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ATMOSPHERIC SCIENCES

UNIVERSITY OF ILLINGIS AT URBANA-CHAMPAIGN

Department of Atmospheric Sciences > Urbana-Champaign Weather

CURRENT CONDITIONS

Willard Rest Of today
Airport
N =
10:53AM

Partly sunny with isolated showers.
Highs in the mid 60s. Northowest winds 3
to 10 mph. Chanece of precipitation 20

Partly Cloudy Skies
Temperature: 63°F
Dew Pomnt: 43°F

Rel. Humidity: 47% percent.

“Tl.ﬂd.:s:l L e 4_ mph Thiz forecssf is provided by
Visibility: 10 miles Nations! Weather Service
Preszure: 10193 mb {3040 in)

Sunrise: G:4 1AM

Sunset: 6:49PM

\4 T = 63°F+? —> Best guess AT~0.5°F

Wind speed 4mph+? —> Best guess +0.5mph
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Measurement of the speed
of the light

1675 Ole Roemer: 220,000 Km/sec

Ole Christensen Rgmer
1644-1710

Does it make sense?
What is missing?

NIST Bolder Colorado ¢ = 299,792,456.2+1.1 m/s.
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Reading error

AL = 0.5mm L=53mmzAL(?)
/ Acrylic rod

AL = 0.03mm

m A

How far we have to go in reducing the reading error?

We do not care about If ruler is not okay, Probably the natural limit of
accuracy better than we need to use accuracy can be due to length
1mm digital caliper uncertainty because of
temperature expansion. For
53mm AL = 0.012mm /K
3 K
][ Reading Error = £ (Ieast count or minimum gradation).
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Reading error. Digital meters.
Fluke 8845A multimeter
Example Vdc (reading)=0.85V
AV =0.83 x (1.8 x 107%)
+1.0x(0.7x107%) =2.2x10"°
=22uv
8846A Accuracy
Accuracy is given as * (% measurement + % of range)
Temperature
24 Hour 90 Days 1 Year -
Range Coefficient/ °C
9 (23 £1 °C) (23 £5°C) (23+5°C) Outside 18 to 28 °C
100 mV 0.0025 +0.003 0.0025 + 0.0035 0.0037 +0.0035 0.0005 + 0.0005
1V 0.0018 + 0.0006 0.0018 + 0.0007 0.0025 + 0.0007 0.0005 + 0.0001
10V 0.0013 + 0.0004 0.0018 + 0.0005 0.0024 + 0.0005 0.0005 + 0.0001
100V 0.0018 + 0.0006 0.0027 + 0.0006 0.0038 + 0.0006 0.0005 + 0.0001
1000 V 0.0018 + 0.0006 0.0031 + 0.001 0.0041 + 0.001 0.0005 + 0.0001

I
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The accuracy of an experiment Precision refers to how closely

is a measure of how close the individual measurements agree
result of the experiment comes with each other
to the true value

I
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cy and precession

Accurate, Not Precise

Precise, Not Accurate

Accurate, Precise
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Systematic and random errors

- Systematic Error: reproducible inaccuracy
introduced by faulty equipment, calibration or

technique.

« Random errors: Indefiniteness of results due to
finite precision of experiment. Measure of
fluctuation iIin result after repeatable

experimentation.

Philip R. Bevington “Data Reduction and Error Analysis
for the Physical sciences”, McGraw-Hill, 1969

illinois.edu physics 401 10



Systematic errors

Sources of systematic errors: poor calibration
of the equipment, changes of environmental
conditions, imperfect method of observation,
drift and some offset in readings etc.

Example #1: measuring of the DC voltage

L]
Current
U
source

expectation

T { T oEer } U=

R
§1+n—-
illinois.edu physics 401 SN 11




Systematic errors. Example.

