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Example 1.1. If we toss a dxe the result of the experiment is that it
will come up W1th one of the numbers in the set{1,2,3,4, 5, 6}.
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Example 1.2. If we toss a die, then one sample space is given by
{1,2,3,4, 5,6} while another is {even, odd}. It is clear, however, that
the latter would not be adequate to determine, for example, whether an
outcome is divisible by 3.
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Example 1.3. The sample space resulting from tossing a die yields

a discrete sample space. However, picking any number, not just inte-
gers, from 1 to 10, yields a nondiscrete sample space.
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Example 1.5. From 7 consonants and 5 vowels, how many words

can be formed consisting of 4 different consonants and 3 different vow-

els? The words need not have meamng
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Bxample 2.1, Consider the following set of integers:

Z1{1,2,3,4,56,7, 8,"9‘}
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Example 2.2, Consider the following set of integers:
=1{1.6,3,8,2,4,9]

0550 Gy x Al sl | 0y 5 W1 o o) 3l | U, T 130
XMPS‘M‘DJ&MLJLMQJQ &M‘JJ&M
S=1{1,2,3,4,6,8,9)

BT B oday o851 2 4l ) (51 4n 4 341 0F I3
0050 W 5 Saadl o Ol (s By Ll gl gm 4 Ol JLIL
saalaed] 1, Y1 um T Lol
Y P8, e gemen el 12230 JUa
Example 2.3. Consider the following set of integers:

$=1{1,2,3,4,6,8,9, 12}

sl Jg..e»}&d‘u.o 46 )t.«a\ 45,0 f»ls)ﬁ‘ Of G s

e Y.L.;\gc\.cw L._ujw e.b—bd.a..d \..._»J.Suw.)

- 23 -



3—-“‘.)\._“7}“&,&.‘&‘ LF"'B .6 94 O Lcd‘) djiJ L.u—«jnd\ﬁ Ju\.:ﬁg
| G glas Lo gd} 05500 Cad 3 dacu g

4+6 _
2

3l (s o n cilSTs Lipe dagd n Ly ad O 15) dale Ly
s AaBge "L""u-i""«ﬁ M\@Mbtmubu\ L
Olb Urss Iode n esls 3] Wl ntl sy plasnls de goonal
uwsbwﬁuw-wm&ws Lacugze 0555 Lase 5!
Lol o5 legBse OsSay 4]

Mode R | o Jteddd
A_J-J.sj ‘LJLc LN u_J\A_AJJ\ Jeey, LA &MJ Jgrad!
3_54 QL.-»)!\ua.musg gl Jlas| J.S\ L 055 (JJ“-SJ’" :

0950 A ed) ol b :u\g.\;—du,o-\fSﬁ L@JMUAJS‘ Ly
),S\ 3\ Trimodal & 7 M.d «s\S" 15] Bimodal: OVl g0 c’:’Jﬁ"U |

‘ e ) e Miuiltimodal

N el g bae L B85 (s O Gx\;)\ S el 124 Jtie
- Example 2.4.  Consider the following rolls of a ten-sided die:

R={281,95272794715.2)

ity «_)\JA4J.@LJ.¢9 zrs;sy,s,x;, ,S)!\r.ej\u\ s

. 4 3—1’“)5-61’ g_;\fo >.\.s> ujia gf\ o,o7¢-9)‘;ej’ \-“
TS 2057 Lea 0¥l uuuﬁdwse»@a ol
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Measures of Dispersion Gkt || pentad Lo

Rad sl

S =1{5.5,5555) and R=1{0.0.0.10.10. 10}

e 5 o g JS3 Gl bogdl L 1305
AL Lt Oladlises UL e Olis gemen Lo
| el gelde ol oy slax] (J ples JULy

S P f”"'Q'U Scatter Lzl of Dispersion cowad! o
Ll Jy 555 0 ULl esls 155 . obld) olasd| Lau )l
5 ime DU ol 5] bocy el ae 050 wldadl OB o lesl
O Olwlaadly 1S 0655 SBaur ulidadl OB Lol oo 1o
(ol G aly cp Ldl e 8ol Legodiains

Soluatl el ¥y Sbaidt

Variance and Standard Deviation

LS (IR U R SRV PRCIN [ S JON. S5 N INCH [ W4

u_iw Xy, Xy eon X, fa\_.'é);}“ Lo Lo gazeal o’ e ad e sy
LSS eslon |

o2 o Lo =10 + 0 =) ek e, = )] 2
n

LSS URUSE“pVN | P IPRC | I P TSN | Y o2 Jrer o ledls

o LU s gameald (65 madl O ms¥ls Ll sl 225, Jta
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Example 2.5.  Find the variance and standard deviation for the fol-
lowing set of test scores:

T = {75, 80, 82, 87, 96}

slomy g s Lk ol Ll J s - ‘-...;.\ VT DS
L)

75+80+82+87+96

oLl sl ) Sy gl plaseialys

o = [(75—84)% + (80 —84)” + (82—84)% + (87 - 84)” + (96— 84)"]
5

| IS ) a5 sy
s _[BD+U6) HH+O)+ (4] _ <o o

., 2 : .
s Y 508 5a by ddl s s gamadl 0dg) culedl OB Sl

3

rai I dedl g Wil o 5a 3 d e s olenal] Sl

¥

oo =yRE=T 12718 |
Gl teaed o laSI ST dole oy ) lemedl By 2Ll
L) Bl (Say 31 pualio S ST e o gy 9 ]yl




