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Abstract: There are many computer software packages

available for the calculation of measurement udeties. 2. THE ADVANTAGE OF CAS
Some are free and open source, but many are rotdrase
or are restricted to non-commercial use. Not incalses, Calibration guidelines often contain quite detailed

however, is it necessary or advisable to purchaselearn information on how to calculate the measurement
to use a more or less fully featured software pgek&ome uncertainty of a calibration result. Let us assuheeuse of
simple calculations can be done using free spresdsh the EURAMET cg-14 “Guidelines on the Calibration of
software contained in LibreOffice or OpenOfficesd] MS  Static Torque Measuring Devices” [3]. The modeldige

Excel is often already available on the PC. this guide is given in (1):

In some other cases the calculations are not sjmple
especially when the partial derivatives of the niode X = (S +68S,, +8S,) - My + 65X, (1)
functions have to be calculated. It would then lgmad idea
to use a free computer algebra system (CAS). Tdftsvare Here, the output valu& depends mainly on the
facilitates symbolic mathematics. sensitivity S — the change of the output signain mv /V

This paper shows how to use the free CAS Maxima foyhen a calibration torqueM, is applied. During the
calculating uncertainties of the torque valuesizedlin a calibration, additional parameters of a torque ddamer,
torque standard machine. The tool can also be fmetthe  |ike repeatabilityb’, reproducibilityb, and resolutiom are

independent verification of uncertainty calculatiesults.  defined. From these parameters, the standard aimtizs
Some additional tools can make the use of Maximenev can be calculated in N-m taking into account thalueation

simpler. type and distribution function (see Table 1).
Keywords: uncertainty calculation, computer algebra Evaluation of Standard
system, CAS, Maxima. Quantity standard uncertainty
uncertainty inN-m
1. INTRODUCTION Repeatability in B
unchanged mounting type A Up, = ——=
Wikipedia offers a table with 26 software tools tbe positionb’ $-V2
calculation of uncertainties [1]. Half of these Iare either Reproducibility in b
free (4) or available under a GNU GPL (6), BSD ¢2)CC different mounting type A u, = ——
(1) license, the others are proprietary softwaréoots with positionsb S-V2
a restricted or an unknown license. Some toolsaaagable type B .
for different platforms; some have a special agpion, for Resolutionr with rectangular Up = —=
example, the analysis of quantitative real-timeypwrase distribution V12
chain reactions. The programming languages range fr Reference torque type B Uierr
C/C++ via Delphi, Perl and Python to JavaScript. - ] ]
For a user who needs to calculate the uncertaihgno Table 1:  Input quantities, their type of uncertaint

output quantity in the case that the model andvtiees of evaluation and standard uncertainties.

all input quantities including their uncertaintiage known,
it is not easy to find the right tool. This beconsegn more
obvious when the user is not very familiar with ertainty
calculations and programming languages.

In this paper we will try to show how the free
mathematical software package Maxima [2] can beiada
for the task of calculating measurement uncertsniy the u(X) = 5\/utzcm +ud +ud+ 2 u (2)
example of torque values realized in a torque stahd
machine.

When a straight line fit is applied to the resultise
standard uncertainty(X) of the random variables expressed
in units of indication is calculated for each cedition step
according to (2):




It can be seen that only basic mathematical funstio

(sum, division, squares, and square roots) areirestjtio
calculate these values.
Let us now assume the use of a model for the aloul

Each command in the .mac file must be followed bg o
of the two characters: semicolon (;) or $. Thetfireans
that Maxima’'s answer is displayed as output; theedas
used for a silent mode when no output is generated.

of the torqueV realized in torque standard machines using A .mac file can be opened by double-clicking on it

dead weights and a supported lever (3):

n
M=m-g-l<1—%)-cos(a}+ZAMl’ 3)
i=1

m

with the uncorrelated quantities

m - the total mass of the active weights,

g -the local gravitational acceleration on site,

Pair - the density of the surrounding air,

pm - the density of the material of the weights,

a -the lever’s inclination angle against a horizadtine,
AM; - up ton additional influencing quantities.

For the calculation of uncertainties of a torquendard

machine, the author considered three additionahtifies:
frictional torque in the air bearinMy, altering driving

torque in the bearingM,, and electrostatic forces acting on

weights or the leveA M.
In the case of model (3), the uncertainty of thiewdated

torqueM must be calculated according to GUM [4], i.e. the

partial derivatives of the model function must ladcalated.

