Appendix E

Answers to Odd-Numbered
Exercises

Answers are provided here to odd-numbered exercises that require a computation.
No details of the computations are given. If the Exercise required that something be
demonstrated, then a significant hint is provided.

1.21(a) P({1,2}) =5/6 (b) P({1,2,3})) = 1(c) P{1}) = P({2,3)) = 1/2
1.23P({2}) =1/6

125 P({s}) = O0forany s € [0, 1]

1.2.7 Thisisthe subset (AN B®) U (A° N B).

1.29 P({1}) = 1/12, P({2}) = 1/12, P({3}) = 1/6, P({4}) = 2/3

1.2.11 P({2}) = 5/24, P({1}) = 3/8, P({3}) = 5/12

131() P({2,3,4,...,100})) =09(b) 0.1

1.3.3 P(late or early or both) = 25%

1.3.5(a) 1/32 = 0.03125. (b) 0.96875

1.3.7 10%

1.4.1 (a) (1/6)® = 1/1679616 (b) (1/6)" = 1/279936 (c) 8(1/6)8 = 1/209952

1431 - 5051/210O

145() (1) ( ) (13 ig 1)/ (13 135,3 ia 1) © (1)( )(45) (13 ig 1)/ (13 13&'3213 1)

147 (39) / (35) = 246/595 = 0.4134

1.4.9 (5/6)2(1/6) = 25/216

1_4_11((5 12)(6 138)) (7 12)((13)/(138))

1413(3)% - 0)% 02+ 9%+ (34 = 13 = 0.0859
1.5.1 (a) 3/4 (b) 16/21

1.5.3(2) 1/8(b) (1/8)/(1/2) = 1/4(c) 0/(1/2) =

1551

1.5.70.074

729
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1.5.9 (a) No (b) Yes(c) Yes(d) Yes (e) No

1.5.11 (a) 0.1667 (b) 0.3125

16.11/3

163{A} " A=1{1,2,3,...}=S

1651

1.6.7 Suppose there is no n such that P([0, n]) > 0.9 and then note this implies
1= P([0, 00)) = limh— o P([O, n]) < 0.9.

1.6.9 Yes

2.1.1 (a) 1 (b) Does not exist (c) Does not exist (d) 1

213 (@ X(s) = sand Y(s) = s? for dl s € S. (b) For this example, Z(1) =
2,Z2(2) =18, Z(3) = 84, Z(4) = 260, Z(5) = 630.

2.1.5Yes, for AN B.

217@QWQ) =1(b)W(@2) =0(c) W(3) =0(d) W > Zisnot true.

219@Q YLD =1L YR =4(c)YH =0

221 PX =0 =PX =2 =1/4PX =1 = 1/2,P(X = x) = 0 for
x#0,1,2

223 @ P(Y = y) = 0fory # 2,3,4,5,6,7,8,9,10,11,12, P(Y = 2)
1/36, P(Y = 3) = 2/36, P(Y = 4) = 3/36,P(Y = 5) = 4/36, P(Y = 6)
5/36, P(Y = 7) = 6/36, P(Y = 8) = 5/36, P(Y = 9) = 4/36, P(Y = 10) =
3/36, P(Y = 11) = 2/36, P(Y = 12) = 1/36 (b) P(Y € B) = (1/36)Ig(2) +
(2/36)18(3)+(3/36)18(4)+(4/36)18(5)+(5/36) 18 (6)+(6/36) 1 8(7)+(5/36) 1 (8)+
(4/36)18(9) + (3/36)15(10) + (2/36)Ig(11) + (1/36)18(12)

225@ P(X=1)=03,P(X=2=02,P(X=3 =05, andP(X=x)=0
foradl x ¢ {1,2,3} (b)) P(Y =1) =03, P(Y =2 =02, P(Y =3) = 0.5, ad
P(tY =y) =0fordly ¢ {1,2,3} (c) P(W =2) = 009, P(W = 3) = 0.12,
PW=4)=034, PW=5)=0.2, P(W=6)=0.25, and P(W = w) = 0for al
other choices of w.

2.2.7 P(X = 25) = 0.45, P(X = 30) = 0.55, and P(X = x) = 0 otherwise

231 py(2) =1/36, py(3) = 2/36, py(4) = 3/36, py(5) = 4/36, py(6) = 5/36,
Py (7) = 6/36, py(8) = 5/36, py(9) = 4/36, py(10) = 3/36, py(11) = 2/36,
py(12) = 1/36, and py(y) = O otherwise

233 pz(1) = pz(5) =1/4, pz(0) = 1/2, and pz(2) = 0 otherwise

235 pw() = 1/36, pw(2) = 2/36, pw(3) = 2/36, pw(4) = 3/36, pw(5)
2/36, pw(6) = 4/36, pw(8) = 2/36, pw(9) = 1/36, pw(10) = 2/36, pw(12)
4/36, pw(15) = 2/36, pw(16) = 1/36, pw(18) = 2/36, pw(20) = 2/36, pw(24) =
2/36, pw(25) = 1/36, pw(30) = 2/36, and pw(36) = 1/36, with pw(w) = 0
otherwise

23760 =11/12

2.3.953/512

2.3.110%

2.3.15(a) (3) (0.35)° (0.65) (b) (0.35) (0.65)° (c) (3) (0.35)? (0.65)°
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2.3.17 (a) Hypergeometric(9, 4, 2) (b) Hypergeometric(9, 5, 2)

2.3.19 P(X = 5) ~ ((100/1000)° /5!) exp {—100,/1000}
241(@0(b)0(c)0(d)2/3(e)2/3(F)1(g)=1

243@) e D) 1(c)e (e

2.4.5No

24.7¢c=3/M3

24.9 flz f(x)dx > flz g(x) dx

24.11Yes

2413P(Y <3) = [3_(2n) M2exp(—(y—1)2/2)dy = [*_(27) V2 exp(—u?/2)
du=P(X <2)

2.5.1 Properties (@) and (b) follow by inspection. Properties (c) and (d) follow since
Fx(x) =0for x < 1, and Fx(x) = 1for x > 6.

2.5.3 (a) No (b) Yes(c) Yes(d) No (e) Yes(f) Yes(g) No

2.5.5 Hence: (a) 0.933 (b) 0.00135 (c) 1.90 x 108

25.7(@ 1/9(b) 3/16(c) 12/25(d)0(e) 1 (f)0(g) L (h) O

2.5.9 (b) No

2.5.11 (b) Yes

2.5.13 (b) Thefunction F isnondecreasing, limy_, _oc F(X) = 0and limy_,o, F(X) =
1L () P(X>4/5=0P(-1<X<1/23/4, P(X=2/5),P(X=4/5)=1/4
2515(@) P(Z > 4/5) = 2e¥5/3(b) P(—-1 < Z < 1/2) = 11/12 — 2e"%/2/3 (¢)
P(Z=2/5=5/36(d) P(Z=4/5=1/12(e) P(Z=0)=1/9(f) P(Z=1/2) =
11/12 — 2e71/2/3

2.6.1 fy(y) equals1l/(R—L)cfor L < (y —d)/c < Rand otherwise equals 0

2.6.3 fy(y) = e y—d—cul?/2¢%? o5 /or

2.6.5 fy(y) equas (1/3)y~23e=*"* for y > 0 and otherwise equals 0.

