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This course is an introduction tcStatistical Methods for Data Collection,
Analysis and Validation and it aims to provide you to carry out
compilation, statistical analysis, data interpretation of simple data aets an
exposure to use commonly available computer software packagHse
development of such packages has made it much easier for everyone to apply

statistics to their observations of the world.

This workbook contains a set of exercises. Most of the exercises will be based
on calculations that can be done without the aid of a computer, the answers to

these problems will be discussed in the tutorial sessions.

After attending this course, we hopleat the participants will be able to:

» do some basic statistical analysis of data.

» have the confidence to apply the techniques studied and perhaps slightly

more advanced techniques.
S.K, Neogy

January 19, 2021 Professor & Course Coordinator



EXERCISE 1

Vehicles of different types were moving on the Prithviraj Road of Delhi, primarily
two wheelers, cars and buses. Emissions of the two wheelers, cars and buses
were examined for particulate matter,,Sd CO. About 20 vehicles of each type

was checked. Design a check sheet for collecting data.



| EXERCISE 2 |

Surface Water contamination is a serious issuanienate the possible causes for

this contamination through a Cause and Effect Riagr



N EXERCISE 3 m

Methyl tertiary Butyl Ether (MTBE) is a chemicadrmpound mixed with gasoline
for proper combustion, and is highly soluble inevatt is carcinogenic in nature.
Surface water generally has MTBE dissolved in ihioh makes it unfit for
drinking purposes. Kolkata has lots of ponds, presef MTBE is a major hazard.
Data are collected from 40 ponds for the quarmtityITBE in these ponds in parts
per billion (ppb) units.

38 68 50 32 44 25 49 S7
46 48 40 47 36 48 52 44
68 26 38 76 63 19 54 65
46 73 42 47 35 53 40 35
61 45 35 42 50 56 45 28

» Construct a frequency distribution
* Draw the Histogram
« Compute Mean, Median, Quartiles and Interquaréirege.

 Compute Standard Deviation, Variance and CoefftadnVariation.



“ Worksheet for Exercise 3 “

Class Tally Frequency Mid
Interval | Mark point
Mean= — =

40

Median : (i) Arrange data in increasing order




Median =

First Quartile =

Third Quartile =

InterQuartile Range = Q. =

Standard deviation =

Coefficient of Variation =






=

Assume the same situation and reconsider tharm&eercise 3 in samples of size 2

as follows:
Sample| 1 2 Mean Sample 1 2 Mean
No. No.
1 38 46 11 44 36
2 68 46 12 63 35
3 61 68 13 50 25
4 48 26 14 48 19
5 73 45 15 53 56
6 50 40 16 49 52
7 38 42 17 54 40
8 35 32 18 45 57
9 47 76 19 44 65
10 47 42 20 35 28

1) Calculate mean for each sample and overall meaf tife twenty sample means.

2) Make a frequency distribution of the sample means.

3) Calculate the Standard deviation and variance tfese 20 sample means and
compare with the corresponding values obtainedaeréise 3.



Worksheet for Exercise 4

Class Tally Frequency Mid

Interval Mark Point

Mean =— =
20

_v)\2
Standard deviation = \/Z(X X) f

n-1
Coefficient of variation =
Your Conclusion regarding frequency distribution, mean and Standard

Deviation




EXERCISE 5

Samples of ambient air from 60 towns was foundaweehmean Carbon Monoxide
concentration as 5 mg /®mwith a standard deviation of 0.40 mdg/for an hour

observation. Calculate
1) % of towns that will have CO concentration morentbe8 mg/m

2) Proportion of towns having CO concentration lessitht.6 mg/m

3) % of towns having CO concentration between 4.4%6dng/ni
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“ Worksheet for Exercise5 “

Solution : X = Concentration of CO in a town

M= o=

(a) Mark the required area

Z value forX=5.8mg /&y z= Xa_ﬂ - /\

Area below Z from table A =

% of towns having concentration of CO over 5.8 mg £

(b) Mark the required area

Z value for X = 4.6 mg fAn z:% =

Area below Z from table A =

% of towns having concentration of CO more thahmg /nt =

(c) % of towns having concentration more than 40l 5.6 mg /rh =

11



EXERCISE 6

1. In an air pollution study the following amounts sdispended benzene soluble
organic matter ( in microgram per cubic meter ) avebtained at an experiment
station for eight different samples of air. 2.28,13.1, 2.0, 2.4, 2.0, 2.1 and 1.2 .

Construct a 99% confidence interval for the cqroesling true mean.

