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5.5 The Expected Value of a Function of Random
Variables

The material in this section is combined with the material in the next section and
given in the next section.

5.6 Special Theorems

e Expected value of a function of random variables, E[g(Y7, Ys, ..., Y%)], equals
— Zall Y1 Eall Y2 T Eall Yk g(y17 Y2, ..oy yk)p(yb Y2, ... 7yk) if discrete,
S o g ves - ye) f (s yos - -+, yk) dyadya - - -y, if continuous.

e Also, the variance of a function of random variables, V[g(Y7, Y5, ..., Y})], with
expected value, E[g(Y1,Ys, ..., Ys)], is defined

= E[g()/la}/%yyk)z} _[E[g(}/lv}/%vyk)]]z
e Related to this,

ElY1 + Y, + -+ Y] EYi] + -+ E[Y;],
Elgi(Y1,Y2) + -+ (Y1, Vo)l = Elgi(Yy, Ya)] + - - + Elgr(V2, Y2)],
E(¢) = ¢, ifcisa constant,

]
]

Elcg(Y1,Ys)] = cE[g(Y1,Y2)], if cis a constant,
ElgM)h(Ys)] = E[g(V1)]E(Y2)], if g(Y1), h(Y2) independent.

Exercise 5.6 (Special Theorems)

1. Discrete Ezxpected Value Calculations: Waiting Times To Catch Fish. The joint
density, p(y1,y2), of the number of minutes waiting to catch the first fish, y,
and the number of minutes waiting to catch the second fish, ys, is given below.

Y2 Ly — 1 2 3 total

1 0.01 0.01 0.07| 0.09
2 0.02 0.02 0.08 | 0.12
3 0.08 0.08 0.63| 0.79

total 0.11 0.11 0.78 | 1.00
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(a) The ezpected average waiting time, g(y1,y2) = &292, over two trips is

E {Yl ;r YQ] _y ; 23:1 <y1 —gyz) (Y1, 92)
0.01) + (1%2) (0.02) + (%) (0.08)

(
+ 221) (0.01) + (2%2) (0.02) + (?) (0.08)
(

?’i) (0.07) + (3%2) (0.08) + (#) (0.63) =

(choose one) (i) 2.385 (ii) 2.685 (iii) 2.785.
Hint: Type 1,1,1,2,2,2,3,3,3 in L1 and 1,2,3,1,2,3,1,2,3 in Lo, define Ly = Z1FtL2 type
( 3

—_

0.01,0.02, 0.08, 0.01, 0.02, 0.08, 0.07, 0.07,0.63 in L, define Ls = L3 x La, sum Ls using 1-Var Stats
Ls, read > o = 2.685.)

(b) The expected total waiting time, g(y1,y2) = y1 + Y2, over two trips is

EMi+Ys) = D> ) (n+v2)p(un,v2)

y1=1y2=1
= (1+1)(0.01) + (1 +2)(0.02) + (1 + 3) (0.08)
(24 1) (0.01) + (2 +2)(0.02) + (2 + 3) (0.08)
+ (3+1)(0.07)+ (3+2)(0.08) + (3+3)(0.63) =
(choose one) (i) 5.37 (ii) 6.37 (iii) 7.37.
(Hint: Define Ly = L1 + L2, define Ls = L3 X L4, sum Ls using 1-Var Stats Ls, read Y x = 5.37.)

