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INTERCOMPARISON OF SMALL MASS METROLOGY 

by H. Moret and J. Brulmans, 
Central Bureau for Nuclear Measurements, Geel, Belgium, 

and 

A. Rytz, Bureau International des Poids et Mesures, Sèvres, France 

1. Summary 

A comparative experiment was organized to establish the lower limit 

of inaccuracy obtainable by radioactivity metrology laboratories in 

we igh ing drops. 

This lower limit was supposed to be set by mass metrology on solid (metal) 

samples, where effects re lative to drop formation, evaporation, etc., are 

el i mina te d • 

Professional mass metrology laboratories are able to work at + 1 ~g on metal 

samples in the 20 to lOO-mg range. 

The lowest inaccuracy obtained by radioactivity metrology laboratories, 

when weighing the same samples on Mettler MS balances, was about 6f-l;g. 

To obtain this performance, substitu'fi6n~'weighing must be applied, or the 

balance mustbe calibrated. Careful and regular check on the calibrations 

of the reference weights and the balance is also a strict necessity. 

Uncalibrated balances yielded errors up to 17fJ-'g. Considerable errors 

(up to 60~) are reported when reading the optical scale in the range 

above 10 mg. Actual drop mass determinations will have still poorer accuracies. 
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TABLE l 

Participating Laboratories 

BIPM 

CBNM 

ISN 

LMRI 

NBS 

PTB 

Bureau International des Poids et Mesures, 

Sèvres, France. 

Central Bureau for Nuclear Measurements, 

Geel, Belgium. 

Institut des Sciences Nucléaires Boris Kidrié, 

Vinca-Beograd, Yugoslavia . 

Laboratoire de Métrologie des Rayonnements Ionisants, 

C. E.A., Saclay, France. 

National Bureau of Standards, 

Washington D. C., USA. 

Physikalis ch-Technis che Bunde sanstalt, 

Braunschweig, Germany. 

?" W/' '-f·, 
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2. 1 n t ro duc t ion 

ln the standardization of radioactive solutions a commonly used method 

is to deposit a drop of the solution onto a substrate. The drop is then 

allowed to dry, leaving the radioactive substance behind. 

The activity of the residue is then counted accurately. Knowing the initial 

drop mass, the specific activity of the solution can be determined. 

When a counting equipment is to be calibrated, such a standardized solution 

can be used in the same way. By determining the initial drop mass the 

activity on the substrate can be computed. 

The best accuracy obtainable in drop mass determination is found when 

weighing metal samples as a substitute for the drops. Effects due to 

evaporation, splashing, electrostatic charging of pycnometers, buoyancy, 

etc., are then negligible. The remaining errors 
metrology only. 

may be ascribed to mass 

f 
The limits of a meaningful interpretation of the results obtained from 

° ° f do IOd (1) b • A Intercomparlsons 0 ra lonuc 1 es are set y systematlc errors. ttempts 

at separating the various sources of errors have not always been successful. 

ln particul~r, a report by Yo Le Gallic(2) has drawn the attention of radio­

activity laboratories to weighing errors as a possible serious limitation of 

accuracy. For the balance (Mettler, type M5) normally used in international 

comparisons, this report states the following minimum errors: 

- randon;:J error (repeatability): ~,' w: '-'" 

- systematic errors in readings of the optical scalej 
calibration: 
non-linearity: 

- systematic errors in weighing samples > 20 mg: 
(for a single dial weight) 

5 {-)--g 

8 f.Lg 
5 /-Lg 

8 to 1 5 I-'--g 

Thus, according to this author, a total error of at least 18 fLg must be 

considered as a favourable case. He reports errors of 30 to 50 y-g in weighings 

of a 20 mg sample and concludes that weighing errors are one of the most 

important obstacles to an improvement of the accuracy in radioactivity 



5 

metrology. Therefore, an intercomparison of small masses should precede 

any other intercomparison of activity measurements. 

These findings were disc~ssed at the meeting(3) of Section Il of the Comité 

Consultatif pour les Etalons de Mesure des Rayonnements Ionisants, and 

a working party on "Problems in Microwe ighing"was created. 