2.6.7 fy(y) = 1/6yY2for0 <y < 9

26.9(a) fr(y) =y/8(b) fz2(2) = 2°/4

2.6.11 fy(y) = y~¥2sin(yY/2)/4for y > 1 and 0 otherwise

26.13 fy(y) = (20)"Y2@y17¥)exp(=1y173/2)

271
0 min[x, (y+2)/4] <0
Fxy(x,y)=1 1/3 0<minlx, (y+2)/4] <1
1 min[x, (y+2)/4] > 1

273 (@) px(2) = px(3) = px(=3) = px(—=2) = px(17) = 1/5, with px(x) =0
otherwise (b) py(3) = py(2) = py(—2) = py(—3) = pv(19) = 1/5, with py(y) =
0 otherwise (c) P(Y > X) =3/5(d) P(Y = X) =0(e) P(XY <0)=0

275{X <x, Y<yfC{X<xjad{X <X, Y <y} C{Y <y}

277 (@ fx(X) = c(1 — cos(2x))/x for 0 < x < 1 and 0 otherwise (b) fy(y) =
c(1—cos(y))/y for0 <y < 2and 0 otherwise
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2.7.9 (a) fx(x) = (44 3x2 — 2x3)/8 for x € (0, 2) and 0 otherwise (b) fy(y) =
(y3 4 3y?)/12for y e (0, 2) and 0 otherwise (c) P(Y < 1) = 5/48

2.8.1 (a) px(—2) = 1/4, px(9) = 1/4, px(13) = 1/2, otherwise, px(x) = 0 (b)
Py (3) = 2/3, py(5) = 1/3; otherwise, py(y) =0(c) Yes

283 (@) fx(x) = (18x/49) + (40/49) for 0 < x < 1 and fx(x) = 0 otherwise (b)
fy(y) = (48y2 + 6y + 30)/49for 0 < y < 1 and fy(y) = 0 otherwise (c) No
285(@ P(Y=4|X=9=1/6(b) P(Y=-2|X=9 =1/2(c) P(Y =0|X =
—4)=0() P(Y=-2|X=5=1( P(X=5|Y=-2)=1/3

287 (@) fx(X) = x2+2/3, fy(y) = 4y°> +2y/3for0 < x < land0 <y < 1,
fyx(Y1X) = (2x%y + 4y°) / (X2 + 2/3) (otherwise, fy|x(y|x) = 0), thus, X and
Y are not independent. (b) fx(x) = C(x°/6 + x/2), fy(y) = C(y>/6 + y/2) for
0<x<land0 <y <1 fyx(ylx) = (xy+Xx¥°)/(x°/6 + x/2) (other-
wise, fy;x(y|x) =0) X and Y are not independent. (c) fx(x) = C(50,000%°/3 +
50x), fy(y) = C(2048y°/3 +8y)for0 < x < 4and0 < y < 10, fyix(yI1x) =
(xy + x°y®) / (50,000x°/3 + 50x) (otherwise, fy|x(y|x) =0), thus, X and Y are not
independent. (d) fx(x) = C(50,000x%/3) and fy(y) = C(2048y°/3) for0 < x < 4
and0 <y < 10, fyx(y|x) = 3y® /50000 (otherwise, fyix(y1x)=0), Xand Y are
independent.
289P(X=1L,Y=1)=P(X=1L,Y=2)=P(X=2Y=1)=P(X=3, Y=
d=1/4

2.8.111f X = C isconstant, then P(X € By) = I,(C) and P(X € By, Y € Bp) =
1B, (C) P(Y € By).

2.8.13 (a)

pyix(yIX) | y=1 y=2 y=4 y=7 Others
x=3 | 14 14 14 1/4 0
x=5 | 1/4 14 14 14 0

(b)

pxiy(Xly) | x=3 x=5 Others
y=1 12 12 0
y=2 1/2 172 0
y=4 12 12 0
y=7 12 12 0
(c) X and Y are independent.
2.8.15 fyx(yIx) = 2(x2 4 y)/(4 + 3x? — 2x3) for x < y < 2, and 0 otherwise (b)
fxv(Xly) = 3(x2+y)/(y3+3y?) for 0 < x < y and 0 otherwise (c) Not independent
291 ”hl = —cos(2r u2) / u1,/21og(1/uq), ohl = —2/2r sin(2r uz),/2log(1/uy),
g—ﬂi = —sm(27r uz) /u1/2log(1/uy), Zﬂg = —Zﬁn cos(2r up) x /2log(1/u1)
293(b) h(x,y) = ¥+ y2 x2—y?) (c) h "Lz, w) = (VEZ+w)/2, VEZ—w)/2),
atleastforz+w > 0andz—w > 0(d) fzw(z, w) = e V&2 2./72 )2 for
JZ+w)/2>0andl < J(z—w)/2 < 4,ie,forz > dand max(—z, z—64) <

w < z— 4, and O otherwise
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295 (b) h(x,y) = (v%, x% (©) h™X(z, w) = Y4, ZY4) () fzw(z, w) ="
for w4 >0and1<z/4 < 4,i.e, forw > 0and1 < z < 256, and O otherwise
29.7 pz(2) = 1/18, pz(4) = 1/12, pz(5) = 1/18, pz(7) = 1/24, pz(8) = 1/72,
pz(9) = 1/4, pz(11) = 3/8, pz(12) = 1/8, pz(2) = 0 otherwise

2.9.9

@

(z, w) (—8,16) (-7,19) (—3,11) (-214) (0,6) otherwise

PZ=zW=w)]| 1/5 1/5 1/5 15  1/5 0

(b) pz(z) =1/5for z= -8, —7, —3, —2, 0, and otherwise pz(z) = 0. (¢) pw(w) =
1/5for w = 6, 11, 14, 16, 19, and otherwise pw(w) = 0

21017 =-7ifU <1/2,Z=-2if1/2<U <5/6,and Z =5if U > 5/6
2.10.3Y ~ Exponentia (3)

2105¢; = +3/2andc; =5

210.7 (@ For x < 1, Fx(x) = 0,for1 < x < 2, Fx(x) = 1/3,for 2 < x < 4,
Fx(X) = 1/2, for x > 4, Fx(x) = 1. (b) Therange of t must be restricted on (0, 1]
because Fy 1(0) = —oco. Fyxl(t) = 1fort € (0,1/3], Fxl(t) = 2fort € (1/3,1/2],
and Fel(t) = 4fort € (1/2,1]. ( Fory < 1, Fy(y) = 0, forl <y < 2,
Fr(y)=1/3,for2<y <4, Fy(y)=1/2fory >4, Fy(y) = 1.

