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é.l Suppose X T (,, X, denotes a random sample from the > exponential distribution w1th density
function = =

flx) = 13 x>0 /M;@
0 elsewhere o~ L. 2 /i

Consider the following four estimators of :

4

1

Il
B

X

_p
o

2

o
Il
Pt
—+ o

+2,

6, =

(%]

6,=%X
@ Which of the above estimators are unbiased for §7
b Among the unbiased estimators of §, which has the smallest variance?

2.2) X ~ Expopentrad (6)
£F(X) = & Ve (x) = 592

o £(8 )= FCK)=E
£(85): Ff Xrka Xrh) . £ [f{x,)f-fm)j G

£(4,)- f/ Xit le) 3 ___.[£CK//z‘ zz—-(xz,)_] 30 =8 ¢

ECXy) ] =L 76026~
Al8):-,(X) = f[z‘x]_.__[d-‘(x,/+£‘(x;)f x)]

5) Va,/é:)_._.@;‘ f .
Vor (83 Vor [ B X2) . L [dorl) #verl)] = L 201

st

Var ( &) = L. [Var(X)+ 4 Vaf(xz)j -
9

2, al e X ﬁ A inany
VW(QQ) - .é!-- [Vcr(K;)fV (K)+ Wil _?)_] o o
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1.2 ;}:: rf{t;ilc(lgn% T Ia) vol}:agegmeter connected to a test circuit is uniformly distributed over the
< » Where 6 is the true but unknown voltage of the circui
denotes a random sample of readings from this voltage n%e!er. ARy %

o Show that X is a biased estimator of 6.
b Find a function of X that is an unbiased estimator of 4.

X bnitorm (&, 5¢1)

etB g, L

2
Ef é}/,:;’_f_._ Zew)s L. Z/§+,2’:/;ZL_ (5""1’?

I

a} £U%)

£f %)
é} é:(;i): 6L+j%

s '
F(F)-5 =°
B 4 8 ko O- )2'.._:'9__ /s anr cwbrased erBhofon
f(x"'j:) T J ot &
74 The bias B of an estimator § is given by
p—

B=19—E@)

\)

The mean squared error, or MSE, of an estimator § is given by
MSE = E(§ - 6)°

Show that
MSE(@) = V() + B>

[Note: MSE(9) = V (6) if § is an unbiased estimator of §. Otherwise, MSE() > V (6).]
1.5 Refer to Exercise 7.2. Find MSE(X) when X is used to estimate 6.

724) e[ (6-0)*]- Fl6*-260 + 6% = £(8Y - 20/8)1 6"
(80 20 £(8) 46— FY8) + F7(E)
F16Y) - £18) + £7(6)-2066E) ¢ & = Verld) 1 B*

)

2 2
= [E{é)-—@] =K
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7.5) X ~J Ui o /ﬁ;é‘#y
2
f/&) = —-@-%iﬁ.:@fé— Va/(*yf- /‘9*1—8) =1

2
5 | Zlfw(}(j)'-_i._....ﬁ: -'—-1_""
Ver (K) = Var [ 220 )= - = E 12 2,
posFCR)= VarlR)# B = g 3 a7
1.8 Suppose& amdn‘ir are each unbiased estimators of 8, with V(S ) =0} and V(G ) = 0;. Anew
unbiased estimator for & can be formed by
6, = ab, + (1 - a)f,
O<a<)If él and éz are independent, how should @ be chosen so as to minimize V(éj)?
A ZX oA Z Vqr/é1/+//‘quva’[é)
7757 Vé(/[@)::. l/w[a@f-//-Qngjza‘ /
&
A 2 —a) T 2
A 2
&) 2 calor"a O
o VrlS) 5 =t 204-9)7F
et
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A Cf"'z ar 2,.--0
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2
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standard deviation of 3 hours, For that particular week, estimate the mean hours worked for
ell engincers in the corporaion, with a 95% confidence CoRftclont,
113  In the setting of Exercise 7.10, how many engineers should be sampled if it is desired to
estimate the mean number of hours worked to within 0.5 hour with confidence coefficient




