Probability and Statistics II formulae sheet

Probability

Distributions and related moment generating functions
1. X ~ Binomial(n,p): P(X=k) = (E)pkqn_k 0 <k <n,whereq=1—p. Mx(t)= (pe!+q)".
2. X ~ Geometric(p) : P(X=k)=qp* !, k> 1. Mx(t) = , where ¢ =1 —

A)\k

3. X ~ Poisson(\) : P(X=k)= k>0, Mx(t) =MD,

4. X ~Ga(a,B), a >0, 8>0,if
Boge—1le—hw

if x>0
) = T(a) ! :
Ix(@) { 0 if 2 <0,
where I'(a) is the Gamma function, which is given by T'(« fo x le™® du.

Mx(t) = o
Two particular cases of the Gamma distribution.

(a) X ~ Exp()\) if fx(x) = Xe ™ if x > 0 and fx(z) =0if x <0.
(b) X ~ x*(1) is equivalent to saying X ~ Ga(3, 1).

5. X ~ N (1, 02) if fx(z) = —A—e™ 5"

N . Mx (t) = exp(ut + $0%t2).

Two more distributions

1. Cauchy Distribution. X has Cauchy distribution with location parameter xzg and scale pa-
rameter v and we write X ~ Cauchy(xg,y) if

fmwzl[(”gy

™ | (z —20)? + 2

2. (Student’s) t Distribution. X has ¢ distribution with v degrees of freedom, and we write

X ~t,,if
v+1
F( v+1 ) 22\ 2
=—2/ (1
w0 = Zarig (0 7)
Expectations

1. If X is a random variable g : R — R is a function, and Y = g(X) is a new random variable, then
=/~ (x) ds.
2. Slrmlarly7 if Z = g(X,Y), where (X,Y") are random variables with pdf fx vy (z,y) then

E(g9(X,Y)) =/_Do /_OQ 9(x,y) fx,y (x,y) dedy.

3. If fx|y—y(z) is the pdf of X conditioned on Y = y, then
E(g(X))Y =y) = f_ fX\Y y( z)dz.
Transformation of random variables

LI Y = g(X), then fy(y) = fx (9" ()| 22

2. U =g1(X,Y), V =go(X,Y) and the inverse transformation is given by X = h1(U,V), Y =
ha(U, V), then

) fxy(hi(u,v), ho(u,v)) [J], for (u,v) € B,
fov(u,v) = .
0, otherwise,
ohy  Ohs
where B is the range of (U, V), J = ‘ g s ‘
v ov



Statistics

Sample mean

Sample variance as

T-distribution: let W ~ N(0,1) and V ~ x2 be independent
W

:7Ntr

VV/r

Testing the mean when the variance is known
X —po
a/vn

Test of hypothesis and confidence interval for the variance

~ N(0,1)

(n—1)5* 2
W = 5 ~ X1
)
Test for a normal mean when variance is unknown

(X — f10)\/n

T = ~ by
g 1
Hypothesis tests for a Poisson mean
X —
T= XX ~ N(0,1)
\/ )\O/n
Goodness of fit tests i
O, — E:)Q
X2 — ( ? 4

Test for the mean of two independent samples when the variance is known

7 = (Xiy)i(ﬂlf,u@) NN(O,l)

ov/1/n1 + 1/n9

Test for the mean of two independent samples when the variance is unknown

. X-v

So/1/mi + Lng T

F test for comparing two variances
S
1 ni—1
F=2L fm
2 ng—1
S

An approximate test when variances are unequal
X-Y

= =t 42 2 2
D) D) (s{/n1+s5/n2)
VSt /1 + 53 /ns <s§/n’;‘+sg/n§>

ny—1 ng—1

*

Matched pairs t-test




Test of two proportions
P1 — P2

7 = ~ N(0,1)
%6(1 -9 (& + %)
Comparing two correlation coefficients
1 1 1 1
7' =5 [1 +:] ~ Normal( In [1 +/’j ,1/(n—3))



