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Example 11 If we toss a die, the result of the experiment is that it
will come up with'ofie of the numbérs 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 1.4. It is required to seat 5 men and 4 women in a row 50
that the women. occupy the even places. How many such arrangements
are possible?
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Example 15 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 meaning.
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ST v ) Gl 05 ) e gl 08 5 5]
An o Lgaaiy g
fb_}\ij‘ ;}w J..M.SJ-| 2.2, Jgiﬁ
Example 2.2.  Consider the following set of integers:
S=(16,3,82409]
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Example 2.3.  Consider the following set of integers:

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

o \JJ_a__g A.FJADEA..U J:..uj...o o.L>|_g dod Lyl u.«J
6 4 Lang Olawgze Olady Ly doo gy )

~23 -



o2 Ol el 8.6 54 o w3y 058 L gl OB JULy
\w\w Lo IV 0959 (yaed I Lo gre

O (U e n eslSy i e iasd 1 Lyd) O 13] cale diass
b i s Sy szl b bl gy Ll e
O Uy lois m cals” 5] Lol 2L @31 phasanly & gasmal]
Lo gazeall bsugio o8 OLads palll (ol Lo gin 05 Lo gl
.%+1 c% Lagad g0 045 4 0l

Mode Jlad!
Ly (L6 waos ) el iny ©ULY e gasial Jlgial!
055 Ol Y1 yany b wpd> Jlaam) ST L 0580 1 g5
05 DIl oda b igd Jlam) ST L dad e ST Ly
A1 5 Trimodal B3 51 feed <\ 15) Bimodal 0¥ gin 92l

oo ) e Miiltimiodal

U PSR 10 [ 505 50 oo Ul U el 124, Jte

Example 2.4.  Consider the following rolls of a ten-sided die:

={2,8,1,952,7,2,7,9,4,7, 1,5, 2}
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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}

sy gl Ll ool baugll o cntidl dor g Wl s
Lo gl

_75+80+82+87+496 _,
5

bl sl ) oSy Lol plasenalyy

52 L05- 84)2.+ (80 —84) +(82—84)% + (87 —84) + (96— 84)]
5
S ] o el
2 _[BD+(16)+(@)+(9)+(144)
| 2o

.\Lx:}b 508 42 ul;-J.U‘ (y &M‘ a.:\.@.\ u.,\....ﬂ ol u’u\.w
s sdedl s Wb 6 5ol 4 s sdlly olmeldl Sl

r

=50.8

- =vo? =508 =7.1274118
Gal aseial LS 38T dole ddy (g5 Lemadl B 5ty o Ll g
L@J! DJLag‘ ug.u L;_):-i u.c.uuLE.a dL:— Lsi U.LG > g1 9 Cedad| u.uL.aj
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ol ).LH duws JLiaS g . Percentiles Cadl | JLa.o-\ 9 «Percentile Values
10% 5l x,10 . J_el Sl I S o fa A Yo Js\ o =l
ga 3 Jlaadly L eisall ji 10th Percentile Le_;i S Koo (s
tell g 05S s i i UL bl cheai OF o ol
(5th Decile sl uiall 5) xp50 50,34 & 0,9 50t ppnessl|
S f"""” b s Jiay 25th Percentile Oy dally juolsell padly
Ly Jay 75thPercentile oty juolsedl Q..:A\Oi LS Lo o
Ist Ja i (e:u_,l\_, 25th Percentile 25 utdl oy daruugll day f""“
3rd &L = S s 75th Percentile 75 el Ol WS . Quartile

.2nd Quartile gL @)1 o b gl um ULy Quartile

Interquartile Range ELYER

Interquartile Range M (gd ol g8 codl yugldoe -y A1 ledag

1 )by g a s I o Il e 5,80 o 5)ke gy
Xo.75 ~ Xo.25

Syl W UL e gamad o )l saadl dm sl 126, Jlia
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Example 2.6.  Find the interquartile range from the following set of
golf scores:

S={67,69,70,71, 74,77, 78, 82, 89}
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P9 Uy Lapy W o Ll |5 s 305 Jo Y s
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g Tuladt Lagdll bgzo Joay 3o W a3 0T LS
075 =80 (588 Lo 1y o dny W1 ey Jiny 1
Glas g} el Ll 3 05 Sy

Yors %025 = 80 - 69.5=11.5

s sl Gl gn S oy contal) 5T b
bl Sl ‘.._.....‘Ji JJo—s LaS 'y «Semi-interquartile Range
(e A sl s gl
Ll ULl e M gal) s dr gl 127 JUia

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

.lz.(xm ~ Xgz5)= —;-(80 ~69.5)=5.75
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Discrete Probablhty Dlstrlbutwn
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POC=x)=flx) k=12,. O

Sz a5l Wl os Ay Jasot ) Als sy Ju W 05
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Example 3.1, Suppose that a coin is tossed twice. Lel X represent
the number of heads that can come up. With each sample point we can
agsociate a number for X as follows:

i) dedy HH HT TH  TT
X 2 l I 0

X Moall jeaal) a3l Jlasm Y DI sy} LSy 0
O G50 ga dlaad) dadas O ol 80

o |
P(HH)=~, P(HT)=~, P(TH)=-, P(TT)=
4 4 y

/|

Sy
PU(=0)=P(TT)= &
P = 1) = P(HT U TH) = P(HT) + P(TH) = ++=

PO =2) = P(HH) = §

S Lede Jguasd! oSay Jlaz W1 D> 0B I

Ry 0 I 2
fx) 1/4 | 172 1/4
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Distribution Functions for Random Variables
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Distributicn Functions for Discrete Random Variables

bl Jbs o Lgde  guandl (S X Sl giall piaald w5 98] Dl
(~o0, ) (gaadl dx JSI fglw‘ ‘a‘..l:u..ub

f(x) :_ X Sx<x,
F(x)=1f(x )'+f(_-‘¥2) Xy S X< x5

FO) 4+ f(x,) x, Sx<oo 4)

