
Journal of  Thermal Analysis, Vol. 47 (1996) 619-622 

T H E  C H A R A C T E R I Z A T I O N  O F  T H E  C A P A B I L I T Y  O F  A 
B A L A N C E  

E. Robens 

Institut f/Jr Anorganisehe und Analytische Chemic der Johannes Gutenberg-UniversitS, t, 
D-55099 Mainz, Germany 

Abstract 

A survey is given on important standardized definitions by wtiidh the capability of balances 
may be characterized. Some modifications are proposed with regard to the use of mass sensors 
for the continuous determination of mass variations. An important supplement is the 'relative 
resolution' introduced by Jenemann. Optimum values are presented. 
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Introduction 

In scientific reports and in descriptions of instruments we are very often con- 
fronted with the incorrect use of parameters characterizing the features of a bal- 
ance. In particular the notation 'sensitivity" seems to be unclear, though it is 
well defined by the Organisation Internationale de Mrtrologie Lrgale [1], by 
national [2] and international standards [3, 4] and in text books [5, 6]. 

Standardized definitions of parameters are destined to characterize the fea- 
tures of commercially manufactured instruments in its regulated use. Balances 
for commerce, laboratories etc., in general are used for single mass determina- 
tions of a sample in one particulate weighing procedure. Besides, thermo- bal- 
ances, vacuum balances, layer thickness monitors [7] etc. are applied to record 
mass variations as a function of time [8], whereas the mass of the sample under 
investigation is determined separately using a laboratory balance. In case of a 
symmetric balance the counterweight than is used exclusively to counterbalance 
the sample mass, to set the zero position and to suppress buoyancy. Further- 
more, mass and force sensors are used to monitor and to control production 
processes. For these purposes, some standardized definitions are not appropri- 
ate. Besides standardized definitions, therefore, some modified definitions and 
supplements are proposed. 

Stabil i ty,  d r i f t  

Stability (Megbestandigkeit, constance) is the ability of a measuring instru- 
ment to maintain constant its metrological characteristics. It is usual to consider 
stability with respect to time [4]. 

0368--44661961 $ 5.00 

�9 1996 Akad~miai Kiadd, Budapest 
John Wiley & Sorts, Limited 

Chichester 



620 ROBENS: CAPABILITY OF A BALANCE 

If mass variations should be observed as a function of time, the fluctuation 
of the readings and in particular the variation of the zero point should be lim- 
ited. The spontaneous variation of the indication at constant sample weight and 
constant environmental conditions within a given period of time is an important 
characteristic of a balance. Often a slow drift (Mel~geratedrift, derive) is ob- 
served, caused by the irreversible change of the components of the instrument 
(fatigue of the material, wear). Furthermore, slow variations caused by environ- 
mental variations cannot be excluded completely. The sum of the variations may 
be quantified by the mean square deviation within an extended period of time. 

Sensitivity, linearity 

Sensitivity (Empfindlichkeit, sensibilitY) is the change of the response of a 
measuring instrument divided by the corresponding change in the stimulus [4]. 
For balances this is the. quotient of the observed variable l and the correspond- 
ing variation of the measured mass m at a given mass value [1-3] 

S : A//Am (1) 

For balances with digitized output instead of the analog variable l stands the 
digit. 

The sensitivity may be appropriate to characterize usual balances. For mass 
sensors and research instruments, however, the output can be easily changed by 
means of levers or using an amplifier. In this case, the sensitivity is not a very 
useful information rather than the evidence of the linearity of the indication of 
the uncorrected sensor signal represented in a diagram 1 vs. m.  

Maximum capacity 
The maximum capacity (I-IOchstlast, port6e maximale) is the upper Iimit of 

the specified measuring range not considering the additive tare mass [1-3]. 
For special research balances the tare (balance pan, crucible, suspension) 

can be varied so that approximately the whole capacity is disposible for the 
sample. If necessary the nominal load is exceeded and the maximum load is de- 
termined empirically. Therefore, in compliance with Czanderna [9] I propose 

- The maximum capacity of a balance is the maximum sample mass which 
can be placed without injury to the balance or its operation. 

Minimum capacity, measuring range 
The minimum capacity is the lower limit of the measuring range. Below, 

measuring results are burdened with a too large relative error. The specified 
measuring range is the region between minimum and maximum capacity [1-3]. 
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Discrimination 

Discrimination (Ansprechvermrgen, mobilitr) is the ability of a measuring 
instrument to respond to small changes in the value of the stimulus. Discrimi- 
nation threshold (Ansprechschwelle, seuil de mobilitr) is the smallest change in 
the response of a measuring instrument. As a modified definition I propose: 

- Discrimination is the minimum variation in mass that can be observed ex- 
perimentally in a reproducible manner. 

Relation of  maximum capacity to discrimination threshold, 
relative resolution 

For many applications the size of the sample may be chosen freely, because 
only the variation of the sample mass should be determined. In this case the re- 
lation of maximum capacity to discrimination threshold [9], maximum capacity 
to scale division (erroneous: sensitivity) [10] or the product load x sensitivity 
[8] are important criteria for the balance. Jenemann [11] uses the reciprocal re- 
lation discrimination threshold to maximum capacity= relative resolution (Auf- 
16sungsverh~iltnis, relative Auflrsung). Hereby resolution is the quantitative 
expression of the ability of an indicating device to distinguish meaningfully be- 
tween closely adjacent values of the quantity indicated [4]. 

