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Table ll. Percentiles of the Chi-Square Distribution

v
DEGREES
OF
FREEDOM Xo0s X0 X0 X230
1 .000 .016 .064 .148
2 .010 211 446 713
Y= 3 072 584  1.00 1.42
4 .207 1.06 1.65. 220
5 412 1.61 2.34 3.00
6 .676 . . 2.20 3.07 3.83
7 989 1.24 1.69 2.17 2.83 3.82 4,67
8 1.34 1.65°  2.18 2.73 3.49 4.59 5.53
9 1.73 2.09 2.70 3.33 4.17 5.38 6.39
10 2.16 2.56 3.25 3.94 4.87 6.18 7.27
11 2.60 3.05 3.82 4.57 5.58 6.99 8.15
12 3.07 3.57 440  5.23 6.30 7.81 9.03
13 '3.57 4.11 5.01 5.89 7.04 8.63 9.93
14 4.07 4.66 5.63 6.57 7.79 947  10.8
15 4.60 5.23 6.26 7.26  8.55 103 11.7
16 5.14 5.81 6.91 7.96 9.31 11.2 12.6
17 5.70 6.41 7.56 8.67 10.1 12.0 13.5
18 6.26 7.01 8.23 9.39  10.9 12.9 14.4
19 6.83 7.63 891  10.1 11.7 13.7 15.4
20 7.43 8.26 9.59  10.9 12.4 14.6 16.3
21 8.03 8.90 103 11.6 13.2 15.4 17.2
22 8.64 9.54 11.0 12.3 14.0 16.3 18.1
23 9.26 10.2 11.7 13.1 14.8 17.2 19.0
24 9.80 109 12.4 13.8 15.7 18.1 19.9
25 10.5 11.5 13.1 ° 14.6 16.5 18.9 20.9
26 11.2 12.2 13.8 15.4 17.3 19.8 21.8
27 11.8 12.9 14.6 16.2 18.1 20.7 22.7
28 12.5 13.6 15.3 16.9 18.9 21.6 23.6
29 13.1 14.3 16.0 17.7 19.8 22.5 24.6
30 13.8 15.0 16.8 18.5 20.6 23.4 25.5
40 20.7 22.1 24.4 26.5 29.0 32.3 34.9
50 28.0 29.7 32.3 34.8 37.7 41.4 443
60 35.5 37.5 40.5 43.2 46.5  50.6 53.8

Reprinted with permission of Macmillan Publishing Co., Inc. from Introduction to Probability
and Statistics by B.W. Lindgren and G.W. McElrath. Copyright ©1969 by B.W. Lindgren and
G.W. McElrath. The table was adapted from Table VIII of Biometrika Tables for Statisticians,
Vol. 1, 3rd Edition (1966) by E.S. Pearson and H.O. Hartley, originally prepared by Catherine
M. Thompson, and is reprinted with the kind permission of the Biometrika Trustees.
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455
1.39
2.37
3.36
4.35
5.35
6.35
7.34
8.34
9.34

10.3
11.3
12.3
13.3
14.3
15.3
16.3
17.3
18.3
19.3
20.3
21.3
22.3
23.3
24.3
25.3
26.3
27.3
28.3
29.3
39.3
49.3
59.3

1.07
241
3.66
4.88
6.06
7.23
8.38
9.52
10.7
11.8
12.9
14.0
15.1
16.2
17.3
18.4
19.5
20.6
21.7
22.8
23.9
24.9
26.0
27.1
28.2
29.2
30.3
314
325
33.5
44.2
54.7
65.2

1.64
3.22
4.64
5.99
7.29
8.56
9.80
11.0
12.2
13.4
14.6
15.8
17.0
18.2
19.3
20.5
21.6
22.8
23.9
25.0
26.2
27.3
28.4
29.6
30.7
31.8
329
34.0
35.1
36.2
47.3
58.2
69.0

2.71
4.61
6.25
7.78
9.24
10.6
12.0
13.4
14.7
16.0
17.3
18.5
19.8
21.1
22.3
23.5
24.8
26.0
27.2
28.4
29.6
30.8.
32.0
33.2
344
35.6
36.7
37.9
39.1
40.3
51.8
63.2
74.4

