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Maximum-Likelihood-Methode <~ kleinste Quadrate

: .. oF O°F
F(a)=-InL(a) =—Zln f(x [@)=Minimum < —=0und —->0
- oa, oa,

Mittelwert einer Gaul3-Verteilung

20,

f(x|a)= ex _M
Die Gaul3-Wahrscheinlichkeitsdichte ist X - \/g o P 2
i

mit dem Mittelwert a. Die negative Log-Likelihood-Funktion ist

— a)2
2

O;

F(a)= konst.(ai)+%zn:(xi

Das Minimum von F(a) ist gleichbedeutend mit dem Minimum von:

n (Xi . a)2
=)
=1 Gi

Entwickelt 1801 von C.F. Gauss fir die Astronomie und Landvermessung
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Methode der kleinste Quadrate

An einer Reihe von Stiitzstellen z seien Werte fur y; vorgeben. Theoretisch
vorhergesagt seien y,(z;|a).

n 2 2
(z)—v(z |a . d
Zzzz()’.( ) y;( 1) Minimumes 92 — g
i—1 o da
Die Methode kann auf N Parameter a, erweitert Y y;=a,+ a,z
werden: 3t

Oy’ . 2}
2 _0 firk=1,2,...,N
08,
1 -
0 ) lI(J
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Anpassung einer Geraden

Geradengleichung: y(x) = y(x|a,b)=a+b- x !
a—bx
7 (ab)- Z(y " )

Das Minimum von y*(a,b) wird bestimmt durch: L

U _o- zy 2 @zy _az_+bz_

oa o’ o

—_O Zx(y a—bx) @ny—aZ—mZ

mit den Abkurzungen.
C yi n Xi — n Xiyi . XiXi — - 1
SVEZ_z SXEZ_z Sxy:Z:_z Sxxzz_z S=Z—2
=1 0 i=1 O i-1 O i1 O i-1 O

vereinfacht sich das Gleichungssystem zu:
S,=a-S+b-S und S, =a-S+b-§
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Anpassung einer Geraden

S,=a-S+b-§ und S ,=a-§ +b-S, Y
2. Gleichungen mit 2. Unbekannten: a,b

_ S Sy — S,

_ S TSy

S'5,-SS, |

S'S,-SS, |

N
sy=§? S
XX
S =) "1 S
i=1 O-i

XY
g g =) 4Ok
ERRT
> A=S-5 —-535
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800 linreg.mw
D2AS LR ¢ T ET &= WNIO%® & ol 2

vorites : € *Praktikum.mws € fourier_O.mw | € *FourierTransformation_vOL.mw € *LineFitmw € *linfitmw = € weighted_mean.mw £ *maxLikelihood.mw :
l}.—ﬂlﬂiﬂwmﬂﬂ!tﬂ I ;EMaLh (: C Maplelnpur ¥ ) (Mn‘mspac!_d T/ f@ @ I @ == Ml =iz E]
W Variables > # Stefan Schael, 09.12.2008
Var - vaue | # dv_maple/vorlesungen/08/linreg.mw
g mho | ||l restart;
e 5;]&:'_ B "Startup file SHOME/.mapleinit excecuted." (1)
H libname ;!Lib(ra.. > fchiq:=(a,b)->sum((y[i]-(atb*x[i]))"2/ey[i]"2,i=1..n);
" SscLibP.."/User... L —— 2
% SscMap. . proc (c... ﬁhlq = (CI, b] — z ( i 5 f) (2)
] i=1 ey;
|> gll:=diff(fchiq(a,b),a);
“ 2(y,—a=bx,
gll == Z - (2 3 ) (3)
i=1 ey,
> Common Symb |> gl2:=diff(fchiq(a,b),b);
Motk z 2(y.—a—bx\zx.
(I Comparenss J gl2 = 2 - ( ! - *) - (4)
| 1> Greek IR i i=1 ey,
Lf%f,w_.] > res:=solve({gll=0,g12=0},{a,b}); N
O____ [ . -
(P Relational Round | i‘l e o X SR < Vi i *1 i‘, ¥ i 1 i *i Vi
T — — 2 Lo || &~ 2 2 &2 L 5| T A - 2
13— i=1 ey; i=1 ey, i=1 ey; i=1 ey, i=1 ey i=1 ey i=1 ey, i=1 ey;
| b Large Operators. il res'=la= 3 ; b= - 5 (5)
—!Q perators n X. n 1 n X? n X. n | n x;.!
_— 1 I I I
Z] 2 _Zl 2 s P 211 2 _,Zl 2 =
i = eyi = eyi = eyi L= eyi 1= (’yi = E’y‘.
> subs(sum(l/ey[i]”2,i=1..n)=s, sum(x[i]/ey[i]"2,i=1..n)=sx, sum(y[i]/ey[i]"2,i=1..n)=sY,
sum(x[i]*y[i]/ey[i]"2,i=1..n)=sxy, sum(x[i]"2/ey[i]"2,i=1..n)=sxx, [res);
- SX) §X — SXX Sy B —-sx 5y + s sxy (6)
B s —ssxx sx? — s sxx
>
Ready Server: 10 Memory: 1L12M Time: 0.06s Text Mode
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Anpassung einer Geraden

Was sind die Fehler von aund b ?

(ob)’
J und entsprechend o? —Za b

Loy,

a=a(y)= o’ _ZGL
S

( 0S ) X
a_11o9%9 &% 1 iz_ S J: L ~(S.- S, %)
oy, A 6‘y A o Aai
(as S\ 1/ x )
G—bZELS—Xy—SX—y ZELS_IZ_ %J Sx)
oy, ATy oy) A
2 Sxx Sxx
A 5.5 -S5S
- n n n
= X _ yl _ i _ lei
.S S S,=2—~% S=2—% S,=25
O-b - = i=1 O-i i=1 O-i i=1 O-i
A S-SXX—SXSX
nXiXi
S =) S=>— A=S'S -SS
i=1 O-i
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Anpassung einer Geraden

Was ist die Kovarianz zwischen aund b ?

n

,0adb S

S

o, =Cov(ab) = Z o

i=1

und der Korrelationskoeffizient ist:

_ Oxn _Sx
S a——

o

10

-

X
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800

- - LineFit.mw

DERSG fBE S¢ TP EE &= NIOFd ¥ ol # &
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Server: 6 Memory: 1.1@1 Time: 0.07s  Math Mode

