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common discrete random variables
T . Binomial Dictribudion -

asthe Hiak ane inde. = osnds Goop\, ol ¥
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0 , 0w
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n\ X n-
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Prob. aé_ Success

« A Random expefiment cqnsis};rg of (n) fepeated Miods , Sudnthaf -
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example & Considerthe exp. of S\appm% a Coin 3 times . ASume PCH) =1 ,and p(D:3
o delefmine Yae pRb. of %e’r\ma a head Yor Q imes.

. binads Yar prb. o'g, %e’r\ivua o} least one head.

G: whad the. expected number aé heads 4o be oloseved inthe exp.

\, We vt Yo enswe Yhad this example will be soved n Bionomial.
1 only Ywo oulf Comes.

Q. Do . oé SuCcess 1S Viked.

3 e pob. o Success doewt Allech on taa piRd aé foid.

Do, Bes As Binomiad.
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Q. ﬂ:g 5 X’:'&

P (*=x) -,i(i) Y (_35'X , nzo12 ,3}

0 ) 0-\W
o= - )@
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AGEa) 6 o
@(%zg:_ %gj{_ > ﬂ:oj\vllgj
V)] ) 0 W

no+e 3

You dete(imine. Ha Suecess QQCO(AN\A_ lo T %QS“\‘OV\,

Yor example. inHhis question . it eguires Fo $ind piob. when head Occuss
S, We  OSume ‘“I\.OJ oc:w(‘ma weod st Success .

b. P( X?A) =pCA= D+ QCX=7.) —rp(l:z) “~ time. Consumin}.
or instad, pOxy)) =1 _pr=0)
3\ o, .3
plk=0) =@y (&) = el

p (xz0)=\ —?T? - 0.5I8\35



https://students-hub.com

C. expected number means A« - mean of Anige.
ﬂx: np =3._L =

2
2 Y v
d =N p(\—P) = BA—- . 3_ = _q——

4 Y 16

Example @ & Consider he exp. of tocing a die , for 3kimes
Q. vinehs o pioo. “5 ae}kv\g o number lesthon Q Yor 1 bime .
b whak, Yhe pRb. °é ge’r\ina o number divisible by 3 bor @ Yimes.
n=3, O:=91,2,3,4S,¢}
Q. ABSL(/)’L@ M Succe S is  less than ,3’@9 3feaj(e)( or e7m@ L.
Success = 119, S'o&o < P 3,4,5,63
P(S) = Lo p(r) =5

pk=D - (?>Cé')\ (_g_l - Q5

36
b Assumethed Success S=13,67, F-31, 2,453
N=3, =1 p(s)=%=13_ , p(F)=:6L=_§_
- & @
=3 1 2 = 2
20z ¢ 3 q

% nofe?-

note et i as 6 oudComes, wich Cond e Binomind. Unkl we
change the exP o Qowt Gmes.  and +thed will e dedermined
a.ccording +o Y question as You Ser a/boue,d
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T The Geomelric Diskibudion
o its o fndom ewp. Consisk oJ infinity Yriaks Such hod s-
a=the Hioks aXe indeP. = o Groy, ool ¥ b 588!
b= Each Yial fesults in OnIJ +wo Possible oulComes, , a.Succes or Sols Success L sl

C- “\‘\\L\Dfobnbi\i% “5; Success (D) on each Yol temains Consdonts s Sod
iy Tl

<l
Wiy pmf s, 2259 8y Jol Gy (s> Qo ) J)L)Qp» 55wy X
R @35 Olgonal 3 L\N\\ 10 Gav 01 e

%‘“u_\)cbbobi\ila MO }undionss-

X-1
PC*:XB = C"_P) p ) X = 1L,2,3 ...
© G
Prb. % ) Prob. o} Success
* men Vol = My = EQX) ;_:5

% Uartiance = % =\or() = 1-0
p').

