ME170b Lecture 6 3/3/23

Experimental Technigues

| ast time: Today:

> Normal Distribution > Ch.6/7/8

> Rejection of data
> Weighted Averages
> | east Squares



Last time: Limiting Distributions
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The standard deviation as 68% confidence limit L we

G, o (%)
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. l l py
Prob(within o) = f e
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More generally, what is the probability a measurement falls within t*sigma?

G, ,(x)
Prob(within to) = \/1_ t e *1? dz /
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Gaussian probability table ___ ————————
ea ety gy

as a function of ¢. X—1o X X+ito

( 0.00 001 002 003 004 005 006 007 008 009
00  0.00 080 160 239 319 39 478 558 638 7.17
0.1 797 876 955 1034 11.13 1192 1271 1350 1428 1507
o \ 02 1585 1663 17.41 1819 1897 1974 2051 2128 2205 22.82
' 0.3 2358 2434 2510 2586 2661 2737 28.12 2886 2961 30.35
04 3108 3182 3255 3328 3401 3473 3545 36.16 3688 37.59
0.5 3829 3899 39.69 4039 4108 4177 4245 43.13 4381 4448
0.6 45.15 4581 4647 47.13 4778 4843 4907 4971 5035 50.98
0.7 5161 5223 5285 5346 5407 5467 5527 5587 5646 57.05
0.8 57.63 5821 5878 5935 5991 6047 6102 6157 6211 62.65
09 63.19 63.72 6424 6476 6528 6579 6629 6680 6729 67.78
1.0 6827 68.75 6923 6970 70.17 7063 7109 7154 7199 7243
1.1 7287 7330 7373 7415 7457 7499 7540 7580 7620 76.60
12 76.99 7737 7775 7813 7850 7887 7923 7959 7995 80.29
13 80.64 80.98 8132 81.65 8198 8230 8262 8293 8324 8355
14 83.85 84.15 8444 8473 8501 8529 8557 8584 86.11 86.38
‘/_4 15 86.64 86.90 87.1 8764 8789 88.12 8836 8859 88.82
| “T6  89.04 8926 89.4cwemme® <9000 9011 9031 9051 9070 90.90
17 91.09 9127 9146 9164 9181 9199 9216 9233 9249 9265
1.8 9281 9297 93.12 9328 9342 9357 9371 9385 9399 94.12
19 9426 9439 0451 9464 9476 9488 9500 95.12 9523 9534
20 9545 9556 95.66 95.76 9586 9596 9606 96.15 9625 9634
21 96.43 96.51 96.60 9668 9676 9684 9692 97.00 97.07 97.15
22 9722 9729 9736 9743 9749 9756 9762 9768 97.74 97.80
23 97.86 9791 97.97 9802 9807 98.12 9817 9822 9827 9832
24  98.36 98.40 9845 9849 9853 9857 9861 9865 9869 98.72
25 98.76 98.79 9883 9886 9889 9892 9895 9898 9901 99.04
26 99.07 99.09 99.12 99.15 99.17 9920 9922 9924 9926 99.29
27 9931 9933 9935 9937 9939 9940 9942 9944 9946 99.47
28  99.49 99.50 9952 9953 9955 9956 9958 9959 9960 99.61
29 9963 99.64 9965 9966 9967 9968 9969 9970 9971 99.72

30 9973

35 9995

r o 40 99.994
S ’ I 45 999993

50  99.99994




Maximum likelihood estimator p j..--\
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Maximum likelihood estimator

We can estimate the probability of obtaining each of the
readings, x_1, x_2 ... x_n:
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Maximum likelihood estimator: summary

Given: N observations, x_1, x 2 ... Xx_n
Find: X and Sigma, expected value (mean) and standard deviation

of the limiting distributions

The best estimate, maximizes the following probability:

il o p Y, )
P"ObX.cr(xl’ S xN) X pary e 2(xi—X) 202

mle 2022

Maximum likelihood estimates collapse all in page

MATLAB MLE function

Syntax

phat = mle(data)
phat = mle(data,Name,Value)
[phat,pci] = mle( __)



Rejection of Data - Ch.6 ok v !

3.8, 3.5,3.9.3.9, 34,138

What’s wrong with this data set”? Why does it matter? What can we do about it?
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Rejection of Data

3.8,3.5,3.9.3.9, 34, 1.8

Let’s calculate our an estimate of x with and without the “outlier”
Yv\-&hf' */- SE

3.4 +/-0.1 vs 3.70 +/- 0.05

These are significantly different!
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Rejection of Data 3.8, 3.5, 3.9. 3.9, 3.4, @
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Rejection of Data

3.8, 3.5,3.9.39, 34, 1.8



When should an experimenter “reject data™?
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Chauvenet's criterion

38, 35, 39, 39, 34, 1.8 —t 4
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Chauvenet's criterion

3.8, 3.5, 3.9, 3.9, 3.4, 1.8

What’s the probabillity of obtaining the
outlier measurement?

Prob(within to) =

3.4-1.8=1.6=2\sigma

Prob(outside 20) = 1 — Prob(within 20)
= 1 - 0.95
= 0.05.

What does this mean?

S / a'l‘ P~ Aea— T )bt_yqa_

S cLevina -

Oo-S

Xsus
Shsul A



Chauvenet's criterion: main idea
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Chauvenet's criterion: what to do if you have an outlier?

/ n"w( %) >~ A eliM +o rCJMA %Y. SUS

\aa\; Vadk /‘CC"‘K"UIWL(’ > y T w‘)“"ﬂaJJ-
\(5\)3
V4 OLLSV cLo AN w\"asl3 ‘J"""'(‘(a oA Cawx—f./\r(



Chauvenet's criterion: example

46, 48, 44, 38, 45, 47, 58, 44, 45, 43
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Let’s think about the issues, what’s wrong with ‘rejecting S gtad ;‘:—Hm- 3

Discussion: this topic Is still contentiou
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Weigted Averages — CH. 7

\_\DVJ (A v con b"“b +"“N of

Seq,,/w\-(, % \,\)%(—wol«w'} WSUMS

Student A: x = x4, £ 0,

Student B: x = xp = oy
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Before combining measurements must check consistency

St A X =yt oy
StUdent B: X — xB L O'B.
How?
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. o ,
Naive approach — let’s just average? i/\"ﬁ\ | T
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Why is this not appropriate?
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We can use principles of maximum likelihood to solve this
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We can use principles of maximum likelihood to solve this
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We can use principles of maximum likelihood to solve this
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Quick Check 7.1. Workers from two laboratories report the lifetime of a cer-
tain particle as 10.0 = 0.5 and 12 *= 1, both in nanoseconds. If they decide to

combine the two results, what will be their respective weights as given by (7.8)
and their weighted average as given by (7.9)?



Easily generalizes for N measurements
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Uncertainty of the weighted average?
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Uncertainty of the weighted average?



L east-Squares — Ch.8

d= A 3 I~




The least squares problem: how to find best fit?

y y
A

™~ slope B

b intercept, y = A
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What is the purpose”?




How to estimate A and B?

(X105 Y1)s o o5 (Xas YN



How to estimate A and B?



How to estimate A and B?



How to estimate uncertainty in y?



How to estimate uncertainty in A and B?



Some caveats



What if both x and y have uncertainties

y

Assume error in X only

!

o equivalent error in y

Ay (equiv) = g‘; Ax

Y

\ "%(x, y)
error Axin x




What if both x and y have uncertainties



We can use least squares to fit nonlinear curves!



General case when least squares can fit