Starting from the actual needs for accuracy in standardization of radionuclides, 

this working party discussed(4) technical problems in drop weighing and 

balance testing. Finally, it decided to organize a limited comparison 

of small masses in order to find out what level of accuracy may be expected 

in actual practice and how such measurements might be improved. 

3. Organization of the work 

The inhHcomparison should be representative of the normal practice of 

drop weighing. 

A large-scale action would demand too much work by the mass metrology 

laboratories involved. Therefore, six laboratories using Mettler M5 balances 

were invited to take part (see Table 1). The choice of this balance type 

was justified by the fact that, out of 25 participants in the 1967 60Co 

comparison(5) organized by the BIPM, 14 used Mettler balances, mostly 

of the M5 type. 

The six participating laborai'ories each received a set of three samples with 
~, 1>tf '-"" 

nominal massesof20, 50and 100 mg. These were to be weighed under 

conditions normal for drop weighing. 

ln order to detect deviations from the "true" values, mass metrology 

laboratories had to determine the real masses of the samples with the best 

accuracy they cou Id achieve. 

Therefore, the sets were calibrated by one of the mass metrology laboratories 

(CBNM) before they were sent to the participants, and upon return. 

Two of the six sets were also calibrated (before and after) by two other mass 

metrology laboratories, viz. BIPM and PTB. 
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For each of the three masses four different weighing methods were proposed: 

r .., 
i 20 mg ; - .. 

r50 mg l 
1... .J 

and 
[100 mg] 

1 • Without tare 

la) using the optical scale 
only 

lb) using the 10-mg dial 
we ight and 
the optical scale 

la) using dial weights 

1 b) substitution method 

2. With a tare 
of appropriate mass* 

2a) using dia 1 we ights 

2b) substitution method 

2a) using dial weights 

1 b) substitution method 

* simulating a half-filled pycnometer, i.e. 3 to 4 g. 

The participants were requested to use at least one method "with tarel! and 
one "without tare", and to carry out their weighings as they normally do. 
However, each participant had to use both methods la) and 1 b) for the 
20-mg sample. Buoyancy corrections could be neglected in most cases. 
The resultsof the pre-standardizations were not communicated before the 
end of the intercomparison. 

The organization schedule is shown in Table 2. A set of forms with precise 
instructions was delivered to each participant. 

General information was asked fromAh,e~participants on the type, age, 
maintenânce and installation of the balance, on the availability of reference 
we ights and on checks of randomness and sensitivity. 

The forms distributed provided detailed schemes for each of the 12 methods 
which explained the sequence of manipulations and what information should 
be suppl ied. 

With each method, each sample had to be weighed ten times. The operator 
had to indicate details about the tare, the time he spent in front of the 
balance before and between the weighings and the readings of pressure, 
temperature and relative humidity. For each weighing the zero readings 
and dial positions, the charge on the pan, the corrections applied and the 
results had to be given 0 Finally, the arithmetic mean and its standard error 
were to be calculated. 
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TABLE 2 

Organisation of the mass intercomparison 

Laboratories Sets of weights (Nos) 

Pre-calibrations CBNM l l 2 3 4 5 6 

(mass metrology BIPM l l 2 
laboratories) 

PTB l l 2 

CBNM 2 l 2 
--

Mas s comparison LMRI l 
[by radioactivity BIPM 2 
Imetrology labora- CBNM 3 
!torie s ISN 4 f 

NBS 5 
PTB 6 

r--" 
Post- calibrations BIPM 2 l 2 

(mass metrology PTB 2 l 2 
labora torie s) 

CBNM 3 l 2 3 4 5 6 

The BIPM, PTB and CBNM initiaIs marked with a number are the 

m~ss metrology laboratories,,o~ th.e institutes. 

Those without number are the radioactivity metrology laboratories 

of the same institutes and are different and independent from the 

former laboratories (different personnel, balances, reference 

weights, weighing rooms). 

The results obtained by the participating laboratories were sent to 

BIPM. 
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4. Samples 

The samples were made by CBNM. The material is Vachromium, 

a 80/20 Ni-Cr aUoy, with a density of 8.3447 g. cm -3 at 20° C • 

They have the form of pieces of wire : 

100 mg with a diameter of 1 mm, length about 15 mm; 

50 mg, 0.8 mm diam., length = 12 mm 

20 mg, 0.5 mm diam., length = 12 mm 

The surface of each had a very smooth finish. 