— 34—



Sy Jaiiadl el [ smal) Jles- Y B Of il gl e
S Jomy as 3] 30l D15 o Lgele J gl

S s Aoy hm Fuo '3

Expected Values PEYYwi( Satidd |

I[P Pl P PRCH (DS P P S P KW
Hla=YL ﬂ Expected Value 43 gxal} daillg Mathematical Expectation

il gaall Of panal) 4.3 | Shgdall . anel] Expectation tej...\\
QJL'J\S ey X CTUJ Ol x x., . x, ("JM KRG u":”ﬁ X ilaiall

E(X)=xP(X=x)+ +x,P(X=x,)= > x;,P(X=x;) (6)

j=!

Plx=x) =fls) O 1] |
EX)=x flx)+ 42, f00) = Y 5, fx) =Y xf(x)  (7)
j=1 X

OB 4 gluce YLl IS

X+t

E(X)= ' (8)

48

Xpy Xy ey X, r-«.ﬂl‘ sttesd] bugdl dbluy » Al

O Bl oWl 5,85 g pdsu s Gl 39 26l 132, Sl
5405 2 argll o b 13] $20 o W S0y 5l gne Ll o aiel]
Yy i ¥ Uaiy o6 am )l ,4b 1] 830 juieyy o4 am gl gb 13|

oS I g grall alodl g a5 T ey (gl gb 3]

- 35 —



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 sumn of money to be
won,

S gl g (s3I gl pinall Jtay X OF o 2
P, 5 ek Ladis gy 1 @ ladly oy ol 4
A o lan Y ey Lol Jo xx, % 21,2,3,4,5,6
s Y-85 0958 fixy), M), - S oo U5 Ly oty O o0
X ernad)

‘X 0 | +20]| 0 | +40 0 -30
fix) Ve | 1/6 | 1/6 | 1/6 | 1/6 | 1/6

9 igd ol dnd gl ) dagdll Ol A

~of Do Deof D caof D of s s 1)
E(X)—(0)(6)+(20)(6)+(0)(6)+(40)[6)+(0)(6)+( 30)[6) 5

Lalll s 3 85 Sy OF gy Bgmn ot W OT my Vi
cnly S35 2 OF g Bgw s WO Dl of 51 0l
all] oda
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Variance and Standard Deviation
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op = E[(X-w’[= Y (x; - flx))= Y- ) )

j:l X
O i plzs e¥lazsl S 0555 boie dols Bl iy

o'i=(xl_/—1)2"'(-1:2_#)2+“'+(-xn_#)2 (10)

i

Xy, Xy oo X, f"""” Jb r\.’éj}l‘ g 1 as gazmal a Ll g
(32 Gt Juedl 3 Lall Ll sl 1330 gl

Example 3.3. Find the variance for the game played in Example 3.2.

SIS Jla Yl Bl esls 16

X, 0 |+20 | O |+40 | 0 |-30

J

fx) | 16| 16 1 1/6 | 1/6 | 16 | 1/6

e Joars plgdl OB JWly 4=5 O gl Of S LS
S

o5 {fon-s -3

1 1) 2750 _
+(0-5 2H+ -30-5 2(—]=——-=458.33
(0-5) : ( ) ¥ 6 3
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Some Theorems en Expectation ~-

lie)

O et gl Jaas ¢ calS 1] 131 Ryl

E(cX) = cE(X) U1

Ol 13.,.904,_“@}")(“\5 5] 13-2 s
E(X+Y)= E(X)+E(Y) ")

O kit ! 5 u,ru sl ¥ o esls 15) 133 dyl
E(XY) = E(X)E(Y) (13)
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Some Theorems on Variance
13-4 A iy
ol = (X =7 )= E(X5) =17 = EOXT) =B (14)
A0E E(x) Qi o
OB ool Jied ¢ wslS 1b] 13-5 ki
Var(eX Y= ¢ Var( X) (15)
L Sy Lo J51 0485 EL0Y - a)'] 430 1376 B i
a = u=EX) (/16)

O L paliinn et gie o piie g1 7 X ol 1] 137 &gyl

Var(X + ¥) = Var(X) + Var(Y) or  0%,, =04 +0> (17)

Var(X = Y)=Var(X) + Var(Y) or  Gy_y =Gy +Gy

u“ﬂ.&“” (R (5 fsi L,-L" (3-7) &kl (s 4 g gns USNJ
0885, dlizadl L5 giall Ol putiall o 3o tyaaj b L ol
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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+Y.

Ua'o'bule‘gX&nJﬂcﬁJLua-Y\m;

X, L 12|34 |5/|6

foo) (U6 | 16 16 | 16 | 16 | 1/6

om | Sy Lgeg

pe=p,=35 3 oy =0y =2.91666

VarX+Y) ply EX+Y) Olusd cpdy b Ao g3

2 XY iaal) LSl ol O L L Lgzo o Ladly gl dr g
2,3,.., 11,12

x4y |2 (3 |4 |5 |6
fix +y) | 1736 | 236 |3/36 | 4136 |5/36|

flx+y) | 6/36 | 5/36 | 4136 | 3136 | 2136 | 1736 |
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EX+Y)=EX)+E(Y)=35+35=17.
(3-7) & ki pliseinlyy
Var(X +Y) = Var(X)+ Var(Y) = 2.91666 + 2.91666 = 5.8333
[(3-1) &y plasealy sl sl | Ui Loy s =7 OF iy
E(X+Y)=E(X+X)=EQX)=2E(X)]=2(3.5) =T