2. You know that water contains pathogens and chemiwhich makes it unfit for
drinking purposes. Ten samples of water are tdik@n different areas and the
number of days after which the samples becomadtusbnoted down counted
before it became turbid. Construct a 95% confidenterval for the turbidity to
appear. Data is as follows :

8, 24, 24, 6, 15, 35, 63, 59, 34, 39 ..

3. The Shelf life of a carbonated beverage is of eder Ten bottles are randomly
selected and tested, and the following results ao&ined. Construct 95%
confidence level for the true mean shelf life.

108 days 135 days

124 163
124 159
106 134

115 139

12



“ Worksheet for Exercise 6 “

1. Confidence interval is given by

Solution :

Sample Mean

Sample Standard Deviation(s) Z;( =

a/2 = and degrees of freeddrh) =

% _ from t — distribution ( Table Bjtv (d.f.) =

Hence the 99% confidence interval for the mean =

2. Confidence interval is given by

- . t, s
X +9a —
+ 5 \/ﬁ
Sample MeanX) =
. Sx-x]
Sample Standard Deviation(s) -
n_

a/2 = and degrees of freeddrh) =

13



t

? = from t— distribution ( Table B)tiv (d.f.) =

Hence the 95% confidence interval for the mean =

3. Confidence interval is given by

X+t >

5 n

Sample Mean (X)) =

- X=X)?
Sample Standard Deviation(s) Z—l =
n_

N R

= and degrees of freedom (d.f.)=

—+
1

N R

fromt — distribution (TableB) with(d.f.) =

Hence the 95% confidence interval for the truefdifel=

14



EXERCISE 7 ‘“

Nine determinations were made by technician of MMath the following results

in ppb.
26, 27, 26, 25, 26, 27, 26, 25

Test at 5% level of significance the hypothesig tha results are consistent with

the published value of 20 ppb of MTBE permissibleBritish Columbia.

15



“ Worksheet for Exercise 7 “

Solution ;

Ho : (K= ) vs 1Hp= )

Sample MeanX) = and sample Standard Dewns(g) =
X—H _

t=——— =
S
Jn
Fora = , value from t — distribution tal=

.with degrees of freedom =

Your Decision : Reject or AcceptoH

Your Conclusion ;

16



EXERCISE 8

Benzene is a compound found in water samples @frudneas. Four chemists are
asked to determine the percentage of Benzene irerwsamples in three

determinations and results are shown below :

Chemist Percentage of Benzene
1 84.99 84.04 84.38
2 85.15 85.13 84.88
3 84.72 84.48 85.16
4 84.20 84.10 84.55

(a) Do chemists differ significantly ? Use = 0.05

3. Obtain an estimate of repeatability and reprodlitybrariability.

4. Calculate repeatability and reproducibility limits

17



‘ Worksheet for Exercise 8 “

1. Find total for each chemist and grand total (G)
Ci= & £= L=

And G=G+G+G+C =

2
2. Correction Factor C.F. = G =
3 x4
3.Total Sum of Squares (TSS) = (8409)(8.40F + ........... + (84.55) - C.F.

4. Sum of Squares due to chemists (SSCy=€G? + G?> + G?> - C.F.

5.Sum of Squares due to within error ( repeatghilBSE = TSS — SSC =

6. Breakup of Degrees of freedom. Degrees of freefdo
@) TSS =
(i) SSC=
(i) SSE=

18



ANOVA

Source d.f Sum of Mean Square
Square

Chemist

Error

Total

At a =5%, F value from table with d.f. ( :

Your Conclusion

Estimate of repeatability =

Estimate of chemist to chemist variability =

Precision =

19




“ EXERCISE9 “

For measurement of concentration of lead in wateistandard solution with
concentration of 1.00 mg/litre was prepared antetefor homogeneity. Stability
test was done on 10 samples at the end of 45 dilyshe following concentration

values.

Concentration of lead (mg/litre):

1.01, 1.01, 0.99 1.00, 0.99, 1.02, 1.0101.099, 1.00

Test for the stability of the test material.