The weights were adjusted with fine abrasive paper. AU samples 

received a mass which was below the nominal value, so that 

optical scale readings would be necessary. 

Each set was packed in a stainless steel box into which two dises, 

made of synthetic ivory, were fitted. One of the dises had 3 recesses 

to hous e the 3 sample s. 

5. Results 

2!.-1....!._~al~!.~ioE~_ 

AU sets were calibrated by CBNM. Set Nos 1 and 2 were also 

certified by BIPM and PTB to check CBNM' s calibrations. 

The values are reported in table 3. which presents the correc­

tions to the nominal value s. 

AU 3 laboratories based the me~surements on their own standard 

kilogramme. 

Apart from the 100 mg sample of set No 1, which suffered an un­

explained loss of about 7 j.lg, aU other results agree within 1 j.lg. 

In table 4 the adopted reference values are presented. The pre­

calibration figures are the CBNM 2 values for set Nos 1 and 2, and 

the CBNM 1 values for the other sets. For the post- calibration 

figures the CBNM 3 values were taken. 



TABLE 3 

Calibration round 

Corrections to the nominal values (in ~ g) 

Pre- calibrations Post- calibrations 

Set No Nom. 
mass CBNM 1 BIPM1 PTB 1 CBNM 2 BIPM 2 PTB 2 CBNM 3 -0 

(mg) 
-{ 

! 

20 - 71 - 71 - 71 - 70 - 71 - 71 - 71 

1 50 - 551 - 550 - 552 - 551 - 550 - 551 - 552 

100 - 293 - 299 - 300 - 300 - 299 - 299 - 301 

20 - 180 - 180 - 180 - 180 - 180 - 180 - 180 

2 50 - 534 - 533 - 535 - 535 - 533 - 534 - 535 

100 - 299 - 298 - 298 - 297 - 297 - 297 - 298 



TABLE 4 

Adopted reference values of the samp1es - Masses in mg 

Set No , ~om. mass 1 2 3 4 5 6 

Pre- calibration 19.930 19.820 19.935 19.872 19.873 19.819 
20 

Post- calibration 19. 929 19.820 19.935 19.871 19.873 19.819 

Adopted value 19.930 19.820 19.935 19.872 19.873 19.819 

Pre-calibration ~ 49.449 49.465 49.581 49.441 49.488 49.510 
50 -t 

Post- calibration ! 49.448 49.465 49.580 49.440 49.488 49.509 

Adopted value 49.448 49.465 49.580 49.440 49.488 49.510 

Pre- calibration 99.700 99.703 99.307 99.633 99.508 99.386 
100 

Post- calibration 99.699 99.702 99.298 99.629 99.508 99.387 

* * Adopted value 99.700 99.702 99.298 99.629 99.508 99.386 

* these va1ueswere adopted as they agree best with the values reported by the radioactivity 
metro1ogy 1aboratories. 

o 

----
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i:....2...!..1~~!.Ç,.o..!?.-Ea!.~~:r.!. 

Table 5 su:m:marizes the infor:mation and data supplied by the 

participating laboratorie s. 

The results of the :mass deter:minations are given as the differen­

ces between the reported :masses and the reference values as 

given in table 4. 

Wherever possible, both raw data and data corrected for dial 

weights and optical scale readings are indicated. 

The :meaning of the ter:ms in the second colu:mn (lower half of 

the table) is as follows : 

opt. scale only : 1. zero reading close to zero of scale 

2. with sa:mple on : reading near to the end of 
the scale. 

opt. sc. + 10 :mg: 1. zero reading 

2. reading near to lO-:mg point on scale. 

