Exercises in Introduction to Mathematical Statistics (Ch. 1)

Tomoki Okuno

September 14, 2022

Note

e Not all solutions are provided: exercises that are too simple or not very important to me are skipped.

e Texts in red are just attentions to me. Please ignore them.

1 Probability and Distribution

1.2 Sets
1.2.6. Show that the following sequences of sets, {C}}, are nondecreasing, (1.2.16), then find limg_, o C.
(@) Cr={2:1/k<zx<3-1/k}, k=1,2,3,....
Solution.

By (1.2.16),
leIEOCk: UC’k:{x:O<x<3}.
k=1
() Cr={(z,y) : 1/k<2?+y><4-1/k}, k=1,2,3,....
Solution. .
lim Cy = U Cr = {(z,y) : 0 < 2® +y* < 4}.
k—o0 Pt
1.2.7. Show that the following sequences of sets, {C}}, are nonincreasing, (1.2.17), then find limy_, o C.
(@) Cr={z:2-1/k<x <2}, k=1,2,3,...
Solution.
By (1.2.17),
klir{:oCk: ﬂC’k:{m:x:2}.
k=1
because the lower limit converges to 2 as k — oo, which is the upper limit.
(b) Cr={z:2<x<24+1/k},k=1,2,3,....
Solution. -
Jm Ce= [V Cr=0

because the upper limit attains 2 as k — oo, which is less than the lower limit.



() Ci={(x,y) 0 <a®+ 42 <1/k}, k=1,23, .
Solution.
oo
lim Cy = m Cr={(z,y):2* +y* =0} = {(x,y) : 2 = y = 0}.
k—o0 b1
because the upper limit attains 0 as k — oo, which is the lower limit.

1.2.10. For every two-dimensional set C' contained in R? for which the integral exists, let Q(C) = [ [ (z
y)dady. If Cp = {(z,y) : —1 <2 <1,-1<y <1}, Cy ={(2,9): -1 <2z =y <1}, and Cg = {(z, ) :
$2 +y? < 1}, find Q(C1), Q(Cy), and Q(Cs).

Solution.
1 3 1 1 3.1
T 2 2y 2y 3
Q(Ch) 2Ydxdy = - 2’ d:/f22d:— 7‘ =2,
1) // Jdady /1<3+yx1>y 1 3+y Y 3+371 8
Q(C3) / / dxdy =0 since Cs has no area, just segment,

Q(Cs) = //952+y2<1(x2 + y?)dxdy = /01 /027r r2(rdfdr) = =

1.2.14. To join a certain club, a person must be either a statistician or a mathematician or both. Of the
25 members in this club, 19 are statisticians and 16 are mathematicians. How many persons in the club are
both a statistician and a mathematician?

Solution.

Let C = {statistician, mathematician}, C; = {statistician}, and Cy = {mathematician} Then
Q(C) = Q(Ol) + Q(OQ) - Q(Cl N 02) =25=194+16 — Q(Ol N CQ)

Hence, the number of persons who are both a statistician and a mathematician is Q(Cy N Cy) = 10.

1.3 The Probability Set Function

1.3.2. A random experiment consists of drawing a card from an ordinary deck of 52 playing cards. Let the
probability set function P assign a probability of 1 to each of the 52 possible outcomes. Let C; denote
the collection of the 13 hearts and let Cy denote the collection of the 4 kings. Compute P(Cy), P(Cs),
P(C1 N CQ), and P(Cl @] CQ)

Solution.
_#(C) 13 1 _#(C) 4 1
Piey) = #0C) 52 4 P(C2) = #0C) 52 13
~ #(King of Heart) 1 B 16 4
PN Cy) = FEREEEE _ 2 p(CyuCa) = P(Cy) + PIC2) ~ P(CL0 Ca) = 35 = 1.

1.3.4. If the sample space is C = C; U Cy and if P(C}) = 0.8 and P(Cs) = 0.5, find P(C; N Cy).
Solution.
1= P(C) = P(Cl UCQ) = P(Cl) +P(Cg) —P(Cl ﬂCQ) = 1.3—P(Cl ﬂCQ).

Hence P(Cy N Cy) = 0.3.

1.3.6. If the sample space is C = {¢: —00 < ¢ < oo} and if C C C is a set for which the integral fc e 17l dy
exists, show that this set function is not a probability set function. What constant do we multiply the
integrand by to make it a probability set function?



