
 CHAPTER 2  
 
 
Section 2-1
 
2-1. Let "a", "b" denote a part above, below the specification 

   { }S aaa aab aba abb baa bab bba bbb= , , , , , , ,
2-2.         Let "e" denote a bit in error 

   Let "o" denote a bit not in error ("o" denotes okay) 
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2-3. Let "a" denote an acceptable power supply 

   Let "f" ,"m","c" denote a supply with a functional, minor, or cosmetic error, respectively. 
   { }S a f m c= , , ,

2-4. = set of nonnegative integers {S = 0 12, , ,...}
 

2-5. If only the number of tracks with errors is of interest, then { }S = 0 12 24, , ,...,  
2-6. A vector with three components can describe the three digits of the ammeter. Each digit can be 
 0,1,2,...,9. Then S is a sample space of 1000 possible three digit integers, { }S = 000 001 999, ,...,     
2-7. S is the sample space of 100 possible two digit integers. 
2-8. Let an ordered pair of numbers, such as 43 denote the response on the first and second question.  Then, S 
 consists of the 25 ordered pairs  { }1112 55, ,...,

2-9.  in ppb. { ,...,2,1,0=S }
}

}

2-10.  in milliseconds { ,...,2,1,0=S
2-11.  { }0.14,2.1,1.1,0.1 K=S
2-12. s = small, m = medium, l = large;  S = {s, m, l, ss, sm, sl, ….} 
2-13          in milliseconds.  { ,...,2,1,0=S
2-14. 

automatic
transmission transmission

standard

without with
air
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air
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2-15. 

 

PRESS 

CAVITY 

1 2 

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8  
2-16.  

memory

disk storage

4 8 12

200 300 400 200 300 400 200 300 400  
2-17. c = connect,  b = busy,  S = {c, bc, bbc, bbbc, bbbbc, …} 
2-18.  { }S s fs ffs fffS fffFS fffFFS fffFFFA= , , , , , ,
2-19 a.) 

    
 
 

b.) 
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c.) 

 
d.) 

 
 
 
e.) 

 
2.20 a.) 

 

2-3 



 
 
 b.) 
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2-21.  a) S = nonnegative integers from 0 to the largest integer that can be displayed by the scale. 
     Let X represent weight. 
     A is the event that X > 11 
     B is the event that X ≤ 15 
     C is the event that 8 ≤ X <12 
     S = {0, 1, 2, 3, …} 
 b) S  
 c) 11 < X ≤ 15 or  {12, 13, 14, 15} 
 d) X ≤ 11 or {0, 1, 2, …, 11} 
 e) S 
 f) A ∪ C would contain the values of X such that: X ≥ 8 
   Thus (A ∪ C)′ would contain the values of X such that: X < 8 or {0, 1, 2, …, 7} 
 g) ∅ 
 h) B′ would contain the values of X such that X > 15.  Therefore, B′ ∩ C would be the empty set.  They 
     have no outcomes in common or  ∅ 
 i) B ∩ C is the event  8 ≤ X <12.  Therefore, A ∪ (B ∩ C) is the event X ≥ 8 or {8, 9, 10, …} 
 
2-22. a) 

A B 

C 
 

 b) 

A B 

C 
 

 c) 
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d.) 

A B 

C 
 

 
 

e.) If the events are mutually exclusive, then A∩B is equal to zero.  Therefore, the process would not 
produce product parts with X=50 cm and Y=10 cm.  The process would not be successful 

 
2-23. Let "d" denoted a distorted bit and let "o" denote a bit that is not distorted. 

 a) S  
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b) No, for example  { }A A dddd dddo ddod ddoo1 2∩ = , , ,
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 d)  
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 e)  }{4321 ddddAAAA =∩∩∩
   

f)  { }ddooooddddododdddddododdddddAAAA ,,,,,,)()( 4321 =∩∪∩
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2-24.  Let "d" denote a defective calculator and let "a" denote an acceptable calculator 
  

 

a 

a)  { }aaadaaaaddadadaddaadddddS ,,,,,,,=
 b) { } daadadddadddA ,,,=
 c) { } adaaddddadddB ,,,=
 d)  { }ddadddBA ,=∩
 e)  { }aaddadadaaddddadddCB ,,,,,=∪
 
2-25. 212 = 4096 
2-26. A ∩ B = 70, A′ = 14, A ∪ B = 95 
 
 
2-27. a.) BA ∩′  = 10, =10, B′ BA∪  = 92 
 b.) 

Surface 1 G 
E Edge 1 

 
 
 
2-28. BA ∩′  = 55, B′ =23, BA∪  = 85 
2-29. a) A′ = {x | x ≥ 72.5} 
 b) B′ = {x | x ≤ 52.5} 
 c) A ∩ B = {x | 52.5 < x < 72.5} 
 d) A ∪ B = {x | x > 0} 
2.30 a) {ab, ac, ad, bc, bd, cd, ba, ca, da, cb, db, dc} 

b) {ab, ac, ad, ae, af, ag, bc, bd, be, bf, bg, cd, ce, cf, cg, ef, eg, fg, ba, ca, da, ea, fa, ga, cb, db, 
eb, fb, gb, dc, ec, fc, gc, fe, ge, gf} 
c) Let d = defective, g = good;  S = {gg, gd, dg, dd} 
d) Let d = defective, g = good;  S = {gd, dg, gg} 

2.31 Let g denote a good board, m a board with minor defects, and j a board with major defects.  
 a.) S = {gg, gm, gj, mg, mm, mj, jg, jm, jj} 
 b) S={gg,gm,gj,mg,mm,mj,jg,jm} 

G 

 G 
E 

E 
Surface 2 E 

G Edge 2 E 

E E 
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G 
G 

E 
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E 
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2-32.a.) The sample space contains all points in the positive X-Y plane. 
  
 b)  

 
 

10 A  
  

c)  
 

B 

20 

 
  
 d)  
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20 
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 e)  
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2-33 a) 

  
 
 b) 

  
 c) 

  
 
 d) 
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Section 2-2
 
2-34. All outcomes are equally likely 

a) P(A) = 2/5 
b) P(B) = 3/5 
c) P(A') = 3/5 
d) P(A∪B) = 1 
e) P(A∩B) = P(∅)= 0 

 
2-35.  a) P(A) = 0.4 

b) P(B) = 0.8 
c) P(A') = 0.6 
d) P(A∪B) = 1 
e) P(A∩B) = 0.2 

 
2-36. a) S = {1, 2, 3, 4, 5, 6} 
 b) 1/6 
 c) 2/6 
 d) 5/6 
 
2-37. a) S = {1,2,3,4,5,6,7,8} 
 b) 2/8 
 c) 6/8 
 

2-38. x x
20

0 3 6= =. ,  

 
2-39.  a) 0.5 + 0.2 = 0.7 
 b) 0.3 + 0.5 = 0.8 
 
2-40. a) 1/10 
 b) 5/10  
 
2-41. a) 0.25 
 b) 0.75 
 
2-42. Total possible:  1016, Only 108 valid,  P(valid) = 108/1016 = 1/108 
 
2-43. 3 digits between 0 and 9, so the probability of any three numbers is 1/(10*10*10); 
 3 letters A to Z, so the probability of any three numbers is 1/(26*26*26);  The probability your license plate 
  is chosen is then (1/103)*(1/263) =  5.7 x 10-8

 
2-44. a) 5*5*4 = 100 

b) (5*5)/100 = 25/100=1/4  
 

2-45.  a) P(A) = 86/100 = 0.86 
 b) P(B) = 79/100 = 0.79 
 c) P(A') = 14/100 = 0.14 
 d) P(A∩B) = 70/100 = 0.70 
 e) P(A∪B) = (70+9+16)/100 = 0.95 
 f) P(A’∪B) = (70+9+5)/100 = 0.84 
 
2-46. Let A = excellent surface finish; B = excellent length 
 a) P(A) = 82/100 = 0.82 
 b) P(B) = 90/100 = 0.90 
 c) P(A') = 1 – 0.82 = 0.18 
 d) P(A∩B) = 80/100 = 0.80 
 e) P(A∪B) = 0.92 
 f) P(A’∪B) = 0.98 
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2-47. a) P(A) = 30/100 = 0.30 
 b) P(B) = 77/100 = 0.77 
 c) P(A') = 1 – 0.30 = 0.70  
 d) P(A∩B) = 22/100 = 0.22 
 e) P(A∪B) = 85/100 = 0.85 
 f) P(A’∪B) =92/100 = 0.92 
 
2-48. a) Because E and E' are mutually exclusive events and E  = S E∪ ′
     1 = P(S) = P( ) = P(E) + P(E'). Therefore, P(E') = 1 - P(E) E E∪ ′
 b) Because S and ∅ are mutually exclusive events with S = S∪∅  
     P(S) = P(S) + P(∅). Therefore, P(∅) = 0 

c) Now, B =  and the events A and A A B∪ ′ ∩( ) ′ ∩A B  are mutually exclusive.  Therefore,  
    P(B) = P(A) + P( ). Because P(′ ∩A B ′ ∩A B ) ≥  0 , P(B) ≥  P(A). 
 

Section 2-3
 
2-49. a) P(A') = 1- P(A) = 0.7 

b) P ( ) = P(A) + P(B) - P(A B∪ A B∩ ) = 0.3+0.2 - 0.1 = 0.4 
c) P( ) + P( ) = P(B). Therefore, P(′ ∩A B A B∩ ′∩A B ) = 0.2 - 0.1 = 0.1 
d) P(A) = P( ) + P( ). Therefore, P(A B∩ A B∩ ′ A B∩ ′ ) = 0.3 - 0.1 = 0.2 
e) P(( )') = 1 - P( ) = 1 - 0.4 = 0.6 A B∪ A B∪
f) P( ) = P(A') + P(B) - P(′ ∪A B ′ ∩A B ) = 0.7 + 0.2 - 0.1 = 0.8 

 
2-50. a) P( ) = P(A) + P(B) + P(C), because the events are mutually exclusive. Therefore,        
P( ) = 0.2+0.3+0.4 = 0.9 

CBA ∪∪
CBA ∪∪

 b) P ( ) = 0, because  = CBA ∩∩ A B C∩ ∩ ∅  
 c) P( BA∩ ) = 0 , because  = A B∩ ∅ 
 d) P( ) = 0, because CBA ∩∪ )( CBA ∩∪ )(  = ∅=∩∪∩ )()( CBCA  

 e)  P( ) =1-[ P(A) + P(B) + P(C)] = 1-(0.2+0.3+0.4) = 0.1 CBA ′∪′∪′
 
2-51. If A,B,C are mutually exclusive, then P( ) = P(A) + P(B) + P(C) = 0.3 + 0.4 + 0.5 = A B C∪ ∪
 1.2, which greater than 1. Therefore, P(A), P(B),and P(C) cannot equal the given values. 
 
2-52. a) 70/100 = 0.70 

b) (79+86-70)/100 = 0.95 
c) No, P( ) ≠ 0 A B∩

 
2-53. a) 350/370 

 b) 345 5 12
370

362
370

+ +
=  

 c) 345 5 8
370

358
370

+ +
=  

 d) 345/370 
 
2-54. a) 170/190 = 17/19 

b) 7/190 
 

2-55. a) P(unsatisfactory) = (5+10-2)/130 = 13/130  
b) P(both criteria satisfactory) = 117/130 = 0.90, No 

 
2-56. a) (207+350+357-201-204-345+200)/370 = 0.9838 

b) 366/370 = 0.989 
 c) (200+145)/370 = 363/370 =  0.981 
 d) (201+149)/370 = 350/370 = 0.946 
 
Section 2-4
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2-57.  a) P(A) = 86/100 b) P(B) = 79/100 

 c) P( AB ) = 
79
70

100/79
100/70

)(
)(

==
∩
BP

BAP  

 d) P(B A ) = 
86
70

100/86
100/70

)(
)(

==
∩
AP

BAP  

2-58.a) 0.82       
b) 0.90   
c) 8/9 = 0.889 
d) 80/82 = 0.9756 
e) 80/82 = 0.9756 
f) 2/10 = 0.20 

 
2-59. a) 345/357 b) 5/13  
 
2-60. a) 12/100  b) 12/28   c) 34/122 
 
2-61. Need data from Table 2-2 on page 34 

 a) P(A) = 0.05 + 0.10 = 0.15 

 b) P(A|B) = 153.0
72.0

07.004.0
)(

)(
=

+
=

∩
BP

BAP  

 c) P(B) = 0.72 

 d) P(B|A) = 733.0
15.0

07.004.0
)(

)(
=

+
=

∩
BP

BAP  

 e) P(A ∩ B) = 0.04 +0.07 = 0.11 
 f) P(A ∪ B) = 0.15 + 0.72 – 0.11 = 0.76 

 
2-62. a) 20/100 
 b) 19/99 
 c) (20/100)(19/99) = 0.038 
 d) If the chips are replaced, the probability would be (20/100) =  0.2 
 
2-63. a) P(A) = 15/40 
 b) P(B A ) = 14/39 

 c) P( A ) = P(A) P(B/A) = (15/40) (14/39) = 0.135 B∩

 d) P( A ) = P(A) + P(B) - P(B∪ A B∩ ) = 15
40

14
39

15
40

14
39

0 599+ − ⎛
⎝⎜

⎞
⎠⎟
⎛
⎝⎜

⎞
⎠⎟
= .  

2-64. A = first is local, B = second is local, C = third is local 
a) P(A ∩ B ∩ C) = (15/40)(14/39)(13/38) = 0.046 
b) P(A ∩ B ∩ C’) = (15/40)(14/39)(25/39) = 0.085 
 

2-65. a) 4/499 = 0.0080 
 b) (5/500)(4/499) = 0.000080 

 c) (495/500)(494/499) = 0.98 
 
2-66. a) 3/498 = 0.0060 

 b) 4/498 = 0.0080 

 c) 5
500

4
499

3
498

4 82 10 7⎛
⎝⎜

⎞
⎠⎟
⎛
⎝⎜

⎞
⎠⎟
⎛
⎝⎜

⎞
⎠⎟
= −. x  

 
2-67. a) P(gas leak) = (55 + 32)/107 = 0.813 

b) P(electric failure|gas leak) = (55/107)/(87/102) = 0.632 
c) P(gas leak| electric failure) = (55/107)/(72/107) = 0.764 
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2-68. No, if B , then P(A/B) = A⊂
P A B

P B
P B
P B

( )
( )

( )
( )

∩
= = 1  

 

A

B

 
2-69.  

 

A B
C

 
 
 
Section 2-5 
 
2-70. a) P A B P AB P B( ) ( ) ( ) ( . )( . ) .∩ = = =0 4 0 5 0 20  

 b) P A B P A B P B( ) ( ) ( ) ( . )( . ) .′ ∩ = ′ = =0 6 0 5 0 30  
2-71.  

 

P A P A B P A B
P AB P B P AB P B

( ) ( ) ( )
( ) ( ) ( ) (

( . )( . ) ( . )( . )
. . .

= ∩ + ∩ ′

= + ′ ′

= +
= + =

0 2 0 8 0 3 0 2
016 0 06 0 22

)
 

 
2-72. Let F denote the event that a connector fails. 
 Let W denote the event that a connector is wet. 
 

 
P F P F W P W P F W P W( ) ( ) ( ) ( ) ( )

( . )( . ) ( . )( . ) .
= + ′ ′

= + =0 05 010 0 01 0 90 0 014
 

 
 
2-73. Let F denote the event that a roll contains a flaw.  
 Let C denote the event that a roll is cotton. 
  

 P F P F C P C P F C P C( ) ( ) ( ) ( ) ( )
( . )( . ) ( . )( . ) .

= + ′ ′

= + =0 02 0 70 0 03 0 30 0 023
 

 
2-74. a) P(A) = 0.03 

 b) P(A') = 0.97 
 c) P(B|A) = 0.40 
 d) P(B|A') = 0.05 
 e) P( ) = P(A B∩ B A )P(A) = (0.40)(0.03) = 0.012 

 f) P( ') = P(A B∩ B A' )P(A) = (0.60)(0.03) = 0.018 

 g) P(B) = P(B A )P(A) + P( B A ')P(A') = (0.40)(0.03) + (0.05)(0.97) = 0.0605 
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2-75. Let R denote the event that a product exhibits surface roughness. Let N,A, and W denote the events that the 
 blades are new, average, and worn, respectively. Then, 
 P(R)= P(R|N)P(N) + P(R|A)P(A) + P(R|W)P(W) 
        = (0.01)(0.25) + (0.03) (0.60) + (0.05)(0.15) 
        = 0.028 
 
2-76. Let B denote the event that a glass breaks. 
 Let L denote the event that large packaging is used. 
 P(B)= P(B|L)P(L) + P(B|L')P(L') 
        = 0.01(0.60) + 0.02(0.40) = 0.014 
 
2-77. Let U denote the event that the user has improperly followed installation instructions. 
 Let C denote the event that the incoming call is a complaint. 
 Let P denote the event that the incoming call is a request to purchase more products. 
 Let R denote the event that the incoming call is a request for information. 
 a) P(U|C)P(C) = (0.75)(0.03) = 0.0225 
 b) P(P|R)P(R) = (0.50)(0.25) = 0.125 
 
 
2-78. a) (0.88)(0.27) = 0.2376 

b)  (0.12)(0.13+0.52) = 0.0.078 
 

2-79. Let A denote a event that the first part selected has excessive shrinkage. 
 Let B denote the event that the second part selected has excessive shrinkage. 

 a) P(B)= P(B A )P(A) + P(B A ')P(A') 
             = (4/24)(5/25) + (5/24)(20/25) = 0.20 
 b) Let C denote the event that the third chip selected has excessive shrinkage. 

  

20.0
25
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2-80. Let A and B denote the events that the first and second chips selected are defective, respectively.  
 a) P(B) = P(B|A)P(A) + P(B|A')P(A') = (19/99)(20/100) + (20/99)(80/100) = 0.2 

 b) Let C denote the event that the third chip selected is defective. 

  

00705.0
100
20

99
19

98
18

)()()()()()(

=

⎟
⎠
⎞

⎜
⎝
⎛
⎟
⎠
⎞

⎜
⎝
⎛=

∩=∩∩=∩∩ APABPBACPBAPBACPCBAP

 

 
 
Section 2-6
 
2-81. Because P( AB ) ≠  P(A), the events are not independent. 
 
2-82. P(A') = 1 - P(A) = 0.7 and P( A B' ) = 1 - P( AB ) = 0.7 
 Therefore, A' and B are independent events. 
 
2-83. P( ) = 70/100, P(A) = 86/100, P(B) = 77/100.  A B∩
 Then, P( A ) ≠  P(A)P(B), so A and B are B∩ not independent. 
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2-84. P( ) = 80/100, P(A) = 82/100, P(B) = 90/100.  A B∩
 Then, P( A ) ≠  P(A)P(B), so A and B are B∩ not independent. 
 
2-85. a) P( A )= 22/100,  P(A) = 30/100, P(B) = 75/100, Then P( )B∩ A B∩ ≠  P(A)P(B), therefore, A and B are 
 not independent. 
 b) P(B|A) = P(A ∩ B)/P(A) = (22/100)/(30/100) = 0.733 
 
2-86. If A and B are mutually exclusive, then P( ) = 0 and P(A)P(B) = 0.04.  A B∩
 Therefore, A and B are not independent. 
 
2-87. It is useful to work one of these exercises with care to illustrate the laws of probability. Let Hi denote the 
 event that the ith sample contains high levels of contamination. 

 a) P H  H H H H P H P H P H P H P H( ) ( ) ( ) ( ) ( ) ( )' ' ' ' ' ' ' ' ' '
1 2 3 4 5 1 2 3 4 5∩ ∩ ∩ ∩ =

      by independence. Also, P H . Therefore, the answer is  i( ) .' = 0 9 0 9 0 595. .=

 b) A  H H H H H1 1 2 3 4 5= ∩ ∩ ∩ ∩( )' ' ' '

      A H H H H H2 1 2 3 4 5= ∩ ∩ ∩ ∩( )' ' ' '

      A H H H H H3 1 2 3 4 5= ∩ ∩ ∩ ∩( )' ' ' '

      A H H H H H4 1 2 3 4 5= ∩ ∩ ∩ ∩( )' ' ' '

      A H H H H H5 1 2 3 4 5= ∩ ∩ ∩ ∩( )' ' ' '

     The requested probability is the probability of the union  and these events A A A A A1 2 3 4∪ ∪ ∪ ∪ 5

     are mutually exclusive. Also, by independence P A .  Therefore, the answer is i( ) . ( . ) .= =0 9 01 0 06564

     5(0.0656) = 0.328. 
 c)  Let B denote the event that no sample contains high levels of contamination.  The requested 
        probability is P(B') = 1 - P(B). From part (a), P(B') = 1 - 0.59 = 0.41. 

 
2-88. Let Ai  denote the event that the ith bit is a one. 

 a) By independence P A A A P A P A P A( ... ) ( ) ( )... ( ) ( ) .1 2 10 1 2 10
101

2
0 000976∩ ∩ ∩ = = =  

 b) By independence, P A A A P A P A P Ac( . . . ) ( ) ( ). . . ( ) ( ) .' ' ' ' '
1 2 10 1 2 10

101
2

0 000976∩ ∩ ∩ = = =  

 c) The probability of the following sequence is   
       P A A A A A A A A A A( )' ' ' ' '

1 2 3 4 5 6 7 8 9 10
101

2
∩ ∩ ∩ ∩ ∩ ∩ ∩ ∩ ∩ = ( ) , by independence. The number of   

    sequences consisting of five "1"'s, and five "0"'s is ( )5
10 10

5 5
252= =

!
! !

. The answer is 252 1
2

0 246
10

⎛
⎝⎜

⎞
⎠⎟

= .  

 
2-89. Let A denote the event that a sample is produced in cavity one of the mold.  

 a) By independence, P A A A A A( ) ( )1 2 3 4 5
51

8
0 00003∩ ∩ ∩ ∩ = = .  

 b) Let Bi be the event that all five samples are produced in cavity i.  Because the B's are mutually  
        exclusive, P B  B B P B P B P B( ... ) ( ) ( ) ... ( )1 2 8 1 2 8∪ ∪ ∪ = + + +

      From part a., P Bi( ) ( )=
1
8

5 . Therefore, the answer is 8 1
8

0 000245( ) .=  

 c)  By independence, P A A A A A( ) ( ) ( )'
1 2 3 4 5

41
8

7
8

∩ ∩ ∩ ∩ = . The number of sequences in   

       which four out of five samples are from cavity one is 5. Therefore, the answer is 5 1
8

7
8

0 001074( ) ( ) .= . 
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2-90. Let A denote the upper devices function.  Let B denote the lower devices function. 
 P(A) = (0.9)(0.8)(0.7) = 0.504 
 P(B) = (0.95)(0.95)(0.95) = 0.8574 
 P(A∩B) = (0.504)(0.8574) = 0.4321 
 Therefore, the probability that the circuit operates = P(A∪B) = P(A) +P(B) − P(A∩B) = 0.9293 
 
2-91. [1-(0.1)(0.05)][1-(0.1)(0.05)][1-(0.2)(0.1)] = 0.9702 
 
2-92. Let Ai denote the event that the ith readback is successful. By independence, 
 P A A A P A P A P A( ) ( ) ( ) ( ) ( . ) .' ' ' ' ' '

1 2 3 1 2 3
30 02 0 000008∩ ∩ = = = . 

 
2-93. a) P( B A ) = 4/499 and  
    500/5)500/495)(499/5()500/5)(499/4()'()'()()()( =+=+= APABPAPABPBP  

     Therefore, A and B are not independent. 
 b) A and B are independent. 
 
Section 2-7
 
2-94. Because, P( A B ) P(B) = P( ) = P(A B∩ B A ) P(A), 

 28.0
5.0

)2.0(7.0
)(

)()(
)( ===

AP
BPBAP

ABP  

 
2-95. Let F denote a fraudulent user and let T denote a user that originates calls from two or more 
 metropolitan areas in a day. Then,  
 003.0

)9999(.01.0)0001.0(30.0
)0001.0(30.0

)'()'()()(
)()(

)( =
+

=
+

=
FPFTPFPFTP

FPFTP
TFP  

 
2-96.  

backup main-storage

0.25 0.75

life > 5 yrslife > 5 yrs

life < 5 yrs life < 5 yrs

0.95(0.25)=0.2375 0.05(0.25)=0.0125 0.995(0.75)=0.74625 0.005(0.75)=0.00375  
 
 a)  P(B) = 0.25 

 b)  P( AB ) = 0.95 

 c)  P( AB ') = 0.995 

 d)  P( ) = P(A B∩ AB )P(B) = 0.95(0.25) = 0.2375 

 e)  P( ') = P(A B∩ AB ')P(B') = 0.995(0.75) = 0.74625 

 f)  P(A) = P( ) + P( ') = 0.95(0.25) + 0.995(0.75) = 0.98375 A B∩ A B∩
 g) 0.95(0.25) + 0.995(0.75) = 0.98375. 
 h) 

     769.0
)75.0(005.0)25.0(05.0

)25.0(05.0
)'()''()()'(

)()'(
)'( =

+
=

+
=

BPBAPBPBAP
BPBAP

ABP  
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2-97. Let G denote a product that received a good review. Let H, M, and P denote products that were high, 
 moderate, and poor performers, respectively. 

 a) 

    
P G P G H P H P G M P M P G P P P( ) ( ) ( ) ( ) ( ) ( ) ( )

. ( . ) . ( . ) . ( . )

.

= + +

= + +
=

0 95 0 40 0 60 0 35 0 10 0 25
0 615

 

 b) Using the result from part a., 
     P H G

P G H P H
P G

( )
( ) ( )

( )
. ( . )

.
.= = =

0 95 0 40
0 615

0 618 

 c) P H G
P G H P H

P G
( ' )

( ' ) ( )
( ' )

. ( . )
.

.= =
−

=
0 05 0 40
1 0 615

0 052 

 
2-98.       a)  P(D)=P(D|G)P(G)+P(D|G’)P(G’)=(.005)(.991)+(.99)(.009)=0.013865 

b) P(G|D’)=P(G∩D’)/P(D’)=P(D’|G)P(G)/P(D’)=(.995)(.991)/(1-.013865)=0.9999 
 
 
2-99. a) P(S) = 0.997(0.60) + 0.9995(0.27) + 0.897(0.13) = 0.9847 

b) P(Ch|S) =(0.13)( 0.897)/0.9847 = 0.1184 
 
Section 2-8 
 
2-100. Continuous: a, c, d, f, h, i;  Discrete: b, e, and g 
 
Supplemental Exercises
 
2-101. Let Di denote the event that the primary failure mode is type i and let A denote the event that a board passes 
 the test. 

 The sample space is S = { } . A A D A D A D A D A D, ' , ' , ' , ' , '1 2 3 4 5
2-102. a) 20/200  b) 135/200 c) 65/200   
 d) 

A B 

25 90 20 
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2-103. a) P(A) = 19/100 = 0.19 
b) P(A ∩ B) = 15/100 = 0.15 
c) P(A ∪ B) = (19 + 95 – 15)/100 = 0.99 
d) P(A′∩ B) = 80/100 = 0.80 
e) P(A|B) = P(A ∩ B)/P(B) = 0.158 

 
 
 
2-104. Let A  denote the event that the ith order is shipped on time. i

 a) By independence,  857.0)95.0()()()()( 3
321321 ===∩∩ APAPAPAAAP

 b) Let  

      

B A A A

B A A A

B A A A

1 1 2 3

2 1 2

3 1 2 3

= ∩ ∩

= ∩ ∩

= ∩ ∩

'

'

'
3

( )

3= ∩ ∩

= ∩ ∩

= ∩ ∩

= ∩ ∩

' '

' '

' '

' ' '

( )

     Then, because the B's are mutually exclusive,  

      

P B B B P B P B P B( ) ( ) ( )

( . ) ( . )
.

1 2 3 1 2 3
23 0 95 0 05

0135

∪ ∪ = + +

=
=

 c) Let 

      
B A A A

B A A A

B A A A

B A A A

1 1 2

2 1 2 3

3 1 2 3

4 1 2 3
     Because the B's are mutually exclusive,   

           

P B B B B P B P B P B P B( ) ( ) ( ) ( )

( . ) ( . ) ( . )
.

1 2 3 4 1 2 3 4
2 33 0 05 0 95 0 05

0 00725

∪ ∪ ∪ = + + +

= +
=

 
2-105. a) No, P(E1 ∩ E2 ∩ E3) ≠ 0 
 b) No, E1′ ∩ E2′ is not ∅ 
 c) P(E1′ ∪ E2′ ∪ E3′) = P(E1′) + P(E2′) + P(E3′) – P(E1′∩ E2′) - P(E1′∩ E3′) - P(E2′∩ E3′)  
                                    + P(E1′ ∩ E2′ ∩ E3′) 
     = 40/240  
 d) P(E1 ∩ E2 ∩ E3) = 200/240  
 e) P(E1 ∪ E3) = P(E1) + P(E3) – P(E1 ∩ E3) = 234/240  
 f) P(E1 ∪ E2 ∪ E3) = 1 – P(E1′ ∩ E2′ ∩ E3′) = 1 - 0 = 1 
 
2-106.  (0.20)(0.30) +(0.7)(0.9) = 0.69 
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2-107. Let Ai denote the event that the ith bolt selected is not torqued to the proper limit. 
 a) Then,  

     

282.0
20
15

19
14

18
13

17
12

)()()()(

)()()(

1122133214

32132144321

=⎟
⎠
⎞

⎜
⎝
⎛
⎟
⎠
⎞

⎜
⎝
⎛
⎟
⎠
⎞

⎜
⎝
⎛
⎟
⎠
⎞

⎜
⎝
⎛=

∩∩∩=

∩∩∩∩=∩∩∩

APAAPAAAPAAAAP

AAAPAAAAPAAAAP

 

 b) Let B denote the event that at least one of the selected bolts are not properly torqued. Thus, B' is the   
     event that all bolts are properly torqued. Then,  

     P(B) = 1 - P(B') = 1 15
20

14
19

13
18

12
17

0 718−
⎛
⎝⎜

⎞
⎠⎟
⎛
⎝⎜

⎞
⎠⎟
⎛
⎝⎜

⎞
⎠⎟
⎛
⎝⎜

⎞
⎠⎟
= .  

2-108. Let A,B denote the event that the first, second portion of the circuit operates. Then, P(A) = 
 (0.99)(0.99)+0.9-(0.99)(0.99)(0.9) = 0.998 
 P(B) = 0.9+0.9-(0.9)(0.9) = 0.99 and 
 P( ) = P(A) P(B) = (0.998) (0.99) = 0.988 A B∩
 
2-109. A1 = by telephone,  A2 = website;  P(A1) = 0.92,  P(A2) = 0.95;   

By independence P(A1 ∪ A2) = P(A1) + P(A2) - P(A1 ∩ A2) = 0.92 + 0.95 - 0.92(0.95) = 0.996 
 
2-110. P(Possess) = 0.95(0.99) +(0.05)(0.90) = 0.9855 
 
2-111. Let D denote the event that a container is incorrectly filled and let H denote the event that a container is 
 filled under high-speed operation. Then, 

    a) P(D) = P(DH )P(H) + P(D H ')P(H') = 0.01(0.30) + 0.001(0.70) = 0.0037 

 b) 8108.0
0037.0

)30.0(01.0
)(

)()(
)( ===

DP
HPHDP

DHP  

2-112. a) P(E’ ∩ T’ ∩ D’) = (0.995)(0.99)(0.999) = 0.984 
b) P(E ∪ D) = P(E) + P(D) – P(E ∩ D) = 0.005995 
 

2-113. D = defective copy 

a) P(D = 1) = 0778.0
73
2

74
72

75
73

73
72

74
2

75
73

73
72

74
73

75
2

=⎟
⎠
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⎠
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⎝

⎛
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⎠

⎞
⎜
⎝

⎛  

b) P(D = 2) = 00108.0
73
1

74
2

75
73

73
1

74
73

75
2

73
73

74
1

75
2

=⎟
⎠
⎞

⎜
⎝
⎛
⎟
⎠
⎞

⎜
⎝
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⎠
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⎜
⎝
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⎜
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⎜
⎝
⎛  

c) Let A represent the event that the two items NOT inspected are not defective.  Then, 
P(A)=(73/75)(72/74)=0.947. 

 
2-114. The tool fails if any component fails. Let F denote the event that the tool fails. Then, P(F') = 0 9  by 
 independence and P(F) = 1 - 0 9  = 0.0956 

910.
910.

 
2-115. a) (0.3)(0.99)(0.985) + (0.7)(0.98)(0.997) = 0.9764 

 b) 3159.0
9764.01

)30.0(02485.0
)(

)1()1(
)1( =

−
==

EP
routeProuteEP

ErouteP  
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2-116. a) By independence,  015 7 59 105 5. .= × −

 b) Let A  denote the events that the machine is idle at the time of your ith request. Using independence, i
     the requested probability is  

      

P A A A A A or A A A A A or A A A A A or A A A A A or A A A A A( )

. ( . ) . ( . ) . ( . ) . ( . ) . ( . )

( . )( . )
.

' ' ' ' '
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5

4 4 4 4 4

4
015 0 85 015 0 85 015 0 85 015 0 85 015 0 85

5 015 0 85
0 0022

= + + + +

=
=

 c) As in part b,the probability of 3 of the events is     
   

So to get the probability of at least 3, add answer parts a.) and b.) to the above to obtain requested probability.  
Therefore the answer is  

0244.0
)85.0)(15.0(10

)

(

23
543

'
2

'
154

'
32

'
15

'
432

'
1

'
5432

'
154

'
3

'
21

5
'
43

'
21

'
543

'
215

'
4

'
321

'
54

'
321

'
5

'
4321

=
=

AAAAAorAAAAAorAAAAAorAAAAAorAAAAA

orAAAAAorAAAAAorAAAAAorAAAAAorAAAAAP

 0.0000759 + 0.0022 + 0.0244 = 0.0267 
 
2-117. Let A  denote the event that the ith washer selected is thicker than target. i

 a) 207.0
8
28

49
29

50
30

=⎟
⎠
⎞

⎜
⎝
⎛
⎟
⎠
⎞

⎜
⎝
⎛
⎟
⎠
⎞

⎜
⎝
⎛  

   b)  30/48 = 0.625 
    

 c) The requested probability can be written in terms of whether or not the first and second washer selected 
       are thicker than the target. That is, 

     

P A P A A A orA A A orA A A orA A A

P A A A P A A P A A A P A A

P A A A P A A P A A A P A A

P A A A P A A P A P A A A P A A P A

P A A A P A A P A

( ) ( )

( ) ( ) ( ) ( )

( ' ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) (

( ) ( ) (

' ' ' '

' '

' ' ' ' '

' '

' '

3 1 2 3 1 2 3 1 2 3 1 2 3

3 1 2 1 2 3 1 2 1 2

3 1 2 1 2 3 1 2 1 2

3 1 2 2 1 1 3 1 2 2 1 1

3 1 2 2 1

=

= +

+ +

= +

+

)

1 3 1 2 2 1

28
48

30
50

29
49

29
48

20
50

30
49

29
48

20
50

30
49

30
48

20
50

19
49

0 60

' ' ' ' ') ( ) ( ) ( )

.

+

=
⎛
⎝⎜

⎞
⎠⎟
+

⎛
⎝⎜

⎞
⎠⎟
+

⎛
⎝⎜

⎞
⎠⎟
+

⎛
⎝⎜

⎞
⎠⎟

=

P A A A P A A P A1
'

 

 

2-118.   a) If n washers are selected, then the probability they are all less than the target is 20
50

19
49

20 1
50 1

⋅ ⋅
− +
− +

... n
n

. 

n probability all selected washers are less than target
1 20/50 = 0.4 
2 (20/50)(19/49) = 0.155 
3 (20/50)(19/49)(18/48) = 0.058 

     Therefore, the answer is n = 3 
 b) Then event E that one or more washers is thicker than target is the complement of the event that all are 
     less than target. Therefore, P(E) equals one minus the probability in part a. Therefore, n = 3. 
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2-119.  

 

547.0
940
514)''()

881.0
940

24668514)'()

262.0
940
246)()

453.0
940

24668112)()

==∩

=
++

=∪

==∩

=
++

=∪

BAPd

BAPc

BAPb

BAPa

 

. e)      P( AB ) = P A B
P B

( )
( )

/
/

.∩
= =

246 940
314 940

0 783  

 f)      P(B A ) = P B A
P A

( )
( )

/
/

.∩
= =

246 940
358 940

0 687 

 
2-120. Let E denote a read error and let S,O,P denote skewed, off-center, and proper alignments, respectively.  
 Then, 

 a) P(E) = P(E|S) P(S) + P(E|O) P (O) + P(E|P) P(P) 
             = 0.01(0.10) + 0.02(0.05) + 0.001(0.85) 
             = 0.00285 

 b) P(S|E) = P E S P S
P E

( ) ( )
( )

. ( . )
.

.= =
0 01 0 10

0 00285
0 351 

 
2-121. Let A  denote the event that the ith row operates. Then, 
 .

i
P A P A P A P A( ) . , ( ) ( . )( . ) . , ( ) . , ( ) .1 2 3 40 98 0 99 0 99 0 9801 0 9801 0 98= = = = =  

 The probability the circuit does not operate is 
  7'

4
'
3

'
2

'
1 1058.1)02.0)(0199.0)(0199.0)(02.0()()()()( −×==APAPAPAP

 
2-122. a) (0.4)(0.1) + (0.3)(0.1) +(0.2)(0.2) + (0.4)(0.1) = 0.15 

b) P(4 or more|provided) = (0.4)(0.1)/0.15 = 0.267 
 
Mind-Expanding Exercises
 
2-123. Let E denote a read error and let S, O, B, P denote skewed, off-center, both, and proper alignments, 
 respectively. 

   P(E)  = P(E|S)P(S) + P(E|O)P(O) + P(E|B)P(B) + P(E|P)P(P) 
 = 0.01(0.10) + 0.02(0.05) + 0.06(0.01) + 0.001(0.84) = 0.00344 
 

2-124.  Let n denote the number of washers selected. 

 a) The probability that all are less than the target is 0 4  , by independence. . n

n 0 4. n  
1 0.4 
2 0.16 
3 0.064 

     Therefore, n = 3 
 b) The requested probability is the complement of the probability requested in part a. Therefore, n = 3 
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2-125. Let x denote the number of kits produced. 
 Revenue at each demand 
 0 50 100 200

0 5≤ ≤ 0x  -5x 100x 100x 100x 
Mean profit = 100x(0.95)-5x(0.05)-20x 

50 100≤ ≤x  -5x 100(50)-5(x-50) 100x 100x 
Mean profit = [100(50)-5(x-50)](0.4) + 100x(0.55)-5x(0.05)-20x 

100 200≤ ≤x  -5x 100(50)-5(x-50) 100(100)-5(x-100) 100x 
Mean profit = [100(50)-5(x-50)](0.4) + [100(100)-5(x-100)](0.3) + 100x(0.25) - 5x(0.05) - 20x 

 
 Mean Profit Maximum Profit 

0 5≤ ≤ 0x  74.75 x $ 3737.50 at x=50 
50 100≤ ≤x  32.75 x + 2100 $ 5375 at x=100 

100 200≤ ≤x  1.25 x + 5250 $ 5500 at x=200 
 Therefore, profit is maximized at 200 kits. However, the difference in profit over 100 kits is small. 
 
2-126. Let E denote the probability that none of the bolts are identified as incorrectly torqued. The requested 
 probability is P(E'). Let X denote the number of bolts in the sample that are incorrect. Then, 

 P(E) = P(E|X=0)P(X=0) + P(E|X=1) P(X=1) + P(E|X=2) P(X=2) + P(E|X=3) P(X=3) + P(E|X=4)P(X=4) 
   and P(X=0) = (15/20)(14/19)(13/18)(12/17) = 0.2817.  The remaining probability for x can be determined  
   from the counting methods in Appendix B-1. Then, 
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0 4696
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P(X=4) = (5/20)(4/19)(3/18)(2/17) = 0.0010 and P(E|X=0) = 1, P(E|X=1) = 0.05, P(E|X=2) = 

, P(E|X=3) = , P(E|X=4) = . Then, 0 05 0 00252. .= 0 05 125 103. .= × −4 0 05 6 25 104 6. .= × −

  

P E( ) ( . ) . ( . ) . ( . ) . ( . )

. ( . )

.

= + + + ×

+ ×
=

−

−

1 0 2817 0 05 0 4696 0 0025 0 2167 125 10 0 0309

6 25 10 0 0010
0 306

4

6

 and P(E') = 0.694 
2-127. 

  

P A B P A B P A B
P A P B P A B
P A P B P A P B
P A P B

P A P B

( ' ' ) ([ ' ' ]' ) ( )
[ ( ) ( ) ( )]

( ) ( ) ( ) ( )
[ ( )][ ( )]

( ' ) ( ' )

∩ = − ∩ = − ∪
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= − − +
= − −
=

1 1
1
1
1 1
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2-128. The total sample size is ka + a + kb + b = (k + 1)a + (k +1)b. 

 

P A k a b
k a k b

P B ka a
k a k b

and

P A B ka
k a k b

ka
k a b

Then

P A P B k a b ka a
k a k b

k a b k a
k a b

ka
k a b

P A B
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Section 2-1.4 on CD   
 
S2-1. From the multiplication rule, the answer is 5 3 4 2 120× × × =  
 
 
S2-2. From the multiplication rule, 3 4 3  36× × =
 
 
S2-3. From the multiplication rule, 3 4 3 4 144× × × =  
 
 
S2-4. From equation S2-1, the answer is 10! = 3628800 
 
 
S2-5. From the multiplication rule and equation S2-1, the answer is 5!5! = 14400 
 

S2-6. From equation S2-3, 7
3 4

35!
! !

=  sequences are possible 

 

S2-7. a) From equation S2-4, the number of samples of size five is ( ) 416965528
!135!5

!140140
5 ==  

 b) There are 10 ways of selecting one nonconforming chip and there are ( ) 11358880
!126!4

!130130
4 ==    

     ways of selecting four conforming chips. Therefore, the number of samples that contain exactly one   

     nonconforming chip is 10 ( ) 113588800130
4 =×  

c) The number of samples that contain at least one nonconforming chip is the total number of samples  

    minus the number of samples that contain no nonconforming chips ( )5
140 ( )5

130 .  

That is (  - = )5
140 ( )5

130 140
5 135

130
5 125

130721752!
! !

!
! !

− =  

 
 
S2-8. a) If the chips are of different types, then every arrangement of 5 locations selected from the 12 results in a   

     different layout. Therefore, P5
12 12

7
95040= =

!
!

 layouts are possible. 

b) If the chips are of the same type, then every subset of 5 locations chosen from the 12 results in a different 

    layout. Therefore, ( )5
12 12

5 7
792= =

!
! !

 layouts are possible. 
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S2-9. a) 21
!5!2

!7
=  sequences are possible. 

b) 2520
!2!1!1!1!1!1

!7
=  sequences are possible. 

c) 6! = 720 sequences are possible. 
 
 
 
 
S2-10. a) Every arrangement of 7 locations selected from the 12 comprises a different design.        

     P7
12 12

5
3991680= =

!
!

 designs are possible. 

b) Every subset of 7 locations selected from the 12 comprises a new design. 792
!7!5
!12
=  designs are 

    possible. 

c) First the three locations for the first component are selected in ( ) 220
!9!3
!1212

3 ==  ways. Then, the four    

locations for the second component are selected from the nine remaining locations in ( ) 126
!5!4

!99
4 ==    

ways. From the multiplication rule, the number of designs is 220 126 27720× =  
S2-11. a) From the multiplication rule, 103 1000=  prefixes are possible 

b) From the multiplication rule, 8 2 10 160× × =  are possible 
c) Every arrangement of three digits selected from the 10 digits results in a possible prefix. 

   P3
10 10

7
720= =

!
!

 prefixes are possible. 

 

S2-12. a) From the multiplication rule,  bytes are possible 2 2568 =

 b) From the multiplication rule,  bytes are possible 2 1287 =
 

S2-13. a) The total number of samples possible is ( ) .10626
!20!4

!2424
4 ==  The number of samples in which exactly 

one tank has high viscosity is ( )( ) 4896
!15!3

!18
!5!1
!618

3
6
1 =×= . Therefore, the probability is      

    461.0
10626
4896

=  

b) The number of samples that contain no tank with high viscosity is ( ) .3060
!14!4

!1818
4 ==  Therefore, the 

    requested probability is 1 712.0
10626
3060

=− . 

c) The number of samples that meet the requirements is  ( )( )( ) 2184
!12!2

!14
!3!1
!4

!5!1
!614

2
4
1

6
1 =××= . 

    Therefore, the probability is 206.0
10626
2184

=  
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S2-14. a) The total number of samples is ( )3
12 12

3 9
220= =

!
! !

.  The number of samples that result in one      

     nonconforming part is ( )( ) .90
!8!2
!10

!1!1
!210

2
2
1 =×=   Therefore, the requested probability is  

     90/220 = 0.409. 

b) The number of samples with no nonconforming part is ( ) .120
!7!3
!1010

3 ==  The probability of at least one 

     nonconforming part is 1 455.0
220
120

=− . 

 

S2-15. a) The probability that both parts are defective is 0082.0
49
4

50
5

=×  

b) The total number of samples is ( )
2

4950
!48!2

!5050
2

×
== . The number of samples with two defective 

    parts is ( )
2

45
!3!2

!55
2

×
== . Therefore, the probability is 0082.0

4950
45

2
4950

2
45

=
×
×

=
×

×

. 
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CHAPTER 3  
 
Section 3-1
 
3-1. The range of X is { } 1000,...,2,1,0
 
3-2 The range of X is { }  012 50, , ,...,
 
3-3. The range of X is { }  012 99999, , ,...,
 
3-4 The range of X is { }  012 3 4 5, , , , ,
 
3-5. The range of X is { . Because 490 parts are conforming, a nonconforming part must be 
 selected in 491 selections. 

}

}

491,...,2,1

 
3-6 The range of X is { . Although the range actually obtained from lots typically might not 
 exceed 10%. 

012 100, , ,...,

 
3-7. The range of X is conveniently modeled as all nonnegative integers. That is, the range of X is 
  { }012, , ,...
 
3-8 The range of X is conveniently modeled as all nonnegative integers. That is, the range of X is 
  { }012, , ,...
 
3-9. The range of X is { } 15,...,2,1,0
 
3-10 The possible totals for two orders are 1/8 + 1/8 = 1/4, 1/8 + 1/4 = 3/8, 1/8 + 3/8 = 1/2, 1/4 + 1/4 = 1/2,  
 1/4 + 3/8 = 5/8, 3/8 + 3/8 = 6/8. 

 Therefore the range of X is 1
4

3
8

1
2

5
8

6
8

, , , ,⎧
⎨
⎩

⎫
⎬
⎭

 

 
3-11 The range of X is   }10000,,2,1,0{ K
 
3-12 The range of X is { } 5000,...,2,1,0
 
Section 3-2 
 
3-13. 

 

6/1)3(
6/1)2(

3/1)5.1()5.1(
3/16/16/1)0()0(

=
=

===
=+===

X

X

X

X

f
f

XPf
XPf

 

 
3-14 a) P(X=1.5) = 1/3 

 b) P(0.5< X < 2.7) = P(X=1.5) + P(X=2) = 1/6 + 1/3 = 1/2 
 c) P(X > 3) = 0 
 d) P ( 0 ≤ X < 2) = P(X=0) + P(X=1.5) = 1/3 + 1/3 = 2/3 
 e) P(X=0 or X=2) = 1/3 + 1/6 = 1/2 

 
 
 
3-15. All probabilities are greater than or equal to zero and sum to one. 

3-1 



 a) P(X ≤ 2)=1/8 + 2/8 + 2/8 + 2/8 + 1/8 = 1 
 b) P(X > - 2) = 2/8 + 2/8 + 2/8 + 1/8 = 7/8 
 c) P(-1 ≤ X ≤ 1) = 2/8 + 2/8 + 2/8 =6/8 = 3/4 

/2 

-16 All probabilities are greater than or equal to zero and sum to one. 

 14=0.4286 

X=3)=1 

-17. Probabilities are nonnegative and sum to one. 

 3/25 = 4/25 
/25 

-18 Probabilities are nonnegative and sum to one. 

] = 63/64 

/4) = 1/4 

-19. P(X = 10 million) = 0.3, P(X = 5 million) = 0.6, P(X = 1 million) = 0.1 

-20 P(X = 50 million) = 0.5, P(X = 25 million) = 0.3, P(X = 10 million) = 0.2 

-21. P(X = 0) = 0.02  = 8 x 10
2)]=0.0012 

-22 X = number of wafers that pass 

.096 

-23       P(X = 15 million) = 0.6, P(X = 5 million) = 0.3, P(X = -0.5 million) = 0.1 

-24 X = number of components that meet specifications 

0.02) = 0.068 

-25. X = number of components that meet specifications 

8)(0.01)+(0.05)(0.02)(0.99)  = 0.00167 

 d) P(X ≤ -1 or X=2) = 1/8 + 2/8 +1/8 = 4/8 =1
 
3

a) P(X≤ 1)=P(X=1)=0.5714 
b) P(X>1)= 1-P(X=1)=1-0.57

 c) P(2<X<6)=P(X=3)=0.1429 
 d) P(X≤1 or X>1)= P(X=1)+ P(X=2)+P(
 
3
 a) P(X = 4) = 9/25 
 b) P(X ≤ 1) = 1/25 +
 c) P(2 ≤ X < 4) = 5/25 + 7/25 = 12
 d) P(X > −10) = 1 
 
3
 a) P(X = 2) = 3/4(1/4)2 = 3/64 
 b) P(X ≤ 2) = 3/4[1+1/4+(1/4)2

 c) P(X > 2) = 1 − P(X ≤ 2) = 1/64 
 d) P(X ≥ 1) = 1 − P(X ≤ 0) = 1 − (3
 
3
 
3
 

3 -63
 P(X = 1) = 3[0.98(0.02)(0.0
 P(X = 2) = 3[0.98(0.98)(0.02)]=0.0576 
 P(X = 3) = 0.983 = 0.9412 
 
3
     P(X=0) = (0.2)3 = 0.008 
     P(X=1) = 3(0.2)2(0.8) = 0
     P(X=2) = 3(0.2)(0.8)2 = 0.384 
     P(X=3) = (0.8)3 = 0.512 
 
3
 
3
     P(X=0) = (0.05)(0.02) = 0.001 
     P(X=1) = (0.05)(0.98) + (0.95)(
     P(X=2) = (0.95)(0.98) = 0.931 
 
3
     P(X=0) = (0.05)(0.02)(0.01) = 0.00001 
     P(X=1) = (0.95)(0.02)(0.01) + (0.05)(0.9
     P(X=2) = (0.95)(0.98)(0.01) + (0.95)(0.02)(0.99) + (0.05)(0.98)(0.99) = 0.07663 
     P(X=3) =  (0.95)(0.98)(0.99) = 0.92169 
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Section 3-3 
 

3-26   where  

⎪
⎪
⎪

⎭
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≤
<≤
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<≤
<
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x
x
x

x
x

xF

31
326/5
25.13/2
5.103/1

0,0

)(

6/1)3(
6/1)2(

3/1)5.1()5.1(
3/16/16/1)0()0(

=
=
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=+===

X

X

X

X
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f
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3-27.  

   where     

⎪
⎪
⎪
⎪

⎭

⎪⎪
⎪
⎪

⎬

⎫

⎪
⎪
⎪
⎪

⎩

⎪⎪
⎪
⎪

⎨

⎧

≤
<≤
<≤
<≤−
−<≤−

−<

=

x
x
x
x
x

x

xF

21
218/7
108/5
018/3
128/1

2,0

)(

8/1)2(
8/2)1(
8/2)0(
8/2)1(
8/1)2(

=
=
=
=−
=−

X

X

X

X

X

f
f
f
f
f

 

 a) P(X ≤ 1.25) = 7/8 
 b) P(X ≤ 2.2) = 1 
 c) P(-1.1 < X ≤ 1) = 7/8 − 1/8 = 3/4 
 d) P(X > 0) = 1 − P(X ≤ 0) = 1 − 5/8 = 3/8 
 

3-28     where        

⎪
⎪
⎪
⎪

⎭
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⎬
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⎧

≤
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<

=

x
x
x
x
x

x

xF

41
4325/16
3225/9
2125/4
1025/1

0,0

)(

25/9)4(
25/7)3(
25/5)2(
25/3)1(
25/1)0(

=
=
=
=
=

X

X

X

X

X

f
f
f
f
f

 

 a) P(X < 1.5) = 4/25 
 b) P(X ≤ 3) = 16/25 
 c) P(X > 2) = 1 − P(X ≤ 2) = 1 − 9/25 = 16/25 
 d) P(1 < X ≤ 2) = P(X ≤ 2) − P(X ≤ 1) = 9/25 − 4/25 = 5/25 = 1/5 
 
 
3-29. 

   

⎪
⎪
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⎪
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⎫
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x

xF

10,1
105,7.0
51,1.0

1,0

)(

 
where    P(X = 10 million) = 0.3,  P(X = 5 million) = 0.6,  P(X = 1 million) = 0.1 
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3-30 

⎪
⎪
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x

x

xF
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)(  

 
 
  where P(X = 50 million) = 0.5, P(X = 25 million) = 0.3, P(X = 10 million) = 0.2 
 
 
3-31.  

  where  
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0,0

)(
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3-32  

⎪
⎪
⎭

⎪
⎪
⎬

⎫

⎪
⎪
⎩

⎪
⎪
⎨

⎧

≤
<≤
<≤−

−<

=

x
x

x
x

xF

15,1
155,4.0

55.0,1.0
5.0,0

)(  

 
where P(X = 15 million) = 0.6, P(X = 5 million) = 0.3, P(X = -0.5 million) = 0.1 

 
3-33.     The sum of the probabilities is 1 and all probabilities are greater than or equal to zero; 

 pmf:  f(1) = 0.5, f(3) = 0.5 
a) P(X ≤ 3) = 1 

 b) P(X ≤ 2) = 0.5 
 c) P(1 ≤ X ≤ 2) = P(X=1) = 0.5 
 d) P(X>2) = 1 − P(X≤2) = 0.5 
 
3-34 The sum of the probabilities is 1 and all probabilities are greater than or equal to zero; 
 pmf:  f(1) = 0.7, f(4) = 0.2, f(7) = 0.1 

a) P(X ≤ 4) = 0.9 
 b) P(X > 7) = 0 
 c) P(X ≤ 5) = 0.9 
 d) P(X>4) = 0.1 
 e) P(X≤2) = 0.7 
 
 
3-35. The sum of the probabilities is 1 and all probabilities are greater than or equal to zero; 
 pmf:  f(-10) = 0.25, f(30) = 0.5, f(50) = 0.25 

a) P(X≤50) = 1 
 b) P(X≤40) = 0.75 
 c) P(40 ≤ X ≤ 60) = P(X=50)=0.25 
 d) P(X<0) = 0.25 
 e) P(0≤X<10) = 0 
 f) P(−10<X<10) = 0 

3-4 



3-36 The sum of the probabilities is 1 and all probabilities are greater than or equal to zero; 
 pmf:  f1/8) = 0.2, f(1/4) = 0.7, f(3/8) = 0.1 

a) P(X≤1/18) = 0 
 b) P(X≤1/4) = 0.9 
 c) P(X≤5/16) = 0.9 
 d) P(X>1/4) = 0.1 
 e) P(X≤1/2) = 1 
 
Section 3-4 
 
3-37 Mean and Variance  

 2)2.0(4)2.0(3)2.0(2)2.0(1)2.0(0
)4(4)3(3)2(2)1(1)0(0)(

=++++=
++++== fffffXEµ

  

22)2.0(16)2.0(9)2.0(4)2.0(1)2.0(0
)4(4)3(3)2(2)1(1)0(0)(
2

222222

=−++++=

−++++= µfffffXV
 

 
3- 38 Mean and Variance  

333.1)6/1(3)6/1(2)3/1(5.1)3/1(0
)3(3)2(2)5.1(5.1)0(0)(

=+++=
+++== ffffXEµ

 

139.1333.1)6/1(9)6/1(4)3/1(25.2)3/1(0
)3(3)2(2)1(5.1)0(0)(

2

22222

=−+++=

−+++= µffffXV
 

 
3-39 Determine E(X) and V(X) for random variable in exercise 3-15 

. 
0)8/1(2)8/2(1)8/2(0)8/2(1)8/1(2

)2(2)1(1)0(0)1(1)2(2)(
=+++−−=
+++−−−−== fffffXEµ

  

5.10)8/1(4)8/2(1)8/2(0)8/2(1)8/1(4
)2(2)1(1)0(0)1(1)2(2)(

2

222222

=−++++=

−+++−−−−= µfffffXV
 

 
3-40  Determine E(X) and V(X) for random variable in exercise 3-15 

8.2)36.0(4)28.0(3)2.0(2)12.0(1)04.0(0
)4(4)3(3)2(2)1(1)0(0)(
=++++=

++++== fffffXEµ
 

36.18.2)36.0(16)28.0(9)2.0(4)12.0(1)04.0(0
)4(4)3(3)2(2)1(1)0(0)(

2

222222

=−++++=

−++++= µfffffXV
 

3-41. Mean and variance for exercise 3-19 

million 1.6
)1.0(1)6.0(5)3.0(10

)1(1)5(5)10(10)(

=
++=

++== fffXEµ
 

2

2222

2222

million 89.7
1.6)1.0(1)6.0(5)3.0(10

)1(1)5(5)10(10)(

=

−++=

−++= µfffXV
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3-42  Mean and variance for exercise 3-20 

million 5.34
)2.0(10)3.0(25)5.0(50

)10(10)25(25)50(50)(

=
++=

++== fffXEµ
 

2

2222

2222

million 267.25
5.34)2.0(10)3.0(25)5.0(50

)10(10)25(25)50(50)(

=

−++=

−++= µfffXV
 

 
3-43. Mean and variance for random variable in exercise 3-22 

4.2)512.0(3)384.0(2)096.0(1)008.0(0
)3(3)2(2)1(1)0(0)(

=+++=
+++== ffffXEµ

 

 

48.04.2)512.0(9)384.0(4)096.0(1)008.0(0
)3(3)2(2)1(1)0(0)(

22

22222

=−+++=

−+++= µffffXV
 

 
3-44 Mean and variance for exercise 3-23 

million 45.10
)1.0(5.0)3.0(5)6.0(15

)5(5.0)5(5)15(15)(

=
−+=

−+== fffXEµ
 

 

2

2222

2222

million 32.33
45.10)1.0()5.0()3.0(5)6.0(15

)5.0()5.0()5(5)15(15)(

=

−−++=

−−−++= µfffXV
 

 
3-45. Determine x where range is [0,1,2,3,x] and mean is 6. 

 

24
2.08.4

2.02.16
)2.0()2.0(3)2.0(2)2.0(1)2.0(06

)()3(3)2(2)1(1)0(06)(

=
=

+=
++++=

++++===

x
x

x
x

xxfffffXEµ

 

 
 
 
 
Section 3-5 
 
3-46 E(X) = (0+100)/2 = 50, V(X) = [(100-0+1)2-1]/12 = 850 
 
3-47. E(X) = (3+1)/2 = 2, V(X) = [(3-1+1)2 -1]/12 = 0.667 
 

3-48 
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3-49. X=(1/100)Y, Y = 15, 16, 17, 18, 19. 

 E(X) = (1/100) E(Y) = 17.0
2

1915
100

1
=⎟

⎠
⎞

⎜
⎝
⎛ +

mm  

0002.0
12

1)11519(
100

1)(
22

=⎥
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3-50 3
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12)( =⎟

⎠
⎞

⎜
⎝
⎛+⎟

⎠
⎞

⎜
⎝
⎛+⎟

⎠
⎞

⎜
⎝
⎛=XE  

 in 100 codes the expected number of letters is 300 
 

 ( ) ( ) ( ) ( )
3
23

3
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3
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3
12)( 2222 =−⎟
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 in 100 codes the variance is 6666.67 
 
3-51. X = 590 + 0.1Y, Y = 0, 1, 2, ..., 9 

 E(X) = 45.590
2

901.0590 =⎟
⎠
⎞

⎜
⎝
⎛ +

+ mm,  

0825.0
12

1)109()1.0()(
2

2 =⎥
⎦

⎤
⎢
⎣

⎡ −+−
=XV  mm2 

3-52 The range of Y is 0, 5, 10, ..., 45,  E(X) = (0+9)/2 = 4.5 
 E(Y) = 0(1/10)+5(1/10)+...+45(1/10) 
          = 5[0(0.1) +1(0.1)+ ... +9(0.1)] 
          = 5E(X) 
          = 5(4.5) 
          = 22.5 
 V(X) = 8.25, V(Y) = 52(8.25) = 206.25, σY = 14.36 
 

3-53 ,   ∑∑ ===
xx

XcExxfcxcxfcXE )()()()(

 ∑∑ =−=−=
xx

XcVxfxcxfccxcXV )()()()()()( 222 µµ  

 
3-54 X is a discrete random variable.  X is discrete because it is the number of fields out of 28 that has an error. 

However, X is not uniform because P(X=0) ≠ P(X=1). 
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Section 3-6
 
3-55. A binomial distribution is based on independent trials with two outcomes and a constant probability of 
 success on each trial. 
 
 a) reasonable 
 b) independence assumption not reasonable 
 c) The probability that the second component fails depends on the failure time of the first component.  The   
     binomial distribution is not reasonable. 
 d) not independent trials with constant probability 
 e) probability of a correct answer not constant. 
 f) reasonable 
 g) probability of finding a defect not constant. 
 h) if the fills are independent with a constant probability of an underfill, then the binomial distribution for 
     the number packages underfilled is reasonable. 
 i) because of the bursts, each trial (that consists of sending a bit) is not independent 
 j) not independent trials with constant probability 
 
 
 
 
3-56 

                 

1050

0.25

0.20

0.15

0.10

0.05

0.00

x

f(x
)

 
 a.)  5)5.0(10)( === npXE

b.) Values X=0 and X=10 are the least likely, the extreme values 
 

3-57. a)  2461.0)5.0(5.0
5

10
)5( 55 =⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
==XP

 b)  8291100 5.05.0
2

10
5.05.0

1
10

5.05.0
0

10
)2( ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=≤XP

      0547.0)5.0(45)5.0(105.0 101010 =++=

 c)  0107.0)5.0(5.0
10
10

)5.0(5.0
9

10
)9( 01019 =⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=≥XP

  

 d)  6473 5.05.0
4

10
5.05.0

3
10

)53( ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=<≤ XP

            3223.0)5.0(210)5.0(120 1010 =+=

3-8 



 
3-58 

109876543210
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0.2

0.1

0.0

x

 p
ro

b 
of

 x

Binomal (10, 0.01)

 
 a) The value of X that appears to be most likely is 0. 1. 1.0)01.0(10)( === npXE
 b) The value of X that appears to be least likely is 10.  
 
 
 
 

3-59. a)  ( ) 855 1040.299.001.0
5

10
)5( −×=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
==XP

  

( ) ( ) ( )
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( ) 46473

1801019

8291100
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4
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3
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)53()
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)9()
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⎞
⎜⎜
⎝

⎛
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⎛
=≤

XPd

XPc

XPb

3-60  n=3 and p=0.5 
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3-61. n=3 and p=0.25 

   where 
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3-62 Let X denote the number of defective circuits. Then, X has a binomial distribution with n = 40 and  

 p = 0.01.  Then, P(X = 0) = ( ) 6690.099.001.0 40040
0 = . 

 

3-63. a)  3681.0)999.0(001.0
1

1000
)1( 9991 =⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
==XP

( )

( ) ( ) ( )

999.0)999.0)(001.0(1000)(
1)001.0(1000)()d

9198.0

999.0001.0999.0001.0
1

1000
999.0001.0

0
1000

)2()c

6319.0999.0001.0
1

1000
1)0(1)1()b

99821000
2

999110000

9991

==
==

=

+⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=≤

=⎟⎟
⎠

⎞
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⎝

⎛
−==−=≥

XV
XE

XP

XPXP

 
 
3-64 Let X denote the number of times the line is occupied. Then, X has a binomial distribution with 
 n = 10 and p = 0.4 

 a.) P X  ( ) . ( . ) .= =
⎛
⎝
⎜

⎞
⎠
⎟ =3

10
3

0 4 0 6 0 2153 7

 b.) ( ) 994.06.04.01)0(1)1( 10010
0 =−==−=≥ XPXP  

 c.)  4)4.0(10)( ==XE
 
3-65. a) n = 50, p = 5/50 = 0.1, since E(X) = 5 = np. 

 b)  ( ) ( ) ( ) 112.09.01.0
2

50
9.01.0

1
50

9.01.0
0

50
)2( 482491500 =⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=≤XP

 c)  ( ) ( ) 48050149 1051.49.01.0
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9.01.0
49
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)49( −×=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=≥XP
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3-66 E(X) = 20 (0.01) = 0.2 
 V(X) = 20 (0.01) (0.99) = 0.198 
 µ σX X+ = + =3 0 2 3 0198 15. . . 3  
 a) ) X is binomial with n = 20 and p = 0.01 

           ( ) ( )[ ] 0169.099.001.099.001.01
)1(1)2()53.1(

19120
1

20020
0 =+−=

≤−=≥=> XPXPXP
 

 b) X is binomial with n = 20 and p = 0.04 

     ( ) ( )[ ] 1897.096.004.096.004.01

)1(1)1(
19120

1
20020

0 =+−=

≤−=> XPXP
 

 c) Let Y denote the number of times X exceeds 1 in the next five samples. Then, Y is binomial with n = 5   
     and p = 0.190 from part b. 

    ( )[ ] 651.0810.0190.01)0(1)1( 505
0 =−==−=≥ YPYP  

     The probability is 0.651 that at least one sample from the next five will contain more than one  
     defective. 

 
3-67. Let X denote the passengers with tickets that do not show up for the flight. Then, X is binomial 
 with n = 125 and p = 0.1. 
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3-68 Let X denote the number of defective components among those stocked. 

  

( )
( ) ( ) ( )

981.0)5().

666.098.002.098.002.098.002.0)2(.)

133.098.002.0)0().

1002102
2

1011102
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1020102
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1000100
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=++=≤

===

XPc

XPb

XPa
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3-69. Let X denote the number of questions answered correctly. Then, X is binomial with n = 25  
 and p = 0.25. 
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3-70 Let X denote the number of mornings the light is green. 

  

( )
( )

370.0630.01)4(1)4()

218.08.02.0)4()

410.08.02.0)1()

16420
4

415
1

=−=≤−=>

===

===

XPXPc

XPb

XPa

Section 3-7
 

3-71. a.)  5.05.0)5.01()1( 0 =−==XP
b.)   0625.05.05.0)5.01()4( 43 ==−==XP
c.)  0039.05.05.0)5.01()8( 87 ==−==XP
d.)  5.0)5.01(5.0)5.01()2()1()2( 10 −+−==+==≤ XPXPXP
           75.05.05.0 2 =+=
e.) 25.075.01)2(1)2( =−=≤−=> XPXP   

3-72 E(X) = 2.5 = 1/p giving p = 0.4 

        a.)  4.04.0)4.01()1( 0 =−==XP
b.)   0864.04.0)4.01()4( 3 =−==XP
c.)  05184.05.0)5.01()5( 4 =−==XP
d.) )3()2()1()3( =+=+==≤ XPXPXPXP  

                       7840.04.0)4.01(4.0)4.01(4.0)4.01(  210 =−+−+−=
e.) 2160.07840.01)3(1)3( =−=≤−=> XPXP   
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3-73. Let X denote the number of trials to obtain the first successful alignment.  Then X is a geometric random 
 variable with p = 0.8 

 a)  0064.08.02.08.0)8.01()4( 33 ==−==XP
 b) )4()3()2()1()4( =+=+=+==≤ XPXPXPXPXP  

                          8.0)8.01(8.0)8.01(8.0)8.01(8.0)8.01( 3210 −+−+−+−=
            9984.08.02.0)8.0(2.0)8.0(2.08.0 32 =+++=

 c) )]3()2()1([1)3(1)4( =+=+=−=≤−=≥ XPXPXPXPXP  

           ]8.0)8.01(8.0)8.01(8.0)8.01[(1 210 −+−+−−=
           008.0992.01)]8.0(2.0)8.0(2.08.0[1 2 =−=++−=

 
3-74 Let X denote the number of people who carry the gene.  Then X is a negative binomial random variable with 

r=2 and p = 0.1 
a) )]3()2([1)4(1)4( =+=−=<−=≥ XPXPXPXP  

                     

 972.0)018.001.0(11.0)1.01(
1
2

1.0)1.01(
1
1

1 2120 =+−=⎥
⎦

⎤
⎢
⎣

⎡
−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−=

b)  201.0/2/)( === prXE
  

3-75. Let X denote the number of calls needed to obtain a connection.  Then, X is a geometric random variable 
 with p = 0.02 

 a)   0167.002.098.002.0)02.01()10( 99 ==−==XP
 b) )]4()3()2()1([1)4(1)5( =+=+=+=−=≤−=> XPXPXPXPXPXP  

          )]02.0(98.0)02.0(98.0)02.0(98.002.0[1 32 +++−=
          9224.00776.01 =−=

 c) E(X) = 1/0.02 = 50 
 
 
3-76 Let X denote the number of mornings needed to obtain a green light.  Then X is a geometric random 
 variable with p = 0.20. 
 a) P(X = 4) = (1-0.2)30.2= 0.1024 
 b) By independence, (0.8)10 = 0.1074. (Also, P(X > 10) = 0.1074) 
 
 
3-77 p = 0.005 , r = 8 

a.)  198 1091.3005.0)8( −=== xXP

 b). 200
005.0
1)( === XEµ  days 

 c) Mean number of days until all 8 computers fail.  Now we use p=3.91x10-19

18
91 1056.2

1091.3
1)( x
x

YE === −µ days  or 7.01 x1015 years 

 

3-78 Let Y denote the number of samples needed to exceed 1 in Exercise 3-66.  Then Y has a geometric 
 distribution with p = 0.0169. 
 a) P(Y = 10) = (1 − 0.0169)9(0.0169) = 0.0145 
 b) Y is a geometric random variable with p = 0.1897 from Exercise 3-66.   
     P(Y = 10) = (1 − 0.1897)9(0.1897) = 0.0286 
 c) E(Y) = 1/0.1897 = 5.27 
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3-79. Let X denote the number of trials to obtain the first success. 
 a) E(X) = 1/0.2 = 5 
 b) Because of the lack of memory property, the expected value is still 5. 
 

3-80 Negative binomial random variable: f(x; p, r) = .   rrx pp
r
x −−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−
−

)1(
1
1

When r = 1, this reduces to f(x; p, r) =  (1−p)x-1p, which is the pdf of a geometric random variable.   
Also, E(X) = r/p and V(X) = [r(1−p)]/p2 reduce to E(X) = 1/p and V(X) = (1−p)/p2, respectively. 

 
 
3-81. a) E(X) = 4/0.2 = 20 

 b) P(X=20) =  0436.02.0)80.0(
3

19 416 =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

 c) P(X=19) =  0459.02.0)80.0(
3

18 415 =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

 d) P(X=21) =  0411.02.0)80.0(
3
20 417 =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

 e) The most likely value for X should be near µX. By trying several cases, the most likely value is x = 19. 
 
 
3-82 Let X denote the number of attempts needed to obtain a calibration that conforms to specifications. Then, X 
 is geometric with p = 0.6. 
 P(X ≤ 3) = P(X=1) + P(X=2) + P(X=3) = 0.6 + 0.4(0.6) + 0.42(0.6) = 0.936. 
 
 
3-83. Let X denote the number of fills needed to detect three underweight packages.  Then X is a negative 
 binomial random variable with p = 0.001 and r = 3. 
 a) E(X) = 3/0.001 = 3000 
 b) V(X) = [3(0.999)/0.0012] = 2997000.  Therefore, σX = 1731.18 
 
3-84 Let X denote the number of transactions until all computers have failed.  Then, X is negative binomial 
 random variable with p = 10-8 and r = 3. 
 a) E(X) = 3 x 108

 b) V(X) = [3(1−10-80]/(10-16) = 3.0 x 1016

 

3-14 



3-85 Let X denote a geometric random variable with parameter p. Let q = 1-p. 
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Section 3-8
 
3-86 X has a hypergeometri  distribution N=100, n=4, K=20 c

a.)
( )( )
( ) 4191.0

3921225
)82160(20)1( 100

4

80
3

20
1 ====XP  

 b.) , the sample size is only 4 0)6( ==XP

 c.) 
( )( )
( ) 001236.0

3921225
)1(4845)4( 100

4

80
0

20
4 ====XP  

 d.) 8.0
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204)( =⎟
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⎛===

N
KnnpXE  
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3-87. a) 
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 d) E(X) = 4(4/20) = 0.8 
     V(X) = 4(0.2)(0.8)(16/19) = 0.539 
 
3-88 N=10, n=3 and K=4 
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3-89.  

                                where      
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3-90 Let X denote the number of unacceptable washers in the sample of 10. 

 

( )( )
( )

( )( )
( )

3/2)75/5(10)(.)

3923.0
7172737475

10626364655)1(.)
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3-91.  Let X denote the number of men who carry the marker on the male chromosome for an increased risk for high   
blood pressure. N=800, K=240 n=10 

 a) n=10 

    
( )( )
( )

( )( )
1201.0)1(

!790!10
!800

!551!9
!560

!239!1
!240

800
10

560
9

240
1 ====XP  

 b) n=10 
   )]1()0([1)1(1)1( =+=−=≤−=> XPXPXPXP  
     

   
( )( )
( )

( )( )
0276.0)0(

!790!10
!800

!550!10
!560

!240!0
!240

800
10

560
10

240
0 ====XP  

 8523.0]1201.00276.0[1)1(1)1( =+−=≤−=> XPXP  
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3-92 . Let X denote the number of cards in the sample that are defective. 

 a) 

    
( )( )
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 b) 
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3-93. Let X denote the number of blades in the sample that are dull. 

 a) 

    
( )( )
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 b) Let Y denote the number of days needed to replace the assembly. 

     P(Y = 3) =  0607.0)7069.0(2931.0 2 =

 c) On the first day, 
( )( )
( ) 8005.0

!41!48
!43!46)0(

!43!5
!48
!41!5

!46

48
5

46
5

2
0 =====XP  

     On the second day, 
( )( )
( ) 4968.0

!37!48
!43!42)0(

!43!5
!48
!37!5

!42

48
5

42
5

6
0 =====XP  

     On the third day, P(X = 0) = 0.2931 from part a. Therefore,  
     P(Y = 3) = 0.8005(0.4968)(1-0.2931) = 0.2811. 
 

 
3-94 Let X denote the count of the numbers in the state's sample that match those in the player's 
 sample.  Then, X has a hypergeometric distribution with N = 40, n = 6, and K = 6. 

 a) 
( )( )
( )

7
1

40
6

34
0

6
6 1061.2

!34!6
!40)6( −

−

×=⎟
⎠
⎞

⎜
⎝
⎛===XP  

 b) 
( )( )
( ) ( )

5
40
6

40
6

34
1

6
5 1031.5346)5( −×=

×
===XP  

 c) 
( )( )
( ) 00219.0)4( 40

6

34
2

6
4 ===XP  

 d) Let Y denote the number of weeks needed to match all six numbers. Then, Y has a geometric distribution with p =  

      
380,838,3

1
 and E(Y) = 1/p = weeks. This is more than 738 centuries! 380,838,3
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3-95. a) For Exercise 3-86, the finite population correction is 96/99. 
     For Exercise 3-87, the finite population correction is 16/19. 
     Because the finite population correction for Exercise 3-86 is closer to one, the binomial approximation to 
     the distribution of X should be better in Exercise 3-86. 

  
b) Assuming X has a binomial distribution with n = 4 and p = 0.2, 

     
( )
( ) 0016.08.02.0)4(

4096.08.02.0)1(
044

4

314
1

===

===

XP

XP
 

     The results from the binomial approximation are close to the probabilities obtained in Exercise  
     3-86. 

 c) Assume X has a binomial distribution with n = 4 and p = 0.2. Consequently, P(X = 1) and  
     P(X = 4) are the same as computed in part b. of this exercise. This binomial approximation is 
     not as close to the true answer as the results obtained in part b. of this exercise. 