This can be done using a computer algebra systeh$)C

like Maxima.

3. THE USE OF MAXIMA

Maxima can be used as a pure command line tool b
entering commands at the program’s prompt. Theebetay,
however, is to use the graphical user interface IJGU
wxMaxima. It offers a menu with a variety of comrdan

provided that the operating system knows which g
has to be used with the given file extension. & gnogram
has been set up properly, the file will normallydpened by
wxMaxima with the “load” command. The file is exéed
then without being displayed. The user must take tlaat
results are written to files, or outputs like graphre
generated. Another option is to open the .macffden the
program’s file menu using the command “Batch file.The
file can be selected using the corresponding O%oglia
Closing the dialog with the “Open” button lets Mard open
and execute the file. All input commands and rssult
(depending on the character following the commandr ;)
are displayed.

The very minimum one needs to know about Maxima
batch files in the given context is summarized abl€ 2.

Operation | Notation
Example

Assignment of a value to a variable (g0) | :
g0: 9.812524

Assignment of a list of values to a variable (m@Ljs [..., ...]
mOList : [0.00040773594, 0.004077139, 0.040770601]

Definition of a function | define(f(x1, ..., xn), esgssion)
define(MD(m, g, |, rhoA, rhoM, alpha, mR, mA, mF)*gl*(1-
rhoA/rhoM)*cos(alpha) + mR + mA + mF)

Definition of a list | : makelist(expression, n, mBnax)
YDOList : makelist(), generates an empty list

Appending a value to a list | append(listhame, €sgion)
MDOList : append(MDOList, [MDOQ])

and dialogs as well as clickable symbols.
effectively used to explore different commands aged the
results produced by Maxima. But in both cases the af
Maxima is not very user-friendly and productiveniany
values need to be calculated. The aim of this stisdio

It can be piotoq ((discrete, MDOList, yList],[style, points])

Plotting a 2d graph | plot2d (...)

Table 2:  Some basic operations in Maxima.

The definition of the function MD in Table 2"{4ow) is

collate all values and graphs using a programmél fi @ direct transcription of (3) into the programmiagguage.

containing all necessary steps.

If more than one result has to be calculated, them

The first attempt might be a Maxima session that igrogram flow functions of Maxima can do this. Thel f

stored in a file. The program offers various fijgds and
extensions for this purpose. The “Maxima batch’ fileth

the extension “mac” is best suited for our objexti8uch a
file can be edited using, for example, the freedgat++ [5].

| @ voctaxima 12.04.0 [ unsaved |

File Edit Cell Maxima Eguations Algebra Calculus Simplify  Flot Numeric Help
New Cirl I — T e = (f_i
| 8] N
Open... Ctrl-o L . @ = zs
Open Recent 4 -~

Save Ciri5
Save As... Shift-Ctrl-5
Load Package... Ctrl4
Batch File... Girl-8
Export...

Print.., Ctl-P

Exit cul-Q

Load a Maxima file using the batch command  Ready for user input

Figure 1: wxMaxima program window.

script for calculating many (in this example: fouesults is
given in Fig. 1. It consists of less than 60 lirefscode
including empty lines but also lines containing mdhan
one command (lines 1, 34, and 57). The program flew
realized in line 36 using a ‘for’ command, doingitaration
over the index variablefromi = 0 toi = 3. The calculation
instructions for each value ofre enclosed in parentheses ‘(’
and ‘)’ and single commands are separated by a @mm
The capabilities of a CAS are used in lines 24ubn32
where the partial derivatives of the function M2 aefined
symbolically. This is the difference to some ottamils like,
for example, Excel, where the derivatives must henwn as
a function during programming in order to get theatues
calculated at the given points. Maxima does theutation
at runtime and there is no necessity to do thisutaion by
hand. Furthermore, if the starting function (MD)sha be
changed, only line 23 is affected. Again, there nis



necessity to change the derivatives of this fumcércept in

4. ADDITIONAL TOOLS

the case that the number or names of the indepéenden

variables of this function change.

