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To find 5  
  Put N = 5  also x = 5   lies between 2 and 3 
Let 20 =x   

   

2361.2
2

5
22

1

2361.2
1

5
12

1

25.2
0

5
02

1
1

2
1

1

3

2

=











+=

=











+=

=











+=












+=+

x
xx

x
xx

x
xx

nx
N

nxnx

 

Here 2361.232 == xx  
 
  6. Solve by Gauss Jordan method 
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Ans :    

    [A, B] = 
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Here x = 2 , y = -1 , z = 3
 

7. Find the parabola of the form  cbxaxy ++= 2 passing through the points (0, 0) , (1, 1) 
and (2, 20). 
Ans :  
We use Lagrange’s interpolation formula 
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8. 
Show that 

abcda
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∆  

Ans :    Out of syllabus 
9. Using Taylor series method, find y (1.1) correct to four decimal places give 3/1' xyy =

and y(1) = 1 
Ans : 
   Given        1.0,,1
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To find y(1.1)  :  
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10. Write down the finite difference for the following second order ODE with h = 1/n , 
xyy +='' , y(0) = y(1) = 0. 

Ans :   
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  PART  - B  (5 x 15 = 60) 
11
. 

a(i) Two sample polls of votes for two candidates  A and B for a public office are 
taken one from among residents of rural areas. The results are given below. 
Examine whether the nature of the area is related to voting preference in this 
election.    

Area/votes for A B Total 
Rural 620 380 1000 
Urban 550 450 1000 
Total 1170 830 2000 

Ans :    
      The parameter of interest is 2ψ  

   
dependent:1.2

electiion in the prefernce  voitingoft independen is area nature The:0.1

H

H
 

( )

415
2000

)(830)(1000 =450

585
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0)(1170)(100 =550
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)(830)(1000 =380

585
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0)(1170)(100 = 620 frequency  Expected

totalGrand
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O  E  EO −  2)( EO −  EEO /)( 2−  

620 585 35 1225 2 

380 415 -35 1225 3 

550 585 -35 1225 2 

450 415 35 1225 3 

    10 

 6. Conclusion :        If   cal 2ψ   <   table 2ψ  
                         Then we accept 0

H   , here  10  >   5.5991                

  
(ii) 

 
 Fit a Poisson distribution to the following data and test the goodness of fit. 

X 0 1 2 3 4 5 6 
F(x) 275 72 30 7 5 2 1 

Ans : 
1. The parameter of interest is λ  
2. 0H  : Poisson fit is a good fit. 

3. 1H  : Poisson fit is a not good fit 
4. 32117..05.0 =−−−== fdα  

5. ( )
∑

−= E
EO 22isstatistictestThe ψ  

6. Reject 0H
 
if  2ψ   >    7.82 

7. Computation : 

     Mean of the distribution  =  48.0
392
189

==
∑

∑

if
ixif

 

ix  if  ixif  

0 275 0 
1 72 72 
2 30 60 
3 7 21 
4 5 20 
5 2 10 
6 1 6 
 N = 392 189 

 
 To fit a Poisson distribution we require ‘m’ parameter 48.0== xm  . By 
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Poisson distribution the frequency of  r  successes is 
 
Hence the frequency table is  

X 0 1 2 3 4 5 6 Total 

Observed 
Frequency 

275 72 30 7 5 2 1 392 

Expected 
frequency 

243 116 28 4 1 0 0 392 

Since the Four frequencies are small , so we pull then together. 
O  E  EO −  2)( EO −  EEO /)( 2−  

275     243 32 1024 4.21 

72 116 -44 1936 16.69 

     30 28 2 4 0.14 

15        5 10 100 20.00 

    41.04 

Conclusion :  

    Since 2ψ = 41.04  >  7.82 so we reject 0H  at 5 % level of significance. 

 b(i) Sandal power is packed into packets by a machine. A random sample of 12 
packets is drawn and their weight are found to be (in kg) 0.49 , 0.48 , 0.47 , 0.48 , 
0.49, 0.50 , 0.51, 0.49, 0.48, 0.50, 0.51 and 0.48 . Test if the average weight of the 
packing can be taken as 0.5 kg at 5 % level of significance. 
Ans :   
         5.012 == µnGiven  

X 0.49 0.48 0.47 0.48 0.49 0.50 0.51 0.49 0.48 
 

X2 
 

0.492 
 

0.482 
 

0.472 
 

0.482 
 

0.492 
 

0.502 
 

0.512 
 

0.492 
 

0.482 

 
0.50 0.51 0.48 Total = 5.88 
0.502 0.512 0.482  2.883 

111121.,%5.3

][5.0:1.2
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012.000015.02)49.0(
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22

49.0
12
88.5

=−=−==

≠

=

=⇒=−=−∑=

==∑=

nfd

testtailedTwoH

H

sx
n
xs

n
xx

α

µ

µ  

4. critical region 
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                      201.2
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5. The test statistic 76.2
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6. Conclusion  :   If  
22
αα ttt <<− we accept 0H     ,      otherwise we reject 0H  

    Here - 2.201≮ -2.76 <  2. 201    

         ∴  we reject 0H  at  5% level of significance. 

    
(ii) 

A group of 10 rats fed on diet A and another group of 8 rats fed on diet B 
recorded the following increase in weight  

Diet A 5 6 8 1 12 4 3 9 6 10 

Diet B 2 3 6 8 10 1 2 3   

Show that the estimates of the population variance from the samples are not 
significantly different. 

Ans  : 
      Given 1

n = 10    ,  2
n = 8  

 
 
 

Sampl
e I 

 
 

1
x  

 
 
5 

 
 
6 

 
 
8 

 
 
1 

 
 

12 

 
 
4 

 
 
3 

 
 
9 

 
 
6 

 
 

10 

Total 
 

64 

2
1

x  
52 62 82 12 122 42 32 92 62 102 512 

 
Sampl

e II 
2

x  2 3 6 8 10 1 2 8   400 

2
2

x  
22 32 62 82 102 12 22 82   282 
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6.Conclusion : 

          If  Cal  F  <  table F , then we accept 0H   ;   otherwise we reject 0H  

Here , F  = 1.02958  <  3.29  , we accept 0H at 5 % level of significance. 

    We conclude that the two samples have come from populations with equal 
variances. 

12 a(i) Using  the 22 factorial design, draw the graphical presentation of the following 
table and the difference in mean without replication term and calculate 

)(,)( 0.01.001 YYYY −− . Discuss when PH = 2 and  3. 
 Temp. PH Rep 1 Rep 2 Total 
1 300 2 10 14 24 
a 350 3 21 19 40 
b 300 3 17 15 32 
ab 350 3 20 24 44 

Ans :  Here 4,2 == nr  

 
-(1)--- 28 =A contrast  5.3)]24(324440[

)4(2
1

)]1([
2
1

=−−+=

−−+= baba
n

A
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-(2)--- `12 = B contrast 5.1]24404432[
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Analysing of variance 
S.V S.S D.F M.S.S Variation  ratio Table value 5 % 
A 49 1 49 30.4=AF  9.243)1,12( =AF  
B 9 1 9 42.23=BF  9.243)1,12( =BF  
AB 1 1 1 75.210=ABF  9.243)1,12( =ABF  
Error 2529 210.75 210.75   

Here,      Cal  AF     <    Table  AF  
               Cal  BF     <    Table  BF  
               Cal  ABF     <    Table  ABF  
As in each of the cases, the compound value of  F  is less than the corresponding 
tabulated (critical ) value, there are no significant  main or interaction effects 
present in the experiment. The blocks, as well as treatments, do not differ 
significantly.  
The graphical summary of a 22 factorial experiment  
         High      1601=y                 2211=y  

 
 
 

              PH 
                Low    1200 =y              2010 =y  
It is clear from the figure that changing temperature from low (3000) to high 
(3500) , increase the yield substantially, at both levels of PH. Changing PH has 
little or no effect. 

7)1216(
2
1)2022(

2
1)(

2
1)(

2
1

0001101101 =+−+++−+=− yyyyyy  

That is we take the average on the right side and subtract the average on the left 
side of the square, as indicated in figure. 
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For the second factor, pH we estimate the difference in mean response between 
the low and high level by 

                                    )(
2
1

1101 yy +                

 
 
 

                                    )(
2
1

1000 yy +−  

                                                                        )(
2
1

0011 yy +                

 
 
 

                                                          )(
2
1

0110 yy +−  

3)2012(
2
1)2216(

2
1)(

2
1)(

2
1

1000110101 =+−+=+−+=− yyyyyy  -----(4) 

To estimate the interaction, we mote that 0010 yy − gives the increase in yield at 

pH  = 2, whereas 0111 yy − gives the increase in yield at pH = 3. The average of 
these two differences estimates the interaction. 

)5(1)12162022(
2
1

)(
2
1)(

2
1)(

2
1

0001101100100111

−−−−−−=+−−=

+−−=−−− yyyyyyyy
 

From  (2)   &   (4)    we get   
r

Byy
201 =+  

From   (3)   &   (5)    we get  
r

AByyyy
2

)(
2
1)(

2
1

00100111 =−−+  

 (ii) Four types of health drinks A, B, C, D were tried on the school children. In order 
to study the effects of the age groups of the children and localities, four schools 
from four different localities, were selected and students were divided into four 
age groups . The Latin square design was arranged. The gain in weights in same 
units are recorded below. Test whether the localities are groups an d the varieties 
of food have any significant effect on the gain in weight. 
       

Age groups 
 5 – 8 8 - 11 11 - 14 14  - 17 Total 
 A  2 B  1.8 C   2.1 D  1.5 7.4 
 D  1.3 A   1.4 B   1 C  1.2 4.9 
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 B   1.7 C   1.6 D   1.1 A   1.9 6.3 
Total 5.9 5.8 6.2 6.1 24 

Ans :  
    Question wrong 

 b(i) The following table shows the live in hours of four brands of electric lamps brand. 
A 1610 1610 1650 1680 1700 1720 1800  
B 1580 1640 1640 1700 1750    

C 1460 1550 1600 1620 1640 1660 1740 1820 

D 1510 1520 1530 1570 1600 1680   
Perform an analysis of variance and test the homogeneity of the mean lives of the 
four brands of  lamps. 
Ans : 
          0H : There is no significant difference between the four brands. 

          1H :  There is significant difference between the four brands. 
Subtract 1600 and then divided by 10  we get 

1X  
A 

2X  
B 3X  

C 

4X  
D 

 
Total 

 
2
1X  

 
2
2X  

 
2
3X  

 
2
4X  

1 -2 -14 -9 -24 1 4 196 81 
1 4 -5 -8 -8 1 16 25 64 
5 4 0 -7 2 25 16 0 49 
8 10 2 -3 17 34 100 4 9 
10 15 4 0 29 100 225 16 0 
12 - 6 8 26 144 - 36 64 
20 - 14 - 34 400 - 196 - 
- - 22 - 22 - - 484 - 

57 31 29 -19 98 735 361 957 267 
 
Step 1 : N = 26 
 
Step 2.  T = 98 

Step 3. C.F. = 39.369
26

9604
N

2T
==  

Step 4. TSS = 
N

TXXXX
2

2
4

2
3

2
2

2
1 −∑+∑+∑+∑      

                        =    735 + 361 + 957 + 267 – 369.39    =    1950.61 

Step 5.    SSC  =  
N

T
N
X

N
X

N
X

N
X 2

1

2)4(

1

2)3(

1

2)2(

1

2)1(
−

∑
+

∑
+

∑
+

∑
 

                                            [ 1
N  = number of elements in each column] 

                                     = 39.3696
2)19(

8
2)29(

5
2)31(

7
2)57( −−+++ =  452.25 

      SSE   =   TSS – SSC =  1950.61 – 452.25   = 1498.336 
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Step 6.  ANOVA table  
Sources of 
variance 

Sum of 
squares 

d.f. Mean square Variance Table value 
5% level 

 
Between 
Columns 

 
SSC = 
452.225 

 
C –1  
= 4 – 1 
= 3 

MSC = 

1−C
SSC     =

3
25.452

75.150=  

FC = 
MSE
MSC  

     =  
68.11

75.150  

 =  2.21  >  1 
Since 

    
MSC
MSE < 1  

 
FC(3, 22) 
    = 3.05 

 
Error 

 
SSE = 
1498.36 

 
N – C  
= 26 – 4 
 = 22  

MSE = 

 C- N
SSE = 

22
36.1498  

 
 

 

 

 Step 7  :   Conclusion :        Cal FC     <   Table FC  . So we accept 0H . 

 (ii) Three varieties A, B and C of a crop are tested in a randomized block design with 
four replications. The plot yield in pounds are as follows :     

A 6 C 5 A 8 B 9 
C 8 A 4 B 6 C 9 
B 7 B 6 C 10 A 6 

Analyse the experimental yield and state your conclusions. 
Ans :            

Variety  Block  
Total 

 
2
1X  

 
2
2X  

 
2
3X  

 
2
4X  1 2 3 4 

A 6 4 8 6 24 36 16 64 36 
B 7 6 6 9 28 49 36 36 81 
C 8 5 10 9 32 64 25 100 81 

Total 21 15 24 24 84 149 77 200 198 

          0H : The varieties are similar 

          1H :  The varieties are not similar 
 
Step 1 : N = 12 
 
Step 2.  T = 84 

Step 3. C.F. = 588
12

2)84(
N

2T
==  

Step 4. TSS = 
N

TXXXX
2

2
4

2
3

2
2

2
1 −∑+∑+∑+∑      

                      =    149 + 77 + 200 +198 –588    =    36 
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Step 5.    SSC  =  
N

T
N
X

N
X

N
X

N
X 2

1

2)4(

1

2)3(

1

2)2(

1

2)1(
−

∑
+

∑
+

∑
+

∑
 

                                            [ 1
N  = number of elements in each column] 

                                     = 5883
2)24(

3
2)24(

3
2)15(

3
2)21( −+++

   
=  18 

Step 6.    SSR  =  
N

T
N
Y

N
Y

N
Y 22)3(2)2(

2

2)1(

22
−

∑
+

∑
+

∑
 

                                            [ 2
N  = number of elements in each  row] 

                                     = 5883
2)32(

3
2)28(

3
2)24( −++

  
=  8 

 
      SSE   =   TSS – SSC - SSR =  36 –18 -  8   = 10 
 
Step 7.  ANOVA table  

Sources of 
variance 

Sum of 
squares 

d.f. Mean 
square 

Variance Table value 
5% level 

 
Between 
Varieties 

 
SSR = 8 

 
r  –1  
= 3 – 1 
= 2 

MSR = 

1−r
SSR     =

42
8 =  

FR = 
MSE
MSR  

 
4.2

1.667
4

=

=   

 
FR(2, 6) 
    = 5.14 

 
Between 
Blocks 

 
SSC =18 

 
C –1  
= 4 – 1 
= 3 

MSC = 

1−C
SSC     =

63
18 =  

FC = 
MSE
MSC  

     =  
1.667

6  

 =  3.59 

 
FC(3, 6) 
    = 4.76 

 
residual 

 
SSE = 10 

 
N – c – 
r + 1 = 
6  

MSE = 

 1r-c- N +
SSE = 

667.16
10 =  

 
 

 

Total 36     

 
 Step 7  :   Conclusion :  In both the cases, the calculated value is less than 
tabulated value. Therefore , null hypothesis is accepted. Hence , the three varieties 
are similar. 

13 a(i) Find the largest eigen value and the corresponding eigenvector of the matrix. 
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Ans :  Let  



















=

1
1
1
1

1X  be an arbitrary initial eigen vector. 

24

1
75.0
75.0
1

4

4
3
3
4

1
1
1
1

2110
1101
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0112

1 XAX =



















=



















=





































=  

35.3

1
7857.0
7857.0
1

5.3

5.3
75.2
75.2
5.3

1
75.0
75.0
1

2110
1101
1011
0112

2 XAX =
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=  

45714.3

1
78.0
78.0
1

5714.3

5714.3
7857.2
7857.2
5714.3

1
7857.0
7857.0
1

2110
1101
1011
0112

3 XXA =
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=  

556.3

1
7809.0
7809.0
1

56.3

56.3
78.2
78.2
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1
78.0
78.0
1
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1101
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65618.3

1
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7808.0
1
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1
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1
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5 XAX =
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=  

75618.3

1
7808.0
7808.0
1

5618.3

5618.3
7809.2
7809.2
5618.3

1
7809.0
7809.0
1

2110
1101
1011
0112

6 XAX =



















=



















=





































=  
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    The largest eigen value = 3.56    eigen vector = 



















1
7808.0
7808.0
1

  

  
 (ii) Find the inverse by Gauss Jordan method  
















−=
353
134

111
A  

Ans :  [A, I] = 















−

100
010
001

353
134

111
 

               ~
















−
−−−

103
014
001

020
510

111

1333

14222
RRR

RRR

−⇔

−⇔
 

               ~
















−
−−−

1211
014
001

1000
510

111

2233 RRR +⇔  

            ~
















−
−
−

− 1211
103
121

1000
020
01010

31
10

3222

1 RRR

RRR

+⇔

+−⇔
 

           ~
















−
−

−

− 1211
103
4214

1000
020
0010

2511 RRR −⇔  

           ~
















−−
−

−

1.02.01.1
5.005.1
4.02.04.1

100
010
001

10
3

3

2
2

210
1

1

−
⇔

⇔⇔

R
R

R
R

R
R

 

















−−
−

−
=−

1.02.01.1
5.005.1
4.02.04.1

1A  

 b(i) Solve the following system of equations by using Gauss Jacobi and Gauss Seidel 
method (correct to 3 decimal places)
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351236,33114,20238 =++=−+=+− zyxzyxzyx

 Ans : 
    As the coefficient matrix is not diagonally dominant we rewrite the equations. 

 
351236

33114
20238

=++
=−+
=+−

zyx
zyx
zyx

 

Since, the diagonal elements are dominant in the coefficient matrix, we write x , y 
, z as follows: 

[ ] [ ] [ ]

[ ] [ ]

[ ] [ ]

[ ] [ ] 144.1)091.2(3)5.2(635
12
13635

12
1

091.2)0()5.2(433
11
1433

11
1

5.2)0(2)0(320
8
12320

8
1x

IterationFirst
00bevaluesinitialtheLet

3635
12
1433

11
12320

8
1

)1()1()1(

)0()1()1(

)0()0((1)

=−−=−−=

=+−=+−=

=−+=−+=

==

−−=+−=−+=

yxz

zxy

zy

zy

yxzzxyzyx
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[ ] [ ]

[ ] [ ]

[ ] [ ]

[ ] [ ]

[ ] [ ]

[ ] [ ]

[ ] [ ]

[ ] [ ]

[ ] [ ]

[ ] [ ]

[ ] [ ]

[ ] [ ]

[ ] [ ]

[ ] [ ]

[ ] [ ]
912.0986.1016.3

912.0)986.1(3)016.3(635
12
13635

12
1

986.1912.0)016.3(433
11
1433

11
1

016.3)912.0(2)986.1(320
8
12320

8
1x

912.0)986.1(3)016.3(635
12
13635

12
1

986.1912.0)016.3(433
11
1433

11
1

016.3)912.0(2)986.1(320
8
12320

8
1x

912.0)986.1(3)016.3(635
12
13635

12
1

986.1908.0)016.3(433
11
1433

11
1

016.3)908.0(2)9824.1(320
8
12320

8
1x

908.0)9824.1(3)027.3(635
15
13635

12
1

9824.1914.0)027.3(433
11
1433

11
1

027.3914.0(2)014.2(320
8
12320

8
1x

914.0)014.2(3)998.2(635
12
13635

12
1

014.2144.1)998.2(433
11
1433

11
1

998.2)144.1(2)091.2(320
8
12320

8
1x

IterationSecond

)5()6()6(

)5()6()6(

)5()5((6)

)5()5()5(

)4()5()5(

)4()4((5)

)4()4()4(

)3()4()4(

)3()3((4)

)3()3()3(

)2()3()3(

)2()2((3)

)2()2()2(

)1()2()2(

)1()1((2)

===

=−−=−−=

=+−=+−=

=−+=−+=

=−−=−−=

=+−=+−=

=−+=−+=

=−−=−−=

=+−=+−=

=−+=−+=

=−−=−−=

=+−=+−=

=−+=−+=

=−−=−−=

=+−=+−=

=−+=−+=

zyx

yxz

zxy

zy

IterationSixth

yxz

zxy

zy

IterationFourth

yxz

zxy

zy

IterationFourth

yxz

zxy

zy

IterationThird

yxz

zxy

zy

 

 (ii) Using  Gauss Elimination method solve the system  
3.15x - 1.96y + 3.85z  = 12.95    ,   2.13x – 5.12y – 2.89z  = -8.61  ,  5.92x + 
3.05y + 2.15z  = 6.88 
Ans :   The given system is equivalent to 

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



Agni College of Technology 
Chennai - 130 

Prepared by Department of Mathematics, Agni college of Mathematics, Chennai -130 

    [A , B]  =  















−−

−

88.6
61.8
95.12

15.205.392.5
89.212.513.2

85.396.115.3

 

       ~   
















−
−

−
−

−

992.54
705.54
95.12

0195.162107.210
304.173028.200

85.396.115.3

     
192.5315.33

113.2215.32
RRR

RRR

−⇔

−⇔

 

    ~   















−−

−

8398.43
705.54
95.12

7892.4100
304.173028.200

85.396.115.3

     22107.2133028.203 RRR −⇔
 

   By back substitution method  

            

709.1)049.1(85.3)800.1(96.195.1215.3
95.1285.396.115.3

800.1)049.1(304.17705.543028.20
705.54304.173028.20

049.18398.437892.41

=⇒−−+=
=+−

−=⇒+−=
−=−

=⇒=

xx
zyx

yy
zy

zz
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14 a(i) Write the Newton’s method formula and using it obtain f(x) as a polynomial in 
powers of (x - 5) from the given table. 

X 0 2 3 4 7 9 

Y(x) 4 26 58 112 466 922 

Solution   :    
      since the arguments are not equally spaced, we will use Newton’s divided 
difference formula 
       Divided Difference Table 

𝑥𝑥 𝑦𝑦 = 𝑓𝑓(𝑥𝑥) ∆ 𝑓𝑓(𝑥𝑥) ∆2𝑓𝑓(𝑥𝑥) ∆3𝑓𝑓(𝑥𝑥) ∆4𝑓𝑓(𝑥𝑥) 
0 4     
  11    
2 26  7   
  32  1  
3 58  11  0 
  54  1  
4 112  16  0 
  118  1  
7 466  22   
  228    
9 922     

 
By Newton’s divided difference formula 
𝑦𝑦 = 𝑓𝑓(𝑥𝑥) = 𝑓𝑓(𝑥𝑥0) + (𝑥𝑥 − 𝑥𝑥0)𝑓𝑓(𝑥𝑥0, 𝑥𝑥1) + (𝑥𝑥 − 𝑥𝑥0)(𝑥𝑥 − 𝑥𝑥1)𝑓𝑓(𝑥𝑥0, 𝑥𝑥1, 𝑥𝑥2) 

     = 4 +(𝑥𝑥 − 0)11 + (𝑥𝑥 − 0)(𝑥𝑥 − 27)7 + (𝑥𝑥 − 0)(𝑥𝑥 − 2)(𝑥𝑥 − 3)1 

      =   𝑥𝑥3 + 2𝑥𝑥2 + 3𝑥𝑥 + 4 
We have to express in powers of (x – 5) 

5 1 2 3 4 
 0 5 35 190 
5 1 7 38 194 = constant 

term 
 0 5 60  
5 1 12 98  = 

coefficient 
of (x – 5) 

 

 0 5   
5 1 17  = 

coefficient of 
(x – 5)2  

  

 0    
  1  = 

coefficient 
of (x – 5)3 
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The given polynomial f(x) in powers of (x – 5) is  
  194)5(98)5(17)5()( 23 +−+−+−= xxxxf  

 (ii) A rod is rotating in a plane. The following table gives the angle 𝜃𝜃 (in radians) 
through which the rod has turned for various values of time t (second). Calculate 
the angular velocity and angular acceleration of  the rod at t = 0.6 seconds. 

T 0 0.2 0.4 0.6 0.8 1.0 
𝜃𝜃 0 0.12 0.49 1.12 2.02 3.20 

Ans :   
    Now form the difference table 

x  𝜃𝜃 θ∇  θ2∇  θ3∇  θ4∇  
0 0     
  0.12    

0.2 0.12  0.25   
  0.37  0.01  

0.4 0.49  0.26  0 
  0.63  0.01  

0.6 1.12  0.27  0 
  0.90  0.01  

0.8 2.02  0.28   
  1.18    
1 3.20     

 
Since x = 0.6 is towards the end, we will use backward difference formula

  

2
2.0

0.16.02.0 −=
−

=
−

=∴=
h

xxph n

 

75.6]01.028.0[
04.0
1

.....])1([2
1

6.0
2

2

81665.3])01.0(
3
1)28.0(

2
318.1[

2.0
1

6.0

......]
24

622184

6
263

2
12[1

32

4
23

3
2

2

=−=

+∇++∇=

=














=+−=
=









+∇






 +++
+

∇






 ++
+∇






 +

+∇=
=









nn

n

nnn

ypy
htdt

d

tdt
d

yppp

yppypy
hxxdx

dy

θ

θ  

 b(i) 
Write the Trapezoidal rule and Simpson’s rule for evaluation of  I =  ∫

nx

x
dxxf

0
)(  

evaluate I = ∫
+

6
21

1
0

dx
x

 using Trapezoidal rule, Simpson’s rule. Also check up by 

direct integration. 
Ans : 
     Here ab − = 6 – 0 = 6 . Divide into 6 equal parts 1

6
6

==h
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x  0 1 2 3 4 5 6 

)(
1

1
2

xf
x

=
+

 

 
1.000 

 
0.500 

 
0.200 

 
0.100 

 
0.058824 

 
0.038462 

 
0.27027 

 
There are 7 ordinates ( n = 6). We can use all the formula  
 

1. Trapezoidal rule 
 

              I = 6
201

dx

x
∫
+  

                     = 
2

1 [ ( 1 + 0.027027 ) + 2 (0.5 + 0.2 + 0.1 + 0.058824 + 

0.038462 )] 
              = 1.41079950 
 

2. Simpson’s 1/3 rule 
 

0y  1y  2y  3y  4y  5y  6y  

1 4 1     
  1 4 1   
    1 4 1 
1 4 2 4 2 4 1 

           

         ∴    I = 
3

h [( )531(4)42(2)60 yyyyyyy ++++++ ] 

                 = 
3

1 [ (1 + 0.027027) + 2(0.2 + 0.58824) + 4(0.5 + 0.1 + 0.038462) ]    

                 =   1.36617433 
 

3. Actual integration  
 
       I = 6

201

dx

x
∫
+

 = 40564765.161tan6
0)1tan( =−=− x  

 (ii) Given the following data, find y’(6) and the maximum value of y. 

X 0 2 3 4 7 9 
Y(x) 4 26 58 112 466 922 

ANS   :    
      since the arguments are not equally spaced, we will use Newton’s divided 
difference formula 
 
       Divided Difference Table 

𝑥𝑥 𝑦𝑦 = 𝑓𝑓(𝑥𝑥) ∆ 𝑓𝑓(𝑥𝑥) ∆2𝑓𝑓(𝑥𝑥) ∆3𝑓𝑓(𝑥𝑥) ∆4𝑓𝑓(𝑥𝑥) 
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0 4     
  11    
2 26  7   
  32  1  
3 58  11  0 
  54  1  
4 112  16  0 
  118  1  
7 466  22   
  228    
9 922     

 
By Newton’s divided difference formula 
𝑦𝑦 = 𝑓𝑓(𝑥𝑥) = 𝑓𝑓(𝑥𝑥0) + (𝑥𝑥 − 𝑥𝑥0)𝑓𝑓(𝑥𝑥0, 𝑥𝑥1) + (𝑥𝑥 − 𝑥𝑥0)(𝑥𝑥 − 𝑥𝑥1)𝑓𝑓(𝑥𝑥0, 𝑥𝑥1, 𝑥𝑥2) 
     = 4 +(𝑥𝑥 − 0)11 + (𝑥𝑥 − 0)(𝑥𝑥 − 27)7 + (𝑥𝑥 − 0)(𝑥𝑥 − 2)(𝑥𝑥 − 3)1 
      =   𝑥𝑥3 + 2𝑥𝑥2 + 3𝑥𝑥 + 4 
Therefore, 𝑦𝑦′  (𝑥𝑥) = 3𝑥𝑥2 + 4𝑥𝑥 + 3 
        𝑦𝑦′  (6) = 33(6)2  + 4(6) + 3     =  135     𝑦𝑦′  (5) = 33(5)2  + 4(5) + 3  = 98 
y(x)  is maximum if y’(x)   =  0      3𝑥𝑥2 + 4𝑥𝑥 + 3   =   0.  But the roots are 
imaginary. Therefore, there is no extremum value in the range. In fact, it is an 
increasing curve. 

 (iii) Using Lagrange’s formula of interpolation find y(9.5) given. 
X 7 8 9 10 
Y 3 1 1 9 

Ans :  Given  
       

 
X 

(x0) 
7 

(x1) 
8 

(x2) 
9 

(x3) 
10 

 
Y 

3 
(y0) 
 

1 
(y1) 
 

1 
(y2) 
 

9 
(y3) 
 

By Lagrange’s interpolation formula we have  

3)23)(13)(03(

)2)(1)(0(
2)32)(12)(02(

)3)(1)(0(

1)31)(21)(01(

)3)(2)(0(
0)30)(20)(10(

)3)(2)(1(
)(

y
xxxxxx

xxxxxx
y

xxxxxx

xxxxxx

y
xxxxxx

xxxxxx
y

xxxxxx

xxxxxx
xfy

−−−

−−−
+

−−−

−−−
+

−−−

−−−
+

−−−

−−−
==

        

)9(
)910)(810)(710(

)9)(8)(7()1(
)109)(89)(79(
)10)(8)(7(

)1(
)108)(98)(78(
)10)(9)(7()3(

)107)(97)(87(
)10)(9)(8(

−−−
−−−+

−−−
−−−+

−−−
−−−+

−−−
−−−=

xxxxxx

xxxxxx
 

When  x  = 9.5        

)9(
)910)(810)(710(
)95.9)(85.9)(75.9()1(

)109)(89)(79(
)105.9)(85.9)(75.9(

)1(
)108)(98)(78(

)105.9)(95.9)(75.9()3(
)107)(97)(87(

)105.9)(95.9)(85.9()5.9(

−−−
−−−+

−−−
−−−+

−−−
−−−+

−−−
−−−=y
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          =  0.1875 – 0.3125 + 0.9375 + 2.8125   =   3.625 
15 a(i) Using Milne’s predictor-corrector method, find y(0.4), given that 

( ) 21.1)3.0(,12.1)2.0(,06.1)1.0(,1)0(,
2

1 22
' ====

+
= yyyyyxy

 
Solution: 

        ( )

( )
( ) 5674.0]06.1][)1.0(1[

2
11

2
1

2
11)01(

2
11

2
1

1
2
1),(

1.0?,21.1,12.1,06.1,1
4.0,3.0,2.0,1.0,0

222
1

2
1

'
1

2
0

2
0

'
0

22'

43210

43210

=+=+=

=+=+=

+==

======
=====

yxy

yxy

yxyxfy

hyyyyy
xxxxx

 

        
( )
( ) 7979.0]21.1][)3.0(1[

2
11

2
1

6522.0]12.1][)2.0(1[
2
11

2
1

222
3

2
3

'
3

222
2

2
2

'
2

=+=+=

=+=+=

yxy

yxy

 

 

[ ]
[ ]

( ) [ ]

[ ]

(2),usingAgani

9498.0]2797.1][16.01[
2
11

1)2(..,

]9460.0)7979.0(46522.0[
3
1.012.1

)2......(....................4
3

1,

,

9460.0]2771.1[16.011
2
1

2771.1

)7979.0(26522.0)5674.0(2
3

)1.0(41

22
3

4,y

methodsMilne'

2
4

'

4

'
4

'
3

'
224

22
4

2
4

'
4

'
3

'
2

'
104

=+=

+++=

+−+=

=+=+=

=

+−+=

+−+=

cy

cygetweandofSHRthethisonuseNow

yyyhycy

methodcorrectorBy

yxy

yyyhyp

 
[ ]

2798.1)4.0(

2798.19498.0)7979.0(46522.0
3
1.012.12,4

=

=+++=

y

cy  

 (ii) Solve the BVP 3/1,1)1(,1)0()0(, ''' ===+= huuuuxu ,  use the second 
order method. 
Ans :        Given  

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



Agni College of Technology 
Chennai - 130 

Prepared by Department of Mathematics, Agni college of Mathematics, Chennai -130 

   y  x2h
121''wkt ii=−+−+= iyiyiy

iy  

)1(2,1,0
3
1,sin

)1(01)
9
12(1

iniputting

hce

iyiyixiy

=

=

−−−−−−=+++−−⇒

 

)4(0
27
56then2iput

)3(0
27
55then1iput

)2(02then0iput

321

210

101

−−−−−−=+−=

−−−−−−=+−=

−−−−−−=+−= −

yyy

yyy

yyy

 

The first boundary condition is  

)5(
3

21302y
(ie)  2) 3(2y (ie)

1  
2h

11
0wkt

1110 −−−−−−−−−−
−+

==−+

=−−
+

−−

y
yyy

yy
y

 The  second   boundary  condition  is   
           13 =y       -------(6) 

Using (5) and (6) in equations (2) , (3)  and (4) we have 
         )7(132y- 10 −−−−−=+ y  

           )(802y1y
27
55

0y −−−−−−−=+−  

       )9(01
27
56

21 −−−−−−=+− yy  

 

       
 

Solving equations (7) , (8)   and  (9)  we get 

              

3253.0
83
27

2

3253.0
83
27

1

9680.0
83
82

0

==

−=−=

−=−=

y

y

y

 

 

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



Agni College of Technology 
Chennai - 130 

Prepared by Department of Mathematics, Agni college of Mathematics, Chennai -130 

 b(i) Given y’’+ xy’ + y =0, y(0)= 1, y’(0)= 0, find the value of y(0.1) by using Runge- 
Kutta method for fourth order . 
Ans :       Given 

    
10,0'

1)0(,'''

==

=−−=

yy

yyyxy

 

Setting  
zy ='

 and  
''' zy =

 The equations becomes  
                  yzxy −−=''  

0,1)(

),,(),,(

'
000

21

===

=−−===

yzyie

zyxfyxz
dx
dzzyxfz

dx
dy

 
By algorithm, 

hhfhzyxfhl

hfhzyxfhk

−=−−===

====

)1,0()0,1,0(2)0,0,0(21

0)0()0,1,0(1)0,0,0(11

 

005.0)05.0()1.0(

]05.0,1,05.0[11.0
2

)1.0(0,01,
2
1.001)1.0(

2
1

0,
2
1

0,
2012

−=−=

−=



 −

+++=












+++=

ff

l
z

k
yhxfhk

 

0998.0]1)05.0)(05.0([)1.0(

]05.0,1,05.0[1.0
2

)1.0(0,01,
2
1.00)1.0(

2
1

0,
2
1

0,
202

22

2

−=+−−=

−=



 −

+++=












+++=

ff

l
z

k
yhxfhl

 

00499.0)0499.0()1.0(

]0499.0,9975.0,05.0[11.0
2

)0998.0(0,
2

)005.0(1,
2
1.001)1.0(

20,
20,

201
22

3

−=−=

−=





 −

+
−

++=





 +++=

f

f

lzkyhxfhk
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B.E./ B.Tech. DEGREE EXAMINATION, NOV/DEC 2012 
(Common to Mechanical Engineering and Mechatronics Engineering) 

Fourth Semester 
MA2266 –STATISTICS AND NUMERICAL METHODS 

(Regulation 2008) 
Time : Three hours                                                           Maximum : 100 marks 

Answer ALL questions 
PART A – (10 x 2 = 20 marks) 

 
       1. What are null and Alternate hypothesis? 

Ans : 
      For applying the test of significance, we first set up a hypothesis which is a 
statement about the population parameter. This statement is usually a hypothesis of 
no difference and so it is called null hypothesis and is denoted by 𝐻𝐻0. 
Any hypothesis which is complementary to the null hypothesis  is called an 
alternative hypothesis, denoted by 𝐻𝐻1. 
 

       2. Give the formula for the chi square test of independence for 
Ans : 
 
    
 
 
 
 
 
                             χ2  =  𝑁𝑁(𝑎𝑎𝑎𝑎−𝑏𝑏𝑏𝑏 )

(𝑎𝑎+𝑏𝑏)(𝑏𝑏+𝑎𝑎)(𝑎𝑎+𝑏𝑏)(𝑎𝑎+𝑎𝑎)
 

 

a b 
c d 

 A B Total 
A a b a + b 
B c d c + d 

Total a + c b + d  

       3. State the basic principles of design of experiments. 
Ans : 
       There are three basic principles of Design of experiment. They are 

(i) Randomisation      (ii) Replication       (iii) Local control   (error control) 
 

       4. Define :RBD 
Ans : 
      Randomized block design is a simple design that controls the variability in the 
experimental units and gives the treatments equivalence to show their effects. 
 

       5. Mention the order and condition for the convergence of Newton Raphson method. 
Ans  : 
       The order of Convergence  is 2. 