E3 i g s Fagiat E: F T bl e b b
UVt i) e
o

plase b G 231 UL de sazeo wis AW 3 38591 p0 055
I b e dbs e YV Ll saes SO a3 ol Y
el 8 els il ST Bl s A UL Sl
Ol ds JleS s L Percentiles zalt 1, Lais|y Percentile Values
10% 5 x50 o0 J3T Ol LS (6 o o 30 oo BT i !
s = Jlaedly o sl ﬂ 10th Percentile L@__:f S X 10 (A
el om 09 SCs 4 Bl ai UL bl Cias O o o)
-(5th Decile _ealsdl ol 51) x50 50,30 &) o0 5 SOth ppeasel

J=b e oy Ve, 25th Percentile O ially ol aradls
Ly Jtay 75th Percentile ‘pacdly uolid) fzedl OF WS Lol
Ist Jo Y g A 25th Percentile 25 pied) o s Jarw ol an ﬁ““QM
3rd el &..:JJ\_: _so, 75th Percentile 75 j.zall Of WS . Quartile
-2nd Quartile _sUJ} &QJJ\ 9o gl jum JUL, . Quartile

Interquartile Range (st 331 (Gl
.Interquartile Range o 31 (sd ol ga czdl unlio fpo 5T ulag
AT by s o s I o 3V e 381 e b,le gy

. 075 ~ X025
Wl LI GULIL G gamad ao Il sdedl a5l 12.6. Jthe
ci) gl |

Example 2.6. Find the interquartile range from the following set of
golf scores: :

S=1{67,69,70,71, 74,77, 78, 82, 89}
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& L) 0 Gaslas a5, UL Ofy L 9 L) sl ey

+1

sl 5 aby el = bt OF i 5@3,&.\_,;(5? 2L s
T4 sk

s oLl R U.L,J&_wﬁn Js i x5 Jo Y gl
Fo25-69.5 O ol it Wl oy 45U Dardl) Lo gia 09

oy Dalad Ll lesin Jho g5 31 ) of ks

075 = 80 (3 9Sh Laeu g} oy o Ay Y1 Lasas Yoy &l com
 Golue a M sl L1 B 050 L)L_J_\w
X075 ~ %025 = 80 — 69.5 =11.5

U—MA‘&J—“J‘MH;JJ‘W ezl s pelies
ALL...,., J___Q 4l f,.___wﬁ‘ J.\__: LS 9 :Sem1—1nterquartlle Range

) ) caal sl
£ Ld) UL M ed] hai dzral 2.7, U

Example 2.7.  Find the semiinterquartile range for the previous data
set. '

El):(xo.75 — Xgps) = —;—(80—69.5) =5.75

Skewness . o o plead ¥
Fryeny \Jua(_se 4| ,..uut QS« u‘“’"ﬁ‘” VT ’Ls““ JEap
, OF o1 Symmetrical Data )’bw 08 Lo PEPCRNGAH IR @Iy Jsa
T u_.e uLJ\MH dds U5 Q‘ ol rLJa.«.:L: i) g0 oL uﬁa

' ‘ (Sl Lgad B Us.:.x:—u,off\ LJ:JY
U_»ﬂ.uuﬂjw@dy&w,&ubus%&uu\% _
OS5 uJHJ\:J‘us_g MJB‘ o )Us,f\ ,«Q\M\ujﬁ J.sdb '
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Random Variables

S Lislh Lo sde jmnais il £ 13 b il JS) T 5 0
PUCEN | W | EUL VDO S N | C‘Js (s 4,20 Function &> e
(Stochastic Variable ol sl 1) Random Variable Sgall
issladl i31W) 1) Random Function . azedl 05 Jydsedls of

Y ol X J=o 5,83 g =Ly 3le W 50,08 . (Stochastic Function
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sl ol ‘b—-w..l.n.b g‘ A_.AML nJ.h\._J: u__)b“.d\ J,.su.a.” s TM‘ 29
; AT

. lete L\j..\m s ‘fb,..«a.\\ M\ RER P
S bd_s u——i“"' JjJ__M U2 .m_..c 33 Number.
1"_‘ 8 u.o Countably Infmlte Number
Discrete )L.¢.M \_u\ju.o \JJ._M D) odn
IS iad| >, Les>s Random Variable

N ‘ fm.“.: ) o..L..G u.(xu N V.:J_H C.?\g.:'}!
.Nondlscrete Random Variable Jradin i) 5 Juazadt S gl

Dnscrete Pmbabzhty Dnstrnbutwn -

N V_Am »L.Q f up,a\g M L_ﬂw s,MX,m’

P(X—xa f(xk) "Zc— 12,... %

o E

u)bww @y\d L@,M r««»,ﬁbd*f*w s gy S o5
~ : 18y gl | _s® probability distribution
- PX=x)=fx) - | (2)
xL;J_>-‘ udﬁjmﬂ AJJL...A wuﬁda\.mjl Q}i)j x= A,AJQ |
' _ xf(x) OW‘
o u\f \.>\ d\.«.«;—‘d“) uﬁS.»f(x) u\.c Mﬁ
. foz0

S . R
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LSt x =5 IS Je paeeadl 1an 155

sl e Jted Vol ST L e dles dabs oy e 1300 Jtie

T

A w5y B Laall pls 6 ik S wb e Jaasdt Sl
ety

Example 3.1. Suppose that a coin is tossed twice. Let X represent

the number of heads that can come up. With each sample point we can

associate a number for X as follows:

Lol i HH HT TH TT
| 0

X 2 !

