Chapter 6 Normal Distributions
Section 6.1

1. (a) not normal; left skewed instead of symmetric

(b) not normal; curve touches and goes below
x-axis instead of always being above the x-axis and being asymptotic to the x-axis in the tails

(c) not normal: not bell-shaped, not unimodal
(d) not normal; not a smooth curve
2, u=16,0=2,u+0=16+2=18

(The mean is located directly below the peak: one standard deviation from the mean is the x-value under
the point of inflection [the transition point between the curve cupping upward and cupping downward].)

3. The mean is the x-value directly below the peak; in Figure 6-16, u = 10; in Figure 6-17, u= 4. Assuming
the two figures are drawn on the same scale, Figure 6-16. being shorter and more spread out, has the larger
standard deviation.

4, (a)

(b)
u=15 o0=3
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(d)

(e)

5. (a)
(b)
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6. (a)
(b)

(o)

7. (a)
(b)
()

(d)

8. (a)

(b)

(©

Instructor's Resource Guide Understandable Statistics, 7th Edition

No: the mean g and the standard deviation o are independent of one another. If i, > . then 6, > ;.

0, = 0;, and 0, < g, are all possible.

50%: the normal curve is symmetric about p
68%
99.7%

50%: the normal curve is symmetric about y
95%

%(100% ~99.7%) = %(0.3%) =0.15%,
99.7% lies between (- 30 and U + 30. s0 0.3% lies in the tails, and half of that is in the upper tail.

U= 065,50 50% are taller than 65 in.
U= 065. so 50% are shorter than 65 in.

M—0=65-25=625in.and g+ 0=65+2.5 = 67.5 in. so 68% of college women are between 62.5
in. and 67.5 in. tall.

M=-20=65-2(2.5)=65-5=60in.and 4 —20= 65+ 2(2.5) = 65 + 5 =70 in. s0 95% of college
women are between 60 in. and 70 in. tall.

H -20=21-2(1)=19 days and u+ 20 =21 + 2(1) = 23 days so 95% of 1000 eggs. or 950 eggs
will hatch between 19 and 23 days of incubation.

H-0=21-1=20daysand u+ o=21+ 1 =22 days so 68% of 1000 eggs. or 680 eggs. will hatch
between 20 and 22 days of incubation.

1=21,5050%, or 500, of the eggs will hatch in at most 21 days.
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(d)

9. (a)

(b)

(0

10. (a)

(b)

(c)

pu-30=21-3(1)=21-3=18daysand pt + 30=21+3(1) =21+ 3 =24 days 50 99.7%, or
997, eggs will hatch between 18 and 24 days of incubation.

yu —0o=1243 -36 = 1207 and p + 0= 1243 + 36 = 1279 so about 68% of the tree rings will date
between 1207 and 1279 AD.

U—-20=1243-2(36) = 1171 and p+ 20 = 1243 + 2(36) = 1315 so about 95% of the tree rings will
date between 1171 and 1315 AD.

U—30=1243-3(36) = 1135 and u+ 30= 1243 + 3(36) = 1351 50 99.7% (almost all) of the tree
rings will date between 1135 and 1351 AD.

u+0=76+04=80

Since 68% of the cups filled will fall into the p * o range. 100% — 68% = 32% will fail outside that

range and -:g 16% = 0.16 will be over u+ o = 8 oz. Approximately 16% of the time, the cups

L

will overflow.

100% — 16% = 84% = 0.84 so, by the complementary event rule, 84% of the time the cups will not
overflow.

Since 16% of 850 = 136, we can expect approximately 136 of the cups filled by this machine will
overflow.

11. (a) u-0=3.15-145=170and u + 0=3.15 + 1.45 = 4.60 so 68% of the experimental group will

12.

(b)

(a)

have millamperes pain thresholds between 1.70 and 4.60 mA.

u-20=73.15-2(1.45) = 0.25 and p+ 20 = 3.15 + 2(1.45) = 6.05 s0 95% of the experimental group
will have pain thresholds between 0.25 and 6.05 mA.

Visitors Treated Each Day by YPMS (first 10 day period)

40 *
————————————————————— p+30=343
C70) il it P m - ,u.+2(7=30.1
[
d [ ]
n=217
201 . . .
L]
L ]
.
------------------------------- p—20=13.3
0k _ _ o ____J p—-30=9.1
1 1 1 1 1 1 1 1 1
1 2 3 45 7 8 9 10 Day

The data indicate the process is in control: none of the out-of-control warning signals are present.
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(b)
Visitors Treated Each Day by YPMS (second 10 day period)
40 +
° .

————————————————— S —Ju+306=343

30‘—----~<-~---—----~-. ----------- [J.+20‘=30.1
[ ]
[ ]
< w=21.7
20 e
L ]
------------------------------- n—-20=133
[ ]

] = p-30=9.1

i ¢ & ¢t 1 1 1
123 456 7 8 910 Day

Three points fall beyond i + 36 = 34.3. Four consecutive points lie beyond u + 20 = 30.1. Out-of-
control warning signals I and III are present; the data indicate the process is out-of-control. Under the
conditions or time period (say. July 4) represented by the second 10-day period, YPMS probably
needs (temporary) extra help to provide timely emergency health care for park visitors.

13. (a)
Tri-County Bank Monthly Loan Request—First Year
(thousands of dollars)

650F — _ _ __C__ __ _________] o+ 30 = 6487
840 ] u+20=6375
630+ .
[
620}
— u=615.1

610+ . .
600}

..................... e -20=5927
590} .

L ]
580’: ———————————————————— #-30=581.5
- |3 1

The economy would appear to be cooling off as evidenced by an overall downward trend. Out-of-
control warning signal III is present: 2 of the last 3 consecutive points are below - 20 = 592.7.
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(b)

Tri-County Bank Monthly Loan Request—Second
Year (thousands of dollars)

650k p+30=648.7
T o+ 20 =637.5
. [
6301 .
L4 .
®
620 . °
-— n=6151

810} o *
600

............................... u—20=5927
500
sgof —~ -~~~ —~=-——----1 n—-30=5815

i 1 1

Here, it looks like the economy was heating up during months 1-9 and perhaps cooling off during
months 10-12. Out-of-control warning signal Il is present: there is a run of 9 consecutive points above

H=0615.1.
14. (a)
Number of Rooms Rented (first 10-day period)

3101

————————————————————— u+ 30 =304
3001
P R CRSLECITETTEPTICRERPEPLEES o+ 20 = 292

° L]
2801
270k hd - =268
L [ ]

260 °
250

------------------------------- p—20=244
240F °
N R EEE TP EE R P g~ 30 =232
2201
210

L | B

Lt 1 1t 1
1 23 4 5 6 7 8 9 10 Days

The room rentals are about what would be expected. None of the 3 out-of-control warning signals are
present.
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15.
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(b)
Number of Rooms Rented (second 10-day period)
310}
————————————————————— 1+ 30 =304
300
B RLECRCTTREEITPRPEPEPTRPRRE p+20 =292
280
270k . * =268
260+ hd
250} .
..... BeeeeeeeeJu - 20 =244
240F o .
230 T T T T s 1 = 30 =232
220 ..
210
—l (] 1 1 L 1 i L i L
1 2 3 45 6 7 8 9 10 Days
The room rentals are lower than what would be expected. Comparing (a) and (b). we see the same
basic cyclical pattern (probably up on the weekends and down on the weekdays), but the pattern in (b)
has been shifted down about 20 = 24 rooms rented. Out-of-control warning signals I and III are
present: there are 3 points below g — 30 = 232 rooms rented, and all 4 of the last 4 consecutive points
are below - 20 = 244 rooms rented.
Visibility Standard Index
R L]
180k ————— e — n+30=180
160} "o
------------------------------- K +20=180
140 .
120r .
- .
100 o
- =90
80} o .
80
= 3
40}
............................... p—20=230
20} .
o L i 1 1 e 3c=0

1 ] : 1 ] (]
2 4 6 8 1012 14 16 18 2

Out-of-control warning signals 1 and 11I are present. Day 15's VSI exceeds u + 30. Two of 3 consecutive
points (days 10, 11, 12 or days 11, 12, 13) are about ¢ + 20 = 150. and 2 of 3 consecutive points (days 4,
5. 6 or days 3, 6, 7) are below u — 20 = 30. Days 10-15 all show above average air pollution levels: days
11, 12. and 15 triggered out-of-control signals, indicating pollution abatement procedures should be in
place.
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Section 6.2
1. (a) z-scores > 0 indicate the student scored above the mean: Robert, Jane, and Linda
(b) z-scores = 0 indicates the student scored at the mean: Joel

(c) z-scores < 0 indicate the student scored below the mean: John and Susan

x-u

d :c= SO X=U+20

In this case, if the student’s score is x, x = 150 + z(20).
Robert: x =150+ 1.10(20) = 172
Joel: x =150+ 0(20) =150
Jan: x =150+ 1.70(20) = 184
John: x=150-0.80(20) = 134
Susan: x=150-2.0020) =110
Linda: x=150+ 1.60(20) = 182

x- . x-051 . . x=3 .
2. Use z=2H. Inthis case. z = \0 o with x expressed as a decimal or z = a ?1% with x expressed
c .
in percent.
045-0.5
@ =280 504
0.25
0.72-0.51
(b) z=—-—=084
0.25
0.75-0.51
(c) :=—=096
0.25
65% —51%
@) z=——"=056
25%
33% -51%
(&) :=—""""-_072
25%
55%-51%
) z=———=0.16
25%
x—H . x-=
3. Use z== a .Intlruscase,z=1—73.
o 5

(@) 53°F<x<93°F
53-73 x-73 - 93-73

<3 S Subtract ¢ = 73°F from each piece; divide result by o = 5°F.
2

-4.00< z<4.00
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(b) x<65°F
x—73< 65-73 Subtract u = 73°F.

x-73

5

<

z<-1.6

(c) 78°F<x

78-173

5

1.