—! E € *Praktikum.mws € fourier_O.mw @ *FourierTransformation_vOl.mw :
MW—J“— TextMai] ( C 2D Outpur ¥) (Tmestewroman ¥) (12 v) B 7 U =E= Bl =i -
 Variables > # Stefan Schael, 20.05.2012
T | # dv_maple/vorlesung/08/linfit.mw
R Bwq  arar > restart:
ﬁ Cowh... 2x2... . I'Startup file SHOME/.mapleinit excecuted." (1)
B rchiq  Omx > with(plots): with(Statistics): with(plottools):
0 tibrame e ||| ||[> %xvee := [0,1,2,3,4,5,6]:
fhjj"eaf---f'f;s(:: | > yvec := [4.8, 3.1, 1.2, -1.2, -3.1, -4.8, -6.9]:
5 pi :tg;E |> sig := [0.13,0.08,0.1,0.25,0.09,0.1,0.06]:
S p2A  PLOTC. > ErrorPlot(yvec, xcoords=xvec,yerrors=sig, title = "Error Plot");
2: pend PLOTE,.- Error Plot
S p3A CURV...
S p3M  CURV... d
¥ p4A  CURV... 4+
S paM  CURV... | %
S pSA  CURV...
S pSM  CURV... 3
% plotl  PLOT(. -
X Plot2 PLOTI... 1
S Plots1  PLOT(.. 04
I PlotS2 PLOT(..
[1 Result [-2.2... ] +
n rho -.862... -2
o T T _4 =]
tg@% 4 w
LE%‘“"—J -6
l}; &EE _J T T T T T T T T T ¥ ?
P Units (FFS) 0 1 2 3 4 5 6
> Commor, Symbols | L
P> Matix > sx = sum(xvec[k]/sig[k]"2,k=1..nops(xvec)):
P Companents ' sy = sum(yvec[k]/sig[k]"2,k=1. .nops(xvec)):
[ s = sum(1l/sig[k]”"2,k=1..nops(sig)):
B —— sxx := sum(xvec[k]"2/sig[k]"2,k=1..nops(xvec)):
'—kr,m—u;li | sxy := sum(xvec[k]*yvec[k]/sig[k]"2,k=1..nops(xvec)):
> a t= (SXX*Sy-Sx*sxy)/(S*SXX-SX*SX);
= — sa := evalf(sqrt(sxx/(s*sxx-sx*sx)));
a =5.013320255
L sa :=0.06840285787 (2)
—m >m := (S*sSxXy-sx*sy)/(s*sSxx-sx*sx);
—_——— sm := evalf(sqrt(s/(s*sxx-sx*sx)));
T —— m = -1.985339202
s | |1 sm = 0.01602266507 (3)
: Ready




8006

LineFit.mw

s NIOHES ¢ S&E ¢ &

bZdBe XBE ¢ TP

B Favorites

P> MapleCloud (Disabled)

arilbles

_Var. = |Value
n a -2.29..
n chig
# CovM...

11.97.

2x2..
t->a..
(xa, ...
"vLIB "fUse...
() libname "/Libr...
¥ Linear... proc (...
n m -1.98...
I plA PLOT(.

E plM PLOTI...
X p2A PLOTI...
I pz2M PLOTI...
I p3A CURV...
S p3M  CURV...
% p4A  CURV...
S p4aM  CURV...
CURV...
CURV...
PLOTI...
PLOTI...
PLOT(.

PLOTI(...
[5.01...
-.862...

I pSA
X p5M
X Plotl
% Plot2
% Plots1
% PlotS2
[1 Result
n rho

I Handwriting
| P Expression |

P Units (51}

; Common Symbols "
P Matrix

| I Components |

Dok
P Arrows.

\DRelationat |
P> Negated.

P> Operators.

opnie |
> Script

[_Fl;is(jlmeog |

4

. @ *Praktikum.mws

@ fourier_O.mw € “FourierTransformation_v01.mw

fextiMath (P Maple Plat Y} ( Times New Roman v)(12+) BT U E@E ohig

a.

5.013320255
B sa ;= 0.06840285787 (2)
(> m = (S*SXy-Sx*sy)/(S*SXX-SX*SX);
sm := evalf(sqrt(s/(s*sxx-sx*sx)));
m = —1.985339202
B sm = 0.01602266507 (3)
> £ 1= t->a+m*t;
B f=t—=a+mi (4)
|> Plotl := ErrorPlot(yvec, xcoords=xvec,yerrors=sig, title = "Error Plot"):
[> Plot2 := plot(f(t),t=0..6):

> display(Plotl,Plot2,labels=["x [m]","T [s]"],gridlines=true);

4 _\\ Error Plot
2 | \
™

+ m-X
8 + 0,068
m=-1,985 + 0,016

=
~~
j

=

QD
|
[IEN

/
/

V Korrelation & Kovarianz-Matrix

[> rho := -sx/sqrt(s*sxx);

S

p = -0.8621622122 Om __ "% .1
Matrix([[sa"2, rho*sa*sm], [rho*sa*sm,sm"2]]); oo \/S S
0.004678950965 -0.0009449264061 a - m XX

-0.0009449264061 0.0002567257959

p(a,m)=

> CovMatrix :=

CovMatrix := (1.2)

a0

Ready
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8060

LineFit.mw

DEESG XBE ¢ TP EE «= WIO%HS & o 2 @B

P Favorites
W Variables
gl Mt i
na =2.29...
n chig 11.97...
H# CovM... Z2x 2.
of t->a.
I fchig  (xa, x...
" LIB "fUse...
() libname "/Libr...
B Linear... proc (...
nm -1.98...
I plA PLOT(...
I plM PLOTI...
X p2A PLOT(...
E p2M PLOT(...
T p3A CURV...
S p3M  CURV...
S pdA  CURV..
S paM  CURV...
S pSA CURV..
I psSMm CURV...
X Plotl PLOT(...
I Plot2 PLOTI...
X PlotS1 PLOT(...
X PlotS2 PLOT(...
[1 Result [5.01..
n rho -.862...
@S| 9]

dwriti
| B Expression J
Punss
Bt
| Commonsymbols |
2 —
P Components |
———
P ——
D Relationalpound |

