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4 Example 3.4.1 A hospital administrator, who has been studying daily emer-
gency admissions over a period of several ycars, has concluded that they are
distributed according to the Poisson law. Hospital records revcal that emergency
admissions have averaged three per day during this period. If the administrator is
correct in assuming a Poisson distribution find the probability that

1. Exactly two cmergency admissions will occur on a given day.

Solution Welet A be 3 and X be a random vanable denoting the number of
daily emergency admissions. Then, if X follows the Poisson distribution

. e-J 2
; P(X=12)=/(2)= T
.050{9)
ERE Y
=225

Values qi: e ‘are avaﬂ;ble from most hand-held calc_ulators.

2, No emergency admissions will occur on a particular day.

Solution
. g=30
050(1)
Rk
= 05

b afesis e, -
T . = Jbaa. a5
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3. Either three or four emergency cases will be admitted on a particular day.

Solution Since the two events arc mutually exclusive, we usc the addition rule
to obtain B ' ' '

e—33? g3t

FE) 4 ity = ——+ =2

: .05(27) . .05(81)

3+2+1 O B R |
225 + 16875
39

I

I

In the foregoing example the probabilities were evaluated directly frem the
equation. We may, however, use.Appendix Table B, which. gives cumulative
probabilities for various values of A and X. '

r

Example 3.4.2 In the study .of a certain aquatic organism, a large number of

-samples were taken from a pond, and the number of organisms in each sample

was counted. The average number of organisms per sample was found to be two.
Assuming that the number of organisms follows a Poisson distribution, find the
probability that: '

1. The next sample taken will contain one or fewer organisms.

Solution In Table B we see that when A = 2, Lhe.probabﬂity that X <1 s
.406. That 1s, P(X < 1|2) = .406.

2. The next sample taken will contain exactly three organisms.

Solution
P(X=32)=P(X =< 3) — P(X <2)= 857 — .677 = .180

3. The next sample taken will contain more than five organisms.

Solution Since the set of more than five organisms does not include five we
are asking for the probability that six or more orgamsims wiil be observed. This 13
obtained by subtracting the probability of observing five or fewer from 1. That is,

P(X>512)=1-P(X<5 =1-.983=.017
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Cumulative Pofsson Distribution P(X < x|\). 1000 Times the Probability of x or Fewer
Occurrences of Event That Has Average Number of Occurrences Equal to A

2
P(X<2]A=1.00)=.920

2 344

4 02 04 06 08 .10 15 20 25
0 980 961 942 923 905 86l 819 779
1 1000° 999 998 997 995 990 ' 982 974
2 1000 1000 1000 1000 999 999 ~ 998
3 ! 1000 1000 1000
5 .30 35 40 45 .50 .55 60 65
07 | 741 705 670 638 607 577 549 522
1 963 951 938 925 . 910 894 878 86l
2 996 994 992 989 98 982 977 972
3 1000 1000 999 999 998 998 997 996
4 1000 1000 1000, 1000 1000 999
5 2 1000
Ml m oo o m ow's i
0 497 472 449 427 407 387 368 333
1 844 827 809 791 772 754 736 699
2 G566 959 953 945 937 929 920 900
.3 994 993 991 989 987 984 981 974
4 999 999 999 998 998 997 996 995
5 1000 1000 1000 1000 1000 1000 999 999
6 ' 1000 1000
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APPENDIX

k Taore B (Cantinued)

