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OPINIGON
In pursuit of the end of the rainbow

As every science teacher knows, infinity is, approximately, at the far end of the laboratory. What
dismays me is the sight of teachers, those perhaps with funny money in their pockets, forgetting this
little homily and chasing after the end of the rainbow. "Can you recommend to me a good robot?" "What
satellite receiver should I buy?" - these are questions I have been asked recently. One teacher showed
me round his laboratory which had been equipped with eight microcomputers each linked to a different
robot. There's new technology for you! But what saddened me is that 99% of the creative work which is
associated with this equipment had already been done outwith that classroom by the engineers and
technicians who had designed and built it. It is ironical that one major purpose of bringing
technology into the syllabus is hardly going to be fulfilled by this means. The science has been wrung
out of it.

What I would rather see is science education which is based on some of the fundamental laws,
illustrated with applications which are modern where suitable. If important ideas can be illustrated
only by using modern equipment, then this should be done. The pursuit of new technology as an end in
itself is of little value; but where it can sensibly bring panache and excitement into the laboratory
I for one don't mind indulging in the fun.

* * *

INTRODUCTION The dreaded A9 is now so improved you can leave

the Central Belt after breakfast and be in
Inverness in time for lunch. We would reassure any
English readers thinking of attending - there is
no truth in the rumour that north of the Great
Glen you may fall off the edge.

ASE Scottish Region
Annual Meeting

This will be held in Culloden Academy, Inverness
from the 13th to the 15th of April, 1987. The , cogt Index
theme of the conference is to be "Education,

Industry and Technology". The programme will Our cost index for science education consumables

include  lectures and workshops to suit both aq established at 100 in May 1974. In November,
primary and secondary sectors, covering both 39g5 the index stood at 370 as against 364.83 in
'traditional' sciences and technological studies. May. This gives a percentage increase for the six
We will be exhibiting, as usual, and look forward p,nth period of 1.4%. Readers will recall that we
to meeting old friends and, we hope, making new were unable to obtain all of the data for

anes. computation of the index in November, 1985. That
) o means that we cannot give a year-on-year figure on
The 1986 meeting at Craigie College Wwas thjg gccasion. However in June 1987 we should be

generally agreed to be one of the better ones of .510 to publish a figure for the 12 month period
recent years. We hope that even more folk than the May 1986 to May 1987.

many who trekked to Ayr will make the effort to
travel north for the 1987 conference. From what we
hear, Culloden Academy will be another excellent
venue.

Ross & Lamont
In Bulletin 154 we gave an old and incorrect
telephone number for this firm. The up-to-date

number is:

041-771 1473



SAFETY

Heat resistant cable
for soldering irons

If soldering irons are used by inexperienced
persons, staff as well as pupils, there is a fair
chance that the hot tip will come into contact
with the lead and burn through the insulation.
Till recently we would have advised that schools
purchase low voltage irons only. However we have
recently tested silicone cable and find that it is
resistant to damage by heat from the hot bits of
soldering irons. A 240 V iron fitted with silicone
cable is therefore quite satisfactory for novice
pupils. Such an iron would be our recommended buy
because the cost of a low voltage supply unit does
not have to be borne.

Silicone cable is available from Carlton
Technology Limited, who charge 90 pence per metre.
This firm also stocks Antex soldering irons which
have been fitted with silicone cable. We recommend
that schools refit any existing irons with this
cable.

Science teachers are asked to inform their
colleagues in Home Economics about silicone cable
- it has a suitable current rating for their irons
too!

Sulphur dioxide canisters

Over the last dozen or so years we have had a
continuing trickle of enquiries about these
canisters. These have usually been on what to do
about corroded valves. We pointed to this problem
in our manual on hazardous chemicals [1]:

"Sulphur dioxide ‘cylinders'’ {or syphons]
are susceptible to corrosion particularly
of the valve and in the area where the

brass is in contact with the aluminium

cylinder"”.

We went on to point out that they should not be

stored near sources of corrosive fumes such as

acids. A suitable location is an open shelf in a

NOTES

general store. In humid conditions the canister
should be stored but in a clear plastic bag
with some silica gel. Our experience had been that
the major problems arose because of poor storage
conditions in schools.

S0

However late last year we had a request on an
aspect, at least to us, novel. This came from a
chemistry department in a College of Education.
They had the distinction of being the first case,
knowledge, where canisters were actually
corroded on delivery. Understandably,
somewhat miffed. Our advice was to pursue the
supplier because it was probable that someone had
improperly stored a batch of canisters. We also
suggested that the correspondence be copied to
ourselves and that the original bear a note that
this had been done (a useful tip for other

to our
they were

complainants).
We are glad to report a happy ending. The
supplier promptly earned new Brownie points,

admitted the error and sent replacements. It was
claimed that moisture in the store was possibly to
blame and stated that this was a reason for their
policy of keeping at a minimum their stocks. The
supplier also promised that his staff had been
made aware of the complaint and that they would be
more vigilant in future "and so should we all"
(this writer said, in piety and poor grammar).

