UNIT -1
Probabmw and Random Varlables

Introduction +o Seb theory:

Seb: A Set To colleckion of well defined “objects
o) Elements & fs  usually denoted by PP

Case lebbers Lhe elements dre - vepresented by

lowey case. lettevs: |

Ex: A;-?a,b,c,_d,e} ﬁ='§l;2.3: ¢

Fintte  Set: HI_ Set | Cl*msi’st?m] - of ‘& -ﬁmﬁt@ E,?urr:ber
of elements  that  Seb 1S Satd b0 be iR

Set-  Ex: let x = SLI'}L.,%,"LS“}

Tofrotte  Ser: A Seb  Comsisting
numbers  Of - elements that Set i
infintte  Seb-. | |
~Ex: leb x= fo:nezl
izgi;memq

. | : 0 .o t
Emphy ek (o) Mull Sebr A Sev 1S Said to be €MP

cov) Nl Set 2 has  no - elements .. ﬂl‘rts dendted .
by ¢ w0 §3 | P
Digjoint b Lt A ond B are any Ywo -Nomn

4 o be dis-

emphy  Seks, °t A and B are Saf
fofnts- p. there fs' no  Common
%e"'qi’venifSehs-: y L . c
Liv-#e Ja,b,,d Y " 87 {entl_g,hg

element

“ForrN
1 fiaails



Equ,al Sd'\s P TWU‘ Sets ‘ A and B am. Sa'i'd .'h.) be -
equal if . both Sele Ceontains  common element < ..
' T't ¢ denoted by A=8B (ov) Acp & BEAh:

Sub Sets: A Set A i a Subget of ‘g, F every
element of Set A °c also an elements .O'C
St B T4 'S deﬂqted b‘j A C B

e © 0
Univereal Seb: A 3¢l which  consist
called @ universal

fall elerments

Set -
fop q?veﬁ S.jgte_m g

Tt s denoked by M om S MU

Set o]meons:

onfon © oet A ond B

Sets. The uniom O —two  Sets

all elements  belonging +o Qfﬂ’l@"

A= 312,350 3:§3,q,5,6;43
AvB = §1,2,5, 156 14

ave ang 4wo non €mPY
°q - The Set Of

A (o7) B

Triavceckion: " b A and B E By JM:Z ”SZ"; -"-':;PJ”J
Qets. The fntevgeckion . -3‘3:5 B .
all  Common  elements n A G ;q%

A §I,2,3,1+,5?1 g=19 8,1 %%

ANG = §B,H,5}

Diffevence = The difference of two Qets A §B
0 the Sek of all elements of that clo hot
belonging  to B

1
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A: Y03, 0,50 B fam5eitY
hop s §12 peas [0

Complement = The Complement of
8l of all elements 0 M (07)

.Z\ ¢ M"A (M"A)

(oY)

AVA = M

AnA = ¢ .
oLows Sebs - . -
olet ut:t Conaidey  the  three Qets  A,B,C _
Qubsets  of  the UniverSal St S-
. Commubobive oW

AUVB = RUA

ANB = BNA
9. Associative low

A b (BLC) = [ AVBVC

ﬂﬂ[Bnc} LAnB)ﬂc
3. 'DtchnbUthe IOW{ s

Av(RNL) = [P\UB)DCA

CanCsue) = (AABYY
i fDeﬁMovtﬂaﬂS Iawi

tros) = A0°
(AnB) = AUE

(¥ Scanned with OKEN Scanner

G Scanne d with OKEN Scanner



5. Complementavy faw :

AVA =5

ANA =¢ -
6. Tdentity low: "

ANs = A - |

ALY =A
Dualtty Pﬁ’ncfp]a: A duoltty Pﬁ’n(jp!& T&ates a:hajnrms
fox o Quen Seb identiby, H we Yebp a,cin e
by interSeckioms, all 2nberSeckions N qset s
universal St by null Set oand g N -05 ‘, ‘,Cséwéd_
universal  Set S Then the idontthy 1S P '

e Sty
The Yeplace,d Qot 18 called  TFS dua by

S

Ex: ANS=A = ALY = A 5 & -
Probabiliby  ntroduced Jhrough  Sebs and Relative
Y0 it ‘