. %1 13 1.3 1.4 1.5 1.6 17 . 18 1.9
0 301 273 247 223 202 183 165 150
1 663 627 592 558  525- 493 463 434
2 879 ., 857 8§33 809 783 757 731 704
3 966 957 946 934 921 907 891 875
4 | 992 989 98 981 976 970 964 956
3 998 998 997 996 994 992 990 987
6 | 1000 1000 999 999 999 998 997 997
7 : 1000 1000 1000 1000 999 999
8 . 1000 1000
2 A1 20 2.2 2.4 26 28 3.0 3.2 3.4
0 135 111 091 074 061 050 41 033
1 406 355 308 267 231 199 171 147
2 677 623 570 518 469 423 380 340
3 857 © 819 719 136 692 647 603  S58
4 947 928 904 877 848 815 781 . 744
5 983 975 064 651 935 916 895 871
6 995 993 988 983 . 976 966 955 94
7 999 998 997 995 ° 992 983 983 977
8 | 1000 1000 999 999 998 997 994 992
9, - © 1000 - 1000 999 999 998 997
10 : 1000 1000 1000 999
11 1000
\t; Al 36 . 38 40 42 44 46 48 50
0 027 022 018 015 012 010 008 007
1 126 107 092 078 066 ! 056 048 048
2 303 269 238 210 185 163 143 125
3 515 - 473 433 395 359 326 294 265
4 706 668 629  S90 551  SI13 476 440
S 844 816 785 753 720 686 651 616
6 927 909 889 867 844 818 791 762
7 969 960 949 936 921 905 887 867,
8. | 988 984 979 972 954 955 944 932
9 996 994 992 989 985 980 975 968
10 999 998 997 996 994 992 990 986
11 | 1000 999 999 999 998 997 996 995
12 1000 1000 1000 999 999 090 008
13 1000 1000 1000 999
! , 1000
4
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Ficure 3.6.1

Graph of a Normal Distribution

df\o&’o\dﬁ‘(\sjncq of the Notwmal Dlgjmln(,d-:ov\

51.

It is symmetrical about its mean, j. As is shown in Figure 3.6.1, the curve on
either side of x is a mirror image of the other side.

The mean, the median, and the mode are all equal.

The total area under the curve above the x-axis is one square unit. This
characteristic follows from the fact that the normal distribution is a probabil-
ity distribution. Because of the symmetry already mentioned, 50 percent of
the area is to the right of a perpendicular erected at the mean, and 50 percent
1s to the left.

If we erect perpendiculars a distance of 1 standard deviation from the mean
in both directions, the area enclosed by these perpendiculars, the x-axis, and
the curve will be approximately 68 percent of the total area. If we extend
these lateral boundaries a distance of 2 standard deviations on either side of
the mean, approximately 95 percent of the area will be enclosed, and
extending them a distance of 3 standard deviations will cause approximately
99.7 percent of the total area to be enclosed. These approximate areas are
illustrated in Figure 3.6.2.

The normal distribution is completely determined by the parameters p and o.
In other words, a different normal distnibution is specified for each different
value of p and o. Different values of p shift the graph of the distribution
along the x-axis as is shown in Figure 3.6.3. Different values of o determine
the degree of flatness or peakedness of the graph of the distnbution as 1s
shown in Figure 3.6.4.
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FIGURE 3.6.2

Subdivision of the Area Under the Normal Curve (Areas Are Approximate)
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FIGURE 3.6.3

Three Normal Distributi with Different Means
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FIGURE 3.6.4
Three Normal Distributions with Different Standard Deviations

u =90

z
FiGure 3.6.5
The Unit Normal Distribution
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Area Given by Appendix Table C
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-2.74 0 1.53
FiGURE 3.6.9

Unit Normal Curve Showing Proportion of z Values Between
= ~dHMand 2 = 1.53
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FIGURE 3.6.10
Unit Nonnal Distribution Showing P(z > 2.71)

0 .84 2.45
FIGURE 3.6.11

Unit Normal Curve Showing P(.84 < - < 2.45)
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FIGURE 3.6.12

Normal Distribution to Approximate Distribution of Scores on a Manual .-
Dexterity Test :

FIGURE 3.6.13
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Distribution of Weights (x) and the Corresponding Unit Normal Distribution (z




APPENDIX
Taere C
Normal Curve Areas P(1 < 2, ) Entries in the Body of the Table are Areas
Between —o0 and ¢
7
4

|

///,/j‘:’ /7
%/2’ /

0 196 .

