JK Lakshmipat University Jaipur
INSTITUTE OF ENGINEERING AND TECHNOLOGY

End Term Examination, December, 2021
B. Tech. (All branches), Semester VII

ROIINO...cutreiiirererernnrnernnecsecscnnes
AS1202 : Advanced Statistics Time: 2 hours Max. Marks: 30
Instructions to students:
1. Do not write anything other than your roll number on question paper.
2. Use of non-programmable calculators is allowed.
3. One page formula sheet (Cheat sheet) is allowed in examination hall,
Q1. Let X be random variable that has a mean value X = £ (X)=3 and variance = 3. Let 2

! another random variable Y be defined by ¥ =10-4.X, then compute the values of E[XY]

) and mean of Y.

~ Q2. In studying the behavior of air support roofs, the random variables X: the inside 2
barometric pressure i(in inches of mercury) and Y: the outside pressure are considered.

Assume that the joint density function for (X, Y) is given by f(x,y)= € ; 18<Y < X <25,
X
then compute the conditional densities for X when Y=y.

Q3. The proportion of budgets for an industrial company that is allotted to environmental and 2
pollution control is coming under scrutiny. A data collection projects that determines the
distribution of these proportions is given by

f(x)z-.J. ke ; 0<x<w

| 0 ,  elsewhere
(1) Compute the value of K in order to make the above function a valid density.
(i)  What is the probability that a company chosen at random expends less than
j 10% of its budget on environmental and pollution controls?

(iii) What is the probability that a company selected at random spends more than
o’ 50% on environmental and pollution control?

Q4A A private owned liquor store operates both a drive in — facility and a walk-in facilityona 4
randomly selected day, let X and Y, respectively, be the proportions of the time that the

drive-in and walk-in facilities are in use, the joint density function of these random
variables is

e ») (%(x+2y) ; 0<x<1,0<y<1
’ :']3 :

l 0 elsewhere

1. Explain the practical significance of marginal densities and calculate the marginal
density function for random variable Y.
2. Find the probability that the drive-in facility is busy for half of the time.
OR
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Q4B Explain partial correlation and multiple regression. 4
The simple correlation coefficients between temperature (xi1), yield of corn (x2) and
rainfall (x3) are ri2 = 0.59, riz = 0.46 and rz; = 0.77. Calculate the partial correlation
coefficient riz.3.

Q5. The relationship between energy consumption and household income was studied, 10
yielding the following data on household income X (in units of Rs. 10000/year) and
energy consumption Y (in units of 108 Btu/year).

' Household income (x) Energy consumption (V)
20 1.8
. 30:5 130 o
40 . 4.8
55.1 R 5.0 R
60.3 o 165
749 7-0
88.4 9.0
95.2 9.1 -

Estimate the linear regression equation y, .. = £, + fx.

2. If household income is Rs. 5,00,000 per year, then estimate the average energy
consumed for household of this income.

3. How much would you expect consumption to change if any household income
decreases Rs 20,000 per year.

Q6 In Bangalore, a fast food center feels it is gaining a bad reputation because it takes too 10
long to serve the customers. Because, the center has four restaurants in this city, it is
concerned with whether all four restaurants have the same average service time. One of
the owners of the fast food chain has decided to visit each of the store and monitor the
service time for five-six randomly selected customers. During his visits, he records the

- following service times in minutes

! Restauranti ‘ Restaurant2 | Restaurant3 | Restaurantg4
‘_ 3 3| 2 | 3
| 4 3:5 3-5 . 4
| Service 55 | 45 5 | 55
| tlme L — ———l == T
(in min.) 35 I 4 6.5 2.5 i
. 4 | 95 . 6 3
| 4q | 3.5
(i) Using 0.05 level of significance, do all the restaurants have the same mean
service time?

- Based on his results, should the owner make any policy recommendations to any of the
restaurant managers or he make a common policy for all?
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Table of critical values for the F distribdtion (for use with ANOVA):

How to use this table:

There are two tables here. The first one gives critical values of F at the p = 0.05 level of significance.
The second table gives critical values of F at the p = 0.01 level of significance.

1. Obtain your F-ratio. This has (x,y) degrees of freedom associated with it.

2. Go along x columns, and down y rows. The point of intersection is your critical F-ratio.

3. if your obtained value of F is equal to or larger than this critical F-value, then your result is

significant at that level of probability.
An example: | obtain an F ratio of 3.96 with (2, 24) degrees of freedom.