Solution.
oo 0 0
P(C):/ e"”dm—&—/ exdmz—e_’”|go+ex|_oozl+1:2,
0 —0o0
indicating that we need to multiply it by 1/2.

1.3.8. Let C1, Cs, and C3 be three mutually disjoint subsets of the sample space C. Find P[(Cy U C3) N Cs]
and P(C¢ U CS).

Solution.

P[(C1UCy)NCs] = P[(C1NCs)U(CoNC3)] = P(¢pU o) = P(p) =0
P(CTUC3) = P[(C1NCy)] = P[¢] = P(C) = 1.

1.3.11. A person has purchased 10 of 1000 tickets sold in a certain raffle. To determine the five prize winners,
five tickets are to be drawn at random and without replacement. Compute the probability that this person
wins at least one prize.

Solution.

990 1000
1 — P(person does not win any price) =1 — <JJ( ) /< )0(>

) )

1.3.22. Consider the events C, Cs, Cs.

(a) Suppose C1,Cs, C5 are mutually exclusive events. If P(C;) = p;, i = 1,2,3, what is the restriction on
the sum p; + ps + p3?

Solution. 0 < p; +ps +p3 < 1.
(b) In the notation of part (a), if p; = 4/10,p3 = 3/10, and p3 = 5/10, are C1, Cy, C5 mutually exclusive?

Solution. No because p; + p2 + p3 > 1 in part (b).

1.4 Conditional Probability and Independence
1.4.1. If P(Ay) > 0 and if Ay, Az, Ay, ... are mutually disjoint sets, show that

P(AyUA3U---|A;) = P(A2]A1) + P(As|A) + -+ .

Solution.

P(AyUA3U---
P(A2UA3U---[4) = ( 2P(A?) )
_ P(Ay) +P(A3) +---
P(Ay)
= P(A3]|A1) + P(A3|A1) + -+ by definition of the conditional probability.

by definition of the conditional probability

since As, As, ... are mutually disjoint

1.4.2. Assume that P(A; N Ay N A3) > 0. Prove that
P(A1 NA;NAsN A4) = P(Al)P(AglAl)P(A:;‘Al N AQ)P(A4|A1 NAsN Ag)
Solution.

P(Al NA;N Az N A4) = P(A4|A1 NAs;N Ag)P(Al NAsN A3)
= P(A4|A1 NAsN Ag)P(A3|A1 n AQ)P(Al M AQ)
= P(A4]A1 N Ay N A3)P(A3]A1 N Ag)P(As|A1)P(Ay).



1.4.4. From a well-shuffled deck of ordinary playing cards, four cards are turned over one at a time without
replacement. What is the probability that the spades and red cards alternate?

Solution.

P(S)P(R|S)P(S|S N R)P(R|SNRNS)+ P(R)P(S|R)P(RIRN S)P(S|RN SN R)
1326 12 25

= 20 E o 0.031.
52515029 2~ V03

1.4.9. Bowl I contains six red chips and four blue chips. Five of these 10 chips are selected at random and
without replacement and put in bowl II, which was originally empty. One chip is then drawn at random from
bowl II. Given that this chip is blue, find the conditional probability that two red chips and three blue chips
are transferred from bowl I to bowl II.

Solution.
P(2 reds and 3 blues in I N blue in II)
P(blue in 1I)
6 (4} /(10
_BE/E) <2 5
4/10 14’

P(2 reds and 3 blues in I|blue in IT) =

1.4.12. Let Cy and Cs be independent events with P(C) = 0.6 and P(C3) = 0.3. Compute (a) P(Cy NCy),
(b) P(Cl U 02), and P(Ol U Cé:)

Solution.

P(Cs) — P(Cy N Cy) = 0.72.
P(C3) — P(C1NC3)
P(C3) — P(C1)P(Cs)

6+ (1—0.3) — (0.6)(1—0.3)

8

1.4.20. A person answers each of two multiple choice questions at random. If there are four possible choices
on each question, what is the conditional probability that both answers are correct given that at least one is
correct?

