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Part (I) (Probability & Statistics), Descriptive statistics.

Introduction . Measurement scale of variables. Statistical tables.

Graphical presentation.

Arithmetical presentation.
a-Central tendency measurements. (Mean-Artithmetic mean).
Weight mean) — mean of score.

Geometric Mean. Harmonic Mean. Mode. Median.

b- Dispersion Measurements. Quartiles. Deciles. Percentiler. Mean
Deviation. Standard Deviation . Variance.

Range. Root mean square. Interquartile range. Quartile Deviation.
Coefficient of veriation. Coefficient of Quartile. Standardized veriable
(Standard scores).

¢-Coefficient of skewness. Coefficient of Momental skewness. Preson’s
first coefficient of skewness. Quartile coefficient of skewness.
d- Coefficient of kurtsis. Coefficient of momental kurtosis.

Probability. Introduction. Definitions-Definition of Probability.
Probability theorems.

- Conditional Prob. Mutanlly exclusive. Independence. Ranges theorem.

Random variable. Probability Eunction. Mathematical expectation-
variance. Probability Distribution. Discrete case. Continuous case.

Sampling Distribution.

Estimation. Summary of confidence interval.

Summary of significant tests.

Testing for the value of a specified parameter(s).

Analysis of variance:-




One —way classification.

Two- way classification with one observation per cell.
Two — way classification with (r) . observation per cell.
Multiple comparsions (A- ANOVA).

Part (1I)
a- General linear Model.

- The simple regression model.
- The Multiple regression model.
The correlation coefficients.

b- Time series analysis.

-Antoregressive Model (AR).
- Moving Average Model (MA)

Part (I1I)
Non- parametric statistics.

Ggdall g gdad) | The single sample case.
- (Binomial — test).

- (Chi-square-test).

S dally A

- (Kolonogorove-simirnov-test).
- (Runs- test for Randomness).

Ogdad) g &Y |l The case of paired replicats of one — sample.

- (Mc-Nemar change test).

- (Sign — test).
- (Wilcoxon sign rank — test).

Ggdal) g

9 dal) g paaldd) | The case of independent (two-samples).

- (Chi-wquare — test for indep. Test)

O dadl g puabd) | -(Median — test).

Gsdally gl | -(Kolomogory — smirrov — two sample test).

Ggsad) g (allll | The case of (K) related sample.
Ogadly asil) |- (Friedman —¢wo way ANOVA test).
Coganial) The case of (K) independent samples.

- (Krushal — Wallis one — way ANOVA).
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352 Appendix

TABLE 6. Random Digits*

07018 31172 12572 23968 55216 85366 56223 09300 94564 18172
52444 65625 97918 46794 62370 59344 20149 17596 51669 47429
79161 57200 87521 44351 99981 55008 93371 60620 66662 27036
17918 75071 91057 46820 47992 26797 64423 42379 91676 75127
13623 76165 43195 50205 75736 77473 07268 31330 07337 55901

27420 97534 89707 97453 90836 78967 00704 85734 21776 85764
96039 21338 88169 69530 53300 29895 71507 28517 77761 17244
68282 08888 25545 60406 29470 46476 54562 79373 72993 98998
54262 21477 33097 48125 92082 98382 11265 25366 06636 25349
66200 27544 72780 91384 47206 54892 59168 83951 91075 04724

53348 39044 04072 62210 01209 43999 54952 68699 31912 09317
34482 42758 40128 48436 30254 50029 19016 56837 05206 33851
09268 08715 07545 27317 52459 75366 43688 27460 65145 65429
05342 97178 10401 31615 95784 77026 33087 65961 10056 72834
38556 60373 77935 64608 28049 94764 45312 71171 15400 72182

39159 04795 51163 84475 60722 35268 05044 56420 39214 89822
41786 18169 96649 02406 42773 23672 37333 85734 99886 81200
95627 30768 30607 89023 60730 31519 53462 90489 81603 17849
08738 15548 42263 70489 85118 97073 01574 57310 59375 54417
75214 61575 27805 21930 ‘04726 39454 19616 72239 93791 22610

73004 89123 19271 15792 72675 62175 48746 56084 54029 22296
33320 08896 94662 05781 59187 53284 28024 45421 37956 14252
66364 04799 62211 37539 80172 43269 91133 05562 82385 91760
68340 16984 86532 06186- 53803 . 48268 82821 19526 63257 14288
19103 99621 66899 12351 72438 99839 24228 32079 53517 18558

49017 23489 19172 -80439 76263 98918 59330 20121 89779 58862
76041 77008 27646 82072 28048 41589 70883 72035 81800 50296
55430 25875 26446 25738 32062 24266 26814 01194 48587 93319
33023 26895 65304 34978 43053 28951 22676 05303 39725 60054
87337 74487 83196 61939 05045 20405 69324 80823 20905 68727

81773 36773 21247 54735 68996 16937 18134 51873 10973 77090
74279 85087 94186 67793 18178 82224 17069 87880 54945 73489
34968 76028 54285 00845 35464 68076 15868 70063 26794 81386
09606 78454 21700 12301 88832 96796 . 50341 16136 01803 17537
55282 61051 07260 89820 69121 86547 62195 72492 33536 60137

31337 83886 72886 42508 05464 88071 92209 50728 67442 47529
04128 97990 58609 20002 76530 81981 30999 50147 93941 80754
06511 48241 49521 64568 69450 95079 42588 98500 12829 64366
60081 03469 56128 80405 97485 88251 76708 09558 86759 15065
23701 56612 86307 02364 88677 17192 23082 00728 78660 74196

09237 24607 12817 98120 30937 70666 76059 44446 94188 14060
11007 45461 24725 02877 74667 18427 45658 40044 50484 59966
. 60622 78444 39582 01930 97948 13221 99234 99629 22430 49247
70073 43668 19599 30021 68572 31816 63033 14597 28953 21162
71080 71367 23485 82364 30321 42982 74427 25625 74309 15855

00023 26720 74573 16583 .37689 06703 21846 78329 98578 25447
63004 72826 65558 22616 33472 67515 75585 90005 19747 08865
19806 42212 41268 ‘84923 21002 30588 40676 94961 31154 83133
17295 74244 43088 27056 86338 47331 09737 83735 84058 12382
50338 27190 99302 84020 15425 14748 42380 99376 30496 84523

*The Rand C'orporation’, ‘A Million Random Digits with 100,000 Normal Deviates, The Free
Press, 1955. : ;
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96124
31283
49988
82790
51473

07785
16624
28718
33373
36535
47408
56129
35459
61955
‘85374

15556
75454
27582
89658
57194

64219
53166
58112
14548
21251

30953
12764
72393
11031
01948

18537
66885
96177
37321
77905

53814
16963
87558
84269
94907
45735
11755
51242
00281
12233

88817
75548
42860
71208
44319

73355
54371
48558
45529
13821

02854
68335
92405
90330
48606
62155
36513
10460
55992
69791

39555
90681
90856
47708
77203

53416
78592
88451
36314
15618

63369

79194 .