The uncertainty value®V are calculated in line 52 and
stored in the list ‘yList’ (line 54) for further asin the plot
command (line 59)W is calculated according to

n

2

i=1

2

f

of
axi

W(x?,x3,..x2) = (4)

)2 u2(x)

with the input quantity estimate$ and the model function
() (x1, Xz, %) = M(m, g, 1, Pairs Prm» @ Mg, Mg, Mg). The
output graph and the results are shown below is.Fignd
5, but first possible improvements will be consater

kill(zll) % loed("basic") %

Figure 1 shows the well-structured source code with
aligned blocks so that typing errors can be fouasilg. As
can be seen, the code contains large blocks wéhséme
data (coloured frames in Fig. 2) and the questonhether
this can be used for a simpler code generation.

For this purpose, another free tool is used: Auf6]t
Autolt is a programming environment for writing and
executing Basic-like scripts that can be used toraize any
work with the Windows operating system. For example
can be used for an automated generation of the rivixi
input file without the necessity of programming.

In this example — the calculation of torques geteer&y
a torque standard machine and the determinatiothef
corresponding relative expanded uncertainties e imput

b
2 mOList : [0.00040773554,0.004077135,0.040770&801,0.40770281%
4 g0 : 3.81Z25243
5 rholl - 1.2Z5
g rhoM0 @ 7375%
7 1a : 0.25%
= elphed : 0%
3  mRO 0z
10 ma0 as
11 mFD as
12
12 wumlist : [0.00000001,0.0000000Z,0.00000003,0.00000027]1;
14 ug : 0.000005%
15 urhof - 0.048Z3%
18 wurhoM : &.03%
17 ul = 0.000005%
18 uslpha : 0.000714%
1%  umB : 0.00000025%
Z0 ums = 0.00000023s%
21 umF : 0.00000023%
22
23 define (MD {fm, g, 1, rho&, rhoM, slpha, mR, mA, mF), m*g*l*{l-rhod/rhoM)*cosielpha) + mR + mA + mF) $
24 define(dMD m (m, g, 1, rhoZ, rhoM, slpha, mR, mi, mF), (m, g, 1, rheod, rhoM, =lpha, mR, md, mF), m))3
25 define (dMD g {m, g, 1, rhok, rhoM, slpha, mR, mi, mF), {m, g, 1, rho&, rhoM, alphs, mR, m& mF), gl)3
28 define(dMD 1 im, g, 1, rhok, rhoM, slpha, mR, mi, mF), (m, g, 1, rhok, rhoM, =lphs, mR, m&, mF), 1))%
27 define (dMD rhod (m, g, 1, rhok, rhoM, slpha, mR, mh, mF), {m, g, 1, rhol, rhoM, alpha, mR, m& mF), rhod))s
28 define (dMD rhoM (m, g, 1, rhoX, rhoM, slpha, mR, mk, mF), {m, g, 1, rho&, rhoM, =slphes, mR, m&, mF), rhoM))s
23 define (dMD =lphaim, g, 1, rhok, rhoM, slpha, mR, mk, mF), im, g, 1, rho&, rhoM, alphs, mR, m&, mnF), alpha)ls$
30 define (dMD mR {m, g, 1, rhok, rhoM, slpha, mR, mi, mF), {m, g, 1, rheo&, rhoM, alphs, mR, m& mF),6 mR))3
31 define (dMD mR {m, g, 1, rhok, rhoM, =lpha, mR, mk, mF), m, g, 1, rho&, rhoM, =lphs, mE, m&, mF), ma&))$
3z define (dMD mF im, g, 1, rhok, rhoM, =lpha, mR, mi, mF), (m, g, 1, rhok, rhoM, =2lphs, mR, m& mF),6 mF))3
3z
34 MDOList : mekelist{) $ yList : makelist()$
a5
36 for i: 0 thru 3 do |
av ml : pop{miList),
38 um : poplumlList),
35
40 MDO : MD ({m0, g0, 10, rhofd, rhoM0, =zlph=a0, mR0, m&Jd, mFO),
4z cMD m > dMD m (m0, g0, 10, rho&d, rhoM0, zalpha0, mR0, m&Jd, mFO) *um,
43 cMD g : dMD g (m0, g0, 10, rho2d, rhoM0, zazlpha0, mR0, m&0d, mFd) *ug,
44 cMD 1 : dMD 1 (md, g0, 10, rhold, rhoM0, alphal, mRO, mdd, mFO) *ul,
45 cHMD_rhok : dMD rhoX (md, g0, 10, rhoal, rhoM0, =lphald, mR0, m&0, mF0) *urhol,
48 cMD_rhoM > dMD rhoM (md, g0, 10, rhelld, rhoM0, alphald, mRO, mi0, mF0) *urhoM,
47 cMD =lpha : dMD slpha(md, g0, 10, rhol0, rhoM0, ualpha, mR0, mk0, mFO)*ualpha,
45 cMD mR : dMD mR (m0, g0, 10, rhoi0, rhoM0, =alphal, mR0, ma0, mFO) *umB,
43 cMD mR : dMD mi (md, g0, 10, rhold, rhoM0, alphal, mRO, mdd, mFO) *uamd
50 cHMD_mF : dMD_mF (md, g0, 10, rhoald, rhoM0, =lphal, mR0, m&J, mFO) *umF,
52 W : Z¥sqrt(cMD m~Z+cMD_g~Z+cMD 1-Z+cMD_rhoR~Z+cMD rhoM-~Z+cMD_alphe~Z+cMD mR-Z+cMD mi~Z+cMD mE~Z) /MDO,
52 MDOList : sppend (MDOList, [MDO1),
54 yList : append (yList, [W])
1
MDOList; y¥List;
load(draw) $
55 plot2d ([discrete, MDOList, yList], [style, points], [xlabel, "Torque in N-m"], [vlabel, "Rel. exp. unc."], [log=xl, [logyvl)$