Condition of convergence is|𝑓𝑓(𝑥𝑥)𝑓𝑓′′(𝑥𝑥)| < |𝑓𝑓′(𝑥𝑥)|2 

 
       6. Compare Gauss elimination and Gauss-Jacobi methods. 

Ans : 
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Gauss Elimination Gauss Jacobi 
Direct method Indirect method 
The coefficient matrix is 
transformed into upper triangular 
matrix. 

The coefficient matrix should 
be diagonally dominant. 

 
 

       7. What is the need of Newton’s and Lagrange’s interpolation formulae?         
Ans : 
        The forward and backward interpolation formulae of Newton can be used when 
the values of the independent variable x are equally spaced and also be used when 
the differences of the dependent variable y become smaller ultimately. 
Lagrange’s interpolation formula can be used whether the values of x are equally 
spaced or not and whether the difference of y become smaller or not. 
 

       8. Find the area under the curve passing through the points  (0, 0) , (1, 2) , (2 , 2.5) ,   
(3, 2.3) , (4, 2) , (5, 1.7)  and  (6, 1.5) 
Sol: 
      Given 

x 0 1 2 3 4 5 6 
y 0 2 2.5 2.3 2 1.7 1.5 
 𝑦𝑦0 𝑦𝑦1 𝑦𝑦2 𝑦𝑦3 𝑦𝑦4 𝑦𝑦5 𝑦𝑦6 

 
By using  Trapezoidal rule 

Area =∫ 𝑦𝑦𝑎𝑎𝑥𝑥 =6
0

ℎ
2

[(𝑦𝑦0 + 𝑦𝑦6) + 2(𝑦𝑦1 + 𝑦𝑦2 + ⋯ . . +𝑦𝑦5)] 

                            =   1
2

[1.5 + 2(10.5)] 

                             =   22.5
2

     =   11.25. 

       9. Bring out the merits and demerits of Taylor series method. 
Ans : 

Merits Demerits 
Powerful single step method. 
Method will be very useful for 
finding the starting values for 
powerful methods like Runge-kutta 
method, Milne’s method etc. 

If f(x ,y) involves some complicated 
algebraic structures then the calculation 
of higher derivatives becomes tedious 
and the method fails. 

 
 

     10. Find y (0.1) by Euler’s, if 𝑎𝑎𝑦𝑦
𝑎𝑎𝑥𝑥

= 𝑥𝑥2 + 𝑦𝑦2,𝑦𝑦(0) = 1. 
Solution:  
     Given     f(x, y)   =  𝑥𝑥2 + 𝑦𝑦2         𝑥𝑥0 = 0,     𝑦𝑦0 = 1,     ℎ = 0.1,     𝑥𝑥1 = 0.2 

By modified Euler Method 

               𝑦𝑦𝑛𝑛+1 = 𝑦𝑦𝑛𝑛 + ℎ𝑓𝑓[𝑥𝑥𝑛𝑛 + ℎ
2

 ,𝑦𝑦𝑛𝑛 + ℎ
2
𝑓𝑓(𝑥𝑥𝑛𝑛 ,𝑦𝑦𝑛𝑛)] 

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



Agni College of Technology 
Chennai - 130 

Prepared by Department of Mathematics, Agni College of Technology , Chennai - 130 

          𝑦𝑦1 = 𝑦𝑦0 + ℎ𝑓𝑓[𝑥𝑥0 + ℎ
2

 , 𝑦𝑦0 + ℎ
2
𝑓𝑓(𝑥𝑥0,𝑦𝑦0)] 

          𝑦𝑦1 = 1 + 0.1𝑓𝑓[0 + 0.1
2

 , 1 + 0.1
2
𝑓𝑓(0,1)] 

       𝑦𝑦(0.1) = 1 + (0.1)𝑓𝑓(0.05  ,   1 + 0.05(0 + 1)) 

                  = 1 + (0.1)𝑓𝑓(0.05, 1.05) 

                  =  1 + (0.1)[(0.05)2 + (1.05)2] 

                 =    1 + (0.1)[0.0025 + 1.1025 ] =   1 + (0.1)[1.105] 

                =   1 + 0.1105 = 1.1105 

 
 PART  - B   (5 x 16 =80  marks) 

 
11.a(i) A machine puts out 16 imperfect articles in a sample of 500.After it was overhauled, 

it puts out 3 imperfect articles in a sample of 100.Has the machine improved in its 
performance? 
Ans :      OUT OF SYLLABUS. 
 

      (ii) Test whether there is any significant difference between the variances of the 
populations from which the following samples are taken. 

Sample  : 1 20 16 26 27 23 22  
Sample  : 2 27 33 42 35 32 34 38 

Solution: 
 
       Given    𝑛𝑛1 = 6,   𝑛𝑛2 = 7 
 

 𝑥𝑥1 𝑥𝑥1
2 𝑥𝑥2 𝑥𝑥2

2 
 20 400 27 729 
 16 256 33 1089 
 26 676 42 1764 
 27 729 35 1225 
 23 529 32 1024 
 22 484 34 1156 

Total 134 3074 241 8431 
 
𝑥𝑥1  =  ∑𝑥𝑥1

6
   =  134

6
  = 22.33 

𝑥𝑥2  =  ∑𝑥𝑥2
7

   =   241
7

= 34.33 

2
1

2
2

00.192)43.34(
7

84312)2(
2

2
22

2

70.132)33.22(
6

30742)1(
1

2
12

1

ss

x
n
x

s

x
n
x

s

>

=−=−
∑

=

=−=−
∑

=
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95.4)5,6(39.1
7.13

19
2
1

2
2

6122&5111..05.0%5

2
2

2
1:1&2

2
2
1:0

====

=−==−===

≠=

F
s

s
F

nvnvfd

HH

α

σσσσ

 

      

Cal F    <    Tabulated F.       ∴Accept  𝐻𝐻0 

  
  (b)(i) A mathematics test was given to 50 girls and 75 boys. The girls made an average 

grade of 76 with the SD of 6,While boys made an average grade of 82 with the SD of 
2.Test whether there is any significant difference between the performance of boys 
and girls. 
Solution: 
 

 No of cases Mean S.D 
Sample I 50 76 6 
Sample II 75 82 2 

 
      𝐻𝐻0: There is no significant difference. 

      𝐻𝐻1: There is  significant difference. 

         𝑍𝑍 = 𝑥𝑥1−𝑥𝑥2

�𝑠𝑠1   
2

𝑛𝑛1
+𝑠𝑠2

2

𝑛𝑛2

   =  76−82

�62
50+22

75

     =    −6

�36
50+ 4

75

    =   −6

�58
75

    =  −6
0.88

    =   - 6.82 

       |𝑍𝑍| = 6.82   >   1.96   also  |𝑍𝑍|   >   2.58 

            So, we reject 𝐻𝐻0. 

 
      (ii) A sample of 10 boys had the I.Q’s 70, 120, 110, 101, 88, 83, 95, 98, 100 and  107. 

Test whether the population mean I.Q may be 100. 
Ans :    
       Given   
 

36.18384.94472.96312)2.97(
10

963122)(
22

2.97
10
972

96312210721002982952832882101211021202702
1

97210710098958388101110120701

=−=−=−∑=

==∑=

=+++++++++=∑

=+++++++++=∑

x
n
xs

n
xx

x

x

91101.,%5.3

100:1.2

100:0.1

=−=−==

≠

=
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H

H
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µ
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4. critical region  

                 

          %5~26.2
2/

−=

− αt

                      %5~26.2
2/

=

− αt

                                
 

 

5. The test statistic     62.05.4
8.2

9
5.13
1002.97

1

−=−=








−=








−

−=

n
s

xt µ  

6. Conclusion  :   If  2/2/ αα ttt <<−
  

                
we accept  0H     ,      otherwise we reject 0H  

    Here   -2.262  <  - 0.62  <  2.262        ∴we accept   0H
    

 
  12(a)  A sales of four salesmen in 3 seasons are tabulated here. 

                                           Salesmen 
Seasons A B C D 
Summer 36 36 21 35 
Winter 28 29 31 32 

Monsoon 26 28 29 29 
 Carry out an analysis of variance. 
Solution: 
            The above data are classified according to criteria (i) salesmen and (ii) 
seasons. In order to simplify calculations, we code the data by subtracting 30 from 
each figure. The data in the coded form are given below: 

 
SEASONS 

Salesmen Season
Total 

 
𝑋𝑋1

2 
 
𝑋𝑋2

2 
 
𝑋𝑋3

2 
 
𝑋𝑋4

2 A(𝑋𝑋1) B(𝑋𝑋2) C(𝑋𝑋3) D(𝑋𝑋4) 
𝑌𝑌1 Summer +6 +6 -9 +5 +8 36 36 81 25 
𝑌𝑌2 Winter -2 -1 +1 +2 0 4 1 1 4 
𝑌𝑌3 Monsoon -4 -2 -1 -1 -8 16 4 1 1 

 
Total 

 
0 

 
3 

 
-9 

 
6 

Grand 
total 
T=0 

 
56 

 
41 

 
83 

 
30 

 

𝐻𝐻0:𝑇𝑇ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑖𝑖𝑠𝑠 𝑛𝑛𝑛𝑛 𝑠𝑠𝑖𝑖𝑠𝑠𝑛𝑛𝑖𝑖𝑓𝑓𝑖𝑖𝑏𝑏𝑎𝑎𝑛𝑛𝑠𝑠 𝑎𝑎𝑖𝑖𝑓𝑓𝑓𝑓𝑒𝑒𝑒𝑒𝑒𝑒𝑛𝑛𝑏𝑏𝑒𝑒 𝑏𝑏𝑒𝑒𝑠𝑠𝑏𝑏𝑒𝑒𝑒𝑒𝑛𝑛 𝑏𝑏𝑛𝑛𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛 𝑐𝑐𝑒𝑒𝑎𝑎𝑛𝑛𝑠𝑠 𝑎𝑎𝑠𝑠 𝑏𝑏𝑒𝑒𝑐𝑐𝑐𝑐 𝑎𝑎𝑠𝑠 𝑒𝑒𝑛𝑛𝑏𝑏  

𝐻𝐻1:𝑇𝑇ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑖𝑖𝑠𝑠 𝑠𝑠𝑖𝑖𝑠𝑠𝑛𝑛𝑖𝑖𝑓𝑓𝑖𝑖𝑏𝑏𝑎𝑎𝑛𝑛𝑠𝑠 𝑎𝑎𝑖𝑖𝑓𝑓𝑓𝑓𝑒𝑒𝑒𝑒𝑛𝑛𝑏𝑏𝑒𝑒 𝑏𝑏𝑒𝑒𝑠𝑠𝑏𝑏𝑒𝑒𝑒𝑒𝑛𝑛 𝑏𝑏𝑛𝑛𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛 𝑐𝑐𝑒𝑒𝑎𝑎𝑛𝑛𝑠𝑠 𝑛𝑛𝑒𝑒 𝑠𝑠ℎ𝑒𝑒 𝑒𝑒𝑛𝑛𝑏𝑏 𝑐𝑐𝑒𝑒𝑎𝑎𝑛𝑛𝑠𝑠. 

Step 1 :  N = 12       

Step 2   : T = 0 

Step 3    :   𝑇𝑇
2

𝑁𝑁
    =  (0)2

𝑁𝑁
  =   0 (𝑁𝑁𝑐𝑐𝑐𝑐𝑏𝑏𝑒𝑒𝑒𝑒 𝑛𝑛𝑓𝑓 𝑖𝑖𝑠𝑠𝑒𝑒𝑐𝑐𝑠𝑠 𝑛𝑛𝑒𝑒 𝑁𝑁 𝑖𝑖𝑠𝑠 12) 
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Step 4     :  TSS   = ∑𝑋𝑋1
2 +  𝑋𝑋2

2 + 𝑋𝑋3
2 + 𝑋𝑋4

2 − 𝑇𝑇2

𝑁𝑁
      =   56 + 41 + 83 + 30 – 0   =  210 

Step 5    :    SSC  =  (∑𝑋𝑋1)2

𝑁𝑁1
+ (∑𝑋𝑋2)2

𝑁𝑁2
+ (∑𝑋𝑋3)2

𝑁𝑁3
+ (∑𝑋𝑋4)2

𝑁𝑁4
− 𝑇𝑇2

𝑁𝑁
 

                     =   (0)2

3
+ (3)2

3
+ (−9)2

3
+ (6)2

3
− 𝑇𝑇2

𝑁𝑁
       =   0 + 3+ 27 + 12 - 0   =   42 

Step 6    :  SSR   =   (∑𝑌𝑌1)2

𝑁𝑁1
+ (∑𝑌𝑌2)2

𝑁𝑁2
+ (∑𝑌𝑌3)2

𝑁𝑁3
+ (∑𝑌𝑌4)2

𝑁𝑁4
− 𝑇𝑇2

𝑁𝑁
                

                     =   (8)2

3
+ (0)2

3
+ (−8)2

3
+ (6)2

3
− 𝑇𝑇2

𝑁𝑁
       =   16 + 0 + 16 - 0   =   32 

             SSE   =   TSS – SSC - SSR   =   210 – 42 - 32  =  136 

Step 7:  Table of Analysis Variance: 

Sources of 
Variation 

Sum of 
squares 

D.F Mean Squares Variance Table 
value at 
5%. 

Between 
Columns 
(Salesmen) 

SSC  =  
42 

c-1 
 = 4-1  
= 3 

MSC 
  =  𝑆𝑆𝑆𝑆𝑆𝑆

𝑆𝑆−1
  = 14 

𝐹𝐹𝑆𝑆 =
𝑀𝑀𝑆𝑆𝑀𝑀
𝑀𝑀𝑆𝑆𝑆𝑆

 

  = 22.67
14

=
1.619 

𝐹𝐹𝑆𝑆(6,3)
= 8.94 

Between 
rows(seasons) 

SSR = 
32 

r-1  
=3 -1 = 2 

MSR = 𝑆𝑆𝑆𝑆𝑆𝑆
𝑒𝑒−1

  

= 32
2

= 16 

𝐹𝐹𝑆𝑆 = 𝑀𝑀𝑆𝑆𝑀𝑀
𝑀𝑀𝑆𝑆𝑆𝑆

 = 
22.67

16
 

𝐹𝐹𝑆𝑆(6,2)  
 =  19.33 

Residual SSE = 
136 

N-c-r+1 
= 12-4-
3+1 = 6  

MSE = 𝑆𝑆𝑆𝑆𝑀𝑀
N−c−r+1

 

= 136
6

 = 22.67 

  

 210 11    
 
Step 8:    Conclusion :    Cal F   <   Table F 

           Hence there is no significant difference in the seasons as far as the sales are 
concerned. 
         Thus the test shows that the salesmen and the seasons are alike, so far as the 
sales are concerned. 

  
  12(b) A farmer wishes to test the effect of 4 fertilizers A,B,C,D on the yield of wheat, The 

fertilizers are used in a LSD and the results are tabulated here perform an analysis of 
variance. 

A18 C21 D25 B11 
D22 B12 A15 C19 
B15 A20 C23 D24 
C22 D21 B10 A17 

Solution: 
          Subtract 20 we get 

A   -2 C    1 D  5 B -9 
D    2 B   -8 A -5 C -1 
B   -5 A    0 C  3 D 4 
C    2 D    1 B -10 A -3 
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 𝑋𝑋1 𝑋𝑋2 𝑋𝑋3 𝑋𝑋4 Total 𝑋𝑋1
2 𝑋𝑋2

2 𝑋𝑋3
2 𝑋𝑋4

2 
𝑌𝑌1 -2 1 5 -9 -5 4 25 25 81 
𝑌𝑌2 2 -8 -5 -1 -12 4 25 25 1 
𝑌𝑌3 -5 0 3 4 2 25 9 9 16 
𝑌𝑌4 2 1 -10 -3 -10 4 100 100 9 

TOTAL -3 -6 -7 -9 -25 37 66 159 107 
 
𝐻𝐻0: There is no significant difference between rows, columns and treatments. 

𝐻𝐻1: There is significant difference between rows, columns and treatments. 

Step 1  : N  =  16 

Step 2  : T  =  -25 

Step 3  :   𝑻𝑻
𝟐𝟐

𝑵𝑵
 =     (−25)2

16
  =  625

16
   =  39.06 

Step 4  :  TSS = ∑𝑋𝑋1
2 +  𝑋𝑋2

2 + 𝑋𝑋3
2 + 𝑋𝑋4

2 − 𝑇𝑇2

𝑁𝑁
 

                      = 37 + 66 + 159 + 107 - 39.06  = 329.94 

Step 5  :  SSC = (∑𝑿𝑿𝟏𝟏)𝟐𝟐

𝑵𝑵𝟏𝟏
+ (∑𝑿𝑿𝟐𝟐)𝟐𝟐

𝑵𝑵𝟐𝟐
+ (∑𝑿𝑿𝟑𝟑)𝟐𝟐

𝑵𝑵𝟑𝟑
+ (∑𝑿𝑿𝟒𝟒)𝟐𝟐

𝑵𝑵𝟒𝟒
− 𝑻𝑻𝟐𝟐

𝑵𝑵
 

                     =  (−3)2

4
+ (−6)2

4
+ (−7)2

4
+ (−9)2

4
− 39.06                                                             

                                (𝑁𝑁1,𝑁𝑁  2.𝑁𝑁3,𝑁𝑁4 𝑎𝑎𝑒𝑒𝑒𝑒 𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑛𝑛𝑠𝑠 𝑖𝑖𝑛𝑛 𝑒𝑒𝑎𝑎𝑏𝑏ℎ 𝑏𝑏𝑛𝑛𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛) 

                      = 9
4

+ 36
4

+ 49
4

+ 81
4
− 39.06 

                      =  175
4
− 39.06 = 43.75 − 39.06 = 4.69 

Step 6  :  SSR   = (∑𝒀𝒀𝟏𝟏)𝟐𝟐

𝑵𝑵𝟏𝟏
+ (∑𝒀𝒀𝟐𝟐)𝟐𝟐

𝑵𝑵𝟐𝟐
+ (∑𝒀𝒀𝟑𝟑)𝟐𝟐

𝑵𝑵𝟑𝟑
+ (∑𝒀𝒀𝟒𝟒)𝟐𝟐

𝑵𝑵𝟒𝟒
− 𝑻𝑻𝟐𝟐

𝑵𝑵
 

                           =   (−5)2

3
+ (−12)2

3
+ (2)2

3
+ (−10)2

3
− 𝑇𝑇2

𝑁𝑁
 

                                       (𝑁𝑁1,𝑁𝑁2.𝑁𝑁3,𝑁𝑁4 𝑎𝑎𝑒𝑒𝑒𝑒 𝑒𝑒𝑐𝑐𝑒𝑒𝑐𝑐𝑒𝑒𝑛𝑛𝑠𝑠 𝑖𝑖𝑛𝑛 𝑒𝑒𝑎𝑎𝑏𝑏ℎ 𝑏𝑏𝑛𝑛𝑐𝑐𝑐𝑐𝑐𝑐𝑛𝑛) 

      =   25 + 144 + 4 + 100
4

− 39.06   =   273
4
− 39.06  =   68.25 − 39.06   =   29.19 

To find SSK: 

       Arrange the elements in the order of treatment. 

     Total 

A -2 -5 0 -3 -10 

B -9 -8 -5 -10 -32 

C 1 -1 3 2 5 

D 5 2 4 1 12 
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SSK  =   (−10)2

4
+ (−32)2

4
+ (5)2

4
+ (12)2

4
− 𝑇𝑇2

𝑁𝑁
 

          =  100
4

+ 1024
4

+ 25
4

+ 144
4
− 39.06    =   1293

4
− 39.06    =   284.19 

SSE   =   TSS – SSC – SSR - SSK 

          = 329.94 – 4.69 – 29.19 - 284.19    =  11.87 

Step 7    :   ANOVA Table 
Source of 
Variation 

S. S d.f MSS Variance 
Ratio 

Table value 
5% level 

Between 
Rows 

SSR 
= 29.19 

k-1  = 3 MSR 
= 𝑆𝑆𝑆𝑆𝑆𝑆
𝐾𝐾−1

 = 
9.73 

𝐹𝐹𝑆𝑆 =
𝑀𝑀𝑆𝑆𝑆𝑆
𝑀𝑀𝑆𝑆𝑀𝑀

= 4.91 

𝐹𝐹𝑆𝑆(3,6)
= 4.76 

Between 
Columns 

SSC 
= 4.69 

k-1  =  3 MSC 
=𝑆𝑆𝑆𝑆𝑆𝑆
𝐾𝐾−1

=
1.56 

𝐹𝐹𝑆𝑆 =
𝑀𝑀𝑆𝑆𝑀𝑀
𝑀𝑀𝑆𝑆𝑆𝑆

= 1.26 

𝐹𝐹𝑆𝑆(6,3)
= 8.94 

Between 
Treatments 

SSK 
=  284.19 

k-1  =   3 MSK 
=𝑆𝑆𝑆𝑆𝐾𝐾
𝐾𝐾−1

=
94.73 

𝐹𝐹𝑇𝑇 =
𝑀𝑀𝑆𝑆𝐾𝐾
𝑀𝑀𝑆𝑆𝑀𝑀

= 4.91 

𝐹𝐹𝑇𝑇(3,6)
= 4.76 

Error SSE 
=  11.87 

(k-1)(k-2) 
= 6 

MSE=
𝑆𝑆𝑆𝑆𝑀𝑀

(𝐾𝐾−1)(𝐾𝐾−2)
=

1.98 

  

 
Step 8    :    Cal 𝐹𝐹𝑆𝑆    <  Tabulated 𝐹𝐹𝑆𝑆  
                     Cal 𝐹𝐹𝑇𝑇 > 𝑇𝑇𝑎𝑎𝑏𝑏𝑐𝑐𝑐𝑐𝑎𝑎𝑠𝑠𝑒𝑒𝑎𝑎 𝐹𝐹𝑇𝑇  
                     Cal 𝐹𝐹𝑆𝑆 > 𝑇𝑇𝑎𝑎𝑏𝑏𝑐𝑐𝑐𝑐𝑎𝑎𝑠𝑠𝑒𝑒𝑎𝑎 𝐹𝐹𝑆𝑆  
       Therefore We conclude that there is a significant difference between treatments 
and rows. But, there is no significant difference between columns. 
 

13.a(i) Solve the following equations by Gauss Elimination Method. 
𝑥𝑥 + 𝑦𝑦 + 𝑧𝑧 = 9, 2𝑥𝑥 − 3𝑦𝑦 + 4𝑧𝑧 = 13, 3𝑥𝑥 + 4𝑦𝑦 + 5𝑧𝑧 = 40. 
 
Solution:                 
                     Given  𝑥𝑥 + 𝑦𝑦 + 𝑧𝑧 = 9,   
                               2𝑥𝑥 − 3𝑦𝑦 + 4𝑧𝑧 = 13 
                              3𝑥𝑥 + 4𝑦𝑦 + 5𝑧𝑧 = 40 
 

            |𝐴𝐴,𝐵𝐵| = �
1 1 1
2 −3 4
3 4 5

�
9

13
40
� 

 

                        = �
1 1 1
0 −5 2
0 1 2

�
9
−6
13
�                  𝑆𝑆2 ⟺ 𝑆𝑆2 − 2𝑆𝑆1,       𝑆𝑆3 ⟺ 𝑆𝑆3 − 3𝑆𝑆1 
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                       =  �
1 1 1
2 −5 2
3 0 12

�
9
−6
59
�                 𝑆𝑆3 ⟺ 5𝑆𝑆3 + 𝑆𝑆2 

 

                     = �
12 12 0
0 −30 0
0 0 12

�
49
−95
59

�             𝑆𝑆1 ⟺ 12𝑆𝑆1 − 𝑆𝑆3,    𝑆𝑆2 ⟺ 6𝑆𝑆2 − 𝑆𝑆3 

 

                    = �
360 0 0

0 −30 0
0 0 12

�
330
−95
59

�          𝑆𝑆1 ⟺ 30𝑆𝑆1 + 12𝑆𝑆2,     

 
360 𝑋𝑋 = 330                -30 Y = - 95                       12 Z = 59 

         𝑋𝑋 = 11
12

                         Y  = −95
30

    =  19
6

               Z  =  59
12

 
 

 
      (ii) Find the dominant eigen values of  �

1 3 −1
3 2 4
−1 4 10

�  by power method. 

 
Solution:      

         Let 𝑋𝑋1 = �
1
0
0
� be an arbitrary initial eigen vector. 

      A𝑋𝑋1 = �
1 3 −1
3 2 4
−1 4 10

� �
1
0
0
� = �

1
3
−1

� = 3 �
0.3333

1
−0.3333

� = 3𝑋𝑋2 

 

A𝑋𝑋1 = �
1 3 −1
3 2 4
−1 4 10

� �
1
0
0
� = �

1
3
−1

� = 3 �
0.3333

1
−0.3333

� = 3𝑋𝑋2 

 

A𝑋𝑋2 = �
1 3 −1
3 2 4
−1 4 10

� �
0.3333

1
−0.3333

� = �
3.6666
1.6667
−0.3337

� = 3.6666 �
1

0.4546
0.0910

� = 3.6666𝑋𝑋3 

 

A𝑋𝑋3 = �
1 3 −1
3 2 4
−1 4 10

� �
1

0.4546
0.0910

� = �
2.2728
4.2732
1.7284

� = 4.2732 �
0.5319

1
0.4045

� = 4.2732𝑋𝑋4 

 

A𝑋𝑋4 = �
1 3 −1
3 2 4
−1 4 10

� �
1.5319

1
0.4045

� = �
3.1274
5.2137
7.5131

� = 7.5131 �
0.4163
0.6939

1
� = 7.5131𝑋𝑋5 

 

A𝑋𝑋5 = �
1 3 −1
3 2 4
−1 4 10

� �
0.1212
0.5370

1
� = �

0.7322
5.4376

12.0268
� = 12.0268 �

0.0609
0.4521

1
� = 12.0268𝑋𝑋7 

 

A𝑋𝑋7 = �
1 3 −1
3 2 4
−1 4 10

� �
0.0609
0.4521

1
� = �

0.4172
5.0869

11.7475
� = 11.7475 �

0.0355
0.4330

1
� = 11.7475𝑋𝑋8 
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A𝑋𝑋8 = �
1 3 −1
3 2 4
−1 4 10

� �
0.0355
0.4330

1
� = �

0.3345
4.9725

11.6965
� = 11.6965 �

0.0289
0.4251

1
� = 11.6965𝑋𝑋9 

 

A𝑋𝑋9 = �
1 3 −1
3 2 4
−1 4 10

� �
0.0289
0.4251

1
� = �

0.3042
4.9369

11.6715
� = 11.6715 �

0.0261
0.4230

1
� = 11.6715𝑋𝑋10 

 

A𝑋𝑋10 = �
1 3 −1
3 2 4
−1 4 10

� �
0.0261
0.4230

1
� = �

0.2951
4.9243

11.6659
� = 11.6659 �

0.0253
0.4221

1
� = 11.6659𝑋𝑋11 

 

A𝑋𝑋11 = �
1 3 −1
3 2 4
−1 4 10

� �
0.0253
0.4221

1
� = �

0.2916
4.9201

11.6631
� = 11.6631 �

0.025
0.4219

1
� = 11.6631𝑋𝑋12 

 

A𝑋𝑋12 = �
1 3 −1
3 2 4
−1 4 10

� �
0.025

0.4219
1

� = �
0.2907
4.9188
11.626

� = 11.6626 �
0.0249
0.4218

1
� = 11.6626𝑋𝑋13 

 

A𝑋𝑋13 = �
1 3 −1
3 2 4
−1 4 10

� �
0.0249
0.4218

1
� = �

0.2903
4.9183

11.6623
� = 11.6623 �

0.0249
0.4217

1
� = 11.6623𝑋𝑋14 

 

A𝑋𝑋14 = �
1 3 −1
3 2 4
−1 4 10

� �
0.0249
0.4217

1
� = �

0.29
4.9181

11.6619
� = 11.6619 �

0.0249
0.4217

1
� 

 

The dominant eigen value is 11.6619 and the corresponding eigen vector is �
0.0249
0.4217

1
� 

 
 

  
 
  (b)(i)  If A = �

2 1 1
3 2 3
1 4 9

�  Find  𝐴𝐴−1 𝑏𝑏𝑦𝑦 𝐺𝐺𝑎𝑎𝑐𝑐𝑠𝑠𝑠𝑠 𝐽𝐽𝑛𝑛𝑒𝑒𝑎𝑎𝑎𝑎𝑛𝑛 𝑐𝑐𝑒𝑒𝑠𝑠ℎ𝑛𝑛𝑎𝑎. 

Solution: 

         [𝐴𝐴, 𝐼𝐼] =   �
2 1 1
3 2 3   
1 4 9

�    
1 0 0
0 1 0
0 0 1

� 

 

               =  �
2 1 1
0 1 3  
 0 7 17

  �   
1 0 0
−3 2 0
−1 0 2

�           𝑆𝑆2 ⟺ 2𝑆𝑆2 − 3𝑆𝑆1,       𝑆𝑆3 ⟺ 2𝑆𝑆3 −

𝑆𝑆1, 
 

              =   �
2 1 1
0 1 3
0 0 −4

   �   
1 0 0
−3 2 0
20 −14 2

�           𝑆𝑆3 ⟺ 𝑆𝑆3 − 7𝑆𝑆2, 
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               =   �
8 4 0
0 4 0
0 0 −4

  �  
24 −14 2
48 −34 6
20 −14 2

�         𝑆𝑆2 ⟺ 4𝑆𝑆2 + 3𝑆𝑆3,        𝑆𝑆1 ⟺ 4𝑆𝑆1 +

𝑆𝑆3 
 

             =      �
8 0 0
0 4 0
0 0 −4

   �  
−24 20 −4
48 −34 6
20 −14 2

�         𝑆𝑆1 ⟺ 𝑆𝑆1 − 𝑆𝑆2, 

 

            =    

⎝

⎜
⎛1 0 0

0 1 0 
0 0 1

��
−3 5

2
−1
2

12 −17
2

3
2

−5 7
2

−1
2 ⎠

⎟
⎞

 

 

    𝐴𝐴−1 = 1
2
�
−6 5 −1
24 −17 3
−10 7 −1

� 

 
     (ii) Solve the following equation by Gauss Seidal method:  

        𝑥𝑥 + 𝑦𝑦 + 54𝑧𝑧 = 110,     27𝑥𝑥 + 6𝑦𝑦 − 𝑧𝑧 = 85,     6𝑥𝑥 + 15𝑦𝑦 + 2𝑧𝑧 = 72. 
Solution  :   

     Write x, y, z as follows: 

𝑥𝑥 = 1
27  

[85 - 6y + z]       𝑦𝑦 = 1
15

[72 − 6𝑥𝑥 − 2𝑧𝑧]   𝑧𝑧 = 1
54

[110 − 𝑥𝑥 − 𝑦𝑦] 

Let the initial values be y = 0, z = 0 

 First Iteration 

       𝑥𝑥1 = 1
27

[85 − 6𝑦𝑦0 + 𝑧𝑧0] =  1
27

[85 − 6(0) + 0] = 3.148 

       𝑦𝑦1 = 1
15

[72 − 6𝑥𝑥1 − 2𝑧𝑧0] = 1
15

[72 − 6(3.148) − 0] = 3.541 

       𝑧𝑧1 = 1
54

[110 − 𝑥𝑥1 − 𝑦𝑦1]    =  1
54

[110 − 3.148 − 3.541] = 1.913 

Second iteration 

      𝑥𝑥2 = 1
27

[85 − 6𝑦𝑦1 + 𝑧𝑧1]  =  1
27

[85 − 6(3.541) + 1.913] = 2.432 

      𝑦𝑦2 = 1
15

[72 − 6𝑥𝑥2 − 2𝑧𝑧1]   =  1
15

[72 − 6(2.432) − 2(1.913)] = 3.572 

      𝑧𝑧2 = 1
54

[110 − 𝑥𝑥2 − 𝑦𝑦2]  = 1
54

[110 − 2.432 − 3.572] = 1.926 

Third iteration 

      𝑥𝑥3 = 1
27

[85 − 6𝑦𝑦2 + 𝑧𝑧2]  =   1
27

[85 − 6(3.572)+1.926 ]  =  2.426 

      𝑦𝑦3 = 1
15

[72 − 6𝑥𝑥3 − 2𝑧𝑧2] =  1
15

[72 − 6(2.426) − 2(1.926) ]  = 3.573 

      𝑧𝑧3 = 1
54

[110 − 𝑥𝑥3 − 𝑦𝑦3] = 1
54

[110 − 2.426 − 3.573] = 2.426 
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Fourth iteration 

       𝑥𝑥4 = 1
27

[85 − 6𝑦𝑦3 + 𝑧𝑧3] = 1
27

[85 − 6(3.573) − 1.926] = 2.426 

       𝑦𝑦4 = 1
15

[72 − 6𝑥𝑥4 − 2𝑧𝑧3] =  1
15

[72 − 6(2.426) − 2(10926)]  = 3.573 

      𝑧𝑧4 = 1
54

[110 − 𝑥𝑥4 − 𝑦𝑦4]  =  1
54

[110 − 2.426 − 3.573]  = 1.926 

Hence     𝑥𝑥 = 2.426,    𝑦𝑦 = 3.573,    𝑧𝑧 = 1.926 

 

14.a(i) Find y(22),given that 

X: 20 25 30 35 40 45 
Y(x): 354 332 291 260 231 204 

 
Ans :   
 
     To find y (22)  , Use Newton forward interpolation formula  

      .....0
3

!3
)2)(1(

0
2

!2
)1(

0!10 +∆
−−

+∆
−

+∆+= yuuuyuuyuyy -----(1) 

                 5,204.0
5

2022
0

0 ===
−

=
−

= hxHere
h

xx
u  

 

x  y  y∆  y2∆  y3∆  y4∆  y5∆  
20 354      
  -22     

25 332  -19    
  -41  29   

30 291  10  -37  
  -31  -8  45 

35 260  2  8  
  -29  0   

40 231  2    
  -27     

45 204      
 
Substituting in (1) 

)29(
!5

)44.0)(34.0)(24.0)(14.0)(4.0(

)37(
!4

)34.0)(24.0)(14.0)(4.0(

)29(
!3

)24.0)(14.0)(4.0()19(
!2

)14.0(4.0)22(
!1
4.0354)22(

−−−−
+

−
−−−

+

−−
+−

−
+−+=y

 

               =   354 – 8.8 + 2.28 + 1.856 + 1.5392 + 1.34784    

               =  352.22 
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      (ii) 

 

Evaluate ∫ sin 𝑥𝑥 𝑎𝑎𝑥𝑥𝜋𝜋
0  ,   by Trapezoidal and Simpson’s (1/3) rules by dividing the 

range into 10 equal parts. 

Solution:  

     Range  = π  - 0  =  π  Hence h  =  𝜋𝜋
10

 

We tabulate below the values of y at different  x ’s. 

X   : 0 𝜋𝜋
10

 2𝜋𝜋
10

 
3𝜋𝜋
10

 
4𝜋𝜋
10

 
5𝜋𝜋
10

 
6𝜋𝜋
10

 

Y= sin x 0 0.3090 0.5878 0.8090 0.9511 1 0.9511 

   7𝜋𝜋
10

 
8𝜋𝜋
10

 
9𝜋𝜋
10

 π  

   0.8090 0.5878 0.3090 0  

 
Note that the values are symmetrical about x  =  𝜋𝜋

2
 

 
   Trapezoidal rule: 

                      � 𝑓𝑓(𝑥𝑥)𝑎𝑎𝑥𝑥

𝑥𝑥𝑛𝑛

  𝑥𝑥0

=
ℎ
2

[(𝑦𝑦0 + 𝑦𝑦𝑛𝑛) + 2(𝑦𝑦1 + 𝑦𝑦2 + ⋯ . . +𝑦𝑦𝑛𝑛−1)] 

               I = ( 𝜋𝜋
20

)[(0 + 0) + 2(0.3090 + 0.5878 + 0.8090 + 0.9511 + 1 +
                                        0.9511+  0.8090+  0.5878+0.3090]  = 1.9843 nearly.  

  Simpson’s one third rule 

           ∫ 𝑓𝑓(𝑥𝑥)𝑎𝑎𝑥𝑥𝑥𝑥𝑛𝑛
𝑥𝑥0

   =    ℎ
3

[(𝑦𝑦0 + 𝑦𝑦𝑛𝑛) + 2(𝑦𝑦2 + 𝑦𝑦4 + ⋯ . ) + 4(𝑦𝑦1 + 𝑦𝑦3 + ⋯ . )] 

                    =  1
3

 ( 𝜋𝜋
10

)[(0 + 0) + 2(0.5878 + .9511 + 0.9511 + 0.5878) +

                                                      4(0.3090 +  0.8090 + 1 + 0.8090 + 0.3090)]  

                      =   2.00091. 
 