3.84
5.99

(7.81)
9.49

1101

12.6
14.1
15.5
16.9
18.3
19.7
21.0
22.4
23.7
25.0
26.3
27.6
28.9
30.1
314
32.7
33.9
35.2
36.4
37.7
38.9
40.1
41.3
42.6
43.8
55.8
67.5
79.1

5.02
7.38

1.1
12.8
14.4
16.0
17.5
19.0
20.5
21.9
23.3
24.7
26.1
27.5
28.8
30.2
31.5
32.9
34.2
35.5
36.8
38.1
39.4

'40.6

41.9
43.2
4.5
45.7
47.0
59.3
71.4
83.3

6.63

9.21
11.3
133
15.1
16.8
18.5
20.1
21.7
23.2
24.7
26.2
21.7
29.1
30.6
32.0
33.4
34.8
36.2
37.6
38.9
40.3
41.6
43.0
44.3
45.6
47.0
48.3
49.6
50.9

-63.7

76.2
88.4

7.88
10.6
12.8
14.9
16.7
18.5
20.3
22.0
23.6
25.2
26.8
28.3
29.8
31.3
32.8
34.3
35.7
37.2
38.6
40.0
41.4
42.8
4.2
45.6
46.9
48.3
49.6
51.0
52.3
53.7
66.8
79.5
92.0
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326 Analysis and Adjustments of Survey Measurements

Table |. Values of the Standard Normal Distribution Function

®(g) = I.,, % e~ dy = P[Z< 7]

z 0 1 2 3 4 5 6 7 8 9

-3. 0013 .0010 .0007 .0005 .0003 .0002 .0002 .0001 .0001 .0000
—-2.9 .0019 .0018 .0017 .0017 .0016 .0016 .0015 .0015 .0014 .0014
—-2.8 .0026 .0025 .0024 .0023 .0023 .0022 .0021 .0021 .0020 .0019
-2.7 .0035 .0034 .0033 .0032 .0031 .0030 .0029 .0028 .0027 .0026
=2.6 .0047 .0045 .0044 .0043 .0041 .0040 .0039 .0038 .0037 .0036
—-2.5 .0062 .0060 .0059 .0057 .0055 .0054 .0052 .0051 .0049 .0048
-24 .0082 .0080 .0078 .0075 .0073 .0071 .0069 .0068 .0066 .0064
-2.3 .0107 .0104 .0102 .0099 .0096 .0094 .0091 .0089 .0087 .0084
-2.2 .0139 .0136 .0132 .0129 .0126 .0122 .0119 .0116 .0113 0110
-2.1 .0179 .0i74 .0170 .0166 .0162 .0158 .0154 .0150 .0146 .0143
-2.0 .0228 .0222 .0217 .0212 .0207 .0202 .0197 .0192 .0188 .0183
-1.9 .0287 .028% .0274 .0268 .0262 .0256 .0250 .0244 .0238 .0233
—-1.8 .0359 .0352 .0344 .0336¢ .0329 .0322 .0314 .0307 .0300 0294
—1.7 .0446 .0436 .0427 .0418 .0409 .0401 .0392 .0384 .0375  .0367
—-1.6 .0548 .0537 .0526 .0516 .0505 .0495 .0485 .0475 .0465 0455
—-1.5 .0668 .0655 .0643 .0630 .0618 .0606 .0594 .0582 .0570 0559
—-14 .0B08 .0793 .0778 .0764 .0749 .0735 .0722 .0708 .0694 0681
-1.3 .0968 = .0951 .0934 .0918 .0901 .0885 .0869 .0853 .0838 .0823
-1.2 1151 .1131 .1112 .1093  .1075 .1056 .1038 .1020 .1003  .0985
=1.1 1357 1335 .1314 .1292 .1271 .1251 .1230 .1210 .1190 1170
~-1.0 .1587 .1562 .1539 .1515 .1492 .1469 .1446 .1423 .1401 1379
1841 .1814 .1788 .1762 _.1736 .1711 .1685 .1660 .1635 1611
2119 2090 .2061 .2033 .2005  .1977 .1949 .1922 .1894 1867
2420 .2389 .2358 .2327 .2297 .2266 .2236 .2206 .2177 .2148