Since z

(d)

5(1.75) < 5z

SUIIUI

<

<z

<z

65-73

x-73

(or z > 1.00)

-73

.x=73+5z.

1.75<z

Instructor's Resource Guide Understandable Statistics, 7th Edition

Divide both sides by o = 5°F.

Subtract i = 73°F from each side; divide by o = 5°F.

Multiply both sides by 0 = 5°F.

73+5(1.75) < 73+5z Add u =73 F to both sides.

81.75F<x

(e)

5z <5(~1.90)

z2<-1.90

(or x> 81.75)

Multiply both sides by o = 5°F.

73+5z<73+5(-1.90) Add u =73 F to both sides.

®

x—u

4, z=——

(a)

x-272 30-272
<

x<63.5

F

-1.80<z<1.65
5(-1.80) < 5z < 5(1.65)
73+5(-1.80) <73-+52 <73+5(1.65) Add u =73°F to each part of the inequality.
64°’F < x < 81.25°F

; here

_x=27.2

4.3

x<30kg
x—=27.2<30-27.2 Subtract u =27.2 kg from each side.

Divide both

4.3

19-27.2

4.3

Muitiply each part by o0 =5°F.

sides by o0 =4.3 kg.

2<0.65 (rounded to 2 decimal places)

(b) 19kg<x
19-27.2<x-27.2 Subtract u =27.2 kg from each side.

x=-272

4.

3

() 32kg<x<35kg

32-272<x-272<35-27.2

32-27.2 < x=-272 35-272

4.

Since z =

3

<
4.3 4.3

1.12< z < 1.81 (rounded)

x-27.2

. x=272+43z kg.

Divide both sides by o = 4.3 kg.
-191<z (.rounded)

Subtract i = 27.2 kg from each part.

Divide cach part by o = 4.3 kg.

Copyright © Houghton Mifflin Company. All rights reserved.



Part V: Complete Solutions, Chapter 6 375

(d) -2.17<z
(4.3)(-2.17) < 4.3z Multiply both sides by o = 4.3 kg.
27.2+4.3(-2.17) <27.2+4.3z Add u = 27.2 kg to each side.
179kg<x, orx>17.9 kg (rounded)

(e) z<1.28
4.3z < 4.3(1.28) Multiply both sides by o = 4.3 kg.
272+432<27.2+4.3(1.28) Add u = 27.2 kg to both sides.
x<32.7 kg (rounded)

(3 -199<z<144
4.3(-1.99) < 4.3z <4.3(1.44) Multiply each part by 6 = 4.3 kg.
272+4.3(-1.99)<27.2+4.32:<27.2+4.3(1.44) Add u = 27.2 kg to each part.
18.6 kg <x<33.4 kg (rounded)
(g) 14 kg is an unusually low weight for a fawn
x—-272 14-272

= = =-3.07 (rounded)
4.3 4.3

(note u=27.2kg)
(h) An unusually large fawn would have a large positive z, such as 3.
x—u x—4400

,herez =
o) 620

(a) 3300 < x
3300-4400 < x—4400 Subtract i = 4400 deer.
3300-4400 _ x—4400
620 620
-177<z

Divide by ¢ = 620 deer.

(b) X <5400
X—4400 < 5400-4400 Subtract 1t = 4400 deer.
x—4400 5400-3400 1yiide by o = 620 deer.

<
620 620
z<1.6]

(c) 3500 < x <5300
3500 - 4400 < x— 4400 < 5300-4400 Subtract u = 4400.
3500-4400 <X 4400 < 5300-4400 Divide by o = 620.

620 620 620
-145<z<145

— 4400 x = 4400 + 620z deer.
620

. X
Since z =

(d) -1.12<z<243
620(-1.12) < 620z < 620(2.43) Multiply by o = 620.
4400 + 620(~1.12) < 4400 + 620z < 4400 + 620(2.43) Add u = 4400 to each part.
3706 deer < x <5907 deer (rounded)
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(e) z2<1.96
620z < 620(1.96) Multiply by o.
4400+ 620z < 4400+ 620(1.96) Add wu.
x <5615 deer

) 2.58<z
620(2.58) < 620z Multiply by ©.
4400+ 620(2.58) < 4400+620z Add u.
6000 deer < x

(g) 1fx=2800deer, z = % =-2.58,

This is a small z-value, so 2800 deer is quite low for the fall deer population.
If x = 6300 deer, 2 = 2000 _ 3 g6,
620

This is a very large z-value, so 6300 deer would be an unusually large fall population size.

6. z= XH so in this case. £ =1—_—7L‘0
o 1750
(a) 9000 < x
2000-7500  x- 7590 btract u; divide by o.
1750 1750
0.86<z
(b) 1 <6000
x~7500 < 6000-7500 Subtract u; divide by o.
1750 1750
z<-0.86
(c) 3500 < x < 4500
3500 —- 7500 < x—7500 < 4500-7500 Subtract : divide by o
1750 1750 1750
-229<z<-1.71
Since z = -ﬂ x=7500+1750z.
1750
(d) z<1.15
7500+1750z < 7500 +1750(1.15) Multiply by &; add u.
x <9513
(e) 2.19<z
7500 +1750(2.19) < 7500+1750(z) Multiply by o; add pu.
11,333 < x
€9) 025<z<1.25

7500 +1750(0.25) < 7500+ 1750z < 7500+1750(1.25) Multiply by o; add p.
7938 < x <9688
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(g) Since u=7500.x=2500 is quite low.

=XTH 2500-7500 _ -2.86 (a very small z)

c 1750
7. z= —H so in this case. z = 't_4'8'
p 0.3
(a) 45<x
45-4.8 < x-4.8 Subtract u: divide by o.
0.3 0.3
-1.00<z
(b) x<4.2
x-48 42-48 o iract p: divide by o.
0.3 0.3
< -2.00

(©) 40<x<5.5

40-48 x-48 < >:5-48 Subtract u: divide by o.

<
0.3 0.3
-2.67<2z<2.33
Since z = x—438 ,x=4.8+0.3z.
(d) z<-1.44

0.3z <0.3(-1.44) Multiply by o.
4.8+0.3z <4.8+0.3(-1.44) Add u.
x<44

(e) 1.28< z
0.3(1.28) < 0.3z Multiply by o.
4.8+0.3(1.28) <4.8+0.3z Add u.

52<x
) -2.25<z<~-1.00
0.3(-2.25) < 0.3z < 0.3(-1.00) Multiply by o.
4.8+0.3(-2.25) <4.8+ 0.3z <4.8+0.3(-1.00) Add u.
4.1<x<45

(g) 1f the RBC was 5.9 or higher, that would be an unusually high red blood cell count.

x259
x—-4.8 > 59-48
0.3 03
2 23.67 (a very large z-value)
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8. (a) z=2H
c
Site 1: 7, =22 —H Site 2: z, =2 _ ke
o, g,
o _x—1272 L %1122
T3S T
so for x; =1250 so for x, =1234
-12 -
2 = 1250 —1..72 - _063 = 1234-1122 _ 280
35 ) 40

(b) x,, the object dated 1234 AD, is more unusual at its site, since z, = 2.8 vs. z; = -0.63.

For problems 9-48. refer to the following sketch patterns for guidance in calculations

(a) Area to the leit

of a givenz value Use Table 5 of Appendix |l directly.

(b) Area to the right
of a givenz value

|
|
-— S
|
|

L

ofl-—-——-

2z, 0 0z
Area under entire Area to the left of 2,
curve = 1.0000

An altemative approach
is to use symmetry of
the normal distribution.

-z,
Area to the left of -2,

(c) Area between

1

|

two z values 1
|
I

2, 0
Area to the left of 2, Area to the left of 2,

Using the left-tail style standard normal distribution table (see figures above)
(a) For areas to the left of a specified z value, use the table entry directly.

(b) For areas to the right of a specified z value, look up the table entry for z and subtract the table value
from 1. (This is the complementary event rule as applied to area as probability.)

OR: Use the fact that the normal curve is symmetric about the mean, 0. The area in the right tail above

a z-value is the same as the area in the left tail below the value of —z. So, to find the area to the right of
z, look up the table value for —z.
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(c) For areas between two z-values, z; and z,, where z, < z,, subtract the tabled value for z, from the

tabled value for z,.

These sketches and rules for finding the area for probability from the standard normal table apply for any
2 —ee <z < +oo,

Student sketches should resemble those indicated with negative z-values to left of 0 and positive z-values to the
right of zero.

9. Refer to figure (b).
The area to the right of z =0 is | — area to left of z =0, or 1 - 0.5000 = 0.5000.

10. Refer to figure (a).
The area to the left of z = 0 is 0.5000 (direct read).

11. Refer to figure (a).
The area to the left of z = —1.32 is 0.0934.

12. Refer to figure (a).
The area to the left of z = -0.47 is 0.3192.

13. Refer to figure (a).
The area to left of z=0.45 is 0.6736.

14. Refer to figure (a).
The area to left of z=0.72 is 0.7642.

ot
Ell

Refer to figure (b).
The area to right of z=1.52 is 1 — 0.9357 = 0.0643.

16. Refer to figure (b).
The area to right of z = 0.15 is 1 — 0.5596 = 0.4404.

17. Refer to figure (b).
The areatorightof z=-1.221is 1 - 0.1112 = 0.8888.

18. Refer to figure (b).
The area to right of 2 = -2.17 is 1 — 0.0150 = 0.9850.

19. Refer to figure (c).
The area between z = 0 and z = 3.18 is 0.9993 — 0.5000 = 0.4993.

20. Refer to figure (c).
The area between z = 0 and z =2.92 is 0.9982 - 0.5000 = 0.4982.

21. Refer to figure (c).
The area between z = 0 and z = -2.01 is 0.5000 - 0.0222 = 0.4778.

22, Refer to figure (c).
The area between z = 0 and z =-1.93 is 0.5000 — 0.0268 = 0.4732.