X Sleaadl szl et = e s sl | LSy O
Ol 53 e el dadsd OF ol 80

i |
PCHH) =~ P(HT)=—, P(TH) = . P(TT)= 1
4 4 4 4

b

POXC=0)=P(TT) = +

|~

P(X = 1) = P(HT U TH) = P(HT) + P(TH) :2]174“%:

PO =2) = P(HH) = +

SWE Lle Jgaasdl oSy Jlaa 1 D1 06 UL

kY 0 ] 2
fix) 14 |12 1/4
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Distribution Functions for Random Variables

\:L@:'}s 5] The Cumulative Distribution S| ;! &9 gd ) Dls O ay
S X sl gaall #al) The Distribution Function s gd i s
| F(x) = P(X < x) NG
o <x<oo OF ol L i o3, sl x 0655 Loz

ittt OF Jlasmt s £aS131 gl Dls OF T
xggLu ‘9‘&&‘%95‘ Jo—b

I asbiasdl g sd) D1
x gy eslS 3] A <FO) OF gass duabls L& Bls FO) 055 .1
T * lim F=1 ¢ lim F)=0 .2

luré F(x+h) F(x) Q\ J‘M.: u.,.A,J‘ DM djg, F(x)' .3
X ‘Me J.Q
At add @M? Qﬂgé

| Distribuﬁdn Functions for Discrete Random Variables

(con, o0) Ls.ws us x JSJ L;u* rt.bwu

(0~ e Sl x< x1 ”
F(x)=fx)+f(x) xz’_ﬁ_’? < X3

‘_\f(x‘]:)4r-4--f(‘xn) x, Sr..x"<<>o : )
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S Jmadiadl slpmall anald Jlem 31 D15 O mol ) oo
ST e Led 5] il D15 e Lpds J gunsd|

Sovy sty e o 5

Expected Valucs dafeill esalf
L e L E A e VN KUV
Slass G ol Expected Value 4 gzed| dawilly Mathematical Expectation
A piall O anedd ALl L shsaedl L aiel) Expectation éaﬁd\

SWE Gon X w95 OB vy, Ly, ) S b g iladndd)

EX)=x)P(X=x)+ +x,P(X=x,)= ijP(X =x;) (6)

j=l1

PO =) = flx) OIS 15 s

E(X)= O flxp)+tx, fx,) = zxjf(xj) = Z)cf(x) (7)

Jj=1 X

0B i slase Yoyl IS

X+ Xy eeex

E(X) = - (&)

11

x0, %5,k ol plesd) Ll bl o s
Q_é B.L_.>~b 4_L9LL o A ) Lg.d‘.s rmw S92 9 u"ﬂ‘ <3.2. J@;@
8405 2w sl ol 15 820 oM Sy 5l gne LT o sl
Yo mde ¥ Loy 6 am Il gl (5] $30 ,eies 4 ax ol b 13

S I @Bl thadl g sl 2Ty o ol 3] LS,
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Example 3.2.  Suppose that a game is to be played with a single die
assumed fair. In this game a player wins $20 if a 2 turns up; $40 if a 4
turns up; loses $30 if a 6 turns up; while the player neither wins nor

loses if any other face turns up. Find the expected sum of money to be
won.

I pdeall lany 3 st pall szadl ey X OF o 2
L5, 5, m el Uotis LSy 81 WLl oy o] 0y
S oVl Lesy cows I e 2k, o xg (2 1,2,3,4,5,6
Slesm 1 B> O 5855 1), fs), - flxg) oo W3 Ly ey OF o2
» X prall

X 0 {+20| O | +40 0 | -30
f(x) 176 | 1/6 1/6 | 1/6 | 1/6 | 1/6 .

prparal o dab gzed) daod) OB U

1Y 1 1 1) 1 1
= ~“lr 0 = 2 DYoo A 1\
E(X) (O)(6)+( O')(6)+;O)(6)+(40)(6)+(0)(6)+( 30)(6) 5
Lonllh sdn (585 ons O gy g e W1 0T imy ins
ey o SI 85 asy OF By Byme s NI OB Dalall 5 531 ga0l
Al oda




Saleall al iy o bttt

Variance and Standard Deviation
e LI Jminadt shpall [ aual] a5 O 5,55 0l g
AT anS sy S OU 5 WY WSy o 5o Sl ) a5 e g
Cilstie Vno Jaas X il B3 . Lol o #ba= Yl Jle=l b dola
o el B Ol ) Sl Dlus v, v | =0

o= E(X= =, w f )= S e fx) (9)
Jj=1 X

OB & sl DYl IS 0 0S5 Lodie dols Dl =

2 _ 2 . 2
(x, — 1) +(x, =) + +(x, — 1) | (10)

4]

PN}

g

Xy, Xy ey X, fw'd” G f»\_'é);\j\ Cyo 7 As gaseal u’l"“’” oY

(32) Gl Juadl 3 dol Ll ae sl 133, Jide
Example 3.3. Find the variance for the game played in Example 3.2.

S Jlea Y1 Dy @58 15

M 0 |+20 | 0 [+40 | O

|

30 |
Lf(xj) 16 | 1/6 | 1/6 | 1/6 | 1/6 1/6J

e Joosd a0 ULy =5 OIS gigdl OF Sy Les
IS

0} =0~ 5)( j+(zo 5)( )+<0 5)( )+(40 5)( )

2750 =
+(0 - 5)( )—f-( 30-5) (6)——6———458.333
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plal) ] el sl (ylenedl Sl sl ] (Son JUIL

o, =458.333 =21.40872096 | |

ol ol o e qg@-s L X sl 3] wf L
Loy em? ol gl -l X o ls Ol c(cm) juewiind) Jze
com s X aiaadl Sli s s (o lmadl Ol 3L
G olmedt Ol e Gl 1igds

abgill e Cily
Some Theorems '@nExpgcmﬁ@n

O ol sl Jzar o edls 1] 31 hylad

E}_(CX):'CE(X)_ : n

OB bl gdie [ uice sl ¥ ox cals 13) 132 hyslad
- E(X+Y)=EX)+EXY) )

uLs W wiw o ki sl ¥ X es\S 3] 13-3 Ay slad
E(XY)= ECOEQY) (13)




z}’fi%%;{@g% Iz e &é@f&mj (@?&w

Some Theorems on Variance

O = EX )= EOX )~ 1 = EOX) [ EOO) (14)