2743 2709 .2676 .2643 .2611 .2578 .2546 .2514 .2483 .2451
3085 .3050 .3015 .2981 .2946 .2912 .2877 .2843 .2810 2776
3446 .3409 .3372 3336 .3300 .3264 .3228 .3192 .3156 3121
3821 3783 3745 .3707 .3669 .3632 .3594 3557 .3520 .3483
4207 4168 4129 4090 .4052 .4013 .3974 3936 .3897 .3859
4602 4562 4522 4483 4443 4404 4364 4325 .4286 4247
5000 .4960 .4920 4880 .4840 4801 .4761 4721 .4681 4641

!
o~bNMwhboluwi

Reprinted with permission of Macmillan Publishing Co., Inc. from Introduction to Probability

and Statistics by B.W. Lindgren and G.W. McElrath. Copyright ©1969 by B.W. Lindgren and
G.W. McElrath.



Appendix B 327

~N

7

9

.5160

.0 .5000 .5040 .5080 .5120 S199 5239 5279 .5319 5359
Jd 5398 5438 .5478 5517 .5557 .5596 .5636 .5675 .5714 5753
2 5793 5832 5871 .5910 .5948 5987 .6026 .6064 .6103 6141
3 6179 .6217 .6255 .6293 .6331 .6368 .6406 .6443 .6480 6517
4 6554 .6591 .6628 .6664 .6700 .6736 .6772 .6808 .6844 .6879
S5 .6915 .6950 .6985 .7019 .7054 .7088 7123 .7157 .7190 7224
6 7257 7291 7324 7357 7389 .7422 7454 .7486 .7517 7549
7 7580 .7611 .7642 .7673 7703 .7734 .7764 .7794 7823 .7852
.8 .7881 .7910 .7939 .7967 .7995 .8023 .8051 .8078 .8106 .8133
9 8159 .8186 .8212 .8238 .8264 .8289 .8315 .8340 .8365 .8389
1.0 .8413 .8438 .8461 .8485 .8508 .8531 .8554 .8577 .8599 8621
1.1 .8643 .8665 .8686 .8708 .8729 .8749 .8770 .8790 .8810 .8830
1.2 .8849 .8869 .8888 .8907 .8925 .8944 .8962 .8980 .8997 9015
1.3 9032 .9049 .9066 .9082 .9099 9115 9131 .9147 .9162 9177
1.4 9192 .9207 .9222 .9236 .9251 .9265 .9278 .9292 .9306 9319
1.5 9332 .9345 .9357 .9370 .9382 .9394 .9406 .9418 .9430 9441
1.6 .9452 .9463 .9474 9484 9495 9505 .9515 .9525 .9535 9545
1.7 9554 .9564 .9573 .9582 .9591 .9599 .9608 .9616 .9625 9633
1.8 9641 .9648 .9656 .9664 .9671 9678 .9686 .9693  .9700 9706
1.9 9713 9719 9726 9732 9738 .9744 9750 .9756 .9762  .9767
20 9772 9778 9783 9788 .9793 .9798 .9803 .9808  .9812 9817
2.1 .9821 .9826 .9830 .9834 .9838 9842 .9846 .9850 .9854  .9857
22 9861 .9864 9868 .9871 9874 9878 9881 .9884  .9887 9890
23 9893 .9896 .9898 .9901 .9904 .9906 .9909 .9911 .9913 9916
24 9918 .9920 .9922 .9925 .9927 .9929 9931 .9932 .9934 9936
2.5 .9938 .9940 .9941 9943 .9945 9946 .9948 (9949  .9951 9952
2.6 9953 9955 .9956 .9957 .9959 .9960 .9961 .9962 | .9963 .9964
2.7 9965 .9966 .9967 9968 .9969 .9970 .9971 .9972 | .9973 9974
28 9974 9975 9976 .9977 9977 .9978 .9979 .9979 | .9980 9981
2.9 9981 .9982 .9982 .9983 .9984 .9984 - .9985 .9985 | .9986 9986 -
3. 9987 .9990 .9993 .9995 .9997 .9998 .9998 .9999 L9999 1.0000
\