Example #2: measuring of the polarization current

€out = k1 X Ip+k0 X Eoff

PMN-PT
o B
- | Field cooling' 4 //
Edc=0.76kV/cm(40V) 3
0Ff 10 E
| n0,2,6,8,12,14 | - -
~ [ [ I . : S
: <L 10 Ff / 3 3
= " X
; —~ : =
‘ = 4 2 R
H - shi &
400 420 440
T (K)
350 400 450
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Measuring of the speed of the
second sound in superfluid He4

Published data

== 20 b=

|
|
DT-470/471-SD
I
|

~T,=2.17K

Resonator

L akeShore \
™

U, (m/s)

LHe ' T,=2.1K

P403 res;ults\\ \\
10} -

A

HP34401A
DMM

|
|
|
|
|
: 10pA
|
|
|
|
1

Temperature sensor
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Random errors

—

Result of measurement Sthematlc error

xmtas - xtrue + es + er

I

Random error
Correct value

0.35
0.30

0.25 |-

0.20 -

_.'. xtruei-_

0.10

u u
n | |
. - L L}
- L [ ]
u | ] | | ]
u [ ] | ] [ ]
.. .. L | ] [}
0.05 - l '
J : ' '
0.00 ! L . . . g 0 20 40 60 80 100 120 140
0 20 40 60 80

100 120 140

‘ ] ‘ Xi th’)l.(lie
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I': decay rate [counts/s] L: time interval [s)
= P,(rt) : Probability to have n decays in time interval ¢

Siméon Denis Poisson
(1781-1840)

0 j 5 10 15 20
" number of counts

illinois.edu

A

statistical process is described

through a Poisson Distribution if:

©)

random process -> for a given
nucleus probability for a decay to
occur is the same in each time
interval.

universal probability 2> the
probability to decay in a given time
interval is same for all nuclei.

no correlation between two instances
(the decay of on nucleus does not
change the probability for a second

nucleus to E'ysms -




I': decay rate [counts/s] {: time interval [s]

() o
Pn (t) — e n= 0,12,.. > P,,(rt) : Probability to have n decays in

0 5 10 15 20

number of counts

I
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time interval t

Properties of the Poisson distribution:
>'P,(rt)=1, probabilities sum to 1
n=0

<n>=>»n-P(rt)=rt , the mean
n=0

o=\ (n—<n>yP, (1) =t

standard deviation

physics 401 16




P.(t)= e" n=0,12,..
n!
Poisson and Gaussian distributions
- 0.1
O A
> o 0.08 77' \\ "Poisson
= § 0.06 ], \ distribution"
2 3004 — "Gaussian
°© 8 002 / \\ distribution” Carl Friedrich Gauss
S oL P4 o (1777-1855)
0 10 20 30 40
number of counts
I P (x) = 1 e—(xzfz)z Gaussian distribution:
illinois.edu " o277 dhysics 401 continuous 17




Normal (Gaussian) distributio

: o -
o227 Error in the mean is givenas —

illinois.edu



Source of noisy signal

4.89855
5.25111
| 2.93382
4.31753
4.67903  Expected value 5V
3.52626
of 4.12001
e 2.93411

sample i

][ Actual measured values

U(v)
.
==
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Measurement in presence of noise
5.8 3 503 1.4 1.37
5.7 502 o
5.6F hald 5
st 9 °
55 ot
5.4 2_ 498 % [
S530 9 el | 12]
S 52 T o ] o}
5.1 ¢ i |
55____-_—_?—°—+_0_— I 1'83 1.016  1.013  1.011
49¢ | 1ol oAt R NN
10° 10" 10° 10*° 10* 10° 10° 10 10" 10° 10° 10* 10° 10°
Counts Counts
Result = U=x + o o -standard deviation
‘" JN N — number of samples

I
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For N=10° U=4.999+0.001 0.02% accuracy




X (V)

Ve Hi pass filter
e D
. — HiPassX (Uset
05 ¢
0.4F
. 0.3 E Model le-Iri)Passx (Us
S g T
X
0.50
0.4
0.3f ]
02F
01F
s f(p‘-u)
ook e
100 1000 10000

f (H2)
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Residuals (V)

Residuals (V)

0.004 [

0.002

0.000 f

-0.002

0.004

0.002

0.000

-0.002

\ —— Regular Resid!