23. Refer to figure (¢).
The area between z = -2.18 and z = 1.34 is 0.9099 - 0.0146 = 0.8953.
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24. Refer to figure (c).
The area between z = —~1.40 and z = 2.03 is 0.9788 - 0.0808 = 0.8980.

25, Refer to figure (c).
The area between z = 0.32 and z = 1.92 is 0.9726 — 0.6255 = 0.3471.

26. Retfer to figure (c).
The area between z = 1.42 and = 2.17 is 0.9850 - 0.9222 = 0.0628.

27. Refer to figure (c).
The area between z = -2.42 and z = -1.77 is 0.0384 — 0.0078 = 0.0306.

28. Refer to figure (c).
The area between z = -1.98 and z = -0.03 is 0.4880 — 0.0239 = 0.4641.

29. Refer to figure (a).
P(z <£0)=-0.5000

30. Refer to figure (b).
P(z20)=1-P(z<0)=1-0.5000=0.5000

31. Refer to figure (a).
P(z £-0.13) =0.4483 (direct read)

32. Refer to figure (a).
P(z<£-2.15)=0.0158

33. Refer to figure (a).
P(z<1.20) =0.8849

34. Refer to figure (a).
P(z £3.20) =0.9993

35. Refer to figure (b).
P(z21.35)=1-P(z<1.35)=1-09115=0.088>

36. Refer to figure (b).
P(z22.17)=1-P(2<2.17)=1-0.9850=0.0150

37. Refer to figure (b).
P(x2-120)=1-P(z<-1.20)=1-0.1151=0.5849

38. Refer to figure (b).
P(z=2-150)=1-P(z<-1.50)=1-0.0668 = 0.9332

39. Refer to figure (c).
P(-1.20<2<2.64) = P(: £2.64)- P(z < -1.20)=0.9959-0.1151 = 0.8808

40. Refer to figure (c).
P(~-220<2<1.04) = P(z £1.04)- P(z < -2.20) =0.8508 - 0.0139 = 0.8369
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41. Refer to figure (c).
P(-2.18<z<-0.42) = P(: £-0.42) - P(z < -2.18) = 0.3372-0.0146 = 0.3226

42. Refer to figure (¢).
P(-1.78<z<-1.23) = P(z £-1.23)- P(z < -1.78) =0.1093-0.0375 = 0.0718

43. Refer to figure (¢).
P(0<£:<1.62)=P(z<1.62)- P(z<0)=0.9474-0.5000 = 0.4474

44. Refer to figure (c).
P(0<:<0.54) = P(: £0.54) - P(z < 0) = 0.7054 —0.5000 = 0.2054

45. Refer to figure (c).
P(-0.82<z<0)=P(z<0)-P(z <-0.82) =0.5000-0.2061 = 0.2939

46. Refer to figure (c¢).
P(237<z20)=P(z<0)-P(z<-2.37) =0.5000-0.0089 = 0.491 1

47. Refer to figure (c).
P(-045<2<273)= P(2 £2.73)- P(2 < -0.45) =0.9968 - 0.3264 = 0.6704

48. Refer to figure (c).
P(-0.73<z<3.12)= P(z £3.12) - P(2 < -0.73) =0.9991-0.2327 = 0.7664

Section 6.3

.\‘—u‘ we have z = x;4.

1. We are given i=4 and 0= 2. Since z =

P(3<x<6)
=P(3-4<x-4<6-4) Subtract 4 =4 from each part of the inequality.

= P(3;4 < x;4 < 6;4) Divide each part by o = 2.

1 2
=Pl ~=<z<=
2

=P(-05<z5)])

=P(z<1)-P(z <-0.5) Refer to sketch (c) in the solutions for Section 6.2.
=0.8413-0.3085

=0.5328
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2. We are given = 15 and o= 4. Since z = .\'—Ll' we have z = .\'-13_
o
P10 x<20)
=P(10-15<x-15<26—15) Subtract u = I5.
- x-15 -15 . . .
=P 10415 <z 41 < 264 b] Divide each part of the inequality by o = 4.

= P(-1.25<z<2.75)

= P(z<2.75) - P(z <-1.23) Refer to sketch (c) in solutions for Section 6.2.
=0.9970-0.1056

=0.8914

3. We are given =40 and o= 15. Since z = - , we have £ = I—:O
c

P(50 < x < 70)
= P(50-40<x—40<70-40)  Subtract 4 = 40.
_p[0=40 x40 70_40] Divide by o = 15.
5 15 15
= P(0.67<2<2)
= P(z£2)- P(z < 0.67)
=0.9772 - 0.7486 = 0.2286

4, We are given ¢¢=5 and o= 1.2. Since z = ITH .we havez = .\'l—25.
O" .

P(71<x59)
=P(7-5<x-5<9-5) Subtract u=35.
_p[13 23 39"3) Divide by 0 =1.2.
1.2 1.2 1.2
=P(1.67<2<3.33)
= P(z<3.33)- P(z<1.67)
=0.9996 ~0.9525 = 0.0471

TH e have z = "._15.
32

5. Weare given = 15 and 6= 3.2. Since z =

P(8<x<12)
=P(8-15<x-15<12-15) Subtract @ =15.
S

2-
—P(B P _l" 15] Divide by 0 =3.2.

3.2 : 3.2 3.2
= P(-2.19< z£-0.94)
= P(z £-0.94) - P(z < -2.19)
=0.1736-0.0143 = 0.1593
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x-50

6. We are given ft=50and o= 15. Since z = i ,we have z = 5

P(40 < x<47)
=P(40-50<x-50<547-50)  Subtract u =50.
- P[4O"”O <x=0. .47 "_SOj Divide by o =15.
15 15 15
= P(~0.67 € 2 £-0.20)
= P(z £-0.20) - P(z < ~0.67)
=0.4207-0.2514 = 0.1693

7. We are given yt=20and o= 3.4. Since z = H ,we have z = .r;iO‘
P(x=30)
= P(x-20230-20) Subtract it =20.
= p[ 22205302201 1y vide by 0 = 3.4,
34 34
=P(z22.94)
=1-P(z<2.94) Refer to sketch (b) in Section 6.2.
=1-0.9984 =0.0016
8. We are given ¢ = 100 and o= 15. Since z = XK ,wehavez = x—léOO.
c
P(x2120)
= P(x-1002120-100) Subtract u.
- 20—
= p[ 2190, 1202100} e by o,
15 15
= P(z21.33) Refer to sketch (b) in Section 6.2.
=1-P(z<1.33)
=1-0.9082=0.0918
9. We are given =100 and o= 15. Since z = A ,we have z = x—lgoo
P(x=90)
< p[ 2190, 20100} g, piract u: divide by o
15 15
= P(z2-0.67)
=1-P(z<-0.67)=1-0.2514=0.7486
10. We are given =3 and o= 0.25. Since z = TTH we have z = ;;;

P(x>2)

025 0.25
=P(z2-4)
=1-P(z<—4)=1-0=1

= P[x_3 = 2——'}) Subtract u; divide by o.
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For problems 11-20, refer to the following sketch patterns for guidance in calculation.

(a) Left-tail case:
The given area A
is to the left of z.

For the left-tail case, look up the
number A in the body of the table
and use the corresponding z value.

{b) Right-tail case:
The given area A
is to the right of z.

For the right-tail case, look up the
number 1 ~ A in the body of the table
and use the corresponding z valus.

(c) Center case:
The given area Ais
symmetric and centered
above z= 0. Half
of A lies to the left
and half lies to the
right of 2= 0. -z, 0 2z

1-A

For the center case, look up the number
in the body of the table and use the
corresponding * z value.

Student sketches should resemble the figures above. with negative z-values to the left of zero and positive
z-values to the right of zero, and A written as a decimal.

11. Refer to figure (a).
Find z so that the area A to the left of z is 6% = 0.06. Since A = 0.06 is less than 0.5000, look for a negative
z value. A to left of —1.55 is 0.0600 and A to left of —1.56 is 0.0594. Since 0.06 is in the middle of 0.0606
and 0.0594, for our z-value we will use the average of —1.55 and —1.56:

ﬂi’i("_l'a@J_l_sss_

12

Refer to figure (a).

Find z so that the area A to the left of z is 5.2% = 0.052. Since A = 0.052 < 0.5000, look for a negative z
value. A to the left of —1.63 is 0.0516, which is closer to 0.052 than is A to the left of —1.62 (0.0526), so
z=-1.63.

13

Refer to figure (a).
Find z so that the area A to the left of 2 is 55% = 0.55. Since A = 0.55 > 0.5000, look for a positive z-value.
The area to the left 0f 0.13 is 0.5517,s0 2 = 0.13.

14, Refer to figure (a).
Find z so that the area A to the left of zis 97.5% = 0.975. Since A = 0.975 > 0.5000. look for a positive z.
Atoleftof z=1.96is 0.9750.

15. Refer to figure (b).

Find z so that the area A to the right of z is 8% = 0.08. Since A to the right of zis 0.08, 1 —A =1 -0.08
= 0.92 is to the left of z-value. The area to the left of 1.41 is 0.9207.
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16. Refer to figure (b).
Find z so that the area A to the right of z is 5% = 0.05. Since A to the right of z1s 0.05, 1 —A =1 -0.05
=0.95 is to the left of z. Since 1 — A = 0.95 > 0.5000. look for a positive z-value. The area to the left of
1.64 is 0.9495, and the area to the left of 1.65 is 0.9505. Since 0.95 is halfway between 0.9495 and 0.9505.
we average the two z values.

1‘64“‘63:1.645

17. Refer to figure (b).
Find : so that the area A to the right of z is 82% = 0.82. Since A to the rightof 2,1 -A=1-0.82=0.18 is
to the left of z. Since 1 — A = 0.18 < 0.5000. look for a negative z value. The area to the left of z=-0.92 is
0.1788.

