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CHAPTER 10

Section 10-2

10-1 a)
1) The parameter of interest is the difference in means p; — p, . Note that Ay = 0.
D Ho: gy =y =00r p1y = pu,

Y Hy: gy —p, # 0 or p1y # 1,
4) The test statistic is

%0 2 2
o1 ,92
ng Ny

5) Reject Hy if zg < -z, =-1.96 0r zy >z, =1.96 for o = 0.05
G = 10 Gy = 8
nl = 10 n2 = 15
_ (47-18)
2 2
10)° , ®)°
10

7) Conclusion: Because —1.96 < -0.82 < 1.96, do not reject the null hypothesis. There is not sufficient evidence to
conclude that the two means differ at o = 0.05.

=-0.82

P-value = 2(1— ®(0.82)) = 2(1—0.7939) = 0.4122

G2
b) (X —%p) - Zalzw,_+_ <p-pp < (X -%, +Za/2‘/—+—

(10)* (8) (10)
(47-7.8)-1.96 1o ts SHTHS <(47- 78)+196 0 15

-10.50 < gy — 1, <4.30

With 95% confidence, the true difference in the means is between —10.50 and 4.30. Because zero is contained in this
interval, we conclude there is no significant difference between the means. We fail to reject the null hypothesis.

c)
B=0| z,, AZ_AOZ —® -2, A_AOZ
o 0, %1, 9%
n n n n
= =®(1.17)—- (- 2.75) = 0.8790 — 0.0030 = 0.8760
D 1.96—4 -0 -1.96-—F—-—+——
(10)? . ®)° (10)? N ®)°
10 15 10 15

Power =1 -0.876 =0.124

d) Assume the sample sizes are to be equal, use o = 0.05, p =0.05, and & = 3

. (2, + zﬁ;(af +0?) _ (l.96+1.6;;5))§ 10> +82) _ 236.8

Use n; = n, =237
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102 a)
1) The parameter of interest is the difference in means p; — p, . Note that Ag= 0.

2 ot ph—pp =0 0r py = 1y
Y Hi: py —p, <Oor gy < p,
4) The test statistic is

_(1-%) -4

2 2
(e} (e}
o1, 02

ng Ny
5) Reject Hq if zy < -z, =-1.645 for o = 0.05
6) X, =142 X, =19.7
O1 = 10 Gy = 8
ng = 10 ny, = 15

Zy

, _ (42-197) _
10 15

7) Conclusion: Because —1.46 > -1.645, do not reject the null hypothesis. There is not sufficient evidence to conclude
that the two means differ at o = 0.05.

-1.46

P-value = ®(—1.46) = 0.0721

b) 4 —H, S()_(l_)_(2)+za

oy’  @®7°
—u, <(14.2-19.7)+1.645 +—=
=, ( ) 10 15

=, <0.71

With 95% confidence, the true difference in the means is less than 0.71. Because zero is contained in this interval, we
fail to reject the null hypothesis.

0)

f=1-®| -z, - 2‘5 -
o, %

nl I"]2

= , | 71-®(-0586)=0721

1-®| -1.65 - ———
0”@

10 15

Power =1-0.721 =0.279

d) Assume the sample sizes are to be equal, use o = 0.05, p =0.05,and = A — A, =4

(2, +2,f (02 +07) (1.645+1.645)(10% +5?)
52 (4)2

Use ng=n,= 111

=110.947

10-3  a)
1) The parameter of interest is the difference in means p; — p, . Note that Ag= 0.

Ho: py =, =0or gy = pa,

) Hi: gy =ty >0 or gy > 1,
4) The test statistic is

10-2
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_(X1-%) -4

2 2
(e} (e}
o1, 02

L)
5) Reject Hq if zy >z, =2.325 for o = 0.01
6) X, =245 X, =213
;=10 o,=8
n, =10 n,=15

Zy

, _ (245-213)

1)’ , @'
10 15
7) Conclusion: Because 0.85 < 2.325, we fail to reject the null hypothesis. There is not sufficient evidence to conclude
that the two means differ at o = 0.01.

0.85

P-value = 1-©(0.85) =1-0.8023 =0.1977

b) th — l 2()_(1_)_(2)_201

w0y’ @

— 1, > (245-21.3)-2.325
=1ty = ) TRRET:

M — 1, >2—5.58

The true difference in the means is greater than -5.58 with 99% confidence. Because zero is contained in this interval,
we fail to reject the null hypothesis.

c)
s = , =®(1.80) = 0.96
B=@ 2, ~———| o235 —"
o or 1’ ®°
non 10 15

Power =1 -0.96 =0.04

d) Assume the sample sizes are to be equal, use o = 0.05,  =0.05,and A =2
2 2 2 2 2 2
Z +Z +
L rz,) gol o3)_ (1.645+1.6452) (0° +8°) _ 10
) 2
Usen;=n, =444

10-4  a)
1) The parameter of interest is the difference in fill volume g4 — 4, . Note that Ag= 0.
2)Ho: ph—p, =0 or p4 = 1,

3)Hy: g —p, 20 or g # 14,
4) The test statistic is

7 (71 _iz)_Ao
o 2 2
o, 0
nl nZ
5) Reject Hy if zg < -z, =-1.96 0r z >2z,, =1.96 for a = 0.05
6) X, = 473581 X, = 473.324
o, =06 o, =0.75
n, =10 n, =10
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, _ (473.581-473.324)

=0.85
\/(0.6)2 (0.75)2

+
10 10

7) Conclusion: Because —1.96 < 0.85 < 1.96, fail to reject the null hypothesis. There is not sufficient evidence to
conclude that the two machine fill volumes differ at a. = 0.05.

P-value = 2(1—d(0.85)) = 2(1—0.8023) = 0.395

2 2 2 2
b) (71_72)_211/2 O-_l+ﬁg#l_ﬂzg(71_yz)+za/2 O-_l+&
n n n n

2 2 2 2

(473.581—473.324)—1.96 %+% S-S (473.581—473.324)+1.96 %+%

~0.3383< 14, — 11, <0.8523

With 95% confidence, we believe the true difference in the mean fill volumes is between —0.3383 and 0.8523.
Because 0 is contained in this interval, we can conclude there is no significant difference between the means.

A—A A—A
¢) f=D|z,,- > 02 -0 al2 > 02
0, G, 0, 0,
n n n n
=®d|1.96—- 12 —d|-1.96—- 12
(0.6)2 N (0.75)2 (0.6)2 . (0.75)2
10 10 10 10

=®(1.96-3.95) - D (-1.96-3.95) = ®(-1.99) - ®(-5.91) =0.0233 - 0 =0.0233
Power = 1 -0.9481 = 0.0519

d) Assume the sample sizes are to be equal, use o = 0.05, = 0.05, and A =0.04

2 2 2
nE(Za,2+Zﬁ§2(012+022) _(196+1.645) (i(;f()) +(0.75) ):8.326

Usen;=n,=9

10-5 a)
1) The parameter of interest is the difference in breaking strengths p, — i, and Ag = 70
2)Ho: mp—pp =10
3)Hi:py—pp>10
4) The test statistic is

5) Reject Hy if zy >z, = 1.645 for o = 0.05
6) X, = 1120 X, = 1070 8=70
c1=7 Gy =7
n, =10 n,=12
. (1120-1070)-70
10 12

=-6.67
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7) Conclusion: Because —6.67 < 1.645 fail to reject the null hypothesis. There is insufficient evidence to support the use of
plastic 1 at o = 0.05.

P-value = 1-®(-6.67) =1-0=1

O'2 0_2
b) -, > (% =% 9, %
, 2 (% %) -2 —
M @)
— 11, >(1120-1070)—1.645, | L2~ 4 L)
#= 2 ( ) 10 12
44— 11, > 45.07
9p=o| 165 B0 |_5(_10715)=0

F
7_’_7
10 12

(2., +2,)° (07 +03) _ (1.645+1.645)(1+1)
(A=A,)? (12-10)?
Yes, the sample size is adequate

Power=1-0=1

d) n= =541=6

10-6 a)
1) The parameter of interest is the difference in mean burning rate, p; —p,
2)Ho: pmp—pp=00r py =p,
3)Hit g —pp =0 01 py = py
4) The test statistic is
_(u-%X) -4
2 2

o1 ,92

ng N
5) Reject Hy if zg < -z, =-1.96 0r 2y >2,, =1.96 for o = 0.05

0123 02:3
n,=10 n, =10

2 - A8-29) _ 447

®° 0

10 10
7) Conclusion: Because —4.47 < —1.96 reject the null hypothesis and conclude the mean burning rates differ
significantly at o = 0.05.

P-value = 2(1- d(4.47)) = 2(1-1) =0

2 2

b) (% —%) - a/zl}—+a<m—u2 X1—X2)+Za/2‘/i—i+z—§
2 2
(18-24) 1961/(3) ty — 1y, < (18—24)+1.96 %+%

—8.63< 1 — 1, < —3.37

We are 95% confident that the mean burning rate for solid fuel propellant 2 exceeds that of propellant 1 by between
3.37 and 8.63 cm/s.
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o =0 Zoyip —

=0 1.96—L -0 -1.96 - 25

@4—@ @_}.@

10 10 10 10
==®(0.47)—d(—3.45)=0.68 -0=0.68

d) Assume the sample sizes are to be equal, use o = 0.05, = 1-power=0.1, and A = 4

N~ (2., + Zp )22(0'12 + 0'22) _ (1-96+1'28)22 (32 +32) =118
S (4)

Usen;=n, =12

10-7 X; =756 X, =77.9
6?=15 o5=12
ng = 15 np, = 20

a)

1) The parameter of interest is the difference in mean road octane number p; —p, and Ag =0
2)Ho: my—pp=00r py =py

3)Hiipy—pp <00r py <py

4) The test statistic is

7 = (Xl_xz)_Ao
o 2 2
1 2

o, ©
7_’_7
nl nZ

5) Reject Hy if zg < -z, =-1.645 for o = 0.05

6) X =75.6 X, =77.9

6?=15 o3=12

n =15 n, =20

. (75.6-77.9)

15 12
7+7
15 20

7) Conclusion: Because —5.75 < —1.645 reject the null hypothesis and conclude the mean road octane number for
formulation 2 exceeds that of formulation 1 using o = 0.05.

-5.75

P-value= P(z<-5.75)=1-P(z<5.75) =1-1=0

b) 95% confidence interval:
2 2 2 2
— — Gl 02 — — Gl GZ
(Xl_XZ)_Za/2 — = Sm U S(Xl—x;z)ﬂodz —+t—
ng N ng N

15 12 15 1.2
75.6—77.9)~1.96.|== + =% < 11 — 1, < (75.6 - 77.9)+1.96, =2 4+ ==
( ) 15 g0 FaTH ( ) 15 ' 20

~3.084 < st — 1, <-1.516
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With 95% confidence, the mean road octane number for formulation 2 exceeds that of formulation 1 by between 1.516
and 3.084.

¢) 95% level of confidence, E = 1, and z 5 =1.96

Zyors ) 1.96)’
n= (fﬁzsj (012 + 022)_ [1] (1.5+1.2) =10.37,

Usen;=n,=11

10-8 a)
1) The parameter of interest is the difference in mean batch viscosity before and after the process change, p; —u,
2) Ho: H1—Ho =10
3)Hy: py—pp <10
4) The test statistic is

Zp=
of , o}
ng N
5) Reject Hq if zy < -z, where zy; =-1.28 for o = 0.10
6) X, = 750.2 X, = 756.88 Ayg=10
61=20 c,=20
ng=15 n, =8

. (750.2-75688) -10
- _
\/(20)2 (207

15 8

7) Conclusion: Because —1.90 < —1.28 reject the null hypothesis and conclude the process change has increased the
mean by less than 10.

-190

P-value = P(Z <-1.90) =1-P(Z <£1.90) =1-0.97128 =0.02872

b) Case 1: Before Process Change Case 2: After Process Change
p1 = mean batch viscosity before change p, = mean batch viscosity after change
X; = 750.2 X, = 756.88
o, =20 oy, =20
ng =15 n, =8

90% confidence on p; —p,, the difference in mean batch viscosity before and after process change:

2 2 2 2
_ /Gl o, o o, 0,
(Xl_XZ)_ZaIZ _+_S/41_,U23(X1_X2)+Za/2 —+t—
n n m

2 2 2 2
.2—756.88)—1. S+ <y — u, <(750.2-756.88)+1. —+
(750.2-756.88) —1.645 (2105) (Zg) L — M, <(750.2-756.88)+1.645 (2105) (Zg)

2108 < iy —pp < 7.72

We are 90% confident that the difference in mean batch viscosity before and after the process change lies within —21.08
and 7.72. Because zero is contained in this interval, we fail to detect a difference in the mean batch viscosity from the
process change.

¢) Parts (a) and (b) conclude that the mean batch viscosity change is less than 10. This conclusion is obtained from the

confidence interval because the interval does not contain the value 10. The upper endpoint of the confidence interval is
only 7.72.

10-7
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10-9 Catalyst 1 Catalyst 2
X1 =65.22 X, =68.42
G = 3 Gy = 3

a) 95% confidence interval on p, —p,, the difference in mean active concentration

[o2 [62 &2
(X1 -%2) = Zar2 —+—<H1—H2 (X1 —%2) + 2ar2 n—+—2
(3)2 (3)2
(6522 — 68.42) — 196 1 2L <y —pp < (6522 -6842) +196

583 4, —p1, <~

We are 95% confident that the mean active concentration of catalyst 2 exceeds that of catalyst 1 by between 0.57 and
5.83 g/l.

P-value:
X, —X,)—4, (65.22-68.42
Zo — ( 1 - 2) - ( - - ) _2 38
071_'_& \/3 3
n n 10 10

Then P-value = 2(0.008656) = 0.0173

b) Yes, because the 95% confidence interval does not contain the value zero. We conclude that the mean active
concentration depends on the choice of catalyst.

c)
B=0 1.96—% —® —1.96—%
¥.¥ 3,3
10 10 10 10
= ®(-1.77)- (- 5.69) = 0.038364 -0

=0.038364
Power =1 - f=1-0.038364 = 0.9616.

d) Calculate the value of n using o and B.

(2,42, F (02 +02) (1.96+1.77)(9+9)
n= - ~10.02,
(A=A, ) (5)2

Therefore, 10 is only slightly too few samples. The sample sizes are adequate to detect the difference of 5

The data from the first sample n = 15 appear to be normally distributed.

10-8
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Percent
g
L
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The data from the second sample n = 8 appear to be normally distributed
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Plots for both samples are shown in the following figure.
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Section 10-2
10-10 a) X, =874 %, =995 s =126 s =199 n =12 n,=16
_ 2 _ 2 _ 2 _ 2
s = (n,—Ds? +(n, -1)s] _ \/(12 126" +(16-1)1.99° _ . 0,
n+n,—2 12+16-2
Degree of freedom=n; +n,-2=12 + 16 - 2 = 26.
=X (12 ) ggo

sp\/i+i 1.7194\/i+i
n, n, 12 16
P-value = 2[P(t > 1.8428)] and 2(0.025) < P-value < 2(0.05) = 0.05 < P-value < 0.1

This is a two-sided test because the hypotheses are mul — mu2 = 0 versus not equal to 0.

b) Because 0.05 < P-value < 0.1 the P-value is greater than o = 0.05. Therefore, we fail to reject the null hypothesis of
p1 — wp = 0 at the 0.05 and 0.01 levels of significance.

c) Yes, the sample standard deviations are somewhat different, but not excessively different. Consequently, the
assumption that the two population variances are equal is reasonable.

d) P-value = P (t < -1.8428) and 0.025 < P-value < 0.05
Because 0.025 < P-value < 0.05, the P-value is less than a = 0.05. Therefore, we reject the null hypothesis of p; — p, =
0 at the 0.05 level of significance.