  
 (b) (i) Find the cubic polynomial  y(x)  for 

X: -1 0 2 3 
Y(x): -8 -3 1 12 

Solution: 
 
 
 
 
 
 

 𝑥𝑥0 𝑥𝑥1 𝑥𝑥2 𝑥𝑥3 
 𝑥𝑥 -1 0 2 3 
𝑦𝑦 -8 1 1 12 
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By Lagrange’s interpolation formula, we have 

𝑦𝑦 = 𝑓𝑓(𝑥𝑥) =
(𝑥𝑥 − 𝑥𝑥1)(𝑥𝑥 − 𝑥𝑥2)(𝑥𝑥 − 𝑥𝑥3)

(𝑥𝑥0 − 𝑥𝑥1)(𝑥𝑥0 − 𝑥𝑥2)(𝑥𝑥0 − 𝑥𝑥3)
𝑦𝑦0 +

(𝑥𝑥 − 𝑥𝑥0)(𝑥𝑥 − 𝑥𝑥2)(𝑥𝑥 − 𝑥𝑥3)
(𝑥𝑥1 − 𝑥𝑥0)(𝑥𝑥1 − 𝑥𝑥2)(𝑥𝑥1 − 𝑥𝑥3)

𝑦𝑦1

+
(𝑥𝑥 − 𝑥𝑥0)(𝑥𝑥 − 𝑥𝑥1)(𝑥𝑥 − 𝑥𝑥3)

(𝑥𝑥2 − 𝑥𝑥0)(𝑥𝑥2 − 𝑥𝑥1)(𝑥𝑥2 − 𝑥𝑥3)
𝑦𝑦2

+
(𝑥𝑥 − 𝑥𝑥0)(𝑥𝑥 − 𝑥𝑥1)(𝑥𝑥 − 𝑥𝑥2)

(𝑥𝑥3 − 𝑥𝑥0)(𝑥𝑥3 − 𝑥𝑥1)(𝑥𝑥3 − 𝑥𝑥2)
𝑦𝑦3 

 

=  
(𝑥𝑥 − 0)(𝑥𝑥 − 2)(𝑥𝑥 − 3)

(−1 − 0)(−1 − 2)(−1 − 3)
(−8) +

(𝑥𝑥 + 1)(𝑥𝑥 − 2)(𝑥𝑥 − 3)
(0 + 1)(0 − 2)(0 − 3)

(3) 

 

+
(𝑥𝑥 + 1)(𝑥𝑥 − 0)(𝑥𝑥 − 3)
(2 + 1)(2 − 0)(2 − 3) +      

(𝑥𝑥 + 1)(𝑥𝑥 − 0)(𝑥𝑥 − 2)
(3 + 1)(3 − 0)(3 − 2)

(12) 

 

              =     𝑥𝑥�𝑥𝑥2−5𝑥𝑥+6�
(−1)(−3)(−4)

(−8)  +   
(𝑥𝑥+1)�𝑥𝑥2−5𝑥𝑥+6�

(−2)(−3)
(3) 

     +
(𝑥𝑥 + 1)(𝑥𝑥2 − 3𝑥𝑥)

(3)(2)(−1)
(1) +

(𝑥𝑥 + 1)(𝑥𝑥2 − 2𝑥𝑥)
(4)(3)(1)

(12) 

 
       =   2

3
(𝑥𝑥3 − 5𝑥𝑥2 + 6𝑥𝑥) + 1

2
(𝑥𝑥3 − 5𝑥𝑥2 + 6𝑥𝑥 + 𝑥𝑥2 − 5𝑥𝑥 + 6) 

                          −
1
6

(𝑥𝑥3 − 3𝑥𝑥2 + 𝑥𝑥2 − 3𝑥𝑥) + 𝑥𝑥3 −  2𝑥𝑥2 + 𝑥𝑥2 − 2𝑥𝑥 

      = ( 4 + 3 – 1 + 6)
6

𝑥𝑥3 + (−6)𝑥𝑥2 + 3𝑥𝑥 + 3 
      𝑦𝑦(𝑥𝑥) = 2𝑥𝑥3 − 6𝑥𝑥2 + 3𝑥𝑥 + 3 
 

      (ii) Find y’(1)  if 
X 0 2 3 4 7 9 

Y(x) 4 26 58 112 466 922 

Solution   :    

      since the arguments are not equally spaced, we will use Newton’s divided 
difference formula 
       Divided Difference Table 

𝑥𝑥 𝑦𝑦 = 𝑓𝑓(𝑥𝑥) ∆ 𝑓𝑓(𝑥𝑥) ∆2𝑓𝑓(𝑥𝑥) ∆3𝑓𝑓(𝑥𝑥) ∆4𝑓𝑓(𝑥𝑥) 
0 4     
  11    
2 26  7   
  32  1  
3 58  11  0 
  54  1  
4 112  16  0 
  118  1  
7 466  22   
  228    
9 922     
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By Newton’s divided difference formula 

𝑦𝑦 = 𝑓𝑓(𝑥𝑥) = 𝑓𝑓(𝑥𝑥0) + (𝑥𝑥 − 𝑥𝑥0)𝑓𝑓(𝑥𝑥0, 𝑥𝑥1) + (𝑥𝑥 − 𝑥𝑥0)(𝑥𝑥 − 𝑥𝑥1)𝑓𝑓(𝑥𝑥0, 𝑥𝑥1, 𝑥𝑥2) 

     = 4 +(𝑥𝑥 − 0)11 + (𝑥𝑥 − 0)(𝑥𝑥 − 27)7 + (𝑥𝑥 − 0)(𝑥𝑥 − 2)(𝑥𝑥 − 3)1 

      =   𝑥𝑥3 + 2𝑥𝑥2 + 3𝑥𝑥 + 4 

Therefore, 𝑦𝑦′  (𝑥𝑥) = 3𝑥𝑥2 + 4𝑥𝑥 + 3 

        𝑦𝑦′  (1) = 3(1)2  + 4(1) + 3 = 3 + 4 + 3  = 10 

 
15.a(i) By Taylor series method find y (0.1)  , y (0.2) and y(0.3)   𝑎𝑎𝑦𝑦

𝑎𝑎𝑥𝑥
= 𝑥𝑥 − 𝑦𝑦2   , 𝑦𝑦(0) = 1. 

Solution :  
      Given   𝑦𝑦′ = 𝑥𝑥 − 𝑦𝑦2    ,     𝑦𝑦(0) = 1 

i.e. 𝑦𝑦′  = 𝑥𝑥 − 𝑦𝑦2   ,    𝑥𝑥0 = 0  ,  𝑦𝑦0 = 1  , ℎ = 0.1 

       𝑦𝑦′ = 𝑥𝑥 − 𝑦𝑦2                                 ⇒       𝑦𝑦0
′ = 𝑥𝑥0 − 𝑦𝑦0

2 = 0 − 12 = −1 

       𝑦𝑦′′ = 1 − 2𝑦𝑦𝑦𝑦′                               ⇒        𝑦𝑦0
′′ = 1 − 2𝑦𝑦0𝑦𝑦0

′ = 1 − 2(1)(−1) = 3 

      𝑦𝑦′′′   = −2[𝑦𝑦𝑦𝑦′′ + 𝑦𝑦′𝑦𝑦′ ]               ⇒     𝑦𝑦0
′′′ = −2[𝑦𝑦0𝑦𝑦0

′′ + (𝑦𝑦0
′)2] 

                  = −2[[𝑦𝑦𝑦𝑦′′ + (𝑦𝑦′)2]                             = −2[(1)(3) + (−1)2]   =  −8 

By Taylor’s series, we have      

     𝑦𝑦1   =   𝑦𝑦0 + ℎ𝑦𝑦0
′ + ℎ2

2!
𝑦𝑦0

′′ + ℎ3

3!
𝑦𝑦0

′′′ +………. 

 𝑦𝑦(0.1) = 1 + (0.1)(−1) + (0.1)2

2!
(3) + (0.1)3

3!
(−8) + ⋯ 

   = 1 − 0.1 + 0.015 − 0.0133 = 0.91367 = 0.91 

𝑦𝑦(0.2) = 1 + (0.2)(−1) +
(0.2)2

2!
(3) +

(0.2)3

3!
(−8) + ⋯ 

 = 1 − 0.2 + 0.06 − 0.01067 = 0.8493 = 0.85 

𝑦𝑦(0.3) = 1 + (0.3)(−1) +
(0.3)2

2!
(3) +

(0.3)3

3!
(−8) + ⋯ 

  = 1 − 0.3 + 0.135 − 0.036  = 0.799 

 
     (ii) By modified Euler’s method, find y(0.1), y(0.2) and y(0.3), if 𝑎𝑎𝑦𝑦

𝑎𝑎𝑥𝑥
= 𝑥𝑥 + 𝑦𝑦 ,𝑦𝑦(0) = 1. 

Solution:   

    Given     𝑦𝑦′  = 𝑥𝑥 + 𝑦𝑦    ,    𝑦𝑦(0) = 1 

         𝑓𝑓(𝑥𝑥, 𝑦𝑦) = 𝑥𝑥 + 𝑦𝑦   ,    𝑥𝑥0 = 0   ,   𝑦𝑦0 = 1   ,   ℎ = 0.1 

             𝑦𝑦𝑛𝑛+1 = 𝑦𝑦𝑛𝑛 + ℎ𝑓𝑓 �𝑥𝑥𝑛𝑛 + ℎ
2

  ,   𝑦𝑦𝑛𝑛 + ℎ
2
𝑓𝑓(𝑥𝑥𝑛𝑛   , 𝑦𝑦𝑛𝑛)� 
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         𝑦𝑦1  = 𝑦𝑦0 + ℎ𝑓𝑓 �𝑥𝑥0 + ℎ
2

  ,   𝑦𝑦0 + ℎ
2
𝑓𝑓(𝑥𝑥0   ,𝑦𝑦0)� 

                 =   1 + (0.1)𝑓𝑓[1 + 0.1
2

 , 1 + 0.1
2
𝑓𝑓(0.1)] 

                  =   1 + (0.1)𝑓𝑓[0.05  , 1 + 0.05[0 + 1]] 

                  =   1 + (0.1)𝑓𝑓[0.05,1.05] 

                 =   1 + (0.1)[0.05 + 1.05] 

                = 1 + (0.1)(1.1) = 1.11 

         𝒚𝒚𝟏𝟏 = 𝒚𝒚(𝟎𝟎.𝟏𝟏) = 𝟏𝟏.𝟏𝟏𝟏𝟏 

𝑦𝑦2    = 𝑦𝑦1 + ℎ𝑓𝑓 �𝑥𝑥1 +
ℎ
2

 ,   𝑦𝑦1 +
ℎ
2
𝑓𝑓(𝑥𝑥1  ,  𝑦𝑦1)� 

         = 1.11 + (0.1)𝑓𝑓[0.1 + 0.1
2

, 1.11 + 0.1
2
𝑓𝑓(0.1,1.11)] 

          = 1.11 + (0.1)𝑓𝑓[0.15   ,   1.11 + 0.1
2

[0.1 + 1.11]] 

          = 1.11 + (0.1)𝑓𝑓[0.15,1.1705] 

         = 1.11 + (0.1)[0.15 + 1.1705] 

          𝒚𝒚𝟐𝟐 = 𝒚𝒚(𝟎𝟎.𝟐𝟐) = 𝟏𝟏.𝟐𝟐𝟒𝟒𝟐𝟐𝟏𝟏 

 𝑦𝑦3 = 𝑦𝑦2 + ℎ𝑓𝑓 �𝑥𝑥2 + ℎ
2

  ,   𝑦𝑦2 + ℎ
2
𝑓𝑓(𝑥𝑥2,𝑦𝑦2)� 

               = 1.2421 + (0.1)𝑓𝑓[0.2 +
0.1
2

   ,   1.2421 +
0.1
2
𝑓𝑓(0.2,1.2421)] 

              = 1.2421 + (0.1)𝑓𝑓[0.25,1.2421 + 0.1
2

[0.2 + 1.2421]] 

              = 1.2421 + (0.1)𝑓𝑓[0.25,1.314205] 

                = 1.2421 + (0.1)[0.25 + 1.314205] 

      𝒚𝒚𝟑𝟑 = 𝒚𝒚(𝟎𝟎.𝟑𝟑) = 𝟏𝟏.𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑 

  
    (b) If   𝑎𝑎𝑦𝑦  

𝑎𝑎𝑥𝑥
= 𝑦𝑦2−𝑥𝑥2

𝑦𝑦2+𝑥𝑥2    ,   y(0)  = 1 ,  find y(0.2) , y(0.4) and y(0.6)by Runge - Kutta 
method of fourth order and hence find y(0.8) by Milne Thomson method. 
Ans : 

       Given  2.0,6.03,4.02,2.01,10,00,22
22

),(' ======
+

−== hxxxyx
xy
xyyxfy  

To find y(0.2) : 

2.0
01
01

)2.0(
2

0
2

0

2
0

2
0)2.0()

0
,

0
(

1
=

+
−

=
+

−
== 





















xy

xy
yxfhk

 


















++=++=

2
2.0

1,
2
2.0

0)2.0(
2
1

0,
202

f
k

y
h

xfhk  
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( ) 19672.09836.0)2.0(

2)1.0(2)1.1(

2)1.1(2)1.1(
)2.0(]1.1,1.0[)2.0(

==

+

−
==












f  

[ ]

1967.0
2)1.0(2)0983606.1(

2)1.0(2)0983606.1(
)2.0(

0983606.1,1.0)2.0(

2
19672.0

1,
2
2.0

0)2.0(
2
2

0,
203

=
+

−
=

=

++=++=































f

f
k

y
h

xfhk

 

1891.0
2)2.0(2)1967.1(

2)2.0(2)1967.1(
)2.0(

]1967.1,2.0[)2.0()
30

,
0

(
4

=
+

−
=

=++=













fkyhxfhk

 

19598.0]1891.0)1967.1(2)19672.0(22.0[
6
1

]
43

2
2

2
1

[
6
1

=+++=

+++=∆ kkkky
 

    y(0.2)  =  1
y =  yy ∆+

0 =  1+ 0.19598  =  1.19598 

 
To find y(0.4) :  

1891.0
2)2.0(2)196.1(

2)2.0(2)196.1(
)2.0(

)
1

,
1

(
1

=
+

−
=

=













yxfhk

 

1795.0
2)3.0(2)2906.1(

2)3.0(2)2906.1(
)2.0(

]2906.1,3.0[)2.0(

2
1891.0

196.1,
2
2.0

2.0)2.0(
2
1

1,
212

=
+

−
=

=

++=++=































f

f
k

y
h

xfhk

 

[ ]

1793.0
2)3.0(2)2858.1(

2)3.0(2)2858.1(
)2.0(

2858.1,3.0)2.0(

2
1795.0

196.1,
2

2.0
2.0)2.0(

2
2

1,
213

=
+

−
=

=

++=

++=































f

f

k
y

h
xfhk

 

]3753.1,4.0[)2.0(

)
31

,
1

(
4

f

kyhxfhk

=

++=
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1688.0
2)4.0(2)3753.1(

2)4.0(2)3753.1(
)2.0( =

+

−
=












 

1793.0]1688.0)1793.0(2)1795.0(21891.0[
6
1

]
43

2
2

2
1

[
6
1

=+++=

+++=∆ kkkky
 

    y(0.4)  =  2
y =  yy ∆+

1 = 1.196 + 0.1793  =  1.3753 

 
To find y(0.6)  : 

          
1360.0

2)4.0(2)3753.1(

2)4.0(2)3753.1()2.0(

)2,2(1

=
+

−
=

=













yxfhk

 

       
1580.0

2)5.0(2)4597.1(

2)5.0(2)4597.1(
)2.0(

]4597.1,5.0[)2.0(
2
1

2,
222

=
+

−
=

=++=
























f

k
y

h
xfhk

 

       

[ ]

1577.0
2)5.0(2)4543.1(

2)5.0(2)4543.1(
)2.0(

4543.1,5.0)2.0(
2
2

1,
213

=
+

−
=

=++=
























f

k
y

h
xfhk

 

       
1469.0

2)6.0(2)533.1(

2)6.0(2)533.1(
)2.0(

]533.1,6.0[)2.0()
31

,
1

(
4

=
+

−
=

=++=













fkyhxfhk

 

1579.0]1469.0)1577.0(2)1580.0(21688.0[
6
1

]
43

2
2

2
1

[
6
1

=+++=

+++=∆ kkkky
 

    y(0.6)  =  3
y =  yy ∆+

2 = 1.3753 + 0.1579  =  1.5332 

 
To Find y (0.8) by Milne’s method : 

]'
1

'4'
1

[
31,1

]'2'
1

'
2

2[
3

4
3,1

+
++

−
+

−
=

+

+
−

−
−

+
−

=
+

n
y

n
y

n
y

h
n

y
cn

y

n
y

n
y

n
y

h
n

y
pn

y
 

8440.0
2

2
2

2

2
2

2
2'

2
9456.0

2
1

2
1

2
1

2
1'

1
=

+

−
==

+

−
=





























xy

xy
y

xy

xy
y  
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6772.1]7442.0)7349.0(48440.0[
3
2.0

3753.1
,4

7442.0
2

4
2

4
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B.E./ B.Tech. DEGREE EXAMINATION, MAY/JUNE 2012 
(Common to Mechanical Engineering and Mechatronics Engineering) 

Fourth Semester 
MA2266 –STATISTICS AND NUMERICAL METHODS 

(Regulation 2008) 
Time : Three hours                                                                        Maximum : 100 marks 

Answer ALL questions 
PART A – (10 x 2 = 20 marks) 

 
       1. Define Type – I error and Type – II error. 

Solution: 
     Type I error : If  𝐻𝐻0 is rejected while it should have been accepted. 
     Type II error: If 𝐻𝐻0is accepted while it should have been rejected. 
 

       2. State the application of Chi- test 
Solution: 
      1. To test the goodness of fit. 
      2. To test the independent of attributes. 
      3. To test the homogeneous of independent estimations. 
 

       3. State the assumptions involved in ANOVA. 
Solution:      
     1.Normality    2. Homogeneity    3. Square Independence of error. 
 

       4. What are the advantages of a Latin square design? 
Solution:   
   1.With a two way stratification or grouping, the Latin Square controls  more of the 
variations than the completely randomized design or the randomized completely block 
design. The two way elimination of variations often results in small error mean square. 
    2. The analysis is simple , it is only slightly more complicated than that for the 
randomized complete block design. 
 

       5. Arrive a formula to find the value of √𝑁𝑁3 , where N≠0 , using Newton-Raphson method. 
Solution: 

  Let NxieNx == 3)(3/1
   Let 23)(',3)( xxfNxxf =−=  

N-R formula  :      
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       6. Solve the following system of equations using Gauss-Jordan elimination method 

2x + y = 3 , x - 2y = -1 
Solution:  
                   The given system is equivalent to     
               |A, B| = �2 1

1 −2�
3
−1� 

                      
                        =  �2 1

0 −5�
3
−5�      𝑅𝑅2 ⟺ 2𝑅𝑅2 − 𝑅𝑅1 

 
                         =   �2 1

0 1�
3
1�     𝑅𝑅2 ⟺  𝑅𝑅2

−5
 

 
                     =  �2 0

0 1�
2
1�          𝑅𝑅2 ⟺ 𝑅𝑅1 − 𝑅𝑅2 

        
                    = �1 0

0 1�
1
1�𝑅𝑅1 ⟺  𝑅𝑅1

2
 

 
There fore  x = 1 ,y = 1. 
 

       7. Form the divided difference table for the following data: 
 

X 5 15 22 
Y 7 36 160 

Solution: 
   
       The divided difference table is as follows: 

x f(x) ∆f(x) ∆ 2f(x) 
5 
 
 

15 
 
 
 

22 

7 
 
 

36 
 
 
 

160 

 
36 − 7
15 − 5

= 2.9 
 
 

160 − 36
22 − 15

= 17.7 
 
 

 
 
 

17.7 − 2.97
22 − 5

=
14.8
17

 
 
 

 
 

       8. Evaluate∫ 𝑑𝑑𝑑𝑑
𝑑𝑑

1
0.5   by Trapezoidal rule, dividing the range into 4 equal parts 

 
Solution:    

     Here    ℎ =
1−1

2
4

   =  1
8
;     𝑦𝑦 = 1

𝑑𝑑
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x 1
2

=  
4
8

 
5
8

 
6
8

 
7
8

 
8
8

 
 

 
f(x) : 1

𝑑𝑑
 

 
8
4

 

 
8
5

 

 
8
6

 

 
8
7

 

 
8
8

 
 

 
A = Sum of the first  and the last ordinates =   8

4
+ 8

8
   =  3 

 
B  =  Sum of the remaining ordinates = 8

5
+ 8

6
+ 8

7
= 856

210
 

 
∫ 𝑑𝑑𝑑𝑑

𝑑𝑑
1

1
2

=  ℎ
2
 (A+2B)  =  1

16
(3 + 856 𝑋𝑋2)

1680
) = 1171

1680
 = 0.6971. 

 
       9. State the merits of RK – method over Taylor series method. 

Solution: 
        Runge Kutta  methods do not require prior calculation of higher derivatives of y(x), 
as the Taylor method does. Since the differential equations using in applications are 
often complicated the calculations of derivatives may be difficult. 
       Also, the Runga Kutta formulae involve the computations of  f(x, y) at various 
positions instead of derivatives and this function occurs in the given equation. 
 

     10. Write the central difference approximations for  𝑑𝑑𝑦𝑦
𝑑𝑑𝑑𝑑

,    𝑑𝑑
2𝑦𝑦

𝑑𝑑𝑑𝑑 2. 
Solution:    
            𝑦𝑦′ = 1

2ℎ
(𝑦𝑦𝑖𝑖+1 − 𝑦𝑦𝑖𝑖−1) 

      
         y ′′  =  1

ℎ2  (𝑦𝑦𝑖𝑖−1 − 2𝑦𝑦𝑖𝑖 + 𝑦𝑦𝑖𝑖+1) 
 
 

 PART -  B   (5 x 16 = 80 Marks) 
 

11.a(i) A dice is thrown 400 times and a throw of 3 or 4 is observed 150 times. Test the 
hypothesis that the dice is fair. 
Solution: 
       Given  n = 400,   X =  Number of successes  = 150 

  P =  probability of getting 3 or 4.   =   1
6
  +  1

6
  =  2

6
  =   1

3
 

  Q = 1 –P    = 1  -  1
3
   =   2

3
 

    

      𝐻𝐻0 = 𝑃𝑃 =  1
3

(𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑖𝑖𝑢𝑢𝑢𝑢𝑑𝑑) 
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           𝐻𝐻1 ∶ 𝑃𝑃 ≠  1
3
 

𝑍𝑍 = 𝑋𝑋− 𝑢𝑢  𝑃𝑃
�𝑢𝑢𝑃𝑃𝑛𝑛

 = 
150−400 13

�(400)(1
3)(2

3)
 =  16.6667

9.4281
= 1.7678 

        Cal  |𝑧𝑧| = 1.7678 

For two tailed test = |𝑧𝑧| = 1.96       (5% 𝑙𝑙𝑢𝑢𝑙𝑙𝑢𝑢𝑙𝑙) 

         Cal    |𝑧𝑧| < 𝑡𝑡𝑢𝑢𝑢𝑢𝑙𝑙𝑢𝑢 |𝑧𝑧| 

Accept 𝐻𝐻0.    Thus the dice is fair. 

 
    (ii). Theory predicts that the proportion of beans in four groups A, B, C, D should be 9:3:3:1. 

In an experiment among 1600 beans, the numbers in the four groups were 882, 313, 287 
and 118. Does the experiment support the theory? 
Solution: 
         Given : A,B,C,D in the ratio 9:3:3:1 

     Total 

𝐸𝐸𝑖𝑖  900 300 300 100 1600 

𝑂𝑂𝑖𝑖  882 313 287 118 1600 

 

χ2 =  ∑ (𝑂𝑂𝑖𝑖−𝐸𝐸𝑖𝑖)2

𝐸𝐸𝑖𝑖
  =   182

900
   +    132

300
  + 132

300
  +  182

100
  = 4.73 

       ∑ 𝐸𝐸𝑖𝑖 = ∑ 𝑂𝑂𝑖𝑖 ,  degree of freedom  =  4 – 1 = 3 

𝐻𝐻0 = 𝑇𝑇ℎ𝑢𝑢 𝑢𝑢𝑑𝑑𝑒𝑒𝑢𝑢𝑒𝑒𝑖𝑖𝑒𝑒𝑢𝑢𝑢𝑢𝑡𝑡  𝑢𝑢𝑢𝑢𝑒𝑒𝑒𝑒𝑠𝑠𝑒𝑒𝑡𝑡𝑢𝑢 𝑡𝑡ℎ𝑢𝑢 𝑡𝑡ℎ𝑢𝑢𝑠𝑠𝑒𝑒𝑦𝑦 

      Cal χ2 = 4.73 

Table value for 3 degree of freedom = 7.82   ⇒   Cal𝑐𝑐𝑢𝑢𝑙𝑙 χ2 < 𝑡𝑡𝑢𝑢𝑢𝑢 χ2 

           Accept 𝐻𝐻0. 

 
  
11.b(i) The means of two large samples of 1000 and 2000 members are 67.5 inches and 

68.0inches respectively. Can the samples be regarded as drawn from the same 
populations of standard deviation 2.5 inches? 
Solution: 
    Given   𝑢𝑢1=1000,   𝑢𝑢2 = 2000     , 𝑑𝑑2��� =  67.5,     𝑑𝑑1��� =   68  𝜎𝜎1 =  𝜎𝜎2 = 2.5 

The parameter of interests is    µ1     𝑢𝑢𝑢𝑢𝑑𝑑   µ2 

     1.    𝐻𝐻0 ∶  µ1 = µ2 [No significant difference] 

     2.    𝐻𝐻1 ∶  µ1 ≠ µ2 
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     3. α = 0.05, (Two Tailed Test) 

         the test statistic is  𝑧𝑧 = 𝑑𝑑1 ����–𝑑𝑑2����

��𝑢𝑢1
2

𝑢𝑢1
+𝑢𝑢2

2

𝑢𝑢2
�

  = 67.5− 68

� 2.52
1000  +  2.52

2000

 = −0.5
√0.00625+0.003125

= −5.16 

Conclusion   :      -1.96   <    - 5.16   <  1.96        So we reject 𝐻𝐻0. 

 

    (ii). Two random samples gave the following results: 
Sample Size Sample 

Mean 
Sum of squares of 

deviations from the 
mean 

1 10 15 90 
2 12 14 108 

Test whether the samples have come from the same normal population. 
Solution: 
       A normal population has two parameters namely the mean µ and the variance 𝝈𝝈2. If 
we want to test the samples from the same normal population,we have to test 

(i) The equality of population variance (Using F-Test) 
(ii) The equality of population means (using t-test). 
Since t-test assumes𝝈𝝈1

2 = 𝝈𝝈2  
2  we shall first apply F-test and then t-test. 

 

(i) F-test: 

      Given: 𝑢𝑢1=10, 𝑢𝑢2 = 12, 𝑑𝑑2��� =14, 𝑑𝑑1��� =15 

𝑆𝑆1
2 =  ∑(𝑑𝑑1−𝑑𝑑1����)2

𝑢𝑢1−1
 = 90

9
= 10      𝑆𝑆2

2 =  ∑(𝑑𝑑2−𝑑𝑑2����)2

𝑢𝑢2−1
 = 108

11
= 9.8181 

        𝑆𝑆1
2 > 𝑆𝑆2

2 

The parameters of interest is 𝝈𝝈1
2    𝑢𝑢𝑢𝑢𝑑𝑑    𝝈𝝈2  

2  

     1.   𝐻𝐻0   ∶  𝝈𝝈1
2 = 𝝈𝝈2  

2  

     2.  𝐻𝐻1       : 𝝈𝝈1
2 ≠ 𝝈𝝈2  

2  

     3.  α = 0.05,  d.f.(𝑙𝑙1) =  𝑢𝑢1 − 1 = 9   d.f.(𝑙𝑙2) =  𝑢𝑢2 − 1 = 11 

     4.  Table value of F :2.90 

    5.  The test statistic is F = 𝑆𝑆1
2

𝑆𝑆2
2 = 10

9.8182
= 1.019 

    6. Conclusion: 

           If Cal F  <  table F,   then we accept  𝐻𝐻0;   Otherwise we reject 𝐻𝐻0. 

    Here, F = 1.019 < 2.90, we accept 𝐻𝐻0  at 5% level of significance. 

(Note: If F-test failed, then t-test should not be used) 
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(ii) t-test: 

         Given    𝑢𝑢1=10, 𝑢𝑢2 = 12, 𝑆𝑆1
2 = 10, 𝑆𝑆2

2 = 9.8181 

                𝑆𝑆2 = 𝑢𝑢1𝑢𝑢1
2 + 𝑢𝑢2𝑢𝑢2

2

𝑢𝑢1 + 𝑢𝑢2 − 2
= 100 + 117.82

10 + 12 − 2
= 10.9 

The parameter of interests is µ1     𝑢𝑢𝑢𝑢𝑑𝑑   µ2 

       1.  𝐻𝐻0: µ1 = µ2 

       2.  𝐻𝐻1: µ1 ≠ µ2 

       3. α = 0.05, d.f = 𝑢𝑢1 + 𝑢𝑢2 − 2 = 20   ( Two Tailed Test ) 

       4.Critical region 

                           

                 086.2
2/

−=

− αt

                             086.2
2/

=

− αt  

        5.the test statistic is 𝑡𝑡 = 𝑑𝑑1 ����− 𝑑𝑑2����

�𝑆𝑆2( 1
𝑢𝑢1

+ 1
𝑢𝑢2

)
    = 15− 14

�(10.9)( 1
10+ 1

12)
 = 0.707 

       6. Conclusions: 

                Calculated |𝑡𝑡| =  0.707  <   2.086, we accept 𝐻𝐻0  at 5% level of significance. 

 
 12.(a) Four varieties A, B, C, D of a fertilizer are tested in a RBD with 4 replications. The plot 

yields in pounds are as follows: 
A12 D20 C16 B10 
D18 A14 B11 C14 
B12 C15 D19 A13 
C16 B11 A15 D20 

Analyse the experimental yield. 
Solution: 
   Let us take 12 as origin for simplifying the calculations      

Row X1 X2 X3 X4 Total 2
1X  2

2X  
2
3X  2

4X  
(y1) (1)  A  0 D   8 C   4 B  -2 10 0 64 16 4 
(y2) (2) D  6 A   2  B   -1 C  2 9 36 4 1 4 
(y3) (3) B   0 C   3  D    7 A  1 11 0 9 49 1 
(y4) (4) C   4 B   1 A    3 D  8 14 16 1 9 64 
Total 10 12 13 9 44 52 78 75 73 

   𝐻𝐻0  :  There is no significant difference between rows, columns and treatments. 
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   𝐻𝐻1  :  There is significant difference between rows, columns and treatments. 

Step 1 : N = 16 

Step 2 : T = 44 

Step 3 : C.F  =  
N

T 2

  
=   

16

2)44(

   
=   121 

Step 4 : TSS  = 
N

T
XXXX

2
2
4

2
3

2
2

2
1 −+∑+∑+∑ ∑    

                       = 52 + 78 + 75 + 73 - 121 = 157 

  Step 5 : SSC = 
N

T
N

X

N

X

N

X

N

X 2

1

2)4(

1

2)3(

1

2)2(

1

2)1(
−

∑
+

∑
+

∑
+

∑
 

                                            [ 1
N  = number of elements in each column] 

                                     = 5.2121
4

2)9(
4

2)13(
4

2)12(
4

2)10(
=−+++  

   Step 6.    SSR  =
N

T
N

Y

N

Y

N

Y

N

Y 2

2

2)4(

2

2)3(

2

2)2(

2

2)1(
−

∑
+

∑
+

∑
+

∑

 

                                              
      [ 2

N  = number of elements in each row] 

                            = 5.3121
4

2)14(
4

2)11(
4

2)9(
4

2)10(
=−+++

 
To Find SSK     

Treatment 1 2 3 4 Total 
A 0 2 3 1 6 
B 0 -1 -1 -2 - 4 
C 4 3 4 2 13 
D 6 8 7 8 29 
     44 

   SSK   =  5.144121
4

2)29(
4

2)13(
4

2)4(
4

2)6(
=−++

−
+  

    SSE = TSS – SSC – SSR   =   157 – 2.5 – 3.5 – 144.5  =   6.5 
 
Step 7 :  ANOVA Table     

Sources of 
variance 

Sum of squares d.f. Mean 
square 

Variance 
ratio 

F test 1% 

Between 
Rows 

SSR = 3.5 3 1.17 
 

1.08 9.78 

Between 
columns 

SSC = 2.5 3 0.83 0.77 27.91 

Variety SSK = 144.5 3 48.17 44.60 9.78 
Error SSE  = 6.5 6 1.08   
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Total TSS  = 157 11    
 
Step 8 . Conclusion :   
         The F ratios for rows and columns are not significant at 1 % level while that for 
varieties is very highly significant. The fact that there are no significant differences 
between rows and columns. Show that the Latin square arrangement has not been 
advantageous. 

  
     (b). A variable trial was conducted on wheat with 4 varieties in a Latin Square design. The 

plan of the experiment and per plot yield are given below: 
D25 B23 A20 D20 
A19 D19 C21 B18 
B19 A14 D17 C20 
D17 C20 B21 A15 

          Analyse the data.             
Solution: 
          Subtract  20 from all the items 

Yn X1 X2 X3 X4 Total 2
1X  2

2X  
2
3X  2

4X  
y1 5 3 0 0 8 25 9 0 0 
y2 -1 -1 1 -2 -3 1 1 1 4 
y3 -1 -6 -3 0 -10 1 36 9 0 
y4 -3 0 1 -5 -7 9 0 1 25 

Total 0 -4 -1 -7 -12 36 46 11 29 
   𝐻𝐻0  :  There is no significant difference between rows, columns and treatments. 

   𝐻𝐻1  :  There is significant difference between rows, columns and treatments. 

Step 1 : N = 16 

Step 2 : T = -12 

 Step 3 : C.F  =  
N

T 2

  
=   

16

144
   

=   9 

  Step 4 : TSS  =  
N

T
XXXX

2
2
4

2
3

2
2

2
1 −+∑+∑+∑ ∑  

                          = 36 + 46 +11 + 29 - 9     =   113 

  Step 5 : SSC = 
N

T
N

X

N

X

N

X

N

X 2

1

2)4(

1

2)3(

1

2)2(

1

2)1(
−

∑
+

∑
+

∑
+

∑
 

                                            [ 1
N  = number of elements in each column] 

                                     = 5.79
4

2)7(
4

2)1(
4

2)4(
4

2)0(
=−+++  

Step 6.    SSR  =
N

T
N

Y

N

Y

N

Y

N

Y 2

2

2)4(

2

2)3(

2

2)2(

2

2)1(
−

∑
+

∑
+

∑
+

∑
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                                          [ 2
N  = number of elements in each row] 

      

                             = 5.469
4

2)7(
4

2)10(
4

2)3(
4

2)8(
=−

−
+

−
+

−
+

 
To Find SSK 

Treatment 1 2 3 4 Total 
A 0 -1 -6 -5 -12 
B 3 -2 -1 1 1 
C 5 1 0 0 6 
D 0 -1 -3 -3 -7 

   SSK   =  5.489
4

2)7(
4

2)6(
4

2)1(
4

2)12(
=−

−
+++

−
 

    SSE = TSS – SSC – SSR   =   113 – 7.5 – 46.5 – 48.5  =   10.5 
 
Step 7 :  ANOVA Table 

    Sources 
of variance 

Sum of 
squares 

d.f. Mean square Variance 
ratio 

Table value 
at 5% level 

Between 
Rows 

SSR = 
46.5 

k –1= 3 MSR = 
1−k

SSR  

        = 15.5 

FR = 
MSE
MSR

 

      
=  8.86 

FR(3, 6)  
  = 4.76 

Between 
columns 

SSC = 
7.5 

k – 2 = 3 MSC = 
1−k

SSC

 
        = 2.5 

FC = 
MSE
MSC

 

     
= 1.43 

FC(3, 6)  
  =  4.76 

Treatment SSK = 
48.5 

k – 1 = 3 MSK = 
1−k

SSK

 
      = 16.17 

FT = 
MSE
MSK

 

     
= 9.24 

FT(3, 6)  
  =  4.76 

Error SSE  = 
10.5 

(k -1)(k – 2) 
 = 6 

MSE = 

)2)(1( −− kk
SSE

 
      =  1.75 

  

Total TSS  = 
113 

    

 
Step 8 . Conclusion : 

    Cal FR     >   Table FR    
     Cal FC     <   Table FC   
     Cal FT     >   Table FT 

There is significant difference between treatments and rows. But there is no significant 
difference between columns. 

  
13.a(i) Using Newton-Raphson method, solve x log10 x =12.34 taking the initial value 𝑑𝑑0 as 10. 