18. Refer to figure (b).
Find : so that the area A to the right of z is 95% = 0.95. Since A to the right of zis 0.95, 1 -A=1-0.95
=0.05 is to the left of z. Because 1 — A = 0.05 < 0.5000. look for a negative - value. The area to the left of
—1.64 is 0.0505. The area to the left of —1.65 is 0.0495. Since 0.05 is halfway between these two area
values we average the two z-values.

-1.64 + (- 165)
2

—-1.645

19. Refer to figure (c).
Find z such that the area A between —z and z is 98% = 0.98. Since A is between —zandz, 1 —A=1-0.98
=0.02 lies in the tails. and since we need * z, half of 1 — A lies in each tail. The area to the left of —z is

ITA = % =0.01. The area to the left of =2.33 is 0.0099. Thus —z = -2.33 and z = 2.33.

20. Refer to figure (c).
Find z such that the area A between —z and z is 95% = 0.95. If A between —zand : =0.95. then 1 - A
=1-0.95 = 0.05 is the area in the tails, and that is split evenly between the two tails. Thus, the area to the

left of —z is % = 025 0.025. The area to the left of —1.96 is 0.0250, so —z is ~1.96 and z = 1.96.

21. xis approximately normal with ¢t =85 and o= 25. Since z = ﬂ-, we have z = x;585.
c
(a) P(x>60)
x-85_60-85
>
25 25
=1-P(z<£-1)=1-0.1587=0.8413

=P

=P(z>-1)

(b) P(x<110)= P x—85<110—83
25 25

)= P(z<1)=0.8413.
(c) P(60<x<110)
=P(-l1<z<l1) using(a)and (b)
=P(z<D)-P(z£-1)=0.8413-0.1587 =0.6826

(i-e., approximately 68% of the blood glucose measurements lie within u + o)
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(d) P(x>140)

x-85 S 140-85
25 25

=1-P(2<£22)=1-0.9861=0.0139

=P =P(z>22)

22. x is approximately normally distributed with ¢ = 38 and o= 12. Since z = H .wehavez = al 1_738.
o] 2
@ Px<60)=p[ 2238 0038} b <183)-09664
12 12
(b) P(x>16)= P[ al 1238 161_738)= P(z>-1.83)=1-P(z<5-1.83) =1-0.0336 = 0.9664
(c) P(16<x<60)
= P(-1.83<z<1.83) using (a)and (b)
= P(z<1.83)- P(z<-1.83) =0.9664 -0.0336
=0.9328
(d) P(x>60)
=1-P(x<60) complementary event rule
=1-0.9664 from (a)
=0.0336
-, x-500

23. SAT scores, x, are normal with g, =500 and o, =100. Since z = al .wehavex =

g

X

1

P(x> 675 >
(@) Plx>675) 100 100

x—500 < 450-500
100 100

P( x—500 675 '500)= P(z>1.75) =1- P(z<1.75) =1-0.9599 = 0.0401

(b) P(x<450)= P[ )= P(z<-0.5)=0.3085
() P(450<x<675)
= P(-0.5< z<1.75) using (a), (b)
= P(z<1.75)- P(2<-0.5) =0.9599 -0.3085
=0.6514 using work in (a), and (b)

yn'u',wehavez= y—lS.

ACT scores, y, are normal with u, =18 and 0, =6.Since z =
¥

y-18 _28-18

d) P(y>28)= [ ] P(z>1.67)=1-P(z<1.67)=1-0.9525=0.0475

(e) P(y>12)= P[) 18 12— 18) P(z>-1=1-P(z<~-1)=1-0.1587=0.8413
H PI2=<y<28)

= P(- S <1.67) using (a). (b)
=P(z£1.67)-P(z<-1)=0.9525-0.1587 =0.7938
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24. SAT scores, x, are normal with g =500 and o, = 100; ACT scores, y, are normal with
Xo—Hx

Oy

u, =18 and o, =6. Since z, = , a little algebra shows x, = 4, + z,0, and, similarly,
Yo = Hy 20, -
(a) Find the SAT score. x,, such that P(x 2 x,)=10% =0.10.

x—-500 _ x,—-500
P(x2x.)=P >0 =P(z22,)=0.10
(= %) ( 100 100 ] (222

(that is, find the value z; such that 10% of the standard normal curve lies to the right of z,). Since
10% is to the right of z;. 1 ~0.10 = 0.90 = 90% is to the left of z,. Because 0.90 > 0.5000. z, will be
a positive number.
P(z2<1.28)=0.8997, so z5 =1.28

Xy = I, + 2,0, so here, x, = 500+1.28(100) = 628 students scoring 628 points or more on the SAT
math exam are in the top 10%.
Similarly. find y, such that P(y 2 y,) =0.10. Since 10% of the standard normal curve is to the right
of z4, 100% — 10% = 90% = 0.90 is to the left of z,. P(z<1.28)=0.8997, so0
2o =1.28. Then y, = i, + 240, =18+ 1.28(6) = 25.68 = 26. Students scoring 26 or more points on the
ACT math test are in the top 10%.

(b) Find the SAT score, x,, and the ACT score, y,, suchthat P(x2x,) = P(y 2 y,) = 20% = 0.20.
First, find z, such that P(2 2 z,) =0.20, or P(z < z,) =1-0.20=0.80. P(z<0.84)=0.7993, so
2o =0.84. Then x, = u, +z,0, =500+ 0.84(100) =584 and y, = u, + 2,06, =18+0.84(6) = 23.04 =

23. Students scoring at least 584 on the SAT math test, or at least 23 on the ACT math test, are in the
top 20%. .

(c¢) Find x,. Y, and z5 such that P(x2x,) = P(y 2 y,) = P(z 2 z,) = 60% = 0.60.
First, 7y P(2 < z5) =1-0.60 = 0.40. P(z <-0.25) = 0.4013, so z, =~0.25. Then
Xy = M, + 2,0, =500+ (-0.25)(100) = 475 and y, = i, + 2,0, = 18+(~0.25)(6) = 16.5. So students
scoring at least 475 on the SAT test or at least 16.5 on the ACT test are in the top 60%.

25. Pot shard thickness, x. is approximately normally distributed with tt= 5.1 and o= 0.9 millimeters.

(@) P(x<3.0)=P x-5.1 _30-5.1 = P(z < -2.33) =0.0099
0.9 0.9
(b) P(x>7.0)= P("';g'l > 7'00'95")= P(z>2.1)=1-P(z<2.11)=1-0.9826 = 0.0174

() P(3.0=sx<7.0)
= P(-2.33<z<2.11) using (a), (b)
=P(z£2.11)- P(z<-2.33) =0.9826-0.0099
=0.9727

26. Response time, x, is normally distributed with u= 8.4 and o= 1.7 minutes.

(a) P(55x<10)
=P[5—8.4<x—8.4<10—8.4 -

< < P(-2<7<0.94)
1.7 1.7 1.7

= P(25£0.94)- P(z <-2) = 0.8264 - 0.0228 = 0.8036
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(b) P(x<5)=P(z<-2)=0.0228 using (a)
() P(x>10)=P(z2>094)=1-P(z2<0.94)=1-0.8264 =0.1736 using (a)
27. Fuel consumption, x, is approximately normal with g = 3213 and ¢ = 180 gallons per hour.

(a) P(3000 < x < 3500)
:P[3000—3213<x—-3213<3300—3213)

180 T 180 180
= P(-1.18<€2<1.59) = P(z<1.59)- P(z <-1.18)
=0.9441-0.1190 = 0.8251

(b) P(x<3000)=P(z<-1.18)=0.1190 using(a)
() P(x>3500)=P(z>1.59)=1-P(z£1.59)=1-0.9441=0.0559 using (a)

28. Temperature, x, is normally distributed with ¢t =22 and o= 10°.

- -22
(a) P(x242)= P[lroz—z- 2 i21_0:] =P(z22)=1-P(z<2)=1-09772=0.0228
(b) P(x<19)= P[‘—l—oiz- < 1—51—02] = P(z2<£-0.70) =0.2420

(c) P(29<x<40)
29—22sx—22540—22

10 10 10
=P(0.7<z<1.8)=P(z<1.8)-P(z<0.7)
=0.9641-0.7580 = 0.2061

29. Lifetime, x, is normally distributed with 1 = 45 and ¢ = 8 months,

=P

<

@) P(.\'S36)=P(x_845 36-45

)= P(z£-1.125) = P(2 £-1.13) =0.1292
The company will have to replace approximately 13% of its batteries.

(b) Find x, such that P(x<x;)=10% =0.10. First, find z, such that P(z < z5) =0.10.
P(z<-1.28)=0.1003, so z, = —1.28. Then x; = p+ 7,6 =45+ (-1.28)(8) = 34.76 = 35.
The company should guarantee the batteries for 35 months.

30. Lifetime, x, is normally distributed with ¢t =28 and o= 5 months.

(a) 2 years =24 months
24-28

P(.rS24)=P(zS )=P(:S—O.8)=0-2119

The company should expect to replace about 21.2% of its watches.
(b) Find x, such that P(x < x,) =12% = 0.12. First, find z; such that P(z < z,)=0.12.
P(z<-1.17)=0.1210 and P(z £ -1.18) =0.1190. Since 0.12 is halfway between 0.1210
-1.17+(-1.18) _

and 0.1190, we will average the z-values: z, = — - -1.175.

So xy = p+ 240 = 28+ (—1.175)(5) = 22.125.
The company should guarantee its watches for 22 months.

Copyright © Houghton Mifflin Company. All rights reserved.



Part V: Complete Solutions, Chapter 6 389

31.

33.

Age at replacement, x. is approximately normal with 1= 8 and range = 6 years.