‘FYeQue,naj: . d
Dobakility: The theov of P‘robab?lﬂ:j ‘18 (::e'm
most  useful and tntevesting b«_lbthefs__ Sy
mathematics - Tt S becoming Pwmmar:t : lé e
applfm’c?cns in  many frelds .of leaning

e a huetcal Sciences,
Inauyance Qtatistics | bIO\OCﬂ*C"J -G F lj

of “the
Ode,w)

(]

Engineexing etc - Lo
Q@ an Kepeiiment ‘e vepeated pndey  SitnFloo and

" Come QLYOSS
ho‘moédeneous Conditions C]enefalltj

two types of Situations.
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T @

The net vesuwt, what s qenevally Known -that 1

outcome 1S un?qu,@ (ov) Certain:

i be. on
3. The net Yeswt s nob uhique but  May ¢

Df’ the Seveval PUSSTble out comes -

The Qtuations CQVe*re.d bfj

. Detevminiskic  Cov) Predictable
Q- waab?l‘fs{-fc (oY) unpred‘id:ablc S,,wa/tfg'ns
Deteymintstic 1Means theve ave Some t;mlmsJﬂC
don't P'red?ct +hem Selve§ 10 the dete

sl ? f Coﬂa,ucted
?a:dcrm GxPe-r‘:'men{: . Tf on &xpex ment IS
of tmes under eSgential

og o Qet of all POSS?bLe ouk

with 7B~ i) | |
notl coviain and e ANy one_o?

?d@ihff cal

amd o+
C‘cmd?-kfws , there

come S o.sSoctated

T dhe veswt 'S
Posmbm oukcomes,  the )
oy Yandem il

eveyybs

ament
the  Seveval QXPRYINS
°« called O Yandom uﬁaemmq,nt
known , QS elementary

The OutComes OYe |
an event. fhus an

and o Set of out Comes 1S

! event -
elementary  event TS a\go an ©ve K b
D e

Fqually |tkely events: Events Qre &ai’d
Yeason to

equally lfkelg “when  theve s noo
excepy  ony one of them  vathey than. any One of
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cl

+Hhe Othews.

Ex: When

cavd ™ay be obtain:
elementavy events are equally 1Pkely -

Exhaugtive events: All Poss'.’lole events nh On

Q Cavd IS CIYCLLOV) v?YUm CL. Pad‘: amj
Tn ‘bhfs +al all the 3%

9 Hyial

events.
ave gnown as  exhaustive R
1) In {'053?‘”3 o Coin fhaf@ ave
ail -
elementavy  events, head ond ;cF: s 0 a
g T dvawing thvee ba,LIs Out %s.
) evevw
¢ &xhauSHue
walipriioy " o Wil that cannot
?mple Event : AN event 1% s @Vemg CM)
be Jfuvthey SPli”t 'S Cal\e,d o mP
e’ ’ !
ovent - N
o S all Poss‘ible S.mple eve

0
Sample gPace b get f SaVﬂple SPace

0 o dvial 18 colled @ el

Noke: €ach  Element of o Sample Space

o Sample  point b | )

A SuEJSet PO{ o Sample SPace, I angeveﬂ[t |
k - Sample
%o genevally denoted btj e/, And 'Hne.

| )

SPace °c  (lenoted by 'S -
Mutually — €xdusive Events: .
Lit Bty By TR the WO events
Space, g’ ave  Satd 4o be muttally
ovents - oF  they have no  CoMMoM) Sample

’ Of a Saer)P[e
| Q,XL’.MSTV&

Po?nhs ,
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Ex: E & ¢S

E; = §‘HH§
E, = {HT, TH]
E,NEy, =¢

Diserete and - Continuous  &vents:

‘ . hen
drscvete events
A d?SCYEL‘E ; go.mple gPace _has ?5 @ G‘ESCYEL’G

o Coin 1S fossed . the ewnthead Comtinuous
and {inite ovent . Events taken ‘F ’fo'”: . humi)ev
- Sample  Spaces 0¥ Continuous OSeIeC’ftﬂcﬁmgmuws
vandomly i q?veln o :S OLr‘ao. of events . |
event-  Here ‘fh‘;-w'e, ave infintte ., _'Fre_q’uemj: r
Probobilily  fbroduced  Hough .-velqr.:‘f? i g

A Yondom exPeTTrﬁent 7 e Peal:ed | gl
1 N
the event A DCCUYS nta) times, e

Probabiliby  OF the event A % deffned as ‘lfhe
Yeative —F\feé_u&mrj of event A when the Y\,o-
of tvials N tepde To InHnity.

PlA) = ty N

—_—

Nn-—>00 - v LT
¢ U.EJ’)('H
wheve (A §s  Called. e Telative eq

n
of the event A

‘?ToPexﬁe,g of ‘P\’obabﬂ?tg
I 0L pla) 2]
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e
& P(A) =1-pPH)

3. pA) 2 p®), F AcB

Mo PLAUB) = P(A) +P(®) ~p(ANB)

5. P(AVB) =p(g) - P(ADE)

€T Qe prhrhg o oo PR OV
events * \n N g PAY =1

F For  null Set the PYobab:th of gﬁ p( WJ) ®
and  fov  universal  Set PE)=I-

8. For equally ‘ltkely of n events
?-foloab" thy of each event & T
cla SS! CQ,\ dg,[:-fn‘f{_, o OP PTDbCL\Oll ‘hj

In & Yondom ex})e;mme,nt Let -H’lew be n -
exclusive & equally 1(}1&[3 gjeme;nfaﬂj

mutually €x clusive

tuﬂ.llg
events . Lot E be an event of the expeviment.

T m deme,nl‘aﬂj oenke  om  an  Qvent E
[Favom’able to Ej Hhen the PYobalol i‘lj D{l E
is defined 08 PpLE) = No. of ﬁ;wouvab!e, E\ﬁnts

I Total no- ©f Pass;ble Events

= M

-_—

= |
Note: TF E denotes "che, event of non Occuyance

OF E then dhe ho 0{- cementayy  events in E.
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v rPTob enms : 3
1 what s the PTobabl’ﬁj -FO'Y OIL

Sol:

-

(=]

e (n-M) and hence —the probabflity  of - B s
p(E) = (n-m) .

N

- ; 2
P(E) = Occuvance pLE) = NON Occuvanc

T ) = o = l-
PUE)+?U£J =M ¥ (n r};m M._ﬁh.

PLE) +p(E) =
Troportant  points :

* TF pLE)=1, the event E 1 o
the event E 19 Calleol J_FmPoSStble,

colled © Cevtaln event -

% T¢ PLE)=0,

s o p(E) 2 pE)
f event with P

=3 Su?Pose, E IS ’(m :

- L) P

12 P(E) +PLE)

b4 ‘QP(,E) 'rf_li L PLE)
lé,o,P ‘jea'r o have

59 Mondays  § 53 Sundays. ..
Tn o {wf’ ldeafv we have 266 dajg‘

59 Weeks: &dwﬁs
364 days + & doys

3

59 Mon
59 Sun
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®

let E be an event of having  53. Mondanﬁs and
53  Sundays T the eay
These 4wo daye Can be anyg one of Hoe- qfollrowrng
tays [ Qun, Mem]  n=%-
[Mo‘n, Tue ]
[Tue, wed]
'[:weol, Thu
[Ty, Fri]
[Fﬁ’} Sat ]
[ Sat, Sun] -
Total  numbey of favouvable o 3
m=1-  p(E) == _,
ave  Jovmed with - 0,1, 2, 3,4
Find “the - probabllity
o in the units

[:Sﬂ.{', SUH] [ C;

| 5 di’a'i‘r Nnum bexs
'C,‘fe?ekfi-i’cn ~ta not allowed ) -
of qetting & n ’_19'3 :'Pla'ce, '_ and
Place CllWOJdS- '