121 The warpwise breaking strength measured on five specimens of a certain cloth gave a sample
mean of 180 psi and a standard deviation of 5 psi. Estimate the true mean warpwise breaking

120 Answer Exercise 7.21 if the same sample data resulted from a sample of
¢ 10 specimens. b 100 specimens.
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120 The Environmental Protection Agency has collected data on the LC50 (concentration killing
: 50% of the test animals in a specified time interval) measurements for certain chemicals likely
to be found in freshwater rivers and lakes. For a certain species of fish, the LC50 measurements

(in parts per million) for DDT in 12 experiments yielded the following:

16,5,21,19,10,5,8,2,7,2,4,9

Assuming such LC50 measurements to be approximately normally distributed, estimate the
true mean LC50 for DDT with confidence coefficient 0.90.

124 The variance of LCS0 measurements is important, because it may reflect an ability (or inability)
to reproduce similar results in identical experiments. Find a 98% confidence interval for o,
the true variance of the LC50 measurements for DDT, using the data in Exercise 7.20.
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(5 675, 2,325)
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1.17  Careful inspection of 70 precast concrete su
28 with hairline cracks. Estimate the true p
98% confidence interval,

118  Referto Exercise 7.17. Suppose it is desired to estimate the true proportion of cracked supports

to within 0.1, with confidence coefficient 0.98. How many supports:should be sampled to
achieve the desired accuracy?

Pports to be used in a construction project revealed
roportion of supports of this type with cracks in a

—
O,4 * 2,22.] 04 (1-0/4)
- 7o

(O, 2484 ) Or 535)

{
7.18) 4,33, [0.5(1-45)_ o, 1
77

X
e 23395 4 n:/&jj‘.ﬁz-gj:/j_g};‘?

- oL
; o oy
N = /2 é;' wanih 8

we v /?: 9,5 écau_t.e_ 24,5 praxvies /94//"/7)-

// el /aa/ o //f'éﬂ/‘ /}J;é/ma%/bﬁ aésy//o socdh AT

pPE (4 2;0,2) , we wouk vie ,3 =32 ﬁr Iwé ..r/.:Z_J

131  The quantity

o p(l-p)
Zap2 ﬁ or Zup2 :

used in constructing confidence intervals for 4 (or p) is sometimes called the sampling error.,

ATime (5 April 1993) article on religion in America reported that 54% of those between the

ages of 18 and 26 found religion to be a “very important” part of their lives. The article goes

on to state that the result comes from a poll of 1,013 people and has a sampling error of 3%. @
How is the 3% calculated and what is its interpretation? Can we conclude that a majority of

people in this age group find religion to be very important?
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1.34  The abrasive resistance of rubber is increased by adding a silica filler and a coupling agent to
chemically bond the filler to the rubber polymer chains. Fifty specimens of rubber made with a
type I coupling agent gave a mean resistance measure of 92, the variance of the measurements
being 20. Forty specimens of rubber made with a type II coupling agent gave a mean of 98
and a variance of 30 on resistance measurements, Estimate the true difference between mean
resistances to abrasion in a 95% confidence interval.

135  Referto Exercise 7.34. Suppose a similar experiment is to be run again with an equal number of
' specimens from each type of coupling agent. How many specimens should be used if we want
to estimate the true difference between mean resistances to within 1 unit, with a confidence
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7.53  Anelectric circuit contains three resistors, each of a different type. Tests on@0 type I resistors
showed a sample mean resistance of 9.1 ohms with a sample standard deviation of 0.2 ohm, tests
o@g type II resistors yielded a sample mean of 14.3 ohms and a sample standard deviation
of 0.4 ohm, while tests onfdZ type III resistors yielded a sample mean of 5.6 ohms and a
sample standard deviation of 0.1 ohm. Find a 95% confidence interval for uj + uyp + sy
the expected resistance for the circuit. What assumptions are necessary for your answer to be

valid?
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144 Unaltered, altered, and partly altered bitumens are found in carbonate-hosted lead-zinc deposits

and may aid in the production of sulfide necessary to precipitate ore bodies in carbonate rocks.