1 B O s

OB Lol s ¢ ol I5] 13-5 Wl

Var(cX )= c'Var( X) (15)

b= S Lo 5T 0585 £[(Y ~ 0)'] 2SI 136 dujdad
a=pu=EX) | (/16)

OB s puslgie i o ¥ X ol 13] 1357 ks

Var(X + Yy = Var(X) + Var(Y)  or 0%, =o% +02 (17)

Var(X = Y) = Var(X) + Var(¥)  or  ox_, =06% +02

L)jgg_ «LW! i) gl ol el oo e &M u.‘LMSLs U.J.M
ALl fgeamed Lglus

-39 —



1y

W,}J\ i85 gmll ol adl e L.aﬂ ol s Gdaii g
RAWYIINY Q\Mlulpdﬁbu LS

ey A Al ed) L5 gl Aas Y1 Jier ¥ X sl 13,4 Sl

Sl XY nal) Hadgradl el G50 g0 Dol B,05
X+Y

Example 3.4. Let X and Y be the random independent events of
rolling a fair die. Compute the expected value of X+ Y, and the variance

of X+7Y.

JABJ}LALY‘gX&AJQQY\.u;—Y\ﬁb

X, 1 2 | 3 | 4 |5 6
fix) | U6 | 16 | 1/6 | 1/6 | 1/6 1/6

P IR O VEVY)

Ry =p, =35 39 c% =0} =2.91666

Var(X+I’j Q.,\.Jj E(X+VY) uL.oJ u.u.cu)b ..\7-3:3

: R 2 3 11 12

fx+y) | 1736 | 2736 |3/36 | 4/36 | 5136

[ fx ) |6036 | 536 | 4136 | 3/36 we | 136
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o 2 2 1y 252
r.'rl ‘\/F})‘” L;{]"»‘(B)t—“‘j*‘*’r““(—g) l7)(_7)_6j_~7;:7
D20 el v

1055 et OF Ss ms

Var(X+v)=|(2-7)? ( : ) ~~-(17—7>2(~1—) SEIY
36 - 36 36 T

SIS J_m (37) AJJJ@J‘j (3-2) m)mtfsmb MU‘MJJQM \..0‘
D g S

(3-2) 4 ks plusealis

o
(U8}

EX+Y)=EX)+EY)=35+35=7.
(3-7) ki plasalys
Var(X +Y) = Var(X)+ Var(Y) = 2.91666 + 2.91666 = 5.8333
13-1) ks plasealy @Bl sl Uil Luslay il =7 0l s
E(X+Y)=E(X+X)=EQ2X)=2[E(X)]=23.5 =7

WWMJX;M LQ.S/‘XMéJjJ‘mm ')Lp‘ L@W‘ s
‘Ujbaj‘ b \J—Qa.b bl Uased U’u‘ =g L_qu LJ‘ SR, \..%.w.g.: o

Var(X + X) = Var(2X) = (22)Var(X) = 4Var(X)=11.666
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Continuous Random Variables

z

Absglutgly ‘_.A_"LQ At X ‘.A(;‘.A“' J_:_c; Lf‘,lﬂo” ‘.-;.'.'AH, P du%

sl e @Jjﬂ\ dl> o} s\S 15 L4 Continuous actwn of Continuous

F(x)=P(X<x)= | f(u)du (1

—00

I Laslasd] W F) 1) o
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Contmuous Pmbablhty Dnstnbutwn |

XJMJ‘ \M\M\u‘ Jouua.ahmdb d;u‘u.ua.«” R
JLA.«?Y‘ oJ.«.-_Q L.Awu s)__a,.,a.u ww J.>-\.» Xu‘ d‘.&u}-‘ujga
ng{j a,b \.@_‘f u"f""‘ :WM e ff" QTXJ,&A.U

: .»P‘(,a <X<b) =,f f(x)dx | )

SALI e 5,08 i gams g e e et Ll 5 B3] 4L Sl
Loal (dos 68.000 ... sf) dog 68 X alsh 0550 O dlaxs! O
o X LS il e ST dlem Y 0655 by b 055

Ao g 68.0009 Lo gy 67.000

Example 4. 1 If an mdwxdual were selected at random from a large
group of adult’ males the-probability that his height X is precisely 68
inches (i.e., 68.000... inches) would be zero. However, there is a prob-
ability greater than zero that X is between 67.000... inches and

68. OOO ..inches..

L;c_w f(x) h.)L.o.LL.\A.” o.L.Js d.a:u Lﬁ"” 4.”.1.”3 ;
el aanal) gl s 5T Sl By
\ Il LS Uy LI el .J.,M.Jt
G £ (%) ;J‘_;;.LST 9 -Probability Density Function
ol &&N'J LIt s UM Q@us &.L,.::M




c Il BUST Wl rn D11 0685 (SO e ol aa sl 142, Jthe
P =N < 2) J gl o

Example 4.2. Find the constant ¢ such that the function
i
. cx” O<y<3
flx)= )
0 ceUs e

is a density function, and then find P(1 < X < 2).
OB Sl g o JoW Lo OB 20 O 3] il L
ed o] L8UST Uy oy S a5l Lo 5 O 0y ¥ 1)

