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Recommended Reading

» Philip Bevington & D|

Keith Robinson:
Data Reduction and
Error Analysis for th
Physical Sciences

« John R. Taylor: An.
Introduction tc
“Analysis

L LIS

I @ : taylor erro...

An Introductlon to Error Analysm
AN INTRODUCTION TO

Error Analysis

THE STUDY OF UNCERTAINTIES
1N PHYSICAL HEASUREMENTS

The Study of Uncertainties in Physical Measurements

T T Second Edition
John R.Taylor
’ John R. Taylor

University of Colorado

An International Bestseller

"This text provides a rational, step-by-step introduction to understanding and
estimating random uncertainties in physical measurements. Although the text is
intended primarily for undergraduate students, I find it useful as well at the research
level, to introduce graduate students to unfamiliar topics in the study of
experimental uncertainties...a high-quality resource [students] can continue to learn
from, even after they graduate."

--Physics Today

"Score a hit! The book reveals the
teacher. A valuable reference work
engineering."

cptional skill of the author as lecturer and
or any student (or instructor) in the sciences and

--The Physics Teacher

n, introduces the study of uncertainties to lower division
rror analysis through the use of familiar examples

ses throughout the text,

and engineering lab

This best-selling text by John Taylor, now released in its second edit
science students. Assuming no prior knowled he author introduc
ranging from carpentry to well-known historic experiments. Pertinent worked examples, simple ex
and numerous chapter-ending problems combine to make the book ideal for use in physics, chemistry,
courses. The first edition of this book has been translated into six languages.

About the Author:

Professor John Taylor, shown here as "Mr. Wizard" on his bed nails, is
Professor of Physics and Presidential Teaching Scholar at the University of
Colorado in Boulder. He has won numerous teaching awards, served as
Associate Editor of the American Journal of Physics, and received an Emmy
Award for his television series called "Physics 4 Fun." Taylor is the author of
three best-selling textbooks.

s

Translated into Spanish, French, Italian, Japanese, Polish, Chinese, Portuguese and Korean.




Different Types of Error :

* |llegitimate errors:
~ Irreproducible errors.
» Systematic errors:

- Often due to experlmental bias or measurement
errors. .

. Random errors:

- Measurement or statlstlcal uncertalnty
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Random Numbers

* Write a program to flip —
coins: L> seed-d

“nd —-rmudurrn.u._r:r_d"'I & print,rnd, seed
el 0.000742 65535

o Random numbers = rnd = randomu{seed) & print,rnd,seed
@.193342 131870

. £ o > rhd = randomu(seed) & print,rnd,seed
If seed is undefined, 0.394217 196605

> rhd = randomu{seed) & print,rnd,seed

get pseudo random o seets o oe140

= rnd = randomu{seed) & print,rnd,seed
numbers. . ; 9.515466 327675
; = rnd = randomu{seed) & print,rnd,seed
A.370968 303218

If Seed iS defined, get = rnd = randomu{seed) & print,rnd, seed

3.332175 458745

tr1€2*§563[1153 r]lJrT]t)EBr: B GOL> rnd = randomu(seed} & print,rnd,seed

T B.0618024 524288

GDOL> rnd = randomu{seed) & print,rnd,seed
0.172804 80815

GOL> rnd = randomu{seed) & print,rnd,seed
@.9965649 655358
_ GOL> rnd = randomu{seed) & print,rnd,seed
' @.0416158 720885
GoL= |



- Use Vectors

® @ 1. gdl

GOL= toils=8
GOL= 1f (randomu(seed) ge @.5) then tails = tails + 1 else heads = heads + 1
GDL= print,heads,tails
1 0
GOL= 1f (randomu(seed) ge @.5) then tails = tails + 1 else heads = heads + 1
GDL= print,heads,tails
1 1
GOL=
fadl

GODL - GMU Data Language, Version @.9.5

- For basic information type HELP,/INFO

- No startup file read (GDL_STARTUPSIDL_STARTUP enwv. war. not set).