EXAMPLE (3-17):

Let the probability of occurrence of a flood of magnitude greater than a critical magnitude in a
given year be 0.02. Assuming that floods occur independently, determine the “return period”

defined as the average number of years between floods. ) 5_, .
M= mean W\ \i: 32)0;
OB\D
So\. 8- ?CS) = 0.0a .

/'(’X =1 - _\ = 5o @0\93)9)»&)% 50 ¥ 91 \0Lsh (s
°

©0d S 56§ O\ @_5‘6\ Wwlo

Qs po e
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plt-x) = (‘,QO (1{:?

(»)
R: rumber o} ttem Hom W T in L
X number o} tems from TyPeT s selecked i n
A number o) oll oud Comes.  « _ATi1 o0 »
N 3 Number aé selecked items.  « Q) s ”

% Hx -mean Uaskua = n B - npP

N
% & = an\-P)|: 1

@OO ®) K Cz) C

M=5xF=Id >
R=5

PUxzD = px=)+ pX=2) + p(%=3)
or P(X2) = 1- p(X=0)

(5

I Hyper Jeometric distribution.
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¢ unaks Je. prob. a} 39%3 of least 4 fed bals ;¥ 7 belly will be selecked.
p(h74) = pl=w) + ply=5)
HP , O
&) G

5 A :awo)za;;c% occufonces Pef Lt
(eCorded ledite TV Poissen Disteibidion — T ¢ u_l]_l_te
@-\2-A3 |% Counling PloCess
\. beain Counjﬁna o Yime £ =0 , X (O) =0
Q. Non Over \OQQW\B vime infefind (01 Q\ PS8 and number A 0CCulences ol nd
3. Qb %/OCC\A(U)C% depends oﬂ\a on e \ma{h a& infeloal

X x() vy ¥
[ | 4
t v ‘t-‘l. ‘tl 3

t=0
X (‘b03=°
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(@15 MY 2w0) 4y s BAUMaed 6\ _su9 o1 ¥
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e(X=x) = e L , =0,,,Q, » Whele b i Poikve numbert.
Hy ECKY b X
= V(W =b
= AT e~ A _w‘é\ os(, \gss 7
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EXAMPLE (3-21): v

Messages arrive to a computer server according to a Poisson distribution with a mean rate
of 10 messages/hour.

a- What is the probability that 3 messages will arrive in one hour.
b- What is the probability that 6 messages will arrive in 30 minutes.

q = 0 mess/hr.
a2 b=AT _ 10mes X 1w — 10 mess.
Wt
_lo . 3
P(J:?): e ('Q)
3\

b2 b=AT = IOmess/)fX oS - 5mes
P(X“é) ex _T
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b:rAT: 10 X i =
p(X%2) = \—p(¥<2)

ol |

é - -
EXAMPLE (3-22): &

-9 cades

mile

@) T= 5mile , b AT -
P(X-o) ex 103 -

(o] \'

BYb- Acmcks % 0Swmile = 1 crack
mile-

PCXWD = \-P(X<D

=qu£}=\¢
o! c

C/) b:QXS:. lo
P(X 2D = 1 _p (XY

-10 o ~10
\—\ex —l-e
o)

I

=10 0 -0 \
=\-Xe‘ﬁ + ex

|

c2 ol least two meages will affive in 1 he

The number of cracks in a section of a highway that are significant enough to require repair
is assumed to follow a Poisson distribution with a mean of two cracks per mile.

a- What is the probability that there are fio'¢racks in §'miles of highway?

b-» What is the probability that atdeast'one crack requires repair in(% milé$ of highway?
c- What is the probability that at least one crack in 5 miles of highway?