 
 
3-96 a.) From Exercise 3-92, X is approximately binomial with n = 20 and p = 20/140 = 1/7. 

    ( )( ) ( ) 9542.00458.01)0(1)1( 20
7
60

7
120

0 =−===−=≥ XPXP  
     finite population correction is 120/139=0.8633 

b) From Exercise 3-92, X is approximately binomial with n = 20 and p = 5/140 =1/28 

    ( )( ) ( ) 5168.04832.01)0(1)1( 20
28
270

28
120

0 =−===−=≥ XPXP  
 finite population correction is 120/139=0.8633 
 

 
 
 
Section 3-9
 

3-97. a) P X e e( )
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 d) P X e( )
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3-98 a) P X  e( ) ..= = =−0 0 67030 4

 b) P X e e e( ) ( . )
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 c) P X e( ) ( . )
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3-99. . Therefore, λ = −ln(0.05) = 2.996.  P X e( ) .= = =−0 λ 0 05
 Consequently, E(X) = V(X) = 2.996. 
 
 
3-100  a) Let X denote the number of calls in one hour. Then, X is a Poisson random variable with λ = 10.   

   P X e( )
!

.= = =
−

5 10
5

0 0378
10 5

. 

 b) P X e e e e( )
! ! !

.≤ = + + + =−
− − −

3 10
1

10
2

10
3

0 010310
10 10 2 10 3

 

 c) Let Y denote the number of calls in two hours. Then, Y is a Poisson random variable with 

     λ  = 20. P Y e( )
!

.= = =
−

15 20
15

0 0516
20 15

 

 d) Let W denote the number of calls in 30 minutes. Then W is a Poisson random variable with 

     λ  = 5. P W e( )
!

.= = =
−

5 5
5

01755
5 5

 

 
 
3-101. a) Let X denote the number of flaws in one square meter of cloth. Then, X is a Poisson random variable 

     with  = 0.1. λ 0045.0
!2

)1.0()2(
21.0

===
−eXP  

 b) Let Y denote the number of flaws in 10 square meters of cloth. Then, Y is a Poisson random variable 

     with  = 1. λ 3679.0
!1
1)1( 1

11

==== −
−

eeYP  

 c) Let W denote the number of flaws in 20 square meters of cloth. Then, W is a Poisson random variable 

     with λ  = 2.  1353.0)0( 2 === −eWP
 d) )1()0(1)1(1)2( =−=−=≤−=≥ YPYPYPYP  

       
2642.0

1 11

=
−−= −− ee

 
 
3-102 a) 2.0)( == λXE errors per test area 

b.) 9989.0
!2

)2.0(
!1

2.0)2(
22.02.0

2.0 =++=≤
−−

− eeeXP  

99.89% of test areas 
 
 
3-103. a) Let X denote the number of cracks in 5 miles of highway. Then, X is a Poisson random variable with  

     = 10.  λ
510 1054.4)0( −− ×=== eXP

 b) Let Y denote the number of cracks in a half mile of highway. Then, Y is a Poisson random variable with  

     λ  = 1.  6321.01)0(1)1( 1 =−==−=≥ −eYPYP
 c) The assumptions of a Poisson process require that the probability of a count is constant for all intervals. 
     If the probability of a count depends on traffic load and the load varies, then the assumptions of a Poisson      
process are not valid. Separate Poisson random variables might be appropriate for the heavy and light 
     load sections of the highway. 
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3-104 a.) 01.0)( == λXE failures per 100 samples.   Let Y= the number of failures per day 

     05.05)(5)5()( ==== λXEXEYE  failures per day. 

 b.)Let W= the number of failures in 500 participants, now λ=0.05 and  9512.0)0( 05.0 === −eWP
  
3-105. a) Let X denote the number of flaws in 10 square feet of plastic panel. Then, X is a Poisson random 

     variable with  = 0.5.  λ 6065.0)0( 5.0 === −eXP
 b) Let Y denote the number of cars with no flaws, 

        0067.0)3935.0()6065.0(
10
10

)10( 010 =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
==YP

 c) Let W denote the number of cars with surface flaws. Because the number of flaws has a 
     Poisson distribution, the occurrences of surface flaws in cars are independent events with 
    constant probability. From part a., the probability a car contains surface flaws is 1−0.6065 = 
    0.3935.  Consequently, W is binomial with n = 10 and p = 0.3935. 
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⎛
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⎛
==
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3-106 a) Let X denote the failures in 8 hours. Then, X has a Poisson distribution with λ  = 0.16.     

     8521.0)0( 16.0 === −eXP
 b) Let Y denote the number of failure in 24 hours. Then, Y has a Poisson distribution with  

     λ  = 0.48.  3812.01)0(1)1( 48 =−==−=≥ −eYPYP
 
Supplemental Exercises
 
3-107. Let X denote the number of totes in the sample that do not conform to purity requirements.  Then, X has a 
 hypergeometric distribution with N = 15, n = 3, and K = 2. 
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⎠
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−==−=≥ XPXP  

3-108 Let X denote the number of calls that are answered in 30 seconds or less. Then, X is a binomial random 
 variable with p = 0.75. 

 a) P(X = 9) =  1877.0)25.0()75.0(
9

10 19 =⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

 b) P(X ≥ 16) = P(X=16) +P(X=17) + P(X=18) + P(X=19) + P(X=20) 
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 c) E(X) = 20(0.75) = 15 
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3-109. Let Y denote the number of calls needed to obtain an answer in less than 30 seconds. 

 a)  0117.075.025.075.0)75.01()4( 33 ==−==YP
 b) E(Y) = 1/p = 1/0.75 = 4/3  
 
3-110 Let W denote the number of calls needed to obtain two answers in less than 30 seconds.  Then, W has a 
 negative binomial distribution with p = 0.75. 

 a) P(W=6) =  
5
1

0 25 0 75 0 01104 2⎛
⎝
⎜
⎞
⎠
⎟ =( . ) ( . ) .

 b) E(W) = r/p = 2/0.75 = 8/3 

3-111. a) Let X denote the number of messages sent in one hour.  1755.0
!5
5)5(

55

===
−eXP  

 b) Let Y denote the number of messages sent in 1.5 hours. Then, Y is a Poisson random variable with   

     λ =7.5. 0858.0
!10

)5.7()10(
105.7

===
−eYP  

  
 c) Let W denote the number of messages sent in one-half hour. Then, W is a Poisson random variable with   
     = 2.5. λ 2873.0)1()0()2( ==+==< WPWPWP  
 
3-112 X is a negative binomial with r=4 and p=0.0001 

400000001.0/4/)( === prXE requests 
 
3-113. X ∼ Poisson(λ = 0.01), X  ∼ Poisson(λ = 1) 

 9810.0
!3
)1(

!2
)1(

!1
)1()3(

312111
1 =+++=≤

−−−
− eeeeYP  

 
3-114 Let X denote the number of individuals that recover in one week.  Assume the individuals are independent. 
 Then, X is a binomial random variable with n = 20 and p = 0.1.  P(X ≥ 4) = 1 − P(X ≤ 3) = 1 − 0.8670 = 
 0.1330. 
 
3-115 a.) P(X=1) = 0 ,    P(X=2) = 0.0025,    P(X=3) = 0.01,    P(X=4) = 0.03,    P(X=5) = 0.065 

   P(X=6) = 0.13,    P(X=7) = 0.18,    P(X=8) = 0.2225,    P(X=9) = 0.2,    P(X=10) = 0.16 
 
b.)  P(X=1) = 0.0025,    P(X=1.5) = 0.01,    P(X=2) = 0.03,    P(X=2.5) = 0.065,   P(X=3) = 0.13 
   P(X=3.5) = 0.18,    P(X=4) = 0.2225,    P(X=4.5) = 0.2,    P(X=5) = 0.16 

 
3-116 Let X denote the number of assemblies needed to obtain 5 defectives.  Then, X is a negative binomial 

random variable with p = 0.01 and r=5. 
 a) E(X) = r/p = 500. 
 b) V(X) =(5* 0.99/0.012 = 49500 and σX = 222.49 
 
3-117. If n assemblies are checked, then let X denote the number of defective assemblies.  If P(X ≥ 1) ≥ 0.95, then 
 P(X=0) ≤ 0.05.  Now, 

 P(X=0) =  and 0.99nnn
99)99.0()01.0(

0
0 =⎟⎟

⎠

⎞
⎜⎜
⎝

⎛ n ≤ 0.05.  Therefore, 

 
07.298

)95.0ln(
)05.0ln(

)05.0ln())99.0(ln(

=≥

≤

n

n
 

 This would require n = 299. 
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3-118 Require f(1) + f(2) + f(3) + f(4) = 1.  Therefore, c(1+2+3+4) = 1.  Therefore, c = 0.1. 
 
3-119. Let X denote the number of products that fail during the warranty period.  Assume the units are 
 independent.  Then, X is a binomial random variable with n = 500 and p = 0.02. 

 a) P(X = 0) = 4.1 x 10=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ 5000 )98.0()02.0(
0

500
-5

 b) E(X) = 500(0.02) = 10 
 c) P(X >2) = 1 − P(X ≤ 2) = 0.9995 
 
3-120 16.0)3.0)(3.0()7.0)(1.0()0( =+=Xf  

19.0)3.0)(4.0()7.0)(1.0()1( =+=Xf  

20.0)3.0)(2.0()7.0)(2.0()2( =+=Xf  

31.0)3.0)(1.0()7.0)(4.0()3( =+=Xf  

14.0)3.0)(0()7.0)(2.0()4( =+=Xf  
 
3-121. a) P(X ≤ 3) = 0.2 + 0.4 = 0.6 
 b) P(X > 2.5) = 0.4 + 0.3 + 0.1 = 0.8 
 c) P(2.7 < X < 5.1) = 0.4 + 0.3 = 0.7 
 d) E(X) = 2(0.2) + 3(0.4) + 5(0.3) + 8(0.1) = 3.9 
 e) V(X) = 22(0.2) + 32(0.4) + 52(0.3) + 82(0.1) − (3.9)2 = 3.09 
 
 
3-122  

x 2 5.7 6.5 8.5 
f(x) 0.2 0.3 0.3 0.2 

 
 
3-123. Let X denote the number of bolts in the sample from supplier 1 and let Y denote the number of bolts in the 
 sample from supplier 2. Then, x is a hypergeometric random variable with N = 100, n = 4, and K = 30.  
 Also, Y is a hypergeometric random variable with N = 100, n = 4, and K = 70. 
 a) P(X=4 or Y=4) = P(X = 4) + P(Y = 4) 
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 b) P[(X=3 and Y=1) or (Y=3 and X = 1)]= 4913.0

4
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3-124 Let X denote the number of errors in a sector.  Then, X is a Poisson random variable with λ = 0.32768. 
 a) P(X>1) = 1 − P(X≤1) = 1 − e-0.32768 − e-0.32768(0.32768) = 0.0433 
 b) Let Y denote the number of sectors until an error is found.  Then, Y is a geometric random variable and 
     P = P(X ≥ 1) = 1 − P(X=0) = 1 − e-0.32768 = 0.2794 
     E(Y) = 1/p = 3.58 
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3-125. Let X denote the number of orders placed in a week in a city of 800,000 people.  Then X is a Poisson  
 random variable with λ = 0.25(8) = 2. 
 a) P(X ≥ 3) = 1 − P(X ≤ 2) = 1 − [e-2 + e-2(2) + (e-222)/2!] = 1 − 0.6767 = 0.3233. 
 b) Let Y denote the number of orders in 2 weeks.  Then, Y is a Poisson random variable with λ = 4, and  
     P(Y>2) =1- P(Y ≤ 2) = e-4 + (e-441)/1!+ (e-442)/2! =1 -  [0.01832+0.07326+0.1465] = 0.7619. 
 
3-126 a.) hypergeometric random variable with N = 500, n = 5, and K = 125 
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 b.) 
x 0 1 2 3 4 5 6 7 8 9 10
f(x) 0.0546 0.1866 0.2837 0.2528 0.1463 0.0574 0.0155 0.0028 0.0003 0.0000 0.0000
 
 
 
 
 
 

3-24 



3-127. Let X denote the number of totes in the sample that exceed the moisture content.  Then X is a binomial  
 random variable with n = 30.  We are to determine p. 

If P(X ≥ 1) = 0.9, then P(X = 0) = 0.1.  Then , giving 30ln(1−p)=ln(0.1), 

which results in p = 0.0739. 

1.0)1()(
0

30 300 =−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
pp

 
3-128 Let t denote an interval of time in hours and let X denote the number of messages that arrive in time t.  
 Then, X is a Poisson random variable with λ = 10t. 
 Then, P(X=0) = 0.9 and e-10t = 0.9, resulting in t = 0.0105 hours = 0.63 seconds 
 
3-129. a) Let X denote the number of flaws in 50 panels.  Then, X is a Poisson random variable with  
     λ = 50(0.02) = 1.  P(X = 0) = e-1 = 0.3679. 
 b) Let Y denote the number of flaws in one panel, then  
     P(Y ≥ 1) = 1 − P(Y=0) = 1 − e-0.02 = 0.0198.  Let W denote the number of panels that need to be 
     inspected before a flaw is found.  Then W is a geometric random variable with p = 0.0198 and  
     E(W) = 1/0.0198 = 50.51  panels. 

 c)  0198.01)0(1)1( 02.0 =−==−=≥ −eYPYP
    Let V denote the number of panels with 1 or more flaws.  Then V is a binomial random  

   variable with n=50 and p=0.0198 
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Mind Expanding Exercises 
 
3-130.  Let X follow a hypergeometric distribution with parameters K, n, and N.   
 

To solve this problem, we can find the general expectation: 
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Using the relationships 
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we can substitute into E(XK): 
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Now, Z is also a hypergeometric random variable with parameters n – 1, N – 1, and K – 1.   
 
To find the mean of X, E(X), set k = 1: 
 

E(X) = 
N

nKZE
N

nK
=+= − ])1[( 11  

If we let p = K/N, then E(X) = np.  In order to find the variance of X using the formula  V(X) = 
E(X2) – [E(X)}2, the E(X2) must be found.  Substituting k = 2 into E(Xk) we get 
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If we let p = K/N, the variance reduces to   V(X) = )1(
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3-131. Show that  using an infinite sum.   ∑
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3-132  
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3-133 Let X denote the number of nonconforming products in the sample. Then, X is approximately binomial with 
 p = 0.01 and n is to be determined. 
 If , then 90.0)1( ≥≥XP 10.0)0( ≤=XP . 

 Now, P(X = 0) = ( ) nnn ppp )1()1(0
0 −=− . Consequently, , and 

 

( ) .1 0− ≤p n 10

11.229
)1ln(

10.0ln
=

−
≤

p
n . Therefore, n = 230 is required 

 
3-134 If the lot size is small, 10% of the lot might be insufficient to detect nonconforming product. For example, if 
 the lot size is 10, then a sample of size one has a probability of only 0.2 of detecting a nonconforming 
 product in a lot that is 20% nonconforming. 
 If the lot size is large, 10% of the lot might be a larger sample size than is practical or necessary.  For 
 example, if the lot size is 5000, then a sample of 500 is required. Furthermore, the binomial 
 approximation to the hypergeometric distribution can be used to show the following. If 5% of the lot of size 
 5000 is nonconforming, then the probability of zero nonconforming product in the sample is approximately 

 . Using a sample of 100, the same probability is still only 0.0059. The sample of size 500 might 7 10 12× −

 be much larger than is needed. 
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3-135 Let X denote the number of panels with flaws. Then, X is a binomial random variable with n =100 and p is 

 the probability of one or more flaws in a panel. That is, p =  = 0.095. 1.01 −− e
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3-136 Let X denote the number of rolls produced. 
 

Revenue at each demand 
 0 1000 2000 3000

0 1000≤ ≤x  0.05x 0.3x 0.3x 0.3x 
mean profit = 0.05x(0.3) + 0.3x(0.7) - 0.1x 

1000 2000≤ ≤x  0.05x 0.3(1000) + 
0.05(x-1000) 

0.3x 0.3x 

mean profit = 0.05x(0.3) + [0.3(1000) + 0.05(x-1000)](0.2) + 0.3x(0.5) - 0.1x 
2000 3000≤ ≤x  0.05x 0.3(1000) +  

0.05(x-1000) 
0.3(2000) +  

0.05(x-2000) 
0.3x 

mean profit = 0.05x(0.3) + [0.3(1000)+0.05(x-1000)](0.2) + [0.3(2000) + 0.05(x-2000)](0.3) + 0.3x(0.2) - 0.1x 
3000 ≤ x  0.05x 0.3(1000) +  

0.05(x-1000) 
0.3(2000) +  

0.05(x-2000) 
0.3(3000)+ 

0.05(x-3000) 
mean profit = 0.05x(0.3) + [0.3(1000)+0.05(x-1000)](0.2) + [0.3(2000)+0.05(x-2000)]0.3 + [0.3(3000)+0.05(x-

3000)]0.2 - 0.1x 
 

 Profit Max. profit 
0 1000≤ ≤x  0.125 x  $ 125 at x = 1000 

1000 2000≤ ≤x  0.075 x + 50 $ 200 at x = 2000 
2000 3000≤ ≤x  200 $200 at x = 3000 

3000 ≤ x  -0.05 x + 350  
 
 
 
 
3-137 Let X denote the number of acceptable components. Then, X has a binomial distribution with p = 0.98 and 
 
 n is to be determined such that P X . ( ) .≥ ≥100 0 95

n P X( )≥ 100  
102 0.666 
103 0.848 
104 0.942 
105 0.981 

 Therefore, 105 components are needed. 
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CHAPTER 4 
 
 
 
Section 4-2 
 

4-1. a) 3679.0)()1( 1

1
1

==−==< −∞−
∞

−∫ eedxeXP xx  

b) 2858.0)()5.21( 5.215.2

1

5.2

1

=−=−==<< −−−−∫ eeedxeXP xx  

c)  0)3(
3

3

=== ∫ − dxeXP x

d) 9817.01)()4( 44

0

4

0

=−=−==< −−−∫ eedxeXP xx  

e) 0498.0)()3( 3

3
3

==−==≤ −∞−
∞

−∫ eedxeXP xx  

 

4-2. a) 10.0)()( ==−==< −∞−
∞

−∫ x

x

x

x

x eedxeXxP .  

  Then, x = −ln(0.10) = 2.3 

 b) 10.01)()(
0

0

=−=−==≤ −−−∫ xxx
x

x eedxexXP . 

     Then, x = −ln(0.9) = 0.1054 
 

4-3      a) 4375.0
16

34
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)4(
224
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===< ∫
xdxxXP , because 0)( =xfX  for x < 3.  
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xdxxXP  
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4-1 



 

4-4 a) 1)1(
4

)4(

4

)4( =−==<
∞−−

∞
−−∫ xx edxeXP , because 0)( =xf X  for x < 4. This can also be 

obtained from the fact that  is a probability density function for 4 < x. )(xf X

b) 6321.01)52( 15

4

)4(
5

4

)4( =−=−==≤≤ −−−−−∫ eedxeXP xx  

c) )5(1)5( ≤−=< XPXP . From part b., 6321.0)5( =≤XP .  Therefore, 
. 3679.0)5( =< XP

d) 0180.0)128( 8412

8

)4(
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8

)4( =−=−==<< −−−−−−∫ eeedxeXP xx  

e) 90.01)( )4(
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)4( =−=−==< −−−−−−∫ xxx
x

x eedxexXP .  

    Then, x = 4 − ln(0.10) = 6.303 
 
 
4-5 a) , by symmetry. 5.0)0( =< XP

b) 4375.00625.05.05.05.1)5.0(
1

5.0

3
1

5.0

2 =−===< ∫ xdxxXP  

c) 125.05.05.1)5.05.0(
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2 ===≤≤−
−

−
∫ xdxxXP  

d) P(X < −2) = 0 
 
e) P(X < 0 or X > −0.5) = 1 

f) 05.05.05.05.05.1)( 313
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2 =−===< ∫ xxdxxXxP
x

x

 

 Then, x = 0.9655 
 

4-6. a) 05.0
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∫ eedxeXP
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∫ eedxeXP
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d) 10.01
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)( 1000/

00

1000
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=−=−==< −
−

−

∫ x
xx

eedxexXP
x

x

.  

Then, e , and x = −1000 ln 0.9 = 105.36. x− =/ .1000 0 9
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4-7 a) 5.020.2)50( 25.50

50

25.50

50

===> ∫ xdxXP  

b) xxdxxXP
x

x

25.10020.290.0)( 25.50
25.50

−====> ∫  

  Then, 2x = 99.6 and x = 49.8. 
 

4-8. a) 25.025.125.1)8.74( 8.74

6.74

8.74

6.74

===< ∫ xdxXP  

b) P(X < 74.8 or X > 75.2) = P(X < 74.8) + P(X > 75.2) because the two events are 
mutually exclusive. The result is 0.25 + 0.25 = 0.50. 

c) 750.0)6.0(25.125.125.1)3.757.74( 3.75

7.74

3.75

7.74

====<< ∫ xdxXP  

 
4-9      a) P(X < 2.25 or X > 2.75) = P(X < 2.25) + P(X > 2.75) because the two events are    
                mutually exclusive.     Then, P(X < 2.25) = 0 and  

  P(X > 2.75) = . 10.0)05.0(22
8.2

75.2

==∫ dx

 b) If the probability density function is centered at 2.5 meters, then  for  f xX ( ) = 2

    2.3 < x < 2.8 and all rods will meet specifications. 
 

4-10.  Because the integral  is not changed whether or not any of the endpoints xf x dx
x

x
( )

1

2
∫ 1 and x2 

are included in the integral, all the probabilities listed are equal. 
 
 
Section 4-3 
 
4-11. a) P(X<2.8) = P(X ≤ 2.8) because X is a continuous random variable.   
 Then, P(X<2.8) =F(2.8)=0.2(2.8) = 0.56. 

b) 7.0)5.1(2.01)5.1(1)5.1( =−=≤−=> XPXP  
c)  0)2()2( =−=−< XFXP
d)  0)6(1)6( =−=> XFXP

 
4-12. a) )8.1()8.1()8.1( XFXPXP =≤=<  because X is a continuous random variable. 

Then,  95.05.0)8.1(25.0)8.1( =+=XF  
b) 875.0125.1)5.1(1)5.1( =−=−≤−=−> XPXP  
c) P(X < -2) = 0 
d) 50.025.75.)1()1()11()11( =−=−−=≤<−=<<− XX FFXPXP  

 
 
 

4-3 
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4-16. Now,
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xF xX

 P(X>3000) = 1- P(X  ≤ 3000) = 1- F(3000) = e-3000/1000 = 0.5 
 

4-17. Now, f(x) = 1.25 for 74.6 < x < 75.4 and   25.9325.125.1)(
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−== ∫ xdxxF
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random variable. 
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⎪
⎪
⎪

⎩

⎪⎪
⎪

⎨

⎧

≤

<≤

<

=

x

xx

x

xF

2,1

20,25.0

0,0

)( 2  

 
 
Section 4-4 
 

4-22. 2
2

25.025.0)(
4

0

4

0

2

=== ∫
xxdxXE  

 
3
4

3
2

3
2

3
)2(25.0)2(25.0)(

4

0

4

0

3
2 =+=

−
=−= ∫

xdxxXV  

 

4-23. 6667.2
3

125.0125.0)(
4

0

4

0

3
2 === ∫

xdxxXE  

 

88889.0)(125.0

)(125.0)(125.0)(

4

0

2
2
1

9
64

33
16

4

9
64

4

0

4

0

2
3

1632
3
8

34 =⋅+−=

+−=−= ∫ ∫

x

dxxxxdxxxXV

xx

 

 

4-5 



4-24. 0
4

5.15.1)(
1

1

1

1

4
3 ===

−−
∫

xdxxXE  

 

6.0
5

5.1

5.1)0(5.1)(

1

1

5

1

1

1

1

423

==

=−=

−

− −
∫ ∫

x

dxxdxxxXV
 

 
 

4-25. 083.4
24

35
248

)(
335

3

35

3

=
−

=== ∫
xdxxxXE  

 

3264.0
2

6709.16
3

166.8
48

1

8
6709.16

8
166.8

88
)083.4()(

5

3

234

5

3

235

3

2

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+−=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+−=−= ∫∫

xxx

dxxxxdxxxXV

 

 
 

4-26. 502)(
25.50

75.49

2
25.50

75.49

=== ∫ xdxxXE  

 

0208.0

)2500100(2

)2500100(2)50(2)(

25.50

75.4923

25.50

75.49

2
25.50

75.49

2

23

=

+−=

+−=−= ∫∫

x

dxxxdxxXV

xx  

 
 

4-27. a.) 39.109ln600600)( 120

100

120

100
2 === ∫ xdx

x
xXE  

 

19.33)39.109ln78.218(600

1600600)39.109()(

120

100
12

)39.109(
120

100

)39.109(2
2

120

100

2
2

2

=−−=

+−=−=

−

∫∫
xxx

dxdx
x

xXV
xx

 

 
 b.) Average cost per part = $0.50*109.39 = $54.70 
 
 
 

4-28. 222)(
1

1

1

3 =−==
∞−

∞
−∫ xdxxxXE  
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4-29. a) .  ∫
∞

−−=
5

)5(1010)( dxexXE x

    Using integration by parts with u = x and , we obtain      dxedv x )5(1010 −−=

    1.5
10

5)(
5

)5(10

5

)5(10

5

)5(10 =−=+−=
∞−−∞

−−∞−− ∫
x

xx edxexeXE  

    Now, . Using the integration by parts with 

 and   

∫
∞

−−−=
5

)5(10210)1.5()( dxexXV x

u x= −( . )5 1 2

   , we obtain )5(1010 −−= xedv ∫
∞

−−∞−− −+−−=
5

)5(10

5

)5(102 )1.5(2)1.5()( dxexexXV xx . 

From the definition of E(X) the integral above is recognized to equal 0.  
    Therefore, . 01.0)1.55()( 2 =−=XV

 b) 3679.010)1.5( )51.5(10

1.5

)5(10

1.5

)5(10 ==−==> −−∞−−
∞

−−∫ eedxeXP xx  

 
4-30. a) 

  

887.2)(,

333.8
3

)1205(1.01.0)1205()(

120505.01.0)(

1210

1200

31210

1200

2

1210

1200

2
1210

1200

==

=
−

=−=

===

∫

∫

XVTherefore

xdxxXV

xdxxXE

xσ

 

b) Clearly, centering the process at the center of the specifications results in the greatest 
proportion of cables within specifications. 

 5.01.01.0)12051200()12051195( 1205

1200

1205

1200

===<<=<< ∫ xdxXPXP  

 
 
Section 4-5 
 
4-31. a) E(X) = (5.5+1.5)/2 = 3.5,      

 155.1333.1,333.1
12

)5.15.5()(
2

===
−

= xandXV σ . 

b) 25.025.025.0)5.2( 5.2

5.1

5.2

5.1

===< ∫ xdxXP  
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4-32. a) E(X) = (-1+1)/2 = 0,       

 577.0,3/1
12

))1(1()(
2

==
−−

= xandXV σ  

b) xxtdtxXxP
x

x

x

x

====<<−
−−

∫ )2(5.05.0)( 2
1  

     Therefore, x should equal 0.90. 
 
 
 
4-33. a) f(x)= 2.0 for 49.75 < x < 50.25.  

E(X) = (50.25 + 49.75)/2 = 50.0,   

144.0,0208.0
12

)75.4925.50()(
2

==
−

= xandXV σ .    

 b)  for 49.75 < x < 50.25.  Therefore,  ∫=
x

dxxF
75.49

0.2)(

      

⎪
⎪
⎪

⎩

⎪⎪
⎪

⎨

⎧

≤

<≤−

<

=

x

xx

x

xF

25.50,1

25.5075.49,5.992

75.49,0

)(

c) 7.05.99)1.50(2)1.50()1.50( =−==< FXP  
 
 
 
4-34. a) The distribution of X is f(x) = 10 for 0.95 < x < 1.05. Now, 

  

⎪
⎪
⎪

⎩

⎪⎪
⎪

⎨

⎧

≤

<≤−

<

=

x

xx

x

xFX

05.1,1

05.195.0,5.910

95.0,0

)(

 b) 3.0)02.1(1)02.1(1)02.1( =−=≤−=> XFXPXP  
c) If P(X > x)=0.90, then 1 − F(X) = 0.90  and F(X) = 0.10. Therefore, 10x - 9.5 = 0.10 
and x = 0.96. 

d) E(X) = (1.05 + 0.95)/2 = 1.00 and V(X) = 00083.0
12

)95.005.1( 2

=
−
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4-35 min85.1
2

)2.25.1()( =
+

=XE  

2
2

min0408.0
12

)5.12.2()( =
−

=XV  

 b) 7143.0)5.0)(7.0/1()7.0/1()7.0/1(
)5.12.2(

1)2( 2

5.1

2

5.1

2

5.1

====
−

=< ∫∫ xdxdxXP   

c.)
x

xx

xdxdxXF
5.1

5.15.1

)7.0/1()7.0/1(
)5.12.2(

1)( ==
−

= ∫∫     for 1.5 < x < 2.2.  Therefore,  

      
⎪
⎩

⎪
⎨

⎧

≤
<≤−

<
=

x
xx

x
xF

2.2,1
2.25.1,14.2)7.0/1(

5.1,0
)(

 
4-36  for 50< x <75 04.0)( =xf

a) ∫ ===>
75

70

75

70
2.02.004.0)70( xdxXP  

 b) ∫ ===<
60

50

60

50
4.004.004.0)60( xdxXP  

 c) 5.62
2

5075)( =
+

=XE  seconds 

     0833.52
12

)5075()(
2

=
−

=XV  seconds2

 
4-37. a) The distribution of X is f(x) = 100 for 0.2050 < x < 0.2150. Therefore, 

  

⎪
⎪
⎪

⎩

⎪⎪
⎪

⎨

⎧

≤

<≤−

<

=

x

xx

x

xF

2150.0,1

2150.02050.0,50.20100

2050.0,0

)(

 b) 25.0]50.20)2125.0(100[1)2125.0(1)2125.0( =−−=−=> FXP  
c) If P(X > x)=0.10, then 1 − F(X) = 0.10  and F(X) = 0.90.  
    Therefore, 100x - 20.50 = 0.90 and x = 0.2140. 
d) E(X) = (0.2050 + 0.2150)/2 = 0.2100 µm  and  

     V(X) = 26
2

m1033.8
12

)2050.02150.0( µ−×=
−

 

4-9 



4-38. a) 5.01.01.0)35(
40

35

40

35

===> ∫ xdxXP  

b) P(X > x)=0.90 and P X .  x dt x
x

( ) . . (> = = −∫0 1 0 1 40
40

)

 Now, 0.1(40-x) = 0.90 and x = 31 

c) E(X) = (30 + 40)/2 = 35 and V(X) = 33.8
12

)3040( 2

=
−

 

 
Section 4-6 
 
4-39. a) P(Z<1.32)  = 0.90658 
 b) P(Z<3.0) = 0.99865 
 c) P(Z>1.45) = 1 − 0.92647 = 0.07353 
 d) P(Z > −2.15) = p(Z < 2.15) = 0.98422 
 e) P(−2.34 < Z < 1.76) = P(Z<1.76) − P(Z > 2.34) = 0.95116 
 
4-40. a) P(−1 < Z < 1) = P(Z < 1) − P(Z > 1)  
            = 0.84134 − (1 − 0.84134)  
            = 0.68268 

b) P(−2 < Z < 2) = P(Z < 2) − [1 − P(Z < 2)] 
             = 0.9545 
c) P(−3 < Z < 3) = P(Z < 3) − [1 − P(Z < 3)]  
            = 0.9973 
d) P(Z > 3) = 1 − P(Z < 3)  
    = 0.00135 
e) P(0 < Z < 1) = P(Z < 1) − P(Z < 0)  
          = 0.84134 − 0.5  
          = 0.34134 

 
4-41 a) P(Z < 1.28) = 0.90 

b) P(Z < 0) = 0.5 
c) If P(Z > z) = 0.1, then P(Z < z) = 0.90 and z = 1.28 
d) If P(Z > z) = 0.9, then P(Z < z) = 0.10 and z = −1.28 
e) P(−1.24 < Z < z) = P(Z < z) − P(Z < −1.24)  
  = P(Z < z) − 0.10749. 
    Therefore, P(Z < z) = 0.8 + 0.10749 = 0.90749 and z = 1.33 

 
4-42. a) Because of the symmetry of the normal distribution, the area in each tail of the 

distribution must equal 0.025.  Therefore the value in Table II that corresponds to 0.975 
is 1.96.  Thus, z = 1.96. 
b) Find the value in Table II corresponding to 0.995.  z = 2.58. 
c) Find the value in Table II corresponding to 0.84.  z = 1.0 

 d) Find the value in Table II corresponding to 0.99865.  z = 3.0. 
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4-43. a) P(X < 13) = P(Z < (13−10)/2)  
       = P(Z < 1.5)  
       = 0.93319 

b) P(X > 9) = 1 − P(X < 9)  
    = 1 − P(Z < (9−10)/2)  
    = 1 − P(Z < −0.5)  
    = 0.69146. 

c) P(6 < X < 14) = P Z6 10
2

14 10
2

−
< <

−⎛
⎝⎜

⎞
⎠⎟

  

            = P(−2 < Z < 2)  
            = P(Z < 2) −P(Z <  − 2)] 
            = 0.9545. 

d) P(2 < X < 4) = P Z2 10
2

4 10
2

−
< <

−⎛
⎝⎜

⎞
⎠⎟

  

           = P(−4 < Z < −3)  
           = P(Z < −3) − P(Z < −4)  
           = 0.00132 
e) P(−2 < X < 8) = P(X < 8) − P(X < −2)  

             = P Z P Z<
−⎛

⎝⎜
⎞
⎠⎟
− <

− −⎛
⎝⎜

⎞
⎠⎟

8 10
2

2 10
2

 

             = P(Z < −1) − P(Z < −6) 
             = 0.15866. 

 
 

4-44. a) P(X > x) = ⎟
⎠
⎞

⎜
⎝
⎛ −

>
2
10xZP = 0.5. Therefore, 2

10−x
 = 0 and x = 10. 

b) P(X > x) = ⎟
⎠
⎞

⎜
⎝
⎛ −

>
2
10xZP = 1 − ⎟

⎠
⎞

⎜
⎝
⎛ −

<
2
10xZP  

    = 0.95.  

    Therefore, P Z x
<

−⎛
⎝⎜

⎞
⎠⎟

10
2

= 0.05 and x−10
2  = −1.64. Consequently, x = 6.72. 

c) P(x < X < 10) = ⎟
⎠
⎞

⎜
⎝
⎛ <<

− 0
2
10 ZxP  = ⎟

⎠
⎞

⎜
⎝
⎛ −

<−<
2
10)0( xZPZP  

            = 0.5 − ⎟
⎠
⎞

⎜
⎝
⎛ −

<
2
10xZP  = 0.2.  

    Therefore, P Z x
<

−⎛
⎝⎜

⎞
⎠⎟

10
2

= 0.3 and x −10
2

 = −0.52. Consequently, x = 8.96. 

d) P(10 − x < X < 10 + x) = P(−x/2 < Z < x/2)= 0.95.  
    Therefore, x/2 = 1.96 and x = 3.92 
 
e) P(10 − x < X < 10 + x) = P(−x/2 < Z < x/2) = 0.99. 
    Therefore, x/2 = 2.58 and x = 5.16 
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4-45. a) P(X < 11) = ⎟
⎠
⎞

⎜
⎝
⎛ −

<
4

511ZP  

       = P(Z < 1.5)  
       = 0.93319 

b) P(X > 0) = ⎟
⎠
⎞

⎜
⎝
⎛ −

>
4

50ZP   

    = P(Z > −1.25)  
    = 1 − P(Z < −1.25)  
    = 0.89435 

c) P(3 < X < 7) = ⎟
⎠
⎞

⎜
⎝
⎛ −

<<
−

4
57

4
53 ZP  

          = P(−0.5 < Z < 0.5)  
          = P(Z < 0.5) − P(Z < −0.5) 
          = 0.38292 

d) P(−2 < X < 9) = ⎟
⎠
⎞

⎜
⎝
⎛ −

<<
−−

4
59

4
52 ZP  

             = P(−1.75 < Z < 1)  
             = P(Z < 1) − P(Z < −1.75)]  
             = 0.80128 

 e) P(2 < X < 8) = ⎟
⎠
⎞

⎜
⎝
⎛ −

<<
−

4
58

4
52 ZP  

=P(−0.75 < Z < 0.75)  
           = P(Z < 0.75) − P(Z < −0.75) 
           = 0.54674 
 

4-46. a) P(X > x) = ⎟
⎠
⎞

⎜
⎝
⎛ −

>
4

5xZP = 0.5.  

     Therefore, x = 5. 

b) P(X > x) = ⎟
⎠
⎞

⎜
⎝
⎛ −

>
4

5xZP  = 0.95.  

    Therefore, ⎟
⎠
⎞

⎜
⎝
⎛ −

<
4

5xZP  = 0.05 

    Therefore, x−5
4  = −1.64, and x = −1.56. 

c) P(x < X < 9) = ⎟
⎠
⎞

⎜
⎝
⎛ <<

− 1
4

5 ZxP  = 0.2.  

    Therefore, P(Z < 1) − P(Z < x−5
4 )= 0.2 where P(Z < 1) = 0.84134.   

    Thus P(Z < x−5
4 ) = 0.64134.  Consequently, x−5

4  = 0.36 and x = 6.44. 
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d) P(3 < X < x) = ⎟
⎠
⎞

⎜
⎝
⎛ −

<<
−

4
5

4
53 xZP  = 0.95. 

    Therefore, ⎟
⎠
⎞

⎜
⎝
⎛ −

<
4

5xZP  − P(Z < −0.5) = 0.95 and ⎟
⎠
⎞

⎜
⎝
⎛ −

<
4

5xZP − 0.30854 = 0.95. 

Consequently,  

    ⎟
⎠
⎞

⎜
⎝
⎛ −

<
4

5xZP = 1.25854.  Because a probability can not be greater than one, there is 

no solution for x. In fact, P(3 < X) = P(−0.5 < Z) = 0.69146.  Therefore, even if x is set to 
infinity the probability requested cannot equal 0.95. 

 e) P(5 − x < X <5 + x) = ⎟
⎠
⎞

⎜
⎝
⎛ −+

<<
−−

4
55

4
55 xZxP  

        = ⎟
⎠
⎞

⎜
⎝
⎛ <<
−

44
xZxP = 0.99 

     Therefore, x/4 = 2.58 and x = 10.32. 
 
 
 

4-47. a) P(X < 6250) = ⎟
⎠
⎞

⎜
⎝
⎛ −

<
100

60006250ZP  

            = P(Z < 2.5)  
           = 0.99379 

 b) P(5800 < X < 5900) = ⎟
⎠
⎞

⎜
⎝
⎛ −

<<
−

100
60005900

100
60005800 ZP  

=P(−2 < Z < −1)  
    = P(Z <− 1) − P(Z < −2)  
    = 0.13591 

 c) P(X > x) = ⎟
⎠
⎞

⎜
⎝
⎛ −

>
100

6000xZP  = 0.95.  

     Therefore, 100
6000−x

 = −1.65 and x = 5835. 
 
 

4-48. a) P(X < 40) = ⎟
⎠
⎞

⎜
⎝
⎛ −

<
2

3540ZP  

       = P(Z < 2.5)  
       = 0.99379 

 b) P(X < 30) = ⎟
⎠
⎞

⎜
⎝
⎛ −

<
2

3530ZP  

        = P(Z < −2.5)  
        = 0.00621 
   0.621% are scrapped 
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4-49. a) P(X > 0.62) = ⎟
⎠
⎞

⎜
⎝
⎛ −

>
05.0

5.062.0ZP  

          = P(Z > 2.4)  
          = 1 − P(Z <2.4) 
          = 0.0082 

b) P(0.47 < X < 0.63) = ⎟
⎠
⎞

⎜
⎝
⎛ −

<<
−

05.0
5.063.0

05.0
5.047.0 ZP  

= P(−0.6 < Z < 2.6)  
  =  P(Z < 2.6) − P(Z < −0.6)  
  = 0.99534 − 0.27425  
  = 0.72109 

c) P(X < x) = ⎟
⎠
⎞

⎜
⎝
⎛ −

<
05.0

5.0xZP  = 0.90.  

    Therefore, x−0 5
0 05

.
.  = 1.28 and x = 0.564. 

 
 

4-50. a) P(X < 12) = P(Z < 1.0
4.1212−

) = P(Z < −4) ≅ 0 

b) P(X < 12.1) = P Z <
−⎛

⎝⎜
⎞
⎠⎟

12 1 12 4
01

. .
.

= P(Z < −3) = 0.00135  

    and  

    P(X > 12.6) = P Z >
−⎛

⎝⎜
⎞
⎠⎟

12 6 12 4
01

. .
.

= P(Z > 2) = 0.02275.  

    Therefore, the proportion of cans scrapped is 0.00135 + 0.02275 = 0.0241, or 2.41% 
c) P(12.4 − x < X < 12.4 + x) = 0.99.  

    Therefore, ⎟
⎠
⎞

⎜
⎝
⎛ <<−

1.01.0
xZxP  = 0.99 

    Consequently, ⎟
⎠
⎞

⎜
⎝
⎛ <

1.0
xZP = 0.995 and x = 0.1(2.58) = 0.258.  

    The limits are ( 12.142, 12.658). 
 
 

4-51. a) P(X <45) = ⎟
⎠
⎞

⎜
⎝
⎛ −

<
5

6545ZP = P(Z < -3) = 0.00135 

b) P(X > 65) = ⎟
⎠
⎞

⎜
⎝
⎛ −

>
5

6065ZP = P(Z >1) =  1- P(Z < 1)  

  = 1 - 0.841345= 0.158655 

c) P(X < x) = ⎟
⎠
⎞

⎜
⎝
⎛ −

<
5
60xZP  = 0.99.  

    Therefore, 5
60−x

 = 2.33 and x = 72 
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4-52. a) If P(X > 12) = 0.999, then P Z >
−⎛

⎝⎜
⎞
⎠⎟

12
01

µ
.

 = 0.999.  

    Therefore, 12
0 1
−µ
. = −3.09 and µ  = 12.309. 

b) If P(X > 12) = 0.999, then P Z >
−⎛

⎝⎜
⎞
⎠⎟

12
0 05

µ
.

= 0.999.  

    Therefore, 12
0 05
−µ
. = -3.09 and µ  = 12.1545. 

 
 
 
 

4-53. a) P(X > 0.5) = ⎟
⎠
⎞

⎜
⎝
⎛ −

>
05.0

4.05.0ZP  

        = P(Z > 2)  
        = 1 − 0.97725  
        = 0.02275 

b) P(0.4 < X < 0.5) = ⎟
⎠
⎞

⎜
⎝
⎛ −

<<
−

05.0
4.05.0

05.0
4.04.0 ZP  

= P(0 < Z < 2)  
  = P(Z < 2) − P(Z < 0)  
  = 0.47725 
 

c) P(X > x) = 0.90, then ⎟
⎠
⎞

⎜
⎝
⎛ −

>
05.0

4.0xZP  = 0.90. 

    Therefore, 05.0
4.0−x

 = −1.28 and x = 0.336. 
 
 

4-54 a) P(X > 70) = ⎟
⎠
⎞

⎜
⎝
⎛ −

>
4

6070ZP  

         
00621.099379.01

)5.2(1
=−=

<−= ZP

 

b)  P(X < 58) = ⎟
⎠
⎞

⎜
⎝
⎛ −

<
4

6058ZP  

                 
308538.0

)5.0(
=

−<= ZP

 
 c) bits 000,000,8bits/byte 8*bytes 000,000,1 =  

      seconds 33.133
bits/sec 00060

bits 000,000,8
=

,
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a) P(X > 90.3) + P(X < 89.7)  

= ⎟
⎠
⎞

⎜
⎝
⎛ −

>
1.0

2.903.90ZP + ⎟
⎠
⎞

⎜
⎝
⎛ −

<
1.0

2.907.89ZP  

            = P(Z > 1) +   P(Z < −5) 
          = 1 − P(Z < 1) + P(Z < −5) 
          =1 − 0.84134  +0 
          = 0.15866. 

Therefore, the answer is 0.15866. 
b) The process mean should be set at the center of the specifications; that is, at  = 90.0. µ

c) P(89.7 < X < 90.3) = ⎟
⎠
⎞

⎜
⎝
⎛ −

<<
−

1.0
903.90

1.0
907.89 ZP  

     = P(−3 < Z < 3) = 0.9973. 
  The yield is 100*0.9973 = 99.73% 
 
 
 

4-56. a) P(89.7 < X < 90.3) = ⎟
⎠
⎞

⎜
⎝
⎛ −

<<
−

1.0
903.90

1.0
907.89 ZP  

      = P(−3 < Z < 3)  
      = 0.9973. 
     P(X=10) = (0.9973)10 = 0.9733 
 
b) Let Y represent the number of cases out of the sample of 10 that are between 89.7 and 
90.3 ml.  Then Y follows a binomial distribution with n=10 and p=0.9973.  Thus, E(Y)= 
9.973 or 10. 

 
 
 

4-57. a) P(50 < X < 80) = ⎟
⎠
⎞

⎜
⎝
⎛ −

<<
−

20
10080

20
10050 ZP  

               = P(−2.5 < Z < -1)  
                 = P(Z < −1) − P(Z < −2.5)  
               = 0.15245. 

b) P(X > x) = 0.10. Therefore, ⎟
⎠
⎞

⎜
⎝
⎛ −

>
20
100xZP  = 0.10 and 20

100−x
 = 1.28.                 

Therefore, x = 126. hours 

4-16 



 

4-58.  a) P(X < 5000) = ⎟
⎠
⎞

⎜
⎝
⎛ −

<
600

70005000ZP   

           = P(Z < −3.33)     = 0.00043. 

b) P(X > x) = 0.95. Therefore, ⎟
⎠
⎞

⎜
⎝
⎛ −

>
600

7000xZP  = 0.95 and 600
7000−x

 = −1.64.  

Consequently, x = 6016. 
 

c)  P(X > 7000) = 5.0)0(
600

70007000
=>=⎟

⎠
⎞

⎜
⎝
⎛ −

> ZPZP  

   P(three lasers operating after 7000 hours) = (1/2)3 =1/8 
 

4-59. a) P(X > 0.0026) = ⎟
⎠
⎞

⎜
⎝
⎛ −

>
0004.0

002.00026.0ZP  

              = P(Z > 1.5)  
   = 1-P(Z < 1.5) 
              = 0.06681. 

b) P(0.0014 < X < 0.0026) = ⎟
⎠
⎞

⎜
⎝
⎛ −

<<
−

0004.0
002.00026.0

0004.0
002.00014.0 ZP  

= P(−1.5 < Z < 1.5)  
              = 0.86638. 
 
 

c) P(0.0014 < X < 0.0026) = ⎟
⎠
⎞

⎜
⎝
⎛ −

<<
−

σσ
002.00026.0002.00014.0 ZP  

                = ⎟
⎠
⎞

⎜
⎝
⎛ <<
−

σσ
0006.00006.0 ZP . 

    Therefore, ⎟
⎠
⎞

⎜
⎝
⎛ <

σ
0006.0ZP = 0.9975.  Therefore, σ

0006.0  = 2.81 and  = 0.000214. σ

 

4-60. a) P(X > 13) = ⎟
⎠
⎞

⎜
⎝
⎛ −

>
5.0
1213ZP   

       = P(Z > 2)  
       = 0.02275 

b) If P(X < 13) = 0.999, then ⎟
⎠
⎞

⎜
⎝
⎛ −

<
σ

1213ZP  = 0.999.  

    Therefore, 1/ σ  = 3.09 and σ  = 1/3.09 = 0.324. 

c) If P(X < 13) = 0.999, then ⎟
⎠
⎞

⎜
⎝
⎛ −

<
5.0

13 µZP  = 0.999.  

     Therefore, 5.0
13 µ−  = 3.09 and µ  = 11.455 
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Section 4-7 
 
 
4-61. a) E(X) = 200(0.4) = 80, V(X) = 200(0.4)(0.6) = 48 and 48=Xσ .  
  
 

     Then, 074934.0)44.1(
48

8070)70( =−≤=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
≤≅≤ ZPZPXP  

 b)  

          

0.85013074934.0925066.0                             

)44.144.1(
48

8090
48

8070)9070(

=−=

≤<−=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
≤<

−
≅≤< ZPZPXP

 

 
4-62. a)  

    

( ) ( )
( ) ( ) 0078.09.01.09.01.0

9.01.09.01.0)4(

973100
3

982100
2

991100
1

1000100
0

=++

+=<XP
 

b) E(X) = 10, V(X) = 100(0.1)(0.9) = 9 and σX = 3 .  

    Then, 023.0)2()()4( 3
104 =−<=<≅< − ZPZPXP  

 c) 497.0)67.067.0()()128( 3
1012

3
108 =<<−=<<≅<< −− ZPZPXP  

 
4-63. Let X denote the number of defective chips in the lot.  
 Then, E(X) = 1000(0.02) = 20, V(X) = 1000(0.02)(0.98) = 19.6. 

a) 129.0)13.1(1)13.1(
6.19
2025)25( =≤−=>=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛ −
>≅> ZPZPZPXP  

b) )26.20()0()3020(
6.19

10 <<=<<≅<< ZPZPXP  

               488.05.098809.0)0()26.2( =−=<−≤= ZPZP  
 
4-64. Let X denote the number of defective electrical connectors.  
 Then, E(X) = 25(100/1000) = 2.5, V(X) = 25(0.1)(0.9) = 2.25. 

a) P(X=0)=0.925=0.0718 
b) 047.0)67.1()()0(

25.2
5.20 =−<=<≅≤ − ZPZPXP   

The approximation is smaller than the binomial.  It is not satisfactory since np<5.  
c) Then, E(X) = 25(100/500) = 5, V(X) = 25(0.2)(0.8) = 4. 
    P(X=0)=0.825=0.00377 
   006.0)5.2()()0(

4
50 =−<=<≅≤ − ZPZPXP   

Normal approximation is now closer to the binomial; however, it is still not satisfactory 
since np = 5 is not > 5.  
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4-65. Let X denote the number of original components that fail during the useful life of the 
product. Then, X is a binomial random variable with p = 0.001 and n = 5000. Also,       
E(X) = 5000 (0.001) = 5 and V(X) = 5000(0.001)(0.999) = 4.995. 

 013.0987.01)24.2(1)24.2(
995.4

510)10( =−=<−=≥=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
≥≅≥ ZPZPZPXP . 

 
 
4-66. Let X denote the number of particles in 10 cm2  of dust. Then, X is a Poisson random 

variable with  000,10)1000(10 ==λ . Also, E(X) = 000,10=λ  = V(X) 

 5.0)0()()000,10(
000,10

000,10000,10 =>=>≅> − ZPZPXP  
 
 
4-67 Let X denote the number of errors on a web site. Then, X is a binomial random variable 

with p = 0.05 and n = 100. Also, E(X) = 100 (0.05) = 5 and  
V(X) = 100(0.05)(0.95) = 4.75 

96712.003288.01)84.1(1)84.1(
75.4
51)1( =−=−<−=−≥=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
≥≅≥ ZPZPZPXP

 
 

4-68. Let X denote the number of particles in 10 cm2  of dust. Then, X is a Poisson random 
variable with  000,10=λ . Also, E(X) = 000,10=λ  =V(X)  
a)  

    
011)100(1

)100()()000,20(
000,10

000,10000,20

=−=<−=

≥=≥≅≥ −

ZP

ZPZPXP
 

 b.) 1587.0)1()()900,9(
000,10

000,10900,9 =−<=<≅< − ZPZPXP  

c.)  If P(X > x) = 0.01, then ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
>

000,10
000,10xZP = 0.01.  

    Therefore, 100
000,10−x = 2.33 and x = 10,233 

 
 
4-69 Let X denote the number of hits to a web site. Then, X is a Poisson random variable with  

a of mean  10,000 per day.  E(X) = λ = 10,000 and V(X) = 10,000 
 

a) 

0228.09772.01                           

)2(1)2(
000,10

000,10200,10)200,10(

=−=

<−=≥=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
≥≅≥ ZPZPZPXP  

Expected value of hits days with more than 10,200 hits per day is  
(0.0228)*365=8.32 days per year 
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4-69 b.) Let Y denote the number of days per year with over 10,200 hits to a web site.  

    Then, Y is a binomial random variable with n=365 and p=0.0228.   
   E(Y) =  8.32 and V(Y) = 365(0.0228)(0.9772)=8.13 
 

0096.09904.01                           

)34.2(1)34.2(
13.8

32.815)15(

=−=

<−=≥=⎟
⎠

⎞
⎜
⎝

⎛ −
≥≅> ZPZPZPYP  

 
 
4-70  E(X) = 1000(0.2) = 200 and V(X) = 1000(0.2)(0.8) = 160 

a) 02385.097615.01)98.1(1)(1)225(
160

200225 =−=≤−=≤−≅≥ − ZPZPXP  

b) 
9523.002385.097615.0

)98.198.1()()225175(
160

200225
160

200175

=−=

≤≤−=≤≤≅≤≤ −− ZPZPXP
 

c)   If P(X > x) = 0.01, then ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
>

160
200xZP = 0.01.  

     Therefore, 
160
200−x = 2.33 and x = 229.5 

 
 
 
4-71 X is the number of minor errors on a test pattern of 1000 pages of text.  X is a Poisson 

random variable with a mean of 0.4 per page  
a. )  The number of errors per page is a random variable because it will be different for 

each page. 

b.) 670.0
!0

4.0)0(
04.0

===
−eXP  

330.0670.01)0(1)1( =−==−=≥ XPXP  
The mean number of pages with one or more errors is 1000(0.330)=330 pages 
 

c.) Let Y be the number of pages with errors. 

5088.09115.01                      

)35.1(1)35.1(
)670.0)(330.0(1000

330350)350(

=−=

<−=≥=⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
≥≅> ZPZPZPYP  
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Section 4-9 
 

4-72. a)  0)0(
0

0

==≤ ∫ − dxeXP xλλ

b) 0183.02)2( 4

2

2

2

2 ==−==≥ −
∞

−
∞

−∫ eedxeXP xx  

c) 8647.012)1( 2
1

0

2
1

0

2 =−=−==≤ −−−∫ eedxeXP xx  

d) 1170.02)21( 42
2

1

2
2

1

2 =−=−==<< −−−−∫ eeedxeXP xx  

 e) 05.012)( 2

0

2

0

2 =−=−==≤ −−−∫ x
x

t
x

t eedtexXP  and x = 0.0256 

 
4-73. If E(X) = 10, then . λ = 01.

a) 3679.01.0)10( 1

10

1.0

10

1.0 ==−==> −
∞

−
∞

−∫ eedxeXP xx  

b) 1353.0)20( 2

20

1.0 ==−=> −
∞

− eeXP x  

c) 0498.0)30( 3

30

1.0 ==−=> −
∞

− eeXP x  

 d) 95.011.0)( 1.0

0

1.0

0

1.0 =−=−==< −−−∫ x
x

t
x

t eedtexXP  and x = 29.96. 

 
4-74. Let X denote the time until the first count. Then, X is an exponential random variable with 

 counts per minute. λ = 2

a) 3679.02)5.0( 1

5.0

2

5.0

2 ==−==> −
∞

−
∞

−∫ eedxeXP xx  

b) 2835.012)( 3/1
6/1

0

2
6/1

0

2
60
10 =−=−==< −−−∫ eedxeXP xx  

c) 1170.0)21( 42
2

1

2 =−=−=<< −−− eeeXP x  

 
 
4-75. a) E(X) = 1/λ = 1/3 = 0.333 minutes 
 b) V(X) = 1/λ2 = 1/32 = 0.111, σ = 0.3333 

 c) 95.013)( 3

0

3

0

3 =−=−==< −−−∫ x
x

t
x

t eedtexXP , x = 0.9986 
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4-76. The time to failure (in hours) for a laser in a cytometry machine is modeled by an 

exponential distribution with 0.00004. 

a) 4493.000004.0)000,20( 8.0

20000

00004.0

20000

00004.0. ==−==> −
∞

−
∞

−∫ eedxeXP xx  

b) 6988.0100004.0)000,30( 2.1
30000

0

00004.0

30000

00004.0. =−=−==< −−
∞

−∫ eedxeXP xx  

c)  

     

1481.0                                     

00004.0)000,30000,20(

2.18.0
30000

20000

00004.0

30000

20000

00004.0.

=−=−=

=<<

−−−

−∫

eee

dxeXP

x

x

 

 
4-77. Let X denote the time until the first call. Then, X is exponential and  
 15

1
)(

1 == XEλ  calls/minute. 

a) 1353.0)30( 2

3030
15
1 1515 ==−==> −

∞−
∞

−

∫ eedxeXP
xx

 

b) The probability of at least one call in a 10-minute interval equals one minus the 
probability of zero calls in  
    a 10-minute interval and that is P(X > 10).  

    5134.0)10( 3/2

10

15 ==−=> −
∞− eeXP

x

.  

    Therefore, the answer is 1- 0.5134 = 0.4866. Alternatively, the requested probability  is 
equal to  P(X < 10) = 0.4866. 

c) 2031.0)105( 3/23/1
10

5

15 =−=−=<< −−− eeeXP
x

 

d) P(X < x) = 0.90 and 90.01)( 15/

0

15 =−=−=< −− x
x

eexXP
t

. Therefore, x = 34.54 

minutes. 
 
 
4-78. Let X be the life of regulator. Then, X is an exponential random variable with 

 λ = =1 1/ ( ) /E X 6
a) Because the Poisson process from which the exponential distribution is derived is 
memoryless, this probability is  

 P(X < 6) = 6321.01 1
6

0

6

0

6/6/
6
1 =−=−= −−−∫ eedxe xx  

b) Because the failure times are memoryless, the mean time until the next failure is E(X) = 
6 years. 
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4-79. Let X denote the time to failure (in hours) of fans in a personal computer. Then, X is an 

exponential random variable and 0003.0)(/1 == XEλ . 

a) P(X > 10,000) = 0498.00003.0 3

000,10000,10

0003.00003.0 ==−= −

∞∞
−−∫ eedxe xx  

b) P(X < 7,000) = 8775.010003.0 1.2
000,7

0

000,7

0

0003.00003.0 =−=−= −−−∫ eedxe xx  

 
4-80. Let X denote the time until a message is received. Then, X is an exponential random 

variable and 2/1)(/1 == XEλ . 

a) P(X > 2) = 3679.01

22

2/2/
2
1 ==−= −

∞∞
−−∫ eedxe xx  

b) The same as part a. 
c) E(X) = 2 hours. 

 
 
4-81. Let X denote the time until the arrival of a taxi. Then, X is an exponential random variable 

with  1.0)(/1 == XEλ  arrivals/ minute. 

a) P(X > 60) = ∫
∞

−
∞

−− ==−=
60

6

60

1.01.0 0025.01.0 eedxe xx  

b) P(X < 10) = ∫ =−=−= −−−
10

0

1
10

0

1.01.0 6321.011.0 eedxe xx  

 

4-82. a) P(X > x) = ∫
∞

−
∞

−− ==−=
x

x

x

tt eedte 1.01.0 1.01.01.0  and x  = 23.03 minutes. 

b) P(X < x) = 0.9 implies that P(X > x) = 0.1. Therefore, this answer is the same as part a. 

c) P(X < x) = − = − =− −e et
x

x0 1

0

0 11. . .0 5  and x = 6.93 minutes. 

 
4-83. Let X denote the distance between major cracks. Then, X is an exponential random 

variable with  2.0)(/1 == XEλ  cracks/mile. 

a) P(X > 10) = ∫
∞

−
∞

−− ==−=
10

2

10

2.02.0 1353.02.0 eedxe xx  

b) Let Y denote the number of cracks in 10 miles of highway. Because the distance 
between cracks is exponential, Y is a Poisson random variable with 2)2.0(10 ==λ  
cracks per 10 miles.  

P(Y = 2) = 2707.0
!2
222

=
−e

 

c) 5/1 == λσ X  miles. 
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4-84. a) 0409.02.0)1512( 34.2
15

12

15

12

2.02.0 =−=−==<< −−−−∫ eeedxeXP xx  

b) P(X > 5) = 3679.01

5

2.0 ==− −
∞

− ee x . By independence of the intervals in a Poisson 

process, the answer  is . Alternatively, the answer is P(X > 10) = 
. The probability does depend on whether or not the lengths of highway are 

consecutive. 

0 3679 0 13532. .=

e− =2 0 1353.

c) By the memoryless property, this answer is P(X > 10) = 0.1353 from part b.  
 
 
4-85. Let X denote the lifetime of an assembly. Then, X is an exponential random variable with 
 400/1)(/1 == XEλ  failures per hour. 

a) P(X < 100) = ∫ =−=−= −−−
100

0

25.0
100

0

400/400/
400
1 2212.01 eedxe xx  

b) P(X > 500) = 2865.04/5

500

400/ ==− −
∞

− ee x  

c) From the memoryless property of the exponential, this answer is the same as  part a.,   
    P(X < 100) = 0.2212. 
 

 
4-86. a) Let U denote the number of assemblies out of 10 that fail before 100 hours.  By the 

memoryless property of a Poisson process, U has a binomial distribution with n = 10 and  
p =0.2212 (from Exercise 4-85a). Then, 

( ) 9179.0)2212.01(2212.01)0(1)1( 10010
0 =−−==−=≥ UPUP  

b) Let V denote the number of assemblies out of 10 that fail before 800 hours.  Then, V is 
a binomial random variable with n = 10 and p = P(X < 800), where X denotes the lifetime 
of an assembly.  

    Now, P(X < 800) = 8647.01 2
800

0

400/
800

0

400/
400
1 =−=−= −−−∫ eedxe xx . 

    Therefore, P(V = 10) = ( ) 2337.0)8647.01(8647.0 01010
10 =− . 

 
4-87. Let X denote the number of calls in 3 hours. Because the time between calls is an 

exponential random variable, the number of calls in 3 hours is a Poisson random variable. 
Now, the mean time between calls is 0.5 hours and λ = =1 0 5 2/ .  calls per hour = 6 calls in 
3 hours. 

 8488.0!3
6

!2
6

!1
6

!0
61)3(1)4(

36261606
=⎥⎦

⎤
⎢⎣
⎡ +++−=≤−=≥

−−−− eeeeXPXP  

 
 
4-88. Let Y denote the number of arrivals in one hour. If the time between arrivals is 

exponential, then the count of arrivals is a Poisson random variable and  arrival per 
hour. 

λ = 1

 P(Y > 3) = 01899.0
!3
1

!2
1

!1
1

!0
11)3(1

31211101
=⎥⎦

⎤
⎢⎣
⎡ +++−=≤−

−−−− eeeeYP  
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4-89. a) From Exercise 4-88, P(Y > 3) =  0.01899. Let W denote the number of one-hour 

intervals out of 30 that contain more than 3 arrivals. By the memoryless property of a 
Poisson process, W is a binomial random variable with n = 30 and p =  0.01899. 

     P(W = 0) = ( ) 5626.0)01899.01(01899.0 30030
0 =−  

b) Let X denote the time between arrivals. Then, X is an exponential random variable with 

1=λ  arrivals per hour. P(X > x) = 0.1 and 1.01)( 111 ==−==> −
∞

−
∞

−∫ x

x

t

x

t eedtexXP .  

Therefore, x = 2.3  hours. 
 
 
4-90. Let X denote the number of calls in 30 minutes. Because the time between calls is an 

exponential random variable, X is a Poisson random variable with λ = =1 / ( ) .E X 0 1 calls 
per minute = 3 calls per 30 minutes. 
a) P(X > 3) = [ ] 3528.01)3(1 !3

3
!2
3

!1
3

!0
3 33231303

=+++−=≤−
−−−− eeeeXP  

b) P(X = 0) = 04979.0!0
303
=

−e  
c) Let Y denote the time between calls in minutes. Then, 01.0)( =≥ xYP  and 

   x

x x

tt eedtexYP 1.01.01.01.0)( −
∞ ∞

−− =−==≥ ∫ .  Therefore, e  and x = 46.05 

minutes. 

x− =0 1 0 01. .

 

4-91. a) From Exercise 4-90, P(Y > 120) = 612

120120

1.01.0 1014.61.0 −−
∞∞

−− ×==−=∫ eedye yy . 

b) Because the calls are a Poisson process, the number of calls in disjoint intervals are 
independent. From  Exercise 4-90 part b., the probability of no calls in one-half hour is 

. Therefore, the answer is 04979.03 =−e [ ] 61243 1014.6 −−− ×== ee . Alternatively, the 
answer is the probability of no calls in two hours. From part a. of this exercise, this is 

. e−12

c) Because a Poisson process is memoryless, probabilities do not depend on whether or not 
intervals are consecutive. Therefore, parts a. and b. have the same answer. 

 

4-92. a) 3679.0)( 1//1 ==−==> −
∞

−−
∞

∫ eedxeXP xx

θ

θθ

θ
θθ  

b) 1353.0)2( 2

2

/ ==−=> −
∞

− eeXP x

θ

θθ  

c) 0498.0)3( 3

3

/ ==−=> −
∞

− eeXP x

θ

θθ  

d) The results do not depend on θ . 
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4-93. X is an exponential random variable with λ = 0 2.  flaws per meter. 

a) E(X) = 1/  meters. λ = 5

b) P(X > 10) = 1353.02.0 2

1010

2.02.0 ==−= −
∞∞

−−∫ eedxe xx  

c) No, see Exercise 4-91 part c. 

d) P(X < x) = 0.90. Then, P(X < x) = x
x

t ee 2.0

0

2.0 1 −− −=− .  Therefore,  

and x = 11.51. 

9.01 2.0 =− − xe

 

4-94. P(X > 8) =  ∫
∞

−− =−=
8

5/82.0 2019.02.0 edxe x

The distance between successive flaws is either less than 8 meters or not. The distances are 
independent and P(X > 8) = 0.2019. Let Y denote the number of flaws until the distance 
exceeds 8 meters. Then, Y is a geometric random variable with p = 0.2019. 
a) P(Y = 5) = . 0819.02019.0)2019.01( 4 =−
b) E(Y) = 1/0.2019 = 4.95. 

 4-95.  Use integration by parts with u = x and dv = .  ∫
∞

−=
0

.)( dxexXE xλλ xe λλ −

 Then, λ
λ

λ
λλ /1)(

000
=

−
=+−=

∞−∞
−

∞
− ∫

x
xx edxexeXE  

 V(X) = .)(
0

21 dxex xλ
λ λ −

∞

∫ −  Use integration by parts with u = −( )x 1 2
λ  and  

 dv = λ . Then, λe x−

 dxexdxexexXV xxx ∫∫
∞

−
∞

−
∞

− −+=−+−−=
0

1221

0

1

0

21 )()()(2)()( λ
λλλ

λ
λ

λ
λ λ  

 The last integral is seen to be zero from the definition of E(X).  Therefore, V(X) = ( )1 2
λ . 

 
 
 
 
Section 4-10 
 
4-96 a) The time until the tenth call is an Erlang random variable with λ = 5  calls per minute  

and r = 10. 
 b) E(X) = 10/5 = 2 minutes.  V(X) = 10/25 = 0.4 minutes. 

c) Because a Poisson process is memoryless, the mean time is 1/5=0.2 minutes or 12 
seconds 

 

4-26 



4-97. Let Y denote the number of calls in one minute. Then, Y is a Poisson random variable 
with  calls per  minute. λ = 5

 a) P(Y = 4) = 1755.0
!4
545

=
−e

 

b) P(Y > 2) = 1 - 8754.0
!2
5

!1
5

!0
51)2(

251505

=−−−=≤
−−− eeeYP . 

    Let W denote the number of one minute intervals out of 10 that contain more than 2 
calls. Because the 
    calls are a Poisson process, W is a binomial random variable with n = 10 and p = 
0.8754.  
    Therefore, P(W = 10) = ( ) 2643.0)8754.01(8754.0 01010

10 =− . 
 
4-98. Let X denote the pounds of material to obtain 15 particles. Then, X has an Erlang 

distribution with r = 15 
 and λ = . 0 01.

a) E(X) = 1500
01.0

15
==

λ
r

 pounds. 

b) V(X) = 000,150
01.0
15

2 =  and 3.387000,150 ==Xσ  pounds. 

 
4-99 Let X denote the time between failures of a laser.  X is exponential with a mean of 25,000. 
 a.) Expected time until the second failure hours000,5000004.0/2/)( === λrXE  

b.) N=no of failures in 50000 hours 

 2
25000
50000)( ==NE   

                 ∑
=

−

==≤
2

0

2

6767.0
!

)2()2(
k

k

k
eNP  

 
4-100 Let X denote the time until 5 messages arrive at a node. Then, X has an Erlang distribution 

with r = 5 and   messages per minute. λ = 30
a) E(X) = 5/30 = 1/6 minute = 10 seconds. 
b)V(X) = 5

30
1 1802 = /  minute2  = 1/3 second and 0745.0=Xσ minute = 4.472 seconds. 

 c) Let Y denote the number of messages that arrive in 10 seconds. Then, Y is a Poisson   
random variable with  messages per minute = 5 messages per 10 seconds. λ = 30

   
[ ]

5595.0

1)4(1)5( !4
5

!3
5

!2
5

!1
5

!0
5 4535251505

=

++++−=≤−=≥
−−−−− eeeeeYPYP

 

d) Let Y denote the number of messages that arrive in 5 seconds. Then, Y is a Poisson 
random variable with 
    λ =  messages per 5 seconds. 2 5.
   1088.08912.01)4(1)5( =−=≤−=≥ YPYP  
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4-101. Let X denote the number of bits until five errors occur. Then, X has an Erlang distribution 

with r = 5 and   error per bit. 510−=λ

a) E(X) = 5105×=
λ
r

 bits. 

b) V(X) = 10
2 105×=
λ
r

 and 223607105 10 =×=Xσ  bits. 

c) Let Y denote the number of errors in 105 bits. Then, Y is a Poisson random variable 
with   
     error per bit = 1 error per 1055 1010/1 −==λ 5 bits. 
    [ ] 0803.01)2(1)3( !2

1
!1
1

!0
1 211101

=++−=≤−=≥
−−− eeeYPYP  

 
4-102 05.020/1 ==λ    100=r

a) 505./100/)( === λrXE  minutes 
b) 4 min - 2.5 min=1.5 min 
c)Let Y be the number of calls before 15 seconds 520*25.0 ==λ  

[ ] 8753.01247.11)2(1)3( !2
5

!1
5

!0
5 251505

=−=++−=≤−=>
−−− eeeXPYP  

 
4-103. a) Let X denote the number of customers that arrive in 10 minutes. Then, X is a  

Poisson random variable  with λ = 0 2.  arrivals per minute = 2 arrivals per 10 minutes.  
    [ ] 1429.01)3(1)3( !3

2
!2
2

!1
2

!0
2 32221202

=+++−=≤−=>
−−−− eeeeXPXP  

b) Let Y denote the number of customers that arrive in 15 minutes. Then, Y is a Poisson 
random variable with 3=λ  arrivals per 15 minutes.  

[ ] 1847.01)4(1)5( !4
3

!3
3

!2
3

!1
3

!0
3 4333231303

=++++−=≤−=≥
−−−−− eeeeeXPXP  

 
4-104. Let X denote the time in days until the fourth problem. Then, X has an Erlang distribution 

with r = 4 and   problem per day. λ = 1 30/

a) E(X) = 4

30
120

1−
=  days. 

b) Let Y denote the number of problems in 120 days. Then, Y is a Poisson random 
variable with problems per 120 days. λ = 4

 [ ] 4335.0)4( !3
4

!2
4

!1
4

!0
4 34241404

=+++=<
−−−− eeeeYP  

 
4-105. a)  120!5)6( ==Γ

b) 1.32934)()()( 2/1
4
3

2
1

2
1

2
3

2
3

2
3

2
5 ==Γ=Γ=Γ π  

c) 11.6317)()()( 2/1
16
105

2
1

2
1

2
3

2
5

2
7

2
7

2
7

2
9 ==Γ=Γ=Γ π  

 

4-106 . Use integration by parts with u  and dv =e∫
∞

−−=Γ
0

1)( dxexr xr 1−= rx -x. Then, 

 )1()1()1()(
0

2

0

1 −Γ−=−+−=Γ ∫
∞

−−
∞

−− rrdxexrexr xrxr . 
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4-107 dx
r
exdxrxf

xrr

∫∫
∞ −−∞

Γ
=

0

1

0 )(
),;(

λλλ . Let y = λx , then the integral is λ

λ dy
yr

r
ey

∫
∞ −−

Γ0

1

)(
. From the 

definition of  , this integral is recognized to equal 1. )(rΓ
 
4-108. If X is a chi-square random variable, then X is a special case of a gamma random variable. 

Now, E(X) =  7
)2/1(
)2/7(
==

λ
r

 and 14
)2/1(
)2/7()( 22 ===

λ
rXV . 

  
Section  4-11 

 
4-109.  β=0.2 and δ=100 hours 

 
102

2.0
12

2.0
22

2.0
1

1061.3)]1([100)1(100)(

000,12!5100)1(100)(

×=+Γ−+Γ=

=×=+Γ=

XV

XE
 

 
 
4-110. a)  9189.011)10000()10000( 512.2100 2.0

=−=−==< −− eeFXP X

b)  1123.0)5000(1)5000(
2.050 ==−=> −eFXP X

 
 
4-111. Let X denote lifetime of a bearing. β=2 and δ=10000 hours 

a) 5273.0)8000(1)8000(
28.0

2

10000
8000

===−=> −
⎟
⎠
⎞

⎜
⎝
⎛−

eeFXP X  
b) 

    
3.88625000)5.0()5.0(10000

)5.1(10000)1(10000)( 2
1

==Γ=

Γ=+Γ=

π

XE
 

   = 8862.3 hours 
c) Let Y denote the number of bearings out of 10 that last at least 8000 hours.  Then, Y is 
a   
   binomial random variable with n = 10 and p = 0.5273. 
 ( ) 00166.0)5273.01(5273.0)10( 01010

10 =−==YP . 
 
4-112   a.) 68.803.0.89298)(900)3/4(900)3/11(900)1()( 1 ==Γ=+Γ=+Γ= βδXE  hours 

b.) 

                 
[ ] [ ]

2222

2
3
12

3
2222222

hours 64.853140.89298)(900-0.90274)(900           

)1(900)1(900)1()1()(

==

+Γ−+Γ=+Γ−+Γ= ββ δδXV
 

 c.) 1576.01)500()500(
3

900
500

=−==<
⎟
⎠
⎞

⎜
⎝
⎛−

eFXP X  
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4-113. Let X denote the lifetime. 
a) .6002)3()1()( 5.0

1 ==Γ=+Γ= δδδXE  Then 300=δ .  Now,  

P(X > 500) = 2750.0
5.0

300
500 )( =−e  

b) P(X < 400) = 6848.01
5.0

300
400)( =− −e  

 
 
4-114    Let X denote the lifetime 

a) 4.620)1(700)( 2
1 =+Γ=XE  

b)  

    
9.154,105)25.0(700)1(700

)]5.1([700)2(700)(
22

222

=−=

Γ−Γ=

π

XV

c) P(X > 620.4) = 
( ) 4559.0

2
700

4.620

=−e  
 
 
4-115  a.)β=2,  δ=500 

    
11.443250)5.0()5.0(500

)5.1(500)1(500)( 2
1

==Γ=

Γ=+Γ=

π

XE
 

   = 443.11 hours 
b.) 2

2
122 )]1([500)11(500)( +Γ−+Γ=XV  

         53650.5)]5.1([500)2(500 222 =Γ−Γ=

c.) P(X < 250) = F(250)= 2212.07788.011
25

500
250 )( =−=− −e  

 
 
4-116 If X is a Weibull random variable with β=1 and  δ=1000, the distribution of X is the 

exponential distribution with λ=.001. 