2= 2,535



Table lll. Percentiles of the t Distribution

. DEGREES
OF
FREEDOM Lss Leo tes {10 L1 f.00 ™
1 A58 325 510 727 1.00 1.38 1.96
2 142 289 445 617 816  1.06 1.39
3 137 277 424 584 765 978 125
4 134 271 414 569 741 941 119
5 132 267 408 .559 727 920 116
6 31 265 404 553 718 906  1.13
7 130 263 402 .549 711 8% 112
8 130 262 399 .546 706 889 1.1
9 29 261 398 543 703 883 1.10
10 129 260 397 542 700 879  1.09
11 129 260 396 .40 697 876  1.09
12 A28 259 395 539 695 873 1.08
13 A28 259 394 .s38 694 870  1.08
14 A28 258 393 537 692 868  1.08
15 A28 258 393 .s36 691 866  1.07
16 128 258 392 835 .690 865 1.0
17 A28 257 392 534 689 863 1.07
18 127 257 392 534 688 862 1.07
19 127 257 391 833 688 . 861  1.07
20 127 25T 391 533 687 860  1.06
21 127 257 391 532 686 859  1.06
22 127 25 390 532 .686 858 106
23 127 256 390 532 685 88  1.06
2% 127 256 -390 .531 685 857  1.06
25 127 2% 390 .531 684 85  1.06
26 127 25 390 531 684 . 856  1.06
27 127 256 389 531 684 855  1.06
28 127 256 389 530 683 855  1.06
29 127 256 389 530 683 854  1.05
30 127 256 389 .30 683 854 1.0
o 126 253 385 524 674 842 1.04

Reprinted with permissibbn of Macmillan Publishing Co., Inc. from Introduction to Probability
and Statistics by B.W. Lindgren and G.W. McElIrath. Copyright ©1969 by B.W. Lindren and
G.W. McElrath,
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Lors

(X7

I 98 K”’!

3.08
1.89
1.64
1.53
1.48
1.44
1.42
1.40
1.38
1.37
1.36
1.36
1.35
1.34
1.34
1.34
1.33
1.33
1.33
1.32
1.32
1.32
1.32
1.32
1.32
1.32
1.31
1.31
1.31
1.31
1.28

6.31
2.92
2.35
2.13
2.01
1.94
1.90
1.86
1.83
1.81
1.80
1.78
.77
1.76
1.75
1.75
1.74
1.73
1.73
1.72
1.72
1.72
1.711
1.71
1.71
1.71
1.70

- 1.70

1.70
1.70
1.64

12.7
4.30
3.18
2.78
2.57
2.45
2.36
2.31
2.26
2.23
2.20
2.18
2.16
2.14
2.13
2.12
2.11
2.10
2.09
2.09
2.08
2.07
2.07
2.06
2.06
2.06
2.05
2.05
2.04
2.04
1.96

31.8

6.96

4.54
"3.75
3.36
3.14
3.00
2.90
2.82
2.76
2.72
2.68
. 2.65
2.62
2.60
2.58
2.57
2.55
2.54
2.53
2.52
2.51
2.50
2.49

2.48

2.48
2.47
2.47
2.46
2.46
2.33

63.7
9.92
5.84 D
4.60
4.03
3.71
3.50
3.36
3.25
3.17
3.11
3.06
3.01
. 2.98
2.95
2.92
2.90
2.88
2.86
2.84

2.83 .
2.82
2.81
2.80
2.79
2.78
2.1
2.76
2.76
2.75
2.58

637
'31.6
129 <— V=73

8.61
6.86
5.96
5.40
5.04
4.78
4.59
4.44
4.32
4.22
4.14
4.07
4.02
3.96
3.92
3.88
3.85
3.82
3.79
3.77
3.74
3.72
3.71
3.69
3.67
3.66
3.65
3.29
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0.90477
-0.043544
-0.97986
-0.3264
0.63124

7.1111

459.9

dist5ep
B =
0.42589
0.99905
0.19971
-0.94523
-0.77559
f =
-2.4229
-0.4799
2.3474
1.1803
-1.0864
W =
7.1111
0
0
0
0
iter =
1
del =
-0.53606
-2.4965
iter =
2
del =
0.0069202
-0.00071653
iter =
del =
-1.8437e-006
-3.7711e-007
iter =
4
del =
5.0073e-010
7.4537e-011
ans =
409.97
vV =
0.062305
-0.04888
0.0081451
-0.12798
0.088116
dhat =
353.51
285.2
270.56
343.05
298.37
test =
11.404
r =
3
cv =
7.8147
one sided test fails
cvl =
0.2158
cv2 =

dist5ep.l1st

Page 1

(=) S lelele)