= |0 cacks
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Common Continuous Random Variables:

1. uniform disicibukion 8-
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evomplegs let X be Random voiable thed %-o\\ows um‘yof‘m distibukion , in Hae
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51
(o] y 0.
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B * =

12
ocded Lechuse
2 -Q_3Aedd |[IT. ex?onensr'\oi)a Dishbuion ¢-
g"lx('f): Qe:x ) X7 0 /{{—_-ﬂ- 61;:.:#
bondkd 80 st Brgn X0 5 0.W
* fx) 4 Fx(x)
\\ . & .
bounded w) bounded

(exponential &eCagiVD) (exponenkial. a(ow\r\(«))

Impockant  |A N in poisson dikribudion means awpRage. OCCuence Pel wnit
Siore e Howewr in ex0. disk  its a grdant . ( doesnt Quall avamaze).
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Sxemples \et Y e on exPorential fandom votioble Wit amean of 03
@Dwede and Plot e pdf ot X. S =02

S'X(‘Dz S:X, X7o %7 a:_\_:__l_:s
(0] O.\—O \_ Ju;& O-a

Be(x<) 5‘\'\_
§s5edy = —ézz\-g .

EXAMPLE (3-24): 3w
Suppose that the depth of water, measured in meters, behind a dam is described by an
exponential random variable with pdf: —>

&
fx(x)=[m S x>°} tandom vartiaole -
0 0. W

There is an emergency overflow at the top of the dam that prevents the depth from exceeding
40.6 m. There is a pipe placed 32.0 m below the overflow that feeds water to a hydroelectric

generator (turbine).
C\A\no-l » K=o —
s . a- What is the probability that water is wasted thougl& emergency overflow? }_’ ‘ 3
z_b s Q\g&“ \_W ﬁ"@ What is the probability that water will be too low to produce power? = O\!‘D“

. _bsw\»“ b& @:’ c- VGV:;/]el?a:,};aiV 2;2:-6:013 ;lr?‘t,ev::ljted in (:/;rﬂow what is the probabll;ty tha:he gencratorﬂj\e 159 Y
@ P(X7/%6) = SFX(’O 28 :-E.,‘_"s
Yo.6 Mo. §
_%s -3
= 0+~¢ = e
-6 =% 86
13.€ -5
b) p( RgB.6) = S}x(i)dx = —8e = l-e
o o
Yo 6 X
S E\_ Q\!.S'dy\
S
O p(x78.6/ xguo6) = P(X¥8.6 [\ Xx <40.6) = B6_
Yo. =X
p (XL 4o.6) \ L™
. .S
-3 -ob ) .
= e+e - ©0.525 _~y» Yo (WU \e )5l

I-e 0504 as Pha O)wn
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X7 o

AR = Y .12 &y = ot ()= b(4-m)
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0
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g'ﬁ®‘-‘- R(f):%a—%hﬁ (é

Gaussian (Normal) Distribution
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z. -
ECD) = M ; Vit = @x —> 3omibl, <208
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v 2 " X
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Moy S M Vav, & M
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Example 8- \et X be a normad Randsm Uoidkle. with 2efe mean ond iy
Uotiance THx =o , &= 1)

o) Write and Plot e diskibuion o X. 5
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Helr7,31) = 1-p(xg 3.13)
=l -@gB.)
~ \- 099l = 9400

© plosgxg\®D

= FCD - F(o.5) J
= O.QSB“\ -

® pxg1w= - FAw

= |- 0892 — 0.080%

xamPles- \ek X e Nofmald tandom Uoiable with A&\ e’:—_q

ou)\nﬁ‘veonde\oJi-\\de}%x S (-9
S’;(CA _\ e ¢ = 1 e™®
JQTreu 3Javw _/L
1
90 (-0 = @ ()= Fe
-1 -F@3 AL 0 B\ LD Y oud) ¥

ot Srenda@ 0)p dasxd oo

Stonda(d_3\ ol 533 ¢85 LW\

d p(-a3 L XL 5.3) <x ALD Aokl @ Gao
@’(53_\) @(@3 N

= g(\\a) g (- W
= ¢gaw) - (- F Q)

e Fy (-9 = p(xg-23)
- G (221) = § ()
= 1= gy

® 0= 0.6628 —~—y oMY = X -\

3
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Normal Approximation of the Binomial and Poisson Distribution:

EXAMPLE (3-28):

Consider a binomial experiment with n = 1000 and p = 0.2. if X is the number of successes,
find the probability that X < 240.

l6oo - K

P(X=x)= (% )(o'& (o%) -
P (xgaue) = 2 @) (oa) (02)
L we Gont do‘\*ms) So Wwe Wil qep(‘o)(ima\e ik us‘\na normal dist.