P> Negated
g. gg: QEQMPS "
POpertors

| b Open Face |

«

o| | @ *Praktikummws | € fourier_ O.mw & *FourierTransformation_v01.mw x *LineFit.mw

[Tea Math (_P Heading 1 VTJKTJMSN!WRDITDI'I Y} Clﬂ v @I u == Mhl{ =iz

V Eigene Prozedur fiir die Lineare Regression

> # Eigene Prozedur fiir die Lineare Regression
# Geradengleichung: y = a + m*x
LineareRegression:=proc(xListe::list,yListe::list,eyListe::1list)
local n, s, sx, sy, sxx, sxy, delta, i,
a, m, ea, em, rho, chigq,
pl, p2;
if (nops(xListe)<>nops(yListe)) then
printf("nops(xListe)=%d nops(yListe)=%d \n", nops(xListe),nops(yListe));
error("xListe und yListe m ssen die gleiche Anzahl von Elementen haben !"):

end if:

n := nops(xListe):

s := sum(l.0/eyListe[i]"2,i=1..n):

sX := sum(xListe[i]/eyListe[i]"2,i=1..n):

sy := sum(yListe[i]/eyListe[i]"2,i=1..n):

SXX := sum(xListe[i]"2/eyListe[i]"2,i=1..n):

sSXy := sum(xListe[i]*yListe[i]/eyListe[i]"2,i=1..n):
delta := evalf(s*sxxX-sx*sx):

a := evalf((sxx*sy-sx*sxy)/delta):

m := evalf((s*sxy-sx*sy)/delta):

ea := evalf(sqrt(sxx/delta)):

em := evalf(sqrt(s/delta)):

rho := evalf(-sx/sqrt(s*sxx));

chiq := sum((yListe[i]-(a+m*xListe[i]))"2/eyListe[i]"2,i=1..n):

printf ("Geradengleichung: y = a + b*x \n"):
printf("a %12.4e +/- %12.4e \n",eval(a),eval(ea)):
printf("m %$12.4e +/- %12.4e \n",eval(m),eval(em)):
printf("rho %$12.4e \n",eval(rho)):
printf("chi”2/nDoF 312.4e \n",eval(chiq)/(n-2.0)):
return([a, ea, m, em, chiq, rho]):

| end proc:

> Result := LineareRegression(xvec,yvec,sig):
Geradengleichung: y = a + b*x

a = 5.0133e+00 +/- 6.8403e-02
m = -1.9853e+00 +/- 1.6023e-02
rho = -8.6216e-01
|l chi”2/nDoF = 2.3950e+00

Ready
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Nach der linearen Koordinatentransformation X'=X —

LineFit.mw

800

S

X

1it: p=0
Sg P

a

EE @2 NIOH® & &K@ B

h@Be sk ¢ TP

-
(3

% FLineFitmw |

£ *Pralktikum.mws & fourier_0.mw & *FourierTransformation_v01.mw

P Favorites

B MapleCloud (Disabled)

Tewt Math f: C MapleInput ¥ | [ Monospaced Vj] (22 ) ¥ & U @E = Ml =iz

W Variables |

4 | Value

-2.29...
11.97...
Py a1
t->a..
(xa, X...
"fUse...
"JLibr...
proc (...
-1.98...
PLOT(...
PLOT(...
PLOTL(...
PLOT(...
CURV...
CURV...
CURV...
CURV...
CURV...
CURV...
PLOT(...
PLOT(...
PLOT(...
PLOTL(...

var...
na
n chiq
H# CovM...
1
¥ fchig
" LB
() libname
ﬂ- Linear...
nm
plA
plM
p2A
p2M
p3A
p3Mm
paA
p4M
pSA
p5M
Plotl
Plot2
PlotS1
PlotS2

| > xvecS map (x->x-sx/s,xvec):
> Result := LineareRegression(xvecS,yvec,sig):
Geradengleichung: y a + b*x
a = 2941e+00 +/-
m 9853e+00 +/-
rho 0.0000e-01
L chi”2/nDoF 2.3950e+00
> a Result[1l]:
SigmaA Result[2]:
m Result[3]:
| SigmaM := Result[4]:
| > Plotsl ErrorPlot (yvec, xcoords=xvecS,yerrors=sig, title
| > PlotS2 := plot(atm*t,t=-4..4,color=blue):
> display(PlotS1,PlotS2,labels=["x [m]","T [s]"],gridlines=true);
Error Plot

3.4655e~-02
1.6023e-02

S,

a=2

N R N N N R N R A ]

¥ Korrelation zwischen a und m durch Transformation minimieren

f(x) =
294 + 0,035

"Exrror Plot"):

a+ m-Xx

-1,985 + 0,016

[1 Result
n rho

202,
-.862...

¢ 9]
P Handwriting J

PBpression
PUnis s
PMatix
T T—
P Greek '
pamows
whelaoal
P> Relational Reund

P Negated . ]
-10

T [s]

1 2

poxaw  Prof, Df. Stefan Schael, ™

b Open ace g
Lo RWTH Aachen

~ DV irt der Physik, S§'2012,
\orlesung 8
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Qualitit der Anpassung

0 5 10 X
Wie beurteile ich, ob die Gerade meine Messwerte gut beschreibt ? <= 2

e Je mehr Messwerte n ich habe, um so grofler wird die mittlere quadratische
Abweichung zwischen den Messwerten und der Funktion sein.

e Je mehr freie Parameter ich habe, um so kleiner wird mein > werden.

Freiheitsgrad = Anzahl der Messwerte — Anzahl der freien Parameter
Ein y? von 1/Freiheitsgrad heif3t, dass die Funktion die Messwerte im Rahmen
der Fehler gut beschreibt.
Beispiel: 4 Messwerte, Funktion=Gerade=>2 freie Parameter => 2 Freiheitsgrade

Prof. Dr. Stefan Schael, DV in der Physik, SS 2012, 13
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MAPLE Bibliotheken

Prozeduren, die wir immer wieder verwenden wollen, konnen wir in eigenen

MAPLE Bibliotheken ablegen:

> restart:

> dv_maple:=table():

> # Weighted mean

> dv_maple[weigthed _mean].=proc(data::list,sig::list)

local nk, k, mean, e_mean, sig2:

nk = nops(data):

sig2 = add(1/sig[k]*2,k=1..nk);

mean .= add(data[k]/sig[k]*2,k=1..nk)/sig2;

e_mean .= 1/sqrt(sig2);
return [mean,e_mean];
end proc:
> save dv_maple, "/Users/stefan/lib/dv_maple.m";

und anschlieffend, genau wie die MAPLE internen Pakete verwenden:
> restart:

> libname:=libname,"/Users/stefan/lib/":

> with(dv_maple);

Prof. Dr. Stefan Schael, DV in der Physik, SS 2012,
RWTH Aachen \orlesung 8
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Messgerat im Physikalischen Grundpraktikum

Sensor-Cassy Interface

Eingang A (I,U)

Eingang B (U)
Relais R

Spannungsquelle S (0 — 16V)

Prof. Dr. Stefan Schael, DV in der Physik, SS 2012, 15
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Messgerat im Physikalischen Grundpraktikum

Prof. Dr. Stefan Schael,
RWTH Aachen

5 analoge Eingange

2 analoge Spannungseingange A und B:

« Auflosung: 12 Bit ( 2 =4096)

« Messbereiche: + 0,3/1/3/10/30/100 V

- Digitalisierung: + 0,15 mV/.../ 48,8mV
 Eingangswiderstand: 1 MQ

« Abtastrate: max. 200.000 Werte/s
(=100.000 Werte/s pro Eingang)
*Anzahl Messwerte: max. 32000
(= 16000/ Eingang)

DV in der Physik, SS 2012, 16
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Messgerat im Physikalischen Grundpraktikum

Eingang A

1 analoger Stromeingang :

- Messbereiche: +£0,1/0,3/1/3 A

e Digitalisierung: = 0,05 mA/ ... / 1,5 mA
- Eingangswiderstand: < 0,5 Q2

Prof. Dr. Stefan Schael, DV in der Physik, SS 2012, 17
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Strom- Spannungsmessung im PGP .

| Messbereich:

;= -0.1A bis 0.1 A ) )
P R—
I

@ 1 y = _ T _( )

Prof. Dr. Stefan Schael, DV in der Physik, SS 2012, 18
RWTH Aachen \orlesung 8



Cassy-Lab Datei

5 100R_U_I_t_c.lab - XEmacs
File Edit YWiew Cmds Tools Options Buffers t

- S D H D B B2 8 Rk E
¥ i Al cpen | Dired | Save | Prnt cut Copy | Paste | Unda | Spell | Replace|  Hail Info | compile| Debug | Mews
1005 — [ IDDR_U_I_t_c .lab ]
7 L CL4
7 180 0.1
1 r Tndex
§ Il

iy 0 1s001 5000 0 0O 0O 10 00D0OD0 18001 1 1

— 0105

iy Zelt
7 = T
) ms
5 B Qe 005 S0 &5 0 L3 000 O30 020 dek
il L Frequsenz
1 t
1 + Hz
M’ o 0D 50000 10000 OO DO 1 1000 OO ODOOD 11
! ' ' ! ' i 2 1
0 4.0 4
10001 213000000002500000 1 307 98 297 140 0.5 0 0 1
Etrom
I Al
B
-0.1 0.1 0.05 04 00OD0O0O21IT1IO0TCD0TO0.0428 1 1
0. 10 4
l11o00l1l0Z2000000002500000 1 608 102 297 140 0.5 0 0 1
Spannung
U El
4
=10 R B 0 2 0 e 08 1 ke e 4995 1k 1
4 1lal00l
1 ] 0.04985 5
2 1E-5 0.0498 5.005
3 2E-5 0.04985 &5
4 JE-5 0.04985 &
5 4E-5 0.04985 &
& S5E-5 0.04985 5
7 GE-5 0.04985 &5
B TE-5 0.04985 &
Prof. Dr. Stefan Schael, 9 8E-5 0.04985 5
10 5

RWTH Aachen TS o D



Cassy-Lab Datei < Maple-Auswertung

Bestimmung des Ohmschen Widerstandes

UB1I|A1

355

34

Prof. Dr. Stefan Schael,
RWTH Aachen
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Cassy-Lab Datei <~ Maple-Auswertung

F2 C:\Kirm\DV 11551 2Worlesung\V 8\Linreg_exp.mw® - [Server 1] - Maple 15 ==X
FE ;HZ gertaﬁhgt 5S¢ TP =& ;L» Wr::: H::xS@ r RRE 2 B
— B i wae ¢
(ot et | | | (P resdnss ) (menewrenn_v) (0 v) [B]7 U == MG =i
e || > # Stefan Schael / Thomas Kirn, 24.05.2012 ]
_ # dv_maple/vorlesung/08/linfit.mw 1
r— v J > restart:
l“"‘f“ﬁ“‘”” J > with(stats) :with(plots): with(plottools):
{:E::s) J > # Eingabe Directory-Name, in dem sich die Maple-Prozeduren
t::syb' j _ "Praktikum.m" befindet
{:“’pk i J > dirname:="C: /kir1_1/DV1/SSlZ/Vorlesung/VB /Mapl_e Routinen/" ;
(s 1L dirname = "C:/kirm/DV1/SS12/Vorlesung/V 8/Maple Routinen/" (1)
{:::E:Rd J > # Wechsel in das angegebene Verzeichnis
B egeted J > currentdir {(dirname) :currentdir() ;
{::fp : J B "C:\kirn\DV11SS12\Vorlesung'V 8'Maple Routinen" (2)
l“‘:’p:ﬁ‘e ' ||> # Einlesen der Maple-Prozeduren
{:pt J | > read("Praktikum.m") ;
Formrm— |
YEinlesen Cassy-Lab Datei fiir '"Rauschmessung"
L — I B _ 3} y
Prof. Dr. Stefan Schael, DV in der Physik, SS 2012, 21