{ go along 2 columns and down 24 rows. The critical value of F is 3.40. My obtained F-ratic
is larger than this, and so | conclude that my obtained F-ratio is likely to occur by chance with a p<.05.

Critical values of F for the 0.05 significance level:

i

4.12 3.27 2.87 2.64 2.49 2.37 2.29

1 2 3 . 4 5 6 7 8 9 10
1| 16145 19950 21571 22458 230.16 233.99 236.77 238.88 24054 241.88
2| 1851 19.00 19.16 1925 1930 1933 1935  19.37 1939  19.40
3| 1013 955 928 912 9.01 8.94 8.89 8.85 8.81 8.79
4 7.71 6.04 659  6.39 6.26 6.16 6.09 6.04 6.00 5.96
5| 6.61 5.79 541 ' 5.19 5.05 4.95 4.88 4.82 4.77 4.74
6 5.99 5.14 4.76 4.53 4.39 4.28 4.21 4.15 4.10 4.06
7 5.59 4.74 435 412 3.97 3.87 3.79 3.73 3.68 3.64
8 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 3.35
2 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 3.14
10 4.97 4.10 3.71 3.48 3.33 3.22 3.14 3.07 3.02 2.98
11 4.84 3.98 3.59 3.36 3.20 3.10 3.01 2,95 2.90 2.85
1 4.75 3.89 3.49 3.26 3.11 3.00 2.91 285 2.80 2.75
13 4.67 3.81 3.41 3.18 3.03 2.92 2.83 2,77 2.71 0,67
14 4.60 3.74 3.34 3.11 2.96 2.85 2.76 2.70 2.65 2.60
i5 4.54 3.68 3.29 306 290 2.79 2.71 2.64 2.59 2.54
1% 4.49 3.63 3.24 3.01 2.85 2,74 2.66 2.59 2.54 2.49
17 4.45 3.59 3.20 2.97 2.81 2.70 2.61 2.55 2.49 2.45
18 4.41 3.56 3.16 2.93 2.77 2.66 2.58 2.51 2.46 2.41
19 4.38 3.52 3.13 2.90 2.74 2.63 2.54 2.48 2.42 2.38
20 4.35 3.49 3.10 2.87 2.71 2.60 2.51 2.45 2.39 2.35
21| 433 3.47 3.07 2.84 2.69 257 - 249 2.42 237 2.32
2 4.30 3.44 3.05 2,82 2.66 2.55 2.46 2.40 2.34 2.30
23 4.28 3.42 3.03 2.80 2.64 2.53 2.44 2.38 2.32 2.28
24 4.26 3.40 3.01 2,78 2.62 2.51 2.42 2.36 2.30 2.26
25 4.24 3.39 2.99 2.76 2.60 2.49 2.41 2.34 2.28 2.24
26 4.23 3.37 2.08 274 2.59 2.47 2.39 2.32 227 2,22
27 4.21 3.35 2.96 2.73 2.57 2.46 2,37 2.31 2.25 2.20
28 4.20 3.34 2.95 2.71 2.56 2.45 2,36 2.29 2.24 2.19
29 4.18 3.33 2.93 2.70 2.55 2.43 2.35 2.08 2,02 2.18
36 4.17 3.32 2,92 2.69 2.53 2.42 2,33 2.27 2.21 217
1] 4.16 3.31 2.91 2.68 2.52 2.41 2.32 2.26 2.20 2.15
32 4.15 3.30 2.90. 267 2.51 2.40 2.31 2.24 2.19 2.14
33 4.14 3.29 2.89 2.66 2.50 2.39 2.30 2.4 2,18 2.13
34 413 3.28 2.88 2.65 2.49 2.38 2,29 2.23 217 212
85 ' 2,22 2.16 211
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4.11
4.11
4.10
4.09
4.09
4.08
4.07
4.07
4.06
4.06
4.05
4.05
4.04
4.04
4.03
4.03
4.03
4.02
4.02
4.02
4.01
4.01
4.01
4.00
4.00
4.00
4.00
3.99
3.99
3.99
3.99
3.98
3.98
3.98
3.98
3.98
3.97
3.97
3.97
3.97
3.97
3.97
3.96
3.96
3.96
3.96

. 3.96

3.96
3.96
3.95

3.26
3.25
3.25
3.24
3.23
3.23
3.22
3.21
3.21
3.20
3.20
3.20
3.19
3.19
3.18
3.18
3.18
3.17
3.17
3.17
3.16
3.16
3.16
3.15
3.15
3.15
3.15
3.14
3.14
3.14
3.14
3.13
3.13
3.13
3.13
3.13
3.12
3.12
3.12
3:12
3.12
3.12
3.1
3.1
3.1
3.1
3.11
3.11
3.1
3.10