20



‘ Worksheet for Exercise9 “

Solution :
Ho :(p = ) vs 1H = )
Sample MeanX) = and Sample Standard Dewiafs) =
t :_; =
S
n
Fora = , value from t — distributitable =

With degrees of freedom =

Your Decision : Accept or RejectyH

Your Conclusion :

21



EXERCISE 10

The following data relate to the development of remdensation polymer. The
characteristic is Basic NHin 10° units. 11 samples were considered for

homogeneity of the batch. Each sample was analysed times . The results are
given below :

Sample No.| Replicate 1 Replicate |2 Replicateé 3 ITota
A 64 70 63
B 67 67 72
C 60 68 67
D 60 63 59
E 56 60 56
F 51 53 55
G 57 58 62
H 56 57 59
I 59 58 59
J 53 58 55
K 56 63 60

Test for the homogeneity of test material in thielha

22



WORKSHEET FOR EXERCISE 10

Solution :

1. Find total for each sample

A = B = C =
2. and grand total G = Sum of all reading =
3. Find correction factor =

4. Total sum of squares (TSS) =
(64F + (70% + ......... + (60 - CF =

5. Sum of square between samples (SSB)

. Sh o+ SE+.....HS, _CF

1. Sum of squares for error (repeatability)

= TSS-SSB =

23



WORKSHEET FOR EXERCISE 10

ANALYSIS OF VARIANCE TABLE

Source Degree of Sum of Mean Square F. Ratio
Freedom Squares
Samples
Error
Total

Mean Square = Sum of Squares / Degrees of freedom
Degrees of Freedom for samples = No. of samples —
Degrees of Freedom for Total = Total No. of Obatons — 1.
Degrees of Freedom of Error

= No. of Samples * (No. of replicates — 1) =

F (permissible) is read from F table, for samplegrdes of freedom as; ldnd
Error Degrees of Freedom as N

24



EXERCISE 11

A Chemist wanted to study the effect of four cheatson different types of air
collected from different regions of the country eTAir Quality index was

measured after the application of the chemicale déta relate to the experimental
results :

Chemical | Airtypel | Airtype2 | Airtype 3| Airtype 4| Airtypb
Agent

A 73 68 74 71 67
B 73 67 75 12 70
C 75 68 78 73 68
D 73 71 75 75 69

Analyze the data suitability & find out whether atieal agents are different and

air type are different ?

25



Worksheet for Exercise 11

Solution:

1. Find the total for each chemical agent and air type
A= ,B= , C= , D

A= , A= , A= , A= , A
2. Grand Total (G) = Sum of all readings =
3. Correction Factor (C.F.) =

4. Total Sum of Squares (TSS) = (73)(68f + ....... + (69% - C.F.

5. Sum of Squares between Agents (SSA)

A2+BZ+ 2+D2
= 5C -CF =

6. Sum of Squares between air type (SSAT)

AL+ A+ A+ AL+ A CFE =
4 T

7. Sum of Squares for error (SSE) = TSS —SSA — SSAT =

26



“ Worksheet for Exercise 11 “

ANALYSIS OF VARIANCE TABLE

Source Degrees of | Sum of Mean Sum of F Ratio

freedom Squares Squares

Chemical
Agent

Air Type

Error

Total

Mean Sum of Square = Sum of Squares/ Degreeseaifdra
Degrees of freedom for agents = Total no. of agyeht=
Degrees of Freedom for air type = Total no. otygae — 1=
Degrees of freedom for total = Total no. of iegd — 1 =

Degrees of freedom for error = D.f. for total —.Ddr agents — D.f. for air type

F ( permissible) is read from F table.

27



EXERCISE 12

Exercise on Analysis of AQI data :
As a part of calculating the AQI index , 25 saespbf ambient air were sent to

labs along with instruction to test the ozone emi@tion.

Sample Code No| Ozone ConcentrationAQI Index (Y)
(X)
1 51 54
2 47 47
3 26 38
4 56 57
5 10 46
6 38 48
7 18 38
8 66 47
9 60 58
10 36 38
11 43 43
12 40 44
13 51 61
14 66 47
15 18 24
16 45 51
17 38 48
18 37 47
19 44 42
20 50 51
21 47 41
22 41 43
23 37 47
24 56 58
25 61 66

Try to establish a relationship between ozone cunagon and AQI index by

fitting a model.

28



“ Wor ksheet for Exercise 12 “

2X = Y = >X2= YY2=

ZXY = n=

Model : Y = A+ BX
Normal equations are :
2Y=nA+BXX=

XY = AXX + BXX? =

Solve the above two equations to get values afidAE

ANOVA
Source Degrees of | Sum of Mean Square F ratio
freedom Squares
Due to 1
regression
Error 23

Total 24

29




“ EXERCISE 13 “

In a particular town two samples of ambient airtested every hour for 20

consecutive hours AQI calculated for the samptegaven below s :

Area Code Test Valus
Number 1 2 X R
1 21 20
2 24 23
3 20 21
4 19 27
5 23 18
6 22 21
7 19 21
8 24 17
9 25 23
1C 21 23
11 18 20
12 23 19
13 24 25
14 29 24
15 26 30
16 20 26
17 19 20
18 25 21
19 19 26
20 27 19