RWTH Aachen \orlesung 8



Einlesen Cassy-Lab Dateien in Maple mit Praktikumsbibliothek

£12 C:\kirn\DV11S51 2Worlesung\WB\Linreg_exp.mw* - [Server 1] - Maple 15

File Edit Wiew Insert Format

L2BSS Xl 5S¢ TP EE &=

Tools  window Help

nm!oxe ¢ &k 2 @

EX

| Favartes B uae|§
R | | B D) @uetevson, D@D Bl7 U E== B =5
=== ¥ Einlesen Cassy-Lab Datei fiir ""Rauschmessung" 1
o > dirnamel:="C:/kirn/DV1/SS12/Vorlesung/V8/data/":
| P Hengwiing J > currentdir (dirnamel) ; currentdir() ;
(REesien J "Ckirn\DVI1\SS12\WVorlesung\V 8\ Maple Routinen"
{:EEE:S) J B "C:kim'\DV1'SS12\Vorlesung\V 8\data" (1.1)
t::s""' J > # Geben Sie den File-Namen der Messdatei an
[ J > filenamel:="100R U I t c.lab":
{:jk j > # Einlesen des angegebenen Datenfiles und extrahieren
{:::E:Rd J | der einzelnen Messgroessen
B egeted J > Datenl:=Praktikum[Datenlesen] (filenamel, xx, vV):
{::?Dt J > Zeit:=[seq(Datenl[i, 2], i=l..yy)1:
t:pkf j > Strom:=[seg(Datenl[i, 3], i=1l..yv)]:
{:‘q"t" J > Spannung:=[seq(Datenl[i, 4], i=l..yy)]:
> Anzahl Messpunkte:=nops (Spannung) ;

il Anzahl Messpunkte := 16001 (1. 2)> a

o Prof. Dr. Stefan Schael, DV in der Physik, SS 2012, o ;2 U
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Verteilung der Strommesswerte

15 C: \kdrn\DV 11551 2Worlesung\V B\.inreg_exp_test.mw™ - [Server 1] - Maple 15

Sile  Edit  Wiew Insert  Format Tools  Window  Help
DE2BSE XBHE ¢ TP EE &= NI OHe ¢ @ 2 @
BT J 2: EP mMath  Drawing  Plot Animalion_ Hide :
b Mapl=Cloud {Disabled) J '::_ P mMaple Plot V;:' '::_Times Meww Roman V_::' '::_12_'_:' BIU = = % = EE
W Yariables . a
- w | ¥V Verteilung Strommessung
rizahl_M... —
-% gatenl_M tl:'ljg(l[(SS... . . .
- flnane TG > plot itl:=Praktikum[Plotdata] ([Zeit, Strom,color=bluel]):
" flenamel  ["100R_U_... B -
TheE  por.. > plot it2:=plot(Zeit, Strom, color=red):
5 |plot_itz PLOTICU.., B - B
e Lt > display({plot itl}, {plot it2}, labels=["Zeit t/s",
Zeit [0, .le4,...
o "Strom I/A"]) ;
0.04995
P Handuwriting J
| Expression J
P Uinits (SI) J
] 0.04900
B Units (FPS) J
[ Common Symbals J
| Matriz J
SN J Strom 1A 004985
[ Greek J
[ Arrows J
[ Relational J
[ Relational Round J 0.04230
[ Megated J
[ Large Operators J -
[ Operatars J 004575
P> Open Face J ' _ . . . . . . . v
R v |« 3 |1
® Ready Memory: 99,98M Time: 7,125 Text Mode
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Verteilung der Strommesswerte

15 C: \kdrn\DV 11551 2Worlesung\V B\.inreg_exp_test.mw™ - [Server 1] - Maple 15

Sile  Edit Wiew Insert  Format Tools  Window Help

DBBSS LB 5S¢ Tk EE @«= NI OHe & FEK &
PFWTJ ~ : @& math  Drawing  Plot Animation Hide :
b vepladioud Dsabled) | | | (B Maplepet  v) (Tmestewroman  v) (2 v) B I U =[E]= Wik
 Variabls > MeanStrom:=Praktikum[Mean] {(Strom) ;

V., value Mean = 4,.9834E-02 +/- 2.0754E-07 (Mittlerer quadratischer Fehler des Mittelwertes)

n |fnzahl_,.. 16001 Bmns = 2.6252E-05 (Standardabweichung)
FH [patenl  [tabled[f...

" fdrane TClr.. MeanStrom = [ 004983428223, 2.075366333 107, 0.00002625235871 | (2.1)

" Fil 1 ["100R_... B . . .
et 45651 > with(Statistics):

plot_t  [PLOTIC...

plot_itl__PLOT(C... > Mean (Strom) ;sqgrt (Variance (Strom) ) ;sqrt (Variance (Strom) /nops (Strom)) ;
plat_itz  [PLOT(C...

Spannung |[S, S.00... 004983428223
Stram 49658

AT 0.0000262523587495733 3
D OO L 2.07536633582789 107 (2.2)

— | > plot_i:=Histogram(Strom, bincount=5):

T > display({plot i},6labels=["I/A", "Haeufigkeit"],gridlines=true) ;

P Uiniits (ST} 16000
P Units (FP3) 14000 -
[ Common Symbaols 1
| Matriz
P Components 10000 4
[ Greek Haeufigkeit 2000
. J
[ Arrows e
[ Relational g
S 4000
[ Relational Round i
| Negated - 2000 +
[ Large Operators o __
R 0.04975 0.04920 004985 0.04990 0.04995
L/

[ Open Face ] | (€ >

|

14| 14| 14| T

12000

v

® Ready Memory: 99,93M Time: 7,125 Text Mode
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Verteilung der Strommesswerte

15 C: \kdrn\DV 11551 2Worlesung\V B\.inreg_exp_test.mw™ - [Server 1] - Maple 15

Sile  Edit  Wiew Insert  Format Tools  Window  Help

DEBES Xl ¢ T EE «= NIOHES & Qg 2 @

BT J Q: Math  Drawing  Plot  Animation Hide

(G Maplelnpst v ) (M d ) (1 ¥) U == O =
P MapleCloud (Disabled) (L Maple ingus L \Jenashace SN U cale iz

W

[E2

W Yariables

Vo = Value > 10:=MeanStrom[l] ;si:=MeanStrom[3];

n |anzahl_...|16001

i Datent ftable(l(... 10 — 004983428223

dirname "Cfkirn

e T si = 0.00002625235871 (2.3)

lis} (, xrm, .
Fhi PLOT(C. ..

flenamet [100F.... > MinStrom:=min (seq(Strom[i] ,1=1. .nops(Strom))); MaxStrom:=

i0 49534,
il 49703,

2 DD, max (seq(Strom[:L] ’ i=1l.. neps (Strom) ) ) ;

MaxStrom |.4995e-1
Negoon L orse MinStrom ;= 0.04975
plot_i PLOT(P...

plot_it  |PLOT(C... MaxSrrOm — 004995 (2 . 4) B

plot_iti  |PLOT(C...
plot_itz  |[PLOT(C...