dial weights : 1. zero reading 

2. reading on dials and scale 

substitution co:mparing readings for sa:mple and for set of 

reference weights. 
~, 'Prt ..... , 



T A BLE 5 l N TER C 0 M PAR ISO N 

Data = reported values minus adopted values 

() = uncorrected data 

L A BOR A TOR Y L M R l 

SET No. 1 

year of purchase 1970 70 
Balance maintenance 

interval (months) 
6 6 

air conditioning X X 

dial weights calibrated - -
reference weights available 2) 2) 

samples cleaned X X 

check of randomness X X 

sensitivity calibrated X -t X 

time1 min-)[ before 3)1 . h' 
re~g ~ngs spent between 

?30 
1.5 

without opt.scale only (+2 ) (+4) 

20 tare opt.scale +10 mg (-2 ) (+1 ) 

mg with dial weights (-1 ) (-2 ) 

tare substitution - -
withaut dial weights (-2 ) (-4) 

50 tare substitution - -
mg with dial weights ( 0) (+2 ) 

tare substitution - -
without dial weights (-1 ) (+5) 

100 tare substitution +; +1 

mg with dial weights (-3 ) (+1) 

tare substitution - -

in fg ) 

66 

6 

X 

-
2) 

X 

X 

X 

(-5) 

(-6 ) 

(-4) 

-
(-15) 

-
(-3 ) 

-
(-4) 

0 

(-6 ) 

-

B l P M 

2 

61 

12 

(X) 1) 

X 

X 

X 

X 

X 
60 

3 ta 4 

(+6) -6 

(+5 ) -3 

(+5 ) -3 

+11 

(+10) -5 

+12 

(+9) -6 

+11 

(+10) -3 

+7 

(+10) -3 

+6 

Legend X = yes = no or not measured 

1) air cond.not running during measurements 
2) only one reference weight (100 mg) available 
3) time spent in front of the balance,before 

weighing is started (min.). 

C B N M l S N N B S P T B 

3 4 5 6 

63 1>2 63 72 66 

12 12 12 12 12 

X X X X X 

X - X X X 

X - X X X 

- - - - -
- - - - -
X - X X X 

30 15 30 60 
3 ta 4 îf 1 .5 to 3 3 to 5 

(+33) (+60) (-12 ) -l (-14) -3 
(+10) +7 (-4) (-1 ) -3 (-9) +4 (-3) 

(+1 ) -1 (-1 ) - - ( 0) 

+3 - -1 +1 

(+6 ) +4 (-11 ) - - (-5) 

-6 - +4 +3 
(+2 ) o (+2) - - (-4) 

+4 - +2 +3 

-c+5 ) -4 (-17 ) - - (+3) 

-4 - +3 +2 

+1 

+1 

+2 

-
-1 

-
0 

-
+4 

-
(+2) +1 (+2 ) - - (-2 ) +6 

0 - -1 0 -
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6. Discussion 

6.1. Set No 1 

Three different balances (selected among seven because of the 

qua lit y of the optical scale) were used by two different operators. 

Apart from one reference weight of about 100 mg (date of calibra­

tion 1970), no reference weights were available. 

Substitution weighing on the 100 mg sample was onlyapplied 

without tare. 

The balances were not calibrated. 

Air conditioning was available and running. AU temperatures re­

ported remained between 19.5 0 C and 21 0 C. During individual 

operations the reported temperatures are equal. 
. * 

The standard error on the results varies from 0.18 to 0.4 IJ.g. 

Zero was reset each time. 

6.2. Set No 2 

A very complete programme was foUowed : a calibrated balance 

was available, but also substitution weighing was applied. 

Air conditioning was available, but it was switched off during 

measurement. 

AlI operations took place during three succes sive da ys, during 

whi.ch barometric pressure, temp'erature and relative humidity 
;' 

did not change. The linearity of the optical scale was checked 

with great care. 

The balance was purchased in 1961. 

Application .of the correction on the optical scale reading for the 

20 mg weight does not improve considerably the result : 

(+ 6) into -6. An explanation might be that the balance sensitivity 

was not checked with each determination, but that the values 

obtained some time ago were used. 

* Standard error = [~ (xi _i)2 / (n(n-l)Ù l / 2 

i= l 
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Rectification, such that the 20-mg point would be correct, 

would yield an excellent set of data. 

It is remarkable that the errors are smaller when using the 

calibrated balance weights than with substitution weighing. 