WJL,J& ;ugsz(ss)b,arsmnm \Jdtﬂgsguj
dJJJaJ‘nJ.h L.a.Ja ‘J! U::.n” UJL.M A 4 dy LJ‘ L L@.....m N

Var(X + X) = Var(2X) = (22)Var(X) = 4Var(X)=11.666
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Continuous Probability Distribution
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40 5. 68.000 3 doo 5y 67.000

Example 4.1.  If an individual were selected at random from a large
group of adult males;-thé-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

68.000... inches.

s £0) el o g 1 DIy
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Example 4.2, Find the constant ¢ such that the function

flo) = cx> 0<vy<3
0w

is a density function, and then find P(l < X < 2).
OB JUhy i Ggu  Jo W i OB 50 O 1) &f Ly
WJlozl LS s penar S &3 LBl s OFy 2 ¥ AR)

ST
- 3 o 3
J f(x)dx=;[c.r2 dx=—-/| =9c
e 0 3 0

Bls Al 0S5y . c:% oLs .1 sl Oij LY s of - §
und\.u:—‘ﬂi

f

lx2 D<cx<3

f(x)=j9
|0l e

OF dos oW sl o

302
P(l<X<2)= J'—I- 2 =2 -3 1_7
9 27\, 21 21 27
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Distribution Functions for Continuous Random Variables
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F(x) = P(X < %) 3)
(S o sx <o Of 6l i o8 sl x Of e

Fv = [ flodx 4)

42) Juadl b psel dls 2yl 143 Jla

Example 4.3.  Find the distribution function for example 4.2.

X X 3
#ix)= J‘f(x)dxzjéxzdw%
- 0

x <3 S

S dls9 The Distribution Function &I 3 by o BN U g
Jla| o BNl 0da o 3 49 Density Function J -l
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X+ AY
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P(x<X<x+Ax)= j Fu) du (5)
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P(x S X Sx+Ax) +fx)Ax (©)
s Joaos - b B oy (1) (e

e dF(x) =
o S flx) 7)
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Exampie 4.4.  The density function of a random X is given by

.)‘(A:)='7

E(X)= ]: x f(x)de= Jz.x(—.t) dx = ‘2[
- 0

Variance Ol tald
O S0 Jlaim 1 BLS Bl & Yaae Ul [ uicia X oS 1)
085 ol

o} = El(x-uf]= [ c-? fyde )
el opld b

b Sl i) gy aed) Gy Ll ar gl 145, Jle
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.|.L=E(x)=%
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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

to be Ju=E(X-)=%
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Propertles of Expected Values and Variances
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Example 4.6.  Given the probability density function in Example
4.4, find E(3X) and Vur(3X).

8 aladl Oluad! 43, b Leadeal BB

2

> 2 2 3
. ] ? )

E(3X)= J Jx f(\) d,t:I}x 2—\ d_x:j%_x‘ (lx:% =4
—on 0 . 0 L 0

s Jo e Wil i Al e (32) (3.1) &k SNEEWP o]
: SIS o

E(GX)=3E(X)=3 % =4

ol

E(3X)=E(X+X+X)=E(X)+E(X)+E(X)=:%+%+§:4

gLt sl Y (3.5 @k f»\.\.:’-a.ub

9
Var(3X)=3*Var(X)=9 S =2
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'Examplié 5.1. - .The probability of getting exactly 2 heads in 6 tosses
of a fair coin is o |

PX=2)= (6)(1) [l) - (l) (1) 5
2N2)\2) 2141\2) \2) 64
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.Bernoulli Distribution
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Properties of Binomial Distributions

35wl ddo gt ol Lo B0 OF w5 2T g sl o WS
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Ll U=np
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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.

sdoad L)l T Ayl O (0319 WholSCan Aas dabadd Hyay 100 3
,u=np=100x0.5=503.bib_9.~a“)_%£ C.:l,o

6” = (100)(0.5)(0.5) =25 ‘pladly

6= J100Y0.5)0.5) =425 =5 38 0 (Slnadl Sl OF gamy 1iag
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The Normal Distribution (el 2l ygald!
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Standard Normal Density. Ly aed b J Loz 1 25U Dls Jaasy
Tl LG"“"" '_ A '@JJ?J_" iy E Function



| |
(=) = ) —
F(2y=P(Z<7) «fln Jc

-1 I., l T — '\/1

: m——+:/7—nje e (T
Cotoaall sl Z 5 lonall eisal) Z i) Ul oy
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s =>4 Standard Normal Curve Hlamadl sbiaadl peindly oy
32 el e Ol bl el o ) s Jo g5 cum .(5-1) Sl
(:=3.43 2= 2 92 = -1+ oy ) gl e glan Bl
il 0 DB w,_!\ o= 99.73% (95.45% (68.27% (g gl

OF ims Hiny momadll 21l ol 31 2SO

P(-1<72<1)=0.6827
P(-2£72<2)=0.9545
P(-3<Z72<3)=0.9973
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Examples of the Normal Distribution
UsoW) s Ioae 01 Ll 8,08 duanl 4 il Vs O oy
RTIREEA WAL
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z=12 «z=0

Example 5.3. Find the area under the standard normal curve
between z=0and z=1.2.