(c) Marginal probability function for Y] is given by column totals; in this case:

Y1 1 2 3
p(y) | 011 011 0.78

so expected waiting time for first trip is

EMi] =Y yipi(y) = (1)(0.11) + (2)(0.11) + (3)(0.78) =

y1=1
(choose one) (i) 1.67 (ii) 2.67 (iii) 3.67.
(d) Marginal probability function for Y3 is given by row totals; in this case:

Y2 1 2 3
p2(y2) 1 0.09 0.12 0.79
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so expected waiting time for second trip is

E[Ys] = Y yapa(ye) = (1)(0.09) + (2)(0.12) + (3)(0.79) =

y2=1

(choose one) (i) 1.7 (ii) 2.7 (iii) 3.7.
(e) Notice

E[Y, + Ys] = 5.37 = E[Y;] + E[Ya] = 2.67 + 2.7
(choose one) (i) True  (ii) False
(f) Since

EY;] =) uipa(y2) = (1%)(0.09) + (2%)(0.12) + (3%)(0.79) = 7.68,

y2=1

then variance in second waiting time is

V[Yy) = E[Yy] — [E[Ya]]? = 7.68 — 2.7° =
(choose one) (i) 0.29 (ii) 0.39 (iii) 0.49.

2. Discrete Fxpectation Value Calculations: Marbles In An Urn. Marbles chosen

at random without replacement from an urn consisting of 8 blue and 6 black
marbles. For ith marble chosen, Y; = 0 if blue and Y; = 1 if black.

y2 4 y1 — | blue, 0 black, 1 | pa(yo)
g 6-8 8-716-8
blue, 0 FaE IL13 REAEN
black, 1 s 1413
p1(y1) 1413 14-13 1

(a) The expected value of g(y1,y2) = Y192 is
11
EMYa = > ) (n1y2) p(yr, v2)
y1=0y2=0

Ox0)<%)+(0x1)<%>
(1% 0) (%)Hun (%) _

(choose one) (i) 132 (i) 12:; (i) {35

—~
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(b) Expected value of Y] is

EYi] = i yip1(y1) = (0) (%) +(1) (%) B

y1=0

8.7486 (::\ 8742X86 .-\ 6:846-5
14-13 (11) 14-13 (111) 14-13 °

(c) Expected value of Y5 is

E[Ys] = 21: y2p2(y2) = (0) <%) +(1) (%) -

y2=0

(choose one) (i)

(choose one) (i) Bizjflgéﬁ (ii) 8'71753;(38'6 (iii) 8'16;3655.
(Notice, in this case, E[Y1] = E[Y2].)
(d) In this case,
6-5 6-8+6-5 8:64+6-5
EYY| = —— £ EY|E|Y,| =
iYe] = g 7 ENIEY) ( 14-13 ) ( 14-13 )

because Y] and Y, are dependent.
(choose one) (i) True  (ii) False

(e) Using the properties of expectation above,

E[3Y; — 2Y5] = 3E[Yi] — 2E[Y3] = 3 (M) _9 (M) _

14 -13 14 -13
(1) 8-748-6 (11) 8-74+2X%8-6 (111) 8:646-5

1413 1413 1413
(f) Since
0
8- 7T+6-8 8:6+6-5 8:6+6-5
E[Yy] = ; = (0% | ——5— |+(1° =

then the variance is

Ve = B[] - (BN = — 43 1113

(choose one) (i) 0.245 (ii) 0.345 (iii) 0.445.
(g) The definition of variance is
Vv = B[ BN

1

= Y (Y2 — E[Y3])* pa(un)

y2=0

_ (y_8:6+6-5\"(8:7+6-8 (g _8:6+6-5 “(8:646-5\
N 14-13 14-13 14-13 14-13 -

(choose one) (i) 0.245 (ii) 0.345 (iii) 0.445.

8~6+6-5_(8~6+6-5)2N
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3. Continuous Expectation Value Calculations: Potato Chips. Although each bag

should weigh 50 grams each and contain 5 milligrams of salt, in fact, because of
differing machines, weight and amount of salt placed in each bag varies according
to two probability functions below.