(a) The empirical rule says that about 95% of the data are between - 20 and 1 + 26, or about 95% of
the data are in a (4 + 20) — (U — 20) = 40 range (centered around. i). Thus, the range =40, 0or o=
range/4. Here, we can approximate o by 6/4 = 1.5 years.

(b) P(x>5)= P(z > 51—_58- = P(z>-2) using the estimate of o from (a)

=1-P(z£~2)=1-0.0228=0.9772

1?;8) = P(z <1.33) =0.9082

(c) P(x<l1Q)= P(z <

(d) Find x, so that P(x £x,)=10% =0.10. First, find z, such that P(z<z,)=0.10.
P(z<£-1.28)=0.1003. so z, =—1.28. Then x, = t1 + z,0 = 8 +(~1.28)(1.5) = 6.08.
The company should guarantee their TVs for about 6.1 years.

. Age at replacement, x, is approximately normal with = 14 and a (95%) range from 9 to 19 years.

(a) From Problem 31(a). range =40.0r 0 = rar;i‘ Here range = 19 - 9 = 10 years. so

o= 10/4 = 2.5 years,

““14)= P(z <-1.2)=0.1151
25

(b) P(.r<1l)=P(z<

18-14

() P(x>18)= P[z > )= P(z>1.6)=1-P(z<1.6)=1-0.9452 = 0.0548

(d) Find x, so that P(x < x;) =5% = 0.05. First. find z, so that P(z < z,) =0.05.
P(z<-1.64) =0.0505 and P(z < —1.65) = 0.0495.
Since 0.05 is halfway between 0.0495 and 0.0505, we will average the z-values to get

%= 1'64*7(_—1'65) =-1.645. Then x, = jt+ 2,0 = 14+(~1.645)(2.5) =9.8875.

The company should guarantee its refrigerator for about 9.9 years.

Resting heart rate, x, is approximately normal with gt = 46 and (95%) range from 22 to 70 bpm.
(a) From Problem 31(a), range = 40, or o = range/4. Here range = 70 — 22 = 48, so
o =48/4 =12 bpm.
25-46
12
60-46
12
(d) P(2Q5<x<60)=P(-1.752z<1.17) using (b}, (c)
=P(z£1.17)-P(z < -1.75)
=0.8790-0.0401
=0.8389

(b) P(x<25)= P(: < )= P(z <-1.75) =0.0401

() P(x>60)= P[z > ): P(z>1.17)=1-P(z£1.17) =1-0.8790=0.1210

(e) Find x, such that P(x > x) =10% =0.10. First, find g, such that P(z > z,) =0.10.
P(z<z)=1-0.10=0.90
P(z<1.28) =0.8997 = 0.90, so let z, =1.28.
When x, = 4 + 2,0 = 46 +1.28(12) = 61.36, so horses with resting rates of 61 bpm or more may need
treatment.
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Kitten weight x is approximately normally distributed with y = 24.5 and (95%) range from 14 to 35 oz.
2
(a) From Problem 31(a). c=range + 4. Hererange =35-14 =210z, 50 0 = “Tl =5.25 oz.

14-24.5
5.25
33-24.5
5.25
(d) P(l4<€x<33)=P(-2<2<1.62)=P(z<1.62)-P(z<-2)=0.9474-0.0228 =0.9246
(e} Find x, such that P(x < x;) =10% = 0.10. First. find 2, such that P(z <z,)=0.10.

P(z<-1.28)=0.1003=0.10. solet z, =-1.28.
%245

5.25
xo = 24.5+(-1.28)(5.25) =17.78

(b) P(x<l4)= P(z < )= P(z <-2)=0.0228

() P(x>33)= P(z > ]= P(z2>1.62)=1-P(2<1.62) =1-0.9474 = 0.0526

Since z, =¥ _128=
[0}

The cutoff point is about 17.8 oz.

Life expectancy x is normal with i =90 and o= 3.7 months.

(a) The insurance company wants 99% of the microchips to last longer than x, . Saying this another way:
the insurance company wants to pay the $50 miilion at most 1% of the time. So. find x, such that
P(x<x,) =1% =0.01. First. find z; such that P(z < z;) =0.01. P(z £-2.33) =0.0099 = 0.01. so let

25 = —2.33. Since g = x";“ , Xo = i+ 2,0 = 90+(~2.33)(3.7) =81.379 = 81 months.

84-90

(b) P(x<84)= P(ZS ]=P(z$—l.62)=0.0526=5%.

(c) The “expected loss™ is 5.26% {from (b)] of the $50 million, or 0.0526(50,000.000) = $2.630.000.

' (d) Profit is the difference between the amount of money taken in (here, $3 million), and the amount paid

36.

out (here, $2.63 million, from (c)). So the company expects to profit 3.000.000 - 2.630,000
= $370,000.

(Questions 1-6 in the text will be labeled (a)-(f) below.) Daily attendance, x, is normally distributed with
1 =28000 and o =500 people.

(a) P(x<7200)=P

( 7200 8000) P(z <-1.6) =0.0548

(z>1.8)=1-P(z<1.8)=1-0.9641 =0.0359

(b) P(x>8900) = p( . » 89008000 8900 800 ]
<1

() P(7200<x<8900)=P(-1.6<z<1.8)=P(z<1.8)- P(z <-1.6) =0.9641-0.0548 = 0.9093

Arrival times are normal with p = 3 hours, 48 minutes and o = 52 minutes after the doors open. Convert u

to minutes: (3 X 60) + 48 = 228 minutes.

(d) Find x, such that P(x < x;) =90% = 0.90. First, find z, such that P(z < z,) =0.90.
P(z2<1.28)=0.8997 =0.90, so let z; =1.28. Since z; = AR Xy = M+ 2,0 =228+ (1.28)(52)

(o2

= 294.56 minutes, or 294.56/60 = 4.9093 = 4.9 hours after the doors open.
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(e) Find x, suchthat P(x<x,)=15% =0.15. First, find z, suchthat P(z<2,) = 0.15.
P(z<-1.04)=0.1492 = 0.13. solet z; =-1.04. Then x5 = 4 + 2,0 =228 +(-1.04)(52)
= 173.92 minutes, or 173/60 = 2.899 = 2.9 hours after the doors open.

(f) Answers vary. Most people have Saturday off, so many may come early in the day. Most people work
Friday, so most people would probably come after 5 P.M. There is no reason to think weekday and

weekend arrival times would have the same distribution.
37. Waiting time, x. is approximately normal with 4 = 18 and 0 = 4 minutes.
(a) Let A be the event that x > 20, and B be the event that x> 15. We want to find P(A. given B). Recall

P(A and B)

P(A, given B) = P(B)

P(A and B) = P(x > 20 and x>15) = P(x>20)

Use a number line to find where both events occur simultaneously.

AandB
o—

The number 20 is not included in “both A and B” because A says x is strictly greater than 20. The
intervals (15, o) and (20. =) intersect at (20, o).

P(x>20)= P(: > 20218)= P(z>0.5)=1-P(z<0.5)=1-0.6915 = 0.3085

P(x>15)= P(z > lS;lS)z P(z>-0.75)=1-P(2<-0.75) =1-0.2266 = 0.7734

P(x>20)and x> 15
P(x>15)

_ P(x>20)

© P(x>15)

_ 0.3085

T 0.7734
=0.3989

P(x>20, givenx>15) =
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P(x>25and x>18)
P(x >18)

_ P(x>25)

T P(x>18)

(>
P> )

_ P(z>1.75)

T P(z>0)

_1-P(z<1.75)

T 1-P(z<0)

_ (1-0.9599)

" (1-0.5000)

_0.0401

0.5
=0.0802

(b) P(x>25, givenx>18)=

38. Cycle time. x, is approximately normal with £ =45 and o= |2 minutes.

(a) P(x>60. given x>50)
Let event A be x> 60, and event B be the x> 50.
P(A and B)
P(B)
Note that x is both greater than 60 and greater than 50 when x is greater than 60:

The problem asks P(A, given B). Recall P(A, given B) =

Aand B

3
T v ¥ T

40 45 50 55 60 65 70

In this case. P(A and B) is the same as P(A).
The problem has been reduced to P(A, given B) = P(A)/P(B).

P(x > 60)
P(x>50)
P(:> %)
P(>5)

_ P(z>1.25)

" P(z>0.42)
_1-P(z<1.25)
T 1-P(z<0.42)
_1-0.8944

T 1-0.6628
~0.1056

T 0.3372
=03132

P(x > 60, givenx >50) =
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(b)

P(x>55, givenx>40) =

P(x>55 and x > 40)
P(x > 40)

_ P(x>355)

"~ P(x>40)

P(z> 38

- P(a>458)

_ P(z>0.83)

 P(z>-042)

_ 1-P(z<0.83)

T 1-P(z<-0.42)

_1-0.7967

T 1-03372
~0.2033

" 0.6628
=0.3067

39, Maintenance cost, x. is approximately normal with 4 = 615 and o = 42 dollars.

(@) P(x>646) = P(z

646-615
D —

m )= P(z>0.74)=1-P(2<0.74) =1-0.7704 = 0.2296

(b) Find x, such that P(x>x;)=0.10.

But, if the actual cost exceeds the budgeted amount 10% of the time, the actual cost must be within
the budgeted amount 90% of the time. The problem can be rephrased as how much should be
budgeted so that the probability the actual cost is less than or equal to the budgeted amount is 0.90. or
find x, such that P(x < x,) =0.90. First, find z, such that P(z < z;) =0.90. P(z<1.28)=0.8997,

so let z, =1.28. Since gy =& x; = 4+ 2,0 = 615 +1.28(42) = $668.76 = $669.

o

Section 6.4

Answers may vary slightly due to rounding.

1. Previously, p =88% =0.88; now, p =9% = 0.09; n =200; r =50

Let a success be defined as a child with a high blood-lead level.

