improved. However, use of this
facility with hourly recording would require more
sophisticated electrical circuitry which could
Feduce.the instrument's reliability and which would
increase césts. : S

(ii} Pata on a strip-chart are not in an easily.manageable
form. To convert them to a computer-compatible form
or even a form useable with a desk calculator is
g?dious, time-consuming and expensive (Tables 5 and

CONCLUSIONS

3.

The Limpet Logger (1965 vintage, modernized in 1968) was

2 most unsatisfactory instrument for recording temperature
largely because of the instability of the D-Mac temperature-
measuring system, The latter may have been improved since
1968, Sutton and Rorison (1970) describe an alternative
system for the Logger and this is apparently a great
improvement on the D-Mac version. Use of an improved

Logger would be a cheaper and more efficient way of collecting

. temperature data than use of a Grant Recorder.

The Grant Recorder (1965 vintage) was a very reliable

4Anstrument for recording temperature. It produced an
_instantly visible and permanent recoxd of the data being

collected but it had two mein disadvantages in use:

(i) It was very sensitiée'%o sméilzchanges in power supply
voltage and in ambient temperature.

(i) Cenversion of data on strip-charts into a computer-

‘compatible form was laborious and expensive.

Temperatures can be recorded on ‘the Grant and extracteg from
the strip-charts with an accuracy of better than # 3.5°C
(range) using 2 chart-reader with a punched-tape output or
by reading off the data and simultaneously punching them

on paper tape. By correcting for instrument erxor, the
accuracy can be improved to bettex than + 2.5°C. This

" value includes 2 maximum error of + 1.0°C associated with

the_i?éqing off and punching of data and + 1.5°C associated
with Variation between probes and drift in the.calibration
of the probes and the Recorder. L e

The main advantages to be gained by using a magnetic or

paper tape recordexr are avoidance of tedious work during
initial data handling and facilitation and acceleration of
data processing. There seems tc be no significant financial

. advantage_(TableS'S and 6).

L4
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Table 1.

Main suppliers of equipment, materials and Service

C. I. Data Centre Ltd.;'Weilingtbn-ﬁdﬁse, Station Road; Aldershot,
Hants. '

Deac (Great Britain) Ltd., Hermitage Street, Crewkerne, Somerset.
D-Mac Ltd., Nueen Elizabeth Avenue, Hillington, Glasgow, S.W. 2.
Dymo Ltd., Astronaut House, Hounslow Road, Feltham, Middlesex,

. .A. C. Farnell Ltd., Industrial Division, 81 Kirkstall Road,
LA ‘Leeds 3. Tt I ot

. Grant Instruments (Development)} Ltd,, Toft, Cambridge.
ITT Electronic Services, Edinburgh Way, Harlow, EsseX.
Mrllory Batteries Ltd., Gatwick Roazd, Crawley, Sussex.

Normalair-Garrett Ltd., Industrial Electronics Division,
Yeovil, Somerset.

Radiospares, P.0O, Box 427, 13~17 Epworth Street, London, E.C. 2,
The Solartron Elecironic Group Ltd., Farnborough, Hants,

Westinghouse Brake and Signal Co. Ltd., Automation Division,
New Road, Chippenham, Wilts,



Table 2,

Change in the temperature recorded during a recording cycle
when the Grant Recorder was kept at yarious temperatures.

Ambient temperature Rzzg:dog ;emfsratuzﬁe- o o
of Recerder and one X8C0rced by € pr . Batteries used
= o - during one recording .. - i R
Probe C _ o
_ . .. cycle “C
P R n I . -3

g

One OR4
“One 'OR4
One OR4

N 0o
oV b W

= 9:0- . 0.8 Two OR4s in parallel

H ‘f\',‘ﬁ"

.2 One RM1450R assembly
1 . ‘- ] ca R



Table 3.
Variation in temperatufe at the base of the L/F layer on the
Meathop Wood IBP site:

a) across the type hectare,

b) between the type hectare and a small adjacent area
(Fig. 2}.

The two mean temperatures given for each day were not significantly
different from each other (P >0.25)

Daily mean temperature (OC)

2) Date on the type hectare with S.E.’
23 probes 17 probes
8.4.66 6.50 + 0.040 6.48 4+ 0,045
9.4.66 6.62 + 0,027 6.62 + 0.032
10.4.66 7.08 + 0.029 7.09 4+ 0,044
7.5.66 8.72 + 0,075 8.72 + 0.072
8.5,66 8.33 + 0,034 8.35 + 0,027
9.5.66 9.29 + 0,108 9.28 + 0.094
12,6.66 14.78 + 0,050 14.82 + 0,057
13.6.66 14,46 + 0,051 14.49 £ 0.061

b) Dajily mean temperature (qc)

with S.E.

Type hectare Small adjacent area
17 probes © probes

Gate

8-6.7.66 15.10 + 0,111 15,17 #+ 0,112



Table 4,

Arrangement of the temperature probes in the soil profile on the
small area dongside the type hectare at Meathop.

Depth of probe

Station in soil {cm) TypeJof:probe
1" 0, 5, 10, 20, 30, 50 Grant .
2 0, 5, 10, 20, 30, 50 Grant
3 0, 5 - Grant
o, 5, 10, 20, 50 Logger
4 C, 5 ' Grant
0

0, 5,_10, 20, 50 . Logger

O cm = Base of L/F layer or top of mineral soil
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Tabkle 5.

