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1. 	 The probability of a customer arrival at a grocery service counter in any 1 second is equal to 

0.15. Assume that customers arrive in a random stream and hence that the arrival any I second 

is independent of any other. 

(a) Find the probability that the first arrival will occur during the third I-second interval. (5%) 

(b) Find the probability that the first arrival will not occur until at least the third I-second 

interval. (5%) 

2. 	 Let the moment-generating function for Y be met) =!e l + ~e21 + 3 e31 . Find the distribution 
6 6 6 


of Yand its expected value and variance. (l 0%) 


3. 	 As a measure of intelligence, mice are timed when going through a maze to reach a reward of 

food. The time(in seconds) required for any mouse is a random variable Y with density 

function given by 

bl y>b
f(y)= ly2 ­

{ o 	 elsewhere 

where b is the minimum possible time needed to traverse the maze. 

(a) Show thatf(y) has the properties of a density function. (5%) 

(b) Find F(y). (3%) 

(c) Find P(Y> b + c) for a positive constant c. (2%) 

4. 	 A soft drink machine can be regulated so that it discharges an average of f.l ounces per cup. If 

the ounces offill are normally distributed with standard deviation of 0.3 ounce, give the setting 

for f.l so that 8-ounce cups will overflow 1 % of the time. (10%) 

5. 	 The length oflife(measured in hundreds of hours) Yfor fuses ofa certain type is modeled by 

the exponential distribution, with 

y>O 

elsewhere 

(a) If two such fuses have independent lengths of life, Y1 and Y2, find the joint probability 

density function for Yl and Y2 . (5%) 

(b) One fuse in (a) is in a primary system and the other is in a backup system that comes into 

use only if the primary system fails. The total effective length of life of the two fuses is then Y, 

+ Y2. Find P(YI + Y2 ::: 1). (5%) 
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6. 	 (a) 1.;y 7~~fjr:p;!ft-£~¥.Hi ' fj£~fjr:ptH3mz7 25 ~t~~ , 4ij~mzff 5@t~* ' f~¥O 
25 ~f~~B'j¥~m1.;y 31.0 ' ~~~1.;y 2.0 f~~jtllt£jI!f~ti{1ir1~m~5t~c ' EtiKf9)5E0 

l!t¥~m~B~m- § 30.0 ' ~jif*tB.ftgf 0.27%~~~~( type I error)B'j~Wm(critical 
valure) (10%)0 

(b) EJ.!t~~C1j1!f¥.itEmz~~~£J, 1.0 ' 4'¥J::xmzff 5f~f~* ' 1~¥U-¥~m£J, 31.0 ' ~rp5 
:(f 1%B'j~~~~( type I errorff ' f9)5E~1jJ.!t~(tH3mzJ.!t 5f~tf*~)B'j~C1jt¥.itimz~ 

~m~:a~m-§~m 30.0? (15%) 

7. 	 1.;y 7~mHRM{JtJj~C1~~tiB'j~. ' Ifjgffi~tt1~*4r:pB'g-1~M1Jt ' llJf%=f1~~ctt19tl 
A ' B ' C ' ~~ .~1i::XB'j~6*3tDT*' ~jifrp~::f~B'j~~ctt19JJ~:aWt~.J.!t£jt~'ti 

mZ311~m? ~~gjtWHIIt~*4r~~~~~5t;ffrB'j~JjlH~~jt , a=0.01 (15%)0 

8. 	 1[~m'HIT~F~B'j~ ~~C1B'g~?iJi!!' ;!ft~~§fP}&Jj~J!~D¥Jjf$B'jtt$~~WMB'j , [ZSJ 

1.;yf~~J'tgJj~ 1000 A=XB'g~6* ' 382 AWM~J!~DB'jfjJf$ , 416 A::fWM ' J'tijtB'j 
5~1[~~ ~J;,Z~~t~B'jW~ , f~11fl1t¥&~B'jJ1.§$~:a~1i ' a=0.05 (10%)0 	 0 
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TABLE 3 NomIaJ. CW'IIe Areas 
TABLE ... Critical Values of r 

~ 
t. 

z .()(J .oj .02 .03 	 .04 .OJ .D6 .07 .Q8 . .09 

r. 100 	 r.•,o · t.OlS '.OIG '.001 d.f. 