For the record, we would be interested to hear
of any other incidents of delivery of ready-
corroded canisters. BDH are usually the actual
makers and fillers but many other firms act as

agents and thus store and distribute the
canisters. So please, if it has happened to you
address yourself first to the actual supplier,

(and send nosey old SSSERC a copy).

Reference

1. SSSERC, "Hazardous Chemicals - A manual for
schools and colleges". Oliver and Boyd, first
published 1979, ISBN 0 05 003204 6.

* * * * *



BIOLOEGY

"The wuncreative mind can spot wrong answers, but
it takes a creative mind to spot wrong questions".

Anthony Jay, 1967.

In: "Management and Machiavellij An Enquiry into
the Politics of Corporate Life". Holt, Rinehart
and Winston.
Practical investigations

We are seeing hopeful signs of a swing back to
more open ended pupil practicals. We also lock for
greater emphasis on investigative activity,
problem solving and projects. This is not the
place to detail the variety of legitimate educa-
tional purposes of practical work. Undoubtedly
there is a need for some holistic activities where
the means justify the means, and to pot with the
assessment of ends.

Some of the factors to watch when setting up
both mini- and full scale projects were described
by Ian Downie in SSSERC MeMo 4 ([1]. The context
there was within electronics but many of the
principles are transferable to other subject
areas. These include the need for inpitial training
in required skills, prior exposure to techniques
and knowledge in simpler contexts so building up
to more complex tasks and problems in unfamiliar
settings. That all sounds high falutin but a
mini-project or problem can be very simple. It may
be set for relatively junior forms.

Sizing Cells

For example we were sent recently an idea on
measuring plant cells. The simple techniques on
which we worked are applicable at S1 or S3. With a
little imagination they can be used to set a
simple problem. This should provide welcome relief
from the, now too familiar, prescriptive,
worksheet approach. The work would be a mini-
project set at the end of work on microscopy and
plant cells. The question - "The onion skin cells
we have examined; how long are they and how
wide?",

NOTES

Tackled as an elementary exercise in quanti-
tative microscopy the problem essentially involves
measuring the field of view, counting cells along
diameters and arithmetical division. A
longitudinal row of cells is bound to 1lie along
one diameter Similarly, on another must lie a
transverse row (Fig.l.).

Fig.2.



At this stage pupils should already have been
taught how to use a microscope and how to make a
temporary mount. Rather than supply them with a
worksheet or workcard with a detailed prescription
for a method, why not 'hints and tips' cards and a
range of simple equipment or tools? The amount of
help provided can be varied according to the
teacher's judgement of the degree of difficulty
offered by the problem.

The solution at which we arrived needed
nothing more than a clear plastic ruler with fine
mm markings (in addition to specimen, slide, cover
slip and microscope). Other answers might require
looking up datas in a book or, of all things, the
use of a rotatory leather punch, cardboard and a
bowl of water (Fig.2).

In Bulletin 156, we will publish a further short
piece with more detail on our suggested solutions.
In the interim we would be pleased to receive
other answers, preferably pupil-generated. One
small hint: use a x10 objective and x10 eyepiece.
For the swots we set a supplementary
problem - "Without further counting can you
estimate how many onion cells altogether are in
the field of view?".

Biotechnology News

The National Centre for School Biotechnology in
Reading published the first edition of its
"Newsletter" in the Autumn of 1986. We received
our copy towards the end of November. The covering
letter stated that it had been sent to all UK
schools and science advisers, so a copy should be
in the establishments of most of our readers. If
your school science department did not get a copy
and still does not know of the Centre, the address
of NCSB is on the inside cover of this Bulletin.

More microbiological news

The secretariat of the Microbiology in Schools
Advisory Committee (MISAC) is for the moment also
residing in Reading. A little while ago they sent
us an updated list of MISAC Local Advisers for the
teaching of Microbiology in Schools.

Local advisers are willing to give general
advice on microbiological practical and project
work. If a topic lies outwith their own particular
area of expertise they can often refer it on to
expert colleagues. Local Advisers are usually
members of UK microbiological societies with an
interest in school based education and who have
volunteered to support in this way the work of
MISAC.

It is some
of the MISAC
of September
advisers in
In Aberdeen

years since we last published details
Local Adviser service in Scotland. As
1986 the MISAC list included local
Aberdeen, Ayr, Edinburgh and Glasgow.
there are two advisers, Mr M.S.

