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A privately owned business operates both a drive-in facility and a walk-in facility.
On a randomly selected day, let X and Y, respectively, be the proportions of the
time that the drive-in and the walk-in facilities are in use, and suppose that the
joint density function of these random variables is

2(2z+3y), 0<z<1,0<y<l,
f(z,y) =

0. elsewhere.

v(l) Verify condition 2 of Definition 3.9.

(b) Find P[(X,Y) € A], where A = {(z,y) |0 <z < -1_7 Ll <Y< i;}
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A production facility contains two machines that are
used to rework items that are initially defective. Let
X be the number of hours that the first machine is in
use, and let Y be the number of hours that the second
machine is in use, on a randomly chosen day. Assume
that X and Y have joint probability density function
given by

—_

F(x) = { 2(_\'3 +y) O<x<landO <y <1
0 otherwise
a. What is the probability that both machines are in
operation for more than half an hour?
b. Find the marginal probability density functions
fx(x)and fy(¥y).
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Two ballpoint pens are selected at random from a box
that contains 3 blue pens, 2 red pens, and 3 green pens.
If X is the number of blue pens selected and Y is the
number of red pens selected, find the conditional

distribution of X, given that Y=/ and use it to determine
P(X=0|Y=1).

Y=0 Y=1 Y=2 Row Total
X=0 3/28 6/28 1/28 10/28
X=1 9/28 6/28 0 15/28
X=2 3/28 0 0 3/28
Column Total 15/28 12/28 1/28 1
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(Continuing Example 2.54.) The joint probability density function of the
thickness X and hole diameter Y (both in millimeters) of a randomly chosen
washer is f(x,y) = (1/6)(x + y) for 1 £ x <2 and 4 <y < 5. Find the conditional
probability density function of ¥ given X = 1.2. Find the probability that the hole

diameter is less than or equal to 4.8 mm given that the thickness is 1.2 mm.
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The joint density for the random variables (X, Y), where

X is the unit temperature change and Y is the proportion
of spectrum shift that a certain atomic particle produces,
1s

_f10xy?, O0<x<y<1,
Fxy (%,Y) { 0, elsewhere.

a) Find the marginal densities fy (x), fy(y), and the
conditional density fy,(x|y).

b) Find the probability that the spectrum shifts more
than half of the total observations, given that the
temperature is increased by 0.25 unit.
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A lot containing 7 components is sampled by a quality inspector; the lot contains
4 good components and 3 defective components. A sample of 3 is taken by the
inspector. Find the expected value of the number of good components in this

sample. 4 o good Component P(x=3) = (3)(%) 4
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Let X be the random variable that denotes the life in hours of a certain electronic !

device. The probability density function is O we coa't ound
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Find the expected life of this type of device.
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Suppose that the number of cars X that pass through a car wash between 4:00
pA. and 5:00 p.y. on any sunny Friday has the following probability distribution:

s 9‘(’:")’; r |4 5 6 7 8 9
R o 1 1 1 1 1 1
6 gL =N P(X =) | 5 i3 1 1 & &

Let g(X) = 2X —1 represent the amount of money, in dollars, paid to the attendant
by the manager. Find the attendant’s expected earnings for this particular time
period.
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An internal combustion® engine contains several
cylinders bored into an engine block. Let X denote the
bore diameter of a cylinder, in millimeters. Assume that
the probability distribution of X is

10, 80.5<x<80.6
0, otherwise

S0 =

E(AG)Y) ="
Let A = mX? /4 represent the area of the bore. Find the
mean of A.
0.6 80.6
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VARIANCE OF RANOOM VARIABLES
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A certain industrial process is brought down for
recalibration whenever the quality of the items produced |
falls below specifications. Let X represent the number
of times the process is recalibrated during a week and
assume that X has the following probability mass

function.
x | o 1 2 3 4

p(x) |0.35 025 0.20 0.15 0.05

Find the mean and variance of X.

‘/a = 0.09,35) + 1.(0,28) +2-L0,29+ 3.La15) t 4.00,05)

A= 1,3 = EX) I I N A B
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A resistor ina certain circuit is specified to have aresistance in the range 99 Q=101 €.

An engineer obtains two resistors, The probabll:ly that both of them meet the spec-
“ification is 036, the probability that exactly one of them meets the specnﬁcation is

0.48, and the probability that neither of them meets the specification is 0.16. Let X

— ._represent the number of resistors that meet the specification. Find the. pmbablllly mass
function, and the mean, variance, and standard deviation of X -\,

P(x=0) = 0,1b ol

A=E(R) = 0.(0,4b) + 1.0, 4%) + 2.(0,36) Cound- s
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=2) = 9,34
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.SH(’J = ro_: = q o’ 48 = 0‘,530

 Ex C
2xy
fGy = \ /15 Lexeq Seksd Aka  sirert o
ﬁ . d—dﬂlujmﬂ o2=?
\ 1
o= e0) -+ (et
4
()) =\ x. 2% gx = UF‘|='I4 A
o s +s | 3
: ) o= 13 _ [ 14\
\ 2 (&/
4 q
‘L""-— ¢ lz. u A;__:—. qu' | = ""
4, IS' 60 _2r
Ex

A hole is drilled in a sheet-metal component, and then a
~shaft is inserted through the hole. The shaft clearance is

equal to the difference between the radius of the hole and

~ the radius of the shaft. Let the random variable X denote the
~ clearance, in millimeters. The probability density function

of X is

. 1.25(1-x%), 0<x<1
fx)= ( _)
0, otherwise

~ Find the mean clearance and the variance of the clearance.
| | | | a3 | | | | | | | | | | |
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Calculate the variance of g(X) = 2X + 3, where X is a random variable with
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Let X be a random variable having the density function given in Example 4.5 on
page 135. Find the variance of the random variable g(X) = 4X + 3.