About 2000 B.C. balances of the ancient Egyptians had a relative sensitivity 
of down to 10 -4 [12]. The relative resolution gives no information about the ac- 
curacy [13] of weighings. Metrological kilogram balances for the comparison of 
mass standards achieve a relative sensitivity down to 10 -9, whereas in many 
we~ghings by standardization bureaus the mean uncertainty of measurement was 
10 . A kilogram comparator balance exhibiting a relative resolution of about 
2.5x10 -9 built by Paul Bunge was in use from 1879 to 1951 at the Bureau Inter- 
national de Poids et Mesures at S~vres [14]. Using a 5 cm long beam made of 
a quartz wire framework, Hans Petterson [15-17] reported on a balance for 
samples of 0.1 to 0.2 g and a sensitivity of 0.1 ng, corresponding to a relative 
resolution of 10 -9 . The assertion, however, is not substantiated by published 
measuring results. Czanderna/Rodder produced an ultrahigh vacuum - ultrami- 
crobalance equipped with a three-dimensional quartz wire framework beam. 
The deflection was detected by means of photocells and compensated for elec- 
trodynamically. The maximum load was 20 _~ and the discrimination threshold 
30-100 ng, so the relative resolution was 10- [18]. The signal was constant to 
1-2 ~tg within a period of 1/2 year. For typical commercial vacuum microbal- 
ances the relative resolution goes down to about 10 -7, and this is a realistic fig- 
ure regarding the environmental influences as predetermined by the 
experimental conditions. 

:g :g 

I am indepted to H. R. Jenemann for his critical remarks. 

J. Thermal Anal., 47, 1996 



622 ROBENS: CAPABILITY OF A BALANCE 

References 

1 0 I M L  R 76-1 (E). Non-automatic weighing instruments. Part I: Metmlogieal and technical 
requirements- Test. OIML, Paris 1992. 
OIML R 76-1 (F). Instruments de pesage ~t fonctionnement non automatique. Partie 1: Exi- 
gences m6tmlogiques et techniques - Essais. OIML, Paris 1992. 

2 DIN 1319 Teil 3: Grundbegriffe der MeBtechnik. Begriffe ffir die MeBunsicherheit und f/ir 
die Beurteilung von MeBger~iten und MeBeinrichtungen, Beuth, Berlin 1983. 
DIN 8120 Teil 3: Begriffe im Waagenbau. Beuth, Berlin 1981. 
DIN 51 006: Thermisehe Analyse (TA) Thermogravimetrie (TG), Grundlagen. Beuth, Berlin 
1990. 

3 DIN EN 45501: Metrologische Aspekte niehtselhst~tiger Waagen. Beuth, Berlin 1992. 
4 DIN lnternationales W6rterbueh der Metmlogie. Beuth, Berlin 1984. 
5 M. Koehsiek (ed.): Handbueh des W~igens, 2. ed., Vieweg, Braunsehweig 1989. 
6 M. Gl[iser, M. Kochsiek (eds.): Massebestimmung. VCH-Verlag, Weinheim 1996. 
7 C. Lu, A. W. Czanderna (eds.): Applications of Piezoelectric Quartz Crystal Mierobalanees. 

Elsevier, Amsterdam 1984. 
8 Th. Gast, T. Brokate and E. Robens, "Vakuumw~gung" In: M. Gl~iser, M. Koehsiek (eds.): 

Massebestimmung. VCH-Verlag, Weinheim 1996. 
9 A. W. Czanderna, S. P. Wolsky (eds.): Mieroweighing in Vacuum and Controlled Environ- 

ments. Elsevier, Amsterdam 1980, p. 5-7. 
10 Chr. Berg (Mitarbeit: W. Langner, B. Sehubart, St. Weyhe): Grundlagen der W~igeteehnik. 

Sartorius, Grttingen 1995. 
11 A. M. Basedow and H. R. Jenemann, "Waage und W~gung". In E Ehrenberger (ed.): Quan- 

titative organisehe Elementaranalyse. VCH Verlag, Weinheim 1991, S. 79-108, exp. 
103-107. 

12 C. H, Massen, J. A. Poulis, E. Robens and H. Geskes, Mierobalanee Techniques (1994) 5. 
13 DIN 55 350 Begriffe der Qualitiitssieherung und Statistik; Tell 13: Begriffe der 

Qualitfitssicherung; Genauigkeitsbegriffe. Beuth, Berlin 1987. 
ISO 5725: Accuracy (trueness and precision) of measurement methods and results. Interna- 
tional Organization for Standardization, Gen~ve 1991. 

14 H. R. Jenemann, A. M. Basedow and E. Roberts: Die Entwieklung der Makro-Vakuum- 
waage. PTB-Berieht PTB-TWD-38, Braunsehweig, Juli 1992, ISBN 3-89429-214-8. 

15 H. Pettersson, A new mierobalance and its use. Diss. Stockholm, Grteborg's Vet. of Vitterh. 
Samhalle's Handlinger, XVlth series, 1914. 

16 H. Pettersson, Proe. Phys. Sot., 32 (1920) 209. 
17 R. Strrmberg, Kgl. Svenska Vetenskapsakad. Handl., 6 (1928) 1. 
18 A. W. Czanderna, W. Kollen, J. R. Biegen and J. Rodder, J. Vac. Sci. Teehnol., 13 (1976) 

556. 

J. Thermal Anal., 47, 1996 