2109Y = F;Hu) =uv4

311@) E(X)=8/7(b) E(X)=1(c) E(X) =8

3.1.3(a) E(X) = —173/12 (b) E(Y) = 11 (c) E(X?) = 19 (d) E(Y?) = 370/3 ()
E(X2 4 Y2) = 427/3 (f) E(XY — 4Y) = —113/2

315EBX —Y+12)=8((1— p)/p) — A+ 12

3.1.7 E(XY) =30

319E(X)=6

3.1.11(a) E(Z) =7 (b) E(W) = 49/4

3113E(Y)=7/4

321@) C = 1/4,E(X) = 7 (b) C = 1/16, E(X) = 169/24 (c) C = 5/3093,
E(X) = —8645/2062

3.2.3(a) E(X) = 17/24 (b) E(Y) = 17/8 (c) E(X?) = 11/20 (d) E(Y?) = 99/20 (e)
E(Y%) = 216/7 (f) E(X?Y3) = 27/4

3.25E(-5X — 6Y) = —76/3

B327TE(Y +2)=17/72

3.2.9 Let uy = E(XX), then uy = 39/25, u, = 64/25, u3 = 152/35

3211334

3213 E(Y) =214.1

3.2.15Yes

3.3.1(a) Cov(X,Y) = 2/3(b) Var(X) = 2, Var(Y) = 32/9 (c) Corr(X,Y) = 1/4
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3.3.3 Corr(X, Y) = —0.18292
335 E(XY) = E(X)E(Y)

3.3.7(a) Cov(X, Z) = 1/9 (b) Corr(X, Z) = 1//46

339 E (X (X — 1)) = E (X?) —E (X), when X ~ Binomia(n, 0) , E (X (X — 1)) =
n(n—1)62

3.3.11 E(X) = E(Y) = 7/2, E(XY) = 49/4, Cov(X,Y) =0

3.3.13Cov(Z,W) =0, Corr(Z,W) =0

3.3.15Cov(X, Y) = 35/24

341@rz(t) =t/(2—1),r5(t) = 2/(2—t)%,r4(t) = —4/(t — 2)* (b) E(Z) = 2,
Var(Z) = 2, mz(t) = €' /(2—€"), m, (t) = 26" /(2—€")2, mly (t) = 2€! (2+€")/(2—¢€")
343 my(s) = €D, m(s) = 1e/® D, omi(s) = 1, mi(s) = (2€° +
2229 ®D oml(s) = 2 + 22, Var(Y) = 2 + 22 — ()2 = 4

3.45my(s) = e™my(3s)

347mY(s) = €€ DeSA(1+ 3651 + €512), E(Y3) = m/(0) = A(1+ 31 + 49
351 (a8 E(X|Y =3) =5/2() E(Y|X = 3) = 22/3(c) E(X|]Y = 2) =
5/2, E(X|Y =17) =3(d) E(Y| X =2) =5/2, E(Y | X = 3) = 22/3

353 (a) E(Y|X = 6) = 25/4 (b) E(Y|X = —4) = 36/7 (c) E(Y|X) = 25/4
whenever X = 6, and E(Y | X) = 36/7 whenever X = —4.

35.7 E(Z|W = 4) = 14/3 (b) E(W|Z = 4) = 10/3

359(@) E(X|]Y=0)=1(b) E(X|Y =1) =2(c) E(Y|X =0) =0(d) E(Y|X =
1) =1/3(e) E(Y|X =2) =2/3(f) E(Y|X =3) =1(g) E(Y|X) = X/3

35.11 (a) E(X) = 27/19 (b) E(Y) = 52/95 (c) E(X]Y) = 3(2+ y3)/4 + 3y® (d)
E(YIX) = (¢/2+1/5)/X2 +1/4(e) E[E(Y|X)] = f3 3280 £ 4+3y3)dy = &
() ELE(Y1X)] = Jg S22 56¢ + 1) dx = &

36.13/7

3.6.3(a) 1/9 (b) 1/2 (c) 2 (d) The upper bound in part (b) is smaller and thus more
useful than that in part (c).

3651/4

3.6.7 (a) 10,000 (b) 12,100

369 1(b)1/4

3.6.11(a) E(Z) = 8/5(b) 32/75

3.6.137/16

371E(X1) =3, E(X2) =0,E(Y)=3/5

373P(X <t)=0fort <O,whileP(X >t)=1forO<t <Cand P(X>t)=0
fort > C

375E(X) =2
377 E(W)=1/5
379 E(W) = 21/2
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411 P(Yz3=1) = 1/64, P(Y3 = 3) = 1/64, P(Ys = 21/3) = 3/16, P(Y3 = 3%/3) =
3/16, P(Y3 = 4Y/3) = 3/32, P(Y3 = 9Y/3) = 3/32, P(Y3 = 121/3) = 3/64, P(Y3 =
18%3) = 3/64, P(Y3 = 61/3) = 3/16

4.1.31f Z isthe sample mean, then P(Z = 0) = p?, P(Z = 0.5) = 2p(1 — p), and
P(Z=1)=(@1-p?

415For1<j <6 P(max=j)=(j/6*—((j-1/6%

4.1.71f W = XY, then

1/36 if w=1,9, 16, 25, 36,
1/18 if w=2,3,5,8, 10, 15, 18, 20, 24, 30,
PW=w)=1{ 1/12 if w=4,
1/9 if w=26,12,
0 otherwise.

4.1.9 py(y) = 1/2fory =1, 2; otherwise, py(y) =0

4.2.1 Notethat Z, = Zunless7 < U < 7—|—1/n2. Hence, forany e > 0, P(|Zn—Z| >
€)<PT7<U<7+1/n®)=1/5n>— 0asn — oo.

423PWi+ -+ Wy <n/2) =1—PWp+---+W, >n/2) > 1— P(|3(Wy +
S+ Wh) — 3] > 1/6)

425P(X1+ -+ Xp>9) < P(|(Xy+---+ Xp)/n—=8| > 1)

427Fordle > 0andn > —2lne, P(Xn — Y| > €) = P(e M > ¢) = P(H, <
—Ine) < P(JHh —n/2| > |n/2+In¢|) n — oo.

4.2.9 By déefinition, Hy — 1 < F, < Hpand P(|Xp — Yq — Z| > €) = P(|Hy —
Fnl/(Hh+1) > €) < P(L/(Hh+1) > ¢) = P(Hh < (1/¢) = 1) = P(Hh—n/2 <
(1/e) =1—=n/2) < P(JHh —n/2| > |1+ n/2—1/e).

4211r =9/2

431 Notethat Z, = Zunless7 < U < 74+ 1/n? Also,if U > 7,thenZ, = Z
whenever 1/n2 < 7—U,i.e,n> 1/,/7—U. Hence, P(Zy = Z) > P(U # 7).

433{(Wi+---+Wh)/n— 1/3} C {Fn; Wi+ ---+Wh)/n <1/2} ={3n; Wi+
-+ +Wh <n/2}

435 PXn > XandYn > Y)=1—PXn A XorYn A Y)>1—-PXy 5
X)—P(Mnh A Y)

437m=5

439r =9/2

4.3.11 (a) Suppose there is no such m and from this get a contradiction to the strong
law of large numbers. (b) No

441liMmpseo PXp=1)=1/3=P(X=i)fori =1,2,3
443Here, P(Zhn<1) =1for0<z<1,PZh<zy=72"" L adP(Z<2 =1
forz > 1.

445 P(S < 540) ~ ®(1/2) = 0.6915
44.7 P(S > 2450) ~ ®(—0.51) = 0.3050
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449@ For0 <y <1, P(Z <y =y2 (b)Forl<m<n, P(Xn < m/n) =
m(m+ 1)/[n(n+1)]. (c) For0 < y < 1, let m = |ny]|, the biggest integer not greater
than ny. Sincethereisno integer in (m, ny), P(m/n < Xy <y) < P(M/n < X, <
(m+1)/n) = 0. Thus, P(Xy, < y) = m(m+ 1)/[n(n + 1)], where m = |ny].
(dFor0 <y < 1 letmy, = |ny], show my/n — yan — oco. Then show
P(Xh <y) > y2ash — oo.