2,87

- 2.86

2.85
2.85
2.84
2.83
2.83
2.82
2.82
2.81
2.81
2.80
2.80
2.79
2.79
2.79
2.78
2.78
2.78
2.77
2.77
2.77
2.76
2.76
2.76
2.76
2.75
2.75
2.75
2.75
2.74
2.74
2.74
2.74
2.74
2.73
2.73
2.73
2.73
2.73
2.73
2.72
2.72

2.72 -

2.72
2.72
2.72
2.72
2.71
2.71

2.63
2.63
2.62
261
2.61
2.60
2.59
2.59
2.58
2.58
2.57
2.57
2.57
2.56
2.56
2:55
2.55
2.55
2.54
2.54
2.54
253
2.53
2.53

2.53

2.52
2.52
2.52
2.52
2.51
2.51
2.51
2.51
2.51
2.50
2.50
2.50
2.50
2.50
2.49
2.49
249
2.49
2.49
2.49
2.48
2.48
2.48

.2.48

2.48

2.48
2.47
2.46
2.46
2.45
2.44
2.44
2.43
2.43
242
2.42
2.41
2.41
2.40
2.40
2.40
2.39
2.39
2.39
2.38
2.38
2.38
2.37
2.37
2.37
237
2,36
2.36
2.36
2.36
2.35
2.35
2.35
2.35
2.35
2.34
2.34
2.34
2.34
2.34
2.34
2.33
2.33
2.33
2.33
2.33
2.33
232
2.32
2.32

2.36
2.36
2.35
2.34
2.34
2.33
2.32
2.32
2.31
2.31
2.30
2.30
2.30
2.29
2.29
2.28
2.28
2.28
2.27
2.27
2.27
2.26
2.26
2.26
2.25
2.25
2.25
2.25
2.24
2.24
2.24
2.24
2.24
2.23
2.23
2.23
2.23
2.23
2.22
2.22
222
2.22
2.22
2.22
2.21
2.21
2.21
2.21
2.21
2.21

2.28
2.27
2.26
2.26
2.25
2.24
2.24
2.23
2.23
2.22
2.22
2.21
2.21
2.20
2.20
2.20
2.19
2.19
2.19
2.18
2.18
2.18
2.17
217
217
2.16
2.16
2.16
2.16
2.15
215
2.15
2.15
2.15
214
2.14
2.14
2.14
214
2.13
213
2,13
2.13
2.13
2.13
213
212
212
2.12
2.12

2.21
2.20
2.19
2.19
2.18
2.17
2.17
2.16
2.16
2.15
2.15
2.14
2.14
2.13
2.13
2.13
2.12
2.12
2.12
2.11
2.11
2.11
2.10
2.10
2.10
2.09
2.09
2.09
2.09
2.08
2.08
2.08
2.08
2.08
2.07
2.07
2.07
2.07
2.07
2.06
2.06
2.06
2.06
2.06
2.06
2.06
2.05
2.05
2.05
2.05

2:15
2.15
2.14
2.13
2,12
2.12
2.11
2.11

2.10
2.10
2.09
2.09
2.08
2.08
2.07
2.07
2.07
2.06
2.06
2.06
2.05
2.05
2.05
2.04
2.04
2.04
2.04
2.03
2.03
2.03
2.03
2.02
2.02
2.02
2.02
2.02
2.01

2.01

2.01

2.01

2.01

2.00
2.00
2.00
2.00
2.00
2.00

- 2.00

1.99
1.99

2.1
2.10
2.09
2.08
2.08
2.07
2.07
2.06
2.05
2.05
2.04
2.04
2.04
2.03
2.03
2.02
2.02
2.02
2.01