100 1000 10000

frequency (Hz)

\ —— Regular Resid

100 1000 10000
physics 4drequency (Hz)
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Count

108 _
800 | Ag 1,,=157s
110 _
b Agt =24.6s
Model ExpDec2
600 Equation y = Al*exp(-x/tl) +
A2*exp(-x/t2) + y0O
F Reduced Chi-Sqr 1.43698
Adj. R-Square 0.96716
400 - Value Standard Error
C yo 0.02351 0.95435
L C Al 104.87306 12.77612
C t1 177.75903 18.44979
C A2 710.01478 25.44606
200 B C t2 30.32479 1.6525
0
0 200 400 600 800

illinois.edu

40
N
>
©
0
&
1 1
0 50 100 150
Model Gauss
Equation V=0 + (Allw'sq
TH(PI2)))*exp(-2
*((xx)w)"2)
Reduced Chi-S 477021
Adj. R-Square 0.93464
Value Standard Error
20 T Counts yo 1.44204 0.48702
Counts xc 1.49992 0.19171
R Counts w 5.93398 0.40771
C Counts A 219.24559 14.47587
> Counts sigma 2.96699
o Counts Py 6.98673
O Counts Height 20.4798
=
I ENENNNN MY NN S
-20 . 0 20
physics 401 23
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Residuals

Count

150

1]

illinois.edu

40
Ag B decay
20
0
20 |
1 1 1
0 50 100
20
s m\mmi :
-20 0 20
Residuals

208 |

156

Magnitude

-
o
»

52

0.000 0.027 0.054 0.081 0.108
Frequency

No pronounced frequencies found

physics 401
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Residuals

Count

40
20
0
.20 -
1 1 .
0 50 100
time (s)
§§ —
1 e L
g §§
o R NN
-20 0 20

Residuals

I
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150

M-1
autocorrelation function y(m) = Z f (n) f (n == m)
n=0

Correlation function

sitting. Analysis of the residuals

Test 1. Autocorrelation function

corr. coeff.
-y

N
LB

e v [ Lo [ [T [ Lo [ Ly
-800 -600 -400 -200 0 200 400 600 800

time (s)

physics 401

y(m) = Z f(n)g(n-m)

25



count

Fitting. Analysis of the residuals. Nen “ideal” case

Ag B decay
]

800 [
] N e
C Model ExpDec2 &
y = Al*exp(-x/t1) + A2*ex
g Equation p(-x/t2) + yO r
600 [ — B
o Reduced 100.10041 :
L Chi-Sqr F
F Adj. R-Square 0.99181 20 - )
q Value Standard Erro r B [ . f "
C 0 5.18284 1.99542 [} C L] L L]
400 ! a s C g s (" u g m R e
: At 130.85655  20.27379 s [ m s "F = w " "Eg m' i
. F t1 145.80449  21.82649 ] - B L] s a
C A2 70282197  19.21953 n piish desn n ot . u
C © 27.93939 1.30697 g 0 .——'.—J.—'—.—+ ] e
C C | "@| wmuEg L
200 £ : [ | " ® w an
C r s "aur " ¢ =" 5 =
L & C I
b LI | . i g " I i I =
\h"“’-‘ﬂ‘*w 20 n P o
of e st e 'j' -
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 50O
time (s) time (s)

_ Clear experiment Data + “noise”

t,(s) 177.76 145.89
t,(s) 30.32 27.94

I
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a0 [
20 [ -
C = B
[ ] '
") fllalle u u
2 - - e e i
] [ a "F = Al ....‘~'. .
3 e SH = =
» u - e/ =
2o T By ---‘.i'!hT'u'—'—i—
‘.. ..- iy " "ug
B .I.' LI » '.- .' n L
L ] L mE a
. o [ ug® '-l" u ¥
H o El
C ]
20 =
L L ™ [ ]
vooilisesiiens | FTTINTT] FIVTTIITT, Livvosiiss Livvine [FFTTTTI Losisesias Livoeeiees 1
0 100 200 300 400 500 600 700 800
time (s)

—

4 Histogram does not follow the
normal distribution and there is
frequency of 0.333 is present in
spectrum

\

/

T
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Fitting. Analysis of the residua

Magnitude

case

120
100 |
80
-
E e0f
<]
o
4f
N ks
20F §§/ \\\ \
0 M\\a W N N &ﬂ— ‘
30 20 10 0 10 20 30 40 50
Regular residual
900
: 0.03333 ]
720 [- 7
540 - 3
360 3
180 [ E
. NMM Wahe A
0.000 0.027 0.054 0.081 0.108
Frequency
physics 401
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Fitting. Analysis of the residu

5
o))
n
Z
e
X.
@
o

S
E.?’
n
(1]