(a) Machine A. Bivariate density function for machine A is

L 49<y; <51,2<y, <8
—J) 12 — T Tt
f(y1,92) { 0  elsewhere

i. The expected value of g(y1,y2) = y1y2 is

ENVY,] = // (v192) f(y1, y2) dyrdys
49

= / /4 (1192) —dyldy2
1\ v=5l
= /2 E?h <2y1>y1:49 dys
- ()
24%)
(choose one) (i) 200 (ii) 250 (iii) 300.

ii. Since marginal,

1
yl / fyl Y2 dyz / —dyz y2) 8_5,

49 < y; < 51, expected value of Y] is

51 51 1 1 y2:51
EY1] :/4 y1fi(yr) din :/4 5 dy, = (ny) =

9 9 y2=49

(choose one) (i) 50 (ii) 100 (iii) 150.

iii. Since marginal,

00 51 1 1 _ 1
= d = — d = — y1=>51 = —
f2(v2) /_OO f(y1,y2) dya /49 15 4 12(y1)y1:49 5

2 < yy < 8, expected value of Yj is

8 8 1 1 ) y2=8
E[Ys)] :/2 Yo fa(y2) dy2:/2 Yo dys = <Ey2) =

(choose one) (i) 5 (ii) 10 (iii) 15.
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iv. Since

E[Yi¥3] = 250 = B[] E[Y3] = (50) (5)
Y1 and Y, are (choose one) (i) dependent  (ii) independent.
v. Using the properties of expectation above,

E[3Y, — 2Y3] = 3E[V1] — 2E[Y,] = 3(50) — 2 (5) =
(i) 130 (i) 140 (iii) 150.

vi. Since

E[Y;] :/2 Y5 f2(y2) dys 2/2 3/26 dys = (E%) = 28,
Yy2=2

then variance is
V) = E[Y7] — [EVa]] = 28— (5)* ~
(choose one) (i) 1 (i) 2 (iii) 3.

(b) Machine B. Bivariate density function for machine B is

49<y; <51,4 <y, <6
elsewhere

1
fy1,v2) :{ 0

i. The expected value of g(y1,y2) = y1y2 is

EWY, = // (1192) f (Y1, y2) dyrdys
19

= / / y1y2 dy1dy2
49
1 y1=>51
= / 4y2 <2yf) dyo
4 y1=49
100 ,\"=°
- \w%) T
y1=4
(choose one) (i) 250 (ii) 500 (iii) 750.

ii. Since marginal,

o) 6 1 1 _
filyr) = / f(y1,y2) dya = / 1 dys = Z(w)Z;:i = 9’
—00 4

49 < y; < 51, expected value of Y] is

51 51 1 1 y2:51
ElY;] :/ y1.f1(y1) dya Z/ Y1z dyr = <—yf) =
49 19 2 477 ) =19

(choose one) (i) 50 (ii) 100 (iii) 150.

[ =
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1il.

1v.

vi.

vii.

Since marginal,

00 51 1 1 =51 1
fa(ye) = - f(y1,y2) dyy = Zdyl 4(y1>y1 =49 ~ 9>

4 < yo < 6, expected value of Y5 is
6 6 1 1 y2=06
E[Y] :/ Yafa(y2) dys :/ Y25 dys = (Z?Jg) =
4 4 y2=4

(choose one) (i) 5 (ii) 10 (iii) 15.
Since
EY1Y2] = 250 = E[Y1]E[Y2] = (50) (5)

Y; and Y, are (choose one) (i) dependent  (ii) independent.
Using the properties of expectation above,

E[3Y; + 3Y3] = 3E[Y1] + 3E[Ya] = 3(50) + 3 (5) =

(i) 155 (ii) 160 (iii) 165.

Since
6 6 1 1 y2=6 76
4 4 y2=4
then variance is
2 9 76 9
Vvl = B [Y7] — Bl = 5~ (5)° ~

(choose one) (i) % (i) g (iii) g

Let U =Y; — Y5 and assume Y; and Y, are independent.