10-11  a) X, =68.39 %, =72.30 =213 s5-528 n =15 n,=20

2 2
(51 S, )2

2 2
S .S (213 528

)2

v = n_n _ 15 20
s; S5 213/ y2  (5.28°/ y?
Cp) G CR4 62
+
n -1 n,-1

=26.45 ~ 26 (truncated)

15-1 20-1

The 95% upper one-sided confidence interval:  t; .., =1.706

(2.13)

(5.28)°
20

+

1, — 1, <(68.39-72.30)+1.706
M — 1, < —1.6880

P-value = P(t <—3.00): 0.0025 < P-value < 0.005

This is one-sided test because the hypotheses are mul — mu2 = 0 versus less than 0.

b) Because 0.0025 < P-value < 0.005 the P-value < o = 0.05. Therefore, we reject the null hypothesis of mul — mu2 =
0 at the 0.05 or the 0.01 level of significance.

¢) Yes, the sample standard deviations are quite different. Consequently, one would not want to assume that the
population variances are equal.

d) If the alternative hypothesis were changed to mul — mu2 # 0, then the P-value = 2P (t < -3.00) and 0.005 < P-value
< 0.01. Because the P-value < o = 0.05, we reject the null hypothesis of mul — mu2 = 0 at the 0.05 level of significance.

10-10



Applied Statistics and Probability for Engineers, 6™ edition

10-12  a)
1) The parameter of interest is the difference in mean, 4 — 1,
2) Hot gy =1, =0 or 1y = p1,

A Hit gy —py #0 or 14 # 1,
4) The test statistic is

t (%_72)_A0
0 =
1 1
Sp —+—
n n,

5) Reject the null hypothesis if ty< —t

fora=0.05

_1)g2 _1)e2
6) X, =57 X,=8.3 sp:\/(nl 1)s? +(n, —1)s?
n +n,—2

s2=4  §$=625 = f—14(4) +21;(6'25) =226

Ny =15 n2=15

_p Where —t; ;5 =-2.048 01ty > t where t; g, ,4 =2.048

al2,ny+n, al2,m+n,-2

Lo 6783 _ g

2.26 L + L
15 15
7) Conclusion: Because —3.15 < —2.048, reject the null hypothesis at o = 0.05.
P-value =P (t>3.15) < 2(0.0025), P-value < 0.005

b) 95% confidence interval: ty gp5 25 = 2.048

- o 1 1 - o ’1 1
(X1_X2)_ta/2,n1+nrz(sp) —+— S/ul_/uz S(Xl_x2)+ta/2,nl+nz—2(sp) —+—
nl nZ nl n2

1.1 fl 1
5.7-8.3)—2.048(2.26), | — +— < 14 — p1, < (5.7 -8.3) + 2.048(2.26), | — + —
( ) (2.26),[ 7o+ g <th e = ) (2.26)\[ e+ ¢

—4.29< 1 — 1, <091
Because zero is not contained in this interval, we are 95% confident that the means are different.

¢) A=3 Use s, as an estimate of o
g=Ffat_ 3 _gep
2s, 2(2.26)
Using Chart VII (e) with d = 0.66 and n = n, = n, we obtain n" = 2n — 1 =29 and o = 0.05. Therefore, B = 0.1 and the
poweris1-p3=0.9

. n*+1
d)p=0.05d= =0.44, therefore n =75 then n= T =38,then n=n,=n, =38

2(2.26)

10-13  a)
1) The parameter of interest is the difference in means, 4 — 44, , with Ag =0
2) Ho: py =, =0 or g4 = 11

3)Hy: g4 —p, <0 or gy < p,
4) The test statistic is

10-11
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t _(%_Kz)_Ao
) =
1 1
Sp —+—
n n,

5) Reject the null hypothesis if to< —t,, | ., where —t; ,; ,,=-1.701 for 0. = 0.05

—_1)s? _1\e2
6) E = 72 72 — 79 Sp :\/(nl ]zsl +(n2 1)82
h+ N, - 2

s2=4 s2=6.25 - f%:me

n1:15 ny =15

(7.2-7.9)

2.26 fi+i
15 15

7) Conclusion: Because —0.85 > —1.701 we fail to reject the null hypothesis at the 0.05 level of significance.
P-value =P (t >0.85), 0.1 < P-value <0.25

t, = =-0.85

b) 95% confidence interval: t; ,; = 1.701

- o 1 1

o~ Hy S(Xl_XZ)_'_toz,nﬁnz—z(Sp) —+t—
nl n2
1 — g1, < (7.2—7.9) +1.701(2.26) |~ + =
15 15

M — 1, <0.704
Because zero is contained in this interval, we are 95% confident that 14 > 14,

¢) A=3 Use s, as an estimate of c:
=t _ 3 __gg
2s, 2(2.26)
Using Chart VII (g) withd =0.66 and n=n, =n, we get n“=2n-1 =29 and a = 0.05. Therefore, p = 0.05 and the
poweris1 -3 =0.95

« n#*+1
=0.55. Thereforen' =40 and n = Il =21.Thus, n=n,=n, =21

DB=005d= 7726

10-14 a)
1) The parameter of interest is the difference in means, p; —p, , with Ag=0
2) Ho:pp—pp=00r py=p,
A Hi: py — i, >0 0r g4 > 4,
4) The test statistic is
= (a=%) Ao
0=
s |t
"Vn
5) Reject the null hypothesis if t, >t
6)

2 2
%, =78 X,=56 5, = }(nl—i)si::(nzz—l)sz
1 2~

.y +n, —2 Where Tooc1=1.734 for o = 0.05

10-12
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S% -4 Sg -6.25 — w = 226

(7.8-5.6)

2.26, 1 + 1
10 10

7) Conclusion: Because 2.17 > 1.734 reject the null hypothesis at the 0.05 level of significance.

t, = =217

P-value =P (t > 2_17)and 0.001 < P-value < 0.025

b) 95% confidence interval:

- o / 1 1

ILL.I. - lu2 2 (Xl - XZ)_ta,nlJrnz—Z(Sp) —+—
nl n2

My — 1, = (7.8-5.6)—1.734(2.26), i +i
10 10

M — 1, 20.45
Because zero is not contained in this interval, we reject the null hypothesis.

¢) A=3 Uses,as an estimate of o
ooty S ___gg
2s 2(2.26)

p

d=

Using Chart VI (g) with d = 0.66 and n = n, = n, =10 we obtain n" = 2n — 1 = 19 and « = 0.05. Therefore, B ~ 0.17 and
the power is 1-p =0.83

3 . _ n*+1 I
d) B =0.05,d = ————— = 0.66, therefore n" = 30. Finally, N = ~16,and N =N, =N, =16

2(2.26)

10-15 a)
1) The parameter of interest is the difference in mean rod diameter, p; —po
2) Hot pp—pp=0o0r py=pp
) Hitpg—pp =0 0r py#pp
4) The test statistic is

t = (X1 — Xz) -4
)=
1 1
Sy | —+—
P nl n2
5) Reject the null hypothesis if to< —t,,, , ., , where —t; .5, =-2.040rto>t,,, .., , where t;q, ., =2.04fora
=0.05
_1\e2 _1)e2
n+n,—2
$2=035 §2=090 = \/14(0'35);117(0'90) ~0.807
n, = 15 n, = 18
t, = (8.73-8.68) _ 0177

0.807 éi +i
15 18

10-13
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7) Conclusion: Because —2.04 < 0.177 < 2.04, we fail to reject the null hypothesis. There is insufficient evidence to
conclude that the two machines produce different mean diameters at o. = 0.05.

P-value = 2P (t > 0.177) >2(0.40), P-value > 0.80

b) 95% confidence interval: tg gp53; = 2.04

o 1 1 o 1 1

(Xl _XZ)_taIZ,nlJrnZ—Z(Sp) E_‘_n_z < ) S(Xi _X2)+ta/2,n1+nz—2(sp) H_1+E
(8.73-8.68) — 2.04(0.807), | -= + = < 14 — 1, <(8.73-8.68) + 2.04(0.807), | = + +
R At T AT I (TR T

—0.526 < 14, — 11, < 0.626

Because zero is contained in this interval, there is insufficient evidence to conclude that the two machines produce
rods with different mean diameters.

10-16  a) Assume the populations follow normal distributions and cf = cs% . The assumption of equal variances may be

relaxed in this case because it is known that the t-test and confidence intervals involving the t-distribution are robust to
the assumption of equal variances when sample sizes are equal.

Case 1: AFFF Case 2: ATC
u1 = mean foam expansion for AFFF uo = mean foam expansion for ATC
)_(l == 50 )_(2 - 72
s, =06 s, =08
ng = 5 n, = 5

95% confidence interval: togs,s = 2.306 s, = }4(0-602) ; 4(0.80°) _ 0.7071
1

_ 1 1 _ 1
(X1 = %2) = tas2.n,+n,-2(5p) T SHTHe S (X1 = X2) + tasz,n,+n,-2(Sp) P
1 M 1 M

(5.0—7.2) — 2.306(0.7071) %+% < 44, — 11, < (5.0—-7.2)+ 2.306(0.7071) é+%

—323<p;—p, <-117

b) Yes, with 95% confidence, the mean foam expansion for ATC exceeds that of AFFF by between 1.17 and
3.23 units.

10-17  a) 1) The parameter of interest is the difference in mean catalyst yield, py; —p, , with Ag=0
2)Ho: pp—pp=00r uy=p,
3)Hi: pp—pp <00r py <py
4) The test statistic is

_ (X —=%X2) -4

(11

Sy |—+—
P np Ny

to

5) Reject the null hypothesis if to < —t,, , n,_» Where —to.olzs =-2.485 for 0. = 0.01

N2 N2
6)X; =86 X, =89 Sp= \/ml i)si‘;(nzz Ds5
1 2
2 2
51:3 52:2 - w:zlmgg
ng = 12 n, = 15
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(86 —89)

2.4899, /i + 1

12 15

7) Conclusion: Because —3.11 < —2.485, reject the null hypothesis and conclude that the mean yield of catalyst 2
exceeds that of catalyst 1 at o = 0.01.

t, = =-3.11

b) 99% upper confidence interval 14, — Li, : ty01,05 = 2.485

My =y < ()_(1 - )_(2)+ ta/2,n1+n2—2 (Sp)

1 1
_ 11, <(86—89)+ 2.485(2.4899). |— + —
iy — 1y < ) ( Wiz *1e

1y — 1, <—0.603 or equivalently ,; +0.603 < z,

We are 99% confident that the mean yield of catalyst 2 exceeds that of catalyst 1 by at least 0.603 units.

10-18  a) According to the normal probability plots, the assumption of normality is reasonable because the data fall
approximately along straight lines. The equality of variances does not appear to be severely violated either because the
slopes are approximately the same for both samples.

Normal Probability Plot

z

o Maan 9183
- StDsv  5.728
3 N 1372
o AD 40,076

P-Value <0.005

poor Ly e T

75 a0 85 90 85 100 105 110
typel Anderson-Darling normality Test

Normal Probability Plot

0.998
13- B IEEISa O (v SVR RS RPSS [SRSES SRS SIS FISTIRD ST SRR SRR
0.95 - i ¢
L B e wu” 88.94
z 08 SiDev 5728
= 0.7 4 N 1372
g e AD 30,214
R oals PVihie <0.006
o 042
& o2
0.1 -
0,05
0.01 i
0eot A—p—t——
75 80 85 20 85 100 105
type2 Anderson-Darling normality Test
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Typet

B8O 85 20 95 100

Type2

a0 g2 a4 86 fiti] a0 92 a4 96 98

b) 1) The parameter of interest is the difference in deflection temperature under load, z¢ — £, , with Ag =0
=t =0 0r =,

) Hy: gy —p, >0 08 g > p,
4) The test statistic is

t = (71 - Y2) B Ao
=
1 1
Spy|—t+—
nl nZ
5) Reject the null hypothesis if ty > ta,n1+n2—2 where t, ;5= 1.701 for o = 0.05
6) Typel Type 2
n —1)s? +(n, —1)s?
% =9L47 X, =89.07 sp;\/( i =D, +(n, ~D)s,
n+n,—2
2 2
5 =593 5,=528 s, = \/14(5'93) 14528 g6
28
ng = 15 n, = 15
- (91.47-89.07) 117

0
5.61 /Li
15 15

10-16
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10-19

7) Conclusion: Because 1.17 < 1.701 we fail to reject the null hypothesis. There is insufficient evidence to conclude that
the mean deflection temperature under load for Type 1 exceeds the mean for Type 2 at the 0.05 level of significance.

P-value =P (t >1.17), 0.1 < P-value < 0.25

¢) A=5 Use s, as an estimate of c:
q=tiH O

25, 2(561)
Using Chart VII (g) with p = 0.10, d = 0.446 we get n" = 40. Because n“ = 2n — 1, n, = n, = 21. Therefore, the sample

sizes of 15 are not adequate to meet the given probability of detection.

a) According to the normal probability plots, the assumption of normality appears to be reasonable because the data
from both the samples fall approximately along a straight line. The equality of variances does not appear to be severely

violated either since the slopes are approximately the same for both samples.
Normal Probability Plot

0.999 T T T v
’ : ! : Mugn 02633
: i s StDey  DO1075
0.09- : i ; ; N 10
: i : AD 0.255
0.95 - PValue  0.645

08

Probability
o
o

0.2 1
0.01
0.001 i l
0.23 0.25 0.27
solution 1 Andersen-Darling Normality Test
Normal Probability Plot
0.999 | -
! i i Maan 0 2642
0.99 [}, & P P P4 StDev  0.006161
Yo7 J St SSS5S TS REE SHESS UK SS CONIL SIH SIS HSH SIS SO SRS S () 10
i : P P R AD 0,208
0.95 14 froret PValus 0813
> 0‘8{ e
§ 05+
[ [ i z
a 02 _..
0.05 4
0.01 4
0.001 L4 ; i — —a_——
0.246 0.251 0256 0.261 0.266 0.271 0276 0.281

Solution 2 Anderson-Darling Normality Test
b)
1) The parameter of interest is the difference in mean etch rate, p; —p,, with Ag=0
2) Hotpmp—pp=0o0r py=pp

3)Hit py—pp #0 or py #pyp
4) The test statistic is

10-17
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5) Reject the null hypothesis if ty < —t
for o =0.05

i n,—2 Where —tonos18=—2.1010r to> ty /2 1n, 2 Where tggpg1 =2.101

(nl _1)512 + (nz _1)522
n+n,—2

6) X, =02533 X,=02642 s, :\/

=0.0089

5, =0011 s, =0.006

. - \/9(0.011)2 +9(0.006)?
P 18
ng = 10n2 =10

. _(02533-0.2642) _

0
0.0089 ,i + L
10 10
7) Conclusion: Because —2.74 < —2.101 reject the null hypothesis and conclude the two machines mean etch rates differ

at o = 0.05.
P-value = 2P (t < —2.74) 2(0.005) < P-value < 2(0.010) = 0.010 < P-value < 0.020

—2.74

¢) 95% confidence interval: tg o515 = 2.101

- 1 1 _ yl 1
(Xl_xz)_talz,n1+n2_z(sp) _"'_3,“1_,“2 S(Xi_x2)+ta/2,nl+n2—2(sp) —+—
n n n n

1

1.1 1
0.2533—0.2642) — 2.101(0.0089), |-— +-— < 14 — p1, < (0.2533—0.2642) + 2.101(0.0089), | -— +—
( ) ( Wigtio St =( ) ( N1t 10

~0.01926 < 14, — 11, <—0.00254

We are 95% confident that the mean etch rate for solution 2 exceeds the mean etch rate for solution 1 by between
0.00254 and 0.01926.

a)
1) The parameter of interest is the difference in mean impact strength, £ — 4, , with Ag =0
Ho: py—p, =0 0r 1y = g1,

3 Hi: gy —p, <0 or gy < p,
4) The test statistic is
(Xl — X2) _Ao

2 2
S S
1%
nl n2

5) Reject the null hypothesis if to < —t,, |, where t0.05’23= 1.714 for o = 0.05 since

ty =

2

(S+Sj
n n
yv=—~1 27 _9321

2
(Slzj [SSJ
n n
1/ N2

n-1 n,-1
v =23
(truncated)
6) X, =395 X, =435
s =15 s, =30
ng = 10 n, = 16
t = (395-435) =-451
15*  30°
[ + R
10 16
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7) Conclusion: Because —4.51 < —1.714 reject the null hypothesis and conclude that supplier 2 provides gears with
higher mean impact strength at the 0.05 level of significance.
P-value = P(t < —4.51): P-value < 0.0005

b)
1) The parameter of interest is the difference in mean impact strength, £, — 24
2) HO: /,lz_,lll :25
3)Hy: p, —p4 > 25 or t, > 14 +25
4) The test statistic is
(Xz — 71) =
n n
5) Reject the null hypothesis if t, > t,, , = 1.714 for a. = 0.05 where

t, =

V=
3 6)
A\ A
n-1 n,-1
v =23

6) X, =395 X, =435 Ag =35 =15 5,=30 np =10 n, =16
t - (435-395)-35
15° 307
R +7
10 16
7) Conclusion: Because 0.563 < 1.714, fail to reject the null hypothesis. There is insufficient evidence to conclude that the
mean impact strength from supplier 2 is at least 35 Nm higher than from supplier 1 using o. = 0.05.