Ag B decay

of - ' Autocorrelation function
205_ i _ 100005—
; [ A i . - i
o L T s I ,,,,l,.‘l,,ll.lnxf'x“llIIIHHH HH\MHllyl!n‘ll‘ll,l,.‘l,,.,,
n e | T
QB e i e

time (s) Time

Conclusion: fitting function should be modified by adding an additional term:

y({t)=y,+ A exp(;—t)+ A exp(t—J+ A, sin(wt +0)

2

1
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Fitting. Analysis of the residuals. Non “ideal” case

800 - T T T .
| [
E e expdec2sine (User) ‘
[ Y=YO+A1"exp(-x/t1 ) +A2"exp(-x2)+A3'sin(f0"x e
3 ta) w
EEE =
600 — E
Reduced 1.38135 D
F Chi-Sgr g
F Adj. R-Square 0.97307 e
[ [ Value Standard Error 2
o | ¥ 252302 0.92374 4
400 1 Al 106.84755 13.12427 14
[ t 172.79267 17.64555
L A2 707.94055 5.0644
F F [ 304718 164703
A3 -11.28082 061892
fo 020064  250523E-4 20

E ’ . A . .
200 f | teta -9.5583 013923 0 200 400 800
E L Independent Variable
of AR ARBAPPLL IS A
5 | T T T T

o om0 san 00 Ton 500 FT 2y
time (s) 192 - E| l .
- autocorrelation

“

6000
D 144 -
T°
E - 4000
.E >
o) 9% £
o
g (] 2000
48
0

0.000 0.027 0.054 0.081 0.108 -2000 L L L
-1000 -500 0 500 1000
Frequency

Time

_ Clear experiment Modified fitting

t,(s) 172.76 145.89 172.79
t,(s) 30.32 27.94 30.17

I
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| f(L,C)=——,|—
Derive resonance frequency f 27x N LC
from measured inductance
L+AL and capacitance C+AC L, =10x1mH, C,=10x2pF
Af(L,C,AL,AC)=\/[ o } ‘AL + [ o } AC*?
oL oC
Gif =il — =
oL 4”(3 L Results:
s Az f(L,,C,)=503.29212104487Hz
= LG Af=56.26977Hz
oC Arx

f(L,,C,)=503.3+56.3Hz

illinois.edu physics 401 31



w-——- -u\-ﬂ-

illinois.edu physics 401 32



tical data

et

]
— - =4

Appendix. Analyzing of the statis

Step 1. Collect your data + parameters of the experiment in:
\\Phyaplportal\PHYCS401\Common\Origin templates\Oil drop experiment\Section L1.opj

. ALL) B(Y) Ciy) DY)
Use different columns for each | | | |
e e o ° ° Iaml Far tg tr
student or team. This Origin project is
Units
for data collecting only but not for Comments | student1, student, student1, studentd,
. . student2 = studentZ  student2  student2
data analysis. For data analysis you Tp s i oo
have to copy these data and 2| x 0.00145 23.07825  31.8955
3|d 0.00317  20.14243 11.70129
experiment parameters obtained by 4|V 500 | 26.97377  22.47531
5(Ta 20 16.34362 16.44208
different students/team and paste it g 2593429 2502886
7 15.34338  0.27446
in one in your personal Origin project. 3 293815  19.5161
g 26.0786  24.3434

L] L]

Setup and environmental Raw data
][ parameters
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Appendix. Analyzing of the statistical data.

Step 2. Working on personal Origin project
Make a copy of the Millikanl project to your personal folder and open it

3l OriginPro 8.6 (Academic) 64-bit - \\Phyaplpartaf\PH‘l‘CSdﬂl\Smdenlﬁ\Uil drop experiment\Millikanl * - /Folderl/ - [Bookl]