Solution.
P(both correct) ~ P(both correct) ~ (1/4)* 1
P(at lease one correct) 1 — P(both incorrect) 1—(3/4)2 7’
1.4.28. A bowl contains 10 chips numbered 1,2, ..., 10, respectively. Five chips are drawn at random, one

at a time, and without replacement. What is the probability that two even-numbered chips are drawn and
they occur on even-numbered draws?

Solution.

P({two even-numbered chips} N {two even-numbered draws})

= P(two even-numbered chips)P(two even-numbered draws|two even-numbered chips)

5
5
5

1.4.32. Hunters A and B shoot at a target; the probabilities of hitting the target are p; and py, respectively.
Assuming independence, can p; and py be selected so that

P(zero hits) = P(one hit) = P(two hits)?



Solution.

P(zero hits) = P(one hit) = P(two hits)
= (1 =p1)(1 =p2) = p1(1 = p2) + (1 = p1)p2 = p1p2
= 3p? —3p1+1=0.

However, the last equation cannot hold since 3p? —3p; +1 = 3(p; — 1/2)2+1/4 > 0. Thus, the answer is No.

1.5 Random Variables

1.5.2. For each of the following, find the constant ¢ so that p(x) satisfies the condition of being a pmf of one
random variable X.

(a) p(z) =c(3)", 2 =1,2,3,...,, zero elsewhere.
Solution.
= o~ [2\" 2/3 1
T_Z_@p(x)z%c(g) =c =273 =2c = c=3.

(b) p(x) =cx x=1,2,3,4,5,6, zero elsewhere.

Solution.

T=—00 r=1

1.5.3. Let px(x) = z/15, . = 1,2,3,4,5, zero elsewhere, be the pmf of X. Find P(X =1 or 2)7P(% <X<
5),and P(1< X <2).

Solution.

1 5 1 2 1
P X=1lor2)=P|-<X<-|=P1<LX<L2)=PX=1 PX=2)=—+—=-.
(X=1or2)=P(3<X<3)=PUSXSH=PX=D+PX=D =+ =

1.5.4. Let px(z) be the pmf of a random variable X. Find the cdf F(z) of X (and sketch its graph along
with that of px (z)) if:

(a) px(x) =1, x =0, zero elsewhere.

Solution.
0 0
Fz) = T <
1 >0
(b) px(x) = %, x = —1,0,1, zero elsewhere.
Solution.
0 r < —1
1/3 —1<2<0
() =
2/3 0<z<1
1 x> 1.



(¢) px(z) =x/15, x =1,2,3,4,5, zero elsewhere.

Solution.

0 z<l1
/15 1<z<?2
3/15 2<x<3
6/15 3<zxz<4
10/15 4<z <5
1 x> 5.

1.5.5. Let us select five cards at random and without replacement from an ordinary deck of playing cards.
(a) Find the pmf of X, the number of hearts in the five cards.
Solution.
13y ( 39
fx(x) = 7(”“)5(5*1), ©=0,1,2,3,4,5,

(5)

zero elsewhere.
(b) Determine P(X < 1).

Solution.

POX < 1) = PIX = 0) 4+ P(X = 1) = £x(0) + £x (1) = L0 H LG

(5)

1.5.6. Let the probability set function of the random variable X be Px(D) = [, f(x)dx, where f(x) = 2x/9,
forx € D= {x:0 < 2 < 3}. Define the events D; = {z : 0 < 2 < 1} and Dy = {z : 2 < x < 3}. Compute
Px(Dl),PX(DQ), and Px(Dl U DQ)

Solution.

Px(Dn) :/0 2x/9dx = [v2/9]5 =

Oolot Of =

3
Px(Ds) 2/2 2x/9dx = [12/9)5 =

2
Px(DluDg):Px(D1)+Px(D2):g sinceDlﬂD2:¢.

1.5.7. Let the space of the random variable X be D = {z : 0 <z < 1}. If D; = {z: 0 <z < 1} and
Dy = {(E : % <z < 1}, find Px(DQ) lfpx(Dl) = i

Solution.

Since D = D1 UD2 and D1 ng = d),

1= P(D) = P(Dy UDs) = P(D1) + P(D2) = § + P(Ds) = P(Dy) = .

1.6 Discrete Random Variables

1.6.2. Let a bowl contain 10 chips of the same size and shape. One and only one of these chips is red.
Continue to draw chips from the bowl, one at a time and at random and without replacement, until the red
chip is drawn.



