Engineering Statistics Cheat Sheet #1

Probability is a number that is assigned to each member of a collection of events
from a random experiment that satisfies the following properties:

If § is the sample space and E is any event in a random experiment,

M PS) =1

@) 0=sPE =1

(3) Fortwoevents E, and E, withE, N E, = &

P(El U E;) = P(Ey) + P(Ey)

The preceding example illustrates that the probability of 4 or B is interpreted as P(4 U B)
and that the following general addition rule applies.

P(4 U B) = P(4) + P(B) — P(4 N B) @-1)

P(AUBUC) P(4) + P(B) + P(C) — P(4 N\ B)
~PANC) - P(BﬂC)+P(AﬁBﬂC) (2-3)

A collection of events, £, E,, ..., E, 18 said to be mutually exclusive if for all pairs,

For a collection of mutually exclusive events,

 PELUEU ... UE) = P(E) + P(E;) + ... P(E,) (2-4)

The conditional probability of an event B given an event 4, denoted as P(B [4), is

P(B|4) = P(4 N B)/P(4) (2-5)
for P(4) > 0. |
Multiplication Rule
P(4 N B) = P(BI4)P(4) = P(4 | B)P(B) (2-6)
Total Probability
Rule (two events) For any events 4 and B,

P(B) = P(BNA) + P(BN A') = P(BIA)P(4) + P(BIA'\P(4')  (2-T)
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Two events are independent if any one of the following equivalent statements is true:
(1) P(4]B) = P(4)

(2) P(Bl4) = P(B)
(3) P(ANB) = P4)PB) _ 2-9)

The events E|, E,, ..., E, are independent if and only if for any subset of these
events E; . E, , ..., E,

l’p

P(E, NE, 0\ NE,) = P(E;) X P(E,) X - X P(E,) (2-10)

P(Bl4)P(4)

P(4|B) = PB)

for P(B)>0 (2-11)

The cumulative distribution function of a discrete random variable X, denoted as

Fx), is
Fix)=PX=<x)= 3 f(x)

’ n=x )
For a discrete random variable X, F(x) satisfies the following properties.
(1) F‘(x) = P(X$ X) = 21‘,5: f(xl)
2y 0=Fx)=1
(3) Ifx=yp, thenF(x)=F(y) (3-2)

The mean or expected value of the discrete random variable X, denoted as p or E{X), is
w= E(X) = 3 xf(x) (33)
The variance of X, denoted as o or H{X), is
0= V) = BX — P = 3 (x - o) = D) -

The standard deviation of Xis ¢ = Vo>,

If X is a discrete random variable with probability mass function f{x),

EWX)] = 2 xh(x)f(x) (3-4)
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Suppose X is a discrete uniform random variable on the consecutive integers
a,a+ 1,a+ 2 ..., b,fora <b. The mean of Xis

b+a
w=BX) =—
The variance of X is
—a+ 12 -1
D )

A random experiment consists of » Bernoulli trials such that

(1) The trials are independent

(2) Each trial results in only two possible outcomes, labeled as “success” and
“fajlure”

(3) The probability of a success in each trial, denoted as p, remains constant
The random variable X that equals the number of trials that result in a success

has a binemial random variable with parameters 0 < p < landn = 1, 2,.... The
probability mass function of X is

fx) = (:)p"(l -V x=0,1,...,n &)

i
b
H

In a series of Bemoulli trials (independent trials with constant probability p of a suc-
cess), let the random variable X denote the number of trials until the first success.
Then X is a geometric random variable with parameter 0 < p < | and

) =0-py'p x=1,2,.. (3-9)

If X is a geometric random variable with parameter p,

R=EX)=1p ad o= NX)=(1-p)p (3-10)

The cumulative distribution function of 2 continuous random variable X is
X

R = P =) = [ fuy @3)

—m

for —o < x < o0,
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Suppose X is a continuous random variable with probability density function f(x).
The mean or expeeted value of X, denoted as p. or E(X), is

w = E(X) = f o) dx (4-4)
The variance of X, denoted as V(X) or o2, is

o’ = NX) = I(x* w)fx) dx = Ixzf(x)dx— w

-

The standard deviation of Xis o = \/:,_2_

If X is a continuous random variable with probability density function f(x),

E[h(x)] = fh(x)f(x)dx @-5)

—o0

A continuous random variable X with probability density function

f(x) =1/(b-4d), a=<x=<b (4-6)

is a continuous uniform: random variable.

