Ref No: Ex/ChE/T/424C/2019 (EL)

B.E Chemical Engineering Final Year Second Semester Examination-2019
Applied Statistics for Chemical Engineers
Time: 3 hrs. Full marks: 100

Answer any five questions
All questions carry equal marks

(Relevant statistical tables appended)

The scores of two batsmen, A and B, in ten innings during a certain season, are as under:
A 32 28 47 63 71 39 10 60 96 14

B 19 31 48 53 67 90 10 62 40 80

Find which of the batsmen is more consistent in scoring.

A population consists of the four members 3, 7, 11, 15, Consider all possible samples of size two
which can be drawn with replacement from this population. Find
i.  The population mean
ii.  The population standard deviation
ili. = The mean of the sampling distribution of means

Solve this problem if sampling is without replacement.

The probability density function of a continuous random variable is
v =k(x—1)(2 —x); 1=sx=2)

Determine
i. The value of the constant k:
ii. The cumulative distribution function;

iii. The probability that x is less than g;
iv. The probability that x is greater than %;

v. The probability that x lies between % and %

In a group of 400 coal samples, 100 were agglomerating in nature. In another lot, the number of
sample that was agglomerating in nature was 300 in a group of 800. Does this indicate that there is a
greater proportion of agglomerating coal samples in the second lot than the first?

I) The mean weight of nitrate in 500 bags of a fertilizer produced in a fertilizer mixing machine is
151kgs. and the standard deviation is 15kgs. Assuming that the weights are normally distributed, find
how many bags weigh (a) between 120 and 155 kgs., (b) more than 155 kgs. [Given @ (0.27) =
0.6064 and @ (2.07) = 0.9808, where @ (t) denotes the area under standard normal curve to the left of
the ordinate at t].

II) Two samples of sizes 9 and 12 are drawn from two normally distributed populations having
variances 16 and 25, respectively. If the sample variances are 20 and 8, determine whether the first
sample has significantly larger variance than the second sample at significance levels of (a) 0.05 and
(b) 0.01.

[ Turn over



6. As an engineer you find that 20% of a random sample of 900 Raschig rings was defective. In another
batch, 5% of a random sample of 1600 Raschig rings had the same defect. s this difference between
the two proportions significant? Obtain 95% confidence limits for the difference in the population
proportions.

7. I) Contamination is a problem in the manufacture of magnetic storage disks. Assume that the number
of particles of contamination that occur on a disk surface has a Poisson distribution and the average
number of particles per square centimetre of media surface is 0.1. The area of a disk under study is
100 square centimetres. Determine the probability that 12 particles occur in the area of a disk under
study.

II) The graph of chi square distribution with 5 degrees of freedom is shown in the figure below. Find
the critical values of y” for which (a) shaded area on the right is 0.05; (b) the total shaded area is 0.05,
(c) the shaded area on left is 0.10 and (d) shaded area on the right is 0.01.

8. 1) In turning out certain toys in a manufacturing process in a factory the average number of defectives
is 10%. Find the probability of getting exactly 3 defectives in a sample of 10 toys chosen at random,
(a) By using binomial distribution.
(b) By using Poisson approximation to the binomial distribution.

Comment on the results.

IT) The graph of Student’s t distribution with nine degrees of freedom is shown below. Find the values
of a for which (a) the area to the right of a is 0.05, (b) the total shaded area is 0.05, (c) the total
unshaded area is 0.99, (d ) the shaded area on the left is 0.01, and () the area to the left of a is 0.90.




