
~ , Lec+ure. IG 
::; 

:Ih~~'#e~de1\(e...2 CovavioV\cc o"d ..... 
Carr:e-l (k-hH'I of Vtscn:tt R'Q"'~~_,____Va1'"'r~bllj_~Ol ~__".""",.~. ", 

D~£, n.+[O r) 

Two diSCYe.-1e ro~~Y>I\ vQv',ctbltn.
I I 

Xa",d Y de--t,t? edOVl +k So!"Yfe 
I 

- , ~ 

s. 1)"fYl P I.e. 5'PClC~ Ore sOld +0 

b~ '\ I'l de ff'*I Jt",-tl+ -h'f" O~ j 
-two n\A t'Vt ber'.s x' Q .. cI fJ -tie. 
~Cl f\fc4\4s (y'=:..y.) CAe:! ry=-~) 
o \IC-- 11'1 de p1" I!\ eb+'t <p 

P(ex :x} A('f~ j}') ~ p(X-x) p(Yc-~ 

~ .. C Q~d,. ,
'PC X~ X 

J 
yc- ~) = P(x~ x)P(y~. 

I 
I 



,IVoVJ (';K) ~Qj ~e.. 

-J 0 
I~+ f\lrl+ fX./i (~" '·i) 

')!" de~V)')1"l1ed b~ +k. 
mard" 1\ cl : pm -+ )s 

fx(x) a"d, fy(j) b.j ~k.11.5 

-+ht fro dV d· 

f?-obl(~ 

l~ C Cil5e- X orld Y ave 

I VI dtp eVl Je1\+ h0 "'-J .do !j<> <.N . 

yeu:>Ver +k ma1-r/)< (-{-r;L~) 

rupr-cjr~+'''j Tx y (x/'j) &INI
. 

Its WI. (j If!J III s? 
) 

. 



L e+ i eXa ron', nc. +k 
1- c; b 'e.. f't> {' +k. s+c '" cL- r .. t. ., cr 
eKon1~ 

x\1 0 I 2 3 

8 B ~ 8 

No-k. ~+ 
X=- '# ck hl'cds OYI -i-ft .fll'S"l -hss 

y = ~\ "* of· ~ eo J-s ''''' ell 
-1i ree, ~~~res 

S0 tNt. UJov \J,,' +- eXfI'C.~ X 
CI-J Y -h be- 'I~~~+ ((f 

vic k~vJ )(::::.1 ~. y-ei 1Y<eb 

~ V cI\.tes ().( ....y. ~ 



( ·4'
L~-h vSe. -He. -f;s;~\A let C:~) 

It SO~$ fk -h l1~wi if':), 

E. oc ~ rOSI~i-I ·t1\Slek.. -lie.. ftt~ It.. 
C IJ vrtspoVlds ---h. -two p<:> S ;-I-(\~N . 

61;1 ~ yn QY'j ).-,s 

1_ GO +u -+J-e Ylj"'--t 

J .. Go dovJ'I'1 

X\y 0 i I 
o 
I 

..l. 
8 

.1
 
2

~b0'''' . +k plett.< re
, . 

I~ If we, 60 Ylj I, 1 INc., jd { 

J. 1-J w<- ~ d~....,,, "vt jtJ i 



---

I .. . 
If Xo"J V ON:.. JII1~t#,cb",+ 
-/-J, CIffl -H~ I::. r yn \I, l~ GllO s <:;' ~ .9 

+k r,..,1Y3 '~~I.;k -#-t +C~ ~
 
/5 0 ~-k 'Ill ~ VI -+?'J ' 'Jy)'l 

I p- O'~ d ~ 

} 
2

1 
,

J.+

x\y D r L "3 
-

0 0;1~ ~~
,~ 

, 

I -

J J a~ ~ 8 
X (j~d Y wcve '11 ekr~ Ju+ 
vW IJ j~+ 

x\y 0 2I 
0 }f~
jr U, ~~ 

U, 
"'-""---..-,.

J{,f Ufo,
--",

-~"'----"---"'-_.I "'3 -5-

'. 

( 

"3 
1( , .J 

2
~-...,--

l'
 ..1
 
~ 

----~  -==-"""'""'" 

..J. 



S0 QS wee :x-f(' c -h d.. G'
 
{;,I'" H--t ba Jlc ekQ w- r~
 

)( ot1d y Q~ ~+- In ~~c1.u+ .
 
,~rom,c*.) GVJ;-poJe. 5 we.. 

. have. 

(?K) 

(it).
 



COVo't"\O)'\Ce. a.l'ld. (ovrc!a+ioVl /. 