 

0for  001.0

0for  
10001000

1)(

001.0

1000
0 1

>=

>⎟
⎠
⎞

⎜
⎝
⎛
⎟
⎠
⎞

⎜
⎝
⎛=

−

⎟
⎠
⎞

⎜
⎝
⎛−

xe

xexxf

x

x

 

 
             The mean of X is E(X) = 1/λ = 1000. 
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Section 4-11 
 
4-117 X is a lognormal distribution with θ=5 and ω2=9  

a. )  

9332.0)50.1(                          
3

5)13330ln())13300ln(()13300()13300(

=Φ=

⎟
⎠
⎞

⎜
⎝
⎛ −

Φ=<=<=< WPePXP W

 

 b.) Find the value for which P(X≤x)=0.95 
  

 95.0
3

5)ln())ln(()()( =⎟
⎠
⎞

⎜
⎝
⎛ −

Φ=<=≤=≤
xxWPxePxXP W  

 65.1
3

5)ln(
=

−x
   2.209525)3(65.1 == +ex

c.)  7.13359)( 5.92/952/2

===== ++ eeeXE ωθµ

    1291999102 1045.1)1()1()1()(
22

xeeeeeeXV =−=−=−= ++ ωωθ

 
 
 
4-118    a.) X is a lognormal distribution with θ=-2 and ω2=9 

0016.0 )74.2()97.2( 
3

2)500ln(
3

2)1000ln(                                  

))1000ln()500(ln()1000500()1000500(

=Φ−Φ=⎟
⎠
⎞

⎜
⎝
⎛ +

Φ−⎟
⎠
⎞

⎜
⎝
⎛ +

Φ=

<<=<<=<< WPePXP W

 

b.) 1.0
3

2)ln())ln(()()( =⎟
⎠
⎞

⎜
⎝
⎛ +

Φ=<=≤=<
xxWPxePxXP W  

    28.1
3

2)ln(
−=

+x
        0029.02)3(28.1 == −−ex

c.)  1825.12)( 5.22/922/2

===== +−+ eeeXE ωθµ
     87.455,202,1)1()1()1()( 959942 22

=−=−=−= +−+ eeeeeeXV ωωθ
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4-119 a.) X is a lognormal distribution with θ=2 and ω2=4 

 

9826.0)11.2(                          
2

2)500ln())500ln(()500()500(

=Φ=

⎟
⎠
⎞

⎜
⎝
⎛ −

Φ=<=<=< WPePXP W

 

 b.)  

                    

( ) ( ) 45.0007.0/0032.0
9929.01

9929.09961.0
)45.2(1

)45.2()66.2(                         

2
2)1000ln(1

2
2)1000ln(

2
2)1500ln(

                       

)1000(
)15001000(

)1000|15000(

==
−

−
=

Φ−
Φ−Φ

=

⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛ −

Φ−

⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛ −

Φ−⎟
⎠
⎞

⎜
⎝
⎛ −

Φ
=

>
<<

=><
XP

XP
XXP

 

 c.)  The product has degraded over the first 1000 hours, so the probability of it lasting 
another 500 hours is very low. 

 
 
 
4-120    X is a lognormal distribution with θ=0.5 and ω2=1 
 a)  

 

03593.096407.01)80.1(1                          
1

5.0)10ln(1))10ln(()10()10(

=−=Φ−=

⎟
⎠
⎞

⎜
⎝
⎛ −

Φ−=>=>=> WPePXP W

 

 
  
 

 b.)  50.0
1

5.0)ln())ln(()()( =⎟
⎠
⎞

⎜
⎝
⎛ −

Φ=<=≤=≤
xxWPxePxXP W  

         0
1

5.0)ln(
=

−x
  seconds 65.15.0)1(0 == +ex

c.)  7183.2)( 12/15.02/2

===== ++ eeeXE ωθµ
                  6965.12)1()1()1()( 121112 22

=−=−=−= ++ eeeeeeXV ωωθ
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4-121 Find the values of θand ω2 given that E(X) = 100 and V(X) = 85,000 
 
            2/2

100 ωθ += e )1(85000
222 −= + ωωθ ee

 let θex = and   then  (1)
2ωey = yx=100  and  (2)  yxyxyyx 2222 )1(85000 −=−=

  
 Square (1)  and substitute into (2) yx 210000 =

  
5.9

)1(1000085000
=

−=
y

y

 Substitute  y  into (1) and solve for x 444.32
5.9

100
==x  

 48.3)444.32ln( ==θ  and   25.2)5.9ln(2 ==ω
 
 
 
4-122 a.) Find the values of θand ω2 given that E(X) = 10000 and σ= 20,000 
 
            2/2

10000 ωθ += e )1(20000
2222 −= + ωωθ ee

 let θex = and   then  (1)
2ωey = yx=10000  and   

 (2)  yxyxyyx 22222 )1(20000 −=−=
  
 Square (1)  and substitute into (2) yx 2210000 =

  
5

)1(1000020000 22

=
−=

y
y

 Substitute  y  into (1) and solve for x 1360.4472
5

10000
==x  

 4056.8)1360.4472ln( ==θ  and  6094.1)5ln(2 ==ω
 b.)  

 
2643.07357.01)63.0(1                          

2686.1
4056.8)10000ln(1))10000ln(()10000()10000(

=−=Φ−=

⎟
⎠
⎞

⎜
⎝
⎛ −

Φ−=>=>=> WPePXP W

 

 c.)  1.0
2686.1

4056.8)ln())ln(()()( =⎟
⎠
⎞

⎜
⎝
⎛ −

Φ=>=>=>
xxWPxePxXP W  

         28.1
2686.1

4056.8)ln(
−=

−x
  hours 65.8814056.8)2686.1(280.1 == +−ex
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4-123 Let X ~N(µ, σ2), then Y = eX follows a lognormal distribution with mean µ and variance σ2.  By 

definition, FY(y) = P(Y ≤ y) = P(eX < y) = P(X < log y) = FX(log y) = ⎟
⎠

⎞
⎜
⎝

⎛ −
σ

µ
Φ

ylog . 

Since Y = eX and X ~ N(µ, σ2), we can show that )(log1)( yf
y

Yf XY =    

Finally, fY(y) = 

2

2
log

2
11)(log1)(log)( ⎟

⎠
⎞

⎜
⎝
⎛ −

−

⋅==
∂

∂
=

∂
∂ σ

µ

πσ

y

X
XY e

y
yf

yy
yF

y
yF

. 

 
 
 
Supplemental Exercises  
 

4-124  a) 0625.0
2

5.0)15.0()5.2(
5.2

2

5.2

2

2

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−=−=< ∫ xxdxxXP  

b) ∫ =−=−=>
4

3

4

3
2 75.05.0)15.0()3( 2 xdxxXP x  

c) ∫ =−=−=<<
5.3

5.2

5.3

5.2
2 5.05.0)15.0()5.35.2( 2 xdxxXP x  

 
 

4-125 ∫ +−=−=−=
x

x
x

t xtdttxF
2

4
2

2 15.0)15.0()( 22
. Then,  

 

⎪
⎪
⎪

⎩

⎪⎪
⎪

⎨

⎧

≤

<≤+−

<

=

x

xx

x

xF x

4,1

42,1

2,0

)( 4

2

 

 
 

4-126 ∫ =−−−=−=−=
4

2
3

10
3
4

3
32

4

2
23 )2(85.0)15.0()( 23 xxdxxxXE  

 

2222.0

)5.0(

)15.0)(()15.0()()(

4

2

4

2
9

1002
9
553

9
13

89
100

9
1102

3
133

4

2

4

2
9

100
3
2022

3
10

4

=

−+−=−+−=

−+−=−−=

∫

∫ ∫

xxxdxxxx

dxxxxdxxxXV

x  
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4-127. Let X denote the time between calls. Then, 1.0)(/1 == XEλ  calls per minute. 

a) ∫ =−=−==< −−−
5

0

5.0
5

0

1.01.0 3935.011.0)5( eedxeXP xx  

b) 3834.0)155( 5.15.0
15

5

1.0 =−=−=<< −−− eeeXP x  

c) P(X < x) = 0.9.  Then, .  Now, x = 23.03 

minutes. 

∫ =−==< −−
x

xt edtexXP
0

1.01.0 9.011.0)(

 
 

4-128 a) This answer is the same as part a. of Exercise 4-127. 

∫ =−=−==< −−−
5

0

5.0
5

0

1.01.0 3935.011.0)5( eedxeXP xx  

b) This is the probability that there are no calls over a period of 5 minutes.  Because a 
Poisson process is memoryless, it does not matter whether or not the intervals are 
consecutive.   

∫
∞

−
∞

−− ==−==>
5

5.0

5

1.01.0 6065.01.0)5( eedxeXP xx  

 
 

4-129. a) Let Y denote the number of calls in 30 minutes. Then, Y is a Poisson random variable 

with 3=λ .        423.0
!2
3

!1
3

!0
3)2(

231303

=++=≤
−−− eeeYP . 

 b) Let W denote the time until the fifth call. Then, W has an Erlang distribution with 
 and r = 5.  λ = 0 1.

     E(W) = 5/0.1 = 50 minutes. 
 
 

4-130 Let X denote the lifetime. Then 6/1)(/1 == XEλ . 

 ∫ =−=−==< −−−
3

0

5.0
3

0

6/6/
6
1 3935.01)3( eedxeXP xx . 

 
 

4-131. Let W denote the number of CPUs that fail within the next three years. Then, W is a 
binomial random variable with n = 10 and p = 0.3935 (from Exercise 4-130). Then, 
 ( ) 9933.0)3935.01(3935.01)0(1)1( 10010

0 =−−==−=≥ WPWP . 
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4-132    X is a lognormal distribution with θ=0 and ω2=4  
                          a.)  

                  

10007.0874928.0975002.0)15.1()96.1(                          
2

0)10ln(
2

0)50ln(
                            

))50ln()10(ln()5010()5010(

=−=Φ−Φ=

⎟
⎠
⎞

⎜
⎝
⎛ −

Φ−⎟
⎠
⎞

⎜
⎝
⎛ −

Φ=

><=<<=<< WPePXP W

 

  b.) 05.0
2

0)ln())ln(()()( =⎟
⎠
⎞

⎜
⎝
⎛ −

Φ=<=<=<
xxWPxePxXP W  

                     64.1
2

0)ln(
−=

−x
   0376.0)2(64.1 == −ex

c.)  389.7)( 22/402/2

===== ++ eeeXE ωθµ
                  40.2926)1()1()1()( 444402 22

=−=−=−= ++ eeeeeeXV ωωθ

 
 
4-133  a. ) Find the values of θand ω2 given that E(X) = 50 and V(X) = 4000 
 
            2/2

50 ωθ += e )1(4000
222 −= + ωωθ ee

 let θex = and   then  (1)
2ωey = yx=50  and  (2)  yxyxyyx 2222 )1(4000 −=−=

  

 Square (1) for x 
y

x 50
=  and substitute into (2) 

 

6.2

)1(250050504000
2

2

2

=

−=⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
=

y

yy
y

y
y  

 substitute  y back in  to (1) and solve for x 31
6.2

50
==x  

 43.3)31ln( ==θ  and  96.0)6.2ln(2 ==ω
 
  b.)  

946301.0)61.1(                          
98.0

43.3)150ln(
))150ln(()150()150(

=Φ=

⎟
⎠
⎞

⎜
⎝
⎛ −

Φ=<=<=< WPePXP W
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4-134 Let X denote the number of fibers visible in a grid cell. Then, X has a Poisson distribution 
and fibers per cm  = 80,000 fibers per sample = 0.5 fibers per grid cell. λ = 100 2

a) 3935.0
!0

5.01)(1)1(
05.0

=−=−=≥
−eXPXP . 

b) Let W denote the number of grid cells examined until 10 contain fibers. If the number 
of fibers have a Poisson distribution, then the number of fibers in each grid cell are 
independent. Therefore, W has a negative binomial distribution with p = 0.3935.  
Consequently, E(W) = 10/0.3935 = 25.41 cells.  

c) V(W) = 23935.0
)3935.01(10 −

.  Therefore, 25.6=Wσ  cells. 

 
 
4-135. Let X denote the height of a plant. 

a) P(X>2.25) = ⎟
⎠
⎞

⎜
⎝
⎛ −

>
5.0

5.225.2ZP  = P(Z > -0.5) = 1 - P(Z ≤  -0.5) = 0.6915 

        b) P(2.0 < X < 3.0) = ⎟
⎠
⎞

⎜
⎝
⎛ −

<<
−

5.0
5.20.3

5.0
5.20.2 ZP  =P(-1 < Z < 1) = 0.683 

        c.)P(X > x) = 0.90 = ⎟
⎠
⎞

⎜
⎝
⎛ −

>
5.0

5.2xZP  = 0.90 and 
5.0

5.2−x
 = -1.28.  

Therefore, x = 1.86. 
 
 
 
4-136 a) P(X > 3.5) from part a. of Exercise 4-135 is 0.023. 

b) Yes, because the probability of a plant growing to a height of 3.5 centimeters or more 
without irrigation is low. 

 
 

4-137. Let X denote the thickness. 

a) P(X > 5.5) = ⎟
⎠
⎞

⎜
⎝
⎛ −

>
2.0

55.5ZP  = P(Z > 2.5) = 0. 0062 

b) P(4.5 < X < 5.5) = ⎟
⎠
⎞

⎜
⎝
⎛ −

<<
−

2.0
55.5

2.0
55.4 ZP  = P (-2.5 < Z < 2.5) = 0.9876 

    Therefore, the proportion that do not meet specifications is 
    1 − P(4.5 < X < 5.5) = 0.012. 

c) If P(X < x) = 0.95, then ⎟
⎠
⎞

⎜
⎝
⎛ −

>
2.0
5xZP  = 0.95. Therefore, 

2.0
5−x

 = 1.65 and x = 5.33. 

 
 

4-138 Let X denote the dot diameter.  If P(0.0014 < X < 0.0026) = 0.9973, then 
9973.0)()( 0006.00006.0002.00026.0002.00014.0 =<<=<< −−−

σσσσ ZPZP .    

            Therefore, 0 0006.
σ  = 3 and 0002.0=σ . 
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4-139. If P(0.002-x < X < 0.002+x), then P(-x/0.0004 < Z < x/0.0004) = 0.9973.  Therefore, 
x/0.0004 = 3 and x = 0.0012. The specifications are from 0.0008 to 0.0032. 

 
 

4-140       Let X denote the life. 
a) 023.0)2(1)2()()5800( 600

70005800 =≤−=−<=<=< − ZPZPZPXP  

d) If P(X > x) = 0.9, then P(Z < x−7000
600 ) = -1.28. Consequently, x−7000

600  = -1.28 and            
x = 6232 hours. 

 
 

4-141. If P(X > 10,000) = 0.99, then P(Z > 600
000,10 µ−

) = 0.99. Therefore, 600
000,10 µ−

 = -2.33 and 
398,11=µ . 

 
 
 
4-142    The probability a product lasts more than 10000 hours is , by 

independence. If  = 0.99, then P(X > 10000) = 0.9967.  

3)]10000([ >XP
3)]10000([ >XP

Then, P(X > 10000) = 9967.0)( 600
10000 => −µZP . Therefore, 10000

600
−µ  = -2.72 and 

632,11=µ  hours. 
 
 
 
4-143 X is an exponential distribution with E(X) = 7000 hours 

a.) 5633.01
7000

1)5800(
5800

0

7000
5800

7000 =−==< ∫
⎟
⎠
⎞

⎜
⎝
⎛−−

edxeXP
x

 

 b.) 9.0
7000

1)( 7000∫
∞ −

==>
x

x

dxexXP   Therefore, 9.07000 =
−

x

e  

and  hours 5.737)9.0ln(7000 =−=x
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4-144  Find the values of θand ω2 given that E(X) = 7000 and σ= 600 
 
            2/2

7000 ωθ += e )1(600
2222 −= + ωωθ ee

 let θex = and   then  (1)
2ωey = yx=7000  and   

 (2)  yxyxyyx 22222 )1(600 −=−=
  
 Square (1)  and substitute into (2) yx 227000 =

  
0073.1

)1(7000600 22

=
−=

y
y

 Substitute  y  into (1) and solve for x 6.6974
0073.1

7000
==x  

 850.8)6.6974ln( ==θ  and  0073.0)0073.1ln(2 ==ω
 a.)  

 

015.0)16.2(                          
0854.0

85.8)5800ln())5800ln(()5800()5800(

=−Φ=

⎟
⎠
⎞

⎜
⎝
⎛ −

Φ=<=<=< WPePXP W

 

 b.)  9.0
0854.0

85.8)ln())ln(()()( =⎟
⎠
⎞

⎜
⎝
⎛ −

Φ=>=>=>
xxWPxePxXP W  

         28.1
0854.0

85.8)ln(
−=

−x
  hours 20.625285.8)0854.0(28.1 == +−ex

 
 

4-145. a) Using the normal approximation to the binomial with n = 50*36*36=64,800, 
  and p = 0.0001 we have:  E(X)=64800(0.0001)=6.48 

     

98422.001578.01152               

 
)9999.0)(0001.0(64800

48.61
)1(

)1(

=−=−>=

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
≥

−

−
≅≥

 ) . P(Z 

pnp
npXPXP

 

  
  
 b) 

           

8340.0166023.01)97.0(                   

)9999.0)(0001.0(64800
48.64

)1(
)4(

=−=−≥=

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
≥

−

−
≅≥

ZP

pnp
npX

PXP
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4-146       Using the normal approximation to the binomial with X being the number of people who 

will be seated. 
     X ~Bin(200, 0.9). 

 a) P(X ≤ 185) 8810.0)18.1(
)1.0)(9.0(200

180185
)1(

=≤=⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
≥

−
−

= ZP
pnp

npXP  

b)  

     
8264.0)94.0(

)1.0)(9.0(200
180184

)1(
)184(

)185(

=≤=⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ −
≥

−
−

=≤=

<

ZP
pnp

npXPXP

XP

 

 c) P(X ≤ 185) ≅ 0.95,  Successively trying various values of n:  The number of 
reservations taken could be reduced to about 198. 

n Zo Probability P(Z < 
Z0) 

190 3.39 0.99965 
195 2.27 0.988396 
198 1.61 0.946301 

  
 
 
 
 
Mind-Expanding Exercises
 
4-147. a) P(X > x) implies that there are r - 1 or less counts in an interval of length x.  Let Y 

denote the number of counts in an interval of length x. Then, Y is a Poisson random 
variable with parameter λ . Then,       x

∑
−

=

−=−≤=>
1

0
!
)()1()(

r

i
i
xx i

erYPxXP λλ . 

b) ∑
−

=

−−=≤
1

0
!
)(1)(

r

i
i
xx i

exXP λλ  

c) 
( ) ( ) ( )

)!1(!!
)()(

11

0

1

0 −
=−==

−−

=

−

=

−−− ∑ ∑ r
xe

i
xie

i
xexFxf

rr

i

r

i

x
i

x
i

x
Xdx

d
X

λλλλλλ λλλ  

 
 
4-148. Let X denote the diameter of the maximum diameter bearing. Then, P(X > 1.6) = 1 -

. Also,  if and only if all the diameters are less than 1.6.  Let Y 
denote the diameter of a bearing. Then, by independence 
 

)6.1( ≤XP 6.1≤X

[ ] 99967.0999967.0)()]6.1([)6.1( 1010
025.0

5.16.110 ==≤=≤=≤ −ZPYPXP  
  Then, P(X > 1.575) = 0.0033. 
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4-149. a) Quality loss = , by the definition of the variance. 222 )()( σkmXkEmXEk =−=−

b)  

    

).()(2)()(
)])((2)()[(

)()(

22

22

22

µµµµ

µµµµ

µµ

−−+−+−=

−−+−+−=

−+−=−=

XEmkmkXkE
XmmXkE

mXkEmXEklossQuality

    The last term equals zero by the definition of the mean.   
Therefore, quality loss = . 22 )( mkk −+ µσ

 
 
 
4-150. Let X denote the event that an amplifier fails before 60,000 hours. Let A denote the event 

that an amplifier mean is 20,000 hours. Then A' is the event that the mean of an amplifier 
is 50,000 hours. Now, P(E) = P(E|A)P(A) + P(E|A')P(A') and 

 9502.01)|( 3
000,60

0

000,20/
000,60

0

000,20/
000,20
1 =−=−== −−−∫ eedxeAEP xx  

  6988.01)'|( 5/6
000,60

0

000,50/ =−=−= −− eeAEP x .  

 Therefore, P(E) = 0.9502(0.10) + 0.6988(0.90) = 0.7239 
 
 
 
4-151. )(

)(
121 1

211)( tXP
ttXtPtXttXP >

+<<=>+<  from the definition of conditional probability. Now, 

 
1

1

211
21

1

21

1

)(

)(

1

)(
211

t

t

x

ttt
tt

t

x
tt

t

x

eetXP

eeedxettXtP

λλ

λλλλλ

−−

+−−
+

−
+

−

=−=>

−=−==+<<

∞

∫
 

 Therefore, )(1)1()( 2121
2

1

21

tXPe
e

eetXttXP t
t

tt

<=−=
−

=>+< −
−

−−
λ

λ

λλ
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4-152. a) 

 
ppm

ZPXP

00197.01097.1

)66(1)66(1
9

00

=×=

<<−−=+<<−−
−

σµσµ
 

b) 

 
ppm

PXP X

4.3104.3

)5.45.7(1)66(1
6

)5.1(
00

0

=×=

<<−−=+<<−−

−

+−
σ

σµσµσµ
 

                         c)    

                                        
ppm

ZPXP

700,20027.

)33(1)33(1 00

==

<<−−=+<<−− σµσµ
 

 
             d)    

                       
ppm

PXP X

6.810,660668106.0

)5.15.4(1)33(1 )5.1(
00

0

==

<<−−=+<<−− +−
σ

σµσµσµ
 

e) If the process is centered six standard deviations away from the specification limits 
and the process shift, there will be significantly less product loss.   If the process is 
centered only three standard deviations away from the specifications and the process 
shifts, there could be a great loss of product. 

 
 
 

Section 4-8 on CD 
 

S4-1. E(X) = 50(0.1) = 5 and V(X) = 50(0.1)(0.9) = 4.5 
a)     119.0)18.1()()5.2()2(

5.4
55.2 =−≤=≤≅≤=≤ − ZPZPXPXP  

b)      206.0)24.0()()2(
5.4
5.22 =−≤=≤≅≤ − ZPZPXP  

c) ( ) ( ) ( ) 118.09.01.09.01.09.01.0)2( 48250
2

49150
1

50050
0 =++=≤XP  

    The probability computed using the continuity correction is closer. 

 d) 983.0)12.2(
5.4
55.9)5.9()10( =≤=⎟
⎠

⎞
⎜
⎝

⎛ −
≤≅≤=< ZPZPXPXP  

 
S4-2. E(X) = 50(0.1) = 5 and V(X) = 50(0.1)(0.9) = 4.5 

a) 951.0)65.1()()5.1()2(
5.4
55.1 =−≥=≤≅≥=≥ − ZPZPXPXP  

b) 921.0)414.1()()2(
5.4
52 =−≥=≥≅≥ − ZPZPXP  

c) ( ) ( ) 966.09.01.09.01.01)2(1)2( 49150
1

50050
0 =−−=<−=≥ XPXP  

    The probability computed using the continuity correction is closer. 
 d) 24.0)707.0()5.6()7()6( =≥≅≥=≥=> ZPXPXPXP  
 
 
 

4-42 



 
 
S4-3.  E(X) = 50(0.1) = 5 and V(X) = 50(0.1)(0.9) = 4.5 

a) 

 

5453.0)95053.01(5948.0

)65.1()24.0()236.065.1(

)()5.55.1()52(
5.4
55.5

5.4
55.1

=−−=

−≤−≤=≤≤−=

≤≤≅≤≤=≤≤ −−

ZPZPZP

ZPXPXP

 

 
 
 
b) 

 

421.0)921.01(5.0

)414.1(5.0

)0414.1()()52(
5.4
55

5.4
52

=−−=

−≤−=

≤≤−=≤≤≅≤≤ −−

ZP

ZPZPXP

 

 The exact probability is 0.582 
 
S4-4. E(X) = 50(0.1) = 5 and V(X) = 50(0.1)(0.9) = 4.5 

a) 

 
012.0)593.2121.2(

)()5.105.9()10(
5.4
55.10

5.4
55.9

=≤≤=

≤≤≅≤≤== −−

ZP

ZPXPXP
 

b) 

                              
1897.0)24.024.0(

)()5.55.4()5(
5.4
55.5

5.4
55.4

=≤≤−=

≤≤≅≤≤== −−

ZP

ZPXPXP
 

S4-5        Let X be the number of chips in the lot that are defective.  Then E(X)=1000(0.02)=20 and 
V(X)=1000(0.02)(0.98)=19.6 

 a) P(20 ≤ X ≤ 30)=P(19.5 ≤ X ≤ 30.5) =    

         5349.04562.09911.0)37.211.(
6.19
205.30

6.19
205.19

=−=≤≤−=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
≤≤

− ZPZP  

b)  P(X=20)=P(19.5  X 20.5) =P(-0.11 ≤ ≤ ≤  Z ≤ 0.11)=0.5438-0.4562=0.0876. 
c)  The answer should be close to the mean.  Substituting values close to the mean, we find x=20  
gives the maximum probability. 
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5-1 

CHAPTER 5 

 

Section 5-1 

 

5-1. First, f(x,y) ≥  0. Let R denote the range of (X,Y).  

 Then, � =++++=
R

yxf 1),(
8
1

4
1

4
1

8
1

4
1  

 

5-2 a) P(X < 2.5, Y < 3) = f(1.5,2)+f(1,1) = 1/8+1/4=3/8 

b) P(X < 2.5) = f (1.5, 2) + f (1.5, 3) +f(1,1)= 1/8 + 1/4+1/4 = 5/8 

c) P(Y < 3) = f (1.5, 2)+f(1,1) = 1/8+1/4=3/8 

d) P(X > 1.8, Y > 4.7) = f ( 3, 5) = 1/8 

 

5-3. E(X) = 1(1/4)+ 1.5(3/8) + 2.5(1/4) + 3(1/8) = 1.8125 

 E(Y) = 1(1/4)+2(1/8) + 3(1/4) + 4(1/4) + 5(1/8) = 2.875 

 

5-4 a) marginal distribution of X 

x f(x) 

1 1/4 

1.5 3/8 

2.5 1/4 

3 1/8 

 b) 
)5.1(

),5.1(
)(

5.1

X

XY

Y
f

yf
yf =  and )5.1(Xf  = 3/8. Then,  

y )(
5.1

yf
Y

 

2 (1/8)/(3/8)=1/3 

3 (1/4)/(3/8)=2/3 

 c) 
)2(

)2,(
)(

2

Y

XY

X
f

xf
xf =  and )2(Yf  = 1/8. Then, 

x )(
2

yf
X

 

1.5 (1/8)/(1/8)=1 

  
d) E(Y|X=1.5) = 2(1/3)+3(2/3) =2 1/3 

 e) Since fY|1.5(y)≠fY(y), X and Y are not independent 
 

5-5 Let R denote the range of (X,Y). Because 

1)654543432(),( =++++++++=� cyxf
R

,  36c = 1, and  c = 1/36 

 

5-6. a) 4/1)432()3,1()2,1()1,1()4,1(
36

1 =++=++=<= XYXYXY fffYXP  

b) P(X = 1) is the same as part a. = 1/4 

c) 3/1)543()2,3()2,2()2,1()2(
36

1 =++=++== XYXYXY fffYP  

d) 18/1)2()1,1()2,2(
36

1 ===<< XYfYXP  

 



5-2 

5-7. 

 

[ ] [ ]
[ ]

( ) ( ) ( ) 167.26/13321

)3,3()2,3()1,3(3

)3,2()2,2()1,2(2)3,1()2,1()1,1(1)(

36

15

36

12

36

9 ==×+×+×=

+++

+++++=

XYXYXY

XYXYXYXYXYXY

fff

ffffffXE

 

 639.0)3()2()1()(
36

152

6

13

36
122

6

13

36

92

6

13 =−+−+−=XV  

 
639.0)(

167.2)(

=

=

YV

YE
 

 

5-8 a)   marginal distribution of X 

x )3,()2,()1,()( xfxfxfxf XYXYXYX ++=  

1 1/4 

2 1/3 

3 5/12 

 

 b) 
)1(

),1(
)(

X

XY

XY
f

yf
yf =  

y f yY X ( )  

1 (2/36)/(1/4)=2/9 

2 (3/36)/(1/4)=1/3 

3 (4/36)/(1/4)=4/9 

 c) 
)2(

)2,(
)(

Y

XY

YX
f

xf
xf =  and 3/1)2,3()2,2()2,1()2(

36

12 ==++= XYXYXYY ffff  

x f xX Y ( )  

1 (3/36)/(1/3)=1/4 

2 (4/36)/(1/3)=1/3 

3 (5/36)/(1/3)=5/12 

  

d) E(Y|X=1) = 1(2/9)+2(1/3)+3(4/9) = 20/9 

 e) Since fXY(x,y) ≠fX(x)fY(y), X and Y are not independent. 
 

5-9. � =≥
R

yxfandyxf 1),(0),(  

 

5-10. a) 
8

3

4

1

8

1)1,5.0()2,1()5.1,5.0( =+=−−+−−=<< XYXY ffYXP  

b) 
8

3)1,5.0()2,1()5.0( =−−+−−=< XYXY ffXP  

c) 
8

7)1,5.0()1,5.0()2,1()5.1( =+−−+−−=< XYXYXY fffYP  

d) 
8

5)2,1()1,5.0()5.4,25.0( =+=<> XYXY ffYXP  



5-3 

 

5-11. 

 

4
1

8
1

2
1

4
1

8
1

8
1

8
1

2
1

4
1

8
1

)(2)(1)(1)(2)(

)(1)(5.0)(5.0)(1)(

=++−−=

=++−−=

YE

XE
 

 

5-12 a)   marginal distribution of X 

x )(xf X  

-1 1/8 

-0.5 ¼ 

0.5 ½ 

1 1/8 

 

 b) 
)1(

),1(
)(

X

XY

XY
f

yf
yf =  

y f yY X ( )  

2 1/8/(1/8)=1 

 c) 
)1(

)1,(
)(

Y

XY

YX
f

xf
xf =   

x f xX Y ( )  

0.5 ½/(1/2)=1 

  

d) E(Y|X=1) = 0.5 

 

e) no, X and Y are not independent 

 

5-13. Because X and Y denote the number of printers in each category, 

40,0 =+≥≥ YXandYX  

 

5-14. a) The range of (X,Y) is 

   

3

2

1

0

y

x
1 2 3

 
 

 

 

 

Let H = 3, M = 2, and L = 1 denote the events that a bit has high, moderate, and low 

distortion, respectively. Then, 



5-4 

 

x,y fxy(x,y) 

0,0 0.85738 

0,1 0.1083 

0,2 0.00456 

0,3 0.000064 

1,0 0.027075 

1,1 0.00228 

1,2 0.000048 

2,0 0.000285 

2,1 0.000012 

3,0 0.000001 

b)  

x fx(x) 

0 0.970299 

1 0.029835 

2 0.000297 

3 0.000001 

 

c) 
)1(

),1(
)(

1

X

XY

Y
f

yf
yf = , fx(1) = 0.29835 

y fY|1(x) 

0 0.09075 

1 0.00764 

2 0.000161 

  E(X)=0(0.970299)+1(0.029403)+2(0.000297)+3*(0.000001)=0.03  

  (or np=3*.01). 

d) 
)1(

),1(
)(

1

X

XY

Y
f

yf
yf = , fx(1) = 0.029403 

y fY|1(x) 

0 0.920824 

1 0.077543 

2 0.001632 

e) E(Y|X=1)=0(.920824)+1(0.077543)+2(0.001632)=0.080807 

f) No, X and Y are not independent since, for example, fY(0)≠fY|1(0). 
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5-15  a) The range of (X,Y) is 40,0 ≤+≥≥ YXandYX .  X is the number of pages with  

moderate graphic content and Y is the number of pages with high graphic output out of 4. 

 

    

 x=0 x=1 x=2 x=3 x=4 
y=4 5.35x10

-05
 0 0 0 0 

y=3 0.00184 0.00092 0 0 0 
y=2 0.02031 0.02066 0.00499 0 0 
y=1 0.08727 0.13542 0.06656 0.01035 0 
y=0 0.12436 0.26181 0.19635 0.06212 0.00699 

 

 

b.) 

 x=0 x=1 x=2 x=3 x=4 
f(x) 0.2338 0.4188 0.2679 0.0725 0.0070 

 

c.) 

E(X)=

2.1)0070.0(4)7248.0(3)2679.0(2)4188.0(1)2338.0(0)(
4

0

==+++=� ii xfx  

d.) 
)3(

),3(
)(

3

X

XY

Y
f

yf
yf = , fx(3) = 0.0725 

y fY|3(y) 

0 0.857 

1 0.143 

2 0 

3 0 

4 0 

 

e) E(Y|X=3) = 0(0.857)+1(0.143) = 0.143 

f) V(Y|X=3) = 0
2
(0.857)+1

2
(0.143)- 0.143

2
= 0.123 

g) no, X and Y are not independent 



5-6 

 

5-16  a) The range of (X,Y) is 40,0 ≤+≥≥ YXandYX .  X is the number of defective 

items found with inspection device 1 and Y is the number of defective items found with 

inspection device 2. 

   

 x=0 x=1 x=2 x=3 x=4 
y=0 1.94x10

-19
 1.10x10

-16
 2.35x10

-14
 2.22x10

-12
 7.88x10

-11
 

y=1 2.59x10
-16

 1.47x10
-13

 3.12x10
-11

 2.95x10
-9
 1.05x10

-7
 

y=2 1.29x10
-13

 7.31x10
-11

 1.56x10
-8
 1.47x10

-6
 5.22x10

-5
 

y=3 2.86x10
-11

 1.62x10
-8
 3.45x10

-6
 3.26x10

-4
 0.0116 

y=4 2.37x10
-9
 1.35x10

-6
 2.86x10

-4
 0.0271 0.961 

 

 For x=1,2,3,4 and y=1,2,3,4 

b.) 

 

 x=0 x=1 x=2 x=3 x=4 

f(x) 2.40 x 10
-9 

1.36 x 10
-6
 2.899 x 10

-4
 0.0274 0.972 

 

 

c.)since x is binomial E(X)= n(p) = 4*(0.993)=3.972 

 

 

d.) )(
)2(

),2(
)(2| yf

f

yf
yf

X

XY

Y == , fx(2) = 0.0725 

y fY|1(y)=f(y

) 

0 8.1 x 10
-11

 

1 1.08 x 10
-7

 

2 5.37 x 10
-5

 

3 0.0119 

4 0.988 

 

e) E(Y|X=2) = E(Y)= n(p)= 4(0.997)=3.988 

f) V(Y|X=2) = V(Y)=n(p)(1-p)=4(0.997)(0.003)=0.0120 

 g) yes, X and Y are independent. 

 

�
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= −− yyxx

yx
yxf

44 )003.0()997.0(
4

)007.0()993.0(
4

),(

1,2,3,4  for  )007.0()993.0(
4

),( 4 =�
�

�
�
�

�
��
	



��
�



= − x

x
yxf xx
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Section 5-2 

 

5-17. a) 5.0)2,2,2()1,2,2()2,1,2()1,1,2()2( =+++== XYZXYZXYZXYZ ffffXP  

b) 35.0)2,2,1()1,2,1()2,1( =+=== XYZXYZ ffYXP  

c) c) 5.0)1,2,2()1,1,2()1,2,1()1,1,1()5.1( =+++=< XYZXYZXYZXYZ ffffZP  

d) 

7.03.05.05.0)2,1()2()1()21( =−+===−=+==== ZXPZPXPZorXP

 

e) E(X) = 1(0.5) + 2(0.5) = 1.5 

 

5-18 a) 3.0
05.01.02.015.0

10.005.0

)1(

)1,1(
)1|1( =

+++

+
=

=

==
===

YP

YXP
YXP  

b) 2.0
05.015.02.01.0

1.0

)2(

)2,1,1(
)2|1,1( =

+++
=

=

===
=====

ZP

ZYXP
ZYXP  

c) 4.0
15.010.0

10.0

)2,1(

)2,1,1(
)2,1|1( =

+
=

==

===
====

ZYP

ZYXP
ZYXP  

 

5-19. 
)2,1(

)2,1,(
)(

YZ

XYZ

YZX
f

xf
xf =  and 25.0)2,1,2()2,1,1()2,1( =+= XYZXYZYZ fff  

 

x )(xf
YZX

 

1 0.10/0.25=0.4 

2 0.15/0.25=0.6 

 

 

 

 

5-20 a.) percentage of slabs classified as high = p1 = 0.05 

    percentage of slabs classified as medium = p2 = 0.85 

    percentage of slabs classified as low = p3 = 0.10 

 

b.) X is the number of voids independently classified as high X ≥  0 

      Y is the number of voids independently classified as medium Y ≥  0 

      Z is the number of with a low number of voids and Z ≥  0 

     And   X+Y+Z = 20 

  

 

 c.) p1 is the percentage of slabs classified as high. 

  

d) E(X)=np1 = 20(0.05) = 1 

    V(X)=np1 (1-p1)= 20(0.05)(0.95) = 0.95 
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5-21. a) 0)3,17,1( ==== ZYXP  Because the point 20)3,17,1( ≠  is not in the range of    

(X,Y,Z).  

 

b) 

    
07195.0010.085.005.0

!3!17!0

!20

)3,17,1()3,17,0()3,17,1(

3170 =+=

===+======≤ ZYXPZYXPZYXP

 

    Because the point 20)3,17,1( ≠  is not in the range of (X,Y,Z).  

c) Because X is binomial, ( ) ( ) 7358.095.005.095.005.0)1( 19120

1

20020

0 =+=≤XP  

 d.) Because X is binomial E(X) = np = 20(0.05) = 1 

 

 

5-22 a) The probability is 0 since x+y+z>20 

)17(

)17,3,2(
)17|3,2(

=

===
====

YP

YZXP
YZXP .  

Because Y is binomial, ( ) 2428.015.085.0)17( 31720

17 ===YP .  

Then, 0
2054.0

10.085.005.0

!17!3!2

!20
)17,3,2(

3172

===== YZXP  

b) 
)17(

)17,2(
)17|2(

=

==
===

YP

YXP
YXP . Now, because x+y+z = 20, 

 P(X=2, Y=17) = P(X=2, Y=17, Z=1) =     0540.010.085.005.0
!1!17!2

!20 1172 =  

 2224.0
2428.0

0540.0

)17(

)17,2(
)17|2( ==

=

==
===

YP

YXP
YXP  

 c)  

��
	



��
�




=

==
+��
	



��
�




=

==
+

��
	



��
�




=

==
+��
	



��
�




=

==
==

)17(

)17,3(
3

)17(

)17,2(
2                              

)17(

)17,1(
1

)17(

)17,0(
0)17|(

YP

YXP

YP

YXP

YP

YXP

YP

YXP
YXE

 

 

1                          

2428.0

008994.0
3

2428.0

05396.0
2

2428.0

1079.0
1

2428.0

07195.0
0)17|(

=

�
	



�
�



+�
	



�
�



+�
	



�
�



+�
	



�
�



==YXE

 

 

5-23. a) The range consists of nonnegative integers with x+y+z = 4. 

b) Because the samples are selected without replacement, the trials are not independent 

and the joint distribution is not multinomial.  
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5-24 
)2(

)2,(
)2|(

Y

XY

f

xf
YxXP ===  

 

( )( )( )
( )

( )( )( )
( )

( )( )( )
( )

( )( )( )
( )

( )( )( )
( )

( )( )( )
( )

0440.0)2 and 2(

1758.0)2 and 1(

1098.0)2 and 0(

3296.00440.01758.01098.0)2(

15

4

6

1

5

2

4

1

15

4

6

1

5

2

4

1

15

4

6

2

5

2

4

0

15

4

6

0

5

2

4

2

15

4

6

1

5

2

4

1

15

4

6

2

5

2

4

0

====

====

====

=++=++==

YXP

YXP

YXP

YP

 

  

x )2,(xf XY  

0 0.1098/0.3296=0.3331 

1 0.1758/0.3296=0.5334 

2 0.0440/0.3296=0.1335 

 

 

 

5-25. P(X=x, Y=y, Z=z) is the number of subsets of size 4 that contain x printers with graphics 

enhancements, y printers with extra memory, and z printers with both features divided by 

the number of subsets of size 4.  From the results on the CD material on counting 

techniques, it can be shown that 

 
( )( )( )

( )15

4

654

),,(
zyx

zZyYxXP ====    for x+y+z = 4. 

a) 
( )( )( )

( )
1758.0)1,2,1(

15

4

6

1

5

2

4

1 ===== ZYXP  

b) 
( )( )( )

( )
2198.0)2,1,1()1,1(

15

4

6

2

5

1

4

1 ======== ZYXPYXP  

c) The marginal distribution of X is hypergeometric with N = 15, n = 4, K = 4.  

Therefore,  E(X) = nK/N = 16/15 and V(X) = 4(4/15)(11/15)[11/14] = 0.6146. 
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5-26 a) 

( )( )( )
( )[ ] ( )( )

( )[ ] 4762.0

)1(/)1,2,1()1|2,1(

15
4

9
3

6
1

15
4

6
1

5
2

4
1 ==

======== ZPZYXPZYXP

 

b) 

( )( )( )
( )[ ] ( )( )

( )[ ] 1334.0

)2(/)2,2()2|2(

15
4

10
2

5
2

15
4

6
0

5
2

4
2 ==

====== YPYXPYXP

 

c) Because X+Y+Z = 4, if Y = 0 and Z = 3, then X = 1.  Because X must equal 1, 

1)1( =
YZX

f . 

 

 

5-27. a)The probability distribution is multinomial  because the result of each trial (a dropped 

oven)  results in either a major, minor or no defect with probability 0.6, 0.3 and 0.1 

respectively.  Also, the trials are independent 

 

b.) Let X, Y, and Z denote the number of ovens in the sample of four with major, minor, 

and no defects,  respectively. 

 1944.01.03.06.0
!0!2!2

!4
)0,2,2( 022 ===== ZYXP  

c. ) 0001.01.03.06.0
!4!0!0

!4
)4,0,0( 400 ===== ZYXP  

 

5-28  a.) f x y f x y zXY XYZ
R

( , ) ( , , )= �  where R is the set of values for z such that x+y+z = 4.  That is, 

R consists of the single value z = 4-x-y and 

.41.03.06.0
)!4(!!

!4
),( 4 ≤+

−−
= −−

yxfor
yxyx

yxf
yxyx

XY  

 

 b.) 4.2)6.0(4)( 1 === npXE  

 c.) 2.1)3.0(4)( 2 === npYE  

 

5-29 a.) === )2|2( YXP 7347.0
2646.0

1944.0

)2(

)2,2(
==

=

==

YP

YXP
 

 2646.07.03.0
2

4
)2( 42 =��

	



��
�



==YP  from the binomial marginal distribution of Y 

  

b) Not possible, x+y+z=4, the probability is zero. 
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c.) )2|2(),2|1(),2|0()2|( ======== YXPYXPYXPYXP  

 0204.02646.01.03.06.0
!2!2!0

!4

)2(

)2,0(
)2|0( 220 =�

	



�
�



=

=

==
===

YP

YXP
YXP  

2449.02646.01.03.06.0
!1!2!1

!4

)2(

)2,1(
)2|1( 121 =�

	



�
�



=

=

==
===

YP

YXP
YXP  

7347.02646.01.03.06.0
!0!2!2

!4

)2(

)2,2(
)2|2( 022 =�

	



�
�



=

=

==
===

YP

YXP
YXP  

 d.) E(X|Y=2)=0(0.0204)+1(0.2449)+2(0.7347) = 1.7143 

 

5-30 Let X,Y, and Z denote the number of bits with high, moderate, and low distortion.  Then, 

the joint distribution of X, Y, and Z is multinomial with n =3 and 

95.0,04.0,01.0 321 === pandpp . 

a) 

    
5012 102.195.004.001.0

!0!1!2

!3

)0,1,2()1,2(

−×==

====== ZYXPYXP

 

b) 8574.095.004.001.0
!3!0!0

!3
)3,0,0( 300 ===== ZYXP  

 

5-31 a., X has a binomial distribution with n = 3 and p = 0.01.  Then, E(X) = 3(0.01) = 0.03   

and V(X) = 3(0.01)(0.99) = 0.0297. 

  

 b. first find )2|( =YXP    

 
0046.095.0)04.0(01.0

!1!2!0

!3
95.0)04.0(01.0

!0!2!1

!3
               

)1,2,0()0,2,1()2(

12002 =+=

===+===== ZYXPZYXPYP

 

98958.0004608.095.004.001.0
!1!2!0

!3

)2(

)2,0(
)2|0( 120 =�

	



�
�



=

=

==
===

YP

YXP
YXP

 

01042.0004608.095.004.001.0
!1!2!1

!3

)2(

)2,1(
)2|1( 021 =�

	



�
�



=

=

==
===

YP

YXP
YXP

 

)2|( =YXE 01042.0)01042.0(1)98958.0(0 =+=  

 

 01031.0)01042.0(01042.0))(()()2|( 222 =−=−== XEXEYXV  
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5-32 a.) Let X,Y, and Z denote the risk of new competitors as no risk, moderate risk, and very 

high risk.  Then, the joint distribution of X, Y, and Z is multinomial with n =12 and 

15.0,72.0,13.0 321 === pandpp .  X, Y and Z ≥ 0 and x+y+z=12 

 b.) )1,3,1( === ZYXP = 0, not possible since x+y+z≠12 

  

 

c) 

7358.02924.03012.01422.0                

85.015.0
2

12
85.015.0

1

12
85.015.0

0

12
)2( 102111120

=++=

��
	



��
�



+��

	



��
�



+��

	



��
�



=≤ZP

 

 

 

5-33 a.) 0)10,1|2( ==== XYZP  

 

b.) first get 

8988

201011100210

1089.61004.21097.11072.4                  

15.072.013.0
!2!0!10

!12
15.072.013.0

!1!1!10

!12
15.072.013.0

!0!2!10

!12
                  

)2,0,10()1,1,10()0,2,10()10(

−−−− =++=

++=

===+===+=====

xxxx

ZYXPZYXPZYXPXP

9698.0                          

1089.615.072.013.0
10!1!1!

12!
1089.615.072.013.0

10!2!0!

12!
                           

)10(

)10,1,1(

)10(

)10,2,0(
)10|1(

8111080210

=

+=

=

===
+

=

===
==≤

−−
xx

XP

XYZP

XP

XYZP
XZP

c.)   

2852.0                          

1089.615.072.013.0
10!1!1!

12!
                           

)10(

)10,1,1(
)10|1,1(

81110

=

=

=

===
==≤≤

−
x

XP

XYZP
XZYP

 

 

 

d.    

    
8

8988

10378.2

1089.6/))1004.2(2)1097.1(1)1072.4(0()10|(

−

−−−−

=

++==

x

xxxxXZE
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Section 5-3 

 

5-34 Determine c such that .)5.4(
4

81
3

0
2

3

0

3

0

3

0
2

3

0

22

ccdyycxydxdyc
yx ===� ��  

 Therefore, c = 4/81. 

 

5-35. a) 4444.0))(2()2()3,2(
2

9

81
4

3

0

3

0

81
4

2

0

81
4 ====<< � �� ydyxydxdyYXP  

b) P(X < 2.5) = P(X < 2.5, Y < 3) because the range of Y is from 0 to 3. 

6944.0)125.3()125.3()3,5.2(
2
9

81
4

3

0

3

0

81
4

5.2

0

81
4 ====<< � �� ydyxydxdyYXP   

c) 5833.0)5.4()5.21(
5.2

1
281

18

5.2

1

5.2

1

81
4

3

0

81
4

2

====<< � ��
y

ydyxydxdyYP  

5-35 d) 

3733.0)88.2()88.2()5.21,8.1(

5.2

1

5.2

1

2

)15.2(

81
4

81
4

3

8.1

81
4

2

� �� ====<<> −
ydyxydxdyYXP  

e) 29)(
3

0
29

4

3

0

3

0

81

4

3

0

2

81

4
2

==== � ��
y

ydyydxdyxXE  

f) �� � ===<<
4

0

4

0

0

0

81
4 00)4,0( ydyxydxdyYXP  

5-36 a) 30)5.4(),()(
9

2

81

4

3

0

81

4

3

0

<<==== �� xforxydyxdyyxfxf x
XYX . 

b) y
y

f

yf
yf

X

XY

Y 9

2

9

2

81

4

5.1
)5.1(

)5.1(

)5.1(

),5.1(
)( ===    for 0 < y < 3. 

c)  E(Y|X=1.5) = 6
27

2

9

2

9

2
3

0

3

0

3
2

3

0

===�
	



�
�



��

y
dyydyyy  

 

d.) 
9

4
0

9

4

9

1

9

2
)()5.1|2(

2

0

2

2

0

5.1| =−=====< � yydyyfXYP Y  

e) x
x

f

xf
xf

Y

XY

X 9

2

9

2

81

4

2
)2(

)2(

)2(

)2,(
)( ===     for 0 < x < 3. 
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5-37. 

 [ ]

( ) [ ] cxxdxxc

dxxxx

dxxydydxyxc

xx

x

x

y

x

x

242224

)2(

)(

3

0

2

3

0

3

0

2

2

2

)2(

3

0

3

0

2

2

2

22

2

=+=+=

−−++=

+=+

�

�

� ��

+

++

 

 Therefore, c = 1/24. 

 

5-38  a) P(X < 1, Y < 2) equals the integral of ),( yxf XY  over the following region. 

 

  0

0
1 2

2

x

y

 
 

Then, 

10417.02
24

1

22
24

1

24

1
)(

24

1
)2,1(

1

0
2

2

3

0

2

3

1

0

1

0

2

2

2

3

22

=�
�

�
�
�

�
−+

=−+=+=+=<< �� ��

x

x

x

y

x

xx

dxxdxxydydxyxYXP

 

 

b) P(1 < X < 2) equals the integral of ),( yxf XY  over the following region. 

0

0 1 2

2

x

y

 

�

� ��

=�
�

�
�
�

�
+=+=

+=+=<<
++

3

0

6

1
2

1

2

2

1

2

1

2

2

2

.22
24

1
)24(

24

1

24

1
)(

24

1
)21(

2

xxdxx

dxxydydxyxXP
x

x

y

x

x
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c) P(Y > 1) is the integral of f x yXY ( , ) over the following region. 

 

 

  

9792.002083.01                

2

1

2

1

224

1
1

2

3

2

1

24

1
1                

)
2

(
24

1
1)(1)1(1)1(

1

0

3
21

0

2

1

0

1

0

1
21

24

1

=−=

��
	



��
�



−+−=−+−=

+−=+−=≤−=>

�

� ��

x
x

dxxx

y
xydydxyxYPYP

xx

 

 

d) P(X < 2, Y < 2) is the integral of f x yXY ( , )  over the following region. 

 

  0

0
2

2

x

y

 
 

 

�

� ��

=�
�

�
�
�

�
+=+=

+=+=
++

3

0

3

0

2
3

2

3

0

3

0

2

2

2

2

8

15

3

4

24

1
)24(

24

1

24

1
)(

24

1
)(

2

x
x

dxxx

dxyxdydxyxxXE
x

x

xy

x

x
 

e) 

�

� ��

=�
�

�
�
�

�
+=+=

+=+=
++

3

0

3

0

232

3

0

3

0

2

2

2

2

8

15

24

1
)23(

24

1

24

1
)(

24

1
)(

2

xxdxxx

dxyxdydxyxxXE
x

x

xy
x

x
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5-39. a) )(xfX  is the integral of ),( yxfXY  over the interval from x to x+2. That is,       

      
12

1

624

1
)(

24

1
)(

2

2

2
2

+=�
�

�
�
�

�
+=+=

++

�
x

xydyyxxf
x

x

y

x

x

X    for 0 < x < 3. 

b) 
6

1
)(

12

1

6

1

)1(
24

1

)1(

),1(

1

y
yf

y

f

yf

Y X

XY
+

===
+

+

    for 1 < y < 3.  

 See the following graph, 
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0 1 2

2

x

y

1

f      (y) defined over this line segment
Y|1

 
 

c) E(Y|X=1) = 111.2
326

1
)(

6

1

6

1
3

1

3

1

323

1

2

� � =��
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+=+=�
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�


 + yy
dyyydy

y
y  

d.) ==> )1|2( XYP  5833.0
26

1
)1(

6

1

6

1
3

2

3

2

23

2

� � =��
	



��
�



+=+=�

	



�
�


 + y
ydyydy

y
 

e.) )2(

)2,(

2
)(

Y

XY

f

xf

X
xf =  .  Here )(yfY  is determined by integrating over x.  There are 

three regions of integration.  For 20 ≤< y  the integration is from 0 to y. For 32 ≤< y  

the integration is from y-2 to y.   For 53 << y  the integration is from y to 3.   Because 

the condition is y=2, only the first integration is needed.  

16
0

2

0

22

24

1
)(

24

1
)(

y
y

x

y

Y xydxyxyf =�
�

�
�
�

�
+=+= �      for 20 ≤< y . 

   

0

0
1 2

2

x

y

1

f      (x) defined over this line segmentX|2

 

Therefore, 4/1)2( =Yf  and 
6

2

4/1

)2(
24

1

)(
2

+
=

+
=

x
x

xf
X

 for 0 < x < 2 
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5-40 .
8

81

822

3

0

3

0

43

0

3

0

2

0

c
x

dx
x

cdx
y

xcxxydydc

xx

� � �� ===   Therefore, c = 8/81 

 

5-41. a) P(X<1,Y<2)= .
81

1

8
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81

8
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8

81

8
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==� �� dx
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 b) P(1<X<2) = .
27

5

8

)12(

81

8

881

8

281

8

81
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422
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== �� �

x
dx

x
xxxydyd
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c)  

01235.0
81

1

4

1

8

1

4

3

8

3

81

8
               

4881

8

2281

8

2

1

81

8

81

8
)1(

2424

3

1

3

1

2433
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1 1

==�
�

�
�
�

�
��
	



��
�



−−��

	



��
�



−=

��
	



��
�



−=−=��

	



��
�


 −
==> ��� �
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dx
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x
xxxydydYP
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d) P(X<2,Y<2) = .
81

16

8

2

81

8

281

8

81

8 42

0
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0

3

0

=��
	



��
�



==� �� dx

x
xxydyd

x

 

 

 

e.) 

         

5

12

10

3

81

8
           

281

8

281

8

81

8
)(

81

8
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5

3

0

3

0

3

0

43

0

2
2
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0
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==== � � ���� xd
x

xdx
x
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 f)  

          

5

8

15

3

81

8

381

8
         

381

8

81

8
)(

81

8
)(

53

0

4

3

0

33

0

3

0 0

2

0
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 5-42 a.) 30
81

4

81

8
)(

3

0

<<== � x
x

xydyxf

x

 

 b.) 102

81

)1(4

)1(
81

8

)1(

),1(
)(

31| <<==== yy

y

f

yf
yf xY  

 c.) � ====
1

0

1

0

2 12)1|( yydyXYE  

 d.) 0)1|2( ==> XYP  this isn’t possible since the values of y are 0< y < x. 

e.) 
9

4

81

8
)(

3

0

y
xydxyf == � , therefore  

20
9

2

9

)2(4

)2(
81

8

)2(

)2,(
)(2| <<==== x

x
x

f

xf
xf YX  

5-43. Solve for c 
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5-44 a) 

77893.0
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3

10
)1(

3
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1

0
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 b) 

19057.0
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3
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2

1
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 c)  

7

3
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3
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1

3

2

3
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10059.3
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d)  

9695.0                             

253

10
)1( 

3

10
10)2,2(

2

0

2

0

410
3

2

0

2

0

32

=

��
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−=−==<< � ��

−−
−−−− ee

dxeexdydeYXP
xx

x

yx

e) E(X) =
10

7
10

0 0

32

� �
∞

−− =xdydxe

x

yx
 

 f) E(Y) =
5

1
10

0 0

32

� �
∞

−− =xdydye

x

yx
 

 

 

5-45. a) )(
3

10
)1(

3

10
10)( 523

2

0

32 xxx
zx

yx
eee

e
dyexf

−−−
−

−− −=−== �  for 0 < x 

 b) 
y

y

X

YX

XY e

ee

e

f

yf
yf

3

52

32
,

1\ 157.3

)(
3

10

10

)1(

),1(
)( −

−−

−−

= =

−

==   0 < y < 1 

 c) 2809.015731

1

0

3
=dyye.)=E(Y|X=

y-

�  

 d) 
42

10

62
,

2| 2
5

10

2

2
)( +−

−

−−

= === x
x

Y

YX

YX e
e

e

)(f

)(x,f
  xf  for 2 < x,   

where f(y) = 5e
-5y 

 for 0 < y 
 

5-46 cdxe
c
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dydxeec
xxx

x

yx
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1
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0
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−
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5-47. a)                 
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2

5
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1

0
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0
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0
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2
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 b) P(1 < X < 2) = 0067.0)(515 105

2

1

2

1

532 =−== −−
∞
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� �� eexdydexdyde
x

x

yx
 

 

c)  

000308.0
2
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2
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d)  

( ) ( ) 9939.01
2

5
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 e) E(X) = 04.0
5

1
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2

0 0
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−
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x
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8
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5-48 a.) 
xxz

x

yx
eedyexf

53232 5)(
3

15
15)( −−−

∞
−− === �  for x > 0 

b)
55)1( −= ef X  

y

XY eyf 3215),1( −−=  

     
y

y

XY e
e

e
yf
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5
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1| 3
5

15
)( −

−

−−

= ==  for 1 <y 

 c) 3/43)1|( 33
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1
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�� dyeeydyyeXYE
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 d) 9502.013 3
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1
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� edye
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5-49. The graph of the range of (X, Y) is 
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 Therefore, c = 1/7.5=2/15 
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5-51. a. ) 

       

41for       
5.7

2

5.7
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5.7

1
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,10for         
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1
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 b. ) 

       

20for     5.0)(

5.0
5.7/2

5.7/1

)1(

),1(
)(

1|

1|

<<=

===

=

=

yyf

f

yf
yf

XY

X

XY

XY
 

 c. ) � ====
2

0

2

0

2

1
42

)1|(
y

dy
y

XYE  

 d.) 25.05.05.0)1|5.0(

5.0

0

5.0

0

====< � ydyXYP  

5-52 Let X, Y, and Z denote the time until a problem on line 1, 2, and 3, respectively. 

a) 

    
3)]40([)40,40,40( >=>>> XPZYXP  

 because the random variables are independent with the same distribution. Now, 

1

40

40/

40

40/

40

1)40( −
∞

−
∞

− =−==> � eedxeXP
xx

 and the answer is 

( ) 0498.0331 == −− ee . 

b) 
3)]4020([)4020,4020,4020( <<=<<<<<< XPZYXP  and 

2387.0)4020( 15.0
40

20

40/ =−=−=<< −−−
eeeXP

x
.  

The answer is .0136.02387.0 3 =  

 

c.) The joint density is not needed because the process is represented by three 

independent exponential distributions.  Therefore, the probabilities may be multiplied. 
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5-53 a.) µ=3.2 λ=1/3.2 

0439.0                         
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0019.0                         

2.3)24.10/1()10,10(
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b.) Let X denote the number of orders in a 5-minute interval.  Then X is a Poisson 

random variable with λ=5/3.2 = 1.5625. 

 

256.0
!2

)5625.1(
)2(

25625.1

===
−

e
XP  

 

For both systems, 0655.0256.0)2()2( 2 ==== YPXP  

 

c. ) The joint probability distribution is not necessary because the two processes are 

independent and we can just multiply the probabilities. 

 

5-54 a)   fY|X=x(y), for x = 2, 4, 6, 8 
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      b) � ===< −
2

0

2 9817.02)2|2( dyeXYP
y

 

     c) �
∞

− ===
0

2 2/12)2|( dyyeXYE
y

 (using integration by parts) 

     d) �
∞

− ===
0

/1)|( xdyxyexXYE
xy

  (using integration by parts) 

     e) Use fX(x) = 
10

11
=

− ab
 , 

xy

XY xeyxf
−=),(| , and the relationship  

)(

),(
),(|

xf

yxf
yxf

X

XY
XY =  

     Therefore,  
10

),(and
10/1

),( xy

XY
XYxy xe

yxf
yxf

xe
−

− ==  

     f) fY(y) = �
−−− −−

=
10

0 2

1010

10

101

10 y

eye
dx

xe
yyxy

 (using integration by parts) 

 

Section 5-4 

 

5-55. a) � � �� � � =====<
5.0

0

1

0

5.0

0

2

5.0

0

5.0

0

1

0

1

0

25.0)2()4()8()5.0( xdxxdydxxydzdydxxyzXP  

b) 

 

� � �
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=<<

5.0

0

5.0

0

5.0

0
4

5.0

0

5.0

0

5.0

0

1

0

0625.0)5.0()4(

)8()5.0,5.0(

2xdxxdydxxy

dzdydxxyzYXP

 

c) P(Z < 2) = 1, because the range of Z is from 0 to 1. 

d) P(X < 0.5 or Z < 2) = P(X < 0.5) + P(Z < 2) - P(X < 0.5, Z < 2). Now, P(Z < 2) =1 and  

     P(X < 0.5, Z < 2)    = P(X < 0.5).  Therefore, the answer is 1. 

e) 3/2)2()8()(
1

0
3

2

1

0

1

0

2

1

0

1

0

2 3

==== � �� � xdxxdzdydxyzxXE  

 

5-56 a) )5.05.0( =< YXP  is the integral of the conditional density )(xf
YX

.   Now, 

)5.0(

)5.0,(
)(

5.0

Y

XY

X
f

xf
xf =      and    xydzxyzxf XY 4)8()5.0,(

1

0

== � for 0 < x < 1 and  

0 < y < 1.   Also, � � ==
1

0

1

0

2)8()( ydxdzxyzyfY   for 0 < y < 1.  

Therefore, x
x

xf
X

2
1

2
)(

5.0
==  for 0 < x < 1.  

    Then, 25.02)5.05.0(

5.0

0

===< � xdxYXP . 
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b) )8.05.0,5.0( =<< ZYXP  is the integral of the conditional density of X and Y. 

Now, zzfZ 2)( =  for      0 < z < 1 as in part a. and 

xy
xy

zf

zyxf
yxf

Z

XYZ

ZXY
4

)8.0(2

)8.0(8

)(

),,(
),( ===  for 0 < x < 1 and  0 < y < 1.  

Then, � �� =====<<
5.0

0

16

1

5.0

0

5.0

0

0625.0)2/()4()8.05.0,5.0( dxxdydxxyZYXP  

5-57. a) yzdxxyzzyfYZ 4)8(),(

1

0

== �  for 0 < y < 1 and 0 < z < 1. 

Then, x
x

zyf

zyxf
xf

YZ

XYZ

YZX
2

)8.0)(5.0(4

)8.0)(5.0(8

),(

),,(
)( ===  for 0 < x < 1. 

b) Therefore, 25.02)8.0,5.05.0(

5.0

0

====< � xdxZYXP  

5-58 a) �� �
≤+ 4

4

0
22 yx

cdzdydx  = the volume of a cylinder with a base of radius 2 and a height of 4 =  

     ππ 164)2( 2 = . Therefore, 
π16

1
=c  

b) )1( 22 ≤+ YXP  equals the volume of a cylinder of radius 2  and a height of 4 ( 

=8π) times c. Therefore,  the answer is .2/1
16

8
=

π

π
 

c) P(Z < 2) equals half the volume of the region where ),,( zyxf XYZ  is positive times 

1/c. Therefore, the answer is 0.5. 

d) dxxxdxxydzdydxXE
c

x

x

c

x

x

c

x )48(4)( 2
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�
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substitution, 
24 xu −= , du = -2x dx, and 0)4(4)(

2

2

2

3
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−� xduuXE
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5-59. a) 4),(
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XY

X π
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Also, 
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4

4

4
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1 4)(
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2
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c

y
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cY −== � �
−

−−

 for -2 < y < 2.  

Then, 
28 4

/4
)(

y

c
xf

c

yX

−
=  evaluated at y = 1. That is, 

32

1
1

)( =xf
X

 for 

33 <<− x . 

Therefore, 7887.0
32

31
)1|1(

32

1

1

3

=
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==<< �
−

dxYXP  
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b) f x y
f x y

f
and f z dydx x dxXY

XYZ

Z
Z c

x

x

c1
1

4

4
2 2

2

2

2

21

1
2

2

4( , )
( , , )

( )
( )= = � = −��

− −

−

−−

 

    Because )(zfZ
 is a density over the range 0 < z < 4 that does not depend on Z, 

)(zfZ =1/4 for  

     0 < z < 4.    Then, 
π4

1

4/1

/1
),(

1
==

c
yxf

XY
     for 422 <+ yx .  

Then, 4/1
4

1
)1|1(

22
22 =

<+
==<+

π

yxinarea
ZyxP . 

 

5-60 
),(

),,(
)(

yxf

zyxf
zf

XY

XYZ

xyZ
=  and from part 5-59 a., 4),( 22

4

1 <+= yxforyxf XY π
.  

Therefore,  4/1)(
4

1

16

1

==
π

πzf
xyZ

  for 0 < z < 4. 

5-61 Determine c such that cxyzf =)( is a joint density probability over the region x>0, y>0 

and z>0 with x+y+z<1 

( )

6.c Therefore,     .
6

1
            

622
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1

2

)1(
)1()1(            

)
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5-62 a.) �=<<< � � �
− −−1

0

1

0

1

0

6)5.0,5.0,5.0(

x yx

dzdydxZYXP The conditions  x>0.5, y>0.5, 

z>0.5 and x+y+z<1 make a space that is a cube with a volume of 0.125.  Therefore the 

probability of 75.0)125.0(6)5.0,5.0,5.0( ==<<< ZYXP  

 

b.)  
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2
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9
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9
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c.)  

        

( ) 875.033)
2

1

2
(6       

)
2

(6)1(66)5.0(

5.0

0

23

5.0
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1
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d. )        

        

25.0
2

3
2

4

3
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22
(6       

)
2

(6)1(66)(

1

0

2
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4
2

1

0

3

1

0

21

0

1

0

1

0

1

0

1

0

1

0

=��
	



��
�



+−=+−=

−−=−−==

�

�� �� � �
−−− −−

x
x

x
dx

x
x

x

y
xyyxdydxyxxxdzdydxXE

xxx yx

 

 

 

5-63 a.)  

        

10for  )1(3)
2

1

2
(6       

2
6)1(66)(

2
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b.) 

               

100for        

)1(66),(

1

0

<+>>

−−== �
−−

y and x, yx

yxdzyxf

yx

 

 c.) 

 1
6

6

)5.0,5.0(

)5,0,5.0,(
)5.0,5.0|( ==

==

==
===

zyf

zyxf
zyxf  For,  x = 0 

 

 d. ) The marginal )(yfY  is similar to )(xf X  and 
2)1(3)( yyfY −=  for 0 < y < 1. 

5.0for   )21(4
)25.0(3

)5.0(6

)5.0(

)5.0,(
)5.0|(| <−=

−
== xx

x

f

xf
xf

Y

YX  

 

5-64 Let X denote the production yield on a day. Then, 

 84134.0)1()()1400(
10000

15001400 =−>=>=> − ZPZPXP .  

a) Let Y denote the number of days out of five such that the yield exceeds 1400. Then, 

by independence, Y has a binomial distribution with n = 5 and  p =  0.8413. Therefore, 

the answer is ( ) 4215.0)8413.01(8413.0)5( 055

5 =−==YP . 

b) As in part a., the answer is 

    ( ) 8190.04215.0)8413.01(8413.0

)5()4()4(

145

4 =+−=

=+==≥ YPYPYP
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5-65. a) Let X denote the weight of a brick. Then,   

84134.0)1()()75.2(
25.0

375.2 =−>=>=> − ZPZPXP .  

Let Y denote the number of bricks in the sample of 20 that exceed 2.75 pounds. Then, by 

independence,  Y has a binomial distribution with n = 20 and p = 0.84134. Therefore, 

the answer is  ( ) 032.084134.0)20( 2020

20 ===YP . 

b) Let A denote the event that the heaviest brick in the sample exceeds 3.75 pounds. 

Then, P(A) = 1 -  P(A') and A' is the event that all bricks weigh less than 3.75 pounds. As 

in part a., P(X < 3.75) = P(Z < 3) and  

0267.099865.01)]3([1)( 2020 =−=<−= ZPAP . 

 
 

5-66 a) Let X denote the grams of luminescent ink. Then,   

022750.0)2()()14.1(
3.0

2.114.1 =−<=<=< − ZPZPXP .  

Let Y denote the number of bulbs in the sample of 25 that have less than 1.14 grams. 

Then, by independence,  Y has a binomial distribution with n = 25 and p = 

0.022750. Therefore, the answer is  

( ) 4375.05625.01)97725.0(02275.0)0(1)1( 25025

0 =−===−=≥ YPYP . 

b)  

( ) ( ) ( )
( ) ( ) ( )

199997.00002043.0002090.001632.009146.03274.05625.0

)97725.0(02275.0)97725.0(02275.0)97725.0(02275.0

)97725.0(02275.0)97725.0(02275.0)97725.0(02275.0

)5()4()3(()2()1()0()5(

20525

5

21425

4

22325

3

23225

2

24125

1

25025

0

≅=+++++=

+++

++=

=+=+=+=+=+==≤ YPYPYPYPYPYPYP

. 

 

 c.) ( ) 5625.0)97725.0(02275.0)0( 25025

0 ===YP  

 

 d.) The lamps are normally and independently distributed, therefore, the probabilities can  

     be multiplied. 

 
 

 

 

 

Section 5-5 

 

5-67. E(X) = 1(3/8)+2(1/2)+4(1/8)=15/8 = 1.875 

E(Y) = 3(1/8)+4(1/4)+5(1/2)+6(1/8)=37/8 = 4.625 

 

9.375 = 75/8 =

 (1/8)]6[4 + (1/2)]5[2 + (1/4)]4[1 + (1/8)]3[1 = E(XY) ××××××××
 

 703125.0)625.4)(875.1(375.9)()()( =−=−= YEXEXYEXYσ  

V(X) = 12(3/8)+ 22(1/2) +42(1/8)-(15/8)2 = 0.8594  

V(Y) = 32(1/8)+ 42(1/4)+  52(1/2) +62(1/8)-(37/8)2 = 0.7344 

 8851.0
)7344.0)(8594.0(

703125.0
===

YX

XY
XY

σσ

σ
ρ  
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5-68 125.0)8/1(1)2/1(5.0)4/1)(5.0()8/1(1)( =++−+−=XE  

25.0)8/1(2)2/1(1)4/1)(1()8/1(2)( =++−+−=YE  

0.875 (1/8)]2[1 + (1/2)]1[0.5 + (1/4)]-1[-0.5 + (1/8)]2[-1 = E(XY) =×××××××−×

V(X) = 0.4219 

V(Y) = 1.6875 

 
1

6875.14219.0

8438.0

8438.0)25.0)(125.0(875.0

===

=−=

YX

XY

XY

XY

σσ

σρ

σ

 

 

5-69.  

     

0435.0
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16
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36
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)(
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YVXVYEXE

XYEYEXE

ccyxc
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5-70 99.0)99.0(1)01.0(0)( =+=XE  

98.0)98.0(1)02.0(0)( =+=YE  

0.9702 (0.9702)]1[1 + (0.0198)]0[1 + (0.0098)]1[0 + (0.002)]0[0 = E(XY) =××××××××

V(X) = 0.99-0.99
2
=0.0099 

V(Y) = 0.98-0.98
2
=0.0196 

 
0

0196.00099.0

0

0)98.0)(99.0(9702.0

===

=−=

YX

XY

XY

XY

σσ

σρ

σ

 

 

5-71 E(X1) = np1 = 20(1/3)=6.67 

E(X2) = np2=20(1/3)=6.67 

V(X1) = np1(1-p1)=20(1/3)(2/3)=4.44  

V(X2) = np2(1-p2)=20(1/3)(2/3)=4.44 

E(X1X2) =n(n-1)p1p2 =20(19)(1/3)(1/3)=42.22 

51.0
)44.4)(44.4(

267.2
267.267.622.42 2 −=

−
=−=−= XYXY and ρσ  

 

 The sign is negative. 
 



5-30 

5-72 From Exercise 5-40, c=8/81. 

 From Exercise 5-41, E(X) = 12/5, and E(Y) = 8/5 
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5-73. Similarly to 5-49, 19/2=c  

� �� �
+

−

+

=+=
5

1

1

1

1

0

1

0

614.2
19

2

19

2
)(

x

x

x

xdydxxdydxXE  

� �� �
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=+=
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1

1

1

1

0

1

0

649.2
19

2

19

2
)(

x

x

x

ydydxydydxYE  

 Now, � �� �
+

−

+

=+=
5

1

1

1

1

0

1

0

7763.8
19

2

19

2
)(

x

x

x

xydydxxydydxXYE  

 

9206.0
062.2930.1

852.1

0968.2)(,930.1)(

11403.9)(7632.8)(

85181.1)649.2)(614.2(7763.8
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5-74  

     

9

19

5.7

2

6

5

15
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1

5.7

2

1

0

2

5.7

1

4

1

1

1
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x

x

x
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   E(X
2
)=222,222.2 

 V(X)=222222.2-(333.33)
2
=111,113.31 

 E(Y
2
)=1,055,556 

 V(Y)=361,117.11 

 

5547.0
11.36111731.111113

01.115,111

01.115,111)33.833)(33.333(9.888,388

9.888,388106)(
0

002.001.6

==

=−=

=×= � �
∞ ∞

−−−

ρ

σ xy

x

yx
dydxxyeXYE

 

   

 

5-75. a) E(X) = 1  E(Y) = 1 

 

)()(

)(

00

0 0

YEXE

dyyedxxe

dxdyxyeXYE

yx

yx

=

=

=

��

� �
∞

−
∞

−

∞ ∞
−−

 

 Therefore, σ ρXY XY= = 0 . 

   

 

5-76. Suppose the correlation between X and Y is ρ.  for constants a, b, c, and d, what is the 

correlation between the random variables U = aX+b and V = cY+d? 

 Now, E(U) = a E(X) + b  and  E(V) = c E(Y) + d.  

 Also, U - E(U) = a[ X - E(X) ] and V - E(V) = c[ Y - E(Y) ].  Then, 

 XYUV acYEYXEXacEVEVUEUE σσ =−−=−−= )]}()][({[)]}()][({[  

 Also, 
222222222 )]([)]([ YVXU candaXEXEaUEUE σσσσ ==−=−= .  Then, 

 

��

�
�
�

==
signin differ  c and a if-

sign same  theof are c and a if

2222
XY

XY

YX

XY

UV

ca

ac

ρ

ρ

σσ

σ
ρ  
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5-77 0)4/1(1)4/1(1)( =+−=XE  

0)4/1(1)4/1(1)( =+−=YE  

0 (1/4)]1[0 + (1/4)]0[1 + (1/4)]0[-1 + (1/4)]0[-1 = E(XY) =××××××××  

V(X) = 1/2 

V(Y) = 1/2 

0
2/12/1

0

0)0)(0(0

===

=−=

YX

XY

XY

XY

σσ

σρ

σ

   

The correlation is zero, but X and Y are not independent, since, for example, if 

y=0, X must be –1 or 1.  
 

 

5-78  If X and Y are independent, then )()(),( yfxfyxf YXXY =  and the range of  

(X, Y) is rectangular. Therefore, 

)()()()()()()( YEXEdyyyfdxxxfdxdyyfxxyfXYE YXYX === ����  

 hence σXY=0 

 

Section 5-6 

 

5-79 a.) 
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b.) 
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c)  
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5-80 Because 0=ρ  and X and Y are normally distributed, X and Y are independent.  

Therefore,  

 P(2.95 < X < 3.05, 7.60 < Y < 7.80) = P(2.95 < X < 3.05) P(7.60 < Y < 7.80) = 

 6220.07887.0)()( 2

08.0

70.780.7

08.0

70.760.7

04.0

305.3

04.0

395.2 ==<<<< −−−− ZPZP  

 

5-81. Because ρ = 0  and X and Y are normally distributed, X and Y are independent.  

