|

(a) c satisfies
P(S>5clo=5)=0.1

or
n—1)8% _ 19 x (5¢)2
P(x?g=( 02). > 5§ ) ):0.1

or

P (xds =19¢%) = 0.1
or

19¢? = x3g,0.1 = 27.203,
SO

. [77203

(b) Since s = 7.5 > 5c¢ = 5.983, the engineer would conclude that o > §.

Solutions for Section 5.3

5.24 5405 = 2.015, t10,0.10 = 1.372, tlg,o,gg = —1.372, and 20,0.01 = 2.528.

5.25 (a) a =1.812, b=—2.764, c = 1.372, and d = 2.228. i

(b) @ =t10,0.05, b= t10,0.99 = —%10,0.01, ¢ = t10,0.10, and d = £19,0.025-

5.26
P(—tg 10 < Ts < tg,10) = 0.80,

P(—tg,05 < Tg < tg,01) = 0.94,
P(tg, 05 < Tg < tg,.01) = 0.04,
P(Tg > —tg,05) = 0.95.

5.27 (a) 100 random samples were generated.

(b) From the simulation, #4095 = —0.656, t405 = 0.081, and t4090 = 2.065. The exart
values are f4095 = —0.741, t405 = 0, and t40.90 = 1.533.

5.28 (a) 100 random samples were generated.

(b) From the simulation, #4025 = —0.554, t405 = 0.164, and #5090 = 1.809. The exact
values are #4095 = —0.741, 1405 = 0, and t40.90 = 1.533.

Solutions for Section 5.4

5.29 fio,100.025 = 3.72, f10,10,0975 = 1/3.72 = 0.27, f5,100.10 = 2.52, f5,000.90 = 1/ f10.50.:¢ = 0.3,
and fi05,090 = 1/2.52 = 0.40.

5.30 (a) a = 2.85, b=0.176, c = 2.24, d = 0.24, and e = 3.51.

(b) a = fs,12,0.05, b= fa,12,099 = 1/f12.80.01, ¢ = fs,12,010, € = f,12,0.975 = 1/ f125 c o5~ amd
e = f8,12,0.025-

5.31
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& = P(FVI;VZ < fuipai-a)

1
= P|l—< —
(FV2,U1 _fvwz,l a)

1
= P(Fnpu > ——
fux,vz,1~&

Hence, fyz,ul,a = 1/f”1,l’271_‘1'

5.32

— 2
Hence, f1,q = ta/2

5.33

St -
p(354) -

For (n; = 7,ny = 5),

P <-—t,,’a/2 <T, < tu,cx/2)
P (Tf < tﬁ,a/z)
P(F, <8,,)

((m;fl)sz 4 [m -1

(nz;l)Szz

P (Fm—l,nz—l >4 [

2
P (% > 4) = P (Fs4 > 6) ~ 0.05
2 .

For (n; =13,n2 =17),
P

d

SRR

For (n; = 9,ny = 16),

S35

Solutions for Section 5.5

5.34 Since the rth order statistic in a random sample of size n from a U0, 1] distribution has g
beta distribution with parameters r and n — r + 1, Xmip ~ Beta(1,9), Xmax ~ Beta(9, i

and X = X(O.S) ~ Beta.(5, 5)
5.35 From equation (5.26)

f(1)($) =

B(1,9)

> 4) =P (F12,5 > 8) =~ 0.01

> 4) =P (Fg,ls > 2.133) =~ 0.10

(1 - e—o.loz)o (e-o.mz)s (0.10e"°'1°“)
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Chapter 6 Solutions

Solutions for Section 6.1

6.1 (a) 3 is a parameter, 0 is a statistic.
(b) 63 is a statistic.
(c) 48% is a statistic, 52% is a parameter.

6.2 (a)

Bias(i1) = E(i) —p=EX)-p=p—p=0

. o Xo+ X E(X5) + E(X 2

Bias(z) = E(—ET—‘Q')—M= ( 2)2 ( 3)—#=7ﬂ—#=0

Bias(ds) = FE(0.1X, +0.2X2 +03X3+04Xy) —p=(014+02+4+03+04)u~-pu=0

Bias(ty) = E(X)—p=p—p=0

(b)

Var(i;) = o

Var(a) = 0.5%02 +0.5%0% = 0.50°

Var(s) = 0.1202 +0.2%02 4 0.302 + 0.4%0% = 0.357
2

Var(iy) = Var(X)= i‘;— = 0.2502

Therefore fis = X has the smallest variance.

- (<)
Bias(f) =E(a1X1+---+aan) —~u=(a1+--+a)u—pu=0
So ji is unbiased when ) a; =1

Var(2) = Var(a1 X1 + - + anXn) = (& + - +a2)o? = (3 a})?

Var(ji) is minimum when @) = --- = an = 1/n because subject to Sa; =1, Yatis
minimized by choosing a; = --- = ap = 1/n.
6.3 (a)
Bios(Xoma) = B(Xmax) —0 = ——0— 8= ——8
(b)
Bias(Xmax + Xeia) = E(Xmax + Xmin) — 0 = (—— + —22)0 — 0 =
1a8{ Amax min) = max min =Tt e -0 =

Since Xpmax + Xmin i an unbiased estimator of 6, (Xmax + Xmin)/2 is an unbiased
estimator of 6/2.