Figure 2:

.mac file for input in wxMaxima, screenskaken from Notepad++.



20 uma ToULUUUUUL eSS
21 umF : 0.00000023%
22
23 define (MD (m, g, 1, rho&, rhoM, =lphs, mR, m&, mF),|m*g*l*(l-rhol&/rhoM) *cos(elpha) + mR + m& + mF) 3%
z4 define (EMD m im, g, 1, rho?, rhoM, zlpha, mR, md, mF) Jdiff(M¥m, g, 1, rhodk, rhoM, alpha, mR, mk, mF) |m))s5
25 define (HMD g im, g, 1, rho&, rhoM, alphs, mR, m&, mF), Jd . g9, 1, rhok, rhoM, alpha, mR, m&, mF),|gl'3
28 | define (BMD 1 im, g, 1, rhok, rhoM, =lpha, mE, ma, mF) jd . 9, 1, rhol, rhoM, zlpha, mR, md, =mF) |1))%
27 define (EMD rhok |im, g, 1, rhol&, rhoM, =lphs, mE, md, mF), jd ., 9, 1, rho&, rhoM, =lpha, mE, mk, mF), | rhod))3
28 define (AMD rhoM |(m, g, 1, rhoX, rhoM, alpha, mR, md, mnF), [d 1, g, 1, rhod, rhoM, alpha, mR, m&, mF), | choM))s
Z9 define (gMD =lphgim, g, 1, rhok, rhoM, =lphs, mE, ma, mF) fd ., 9, 1, rhok rhoM, =lpha, mE, mk, mF) | alpha))s
30 define (EMD mR {m, g, 1, rho&, rhoM, =lphs, mE, m&, mF), jJdif . 9, 1, rho&, rhoM, =lpha, mE, m&, mF), |mR))$
31 define (AMD mA im, g, 1, rholk, rhoM, alpha, mR, m&, mF) jdi ., 9, 1, rhoh, rhoM, alpha, mE, mk, mF) |mh))s$
3z define (EMD mF im, g, 1, rhod, rhoM, =lphas, mR, m&, mF) Jdiff . 9, 1, rhok, rhoM, =lpha, mi, mi, mF),|mFi)$
33
34 MDOList : makelist() % w¥List : makelist()s
35
36 for iz 0 thru 3 do |
27 m0 : pop(miList),
38 um : pop(umlList),
325
40 MDA : MD (md, gd, 10, rhoald, rhoM0, alpha0, mR3J, m&0, mF0)
4z cMD m : dMD m (m0, g0, 10, rhoZd, rhoMd, alpha0, mRJ, ma0, mFO) *um,
43 cMD g : dMD g {m0, g0, 10, rhofl, rhoM0O, slphed, mR0, m&3d, mF0) *ug,
44 cMD 1 codMD 1 (m0, g0, 10, rhoZd, rhoMd, alpha0, mRJ, ma0, mFO) *ul,
45 cMD rhod : dMD_rheod |{m0, g0, 10, rhoad, rhoMO, =lphs0, mR0, mi0, mF0)| *urhod,
g cMD rhoM : dMD rhoM |im0, g0, 10, rheld, rhcMO, =lpha0, mRO, mk0, mFO0)| *urhcM,
47 cMD alpha : dMD elphsim0, g0, 10, rholf0, rhoMO, uslpha, mRO, ma0, mF0)puslpha,
43 cHD _mR : dMD_mR {md, g0, 10, rhoa0, rhoM0, elphel, mRI, ma0d, mFd) *umR,
43 cMD _mA : dMD_mA im0, g0, 10, rho2d, rhoMd, 2lpha0, mR0, m&0, mF0) *umb
50 cHMD_mF : dMD_mF {md, g0, 10, rhoa0, rhoM0, elphel, mRI, ma0d, mFd) *umF,
sz W : Z*sgrt(eMD_m~Z+cMD_g-Z+eMD_1-~2+cMD_rhoR~Z+cMD_rhoM~Z+eMD_slpha~Z+cMD mR~Z+cMD mA~Z+cMD mE~Z) /MDO,
5% MDOList : eppend (MDOList, [MDO1),
ca wrT.d o = =wmarnd {oT.d s eIl
Figure 3: .madile with marked command blocks containing the samfiormation in each line.