1.2 L)‘J...mu.o-z ':‘}‘“*'”f"b‘"‘*"b deu‘dj.b-r‘.bu.wb
d\n..o-‘ddm Pl 03849#4:-;«:&“0‘ Jod .0 3 gamll G Gy
P0<Z<1.2)= 0.3849 glUbj 12‘0w¢uzu\

=221 s $olmad] ! somiadl co i lall Je-sl 154, Jl.ge
" 2=-046

Example 5.4. Find the area under the standard normal curve
between z =-0.46 and z =2.2].
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220 =046 o luadl OB Plaza ncddl a5 gl O Goms

B oeball Jgdr plisiilyy =046 =0 g d-lasadl ju i o

S daly 01772 bdss
P(-0.46 < Z<0=P(0 < Z<0.46)=0.1772
29 2=221 =0y d-luadl sl Y B gocdadl J g pdseniiy
PO <Z<221)=04864

2= 2046 et L] p Lyglaall i lall 0555 I
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(220 5 2= ~046 ry L-luall) = LIS ix Ll
(2=221 9250 o d>luadl) +
0.4864 +0.1722 =
0.6586 =
P(0.46 5252.21)'= 0.6636 01

s OIS gu -] 8 LI 500 d_)jJ::..uja.o O 15] 155, Jike
L,Uy is 40 oY O o) >U9J 15 (5 Las u!fwb >LLJ 151
155 >ua) 120 s (a) ﬁwuﬁ QJ,\J\A,.UQM sde deol . Lack

>LL,) 185&,5‘([9) >Ua)

Example 5.5.  The mean weight of 500 male students at a certain
college is 151 Ib and the standard deviation is 15 Ib. Assuming the

weights are normally distributed, find how many students weigh (a)
between-120 and 155 1b, (b) more than 185 Ib.

120uuul,3>l| Ol Sty b, uﬁﬂwubﬂlui (a)
Ol uJL.JL_, JLJ 15553 1195‘_,,,Mu1w~ >U@ 155 9

1165 151 ' ,
2 10 =TT T 4-'.)‘-‘-’“-” U""'}H" J‘L-'J 119.5

qs55-151_ . )
030=""57——= ngﬁ.uJ\ Ola gy b, 155.5
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(7030 =200 Ly deldl) = o Dglhaadl GBI 4s 06559
(50 =200 oLl
(2% 030 =0 g i-Ludl) =

0.6000 = 04821+ 0.1179

(120 [y o459 oo 60% Ol daes LI 500 oy o &1 gay 1y

-

B3ds JSe9 - b, 155
500 x 0.6000 = 300 _J\b

w35 035 by 185 52 gy dajp oudd) il e OF ¥ ()
ol JWlg . b, 1855 591 e

230=1839-D1_ 1, 1855 60 4, Laalt oy

5-5 JSu
s Lgthall 4l 0S5
P(z2230) = (230 dny oo ¥ LI G d-Luadl) =
(=0 s M1 BRI 3 dLad) =
(=230 =0 ;o ixliadl) -
0.0107 = 0.5-0.4893 =
Ny 185 o ST wgiss 055 udl) 2l sas 045 Yl
500 x 0.0107 =5 & Yb
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P(1195 < W< 1555=0.6000 P(W=185.5)=0.0107

Poisson Distribution o Oguled Mg

2,y el 35U Vamita Uity Ducinn Jaus X 0f 20
A X i) Sl s Of

x_=A
f=P(x ==

x=0,1,2,... (8)

X.
Oy ariss il 1n gacay  Urgn Lt Joai 2 OF o
0,4 u\..\.au_sSD Poisson 4-s:Sa ) Z..u) Poisson Distribution
W giiny o ajpdl s 06Ss G piaally (e puld]
Ol g2 55
F gondall plasialy gl pih b o lo Jy.a,m Sass
llsiall 4 o) 6 o ans (sl

o Joab 3, S amn gased by OF Jleasl O 13) 15,6, Jia
ZOOOU_,.:U_M.;TJL«&‘ g_..u..o-l- 0,001 gn ‘pao 519y o did> ASLE:-}

2 Oy J,Si(b) _-pb.\.” | drd> o oy\_,, 3 ML A g @ .
1500 Wi il e O gilay

Example 5.6.  If the probability that an individual will suffer a bad
reaction from injection of a given serum is 0.001, determine the proba-
bility that out of 2000 individuals, (a) exactly 3, (b) more than 2, indi-
v1duals wnll suffer a bad reactlon ' .

@‘9_0_9 9‘_9.LJ| ‘J.@J f‘.ﬂ . Uy\.-u ‘_,J.m JJ.GJ..N XU‘ u‘f""
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. A= np = (200000001 =2

(a)

238_2

P(X=3)= =(.180

(b)
PX>2) = 1_jp(X=0)+P(X=I)+P(X=2)]

206-2 216-2 226—2
+ +
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= ]-3e?

= (.323
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Relationships between Binomial and Normal
Distributions
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X-n 1 4
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. Asymptotically Normal L:.g_-) Las

586 3 g Bl yg0 306 o J pand| Jlain| el 157, Yl
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Example 5.7..  Find the probability of gettmg between 3 and 6 heads
inclusive in 10 tosses of a tair coin by using (a) the binomial distribu-
tion and (b) the normal ‘approximation to the binomial distribution.

i gis iio X O 2 56 ()
Sl e bk das

3 ) 4 .
.P(X=3)=[%O](1) 1)-Z, 'p(.x,=4>=(10](1] o=
e s \2 h2) 28t e T L 2)i 2 512