- Please report bugs, feature or help requests and patches at:
http:/sourceforge.net/projects/gnudatalanguages

GDL= seed-=@

GDL= rnd=randomu{seed,18)

GDOL= print,rnd
@.090742 d.162914 @.282618 @.047201 A.231657 A.484974
8.057477 g.744305 A.5400844 @,739053

GDOL= print,seed
655350

GoL> |




Heads or Talls

o0 ® 1. vim 2, gdi
;Procedure to flip coins =t lo ¢ Thu Jul 9 13:54:84 on Lty 1
=/ jayanth/user/education/cour daota_analy programs
;Define variobles
heads = @ pash: $: command not found
tails = @

ed = @; Define the seed so that the results are always the same
print, "Not using random numbers" GOL - GWU Data Languoge, Version @.0

sNow begin the loop For basic information type HELP,
nmax = sNumber of times to flip the coin \ ﬂr+up file read (GDL_ rT-!'.F'Tll
for i = 18064 du begin
rnd = rﬂndeL ) Pick from uniform random varioble between @ and 1
Pick heads if the rﬂndum numbrr is 1 than 8.5 otherwise pick tails
if (rnd le @.5)then heads = heads + 1 else % GOL= .run coin_flip_no_vector.pro
toils = tails + 1 % Compiled module:
endfor ;End loop 1 Not wusing random numb
4092 Tails out of
sPrint out number of heads and toils GOL= .run coin_flip_ ector.pro
print, "Obtained ",heads," Heads and ",tails,"” Tails out of ",nmax,” Tries % Compiled module:
end Not wusing random numb
4092 Tails out of

"coin_flip_no_ve ~.pro” [New] 21L, 618C written
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What is wrong in the above program? |




Vector Shortcut

nmax=182008

sead=0

rand=randomu{ seed, nmax’}

heads = n_elements{where{rnd 15 8.5
tails = n_elements{where(rnd gt @.5))

1. vim

print,"Obtained " ,heods,” Heads and ",tails,” Taoils out of ",nmax,” Tries."

end

= o & 2. gdl

= 3

= $gdl

= GOL - GHU Data Language, Yersion 8.9.5

- - For basic information type HELP,  IMFO

- - No startup file read (GDL_STARTUPSIDL_STARTUP env. war. not set).
= - Please report bugs, feature or help reguests and patches at:

= http:/fsourceforge.net/projects/gnudatalanguages

- GOL= .run coin_flip_no_vector.pro

= % Compiled module: SMAING.

- Mot using random numbers

= Obtained 5089 Heads and 4992 Tails out of 18888 Tries

GOL= .run coin_flip_no_vector.pro

% Compiled module: FMAINS.

Mot using random numbers

Obtained 5089 Heads and 4992 Tails out of 18888 Tries

GOL= .run coin_flip_vector.pro

% Compiled module: FMAINS.

Obtoined 4984 Heads and 5816 Tails out of 10008 Tries.
GOL= .run coin_flip_vector.pro

% Compiled module: $MAINSE.

Dbtuiaed 4984 Heads and E@16 Tails out of 10008 Tries.
GOL=




- Monte Carlo Tests |

1. vim

rnd=randomu
heads = n_

ntai
endfor

! (histogram) format
plot,nhea oat{nmax), psym=1@, vrange=§.4, .
end

coin_flip_mc.pro™ C written

o431 —]




- More Monte Carlo

L JoN ]

200

% GDLO

130 —

[ NN
GOL - GWNU Data Languoge, Ve

- For basic information type HELP,/INFO
R BNV,

p regu and patc

nudatalanguages

. Compiled module: $MAING.

*#% PLPLOT WARNING *%*

but they are not available.
print,mean{rat),median{rat) dev{rat)

iled module: MEAN.
) d module: STDEV

sym=18,xrange=[.45, .55
=18, xrange=[.45, .55

ot,indgen(1@813* . 881,h, psym=18, xrange=[.45, .55]

L L3




[ ] ] N GDLO

200 — , -———
150|— —
[ NN —
GOL - GWNU Data Languoge, Ve * -
- For basic information type HELP,/INFO _
R BNV, ]

p regu and patc
nudatalanguages

. Compiled module: $MAING. —

L . [ . R . . .