i 26252... > 11:=10-5*gi ;12 :=10+b*gi1 ;

i1 = 004970302044
= 12 = 0.04996554402 (2.5)

EJ > fg:=(x,xm,sx)->1/sqrt (2*Pi*sx"2) *exp (-0.5*% (x-xm) ~2/sx"2) ;
— ol

. b 2
by ¢ >

fo = (x, xm, sx) —
| Matriz f 2
P Components 2 TC Sx

P resk > fhi:=plot(fg(x,i0,si) ,x=il..i2,thickness=5):

SHMMMMI_S(SSS

(2.6)

[ Arrows

P Relational | v £ >

® Ready Memory: 99,98M Time: 7,125 Text Mode

b
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Verteilung der Strommesswerte

15 IC: \krn\DV11$51 2Worlesung\VB\inreg_exp_test.mw - [Server, 1] - Maple 15

Sile  Edit  iew Insert  Format

Tools  Window  Help

DB2BSS XBBE ¢ TP EE &= NI OHe & LKA 2 @
P Favorites J 2: @ Math Drawing Plot Animalion_ Hide :
W "\_ P Maple Plot V_;' "\_Times Mew Roman V_;' '\12_7;I BIU = = % = EE
————— . - . . . . -~
 variabes > fhi:=plot(fg({x,i10,s1i) ,x=1il. .12 ,thickness=5): 1
Voo Value B
n |anzahl_... [16001 1 1 1 i " " J J "
et L6001 > display({plot i}, {fhi}, labels=] I/A", "Haeufigkeit"],
" dirname  [Cifkirn... R .
" ldimamel [Cikim... grldllnes=true) :
g (6, xm, ..
. |Fhi FLOT{C... 16000 —
" flenamel ["100R_... |
n |io 49534,
n il 49703, 14000 <
n iz (49065,
n [Maxstrom | 4995e-1 T
[ 1 |[Meanst... [.49834... 12000
n (MinStrom |.4975e-1
S |ploti PLOT(R... g
S |plot_t  [PLOT(C...
¥ |plok_itl  [PLOT(C... 10000 —
S |plat_tz  [PLOT(C... |
n [si 26252, L4
Spannung [S, 5.00... Haeufigkeit 2000 o
Skrom .4955e, ., i
Zeit a, .de-...
6 6000 —
T — om
| Expression ]
I Units (SI) 2000
P> Uinits (FPS) i
D -l

[ Cammon Symbols
| Matriz

P Components

[ Greek

[ Arrows

004575

004320 004955 004290 004995

LA

> rel err i:=si/i0;
rel err i:=0.0005267931539

2.7) |

P Relational | v £ > |
® Ready Memory: 99,98M Time: 7,125 Text Mode
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Lineare Regression mit Cassy-Lab-Dateien via

Maple-Auswertung

01— =]

0,05 —

| | ! ! I
0 5 10
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Lineare Regression mit Cassy-Lab-Dateien mit Maple

Fil= Edit View Insert Format Tools  Window  Help
DB2ESS YR ¢ TP E& «= HIOHS® © &x[E 2 0
> Favorites b : Math l::_ P maple Plat V:l [:_Times Mew Roman V_:l l::_ 1z V_\,:' Bru = = L = §E

s ¥ Einlesen Cassy-Lab Datei fiir lineare Regression

Yo Walue

n lneohl... 1600t > dirname2:="C:/kirn/DV1/SS12/Vorlesung/V8/data/":

E Datenl  |kabledff...
" dirnanne "C ki,

el .. > currentdir (dirname2); currentdir() ;

(, xm, ...

e "C:\kirn\DV1\SS12\Vorlesung\V 8\data"

R "C:\kirn\DV1'SS12\Vorlesung'\V 8\data" (3.1)

iz 49965,
MaxStrom |.4995e-1

Meanst, ., [ 43634 => filenameZ2:="100R U I m.lab'":

MinStrom | 4975e-1 — — —
plat_i PLOTIP. .

plot it PLOT(C... > Daten2:=Praktikum[Datenlesen] (filename2, xx, VvV):

plot_it1  |PLOT(C. ..
plot_itz  |PLOT(C. ..

si 26252.., => Strom:=[seq(Daten2 [:I._‘Ir 3] P i=1. -YY) ] :

Spannur g |[5, 5.00...
Strom 4985e..,

Zeit 0, de-... > Spannung:= [seq(DatenZ [l P 4] ’ i=1. -YY) ] - |
o L

::p“g _ Anzahl Messpunkte := 8 (3.2)

[ Uniks £5I) L >
I Linits (FPS) —_
\RSemensmies ) || > XVec = Spannung:
[ Matrizx -
E— > yvec := Strom:

[ Greek . .
— > sig := rel err i*Strom:

[ Relational | bl MRS >

® Ready Memory: 99,98M Time: 7,125 Text Mode
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Lineare Regression mit Cassy-Lab-Dateien mit Maple

Fil= Edit View Insert Format Tools  Window  Help
DB2BESS XBE S5¢ TP EE «= NI O0Hd © TXE 2 B
B Favortes J ~ : Math  Drawing  Plot  Animation Hide

P MapleCloud (Disabled) '::. P taple Plot V;:' ':;Times Mewy Roman V;:' '::lZV;] BIU = = % = EE
¥ Varisbes > Plotl:=ErrorPlot (yvec, xcoords=xvec,yerrors=sig, title =

ik

|

Voo Walue
pros.. 601 "Ohm' sches Gesetz",labels=["U/V","I/A"],gridlines=true) :
aten anlelfl... —_
dirname  |"Cifkirn... .
dirnamel  |"Cifkirn... > dl Splay ( Plotl ) ;
Fa (s, e, ..
Fhi PLOT(C... Ohm'sches Gesetz
filename1 ["100R_... <&
i 49534,
il 49703,
i2 49965, 0os —
IMaxStrom | 4995e-1
Meanst... |[.49334... <
MinStrom | 4975e-1 0.0z —
plat_j PLOTIP...
plot_it  |PLOT(C...
plot_itl  [PLOT(C... 007 -
plot_itz  |PLOT(C...
si 26252... 7 <
Spannung ([, 5.00... 006 <
Strom 4985e..,
Zeit 0, .le-... 7