Davidson and Dr G.W. Gooday, of the Macauley
Institute and Marischal College respectively. The
south west is served by Dr S.G. Deans at

Auchincruive near Ayr. Edinburgh and the south
east are covered by Dr.J.F.Lowe and Mr.R.M.
McLarty, both of Edinburgh University School of
Agriculture. In Glasgow are based Dr D.E.S.
Stewart-Tull at the University of Glasgow and Dr
L.P. Macham of Glasgow College of Technology. Full
addresses are given on the inside cover of this
bulletin issue.

Reference

1. SSSERC, 1986, "MeMo 4:
Teaching Microelectronics".
"Methodology").

Making a Start in
(See the section on



EQUIPMENT

a review

Electronic balances

Abstract

NOTES
On receiving our draft test reports some
manufacturers have rapidly responded and have

corrected such faults.
near future.

Others may do so in the

1Patterns of provision

_Iti; We are often asked which weighing ranges and
_; L84 3“'!5? unfi_ i . ;sen51t1v1t1es are needed for particular courses.
\ﬂﬁ ' 15‘1hiﬁh thO.. ¢ \)_‘t Clearly individual schools and departments will
Eﬂﬁ%ﬁ School Selence SbrViCﬂ- A 1  1 have their own thoughts on this. We summarise
"ather ﬁls “hich hﬂ\'e nat bﬁ&“ tested below the gist of ours:
: WW Most ef these are medals Area Capacity Sensitivity
_t.lwa& testq! or are members of g'
pted series. L *h (i) S1 to S6 1 to 2 kg or 10 mg
o ) A 1 ' slightly greater
_The: avuugﬁc;ity of full test reports is
_indiceted and the SSSERC test  procedure
summerised. Finally, three aofhmo packages foP |(ii) S6 Chemistry 100 to 200g 1 mg
interfacing electronic balances to the BBC !
.nicrwnar are reviewed.
(iii) General 5000 g 1g
Choos1ng a balance purpose 500 g 0.1 g

Simplifying the problem

Once the specifications of capacity and
sensitivity have been chosen and the size of the
available budget is known, a considerable
narrowing down of choice results. The second step
is to consider if extra features available on some
models are desirable or an unnecessary nuisance.
The next stage, we hope, would be an approach to
the Centre for further information and the
relevant test reports. It is worthwhile asking the
local agent for either a demonstration, or better
still a short loan, before making a final
decision.

Electrical safety

A further reason for contacting us concerns
electrical safety. Some of our evaluation samples
had electrical safety faults. For example one
model had the input fuse in the neutral side
instead of in the live. Another sample had a mains
on/off rocker switch which was easily levered out
with the tester's thumb nail.

General purpose balances (iii),
in preparation rooms
laboratories. They are seen as the modern
replacement for the Butchart or for the two-pan
beam balance. Inexpensive load-cell balances will
be more than adequate for such tasks, provided
that they are fitted with a robust mechanical
overload protection. They tend to be the most
portable of all, many having the option of running
on batteries as well as on mains.

can be widely

used as well as in

Some have argued that a sensitivity of 10 mg is
sufficient for CSYS Chemistry and that even the
expense of a balance with sensitivity of 1 mg
unjustified.

is
However in using a 10 mg balance for
gravimetric and volumetric determinations the
errors are, in our opinion, unacceptably large. A
number of chemistry teachers share our view that
for SYS, one balance with a 0.1 mg sensitivity
could be more a requirement than a luxury.

The
school,

purchasing decisions of any particular
in providing this weighing capability,
will be influenced by the type of balances already

held.



Possible strategies include:
(a) using three different types of balance as
outlined above.

(b) combining in one balance both 10 and 1 mg
sensitivities, yet bhaving a capacity of 1 to 2
kilograms. Recently arrived on the market, at
reasonable prices, are dual range and floating
range balances which will do just that. A
comparison shows this route to be cost-effective.
For example, a dual range instrument (1500/150g
capacities by 0.01/0.001 sensitivities) selling
for £833 can replace the two separate balances of
types (i) and (ii) in option (a) above. Those
separate models would have a combined cost of
about £1500. Against that saving has to be set the
obvious disadvantage of only one weighing station
instead of two. Two balances can be used in two
different sites and in the event of a breakdown
you will not lose all weighing capability.

(c) wusing an existing mechanical analytical
balance for CSYS Chemistry and for precise
weighing of other small quantities such as of
growth substances for the biology department. If
this is feasible then only types (i) and (iii)
will be needed.

The slower operation of a mechanical balance
presents little problem in CSYS work, unless an
output for logging is wanted. If carefully used
and reqularly serviced these old mechanical models
should provide many more years service.