z -009 -008 -007 —-006 -005 -004 —003 —-002 -001 000 z
—3.80 .0001 .0001 0001 .0001 .0001 0001 .0001 .0001 .0001 .0001 -3.30
-3.70 0001 .0001 .0001 .0001 0001 .0001 .0001 .0001 .0001 .0001I =3.70
-3.60 .0001 .0001 .0001 .0001 .0001 -0001 .00O1 .0001 .0002 .0002 —3.60
—3.50 .0002 .0002 .0002 .0002 0002 .0002 .0002 .0002 .0002 .0002 -3.50
—340 .0002 .0003 .0003 .0003 .0003 .0003 .0003 .0003 0003 0003 —3.40
—3.30 .0003 .0004 .0004 .0004 0004 .0004 0004 .0005 .0005 0005 —3.30
~3.20 .0005 .0005 .0005 .0006 .0006 .0006 .0006 .0006 .0007 .0007 -3.20
—3.10 .0007 .0007 .00OB .0008 .0OOB .0008 .0009 .0009 .000% .0010 -3.10
—3.00 0010 .0010 0011 0011 0011 .0012 .0012 .0013 0013 .0013 -3.00
—290 .0014 0014 .0015 .0015 0015 .0016 .0017 .0O18 .ODIB 0019 -290
—2.80 .0019 .0020 .0021 .0021 .0022 0023 .0023 .0024 .0025 .0026 _-280
-2.70 0026 .0027 0028 .0029 0030 .0031 .0032 .0033 .0034 .0035 -—-270
—260 .0036 .0037 .0038 .0039 .0040 .0041 .0043 .0044 0045 .0047 -2.60
—2.50 .0048 .0049 .0051 0052 .0054 0055 0057 .0059 .CO60 .0062 -2.50
—240 0064 0066 .0068 .0069% .0071 0073 .0075 .0078 .00BO .0082 -—2.40
-~2.30 .0084 .0087 .0089 .0091 .0094 0096 0099 .0102 0104 0107 -230
—-220 .0110 0113 0116 0119 0122 0125 0129 0132 0136 0139 -220
~2.10 0143 0146 0150 .0154 0158 .0162 0166 .0170 .0174 0i79 -2.10
-200 0183 .0!88 .0192 .0197 .0202 .0207 .C212 .0217 .0222 0228 -200
=190 0233 .023% .0244 0250 .0256 .0262 .0268 .0274 0281 .0287 -150
—-1.80 0294+ .0301 .0307 .0314 .0322 .0329 .0336 .0344 0351 .0359 -1.80
- 1.7¢ 0367 0375 .0384 .0392 0401 .0409 0418 0427 0436 0446 -1.70
- 1.60 0455 .0465 .0475 .0485 0495 0505 0516 0528 0537 .0348 -—1.60
-1.50 0559 0571 .0582 0594 0606 .0618 0630 .0643 .0655 .0668 —1.50
-1.40 0681 .0694 0708 .0721 0735 .0749 .0764 0778 0793 .0808 —1.40
—130 .0823 .0833 .0853 .0369 .0885 .0901 .0918 .0934 .0951 .0968 -1.30
-120 .0985 .1003 1020 .1038 1056 .1075 .1093 1112 1131 1151 -1.20
=110 .1170 .1190 1210 .1230 .1251 .1271 .1292 .1314 1335 .1357 -1.10
=100 .1379 .1401 142} 1446 1469 .1492 1515 1539 .1562 .1587 -1.00
=080 1611 1635 1660 1685 171t 1736 1762 1788 .1814 1841 -090

{ ~0.80 .I1867 .1894 1922 1949 1977 2005 2033 2061 2090 2119 -0.80
1 —-0.70 2148 2177 2206 2236 L2266 2296 .2327 2358 .2389 2420 -0.70
—0.60 .2451 238} 2514 2546 2378 2611 2643 2676 .2709 2743 —0.60