Ol
T : e[
jf(r)d\—jcvz dx=— =9c
e 0 3o

BUS Al> 0555 - c=4 0L L1 sl Ols ¥ s Of s
o Jles=
lxz 0<x<3

flx)=
0 QU &

OF as W Jlea=Y1 3w Y o

2 32

12 X 8 1 7
PO<X<2)=[-xdx="o =2 =L
(=X=<2) '1{9x 271, 21 27 27

had Ead b @9, & E 6 & o
=g 4, A

Distribution Functions for Continuous Random Variables
el pnedd as gl Dls ol LaS1 1 a5 5l Dy iy mr S s
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F(x) = P(X < x) 3)
(SWBLs —o<x < Of I i o5 el x of cur

FOo= | fx)dx @)

(42 JLedl b et B doal 143, JUa
Example 43.  Find the distribution function for example 4.2.
| :

, X * | ’ '
- E(x)= J‘f(X)dxﬁi-g*J_cz dx:%

x £3 S
4:S” dls s The Distribution Function ejjij\ Gls oy Be S g9
Jlaz—t 5 ds B ods dx g5 SIy Density Function J Leze|
5.L_<».S\U.Ju§4 wubx;;k—rm Jsb thwtfm&u\
x+Ax o
L;mer-Ax‘XQ,«_.gC:mXu f Il

o+ Ax
P(x<X<x+Ax)= j f(w) du ()

,b“ LS'L; JM L.:U :Us.> oJ...sup Ax w\fg

Px <X <x+ Ax) frf(x)Ax (6)
: : a’x

z_—uy“ ub yu of Lgt w,w dbf(x) 5555 L Mjs Nt
I be Y S” Jis L;Lu.-
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ol () Jlee=l 8BS 4 ﬂw \_;5\‘9,“.& S;Vm.o e X CslS s

Vel Jles YT BLS D1y 144 Jhis

Example 4.4, The density function of a random X is given by

flx)= 2
]O s e
X el daB gnad) Loy
E(X)= ]: x f(x)dy= Ix(l.\')d_r :ji dy = i 2 = 4
- o M2 0 2 61,

Variance | o= bl

O () Jlaem 1 GBS Bls o Suaze Uslgiie Vuie X ilS 13
5555 oL

ok = E[(x-n)]= [ (- s ax (9
el oola b

b Sheaadl ) g laedl Glas¥ly Ll s sl 145, Jtie
sy o3l o3 bl O plaser b @) gLl Jlad)
.u:ﬂﬂ:%
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Example 4.5. Find the variance and standard deviation of the ran-
dom variable from Example 4.4, using the fact that the mean was found

4
to be /u:E(X-):—B’—

I3 e (G )

—a

o= 222 g lalt Sl 055 UL

of il Juliie Jiey ((olened) Blas¥l 1) el OF S0
SUL gl 1305 1 Lol 5 lsaall panadl odl Lyl
13) Loy Voo 095 el OL3 gl 0 Gy 8 et I
rﬂ;b t,_s 055 bl OL5 Laghl e Fdmy e BL @zl
ﬂi&"ﬁwﬂ oo Lagd i iiad A3 gy (4.1) Jg-*“ ERT TS

7
4-1 s

, QQ@QQJE il yadbas

Propertles of Expected Values and Variances

J'L_;,Auu,ub @ysu_maw uL.»)lm M\MH ol

ty@u.xpd,h u\butmus CWRPREN (] uu\@w\w“ |
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Example 4.6. Given the probability density function in Example
4.4, find E(3X) and Vur(3X).

B abadl Olsd | @) L Laedsed 1306

. 5 2 32
EQ3X)= J 3x f(x)dx = fo(% x) dx = j%)‘z dx = %— =4
L 0 ’ 0 — o

o e eass W s ) e (32) «(3.1) & ks plasealy Ll

a
A%

E(BX):E(X+X+X):E(‘¥)+E(X)+E(X):%§—+§-+§=-4

el sy (3.5) & ks €|_\.5v,;:wL_»

e

Var(3X)=3?Var(X)=9 (5} =2
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: : quﬁ_g JJM\J%J‘MQ.«MQGL;
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R Lé_w); Of ax &35 Bernoulli Trials M 5 2 <o ploes JB.H
CZ‘L"M O3l &g b James Bernoulli BT

6_..\3‘94).: QYJLM ‘Jﬁ \.A L.J-\?" GO gl Jla| J,A) p d‘ uojd‘
g=1-p 055, S)ULJ (Probablllty of Success C\.z.ﬂ Jlea>L L;Q.«u)
JLML: L;Q-UAJ) o..L:-LQ 4.‘_9[9:40 L;S u.).}:“ ug..b- f--\!— d\.&.‘?\ J.AA-)
B0 X JzM.aSLJ Grdsdl & gd> Jlazlg . (Probability of Failure .2.4l)
Bolaadly Gy (8 8,0 17— % e 80 x 1) Aoloea m b

- _ | .
i f.(x)f—:vP(.X=X) ( )P‘CI" 3 ‘—‘;‘“‘H——“P*‘I"_X (I
» - - xl(n=x)!" - .