=0.563

¢) Using the information provided in part (a), and to 25 25 = 2.069, a 95% confidence interval on the difference 1, — 14
is

512 s2 2 g2
v v 2 v v 1 2
(Xz - X1) _to.ozs,zs —+—=x Hy — Hy < (Xz - Xl) +to.025,25 —+—

n n, n n

40-2.069(8.874) < u, — 1, <40+ 2.069(8.874)

21.64 < u, — p, £58.36

Because zero is not contained in the confidence interval, we conclude that supplier 2 provides gears with a higher
mean impact strength than supplier 1 with 95% confidence.

a)
1) The parameter of interest is the difference in mean melting point, £ — 44, , with A; =0
2) Hot gy =1, =0 or 1y = 1,

3)Hy: gy —p, #0 or gy # 1,
4) The test statistic is

t = (Xl_iz)_Ao
) =

5) Reject the null hypothesis if to < —to,/  +n,—2 Where —tg 000540 = —2.021 0F to > to /2 0 1, —p Where Tj o5 40=
2.021 for oo = 0.05
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_ 2 _ 2
6) % =215 X =219 s, = \/(”1 Ds, +(n, —D)s,
n+n,—2
2 2
\} 40
ng = 21 n, = 21
t, = M =-6.984
1.856 i+i
21 21

7) Conclusion: Because —6.984 < —2.021 reject the null hypothesis. The alloys differ significantly in mean melting
point at a. = 0.05.

P-value = 2P (t < —6.984) P-value <0.0010

b)d= M=£=0,425

20 2(2)
Using the appropriate chart in the Appendix, with B = 0.10 and o = 0.05 we have n” = 75.
n +1

Therefore, n =

238,n1:n2 =38

10-22  a)
1) The parameter of interest is the difference in mean speed, g4 —4,, Ao=0
2) Hot gy =11, =0 or 1y = 1,

) Hit gy — 6, >0 or 14 > 1,
4) The test statistic is

t = (71 — 72) — A0
) = 20
1 1
Sy [—+—
nl I'12
5) Reject the null hypothesis if to > t,  .n, 2 Where tg1014 =1.345 for o= 0.10
6) Case 0: 65 mm Case 2: 0.5 mm
_1 2 _1 2
X, = 0.03 %, —0.027 5, = \/(nl )51 +(n2 )52
n+n,—-2
2 2
5,=0.0028  s5,=00023 = \/ 7(0.0028) 1*47(0'0023) — 256x10°
ng = 8 np, = 8
t, = (003-0027) _ (0.03-0.027)2.34

2.56 ><103\/1 + 1
8 8

7) Because 2.34 > 1.345 reject the null hypothesis and conclude that reducing the film thickness from 0.65 mm to 0.5
mm significantly increases the mean speed of the film at the 0.10 level of significance (Note: an increase in film
speed will result in lower values of observations).

P-value = P (t > 2.34) 0.01 < P-value < 0.025

b) 95% confidence interval: ty gp514 = 2.145
- o 1 1 _ 1 1
(Xl_xz)_talz,nlmz—z(sp) E_‘_n_glul_zuz S(Xl_x2)+ta/2,l’\l+nz—2(sp) n_+n_

2 1 2

(0.03-0.027) - 2.145(2.56x10°°) %% < 14 — 1, <(0.03-0.027) + 2.145(2.56 x10™°) %+%

—0.00025 < g4 — 1, <0.00575
We are 95% confident the difference in mean speed of the film is between 0.00025 and 0.00575 pJ/mm?.

10-20



Applied Statistics and Probability for Engineers, 6™ edition

10-23  a)
1) The parameter of interest is the difference in mean wear amount, p; —p, , with Ag= 0
3)Hi:py—pp =0 0F pg #py
4) The test statistic is

- Ka=Xp) ~ A
o~ 2 2
S, %
ng Ny
5) Reject the null hypothesis if ty < — 1002526 OF o> tolozazewhere to.02526 = 2.056 for o = 0.05 because

2
_%:26 08

- 2
[Sfj [SZZJ
\M) \N)

n-1 n,-1
v=26
6)%, =25 X,=20
§=2 s =8
n1:25 n2:25
t, :M:&()g
25 25

7) Conclusion: Because 3.03 > 2.056 reject the null hypothesis. The data support the claim that the two companies
produce material with significantly different wear at the 0.05 level of significance.

P-value = 2P(t > 3.03), 2(0.0025) < P-value < 2(0.005), 0.005 < P-value < 0.010
b)

1) The parameter of interest is the difference in mean wear amount, p; —p,
2)Ho: py—pp =0

3)Hiipp—pp; >0
4) The test statistic is

5) Reject the null hypothesis if to > tg 5 ;7 Where 1 5 55= 1.706 for a. = 0.05 since

6)X, =25 X,=20

§ =2 s =8

n =25 n,=25

_ (25-20)
2)* (8)?

2’ ©)

25 25

7) Conclusion: Because 3.03 > 1.706 reject the null hypothesis. The data support the claim that the material from

company 1 has a higher mean wear than the material from company 2 at a 0.05 level of significance.

=3.03

c¢) For part (a) use a 95% two-sided confidence interval:
t0.025,26 = 2.056
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B sg
Xl_XZ OtV _+_<H1_H2 Xl—Xz) oy
ny nl
(25-20)-2. 056W < gy — 1, <(25-20)+2.056 (2) (8)

1.609 < gy —p, £8.391

For part (b) use a 95% lower one-sided confidence interval:
t)0s26 =1.706

2 2
S S
(X1 —%2)~to,y —l+—23H1—H2
2
(25-20)-1.706 @r (8 <u
25

2.186 <y — i,

For part a) we are 95% confident the mean abrasive wear from company 1 exceeds the mean abrasive wear from
company 2 by between 1.609 and 8.391 mg/1000.

For part b) we are 95% confident the mean abrasive wear from company 1 exceeds the mean abrasive wear from
company 2 by at least 2.186 mg/1000.

10-24  a)
1) The parameter of interest is the difference in mean coating thickness, 4 — s, , with Ag = 0.
2) Ho DM, = 0
AH: oy —1,>0
4) The test statistic is

v=18
(truncated)
6) X, =2.65 X, =2.55
s, =0.25 s,=0520.1
n,=11n,=13

o (265-259) e,

(0.25) . (0.5)°
11 13
7) Conclusion: Because 0.634 < 2.552, fail to reject the null hypothesis. There is insufficient evidence to conclude that
increasing the temperature reduces the mean coating thickness at o = 0.01.
P-value = P(t > 0.634), 0.25 < P-value <0.40

b) If o =0.01, construct a 99% two-sided confidence interval on the difference in means. Here,
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2 2
S .S
alZv X1 Xz) al2,v -+t
n n

. 25) (025’ (05
11 13

t0.005,10 = 2.878

(2.65—2.55)-2.878 <y —p, <(2.65-2.55)-2.878

—0.354 <1 — 1, <0554

Because the interval contains zero, there is no significant difference in the mean coating thickness between the two
temperatures.

10-25 a)
1) The parameter of interest is the difference in mean width of the backside chip-outs for the single spindle
saw process versus the dual spindle saw process , p; —p,
2) Ho: pp—pp=00r py=p,
3)Hi: py—pp =0 0F pg #py
4) The test statistic is

5) Reject the null hypothesis if to < — ta/2,nl+n2—2 where — to.ozazs =-2.0480rty> ty/o 0 n, 2

where 1 ,5,4 = 2.048 for o =0.05

—1)q2 _ N\e2

6)%, = 66385 X, =45.278 sp:\/(ni Ds; +(n, =1s;
n+n,—2
14(7. 2 +14(8.612)°
—~7.895" 7 =8.612° :\/ (7.895)" +14(8.612)° _g o6
28
n, =15 n, =15
(6035-45278) oo

8.261/i+i
15 15

7) Conclusion: Because 7.00 > 2.048, we reject the null hypothesis at o = 0.05. P-value = 0

b) 95% confidence interval: tg 525 = 2.048
o o 1 1 o o 1 1
(Xl ) al2,n+n, - (Sp) —+— S/ul_1u2 S(Xl_)(2)4_toz/Z,nl-¢—n2—2(sp) —+t—
n n n n
1

(66.385 — 45.278) — 2.048(8.26), | -— +% < 44~ 1, < (66.385 - 45.278) + 2.048(8.26), | - 1 T

1493 <y, —p, <27.28
Because zero is not contained in this interval, we reject the null hypothesis.

15 _ _ . 15+1
c) For $ <0.01 and d = ————=10.91, with a = 0.05 then using Chart VII (¢) we find n" > 15. Then N > =8

2(8.26)

10-23



Applied Statistics and Probability for Engineers, 6™ edition

10-26  a)
1) The parameter of interest is the difference in mean blood pressure between the test and control groups, p; —p, ,
with AO =0

2)Ho: pmp—pp=00r py =p,
3)Hii puy—pp <00r py <py
4) The test statistic is

—+
n-1 n,-1
v=12
6)
X, =90 X, =115
=5 s =10
ng = 8 n, = 9
t, = 7(902_115) — = —6.63
6, (0)
8 9

7) Conclusion: Because —6.62 < —1.782 reject the null hypothesis and conclude that the test group has higher mean
arterial blood pressure than the control group at the 0.05 level of significance.

P-value = P(t < -6.62): P-value=0

b) 95% confidence interval: 1 ,5,,=1.782

lu_l._lu2 S(Yl_xz)_'_tot,v

2 2
W — 1, <(90-115) +1.782 %+£

M —u, <-18.28

Because zero is not contained in this interval, we reject the null hypothesis.

0)
1) The parameter of interest is the difference in mean blood pressure between the test and control groups, p; —p, ,
with Ao =-15

2 Ho: py —, =—=15 or py=p,

3H: 4y — a1, <15 or g < p, —15
4) The test statistic is
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V= 5 =12
n, + n,
n-1 n,-1
v =12
=5 s =10
ng = 8 n, = 9
{ = (90 —2115) +125 265
©°, )
8 9

7) Conclusion: Because —2.65 < —1.782 reject the null hypothesis and conclude that the test group has higher mean
arterial blood pressure than the control group at the 0.05 level of significance.

d) 95% confidence interval: 1, g5,,=1.782

M — 1, <—18.28

Because -15 is greater than the values in this interval, we are 95% confident that the mean for the test group is at least
15 mmHg higher than the control group.

10-27  a)
1) The parameter of interest is the difference in mean number of periods in a sample of 200 trains for two different
levels of noise voltage, 100mv and 150mv
M1 — Mo, With Ag=0

2) Ho: pp—pp=00r py=p,

My —p, >00r 14> i,
4) The test statistic is

5) Reject the null hypothesis if to >t _pyWhere 1; 595 = 1.645 for a. = 0.05

6) 1L 2
X =79 X,=6.9 o - |- +(ny ~ D5}
P ng+n,—2
2 2
S 26 s, —os _ \/99(2.6) +9924° _, .
198
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n, =100  n, =100
(7.9-6.9)
oL, 1
100 ' 100

7) Conclusion: Because 2.82 > 1.645, reject the null hypothesis at the 0.05 level of significance.

t, = =282

P-value =P (t > 2.82) P-value =0.0025
b) 95% confidence interval: 1y 5,95= 1.645

- o /1 1
o~ 2(Xl_)(2)_.[0:,n1+n2—2(sp) —+—
nl n2

M — 1, 20.418

Because zero is not contained in this interval, reject the null hypothesis.

10-28  a) The probability plots below show that the normality assumptions are reasonable for both data sets.

Probability Plot of Paper1l
Normal

95
90 -
80
70 4
£ 60
Q
O 50-
£
301
201
10 4
54
1
Probability Plot of Paper2
Normal
-]
95 4
90 4
80.
704
‘E 60
Q
& 5
20 4
10
54
14 T T T T
3.23 3.24 3.25 3.26 3.27
Paper2

b)
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1) The parameter of interest is the difference in mean weight of two sheets of paper, p; —p, . Assume equal variances.
2) Ho: pp—pp=00r py=p,

3)Hit py—pp #0 01 py = py

4) The test statistic is

t _(_1_)_(2)_A0
0
1 1
Sp —t+—
n, n

5) Reject the null hypothesis if ty< =1, , ., Where — g5 ,5=~2.048 0r to > to /2, 1, o Where
1002526 = 2.048 for o = 0.05

6)%, =3472 X, =3.2494

s? =0.00831% s? =.00714°

(nl _1)512 + (nz _1)522
n+n,-2

Ny =15 Ny =15 S =

=.00775

~ \/14(.00831)2 +14(0.00714)>
28

t, = 78.66

7) Conclusion: Because 78.66 >2.048, reject the null hypothesis at o = 0.05.

P-value = 0

0)

1) The parameter of interest is the difference in mean weight of two sheets of paper, p; —p,
2) Ho: pp—pp=00r py=p,

) Hi:pg—pp =008 py#py

4) The test statistic is

_ ()_(1 —X ) — A

t, =t 220
1
S, |+
nl n2

5) Reject the null hypothesis if t < _talz,nﬁnrz where — t0.00528: —2.763 0rto> ty /2 n +n,—2 Where

N

to.005.28 = 2.763 for o = 0.01
)X, =3.472 X, =3.2494

s? =0.00831% s? =.00714%
n, =15 n, =15

=.00775

(n, -1)s? +(n, —1)s? _ \/14(.00831)2 +14(0.00714)>
n+n,—-2 28

t, = 78.66

7) Conclusion: Because 78.66 > 2.763, reject the null hypothesis at o = 0.01. P-value = 0

d) The answer is the same because the decision to reject the null hypothesis made in part (b) was at a lower level of
significance than the test in (c). Therefore, the decision is the same for any value of a larger than that used in part (b).
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10-29

Alternatively, the P-value from part (b) is essentially 0, meaning that for any level of a greater than or equal to the P-
value, the decision is to reject the null hypothesis.

e) 95% confidence interval for part (b): tg 2528 = 2.048

o o 1 1 o 1 1
(% _X2)_ta/2,n1+nz—2(sp) n_+n_ < gy — 1, < (%, _X2)+ta/2,n1+n2—2(sp) n—+n—
N, \n

0.216 < g4 — 11, <0.228
Because zero is not contained in this interval we reject the null hypothesis.