Let X be a random variable with density function

o
M gy = 5 900.FIAX  f(z) = {T -1<z<2,
E(S(.x)) _o8 0, elsewhere.
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Ten percent of components manufactured by a certain
process are defective. A component is chosen at
random. Let X' =1 if the component is defective, and

X =0 otherwise. 0,15 defective
0,9 9 reon-defeckwe

1. What 1s the distribution of X7  twea- derecsive)
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2. Find the mean and variance of X.
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ex

Seliz yuau  br 2w yialende  4,1,2,2,2,3,4 ve b buluamaktod Bu 2ac

100 defa whlcu?amclq Ubt yize 9 gelmeliva betleren degest kaghc?

isteaen > 2 gelmesi = 3(g | | M-EG)=n.p= 100.3(3=" 205

istenmenern) 2 gelmemesi = S/8  O'- n.p.q=100.%3 >/

EX

B puango  ceutisinde  bic bilete kamye alkma olsilg V10 .

0) \pramue  aikan bir borlet  bulablmek  ioin oddlama  vaq biet Saha allamalide ?
Lmean)

b) Sahin allnan! 20 hilette. 2 tane ﬂ:rawftae.‘ akan biet &ma .Qla.sd(gm\. bulun -

a) M=np=2 5 n Yo=1 5 n=19,
) (%) ()2 (ar10) '

EX
Bic  senide bulunan eNlein 95% “inde TV  buluamakiadic. Bu gsehirden Secilea
20 evden 2. sinde TV buluwamamaq eia.w.u—a; oot 7

pr 0,85 (Wolma) | | Lafgwﬁ“ﬂe““(

- ™ol
4 oS eV plomara) (R) s oo™ |

Ex

A fair coin 1s tossed 10 times. Let X be the number of
heads that appear. What 1s the distribution of X?

X= # numbesr of heads

n;—‘lo

P prababﬂﬁ—j of success = Probabrtrt-j of lheads = 0.5

X AJ Biaom (10, 05)
U
i :

LNDEPENDENCE of TRLALS




= When seleching items fom 2 box , you have to replace the ftem you selected, +o

make your selechons  Todependert: (with  replacement) .

2 The’ ae some  cases where  your ~selechions  are indeperdent even Hough Ane

selechions  are wade  without replacement '

o Selections  fromn 3a J}:&aﬂf_ﬂnphlﬁmal_ Csonsuz)
* SelecHons  fram Mpclpuh*hm_l, (sonlw) .

7 Bix {iite populakian olsun e%@u@;@uﬁs@m@gﬂf
4
= Bu population tdan bic simple rondom Somple seulaorSuq
™ g sechgin  sampletn sized)  populaton‘un sizeima
‘5 °I=+ Vinden \ida
O ben, L sample e < 0,05 Cpopiaion )
_L) Bucda Lﬁjnc%mq_n&wmjmr diac.bm‘cit-

EX

4-14

A lot contains several thousand components, 10% o
which are defective. Seven components are sampled
from the lot. Let X represent the number of defective
components in the sample. What is the distribution of X?

) Seven components

» Since the sample size is small compared to the
population (i.e., less than 5%), the number of
successes 1n the sample approximately follows a

binomial distribution. (™ Riromral drstibstion
 Therefore we model X with the Bin(z, O\.L 1)
distribution. s

P(x=A)- Probabﬂﬂ:jo-F Success —3 Probqbﬂﬂ—\a of defectwe = 0,1
— several Ynousand ComPony\+ Tata I Component
Somple size ok iauilk < 0,05
> Bu nedenle brrammal

EX

A large chain retailer purchases a certain kind of electronic
device from a manufacturer. The manufacturer indicates that

T C Ve L O T HIC CLCV TE CTIST o e sy

a) The inspector randomly picks 20 it¢(ns from a shipment.
What 1s the probability that there (will be at least one

- - T n-defectiv
defective item among these 20? i S S e

b) Suppose that the retailer receives 10 shipments 1n a
month and the inspector randomly tests 20 devices per
shipment. What i1s the probability that there will be exactly 3
shipments each containing at least one defective device
among the 20 that are selected and tested from the

shipment? I g ‘““j":*‘"")
a) p( F'obabr\ﬂ-s of at least one defeckive )= _p—— non — defectw

- zo
= 1-9,393)" - 0,456 Pix=0) = (%) 035999
b) ne=to

p=9,456 lS P(x=1)= (';)(0,455)3( 0,544)4



« 2=10

A large industrial firm allows a discount on any invoice
that is paid within 30 days. Of all invoices, 10% receive
the discount. In a company audit, 12 invoices are
sampled at random.

a) What is the probability that fewer than 4 of the 12
sampled invoices receive the discount?

b) What are the mean and variance of the number of

invoices receive the discount?
X = # of invoices receive +he discount
P = pobobiliy of success = probalily of receive the discount = 10% = 0,4
X as Bin(42,04)
a) P(xc4)=2- Px=d)+ P(x=2) + P(x=1) 4 P(x=0)

o z
) (0,0% (0,9 + (12)(e (0,9 + (§)t0)'(0,9)" + (13) (a0 0,9

b) fa=E)=n.p=42.(081)
ot- n.):u,1= 12. (D,‘\)(o,g)

9 MULTINOMIAL TRIALS

2 n _tone Bemaulla .d.e\ea‘w'\rb a'{clu.gu.nu ‘var.f»aaaltm- .