71563
40757
69586

07384
11985
71237
96867
69703

14560
37320
58885
55068
08019

14319
40589
05075
25893
65661

57827
53699
40656
72822
22313

01925
20985
20397
48792
75776

91971
46052
07123
67545
11139

47467
41292
33925
36520
18857

09325
73339
04254
01691
26072

03811
80640
22892
05831
40764

05445
36992
42596
10904
45045

13059
385563
08744
64979
77702

43698
40740
65475
10532
05159

78439
83489
80028
94848
10625

02940
90888
33282
17662
89649

17210
00299
60384
31384
24401

63537
07442
22008
74667
82646

14813
82142
75946
08005
02948

16717
08810
23715
22284
92538

11439
58248
29765
01921
99303

20240
74905
87316
22385
67557

47389

97029 -

38483
89159
90176

86631
79330
25295
43324
64613

18033
95820
35144
74342
93343
66788
94921
45677
50330
47415

81719
71681
24574
55649
00445

84671
41667
83082
20398
18600

56684
13717
26708
48783
90933

74724
89716
00086
50446
85097

80876
68818
20908
97159
38995
35362
85867
80039
39813
86629

97265
88433
16602
33269
04883

87561
04318
59946
39407
26962

72250
70913
70599
45848
21834

76246
04949
05003
32576
21065

74603
22496
14852
08779
61570
03517
62897
28526
58239
53898

56681
49966
63004
08773
90290

79343
99234
12164
05451
58178
38314
78915
49267
55540
97879

82072
18672
75647
63111
67943

11379
78988
04343
06367
84487

90731
56078
47877
65004
30688

87674
87328
92270
10404
95563

85094
80725
46597
95030
42846

30305
71241
26414
94194
80687

28914
40326
49117
22772
70267

31779
35367
89286
45424

- 97232

26313
36613
16943
68947
46391
77078
57288
18968
00867
98178

29280
28716
66121
33237
23405
24426
88864
18593
09234
88688

59632
23196
81764
35041
51677
67405
04636
62912
28635
15070

44885
72120
67666
87874
78055

29383
36347
10767
62843
39454

48762
75187
96627
34500
74970
30441
43255
24830
44359
61348

39585
43440
62099
34932
58980

85171
85310
39165
84294
03701

72468
17995
17083
95008
865652

09528
03876
84747
77201
09360
52672
49668
85986
20714
05111

94163
42466
08859
92136
99901
72542
80838
70858
25965
64776

69753
37285
60334
11182
07628
76052
36639
38470
34392
35100

10883
06993
38838
25248
22204

56285
60269
32132
81628
12207

06316
43287
03332
54653
70069

04845
63510
07327
09057
17393

36035
48791
57469
92195
42803

24519
80418
61687
20880
51215
16622
68427
87405
42852
09382
31695
38409
41314
05261
64993

61156
02028
36911
49766
94806

06837
21396
78905
92989
01291

17044
17418
76022
75881
43440
22525
90899
93031
22716
94901

29523
89223
94932
81281
80463

97004
67901
39209
50820
24221

02501
72613
08334
89547
88379

10966
73842
04373
19385
53285
54904
79135
08266
40812
01498
83843
72270
71100
95727
48051
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Table=] PERCENTAGE POINTS OF THE STANDARDISED NORMAL DISTRIBUTION

The u,, values tabulated are such that Pr{(U > u,) = a, where U ~ N(0,1)

2"{ =Uq

[T

@ Ue o Uy [ ey & g
0.50 | 000000 || 0.34 | 0.41246 || 0.18 | D.01637 || 0.026 186000
048 | 0.02507 || 0.33 | 0.43891 || 0.17 | 095416 || 0.020 2.05378
0.43 | 005015 || 0.32.| 0.46770 || 0.16 | 0.99446 || 0.010 2.32635
0.47 | 0.07627 || 0.31 | 8.49585 || 015 | 1.03643 || 0.009 2.36562
0,46 | 0.10004 || 0.30 | 0.52440 || 0.14 | 1.08032 || 0.008 2.40881
045 | 012566 | 0.28 | 0.55338 || 0:13 | 1.12639 | 0.007 2.45726
0.44 | 015097 || 0.28 | 0.58284 || 0.12 | 1.17499 || 0.006 251214
043 | 0.17637 | 0.27 | 0.61281 || .11 | 1.22663 || 0,005 257583
0.42 | 020189 || 0.26 | 064335 || 0.10 | 128185 | ©.004 2.65207
0,41 | 022754 || 0.25 | 0.67449 || .08 | 134076 | 0.003 2.74778
040 | 0.25335 ([ 0,24 | 0.70630 || 0.08 | 1.40607 || 0,002 2.87818
0.39 | 027932 || 0.23 | 0.73885 || 0.07 | 1.47573 | 0.001 3.08023
0.38 | 030848 || 022 | 0.77219 || 0.06 | 1.55477 || 00005 | 3.28053
0.37 | 033185 || 021 | 0.80642 || 0.05 | 1.,64485 (| 0.0001 | 371902
0.36 | 035848 || 0,20 | 0.84162 || 0.04 | 1.75069 || 0.00005 | 3.89060
0.35 | 0.38532 | 0,19 | 0.87790 || 0,03 | 1.88073 || 0.00001 | 426489
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Appendix t: Percentage Points
of the t Distribution

« al2 afl
| | ]
0 H -t ] +
One-tailed Lest Twa-tailed test
Level of Significance for One-Tailed Test
0.25 0.20 0.15 0.10 0.05 0.025 0.01 0.0056 0.0006
Level of Significance for Two-Tailed Test

df 0.50 0.40 0.30 0.20 0.10 0.0 0.02 0.01 0.001
1 1,000 1.376 1.963 3.078 6.314 12.706 31.821 63.657 636.620
2 0.816 1.061 1.386 1.886 2.920 4.303 6.965 9.925 31.599
3 0.765 0.978 1,250 1,638 2.353 3.182 4.541 5.841 12,924
4 0.741 0.941 1.190 1.533 2132 2.776 3747 4.604 8,610
5 0,727 0.920 1.156 1.476 2015 2.571 3.365 4,032 6.869
6 0.718 0.906 1.134 1.440 1.943 2.447 3.143 3707 5.959
7 0711 0.896 1.119 1415 1.895 2,365 2.998 3499 5.408
8 0.706 0.889 1.108 1.397 1.860 2306 2.896 3.355 5.041
9 0703 0.883 1.100 1.383 1.833 2.262 2.821 3,250 4.781
10 0.700 0.879 1.093 1.372 1.812 2.228 2.764 3.169 4.587
11 0.697 0.876 1.088 1.363 1.796 2201 2718 3,106 4.437
12 0.695 0.873 1,083 1.356 1.782 2,179 2.681 3.085 4318
13 0.694 0.870 1.079 1.350 1771 2.160 2,650 3,012 4221
14 0.692 0.868 1.076 1.345 1,761 2.145 2.624 2977 4,140
15 0.691 0.866 1.074 1.341 1.753 2.131 2.602 2.947 4.073
16 0.690 0.865 1.071 1.337 1.746 2120 2.583 2921 4015
17 0.689 0.863 1.069 1.333 1.740 2,110 2.567 2.898 3.965
18 0.688 0.862 1.067 1.330 1734 2.101 2552 2.878 3922
19 0.688 0.861 1.066 1.328 1.729 2.093 2.539 2.861 3.883
20 0.687 0.860 1.064 1.325 1.725 2.086 2528 2.845 3.850
21 0.686 0.859 1.063 1.323 1.721 2.080 2.518 2.831 3.819
22 0.686 (.858 1.061 1,321 1717 2.074 2.508 2.819 3.792
23 0.685 0.858 1.060 1.319 1714 2.069 2.500 2.807 3.768
24 0.685 0.857 1.059 1.318 1.711 2.064 2.492 2397 3.745
25 0.684 0.856 1.058 1316 1.708 2.060 2.485 2.787 3725
26 0.684 0.856 1058 1315 1.706 2.056 2479 2779 3.707
27 0.684 0.855 1.057 1314 1.703 2052 2473 2.771 3.690
28 0.683 (0.855 1.056 1,313 1.701 2.048 2467 2763 3.674
29 0.683 0.854 1.055 1311 1.699 2.045 2462 2.756 3,659
30 0.683 0.854 1055 1310 1.697 2.042 2.457 2750 3.646
40 0.681 0.851 1.050 1.303 1.684 2.021 2.423 2.704 3,551
S0 0.679 0.849 1.047 1.299 1.676 2.009 2.403 2.678 3,496
100 0.677 0.845 1.042 1.290 1.660 1.984 2.364 2.626 3,390
0 0.674 0.842 1.036 1,282 1.645 1960 - 2326 2.576 3.291