99% confidence interval for part (C): tg 0528 = 2.763

1 1 /1 1
X —X,)—-t S ) |—+— =<y —p, <(X —X,)+t S,).|—+—
(Xl 2) a/2,n1+n272( p) nl n2 :ul /uz (Xl 2) a/2,n1+n272( p) nl n2

0.215< g — 1, £0.230
Because zero is not contained in this interval we reject the null hypothesis.

a) The data appear to be normally distributed and the variances appear to be approximately equal. The slopes of the
lines on the normal probability plots are almost the same.
Probability Plot for Brand 1 and Brand 2
ML Estimates
99 , > —
i 7 : Variable

—o— Brand 1

—eo— Brand 2

80 é
70 -
60

40

Percent

20 s ' i
5 i ,v‘:‘// 4 §-- /{

1

220 230 2:10 250 260 270
Data
b)
1) The parameter of interest is the difference in mean overall distance, £ — 14, , with Ag= 0

2) Hot gy =1, =0 or 1y =1,

AHy: py—p, 20 0r gy # 41,
4) The test statistic is

t = (X1_72)_A0
= ——

1 1
S, /— +=
nl n2

5) Reject the null hypothesis if t; < —t ortg>t where 1, 6,5 = 2.101 for o = 0.05

al2,n+n, -2 al2,n+ny -2
_ 2 _ 2
6) K =2521 iz =2426 Sp :\/(n]_ 1)51 +(n2 1)52
n+n,—2
2 2
5, =7.61 s, =9.26 - J9(7'61) +909.28)” _g 04
20
n, =10 n, =10
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. _ (2521-2426)

0
8.04 /1+1
10 10

7) Conclusion: Because 2.642 > 2.101 reject the null hypothesis. The data support the claim that the means differ at a. =
0.05.

P-value = 2P (t > 2.642) P-value ~ 2(0.01) = 0.02

1 1 1 1
% %)t /— < <(X =% )4t s |—+—
0) (% -%)-t,.8, T (% —%)+t,.,8, o

1 1 1 1

252.1-242.6)—-2.101(8.04), |— +— < 14 — 1, <(252.1-242.6)+ 2.101(8.04), | — + —

( ) (8.04) 15" 1p St # =( ) 1 )’flo 10
194 <y — i, £17.05

=2.642

45

dyd= =0.28 £=0.95 Power =1 - 0.95=0.05
2(8.04)
e) f=0.25 d= 2.75 =0.171 n*=100 Therefore, n =51
2(8.04)

10-30  a) The data appear to be normally distributed and the variances appear to be approximately equal. The slopes of the
lines on the normal probability plots are almost the same.

Normal Probability Plot for Club1...Club2

ML Estimates - 95% ClI

. Clubl
Club2

Percent
8
|

b

1; The parameter of interest is the difference in mean coefficient of restitution, p; —u,
2)Ho: pmp—pp=00r py =p,

) Hi:pg—pp =008 py#py

4) The test statistic is

_ (i —%) -4

(11

Sy |— +—
P ng N

to

5) Reject the null hypothesis if to < —t; 5 n 4n,—2 O to> o2 n 4n, 2 Where '[0_02522 =2.074 for a.= 0.05

(ny = Ds{ +(np ~1)s5
ng+n, -2

6) X, =0.8161 X, =0.8271s, = \/

s —00217 s, —00175 _ \/11(0.0217)2 2+2 OO 100,
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ng = 12 n, = 12
. _(08161-08271) _ .o,
0.0197 i+i
12 12

7) Conclusion: Because —1.367 > —2.074 fail to reject the null hypothesis. The data do not support the claim that there
is a difference in the mean coefficients of restitution for clubl and club2 at o = 0.05

P-value = 2P (t < —1.36), P-value ~2(0.1) = 0.2

¢) 95% confidence interval

_ 1 1 _ 1 1
(Xl_xz)_ta,vsp n*+n7£:u1_ﬂ2£(x1_x2)+ta.vsp ni"'n*
1 2 1 2

1

(0.8161- 0.8271) — 2.074(0.01971) % +% <11, — 11, <(0.8161—0.8271) + 2.074(0.01971) %Jr o

—0.0277 <y — 1, <0.0057
Because zero is included in the confidence interval there is not a significant difference in the mean coefficients of
restitution at o = 0.05.

d) d ___02 —5.07 /B30, Power=l
2(0.01971)
_ _ 01 * — * 1 ~
e) 1-5=08 =02 d=—" =283 n*=4, no oo n=3
2(0.01971) 2
Section 10-3
10-31 a)

1) The parameters of interest are the mean current (note: set circuit 1 equal to sample 2 so that Table X can be used.
Therefore, p; = mean of circuit 2 and p, = mean of circuit 1)

) Ho =1,
HH >,
istic i n,+n,)(n,+n, +1
4) The test statistic is \, _ (n, 2)(21 > )_W1
5) Reject Hg if w, < W;m: 45. Because o = 0.01 and ny; = 8 and n, = 9, Appendix A, Table X gives the critical value.

6) w, = 78 and w, = 75 and because 75 is less than 45, fail to reject Hy
7) Conclusion, fail to reject Ho. There is not enough evidence to conclude that the mean of circuit 2 exceeds the mean
of circuit 1.

?; The parameters of interest are the mean image brightness of the two tubes
2. Hoi =,

3. H >,

4) The test statisticis , _ W, — 4,

° o
w

5) We reject Hy if Zy > Zg 925 = 1.96 for . = 0.025
6)w, =78, 4, =72and O, =108
 78-72

z, = =0.58
10.39

Because Z, < 1.96, fail to reject Hy

7) Conclusion: fail to reject Hy. There is not a significant difference in the heat gain for the heating units at o = 0.05.
P-value = 2[1 - P(Z < 0.58 )] = 0.5619
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10-32

10-33

10-34

b)

1) The parameters of interest are the mean flight delays
2)Hy i =,
JH =,
istici n, +n,)(n, +n, +1
4) The test statistic s, _ (n, 2)(21 ,+1D —w,
5) Reject Hp if w < W;.o5 = 26. Because o = 0.05 and n; = 6 and n, = 6, Appendix A, Table X gives the critical value.

6) w; =40 and w, = 38 and because 40 and 38 are greater than 26, fail to reject H
7) Conclusion: fail to reject Hy. There is no significant difference in the flight delays at o = 0.05.

a)

1) The parameters of interest are the mean heat gains for heating units
2) Hy iy = 1y

) Hytuy =

n +n,)(n, +n, +1
4) The test statistic is W, = (n 2)(21 - )—Wl
6) We reject Ho if w < W] ,, = 78, because o = 0.01 and n; = 10 and n, = 10, Appendix A, Table X gives the critical

value.
7.wy; =77 and w, = 133 and because 77 is less than 78, we can reject Hy
8. Conclusion: reject Hy and conclude that there is a significant difference in the heating units at o = 0.05.

b)
1) The parameters of interest are the mean heat gain for heating units
) Hy i = p,
) Hy i #
W —
4) The test statistic is z, = b Sla Y
O-Wl

5) Reject Hy if [Zo| > Zg 005 = 1.96 for o = 0.05
6)w, =77, 4, =105and Oy, =175

, _171-105 - 505
° 1323 '

Because |Z, | > 1.96, reject Hy
7. Conclusion: reject Hy and conclude that there is a difference in the heat gain for the heating units at o = 0.05.
P-value =2[1-P(Z<2.19)] =0.034

a)

1) The parameters of interest are the mean etch rates
) Hyipy =
) H, iy = py
n+n)n +n, +1
4) The test statistic is W, = (n 2)(21 - )—Wl
5) We reject Hg if w < W;.OS =78, because o = 0.05 and n; = 10 and n, = 10, Appendix A, Table X gives the critical

value.
6. w; =74 and w, = 136 and because 74 is less than 78, we reject Hy
7. Conclusion: reject Hy and conclude that there is a significant difference in the mean etch rate at o = 0.05.

1) The parameters of interest are the mean temperatures

) Hyipy =y
) H, i #
W —
4) The test statistic is z, = M
Oy
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10-35

10-36

5) We reject Hy if |Zg| > Z 025 = 1.96 for o = 0.05
6)wy =74, u, =105and oy, =175
_ 74-105

Z, =
13.229
Because |Z,| > 1.96, it rejects Hy
7) Conclusion: It rejects Ho. There is a difference in the pipe deflection temperatures at o = 0.05.
P-value =2[P(Z <-2.343)] =0.019

=-2.343

a)
1) The parameters of interest are the mean temperatures
2) Hy iy =1
Y H i *p,
+n,)(n,+n, +1
4) The test statistic is W, = (n 2)(21 2 )—Wl

5) We reject Hy if w < W;.OS =185, because a. = 0.05 and n; = 15 and n, = 15, Appendix A, Table X gives the critical

value.
6) wy = 259 and w, = 206 and because both 259 and 206 are greater than 185, we fail to reject H,
7) Conclusion: fail to reject Ho. There is not a significant difference in the mean pipe deflection temperature at o = 0.05.

b)
1) The parameters of interest are the mean etch rates
) Hyipy =y
) H, i #
W, —
4) The test statistic is 7, = ——
W

5) We reject HO if |Zo| > 20.025 =1.96 for a =0.05
6) w; =259, 1, =2325and o2 = 58125

_259-232.5 11

Z, =
24.11
Because |Z,| < 1.96, do not reject Hy
7) Conclusion: Fail to reject Hy. There is not a significant difference between the mean etch rates.
P-value = 0.2713

a) The data are analyzed in ascending order and ranked as follows:

Group Distance Rank
2 223 1.0
2 236 2.0
2 238 3.0
1 240 4.5
2 240 4.5
2 242 6.0
1 244 7.0
2 245 8.0
2 247 9.0
1 248 11.0
1 248 11.0
2 248 11.0
2 250 13.0
1 251 145
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1 251 14.5
1 255 16.0
2 257 17.0
1 259 18.0
1 262 19.0
1 263 20.0

The sum of the ranks for group 1 is w; = 135.5 and for group 2, w, = 74.5. Because W, is less than Wy o5 =78, we
reject the null hypothesis that both groups have the same mean.

b) When the sample sizes are equal it does not matter which group we select for w,
_10(10+10+1)

H, 5 =105
*
o2, 10 10(10+10+0) _,
i 12
_1355-105

N7

Because zq> z 905 = 1.96, reject Hy and conclude that the sample means for the two groups are different.
When z, = 2.31, P-value = 0.021

Section 10-4

1037 a) d =0.2738 s,=0.1351,n=9
95% confidence interval:

_ S — S
d _ta/2,n—1(ﬁ) <py <d +ta/2,n—1(ﬁj

0.1351 0.1351

j < py <0.2738+ Z.BOG(TJ

0.2738 - 2.306(

0.1699 < g <0.3776

With 95% confidence, the mean shear strength of Karlsruhe method exceeds the mean shear strength of the Lehigh
method by between 0.1699 and 0.3776. Because zero is not included in this interval, the interval is consistent with
rejecting the null hypothesis that the means are equal.

The 95% confidence interval is directly related to a test of hypothesis with 0.05 level of significance and the conclusions
reached are identical.

b) It is only necessary for the differences to be normally distributed for the paired t-test to be appropriate and reliable.
Therefore, the t-test is appropriate.
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10-38

Normal Probability Plot

.999 ~
.99
.95 ]
P
= 80 A
Qo
8 50 A
o
E .20 ]
o 1 -°
.01
.001 +
0.2‘].2 0.2‘2 0.:;)2 0.4;»2 0.5‘:2
diff
Average:0273889 Anderson-DarlingNormalily Test
StDev:0.135099 A-Squared:0.318
N:9 P-Value: 0464
a)
1) The parameter of interest is the difference between the mean parking times, p,
2) Ho . Hg = 0
3) Hi: Hgq # 0
4) The test statistic is
Lo d
sy /4/n
5) RejeCt the null hypOtheSiS if < —t 0.05,13 where _t0.05,l3: -1.771or to> t0.05,l3 where t0_05’13 =1.771 for .= 0.10
6) d=1.21
Sq = 12.68
n=14
121
= 0357
12.68//14

7) Conclusion: Because —1.771 < 0.357 < 1.771, fail to reject the null. The data fail to support the claim that the two cars
have different mean parking times at the 0.10 level of significance.

b) The result is consistent with the confidence interval constructed because zero is included in the 90% confidence
interval.

¢) The data fall approximately along a line in the normal probability plots. Therefore, the assumption of normality does
not appear to be violated.
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Normal Probability Plot

.999

.99 7

Pr .95
ob .80 T
abi 50 1
lity 50
.05 7

.01

.0011

-20 0 20
diff
Average: 1.21429 Anderson-Darling Normality Test

StDev: 12.6849 A-Squared: 0.439
N: 14 P-Value: 0.250

10-39 d =868.375 s,=1290,n=8 where d;=brand 1 — brand 2
95% confidence interval:
Sq

— S —
d—t,2n1 (\/—dﬁj Spg <d 41,00 [ﬁj

868.375— 2.365[@] < py <868.375+ 2.365[@j

NE] B
—210.26 < 114 <1947.01
Because this confidence interval contains zero, there is no significant difference between the two brands of tire at a 5%
significance level.

10-40  a) The data fall approximately along a line in the normal probability plots. Therefore, the assumption of normality does
not appear to be violated.

Probability Plot of diff
Hama

H

Poxr ot

« B HEBEDHEE B B

-

b)d =0.667 s4=2.964,n=12

95% confidence interval:

_ S — S
d _talz,nl(\/dﬁj <py <d +ta/2,nl(\/dﬁJ

2.964 2.964
0.667 —2.20 < u, <0.667 +2.201] ==
V12 j Ha l( V12 j

~1.216 < g < 2.55
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10-41

10-42

Because zero is contained within this interval, one cannot conclude that one design language is preferable at a 5%
significance level

a)

1) The parameter of interest is the difference in blood cholesterol level, py where d; = Before — After.
2)Ho: pg =0
3)Hi:pg>0
4) The test statistic is
d

t, =

’ Sq NG
5) Reject the null hypothesis if ty > t( o514 where tgg514 = 1.761 for o= 0.05
6) d = 2553
sq = 18.75
n=15

- 25.53 ~5973

18.75/4/15

7) Conclusion: Because 5.273 > 1.761, reject the null hypothesis. The data support the claim that the mean difference in
cholesterol levels is significantly less after diet and an aerobic exercise program at the 0.05 level of significance.

P-value = P(t >5.273) =0

b) 95% confidence interval:

- S
d _ta,nl(\/dﬁJ < Hy

18.75
25.53-1.761] — |<
TSJ My
17.00 < 1y

Because the lower bound is positive, the mean difference in blood cholesterol level is significantly less after the diet and
aerobic exercise program.

a)

1) The parameter of interest is the mean difference in natural vibration frequencies, py where d; = finite element —
equivalent plate.

2) Ho : Hg = 0

H: py #0
4) The test statistic is

d
th =
0 Sd/\/ﬁ

5) Reject the null hypothesis if to < —T; go5 OF to> Ty 556 Where toooss = 2.447 for o= 0.05

6) d =—5.49
sq = 5.924
n=7
549

2
° " 5024/47

7) Conclusion: Because —2.45 < —2.447, reject the null hypothesis. The two methods have different mean values for
natural vibration frequency at the 0.05 level of significance.

b) 95% confidence interval:

_ S B S
d _talz,nl[\/dﬁ] <py <d +ta/2’"1(\/dﬁj
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10-43

10-44

5.924
ﬁ
~10.969 < sy < -0.011

—5.49—2.447[ 5'924]

J <uy <549+ 2.447(\/7

With 95% confidence, the mean difference between the natural vibration frequency from the equivalent plate method and
the finite element method is between —10.969 and —0.011 cycles.

a

1)) The parameter of interest is the difference in mean weight, pnd where di = Weight Before — Weight After.
2)Ho: g =0

3)Hy: 4 >0

4) The test statistic is

d
sq /N

5) Reject the null hypothesis if t > t o5 o Where tg 59 = 1.833 for o= 0.05

t0:

6) d =8
n=10

8
f=— > =7.906
® " 32/410

7) Conclusion: Because 7.906 > 1.833 reject the null hypothesis and conclude that the mean weight loss is significantly
greater than zero. That is, the data support the claim that this particular diet modification program is effective in
reducing weight at the 0.05 level of significance.

b
1; The parameter of interest is the difference in mean weight loss, py where d; = Before — After.
2)Ho: pg =10
3)Hi: oy >10
4) The test statistic is
- d A
Sq /n

5) Reject the null hypothesis if ty > tg o5 o Where tg 59 = 1.833 for o = 0.05

ty

6) d =8
Sd:32
n=10

_ 8-45

ETYN T

7) Conclusion: Because 3.46 > 1.833 reject the null hypothesis. There is evidence to support the claim that this particular
diet modification program is effective in producing a mean weight loss of at least 4.5 kg at the 0.05 level of
significance.