Three further points are worth considering:

(1) the portability of balances weighing to
and;

1 mg

(ii) software packages available for particular

makes of balance;

(iii) the advantages of having the same make
throughout the - easier understanding of
controls, larger discount for purchase of greater
numbers and only one software package needed.

school

Some of the new models with 1 mg sensitivity are
essentially top pan balances supplied with a
somewhat rudimentary draughtshield of low profile,

which is not permanently attached. (See key 'Ds'
in the "Comments" column of the Tables). These
balances,like other top pans, can be treated as
portable. Other models are really descendants of
the analytical type, with an integral glass
draught shield and sliding doors, (See key 'Gds').
This latter type are transportable rather than
truly portable and are better left in one site.

Software packages are not really interchangeable
between different makes or even between different

models from the same manufacturer. We have found
significant differences in the quality of
different packages. The availability of a useful

software package will certainly help in choosing
between two otherwise comparable balances.

Technical background
Principles of operation

These days, electronic balances may essen-
tially differ only in the actual sensing
mechanism. The electronics of processing the

resulting signal and displaying it as a weight may
be basically much the same from model to model.
Balances are excellent examples of modern ‘'soft-
ware engineering' techniques. Here the same micro-
procéssors are programmed in different ways to
carry out different functions, the hardware
staying much the same.

Force Compensation types

finges
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Fig.1l - Force compensation mechanism (schematic)



When the pan is loaded the mechanism, which is

suspended on delicate metal ‘'hinges', undergoes
slight displacement from its datum reference
position. A feedback circuit supplies sufficient

current to an electromagnetic coil to return the
whole mechanism to that point.(Fig.1)
This current is measured and processed so that it
reads in grams. Clearly such a read-out is
affected by local variations in the magnitude of
gravitational acceleration. Calibration with a
standard mass is thus needed upon installation and
at yearly intervals thereafter.

reference

Load-cell type

A load-cell is a specially shaped piece of metal
which is distorted by a load placed on the pan.
The amount of distortion is sensed by strain
gauges attached to the cell. These strain gauges
form part of a bridge circuit. Changes in the out
of balance current from this circuit are processed
to read out directly in grams. Again this type of
mechanism is essentially a force meter and
calibration is required.
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Fig.2 - Load cell mechanism, schematic

Load-cell balances are simpler and therefore
much cheaper than force compensation types. It
might be said that they have been developed from
kitchen scales. With some of the
calibration

cheaper models
is carried out in the factory, but is

7

either impossible or very difficult for the user
to repeat. Up-market models may have all the
features of force compensation types including

calibration, computer outputs or internal software
controlling operational features such for
example, choice of integration time.

as,

Three other differences

models are:

from force compensation

- their greater portability because of their
small size and possible battery operation,
making them suitable for field work.
Unfortunately this portability makes them more
likely to be stolen.

- load cell types can only be designed to
operate over a smaller capacity/sensitivity
ratio than is possible for force compensation

balances. They are usually designed for
weighing to 1 g or 0.1 g sensitivity with
maximum capacities of 800 and 6000g
respectively.

- load cell balances usually exhibit shorter
periods of drift when powered up from cold.
(Manufacturers of force compensation balances
usually recommend they be switched on some 20
minutes or so before use).

Summary tables

In the summary tables which follow (Tables 1-5)
models are classified according to sensitivity and
as to whether they are single, dual or 'floating'
range. Prices are those for one balance and are as
quoted at going to press. In recent months prices
have been volatile, often reflecting currency
movements. There bhave been several changes,
usually increases, in prices of imported models.
The prices given in the tables are thus only

guideline figures. Readers are urged to check
before buying.

A number of models, acceptable in other
respects, attracted criticism in our tests on the
grounds of electrical safety. Many have been
modified to meet our vrequirements. Other
manufacturers are also expected to comply.

Therefore all except two of the models tested have
been included in the tables. Our findings
safety re-inforce our advice that
purchasers should contact the Centre.

on
intending



KEY AND NOTES FOR TABLES 1-5

In any one table all balances have the same maximum sensitivity. Models are arranged in order of
increasing capacity. The following key is used:

M mains powered BE mains battery eliminator B battery

R serial data output,( RS232 or RS423) fitted as standard. If an optional extra this column
shows the price.

BCD binary coded decimal output.(Fitted on many of the Oertling balances it feeds to the Beeb's
user port).

CcL current loop fitted as standard.

z zero tracking (Z) =zero tracking fitted, but can be switched off by user.

Acal automatic calibration. Pecal calibration by adjusting preset.

Ical integrated automatic calibration. An internal standard mass is positioned by a servo motor.
Ptco. part counting facility. Cap.In. capacity used indicator (analogue).

L weighing principle based on load-cell and strain guage technology. [Unless so marked, the

principle is that of force compensation].

Ds Supplied with cheaper, but adequate draught shields. These are often simply plastic boxes or
cylindrical shields - some open, some lidded and all easily removeable. Full type (see Gds
below.) often available as an extra, a typical price - £100.