Sol:|  The q?ven dfﬁ?i—s ave 01,83, 4

o 0 a
The dotal humber OF 5 G@Y numbers * are

1

N=hx g x3x2x) \ \ e
HX HX 3 x 2% | :

< qp wa,gs
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Sol:

0,

‘det E be an event cof . getting: a . numbey having

9 Tnh 10°s 'P{aCe, and o In 18 F_lace-
Mz 3X2X] [ - o] -y

' ZIx2x]
P(E) :__Y'_!’]ﬁ_:z_ - ‘T'_é_

aE .
[s

T «a box Contains 16 Yed balls, 1 biuebl%al
and 22 Qeen balls, what 78 the probabi ity

o

of dvawing @ ball twhith t$ e
|. Yed fn Colouy 9. efther ved
3. hol green _ r UHIHQ@
Total numbeY op balls 'n & box ")*5[0 il
o) Leb R be. " an..@vent OF gﬁﬁ_‘“”‘i Cm‘j
&
et POZ1Y _
_m = 16 |
T ey ved O
b) ket E he an event  of f]‘aﬂ'“'ﬁ |
blue  f-€ m=16+12= &8
) =M _ = 3:_8_
. PLF) 2y 50 o e o
overt, of hot QertiNg
c) Let E be an
=y e 44
P "
- \- p(E)
PCE) Pm. o SR
L= (‘—-—5':-'6 50 o g, 10 )
_____ — ; SN R 2 PRI S
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Sol:

| what fe lhe P'roloa\n\'l?{.f, of Pi'CH?ng an Qace  and

%

a ——

a %ing —-rwm' a ' deck of cavds.

The olal 1o ©of
let & be cthe evenl of gelling an Ace and

a \’\7’1’13 e, m: iy Ace & L Kings

\

coxds  nN:bHa

o ;m;- e, %' be, w16 . ;

PCE) = he xHEf
59(‘2; I
= |

|

O

26

o W

Ge3
= 0:0]2 .

A Gwvd s dvawn af Yand o1 -ﬁm*m QA deck of
59 P\o.nj‘fnﬂ cavds. Find  the PTob abﬂﬂy of d;mw}’na.
|- An ace 9. A 6 ov o heavt 3, ved: Colouv.

2. e%they q orv & Slaode-
The +ota] no- of Cads W53

i) An ace
et E be the event of‘: ﬂeﬂ-fng O'ng an ace
F'e‘) m:"f

« ™
PCE) = - = &
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@

i A6 ) o heatt 'S+ .Red  Colouy . _ h
lot E be the event of CIQH.'lnﬂ a & (oM) a heavt

in ved C(olouy 1€,

. m - ko +13C
P(.E)“ = = 4G+ [
53¢,

1) eSthey a9 OY @ Spade . I ‘o
lot E be the event ,

Spade - fie, M= ey +13C
| 5aCc, |
: Deteymine ’H\e PToba.b 4k by —Fov each of the ‘FOC:IOa:;nﬁ
events, a nNoM _defeckive  boly  turll be ToUPE L
oub | of 6oo bolts alfea,olg  gxamine 12 Wefe,
defective - | |
of balts n=6c°

; 'G[uen 'H’)at the -thra\ No-

de c{—c ve bolts
let E be an. e,vmt OF fﬂe’d,—mﬁv. 1c€

m=)2 |
& = =1 | -

EiR %L ,6%7 50 | ted

'lFe P’robab‘?(,‘il-g ﬁll nom - defective bolts 18 denotea .

by p(E) |
we know that PEIFPCEITI
p(E )= I- PLE)

S
_.1-%_5 =
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Additson theovern On  Probabiliby :

Qatement : TF s i @ Somple S'Pacc. r E, aw
any  fwo  gvents in S hen

PLEVEs) = PLEYTPIE) - PLE DE,)