(@) P(r>50)=P(50<r)=P49.5<x)

np = 200(0.88) = 176; nq =n(1- p) =200(0.12) = 24

Since both np and ng are greater than 5. we will use the normal approximation to the binomial with
p=np =176 and o= \Jnpg = /200(0.88)(0.12) =/21.12 = 4.60.

So, P(r250)=P(49.5<x)= P(-ﬂi—;—lﬁ < z] =P(-27.5<2).

Almost every z value will be greater than or equal to —27.5. so this probability is approximately 1. It is
almost certain that 50 or more children a decade ago had high blood-lead Ievels.
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(b) P(r=50)=P(50<r)=P(49.5<x)

In this case, np =200(0.09) =18 and ng =200(0.91) =182, so both are greater than 5. Use the

normal approximation with u=np = 18 and ¢ =\/npq = \[200(0.09)(0.91) =16.38 = 4.05.

So P(49.5<x)= P[ﬁ_—18 < z)= P(7.78< 2).

4.05

Almost no z values will be larger than 7.78, so this probability is approximately 0. Today, it is almost
impossible that a sample of 200 children would include at least 50 with high blood-lead levels.

2. We are given p =0.40 and n =128. Let a success be defined as an insurance claim inflated (padded) to
cover the deductible. :

(a)

(b)

(©)

(d)

1
—(12 =
5 (128) = 64

P(r>64)= P(64 <r)= P(63.5< x) 64 is a left endpoint np =128(0.4) =51.2 and

ng = 128(0.6) = 76.8 are both greater than 5. so we will use the normal approximation to the binomial

with g=np=51.2and o = \/npq = \/128(0.4)(0.6) =4/30.72 =5.54.

63.5-51.2
5.54

P(r <45) = P(r £44) = P(x<44.5) 44 is aright endpoint.

5 — 2
—p[ <3 512) b <12 =0.1131
5.54

P(A0<r<64) = P(39.5< x<64.5)
(39.5—51.2 64.5—51.2)

P(63.525x) = P( < :)= P(222<z)=P(22222)=1-P(2<2.22)=1-0.9868 =0.0132

£z<
5.54 5.54
= P(-2.11<2<2.40)
=P(z<£240)-P(z<-2.11)
=0.9918-0.0174
=0.9744

™

More than 80 not padded = 81 or more not padded. i.e.. 128 — 81 = 47 or fewer are padded.
Methed 1:

47.5-51.2

P(r<47)=P(x<47.5) =P| z<
(r=47)=Plx ) ( 5.54

]= P(z<-0.67)=0.2514

Method 2:
Success is now redefined to mean an insurance claim that has not been padded, and p is not
1 - 0.40 = 0.60.

P(r=81)=P(81<r)= P(80.5<x). 81 is a left endpoint. The normal approximation is still valid,
since what was np in (a) is now nq and vice versa. The standard deviation is still the same. but now
u=np=128(0.60) = 76.8. So,

80.5-76.8 <-

P(80.5<x)= P(——S-ST < ~)= P(0.67<z)=P(z20.67)=1-P(2<0.67)=1-0.7486 = 0.2514.
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3. We are given n =125 and p =17% =0.17. Let a success be defined as the police receiving enough
information to locate and arrest a fugitive within 1 week.

(@) P(r=15)=P(15<r)=P(14.5<x). 15isaleftendpoint. np =125(0.17) =21.25 and
ng =125(1-0.17) =125(0.83) = 103.75, which are both greater than 5, so we can use the normal
approximation with t = np = 21.25 and & = Jnpg = {125(0.17)(0.83) =/17.6375 =4.20.. So
14.5-21.25
4.2

P(145<x)= P( < z)= P(-1.61<7)=P(z2-1.61) =1- P(z < -1.61) =1-0.0537 = 0.9463.

(b) P(r=28)=P(28<r) 28isa left endpoint.
=PR7.5<x)
- P( 27.5-21.25 < :)
4.2
=P(1.49<7)
= P(z21.49)
=]1-P(z<1.49)
=1-0.9319
=0.0681

(¢) Remember, r “between” aand bis a<r<b.
P(15<r<28)=P(14.5< x<28.5) 15 is a left endpoint and 28 is a right endpoint.
-p 145-2125 . . 28.5-21.25]

4.2 ” 4.2
=P(-1.61£:<1.73)
=P(z£1.73)- P(z < -1.6])
=0.9582-0.0537
= (0.9045.
@) n=125.p=0.17. g=1-p=1-0.17=0.83.
np and nq are both greater than 3, so the normal approximation is appropriate.

4. n=316,p =11% =0.11; a success occurs when the book sold is a romance novel.

(@) P(r<40) = P(r <39) = P(x £39.5) 39 is a right endpoint np =316(0.11) = 34.76.
ng =n(l- p)=316(1-0.11) = 316(0.89) = 281.24, both of which are greater than 5,
so we can apply the normal approximation with i = np =34.76 and
o = Jnpq = /316(0.11)(0.89) = /30.9364 =5.56.

39.5-34.76
5.56

P(x<39.5)= P(z < ]= P(z<0.85) =0.8023

(b) P(r=25=PQR5<r) 25isaleft endpoint.
=P(R4.5<%x)
_ P( 24.5-34.76 < :)
5.56
= P(-1.85<7)
= P(z2-1.83)
=]-P(z<-1.85)
=1-0.0322
=0.9678
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(c) P(25<r<40)=P(24.5<x<40.3)
,f 24.5-34.76 <. < 40.5- 34.76]

=F <z<
5.56 ‘ 5.56

= P(-1.85<2<1.03)

= P(z<1.03)- P(z <-1.85)
=(0.8485-0.0322

=0.8163

(d) n=316.p=0.11. g=1-p=0.89

np and nq are both greater than 5, so the normal approximation to the binomial is appropriate. (Sce (a)
above.)

5. Weare givenn=753 and p =3.5% =0.035:g=1-p=1-0.035 = 0.965.
Let a success be a person living past age 90.
(@) P(rz13)=P(5<r)=P(14.5<x) 15 is a left endpoint.
Here. np = 753(0.035) = 26.355, and nq = 753(0.963) = 726.645, both of which are greater
than §; the normal approximation is appropriate. using g = np = 26.355 and
O =4npg = J753(0.035)(0.965) =+/25.4326 = 5.0431.

5.0431
= P(-2.35<2)
= P(z2-2.35)
=1-P(z<-2.35)
=1-0.0094
=0.9906

(b) P(rz30)=P@30<r)
=P(29.5<x)
_ P[ 29.5-26.355 < z]
5.0431
=P(0.62<z)
= P(220.62)
=1-P(z<0.62)
=1-0.7324
=0.2676

(€) P(25<r<35)=P(245<x<35.5)
24.5-26.355 ___ 35.5-26.

( 5.0431 5.0431

= P(-0.37 <z <1.81)

= P(z <1.81)~ P(z <~0.37)

= 0.9649 - 03557

=0.6092
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(@) P(r>40)=P(r=41)
=PE1<r)
= P(40.5< x)
_ P( 40.5-26.355 _ Z)
5.0431
= P(2.80< z)
= P(z>2.80)
=1-P(z < 2.80)
=1-0.9974
=0.0026

6. n=24,p=44% =044, g=1-p=1-044=0.56
A success occurs when a billfish striking the line is caught.

(a) P(r<12)=P(x<12.5)

np = 24(0.44) = 10.56 and ng = 24(0.56) = 13.44. both of which are greater than 5,

so the normal approximation is appropriate. Here, tt = np = 10.56 and

o = Jnpq = J24(0.44)(0.56) = /5.9136 = 2.4318.

12.5-10.56

P(x<125)=P|z<
24318

): P(z <0.80) =0.7881
() P(r25)=P(5<r)
= P(45< %)
_ P(4.5—10.56 < :]
24318
= P(-2.49< 7)
= P(2>-2.49)
=1-P(z < -2.49)
=1-0.0064
=0.9936

(¢) P(35<r<12)=P(4.5<x<12.5)
= P(-2.49 < z < 0.80)
= P(z <0.80) - P(z < —2.49)
=0.7881-0.0064
=0.7817

(d) n=24.p=0.44,9g=0.56

Both np and nq > 5, so the normal approximation to the binomial is appropriate.

7. n=66,p=80%=0.80,g=1-p=1-0.80=0.20
A success is when a new product fails within 2 years.
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(@) P(r247)=P@47<r)=P465< )
np = 66(0.80) = 52.8, and nq = 66(0.20) = 13.3. Both exceed 5. so the normal approximation with
u=np=>528and o =/npqg = J66(0.8)(0.2) =+/10.56 = 3.2496 is appropriate.

46.5-52.8
<,
3.2496

= P(-1.94<7)

= P(z2-1.94)
=1-P(z<-1.94)
=1-0.0262

=0.9738

P(465<x) = P(

(b) P(r<58)=P(x<585)=P|:c< 385-52.8 = P(z £1.75) =0.9599

3.2496
For (c) and (d), note we are interested now in products succeeding, so a success is redefined to be a new
product staying on the market for 2 years. Here, n = 66. p is now 0.20 with g is now 0.80 (p and g above

have been switched. Now np = 13.2 and ng = 52.8. ¢t = 13.2. and 0o stays equal to 3.2496.

() P(rz15)=P(15<r)
=P(145<x)

_p 14.5—13.2SZ
3.2496

= P(0.40 < 2)
= P(z 2 0.40)
=1- P(z < 0.40)
=1-0.6554
=0.3446
£ 95-13.2

d 10)= P(r<9)=P(x<935)=P| z€———= |=P(z<-1.14) =0.1271
d) P(r<10)=P(r<9)=P(x<9.5) [ 3.2496] (z )

8. n=063.p=64%=0.64,g=1-p=1-0.64=036
A success is when the murder victim knows the murderer.