¢) Use sq4 as an estimate for o:

2
2, +124)0, 2
(7 +25)06 | _((1.645+1.29)32 088 net
10 10
Yes, the sample size of 10 is adequate for this test.
a)

1) The parameter of interest is the mean difference in impurity level, pg, where d; = Test 1 — Test 2.
2) Ho . /“ld = o
3) Hl . Hd #0
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10-45

4) The test statistic is

_
’ s, //n

5) Reject the null hypothesis if to < — T 595, or to> 1 5957 Where T; 057 =3.499 for o = 0.01

t

6) d =-0.2125
s = 0.1727
-0.2125
n=8 =% _ 348
°0.1727/8

7) Conclusion: Because —3.499 < -3.48 < 3.499, fail to reject the null hypothesis. There is not sufficient evidence to
conclude that the tests generate different mean impurity levels at o = 0.01.

b

1; The parameter of interest is the mean difference in impurity level, py, where d; = Test 1 — Test 2.
2)Ho: 1y +0.1=0

3)Hi: py +0.1<0

4) The test statistic is

. d+0.1
° s, //n
5) Reject the null hypothesis if to < -t o5 , where 1; 5 ;= 1.895 for o = 0.05
6) d =-0.2125
sq =0.1727
n=_
02125401 0,
0.1727//8

7) Conclusion: Because —1.895 <—1.8424, fail to reject the null hypothesis at the 0.05 level of significance.
c)p=1-0.9=01
0.
K B
0.1727

n = 8 is not an adequate sample size. From the chart VIlg, n =~ 30

a) The data in the probability plot fall approximately along a line. Therefore, the normality assumption is reasonable.

Normal Probabiltiy plot of the difference of IQ
Normal
9
Mean -0.015
StDev 0.5094
95 N 10
KS 0.149
£ P-Value >0.150
80 -
70
£ o0
8 50
T
& ©1
30
20
10
5 -
14
-1.5
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b)

d =-0.015
sq = 0.5093
n=10

toloza9 =2.262

95% confidence interval:

_ s - .
d —ta/z‘“[ﬁ] <pq <d +ta/2vn1(\/dﬁj
-0.379 < p, <0.3493

Because zero is contained in the confidence interval, there is not sufficient evidence that the mean 1Q depends on birth
order.

¢)p=1-09=0.1
qea Pl

o S
Thus 6 < n would be enough.

=1.96

10-46  a) Let X, =X, —X; and X,5 = X5 — X, and Xy = X,5 — X,
1) The parameter of interest is the mean difference in circumference pg where X; = X, — X,
2)Ho: py =0

3H: uy #0
4) The test statistic is

.
’ s, //n

5) Reject the null hypothesis if to < — Ty 355, OF to > 1j 955 4 Where 1,5, = 2.776 for o = 0.05

t

6) d=28.6

sq = 7.829

n=5 0 = L =
7.829//5

7) Conclusion: Because -2.776< 2.456< 2.776, fail to reject the null hypothesis. There is not sufficient evidence to
conclude that the means are significantly different at o = 0.05.

b) Let Xg; = X, — X

Let Xy = X;, — Xg7

1) The parameter of interest is the mean difference in circumference py where X, = X, — X5
2)Ho: 1y =0

3H: uy >0
4) The test statistic is

.
’ s, //n

5) Reject the null hypothesis if ty > t, o5 , where t) 5 4= 2.132 for 0. = 0.05

t

6) d=-24.4
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—-24.4

° 75145
7) Conclusion: Because 7.27 > 2.132, reject the null hypothesis. The means are significantly different at o = 0.1.

=7.27

P-value =P(t>7.27) =0
¢) No, the paired t test uses the differences to conduct the inference.

10-47 1) Parameters of interest are the median cholesterol levels for two activities.
2)H, g, =0 or 2)Ho i —pu, =0
3)H1:ﬁo>0 3)H1:ﬁ1_ﬁ2>0
4r
5) Because oo = 0.05 and n = 15, Appendix A, Table VIII gives the critical value of I’O*_OS: 3. We reject

Hg in favor of Hy if r < 3.
6) The test statistic is r = 2.

Observation  Before  After Difference Sign

1 265 229 36

2 240 231 9 +
3 258 227 31 +
4 295 240 55 +
5 251 238 13 +
6 245 241 4 +
7 287 234 53 +
8 314 256 58 +
9 260 247 13 +
10 260 240 20 +
11 283 246 37 +
12 240 218 22 +
13 238 219 19 +
14 225 226 -1 -
15 258 244 14 +

15
P-value=P(R" >r"=14|p=05) = Z(l‘r’](o.ar (0.5)%" =0.00049

r=13
7) Conclusion: Because the P-value = 0.00049 is less than o = 0.05, reject the null hypothesis. There is a significant
difference in the median cholesterol levels after diet and exercise at o = 0.05.

10-48 1) The parameters of interest are the median cholesterol levels for two activities.
2) and 3) Ho up =0 o Hoipy —p1, =0
Hytwp >0 Hytpy —p, >0
4w
5) Reject Ho if w™ < W;.05n:15 =30 for o =0.05
6) The sum of the negative ranks isw™ = 1.

Signed
Observation  Before After Difference Rank
14 225 226 -1 -1
6 245 241 4 2
2 240 231 9 3
5 251 238 13 4.5
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9 260 247 13 45
15 258 244 14 6
13 238 219 19 7
10 260 240 20 8
12 240 218 22 9
3 258 227 31 10
1 265 229 36 11
11 283 246 37 12
7 287 234 53 13
4 295 240 55 14
8 314 256 58 15

7) Conclusion: Because w™ = 1 is less than the critical value W;.05n:15 =30, reject the null hypothesis. There is a

significant difference in the mean cholesterol levels after diet and exercise at o. = 0.05.

The previous exercise tests the difference in the median cholesterol levels after diet and exercise while this exercise
tests the difference in the mean cholesterol levels after diet and exercise.

Section 10-5
10-49 a)f =1.89 d) f = ! ! 0529
- 0.25,105 = L. 075510= ——— =——=0.
foos105 189
b) f =2.28 f =1 1
) fo10,240= 2. &) fogoe0=—_ — —_— _ 034
fO.lO,lO,G 2.94
1 1
C) fo0s,815 = 2.64 f)fogsgis=————="2-= 0.311
f0.05,15,8 3.22
10'50 a) f0.25'7'15 =147 d) f0.75’1517 = 1 _ 1 _ 068
f0A25,7,15 147
b) fo.101012 = 2.19 e) fog010,12 = 1 _ 1 _ 0.438
f0.10,12,10 228
1 1
©) foou515 = 2.27 f) foge2010=7——=—---=0297

foor1020 337
10-51 1) The parameters of interest are the standard deviations c,,c,
DH: o} =0,
3)H: 07 <O
4) The test statistic is
S
fO = —2
S

5) Reject the null hypothesis if f, < f.o.95,4,9 =1/ f.0.05,9,4 =1/6 = 0.1666 for o = 0.05

2
1

6) n; =5 n, =10 s} =298 S =375
;=298 _ 705
(37.5)

7) Conclusion: Because 0.1666 < 0.795 do not reject the null hypothesis.
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10-52

10-53

95% confidence interval:

0-12 < S12
0_2 = S_z 1-a,n,-1,n-1
2 2
2
29.8 _ 2
< (5rrg) fooss.d Where fosea=6.00 91 476g0r % cp1g4
O .

2 (oF 0,
Because the value one is contained within this interval, there is no significant difference in the variances.
1) The parameters of interest are the standard deviations, c;,0,
QH: oF =05

) H,: of >07
4) The test statistic is

2
Si
fO = —2
S
5) Reject the null hypothesis if fo > o, 19, = 6.16for e =0.01
6) n, =20 n, =8 s =123 s,” =85
12.3
f,=——=1.447
8.5

7) Conclusion: Because 6.16 > 1.447, fail to reject the null hypothesis.

95% confidence interval:

2 2
S o1
2 0.99,n,-1,n-1 — 2
2 L 0,
o2 2
1.447(1/6.16) < 7L 0.235< %L
o, o,

Because the value one is contained within this interval, there is no significant difference in the variances.
a)

1) The parameters of interest are the standard deviations, oy ,0,

2)Ho: 012 = 0'22

3)Hy: of # 02
4) The test statistic is

2
.
07 2
S2
5) Reject the null hypothesis if fo < 751414 =0.330r fo> f 0051414 =3 for o =0.05
6) n, =15 n, =15 s2=25 $3 =22
fo = 25_ 1.14
2.2

7) Conclusion: Because 0.333 < 1.14 < 3, we fail to reject the null hypothesis. There is no sufficient evidence that there is
a difference in the standard deviation.
95% confidence interval:

2 2 2
St f < o1 < St f

2 | "1—al2n,-lm-1=">5 = o | 'al2n-1n-1
52 o, 32
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2 2

1.14)0.333< 2L < (1.14)3 038<2L <342
2 2
) (e

Because the value one is contained within this interval, there is no significant difference in the variances.

by A= =2
O

m=n,=5
0=0.05

Chart VII (o) we find = 0.35 then the power 1 — B =0.65

©)B=0.05and o, =0,/2 sothat = =2andn~31
O

10-54 1) The parameters of interest are the variances of concentration, cf,cg
2)Hy: G]Z_ = G%
3)H;: o? 23
4) The test statistic is

P

0 2
2

w

0.05
5, =64 s, =48
2
0= (6'4)2 =1.778
(4.8

7) Conclusion: Because 0.265 < 1.778 < 3.12, fail to reject the null hypothesis. There is not sufficient evidence to
conclude that the two population variances differ at the 0.05 level of significance.

10-55 a)
1) The parameters of interest are the time to assemble standard deviations, c;,5, where Group 1 =men and Group 2 =
women
2)Hy: G]Z_ = G%
3)H;: G]Z_ #* G%
4) The test statistic is

5) Reject the null hypothesis if f, < fl—a/Z,n1—l,n2—1 =0.365or f, > fa,zynl_l’nz_1 =2.86 for o = 0.02
6) N, =25 N, =215, =0.98S, =1.02
f, = (0.98)°

(1.02)

7) Conclusion: Because 0.365 < 0.923 < 2.86, fail to reject the null hypothesis. There is not sufficient evidence to support
the claim that men and women differ in repeatability for this assembly task at the 0.02 level of significance.

=0.923

ASSUMPTIONS: Assume random samples from two normal distributions.

b) 98% confidence interval:

2 2 2

S <9 S

52 l-al2,n,-1lm-1 — 2 — 52 al2,n,-1n-1
2 2 2
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10-56

10-57

1 -t 1 =0.350

al2,n-1n,-1 f0A0124,20 286
2
(0.923)0.350 < ZL < (0.923)2.73

0'2

fl—a/Z,nz—l,nl—l = £

2
0.323< 2L <2527
0,

Because the value one is contained within this interval, there is no significant difference between the variance of the
repeatability of men and women for the assembly task at a 2% significance level.

a) 90% confidence interval for the ratio of variances:

2 2 2

S <O |5 |t
l-a/2,n,-1,n-1 — - /2,n,-1,m-1

522 ol 2,n=1m 0_22 522 al2,n-1m

2
[8 22 JO 156 < glz . (8 22 JG 39 008775 < 7L < 3504
: o, :

G2

b) 95% confidence interval:

2 2 2
S f < O < S f
522 I-a/2,n,-1n-1 — 0_22 - 522 al2,n,-1,n-1

2 2 2
[wJO.104§G—1<£(06) Jgso 00585< 2L <54

(08)? o5 ((08)® cg B

The 95% confidence interval is wider than the 90% confidence interval.

) 90% lower-sided confidence interval:

2 2
S_l f <O__l
Ta,n-Ln-1 =

0,6 2 2
(( ) J0.243§% 0_137§i
2

O,

A 90% lower confidence bound on 21 is given by 370 < %%
0, O'z
a) 90% confidence interval for the ratio of variances:

2 2
(o
£, <% |3y
al2,m-1n,-1 2 2 al2,m-1n,-1
0, S,

2 2
(O 39 10.412< % <[ (03915 33 0.1602 < 2L <0.9061
(. 90) 5 (0.90) ol

b) 95% confidence interval:
ot (s
( ] 1-a/2,m-1n,-1 30_122S g fa/2,nl—l,n2—l

2 2
(0 35) 2 < (0'35) 2.82 0.133< 2L <1.097
(. 90) 02 (0.90) o’

The 95% confidence interval is wider than the 90% confidence interval.

¢) 90% lower-sided confidence interval:

10-44
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10-58

10-59

10-60

2 2
S 0,
2y <9

2 l-a,n-1n,-1 2
s? o

(@jo.soosa—12 0194<%  0aa1<%
(0.90) o} ol o,

1) The parameters of interest are the strength variances, af , o-22
2Ho: o =0}

3)Hi: of # 07

4) The test statistic is

(%]

2
f=L
2
5) RejeCt the null hypOthesiS if fo < f0_975’9'15 where f0_975’9'15 =0.265 or fg > f0_025’9'15 where f0_025’9'15 =3.12fora=
0.05

6) n, =10
s, =15

w

n, =16
s, =30
_ @5y’
" (30)°
7) Conclusion: Because 0.25 < 0.265 reject the null hypothesis. The population variances differ at the 0.05 level of
significance for the two suppliers.

=0.25

1) The parameters of interest are the melting variances, o7, o>
2Ho: o =0}

3)H,: o’ # o7

4) The test statistic is

5) Reject the null hypothesis if fy < fg 975 20,20 Where g g7520,20 = 0.4058 or fy > 5 925 20,20 Where g g2520,20 = 2.46 for o

=0.05

6) =21
S =2

s, = 1.7
@’
f, = 5
@.7)

7) Conclusion: Because 0.4058 < 1.384 < 2.46 fail to reject the null hypothesis. The population variances do not differ at
the 0.05 level of significance.

=1.384

1) The parameters of interest are the thickness variances, cf,c%
2 Ho: o =0}
3)Hi: of # 07

4) The test statistic is

2

f=

2
2

w | »n

5) Reject the null hypothesis if fo < T ggc101,where fgge101,=01766 or fo> f( 05101, where foo0s101,=
5.0855 for o = 0.01
6) n, =11

s, =0.25
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0.25)%
f, = ( )2 =0.25
(0.5
7) Conclusion: Because 0.1766 < 0.25 < 5.0855 fail to reject the null hypothesis. The thickness variances are not
significantly different at the 0.01 level of significance.

10-61 1) The parameters of interest are the overall distance standard deviations, o, , o,
QHo: of =03

3)H,: o? # o7

4) The test statistic is

5) Reject the null hypothesis if fo < f g g7c94 =0.2480r fy> f )54 =4.03 for 0= 0.05

6) n, =10 n, =10 s, =761 s, = 9.26
2
f, = (7'61)2 = 0.6754
(9.26)

7) Conclusion: Because 0.248 < 0.6754 < 4.04 fail to reject the null hypothesis. There is not sufficient evidence that the
standard deviations of the overall distances of the two brands differ at the 0.05 level of significance.
95% confidence interval:

2 2 2
S_l f < O-_l < S_l f
2 l-al2,m-1n,-1 — 2 — 2 al2,m-1n,-1
S; 0, S;
2

2
(0.6754)0.248 < 7L < (0.6754)4.03 0.168< 2L <2723

O, O,

A 95% lower confidence bound on the ratio of standard deviations is given by 0.41< S < 1.65
O,

Because the value one is contained within this interval, there is no significant difference in the variances of the
distances at a 5% significance level.

10-62 1) The parameters of interest are the time to assemble standard deviations, c;,c,
2) Hp: 032_ = c%

3)H;: cf # c%
4) The test statistic is

5) Reject the null hypothesis if f, < f.o.97511,11: 0.288 or fo > f0.02511,11 =3.474 for o = 0.05
6) n, =12 n, =12 S, =0.0217 s, =0.0175
_(0.0217)° _,
°(0.0175)

7) Conclusion: Because 0.288 < 1.538 < 3.474, fail to reject the null hypothesis. There is not sufficient evidence that there
is a difference in the standard deviations of the coefficients of restitution between the two clubs at the 0.05 level of
significance.