Appendix |
" Ordinates (Y)
of the
Standard
Normal Curve
atz
0 z

z 0 1 2 3 4 5 6 7 8 9

0.0 .3989 .3989 .3989 .3988 .3986 .3984 .3982 .3980 3977 .3973
0.1 3970 .3965 .3961 .3956 .3951 .3945 .3939 .3932 .3925 3918
0.2 3910 .3902 3894 .3885 .3876 .3867 .3857 .3847 .3836 .3825
0.3 3814 .3802 3790 3778 .3765 3752 3739 .3725 3712 .3697
0.4 .3683 .3668 13653 .3637 3621 .3605 .3589 3572 .3555 .3538
0.5 .3521 ,3503 .3485 .3467 .3448 .3429 .3410 .3391 3372 3352
0.6 .3332 3312 3292 3271 .3251 .3230 .3209 3187 .3166 3144
0.7 .3123 .3101 23079 .3056 .3034 .3011 .2989 .2966 .2943 .2920
0.8 .2897 2874 2850 2827 2803 .2780 2756 2732 2709 .2685
0.9 .2661 .2637 2613 .2589 2565 .2541 2516 2492 .2468 2444
1.0 2420 .2396 2371 2347 2323 12299 2275 2251 .2227 ,2203
1.1 2179 2155 2131 2107 .2083 .2059 .2036 2012 .1989 1965
1.2 1942 1919 .1895 1872 .1849 .1826 .1804 .1781 1758 1736
1.3 1714 1691 1669 1647 .1626 1604 1582 .1561 .1539 1518
1.4 .1497 ;1476 1456 .1435 1415 . L1394 1374 1354 1334 1315
1.5 1295 1276 1257 1238 1219 .1200 1182 1163 1145 1127
1.6 1109 1092 1074 1087 .1040 .1023 .1006 .0989 0973 0957
1.7 0940 .0925 0909 0893 0878 .0863 .0848 .0833 0818 L0804
1.8 0790 0775 0761 0748 .0734 .0721 0707 .0694 0681 0669
1.9 0656 .0644 0632 0620 .0608 .0596 0584 0573 0562 .0551
2,0 0540 .0529 0519 0508 .0498 .0488 0478 .0468 0459 0449
2.1 0440 .0431 0422 0413 .0404 .0396 0387 .0379 0371 .0363
22 0355 .0347 0339 0332 0325 0317 0310 .0303 0297 .0290
2.3 .0283 .0277 0270 0264 .0258 .0252 0246 .0241 0235 .0229
2.4 0224 .0219 0213 0208 .0203 .0198 0194 .0189 0184 0180
2.5 0175 .0171 0167 0163 0158 0154 0151 .0147 0143 .0139
2.6 0136 .0132 0129 0126 0122 0119 0116 0113 0110 .0107
2.7 0104 .0101 0099 0096 .0093 .0091 .0088 .0086 .0084 L0081
2.8 0079 0077 .0075 0073 .0071 .0069 0067 L0065 .0063 0061
2.9 0060 .0058 0056 0055 .0053 .0051 L0050 .0048 0047 0046
3.0 0044 .0043 0042 0040 .0039 .0038 .0037 .0036 0035 0034
3.1 0033 .0032 .0031 0030 .0029 .0028 0027 .0026 0025 0025
3.2 0024 .0023 .0022 .0022 .0021 .0020 0020 .0019 20018 0018
3.3 0017 .0017 .0016 0016 .0015 0015 0014 .0014 .0013 0013
3.4 0012 .0012 .0012 0011 0011 .0010 0010 .0010 0009 0009
3.5 0009 .0008 .0008 0008 .0008 .0007 0007 .0007 .0007 L0006
3.6 .0006 .0006 .0006 .0005 .0005 0005 .0005 .0005 20005 0004
3.7 .0004 .0004 .0004 .0004 .0004 .0004 0003 .0003 0003 .0003
3.8 0003 .0003 .0003 0003 .0003 0002 0002 .0002 .0002 0002
3.9 ,0002 .0002 .0002 .0002 .0002 .0002 0002 .0002 .0001 0001
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Appendix 1