-0.50 2776 2810 .2843 2877 2912 2946 .2981 .3015 3050 .3085 -0.50

=040 3121 3156 3192 3228 3264 3300 3336 3372 3409 3446 —0.40

=030 3483 3320 3357 .3594 3632 3669 .3707 3745 3783 3821 -0.30

-0.20 /3859 3897 3936 .3974 4013 4052 4090 .4129 4163 4207 -0.20

=0.10 4237 4286 4325 4364 4404 444) 4481 4527 4367 4400 DD

0.00 4641 4681 4721 4761 48301 4840 4380 4920 .4960 .5000 0.00
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TaBre C (Continued)

z 0.00 001 002" 003 004 - 005 006 0.07 0.08  0.09 z
000 .5000 .5040 .5080 .5120 .5160 5199 5239 5279 5319 5359  0.00
0.10 .5398 .5438 5478 5517 5557 3596 5636 5675 .5714 5753 0.10
020 5793 5832 5871 5910 .5948 5987 6026 6064 .6103 6141 020
030 6179 6217 6255 .6293 6331 6368 6406 6443 6480 6517 0.30 :
040 .6554 6591 6628 .6664 6700 6736 6772 6808 .6844 6879 0.40
050 6915 6950 .6985 .7019 .7054 -7088 7123 7157 7190 7224 (.50
060 .7257 .7291 .7324 7357 .7389 7422 7454 7486 (7517 7549 0.0
0.70 .7580 .7611 .7642 7673 .7704 7734 7764 7794 7823 7852 0.70
0.80 .7881 .7910 .7939 .7967 .7995 8023 8051 .8078 .8106 .8133 0.80
0.90 8159 .8186 .8212 8238 8264 -8289 8315 8340 8365 8389 090
1.00  .8413 8438 8461 8485 8508 -8531 8554 8577 8599 8621 1.00
110 8643 8665 .8686 .8708 .8729 8749 8770 8790 8810 .8830 1.10
1.20 8849 8869 .8888 .8907 .8925 8944 8962 8980 .8997 9015 1.20
130 9032 9049 9066 9082 9099 9115 9131 9147 9162 9177 130
140 9192 9207 9222 9236 9251 9265 9279 9292 9306 9319 140
1.50 9332 9345 9357 9370 9382 9394 9406 9418 9429 9441 150
1.60 9452 9463 9474 9484 9495 2505 9515 9525 9535 9545 1.60

L70 9554 9564 9573 9582 9591 599 9608 9616 9625 9633 1.70
L.BO 9641 9649 9656 9664 9671 9678 9686 9693 9699 9706 1.80
190 9713 9719 9728 9732 9738 9744 9750 9756 9761 9767 | .90
200 9772 9778 9783 9788 9793 9798 9803 9808 9812 9817 200
210 9821 9826 9830 .9834 9338 9842 9846 9850 9854 9857 2.i0
220 9861 9864 9868 9871 9875 9878 9881 9884 9887 9890 2.20
230 9893 9896 9898 9901 9904 9906 9909 9911 9913 99i6 230
240 9918 9920 9922 9925 9927 9929 9931 9932 9934 9936 2.40
250 9938 9940 9941 9943 9945 9946 9948 9949 9951 995z 250
260 ©.9953 9955 9956 9957 9959 9960 9961 9962 9963 996+ 260
270 .§965 9966 9957 9968 9969 9970 9971 9972 9973 9974 270
280 9974 9975 9976 9977 9977 9978 9979 9979 9980 9981 280
290 9981 9982 9982 9983 9984 9984 9985 9985 9986 9986 290
3.00 9987 9987 9987 9988 9988 9989 9989 9989 9990 .« 9990 3.00
310 9990 9991 9991 999 9992 9992 9992 9992 9993 9993 3.10
320 9993 9993 9994 994 9991 9994 9994 9995 9995 9995 320
330 9995 9995 9995 93996 9996 9996 9996 9996 9996 9997 330
340 9997 9997 9997 9997 9997 =9997 9997 9997 9997 9998 .40
350 9993 9958 9998 9993 9993 9998 9998 9998 9998 9998 3.50
360 9998 9998 9999 9999 9999 9999 9999 9999 9999 9999 360
3.70 9999 9999 9999 9999 9999 9999 9999 9999 9999 9999 3.7
380 9999 9999 9999 9999 9999 9999 9999 9999 9999 9999  3.80

@
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