: 4-33\2»11 ‘j_a C\_z,)\ .._;\J_,o she u“ .r‘-“*’ X A

Muﬁj\no6gehﬁ¢5bo)y2&dj,@>:“dw\ -5.1. JW
o 03lgdl JalSine s Gk )

Example 5. 1. . The probability of getting exactly 2 heads in 6 tosses -
of a fair coin is ' ' :

_6 ' 12 1 62 o 6‘ vk, l T —— ST
T
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Binomial - as1 15 et LJL; Sx) deadedl Jle D> e
ﬂﬁ_g-fw L5-—9 L leedl s gu=stl ol uﬂb v 120 e . Distribution
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‘_;ny &Jﬁ) s 1| Loe u,s.buﬂggg é’Jﬁ‘ uﬁ dolsdl Dldly
.Bernoulli Distribution

sl 93 2l gedlias

i

Properties of Binomial Distributions

55 o) Do )l ol Lam W G5 OF 0 2T s ol 6 S
TpEe)

Ll w=np
o)

oy led] o-=np (il —p)

Sobmadt 31 s o = /np(l— p)

Byl ek Ol sae s 5,0 100 dlas daki o) 152, Jlda
el o) (lmad) Blas¥ly Ll plasd| Lo gl d s

Example 5.2. Toss a fair coin 100 times, and count the number of
heads that appear. Find the mean, variance, and standard deviation of
this experiment.

Sdoat la___...un}; j‘l (”_—:';j-‘—” ui@ gujgﬁyl 4,}\,4‘_\_«.@4)\.,@& inkai) M_) 160 Lﬁﬁ

=np =100 x 0.5=50 9» 5.l js4b Ol 0

o’ =(100)(0.5)(0.5) =25  :pldly

o= J100)(0.5)0.5) =25 =5 58 0 (Slmadl Bl O i 1ias
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The Normal Distribution | 2l 3ot
Normal M‘ C»Jyﬂ o daed! A.JLQ.,.;-}H ol ¢! r,..M ..\.:>-‘

Gaussian Dlstrlbutlon ool paien \.:L;-‘ L, LgJJ\ 9 . Distribution

f(X) :ﬁ_“—f."\/l——z“'—;‘e_,(x'.—u)z/Zcz — oo <’_x:<oo ’ €)

Ullss e 8l e olonedl Glmai¥ly Joun gl 0Mias 0 et OF e
cwf”
F(x)= P(XSx)——— | R T (4)

21‘[‘_96
L_ﬁ.n__)y d_pjyXu\ ‘Jﬁ—"‘ CHER-FAWAY tuy“‘d‘-’ L@ng_uK b\.s
.c° u.»L.\M 9 4 28 593, Normally Distributed WA
B Joes \.,_3[9«;— ‘J.:M Z G ,ael 13)

z=200 | (5)

Ly X gl inal) ol o] jeizal Ly ous s
in b il olemn Bl kel a7 piial) Gsdsi
ol=1 =0 uji: bas Z il JW}H 43\.5 als ujga AL
‘_;L.SK
1 ) ,
| f(Z)Z\/—é—n- e 't : (6)
StandardNormal Den51ty iy,lad) J ez 4_.9\.5 Al J.uug

e L@M ‘jJ\ aare) 43\;3 Functlon
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. Standard Score

obedl b 5 al) Sl LSUS DI LY
=2 =29 Standard Normal Curve (¢, nall slinol] SN AU
5002 b e el ol e e Je o5 o= (5-1) sy
(c= 3,43 = 2, 42 2= 1.+ Oy (,,SD Lugdl 5o 5ylme Bl ol
d- el 0 &g g e ) = 99.73% (95.45% (68.27% galy
OF w1 el et gl I £ ST

P(-1=Z<1)=06827
P(-2<Z<2)=0.9545
P(-3<Z<3)=0.9973

-3 -2 -1 0 ]
=~ 68.27% —
95.45% ————>

99.73%
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u_n_g .z LSJ\_AMS‘M 4..‘.?-‘9.04.4*9‘5‘3 z=0" .L:.b.“ O Ls_)\.AMH
u_l.puﬂ.J\__.w:w..L.mkg\ wub&w)\ slon | LuSey Jgaadt &3

z=0 u.v..uja“ C"L’A‘ f:u.d JJ\.A«J‘ M\:- C‘W\J z _)3:;0
rs e @

Examples of the Normal Distribution

hzaY) e Do s Lslh 5,0 Granl J sl Vs of Gy
P RERA R WAL

T PP o e e i laed | dm sl 15.3. Jlie
z=12 «z=0

Exampie 5.3. Find the area under the standard normal curve
between z=0and z=12. :

12 S Jas s 2 ayu.ﬂ W‘_j BM\JJ»(AW\,
JW\JWJJUOSM9JJBM‘Q\ ..\.>=: Obfa”g.,ouw_a
PO0<Z<12)= 0.3849 guug 12¢0u.~>¢a.»zu\

z=221 u.duLSJLMj\ M‘W\u}u A.>-\..~AM .L>-3‘ -5.4. JM
z=-0.46

Example 5.4. Find the area under the standard normal curve
between z = —0.46 and z = 2.21. :
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'0.4; 4
5-3 8%

o P et pplhall i Ll OF das (5-3) Sl Gk )
cz =0 (y2 @W‘Mu\j z2=0 z=-0.46 ‘y— do Lad ! L;Jg%)”

z=2721

220 2= 046 Gm ALl OB ¢ Ploxe okl a5l Ol G s
B ool Jodor plaser by 22046 =0 (o i Landl s oo
| T daky 0.1772 s

P(-046=<Z2<0=P0=<Z2<046)=0.1772
P9 =221 z=0 (yu d-lundl 3wy B a<ledl Jgus p S g

PO<Z2<221)=0.4864

2= 046 (e T Lenadl n i pllaad] B Ludf 0555 JLLg
el z=221
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(z=0 5 z= 046  ixluddl) = LIS o L
(z=221 EERUNE i Laadl) +
0.4864 +0.1722 =
0.6586 =
.P(O.46 <7<221)=06636 101 i

HQM‘GJ_}‘O_Q g,J\L 500 SEY) J’z—u-'jauo o 15 55 dm

155 « LLJ 120u~(a) Mﬂguji; U.Jm@uaj\ sde ,\;-3\ LMJ,
: Ndoj 185uﬁf5ub) >Uo)