This table isabridged rrom Table 1 or Slalis/ical T(J"'~s QlId Formula", by A. Hald (New York: John From "Table of Percentage Points of the ,.Distribulion." 

Wiley & Sons. Inc.• 1952). Reproduced by permission Or A. Hald and the publishers, John Wiley & Computed by Muine Mcrrington,B/ometrjlca, Vol. 32 (1941).
Sons,lnc. . · p. 300. Reproduced by permission of Professor E. S. Pearson. 
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.4918 


.4938 


.4953 


... 965 


.4974 
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1.886 
1.638 
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1.372 
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TABLE 6 

¥. (d.f.) 

1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
,11 

12 
·13 
14 

f5 
16 
17 
18 
19 

20 
21 
22 
23' 
24 

25 
26 
27 
28 
29 

30 
40 
60 

120 
00 

Percentage Points ofthe F Distribution: GI = .05 

~ 
0 Fa 

., (df.J 

2 1 ,4 'S 6 

161.4 199.5 215.7 224.6 230.2 234.0 
18.51 19.00 19.16 19.2S 19.30 19.33 
10.13 . 9.55 9.28 9.12 9.01 8.94 
7.71 6.94 6.59 6.39 6.26 6.16. 

,6.61 5.79 -5.41 5.19 5.OS 4.95 
5.99, 5.14 4.76 4:53 4.39 ,4.28 
5.59 4.74 4.35 4.12 3.97 3.87 
5.32 4.46 4.07 3.84 3.69 ' 3.58 ' 

,5.12 .4.26 3.86 3.63 3.48 3.37 

4.96' 4.10 '~".71 3.48 ' 3.33 3.22 ' 
·4.84 3.98 3.59 l36 3.20 • 3.09 
4.75 3.89 3.49 ' 3.26 ' ,3.11 3.00 
4.67 3.81 ,3.41 3.18 3.03 2.92 
4.6Q 3.74 3.3:4 3.11 2.96 2.85 

4.54 3.68 3.29 3.06 2.90 2.79 
4.49 3.63 3.24 3.01 2.85 2.74 
4.45 3.59 3.20 2.96 . 2.81 2.70 
4.41 3.55 3.16 2.93 2.77 2.~ 
4.38 3.52 3.13 2.90 2.74' 2.63 

4.35 3.49 3.tO 2.87 2.71 2.60 " 
4.32 3.47 . 3.in 2.84 2.68 2.5~ 
4.30 3.44 3.05. 2.82, 2.66 2.55 
4.28 3.42 3.03 2.80 2.64 2.S3 
4.26 3.40 3.01 2.78 2.62 2.51 

. ,424 ,-3.39 2.99 2.76 , 2.60 2.49 
4.23 3.37 2.98 ' 2.74 2.59 2.,47 
4.21 3.35 2.96 2.73 2.57 2.40 
4.20 3.34 2.95 271 • 2.S6 2.45 
4.18 3.33 2.93 2.70 2.S5 i43 

4.17 3.32 2.92 269 2.53 2.42 
4.08 3.23 2.84 2.61 ' 2.45 2.34 
4.00 3. IS 2.76 2.S3 2.37 2.25 
3.92 3.07 2.68 2.45 2.29 . 2.17 
3.84 3.00 2.60 2.37 221 . 2.JO ' 

7 

236.8 
19.35 
8.89 
6.09 

'4.88 
4.21 
3.79 
3.50 
3.29 

3.14 
3.01 


, 2.91 

2.83 
2.76­

2.71 
2.66 
2.61 


. 2.58 

2.54 

2.51 
2.49 

' 2.46 
2.44 
2.42 

2.40 
2.39 
2.37 
2.36 
2.35 

2.33 
2.25 
2.17 
2.09 
2.01 

'8 

238.9 
19.37 
US 


. 6.04 


4.82 

4. IS 

3.73 

3.44 

3.23 


3.07 
2.95 
2.85 
2.77 
2.,70 

2.64 
2.S9 
2.55 
2.51 
2.48 
2.45 
2.42 
2.40 
2.37 
2.36 

2.34 
2.32 
i31 
2.29 
2.28 

2.27 
2.18 
2.10 
2.02 
1.94 

9 

240.5 
19.38 
8.81 
6.00 

4.77 
4.10 
3.68 
3.39 
3.18 

3.02 
2.90 
2.80 
2.71 
2.65 

2.59 
2.54 
2.49 
2.46 
2.42 

' 2.39 
2.37 
2.34 
2.32 
2.30 

2.28 
- 2.27 

2.25 
2.24 
2.22 

i21 
2.12 
2.04. 
1.96 
1.88 

TABLE,S (Continued) 

", (d.f.) 