*#% PLPLOT WARNING *%*

but they are not available.
print,mean{rat),median{rat) dev{rat)

iled module: MEAN.
) d module: STDEV

sym=18,xrange=[.45, .55
=18, xrange=[.45, .55

ot,indgen(1@813* . 881,h, psym=18, xrange=[.45, .55]

L L3

0.5 0562 0.54




200

130 —

[ NN
GOL - GWNU Data Languoge, Ve

- For basic information type HELP,/INFO
R BNV,

p regu and patc

nudatalanguages

. Compiled module: $MAING.

*#% PLPLOT WARNING ***
. but they are not available.

print,mean{rat),median{rat) dev{rat)
iled module: MEAN.
) d module: STDEV

sym=18,xrange=[.45, .55
=18, xrange=[.45, .55

ot,indgen(1@813* . 881,h, psym=18, xrange=[.45, .55]

L L3

G 4B

0.5 0.32 0.54




GOL - GWNU Data Languoge, Ve

: HELP,/INFO
R

run coin_flip_mc.pro
piled module: $MAINS.

*#% PLPLOT WARNING ***

but they are not available.

print,mean{rat),median{rat) dev{rat)
iled module: MEAN.
) d module: STDEV

. sym=18, xrange=[.45,
,indge ] . L =18, xrange=[.45,
ogram 1 1 .
plot, indgen{18813*.0881,h, psym=18, xrange=[.45, .55]

L L3



®C® 1. vim
nloop=10864
nmax = (18134 1indgen{53+1)

for 7 = 8,4 do begin

nheads = lonarr{nloop)

ntails = lonarr{nloop)

for 1=81,nloop - 1 do begin
rnd=randomu{seed, nmax[3]3
heads = n_elements{where{rnd le @.53)
tails = n_elements{where{rnd gt 8.53)
nheads{1)} = heads
ntails{i) = tails

endfor ; end 1

rnt—nhendsfFIDnt{nmuxnjﬂ}

print,nmax[j],mean{rat), stdev{rat)

endfor ; end j

end

"coin_flip_mc3.pro” 1YL, 3B4C written

$gdl

GOL - GHWU Data Language,

Effects of Sample Size

Version @.9.5

- For basic information type HELP,/INFO

- No startup file reod (GODL_STARTUPSIDL_STARTUP env. wvar. not setl).
feature or help requests and patches at:
http:/fsourceforge. net/projects/gnudatalanguages

- Please report bugs,

GOL= .run coin_flip_mc3.pro

% Compiled module:
% Compiled module:
% Compiled module:

GDL> []

18

188
1888
13882
138224

Lo~ R i

FMAINS.
MEAN.
STDEV.

LADTAED
508188
L50aa47
LA00084
508386

B.157527
A.0408468
A.8158167

A.088405148
A.08158280




o 1. vim
nloo D=
nmax =

Pl

nloop :-}

ntail
endfor ;
rat=nhead
oplot,rat,p
wait,1
print,nmax[j],meand
endfor ; end j
end

o2

o 2000 4000 E000 d000




Central Limit Theorem

| . ® ® 1. vim
* If we take a large g
enough Sample Of tot_heads - 'l|:|rmr'.r"-:j:r'urnm::}

for 1i=01,nloop - 1 do begin
Pnd—rnri'nu"ﬂﬁi nmax )

|ndependent randOm heads - where(rnd le 8.5, nheads)

tn‘il- = where{rnd gt @.5, ri-nl"ﬁ

numbers, the - g;; gd}n o _heads[rheads]+1
distribution of their B ”‘l;ﬂ:f,:L

mean () will
approach a normal B
“distribution'with'-mean §
U and standard-

g deV|at|0n Glsq rt(N). :::uzrin_F'l'ip_::ut.pr"n:l" 14L, 316C written

rdFr ; oend 1
- erd
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