(a) Find the pmf of X, the number of trials needed to draw the red chip.
Solution.

Note that the order is important in this case.

— — = — == 1 2 ...10.
px(n) == "% 10/(10—=)! 10 7

(b) Compute P(X < 4).

Solution.
. 4
P(X <4)=> px(x) = o
z=1
1.6.3. Cast a die a number of independent times until a six appears on the up side of the die.

(a) Find the pmf p(z) of X , the number of casts needed to obtain that first six.

Solution.

(b) Show that > o7, p(z) = 1.

Solution.
0 1 e’} 5 r—1 1 1
Sr=53-(5) =5rws

(c) Determine P(X =1,3,5,7,...).
Solution.

oo

P(X =1,3,5,7,...) = 2k—-1)= - = == 20 T 61-25/36 11

k=1 k=1
(d) Find the cdf F(z) = P(X < x).
Solution.

F(z) = Zz:p(x) = %i (2)11 = (1311—_(5;//66):” = <2)z

=1 =1

1.6.7. Let X have a pmf p(z) = %, x =1,2,3, zero elsewhere. Find the pmf of Y =2X + 1.
Solution.

Since g(z) = 2z + 1 is one-to-one transformation,

-1 1

zero elsewhere.

1.6.8. Let X have the pmf p(z) = (%)x, x=1,2,3,..., zero elsewhere. Find the pmf of Y = X3.

6



Solution.

This transformation is also one-to-one and x = g~ !(y) = &y. Hence,

1

Yy
py (y) = px(Vy) = <2> , y=1,827,...,

zero elsewhere.

1.6.9. Let X have the pmf p(z) = 1/3, 2 = —1,0,1. Find the pmf of Y = X2

Solution.

This is not one-to-one transformation; Y =0 only if X =0but Y =1if X =1 or X = —1. Thus,

px(0)=1/3 y=

Pr(y) =px(EVy) = {pxu) tox(-1)=2/3 y=1,

zero elsewhere.

1.6.10. Let X have the pmf

Find the pmf of Y = X4,
Solution.

The transformation g(z) = z* maps Dx = {z : —1,-2,-3,...} onto Dy = {y : 1,24, 3%, ...}. That is, we
have the single-valued inverse function z = g~ !(y) = — ¥y (not ¢y). Hence,

1 |_%‘ 1 % 4 4
pY(y)ZPX(_W):<2> :(2> ) y:172737"'a

zero elsewhere.

1.7 Continuous Random Variables

1} of the space C = {z : 0 < x < 1} of the

1.7.3. Let the subsets C = {i <z < %} and Cy = % T <
1. Find Px(C1UC»), Px(Cf), and Px(C{NCS).

{5 <
random variable X be such that Px(C7) = % and Px(Cs) =
Solution.

Since C1 NCs = ¢

)
Px(Cl UCQ) = Px(cl) + Px CQ) = -

8
7
Px(CT)=1-P(C1) =g

3
Px(CyNCS) = Px[(C1UCy)]=1—Px(C1UCs) = 3

1.7.4. Given [,[1/m(1 + 2?)]dz, where C C C = {x : —00 < z < oco}. Show that the integral could serve as
a probability set function of a random variable X whose space is C.

Solution.
First, 1/m(1 +22) > 0 for all x € C.
Next, let x = tanf, dz = 1/ cos? 8df and the support transforms to —7/2 < § < 7/2. Thus,

o 1 /2 1 1 ) 1 /2 )
_ | dr = df = — df = 1.
/_OC [77(14—3:2)} * /_,r/z Lr(1+tan2 0)] cos? T /—w/z




1.7.6. For each of the following pdfs of X, find P(|X| < 1) and P(X? < 9).
(a) f(z)=2%/18, =3 < x < 3, zero elsewhere.

Solution.
1
1
P(X|<1)=P(-1<X<1)= / 2% /18dx = [23/54]L | = 5
-1

P(X?<9)=P(-3<2<3)=1 since f(x) is a pdf .

(b) f(x) =(x+2)/18, =2 <z < 4, zero elsewhere.

Solution.

P-1<X<1)= /1 (x +2)/18dx = [(x + 2)?/36]L, =

-1

O N

OJ‘I\D
GB'U!