9 Ber Vic deAeﬂ‘m olasthgs olsua .

L" Vg oV Vi=21 Lith icial cesult is success)
i =0 (it teal result is foilue)
L

(\-’x= Y4+9) 1 -t Yn

n denemede alugon  swess s«:glsu‘alsun-

7 Biaommal bic Randam Madable ‘L Becagulli Merta toplamielacak | 8&*3(&b?|?rit.'
=2 Benoulli ttalda 2 tane elost ocubcome vards: RAma ,

2 Bemouli' \eta toplamy  Scaucu  Slwgan yeai binamiod “da 2'den

forla outcame slabilir. JLLMMMM@&)F
L Recnoutti Ve toplaamast  sloyaa > Mukiiaomial Trrals dearr- |

2 Numbes of oulcomes = 1,2,. ..,k
L

7 Her bic outcame  fala L = Xi 3 i'dia random vadable'y

L’M%L&e.—) dtscrete  fondam Nanable
L. T g




< | BDBUuQldco | Tuasstnomial DSt buion  denut -

IR TRETE T AFSR LN | 4

2 PUQ=.P(.X\=X|, X-,_—-A,_,-_._-,)(L=.KL) V

— n! Xy Xz Xe
= ..PL -Pl _-.?L. 0

Xl X toox, L

The items produced on an assembly line are inspected,
and each 1s classified as either conforming (acceptable),

downgraded, pprejfctéd._ﬁvaailﬂe%ﬁ—ofﬂreﬁtmﬁs—am\')

conforming@/zg%—af%éewngraded,@ and 10% are Bou;'o:::.bf
rejected.@/ Assume that four 1items are chosen ol
independently and at random. Let X, X5, X; denote the mm;“‘:f F
numbers among the 4 that are conforming, downgraded, oddugumi

Xq . # of THem conforming - preb ™= o3

: _ d
and rejected, respectively. ;. # of rem dawagraded spow > 02
Ky i # of Trem redzc_-i—ed — preb 2 0,2

1.What 1s the distribution of X, X, X3?
2.What is the probability that 3 are conforming and 1 is

rejected in a given sample?
D X, X2,X3 ~ mN(4, 03, 02,01)

3 o 2
2) P(X=3, %=0, X3=1) = i AR te,2). (a1)” = 0,1332
’ 3p-91-41

Ex

P P 3 Pq
9 s b toploatya  kahlmak icia uaak otobiis , Otomabil ve ten secenek-

lectah scasy\a 4o Y- , 20 oo , 30%,10°F Oranlactalq Yercila  edebilmektediies-
Buna goe bu 3 kisiden  3'daua ueagy , 3)iadn  elobish , 1 Kisiain
etomobil ve 2 kigiain ket  tec\  eime Gla.S\ltgml bulununt

P 0,23 | A
K | | 9! _w,ar. (o, 10,3)" o, 1)*
Py 50,3 22 3031120 //
Py oA 22

+ 3t

i I



BYPERGEOMETRLC @ OISTRIBUTION

- Beraouls deneaid?r-.ibi alast Sonug Taeen duumlarda  leullanikr.

.y We iMdeperdet degulleickr: 3 Becuse of sampling without replacement: -
L Ladeperdent  ebmadigt Tuin  Binamial | Diskibution dwemeyd-

L9 &'ﬁa\e bic  etoyda , number of successMi tanmlayan durumg  Hypergeometsit

Distvibution desr
» Komb?nasum ypeimygla  elaskk  hesaplaawc

IR PR B N = total ttem
.(.R)(NTP‘)_ —] ) R< # of Success
x nN-x n = [sampled | from
PU‘) = ?(X =K)= | —t L poPula-l:Lon
(N) X = & of swcess
n
0] L, othecwnse

/Lix?Elx); ne
N

o= n | R, F )| Nn
N N N-4

EX
T N &
Bic tocbada 20 top vadv:. Bu toplardaa 22 tanesi  kumizadic-

n

a) Gea birakdmalksizn  secilen | B toptaan Stiatn kv elmq dns;l{é.« nedicl
x

b) Geii brakdmaksizin  secilen 4 toptan e cok 4 tangSiaia  kxaun elma
n X €0 krmizt - 4L oimayan vy i
s{astltﬁ.l nedir 2 X &1 k) — 3k sknayan

NIQIHEFNEHER,

—

(¥) (%)

Ex
- B N-&

Tcaade A9  aded &c.gen Eade,{- kace oauncat Taeen bir torbadan 3 adet Qa_mmk
| o



aeri. \oamdmaksiaan agd.ntaor-
‘ a) g:mlm de u,c..se.n lan Sjuncah elma 9(.&5&\(%\. ne.d?r?
X

OOy GO
SECRERERRECE

EX

Of 50 buildings in an industrial park, 12 have electrical
code violations. If 10 buildings are selected at random
for inspection, what is the probability that exactly 3 of
the 10 have code violations? What are the mean and

~b) Ean a3 2 kare ‘ea_uncnk geme Kosgye  nedic ?

variance of X7 12\ [ 2&
3 F
N=62 n=10 ot
. - 5
=42 x=3 (1’g>

- GEOMETRLC  DISTRIBUTION

D 2 olast senue Btaa dwumlacda  Geometcit  dagn  soculabiic:
9 Ik basacaaia  n.‘de gaculme  slasigiar  hesaplamada kullaay.