Jotnt  probobiliby :
19 a Sawlple

which ave not  mutually

Then  the PTOI)Clbﬂ”?fj of
Lmultancously oY jointly
A and B the i
ANB-  The Pj'obgbflfhd_of +hie

r";PJ
Space Consicsks of 9 Fvents i

exclstve .
these @uents  Ocaltt ng

s called Joint waab?i&y.
| '(_. 9 PBwents cCommaon elements
oY n _

“;\(.O"n‘q thei event

| oot probability.
vk event T p(Ang)  Fs called  jotnt P g
p(ANBY =P (M) +P(8 - P(ALR)
o om o Well ghuftled pads

l- A Covd i1 dyown —F‘f - :
Df cads what 1S ‘HN? Pfobab;lalﬂj 'Hﬁat it ¢S
Y %

e -
either @ SPade g B N K Of Card ¢
Qi:| feb S be a S)ample, Space of pac
ol :

pew 1 o Spade

et A be an event ofF getting N &
= 13

P(A) 33
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- Sol:

@®

lot B be an event of gettfng an Aace

p(eY=
Ane= The event of qetting  a \S’)oade, and an ace.
P(ANB) = 52
PlAUR) = PIAVFPLR) - ?(MB)
e 13 -
59 +—§I 52
= 16
52
A and B
Tree Students A B,c Gre o YU m‘;d vadh
have the Jdame Probab?lfkj of W””nmg | e
. e
o twie as ltkely 10 win as C
wins-
probability  that B O © 3 Shudents
et 8§ be o ga_mP[e 81)(106 o unnn yoce
AB. ¢ Hﬂuj e Pa-r{—fclpa-ted g 8 i
| ey 8 ﬂuBuc o [ﬁBC av@ mole?enaent]
L PLy:- PLA)’rPLB +ch) | \
.| ok, PLS) —\ |

| PCA)JrF(B) +1>(t) ) - i a‘;.)d

.q,uen H)at A o h@vfnra Same onba,lo[ujf‘i '
LOr CLS Gy

ooch fs twiee as lPrely  to P

é

e P(A) =P(8) -3 (2)

PCA) = 2p(0) 11_3(3)
P(8) = 2pCY |

_ |
(¥ Scanned with OKEN Scanner

G Scanne d with OKEN Scanner




®

Sel:

Jhe talls  dwown

Cubetstute equakiom (3) W equation (1)

9pl0 + apOT pLay=1

50(0) = |
Pl =15 ..
Hrom equation U) = P(ﬂ)+P(A)+a.-| ¢+ Brom gy
QP(A)“I—
P(A) = ;1
(A)- T
P(e)zé—_
Pleuc) = P®)+pLO)
= 24—
5 5
= 3 , b
” s .
A baq Contoins 8 ted balls and 6 blue ‘j‘:%e
| : p of each & balls  axe made- fm
dwo  dvawing I drawmq ghves 9 TYed

Drobobsltky  that e g1

balie  and  Second dvawing
.J'_,Ytg[; ahd

gives & bue balls
Ye?laced b@\tOTQ -H’J&

5907”01 e OF “H’)’e. balls e N=%+6

lot E be the event

n= lye, :
et P(E) Pe the event of dwawng § Yed balle

—————— e e
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P(Ll) e gfp_

o are. veplaced-
The oo balls which ave glvawn P b_ “
I vaw’ alls
et PLEa)  be the event Of dvawfng 4 blue
in  Qecond dvatv -
. b
E,) = 2.
P(E) e . |
- R¢ (}(
= N Eg) = P(E,)~P(E;L) 8 L bG
P([l \ VG g
= bo
Te3

Condiktomal  Events :
T E,E ar events OF & Sample 3Paﬁﬂ 'S” and

E, ‘hen
it E Occurs "after the Occuvance of E, -
the event Of Occuvance of B aH?Y the ‘

_ condbional  @uent  of E  GIven E.-

E, fs called
Tt ¢ denoted by __%_

' [
- 100 «

1. Q Cofnig. ~ave  Yossed 'Ung event of qetting
bafls  Qiven that 'Hoeve, fs‘ CLHeasb one . tall 15

a CondiHonal event . _ |
9. A dfe s thown 3 Fmee. 'W)e event ofv geHr

the Jome of ‘the Y)umbevs hvown (& 15 Wwhen
¢ . :
it s Known that  the -r-fvsl- -H'ij oo was 0

5 1¢ a CondiHonal event.