Source: The entries in this table ware compated by the autho,

Table -2
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Appendices

Appendix F: Critical Values
of the F Distribution
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Appendix £: Critical Values of the F Distribution
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Degrees of Freedom for Numerator
1 2 3 4 5 6 7 8 9 10 % 20 25 30 40 50
1|647.8 799.5 899.6 921.8 937.1 9482 9567 963.3 968.6 9849 9931 9UB.1 1001 1006 1008
23851 39.00 2 39.25 3930 39.33 3936 3937 3939 3940 3943 3945 3946 3946 3947 3948
31744 1604 1510 14.80 1473 1462 1454 1447 1442 1425 1417 14.12 1408 1404 1401
411222 10.65 9.60 936 920 907 898 890 B84 BG66 856 850 846 841 83R
311001 B43 739 715 698 685 676 668 662 643 633 627 623 618 614
6| 881 726 623 599 582 570 560 552 546 527 517 S.11 507 501 498
7| 807 654 589 552 529 512 499 490 482 476 457 447 440 436 431 428
8| 757 606 542 505 482 465 453 443 436 430 410 400 394 389 38 381
9] 721 571 508 472 : 420 4.0 403 396 377 367 3.60 350 351 347
10} 694 546 483 447 3.85 372 352 342 335 331 32 322
| 672 526 463 428 3.66 353 333 323 316 312 306 3.03
12] 655 310 447 412 3. 351 337 318 307 301 296 29 287
13] 641 497 435 400 377 360 348 339 325 305 295 288 284 278 274
I4] 630 486 424 389 366 350 338 329 315 295 284 278 267 264
S (5| 620 477 415 380 358 341 329 320 306 236 276 269 259 255
2 (6] 612 469 408 373 350 334 322 312 299 279 268 26l 251 247
17| 604 462 401 366 344 328 3.16 3.00 292 272 262 255 244 241
I8 598 456 395 3.61 3. 3.0 7 256 249 238 235
s 19| 592 451 390 356 333 317 305 296 251 24 233 230
S 20| 587 446 386 351 329 313 301 291 246 240 229 225
22| 579 438 378 344 322 305 293 284 239 232 221 217
24( 572 432 372 338 315 299 287 278 233 226 2,15 211
261 566 427 367 333 310 294 28 273 228 221 209 208
28( 561 422 363 329 306 290 278 260 223 216 205 201
30| 557 418 359 325 303 287 275 265 220 212 201 197
40| 542 405 346 313 290 274 262 253 207 199 1.88 1.83
50| 534 397 339 305 283 267 255 246 199 192 18D 175
60| 529 3903 334 301 279 263 251 241 194 1.87 174 170
120] 5.5 380 323 289 267 252 239 230 182 175 L61 156
20001 510 3.76 318 285 263 247 235 226 178 170 1.56 151
S00) 508 392 314 238l X 231 222 174 165 1.52 146
1000 504 370 313 280 258 242 230 220 172 1.4 150 145

wee: The entries in this table were computed by the authos,
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Appendices

at «=001

3

4

5

16

19

Degrees of Freedom for Denominator
%3

7.32

172

4993
99.01
30.82
18.00
1327
10.92
9.55
8.65
.02
71.56
7.21
6.93
6.70
651
6.36
623
6.11
6.0l

5.06

471
4.65
4.63

53717
915
29,46
16,69
1206
9.78
845
7.59
6.99
635
6.22
593
574
5.56
542
520
5.18
5.00
5M
494
482
472
4.64
457
451
431
4.20
413
395
388
3.82
3.80

577
99.23
28.71
15.98
11.39

9.15
7.85
7.01
642
599
5.67
541
521
S04
4389
4737
4.67
4.58
4.50
443
4.31
422
4.14
407
4.02
383
372
365
348
34)
336

334 304

5668
99.30
2824
15.52
1097
875
746
6.63
6.06
532
5.06
4.86
169
4.56
444
4.34
425
417
4.10
3,99
3.90
3.82
3.75
3.70
351
341
317
3.1
305

Sowrce: The entries in tiis table were computd by the

Degrees of Freedom for Numerator

6

5924
99.33
2791
15.21
10.67
8.47
7.19
6.37
5.80
539
507
482
4.62
146
4.32
4.20
4.10
401
394
3.87
376
3.67
3.59
353
347
329
3.19
312
296

anthur,

7

8

9

10

15

5992
99.35
2767
14.98
10.46

826
699
6.18
3.6l
520
489
4.64
4.44
428
4,14
403
393
3.84
3.77
3,790
359
3.50
342
336
3.30

6096
99,39
2749
14,80

10.29

8.10
6.84
603
547
5.06
474
4.50
4.30
4.14
4,00
389
379
371
363
156

6132
99.40
27.34
14.66
10.16
798
672
591
535
4.94
4,63
4.39
4.19
4,03
389
378
3.68

352
346
3.35
326
318
3.2
3.07
239
2.8
272
2.56
250
244
243

6168
9943
2723
14.55
10.05

7.87
6.62
581

5.26
485
4.54
430
4,10
394
3.80
3.69
3.59
351

343
337
3.26
317
3.00
3.03
298
2,80
2,70
2,63
247
241
236
2.34

6079
99.38
2687
14.20

972
7.56

20

6168
9948
26.69
14.02

9.55
740

25

6214
99.43
26,58
1391

945
7.30
6.06
526
471
431
401
376
3.57
341
3.28
3:16

291

3 40 50

6355
99.37
26.51
13.84

9.38
723
5.99
520
4.65
425
394
370
3.51
335
321
310 302 297
300 292 287
292 284 27

284 276 271
278 269 264
267 258 253
258 249 244
250 242 236
244 235 230
239 230 225
290. 211 206
2.0 201 L95
203 194 188
1.86 176 170
179 169 1.63
174 163 157
172 161 134
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PCR) = 7775)’ —

(i) let B be the event that at leact
Lwo Wieads appear » /hen

05— zy;.ﬂj WHTHs THH, HHH

ALB) = 4 Weds

s eI
pCB) = VZs) Z

(t't'i) Let € be the cvent that at most
Fwo +<;u‘/ appear , THen

THU, HHH S
vee) =7 -
FCC)f- % |

hat- o/l +he
. be Her event T
(\\)) let D 71:;5585 are the sam o> fen
D— £HHH/7-7—T/Z €D |

& PCD)’ /‘/(ISJ
HCD)= 2{ )_‘__ = o

plb)="g = 1

rote ?} we ask emotieer questror for |
(8) |




',{m; random wpenmeb{ Fiad Hhe prababiliy
that- 5 headls appeccr |

] e vept Hyat- 5 Leads appedr /s +he

e/m/pfj set D = 'f_ } ('lrmpos.né ew’nﬁ
,\/ (CP) _— \)«s-—-\h_;..dl

Llet E be Hhis event FE =

P[[),N(E) = N._———($‘)':-3—:.o-
N(s) NS ) 8

or symply plP) =o

pxiomsod probabdlity ISR (B\ty 5 Loy
Let S be a sample 5/96’6"6).’({'. E be 4l
Class of wsents, and (e P be areal-
Valued funetion olefined on E | The, P
I's called 4 preba b(/ﬂy Fune tio, el
PLR) is called the probapile of Hu event
A if the following axems hald

(@) Far-cvewj event A,
M PCS) =

@) Gf M and B ore muitdally oy fyg,,

O PLR) ¢ 1

(9)



é-gken-f;, ther o
i VB) = :
p( AV B) = PLA)+PCE) f(mr’é)j

(BB =)
) Uf BsRo yoam (s o sequense of omutuaty
Cxclusive cvents, [hen )
PRIV RV ----) = PUR) +PCFa) + -
)7/'4-/& have f’»‘”’/ numbe - 0)( e xclus,ve
~umnﬂsiyn“ﬁz,uy =3

(/7,!/’4:(/---(//3,.) = PB)+P(A: e |
; (ANA) = P Por ali L] (4'{;}-(:’,2’)11__’9"*‘}:‘(#,9

—

| heorem s
mo‘yhm 43 [“, $ is \emﬁl s5¢t +ben
pl@)=9°

Thamem 21 Vf A is e Complemertof
o) cvent A ) then ‘
pcne) = 1— PCA) '

T;emema‘, ¥ BEeB , Hepn
PCH)K PCB)
Theorem 4y 9f 1 and B are any 4w

ewents, thert pCRANBY _ PCR) - pcpng)
l (IO)




tWhere Q\g Comsists 0} the elemepts m R

L0 lhich anre net v 2 (ﬁ\B vead A mminvs 8)

Theoverm 5 £ g amd £ are *ny Ao

events , Then

plaorB)= PRV B) = PCR)+pcB) — PCANER)

( Heve HOB ;_—Tt ¢ ) See «pc:ﬂu'rc_g be oo
e events <con be MP\'i&en‘bed \Dj Vennl
ajfajratvn (fohn Venn (/&834- /923)';5‘

an /}nj/};h MaTbcmo‘f"c}M/ ( the area < haded )
represents Al gvenl,

N —
| | o
(1) (2 (2 (%
Aul3 Rce anns pHg=&

is shaded chhaded Shaded s haded
Dellnilieat Fin'de probability Space ’néb};:;w;a
Let ‘S be a finite semple spd'ae,Sc»y 3,{53“«0__4"}_
& F«nih Proba Io¢ (¢ Tpalte < © b tettired ’9’9’"“7”/‘1’]
to each poink (efement) ¥ €S & veal nuim bey

1:1’, Ca //fa( +he pyobab('[('b’ O# ac Sqfr';ijllyg’
+h Fol/owl'ﬁj Propertres

(IJ each R I:J mmngav’u}cpl:e 'pc.zo -
ﬁo‘\(@.‘{/ A= 1,057 7

IO e e |
The P-robaéull'y‘] ‘OCFU éfa/:vj tvent H =

(1)




faenn dofimed o be e Sum of M probabilites
of Hue points (or elem<vts) tm R
EK“MF’tﬁ Let fwree cons be Lossed ond 4he

nuwbev- of heads c\oserveol; then the Sdm/?/g
Wdlg f'S S:{O)l)Z)B}.