6 LA 005 4

[ Handuwriking 004 — < 0
I Expression b
P Lniks £5I) 00z 4
I Liniks (FPS)

00z &
[ Cormmon Symbals
|- Matriz oot
P Components 4 <
[ Greek 0 T T T T T T T T T T T T T T T T T T

1 2 3 4 5 [ 7 2 9

[ Arrows U
[ Relational | | S >

& Ready Memory: 93,98M Time: 7,125 Text Mode
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Lineare Regression mit Cassy-Lab-Dateien mit Maple

£12 C:\kirn\DV 11551 2\WorlesungWB\Linreg_exp.mw* - [Server 1] - Maple 15

F; SHE gert;;at »D:WWTM:; =T ;L» W:H H:: B ¢ XXE 2 B
— B de |8
(Brepecopeen| || B~ F- 4 [Q]V- S @ b HH
M > sx  := sum(xvec[k]/sig[k]”2,k=1..nops(xvec)): '
R sy := sum(yvec[k]/sig[k]”*2,k=1..nops(xvec)):
v S := sum(l/sig[k]”"2,k=1. .nops(siqg)):
t::pdtg j sxx := sum(xvec[k]”*2/sig[k]”*2,k=1. .nops(xvec)):
l";t‘:‘; || sxy := sum(xvec[k]*yvec[k]/sig[k]”2,k=1..nops(xvec)):
t:@mm(onslmbo. j > a := (sxx*sy-sx*sxvy)/(s*sxx-sx*sx);
{:S; t J sa := evalf(sqgrt(sxx/(s*sxx-sx*sx)));
D Greck J a:= —0.0004051249510
—— L sa:=1.359072355 107 (3)
{::;ded j > m := (s*sxy-sx*sy)/ (s*sxx-sx*sx) ;
D Large operatars J sm := evalf(sqgrt(s/(s*sxx-sx*sx))):; d
{:ZE; j m = 0.01034571791
(e L sm = 0.000002041201657 (4)
meo > f = eamee
_ f=toa+mt (5)
‘> Plot2 := plot(f(t) ,t=0..10,thickness=2): @
Prof. Dr. Stefan Schael, DV in der Physik, SS 2012, 30
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Lineare Regression mit Cassy-Lab-Dateien mit Maple

File Edit Wew Insert Format

h2BEsS YR ¢ TP EE &=

Tools  Window  Help

M1 oFEe & @&a[E 2 5B

[p Favorites J o »

4

Animation

Math

Drawing Plot

[ MapleCloud (Disabled)

W Variables

Wooo
Anzahl_...

Walue
16001

Drateni

tabled[l...

dirnanne

"C ki,

dirname1

"Cikirn

Fg

(s, e, ..

Fhi

PLOT(C. ..

z|vfp = c[EE =

filenamne 1

"100R_...

i0

49534,

il

49703,

iz

49965,

IaxStrom

.4995e-1

Meanst. ..

[.45834...

MinStrom

.4975e-1

plot_i

FLOT(F...

plat_it

PLOT(C...

plot_jt1

PLOT(C. ..

plot_itz

FLOT(C...

S|HMMME | S|S|=|=

i

26252,

Spannung

5, 5.00...

Strom

4985e..,

Zeit

0, .le-...

v

(P Maple Plot (v BIU EE mhlg =i=

¥ | Times Mew Roman

Hide

> £ 1= t->atm*t;

- f=t—oa+mt

=> Plot2 := plot(f(t) ,t=0..10,thickness=2):

> display(Plotl,Plot2,title = "Ohm'sches Gesetz"

["U/v" ,"I/A"] ,gridlines=true) ;

Ohm'sches Gesetz

,labels=

0.10 —

L2

[ Handuwriking

[ Expression

[ Units (ST}

I Linits (FPS)

[ Cormmon Symbals
| Matriz

P Components

[ Greek

[ Arrows
[ Relational |

004 —

002 —

T

bl ES

(5)

>

|

»

& Ready

Memary: 99,958 Time: 7,125

Text Mode

ik
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Lineare Regression mit Cassy-Lab-Dateien mit Maple

£12 C:\kirn\DV 11551 2\WorlesungWB\Linreg_exp.mw* - [Server 1] - Maple 15

File Edit Wiew Insert Format Tools  ‘Window Help
D2BEBSS Xl 5S¢ TP EE «= NI10%H> ¥ K@K 2 B
B Favories J 2: Math  Drawing  Plot  Animation Hide :

J ':\ P Heading 1 V,:l ':\ Tirnes Mew Roman V,:l ':\ 18 V,:l I u = = % = 25

[ P MapleCloud {Disabled)

| W Variables |

v !(orrelation & Kovarianz-Matrix

Yariable Yalue

> rho = -sx/sqrt (s*sxx) ;
[V i p = -0.2496781384 (4.1)
P Handnriting > CovMatrix := Matrix([[sa”2, rho*sa*sm], [rho*sa*sm,sm™2]]) ;
P Expression
s 3D 1.847077666 10" -6.926422963 10™*
— CovMatrix = (4.2)

~6.926422963 101 4166504205 107?

[ Common Symbols

[ Matriz - - - - .

— V¥ Eigene Prozedur fiir die Lineare Regression

Bl > # Eigene Prozedur fur die Lineare Regression
# Geradengleichung: v = a + m*x

[ Relational

— LineareRegression:=proc (xListe::list,yListe::list,eyListe::1ist) =

local n, s, sx, sy, Sxx, sxy, delta, i,

> Large Operators a, m, ea, m, rho ; Chlq ;

> Operators pl ; p2 ;

P> Open Face if (nops(xListe)<>nops (yListe)) then

ek printf ("nops (xListe)=%d nops (yvListe)=%d \n",nops (xListe) ,nops (yvListe)) ;
[ Script

error ("xListe und yListe m,ssen die gleiche Anzahl von Elementen haben !