/2010 12 IS 20 24 .w 4() 6(J • 00 ' ". (d. 

. 241.9 243.9 245.9 248.0 249.1 2SO.1 251.1 252.2 253.3 254.3 I 
19.40 . 19.41 19.43 19.45 19.45 19.46 19.47 19.48 19.49 19.5O 2 
8.79 8.74 8.70 8.66 8.64 8.62 8.59 8.57 8.55 8.53 3 
5.96 5.91 5.86 S.80 5.77 5.75 .. 5.72 ' 5.69 5.66 5.63 4 

4.74 4.68 4.62' 4.56 4.53 4.SO 4.46 4.43 4.40 4.36 
4.06 
3.64 

4.00 
3.57 

3.94 
3.51 

3.87 
3.44 

3.114 
3.41 

. , 3.81 
:U8 

3.77 
3.34 

3;74 
3.30 

3.70 
3.27 

3.67 
3.23 I 

3.35 
3.14 

3.28 
3.07 

3.22 
3.01 

3.15 
2.94' 

3.12 
2.90 

3.08 
2.86 

3.04 
2.83 

3.01' 
2.79 

2.97 
2.75 

2.93 
2.71 

S 
S 

2.98 2.91 2.85 ~77 2.'14 2.70 2.66 2.62 2.58 2.54 1( 
2.85 2.79 2.72­ 2.65 2.61 2.57 2.S3 2.49 2.45 2.40 11 
2.75 2.69 2.62 2.54 2.51 2.47 2.43 2.38' 2.34 2.30 1. 
2.67 2.60 2.53 2.46 2.42 2.38 2.34 2.30 2.2S ,2.21 1: 
2.60 ' 2.53 2.46 2.39 2.35 2.31 2.27 2.22 2.18 2.13 14 

2.54 2.48 2.40 2.33 2.29 2.25 c 2.20.. 2.16 ' 2.11 2.07 1~ 

2.49 2.42 2:35 , 2.28 2.24 2.19 .' 2.15 2.11 2.06. 2.01 ' If 
2.45 2.38 2.31 2.23 .2.i9 2.15 ' 2.10 2.06. 2.01 1.96 Ii 
2.41 2.34 2..27 2.19 2.15 2.11 2.06 2.02, 1.97 1.92 IE 
2.38 2.31 2.23 2.16 2.11 2.07, 2.03 1.98 1.93 1.88 IS 

2.35 
2.32 

' 2.28 . 
2.2S, 

2.20 
,2.18 

2.12 
2.10 

2.08 
iM 

2.04 
2.01 

1.99 
1.96 

.
1.95 
1.92 

. 1.90 
1.87 

1'.84 
1.81 

2( 

21 
2.30 2.23 2.15 2.07 ' 2.03 1.98 1.94 1.89 1.84 1.78 :z: 
2.27 2.20 2.13 2.OS 2.01 1.96 1.91 1.86 1.81 1.76 2, 
2.25 2.18 2.11 2.03 1.98 U4 1.89 1.84 1.79 1.73 2l 

2.24 2.16 2.09 2.01 1.96 1.92 i.87 1.82 1.77 1.71 2! 
2.22 2.15 2.07 1.99 .1.95 1.90 1.85 1.80 1.75 '1.69 :u 
2.20 2.13 2.06 1.97 1.93 1.88 1.84 1.79 h73 1.67 To 
2.19 2.12 2.04 t96 1.91 1.87 1.82 1.77 1.71 1.65 21 
2.18 2.10 2.03 1.94 1.90 1.85 1.81 1.75 1.70 '1.64 ~ 

2.16 2.09 2.01 1.93 1.89 1.84 1.79 1.74 1.68 1.62 J( 

2.08 2.00 1.92 1.84 1.79 1.74 1.69 1.64 !.S8 1.51 4( 

1.99 1.92 1.84 1.75 1.70 1.65 1.59 IS), 1.47 1.39 61 
1.91 1.83 1.75 1.66 1:61' 1.55 ISO 1.43 1.35 1.25 12( 
1.83' 1.75 1.67 1.57 1.52 1.46 1.39 1.32 1.22 1.00 00 