* P basaa elosig T x N GGOm(P)
q: basaasi2lke  elasitigy P+q=1

¥ e basaama n.de gorilme Qla.sm"an = k (n-1 deneme bosaisi demettir

Ex

Bir hastanede bir hastalibtan i&nl@mg Haswgr 0,09 *wr Bu hnshneﬂe |
oelealerden b wileseain B hasta  Sma Stasiliadr | kbacde 7



—— — . a—
L? n-1=1 (il 3 vasta ra-le.;memig)

ra
A

= (9,95)" (0,05)

EXx

Bix 20a0 ohlmas d.ened;nde.. W kex § .3e.lmes'min 4 . denemede.
geraeklesme  Stasilige nedic ?

el @O

q:=°/(6 |

€Ex

—_—

A test of weld strength involves loading welded joints
until a fracture occurs. For a certain type of weld, 80%
of the fractures occur in the weld itself, while the other
20% occur in the beam. A number of welds are tested.
Let X be the number of tests up to and including the first
test that results in a beam fracture.

Pfobabﬂf*'\j of beam Fracture = success = 0,2
Probakility of Fatlure = 0,%

: . . . r X as Geoon (P)
1. What is the distribution of X? X Geom (9,2)
2. Find P(X = 3).= (0,2)(0,3)>"'= (0,23(0,8)*

3. What are the mean and variance of X?

leELQ\_‘[IAIEJ&lem AL DIST BLL[IQ[HS_L




=2 X. basacun  n. denemede geractlesme  Slaswigia  hesaplamada  bullanr.
‘a n. deneme kesilitte basacidic.

L) illz. n-1 deneme taia bimam 02 tonusuduc.

% .[(“-:’-)_.Pxﬂ.qn-&]q T ° X v NB(";P).

A-A4

EX

Bic hastanede  bic hastaliktan yilesme  otasthgr 0,03 T tic . Bu hns+qneﬂe_

gelen  hastalacdan S iyllesen  isiain gelenlecden  2.'st olma Stasiig kach ?
L 2 Ao 3 dﬂegen

L) 7iL tlidin @INaM
[ (‘;) Lo,03)5—(0,9})}]

In a test of weld strength, 80% of tests result in a
fracture 1n the weld, while the other 20% result in a
fracture in the beam. Let X denote the number of tests

up to and including the third beam fracture.

3 : ; . ) X NB( )
a) What is the distribution of X? "~ Ng(: Eg)

b) Find P(X = 8).- |(5:3) e * 007 e

3 .olma olasweq:

¢) Find the mean and variance of .X.

Mx= X_ 3 _5 ol. XA 3.08) _ 3.08)
P o, P2 (o, )t (0,04)
- POISSON DISTRIBUTION

L_) DiscreteMdir. ¥

ad MNAAdAr oo e A I P P [ VPR PR P A T



- ¥ R EMSTE w b el = 4 SR V\Hﬂ“‘ LM U\ml\la&ﬂl' : . Vwr\“l“ TRASR VI = LARALLLIRELY -

2 Sacwda wulaka | nadic geraekiesen bu st’.nam belli bir  aman ddume, | 9&yq betti bir

bB&ae iain | geccertesme  Oftalamasy  vecilmis stmakshke.

Px)= P(x=x)= AL e,',;}_ e eulec sayws = 2M...

x|

X: the number of events occurred in a fixed interval of time or
space

* The number of births per hour during a given day

* The number of particles emitted by a radioactive source in a
given time

» The number of cases of a disease in different towns

* The number of hits on a web site in one hour

* The number of goals scored by a football team in a match
* The number of accidents in a certain part of the road

* The number of customers who enters a market during an hour

0.40 — . . . .
0.35
0.30

- 0.25

L 0.20

=
0.15
0.10
0.05
0.00

Ex

ix= EGY = A ?

oy = A . &

Suce dea.‘s‘\‘rse

Besiktas  ilaesinde 3 aylle sicede  yongu otalamast I —3 AT (Bay)) A degmir.

L= .One.wnﬂ. to think. of dthe |
PoisSson diskibuhen 1s as
an | aprox‘umaﬁan +to the
bimemial diskibuticn when
AR l.a.rbe aad |p Ts',snnau_‘-.
‘ A = np

2 X~ Poissan (A)

CBelirtti b kavsalta 4 oyl sicede ka2a odalamasy bMdur.

a) Buna ofre , bu kavsakta gelecet 4 ayda T kawm elma Slesihg nedin?

b) Buna goce , bu lovsakta gelecek 6 ayda 5 kaza Sima  Sasulgi ned?