(See T. G. Powell, Science, 6 April 1984, p. 63.) The atomic hydrogen/carbon (H/C) ratios for

15 samples of altered bitumen had a mean of 1.02 and a standard deviation of 0.04. The ratios

for 7 samples of partly altered bitumen had a mean of 1.16 and a standard deviation of 0.05.

Estimate the difference between true mean H/C ratios for altered and partly altered bitumen,
_ina98% confidence interval. Assume equal population standard deviations.
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1. For a certain species of fish, the LC50 measurements (in parts per million) for DDT in 12

experiments were as follows, according to the EPA.:
16,5,21,19,10,5,8,2,7,2,4,9

Another common insecticide, Diazinon, gave LC50 measurements of 7.8, 1.6, and 1.3 in three
independent experiments. Estimate the difference between the mean LC50 for DDT and the
mean LC50 for Diazinon in a 90% confidence interval. What assumptions are necessary for
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1.37 Bacteria in water samples are sometimes difficult to count, but their presence can easily be
detected by culturing, In 50 independently selected water samples from a certain lake, 43
contained certain harmful bacteria. After adding a chemical to the lake water, another 50 water
samples showed only 22 with the harmful bacteria. Estimate the true difference between the
proportions of samples containing the harmful bacteria with a 95% confidence coefficient.
Does the chemical appear to be effective in reducing the amount of bacteria?

7.38  In studying the proportion of water samples containing harmful bacteria, how many samples

should be selected before and after a chemical is added if we want to estimate the true difference

between proportions to within 0.1 with a 95% confidence coefficient? (Assume the sample
sizes are to be equal.)
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751  Time-Yankelovich surveys, regularly seen in the news magazine Time, report on telephone
surveys of approximately 1,000 respondents. In December 1983, 60% of the respondents said
that they worry about nuclear war. In a similar survey in June 1983, only 50% said that
they worry about nuclear war. (See Time, 2 January 1984, p. 51.) The article reporting these
figures says that when they are compared “the potential sampling error is plus or minus 4.5%.”
Explain how the 4.5% is obtained and what it means. Then estimate the true difference in these
proportions in a 95% confidence interval.
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166 If X 1++++» X denotes a random sample from a Poisson distribution with mean 1, find the
maximum likelihood estimator of A.

1.67 Since V(X,) = X in the Poisson case, it follows from the Central Limit Theorem that X will
be approximately normally distributed with mean A and variance A /n, for large 2.

o Use the above facts to construct a large-sample confidence interval for A.

b Suppose that 100 reinforced concrete trusses were examined for cracks. The average
number of cracks per truss was observed to be four. Construct an approximate 95%

confidence imf:rval for the true mean number of cracks per truss for trusses of this type.
What assumptions are necessary for your answer to be valid?
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7.69  Suppose X X d
- X, denotes a random sample from the gamma distributi i
but unknown f. Find the maximum likelihood estimator c%f 8. e
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773  The number of improperly soldered connections per
operation follows a binomial distribution with n =

these malfunctions, per microchip, is

microchip in an electronics manufacturing
20 and p unknown. The cost of correcting
C=3X+X*

Find the maximum likelihood estimate of E (C) if p is available as an estimate of p.
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7.4 Refer to Example 7.24. Suppose that
_[2 0<p<1
8p) = iO elsewhere

f two items are produced on a given day and one is defective, find the Bayes estimate of p.

775 Let Y denote the number of defects per yard for a certain type of fabric. For a given mean A,
Y has a Poisson distribution. But A varies from yard to yard according 10 the density function

wh
_le A>0
s = { 0 elsewhere

_ Find the Bayes estimator of A.
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