guantities are considered. In most of the caloumtatithe
number of thesguantities is not very large so that a fc
can be used for the input. Autolt hmsinytools for different
programming requirements; among them is aitor for
graphical user interfaces (GUIs) which can be usedhe
generation of such an input form for data used tfor
calculations.
The structure of the dpt in Fig. 1 is very simple

Line Explanation
1: Maxima internal commands
3-21: inputquantities and their standard uncertait

are defined (single value or list of valu

23 — 32: model function and its partial derivatives defi
34: list of results defined
36 —55: iteration over list of input valu

37 —38: value fetch for the iteration

42 —50: calculation of intermediate valt

40, 52:  calculation of the result(s)

53 —54: storing of the result in a list for further

57: display of the results in wxMaxir
58: Maxima internal command
59: graphical output as 2D plot

In fact, the only inputs that have be carried out by th
user are the model functiomnd the input quantitie
including their names, values and standard uncgigai All
the other steps that are necessary to calculataethdts
follow from the GUM and are in geral independent of tt
model and the input quantities. Thatwhy it is possible t
write a program that can be applied to any modecttion
with a freely definable number ofincorrelated input
guantities. For practical reasoress maximum number of5
should be sufficient.

NOTE: A careful look inside the blue frame in FR
reveals a deviation in the sixth column: among thk
‘alpha0’ there is one ‘ualpha’. The reason for tiathe
value of the derivative of the cosine function: éorangle o
zeo this value is also zero, so the inclination argpes no
contribute to the uncertainty budget. A simple wiay
include this contribution is to calculate the valak the
partial derivative not at = 0° but at the angle given by the
standard uncertaipt For more details see [7]. This spe«
case was not implementédre.

A program and GUI wereomposed byhe author. They
allow the model functioto be writtenin the format that can
be interpreted by Maximan the first ta (see Fig. 4).

A Uncertainties

Combined rel. exp. uncertainties (uncorrelated quantities)

Model | jnput | Output | Help | Value list1

Mode! equation

Use the same names for the vanables in the model and on the Input Quartities
page.

M=m"g*(1-rhoA/tholM)*I"cos{alpha)+MR+MA+MF

Figure 4: Definition of the model functio



All the input data can be determined with their Bam A Uncertainties
value, and corresponding standard uncertainty eniriput
tab (Fig. 5). If this data consists of more tham ealue —
defined by the checkbox under ‘List’ — the listvaflues and

Combined rel. exp. uncertainties (uncorrelated quantities)