Gds has fixed, full glass shield with sliding doors.
SR nearly all dual range balances automatically change to the smaller sensitivity as they are
loaded beyond the capacity of the lower range, eg. when the Ohaus G400D is loaded above 40g

the sensitivity falls from 0.001 to 0.0lg. Only in some instruments is the higher sensitivity
automatically restored when the load is reduced.

Notes:

All balances fitted with floating range or polyrange will autorange down as well as upwards.

An exception has been made to our rule not to include something as a possible buy without an
evaluation. Two models new on the market which have yet to be tested have been listed. These Ainsworth
AC models seem to be excellent value and the agent has promised they will shortly be sent for testing.

Further technical guidance and explanation of terms is afforded by the annotated test procedure
summary on pages 14 to 16.



TABLE 1 BALANCES WEIGHING 70 0.001g

(a) Single range

Manufacturer/ Price
model

Mettler PM100 £803

Sartorius H120 £788

Ohaus G120 £850

Mettler PE160 £945

Oertling NB33 £846

Range & recovery Mains
of sensitivity /batt?
100g M
120g M
120g M
160g M
300g M

Comput. Lead Software
output.

R & CL £25 none
£132 —-——£88--—-

R ~——-£52-—--
_____ £95-——- none

£63 c=mnf3hmee

(b) Dual range or floating range balances weighing to 0.001g

(The capacity of the less sensitive range, 0.0lg, is shown first in column 3).

Salter FX-320 £895
Precisa 300MC £895
Mettler PE360 £845

Ainsworth AS-300D £600

Ohaus G400D £850

Mettler PM460 £945

Ainsworth AC400D0 £864

Sartorius L420P+ £1013

Oertling RB153 £833

300/60g
SR

300g + floating 80g
300g + floating 60g
300/30q

400/40g
not SR

410g + floating 60g

400/40g
SR

"Polyrange"

0 - 80 X 0.001g
80 - 160 X 0.002g
160 - 424 X 0.005g

1500/150g
SR

BE

M

M

M

BE

_____ £75---- none
R ———-£25~—-
----- £95-—-- none
R --none avail.-
R ~=—=£52----
R & CL £25 none
R --none avail.-
R ----£88-~--
BCD ———f34mame

Comments

(Z), Acal; Cap.in.

(2), Ical; Ds
Acal; Ds
Z, Acal; Ds

(Z), Ical; Gds

(Z), Acal; Ptco;

Cap.In; Acal

Z, Acal; Ds

(Z), Acal.

Acal; Ptco; Ds
(Z), Acal; Ptco;
Cap.in; Ds.

(Z), Acal; Ptco;

(Z), Acal; Ptco;

(2), Pcal; Ds.

Ds

Ds

Ds



TABLE 2 BALANCES WEIGHING TO 0.01g

(a) Single range

Manufacturer/
model

Whatman 100
Bosch PE631
Cobos C-300
Mettler PE300
Precisa 600C
Ohaus G400
Ohaus G1200
Oertling 0B152
Precisa 1600CE
Mettler PE1600

Mettler PM2000

Price

£395

£958

£563

£675

£747

£745

£808

£616

£695

£945

£1069

Range & recovery
of sensitivity

100g
200qg
300g
300g
600g
400g
1200g
1500g
1600g
1600g

2100g

B

M

Mains

/batt?

Comput. Lead
output.
none

£113 ——=£35--==
————£116---- none
_____ £95-—-- none
£82 —==-£25----
R —-—-£52-=--
R ~—=—£52-—=
R & BCD ----£34~---
R ~=—-£25-=--
_____ £95——um none
R & CL £25 none

(b) Dual range or floating range balances weighing to 0.0lg

(The capacity of the less sensitive range, 0.1lg, is shown first in column 3)

Ohaus G1500D

Sartorius L2200P

Ainsworth AC 3KD

Gravitron HDO5/5

Salter FX-3200

£689

£805

£675

£711

£895

1500/150g
not SR

"polyrange"

0 - 400 X 0.01g
400 - 800 X 0.02g
800 - 2200 X 0.05g

3000/300g
SR

3000/300g Range
changed manually

3200/600g
SR

M

BE

BE

10

R ————f52-=--
£132 -—--£88---~
R none  none
-—==£150---- none
————£75--== none

Software

Comments

Loadcell, Pcal
Z, Acal.

Pcal.

7, Acal; Cap.in.
Z, Acal

Acal; Ptco.
Acal; Ptco.

(Z), Pcal
Z,Acal; Cap.in.
Z, Acal.

(Z),Acal; Ptco;
Cap.in,

Acal, Ptco.

(Z), Acal.

(Z), Acal; Ptco

Pcal.

(Z), Acal; Ptco.

cont.