1. Calculate the control limits foX - R charts
2. Draw the control charts

3. Interpret the control charts and identify the arti

30



Worksheet for Exercise 13 m

Overall average? = 20 = andR = 50 ©

Control Limits R — Chart

Upper Control Limit (UCL) =D R =
Center Line =R =
Lower Control Limit (LCL) =@ R =

Control Limits for X chart

Upper Control Limit (UCL) =X +A; R =

Center Line :7 =

Lower Control Limit = X -A, R =

31



EXERCISE 14

Samples of water were collected from differentpaf Delhi. They were tested
for presence of pathogens by taking a drop of watem slide and the no. of
pathogen present in the drop was counted. Checkheththe counts of pathogen

presence was influenced by some external reasoasyi area or not. Data is as

follows :

Delhi Count of
Area pathogen
code in a drop
number | (c)

1 5
2 7
3 8
4 4
5 0
6 2
7 4
8 0
9 6
10 9
11 1
12 2
13 4
14 5
15 9

32



“ Worksheet for Exercise 14 “
c- XS _
15

Center line =C =

Upper Control Limits (UCL) = C +3+/C

Lower Control Limits (LCL) ==C - 3+/C

33



“ EXERCISE 15 “

Water samples from different parts of the countaswollected. 10 samples were
collected from each of 20 states. In these tempsss some were found unfit for
drinking. Identify the states which reported abmally high unfit drinking water
quality.

State cod Sample siz No. of unfit

samples
1 10 3
2 10 4
3 10 2
4 10 1
5 10 5
6 10 7
7 10 9
8 10 4
9 10 1
1C 10 2
11 10 6
12 10 7
13 10 0
14 10 4
15 10 7
16 10 5
17 10 1
18 10 2
19 10 4
20 10 5
Total

34



m Worksheet for Exercise 15 m

Proportion of unfit drinking samples
= Total no. of samples of unfit drinking water= p =
10 x 20

Centerline=np = 10p =

Upper Control Limit (UCL) = np +3,np(1-p)

Lower Control Limit (LCL) = np -3/np{1-p)

Your Comments:

35



“ EXERCISE 16 “

With the same data as given above check whetkguroportion of unfit water is

alarmingly high in any state or not.

State code | Sample size | No. of unfit Proportion of

(n) samples (D) unfit sample
(D/n)=p
1 10 3
2 10 4
3 10 2
4 10 1
5 10 5
6 10 7
7 10 9
8 10 4
9 10 1
10 10 2
11 10 6
12 10 7
13 10 0
14 10 4
15 10 7
16 10 5
17 10 1
18 10 2
19 10 4
20 10 5
Total

36



“ Worksheet for Exercise 16 “

Proportion of unfit drinking sample
= Total no. of proportion of unfit drinking weat = p
20

2P
20

Center line= p =

Upper Control Limit (UCL) =p+3 pii-p

Lower Control Limit (LCL) = p-3 P

Your Comments:

37
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STATISTICAL TABLES
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TABLE A