If X is a continuous uniform random variable over a < x < b,

"LzE(X)=»(a;b) and 0’2=V(X)=(—b——1_2—a—)—2 @7
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A random variable X with probability density function

~&-uf
e —o < x < © 4-8)

) 1
S0 = Tmo

is a norinal random variable with parameters ., where —© < p < ®, and o > 0.
Also,

EX)=p and V(X)=d’ 4-9)

and the notation N(p, ¢} is used to denote the distribution. The mean and variance
of X are shown to equal i and o7, respectively, at the end of this Section 5-6.

Suppose X is a normal random variable with mean p and variance o*. Then,

HXsn=P(X;”51%ﬁ>=HZs@ (@11)

x
where Z is a standard normal random variable, and z = { p
obtained by standardizing X.

The probability is obtained by entering Appendix Table Il with z = (x — p)/o.

is the z-value

The random viriable .X that equals the distance. between successive counts of a
Poisson process with mean A > 0 is an exponential random variable with parame-
ter A. The probability density function of X'is

Sy =Xre™ for 0sx<ow (4-14)

If the random variable X has an exponential distribution with parameter A,

1
and o =¥ =3 (4-15)

o |

p = E(X) =




APPENDIX A 653
z 1 _ 12
Pz)=PZ=2z2)= J e 2 du
V2w
D (z)
z 0
Table I  Cumulative Standard Normal Distribution