Example 5.5. The mean weight of 500 male students at a certain
~college is 151 1b and the standard deviation is 15 Ib. Assuming the
weights are normally distributed, find how many students weigh (a)
between.»IZ'O and 155 1b, (b) more than 1851b. . . °

lZOuudng\ ols L;Ub‘g J.LJ uﬁﬁd:u.wdbgﬁ‘ ut Co— (@)
u\.e ‘;LJLJ J.Ip, 15553 119500%0&&” >U:J 155 o

11955 15

155.5-151 _ . .
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(030 =200 i) = s dygllaadl I A 0SS
(=0 =200 i) -
(2= 030 z=0 poixloedl) +
0.6000 = 04821 + 0.1179 -
120 5y wghs pdy 60% OF o W 500 o e 61 Vs
oA 0980 L Db, 155
500 % 0.6000 = 300 _J\b
w6535 095 My 185 e agiie duj cpddl LAY sae OF L ()
Ok July . b, 1855 Y e

1
15

& Lgtbedl Al OS5
P(2230) = (230 doy e 1 G LI 6 i L)) =
(z=0 e YT LI G dstiadl) =
(=230 z=0 o do-Laedl) -
0.0107 = 0.5-0.4893 =
s 185 o LS T agiss 095 op il UL sae 058 ULy
500 x 0.0107 =5 b
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P(119.5 < W< 155.5 =0.6000 P(W = 185.5) = 0.0107

Pmssan Distribution | o Geulgd B e
0, 1 P_AM ..\.7-\._3 M\.—AJ‘M‘WJMJXU“J@JJ‘

x _—A

f(x)=P(X=x)= x=0,12,... &)

dj—w‘yt{_)yé_{)j.J‘ \J__auw Uge ‘\_,u\.) J..,u A ol o
O, al ol 8 S.D. Poisson 4_izxSe J) M) Poisson Distribution
A.JMWC_;Jﬁdﬁ Luudoji; ERUNWECNIT (W@Ul
Oglgr s

F d.zl.d\ r\mboj_m‘yt_uy ("“gu—x“’dﬁ"‘”‘” LT
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WJJ&:JSMUDML;@ O Jlax=t OIS 151 :5.6. Jtie
2000 5y s 41 Jlosim| o] 0001ﬁw9\3>wwmwﬁ

ZU_A)S‘(ZJ) ;«b.ﬂ‘ MWUAUy\zJ3MbJ>-y (a) yos=o
9\34.3 U.g_u u.a.»-J\uﬂuy\m

Example 5.6. If the probability that an individual will suffer a bad
~ reaction from mjectlon of a given serum is 0. 001, determine the proba-

bility that out of 2000 individuals, (a) exactly 3, (b) more than 2, md1—
v1duals w1ll suffer a bad reactlon , .

&)3..03 9‘3.}.3\ LL@J J_;ﬂ\ QA uyLv u;..\” JJ&J.,.M Xut u”rg\
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Of sl Gigely Ly g0

POX = )= e A= np = 200000.001) = 2

(@)

43 -2
e C

P(X=3)= =0.180
3!

(®)
P(X > 2)

I=[P(X =0)+ P(X =1)+ P(X =2)]

1 50,2 N 21,2 . 92,2
0! (L 20

| — 5e2
= 0.323

s plsialy oYl M @ ST i e J gamdl (Saus
ST gl oldas plasealy (SUy asdl 15
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saladl 256l Gadsell 68 aded (o d8)lal
Relationships between Binomial and Normal
Distributions
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Jwb@,yus ool bcw iy np ng =5 oo IS 055

S C.ay
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lim P(a cXZmp b} je-“"z du (10)

fim Plas =t 1=

alie 0555 (—f‘i\/’-?‘—_p%fi)— ool sl uined) OF U g5 5,51 il

a

. Asymptotically Normal \;.: 55y

u.:..b:” b 6_)3) r‘u\mﬂ\a (a) &_Jb,o 10 QJ‘yM A.UK.AA Wdajaﬂ )

Example 5.7.. Find the probability of getting between 3 and 6 heads
mcluswe in 10 tosses of a fair coin by using (a) the binomial distribu-
tion and- (b) the normal’ approxxmatlon to the bmomlal distribution.

Lalad u& cd..»fr.» uﬂ)ﬁ@.ﬂ -)J;’J.AAJ LS"MJ‘MXO‘ U"J“"b (a)
' LSJLJ\.@ u‘,ooﬂ.cd.a&

P(X=3)=(10j(_]._j3(l)7__1§_ P(X = &)= 10 (1)4(1)6_ 105 ‘
AE=2=s (2 \2) T28 T T e )2 \2) 7 s12
10y 1YY s (10Y/1 SV 105
&= (5)(2) (2) 256" TX=0) (6)(2j (2) 512
ol Dl 0505
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Relationships between Binomial and Poisson
Distributions
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Law of Large Numbers

oo si—dl (Law of Large Numbers) & .53} >lds Y O gls 15-2 daslod
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Population and Sample