P(-3<z<3)=P(-2<z<3)=|[(z+2)?/36), =

1.7.7. Let f(z) = 1/2%, 1 < & < oo, zero elsewhere, be the pdf of X. If C; = {z : 1 < < 2} and
Cy = {{)3 d<x< 5}, find PX(Cl @] 02) and PX(01 n 02)

Solution.
Since Cl N CQ = ¢

2 5
Px(C1UCQ):Px(C1)+Px(Cg):/1 1/$2d$+[1 1/$2d$:[—1/l’]%+[—1/$]2:%

Px(CiNCs) =0.
1.7.14. Let X have the pdf f(z) = 2z, 0 < = < 1, zero elsewhere. Compute the probability that X is at
least % given that X is at least %

Solution.

CP(X>3/4X>1/2)  P(X>3/4)  Jyu2vde [P, 7
P(XZ3/4|X21/2)— P(XZl/Q) _P(XZI/Q)_f01/212$d$_ [I2H/2_E

1.7.17. Divide a line segment into two parts by selecting a point at random. Find the probability that the
length of the larger segment is at least three times the length of the shorter segment. Assume a uniform
distribution.

Solution.

Let X ~ U(0, 1), which is the length of one of the segments. Then the desired possibility is

1-X X 1
P< — Z3or —— 23> = P(X <1/40r X >3/4) = Fx(1/4) + 1 - Fx(3/4) = 5
because the cdf Fx(z) =2, 0 < x < 1.

1.7.22. Let X have the pdf f(z) = 22/9, 0 < x < 3, zero elsewhere. Find the pdf of Y = X3.
Solution.

This transformation is one-to-one. Since z = y*/3 and da/dy = (1/3)y~2/3,

2/3 —2/3 1
el = Fx( ey = = (= ) = o 0y <,




zero elsewhere.

(Another solution)

Y 1

Fy(y) = P(Y <y) = P(X <y'?) = Fx(y') = = = fv(y) = Fy(y) = o

1.7.23. If the pdf of X is f(z) = 2:56_’72, 0 < & < 00, zero elsewhere, determine the pdf of Y = X?2.
Solution.

Since x > 0, the inverse function is z = g~ (y) = y*/? and then dz/dy = y~/?/2. Hence
fr(y) = fx(y'/?)|dz/dy| = 2y"2e7vy™ 22 = eV, 0 <y < oo,
zero elsewhere. That is Y ~ Exp(1) = Gamma(1, 1).
1.7.25. Let X have the pdf f(x) = 423, 0 < o < 1, zero elsewhere. Find the cdf and the pdf of Y = —In X*.

Solution.

This transformation is one-to-one. The inverse function is = e~%/4 and then dx/dy = —(1/4)e~¥/*. Thus,
Fr(y) = fx(e¥/Nde/dy| = A7) (1/4)e "/t =7, 0 <y < oo,

zero elsewhere. The cdf of Y is

0 y<0
F = -
v(y) {foy etdt=1—eY y>0.

1.8. Expectation of a Random Variable

1.8.4. Suppose that p(z) = é, xr =1,2,3,4,5, zero elsewhere, is the pmf of the discrete-type random variable

X. Compute E(X) and E(X?). Use these two results to find E[(X +2)?] by writing (X +2)? = X2 +4X +4.
Solution.
Since B(X) = 159 — 3 and B(Xx?) = 13OUD _ 11 (X2 44X +4) = BE(X?) +4B(X) + 4 = 27.
1.8.6. Let the pmf p(x) be positive at x = —1,0,1 and zero elsewhere.
(a) If P(0) =1, find E(X?).
Solution. E(X?%) =p(-1) +p(1) =1 —p(0) = 3.

1
(b) If P(0) = % and if B(X) = %7 determine p(—1) and p(1).
Solution.
P(0) = & = p(~1) +p(1) = °
4 4
B(X)= 7= —p(-1) +p(1) = 7.

which gives p(—1) = 1 and p(1) = 1.

1.8.7. Let X have the pdf f(z) = 322, 0 < z < 1, zero elsewhere. Consider a random rectangle whose sides
are X and (1 — X). Determine the expected value of the area of the rectangle.

Solution.

