Basic Statistics and error propagation

E—Xi
I

> =)

n n=1 n
TABLE 3-1 Summary of rules for propagation of uncertainty
Function Uncertainty Function® Uncertainty”
y=xtx eg= 8,?;] + 6,252 y = x“° Pes = aoe;
Y—x e, = V& + ¢ —lopy B = DA I
d 1 = 7 A = 4 8 Y Inl10 x ' X
ex
Yy =X| X Yoe; = \/%e)zcl + %e,z62 y=1Inx gy ="—
X
X e
y==2 %e, = NV %e?, + Be, y=10° —== (In10)e, ~ 23026 e,
X2 y
€y
y= e’ 2
Y

a. x represents a variable and a represents a constant that has no uncertainty.

b. e./x is the relative error in x and %e, is 100 X e,/x.
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Student’s T-test
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TABLE 4-2 Values of Student’s ¢t
|

Confidence level (%)
Degrees
of freedom 50 90 95 98 99 99.5 99.9
1 1.000 6.314 12.706 31.821 63.656 127.321 636.578
2 0.816 2.920 4.303 6.965 9.925 14.089 31.598
3 0.765 2.353 3.182 4.541 5.841 7.453 12.924
4 0.741 2.132 2.776 3.747 4.604 5.598 8.610
5 0.727 2.015 2971 3.365 4.032 4.773 6.869
6 0.718 1.943 2.447 3.143 3.707 4.317 5.959
7 0.711 1.895 2.365 2.998 3.500 4.029 5.408
8 0.706 1.860 2.306 2.896 3.355 3:832 5.041
9 0.703 1.833 2:262 2.821 3.250 3.690 4.781
10 0.700 1.812 2.228 2.764 3.169 3.581 4.587
15 0.691 1:753 2:131 2.602 2.947 3.252 4.073
20 0.687 1725 2.086 2.528 2.845 3:153 3.850
25 0.684 1.708 2.060 2.485 27187 3.078 3,725
30 0.683 1.697 2.042 2.457 2.750 3.030 3.646
40 0.681 1.684 2.021 2.423 2.704 2.971 3.551
60 0.679 1.671 2.000 2.390 2.660 2915 3.460
120 0.677 1.658 1.980 2.358 2.617 2.860 3.373
00 0.674 1.645 1.960 2.326 2.576 2.807 3.291

In calculating confidence intervals, o may be substituted for s in Equation 4-6 if you have a great deal of experience with a particular method and have therefore determined its “true”
population standard deviation. If o is used instead of s, the value of t to use in Equation 4-6 comes from the bottom row of Table 4-2.

Values of t in this table apply to two-tailed tests illustrated in Figure 4-9a. The 95% confidence level specifies the regions containing 2.5% of the area in each wing of the curve. For a
one-tailed test, we use values of t listed for 90% confidence. Each wing outside of t for 90% confidence contains 5% of the area of the curve.
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TABLE 4-4 Critical values of F = s?/s2 at 95% confidence level
= === |

Degrees of Degrees of freedom for s,

freedom

for s, 2 3 4 5 6 7 8 9 10 12 15 20 30 oo
2 19.0 19.2 19.2 19.3 19.3 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.5 19.5

3 955 9.28 9.12 9.01 8.94 8.89 8.84 8.81 8.79 8.74 8.70 8.66 8.62 8.53
4 6.94 | 6.59 6.39 6.26 | 6.16 6.09 6.04 6.00 | 5.96 591 5.86 5.80 s 4 5.63
5 579 | 541 519 505 | 495 4.88 4.82 477 | 474 4.68 4.62 4.56 450 | 4.36
6
7
8

5.14 | 476 4.53 439 | 4.28 4.21 4.15 4.10 | 4.06 4.00 3.94 3.87 3.81 361
4.74 | 4.35 4.12 297 3.87 .19 3.73 3.68 3.64 3.58 i Joo 3.44 3.38 3.23
446 | 4.07 3.84 3.69 3.58 3.30 3.44 339 | 335 3.28 322 3.15 3.08 253

9 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 3.14 3507 3.01 2.94 2.86 2.71
10 4.10 | 3.71 3.48 3.33 322 3.14 3.07 302 | 2.98 291 2.84 297 2.70 2.54
11 3.98 3.99 3:36 320 | 3.10 3.01 2.95 290 | 285 279 2.72 265 2.57 2.40
12 3.88 3.49 3.26 3.1 3.00 291 2.85 280 | 273 2.69 2.62 2.54 2.47 2.30
13 3.81 3.41 3.18 3.02 292 2.83 2.7 2.1 2.67 2.60 255 2.46 2.38 221
14 3.74 3.34 311 296 | 2.85 2,76 2.70 2,65 2.60 253 2.46 2.39 2.31 2.13
15 3.68 3.29 3.06 290 | 279 2.1 2.64 259 | 254 2.48 2.40 2:.53 225 2.07
16 3.63 3.24 3.01 2.85 2.74 2.66 &30 254 | 249 2.42 233 2.28 2.19 201
17 < o) 3.20 2.96 2.81 2.70 2.61 235 249 | 245 2.38 2.31 2.23 2.135 1.96
18 3.6 3.16 2.93 2l 2.66 2.58 251 246 | 241 2.34 227 2.19 .11 1.92
19 352 315 2.90 274 | 2.63 2.54 2.48 242 | 2.38 231 223 2.16 2.07 1.88
20 3.49 3.10 287 2.1 2.60 251 2.45 239 | 2.35 2.28 2.20 2.12 2.04 1.84
30 3.32 292 2.69 2.53 242 253 227 221 2.16 2.09 2.01 1.93 1.84 1.62
% 3.00 | 2.60 237 221 2:10 2.01 1.94 1.88 1.83 178 1.67 1.87 1.46 1.00

Critical values of F for a one-tailed test of the hypothesis that s,>s,. There is a 5% probability of observing F above the tabulated value.

You can compute F for a chosen level of confidence with the Excel function FINV(probability,deg_freedoml,deg_freedom?2). The statement “=FINV(0.05,7,6)”
reproduces the value F = 4.21 in this table. The statement “=FINV(0.1,7,6)” gives F = 3.01 for 90% confidence.
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TABLE 4-5 Critical values of G

for rejection of outlier
[

Number of G
observations (95% confidence)
4 1.463
5 1.672
6 1.822
7 1.938
8 2032
9 2.110
10 2.176
11 2.234
12 2285
15 2.409
20 2.95.1

G(‘alrulated & |questionable value — meanl/s' IfG('ul(‘ulared
> Gyupier the value in question can be rejected with 95%
confidence. Values in this table are for a one-tailed test,
as recommended by ASTM.

SOURCE: ASTM E 178-02 Standard Practice for Dealing
with Outlying Observations, http://webstore.ansi.org;

F. E. Grubbs and G. Beck, Technometrics 1972, 14, 847.
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Least Squares fitting and Standard addition
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QA and internal standard
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