z —0.09 —0.08 —-0.07 —0.06 —0.05 —0.04 —0.03 —=0.02 —0.01 —0.00
—=3.9 0.000033 0.000034 0.000036 0.000037 0.000039 0.000041 0.000042 0.000044 0.000046 0.000048
—3.8 0.000050 0.000052 0.000054 0.000057 0.000059 0.000062 0.000064 0.000067 0.000069 0.000072
—=3.7 0.000075 0.000078 0.000082 0.000085 0.000088  0.000092 0.000096  0.000100 0.000104 0.000108
—=3.6 0.000112 0.000117 0.000121 0.000126  0.000131  0.000136  0.000142  0.000147 0.000153  0.000159
—3.5 0.000165 0.000172 0.000179 0.000185 0.000193  0.000200 0.000208 0.000216  0.000224 0.000233
=34 0.000242 0.000251 0.000260 0.000270  0.000280 0.000291 0.000302 0.000313 0.000325 0.000337
—3.3 0.000350 0.000362 0.000376  0.000390 0.000404 0.000419 0.000434 0.000450 0.000467 0.000483
—3.2  0.000501 0.000519 0.000538 0.000557 0.000577 0.000598 0.000619 0.000641 0.000664 0.000687
—=3.1  0.000711 0.000736 0.000762 0.000789 0.000816  0.000845 0.000874  0.000904 0.000935 0.000968
—=3.0 0.001001 0.001035 0.001070 0.001107 0.001144 0.001183 0.001223  0.001264 0.001306 0.001350
—=2.9 0.001395 0.001441 0.001489 0.001538 0.001589 0.001641 0.001695 0.001750 0.001807 0.001866
—2.8 0.001926 0.001988  0.002052 0.002118 0.002186 0.002256  0.002327  0.002401 0.002477 0.002555
—=2.7 0.002635 0.002718 0.002803  0.002890 0.002980  0.003072 0.003167 0.003264 0.003364 0.003467
—2.6 0.003573 0.003681 0.003793  0.003907 0.004025 0.004145 0.004269 0.004396 0.004527 0.004661
—=2.5 0.004799 0.004940 0.005085 0.005234 0.005386 0.005543 0.005703  0.005868 0.006037 0.006210
=24 0.006387 0.006569 0.006756  0.006947 0.007143  0.007344 0.007549  0.007760 0.007976  0.008198
—2.3  0.008424 0.008656  0.008894  0.009137 0.009387 0.009642 0.009903 0.010170 0.010444 0.010724
—2.2 0.011011 0.011304 0.011604 0.011911 0.012224 0.012545 0.012874 0.013209 0.013553 0.013903
—=2.1  0.014262 0.014629 0.015003 0.015386 0.015778 0.016177 0.016586 0.017003 0.017429 0.017864
—2.0 0.018309 0.018763 0.019226 0.019699 0.020182 0.020675 0.021178 0.021692 0.022216  0.022750
—1.9 0.023295 0.023852 0.024419 0.024998 0.025588 0.026190 0.026803  0.027429  0.028067 0.028717
—1.8 0.029379 0.030054 0.030742 0.031443 0.032157 0.032884 0.033625 0.034379 0.035148 0.035930
—1.7 0.036727 0.037538 0.038364 0.039204 0.040059 0.040929 0.041815 0.042716 0.043633 0.044565
—1.6 0.045514 0.046479 0.047460  0.048457 0.049471 0.050503 0.051551 0.052616 0.053699 0.054799
—1.5 0.055917 0.057053 0.058208 0.059380 0.060571 0.061780 0.063008 0.064256 0.065522 0.066807
—1.4 0.068112 0.069437 0.070781 0.072145 0.073529 0.074934 0.076359 0.077804 0.079270 0.080757
—1.3 0.082264 0.083793 0.085343 0.086915 0.088508 0.090123 0.091759 0.093418 0.095098 0.096801
—1.2  0.098525 0.100273 0.102042 0.103835 0.105650 0.107488 0.109349 0.111233 0.113140 0.115070
—1.1  0.117023 0.119000 0.121001  0.123024 0.125072 0.127143  0.129238 0.131357 0.133500 0.135666
—1.0 0.137857 0.140071  0.142310 0.144572 0.146859 0.149170 0.151505 0.153864 0.156248 0.158655
—=0.9 0.161087 0.163543 0.166023 0.168528 0.171056 0.173609 0.176185 0.178786  0.181411 0.184060
—0.8 0.186733 0.189430 0.192150 0.194894 0.197662 0.200454 0.203269 0.206108 0.208970 0.211855
—=0.7 0.214764 0.217695 0.220650  0.223627 0.226627  0.229650  0.232695 0.235762 0.238852  0.241964
—=0.6 0.245097 0.248252  0.251429 0.254627 0.257846  0.261086 0.264347  0.267629 0.270931 0.274253
—=0.5 0.277595 0.280957  0.284339 0.287740 0.291160  0.294599  0.298056 0.301532 0.305026 0.308538
—0.4 0312067 0.315614 0.319178 0.322758 0.326355 0.329969 0.333598 0.337243 0.340903 0.344578
—0.3 0.348268 0.351973  0.355691 0.359424 0.363169 0.366928 0.370700 0.374484 0.378281 0.382089
—0.2 0.385908 0.389739  0.393580 0.397432 0.401294 0.405165 0.409046 0.412936 0.416834 0.420740
—0.1 0.424655 0.428576 0.432505 0.436441 0.440382 0.444330 0.448283 0.452242 0.456205 0.460172

0.0 0464144 0468119 0472097 0.476078 0.480061 0.484047 0.488033 0.492022 0.496011 0.500000
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Table I  Cumulative Standard Normal Distribution (continued)

z

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
23
2.4
2.5
2.6
2.7
2.8
29
3.0
3.1
32
33
34
35
3.6
3.7
3.8
3.9

0.500000
0.539828
0.579260
0.617911
0.655422
0.691462
0.725747
0.758036
0.788145
0.815940
0.841345
0.864334
0.884930
0.903199
0.919243
0.933193
0.945201
0.955435
0.964070
0.971283
0.977250
0.982136
0.986097
0.989276
0.991802
0.993790
0.995339
0.996533
0.997445
0.998134
0.998650
0.999032
0.999313
0.999517
0.999663
0.999767
0.999841
0.999892
0.999928
0.999952

0.503989
0.543795
0.583166
0.621719
0.659097
0.694974
0.729069
0.761148
0.791030
0.818589
0.843752
0.866500
0.886860
0.904902
0.920730
0.934478
0.946301
0.956367
0.964852
0.971933
0.977784
0.982571
0.986447
0.989556
0.992024
0.993963
0.995473
0.996636
0.997523
0.998193
0.998694
0.999065
0.999336
0.999533
0.999675
0.999776
0.999847
0.999896
0.999931
0.999954