(@) P(r=35)=P(35<r)=P(345<x)
np = 63(0.64) = 40.32 and nq = 63(0.36) = 22.68
Since both np and ngq are greater than 5. the normal approximation is appropriate. Use y = np = 40.32
and 0 = \Jnpq = [63(0.64)(0.36) = v/14.5152 = 3.8099. So

34.5-40.32

P(345<x)=P
3.8099

< :)= P(-1.53<z)=1-P(z<-1.53) =1-0.0630 = 0.9370

48.5-40.32

b) P(r<48)=P(x<485)=P|z<
(b) P(r<48)=Plx ) ( 3.8099

)= P(z2<2.15)=0.9842
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(¢) If fewer than 30 victims, i.e., 29 or fewer did not know their murderer, then 63 — 29 = 34 or more
victims did know their murderer.
P(r=z34)=P(34<r)
= P(33.55x)
- 2
-p 33.5-40.32 <z
3.8099
=P(-1.79<2)
=1-P(z<-1.79)
=1-0.0367
=0.9633
(d) If more than 20, i.e., 21 or more. victims did not know their murdered, then 63 — 21 = 42 or fewer
victims did know their murdered.
42.5-40.32

P(r<42)=P(x<425)=P| z <
(r=42) = Px=42.) ( 3.8099

}= P(2<0.57)=0.7157

9, n=430,p=70%=0.70.q=1-p=1-0.70=10.30
A success is finding the address or lost acquaintances.

(a) P(r>280)=P(r=281)=P(281<r)=P(2805<x)
np = 430(0.7) = 301 and ng = 430(0.3) = 129
Since both np and nq are greater than 5, the normal approximation with ¢ = np = 301 and
o = |Jnpg = \[430(0.7)(0.3) =~/90.3 =9.5026 is appropriate.
280.5-301
9.5026

(b) P(rz2320)=P(320<r)
=P(319.5<x)

=10(319.5—301 < :)

P(280.5<5x) = P[ < z] = P(-2.16<z)=1-P(z2<-2.16) =1-0.0154 = 0.9846

9.5026
=P(1.95<7)
=1-P(z>1.95)
=1-0.9744
=0.0256

(©) P(280<r<320)=P(279.5<x<320.5)
_ [279.:)—301 <. 320.5—301)
9.5026 9.5026
=P(-2.26<7<2.05)
= P(z2<2.05)-P(z<-2.26)
=0.9798-0.0119
=0.9679

(d) n=430.p=07.4=0.3
Both np and ngq are greater than 5 so the normal approximation is appropriate, See (a).
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10. n=8641.p=61%=0.61,g=1-p=0.39
A success is when a pottery shard is Santa Fe black on white.

(a) P(r<5200)=P(r<5199) = P(x £5199.5)
np = 8641(0.61) = 5271.01 and nq = 3369.99
Since both np and nq are greater than 5, we can use the normal approximation with

p=np=527101 and o = \Jnpg = [8641(0.61)(0.39) = +/2055.6939 = 45.3398

< 5199.5-5271.01
- 45.3398

P(x<5199.5) = P( )=P(z$—l.58)=0.0571
(b) P(r>5400) = P(r > 5401)

= P(5401< r)

= P(5400.5 < x)

_ P(5400.5—5271.01 < Z)

45.3398

=P(2.86<7)

= 1- P(z < 2.86)

=1-0.9979

=0.0021

(¢c) P(5200 < r <5400) = P(5199.5 < x <5400.5)
_ P(—I.SS <o< 3400.5-5271.01)
453398
= P(-1.58< z<2.86)
= P(2<2.86)- P(z <-1.58)
=0.9979-0.0571
=0.9408

(d) n=8641.p=0.61,9g=0.39.np=5271.01, ng = 3369.99.

11. n=850,p =57% = 0.57, g =0.43
Success = pass Ohio bar exam

(a) P(r=540)=P(540<r)=P(539.5<5x)

np=484.5 ng=3655u=np=4845 0= ,/npq =+208.335 =14.4338
Since both np and nq are greater than 5. use normal approximation with ¢ and o as above.

P(539.5<x)=P 3395-4845 z|=P(3.81<z)=0
14.4338

500.5-484.5
14.4338

(c) P(485<r<525) = P(484.5 < x £525.5)
525.5-484.5
14.4338 ]
=P(0<z<2.84)
= P(:<2.84)- P(z <0)
=0.9977-0.5
=0.4977

(b) P(r<500)=P(x<500.5)= P(z < )= P(z<1.11)=0.8665

=P(0£z$
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12. n=35000. p = 3.2% = 0.032, g = 0.968
Success = coupon redeemed

(a) P(100<r)=P(01<r)=P(100.5<%)

np = 160, nq = 4840, o = \Inpq = V154.88 =12.4451
Since both np and ng are greater than 5. use normal approximation with ¢t = np and ¢ as shown.
100.5~160
12.4451

(b) P(r<200)=P(r<199)

= P(x £199.5)

-pf:< 199.5-160

12.4451

=P(z<3.17)

=0.9992
(c) P(100<r<200)= P(99.5<x<200.5)

_ P( 99.5-160 _ 200.5—160)

P(lOO.SSx)=P[ s:)=P(—4.7832)=1

IA

=2

12.4451 12.4451
= P(-4.86 < z<3.25)
= P(2<3.25)
=0.9994

13. n =317, P(buy, given sampled) = 37% = 0.37, P(sampled) = 60% = 0.60 = p so g = 0.40

(a) P(180<r)=P(181<r)=P(180.55w)
np = 190.2, nq = 126.8. o = \/npq = /76.08 =8.7224
Since both np and np are greater than 5. use normal approximation with g =np and o = ,/npq.

5 - 2
P(180.5<x)="P MS 2 |=P(-1.11€£2)=1-P(z<-1.11) = 1-0.1335 = 0.8665
8.7224
— 2
(b) P(r<200)=P(r<199)=P(x<199.5) = P[z S-l—29857—2;zo—1] = P(z<1.07)=0.8577

(c) Let A be the event buy product; let B be the event tried free sample, Thus P(A, given B) = 0.37 and
P(B) = 0.60. Since P(A and B) = P(B) « P(A, given B) = 0.60(0.37) = 0.222,
P(sample and buy) = 0.222.
(d) Let a success be sample and buy. Then p = 0.222 from (c), and g = 0.778.
P(60 £ r <80) = P(59.5 < x<80.5)

Here, np = 317(0.222) = 70.374 and ng = 246.626, so use normal approximation with = np and
o = \/npg = \317(0.222)(0.778) = /54.750972 = 7.3994.

P(59.5 < x <80.5) = P( 59.5-70.374 <r< 80.5—70.374]
7.3994 7.3994
= P(-1.47<z<1.37)
= P(z<1.37)- P(z < -1.47)
=0.9147 - 0.0708
=0.8439
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n =175, P(vanilla) = 25% = 0.25, P(chocolate) = 9% = 0.09
(a) Success = buy vanilla ice cream. so p = 0.25 and g = 0.75.
P(50<ry=P(495<x)
np = 43.75. nq = 131.25, \Jnpg =~/32.8125 =5.7282 =0
Since both np and ng area greater than 5, use normal approximation with y=np and o = Jnpq.

49.5-43.75
5.7282

(b) Success = buy chocolate ice cream, so p = 0.09 and g = 0.91.

P(495<x)= P{ < z)= P(1.00<z)=1-P(z<]1)=1-0.8413=0.1587

P(12<ry=P(11.5<5x)

Since np = 15.75 > 5 and ng = 175(0.91) = 159.25 > 5, so use normal approximation with u= np

and o = \(npg =+/14.3325 =3.7858.

P(ll5<sx)=P MS 2 |=P(-1.12€ ) =1-P(z<-1.12)=1-0.1314 = 0.8686
3.7858

(c) Let V be the even the person buys vanilla ice cream and C be the event the person buys chocolate ice
cream. V and C are not mutually exclusive, since a person buying vanilla can also buy chocolate ice
cream. Given V and C are independent, i.e., P(V and C) = P(V)+ P(C).

P(CorV)=P(C)+P(V)-P(Cand V)
=0.09+0.25-(0.09)(0.25) using (a) and (b)
=0.3175

(d) Success = buy chocolate or vanilla, so p = 0.3175 from (¢) and g = 0.68235.
P(50< r £60) = P(49.5 < x £60.5)

Since np = 175(0.3175) = 55.5625 > 5 and ng = 175(0.6825) = 119.4375 > 5, use normal

approximation with = np and & = \npq = |[175(0.3175)(0.6825) = /37.9214 = 6.1580.

P(49.5< x < 60.5) = P( 49.5 -55.5625 < S60.5—53.362‘3‘]
6.158 6.158
= P(-0.98< : £0.80)
= P(z <0.80) - P(z < -0.98)
=0.7881-0.1635
=0.6246

n = 267 reservations, P(show) = 1 — 0.06 = 0.94 = p so ¢ = 0.06.

(a) p=094
(b) Success = show up for flight (with a reservation) seat available for all who show up means the number
showing up must be < 255 actual plane seats. Thus, P(r £255).

(€) P(r<253)= P(x<255.5)
Since np = 267(0.94) = 250.98 > 5 and ngq = 267(0.06) = 16.02 > 5, use normal approximation with
p=np and & =/npq =[267(0.94)(0.06) = /15.0588 =3.8806.

2
P(x<255.5)= P(z S——'——)= P(z<£1.16) =0.8770
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16.

Answers vary.
The normal approximation to the binomial is appropriate (reasonably accurate) when np and ng are both
greater than 5. (If n <235, say, tables of the exact binomial distribution can be used.) In this case. the

normal distribution approximating the binomial has mean gt = np and standard deviation o = \/npg.