Therefore,  

 µX = 0.1mm σX=0.00031mm  µY = 0.23mm σY=0.00017mm 

 Probability X is within specification limits is 

 

0.8664 )5.1()5.1()5.15.1(                           

00031.0

1.0100465.0

00031.0

1.0099535.0
)100465.0099535.0(

=−<−<=<<−=

�
	



�
�


 −
<<

−
=<<

ZPZPZP

ZPXP
 

Probability that Y is within specification limits is  

0.9545 )2()2()22(                      

00017.0

23.023034.0

00017.0

23.022966.0
)23034.022966.0(

=−<−<=<<−=

�
	



�
�


 −
<<

−
=<<

ZPZPZP

ZPXP
  

Probability that a randomly selected lamp is within specification limits is 

(0.8664)(.9594)=0.8270 

 

5-82 a) By completing the square in the numerator of the exponent of the bivariate normal PDF, the joint 

PDF can be written as 
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Also, fx(x) = 
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5-35 

Now fY|X=x is in the form of a normal distribution.   

 

b) E(Y|X=x) = )( x
x

y
y x µ−

σ

σ
ρ+µ  .  This answer can be seen from part 5-82a.  Since the PDF is in 

the form of a normal distribution, then the mean can be obtained from the exponent. 

 

c) V(Y|X=x) = )1(
22 ρ−σ y . This answer can be seen from part 5-82a.  Since the PDF is in the form 

of a normal distribution, then the variance can be obtained from the exponent. 

 

5-83 
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and each of the last two integrals is recognized as the integral of a normal probability 

density function from −∞  to ∞.  That is, each integral equals one.  Since 

)()(),( yfxfyxf XY =  then X and Y are independent. 

 

 

5-84  Let )1(2
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XY eyxf  

Completing the square in the numerator of the exponent we get: 
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ρ

σ
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ρ

σ
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X

Y

Y XYXY
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σ
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ρµ
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µ

σ

σ
ρµ

σσ
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ρ

σ
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Substituting into fXY(x,y), we get 
22

2

2

2

2

2 2 2

1
( ( )) (1 )

2(1 )

2

( ( ))

2 (1 )1

2

2

1
( , )

2 1

1 1

2 2 1

xY
Y x

X xY

y
y x

x

xx

x

x
y x

XY

x y

y x

x

x y

f x y e dydx

e dx e dy

µσ
µ ρ µ ρ

σ σσ

ρ

σ
µ ρ µ

σ

σ ρµ

σ

πσ σ ρ

πσ πσ ρ

� �
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 −− � �− � � � �∞ ∞� 	 � �� �

−∞ −∞

=
−

= ×
−

� �

� �

 

 

The integrand in the second integral above is in the form of a normally distributed random 

variable.  By definition of the integral over this function, the second integral is equal to 1: 
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2
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2 (1 )1
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1 1
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σ
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σ
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πσ πσ ρ
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The remaining integral is also the integral of a normally distributed random variable and therefore, 

it also integrates to 1, by definition.  Therefore, 

 

1),(� �
∞

∞−

∞

∞−
=yxfXY  
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dyee
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dyexf
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Y
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σ
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σ
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σ
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σ
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σπσ

µρµ

ρ

ρπ

µ

π
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ρ

ρπ

µ

ρ

π

µµµρµ

ρ
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The last integral is recognized as the integral of a normal probability density with mean 

X

XY x

Y σ
σµ µρ )( −

+  and variance )1( 22
ρσ −Y . Therefore, the last integral equals one and 

the requested result is obtained. 
 

   



5-37 

         

5-86 
22 )(,)(,)(,)( YXYX YVandXVYEXE σσµµ ==== . Also, 

 dxdy
eyx

YXE
YX

yxx

YX

YX

Y

Y

YX

YyX

X

X

� �
∞

∞−

∞
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−

−
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−
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2
)())((

2

2
)(

2
1

5.0

ρσπσ

σσσσ
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µµ

µµρµ
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 Let 
Y

Y

X

X yx
vandu

σ

µ

σ

µ −−
== . Then, 
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YXE
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YX
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1
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2
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2

2
1
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22

2
1
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The integral with respect to u is recognized as a constant times the mean of a normal 

random variable with  mean ρv  and variance 1 2− ρ . Therefore, 

 

dve
v

dvve
v

YXE v

YXYX

v

YX

22 5.0
2

5.0

22
))(( −

∞

∞−

−
∞

∞−

�� ==−−
π

σρσσσρ
π

µµ . 

The last integral is recognized as the variance of a normal random variable with mean 0 

and variance 1.  Therefore, E X YX Y X Y( )( )− − =µ µ ρσ σ  and the correlation between X and 

Y is ρ . 

 

 

Section 5-7 

 

5-87. a) E(2X + 3Y) = 2(0) + 3(10) = 30 

b) V(2X + 3Y) = 4V(X) + 9V(Y) = 97 

c) 2X + 3Y is normally distributed with mean 30 and variance 97. Therefore,  

   5.0)0()()3032(
97

3030 =<=<=<+ − ZPZPYXP  

d) 8461.0)02.1()()4032(
97

3040 =<=<=<+ − ZPZPYXP  

 

5-88 Y = 10X and E(Y) =10E(X) = 50mm. 

 V(Y)=10
2
V(X)=25mm

2 
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5-89 a) Let T denote the total thickness. Then, T = X + Y and E(T) = 4 mm,  

    V(T) = 0 1 0 1 0 022 2 2. . .+ = mm , and σT = 0 1414. mm. 

b)  

0170.0983.01)12.2(1                 

)12.2(
1414.0

43.4
)3.4(

=−=<−=

>=�
	



�
�


 −
>=>

ZP

ZPZPTP
  

 

5-90 a) X∼N(0.1, 0.00031) and  Y∼N(0.23, 0.00017)  Let T denote the total thickness.  

Then, T = X + Y and E(T) = 0.33 mm,  

    V(T) = 
2722 1025.100017.000031.0 mmx −=+ ,  and 000354.0=Tσ mm. 

             

0)272(
000354.0

33.02337.0
)2337.0( ≅−<=�

	



�
�


 −
<=< ZPZPTP

 

b)   

             

1)253(1)253(
000345.0

33.02405.0
)2405.0( ≅<−=−>=�

	



�
�


 −
>=> ZPZPZPTP  

5-91. Let D denote the width of the casing minus the width of the door. Then, D is normally 

distributed. 

a) E(D) = 1/8 V(D) = 
256
52

16
12

8
1 )()( =+  

b) 187.0)89.0()()(
256

5

8

1

4

1

4
1 =>=>=>

−
ZPZPDP  

c) 187.0)89.0()()0(
256

5

8

10
=−<=<=<

−
ZPZPDP  

5-92 D = A - B - C 

a) E(D) = 10 - 2 - 2 = 6 mm 

   
mm

mmDV

D 1225.0

015.005.005.01.0)( 2222

=

=++=

σ
 

b) P(D < 5.9) = P(Z < 
1225.0

69.5 −
) = P(Z < -0.82) = 0.206. 

 

5-93. a) Let X  denote the average fill-volume of 100 cans. 05.0100
5.0 2

==
X

σ . 

b) E( X ) = 12.1 and 023.0)2(
05.0

1.1212
)12( =−<=�

	



�
�


 −
<=< ZPZPXP  

 c) P( X  < 12) = 0.005 implies that   .005.0
05.0

12
=�

	



�
�


 −
<

µ
ZP   

       Then 
05.0

12 µ−
 = -2.58 and 129.12=µ . 

d.) P( X  < 12) = 0.005 implies that   .005.0
100/

1.1212
=��

	



��
�


 −
<

σ
ZP   

       Then 
100/

1.1212

σ

−  = -2.58 and 388.0=σ . 
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e.) P( X  < 12) = 0.01 implies that   .01.0
/5.0

1.1212
=��

	



��
�


 −
<

n
ZP   

       Then 
n/5.0

1.1212−  = -2.33 and 13672.135 ≅=n . 

 

5-94 Let X  denote the average thickness of 10 wafers. Then, E( X ) = 10 and V( X ) = 0.1. 

a) 998.0)16.316.3()()119(
1.0

1011

1.0

109 =<<−=<<=<< −− ZPZPXP .  

The answer is 1 − 0.998 = 0.002 

b) 
nX

andXP 101.0)11( ==> σ .  

Therefore, 01.0)()11(
1

1011 =>=> −

n

ZPXP , 11 10
1
−

n

 = 2.33 and n = 5.43 which is 

rounded up to 6. 

 

c.) 
10

0005.0)11( σσ ==>
X

andXP .  

     Therefore, 0005.0)()11(
10

1011 =>=> −
σ

ZPXP , 
10

1011

σ
−  = 3.29 

 9612.029.3/10 ==σ  

 

5-95. X~N(160, 900) 

 a) Let Y = 25X,  E(Y)=25E(X)=4000,  V(Y) = 25
2
(900)=562500 

     P(Y>4300) = 

3446.06554.01)4.0(1)4.0(
562500

40004300
=−=<−=>=��

	



��
�


 −
> ZPZPZP  

b.) c) P(Y  > x) = 0.0001 implies that   .0001.0
562500

4000
=��

	



��
�


 −
>

x
ZP   

       Then 
750
4000−x  = 3.72 and 6790=x . 

 

Supplemental Exercises 

 

5-96 The sum of �� =
x y

yxf 1),( , ( ) ( ) ( ) ( ) ( ) 1
4

1
4

1
8

1
8

1
4

1 =++++  

 and 0),( ≥yxf XY  

5-97. a) 8/34/18/1)0,0()1,0()5.1,5.0( =+=+=<< XYXY ffYXP . 

b) 4/3)1,1()0,1()1,0()0,0()1( =+++=≤ XYXYXYXY ffffXP  

c) 4/3)1,1()0,1()1,0()0,0()5.1( =+++=< XYXYXYXY ffffYP  

d) 8/3)1,1()0,1()5.1,5.0( =+=<> XYXY ffYXP  

e) E(X) = 0(3/8) + 1(3/8) + 2(1/4) = 7/8. 

    V(X) = 0
2
(3/8) + 1

2
(3/8) + 2

2
(1/4) - 7/8

2 
=39/64 

    E(Y) = 1(3/8) + 0(3/8) + 2(1/4) = 7/8. 

.   V(Y) = 1
2
(3/8) + 0

2
(3/8) + 2

2
(1/4) - 7/8

2 
=39/64 
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5-98 a) 4/1)2(,8/3)1(,8/3)0(),()( ====� XXX

y

XYX fffandyxfxf . 

b) 3/2)1(,3/1)0(
)1(

),1(
)(

8/3

4/1

18/3

8/1

11
=====

YY

X

XY

Y
ffand

f

yf
yf . 

c) 3/2)3/2(1)3/1(0),1()1|(
1

=+=== �
=x

XY yyfXYE  

d) Because the range of (X, Y) is not rectangular, X and Y are not independent. 

 

e.) E(XY) = 1.25, E(X) = E(Y)= 0.875 V(X) = V(Y) = 0.6094 

COV(X,Y)=E(XY)-E(X)E(Y)= 1.25-0.875
2
=0.4844 

 

7949.0
6094.06094.0

4844.0
==XYρ  

5-99 a. ) 0.063170.020.010.0
!14!4!2

!20
)14,4,2( 1442 ===== ZYXP  

 b.) 0.121690.010.0)0( 200 ===XP  

 c.) 2)10.0(20)( 1 === npXE  

    8.1)9.0)(10.0(20)1()( 11 ==−= pnpXV   

d.)
)(

),(
)19|(|

zf

zxf
ZXf

Z

XZ

zZX ==    

 
zzxx

XZ
zxzx

xzf 7.02.01.0
)!20(!!

!20
)( 20 −−

−−
=  

 
zz

Z
zz

zf 7.03.0
)!20(!

!20
)( 20−

−
=   

zxx

z

zxx

Z

XZ

zZX
zxx

z

zxx

z

zf

zxf
ZXf

−−

−

−−

= �
	



�
�



�
	



�
�




−−

−
=

−−

−
==

20

20

20

|
3

2

3

1

)!20(!

)!20(

3.0

2.01.0

)!20(!

)!20(

)(

),(
)19|(

 Therefore, X is a binomial random variable with n=20-z and p=1/3.  When z=19, 

3

2
)0(19| =Xf  and 

3

1
)1(19| =Xf . 

 e.)
3

1

3

1
1

3

2
0)19|( =�

	



�
�



+�
	



�
�



==ZXE   

5-100 Let X, Y, and Z denote the number of bolts rated high, moderate, and low.  

 Then, X, Y, and Z have a multinomial distribution. 

a) 0560.01.03.06.0
!2!6!12

!20
)2,6,12( 2612 ===== ZYXP . 

b) Because X, Y, and Z are multinomial, the marginal distribution of Z is binomial with  

n = 20 and p = 0.1. 

c) E(Z) = np = 20(0.1) = 2. 
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 5-101. a) 
)16(

),16(
)(16|

X

XZ
Z

f

zf
zf =  and 

zzxx

XZ
zxzx

zxf 1.03.06.0
)!20(!!

!20
),( )20( −−

−−
=  for  

       zxandzx ≤≤≤+ 0,020 . Then, 

     ( ) ( )zz

zz

zz

zz

Z
zf

4.0
1.04

4.0
3.0

)!4(!
!4

416

!4!16
!20

)4(16

)!4(!!16
!20

16
4.06.0

1.03.06.0
)(

−

−

−

−
==   

     for 40 ≤≤ z . That is the distribution of Z given X = 16 is binomial with n = 4 and  

    p = 0.25. 

b) From part a., E(Z) = 4 (0.25) = 1. 

c) Because the conditional distribution of Z given X = 16 does not equal the marginal 

distribution of Z, X  

    and Z are not independent.  

 

5-102 Let X, Y, and Z denote the number of calls answered in two rings or less, three or  

four rings,  and five rings or more, respectively. 

a) 0649.005.025.07.0
!1!1!8

!10
)1,1,8( 118 ===== ZYXP  

b) Let W denote the number of calls answered in four rings or less. Then, W is a 

binomial random variable  with n = 10 and p = 0.95.  

    Therefore, P(W = 10) = ( ) 5987.005.095.0 01010

10 = . 

c) E(W) = 10(0.95) = 9.5. 

 

 

 

5-103 a) 
)8(

),8(
)(

8

X

XZ

Z
f

zf
zf =  and 

zzxx

XZ
zxzx

zxf 05.025.070.0
)!10(!!

!10
),( )10( −−

−−
=  for   

    zxandzx ≤≤≤+ 0,010 . Then, 

    ( ) ( )zz

zz

zz

zz

Z
zf

30.0

05.02

30.0

25.0

)!2(!

!2

28

!2!8

!10

)2(8

)!2(!!8

!10

8
30.070.0

05.025.070.0
)(

−

−

−

−
==   

     for 0 2≤ ≤z . That is Z is binomial with n =2 and p = 0.05/0.30 = 1/6. 

b) E(Z) given X = 8 is 2(1/6) = 1/3. 

c) Because the conditional distribution of Z given X = 8 does not equal the marginal 

distribution of Z, X and Z are not independent. 

 
 

5-104 � �� ===
3

0

3

0
3

3

0

2

0
2

2

2

0

2 182
32

ccdxcxydydxcx xy
. Therefore, c = 1/18. 
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5-105. a) � �� ====<<
1

0

108

1
1

0
336

1

1

0

1

0
2

2

18

1

1

0

2

18

1
32

)1,1( xy
dxxydydxxYXP  

b) � �� ====<
5.2

0

5.2

0
39

1

5.2

0

2

0
2

2

18

1

2

0

2

18

1 5787.0)5.2(
32

xy
dxxydydxxXP  

c) � �� ====<<
3

0

4

3
3

0
312

1

3

0

2

1
2

2

18

1

2

1

2

18

1
32

)5.21( xy
dxxydydxxYP  

d)  

    

2199.0

)5.11,2(

432

95

3

2

3

2
3144

5

3

2

5.1

1
2

2

18

1

5.1

1

2

18

1
32

==

===<<> � �� xy
dxxydydxxYXP

 

e) � �� ====
3

0

4

9
3

0
49

1

3

0

3

18

1

2

0

3

18

1
4

2)( xdxxydydxxXE  

f) � �� ====
3

0

3

4
3

0
327

4

3

0

3

82

18

1

2

0

22

18

1
3

)( xdxxdydxyxYE  

 

5-106 a) 30)( 2

9

1

2

0

2

18

1 <<== � xforxydyxxf X  

b) 
2)1(

),1(
)(

9

1

18

1
yy

f

yf
yf

X

XY

XY
===  for 0 < y < 2. 

c) 
)1()1(

)1,(
)(

2

18

1

1

YY

XY

X
f

x

f

xf
xf ==  and 20)(

2

3

0

2

18

1 <<== � yforydxxyf
y

Y . 

    Therefore, 
2

9

1

2

18

1

1
2/1

)( x
x

xf
X

==  for 0 < x < 3. 

 

 

5-107. The region x y2 2 1+ ≤  and 0 < z < 4 is a cylinder of radius 1 ( and base area π ) and 

height 4. Therefore, the volume of the cylinder is 4π  and f x y zXYZ ( , , ) =
1

4π
 for x y2 2 1+ ≤  

and 0 < z < 4.  

a) The region X Y2 2 0 5+ ≤ .  is a cylinder of radius 0 5.  and height 4.  Therefore,  

    2/1)5.0(
4

)5.0(422 ==≤+ π

π
YXP . 

b) The region X Y2 2 0 5+ ≤ .  and 0 < z < 2 is a cylinder of radius 0 5.  and height 2. 

Therefore,    

    4/1)2,5.0(
4

)5.0(222 ==<≤+
π

π
ZYXP  
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c) 
)1(

)1,,(
),(

1

Z

XYZ

XY
f

yxf
yxf =  and 4/1)(

1

4
1

22

== ��
≤+

dydxzf

yx

Z π   

    for 0 < z < 4. Then, 1
4/1

4/1
),( 221

1
≤+== yxforyxf

XY π

π
. 

d) 
222

4

0

2

1

4

1

1

1

4

0

11)(

2

2

xdzxdydzxf

x

x

X −=−== ���
−

−−

πππ
 for -1 < x < 1 

 

5-108 a) 
)0,0(

),0,0(
)(

0,0

XY

XYZ

Z
f

zf
zf =  and π

π
/1),(

4

0

4

1 == � dzyxf XY  for 122 ≤+ yx . Then,   

      4/1
/1

4/1
)(

0,0
==

π

π
zf

Z
 for 0 < z < 4 and 2

0,0
=

Z
µ . 

b) 4/1
/1

4/1

),(

),,(
)( ===

π

π

yxf

zyxf
zf

XY

XYZ

xyZ
 for 0 < z < 4. Then, E(Z) given X = x and Y = y is    

2

4

0

4
=� dzz

. 

 

5-109. cyxf XY =),(  for 0 < x < 1 and 0 < y < 1. Then, �� =
1

0

1

0

1cdxdy  and c = 1.  Because 

),( yxf XY  is constant,  )5.0( <− YXP  is the area of the shaded region below 

 

0

0.5

0.5

1

1

 

 That is, )5.0( <− YXP  = 3/4. 

 

 

5-110 a) Let X X X1 2 6, ,...,  denote the lifetimes of the six components, respectively.  Because of 

independence,      

P X X X P X P X P X( , ,. .. , ) ( ) ( )... ( )1 2 6 1 2 65000 5000 5000 5000 5000 5000> > > = > > >  

    If X is exponentially distributed with mean θ , then λ
θ

= 1  and           

      
θθθ

θ

///1)( x

x

t

x

t
eedtexXP

−
∞

−
∞

− =−==> � . Therefore, the answer is 

    0978.0325.22.025.025.05.05.08/5 == −−−−−−−
eeeeeee . 
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b) The probability that at least one component lifetime exceeds 25,000 hours is the 

same as 1 minus the probability that none of the component lifetimes exceed 

25,000 hours.  Thus, 

 1-P(Xa<25,000, X2<25,000, …, X6<25,000)=1-P(X1<25,000)…P(X6<25,000) 

 =1-(1-e
-25/8

)(1-e
-2.5

)(1-e
-2.5

)(1-e
-1.25

)(1-e
-1.25

)(1-e
-1

)=1-.2592=0.7408 
 

5-111. Let X, Y, and Z denote the number of problems that result in functional, minor, and no 

defects, respectively. 

a) 085.03.05.02.0)3,5,2()5,2( 352

!3!5!2

!10 ======== ZYXPYXP  

b) Z is binomial with n = 10 and p = 0.3. 

c) E(Z) = 10(0.3) = 3. 

 

5-112 a) Let X  denote the mean weight of the 25 bricks in the sample. Then, E( X ) = 3 and 

 05.0
25

25.0 ==
X

σ . Then, P( X  < 2.95) = P(Z < 2 95 3
0 05
.

.
− ) = P (Z < -1) = 0.159. 

 b) 99.0)
05.

3
()( =

−
>=>

x
ZPxXP .  So, =

−

05.0

3x
-2.33 and x=2.8835. 

 

5-113. a.) 

Because ,25.0

25.5

75.4

25.18

75.17

ccdydx =��  c = 4. The area of a panel is XY and P(XY > 90) is 

the shaded area times 4 below, 

 

5.25

4.75

17.25 18.25  

 That is, 499.0)ln9025.5(425.544
25.18

75.17

25.18

75.17

90

25.5

/90

25.18

75.17

=−=−= ��� xxdxdydx
x

x

 

 

 b. The perimeter of  a panel is 2X+2Y and we want P(2X+2Y >46)  

 

5.0)
2

75.17(4)75.17(4                             

)23(25.544

25.18

75.17

225.18

75.17

25.18

75.17

25.5

23

25.18

75.17

=+−=+−=

−−=

�

���
−

x
xdxx

dxxdydx
x
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5-114 a)Let X denote the weight of a piece of candy and X∼N(0.1, 0.01).  Each package has 16 

candies, then P is the total weight of the package with 16 pieces and E( P ) = 16(0.1)=1.6 

ounces and V(P) = 16
2
(0.01

2
)=0.0256 ounces

2
 

b) 5.0)0()()6.1(
16.0

6.16.1 =<=<=< − ZPZPPP .  

c) Let Y equal the total weight of the package with 17 pieces,  E(Y) = 17(0.1)=1.7 

ounces and V(Y) = 17
2
(0.01

2
)=0.0289 ounces

2
 

2776.0)59.0()()6.1(
0289.0

7.16.1 =−<=<=< − ZPZPYP .  

5-115. Let X  denote the average time to locate 10 parts. Then, E( X ) =45 and 
10

30=
X

σ  

a) 057.0)58.1()()60(
10/30

4560 =>=>=> − ZPZPXP  

b) Let Y denote the total time to locate 10 parts. Then, Y > 600 if and only if X  > 60. 

Therefore, the answer is the same as part a.  

 

5-116 a) Let Y denote the weight of an assembly. Then, E(Y) = 4 + 5.5 + 10 + 8 = 27.5 and  

    V(Y)= 7.05.02.05.04.0 2222 =+++ . 

   0084.0)39.2()()5.29(
7.0

5.275.29 =>=>=> − ZPZPYP  

b) Let X  denote the mean weight of 8 independent assemblies. Then, E( X ) = 27.5 and 

V( X ) = 0.7/8 = 0.0875.  Also, 0)07.5()()29(
0875.0

5.2729 =>=>=> − ZPZPXP . 

 

 

5-117 

10

-2

0.00

x

0.01

0

-1

0.02

0.03

0.04

0

0.05

0.06

0.07

1 2

z(-.8)

3
-10

4y
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5-118 

�
�
�

�

�
�
�

�
−+−−−−

−

−

�
�

�
�
�

�
−+−−−−

−

�
�

�
�
�

�
−+−−−−

−

−
=

=

=

})2()2)(1)(8(.2)1{(
)8.1(2

1

2

})2()2)(1(6.1)1{(
)36.0(2

1

})2()2)(1(6.1)1{(
72.0

1

22

2

22

22

8.12

1
),(

36.2

1
),(

2.1

1
),(

yyxx

XY

yyxx

XY

yyxx

XY

eyxf

eyxf

eyxf

π

π

π

 

 1)( =XE , 2)( =YE  1)( =XV 1)( =YV  and ρ = 0.8 

 

 

 

5-119 Let T denote the total thickness. Then, T = X1 + X2 and  

a.) E(T) = 0.5+1=1.5  mm 

V(T)=V(X1)
 
+V(X2) + 2Cov(X1X2)=0.01+0.04+2(0.014)=0.078mm

2
 

 where Cov(XY)=ρσXσY=0.7(0.1)(0.2)=0.014 

 

b.) 0367.0)79.1(
078.0

5.11
)1( =−<=��

	



��
�


 −
<=< ZPZPTP  

c.) Let P denote the total thickness. Then, P = 2X1 +3 X2 and 

E(P) =2(0.5)+3(1)=4  mm 

V(P)=4V(X1)
 
+9V(X2) + 

2(2)(3)Cov(X1X2)=4(0.01)+9(0.04)+2(2)(3)(0.014)=0.568mm
2
 

 where Cov(XY)=ρσXσY=0.7(0.1)(0.2)=0.014 

 

 

5-120 Let T denote the total thickness. Then, T = X1 + X2 + X3 and  

a)  E(T) = 0.5+1+1.5 =3  mm 

V(T)=V(X1)
 
+V(X2) +V(X3)+2Cov(X1X2)+ 2Cov(X2X3)+ 

2Cov(X1X3)=0.01+0.04+0.09+2(0.014)+2(0.03)+ 2(0.009)=0.246mm
2
 

 where Cov(XY)=ρσXσY 

 

b.) 0)10.6(
246.0

35.1
)5.1( ≅−<=�

	



�
�


 −
<=< ZPZPTP  
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5-121 Let X and Y denote the percentage returns for security one and two respectively. 

If ½ of the total dollars is invested in each then ½X+ ½Y is the percentage return. 

E(½X+ ½Y)= 0.05 (or 5 if given in terms of percent) 

V(½X+ ½Y)=1/4 V(X)+1/4V(Y)+2(1/2)(1/2)Cov(X,Y)
 

where Cov(XY)=ρσXσY=-0.5(2)(4)=-4 

V(½X+ ½Y)=1/4(4)+1/4(6)-2=3 

Also, E(X)=5 and V(X) = 4.  Therefore, the strategy that splits between the securities has a lower 

standard deviation of percentage return than investing 2million in the first security. 

 

 

Mind-Expanding Exercises 

 

5-122. By the independence,  
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5-123 ....)( 2211 ppcccYE µµµ +++=  

Also,

[ ]

[ ]
ppXXXppp

ppXXXpppp

dxdxdxxfxfxfxcxc

dxdxdxxfxfxfcccxcxcxcYV

p

p

...)()...()()(...)(

...)()...()()...(...)(

2121

2

111

2121

2

22112211

21

21

µµ

µµµ

−++−=

+++−+++=

�

�

 

Now, the cross-term  

[ ][ ] 0)()()()(

...)()...()())((

2222111121

21212211
2

1

21

21

=−−=

−−

��

�
dxxfxdxxfxcc

dxdxdxxfxfxfxxcc

XX

ppXXX p

µµ

µµ
 

from the definition of the mean.  Therefore, each cross-term in the last integral for V(Y) 

is zero and  

[ ] [ ]
).(...)(

)()(...)()()(

2

1

2

1

22

11

2

11

2

1 1

pp

ppXpppX

XVcXVc

dxxfxcdxxfxcYV
p

++=

−−= �� µµ
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5-124 cabcdydxdydxyxf

ba

XY

ba

== ����
0000

),( . Therefore, c = 1/ab. Then, 

a

b

X cdyxf 1

0

)( == �  for 0 < x < a, and  f y cdxY

a

b
( ) = � =

0

1  for 0 < y < b.  Therefore, 

(y)(x)f(x,y)=ff YXXY  for all x and y and X and Y are independent. 

 

 

5-125 .)()()()()()()(
000

dyyhkwherexkgdyyhxgdyyhxgxf

bbb

X ��� ====  Also, 

.)()()(
0

dxxglwhereylhyf

a

Y �==  Because (x,y)f XY  is a probability density 

function, .1)()()()(
0000

=�
�

�
�
�

�
�
�

�
�
�

�
= ���� dyyhdxxgdydxyhxg

baba

 Therefore, kl = 1 and 

(y)(x)f(x,y)=ff YXXY  for all x and y. 

 

 

 

Section 5-8 on CD 
 

 

S5-1. 
4

1
)( =yfY  at y = 3, 5, 7, 9 from Theorem S5-1. 

 

S5-2. Because X ≥ 0 , the transformation is one-to-one; that is 
2xy =  and yx = . From Theorem  S5-2, 

 ( ) yy

yXY ppyfyf
−

−==
33 )1()()(  for y = 0, 1, 4, 9. 

 If p = 0.25, ( ) yy

yY yf
−

=
33 )75.0()25.0()(  for y = 0, 1, 4, 9. 

 

S5-3. a) 
72

10

2

1

2

10
)(

−
=�

	



�
�



�
	



�
�


 −
=

yy
fyf XY  for 10 ≤ ≤y 22  

b) ( ) 18
72

1

72

10
)(

22

10
2

10

3

22

10

2
23

=−=
−

= �
yy

dy
yy

YE  

 

S5-4. Because y = -2 ln x, xe
y

=
−

2 . Then, 222

2
1

2
1)()(

yyy

eeefyf XY

−−−

=−=  for ≤≤
−

20
y

e 1 or 

0≥y ,  which is an exponential distribution (which equals a chi-square distribution with k = 2 degrees of 

freedom). 
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S5-5. a) Let Q = R. Then, 

 
rq

rip

=

= 2

 and 

qr

i
q

p

=

=
 

2/1

2

1

2/32/1

2

12/1

2

1

)(
10

)( −
−−

=
−

== pq
qppq

J
q

r

p

r

q

i

p

i

∂
∂

∂
∂

∂
∂

∂
∂

 

( )
10,10for  

)(2)(),(),( 12/1

2

12/1

2

1

≤≤≤≤

=== −−−

q

qpqpqqfqpf

q

p

q

p

q

p

IRPQ

 

That is, for 10,0 ≤<≤≤ qqp . 

≤<−== �
− pdqqpf

p

P 0for     pln)(

1

1
1. 

b) dpppPE �−=
1

0

ln)( . Let u = ln p  and  dv = p dp. Then, du = 1/p and  

    v = 
2

2
p

. Therefore, 
4

1
)(ln)(

1

0
4

1

0

2

1

0
2

22

==+−= �
ppp

dppPE  

 

 

 

S5-6. a) If 
2xy = , then yx =  for x ≥ 0  and y ≥ 0 . Thus, 

y

e
yyfyf

y

XY

2
)()( 2

1

2

1

−
−

==  for 

 y > 0. 

b) If 
2/1xy = , then 

2yx =  for 0≥x  and 0≥y . Thus, 
2

22)()( 2 y

XY yeyyfyf
−==  for y > 

0. 

c) If y = ln x, then x ey=  for 0≥x . Thus, 
yy

eyeyyy

XY eeeeefyf
−− === )()(  for 

∞<<∞− y . 

 

S5-7. a) Now, dveav
bv−

∞

�
0

2
 must equal one. Let u = bv, then 1 .)(

0

2

3

0

2
dueu

b

a

b

duea
uu

b

u −
∞

−
∞

�� ==  From 

the definition of the gamma function the last expression is 
33

2
)3(

b

a

b

a
=Γ . Therefore, 

2

3
b

a = . 

b) If 
2

2
mv

w = , then 
m

w
v

2
=  for 0,0 ≥≥ wv . 

( )

m

w

m

w

b

b

m
w

VW

ew
mb

mwe
m

wb

dw

dv
fwf

2

2

2/1
2/33

2/1
3

2

2

)2(
2

2
)(

−
−

−−

=

==

 

  for 0≥w . 
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S5-8. If 
xey = , then x = ln y for 1

21  and  2 eyex ≤≤≤≤ . Thus, 
yy

yfyf XY

11
)(ln)( ==  for 

1 2ln ≤≤ y .  That is, 
y

yfY

1
)( =  for 

2eye ≤≤ . 

 

S5-9. Now dxxfauXPaYP
au

X�
∞

=≥=≤
)(

)())(()( . By changing the variable of integration from x to y 

by using x = u(y), we obtain dyyuyufaYP
a

X )('))(()( �
−∞

=≤  because as x tends to ∞, y = h(x) tends 

to - ∞. Then, dyyuyufaYP

a

X ))('())(()( −=≤ �
∞−

. Because h(x) is decreasing, u y'( )  is negative. 

Therefore, | u y'( ) | = - u y'( )  and Theorem S5-1 holds in this case also. 

 

 S5-10. If y = 
2)2( −x , then x = y−2  for 20 ≤≤ x  and x = y+2  for 42 ≤≤ x . Thus, 

 

( ) 40for    

16

2

16

2

||)2(||)2()(

2/1

4

1

2/1

2

12/1

2

1

≤≤=

+
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−
=

++−−=

−

−−

yy

y

y

y

y

yyfyyfyf XXY

 

 

S5-11. a) Let a s s= 1 2  and y = s1 . Then, s1  = y,
y

a
s =

2
 and 

yy
a

y
y

s

a

s

y

s

a

s

J
1

2

1
10

2/3

22

11

−=−== −

∂

∂

∂

∂
∂

∂

∂

∂

. Then, 

y

a

yy

a

yy

a
SSAY yyfyaf

4

1

8

1 ))((2))(,(),(
21

===  for 0 ≤ ≤y 1 and 0 4≤ ≤a
y

. That is, for 

≤≤ y0 1 and ya 40 ≤≤ . 

b) )
4

1

4/

ln(
44

)(
a

a

A

a
dy

y

a
af −== �  for 40 ≤< a . 
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S5-12. Let r = v/i and s = i. Then, i s=  and v = rs 

s
rs

s

v

r

v
s

i

r

i

J ===
10

∂

∂

∂

∂
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∂

∂
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0rsfor    s),(),( ≥== −rs

IVRS esrssfsrf  and 1 2≤≤ s . That is,  

rs

RS sesrf
−=),(  for 1 ≤ ≤s 2  and r ≥ 0 . 

Then, dsserf
rs

R �
−=

2

1

)( . Let u = s and dv = e rs−
 ds. Then, du = ds and v = 

r

e
rs−−

 

Then,  
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 for r > 0. 

 

Section 5-9 on CD 

 

S5-13 . a) 
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Using L’Hospital’s rule, 
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Therefore, E(X) = 
2

1+m
. 
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S5-14. a) 
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S5-15 a) ��
∞
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S5-16. 2121 )()( tXtXXXttY

Y EeEeEeEetM === +
 

           
2/)(2/2/ 2121 )21()21()21( kkkk

ttt
+−−− −=−−=  

Therefore, Y has a chi-square distribution with k k1 2+  degrees of freedom. 
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This integral only exists for t < 2. In that case, 
2)2(

4
)(

−
=

t
eE

tX
 for t < 2 

b) 
3)2(8

)( −−−= t
dt

tdM
 and )(1)2(8

)( 3

0

XE
dt

tdM

t

==−−= −

=

 

c) 
4

2

2

)2(24
)( −−= t

dt

tMd
 and 

2

3

16

24)(

0

2

2

==
=t

dt

tMd
. Therefore, 
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1
1

2

3
)( 2 =−=XV  
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S5-18. a) 
)()(
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b) 
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−
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+
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=
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dt

tdM
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Using L’Hospital’s rule, 
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Thus, 

V(X)=
12
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12
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S5-19. a) dxedxeetM
xtxtx

��
∞

−
∞

− ==
0

)(

0

)( λλ λλ  

( ) 1

0

)(

1
1

1 −

∞−

−=
−
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−

−
=

−
= λ

λ

λ

λ

λ

λ
λ t

t

xt

tt

e
 for t < λ 

b) ( ) ( )
( )2

12

1

1
1)1(

)(

λ

λλ
λ t

t

dt

tdM

−
=−−= −−

 

322

2

0

)1(

2)(
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dt
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=
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S5-20. a) dxex
r

dxex
r

etM
xtr

r
xrtx

��
∞

−−
∞

−−

Γ
=

Γ
=

0

)(1

0

1

)(
)(

)(
)( λλ λ

λ
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Let u = (λ-t)x. Then, 

rt

rtr

r
u

rr

tr

r

t

du
e

t

u

r
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−
∞

−

−

−=
−

=
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= � )1(
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)(
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λ

λ
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λ

λλ

λ
from 

the definition of the gamma function for t < λ. 

b) M t r t r' ( ) ( ) ( )= − − −− −1 1 1
λ λ
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S5-21. a) ( ) nt

n

i

tXtY ieEeE
−

=

−== ∏ λ1()(
1

)  

b) From Exercise S5-20, Y has a gamma distribution with parameter λ and n. 

 

 

 

S5-22. a) 2

22
2

2
1212

22
222

22
11 )()(

)(
ttt ttt

Y eetM
σσµµσµσµ ++++++

==  

b) Y has a normal distribution with mean µ µ1 2+  and variances σ σ
1
2

2
2+  

 

S5-23. Because a chi-square distribution is a special case of the gamma distribution with λ =
1

2
 and r

k
=

2
, from 

 Exercise S5-20. 

kkkkXV

kkktM

tktM

XEktM

tkt
k

tM

ttM

k

t

k

t

k

k

kk

22)(

2)1(2)(''

)21)(1(2)(''

)()('

)21()2()21(
2

)('

)21()(

22

2

20

2

2

0

11

2/

2

22

=−+=

+=+=

−+=

==

−=−−−=
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=

−−

=

−−−−

−

 

 

S5-24. a) ...)0(...)0(')0(')0()(
!

)(

!2

2

+++++=
r

trt
r

MMtMMtM  by Taylor’s expansion. Now, M(0) 

= 1 and    
')( )0( r

rM µ=  and the result is obtained. 

b) From Exercise S5-20, ...1)(
!2

)1( 2

2 +++= + trrr ttM
λλ  

c) λµ r='

1  and 2

)1('

2 λ
µ += rr

 which agrees with Exercise S5-20. 

 

 

Section 5-10 on CD 

 

 

S5-25. Use Chebychev's inequality with c = 4. Then, 
16

1)410( ≤>−XP . 

 

S5-26. E(X) = 5 and σX = 2 887. . Then, 
4

1)25( ≤>− XXP σ .  

 The actual probability is 0)77.55()25( =>−=>− XPXP Xσ . 
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S5-27. E(X) = 20 and V(X) = 400. Then, 
4

1)220( ≤>− σXP  and 
9

1)320( ≤>− σXP  The actual 

probabilities are  

 

0498.0105.01

)4020(1)220(

60

0

05.0

60

0

05.0 =�
�

�
�
�

�
−−=−=

<−−=>−

−−

�
xx edxe

XPXP σ

 

0183.0105.01

)6020(1)320(

80

0

05.0

80

0

05.0 =�
�

�
�
�

�
−−=−=

<−−=>−

−−

�
xx edxe

XPXP σ

 

 

S5-28. E(X) = 4 and σX = 2  

 
9

1

4

1 )64()44( ≤≥−≤≥− XPandXP . The actual probabilities are 

 1364.08636.011)44(1)44(
7

1
!

22

=−=−=<−−=≥− �
=

−

x
x

e x

XPXP  

 000046.01)64(1)64(
9

1

!
22

=−=<−−=≥− �
=

−

x

x
e x

XPXP  

 

 

S5-29. Let X  denote the average of 500 diameters. Then, 
4

500

01.0 1047.4 −== x
X

σ .  

a) 
16
15

16
1 )0018.0()4( ≥<−≤≥− µσµ XPandXP

X
. Therefore, the bound is 

0.0018. 
 

If 
16

15)( =<− xXP µ , then .9375.0)( =<< −−

XXX

xXxP σσ

µ

σ  Then,    

     .9375.0)( 44
1047.41047.4

=<< −−−

−

x

x

x

x ZP  and 4
1047.4

−
x

x  = 1.86.  Therefore, x = 
41031.8 −

x . 

 

 

 

S5-30. a) E(Y) = )( σµ cXP ≥−  

b) Because Y ≤ 1, YXX 22 )()( µµ −≥−  

    If σµ cX ≥− , then Y = 1 and YcYX 222)( σµ ≥−  

    If σµ cX <− , then Y = 0 and YcYX 222)( σµ =− . 

c) Because YcX 222)( σµ ≥− , )(])[( 222 YEcXE σµ ≥− . 

d) From part a., E(Y) = )( σµ cXP ≥− . From part c., )(222 σµσσ cXPc ≥−≥ . Therefore, 

    )(
2

1 σµ cXP
c

≥−≥ . 
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CHAPTER 6 

 

 

Section 6-1 

 

6-1. Sample average: 

  mm 0044.74
8

035.5921 ===
�

=

n

x

x

n

i

i

 

 

 Sample variance: 

  

( )

2

2

2

1

1

2

2

8
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2

8

1

)mm(000022414.0
7

0001569.0

18

8

035.592
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 Sample standard deviation: 

   

mm00473.0000022414.0 ==s  

 

 The sample standard deviation could also be found using  

   

( )
s

x x

n

i
i

n

=

−

−
=
�

2

1

1
 where ( )x xi

i

− =
=
�

2

1

8

0 0001569.  

 

 Dot Diagram: 
 

                           .. ...:            . 

          -------+---------+---------+---------+---------+---------diameter 

           73.9920   74.0000   74.0080   74.0160   74.0240   74.0320 

 

 There appears to be a possible outlier in the data set. 
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6-2. Sample average: 

  min359.14
19

82.272

19
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1 ===
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=i
ix

x  

 

 Sample variance: 
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 Sample standard deviation: 

  min88.1847.356 ==s  

 

 The sample standard deviation could also be found using  
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x x
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i
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6-3. Sample average: 

  yardsx 1.7068
12

84817
==  

 Sample variance: 
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 Sample standard deviation: 

  yardss 5.226265.51302 ==  

 

 The sample standard deviation could also be found using  
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 Dot Diagram: (rounding was used to create the dot diagram) 
 
              .     .  :  .. ..   :                           : 

          -+---------+---------+---------+---------+---------+-----C1       

        6750      6900      7050      7200      7350      7500 
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6-4. Sample mean: 
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 Sample variance: 

  

( )

2

2

2

1

1

2

2

18

1

2

18

1

)kN(24.683
17

11.11615

118

18

2272
298392

1

298392

2272

==

−

−
=

−

�
�

�
�
�

�

−

=

=

=

�
�

�

�

=

=

=

=

n

n

x

x

s

x

x

n

i

in

i

i

i

i

i

i

 

 

 Sample standard deviation: 

  kN14.2624.683 ==s  

 

 The sample standard deviation could also be found using  
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 where 
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 Dot Diagram: 
 
                 . 

             :   ::  .           ::       .          .  : .   . 

         +---------+---------+---------+---------+---------+-------yield      

        90       105       120       135       150       165 

 

 

 

 

 

 

 

 

 

 

6-5. Sample average: 
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  975.43
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 Sample variance: 
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 Sample standard deviation: 

  294.12143.151 ==s  

 

 The sample standard deviation could also be found using  
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 Dot Diagram: 
 
            .            . ..   .        ..                     . 

         +---------+---------+---------+---------+---------+------- 

      24.0      32.0      40.0      48.0      56.0      64.0 
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6-6. Sample average: 
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 Sample standard deviation: 

  
2/32.12861.16465 mwattss ==  

 

 The sample standard deviation could also be found using  
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6-7. 44.5
1270

6905
==µ ;  The value 5.44 is the population mean since the actual physical population 

of all flight times during the operation is available. 
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6-8 a.) Sample average: 
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 b.) Sample variance: 
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    Sample standard deviation: 

  mms 6560.04303.0 ==  

  

c.) Dot Diagram 
 
        .     .            .     .  .         .  .          .. 

        -------+---------+---------+---------+---------+---------crack length 

            1.40      1.75      2.10      2.45      2.80      3.15 

 

 

  

 

 

6-9. Dot Diagram (rounding of the data is used to create the dot diagram) 

           x  

      
         . . 
               .     :        .:  ... . . .:  :. . .:. .:: ::: 
          -----+---------+---------+---------+---------+---------+-x       
             500       600       700       800       900      1000 

 

 The sample mean is the point at which the data would balance if it were on a scale. 
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a. Dot Diagram of CRT data in exercise 6-5 (Data were rounded for the plot) 
             

        

70605040302010

Dotplot for Exp 1-Exp 2

Exp 1

Exp 2

  
The data are centered a lot lower in the second experiment.  The lower CRT resolution reduces the 

visual accommodation. 

6-11. a) 184.7
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      02066.0000427.0 ==s  

 c) Examples:  repeatability of the test equipment, time lag between samples, during which the pH 

of the solution could change, and operator skill in drawing the sample or using the instrument. 

6-12 sample mean 11.83
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�
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x

x

n
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i

 drag counts 

 sample variance 
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 sample standard deviation     11.761.50 ==s drag counts 

 

 Dot Diagram 
  

           .         . . . . . . .                             . 

          ---+---------+---------+---------+---------+---------+---drag counts 

          75.0      80.0      85.0      90.0      95.0     100.0 
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6-13. a) 86.65=x  °F 

      16.12=s °F 

  

 b) Dot Diagram 

 
                                                :  : 
            .        .    .   .  ..   .: .: .  .:..: .. :: .... .. 
          -+---------+---------+---------+---------+---------+-----temp     
          30        40        50        60        70        80 

 

 c) Removing the smallest observation (31), the sample mean and standard deviation become 

     86.66=x  °F 

      s = 10.74 °F 

 

Section 6-3 

 

6-14 Stem-and-leaf display of octane rating  N  = 83 
Leaf Unit = 0.10  83|4 represents 83.4 

 

 

    1   83|4 

    3   84|33 

    4   85|3 

    7   86|777 

   13   87|456789 

   24   88|23334556679 

   34   89|0233678899 

  (13)  90|0111344456789 

   36   91|00011122256688 

   22   92|22236777 

   14   93|023347 

    8   94|2247 

    4   95|  

    4   96|15 

    2   97|  

    2   98|8 

    1   99|  

    1  100|3 

 

 

6-15  a.) Stem-and-leaf display for cycles to failure: unit = 100    1|2  represents 1200 

                                                                                 
    1    0T|3                                                                    

    1    0F|                                                                     

    5    0S|7777                                                                 

   10    0o|88899                                                                

   22    1*|000000011111                                                         

   33    1T|22222223333                                                          

  (15)   1F|444445555555555                                                      

   22    1S|66667777777                                                          

   11    1o|888899                                                               

    5    2*|011                                                                  

    2    2T|22                                                                   

 

 b) No, only 5 out of  70 coupons survived beyond 2000 cycles. 
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6-16 Stem-and-leaf display of percentage of cotton   N  = 64 

Leaf Unit = 0.10  32|1 represents 32.1% 
 

 

    1   32|1 

    6   32|56789 

    9   33|114 

   17   33|56666688 

   24   34|0111223 

  (14)  34|55666667777779 

   26   35|001112344 

   17   35|56789 

   12   36|234 

    9   36|6888 

    5   37|13 

    3   37|689 

 

 

 
  

  

6-17. Stem-and-leaf display for Problem 2-4.yield: unit = 1    1|2  represents 12      
                                                                                 

    1    7o|8                                                                    

    1    8*|                                                                     

    7    8T|223333                                                               

   21    8F|44444444555555                                                       

   38    8S|66666666667777777                                                    

  (11)   8o|88888999999                                                          

   41    9*|00000000001111                                                       

   27    9T|22233333                                                             

   19    9F|444444445555                                                         

    7    9S|666677                                                               

    1    9o|8                                                                    

 

6-18 Descriptive Statistics 
 

Variable        N  Median    Q1       Q3 

Octane Rating   83  90.400 88.600     92.200 

 

 

6-19. Descriptive Statistics 

 

Variable        N  Median    Q1       Q3 
cycles         70  1436.5  1097.8   1735.0 

 

6-20 median: 34.700~ =x  % 

mode: 34.7 % 

sample average: 34.798 =x % 

 
6-21. Descriptive Statistics 

 

Variable        N Median     Q1       Q3 
yield          90   89.250 86.100   93.125 
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6-22 a.) sample mean: 65.811 =x  inches  standard deviation 2.106=s  inches 
  

b.) Stem-and-leaf display of female engineering student heights    N  = 37 

    Leaf Unit = 0.10  61|0 represents 61.0 inches 
 

    1   61|0 

    3   62|00 

    5   63|00 

    9   64|0000 

   17   65|00000000 

   (4)  66|0000 

   16   67|00000000 

    8   68|00000 

    3   69|00 

    1   70|0 

  

c.) median: 66.000~ =x  inches 

 

6-23   Stem-and-leaf display for Problem 6-23. Strength: unit = 1.0 1|2 represents 12  
 

    1  532|9 

    1  533| 

    2  534|2 

    4  535|47 

    6  536|6 

   11  537|5678 

   22  538|12345778888 

   28  539|016999 

   39  540|11166677889 

   47  541|123666688 

  (12) 542|0011222357899 

   41  543|011112556 

   32  544|00012455678 

   22  545|2334457899 

   12  546|23569 

    8  547|357 

    5  548|11257 
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6-24 Stem-and-leaf of concentration  N  = 60  Leaf Unit = 1.0  2|2 represents 29 
 Note: Minitab has dropped the value to the right of the decimal to make this display. 
 

    1    2|9 

    2    3|1 

    3    3|9 

    8    4|22223 

   12    4|5689 

   20    5|01223444 

  (13)   5|5666777899999 

   27    6|11244 

   22    6|556677789 

   13    7|022333 

    7    7|6777 

    3    8|01 

    1    8|9 

  

The data have a symmetrical bell-shaped distribution, and therefore may be normally distributed. 

 Sample Mean   59.87
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Sample Median 45.59~ =x  

 
Variable             N     Median      

concentration       60      59.45 
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6-25  Stem-and-leaf display for Problem 6-25. Yard: unit = 1.0 
Note: Minitab has dropped the value to the right of the decimal to make this display. 

 

  1 22 | 6 

  5 23 | 2334 

  8 23 | 677 

  16 24 | 00112444 

  20 24 | 5578 

  33 25 | 0111122334444 

  46 25 | 5555556677899 

  (15) 26 | 000011123334444 

  39 26 | 56677888 

  31 27 | 0000112222233333444 

  12 27 | 66788999 

  4 28 | 003 

  1 28 | 5 
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Sample Median 
 

Variable             N     Median      

yards              100     260.85      
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6-26 Stem-and-leaf of speed  (in megahertz)   N  = 120 

Leaf Unit = 1.0  63|4 represents 634 megahertz 
 

    2   63|47 

    7   64|24899 

   16   65|223566899 

   35   66|0000001233455788899 

   48   67|0022455567899 

  (17)  68|00001111233333458 

   55   69|0000112345555677889 

   36   70|011223444556 

   24   71|0057889 

   17   72|000012234447 

    5   73|59 

    3   74|68 

    1   75| 

    1   76|3 

35/120= 29%  exceed 700 megahertz. 
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Sample Median 0.683~ =x mhz 

 
Variable             N     Median      

speed              120   683.00 
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6-27 a.)Stem-and-leaf display of Problem 6-27. Rating: unit = 0.10  1|2  represents 1.2 

 
    1   83|0 

    2   84|0 

    5   85|000 

    7   86|00 

    9   87|00 

   12   88|000 

   18   89|000000 

   (7)  90|0000000 

   15   91|0000000 

    8   92|0000 

    4   93|0 

    3   94|0 

    2   95|00 

 

b.)  Sample Mean   
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Sample Median 

 
Variable             N       Median      

rating              40       90.000      

 

 

c.) 22/40 or 55% of the taste testers considered this particular Pinot Noir truly exceptional. 
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6-28 a.) Stem-and-leaf diagram of NbOCl3    N  = 27 

Leaf Unit = 100   0|4   represents 40 gram-mole/liter x 10
-3 

 

    6    0|444444 

    7    0|5 

   (9)   1|001122233 

   11    1|5679 

    7    2| 

    7    2|5677 

    3    3|124 

  

b.) sample mean 3
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Sample Median 3x10mole/litergram1256
~ −−=x  

 
Variable             N       Median      

NbOCl3              40      1256 

 

6-29 a.)Stem-and-leaf display for Problem 6-29. Height: unit = 0.10    1|2 represents 1.2 
 

       

 Female Students| Male Students 

      0|61   1         

         00|62   3         

         00|63   5         

       0000|64   9         

   00000000|65  17     2   65|00 

       0000|66  (4)    3   66|0 

   00000000|67  16     7   67|0000 

      00000|68   8    17   68|0000000000    

         00|69   3   (15)  69|000000000000000 

          0|70   1    18   70|0000000 

11   71|00000 
6  72|00 

 4   73|00 

                       2  74|0 

 1   75|0 

 

b.)  The male engineering students are taller than the female engineering students.  Also there is   a 

slightly wider range in the heights of the male students. 
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Section 6-4 
 

6-30   Frequency Tabulation for Exercise 6-14.Octane Data               

-------------------------------------------------------------------------------- 

         Lower    Upper                         Relative   Cumulative  Cum. Rel. 

Class    Limit    Limit   Midpoint   Frequency  Frequency  Frequency   Frequency 

-------------------------------------------------------------------------------- 

   at or below     81.75                  0         .0000         0        .0000 

   1     81.75     84.25      83.0        1         .0120         1        .0120 

   2     84.25     86.75      85.5        6         .0723         7        .0843 

   3     86.75     89.25      88.0       19         .2289        26        .3133 

   4     89.25     91.75      90.5       33         .3976        59        .7108 

   5     91.75     94.25      93.0       18         .2169        77        .9277 

   6     94.25     96.75      95.5        4         .0482        81        .9759 

   7     96.75     99.25      98.0        1         .0120        82        .9880 

   8     99.25    101.75     100.5        1         .0120        83       1.0000 

above   101.75                            0         .0000        83       1.0000 

-------------------------------------------------------------------------------- 

Mean = 90.534     Standard Deviation = 2.888   Median = 90.400 
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6-31. 
                      Frequency Tabulation for Exercise 6-15.Cycles               

-------------------------------------------------------------------------------- 

         Lower    Upper                         Relative   Cumulative  Cum. Rel. 

Class    Limit    Limit   Midpoint   Frequency  Frequency  Frequency   Frequency 

-------------------------------------------------------------------------------- 

   at or below      .000                  0         .0000         0        .0000 

   1      .000   266.667   133.333        0         .0000         0        .0000 

   2   266.667   533.333   400.000        1         .0143         1        .0143 

   3   533.333   800.000   666.667        4         .0571         5        .0714 

   4   800.000  1066.667   933.333       11         .1571        16        .2286 

   5  1066.667  1333.333  1200.000       17         .2429        33        .4714 

   6  1333.333  1600.000  1466.667       15         .2143        48        .6857 

   7  1600.000  1866.667  1733.333       12         .1714        60        .8571 

   8  1866.667  2133.333  2000.000        8         .1143        68        .9714 

   9  2133.333  2400.000  2266.667        2         .0286        70       1.0000 

above 2400.000                            0         .0000        70       1.0000 

-------------------------------------------------------------------------------- 

Mean = 1403.66    Standard Deviation = 402.385    Median = 1436.5                
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6-32 
               Frequency Tabulation for Exercise 6-16.Cotton content               

-------------------------------------------------------------------------------- 

         Lower    Upper                         Relative   Cumulative  Cum. Rel. 

Class    Limit    Limit   Midpoint   Frequency  Frequency  Frequency   Frequency 

-------------------------------------------------------------------------------- 

   at or below      31.0                  0         .0000         0        .0000 

   1      31.0      32.0      31.5        0         .0000         0        .0000 

   2      32.0      33.0      32.5        6         .0938         6        .0938 

   3      33.0      34.0      33.5       11         .1719        17        .2656 

   4      34.0      35.0      34.5       21         .3281        38        .5938 

   5      35.0      36.0      35.5       14         .2188        52        .8125 

   6      36.0      37.0      36.5        7         .1094        59        .9219 

   7      37.0      38.0      37.5        5         .0781        64       1.0000 

   8      38.0      39.0      38.5        0         .0000        64       1.0000 

above     39.0                            0         .0000        64       1.0000 

-------------------------------------------------------------------------------- 

Mean =  34.798  Standard Deviation = 1.364  Median = 34.700 
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6-33. 
                       Frequency Tabulation for Exercise 6-17.Yield               

-------------------------------------------------------------------------------- 

         Lower    Upper                         Relative   Cumulative  Cum. Rel. 

Class    Limit    Limit   Midpoint   Frequency  Frequency  Frequency   Frequency 

-------------------------------------------------------------------------------- 

   at or below    77.000                  0         .0000         0        .0000 

   1    77.000    79.400    78.200        1         .0111         1        .0111 

   2    79.400    81.800    80.600        0         .0000         1        .0111 

   3    81.800    84.200    83.000       11         .1222        12        .1333 

   4    84.200    86.600    85.400       18         .2000        30        .3333 

   5    86.600    89.000    87.800       13         .1444        43        .4778 

   6    89.000    91.400    90.200       19         .2111        62        .6889 

   7    91.400    93.800    92.600        9         .1000        71        .7889 

   8    93.800    96.200    95.000       13         .1444        84        .9333 

   9    96.200    98.600    97.400        6         .0667        90       1.0000 

  10    98.600   101.000    99.800        0         .0000        90       1.0000 

above  101.000                            0         .0000        90       1.0000 

-------------------------------------------------------------------------------- 

Mean = 89.3756    Standard Deviation = 4.31591    Median = 89.25        
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6-34    Frequency Tabulation for Exercise 6-14.Octane Data               

-------------------------------------------------------------------------------- 

         Lower    Upper                         Relative   Cumulative  Cum. Rel. 

Class    Limit    Limit   Midpoint   Frequency  Frequency  Frequency   Frequency 

-------------------------------------------------------------------------------- 

   at or below    83.000                  0         .0000         0        .0000 

   1    83.000    84.125   83.5625        1         .0120         1        .0120 

   2    84.125    85.250   84.6875        2         .0241         3        .0361 

   3    85.250    86.375   85.8125        1         .0120         4        .0482 

   4    86.375    87.500   86.9375        5         .0602         9        .1084 

   5    87.500    88.625   88.0625       13         .1566        22        .2651 

   6    88.625    89.750   89.1875        8         .0964        30        .3614 

   7    89.750    90.875   90.3125       16         .1928        46        .5542 

   8    90.875    92.000   91.4375       15         .1807        61        .7349 

   9    92.000    93.125   92.5625        9         .1084        70        .8434 

  10    93.125    94.250   93.6875        7         .0843        77        .9277 

  11    94.250    95.375   94.8125        2         .0241        79        .9518 

  12    95.375    96.500   95.9375        2         .0241        81        .9759 

  13    96.500    97.625   97.0625        0         .0000        81        .9759 

   14    97.625    98.750   98.1875        0         .0000        81        .9759 

   15    98.750    99.875   99.3125        1         .0120        82        .9880 

  16    99.875   101.000  100.4375        1         .0120        83       1.0000 

above  101.000                            0         .0000        83       1.0000 

-------------------------------------------------------------------------------- 

Mean = 90.534     Standard Deviation = 2.888   Median = 90.400  
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The histograms have the same shape.  Not much information is gained by doubling the number of 

bins. 
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6-35 
Frequency Tabulation for Problem 6-22. Height Data               

-------------------------------------------------------------------------------- 

         Lower    Upper                         Relative   Cumulative  Cum. Rel. 

Class    Limit    Limit   Midpoint   Frequency  Frequency  Frequency   Frequency 

-------------------------------------------------------------------------------- 

   at or below    60.500                  0         .0000         0        .0000 

   1    60.500    61.500    61.000        1         .0270         1        .0270 

   2    61.500    62.500    62.000        2         .0541         3        .0811 

   3    62.500    63.500    63.000        2         .0541         5  .1351 

   4    63.500    64.500    64.000        4         .1081         9  .2432 

   5    64.500    65.500    65.000        8         .2162        17  .4595 

   6    65.500    66.500    66.000        4         .1081        21  .5676 

   7    66.500    67.500    67.000        8         .2162        29  .7838 

   8    67.500    68.500    68.000        5         .1351        34  .9189 

   9    68.500    69.500    69.000        2         .0541        36  .9730 

  10    69.500    70.500    70.000        1         .0270        37       1.0000 

  above 70.500         0        .0000        37       1.0000 

 -------------------------------------------------------------------------------- 

Mean = 65.811    Standard Deviation = 2.106    Median = 66.0                   

 

 

 

6-36 The histogram for the spot weld shear strength data shows that the data appear to be normally 

distributed (the same shape that appears in the stem-leaf-diagram).   
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6-37 
Frequency Tabulation for exercise 6-24. Concentration data            

-------------------------------------------------------------------------------- 

         Lower    Upper                         Relative   Cumulative  Cum. Rel. 

Class    Limit    Limit   Midpoint   Frequency  Frequency  Frequency   Frequency 

-------------------------------------------------------------------------------- 

   at or below    29.000                  0         .0000         0        .0000 

   1    29.0000   37.000    33.000        2         .0333         2        .0333 

   2    37.0000   45.000    41.000        6         .1000         8        .1333 

   3    45.0000   53.000    49.000        8         .1333        16  .2667 

   4    53.0000   61.000    57.000       17         .2833        33  .5500 

   5    61.0000   69.000    65.000       13         .2167        46  .7667 

   6    69.0000   77.000    73.000        8         .1333        54  .9000 

   7    77.0000   85.000    81.000        5         .0833        59  .9833 

   8    85.0000   93.000    89.000        1         .0167        60  1.0000 

above   93.0000                           0         .0800        60  1.0000 

-------------------------------------------------------------------------------- 

Mean = 59.87   Standard Deviation = 12.50    Median = 59.45 
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Yes, the histogram shows the same shape as the stem-and-leaf display. 

 

6-38  Yes, the histogram of the distance data shows the same shape as the stem-and-leaf display in 

exercise 6-25. 
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6-39   Histogram for the speed data in exercise 6-26.  Yes, the histogram of the speed data shows the 

same shape as the stem-and-leaf display in exercise 6-26 

 

 

 

6-40 Yes, the histogram of the wine rating data shows the same shape as the stem-and-leaf display in 

exercise 6-27. 
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6-25 

 

6-41 

contour

trim

holes/slots

assembly

lubrication

dents

pits

deburr

0

16.2

32.4

48.6

64.8

81

scores

Pareto Chart for
Automobile Defects

0

20

40

60

80

100

percent of total

37.0

63.0

72.8
80.2

86.4
91.4

96.3
100.0

 
 Roughly 63% of defects are described by parts out of contour and parts under trimmed. 

 

 

 

 

Section 6-5 

 

6-42      Descriptive Statistics of O-ring joint temperature data  
      Variable   N       Mean     Median     TrMean      StDev    SE Mean 
   Temp      36      65.86      67.50      66.66      12.16       2.03 

 

   Variable       Minimum    Maximum         Q1         Q3 

   Temp             31.00      84.00      58.50      75.00 

 a.) 

 Lower Quartile: Q1=58.50 

Upper Quartile: Q3=75.00 

 b.) Median = 67.50 

 c.) Data with lowest point removed 
   Variable    N       Mean     Median     TrMean      StDev    SE Mean 

   Temp       35      66.86      68.00      67.35      10.74       1.82 

 

         Variable       Minimum    Maximum         Q1         Q3 

   Temp             40.00      84.00      60.00      75.00 

The mean and median have increased and the standard deviation and difference between the upper 

and lower quartile has decreased. 

 d.)Box Plot -  The box plot indicates that there is an outlier in the data. 
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6-43.  Descriptive Statistics 
Variable        N     Mean   Median  Tr Mean    StDev  SE Mean 
PMC            20    4.000    4.100    4.044    0.931    0.208 
Variable      Min      Max       Q1       Q3 
PMC         2.000    5.200    3.150    4.800 

 

 a) Sample Mean: 4    

 b) Sample Variance: 0.867     

     Sample Standard Deviation: 0.931 
 c) 
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6-44  Descriptive Statistics 

Variable      N       Mean     Median     TrMean      StDev    SE Mean 

time          8      2.415      2.440      2.415      0.534      0.189 

 

Variable       Minimum    Maximum         Q1         Q3 

time             1.750      3.150      1.912      2.973 

 a.)Sample Mean: 2.415    

     Sample Standard Deviation: 0.543 

 b.) Box Plot – There are no outliers in the data. 
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6-45. Descriptive Statistics 
Variable        N     Mean   Median  Tr Mean    StDev  SE Mean 
Temperat        9   952.44   953.00   952.44     3.09     1.03 
Variable      Min      Max       Q1       Q3 
Temperat   948.00   957.00   949.50   955.00 

  

a) Sample Mean: 952.44 

     Sample Variance: 9.55 

     Sample Standard Deviation: 3.09 

 b) Median: 953;   Any increase in the largest temperature measurement will not affect the median. 

 c) 
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6-46 Descriptive statistics 
 Variable             N   Mean   Median     TrMean      StDev    SE Mean 

drag coefficients     9  83.11  82.00      83.11       7.11       2.37 

 

Variable               Minimum    Maximum         Q1         Q3 

drag coefficients        74.00     100.00      79.50      84.50 

 a.) Upper quartile: Q1 =79.50 

      Lower Quartile: Q3=84.50 

 b.) 
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c.) Variable           N   Mean   Median    TrMean      StDev    SE Mean 
   drag coefficients  8  81.00    81.50     81.00       3.46       1.22 

 

   Variable         Minimum    Maximum         Q1         Q3 

         drag coefficients         74.00      85.00      79.25      83.75 

 

 

Removing the largest observation (100)  lowers the mean and median.  Removing this “outlier also 

greatly reduces the variability as seen by the smaller standard deviation and the smaller difference 

between the upper and lower quartiles. 

 

  

6-47. 

Descriptive Statistics 
Variable        N     Mean   Median  Tr Mean    StDev  SE Mean 
temperat       24   48.125   49.000   48.182    2.692    0.549 
Variable      Min      Max       Q1       Q3 
temperat   43.000   52.000   46.000   50.000 

 

 a) Sample Mean: 48.125 

     Sample Median: 49 

 b) Sample Variance: 7.246 

     Sample Standard Deviation: 2.692 

 c)  
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      The data appear to be slightly skewed. 

  

 

4-48 The golf course yardage data appear to be skewed.  Also, there is an outlying data point above 7500 yards.     
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6-49 

 

This plot conveys the same basic information as the stem and leaf plot but in a different format. The outliers that were 

separated from the main portion of the stem and leaf plot are shown here separated from the whiskers. 

 

 

 

 

 

 

 

 

 

6-50 The box plot shows that the data are symmetrical about the mean.  It also shows that there are no outliers in 

the data.  These are the same interpretations seen in the stem-leaf-diagram.   
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6-51 

This plot, as the stem and leaf one, indicates that the data fall mostly in one region and that the measurements toward 

the ends of the range are more rare. 

 

 

 

 

 

 

 

 

 

 

 

 

6-52 The box plot and the stem-leaf-diagram show that the data are very symmetrical about the mean.  It also 

shows that there are no outliers in the data.  
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6-53 
 

The plot indicates that most balls will fall somewhere in the 250-275 range. In general, the population is grouped more 

toward the high end of the region. This same type of information could have been obtained from the stem and leaf 

graph of problem 6-25. 

 

 

 

 

 

6-54 The box plot shows that the data are not symmetrical about the mean.  The data are skewed to the right and 

have a longer right tail (at the lower values).  It also shows that there is an outlier in the data.  These are the 

same interpretations seen in the stem-leaf-diagram. 
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6-55 

 

We can see that the two distributions seem to be centered at different values. 
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6-56 The box plot shows that there is a difference between the two formulations.  Formulation 2 has a 

higher mean cold start ignition time and a larger variability in the values of the start times.  The 

first formulation has a lower mean cold start ignition time and is more consistent.  Care should be 

taken, though since these box plots for formula 1 and formula 2 are made using 8 and 10 data 

points respectively.  More data should be collected on each formulation to get a better 

determination. 

 

 

 

Section 6-6 

 

6-57. Time Series Plot  
 

 Computer response time appears random.  No trends or patterns are obvious. 
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6-58 a.) Stem-leaf-plot of viscosity  N  = 40 

                  Leaf Unit = 0.10   
 

    2   42 89 

   12   43 0000112223 

   16   43 5566 

   16   44  

   16   44  

   16   45  

   16   45  

   16   46  

   16   46  

   17   47 2 

   (4)  47 5999 

   19   48 000001113334 

    7   48 5666689 

 

 

 

The stem-leaf-plot shows that there are two “different” sets of data.  One set of data is centered about 43 and 

the second set is centered about 48.  The time series plot shows that the data starts out at the higher level and 

then drops down to the lower viscosity level at point 24.  Each plot gives us a different set of information. 

 

b.)  If the specifications on the product viscosity are 48.0±2, then there is a problem with the process 

performance after data point 24.  An investigation needs to take place to find out why the location of the 

process has dropped from around 48.0 to 43.0.  The most recent product is not within specification limits. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6-59. a)  
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b) Stem-and-leaf display for Problem 2-23.Force: unit = 1    1|2  represents 12     
                                                                                 

    3   17|558                                                                   

    6   18|357                                                                   

   14   19|00445589                                                              

   18   20|1399                                                                  

   (5)  21|00238                                                                 

   17   22|005                                                                   

   14   23|5678                                                                  

   10   24|1555899                                                               

    3   25|158                                                                   

 

In the time series plot there appears to be a downward trend beginning after time 30. The stem and leaf 

plot does not reveal this. 
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6-61 a) 

 

b) Stem-and-leaf display for Problem 2-25.Sunspots: unit = 1    1|2  represents 12  
                                                                                 

   17    0|01224445677777888                                                     

   29    1|001234456667                                                          

   39    2|0113344488                                                            

   50    3|00145567789                                                           
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   10   10|13                                                                    

    8   11|8                                                                     

    7   12|245                                                                   

    4   13|128                                                                   

                                                                                 

        HI|154                                                                   

 

     The data appears to decrease between 1790 and 1835, the stem and leaf plot indicates skewed data. 

 

 

6-62  a.) Time Series Plot 

 

Each year the miles flown peaks during the summer hours.  The number of miles flown  increased over the 

years 1964 to 1970. 

 

 b.) Stem-and-leaf of miles fl  N  = 84 
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Leaf Unit = 0.10 

 

    1    6 7 

   10    7 246678889 

   22    8 013334677889 

   33    9 01223466899 

  (18)  10 022334456667888889 

   33   11 012345566 

   24   12 11222345779 

   13   13 1245678 

    6   14 0179 

    2   15 1 

    1   16 2 

 

When grouped together, the yearly cycles in the data are not seen.  The data in the stem-leaf-

diagram appear to be nearly normally distributed. 
 

 

 

 

 

Section 6-7 

 

6-63  

 

The pattern of the data indicates that the sample may not come from a normally distributed population or that the 

largest observation is an outlier. Note the slight bending downward of the sample data at both ends of the graph. 
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6-64 
 

 

 It appears that the data do not come from a normal distribution.  Very few of the data points fall on the line. 

 

 

 

 

 

6-65 

 

 

There is no evidence to doubt that data are normally distributed 
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6-66 
 

 

 

  

 The data appear to be normally distributed.  Although, there are some departures from the line at the ends  

of the distribution. 

 

6-67 
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There are a few points outside the confidence limits, indicating that the sample is not perfectly normal. These 

deviations seem to be fairly small though. 

 

 

6-68 
 

 

 The data appear to be normally distributed.  Although, there are some departures from the line at the ends  

of the distribution. 

 

6-69 
 

 

The data seem to be normally distributed. Notice that there are clusters of observations because  

of the discrete nature of the ratings. 
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6-70  

 

 

 The data appear to be normally distributed.  Nearly all of the data points fall very close to, or on the line. 

 

6-71 

 

 

 

 

Both populations seem to be normally distributed, moreover, the lines seem to be roughly parallel  

indicating that the populations may have the same variance and differ only in the value of their mean. 

 

 

 

6-72 Yes, it is possible to obtain an estimate of the mean from the 50th percentile value of the normal probability 

plot.  The fiftieth percentile point is the point at which the sample mean should equal the population mean 

and 50% of the data would be above the value and 50% below.  An estimate of the standard deviation would 

be to subtract the 50th  percentile from the 64th percentile  These values are based on the values from the z-

table that could be used to estimate the standard deviation. 
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Supplemental Exercises 
 

6-73. a) Sample Mean = 65.083 

     The sample mean value is close enough to the target value to accept the solution as  

     conforming.  There is a slight difference due to inherent variability. 

  

 b) s
2
 = 1.86869  s = 1.367  

     A major source of variability would include measurement to measurement error. 

     A low variance is desirable since it may indicate consistency from measurement to measurement. 
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     Shifting the data from the sample by a constant amount has no effect on the sample variance or standard   

     deviation. 

c) 620010061043300
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    Yes, the rescaling is by a factor of 10.  Therefore, s2 and s would be rescaled by multiplying s2 by 102    

     (resulting in 1990Ω2) and s by 10 (44.6Ω). 
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6-75  a) Sample 1 Range = 4 

     Sample 2 Range = 4 

     Yes, the two appear to exhibit the same variability 

 b) Sample 1 s = 1.604 

     Sample 2 s = 1.852 

     No, sample 2 has a larger standard deviation. 

c) The sample range is a relatively crude measure of the sample variability as compared to the sample 

standard deviation since the standard deviation uses the information from every data point in the sample 

whereas the range uses the information contained in only two data points - the minimum and maximum. 

 

 

 

6-76 a.) It appears that the data may shift up and then down over the 80 points. 
 

 b.)It appears that the mean of the second set of 40 data points may be slightly higher than the first set of 40. 

 

 c.) Descriptive Statistics: viscosity 1, viscosity 2 

 
Variable       N       Mean     Median     TrMean      StDev    SE Mean 

Viscosity1    40     14.875     14.900     14.875      0.948      0.150 

Viscosity2    40     14.923     14.850     14.914      1.023      0.162 

 

 There is a slight difference in the mean levels and the standard deviations. 

 

 

 

 

 

 

 

 

 

 

 

 

6-77 
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6-44 

 

 
Both sets of data appear to have the same mean although the first half seem to be concentrated a little more tightly. 

Two data points appear as outliers in the first half of the data. 

 

 

 

6-78 

 

There appears to be a cyclic variation in the data with the high value of the cycle generally increasing.  The 

high values are during the winter holiday months. 

  

b) We might draw another cycle, with the peak similar to the last year’s data (1969) at about 12.7 thousand 

bottles. 

 

 

 

 

 

 

 

 

 

 

6-79 a)Stem-and-leaf display for Problem 2-35: unit = 1    1|2  represents 12           
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    1    0T|3                                                                    

    8    0F|4444555                                                              

   18    0S|6666777777                                                           

   (7)   0o|8888999                                                              

   15    1*|111                                                                  

   12    1T|22233                                                                

    7    1F|45                                                                   

    5    1S|77                                                                   

    3    1o|899                                                                  

 

 b) Sample Average = 9.325 

     Sample Standard Deviation = 4.4858 

  

c)  

 

 
 

      

   The time series plot indicates there was an increase in the average number of nonconforming springs 

     made during the 40 days. In particular, the increase occurs during the last 10 days. 

 

 

 

6-80 a.) Stem-and-leaf of errors    N  = 20 
   Leaf Unit = 0.10 
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 b.) Sample Average = 1.700 

     Sample Standard Deviation = 1.174 
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 The time series plot indicates a slight decrease in the number of errors for strings 16 - 20. 
 

 

6-81  

 

Both sets of data appear to be normally distributed and with roughly the same mean value. The difference in slopes for 

the two lines indicates that a change in variance might have occurred. This could have been the result of a change in 

processing conditions, the quality of the raw material or some other factor. 
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6-82  

 

There appears to be no evidence that the data are not normally distributed.  There are some repeat points in 

the data that cause some points to fall off the line. 

 

 

6-83  

 

 

 

 

 

 

 

 

Although we do not have sufficient data points to really see a pattern, there seem to be no significant deviations from 

normality for either sample. The large difference in slopes indicates that the variances of the populations are very 

different. 

 

 

6-44 

6-56 
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8-84 a.)  