Solution: 
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        Given : x𝑙𝑙𝑠𝑠𝑙𝑙10𝑑𝑑 = 12.34 

     Let f(x) = x𝑙𝑙𝑠𝑠𝑙𝑙10𝑑𝑑 − 12.34 

Given 𝑑𝑑0=10 

      Newton Raphson formula: 𝑑𝑑𝑢𝑢+1 =  𝑑𝑑𝑢𝑢 −  𝑓𝑓(𝑑𝑑𝑢𝑢 )
𝑓𝑓′ (𝑑𝑑0) 

          𝑑𝑑1 = 𝑑𝑑0 −
𝑓𝑓(𝑑𝑑0)
𝑓𝑓′ (𝑑𝑑0)

     = 10 - 𝑓𝑓(10)
𝑓𝑓′ (10)

     

               = 10 - �10𝑙𝑙𝑠𝑠𝑙𝑙10 10−12.34 
𝑙𝑙𝑠𝑠𝑙𝑙10𝑢𝑢+𝑙𝑙𝑠𝑠𝑙𝑙10 10 

�       = 10 - � −2.34
1.4343

� 

                        = 10 + 2.34
1.4343

        = 11.6315 

𝑑𝑑2 = 𝑑𝑑1 −
𝑓𝑓(𝑑𝑑1)
𝑓𝑓′ (𝑑𝑑1)

        = 11.6315 - 𝑓𝑓(11.6315)
𝑓𝑓′ (11.6315)

    

           =   11.6315 -  11.6315𝑙𝑙𝑠𝑠𝑙𝑙10 11.6315−12.315
𝑙𝑙𝑠𝑠𝑙𝑙10𝑢𝑢+𝑙𝑙𝑠𝑠𝑙𝑙10 11.6315

 

          =    11.6315 - 0.0549
1.5

    =  11.5949 

𝑑𝑑2 = 𝑑𝑑1 −
𝑓𝑓(𝑑𝑑1)
𝑓𝑓′ (𝑑𝑑1)

          =   11.5949 - 𝑓𝑓(11.5949)
𝑓𝑓′ (11.5949)

    

       =   11.5949 -   11.5949𝑙𝑙𝑠𝑠𝑙𝑙10 11.5949−12.34
𝑙𝑙𝑠𝑠𝑙𝑙10𝑢𝑢+𝑙𝑙𝑠𝑠𝑙𝑙10 11.5949

 

      =   11.5949 - 0.00006
1.4986

    =  11.5949 

             Here 𝑑𝑑2 = 𝑑𝑑3 = 11.5949. 

Hence the better approximate root is 11.5949. 

 
            
    (ii). Find the numerically largest eigen value of A=�

1 −3 2
4 4 −1
6 3 5

� by power method. 

Solution:         Let 𝑋𝑋1 = �
1
0
0
� be an arbitrary initial eigen vector. 

      A𝑋𝑋1 = �
1 −3 2
4 4 −1
6 3 5

� �
1
0
0
� = �

1
4
6
� = 6 �

0.167
0.667

1
� = 6𝑋𝑋2 

 

A𝑋𝑋2 = �
1 −3 2
4 4 −1
6 3 5

� �
1
0
0
� = �

0.167
0.667

1
� = �

0.166
2.336
8.003

� = 8.003 �
0.021
0.292

1
� =8.003𝑑𝑑2 

 

A𝑋𝑋3 = �
1 −3 2
4 4 −1
6 3 5

� �
0.021
0.292

1
� = �

1.145
0.252
6.002

� = 6.002 �
0.191
0.042

1
� = 6.002𝑋𝑋4 
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A𝑋𝑋4 = �
1 −3 2
4 4 −1
6 3 5

� �
0.191
0.042

1
� = �

2.065
−0.068
6.272

� = 6.272 �
0.329
−0.011

1
� = 6.272𝑋𝑋5 

 

A𝑋𝑋5 = �
1 −3 2
4 4 −1
6 3 5

� �
0.329
−0.011

1
� = �

2.362
0.272
6.941

� = 6.941 �0
0.34
. 039

1
� = 6.941𝑋𝑋6 

 

A𝑋𝑋6 = �
1 −3 2
4 4 −1
6 3 5

� �
0.34

0.039
1

� = �
2.223
0.516
7.157

� = 7.157 �
0.311
0.072

1
� = 7.157𝑋𝑋7 

 

A𝑋𝑋7 = �
1 −3 2
4 4 −1
6 3 5

� �
0.311
0.072

1
� = �

2.095
0.532
7.082

� = 7.082 �
0.296
0.075

1
� = 7.082𝑋𝑋8 

 

A𝑋𝑋8 = �
1 −3 2
4 4 −1
6 3 5

� �
0.296
0.075

1
� = �

2.071
0.484
7.001

� = 7.001 �
0.296
0.069

1
� = 7.001𝑋𝑋9 

 

A𝑋𝑋9 = �
1 −3 2
4 4 −1
6 3 5

� �
0.296
0.069

1
� = �

2.089
0.46

6.983
� = 6.983 �

0.296
0.066

1
� = 6.983𝑋𝑋10 

A𝑋𝑋10 = �
1 −3 2
4 4 −1
6 3 5

� �
0.296
0.066

1
� = �

2.101
0.46

6.992
� = 6.992 �

0.3
0.066

1
� = 6.992𝑋𝑋11 

 

A𝑋𝑋11 = �
1 −3 2
4 4 −1
6 3 5

� �
0.3

0.066
1

� = �
2.102
0.464
6.998

� = 6.998 �
0.3

0.066
1

� = 6.998𝑋𝑋12 

 

A𝑋𝑋12 = �
1 −3 2
4 4 −1
6 3 5

� �
0.3

0.066
1

� = �
0.3

0.066
1

� = 6.998 �
0.3

0.066
1

� = 6.998𝑋𝑋13 

 

The dominant eigen value is 7and the corresponding eigen vector is�
0.3

0.066
1

� 

 
  
   
   b.(i) Using Gauss Jordon method, find the inverse of A =  �

1 1 3
1 3 −3
−2 −4 −4

� 

Solution: 

      Let    [𝐴𝐴, 𝐼𝐼]   =  �
1 1 3
1 3 −3
−2 −4 −4

  �   
1 0 0
0 1 0
0 0 1

� 
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                            =  �
1 1 3
0 2 −6
0 −2 2

�
1 0 0
−1 1 0
2 0 1

�    
12

3

122

3 RRR

RRR

+⇔

−⇔
 

 

                         =     �
1 1 3
1 1 −3
0 −2 2

�
1 0 0
− 1

2
1
2

0
1 1 1

�    
2
2

2
R

R ⇔  

                         =  �
1 0 6
0 1 −3
0 0 −4

�

3
2

−1
2

0
−1
2

1
2

0
1 1 1

�     
22

3

211

3 RRR

RRR

+⇔

−⇔
 

                          =    

⎝

⎜
⎛1 0 6

0 1 −3
0 0 1

��

3
2

−1
2

0
−1
2

1
2

0
−1
4

−1
4

−1
4 ⎠

⎟
⎞

     
4

3
3

R
R

−
⇔  

                        =    

⎝

⎜
⎛1 0 0

0 1 0
0 0 1

��
3 1 3

2

− 5
4

− 1
4

− 3
4

− 1
4

− 1
4

− 1
4⎠

⎟
⎞

    
33

2

3611

2 RRR

RRR

+⇔

−⇔
 

 

            𝐴𝐴−1 =

⎣
⎢
⎢
⎢
⎡ 3 1 3

2

− 5
4

− 1
4

− 3
4

− 1
4

− 1
4

− 1
4⎦
⎥
⎥
⎥
⎤
 

 

                   =  1
4

   �
12 4 6
−5 −1 −3
−1 −1 −1

� 

 
    (ii). Solve the following system of equations using Gauss-Seidal iterative method 

27x +  6 y – z = 85,    6x +15 y + 2z = 72,     x + y + 54z = 110. 
Solution:  
 
     Write x, y,   z as follows: 

      𝑑𝑑 = 1
27

   [85 - 6y + z]       𝑦𝑦 = 1
15

[72 − 6𝑑𝑑 − 2𝑧𝑧]         𝑧𝑧 = 1
54

[110 − 𝑑𝑑 − 𝑦𝑦] 

       Let the initial values be y  =  0, z  =  0 

First Iteration 

       𝑑𝑑1 = 1
27

[85 − 6𝑦𝑦0 + 𝑧𝑧0] =  1
27

[85 − 6(0) + 0] = 3.148 
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       𝑦𝑦1 = 1
15

[72 − 6𝑑𝑑1 − 2𝑧𝑧0] = 1
15

[72 − 6(3.148) − 0] = 3.541 

       𝑧𝑧1 = 1
54

[110 − 𝑑𝑑1 − 𝑦𝑦1]    =  1
54

[110 − 3.148 − 3.541] = 1.913 

Second iteration 

      𝑑𝑑2 = 1
27

[85 − 6𝑦𝑦1 + 𝑧𝑧1]    =   1
27

[85 − 6(3.541) + 1.913] = 2.432 

      𝑦𝑦2 = 1
15

[72 − 6𝑑𝑑2 − 2𝑧𝑧1  ]   =   1
15

[72 − 6(2.432) − 2(1.913)] = 3.572  

      𝑧𝑧2 = 1
54

[110 − 𝑑𝑑2 − 𝑦𝑦2]  = 1
54

[110 − 2.432 − 3.572] = 1.926 

Third iteration 

      𝑑𝑑3 = 1
27

[85 − 6𝑦𝑦2 + 𝑧𝑧2]   =   1
27

[85 − 6(3.572)+1.926 =2.426 

      𝑦𝑦3 = 1
15

[72 − 6𝑑𝑑3 − 2𝑧𝑧2] =  1
15

[72 − 6(2.426) − 2(1.926) =3.573 

      𝑧𝑧3 = 1
54

[110 − 𝑑𝑑3 − 𝑦𝑦3]   = 1
54

[110 − 2.426 − 3.573] = 2.426 

Fourth iteration 

    𝑑𝑑4 = 1
27

[85 − 6𝑦𝑦3 + 𝑧𝑧3] = 1
27

[85 − 6(3.573) − 1.926] = 2.426 

     𝑦𝑦4 = 1
15

[72 − 6𝑑𝑑4 − 2𝑧𝑧3] =  1
15

[72 − 6(2.426) − 2(10926)= 3.573 

     𝑧𝑧4 = 1
54

[110 − 𝑑𝑑4 − 𝑦𝑦4]  =  1
54

[110 − 2.426 − 3.573] = 1.926 

Hence 𝑑𝑑 = 2.426   ,     𝑦𝑦 = 3.573     , 𝑧𝑧 = 1.926 

 
14.a(i) Using Lagrange’s interpolation, find the value of   f (3) , from the following table: 

x 0 1 2 5 
f(x) 2 3 12 147 

Solution: 
           By Lagrange’s interpolation formula, we have 

𝑦𝑦 = 𝑓𝑓(𝑑𝑑) =
(𝑑𝑑 − 𝑑𝑑1)(𝑑𝑑 − 𝑑𝑑2)(𝑑𝑑 − 𝑑𝑑3)

(𝑑𝑑0 − 𝑑𝑑1)(𝑑𝑑0 − 𝑑𝑑2)(𝑑𝑑0 − 𝑑𝑑3)
𝑦𝑦0 +

(𝑑𝑑 − 𝑑𝑑0)(𝑑𝑑 − 𝑑𝑑2)(𝑑𝑑 − 𝑑𝑑3)
(𝑑𝑑1 − 𝑑𝑑0)(𝑑𝑑1 − 𝑑𝑑2)(𝑑𝑑1 − 𝑑𝑑3)

𝑦𝑦1

+
(𝑑𝑑 − 𝑑𝑑0)(𝑑𝑑 − 𝑑𝑑1)(𝑑𝑑 − 𝑑𝑑3)

(𝑑𝑑2 − 𝑑𝑑0)(𝑑𝑑2 − 𝑑𝑑1)(𝑑𝑑2 − 𝑑𝑑3)
𝑦𝑦2 +

(𝑑𝑑 − 𝑑𝑑0)(𝑑𝑑 − 𝑑𝑑1)(𝑑𝑑 − 𝑑𝑑2)
(𝑑𝑑3 − 𝑑𝑑0)(𝑑𝑑3 − 𝑑𝑑1)(𝑑𝑑3 − 𝑑𝑑2)

𝑦𝑦3 

𝑓𝑓(3) =
(𝑑𝑑 − 1)(𝑑𝑑 − 2)(𝑑𝑑 − 5)
(0 − 1)(0 − 2)(0 − 5)

(2) +
(𝑑𝑑 − 0)(𝑑𝑑 − 2)(𝑑𝑑 − 5)
(1 − 0)(1 − 2)(1 − 5)

(3)

+
(𝑑𝑑 − 0)(𝑑𝑑 − 1)(𝑑𝑑 − 5)
(2 − 0)(2 − 1)(2 − 5)

(12)  +  
(𝑑𝑑 − 0)(𝑑𝑑 − 1)(𝑑𝑑 − 2)
(5 − 0)(5 − 1)(5 − 2)

(147) 

 f(3) = (𝑑𝑑−1)(𝑑𝑑−2)(𝑑𝑑−5)
−10

(2) + (𝑑𝑑−0)(𝑑𝑑−2)(𝑑𝑑−5)
4

(3) 
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                         + (𝑑𝑑−0)(𝑑𝑑−1)(𝑑𝑑−5)
−6

(12) +   (𝑑𝑑−0)(𝑑𝑑−1)(𝑑𝑑−2)
60

   

 

             𝑓𝑓(3) = (3−1)(3−2)(3−5)
−10

(2) + (3)(3−2)(3−5)
4

(3) 

+
3(3 − 1)(3 − 5)

−6
(12) +   

(3)(3 − 1)(3 − 2)
60

(147) 

 f(3) =    4
10

(2) + 6
4

(3) + 2(12) + 1
10

(147) 

 f(3) =   8
10
−  18

4
+ 24 +  147

10
   =  35       

 
    (ii).  Evaluate ∫ 𝑑𝑑𝑑𝑑

𝑑𝑑2+𝑑𝑑+1
2

0 to three decimals, dividing the range of integration into 8 equal 
parts using Simpson’s rule. 
Solution:  
       Let 𝑦𝑦 = 𝑓𝑓(𝑑𝑑) = 1

1+𝑑𝑑   + 𝑑𝑑2, here  in the interval (0,2) 
 
Now the values of y are given below: 

X 0 0.25 0.5 0.75 1 1.25 1.5 1.75 2 
Y 1 0.7619 0.5714 0.4324 0.333 0.2622 0.2105 0.1720 0.1428 

 
I  =   ℎ

3
 [(𝑦𝑦0 + 4𝑦𝑦1 + 𝑦𝑦2) + (𝑦𝑦2 + 4𝑦𝑦3 + 𝑦𝑦4)+(𝑦𝑦4 + 4𝑦𝑦5 + 𝑦𝑦6) + (𝑦𝑦6 + 4𝑦𝑦7 + 𝑦𝑦8)] 

  =   0.25
3

[4.619 + 2.6343 + 1.5926 + 1.0413] =   0.8239 
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   b. (i) Using Newton’s forward interpolation formula, find the polynomial f (x) satisfying the 
following data. Hence evaluate f (x) at x = 5 . 

X 4 6 8 10 
f(x) 1 3 8 16 

Solution: 
We form the difference table 

X y ∆𝑦𝑦 ∆2𝑦𝑦 ∆3𝑦𝑦 
(𝑑𝑑𝑠𝑠)4 
 
(𝑑𝑑1)6 
 
(𝑑𝑑2)8 
 
(𝑑𝑑3)10 
 

(𝑦𝑦0)1 
 
(𝑦𝑦1)3 
 
(𝑦𝑦2)8 
 
(𝑦𝑦3)10 
 

 
3-1  = 2 ∆𝑦𝑦0 
 
8-3  = 5  ∆𝑦𝑦1 
 
10-8  = 2 ∆𝑦𝑦2 

 
 
5-2 = 3 ∆𝟐𝟐𝑦𝑦0 

 
 
 
-3-3 = - 6 
∆3𝑦𝑦0 

  

There are only 4 data given. Hence the polynomial will be degree 3. 

𝑦𝑦(𝑑𝑑) = 𝑃𝑃3(𝑑𝑑) = 𝑦𝑦0 +
𝑢𝑢
1!
∆𝑦𝑦0 +

𝑢𝑢(𝑢𝑢 − 1)
2!

∆2𝑦𝑦0 +
𝑢𝑢(𝑢𝑢 − 1)(𝑢𝑢 − 2)

3!
∆3𝑦𝑦0 

                        Where u  =  𝑑𝑑−𝑑𝑑0
ℎ

 

Here,   𝑑𝑑0 = 4,    ℎ = 6 − 4 = 2   (𝑑𝑑𝑖𝑖𝑓𝑓𝑓𝑓𝑢𝑢𝑒𝑒𝑢𝑢𝑢𝑢𝑐𝑐𝑢𝑢) 

    

        𝑦𝑦(𝑑𝑑) = 𝑃𝑃3(𝑑𝑑) = 1 +
(𝑑𝑑−4)

2
1!

(2) +
(𝑑𝑑−4)

2
(𝑑𝑑−6)

2
2!

(3) +
(𝑑𝑑−4)

2
(𝑑𝑑−6)

2
(𝑑𝑑−8)

2
3!

(−6) 

                       =    1 + 𝑑𝑑 − 4 + (𝑑𝑑−4)(𝑑𝑑−6)
8

(3) + (𝑑𝑑−4)(𝑑𝑑−6)(𝑑𝑑−8)
(8)(6)

(−6) 

                         =    𝑑𝑑 − 3 + 3
8

(𝑑𝑑 − 4)(𝑑𝑑 − 6) − 1
8

(𝑑𝑑 − 4)(𝑑𝑑 − 6)(𝑑𝑑 − 8) 

                        =    𝑑𝑑 − 3 + 3
8

(𝑑𝑑2 − 10𝑑𝑑 + 24) − 1
8

(𝑑𝑑2 − 10𝑑𝑑 + 24)(𝑑𝑑 − 8) 

                    = 𝑑𝑑 − 3 + 3
8

(𝑑𝑑2 − 10𝑑𝑑 + 24) − 1
8

(𝑑𝑑3 − 10𝑑𝑑2 + 24𝑑𝑑 − 8𝑑𝑑2 + 80𝑑𝑑 − 192) 

                =  1
8

[(8𝑑𝑑 − 24 + 3𝑑𝑑2 − 30𝑑𝑑 + 72) −   𝑑𝑑3 + 10𝑑𝑑2 − 24𝑑𝑑 + 8𝑑𝑑2 − 80𝑑𝑑 + 192 

               =   1
8

[−  𝑑𝑑3 + 21𝑑𝑑2 − 126𝑑𝑑 + 240] 

  𝑦𝑦(5) =
1
8

[−53 + 21(5)2 − 126(5) + 240] 

             =   1
8

[−125 + 21(25) − 630 + 240] = 1
8

[10] = 1.25 

 
    (ii).  Compute f  ‘(0) and f  ‘ ‘(4) from the following data: 

X 0 1 2 3 4 
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f(x) 1 2.718 7.381 20.086 54.598 
Solution: 
      

x  y  ∆ y  2∆ y  3∆ y  y4∆  
0 1     
  1.718    
1 2.718  2.945   
  4.663  5.097  
2 7.381  8.042  8.668 
  12.705  13.765  
3 20.086  21.807   
  34.512    
4 54.598     

By Newton’s forward formula we have  














−

∆
+

∆
−∆=

=






 ......

3
0

3

2
0

2

0
1

0

yy
y

hxxdx
dy

 

                     



 −+−= ......

4
668.8

3
097.5

2
945.2718.1

1
1

 
2225.0

167.2699.14725.1718.1
−=

−+−=
 

By Newton’s backward formula we have  

5177.43
9457.7765.13807.21

)......668.8(
12
11765.13807.21

1
1

......5
6
54

2
1132

2
1

2

2
1705.52

167.2588.49035.10512.34

......
4
668.8

3
765.13

2
807.21512.334

1
1

......
3

3

2

21

=
++=





 ++=





 +∇+∇+∇+∇=

=














=
+++=





 +++==












+

∇
+

∇
+∇=

=








nynynyny
h

nxxdx

yd

nyny
ny

h
nxxdx

dy

 

  
15.a(i) Consider the initial value problem 𝑑𝑑𝑦𝑦

𝑑𝑑𝑑𝑑
= 𝑦𝑦 − 𝑑𝑑2+1   𝑦𝑦(0) = 0.5.. Using the modified 

Euler method find y(0.2). 
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Solution:  

        f(x, y) =  𝑦𝑦 − 𝑑𝑑2+1,    𝑑𝑑0 = 0,𝑦𝑦0 = 0.5,ℎ = 0.2, 𝑑𝑑1 = 0.2  

By modified Euler Method 

           𝑦𝑦𝑢𝑢+1 = 𝑦𝑦𝑢𝑢 + ℎ𝑓𝑓[𝑑𝑑𝑢𝑢 + ℎ
2

 ,𝑦𝑦𝑢𝑢 + ℎ
2
𝑓𝑓(𝑑𝑑𝑢𝑢 ,𝑦𝑦𝑢𝑢)] 

                 𝑦𝑦1 = 𝑦𝑦0 + ℎ𝑓𝑓[𝑑𝑑0 + ℎ
2

 , 𝑦𝑦0 + ℎ
2
𝑓𝑓(𝑑𝑑0,𝑦𝑦0)] 

                      =  0.5 + (0.2) 𝑓𝑓 �0 + 0.2
2

, 0.5 + 0.2
2
𝑓𝑓(0,0.5)� 

                      =   0.5 + (0.2) 𝑓𝑓[0.1,0.5+(0.1)[0.5-0+1] 

                     =   0.5 + (0.2)𝑓𝑓�0.1,0.5 + (0.1)[1.5]� 

                     =   0.5 + (0.2) 𝑓𝑓[0.1,0.5 + 0.15]         =   0.5 + (0.2)𝑓𝑓[0.1,0.65] 

                    =  0.5 +(0.2)[0.65- 0.12 + 1]     =  0.5 + (0.2)[0.65 − 0.01 + 1] 

                    = 0.5 + 0.2(1.64)   = 0.5 + 0.328 

                  =  0.828 

       𝒚𝒚(𝟎𝟎.𝟐𝟐) = 𝟎𝟎.𝟖𝟖𝟐𝟐𝟖𝟖 

    (ii). Using Milne’s method find y(4.4) given 
5xy’+𝑦𝑦2 −2 =  0  given y(4) = 1,   y(4.1) = 1.0049,  y(4.2) = 1.0097,  y(4.3) = 1.0143 . 
Solution: 
               𝑦𝑦′ = 2−𝑦𝑦2

5𝑑𝑑
 

          𝑑𝑑0 = 4, 𝑑𝑑1 = 4.1, 𝑑𝑑2 = 4.2, 𝑑𝑑3 = 4.3,  𝑑𝑑4 = 4.4,  

        𝑦𝑦0 = 1,   𝑦𝑦1 = 1.0049,   𝑦𝑦2 = 1.0097,    𝑦𝑦3 = 1.0143 

𝑦𝑦1
′ = 2−𝑦𝑦1

2

5𝑑𝑑1
 =  2−1.00492

5(4.1)
= 0.0493 

𝑦𝑦2
′ =  2−𝑦𝑦2

2

5(4.2)
  =  2−1.00972

5(4.2)
= 0.0467 

𝑦𝑦3
′  = 2−𝑦𝑦3

2

5𝑑𝑑3
=  2−1.01432

5(4.3)
   = 0.0452 
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    b.(i)  Find y(0.8) given that  y’ = y - 𝑑𝑑2,   y(0.6) = 1.7379 by using R-K method of order 4, 

taking h = 0.1. 
Solution: 
     Given  ,8.02,7.01,7379.10,6.00,2),(' ====−== xxyxxyyxfy  h = 0.1 

To find y(0.7) : 

    
13779.0))2)6.0(7379.1()1.0()1.0()0,0(1

2
00 =−=




== − xyyxfhk

 

    
















++=++= 27379.1,2

1.06.0)1.0(2
1

0,202
13779.0f

k
yhxfhk  

      

13843.02)65.0()1.0(

]806795.1,65.0[)1.0(

806795.1 ==

=





 −

f
 

     
13846.02)65.0()1.0(

]807115.1,65.0[)1.0(
27379.1,65.0)1.0(

807115.1

2
2

0,203

13843.0

==

=

+=





 −


















++=

f

f

k
yhxfhk
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[ ]

13864.02)7.0()1.0(

]87636.1,7.0[)1.0(
13846.07379.1,1.06.0)1.0(

87636.1

)30,0(4

==

=
++





 −

=

++=

f
f

kyhxfhk

 

  13837.0

]13864.0)13846.0(2)13843.0(213779.0[
6
1

]432221[
6
1

=

+++=

+++=∆ kkkky

 

 1y =  yy ∆+0 =  1.7379 + 0.13837   =  1.87627 

 
To find y(0.8) :  

        

[ ]

1386.02)7.0(876.1)1.0(

876.1,7.0)1.0()1,1(1

=



 −=

== fyxfhk
 

     
13828.02)75.0()1.0(

]9453.1,75.0[)1.0(

2876.1,2
1.07.0)1.0(

9543.1

2
1

1,212
1386.0

==

=

++=





 −


















++=

f

f
k

yhxfhk

 

     
138264.02)75.0()1.0(

]94514.1,75.0[)1.0(
2876.1,2

1.07.0)1.0(

94514.1

2
2

1,213

13828.0

==

=

++=





 −
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f
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    1374264.0

2)8.0(014264.2)1.0(

]014264.2,8.0[)1.0(
]138264.0876.1,1.07.0[)1.0(

)31,1(4

=
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138186.0

]1374264.0)138264.0(2)13828.0(21386.0[
6
1

]432221[
6
1

=

+++=

+++=∆ kkkky

 

2y =  yy ∆+1   
=   1.876  +   0.138186   =   2.014186 

 
          
    (ii) 

Solve the BVP  𝑑𝑑
2𝑦𝑦

𝑑𝑑𝑑𝑑2 − 𝑦𝑦 = 0,𝑦𝑦(0) = 0,𝑦𝑦(1) = 1 using finite difference method with 
  h = 0.2. 
Solution: 

   
)4(0255125then4iput
)3(0255125then3iput

)2(0255125then2iput
)1(0255125then1iput

0255125

,......3,2,1,0255025

0
25
12

022

0
2h

121becomesequationthe

,....3,2,1,
2h

121''wkt

1,00

2.0,0''

343

234

123

012

11

11

11

11

−−−−−−=+−=
−−−−−−=+−=
−−−−−−=+−=
−−−−−−=+−=

=+−⇒

==−+−⇒

=−+−⇒

=++−⇒

=−−+−+∴

=−+−+=

==
==−

−+

−+

−+

−+

yyy
yyy
yyy

yyy
yyy

iyyyy

yyyy

yhyyy

yiyiyiy

iiyiyiy
iy

nxx
hyy

iii

iiii

iiii

iiii

i

 
Given  

     
15,10

15,8.04,6.03,4.02,2.01,00
==

======

yy

xxxxxx
 

        

05125)4(
0255125)3(
0255125)2(

05125)1(

43

432

321

12

=−⇒
=+−⇒
=+−⇒

=−⇒

yy
yyy
yyy

yy

 

Solve by using Gauss elimination method 
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−−
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=

25
0
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0

512500
2551250
0127519760
002551

     122 2551 RRR +⇔  

           



















−−
−

−
−

=

25
0
0
0

512500
494006890100

0127519760
002551

     233 251976 RRR +⇔

 

          



















−−
−

−
−

=

1722525
0
0
0

2278951000
494006890100

0127519760
002551

     344 2568901 RRR +⇔

 

      17225252278951 4 −=− y 7558.04 =⇒ y  
     04940068901 43 =+− yy      ⇒ )7558.0)49400(68901 3 −=− y  
                                                                  5419.03 =⇒ y                            
        012751976 32 =+− yy        ⇒ )5419.0(12751976 2 −=− y  
                                                                  3497.02 =⇒ y  
    02551 21 =+− yy    ⇒ )3497.0(2551 1 −=− y  
                                                   1714.01 =⇒ y  
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 B.E./ B.Tech. DEGREE EXAMINATION, MAY/JUNE 2013 
(Common to Mechanical Engineering and Mechatronics Engineering) 

Fourth Semester 
MA6452 –STATISTICS AND NUMERICAL METHODS 

(Regulation 2013) 
Time : Three hours                                                                 Maximum : 100 marks 

Answer ALL questions 
PART A – (10 x 2 = 20 marks) 

  1. State level of significance. 
Solution:  
     The probability that the value of the statistic lies in the critical region is called the 
level of significance. 
     In general, these levels are chosen as 0.01 or 0.05, called 1% level and 5% level of 
significance respectively. 
 

  2. Define Type I and Type II error. 
Solution: 
         Type-I Error: The rejection of the null hypothesis oH  when it is true is called 
Type-I Error. 
         Type-II Error: The acceptance of the null hypothesis oH when it is called Type 
II error. 
 

  3. What is the aim of design of experiments? 
Solution: 
      The design of experiment may be defined as the logical construction of the 
experiment in which the degree of uncertainty with which the inference is drawn may 
be well defined. 
 

  4. Define 22 factorial design. 
Solution: 
      When there are two factors A,B and two levels ‘high’ & ‘low’ for each factor we 
have a 22 factorial design. In spite of its simplicity, the 22 design is a powerful tool to 
improve products and process. 
 

  5. State the principle used in Gauss-Jordan method. 
Solution: 
      Coefficient  matrix is transformed into diagonal matrix. 
 

  6. Solve 1332,20433,6 =++=++=++ zyxxyxzyx  using Gauss elimination 
method. 
Solution:     
       Given 
 

        
20433

1332
6

=++
=++

=++

zyx
zyx

zyx
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The given system is equivalent to  
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This is an upper triangular matrix 

 

336
621)3(

11
211)2(

)3.........(6
)2(..........1y-

1).........(2 = z      Here,

=⇒−=
=++⇒

=⇒−=−
−=−⇒−=−⇒

=++
=+

xx
x

yy
yzy

zyx
z

 
 

  7. State the use of Lagrange’s interpolation form. 
Solution: 
            The forward and backward interpolation formulae of Newton can be used be 
only when the values of the independent variable x are equally spaced, can also be used 
when the differences of the dependent variable y become smaller ultimately. But 
Lagrange’s interpolation formula can be used whether the values of x, the independent 
variable are equally spaced or not and whether the difference of y become smaller or 
not. 
 

  8. 
Evaluate ∫ +

2

1
2 ,

1 x
dx using Trapezoidal rule taking h = 0.5 

Solution: Here, 5.0
2
1,

1
1)( 2 ==
+

= h
x

xy
 

x 1 1.5 2 
y 0.5 0.3077 0.2 

By Trapezoidal rule 

[ ]

[ ]
[ ] [ ] 3289.03154.125.06154.07.025.0

)3077.0(202.5.0
2
5.0

vales)remainingof2(sumcornersfourofsum
21

2

1
2

==+=

++=

+=
+∫

h
x

dx
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  9. Using Taylor’s method find y at x = 1.3 given .1)1(,3 =+= yyx
dx
dy  

Solution: 

 

( )

( ) ( )

2268.10018.0025.02.01)1.0(
6

11)1.0(
2
5)1.0(21

)11.1(
6

11)11.1(
2
5)11.1(21)1.1(

)1(
6

11)1(
2
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!3!2!1
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10. 
Obtain the finite difference scheme for differential equation .52 2

2

=+ y
dx

yd
 

Solution: 

 

( ) 2
1

2
1
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11

''

5242
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5
2

2
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hyhyyy
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  PART – B  (5 x 15 = 60) 

 
11 a(i) Time taken by workers in performing a job are given below: 

  
 
 
 

Test whether there is any significant difference between the variance of time 
distribution. 
Solution:    
          7&,6, 21 == nnHere  

        Total 
X1   : 21 17 27 28 24 23 -- 140 
X 1

2 : 441 289 729 784 576 529 -- 3348 
X 2    

: 
28 34 43 36 33 35 39 248 

Type I   : 21 17 27 28 24 23 -- 

Type II  : 28 34 43 36 33 35 39 STUCOR A
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X 2
2  

: 
784 1156 1849 1296 1089 1225 1521 8920 

132.18
17.22

:n Computatio7.
table]F[From3.29FifHReject.6

.5

6)(.,5)(.,05.0.4
:3.H

t]significannotisvarianceofdifference[The:.2
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6
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5%atHacceptwe3.29,1.22F:Conclusion.8 0<=     level of significance. 
 

   (ii) 20 people were attacked by a disease and only 18 survived. Will you reject the 
hypothesis that the survival rate, if attacked by this disease is 85 % is favour of 
the hypothesis that is more at 5% level ? 
Solution:       
      Out of Syllabus. 

  b(i) Before an increase in excise duty on tea, 900 persons out of a sample 0f 1100 
persons were found to be tea drinkers. After an increase in excise duty, 900 
person were tea drinkers in a sample of 1300. Using standard error of  proportion, 
state whether there is a significant decrease in the consumption of tea after the 
increase in excise duty?. 
Solution:      
        Out of Syllabus. 
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   (ii) The sales manager of a large company conducted a sample survey in two places A 
and B taking 200 samples in each case. The results were the following table. Test 
whether the average sales in the same in the two areas at 5% level. 
Solution: 

 Place A Place B 
Average sales Rs.2,000 Rs.1,700 

S.D Rs.200 Rs.450 

 

( )

0

00
2

α
2

α

22

2

2
2

1

2
1

21

211
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222

111

HrejectweSo,
1.968.62.196Here,
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)450(
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17002000
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][:.2

:.1
450,1700,200
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<<−

<<−

==

+

−
=

+

−
=

=
−≠

=
===
===

n
s

n
s

xxZ

statistictestThe

testtailedtwoUseH
H

sxn
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µµ
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12
. 

a.(i) Analyse the following RBD and find your conclusion. 
Treatments 

  T1 T2 T3 T4 

 B1 12 14 20 22 

 B2 17 27 19 15 

Blocks B3 15 14 17 12 

 B4 18 16 22 12 

 B5 19 15 20 14 

Solution: 
      1. :0H There is no significant difference between blocks and treatments. 
      2. :1H  There is  significant difference between blocks and treatments. 
 Subtract 15 from each number. 

 X1 X2 X3 X4 Total X1
2 X2

2 X3
2 X4

2 

Y1 -3 -1 5 7 8 9 1 25 49 
Y2 2 12 4 0 18 4 144 16 0 
Y3 0 -1 2 -3 -2 0 1 4 9 
Y4 3 1 7 -3 8 9 1 49 9 
Y5 4 0 5 -1 8 16 0 25 1 
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Total 6 11 23 0 40 38 147 119 68 
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Step 7: ANOVA Table 
Source of 
variance 

Sum of 
squares 

d.f Mean square Variance ratio Table value 
at 5% level 

Between 
rows 

SSR = 
50 

r –1 
=5 – 1 
=4 

1.19
3

2.57
1

=

=

−
=

r
SSRMSR

 24.1
4.15
1.19
==

=
MSE
MSRFR

 74.8
)12,3(

=
RF  

Between 
column 

SSC = 
57.2 

C-1 = 
4 – 1 
= 3 

5.12
4

50
1

=

=

−
=

C
SSCMSC

 23.1
4.15
5.121 ==

=
MSE
MSCFC

 26.3
)4,12(

=
CF

 

Residual SSE = 
184.8 

N – C 
– r +1 
= 20 -
4 -+1 
 =12 4.15

12
8.184

1

==

+−−
=

rCN
SSE

MSE

 

  

Total 292     
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Step 8: Conclusion:  Cal FC  < Table FC , so accept H0 
                                     Cal FR < Table FR ,  so accept H0 
 

     b. The following is a Latin square of a design when 4 varieties of seed being tested. 
Set up the analysis of variance table and state your conclusion. You can carry out 
the suitable charge of origin and scale. 

A 110 B 100 C 130 D 120 
C 120 D 130 A 110 B 110 
D 120 C 100 B 110 A 120 
B 100 A 140 D 100 C 120 

Solution: 
        Subtract by 5 we get 
  
 
  
 
 
Subtract 100 and then divided by 5 we get 
     A 1 B -1 C 5 D 3 
     C 3 D 5 A 1 B 1 
     D 3 C -1 B 1 A 3 
     B -1 A 7 D -1 C 3 
 

 X1 X2 X3 X4 Total X1
2 X2

2 X3
2 X4

2 

Y1 1 -1 5 3 8 1 1 25 9 
Y2 3 5 1 1 10 9 25 1 1 
Y3 3 -1 1 3 6 9 1 1 9 
Y4 -1 7 -1 3 8 1 49 1 9 

Total 6 10 6 10 32 20 76 28 28 

H0 : There is no significant difference between rows, columns and treatments. 
H1: There is significant difference between rows, columns and treatments. 