2.01

2.01

2.00
2.00
2.00
1.89
1.99
1.99
1.99
1.98
1.98
1.98
1.98
1.97
1.97
1.97
1.97
1.97
1.96
1.96
1.96
1.96
1.96
1.95
1.95
1.95
1.95
1.95
1.95
1.95
1.94
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3.95 3.10 2.71 2.48 2.32 2.21 2.12 2.05 1.99 1.94
3.95 3.10 2.7 2.48 2.32 2.21 2.12 2.05 1.99 1.94
3.95 3.10 2.71 2.48 2.32 2.20 2.12 2.05 1.99 1.94
3.95 3.10 2.71 2.47 2.32 2.20 2.11 2.04 1.99 1.94
3.95 3.10 2.71 2.47 2.32 2.20 2.1 2.04 1.99 1.94
3.95 3.10 2.71 2.47 2.32 2.20 2.11 2.04 1.98 1.94
3.95 3.10 2.70 2.47 2.31 2.20 2.1 2.04 1.98 1.94
3.94 3.09 2.70 2.47 2.31 2.20 2.11 2.04 1.98 1.93
3.94 3.09 2.70 2.47 2.31 2.20 2.11 2.04 1.98 1.93
3.94 3.09 2.70 2.47 2.31 2.20 2.11 2.04 1.98 1.93
3.94 3.09 2.70 2.47 2.31 2.20 2.11 2.04 1.98 1.93
3.94 3.09 2.70 2.47 2.31 2.19 2.1 2.04 1.98 1.93
3.94 3.09 2.70 2.47 2.31 2.19 2.10 2.03 1.98 1.93
3.94 3.09 2.70 2.46 2.31 2.19 2.10 2.03 198 193
3.94 3.09 2.70 2.46 2.31 2.19 2.10 2.03 1.98 1.93

_ Critical values of F for the 0:01 significance level:

'. 1 2 3 sl ] § 8 7 8 g 10

4052.19 4999.52 5403.34 5624.62 5763.65 5858.97 5928.33 5981.10 6022.50 6055.85
9850  99.00 9917 9925 99.30 9933 9936 99.37 9939  99.40
3412 3082 2046 2871 2824 2791 2767 2749 2735 27.23
2120 18.00 16.69 1598 1552 1521 1498 1480 1466 1455
16.26 1327 1206 11.39 1097 1067 1046 1029  10.16  10.05
13.75  10.93 9.78 9.15 8.75 8.47 8.26 8.10 7.98 7.87
12.25 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.72 6.62
11.26 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91 5.81
10.56 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.35 5.26
10.04 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4.94 4.85
9.65 7.21 6.22 5.67 5.32 5.07 4.89 474 463 4.54
9.33 6.93 5.95 5.41 5.06 4.82 4.64 4.50 4.39 4.30
9.07 8.70 5.74 5.2t 4.86 4.62 4.44 4.30 4.19 4.10
8.86 6.52 5.56 5.04 4.70 4.46 4.28 4.14 4.03 3.94
8.68 6.36 5.42 4.89 4.56 4.32 4.14 4.00 3.90 3.81
8.53 6.23 5.29 477 4.44 4.20 4.03 3.89 3.78 3.69
8.40 6.11 5.19 4.67 4.34 4.10 3.93 3.79 3.68 3.59
8.29 6.01 5.09 4.58 4.25 402, 384 3.71 3.60 3.51
8.19 5.93 5.01 4.50 4.17 3.94 3.77 3.63 3.52 3.43
8.10 5.85 4.94 4.43 4.10 3.87 3.70 3.56 3.46 3.37
8.02 5.78 4.87 4.37 4.04 3.81 3.64 3.51 3.40 3.31
7.95 5.72 4.82 4.31 3.99 3.76 3.59 3.45 3.35 3.26
7.88 5.66 4.77 4.26 3.94 3.71 3.54 3.41 3.30 3.21
7.82 5.61 4.72 4.22 3.90 3.67 3.50 3.36 3.26 3.17
7.77 5.57 4.68 4.18 3.86 3.63 3.46 3.32 3.22 3.13.
7.72 5.53 4.64 4.14 3.82 3.59 3.42 3.29 3.18 3.09
7.68 5.49 4.60 4.11 3.79 3.56 3.39 3.26 3.15 3.06
7.64 5.45 4.57 4.07 3.75 3.53 3.36 3.23 3.12 3.03
7.60 5.42 4.54 4.05 3.73 3.50 3.33 3.20 3.09 3.01
7.56 5.39 451 402 370 3.47 3.31 3.17 3.07 2.98
7.53 5.36 4.48 3.99 3.68 3.45 3.28 3.15 3.04 2.96
7.50 5.34 4.46 3.97 3.65 3.43 3.26 3.13 3.02

2.93
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7.47
7.44
7.42
7.40
7.37
7.35
7.33
7.31