V() = B(U?) - E<U>2
(Vi = Y2)"] = [E (Vi -V

E|

E[Y? - 2Y1Y2 +Y7] — [E(Y1) — E(Y))]

E Y] = 2BEV1Ys] + E [Y2] — {[EM)) — 2B[V1]E[Ys] +

E[Y?] —2E] Yle] + E Y] — {[EM)]° = 2E[V1Ya] + [E(
= BY?] - [EM)] +{E 7] - [E(Y)]}

= V() + V(Yz)

(i) True (i) False

+[E(Y2))}
Yo)*}
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4. More Continuous Expectation Value Calculations.
Consider

S2—y)(1—ya) 0<y1 <2, 0<ys <1, y;+ 2y <2
— 5 — — = = 5
AUNE) { 0 elsewhere

(a) Since y; + 2y» < 2, then y» < 1 — 1y;, and marginal of Y is

6 [l 2w 6 [l 2w
g/ C-y)d—y)dy = 3/ (2 —y1 — 2y2 + 11y2) dyo
0 0
1
6 1 y2=l—5y1
= —( 2y — vivo — ¥5 + =115
5 5 B
Ya2=
6 1 1 1
- - 1 = T2 oy
5 ( 2y1 4y1 + 8y1)

where 0 < y; < 2. So, the expected value of Y] is

2 6 [ 1 1, 1.,
EWi] = y1fi(yr) dyr = =W 1- Q- gt FiZ dy:
0 0

6/1 1 1 1 \v?
(PRSI

—U 41
o\ 2 16 40 y2=0
(choose one) (i) % (ii) % (iii) ;—Z

(b) Since y; 4+ 2ys < 2, then y; < 2 — 2y, and marginal of Y5 is

6 2—2y3 6 2—2ys
g/ 2—=y)1—y2)dyr = 5/ (2 —y1 —2y2 + y1y2) din
0 0
6 1 1 Yy1=2—2y2
= {2y — ] — 2012 + YTy
5 2 2 _
y1=0
6
= = (2- 225+ 23)
where 0 < y; < 1. So, the expected value of Yj is
1 6 1
E[Y)] = / y2.fo(y2) dys = g/ Yo (2 — 2y2 — 2y3 + 243) dye
0 0
6 2 2 2 .\t
- S(s-3m-Tuedu) -
Ya2=

(choose one) (i) & (i) = (iii) =.
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(c¢) Using the properties of expectation above,

17 7
E[25Y; + 50Y3] = 25E[V3] 4 50E[Y,] = 25 <2—5> + 50 <%> _

(i) 29 (i) 30 (iii) 31.

(d) Since
1 6 1
E[Y22] = /0 y%fz(w)dyz = g/o y% (2—2y2 —2y§+2y§) dyo
6/2, 2 25+2692:1_3
T os\3B T TR TE) T e

then variance is

VIl = B [vZ] - B = o - (2—75) ~

. 24 .o 25 cee 26
(choose one) (i) e (i) 555 (iil) g5
(e) According to Tchebysheff’s theorem, the probability variable Y, is within

k = 3 standard deviations of mean E[Y5] is at least
1 1 8
P(|Y—u|<ka)21—ﬁ:1—§:§,
That is, there is at least a %th chance the following interval contains Y5:

7 26
By £3VVVa = - £3\/ oo =~

(i) (—0.23,0.79) (i) (—0.33,0.89) (iii) (—0.43,0.99).

5. Expected Number of Matches. Ten people throw ten tickets with their names on
each ticket into a jar, then draw one ticket out of the jar at random (and put
it back in the jar). Let X be the number of people who select their own ticket

out of the jar. Let
X=Y1+Yo+ -+ Yy

where

v — 1 if ith person selects own ticket
! 0 if ith person does not select their own ticket

(a) Each person chooses any of the ten tickets with equal chance,
E[Y;] =1 xp(1) 40 x p(0) = (choose one) (i) 75 (i) = (iii) 13-

(b) Expected number of ten individuals to choose their own ticket is
E(X)=EM)+-+E(Yi) =10x 15 = (i) 75 (i) 75 (iii) 1g.
We would expect one of ten individuals to choose their own ticket.