Vi &Y 10 1:5 1 5__ 63 10 1 °r1 4__105
rw=9-(5)(z) () A ) -

O gllaadt Jlez= Y1 0 6S5 s
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aonp 100355 e
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Relationships between Binomial and Poisson
Distributions
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Relationships between Poisson and Normal
Distributions
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. The Weak Law of Large Numbers
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Population and Sample
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Example 6.1, . We may wish to draw con-
clusions about the percentage of defective bolts
week by exammmg 20 bolts eachllday 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 R
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Example 6.2.  Five hundred ball bearings have a mean weight of
5.02 oz and a standard deviation of 0.30 oz. Find the probability that a

random sample of 100 ball bearings chosen from this group will have a
combined weight of more than 510 oz.
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Sampling Distribution of Differences and Sums
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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 distance 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 §. 31 feet, we

are giving an mterval estlmate
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Example 7.2.  Find a 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. ¥, is 67.45 and that the
standard deviation of the sample, §, 15 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 74.  In a random sample of 400 adults and 600 teenagers
who watched a certain television program, [00 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-
ston line of y on x.
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Example 9.2.  Find the coefficient of determination and the coeffi-
cient of correlation 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 probab111ty that
after 5 tnals of thé 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 10.3. 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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Example 10.4. Verify Theorem 10-7 by showing that £, = 3973
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8 | 5.32|4.46 [4.07 {3.843.69 | 3.58 [3.50 |3.44 |3.39|3.35 [3.28 | 3.22 | 3.15 | 3.12| 3:08 | 3.04 | 3.01 | 2.97 2.93 |
9 |5.12|4.26 {3.86|3.63|3.48|3.37|3.29{3.23 (3.18 |3.14 |3.07 | 3.01 | 2.94 | 2.90 | 2.86 { 2.83 | 2.79| 2.75 | 2.71
10 |4.96|4.10 |3.71 |3.48|3.33|3.22 | 3.1413.07 [ 3.02 | 2:98 [2.91 | 2.85 | 2.77 {2.74 [ 2.70 { 2.66 | 2.62 | 2.58 | 2.54
11| 4.84|3.98 |3.59 [3.36|3.20{3.09 3.01|2.95 [2.90 [2.85 [2.79 | 2.72 | 2.65 | 2.61:{ 2.57 | 2.53 [ 2.49 | 2.45 | 2.40
12 | 4.75|3.89|3.49 [3.26 | 3.1 | 3.00 | 2.91 (2.85 | 2.80.[2:75 |2.69 | 2.62 | 2.54 | 2.51 | 2.47 | 2.43 | 2.38 [ 2.34 | 2.30
13 | 4.67|3.81|3.41(3.18|3.03|2.92(2.83|2.77 | 2.71 | 2.67 |2.60 | 2.53 | 2.46 | 2.42 | 2.38 | 2.34 | 2.30 | 2.25 |2.21
14 | 4.60|3.74|3.34 |3.11|2.96| 2.85 | 2.76 | 2.70 { 2.65:| 2.60 | 2.53 | 2.46 | 2.39 | 2.35 | 2.31 | 2.27  2.22| 2.18 [ 2.13




15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
40
60
120

4.54
4.49
4.45
4.41
4.38
4.35
4.32
4.30
4.28
4.26
4.24
4.23
4.21
4.20
4.18
4.17
4.08
4.00
3.92
3.84

J.68
3.63
3.59
3.65
3.52
3.49
3.47
3.44
3.42
3.40
3.39
3.37
3.35
3.34
3.33
3.32
3.23
3.15
3.07
3.00

3.29
3.24
3.20
3.16
3.13
3.10
3.07
3.05
3.03
3.01
2.99
2.98
2.96
2.96
2.93
292
2.84
2.76
2.68
2.60

3.06
3.01
2.96
2.93
2.90
2.87
2.84
2.82
2.80
2,78
2.76
2.74
2.73
2.7
2.70
2.69
2.61
2.53
2.45
2.37

2.90
2.85
2.81
2.7
2.74
2.711
2.68
2.66
2.64
2.62
2.60
2.69
2.57
2.66
2.55
2.63
2.45
2.37
2.29
2.21

2.79
2.74
2.70
2.66

2.63

2.60
2.57
2.55
2.53
2.51
2.49
2.47
2.486
2.45
2.43
2.42
2.34
2.25
2.18
2.10

2.71
2.66
2.61
2,58
2.54
2.51
2.49
2.46
2.44
2.42
2.40
2.39
2.37
2.36
2.35
2.33
2,25
2.17
2.09
2.01

2.64
2.59
2.55
2.51
2.48
2.45
2.42
2.40
2.37
2.36
2.34
2.32
2.31
2.29
2.28
2.27
2.18
2.10
2.02
1.94

2.59
2.54
2.49
2.46
2.42
2.39
2.37
2.34
2.32
2.30
2.28
2.27
2.25
2.24
2.22
2.21
212
2.04
1.96
1.88

2.54
2.49
2.45
2.41
2.38
2.35
2.32
2.30
2.27
2.25
2.24
2.22
2.20
2.19
2.18
2.16
2.08
1.99
1.91
1.83

2.48
2.42
2.38
2.34
2.31
2.28
2.25
2.23
2.20
2.18
2.16
2.16
2.13
2,12
2.10
2.09
2.00
1.92
1.83
1.75

2.40
2.35
2.31
2.27
2.23
2.20
2.18
2.15
2.13
2.11
2.09
2.07
2.06
2.04
2.03
2.01
1.92
1.84
1.75
1.67

2.33
2.28
2.23
2.19
2.16
212
2.10
2.07
2.05
2.03
2.01
1.89
1.97
1.96
1.94
1.93
1.84
1.75
1.66
1.67

2.29
2.24
2.19
2.15
2.11
2.08
2.05
2.03
2.01
1.98
1.96
1.95
1.93
1.91
1.90
1.89
1.79
1.70
1.61
1.52

2.25
2.19
2.15
211
2.07
2.04
2.01
1.98
1.26
1.94
1.92
1.90
1.88
1.87
1.86
1.84
1.74
1.65
1.65
1.46

2.20
215
2.10
2.06
2.03
1.99

'1.96

1.94
1.91
1.89
1.87
1.86
1.84
1.82
1.81

1.79.