From -rabIes of Percentage PoinlS of the Inverted Beta IF) Distribution, ~ BWIIlerrikn, Vol. 33 (194 
pp. 73-88, by M8lIinc !l«mington and catherine M. Thompson. Reproduced by pcnnission of Prof_ 
E. S. Pearson., . 
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TABLE 7 Percenlage POinl3o/the F DislribuJkm;a. = .01 _ 

~ 
OF.'

Ill. 

" (dr.) 

v. (dr.) _. 2 3 4 S 6 

. 1 4052 4999,5 5403 5615 5764 SS59 
2 98.50 99.00 99.17 99.25 , 99.30 99.33 
3 34.12 30.82 29.4(; 28.71 28.24 27.91 

,4 . 21.20 18.00 16.69 15.98 15,52 15.21 
·5 16.26 13.27 12.06 11.39 . 10.97 10.67 
6 .l3.7S 10.92 9.78 9.15 8.75 8,47 
7 12.25 955 8.45 7.85. 7.46 7.19 
8 11.26 8.65 7.59 7.01 6.63 (j.37
9 10.56 8.02 6.99 6.42 6.06 . 5.80 

10 10.04 7.56 .• 6,55 5.645.99 5.39 
11 9.65 7.21 6.22 5.67 5.32 5.C17 
12 9.33 693 595 5.41 5.06' '4.82 
13 ·9.07 6.10": . 5.74. 5.21 4:86: 4.62 
14 8.86 6.51 5.56 5.04 4.69 . 4.46 

. 15 8.68 6.36· 5.42 4.89 4.56 4.32 
16 8,53 6.23 5.29 4.77 4.4<J 4.20 
17 8.40 6.11 5.18 4.67 4;):oi . 4.10 

8.29 .18 6.01 5.09 4,58 4.25 4.01 
19 8.18 5.93 5.01 4.50 4.17 3.94 
20 8.l0 5.85. 4.94 4.43 . 4.10 3.87 

·21 8.02 5.78 4.87 4.37 4.0:$ 3.81 
.22 7.95 5.72 4.82, 4.31 3.99 3.76 

23 7.88 5.66 4.76 4.26 3.94 3.71 
.24 7.82 5.61 . " 4.72 4.22 3,90 3.67 

25 7.77 557 4.68 . 4.1S 3.85 3.63 
26- 7.72 5.53 4.64 4.14 . 3.82 l59 
27 7.68 5.49 4.60 4.11 3.78 3,56 
28 7.64 ·5.45. . 4.57 4.07 3.75 3,53 
29 7.60 5.42 4,54 4,04 3.73 3.50 
30 7.56 5.39 4,51 4.02 3.70 3.47 
40 7.31· 5.1S 4.31 3.83 3.51 3.29 
60 '7.08 4.98 4.13. 3.65 3:34 3.12 

120 6.85 4.79 3.95 3.48 3.17 296­
00 6.63 4.61 3.78 3.32 3.02 280 
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5928 
99·36 
27.67 
1498 

10.46 
8.26 
6.99 
6.18 
5.61 

5.20 
4.89 
.4.64 
4.44 
4.28 

4.14 
4.03 
3.93 
3.84 
3.77 

,3.70 
3.64 
3.59 
3.54 
3:50 

3.46 
3.42 
3.39 
3.36 
3.33 

3.30 
3.12 
295 
2.79 
264 

8 

'5982­
. 99.37 

27.49 
14.80 

10.29 
• 8~10 

. ~g.. 
.6.03 
. S.!,7 

5.06 
4.74 

·.4.50 
4.30 
4.14 

4.00 
3.89 
3.79 
3.71 
3.63 

l56 
3,51 

"3.45 
3.41 
3,36 

3.32 
3.29 
3.26 
3.23 
3.20 

3.17 
299 
2.82 
2.66' 
2.51 

Ii 

6022 
" 

99.39' 
27.35 
14.66 

10.16 
7.98 

.··6·77 
5.91 

• 5.35 

4.94 
4.63 
4.39 
4.19 
4.03 .. 