 

 

 

 The data do not appear to be normally distributed.  There is a curve in the line. 

 

 b.)  

 

 

 After the transformation y*=log(y), the normal probability plot shows no evidence that the data are not normally 

distributed. 

 

 

 

 

 

 

 

6-85  
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- There is a difference in the variability of the measurements in the trials.  Trial 1 has the most 

variability in the measurements.  Trial 3 has a small amount of variability in the main group of 

measurements, but there are four outliers.  Trial 5 appears to have the least variability without 

any outliers. 

-  All of the trials except Trial 1 appear to be centered around 850.  Trial 1 has a higher mean 

value 

- All five trials appear to have measurements that are greater than the “true” value of 734.5. 

- The difference in the measurements in Trial 1 may indicate a “start-up” effect in the data. 

There could be some bias in the measurements that is centering the data above the “true” 

value. 

 

 

6-86 a.) Descriptive Statistics 
Variable      N       Mean     Median     TrMean      StDev    SE Mean 

density      29     5.4541     5.4600     5.4611     0.4072     0.0756 

 

 b.) There does appear to be a low outlier in the data. 
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 c.)Due to the very low data point at 4.07, the mean may be lower than it should be.  

Therefore, the median would be a better estimate of the density of the earth.  The 

median is not affected by outliers. 

 

 

 

Mind Expanding Exercises 
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 Subtract 30 and multiply by 10 
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Yes, the rescaling is by a factor of 10.  Therefore, s2 and s would be rescaled by multiplying s2 by 102        

(resulting in 5061.1) and s by 10 (71.14). Subtracting 30 from each value has no affect on the variance or 

standard deviation.  This is because )()( 2 XVabaXV =+ . 
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minimized when a = x .  
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given that µ≠x .  This is because x is based on the values of the ix ’s.  The value of µ may be quite 

different for this sample. 
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6-91    00.835=x °F 5.10=xs  °F 

  

        The results in °C: 

89.431)00.835(9/5329/532 =+−=+−= xy °C 
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6-92 Using the results found in Exercise 6-90 with a = 
s

x
−  and b = 1/s, the mean and standard deviation 

of the zi are z = 0  and  sZ = 1. 

 

 

 

 

6-93. Yes, in this case, since no upper bound on the last electronic component is available, use a measure 

of central location that is not dependent on this value.  That measure is the median. 
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6-95. The trimmed mean is pulled toward the median by eliminating outliers. 

 a) 10% Trimmed Mean = 89.29 

 b) 20% Trimmed Mean = 89.19 

     Difference is very small 

 c) No, the differences are very small, due to a very large data set with no significant outliers. 

 

6-96. If nT/100 is not an integer, calculate the two surrounding integer values and interpolate between the two.    

 For example, if nT/100 = 2/3, one could calculate the mean after trimming 2 and 3 observations from each  

 end and then interpolate between these two means. 
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2 ,            1X and 2X  are unbiased estimators of  µ. 
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 Since both estimators are unbiased, examination of the variances would conclude that X1  is the “better” 

 estimator with the smaller variance. 
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 a) Both  1Θ̂ and 2Θ̂  are unbiased estimates of  µ  since the expected values of these statistics are 

     equivalent to the true mean, µ. 
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   Since both estimators are unbiased, the variances can be compared to decide which is the better 

   estimator. The variance of 1Θ̂ is smaller than that of 2Θ̂ , 1Θ̂ is the better estimator.  

 

7-3.  Since both 1Θ̂ and 2Θ̂  are unbiased, the variances of the estimators can be examined to determine which 

is the “better” estimator.  The variance of �θ2  is smaller than that of 1θ̂ thus �θ2  may be the better    

estimator. 
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7-4.  Since both estimators are unbiased: 
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7-5. 5.2
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7-6. θΘ =)ˆ( 1E     2/)ˆ( 2 θΘ =E  

 θΘ −= )ˆ( 2EBias  
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θ

θ
2

−  = −
θ

2
 

         V )ˆ( 1Θ = 10        V )ˆ( 2Θ = 4 

 For unbiasedness, use 1Θ̂ since it is the only unbiased estimator. 

 As for minimum variance and efficiency we have: 
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 If the relative efficiency is less than or equal to 1, 1Θ̂ is the better estimator. 

 Use 1Θ̂ , when 
40

16
1

2( )+
≤

θ
 

40 16
2≤ +( )θ  

24
2≤ θ   

θ ≤ −4 899. or θ ≥ 4 899.  

 

 If − < <4 899 4 899. .θ then use 2Θ̂ . 

 For unbiasedness, use 1Θ̂ .  For efficiency, use 1Θ̂ when θ ≤ −4 899. or θ ≥ 4 899. and use 2Θ̂  when 

 − < <4 899 4 899. .θ . 

 

7-7. θΘ =)ˆ( 1E  No bias  )ˆ(12)ˆ( 11 ΘΘ MSEV ==  

 θΘ =)ˆ( 2E  No bias  )ˆ(10)ˆ( 22 ΘΘ MSEV ==  

 θΘ ≠)ˆ( 3E  Bias  6)ˆ( 3 =ΘMSE  [note that this includes (bias2)] 

    To compare the three estimators, calculate the relative efficiencies: 
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 Conclusion: 

 3Θ̂  is the most efficient estimator with bias, but it is biased. 2Θ̂  is the best “unbiased” estimator. 
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7-8.  n1 = 20, n2 = 10, n3 = 8 

 Show that S2 is unbiased: 
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 ∴  S2 is an unbiased estimator of σ2 .  
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 c) Bias decreases as n increases. 
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7-10 a) Show that 2X is a biased estimator of µ.  Using ( ) [ ]E X V X E X2 2
= +( ) ( )  
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 ∴  2X is a biased estimator of µ.2 

 b) Bias = ( )
nn

XE
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 c) Bias decreases as n increases. 

 

7-11         a.)  The average of the 26 observations provided can be used as an estimator of the mean pull force  

since we know it is unbiased. This value is 75.615 pounds. 

b.)  The median of the sample can be used as an estimate of the point that divides the population 

into a “weak” and “strong” half. This estimate is 75.2 pounds. 

c.)  Our estimate of the population variance is the sample variance or 2.738 square pounds. 

Similarly, our estimate of the population standard deviation is the sample standard deviation 

or 1.655 pounds. 

d.) The standard error of the mean pull force, estimated from the data provided is 0.325 pounds. 

This value is the standard deviation, not of the pull force, but of the mean pull force of the 

population. 

e.) Only one connector in the sample has a pull force measurement under 73 pounds. Our point 

estimate for the proportion requested is then 1/26 = 0.0385 
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7-12. Descriptive Statistics 
 
 
Variable         N   Mean      Median     TrMean      StDev    SE Mean 

Oxide Thickness 24  423.33     424.00     423.36       9.08       1.85 

  

 

a) The mean oxide thickness, as estimated by Minitab from the sample, is 423.33 

Angstroms. 

b) Standard deviation for the population can be estimated by the sample standard 

deviation, or 9.08 Angstroms. 

c) The standard error of the mean is 1.85 Angstroms. 

d) Our estimate for the median is 424 Angstroms. 

e) Seven of the measurements exceed 430 Angstroms, so our estimate of the proportion 

requested is 7/24 = 0.2917 
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b) Let X  be the sample average of the observations in the random sample.  We know 

that ( )E X µ= , the mean of the distribution.  However, the mean of the distribution is �/3, so 

ˆ 3Xθ = is an unbiased estimator of �. 
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b.)  We know that the variance of p̂  is 
n

pp )1( −⋅
so its standard error must be 

n

pp )1( −⋅
. To 

estimate this parameter we would substitute our estimate of p into it. 
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This standard error could be estimated by using the estimates for the standard deviations  

of populations 1 and 2. 
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c.) The value of alpha that minimizes the standard error is: 
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b.) With a = 4 and n1=2n2, the value of alpha to choose is 8/9.  The arbitrary value of α=0.5 is too small and 

will result in a larger standard error.  With α=8/9 the standard error is  
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          c.)  An estimate of the standard error could be obtained substituting 
1
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n

X
 for 1p  and 

2
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                for 2p  in the equation shown in (b). 

 

   d.)   Our estimate of the difference in proportions is 0.01 

 

   e.)  The estimated standard error is 0.0413 
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  Let 1=λ then 
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θ cannot be estimated using ML equations since 
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dLnL
.  Therefore, θ is estimated using ),,,( 21 nXXXMin � . 

Ln(θ) is maximized at xmin and min
ˆ x=θ  

b.) Example:  Consider traffic flow and let the time that has elapsed between one car passing a fixed point 

     and the instant that the next car begins to pass that point be considered time headway.  This headway   

     can be modeled by the shifted exponential distribution. 

Example in Reliability:  Consider a process where failures are of interest.  Say that a sample or          

population is put into operation at x = 0, but no failures will occur until θ period of operation.  Failures      

will occur after the time θ. 
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c) Numerical iteration is required. 
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 The expected value of this estimate is the true parameter so it must be unbiased. This estimate is 

reasonable in one sense because it is unbiased.  However, there are obvious problems.  Consider 

the sample x1=1, x2=2 and x3=10.  Now x =4.37 and 667.82ˆ == xa .  This is an unreasonable 

estimate of a, because clearly a ≥ 10. 
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7-26. a)  â cannot be unbiased since it will always be less than a. 

 b)  bias = 
11
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∞→
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 c) X2  

 d)  P(Y≤y)=P(X1, …,Xn ≤ y)=(P(X1≤y))
n
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n

a

y
�
�

�
�
�

�
.  Thus, f(y) is as given.  Thus,  

bias=E(Y)-a = 
11 +

−=−
+ n

a
a

n

an
. 

 

7-27 For any n>1 n(n+2) > 3n so the variance of 2â  is less than that of 1̂a . It is in this sense that the second estimator is 

better than the first. 
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setting the last equation equal to zero and solving for theta, we find: 
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setting the last equation equal to zero, we obtain the maximum likelihood estimate 
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which is the same result we obtained in part (a) 
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We can estimate the median (a) by substituting our estimate for theta into the  

equation for a. 
 

 

 

7-30 a) c
x

ccxdxxc 2)
2

(1)1(

1

1

1

1

2

=+==+

−−
� θθ  

 

so the constant c should equal 0.5 

 

b) 

�

�

=

=

⋅=

==

n

i
i

n

i
i

X
n

X
n

XE

1

1

1
3

3

1
)(

θ

θ

 

 

c) 

 

θ
θ

θ ====�
�
�

�
�
�
�

�
⋅= �

= 3
3)(3)3(

1
3)ˆ(

1

XEXEX
n

EE
n

i
i  

 

 

d) 

�

�∏

=

==

+
=

∂

∂

++=+=

n

i i

i

n

i
i

n

i
i

X

XL

XnLXL

1

11

)1(

)(ln

)1ln()
2

1
ln()(ln)1(

2

1
)(

θθ

θ

θθθθ

 

 

 

 

 

  by inspection, the value of  θ that maximizes the likelihood is max (Xi) 

 

 

 

 

 



7-12 

 

7-31 a)Using the results from Example 7-12 we obtain that the estimate of the mean is 423.33 and the estimate of 

the variance is 82.4464 

  b) 

 

The function seems to have a ridge and its curvature is not too pronounced.  The maximum value for std 

deviation is at 9.08, although it is difficult to see on the graph.   

 

 
7-32 When n is increased to 40, the graph will look the same although the curvature will be more pronounced.  

As n increases it will be easier to determine the where the maximum value for the standard deviation is on 

the graph. 
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7-37. Assuming a normal distribution, 
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7-40. Let 6−= XY  
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7-42.  

µ X = 8 2.  minutes n = 49  

σX = 15.  minutes 
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Using the central limit theorem, X  is approximately normally distributed. 
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7-43.  
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7-44. If AB µµ = , then AB XX −  is approximately normal with mean 0 and variance 48.20
2525

22

=+ AB σσ
. 

 Then, 2196.0)773.0()()5.3(
48.20

05.3 =>=>=>− − ZPZPXXP AB  

The probability that XB  exceeds X A  by 3.5 or more is not that unusual when AB and µµ  are equal. 

Therefore, there is not strong evidence that Bµ  is greater than Aµ . 

 

7-45. Assume approximate normal distributions. 
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7-52. No, because Central Limit Theorem states that with large samples (n ≥ 30), X  is approximately normally 

 distributed. 

 

7-53. Assume X  is approximately normally distributed. 
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 753.115,05. =t . Since 5.33 >> 15,05.t , the results are very unusual. 

  

7-55. 0)36.5()37( =−≤=≤ ZPXP  

 

7-56. Binomial with p equal to the proportion of defective chips and n = 100. 
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Making the last equation equal to zero and solving for theta, we obtain: 
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as the maximum likelihood estimate. 
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making the last equation equal to zero and solving for theta, we obtain the maximum likelihood estimate. 
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making the last equation equal to zero and solving for the parameter of interest, we obtain the maximum 

likelihood estimate. 
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Mind-Expanding Exercises 
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7-62 a) 
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b.) When n = 10, cn = 1.0281. When n = 25, cn = 1.0105. So S is a pretty good estimator for the standard 

deviation even when relatively small sample sizes are used. 
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7-63  (a) 
2 2 2;  so  is N(0, 2 ).  Let * 2i i i iZ Y X Z σ σ σ= − = .  The likelihood function is  
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So the estimator is unbiased. 
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7-64. 
2

1
||

c
XP

n

c ≤�
�
��

�
� ≥− σµ  from Chebyshev's inequality. 

Then, 
2

1
1||

c
XP

n

c −≥�
�
��

�
� <− σµ . Given an ε, n and c can be chosen sufficiently large that the last probability 

is near 1 and 
n

cσ  is equal to ε. 

 

 

7-65  ( ) ( ) ( ) n
in tFnifortXPtXP ][,...,1)( ==≤=≤  

( ) ( ) ( ) n
i tFnifortXPtXP ]1[,...,1)1( −==>=>  
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7-66 ( ) ( ) ( ) nn
X pFFXP −=−−=== 1]01[100

)1()1(  because F(0) = 1 - p. 

 ( ) ( ) ( ) ( )nn
Xn pFFXP

n
−−=−=−== 11]0[1011

)()(  

 

 

7-67. ( ) ( ) [ ]
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tFtXP .  From Exercise 7-65,  
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7-68. ( ) t
etXP

λ−−=≤ 1 . From Exercise 7-65, 
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7-69. ( )( ) ( )( ) n
nn ttFXPtXFP =≤=≤ −1

)()(  from Exercise 7-65 for 0 1≤ ≤t . 

If )( )(nXFY = , then 10,)( 1 ≤≤= − ynyyf n
Y . Then, 

1
)(

1

0 +
== �

n

n
dynyYE

n
 

( )( ) ( )( ) n
ttFXPtXFP )1(11

)1()1( −−=<=> −
 from Exercise 7-65 for 0 1≤ ≤t . 

If )( )1(XFY = , then 10,)1()( 1 ≤≤−= − ytnyf n
Y .  

Then, 
1

1
)1()(

1

0

1

+
=−= �

−

n
dyyynYE

n
 where integration by parts is used. Therefore, 
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XFE n  
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7-71 a.)The traditional estimate of the standard deviation, S, is 3.26. The mean of the sample is 13.43 so the 

values of XX i −  corresponding to the given observations are 3.43, 1.43, 4.43, 0.57, 4.57, 1.57 and 2.57. 

The median of these new quantities is 2.57 so the new estimate of the standard deviation is 3.81; slightly 

larger than the value obtained with the traditional estimator. 

b.) Making the first observation in the original sample equal to 50 produces the following results. The 

traditional estimator, S, is equal to 13.91. The new estimator remains unchanged. 

 

7-72  a.)  
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Because X1 is the minimum lifetime of n items, 
λn

XE
1

)( 1 = . 

Then, X2 − X1 is the minimum lifetime of (n-1) items from the memoryless property of the exponential and 

λ)1(

1
)( 12
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n
XXE .  
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kn
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b.) )/(1)/( 2rrTV r λ= is related to the variance of the Erlang distribution 

2
/)( λrXV = .  They are related by the value (1/r2) .  The censored variance is (1/r2) times the uncensored 

variance. 
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Section 7.3.3 on CD 

 

S7-1  From Example S7-2 the posterior distribution for µ is normal with mean 
n

xn

/

)/(
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σµσ
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 and 

variance   
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. 

 The Bayes estimator for µ goes to the MLE as n increases.  This follows since n/2σ  

goes to 0, and the estimator approaches 
2

0

2

0

σ

σ x
 (the 

2

0σ ’s cancel).  Thus, in the limit x=µ̂ . 

 

S7-2 a) Because 
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b) The Bayes estimator is 
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S7-3. a) 
!

)(
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e
xf

xλλ−

=  for x = 0, 1, 2, and 
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0 +Γ
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     This last density is recognized to be a gamma density as a function of λ. Therefore, the posterior        

distribution of λ is a gamma distribution with parameters m + x + 1 and 1 + 
m + 1

0λ
. 

b) The mean of the posterior distribution can be obtained from the results for the gamma distribution to be   
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+ 1
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S7-4 a) From Example S7-2, the Bayes estimate is 625.4
1

)85.4(1)4(~

25

9

25

9

=
+

+
=µ  

b.) 85.4ˆ == xµ   The Bayes estimate appears to underestimate the mean. 

  

 

S7-5. a) From Example S7-2, 046.5
01.0

)05.5)(()03.5)(01.0(~

25

1

25

1

=
+

+
=µ  

b.) 05.5ˆ == xµ   The Bayes estimate is very close to the MLE of the mean. 

 

S7-6. a) 0,)|( ≥= −
xexf

xλλλ  and 
λλ 01.001.0)( −= ef . Then, 

)01.0(201.0)(2

21
2121 01.001.0),,( ++−−+− == xxxx

eeexxf
λλλ λλλ . As a function of λ, this is 

recognized as a gamma density with parameters 3 and x x1 2 0 01+ + . . Therefore, the posterior mean for λ is 

00133.0
01.02
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01.0

3~

21

=
+

=
++

=
xxx

λ . 

 b) Using the Bayes estimate for λ, P(X<1000)= �
−

1000

0

00133.00133.0 dxe
x

=0.736. 
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CHAPTER 8  

 

 
 

Section 8-2 

8-1 a.) The confidence level for nxnx /14.2/14.2 σµσ +≤≤− is determined by the 

     by the value of z0 which is 2.14.  From Table II, we find Φ(2.14) = P(Z<2.14) = 0.9838 and the  

     confidence level is 100(1-.032354) = 96.76%. 

  b.) The confidence level for nxnx /49.2/49.2 σµσ +≤≤− is determined by the 

     by the value of z0 which is 2.14.  From Table II, we find Φ(2.49) = P(Z<2.49) = 0.9936 and the  

     confidence level is is 100(1-.012774) = 98.72%. 

c.) The confidence level for nxnx /85.1/85.1 σµσ +≤≤− is determined by the 

     by the value of z0 which is 2.14.  From Table II, we find Φ(1.85) = P(Z<1.85) = 0.9678 and the  

     confidence level is 93.56%. 

 

8-2 a.) A zα = 2.33 would give result in a 98% two-sided confidence interval. 

 b.) A zα = 1.29 would give result in a 80% two-sided confidence interval. 

 c.) A zα = 1.15 would give result in a 75% two-sided confidence interval. 

 

8-3 a.) A zα = 1.29 would give result in a 90% one-sided confidence interval. 

 b.) A zα = 1.65 would give result in a 95% one-sided confidence interval. 

 c.) A zα = 2.33 would give result in a 99% one-sided confidence interval. 

 

8-4 a.) 95% CI for 96.1,100020,10      , ==== zxn σµ  

4.10126.987

)10/20(96.11000)10/20(96.11000

//

≤≤

+≤≤−

+≤≤−

µ

µ

σµσ nzxnzx

 

b.) .95% CI for 96.1,100020,25      , ==== zxn σµ  

8.10072.992

)25/20(96.11000)25/20(96.11000

//
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+≤≤−

+≤≤−

µ

µ

σµσ nzxnzx

 

 

c.) 99% CI for 58.2,100020,10      , ==== zxn σµ  

3.10167.983

)10/20(58.21000)10/20(58.21000

//

≤≤

+≤≤−

+≤≤−

µ

µ

σµσ nzxnzx

 

d.) 99% CI for 58.2,100020,25      , ==== zxn σµ  

3.10107.989

)25/20(58.21000)25/20(58.21000

//
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+≤≤−

+≤≤−

µ

µ

σµσ nzxnzx
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8-5 Find n for the length of the 95% CI to be 40.  Za/2 = 1.96 

84.3
20

2.39

202.39

20/)20)(96.1(length 1/2

2

=�
�

�
�
�

�=

=

==

n

n

n
 

Therefore, n = 4. 

 

8-6 Interval (1): 7.32159.3124 ≤≤ µ  and Interval (2):: 1.32305.3110 ≤≤ µ  

 Interval (1): half-length =90.8/2=45.4  Interval (2): half-length =119.6/2=59.8 

  

 a.) 3.31704.459.31241 =+=x  

 3.31708.595.31102 =+=x    The sample means are the same. 

 

b.) Interval (1): 7.32159.3124 ≤≤ µ  was calculated with 95% Confidence because it has a smaller 

half-length, and therefore a smaller confidence interval.  The 99% confidence level will make the interval 

larger. 

  

8-7 a.)   The 99% CI on the mean calcium concentration would be longer. 

b).   No, that is not the correct interpretation of a confidence interval.  The probability that µ is between  

               0.49 and 0.82 is either 0 or 1. 

c).  Yes, this is the correct interpretation of a confidence interval.  The upper and lower limits of the  

              confidence limits are random variables. 

 

8-8 95% Two-sided CI on the breaking strength of yarn:  where x = 98  , σ = 2 , n=9 and z0.025 = 1.96 

   

3.997.96

9/)2(96.1989/)2(96.198

// 025.0025.0
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+≤≤−

µ

µ

σµσ nzxnzx

 

 

8-9   95% Two-sided CI on the true mean yield:  where x = 90.480  , σ = 3 , n=5 and z0.025 = 1.96 

  

11.9385.87

5/)3(96.1480.905/)3(96.1480.90

// 025.0025.0
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+≤≤−

+≤≤−

µ

µ

σµσ nzxnzx

 

 

8-10 99% Two-sided CI on the diameter cable harness holes:  where x =1.5045  , σ = 0.01 , n=10 and  

z0.005 = 2.58 

  

5127.14963.1

10/)01.0(58.25045.110/)01.0(58.25045.1

// 005.0005.0
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+≤≤−

+≤≤−

µ

µ

σµσ nzxnzx
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8-11 a.) 99% Two-sided CI on the true mean piston ring diameter 

     For α = 0.01, zα/2 = z0.005 = 2.58 , and x = 74.036, σ = 0.001, n=15 

             x z
n

x z
n

−
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�
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�
� ≤ ≤ +

�

�
�
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�
�0 005 0 005. .

σ
µ

σ
 

     74 036 2 58
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�
�µ  

                           74.0353 ≤ µ ≤ 74.0367 

 

 

 b.) 95% One-sided CI on the true mean piston ring diameter  

      For α = 0.05, zα = z0.05 =1.65 and x = 74.036, σ = 0.001, n=15 

      

µ

µ
σ

≤�
�

�
�
�

�
−
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001.0
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                           74.0356 ≤ µ 

 

8-12 a.) 95% Two-sided CI on the true mean life of a 75-watt light bulb 

     For α = 0.05, zα/2 = z0.025 = 1.96 , and x = 1014, σ =25 , n=20 
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 b.) 95% One-sided CI on the true mean piston ring diameter  

      For α = 0.05, zα = z0.05 =1.65 and  x = 1014, σ =25 , n=20 

      

µ

µ

µ
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8-13 a) 95% two sided CI on the mean compressive strength 

zα/2 = z0.025 = 1.96, and x = 3250, σ2 = 1000, n=12 
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 b.) 99% Two-sided CI on the true mean compressive strength  

     zα/2 = z0.005 = 2.58 
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8-14 95%  Confident that the error of estimating the true mean life of a 75-watt light bulb is less than 5 hours. 

     For α = 0.05, zα/2 = z0.025 = 1.96 , and σ =25 ,  E=5 

 04.96
5

)25(96.1
22

2/ =�
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�=�
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�
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E

z
n a σ

 

 Always round up to the next number, therefore n=97 

 

8-15 Set the width to 6 hours with σ = 25, z0.025 = 1.96 solve for n. 

78.266
3

49

349

3/)25)(96.1( width1/2

2
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=

==

n

n

n
 

Therefore, n=267. 

 

8-16 99%  Confident that the error of estimating the true compressive strength is less than 15 psi. 

     For α = 0.01, zα/2 = z0.005 = 2.58 , and σ =31.62 ,  E=15 

 306.29
15

)62.31(58.2
22
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 Therefore, n=30 
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8-17 To decrease the length of the CI by one half, the sample size must be increased by 4 times (22). 

lnz 5.0/2/ =σα    

 Now, to decrease by half, divide both sides by 2. 

4/)2/(

4/)2/(

2/)2/(2/)/(

2

2/

2/

2/

lnz

lnz

lnz

=

=

=

σ

σ

σ

α

α

α

 

Therefore, the sample size must be increased by 22. 

 

8-18 If n is doubled in Eq 8-7: ��
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 The interval is reduced by 0.293 29.3% 
  

 If n is increased by a factor of 4 Eq 8-7:  
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z σσσσ αααα 2/2/2/2/
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 The interval is reduced by 0.5 or ½. 
 

 

Section 8-3 

 

8-19 131.215,025.0 =t  812.110,05.0 =t   325.120,10.0 =t  

787.225,005.0 =t  385.330,001.0 =t  

 

 

8-20 a.) 179.212,025.0 =t  

b.) 064.224,025.0 =t  

c.) 012.313,005.0 =t  

d.) 073.415,0005.0 =t  

 

 

8-21 a.) 761.114,05.0 =t  

b.) 539.219,01.0 =t  

c.) 467.324,001.0 =t  
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8-22 95% confidence interval on mean tire life 

94.36457.139,6016 === sxn    131.215,025.0 =t  
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8-23    99% lower confidence bound on mean Izod impact strength 

 25.025.120 === sxn    539.219,01.0 =t  
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8-24 99% confidence interval on mean current required 

Assume that the data are normally distributed and that the variance is unknown. 

7.152.31710 === sxn    250.39,005.0 =t  
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8-25 a.)  The data appear to be normally distributed based on examination of the normal probability plot below.  

Therefore, there is evidence to support that the level of polyunsaturated fatty acid is normally distributed. 

 

 

 

 

b.) 99% CI on the mean level of polyunsaturated fatty acid. 

For α = 0.01, tα/2,n-1 = t0.005,5 = 4.032 

                ��
�

�
��
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�
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n

s
tx

n

s
tx 5,005.05,005.0 µ  
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6
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µ

µ
  

   

The 99% confidence for the mean polyunsaturated fat is (16.455, 17.505).    We would look for the true mean 

to be somewhere in this region. 
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8-26 a.) The data appear to be normally distributed based on examination of the normal probability plot below.  

Therefore, there is evidence to support that the compressive strength is normally distributed. 

 

 

b.) 95% two-sided confidence interval on mean comprehensive strength 

    35.62259.912 === sxn    201.211,025.0 =t  
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c.) 95% lower-confidence bound on mean strength  
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8-27 a.)  According to the normal probability plot there does not seem to be a severe deviation from normality  

     for this data.  This is evident by the fact that the data appears to fall along a straight line. 

 

 

 

 

 

b.) 95% two-sided confidence interval on mean rod diameter 

       For α = 0.05 and n = 15, tα/2,n-1 = t0.025,14 = 2.145 

             ��
�

�
��
�

�
+≤≤��
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−

n

s
tx

n

s
tx 14,025.014,025.0 µ  

     �
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�
�
�

�
+≤≤�

�

�
�
�

�
−

15

025.0
145.223.8

15

025.0
145.223.8 µ   

     

      8.216 ≤ µ ≤ 8.244 
 

 

8-28 95% lower confidence bound on mean rod diameter  t0.05,14 = 1.761 
 

µ

µ

µ

≤

≤��
�

�
��
�

�
−

≤��
�

�
��
�

�
−

219.8

15

025.0
761.123.8

14,05.0 n

s
tx

 

The lower bound of the one sided confidence interval is lower than the lower bound of the two-sided 

confidence interval even though the level of significance is the same.  This is because all of the alpha  value 

is in the left tail (or in the lower bound).     
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8-29 95% lower bound confidence for the mean wall thickness  

given x = 4.05   s = 0.08   n = 25  

  

 tα,n-1 = t0.05,24 = 1.711 

            µ≤��
�

�
��
�

�
−

n

s
tx 24,05.0  

     µ≤��
�

�
��
�

�
−

25

08.0
711.105.4  

                                  4.023 ≤ µ  

 

           It may be assumed that the mean wall thickness will most likely be greater than 4.023 mm. 
 

 

8-30 a.) The data appear to be normally distributed.  Therefore, there is no evidence to support that the 

percentage of enrichment is not normally distributed. 
 

 

 

b.) 99% two-sided confidence interval on mean percentage enrichment 

       For α = 0.01 and n = 12, tα/2,n-1 = t0.005,12 = 3.106,    0.0993s2.9017 ==x  
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8-31 x = 1.10   s = 0.015   n = 25  

 95% CI on the mean volume of syrup dispensed 

 For α = 0.05 and n = 25, tα/2,n-1 = t0.025,24 = 2.064 

              

106.1 1.094
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015.0
064.210.1
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015.0
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8-32 90% CI on the mean frequency of a beam subjected to loads 

132.25,n1.53, s231.67, 4,05.1-n/2, ===== ttx α   

  

              

1.233 230.2

5

53.1
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5
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≤≤

��
�

�
��
�

�
−≤≤��

�

�
��
�

�
−

��
�

�
��
�

�
+≤≤��

�

�
��
�

�
−

µ

µ

µ
n

s
tx

n

s
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By examining the normal probability plot, it appears that the data are normally distributed.  There does not 

appear to be enough evidence to reject the hypothesis that the frequencies are normally distributed. 
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Section 8-4 
 

8-33 31.182

10,05.0 =χ  49.272

15,025.0 =χ  22.262

12,01.0 =χ   

93.462

25,005.0 =χ  85.102

20,95.0 =χ  01.72

18,99.0 =χ           14.52

16,995.0 =χ   

 

 

8-34 a.) 42.362

24,05.0 =χ  

 b.) 09.22

9,99.0 =χ  

 c.) 12.102

19,95.0 =χ  and 14.302

19,05.0 =χ  

 

8-35 99% lower confidence bound for σ2 

 For α = 0.01 and n = 15, =−
2

1,nαχ =2

14,01.0χ 29.14 

     

2

2
2

00003075.0

14.29

)008.0(14

σ

σ

≤

≤
  

  

8-36 95% two sided confidence interval for σ 

8.410 == sn   

02.192

9,025.0

2

1,2/ ==− χχα n  and 70.22

9,975.0

2

1,2/1 ==−− χχ α n  

76.830.3

80.7690.10

70.2

)8.4(9

02.19

)8.4(9

2

2
2

2

<<

≤≤

≤≤

σ

σ

σ

 

 

8-37 95% lower confidence bound for σ2  given n = 16, s2 = (3645.94)2  

 For α = 0.05 and n = 16, χα,n− =1
2 χ0 05 15

2
. , = 25.00 

     

2

2
2

  097,975,727.

25

)94.3645(15

σ

σ

≤

≤
 

  

8-38 99% two-sided confidence interval on σ2 for Izod impact test data 

 25.020 == sn    58.382

19,005.0 =χ  and 84.62

19,995.0 =χ  

4167.01754.0

1736.003078.0

84.6

)25.0(19

58.38

)25.0(19

2

2
2

2

<<

≤≤

≤≤

σ

σ

σ
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8-39  95% confidence interval for σ: given n = 51, s = 0.37 

     First find the confidence interval for σ2 : 

     For α = 0.05 and n = 51, χα / ,2 1
2

n− = χ0 025 50
2
. , = 71.42 and χ α1 2 1

2
− − =/ ,n χ0 975 50

2
. , = 32.36 

      
36.32

)37.0(50

42.71

)37.0(50 2
2

2

≤≤ σ  

                0.096 ≤ σ2
 ≤ 0.2115  

     Taking the square root of the endpoints of this interval we obtain, 

                                     0.31 < σ < 0.46  

 
8-40 99% two-sided confidence interval for σ for the hole diameter data. (Exercise 8-35) 

 For α = 0.01 and n = 15, =−
2

1,2/ nαχ 32.312

14,005.0 =χ  and =−−
2

1,2/1 nαχ 07.42

14,995.0 =χ  

     

01484.0005349.0

0002201.000002861.0

07.4

)008.0(14

32.31

)008.0(14

2

2
2

2

<<

≤≤

≤≤

σ

σ

σ

  

 

 

8-41 90% lower confidence bound on σ (the standard deviation the sugar content) 

given  n = 10, s2 = 23.04 

 For α = 0.1 and n = 10, =−
2

1,nαχ =2

9,1.0χ 14.68  

2

68.14

)04.23(9
σ≤  

                                                                     14.13 ≤ σ2
  

     Take the square root of the endpoints of this interval to find the confidence interval for σ: 

     3.8  < σ  
 

 

Section 8-5 
 

8-42 95% Confidence Interval on the death rate from lung cancer. 

823.0
1000

823
ˆ ==p     1000=n 96.12/ =αz  

8467.07993.0

1000

)177.0(823.0
96.1823.0

1000
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96.1823.0

)ˆ1(ˆ
ˆ

)ˆ1(ˆ
ˆ
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p

p

n
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zpp

n
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zp αα

 

 

 

8-43 E = 0.03, α = 0.05,  zα/2 = z0.025  = 1.96 and �p = 0.823 as the initial estimate of p, 

 79.621)823.01(823.0
03.0

96.1
)ˆ1(ˆ

22

2/ =−�
�

�
�
�

�=−�
�

�
�
�

�
= pp

E

z
n α

,  

  n ≅ 622. 
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8-44 a.) 95% Confidence Interval on the true proportion of helmets showing damage. 

36.0
50

18
ˆ ==p      50=n   96.12/ =αz  

493.0227.0

50

)64.0(36.0
96.136.0
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 b.) 76.2212)36.01(36.0
02.0

96.1
)1(
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2/ =−�
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2213≅n  

 

c.) 2401)5.01(5.0
02.0

96.1
)1(
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2/ =−�
�
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�=−�
�
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�
�

�
= pp
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z
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8-45 The worst case would be for p = 0.5, thus with E = 0.05 and α = 0.01,  zα/2  =  z0.005  = 2.58 we 

obtain a  sample size of: 

               64.665)5.01(5.0
05.0

58.2
)1(

22

2/ =−�
�

�
�
�

�=−�
�

�
�
�

�= pp
E

z
n α

,   n ≅ 666 

 

 

8-46   99% Confidence Interval on the fraction defective. 
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ˆ ==p      800=n  33.2=αz  
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8-47 E = 0.017, α = 0.01,  zα/2 =  z0.005  = 2.58 

 13.5758)5.01(5.0
017.0
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)1(
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,   n ≅ 5759 
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8-48  95% Confidence Interval on the fraction defective produced with this tool. 
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ˆ ==p      300=n  96.12/ =αz  
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Section 8-6 

 

8-49 95% prediction interval on the life of the next tire 

 given x = 60139.7   s = 3645.94   n = 16  

 for α=0.05 tα/2,n-1 = t0.025,15 = 2.131 

      

     

3.681481.52131

16

1
1)94.3645(131.27.60139

16

1
1)94.3645(131.27.60139

1
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1
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+

+

+

n

n

n

x

x

n
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n
stx

 

  

 

 The prediction interval is considerably wider than the 95% confidence interval (58,197.3 ≤ µ ≤ 62,082.07), 

 which is to be expected since we are going beyond our data. 

 

8-50 99% prediction interval on the Izod impact data 

 25.025.120 === sxn    861.219,005.0 =t  

       

     

983.1517.0

20

1
1)25.0(861.225.1

20

1
1)25.0(861.225.1

1
1

1
1

1
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19,005.0119,005.0
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++≤≤+−

++≤≤+−
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+

+

n

n

n

x

x

n
stxx

n
stx

 

  

 

The lower bound  of the 99% prediction interval is considerably lower than the 99% confidence interval 

(1.108 ≤ µ ≤ ∞),  which is to be expected since we are going beyond our data. 

 

 

 

 

 

 

 

8-51 Given x = 317.2   s = 15.7   n = 10 for α=0.05 tα/2,n-1 = t0.005,9 = 3.250 
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7.3707.263

10

1
1)7.15(250.32.317
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1
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The length of the prediction interval is longer. 

 

8-52 99% prediction interval on the polyunsaturated fat 

 319.098.166 === sxn    032.45,005.0 =t  

       

     

37.1859.15

6

1
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 The length of the prediction interval is a lot longer than the width of the confidence interval 

  505.17455.16 ≤≤ µ  . 

 

 

8-53         90% prediction interval on the next specimen of concrete tested 

given x = 2260   s = 35.57   n = 12  for α = 0.05 and n = 12, tα/2,n-1 = t0.05,11 = 1.796 

 

           

5.23265.2193
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8-54 95% prediction interval on the next rod diameter tested 

025.023.815 === sxn    145.214,025.0 =t  
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1
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1
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95% two-sided confidence interval on mean rod diameter is 8.216 ≤ µ ≤ 8.244 
 

 

8-55 90% prediction interval on wall thickness on the next bottle tested.  
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given x = 4.05   s = 0.08   n = 25 for tα/2,n-1 = t0.05,24 = 1.711 

  

19.491.3
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1
1)08.0(711.105.4
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1
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8-56 To obtain a one sided prediction interval, use tα,n-1 instead of tα/2,n-1  

Since we want a 95% one sided prediction interval, tα/2,n-1 = t0.05,24 = 1.711 

and x = 4.05   s = 0.08   n = 25 

1

1

124,05.0

91.3
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The prediction interval bound is a lot lower than the confidence interval bound of  

4.023 mm 

 
 

8-57 99% prediction interval for enrichment data given x= 2.9   s = 0.099   n = 12 for  α = 0.01 and n = 12, tα/2,n-1 

= t0.005,11 = 3.106 

22.358.2
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The prediction interval is much wider than the 99% CI on the population mean (2.813 ≤ µ ≤ 2.991). 

 

8-58 95% Prediction Interval on the volume of syrup of the next beverage dispensed 

x = 1.10   s = 0.015   n = 25 tα/2,n-1 = t0.025,24 = 2.064 

  

13.1068.1
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1)015.0(064.210.1
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1
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The prediction interval is wider than the confidence interval: 106.1 1.093 ≤≤ µ  
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8-59 90% prediction interval the value of the natural frequency of the next beam of this type that will be 

tested.  given x = 231.67,  s=1.53 For α = 0.10 and n = 5,  tα/2,n-1 = t0.05,4 = 2.132 

2.2351.228

5

1
1)53.1(132.267.231

5

1
1)53.1(132.267.231

1
1

1
1

1

1
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≤≤

+−≤≤+−

++≤≤+−

+

+

+
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x

x

n
stxx

n
stx

 

The 90% prediction in interval is greater than the 90% CI. 

 

Section 8-7 
 

 

8-60 95% tolerance interval on the life of the tires that has a 95% CL 

given  x = 60139.7   s = 3645.94   n = 16  we find k=2.903 

 

( ) ( )
)86.70723,54.49555(

94.3645903.27.60139,94.3645903.27.60139

,

+−

+− ksxksx

 

95% confidence interval (58,197.3 ≤ µ ≤ 62,082.07) is shorter than the 95%tolerance interval. 

 

8-61 99% tolerance interval on the Izod impact strength PVC pipe that has a 90% CL 

given x=1.25, s=0.25 and n=20 we find k=3.368 

 

( ) ( )
)092.2,408.0(

25.0368.325.1,25.0368.325.1

,

+−

+− ksxksx

 

 

The 99% tolerance interval is much wider than the 99% confidence interval on the population mean 

 (1.090 ≤ µ ≤ 1.410). 

 

8-62 99% tolerance interval on the brightness of television tubes that has a 95% CL 

given  x = 317.2   s = 15.7   n = 10 we find k=4.433 

 

( ) ( )
)80.386,60.247(

7.15433.42.317,7.15433.42.317

,

+−

+− ksxksx

 

 

The 99% tolerance interval is much wider than the 95% confidence interval on the population mean 

34.33306.301 ≤≤ µ . 
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8-63 99% tolerance interval on the polyunsaturated fatty acid in this type of margarine that has a confidence level 

of 95%  x = 16.98 s = 0.319 n=6 and k = 5.775 

 ( ) ( )
)82.18,14.15(

319.0775.598.16,319.0775.598.16

,

+−

+− ksxksx

 

The 99% tolerance interval is much wider than the 99% confidence interval on the population mean 

 (16.46 ≤ µ ≤ 17.51). 

 

8-64 90% tolerance interval on the comprehensive strength of concrete that has a 90% CL 

given x = 2260   s = 35.57   n = 12  we find k=2.404 

 

( ) ( )
)5.2345,5.2174(

57.35404.22260,57.35404.22260

,

+−

+− ksxksx

 

 

The 90% tolerance interval is much wider than the 95% confidence interval on the population mean 

5.22823.2237 ≤≤ µ . 

 

 

8-65 95% tolerance interval on the diameter of the rods in exercise 8-27 that has a 90% confidence level. 

x = 8.23 s = 0.0.25 n=15 and k=2.713 

( ) ( )
)30.8,16.8(

025.0713.223.8,025.0713.223.8

,

+−

+− ksxksx

 

The 95% tolerance interval is wider than the 95% confidence interval on the population mean        

(8.216 ≤ µ ≤ 8.244). 
 

  

8-66 90% tolerance interval on wall thickness measurements that have a 90% CL 

given x = 4.05   s = 0.08   n = 25 we find k=2.077 

 

( ) ( )
)22.4,88.3(

08.0077.205.4,08.0077.205.4

,

+−

+− ksxksx

 

 

The lower bound of the 90% tolerance interval is much lower than the lower bound on the  95% confidence 

interval on the population mean (4.023 ≤ µ ≤ ∞) 
. 

 

8-67 90% lower tolerance bound on bottle wall thickness that has confidence level 90%.  

 given x = 4.05   s = 0.08   n = 25  and k = 1.702 

         

( )
91.3

08.0702.105.4 −

− ksx

 

The lower tolerance bound is of interest if we want to make sure the wall thickness is at least a certain value 

so that the bottle will not break.  
 

8-68 99% tolerance interval on rod enrichment data that have a 95% CL 
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given x= 2.9   s = 0.099   n = 12   we find k=4.150 

 

( ) ( )
)31.3,49.2(

099.0150.49.2,099.0150.49.2

,

+−

+− ksxksx

 

 

The 99% tolerance interval is much wider than the  95% CI on the population mean (2.84 ≤ µ ≤ 2.96). 

 

8-69 95% tolerance interval on the syrup volume that has 90% confidence level 

x = 1.10   s = 0.015   n = 25 and k=2.474 

  ( ) ( )
)14.1,06.1(

015.0474.210.1,015.0474.210.1

,

+−

+− ksxksx

 

  

  

Supplemental Exercises  

 

 

8-70 Where ααα =+ 21 .  Let 05.0=α  

Interval for 025.02/21 === ααα  

The confidence level for nxnx /96.1/96.1 σµσ +≤≤− is determined by the 

     by the value of z0 which is 1.96.  From Table II, we find Φ(1.96) = P(Z<1.96) = 0.975 and the  

     confidence level is 95%. 

  Interval for 04.0,01.0 21 == αα  

The confidence interval is nxnx /75.1/33.2 σµσ +≤≤− , the confidence level is the same 

since 05.0=α .  The symmetric interval does not affect the level of significance. 

 

8-71   µ = 50      σ  unknown 

 a) n = 16   x = 52  s = 1.5 

     1
16/8

5052
=

−
=ot  

 The P-value for t0 = 1, degrees of freedom = 15, is between 0.1 and 0.25. Thus we would conclude that the 

 results are not very unusual. 

            b) n = 30  

     37.1
30/8

5052
=

−
=ot  

 The P-value for t0 = 1.37, degrees of freedom = 29, is between 0.05 and 0.1. Thus we would conclude that   

 the results are somewhat unusual. 

 c) n = 100  (with n > 30, the standard normal table can be used for this problem) 

      5.2
100/8

5052
=

−
=oz  

 The P-value for z0 = 2.5, is 0.00621.  Thus we would conclude that the results are very unusual. 

 d) For constant values of x  and s, increasing only the sample size, we see that the standard error of   

     X decreases and consequently a sample mean value of 52 when the true mean is 50 is more unusual for   

      the larger sample sizes. 

 

8-72 5,50 2 == σµ  
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a.) For 16=n  find )44.7( 2 ≥sP  or )56.2( 2 ≤sP  

( ) 10.032.2205.0
5

)44.7(15
)44.7( 2

152

2

15

2 ≤≥≤=�
�

�
�
�

� ≥=≥ χχ PPsP  

 Using Minitab )44.7( 2 ≥sP =0.0997 

( ) ≤≤≤=�
�

�
�
�

� ≤=≤ 68.705.0
5

)56.2(15
)56.2( 2

15

2

15

2 χχ PPsP 0.10 

  Using Minitab )56.2( 2 ≤sP =0.064 

 

b)   For 30=n  find )44.7( 2 ≥sP  or )56.2( 2 ≤sP  

( ) 05.015.43025.0
5

)44.7(29
)44.7( 2

29

2

29

2 ≤≥≤=�
�

�
�
�

� ≥=≥ χχ PPsP  

Using Minitab )44.7( 2 ≥sP =0.044 

( ) 025.085.1401.0
5

)56.2(29
)56.2( 2

29

2

29

2 ≤≤≤=�
�

�
�
�

� ≤=≤ χχ PPsP  

Using Minitab )56.2( ≤sP =0.014. 

 

c)  For 71=n  )44.7( 2 ≥sP  or )56.2( 2 ≤sP  

( ) 01.016.104005.0
5

)44.7(70
)44.7( 2

70

2

15

2 ≤≥≤=�
�

�
�
�

� ≥=≥ χχ PPsP  

Using Minitab )44.7( 2 ≥sP =0.0051 

( ) 005.084.35
5

)56.2(70
)56.2( 2

70

2

70

2 ≤≤=�
�

�
�
�

� ≤=≤ χχ PPsP  

Using Minitab )56.2( 2 ≤sP <0.001 

 

 d)  The probabilities get smaller as n increases.  As n increases, the sample variance should 

approach the population variance; therefore, the likelihood of obtaining a sample variance much 

larger than the population variance will decrease. 

  

 e)  The probabilities get smaller as n increases.  As n increases, the sample variance should 

approach the population variance; therefore, the likelihood of obtaining a sample variance much 

smaller than the population variance will decrease. 
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8-73 a) The data appear to follow a normal distribution based on the normal probability plot since the data fall   

     along a straight line. 

 b) It is important to check for normality of the distribution underlying the sample data since the confidence   

     intervals to be constructed should have the assumption of normality for the results to be reliable        

(especially since the sample size is less than 30 and the central limit theorem does not apply).  

 c) No, with 95% confidence, we can not infer that the true mean could be 14.05 since this value is not   

     contained within the given 95% confidence interval. 

 d) As with part b, to construct a confidence interval on the variance, the normality assumption must hold for      

the results to be reliable. 

  e) Yes, it is reasonable to infer that the variance could be 0.35 since the 95% confidence interval on the   

     variance contains this value. 

 f) i) & ii) No, doctors and children would represent two completely different populations not represented by     

the population of Canadian Olympic hockey players.  Since doctors nor children were the target of this        

study or part of the sample taken, the results should not be extended to these groups. 

 

 

8-74 a.)  The probability plot shows that the data appear to be normally distributed.  Therefore, there is no 

evidence conclude that the comprehensive strength data are normally distributed. 

b.)  99% lower confidence bound on the mean    98.42,s25.12, === nx
�

 896.28,01.0 =t  

µ

µ

µ

≤

≤��
�

�
��
�

�
−

≤��
�

�
��
�

�
−

99.16

9

42.8
896.212.25

8,01.0
n

s
tx

 

The lower bound on the 99% confidence interval shows that the mean comprehensive strength will most 

likely be greater than 16.99 Megapascals. 

 

c.)  98% lower confidence bound on the mean    98.42,s25.12, === nx
�

 896.28,01.0 =t  

25.3399.16

9

42.8
896.212.25

9

42.8
896.212.25

8,01.08,01.0

≤≤

��
�

�
��
�

�
−≤≤��

�

�
��
�

�
−

��
�

�
��
�

�
−≤≤��

�

�
��
�

�
−

µ

µ

µ
n

s
tx

n

s
tx

 

The bounds on the 98% two-sided confidence interval shows that the mean comprehensive strength will most 

likely be greater than 16.99 Megapascals and less than 33.25 Megapascals.  The lower bound of the 99% one 

sided CI is the same as the lower bound of the 98% two-sided CI (this is because of the value of α) 

  

d.) 99% one-sided upper bound on the confidence interval on σ2 comprehensive strength 

  90.70,42.8 2 == ss     65.12

8,99.0 =χ  

74.343

65.1

)42.8(8

2

2
2

≤

≤

σ

σ
 

The upper bound on the 99% confidence interval on the variance shows that the variance of the  

comprehensive strength will most likely be less than 343.74  Megapascals2. 

 

 

e.) 98% one-sided upper bound on the confidence interval on σ2 comprehensive strength 
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  90.70,42.8 2 == ss  09.202

9,01.0 =χ    65.12

8,99.0 =χ  

74.34323.28

65.1

)42.8(8

09.20

)42.8(8

2

2
2

2

≤≤

≤≤

σ

σ
 

 

The bounds on the 98% two-sided confidence-interval  on the variance shows that the variance of the  

comprehensive strength will most likely be less than 343.74 Megapascals2 and greater than 28.23  

Megapascals2.  The upper bound of the 99% one-sided CI is the same as the upper bound of the 98% two-

sided CI (this is because of the value of α) 

 

f.)   98% lower confidence bound on the mean    96.07,s23, === nx
�

  896.28,01.0 =t  

86.2814.17

9

07.6
896.223

9

07.6
896.223

8,01.08,01.0

≤≤

��
�

�
��
�

�
−≤≤��

�

�
��
�

�
−

��
�

�
��
�

�
−≤≤��

�

�
��
�

�
−

µ

µ

µ
n

s
tx

n

s
tx

 

 

98% one-sided upper bound on the confidence interval on σ2 comprehensive strength 

  9.36,07.6 2 == ss  09.202

9,01.0 =χ    65.12

8,99.0 =χ  

64.17867.14

65.1

)07.6(8

09.20

)07.6(8

2

2
2

2

≤≤

≤≤

σ

σ
 

Fixing the mistake decreased the values of the sample mean and the sample standard deviation.  Since the 

sample standard deviation was decreased.  The width of the confidence intervals were also decreased. 

 

g.)   98% lower confidence bound on the mean    9,41.8s25, === nx
�

  896.28,01.0 =t  

12.3388.16

9

41.8
896.225

9

41.8
896.225

8,01.08,01.0

≤≤

��
�

�
��
�

�
−≤≤��

�

�
��
�

�
−

��
�

�
��
�

�
−≤≤��

�

�
��
�

�
−

µ

µ

µ
n

s
tx

n

s
tx

 

 

 

98% one-sided upper bound on the confidence interval on σ2 comprehensive strength 

  73.70,41.8 2 == ss  09.202

9,01.0 =χ    65.12

8,99.0 =χ  

94.34216.28

65.1

)41.8(8

09.20

)41.8(8

2

2
2

2

≤≤

≤≤

σ

σ
 

Fixing the mistake did not have an affect on the sample mean or the sample standard deviation.  They are 

very close to the original values.  The width of the confidence intervals are also very similar. 

 

h.) When a mistaken value is near the sample mean, the mistake will not affect the sample mean, standard 

deviation or confidence intervals greatly.  However, when the mistake is not near the sample mean, the 
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value can greatly affect the sample mean, standard deviation and confidence intervals.  The farther from 

the mean, the greater the effect. 

 

 

 

8-75 With σ = 8, the 95% confidence interval on the mean has length of at most 5; the error is then E = 2.5. 

 a) 34.3964
5.2

96.1
8

5.2

2

2

2

025.0 =�
�

�
�
�

�=�
�

�
�
�

�=
z

n  = 40 

 b) 13.2236
5.2

96.1
6

5.2

2

2

2

025.0 =�
�

�
�
�

�=�
�

�
�
�

�=
z

n  = 23   

 

     As the standard deviation decreases, with all other values held constant, the sample size necessary to      

     maintain the acceptable level of confidence and the length of the interval, decreases.  

 

  

8-76  15.33=x  0.62=s 20=n 564.2=k  

 a.) 95% Tolerance Interval of hemoglobin values with 90% confidence 

 

( ) ( )
)92.16,74.13(

62.0564.233.15,62.0564.233.15

,

+−

+− ksxksx

 

 

b.) 99% Tolerance Interval of hemoglobin values with 90% confidence 368.3=k  

 

( ) ( )
)42.17,24.13(

62.0368.333.15,62.0368.333.15

,

+−

+− ksxksx

 

 

 

 

8-77 95% prediction interval for the next sample of concrete that will be tested. 

given x = 25.12   s = 8.42   n = 9  for α = 0.05 and n = 9, tα/2,n-1 = t0.025,8 = 2.306 

 

           

59.4565.4

9

1
1)42.8(306.212.25

9

1
1)42.8(306.212.25

1
1

1
1

1

1

8,025.018,025.0

≤≤

++≤≤+−

++≤≤+−

+

+

+

n

n

n

x

x

n
stxx

n
stx
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8-78 a.) There is no evidence to reject the assumption that the data are normally distributed. 

 

b.) 95% confidence interval on the mean    10,5.7s203.20, === nx
�

  262.29,025.0 =t  

56.20884.197

10

50.7
262.22.203

10

50.7
262.22.203

9,025.09,025.0

≤≤

��
�

�
��
�

�
+≤≤��

�

�
��
�

�
−

��
�

�
��
�

�
−≤≤��

�

�
��
�

�
−

µ

µ

µ
n

s
tx

n

s
tx

 

c.) 95% prediction interval on a future sample       

 

 

99.22041.185

10

1
1)50.7(262.22.203

10

1
1)50.7(262.22.203

1
1

1
1 9,025.09,025.0

≤≤

++≤≤+−

+−≤≤+−

µ

µ

µ
n

stx
n

stx

 

 d.) 95% tolerance interval on foam height with 99% confidence 265.4=k  

( ) ( )
)19.235,21.171(

5.7265.42.203,5.7265.42.203

,

+−

+− ksxksx

 

e.) The 95% CI on the population mean has the smallest interval.  This type of interval tells us that 95% of 

such intervals would contain the population mean.  The 95% prediction interval, tell us where, most likely, 

the next data point will fall.  This interval is quite a bit larger than the CI on the mean.  The tolerance interval 

is the largest interval of all.  It tells us the limits that will include 95% of the data with 99% confidence. 
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8-79 a) Normal probability plot for the coefficient of restitution 

 

 

 

 

 

 

b.) 99% CI on the true mean coefficient of restitution  

 x = 0.624, s = 0.013, n = 40 ta/2, n-1 = t0.005, 39 = 2.7079 

630.0618.0

40

013.0
7079.2624.0

40

013.0
7079.2624.0

39,005.039,005.0

≤≤

+≤≤−

+≤≤−

µ

µ

µ
n

s
tx

n

s
tx

 

c.) 99% prediction interval on the coefficient of restitution for the next baseball that will be tested. 

660.0588.0

40

1
1)013.0(7079.2624.0

40

1
1)013.0(7079.2624.0

1
1

1
1

1

1

39,005.0139,005.0

≤≤

++≤≤+−

++≤≤+−

+

+

+

n

n

n

x

x

n
stxx

n
stx

 

d.) 99% tolerance interval on the coefficient of restitution with a 95% level of confidence 

)666.0,582.0(

))013.0(213.3624.0),013.0(213.3624.0(

),(

+−

+− ksxksx

 

 

e.)The confidence interval in part (b) describes the confidence interval on the population mean and we may 

interpret this to mean that  99% of such intervals will cover the population mean.  The prediction interval 

tells us that within that within a 99% probability that the next baseball will have a coefficient of restitution 

between 0.588 and 0.660.  And the tolerance interval  captures 99% of the values of the normal 

distribution with a 95% level of confidence.  

 

 

 

8-80 95% Confidence Interval on the death rate from lung cancer. 
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2.0
40

8
ˆ ==p       40=n  65.1=αz  

p

p

p
n

pp
zp

≤

≤−

≤
−

−

0956.0

40

)8.0(2.0
65.12.0

)ˆ1(ˆ
ˆ α

 

 

 

8-81          a.)The normal probability shows that the data are mostly follow the straight line, however, there are some 

points that deviate from the line near the middle.  It is probably safe to assume that the data are 

normal. 

 

 b.) 95% CI on the mean dissolved oxygen concentration 

 x = 3.265, s = 2.127, n = 20 ta/2, n-1 = t0.025, 19 = 2.093 

260.4270.2

20

127.2
093.2265.3

20

127.2
093.2265.3

19,025.019,025.0

≤≤

+≤≤−

+≤≤−

µ

µ

µ
n

s
tx

n

s
tx

 

c.) 95% prediction interval on the oxygen concentration for the next stream in the system that will be 

tested.. 

827.7297.1

20

1
1)127.2(093.2265.3

20

1
1)127.2(093.2265.3

1
1

1
1

1

1

19,025.0119,025.0

≤≤−

++≤≤+−

++≤≤+−

+

+

+

n

n

n

x

x

n
stxx

n
stx
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d.) 95% tolerance interval on the values of the dissolved oxygen concentration with a 99% level of 

confidence 

)003.10,473.3(

))127.2(168.3265.3),127.2(168.3265.3(

),(

−

+−

+− ksxksx

 

 

 

 e.)The confidence interval in part (b) describes the confidence interval on the population mean and we may 

interpret this to mean that there is a 95% probability that the interval may cover the population mean.  The 

prediction interval tells us that within that within a 95% probability that the next stream will have an 

oxygen concentration between –1.297 and 7.827mg/L.  And the tolerance interval captures 95% of the 

values of the normal distribution with a 99% confidence level.  

 

 

8-82 a.)  There is no evidence to support that the data are not normally distributed.  The data points 

appear to fall along the normal probability line. 

 

 

 

 b.) 99% CI on the mean tar content 

 x = 1.529, s = 0.0566, n = 30 ta/2, n-1 = t0.005, 29 = 2.756 

557.1501.1
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e.) 99% prediction interval on the tar content for the next sample that will be tested.. 

688.1370.1
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f.) 99% tolerance interval on the values of the tar content with a 95% level of confidence 

)719.1,339.1(

))0566.0(350.3529.1),0566.0(350.3529.1(

),(

+−

+− ksxksx

 

 

 

 e.)The confidence interval in part (b) describes the confidence interval on the population mean and we may 

interpret this to mean that  95% of such intervals will cover the population mean.  The prediction interval 

tells us that within that within a 95% probability that the sample will have a tar content  between 1.370 and 

1.688.  And the tolerance interval captures 95% of the values of the normal distribution with a 99% 

confidence level.  

 

 

 

 

8-83 a.) 95% Confidence Interval on the population proportion 

    n=1200 x=8  0067.0ˆ =p   zα/2=z0.025=1.96 

    

0113.00021.0
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)0067.01(0067.0
96.10067.0
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)0067.01(0067.0
96.10067.0
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b) No, there is not evidence to support the claim that the fraction of defective units produced is one 

percent or less.  This is because the upper limit of the control limit is greater than 0.01. 
 

 

 

8-84 a.) 99% Confidence Interval on the population proportion 

    n=1600  x=8  005.0ˆ =p   zα/2=z0.005=2.58 

    

009549.00004505.0
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 b.) E = 0.008, α = 0.01,  zα/2 =  z0.005  = 2.58 

  43.517)005.01(005.0
008.0

58.2
)1(

22

2/ =−�
�

�
�
�

�=−�
�

�
�
�

�
= pp

E

z
n α

,   n ≅ 518 

 

 c.)   E = 0.008, α = 0.01,  zα/2 =  z0.005  = 2.58 

  56.26001)5.01(5.0
008.0

58.2
)1(

22

2/ =−�
�

�
�
�

�=−�
�

�
�
�

�
= pp

E

z
n α

,   n ≅ 26002 

d.)Knowing an estimate of the population proportion reduces the required sample size by a significant 

amount.  A sample size of 518 is much more reasonable than a sample size of over 26,000. 
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8-85   242.0
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ˆ ==p   

  a) 90% confidence interval; 645.12/ =αz         
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     With 90% confidence, we believe the true proportion of new engineering graduates who were planning to       

continue studying for an advanced degree lies between 0.210 and 0.274. 

 

 

 b) 95% confidence interval; zα / .2 196=  

     

280.0204.0
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)ˆ1(ˆ
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     With 95% confidence, we believe the true proportion of new engineering graduates who were planning to       

continue studying for an advanced degree lies between 0.204 and 0.280. 

 

 c) Comparison of parts a and b: 

      

     The 95% confidence interval is larger than the 90% confidence interval.  Higher confidence always   

     yields larger intervals, all other values held constant. 

 

 d) Yes, since both intervals contain the value 0.25, thus there in not enough evidence to determine that 

    the true proportion is not actually 0.25. 

 

 

 

 

 

Mind Expanding Exercises 
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−
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Then a confidence interval for 
λ

µ
1
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�
�

�

�

�
�

�

�

−
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2

1

2

2,
2
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rr TT
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b) n = 20 , r = 10 , and the observed value of Tr is 199 + 10(29) = 489. 

     A 95% confidence interval for 
λ
1

 is )98.101,62.28(
59.9

)489(2
,

17.34

)489(2
=�

�

�
�
�

�
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Therefore, )(1
11 αα zΦ=− . 

To minimize L we need to minimize )1()1( 21

1 αα −Φ+−Φ −
 subject to ααα =+ 21 . Therefore, 

we need to minimize )1()1( 11

1 ααα +−Φ+−Φ −
. 

2

2

1

2

2

1

2)1(

2)1(

1

1

1

1

1

1

αα

α

παα
∂α
∂

πα
∂α
∂

−

=+−Φ

−=−Φ

−

−

z

z

e

e

 

Upon setting the sum of the two derivatives equal to zero, we obtain 2

2

1
2

2

1 ααα zz

ee =
−

. This is solved by 

z zα α α1 1= − . Consequently, ααααα =−= 111 2,  and 
221
ααα == . 

 

 

 

 

8.88 a.) n=1/2+(1.9/.1)(9.4877/4) 

     n=46 

 

b.) (10-.5)/(9.4877/4)=(1+p)/(1-p) 

 p=0.6004 between 10.19 and 10.41. 
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�
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1
1))max(~)(min()(1 µ  

b.) αµ −=<< 1))max(~)(min( ii XXP  

   The confidence interval is min(Xi), max(Xi) 

 

 

 

 

 

 

 

 

8-90  We would expect that 950 of the confidence intervals would include the value of µ.  This is due to 

the definition of a confidence interval. 
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Let X bet the number of intervals that contain the true mean (µ).  We can use the large sample 

approximation to determine the probability that  P(930<X<970). 

Let 950.0
1000

950
==p  930.0

1000

930
1 ==p   and 970.0

1000

970
2 ==p  

 

The variance is estimated by 
1000

)050.0(950.0)1(
=

−
n

pp
 

9963.0)90.2()90.2(
006892.0

02.0

006892.0

02.0

1000

)050.0(950.0

)950.0930.0(

1000

)050.0(950.0

)950.0970.0(
)970.0930.0(
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CHAPTER 9 

 

 

Section 9-1 

 

9-1 a)  25:,25: 10 ≠= µµ HH   Yes, because the hypothesis is stated in terms of the parameter of  

interest, inequality is in the alternative hypothesis, and the value in the null and alternative  

hypotheses matches. 

b) 10:,10: 10 => σσ HH   No, because the inequality is in the null hypothesis. 

c) 50:,50: 10 ≠= xHxH   No, because the hypothesis is stated in terms of the statistic rather  

than the parameter.  

d) 3.0:,1.0: 10 == pHpH   No, the values in the null and alternative hypotheses do not match and 

both of the hypotheses are equality statements. 

e) 30:,30: 10 >= sHsH   No, because the hypothesis is stated in terms of the statistic rather than the  

parameter. 

 

 

9-2 a) α = P(reject H0  when H0 is true) 

          = P( X ≤ 11.5 when µ = 12) = ��
�

�
��
�

� −
≤

−

4/5.0

125.11

/ n

X
P

σ
µ

= P(Z ≤ −2)  

          = 0.02275. 

          The probability of rejecting the null hypothesis when it is true is 0.02275. 

 

 b) β = P(accept H0  when µ = 11.25) = ( )P X when> =115 1125. .µ = ��
�

�
��
�

� −
>

−

4/5.0

25.115.11

/ n

X
P

σ
µ

 

     P(Z > 1.0) = 1 − P(Z ≤ 1.0) = 1 − 0.84134 = 0.15866 

     The probability of accepting the null hypothesis when it is false is 0.15866. 

 

9-3 a) α = P( X ≤ 11.5 | µ = 12) = ��
�

�
��
�

� −
≤

−

16/5.0

125.11

/ n

X
P

σ
µ

= P(Z ≤ −4) = 0. 

        The probability of rejecting the null, when the null is true, is approximately 0 with a sample size of 16. 

 b) β = P( X  > 11.5 | µ =11.25) = ��
�

�
��
�

� −
>

−

16/5.0

25.115.11

/ n

X
P

σ
µ

= P(Z > 2) = 1 − P(Z ≤ 2) 

         = 1− 0.97725 = 0.02275. 

     The probability of accepting the null hypothesis when it is false is 0.02275. 

  

9-4 Find the boundary of the critical region if α = 0.01: 

  0.01 = �
�

�
�
�

� −
≤

4/5.0

12c
ZP  

     What Z value will give a probability of 0.01?  Using Table 2 in the appendix, Z value is −2.33. 

     Thus, 

4/5.0

12−c
 = −2.33,  c = 11.4175 
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9-5.  P Z
c

≤
−�

�
�

�

�
�

12

0 5 4. /
= 0.05 

 What Z value will give a probability of 0.05?  Using Table 2 in the appendix, Z value is −1.65. 

 Thus, 
c − 12

0 5 4. /
 = −1.65, c  = 11.5875 

 

9-6 a) α = P( X ≤ 98.5) + P( X > 101.5)  

         = ��
�

�
��
�

� −
≤

−

9/2

1005.98

9/2

100X
P + ��

�

�
��
�

� −
>

−

9/2

1005.101

9/2

100X
P  

         = P(Z ≤ −2.25) + P(Z > 2.25)  

                = (P(Z ≤- 2.25)) + (1 − P(Z ≤ 2.25))  

               = 0.01222 + 1 − 0.98778  

                = 0.01222 + 0.01222  = 0.02444 

 b) β = P(98.5 ≤ X ≤ 101.5 when µ = 103) 

         = ��
�

�
��
�

� −
≤

−
≤

−

9/2

1035.101

9/2

103

9/2

1035.98 X
P  

         = P(−6.75 ≤ Z ≤ −2.25)  

         = P(Z ≤ −2.25) − P(Z ≤ −6.75)  

         = 0.01222 − 0 = 0.01222 

 c) β = P(98.5 ≤ X ≤ 101.5 when µ = 105)  

         = ��
�

�
��
�

� −
≤

−
≤

−

9/2

1055.101

9/2

105

9/2

1055.98 X
P  

         = P(−9.75≤ Z ≤ −5.25)  

         = P(Z ≤ −5.25) −  P(Z ≤ −9.75) 

         = 0 − 0 

         = 0. 

 

     The probability of accepting the null hypothesis when it is actually false is smaller in part c since the true       

mean, µ = 105, is further from the acceptance region.  A larger difference exists. 

 

9-7  Use n = 5, everything else held constant (from the values in exercise 9-6): 

 a) P( X ≤ 98.5) + P( X >101.5)  

     = ��
�

�
��
�

� −
≤

−

5/2

1005.98

5/2

100X
P + ��

�

�
��
�

� −
>

−

5/2

1005.101

5/2

100X
P  

     = P(Z ≤ −1.68) + P(Z > 1.68) 

     = P(Z ≤ −1.68) + (1 − P(Z ≤ 1.68)) 

      = 0.04648 + (1 − 0.95352) 

      = 0.09296 

 b) β = P(98.5 ≤ X ≤ 101.5 when µ = 103)  

         = ��
�

�
��
�

� −
≤

−
≤

−

5/2

1035.101

5/2

103

5/2

1035.98 X
P  

        = P(−5.03 ≤ Z ≤ −1.68)  

        = P(Z ≤ −1.68) − P(Z ≤ −5.03) 

        = 0.04648 − 0 

                     = 0.04648 
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c) β = P(98.5 ≤ x ≤ 101.5 when µ = 105) 

         = ��
�

�
��
�

� −
≤

−
≤

−

5/2

1055.101

5/2

105

5/2

1055.98 X
P  

          = P(−7.27≤ Z ≤ −3.91)  

         = P(Z ≤ −3.91) − P(Z ≤ −7.27) 

         = 0.00005 − 0 

         = 0.00005 

         It is smaller, because it is not likely to accept the product when the true mean is as high as 105. 

 

9-8 a) α = P( X > 185 when µ = 175)  

        = ��
�

�
��
�

� −
>

−

10/20

175185

10/20

175X
P  

        = P(Z > 1.58)  

        = 1 − P(Z ≤ 1.58)  

        = 1 − 0.94295  

        = 0.05705 

 b) β = P( X ≤ 185 when µ = 195)  

        = ��
�

�
��
�

� −
≤

−

10/20

195185

10/20

195X
P  

        = P(Z ≤ −1.58)  

        = 0.05705. 

   

9-9 a) 37.2
10/20

175190
=

−
=z ,  Note that z is large, therefore reject the null hypothesis and conclude that the 

mean foam height is greater than 175 mm. 

 b) P( X > 190 when µ = 175)  

      = P
X −

>
−�

�
�

�

�
�

175

20 10

190 175

20 10/ /
 

     = P(Z > 2.37) = 1 − P(Z ≤ 2.37) 

         = 1 − 0.99111 

         = 0.00889. 

     The probability that a value of at least 190 mm would be observed (if the true mean height is 175 mm) is       

only  0.00889.  Thus, the sample value of x = 190 mm would be an unusual result. 

 

9-10 Using n = 16: 

 a) α = P( X > 185 when µ = 175)  

         = ��
�

�
��
�

� −
>

−

16/20

175185

16/20

175X
P  

         = P(Z > 2)  

         = 1 − P(Z ≤ 2) 

                 = 1 − 0.97725 

                 = 0.02275 
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b) β = P( X ≤ 185 when µ = 195)  

         = ��
�

�
��
�

� −
≤

−

16/20

195185

16/20

195X
P  

         = P(Z ≤ −2)  

         = 0.02275. 

 

 

9-11 a) ( ) 0571.0175| ==> µcXP  

 �
�

�
�
�

� −
>

16/20

175c
ZP = P(Z ≥ 1.58)  

     Thus, 1.58 = 
16/20

175−c
,   and  c = 182.9 

 b) If the true mean foam height is 195 mm, then 

      β = P( X ≤ 182.9 when µ = 195) 

         = P Z ≤
−�

�
�

�

�
�

182 9 195

20 16

.

/
 

         = P(Z ≤ −2.42)  

         = 0.00776 

 c) For the same level of α, with the increased sample size, β is reduced. 

 

 

9-12 a) α = P( X ≤ 4.85 when µ = 5) + P( X > 5.15 when µ = 5) 

         = ��
�

�
��
�

� −
≤

−

8/25.0

585.4

8/25.0

5X
P + ��

�

�
��
�

� −
>

−

8/25.0

515.5

8/25.0

5X
P  

         = P(Z ≤ −1.7) + P(Z > 1.7)  

         = P(Z ≤ −1.7) + (1 − P(Z ≤ 1.7) 

         = 0.04457 + (1 − 0.95543) 

         = 0.08914.  

 b) Power = 1 − β 

      β = P(4.85 ≤ X ≤ 5.15 when µ = 5.1) 

        = ��
�

�
��
�

� −
≤

−
≤

−

8/25.0

1.515.5

8/25.0

1.5

8/25.0

1.585.4 X
P  

        = P(−2.83 ≤ Z ≤ 0.566)  

       = P(Z ≤ 0.566) − P(Z ≤ −2.83) 

       = 0.71566 − 0.00233 

        = 0.71333 

     1 − β = 0.2867. 
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9-13  Using n = 16: 

 a) α = P( X ≤ 4.85 | µ = 5) + P( X > 5.15 | µ = 5) 

         = ��
�

�
��
�

� −
≤

−

16/25.0

585.4

16/25.0

5X
P + ��

�

�
��
�

� −
>

−

16/25.0

515.5

16/25.0

5X
P  

         = P(Z ≤ −2.4) + P(Z > 2.4) 

         = P(Z ≤ −2.4) +(1 − P(Z ≤ 2.4)) 

         = 2(1 − P(Z ≤ 2.4)) 

         = 2(1 − 0.99180)  

         = 2(0.0082) 

         = 0.0164. 

 

b) β = P(4.85 ≤ X ≤ 5.15 | µ = 5.1)  

        = ��
�

�
��
�

� −
≤

−
≤

−

16/25.0

1.515.5

16/25.0

1.5

16/25.0

1.585.4 X
P  

        = P(−4 ≤ Z ≤ 0.8) =  P(Z ≤ 0.8) − P(Z ≤ −4) 

        = 0.78814 − 0 

        = 0.78814 

     1 − β = 0.21186 

 

9-14 Find the boundary of the critical region if α = 0.05: 

  0.025 = ��
�

�
��
�

� −
≤

8/25.0

5c
ZP  

     What Z value will give a probability of 0.025?  Using Table 2 in the appendix, Z value is −1.96. 

     Thus, 

8/25.0

5−c
 = −1.96,  c = 4.83 and 

96.1
8/25.0

5
=

−c
,  c=5.17 

 The acceptance region should be (4.83 ≤ X ≤ 5.17). 