44111 =3

4.4.13 The yearly output, Y, is approximately normally distributed with mean 1300
and variance 433. So, P(Y < 1280) ~ 0.1685.

4.5.1 Theintegral equals v/2z E(cos?(Z)), where Z ~ N(0, 1).

45.3 Thisintegral equals (1/5) E(e~142%), where Z ~ Exponential (5).

4.5.5 This sum is approximately equal to e®E(sin(Z?)), where Z ~ Poisson(5).

4.5.7 (—6.1404, —3.8596)

4.5.9 (0.354, 0.447)

4511 () C = {fol fol g(x, y) dxdy}~1 (b) Generate X;'s from fx(x) = 3x? for 0 <
x < 1aandY;’sfrom fy(y) = 4y3for0 <y < 1. Set D;j = sin(X; Y;) cos(v/Xi Y;) x
exp(X? 4+ Yi)/12and Nj = X; - Dj fori = 1,...,n. 5. Estimate E(X) by M, =
N/D=(Ny1+:--+ Np)/(D1+---+ Dp).

4513 (@) J = fol Jo~ € (X, y) l[0,00)(y)e™Y dy l[0,17(x) dx (b) Generate X; and Y;
appropriately, set T, = €' h(X;,Y;), and estimate J by M, = (Ty + --- + Tp)/n.

(©J = fol Jo~ €Y h(x, y) l[0,00) (y)5e™>Y dy I[0,1(x) dx (d) Asin part (b). (€) The
estimator having smaller varianceis better. So use sample variances to choose between
them.

46.1(a) U ~ N(44, 629),V ~ N(—18 — 8C, 144 + 25C2) (b) C = —24/125
463C1=1/45Cr=-3C3=1/v/2,C4=7,C5=2

465Let Z1,...,Zn, Wi, ..., Wm ~ N(O, 1) bei.i.d. andset X = (Z1)2+- - -+(Zn)?
and Y = (W1)? + - + (Wh)2.

467C=n

469C1=2/5,C,=-3C3=2,C4=7,C5=2,Cs=1,C;=1

4611 (@ m=60,K =+61(b)y=1671(c)a=61b=1c=60(d) w =400
5.1.1 The mean survival times for the control group and the treatment group are 93.2
days and 356.2 days, respectively.

5.1.3 For those who are still alive, their survival timeswill be longer than the recorded
values, so these data values are incompl ete.

515% = —-0.1375
5.1.7 Use the difference X — V.
5.2.1In Example 5.2.1, themode is 0. In Example 5.2.2, the mode is 1.

5.2.3 Themixture hasdensity (5/+/27 ) exp{— (X + 4)? /2}+(5/+/27 ) exp{— (x — 4)?
/2} for —oo < X < 0.

525x =10
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5.2.7Themodeis1/3.
529 Themodeisx = 0.

5.3.1 The statistical model for a single response consists of three probability functions
{Bernoulli(1/2), Bernoulli(1/3), Bernoulli(2/3)}.

5.3.3 Thesample (X1, ..., Xn) isasamplefrom an N(x, o2) distribution, where § =
(1, 0% € Q = {(10, 2), (8,3)}. Both the population mean and variance uniquely
identify the population distribution.

5.3.5 A single observation is from an Exponential (9) distribution, where 8 € Q =
[0, 00). We can parameterize this model by the mean or variance but not by the coeffi-
cient of variation.

53.7(d) Q = {A, B} (b) Thevalue X = 1 isohservable only when § = A. (c) Both
6 = Aandf = B arepossible.

539 P
54.1
0 X <1 4 x =1
A 1<x<2 10
Fx(0=1 4% 2<x<3 ,fx)=1 3
9 10 X=
10 3SX<4 1
= X =
1 4<x 10

px = Sh_ xtx() =202 = (z‘x‘zlxzfx(x)) —2-1

5.4.3 () Yes(b) Use Table D.1 by selecting arow and reading off the first three single
numbers (treat O in the table as a 10). (c) Using row 108 of Table D.1 (treating 0 as
10): First sample — we obtain random numbers 6, 0, 9, and so compute (X (zg) +
X (r10) + X (7 9))/3 = 3.0. Second sample— we obtain random numbers 4, 0, 7, and
so compute (X (ze) + X (r10) + X (79))/3 = 2.6667. Third sample — we obtain
random numbers 2, 0, 2 (note we do not skip the second 2), and so compute (X () +
X (m10) + X (79))/3=20.

5.4.5 (c) The shape of ahistogram depends on the intervals being used.

5.4.7 It isacategorical variable.

5.4.9 (a) Students are more likely to lie when they haveillegally downloaded music so
the results of the study will be flawed. (b) Under anonymity, students are more likely
to tell the truth, so there will be less error. (c) The probability a student tells the truth
isp = 0.625. LetY; be the answer from student i. Then (Y — (1 — p))/(2p — 1) is
recorded as an estimate of the proportion of students who have ever downloaded music
illegally.

55.1(a) fx(0) = 0.2667, fx(1) = 0.2, fx(2) = 0.2667, fx(3) = fx(4) = 0.1333
(b) Fx(0) = 0.2667, Fx(1) = 0.4667, Fx(2) = 0.7333, Fx(3) = 0.8667, Fx(4) =
1.000 (d) The mean X = 15 and the variance s> = 1.952. (€) The median is 2 and the
| QR = 3. According tothe 1.5 | QR rule, there are no outliers.

55.3(a) fx(1) = 25/82, fx(2) = 35/82, fx(3) = 22/82 (b) No
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5.5.5 The sample median is 0, first quartile is —1.150, third quartile is 0.975, and the
| QR = 2.125. We estimate Fx (1) by Fx(1) = 17/20 = 0.85.

55.7 w(u) = u + 002,25, Where zg o5 satisfies @ (zp 25) = 0.25
559 y(u) =@((B—p)/o0)

55.11 y(u,02) = ®((3— u) /o)

5513 y(0) = 20(1 — 6)

5.5.15 y (0) = ao/p?

6.1.1 The appropriate statistical modd is Binomial(n, 9), whered € Q = [0, 1] isthe
probability of having this antibody in the blood. The likelihood functionis L (@ | 3) =

($)o2L—0).
6.1.3L(O| X1, ..., X0) = 02 exp(— (20X) 0) and X isasufficient statistic.
6.15¢c=(¥)/()

6.L7L@O|X1, ... Xn) =[], 0% €9 /x! = 0™e ™/ []x! and X isaminimal suffi-
cient statistic.

6.1.9 L(1]0)/L(2]0) = 4.4817, thedistribution f; is4.4817 times morelikely than f5.
6.1.11 No

6.1.13 No

6.210(1) =a,0(2) =b, 6(3) =b,0(4) =a

6.23 y(0) =62 is1-1and s0 y (O(Xq, ..., Xn)) = X2 isthe MLE.
6.2.50 = /X

6.276 =—n/ > ;Inx

6.29a=n/>"1In(1+x)

6.2.11 4% = 32.768 cm® isthe MLE

6.2.13 A likelihood function can’t take negative values.

6.2.15 Equivalent log-likelihood functions differ by an additive constant.
6.3.1 P-value = 0.592 and .95-confidence intervd is (4.442, 5.318).
6.3.3 P-value = 0.000 and .95-confidence interval is (63.56, 67.94).

