Quick Reference to Statistics Ver.0.5e
Notation

x, y: random variables

i=1

E(z)ylirx;o<z 561/1/> E(ax+by)=aE(x) +bE(y)

a, b: constants
V(z)=E[{z — E(x)}?] = BE(2®) — B(

x) V(az+b)=a?V ()
x and y are independant:

E(zy)=E(z)E(y) V(z+y)=V(z)+V(y)

z;: Element in population o: Standard deviation of population

T : Mean of population

T = FE(x) o’=FE{(x—7)*}=E(2?) — 12
X Eii X, : Sample mean E(X)=z N: Sample size
N~ ! X;: i-th element in sample
SQE;% (X X)2;<i X2 - NX2> : Sample variance E(S%*) =02
Nﬁlz‘:l N -1 p v
EX)=1%

k=1 k=i
_ 1 2 N -1 —92
_ 1 _
E(X-X) E(W; XkX> =EB(XiX)
E{(XrX)Q}:E(XE—2XZX+X2):%{E(:C2)752}: N—1

Covariance and Correlation Coefficient of zy

nyz%z (i—2)(yi—¥) %{(Z Sczyz> ny_}m E(zy) — E(z)E(y)

_ Oxy
Pzy =

V(z+y)=V(z)+V(y)+2{E(zy) — E(z)E(y)} =05+ 204y + 0,

For = f(p;) 5q= Z %61%

0
V(éq) V(Z —81{5171') :Z (0if)oi;(9;f)
i irj
oif = % 0i; = E(6pidp;) o0;j « Covariance matrix

Change of Variables

Change of random variable D C " — D’ CR"

Relation between probability density function p(X7y, -+, X,) and ¢(Y7,---, Y3)



(Y1, Yy)

o, | 1)

p(Xl’ e X)) = ‘

where we let the determinant non-zero everywhere — One-to-one between D and D’

Stirling’s Formula
nJrl
nl~+/2rn" " Ze"

Characteristic Functions

o(u) = E(e*®) = /e”“f(z) dx iindu”

Probability Distributions typically used P({X =z}) = p(x)
Binomial Distri.: p(z)( Z )pmq"z p+qg=1 E(x)=np V(z)=npq

o(u)=(q+ pei“)" : Characteristic Function

. o ure H
Poisson Distri.: p(z) = o E(xz)=u V(z)=p
¢(u) = exp [p(e™ —1)]
Normal Distri.: p(x)%exp{%(:cﬂf} E(z)=p V(x)=s?
sv2m 8

¢(u) =exp (z’uu — % 52u2> erf(a) = %/0 e " du
x?2 Distribution
Z ~N(0,1) normal distribution with mean of 0 and variance of 1

(x~ X: arandom variable z is chosen from a distribution X)

n
W= Z Z2 ~ x?-distribution with n degrees of freedom
i=1

EW)=n V(W)=2n

X; : random sample chosen from N(u, s)

1< > .
W:?Z (X; — X)? ~x? dist. w/ n—1d.o.f.

=1
2 2
0 SW o S o
§2=2 B($?) == E(W)=s
AR SNy <_><_2>
POcin) 2”/2F(n/2)(x e

F-Distribution
X3, X3 ~x?2 distributions with n; and ng d.o.f., respectively, and are independant

F= X%/nl

5 ~ F-distribution with nj, ny degree of freedoms
X3/n2

2 2 —
nnl/ n;u/ Fn1/2 1

. _ 1
p(F, ny, TLQ) - B(n1/2, n2/2> (an + n2)(n1+n2)/2

1
where B(z,y) E/ t*=1(1 —t)¥~1dt (Beta function)
0

Random sampling independently chosen from two normal populations with the same variance



M ,N: sample sizes U?2,V?2: sample variances
2
F_% ~ F-dist. w/ M —1, N -1 d.o.f.
Sample of size N from normal population with mean of u

X: sample mean S sample variance

¢ )2
F:(XS# ~ F-dist. w/ 1, N—1 d.o.t.
Confidence Interval of Population Mean of Normal Distribution
)2
FZ(XS—Q‘)N ~ F-dist. w/ 1, N -1 d.o.f.

95% Confidence Interval

X - S,/N< <X+S,/N P(F < Fy)=0.95

Confidence Interval of Population Variance of Normal Distribution

N —1)52 .
XQZ(T) ~ x%dist. w/ N —1 d.o.f.
90% Confidence Interval
_ 2 _ 2
(V-D$ o (N-DS
Xo X1
Test about Mean of Normal Distribution

P(x§>x*>x1)=0.90

Comparison Between Two Population Means

Samples with size M and N chosen from two normal distributions with the same population
variance

X, Y: sample means 5%, S%: sample variances
X —Y —a)? MN(M+N —2) .
F= ( : ~ F-dist. w/ 1, M+ N —2 d.o.f.
(M—-1)S% + (N—1)S2 M+N ist. w/ + ©

where we let ux =puy =a
Comparison Between Two Population Variances
M and N samples chosen from two normal distributions
S%, S%: Respective sampling variances
F:g—% ~ F-dist. w/ M —1, N -1 d.of
v

Propagation of Errors

f:f(ac,y):>a?c (8) (@f) y+2§fg§0'zy

_ . Ah i
h—l;[ f}f T \/ Pk - f_>

Combination

()=

Bayes’ Theorem

Ai+ Ao+ -+ A, = : Sample space

P(Ai) P(E]Ai)
P(A1)P(E|A1) + -+ 4+ P(An)P(E|Ay)
where P(A4;) is called the prior probability, and P(A;|E) the posterior probability

YE: event

P(A|E) =