) Buaa g°e , bu lkasatia gelecele ) ylda 2 den farla vmra  etma sea.smgx 2
d) Buaa 36're N 30.!2.694'_ 8.05).1.& sucede en Gak 2. kaza a&m.eea.sm'ga nedir ¢

Q) A-=¢ (4«5) , X223 | ‘b)) | Az6 (gay) — Goy 6 R
et A9 (bay) | Coa ! N 9.
' ‘;\—I ' ' ' ' | x= 85 | ' ' ' ' ' L
Q) A=((2ay) SN S S (S A S S S S —
A=18 (120y) 4§ _'3""% Bt ™ et
xevas (e i #
LG A- (a=0,4,1) .
i- is*e_nmeden
d) | A=6 (4m) ————f———
- T
A=\2 (8ay) Bre b . 124 e I Pl
B P NI

X= 0,1,2 kazn

Ex
X rastgele degsten  Octalama degeis 4 olan bic Pomson  daghning ki Stsua.
A=

Buaa 36‘re agu.gtclo.ki. Aasiliklacy .hesa‘)tosmﬁ;.-. .4-

o) P(2exe5) | | a) Plk=2) + P(x=3)+ P(x=4) t P(x=5) |
- -4 4 -4 ¢4 -5

B PlRy3) | 4t et 43t 4.;_, ot
21 2

) P (xe3) G T N T L I

b) Plx=3)+P(x=4)t-|-. . = 1- Px=2)-P(x=1)— PLx=0)

oyl 4tet  4'e?t | 4% et

21 11 ol

c) Plx=0) + P(x=1) + P(x=2) + P(X=3) |
° .~¢ t % T 4 3 ¢
et 4 e +‘l.e. 2 |
ol 41 21 31

For the case of the thin copper wire, suppose that the
number of flaws follows a Poisson distribution with a
mean of 2.3 flaws per millimeter. Determine the
probability of exactly two flaws in 1 millimeter of wire.

X\ namber of flaws
A average number of Flaws = 2.3

-2,3 2
P(x=2Y=pP(2) = e . (2'3) o 0,2652_

21




EX

For the case of the thin copper wire, suppose that the
number of flaws follows a Poisson distribution with a
mean of 2.3 flaws per millimeter. Determine the

probability of 10 flaws in 5 millimeters of wire.

A=-2.2 (goc ..me) —  dmm A=2.3
Smmm A=7

Az 23 x5 « 1,5

-5 \2
=\0 = o
P( x =10) e . (n,s) . 03158 .15°°

1901

Ex

Grandma bakes chocolate chip cookies in batches of 100.
She puts 300 chips into the dough. When the cookies are
done, she gives you one.

What is the probability that your cookie contains no
chocolate chips?

X = the number of chips
A = average rumber of chips per cookie

A= 309:3

o2

P(x=0) = € ~. 30 = 0, 0448

Ex

Ten is the average number of oil tankers arriving each day at a certain port. The
facilities at the port can handle at most 15 tankers per day. What is the probability
that on a given day tankers have to be turned :m-’eu".’/a IS\7 atarsa
Let X be the number of tankers arriving each day. Then, using Table A.2, we have
15
PIX >15)=1-PX <15)=1- Zp[r: 10) =1 —0.9513 = 0.0487.

= L) A=10 1

- Som NTINoUS ROBABILITY DISTRIBUT




NIFO Ty W X

- ConNTINOUS

N

1'_511* RL

= X iain beli b acalida A«Iza:a.n. d,a.glldaél sba\eiusei

% For Example ; X cosigele .de'glgkeni (2,9) augindg dw_au.a J.o.gtlum sahiphe.

» X‘\-’N(a,b) |

3 A, Ca,b) - acaligundg d«vn.&un d.c@lhmq, salup AR .

3y ] | % = Q b
= s acCckeb
L fx) = B=k I
T o , 1 [ | # L’: = |(5-Ol)l
"5 | | 1
£(X)
Bualan L % The deasily funcHan foca
| | | lotmalidy | condom | vacable | on the
v, §---- ' taterval| 4,3
1 L— {//// ////“. > X

1 3

€ex

X costgele degiskerme  sahip b slaslik  dagumu  (3,3) araliginda
~ Sahiphr - Buna 36:‘2 B

a) [Plx=2) =2 O (fdsicethdic)(Soanda steren  discete o yinden © stu)
'b) P(4¢cRreS)=2 3 § g dx = Mg |

v 4

_ a
c) P(x <4) ?’—\’? S.‘M.&:qu.fh:.‘/q_.
3

d) P(4ex) =7 ——\ "= 3
| surekli /—\)w L

_ -3
Fx) =) aq  Bexe} S Vaj4x 5 5 Vadr=" |
+ 4

| O, etherwise

EXx

When a motorist stops at a red light at a certain
intersection, the waiting time for the light to turn green,
in seconds, 1s uniformly distributed on the interval (0,
30). Find the probability that the waiting time is
between 10 and 15 seconds.

L
'f(K‘l: 3o '
"

1
Jo e Jo 3o 6

X av n(o,30)

5
Plloexeci15) = 5
1o



“OMS

(@) Gan egrisinin alhada kalan alan L .