E@ﬂ—X»=ﬂX—X%=43@“ﬂﬂw=ﬂfﬂ—ﬁﬁﬁ=;-

10



1.8.8. A bowl contains 10 chips, of which 8 are marked $2 each and 2 are marked $5 each. Let a person
choose, at random and without replacement, three chips from this bowl. If the person is to receive the sum
of the resulting amounts, find his expectation.

Solution.

Let X denote the number of chips marked $2, then the pmf is

(2) (%)
(5)

meaning that that X has a hypergeometric distribution. Then

px(x) = =123,

1(8)(1) +2(28)(2) +3(56)(1) _ 288 12
(5) 12005 T

E(X) =

Since the sum of the resulting amount is 2X + 5(3 — X)) = 15 — 3X, his expectation is

E(15—3X) =15 —3E(X) = 15 — 3(2.4) = 7.8.

1.8.9. Let f(z) =2z, 0 < z < 1, zero elsewhere, be the pdf of X.
(a) Compute E(1/X).
Solution. E(1/X) = [, 2dz = 2.
(b) Find the cdf and the pdf of Y = 1/X.
Solution.
Since Fx(z) =22, 0 <z < 1,
2

Fy(y)=P(Y§y)=P(X21/y)=1—Fx(1/y)=1—Ui2, fy(y)=y3, y> 1

(c¢) Compute E(Y) and compare this result with the answer obtained in part (a).
Solution.
o0 (oo} 2
B0 = [ uivwidy= [ Sy = 2 =2
—00 1
which is equal to part (a).
1.8.11. Let X have a Cauchy distribution which has the pdf

1 1
Then X is symmetrically distributed about 0 (why?). Why isn’t E(X) = 07?
Solution.
1 1
f(=z) = ;m = f(=),

which implies that X is symmetric around 0. Also, E(X) does not exist because

E(|X]) :/_OO |ac|f(:r)dx=2/0 xf(z)dx = %/0 %dm: %[log(xz—i—l)]go = 0.

1.8.12. Let X have the pdf f(x) = 322, 0 < x < 1, zero elsewhere.

11



(a) Compute E(X?)

Solution.

! 1
B(X?) = / 3atde = [o°/20} = 1.
0

(b) Show that Y = X3 has a uniform(0, 1) distribution.

Solution.

The support of Y is y € (0,1) and the inverse function is 2 = y'/% and dx/dy = (1/3)y~2/%. Hence,

fr(y) = fx(y'/?)|dz/dy| = 3y**(1/3)y 2/ = 1,
which means that Y ~ U(0,1).

(¢) Compute E(Y) and compare this result with the answer obtained in part (a).

Solution.

1
1
B = [ uirwdy = 1o7/25 = 5.
0
which is consistent with part (a).

1.9. Some Special Expectation

1.9.1. Find the mean and variance, if they exist, of each of the following distributions.
(a) p(z) = ﬁlm),(%)gﬁ x=0,1,2,3, zero elsewhere.
Solution. Since X ~ Binomial(3,1/2), E(X) = np = 3/2 and Var(X) = np(1 — p) = 3/4.

(b) f(x)=6x(1 —x),0 <z <1, zero elsewhere.

Solution.
E(X) = /_OO xf (x)de = 6/0 (22 — 2%)dx = 6[2° /3 — 21 /4] = %
B(X?) = 6/0 (2 — 2")dx = % = Var(X) = B(X?) = [E(X)]* = %

(c) f(z)=2/2% 1 < < oo, zero elsewhere.

Solution.
E(X)= / 2/x?dr = [-2/z]5° = 2
1
However, the variance does not exist since

B(X?) = /100 2/xdx = [2log z]7° = oo.

1.9.2. Let p(z) = (%)x, x =1,2,3,..., zero elsewhere, be the pmf of the random variable X. Find the mgf,

the mean, and the variance of X.

X e\ et/2 e
M(t)=F = — = = t < log 2.
=5 =3 (5) = b =g <l

r=1

12



Here, let () = log M (t) = ¢t — log(2 — €'). Then,
t

B(X)=w(0) =1+ 5| =2
2 t
Var(X) = ¢ (0) ﬁ =2

1.9.4. If the variance of the random variable X exists, show that
B(X?) > [E(X)].
Solution. F(X?) —[E(X)? = Var(X) > 0.

1.9.5. Let a random variable X of the continuous type have a pdf f(z) whose graph is symmetric with
respect to = ¢. If the mean value of X exists, show that E(X) = c.