H‘QM @ meeans 2-e€veo hqacl \A)V\(ch Qqu_,‘ua(m-ﬁ
to He event &TT‘T} - R

-

L ome head = ‘LHTT,THT,TT‘H}
=B |

2 heads = S HuTS HTH, THHI.C |
3 heads= GHHH] =D

*
Space S = §HHH, HHT, HTH THH, HTI—,)?

_ _numbpey of elemnts jn A |
PCO) = PCQ‘) T number of glementsinS*

number ofwWays flat Yhe event A Con occuy
T number of u)ctj,S‘“oa{‘ e s am ple space can CCcur

\ 3 A/(g.):i,A/(SJ::%‘
R 51/»4710:\’17 . '

-
PC'l):--%: ,P(?—)_—é——; P(B):—é—
Wote that p (o) +p(1)+P(2) +P(2) = |

T T T (-
o L b Bty w2l

(12)




{ T y
aﬁ-d all P(l:.) 70 1 So we have “F’”fét

p?;oba b:‘h‘%j space

E xomle y, Thiee horses, A, B ond C ave na viice,

g /s fuwite as ‘l‘keh to win as B and B s dwice
as ((ke\j o wen as € - What are ey
Mspgc-f-ﬂl-e. probab | ties of 14./;4,,-,,',17 e
?wm, PLAR), PCR) and R e) 7 Ao

Solu hen ;
Lt PCC) =P , swmce R is +Wice
as kikely t» winds C pCR) 2P and since
B s twice os Akrly Jowin as B, PCR)=7pe)
= 2C2P)\ =y p -
Now tie sum of probabslitres et he 4
hence Ptezptup=4 , o
Fr=t,= p=L
ACCOJ?{MJ“j © PCR) =up = %—
P(B) ~LT5; = £
P
PCC - L
- -) ?
Queshov i Mhot /s the pmbab:"«'jj Mot B o

C wins, pPlBUC) = PEBY+PEC) =2
| A =l '
=7
(/7)

i B2
+

~t.l



Example - : -
‘*ﬂ" Bn Urf Contains 3 ved balls, s White
Lalls and 4 black b gl t One ball Vs drawn’

at v*omo!of_m- Ffwfl e pvo\oabi‘i‘j Aot Jhe
bakl - ’'s (D veol. G0) black. & wite Q)

ved ov wiite -(v) blatk ov Waite - (V4) ved or
White o Lldcek -

w let R = e ball i no’l)\dg.}he

batt is while &= tha ball (s blac kR u
¢ yed balls |

. 3 N(R - ﬂumb‘eko

Gy pCrRY= E) o ber of tetal balls |
e WRY= number of times (ways) R occur
- S

WS = number o fWayS thet cvny batl [

@ecurs oy number of ef<
e ]
the Sdm'f’/ﬂ spadite S = g.:sffzzw

hen , pCR) = —2—= 3 - 5’1’414!’/&«“&:
i (R pta) = T S
@ plw= 32

(v) PCRoxW) = PCRUW) . -
-_—v(R\-*P(w)
g

_ 3242 = =
= 71 12 1%

©

—_

W

The events ’
R. and W are /Mufuaﬂj exclus\wve

Rnw-:.CP T



| 0D (B orw) = PBUW) = pLB)+pLW)
P G 3

@ﬂu/’@ B Y
W) PCR ort/orp) =p( RUWUB)
= p(R)+ P(W)+P(B)= £+ S4u
= .I.—Q::. fl.
S

@DW/)B = C—P) O evtaryt ey sur
event

(b
Let #s set the <.7b{€5+!2>% Fo fhis example

935 we. glraw Q_.a\fLaus at yendem PLrom
the urn, whattthe probabilities ot

&) both balls are red ?
(i) both balls ere white ?

(1) ove (s ved and Hi ottrer black?]
(\WW) One is white ang the o +re r red'}

To solve th/s q uegs fcon We mucgt ki ow
Hie Lolea O e tHhoo of aour)?‘/@

Cr5)



Here We develope some technques For
al&#&rm}m’y without direct enumeratien
parﬁhcular ezpe Fiment orthe number of |
elements in a particular warts [

Such éechnique_s are.  called (Com binatera
wnd’jS[S g;'r':lo\_’;,\(k}};u

Fundamental Principle of Countng

l
M%L.,#?A WY |
94 some protedurs can be performee (n n,
o (fHerent Ways, an d tf, following This procedure |

!

o second procedur con be Perf-’cj‘rnﬂed n N, |
dif ferent weMs , and f » ;Zo//c)u//@ This |
¢gtomd procedur s third procedure Can |
be performed in Ny different ways , ond
so Forth; then the number of Ways e
procedunres Can be p-efrﬁsrmeo/ Fogether

1" Hu.m"o[er Ino’/'ca'f'e@[ I's t+he pmduat \
[ n,‘n,:'r\}-,..

(16 )



Ccmsw‘c,—ev— Hie rpol/od)l;\j ’eﬁf“w\ple .

A bex ciwvi haims 2 yped Lalis omd w blue ball
=

Tdo balls owe dvawn -’V‘amo\omb wWhat s
L&
pyobabilities toat

(1) Botn ‘sallsore ved 7
() Both ballgore blue 7
(CiLy Beoth o
(V) Owe (P
ton ! : : ;
Qoalr 9 Com‘O\nQT\o“ QO‘VMU&\QM:A‘_Q\‘ .‘
Com binatim ¢ Definition

Thhe Numb e of cormisina Wons of v ebjects talkan

v at a Ay owh & ¢ with ok cwder) VS

alls are of Haz Same colow
all issved end 4ha otner 15 blug

A0
n ) f ﬂ}):nlllaj' -
"".;Y\Cn—\)CY\—L)--..~3.2,1 gl =g egal= 6
21 =2-1= 2
Wi~ ¢-3-2:1224
ol = d
il = 4

. \
) let QTE both 1wo balls ore wed :
Meman: (o) s T - 651_ 3.¢

o

—_—

21(3-2)) 2ngl) "=
— P =21 Wys o choose
5 balls Fvemw T balls CThis

Fha number of elements 1t
Semple spaec S, N5 )22l

(IF)



3 ._.__é_'_—z_—o_;
T_MGA"C (2) 2773.,;)—-}-- 21 3 ny}l'ot'_.’»oo&

tauto ved palls me 2 yed ballg

Y7 Saw
77,2,4,/@-,{ :

_ NOR [2-3 ) _ i
pCA) = wNCs) /;) T e
2

LE)%QKM(;;) _ 2 )i weals do choose w2 balls
fvom + balls ", /‘//S)-' 2] ( < "n(u)

e
[ht#-e— are ( } = 2/(4/__2)/ - 212l
/1/ — %’3 e I ""27.;
%28
Led B =1balls orbln W=
w(iB) = ¢ D
~M(1RR) B
pCB) = -777;) 21
Y1
=

(i) Both balls are of #he color
let € = boty ballc of the same color
v(¢) = p(HorB)=p(RUB)
— pelax L) Gh-d B L)

— , o + 2 - 3/ e_wcldill/*'—

R (18)



ball rs r-aa’ M/ Hee o tyer 15 bl e

C\:\/) ane
T ) . 8 3.2 4
,/l'emm (,)/‘W 2 =3 LJ_("‘O
O’) 0""-9/

choese oMt ball re
Moo ¢ bel - o Y
o o (1) oym Gt

o chose tWo bd“,j’ one 1red and the athher

lolmne 5 There ore (,3)w{,”} = H%Y_|g
-~b</a‘7; fo olo thi's event -

led D = the event Ao cheose {wo balf
SNE y-tol Mc/ ﬂu- o‘f’t;-er blue

OB = T2 3 Mf;j';-ll (s "wff))