(¢) If n individuals played this game, then we would expect

EX)=EMW)+---+EY,) =n(:) =021 ()2 (i) =

n
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5.7 The Covariance of Two Random Variables

We look at covariance, a measure of how two random variables are linearly related.
Covariance is defined by

Cov(Y1,Ys) = E[(Y1 — E(Y2))(Y2 — E(Y2))] = E(Y1Y2) — E(Y1)E(Ya),
and has the following properties,
e Cov(Y,Ys) = Cov(Yz, Y1),
e Cov(Yy, Y1) =V (Y1),
e Cov(aY,Ys) = aCov(Y;,Ys), where a is a constant,
e Cov(Y7,Ys) = 0if Y3, Y5 are uncorrelated or independent.

Uncorrelated random variables are not necessarily independent random variables.
Independent random variables are necessarily uncorrelated random variables. The
correlation p, —1 < p < 1, is given by

Cov(Y1,Yy)  Cov(¥y,Ya)
Vi)V (Ys) ooy

Exercise 5.7 (The Covariance of Two Random Variables)

1. Covariance and Correlation: Waiting Times To Catch Fish. The joint density,
p(y1,y2), of the number of minutes waiting to catch the first fish, y;, and the
number of minutes waiting to catch the second fish, ys, is given below.

Y2 Ly — 1 2 3 | total

1 0.01 0.01 0.07| 0.09
2 0.02 0.02 0.08 | 0.12
3 0.08 0.08 0.63| 0.79

total 0.11 0.11 0.78 | 1.00

(a) If g(ylv yz) = y1¥2, then

EMY,] = Z Z (y1y2) p(y1, y2)

= Z(/11:><y§(0.01) + (1% 2)(0.02) + (1 x 3) (0.08)
+ (2% 1)(0.01) + (2 x 2) (0.02) + (2 x 3) (0.08)
+ (3% 1)(0.07) + (3 x 2)(0.08) + (3 x 3) (0.63) =
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(choose one) (i) 5.23 (ii) 6.23 (iii) 7.23.

(Hint: Type 1,1,1,2,2,2,3,3,3 in Ly and 1,2,3,1,2,3,1,2,3 in Lo, define L3 = Li X La, type
0.01,0.02,0.08,0.01,0.02,0.08,0.07,0.08,0.63 in L4, define Ls = L3 X L4, sum L5 using 1-Var Stats
Ls, read Yz =7.23.)

(b) Since

EM] = Y yipi(y) = (1)(0.11) + (2)(0.11) + (3)(0.78) = 2.67

ElYs] = > wapalyz) = (1)(0.09) + (2)(0.12) + (3)(0.79) = 2.7,
then covariance is
Cov(Y1,Ys) = E(Y1Ys) — E(Y1)E(Y3) = 7.23 — (2.67)(2.7) =
(choose one) (i) —0.039 (ii) 0.021 (iii) 0.139.
(c) Since

ENYE] = ) yini(yn) = (1)(0.11) + (2)(0.11) + (3)(0.78) = 7.57,

y1=1

V)] = E[Y?] - [E[Y\]]? =757 — 2.67% = 0.4411,

EYZ = 3 4ipe(ys) = (1)(0.09) + (22)(0.12) + (3%)(0.79) = 2.7,

y2=1
VY] = E[YP] — [E[Y2)])? =7.68 - 2.7% = 0.39,
then correlation is
Cov(Y1,Ys) B —0.039 N
V(Y1)V(Yy)  +/0.4411 x 0.39

(choose one) (i) —0.235 (ii) —0.139 (iii) —0.094.
There is very little linear correlation between two waiting times.