6.3.5 P-value = 0.00034 and .95 confidence interval is [47. 617, 56.383]. The mini-
mum required sample sizeis 2.

6.3.7 P-value = 0.1138, so not statistically significant and the observed difference of
1.05 — 1 = 0.05 iswell within the range of practical significance.

6.3.9 P-value = 0.527

6.3.11 P-value = 0.014

6.3.13(a) 21 (% —%)? = 3, x2—nx? (b) The plug-in estimator is6% = X(1—X),
062 =s2(n — 1)/n. (c) bias(3?) = —s2/n — 0asn — oo

6.3.15 (a) Yes(b) No

6.3.17 The P-value 0.22 does not imply the null hypothesis is correct. It may be that
we have just not taken alarge enough sample size to detect a difference.
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6.4.1mz+ Z(1+y)/2%/\/ﬁ = (26.027, 151.373)

6.4.3 The method of moments estimator is ,/my — mf/ml. If Y = cX, then E(Y) =

cE(X) and Var(Y) = c?Var(X) .

6.4.5 From themgf, my, (0) = 302u+u°3. Theplug-in estimator is i3 = 3 (M, — m?) x
1

my + m3, while the method of moments estimator of ugismz =2 > x3.

6.4.7 The sample median is estimated by —0.03 and the estimate of thefirst quartileis
—1.28, and for the third quartileis 0.98. Also F (2) = F (1.36) = 0.90.

6.4.9 The bootstrap procedure is sampling from a discrete distribution and by the CLT
the distribution of the bootstrap mean is approximately normal when n and m are large.
The delta theorem justifies the approximate normality of functions of the bootstrap
mean under conditions.

6.4.11 The maximum number of possiblevaluesis 1 + (S) =1+n(n—1)/2. Here, 0
isobtained wheni = j. The bootstrap sample range yn) — y(1) hasthe largest possible
value X(n) — X(1) and smallest possible value of 0. If there are many repeated x; values
in the bootstrap sample, then the value O will occur with high probability for ymn) — y(1)
and so the bootstrap distribution of the sample range will not be approximately normal.
6.5.1n/20%

6.5.3n/a?

6.5.5 2/X £ (2/X) 29.95//2n = (9.5413 x 10~%, 1.5045 x 103)

6.5.7 a % (0/+/N)Z(14,)2 = (0.18123, 0.46403) as a 0.95-confidence interval, and
this does not containo = 1+ 1/25 = 1.04.

6.5.9[0, min((1+X)~1 + n~Y2(1 + )~1V/X(L + %)z, 1)]

7.1.1

0 1 2 3
t@|s=1 3/16 1/4 9/16
t@|s=2) 3/14 4/7 3/14

7.1.3 The prior probability that 6 is positive is 0.5, and the posterior probability is
0.9992.

71502 ""1e=F9) [xm200) @) / ff(:) 6*—"-1e=h0 dg
717 w02, X1, ..., Xn ~ N(5.5353, gr02) and /02| xa, ..., Xn ~ Gamma(11, 41.737)

7.1.9(a) (n+ 1)0"I[0.4,06(0)/(0.6™1 — 0.4"*1) (b) No (c) The prior must be greater
than 0 on any parameter values that we believe are possible.

7111 (@) I1(J0| = 0) = 1/6,11(|0| = 1) = 1/3, 11(|0| = 2) = 1/3, T1(|¢| = 3) =
1/6, so0 10| is not uniformly distributed on {0, 1, 2, 3}. (b) No

I'(a+p+n)I (NX+a+m)
721 I'(nX4+a)T (a+p+n+m)

7.23E (1/62| X1, ..., Xn) = (a0 + n/2) /By, and the posterior modeis1/6% = (ag+
n/2—1)/py.

7.2.5Asin Example 7.2.4 the posterior distribution of 1 isBeta( f1+a 1, fo+- - -+ fx+
ax+--+ag) OE (011X, ..., Xn) = F(n+2!‘:1 o)L (fr+0a1+2) /T (fr+a1) T (n
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+ >, ai+1) and maximizesIn((6y) frter—1 (1 — 01)==2(fi+)=1) for the posterior
mode.

7.2.7 Recall that the posterior distribution of 61 in Example 7.2.2 isBeta( f1 +a1, fo+
<o+ fu + a2+ -+ + ak). Find the second moment and use Var(91 | X1, ..., Xn) =
E (021 X1, ..., Xn) = (E (011X1, ..., Xn))? . Now 0 < f1/n < 1, s0Var(f1]xa, ..., Xn) =
(fo/n+ a2) (T (fi/n+ o) /ANA+ Sy @i /n+ /(L + 3 ai /m)?) - 0
asn — oo.

7.2.9 The posterior predictive density of x,1 isobtained by averagingthe N(X, (1/ 1(2,+
n/a2)~13) density with respect to the posterior density of 4, so we must have that
thisis also the posterior predictive distribution.

7.2.11 The posterior predictive distribution of t = Xn41 is (nX + Sg)Pareto(n + ao).
So the posterior mode is = 0, the posterior expectation is (nX + Bg)/(N + oo — 1),
and the posterior variance is (NX + £)2(N + ao)/[(N + ao — 1)?(N + ag — 2)].
7.2.13 (@) The posterior distribution of ¢ is inverse Gamma(n/2 + ao, ), Where
Px = (N = 1S?/2+ n(X — 1o)?/2 + fio. (b) E(@®| X1, ... Xn) = Bx/(N/2+ a0 —
1). (c) To assess the hypothesis Ho : 02 < o3, compute the probability I1(1/02 >
1/63| %1, .., Xn) = 1 — G(2By/03; 200 + n) where G(- ; 20 + n) isthe y2(2a0 + )
cdf.

7.2.15 (a) The oddsin favor of A = 1/oddsin favor of A®. (b) BF (A) = 1/BF(A®)

7.2.17 Statistician I’s posterior probability for Hg is 0.0099. Statistician I1’s posterior
probability for Hg is 0.0292. Hence, Statistician Il has the bigger posterior belief in
Ho.

7.2.19 The range of a Bayes factor in favor of A rangesin [0, co). If A has posterior
probability equal to 0, then the Bayes factor will be 0.

7.3.1 (3.2052, 4.4448)

7.3.3 Theposterior modeis i = (nt/v3+u0/03)/(N/v3+1/03) and52(x4, . .., Xn) =
(n/v3 + 1/53)~L. Hence, the asymptotic y -credible interval is (it — Z(14y)/26, & +
Z(147)/20)-

7.3.5 For a sample (X, ..., Xn) the posterior distribution is N(X, 1/n) restricted to
[0, 1]. A simple Monte Carlo agorithm for the posterior distribution is 1. Generate 5
from N (X, 1/n), 2. Accept  if itisin [0, 1] and return to step 1 otherwise. If the true
valued, isnot in [0, 1], then the acceptance rate will be very small for large n.

7.4.1 The posterior density is proportional to A"~ exp{—i(In ([T(1 + X)) + A)}.

7.4.3 (a) The maximum value of the prior predictive is obtained when ¢ = 1. (b) The
posterior of 6 givent = 1is

1/2(1/33 _ 32 0=

_ 59/1728  — 59
TOILLI =1 wadplas 2,y
59/1728 — 59 -

7.45 The prior predictive is given by my s (X1, ..., Xn) = Fr(%% F(““}’_‘&L(ﬁiﬂgl_’_‘)).
1.

Based on the prior predictive, wewould select the prior givenby o = 1, f =
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7.4.7 Jeffreys prioris./n0~Y2 (1 — 0)~1/2 . The posterior distribution of § is Beta(nx
+1/2,n(1—x)+1/2).