(19)



Edﬁ’}’f’c 1:
S{W ose & ek number plale contatns fuwe

distinet letters Followea/ by three digits
with the Fiect d(gr"l‘ not 2-ero - ”"“’”““’17

o(a',cfm@n't Cetr v'uMBerp\a"l:ﬁs canbe pymted ?
SO( WHOH ;

The Pist letter can be printkd i
n=26 o'l/f/anen{‘ L«/ajs ( because there are 24

\{,&'QV'S i eng ll'Slq ,(anguaff),flznig e fl;:r[‘
< ter Cdisdinet ﬁ/oma fhesecond [e &Qr‘) '+ wemap
=25 differnt detiecs . TR fist ot
Nzo ways (numbers o, 4 , 2, 3,

5,9,

-‘l-u/o

5,6, 3,
ﬂchqo}:‘r\ty o) and ceach of Hu_ oile,

dl r - '
91t in 4o u/cjijs 2 " Fy=10 ,n _yp
=lo.
H“‘-’”“’-}; A Sl

of w%hy 29 o the 7)-0“"“1 Cld’meﬂfaf pVMQp/g

»Fheve are

. 2 6 25--9-10-10 =358 vwvoo
O‘['L/%’Nﬂf Plates ¢ay be pr{nftal

(2-2)




w2 j
Factorial Wotdton SN oy

e p»ocluq‘t of--\\\tw(&wﬂ Prom 4 ko n (nclusive
0 Ceuns ve of+2n (v Amotue mokics and hence
/s olenoted b Y the special symbol )

( vead n factorial)

ni=hna=)(n-2) —---3.2.4
\E\S also o\g&‘-\'we;cl O\‘ =1

Exampks‘ 21 = gl =2 23'-;3‘2'1=6
L“‘:‘-I'B’Z'l =24
5\’55.1—(["—3’2‘": 120
5[:6'51‘6"?'0:410

|
8. _ 879l gy
6\ 61
P,e r/m u'&“a’ﬁ@‘(\ S JP\?"S‘

Rn arr‘a'rgem&n't of a set of n obJ-ec‘t'S n
a jiven ovoer 15 called }0‘9"”"%4‘44"0" of-1he
objects (taken all at atime),

An anse/w\dt of 2hY Fn of these oly'ec-f_g M

given oxvder I called r— permutation er a petomudation
o f e Ok'seﬁs Adkey v ak a-fime .

(,21)



EXSDIE oy ol ik of ik hobbers @, e
‘F""‘C’( Tl permw(mj&;m\S
(D fake alt Jotors at atime

Gt) ta ke 2 lefters 44 ahme
C8) deke | Letter ot & i

m«(ﬂ b N=3
bt , acl baC;bCQ)COb s Cha
Theo

WNeer- of pevmutad \‘0"\53“.“2:“:_2\ :;Srd-‘
atime = g Cnumber of ’74{

Gi) b, b yac ,ca, be, eb
e N er-of permudation
Cr=2) a4 atimne — s

%’ti) a, b) c

e nuMhe JSPMMM*«\@V\S‘\GVG\’\ 1 at ‘14\'\»\-

(‘":l)':: 3 .
,qu'm’*hbn

e UG S e e of pormutectons of y abjects
taken v b alivie is grven by the formula
PCa.v) = (:_}:)_. -
[Fxsle. Frud Bhes nwumber of permufations 0f e
exawple above blenj e Fovamula ¥ 31 %50 ol
© 123, v plor) = P(a) 2 32

baldcen 4 wo

— -3y T ol
. 2 . _ 8 '
ul)n;B/rSZ / P(g’y:(j.‘z)[ T T’;-—S\-"JG
dn= o o
B)r2s 1, 92 25 = 20
—3-2) A

Ex2)
__.1.,:3
2%



Combin ation w5\ za)

Sufposq we ha,uq a MI({C‘H‘O’FI Q‘f n OLJ.'Q("}_T .

A tombinatibn of these objects taken ot

a -hmdc , o ar) V= Lom hinatiew e < otj sebset

The Com 43;‘70(‘,1'017; of e /ﬁf‘ﬁf‘fs
A,B.C,D H4aken 2 at ahﬁqe e,

§a,B.c3,4a8D3,4mc.03,{Be0]

Thi hammel of Com binatbns of n olad'e({-_,-

Hk.en \" at q{a:mg I's o'enoﬂol %)

| )
65 (YW;Y) oY (r:_) cn o COMP“;‘QO‘ 'f‘f'o'w\
Hae ‘Pewvvw&@\
|
C(n; !") = (:_]J = )’!‘:_\:\—-r)l
Exomple

atd
I how many Way ¢ Cay a Commi ttee C-Oﬂ.(lls'/’-:’j of

3 mert omd 2 women be elogen chv'w\ FMen ayof
S women ?

M The 3 smen con be e hosen from Hee 7 smten

(22)



i (;)—_- Fl o B o
SGa)] -4t
LeAf M =25 .
he 2 women cay be ¢ hogen PomHu 2 women In

20
s)_,_s/ _ S-X.3r

= 4o U?st

e tha committee tan be thosen ( by fandamentl
Prinedple of wanh%j) Nen, = (5)[2) = 2545

=350 W?}S
This meon sthal we can fo‘r'm 2so iffevent

Comm ti=es C-cmstd-l'z.j a,-[ 2 men emd 2wWemen ﬁom

; e MA < Wiomen -

E:(amvafQ

An ura (bos) conkains g ped balls
and U Whike lrgi s

Vi Ana s amas
wdy ¢

‘ 'Wi{;‘ ave
1 Both ped.. (1) One redftu otyeris White

(K@ Bo t; white V) By 4o s
SO/C({:’O g 5 § S'/ S' L{f 9,’
=y g 9] SHET =g, C 1Y e
(tf —\'\14 s s ! 5.4l
) Y€ ane ( ) = ”’(S‘U": . ‘q' =S Wy_r

to choose ope ved ball amd here are

(24)




Y ) Rl
(lJ’ 9 x . :qwajjﬁch&o;ﬂme

ey
White ball | <4 theve ave (.g}(:{): Feilfidst W

Yo dvaw 2 bdls omne ved md Mo othen 15 D't

) e y) .
() Tl ave (4] T

Wos fo dpgw 2 winike vals fom 4 Wh le balls

C\\)) Have Aue coalox ‘s gt 9(\5:?«1}\ 3 i-e Yo
ballg ,J( wj tatery , So +he numbex g/ u/cj,:

.

: - q
Lo oo Hals ofc/f’ouhew ave (?_) o= b &-7)’

(event)
o e SeAL way
-2-.}‘:“ ‘_'_3

A oW going back to the exczonfle

B n upn contatns 3 ved balls , g White balls ond
tf biaclk balls - 2 lball ore Arewn at W-WGDOM-\'J\««&

o€ '“N— )076 ba 54.,4"{1:6.[ ‘f‘ha.#

() both balls are red 7

G1) both lbals are white 7

() Owe s red and Hte ofher black
(W) One is wWhite anelte eftrer red 7
(V2 ot balls ore of Husame Coloy-

(2s)




So‘u‘h-ow f

75 colve This problem we must fivs Ely
detevmime tHhe num ber of Wads that- S

( sample space) occurs, second ly oetemi
Hie pumber ot Wajs Hee evepts occuy.
Now , we have 3+S+ Y =12 balls,Fhep

S Cen secoram (({2Y_ Izl
= 2| Ch~2)|

— —-——",2.”./0"_—; 66 Wa\‘js)
2+ lo]

+ha umber of woys Huak o balls car be

Ayouwrn Tram 12 balls 5 thatis

(1) Lt A= § both Lalls are rcc)\j
' 3 2 .9,
 Cam OLcwr W (2) = : (3#?’) " —___2_-‘_. 23

LJoﬁ 5>

Com e oy

+Hhe viumber of Wk s that 2 ved balls
o 1 g\,ofw\ 3 yeof bd”.ﬁy/\/(g‘):}’