[ B RRERRER cESEHE akk G v - SER BE & AEFg +8
@ File Edit View Plot Column Woaorksheet Analysis Statistics Image Tools Format Window Help
&b B2 B T Default: Arial 9 - . I U = A -
N AL) | ow | o | Fn | em | cm) | By | H(Y)
Long Name
Parameter names parameter label Par tg tr rc tau_g F
4;. Units 3 3 m
Comments
your your S 618x107° _ qu
3 data | data - plmmHg] =& pgrj F =W ~1
1| Viscosity of air(kg/ims) (250C) ] 1.B478E-5 7455 79132 __ —
3 2 | Temperature coefficient of viscosity | an/AT 4 8E-8) 1556521 | 167815 Prepar@equaﬂons calcu.atlons Of
4 3 | Density of oil (kg/m*3) pl 8861 2307825 318955 I —
¢ 4 | Density of air (kg/m*3) p2 1.29) 2014243 | 11.70129 data in ne)(t COlumr_l_S (set COIumn
o, 5 | Density difference (kg/m*3) pi-p2 884.71| 2697377 | 2247531 values...). Switch Recalculate in Auto
U 6 | acceleration due to gravity (m/s"2) ] 0 801 16.34362 | 16.44208 mOde - —
7 | ambient pressure (mmHag) p T65) 2593429 | 2502886 | 1|
4 8 | fallirise distance (m) X 0.00145) 15234338 | 927446 o«
9 | plate separation (m) d 0.00317) 29.3815 | 19.6161
10 | Voltage across the plates (V) v 26.0786 | 24.3434 I Recalculate
11 | Airtemperature (oC) | Hone
12 [[Actual air viscosity Befare Form [TERN
13
s b arial i
:(Eta) al
Paste these 5 parameters and raw data from Calculate manually the :w fallsrise dis

Section L1-L4.0pj projects actual air viscosity

I
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Step 3. Histogram graph

First use the data from
the column with drop
charges and plot the
histogram

illinois.edu

g rue

S0 N2 A

e

statist

i

e

ical

data.

Millikan oil drop experiment

EQIT  VIEW FIOT LOIUMN  VWOTKSNEET ANalysis  SL3TSTICS  IMage  100IS  FOrmat  winaow  Help
FESsHE a2 4w - SR BE & ABD
H DefaultA ~3 ~ B I U E-~A~ |&~-iL~ S w05 ~ [N -0
AQY) f o .
Line 3
Long Name
Units & cut ezl '
Comments Copy Line + Symbol L4
Copy (full precision) LColumn/Bar/Pie 4
Copy (including label rows) IVEIC BT '
Dacte 3D XyY 4
3D XVZ 3
Insert
N 3D Surface »
Delet
SIete 3D Wire/Bar/Symbol »
dem % Box Chart
Remowe Link —
Area » i
Set A: L4 I .
: ant.DLfr ' ﬁ Histegram + Probabilities
m‘é Set Column Values... Specialized ' E Stacked Histograms
Fill Calumn with 3 Stock b I OC (X bar R) Chart
Template Library... ED
Sert Column b Voo Pareto Chart-Binned Data
ort Worksheet 4 1 Scatter =
. P2
5 r Pareto Chart-Raw Data
2 Line
MNormalize... - Scatter Matrix...
r Count 3 Histogram + Probabilities ﬁ catter Mt
requency Count...
Sta;st\cs:rn Columns L4 & Histegrem @ Probabilty Plot..
# Q-QPlot..

Column Width...

Hide/Unhide Columns L4
Set Sampling Interval...

Mask Cells by Condition...

Move Columns 4
Reverse Order

Show ¥ Column...

Slide Show of Dependent Graphs

Swap Columns...

Add Sparklines...

Go To...

Mask L4

Set as Categorical

Properties...
Set Style 4
1.4 0.87575
1 0.88322
n aoaRe




ppendix. Analyzing o

Step 4. Histogram. Bin size

Origin will automatically but not
optimally adjust the bin size h. In tis
page figure h=0.5. There are several
theoretical approaches how to find
the optimal bin size.
3.50

h = ni/3
o Is the sample standard deviation
and n is total number of
observation. For presented in Fig.1
results good value of h ~0.1

I
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Count

of cal data.

Millikan oil drop experiment

the statisti

100

80

60

40

20

LLANMMIMMIBMNIR

2 4
drop charge (C/1.9e-19)
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Count

Appendix. Analyzing of the statistical data.

—

Millikan oil drop experiment
Step 4. Histogram. Bin size

100 F
To change the bin size click on : —

graph and unplug the “Automatic \ N\

Binning” option 804 |
:\'T_ Plot Details - Plot Properties [ ® o]
§ [ Pattem | Spacing | Data
L Type [Dots Distrbution Curve
§ 60 § Single Block Barplot Tipe
L N [ Snap Points To Bin
40 o E x [] Automatic Binning
I 3 @ Bin Size 05 Iz?z:f;mm
o F () Number of Bins 1 Right
40 Begi 05 Lok

in
§ E End 3
Bin Height (0-100) | 100 | Preview
§ o Bin Worksheet
§§ [] Add Distrbution Curves ‘
20 § 20 L e ]

§ The Counts column in the Bin Worksheet can be used for fitting

0 =

2 drop charge (C/1.9e-19)
drop charge (C/1.9e-19)

I

illinois.edu

Bin size in this histogram is 0.1
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Appendix. Analyzing of the statistical data.