( ) 64
16
32T  :3Sept 

32 = T :2 Step
16 = N :1 Step

22

==
N

 

( ) ( ) ( ) ( )

464259259

64
4
)10(

4
)6(

4
)10(

4
)6(

:5

886428287620

TTSS :4step

2222

2

1

2
4

1

2
3

1

2
2

1

2
1

2
2

4
2

3
2

2
2

1

=−+++=

−+++=

−+++=

=−+++=

−+++=

∑∑∑∑

∑∑∑∑

N
T

N
X

N
X

N
X

N
X

SSCstep

N
XXXX

 

A 105 B 95 C 125 D 115 
C 115 D 125 A 105 B 105 
D 115 C 95 B 105 A 115 
B 95 A 135 D 95 C 115 
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( ) ( ) ( ) ( )

treatment.ofordertheinelementstheArrange
:SSKfindTo

264169251664
4

8
4
)6(

4
10

4
8

:6

2222

2

2

2
4

2

2
3

2

2
2

2

2
1

=−+++=−+++=

−+++= ∑∑∑∑
N

T
N
Y

N
Y

N
Y

N
Y

SSRstep

 

A 1 1 3 7 12 
B -1 1 1 -1 0 
C 5 3 -1 3 10 
D 3 5 3 -1 10 

60222488

22642525036
4
)10(

4
)10(

4
0

4
)12( 22222

=−−−=
−−−=

=−+++=

−+++=

SSKSSRSSCTSSSSE

N
TSSK

 

 
Step 7: ANOVA Table 

Source of 
variance 

Sum 
of 
square 

d.f Mean square Variance 
ratio 

Table value 
at 5% level 

 
Between 

rows 

 
SSR  
= 2 

 
k – 1 
= 3 67.0

1
=

−
=

k
SSRMSR

 

9.14
67.0

10

=

=

=
MSR
MSE

RF

 

94.8
)3,6(

=
RF  

 
Between 
columns 

 
SSC 
 = 4 

 
k–1 
 = 3 33.1

1
=

−
=

k
SSCMSC

 

52.7
33.1

10

=

=

=
MSC
MSEFC

 

94.8
)3,6(

=
CF

 

 
Between 

Treatments 

 
SSK 
= 22 

 
k–1 
 = 3 

33.7
1
=
−

=
K
MSK

MSK

 
36.1
33.7

10

=

=

=
MSK
MSEFT

 

94.8
)3,6(

=
TF

 

 
Residual 

 
SSE = 

60 

 
(k-1) 
(k–2) 

= 6 
10

2)-1)(K-(K
=

=
SSE

MSE

 

  

Total 88 15    
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Step 8: Conclusion:  Cal FC  < Table FC  
                                  Cal FR > Table FR  
                                Cal FT  < Table FT   
There is a significant difference between rows as well as between columns. But, 
there is no significant difference between treatments. 
 

13  a(i) Solve the system of equations by Gauss-Elimination method. 

 

5232
74323

522
1

4321

4321

4321

4321

=+−−
=+++
−=−+−

=+++

xxxx
xxxx

xxxx
xxxx

 

Solution: 

 [ ]




















−

−−

−−
=

5
7
5

2

2321
4323
1212

1111

, BA  

                   

144

133

122

3
2

3
1
9

2

1430
1010
3030

1111

~
RRR
RRR
RRR

−→
−→
−→




















−

−−
−

−−
 

  

                   

244

233 3

12
12

9
2

4400
6000
3030

1111

~
RRR
RRR

−→
−→




















−

−

−−
 

                                   

411

422

433

43
4

4
3

3

2
2

2
1
1
0

1000
0100
0010
0111

~

]&inginterchangand
4

,
6

3
2
3
3
2

1000
1100
1010
1111

~

RRR
RRR
RRR

RRRRRR

RR

−→
−→
−→





















−

→→

−
→





















−

 

                       211

22

2
1
1
1

1000
0100
0010
0011

~
RRR

RR
+→

→





















−  
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2,1,1,0,

2
1
1
0

1000
0100
0010
0011

~ 211

=−===

−→





















−

wzyxHence

RRR

 

 
  

  (ii) Find the inverse of the matrix 
















221
122
212

by Gauss-Jordan method. 

Solution: 















=

221
122
212

ALet

 

[ ]

311

322

233

133

122

25
5

232
023
461

500
050
0510

~

3
232
011
001

500
110

212
~

2
201
011
001

230
110

212
~

100
010
001

221
122
212

,

RRR
RRR

RRR

RRR
RRR

IA

−→
+→

















−
−

−

−→















−
−−

−→
−→

















−
−−
















=

 

2232
023
222

500
050
005

~

232
023
444

500
050
0010

~

1
1

211

RR

RRR

→
















−
−

−

−→















−
−

−

 























−

−

−

5
2

5
3

5
2

0
5
2

5
3

5
2

5
2

5
2

100
010
001

~  
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−
−

−
=−

232
023
222

5
1, 1AHence  

  
 b(i) Find the largest eigen value of the matrix 

















−
−

−

010
021
012

by power method. Also find its 

corresponding eigenvector. 
Solution: 

             














−=
















−=
















−

















−
−

−
=
















−=
















−=
















−

















−
−

−
=
















−=
















−=

































−
−

−
=
















=

















−
−

−
=

29.0
93.0

1
8.2

8.0
6.2

8.2

2.0
8.0

1

010
021
012

2.0
8.0

1
5.2

5.0
2
5.2

0
5.0

1

010
021
012

0
5.0

1
2

0
1

2

0
0
1

010
021
012

AX

r.eigenvectoinitialarbitraryanbe
0
0
1

Let

010
021
012

Let

3

2

1

1

AX

AX

X

A

 

          
















−=
















=
















−

















−
−

−
=
















−=
















−=
















−

















−
−

−
=
















−=
















−=
















−

















−
−

−
=

33.0
1

1
99.2

99.0
98.2
99.2

33.0
99.0

1

010
021
012

33.0
99.0

1
98.2

98.0
96.2

98.2

32.0
98.0

1

010
021
012

32.0
98.0

1
93.2

93.0
86.2

93.2

29.0
93.0

1

010
021
012

6

5

4

AX

AX

AX

 

         















−=
















−=
















−

















−
−

−
=

33.0
1

1
3

1
3

3

33.0
1

1

010
021
012

7AX
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−=
















−=
















−=
















−

















−
−

−
=

33.0
1

1
isreigenvectoand3eigenvalueingcorrespondtheHence,

33.0
1

1
3

1
3

3

33.0
1

1

010
021
012

8AX

 

   (ii) Find a positive root for the equation 1cos3 =− xx by Newton-Raphson method. 
Solution: 

 

decimals.sixtocorrect0.607102isrootThe
0.607102xxHere,

607102.00000004.0607102.0
)607102.0sin(3

1)607102.0cos()607102.0(3607102.0

)(
)(

607102.0)000006.0(607108.0
)607108.0sin(3

1)607108.0cos()607108.0(3607108.0

)(
)(

607108.0)007101.0(6.0
)6.0sin(3

1)6.0cos()6.0(36.0

)6.0(
)6.0(6.0

)(
)(
)(
)(

6.0xLet
1.tonearerisroottheHence,

)1()0(
1.and0betweenliesroota

45968.11cos211cos3)1(
2110)0(

sin3)(,1cos3)(

32

2
'

2
23

1
'

1
12

'1

0
'

0
01

'1

0

'

∴
==

=−=









+

−−
−=

−=

=−=









+

−−
−=

−=

=−−=









+

−−
−=

−=⇒

−=

−=

=

>

∴
+==−=−−=

−=−=−−=
+=−−=

+

xf
xfxx

xf
xfxx

f
fx

xf
xf

xx

xf
xf

xx

ff

vef
vef

xxfxxxfLet

n

n
nn
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14  a(i) Using Lagrange’s method, find the value of f(3) from the following table. 
  

 

Solution: 

           By Lagrange’s interpolation formula, we have 

𝑦𝑦 = 𝑓𝑓(𝑥𝑥) =
(𝑥𝑥 − 𝑥𝑥1)(𝑥𝑥 − 𝑥𝑥2)(𝑥𝑥 − 𝑥𝑥3)

(𝑥𝑥0 − 𝑥𝑥1)(𝑥𝑥0 − 𝑥𝑥2)(𝑥𝑥0 − 𝑥𝑥3)
𝑦𝑦0 +

(𝑥𝑥 − 𝑥𝑥0)(𝑥𝑥 − 𝑥𝑥2)(𝑥𝑥 − 𝑥𝑥3)
(𝑥𝑥1 − 𝑥𝑥0)(𝑥𝑥1 − 𝑥𝑥2)(𝑥𝑥1 − 𝑥𝑥3)

𝑦𝑦1

+
(𝑥𝑥 − 𝑥𝑥0)(𝑥𝑥 − 𝑥𝑥1)(𝑥𝑥 − 𝑥𝑥3)

(𝑥𝑥2 − 𝑥𝑥0)(𝑥𝑥2 − 𝑥𝑥1)(𝑥𝑥2 − 𝑥𝑥3)
𝑦𝑦2

+
(𝑥𝑥 − 𝑥𝑥0)(𝑥𝑥 − 𝑥𝑥1)(𝑥𝑥 − 𝑥𝑥2)

(𝑥𝑥3 − 𝑥𝑥0)(𝑥𝑥3 − 𝑥𝑥1)(𝑥𝑥3 − 𝑥𝑥2)
𝑦𝑦3 

 

 𝑓𝑓(3) = (𝑥𝑥−1)(𝑥𝑥−2)(𝑥𝑥−5)
(0−1)(0−2)(0−5)

(2) + (𝑥𝑥−0)(𝑥𝑥−2)(𝑥𝑥−5)
(1−0)(1−2)(1−5)

(3) 

       +
(𝑥𝑥 − 0)(𝑥𝑥 − 1)(𝑥𝑥 − 5)
(2 − 0)(2 − 1)(2 − 5)

(12) +       
(𝑥𝑥 − 0)(𝑥𝑥 − 1)(𝑥𝑥 − 2)
(5 − 0)(5 − 1)(5 − 2)

(147) 

𝑓𝑓(3) =
(𝑥𝑥 − 1)(𝑥𝑥 − 2)(𝑥𝑥 − 5)

−10
(2) +

(𝑥𝑥 − 0)(𝑥𝑥 − 2)(𝑥𝑥 − 5)
4

(3)

+
(𝑥𝑥 − 0)(𝑥𝑥 − 1)(𝑥𝑥 − 5)

−6
(12) +    

(𝑥𝑥 − 0)(𝑥𝑥 − 1)(𝑥𝑥 − 2)
60

(147) 

                              
 f(3) =
(3−1)(3−2)(3−5)

−10
(2) + (3)(3−2)(3−5)

4
(3) + 3(3−1)(3−5)

−6
(12)  + (3)(3−1)(3−2)

60
(147) 

f(3) =    4
10

(2) + 6
4

(3) + 2(12) + 1
10

(147) 

f(3) =   8
10
−  18

4
+ 24 +  147

10
   =  35 

 

X: 0 1 2 5 

Y : 2 3 12 147 

   (ii) Using Newton’s divided difference formula, find the value of f(2) and f(14) from 
the following table.  

X : 4 5 7 10 11 13 
Y : 48 100 294 90 1210 2028 

 

Solution: 

       We form the divided difference table, since the intervals are unequal. 
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X f(x)  f(x)  f(x)  f(x)  f(x) 

4 48     
  52

45
48100

=
−
−

 
   

5 100  15
47
5297

=
−
−    

  97
75
100294

=
−
−

 
 1

410
1521

=
−
−

 
 

7 294  21
510
97202

=
−
−

 
 

0 

  202
710
294900

=
−
−   

1
511
2127

=
−
−   

10 900  27
711
202310

=
−
−   

0 

  310
1011
9001210

=
−
−

 
 

1
713
2733

=
−
−

 
 

11 1210  33
1013
310409

=
−
−    

  409
1113
12102028

=
−
−    

 

13 2028     

By Newton’s divided difference interpolation formula, 

2638)1)(8)(9)(10()15)(9)(10()52)(10(48)4(
4309010448

)1)(5)(3)(2()15)(3)(2()52)(2(48)2(
...),,,())()((

),,())((),()()( = f(x)

3210210

210101000

=+++=
=−+−=

−−−+−−+−+=
+−−−+

−−+−+

f

f
xxxxfxxxxxx

xxxfxxxxxxfxxxf

  
 b(i) 

Evaluate ∫ ∫ ++

1

0

1

0 1 yx
dydx using Trapezoidal rule, taking h =k = 0.5. 

Solution: 
  
  
 

 

x/y 0 0.5 1 

0 1 0.6667 0.5 
0.5 0.6667 0.5 0.4 
1 0.5 0.4 0.3333 
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[ ]

5245.0)8669.18)(0278.0(

)5.0(16)4.04.06667.06667.0(4)5.0333.05.01(
3
5.0

3
5.0

==

++++++++












=I

 

  
  (ii) Taking ,

4
π

== kh evaluate ∫ ∫ +
2

0

2

0

)sin(

π π

dydxyx by Simpson’s 
3
1 rule 

 Solution: 

 Let ∫ ∫ +=
2

0

2

0

)sin(
π π

dydxyxI  

 

Simpson’s rule, 
 

{ }

1546.2
)4544.31)(0685.0(

)1(16)8409.08409.08409.08409.0(4)1010(
3
4

3
4

=
=

++++++++



















































=

ππ

I

 

 

yx \  0 
 4

π  
2
π  

0 0 0.8409 1 

4
π  0.8409 1 0.8409 

2
π  1 0.8409 0 

15 a(i) Using Milne’s predictor-corrector method, find y(0.4), given that 
( ) 21.1)3.0(,12.1)2.0(,06.1)1.0(,1)0(,

2
1 22

' ====
+

= yyyyyxy
 

Solution: 

        ( )

( )
( ) 5674.0]06.1][)1.0(1[

2
11

2
1

2
11)01(

2
11

2
1

1
2
1),(

1.0?,21.1,12.1,06.1,1
4.0,3.0,2.0,1.0,0

222
1

2
1

'
1

2
0

2
0

'
0

22'

43210

43210

=+=+=

=+=+=

+==

======
=====

yxy

yxy

yxyxfy

hyyyyy
xxxxx

 

        
( )
( ) 7979.0]21.1][)3.0(1[

2
11

2
1

6522.0]12.1][)2.0(1[
2
11

2
1

222
3

2
3

'
3

222
2

2
2

'
2

=+=+=

=+=+=

yxy

yxy
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[ ]
[ ]

( ) [ ]

[ ]

(2),usingAgani

9498.0]2797.1][16.01[
2
11

1)2(..,

]9460.0)7979.0(46522.0[
3
1.012.1

)2......(....................4
3

1,

,

9460.0]2771.1[16.011
2
1

2771.1

)7979.0(26522.0)5674.0(2
3

)1.0(41

22
3

4,y

methodsMilne'

2
4

'

4

'
4

'
3

'
224

22
4

2
4

'
4

'
3

'
2

'
104

=+=

+++=

+−+=

=+=+=

=

+−+=

+−+=

cy

cygetweandofSHRthethisonuseNow

yyyhycy

methodcorrectorBy

yxy

yyyhyp

 
[ ]

2798.1)4.0(

2798.19498.0)7979.0(46522.0
3
1.012.12,4

=

=+++=

y

cy

 
 

   (ii) Solve by Euler’s method, the equation ,1)0(, =+= yyx
dx
dy choose 2.0=h and 

compute y(0.4) and y(0.6). 
Solution: 

        

296.1]096.0[2.1
]2.14.0[2.02.1),(2.1)6.0(

2.1)4.0(
]10[2.01)0,0(2.01)4.0(

),(
2.01,0,),(

11

0001

00
'

=+=
++=+=

=
++=+=

+=
===+==

yxfy
y

fy
yxhfyy

hyxyxyxfy

 

 b(i) Given ,8213.0)2.0(,9052.0)1.0(,1)0(,2' ===−= yyyyxy find )3.0(y using 
Taylor’s series method. 
Solution: 
 Given 1.0,1.0,1,0, 100

2' ====−= hxyxyxy   
 
 
 
 
 
 
 
 

yxy −= 2'  11)0(0
2

0
'

0 −=−=−= yxy  
''' 2 yxy −=  1)1()0(2 '

00
''

0 =−−=−= yxy  
''''' 2 yy −=  1)1(22 ''

0
'''

0 =−=−= yy  
'''yyiv −=  1'''

00 −=−= yy iv  
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By Taylor’s series formula 

 

905163.0
000004.0000167.0005.01.01

24
)1.0(

6
)2.0(

2
)1.0(1.01)1.0(

......
!4!3!2!1

432

'
0

4
'''

0

3
''

0

2
'

001

=
+++−=

−++−=

+++++=

y

yhyhyhyhyy v

  

 

 

 
 

7492.0
00014.00059.007813.08213.0

818.0(
24

)1.0()8187.0(
6

)2.0()1813.1(
2

)1.0()7813.0)(1.0(8213.0)3.0(

8213.0
00015.0005475.00895.09052.0

)905.0(
24

)1.0()905.0(
6

)2.0()095.1(
2

)1.0()895.0)(1.0(9052.0)2.0(

......
!4!3!2!1

432

432

'
1

4
'''

1

3
''

1

2
'

102

=
++−=

−−++−+=

=
++−=

−−++−+=

+++++=

y

y

yhyhyhyhyy v

 

895.01
2

1
'

1 −=−= yxy  7813.02
2

2
'

2 −=−= yxy  

095.12 '
11

''
1 =−= yxy  1813.12 '

22
''

2 =−= yxy  

905.02 ''
1

'''
1 =−= yy  8187.02 ''

2
'''

2 =−= yy  

905.0'''
11 −=−= yy iv  8187.0'''

22 −=−= yy iv  

 (ii) Using Runge-Kutta method of fourth order, given ,0)0(,1)0(,0 '''' ===++ yyyxyy
find the value of y at x = 0.1. 

Solution: 

Given 

    
10,0'

1)0(,'''

==

=−−=

yy

yyyxy

 

Setting  
zy ='

 and  
''' zy =

 The equations becomes  
                  yzxy −−=''  

0,1)(

),,(),,(

'
000

21

===

=−−===

yzyie

zyxfyxz
dx
dzzyxfz

dx
dy
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By algorithm, 

hhfhzyxfhl

hfhzyxfhk

−=−−===

====

)1,0()0,1,0(2)0,0,0(21

0)0()0,1,0(1)0,0,0(11

 

005.0)05.0()1.0(

]05.0,1,05.0[11.0
2

)1.0(0,01,
2
1.001)1.0(

2
1

0,
2
1

0,
2012

−=−=

−=



 −

+++=












+++=

ff

l
z

k
yhxfhk

 

0998.0]1)05.0)(05.0([)1.0(

]05.0,1,05.0[1.0
2

)1.0(0,01,
2
1.00)1.0(

2
1

0,
2
1

0,
202

22

2

−=+−−=

−=



 −

+++=












+++=

ff

l
z

k
yhxfhl

 

00499.0)0499.0()1.0(

]0499.0,9975.0,05.0[11.0
2

)0998.0(0,
2

)005.0(1,
2
1.001)1.0(

20,
20,

201
22

3

−=−=

−=





 −

+
−

++=





 +++=

f

f

lzkyhxfhk

 

0995.0]9975.0)0499.0)(05.0[()1.0(
]0499.0,9975.0,05.0[1.0

20,
20,

20

2

22
23

−=+−−=
−=





 +++=

f

lzkyhxfhl

 

[ ]

00995.0)0995.0()1.0(

]0995.0,995.0,05.0[11.0

)0995.0(0,)00499.0(1,1.01)1.0(

]30,30,0[14

−=−=

−=

−+−+=

+++=

f

f

lzkyhxfhk

 

0985.0]995.0)0995.0()1.0)[(1.0(
]0995.0,995.0,1.0[1.0

]30,30,0[

2

24

−=+−=
−=

+++=

f

lzkyhxfhl

 
Now  
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00498.0

)]00995.0()00499.0(2)005.0(20[
6
1)22(

6
1

4321

−=

−+−+−+=+++=∆ kkkky

 9950.000498.0101 =−=∆+=∴ yyy  
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 B.E./ B.Tech. DEGREE EXAMINATION, MAY/JUNE 2013 
(Common to Mechanical Engineering and Mechatronics Engineering) 

Fourth Semester 
MA6452 –STATISTICS AND NUMERICAL METHODS 

(Regulation 2013) 
Time : Three hours                                                Maximum : 100 marks 

Answer ALL questions 
PART A – (10 x 2 = 20 marks) 

 
  1. It has been found that 2% of the tools produced by a certain machine defective. What is 

the probability that in a shipment of 400 such tools  
(a) 3% or more  
(b) 2% or less will prove defective 

Ans :        Out of Syllabus 
 

  2. A random sample of 200 tins of coconut oil gave an average weight of 4.95. With a 
standard deviation of 0.21kg. Do we accept that the net weight is 5 kgs per tin at 5% 
level? 
Ans :          

        

%5.3

]testtailedtwouse[5:1.2

5:0.1
%5,95.4,21.0,5,200Given

=

≠

=
=====

α

µ

µ
αµ

H

H
xsn

 

        4. critical region 

                       

                   96.1
2/

−=

− αZ

                           96.1
2/

=
αZ  

         5. The test statistic   36.3

200
21.0

595.4 −=









−=









−=

n
s

xZ µ

 

                        

36.3=Z

    

 

        6.   Conclusion  :   If  36.3=Z  ≮  1.96    we accept  0H     
 

  3. What do you understand by “Design of an experiments” ? 
Ans : 
     The design of experiment may be defined as “ the logical construction of the 
experiment in which the degree of uncertainly with which the inference is drawn may be 
well defined. 
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  4. Write down the ANOVA table for one way classification. 
Ans :   
   Analaysis of variance (ANOVA) table : one-way classification model 

Sources of 
variation 

Sum of 
squares 

v    d.f     
Mean square Variance ratio  

Between 
sample 

SSC 11 −=cv  MSC = 
1−c

SSC    
 FC = 

MSE
MSC  

Within 
samples 

SSE cnv −=2  MSE = 
cn

SSE
−

 

Total TSS 1−n    
TSS   = Total sum of squares of variations 
SSC   =  Sum of squares between samples (columns) 
SSE  =  Sum of squares within samples (rows) 
MSC  = Mean sum of squares between samples 
MSE  =  Mean sum of squares within samples 
 

  5. Find the real positive root of 3x- cos x – 1 = 0 by Newton’s method correct decimal 
places. 
Ans : 
       Let )(xf = 3x- cos x – 1 

             )(2)0( vef −−=  

            )(4597.1)1( vef +=  

      A root is nearer to 1         

       ⇒    Let 0
x

 
=   0.6 

)('

)(

1
nxf

nxf

n
x

n
x −=

+
      

1cos3)( −−= xxxf    and   xxf sin3)(' +=  

)0('

)0(

01 xf

xf
xx −= =  0.6 - 607108.0

)6.0sin(3
1)6.0cos()6.0(3

6.0
)6.0('
)6.0(

=
+

−−
−= 





f

f  

)1('

)1(

12 xf

xf
xx −=

        

=  
) 607108.0('

)607108.0(   -   0.607108  
f

f

 

   
               607102.0

)607108.0 (sin3
1)607108.0(cos)607108.0(3607108.0 =





+
−−

−=  

)2('

)2(

23 xf

xf
xx −=    

)('
)(607102.0

607102.0

607102.0

f

f
−=

 

         
607102.0607102.0

)607102.0(sin3
1)607102.0(cos)607102.0(3

=
+

−−
−= 
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  6. Solve the equations A + B + C = 6,   3A + 3B + 4C = 20,   2A +  B  + 3C = 13 using 
Gauss elimination method. 
Ans :  
   Given A + B + C = 6,   3A + 3B + 4C = 20,   2A +  B  + 3C = 13 
The given system is equivalent to  

       















=

































13
20
6

312
433
111

C
B
A

 

          (ie)    A X = B        

Here , 

          














=

13
20
6

312
433
111

],[ BA

 

                         














−=

2
1
6

100
110
111

      
133

122

3
2
RRR
RRR

−⇔
−⇔

    

By upper triangular matrix 
        Here   C = 2     -----------(1) 
               -B + C = 1  -----------(2) 
           A + B + C = 1  -----------(3) 
   (2)    ⇒   -B  =  1 - C  = 1 – 2  ⇒    B = 1 
   (3)   ⇒ A + 1 + 2 = 6      ⇒    A  = 3

          
  7. Use Lagrange’s formula to fit a polynomial to the data and find y at x = 1 

X -1 0 2 3 
Y -8 3 1 12 

Ans  :   
 x  )(xfy =  y∆  y2∆  y3∆  
-1 -8    
  11   
0 3  -4  
  -1  2 
2 1  4  
  11   
3 12    

 
 

  8. Show that the divided difference of second order can be expressed as the quotient of 
two determinants of third order. 
Ans :   

    
))((

)(
))((

)(
))((

)(
),,(

1202

2

2101

1

2010

0
210 xxxx

xf
xxxx

xf
xxxx

xf
xxxf

−−
+

−−
+

−−
=
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))()((

)()()()()()(

022110

201120012

xxxxxx
xfxxxfxxxfxx

−−−
−+−+−

=  

                  







−−−

−+−+−
−=

))()((
)()()()()()(

022110

210102021

xxxxxx
xfxxxfxxxfxx

 

                  
))()((

)()()()()()(

202110

210102021

xxxxxx
xfxxxfxxxfxx

−−−
−+−+−

=  

                 

111

111

)()()(

210

2
2

2
1

2
0

210

210

xxx
xxx

xxx
xfxfxf

=  

 
  9. Using Taylor series method, find y at x = 0.1,  0.2 given 1)0(,2 =−= yyx

dx
dy   (correct 

to 4 decimal places). 

Ans :       Given   yx
dx
dy

−= 2  

      
1.0?

1
;1.0

1

1
0

;0
0

===

==

hyx

yx

 

       

905163.0

......)1(
!4

4)1.0(
)1(

!3

3)1.0(
)1(

!2

2)1.0(
)1(

!1
1.0

1
1

1

1''
0

2'''
0

''2'''

1'
00

2''
0

'2''

1
0

2
0

'
0

2'

......'''
0!3

3''
0!2

2'
0!101

'''
0

'''

=

+−+++−+=

−=−=−=

=−=−=

=−=−=

−=−=−=

++++=

y

ivyivy

yyyy

yxyyxy

yxyyxy

y
h

y
h

y
h

yy

yy

 

To find y2  :    

 
895.0

1
2

1
'

1
2'

......'''
1!3

3''
1!2

2'
1!112

−=−=−=

++++=

yxyyxy

y
h

y
h

y
h

yy
 

905.0''
1

2'''
1

''2'''

095.1'
11

2''
1

'2''

=−=−=

=−=−=

yyyy

yxyyxy
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8213.0

......)905.0(
!3

3)1.0(
)095.1(

!2

2)1.0(
)895.0(

!1
1.0

9052.0
1

=

+++−+=y

 

 
10. Compute y  at  x =  0.25 by modified Euler Method given 1)0(,2' == yxyy   

Ans :  
      25.0,25.0,1,0,2 100

' ===== xhyxxyy

 By Modified Euler method , 

 

         [ ]

0625.1
00625.01

])1()125.0()2[()25.0(1
)1()0()25.0(1,125.0)25.0(1

)0,0(2
25.01,2

25.00)52.0(1

)0,0(20,2001

),(2,21

=
+=
+=

++=





 +++=





 +++=





 +++=+

f

ff

yxfhyhxfhyy

nynxfh
nyh

nxfhnyny

 

 
  PART – B  (5 x 15 = 60) 

 
11. a(i) Random samples drawn from two countries gave the following data relating to the 

heights of adult males. Is the difference between standard deviation significant? 
Country A Country B 

Mean height  (in inches) 67.42 67.25 
S.D (in inches) 2.58 2.50 
Number in samples 1000 1200 

Ans : 
     Given 

          
50.2,25.67,1200

58.2,42.67,1000

222

111

===

===

sxn

sxn

 

%5.3

]testtailedtwouse[21:1.2
21:0.1

=

≠

=

α

µµ

µµ

H

H

      

    4. critical region 

                       

                   96.1
2/

−=

− αZ

                           96.1
2/

=
αZ  
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         5. The test statistic   03.125.6742.67)21(

1200

2)50.2(
1000

2)58.2(

2

2
2

1

2
1

=
−

=
−

=

++
n

s

n

s

xx
Z

                        

 

        6.   Conclusion  :   If  2/2/ αα ZZZ <<−     then accept 0H
  , otherwise 

we  reject  0H   . Here       - 1.96   ≮  - 5.16  <  1.96        So we reject 𝐻𝐻0.             
 

 (ii) 1000 students at college level were graded according to their I.Q. and their 
economic conditions. What conclusion can you draw from the following data: 

      Economic 
conditions 

I.Q. level 
High Low 

Rich 460 140 
Poor 240 160 

Ans :     

     The parameter of interest is 
2χ  

            1.  H0  :  The given attributes are  independent 
            2.  H1  :  The given attributes are not independent le. 
            3.  α =  0.05,  d. f  =  (r-1)(s-1) = (2-1)(2-1)  =  1 

            4. Table value of 
2χ  =  3.841 

            5. The test statistic  is 
2χ = ( )

∑
−

E
EO 2

            The expected frequencies are calculated using the following formulae 

Expected frequency for  460   =   420
1000

700600
=

×  

Expected frequency for  140  = 80
1000

300600
=

×    

Expected frequency  for  240  =   280
1000

400700
=

×  

Expected frequency for 160    =   120
1000

004300
=

×  

 
 
O  

 
E  

 
EO −  

2)( EO −  EEO /)( 2−  

460 400 40 1600 3.81 
140 180 - 40 1600 8.88 
240 100 -40 1600 5.714 
160 100 -40 1600 13.33 

 31.7373 

                 
( )

∑
−

=∴
E

EO 2
2χ

 
=  31.7373 
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   8. Conclusion: 
             If Cal 2χ   <  table 2χ ,    then we accept H0  .   Otherwise , we reject H0 

    Here, 2χ   =  31.7373  >   3.841 .16   . so reject H0  at 5 %  level of significance. 
    We conclude that the attributes I.Q as economic conditions are not independent. 
 

 b(i) The sales manager of a large company conducted a sample survey in states A and 
B taking 400 samples in each case. The results were in the following table. Test 
whether the average sales in the same in the 2 states at 1 % level. 

Average sales 
    S.D. 

State A State B 
Rs. 2,500 Rs. 2,200 
Rs. 400 Rs. 550 

Ans :  
    Given   

    
%1550,2200,400

400,2500,400

222

111

====

===

αsxn

sxn

 

%1.3

]testtailedtwouse[21:1.2
21:0.1

=

≠

=

α

µµ

µµ

H

H

      

    4. critical region 

                       

                   58.2
2/

−=

− αZ

                           58.2
2/

=
αZ  

   5. The test statistic   82.820002500)21(

400

2)550(
400

2)400(

2

2
2

1

2
1

=−=
−

=

++
n

s

n

s

xx
Z

                        

 

  6.   Conclusion  :    
           If  2/2/ αα ZZZ <<−     then accept 0H

  ,  otherwise we  reject  0H   . 

                   Here   - 2.58 < 8.82  ≮ 2.58    So we reject 𝐻𝐻0. 
 

 (ii) Find if there is any association between extravagance in fathers and extravagance 
in sons from the following data. Determine the coefficient of association also 

 
Extrav. sons 
Misser. Sons 

Extravagant father  Miserly father  
Under 327 741 

545 234 
Ans :  

1. The parameter interest is 2χ  
2. 0H : Namely that the extravagance in sons and fathers are not significant. 

3. 1H  : Significant  
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4. 1)12)(12()1)(1(.,05.0 =−−=−−== srfdα  

5. The test statistic is 
))()()((

)(2)(2
dbcadcba

dcbabcad
++++
+++−

=χ  

6. Reject 0H  if  2χ   > 3.84 

7. Computations :  

     77.279
)779)(1068)(975)(872(

)234741545327(2])741)(545()234)(327([2 =
+++−

=χ  

8. Conclusion : 
    Since 2χ = 230.24  > 3.841 solve reject 0H  at 5 % level of significance 

   ∴ There is dependence between the attributes 

Coefficient of attributes  =  
bcad
bcad

+
−  = 6814.0

480363
327330

−=
−

 
 

12. a(i) The following data represent the number of units of production per day turned out 
by 5 different workers using 4 different types of machine 

Machine  Type 
  A B C D 

Workers 1 44 38 47 36 
 2 46 40 52 43 
 3 34 36 44 32 
 4 43 38 46 33 
 5 38 42 49 39 

(1) Test whether the mean production is the same for the different machine 
types 

(2) Test whether the 5 men differ with mean productivity. 
Ans :   
        The code data is     
 

Row X1 X2 X3 X4 Total 2
1X  2

2X  
2
3X  2

4X  
y1 4 -2 7 -4 5 16 4 49 16 
y2 6 0 12 3 21 36 0 144 9 
y3 -6 -4 4 -8 -14 36 16 16 64 
y4 3 -2 6 -7 0 9 4 36 49 
Y5 -2 2 9 -1 8 4 4 81 1 

Total 5 -6 38 -17 20 101 28 326 139 
 
   𝐻𝐻0  :  (i) the mean  productivity is the same for four different machines and 
   𝐻𝐻1  :  (ii) the 5 men do not differ with respect to mean productivity code the data   
                  by  subtracting 40 from each value. 
 
Step 1 : N = 20 
 
Step 2 : T = 20 
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  Step 3 : C.F  =  
N

T 2

  
=   

20

2)20(

   
=   20 

  Step 4 : TSS  =  
N

T
XXXX

2
2
4

2
3

2
2

2
1 −+∑+∑+∑ ∑  

                          = 101 + 28 + 326 + 139 - 20     =   574 

  Step 5 : SSC = 
N

T
N

X

N

X

N

X

N

X 2

1

2)4(

1

2)3(

1

2)2(

1

2)1(
−

∑
+

∑
+

∑
+

∑
 

                                            [ 1
N  = number of elements in each column] 

                                     = 8.33820
5

2)17(
5

2)38(
5

2)6(
5

2)5(
=−

−
++

−
+  

   Step 6.    SSR  =
N

T
N

Y

N

Y

N

Y

N

Y

N

Y 2

2

2)5(

2

2)4(

2

2)3(

2

2)2(

2

2)1(
−

∑
+

∑
+

∑
+

∑
+

∑
 

                                          [ 2
N  = number of elements in each row] 

                            = 5.16120
4

2)8(
4

2)0(
4

2)14(
4

2)21(
4

2)5(
=−++

−
++

 
     SSE  =   TSS – SSC – SSR   =   574 –338.8 – 161.5   =  73.7 
 
Step 7 :  ANOVA Table       
 

Sources 
of 

variance 

Sum of 
squares 

d.f. Mean square Variance 
ratio 

Table 
value at 
5% level 

Between 
Rows 

SSR = 
161.5 

r – 1 
 = 5-1 = 4 
 

MSR = 
1−k

SSR  

        = 40.375 

FR = 
MSE
MSR

 

      
=  6.574 

FR(4, 6)  
  = 3.26 

Between 
columns 

SSC = 
338.8 

c –1 
= 4-1 = 3 

MSC = 
1−k

SSC

 
        = 
112.933 

FC = 
MSE
MSC

 

     
= 18.38 

FC(3, 12)  
  =  3.49 

Residual SSE  = 
73.7 

N - c - r + 
1 = 12 

MSE = 

1 +r  - c - N
SSE

 
      =  6.142 

  

 
Step 8 . Conclusion :   

(i) Table FC (3, 12) at 5 % level = 3.49 
    Cal FC  >  Table FC . Reject H0 . 

(ii) Table FR (4, 12) at 5 % level = 3.26 
    Cal FR  >  Table FR . Reject H0     

     ∴  The worker differ with respect to mean productivity. 
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 (ii) The following is a Latin square of design when 4varieties of seeds are being 
tested. Set up the analysis of variance table and state your conclusion. You can 
carry out suitable change of origin and scale. 

A   105 B     95 C    125 D     115 
C    115 D    125 A    105 B     105 
D    115 C      95 B     105 A     115 
B      95 A    135 D      95 C     115 

Ans :   
          Subtract  100 and then divided by 5 we get 
         

A   1 B   -1 C    5 D     3 
C    3 D    5 A    1 B     1 
D    3 C    -1 B     1 A     3 
B    -1 A    7      D     -1      C     3 

 
Yn X1 X2 X3 X4 Total 2

1X  2
2X  

2
3X  2

4X  
y1 1 -1 5 3 8 1 1 25 9 
y2 3 5 1 1 10 9 25 1 1 
y3 3 -1 1 3 6 9 1 1 9 
y4 -1 7 -1 3 8 1 49 1 9 

Total 6 10 6 10 32 20 76 28 28 
 

   𝐻𝐻0  :  There is no significant difference between rows, columns and treatments. 

   𝐻𝐻1  :  There is significant difference between rows, columns and treatments. 