The calibration of the balance dates from October 1971 where­

as the reference weights were calibrated in 1965. An explana­

tion might be that the reference weights changed in the me an 

time~ A bias of roughly + 10 ~g is suggested by the results. 

Placing a tare weight on the balance does not have a significant 

influence on the results. Zero was reset each time. 

Corrections on the dial weights were applied. The standard 

error on the results ranges from 0.2 to O. 5 ~ g. 

6.3. Set No 3 

The balance was obtained in 1963. 

Air conditioning was running during the weighings. Temperatures 

between 19.5 and 21 0 C and relative humidities of 46 to 59 % are 

reported. Variations are not stated. 

Reference weights were available (calibration in 1972). 

Although the balance had been calibrated in 1972, the laboratory 

reported that the optical scale appeared not to be reliable. 

probably due to damage to th~ ~!lj.fe edges. Apart from a sensiti­

vit y check no corrections on the optical scale reading were applied. 

Both direct weighing and substitution weighing were reported. 

The scheme was worked through in a period of two weeks. The 

zero points were always read (not adjusted). Zero drifted consi­

derably, e~en within one series of 10 readings (up to 13 ~g). 

The uncorrected optical scale reading on the 20 mg- sample shows 

an error of + 33 ~g. 

When determining the 50-mg samples by substitution weighing also 

readings below zero were taken. This might explain the difference 

in error between the weighing with, and without, tare. 

* see Appendix 
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The lOO-mg sample showed a loss of 9 ~g (see table 3). 

As it is impossible to detect at which stage this occurred, the 

CBNM 3 value was adopted, this value being closer to the re­

ported value. 

Standard errors vary from 0.2 to 0.4 ~g. 

6.4. Set No 4 

The balance was bought in 1962. 

Because of the absence of calibrated weights, the dial weights 

were not calibrated and substitution weighing could not be used. 

The optical scale was not checked on linearity. 

AU measurements took place on one day. The temperature was close 

to 23.5 0 C and varied by less than 0.5 K during the weighings. 

Relative humidities of 58 to 66 10 have been reported. 

No change in barometric pressure was observed. Zero readings 

were taken, not adjusted. The readings drifted considerably; in 

one series there was a drift of 14 ~ g. The optical scale shows 

an error of + 60 ~ g at the end of the scale and -4 ~ g at the 10-mg 

point, suggesting considerable non-linearity. 

The lOO-mg sample showed a loss of 4 ~ g. Here again, the last 

CBNM value was adopted as the most probable value at the time 

the sample was measured by the participant. 
• ~, 'Pif. '.'" ' 

Standard deviations (not standard errors) were reported. 

Division by ,f1O produces standard errors ranging from 0.8 to 

2. l ~ g. 

6.5. Set No 5 

Two balances (1963 and 1972) were used by 2 operators. 

The air conditioning is of high qua lit y • Temperature deviations 

remained within about 1.0 K. Relative humidity was low, 

i. e. between 42 and 47 %. 



16 

Reference weights were available, calibrated in 1966 and 1972. 

The balances had been calibrated in 1972. But substitution 

weighing was the only method applied, apart from the first 

two operations with the 20-mg samples. For one balance the 

optical scale was calibrated with a standard (reference weight) 

of 20-mg at full- scale, and at the lO-mg point with the lO-mg 

di al on. For the older balance, the scale length between mg 

divisions was measured using tares of approximately equal 

mass plus al-mg weight. Distances are obtained in arbitrary 

units and the sum normalized with a lO-mg calibrated weight. 

The measurements took place on several days in a total period 

of about two months. Standard errors ranged from 0.3 to 1. l ~ g 

The figures seem to hint at a slight positive bias. The substi­
t 

tution weighings on two different balances never show a difference 

of more th an l ~ g. 

6.6. Set No 6 

A balance of 1966. Air conditioning running. 

The balance had been calibrated in 1972. 

No reference weights have been used, apart from a 10-mg and 

a 20-mg standard for calibration of the scale. Substitution weighing 
~,' lf/" .... , 

was not applied. 

The operations cover a period of 1ess than one week. No zero 

setting; zero reading was taken. The balance seems to be very 

stable. Only in the case of the 50-mg samp1e a total drift of 

8 I.l g wa s observed. Repetition of the series showed the same 

effect. In both cases the drift was very regular. The difference 

of the two results was only l ~g. 