 

9-15 Operating characteristic curve: 

 

x

P Z
x

P Z

=

= ≤
−�

�
�

�

�
� = ≤

−�

�
�

�

�
�

185

20 10

185

20 10
β

µ µ

/ /

 

 

 
µ  P Z ≤

−�

�
�

�

�
�

185

20 10

µ

/
= 

 

β 

 

1 − β 

178 P(Z ≤ 1.11) = 0.8665 0.1335 

181 P(Z ≤ 0.63) = 0.7357 0.2643 

184 P(Z ≤ 0.16) = 0.5636 0.4364 

187 P(Z ≤ −0.32) = 0.3745 0.6255 

190 P(Z ≤ −0.79) = 0.2148 0.7852 

193 P(Z ≤ −1.26) = 0.1038 0.8962 

196 P(Z ≤ −1.74) = 0.0409 0.9591 

199 P(Z ≤ −2.21) = 0.0136 0.9864 
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9-16  

 

175 180 185 190 195 200

µµµµ

0

0.2

0.4

0.6

0.8

1

1 −−−− ββββ

Power Function Curve

 
 

9-17. The problem statement implies H0: p = 0.6, H1: p > 0.6 and defines an acceptance region as 

80.0
500

400
ˆ =≤p  and rejection region as 80.0ˆ >p  

a) α=P( p̂ >0.80 | p=0.60) = P

�
�
�
�

�

�

�
�
�
�

�

�

−
>

500

)4.0(6.0

60.080.0
Z  

  = P(Z>9.13)=1-P(Z≤ 9.13) ≈ 0 

b) β = P( p̂ ≤  0.8 when p=0.75) = P(Z ≤ 2.58)=0.99506. 
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9-18 X ~ bin(10, 0.3) Implicitly, H0: p = 0.3 and H1: p < 0.3 

 n = 10 

 Accept region: 1.0ˆ >p   

 Reject region: 1.0ˆ ≤p  

 Use the normal approximation for parts a), b) and c): 

 

 a) When p =0.3 α = ( )
�
�
�
�

�

�

�
�
�
�

�

�

−
≤=<

10

)7.0(3.0

3.01.0
1.0ˆ ZPpP  

          
08379.0

)38.1(

=

−≤= ZP
 

 

 b) When p = 0.2 β = ( )
�
�
�
�

�

�

�
�
�
�

�

�

−
>=>

10

)8.0(2.0

2.01.0
1.0ˆ ZPpP  

          

78524.0

)79.0(1

)79.0(

=

−<−=

−>=

ZP

ZP

 

 c) Power = 1 − β = 1 − 078524 = 0.21476   

 

 

9-19  X ~ bin(15, 0.4)   H0: p = 0.4   and   H1: p ≠ 0.4 

 

 p1= 4/15 = 0.267  p2 = 8/15 = 0.533 

 

 Accept Region: 533.0ˆ267.0 ≤≤ p  

 Reject Region: 267.0ˆ <p   or 533.0ˆ >p  

 

 Use the normal approximation for parts a) and b) 

 

 a) When p = 0.4, )533.0ˆ()267.0ˆ( >+<= pPpPα  

         

29372.0

14686.014686.0

))05.1(1()05.1(

)05.1()05.1(

15

)6.0(4.0

4.0533.0

15

)6.0(4.0

4.0267.0

=

+=

<−+−<=

>+−<=

��
�
�
�

�

�

��
�
�
�

�

�

−
>+

��
�
�
�

�

�

��
�
�
�

�

�

−
<=

ZPZP

ZPZP

ZPZP
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b) When p = 0.2,  

��
�
�
�

�

�

��
�
�
�

�

�

−
≤≤

−
=≤≤=

15

)8.0(2.0

2.0533.0

15

)8.0(2.0

2.0267.0
)533.0ˆ267.0( ZPpPβ  

           

25721.0

74215.099936.0

)65.0()22.3(

)22.365.0(

=

−=

≤−≤=

≤≤=

ZPZP

ZP

 

 

 

Section 9-2 

  

9-20 a.) 1) The parameter of interest is the true mean water temperature, µ. 

      2) H0 : µ = 100       

      3) H1 :  µ  > 100 

      4) α = 0.05 

      5) z
x

n
0 =

− µ

σ /
   

      6) Reject H0 if   z0 > zα   where z0.05 = 1.65 

      7) 98=x ,  σ = 2 

0.3
9/2

10098
0 −=

−
=z  

8) Since -3.0 < 1.65 do not reject H0 and conclude the water temperature is not significantly different 

greater than 100 at α = 0.05.  

 b) P-value = 99865.000135.01)0.3(1 =−=−Φ−  

c) ��
�

�
��
�

� −
+Φ=

9/2

104100
05.0zβ  

        = Φ(1.65 + −6)  

        = Φ(-4.35)   

        ≅0 

 

 

9-21.  a) 1) The parameter of interest is the true mean yield, µ. 

      2) H0 : µ = 90       

      3) H1 :  µ  ≠ 90 

      4) α = 0.05 

      5) z
x

n
0 =

− µ

σ /
   

      6) Reject H0 if z0  < −z α/2   where −z0.025 = −1.96 or  z0 > zα/2   where z0.025 = 1.96 

      7) x = 90 48. ,  σ = 3 

36.0
5/3

9048.90
0 =

−
=z  

     8) Since −1.96 < 0.36 < 1.96 do not reject H0 and conclude the yield is not significantly different from   

         90% at α = 0.05.  

 b) P-value = 2[1 − = − =Φ( . )] [ . ] .0 36 2 1 0 64058 0 71884  

 c) n = 
( ) ( )

( )
( )

( )
69.4

5

965.196.1

9085

3
2

2

2

22

05.0025.0

2

22

2/ =
−

+
=

−

+
=

+ zzzz

δ

σβα  

     n ≅ 5. 
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d) β = +
−�

�
�

�

�
� − − +

−�

�
�

�

�
�Φ Φz z0 025 0 025

90 92

3 5

90 92

3 5
. .

/ /
 

        = Φ(1.96 + −1.491) − Φ(−1.96 +  −1.491)  

        = Φ(0.47) − Φ(−3.45)  

        = Φ(0.47) − (1 − Φ(3.45)) 

        = 0.68082 − ( 1 − 0.99972) 

        = 0.68054. 

  

 

e) For  α = 0.05, zα/2 = z0.025 = 1.96 

     x z
n

x z
n

−
�

�
�

�

�
� ≤ ≤ +

�

�
�

�

�
�0 025 0 025. .

σ
µ

σ
 

     90 48 196
3

5
90 48 196

3

5
. . . .−

�

�
�

�

�
� ≤ ≤ +

�

�
�

�

�
�µ  

      87.85 ≤ µ ≤ 93.11 

     With 95% confidence, we believe the true mean yield of the chemical process is between 87.85% and     

93.11%.  Since 90% is contained in the confidence interval, our decision in (a) agrees with 

the confidence interval. 

 
 

  

9-22 a) 1) The parameter of interest is the true mean crankshaft wear, µ. 

     2) H0 : µ = 3      

     3) H1 : µ  ≠ 3 

     4) α = 0.05 

     5) z
x

n
0 =

− µ

σ /
 

     6) ) Reject H0 if z0  < −z α/2   where −z0.025 = −1.96 or  z0 > zα/2   where z0.025 = 1.96 

     7) x = 2.78,  σ = 0.9 

    95.0
15/9.0

378.2
0 −=

−
=z  

8) Since –0.95 > -1.96, do not reject the null hypothesis and conclude there is not sufficient evidence  

    to support the claim the mean crankshaft wear is not equal to 3 at α = 0.05. 

b) ��
�

�
��
�

� −
+−Φ−��

�

�
��
�

� −
+Φ=

15/9.0

25.33

15/9.0

25.33
025.0025.0 zzβ  

        = Φ(1.96 + −1.08) − Φ(−1.96 +  −1.08)  

        = Φ(0.88) − Φ(-3.04)  

        = 0.81057 − (0.00118) 

        = 0.80939 
 

 

c.)   
( ) ( )

,21.15
)75.0(

)9.0()29.196.1(

)375.3( 2

22

2

22

10.0025.0

2

22

2/ =
+

=
−

+
=

+
=

σ
δ

σβα zzzz
n  

 16≅n  
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9-23. a) 1) The parameter of interest is the true mean melting point, µ. 

     2) H0 : µ = 155       

     3) H1 : µ  ≠ 155 

     4) α = 0.01 

     5) z
x

n
0 =

− µ

σ /
 

     6) Reject H0 if z0  < −z α/2   where −z0.005 = −2.58 or  z0 > zα/2   where z0.005 = 2.58 

     7) x = 154.2,  σ = 1.5 

    69.1
10/5.1

1552.154
0 −=

−
=z  

8) Since –1.69 > -2.58, do not reject the null hypothesis and conclude there is not sufficient evidence  

    to support the claim the mean melting point is not equal to 155 °F at α = 0.01. 

 b) P-value = 2*P(Z <- 1.69) =2* 0.045514 = 0.091028 

             

             c)                    

�
�
�

�
�
�
�

� −
−−Φ−�

�
�

�
�
�
�

� −
−Φ=

�
�
�

�
�
�
�

�
−−Φ−�

�
�

�
�
�
�

�
−Φ=

5.1

10)150155(
58.2

5.1

10)150155(
58.2

005.0005.0 σ
δ

σ
δ

β
n

z
n

z
 

 

                         = Φ(-7.96)- Φ(-13.12) =  0 – 0 = 0  

  

d)  

     
( ) ( )

,35.1
)5(

)5.1()29.158.2(

)155150( 2

22

2

22

10.0005.0

2

22

2/ =
+

=
−

+
=

+
=

σ
δ

σβα zzzz
n  

     n  ≅ 2. 

 

 

9-24 a.) 1) The parameter of interest is the true mean battery life in hours, µ. 

      2) H0 : µ = 40       

      3) H1 :  µ  > 40 

      4) α = 0.05 

      5) z
x

n
0 =

− µ

σ /
   

      6) Reject H0 if   z0 > zα   where z0.05 = 1.65 

      7) 5.40=x ,  σ = 1.25 

26.1
10/25.1

405.40
0 =

−
=z  

8) Since 1.26 < 1.65 do not reject H0 and conclude the battery life is not significantly different greater than 

40 at α = 0.05.  

 b) P-value = 1038.08962.01)26.1(1 =−=Φ−  

c) ��
�

�
��
�

� −
+Φ=

10/25.1

4240
05.0zβ  

        = Φ(1.65 + −5.06)  

        = Φ(-3.41)   

        ≅0.000325 

d.) 
( ) ( )

,844.0
)4(

)25.1()29.165.1(

)4440( 2

22

2

22

10.005.0

2

22

=
+

=
−

+
=

+
=

σ
δ

σβα zzzz
n  

    1≅n  
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 e.)95% Confidence Interval 

 

µ

µ

µσ

≤

≤+

≤+

85.39

10/)25.1(65.15.40

/05.0 nzx

 

The lower bound of the 90 % confidence interval must be greater than 40 to verify that the true mean exceeds 

40  hours. 

 

 

9-25.  a) 1) The parameter of interest is the true mean tensile strength, µ. 

     2) H0 : µ = 3500        

     3) H1 :  µ ≠ 3500 

     4) α = 0.01 

     5) z
x

n
0 =

− µ

σ /
  

     6) Reject H0 if z0  < −zα/2   where −z0.005 = −2.58 or z0 > zα/2   where z0.005 = 2.58 

     7) x = 3250 ,  σ = 60 

43.14
12/60

35003250
0 −=

−
=z  

 

     8) Since −14.43 < −2.58, reject the null hypothesis and conclude the true mean tensile strength is           

significantly different from 3500 at α = 0.01. 

 

 b) Smallest level of significance = P-value = 2[1 − Φ (14.43) ]= 2[1 − 1] = 0 

     The smallest level of significance at which we are willing to reject the null hypothesis is 0. 

 c) zα/2 = z0.005 = 2.58 

     ��
�

�
��
�

�
+≤≤��

�

�
��
�

�
−

n
zx

n
zx

σ
µ

σ
005.0005.0  

     �
�

�
�
�

�
+≤≤�

�

�
�
�

�
−

12

62.31
58.23250

12

62.31
58.23250 µ  

     3205.31 ≤ µ ≤ 3294.69 

 

With 95% confidence, we believe the true mean tensile strength is between 3205.31 psi and 3294.69 psi.  We 

can test the hypotheses that the true mean tensile strength is not equal to 3500 by noting that the value is not 

within the confidence interval. 

 

9-26 
( ) ( )

,357.0
)250(

)60()84.65.1(

)35003250( 2

22

2

22

20.005.0

2

22

2/ =
+

=
−

+
=

+
=

σ
δ

σβα zzzz
n  

 1≅n  
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9-27 a) 1) The parameter of interest is the true mean speed, µ. 

     2) H0 : µ = 100        

     3) H1 :  µ < 100 

     4) α = 0.05 

     5) z
x

n
0 =

− µ

σ /
  

     6) Reject H0 if z0  < −zα   where −z0.05 = −1.65  

     7) 2.102=x ,  σ = 4 

56.1
8/4

1002.102
0 =

−
=z  

 

     8) Since 1.56> −1.65, do not reject the null hypothesis and conclude the there is insufficient evidence to  

        conclude that the true speed strength is less than 100 at α = 0.05. 

 

b) �
�
�

�
�
�
�

� −
−−Φ=

4

8)10095(
05.0zβ = Φ(-1.65 - −3.54) = Φ(1.89) = 0.97062 

 Power = 1-β = 1-0.97062 = 0.02938 

 c) n =
( ) ( )

,597.4
)5(

)4()03.165.1(

)10095( 2

22

2

22

15.005.0

2

22

=
+

=
−

+
=

+ σ
δ

σβα zzzz
 

      n ≅ 5 

d) µ
σ

≤�
�

�
�
�

�
−

n
zx 05.0  

     

µ

µ

≤

≤�
�

�
�
�

�
−

866.99

8

4
65.12.102

 

Since the lower limit of the CI is just slightly below 100, we are relatively confident that the mean speed is 

    not less than 100 m/s.  Also the sample mean is greater than 100. 

  
 

 

 

9-28 a) 1) The parameter of interest is the true mean hole diameter, µ. 

     2) H0 : µ = 1.50        

     3) H1 : µ ≠ 1.50 

     4) α = 0.01 

     5) z
x

n
0 =

− µ

σ /
 

     6) Reject H0 if z0  < −zα/2   where  −z0.005 = −2.58 or z0 > zα/2   where  z0.005 = 2.58 

     7) 4975.1=x ,  σ = 0.01 

25.1
25/01.0

50.14975.1
0 −=

−
=z  

     8) Since  −2.58 < -1.25 < 2.58,  do not reject the null hypothesis and conclude the true mean hole   

         diameter is not significantly different from 1.5 in. at α = 0.01. 
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b)  

     

�
�
�

�
�
�
�

� −
−−Φ−�

�
�

�
�
�
�

� −
−Φ=

�
�
�

�
�
�
�

�
−−Φ−�

�
�

�
�
�
�

�
−Φ=

01.0

25)5.1495.1(
58.2

01.0

25)5.1495.1(
58.2

005.0005.0 σ
δ

σ
δ

β
n

z
n

z
 

 

                         = Φ(5.08)- Φ(-0.08) =  1 – .46812 = 0.53188 

      power=1-β=0.46812. 
  

c) Set β = 1 − 0.90 = 0.10 

     n = 
2

22

2/ )(

δ

σβα zz +
 = 

2

22

10.0005.0

)50.1495.1(

)(

−

+ σzz
 ≅ 

2

22

)005.0(

)01.0()29.158.2(

−

+
 = 59.908, 

     n  ≅ 60.  

  

d) For α = 0.01, zα/2 = z0.005 = 2.58 

     �
�

�
�
�

�
+≤≤�

�

�
�
�

�
−

n
zx

n
zx

σ
µ

σ
005.0005.0  

     ��
�

�
��
�

�
+≤≤��

�

�
��
�

�
−

25

01.0
58.24975.1

25

01.0
58.24975.1 µ  

     1.4923 ≤ µ ≤ 1.5027 

     The confidence interval constructed contains the value 1.5, thus the true mean hole diameter could   

     possibly be 1.5 in. using a 99% level of confidence.  Since a two-sided 99% confidence interval is   

     equivalent to a two-sided hypothesis test at  α = 0.01, the conclusions necessarily must be consistent. 

 

 

9-29 a) 1) The parameter of interest is the true average battery life, µ. 

     2) H0 : µ = 4        

     3) H1 :  µ > 4 

     4) α = 0.05 

     5) z
x

n
0 =

− µ

σ /
  

     6) Reject H0 if z0  > zα   where z0.05 = 1.65  

     7) 05.4=x ,  σ = 0.2 

77.1
50/2.0

405.4
0 =

−
=z  

 

     8) Since 1.77>1.65, reject the null hypothesis and conclude that  there is sufficient evidence to  

        conclude that the true average battery life exceeds 4 hours at α = 0.05. 

 

b) �
�
�

�
�
�
�

� −
−Φ=

2.0

50)45.4(
05.0zβ = Φ(1.65 – 17.68) = Φ(-16.03) = 0 

 Power = 1-β = 1-0 = 1 

 c) n =
( ) ( )

,38.1
)5.0(

)2.0()29.165.1(

)45.4( 2

22

2

22

1.005.0

2

22

=
+

=
−

+
=

+ σ
δ

σβα zzzz
 

      n ≅ 2 
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d) µ
σ

≤�
�

�
�
�

�
−

n
zx 05.0  

     

µ

µ

≤

≤�
�

�
�
�

�
−

003.4

50

2.0
65.105.4

 

     Since the lower limit of the CI is just slightly above 4, we conclude that average life is greater than 4  

    hours at α=0.05. 

 

Section 9-3 

 

9-30 a. 1) The parameter of interest is the true mean interior temperature life, µ. 

     2) H0 : µ = 22.5        

     3) H1 :  µ ≠ 22.5 

     4) α = 0.05 

     5)
ns

x
t

/
0

µ−
=   

     6) Reject H0 if |t0|  > tα/2,n-1   where tα/2,n-1 = 2.776 

     7) 22.496=x ,  s = 0.378 n=5 

00237.0
5/378.0

5.22496.22
0 −=

−
=t  

 

8) Since –0.00237 >- 2.776, we cannot reject the null hypothesis. There is  not sufficient evidence to 

conclude that the true mean interior temperature is not equal to 22.5 °C at   α = 0.05. 

       2*0.4 <P-value < 2* 0.5 ;  0..8 < P-value <1.0 

b.) The points on the normal probability plot fall along the line.  Therefore, there is no evidence to 

conclude that the interior temperature data is not normally distributed. 

 

 

c.)  d = 66.0
378.0

|5.2275.22||| 0 =
−

=
−

=
σ

µµ
σ
δ

 

 

     Using the OC curve, Chart VI e) for  α = 0.05, d = 0.66, and n = 5,  we get β ≅ 0.8 and  

     power of 1−0.8 = 0.2.  
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d) d = 66.0
378.0

|5.2275.22||| 0 =
−

=
−

=
σ

µµ
σ
δ

  

   Using the OC curve, Chart VI e) for  α = 0.05, d = 0.66, and β ≅ 0.1 (Power=0.9),  

     40=n .   

 

e) 95% two sided confidence interval 

                                  ��
�

�
��
�

�
+≤≤��

�

�
��
�

�
−

n

s
tx

n

s
tx 4,025.04,025.0 µ  

     

965.22027.22

5

378.0
776.2496.22

5

378.0
776.2496.22

≤≤

��
�

�
��
�

�
+≤≤��

�

�
��
�

�
−

µ

µ
 

  We cannot conclude that the mean interior temperature is not equal to 22.5 since the value is included 

 inside the confidence interval. 

 

 

9-31 a. 1) The parameter of interest is the true mean female body temperature, µ. 

     2) H0 : µ = 98.6        

     3) H1 :  µ ≠ 98.6 

     4) α = 0.05 

     5)
ns

x
t

/
0

µ−
=   

     6) Reject H0 if |t0|  > tα/2,n-1   where tα/2,n-1 = 2.064  

     7) 264.98=x ,  s = 0.4821 n=25 

48.3
25/4821.0

6.98264.98
0 −=

−
=t  

 

     8) Since 3.48 > 2.064, reject the null hypothesis and conclude that the there is sufficient evidence to  

        conclude that the true mean female body temperature is not equal to 98.6 °F  at α = 0.05. 

        P-value = 2* 0.001 = 0.002 

b) d = 24.1
4821.0

|6.9898||| 0 =
−

=
−

=
σ

µµ
σ
δ

 

 

     Using the OC curve, Chart VI e) for  α = 0.05, d = 1.24, and n = 25,  we get β ≅ 0 and  

     power of 1−0 ≅ 1.  

 

 c) d = 83.0
4821.0

|6.982.98||| 0 =
−

=
−

=
σ

µµ
σ
δ

  

   Using the OC curve, Chart VI e) for  α = 0.05, d = 0.83, and β ≅ 0.1 (Power=0.9),  

     20=n .   
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d) 95% two sided confidence interval 

                                  �
�

�
�
�

�
+≤≤�

�

�
�
�

�
−

n

s
tx

n

s
tx 24,025.024,025.0 µ  

     

463.98065.98

25

4821.0
064.2264.98

25

4821.0
064.2264.98

≤≤

�
�

�
�
�

�
+≤≤�

�

�
�
�

�
−

µ

µ
 

 We can conclude that the mean female body temperature is not equal to 98.6 since the value is not included 

 inside the confidence interval. 

  

  

 

e)  
 

Data appear to be normally distributed. 
 

9-32   a.) 1) The parameter of interest is the true mean rainfall, µ. 

 2) H0 : µ = 25       

 3) H1 :  µ  > 25 

 4) α = 0.01 

 5) t0 = 

ns

x

/

µ−
 

 6) Reject H0  if t0  > tα,n-1   where t0.01,19 = 2.539 

 7) x = 26.04   s = 4.78   n = 20  

    t0 = 97.0
20/78.4

2504.26
=

−
 

8) Since 0.97 < 2.539, do not reject the null hypothesis and conclude there is insufficient evidence to indicate 

that the true mean rainfall is greater than 25 acre-feet at α = 0.01.  The 0.10 < P-value < 0.25.  
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b.)  the data on the normal probability plot fall along the straight line.  Therefore there is evidence 

that the data are normally distributed. 
 

 

 

 

 

 

 

 

c.) d = 42.0
78.4

|2527||| 0 =
−

=
−

=
σ

µµ
σ
δ

 

 

     Using the OC curve, Chart VI h) for  α = 0.01, d = 0.42, and n = 20,  we get β ≅ 0.7 and  

     power of 1−0.7 = 0.3.  

 

 d) d = 52.0
78.4

|255.27||| 0 =
−

=
−

=
σ

µµ
σ
δ

  

   Using the OC curve, Chart VI h) for  α = 0.05, d = 0.42, and β ≅ 0.1 (Power=0.9),  

     75=n .    

 

 

e) 95% two sided confidence interval 

                                  µ≤��
�

�
��
�

�
−

n

s
tx 24,025.0  

     

µ

µ

≤

≤��
�

�
��
�

�
−

06.23

20

78.4
776.203.26

 

Since the lower limit of the CI is less than 25, we conclude that there is insufficient evidence to indicate that 

the true mean rainfall is not greater than 25 acre-feet at α=0.01.   
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9-33 a. 1) The parameter of interest is the true mean sodium content, µ. 

 

     2) H0 : µ = 130        

     3) H1 :  µ ≠ 130 

     4) α = 0.05 

     5)
ns

x
t

/
0

µ−
=   

     6) Reject H0 if |t0|  > tα/2,n-1   where tα/2,n-1 = 2.045  

     7) 753.129=x ,  s = 0.929  n=30 

456.1
30929.0

130753.129
0 −=

−
=t  

 

      

8) Since 1.456 < 2.064,  do not reject the null hypothesis and conclude that the there is not sufficient  

     evidence that the true mean sodium content is different from 130mg  at α = 0.05. 

     

    From table IV the t0 value is found between the values of 0.05 and 0.1 with 29 degrees of  

    freedom, so 2*0.05<P-value = 2* 0.1  Therefore,  0.1< P-value<0.2. 
 

b)  

 

 The assumption of normality appears to be reasonable. 

 

c) d = 538.0
929.0

|1305.130||| 0 =
−

=
−

=
σ

µµ
σ
δ

 

 

     Using the OC curve, Chart VI e) for  α = 0.05, d = 0.53, and n = 30,  we get β ≅ 0.2 and  

     power of 1−0.20 = 0.80.  
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d) d = 11.0
929.0

|1301.130||| 0 =
−

=
−

=
σ

µµ
σ
δ

  

   Using the OC curve, Chart VI e) for  α = 0.05, d = 0.11,  and β ≅ 0.25 (Power=0.75),  

     100=n .   

 

d) 95% two sided confidence interval 

                                  ��
�

�
��
�

�
+≤≤��

�

�
��
�

�
−

n

s
tx

n

s
tx 29,025.029,025.0 µ  

     

100.130406.129

30

929.0
045.2753.129

30

929.0
045.2753.129

≤≤

��
�

�
��
�

�
+≤≤��

�

�
��
�

�
−

µ

µ
 

 We can conclude that the mean sodium content is equal to 130 because that value is inside the confidence 

 interval. 

 

9-34     a.)1) The parameter of interest is the true mean tire life, µ. 

 2) H0 : µ = 60000       

 3) H1 :  µ  > 60000 

 4) α = 0.05 

 5) t0 = 

ns

x

/

µ−
 

 6) Reject H0  if t0  > tα,n-1   where 753.115,05.0 =t  

 7) 94.36457.139,6016 === sxn     

    t0 = 15.0
16/94.3645

600007.60139
=

−
 

8) Since 0.15 < 1.753., do not reject the null hypothesis and conclude there is insufficient evidence to indicate 

that the true mean tire life is greater than 60,000 kilometers at  α = 0.05.  The P-value > 0.40.  

b.)  d = 27.0
94.3645

|6000061000||| 0 =
−

=
−

=
σ

µµ
σ
δ

  

   Using the OC curve, Chart VI g) for  α = 0.05, d = 0.27, and  β ≅ 0.1 (Power=0.9),  

     4=n .   

Yes, the sample size of 16 was sufficient. 

 

9-35. In order to use t statistics in hypothesis testing, we need to assume that the underlying distribution is normal. 

  1) The parameter of interest is the true mean impact strength, µ. 

 2) H0 : µ = 1.0       

 3) H1 :  µ  > 1.0 

 4) α = 0.05 

 5) t0 = 

ns

x

/

µ−
 

 6) Reject H0  if t0  > tα,n-1   where t0.05,19 = 1.729 

 7) x = 1.25   s = 0.25   n = 20  

    t0 = 47.4
20/25.0

0.125.1
=

−
 

8) Since 4.47 > 1.729, reject the null hypothesis and conclude there is sufficient evidence to indicate that the      

true mean impact strength is greater than 1.0 ft-lb/in at α = 0.05.  The P-value < 0.0005  

.  

9-36. In order to use t statistic in hypothesis testing, we need to assume that the underlying distribution is normal. 
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  1) The parameter of interest is the true mean current, µ. 

 2) H0 : µ = 300       

 3) H1 :  µ  > 300 

 4) α = 0.05 

 5) t0 = 

ns

x

/

µ−
 

 6) Reject H0  if t0  > tα,n-1   where 833.19,05.0 =t  

 7) 7.152.31710 === sxn     

    t0 = 46.3
10/7.15

3002.317
=

−
 

8) Since 3.46 > 1.833, reject the null hypothesis and conclude there is sufficient evidence to indicate that the      

true mean current is greater than 300 microamps at α = 0.05.  The 0.0025 <P-value < 0.005  

 

9-37. a.) In order to use t statistics in hypothesis testing, we need to assume that the underlying distribution 

     is normal. 

  1) The parameter of interest is the true mean coefficient of restitution, µ. 

 2) H0 : µ = 0.635       

 3) H1 :  µ  > 0.635 

 4) α = 0.05 

 5) t0 = 

ns

x

/

µ−
 

 6) Reject H0  if t0  > tα,n-1   where t0.05,39 = 1.685 

 7) x = 0.624   s = 0.013   n = 40  

    t0 = 35.5
40/013.0

635.0624.0
−=

−
 

8) Since –5.25 < 1.685, do not reject the null hypothesis and conclude that there is not sufficient evidence to 

indicate that the true mean coefficient of restitution is greater than 0.635 at α = 0.05.   

 

b.)The P-value > 0.4, based on Table IV.  Minitab gives P-value = 1. 

 

c) d = 38.0
013.0

|635.064.0||| 0 =
−

=
−

=
σ

µµ
σ
δ

 

 

     Using the OC curve, Chart VI g) for  α = 0.05, d = 0.38, and n = 40,  we get β ≅ 0.25 and  

     power of 1−0.25 = 0.75.  

 

d) d = 23.0
013.0

|635.0638.0||| 0 =
−

=
−

=
σ

µµ
σ
δ

  

   Using the OC curve, Chart VI g) for  α = 0.05, d = 0.23, and  β ≅ 0.25 (Power=0.75),  

     40=n .   
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9-38 a)In order to use t statistics in hypothesis testing, we need to assume that the underlying distribution 

     is normal. 

  1) The parameter of interest is the true mean oxygen concentration, µ. 

 2) H0 : µ = 4       

 3) H1 :  µ  ≠ 4 

 4) α = 0.01 

 5) t0 = 

ns

x

/

µ−
 

 6) Reject H0  if |t0 |>ta/2, n-1 = t0.005, 19 = 2.861  

7) x = 3.265, s = 2.127, n = 20  

    t0 = 55.1
20/127.2

4265.3
−=

−
 

8) Since -2.861<-1.55 <1.48, do not reject the null hypothesis and conclude that there is insufficient evidence to 

indicate that the true mean oxygen not equal 4 at α = 0.01. 

 

b.) The P-Value:   2*0.05<P-value<2*0.10   therefore 0.10< P-value<0.20 

c.) d = 47.0
127.2

|43||| 0 =
−

=
−

=
σ

µµ
σ
δ

 

 

     Using the OC curve, Chart VI f) for  α = 0.01, d = 0.47, and n = 20,  we get β ≅ 0.70 and  

     power of 1−0.70 = 0.30.  

 

d.) d = 71.0
127.2

|45.2||| 0 =
−

=
−

=
σ

µµ
σ
δ

  

   Using the OC curve, Chart VI f) for  α = 0.01, d = 0.71, and  β ≅ 0.10 (Power=0.90),  

      40=n .   

 

9-39        a)In order to use t statistics in hypothesis testing, we need to assume that the underlying distribution 

     is normal. 

  1) The parameter of interest is the true mean cigar tar content, µ. 

 2) H0 : µ = 1.5       

 3) H1 :  µ  > 1.5 

 4) α = 0.05 

 5) t0 = 

ns

x

/

µ−
 

 6) Reject H0  if t0  > tα,n-1   where t0.05,29 =1.699  

 7) x = 1.529   s = 0.0566   n = 30  

    t0 = 806.2
30/0566.0

5.1529.1
=

−
 

 8) Since 2.806 > 1.699, reject the null hypothesis and conclude that there is sufficient evidence to indicate that 

    the true mean tar content is greater than 1.5 at α = 0.05.   

 

b.) From table IV the t0 value is found between the values of 0.0025 and 0.005 with 29 degrees of  

     freedom.  Therefore,  0.0025< P-value<0.005. 
Minitab gives P-value = 0.004. 

c) d = 77.1
0566.0

|5.16.1||| 0 =
−

=
−

=
σ

µµ
σ
δ

 

 

     Using the OC curve, Chart VI g) for  α = 0.05, d = 1.77, and n = 30,  we get β ≅ 0 and  

     power of 1−0 = 1.  
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e.)  d = 77.1
0566.0

|5.16.1||| 0 =
−

=
−

=
σ

µµ
σ
δ

  

   Using the OC curve, Chart VI g) for  α = 0.05, d = 1.77, and  β ≅ 0.20 (Power=0.80),  

      4=n .   

 

9-40 a)  1) The parameter of interest is the true mean height of female engineering students, µ. 

 2) H0 : µ = 65       

 3) H1 :  µ  ≠ 65 

 4) α = 0.05 

 5) t0 = 

ns

x

/

µ−
 

 6) Reject H0  if |t0 | > tα/2,n-1   where t0.025,59 =2.0281  

 7) 65.811 =x  inches  2.106=s  inches   n = 37  

    t0 = 34.2
37/11.2

65811.65
=

−
 

 8) Since 2.34 > 2.0281, reject the null hypothesis and conclude that there is sufficient evidence to indicate that 

    the true mean height of female engineering students is not equal to 65 at α = 0.05.   

  

b.)P-value: 0.02<P-value<0.05. 
 

c) 42.1
11.2

6562
=

−
=d , n=37 so, from the OC Chart VI e) for  α = 0.05,  we find that β≅0.  Therefore, 

the power ≅ 1. 

 

 

d.) 47.0
11.2

6564
=

−
=d  for  α = 0.05,  and  β≅0.2 (Power=0.8). 

      40* =n .   

 

 

 

9-41 a) In order to use t statistics in hypothesis testing, we need to assume that the underlying distribution 

     is normal. 

  1) The parameter of interest is the true mean concentration of suspended solids, µ. 

 2) H0 : µ = 55       

 3) H1 :  µ  ≠ 55 

 4) α = 0.05 

 5) t0 = 

ns

x

/

µ−
 

 6) Reject H0  if |t0 | > tα/2,n-1   where t0.025,59 =2.000  

 7) x = 59.87   s = 12.50   n = 60  

    t0 = 018.3
60/50.12

5587.59
=

−
 

 8) Since 3.018 > 2.000, reject the null hypothesis and conclude that there is sufficient evidence to indicate that 

    the true mean concentration of suspended solids is not equal to 55 at α = 0.05.   
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b) From table IV the t0 value is found between the values of 0.001 and 0.0025 with 59 degrees of  

    freedom, so 2*0.001<P-value = 2* 0.0025  Therefore,  0.002< P-value<0.005. 
    Minitab gives a  p-value of  0.0038 

 

 

c) 4.0
50.12

5550
=

−
=d , n=60 so, from the OC Chart VI e) for  α = 0.05, d= 0.4 and n=60 we find that  

β≅0.2.  Therefore, the power = 1-0.2 =  0.8. 

 

 

d) From the same OC chart, and for the specified power, we would need approximately 38 observations. 

   4.0
50.12

5550
=

−
=d     Using the OC Chart VI e) for  α = 0.05, d = 0.4, and  β ≅ 0.10 (Power=0.90),  

      75=n .   

 

 

9-42        a)In order to use t statistics in hypothesis testing, we need to assume that the underlying distribution 

     is normal. 

  1) The parameter of interest is the true mean distance, µ. 

 2) H0 : µ = 280       

 3) H1 :  µ  > 280 

 4) α = 0.05 

 5) t0 = 

ns

x

/

µ−
 

 6) Reject H0  if t0  > tα,n-1   where t0.05,99 =1.6604  

 7) x = 260.3   s = 13.41  n = 100  

    t0 = 69.14
100/41.13

2803.260
−=

−
 

8) Since –14.69 < 1.6604, do not reject the null hypothesis and conclude that there is insufficient evidence to 

indicate that the true mean distance is greater than 280 at α = 0.05.   

 

b.) From table IV the t0 value is found above the value 0.005, therefore, the P-value is greater than  

0.995. 
 

 

c) d = 75.0
41.13

|280290||| 0 =
−

=
−

=
σ

µµ
σ
δ

 

 

     Using the OC curve, Chart VI g) for  α = 0.05, d = 0.75, and n = 100,  we get β ≅ 0 and  

     power of 1−0 = 1.  

 

f.)  d = 75.0
41.13

|280290||| 0 =
−

=
−

=
σ

µµ
σ
δ

  

   Using the OC curve, Chart VI g) for  α = 0.05, d = 0.75, and  β ≅ 0.20 (Power=0.80),  

      15=n .   
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Section 9-4 

 

9-43 a) In order to use the χ2 statistic in hypothesis testing and confidence interval construction, we need to 

assume that the underlying distribution is normal. 

    1) The parameter of interest is the true standard deviation of the diameter, σ.  However, the answer can   

         be found by performing a hypothesis test on σ2.  

    2) H0 :  σ
2 = 0.0001       

    3) H1 : σ
2 > 0.0001  

    4) α = 0.01 

    5) χ0
2 = 

( )n s− 1 2

2σ
 

    6) Reject H0 if χ χα0
2

1
2> −,n  where χ0 01 14

2
. , = 29.14 

    7) n = 15, s2 = 0.008 

χ0
2 = 

( ) ( . )

.
.

n s−
= =

1 14 0 008

0 0001
8 96

2

2

2

σ
  

    8) Since 8.96 < 29.14 do not reject H0 and conclude there is insufficient evidence to indicate the true  

        standard deviation of the diameter exceeds 0.01 at α = 0.01. 

 

 b) P-value = P(χ2  > 8.96) for 14 degrees of freedom:        0.5 < P-value < 0.9 

  

 c) 25.1
01.0

0125.0

0

===
σ
σ

λ  power = 0.8,  β=0.2 

  using chart VIk the required sample size is 50 

 

 

9-44 a.) In order to use χ2 statistic in hypothesis testing and confidence interval construction, we need to assume   

     that the underlying distribution is normal. 

1) The parameter of interest is the true variance of sugar content, σ2.  However, the            

answer can be found by performing a hypothesis test on σ2.  

      2) H0 :  σ
2 = 18       

     3) H1 : σ
2 ≠ 18 

     4) α = 0.05  

     5) χ0
2 = 

( )n s− 1 2

2σ
 

     6) Reject H0 if χ χ α0
2

1 2 1
2< − −/ ,n where 70.22

9,975.0 =χ or χ χα0
2

2 1
2> −, ,n where 02.192

9,025.0 =χ  

     7) n = 10, s = 4.8 

   χ0
2 = 52.11

18

)8.4(9)1( 2

2

2

==
−

σ
sn

 

     8) Since 11.52 < 19.02 do not reject H0 and conclude there is insufficient evidence to indicate the true   

         variance of sugar content is significantly different from 18 at α = 0.01. 

 b.) P-value:  The χ0
2 is between 0.50 and 0.10.  Therefore, 0.2<P-value<1  

c.) The 95% confidence interval includes the value 18, therefore, we could not be able to conclude that the 

variance was not equal to 18. 

  

80.7690.10

70.2

)8.4(9

02.19

)8.4(9

2

2
2

2

≤≤

≤≤

σ

σ
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9-45 a) In order to use χ2 statistic in hypothesis testing and confidence interval construction, we need to assume 

     that the underlying distribution is normal. 

     1) The parameter of interest is the standard deviation of tire life, σ.  However, the answer can be found   

          by performing a hypothesis test on σ2.  

     2) H0 :  σ
2 = 40,000       

     3) H1 : σ
2 > 40,000 

     4) α = 0.05 

     5) χ0
2 = 

2

2)1(

σ
sn −

 

     6) Reject H0 if χ χα0
2

1
2> −,n  where χ0 05 15

2
. , = 25.00 

     7) n = 16, s2 = (3645.94)2  

χ0
2 = 83.4984

40000

)94.3645(15)1( 2

2

2

==
−

σ
sn

  

     8) Since 4984.83 > 25.00 reject H0 and conclude there is strong evidence to indicate the true standard   

         deviation of tire life exceeds 200 km at α = 0.05. 

 b) P-value = P(χ2  > 4984.83) for 15 degrees of freedom  P-value < 0.005 

 

  

 

 

9-46 a) In order to use χ2 statistic in hypothesis testing and confidence interval construction, we need to assume   

     that the underlying distribution is normal. 

     1) The parameter of interest is the true standard deviation of Izod impact strength, σ.  However, the   

         answer can be found by performing a hypothesis test on σ2.  

      2) H0 :  σ
2 = (0.10)2       

     3) H1 : σ
2 ≠ (0.10)2  

     4) α = 0.01 

     5) χ0
2 = 

( )n s− 1 2

2σ
 

     6) Reject H0 if χ χ α0
2

1 2 1
2< − −/ ,n where 84.62

19,995.0 =χ 27 or χ χα0
2

2 1
2> −, ,n where 58.382

19,005.0 =χ  

     7) n = 20, s = 0.25 

   χ0
2 = 75.118

)10.0(

)25.0(19)1(
2

2

2

2

==
−

σ
sn

 

8) Since 118.75 > 38.58 reject H0 and conclude there is sufficient evidence to indicate the true            

standard deviation of Izod impact strength is significantly different from 0.10 at α = 0.01. 

 b.) P-value:  The P-value<0.005 

 

c.) 99% confidence interval for σ: 

     First find the confidence interval for σ2 : 

     For α = 0.01 and n = 20, χα / ,2 1
2

n− =  84.62

19,995.0 =χ  and χ α1 2 1
2
− − =/ ,n 58.382

19,005.0 =χ  

       

1736.003078.0

84.6

)25.0(19

58.38

)25.0(19

2

2
2

2

≤≤

≤≤

σ

σ
 

        
Since 0.01 falls below the lower confidence bound we would conclude that the population standard deviation 

is not equal to 0.01. 

 

 

 

9-47. a) In order to use χ2 statistic in hypothesis testing and confidence interval construction, we need to assume   

     that the underlying distribution is normal. 
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     1) The parameter of interest is the true standard deviation of titanium percentage, σ.  However, the   

         answer can be found by performing a hypothesis test on σ2.  

      2) H0 :  σ
2 = (0.25)2       

     3) H1 : σ
2 ≠ (0.25)2  

     4) α = 0.01 

     5) χ0
2 = 

( )n s− 1 2

2σ
 

     6) Reject H0 if χ χ α0
2

1 2 1
2< − −/ ,n where χ0 995 50

2
. , = 27.99 or χ χα0

2
2 1

2> −, ,n where χ0 005 50
2
. , = 79.49 

     7) n = 51, s = 0.37 

   χ0
2 = 

( ) ( . )

( . )
.

n s−
= =

1 50 0 37

0 25
109 52

2

2

2

2σ
 

     8) Since 109.52 > 79.49 we would reject H0 and conclude there is sufficient evidence to indicate the true   

         standard deviation of titanium percentage is significantly different from 0.25 at α = 0.01. 

  

 

 

 

 

b) 95% confidence interval for σ: 

     First find the confidence interval for σ2 : 

     For α = 0.05 and n = 51, χα / ,2 1
2

n− = χ0 025 50
2
. , = 71.42 and χ α1 2 1

2
− − =/ ,n χ0 975 50

2
. , = 32.36 

       
36.32

)37.0(50

42.71

)37.0(50 2
2

2

≤≤ σ  

        0.096 ≤ σ2
 ≤ 0.2115  

     Taking the square root of the endpoints of this interval we obtain, 

0.31 < σ < 0.46  
Since 0.25 falls below the lower confidence bound we would conclude that the population standard 

deviation is not equal to 0.25. 

 

9-48 Using the chart in the Appendix, with 22.1
008.0

012.0
==λ  and n = 15 we find  

β = 0.80. 

9-49 Using the chart in the Appendix, with 49.1
18

40
==λ  and β = 0.10, we find  

n = 30. 
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Section 9-5 
 
 

9-50 a) The parameter of interest is the true proportion of engine crankshaft bearings exhibiting surface roughness.  

          2) H0 : p = 0.10   

     3) H1 : p >0.10 

     4) α = 0.05 

   5) 

( )00

0

0
1 pnp

npx
z

−

−
=   or  

( )
n

pp

pp
z

00

0

0
1

ˆ

−

−
= ;   Either approach will yield the same conclusion 

   6) Reject H0  if z0  >  zα  where zα = z0.05  = 1.65 

  7)  x = 10  n = 85  � .p = =
13

300
0 043  

  

( )
54.0

)90.0)(10.0(85

)10.0(8510

1 00

0
0 =

−
=

−

−
=

pnp

npx
z  

8) Since 0.53 < 1.65,   do not reject the null hypothesis and conclude the true proportion of crankshaft 

bearings exhibiting surface roughness is not significantly greater than 0.10, at α = 0.05. 

 

 

 

9-51  p= 0.15,   p0=0.10, n=85, and zα/2=1.96 

 

639.00016.06406.0)94.2()36.0(

85/)15.01(15.0

85/)10.01(10.096.115.010.0

85/)15.01(15.0

85/)10.01(10.096.115.010.0

/)1(

/)1(

/)1(

/)1( 002/0002/0

=−=−Φ−Φ=

�
�

�

�

�
�

�

�

−

−−−
Φ−

�
�

�

�

�
�

�

�

−

−+−
Φ=

�
�

�

�

�
�

�

�

−

−−−
Φ−

�
�

�

�

�
�

�

�

−

−+−
Φ=

npp

nppzpp

npp

nppzpp ααβ

 

  

  

 

11863.117)85.10(

10.015.0

)15.01(15.028.1)10.01(10.096.1

)1()1(

2

2

2

0

002/

≅==

�
�

�

�

�
�

�

�

−

−−−
=

�
�

�

�

�
�

�

�

−

−−−
=

pp

ppzppz
n

βα
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9-52 a) Using the information from Exercise 8-48, test 

      1) The parameter of interest is the true fraction defective integrated circuits     

2) H0 : p = 0.05   

 3) H1 : p ≠ 0.05 

 4) α = 0.05 

 5) 

( )00

0

0
1 pnp

npx
z

−

−
=   or  

( )
n

pp

pp
z

00

0

0
1

ˆ

−

−
= ;   Either approach will yield the same conclusion 

 6) Reject H0  if z0  < − zα/2  where −zα/2 = −z0.025  = −1.96 or z0  >  zα/2  where zα/2 = z0.025  = 1.96 

 7)  x = 13  n = 300  � .p = =
13

300
0 043  

  

( )
53.0

)95.0)(05.0(300

)05.0(30013

1 00

0

0 −=
−

=
−

−
=

pnp

npx
z  

8) Since −0.53 > −1.65,   do not reject null hypothesis and conclude the true fraction of defective integrated 

circuits is not significantly less than 0.05, at α = 0.05. 

  

 b.)  The P-value: 2(1-Φ(0.53))=2(1-0.70194)=0.59612 

 

 

 

 

 

9-53.   a) Using the information from Exercise 8-48, test 

      1) The parameter of interest is the true fraction defective integrated circuits  

2) H0 : p = 0.05   

 3) H1 : p < 0.05 

 4) α = 0.05 

 5) 
( )00

0
0

1 pnp

npx
z

−

−
=   or  

( )
n

pp

pp
z

00

0
0

1

ˆ

−

−
= ;   Either approach will yield the same conclusion 

 6) Reject H0  if z0  < − zα  where −zα = −z0.05  = −1.65 

 7)  x = 13  n = 300  � .p = =
13

300
0 043  

    

( )
53.0

)95.0)(05.0(300

)05.0(30013

1 00

0
0 −=

−
=

−

−
=

pnp

npx
z  

8) Since −0.53 > −1.65,   do not null hypothesis and conclude the true fraction of defective integrated 

 circuits is not significantly less than 0.05, at α = 0.05. 

  

  b) P-value = 1 − Φ(0.53) = 0.29806 
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9-54  a) 1) The parameter of interest is the true proportion of engineering students planning graduate studies  

2) H0 : p = 0.50   

 3) H1 : p ≠ 0.50 

 4) α = 0.05 

 5) 

( )00

0

0
1 pnp

npx
z

−

−
=   or  

( )
n

pp

pp
z

00

0

0
1

ˆ

−

−
= ;   Either approach will yield the same conclusion 

 6) Reject H0  if z0  < − zα/2  where −zα/2 = −z0.025  = −1.96 or z0  >  zα/2  where zα/2 = z0.025  = 1.96 

 7)  x = 117  n = 484  � .p = =
13

300
0 043  

  

( )
36.11

)5.0)(5.0(484

)5.0(484117

1 00

0

0 −=
−

=
−

−
=

pnp

npx
z  

8) Since −11.36 > −1.65,   reject the null hypothesis and conclude the true proportion of engineering students 

planning graduate studies is significantly different from 0.5, at α = 0.05. 

  

  b.) P-value =2[1 − Φ(11.36)] ≅ 0 

 

 c.) 242.0
484

117
ˆ ==p  

280.0204.0

484

)758.0(242.0
96.1242.0

484

)758.0(242.0
96.1242.0

)ˆ1(ˆ
ˆ

)ˆ1(ˆ
ˆ

2/2/

≤≤

−≤≤−

−
+≤≤

−
−

p

p

n

pp
zpp

n

pp
zp αα

 

 

Since the 95% confidence interval does not contain the value 0.5, then conclude that the true proportion of 

engineering students planning graduate studies is significantly different from 0.5. 

 

 

9-55. a) 1) The parameter of interest is the true percentage of polished lenses that contain surface defects, p. 

     2) H0 : p = 0.02  

     3) H1 : p < 0.02 

     4) α = 0.05 

     5) 
( )00

0
0

1 pnp

npx
z

−

−
=   or  

( )
n

pp

pp
z

00

0
0

1

ˆ

−

−
= ;   Either approach will yield the same conclusion 

     6) Reject H0  if z0  < − zα where  −zα = −z0.05 = −1.65 

    7)  x = 6  n = 250  024.0
250

6
ˆ ==p  

    
( )

452.0

250

)02.01(02.0

02.0024.0

1

ˆ

00

0
0 =

−

−
=

−

−
=

n

pp

pp
z  

   8) Since 0.452 > −1.65 do not reject the null hypothesis and conclude the machine cannot be qualified at  

      the 0.05 level of significance. 

  

b) P-value =  Φ(0.452) = 0.67364 
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9-56 . a) 1) The parameter of interest is the true percentage of football helmets that contain flaws, p. 

     2) H0 : p = 0.1  

     3) H1 : p > 0.1 

     4) α = 0.01 

     5) 
( )00

0
0

1 pnp

npx
z

−

−
=   or  

( )
n

pp

pp
z

00

0
0

1

ˆ

−

−
= ;   Either approach will yield the same conclusion 

     6) Reject H0  if z0  >  zα where  zα = z0.01 = 2.33 

    7)  x = 16  n = 200  08.0
200

16
ˆ ==p  

    

( )
94.0

200

)10.01(10.0

10.008.0

1

ˆ

00

0

0 −=
−

−
=

−

−
=

n

pp

pp
z  

8) Since -0.452 < 2.33 do not reject the null hypothesis and conclude the proportion of football helmets with 

flaws does not exceed 10%. 

  

b) P-value =  1-Φ(0.94) =1-.8264= 0.67364 

 

9-57. The problem statement implies that H0: p = 0.6, H1: p > 0.6 and defines an acceptance region as 

� .p ≤ =
315

500
0 63   and rejection region as � .p > 0 63  

a) The probability of a type 1 error is 

        
( ) ( ) 08535.0)37.1(137.1

500

)4.0(6.0

6.063.0
6.0|63.0ˆ =<−=≥=

�
�
�
�

�

�

�
�
�
�

�

�

−
≥==≥= ZPZPZPppPα

. 

 b) β = P( �P ≤ 0.63 | p = 0.75) = P(Z ≤ −6.196) = 0. 

 

 

9-58 1) The parameter of interest is the true proportion of batteries that fail before 48 hours, p. 

     2) H0 : p = 0.002  

     3) H1 : p < 0.002 

     4) α = 0.01 

     5) 
( )00

0
0

1 pnp

npx
z

−

−
=   or  

( )
n

pp

pp
z

00

0
0

1

ˆ

−

−
= ;   Either approach will yield the same conclusion 

     6) Reject H0  if z0  <  -zα where  -zα = -z0.01 = -2.33 

    7)  x = 15  n = 5000  003.0
5000

15
ˆ ==p  

    

( )
58.1

5000

)998.01(002.0

002.0003.0

1

ˆ

00

0

0 =
−

−
=

−

−
=

n

pp

pp
z  

8) Since 1.58 > -2.33 do not reject the null hypothesis and conclude the proportion of proportion 

of cell phone batteries that fail is not less than 0.2% at α=0.01. 
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Section 9-7 

 

9-59. Expected Frequency is found by using the Poisson distribution 

 
!

)(
x

e
xXP

xλλ−

==  where 41.1100/)]4(4)11(3)31(2)30(1)24(0[ =++++=λ  

Value 0 1 2 3 4 

Observed Frequency 24 30 31 11 4 

Expected Frequency 30.12 36.14 21.69 8.67 2.60 

 

     Since value 4 has an expected frequency less than 3, combine this category with the previous category: 

 

Value 0 1 2 3-4 

Observed Frequency 24 30 31 15 

Expected Frequency 30.12 36.14 21.69 11.67 

 

     The degrees of freedom are k − p − 1 = 4 − 0 − 1 = 3 

 

 a) 1) The variable of interest is the form of the distribution for X. 

     2) H0: The form of the distribution is Poisson 

     3) H1: The form of the distribution is not Poisson 

     4) α = 0.05 

     5) The test statistic is 

( )
�

=

−
=

k

i i

ii

E

EO

1

2

2

0χ  

     6) Reject H0 if χ χo
2

0 05 3
2

7 81> =. , .  

     7)  
( ) ( ) ( ) ( )

23.7
67.11

67.1115

69.21

69.2131

14.36

14.3630

12.30

12.3024
2222

2

0 =
−

+
−

+
−

+
−

=χ  

    

  8) Since 7.23 < 7.81 do not reject H0. We are unable to reject the null hypothesis that the distribution of   

         X is Poisson. 

  

b) The P-value is between 0.05 and 0.1 using Table III. P-value =  0.0649 (found using Minitab) 
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9-60. Expected Frequency is found by using the Poisson distribution 

 
!

)(
x

e
xXP

xλλ−

==  where 907.475/)]9(8)10(7)11(2)1(1[ =++++= �λ  

 Estimated mean = 4.907 

 

Value 1 2 3 4 5 6 7 8 

Observed Frequency 1 11 8 13 11 12 10 9 

Expected Frequency 2.7214 6.6770 10.9213 13.3977 13.1485 10.7533 7.5381 4.6237 

 

     Since the first category has an expected frequency less than 3, combine it with the next category: 

 

Value 1-2 3 4 5 6 7 8 

Observed Frequency 12 8 13 11 12 10 9 

Expected Frequency 9.3984 10.9213 13.3977 13.1485 10.7533 7.5381 4.6237 

 

     The degrees of freedom are k − p − 1 = 7 − 1 − 1 = 5 

 

 a) 1) The variable of interest is the form of the distribution for the number of flaws. 

     2) H0: The form of the distribution is Poisson 

     3) H1: The form of the distribution is not Poisson 

     4) α = 0.01 

     5) The test statistic is 

( )
χ0

2
2

1

=
−

=
�

O E

E

i i

ii

k

 

     6) Reject H0 if χ χo
2

0 01 5
2

15 09> =. , .  

     7) 

   
( ) ( )

χ0
2

2 2
12 9 3984

9 3984

9 4 6237

4 6237
=

−
+ +

−
=

.

.

.

.
�  6.955  

     8) Since 6.955 < 15.09 do not reject H0.  We are unable to reject the null hypothesis that the distribution  

         of the number of flaws is Poisson. 

 

 b) P-value = 0.2237 (found using Minitab) 
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9-61.     Estimated mean = 10.131  

 

Value 5 6 8 9 10 11 12 13 14 15 

Rel. Freq 0.067 0.067 0.100 0.133 0.200 0.133 0.133 0.067 0.033 0.067 

Observed 

(Days) 

2 2 3 4 6 4 4 2 1 2 

Expected 

(Days) 

1.0626 1.7942 3.2884 3.7016 3.7501 3.4538 2.9159 2.2724 1.6444 1.1106 

 

     Since there are several cells with expected frequencies less than 3, the revised table would be: 

 

Value 5-8 9 10 11 12-15 

Observed 

(Days) 

7 4 6 4 9 

Expected 

(Days) 

6.1452 3.7016 3.7501 3.4538 7.9433 

 

     The degrees of freedom are k − p − 1 = 5 − 1 − 1 = 3 

  

a) 1) The variable of interest is the form of the distribution for the number of calls arriving to a switchboard 

         from noon to 1pm during business days. 

     2) H0: The form of the distribution is Poisson 

     3) H1: The form of the distribution is not Poisson 

     4) α = 0.05 

     5) The test statistic is 

( )
χ0

2
2

1

=
−

=
�

O E

E

i i

ii

k

 

     6) Reject H0 if χ χo
2

0 05 3
2

7 81> =. , .  

     7) 

( ) ( ) ( ) ( ) ( )
1.72 

9433.7

9433.79

4538.3

4538.34

7501.3

7501.36

7016.3

7016.34

1452.6

1452.67
22222

2

0 =
−

+
−

+
−

+
−

+
−

=χ  

     8) Since 1.72 < 7.81 do not reject H0.  We are unable to reject the null hypothesis that the distribution  

         for the number of calls is Poisson. 

  

b) The P-value is between 0.9 and 0.5 using Table III.  P-value = 0.6325 (found using Minitab) 
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9-62  Use the binomial distribution to get the expected frequencies with the mean = np = 6(0.25) = 1.5 

 

Value 0 1 2 3 4 

Observed 4 21 10 13 2 

Expected 8.8989 17.7979 14.8315 6.5918 1.6479 

 

     The expected frequency for value 4 is less than 3.  Combine this cell with value 3: 

 

Value 0 1 2 3-4 

Observed 4 21 10 15 

Expected 8.8989 17.7979 14.8315 8.2397 

 

     The degrees of freedom are k − p − 1 = 4  − 0 − 1 = 3 

 

 a) 1) The variable of interest is the form of the distribution for the random variable X. 

     2) H0: The form of the distribution is binomial with n = 6 and p = 0.25 

     3) H1: The form of the distribution is not binomial with n = 6 and p = 0.25 

     4) α = 0.05 

     5) The test statistic is 

( )
χ0

2
2

1

=
−

=
�

O E

E

i i

ii

k

 

     6) Reject H0 if χ χo
2

0 05 3
2

7 81> =. , .  

     7) 

  
( ) ( )

χ0
2

2 2
4 8 8989

8 8989

15 8 2397

8 2397
=

−
+ +

−
=

.

.

.

.
�   10.39  

 

     8) Since 10.39 > 7.81 reject H0. We can conclude that the distribution is not binomial with n = 6 and p =   

         0.25 at α = 0.05. 

 b) P-value = 0.0155 (found using Minitab) 
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9-63 The value of p must be estimated.  Let the estimate be denoted by �psample  

         sample mean =
+ + +

=
0 39 1 23 2 12 3 1

75
0 6667

( ) ( ) ( ) ( )
.  

        02778.0
24

6667.0
ˆ ===

n

meansample
psample  

Value 0 1 2 3 

Observed 39 23 12 1 

Expected 38.1426 26.1571 8.5952 1.8010 

 

     Since value 3 has an expected frequency less than 3, combine this category with that of value 2: 

 

Value 0 1 2-3 

Observed 39 23 13 

Expected 38.1426 26.1571 10.3962 

 

     The degrees of freedom are k − p − 1 = 3  − 1 − 1 = 1 

 a) 1) The variable of interest is the form of the distribution for the number of underfilled cartons, X. 

     2) H0: The form of the distribution is binomial 

     3) H1: The form of the distribution is not binomial 

     4) α = 0.05 

     5) The test statistic is 

( )
χ0

2
2

1

=
−

=
�

O E

E

i i

ii

k

 

     6) Reject H0 if χ χo
2

0 05 1
2

384> =. , .  

     7)  
( ) ( )

χ0
2

2 2 2
39 381426

381426

23 261571

261571

13 10 3962

10 39
=

−
+

−
+

−
=

.

.

( . )

.

.

.
  1.053  

     8) Since 1.053 < 3.84 do not reject H0. We are unable to reject the null hypothesis that the distribution  

         of the number of underfilled cartons is binomial at α = 0.05. 

 

 b) The P-value is between 0.5 and 0.1 using Table III P-value = 0.3048 (found using Minitab) 

 

 

9-64 Estimated mean = 49.6741 use Poisson distribution with λ=49.674 

  All expected frequencies are greater than 3. 

  The degrees of freedom are k − p − 1 = 26 − 1 − 1 = 24 

 

 a) 1) The variable of interest is the form of the distribution for the number of cars passing through the  

         intersection. 

     2) H0: The form of the distribution is Poisson 

     3) H1: The form of the distribution is not Poisson 

     4) α = 0.05 

     5) The test statistic is 

( )
χ0

2
2

1

=
−

=
�

O E

E

i i

ii

k

 

     6) Reject H0 if χ χo
2

0 05 24
2

36 42> =. , .  

     7)  Estimated mean = 49.6741 

χ0
2 769 57= .  

      8) Since 769.57 >>> 36.42, reject H0.  We can conclude that the distribution is not Poisson at α = 0.05. 

 b) P-value = 0 (found using Minitab) 
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Section 9-8 

 

9-65. 1. The variable of interest is breakdowns among shift. 

 2. H0: Breakdowns are independent of shift. 

 3. H1: Breakdowns are not independent of shift. 

4. α = 0.05 

5. The test statistic is: 

( )
��

= =

−
=

r

i

c

j ij

ijij

E

EO

1 1

2

2

0χ   

6. The critical value is 592.122

6,05.
=χ  

7.  The calculated test statistic is 65.112

0
=χ  

8. χ χ
0
2

0 05 6
2/> . ,

 , do not reject H0 and conclude that the data provide insufficient evidence to claim that 

     machine breakdown and shift are dependent at α = 0.05. 

     P-value = 0.070 (using Minitab) 

 

 

 

 

9-66 1. The variable of interest is calls by surgical-medical patients. 

 2. H0:Calls by surgical-medical patients are independent of Medicare status. 

 3. H1:Calls by surgical-medical patients are not independent of Medicare status. 

4. α = 0.01 

5. The test statistic is: 

( )
��

= =

−
=

r

i

c

j ij

ijij

E

EO

1 1

2

2

0χ   

6. The critical value is 637.62

1,01.
=χ  

7. The calculated test statistic is 033.02

0
=χ  

8. 
2

1,01.0

2

0 χχ >/  , do not reject H0 and conclude that the evidence is not sufficient to claim that surgical-

medical patients and Medicare status are dependent. P-value = 0.85 

 

 

 

9-67. 1. The variable of interest is statistics grades and OR grades. 

 2. H0: Statistics grades are independent of OR grades. 

 3. H1: Statistics and OR grades are not independent. 

4. α = 0.01 

5. The test statistic is: 

( )
��

= =

−
=

r

i

c

j ij

ijij

E

EO

1 1

2

2

0χ   

 

6. The critical value is 665.212

9,01.
=χ  

7. The calculated critical value is 55.252

0
=χ  

8. 
2

9,01.0

2

0 χχ >  Therefore, reject H0 and conclude that the grades are not independent at α = 0.01. 

P-value = 0.002 

 

 

 

9-68 1. The variable of interest is characteristic among deflections and ranges. 
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 2. H0: Deflection and range are independent. 

 3. H1: Deflection and range are not independent. 

4. α = 0.05 

5. The test statistic is: 

( )
��

= =

−
=

r

i

c

j ij

ijij

E

EO

1 1

2

2

0χ   

6. The critical value is 488.92

4,05.0
=χ  

7. The calculated test statistic is 46.22

0
=χ  

8. 
2

4,05.0

2

0 χχ >/  , do not reject H0 and conclude that the evidence is not sufficient to claim that the data are 

not independent at α = 0.05. P-value = 0.652 

 

 

 

 

9-69. 1. The variable of interest is failures of an electronic component. 

 2. H0: Type of failure is independent of mounting position. 

 3. H1: Type of failure is not independent of mounting position. 

4. α = 0.01 

5. The test statistic is: 

( )
��

= =

−
=

r

i

c

j ij

ijij

E

EO

1 1

2

2

0χ   

6. The critical value is 344.112

3,01.0
=χ  

7. The calculated test statistic is 71.102

0
=χ  

8. 
2

3,01.0

2

0 χχ >/  , do not reject H0 and conclude that the evidence is not sufficient to claim that the type of 

failure is not independent of the mounting position at α = 0.01. P-value = 0.013 

 

 

9-70 1. The variable of interest is opinion on core curriculum change. 

 2. H0: Opinion of the change is independent of the class standing. 

 3. H1: Opinion of the change is not independent of the class standing. 

4. α = 0.05 

5. The test statistic is: 

( )
��

= =

−
=

r

i

c

j ij

ijij

E

EO

1 1

2

2

0χ   

6. The critical value is 815.72

3,05.0
=χ  

7. The calculated test statistic is 97.262

0.
=χ . 

8. 
2

3,05.0

2

0 χχ >>>  , reject H0 and conclude that the opinions on the change are not independent of class 

standing.  P-value ≈ 0 
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Supplemental Exercises 

 

9-71 Sample Mean = �p   Sample Variance = 
� ( � )p p

n

1−
 

 Sample Size, n Sampling Distribution Sample Mean Sample Variance 

a. 50 Normal p p p( )1

50

−
 

b. 80 Normal p p p( )1

80

−
 

c. 100 Normal p p p( )1

100

−
 

 

 d) As the sample size increases, the variance of the sampling distribution decreases. 

 

 

 

 

9-72  

 

  n Test statistic P-value conclusion 

a. 50 

12.0
50/)10.01(10.0

10.0095.0
0 −=

−

−
=z  

0.4522 Do not reject H0 

b. 100 
15.0

100/)10.01(10.0

10.0095.0
0 −=

−

−
=z  

0.4404 Do not reject H0 

c. 500 
37.0

500/)10.01(10.0

10.0095.0
0 −=

−

−
=z  

0.3557 Do not reject H0 

 

d. 

 

1000 
53.0

1000/)10.01(10.0

10.0095.0
0 −=

−

−
=z

 

0.2981 Do not reject H0 

 

 e.  The P-value decreases as the sample size increases. 

 

9-73. σ = 12,  δ = 205 − 200 = 5, 
α

2
0 025= . ,  z0.025 = 1.96, 

 a) n = 20: 564.0)163.0(
12

205
96.1 =Φ=�

�
�

�
�
�
�

�
−Φ=β  

 b) n = 50: 161.0839.01)986.0(1)986.0(
12

505
96.1 =−=Φ−=−Φ=�

�
�

�
�
�
�

�
−Φ=β  

 c) n = 100: 0116.09884.01)207.2(1)207.2(
12

1005
96.1 =−=Φ−=−Φ=�

�
�

�
�
�
�

�
−Φ=β  

 d) β, which is the probability of a Type II error, decreases as the sample size increases because the variance      

of the sample mean decreases.  Consequently, the probability of observing a sample mean in the       

acceptance region centered about the incorrect value of 200 ml/h decreases with larger n. 
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9-74 σ = 14,  δ = 205 − 200 = 5, 
α

2
0 025= . ,  z0.025 = 1.96, 

 a) n = 20: 6406.0)362.0(
14

205
96.1 =Φ=�

�
�

�
�
�
�

�
−Φ=β  

 b) n = 50: 2877.07123.01)565.0(1)565.0(
14

505
96.1 =−=Φ−=−Φ=�

�
�

�
�
�
�

�
−Φ=β  

 c) n = 100: 0537.09463.01)611.1(1)611.1(
14

1005
96.1 =−=Φ−=−Φ=�

�
�

�
�
�
�

�
−Φ=β  

 d) The probability of a Type II error increases with an increase in the standard deviation. 

 

 

 

9-75. σ = 8,  δ = 204 − 200 = −4, 
α

2
0 025= . ,  z0.025 = 1.96. 

 a) n = 20: β = −
�

�
��

�

�
�� = − =Φ Φ196

4 20

8
0 28. ( . ) 1 − Φ(0.28) = 1 − 0.61026 = 0.38974 

     Therefore, power = 1 − β = 0.61026 

 b) n = 50: β = −
�

�
��

�

�
�� = − =Φ Φ196

4 50

8
2 58. ( . ) 1 − Φ(2.58) = 1 − 0.99506 = 0.00494 

  Therefore, power = 1 − β = 0.995 

 c) n = 100: β = −
�

�
��

�

�
�� = − =Φ Φ196

4 100

8
3 04. ( . ) 1 − Φ(3.04) = 1 − 0.99882 = 0.00118 

  Therefore, power = 1 − β = 0.9988 

 d) As sample size increases, and all other values are held constant, the power increases because the          

variance of the sample mean decreases.  Consequently, the probability of a Type II error decreases,         which 

implies the power increases. 

 

9-76  α=0.01 

a.) n=25 9783.0)02.2()31.033.2(
25/16

8685
01.0 =Φ=−Φ=��

�

�
��
�

� −
+Φ= zβ   

       n=100 9554.0)70.1()63.033.2(
100/16

8685
01.0 =Φ=−Φ=��

�

�
��
�

� −
+Φ= zβ  

       n=400 8599.0)08.1()25.133.2(
400/16

8685
01.0 =Φ=−Φ=��

�

�
��
�

� −
+Φ= zβ  

       n=2500 2119.0)80.0()13.333.2(
2500/16

8685
01.0 =−Φ=−Φ=��

�

�
��
�

� −
+Φ= zβ  

  

 

 

 

b.) n=25 31.0
25/16

8586
0 =

−
=z  P-value: 3783.06217.01)31.0(1 =−=Φ−  
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      n=100 63.0
100/16

8586
0 =

−
=z  P-value: 2643.07357.01)63.0(1 =−=Φ−  

     n=400 25.1
400/16

8586
0 =

−
=z  P-value: 1056.08944.01)25.1(1 =−=Φ−   

      n=2500 13.3
2500/16

8586
0 =

−
=z  P-value: 0009.09991.01)13.3(1 =−=Φ−  

The data would be statistically significant when n=2500 at α=0.01 

  

 

9-77. a) Rejecting a null hypothesis provides a stronger conclusion than failing to reject a null hypothesis.  

Therefore, place what we are trying to demonstrate in the alternative hypothesis. 

 

     Assume that the data follow a normal distribution. 

 

 b) 1) the parameter of interest is the mean weld strength, µ. 

     2) H0 : µ  = 150 

     3) H1 :  µ  > 150 

     4) Not given 

     5) The test statistic is: 

    

ns

x
t

/

0

0

µ−
=  

     6) Since no critical value is given, we will calculate the P-value 

     7) x = 153 7. , s= 11.3,  n=20 

      46.1
203.11

1507.153
0 =

−
=t   

 

           P-value = ( )P t p value≥ = < − <146 0 05 010. . .  

  

     8) There is some modest evidence to support the claim that the weld strength exceeds 150 psi. 

          If we used α = 0.01 or 0.05, we would not reject the null hypothesis, thus the claim would not be    

          supported.  If we used α = 0.10, we would reject the null in favor of the alternative and conclude the   

          weld strength exceeds 150 psi.  

 

9-78 a.) α=0.05 

      n=100 3632.0)35.0()0.265.1(
100/)5.0(5.0

6.05.0
05.0 =−Φ=−Φ=

�
�

�

�

�
�

�

� −
+Φ= zβ   

6368.03632.011 =−=−= βPower  

       n=150 2119.0)8.0()45.265.1(
100/)5.0(5.0

6.05.0
05.0 =−Φ=−Φ=

�
�

�

�

�
�

�

� −
+Φ= zβ  

7881.02119.011 =−=−= βPower  

               n=300 03515.0)81.1()46.365.1(
300/)5.0(5.0

6.05.0
05.0 =−Φ=−Φ=

�
�

�

�

�
�

�

� −
+Φ= zβ  

  96485.003515.011 =−=−= βPower  

b.) α=0.01 
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       n=100 6293.0)33.0()0.233.2(
100/)5.0(5.0

6.05.0
01.0 =Φ=−Φ=

�
�

�

�

�
�

�

� −
+Φ= zβ   

 3707.06293.011 =−=−= βPower  

       n=150 4522.0)12.0()45.233.2(
100/)5.0(5.0

6.05.0
01.0 =−Φ=−Φ=

�
�

�

�

�
�

�

� −
+Φ= zβ  

 5478.04522.011 =−=−= βPower  

       n=300 1292.0)13.1()46.333.2(
300/)5.0(5.0

6.05.0
01.0 =−Φ=−Φ=

�
�

�

�

�
�

�

� −
+Φ= zβ  

 8702.01292.011 =−=−= βPower  

Decreasing the value of α decreases the power of the test for the different sample sizes. 

  

c.) α=0.05 

      n=100 0.0)35.4()0.665.1(
100/)5.0(5.0

8.05.0
05.0 ≅−Φ=−Φ=

�
�

�

�

�
�

�

� −
+Φ= zβ   

1011 ≅−=−= βPower  

 

The true value of p has a large effect on the power.  The further p is away from p0 the larger the power of the 

test. 

 

d.)  

      

242.23)82.4(
5.06.0

)6.01(6.065.1)50.01(5.058.2

)1()1(

2

2

2

0

002/

≅==
�
�

�

�

�
�

�

�

−

−−−
=

�
�

�

�

�
�

�

�

−

−−−
=

pp

ppzppz
n

βα

 

    

541.4)1.2(
5.08.0

)8.01(8.065.1)50.01(5.058.2

)1()1(

2

2

2

0

002/

≅==
�
�

�

�

�
�

�

�

−

−−−
=

�
�

�

�

�
�

�

�

−

−−−
=

pp

ppzppz
n

βα

 

The true value of p has a large effect on the power.  The further p is away from p0 the smaller the sample size 

that is  required. 

 

 

 

 

 

 

 

 

 

 

9-79 a) 1) the parameter of interest is the standard deviation, σ   
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     2) H0 : σ
2 = 400 

     3) H1 : σ
2 < 400 

     4) Not given 

     5) The test statistic is:     χ
σ

0
2

2

2

1
=

−( )n s
 

     6) Since no critical value is given, we will calculate the p-value 

     7) n = 10, s = 15.7 

           χ0
2

29 15 7

400
5546= =

( . )
.   

          P-value = ( )P χ2 5546< . ;  01 0 5. .< − <P value  

  

     8) The P-value is greater than any acceptable significance level, α, therefore we do not reject the null   

         hypothesis.  There is insufficient evidence to support the claim that the standard deviation is less than   

         20 microamps.   

 

  

b) 7) n = 51, s = 20 

   χ0
2

250 15 7

400
30 81= =

( . )
.  

         P-value = ( )P χ2 30 81< . ;  0 01 0 025. .< − <P value  

 

     8) The P-value is less than 0.05, therefore we reject the null hypothesis and conclude that the standard  

          deviation is significantly less than 20 microamps. 

 

 c) Increasing the sample size increases the test statistic χ0
2 and therefore decreases the P-value, providing   

     more evidence against the null hypothesis. 

 

 

 

9-80 a) 1) the parameter of interest is the variance of fatty acid measurements, σ2   

     2) H0 : σ
2 = 1.0 

     3) H1 : σ
2 ≠ 1.0 

     4) α=0.01 

     5) The test statistic is:     χ
σ

0
2

2

2

1
=

−( )n s
 

     6) 41.02

5,995.0 =χ reject H0 if 41.02

0 <χ  or 75.162

5,005.0 =χ reject H0 if 75.162

0 >χ  

 

     7) n = 6, s = 0.319 

           509.0
1

)319.0(5
2

2
2

0 ==χ   

          P-value = ( );509.02 <χP  02.001.0 <−< valueP  

  

8) Since 0.509>0.41, do not reject the null hypothesis and conclude that there is insufficient evidence to 

conclude that the variance is not equal to 1.0. The P-value is greater than any acceptable significance level, 

α, therefore we do not reject the null  hypothesis.   

 

 

 

 

 

b) 1) the parameter of interest is the variance of fatty acid measurements, σ2 (now n=51)  

     2) H0 : σ
2 = 1.0 
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     3) H1 : σ
2 ≠ 1.0 

     4) α=0.01 

     5) The test statistic is:     χ
σ

0
2

2

2

1
=

−( )n s
 

     6) 99.272

50,995.0 =χ reject H0 if 99.272

0 <χ  or 49.792

5,005.0 =χ reject H0 if 49.792

0 >χ  

 

     7) n = 51, s = 0.319 

           09.5
1

)319.0(50
2

2
2

0 ==χ   

          P-value = ( );09.52 <χP  01.0<− valueP  

  

8) Since 5.09<27.99,  reject the null hypothesis and conclude that there is sufficient evidence to conclude 

that the variance is not equal to 1.0. The P-value is smaller than any acceptable significance level, α, 

therefore we do reject the null  hypothesis.   

c.) The sample size changes the conclusion tha t is drawn.  With a small sample size, the results are 

inconclusive.  A larger sample size helps to make sure that the correct conclusion is drawn. 

 

9-81.     Assume the data follow a normal distribution. 

 a) 1) The parameter of interest is the standard deviation, σ.   

     2) H0 : σ
2 = (0.00002)2  

     3) H1 : σ
2 < (0.00002)2  

     4) α = 0.01 

     5) The test statistic is:      χ
σ

0
2

2

2

1
=

−( )n s
 

     6) χ0 99 7
2

124. , .= reject H0 if χ0
2 124< .  

     7) s = 0.00001 and α = 0.01 

    75.1
)00002.0(

)00001.0(7
2

2
2

0 ==χ  

     1.75 > 1.24, do not reject the null hypothesis; that is, there is insufficient evidence to conclude the  

     standard deviation is at most 0.00002 mm. 

     b) Although the sample standard deviation is less than the hypothesized value of 0.00002, it is not   

         significantly less (when α = 0.01) than 0.00002 to conclude the standard deviation is at most 0.00002   

         mm.  The value of 0.00001 could have occurred as a result of sampling variation. 

 

9-82 Assume the data follow a normal distribution. 

    1) The parameter of interest is the standard deviation of the concentration, σ.   