Solution.

:/C (x—c)f(x)dx+/coo(x—c)f(x)dx

— 0o

:/Oo(*y)f(cfy)der/Oozf(c+z)dz (y=c—z, z=2—c)
0 0

= /Oooz[f(c+z) — fc—2)]dz
=0 since f(c+z) = f(c—2),Vz.
Since c is constant, E(X) = c.

1.9.8. Let X be a random variable such that E[(X — b)?] exists for all real b. Show that E[(X — b)?] is a
minimum when b = E(X).

Solution.
h(b) = B[(X —b)?] =b* —2E(X)b+ [E(X)?], K (b) =2b—2E(X).
Solving h/(b) gets b = E(X). Since h(b) is convex, h(b) minimizes at b = F(X).

1.9.10. Let X denote a random variable for which E[(X — a)?] exists. Give an example of a distribution of
a discrete type such that this expectation is zero. Such a distribution is called a degenerate distribution.

Solution.
Since (X —a)? >0, E[(X —a)?] = 0= X = a. That means that P(X = a) = 1 or X is degenerate.
1.9.16. Let the random variable X have pmf

p r=-—1,1
plx)=q1-2p 2=0
0 elsewhere,

where 0 < p < % Find the measure of kurtosis as a function of p. Determine its value when p = %, p= %,

p= %, and p = T%O' Note that the kurtosis increases as p decreases.

Solution.

p=EX)= > ap(x)=(-1)p(-1)+p(1) = —p+p=0

o? =E(X?) = > a’p(x) = (=1)’p(—1) +p(1) =p+p = 2p.

rx=—1

13



Hence, the kurtosis is

E(XY) _ (=D)'p(-1)+p(1) 1
(2p)? 2p
which gives
k(1/3) = %, k(1/5) = g, k(1/10) =5, k(1/100) = 50.

1.9.17. Let ¢(t) = log M (t), where M (t) is the mgf of a distribution. Prove that 1'(0) = p and 9" (0) = o2.
The function v (t) is called the cumulant generating function.

Solution.
VO =S = 5 =
(o)~ MIOMO) ~ MIOF _ BO) - [BEOP

[M(0))2 1

1.9.21. Let X be a random variable of the continuous type with pdf f(z), which is positive provided
0 <z <b< oo, and is equal to zero elsewhere. Show that

b
BX) = [ (1= P

where F(z) is the cdf of X.

Solution.

E(X):/Obxf(x)dxz/ob (/jdt) f(x)dx:/ob/too f(x)dxdt:/ObP(X>t)dt:/0b[1—F(x)]dx.

1.9.22. Let X be a random variable of the discrete type with pmf p(z) that is positive on the nonnegative
integers and is equal to zero elsewhere. Show that

oo

E(X)=) [1-F(),

=0
where F(z) is the cdf of X.

Solution.

oo

BE(X) = ap(x) =p(1) + 2p(2) + 3p(3) + 4p(4) + - --
=0

1.9.24. Let X have the cdf F(z) that is a mixture of the continuous and discrete types, namely

0 z <0
Flr)=¢2 0<z<1
1 1<z

14



Determine reasonable definitions of y = E(X) and o2 = Var(X) and compute each.
Solution.
The pdf of X is written by

z=0
<<l
r=1

~
—~
8
N2
Il
O = = =

otherwise.

Hence,

E(X) = 0[£(0)] +/O Tda+1f(1) = é + % - g

1,2
o 2 Tl T ()3T
E(X)_/O Tde+1f(1) = 5 =0’ = <8>_192.

1.9.25. Consider k continuous-type distributions with the following characteristics: pdf f;(z), mean u;,

and variance 0’1-2, i =1,2,...,k. If ¢, > 0,4 =1,2,...,k, and ¢; +¢co + --- + ¢ = 1, show that the

mean and the variance of the distribution having pdf ¢y fi(x) 4+ - -+ + e fx(z) are p = Zle cipti and o2 =
k 2 2 :

>iza cilof + (i — p)?], respectively.

Solution.