538

95% confidence interval:

S f O[S f
S; l-al2,n,-1,n -1 — 622 - S; al2,n,-1,n -1
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10-63

10-64

2 2
(1.538)0.288 < 7L < (1.538)3.474 0.443< %L <5343

O, o,

A 95% lower confidence bound the ratio of standard deviations is given by 0 666 < 2% < 2.311

O,
Because the value one is contained within this interval, there is no significant difference in the variances of the coefficient
of restitution at a 5% significance level.

1) The parameters of interest are the variances of the weight measurements between the two sheets of paper, 0'12 , 0'22

2) Hy: G%zcg

3)H: of # o3
4) The test statistic is

2
f = 2—122
5) Reject the null hypothesis if f, < f_0_97514'14 =0.330rf,> f0_02514’14= 3 for a.=0.05
6) ny = 15 n, = 15 s,> = 0.00831° s, =0.007142
f,=1.35

7) Conclusion: Because 0.333 < 1.35 < 3, fail to reject the null hypothesis. There is not sufficient evidence that there is a
difference in the variances of the weight measurements between the two sheets of paper at o = 0.05.

95% confidence interval:

2 2 2
S_l < G_l < S_l
2 l-al2n,-1lm-1— 2 — 2 al2n,-1,n -1
S, 0, S
2 2
(1.35)0.333< 2L < (1.35)3 045<%L <405
O, o,

Because the value one is contained within this interval, there is no significant difference in the variances.

a)

1) The parameters of interest are the thickness variances, ¢7, o}
2Ho: o =0}

3)Hi: of # 07

4) The test statistic is
2

S
f, = g
5) Reject the null hypothesis if fy < fy g9 7 7 Where g9 77=0.143 or fo > fy 1 7 7 Where g1 77 =6.99 for o = 0.02
6) =38 n,=8
s, =0.0028 s, =0.0023
f (0.0028)* _1
®(0.0023)2

7) Conclusion: Because 0.143 < 1.48 < 6.99 fail to reject the null hypothesis. The thickness variances do not
significantly differ at the 0.02 level of significance.

b) If one population standard deviation is to be 50% larger than the other, then X =2. Usingn =8, = 0.01 and Chart VII
(p), we obtain B = 0.85. Therefore, n = n; = n, = 8 is not adequate to detect this difference with high probability.
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10-65 a)
1) The parameters of interest are the etch-rate variances, o7, o7 .
2 Ho:of =03
3)Hi: of # 07
4) The test statistic is
S2
fo=—L
SZ
5) Reject the null hypothesis if fo < fg o759 g = 0.248 or fo > fg 5259 ¢ = 4.03 for o = 0.05
s, =0.011 s, =0.006
0.011)?
g,= QO 536
(0.006)
7) Conclusion: Because 0.248 < 3.361 < 4.03 fail to reject the null hypothesis. There is not sufficient evidence that the
etch rate variances differ at the 0.05 level of significance.
b) With 2 =+/2=1.4 B=0.10 and o = 0.05, we find from Chart VII (0) that n," = n," = 100. Therefore, the
samples of size 10 would not be adequate.
Section 10-6
10-66  a) This is a two-sided test because the hypotheses are p; — p, = 0 versus not equal to 0.
R 60 54+ 60
b) p, = 2% _0.216 = =0.207 p=—"2" 02111
M= 250 P2 =290 P =250+ 200
Test statistic is B, — D, where p= Xt X,
0 n,+n
N . 1 1 1 2
freeof221)
nl r]2
0.0091
Zy= =0.2584
(0.2111)(1-0.2111) 1 + L
250 290
P-value = 2[1 — P(Z < 0.2584)] = 2[1-0.6020] = 0.796
¢) Because the P-value is greater than o = 0.05, fail to reject the null hypothesis. There is not sufficient evidence to
conclude that the proportions differ at the 0.05 level of significance.
d) 90% two sided confidence interval on the difference:
A p,(1—p p,(1—p L. p,(1— P p,(1— P
(B b,) zm\/ PA=B) BB o (p—p)+ Zm\/ p.A-p) , P,A-P,)
nl 2 nl n2
(0.0091) 1,65 \/0.216(17 0.216) , 0.207(1-0.207) _ 0, — b, <(0.0091) + 165 \/ 0.216(1-0.216) , 0.207(1-0.207)
250 290 250 290
—0.0491< p, — p, £0.0673
10-67  a) This is one-sided test because the hypotheses are p; — p, = 0 versus greater than 0.

o 245 188+ 245

b) b, = 188 _( 752 SR 07 p==teD 7017
P =250 P2~ 350 P =250+ 350
Test statistic is , _ P, — B, where b= X +X;

0 n,+n
A A 1 l 1 2
o[22 1]
nl n2
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10-68

10-69

Z, = 0.052 =1.4012

\/ (0.7217)(1- 0.7217)(1 N 1]

250 350
P-value = [1- P(Z < 1.4012)] = 1 - 0.9194 = 0.0806

95% lower confidence interval on the difference:
pl(l_ ﬁ1) + ﬁz(l_ pz)

(ﬁl_ﬁz)_za\/ n1 nz Sp1_pz
0.752(1-0.752) 0.7(1-0.7)

0.052) —1.65 <p, -

( ) \/ 250 3850 PP

—-0.0085< p, — p,

) The P-value = 0.0806 is less than o = 0.10. Therefore, we reject the null hypothesis that p; — p, = 0 at the 0.1 level of
significance. If o = 0.05, the P-value = 0.0806 is greater than o = 0.05 and we fail to reject the null hypothesis.

a)
1) The parameters of interest are the proportion of successes of surgical repairs for different tears, p; and p,
2)Ho:py=ps
YH: P> P,
4) Test statistic is p, - D, where 5 _ X1 T %2
Z, =
] (1 1 n,+n,
pA-p) —+—
n n
5) Reject the null hypothesis if z, > Z, ; where Z,,=1.29 for o.=0.1
X =14 x,=22
by = 0.78 B, = 0.73 pol4+22 45
18+30
2, = 0.78-0.73 - 0.387

Jorsa-o7s( %+ L]

7) Conclusion: Because 0.387 < 1.29, we fail to reject the null hypothesis at the 0.1 level of significance.
P-value = [1 -P(2<0.387)] =1-0.6517 = 0.35

b) 90% confidence interval on the difference:

A A ) f)l(l_ bl) ﬁz(l_ pz)
(pl pZ) Za\/ nl + nz

< pl_pZ

0.78(L-0.78)  0.731-0.73)

<p —
18 30 N Sl

(0.78—0.73)—1.29\/
-0.114<p,—-p,

Because this interval contains the value zero, there is not enough evidence to conclude that the success rate p; exceeds

P2.
a)

1) The parameters of interest are the proportion of voters in favor of Bush vs those in favor of Kerry, p, and p,

2)Ho:p1=pz
) Hiipr =Py
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4) Test statistic is P, — D, where ¢ _ X1t Xo

0 n,+n
A A l l 1 2
(222
nl n2
5) Reject the null hypothesis if zg < =z go5 OF Zg > Zg gg5 Where 2 go5 = 2.58 for o = 0.01

6) n, = 2020 N, = 2020
X, = 1071 X, =930

p, = 053 P, = 0.46 po 0714930 _ 495
2020 + 2020
- 0.53—0.46 a5
0.495(1— 0.495) —+_+ lj
2020 2020

7) Conclusion: Because 4.45 > 2.58 reject the null hypothesis and conclude yes there is a significant difference in the
proportions at the 0.05 level of significance.
P-value = 2[1 - P(Z <4.45)] =0

b) 99% confidence interval on the difference:
A b pL1-H) B (-Pp) A a PL(1-PH) B (1-Pp)
(P - pz)—za/z\/pl ), Po0P2) ()2, [PIE R | PP
n N, \j n n,
0.029< p,—p, <0.11
Because this interval does not contain the value zero, we are 99% confident there is a difference in the proportions.

10-70  a)
1) The parameters of interest are the proportion of defective parts, p; and p,
2)Hp: P.=p;
AHi:p =P,
L R L X +X
4) Test statisticis | P, - P, where p=-"21—"2
L= n, +n,

p(L- p)[i+ij
nl nZ

5) Reject the null hypothesis if zg < —Zg o5 OF Zg > Zg gp5Where Zggp5=1.96 for o = 0.05

6) 0, = 300 n, = 300
) . . 20410
= 0.067 =0.033 =———=0.05
b1 P2 P =300+ 300
. 0.067 —0.033 101

0.05(1—0.05)(l +1j
300 ' 300

7) Conclusion: Because —1.96 < 1.91 < 1.96, we fail to reject the null hypothesis. There is no significant difference in
the fraction of defective parts produced by the two machines at the 0.05 level of significance.
P-value = 2[1 — P(Z < 1.91)] = 0.05613

b) 95% confidence interval on the difference:
PO p(1-p p,(1—p A p(L-p p,(1— P
(P — pz)—za/z\/pl( P + oL Po) Sp= P2 <(Pr—P2)+ 2400 ﬂpl( ) + Po (L= Py)
N, \J n n,
(0.067—0.033) —1.96\/0'067(1_0'067) N 0.033(1-0.033) < p,— p, < (0.067—0.033) +1.96\/0'067(1_0'O67) N 0.033(1-0.033)
300 300 300 300

~0.00077 < p, — p, < 0.06877
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Because this interval contains the value zero, there is no significant difference in the fraction of defective parts

produced by the two machines. We have 95% confidence that the difference in proportions is between —0.00077 and
0.06877.

c) Power=1-

(1 1 ~
Zy2 DQ(‘FJ (pl pz) — 24124/ P [
P= o LI —®

(1 1
7+7 J— —
a0 nzj (p.—p,)
-1, Sop,
5 300(0.05)+300(0.01) _ o J=087
300+ 300
5 - Joo5(1 005) 001(-001) _ .,
PP 300 300
1.96,/0.03(0. 97)( L j (0.05-0.01) ~1.96 /0.03(0. 97)( L j (0.05-0.01)
300 ' 300 300 ' 300
p= @ —®
0.014 0.014
— ©(-0.91)—d(—4.81)=0.18141-0=0.18141
Power =1 —0.18141 = 0.81859
(p.+ P.) (6 +9,) 2
P+ P,) (% +9
(ZM\/ B +zﬂx/p1q1+pzq2}
dn=
(pl - pz )2
2
0.05+0.01)(0.95+0.99
[1.96\/( * )2( h )+1.2940.05(0.95)+o.01(0.99)J
= _ =382.11
(0.05-0.01)
n =383
(1 1 1
Zarz pq(+}—(pl—pz) pq[+j—(p1—pz)
nl n2 r-]l n2
e)p=> - -0 -
O-Pl [ o-f)tpz
7 = 300(0.05)+300(0.02) _ 035 70965
300 + 300
3y, = \/0.05(1—0.05) ,0021-002) _
Pi-Pe 300 300
1.96 [0.035(0. 965)(+1] (0.05-0.02) ~1.96 0035(0965)(+1j (0.05-0.02)
300 300 300 300
f=0 —®
0.015 0.015

= CD(—0.04) — CI)(—3.96) =0.48405—-0.00004 = 0.48401
Power =1 —0.48401 = 0.51599
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10-71

10-72

2
P+ D)0 +Q
ZaIZJ( - 2)2( : 2)+Zﬁ\/p1q1+pz%J
n= 5
( p, - pz)
2
0.05+0.02)(0.95+0.98
1.96\/( )2( ) +1.29\/0.05(0.95)+ 0.02(0.98)]
= 5 =790.67
(0.05— 0.02)
n=791

a)

1) The parameters of interest are the proportion of satisfactory lenses, p; and p,
2)Ho: Py =P,

A H P # P,

4) Test statistic is

2, = P, — P, where - Xt X
] (1 1 n, +n,
PRYENEY
n n

5) Reject the null hypothesis if zo <— Z, 505 O Zo > Z5 o5 Where Z 555= 2.58 for o = 0.01
6) n, =400 n, =400

Xl = 253 X2 = 196
p, =0.633 P, =0.49 ﬁ:M:o,%l
400 + 400
- 0.633—0.49 4075
0.561(1—0.561) i—i-i
400 400

7) Conclusion: Because 4.075 > 2.58, reject the null hypothesis and conclude that there is a difference in the fraction of
polishing-induced defects produced by the two polishing solutions at the 0.01 level of significance.

P-value = 2[1 - P(Z < 4.075)] =0

b) By constructing a 99% confidence interval on the difference in proportions, the same question can be answered by
whether or not zero is contained in the interval.

a)

1) The parameters of interest are the proportion of residents in favor of an increase, p; and p,
2)Ho:p =1,
AHiip =P,

4) Test statistic is _ p - P, where §

0 n, +n
A A l l 1 2
fre-of222]
nl n2

5) Reject the null hypothesis if zg <~z gp5 0O g > Zg g5 Where Zggp5=1.96 for o = 0.05

X, +X,

6) n, = 500 n, = 400
X, = 385 X, = 267
p, = 0.77 p, = 0.6675 p =SS5+ 267 204
500 + 400
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2, = 0.77-0.6675 _342

0.72401—-0.728) =+ L
500 400

7) Conclusion: Because 3.42 > 1.96 reject the null hypothesis and conclude yes there is a significant difference in the
proportions of support for increasing the speed limit between residents of the two counties at the 0.05 level of
significance.

P-value = 2[1 - P(Z < 3.42)] = 0.00062

b) 95% confidence interval on the difference:

PN 0, (1—p D, (1—-p
(pl_pz)_zalz\/pl(n pl)+ pz(n pz)
1 2

p1(1_ r)1) + ﬁz(l_ r)z)

<p-p,<(p—-0)+2, \/
1 2 1 2 12 nl n2

0.77(1-0.77)  0.6675(L—0.6675)
500 400

0.77(1-0.77) 0.6675(L—0.6675)

(0.77 - 0.6675) —1.96\/
500 400

<p-p< (0.77—0.6675)+1.96\/
0.0434< p, — p, <0.1616

We are 95% confident that the difference in proportions is between 0.0434 and 0.1616. Because the interval does not
contain zero there is evidence that the counties differ in support of the change.

Supplemental Exercises

10-73  a)SEMean; _ S _2.23 _ 4.6

~Jn, V25
X, =1187 X, =1273 s =223 =319 n=25 n,=25
Degrees of freedom=n; + n, - 2 =25 +25 -2 = 48.

o [(0-Ds?+(n,~D)s] _ \/(2571)2.232+(2571)3.192 9750
P n,+n, -2 25+25-2 '
to _ (X1 - );-2) _fo — (_O-iG) - =-1.105
Sp.[—t— 2752\ —+_—
n n 25 25

P-value = 2 [P(t < -1.105)] and 2(0.10) <P-value < 2(0.25) = 0.20 < P-value < 0.5

The 95% two-sided confidence interval: t,, e, 2 = too545 = 2.01

S / 1 1 S 1 1
(Xl_XZ)_taIZ,nl+nz—ZSp n*"‘n* ST S(XI—X2)+IMMMHSP rT"‘F
L L

[1 1 1 1
(—0.86)—(2.01)(2.752) 2050 St Ha < (—0.86)+(2.01)(2.752) %20
~2.609 < 14, — 11, <0.889

b) This is two-sided test because the alternative hypothesis is p; — p, not = 0.

¢) Because the 0.20 < P-value < 0.5 and the P-value > o = 0.05, we fail to reject the null hypothesis at the 0.05 level of
significance. If o = 0.01, we also fail to reject the null hypothesis.