1.69
1.59
1.50
1.39

2.16
2.11
2.06
2.02
1.98
1.95
1.92
1.89
1.86
1.84
1.82
1.80
1.79
1.77
1.75
1.74
1.64
1.53
1.43
1.32

2.11
2.06
2.01
1.97
1.93
1.90
1.87
1.84
1.81
1.79
1.77
1.76
1.73
1.71
1.70
1.68
1.58
1.47
1.35
1.22

2.07
2.01
1.96
1.92
1.88
1.84
1.81
1.78
1.76
1.73
1.71
1.69
1.67
1.65
1.64
1.62
1.51
1.39
1.25
1.00
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|l 1|2{s8|4|5|6| 7|8 10 |12 | 15 | 20 | 24 | 30°| 40 | 60 | 120 |
1 | 4052|5000 | 5403|5625 | 5764 | 5859 | 5928| 5981 6023|6056 6106|6157 | 6209|6235 | 6261 | 6287 |6313| 6339 | 6366 |
2 | 98.5|99.0|99.2|99.2 |99.3 |99.3 [ 99.4]|99.4 {99.4 |99.4|99.4|99.4 | 99.4 | 99.5 | 99.5 | 99.5 [ 99.5 | 99.5[99.5
3 |34.1[30.8|29.5|28.7|28.2{27.9|27.7|27.5|27.3 |27.2 |27.1'| 26.9 | 26.7 | 26.6| 26.5 | 26.4 | 26.3 | 26.2 | 26.1
4 |21.2|18:0|16.7|16.0 |15.5(15.2 | 15.0 {14.8 |14.7|14.5 |14.4 |14.2 [ 14.0 | 13.9 [13:8 | 13.7 |13.7 | 13.6 | 135
5 [16.3{13.3]12.1 [11.4 [11.0 | 10.7 | 10.5 (10.3 |10.2 [10.1'|9.:89 |9.72 | 9.55 | 9.47 | 9.38 | 9.2 [9.20 [ 9.11°| 9.02
6 |13.7|10.99.78 |9.15 [8.75 | 8.47 | 8.26 | 8.10 | 7.98 | 7.87 {7.72 | 7.56 | 7.40 | 7.31 | 7.23 | 7.14 | 7.06 | 6.97 | 6.88
7 | 12.2|9.55 | 8.45 | 7.85 | 7.46 | 7.19 | 6.99 | 6.84 |6.72 | 6.62 | 6.47 | 6.31 | 6.16 | 6.07 [ 5.99'| 5.91 | 5.82 | 5.74 | 5.65
8 |11.3|8.65|7.69 | 7.01 |6.63|6.37 | 6.18 |6.03 {5.91 | 5.81 |5.67 | 5.52 [ 5.36 | 5.28 | 5.20 | 5.12 | 5.03 | 4.95 | 4.86
9 |10.6 [8.02.|6.99 | 6.42 | 6.06 | 5.80 | 5.61.|5.47 [5.35 | 5.26 [5.11 | 4.96 | 4.81 | 4.73 | 4.65 [ 4.57 |4.48 | 4.40 | 4.31
10 |10.0 | 7.56 | 6.55 { 5.99 | 5.64 |{ 5.39 [ 5.20 | 5.06 [4.94 |4.85 |4.71 [4.56 | 4.41 | 4.33 | 4.25 | 4.17 | 4.08 | 4.00 | 3:91
11 |9.65|7.21|6.22|5.67 |5.32 | 5.07 | 4.89 | 4.74 | 4.63 [4.54 |4.40 |4.25 | 4.10 | 4.02 [ 3.94| 3.86 | 3.78 | 3.69 | 3.60
12 |9.33 | 6.93|5.95|5.41 |5.06 | 4.82 | 4.64 | 4.50 | 4.39-4.30 [4.16 [4.01 | 3.86 | 3.78 [ 3.70 | 3.62 | 3.54 | 8.45 | 3:36
13 |9.07|6.70 | 5.74 | 5.21 4.62 | 4.44 4.19 |4.10 (3.96|3.82 | 3.66 | 3.59 | 3.51 | 3.43 3.26

4.86

4.30

3.34 |




14
15
18
i7
iB
19
20
21
22
23
24
25
26
27
28
29
30
40
60
120

8.86
8.68
8.53
8.40
8.29
8.18
8.10
8.02
7.95
7.88
7.82
7.77
7.72
7.68
7.64
7.60
7.56
7.31
7.08
6.85
6.63

6.51
6.36
6.23
6.11
6.01
5.93
5.85
5.78
5.72
5.66
5.61
5.57
5.53
5.49
5.45
5.42
5.39
518
4.98
4.79
4,6%

5.56
5.42
5.29
5.19
5.09
5.01
4.94
4.87
4.82
4.76
4.72
4.68
4.64
4.60
4.57
4.54
4.51
4.31
4.13
3.95
3.78

5.04
4.89
4.77
4.67
4.58
4.50
4.43
4.37
4.31
4.26
4.22
4.18
4.14
4.11
4.07
4.04
4,02
3.83
3.65
3.48
3.32

4.70
4.56
4.44
4.34
4.25
4.17
4.10
4.04
3.99
3.94
3.90
3.86
3.82
3.78
3.75
3.73
3.70
3.51
3.34
3.17
3.02

4.46
4.32
4.20
4.10
4.01
3.94
3.87
3.81
3.76
3.71
3.67
3.63
3.59
3.56
3.53
3.50
3.47
3.29
3.12
2.96
2.80

4.28
4.14
4.03
3.93
3.84
3.77
3.70
3.64
3.59
3.54
3.50
3.46
3.42
3.39
3.36
3.33
3.30
3.12
2.95
2.79
2.64