6.4
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_ _ _ 2
Bias(X2) = B(X?) — p? = Var(X) + p* — p* = %

(2)

E({) = E@)=p

E(p;) = E(1/2)=1/2
Bias(p1) = E@) —-p=0
Bias(py) = E(1/2)-p=1/2-p

(b)
Var(p) = Var(d)= Fﬁn‘_f’l
Var(py) = Var(1/2)=0
fo has the lower variance.
(c)
MSE(#1) = pA=P) o= P(lg p)

n
MSE(p;) = 0+ (1/2-p)?=(1/2-p)

Scatterplot of MSE vs. p

w

SE

»
o
™
-
o

0.0 2

P is generally a flatter curve, meaning there is less downside risk. However, ps has a
Jower MSE for p near 0.5, so p1 is not always a better estimator.

Bias(@) = ’UJ1E(él) + sz(ég) —6= (w1 +wz — 1)9 =0.
Therefore 8 is unbiased if and only if wy + w2 = 1.
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6.7

6.8

6.9

(b)

Va.r(é) = Va.r(w1él + wzéz)
w%af + 'wgo'%

w?o? + (1 — w)?02

{c) Minimize Var(d) = W = w0} + (1 — w)?0? :

ow
B = 2wo? — 2(1 — w)o?
= w(20? +202) -202=0
Therefore
o3 o}
w=— zand 1 —w = — 3-
0'1 +0'2 01 + q2

This says that 6, and 6y should be weighted inversely in proportion to their variances.
Note :
Pw
Sw?

so that this value of w is a local minimum.

= 202 + 20% > 0.

Z=(26.34+259+...+26.2)/10 = 26.15
52 = [(26.3 — 26.15)% + (25.9 — 26.15)% + ... + (26.2 — 26.15)%]/9 = 0.2317

Then
0.2317
EM =4/ ——— =0.15.
SEM 10 0.15

. [B(1—p) _ [(0.43)(0.57) _
SE(p)-—\/ - _\/ G = 002

For the gamma distribution we have

92 2 92
4= -=and o° = —5.
61 6?
Equate
L. b 2 . .o B
=,u.1=.—2and02=u2—,uf——.—§-,
1 h
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For the beta distribution we have
61 2 6,62

= d .
P40, T 0, 1602)%0: + 62 +1)

Equate A
| . 6 2 6.6
| p==r—randdd=py - = e -

61+ 62 (81 +62)2(6, + 02 + 1)

where /i, and iz are the first two sample moments. Solving the first equation ya

0:(1 - p) = ba,

or -
by =6, —F = cfy,
where 1—3
)
I
Solving the second equation yields
.2 b}

02(1 + )2 [(1 + o)y +1]

or

b - (1+¢)26?
RN PP EF)

Solutions for Section 6.2
6.11 (a) Since P(-1.645< Z < +1.645) = .90, a 90% CI for p is [X — 1.6452-, X — 16521
— v)
(b) 90% CI = [30 — 1.645 x —&=,30 + 1.645 x —1&=] = [28.355, 31.645].
(c) The probability that u is included in this CI is either 0 or 1 (not .90).

6.12 (a) From a simulation, all 25 samples contained the true mean 50, and 6 of the samaples
contained the wrong mean 53.

(b) The width of the 95% CI decreases when sample size increases from 20 to 100. You would
expect the same number of intervals to contain the true mean 50, but fewer intervals to
contain the wrong mean 53.

(c) If u were unknown, you would not be able to tell if a CI contained p.

6.13 (a) You would expect 100 x 0.95 = 95 intervals to contain the true mean 70.
(b) X ~ Bin(100,0.95).

6.14 (a) For 80% confidence, zq/2 = z.10 = 1.282. Then the 80% Cl is

6
16.3 +1.282 x ——= = [14.76,17.84].
. e = | ]
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For 90% confidence, z,/2 = z.05 = 1.645. Then the 90% Cl is

6
16.3 + 1.645 x —— = [14.33,18.27].
g = | ]

For 99% confidence, zq/3 = z.005 = 2.576. Then the 99% CI is

16.3 £ 2.576 x S = [13.21,19.39].

V25

(b) Ifn were increased to 100, the width of the CI would decrease by a factor of 1/100/25 = 2.

6.15 (a) A 95% CI for p = 110.5 £ 1.96 x -5 = [108.64,112.36].

Since this interval falls completely within the specification limits of [107.5,112.5], we can
conclude that the specifications are met.

(b) Only the lower specific limit is critical, i.e., we want p > 107.5 volts. Calculate the lower
one-sided 95% confidence bound :

o 3
> % —z2,——= = 100.5 — 1.645 x —= = 108.94.
peEm el V10
Since this exceeds 107.5, the lower specification limit is met.

(c) Similarly if we want u < 112.5, calculate the upper one-sided 95% confidence bound :

3
L<E+ za% = 1105+ 1.645 x —— = 112.06

Since this is smaller than 112.5, the upper specification limit is met.
6.16

n—1
Conf. Level: P(Xumin < /i < Xmax) =1 — (%)

For n = 10,
1 10-1
Conf. Level: P(Xmin < & < Xmax) =1-— (—2—> = 0.998.

Solutions for Section 6.3
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