@ Maksimum  nokta M ile estesic
| @  Stmeteibhic.
(@) M+430 v M-30 saga ve sota gidivdiginde

tum atama %099,9.-.. civaflaana uhasihr:

A 2 :
-3¢0 A M3
__'(x_'/“)l-' L /“x:‘ /"‘ - X o N(/‘"o-lj
L » Fb\)=."‘—.e. a0t
(- |2
| =X oo} ¥ O’;_o'
v
# S fO)dx =L | ¥ 0020
-'Q‘
Variance = 0.0625
Variance = 1
1!5 25 356 4{5 5{5 6],5 7.5 85 9‘_5 x 1{5 25 3‘.5 4[5 55 61.5 7.5 8{5 x
(a) (b)

a. Two Normal Distributions with Same Variance but Different Means
b. Two Normal Distributions with Different Variances and Mean = 5

F(a)=P(X < a))/ \
Pa<X< b)=F(b)—F(a); .

» P(x=2) =2 0 2 (Nomal distibution Sacekdider.
Acalik | bitdiren | clasiliklann de.gez\eci
wr e | Ceviazt | bLildirenter OVa esithir.)




M e
» Plagxeb) =2
v 4 lx-m?
ST=° " «
[+ ]
N T

3 Bu iaiesfalin he.sq.p\nnmam 20c eldugu Tain |, biam yenmar bu 'l‘aﬂaml\er
hesaptanyp bir 2 tablosu  elustuadmustur.

* MNormal Dagium - 5 % Standat Nomal Dae_dtm.
— Narmal (Dagium \ \
| ““ 5.05\\&() ! __Svaadack SND‘;_’C | Lt ”e. b"a“d“.) ‘
GEeNFIWr.
5 STANDART A RLBUTION

= J!‘/M L5 Standatlashcma tstemi

 Ortalanab Ove vaypsi
haline ‘aah'ril.en __normal d.n.‘édthq

. __Staadat  narmal .daﬁd\m deair:
(Stdadact  Nocmal Popu.lq-&on)

| |« Bunun _athinda kalan alantace
2 4ablcsu e hesaguaniy -

Octalamass & Ve Staadat sapmass 2. etan bic nmamal dagdwnda  PLxeE) =2

P(X(‘i) .=) P Lt < ?) =1 P(%("O‘S)
: | \ . Tacak alan bu 'ehul{él vececek

tHesaplaamast  fen de 2 tablosu
‘ oAt | ‘ | ‘ |




Ex

Aluminum sheets used to make beverage cans have
thicknesses (in thousandths of an inch) that are normally
distributed with mean 10 and standard deviation 1.3.

a) A particular sheet is 10.8 thousandths of an inch
thick. Find the z-score.

b) The thickness of a certain sheet has a z-score of

Xes N (10, (L2)?)

a)

b)

—2 AF

e T

2=

LEA

o

x-10

1.3

T=

=1.3

NQ_Eg

X= A3 AMAFN+I10

X= 12.2)\

1Y

NORMAL

CURVE

z

0.00

0.01

Standard Normal Distribution
(Values of Cumulative Distibution Functiss5(z))

0.02

0.0 0.04

0

0.5000]

0.5040

0.5080

0.05

“0.06l/ 0.07

0.08

0.09

0. 0.5160

0.5199

U.2239 0.527

0.5319

05359

0.1

0.5398

0.5438

0.5478

0

0.5793

0.5832

0.5871

0.5517(|0.5557
0.5910{0.5948

0.5596

0.5987|0.60

0.5636{ 0.5675

0.5714

0.6064]0.6103

0575
06141

0.3

0.6179

0.6217

0.6255

0.6293(0.6331

0.6368;

0.4[0.6554] 0.6591

0.6628[0.6664]0.6700

0.6736|

0.6406
0.6

0.6443
0.

0.6480
0.6844|

0.651
0.68

05
0.

0.6915
0.7257

0.6950
0.7291

0.6985
0.7324

0.7019§0.7054

0.7088

0.7357(0.7389

0.7422

0.7123]0.7157]0.7190
0.7454{ 0.7486(0.7517|

0.7224|

0.754

0.7
0.

0.7580

0.7611

0.7642

0.7881

0.7910

0.7939

0.7734

0.7823

0.78524

0.7673(j0.7704
0.7967]0.7995

0.8023

0.7764/0.7794
0.8051|0.807

0.8106

0.81

0.9

0.8159

0.8186

0.8212

0 8264

0.8289

0.83150.8340

0.8365

0.8389

0.8413]

0.8438

0.846

0.8643

0.8665

U.865

8508

0.8531

0.8554) 0.8577

0.8599

0.8621

—1.7. Find the thickness of the sheet in the original
units of thousandths of inches.

0870808729

0.8749

0.8770{0.8790

0.8810

0.8830f

0.8849

0.8869

0.8888

[0.8907

0.8925

0.8944

0 0.8980

0.8997)

0.901

0.9032
0.9192,

0.9049
0.9207

0.9066
0.9222

0.9082|0.9099

| 0.9236(0.9251

0.9115
0.9265

0.9131]0.9147

0.9162

0.9279 0.9292|

0.9306

0.917
0.931

0.9332

0.9345

0.9357

0.9370(0.9382

0.9394

0.9406{0.9418

0.9429

0.9441

0.9452]

0.9463

0.9474

0.9484|0.9495

0.9505

0.9515/0.95

0.9535,

0

0.9554

0.9564

0.9573

0.9582)0.9591

0.9599

0.9608 0.9616

0.9625

0.0633

0.9641

0.9649

0.9656

0.9664|0.9671

0.9678

0.9686(0.9693] 0.9699

09

0.9713

0.9719

0.9726

0.9732(0.9738

0.9744

0.9750| 0.9756

0.9761

0976

2

0.9772]