'J ~.' (J " 
_V1 ..:-Hte- reel \.o,;;fo ..... )d. ~ e ~3' -He.. 
n ~\.VS'pq pe¥'" 'OYlC: Cl+~ ~h e.o r5 

t'r.C- cds) +h c+ +w~ OJ \A 0 ~ +, -t1~.3 

ore.. c...a.,. r-t ~ +t d. . Thl.s V\) ~ d 

I5 o++e"" ~ b" .-t(»),e. S'j Yl ~ 11 yVV< 0 v So 

W',~ cOlAsal'l~ . ThIS IS 
V? ""+ C-.<:. r f ..... C-\ c", d ' --t\-e.. J, +t'eye " c. rz

" .s eX1Ye J-v,c. I~ ',f'I poV'1--o '"+, l?Vev'l 

I ¥\ reel I i~- ,Revc. d ~ -two 
i . : 

r (' Q ( lvu .,.J ' exco"'''p {,. 1: <rf Go vre k~ l(.:J 

1_ 6eiltj nc£" c.d dr;v'''J 011 ~Kf(?Al!,IV(' Cd' 

d. S.",ok,t>j c .. J j\.n'j. C-akC~tr• 

.In -4e I, r-s + Cg [e.. ~ IT 'rtLo Co IIsd,~ 
\N~~S 1+ is wl11t'ol #cJ l~ ~ 
~eco",6 -+f-e;"'"f IS ,. 



S~+l.s+r C /0" ~ Con 0 bJ'l" ("I,fe. 

b.JYre~~f\.S' (,(10:) f~ ;2.) b~+ 

~.,,~t ca ~r G / '+tCY-s .. 
, I 

.N0 w -hv- A n? Q -ih t no. C+l U> 1-f.hc(j(U.. _-- ... r' -.- -~ . . 
J , 

( 
(OVQYi CH\Ce. i 

i
I ,

Det, n "-han 'sIV\o:,rpf0s"~ >< oJ 
,y are. d'scV'~te.. o,.c1 d~-h,.,cd on ~ 

SOVVle.. 50.,.n y1<:- Space. Ihevt +t-e.-

ClQvanaltlCc 'Cove ~ y) be+wef""'l
 

X Q~J Y IS Je+,~cJ h~
 

Cov ex;; yj::- L(O( -rx.)(Y-rv)) 

-= L (x:-r>()(Y-r()~ (XI~) 
I x/ ':J ~'{ 
J 



~--......--

} hear-em ( skClY+v"J ~Y"V7"VI~) 
, ., 

COV('1J Y)== E(XY)-rxf'Y 

Re Yl1 (jirk 

If ~ov puf 'X == y t),~ ~e t -f1~(, 
-:; ~y~ GMt ~("" .. \I>.. Ie. -hy -II~ vaVl C6'\ "''C. 



rIO
-R e (c /I #d- i)( c",J Y Cn~.

I 

)V\J(>fr~J,.-f <-==-) Px y(X,j) F)ix) f'i (1) 
"/ ~ , I' 

-'-~~r{~ 
I 

Xc l1J Y Q\rt: 1V'<krA"~+t
 

:.;~ C~V (X) '1)= 0
 

( +tc. rr V lvr e. "IVlr-- ~ hCQ~~ cI ttJ' f'-{i+ 
cl"-Jtqs ~1~J. 

~ 

rrb~f 

E(X\{l~~ Xj f.v '1 (Xt 1)
IV \ 

X/~ 



-

='~XP. (x) )~Ry,(~D
L IX· <- 

x { 

:=1 rX {'f
 
I~~ 

CGV (XI ~ I~ r>( t 1 - f x; (Y 

::::d 



I 

r~2
 

t-es:pee-i, ve. s+-C,. c:fpr, J c1 r VI C fu If'IS. 

1)e+\nl~.t) r

) . t \- ('" . . /~ X V 
r... "\....- Goif'lt . r 1'Z<llll U vr '- I, .v,.~.·· )'J 

\ 1 .:, 0r

fXI Y ov- JVs+ f J IS deflr-l: J z, j 

~C()V ('K/1) 
. f 



--

13
 

. ~. Yl1 e~"I~~' (ff 
COV'yc Ie. v'1 

/. f v =-1 ~) Y=: a y+~ 'v ~?'O 
x) -, " 

J . fe/l'ftc4l:j Cent (oteJ. \( 

;)< fx VI :::-1 ~) Y aX -1'4 f,J,-ll ~~ 0
 

/ I . i( r¥+-~ oKfI CofTC lo:hd ... 

:s - X r;~d Y O~ '1~~ (;lk -r 
I

b~~ 1<-d+ 0)~ tft't"S P~ . 