M =0 =(1000)(6) = Aso.

6’: =np(1-P) = ooo) (e )0 B) =160

¢ (Vo —Qm> = @ (3.162)

EXAMPLE (3-29):

Assume the number of asbestos particles in a cm® of dust follow a Poisson distribution with
a mean of 1000. If a cm® of dust is analyzed, what is the probability that less than 950
particles are found in 1 cm3?

-b E
PC*‘;X): e_b: ) ./b;(/: 6’1\-;\) = ‘—000 aﬁ_ )(%'3 =600
X\ _cm
—\ooo
p(hep) e _Cloon
X
ASS 000
P(XgASe) = ¢ e Cloow
K=d 1\’\

& (aso - woo ﬁ(—lé‘%\)
= \— @ Clsay)
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Transformation of Random Variables:
1. Discreal

EXAMPLE (3-30):
Let (X) be a binomial r.v with parameters (n = 3) and (p = 0.75). Let Y = g(x) =2X + 3

P(Y =y)=P(X =x)
= o.\\z\zzs
(VNVe)

X 3-X
P(x= %) :1@) (03 (0as)

o ,
X | P(X<=x) y=axss | P\yay)
(o) \(0};)&25; J' = g"‘;
L0606 :zs:) 3 5 o
2 D (O}S-) (° % + &
3 Q)(a}s) (025) = ?: 9 2%
Ply=p=l &, 3=
2/“' ’ =S
GRREEE
=, =
0 . 0.4
EXAMPLE (3:31):
% ;x=-3,-2,-1,0,1,2

Let (X) has the distribution P{X =x} =

Define Y = g(x) = X2. Find the pdf of the random variable Y.
Y = Xz -
X Pl =0 Y=Y P(3=n
-3 Y% 9 %
-2 % 9 %
- Y% I %
o % o Y6
l % \ %
2 }2 i yé

"
ELYl-eC¢)

4/6}: = E[Jl "/("::

P(}’:z): Yo ,4+9
Kl oy

Y+l 5 9=t

% > %

0 5 0%
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TC . Conkinuoes

S'BQB) = S‘x (,ﬂ

ey
ax
EXAMPLE (3-32): /}i 6’1
Let (X) be a Gaussian r.v with mean (0) variance (1).
Let Y = X2. Find fy(») ‘
SOLUTION: el
D h(W)= | :
Jan
2) a\: & X
P =3y =X -3
2 T
"\) 3'3(3) -=/3/ J\- X(x) = | e = \ e
/ A x.J aw J &\TJ/
( aue lﬁl/l
; Adkiaen

example - let X Ye a Random Uexioble thf follow a wniform Dishibdion
ovet Y interual CQ,s) ,Bzaxw , Find pd} # 4 ‘?

\-/)__
/1= gx(ﬂ—-i‘/} ,—15%«5&

© s OW
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EXAMPLE (3-33):
Let (X) be a uniform r.v in the interval (-1 , 4). If Y = X2 Find f¥(y)

N =
o w\ S Y’i(‘)\):i V< , L& X (\‘3

c , o. W

@ % - y = A= FJy

ax

@ g‘a(a) M _J'_E_ mvg mcmsmg

d\

Kzl x4 and ¥t — 40D o

Qg <X <0 — 0< <\—-,3(.i]— X Ys 2
: ’ \ul lax 03
‘X:J—‘é x:_Jj
% Qe | XM > | <Yy<\6 }a(;))z ve _ |
R x| \o Jy
- |
8 Q) - &, ogvg!

1, W< yé

joJy

6] o 0.W
Vit

Y is Gaussian with mean (u, =ap, +b) and variance (5 =a’cy)

(94‘:1!4:.,-\” ¢ JMA" o )lad

o) Lo 2 L,
..(,‘Ahg*"—'fl

v
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