[
\
l
[
\
{
\
l
| B> Arows
l
{
\
[
\
\
[
\
[

[ Miscellaneous

'|'|') H
end if:
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Lineare Regression mit Cassy-Lab-Dateien mit Maple

£12 C:\kirn\DV 11551 2\WorlesungWB\Linreg_exp.mw* - [Server 1] - Maple 15
File Edit Wiew Insert Format Tools  ‘Window Help

b2agd il < TP @ MIOFL & XXK 2 F

leavorites J 2: @& mMath  Drawing  Plot Animalion_ Hide :
| P> Maplecloud (Disabled) J (P Heading 1 ) (Tmes Newfoman ) (13 7) Iu EE=E h =i
| W variables | n := nops {xListe): 2
Variable | Value s = sum{l.0/eyListe[i]"2,i=1..n}:
sX := sum(xListe[i] /eyListe[i]"2,i=1..n):
== - i? sy i= sum(yListe[i] /eyListe[i]"2,i=1..n):
| P Hengwiing J SXX := sum{xListe[i]"2/eyListe[i]"2,i=1..n}:
| Expeesson J SXY = sum{xListe[i]*yListe([i]/eyListe[i]"2,i=1..n):
Puns D J delta := evalf({s*sxx-sx*sx):
btk P9 ] a := evalf((sxx*sy-sx¥*sxy)/delta):
[Femmm—— ] m := evalf({(s*sxy-sx¥*sy)/delta):
D Matrx J aa 1= evalf (sqrt{sxx/delta)):
[Fo— J em i= evalf(sqrt{s/delta)):
\RGeek J rho := evalf(-sx/sqrt{s*sxx));
| aros J chiq := sum{{yListe[i]- (a+m#*xListe[i])}"2/eyListe[1]"2,i=1..n}:
D Relatina J pr1ntf("Geradeng131chung v = a + b*x \n"):
| P:RelatonalRound J printf ("a = %12.4e +/- %12.4e \n",eval{a),evali{ea)):
| B egated J printf ("m = %12.4de +/- %12.4e \n",eval(m),eval{em)):
| PrLargs Oparators J printf ("rho = %12.4e \n",eval (rho)):
| Operatrs J printf ("chi~2/nDoF = %12.4e \n",eval{chiq)/{n-2.0}): i
| P:OpenFace J return{[a, =a, m, em, chig, rho]):
Pk J L end proc:
b Serpt J > Result := LineareRegression(xvec,yvec,sig):
lpMuscellaneous J Ge radengleifhung: v = a + b*x
a = -4.0512e-04 +/-  1.3591e-07
m = 1.0346e-02 +/-  2.0412e-04
rho = -2.4968e-01
| Lchi*Z2/nDoF = 4.5002e+01 v
® Ready == Mernory: 0,740 Time: 0,10s Text>l\‘10de
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Lineare Regression mit Cassy-Lab-Dateien mit Maple

1= C:Akirn\DV 11851 2Worlesung\V B\inreg_exp_test.mw™ - [Server, 1] - Maple 15

File Edit ‘iew Inssrt Format

2B &E&&E bl S T E=EE

Tools  Window  Help

Ml oxFEs &

= &=

-~
| Favorites —

[ MapleCloud {Disabled)

W variables
Yo Walue
n |anzahl_... 16001
E Datenl  |kable([f...
e dirmame ["Ckirn,..
" dirnamel  [C k...
i ] (, xm, ...
= |fhi PLOTIC...
" Flenamel ["1O0R_...
n |0 49834,
n il 49703,
n iz 49965,
n |(MaxStrom |.4995e-1
[1 [Meanst... [.459834...
n |MinStrom |.4975e-1
T |plat_i PLOTIP...
¥ |plot_t  |PLOT(C...
% lplat_itl  [PLOTIC...
T |plot_itz  |PLOTIC...
n |si 26252,
Spannung ([, 5.00...
Strom 49558,
Zeit 0, . le-...
[ Handuwriting

P Expression

| Units £5I)

I Liniks (FPS)

[ Common Symbols
[ Matriz

P Components

[ Greek

[ Arrows

| [ Relational |

w

B [E] @

Y Femath (P Aeading 1 v (1) Iu [E]=

¥ | [_Times Mew Roman

V Korrelation zwischen a und m durch Transformation
minimieren

> XvecS = map (x->x-sx/s8,xvec) :
> Result := LineareRegression(xvecS,yvec,siqg):
Geradengleichung: v = a + b*x
a = =-2.3314e-04 +/- 1.3160e-07
m = 1.0346e-02 +/- 2.0412e-06
rho = 5.7218e-11
=chi“2/nDoF = 4.5002e+01
> a := Result[l]:
SigmaA := Result[2]:
m := Result[3]:
- SigmaM := Result[4]:
> PlotS1l := ErrorPlot(yvec, xcoords=xvecS,yerrors=siqg,

- title = "Error Plot"):
;> PlotS2 := plot(atm*t,t=0..10,color=blue):

>

W

® Ready
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Lineare Regression mit Cassy-Lab-Dateien mit Maple

1= C:Akirn\DV 11851 2Worlesung\V B\inreg_exp_test.mw™ - [Server, 1] - Maple 15

File Edit View Insert Format Tools  Window  Help
DBBESS Xl 5S¢ TP EE «= NI1OHd © TXE 2 B
| Favorites 2: Math '::_ C Maple Input V;:' '::_Monospaced V;:' '::_ 12 V;:' I U =

q] = =
Bhih =i=

I MapleCloud {Disabled) Ohm'sches Gesetz
0.10 —
W Variables
Wl Walue n
n |anzahl_... 16001
(B [patent  |rable{[. . 008 —
e dirmame ["Ckirn,..
" dirnamel  ['C k... i
* ] (, xm, ...
% [Fhi PLOT(C...
w Filgname1 ["100R_... b0 —
n io 49834,
n (il 49703, Ve T
n iz 49965,
n Maxstrom |4995e-1 004 -
[1 [Meanst... [.45834...
n MinStrom | 4975e-1 B
T [plat_i PLOTIP...
¥ |plot_t  |PLOT(C...
S |plat_itl  |[PLOT(C... 002 —
T |plot_itz  |PLOTIC...
n |si 26252, B
Spannung ([, 5.00...
Strom 49558, 0
Zeit 0, de-... I I I I I
a 2 4 & 2 10
6 us

T > # Ergebnis Widerstand:

e Expression . — .
P Uit (5T} > R'_l/m’

P Linits (FPS) R :=96.65834780 (6)

[ Common Symbals

b st > #Fehler auf Widerstand

[—J:”‘Dkt > Sig R:= 1/m~2 * SigmaM;
[ Arraws L SIg_R — 0.01907061273 (7) ;

[ Relational | b

® Ready Memory: 93,98M Time: 7,125 Text Mode
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