Approxlmate tlme taken amd costs for extractlon of temperature
data from Grant charts ‘and Limpet ‘Logger magnetlc tapes, costs
based on 1966-69 values. . ;

" Method of

extraction
GRANT
1. Reading and writing'

down on standard forms,
then punching

‘Reading and simultanesus

punching

As 2. but using a
commercial data handling
service N

As 2. but ﬁélng Natuzre

Conservancy chart
- reader .

LOGGER

5.

Machine translation
by Q-Mac Ltd.

200

Minutes per 1000 data
Reading and

Reading Punching

80

Punching

“‘28057

- O at the

Research
Station

80

O 2t the
Research
Station

i

Figures based on junior staff salary of £780 per year or

C. £3 per working day;

included but cost of checking and editing tapes prior to

computer input is included,

All costs and a profit margin included.

£
Cost

1,75%
0.50*

3.90+

0,20+

depr901at10n on equipment, maintenance
of equipment, other running costs and overheads are not



Table 6,

1 s : o
Querall costs™ of using either a Grant Recorder (20 Probes)
Or two Limpet Loggers (2 x 10 brobes} to collect 524,160
(sce additional "

hourly temperature data'Overrthree_years,

notes on next page).

a)

-d)

Initial cost including probes and
leads?

Depreciat%on on capital invested in
equipment>

Running costs including expendables

staff time for maint enance of over-.

heads4

Data_extractioq

Tof%is (b + c + @)
Daté'extraction using cheapest
method throughout

Revised totals

Cost per 1000 data

Recorder

310

93

644

1013

1750

2 Loggers and
portable
calibrator

910

273




Notes on Table 6

&41) costs are based on 19566-69 figures, Multiply figures
by 1.5 to 2.0 to obtain comparable 1972 values,

1965-66 prices,
10% of initial price, per year.

Includes one day per week of one A.S5.0.'s time (£468 where
salary = £780 per annum or £3 per working cay) + a proportion
of Soil Ecology Section overheads {£95 = C¢.204 x salary cost)
including part of the cost of Station administrative staff,
post, general stationery, telephones, rates, electricity,
fuel for heating + batteries or cost of a power-pack (£45) +
one strip-chart per three weeks (£26) for Grant or 4 magnetic
tapes per year for Logger (£30) + sundries, including special
stationery, part of cost of Avominor, etc. (say £10).

Based on data given in Table 5 where 50% of the data was
extracted using method 1 (£458}, 38% with 2 (£100) and
12% with 3 (£225) + 2 proportion of Soil Ecology Section
overheads (£230 = 0.293 x salary cost) including the over-
heads given in 32 above and 2 proportion of the Section
computing costs.

Includes charge for D-Mac translation service (£112) + staff
time for checking and editing tapes prior to computer input
(£100) + overheads on staff salary as in 4 (£29),
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Notes for Figure 1

The circuit diagram shows the relay in the operated position.
When the mains supply is switched off, the relay switches input
terminals & and B over to a 12 V battery supply.

The choke is shunted by variable resistance VRI set to approx-
imately 2.J%v to Prevent excessive voltage drop under heavy load
when the Grant clock is first switched on, Condenser Cl reduces
the mains ripple produced when 2 DC supply is produced from

AC Resistors, Ri1, R2 and VR2 combine to give a normal working
resistance of about 72 J L , When starting the Grant clock it

is necessary to reduce this combined resistance (to not less

than 33.4\), using variable resistor VR2, When the clock has
started, VR2 should be altered to its initial setting,
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Pn]ytﬁené'bottlé 4 cm
dinmeter, 12 cm long
witﬁ neck removed (a)

Belling-Lee terminal ,” | ]
S'rip - / i o
/ . Radiospnares co-npxinl
/ miniature microphone
/ cable (7/0.0076'")
B.1.C.C. weatherproof t
plestic sealing compound

R 391) \
(R 301)

/

Belling-Lee terminnl

strip Silica ITT die~cast aluminium
' gel box with screw=-on lid
' : paninted with bituminous
. . pnint

Figure 3. Types of cnble'junction for field use.
{a) and (b} for Grant cables



-dwcore ceble .
T

--Belling?Lee rubber-sheathed 34pin
-~ plug and socket (L1349FP and FS)

. "Plastic 1nsﬁi&fiﬁbﬁ

- tape

e | \

. v

'8.I.C.Cs Weatherproof
plastic sealing compound
(R 391) wrapped with

_plastic insulating tape

' cablc_(?/0.00?ﬁ“)

?1guté'3 {continued).
{c) Loggex cables
- {4) Grant cables.

-

R}
. _ : . o \E
Flexible plastic tube 10-15 cm _ Ty
An lgngth'und\z cm in diameter _ Y
. - v . : . . ‘
\ v
A 1 L))
\ | ' ‘
i . _'_ ¥ ¢ .. ) ._
\ | 3 \ -
S\ 4 _ s - .
AL . 1  Rendar/Farnell miniatute
Radiospares co-axial 4 jack*plug,(HJPSVBOOJ,;' :
"~ miniature microphone ‘ R

\

Rendar/Farnell miniature

jack~plug line connectox
{MCC/601)

Types of cable junction for field uset

One example of an unsatisfactory juncttén
for comparison with (a)~(e)
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: Clip holding graticule
ggggt 6;4 cm . ' (not shown) which can be
_ fitted over the chart and
' ' used to indicate positions
_ of indigidual_traces-

Tufnol frame

'
)
\
\
)
L]
)
]
\
i
1
\

AN Sprunh levers
swhich hold

: the chart in

' " position

”,

Take =up anf
supply spool
- knobs }

Figure's. Chart reading stand for Grant charts
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