~ _k k o0 k
,u:E(X):/_wx;ciﬁ(m)dm:Zci‘/— xfi(x)dfﬁ:;ci,ui,
= [ S eufi(o)da i YRR

k“” N i=1
- @0+ = P fiw)da
— ici [/_0;($ — 1) fi(x)dx + 2(p; — p) /_O;(x — ;) filw)dax + ( / fi(z dx}

k o
= Zci (07 4+ (ui — p)?]  since / (x — i) fi(x)de = BE(X — ;) = E(X) — p; = 0.

—00

1.9.26. Let X be a random variable with a pdf f(z) and mgf M(t). Suppose f is symmetric about 0; i.e.,
f(—=z) = f(x). Show that M (—t) = M(t).

Solution.

M(—t) = E(e™X) = / T et (a)de — / e f(w)d(—u) = / T et fw)du = M(t)  (u = —a).

—00 — 00

1.9.27. Let X have the exponential pdf, f(z) = 8! exp{—x/8}, 0 < x < 00, zero elsewhere. Find the mgf,
the mean, and the variance of X

/ —exp{—(1/8 —t)x}dx = 3 [

exp{—(1/8—t)z}]™ 1 1 1
1/8 —t L S B1/B—t  1-pt
provided 1/8 —t > 0=t < 1/3. Then
62
TEDE

wle) = ~log(L— 1), V()= 2o vle) =

= B(X)=¢'(0) =4 Var(X)=¢"(0) = 5%
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1.10. Important Inequalities

1.10.1. Let X be a random variable with mean u and let E[(X — p)?*] exist. Show, with d > 0, that
P(|X — p| > d) < E[(X — p)?]/d**. This is essentially Chebyshev’s inequality when k = 1. The fact that
this holds for all £ = 1,2,3,..., when those (2k)th moments exist, usually provides a much smaller upper
bound for P(|X — p| > d) than does Chebyshev’s result.

Solution.

For Markov’s inequality

Let g(X) = (X — u)?* and a = d?*, then

EI(X — ]

PIX =)™ > d*] = P(IX — p > d) < ——

1.10.2. Let X be a random variable such that P(X < 0) = 0 and let 4 = FE(X) exist. Show that
P(X >2p) < 1.

Solution.

For Markov’s inequality, let g(X) = X and a = 2y, then

P(X >2u) < =

1.10.3. If X is a random variable such that E(X) = 3 and E(X?) = 13, use Chebyshev’s inequality to
determine a lower bound for the probability P(—2 < X < 8).

Solution.
We have Var(X) = E(X?) — [E(X)]? = 4.

Var(X) 21
=— =0.84.
52 25 08

P(—2< X <8) =P(X-3/<5)=1-P(|X -3 >5)>1—

1.10.4. Suppose X has a Laplace distribution with pdf (1.9.20). Show that the mean and variance of X
are 0 and 2, respectively. Using Chebyshev’s inequality determine the upper bound for P(]X| > 5) and then
compare it with the exact probability.

Solution.
o] 00 0 00 o
E(X) = [m gef‘mldx :/o ge*zdsH—/im gezdaz :/0 ge*””daH—/O %e*"du =0 (u=—x)
o 1'2 (%) 1‘2 0 £172 o
Var(X) = BE(X?) = / e lPldy = / —e “dx Jr/ —e%dxr = / 2™ dr =T(3) = 2.

oo 2 0o 2 oo 2 0

Hence, using Chebyshev’s inequality, we obtain

Var(X)

P(X|>5) < =0.08.

25
On the other hand, the exact probability is

1
P(IX|>5) = 2/ 3¢ Tdr = e~ = 0.0067,
5

which does not attain the upper bound.
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1.10.5. Let X be a random variable with mgf M (¢), —h < ¢ < h. Prove that
P(X >a)<e ™M(t), 0<t<h,

and that
P(X <a)<e ™M(t), —h<t<O.

Solution.

Let g(z) = €' and a = e'®, then Markov’s inequality gives

oy < Ble™]
P(etX Z et ) g eta

=e “"M(t).

Here, if 0 < t < h then !X > et = X > q; X < aif —h < t < 0, which are the desired results.

1.10.6. The mgf of X exists for all real values of t and is given by

t —t

M(t) = _Qt , t#0, M(0)=1.

Use the results of the preceding exercise to show that P(X > 1) =0 and P(X < —1) = 0. Note that here h
is infinite.

Solution.
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