10-74  a) This is one-sided test because the alternative hypothesis is py — pp < 0.

b) SEMean; _ S, _ 2.98

="""=0.745
N
SEMeanzzi:ﬁ:1072
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2

S Sy (298" 536" ;
_ n _ 16 25 _ (truncated)
v= - —38.44~38
s? s? 2982,/ 12 (5.36°/ 32
Copy Copy @4 G0
+ 16-1 251

n,—1 n,-1
Degrees of freedom = 38
P-value = P(t < —1.65) and 0.05 < P-value < 0.1

¢) Because 0.05 < P-value < 0.1 and the P-value > o = 0.05, we fail to reject the null hypothesis of p; — p, = 0 at the
0.05 level of significance. If oo = 0.1, we reject the null hypothesis because the P-value < 0.1.

d) The 95% upper one-sided confidence interval: t, ... =1.686

lul _/12 S ()_(l - )_(2)+ta,v

P (5.36)
14— 14, < (~2.16)+1.686 %J,%

2.98
1
1 — 1, <0.0410

10-75  a) Assumptions that must be met are normality, equality of variance, and independence of the observations. Normality
and equality of variances appear to be reasonable from the normal probability plots. The data appear to fall along lines
and the slopes appear to be the same. Independence of the observations for each sample is obtained if random samples are

selected.
Normal Probability Plot Normal Probability Plot
L1999 A 999
9 1 .99
> % I
E 80 E‘ .80 .
o
8 = L ER: 5
05 1 * 05 4
01 .01
001 .001
14 15 16 17 18 19 20 8 9 10 1 12 13 14 15
9-hour 1-hour

Average:16.3556 Anderson-DarlingNormaliy Test Average:11.4833 Anderson-DarlingNormaliy Test
StDev:2.06949 A-Squared:0.171 StDev:2.37016 A-Squared:0.158
N:9 P-Value: 0899 N:6 P-Value: 0903

b) %, =16.36 X, =11.483
s = 2.07 s, =237
nl = 9 n2 = 6

95% confidence interval:  t =1.02513 Where 1y 455,5=2.160

al2,n+n,-2
. _ \/8(2.07)2 +5(2.37)?
P 13

1 1 1 1

(X, =%, )=to o on oSy ) [ +— <ty — 11, <(X, =%, )+t 00 in 2 (Sy ) [—+—

1~ X 12,40, 2( p) n, n, 1 2 1~ X2 12,4, 2( p) n, n,
1

(16.36 -11.483)—2.160(2.19) %+% <, — 11, <(16.36 —11.483)+2.160(2.19) %“Lg

=219

2.38< py —p, <7.37
c) Yes, we are 95% confident the results from the first test condition exceed the results of the second test
condition because the confidence interval contains only positive values.
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d) 95% confidence interval for o? / o3

foorses = 1 = L =0.2075: f0.0258,5 =6.76
foossss 482
g2 o2 g2
é fO 9755,8 :;2 S é f0.0255 8
2
(@j(o.m) <% < [4'283j(4.817)
5.617 o? "\ 5617
2
0113< 2 <3673

5 <
2
e) Because the value one is contained within this interval, the population variances do not differ at a 5% significance

level.

10-76  a) Assumptions that must be met are normality and independence of the observations. Normality appears to be reasonable.

Normal Probability Plot

999
.99 =
.95 4
2 80 4
] 50
S
x5 20 .
05 4—r
01 4
.001
97 98 99 100 101 102 103 104
vendor 1
Average: 99.576 Anderson-Darling Normality Test
StDev: 1.52896 A-Squared: 0.315
N: 25 P-Value: 0.522
Normal Probability Plot
.999
99
.95
2 80
| 50 4
8
& 20 +
.05
.01
.001
100 101 102 103 104 105 106 107 108 109
vendor 2
Average: 105.069 Anderson-Darling Normality Test
StDev: 1.96256 A-Squared: 0.376
N: 35 P-Value: 0.394

The data appear to fall along lines in the normal probability plots. Because the slopes appear to be the same, it appears the
population standard deviations are similar. Independence of the observations for each sample is obtained if random
samples are selected.

b)
1) The parameters of interest are the variances of resistance of products, c2,c3
2)Ho:6? = 3

3)H;: csf * cs%
4) The test statistic is
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2
f, =
0 522
5) Reject Ho it fo < foo75.24,34 Where fogrspge=— 1 _ 1 _ (450 fora=005
0.02534,24 218
or fo > f0_025’24'34 where f0.025,24,34 =2.07 for o = 0.05
6) s, = 1.53 s, =1.96
ng = 25 ny, = 35
1.53)*
f,= &5 0600
(1.96)

7) Conclusion: Because 0.459 < 0.609 < 2.07, fail to reject Hy. There is not sufficient evidence to conclude that the
variances are different at o = 0.05.

10-77  a) 1) The parameter of interest is the mean weight loss, g where d; = Initial Weight — Final Weight.

2)Ho: 4y =15
3 Hy: gy >15
4) The test statistic is
- d-A,
s, /\In
5) Reject Hy if to > t, .y Where tg o5 7 = 1.895 for o = 0.05.
6) d =1.875
sy =0.641
n=8
~1875-15
°0641/48

7) Conclusion: Because 1.655 > 1.895, fail to reject the null hypothesis and conclude the average weight loss is
significantly less than 1.5 at o = 0.05.

b)2) Ho: sty =15
3) H]_ . ,le >15
4) The test statistic is

t = d-A,
° S, /\ﬁ
5) Reject Hy if tp > t, n.y Where tgo; 7 = 2.998 for o = 0.01.
6) d =1.875
s, =0.641
n==8
_ 1.875-15 _1
*0641/48

7) Conclusion: Because 1.655 < 2.998, fail to reject the null hypothesis. The average weight loss is not significantly
greater than 1.5 at o = 0.01.

C)2)Ho: gy =2.2
A Hy: py >22
4) The test statistic is

. d-A,
N
5) Reject Hy if to > t, 1.1 Where tg o5, = 1.895 for o = 0.05

6) d =1.875
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d)

10-78

10-79

sy =0.641
n=8

L 187522 0,

0.641/+/8

7) Conclusion: Because —1.434 < 1.895, fail to reject the null hypothesis and conclude that the average weight loss is
not significantly greater than 2.2 at o = 0.05.

2)Ho: py =22

) Hyipy >22

4) The test statistic is

d-A,
Sy ! \ﬁ

5) Reject Hy if ty > t, .y Where too; 7 = 2.998 for . = 0.01.

t, =

6) d =1.875
s, = 0.641
n=8
{ = 1875-22 _ 4 4o,
0.641/+/8

7) Conclusion: Because —1.434 < 2.998, fail to reject the null hypothesis and conclude the average weight loss is not
significantly greater than 2.2 at a. = 0.01.

2 2 2
7% ) fo-_ 2 < 7 01,02
(X1 Xz) 2412 n o M=y = (X1 ) «l?2 n + ,

a) 90% confidence interval: z,,, =1.65

35 302 35 30°
600—625)—1.65, /—+— < 600—625)+1.65, f—+—
( )- 20t a0 St =( ) 20 20

—42.01< 14 — 1, <—7.99

Yes, the data indicate that the mean breaking strength of the yarn of manufacturer 2 exceeds that of manufacturer 1 by
between 42.01 and 7.99 with 90% confidence.

b) 98% confidence interval: z_,, =2.33

f?}S2 302 352 302
600-625)—-2.33,|—+— < <(600-625)+2.33,|—

—49.02< 14 — 11, <0.98

Yes, we can again conclude that yarn of manufacturer 2 has greater mean breaking strength than that of manufacturer 1 by
between 49.02 and 0.98 with 98% confidence.

¢) The results of parts (a) and (b) are same although the confidence level used is different. The appropriate interval
depends upon the level of confidence considered acceptable.

a)

1) The parameters of interest are the proportions of children who contract polio, p; , p,
2)Ho:pi=p2

3 Hyipr#p;

4) The test statistic is

Zy =

J b ﬁ)[1+1J
n n

5) Reject Hy if zg < -z, 0r 20> 2z, Where z,,,=1.96 for a = 0.05
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X1 110 X1+ X

6) pp=—= = 0.00055 Placebo p= = 0.000356
) Py n, 201299 ( ) P,
N X9 33 .
p,=—=-= =0.00016 (Vaccine)
n, 200745

2 = 0.00055-0.00016 655

\/0.000356(1—0.000356)( ! + ! j

201299 200745
7) Because 6.55 > 1.96, reject Hy and conclude the proportions of children who contracted polio differ at o = 0.05.

b) o =0.01
Reject Hy if o < —z,5 0r 0> z,,,, Where z,,,=2.58. Here, still z, = 6.55.
Because 6.55 > 2.58, reject Hy and conclude the proportions of children who contracted polio differ at . = 0.01.

¢) The conclusions are the same because z is large enough to exceed z,,, in both cases.

10-80 a)a=0.10 Z,,, =165
2 2 2 2
z, 0, +0; 1.65)" (1225+900
n;( /z)(z 2)5( ) - )=57.85,n=58
(E) (10)
b) o = 0.02 Z,,=2.33
2 2 2 2
z, o, +o 2.33)" (1225+900
n;( ’2)(2 2);( ) ¢ 2+ ):115.36,n:116
(E) (10)

c) As the confidence level increases, sample size also increases.
d)a=010 z,, =165

(2,,) (07 +0%) _(1.65)" (1225+900)

n= 5 = 5 =231.41, n=232
(E) ©®)
o =0.02 z,,=2.33
2( 2 2 2
zZ, o; +o. 2.33)" (1225 +900
0! /2)(12 ) 3¢ 25+900) _ 4615, n =462
(E) ©®)
e) As the error decreases, the required sample size increases.
. 516
1081 P, = 490 258 b, = X2 = 310 _ 02583
n, 2000 n, 1200
A p p.A-P) , P (1—D,)
(pl—pz)iza/z\/ S
n n,

a) Zgp = Zggp5 =196

0258(0.742)  0.2583(0.7417)
1500 1200
—0.0335< p, — p, <0.0329

Because zero is contained in this interval, there is no significant difference between the proportions of unlisted numbers in
the two cities at a 5% significance level.

(0.258-0.2583) + 196\/

b) zq/2 = 2p05 =165

0258(0742) | 0.2583(0.7417)
1500 1200
—0.0282 < p; — p, < 00276
The proportions of unlisted numbers in the two cities do not significantly differ at a 5% significance level.

(0258 -0.2583) + 165\/
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g p=8 1032405
n, 4000
b, :ﬁ:ﬂ:o.%gg
n, 2400

95% confidence interval:

0258(0.742)  0.2583(0.7417)
3000 2400

(0.258-0.2583) + 196\/

—0.0238 < p; —p, <0.0232

90% confidence interval:

0258(0.742) _02583(0.7417)
3000 2400

Increasing the sample size decreased the width of the confidence interval, but did not change the conclusions drawn.
The conclusion remains that there is no significant difference.

(0.258—-0.2583) + 165\/ -0.0201< p, - p, <0.0195

10-82 a
1)) The parameters of interest are the proportions of those residents who wear a seat belt regularly, p; , p2
2)Ho:p1=pz
3 Hiipr=ps
4) The test statistic is
PL—P2

\/f)(l—ﬁ)(nll+nlzj

5) Reject Hy if zg < -z, Or 29> z,,, Where zggo5=1.96 for o = 0.05

Zy =

R 205 R + X
6 P =t=""-082 p=21% _g778
n, 250 n +n,
. X, 192
p,=-2=""-=0.738
n, 260
7, = 0.82-0.738 _ 2998
0.778(1-0.778) =+ L
250 260
7) Conclusion: Because 2.228>1.96, reject Hy. There is a difference in seat belt usage at o = 0.05.
b) 2 =0.10
Reject Hy if 2o < —z,50r o> z,,, where zg45=1.65 Zy=2.228

Because 2.228>1.65, reject H,. There is a difference in seat belt usage at o = 0.10.
¢) The conclusions are the same, but with different levels of significance.
d) n; =500, n, =520

o =0.05
Reject HO if Zy < =Zy/2 or zy > Zy12 where Zo025= 1.96

2, = 0.82-0.738 _315

0.778(1—0.778)[i+ij
500 520

Because 3.15> 1.96, reject Hy. There is a difference in seat belt usage at o = 0.05.

a=0.10
ReJeCt HO if Zy < _Z(X/Z orzy > Z(X/2 where 2005 =1.65 Zo =1.246
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10-83

10-84

10-85

Because 3.15> 1.65, reject Ho. There is a difference in seat belt usage at o = 0.10.

As the sample size increased, the test statistic also increased (because the denominator of z, decreased). However, the
sample size increase was not enough to change our conclusion.

a) Yes, there could be some bias in the results due to the telephone survey.
b) If it could be shown that these populations are similar to the respondents, the results may be extended.

The parameter of interest is p; —2u,

Holbg =21, R Ho'ng —2u; =0
Hilpg > 21, Hiipg =20, >0
Let n; = size of sample 1 Xl estimate for p
Let n, = size of sample 2 Yz estimate for p,

Xq —2X, is an estimate for p; —2u,

- _ _ 2 2
The variance is V( X; —2X;) = V(X;) + V(2 X;) = i 402
n N
The test statistic for this hypothesis is:
7, - %i=2X) -0
if . 4c?
nl nZ

We reject the null hypothesis if z, >z, for a given level of significance. P-value = P(Z > z, ).

% =910 X, =905
0,=3 o0,=45
ng = 12 n, = 10

a) 90% two-sided confidence interval:

2 2 2 2
- o o, o, - o, o,
(R =%) = Zypy [ 2+ 2 < — 11, < (X% —%,)+ 2, 1/—+—
2 12 nl n2 2 2 12 nl n2
¥ 45 ¥ 45
910—905) —1.645, ’—+ < 1t — 11 < (910—905 +1.645‘/—+
( ) ot SHTHes( ) 127710

2.259< py —pu, £7.741

We are 90% confident that the mean fill volume for machine 1 exceeds that of machine 2 by between 2.259 and 7.741
ml.

b) 95% two-sided confidence interval:

2 2 2 2

- o o, o, oo o, o,
(Xl_xz)_ZaIZ _+_S/11_/‘23(X1_X2)+Za/2 —+t—
n n n n

¥ 45 ¥ 45
910-905) —1.96, ’—+— < 11— 11, < (910—905) +1.96, > +
( ) 12 10 SHaTHes( ) 12" 10

1.735< py — p, £8.265

We are 95% confident that the mean fill volume for machine 1 exceeds that of machine 2 by between 1.735 and 8.265
ml.

Comparison of parts (a) and (b): As the level of confidence increases, the interval width also increases (with all other
values held constant).

¢) 95% upper-sided confidence interval:
2

o

n n

2
/'11_#23(71_72)"'2(1 %2
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f32 45°
— 1, <(910-905) +1.645,|— +
=1 <( ) 12 10

M=, ST7.741
With 95% confidence, the fill volume for machine 1 exceeds the fill volume of machine 2 by no more than 7.741 ml.

d) 1) The parameter of interest is the difference in mean fill volume g4 — 1,
QHo: =, =0 or 1y =

A Hit gy —py #0 or 14 # 11,
4) The test statistic is

L _(B=%) -4
N 2 2
o, +&
nl I'12
5) Reject Hy if zg < -z, =-1.96 0r zy >z, =1.96 for o = 0.05
6) X, =910 X, =905
0, =3 o,=45
ng = 12 n, = 10
_ (910-905) _3
¥ 45
—+
12 10

7) Because 3 > 1.96 reject the null hypothesis and conclude the mean fill volumes of machine 1 and machine 2 differ

significantly at o = 0.05.
P-value = 2[1— ®(3)] = 2(1-0.998650) = 0.0027

e) Assume the sample sizes are to be equal, use o. = 0.05, p = 0.10,and A =5
(2o +2,) (02 +02) (L96+1.28) (3 +4.5)

n= 5 = > =123, n=12,usen;=n, =12
(A-A,) (-5)
10-86  Hp:pg=py
Hifpg # 1o
ng=n,=n
f=0.10
o =0.05
Assume normal distribution and c% = 3 = >
Mp=Hp+O
golm—pol o 1
20 26 2
From Chart Vlle,n"=50and , _N"+1_50+1 - andn,=n,=26
2 2
10-87 a)
1) The parameters of interest are: the proportion of lenses that are unsatisfactory after tumble-polishing, p; p,
2)Ho:p1=p;
) Hiipr=ps

4) The test statistic is
PP

Jﬁ(l—ﬁ)[l+1]

5) Reject Hy if zp < -z, 5 Or 20> 2., Where z,,, = 2.58 for a = 0.01.
6) x; = number of defective lenses

Zy =
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b, =% 147 3675 p=22"% _0439
n, 400 n +n,
p, =222 451
n, 400
. 0.3675-0.51 4o
0.439(1- 0.439)(1 + 1
400 400

7) Conclusion: Because —4.06 < —2.58, reject Hy and conclude that the proportions from the two polishing fluids are
different at o = 0.01.

b) The conclusions are the same whether we analyze the data using the proportion unsatisfactory or
proportion satisfactory.

c)
2

[2.575\/ (0'9+°'6)2(0'1+0'4) +1.28,/0.9(0.1) +O.6(O.4)j

n=
(0.9-0.6)2
_5346 .,

0.09

n =60

10-88  a) a=0.05, B =0.05 A=1.5. Use s,= 0.7071 to approximate .

d=—2 15 _y06=1
2(s,)  2(.7071)

From Chart Vlle,n" =20 p = 1 +1_ 20+1 =105n=11
2 2
is needed to detect that the two agents differ by 0.5 with probability of at least 0.95.

b) The original size of n = 5 was not appropriate to detect the difference because a sample size of 11 is needed to detect
that the two agents differ by 1.5 with probability of at least 0.95.