AREASUNDER THE STANDARD NORMAL CURVE

Z

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

-3.4
-3.3
-3.2
-3.1
-3.0

-2.9
-2.8
-2.7
-2.6
-2.5

-2.4
-2.3
-2.2
2.1
-2.0

-1.9
-1.8
-1.7
-1.6
-1.5

-1.4
-1.3
-1.2
-1.1
-1.0

-0.9
-0.8
-0.7
-0.6
-0.5

-0.4
-0.3
-0.2
-0.1
-0.0

0.0003
0.0005
0.0007
0.0010
0.0013

0.0019
0.0026
0.0035
0.0047
0.0062

0.0082
0.0107
0.0139
0.0179
0.0228

0.0287
0.0359
0.0446
0.0548
0.0668

0.0808
0.0968
0.1151
0.1357
0.1587

0.1841
0.2119
0.2420
0.2743
0.3085

0.3446
0.3821
0.4207
0.4602
0.5000

0.0003
0.0005
0.0007
0.0009
0.0013

0.0018
0.0025
0.0034
0.0045
0.0060

0.0080
0.0104
0.0136
0.0174
0.0222

0.0281
0.0352
0.0436
0.0537
0.0655

0.0793
0.0951
0.1131
0.1335
0.1562

0.1814
0.2090
0.2389
0.2709
0.3050

0.3409
0.3783
0.4168
0.4562
0.4960

0.0003
0.0005
0.0006
0.0009
0.0013

0.0017
0.0024
0.0033
0.0044
0.0059

0.0078
0.0102
0.0132
0.0170
0.0217

0.0274
0.0344
0.0427
0.0526
0.0643

0.0778
0.0934
0.1112
0.1314
0.1539

0.1788
0.2061
0.2358
0.2676
0.3015

0.3372
0.3745
0.4129
0.4522
0.4920

0.0003
0.0004
0.0006
0.0009
0.0012

0.0017
0.0023
0.0032
0.0043
0.0057

0.0075
0.0099
0.0129
0.0166
0.0212

0.0268
0.0336
0.0418
0.0516
0.0630

0.0764
0.0918
0.1093
0.1292
0.1515

0.1762
0.2033
0.2327
0.2643
0.2981

0.3336
0.3707
0.4090
0.4483
0.4880

0.0003
0.0004
0.0006
0.0008
0.0012

0.0016
0.0023
0.0031
0.0041
0.0055

0.0073
0.0096
0.0125
0.0162
0.0207

0.0262
0.0329
0.0409
0.0505
0.0618

0.0749
0.0901
0.1075
0.1271
0.1492

0.1736
0.2005
0.2296
0.2611
0.2946

0.3300
0.3669
0.4052
0.4443
0.4840

0.0003
0.0004
0.0006
0.0008
0.0011

0.0016
0.0022
0.0030
0.0040
0.0054

0.0071
0.0094
0.0122
0.0158
0.0202

0.0256
0.0322
0.0401
0.0495
0.0606

0.0735
0.0885
0.1056
0.1251
0.1469

0.1711
0.1977
0.2266
0.2578
0.2912

0.3264
0.3632
0.4013
0.4404
0.4801

0.0003
0.0004
0.0006
0.0008
0.0011

0.0015
0.0021
0.0029
0.0039
0.0052

0.0069
0.0091
0.0119
0.0154
0.0197

0.0250
0.0314
0.0392
0.0485
0.0594

0.0722
0.0869
0.1038
0.1230
0.1446

0.1685
0.1949
0.2236
0.2546
0.2877

0.3228
0.3594
0.3974
0.4364
0.4761

0.0003
0.0004
0.0005
0.0008
0.0011

0.0015
0.0021
0.0028
0.0038
0.0051

0.0068
0.0089
0.0116
0.0150
0.0192

0.0244
0.0307
0.0384
0.0475
0.0582

0.0708
0.0853
0.1020
0.1210
0.1423

0.1660
0.1922
0.2206
0.2514
0.2843

0.3192
0.3557
0.3936
0.4325
0.4721

0.0003
0.0004
0.0005
0.0007
0.0010

0.0014
0.0020
0.0027
0.0037
0.0049

0.0066
0.0087
0.0113
0.0146
0.0188

0.0239
0.0301
0.0375
0.0465
0.0571

0.0694
0.0838
0.1003
0.1190
0.1401

0.1635
0.1894
0.2177
0.2483
0.2810

0.3156
0.3520
0.3897
0.4286
0.4681

0.0002
0.0003
0.0005
0.0007
0.0010

0.0014
0.0019
0.0026
0.0036
0.0048

0.0064
0.0084
0.0110
0.0143
0.0183

0.0233
0.0294
0.0367
0.0455
0.0559

0.0681
0.0823
0.0985
0.1170
0.1379

0.1611
0.1867
0.2148
0.2451
0.2776

0.3121
0.3483
0.3859
0.4217
0.4641
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Table A: continued