-
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CondHional Pwobab?'f«'bfji W E, and E; ave fwo €vents -
fh a SamP[e g[)acc 'S’ and P(E.) =+0 Jch;n +he.
Prcbabﬂﬂ»cd of E, oHey  the event £, ajo

+the Cond iHonal erobabf (: HJ

E, . And 1S denoted by

Occuved 1S called
ent E _ C‘ﬁ'ven
OF the even 2 (EI nEz)

0 Ly PU :
P[%) and W deftne - FLET) o

o c E
ngT\mhj +he PYObab?ltIﬂj o E Qiven *z
P[EL_ . P(EOE) | P(£s) Zo.
En) -

- Fo0 and E;
j;fl‘f.loemule,lnk Fenks: IF P[E,)—-Fo.,ﬁiﬁz.)f d- "
1S ?ﬂdepemdent of E, -then E, s P 6PE -
of E,. Iy thie case. we Say thab E ,E ae

- —

mutually ?mdepemclent :

| tE
fDGPend ent  Event . Tt the occuyance OP E‘/enﬁ_)e?—
Po affected by the  Dccuvance oF K- Then LT,

Quenks Q% dl[)t’,ﬂdﬂ,ﬂf:- o
Conditfonal P'mbabi"f by theorem Cov) MLLH.‘EPLL cation
Jheovem  on P’mba b?l?btj 'o . 'EL
Qraternent © Ty 4 Yondomp @rpeviment i By
et evenke  Suth -that  pE)Fe, PLEIEC

then  plENE) = P(E): Pl
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P(ENE) = p(Z=) PLE)

Prook:  let ¢ be a
the vandom  @x Pew‘fm ent-
Let E, E, be two ?Ueﬂl's

P(E) 40, P(RI*®

Stnce PLE) Fo:
By the deferition O Cond
_EL = P(eznel)
P(&) 8

pre.ne) = p{E)P(E)

Stnce P(Ez)Fo:

By the defintHon of
P LA P(G,ﬂ_&l_)
(6'9.) —___—-_P(E,_)

P(gNELY) = P(%) - P(Es)

(2}
* Hencwe +the theoverwmy £

Problems :

9 Marbles  dvawn
Qo blue

Succession

and

lo ved, 30 whike,

with
find  the

veplacement befng  made

Pmbab?lﬁ by that 7)

Sample Spacc @

wociated  with

op 'S" Such that

?4fonal | PYbbab?lf‘f'tJ .

Cond PHoval pr babiltky

vae.d :

'p'ro*m a hox Contains
15 Orange mavbles,

after each dvaw

both are Wwhite

. A
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o - e ———

) lever fc ved and Second fs  white.
Jotal no. OF mavbles N=%F5

| Grven Yhat the
(_30+20+I5+lo)
1) kb E, be
tn  the dovet dvaw  p(E) = %

Lt E, be an event of getting ancthey « white

L st
maovible 12 the ge,coy\d clraw O_FL—Q'Y the -pi'YS

dvow P(%—) - 5;_05

an event of ge_i—{-?ng a White mavble

1

.Y e know +that P[El() =%

Py Pl
e 30 & 38 - .
F5  +5

&

- 12 e
%) ket E, be an event of qd—ﬁmj‘ 3 ved ma
t

n the Joet dvaw  pe) =S )
a White Mavole

ket E, be an event  of gdﬁng L
to VI

o the Jecond draw aftey hoppening

.

62- > 30
Pl s
pe 06) = P(%—)P[ﬁr)
2 30 . lo.,
FTE TS
e
+S
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5 ved £ 5 uwhite beade and

A box (ontains
L white bead < .

o box B (ontains 2 ved & —
T o bead ©s dvawn fiom  each bo g -
[N <« i

+he pmbab?h’ b that they are bOjl:h

Colour - ) bw”’
L E be an event that Hhe wnavble (ov] P

AQ ‘ o N

o dvawn from box A ¢ s ve

: G = 5
- P(ﬂ) = ..!.- K__é—-. .-—...é

3 clmvm
let E, be an event that the bead S
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