RPOOOO



9.3484

two sided test fails

assume pass

Qdd =
0.091656
0.014143

SIGMA (pass)

S_

0.014143
0.016953

© 0.0005866 9.0517e-005

9.0517e-005
x0 =
409.97
half interval
Z =
2.5758
SX =
0.02422
hf =
0.062386
interval bounds
ans =
409.91
ans =
410.03

assume fail
ref_var_hat =

0.024328
ref_std_dev_hat
0.15598
SIGMA (fail)
S -
0.0022298
0.00034408
x0 =
409.97
half interval
tt =
5.8409
SX =
0.047221
hf =
0.27582
interval bounds
ans =
409.7
ans =
410.25
diary off

[

0.0001085

.00034408
.00041245

dist5ep.l1st

Page 2



10/21/08 11:02 AM R:\datal 08\dist5ep.m

1of3

% dist5ep.m 20-oct-08
% 5 range 2D resection problem with error propagati
% (post addjustment statistics)
% initial approx (see graphics for approx)
x0=410.5;
y0=462.4;
n=5;
n0=2;
r=n-no;
c=n;
u=no;
B=zeros(c,u);
f=zeros(c,1);
sig0=0.08;
sig=[0.03;0.03;0.01,0.08;0.08];
w=zeros(n,1);
fori=1:n
w(i)=sig0"2/sig(i)"2;
end
W=diag(w);
X=[560;695;465;85;180];
Y=[780;450;195;350;650];
d=[353.45;285.25;270.55;343.18;298.28];
keep_going=1;
iter=1;
while (keep_going == 1)
for i=1:n
D=sqrt((x0-X(i))*2 + (y0-Y(i))"2);
B(i,1)=-(x0-X(i))/D;
B(i,2)=-(y0-Y(i))/D;
Fi=d(i)-D;
f(i)=-Fi;
end
N=B"*W*B;
t=B"*W*f;
if(iter==1)
B
f
w
end;
iter
del=inv(B"*W*B)*B"*W*f
if (all(abs(del)<1.0e-06) | (iter > 10))
keep_going=0;
end
x0=x0 + del(1);
y0=y0 + del(2);
iter=iter+1,;
end

[x0 yO]
v=f-B*del

on



10/21/08 11:02 AM R:\datal 08\dist5ep.m

20f3

dhat=d + v
% make one sided global test

alpha=0.05;
test=v"*W+v/(sig0"2);
cv=icdf('chi2',1-alpha,r);
test
r
cv
if(test < cv)
disp(‘one sided test passes');
else
disp(‘one sided test fails");
end

% make two-sided test

cvl=icdf('chi2',alpha/2,r);
cv2=icdf('chi2',1-alpha/2,r);
cvl
cv2
if((test > cvl) & (test < cv2))
disp(‘'two sided test passes');
else
disp(‘two sided test fails");
end

% assume pass for 99% confidence interval

disp(‘assume pass’);
Qdd=inv(N);

Qdd

disp('SIGMA (pass)’);
S=sig0”2 * Qdd
sx=sqrt(S(1,1));

%P =2*Fz)-1

% F(z) = (P+1)/2
z=icdf('norm’,0.995,0,1);
% X-hat +/- z*sigx

x0

disp('half interval’)

z

SX

hf=z*sx

disp(‘interval bounds");
X0-hf

X0+hf

% assume fail for 99% confidence interval



10/21/08 11:02 AM R:\datal 08\dist5ep.m

30f3

disp(‘assume fail');
ref_var_hat=v*W*v/r
ref_std_dev_hat=sqrt(ref_var_hat)
Qdd=inv(N);
disp('SIGMA (fail)");
S=ref_var_hat * Qdd
sx=sqrt(S(1,1));

% P =2*F()-1

% F(t) = (P+1)/2
tt=icdf('t',0.995,n);

% X-hat +/- t*sigx

x0

disp('half interval’)

tt

SX

hf=tt*sx

disp(interval bounds";
X0-hf

X0+hf