Step 1 : N = 16 

Step 2 : T = 32 

  Step 3 : C.F  =  
N

T 2

  
=   

16

2)32(
   

=   64 

  Step 4 : TSS  =  
N

T
XXXX

2
2
4

2
3

2
2

2
1 −+∑+∑+∑ ∑  

                          =  20 + 76  + 28 + 28 - 64     =   88 

  Step 5 : SSC = 
N

T
N

X

N

X

N

X

N

X 2

1

2)4(

1

2)3(

1

2)2(

1

2)1(
−

∑
+

∑
+

∑
+

∑
 

                                          [ 1
N  = number of elements in each column] 

                                     = 464
4

2)10(
4

2)6(
4

2)10(
4

2)6(
=−+++  
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Step 6.    SSR  =
N

T
N

Y

N

Y

N

Y

N

Y 2

2

2)4(

2

2)3(

2

2)2(

2

2)1(
−

∑
+

∑
+

∑
+

∑
 

                                          [ 2
N  = number of elements in each row] 

                             = 264
4

2)8(
4

2)6(
4

2)10(
4

2)8(
=−+++  

To Find SSK 
 

Treatment 1 2 3 4 Total 
A 1 1 3 7 12 
B -1 1 1 -1 0 
C 5 3 -1 3 10 
D 3 5 3 -1 10 

   SSK   =  2264
4

2)10(
4

2)10(
4

2)0(
4

2)12(
=−+++  

    SSE = TSS – SSC – SSR   =   88 – 4 – 2 –22  =   60 

Step 7 :  ANOVA Table   

Sources 
of 

variance 

Sum of 
squares 

d.f. Mean square Variance 
ratio 

Table value 
at 5% level 

Between 
Rows 

SSR = 
2 

k –1 
= 3 

MSR = 
1−k

SSR  

        = 0.67 

FR = 
MSE
MSR

 

      
=  14.9 

FR(6, 3)  
  = 8.94 

Between 
columns 

SSC = 
4 

k – 2  
 = 3 

MSC = 
1−k

SSC

 
        = 1.33 

FC = 
MSE
MSC

 

     
= 7.52 

FC6, 3)  
  = 8.94 

Treatment SSK 
 = 22 

k – 1 = 3 MSK = 
1−k

SSK

 
      = 7.33 

FT = 
MSE
MSK

 

     
= 

33.7
10

 
= 1.36

 

FT(6, 3)  
  =  8.94 

Error SSE 
  = 60 

(k -1)(k – 
2) 

 = 6 

MSE = 

)2)(1( −− kk
SSE

 
      =  10 

  

Total TSS 
  = 88 

15    

 
Step 8 . Conclusion : 

    Cal FR     >   Table FR    
     Cal FC     <   Table FC   
     Cal FT     >   Table FT 
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                There is significant difference between treatments and rows. But there is 
no significant difference between columns. 
 

 b(i) Compare and contrast the Latin square design with the randomized block design. 
Ans :   
    
S.No LSD RBD 
1. It is suitable for small number 

of treatments, between 5 and 
12.  

No such restrictions suitable for 
upto 24 treatments. 

2. The number of rows and 
columns are equal and hence 
the number of replication is 
equal to the number of 
treatments. 

There is no such restriction. It can 
have any number replications and 
treatments. 

3. Experimental error is reduced 
to a large extent, because 
variation is controlled in two 
directions. 

Variations is controlled in one 
directions only. 

4. LSD is preferred over RBD 
because of (3)  

RBD is the most popular one for 
its simplicity , flexibility and 
validity. 

5. Experimental area must be a 
square.  

Suitable if it is a rectangle or 
square. 

 
 

 (ii) Analyse the following of Latin square experiment 
Column 

row 
 
1 

 
2 

 
3 

 
4 

1 A(12) D(20) C(16) B(10) 
2 D(18) A(14) B(11) C(14) 
3 B(12) C(15) D(19) A(13) 
4 C(16) B(11) A(15) D(20) 

Ans :   
   Let us take 12 as origin for simplifying the calculations      

Row X1 X2 X3 X4 Total 2
1X  2

2X  
2
3X  2

4X  
(y1) (1)  A  0 D   8 C   4 B  -2 10 0 64 16 4 
(y2) (2) D  6 A   2  B   -1 C  2 9 36 4 1 4 
(y3) (3) B   0 C   3  D    7 A  1 11 0 9 49 1 
(y4) (4) C   4 B   1 A    3 D  8 14 16 1 9 64 
Total 10 12 13 9 44 52 78 75 73 

H0  :  There is no significant difference between rows, columns and treatments. 
 H1  :  There is significant difference between rows, columns and treatments. 
 
Step 1 : N = 16 
 
Step 2 : T = 44 
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  Step 3 : C.F  =  
N

T 2

  
=   

16

2)44(

   
=   121 

 Step 4 : TSS  =  
N

T
XXXX

2
2
4

2
3

2
2

2
1 −+∑+∑+∑ ∑  

                          = 52 + 78 + 75 + 73 - 121     =   157 

  Step 5 : SSC = 
N

T
N

X

N

X

N

X

N

X 2

1

2)4(

1

2)3(

1

2)2(

1

2)1(
−

∑
+

∑
+

∑
+

∑
 

                                            [ 1
N  = number of elements in each column] 

                                     = 5.2121
4

2)9(
4

2)13(
4

2)12(
4

2)10(
=−+++  

   Step 6.    SSR  =
N

T
N

Y

N

Y

N

Y

N

Y 2

2

2)4(

2

2)3(

2

2)2(

2

2)1(
−

∑
+

∑
+

∑
+

∑
 

                                          [ 2
N  = number of elements in each row] 

                            = 5.3121
4

2)14(
4

2)11(
4

2)9(
4

2)10(
=−+++

 
To Find SSK     

Treatment 1 2 3 4 Total 
A 0 2 3 1 6 
B 0 -1 -1 -2 - 4 
C 4 3 4 2 13 
D 6 8 7 8 29 
     44 

   SSK   =  5.144121
4

2)29(
4

2)13(
4

2)4(
4

2)6(
=−++

−
+  

    SSE = TSS – SSC – SSR   =   157 – 2.5 – 3.5 – 144.5  =   6.5 
 
Step 7 :  ANOVA Table 

    
Sources 

of 
variance 

Sum of 
squares 

d.f. Mean square Variance 
ratio 

F test 1% 

Between 
Rows 

SSR = 
3.5 

3 1.17 
 

1.08 9.78 

Between 
columns 

SSC = 
2.5 

3 0.83 0.77 27.91 

Variety SSK = 
144.5 

3 48.17 44.60 9.78 

Error SSE  = 
6.5 

6 1.08   

Total TSS  = 
157 

11    
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Step 8 . Conclusion :   
         The F ratios for rows and columns are not significant at 1 % level while that 
for varieties is very highly significant. The fact that there are no significant 
differences between rows and columns. Show that the Latin square arrangement 
has not been advantageous. 
 

13. a(i) Solve the system of equations by Gauss Jordan Method 
      x +y + z + w  = 1;         2x – y + 2z - w  =  -5, 
    3x + 2y + 3z + 4w  =  7;   x - 2y - 3z +2w  =  5 
Ans :   
 

   [ A, B]  = 




















−

−−

−−

5
7
5

2

2321
4323
1212

1111

     

 

             =   




















−

−−
−

−−

3
1
9

2

1430
1010
3030

1111

    

144

133

122

3
2

RRR
RRR
RRR

−⇔
−⇔
−⇔

 

 

           =    




















−

−

−−

12
12

9
2

4400
6000
3030

1111

       
244

233 23
RRR

RRR
−⇔
−⇔

 

           =   





















−
2
3
3
2

1000
1100
1010
1111

      

4

6
,

3
4

4

3
3

2
2

RR

R
RRR

⇔

⇔⇔
 

          =  





















−
2
1
1
0

1000
0100
0010
0111

     

411

422

433

3
2

RRR
RRR
RRR

−⇔
−⇔
−⇔

 

          =   





















−
2
1
1
1

1000
0100
0010
0011

       
211

22

RRR
RR
+⇔

⇔
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         =     





















−
2
1
1
0

1000
0100
0010
0011

     211 RRR −⇔  

Hence  2,1,1,0 =−=== wzyx  
 

 (ii) Solve by Gauss- Seidal method the following system: 
28x + 4y – z = 32;   x + 3y + 10z = 24;   2x + 17y + 4z =35 
Ans  :  
         Write x, y,   z as follows: 

      𝑥𝑥 = 1
28

   [32 - 4y + z]       𝑦𝑦 = 1
17

[35 − 2𝑥𝑥 − 4𝑧𝑧]         𝑧𝑧 = 1
10

[24 − 𝑥𝑥 − 3𝑦𝑦] 

       Let the initial values be y  =  0, z  =  0 

First Iteration 

       𝑥𝑥1 = 1
28

[32 − 4𝑦𝑦0 + 𝑧𝑧0] =  1
27

[32 − 4(0) + 0] = 1.1429 

       𝑦𝑦1 = 1
17

[35 − 2𝑥𝑥1 − 4𝑧𝑧0] = 1
17

[35 − 2(1.1429) − 0] = 1.9244 

       𝑧𝑧1 = 1
10

[24 − 𝑥𝑥1 − 3𝑦𝑦1]    =  1
10

[24 − 1.1429 − 3(1.9244)] = 1.7084 

Second iteration  

      𝑥𝑥2 = 1
28

[32 − 4𝑦𝑦1 + 𝑧𝑧1]    =   1
28

[32 − 4(1.9244) + 1.7084] = 0.9230 

      𝑦𝑦2 = 1
17

[35 − 2𝑥𝑥1 − 4𝑧𝑧1]   =   1
17

[35 − 2(0.9230) − 4(1.7084)]  = 1.5483 

      𝑧𝑧2 = 1
10

[24 − 𝑥𝑥2 − 3𝑦𝑦2]  = 1
10

[24 − 0.9230 − 3(1.5483)] =  1.8432 

Third iteration 

      𝑥𝑥3 = 1
28

[32 − 4𝑦𝑦2 + 𝑧𝑧2]    =   1
28

[32 − 4(1.5483) + 1.8432] = 0.9875 

      𝑦𝑦3 = 1
17

[35 − 2𝑥𝑥3 − 4𝑧𝑧2]   =   1
17

[35 − 2(0.9875) − 4(1.8432)]  = 1.509 

      𝑧𝑧3 = 1
10

[24 − 𝑥𝑥3 − 3𝑦𝑦3]  = 1
10

[24 − 0.9875 − 3(1.509)] =  1.8486 

Fourth iteration 

       𝑥𝑥4 = 1
28

[32 − 4𝑦𝑦3 + 𝑧𝑧3]    =   1
28

[32 − 4(1.509) + 1.8486] = 0.9933 

      𝑦𝑦4 = 1
17

[35 − 2𝑥𝑥4 − 4𝑧𝑧3]   =   1
17

[35 − 2(0.9933) − 4(1.8486)]  = 1.507 

      𝑧𝑧4 = 1
10

[24 − 𝑥𝑥4 − 3𝑦𝑦4]  = 1
10

[24 − 0.9933 − 3(1.507)] =  1.8486 

Fifth iteration 
       𝑥𝑥5 = 1

28
[32 − 4𝑦𝑦4 + 𝑧𝑧4]    =   1

28
[32 − 4(1.507) + 1.8486] = 0.9936 

      𝑦𝑦5 = 1
17

[35 − 2𝑥𝑥5 − 4𝑧𝑧4]   =   1
17

[35 − 2(0.9936) − 4(1.8486)]  = 1.507 

      𝑧𝑧5 = 1
10

[24 − 𝑥𝑥5 − 3𝑦𝑦5]  = 1
10

[24 − 0.9936 − 3(1.507)] =  1.8486 

sixth iteration 
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       𝑥𝑥6 = 1
28

[32 − 4𝑦𝑦5 + 𝑧𝑧5]    =   1
28

[32 − 4(1.507) + 1.8486] = 0.9936 

      𝑦𝑦6 = 1
17

[35 − 2𝑥𝑥6 − 4𝑧𝑧5]   =   1
17

[35 − 2(0.9936) − 4(1.8486)]  = 1.507 

      𝑧𝑧6 = 1
10

[24 − 𝑥𝑥6 − 3𝑦𝑦6]  = 1
10

[24 − 0.9936 − 3(1.507)] =  1.8486 
 
Hence 𝑥𝑥 = 0.9936   ,     𝑦𝑦 = 1.507     , 𝑧𝑧 =   1.8486 

 

 b(i) Solve by Gauss Elimination method 
 3x + 4y + 5z = 18; 2x – y + 8z = 13; 5x-2y + 7z = 20 
Ans :  The augmented matrix is  

        [A , B]  =  
















−
−

20
13
18

725
812
543

 

                  ~   
















−−−
−

30
3

18

4260
14110
543

     
15333

12232
RRR

RRR

−⇔

−⇔

 

                  ~   
















−−
−

408
3

18

40800
14110
543

     2263113 RRR −⇔
 

   By back substitution method  

            

3)1(5)1(4183
18543

1)1(14311
31411

1408408

=⇒−−=
=++

=⇒−=−
=+−

=⇒−=−

xx
zyx

yy
zy

zz

          

 (ii) 
Using Power method, find all the Eigen values of A=�

5 0 1
0 −2 0
1 0 5

� 

Ans :   

       Let 















=

0
0
1

1X be an approximate eigen vector 

25
2.0

0
1

5
1
0
5

0
0
1

501
020
105

1 XAX =















=
















=
































−=  
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32.5
39.0
0
1

2.5
2
0
2.5

2.0
0
1

501
020
105

2 XAX =















=
















=
































−=  

439.5
55.0
0
1

39.5
95.2
0
39.5

39.0
0
1

501
020
105

3 XAX =















=
















=
































−=  

555.5
68.0
0
1

55.5
75.3
0
55.5

55.0
0
1

501
020
105

4 XAX =















=
















=
































−=  

668.5
78.0
0
1

68.5
4.4

0
68.5

68.0
0
1

501
020
105

5 XAX =















=
















=
































−=  

778.5
85.0
0
1

78.5
9.4

0
78.5

78.0
0
1

501
020
105

6 XAX =















=
















=
































−=  

885.5
9.0

0
1

85.5
25.5
0
85.5

85.0
0
1

501
020
105

7 XAX =















=
















=
































−=  

99.5
93.0
0
1

9.5
5.5

0
9.5

9.0
0
1

501
020
105

8 XAX =















=
















=
































−=  

1093.5
95.0
0
1

93.5
65.5
0
93.5

93.0
0
1

501
020
105

9 XAX =















=
















=
































−=  

1195.5
1
0
1

95.5
75.5
0
95.5

95.0
0
1

501
020
105

10 XAX =















=
















=
































−=  

126
1
0
1

6
6
0
6

1
0
1

501
020
105

11 XAX =















=
















=
































−=  
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136
1
0
1

6
1
0
1

501
020
105

12 XAX =















=
































−=  
















==∴

1
0
1

rEigenvecto;61λ  

B   =  A - 6I = 
















−
−

−

101
080
101

Take Y1=
















0
0
1

 

BY1  =  21
1

0
1

1
1
0
1

Y−=
















−
−=















−
 

BY2  =  
















−
−

−

101
080
101

















−1
0
1

 

= 32
1

0
1

2
2
0
2

Y−=
















−
−=















−
 

BY3  =  
















−
−

−

101
080
101

















−1
0
1

















−
−=

1
0
1

2  

Greater Eigen value of B  =  - 2 
∴Smallest Eigen value of A  =  - 2 +  6  =  4 
 

          
238346

852321
−=⇒=++

=+−=++

λλ

λλλ

 
 
        Eigen values are 6 ,4, -2 
 

14. a(i) 
By dividing the range into ten equal parts, evaluate ∫

π

0
sin dxx   by Trapezoidal and 

Simpson’s rule. Verify your answer with integration. 
Ans :   

      Range  π - 0 = π   hence h = 
10
π

 
 

x  0 
10
π  

10
2π  

10
3π  

10
4π  

10
5π  

xy sin=  0 0.3090 0.5878 0.8090 0.9511 1 
x  

10
6π  

10
7π  

10
8π  

10
9π  

π   
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xy sin=  0.9511 0.8090 0.5878 0.3090 0  
 
 

(i) Trapezoidal rule   

    I  =   
20
π

[ (0 + 0) +2(0.3090 + 0.5878 + 0.8090 + 0.9511 + 1  

                           + 0.9511 + 0.8090 + 0.5878 + 0.3090 )] 
        =  1.9843  
 

(ii) Simpson’s rule  
     

 0y  1y  2y  3y  4y  5y  6y  7y  8y  9y  10y  
 1 4 1         
   1 4 1       
     1 4 1     
       1 4 1   
         1 4 1 
Sum 1 4 2 4 2 4 2 4 2 4 1 

I  =  ](2)(4)([
3 864297531100 yyyyyyyyyyyh

++++++++++  

    =  
3
10/π

 [(0+0)+ 4(0.3090 + 0.8090 + 1 + 0.8090 + 0.3090)  

                                +2(0.5878 + 0.9511 + 0.9511 + 0.5878)] 
 = 2.0001 

(iii) By actual integration  , I = 20)cos(
0

sin =−=∫
∞ πxdxx   

 
 (ii) If f(x) =

 x
1  , show that f(x0, x1,………..,xn)= (−1r )

𝑥𝑥  0𝑥𝑥  1,….𝑥𝑥  2
 . Where r is any positive 

integer. 

Ans :  Given  f(x) =
 x
1

     wkt the result is true for r = 1 

     
101001

10

01

01
10

)1(1
11

)()(
),(

xxxxxx
xx

xx
xfxf

xxf
n−

=
−

=
−

−
=

−
−

= ------(1) 

To prove the result by induction 
Assume that the result is true for  r = n 

      
n

n

n xxx
xxxf

.....
)1().....,,(

10
10

−
=   ------(2) 

Let  r  =  n + 1 
 

      
01

1011
110 .....

).....,,().....,(
).....,,(

xx
xxxfxxf

xxxf
n

nn
n

+

+
+

−
=  
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                                  =    
011 .....

)1(
.....
)1(

xxxxx n

n

nn

n −
−

−

+

 

                                   =   
01

110

10

.
.....,,

)(.)1(

xx
xxx
xx

n

n

n
n

−








 −−

+

+

+

   =        
110

1

.....,,
)1(

+

+−

n

n

xxx
 

The result is true for r = n+1 

      ).....,,( 10 nxxxf    =  
r

r

xxx .....,,
)1(

10

−
where r is any positive integer.                        

     
 b(i) The population of a certain town is given below. Find the rate of growth of the 

population in 1931, 1941,1961 and 1971 
Year (x) 1931 1941 1951 1961 1971 

Population in 
thousand (y) 

40.62 60.80 79.95 103.56 132.65 

Ans :   
     we form the difference table     
     

x  y  y∆  y2∆  y3∆  y3∆  
1931 40.62     

  20.18    
1941 60.80  -1.03   

  19.15  5.49  
1951 79.95  4.46  -4.47 

  23.61  1.02  
19561 103.56  5.48   

  29.09    
1971 132.65     

 
We use the same table for backward and forward differences. 
 

(i) To get )1931('f and )1941('f we use forward formula  
 

                       1941,1931 10 == xx       
                               Where u  =  𝑥𝑥−𝑥𝑥0

ℎ
    ⇒  u = 0 

 

                       .........]
3
1

2
1[1

0
3

0
2

0
01931

−∆+∆−∆=





=








==
yyy

hdx
dy

dx
dy

ux
 

    

                                             ....)47.4(
4
1.)49.5(

3
1)03.1(

2
118.20[

10
1

+−−+−−= ] 

                                                 
36425.2

]1175.183.1515.018.20[
10
1

=

+++=

    

 

 
                   If 1941=x       
                             Where u  =  𝑥𝑥−𝑥𝑥0

ℎ
    ⇒  u = 1 
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                      𝑑𝑑𝑦𝑦
𝑑𝑑𝑥𝑥

= 1
h

 [  ∆y0 + 2u−1
2

∆2y0 + 3u2−6u+2
6

∆3y0 + ∆3y0+. ..    

                     
0=









udx
dy )47.4(

12
1.)49.5(

6
1)03.1(

2
118.20[

10
1

−−−−−= ] 

                                    83775.1]3725.0915.0515.018.20[
10
1

=−−−=  

(ii) To get )1971('f we use forward formula  

                  .........]
4
1

2
1[1 32

11961
−∇+∇+∇=






=








−==
nnn yyy

hdx
dy

dx
dy

ux
 

    

                             10525.3....])47.4(
4
1.)02.1(

3
1)48.5(

2
109.20[

10
1

=+−++−=
 

 
(iii) To get )1961('f we use forward formula  

                          Where u  =  𝑥𝑥−𝑥𝑥𝑛𝑛
ℎ

    ⇒  u = -1  
    

       .........]
6

263
2

12[1 3
2

2

11961
−∇

++
+∇

+
+∇=






=








−==
nnn yuvyvy

hdx
dy

dx
dy

vx
 

    

                             ....)47.4(
12
1.)02.1(

6
1)48.5(

2
109.20[

10
1

+−−−−= ] 

      
                              =   2.65525 

  
(ii) 

 
Using Newton’s divided difference formula, find the values of  f(2), f(8) and f(15) 
given the following table. 

X 4 5 7 10 11 13 
f(x) 48 100 294 900 1210 2028 

Ans :     
        Since the argument are not equally spaced, we will use Newton’s divided 
difference  
 

x  )(xfy =  y∆  y2∆  y3∆

 
4 48    
  52   
5 100  15  
  97  1 
7 294  21  
  202  1 
10 900  27  
  310  1 
11 1210  23  
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  409   
13 2028    

By Newton’s divided difference formula we have  
 

........)2,1,0()1)(0()1,0()0()0()( +−−+−+== xxxfxxxxxxfxxxfxfy  

448
......)1()78)(58)(48()15()58)(48()52()48(48)8(

=
+−−−+−−+−+=y  

....)1()7)(5)(4()15()5)(4()52()4(48)( +−−−+−−+−+== xxxxxxxfy

 
4

......)1()72)(52)(42()15()52)(42()52()42(48)2(
=

+−−−+−−+−+=y

3150
)1()7115)(515)(415()15()515)(415()52()415(48)15(

=
−−−+−−+−+=y

 

15. a(i) Solve xxxxyxyxy 2)1(8172 −=−+−+   

Ans :  
    The auxiliary equation is  

          
1,80)1)(8(

0872

−=∴=+−
=−−

aaa
aa

 

C.F. =  xx BA )1(8 −+  

P.I.   =    xxx
EE

2).1(
872

1
−

−−
 

        =   ).1(
8)2(72)2(

12 −
−−

xx
EE

x     =    ).1(
8)(1424

12 −
−−

xx
EE

x  

          =  ).1(
8)1(142)1(4

12 −
−∆+−∆+

xxx  

       =   ).1(
18624

12 −
−∆−∆

xxx      =    ).1(
9322

112 −
−∆−∆

− xxx  

      =   ).1(
18624

112 −
−∆−∆

− xxx  

       =    )1(

1

9

322
1

9

12
−

−

















−






 ∆−∆

+
−

−
xx

x
 

              =   2..........
2

9
322

9
3221

9

12 x
x
















+














−
∆−∆

+
−

∆−∆
+

−

−
 

          =   












+

∆
+

−
∆−

−
−

−
..........

3

2

3
1

9

12x 2x    ⟹ 





 +−

−

−
)2(

3
11

3
2)2(

9

12 xx
x
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          =    





 +−−

−

−
)2(

3
11

3
2)1(

9

12 xxx
x

 

         =   





 +−

−

−
)2(

3
11

3
52

9

12 xx
x

 

Hence , the solution is  

      xx BA )1(8 −+ - 
9

12 −x






 +− )2(

3
11

3
52 xx . 

 
 (ii) Using Runge- Kutta method of fourth order, solve   𝑑𝑑𝑦𝑦  

𝑑𝑑𝑥𝑥
= 𝑦𝑦2−𝑥𝑥2

𝑦𝑦2+𝑥𝑥2   given y( 0 ) = 1 at 
x =  0.2, 0.4 
Ans :    

     Given  6.0
3

,4.0
2

,2.0
1

,1
0

,0
0

,
22

22
),(' =====

+

−
== xxxyx

xy

xy
yxfy  

      h = 0.2  
To find y(0.2) : 

2.0
01
01

)2.0(
2

0
2

0

2
0

2
0)2.0()

0
,

0
(

1
=

+
−

=
+

−
== 





















xy

xy
yxfhk  

( ) 19672.09836.0)2.0(

2)1.0(2)1.1(

2)1.1(2)1.1(
)2.0(]1.1,1.0[)2.0(

2
2.0

1,
2
2.0

0)2.0(
2
1

0,
202

==

+

−
==

++=++=































f

f
k

y
h

xfhk

 

[ ]

1967.0
2)1.0(2)0983606.1(

2)1.0(2)0983606.1(
)2.0(

0983606.1,1.0)2.0(

2
19672.0

1,
2
2.0

0)2.0(
2
2

0,
203

=
+

−
=

=

++=++=































f

f
k

y
h

xfhk

 

1891.0
2)2.0(2)1967.1(

2)2.0(2)1967.1(
)2.0(

]1967.1,2.0[)2.0()
30

,
0

(
4

=
+

−
=

=++=













fkyhxfhk

 

19598.0]1891.0)1967.1(2)19672.0(22.0[
6
1

]
43

2
2

2
1

[
6
1

=+++=

+++=∆ kkkky
 

    y(0.2)  =  1
y =  yy ∆+

0 =  1+ 0.19598  =  1.19598 

 
To find y(0.4) :  
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1891.0
2)2.0(2)196.1(

2)2.0(2)196.1(
)2.0(

)
1

,
1

(
1

=
+

−
=

=













yxfhk

 

1795.0
2)3.0(2)2906.1(

2)3.0(2)2906.1(
)2.0(

]2906.1,3.0[)2.0(

2
1891.0

196.1,
2
2.0

2.0)2.0(
2
1

1,
212

=
+

−
=

=

++=++=































f

f
k

y
h

xfhk

 

[ ]

1793.0
2)3.0(2)2858.1(

2)3.0(2)2858.1(
)2.0(

2858.1,3.0)2.0(

2
1795.0

196.1,
2

2.0
2.0)2.0(

2
2

1,
213

=
+

−
=

=

++=

++=































f

f

k
y

h
xfhk

 

1688.0
2)4.0(2)3753.1(

2)4.0(2)3753.1(
)2.0(

]3753.1,4.0[)2.0(

)
31

,
1

(
4

=
+

−
=

=

++=













f

kyhxfhk

 

1793.0]1688.0)1793.0(2)1795.0(21891.0[
6
1

]
43

2
2

2
1

[
6
1

=+++=

+++=∆ kkkky
 

    y(0.4)  =  2
y =  yy ∆+

1 = 1.196 + 0.1793  =  1.3753 

 
 b. Given y’’+ xy’ + y =0, y(0)= 1, y’(0)= 0, find the value of y(0.1) by using Runge- 

Kutta method for fourth order . 
Ans :       Given 

    
10,0'

1)0(,'''

==

=−−=

yy

yyyxy

 

Setting  
zy ='

 and  
''' zy =

 The equations becomes  
                  yzxy −−=''  
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0,1)(

),,(),,(

'
000

21

===

=−−===

yzyie

zyxfyxz
dx
dzzyxfz

dx
dy

 
By algorithm, 

hhfhzyxfhl

hfhzyxfhk

−=−−===

====

)1,0()0,1,0(2)0,0,0(21

0)0()0,1,0(1)0,0,0(11

 

005.0)05.0()1.0(

]05.0,1,05.0[11.0
2

)1.0(0,01,
2
1.001)1.0(

2
1

0,
2
1

0,
2012

−=−=

−=



 −

+++=












+++=

ff

l
z

k
yhxfhk

 

0998.0]1)05.0)(05.0([)1.0(

]05.0,1,05.0[1.0
2

)1.0(0,01,
2
1.00)1.0(

2
1

0,
2
1

0,
202

22

2

−=+−−=

−=



 −

+++=












+++=

ff

l
z

k
yhxfhl

 

00499.0)0499.0()1.0(

]0499.0,9975.0,05.0[11.0
2

)0998.0(0,
2

)005.0(1,
2
1.001)1.0(

20,
20,

201
22

3

−=−=

−=





 −

+
−

++=





 +++=

f

f

lzkyhxfhk

 

0995.0]9975.0)0499.0)(05.0[()1.0(
]0499.0,9975.0,05.0[1.0

20,
20,

20

2

22
23

−=+−−=
−=





 +++=

f

lzkyhxfhl

 

[ ]

00995.0)0995.0()1.0(

]0995.0,995.0,05.0[11.0

)0995.0(0,)00499.0(1,1.01)1.0(

]30,30,0[14

−=−=

−=

−+−+=

+++=

f

f

lzkyhxfhk

 

0985.0]995.0)0995.0()1.0)[(1.0(
]0995.0,995.0,1.0[1.0

]30,30,0[

2

24

−=+−=
−=

+++=

f

lzkyhxfhl
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Now  

00498.0

)]00995.0()00499.0(2)005.0(20[
6
1)22(

6
1

4321

−=

−+−+−+=+++=∆ kkkky

 9950.000498.0101 =−=∆+=∴ yyy
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B.E./ B.Tech. DEGREE EXAMINATION, NOV/DEC 2014 
(Common to Mechanical Engineering and Mechatronics Engineering) 

Fourth Semester 
MA6452 –STATISTICS AND NUMERICAL METHODS 

(Regulation 2013) 
Time : Three hours                                                                Maximum : 100 marks 

Answer ALL questions 
PART A – (10 x 2 = 20 marks) 

 
         1. Twenty people were attacked by a disease and only 18 survived. The hypothesis is set 

in such a way that the survival rate is 85% if attacked by this disease. Will you reject 
the hypothesis that it is more at 5% level ( 1.645)0.05Z = ? 
Ans :   Out of syllabus 
 

         2. Write the formula for the Chi-square test of goodness of fit of a random sample to a 
hypothetical distribution. 
Ans :  
     Chi square test of goodness of fit is a test to find if the derivation of the 
experiment from theory is just by chance or it is due to the inadequacy of the theory 
to fit the observed data. By this test, we test whether differences between observed 
and expected frequencies are significant or not. 

    Chi square test statistic of goodness of fit is defined by ( )
∑

−= E
EO 22χ , where 

O is the observed frequency and E the expected frequency. 
 

         3. Explain the situations in which randomized block design is considered an 
improvement over a completely randomized design. 
Ans : 
          1. RBD is more efficient (or) accurate than CRD for most types of experiment. 
          2. In RBD, no restrictions are placed on number of treatments on the number of 
replicates. 
 

         4. State the advantage of a factorial experiment over a simple experiment. 
Ans :  
      Factorial experiment is the procedure of varying all factors simultaneously. A 
major conceptual advancement in experimental design is exemplified by factorial 
design. 
      In factorial designs, an assessment of each individual factor effect is based on the 
whole set of measurements so that a more efficient utilization of experimental 
resources is achieved in these designs. 
 

         5. Find a real root of the equation xx e= , using Newton-Raphson method. 
Ans :   
      Let 6321.0)1(,1)0(then)0( =−=−−= ffxexf  
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       Choose 0x = 1    then
)('
)(

1
nxf
nxf

nxnx −=+  

0002.0)2(

5670.0584.1
)0461.0(5379.02

0461.0)1(

5379.03679.1
6321.011

−=

=−−=

−=

=−=

xf

x

xf

x

 

∴  The root is 567.0=x  
 

        6. Write down the iterative formula of Gauss-Seidal method. 
Ans : 
       Consider the system of equations  

             

3333

2222

1111

dzcybxa

dzcybxa

dzcybxa

=++

=++

=++

 

Let us assume  

         

223

222

111

bac

cab

cba

+>

+>

+>

 

 

( )

( )

( ))1(
3

)1(
33

3

)1(

)(
2

)1(
22

2

)1(

)(
1

)(
11

1

)1(

th)()()(

1

1

1If

then,iteratesrtheare,,

+++

++

+

−−=

−−=

−−=

rrr

rrr

rrr

rrr

ybxad
c

z

zcxad
b

y

zcybd
a

x

zyx

 
 

         7. Write the Lagrange’s formula for interpolation and state its uses. 
Ans :    
        Let )(xfy =  be a function which takes the values nyyy ....,,, 10  
corresponding to nxxx ....,,, 10  
Then Lagrange’s interpolation function, 
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ny
nxnxxnxxnx

nxxxxxx

y
xxxxxx

xxxxxx
y

xxxxxx

xxxxxx
xfy

)1().........2)(0(

)1)......(1)(0(
.......

1)31)(21)(01(

)3)(2)(0(
0)30)(20)(10(

)3)(2)(1(
)(

−−−−
−−−−

++

−−−

−−−
+

−−−

−−−
==

 

    The forward and backward interpolation formulae of  Newton can be used only 
when the values of the independent variable  x are equally spaced, can also be used 
when the differences of the dependent variable y become smaller ultimately. But 
Lagrange’s interpolation formula can be used whether the values of x , the 
independent variable are equally spaced or not and whether the difference of y
become smaller or not. 
 

         8. Evaluate 
1

0

1
1

I dx
x

=
+∫ , correct to three decimal places using trapezoidal rule with 

0.25h =  
Ans : 
 

x  0 0.25 0.5 0.75 1 

x
y

+
=

1
1  

 
1 

0y  

 
0.8 

1y  

 
0.6667 

2y  

 
0.5714 

3y  

 
0.5 

4y  

I  =  1
201

dx

x
∫
+

  = 
3
25.0 [1(1 + 0.5) + 4(0.9412 + 0.64) + 2(0.8)]  =  0.785 

 
         9. Use the Runge-Kutta forth order method to find the value of y when 1x = given that 

1y = when 0x = and that dy y x
dx y x

−
=

+  
Ans : 

   
10,00,),(' ==

+
−== yxxy

xyyxfy  

      h = 1 
1)0,0(1 == yxfhk  

25.02
3,2

1
2
1

0,202 =



=












++= f

k
yhxfhk  

7

3

4/7

4/3
4
5,2

1
2
2

0,203 ==



=












++= f

k
yhxfhk  

4342.0]432221[6
1 =+++=∆ kkkky  

    
1

y =  yy ∆+0    
=  1+ 0.4342   =  1.4342.
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       10. Given 1)0(,2 =+= yyx

dx
dy . Determine (0.02)y using Euler’s method.  

Ans :       02.0,10,00,2),( ===+= hyxyxyxf  

0202.1)01.1,01.0(02.01)1,0(2
02.01,2

02.0002.01)02.0(

)0,0(20,2001

),(2,21

=+=



 +++=





 +++=





 +++=+

fffy

yxfhyhxfhyy

nynxfh
nyh

nxfhnyny

  
 PART-B (5 x 15 = 60) 

 
11a(i) Explain clearly the procedure generally followed in testing of a hypothesis. 

Ans : 
1. Set up null hypothesis 0H : It is a statement of no difference about the 

population parameters. 
2. Set up alternative hypothesis 1H . It is a statement, complement to 0H  

3. Compute the test statistic. 
4. Obtain the tabulated value of the statistic at given level of significance (α ) 
5. Write the conclusion. If tabulated value of the statistic is less than the 

calculated value, the reject 0H . 

 
       (ii) The demand for a particular spare part in a factory was found to vary for day-to-day. 

In a sample study the following information was obtained. 
Days Mon Tues Wed Thu Fri Sat 
No. of 
spare parts 
demanded 

 
1124 

 
1125 

 
1110 

 
1120 

 
1126 

 
1115 

Test the hypothesis that the number of parts demanded does not depend on the day of 
the week 2

0.05( (5) 11.07)χ =  
Ans : 
         Null hypothesis 0H : The number of parts demanded does not depend on the 

day of the week. 
        Attractive hypothesis 1H : The number of parts demanded depend on the day of 
the week. 

   Statistic :  ( )
∑

−
=

E
EO 2

2χ
             

        
11206

111511261120111011251124 =⇒+++++= EE
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O  1124 1125 1110 1120 1126 1115  
E  1120 1120 1120 1120 1120 1120  

( )
E

EO 2−

 

 
0.0143 

 
0.0223 

 
0.0893 

 
0 

 
0.0321 

 
0.0223 

 
0.1803 

Calculated  2χ  = 0.1803 

   Table 2χ (5)   = 11.07 

Conclusion :   Table 2χ >  Cal 2χ     .     Accept   0H . 
 

      b(i) Explain briefly the procedure involved in testing the significance for difference of 
proportions in the case of large samples. 
Ans : 

1. Null hypothesis 0H : There is no significant difference. 

2. Alternative hypothesis 21:1 ppH ≠  

3. Statistic : 














+

−
=

2

1

1

1
21

nnPQ

pp
Z    where 21:1 ppH ≠  

Where 
21

2211
nn

pnpn
P

+

+
=       and   Q   =  1 - P 

      2,1 nn  are sample sizes. 

4. Obtain the tabulated Z for given LOS  (α )  
 

5. If tab Z   <  Cal  Z      ,   Reject 0H  

 
       (ii) The height of six randomly chosen sailors are (in inches) : 63, 65, 68, 69, 71 and 72. 

Those of 10 randomly chosen soldiers are 61, 62, 65, 66, 69, 69, 70, 71, 72 and 73. 
Discuss, the height that these data thrown on the suggestion that sailors are on the 
average taller than soldiers 0.01( (14) 1.76)t =  
Ans: 

 

4612273727170696966656261

67873727170696966656261

27804727169686563

408727169686563

22222222222
2

2

2222222
1

1

=+++++++++=

=+++++++++=

=+++++=

=+++++=

∑
∑
∑
∑

x

x

x

x
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4151.,%5.3
50;.2

;.1

26.15
2106

)36.15)(10()10)(6(
2

26.15)8.67(
10

46122)(

10)68(
6

27804)(

8.67
10
678&68

6
408

211

210

21

2
22

2
112

22
2

2

2
22

2

22
1

1

2
12

1

2

2
2

1

1
1

=−=−==
=>

=

=
−+

+
=

−+
+

=

=−=−=

=−=−=

======

∑

∑

∑∑

nfd
H
H

nn
snsn

s

x
n
x

s

x
n
x

s

n
x

x
n

x
x

α
µµ
µµ

 

4.  critical region  

 

                                26.2

76.7

=

=− αt  

5. The test statistic     099.0

10
1

6
1

26.15

8.6768

2

1

1

12

21 =

+

−
=

+

−
=



















nn

S

xx
t  

6. Conclusion  :   If  αtt < we accept 0H     ,      otherwise we reject 0H  

    Here 0.099  <   1.76        ∴we accept   0H
    

The sailors are not an the average taller than the soldiers 
 

   12.(a) A company wants to procedure cars for its own use. It has to select the make of the 
car out of the four makes A, B, C, D available in the market. For this he tries four 
cars of each make by assigning the cars to four drivers to run on four different routes. 
The efficiency of cars is measured in terms of time in hours. The layout and time 
consumed is as given below. 