The data suggest a positive bias of a few I.l g. 

Standard errors are between 0.2 and 0.7 I.l g. 



7. Conclusions 

1!...1...!._Ç~ib.!~!i~~_ 

See table 3. 
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Mass metrology is able to obtain an accuracy of 

range of 20 to lOO-mg. 

l ~ g in the 

It is an essential fact that the three calibrating laboratories 

worked independently. The only correlation was that the labo-

ratorie s trace back their own kilogramme standards to the 

international standard at the BIPM. 

For the calibration of the reference weights also other balances 

than the Mettler MS have been used. The laboratories made a 

special effort to procure themselves with freshly calibrated 

reference weights, and it may be assumed that the calibrations 

were of the be st they could perform. 

Therefore, the agreement within l \kg may not be considered to be 

typical for normal use of MS balances. 

The unexplained mas s change of the lOO-mg sample of set No l 

is sufficient warning that even under optimum conditions mass in­

stabilities cannot always be avoided. 

Whether imperfections of the surface finish or manipulation 

effects are at the origin of the change could not be ascertained. 

But. the point is that incidents 'Of .. thisnature can happen without 

being noticed. 

1..J-...!._IE!.e.!s.<E!!E...a...!"i.s.2~_ 

See table S~ 

When maximum errors are quoted, the three highest values 

are mentioned. This is do ne to avoid too pes simistic con­

clusions on single outliers. 
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7.2.1. Reading of the second half of the uncalibrated optical scale 

(1120 mg, opt. scale onlyll). 

Errors of 60,33 and 14/-0g were found. This agrees with the results obtained 

on 20-mg samples, as reported by Le Ga Il ic (2) • 

7.2.2. Uncorrected data 

ln ail other determinations the first ha If of the optical scale was used. 

Although adjustment errors of the dial weights interfere with optical scale 

deviations it seems reasonable to conc lude that errors of the optica 1 sca le 

are less in the lower halfthan above the 10-mg reading. Uncalibrated 

balances show errors up to 17, 15 and 10 tLg. The view expressed in (2) 

that total errors of at least 181-'-'g must still be considered as favourable cases, 

seems far too pessimistic. Likewise, as far as the accuracy of dial weights 

and the random errors are concerned, the present results are in fair agreement 

with the specifications given by the manufacturer of the balance. However, 

the accuracy of optical scale readings (2 !--. .cg) is not compatible with pur 

findings. 

7.2.3. Calibrated balances 

Corrected data for 1120 mg, opt. scale + 10 mg ll and ail IIdial weightsll values 

show errors up to 7, 6 and 5 tLg. 

The error of 7~g is found in set No 3. The laboratory reported the balance 

not to be reliable, see 6.3. Apart from this outlier an inaccuracy of about 

6u-g may be assumed. The conclusions of (2) do not apply to calibrated 

ba la nces. 

7.2.4. Substitution weighing 

Top values of 12, 11 and 7~g are found (Set No2). Sets No 3 and 5 show 

6, 4and3Y-g~rror. 

If it is supposed that the calibration of the reference weights in the case of 

set No 2 had a bias (see 6.2), an inaccuracy of about 6 IJ--g seems to follow 

from the 1 i m i ted a mou nt of informa tio n. 
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7 • 2 • 5. Re p ro duc i b il i t Y 

The reproducibility within one series of measurements is, in general, 

very good. Standard errors of about 0.3\.J-g are frequently reported. 

Le Gallic gives a random error of 5 f-Lg which must be compared to 

3 x v'TO times the mean error of a single measurement, and which agrees 

with the present results. It is evident that these (purely statistical) errors 

are not indicative of overall accuracy. 

7.2.6. Balance condition. Environment. Cleaning of samples. A clear 

correlation between the age of the balance and its quality cannot be established. 

A maintenance frequency of once in 12 months is the general rule and is 

accepted as sufficient. Air conditioning was installed in ail cases. The profit 

of switching off the air conditioning in the case of set No 2 is not apparent 

from the .data, but the laboratory has reasons which are based upon more 

extensive information than is treated here. 
f 

Balance sensitivity was calibrated in ail cases except one. In general, 

the samples remained stable during the intercomparison, as is shown in Table 3. 