(d) Let Uy =Y; + Y, and Uy = Y] — Y, Then
COV(Ul,UQ) = E(UlUg)—E(Ul)E(UQ)

= ElYi+Yy) (Y1 -Y2)] - E((Y1+Y2)) E((Y1—Y2))
= E[Y?-Y]]-[E (Y1)+E(Y2)H (Y1) — E(Y: )]

= E[Yy] - [Yz] {[E [B(Y2)]’}

= E[Y7] - [EMW) —{E[Yz] [B(Y2)]*}

— V(Y1) = V(Ys) = 04411 — 0.39 ~
(choose one) (i) 0.0355 (ii) 0.0392 (iii) 0.0511.
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2. Covariance and Correlation: Marbles In An Urn. Marbles chosen at random
without replacement from an urn consisting of 8 blue and 6 black marbles. For
1th marble chosen, Y; = 0 if blue and Y; = 1 if black.

Y2 4 y1 — | blue, 0 black, 1 | pa(ys2)
blue, 0 1%3 1?1:?3 8.174J-r163.8
black, 1 122?3 122?3 8i6i1J~r16?;5
my) | S S |1

(a) Since

EWY,] = Z Z (v192) p(Y1,92)

y1=0y2=0

— (Ox0)<%>+(0xl)<%)

88 6-5 6-5
1 TP ) b ax) (2 ) = 2
* XO)<14-13>+( 8 )<14-13) 14-13°

1
EY] = Zylpl(yl)
y1=0
8:-7+8-6 6-8+6-5 6-8+6-5
= - 1 =
(O)< 14-13 )_I_()( 14 -13 ) 14-13 7
1
EYs] = Zy2p2(y2)
y2=0
8-7+6-8 8:6+6-5 8:-6+6-5
= - 1 =
(O)< 14-13 )_I_()( 14 -13 ) 14-13 7

then covariance is
Cov(V1,Ys) = E(VyYa) — E(Y1)E(Ys) =

(choose one) (i) —61—327 (i) —% (iii) _%47'
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(b) Since
3
8- 7T+8-6 6-8+6-5\ 6-846-5
E[Y?] = ;ylpl(yl)—(0)< TISE ) (1)< 1113 ) 14-13
6-846-5 (8:6+6-5)\"
_ 21 _ 2 _ — ~ 0.
Vial = BB = < 14-13 ) 024
0
8- 7+6-8 86+6-5\ 8-64+6-5
21 _ 2 2y (O TD-0 2 _
ElYS] = Zyzpz(yz)—(0)< 14-13 )+(1)< 14-13 ) 14-13

y2=0

VY] = E[Y7] - [EN]f =

2

8:6+6-5 (8-6+6-5 ~ 0.245.
14-13 14-13

then correlation is

Cov(Y1,Ys) _ —a2 -

VY1)V (Ys)  +/0.245 x 0.245

(choose one) (i) —0.077 (ii) —0.139 (iii) —0.294.

(¢) Relationship between covariance and variance.

Cov(Y1,Y:) = E(iY1) - EWV)E(Y) = E(Y?) - [EW)) =
Cov(Va,Ya) = E(YaYa) — B(Y2)E(Y2) = E(YY) — [B(Y2)]” =

(i) True (i) False
3. Covariance and Correlation: Weight and Amount of Salt in Potato Chips.
(a) Machine A. Bivariate density function for machine A is

L 49<y; <51,2<y, <8
—J 1 T eIt
F(y2) { 0  elsewhere
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i. Since
8 51
EVY, = / / (v1y2) f (1, y2) dyrdys
2 49
8 51 1 8 1 1 y1=>51
= —dydya = | —uya | zy7 d
/QAQ (y192) 75 Wdy: /2 12y2<2y1)y1:49 Yo
100 2)”:8
(24 o
fily) = / F (1, 2) dys
81 1 =8
= Aﬁdyz—ﬁ(yz)m:z—?
51
E[Yl] = / ylfl(yl)dyl
49
51 1 <1 2)91:51
— yizdyr = | -y = 50,
/49 2 47
folys) = / F (1. 2) dn
51
_ 1 o y1=51 1
= /49 12 dy, = 12(y1)y1:49_ 6’

