ERROR ANALYSIS and

DATA PROCESS
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Chapter 1 Preliminary Description of
Error Analysis
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1.2 Inewtablllty of Uncertainty
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(I I‘?i_ (doorway) 1= EE(height) Il &

— Hill: 210cm, 205~215cm
— i Rough/crude

— AR (tape)illl &: 211.3cm
— K& More precise

o 1x 7RI

— 4T, REZI FE (graduated):

— WOt T A (laser interferometer) : {4 iR 7%

— &R More precise : 0.5E-6 meters
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1.1 Error as Uncertainties

x7% (ERROR):

— W& (Measurement) F1 AN € FF (Uncertainty)
— AN g
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— Error = Uncertainty

— Error 1= Uncertainty

2= 8 CError Analysis):
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Conclusion

No physics quantity can be measured with
certainty
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With care we may be able to reduce the

uncertainties until they are extremely small,
but to eliminate them entirely Is
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1.3 Importance of Knowing
the Uncertainties
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18K 4 (18-karat gold) : % p=15.5gm/cm3p
225 =13.8gm/cm?

&4 (alloy) -

Measurement reported

Expert A

Expert B

Best estimate for p

15

13.9

Probable range for p

13.5t016.5

13.7t0 14.1
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AR ZEZRR, &SR EA R
B 45 5 #a 5E crown dalloy 4 1%




Conclusion

It IS not necessary that the uncertainties be
extremely small, but have to be reasonably
small.

RETL TN, (HEZR/
Measurements would be useless if they
had not included reliable statements of
their uncertainties.
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mxamples

» The measurement of the bending of light
when It passes near the Sun.
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1.5 Es hﬂa@d Uncertainties

When Rea mQ Scales
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o T A AN =
~ BT 9.464GHz(9.46~9.47G
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1.6 Estimating Uncertainties
IN Repeatable Measurements

7E ) 55 & Al R 2=

2.3,2.4,2.5,2.4 sec
Best estimate=average=2.4sec
Probable range: 2.3 t0 2.5 sec



Chapter 2 How to Report and

\ Use Uncertainties
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2.1 Best Estimate + Uncertainty
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©23,24,25,2.4sec
o Best estimate=average=2.4sec
® Probable range: 2.3 to 2.5 sec

o Measured value of time=2.4+0.1 sec

(measured valueof X) =X X



2.2 Significant Fig




Experimental uncertainties should usually
rounded to one significant figure S5 2= 18
- PNISN TR
But If the leading digit in the uncertainty 6X IS
1, then it may be better to keep to significant
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figures in dx 1%
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Rule of Stating Answers

25 R RN

The last significant figure in any stated answer should
usually be of the same order of magnitude (in the same
decimal position) as the uncertainty. 2 5 & i 4T
R AN 72 K/ AE R R 2

Numbers to be used in calculations should generally be
kept with one more signification figure than is finally
justified. H T 1T 51 H0EF L A4 R 2R — 1k
A BT




Rules for Stating the units

FLA 1

The uncertainty in any measured quantity has
the same dimensions as the measure quantity

the uncertainty.

il

ik Z AN =
SAEN =45

itself. Write the units after both the answer and
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2.3 Discrepancy 1 7%=

o discrepancy 1 7%

difference between two measured values o0
guantity

X ] — 87 10 e ) oA 0 L [ ) 22
» significant or insignificant ' % a4~ i



Accepted Value AiME

Quantities that have been accurately measured
many times before. 181 22 U A Il A7) 2 =
The accepted value still has some uncertaintysbut
IS extremely small by the standards of most
teaching laboratories. 159847 1% 22 {H 6] 1 75
0 =8 SR AL W5 /)N

(accept ¢) =2999,792,458 +1m/sec




True Value E/H

o TEFE— 2 F 3 — AL B SRS
YRR A I HE SR Y 25 UAE B B

e Measured value AND true value



2.4 Comparison of Measured
and Accepted Values

Take the vast majority of experiments lead to
guantitative conclusions

Compare if the accepted values INSIDE/QUTSIDE
the measured range.
What should be checked while it iIs OUTSIDE

— Wrong accept value
— Systematic error



2.5 Comparison of.JTwo
Measured Number




Measured momenta(all in kg.m/sec)

Initial p (all = .04)

Final p’ (all £ .06)

1.49

2.10

1.16
etc

1.56

2.12

1.05
etc




Measured momenta(all in kg.m/sec)

Initial p Final p’ Difference p-p’
(all £.04) (all £.06) (all £:1)
1.49 1.56 -0.07
2.10 2.12 -0.0
1.16 1.05 11
etc etc etc




Uncertainty in a Difference

PR [ PR 72

If the quantities x and y are measured with
uncertainties ox and dy, and If the measured
values of x and y are used to calculate the
difference g=x-y, then the uncertainty in g
IS the sum of the uncertainties in x and y:

OQg=0X+oYy

q=X-Y
5 ~ X+ &y




2.6 Checking Proportionality with

a GraphJF: RS 7 LA B




2.7 Fractional Uncertainties

B4 R R 22

(measuredx) = X, = X
OX

fractional uncert = ——
‘Xbest‘




2.8 Significant Figures and

Fractional Uncertainties
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2.9 Multiplying Two Measured

Numbers | & 5 AH 3¢




Uncertainty in a Product

If X and y have been measured with small

fractional uncertaintiesm and
ues of X and yare

and If the measured val
used to calculate the product g=xy, then the
fractional uncertainty in q Is the sum of the
fractional uncertainties in x and y

N 5x+ oy

‘qbest ‘ ‘Xbest ‘ ‘ ybest ‘
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