0.507978
0.547758
0.587064
0.625516
0.662757
0.698468
0.732371
0.764238
0.793892
0.821214
0.846136
0.868643
0.888767
0.906582
0.922196
0.935744
0.947384
0.957284
0.965621
0.972571
0.978308
0.982997
0.986791
0.989830
0.992240
0.994132
0.995604
0.996736
0.997599
0.998250
0.998736
0.999096
0.999359
0.999550
0.999687
0.999784
0.999853
0.999900
0.999933
0.999956

0.511967
0.551717
0.590954
0.629300
0.666402
0.701944
0.735653
0.767305
0.796731
0.823815
0.848495
0.870762
0.890651
0.908241
0.923641
0.936992
0.948449
0.958185
0.966375
0.973197
0.978822
0.983414
0.987126
0.990097
0.992451
0.994297
0.995731
0.996833
0.997673
0.998305
0.998777
0.999126
0.999381
0.999566
0.999698
0.999792
0.999858
0.999904
0.999936
0.999958

0.515953
0.555760
0.594835
0.633072
0.670031
0.705401
0.738914
0.770350
0.799546
0.826391
0.850830
0.872857
0.892512
0.909877
0.925066
0.938220
0.949497
0.959071
0.967116
0.973810
0.979325
0.983823
0.987455
0.990358
0.992656
0.994457
0.995855
0.996928
0.997744
0.998359
0.998817
0.999155
0.999402
0.999581
0.999709
0.999800
0.999864
0.999908
0.999938
0.999959

0.519939
0.559618
0.598706
0.636831
0.673645
0.708840
0.742154
0.773373
0.802338
0.828944
0.853141
0.874928
0.894350
0.911492
0.926471
0.939429
0.950529
0.959941
0.967843
0.974412
0.979818
0.984222
0.987776
0.990613
0.992857
0.994614
0.995975
0.997020
0.997814
0.998411
0.998856
0.999184
0.999423
0.999596
0.999720
0.999807
0.999869
0.999912
0.999941
0.999961

0.532922
0.563559
0.602568
0.640576
0.677242
0.712260
0.745373
0.776373
0.805106
0.831472
0.855428
0.876976
0.896165
0.913085
0.927855
0.940620
0.951543
0.960796
0.968557
0.975002
0.980301
0.984614
0.988089
0.990863
0.993053
0.994766
0.996093
0.997110
0.997882
0.998462
0.998893
0.999211
0.999443
0.999610
0.999730
0.999815
0.999874
0.999915
0.999943
0.999963

0.527903
0.567495
0.606420
0.644309
0.680822
0.715661
0.748571
0.779350
0.807850
0.833977
0.857690
0.878999
0.897958
0.914657
0.929219
0.941792
0.952540
0.961636
0.969258
0.975581
0.980774
0.984997
0.988396
0.991106
0.993244
0.994915
0.996207
0.997197
0.997948
0.998511
0.998930
0.999238
0.999462
0.999624
0.999740
0.999821
0.999879
0.999918
0.999946
0.999964

0.531881
0.571424
0.610261
0.648027
0.684386
0.719043
0.751748
0.782305
0.810570
0.836457
0.859929
0.881000
0.899727
0.916207
0.930563
0.942947
0.953521
0.962462
0.969946
0.976148
0.981237
0.985371
0.988696
0.991344
0.993431
0.995060
0.996319
0.997282
0.998012
0.998559
0.998965
0.999264
0.999481
0.999638
0.999749
0.999828
0.999883
0.999922
0.999948
0.999966

0.535856
0.575345
0.614092
0.651732
0.687933
0.722405
0.754903
0.785236
0.813267
0.838913
0.862143
0.882977
0.901475
0.917736
0.931888
0.944083
0.954486
0.963273
0.970621
0.976705
0.981691
0.985738
0.988989
0.991576
0.993613
0.995201
0.996427
0.997365
0.998074
0.998605
0.998999
0.999289
0.999499
0.999650
0.999758
0.999835
0.999888
0.999925
0.999950
0.999967