Two samples changed significantly: set No 3, lOO-mg sample lost 9(-1-g; 

se t No 4, 1 00 - m 9 sa m pie los t 4 \.Lg • 

Some participants report to have cleaned the samples, others have not. 

Cleaning with solvents would have shifted the masses. As this was not the case 

(sets No 3 and 4 were not cleaned, see Table 4), it must be concluded that 

removal of dust with a brush was understood by some laboratories to be cleaning. 
-",' 1>1/' ,'li" 

7.2.7. General conclusion 

Uncalibrated balances show errors exceeding 10 ~g. This is not surprising 

in view of the manufacturer's specification of the adjustment of the dial weights. 

Calibration of t-he optical scale improves the accuracy, in particular for 

readings on the second ha If of the sca le. 

Calibration of the optical scale and the dial weights results in an accuracy 

of about 6,Uvg for direct weighing. Substitution weighing has the same 

accuracy of about 6 ~'..-g. 
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The last two conclusions are conditional (see 7.2.3. and 7.2.4.) and apply 

only to weighing of metal samples. 

ln actual determinations of the masses of drops several additional factors 

will impair the accuracy: drop formation, evaporation, manipulations of 

pycnometers, less regular time interval between readings, etc. The 

determination of lower limits of systematic errors in drop weighings strictly 

demands a careful choice of appropriate mass samples and very reliable 

calibrations before and after the intercomparison. Since this condition 

was not fulfilled in the experiments reported by Le Gallic(2), we feel 

that the present results give a more realistic picture of the performance of 

Mettler M5 balances. 

8. Recommandations 

8.1. A set of reference weights should be available whether substitution 

weighing or direct reading is applied. The calibration of the set must be 

chec ked regu larly. 

This requires a more ready access to professional mass metrology services. 

8.2. In order to achieve better accuracies in real drop mass determinations 

the whole procedure of drop formation, deposition and weighing techniques 

should be studied systematically. A recommendation concerning the best 

weighing technique will appear as a subsequent report. 

8.3. !mprovement of the accuracy ~Gy also be expected upon the introduction 

of more advanced balance designs. 

Il E lectronic Il ba lances keep the ba lance in consta nt position. 1 nte rpolation 

between dial positions is made with electrical measurement, which is easier 

to linearize and can be kept under easier control. Reproducibilities are, 

in general, better. If this is at the expense of the maximum load it may be 

acceptable for the application of drop source preparation. 
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Appendix 

Remarks concerning the BIPM measurements (Set No 2) 

The re sults obtained by the BIPM radioactivity metrology 

laboratory should be completed by the following information 

which was not yet available when the form of the intercom­

parison was filled in and which, therefore, is not contained 

in the report. 

The dial weights were calibrated in October 1971 with a set 

of standard weights (Ni 5) calibrated in 1965. The complete 

transformation of the BIPM mas s metrology laboratory in 

1971/72 made it impos sible to carry out a new calibration 

at that period. Thus the BIPM results obtained in May-June 

1972 are based on the values determined in 1965. 

In February 1973 the standard set Ni 5 was recalibrated and 

used in a new calibration of the balance M5. AIl the results 

of the intercomparison have been adjusted to the new value s 

and are presented in Table A along with the ones given in 

Table 4. 

The new results strongly support the· view that the observed 
~, f1;I" "., 

changes in the Ni 5 set took' place before the intercomparison. 

They iIlustrate the importance of frequent checks of the cali­

bration, if the highest accuracy is sought. 
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Table A 

Results of the intercomparison (BIPM) 

Sample Tare Substitution Uncorrected Calibr. Calibr. 
(mg) (g) method 1965 1973 

- +6 -6 -6 
-

(x) +5 -3 -4 
20 

- +5 -3 +1 
3 

x +11 +2 

- +10 -5 -1 
-

x +12 +6 
50 

- +9 -6 -2 
3 

x +11 +5 

- +10 -3 -2 
f -

x +7 +4 
100 

- +10 -3 -2 
3 

x +6 +3 