[hen, p( n)-;;i(/g:_-(-?;éf =3s 22
2

(1) Let B =1 both balls arcwhite]
; s | ezl
3 Cavm gcCur m (f):m,‘—: é—_%—,g—':lo

Wl 5, e number of Wy s Fhat 2 why'te balls
EXD,



corry be olyeasn from s wiute balls , mlB)z 10
_ B o s
PCB) = smi=%¢ "5
GO ol i ,
> Let € = Come bait s v nd dh ottceris blaok ]

C, can gecuy iy (3
m)(l)-_-s wWays of dyouring voQ bal\

R
s ved bl i (1) amyy Irasd tng

black bat R4, Y blade Ya)\ g
)

vad ond it otuer |« black

oY C, Ccam octuy iw (ﬁ)["')

=12 wWay s
““N\’.)ﬁ‘r 0‘%\0 ” 5 )+h-L
S 2bal\s one

QW - Hhow-

2 bt E = gbo*‘f& balls v A samne C“’\"V}
£ fl)o%‘lgl&d”},a‘r( ved gy whle of black 3

let G =0 botk ball are black } , thow we have,

E=(porBorG) =(nusYE)
BB amd G~ore Md”‘“ljy enc lusiue events
(27)




fervorall) PCBY —_6.3.? .

A [ =.£?- )
?wm QLK) P B) 7

é
pC G):N(G)
~(Cs)
G Con ocCur in - (") :.‘ii_— w e drd & wv;
21 0¢-2)]  2-
=w(¢)
[Lent cy. ¢ of "
PEGIR ey

PLED = PCAVBYG) = pls) +PCE)+PLE)

7 Tgx Tar o

t:d bs are cogan ab e dem
Sorn A5 bulbg of wWiieh £ axe dedective - ‘
(9] exactly ove (s defective . (i) adt laast eme s defectie
- d& * N
S'D(L‘L—kBVS«W) MOS—t S d‘-’?‘ic+w{_
Theve ane; 18)_ st Il L P
(3)’ 2l (5~ 3.2l =GsE Vs
o 44'005‘2. 2 butbs ﬁ»olw\ A \s \sulb_s_,) p‘,g MCS/:L(S_S
({) Simie Hheve ave (S-5 =/0 nono/g['ec-ﬂ't/e bulbs, |
'I“VM 1= /;0) :‘J/ZO Wﬁ; oco Cw 32 Ma”ddﬂd{oe
bulbs

Example — L e
—f;{_'_ “\’r‘tc 14,3% b

(2 %)



(.,‘[)'-'\T oo ('9) —3 V\"":}ﬁ Lo choose One J{{-zchbt

PRSP

P Ko 5 e bith < 5 wndf (1) = us e
o choos 2 monolefective Gt F’f”"’ Lo nendefecti e
balhs * 1. /fJ(fJ 2 Sr 45 _ 225 _ Us )

/5 sg PEX 2 |

by
Gfi) —/7;:, even t thod at Aeast ovie Is O(t-fc‘"!"-‘-* s
+4ha (fo/rn«,?/Cment 07‘ fle event ; ﬂond“)(‘ec-ﬁu'c'
Whiels /f)as, bj .(L'), Pmbdbt‘(ﬁﬁ :92—:—{-
//"’15( f’: | = 28— éj—-

S | 2|

Secend mretwod / Tl yendonm 5«»%{0/6, has $12 3

4los yemdama sumflg Contains ome ﬁe\lov\?\\’iﬁ
Cuents efher Zero claﬁevﬁ%(wk\‘d« MNRANMS 3 wdcj’«-lfu;',
AUt event 2eve oféfcc-“u./t (s t_zw.'\/d/ffn‘t fotla
Cuen % mondeSechive \okl(a_{)@}’@\ﬂc dhefectwe , o
Fuso o/efcc-k‘vt sat o{tfec{\ig .
); we (d the yormelorw X Jo be Tt nuawdsen 0@
a/e,fec-Fw{ bulhs s Haew X will Yole HM\)Q\“Q_(
3)1,213 1 50 we have M dind pvo bapulity space.
S=80113%%0; plx=0)s PX=)tp(x=2) 4pta=2)= |
(22) = =)




plat (eost one defecdive) — P (x5, ()
= pX=1) +pPCX =2)+px =3

f\'o'\'v\ Qtlum-néw\ 995

PX=o)xplxry 1) =1

P (qu) — = P(’(:o}-;l—[o[noﬂa/e;fet-{tdg

ot 2evo dafecliv. — 4 -%%t - 63
21

'\\)> P(o:l"w\osk- 2 oxe ele_{c&-‘r\(m) =0

PEXZ2) ¥ PCx=y) wpix= °) -

\<2) =
(/@}4/0

0

PCX: 2):—‘ s s (25 ,1_{5-7!1_

[3 = ;/3//7;

fog <

= (26 225 (g Rlay
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FXerf;Je_;
1- A class emﬁ*a'm.s 40 merl anol 2. women of
Which half Hurmen and half the womenl have

b vown eyes . [,},'m,) Hir< pvobdbilf'lj P Thed L
dom fs a man or heg

person choser at yor

brown eyes”

So!uh(ﬂ;ﬁ_: LQ_F e ent S H._. {pev"Son l‘_( am"}

aval B = §persen has byown eyest

We See K P( GUSB;

Twere ane 12 5 mren have brown s anel

2
20 :
> = (0 women hove lrow n _y=g,

Fhus thowe ane SH+l0 =Is /o-er;onscfmen anel
w/omery v\ \GWUJV\%‘&S R ’

P(ry=1rfo _ L
A) S ;P(B):_;/_i_g_.%:

PLANR) = PCpesen (s man cndl has b»owntgm)

(
S B o 78 s PLACR) we use the

20
theorom ; PCAVB) — p(a)+p(R)—P( NOB)

(z1)
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Tilo men vor, and m oz, and Hhve e wom en W sohs esadid s
: Fh2 =2 O =

W 1y o thess /ournamen'f v those OJ' H came Sex have

e?“a'/ pwbdbi/c'/léj 0/' Ldl.rmly, buf <acly man s *‘“;\CQ

as A'/«ﬂ

Fo Win as any wamtoty -
(l‘) Frisd #e proba b“/;y Hhah o woraan Wins Ha Aevrnawment
(G0) 2f om, anal i, are mayrsee, ,fmo’-ﬂu.pxobq\);\ﬂj
That-one of Hhemy wWins the fouYnament
_Solupion | Lt plw,) = Psthen plw,) =plw,)=P
wnd ) =plom) =28
The sumt of fhae proba bilities of e five s ample

points equaf 4o oye , thaf- ‘¢ S;.S/M' ,,m,_,u,,%,%j

PH+P+P + 2p4+ap =1 , 2p=1 , ’P=j7t
OP ) w0 3) = pro,) P + PO ) = IS —_?3?
(i) p(ﬁmuu)&) =P Y K plv,) = 2ol ,.%
role that if we howe ffhiﬂ prob a/b[l.«‘vkj spate
The prebabildty pLR) of cwy twent A LIS tae sum of
Yo proba b lities of i poin bs (ov elepments) n B

por Sce PJJL /S)
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Led fand B be eventswith pca) = %/PCB;M%

andl pCANRY= L - Find

(b P (RUB).GD PCAY) and PLBY) GW) pCRoRS)
(W) PCROAT)

QY PLALVRBY - bea)+pR) — pcang)

=gl Al SRS o 5
% F U e 2

(,i'l) P(*"\c) — |- PfH) = l_-.%_:%
A

PIB =) - plBl=i—% =+

Solutiown ’

() RnB":/mw; R occuwys amol B does pot e i
CGY‘HM Comp? Jement of B ec CMVS)
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e — - - -
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Y- A pair of Loy ice s fosced - WWMBab( “5
P thet C!)'-"\sasum 15 G0N s 1 7_,(]}1\,\“&3““

1S 1 G e Wmbers | and

3 ApP S2ie ‘(V)‘HA-L S Uy
¥ 3’%&0\-1'-0\(‘ ‘H«n»\ Ao
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Y ene i NES)= g ' 8 5 andl )£ we Hhiow two
hee £ MG o on ,
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AL 3
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2
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|
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(W Let D =2ﬂu-}um /s dreater thay /03'
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) .
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SEAMYY Mt v e
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¢ Wo s e 08 Cages=
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- ¢ 18
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5 wWhyety cqUa lc e bty ey ef
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3
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i Jdt and Jna/.fpenofcnqg
Conditional Robqb\jd Sl s

| S with plEYYO -

Let E be an arbitrary event o a 5(,,",7,/9 space
The Pproba b: /«'j’ that an evenl

A @ccUys ond® E has oecurr@ol oY, In other
words , the condldtional P)fbbdbe'hj/ of A
3x'v€r| E hag o ccurred , Wr tten PFFHE),

/s dﬂfl'necl as ﬁ//ow;;
PCANR)

P(me) = o5

As seen in the Veny G‘I“JVG’"‘; Figd 5 P('HIE)

Fve, pyobm‘@«
reduced

yieasures The rela
of A with rc;f@c'ﬁ o the
speace E -
8L 8 U5 e somple space and =
w (A) denotes e number Ff e lemen bs

in an event A s Ahen i

N(AE) , pCE) = Srary v andso

pCROE) = —pes) | nng
() L P(Ang) _ /{)(5 o Vod s
pCAIE) = 2rp) = T wie) ~(E)
Wzl
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EXamr)/e-ig Lt e peir of Rair dice be tosredd .