0.9778

0.9783

0.9788|0.9793

0.9798

0 0.9808|

10.9812

0.981

2%

0.9821

0.9826

0.9830

0.9834)0.9838

0.9842

0.0846) 0.9850

0.9854

0.9857,

2

0.9861

0.9864

0.9868

| 0.9871

0.9875

0.9878

0.9881) 0.9884

0.9887|

0.9890,

23

0.9893

0.9896

0.9898

0.9901(0.9904

0.9906

0.9909/ 0.9911

0.9913

0.99164

24

0.9918|

0.9920

0.9922

| 0.9925

0.9927]

0.9929

0.9931/0.9932

0.9934/

0.9936|

25

0.9938

0.9940

0.9941

0.9943)0.9945

0.9946

0.9948{ 0.9949

0.9951

0.995,

2

0.9953|

0.9955|

0.9956|0.9957

0.9959

0.9960)

0.9961| 0.9962

0.9963|

0.

21

0.9965

0.9966

0.9967|0.9968

0.9969

0.9970

0.9971{0.9972

0.9973

0.9974

2

0.9974/0.9975

0.9976]0.9977

0.9977{0.9978

0.997

0.9979]0.9980,

0.9981

29

0.9981|0.9982

3

0.9987|0.9987

0.9982|0.9983

0.9984|0.9984

0.9985

0.9985| 0.9986

0.99864

0.9987/0.9988

0.9988]0.9989

0.9989

0. 0.9990]

0.9990)

and z = 1.28.

normal curve?

o

Find the area under normal curve to the left of z = 0.47.
Find the area under the curve to the right of z = 1.38.
Find the area under the curve to the left of z=-1.55.
Find the area under the normal curve between z = 0.71

What z-score corresponds to the 75% percentile of a
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Ex

—_—

A random variable has a Normal distribution with mean
69 and standard deviation 5.1. What are the
probabilities that the random variable will take a value

a) lessthan 74.1?

b) greater than 63.97

c) between 69 and 72.3?
d) between 66.2 and 71.8?

) Plxc3a4) = .P(L—_/_'i . 4:1—_69_)
(V)

b) P(x> ¢639) =P ("_ & > bss-es)

)

sA

= P(2¢A) =FfQ\) =0.8q3

P HY-1) =P@ 1) = FQN) £08q12

54 s
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EX

Bir swiftaki  ogerdtesn boylacian | uzualgu  nacmal dagdmalktodhc: Bu

swaftaks 6_3‘@\01@1?\ baalmmm uaualuguaun et‘bo.tama.b\)\bc:an ve Standait

— Stendad nermal
sapmasy S em diree - ‘ - ‘ | ‘ | ‘ -dqamm- wedcilonedi

Pu swftan | seailen  bir 'ogre/\d‘ain . boaumm 66 cmtden  u2ua 8lmaq 8(05\\.(51 ‘
\t.mhr,?.

Au=160em P2 > L9 ) - p(2r12)

| -/a 1- 05349 = 0.N151

5 =9acm

PR 2166)="

Ex

Bic yotdan gewen aactana  hlaca  normol  dajdmaktodic. Bu yeldan gecen
ocactann  ortalama W b5 kmisa Ve Standat  sapmast Lemisq v
Bu wida  bedi bic huan  asimast duwnunda - oraalora  cera kesildigine
gére , bu yolda ‘w2in verilen  ea yukek W koo Icml&n"'l:ir?.

/‘lsﬁ‘j_ | V= cewa &.25“0\‘\\\%.?_ | | j\ |
6
=2 exav)-o0as | [

‘.’:22‘:0.@15.%
2=x-M | Pl V":"' ) =o.25 . |
c V-65=1.360

V =66.35km(sq

e o -

0.63+0.63 |
(Tablcdan yaklage
oan i deicn‘n
)

o0 9

ort-‘uau al

EX

Lifetimes of batteries in a certain application are
Normally distributed with mean 50 hours and standard
deviation 5 hours.

4

Find the probability that a randomly chosen battery lasts
between 42 and 52 hours.

fr=50 P(42¢x¢52) =7

a3 P( 42-59, 3 ¢ 52-59)
5 5

P(-4.6 ¢ & < 0.4)

P(2¢0.4)- P(2Y1.6)
= 0.6954- 0.054% 1-0.9452
-ZZ :: =0.0569%
- . [+]=] 7




Ex

A random variable has a Normal distribution with
variance 100. Find its mean if the probability that it will
take on a value less than 77.5 1s 0.8264.

g.100 P(x<c 3%S)
v =10 P(2e¢ B3S-M )_ 05264
Ao
v—-\(~——
. .94
?3-_:&: 0.94¢ .
0

TA=681 ]

_Ex

A process manufactures ball bearings whose diameters are normally distributed with mean 2.505 cm
and standard deviation 0.008 cm. Specifications call for the diameter to be in the interval 2.5 + 0.01
cm. What proportion of the ball bearings will meet the specification?