 Drivers 
Routes 1 2 3 4 

1 18(C) 12(D) 16(A) 20(B) 
2 26(D) 34(A) 25(B) 31(C) 
3 15(B) 22(C) 10(D) 28(A) 
4 30(A) 20(B) 15(C) 9(D) 
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Analyse the experimental data and draw conclusions. 0.05( (3,5) 5.41)F =  
Ans:  
 

0H : There is no significant difference between routes and drivers. 

1H :  There is significant difference between routes and drivers 
Subtract 25 from all  numbers 

 1X  
A 

2 X  

B 
3 X  

C 
4X  

D 
 

Total 
 
2
1 X  

 
2
2X  

 
2
3X  

 
2
4X  

Y1 -9 -5 -7 -13 -34 81 25 49 169 
Y2 9 0 6 6 21 81 0 36 36 
Y3 3 -10 -3 -15 -25 9 100 9 225 
Y4 5 -5 -10 -16 -26 25 25 100 256 
 8 -20 -14 -38 -64 296 150 194 686 

 
Step 1 : N = 16 
 
Step 2.  T = -64 

Step 3. C.F. = 256
16

2)64(
N

2T
=

−
=  

Step 4.  TSS = 
N

TXXXX
2

2
4

2
3

2
2

2
1 −∑+∑+∑+∑  

                 =   196 + 150 + 194 + 686 – 256  =   970 
 

Step 5.    SSC  =  
N

T
N
X

N
X

N
X

N
X 2

1

2)4(

1

2)3(

1

2)2(

1

2)1(
−

∑
+

∑
+

∑
+

∑
 

                                            [ 1
N  = number of elements in each column] 

                          = 2564
2)38(

4
2)14(

4
2)20(

4
2)8( −−+−+−+

   
=  270 

Step 6.    SSR  =
N

T
N

Y

N

Y

N

Y

N

Y 2

2

2)4(

2

2)3(

2

2)2(

2

2)1(
−

∑
+

∑
+

∑
+

∑
 

                                          [ 2
N  = number of elements in each row] 

                            = 5.468256
4

2)26(
4

2)25(
4

2)21(
4

2)34(
=−

−
+

−
++

−
 

 
       SSE  =  TSS – SSC – SSR =  970 - 270 – 468.5  =  231.5 
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Step 7.  ANOVA table  
 

Sources of 
variance 

Sum of 
squares 

d.f. Mean square Variance Table value 
5% level 

 
Between 
Columns 

 
SSC = 
270 

 
c –1  
= 4 – 1 
 = 3 

MSC 

 = 
1−c

SSC
 

 = 
3

270
 

=  90
 

FC = 
MSE
MSC  

 =

50.325.72
90 =  

 

 
FC (3, 9) 
 = 3.86 

 
Between 
Rows 

 
SSR 
= 468.5 

 
r–1  
= 4 – 1 
 = 3 

MSR  

= 
1−r

SSR  

3
5.468=

 
= 156.2

 

FR = 
MSE
MSR     

07.6

2.156
25.72

=

=  

 

 
FR (5,15) 
 = 4.5 

 
Residual 

 
SSE 
= 231.5 

 
N – c –r 
+ 1 
= 16 – 4 
– 4 + 1 
= 9 

MSE = 

 1r-c- N +
SSE

72.25
9

5.231
==

 

 
 

 

 
 Step 7  :   Conclusion : 
       Cal FC    <   Table FC  . So we accept 0H . 

       Cal FR   >  Table FR  . So we reject 0H  
 

      (b). Consider the results given in the following table for an experiment involving six 
treatments in four randomized blocks. The treatments are indicated by numbers 
within parenthesis. 

Blocks Yield for a randomized block experiment treatment and yield 

1 (1) (3) (2) (4) (5) (6) 
 24.7 27.7 20.6 16.2 16.2 24.9 
2 (3) (2) (1) (4) (6) (5) 
 22.7 28.8 27.3 15.0 22.5 17.0 
3 (6) (4) (1) (3) (2) (5) 
 26.3 19.6 38.5 36.8 39.5 15.4 
4 (5) (2) (1) (4) (3) (6) 
 17.7 31.0 28.5 14.1 34.9 22.6 

Test whether the treatments differ significantly. 0.05 0.05( (3,15) 5.42 ; (5,15) 4.5)F F= =  
 Ans: 

0H : There is no significant difference between blocks and treatments. 
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1H :  There is significant difference between blocks and treatments 
 
Subtract 20 from all the numbers 

 1X  
A 

2 X  

B 
3 X  

C 
4X  

D 
 

Total 
 
2
1 X  

 
2
2X  

 
2
3X  

 
2
4X  

Y1 4.7 -7.3 18.5 8.5 39 22.09 53.29 342.25 72.25 
Y2 0.6 8.8 19.5 11.0 39.9 0.36 77.44 380.25 121 
Y3 7.7 2.7 16.8 14.9 42.1 59.29 7.29 282.24 222.01 
Y4 -3.8 -5 -0.4 -5.9 -15.1 14.44 25 0.16 34.81 
Y5 -3.8 -3 -4.6 -2.3 -13.7 14.44 9 21.16 5.29 
Y6 4.9 2.5 6.3 2.6 16.3 24.01 6.25 36.69 6.76 
 10.3 13.3 56.1 28.8 108.5 134.63 178.27 1065.75 462.37 

 
Step 1 : N = 24 
 
Step 2.  T = 108.5 

Step 3. C.F. = 5.490
24

2)5.108(

N

2T
==  

Step 4.  TSS = 
N

TXXXX
2

2
4

2
3

2
2

2
1 −∑+∑+∑+∑  

                 =   134.63 + 178.27 + 1065.75 + 462.37 – 490.5  =   1350.52 

Step 5.    SSC  =  
N

T
N
X

N
X

N
X

N
X 2

1

2)4(

1

2)3(

1

2)2(

1

2)1(
−

∑
+

∑
+

∑
+

∑
 

                                            [ 1
N  = number of elements in each column] 

                          = 5.4906
2)8.28(

6
2)1.56(

6
2)3.13(

6
2)3.10( −+++

   
=  219.44 

 

Step 6.   SSR  =
N

T
N

Y

N

Y

N

Y

N

Y

N

Y

N

Y 2

2

2)6(

2

2)5(

2

2)4(

2

2)3(

2

2)2(

2

2)1(
−

∑
+

∑
+

∑
+

∑
+

∑
+

∑
 

                                          [ 2
N  = number of elements in each row] 

                            
2.901

5.490
6

2)3.16(
6

2)7.13(
6

2)1.15(
6

2)1.42(
6

2)9.39(
6

2)39(

=

−+
−

+
−

+++=  

 
       SSE  =  TSS – SSC – SSR =  1350.52 - 219.44 - 901.2  =  229.9 
 
 
Step 6.  ANOVA table  
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Sources of 
variance 

Sum of 
squares 

d.f. Mean square Variance Table value 
5% level 

 
Between 
Columns 

 
SSC = 
219.44 

 
C –1  
= 4 – 1 
 = 3 

MSC 

 = 
1−C

SSC     

= 
3

44.219

15.73=  

FC = 
MSE
MSC  

 = 8.415.33
05.73 =  

 

 
FC (3, 15) 
 = 5.42 

 
 
Between 
rows 

 
SSR 
=901.2 

 
R–1  
= 6 – 1 
 = 5 

MSC  

= 
1−R

SSC     

=180.24 

FC = 
MSE
MSR     

76.11
15.33

24.180

=

=  

 

 
FR (5,15) 
 = 4.5 

 
Residual 

 
SSE 
=229.9 

 
N – C-
R+1 
= 24 – 4 
-6 +1 
= 15 

MSE = 

 1R-C- N +
SSE

3.1515
9.229 ==

 

 
 

 

 
 Step 7  :   Conclusion : 
       Cal FC    <   Table FC  . So we accept 0H . 

       Cal FR   <   Table FR  . So we reject 0H  
 

13.a(i) Find the dominant eigen value and its eigenvector of the matrix by power method 
5 0 1
0 2 0
1 0 5

A
 
 = − 
 
 

 

 Ans:        Let 















=

0
0
1

1X be an approximate eigen vector 

25
2.0

0
1

5
1
0
5

0
0
1

501
020
105

1 XAX =















=
















=
































−=  

32.5
39.0
0
1

2.5
2
0
2.5

2.0
0
1

501
020
105

2 XAX =















=
















=
































−=  
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439.5
55.0
0
1

39.5
95.2
0
39.5

39.0
0
1

501
020
105

3 XAX =















=
















=
































−=  

555.5
68.0
0
1

55.5
75.3
0
55.5

55.0
0
1

501
020
105

4 XAX =















=
















=
































−=  

668.5
78.0
0
1

68.5
4.4

0
68.5

68.0
0
1

501
020
105

5 XAX =















=
















=
































−=  

778.5
85.0
0
1

78.5
9.4

0
78.5

78.0
0
1

501
020
105

6 XAX =















=
















=
































−=  

885.5
9.0

0
1

85.5
25.5
0
85.5

85.0
0
1

501
020
105

7 XAX =















=
















=
































−=  

99.5
93.0
0
1

9.5
5.5

0
9.5

9.0
0
1

501
020
105

8 XAX =















=
















=
































−=  

1093.5
95.0
0
1

93.5
65.5
0
93.5

93.0
0
1

501
020
105

9 XAX =















=
















=
































−=  

1195.5
1
0
1

95.5
75.5
0
95.5

95.0
0
1

501
020
105

10 XAX =















=
















=
































−=  

126
1
0
1

6
6
0
6

1
0
1

501
020
105

11 XAX =















=
















=
































−=  

136
1
0
1

6
1
0
1

501
020
105

12 XAX =















=
































−=  
















==∴

1
0
1

rEigenvecto;61λ  
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B   =  A - 6I = 
















−
−

−

101
080
101

Take Y1=
















0
0
1

 

 

BY1  =  21
1

0
1

1
1
0
1

Y−=
















−
−=















−
 

BY2  =  
















−
−

−

101
080
101

















−1
0
1

 

= 32
1

0
1

2
2
0
2

Y−=
















−
−=















−
 

 

BY3  =  
















−
−

−

101
080
101

















−1
0
1

















−
−=

1
0
1

2  

 
Greater Eigen value of B  =  - 2 
∴Smallest Eigen value of A  =  - 2 +  6  =  4 
   

         
238346

852321
−=⇒=++

=+−=++

λλ

λλλ
 

Eigen values are 6 ,4, -2 
 

      (ii) Find the solution, to three decimals, of the system using Gauss-Seidal method 
8 11 4 95 ; 7 52 13 104 3 8 29 71x y z x y z and x y z+ − = + + = + + = . 
Ans : 
        The diagonal elements of the given system or not dominant. Hence the system of 
equations cannot be solved  by Gauss seidal method. 
 

 
     b(i). Find the inverse of the matrix 

1 1 1
1 2 4
1 2 2

A
− 

 = − 
 
 

using Gauss-Jordan method. 

Ans :   [A, I] = 















−
−

100
010
001

221
421
111

 

                     ~
















−
−−

−

101
011
001

130
310
111

133

122
RRR

RRR

−⇔

−⇔
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                    ~
















−
−−

−

101
011
001

130
310

111

22 RR −⇔  

                   ~
















−
−−

−

134
011
001

1000
310

111

2333 RRR −⇔  

                          ~
















−
−−

−

10/110/35/2
011
001

100
310

111
10/33 RR ⇔

 

                         ~
















−
−−

−−−

10/110/35/2
10/310/15/1
10/110/35/7

100
010
011

3322

311
RRR

RRR

+⇔

−⇔
 

                    ~
















−
−−
−

10/110/35/2
10/310/15/1
5/15/25/6

100
010
001

 

















−
−−
−

=−

134
312
2412

10
11A

 
 

       (ii) Solve the system of equations using Gauss-elimination method. 
5 2 4 ; 7 5 8 3 7 4 10.x y z x y z and x y z− + = + − = + + =  
Ans :   The augmented matrix is  

        [A , B]  =  















−

−

10
8
4

473
517

125

 

                  ~   















−

−

38
12
4

17410
32190
125

     
13353

17252
RRR

RRR

−⇔

−⇔

 

                  ~   















−

−

230
12
4

163500
32190
125

     2413193 RRR −⇔
 

   By back substitution method  

          
1407.0

1635
230

2301635

=⇒=

=

zz

z
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1193.1
1407.0)8685.0(245

425
8685.0

5024.16)1407.0(321219
123219

=
−+=

=+−
=

=+=
=−

x
x

zyx
y

y
zy

             

   
  14.a(i) Given the table of values  

x  50 52 54 56 
3 x  3.684 3.732 3.779 3.825 

Using Lagrange’s formula to find 3 53  
Ans  :     

       Let  3 xy =
 Given   

x  )( 0x  
50 

)( 1x  
52 

)( 2x  
54 

)( 3x  
56 

)(xf  3.684 
)( 0y  

3.732 
)( 1y  

3.779 
)( 2y  

3.825 
)( 3y  

By Lagrange’s interpolation formula  
     

3)23)(13)(03(

)2)(1)(0(
2)32)(12)(02(

)3)(1)(0(

1)31)(21)(01(

)3)(2)(0(
0)30)(20)(10(

)3)(2)(1(
)(

y
xxxxxx

xxxxxx
y

xxxxxx

xxxxxx

y
xxxxxx

xxxxxx
y

xxxxxx

xxxxxx
xfy

−−−

−−−
+

−−−

−−−
+

−−−

−−−
+

−−−

−−−
==

        

)825.3(
)5456)(5256)(5056(

)54)(52)(50()779.3(
)5654)(5254)(5054(

)56)(52)(50(

)732.3(
)5652)(5452)(5052(

)56)(54)(50()684.3(
)5650)(5450)(5250(

)56)(54)(52(

−−−
−−−+

−−−
−−−+

−−−
−−−+

−−−
−−−=

xxxxxx

xxxxxx

 
 
When 53=x         
 

7556.3
23906.01256875.209925.22305.0

)825.3(
)5456)(5256)(5056(
)5453)(5253)(5053()779.3(

)5654)(5254)(5054(
)5653)(5253)(5053(

)732.3(
)5652)(5452)(5052(
)5653)(5453)(5053()684.3(

)5650)(5450)(5250(
)5653)(5453)(5253(

=
−++−=

−−−
−−−+

−−−
−−−+

−−−
−−−+

−−−
−−−=
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      (ii). Given the set of tabulated points (1, -3), (3, 9), (4, 30) and (6, 132) obtain the value of 
y when 2x = using Newton’s divided difference formula. 
Ans :   
       Since the argument are not equally spaced, we will use Newton’s divided 
difference  
 

x  )(xfy =  y∆  y2∆  y3∆  
1 -3    
  6   
3 9  5  
  21  1 
4 30  10  
  51   
6 132    

 
By Newton’s divided difference formula we have  
 

........)2,1,0()1)(0()1,0()0()0()( +−−+−+== xxxfxxxxxxfxxxfxfy  

0
........)1()42)(32)(12()5()32)(12()6()12(3)2(
........)1()4)(3)(1()5()3)(1()6()1(3)(

=
+−−−+−−+−+−=
+−−−+−−+−+−==

y
xxxxxxxfy

 
 

     b.(i) The velocities of a car (running on a straight road) at intervals of 2 minutes are given 
below. 

Time in minutes 0 2 4 6 8 10 12 
Velocities in 

km/hr 
0 22 30 27 18 7 0 

Apply Simpson’s rule to find the distance covered by the car. 
Ans :       

         WKT    
v

yds
v

t
dt
dsv 1take,1,

12

0

=== ∫  

     
v  0 2 4 6 8 10 12 

v
y 1
=  

0 
)( 0y  

22 
)( 1y  

30 
)( 2y  

27 
)( 3y  

18 
)( 4y  

7 
)( 5y  

0 
)( 6y  

 
By Simpson’s 1/3 rule   

   ∴ ds
v

t ∫=
12

0

1   =   
3

h [( )531(4)42(2)60 yyyyyyy ++++++ ] 

                 = 
3
2 [ (0 + 0) + 2(30 +18) + 4(22+27+ 7) ] 

                         =   213.33  km 
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      (ii). Find the first and second derivatives of ( )f x at 1.5x = if  
x  1.5 2.0 2.5 3.0 3.5 4.0 
( )f x  3.375 7.000 13.625 24.000x 38.875 59.000 

Ans :   
 

x  y  ∆  2∆  3∆  4∆  
1.5 3.375     

  3.625    
2.0 7.000  3.000   

  6.625  0.750  
2.5 13.625  3.750  0 

  10.375  0.750  
3.0 24.000  4.500  0 

  14.875  0.750  
3.5 38.875  5.250   

  20.125    
4.0 59.000     

 

5.0,75.00
3,30

2,20,375.30,5.10 ==∆=∆−=∆== hyyyyx   
 

9]75.03[
2)5.0(

1)5.1(''

02

2

.....]0
4

12
11

0
3

0
2[

2
1)5.1(''

02

2

75.4)75.4(
3
1)3(

2
1625.3[

5.0
1)5.1('

0

.....]0
3

3
1

0
2

2
1

0[1

0

=−===











+∆+∆−∆===











=+−===





+∆−∆−∆==





fxxdx

yd

yyy
h

fxxdx

yd

fxxdx
dy

yyy
hxxdx

dy

 
 

15.a(i) Compute y(0.4) and y(0.5) give that 
' 2 , (0) 1 , (0.1) 1.0954 , (0.2) 1.1832 , (0.3) 1.2649xy y y y y y

y
= − = = = = using Milne’s 

predictor-corrector method. 
 
Ans :    

      Given  
y
xyyxfy 2),(' −==

 

    
2649.1,1832.1,0954.1,1

3.0,2.0,1.0,0

3210

3210

====
====

yyyy
xxxx
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To find y (0.4)  

]'2'
1

'
22[3

4
3,1 nynynyh

nypny +−−−+−=+
 

]'1
'4'

1[31,1 +++−+−=+ nynynyh
nycny

 
]'32'

2
'

12[3
4

0,4 yyyhypy +−+=
 

     

3415.1]7452.0)7906.0(48451.0[3
1.01832.1,4

7452.0
3415.1

)4.0(23415.1
4

42
4

'
4

]'4
'

34'
2[32,4

3415.1)]7906.0(28451.0)9128.0(2[3
)1.0(41,4

7906.0
2649.1

)3.0(22649.1
3

32
3

'
3

8451.0
1832.1

)2.0(21832.1
2

22
2

'
2

91128.0
0954.1

)1.0(20954.1
1

12
1

'
1

=+++=

=−=−=

+++=

=+−+=

=−=−=

=−=−=

=−=−=

cy

y

x
yy

yyyhycy

py

y

x
yy

y

x
yy

y

x
yy

 

To find y (0.5)  

]'42'
3

'
22[3

4
1,5

]'1
'4'

1[31,1

]'2'
1

'
22[3

4
3,1

yyyhypy

nynynyh
nycny

nynynyh
nypny

+−+=

+++−+−=+

+−−−+−=+

 

]'5
'

44'
3[33,5

414.1)]7452.0(27906.0)8451.0(2[3
)1.0(40954.1,5

yyyhycy

py

+++=

=+−+=

 

     414.1]7068.0)7452.0(47906.0[3
1.02649.1,5

7068.0
414.1

)5.0(2414.1
5

52
5

'
5

=+++=

=−=−=

cy

y

x
yy
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      (ii). Solve by Taylor’s method to find an approximate value of y at 0.2x = for the 

differential equation 0)0(,32 =+= yxey
dx
dy

. Compare the numerical solution  

with exact solution.  Use first three non-zero terms in the series. 
Ans :   
       Here 2.02,1.01,00,00,1.0 ===== xxyxh  

' 2 3 xy y e= +  
xeyy 3'2'' +=  

032 0
'

0
xeyy +=  =  3 

032 '
0

''
0

xeyy +=  = 9 

xeyy 3''2''' +=  
032 ''

0
'''

0
xeyy += = 21 

xiv eyy 32 ''' +=  032 '''
00

xiv eyy +=  = 45 
 
By Taylor’s series formula 

       
........)().()().()().())(.(y).y(

.....ivyh'''yh''yh'yhyy

+++++==

+++++=

45
24
0001021

6
00109

2
0103100110

024
4

06
3

02
2

0101  

                          = 0.3 + 0.045 + 0.0035 + 0.0001875 + …        
                          =  0.3486875     =   0.349 

1312'
1

x
eyy += =  0.3486875 x 2 + 3 1.0e = 4.012887 

13'
12''

1
x

eyy += =  11.34 

13''
12'''

1
x

eyy += =  25.996 

...........''
12

2'
111)2.0(2 +++== yhyhyyy  

     = 0.3486875 + (0.1)(4.012887) + 
2
01.0 (11.34) + 

6
001.0 (25.996) + ….. 

                    = 0.8110156     =   0.8110  
 

     
     b.(i) Consider the initial value problem .5.0)0(;12 =+−= yxy

dx
dy

 
Compare y (0.2) by Euler’s method and modified Euler’s method. 
Ans  :    

      2.01,2.0,5.00,00,12),( ====+−= xhyxxyyxf
 

Modified Euler method is 





 +++=+ ),(2,21 nynxfh

nyh
nxfhnyny
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[ ]
[ ] [ ]

828.0
328.05.0]12)1.0(65.0[)2.0(5.0

65.0,1.0)2.0(5.015.05.0,1.0)2.0(5.0
)105.0(1.05.0,1.0)2.0(5.0

)5.0,0(2
2.05.0,2

2.00)2.0(5.0)02.0(

)0,0(20,2001

=
+=+−+=

+=++=
+−++=





 +++=





 +++=

ff
f

ffy

yxfhyhxfhyy

 
 

        
      (ii). Solve )0.2(y,)0.1(yfind1)0(y;yxy

dx
dy 2 =+=

 
using fourth order Runge – Kutta method                                               
Ans  : 
        Given  1.0,2.02,1.01,10,00,2),(' =====+== hxxyxyxyyxfy  

   To find y(0.1) : 
1.0)10()1.0(2

000
[)1.0()

0
,

0
(

1
=+=+== yyxyxfhk  

1155.02)05.1()05.1()05.0()1.0(

]05.1,05.0[)1.0(

2
1.01,

2
1.00)1.0(

2
1

0,
202

=



 +=

=





 ++=












++=

f

f
k

yhxfhk

 

1172.02)()()05.0()1.0(

]05775.1,05.0[)1.0(

2
1155.01,2

1.00)1.0(2
2

0,203

05775.105775.1 =



 +=

=





 ++=












++=

f

f
k

yhxfhk

 

1136.0

2)()()1.0()1.0(

]1172.1,1.0[)1.0()30,0(4

1172.11172.1

=





 +=

=++= fkyhxfhk

 

1169.0

]136.0)1172.0(2)1155.0(21.0[6
1

]432221[6
1

=

+++=

+++=∆ kkkky

 

    y(0.1)  =  1
y =  yy ∆+0 =  1+ 0.1169 =  1.1169 
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To find y(0.2) :  

1359.0

2)1169.1()1169.1()1.0()1.0(

]2
111[)1.0()1,1(1

=




 +=

+== yyxyxfhk

 

1582.0

2)()()15.0()1.0(

]1849.1,15.0[)1.0(

2
1359.01169.1,2

1.01.0)1.0(2
1

1,212

1849.11849.1

=





 +=

=





 ++=












++=

f

f
k

yhxfhk

 

16098.02)()()15.0()1.0(

]196.1,15.0[)1.0(

2
1582.01169.1,2

1.01.0)1.0(2
3

1,213

196.1196.1 =



 +=

=





 ++=












++=

f

f
k

yhxfhk

 

1825.0

2)2779.1()2779.1()2.0()1.0(

]2779.1,2.0[)1.0(

]16098.01169.1,2.0[)1.0()31,1(4

=





 +=

+=++=

f

fkyhxfhk

 

1595.0

]1825.0)16098.0(2)1582.0(21359.0[6
1

]432221[6
1

=

+++=

+++=∆ kkkky

 

    y(0.2)  =  2
y =  yy ∆+1 =  1.1169  +   0.1595   =  1.2764 
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B.E./ B.Tech. DEGREE EXAMINATION, MAY/JUNE 2014 
(Common to Mechanical Engineering and Mechatronics Engineering) 

Fourth Semester 
MA6452 –STATISTICS AND NUMERICAL METHODS 

(Regulation 2013) 
Time : Three hours                                                                  Maximum : 100 marks 

Answer ALL questions 
PART A – (10 x 2 = 20 marks) 

            1. Define Type – I and Type – II errors. 
 Ans:  
       In sampling theory to draw valid inferences about the population parameter on 
the basis of the sample results. We decide to accept or to reject  the Ho after 
examining a sample from it. 
Type I Error  : If Ho is rejected while it should have been accepted. 
Type II Error: If Ho is accepted while it should have been rejected. 

 Decision 
 Accept Ho Reject Ho 
H0 True    Correct decision  Type I error 
H0 False    Type II error  Correct decision 

 
 

            2. State the conditions for applying 2χ test. 
 Ans:   (i)  The Sample observations should be independent. 
           (ii) Constraints on the cell frequencies, if any, must be linear. 
           (iii) N, the total frequency, should be atleast 50. 
           (iv) No theoretical cell frequency should be less than 5. 
 

            3. What are the basic principles of experimental design ? 
 Ans: 
        There are three basic principles of experimental design. 
            They are  (i)   Randomization 
                            (ii)  Replication      (iii) Local control (error control)                  
 

            4. State any two advantages of a completely Randomized Experimental Design. 
Ans:     The following are the main advantages of this type of design: 

1. It is easy, to lay out the design. 
2. It allows for complete flexibility. Any number of factor classics and 

replications may be used. 
3. The Statistical analysis is relatively simple, even if we do not have the 

same number of replicates for each factor class or if the experimental 
errors are not the same from class to class of this factor. 

4. The method of analysis remains simple when data re missing or 
rejected and the loss of information due to missing data is smaller than 
with any other design. 
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            5. State the order of convergence and condition for convergence of Newton-Raphson 
method. 
 Ans:  
          The order of convergence is 2. 

   Condition for convergence is 
2

)(')('')( xfxfxf <
 

 

            6. Write the procedure involved in Gauss elimination method. 
 Ans: 
     In this method, starting with the augmented matrix of the system, using 
elementary row operations, we transform the augmented matrix into an upper 
triangular matrix. 
 

            7. State any two properties of divided differences. 
Ans: 
           (i)  The divided differences are symmetrical in all their arguments. i.e., the                    
value of any difference is independent of the order of the arguments. 
           (ii) The divided differences of the sum or difference of two functions is 
equal to the sum or difference of the corresponding separate divided differences. 
 

           8. What is inverse interpolation ? 
Ans: 
      Suppose we are given a table of values of x and y. Direct interpolation is the 
process of finding the vales of y corresponding to a value of x, not present in the 
table. Inverse interpolation is the process of finding the values of x corresponding 
to a  Value of y, not present in the table. 
 

            9. State the advantages of Runge-Kutta method over Taylor series method. 
Ans: 
     R-K methods do not require prior calculation of higher derivatives of y(x) as 
the Taylor method does. 
           Since the differential equations are using in applications often complicated, 
the calculation of derivatives may be difficult. 
           Also the R-K formulas involve the computation of f(x,y) at various 
positions, instead of derivatives and this function occurs in the given equation. 
 

         10. Convert the differential equation '' '( ) ( ) 0y x y x y+ + = into finite difference equivalent 
form. 
Ans:   

         

012
1)22(12

1

0)11(
2
1)121(2

1

=+





 +++−+−






 −

=+−−++++−−

iyh
iyhiyh

iyiyiy
hiyiyiy

h   
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 PART – B  (5 x 15 = 60) 

 
    11.a(i) A manufacture of light bulbs claims that an average of 2% of the bulbs 

manufactured by him are defective. A random sample of 400 bulbs contained 13 
defective bulbs. On the basis of the sample, can you support the manufacturer’s 
claim at 5% level of significance ? 
 Ans:    Out of syllabus 
 

          (ii) A survey of 320 families with 5 children each revealed the following distribution : 
No. of boys 5 4 3 2 1 0 
No. of girls  0 1 2 3 4 5 
No. of families 14 56 110 88 40 12 

Is this result consistent with the hypothesis that male and female births are equally 
probable ? 
 Ans:          
             1.  H0: Male and Female births are equally probable. 
             2.  H1: Male and Female births are not equally probable. 
             3.  α =  0.05, d.f  =  n-1 = 6-1 = 5 

             4. Table value of 
2χ  =11.07 

             5. The test statistic  is 
2χ = 

( )
∑

−

E
EO 2

[ ]
]15101051[10

5545352515053205
2
1

2
1320

)(oftermsthebygivenaresfrequenciesfrequencieexpectedthe

,0assumptiontheOn

+++++=

+++++=





 +=

+

CCCCCC

npqN

H

 
The expected frequencies are 10, 50, 100, 100, 50, 10 

 
No. of 
boys 

 
O  

 
E  

 
EO −  

2)( EO −  EEO /)( 2−  

5 14 10      4 16 1.6 
4 56 50      6 36 0.72 
3 110 100     10 100 1 
2 88    100     -12 144 1.44 
1  40 50     -10 100 2 
0 12 10       2        4 0.4 

Total 320    7.16 

                 
( )

∑
−

=∴
E

EO 2
2χ

 
=  7. 16 
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   8. Conclusion: 
             If Cal 2χ   <  table 2χ ,    then we accept H0  .   Otherwise , we reject H0 
        Here, 7.16   <   11.06  ,   so we accept H0 
 

         b(i) In a random sample of 100 men taken from village A, 60 were found to be 
consuming alcohol. In another sample of 200 men taken from village B, 100 were 
found to be consuming alcohol. Do the two villages differ significantly in respect 
of the proportion of men who consume alcohol ? 
Ans:   Out of syllabus 
 

          (ii) Two independent samples of sizes 9 and 7 from a normal population had the 
following values of the variables. 
Sample I 18 13 12 15 12 14 16 14 15 
Sample II 16 19 13 16 18 13 15   

Do the estimates of population variance differ significantly at 5% level of 
significance ? 
 Ans:    
           Given 

1
n = 9   ,  

2
n = 7   

 
 
 

Sample 
I 

 
 

1
x  

 
 

18 

 
 

13 

 
 

12 

 
 

15 

 
 

12 

 
 

14 

 
 

16 

 
 

14 

 
 

15 

Total 
 

129 

2
1

x  182 132 122 152 122 142 162 142 152 1871 

 
Sample 

II 

2
x  16 19 13 16 18 13 15   110 

2
2

x  162 192 132 162 182 132 152   1760 

4894.42)7143.15(
7

17602)2(
2

2
22

2

3342.32)3333.14(
9

18792)1(
1

2
12

1

7143.15
7

110

2

2
2&333.14

9
129

1

1
1

=−=−
∑

=

=−=−
∑

=

==
∑

===
∑

=

x
n
x

s

x
n
x

s

n
x

x
n
x

x

2
1

2
2

2376.5
6

)4894.4)(7(
12

2
2212

2

751.3
8

)3342.3)(9(
11

2
112

1

ss

n

sn
s

n

sn
s

>

==
−

=

==
−

=
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2
2σ

2
1σ:0.1

2
1σand2

1σisinterestofparameterThe

=H
 

3963.1
7510.3
2376.5

2
1

2
2isstatistictestThe.5

58.3ofvalueTable.4

61712)2(.,81911)1(.,05.0.3

2
2σ

2
1σ:12.

===

=

=−=−==−=−==

≠

s

s
F

F

nvfdnvfd

H

α

 

6.Conclusion : 
          If  Cal  F  <  table F , then we accept 0H   ;   otherwise we reject 0H  
            Here , F  = 1.3963 <  3.58  , we accept 0H at 5 % level of significance. 
    We conclude that the difference is not significant. 
 

      12.a. Four varieties A, B, C and D of a fertilizer are tested in a Randomized Block 
Design with four replications. The plot yields in pounds are as follows : 

A12 D20 C16 B10 
D18 A14 B11 C14 
B12 C15 D19 A13 
C16 B11 A15 D20 

Analyses the experimental yield. 
Ans :  
   0H : Four varieties are similar. 

    1H   :  Four varieties are  not similar 
Variety ( 1X ) ( 2X ) ( 3X ) ( 4X ) Tot

al 
2
1X  2

2X  
2
3X  2

4X  

   A 12 14 15 13 54 144 196 225 169 
   B 12 11 11 10 44 144 121 121 100 
   C   16 15 16 14 61 256 225 256 196 
   D 18 20 19 20 77 324 400 361 400 

Total 58 60 61 57 236 868 942 363 865 
 
Step 1 : N = 16 
 
Step 2.  T = 236 

Step 3. C.F. = 3481
16

2)236(
N

2T
==

 

Step 4.  TSS = 
N

TXXXX
2

2
4

2
3

2
2

2
1 −∑+∑+∑+∑  

                          =    868 + 942 +  963 + 865 – 3481  =  157 
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Step 5.    SSC  =  
N

T
N
X

N
X

N
X

N
X 2

1

2)4(

1

2)3(

1

2)2(

1

2)1(
−

∑
+

∑
+

∑
+

∑
 

                                            [ 1
N  = number of elements in each column] 

                                     = 3481
4

2)57(
4

2)61(
4

2)60(
4

2)58(
−+++   =  2 

Step 6.  SSC  =  
N

T
N
Y

N
Y

N
Y

N
Y 2

2

2)4(

2

2)3(

2

2)2(

2

2)1(
−

∑
+

∑
+

∑
+

∑
 

                                            [  N2= number of elements in each rows] 

                                     = 3481
4

2)77(
4

2)61(
4

2)44(
4

2)54(
−+++  

                                   
  =   144.5 

Step 7: The analysis of variance table    
                  SSE  =  TSS – SSC – SSR = 157 – 2 - 144.5  = 10.5 
 
ANOVA table       

Sources 
of 

variance 

Sum of 
squares 

d.f. Mean square Variance Table value 5% 
level 

 
 
Between 
Columns 

 
 
SSC 
   =  2 

 
c –1  
= 4 – 1  
= 3 

MSC 

 = 
1−C

SSC      

  = 67.0
3
2 =  

FC = 

MSC
MSE

75.1
0.67

17.1

=

=  

 

 
FC(9,3)  
     =  8.81 

 
 
Between 
blocks 

 
 
SSR 
= 144.5 

 
r –1  
= 4 – 1 
  = 3 

MSR = 
1−r

SSR

17.483
5.144 ==

 

FR = 

MSE
MSR

17.41
1.17

17.48

=

=

 

 
FR(3,9) 
    =  3.86 

 
Residual 

 
SSE 
 = 10.5 

 
N – c 
-  r + 1  
     = 9 

MSE = 

1r-c- N +
SSE

=

17.1
9

5.10 =  

 
 

 

 
 Step 7  :   Conclusion : 
       Cal FC   <   Table FC     ;    Cal FR   >  Tab FR 
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          b. Analyse the variance in the Latin square of yields (in kgs) of paddy where P, Q , R 
, S denote the different method of cultivation : 

S122 P121 R123 Q122 
Q124 R123 P122 S125 
P120 Q119 S120 R121 
R122 S123 Q121 P122 

Estimate whether different method of cultivation have significantly different 
yields. 
Ans :       
             Subtract 120 we get       

S 2 P 1 R 3 Q 2 
Q 4 R 3 P 2 S 5 
P 0 Q -1 S 0 R 1 
R 2 S 3 Q 1 P 2 

 
 1X  2X  

3X  4X  Total 2
1X  2

2X  
2
3X  2

4X  
1Y  2 1 3 2 8 4 1 9 4 
2Y  4 3 2 5 14 16 9 4 25 

3Y  0 -1 0 1 0 0 1 0 1 

4Y  2 3 1 2 8 4 9 1 4 
Total 8 6 6 10 30 24 20 14 34 

 
Step 1. N = 16     [ Total number of entries] 
 
Step 2.  T = 30 

Step 3. 25.56
16

2)30(
N

2T
==  

Step 4. TSS = 
N

TXXXX
2

2
4

2
3

2
2

2
1 −∑+∑+∑+∑  

                         =    24 + 20 + 14 + 34 – 56.25   =  35.75 

Step 5.    SSC  =  
N

T
N
X

N
X

N
X

N
X 2

1

2)4(

1

2)3(

1

2)2(

1

2)1(
−

∑
+

∑
+

∑
+

∑
 

                                            [ 1
N  = number of elements in each column] 

                                     = 75.225.56
4

100
4

36
4

36
4

64 =−+++
 

Step 6.    SSR  =
N

T
N
Y

N
Y

N
Y

N
Y 2

2

2)4(

2

2)3(

2

2)2(

2

2)1(
−

∑
+

∑
+

∑
+

∑
 

                                          [ 2
N  = number of elements in each row] 

                            = 75.2425.56
4

64
4
0

4
196

4
64 =−+++
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To find SSK  :   
        Arrange the elements in the order of treatment                  

     Total 
P 0 1 2 2 5 
Q 4 -1 2 2 6 
R 2 3 1 1 9 
S 2 3 5 5 10 

 

   
25.425.56

4
100

4
81

4
36

4
25

2

4

2)10(
4

2)9(
4

2)6(
4

2)5(

=−+++=

−+++=
N

TSSK
 

 
       SSE   =  TSS – SSC – SSR – SSK     =  35.75 – 2.75 – 24.75 – 4.25  =  4 
 
Step 7.  ANOVA table       
 

Sources of 
variance 

Sum of 
squares 

d.f. Mean square Variance Table value 
1% level 

Between 
Rows  

SSR  
= 24.75 

k –1 
 = 3 MSR = 

1−k
SSR  

            = 
8.25 

FR = 
MSE
MSR  

     =  12.31 

FR(3, 6)  
= 4.76 

Between 
columns 

SSC  
= 2.75 

k –1 
 = 3 MSC = 

1−k
SSC  

= 0.92 

FC = 
MSE
MSC  

        =  1.37 

FC (3, 6) 
 = 4.76 

Between 
treatments 

SSK  
= 4.25 

k –1 
 = 3 MSK = 

1−k
SSK  

=  1.42 

FT = 
MSE
MSK  

        =  2.12 

FR(3, 6)  
   = 4.76 

Residual SSE 
 = 4 

(k –1)(k 
- 2) = 6 

MSE = 

 2) -1)(k -(k 
SSE

 
=   0.67  

  

Total TSS   
= 35.75 

2n - 1  
= 15 

   

 
 Step 8  :   Conclusion : 
      (i) Cal F  (FT )  <   Table F  .  There is no significant difference between 
treatments 
     (ii) Cal F  (FR )  >   Table F  . There is significant difference rows 
    (iii) Cal F (FC )   <   Table F  . There is no significant difference columns. 
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    13.a(i) Solve the equation 2.1log10 =xx using Newton – Raphson method. 
Ans :       Let  2.110log)( −= xxxf      

               

)(231.02.1310log)3(

)(598.02.1210log)2(

)(2.12.1110log)1(

vef

vef

vef

+=−=

−−=−=

−−=−=

 

    A root lies between 2 and 3 
      Let 0

x = 2.7 

  2.110log)( −= xxxf     

  xexe
x

xxf 10loglog10log10log1)(' 10 +=+



=  

      
)('
)(

1
nxf
nxf

nxnx −=+
 

)0('
)0(

01 xf

xf
xx −= =  2.7 - 740.27.210log10log

2.1)7.2(10log)7.2(
7.2

)7.2('
)7.2( =












+

−
−= ef

f  

)1('
)1(

12 xf

xf
xx −=

 

       

=  2.740 - 741.274.210log10log
2.1)74.2(10log)74.2(

74.2
)74.2('
)74.2( =












+

−
−= ef

f  

)2('
)2(

23 xf

xf
xx −=

 

     

741.2741.210log10log
2.1)741.2(10log)741.2(

741.2
)741.2('
)741.2(741.2 =












+

−
−=−= ef

f

 
Hence the root is  2.741

 

 
         (ii) By Gauss Jordan elimination method. Find the inverse of the matrix 
















−
212
101

112

 

Ans  : 

   

[A, I] = 















−

100
010
001

212
101

112
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           ~
















−
−

100
010
002/1

212
101
2/12/11

12
1

1 RR ⇔  

           ~
















−
−

−
−−

101
012/1
002/1

120
2/32/10

2/12/11

1233
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RRR

RRR

−⇔

−⇔
 

         ~
















−
−

− 101
021
002/1

120
310
2/12/11

222 RR −⇔  

         ~
















−
−

−

141
021
010

700
310
101

2233

22
1

11
RRR

RRR

+⇔

−⇔
 

            ~
















−
−−

−

7/17/47/1
021
010

100
310
101

7
3

3
R

R ⇔  

            ~
















−
−−

7/17/47/1
7/37/27/4

7/17/37/1

100
010
001

3322

311
RRR

RRR

−⇔

+⇔

 

















−
−−=−

7/17/47/1
7/37/27/4

7/17/37/1
1A

 
 

      (b)(i) Solve the following set of equation using Gauss- Seidal iterative procedure  
4510;18210;42210 =−+=+−=++− zyxzyxzyx  

Ans :  

        )422(
10
1

−+= zyx      ;   )182(
10
1

−+= zxy    ;   )45(
10
1

−+= yxz   

 Let 000 == zy  
      Gauss Seidel  is  

x  y  
      z  

2.5 2.8235 1.6667 
2.5216 2.8725 1.0752 
2.5840 2.8017 1.0673 
2.5801 2.7971 1.06825 
2.5797 2.7975 1.0692 

 
         ∴     069.1;797.2;580.2 === zyx  
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          (ii) Find the numerically largest eigen value of 
















−

−

536
144

231
by using power method. 

