PROBABILITY DISTRIBUTIONS
DISCRETE RANDOM VARIABLES

Welve alreacy feen examples Where the
poisible outcomes of an experiment form
O DISCRETE SET X, X3 0y Xpad ¢
€.9. flipping & coin IW T}
3k of heads In W oiv tosses §0,1,..., M)
% of torrect lottery wumbers {o,(,...6}
roll of & die {\,2,-,6}
3 of dice colls needed
to get & NIX §4,2,3,..3
Pip count on 2 dice {2,3,... 12}
B A=porticies ewmitted hY
fource in 1 sec 19,1, .- NLY
[in many cases the outcomes are inteaers,
thongh they don's have to be!]. The
probabilities P, of the various outcomes X;
form o PROBABILITY DISTRIBUTION oVer
the SAMPLESPACE,

EXAMPLE L: 4k of heads (v 3 coin tosses
P = PLTTY) = fngxi =
p=p = % [se€ ta]

PHYUS (ot @ LE CTURE ¢4

EXPECTATION VALUE

s 45 just another word for the average
that would be ohtained i an experiment
of many trials [NO>L]. I »{ oceurs
“& ‘i’thS‘,

= LT N:X; | [warning:
EX) =Ry = g &M% olfo weitten
= %?tx‘ [} iJ

EXAMPLE 2 I % [the random variable] |
the 4 of hcaad: i 3 coin tosses,

<x> = £ i

LTo

|
= xL 3 3 L= 2
—o¥xi+lxs+2x8 +3><8 >

VARIANCE & STANDARD DEVIATION

we Measure the SPREAD of a dittribution,

e, how for X typitally WEVIATES from <x),

It woulel be awkword to use IX=<x>1)

as thiS measure. (nstead use the VARIANCE

var(X) = 02 = {(x=<x3)*)
T & "STANDARD DEVIATION"

= "RooT-MEAN-SQuARE [R.M.5.]
. DEVIATION"




[VARIANCE & $.D., coNT2]

To Compute the variance, it’s often
convenient to use

var(x) =< (x=<x)*)
= k3= 2 XKD + <XDED
= ? P, (xg-z X XD + <xpt)
+oo? 2R
=N = 2CNDEND> + (x>
or

Vor(x) = o3 = &r¥p =¢xd?

EXAMPLE 3: For x = [drheads in 3 coi tosses],
3
<X =2 12 73

LEO

= oixg'-t IZX% + Zlﬂ% + 317“'5 = 3
<x> = 3 [rom Exampie 2]

= gt = ¢x¥) = cnp?
2 _
3 —~ (@)Y =

¢ =0 ~ o387
2

2
n

MECHANICAL ANALOGY [DIGRESSION]

You conlet think of +he P; a&s mAssEs
ot PoSitions X, on the X=aXi§. for

EXAMPLES 1-3,
0 [ 2 3
——0—0—0—>X
wme Yo g g g
Expectation voalue
x> =ghx = ZRX
ZPR

= CENTRE oF MASS

Variance

<(x~<x3)*> = Z R (x=<x>)?
MOMENT oF INERTIA
ABouT CENTRE of MASS

£ Bx> = MOMENT oF (NERTIA
ABouT n®9

<x»

= 0t 4 <n>?
=0+ (Z0)en>?
" = PARALLEL AX)S TREOREM




EXAMPLE 4 : The QEOMETRIC DSTRIBUTION,

3k of dice rolls needed to get a Six:
R=t [Six on 15t attempi]

Pz %x-} [stx o 2nd attewmpt]
P3 = %x%:t 9 C"‘.
More geverally, if the chance of success

ow one attewpt 5 p and chownce of
foiivre s 4, [=1-p], then

A=t GEOMETRIC DISTY

h = ‘: [the B, form a
=4t 9eometric Sequenct

B, = 4™ with cowmon ratio 9

Alway! Senfiple o check that the
prﬂmbih’ﬁc: adel up to 1:
Zho= P are ket
= P+ (Pt st pate)
=7+ ﬁ-:é‘ Pn

[exampLE 4, conT2]

Expected # of attempts :
<> = Z«P. =T npa=p I e

ne A

Dow’t need to remewber formula for Sum of
arithmetic = geometric mm '

Tust netice that mq"'" = by ( 4

= zhﬁ,‘“" (z u)
by Sawme

.| 4 \& Lneﬂwo\ af
l=- g,) on 1St page]

= =
=rz tap " ©
Hence <n> = pfpg)e = Y,

digterentiating (O again hetps with
taleulating the varjawce...

[glu noxt shaet !




['vmam-mg OF GEOMETR(E PISTRIAUTIONT]

Uge var(m) = <n*> — <n3?
= < nN—1)+n> — <npt

= <N-1> L <nS> — <t
- ®
Now, <n(n-0> = 3 nn-1np,
n={
— 5 nm-0 pa
n=i
*q%}{z nea-1) 4"}
d of left-hand side

pAN

But twe quanhty -1

ot @ [previons sheet]
d ;= n-
= L<nin-1> = (pP4) ;{-‘[,(E‘! ha )
— d i wiing ®)
(9 5 (goaye) Do ©F
= (p3) T q/)g
= 2P - *
p? P*
New use ) :
var(n) = ZE 4 L - = L fuewg phy=i]
P P g

—slfq K

= steamdard devietioy g = VT )