X ~u N (2505, 0.008%)

2.49 - 1.505< X < 1.5\ - 1.50% )
P(249 ¢ x¢c251) = ol iy T
—_—

2.50F 00|

Ex

Gauges are used to reject all components for which a
certain dimension is not within the specification 1.50+d.
It 1s known that this measurement is Normally
distributed with mean 1.50 and standard deviation 0.2.
Determine the value d such that the specifications cover
95% of the measurements.

fr=1.50 P(Rc...) - (A- P(2<..-) = 0.9§
-1+ 27P(2c¢c...) = 0.95
D.P(Zé”-) = 4.95

N ™ —
1.9¢

=02

P(-1.96¢ 2 ¢ 1.9() = 0.95

49, = (1.50+d Y—-4s502
0.2




- EAPONENTIAL OISTRIBUTION

— damansal &fasikk dagihon  socutacinda  kamsmia dacac
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0
0 0.5 I o 2 23 3
FIGURE 417 Plots of the exponential probability density function for

various values of A.



Ex

Bic ducattan clobislesin gecme suceled  Ustel dagdma  Sahiphic.
Acka akaya ki otobusun geumesi  Valn  gerekli ortalama 2aman
& dakikadir:
a) Bu ducaga  gelea b kswn  ea faua 3 datika bekieme Olaswgs ¢
b) Bu duagn geler by bigwin € datsmdan fazla  betleme  Olasugs ?

) Bu dumgo,  geten bic kwian 8 dakita  Gekleme  Olswgr ?

d) Betleren deger e .varsms’.' | 1 ] et
+
| 1 .‘Se? d‘.—':sa—.'!‘C.
A (3 a
A M=5=4/A  f)=) 5T | , x>0 | |
I O O Y P P
P(xe3)=? 3 .3 | § s
. _ =€ _
S!s__elsc!x__:_ .Le.xh’_cl S _1-e¥s
S -
o
| . = | | ]
=2 - — % - il -
b Plxye) =1 S 'ige h’—'dx =—e | ==evNo L—e.'%_) = 1F
. : -
e'°°.—_o
e —¢
Q Px=8)=?20 | d) =5 cgl=25
v | | et 11 /a wmulative density (cdf) |
(o] rxc<O | .
o F)= ) ©  reC | -Fgach_an of an
l-e _ x>0
Ex

Example m

If X ~ Exp(2). find ux. 6%.and P(X < 1).
—tp—

?\:.?:
0 , X e O
/“ /?\ /2 F(x) = i_e—hx P

0'7'.= 4/7“1.. = '/4_

P(Xct) = F4) = L-¢%- 1 - 0.13523= 0-864%F



1

- The € v the Poisson Pocess

=2 |t eveats follow a Poisson puocess with rate pacameter A and ¥ T

mprese/&s ‘he mal—-\'\a e foom any Statin ng paitd uahL the next
evert, then T v Exp(A)

# The probability deasity funchion (PDF) |of an eApanentinl distribution
s gwea by: / t is wairling time
M A Ts the cote pacameter ( Qverage rate of events
pec uatd time)

Ex

A radioactive mass emits particles according to a
Poisson process at a mean rate of 15 particles per
minute. At some point, a clock is started.

1. What is the probability that more than 5 seconds Will 2 g2 trame sre

. oba bility thot
elapse before the next emission? by el = Bk
. . . . . occucs Within the
2. What 1s the mean waiting time until the next particle first 5 Secands
T 1
. . —-— == = 435econds
1s emitted? A o5
1) 60 seconds 1S pacticles R v Parsson ( A=1LS peconn )
1| Secands ? 3 T~ w_g\hr\g (A= Olfperse.c)
\S/eo™ O-25 me

PUx 3 Ssecands) =2 T Explo025) — P(X28) = 1- PUxcE)

-0.25.9 -
=1-Ca-¢ )=

> Lack OF Memary Popedy.

D If T Exp(A) , and t and s are  positive numbers , then

CUDA | aw (A
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Ex

The lifetime of a particular integrated circuit has an exponential distribution with mean 2
years. Find the probability that the circuit lasts longer than three years.
Ai=2 T lifekime of some-thing

T Expl Azt
jl:‘_:’)_ 3 251/1 P /1)
A F(T) 3) =32 o

o 0.223l

A P(Te) = Y-

¥ P(T>t)= et

Ex

Refer to (% Example 4.59. Assume the circuit is now four years old and is still functioning.

Find the probability that it functions for more than three additional years. Compare this

probability with the probability that a new circuit functions for more than three years, which
was calculated in (%) Example 4.59.

3
f ¥ —
. M
° 4 3
PCT>3 1 T24) = P(TH2) F(R) = (- ™

PUTI53) = 1-pP(7¢3)= 11— E(3)

PCTY3) = L - B(x) = 1= (4—e23) _ o

Ex

The number of hits on a website follows a Poisson

process with a rate of 3 per minute.

1. What is the probability that more than a minute goes ™2 This is Yhe same as

by without a hit? Finding the probabitity

Mot e hils ocour Ta
+he ficst minute .

2. If 2 minutes have gone by without a hit, what is the
probability that a hit will occur in the next minute?

- At
1) Plx=0) = e M B | A=3 (cate pec mihute)
O! t = L minuvte

- B -



2)

- &

PL no it in & minute) = € 7" - ¢° = 0.0498

P( no hit mare 4han L minute) = 1 — 0.0998 = 09502 - 95, 02%-

P(T>3 1 T%2) = PLT>1) = L—-PLT 1) = 1-FW)

2 3
= -(1—e?%) = 1—(\—&'3") = e3- 0.0998