Percentile Values (1)
for
Student’s t Distribution
with v Degrees of Freedom
(shaded area = p)

v 1995 Ly9 975 Lys {90 .80 115 L0 L oo lss
1 63.66 31.82 12.71 6.31 3.08 1.376 1.000 727 325 158
2 9.92 6.96 4.30 2.92 1.89 1.061 816 617 .289 142
3 5.84 4,54 ‘3.8 2.35 1.64 978 .765 584 277 137
4 4.60 3.75 2.78 2.13 1.53 941 741 569 271 134
5 4.03 3.36 2.57 2.02 1.48 920 727 .559 267 132
6 3.71 3.14 2.45 1.94 1.44 906 718 .553 265 131
7 3.50 3.00 2.36 1.90 1.42 .896 711 .549 263 .130
8 3.36 2.90 2.31 1.86 1.40 889 .706 .546 262 130
9 3.25 2.82 2.26 1.83 1.38 .883 .703 .543 261 129
10 3.17 2.76 2.23 1.81 1.37 879 - 700 542 .260 129
I 3.1 2,72 2.20 1.80 1.36 876 .697 .540 260 129
12 3.06 2.68 2.18 1.78 1.36 873 .695 539 259 S 128
13 3.01 2.65 2.16 1.77 1.35 870 694 .538 259 .128
14 2.98 2.62 2,14 1.76 1.34 .868 692 .537 258 128
15 2.95 2.60 2.13 1.75 1.34 .866 691 .536 .258 .128
16 2.92 2.58 2.12 1.75 1.34 .865 690 .535 .258 .128
17 2.90 2.57 2.11 1.74 1.33 .863 689 .534 257 128
18 2.88 2.55 2.10 1.73 1.33 .862 .688 .534 257 127
19 2.86 2.54 2.09 1.73 1.33 .861 .6G88 .533 257 127
20 2.84 2.53 2.09 1.72 1.32 .860 687 .533 257 127
21 2.83 2.52 2.08 1.72 1.32 859 .686 532 257 127
22 2.82 2.51 2.07 1.72 1.32 .858 .686 532 256 127
23 2.81 2.50 2.07 1.71 1.32 .858 .685 .532 256 127
24 2.80 2.49 2.06 1.71 1.32 .857 .G85 .531 256 127
25 2.79 2.4.8 2.06 1.71 1.32 .856 .684 .531 256 127
26 2.78 2.48 2.06 1.71 1.32 .856 .684 .531 256 127
27 2.77 2.47 2.05 1.70 1.31 855 .684 .531 256 127
28 2.76 2.47 2.05 1.70 1.31 855 .683 .530 256 127
29 2.76 2.46 2.04 1.70 1.31 854 .683 .530 256 127
30 2.75 2.46 2.04 t.70 1.31 .854 .683 .530 256 127
40 2.70 2.42 2.02 1.68 1.30 .851 .681 529 255 126
60 2.66 2.39 2.00 1.67 1.30 .848 679 .527 254 126
120 2.62 2.36 1.98 1.66 1.29 .845 677 .526 254 126
oo 2.58 2.33 1.96 1.645 1.28 842 674 .524 253 .126

Source: R. A. Fisher and F. Yates, Statistical Tables for Biological, Agricultural and Medical Research (5th edition), Table I1I,
Oliver and Boyd Ltd., Edinburgh, by permission of the authors and publishers.
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Appendix IV