_8 ( GOt! J C,-J-T2el1 's PY'Ohlem /4

SLt Ppose Xo"d Y ate. dISC te~ ,
 

IN I ~ jc \,,4 f~..f. :3·'V(~ b~ -H-ot
 
0+ +k foe SiC exo ""'tIc:.. (~)
 

y 
0 2I .3x~ 

--L Z -.L0 08 ~~ 
J 

..l ..l
ea --8 

Z.0I 8---'-'--- --,~-,----------_.--------- ,~--,--I-

(I') Com 'P",+c. CtN (>s yj 

CO~fv-k 
\~Y 



15 x 0 J 

P(X:=l\) Jt- ~ 

fo f(x);={) 'V(A)~ i:

c .. J (TX = ± 
~ 

., If30 IJ fl.I 
i j..

to-f(Y~ 1) ~ ~ I
'-"<'~,--,,-_.. .,..,..,~-

-- (y) ~ 3 VCy-- '_I ]
'·0 (--) I ... 

_. 
--E~ ~ I ~/ -- , ~ 

! tJ 0 - \fJI Y- ~-

No\.J W~ 1/It~J t (X'() (+k ~ <T~J ~+) 

C(xy\::: 2. )<~ 'P(X:: x/ 'f-j) 
x~ 

, ,-.. t 

TVlCk -'- We., OK- ru V1r'YY1'~J otrer 
eV\1v, l~ j;,- -J4 I+rfv'_/Q- 41~) 

x~ (D ro~-hcl~ 0.-Jt-1 -ko·J 



EeXV)~ (1)( I) (-~) + (I)(l) (~J 

+(fl(j) ct) . 

- -1 [I +i:+11 =L = d 
- u J 8 <: 



/7
 

. UxUY 

- ~ _ 0r:

....... ..!3!' ~ •
 

C-l)(fI) v~/ 

_ ~t __.. G"-, 13 3



A C 0 c I (ou rj +erexa 1"I'I~}e. ([1 

We. Yleed aV1 CXQ""1 k +- )' ~'0 

COY ('x., Y'J =0 Xo~d yaK
11'1 ckr t'A> ~r

S0 VJ e. Y\ t ~~ to des c'; I \ e a. l' Yl'\ -S- . 
\-tere. -, S Its "I~ rCA-f h 1.1 

Vi 

4= 
I. , ~C i -~-u 

\Iv h v:+ dt::les tth,s h1 e. 0 t"). 

Thie.:- cor her VOrl If':-ts (w 'I.+h R ~ 

ov-e.. (')1)-> ,( I) -J)-l (-I)-I) 
o"J C-I) l) ( ct~c k~lj-e) 



1'1 
a .. d. of COUtrse. +t-e... IOr-'-.:J'rl. 
Hetre. r,-s -+k bQV'"" :3rry,h. 

-z 

- , 

~. 

/ 
x 

1ik ve.rtn(cl sr',k.es hatr'- hV.jt..i ~. 

~ e. m o.-1Y I x c.f -tf-t p~~ -\ oS 

x~ -i 0: I 
-I 0 -.L 0 

o -L 0 Jl i. 
o ~., 0 ~ 



[-\CVG. ar~ -H-e- +~ b)cs ~~,~ -t~,~ 20 
Yv\ t ~ :JI ~ e \ d I sfYd,t; -h..o nJ' 

" i 

x -{ 0 I 

Rx:x) », J
z.". 

.! 
'f 

EO<) 9
, 
0 

I 

I 

I 

,'""}'II )'-\ I 0 
j)fN:t .~ 

. ., 

4'~-,.

No\-} ~v· 4 c.oVavl ov<U ' 

(-krt. lS +k ru It~~s ~ -:> I -tK! tj , 

E.ve,Vj ~'f~l '" -I-k. -ht' 1')'1 ... ~~ -t~. 
E()( y} so E(xY) ~iS ~ 
1,5 1I", (1.f' n', r-e. Ze"rb-e-s.. ~ 0
 

/ ' 

~- , ECX\f) ~O 

SO-. 
COV(XJt{J= 8()(~) -E(X)E(Y) ~ 0 - (~(i 



Bvt- X c.J Vo~ YL~+ 2)
 

I \A d ere~f\ckli'+ b-e c c IA£~ ,..!' ve.. 

<J C) --H-t- 0 d~ ,de. tf'l W e...~ \IV' 

J~+ 
•.--t 

" 

: 0)<0(v. -I , I J- ) Xc; YB X~ 
- *

~0 )g 

~
._~-~. 

Ye 


~-.. q.-.- -----~-

~)(~\ /~ -1c.. ,~,"'--r_~,. ""'=-, ]i
x..~4 

(~) 1= (X~)
 

SD X or-d Y Qt'"c ;tot 'f\~&I?\>t
 
I 



I+ +Ur'fls;du+ -+-J,~ . 22 
erl c ~\f~ (*-) cf,ves Us aVl~~' 
couV\-kvexa~flQ" COVls\derr· 

t-k ~"~w·u',, -fArce eve",-tS 

.C) _. 