TABLE 2 (b)

Manufacturer/ Price
model

Mettler PE3600  £895
Ohaus G4000D £807
Mettler PM4600 £945
Sartorius U4600P £1007
Oertling RC52 £786

Sartorius US000D £1265
(similar to older 1413)

continued

Range & recovery
of sensitivity

3600 +
floating 600g

4000/400g
not SR

4100g+
floating 600g

"polyrange"

0 - 600 X 0.01g
600 - 1200 X 0.02g
1200 - 4600 X 0.05¢g

5000/500g

5050/500
not SR

Mains
/batt?

BE

11

Comput. Lead Software
output.

————£95-——- none

R ---£52

R &CL &25 none
£132 -——-£88---

BCD ———-£34~~-

R -——-£88--—-

as for U4600P.

Comments

Z, Acal.

Acal; Ptco.

(Z),Acal;
Ptco;Cap.in.

(Z), Acal; built-in
software for check
weighing. Control pad
can be disabled

(Z), Pcal.

Acal,(Z), Control pad



TABLE 3 BALANCES WEIGHING TO0 0.1¢g

Manufacturer/ Price Range Mains Comput. lead Software Comments

model /batt? output.

Cherlyn B1000 £149 100g M Is a sensor without a
(& 1000 to 1qg) read-out of its own.

Only used with BBC
micro. Z, Acal.

Whatman 2000 £435 200g B/BE ---none available-- L, Pcal.
(& 2000 to 1q)

Ravencourt £165 500qg B ---none available--- L, Difficult

Bonso 838 to recalibrate.
Salter EW300B £299 300q BE -——-£110---~ none L, Z; Pcal.
Murikami LF-600 £319 600g M not fitted see 600R below L,(Z),Pcal; Ptco.
Murikami LF-600(R) £386 600g M R included none L,(Z),Pcal; Ptco.
Ohaus C501 £315 500g B/BE R ---£29-—-- L,Pcal;Ptco. A std.

brass mass supplied.

Sartorius 1002MP9 £251 500g B/BE ---none available~—-- L, Pcal; Ptco.
Whatman 800 £425 800g B/BE  ---none available---- L, Pcal.

Mettler PE3000 £595 3000g M eee—- £95--—~ none Z, Acal.

Sartorius U3600 £689  3640q M £132 ----£88--- (Z), Acal.

Ohaus G4000 £689 4000g M R -——=-£52---- Acal; Ptco.
Oertling OC51 £568 5000g M BCD ——=-£34-=-- (Z), Pcal, software

gives plot gradient

Mettler PE600O £695 6000g [ I £95--—- none Z,Acal.
Mettler PM400CO £1295 4100g M R & CL £25 none (Z),Acal;Ptco;Cap.In.
Cobos D-6000 £690 6000g M ——==£116---~ none Pcal; Cap.in.
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TABLE 4 BALANCES WEIGHING TO 1g

Manufacturer/ Price Ranges Mains Comput. Lead Software Comments
model /batt? output.
Ohaus £45 1000g B/BE --none available-- L,no cal.
Lume-0~-gram (64g by 1qg)
(D1001C) (>64 by 2g)
Salter TFE-501 £186 1030g B/BE --none available-- L, no cal.
500g by 1g
>500g by 2g
Ravencourt 978A £54.80 2000g B/BE  --none available-- L, no cal,

('Labscale')

Ainsworth DS2000 £170 2000g B/BE --none available -- L, Pcal.

Ohaus C3001 £315 30009 B/BE R e f52-mamn L,Pcal.

Sartorius 1006MP9 £251 5000g B/BE --none available -- L,Pcal;Ptco.

Murikami LF-6000 £319 6000g M not fitted see next model (Z), L, Pcal; Ptco.

Murikami LF-6000R £386 6000g M R included none (Z), L,Pcal; Ptco.
* *

TABLE 5 Other Miscellaneous balances

Avery £32 5000g by 5g B --none available~- L,incl. timer &
Nutritional calorie calculator.
Ohaus 02001C £45 2000g B/BE --none available-- L, no cal.
Lume-0-Gram 128g by 2g

128 - 2000g by 5g

Balances weighing to 0O.lmg are not absolutely necessary for work in schools and are usually very
expensive. However one reasonably priced example is:

Precisa 120A £995 120g to O.1lmg M CL(£80) ---£25--- Acal;Ptco;
Cap.in;Gds.
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Test reports

Full test
schools and colleges
SSSERC. Please apply to
Centre.

reports are available only to Scottish
in current membership of
the Director of the

Test procedures

In test and evaluation programme
performance, ease of use and safety are examined.
For each model the test procedure covers fourteen
such aspects. These are fully described in a
SSSERC paper, available from the Centre [our
reference "BALTP"]. However for the convenience of
readers the major points are summarised below.
Note that the section numbers correspond with
those used for test reports. The opportunity is
also taken to explain or comment on technical
aspects or features affecting usage.

our

1. Reproducibility

The same object is weighed 50 times and the
standard deviation calculated. If there is more
than one range with different sensitivities, the
test is repeated for each range.