Percentile Values (y3)
for
the Chi-Square Distribution
with v Degrees of Freedom

2
(shaded area = p) *p
v X:"t)os X'."gg X..zn'.vs 'X.zos X..’i)o X?vs X.250 X.zzs X,zm X.205 Xi)zs X.20| X.2005
1 7.88 6.63 5.02 3.84 2.71 1.32 455 .102 .0158 .0039 0010 .0002 .0000
2 10.6 9.21 7.38 5.99 4.61 2.77 1.39 .575 211 .103 0506 0201 0100
3 12.8 1.3 9.35 7.81 6.25 4,11 2.37 1.21 .584 352 216 A18 .072
4 14.9 13.3 11.1 9.49 7.78 5.39 3.36 1.92 1.06 11 484 297 .207
5 16.7 15.1 12.8 11.1 9.24 6.63 4.35 2.67 1.61 1.15 831 .554 412
6 18.5 16.8 14.4 12.6 10.6 7.84 5.35 3.45 2.20 1.64 1.24 872 676
i 20.3 18.5 16.0 14.1 12.0 9.04 6.35 4.25 2.83 217 1.69 1.24 989
3 22.0 20.1 17.5 15.5 13.4 10.2 7.34 5.07 3.49 2.73 2.18 1.65 1.34
9 23.6 21.7 19.0 16.9 14.7 11.4 8.34 5.90 4.17 3.33 2,70 2.09 1.73
10 25.2 23.2 20.5 18.3 16.0 12.5 9.34 6.74 4.87 3.94 3.25 2.56 2.16
11 26.8 24.7 21.9 19.7 17.3 13.7 10.3 7.58 5.58 4.57 3.82 3.05 2.60
12 28.3 26.2 23.3 21.0 18.5 14.8 11.3 8.44 6.30 5.23 4.40 3.57 3.07
13 29.8 27.7 24.7 22.4 19.8 16.0 12.3 9.30 7.04 5.89 5.01 4.11 3.57
14 31.3 29.1 26.1 23.7 211 17.1 13.3 10.2 7.79 6.57 5.63 4.66 4.07
15 32.8 30.6 27.5 25.0 22.3 18.2 14.3 11.0 8.55 7.26 6.26 5.23 4.60
16 34.3 32.0 28.8 26.3 23.5 19.4 15.3 11.9 9.31 7.96 6.91 5.81 5.14
17 35.7 334 30.2 27.6 24.8 20.5 16.3 12.8 10.1 8.67 7.56 6.41 5.70
18 37.2 34.8 3L.5 28.9 26.0 21.6 17.3 13.7 10.9 9.39 8.23 7.01 6.26
19 38.6 36.2 329 30.1 27.2 22.7 18.3 14.6 11.7 10.1 8.91 7.63 6.84
20 40.0 37.6 34.2 314 28.4 23.8 19.3 155 12.4 10.9 9.59 8.26 7.43
21 41.4 38.9 35.5 32.7 29.6 249 20.3 16.3 13.2 11.6 10.3 8.90 8.03
22 42.8 403 36.8 33.9 30.8 26.0 21.3 17.2 14.0 12.3 11.0 9.54 8.64
23 44.2 41.6 38.1 35.2 32.0 27.1 22.3 18.1 14.8 13.1 11.7 10.2 9.26
24 456 43.0 39.4 36.4 33.2 28.2 233 19.0 15.7 13.8 12.4 10.9 9.89
25 46.9 44.3 40.6 37.7 34.4 29.3 24.3 19.9 16.5 14.6 13.1 11.5 10.5
26 48.3 45.6 41.9 38.9 35.6 30.4 253 20.8 17.3 15.4 13.8 12.2 11.2
27 49.6 47.0 43.2 40.1 36.7 31.5 26.3 21.7 18.1 16.2 14.6 12.9 11.8
28 51.0 48,3 . 44.5 41.3 37.9 32.6 27.3 227 18.9 16.9 153 13.6 12.5
29 523 49.6 45.7 42.6 39.1 33.7 28.3 23.6 19.8 17.7 16.0 14.3 13.1
30 53.7 50.9 47.0 43.8 40.3 34.8 293 24.5 20.6 18.5 16.8 15.0 13.8
40 66.8 63.7 59.3 55.8 51.8 46.06 39.3 33.7 29.1 26.5 24.4 22.2 20.7
50 79.5 76.2 71.4 67.5 63.2 56.3 49.3 429 37.7 34.8 324 29.7 28.0
60 92.0 88.4 83.3 79.1 T4.4 67.0 59.3 52.3 46.5 43.2 40.5 37.5 35.5
70 | 104.2 100.4 95.0 90.5 85.5 77.6 69.3 61.7 55.3 51.7 48.8 45.4 43.3
80 | 1163 112.3 1066 101.9 96.6 88.1 79.3 71.1 64.3 60.4 57.2 53.5 51.2
90 | 128.3 124.1 118.1 113.1  107.6 98.6 89.3 80.6 73.3 69.1 65.6 618 59.2
00 | 140,2 1358 1296 1243 118.5 109.1 99.3 90.1 82.4 77.9 74.2 70.1 67.3

Source: Catherine M, Thompson, Table of percentage points of the x? distribution, Biometrika, Vol. 32 (1941), by permission of the
author and publisher.
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