Model | Input | Output | Help | Value list1

.. . . . File name to save data to _maxima_input.mac
uncertainties can be inserted on a special page gFi _ :
Plot: x-axis label Torgue in N'm
. Plot: y-axis label Rel. exp. uncertainty
A Uncertainties
Combined rel. exp. uncertainties (uncorrelated quantities)
Model | Input | Output || Help || Value list1
Mumber of input quantities 9 3:
Gty name Cty value City std uncertainty List
m Gtyvalue1 Gtyuncert 1
g 9812524 0,000002 [}
hod 1.2 0.0462 F
ol 7975 6.09 O
I 0.25 0.000005 O it
alpha 0 0000714 O
R ; 300000029 O Figure 7:  Settings for output.
MA 0 0.00000029 O N
A Uncertainties = g
MF 0 0,00000029 O - T o
Combined rel. exp. uncertainties (uncerrelated quantities)
Model | nput | Output | Help | Value list1

. e . o . To use the program go through the tabs and fill in the requested information.
Figure 5: Definition of the input quantities: themmber can

1. On the Model tab insert the model function.
be adapted; the names Should be the sSame as those Be sure the Maxima syntax is used. Common functions are {examples): sin, asin,
used in the model function e

2. Onthe Input tab increase or decrease the number of input quantities

according to the mode! needs.

A Uncertainties Insert the names, estimates and standard uncertainties of all input quantties. A
= i tooltip is displayed when the mouse pointer is positioned overthe Gty name

input box reminding about the model function and the guantity denominations

Combined rel. exp. uncertainties (uncorrelated quantities) used there.
I a quartity has many estimates, click on the comesponding List checkbaox. A
Model || Input | Output | Help | Value list1 new tab for this quantity will be genereated. The names of the input quantities
are also displayed in the first line of the new tab as a hint the values of which
List of values with related uncerainties: m quantity should be entered here. Insert the list of values and related

Insert & list of valus-uncertainty pairs in a new line each. Both values in the pair uncertairties there.

must be separated by tab. Uss ENTER for new lins, CTRL = TAB for tab. 3. On the Qutput tab insert a name for the file where the data is to be stored. It

p— must have the extension "mac”

0.00040773554  0.00000001 Type atext label for the x and y axes of the plot that will be genersted by
0.004077135% 0.00000002 Maxima

0.040770601 0.00000003 ’

0.4077028 0.00000027

Figure 8: Help tab of the program.

A problem may arise if the user does not rememier t
correct name (or its spelling) of a variable usethe model
on the Model tab when wanting to enter the datathen
Input tab. The tool is not able to recognize vdgabAs a
hint to the user, a tooltip with the model functias
displayed when the mouse pointer is positioned ower of
Figure 6: Input quantities with many values on ecigl the Qty name input boxes.

page. As can be seen in Fig. 6, the name of the tab for a
quantity with a list of values is ‘Value list 1'.uxhber 1 is
the ordinal number of the value on the Input télthére are
a larger number of such quantities, the name ofahemay
be ‘Value list 8" and it is not obvious to which antity it
belongs. For this purpose, the name of the quaigtiggven
at the top of the tab: in the case of Fig. 6 ims

In order to use this tool with different models aradues
of the input quantities, the file name of the ottfle can be
changed. Some other parameters are adjustablkexdanple,
the axis labels of the plot that is generated byima (Fig.
7). Some other details will be implemented too,eeample,
whether the scaling of the axes should be logai@tlonnot.
Because of the large variety of possible parametéesr
number should be limited to the most important doeshis

tool. ; ;
. Figure 9 shows the plot generated by Maxima. It tmay
For the sake of completeness and for better usalitiie formatted according to the needs of the user usimg

program has a Help tab (F'g' 8) with some very Cbas'available Maxima commands. For this tool, a simgjeplot
explanations on how to use it.

5. RESULTS
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Figure 9: Plot by Maxima: rel. exgk € 2) uncertainties of

6. CONCLUSIONS

The paper describes how the CAS Maxima can be used
for calculating measurement uncertainties in theecthat
the model equation and the values of all input tjties
including their uncertainties are known. Some fertfree
software tools make the usage of this package wqatey
even for less experienced users.

The procedures described here enable everybodyatvith
least a little knowledge of programming to obtdie tesults
in a shorter time and with less effort comparecdhwitlly
featured software packages. The methods can alasdukto
prove the results obtained by other means with an
independent calculation.

the torques generated in a torque standard machine  Although this  paper cannot cover all aspects of

in the range from 1 mN-mto 1 N-m.

uncertainty calculations, the author is optimistiat the
tools discussed here may be helpful in many apjaics.

with blue dots was chosen. Maxima offers many more

plotting functions and parameters using mainly gheplot
[8] library which is usually installed together tviaxima.