\(\"/ A~{,Co) f)~ ei') Ii)/ [-1)0)I:YO 

l2 :::; j (6 I) (0 0) (0 -1)1o ~ ).J ) ..J )
 
, . 

C : !~ (0)1)) (I)J).) (Lo] 
I
 
I
 



I. 11) B.J C a r-e. fO (A"'IS~I r 

I VI ckr efI et..A-+ b v -+ \It-Q+ I~ ckr t?;dfJ.4,.+· 
, I kcrt 'is 

r(A n)3J =='ffA)P(BJ 
? (A 11 C) --=:; P~A) P{c
 
pC ()( -;;;;. (13J· (c)
 

bu-1
prAll fle.== P(A) ( 



Le~ 'Is Check _·~e.uJ ' 2 4

{ (0) 0.) (-t J ))~ (--l/ o1S 

- ~ --- /2

PC' )=- ' ,(0, D.; {(L c~.) (0,-0 

__ -1. -



t3~A . (l.]) Ii) C :::: -( (0/ 1)3 

5u 1J(AnT) () ( := Pt~JljJ ~:k . 
8v . -P(A)~'~) (c)={±)(tJ{i) 

50 
f(AnB" () '=t:- P(A) feB) 7(C).
 



i 

An Anal~:J IVA~*, VedoT'S' .. 2. b 

1-\ e r c. ',s h D\.J . I re rn e"'" hc,r 

-+k fvofw+les 
I 

Q.f COVaV'i (U~te. 

(I Ita~j1ed ~1;S+( . I~~ \ 
of-!ev J. leo""ldl Qb~\;4 yec'hrs), 

lhtS a~cl~3j r~101)j ~~~s 
IkW' ad lfa ~ Led MO' ~ ..... e ftC So crt ~~ 

! fk Mk/l' 0+ Cl II, 1.+; /be y t 5foCQ, • 

cOr'resf ClAAr +0 

0. 1 .~1 J ~ 
r'\Qt\OOn'l Voril~hle. ~--'7 Vee-bt' v 

,,, ~... 

C.'I'l. \. J (,,',\". /',.. J t...! /"")'. <~ . -Ik ~-}. f ff'"dv tJi
"IV A 1 ~ ~'-7"

tf\fkV 





S() I w hc+ cl~e3 ~l..s 2B
 

Cd03r61'1J 10 l/l ~ , 
\A/o Ir IJ of ,.~ c;. ~~ voY iO'41.c 

-....).. ~, 

\I\~V « . .... (QI} (X) YJ
'"\ 

~ 
.... FYi ,wtU$UlNl,.. 

~~m~~~-!Jil1,~ - (i#.Iitt~,~t')'l 

lI:h U0'11 
ax~ 

fSv+ -,fJ r ~ 

c()r~b~CGYr(>< .... y)= fx,v· 

?J ~:) Cos 4- ("(;)~ 
\X)'-f 

S\j 1>Jk+ do we. 5e+ ~W\ 

cJ. II ~IS? 

Tt JVs-f 



, ~St-twe. lovve lI:>~"1
 d-1 

COj'4l~)vJ=) 4;;" 2J-(:Jvj:CQ 

~~~ 

l' 

U o~J "V) I, ~ i" -f/-. .{'~ ~ Y0,:j 
, ~. I~ 

(~Qf-r -) }~J $0 (A ~~V .J «t">O, 

CQYf" (X) Yl=i # yt~ ~)(--/-t 
," I 

IN',JA a·70'· 

T>lej a +'IVe. ~ rrC laJ.t.o~
 

CAJS 4 (u)v) =-1 ~ 4(~/V)=1T'
 
~ . 

u 
/-~~~~~..." 

/ 

~-~-V 



'vv hc+ c }.,O'-l,+ C-q)YN L~~~ 30 

COV'f"' (~ y)=-) <:v y= aX +0 
w"rft ~< a 

-.~ ~.. 

cos4 (tA) v~) ==-0 .~ V\ .. v='O
 

~ .~...., 

~j (,A". 0'" J v 

o r-e, 0 ~ ~ ~ ~"a-) 

(OV'r (X) '1)~O ~.. Xa..J V 
a tt.. 't'ckrl"~+ 



3 

, 

fx/y 
I 

0.Jlfn:S ~()It Jr ~ ~ 

Go So cl YI ~ 0 
1+ -H-t-. 0 ~ I~1'\ 

bc+we-U\ --fit., -two V'c"" ~w\
 