If the sum is 6 Find B Pmbab;h‘ﬁ
that one of 4ke dice is a 2

Solution ;. let E=(sum is 6 )
=) Cs). C2,4) > (3, !
{ (S21) 3)’“‘2)]
A

= (G 2 appears on at least O)’k)
die

(becuuse 2 appears oyl ene olie ameens 2 eppery
on +he fu.m'\' Adie or om Huw secenod or boﬂy)

le (2 on Pt 2 on secoud) see () pgey
oy

fien 19 frz,.) (22) (23), (2,40.(2,5), (2,6)

(L2) (3,2),¢9.2), (s:2), féw)

RaE = {(z,w), (v.2)}
NM(E)= 5 , NMI(ANE) =2 .

URIE) - 2
Fhen P(/ﬂ/t—':)": ~ (E) = g

N e ll'-e, H ¢consist O} 1 8/?4,11217'!5 Cor @ccuyg
Mol weas - )
i =) POR) g
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EXCW’P/? 21 A omarn vig,ts a fmﬂ:&’ 12he has
twe children, o biy, come mlo the Moh? .
Find e probardity P that $he ofher Is
alse a Acy 1 (i) the other ’Chi/a/ Ls Hpown
te be Younger Gi) no 'Hw'\ly (S Known abeyt
the ofher At

Solution .

.ﬁd‘{ S’cm'nf’e space £0Y the <SPz of

v the chitdven (s §={b54b3.9b,33}
from 4ke frvec (o)

Lol

sahon (1020 iy o)

But~9—b |(gBI (=

oirth @9 ng]

cach point v S has P*obab«"”}/ ’I!T

Since tuo one Wwho comes inte YWe voomm i's

\oc_»y , e the Sa'.mf’/c S Wwill dze veduced

f‘*ﬁ'”kb J‘aﬂ,ﬂ/C S' — j‘ bb) bj 2 3‘9}

() We know e ather eild (s younger, s,

The othey veouced sumple cpac. <. - f bb, g
Horefere. p=X > (PChb) = L)

(f() [ £ noﬂuioj /s known ebout He e
¢h¢'/d e bave Ht‘ SOWF/Q

b < Q’CQ
Sc = fi bb, "’j, g b} 5 cws;‘:C‘a} 2 thomend,
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S
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Mu”’?"'cd#{&” Theorem For Conditronal P»obdb{{iy

= P IVAVS (R Rt Sl
T/;e daY)JtJ’lO’ﬂa/ pwbabé/ijl PCF”B) S s

(
pCAlE) = =08
[Pca)
lf we Cross Mu//'l}‘y 2 e obtarn fhe

ﬁo/lowftzy ujefu/ Fﬁmw{q

| featenn| P(BNR) = pCR) P(RIR) @
C=(noB)=lpna))

This thesvem com be ©xfended 1& induc tioy ag

qeol/ow,S;

Cora//ay t Foramy events AjsAe_ ., 4

n

PCRNAN - An) = PCR).P(R.IA).pC AL1A DAY

LA s nh\A\naz(\--‘ NAn-,)
@ @
\Jdi iow a’PP‘j M_dbg./( /@Wm (,l)l?l'fh l._{‘

callee] Alhe multiphicafion theovew
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(nssF) e, i
E—‘(W’e7 A lot contans |2 Ltems o} which

Y ore a/e/e,vfive- e Thyee ifems oure
drawn at vamdom From the (ot ome affer

the ather - FMa/ Hae onboﬂm'“b’ P
that all thyece are non defcetive

Selution ¢ The lat cantains 5 \s s o
hjel Y "/fﬁ"'f"."{, The wemrary,

Lo T
CTerls are nonclefecfipe end their
ndm bers 12— < 8

m— '91,0 bq b(""’fj ‘*’L)d# fha(. f\'VS_f || "f/W‘ ;5
nondefeetive is 72- Smte & of 12 L ap
Nondef ective . [ ! Bl lean Ts oy oefefru
ten the pra bqbil.'fy fhat Hie second e i
Is nondefechie /s /77 Since only T of
vow\m'n'uﬁj 1 o V\owdifed\'.ve - f He Eivst
two Afems oare non okfective, Hiey He

pro bab;{;@ That he last Cthivd) e 7e

ﬂanc/efecfu'/\e Ls 7‘_;5 Smce. any 6 of the
remaining 10 iHoms are nonolefective .

Thus by The ome It plication thesvemn
P8 SRy L

—— -

22— Ef / S
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by the covellar'y @@, of et N =nondefees,;,

P=plrvnrany - pem HGAARCTTN
T.g. 8 l

=X . %
IR T Ss

lnc/e-penofence

<d y-al:_,jl) iz I\ m 1,y
An eventl R \s <_:etlo' to be L.Y)dfpf}’}o!e(ﬂ’
an event A 1 fhe pwbab:\;b/ that- 2
OcCecurs is sot mfluenced l?y Whe ther A

Was or has yot occurred , #h/s ameape

PCB) — P(B\Q) - e hav< Lroom
fhe  2u /o)) ca Feony MEOYem

Lt PCHANBY - PCA)-PCBIR)
PANB) = PCR).P(B)

Defn.  fuvens
‘ f

7 amcd B ape 4}4a/ffr”o/p”ﬁ

PCANE) =PCR) p(R) e ®

O‘I"LJQY‘W/ISQ Hﬁg‘y e c/-?/ﬂeno(en'{: ;

EX afm'Plﬁ A 749@;,« con l:g‘ {-o_(.("ed 'HM‘eQ Fiwmes
ceonsider Mal euenks
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H = {‘g\.\‘sf toss is ”'heaf;}
B = {gecomd foss /s /7€C10/S}

€ §~eza¢7‘/J fwo heads are stro(f}qewu%

‘S.o\Uk"'WY\ b |l4e Sa/rnp/e SLPace I8

S=IHHI , HHT, KT t# THH
7 4 i i
E‘/./7-7",—,«/‘,17', T e sl o 5

A= fremsu, 1 47 0671, 14 77’}
B= §HuH, HHT, THH, 7 HT f

C = SHHT, THH]

P(P)—;—EL’-—‘-'»JZ
e Pl =
plR) = = z
ple) =% ==

06 = HuH, HHT]

HAn C = 5/‘//'/7—}
Bac= funT T

2
pCANB) =2 =74

P(QOC)""_%JZ \
pCBOC) = 5 =74
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PCR)-PCB) = L -+ =3 =PR)
- Aomd B o independent .