7.4.9 The prior distribution is@ ~ N(66, o2) with 2 = 101.86.

7.4.11 Let the prior be & ~ Exponential (1) with A = 0.092103.

811L@A|-)=@3/2)L(2]|-), soby Section6.1.1 T isasufficient statistic. The condi-
tional distributions of s are as follows.

s=1 s=2 s=3 s=4
1/3 2 1/6 1
ooy TR WL
foGIT=1 | 757a=5 1omm=3 O 0

fa(SIT = 3) 0 0 1 0
fb(s| T = 3) 0 0 1 0
faGsIT=4] 0 0 0 1
fo(s|T=4] O 0 0 1

813%x2+(1-1/n)o3

8.1.5UMVU for 5+ 2u

8.1.7 X/ag

819n7131  lc1(Xi)

8.1.11 Yes

821 Whena = 0.1, ¢cg = 3/2and y = ((1/10) — (1/12)) /(1/2) = 1/30. The
power of thetest is23/120. Whena = 0.05, cg = 2andy = ((1/20) — 0) / (1/12) =
3/5.The power of thetest is1/10.

8.2.3 By (8.2.6) the optimal 0.01 test is of the form

1 x>14 %2.3263 1 % > 2.0404

9o (X) = = .
0 X <1+ ¥22.32%63 0 X < 2.0404.

8.2.5(a) 0 (b) Supposed > 1. The power functionis f(0) = 1 — 1/6.
827n>4
8.2.9 The graph of the power function of the UMP size a test function lies above the
graph of the power function of any other size test o function.
831l =1|2)=2/5T10=2|2)=3/5, 01 =22 >11¢=1|2) ad
weaccept Hp : 8 = 2.
8.3.3 The Bayesruleisgiven by (1/t3+n/c3) " (uo/t3+ nX/c’3), which converges
toXastg — oo.
8.3.5 The Bayesruleis given by (nao + 70) / (NX + vo) and by the weak law of large
numbers this convergesin probability to f asn — oo.
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8.3.7 The Bayesrule rejects whenever

BFh, =

—1/2 -1 2 5 s
“1({n , 1 11, n Ho 4y ng) _1fFH 4 nxX2
T (aé+r5) &P\ 2 r5+as) (ré+véx) 2(r5+v%)

islessthan (1 — po)/po. As Tg — 00, the denominator convergesto 0, so in the limit
we never rgject Ho.

8.4.1 The model is given by the collection of probability functions {8 (1 — )"~ :
6 € [0, 1]} onthe set of al sequences (X1, ..., Xn) of O'sand 1's. The action spaceis
A =0, 1], thecorrect action functionis A (9) = 9, and thelossfunctionisL (9, a) =
(6 — a)?. Therisk functionfor T is Ry (§) = Vary (X) =6 (1—6) /n.

8.4.3 Themodel isthe set of densities{(2zo3) "2 exp{— 311 (X — 1)?/203)} 1 u €
R} on R". The action spaceis A = R, the correct action function is A (1) = u,
and the loss function is L (x,a) = (u —a)?. The risk function for T is Ry (1) =
Var, (X) = a3/n.

845(a) Ry (a) = 1/2, Ry (b) = 3/4(b) No. Consider therisk function of the decision
function d* givenby d* (1) = b,d* (2) = a,d* (3) = b,d* (4) = a.

9.1.1 The observed discrepancy statistic isgiven by D (r) = 22.761 and the P-valueis
P (D(R) > 22.761) = 0. 248, which doesn’t suggest evidence against the model.
9.1.3 (c) The plots suggest that the normal assumption seems reasonable.

9.1.5 The observed counts are given in the following table.

Interval Count
(0.0,0.2] 4
(0.2,0.4] 7
(0.4,0.6] 3
(0.6,0.8] 4
(0.8, 1] 2

The Chi-squared statistic is equal to 3.50 and the P-value is given by (X2 ~ y2(4))
P (X2 > 3.5) = 0.4779. Therefore, we have no evidence against the Uniform model
being correct.

9.1.7 (a) The probability of the event s = 3 is 0 based on the probability measure P
having S asits support. The most appropriate P-valueis 0. (b) 0.729

9.1.9 No
9.1.11 (a) The conditional probability function of (xy, ..., Xy) IS

o™ (1 — e)n(l—i)/(nn)_()en)‘((l _ oy _ 1 (nn)_().

(b) Hypergeometric(n, |n/2], nXp) (c) 0.0476
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9.2.1 (a) No (b) P-valueis 1/10, so thereislittle evidence of a prior—data conflict. (c)
P-valueis 1/300, so there is some evidence of a prior—data conflict.

9.2.3 We can write X = u + z, where z ~ N(O,a(z)/n) is independent of u ~
N(uo, 1(2))

9.2.5 The P-value for checking prior—data conflict is 0. Hence, there is definitely a
prior—data conflict.

10.1.1 For any x1, X2 (that occur with positive probability) and y, we have P(Y =
yIX=x1) = P(Y =y|X=%2). ThusP(X = x1,Y =y) = PX=X2,Y =
Y)P(X = x1)/P(X = X2), and summing this over x1 leadsto P(X = X2, Y = y) =
P(X = x2)P(Y =y). For the converse, show P(Y = y| X = X) = P(Y = ).
10.1.3 X and Y arerelated.

10.1.5 The conditiond distributions P (Y = y| X = x) will change with x whenever
X is not degenerate.

10.1.7 If the conditional distribution of life-length given various smoking habits changes,
then we can conclude that these two variables are related, but we cannot conclude that
this relationship is a cause—effect relationship due to the possible existence of con-
founding variables.

10.1.9 The researcher should draw a random sample from the population of voters
and ask them to measure their attitude toward a particular political party on a scae
from favorably disposed to unfavorably disposed. Then the researcher should randomly
select half of this sample to be exposed to a negative ad, while the other half is exposed
to a positive ad. They should al then be asked to measure their attitude toward the
particular political party on the same scale. Next compare the conditional distribution
of the response variable Y (the change in attitude from before seeing the ad to after)
given the predictor X (type of ad exposed to), using the samples to make inference
about these digtributions.

10.1.11 (&) {(0, 100), (1, 100)} (b) A sample has not been taken from the population
of interest. The individuals involved in the study have volunteered and, as a group,
they might be very different from the full population. (c) We should group the indi-
viduals according to their initial weight W into homogenous groups (blocks) and then
randomly apply the treatments to the individual s in each block.

10.1.13 (@) The response variable could be the number of times an individual has
watched the program. A suitable predictor variable is whether or not they received
the brochure. (b) Yes, as we have controlled the assignment of the predictor variable.
10.1.15 W has ardationship with Y and X has arelationship with Y.

10.1.17 ()

X=0 X=1]Sum
Rd.Freq. | 05 05 | 10

(b)

Y=0 Y=1]| Sum
Rel. Freq. 0.7 0.3 1.0
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©
Rel.Freg. | X=0 X=1[Sum
Y=0 0.3 04 0.7
Y=1 0.2 0.1 0.3
sum 0.5 05 1.0
(d)
PY=y|X=x)|y=0 y=1]|sum
x=0 0.6 0.4 1.0
x=1 0.8 0.2 1.0
(e) Yes

10.1.19 X and Y arerelated. We see that only the variance of the conditional distribu-
tion changes as we change X.

10.1.21 The correlationis 0, but X and Y are related.

10.2.1 The chi-squared statistic is equal to X3 = 5.7143 and, with X2 ~ »2(2), the P-
value equals P(X? > 5.7143) = 0.05743. Therefore, we don't have evidence against
the null hypothesis of no difference in the distributions of thunderstorms between the
two years, at least at the 0.05 level.