3.89 
3.78 
3.68 
3.60 
3.52 

3.46 
3.40 

.3.35 
3.30 
3.26 

3.22 
3.18 
l15 
.~..!J 

. 3.09 

3.07 
2.89 

. 2.72 
256 
2.41 

TABLE 7 (Continlled) 

99.40 99.42 99.43 99.45 99.46 
27.23 ·27.05 26.87 . 26.69 26.60 
14,55 14.3.7 14.20 14.02 13.93 

" (d.r.i 

60 . 

6OS6 6106 6157 6209 6235 6261 6287 6313 6339 6366 1 

10 12 IS 20 24 30 40 120 <0 'l(d 

99.47 99.47 99.48 99.49 99.50 '. 2 
26.50 26.41, 26.32 ' 26.22 26.13 3 
13.84 ' 13.75 13.65 13.56" 13.46' 4 

9.38 9.29 9.20 9.11 9.02 ~ 
7.23 7.14 7.06 697 6.88 E 
5,99 591 " 5.82 5.74 5.6S i 
5.20 5.12 5.03 4.95 . 4.86 ~ 
4.65 4,57 4.48· 4.40 4.31 <; 

4.25 4.17 4.08 4.00 3.91 IC 
3.94 '3.86 3.78 3.69 3.60 11 


: 3.70 . 3.62 3.54 . 3.45 3.36 1:; 

3.51' 3.43 3.34 3.15. . 3.17 13 

3.35 3.27 3.18 3.09 3.00 14 

3.21 3.13 3.05 2.96 2.87 1~ 
3.10 3.02 2.93 2.84 2.75 f{ 
3.00 2.92- 2.83 275 2.65 Ii 
2.92- 2.84 2.75 2.66 2.57 U 
2.84 2.76 2.67 2S8 2.49 IS 
2.78 2.69 2.61 2.52 2.42 2( 
2.72 2.64 2.55 246 2.36 21 
267 2.SS 2.50 2.40 2.31 2:i 
2.62 2S4 245 235 2.26 2.:' 
25S 2.49 ·240 231 2.21 2A 

254 245 236 227 2.17 ~ 
·2.50 2.42 2.33 2.23 2.13 2f 
2.47 2.38 229 2.20 2.10 2i 
2.44 235' 2.26 217 .2.06 ~ 
241 233 . 2.23' 2.14 2.03 2S 
239 230 221 . 211 2.01. 3( 

220 2.11 2.02 1.92 1.80 4( 

2.03 1.94' 1.84 1.73 1.60 6( 

1.86 1.76 1.66 1.53 1.38 12( 
1.70' 1.59 1.47 1.32 1.00 00 

10.05 9.89 '9.72 
7.87 7.72 7.56 
6.62­ 6.47 6.31 
5.81 5.67 '5,52 
5.26 5.11 4.96 

4.85 4.71 4.56 
4.54 4.40 4.25 
4.30 4.16 4.01 
4.10 3.96 3.82 
3.94 3.80. 3.66 

3,80 3.67 3.52 
3.69 3,55 .3.41 
3.59 3.'\6 . 3.31 
3.51 3.37 3.23 
3.43 3.30 3.15 

3.37 3.23 3.09 . 
3.31 3.17 3.0J' 
3.26 3.12 2.98 
3.21 3.07 2.93 
3.17 3.03 289 

'3.13 2.99 285. 
3.09 2.96 2.81 
3.06 2.93 .278 
3.03' 290 275 
3.00 2.S7 2.13 

298 2.84 270 
2S0 2.66 2.52 
263 2.50 2.35 
2.47 234 219 
232 2.18 204 

9,55 9·'F 
7.40 7.-31 
6.16 6.07 
5.36 5.28 
4.81 4.73 

4.41 4.33 
4.10 4.02 
3:86 3.78 
3.66 3.59 
3,51 3.43 

3.37 3.29 
3.U 3.18 
3.16 3.08 . 
3.08 ...... '··3.00 
3.00- " . 2.92­

2.94 2.86 
2.88 . 2.80 
2.83 . 275 
2.78' . 2.70', 
274 ' 2.66 

270 262.. 
2.66 2S8 
263 2.55 
260 252 
257 . 249 

255 2.47 
2.37 2.29 
2.20 2.12 
2.03 195 
1.88 1.79 
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