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.0
0.1
0.2
0.3
0.4

0.5
0.6
0.7
0.8
0.9

1.0
1.1
1.2
1.3
1.4

1.5
1.6
1.7
1.8
1.9

2.0
2.1
2.2
2.3
2.4

2.5
2.6
2.7
2.8
2.9

3.0
3.1
3.2
3.3
3.4

0.5000
0.5398
0.5793
0.6179
0.6554

0.6915
0.7257
0.7580
0.7881
0.8159

0.8413
0.8643
0.8849
0.9032
0.9192

0.9332
0.9452
0.9554
0.9641
0.9713

0.9772
0.9821
0.9861
0.9893
0.9918

0.9938
0.9953
0.9965
0.9974
0.9981

0.9987
0.9990
0.9993
0.9995
0.9997

0.5010
0.5438
0.5832
0.6217
0.6591

0.6950
0.7291
0.7611
0.7910
0.8186

0.8438
0.8665
0.8869
0.9049
0.9207

0.9345
0.9463
0.9564
0.9649
0.9719

0.9778
0.9826
0.9864
0.9896
0.9920

0.9940
0.9955
0.9966
0.9975
0.9982

0.9987
0.9991
0.9993
0.9995
0.9997

0.5080
0.5478
0.5871
0.6255
0.6628

0.6985
0.7324
0.7642
0.7939
0.8212

0.8461
0.8686
0.8888
0.9066
0.9222

0.9357
0.9474
0.9573
0.9656
0.9726

0.9783
0.9830
0.9868
0.9898
0.9922

0.9941
0.9956
0.9967
0.9976
0.9982

0.9987
0.9991
0.9994
0.9995
0.9997

0.5120
0.5517
0.5910
0.6293
0.6664

0.7019
0.7357
0.7673
0.7967
0.8238

0.8485
0.8708
0.8907
0.9082
0.9236

0.9370
0.9484
0.9582
0.9664
0.9732

0.9788
0.9834
0.9871
0.9901
0.9925

0.9943
0.9957
0.9968
0.9977
0.9981

0.9988
0.9991
0.9994
0.9996
0.9997

0.5160
0.5557
0.5948
0.6331
0.6700

0.7054
0.7389
0.7704
0.7995
0.8264

0.8508
0.8729
0.8925
0.9099
0.9251

0.9382
0.9495
0.9591
0.9671
0.9738

0.9793
0.9839
0.9875
0.9904
0.9927

0.9945
0.9959
0.9969
0.9977
0.9984

0.9988
0.9992
0.9994
0.9996
0.9997

0.5199
0.5596
0.5987
0.6368
0.6736

0.7088
0.7422
0.7734
0.8023
0.8289

0.8531
0.8749
0.8944
0.9115
0.9265

0.9394
0.9505
0.9599
0.9678
0.9744

0.9798
0.9842
0.9878
0.9906
0.9929

0.9946
0.9960
0.9970
0.9978
0.9984

0.9989
0.9992
0.9994
0.9996
0.9997

0.5219
0.5636
0.6026
0.6406
0.6772

0.7123
0.7454
0.7764
0.8051
0.8315

0.8554
0.8770
0.8962
0.9131
0.9278

0.9406
0.9515
0.9608
0.9686
0.9750

0.9803
0.9846
0.9881
0.9909
0.9931

0.9948
0.9961
0.9971
0.9979
0.9985

0.9989
0.9992
0.9994
0.9996
0.9997

0.5279
0.5675
0.6064
0.6443
0.6808

0.7157
0.7486
0.7794
0.8078
0.8340

0.8577
0.8790
0.8980
0.9147
0.9292

0.9418
0.9525
0.9616
0.9693
0.9756

0.9808
0.9850
0.9884
0.9911
0.9932

0.9949
0.9962
0.9972
0.9979
0.9985

0.9989
0.9992
0.9994
0.9996
0.9997

0.5319
0.5714
0.6103
0.6180
0.6844

0.7190
0.7517
0.7823
0.8106
0.8365

0.8599
0.8810
0.8997
0.9162
0.9306

0.9429
0.9535
0.9625
0.9699
0.9761

0.9812
0.9854
0.9887
0.9913
0.9934

0.9951
0.9963
0.9973
0.9980
0.9986

0.9990
0.9993
0.9995
0.9996
0.9997

0.5359
0.5753
0.6141
0.6517
0.6879

0.7224
0.7549
0.7852
0.8133
0.8389

0.8621
0.8830
0.9015
0.9177
0.9319

0.9441
0.9545
0.9633
0.9706
0.9767

0.9817
0.9857
0.9890
0.9916
0.9936

0.9952
0.9964
0.9974
0.9981
0.9986

0.9990
0.9993
0.9995
0.9997
0.9998
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TABLE B t-DISTRIBUTION
Critical Valuesof the t Distribution 4

a
v 0.10 0.05 0.025 0.01 0.005
1 3.078 6.314 12.706 31.821 63.657
2 1.886 2.920 4.303 6.965 9.925
3 1.638 2.353 3.182 4.541 5.841
4 1.533 2.132 2.776 3.747 4.604
5 1.476 2.015 2.571 3.365 4.032
6 1.440 1.943 2447 3.143 3.707
7 1.415 1.895 2.365 2.998 3.499
8 1.397 1.860 2.306 2.896 3.355
9 1.383 1.833 2.262 2.821 3.250
10 1.372 1.812 2.228 2.764 3.169
11 1.363 1.796 2.201 2.718 3.106
12 1.356 1.782 2.179 2.681 3.055
13 1.350 1771 2.160 2.650 3.012
14 1.345 1.761 2.145 2.624 2.977
15 1.341 1.753 2131 2.602 2.947
16 1.337 1.746 2.120 2.583 2.921
17 1.333 1.740 2.110 2.567 2.898
18 1.330 1.734 2.101 2.552 2.878
19 1.328 1.729 2.093 2.539 2.861
20 1.325 1.725 2.086 2.528 2.845
21 1.323 1721 2.080 2.518 2.831
22 1.321 1.717 2.074 2.508 2.819
23 1.319 1.714 2.069 2.500 2.807
24 1.318 1711 2.064 2.492 2.797
25 1.316 1.708 2.060 2.485 2.787
26 1.315 1.706 2.056 2.479 2.779
27 1.314 1.703 2.052 2.473 2.771
28 1.313 1.701 2.048 2.467 2.763
29 1.311 1.699 2.045 2.462 2.756
inf. 1.282 1.645 1.960 2.326 2.576
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Table C : Percentage Points of the F distribution ( F.O5, Vi, V,)