Because the normal distribution is continuous whereas the binomial is discrete, the accuracy of the
approximation is improved by using the continuity correction. The interval around the number of
successes is first written as a closed interval (such as [a, b] instead of (¢, d) wherec + 1 =aandd-1=
b); then the left endpoint is decreased by 0.5 and the right endpoint is increased by 0.5. (In the case of half
closed intervals, such as r < 14 or r 2 7, only the one endpoint needs to be adjusted.)

Chapter 6 Review

1.

1]

(a) P(0£z<1.75)=P(z<£1.75)- P(2<0)=0.9599-0.5=0.4599

(b) P(-1.292z<0)=P(z<0)- P(z<~1.29) =0.5-0.0985 = 0.4015

() P(1.03<z<1.2])=P(z<1.21)- P(z<1.03) =0.8869 —0.8485 = 0.0384
(d) P(z2231)=1-P(z2<2.31)=1-0.9896 =0.0104

(e) P(z<-1.96)=0.0250

) P(z<1)=0.8413

. (@) P(0<z5075)=P(250.75)-P(21<0)=0.7734-0.5=0.2734

(b) P(-1.50<z<0) = P(z<0)- P(z<-1.50)=0.5-0.0668 = 0.4332

(€) P(-2.67<z<-1.74)= P(z < -1.74) - P(z < -2.67) = 0.0409 - 0.0038 = 0.0371
) P(z>1.56) =1- P(z<1.56) = 1~0.9406 = 0.0594

(6) P(z<-097)=0.1660

(0 P(z<2.01)=0.9778

3. xis normal with =47 and 6=6.2

60-47

6.2
(b) P(x250)= P(: 2 306—247 ) =P(z2048)=1-P(z<0.48) =1-0.6844 =0.3156

() P(50<x<60)=P(0.48<2<2.10)=P(2<2.10)- P(2<0.48) =0.9821-0.6844 =0.2977

(a) P(.\'SGO)=P[25 )=P(z$2.10)=0.9821

4. xis normal with =110, 6=12

(@ P(x<120)= P(z < LOI;E

) = P(z<0.83) =0.7967

80-110
12
108—110S < 117-110
12 12
=P(z2<058)-P(z<-0.17)=0.7190-0.4325 = 0.2865

(b) P(x=80)= P(: 2 )= P(z2-25)=1-P(z<-2.5)=1-0.0062 = 0.9938

() P(08<x=<117)=P

= P(-0.17 < z<0.58)
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5. Find z, such that P(z 2 z,) =5% = 0.05. Same as find z; such that P(z < z,) =0.95
P(z <1.645)=0.95. s0 z, =1.645

6. Find z, such that P(z< z) =1% =0.01.
P(z£-2.33)=0.0099, so z; =-2.33

7. Find z, such that P(—z, S z<+7,) =095

Same as 5% of area outside [—z,, +2,]; split in half:
£ -7,)=0.05/2=0.025
P(z<-1.96) =0.0250 so —z, =-1.96 and +z, =1.96

8. Find z, s0 P(—z, <2< +42,)=0.99
Same as 1% outside [—z,. + Z,); divide in half.
P(z£-2,)=0.01/2=0.005.
P(z £-2.575) =0.0050. so *z, =+2.575, or £2.58

9. u=79.06=9
(@) z__‘_ﬁ_w;o,sg
9
79-79

=2_7=0
b)) z 5

85-79

() P(x>83)= P(z > ]= P(z>0.67)=1-P(2<0.67) =1-0.7486 = 0.2514

10. pu=270, 6=35

@@ =%

Z:

sox=U+z0
here. x =270+1.9(35) =336.5
(b) x=pu+z0: here, x = 270+ (-0.25)(35) = 261.25

-2 -2
(¢) P2O0<x<340)=P 20035_70 <zs< 34025_70 =P(-2<z<52)

=P(z<2)-P(z<-2)=09772-0.0228 = 0.9544

11. Binomial with r = 400, p = 0.70, and ¢ = 0.30.
Success = can recycled

(a) P(r=300)=P(B00<r)=P(299.5<x)
np =280> 35, nqg=120>35. \Jnpg = 84 =9.1652
Use normal approximation with y = np and ¢ = /npq.

299.5-280

P(299.5<x)=P
9.1652

< z]= P(2.13€z7) =1-P(2<2.13)=1-0.9834 = 0.0166
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(b) P(260 < r £300) = P(259.5 < x £300.5)
259.5-280 <. < 300.5—- 280)

9.1652 ~ ~  9.1652
= P(-2.24< 7 £2.24)
= P(z <2.24)- P(z < -2.24)
=0.9875-0.0125
=0.9750

12. Lifetime x is normally distributed with g = 5000 and o = 450 hours.

(a) P(x £5000) = P(z<0)=0.5000
(b) Find x, such that P(x < x,)=0.05. First. find z, so that P(z < z) =0.05.
P(z£-1.645)=0.05, so z, =—1.645
Xp = M+ 240 = 5000 + (—1.645)(450) = 4259.75
Guarantee the CD player for 4260 hours.
13. Delivery time x is normal with p= 14 and o= 2 hours.

18-14

(a) P(.rS18)=P(zS )=P(z_2)=0.9772

(b) Find x, suchthat P(x < xy) =0.95.
Find z; so that P(z < z,) =0.95.
P(z £1.645) =0.95, 50 z, =1.645.
Xy = U+ 2,0 =14+1.645(2) =17.29 = 17.3 hours

14. (a)
Hydraulic Pressure in Main Cylinder of Landing
Gear of Airplanes (psi)—First Data Set

80—~ e - = u+ 30 =888
880
gzg YA it + 20 = 865
850 .
840
830} .
820 n=819
810 .
800}
7901 *
7801
D A CLREELEELEEE S EEEEEEEEEY p-20=773
760
750 —————— e -1 n—-30=750

L 1 ] 1 3 L 1 (]
1 2 3 4 5 6 7 8 9 Landing
number

The pressure is “‘in control;” none of the 3 warning signals is present.
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(b)
Hydraulic Pressure in Main Cylinder of Landing
Gear of Airplanes (psi}—Second Data Set

890

880F ] i+ 30 =888

870
R + 20 =865
seof” ™ prea

850 .
8401

860

820 . ©=2819
810

800F .
7901

;-8;8 T e TR pn-20=773
760}
7/ -—————-————————————— u—30 =750
740 W

730 LI
720

]
10 Landing
number

vy
(V1S
wl
ni-
b
o
|
ol
ol

The last 2 points are below (4 — 30. The last 3 (consecutive) points are all below £t - 20. Since
warning signals I and IIT are present, the pressure is “out of control.”

15. Scanner price.errors in the store’s favor are mound-shaped with 1 = $2.66 and o = $0.85.

(a) 68% of the errors should be in the range u * 10, approximately. or 2.66 * 1(0.85) which is $1.81 to

$3.51.

(b) Approximately 95% of the errors should be in the range u + 20. or 2.66 * 2(0.85), which is $0.96 to
$4.36.

(¢) Almost all (99.7%) of the errors should lie in the range u * 30, or 2.66 * 3(0.85). which is $0.11 to
$5.21.

16. Time spent on a customer’s complaint, x, is normally distributed with g =9.3 and 0= 2.5 minutes.

10-9.3

(a) P(x<l10)= P(z < ]= P(z<0.28)=0.6103

2 '§‘3) = P(z>-1.72) =1- P(z £ -1.72) = 1-0.0427 = 0.9573

(b) P(x>5)=P(z>

IA

© PE<x<15)= P(8—9.3 < 13-9.3]
25 25
= P(-0.52< 2 <2.28)
= P(2<2.28)~ P(z <-0.52)
=0.9887-0.3015
=0.6872
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17. Response time, x, is normally distributed with g =42 and o= 8 minutes.

(a) P(30<x<45)=P 5 <z< s

= P(-1.5<7<0.375)
=P(2<0.38)-P(z<~-1.5)
=0.6480-0.0668

=0.5812

(b) P(x<30)=P(z<-1.5)=0.0668

30-42 45—42]

60-42

() P(x>60)= P(z > )= P(z>225)=1-P(2£2.25)=1-0.9878=0.0122

18. Success = unlisted phone number
n=150,p=68%=0.68,g=1-p=0.32
np = 150(0.68) = 102, nq = 48, npq = 150(0.68)(0.32) = 32.64

(a) P(r=100)=P(100<r)=P(99.5<x)
Since np and ng are both greater than 5, we can usc the normal approximation with g = np = 102 and

o =npg =32.64 =5.7131.

PO9.5<x)= P(g—i%s z] =P(-044<z)= |- P(z <-0.44) =1-0.3300 = 0.6700
(b) P(r<100)=P(r<99)=P(x<99.5) = P(z S%%?): P(z £-0.44)=0.3300

(c) Success is redefined to be a listed phone number, so #n = 150, p = 0.32, g = 0.68, np = 48, ng = 102,

and \Jnpq =32.64 =5.7131=0; pu is now 48: normal approximation s still appropriate.
P(50<r<065)=P(49.5£x<65.5)

-p 49.5-48 <7< 65.5—48]

5.7131 57131

= P(0.26 £ £ £3.006)

= P(2<£3.06)- P(z <0.26)

=0.9989 - 0.6026

=0.3963

19. Success = having blood type AB
n=250,p=3%=0.03.q=1-p=097, np =15, ng=242.5, npq = 7.275

(a) PO<r)y=PA45<x)

np >1.5and 0 =fnpg =N1.275 = 2.6972

PE5<x)=P 4‘3'7‘55;4 =P(-1.11€2)=1-P(z<~1.11) =1-0.1335 = 0.8665
2.6972
(b) P(3<r<10)=P@d.5<x<10.5)
=P —1.|1s:s———10'5_7‘5
2.6972

=P(-1.11<zLL.1))
=1-2P(z<-1.11)
=1-2(0.1333)
=0.7330

Copyright © Houghton Mifflin Company. All rights reserved.