     2) H0 : σ
2 =42  

     3) H1 : σ
2 < 42  

     4) not given 

     5) The test statistic is:      χ
σ

0
2

2

2

1
=

−( )n s
 

     6) will be determined based on the P-value 

     7) s = 0.004 and n = 10 

    000009.0
)4(

)004.0(9
2

2
2

0 ==χ  

 P-value = ( );00009.02 <χP  .0≅− valueP      

The P-value is approximately 0, therefore we reject the null hypothesis and conclude that the standard 

deviation of the concentration is less than 4 grams per liter. 
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9-83.  Create a table for the number of nonconforming coil springs (value) and the observed number of times the 

 number appeared.  One possible table is: 

 

Value 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

Obs 0 0 0 1 4 3 4 6 4 3 0 3 3 2 1 1 0 2 1 2 

 

         The value of p must be estimated.  Let the estimate be denoted by �psample  

         sample mean 9.325
40

)2(19)0(2)0(1)0(0
=

++++
=

�
 

        1865.0
50

325.9
ˆ ===

n

meansample
psample  

Value Observed Expected 

0 0 0.00165 

1 0 0.01889 

2 0 0.10608 

3 1 0.38911 

4 4 1.04816 

5 3 2.21073 

6 4 3.80118 

7 6 5.47765 

8 4 6.74985 

9 3 7.22141 

10 0 6.78777 

11 3 5.65869 

12 3 4.21619 

13 2 2.82541 

14 1 1.71190 

15 1 0.94191 

16 0 0.47237 

17 2 0.21659 

18 1 0.09103 

19 2 0.03515 

     Since several of the expected values are less than 3, some cells must be combined resulting in the   

     following table: 

 

Value Observed Expected 

0-5 8 3.77462 

6 4 3.80118 

7 6 5.47765 

8 4 6.74985 

9 3 7.22141 

10 0 6.78777 

11 3 5.65869 

12 3 4.21619 

≥13 9 6.29436 

 

         The degrees of freedom are k − p − 1 = 9 − 1 − 1 = 7 

 

 

 

 

a) 1) The variable of interest is the form of the distribution for the number of nonconforming coil springs. 

     2) H0: The form of the distribution is binomial 

     3) H1: The form of the distribution is not binomial 
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     4) α = 0.05 

     5) The test statistic is 

( )
χ0

2
2

1

=
−

=
�

O E

E

i i

ii

k

 

     6) Reject H0 if χ χ0
2

0 05 7
2

14 07> =. , .  

     7)  

   χ0
2

2 2

3 77462

4 38 011

38011

9 6 29436

6 29436
= +

−
+ +

−
=   

(8 - 3.77462)
17.929

2

.

( . . )

.

( . )

.
�  

     8) Since 17.929 > 14.07 reject H0. We are able to conclude the distribution of nonconforming springs is   

         not binomial at α = 0.05. 

 b) P-value = 0.0123 (found using Minitab) 

 

9-84 Create a table for the number of errors in a string of 1000 bits (value) and the observed number of times the 

 number appeared.  One possible table is: 

Value 0 1 2 3 4 5 

Obs 3 7 4 5 1 0 

 

         The value of p must be estimated.  Let the estimate be denoted by �psample  

         sample mean 7.1
20

)0(5)1(4)5(3)4(2)7(1)3(0
=

+++++
=  

        0017.0
1000

7.1
ˆ ===

n

meansample
psample  

Value 0 1 2 3 4 5 

Observed 3 7 4 5 1 0 

Expected 3.64839 6.21282 5.28460 2.99371 1.27067 0.43103 

 

     Since several of the expected values are less than 3, some cells must be combined resulting in the   

     following table: 

Value 0 1 2 ≥3 

Observed 3 7 4 6 

Expected 3.64839 6.21282 5.28460 4.69541 

         The degrees of freedom are k − p − 1 = 4 − 1 − 1 = 2 

 

 a) 1) The variable of interest is the form of the distribution for the number of errors in a string of 1000 bits. 

     2) H0: The form of the distribution is binomial 

     3) H1: The form of the distribution is not binomial 

     4) α = 0.05 

     5) The test statistic is 

( )
�

=

−
=

k

i i

ii

E

EO

1

2

2

0χ  

     6) Reject H0 if χ χ0
2

0 05 2
2

5 99> =. , .  

     7)  

  
( ) ( )

0.88971  
69541.4

69541.46

64839.3

64839.33
22

2

0 =
−

++
−

= �χ  

     8) Since 0.88971 < 9.49 do not reject H0. We are unable to reject the null hypothesis that the distribution  

         of the number of errors is binomial at α = 0.05. 

 b) P-value = 0.6409 (found using Minitab) 

 

 

 

 



9-46 

9-85   We can divide the real line under a standard normal distribution into eight intervals with equal 

probability. These intervals are [0,.32), [0.32, 0.675), [0.675, 1.15), [1.15, ∞) and their negative 

counterparts. The probability for each interval is p = 1/8 = .125 so the expected cell frequencies 

are E = np = (100) (0.125) = 12.5. The table of ranges and their corresponding frequencies is 

completed as follows. 

Interval    Obs. Frequency.    Exp. Frequency. 

    x ≤ 5332.5    1  12.5 

 5332.5< x ≤ 5357.5    4  12.5 

 5357.5< x ≤ 5382.5    7  12.5 

 5382.5< x ≤ 5407.5   24  12.5 

 5407.5< x ≤ 5432.5   30  12.5 

 5432.5< x ≤ 5457.5   20  12.5 

 5457.5< x ≤ 5482.5   15  12.5 

               x ≥ 5482.5     5  12.5 

 

The test statistic is: 

36.63
5.12

)5.125(

5.12

12.5)-(15

5.12

)5.124(

5.12

12.5)-(1
   

2222
2

0 =
−

+++
−

+= �χ  

 

and we would reject if this value exceeds  07.115,05.0
2 =χ . Since 

2

5,05.0

2 χχ >o , reject the 

hypothesis that the data are normally distributed 

 

 

 

9-86 a) In order to use t statistics in hypothesis testing, we need to assume that the underlying distribution 

     is normal. 

1) The parameter of interest is the true mean concentration of suspended solids, µ. 

 2) H0 : µ = 50       

 3) H1 :  µ  < 50 

 4) α = 0.05 

 5) Since n>>30 we can use the normal distribution 

z0 = 

ns

x

/

µ−
 

 6) Reject H0  if z0  <- zα   where z0.05 =1.65 

 7) x = 59.87   s = 12.50   n = 60  

    z0 = 12.6
60/50.12

5087.59
=

−
 

8) Since 6.12>-1.65, do not reject the null hypothesis and conclude there is insufficient evidence to indicate that 

the true mean concentration of suspended solids is less than 50 ppm at α = 0.05.  

 

b) The P-value = 1)12.6( ≅Φ . 

 

 

 

 

 

 

c.) We can divide the real line under a standard normal distribution into eight intervals with equal 

probability. These intervals are [0,.32), [0.32, 0.675), [0.675, 1.15), [1.15, ∞) and their negative 
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counterparts. The probability for each interval is p = 1/8 = .125 so the expected cell frequencies 

are E = np = (60) (0.125) = 7.5. The table of ranges and their corresponding frequencies is 

completed as follows. 

Interval    Obs. Frequency.    Exp. Frequency. 

             x ≤ 45.50 9  7.5 

 45.50< x ≤ 51.43 5  7.5 

 51.43< x ≤ 55.87 7  7.5 

 55.87< x ≤ 59.87 11  7.5 

 59.87< x ≤ 63.87 4  7.5 

 63.87< x ≤ 68.31 9  7.5 

 68.31< x ≤ 74.24 8  7.5 

               x ≥ 74.24 6  7.5 

 

 

The test statistic is: 

 

06.5
5.7

)5.76(

5.7

)5.78(

5.7

)5.75(

5.7

)5.79( 2222
2 =

−
+

−
++

−
+

−
= �oχ  

 

and we would reject if this value exceeds  07.115,05.0
2 =χ . Since it does not, we 

cannot reject the hypothesis that the data are normally distributed. 

 

9-87 a) In order to use t statistics in hypothesis testing, we need to assume that the underlying distribution 

     is normal. 

1) The parameter of interest is the true mean overall distance for this brand of golf ball, µ. 

 2) H0 : µ = 270       

 3) H1 :  µ  < 270 

 4) α = 0.05 

 5) Since n>>30 we can use the normal distribution 

z0 = 

ns

x

/

µ−
 

 6) Reject H0  if z0  <- zα   where z0.05 =1.65 

 7) x = 1.25   s = 0.25   n = 100  

    z0 = 23.7
100/41.13

0.27030.260
−=

−
 

 8) Since –7.23<-1.65, reject the null hypothesis and conclude there is sufficient evidence to indicate that the      

true mean distance is less than 270 yds at α = 0.05.  

 

b) The P-value ≅ 0 
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c) We can divide the real line under a standard normal distribution into eight intervals with equal 

probability. These intervals are [0,.32), [0.32, 0.675), [0.675, 1.15), [1.15, ∞) and their 

negative counterparts. The probability for each interval is p = 1/8 = .125 so the expected cell 

frequencies are E = np = (100) (0.125) = 12.5. The table of ranges and their corresponding 

frequencies is completed as follows. 

 

Interval    Obs. Frequency.    Exp. Frequency. 

    x ≤ 244.88  16  12.5 

 244.88< x ≤ 251.25    6  12.5 

 251.25< x ≤ 256.01  17  12.5 

 256.01< x ≤ 260.30    9  12.5 

 260.30< x ≤ 264.59  13  12.5 

 264.59< x ≤ 269.35    8  12.5 

 269.35< x ≤ 275.72  19  12.5 

               x ≥ 275.72  12  12.5 

 

 

The test statistic is: 

 

12
5.12

)5.1212(

5.12

)5.1219(

5.12

)5.126(

5.12

)5.1216( 2222
2 =

−
+

−
++

−
+

−
= �oχ  

 

and we would reject if this value exceeds  07.115,05.0
2 =χ . Since it does, we can 

reject the hypothesis that the data are normally distributed. 
 

9-88 a) In order to use t statistics in hypothesis testing, we need to assume that the underlying distribution 

     is normal. 

1) The parameter of interest is the true mean coefficient of restitution, µ. 

 2) H0 : µ = 0.635       

 3) H1 :  µ  > 0.635 

 4) α = 0.01 

 5) Since n>30 we can use the normal distribution 

z0 = 

ns

x

/

µ−
 

 6) Reject H0  if z0  > zα   where z0.05 =2.33 

 7) x = 0.324   s = 0.0131   n = 40  

    z0 = 31.5
40/0131.0

635.0624.0
−=

−
 

8) Since –5.31< 2.33, do not reject the null hypothesis and conclude there is insufficient evidence to indicate 

that the true mean coefficient of restitution is greater than 0.635 at α = 0.01.  

 

b) The P-value )31.5(Φ ≅ 1.. 
 

c.)  If the lower bound of the CI was above the value 0.635 then we could conclude that the mean coefficient 

of restitution was greater than 0.635.  

 

 

 



9-49 

 

 

 

9-89  a) In order to use t statistics in hypothesis testing, we need to assume that the underlying distribution 

     is normal.  Use the  t-test to test the hypothesis that the true mean is 2.5 mg/L. 

1) State the parameter of interest: The parameter of interest is the true mean dissolved oxygen level, µ. 

 2) State the null hypothesis H0 : µ = 2.5       

 3) State the alternative hypothesis H1 :  µ  ≠ 2.5 

 4) Give the significance level α = 0.05 

 5) Give the statistic 

t0 = 

ns

x

/

µ−
 

 6) Reject H0  if  |t0 | <tα/2,n-1 

 7) find the sample statistic x = 3.265   s =2.127   n =  20  

  and calculate the t-statistic t0 = 

ns

x

/

µ−
 

 

 8) Draw your conclusion and find the  P-value. 

 

b) Assume the data are normally distributed. 

1) The parameter of interest is the true mean dissolved oxygen level, µ. 

 2) H0 : µ = 2.5       

 3) H1 :  µ  ≠ 2.5 

 4) α = 0.05 

 5)Test statistic 

t0 = 

ns

x

/

µ−
 

 6) Reject H0  if  |t0 | >tα/2,n-1 where tα/2,n-1= t0.025,19b =2.093 

 7) x = 3.265   s =2.127   n =  20 

  t0 = 608.1
20/127.2

5.2265.3
=

−
 

 

8) Since 1.608 < 2.093, do not reject the null hypotheses and conclude that the true mean is not significantly 

different from 2.5 mg/L 

 

c.) The value of 1.608 is found between the columns of 0.05 and 0.1 of table IV.  Therefore the P-value is 

between 0.1 and 0.2.  Minitab gives a value of 0.124 

 

d.)  The confidence interval found in exercise 8-81 b. agrees with the hypothesis test above.  The value of 2.5 is 

within the 95% confidence limits.  The confidence interval shows that the interval is quite wide due to the large 

sample standard deviation value. 

260.4270.2

20

127.2
093.2265.3

20

127.2
093.2265.3

19,025.019,025.0

≤≤

+≤≤−

+≤≤−

µ

µ

µ
n

s
tx

n

s
tx
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9-90 a) In order to use t statistics in hypothesis testing, we need to assume that the underlying distribution 

     is normal. 

 

  d = 2
1

|7573||| 0 =
−

=
−

=
σ

µµ
σ
δ

 

 

     Using the OC curve for  α = 0.05, d = 2, and n = 10,  we get β ≅ 0.0 and  

     power of 1−0.0 ≅ 1.  

 d = 3
1

|7572||| 0 =
−

=
−

=
σ

µµ
σ
δ

 

 

     Using the OC curve for  α = 0.05, d = 3, and n = 10,  we get β ≅ 0.0 and  

     power of 1−0.0 ≅ 1.  

 

b) d = 2
1

|7573||| 0 =
−

=
−

=
σ

µµ
σ
δ

  

   Using the OC curve, Chart VI e) for  α = 0.05, d = 2, and β ≅ 0.1 (Power=0.9),  

     5* =n .  Therefore, 3
2

15

2

1*

=
+

=
+

=
n

n   

 

d = 3
1

|7572||| 0 =
−

=
−

=
σ

µµ
σ
δ

  

   Using the OC curve, Chart VI e) for  α = 0.05, d = 3, and β ≅ 0.1 (Power=0.9),  

      3* =n .  Therefore, 2
2

13

2

1*

=
+

=
+

=
n

n  
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c) 2=σ . 

 

  d = 1
2

|7573||| 0 =
−

=
−

=
σ

µµ
σ
δ

 

 

     Using the OC curve for  α = 0.05, d = 1, and n = 10,  we get β ≅ 0.10 and  

     power of 1−0.10 ≅ 0.90.  

 d = 5.1
2

|7572||| 0 =
−

=
−

=
σ

µµ
σ
δ

 

 

     Using the OC curve for  α = 0.05, d = 1.5, and n = 10,  we get β ≅ 0.04 and  

     power of 1−0.04 ≅ 0.96.  

 

 d = 1
2

|7573||| 0 =
−

=
−

=
σ

µµ
σ
δ

  

   Using the OC curve, Chart VI e) for  α = 0.05, d = 1, and β ≅ 0.1 (Power=0.9),  

     10* =n .  Therefore, 5.5
2

110

2

1*

=
+

=
+

=
n

n  n ≅ 6 

 

d = 5.1
2

|7572||| 0 =
−

=
−

=
σ

µµ
σ
δ

  

   Using the OC curve, Chart VI e) for  α = 0.05, d = 3, and β ≅ 0.1 (Power=0.9),  

      7* =n .  Therefore, 4
2

17

2

1*

=
+

=
+

=
n

n  

Increasing the standard deviation lowers the power of the test and increases the sample size required to obtain 

a certain power. 

 

Mind Expanding Exercises 

 

9-91  The parameter of interest is the true,µ. 

  H0 : µ = µ0       

  H1 µ  ≠ µ0 

  

  

9-92 a.)  Reject H0  if z0 < -zα-ε   or z0  > zε 

 )|
//

()|   
//

( 0
00

0
00 µµ

σ
µ

σ
µ

µµ
σ

µ
σ

µ
=

−
>

−
+==

−
−<

−

n

X

n

X
P

n

X

n

X
P P 

αεεα
εεαεεα

=−−+−=

Φ−+−Φ=>+−< −−

))1(1())((

)(1)()()( 00 zzzzPzzP
 

b.) β = P(zε    ≤ X ≤ zε   when d+= 01 µµ )  

 or  β µ µ δα ε ε= − < < = +−P z Z z( | )0 1 0  

β µ µ δα ε
µ

σ
ε

α ε
δ

σ
ε

δ

σ

ε
δ

σ
α ε

δ

σ

= − < < = +

= − − < < −

= − − − −

−
−

−

−

P z z

P z Z z

z z

x

n

n n

n n

( | )

( )

( ) ( )

/

/ /

/ /

0

2

2 2

2 2

1 0

Φ Φ
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] 

9-93 1) The parameter of interest is the true mean number of open circuits, λ. 

 2) H0 : λ = 2       

 3) H1 :  λ  > 2 

 4) α = 0.05 

 5) Since n>30 we can use the normal distribution 

z0 = 

n

X

/λ

λ−
 

 6) Reject H0  if z0  > zα   where z0.05 =1.65 

 7) x= 1038/500=2.076   n = 500  

    z0 = 85.0
500/2

2076.2
=

−
 

8) Since 0.85< 1.65, do not reject the null hypothesis and conclude there is insufficient evidence to indicate 

that the true mean number of open circuits is greater than 2 at α = 0.01 

 

 

 

 

9-94 1) The parameter of interest is the true standard deviation of the golf ball distance, λ. 

 2) H0 : σ = 10       

 3) H1 :  σ  < 10 

 4) α=0.05 

 5) Since n>30 we can use the normal distribution 

z0 = 

)2/(2

0

0

n

S

σ

σ−
 

 6) Reject H0  if z0  < zα   where z0.05 =-1.65 

 7) s= 13.41   n = 100  

    z0 = 82.4
)200/(10

1041.13

2
=

−
 

8) Since 4.82 > -1.65, do not reject the null hypothesis and conclude there is insufficient evidence to indicate 

that the true standard deviation is less than 10 at α = 0.05 

 

9-95 95% percentile σµθ 645.1+=  

using z0 = 

)2/(2

0

0

n

S

σ

σ−
 

 

 95% percentile: )2/(645.1 2 nsX +  

 

 ns
nn

s
nES 3/

2
/).(. === σθ =  

 



9-53 

9-96 1) The parameter of interest is the true standard deviation of the golf ball distance, λ. 

 2) H0 : θ = 285      

 3) H1 :  σ  > 285 

 4) α=0.05 

 5) Since n>30 we can use the normal distribution 

z0 = 

)3/(

ˆ

2

0

nσ

ϑ−Θ
 

 6) Reject H0  if z0  > zα   where z0.05 =1.65 

 7) Θ̂= 282.36   n = 100  

    z0 = 57.4
)300/(10

28536.282

2
−=

−
 

8) Since -4.82 > 1.65, do not reject the null hypothesis and conclude there is insufficient evidence to indicate 

that the true 95% is greater than 285 at α = 0.05 

 

9-97 1) The parameter of interest is the true mean number of open circuits, λ. 

 2) H0 : λ = λ0       

 3) H1 : λ ≠ λ0 

 4) α = 0.05 

 5) test statistic 

�

�

=

=

−
=

n

i

i

n

i

i

X

X

1

0

12

0

2

2

λ

λλ
χ  

 6) Reject H0  if 
2

2,2/

2

0 naχχ >  or 
2

2,2/1

2

0 na−< χχ  

 7) compute �
=

n

i

iX
1

2λ  and plug into 

    

�

�

=

=

−
=

n

i

i

n

i

i

X

X

1

0

12

0

2

2

λ

λλ
χ  

8) make conclusions 

 alternative hypotheses 

1) H0 : λ = λ0       

     H1 : λ > λ0 

     Reject H0  if 
2

2,

2

0 naχχ >  

 

2) H0 : λ = λ0       

     H1 : λ < λ0 

     Reject H0  if 
2

2,

2

0 naχχ <  
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CHAPTER 10 

 

 

Section 10-2 

 

10-1. a)      1) The parameter of interest is the difference in fill volume, µ µ1 2− ( note that ∆0=0) 

     2) H0 : 021 =− µµ  or 21 µµ =  

     3) H1 : 021 ≠− µµ  or 21 µµ ≠  

     4) α = 0.05 

     5) The test statistic is 

    z
x x

n n

0
1 2 0

1
2

1

2
2

2

=
− −

+

( ) ∆

σ σ
 

     6) Reject H0 if z0  < −zα/2 = −1.96 or z0  > zα/2  = 1.96 

     7) x1 = 16.015   x2 = 16.005    

         σ1 = 0.02      σ2 = 0.025 

         n1 = 10            n2 = 10 

    99.0
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)025.0(
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22
0 =

+

−
=z  

     8) since -1.96 < 0.99 < 1.96, do not reject the null hypothesis and conclude there is no evidence that the   

         two machine fill volumes differ at α = 0.05. 

 b) P-value = 2 1 0 99 2 1 0 8389 0 3222( ( . )) ( . ) .− = − =Φ  

 c) Power = 1− β , where  
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        = ( ) ( ) ( ) ( )91.599.195.396.195.396.1 −Φ−−Φ=−−Φ−−Φ  

        = 0.0233 − 0  

        = 0.0233 

 Power = 1 −0.0233  = 0.9967 

 d)    ( ) ( )x x z
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     With 95% confidence, we believe the true difference in the mean fill volumes is between −0.0098 and   

     0.0298.  Since 0 is contained in this interval, we can conclude there is no significant difference between   

     the means. 

  

 

e) Assume the sample sizes are to be equal,    use α = 0.05, β = 0.05, and ∆ = 0.04 
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( ) ( ) ( ) ( )
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n   n = 9,  

use n1 = n2 = 9 

 

 

 

 

10-2. 1) The parameter of interest is the difference in breaking strengths, µ µ1 2− and ∆0 = 10 

 2) H0 : µ µ1 2 10− =   

 3) H1 : µ µ1 2 10− >   

 4) α = 0.05 

 5) The test statistic is 

    z
x x

n n

0
1 2 0

1
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2
2

2

=
− −

+

( ) ∆

σ σ
      

 6) Reject H0 if z0  > zα = 1.645 

 7) x1 = 162.5   x2 = 155.0   δ = 10 

     σ1 = 1.0      σ2 = 1.0 

     n1 = 10            n2 = 12 

    z0
2 2
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584=
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+

= −
( . . )

( . ) ( . )

.  

 8) Since -5.84 < 1.645 do not reject the null hypothesis and conclude there is insufficient evidence to support 

     the use of plastic 1 at α = 0.05. 
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 Yes, the sample size is adequate 

 

 

 

 

 

 

 

 

 

 

 

10-4. a) 1) The parameter of interest is the difference in mean burning rate, µ µ1 2−  

     2) H0 : µ µ1 2 0− =  or µ µ1 2=  



10-3 

     3) H1 : µ µ1 2 0− ≠  or µ µ1 2≠  

     4) α = 0.05 

     5) The test statistic is 

    z
x x

n n

0
1 2 0
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=
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+

( ) ∆

σ σ
      

     6) Reject H0 if z0  < −zα/2 = −1.96 or z0  > zα/2  = 1.96 

     7) x1 = 18   x2 = 24    

         σ1 = 3    σ2 = 3 

         n1 = 20    n2  = 20 

    32.6
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0 −=

+

−
=z  

8) Since −6.32 < −1.96 reject the null hypothesis and conclude the mean burning rates differ            

significantly at α = 0.05. 

 

 b) P-value = 0)11(2))32.6(1(2 =−=Φ−  

 c) β
σ σ σ σ

α α= −
−

+

�

�

�
�
�
�
�

�

�

�
�
�
�
�

− − −
−

+

�

�

�
�
�
�
�

�

�

�
�
�
�
�

Φ
∆ ∆

Φ
∆ ∆

z

n n

z

n n

/ /2
0

1
2

1

2
2

2

2
0

1
2

1

2
2

2

 

        = Φ Φ196
2 5

3

20

3

20

196
2 5

3

20

3

20

2 2 2 2
.

.

( ) ( )

.
.

( ) ( )

−

+

�

�

�
�
�
�
�

�

�

�
�
�
�
�

− − −

+

�

�

�
�
�
�
�

�

�

�
�
�
�
�

  

        = ( ) ( ) ( ) ( )Φ Φ Φ Φ196 2 64 196 2 64 0 68 4 6. . . . . .− − − − = − − −  

        = 0.24825 − 0  

        = 0.24825 

 

 d)    ( ) ( )x x z
n n

x x z
n n

1 2 2
1
2

1

2
2

2
1 2 1 2 2

1
2

1

2
2

2

− − + ≤ − ≤ − + +α α
σ σ

µ µ
σ σ

/ /  

      ( ) ( )18 24 196
3

20

3

20
18 24 196

3

20

3

20

2 2

1 2

2 2

− − + ≤ − ≤ − + +.
( ) ( )

.
( ) ( )

µ µ  

      − ≤ − ≤ −7 86 4 141 2. .µ µ  

 

     We are 95% confident that the mean burning rate for solid fuel propellant 2 exceeds that of propellant 1 by 

     between 4.14 and 7.86 cm/s. 

 

 

 

 

 

 

 

 

 

 

 

10-5. =1x 30.87   x2 = 30.68 
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 =1σ 0.10    σ2 = 0.15 

 n1 = 12    n2  = 10 

 

 a) 90% two-sided confidence interval: 
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      2813.00987.0 21 ≤−≤ µµ  

 

     We are 90% confident that the mean fill volume for machine 1 exceeds that of machine 2 by between   

     0.0987 and 0.2813 fl. oz. 

 

 b) 95% two-sided confidence interval: 
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     We are 95% confident that the mean fill volume for machine 1 exceeds that of machine 2 by between   

     0.0812 and 0.299 fl. oz. 

 

 Comparison of parts a and b: 

     As the level of confidence increases, the interval width also increases (with all other values held constant). 

 

 c) 95% upper-sided confidence interval: 

     ( )µ µ
σ σ

α1 2 1 2
1
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1

2
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− ≤ − + +x x z
n n

 

      ( )µ µ1 2

2 2

30 87 30 68 1645
010
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015

10
− ≤ − + +. . .
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      µ µ1 2 0 2813− ≤ .  

 

     With 95% confidence, we believe the fill volume for machine 1 exceeds the fill volume of machine 2 by   

     no more than 0.2813 fl. oz. 
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10-6. a) 1) The parameter of interest is the difference in mean fill volume, µ µ1 2−  

     2) H0 : µ µ1 2 0− =  or µ µ1 2=  

     3) H1 : µ µ1 2 0− ≠  or µ µ1 2≠  

     4) α = 0.05 

     5) The test statistic is 

    z
x x

n n

0
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2

=
− −

+

( ) ∆

σ σ
      

     6) Reject H0 if z0  < −zα/2 = −1.96 or z0  > zα/2  = 1.96 

     7) x1 = 30.87   x2 = 30.68    

         σ1 = 0.10    σ2 = 0.15 

         n1  = 12        n2  = 10 

    42.3
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)68.3087.30(

22
0 =

+

−
=z  

     8) Since 3.42 > 1.96 reject the null hypothesis and conclude the mean fill volumes of machine 1 and   

         machine 2 differ significantly at α = 0.05. 

 

 b) P-value = 2 1 3 42 2 1 0 99969 0 00062( ( . )) ( . ) .− = − =Φ  

 

 c) Assume the sample sizes are to be equal,    use α = 0.05, β = 0.10, and ∆ = 0.20 
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  n = 9, use n1 = n2 = 9 

 

 

 

 

 

10-7. x1 = 89.6   x2 = 92.5 

 σ1
2 = 1.5    σ2

2 = 1.2 

  n1  = 15      n2  = 20 

 

 a) 95% confidence interval: 
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     With 95% confidence, we believe the mean road octane number for formulation 2 exceeds that of   

     formulation 1 by between 2.116 and 3.684. 

  

 

 

 

 

 

 

 

 

b)  1) The parameter of interest is the difference in mean road octane number, µ µ1 2− and ∆0 = 0 
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     2) H0 : µ µ1 2 0− =  or µ µ1 2=  

     3) H1 : µ µ1 2 0− <  or µ µ1 2<  

     4) α = 0.05 

     5) The test statistic is 
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xx
z

σσ
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∆−−
=       

     6) Reject H0 if z0  < −zα = −1.645 

     7) x1 = 89.6   x2 = 92.5 

         σ1
2 = 1.5    σ2

2 = 1.2 

          n1  = 15      n2  = 20 
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−
=z  

 8) Since −7.25 < -1.645 reject the null hypothesis and conclude the mean road octane number for formulation 

     2 exceeds that of formulation 1 using α = 0.05. 

 c) P-value ≅ 011)25.7(1)25.7( ≅−=≤−=−≤ zPzP  

 

10-8. 99% level of confidence,  E = 4, and z0.005 = 2.575 
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n n = 8, use n1 = n2 = 8 

 

10-9. 95% level of confidence, E = 1, and z0.025 =1.96 
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10-10.       Case 1:  Before Process Change        Case 2:  After Process Change 

 µ1 = mean batch viscosity before change  µ2 =  mean batch viscosity after change 

  x1 = 750.2    x2 = 756.88 

  σ1 = 20     σ2 = 20 

  n1 = 15     n2 = 8 

 

 90% confidence on µ µ1 2− ,  the difference in mean batch viscosity before and after process change: 
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 We are 90% confident that the difference in mean batch viscosity before and after the process change lies 

 within  −21.08 and 7.72.  Since 0 is contained in this interval we can conclude with 90% confidence that the 

 mean batch viscosity was unaffected by the process change. 

 

 

 

10-11.  Catalyst 1    Catalyst 2 
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 x1 = 65.22  x2 = 68.42 

 σ1 = 3   σ2 = 3 

 n1 = 10   n2 = 10 

 

 a) 95% confidence interval on µ µ1 2− ,  the difference in mean active concentration 

     ( ) ( )x x z
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     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. 

 

b) Yes, since the 95% confidence interval did not contain the value 0, we would conclude that the mean 

active concentration depends on the choice of catalyst. 

 

 

 

 

10-12. a) 1) The parameter of interest is the difference in mean batch viscosity before and after the process change,   

 µ µ1 2−  

     2) H0 : µ µ1 2 10− =  

     3) H1 : µ µ1 2 10− <  

     4) α = 0.10 

     5) The test statistic is 

    z
x x

n n

0
1 2 0

1
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2
2

2

=
− −

+

( ) ∆

σ σ
      

     6) Reject H0 if z0  < −zα  where z0.1 = −1.28 

     7) x1 = 750.2 x2 = 756.88 ∆0 = 10 

         σ1 = 20 σ2 = 20 

         n1 = 15 n2 = 8 

    z0
2 2

750 2 756 88 10

20

15

20

8

190=
− −

+

= −
( . . )

( ) ( )

.  

 8) Since −1.90 < −1.28 reject the null hypothesis and conclude the process change has increased the mean   

     by less than 10. 

 

 b) P-value = P z P z( . ) ( . ) . .≤ − = − ≤ = − =190 1 190 1 0 97128 0 02872  

 

 c) Parts a and b above give evidence that the mean batch viscosity change is less than 10.  This conclusion is 

     also seen by the confidence interval given in a previous problem since the interval did not contain the   

     value 10.  Since the upper endpoint is 7.72, then this also gives evidence that the difference is less than 10. 

 

 

 

 

 

 

 

10-13. 1) The parameter of interest is the difference in mean active concentration, µ µ1 2−  
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 2) H0 : µ µ1 2 0− =  or µ µ1 2=  

 3) H1 : µ µ1 2 0− ≠  or µ µ1 2≠  

 4) α = 0.05 

 5) The test statistic is 

    z
x x

n n

0
1 2 0

1
2

1

2
2

2

=
− −

+

( ) ∆

σ σ
      

 6) Reject H0 if z0  < −zα/2 = −1.96 or z0  > zα/2  = 1.96 

 7) 7) x1 = 65.22   x2 = 68.42   δ = 0 

     σ1 = 3       σ2 = 3 

      n1  = 10        n2  = 10 

    
385.2

10

9

10

9

0)42.6822.65(
0 −=

+

−−
=z

 

 

 

 8) Since −2.385 < −1.96 reject the null hypothesis and conclude the mean active concentrations do differ   

     significantly at α = 0.05. 

      

     P-value = 2 ( ( . )) ( . ) .1 2 385 2 1 0 99146 0 0171− = − =Φ  

 

The conclusions reached by the confidence interval of the previous problem and the test of hypothesis    

conducted here are the same.  A two-sided confidence interval can be thought of as representing the  

“acceptance region” of a hypothesis test, given that the level of significance is the same for both procedures.  

Thus if the value  of the parameter under test that is specified in the null hypothesis falls outside the 

confidence interval, this is equivalent to rejecting the null hypothesis. 

 

 

 

 

10-14.  
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     Power = 1 − β = 1− 0.038364 = 09616.  it would appear that the sample sizes are adequate to detect the 

   difference of 5, based on the power.  Calculate the value of n using α and β. 
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n  Therefore, 10 is just slightly 

too few samples. 
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10-15  The data from the first sample n=15 appear to be normally distributed. 

 

 The data from the second sample n=8 appear to be normally distributed 
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10-16  The data all appear to be normally distributed based on the normal probability plot below. 

 

 

 

Section 10-3 

 

10-17.  a) 1) The parameter of interest is the difference in mean rod diameter, µ µ1 2−  

     2)  H0 : µ µ1 2 0− =  or µ µ1 2=  

     3) H1 : µ µ1 2 0− ≠  or µ µ1 2≠  

     4) α = 0.05 

     5) The test statistic is 

    t
x x

s
n n

p

0
1 2 0

1 2

1 1
=

− −
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( ) ∆
      

     6) Reject the null hypothesis if t0 < − + −t n nα / ,2 21 2
where −t0 025 30. , = −2.042 or t0 > t n nα / ,2 21 2+ −  where   

         t0 025 30. ,  = 2.042 

     7) ) x1 = 8.73      x2 = 8.68  s
n s n s
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2 2
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           s1
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)68.873.8(
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     8) Since −2.042 < 0.230 < 2.042, do not reject the null hypothesis and conclude the two machines do not   

         produce rods with significantly different mean diameters at α = 0.05. 

 

 b) P-value = 2P ( )t > >0 230. 2(0.40),  P-value > 0.80 
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c) 95% confidence interval:   t0.025,30 = 2.042 

     ( ) ( )x x t s
n n

x x t s
n n

n n p n n p1 2 2 2
1 2

1 2 1 2 2 2
1 2

1 2 1 2

1 1 1 1
− − + ≤ − ≤ − + ++ − + −α αµ µ/ , / ,( ) ( )  

     ( )( . . ) . ( . ) . . . ( . )8 73 8 68 2 042 0 614
1

15

1

17
8 73 8 68 2 042 0 643

1

15

1

17
1 2− − + ≤ − ≤ − + +µ µ  

     494.0394.0 21 ≤−≤− µµ  

      

     Since zero is contained in this interval, we are 95% confident that machine 1 and machine 2 do not   

     produce rods whose diameters are significantly different. 

 

 

 

10-18. Assume the populations follow normal distributions and σ σ1
2

2
2= .  The assumption of equal variances may  be 

permitted in this case since it is known that the t-test and confidence intervals involving the t-distribution  are robust 

to this assumption of equal variances when sample sizes are equal. 

 

      Case 1: AFCC         Case 2: ATC 

 µ1 = mean foam expansion for AFCC   µ2 = mean foam expansion for ATC 

          x1 = 4.7            x2 = 6.9 

           s1 = 0.6             s2 = 0.8 

           n1  = 5             n2  = 5 

 

  

95% confidence interval: t0.025,8 = 2.306  7071.0
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=ps  
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 Yes, with 95% confidence, we believe the mean foam expansion for ATC exceeds that of AFCC by between 

 1.17 and 3.23. 
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10-19. a) 1) The parameter of interest is the difference in mean catalyst yield, µ µ1 2− , with ∆0 = 0 

     2) H0 : µ µ1 2 0− =  or µ µ1 2=  

     3) H1 : µ µ1 2 0− <  or µ µ1 2<  

     4) α = 0.01 

     5) The test statistic is 

    t
x x

s
n n

p

0
1 2 0

1 2

1 1
=

− −

+

( ) ∆
      

     6) Reject the null hypothesis if t0 < − + −t n nα, 1 2 2 where − 25,01.0t = −2.485 

     7) x1 = 86     x2 = 89    s
n s n s

n n
p =

− + −

+ −

( ) ( )1 1
2

2 2
2

1 2

1 1

2
 

           s1 = 3      s2 = 2       4899.2
25

)2(14)3(11 22

=
+

=  

            n1  = 12   n2  = 15 

    11.3

15

1

12

1
4899.2

)8986(
0 −=

+

−
=t   

     8) Since −3.11 < −2.787, reject the null hypothesis and conclude that the mean yield of catalyst 2   

         significantly exceeds that of catalyst 1 at α = 0.01. 

 

 b) 99% confidence interval: t0.005,19 = 2.861 

     ( ) ( )x x t s
n n

x x t s
n n

n n p n n p1 2 2 2
1 2

1 2 1 2 2 2
1 2

1 2 1 2

1 1 1 1
− − + ≤ − ≤ − + ++ − + −α αµ µ/ , / ,( ) ( )  

     ( )
15

1

12

1
)4899.2(787.28986

15

1

12

1
)4899.2(787.2)8986( 21 ++−≤−≤+−− µµ  

     3122.0688.5 21 −≤−≤− µµ  

      

  We are 95% confident that the mean yield of catalyst 2 exceeds that of catalyst 1 by between 0.3122 and   

  5.688 
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10-20. a) According to the normal probability plots, the assumption of normality appears to be met since the data   

     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. 

P-Value:   0.220
A-Squared: 0.463

Anderson-Darling Normality Test

N: 15
StDev: 10.4799

Average: 196.4

210200190180

.999

.99

.95

.80

.50

.20

.05

.01

.001

P
ro

b
a
b
ili

ty

type1

Normal Probability Plot

P-Value:   0.549
A-Squared: 0.295

Anderson-Darling Normality Test

N: 15
StDev: 9.43751

Average: 192.067

205195185175

.999

.99

.95

.80

.50

.20

.05

.01

.001

P
ro

b
a
b
ili

ty

type2

Normal Probability Plot

 
 

205195185175

type2

210200190180

type1

 
 

 b) 1) The parameter of interest is the difference in deflection temperature under load, µ µ1 2− , with ∆0 = 0  

     2)  H0 : µ µ1 2 0− =  or µ µ1 2=  

     3) H1 : µ µ1 2 0− <  or µ µ1 2<  

     4) α = 0.05 

     5) The test statistic is 

    t
x x

s
n n

p

0
1 2 0

1 2

1 1
=

− −

+

( ) ∆
      

     6) Reject the null hypothesis if t0 < − + −t n nα, 1 2 2 where − t0 05 28. , = −1.701 
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   7) Type 1 Type 2 

     x1 = 196.4       x2 = 192.067      s
n s n s

n n
p =

− + −

+ −

( ) ( )1 1
2

2 2
2

1 2

1 1

2
 

      s1 = 10.48        s2 = 9.44        =
+

=
14 10 48 14 9 44

28
9 97

2 2( . ) ( . )
.  

      n1  = 15              n2  = 15 

    19.1

15

1

15

1
97.9

)067.1924.196(
0 =

+

−
=t   

 

     8) Since  1.19 > −1.701 do not reject the null hypothesis and conclude the mean deflection temperature   

         under load for type 2 does not significantly exceed the mean deflection temperature under load for type          

1 at the 0.05 level of significance. 

 c) P-value = 2P ( )19.1<t    0.75 < p-value < 0.90 

 d) ∆ = 5     Use sp as an estimate of σ: 

     d =
µ µ2 1

2

5

2 9 97
0 251

−
= =

sp ( . )
.  

 Using Chart VI g) with β = 0.10, d = 0.251 we get n ≅ 100.  So, since n*=2n-1, 5121 == nn ; Therefore, 

the sample sizes of 15 are inadequate. 

 

 

10-21. a) 1) The parameter of interest is the difference in mean etch rate, µ µ1 2− , with ∆0 = 0  

     2)  H0 : µ µ1 2 0− =  or µ µ1 2=  

     3) H1 : µ µ1 2 0− ≠  or µ µ1 2≠  

     4) α = 0.05 

     5) The test statistic is 

    t
x x

s
n n

p

0
1 2 0

1 2

1 1
=

− −

+

( ) ∆
      

     6) Reject the null hypothesis if t0 < − + −t n nα / ,2 21 2
where − t0 025 18. , = −2.101 or t0 > t n nα / ,2 21 2+ − where  

         t0 025 18. ,  = 2.101  

     7) x1 = 9.97       x2 = 10.4     s
n s n s

n n
p =

− + −

+ −

( ) ( )1 1
2

2 2
2

1 2

1 1

2
 

           s1 = 0.422      s2 = 0.231       340.0
18

)231.0(9)422.0(9 22

=
+

=  

            n1  = 10         n2  = 10 

    83.2

10

1

10

1
340.0

)4.1097.9(
0 −=

+

−
=t   

     8) Since −2.83 < −2.101 reject the null hypothesis and conclude the two machines mean etch rates do   

         significantly differ at α = 0.05. 

 

 b) P-value = 2P ( )83.2−<t    2(0.005) < P-value < 2(0.010) = 0.010 < P-value < 0.020 
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 c) 95% confidence interval:   t0.025,18 = 2.101 

     ( ) ( )x x t s
n n

x x t s
n n

n n p n n p1 2 2 2
1 2

1 2 1 2 2 2
1 2

1 2 1 2

1 1 1 1
− − + ≤ − ≤ − + ++ − + −α αµ µ/ , / ,( ) ( )  

     ( )
10

1

10

1
)340(.101.24.1097.9

10

1

10

1
)340(.101.2)4.1097.9( 21 ++−≤−≤+−− µµ  

     1105.07495.0 21 −≤−≤− µµ  

      

   We are 95% confident that the mean etch rate for solution 2 exceeds the mean etch rate  for solution 1 by 

between 0.1105 and 0.7495. 

 

 

d) According to the normal probability plots, the assumption of normality appears to be met since 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. 

 

P-Value:   0.595
A-Squared: 0.269

Anderson-Darling Normality Test

N: 10
StDev: 0.421769

Average: 9.97

10.510.09.5
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P
ro

b
a
b
ili

ty

solution

Normal Probability Plot

P-Value:   0.804
A-Squared: 0.211

Anderson-Darling Normality Test

N: 10
StDev: 0.230940

Average: 10.4

10.710.610.510.410.310.210.110.0
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.80

.50

.20
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.001

P
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b
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b
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solution

Normal Probability Plot

 
 

 

10-22.  a) 1) The parameter of interest is the difference in mean impact strength, µ µ1 2− , with ∆0 = 0  

     2) H0 : µ µ1 2 0− =  or µ µ1 2=  

     3) H1 : µ µ1 2 0− <  or µ µ1 2<   

     4) α = 0.05 

     5) The test statistic is 

    

2

2

2

1

2

1

021

0

)(

n

s

n

s

xx
t

+

∆−−
=  

     6) Reject the null hypothesis if t0 < −tα ν, where 23,05.0t = 1.714 since  

    

23

72.23

11 2

2

2

2

1

2

1

2

1

2

2

2

2

1

2

1

≅

=

−

��
�

�
��
�

�

+
−

��
�

�
��
�

�

��
�

�
��
�

�
+

=

ν

ν

n

n

s

n

n

s

n

s

n

s

  

    (truncated) 
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 7) x1 = 290    x2 = 321 

         s1 = 12       s2 = 22  

         n1  = 10       n2  = 16 

    64.4

16

)22(

10

)12(

)321290(

22
0 −=

+

−
=t  

     8) Since −4.64 < −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. 

  

b) P-value = P(t < −4.64):   P-value < 0.0005 

  

c) 1) The parameter of interest is the difference in mean impact strength, µ µ2 1−  

     2) H0 : µ µ2 1 25− =  

    3) H1 : µ µ2 1 25− >  or µ µ2 1 25> +  

     4) α = 0.05 

     5) The test statistic is 

    t
x x

s

n

s

n

0
2 1

1
2

1

2
2

2

=
− −

+

( ) δ
 

     6) Reject the null hypothesis if t0 > tα ν, = 1.708 where  

    

23

72.23

11 2

2

2

2

1

2

1

2

1

2

2

2

2

1

2

1

≅

=

−
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+
−
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+
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s
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s
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s

  

     7) x1 = 290    x2 = 321       ∆0 =25 s1 = 12       s2 = 22  n1  = 10       n2  = 16 

    t0
2 2

321 290 25

12

10

22

16

0 898=
− −

+

=
( )

( ) ( )

.  

     8) Since 0.898 < 1.714, do not reject the null hypothesis and conclude that the mean impact strength from          

supplier 2 is not at least 25 ft-lb higher that supplier 1 using α = 0.05. 

 

10-23. Using the information provided in Exercise 9-20, and t0.025,25 = 2.06, we find a 95% confidence interval on 

 the difference, µ µ2 1− : 

     

825.44175.17

)682.6(069.231)682.6(069.231

)()(

12

12

2

2

2

1

2

1
25,025.01212

2

2

2

1

2

1
25,025.012

≤−≤

+≤−≤−

++−≤−≤+−−

µµ

µµ

µµ
n

s

n

s
txx

n

s

n

s
txx

 

  

 Since the 95% confidence interval represents the differences that µ µ2 1−  could take on with 95% 

 confidence, we can conclude that Supplier 2 does provide gears with a higher mean impact strength than 

 Supplier 1.  This is visible from the interval (17.175, 44.825) since zero is not contained in the interval and 

 the differences are all positive, meaning that µ µ2 1− > 0.   
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10-24 a) 1) The parameter of interest is the difference in mean speed, µ µ1 2− , ∆0 = 0  

     2)  H0 : µ µ1 2 0− =  or µ µ1 2=  

     3) H1 : µ µ1 2 0− >  or µ µ1 2>  

     4) α = 0.10 

     5) The test statistic is 

    t
x x

s
n n

p

0
1 2 0

1 2

1 1
=

− −

+

( ) ∆
      

     6) Reject the null hypothesis if t0 > t n nα, 1 2 2+ − where t0 10 14. , =1.345 

   

 

   7) Case 1: 25 mil  Case 2: 20 mil 

              x1 = 1.15      x2 = 1.06 s
n s n s

n n
p =

− + −

+ −

( ) ( )1 1
2

2 2
2

1 2

1 1

2
 

               s1 = 0.11   s2 = 0.09      =
+

=
7 011 7 0 09

14
01005

2 2( . ) ( . )
.  

               n1  = 8     n2  = 8 

    79.1

8

1

8

1
1005.0

)06.115.1(
0 =

+

−
=t   

 

     8) Since 1.79 > 1.345 reject the null hypothesis and conclude reducing the film thickness from 25 mils to         

20 mils significantly increases the mean speed of the film at the 0.10 level of significance (Note: since          

increase in film speed will result in lower values of observations). 

 

 b) P-value = P ( )t > 179.    0.025 < P-value < 0.05 

 

 c) 90% confidence interval: t0.025,14 = 2.145 

 ( ) ( )x x t s
n n

x x t s
n n

n n p n n p1 2 2 2
1 2

1 2 1 2 2 2
1 2

1 2 1 2

1 1 1 1
− − + ≤ − ≤ − + ++ − + −α αµ µ/ , / ,( ) ( )    

( )
8

1

8

1
)1005(.145.206.115.1

8

1

8

1
)1005(.145.2)06.115.1( 21 ++−≤−≤+−− µµ  

      1978.00178.0 21 ≤−≤− µµ  

 

     We are 90% confident the mean speed of the film at 20 mil exceeds the mean speed for the film at 25 mil      

by between -0.0178 and 0.1978 µJ/in2 . 
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10-25. 1) The parameter of interest is the difference in mean melting point, µ µ1 2− , with ∆0 = 0  

 2)  H0 : µ µ1 2 0− =  or µ µ1 2=  

 3) H1 : µ µ1 2 0− ≠  or µ µ1 2≠  

 4) α = 0.02 

 5) The test statistic is 

    t
x x

s
n n

p

0
1 2 0

1 2

1 1
=

− −

+

( ) ∆
      

 6) Reject the null hypothesis if t0 < − + −t n nα / ,2 21 2
where − 40,0025.0t = −2.021 or t0 > t n nα / ,2 21 2+ −  where     

    40,025.0t = 2.021 

 7) x1 = 420       x2 = 426  s
n s n s

n n
p =

− + −

+ −

( ) ( )1 1
2

2 2
2

1 2

1 1

2
 

     s1 = 4            s2 = 3      536.3
40

)3(20)4(20 22

=
+

=  

      n1  = 21          n2  = 21 

    498.5

21

1

21

1
536.3

)426420(
0 −=

+

−
=t   

 8) Since −5.498< −2.021 reject the null hypothesis and conclude that the data do not support the claim that  

 both alloys have the same melting point at  α = 0.02 

 P-value = 2P ( )498.5−<t    P-value < 0.0010 

 

 

 

 

10-26. d = 
| |

( )
.

µ µ

σ
1 2

2

3

2 4
0 375

−
= =  

   Using the appropriate chart in the Appendix, with β = 0.10 and α = 0.05 we have: n* = 75,  so 

 n
n

=
+

=
* 1

2
38 ,  n1 = n2 =38 
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10-27. a) 1) The parameter of interest is the difference in mean wear amount, µ µ1 2− , with ∆0 =  0 

. 

     2) H0 : µ µ1 2 0− =  or µ µ1 2=  

     3) H1 : µ µ1 2 0− ≠  or µ µ1 2≠   

     4) α = 0.05 

     5) The test statistic is 

    t
x x

s

n

s

n

0
1 2 0

1
2

1

2
2

2

=
− −

+

( ) ∆
 

6) Reject the null hypothesis if t0 < 26,025.0t−  where 26,025.0t− = −2.056 or t0 > 26,025.0t where 26,025.0t =  

2.056 since 

    

26

98.26

11 2
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1
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1
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1
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    (truncated) 

     7) x1 = 20    x2 = 15           

s1 = 2       s2 = 8  

 n1  = 25     n2  = 25 

    03.3

25

)8(

25

)2(

)1520(

22
0 =

+

−
=t   

 

     8) Since 3.03 > 2.056 reject the null hypothesis and conclude that the data support the claim that the two   

         companies produce material with significantly different wear at the 0.05 level of significance. 

 

  

 

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

     

     0.005 < P-value < 0.010 
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c) 1) The parameter of interest is the difference in mean wear amount, µ µ1 2−  

     2) H0 : µ µ1 2 0− =  

     3) H1 : µ µ1 2 0− >  

     4) α = 0.05 

     5) The test statistic is t
x x

s

n

s

n

0
1 2 0

1
2

1

2
2

2

=
− −

+

( ) ∆
 

     6) Reject the null hypothesis if t0 > t 0 05 27. ,  where 26,05.0t = 1.706 since  

      

     7) x1 = 20    x2 = 15  

         s1 = 2       s2 = 8  

         n1  = 25     n2  = 25 03.3

25

)8(

25

)2(

)1520(

22
0 =

+

−
=t   

 

     8) Since 3.03 > 1.706 reject the null hypothesis and conclude that the data support the claim that the   

         material from company 1 has a higher mean wear than the material from company 2 using a 0.05 level   

         of significance. 

 

10-28 1) The parameter of interest is the difference in mean coating thickness, µ µ1 2− , with ∆0 =  0. 

 2) H0 : µ µ1 2 0− =  

 3) H1 : µ µ1 2 0− >  

 4) α = 0.01 

 5) The test statistic is 

    t
x x

s

n

s

n

0
1 2

1
2

1

2
2

2

=
− −

+

( ) δ
 

 6) Reject the null hypothesis if t0 > 18,01.0t where 18,01.0t  = 2.552 since 
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37.18
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    (truncated) 

 7) x1 = 103.5    x2 = 99.7 

     s1 = 10.2       s2 = 20.1  

     n1  = 11          n2  = 13 

    597.0

13

)1.20(

11

)2.10(

)7.995.103(

22
0 =

+

−
=t  

 8) Since 0.597 < 2.552, do not reject the null hypothesis and conclude that increasing the temperature does   

     not significantly reduce the mean coating thickness at  α = 0.01. 

 P-value = P(t > 0597),     0.25 < P-value < 0.40 
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10-29. If  α = 0.01, construct a 99% two-sided confidence interval on the difference to answer question 10-28. 

 t0.005,19 = 2.878 

 ( ) ( )
2

2

2

1

2

1

,2121

2

2

2

1

2

1

,21
n

s

n

s
txx

n

s

n

s
txx ++−≤−≤+−− νανα µµ 2/2/  

 

13

)1.20(

11

)2.10(
878.2)7.995.103(

13

)1.20(

11

)2.10(
878.2)7.995.103(

22

21

22

+−−≤−≤+−− µµ  

 12.2252.14 21 ≤−≤− µµ . 

 

 Since the interval contains 0, we are 99% confident there is no difference in the mean coating thickness 

 between the two temperatures; that is, raising the process temperature does not significantly reduce the 

 mean coating thickness. 

 

 

 

 

 

 

10-30. 95% confidence interval: 

 t0.025,26 = 2.056  

 ( ) ( )x x t
s

n

s

n
x x t

s

n

s

n
1 2

1
2

1

2
2

2
1 2 1 2

1
2

1

2
2

2

− − + ≤ − ≤ − + +α ν α νµ µ, ,  

 ( )
25

)8(

25

)2(
056.21520

25

)8(

25

)2(
056.2)1520(

22

21

22

++−≤−≤+−− µµ  

 391.8609.1 21 ≤−≤ µµ  

 95% lower one-sided confidence interval: 

 706.126,05.0 =t  

 ( )x x t
s

n

s

n
1 2

1
2

1

2
2

2
1 2− − + ≤ −α ν µ µ,  

 ( ) ( ) ( )
21

22

25

8

25

2
706.11520 µµ −≤+−−   

 21186.2 µµ −≤  

 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 c): 

     We are 95% confident the mean abrasive wear from company 1 exceeds the mean abrasive wear from   

     company 2 by at least 2.19mg/1000. 
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10-31 a.) 

 

b . 1) The parameter of interest is the difference in mean overall distance, µ µ1 2− , with ∆0 =  0 

 2)  H0 : µ µ1 2 0− =  or µ µ1 2=  

 3) H1 : µ µ1 2 0− ≠  or µ µ1 2≠  

 4) α = 0.05 

  

 

 

5) The test statistic is 

    t
x x

s
n n

p

0
1 2 0

1 2

1 1
=

− −

+

( ) ∆
      

 6) Reject the null hypothesis if t0 < − + −t n nα / ,2 21 2
where − 18,025.0t = −2.101 or t0 > t n nα / ,2 21 2+ −  where     

    18,025.0t = 2.101 

 7) x1 = 275.7    x2 = 265.3  s
n s n s

n n
p =

− + −

+ −

( ) ( )1 1
2

2 2
2

1 2

1 1

2
 

     s1 = 8.03       s2 = 10.04      09.9
20

)04.10(9)03.8(9 22

=
+

=  

      n1  = 10          n2  = 10 

    558.2

10

1

10

1
09.9

)3.2657.275(
0 =

+

−
=t   

 8) Since 2.558>2.101 reject the null hypothesis and conclude that the data do not support the claim that  

 both brands have the same mean overall distance at  α = 0.05.  It appears that brand 1 has the higher mean  

differnce. 

  

c.)P-value = 2P ( )558.2>t    P-value ≈ 2(0.01)=0.02 
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 d.) 275.0
)09.9(2

5
=d   β=0.95  Power =1-0.95=0.05 

 

 e.)  1-β=0.25  β=0..27   165.0
)09.9(2

3
==d    n*=100   5.50

2

1100
=

+
=n  

  Therefore, n=51 

 

f.) ( ) ( )
21

,2121

21

,21

1111

nn
stxx

nn
stxx pp ++−≤−≤+−− νανα µµ  

      ( )
10

1

10

1
)09.9(101.23.2657.275

10

1

10

1
)09.9(101.2)3.2657.275( 21 ++−≤−≤+−− µµ  

      94.1886.1 21 ≤−≤ µµ  

 

 

10-32 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. 

 

b) 

 1) The parameter of interest is the difference in mean coefficient of restitution, µ µ1 2−  

 2)  H0 : µ µ1 2 0− =  or µ µ1 2=  

 3) H1 : µ µ1 2 0− ≠  or µ µ1 2≠  

 4) α = 0.05 

 5) The test statistic is 

    t
x x

s
n n

p

0
1 2 0

1 2

1 1
=

− −

+

( ) ∆
      

 6) Reject the null hypothesis if t0 < − + −t n nα / ,2 21 2
where − 22,025.0t = −2.074 or t0 > t n nα / ,2 21 2+ −  where     

    22,025.0t = 2.074 
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7) x1 = 0.8161    x2 = 0.8271  s
n s n s

n n
p =

− + −

+ −

( ) ( )1 1
2

2 2
2

1 2

1 1

2
 

     s1 = 0.0217       s2 = 0.0175      01971.0
22

)0175.0(11)0217.0(11 22

=
+

=  

      n1  = 12             n2  = 12 

    
367.1

12

1

12

1
01971.0

)8271.08161.0(
0 −=

+

−
=t

  

8) Since –1.367 > -2.074 do not reject the null hypothesis and conclude that the data do not support the claim 

that there is a difference in the mean coefficients of restitution for club1 and club2 at  α = 0.05 

  

c.)P-value = 2P ( )36.1−<t    P-value ≈ 2(0.1)=0.2 

 

 d.) 07.5
)01971.0(2

2.0
==d   β≅0  Power ≅1 

 

 e.)  1-β = 0.8  β = 0.2  53.2
)01971.0(2

1.0
==d    n*=4 , 5.2

2

1*
=

+
=

n
n   n ≅ 3 

f.) 95% confidence interval 

( ) ( )
21

,2121

21

,21

1111

nn
stxx

nn
stxx pp ++−≤−≤+−− νανα µµ

12

1

12

1
)01971.0(074.2)8271.08161.0(

12

1

12

1
)01971.0(074.2)8271.08161.0( 21 ++−≤−≤+−− µµ  

         0057.00277.0 21 ≤−≤− µµ  

Zero is included in the confidence interval, so we would conclude that there is not a significant difference in 

the mean coefficient of restitution’s for each club at α=0.05. 

 

 

 

 

Section 10-4 

 

10-33.  d = 0.2736   sd = 0.1356, n = 9 

 95% confidence interval: 

 ��
�

�
��
�

�
+≤≤��

�

�
��
�

�
− −−

n

s
td

n

s
td

d

nd

d

n 1,2/1,2/ αα µ  

 0 2736 2 306
01356

9
0 2736 2 306

01356

9
. .

.
. .

.
−

�

�
�

�

�
� ≤ ≤ +

�

�
�

�

�
�µd  

  0.1694 ≤ µd ≤ 0.3778 

 

 With 95% confidence, we believe the mean shear strength of Karlsruhe method exceeds the mean shear 

 strength of the Lehigh method by between 0.1694 and 0.3778.  Since 0 is not included in this interval, the 

 interval is consistent with rejecting the null hypothesis that the means are the same. 

 

 The 95% confidence interval is directly related to a test of hypothesis with 0.05 level of significance, and the 

 conclusions reached are identical. 
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10-34. 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. 

P-Value:   0.464
A-Squared: 0.318

Anderson-Darling Normality Test

N: 9
StDev: 0.135099

Average: 0.273889

0.520.420.320.220.12
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.80

.50
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a
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diff

Normal Probability Plot

 
 

 

 

 

 

10-35. 1) The parameter of interest is the difference between the mean parking times, µd. 

 2) H0 : µd = 0   

 3) H1 : µd ≠ 0  

 4) α = 0.10 

 5) The test statistic is 

    

ns

d
t

d /
0 =  

 6) Reject the null hypothesis if t0 < −t 0 05 13. ,  where −t 0 05 13. , = −1.771 or t0 > t 0 05 13. ,  where t 0 05 13. , = 1.771 

 7) d = 1.21 

     sd = 12.68 

     n = 14 

    357.0
14/68.12

21.1
0 ==t  

 8) Since −1.771 < 0.357 < 1.771 do not reject the null and conclude the data do not support the claim that the 

      two cars have different mean parking times at the 0.10 level of significance.  The result is consistent with       

the confidence interval constructed since 0 is included in the 90% confidence interval. 
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10-36. According to the normal probability plots, the assumption of normality does not appear to be violated since   

 the data fall approximately along a straight line. 

 

 
P-Value:   0.250
A-Squared: 0.439

Anderson-Darling Normality Test

N: 14
StDev: 12.6849
Average: 1.21429

200-20
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10-37 d = 868.375   sd = 1290, n = 8     where di = brand 1 - brand 2 

  99% confidence interval: 

 ��
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��
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�
+≤≤��
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�
��
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�
− −−

n

s
td

n

s
td

d

nd

d

n 1,2/1,2/ αα µ  

  �
�

�
�
�

�
+≤≤�

�

�
�
�

�
−

8

1290
499.3375.868

8

1290
499.3375.868 dµ  

  −727.46 ≤ µd ≤ 2464.21  

 

  Since this confidence interval contains zero, we are 99% confident there is no significant difference between   

the two brands of tire. 

10-38. a) d = 0.667   sd = 2.964, n = 12 

     95% confidence interval: 

    ��
�

�
��
�

�
+≤≤��

�

�
��
�

�
− −−

n

s
td

n

s
td

d

nd

d

n 1,2/1,2/ αα µ  

    �
�

�
�
�

�
+≤≤�

�

�
�
�

�
−

12

964.2
201.2667.0

12

964.2
201.2667.0 dµ  

     −1.216 ≤ µd ≤ 2.55  

 

     Since zero is contained within this interval, we are 95% confident there is no significant indication that   

     one design language is preferable. 
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b) According to the normal probability plots, the assumption of normality does not appear to be violated  

     since the data fall approximately along a straight line. 

 

 
P-Value:   0.502
A-Squared: 0.315

Anderson-Darling Normality Test

N: 12
StDev: 2.96444

Average: 0.666667
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10-39. 1) The parameter of interest is the difference in blood cholesterol level, µd  

     where di = Before − After. 

 2) H0 : µd = 0   

 3) H1 : µd > 0  

 4) α = 0.05 

 5) The test statistic is 

    

ns

d
t

d /
0 =  

 6) Reject the null hypothesis if t0 > t 0 05 14. , where t 0 05 14. , = 1.761 

 7) d = 26.867 

     sd = 19.04 

     n = 15 

    465.5
15/04.19

867.26
0 ==t  

 8) Since  5.465 > 1.761 reject the null and conclude the data support the claim that the mean difference  

     in cholesterol levels is significantly less after fat diet and aerobic exercise program at the 0.05 level of   

     significance. 
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10-40.  a) 1) The parameter of interest is the mean difference in natural vibration frequencies, µd  

         where di = finite element − Equivalent Plate. 

     2) H0 : µd = 0   

     3) H1 : µd ≠ 0  

     4) α = 0.05 

     5) The test statistic is 

    t
d

s nd

0 =
/

 

     6) Reject the null hypothesis if t0 < 6,025.0t−  where 6,025.0t− = −2.447 or t0 > t 0 005 6. , where t 0 005 6. , =   

         2.447 

      

   7) d = −5.49 

         sd = 5.924 

         n = 7 

    t0

5 49

5 924 7
2 45=

−
= −

.

. /
.  

     8) Since −2.447< −2.45 < 2.447, do not reject the null and conclude the data suggest that the two methods          

do not produce significantly different mean values for natural vibration frequency at the 0.05 level of            

significance. 

 

 b) 95% confidence interval: 

     ��
�

�
��
�

�
+≤≤��

�

�
��
�

�
− −−

n

s
td

n

s
td

d

nd

d

n 1,2/1,2/ αα µ  

 �
�

�
�
�

�
+−≤≤�

�

�
�
�

�
−−

7

924.5
447.249.5

7

924.5
447.249.5 dµ   

  −10.969 ≤ µd ≤ -0.011 

 

     With 95% confidence, we believe that the mean difference between the natural vibration frequency from   

     the equivalent plate method and the natural vibration frequency from the finite element method is between     

−10.969 and  -0.011 cycles. 

 

10-41. 1) The parameter of interest is the difference in mean weight, µd  

     where di =Weight Before − Weight After. 

 2) H0 : µd = 0   

 3) H1 : µd > 0  

 4) α = 0.05 

 5) The test statistic is 

    t
d

s nd

0 =
/

 

 6) Reject the null hypothesis if t0 > t 0 05 9. , where t 0 05 9. , = 1.833 

 7) =d 17 

     =ds 6.41  

     =n 10 

    387.8
10/41.6

17
0 ==t     

 8) Since  8.387 > 1.833 reject the null and conclude there is evidence to conclude that the mean weight loss      

is significantly greater than 0; that is, the data support the claim that this particular diet modification        

program is significantly effective in reducing weight at the 0.05 level of significance. 
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10-42. 1) The parameter of interest is the mean difference in impurity level, µd  

     where di = Test 1 − Test 2. 

 2) H0 : µd = 0   

 3) H1 : µd ≠ 0  

 4) α = 0.01 

 5) The test statistic is 

    

ns

d
t

d /
0 =  

 6) Reject the null hypothesis if t0 < 7,005.0t− where 7,005.0t− = −3.499 or t0 > 7,005.0t where 7,005.0t = 3.499 

  

 

7) d = −0.2125 

     sd = 0.1727 

     n = 8    48.3
8/1727.0

2125.0
0 −=

−
=t  

8) Since −3.48 > -3.499 cannot reject the null and conclude the tests give significantly different impurity levels 

at α=0.01. 

 

10-43. 1) The parameter of interest is the difference in mean weight loss, µd  

     where di = Before − After. 

 2) H0 : µd = 10   

 3) H1 : µd > 10  

 4) α = 0.05 

 5) The test statistic is 

    

ns

d
t

d /

0

0

∆−
=  

 6) Reject the null hypothesis if t0 > t 0 05 9. , where t 0 05 9. , = 1.833 

 7) d = 17 

     sd = 6.41 

     n = 10 

    45.3
10/41.6

1017
0 =

−
=t   

 8) Since  3.45 > 1.833 reject the null and conclude there is evidence to support the claim that this particular      

diet modification program is effective in producing a mean weight loss of at least 10 lbs at the 0.05 level of      

significance. 

 

10-44. Use sd  as an estimate for σ: 

 
( )

53.3
10

41.6)29.1645.1(

10

22

=�
�

�
�
�

� +
=��

�

�
��
�

� +
=

dzz
n

σβα
,  n = 4 

 Yes, the sample size of 10 is adequate for this test. 
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Section 10-5 

 

10-45 a) f0.25,5,10 = 1.59   d) f0.75,5,10 = 
1 1

189
0 529

0 25 10 5f . , , .
.= =  

 b) f0.10,24,9 = 2.28   e) f0.90,24,9 = 525.0
91.1

11

24,9,10.0

==
f

 

 c) f0.05,8,15 = 2.64   f) f0.95,8,15 =
1 1

3 22
0 311

0 05 15 8f . , , .
.= =  

 

 

10-46 a) f0.25,7,15 = 1.47   d) f0.75,7,15 = 596.0
68.1

11

7,15,25.0

==
f

 

 b) f0.10,10,12 = 2.19   e) f0.90,10,12 = 438.0
28.2

11

10,12,10.0

==
f

 

 c) f0.01,20,10 = 4.41   f) f0.99,20,10 =
1 1

3 37
0 297

0 01 10 20f . , , .
.= =  

10-47. 1) The parameters of interest are the variances of concentration, σ σ1
2

2
2,  

 2) H0 : σ σ1
2

2
2=  

 3) H1 : σ σ1
2

2
2≠  

 4) α = 0.05 

 5) The test statistic is 

    
2

2

2

1
0

s

s
f =  

 6) Reject the null hypothesis if f0 < f0 975 9 15. , , where f0 975 9 15. , , = 0.265 or f0 > f0 025 9 15. , , where f0 025 9 15. , , =3.12 

 7) n1 = 10 n2 = 16 

      s1 = 4.7 s2 = 5.8 

    657.0
)8.5(

)7.4(
2

2

0 ==f  

 8) Since 0.265 < 0.657 < 3.12 do not reject the null hypothesis and conclude there is insufficient evidence to      

indicate the two population variances differ significantly at the 0.05 level of significance. 

 



10-31 

10-48. 1) The parameters of interest are the etch-rate variances, σ σ1
2

2
2, . 

 2) H0 : σ σ1
2

2
2=  

 3) H1 : σ σ1
2

2
2≠  

 4) α = 0.05 

 5) The test statistic is 

    
2

2

2

1
0

s

s
f =  

 6) Reject the null hypothesis if f0 < f0 975 9 9. , , = 0.248 or f0 > f0 025 9 9. , , = 4.03 

 7) n1 = 10 n2 = 10 

      s1 = 0.422 s2 = 0.231 

    337.3
)231.0(

)422.0(
2

2

0 ==f  

 8) Since 0.248 < 3.337 < 4.03 do not reject the null hypothesis and conclude the etch rate variances do not    

     differ at the 0.05 level of significance. 

 

10-49. With 05.0,10.04.12 ==== αβλ and , we find from Chart VI o that n1
* = n2

* = 100.  

Therefore, the samples of size 10 would not be adequate. 

 

10-50. a) 90% confidence interval for the ratio of variances: 

     1,1,2/2

2

2

1

2

2

2

1

1,1,2/12

2

2

1

2121 −−−−− �
�
�

�
�
�
�

�
≤≤�

�
�

�
�
�
�

�
nnnn f

s

s
f

s

s
αα

σ

σ
    

     33.2
)40.0(

)35.0(
412.0

)40.0(

)35.0(
2

2

2

1

��
�

�
��
�

�
≤≤��

�

�
��
�

�

σ

σ
 

     039.23605.0
2

2

2

1 ≤≤
σ

σ
  

      

 428.16004.0
2

1 ≤≤
σ

σ
 

 

 

b) 95% confidence interval: 
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  The 95% confidence interval is wider than the 90% confidence interval. 
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c) 90% lower-sided confidence interval: 
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s
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10-51 a) 90% confidence interval for the ratio of variances: 
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b) 95% confidence interval: 
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  The 95% confidence interval is wider than the 90% confidence interval. 

 

 c) 90% lower-sided confidence interval: 

    
s

s
f n n

1
2

2
2 1 1 1

1
2

2
21 2

�

�
��

�

�
�� ≤− − −α

σ

σ
, ,  

    
( . )

( . )
.

0 6

0 8
0 243

2

2
1
2

2
2

�

�
��

�

�
�� ≤

σ

σ
 

    
2

2

2

1137.0
σ

σ
≤  



10-33 

 

10-52 1) The parameters of interest are the thickness variances, σ σ1
2

2
2,  

 2) H0 : σ σ1
2

2
2=  

 3) H1 : σ σ1
2

2
2≠  

 4) α = 0.02 

 5) The test statistic is 

    
2

2

2

1
0

s

s
f =  

 6) Reject the null hypothesis if f0 < f0 99 7 7. , , where f0 99 7 7. , , = 0.143 or f0 > f0 01 7 7. , , where f0 01 7 7. , , = 6.99 

 7) n1 = 8  n2 = 8 

      s1 = 0.11 s2 = 0.09 

    49.1
)09.0(

)11.0(
2

2

0 ==f  

 8) Since 0.143 < 1.49 < 6.99 do not reject the null hypothesis and conclude the thickness variances do not    

     significantly differ at the 0.02 level of significance. 

 

 

10-53 1) The parameters of interest are the strength variances, σ σ1
2

2
2,  

 2) H0 : σ σ1
2

2
2=  

 3) H1 : σ σ1
2

2
2≠  

 4) α = 0.05 

 5) The test statistic is 

    
2

2

2

1
0

s

s
f =  

 6) Reject the null hypothesis if f0 < f0 975 9 15. , , where f0 975 9 15. , , = 0.265 or f0 > f0 025 9 15. , , where f0 025 9 15. , , =3.12 

 

 

 

 7) n1 = 10 n2 = 16 

      s1 = 12 s2 = 22 

    297.0
)22(

)12(
2

2

0 ==f  

 8) Since 0.265 < 0.297 < 3.12 do not reject the null hypothesis and conclude the population variances do not      

significantly differ at the 0.05 level of significance. 

 

10-54 1) The parameters of interest are the melting variances, σ σ1
2

2
2,  

 2) H0 : σ σ1
2

2
2=  

 3) H1 : σ σ1
2

2
2≠  

 4) α = 0.05 

 5) The test statistic is 

    
2

2

2

1
0

s

s
f =  

 6) Reject the null hypothesis if f0 < f0 975 20 20. , , where f0 975 20 20. , , =0.4058 or f0 > f0 025 20 20. , , where      

     f0 025 20 20. , , =2.46 
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7) n1 = 21 n2 = 21 

      s1 = 4  s2 = 3 

    78.1
)3(

)4(
2

2

0 ==f  

 8) Since 0.4058 < 1.78 < 2.46 do not reject the null hypothesis and conclude the population variances do not      

significantly differ at the 0.05 level of significance. 

 

10-55 1) The parameters of interest are the thickness variances, σ σ1
2

2
2,  

 2) H0 : σ σ1
2

2
2=  

 3) H1 : σ σ1
2

2
2≠  

 4) α = 0.01 

 5) The test statistic is  

    
2

2

2

1

0
s

s
f =  

 6) Reject the null hypothesis if f0 < 12,10,995.0f where 12,10,995.0f =0.1766 or f0 > 12,10,005.0f where  

    12,10,005.0f = 5.0855 

 7) n1 = 11 n2 = 13 

      s1 = 10.2 s2 = 20.1 

    2575.0
)1.20(

)2.10(
2

2

0 ==f  

 8) Since 0.1766 <0.2575 < 5.0855 do not reject the null hypothesis and conclude the thickness variances are 

    not equal at the 0.01 level of significance. 

 

10-56. 1) The parameters of interest are the time to assemble standard deviations, σ σ1 2,  

 2) H0 : σ σ1
2

2
2=  

 3) H1 : σ σ1
2

2
2≠  

 4) α = 0.02 

 5) The test statistic is 

    
2

2

2

1
0

s

s
f =  

 6) Reject the null hypothesis if f0 < 1,1,2/1 21 −−− nnf α =0..365 or f0 > 1,1,2/ 21 −− nnfα = 2.86 

 7) =1n 25 =2n 21   =1s 0.98  =2s 1.02 

    923.0
)02.1(

)98.0(
2

2

0 ==f  

 8) Since 0.365 < 0.923 < 2.86 do not reject the null hypothesis and conclude there is no evidence to support      

the claim that men and women differ significantly in repeatability for this assembly task at the 0.02 level of      

significance. 
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10-57. 98% confidence interval: 
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2

2

2

1 ≤≤
σ

σ
 

Since the value 1 is contained within this interval, we can conclude that there is no significant difference 

between the variance of the repeatability of men and women for the assembly task at a 98% confidence level. 

 

10-58 For one population standard deviation being 50% larger than the other, then λ = 2.  Using n =8, α = 0.01 and 

Chart VI p, we find that β ≅ 0.85.  Therefore, we would say that n = n1 = n2 = 8 is not adequate to detect this 

difference with high probability. 

 

10-59 1) The parameters of interest are the overall distance standard deviations, σ σ1 2,  

 2) H0 : σ σ1
2

2
2=  

 3) H1 : σ σ1
2

2
2≠  

 4) α = 0.05 

 5) The test statistic is 

    f
s

s
0

1
2

2
2

=  

 6) Reject the null hypothesis if f0 < 9,9,975.0.f =0.248 or f0 > 9,9,025.0f = 4.03 

  

 

 

7) n1 = 10 n2 = 10   =1s 8.03  s2 = 10.04 

    640.0
)04.10(

)03.8(
2

2

0 ==f  

8) Since 0.248 < 0.640 < 4.04 do not reject the null hypothesis and conclude there is no evidence to support      

the claim that there is a difference in the standard deviation of the overall distance of the two brands at the  

    0.05 level of  significance. 

 

 

95% confidence interval: 
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s
f

s

s
fn n n n
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2

2
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σ

σ
 

Since the value 1 is contained within this interval, we can conclude that there is no significant difference in the 

variance of the distances at a 95% significance level.  