Vilv Degrees of freedom for the numeratog (v

2 1 2 3 4 56 7 8 9 10 12 15 20 2430 40 60 120 0o

1 161.4 199.5 215.7 224.6 230.2 234.0 2363B.2 240.5 241.9 243.9 245.9 248.0 249.12%HB1.1 252.2 253.3 254.3
2 18.51 19.0 19.16 19.25 19.30 19.33 19.3537 19.38 19.4019.41 19.43 19.45 19.436199.47 19.48 19.49 19.50
3 10.13 955 9.28 9.12 9.01 894 8.8385 881 8.79 874 870 8.68.64 862 859 857 855 853
4 771 6.94 659 6.39 6.26 6.16 6.08.04 6.00 596 591 586 5.88.77 575 572 569 566 5.63
5 6.61 579 541 519 505 495 48882 477 474 4.68 4.62 45853 450 446 443 440 4.36
6 599 514 476 453 439 428 42415 410 4.06 4.00 394 38384 381 3.77 3.74 3.70 3.67
7 559 474 435 412 397 3.87 3.79.73 3.68 3.64 357 351 34341 338 3.34 3.30 3.27 3.23
8 532 4.46 4.07 384 369 358 35844 339 335 328 322 31812 3.08 3.04 3.01 297 293
9 512 4.26 3.86 3.63 348 337 3.2923 3.18 3.14 3.07 3.01 29290 286 283 279 275 271
10 496 4.10 3.71 3.48 333 322 3.1307 3.02 298 291 285 27274 270 266 262 258 254
11 484 398 359 336 320 3.09 3.0295 290 285 279 272 263.61 257 253 249 245 240
12 475 3.89 349 326 311 3.00 29285 280 275 269 262 25251 247 243 238 234 230
13 467 3.81 341 3.18 3.03 292 28377 271 267 260 253 24842 238 234 230 225 221
14 460 3.74 334 311 296 285 2.78.70 265 260 253 246 23935 231 227 222 218 213
15 454 3.68 329 3.06 290 279 27264 259 254 248 240 23329 225 220 216 211 207
16 449 3.63 324 3.01 285 274 2.6B59 254 249 242 235 22824 219 215 211 206 201
17 445 359 320 296 281 270 2.6255 249 245 238 231 22319 215 210 2.06 2.01 1.96
18 441 355 3.16 293 277 266 25851 246 241 234 227 21915 211 206 202 197 192
19 438 352 313 290 274 263 25248 242 238 231 233 21811 207 203 1.98 193 1.88
20 435 349 310 287 271 260 25245 239 235 228 220 21208 204 199 195 190 1.84
21 432 347 3.07 284 268 257 24842 237 232 225 218 21005 201 196 192 187 1.81
22 430 344 3.05 2.82 266 255 24840 234 230 223 215 2.03 198 194 189 1.84 1.78
23 428 342 3.03 280 264 253 24237 232 227 220 213 2091 196 191 186 1.81 1.76
24 426 340 3.01 278 262 251 24236 230 225 218 211 2038 194 189 184 179 1.73
25 424 339 299 276 260 249 24R34 228 224 216 2.09 206 192 187 182 177 171
26 423 3.37 298 274 259 247 23832 227 222 215 207 19995 190 185 180 1.75 1.69
27 421 335 296 2.73 257 246 23231 225 220 213 206 1.9/93 188 184 179 1.73 1.67
28 420 3.34 295 271 256 245 2329 2.24 219 212 204 1991 187 182 177 171 1.65
29 418 3.33 293 270 255 243 23828 222 218 210 2.03 1.9 185 181 175 1.70 1.64
30 417 3.32 292 269 253 242 23327 221 216 209 201 19389 184 179 174 168 1.62
40 408 3.23 284 261 245 234 22818 212 208 200 192 18479 174 169 164 158 1.51
60 400 3.15 276 253 237 22572210 204 199 192 184 17570 165 159 153 147 1.39
120 | 3.92 3.07 268 245 229 217 92.2.02 196 191 183 175 16661 155 155 143 135 1.25
00 | 384 3.00 260 237 221 210124094 188 183 1.75 167 15152 146 139 132 122 1.00
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Table D : Percentage of Points of the F Distribution (F.lo,vl,vz)