4.14
4.00
3.80
3.79
3.71
3.63
3.56
3.51
3.45
3.41
2.36
3.32
3.29
3.26
3.23
3.20
3.17
2.99
282
2.66
2.51

4.03
3.89
3.78
3.68
3.60
3.52
3.46
3.40
3.35
3.30
3.26
3.22
3.18
3.15
312
3.09
3.07
2.89
2.72
2.56
2.41

3.94
3.80
3.69
3.59
3.51
3.43
3.37
3.31
3.26
3.21
3.17
3.13
3.09
3.06
3.03
3.00
2.98
2.80
2.63
2.47
2.32

3.80
3.67
3.55
3.46
3.37
3.30
3.23
3.17
3.12
3.07
3.03
2.99
2.96
2.93
2.90
2.87
2.84
2.66
2.50
2.34
2.18

3.66
3.52
3.41
3.31
3.23
3.15
3.09
3.03
2.98
2.93
2.89
2.85
2.82
2.78
2.7
2.73
2.70
2.52
2.35
2.19
2.04

3.51
3.37
3.26
3.16
3.08
3.00
2.94
2.88
2.83
2.78
2.74
2.70
2.66
2.63
2.60
2.57
2.55
2.37
2.20
2.03
1.88

3.43
3.29
3.18
3.08
3.00
2.92
2.86
2.80
2.75
2.70
2.66
2.62
2.58
2.56
2.52
2.49
2.47
2.29
2.12
1.95
1.79

3.35
3.21
3.10
3.00
2.92
2.84
2.78
2.72

2.67

2.62
2.568
2.54
2.60
2.47
2.44
2.41
2.39
2.20
2.03
1.86
1.70

3.27
3.13
3.02
2.92
2.84
2.76
2.69
2.64
2.58
2.54
2.49
2.45
2.42
2.38
2.35
2.33
2.30
2.11
1.94
1.76
1.569

3.18
3.05
2.93
2.83
2.75
2.67
2.61
2.55
2.50
2.45
2.40
2.36
2.33
2.29
2.26
2.23
2.21
2.02
1.84
1.66
1.47

3.09
2.96
2.84
2.75
2.66
2.58
2.52
2.46
2.40
2.35
2.31
2.27
2.23
2.20
2.17
2.14
2.11
1.92
1.73
1.53
1.32

3.00

2.87

2.75
2.66
2.57
2.49
2.42
2.36
2.31
2.26
2.21
217
2.13
2,10
2.06
2.03
2.01

1.80

1.60

1.38

1.00
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3946

e b
<A<l
A 0 1 2 3 4 5 6 7 -8 9.
00 | 1.0000 9900 9802 9704 9608 | 9512 9418 9324 9231 9139
0.1 9048 .8958 8869  .8781 8694 | .8607 8521 8437 8353 8270
0.2 8187 .8106 8025  .7945  .7866 | .7788 7711 7634 7558 ~ .7483
0.3 7408 7334 7261 7189 7118 | 7047 6977 6907  .6839 ~ .6771
0.4 .6703 6636 .6570 6505 .6440 6376 .6313.  .6250 . .6188 6126
0.5 .6065 .6005 5945 5886  .5827.| .5770  .ST12 . .5655  .5599_  .5543.
0.6 .5488 5434 5379 5326 5273 | ..5220  .5169 5117 5066 5016 |-
0.7 4966 4916 4868 4819 4771 | 4724 4677 . 4630 4584 4538 |
0.8 4493 4449 4404 4360 - 4317 | 4274 4232 4190 - 4148 - 4107
0.9 | ..4066 4025 3985 3906 | .3867  .3829 .. .3791  .3753  .3716

- 138 -



(A\=1,2,3,...,10)

A 1 2 3 4 3 6 7 8 9 10

e 36788 .13534 04979 .01832 .006738  .002479 .000912 .000335  .000123 .000045

C.,.tw, Oy 99 W.K.L..L.VL rmu.u.uﬂ ?&rmw g wlbrmpbtb}bbﬂc  dbe D

Example: e % = (e 2 (e7%*") = (.04979)(.6188) = .03081.
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(G

51772
24033
45939
30586
03585

- 64937
15630
09448
21631
91097

74640
23491
60173
02133
79353

03355

64759 -
56301

91157
17480

42331
83587
52078
75797
81938

95863
51135
57683

77331
29414

29044
06568
25424
45406
82322

20790
98527

30277

60710

06829

46621
21960
11645
31041

96799

65304
62586
94623

52290
87843

62898
21387
55870
86707
85659

55189
41889
85418

16835
28195

93582
76105
56974
12973
36081

00745
25439
68829

48653
27279

04186
10863
37428
17169
50884

65253

- 88036

06652

71590
47152

19640 87056
97453 90581
93507 94271
88116 42187
14070 74950

11822 15804
"24034... . 67283..
41982 49159

16159 " 14676 |

35683° 47280
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(A)

Alternative hypothesis

bl o B
Areas under the standard normal curve

ool paeld] iomiall o ol Ll
led] Ly

Arithmetic mean

Asymptotically normal
(B)

Basic probability J e uaL-ui

Rhd ks

Bernoulli trials and distribution

Bayes' theorem =

PLEFITAR [IE
Best fitting curve | Jsels J—asi rry
Beta distribution ko a5
Beta function by Al

Binomial coefficients
el (65 o Malas

Binomial distribution
el (65 g
Binomial expansion pJed| ol3 3 Sia
()]
Cauchy distribution = & L

Central limit theorem
LSl edl 4k
by S p0
Chi-square distribution a5 s pig

Centroid

Coefficient of determination
4y doeid | Jolaa
&y
Gl L
Complementary error function
il JaSo s
Conditional probability bzt Jles=Yl
) oo