 

 

10-60 1) The parameters of interest are the time to assemble standard deviations, σ σ1 2,  

 2) H0 : σ σ1
2

2
2=  
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 3) H1 : σ σ1
2

2
2≠  

 4) α = 0.05 

 5) The test statistic is 

    
2

2

2

1
0

s

s
f =  

 6) Reject the null hypothesis if f0 < 911,11,975.0.f =0.288 or f0 > 11,11,025.0f = 3.474 

 7) n1 = 12 n2 = 12  =1s 0.0217  s2 = 0.0175 

    538.1
)0175.0(

)0217.0(
2

2

0 ==f  

 8) Since 0.288<1.538<3.474 do not reject the null hypothesis and conclude there is no evidence to  

    support the claim that there is a difference in the standard deviation of the coefficient of restitution between  

   the two clubs at the  0.05 level of  significance. 

 

95% confidence interval: 
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s
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1 ≤≤
σ

σ
 

Since the value 1 is contained within this interval, we can conclude that there is no significant difference in the 

variances in the variances of the coefficient of restitution at a 95% significance level.  

 

 

Section 10-6 

 

10-61. 1) the parameters of interest are the proportion of defective parts, p1 and p2  

 2) H0 : 21 pp =  

 3) H1 : 21 pp ≠  

 4) α = 0.05 

 5) Test statistic is 
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11
)ˆ1(ˆ
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nn
pp

pp
z  where 
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21ˆ
nn

xx
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+

+
=  

 6) Reject the null hypothesis if z0 < −z0 025. where −z0 025. = −1.96 or z0 > z0 025.  

    where z0 025. = 1.96 

  

 

 

 

 

7) n1 = 300 n2 = 300 

     x1 = 15 x2 = 8 
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     �p1 = 0.05 �p2 = 0.0267 � .p =
+

+
=

15 8

300 300
0 0383  
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300

1

300

1
)0383.01(0383.0

0267.005.0
0 =

�
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�
�
�

�
+−

−
=z  

 8) Since −1.96 < 1.49 < 1.96 do not reject the null hypothesis and conclude that yes the evidence indicates   

     that there is not a 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 < 1.49)) = 0.13622 

 

 

10-62. 1) the parameters of interest are the proportion of satisfactory lenses, p1 and p2  

 2) H0 : 21 pp =  

 3) H1 : 21 pp ≠  

 4) α = 0.05 

 5) Test statistic is 
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 6) Reject the null hypothesis if z0 < 005.0z− where 005.0z− = −258 or z0 > 005.0z where 005.0z = 2.58 

  

 

7) n1 = 300 n2 = 300 

     x1 = 253 x2 = 196 

     =1p̂ 0.843 =2p̂ 0.653 748.0
300300

196253
ˆ =

+

+
=p  
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−
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 8) Since 5.36 > 2.58  reject the null hypothesis and conclude that yes the evidence indicates  

     that there is significant difference in the fraction of polishing-induced defects produced by the two 

     polishing solutions the 0.01 level of significance. 

 

    P-value = 2(1−P(z < 5.36)) = 0 

 

 

By constructing a 99% confidence interval on the difference in proportions, the same question can be 

answered by considering whether or not 0 is contained in the interval. 

 

 

 

 

 

 

10-63. a) Power = 1 − β  
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 Power = 1 − 0.18141 = 0.81859 

 b)

( )( )

( )2

21

2

2211
2121

2/
2

pp

qpqpz
qqpp

z

n
−

�
�
�

�
�
�
�

�
++

++

=

βα

 

       

( )( )

( )
11.382

01.005.0

)99.0(01.0)95.0(05.029.1
2

99.095.001.005.0
96.1

2

2

=
−

�
�
�

�
�
�
�

�
++

++

=  

     n = 383 
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 Power = 1 − 0.48401 = 0.51599 
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10-65. 1) the parameters of interest are the proportion of residents in favor of an increase, p1 and p2  

 2) H0 : p p1 2=  

 3) H1 : p p1 2≠  

 4) α = 0.05 

 5) Test statistic is 
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 6) Reject the null hypothesis if z0 < −z0 025. where −z0 025. = −1.96 or z0 > z0 025.  where z0 025. = 1.96 

 7) n1 = 500 n2 = 400 

      x1 = 385 x2 = 267 
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 8) Since  3.42 > 1.96 reject the null hypothesis and conclude that yes the data do indicate 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 

 

10-66. 95% confidence interval on the difference: 

 ( � � )
� ( � ) � ( � )

( � � )
� ( � ) � ( � )

/ /p p z
p p

n

p p

n
p p p p z

p p

n

p p

n
1 2 2

1 1

1

2 2

2
1 2 1 2 2

1 1

1

2 2

2

1 1 1 1
− −

−
+

−
≤ − ≤ − +

−
+

−
α α  

( . . ) .
. ( . ) . ( . )

( . . ) .
. ( . ) . ( . )

005 00267 196
005 1 005

300

00267 1 00267

300
005 00267 196

005 1 005

300

00267 1 00267

300
1 2− −

−
+

−
≤ − ≤ − +

−
+

−
p p

 − ≤ − ≤0 0074 0 0541 2. .p p  

 Since this interval contains the value zero, we are 95% confident there is no significant difference in the 

 fraction of defective parts produced by the two machines and that the difference in proportions is between −
 0.0074 and 0.054. 
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10-67 95% confidence interval on the difference: 
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 Since this interval does not contain the value zero, we are 95% confident there is a significant difference in 

 the proportions of support for increasing the speed limit between residents of the two counties and that the 

 difference in proportions is between 0.0434 and 0.1616. 

 

 

Supplemental Exercises 

 

10-68  a) Assumptions that must be met are normality, equality of variance, independence of the observations and of the 

populations. Normality and equality of variances appears to be reasonable, see normal probability plot.  The data 

appear to fall along a straight line and the slopes appear to be the same.  Independence of the observations for 

each sample is assumed.  It is also reasonable to assume that the two populations are independent. 

  

 b) 1) the parameters of interest are the variances of resistance of products, σ σ1
2

2
2,  

     2) H0 : σ σ1
2

2
2=  

     3) H1 : σ σ1
2

2
2≠  

     4) α = 0.05 

     5) The test statistic is  

    
2

2

2

1
0

s

s
f =  

     6) Reject H0 if f0 < f0 975 24 34. , , where f0 975 24 34. , , = 459.0
18.2

11

24,34,025.0

==
f

 

          or f0 > f0 025 24 34. , , where f0 025 24 34. , , =2.07 

     7) s1 = 1.53 s2 =1.96 

         n1 = 25 n2 = 35 

    609.0
)96.1(

)53.1(
2

2

0 ==f  

     

 8) Since 0.609 > 0.459, cannot reject H0 and conclude the variances are significantly different  

        at α = 0.05. 
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10-69 a)  Assumptions that must be met are normality, equality of variance, independence of the observations and of 

the populations. Normality and equality of variances appears to be reasonable, see normal probability plot.  The 

data appear to fall along a straight line and the slopes appear to be the same.  Independence of the observations 

for each sample is assumed.  It is also reasonable to assume that the two populations are independent. 

. 

P-Value:   0.899
A-Squared: 0.171

Anderson-Darling Normality Test

N: 9
StDev: 2.06949

Average: 16.3556
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 b) x1 16 36= .  483.112 =x  

     s1 2 07= .  s2 2 37= .  

     n1 9=  n2 6=  

     99% confidence interval: t tn nα / , . ,2 2 0 005 131 2+ − =  where t0 005 13. , = 3.012 
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19.2012.3483.1136.16 21 ++−≤−≤+−− µµ  

         36.840.1 21 ≤−≤ µµ  

 c) Yes, we are 99% confident the results from the first test condition exceed the results of the second test   

     condition by between 1.40 and 8.36 (×106 PA). 

 

10-70. a) 95% confidence interval for σ σ1
2

2
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     95% confidence interval on 
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 b) Since the value 1 is contained within this interval, with 95% confidence, the population variances do not   

     differ significantly and can be assumed to be equal. 
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10-71 a) 1) The parameter of interest is the mean weight loss, µd  

          where di = Initial Weight − Final Weight. 

     2) H0 : µd = 3   

     3) H1 : µd > 3  

     4) α = 0.05 

     5) The test statistic is 

    t
d

s nd

0
0=

− ∆

/
 

     6) Reject H0 if t0 > tα,n-1 where t0.05,7 = 1.895. 

     7) d = 4 125.  
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8
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−
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.

. /
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     8) Since 2.554 > 1.895, reject the null hypothesis and conclude the average weight loss is significantly   

         greater than 3 at α = 0.05. 

 b) 2) H0 : µd = 3   

     3) H1 : µd > 3  

     4) α = 0.01 

     5) The test statistic is 

    t
d

s nd

0
0=

− ∆

/
 

     6) Reject H0 if t0 > tα,n-1 where t0.01,7 = 2.998. 

     7) d = 4 125.  
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−
=

.

. /
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     8) Since 2.554 <2.998, do not reject the null hypothesis and conclude the average weight loss is not   

         significantly greater than 3 at α = 0.01. 

  

 

c) 2) H0 : µd = 5   

     3) H1 : µd > 5  

     4) α = 0.05 

     5) The test statistic is 

    t
d

s nd

0
0=

− ∆

/
 

     6) Reject H0 if t0 > tα,n-1 where t0.05,7 =1.895. 

     7) d = 4 125.  
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    8) Since −1.986 < 1.895, do not reject the null hypothesis and conclude the average weight loss is not   

         significantly greater than 5 at α = 0.05. 

  

 

 Using α = 0.01  

     2) H0 : µd = 5   

     3) H1 : µd > 5  

     4) α = 0.01 

     5) The test statistic is 

    t
d

s nd

0
0=

− ∆

/
 

     6) Reject H0 if t0 > tα,n-1 where t0.01,7 = 2.998. 

     7) d = 4 125.  

        
s
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d =
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−
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.  

     8) Since −1.986 < 2.998, do not reject the null hypothesis and conclude the average weight loss is not   

         significantly greater than 5 at α = 0.01. 
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 a) 90% confidence interval:  zα / .2 165=  

     ( ) ( )
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++−≤−≤+−− µµ  

     638.0362.5 21 −≤−≤− µµ  

     Yes, with 90% confidence, the data indicate that the mean breaking strength of the yarn of manufacturer 2      

exceeds that of manufacturer 1 by between 5.362 and 0.638. 

  

 

 

 

b) 98% confidence interval:  zα / .2 2 33=  

     ( ) ( )
20

4

20

5
33.29188

20

4

20

5
33.29188

22

21

22

++−≤−≤+−− µµ  

     340.0340.6 21 ≤−≤− µµ  

     Yes, we are 98% confident manufacturer 2 produces yarn with higher breaking strength by between 0.340      

and 6.340 psi. 

 c) The results of parts a) and b) are different because the confidence level or z-value used is different..    

     Which one is used depends upon the level of confidence considered acceptable. 
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10-73 a) 1) The parameters of interest are the proportions of children who contract polio, p1 , p2  

     2) H0 : p1 = p2  

     3) H1 : p1 ≠ p2  

     4) α = 0.05 

     5) The test statistic is  
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     6) Reject H0 if z0 < −zα /2 or z0 > zα /2   where zα /2 = 1.96 
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     8) Since 6.55 > 1.96 reject H0 and conclude the proportion of children who contracted polio is      

         significantly different at α = 0.05. 

 b) α = 0.01 

     Reject H0 if z0 < −zα /2 or z0 > zα /2   where zα /2 =2.58 

     z0 = 6.55 

     Since 6.55 > 2.58, reject H0 and conclude the proportion of children who contracted polio is different at  

     α = 0.01. 

 c) The conclusions are the same since z0 is so large it exceeds zα/2 in both cases. 

 

10-74 a) α = 0.10 zα / .2 165=  
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 b) α = 0.10 zα / .2 2 33=  
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 c) As the confidence level increases, sample size will also increase. 

 d) α = 0.10 zα / .2 165=  
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e) α = 0.10 zα / .2 2 33=  
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 f) As the error decreases, the required sample size increases. 
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10-75 � .p
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     Since zero is contained in this interval, we are 95% confident there is no significant difference between the 

     proportion of unlisted numbers in the two cities. 

 b) z zα / . .2 0 05 165= =  
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1500

0 2583 0 7417

1200
. . .

. ( . ) . ( . )
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     Again, the proportion of unlisted numbers in the two cities do not differ. 
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     Increasing the sample size decreased the error and width of the confidence intervals, but does not change   

     the conclusions drawn.  The conclusion remains that there is no significant difference. 

 

10-76 a) 1) The parameters of interest are the proportions of those residents who wear a seat belt regularly, p1 , p2  

     2) H0 : p1 = p2  

     3) H1 : p1 ≠ p2  

     4) α = 0.05 

     5) The test statistic is  
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     6) Reject H0 if z0 < −zα /2 or z0 > zα /2   where z0 025. = 1.96 
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     8) Since −1.96 < 0.8814 < 1.96 do not reject H0 and conclude that evidence is insufficient to claim that  

         there is a difference in seat belt usage α = 0.05. 

 b) α = 0.10 

     Reject H0 if z0 < −zα /2 or z0 > zα /2   where z0 05. = 1.65 

     z0 = 0.8814 

     Since −1.65 < 0.8814 < 1.65, do not reject H0 and conclude that evidence is insufficient to claim that 

    there is a difference in seat belt usage α = 0.10. 

 c) The conclusions are the same, but with different levels of confidence. 

 d) n1 =400,  n2 =500 

     α = 0.05 

     Reject H0 if z0 < −zα /2 or z0 > zα /2   where z0 025. = 1.96 

      246.1
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     Since −1.96 < 1.246 < 1.96 do not reject H0 and conclude that evidence is insufficient to claim that there is 

     a difference in seat belt usage α = 0.05. 

     α = 0.10 

     Reject H0 if z0 < −zα /2 or z0 > zα /2   where z0 05. = 1.65 

     z0 =1.012 

     Since −1.65 < 1.246 < 1.65, do not reject H0 and conclude that evidence is insufficient to claim that there      

is a difference in seat belt usage α = 0.10. 

     As the sample size increased, the test statistic has also increased, since the denominator of z0 decreased.    

     However, the decrease (or sample size increase) was not enough to change our conclusion. 

 

 

 

10-77. 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. 

 

10-78  a) 1) The parameters of interest are the proportion of lenses that are unsatisfactory after tumble-polishing, p1,          

p2  

     2) H0 : p1 = p2  

     3) H1 : p1 ≠ p2  

     4) α = 0.01 

     5) The test statistic is  
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     6) Reject H0 if z0 < −zα /2 or z0 > zα /2   where zα /2 = 2.58 

    

 

 

 

 

     7) x1 =number of defective lenses 
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     8) Since −5.36 < −2.58 reject H0 and conclude there is strong evidence to support the claim that the two   

         polishing fluids are different. 

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

     proportion satisfactory.  The proportion of defectives are different for the two fluids. 
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10-80 The parameter of interest is µ µ1 22−  
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 Let n1 = size of sample 1  X1  estimate for µ1  

 Let n2 = size of sample 2  X2  estimate for  µ2  

 X X1 22−  is an estimate for µ µ1 22−  

 The variance is V( X X1 22− ) = V( X1 ) + V(2 X2 ) = 
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 The test statistic for this hypothesis would then be: 
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 We would reject the null hypothesis if z0 > zα/2  for a given level of significance.  

 The P-value would be P(Z ≥ z0 ). 
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10-81. H0 : µ µ1 2=  

 H1 : µ µ1 2≠  

 n1 = n2 =n 

 β = 0.10 

 α = 0.05 

 Assume normal distribution and σ σ σ1
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From Chart VI, n∗ = 50 
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2

150

2

1
=

+
=

+
=

∗
n

n  

 n1 = n2 =26 

 

10-82 a) α = 0.05, β = 0.05 ∆= 1.5  Use sp = 0.7071 to approximate σ in equation 10-19. 
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 From Chart VI (e), n∗ = 20 5.10
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 n= 11 would be needed to reject the null hypothesis that the two agents differ by 0.5 with probability of at 

least 0.95.   

  

b) The original size of n = 5 in Exercise 10-18 was not appropriate to detect the difference since it is necessary 

for a sample size of 16 to reject the null hypothesis that the two agents differ by 1.5 with probability of at least 

0.95. 

 

10-83 a) No. 

P-Value:   0.011
A-Squared: 0.934

Anderson-Darling Normality Test

N: 10
StDev: 0.302030

Average: 24.67

24.924.423.9

.999

.99

.95

.80

.50

.20

.05

.01

.001

P
ro

b
a
b
ili

ty

mercedes

Normal Probability Plot

P-Value:   0.000
A-Squared: 1.582

Anderson-Darling Normality Test

N: 10
StDev: 3.89280

Average: 40.25

403530

.999

.99

.95

.80

.50

.20

.05

.01

.001

P
ro

b
a

b
ili

ty

volkswag

Normal Probability Plot

 
  

 

 

 

 

 

 

 

 



10-49 

 

b) The normal probability plots indicate that the data follow normal distributions since the data appear to fall      

along a straight line.  The plots also indicate that the variances could be equal since the slopes appear to be      the same. 

P-Value:   0.329
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 c) 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, σ σV M
2 2/  

     

s f

s f
f

V

M

2
9 9 0 025

2
9 9 0 975

9 9 0 025

149 4 03

0 0204
1 1

4 03
0 248

= =

= = = =

. .

.
.

.

, , .

, , .
, , .

 

      

    

35.294114.18

03.4
0204.0

49.1
248.0

0204.0

49.1

2

2

2

2

025.0,9,92

2

2

2

975.0,9,92

2

<<

�
�

�
�
�

�
<<�

�

�
�
�

�

��
�

�
��
�

�
<<��

�

�
��
�

�

M

V

M

V

M

V

M

V

M

V f
s

s
f

s

s

σ

σ

σ

σ

σ

σ

 

Since the does not include the value of unity, we are 95% confident that there is evidence to reject the claim 

that the 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. 

 

10-84 1) the parameters of interest are the variances in mileage performance, σ σ1
2

2
2,  

     2) H0 : σ σ1
2

2
2=  Where Volkswagen is represented by variance 1, Mercedes by variance 2. 

     3) H1 : σ σ1
2

2
2≠  

     4) α = 0.05 

     5) The test statistic is 
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 7) s1 = 1.22 s2 = 0.143 

         n1 = 10 n2 = 10 

    f0

2

2

122

0 143
72 78= =

( . )

( . )
.  

     8) Since 72.78 > 4.03, reject H0 and conclude that there is a significant difference between Volkswagen   

         and Mercedes in terms of mileage variability.  Same conclusions reached in 10-83d.   

 

 

10-85 a) Underlying distributions appear to be normal since 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 
2
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 b) 1) The parameter of interest is the difference in mean volumes, µ µ1 2−  

     2) H0 : µ µ1 2 0− =  or µ µ1 2=   

     3) H1 : µ µ1 2 0− ≠  or µ µ1 2≠  

     4) α = 0.05 

     5) The test statistic is 
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     6) Reject H0 if t0 < −tα ν/ ,2 or z0 > tα ν/ ,2   where t tα ν/ , . ,2 0 025 18= = 2.101 

     7) x1 = 752.7 x2 = 755.6 sp =
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8) Since −6.06 < −2.101, reject H0 and conclude there is a significant difference between the two   

winery’s with respect to mean fill  volumes. 
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10-86. d=2/2(1.07)=0.93, giving a power of just under 80%.  Since the power is relatively low, an increase in the 

sample size would increase the power of the test. 

 

 

10-87. a) The assumption of normality appears to be valid.  This is evident by the fact that the data lie along a   

     straight line in the normal probability plot. 
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 b) 1) The parameter of interest is the mean difference in tip hardness, µd  

     2) H0 : µd = 0  

     3) H1 : µd ≠ 0  

     4) No significance level, calculate P-value  

     5) The test statistic is 

    t
d

s nd

0 =
/

 

     6) Reject H0 if the P-value is significantly small. 

     7) d = −0 222.  

        
s

n

d =

=

130

9

.
 

    t0

0 222

130 9
0 512=

−
= −

.

. /
.  

     8) P-value = 2P(T < -0.512) = 2P(T > 0.512)  2(0.25) < P-value < 2(0.40) 

      0.50 < P-value < 0.80 

         Since the P-value is larger than any acceptable level of significance, do not reject H0 and conclude there          

is no difference in mean tip hardness. 

 c) β = 0.10 
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     From Chart VI with α = 0.01, n = 30  
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10-88. a) According to the normal probability plot the data appear to follow a normal distribution.  This is evident   

     by the fact that the data fall along a straight line. 

P-Value:   0.158
A-Squared: 0.518
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 b) 1) The parameter of interest is the mean difference in depth using the two gauges, µd  

     2) H0 : µd = 0   

     3) H1 : µd ≠ 0  

     4) No significance level, calculate p-value  

     5) The test statistic is 

    t
d

s nd

0 =
/

 

     6) Reject H0 if the P-value is significantly small. 

     7) d = 0133.  
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     8) P-value = 2P(T > 0.25)   2(0.40) < P-value 

     0.80 < P-value 

         Since the P-value is larger than any acceptable level of significance, do not reject H0 and conclude there          

is no difference in mean depth measurements for the two gauges. 

  

 

 

 

c) Power = 0.8, Therefore, since Power= 1-β , β= 0.20 
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     From Chart VI (f) with α = 0.01 and β = 0.20, we find n =30.  
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10-89 a.) The data from both depths appear to be normally distributed, but the slopes are not equal. 

     Therefore, it may not be assumed that 
2

2

2

1 σσ = . 

 

 

 

b.)              1) The parameter of interest is the difference in mean HCB concentration, µ µ1 2− , with ∆0 =  0 

     2) H0 : µ µ1 2 0− =  or µ µ1 2=  

     3) H1 : µ µ1 2 0− ≠  or µ µ1 2≠   

     4) α = 0.05 

     5) The test statistic is 
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     6) Reject the null hypothesis if t0 < 15,025.0t−  where 15,025.0t− = −2.131 or t0 > 15,025.0t where 15,025.0t = 

         2.131 since 
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7) x1 = 4.804    x2 = 5.839      s1 = 0.631     s2 = 1.014  

      n1  = 10         n2  = 10 
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     8) Since –2.74 < -2.131 reject the null hypothesis and conclude that the data support the claim that  

       the mean HCB concentration is different at the two depths sampled at the 0.05 level of significance. 

 

 b) P-value = 2P(t < -2.74),   2(0.005) < P-value < 2(0.01)   

     

     0.001 < P-value < 0.02 

 

c) Assuming the sample sizes were equal: 

a. ∆ = 2   α = 0.05    n1  =  n2  = 10  1
)1(2

2
==d  

   From Chart VI (e) we find β = 0.20, and then calculate Power = 1- β = 0.80 

 

 d.)Assuming the sample sizes were equal: 

 ∆ = 2   α = 0.05 5.0
)1(2

2
==d ,  β = 0.0 

    

From Chart VI (e) we find n*=50 and 5.25
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Mind-Expanding Exercises 

 

10-90 The estimate of µ is given by X .  Therefore, ( )X X X X= + −
1

2
1 2 3 .  The variance of X  can be shown to 

 be: 
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 a) A 100(1-α)% confidence interval on µ is then: 
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 b) A 95% confidence interval for µ is 
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 Since zero is not contained in this interval, and because the possible differences (-1.363, -1.037) are   

     negative, we can conclude that there is sufficient evidence to indicate that pesticide three is more effective. 
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10-91 The 
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 It can be verified that this is a minimum and that with these choices for n1 and n2. 
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10-92 Maximizing the probability of rejecting H 0
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Also, it can be verified that the solution minimizes f(n1). 
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10-94. 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 

x1 50=  x2 60=  

s1 36 74= .  s2 36 54= .  spooled = 36 64.  

Two-sample t-test : t0 0 43= − .  P-value = 0.68 

xd = −10  sd = 0 707.  

Paired t-test :  t0 3162= − .  P-value ≈ 0 
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b.) The (1-α) confidence Interval for θ  use the CI developed in part (a.)  where θ = e^( ln(θ))   
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Since the confidence interval contains the value 1, we conclude that there is no difference in the 

proportions at the 95% level of significance  
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 has an F distribution with n1 − 1 and n2 − 1  degrees of freedom. 
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CHAPTER 11 

 

 

Section 11-2 

 

11-1.  a) iii xy εββ ++= 10  
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b) xy 10
ˆˆˆ ββ +=  

   99.37)3.4(3298017.2012962.48ˆ =−=y  

c) 39.39)7.3(3298017.2012962.48ˆ =−=y  

d) 71.639.391.46ˆ =−=−= yye  

 

 

11-2. a) iii xy εββ ++= 10  
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b) 6836.0)85(00416.032999.0ˆ =+=y  

c) 7044.0)90(00416.032999.0ˆ =+=y  

d) 00416.0ˆ
1 =β  
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11-3. a) )32(0041612.03299892.0ˆ
5

9 ++= xy   

 
xy

xy

0074902.04631476.0ˆ

1331584.00074902.03299892.0ˆ

+=

++=
 

b) 00749.0ˆ
1 =β  

 

11-4. a)  
Regression Analysis - Linear model: Y = a+bX                                     
Dependent variable: Games                   Independent variable: Yards          
-------------------------------------------------------------------------------- 
                               Standard            T            Prob.            
Parameter       Estimate         Error           Value          Level            
Intercept        21.7883        2.69623          8.081         .00000            
Slope         -7.0251E-3     1.25965E-3       -5.57703         .00001            
-------------------------------------------------------------------------------- 
                           Analysis of Variance                                  
Source             Sum of Squares     Df  Mean Square    F-Ratio  Prob. Level    
Model                   178.09231      1    178.09231    31.1032       .00001    
Residual                148.87197     26      5.72585                            
-------------------------------------------------------------------------------- 
Total (Corr.)           326.96429     27                                         
Correlation Coefficient = -0.738027          R-squared =  54.47 percent          
Stnd. Error of Est. = 2.39287    

7258.5ˆ 2 =σ                                                  

 If the calculations were to be done by hand use Equations (11-7) and (11-8). 

 

3000250020001500

10

 5

 0

x

y

S = 2.39287      R-Sq = 54.5 %      R-Sq(adj) = 52.7 %
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 b) 143.9)1800(0070251.07883.21ˆ =−=y  

c) −0.0070251(-100) = 0.70251 games won. 

d) 35.142
0070251.0

1
=  yds decrease required. 

e) 321.8)1917(0070251.07883.21ˆ =−=y  

    

679.1321.810

ˆ

=−=

−= yye
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11-5. a) 
Regression Analysis - Linear model: Y = a+bX                                     
Dependent variable: SalePrice                Independent variable: Taxes         
-------------------------------------------------------------------------------- 
                               Standard            T            Prob.            
Parameter       Estimate         Error           Value          Level            
Intercept        13.3202        2.57172        5.17948         .00003            
Slope            3.32437       0.390276          8.518         .00000            
-------------------------------------------------------------------------------- 
                           Analysis of Variance                                  
Source             Sum of Squares     Df  Mean Square    F-Ratio  Prob. Level    
Model                   636.15569      1    636.15569    72.5563       .00000    
Residual                192.89056     22      8.76775                            
-------------------------------------------------------------------------------- 
Total (Corr.)           829.04625     23                                         
Correlation Coefficient = 0.875976          R-squared =  76.73 percent           
Stnd. Error of Est. = 2.96104                                                    

    76775.8ˆ 2 =σ  

 

    If the calculations were to be done by hand use Equations (11-7) and (11-8). 

   xy 32437.33202.13ˆ +=  

b) 253.38)5.7(32437.33202.13ˆ =+=y  

 

c) 9273.32)8980.5(32437.33202.13ˆ =+=y  

   
0273.29273.329.30ˆ

9273.32ˆ

−=−=−=

=

yye

y
 

  

d) All the points would lie along the 45% axis line. That is, the regression model would estimate the values exactly. At 

this point, the graph of observed vs. predicted indicates that the simple linear regression model provides a reasonable 

fit to the data. 
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11-6. a) 
Regression Analysis - Linear model: Y = a+bX                                     
Dependent variable: Usage               Independent variable: Temperature        
-------------------------------------------------------------------------------- 
                               Standard            T            Prob.            
Parameter       Estimate         Error           Value          Level            
Intercept        -6.3355        1.66765       -3.79906         .00349            
Slope            9.20836      0.0337744        272.643         .00000            
-------------------------------------------------------------------------------- 
                           Analysis of Variance                                  
Source             Sum of Squares     Df  Mean Square    F-Ratio  Prob. Level    
Model                   280583.12      1    280583.12    74334.4       .00000    
Residual                37.746089     10     3.774609                            
-------------------------------------------------------------------------------- 
Total (Corr.)           280620.87     11                                         
Correlation Coefficient = 0.999933          R-squared =  99.99 percent           
Stnd. Error of Est. = 1.94284                                                    

 7746.3ˆ 2 =σ  

 

     If the calculations were to be done by hand use Equations (11-7) and (11-8). 

    xy 20836.93355.6ˆ +−=  

b) 124.500)55(20836.93355.6ˆ =+−=y  

c) If monthly temperature increases by 1
�
F, �y  increases by 9.20836. 

d) 458.426)47(20836.93355.6ˆ =+−=y  

   � .y = 426 458  

   618.1458.42684.424ˆ −=−=−= yye  

 

11-7. a)  
Predictor       Coef       StDev          T        P 
Constant      33.535       2.614      12.83    0.000 
x           -0.03540     0.01663      -2.13    0.047 
 
S = 3.660       R-Sq = 20.1%     R-Sq(adj) = 15.7% 
 
Analysis of Variance 
Source       DF          SS          MS         F        P 
Regression    1       60.69       60.69      4.53    0.047 
Error        18      241.06       13.39 
Total        19      301.75 

  

 392.13ˆ 2 =σ  

  xy 0353971.05348.33ˆ −=  

b) 226.28)150(0353971.05348.33ˆ =−=y  

c) 4995.29ˆ =y  

   50048.14995.290.31ˆ =−=−= yye  

 



 11-5 

11-8. a) 

1050950850
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Predictor       Coef       StDev          T        P 
Constant     -16.509       9.843      -1.68    0.122 
x            0.06936     0.01045       6.64    0.000 
S = 2.706       R-Sq = 80.0%     R-Sq(adj) = 78.2% 
Analysis of Variance 
Source       DF          SS          MS         F        P 
Regression    1      322.50      322.50     44.03    0.000 
Error        11       80.57        7.32 
Total        12      403.08 

    3212.7ˆ 2 =σ   

xy 0693554.05093.16ˆ +−=  

b) 6041.46ˆ =y   39592.1ˆ =−= yye  

c) 38.49)950(0693554.05093.16ˆ =+−=y  

 

 

11-9. a)  
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 Yes, a linear regression would seem appropriate, but one or two points appear to be outliers. 

 
Predictor        Coef     SE Coef          T        P 
Constant      -10.132       1.995      -5.08    0.000 
x             0.17429     0.02383       7.31    0.000 
S = 1.318       R-Sq = 74.8%     R-Sq(adj) = 73.4% 
 
Analysis of Variance 
Source            DF          SS          MS         F        P 
Regression         1      92.934      92.934     53.50    0.000 
Residual Error    18      31.266       1.737 
Total             19     124.200 

 

b) 737.1ˆ 2 =σ  and     xy 17429.0132.10ˆ +−=  

c) 68265.4ˆ =y  at x = 85 
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11-10. a)  
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     Yes, a linear regression model appears to be plausable. 

 
Predictor       Coef       StDev          T        P 
Constant      234.07       13.75      17.03    0.000 
x            -3.5086      0.4911      -7.14    0.000 
S = 19.96       R-Sq = 87.9%     R-Sq(adj) = 86.2% 
Analysis of Variance 
Source       DF          SS          MS         F        P 
Regression    1       20329       20329     51.04    0.000 
Error         7        2788         398 
Total         8       23117 

b) 25.398ˆ 2 =σ  and  xy 50856.3071.234ˆ −=  

c) 814.128)30(50856.3071.234ˆ =−=y  

d) 1175.15883.156ˆ == ey  

 

 

 

 

11-11. a) 
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     Yes, a simple linear regression model seems appropriate for these data. 

Predictor       Coef       StDev          T        P 
Constant       0.470       1.936       0.24    0.811 
x             20.567       2.142       9.60    0.000 
S = 3.716       R-Sq = 85.2%     R-Sq(adj) = 84.3% 
 
Analysis of Variance 
 
Source       DF          SS          MS         F        P 
Regression    1      1273.5      1273.5     92.22    0.000 
Error        16       220.9        13.8 
Total        17      1494.5 
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b) 81.13ˆ 2 =σ  

    xy 5673.20470467.0ˆ +=  

 

c) 038.21)1(5673.20470467.0ˆ =+=y  

 

d) 6629.11371.10ˆ == ey  

 

11-12. a) 
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     Yes, a simple linear regression (straight-line) model seems plausible for this situation. 

 
 
Predictor       Coef       StDev          T        P 
Constant     2625.39       45.35      57.90    0.000 
x            -36.962       2.967     -12.46    0.000 
 
S = 99.05       R-Sq = 89.6%     R-Sq(adj) = 89.0% 
 
Analysis of Variance 
Source       DF          SS          MS         F        P 
Regression    1     1522819     1522819    155.21    0.000 
Error        18      176602        9811 
Total        19     1699421 

 

b) 2.9811ˆ 2 =σ  

    xy 962.3639.2625ˆ −=  

c) 15.1886)20(962.3639.2625ˆ =−=y  

d) If there were no error, the values would all lie along the 45
�

axis.  The plot indicates age was reasonable  

    regressor variable. 
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11-13. yxxyx =+−=+ 1110
ˆ)ˆ(ˆˆ ββββ  

 

11-14. a)  The slopes of both regression models will be the same, but the intercept will be shifted. 
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11-15. Let xxx ii −=∗
. Then, the model is iii xY εββ ++= ∗∗∗∗

10 . 

Equations 11-7 and 11-8 can be applied to the new variables using the facts that 0
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== ∗
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�� i
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yx . Then, 

11
ˆˆ ββ =∗

 and 0ˆ
0 =∗β . 

 

11-16. The least squares estimate minimizes � − 2)( ii xy β . Upon setting the derivative equal to zero, we obtain 

 0][2)()(2
2 =−=−− ��� iiiiii xxyxxy ββ  

 Therefore, 
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x

xy
β . 

 

 

11-17. xy 031461.21ˆ = .  The model seems very appropriate - an even better fit.  
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Section 11-5 

 

11-18.  a) 1) The parameter of interest is the regressor variable coefficient, β1  

     2) H0 1 0:β =  

    3) H1 1 0:β ≠  

    4) α = 0.05 

    5) The test statistic is  
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    6) Reject H0 if f0 > fα,1,12 where f0.05,1,12 = 4.75 

    7) Using results from Exercise 11-1 
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          63.74
12/123.22

59.137
0 ==f   

    8) Since 74.63 > 4.75 reject H 0  and conclude that compressive strength is significant in predicting 

        intrinsic permeability of concrete at  α = 0.05. We can therefore conclude model specifies a useful linear 

        relationship between these two variables. 

        P value− ≅ 0 000002.  
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MSˆ E

E ==
−

==σ    and  2696.0
3486.25

8436.1ˆ
)ˆ(

2

1 ===
xxS

se
σ

β  

c) 9043.0
3486.25

0714.3

14

1
8436.1

1
ˆ)ˆ(

22
2

0 =�
�

�
�
�

�
+=�

�

�
�
�

�
+=

xxS

x

n
se σβ  

11-19. a) 1) The parameter of interest is the regressor variable coefficient, β1. 

     2) H0 1 0:β =  

3) H1 1 0:β ≠  

4) α = 0.05 

    5) The test statistic is  

   

)n/(SS

/SS

MS

MS
f

E

R

E

R

2

1
0 −

==  

    6) Reject H0 if f0 > fα,1,18 where f0.05,1,18 = 4.414 

  7) Using the results from Exercise 11-2 

    

SS S

SS S SS

R xy

E yy R

= =

=

= −

= − −

=

� ( . )( . )

.

( . ) .

.

.

β1

12 75
20

0 0041612 141445

0 5886

8 86 0 5886

0143275

2

 

  9573
181432750

58860
0 .

/.

.
f ==  

  8) Since 73.95 > 4.414, reject H 0 and conclude the model specifies a useful relationship at α = 0.05. 
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P value− ≅ 0 000001.  

b) 
4

2

1 108391.4
6.33991

00796.ˆ
)ˆ( −=== x

S
se

xx

σ
β  

                    04091.0
6.33991

9.73

20

1
00796.

1
ˆ)ˆ(

2
2

0 =�
�

�
�
�

�
+=�

�

�
�
�

�
+=

xxS

x

n
se σβ  

 

11-20. a) Refer to ANOVA table of Exercise 11-4. 

  1) The parameter of interest is the regressor variable coefficient, β1. 

  2) H0 1 0:β =  

  3) H1 1 0:β ≠  

  4) α = 0.01 

    5) The test statistic is  

   
)2/(

1/
0 −

==
nSS

SS

MS

MS
f

E

R

E

R
 

    6) Reject H0 if f0 > fα,1,26 where f0.01,1,26 = 7.721 

  7) Using the results of Exercise 10-4 

   1032.310 ==
E

R

MS

MS
f  

  8) Since 31.1032 > 7.721 reject H0 and conclude the model is useful at α = 0.01.  P value− = 0 000007.   

b) 001259.
43.3608611

7257.5ˆ
)ˆ(

2

1 ===
xxS

se
σ

β  

    69622
433608611

132110

28

1
72575

1 2
2

0 .
.

.
.

S

x

n
ˆ)ˆ(se

xx

=�
�

�
�
�

�
+=�

�

�
�
�

�
+σ=β  

c) 1) The parameter of interest is the regressor variable coefficient, β1. 

      2) 01010 .:H −=β  

    3) 01011 .:H −≠β  

    4) α = 0.01 

    5) The test statistic is 

)ˆ(se

.ˆ
t

1

1
0

01

β

+β
=  

    6) Reject H0 if  t0 < −tα/2,n-2 where −t0.005,26 = −2.78 or t0 > t0.005,26 = 2.78 

    7) Using the results from Exercise 10-4 

    36182
001259650

0100702510
0 .

.

..
t =

+−
=   

    8) Since 2.3618 < 2.78 do not reject H 0 and conclude the intercept is not zero at α = 0.01. 
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11-21. Refer to ANOVA of Exercise 11-5 

 a) 1) The parameter of interest is the regressor variable coefficient, β1. 

     2) H0 1 0:β =  

3) H1 1 0:β ≠  

4) α = 0.05, using t-test 

    5) The test statistic is t
se

0
1

1

=
�

( � )

β

β
 

    6) Reject H0 if  t0 < −tα/2,n-2 where −t0.025,22 = −2.074 or t0 > t0.025,22 = 2.074 

    7) Using the results from Exercise 11-5 

   t0

3 32437

0 390276
8 518= =

.

.
.   

 8) Since 8.518 > 2.074 reject H 0  and conclude the model is useful α = 0.05. 

 

b) 1) The parameter of interest is the slope, β1 

      2) H0 1 0:β =  

3) H1 1 0:β ≠  

4) α = 0.05 

    5) The test statistic is f
MS

MS

SS

SS n

R

E

R

E
0

1

2
= =

−

/

/ ( )
 

6) Reject H0 if f0 > fα,1,22 where f0.01,1,22 = 4.303 

7) Using the results from Exercise 10-5 

    f0

63615569 1

192 89056 22
72 5563= =

. /

. /
.  

8) Since 72.5563 > 4.303, reject H 0 and conclude the model is useful at a significance α = 0.05. 

    The F-statistic is the square of the t-statistic.  The F-test is a restricted to a two-sided test, whereas the 

    t-test could be used for one-sided alternative hypotheses. 

c) 39027
563157

767582

1 .
.

.

S

ˆ
)ˆ(se

xx

==
σ

=β  

   57172
563157

40496

24

1
76758

1 2
2

0 .
.

.
.

S

x

n
ˆ)ˆ(se

xx

=�
�

�
�
�

�
+=�

�

�
�
�

�
+σ=β  

 

d)  1) The parameter of interest is the intercept, β0. 

     2) 000 =β:H  

3) 001 ≠β:H  

4) α = 0.05, using t-test 

    5) The test statistic is
)ˆ(se

ˆ
t

0

0
0 β

β
=  

    6) Reject H0 if  t0 < −tα/2,n-2 where −t0.025,22 = −2.074 or t0 > t0.025,22 = 2.074 

    7) Using the results from Exercise 11-5 

   179.5
5717.2

3201.13
0 ==t   

 8) Since 5.179 > 2.074 reject H 0  and conclude the intercept is not zero at α = 0.05. 
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11-22. Refer to ANOVA for Exercise 10-6 

a) 1) The parameter of interest is the regressor variable coefficient, β1. 

    2) H0 1 0:β =  

  3) H1 1 0:β ≠  

  4) α = 0.01 

    5) The test statistic is 
)2/(

1/
0 −

==
nSS

SS

MS

MS
f

E

R

E

R
 

6) Reject H0 if f0 > fα,1,22 where f0.01,1,10 = 10.049 

7) Using the results from Exercise 10-6 

   4.74334
10/746089.37

1/12.280583
0 ==f  

8) Since 74334.4 > 10.049, reject H 0 and conclude the model is useful α = 0.01.  P-value < 0.000001 

b) se( 1β̂ ) = 0.0337744, se( 0β̂ ) = 1.66765 

c) 1) The parameter of interest is the regressor variable coefficient, β1. 

    2) H0 1 10:β =  

  3) H1 1 10:β ≠  

  4) α = 0.01 

    5) The test statistic is 

)ˆ(

ˆ

1

0,11

0
β

ββ

se
t

−
=  

    6) Reject H0 if  t0 < −tα/2,n-2 where −t0.005,10 = −3.17 or t0 > t0.005,10 = 3.17 

    7) Using the results from Exercise 10-6 

    37.23
0338.0

1021.9
0 −=

−
=t  

 8) Since −23.37 < −3.17 reject H 0  and conclude the slope is not 10 at α = 0.01.  P-value = 0. 

 d) H0: β0 = 0    H1: β0 ≠ 0 

8.3
66765.1

03355.6
0 −=

−−
=t  

    P-value < 0.005;  Reject H0 and conclude that the intercept should be included in the model. 

 

 

11-23.  Refer to ANOVA table of Exercise 11-7 

a) 010 =β:H  

011 ≠β:H   α = 0.01 

18,1,0

18,1,01.0

0

285.8

53158.4

αff

f

f

>/

=

=

 

Therefore, do not reject H0. P-value = 0.04734.  Insufficient evidence to conclude that the model is a useful 

relationship. 

b) 016628101 .)ˆ(se =β  

    6139620 .)ˆ(se =β  
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c) 05010 .:H −=β  

05011 .:H −<β   

 α = 0.01 

180

1801

0

5522

878030
01662810

05003540

,

,.

tt

.t

.
.

).(.
t

α−</

=

=
−−−

=

 

Therefore, do not rejectH0. P-value = 0.804251.  Insufficient evidence to conclude that β1  is ≥ -0.05. 

d) H0 0 0:β =   001 ≠β:H    α = 0.01 

18,2/0

18,005.

0

878.2

8291.12

αtt

t

t

>

=

=
 

Therefore, reject H0.  P-value ≅ 0 

 

11-24. Refer to ANOVA of Exercise 11-8 

a) 010 =β:H  

011 ≠β:H  

α = 0.05 

1110

11105

0

844

027944

,,

,,.

ff

.f

.f

α>

=

=

 

Therefore, rejectH0. P-value = 0.00004. 

b) 010452401 .)ˆ(se =β  

    8434690 .)ˆ(se =β  

c) 000 =β:H  

001 ≠β:H  

α = 0.05 

1120

11025

0

2012

677181

,/

,.

t|t|

.t

.t

α−</

=

−=

 

Therefore, do not rejectH0. P-value = 0.12166. 
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11-25. Refer to ANOVA of Exercise 11-9 

a) 010 =β:H  

011 ≠β:H  

α = 0.05 

18,1,0

18,1,05.

0

414.4

53.50 

αff

f

f

>

=

=

 

Therefore, reject H0. P-value = 0.000009. 

b) 025661301 .)ˆ(se =β  

    1352620 .)ˆ(se =β  

c) 000 =β:H  

001 ≠β:H  

α = 0.05 

18,2/0

18,025.

0

||

101.2

5.079- 

αtt

t

t

>

=

=

 

    Therefore, reject H0. P-value = 0.000078. 

 

 

 

11-26. Refer to ANOVA of Exercise 11-11 

a) 010 =β:H  

011 ≠β:H  

α = 0.01 

16,1,0

16,1,01.

0

531.8

224.92

αff

f

f

>

=

=

 

Therefore, reject H0 . 

b) P-value < 0.00001 

c) 1416921 .)ˆ(se =β  

    9359110 .)ˆ(se =β  

d) 000 =β:H  

001 ≠β:H  

α = 0.01 

1620

16005

0

9212

2430

,/

,.

tt

.t

.t

α>/

=

=

 

Therefore, do not rejectH0. Conclude, Yes, the intercept should be removed. 
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11-27. Refer to ANOVA of Exercise 11-12 

a) 010 =β:H  

011 ≠β:H  

α = 0.01 

18,1,0

18,1,01.

0

285.8

2.155

αff

f

f

>

=

=

 

Therefore, reject H0. P-value < 0.00001. 

b) 3468451 .)ˆ(se =β  

    9668120 .)ˆ(se =β  

c) 3010 −=β:H  

3011 −≠β:H  

α = 0.01 

1820

18005

0

8782

34662
966812

30961836

,/

,.

t|t|

.t

.
.

)(.
t

α−>/

=

−=
−−−

=

 

Therefore, do not reject H0. P-value = 0.0153(2) = 0.0306. 

d) 000 =β:H  

001 ≠β:H  

α = 0.01 

8782

895757

18005

0

.t

.t

,. =

=
 

     t t0 218> α / , , therefore, reject H0. P-value < 0.00001. 

e) H0 0 2500:β =  

250001 >β:H  

α = 0.01 

552.2

7651.2
3468.45

250039.2625

18,01.

0

=

=
−

=

t

t
 

     18,0 αtt > , therefore reject H0 . P-value = 0.0064. 
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11-28. t

Sxx

0
1

2
=

�

� /

β

σ

  After the transformation 11
ˆˆ ββ

a

b
=∗

,   xxxx SaS
2=∗

,   00
ˆˆ, ββ bxax == ∗∗

, and 

 σσ ˆˆ b=∗
. Therefore, 

0
22

1
0

/)ˆ(

/ˆ
t

Sab

ab
t

xx

==∗

σ

β
. 

 

11-29. a) 

� 2

2ˆ

ˆ

ix
σ
β

 has a t distribution with n-1 degree of freedom. 

b) From Exercise 11-17, ,611768.3ˆ,031461.21ˆ == σβ  and 7073.142 =� ix . 

    The t-statistic in part a. is 22.3314 and 0: 00 =βH  is rejected at usual α values. 

 

11-30. 76.0
4.2

|)005.0(01.0|

96.3608611

27
=

−−−
=d , 96.3608611=xxS .  

 Assume α = 0.05, from Chart VI and interpolating between the curves for n = 20 and n = 30, β ≅ 0 05. . 

 

Sections 11-6 and 11-7 

 

11-31.     tα/2,n-2 = t0.025,12 = 2.179 

 a) 95% confidence interval on β1 . 

   

.7423.1.9173.2

)2696.0(179.23298.2

)2696.0(3298.2

)ˆ(ˆ

1

12,025.

12,2/1

−≤≤−

±−

±−

± −

β

ββ α

t

set n

 

b) 95% confidence interval on β0 . 

    

.3115.497145.46

)5959.0(179.20130.48

)ˆ(ˆ

0

012,025.0

≤≤

±

±

β

ββ set
 

c) 95% confidence interval on µ when x0 2 5= . . 

   

0477.43ˆ3293.41

)3943.0(179.21885.42

)(844.1)179.2(1885.42

)(ˆˆ

1885.42)5.2(3298.20130.48ˆ

0

2

2
0

0

0

|

3486.25

)0714.35.2(

14

1

)(12

12,025.|

|

≤≤

±

+±

+±

=−=

−

−

xY

S

xx

nxY

xY

xx
t

µ

σµ

µ

 

 

d) 95% on prediction interval when x0 2 5= . . 

   

2513.451257.39

)4056.1(179.21885.42

)1(844.1179.21885.42

)1(ˆˆ

0

348571.25

)0714.35.2(

14
1

)(12

12,025.0

2

2
0

≤≤

±

++±

++±

−

−

y

ty
xxS

xx

n
σ

 

    It is wider because it depends on both the error associated with the fitted model as well as that with the 

    future observation. 
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11-32.     tα/2,n-2 = t0.005,18 = 2.878 

 a) ( ) )ˆ(ˆ
118,005.01 ββ set± . 

   
0055542.00027682.0

)000484.0)(878.2(0041612.0

1 ≤≤

±

β
 

b) ( ) )ˆ(ˆ
018,005.00 ββ set± . 

    
447843.0212135.0

)04095.0)(878.2(3299892.0

0 ≤≤

±

β
 

c) 99% confidence interval on µ when x F0 85= � . 

7431497.0ˆ6242283.0

0594607.0683689.0

)(00796.0)878.2(683689.0

)(ˆˆ

683689.0ˆ

0

2

2
0

0

0

|

6.33991

)9.7385(

20

1

)(12

18,005.|

|

≤≤

±

+±

+±

=

−

−

xY

S

xx

nxY

xY

xx

t

µ

σµ

µ

 

 

d) 99% prediction interval when Fx
�900 = . 

9685614.04404284.0

2640665.07044949.0

)1(00796.0878.27044949.0

)1(ˆˆ

7044949.0ˆ

0

6.33991

)9.7390(

20

1

)(12

18,005.0

0

2

2
0

≤≤

±

++±

++±

=

−

−

y

ty

y

xxS

xx

n
σ

 

 

 

Note for Problems 11-33 through 11-35:    These computer printouts were obtained from Statgraphics.  For Minitab users, the 

standard errors are obtained from the Regression subroutine.  

 

11-33.            95 percent confidence intervals for coefficient estimates             
-------------------------------------------------------------------------------- 
                        Estimate  Standard error     Lower Limit     Upper Limit 
CONSTANT                 21.7883         2.69623         16.2448         27.3318 
Yards                   -0.00703         0.00126        -0.00961        -0.00444 
-------------------------------------------------------------------------------- 

 

a)   −0.00961 ≤ β1 ≤ −0.00444. 

b)   16.2448 ≤ β0 ≤ 27.3318. 

c) )(72585.5)056.2(143.9
5.3608325

)14.21101800(

28

1
2−+±  

    
3717.10ˆ9143.7

2287.1143.9

0| ≤≤

±

xYµ
 

d) )1(72585.5)056.2(143.9
5.3608325

)14.21101800(

28

1
2−++±   

    
2139.140721.4

0709.5143.9

0 ≤≤

±

y
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11-34.            95 percent confidence intervals for coefficient estimates             
-------------------------------------------------------------------------------- 
                        Estimate  Standard error     Lower Limit     Upper Limit 
CONSTANT                 13.3202         2.57172         7.98547         18.6549 
Taxes                    3.32437         0.39028         2.51479         4.13395 
-------------------------------------------------------------------------------- 

 

a)    2.51479 ≤ β1 ≤ 4.13395. 

b)   7.98547 ≤ β0 ≤ 18.6549. 

c) )(76775.8)074.2(253.38
563139.57

)40492.65.7(

24

1
2−+±  

    
7883.39ˆ7177.36

5353.1253.38

0| ≤≤

±

xYµ
 

d) 38 253 2 074 8 76775 1 1
24

7 5 6 40492

57 563139

2

. ( . ) . ( )
( . . )

.
± + + −

 

    
5832.449228.31

3302.6253.38

0 ≤≤

±

y
 

 

 

11-35. 99 percent confidence intervals for coefficient estimates             
-------------------------------------------------------------------------------- 
                        Estimate  Standard error     Lower Limit     Upper Limit 
CONSTANT                -6.33550         1.66765        -11.6219        -1.05011 
Temperature              9.20836         0.03377         9.10130         9.93154 
-------------------------------------------------------------------------------- 
 

a) 9.10130 ≤ β1 ≤ 9.31543 

b) −11.6219 ≤ β0 ≤ −1.04911 

c) 500124 2 228 3 774609 1
12

55 46 5

3308 9994

2

. ( . ) . ( )
( . )

.
± + −

 

    
500124 14037586

498 72024 50152776
0

. .

. � .|

±

≤ ≤µY x
  

d) 500124 2 228 3 774609 1 1
12

55 46 5

3308 9994

2

. ( . ) . ( )
( . )

.
± + + −

 

         
67456.50457344.495

5505644.4124.500

0 ≤≤

±

y
 

It is wider because the prediction interval includes error for both the fitted model and from that associated  

  with the future observation. 

 

 

 

 

11-36. a) 00045.007034.0 1 −≤≤− β  

b) 027.390417.28 0 ≤≤ β  

c) )(39232.13)101.2(225.28
256.48436

)3.149150(

20
1

2−+±  

    
9794.295406.26

7194236.1225.28

0| ≤≤

±

xyµ
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d) )1(39232.13)101.2(225.28
256.48436

)3.149150(

20
1

2−++±  

    
1386.363814.20

87863.7225.28

0 ≤≤

±

y
 

 

11-37. a) 10183.003689.0 1 ≤≤ β  

 b) 0691.140877.47 0 ≤≤− β   

c) )(324951.7)106.3(6041.46
97.67045

)939910(

13
1

2−+±  

    
)1185.490897.44

514401.26041.46

0| ≤≤

±

xyµ
 

d) )1(324951.7)106.3(6041.46
97.67045

)939910(

13

1
2−++±  

     
3784.558298.37

779266.86041.46

0 ≤≤

±

y
 

 

11-38. a) 22541.011756.0 1 ≤≤ β   

b) 32598.53002.14 0 −≤≤− β  

c) )(982231.1)101.2(76301.4
2111.3010

)3.8285(

20

1
2−+±  

    
4403.50857.4

6772655.076301.4

0| ≤≤

±

xyµ
 

d) )1(982231.1)101.2(76301.4
2111.3010

)3.8285(

20

1
2−++±  

    
7976.77284.1

0345765.376301.4

0 ≤≤

±

y
 

 

11-39. a) 590.266552.201 1 ≤≤ β   

b) 34696.267015.4 0 −≤≤− β  

c) )(2804.398)365.2(814.128
4214.1651

)5.2430(

9
1

2−+±  

    
7941.1458339.111

980124.16814.128

0| ≤≤

±

xyµ
 

 

11-40. a) 8239.263107.14 1 ≤≤ β   

b) 12594.618501.5 0 ≤≤− β   

c) )(8092.13)921.2(038.21
01062.3

)806111.01(

18
1

2−+±  

    
8694.232066.18

8314277.2038.21

0| ≤≤

±

xyµ
 

d) )1(8092.13)921.2(038.21
01062.3

)806111.01(

18
1

2−++±  

    
2559.328201.9

217861.11038.21

0 ≤≤

±

y
 

 

11-41. a) 7272.301964.43 1 −≤≤− β   

b) 68.272009.2530 0 ≤≤ β   

c) )(21.9811)101.2(154.1886
6618.1114

)3375.1320(

20
1

2−+±  

    
5247.19487833.1823

370688.62154.1886

0| ≤≤

±

xyµ
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d) )1(21.9811)101.2(154.1886
6618.1114

)3375.1320(

20
1

2−++±  

     
4067.21039013.1668

25275.217154.1886

0 ≤≤

±

y
 

 

 

Section 11-7 

 

11-42. Use the results of Exercise 11-4 to answer the following questions.  

 a) 544684.02 =R ; The proportion of variability explained by the model. 

     527.0473.01
27/96429.326

26/87197.148
12 =−=−=AdjR  

 b) Yes, normality seems to be satisfied since the data appear to fall along the straight line. 

-3 . 9 -1 . 9 0 . 1 2 . 1 4 . 1 6 . 1

R e s i d u a l s

N o r m a l  P r o b a b i l i t y  P l o t

 0 . 1

   1

   5

  2 0

  5 0

  8 0

  9 5

  9 9

9 9 . 9

c u m u l .

p e r c e n t

 
  

c) Since the residuals plots appear to be random, the plots do not include any serious model inadequacies. 
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11-43.     Use the Results of exercise 11-5 to answer the following questions. 

a) SalePrice        Taxes            Predicted         Residuals            
25.9             4.9176           29.6681073       -3.76810726             
29.5             5.0208           30.0111824       -0.51118237             
27.9             4.5429           28.4224654       -0.52246536             
25.9             4.5573           28.4703363       -2.57033630             
29.9             5.0597           30.1405004       -0.24050041             
29.9             3.8910           26.2553078        3.64469225             
30.9             5.8980           32.9273208       -2.02732082             
28.9             5.6039           31.9496232       -3.04962324             
35.9             5.8282           32.6952797        3.20472030             
31.5             5.3003           30.9403441        0.55965587             
31.0             6.2712           34.1679762       -3.16797616             
30.9             5.9592           33.1307723       -2.23077234             
30.0             5.0500           30.1082540       -0.10825401             
36.9             8.2464           40.7342742       -3.83427422             
41.9             6.6969           35.5831610        6.31683901             
40.5             7.7841           39.1974174        1.30258260             
43.9             9.0384           43.3671762        0.53282376             
37.5             5.9894           33.2311683        4.26883165             
37.9             7.5422           38.3932520       -0.49325200             
44.5             8.7951           42.5583567        1.94164328             
37.9             6.0831           33.5426619        4.35733807             
38.9             8.3607           41.1142499       -2.21424985             
36.9             8.1400           40.3805611       -3.48056112             
45.8             9.1416           43.7102513        2.08974865             

 

 b) Assumption of normality does not seem to be violated since the data appear to fall along a straight line. 
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c) There are no serious departures from the assumption of constant variance. This is evident by the random pattern of 

the residuals. 
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 d) %73.762 ≡R ; 

 

11-44. Use the results of Exercise 11-6 to answer the following questions 
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 a) R2 99 986%= . ; The proportion of variability explained by the model. 

 b) Yes, normality seems to be satisfied since the data appear to fall along the straight line. 
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 c) There might be lower variance at the middle settings of x. However, this data does not indicate a serious 

      departure from the assumptions. 
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11-45. a) %1121.202 =R  

 b) These plots indicate presence of outliers, but no real problem with assumptions. 
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c) The normality assumption appears marginal. 
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11-46. a)  

1050950850

60
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x

y

 

     xy 0521753.0677559.0ˆ +=  

b) 0: 10 =βH   0: 11 ≠βH   α = 0.05 

    

12,1,0

12,1,05.

0

75.4

9384.7

αff

f

f

>

=

=
 

    Reject Ho. 

c) 23842.25ˆ 2 =σ  

d) 324951.7ˆ
2 =origσ  

    The new estimate is larger because the new point added additional variance not accounted for by the 

    model. 

e) Yes, e14 is especially large compared to the other residuals. 

 

 

f) The one added point is an outlier and the normality assumption is not as valid with the point included. 
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g) Constant variance assumption appears valid except for the added point. 
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11-47. a) %27.712 =R  

b) No major departure from normality assumptions. 
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c) Assumption of constant variance appears reasonable. 
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11-48. a) 879397.02 =R  

 b) No departures from constant variance are noted. 
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c) Normality assumption appears reasonable. 
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11-49. a) %22.852 =R  

b) Assumptions appear reasonable, but there is a suggestion that variability increases slightly with �y . 
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c) Normality assumption may be questionable.  There is some “ bending” away from a straight line in the tails of the 

normal probability plot. 
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11-50. a) 896081.02 =R 89% of the variability is explained by the model. 

 

b) Yes, the two points with residuals much larger in magnitude than the others. 
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c) 9573.02

modelew =nR  

    Larger, because the model is better able to account for the variability in the data with these two outlying  

    data points removed. 

d) 21.9811ˆ 2

modeld =olσ  

    93.4022ˆ 2

modelnew =σ  

    Yes, reduced more than 50%, because the two removed points accounted for a large amount of the error. 

 

 

 

11-51. Using ,12
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Therefore, 2
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Because the square of a t random variable with n-2 degrees of freedom is an F random variable with 1 and n-2 degrees 

of freedom, the usually t-test that compares || 0t  to 2,2/ −ntα  is equivalent to comparing 
2

00 tf =  to 

2,2/2,1, −− = nn tf αα . 
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11-52. a) 207
9.01

)23(9.0
0 =

−
=f . Reject 0: 10 =βH . 

b) Because 28.423,1,05. =f , 0H  is rejected if 28.4
1

23
2

2

>
− R

R . 

    That is, H0  is rejected if  

    

157.0

28.428.27

)1(28.423

2

2

22

>

>

−>

R

R

RR

 

 

11-53. Yes, the larger residuals are easier to identify. 

 1.10269   -0.75866    -0.14376   0.66992 

-2.49758  -2.25949    0.50867    0.46158 

0.10242   0.61161     0.21046   -0.94548 

0.87051   0.74766    -0.50425     0.97781 

0.11467   0.38479     1.13530    -0.82398 

 

11-54. For two random variables X1 and X2, 

),(2)()()( 212121 XXCovXVXVXXV ++=+  

Then, 
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a) Because ei  is divided by an estimate of its standard error (when σ2  is estimated by �σ2 ), ri  has approximate unit 

variance. 

b) No, the term in brackets in the denominator is necessary. 

c) If xi  is near x  and n is reasonably large, ri  is approximately equal to the standardized residual. 

d) If xi  is far from x , the standard error of ei  is small. Consequently, extreme points are better fit by least 

    squares regression than points near the middle range of x. Because the studentized residual at any point has 

    variance of approximately one, the studentized residuals can be used to compare the fit of points to the 

    regression line over the range of x. 

 

 

Section 11-9 

 

11-55. a) xy 990987.00280411.0ˆ +−=  

b) 0: 10 =βH  

    0: 11 ≠βH   α = 0.05 

    

18,1,0

18,1,05.

0

41.4

838.79

αff

f

f

>>

=

=
 

    Reject H0 . 

c) 903.0816.0 ==r  
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d) 0:0 =ρH   

     0:1 ≠ρH   α = 0.05 

    

18,2/0

18,025.

2
0

101.2

9345.8
816.01

1890334.0

1
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αtt

t

R

nR
t

>
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=
−

=
−

−
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    Reject H0 . 

e) 5.0:0 =ρH  

    5.0:1 ≠ρH   α = 0.05 

    

2/0

025.

0

96.1

879.3

αzz

z

z

>

=

=
 

    Reject H0 . 

f) )+0.90334nh tanh(arcta)-0.90334nh tanh(arcta
1717

025.025. zz ≤≤ ρ  where z. .025 196= . 

    9615.07677.0 ≤≤ ρ . 

 

11-56. a) xy 419415.01044.69ˆ +=  

b) 0: 10 =βH   

    0: 11 ≠βH   α = 0.05 

    

24,1,0

24,1,05.

0

260.4

744.35

αff

f

f

>

=

=
 

    Reject H0 . 

c) 77349.0=r  

 

d) 0:0 =ρH  

    0:1 ≠ρH   α = 0.05 

    

24,2/0

24,025.

5983.01

2477349.0

0

064.2

9787.5

αtt

t
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>

=

==
−

 

    Reject H0 . 

 

 

 

e) 6.0:0 =ρH   

    6.0:1 ≠ρH   α = 0.05 

    

2/0
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2/1

0

96.1

6105.1)23)(6.0arctanh 77349.0(arctanh 

αzz
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    Do not reject H0 . 

f) )+0.77349nh tanh(arcta)-0.77349nh tanh(arcta
2323

025.025. zz ≤≤ ρ  where z. .025 196= .  

    8932.05513.0 ≤≤ ρ . 
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11-57. a) r = -0.738027 

b) 0:0 =ρH   

    0:1 ≠ρH   α = 0.05 

    

26,2/0

26,025.

5447.01

26738027.0

0

||

056.2

577.5

αtt

t

t

>

=

−==
−

−

 

    Reject H0 . P-value = (3.69E-6)(2) = 7.38E-6 

c) )+0.738-nh tanh(arcta)-0.738-nh tanh(arcta
2525

025.025. zz ≤≤ ρ  

    where 96.1025. =z . 504.0871.0 −≤≤− ρ . 

d) 7.0:0 −=ρH   

    7.0:1 −≠ρH   α = 0.05 

    

2/0
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2/1

0

||
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    Do not reject H0 . P-value = (0.3468)(2) = 0.6936 
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−
=

n

SS Eσ . 

11-59 n = 50 r = 0.62 

a) 0:0 =ρH   

       0:1 ≠ρH   α = 0.01 
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    Reject H0 . P-value ≅ 0 

b) )+0.62nh tanh(arcta)-0.62nh tanh(arcta
4747

005.005. zz ≤≤ ρ  

    where 575.2005. =z .  8007.03358.0 ≤≤ ρ . 

c) Yes. 

 

11-60. n = 10000,  r = 0.02 

a) 0:0 =ρH   

       0:1 ≠ρH   α = 0.05 
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    Reject H0 . P-value = 2(0.02274) = 0.04548 
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b) Since the sample size is so large, the standard error is very small.  Therefore, very small differences are 

    found to be "statistically" significant.  However, the practical significance is minimal since r = 0.02 is 

    essentially zero. 

 

11-61. a) r = 0.933203 

 

b) 0:0 =ρH  

       0:1 ≠ρH   α = 0.05 

    

15,2/0

15,025.

)8709.0(1

15933203.0

1

2

0

131.2

06.10
2

αtt

t

t
r

nr

>

=

===
−−

−

 

    Reject H0. 

 

c) xy 498081.072538.0ˆ +=  

0: 10 =βH   

0: 11 ≠βH   α = 0.05 
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   Reject H0. Conclude that the model is significant at α = 0.05. This test and the one in part b are identical. 

 

d) 0: 00 =βH   

       0: 01 ≠βH   α = 0.05 

    

15,2/0
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468345.0
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    Do not reject H0. We cannot conclude β0  is different from zero. 

 

e) No problems with model assumptions are noted. 
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11-62. n = 25 r = 0.83 

a) 0:0 =ρH   

       0:1 ≠ρH  α = 0.05 
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    Reject H0 . P-value = 0. 

b) )+0.83nh tanh(arcta)-0.83nh tanh(arcta
2222

025.025. zz ≤≤ ρ  

    where z. .025 196= .  9226.06471.0 ≤≤ ρ . 

c)  8.0:0 =ρH    

        8.0:1 ≠ρH   α = 0.05 

    

2/0

025.

2/1

0

96.1
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    Do not reject 0H . P-value = (0.3373)(2) = 0.6746. 

 

Supplemental Exercises 
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11-64. a) 
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     Yes, a straight line relationship seems plausible.  
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b)                        Model fitting results for: y                              
Independent variable             coefficient  std. error     t-value   sig.level 
CONSTANT                           -0.966824    0.004845   -199.5413      0.0000 
x                                   1.543758    0.003074    502.2588      0.0000 
-------------------------------------------------------------------------------- 
R-SQ. (ADJ.) = 1.0000  SE=       0.002792  MAE=       0.002063  DurbWat=  2.843  
Previously:    0.0000            0.000000             0.000000            0.000  
10 observations fitted, forecast(s) computed for 0 missing val. of dep. var.     

 

 � . .y x= − +0 966824 154376  

c)                   Analysis of Variance for the Full Regression                   
Source               Sum of Squares     DF    Mean Square      F-Ratio   P-value 
Model                       1.96613      1        1.96613      252264.     .0000 
Error                  0.0000623515      8  0.00000779394                        
-------------------------------------------------------------------------------- 
Total (Corr.)               1.96619      9                                       
R-squared = 0.999968                            Stnd. error of est. = 2.79176E-3 
R-squared (Adj. for d.f.) = 0.999964           Durbin-Watson statistic = 2.84309 

    2) H0 1 0:β =   

    3) H1 1 0:β ≠  

    4) α = 0.05 

    5) The test statistic is 
)/(

/
0

pnSS

kSS
f

E

R

−
=  

      6) Reject H0 if f0 > fα,1,8 where f0.05,1,8 = 5.32 

       7) Using the results from the ANOVA table 

   9.255263
8/0000623515.0

1/96613.1
0 ==f  

     8) Since 2552639 > 5.32 reject H0 and conclude that the regression model is significant at α = 0.05.  

        P-value < 0.000001 

d)            95 percent confidence intervals for coefficient estimates             
-------------------------------------------------------------------------------- 
                        Estimate  Standard error     Lower Limit     Upper Limit 
CONSTANT                -0.96682         0.00485        -0.97800        -0.95565 
x                        1.54376         0.00307         1.53667         1.55085 
-------------------------------------------------------------------------------- 

 

     95565.097800.0 0 −≤≤− β  

  

 

 

 

 

e) 2) H0 0 0:β =  

     3) H1 0 0:β ≠   

     4) α = 0.05 

     5) The test statistic is t
se

0
0

0

=
�

( � )

β

β
 

    6) Reject H0 if  t0 < −tα/2,n-2 where −t0.025,8 = −2.306 or t0 > t0.025,8 = 2.306 

    7) Using the results from the table above 

   t0

0 96682

0 00485
199 34=

−
= −

.

.
.   

    8) Since −199.34 < −2.306 reject H0  and conclude the intercept is significant at α = 0.05. 
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11-65. a) xy 64.1534.93ˆ +=  

b) 0: 10 =βH   

       0: 11 ≠βH   α = 0.05 

    

14,1,05.00

14,1,05.

0

60.4

872.12

ff

f

f

>

=

=

 

    Reject H0 . Conclude that β1 0≠  at α = 0.05. 

c) )322.23961.7( 1 ≤≤ β  

d) )923.111758.74( 0 ≤≤ β  

e) 44.132)5.2(64.1534.93ˆ =+=y  

    

[ ]

91.138ˆ97.125

47.644.132

27.136145.244.132
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017.7
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11-66  a)  There is curvature in the data. 

 b) y = - 1956.3 + 6.686 x 
 

  c) Source            DF          SS          MS         F        P 
Regression         1      491662      491662     35.57    0.000 
Residual Error     9      124403       13823 
Total             10      616065 
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d)  
 

 

                      There is a curve in the residuals. 

 

 

         e)   The data are linear after the transformation. 

   

 

 
 

lny = 20.6 - 5201 (1/x) 
 

Analysis of Variance 

Source            DF          SS          MS         F        P 
Regression         1      28.511      28.511  66715.47    0.000 
Residual Error     9       0.004       0.000 
Total             10      28.515 
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1 2 3 4 5 6 7
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There is still curvature in the data, but now the plot is convex instead of concave. 

 

11-67. a) 
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b) xy 00385.08819.0ˆ +−=  

c) 0: 10 =βH   

        0: 11 ≠βH   α = 0.05 

    

48,1,05.00

0 03.122

ff

f

>

=
 

    Reject H0 . Conclude that regression model is significant at α = 0.05  
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d) No, it seems the variance is not constant, there is a funnel shape. 

1050
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e) xy 00097.05967.0ˆ +=∗
. Yes, the transformation stabilizes the variance. 

 

11-68. xy 5075.02232.1ˆ +=∗
 where 

y
y

1
=∗

. No, model does not seem reasonable. The residual plots indicate a 

  possible outlier. 

 

11-69. xy 7916.0ˆ =  

 Even though y should be zero when x is zero, because the regressor variable does not normally assume values 

near zero, a model with an intercept fits this data better. Without an intercept, the MSE is larger because there are fewer 

terms and the residuals plots are not satisfactory. 

 

11-70. xy 2047.25755.4ˆ += , r= 0.992,  R
2
 = 98.40% 

 The model appears to be an excellent fit. Significance of regressor is strong and R
2
 is large. Both regression 

 coefficients are significant.  No, the existence of a strong correlation does not imply a cause and effect 

 relationship. 

 

11-71 a)  
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b) The regression equation is 

xy 296.15193ˆ +−=  

 
Analysis of Variance 
Source            DF          SS          MS         F        P 
Regression         1      1492.6      1492.6      2.64    0.127 
Residual Error    14      7926.8       566.2 
Total             15      9419.4 

 

 Cannot reject Ho; therefore we conclude that the model is not significant. Therefore the seasonal 

meteorological index (x) is not a reliable predictor of the number of days that the ozone level exceeds 0.20  

ppm (y). 

 

c)      95% CI on β1          

   

504.35912.4
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ββ α

t

set n

 

 

 

d) )         The normality plot of the residuals is satisfactory.  However, the plot of residuals versus run order exhibits a 

strong downward trend.  This could indicate that there is another variable should be included in the model, one that 

changes with time. 

  

11-72     a) 
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 b)  xy 29646714.ˆ −=  

 

                c) Analysis of Variance 
 

Source            DF          SS          MS         F        P 
Regression         1     0.03691     0.03691      1.64    0.248 
Residual Error     6     0.13498     0.02250 
Total              7     0.17189 

 

 R2 = 21.47% 

 

d)   There appears to be curvature in the data.  There is a dip in the middle of the normal probability plot and the plot of  

the residuals versus the fitted values shows curvature. 

 

 

           

11-73 The correlation coefficient for the n pairs of data (xi, zi) will not be near unity.  It will be near zero.  The data for the 

pairs (xi, zi) where 
2

ii yz =  will not fall along the straight line ii xy =  which has a slope near unity and gives a 

correlation coefficient near unity.  These data will fall on a line ii xy = that has a slope near zero and gives a much 

smaller correlation coefficient. 

 

 

11-74  a)  

b) xy 66.1699.0ˆ +−=  

          c)   Source            DF          SS          MS         F        P 
Regression         1      28.044      28.044     22.75    0.001 
Residual Error     8       9.860       1.233 
Total              9      37.904 
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 d)   x=4.25   257.4
0| =xyµ  

)3717.0(306.2257.4

625.20

)75.425.4(

10

1
2324.1306.2257.4

2

±

��
	



��
�


 −
+±

 

 

114.5399.3 | ≤≤
oxyµ  

e)   The normal probability plot of the residuals appears straight, but there are some large residuals in the lower fitted 

values.  There may be some problems with the model. 

     

 

 

 

 

 

 

 

11-75  a)  

 

  b) xy 9636.03.33ˆ +=  
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c)Predictor        Coef     SE Coef          T        P 
 Constant         66.0       194.2       0.34    0.743 
 Therm          0.9299      0.2090       4.45    0.002 

   
S = 5.435       R-Sq = 71.2%     R-Sq(adj) = 67.6% 
 
Analysis of Variance 
 
Source            DF          SS          MS         F        P 
Regression         1      584.62      584.62     19.79    0.002 
Residual Error     8      236.28       29.53 
Total              9      820.90 

 

    Reject the hull hypothesis and conclude that the model is significant.  77.3% of the variability is explained  

     by the model. 

  

d) 1: 10 =βH   

                    1: 11 ≠βH          α=.05 

     

  3354.0
2090.0

19299.0

)ˆ(

1ˆ

1

1
0 −=

−
=

−
=

β

β

se
t  

    306.28,025.2,2/ ==− tt na  

    

Since 2,2/0 −−> natt , we cannot reject Ho and we conclude that there is not enough evidence to reject the 

claim that the devices produce different temperature measurements.  Therefore, we assume the devices  

produce equivalent measurements. 

 

e)   The residual plots to not reveal any major problems. 
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Mind-Expanding Exercises 

 

11-76. a) 
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b) The requested result is shown in part a. 
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b) Using the fact that SS MSR R= , we obtain 
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No, �β1  is no longer unbiased. 

 

11-79. 

xxS
V

2

1 )ˆ(
σ

β = . To minimize xxSV ),ˆ( 1β  should be maximized. Because �
=

−=
n

i

ixx xxS
1

2)( , Sxx  is 

 maximized by choosing approximately half of the observations at each end of the range of x.  

From a practical perspective, this allocation assumes the linear model between Y and x holds throughout the range of x 

and observing Y at only two x values prohibits verifying the linearity assumption. It is often preferable to obtain some 

observations at intermediate values of x. 

 

11-80. One might minimize a weighted some of squares �
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 (wi  large) receives greater weight in the sum of squares. 
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Setting these derivatives to zero yields  
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as requested. 
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and 
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Upon setting the derivative to zero, we obtain  
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c) 
�−± 2

2ˆ
1,2/1

ˆ
ixnt σ

αβ  

This confidence interval is shorter because x x xi i
2 2� ≥ −� ( ) . Also, the t value based on n-1 degrees of freedom is 

slightly smaller than the corresponding t value based on n-2 degrees of freedom. 

 

 

 

 

 