Step 4. Multipeak Gaussian fitting Millikan oil drop experiment

) SEEHEE ks G w0oe - & FotSetupiConfigur DataPlots inLover

Aailable Data

Analysis Gadgets Tools Format Window Help Long Mame Sheet |Cols |Rows | File Mame |File Date | Created Madified

El B2 U ap A S =l A . Workshests in Project = Shest! 724 9/16/2011 17:01:42  10/1/201212:31:52
A Include Sharteuts [ Gauss fit of Bin1_Counts1 Sheetd 7 El 8416/2mM11 10 8AE/2011 172210
] g Gauss fit of Binl_CountsT Sheetl 7 [=t1] 9416/2011 17:24:00  9/16/2011 17:24:00

| [ Gauss fit of Binl_Counts1 Sheet] 4 El /162011 17:24:37  5M16/2011 17:24:37
f‘ B Right-click. on various panels

to bring up context menus.

To do this you have to add | 40t

- Plat Type: Showl5])| [Bin1]Sheet!
i Line - X ‘ xEll W ‘yErl L |En\umn Long Mame | Comments | Sampling Interval
i <auteed>  FromdStep=
an extra plot to the graph [ T
3 Column / Bar Counts1 ~ _A
- Area Suml A
e Stack Area Percl
Counts vs. Bin Center -
a | High - Low - Cloge
wd . Floating Calurnn
cC | ‘ HYAM Vectar
: HHY Yector
B Bubble
8 | Color Mapped

Bubble + Color Mapped ™

20

Plot List: Drag entries in 1st column to reorder or ta move between layers. Right click for other options. Replace

Plat ) Range Show | Plot Type | Legend
=

g, [Datal]Sheetll A1Y] [1%6997] Histogram A
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Appendix. Analyzing o

Step 4. Multipeak Gaussian fitting

This plot can be used for

peak fitting.

Teaching\P401\Eugene lectures. FaII_ZUIl\LedJ.lre #5\Spring 2011 results * -

of the statistical data.

Millikan oil drop experiment

ata [Analg,rsis] Gadgets Tools Format Window Help

| @ Statistics

Mathematics
A

Data Manipulation
Fitting

Signal Processing

- v v w w

oz - SERBE & BB

—

3

E-l v A~ JJﬁviv

0 N ~|0

2 Multiple Peak Fit: <default>...
3 Subtract Straight Line...

4 Smooth: <Last used=...

3 Smooth: <default=...

I

illinois.edu

1 Multiple Peak Fit: <Last used=...

Single Peak Fit...

Open Dialog...

Peak Analyzer
Batch Peak Analysis Using Theme...

4

1 <Last used> § 5§ §

x@

0 £V

1 ‘ 2
drop charge (C/1.9e-19)

physics 401
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pendix.

Analyzing of the statistical data.

U_-‘J -

Millikan oil drop experiment

Step 4. Multipeak Gaussian fitting

This plot can be used
for peak fitting.

Final result for first

two peaks:

Q=0.9310.013x101°C
=1.87+0.024x10*°C

This pretty close to e
and 2e

1

illinois.edu

Count

\

l

Model
Equation

Gauss

y=y0 + (A/(w*sqrt(P1/2)))*ex
p(-2*((x-xe)w)'2)

Reduced Chi-S 35.89658

qr

Adj. R-Square 0.7372

Value

Peak1(_A) y0 -4.60834
Peaki(_A) xc 0.92758
Peak1({_A) w 0.3
Peak1(_A) A 16.30865
Peak1(_A) sigma 0.15
Peak1(_A) FWHM 0.35323
Peak1(_A) Height 43.37423
Peak2(_A) y0 -4.60834
Peak2(_A) xc 1.86879
Peak2(_A) w 0.71367
Peak2(_A) A 23.35878
Peak2(_A) sigma 0.35684
Peak2(_A) FWHM 0.84028
Peak2(_A) Height 26.11508

"

\
\

2
drop charge (C/1.9e-19)

Here w = 2c and error of the mean =
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