7.30
7.28
7.26
7.25
7.23
7.22
7.21

7.19
7.18
7.17
7.16
7.15
7.14
7.13
7.12
7.1

7.10
7.09
7.09
7.08
7.07
7.06
7.06
7.05
7.04
7.04
7.03
7.02
7.02
7.01

7.01

7.00
7.00
6.99
6.99
6.98
6.98
6.97
6.97
6.96
6.96
6.95

5.31
5.29
5.27
5.25
5.23
5.21
5.19
5.18
5.186
5.15
5.14
5.12
5.11
5.10
5.09
5.08
5.07
5.06
5.05
5.04
5.03
5.02
5.01
5.01
5.00
4.99
4.98
4.98
4.97
4.97
4.96
4.95
4.95
4.94
4.94
4.93
4.93
4.92
4.92
4.91
4.91
4.90
4.90
4.90
4.89
4.89
4.88
4.88
4.88
4.87

4.44
4.42
4.40
4.38
4.36
4.34
4.33
4.31
4.30
4.29
4.27
4.26
4.25
4.24
4.23
4.22
4.21
4.20
4.19
4.18
4.17
4.17
4.16
4.15
4.15
4.14
4.13
4.13
4.12
4.11
4.11
4.10
4.10
4.09
4.09
4.08
4.08
4.07
4.07
4.07
4.06
4.06
4.05
4.05
4.05
4.04
4.04
4.04
4.03
4.03

3.95
3.93
3.91
3.89
3.87
3.86
3.84
3.83
3.82
3.80
3.79
3.78
3.77
3.76
3.75
3:74
3.73
3.72
3.71
3.70
3.70
3.69
3.68
3.67
3.67
3.66
3.66
3.65
3.64
3.64
3.63
3.63
3.62
3.62
3.61
3.61
3.60
3.60
3.60
3.59
3.59
3.58
3.58
3.58
3.57
3.57
3.57
3.56
3.56
3.56

3.63
3.61
3.59
3.57
3.56
3.54
3.563
3.51
3.50
3.49
2.48
3.47
3.45
3.44
3.43

- 3.43

3.42
3.41
3.40
3.39
3.38
3.38
3.37
3.36
3.36
3.35
3.35
3.34
3.33
3.33
3.32
3.32
3.31
3.31
3.30
3.30
3.30
3.29
3.29
3.28
3.28
3.28
3.27
3.27
3.27
3.26
3.26
3.26

3.25

3.25

3.4
3.39
3.37
3.35
3.33
3.32
3.31
3.29
3.28
3.27
3.25
3.24
3.23
3.22
3.21
3.20
3.20
3.19
3.18
3.17
3.16
3.16
3.15
3.14
3.14
3.13
3.12
3.12
3.1
3.11
3.10
3.10
3.09
3.09
3.08
3.08
3.08
3.07
3.07
3.06
3.06
3.06
3.05
3.05
3.05
3.04
3.04
3.04
3.03
3.03

3.24
3.22
3.20
3.18
3.17
3.15
3.14
3.12
3.1
3.10
3.09
3.08
3.07
3.06
3.05
3.04
3.03
3.02
3.01
3.01
3.00
2.99
2.98
2.98
2.97
2.97
2.96
2.95
2.95
2.94
2.94
2.93
2.93
2.92
2.92
2.9

291

2.91
2.90
2.90
2.90
2.89
2.89
2.88
2.88
2.88
2.87
2.87
2.87
2.87

3.1
3.09
3.07
3.05
3.04
3.02
3.01
2.99
2.98
2.97

2.96

2.95
2.94
2.93
2,92
291
2.90
2.89
2.88
2.87
2.87
2.86
2.85
2.85
2.84
2.84
2.83
2.82
2.82
2.81
2.81
2.80
2.80
2.79
2.79
279
2.78
2.78
2.77
2.77
2,77
2.76
2.76
2.76
2.75
2.75
2.75
2.74
2.74
2,74

3.00
2.98
2.96
2.95
2.93
2.92
2.90
2.89
2.88
2.86
2.85
2.84
2.83
2.82
2.81
2.80
2.79
2.79
2.78
2.77
2.76
2.76
2.75
2.74
2.74
2.73
2.72
2.72

271

2.71
2.70
2.70
2.69
2.69
2.68
2.68
2.68
2.67
2.67
2.66
2.66
2.66
2.65
2.65
2.65
2.64
2.64

- 2.64

2.63
2.63

2.91
2.89
2.88
2.86
2.84
2.83
2.81
2.80
2.79
2.78
2.76
2.75
2.74
2.73
272
2.72
2.71
2.70
2.69
2.68
2.68
2.67
2.66

. 2.66

2.65
2.64
2.64
2,63
2.63
2.62
2.62
2.61
2.61
2.60
2.60
2.59
2.59
2.59
2.58
2.58
257
2.57
257
2.56
2.56
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