10.2.3 The chi-squared statistic is equal to X3 = 0.10409 and, with X? ~ »2 (1), the
P-value equals P(X? > 4.8105) = 0.74698. Therefore, we have no evidence against
the null hypothesis of no relationship between the two digits.

10.2,5 (&) The chi-squared statistic is equal to X3 = 10.4674 and, with X? ~ y2(4),
the P-value equals P(X2 > 10.4674) = 0.03325. Therefore, we have some evidence
against the null hypothesis of no relationship between hair color and gender. (c) The
standardized residuals are given in the following table. They all ook reasonable, so
nothing stands out as an explanation of why the model of independence does not fit.
Overdl, it looks like alarge sample size has detected a small difference.

Y = fair Y=red Y =medium Y =dak Y =jetblack
X =m | —1.07303 0.20785 1.05934 —0.63250 1.73407
X=f 1.16452 —0.22557 —1.14966 0.68642 —1.88191

10.2.7 We should first generate a value for X; ~ Dirichlet(1, 3). Then generate U,
from the Beta(1, 2) distribution and set X2 = (1 — X1) U2. Next generate U3 from the
Beta(1, 1) distribution and set X3 = (1 — X1 — X2) Us. Finally set X4 = 1 — X1 —
X2 — X3.

10.2.9 Then there are 36 possible pairs (i, j) fori,j = 1,...,6. Let fj; denote
the frequency for (i, j) and compute chi-squared statistic, X2 = Zi6=l Z?zl(fi i —
fi. f.;/n)?/(fi. f.;/n). Compute the P-value P(?(25) > X?).

10.2.11 We look at the differences | fi; — fi-f.;/n| to see how big these are.

10.3.1x
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10.3.3X

10.3.5(b) y = 29.9991 + 2.10236x (€) The plot of the standardized residuals against X
indicates very clearly that thereis a problem with thismodel. (f) Based on part (e), itis
not appropriateto cal culate confidenceintervalsfor the intercept and slope. (g) Nothing
can be concluded about the relationship between Y and X based on this model, as we
have determined that it is inappropriate. (h) R? = 486.193/7842.01 = 0.062, which
isvery low.

10.3.7 (b) by = 1.9860 and b; = 58.9090

(d) The standardized residua of the ninth week departs from the other residualsin part
(c). Thisprovides some evidencethat the model isnot correct. (€) The confidenceinter-
val for £, 1s[44.0545, 72.1283], and the confidenceinterval for f,is[0.0787, 3.8933].
(f) The ANOVA tableis asfollows.

Source | Df  Sum of Squares Mean Square
X 1 564.0280 564.0280
Error | 10 1047.9720 104.7972
Total | 11 1612.0000

So the F-statistic is F = 5.3821 and P(F(1,10) > 5.3821) < 0.05 from Table
D.5. Hence, we conclude there is evidence against the null hypothesis of no linear
relationship between the response and the predictor. (g) R2 = 0.3499 so, amost 35%
of the observed variation in the response is explained by changes in the predictor.

10.3.9 Ingenerd, E(Y | X) = exp(f1 + B2 X) isnot asimple linear regression model

since it cannot be written in the form E(Y | X) = g + 5V, where V is an observed
variable and the ;" are unobserved parameter values.

10.3.11 We can write E(Y | X) = E(Y | X?) inthiscaseand E(Y | X?) = 1 + 2 X2,
so thisisasimple linear regression model but the predictor is X2 not X.

10.3.13 R? = 0.05 indicates that the linear mode! explains only 5% of the variation in
the response, so the model will not have much predictive power.

10.4.1 (b) Both plotslook reasonable, indicating no serious concerns about the correct-
ness of the mode!l assumptions. (c) The ANOVA table for testing Ho : 1 = f» = f3
is given below.

Source | Df SS MS

A 2 437 218
Error 9 1885 2.09
Tota | 11 23.22

The F statistic for testing Hg is given by F = 2.18/2.09 = 1.0431, with P-vaue
P(F > 1.0431) = 0.39135. Therefore, we don’'t have evidence againgt the null hy-
pothesis of no difference among the conditional means of Y given X. (d) Since we
did not find any relationship between Y and X, there is no need to calculate these
confidence intervals.
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10.4.3 (b) Both plotsindicate a possible problem with the model assumptions. (c) The
ANOVA tablefor testing Ho : 1 = S5 isgiven below.

Source | Df SS MS
Cheese | 1 0.114 0.114
Error | 10 26.865 2.686
Total 11 26.979

The F datistic for testing Hg is given by F = 0.114/2.686 = .04 and with the P-
value P(F > .04) = 0.841. Therefore, we do not have any evidence against the null
hypothesis of no difference among the conditional means of Y given Cheese.

10.4.5 (b) Both plots look reasonable, indicating no concerns about the correctness of
the model assumptions. (c) The ANOVA table for testing Ho @ 1 = o = f3 = 4
follows.

Source Df SS MS

Treatment | 3 19.241 6.414
Error 20 11.788 0.589
Total 23 31.030

The F statistic for testing Hp is given by F = 6.414/0.589 = 10.89 and with P-
value P(F > 10.89) = 0.00019. Therefore, we have strong evidence against the null
hypothesis of no difference among the conditional means of Y, given the predictor. (d)
The 0.95-confidence intervals for the difference between the means are given in the
following table.

Famly error rate = 0.192
I'ndividual error rate = 0.0500

Qitical value =208

Intervals for (colunm level nean) - (rowlevel nean)
1 2 3
2 -0.3913
1. 4580
3 -2.2746 -2.8080

2.
-0.4254 -0. 9587

4 -2.5246 -3.0580 -1.1746
-0.6754 -1.2087 0. 6746

10.4.7 (b) Treating the marks as separate samples, the ANOVA table for testing any
difference between the mean mark in Calculus and the mean mark in Statistics follows.

Source | Df SS MS

Course | 1 36.45 36.45
Error | 18 685.30 38.07
Tota | 19 721.75

The F dtatistic for testing Ho : f1 = S isgiven by F = 36.45/38.07 = 0.95745,
with the P-value equal to P(F > 0.95745) = 0.3408. Therefore, we do not have any
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evidence against the null hypothesis of no difference among the conditional means of
Y given Course.

Both residual plots look reasonable, indicating no concerns about the correctness
of the model assumptions. (c) Treating these data as repeated measures, the mean
difference between the mark in Calculus and the mark in Statistics is given by d =
—2.7 with standard deviation s = 2.00250. The P-value for testing Ho : ©q = uo,
is0.0021, so we have strong evidence against the null. Hence, we conclude that there
is a difference between the mean mark in Calculus and the mean mark in Statistics.
A normal probability plot of the data does not indicate any reason to doubt model
assumptions. (d) rxy = 0.944155
10.4.9 When Y7 and Y>> are measured on the same individual, we have that Var(Y, —
Y2) = 2(Var(Y1)— Cov(Y1, Y2)) > 2Var(Y;) since Cov(Y1, Y2) < O. If we had mea-
sured Y1 and Yz on independently randomly selected individuals, then we would have
that Var(Y1 — Y2) = 2Var(Y1).