10-89 a)No
Normal Probability Plot
0.999 =
Mean 10.61
Shev 01201
0.99 o [ In 10
i i > AD 0,509
0.954-= e ' — o | o - 5 { |P\Value 0012
H H ”/ _—
: : o
3 .4
8§ 05— . $
0 A8
“ .
o p2 : Ty
: Ul i
0.01 //"
0.001 t
10.40 10.65 10.90
Mercedes Anderson-Darting Normality Test
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Normal Probability Plot
0.999 - . -
! { | Maan 17.31
t i ; Stidev 1673
i i i AD 1,586
0.95 4 e s e S P-Value <0.005
> 0.8+~ e
§ os
[ .
0.05- : i E ............................................
0.001 i i i .
15 18 21
Volkswag Anderson-Darfing Normality Test

b) The normal probability plots indicate that the data follow normal distributions because the data appear to fall along a

straight line. The plots also indicate that the variances appear to be equal because the slopes appear to be the same.
Normal Probability Plot

0999 H H H H 3 1 H
{ { | i 1 | i Mean 1064
! H Sthev 006100
N 10
AD 0369
PValse 0353

L e e e el e S
0.95 : ' : : ; 5

0.8

0.5

Probability

0.01-

0.001 : : ; : : : :
105 10.6 10.7 10.8
Mercedes Anderson-Darling Normality Test
Normal Probability plot

0.99~

Probability
o
-

16.5 17.0 17.5 18.0 185 19.0
Andreson-Darling Normality Test Volkswag
¢) By correcting the data points, it is more apparent the data follow normal distributions. Note that one unusual

observation can cause an analyst to reject the normality assumption.
d) 95% confidence interval on the ratio of the variances, o2/,

10-63



Applied Statistics and Probability for Engineers, 6™ edition

10-90

b)

s, =0.27 fg0.0005 =4.03

1 1
s2 =0.0037 f = =——=0.248
M 9,9,0.975 fgngOlOZS 403

2 2 2
_SV f < G_V < i f

2 9,9,0.975 2 2 9,9,0.025
Su on Sy

2
( 027 jo.248<"—;<( 027 j4.03
0.0037 o2 (00037

2
18.097 < 2L < 294.08
Owm
Because the interval does not include the value one, we reject the hypothesis that variability in mileage performance is
the same for the two types of vehicles. There is evidence that the variability is greater for a Volkswagen than for a
Mercedes.
€)

1) The parameters of interest are the variances in mileage performance, ¢7,c>

2) Hy: o7 = o Where Volkswagen is represented by variance 1, Mercedes by variance 2.
3)Hi: of # 07
4) The test statistic is

S
f =3
s,
5) RejeCt Ho if fo < f0_975’9'9 where f0_975’9'9 = ; = i =0.248 for a.=0.05 or fo > f0_025’9'9 where f0.025,9,9 =
foozsee 403
4.03 for o = 0.05
6) s; = 0.5226 s, = 0.061
ng = 10 ny, = 10
_ (05226
® (0.061)2

7) Conclusion: Because 72.78 > 4.03 reject Hy and conclude that there is a significant difference between Volkswagen
and Mercedes in terms of mileage variability. The same conclusions are reached in part (d).

a) Underlying distributions appear to be normally distributed because the data fall along a straight line on the normal
probability plots. The slopes appear to be similar so it is reasonable to assume that o-f = 0-22 .

Normal Probability Plot Normal Probability Plot

.999 999
99 9% -
95 95

£ = R

§ 50 E 50

o

a 27 a *]
05 s
.01 A .01
001 .001

751 752 753 754 755 754 755 756 77

ridgecre \alleyv
Average:7527 Anderson-DarlingNormaliy Test Average:755 6 Anderson-DarlingNormally Test
StDev:1.25167 A-Squared:0.384 StDev:0.843274 A-Squared:0.682
N:10 P-Value: 0323 N:10 P-Value: 0051

1) The parameter of interest is the difference in mean volumes, z4 — 4,
2 Ho: gy —p, =0 0r gy =1,

AHy: gy —p, #0 0r gy # 4,
4) The test statistic is
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t _(71_22)_5
1 1
Sp | —+—

nl nZ

5) RejeCt Ho if tp < —ta/zvv or zy > ta/zlv where tOL/Z,V = t0.025,18 =2.101 for o = 0.05

9(1.252)% +9(0.843)?
%= 18 -

6) % = 752.7 X, = 755.6 1.07

s, = 1.252 s, = 0.843
n =10 n, =10
_ (752.7-755.6) _
1.07 fi+i
10 10

7) Conclusion: Because —6.06 < —-2.101 reject Hp and conclude there is a significant difference between the two
wineries with respect to mean fill volumes at a 5% significance level.

t, ~6.06

c) From Section 10-3.3, d = 2/2(1.07) = 0.93, giving a power of just under 80%. Because the power is relatively low, an
increase in the sample size would improve the power of the test.

10-91  a) The assumption of normality appears to be reasonable. The data lie along a line in the normal probability plot.
Normal Probability Plot

.999 A
.99 1
.95 1
2
= .80 -
o) k3
ERC
o
E .20 1
o5 1 -*
.01 4
.001 -
2 M 0 : 2
diff
Average:-0222222 Anderson-DarlingNormality Test
StDev:1.30171 A-Squared:0.526
N:9 P-Value: 0128
b)
1) The parameter of interest is the mean difference in tip hardness, pq
2) Ho : “d 55 O
4) The test statistic is
o d
0 Sd /\/H
5) Since no significance level is given, we calculate the P-value. Reject Hy if the P-value is sufficiently small.
6)d = -0.222
sq =130
n=9
-0.222
0= 2222 _ o510
130/+/9

P-value = 2P(T < -0.512) = 2P(T > 0.512) and 2(0.25) < P-value < 2(0.40). Thus, 0.50 < P-value < 0.80

7) Conclusion: Because the P-value is greater than common levels of significance, fail to reject Hy and conclude there
is no difference in mean tip hardness.

¢)B=0.10
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g =1
d:i:i:0.769
Oy 13

From Chart VIIf with oo = 0.01, n =30

10-92  a) From the normal probability plot the data fall along a line and consequently they appear to follow a normal

distribution.
Normal Probability Plot
0.999
0.99 +—-- e T3 00 3 ' ? . B 3 Mean 02
£ : | | i : Sthew 5401
0‘93- . % . . A T SRESE—— - .-__. - N 15
H : H : A AD D355
2 08+ S A e e e e *’ i (Wl Po\alua 0412
b i t i i = :
g 0.8 +—= e L _'__;.‘n-"' SR SREREEA
o i et
a 0.2+ oot t
0.05 +—& 1
0.01+
0.001 t t 1
-8 -4 0 4 8
diff Anderson-Darting Normality Test

b) 1) The parameter of interest is the mean difference in depth using the two gauges, z4
2)Ho: 4 =0
3 H: oy #0
4) The test statistic is

_d

t
° sd/\ﬁ

5) Since no significance level is given, we will calculate P-value. Reject Hy if the P-value is significantly small.

6) d =0.2
s, =5.401
n=15

0.2

t=—==0.14
°  5401/\15

P-value = 2P(T > 0.14), 2(0.44) < P-value, 0.88 < P-value
7) Conclusion: Because the P-value is larger than common levels of significance, fail to reject Hy and conclude there is no
significant difference in mean depth measurements for the two gauges.

c) Power = 0.8. Because Power =1 -, 3 =0.20

My =42
4242 oo
o, (5.401)

From Chart VII (f) with o = 0.01 and 3 = 0.20, we find n = 30.

10-93  a) Because the data fall along lines, the data from both depths appear to be normally distributed, but the slopes do not
appear to be equal. Therefore, it is not reasonable to assume that 5> = &2 .
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Normal Probability Plot for surface...bottom
ML Estimates

®  surface

bottom

Percent

Data

b

1; The parameter of interest is the difference in mean HCB concentration, p; —p, , with Ag= 0
2)Ho: pmp—pp=00r py =p,

3)Hii g —pp #0 01 py = py

4) The test statistic is

_(X1-%X3) -4

to
2 2
s S
S, %
ng Ny

5) Reject the null hypothesis if t < — t; 95515 O to > Ty 92515 Where 1 55:5=2.131 for o = 0.05. Also

2
n n
=~ 2/ _1506

2
\N) )

n-1 n,—1
v =15
6) X; =4.804 X, =5.839 s; =0.631 s, =1.014

ng = 10 n, = 10
(4.804 - 5.839)
\/ (0.63)° _ (1.014)’
10 10

7) Conclusion: Because —2.74 < -2.131, reject the null hypothesis. Conclude that the mean HCB concentration is
different at the two depths at a 0.05 level of significance.

¢) Assume the variances are equal. ThenA=2, a=0.05,n=n; = n, =10,n*=2n-1=19,s,=0.84

and 4 __ 2

= =1.2
2(0.84)
From Chart Vlle, we find B = 0.05, and then calculate the power =1 — 3 =0.95

d) Assume the variances are equal. ThenA=1,0=0.05,n=n; = n,,n*=2n-1,=0.1,5,=0.84=1
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and g4 _ 1 -
2(0.84)

From Chart Vlle, we find n* = 50and ,, _90+1_ -, s0 n=26.
2

Mind-Expanding Exercises

10-94

10-95

The estimate of pis given by, — l()?l + xz)_ X, From the independence, the variance of ,[l can be shown to be

V( )_(C;l O-ZZ}LO_SZ.

;N N,
Use s, Sy, and s as estimates for o1, 65, and o3, respectively. One may also used a pooled estimate of variability.

a) An approximate 100(1 — a;)% confidence interval on p is then:

2 2 2
a-7,, 1 5,5 0, 5% SuLp+2,,,
4{n, n, n,

2 2 2 2 2
1(4.6+5.2)—6.1 196 |2 &7, 06 +%S,u< 1(46+52 6.1]+1.96 | 1[ 2 28
2 4(100 120 ) 130 2 4 100 120 130

-1.2-0.163< £ <-1.2+0.163
-1.363< u<-1.037

b) An approximate one-sided 95% confidence interval for ,[1 is

2 2 2

< 1(4.6+5.2)—6.1 1164 |2 07,067 08

2 4(100 120 ) 130
u<-12+0.136

u<-1.064
Because the interval is negative and does not contain zero, we can conclude that that pesticide three is more effective.

2 2
The V(X, - X,)= 91 . %2 and suppose this is to equal a constant k. Then, we are to minimize C,n, +C,n,

nl n2
2 2
subject to 422k . Using a Lagrange multiplier, we minimize by setting the partial derivatives of
n n,
ol o}
f(n,n,, A)=Cn +C,n, + ,1[—1 + 22 kJ with respect to n;, n, and A equal to zero.
n n
These equations are
A
7 f(nn,2)=C,— “1 =0 O
éhl 1
2ty 2)=C,-"%—0 @
0’h2 r]2
if(nl,nz,/7,)_ﬁ+“2 -k ®
& 1 n2
. . . 2 2
Upon adding equations (1) and (2), we obtain C,+C, _A[On'lJrz'z] -0
1 2

Substituting from equation (3) enables us to solve for % to obtain €1 +C -1
k
Then, equations (1) and (2) are solved for n; and n, to obtain
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10-96

10-97

10-98

n :O-IZ(CI+C2) n :O-ZZ(C1+C2)

' kC, 2 kC,
It can be verified that this is a minimum. With these choices for n, and n,
2 2
- o o
V(X =X,) =—+—=.
nl n2

Maximizing the probability of rejecting H, is equivalent to minimizing

)_(1_)_(2

_ o o
P_ZaI2<T<Za/2|:ul_:u2:§ =P _Zalz_T B
o1 ,9 o1 ,%2 o1 ,%
N N noon Lo

o

where z is a standard normal random variable. This probability is minimized by maximizing

<Z<z,,

2 2
Therefore, we are to minimize /"—%"—2 subject to n; + n, = N.
no N

. ... 2 2
From the constraint, n, = N — n;, we are to minimize f(n)= fil+ 0,
Yn N-n

R R . . R R 2
Take the derivative of f(n) with respect to n, and set it equal to zero results in the equation —%1

Solve for n; to obtain n, = oN  and n, = o,N

o, +o, o, +o,
Also, it can be verified that the solution minimizes f(n,).

Q) a=P(Z >z, or Z<-z, ) whereZ has astandard normal distribution.

Then, o =P(Z>2,)+P(Z <-2, )=c+a—-¢c=a
b) B=P(-zq_¢ <Zg <Zg|py =po +9)

X—
ﬂ:P(_Z{z—g <\/627ﬂ/0n<zglﬂ1:/'l0+5)

— o) o)
=P(-z,, - T < Z<1, - a'zln)

=Dz, ~2) (2, , ~ )

The requested result can be obtained from data in which the pairs are very different. Example:

pair | 1 2 3 4 5
sample 1 100 10 50 20 70
sample 2 110 20 59 31 80
X, =50 X, = 60

s, =36.74 s, =36.54 S pooled = 36.64

Two-sample t-test : tg = -0.43 P-value = 0.68

X, =—10 s, =0.707

Paired t-test: tg=-3162 P-value = 0
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1099 a) 0= gl and 6 = El 9) ~ N[IN(0),/(n, = x,)/ nyx, + (N, —X,) /N, X, ]
2 2

The (1 — o) confidence interval for In(0) can use the relationship |n(é) —In(®)

:[(nl_xlj (nz_xzjjllll
122

X, N,X,

e g o)

b) The (1 — ) confidence interval for 6 can use the CI developed in part (a) where 6 = e*( In(6))
1/4 1/4
-7 ((nl_xl ]+[n2_x2 D [( n- Xl] ( N,—Xy D
9" e % X N, X, <0< 9" / M % N,X,
5 [[u}{nzﬂ(z D ; {[nl—x1]+[nz Xy D
ée % X NXo )25 o< ée % X nyX, )25

1.42e_l.%((1230§7J+{1280;9D1/4 <f< 1.42el_ge[(lg‘;of)+(1(1)20;9)]1’4

0.519 < 6 < 3.887

©)

Because the confidence interval contains the value one, we conclude that there is no significant difference in the
proportions at the 95% level of significance.

10-100 HO : 0'12 = 0'22
H,:07 %05

St _ s o
ﬂ P( 1al2n11n21<§<fa/2n11n21|G__5¢1

2

2 2 z
(o} S2/s2 O
= P 22 fl—a/?,nl—l,nz—l < S12/°'12 < 22 fa/Z n-1,np-1 | 12 - 5
O-l 2102 O-l O-Z
o2
o1

2
where

SZ has an F distribution with n; — 1 and n, — 1 degrees of freedom.
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