2, Cyclical weighing errors

After calibration the balance is gradually
loaded up with standard masses and then unloaded
again. At each stage the read-out is recorded. The
cycle is repeated four times. The test reveals any
inmaccuracy, non-linearity or fatigue.

3. Capacity

4, Speed of operation

This is measured with the balance both in its
fastest and slowest weighing modes. The method of
changing the integration time is noted.

S. Drift. (in read-out)

The balance is switched on for half an hour in a
cold room with readings noted every 5 minutes. It
is then transferred to another room at normal
working temperatures. Should the read-out not
settle in that time the drift test is continued as
necessary.
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6. Tilting

The balance is tilted by 1° in each of the four
axial directions. Each time it is zeroed and the
read-out then noted with a standard mass placed on
the pan.

7. Off-centre loading

With a 100g mass in the centre and then in each
of the other four ‘'cardinal' points any
differences in read-out are noted.

8. Effects of voltage variation

The supply voltage is varied between +/- 10% of
240V. Any differences in read-out or in brightness
of display are noted.

9. Effects of a strong magnet

An 'Eclipse Major' magnet is placed successively
on each of four sides of the pan and any effect on
the read-out noted.

10. Ease of reading

The size of the display and its type are noted.
The distance from which the display can be read is
subjectively assessed, taking into account the
size of the window and its slope.

(An unsteady read-out may cause difficulties for
pupils. On some models a symbol, often a 'g' is
displayed when the balance has reached stability).

11. Ease of use

Comments under this heading are necessarily
subjective and are based on knowledge of likely
procedures followed by:

-a pupil in weighing (i.e. switching on,
taring, changing ranges,) and

-by a teacher or technician in 'setting up'
the balance, (i.e. calibration, choice of
integration time, of units and mode. Some
balances can be made to read in kg instead of
g« In others the 1last digit can be blanked
out.



Optional functions on balances intended for a
wider market may be a nuisance. Pupils tend to
fiddle with controls or software selecting other
modes. It should be difficult for a pupil to make
such changes, either deliberately or unwittingly.
Luckily some balances allow 'locking-in' of chosen
settings or the disabling of reset functions.

Other factors affecting usage include:

auto-ranging

Most dual range balances auto-range when being
loaded up, but few do so as the mass
decreases. For example, as soon as a mass of
>30g is placed on a 300/30 X 0.01/0.001q
balance, the sensitivity will automatically
drop to 0.01g for the rest of the range. If
the mass is now reduced, the higher
sengitivity of 0.001g is not restored unless
the material is temporarily removed and the
balance tared.

Floating point, ‘Delta’
and 'Poly' facilities

These are features best explained by
considering the example above. Once 31g has
been placed on the pan, the read-out will be
to 0.0lg. However, taring the balance restores
a reading to 0.001g for the next 30g. If
desired this process can be repeated up to the
top of the range, a wuwseful facility for
accurately weighing chemicals into a large
glass vessel. Polyrange balances differ, in
having three or more ranges of sensitivity
instead of two.

zero-tracking.

With this facility activated a tared balance
automatically compensates for any small and
slow drift away from zero. The stability is
thus apparently improved. The balance does not
compensate for faster changes and it will
record the ‘'true' change. Clearly this
facility could be a nuisance when following
slow weight changes, e.g. the loss of water
from a plant. One manufacturer stated that
this process only operated on the last three
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divisions from zero and only for changes of <1
division per second, that is on a 10 mg balance,
when the read-out is less than 0.03 g and when
it is changing more slowly than 0.01 gs . The
corresponding figures for a 1 mg balance would
be 0.003 & 0.001 gs respectively. It is often
possible to disable this facility, but not every
manufacturer tells you how to do this. He may
not even tell you if zero tracking is fitted.

stability range control

On many balances a special symbol(e.g. a 'g')
is a stability indicator. It appears when the
signal from the balance is changing less than
a preset number of digits. This indicates
when to take the reading. On many models there
are fixed limits of fluctuation on the
stability indicator. On some newer models
these limits can be set by the user. If, for
example, the limit were set to 8 digits, the
'g' symbol would disappear for even the
smallest fluctuation. If set to a high value
the symbol would almost never disappear. This
facility is of greatest value when logging
transient data on a computer. Otherwise it is
best left unused.