10.4.11 The difference of the two responses Y1 and Y2 is normally distributed, i.e.,
Y1 — Y2 ~ N(u, o?).

10.4.13 (1) The conditional distribution of Y given (X1, X2), depends on (X3, X2)
only through E(Y | X1, X2), andtheerror Z =Y — E(Y | X1, X2) isindependent of
(X1, X2). (2) Theerror Z =Y — E(Y | X1, X2) isnormally distributed. (3) X1 and X2
do not interact.

1051F () = [ et(l+et)Pdt=(1+et) K= (1+eX) ' > 1as
Xx—ooand p=F (X), impliesx =In(p/(1— p)).

105.3Letl =1(p) = In(p/(1— p)) bethelogoddsso € = p/(1—p) = 1/(1/p—1).
Hence, € /(1 + €) = p, and substitute| = S, + f,x.

1055P(Y =1|X1 = X1, ..., Xk = Xk) = 1/2+ arctan(B1x1 + - - - + BrXk) /7
11.1.1(@ 0(b) 0(c) 1/3(d) 2/3(e) O (f) 4/9 (g) 0 (h) 1/9 (i) O (j) O (k) 0.00925 (1) O
(m) 0.0987

11.1.3 (a) 5/108 (b) 5/216 (c) 5/72 (d) By the law of total probability, P(X3 = 8) =
P(X1 =6, X3=8)+ P(X1 =8, X3=28).

11.1.5 (a) Here, P(zc < tg) = 0.89819. That is, if you start with $9 and repeatedly
make $1 bets having probability 0.499 of winning each bet, then the probability you
will reach $10 before going broke is equa to 0.89819 (b) 0.881065 (c) 0.664169 (d)
0.0183155 () 4 x 10718 (f) 2 x 10174

11.1.7 We use Theorem 11.1.1. (a) 1/4 (b) 3/4 (c) 0.0625 (d) 1/4 (e) O (f) 1 (g) We
know that the initia fortuneis5, so to get to 7 in two steps, the walk must have been
at 6 after the first step.

11.1.9 (a) 18/38 (b) 0.72299 (c) 0.46056 (d) O (e) In the long run, the gambler loses
money.

11.21(8) 0.7(b) 0.1(c) 0.2(d) 1/4 (e) 1/4(f) 1/2(g) 0.3

11.2.3 (@) Po(X2 = 0) = 0.28, Py(X2 = 1) = 0.72, P1(X2 = 0) = 0.27, Pi (X2 =
1) =0.73(b) Pg(X3=1) =0.728

11.25(@) 1/2(b) 0(c) 1/2 (d) 1/2 (e) 1/10 (f) 2/5(g) 37/100 (h) 11/20 (i) 0 (j) 0 (k)
0 (1) 0(m) No
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11.2.7 This chain is doubly stochastic, i.e., has > ; pij = 1 for all j. Hence, we must
havetheuniformdistribution (r1 = 72 = 73 = 74 = 1/4) asadationary distribution.
11.2.9 (a) By either increasing or decreasing one step at a time, we see that for all
i and j, we have pi(j”) > 0 for somen < d. (b) Each state has period 2. (c) If i
and j are two or more gpart, then pijj = pji = 0. If j =i + 1 thenzipj =
(/2% ((d = 1)t/ild —i — DY), whilez j pji = (1/2%)(d — D!/ild —i — D).
11.2.11 (&) Thischain isirreducible. (b) The chain is aperiodic. (C) 71 = 2/9, 72 =
3/9, T3 = 4/9 (d) Iimn_mo Pl(Xn = 2) =Ty = 3/9 = 1/3, O Pl(X500 = 2) ~ 1/3.
11213 Pi(X1+ X2 > 5) =054

11.2.15 (a) Thechainisirreducible. (b) The chainis not aperiodic.

11.3.1 First, choose any initia value Xp. Then, given X, =i,let Yo =i+ 1ori—1,
with probability 1/2 each. Let j = Yny1 and let ajj = min(1, e~(i—13"+(-13%)
Then let Xny1 = j with probability ajj, otherwise let X1 = i with probability
1 - aij.

11.3.3 Firgt, choose any initial value Xg. Then, given X, = i, let Y41 = i + 1
with probability 7/9 or Yn+1 = i — 1 with probability 2/9. Let j = Ynh41 and, if
j =041 letaj = min, e i'-i°-1%2/9)/e7 "= 7/9)) or, if | =i — 1,

—i4—i6-i8

then let ajj = min(1, e~i*=1°=i%(7/9)/e (2/9)). Then let Xni1 = j with
probability aij, otherwise let Xny1 = i with probability 1 — aij.

11.35 Let {Zy} bei.i.d. ~ N(0,1). First, choose any initial value Xo. Then, given
Xn =X, let Yni1 = Xn ++/10 Zni1. Lety = Yny1 and let oy = min(l, exp{—y* —
y® — y8 + x4 4+ x8 + x8}). Then let Xn41 = y with probability axy, otherwise let
Xn+1 = X with probability 1 — ay.

1141 C =12/5

11.43p=1/3

11.45P(Xn=4) =5/8

11.4.7 (8) Here, E(Xny1| Xn) = (1/4)(3Xn) + (3/4)(Xn/3) = Xn. (b) T isnon-
negative, integer-valued, and does not look into the future, so it is a stopping time. (¢)
E(XT) = Xo = 27. (d) P(XT = 1) = 27/40

11.5.1 (3) 1/2 (b) 0 (¢) 1/4 (d) We have P(Y;") > 1) = P(Yy, > vM/VM).
Hence, P(Y) > 1) = 1/2, P(Y? > 1) = 1/4, P(Y? > 1) = 3/8, P(Y{¥ > 1) =
5/16.

11.5.3(a) P(Bz > 1) = ®(-1/+/2) (b) P(Bs < —4) = ®(—4/+/3) (¢) P(By— Bs <
24) = 1 — ®(=2.4/2) (d) P(Bps — Bix > 9.8) = ®(—9.8/4/15) () P(Bxs3 <
—6) = ®(—6/+/26.3) (f) P(Bzs3 < 0) = ®(0/+/26.3) = 1/2

11.5.5 E(B13Bg) = 8

11.5.7(a) 3/4 (b) 1/4 (c) Theanswer in part (a) islarger because —5iscloserto Bp = 0
than 15 is, whereas —15 isfarther than 5is. (d) 1/4 (€) Wehave 3/4+ 1/4 = 1, which
it must since the eventsin parts (a) and (d) are complementary events.

11.5.9 E(X3Xs) = 61.75

11.5.11 (a) P(X10 > 250) = ®(—20/1+/10) (b) P(X10 > 250) = ®(—20/4+/10) (c)
P(X10 > 250) = ®(—20/104/10) (d) P(X19 > 250) = ®(—20/100/10)
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11.6.1 (a) e 1*1413/13! (b) e3°353/3! (c) e~424220/20! (d) 350350340 /340! () 0
(f) (e7141413/131) (e=21217/7") (g) O

11.6.3 P(N, = 6) = e 2/3(2/3)8/6!, P(N3 = 5) = e~%/3(3/3)° /5!
11.6.5 P(Nog = 2| Nog = 2) = (2.6/2.9)2