If it is necessary to obtain the numerical valdben the
program window of Maxima may be consulted, see F@j.
For this purpose the input file must be opened gishe
“Batch file ...” command (see Fig. 1). The torque ahd
corresponding uncertainty values are containechénlists
MDOList and yList. It is possible to copy these ued by
hand.

The program presented above stores all valuesfile a
using the ‘stringout’ command, but Maxima also offe
other ways to save data to files. The value of Aalite
called ‘file_output_append’ determines if the dai®
appended to the file or if the existing file wikk bruncated.

@ vocMaxima 12.04.0 [ unsaved® |

File Edit Cell Maxima Eguations Algebra Calculus Simplify Plot Numeric  Help

=y T + ) - = [ - =

N@d® & « 6 @ i ©
et

cMO_alpha® + eMD_rhoM?2 + eMi_rhaA® + eMB_{% + cMD_g2 +cM_m? ) ,
MDOList = append( MDOList , [ MDO 1), plist = append(ptist, [ W 1))
33) done

{03
{8135} MDOList

[0.00100008 , 0.0100003 , 0.100001 , 0.999998 ]
plist

71 load( draw )
(2132) plot2d ([ giscrete , MDOLIst , plist ], [ style, points] , 1 xlabel ,
torque in N'm1 , [ plabel , rel exp. uncertainty ] , [logx]1 ., [legy])

£ I >
Ready for user input

Figure 10: Screenshot from Maxima: calculated ulag@ies

7. ACKNOWLEDEMENTS

The research leading to these results has received
funding from the European Union on the basis ofiflen
No 912/2009/EC. The EMRP is jointly funded by thdEP
participating countries within EURAMET and the Epean

Union.
EMRP “
E |||: :I:.‘;Ié ;i:,'::;::; ;‘:r_j;{l“l‘.'e

intly funded by the EMRP participating countries

The }
within EURAMET and the European Union

8. REFERENCES

[1] Wikipedia: List of uncertainty propagation seéire, Web:
http://en.wikipedia.org/wiki/List_of_uncertainty_ggagatio
n_software, Accessed: 26 June, 2013.

[2] Maxima, a Computer Algebra System, Web:
http://maxima.sourceforge.net/, Accessed: 26 JROES3.

[3] Guidelines on the Calibration of Static Torqueadduring
Devices, EURAMET cg-14, Version 2.0 (03/2011), Web:
http://www.euramet.org/fileadmin/docs/Publicatiaaguid
es/[EURAMET _cg-

14 v _2.0_Static_Torque_Measuring_Devices_01.pdf,
Accessed: 26 June, 2013.

[4] Evaluation of measurement data — Guide to Kpression of
uncertainty in measurement, JCGM 100:2008, Web:
http://www.bipm.org/utils/common/documents/jcgm/I&G
100_2008_E.pdf, Accessed 15 June, 2013.

[5] Notepad++, a free source code editor, Web: tittptepad-
plus-plus.org/, Accessed: 30 September, 2013.

[6] Autolt, a freeware BASIC-like automation andipting
language, Web: http://www.autoitscript.com/site¢cAssed:
30 September, 2013.

yList of the torques generated in a torque standard [7]  D. Réske: Uncertainty Contribution in the Case€Coakine

machine in the range from 1 mN-mto 1 N-m.

A limitation of the tool at the moment is that ordye
guantity with a list of values can be handled.He future it

should be possible to have many such quantities tand
calculaten-dimensional arrays of results and uncertainties

But the question of their graphical representatitihh needs
to be answered.

Function with Zero Estimate — a Proposal, Pro¢hef
IMEKO 2010 TC3, TC5 and TC22 Conferences Metrology
in Modern Context, Pattaya, Chonburi, Thailand, Novem
22-25, 2010, Web: http://www.imeko.org/publicatitin3-
2010/IMEKO-TC3-2010-028.pdf, Accessed: 30 September,
2013.

[8] Gnuplot - a portable command-line driven grayghistility
for Linux, OS/2, MS Windows, OSX, VMS, and many eth
platforms, Web: http://www.gnuplot.info/, Accesséd:
October, 2013.