Combinations

Combinatorial analysis

Confidence intervals

differences and sums

g oomally 3,4l

means e J_‘_“_U
population parameters M\ F"H"‘“"
proportions ._.......U
Confidence level L) g g

Confidence limits ail g

Continuous probability distribution
o uJLo.':.a—i fF
Continuous random variables
Correlation and dependence
pl
i ) ol

Curve fitting, regression and

Covariance

Critical values

correlation

Ll jlaely Ooloouadl dges
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o
Degrees of freedom L pdl Ol
Dependent variable t,l: yuin
Descriptive statistics ~ _jiway ¢ L]
Deviation error Sl syl s

Discrete probability distribution

Jradie Jloz=| o558

Discrete random variables

i Slods i
Dispersion A
(E)
Elementary events id o Nl el Y
Empirical probability g el Jlez>-dl
Estimates R
cﬁlnﬁldence interval i 3 2 |
point and interval 5y daiy |
standard error S JLM..” Uan”

unblased and efﬁc1ent

by soeia pb
JJ-LﬂJ‘ﬂJJLJll
Aol e}

Estimati'on theor‘j'
Eulers formulas
Expected values )
Factorlal functlon B

Feis
Fréquency distributions LS5 Olayg
c e
Gamma distribution ' Ll a5 g8
Gamma function et D ) -
Gaussidn distribution’~ - u"JL"(';U 5 ;

Histogram

u_g‘,..a.a.\\ B'J‘bf‘ :

Generalized correlation coefficient
r\..JLIJaL-,;J)H: J.n\.a.o

®

Hypergeometric distribution

Srag s g5

I'Hypothesis-and significance

4 gaally 2,
®

Independent events d.l.a.o......n il |
Independent variables  Alizas il uics
Interquartllc range LR F;.Ldl
Intcrval probability J \.;;x.-a-}H : r)
ne |

Law of lafge‘nunibers

Least squares line s _,-...aH u\.u JAJ1 Ls

| Least squares method

Sl oy o) Ty b
Level of significance g \9__MJ| ‘5 .9-‘-“'-‘

Linear correlatlon cocfﬁcnent

st LY falas

| Liriear regression et sl

Lmeal'l‘elatlonshlp Cihks BYe
(M) |

Mathematical topics 4iply & pr 3_,

Masures of centtal-tendency

M;JA-J|4FJJ| Cysi Lo

Measures of dispersion- el i U




Median o

Method of least squares

Sl Ol 4 b

Mode Ji s
Multinomial distribution  >Jdaxas &304
(N)

n factorial - H (5 piat

Nonlinear relationship dudes- & &8s

Pt

Normal distribution

Null hypothesis r..udl 02
(0)

One-tailed tests  J=1 g}l ol Lz
(P)

Parabola ¢ S8 c‘zs

Percentiles el

Permutations Jools

Poisson distribution O gual g9 fa3kd

el e

Population and sample Z.allg e.gu.ll

Polygon graph

Principle of counting Jall ool

Probability Jlez|

Probability distributions  &dleis-! ol 55

Product-moment formula  p5;a) dio

P Value P iad
Q)

Quadratic curve 45Ul dorydll o coeio
(R)

Random experiments & gie ooyloey

Random numbers i) gue r\.’s‘j

Random samples il gis Olus
Random variables il gl Dl o
Region of acceptance J gl dilato

Region of nonsignificance

§ gandl pds dihais

Region of rejection 2 ) dalaio

Region of significance & gaadl dikato

Regression o)

Reliability Lo Yo
{8)

Sample mean adl Loy guo

Sample spaces and points

Ll bl u\sol_,e
Sample statistics il Ole Lo |
Sample variance Ll s

Sampling distributions

Lylaodl Olayj
Sampling theory Lo laadl 4 L
Scatter Lzl
Scatter diagram Sz |
Skewness ar-l
Slope J
‘Special integrals Lol Ol
Special sums iols t..nl:—m
Special tests Lol ol)las!
.Standard deviation Solme L8l il
Standard error Sl s

Standard normal curve

Sobaadl Slinedl smeiall
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Standard normal density function

Solasd! aliasl) @J_,::.U sl Bl

Standard score & 5land | do 5l
Standard variable Solure puiis
Statistical decisions  dsla>] )l 3
Statistical hypothesis ~ &sluas] ,o35,3

Stirling's approximation to n!

n g piae) gl pies G )5

Stirling's asymptotic formula

Stochastic variable ug_;l,,a, Jhiio
Student's ¢ distribution <33 gutaw ¢ &3y

(T)
t distribution (see Student's t distribution)

Sums of series

(o3 gt 1 pis Jil) T
Test involving normal distribution

ekl wgl plasuy Slest|

Test of hypothesis and significance
& sinally o N Sl
Sl s
PR
L5 0 ol 4y

Theorems
"Bayes'

central limit

Chi-square o s\ &k
expectation @_,.Jl &k
F distribution Foasyd S
law of large numbers

S0 slae Y1 O gits
probability Jle- 1 4 ks

sampling distribution of means
Ol gl Lslaadl 2595
oy ks
o) &
5y gmes Ol puiiie
o9\l Ji
sl L]

Type I and Type 1l errors
S sl Jo W g g3l o s s
U)

Unbiased estimate

Student's ¢

variance
Transformed variables
Translation of axes

Two-tailed tests

e S p AT

Uniform distribution

(¥)
Values of ¢ e dad
Variance gl
Variation R P B
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L I R I LR R R R R I R I R I I I R A R O e L L N R R R R R B R e S B N I A A A R A A RN A B I I

L R N R L R I R R R R R R R R A L R R R O O R AR AR R I BRI A B N N ]

I R R R I R T R I I I B R N R R R R S R R A A A A N R N A N
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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

ISBN 977-282-149-4
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