E[Yz] = /2y2f2(y2)dyz

8 y2=8
1 1,
= Yo~ dys = <—y2) =5,
/2 6 1272,

then covariance is
Cov(Y1,Ys) = E(V1Y2) — E(Y1)E(Y>) = 250 — (50)(5) =
(choose one) (i) 0 (ii) 1 (iii) 2.
ii. Since Y; and Y3 are uncorrelated, Cov(Y,Y;) = 0, then correlation is
_ Cov(Y1,Ys) 0 B
g VVI)V(Yy)  V0.245 % 0.245
(choose one) (i) 0 (ii) 1 (iii) 2.

iii. Random variables Y7 and Y, are uncorrelated, Cov(Y7,Ys) = 0, be-
cause they are independent,

EY1Yy) = E(Y1)E(Y2).

(i) True  (ii) False
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(b) Machine B. Bivariate density function for machine B is

49 <y <51,4< 1y, <6
elsewhere

1
f(y1,v2) :{ 0

i. Since Y; and Y, are independent,
Cov(Yi,Ys) = (choose one) (i) 0 (i) 1 (iii) 2.
ii. Since Y7 and Y5 are independent,

correlation p = % = (choose one) (i) 0 (i) 0.5 (iii) 1.
1 2

4. More Covariance and Correlation.

Consider
S2—y)(1—w) 0<y1 <2, 0< <1, y;+ 2y <2
_ 5 = = 4 = = 5
Flyr,y2) = { 0 elsewhere
which has a non-rectangular range.
(a) Since
6 1 2
ENVY,] = R / / (1192) (2 — 11 — 2y2 + Y1y2) dyrdy:
o Jo
6 (1 [2
= g/ / (29192 — YTy2 — 20195 + yiv3) dyadys
o Jo
6 1 n=2
= = / (yfyz y1y2 yiys + gyfyi) dys
0 y1=0
6 ! 8 8
= - dajg — —yo — 4 2] d
5/0 ( Yo 3y2 ys + 3?/2) Yo
6 ['/4 4,
= - — — d
5 /0 (3?/2 392) Y2
e
- 2 2 - )
5\6797) 715
2 2
6 1 1 1
EYy] = yi1fi(yr) dyr = —/ i (1= sy —~uf + <8 ) du
A 5/, 2t T T
61, 1, 1 . 1 N\"? 14
Y2=
1 6 1
ElY;] = / Yo fa(y2) dyo = 5/ Y2 (2 — 2yo — 2y5 + 243) dys
0 0

6(2 2., 2, 25)y2:l 7
= |\ Y2~ 3¥% — Y2+ Yo ~ 5
377 47 57)
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then covariance is

Cov(¥i, Y2) = B(HY3) — B(V)E(Y:) = -1 — (;—;l) (%) -

205 () 206 () 207

(choose one) (i) Ta7E T87E 1875

(b) Since
2 6 [2 1 1 1
ElYY] = /yffl(yl)dylz—/ yill— -y —~yi+=yd ) dy
0 5/ 2 4 8

6 /1 1 1 1\ 202
= <—yf’ — U~ 5ol @yf) =

5\3 8 20 oo 25
2
202 14\? 4854
Vv, = EYE —[EWVP="20 (22 ) = 222
vl = B - B =52 - (5) -~ o
2 ! 2 6 ! 2 2
E[Y7] = /yzfz(yz)dm:g/ y3 (2= 2y2 — 2y3 + 2y3) dys
0 0
6/2, 2 25+2692:1_3
= 5 3y2 4y4 5y2 63/2 y2:0—257

Vil = B[] - B0 = - () = o

then correlation is

) Cov(Yy,Yo)  f=
V)V (Yy) 1851, 26

(choose one) (i) 0.19 (ii) 0.23 (iii) 0.34.