2 B M\uL&M‘&C,LﬂJ\ fjmw\o\,péﬁ(;ew
o u__J‘ UM\ J_{ f._.ouu\ B Y..bj ;«\MY\ 3‘ JJ.‘)}“
g umeian 5 2 uji.» Lo \JL& 315 Population ML‘
5 3= fiag M‘ \.LA o e d""g Jox p o Lsle
O"’ Sde u.).c dﬁwﬁi d.xy o3 JA-’U ey - .Sample Lol af“"“

of L.aS Statlstlcal Inference SSlaYl JYMYL o Al odag
' Samplmo i el b o Dl olsae Hlasl Ldes
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Example 6.1. We may wish to draw con-
‘clusions about the percentage of defective bolts
produced- in a_factory, during a given 6-day
week by examining 20 bolts each day produced
at various times during the day. In this case all
bolts produced during the week comprise the
population, while the. 120 selected bolts consti-
tute a sample
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Example 6.3. It has been found that 2% of the tools produced by a
certain machine are defective. What is the probability that in a shipment
of 400 such tools, 3% or more will prove defective?
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Example 7.1. If we say that a dlstance is 5.28 feet, we are giving a ‘
point estimate. If, on the other hand, we say that the distance is
5.28 + 0.03 feet; i.e., the distance lies between 5.25 and 5. 31 feet, we

are giving an mterval estlmate
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Example 7.2, Find u 95% confidence interval estimating the mean
height of the 1546 male students at XYZ University by taking a sample
of size 100, (Assume the mean of the sample, ¥, 1s 67.45 and that the
standard deviation of the sample, §, is 2.93 inches.)
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Example 7.3. A sample poll of 100 voters chosen at random from
all voters in a given district indicate that 55% of them were in favor of

a particular candidate. Find the 99% confidence limits for the proportion
of all voters in favor of this candidate.
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Example 7.4. In a random sample of 400 adults and 600 teenagers
who watched a certain television program, 100 adults and 300 teenagers
indicated that they liked it. Construct the 99.73% confidence limits for
the difference in proportions of all adults and all teenagers who watched
the program and liked it.
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Example 9.1. Table 9-1 shows the respective heights x and y of a
sample of 12 fathers and their oldest sons. Find the least-squares regres-
sion hine of y on x.
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Example 9.2. Find the coefficient of determination and the coeffi-
cient of correlatlon from Example 8. 2
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Example 9.3. If X represents teachers’ salaries over the years while
Y represents the amount of crime, the correlation coefficient may be dif-
ferent from zero and we may be able to find a regression line predicting

one variable from the other. But we would hardly be willing to say that
‘there is a direct interdependence between X and Y.
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Example 10.1 A box contains 6 blue marbles and 4 red marbles. An
experiment is performed in which a marble is chosen at random and its
color is observed, but the marble is not replaced Find the probab1hty that
after 5 trials of the experiment, 3-blue marbles will have been chosen.
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Example 10.2. The graph of the chi-square distribution with 5

2 2
degrees of freedom is shown in Figure 10-1. Find the values for X1 X2
for which the shaded area on the right = 0.05 and the total shaded area
= 0.05.
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Example 16.3. The graph of Student’s ¢ distribution with 9 degrees
of freedom is shown in Figure 10-3. Find the value of ¢, for which the

shaded area on the right = 0.05 and the total unshaded area = 0.99.
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v 160 t70 175 130 ton | tss tors Ly
1 158 | 325 | 27 | 1.000 | 1376 308 | 631 31.82
2 142 | 289 | 617 | 816 | 1.061 189 | 292 1 696
3 137 | 277 | 84 | 765 | 978 1.64 | 235 454
4 134 | 21 | 569 | 41 | 941 | 153 | 213 375
5 132 | 267 | 559 727 | 920 148 | 2.02 3.36
6 131 | 265 | 553 | 718 | 906 144 | 1.94 3,14
7 130 | 263 | 549 | 711 | 896 142 | 190 1 3.00
8 130 | 262 | 546 | 706 | 889 140 | 186 290
9 129 | 261 | .543 703 883 1.38 1.83 282
10 129 | 260 | 542 | 700 | 879 137 | 181 276
11 129 |- 260 | 540 | 697 | 876 | 136 | 180 27
12 128 | 259 | 539 695 | 873 136 | 1.78 268
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(A=1,2,3,...,10)

A 1 2 3 4 5 6 7 8 9 10
o~ | 36788 13534 04979 01832 006738  .002479 .000912 .000335  .000123 .000045
e 3 gl p sl A gl $Y e b o J gl D il
Example: ¢ > = (e72%)(e7%*) = (.04979)(.6188) = .03081.
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Study Guides/Statistics

When you don’t have the time ...
but you still need the grade!

If your life is too busy to spend hours ploughing through weighty textbooks, and
you need every study minute to count, Schaum’s Easy Outline is perfect for you!
This super-condensed, high-torque study guide gives you what you need to know
in a fraction of the time.

SUPER-IMPACT

Built for quick, effective study, this Easy Outline packs exciting new learning
tools that make mastering statistics fast, fun—and almost automatic.

SPEEDY
Quick-study experts slashed the time you need to spend with your books by
reducing statistics to the essentials the professor expects you to know. This
Easy Outline is perfect for test preparation, pre-exam review, and handling those
last-minute cram situations.

HI-QUALITY

Easy Outlines give you 100% of the authority of Schaum’s full-sized guides, known
around the world for the highest academic standards.

BACKPACK-ABLE STUDY POWER
Compact and portable, this Easy Outline lets you study statistics anywhere.
SCHAUM'’S GETS THE GRADE!
Let’s talk bottom line. Schaum’s Easy Outlines give you what you want—better

grades, with less work, and more free time!

Get the essence of statistics easy way. Schaum’s Easy Outline of Statistics helps
you master statistics with plenty of illustrations, memory joggers, and the newest,
rapid-absorption teaching techniques. Backed by Schaum’s reputation for academic
authority, this is the study guide students turn to and trust. Students know that
Schaum’s is going to be there for them when they need it!

* Quick study tips * Student-friendly style
* At-a-glance tables ¢ Perfect for test prep
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