PCRY-pCe) = L Jc7 = J§=P(9()c)

- B amd 0 g A;V)C‘(P-(Md‘enf'-

P(B_\-PC(‘) = é-_\[f, _«__lg- '—#’—P(an‘):‘

4

LB oend ¢ eng depey o{enf,

Excmple 1l probabilety et & s

afarget s —,#- ol e Probability

that B hits the target i 2

p—

=
What (s the pmbdb;l:{y Hhat the +q,,yd
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at 'Hlf. f\a*j{'f"

S olufion
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that A hifs the farget is independent
ad

of—f'{,u.\g.u‘en‘(‘ f‘ha{"‘ B h"ff /'h\( 7((-'{':7{/(,
mence  pCRABY =pCA)- pCr)

A cmd B cure Mj fuwlo events | co we
Use flhe Pormul a

PCRURY — prRy v pen) —PCRON

= PCAY P (R) —PCA) - pCR)

. 2
== l{;‘"%’_#'s

(/
2.0

—
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lheovesy mee cevents .
tordepence,, {~ £

() plRar)=p(Ch). ‘P(B) pPChA

o PCBAHGY ZPlry. PCc)

[ee IgC The. = veyrfs e Pivw e,
(V)c/f/ofmo/?nf » cnd
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£ x ample

77;41 f)wbd =% /A’é that a metsr well Aive 410 miove
Years s ’Z}." , and fle pwbab.'/,-é«‘fhdﬁ b /s Adsfe
el Jl»:/l lo move Years is :\?_ i F””J Fleo P“’"dba?’/y
H’dé’ (l.) bo'f‘ﬁ W'l b( a/f've i [0 j'fo"V'.S

Gi) at l(east ovne will be alive 10 Y eors

(i) ned ther will be alive 4n 10 Y ears
(19) Quly the wife W be alive 1o years

Solulie :
oluley 1, Let f=event Aok e man is alive
W \o Mears | and
B= euenl ok \ig wife (« alive
W \o Wears Men i
=+ » PCR)E 3
‘ PCR) = » PCBJT 3
(V) e seate PCANB) , Since 4 awd B are

W dependent PCANR) =pCa)- PR
(WD plak\ ﬁt—f{:#\.
[ §
P 2ast ang of Maowu Wi alive (w o Yewps)
—— P(*\"L rnom WA Lvg By Wis “J‘.’g'( Will le o Boty
Wl _live < Ao Wesws )

= p(AVR) = PCA) 4+ PCR) —p¢ ROR)
= P(B) +pCB) -pCA) pCR)

— o - R [ . SRy
¥ - i R
i
=
(l'l,f) we Seelk Coman dics and s Wik dies)
— P(ﬂc/)/gc)
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Ay =1-PCA) == 4=
PCBY) = )-pCB) ="

Furttiermore, Simce |

g\

=,
3

W

N

sl B ae -lho/'(,o\'ns
odent , PCANBY)= PR -P(BY - 37,%
(\\/) e see k P(ﬁc/”?), Sﬁ'

i

WMo PERSY = 1 - PCR) = |- %1, :_::_
oun ol ﬁc cnof 5 ape z(".lo/elof’no,enf
c - =2

PCANE) =p(RS) . PCB) = =4 =%
EX'E)"('/:{Q_(
1 == Bax ﬁ Con'f\dl:ﬂ.s £74 A'-{—G"M5 O,C th'ch 3
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Whicy 2 cne defective - Apn {+ewm 15 drewn ot

vandom fom each sy -
(") What is the P”"’bdb'.“"b' P that both <fems are
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Q,’) Whak s Ake ywbab;(ﬂj p that one (fem
Vs defecture amd one Tneot ?
(G \§ one w15 defective and Sue i not,

Lf?hcl% is Ho pre bab:‘/.'{y P that fhe slefectivg
{tem casme am bex K

S ? o :
g QW) e Prebabilly of choosing
at nenolefectic® idem Rom @ is ?5— avid  Fom

3 is %- :
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Simee e events are A;oa/fp"”a/zen-f- » Then
2

—

S
P’z’s“'s

(i) The prababilety p, of <hoosing o Fefectine
£ femn Fvom R and a neon cjeﬁec"'l-l/q_ £ fem Raan 2

/'5 p o= B i o= %.o Let s event be £

The probability p, of choosing X nendeii
e Qoo B amd defective item Srom B s

5 .2 — L, (et tuis ik g B
P"'- & ) T [9('/_')):'2}-

19

tence. P = PPy %;,“"57' ~ 9o
p= plEerD) =pC(E+ PMD)=p+p,

(i) comsider the events X = {defoctie Suom

and \{._,_ {O“_Q £ berm ‘s Jege@-*\-\)( awm ol ev\{}
ven de e Kruwe

s Asole

\,&t Seek P(X\\/) .
2

From () PCROY) =P = T amd p(y)ﬁl%
vaxay) _ e o 2 i
PCX\\;) = 50Y) = Y87 19
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92 - ‘4 alass C@"')MI 1O b?f}-wo, Q.,eg/r’_g Q:;
which hatf the l:ods amd bhalf the qivs
Ihnave bveown eyes. 5L (L »ObabJZ"/'
thaf o pevsen choscen =t mn}z' s o b;J
v Whas lbyown eyes =

salufroy Lef A ={ pevsev s a bog} 5 omol

nas e rawn Q:‘GS}

B = { pore" 1
Me gee k PCPUB) PC‘F\):‘.?—as} P
20 2 -L ( because Aho are /C=S=35

pcCe) =
o byrowem ejeu)

bo\j} and 2o~ lo =10 3'/7‘/{
P C ANBD = jgo =2 we Mave by ke
+Hheovem pCRUB) = PRy +pPcBl) - p'(ﬂt:B)

— —

5 R e L -1 -—6-‘—’ = FED
. PSR - 7L05_s'ea? toe -hm'e&. The fellowing
f-able [ists the S1X M””be"—" ond the fyc.,uen-cj
y ear ed .

w/ th Which each mlmber app

pumber (19214 sél

Frequendy fiy [17 [20]12frs |16
4“""‘] (waab;‘i.{yjf °4

(i) X 3 eppearc,

Find He volative fre
"{h.a_ e,g/Qn‘l‘j (_l) 2 QF"'MS .
(LD @ s app=ars. (W) a yoppears. (V) an evey
mbser apprars (Vi) 2 prYime Numaey appeors
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P

1he Hfd—l—\be S—’)V‘—'NGMJ = numlpey of succeses
. / 20 Fotal numhqe(s Wk
|) = —= 5 » o & n

( fz /oo 017, () g,—- o -2

L'(“) —rs: %o‘-'-"'ls ) Q;/) f: l—z’:Oalg
7

/OQ al
(v) - SpHIBRIE ey Wi f= 12rzovts
=g 7R
Note

Ve Wawe @,1'\'-4,0:4_3 de-ﬂ,;.,ea, Flex. wa«b:‘h'ffj
& 'P = 'v:') » e ke DUMb-er 0& Successes
amd M num e of 4osies « Jdie (_Saj)
from ths sample space o Y TR q,s,{j
1 —_ -
P (ay=¥ 1 plad=ig PO)g =mfg

P ( even numper) = —‘37—- = 0-S
PCPT’M“Q nu,mber) _ P(Z/S)S) :-:— ~o.g

U(/C See s all Jl‘[k"c“cﬁ- 9;'7 Hae results a_)(
¢ aleuwlahong . Vb we consid the sumple space

We ave Working M elassscal dafiyition of
provability- 7f n gets Jarge (n—> =)
1f we caleulafe Huw preba b«'[«"lj Froam e
?chutnd_tj We are AO{U oo Frequincey
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L/' Lc'é 2 Ldewms e ehosen af Ym'm/o»m fw,‘.,
A !Of COY)"d(.ﬂ.';hj 12 f{-em_g OF U)hle—h 7

oA re O,Q,I'Cc‘f’l;/i . Lef :
eans we/efecm%

A = § both (1 a
B - % EOW‘A‘H’PM are ﬂo"-de/"‘"’wej
rid pCR) s PCB) o il

S . let ¢oin emd a o 1) fosced .

Fyia/ the pwba bileties of +he fa//ow@j events

(12 heads and an even number eppeci

(i) ftails ond e odd number opp €t

fﬁ) /r}gaa,; a/r)o’ 't‘-d/'[! a/r)p/ Pn'owc num ‘D?'t"
a,o{o-edr- H - W-

6 - lef 17 and 8 be events with p(HUQ}u% 5
2 1)

P V=5 and plagr)-L . Find

(DPCRA), (i) pCB)» (iii) pcpaB®) - H.w.

F- Six marvied couple anre S+olno'n'\gg " o
Yo &

G 94 2 people a@re chosen ot yrandom Find
e probabelcty p hat

€=)) The oire /nadrrrr'?cl

(b ore | amale a/ﬂa/ ope 15 fFemale
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) 2l y people ove chosen af random
find dhe probability p thab

(a) 2 married couples are chosen
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