1 2 3 4 56 7 8 9 10 12 15 20 24 30 4B0 120 ©00

39.86 49.50 53.59 55.83 57.24 58.20 58.9445%9.86 60.19 60.71 61.22 61.74 62.0R652.53 62.79 63.06 63.33
853 9.00 9.6 924 929 93359337 938 939 941 942 9845 946 947 947 948 9.49
554 546 539 534 531 528 75525 524 523 522 520 5818 517 516 515 514 5.13
454 432 419 411 405 401 83895 3.94 392 3.90 3.87 3.8183 3.82 380 3.79 378 3.76
406 378 362 352 345 3.40 73.3.34 332 330 3.27 324 3.A19 3.17 316 3.14 312 3.10
3.78 346 3.29 318 3.11 305 13.298 296 294 290 287 2.8482 2.80 278 276 274 272
359 326 3.07 296 288 28382275 272 270 2.67 263 25058 256 254 251 249 247
346 3.11 292 281 273 267 228259 256 254 250 246 24240 238 236 234 232 2.29
336 3.01 281 269 261 25512247 244 242 238 234 23028 225 223 221 218 2.16
329 292 273 261 252 2464P.238 235 232 228 224 22018 216 213 211 208 206
323 2.86 2.66 254 245 239 42230 227 225 221 217 2210 208 205 203 200 197
318 281 2.61 248 239 23382224 221 219 215 210 2@®4 201 199 196 193 1.90
314 276 256 243 235 22832220 216 214 210 205 20088 196 193 1.90 1.88 1.85
310 273 252 239 231 12492215 212 210 205 201 1904 191 189 186 183 1.80
307 270 249 236 227 22162212 209 206 202 197 190 187 185 1.82 179 1.76
3.67 267 246 233 224 218 32.2.09 206 203 199 194 1887 184 181 1.78 175 1.72
303 264 244 231 222 21502206 203 2.00 1.96 191 1884 181 178 1.75 172 1.69
301 262 242 229 220 213 82204 200 1.98 193 189 1881 178 175 1.72 169 1.66
299 261 240 227 218 21162202 198 1.96 191 186 1879 176 173 1.70 167 1.63
297 259 238 225 216 209 42200 1.96 1.94 1.89 184 1I¥7 174 171 1.68 164 1.61
296 257 236 223 214 20822a.98 195 192 187 183 17875 172 169 1.66 162 1.59
295 256 235 222 213 206 124.97 193 1.90 1.86 181 17673 170 167 1.64 160 1.57
294 255 234 221 211 205 19995 192 1.89 184 1.80 17472 1.69 166 1.62 159 1.55
293 254 233 219 210 20481.9.94 191 1.8 183 178 1130 167 164 161 157 1.53
292 253 232 218 209 202 71.9.93 189 1.87 182 177 1159 166 163 159 156 1.52
291 252 231 217 208 20161992 188 1.8 181 176 1168 165 161 158 154 1.50
290 251 230 217 207 200519491 187 185 1.80 175 1I67 1.64 160 157 1.53 1.49
2.89 250 229 216 206 20041990 187 184 179 174 16%6 163 159 156 152 1.48
2.89 250 2.28 215 206 199 31.9.89 186 183 1.78 173 1.6865 1.62 158 155 151 1.47
2.88 249 228 214 203 19831.94.88 185 1.82 177 172 7.664 161 157 154 150 1.46
2.84 244 223 209 200 193718.83 179 176 171 166 16157 154 151 147 142 1.38
279 239 218 204 195 18721877 174 171 166 160 1.5451 148 144 140 1.35 1.29
275 235 213 199 1.90 182 71.71.72 168 165 1.60 155 14845 141 137 132 1.26 1.19
271 230 208 194 185 177 21.71.67 163 160 155 149 14238 134 130 1.24 1.17 1.00
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TableE : Statistical Constantsfor X and R Control Charts

n Ar Ds D4 dz

2 1.880 0 3.268 1.128
3 1.023 0 2.574 1.693
4 0.729 0 2.282 2.059
5 0.577 0 2114 2.326
6 0.483 0 2.004 2.534
7 0.419 0.076 1.924 2.704
8 0.373 0.136 1.864 2.847
9 0.337 0.184 1.816 2.970
10 0.308 0.223 1.777 3.078
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