12, Calibration

Two major types of method are wused by
manufacturers:

internal preset

Older balances are wusually calibrated by
placing a standard mass on the pan and then
adjusting an internal preset potentiometer
until the read-out corresponds with the value
of the mass. This preset is usually accessed
through a small hole in the casing.

autocalibration

Many of the current models have a procedure
putting the balance into an autocalibration
mode. This procedure is enabled either by
holding down the tare button for a long time
or pressing a normally inaccessible micro-
switch. Once in this mode the built-in
software waits for a standard mass to be
placed on the pan. The required value may
actually be displayed. Some balances are



‘intelligent' refusing any other size of mass and
returning to the previous calibration. Some are
sufficiently clever to place limits on an
unexpected mass and calibrate on that. Others are
'simple minded' and accept any mass placed on the
pan. These gullible balances may be fooled into
calibration with an error factor of 0.5 or 2.

A few balances even have a built in standard mass,
loaded by an internal servo motor.

In autocalibration an accurate standard is needed.
Calibration is not a frequent operation and,
though apparently more cumbersome, calibration by
preset has advantages. With a secondary standard
known to be say 99.991 g the read-out can be made
to coincide exactly with that figure. A balance
with autocalibration will accept as exact a
nominal mass. All subsequent readings will be in
error.

Standard calibration masses, especially if
certificated and boxed, are expensive, £50 to £100
being typical prices. If an EA does not operate a
contract service for electronic balances then
several appropriate calibration masses may be
needed. Balances calibrated with a preset control
need a single standard mass, ideally one at least
half of the balance capacity. A less expensive set
of secondary or even tertiary standards for
calibration by preset can then be made up.

If necessary, recalibration can be easily done for
balances with a preset control. A secondary
standard is put on the pan and the preset adjusted
to give the original read-out. Balances with
auto-calibration cannot be adjusted, but they can
be checked.

13. QOutputs

Many models have RS232 or BCD outputs fitted as
standard. Some older models also had analogue
outputs. For school use, the serial RS5232 output
is the preferred type. Where its provision is
optional, the extra cost is usually less than
£100. Later fitting is eased by those designs with
an internal connection for the interface board,
and a sized hole in the casing for the output
socket. (This hole may have a removeable blanking
plate).

14. General construction and electrical safety

Casing, switches, sockets, and outputs are all
checked for general security, robustness and
resistance to entry of spilt liquids, pins or

paper clips. Input sockets, fuse holder and
wiring, and general design are all examined
against our in-house safety standards. Where

possible the action of the mechanism is noted and
comment made on how robust it appears. After
checking with the manufacturer, and unless advised
otherwise, a high voltage, insulation and earth
(HVIE) test is applied to all exposed metal parts.

end with a short summary, including a
suitability for pupil use. Attention
any special features of design and to
good or poor aspects of the

Test reports
statement on
is drawn to
particularly
performance.

Servicing and maintenance

As indicated in our balance repair guide, an
annual service contract for electronic balances is
not worthwhile. There are few moving parts and the
circuitry should be as reliable as any other
modern, electronic equipment.

Recalibration can be easily carried out in
school. (See above for comment on standard masses
and secondary standards). This area is one
potential advantage of an EA making a bulk
purchase of a single make of balance.

The manufacturer's engineer will usually carry
out a calibration during installation. Immediately
afterwards, the secondary standard should be
prepared the chosen mass being put on the pan and
the read-out recorded. If the figures are safely
archived the calibration may be checked at any
future date. (See Section 12 above).

Electrical safety checks

Like other equipment operating at more than 50 V,
balances should be routinely tested in accordance
with guidance issued by the Health and Safety
Executive (HSE Guidance Note GS23). The
manufacturer should be consulted before first
carrying out an HVIE test on any scale pan.

16



The test equipment a
usually at least 10 A.

metal hinges on the

applies large current,
This may overheat thin
balance mechanism. If doubt
remains, open the case carefully and apply the
test current at the chassis end of the hinges,
(point A in Fig.3). Switch off and disconnect the
tester probe. Then with a multimeter check for
continuity between the scale pan or its
pillar (point B in Fig. 3) and the chassis.

~z=\  hinges (A)

Pllarn/” / \____ f

IR

eﬁec( C/MSS/S

Fig.3 Test points "A" & "B"

support.

Interfacing
electronic

software for

balances
A review
Introduction

Software packages for interfacing four popular
makes of balance to the BBC micro' were examined.
However only three are reported on here because
the fourth package gave much trouble. It never
worked properly despite several visits from the
representative and receiving new disks. The source
of that package must remain anonymous. We
the wee

include
anecdote to make you wary. By now, most
teachers need no reminding that not every piece of
software is reliable, even where money changes
hands.

Sources and prices

We report here on:
(a) the 'Oertling Balance Monitor';

(b) the 'Ohaus Electronic Balance Programs'
and

(c) the 'Precisa
computer'.

Program for BBC-B micro-

These are reasonably priced at £34, £52 and
£25 for disk based software and connector.

Operational basis

Those familiar with the ordinary 'Beeb' will
know of the problems of memory restriction. These
are particularly acute when graphics are needed in
higher resolution modes. Software will either all
be held in memory or also accessed from disk.
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