Ans  :     Let 















=

0
0
1

1
X be an arbitrary initial eigenvector 

26
1
667.0
167.0

6
6
4
1

0
0
1

536
144

231

1 XAX =















=
















=
































−

−
=  

3003.8
1
292.0
021.0

003.8
003.8
336.2
166.0

1
667.0
167.0

536
144

231

2 XAX =















=
















=
































−

−
=  

4002.6
1
042.0
191.0

002.6
002.6
252.0
145.1

1
292.0
021.0

536
144

231

3 XXA =















=
















=































−

−
=  

5272.6
1
011.0

329.0
272.6

272.6
068.0

0685.2

1
042.0
191.0

536
144

231

4 XAX =















−=
















−=
































−

−
=  

6941.6
1
039.0
34.0

941.6
941.6
272.0
362.2

1
011.0

329.0

536
144

231

5 XAX =















=
















=
















−
















−

−
=  

7157.7
1
072.0
311.0

157.7
157.7
516.0
223.2

1
039.0
34.0

536
144

231

6 XAX =















=
















=
































−

−
=  

8082.7
1
075.0
296.0

082.7
082.7
532.0
095.2

1
072.0
311.0

536
144

231

7 XAX =















=
















=
































−

−
=  

9001.7
1
069.0
296.0

001.7
001.7
484.0
071.2

1
075.0
296.0

536
144

231

8 XAX =















=
















=
































−

−
=
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10983.6
1
066.0
296.0

983.6
983.6
46.0
089.2

1
069.0
296.0

536
144

231

9 XAX =















=
















=
































−

−
=

 

11992.6
1
066.0

3.0
992.6

992.6
46.0
101.2

1
066.0
296.0

536
144

231

10 XAX =















=
















=
































−

−
=

 

12998.6
1
066.0

3.0
998.6

998.6
464.0
102.2

1
066.0

3.0

536
144

231

11 XAX =















=
















=
































−

−
=

 
















=
















=































−

−
=

1
066.0

3.0
998.6

998.6
464.0
102.2

1
066.0

3.0

536
144

231

12AX  

The largest eigen value   =  7 
 

  14.(a)(i) Find the polynomial )(xf by using Lagrange’s formula and hence find )4(f for  
x  1 3 5 7 

)(xf  24 120 336 720 
Ans  :   
   Given      

x  )( 0x  
1 

)( 1x  
3 

)( 2x  
5 

)( 3x
7 

)(xf  24 
)( 0y  

120 
)( 1y  

336 
)( 2y  

720 
)( 3y

 
 
By Lagrange’s interpolation formula      

3
231303

210
2

321202

310

1
312101

320
0

302010

321

))()((
))()((

))()((
))()((

))()((
))()((

))()((
))()((

)(

y
xxxxxx

xxxxxx
y

xxxxxx
xxxxxx

y
xxxxxx

xxxxxx
y

xxxxxx
xxxxxx

xfy

−−−
−−−

+
−−−

−−−
+

−−−
−−−

+
−−−

−−−
==

 

        

)720(
)57)(37)(17(
)5)(3)(1()336(

)75)(35)(15(
)7)(3)(1(

)120(
)73)(53)(13(
)7)(5)(1()24(

)71)(51)(31(
)7)(5)(3(

−−−
−−−

+
−−−
−−−

+

−−−
−−−

+
−−−
−−−

=

xxxxxx

xxxxxx

 

                   
)5)(3)(1(15)7)(3)(1(21

)7)(5)(1(
2

15)7)(5)(3(
2
1

−−−+−−−−

−−−+−−−
−

=

xxxxxx

xxxxxx
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]15239[15]213111[21

]354713[
2

15]1057115[
2
1

2323

2323

−+−+−+−−

−+−+−+−
−

=

xxxxxx

xxxxxx

                  

2106)4(11)4(6)4()4(
6116

225441
2

525
2

105345605
2

705
2
71

135231
2

195
2

151521
2

15
2
1

23

23

23

=+++=

+++=





 −+−+



 +−+
−

+





 −+−+



 +−+
−

=

f
xxx

x

xx

 

 
        
         (ii) Evaluate ∫ +

1

0 1 x
dx by Simpson’s 1/3 rule and hence deduce the value of e

2log . 

Ans :   
x  0 0.5 1 

xy
+

= 1
1

 
 

1 
 

0.6667 
 

0.5 

I  =   ∫ +

1

0 1 x
dx  = ])1(4)20([3 yyyh ++  

                       =  6945.0])6667.0(4)5.01([3
5.0 =++  

∫ +

1

0 1 x
dx

     
=   693.01log2log1

0)1(log =−=+ 



 xe  

 
        b(i) Construct Newton’s forward interpolation polynomial for the following data : 

x  1 2 3 4 5 
)(xf  1 -1 1 -1 1 

And hence find f(3.5)  ,  f ’ (3.5) 
Ans :    
 

x  y  ∆  2∆  3∆  4∆  
1 1     
  -2    
2 -1  4   
  2  - 8  
3 1  - 4  16 
  -2  8  
4 -1  4   
  2    
5 1     

 

80
3,40

2,20,10,10 −=∆=∆−=∆== yyyyx   
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1
1

101 −=
−

=
−

=∴= xx
h

xx
ph

....
24

622184

6
263

2
12[1

375.0)5.3(

)16(
!4

)45.3)(35.3)(25.3)(15.3(

)8(
!3

)35.3)(25.3)(15.3(

)4(
!2

)25.3)(15.3()2(
!1

)15.3(1)5.3(

)..16(
!4

)4)(3)(2)(1(

)8(
!3

)3)(2)(1()4(
!2

)2)(1()2(
!1

)1(1)(

.....0
3

!3
)2)(1(

0
2

!2
)1(

0!10)(

0
4

23

0
3

2

0
2

0

+∆






 −+−
+

∆






 +−
+∆






 −

+∆=

=

−−−−
+

−
−−−

+

−−
+−

−
+=

−−−−
+

−
−−−

+
−−

+−
−

+=

+∆
−−

+∆
−

+∆+=

yppp

yppypy
hdx

dy

y

y

xxxx

xxxxxxxy

ypppyppypyxy

 

3334.2

)16(
24

6)5.2(22)5.2(18)5.2(4

)8(
6

2)5.2(6)5.2(3)4(
2

1)5.2(22

5.25.3

23

2

−=

−+−
+

−
+−

+
−

+−=

==

dx
dy

pxwhen

 
 

         (ii) The velocity v  of a particle at a distance s from a point on its path is given as follows : 
s in meter 0 10 20 30 40 50 60 
v  m/sec 47 58 64 65 61 52 38 

Estimate the time taken to travel 60 meters by using Trapezoidal rule and Simpson’s 1/3 
rule. 
Ans  : 

         WKT    
v

yds
v

t
dt
dsv 1take,1,

60

0

=== ∫     

v  47 58 64 65 

v
y 1
=  0.02127 

)( 0y  
0.01724 

)( 1y  
0.015625 

)( 2y  
0.01538 

)( 3y  
v  61 52 38  

v
y 1
=  0.01639 

)( 4y  
0.01923 

)( 5y  
0.026316 

)( 6y  
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By Simpson’s 1/3 rule      

 0y  1y  2y  3y  4y  5y  6y  

1 4 1     
  1 4 1   
    1 4 1 

Sum 1 4 2 4 2 4 1 

   ∴ ds
v

t ∫=
60

0

1
  =   

3

h [( )531(4)42(2)60 yyyyyyy ++++++ ] 

                 = 
3

10 [ (0.02127 + 0.026316) + 2(0.015625 + 0.01639)  

                              + 4(0.01724 + 0.1538 + 0.01923) ]   =   1.06338 
    

     15a(i) Apply Taylor’s series method to find and approximation value of 

1y(0),yx
dx
dythatgiven0.2,0.1xwheny =+==  

Ans  :    
       Here 2.02,1.01,00,00,1.0 ===== xxyxh

 
yxy +='  

'1'' yy +=  
100

'
0 =+= yxy   

21 '
0

''
0 =+= yy   

''''' yy =  2''
0

'''
0 == yy  

'''yy iv =  2'''
0 == yy iv   

By Taylor’s series formula 

........)().()().()().())(.(y).y(

.....ivyh'''yh''yh'yhyy

+++++==

+++++=

2
24
000102

6
00102

2
0101101110

024
4

06
3

02
2

0101  

                        = 1 + 0.1 + 0.01 + 0.00033        
                          =  1.11033 

...........''
12

2'
111)2.0(2 +++== yhyhyyy

  

2103.1

1103.11.011
'

1
=

+=+= yxy

 
 

2103.2
2103.111 '

0
''

0

=
+=+= yy

 

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



Agni College of Technology 
Chennai - 130 

Prepared by Department of Mathematics, Agni College of  Technology, Chennai - 130 

2103.2''
0

'''
0 == yy  

2103.2'''
0 == yy iv   

1.24275

......(2.2103)
6

(0.001)(2.2103)
2

(0.01)

(1.2103)(0.1)1.11031yy(0.1)

=

+++

+==

           

 
          
        (ii) Solve the BVP 0)1(,1)0(,0'' ===+ yyyy  using finite difference method, 

taking h = 0.25 
Ans :   

     Given 25.00)1(,1)0(,0'' ====+ hyyyy  

0
2h

121becomesequationthe

,....3,2,1,
2h

121''wkt

04,10,75.03,5.02,25.01

4,25.0since

1,00

=+−+−+∴

=−+−+=

=====
==

==

iyiyiyiy

iiyiyiy
iy

yyxxx
nh

nxx

 

)1(
31
16

31
16

1631160)1(163116
0163116then1iput

,......3,2,1,0163116
0)2()16(

02(0.25)
121

21

1212

012

11

11

−−−−−−+=⇒

−=−⇒=+−⇒
=+−=

==+−⇒
=++−⇒

=+−+−+⇒

−+

−+

yy

yyyy
yyy

iyyy
yyyy

yiyiyiy

iii

iiii

i

 

)3(
31
1601631

0163116then3iput
)2(0163116then2iput

2323

234

123

−−−−−−=⇒=−−

=+−=
−−−−−−=+−=

yyyy

yyy
yyy

0
31
16

31
161631

31
1616

getwe(2)iny,yofvaluesthe

222

31

=





 ++− yyy

ngsubstituti
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5702.02581.84839.14

0
31

25631
31

256
31

256

22

2

=⇒−=−⇒

=+





 −+⇒

yy

y
 

       

2943.0,5702.0,8104.0

8104.0)5702.0(
31
16

31
16)1(

2943.0)5702.0(
31
16)3(

321

1

3

===∴

=+=⇒

==⇒∴

yyy

y

y

 
 

         b(i) Using Milne’s predictor and corrector method find y (4.4) given 025 2' =−+ yyx   
given y (4) = 1  , y (4.1) = 1.0049 , y (4.2) = 1.0097 and y (4.3) = 1.0143 
Ans : 

01874.1]0437.0)0452.0(40467.0[
3
1.00097.1,4

0437.0
)4.4(5

)01897.1(2
5

2'
4

]'4
'

34'
2[

32,4

01897.1

)]0452.0(20467.0)0493.0(2[
3

)1.0(41,4

0452.0
)3.4(5

)0413.1(2
5

2'
3

0467.0
)2.4(5

)0097.1(2
5

2'
2

0493.0
)1.4(5

)0049.1(2
5

2

]'32'
2

'
12[

3
4

0,4

]'1
'4'

1[
31,1

]'2'
1

'
22[

3
4

3,1

0143.1,0097.1,0049.1,1,4.4

3.4,2.4,1.4,4,
5

2

2

4

2
4

2

3

2
3

2

2

2
2

2

1

2
1'

1

32104

3210

2
'

=+++=

=
−

=
−

=

+++=

=

+−+=

=
−

=
−

=

=
−

=
−

=

=
−

=
−

=

+−+=

+++−+−=+

+−−−+−=+

=====

====
−

=

cy

x
yy

yyyhycy

py

x
y

y

x
yy

x
yy

yyyhypy

nynynyh
nycny

nynynyh
nypny

yyyyx

xxxx
x
yy
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          (ii) Evaluate  y (1.2) and  y (1.4) correct to three decimal places by the modified Euler 

method, given that 0)1(;3)2( =−= yxy
dx
dy taking h=0.2 . 

Ans :   

       2.11,2.0,00,10;3)2( ====−= xhyxxy
dx
dy

 

Modified Euler’ s method is 

 

[ ]
[ ]

274.0
]3676.1[)2.0(

3]2)1.1(1.0[)2.0(1.0,1.1)2.0(

3)10()1.0(,1.1)2.0(

)0,1(2
2.00,2

2.01)2.0(0)2.1(

)0,0(20,2001

),(2,21

−=
−=

−−=−=

−=





 +++=





 +++=





 +++=+

f

f

ffy

yxfhyhxfhyy

nynxfh
nyh

nxfhnyny
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B.E./ B.Tech. DEGREE EXAMINATION, NOV/DEC 2015 
(Common to Mechanical Engineering and Mechatronics Engineering) 

Fourth Semester 
MA6452 –STATISTICS AND NUMERICAL METHODS 

(Regulation 2013) 
Time : Three hours                                                             Maximum : 100 marks 

Answer ALL questions 
PART A – (10 x 2 = 20 marks) 

 
       1. What is random sampling ? 

Ans :     
       A random sampling is one in which each number of population has an equal 
chance of being included in it. There are nNC  different samples of size n that can be 
picked up from a population size N. 
 

       2. Write about F-test.   
Ans  :     
             A random variable F is said to follow F-distribution with )2,1( vv degrees of 

freedom if its density function given by 
2

)21(

2

11
1

2
1

)(

vv

v

Fv
v

FKFf

+
−

∞

+
−

= 









    where 

F > 0 and k is constant to be determined such that ∫
∞

=
0

1)( dFFf    

 
       3. Write two probability advantages of completely randomized experimental design. 

Ans : 
     1. It is easy to layout the design. 
     2. It allows for complete flexibility. Any number of factor classes and 
replications may be used. 
 

      4. Is a 2 x 2 Latin square design possible ? Why ? 
Ans :   
 
       Consider, a n x n Latin square design, then the degrees of freedom for SSE is  

                   )2)(1(
2323312

)1()1()1()12(

−−=

+−=+−−=

−−−−−−−=

nn
nnnn

nnnn

 
 
    For n=2, d.f. of SSE = 0 and hence, MSE is not defined. 
 
∴Comparisons are not possible. Hence, 2 x 2 Latin square design is not possible. 
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      5. Compare Gauss elimination with Gauss seidel. 
Ans : 

 Gauss Elimination Method Gauss-Sediel method 
1. It works on the basis of 

elimination of variables. 
It employs initial values and 
iterates to obtain refined estimates. 

2. These can be used for small 
number of co-efficients. 

These can be used for large number 
of co-efficient. 

3. Its performance is affected due to 
round-off errors. 

There is no round-off error 
problem. Error is controlled by 
number of iterations. 

4. Direct method for solving linear 
simultaneous equations. 

Iterative method for solving linear 
simultaneous equations. 

5. It gives the exact solution in finite 
number of steps. 

Successive approximations get the 
solutions.  

 

      
       6. 

 

Obtain the iterative formula to find 1
N

using Newton-Raphson’s  method. 

Ans :       Let 
x

Nie
N

x 1)(1
==

       
  Let 2

1)(',1)(
x

xfN
x

xf −
=−=  

N-R formula  : 





















−

−

−=−=
+

2
1

1

)('

)(
1

nx

N
nx

nx

nxf
nxf

nxnx    = 











−+ N

nxnxnx 12

             

                        

222
nNxnxnNxnxnx −=−+=

     
          

]2[1 nNxnxnx −=
+ . 

 
 

       7. Give the Newton’s backward difference table for 
 
 
Ans :    
        The difference table is  

x  y  y∆  2 y∆

 
3 y∆

 
0 -1    
  -1   
1 -2  2  
  1  0 
2 -1  2  
  3   
3 2    

 
3 3 3

1
x x xv x

h
− −

= = = −
 

 

X 0 1 2 3 
Y -1 -2 -1 2 
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       8. Compare Trapezoidal rule with Simpson’s 1/3 rule. 
Ans : 

 Trapezoidal rule Simpson’s 1/3 rule 
1
. 

y  is a liner function of  x  y  is a polynomial of degree two 

2
. 

It is least accurate result. It is more accurate result. 

 
 

                 
       9. If ' , (0) 1y y y= − = then find (0.1)y by Euler method. 

Ans :      Given   10,00,),( ==−= yxyyxf  
      By Euler 

           
xxyxxyh

yxfhyy

−=−−+=−−+=−+=

+=

1]1)[0(1]0)[
0

(1]0[1

)
0

,
0

(01

 
 

     10. What are single step and multistep methods ? Give an example. 
Ans :      
Single step :  It is not possible to get any information about truncation error. 
         Example : 1. Taylor’s series method   2. Modified Euler’s method 
Multi-step method :  It is possible to get easily a good estimate of the truncation  
error. 
        Example :  1. Milne’s predictor-corrector method    2. Adam’s-Bashforth 
predictor-corrector method. 

  
PART – B  (5 x 15 = 60) 

 
11.a(i) Test if the variances are significantly different for  

X1 24 27 26 21 25  

X2 27 30 32 36 28 23 

Ans :       
        Given 62,51 == nn  

1
x  2

1
x  2

x  2
2

x  

24 576 27 729 
27 729 30 900 
26 676 32 1024 
21 441 36 1296 
25 625 28 784 
  23 529 
123 3047 176 5262 
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26.6)4,5(79.3
3.5
10.20

51&41..05.0%5

2
1

2
2

2
2

2
1

:
1

&2
2

2
1

:
0

2
1

2
2

10.20
5

)7511.16)(6(
12

2
222

2
&3.5

4
)24.4)(5(

11

2
112

1

75.162)33.29(
6

52622)
2

(
2

2
22

2
&24.42)6.24(

5
30472)

1
(

1

2
12

1

33.29
6

176
2&6.24

5

123
1

2211

====

=−==−===

∑∑

≠=

>

==
−

===
−

=

=−=−==−=−=

====

FF

nvnvfd

s

s

HH

ss

n

sn
s

n

sn
s

x
n

x
sx

n

x
s

xx

α

σσσσ

∴  Cal F < Table F     ,   ∴ 0
H is accepted. 

 
     (ii). The number of automobile accidents in a certain locality was 12, 8, 20, 2, 14, 10, 15, 

6, 9, 4. Are these frequencies in agreement with the belief that accident conditions 
were the same during this 10 week period. 
Ans :              Given  10=n  

x  12 8 20 2 14 10 15 6 9 4 100 
2x  122 82 202 22 142 102 152 62 92 42 1266 

91101.,%5.3

]10[0:1.2

]10[0:0.1

16.526100
10

12662)(
2

2

10
10

100

=−=−==

≠

=

=⇒=−=−
∑

=

==
∑

=

nfd

periodweekthisinchangeaisThereH

periodweekthisduringinchangeNoH

sx
n

x
s

n

x
x

α

µ

µ  

4. critical region 

 

%5~26.2
2/

−=

− αt

                      %5~26.2
2/

=

− αt  
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5. The test statistic 81.5

110

16.5

010

1

=

−

−
=

−

−
=

















n

s

x
t

µ  

6. Conclusion  :   If  
22
αα ttt <<− we accept 0H     ,      otherwise we reject 0H  

    Here -2.26 < 5.81 ≮ 2.26    
         ∴ 0H

 at  5% level of significance. 
 

    b.(i) A certain pesticide is packed into bags by a machine. A random sample of 10 bags is 
chosen and the contents of the bags is found to have the following weights (in kgs) 
50, 49, 52, 44, 45, 48, 46, 45, 49 and 45. Test if the average quantity packed be 
taken as 50 kg. 
Ans   :  
     Given  10=n  ,    µ =50 kg 

x  50 49 52 44 45 48 46 45 49 45 473 
2x  502 492 522 442 452 482 462 452 492 452 22437 

91101.,%5.3

50:1.2

50:0.1

53.241.62)3.47(
10

224372)(
2

2

3.47
10

473

=−=−==

≠

=

=⇒=−=−
∑

=

==
∑

=

nfd

H

H

sx
n

x
s

n

x
x

α

µ

µ

 
4. critical region  

 

26.2
2/

−=

− αt

                            26.2
2/

=

− αt  

 

5. The test statistic     2.3

110

53.2

503.47

1

−=

−

−
=

−

−
=

















n

s

x
t

µ  

6. Conclusion  :   If  
22
αα ttt <<− we accept 0H     ,      otherwise we reject 0H  

    Here -2.26 ≮-3.2< 2.26    
      ∴ 0H

   at 5% level of significance.   
 

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



Agni College of Technology 
Chennai - 130 

Prepared by Department of Mathematics , Agni College of Technology , Chennai - 130 

   b.(ii) Given 72, 74, 8, 6, 32, 361 2 1 2 1 2X X s s n n= = = = = = . Test if the means are significant. 
Ans : 

80.1
03.37
07.66

2
2

2
1isstatistictestThe.5

80.1ofvalueTable.4

352&311..%5.3

2
2

2
1:1.2

2
2

2
1:0.1

2
2

2
103.37

136
)26)(36(

12

2
222

2&07.66
132

)28)(32(
11

2
112

1

===

<

===

≠

=

>⇒=
−

=
−

==
−

=
−

=

s

s
F

isF

vvfd

H

H

ss
n

sn
s

n
sn

s

α

σσ

σσ

 

     6.  Conclusion :   
                  If Cal F<table F , then we accept 

0
H ;  otherwise , we reject 

0
H  

∴Cal F ≮ table F  ,   we reject 
0

H . 

 
12.a(i) Given  

Detergent Engine 
 1   2  3 

   A 
   B 
   C 
   D 

45 43 51 
47 46 52 
48 50 55 
42 37 49 

Perform ANOVA and test at 0.05 level of significance whether these are differences 
in the detergents or in the engines. 
Ans :  
 

Detergent Engine  
Total  1   2  3 

   A 
   B 
   C 
   D 

45 43 51 139 
47 46 52 145 
48 50 55 153 
42 37 49 128 

Total 182 176 207 565 
 
   The above data are classified according to criteria (i) Detergent (ii) Engine. 
    In order to simplify calculations, we code the data by subtracting 50 from each 
figure. 
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Detergent Engine  
Total 

   
(X1 ) (X2) (X3) 2

1
X  2

2
X  2

3
X  

A(Y1) 
B(Y2) 
C(Y3) 
D(Y4) 

-5 -7 1 -11 25 49 1 
-3 -4 2 -5 9 16 4 
-2 0 5 3 4 0 25 
-8 -13 -1 -22 64 1691 1 

Total -18 -24 7 -35 102 234 31 

 

means.rowor themeanscolumnsbetweendiferencetsignificanisThere:
1

H2.

means.rowaswellasmeanscolumnsbetweendiferencetsignificannoisThere:
0

H1.

 
 
Step 1. N = 12 [ Total number of entries] 
 
Step 2.  T = -35 

Step 3. 08.102
12

2)35(

N

2T
=

−
=  

Step 4. TSS = 
N

T
XXX

2
2
3

2
2

2
1 −∑+∑+∑     

                       =   (102) + (234) + (31) –(102.08)  
                     =   264.92 

Step 5.    SSC  =  
N

T
N

X

N

X

N

X 2

1

2)3(

1

2)2(

1

2)1(
−

∑
+

∑
+

∑
 

                                            [
1

N  = number of elements in each column] 

                               
17.135

08.102
4

2)7(
4

2)24(
4

2)18(

=

−+
−

+
−

=  

Step 6.    SSR  =
N

T
N

Y

N

Y

N

Y

N

Y 2

2

2)4(

2

2)3(

2

2)2(

2

2)1(
−

∑
+

∑
+

∑
+

∑
 

                                          [
2

N  = number of elements in each row] 

                                
91.110

08.102
3

2)22(
3

2)3(
3

2)5(
3

2)11(

=

−
−

++
−

+
−

=
 

             SSE  =  TSS – SSC – SSR  
                      =   264.92 – 135.17  - 110.91  
                      = 18.84 
 
 

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



Agni College of Technology 
Chennai - 130 

Prepared by Department of Mathematics , Agni College of Technology , Chennai - 130 

Step 7.  Table of analysis of variance  
Sources 

of 
variance 

Sum of 
squares 

d.f. Mean square Variance Table value 
1% level 

Between 
columns 

SSC = 
135.17 

c –1 
= 3-1 = 
2 

MSC = 
1−c

SSC

585.67
2

17.135
==  

FC = 
MSE
MSC =

52.21
14.3
585.67

=  

FC(2, 6)  
  =10.92 

Between 
Rows 

SSR = 
110.91 

r – 1  
= 4-1 = 
3 

MSR = 
1−r

SSR

97.36
3

91.110
=  

FR = 
MSE
MSR =

77.11
14.3
9.36
=  

FR(3, 6)  
    = 9.78 

Residual SSE = 
18.84 

N – c- 
r +1 = 
12-3-
4+1 = 
6 

MSE = 

1+−− rcN
SSE =

14.3
6
84.18

=  

  

Total TSS = 
264.92 

11    

 
Step 8 . Conclusion : 
    Cal FC     > Table FC   . So we reject 

0
H  

     Cal FR> Table FR   . So we reject 
0

H
 

 
     (ii). Find out the main effects and interactions in the following 22factorial experiment 

and write down the ANOVA table. 
 I a b ab 

Block 00 10 01 11 
I 64 25 30 6 
II 75 14 50 33 
III 76 12 41 17 
IV 75 33 25 10 

Ans : 
      Taking deviation from y = 37 we get 

 
Treatment 
combination 

 
Blocks 

     

I 
X1 

II 
X2 

III 
X3 

IV 
X4 

Total 2
1X  2

2X  2
3X  2

4X  

(y1) (1) 27 38 39 38 142 729 1444 1521 1444 
(y2) a -12 -23 -25 -4 -64 144 529 625 15 
(y3) b -7 13 4 -12 -2 49 159 16 144 
(y4) ab -31 -4 -20 -27 -82 961 16 400 729 
Total -23 24 -2 -5 -6 1883 2158 2562 2333 
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Step 1 : N = 16 
 
Step 2 : T = - 6 

  Step 3 : C.F  =  
N

T 2

  
=   

16

36
   

=    2.25 

  Step 4 : TSS  =  
N

T
XXXX

2
2
4

2
3

2
2

2
1 −+∑+∑+∑ ∑  

                          = 1883 + 2158 + 2562 + 2333 + 2.25         =    8933.75 

  Step 5 : SSC = 
N

T
N

X

N

X

N

X

N

X 2

1

2)4(

1

2)3(

1

2)2(

1

2)1(
−

∑
+

∑
+

∑
+

∑
 

                                            [
1

N  = number of elements in each column] 

                                     = 25.28125.2
4

2)5(
4

2)2(
4

2)24(
4

2)23(
=−

−
+

−
++

−
 

Step 6.    SSR  =
N

T
N

Y

N

Y

N

Y

N

Y 2

2

2)4(

2

2)3(

2

2)2(

2

2)1(
−

∑
+

∑
+

∑
+

∑
 

                                          [
2

N  = number of elements in each row] 

                            = 75.774425.2
4

2)82(
4

2)2(
4

2)64(
4

2)142(
=−

−
+

−
+

−
+  

Step 7 :    SSE = TSS – SSC – SSR = 8933.75-281.25-7744.75   =   907.75 
 
For 22 experiment  
Contrast A = [a + ab – b-(1)]   =  - 64 – 82 + 2 -142   =  -286 
Contrast B = [b + ab – a-(1)]   =  - 2 – 82 + 64 -142   =  -162 
Contrast AB = [ab +(1) – a - b]   =  - 82+142 + 64 + 2   =  126 
 
Main effect A  = 

2

1 [a + ab – b – (1)]  =  -143 

                    B  = 
2

1 [b + ab – a – (1)]  =  -81 

                   AB  = 
2

1 [ab + (1) - a – b]  =  63 

SSA =  
16

2)]1([ −−+ baba
   =  25.5112

16

2)286(
=

−
 

SSB =  
16

2)]1([ −−+ aabb
   =  25.1640

16
)162( 2

=
−

 

SSAB =  
16

2])1([ baab −−+
   =  25.992

16
)126( 2

=
−
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Analysis of variance table for the 22 experiment  
 

 
s.v 

 
d.f 

 
s.s 

 
MSS 

 
Variance 

ratio 

 
Table value of F 

     5 % 1 % 
Blocks 3 281.5 93.83 

83.93

86.100 = 1.075 F(9, 3)  
= 8.81 

27.35 

Treatment
s 

3 7744.7
5 

2581.58 
86.100

88.2581 = 

25.60 

F(3, 9) 
 = 3.86 

6.99 

A 1 5112.2
5 

5112.25 
86.100

25.5112 = 

50.69 

FA(1, 9)  
= 5.12 

6.99 

B 1 1640.2
5 

1640.25 
86.100

25.1640 = 

16.26 

FB(1, 9)  
= 5.12 

6.99 

AB 1 992.25 992.25 
86.100

25.992 = 

9.84 

FAB(1, 9)  
= 5.12 

6.99 

Error 9 907.75 100.86    
Error (d.f)  = N – c – r +1 = 16 – 4 - 4 + 1 = 9 
      Cal FA    > Table FA 
      Cal FB     > Table FB 
      Cal FAB   > Table FAB . 
 

13.a(i) Find the +ve root of 4 9 0x x− − = using Newton method. 
Ans :     Let )(xf = 4 9 0x x− − =  

)(9)0( vef −−=  
)(9911)1( vef −−=−−=  

)(59216)2( vef +=−−=  
    A root is nearer to 2        ⇒    Let 

0
x = 2 

)('

)(

1
nxf

nxf

n
x

n
x −=

+
)(xf = 4 9 0x x− − =   and   134)(' −= xxf  

)0('

)0(

01 xf

xf
xx −= =  2 - 839.1

1)32(4

9242
2

)2('
)2(

=
−

−−
−=













f

f
 

)1('

)1(

12 xf

xf
xx −= =  1.839 - 814.1

1)3 1.839(4

9 1.8394 1.839
 1.839

) 1.839('
1.839)(

=
−

−−
−=













f

f
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)2('

)2(

23 xf

xf
xx −= =  1.841- 813.1

1)3814.1(4

9814.14814.1
814.1

)814.1('
)814.1(

=
−

−−
−=













f

f
 

)3('

)3(

34 xf

xf
xx −= =  1.813  - 813.1

1)3813.1(4

9813.14813.1
813.1

)813.1('
)813.1(

=
−

−−
−=













f

f
 

Hence the approximate root is 1.813 
 

     (ii). Find the largest eigen value and its corresponding eigen vector using Power method, 

for 
1 3 2
4 4 1
6 3 5

A
− 

 = − 
 
 

. 

Ans :           Let 















=

0
0
1

1
X be an arbitrary initial eigenvector 

2
6

1
667.0
167.0

6
6
4
1

0
0
1

536
144

231

1
XAX ===−

−
=
























































 

3
003.8

1
292.0
021.0

003.8
003.8
336.2
166.0

1
667.0
167.0

536
144

231

2
XAX ===−

−
=
























































 

4
002.6

1
042.0
191.0

002.6
002.6
252.0
145.1

1
292.0
021.0

536
144

231

3
XAX ===−

−
=
























































 

5
272.6

1
011.0

329.0
272.6

272.6
068.0

065.2

1
042.0
191.0

536
144

231

4
XAX =−=−=−

−
=
























































 

6
941.6

1
039.0
34.0

941.6
941.6
272.0
362.2

1
011.0

329.0

536
144

231

5
XAX ===−−

−
=
























































 

7
157.7

1
072.0
311.0

157.7
157.7
516.0
223.2

1
039.0
34.0

536
144

231

6
XAX ===−

−
=
























































 

8
082.7

1
075.0
296.0

082.7
082.7
532.0
095.2

1
072.0
311.0

536
144

231

7
XAX ===−

−
=
























































 

9
001.7

1
069.0
296.0

001.7
001.7
484.0
071.2

1
075.0
296.0

536
144

231

8
XAX ===−

−
=
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10
6

1
066.0
296.0

983.6
983.6
46.0
089.2

1
069.0
296.0

536
144

231

9
XAX ===−

−
=

























































11
992.6

1
066.0

3.0
992.6

992.6
46.0
101.2

1
066.0
296.0

536
144

231

10
XAX ===−

−
=
























































 

12
998.6

1
066.0

3.0
998.6

998.6
464.0
102.2

1
066.0

3.0

536
144

231

11
XAX ===−

−
=
























































 

12
998.6

1
066.0

3.0
998.6

998.6
464.0
102.2

1
066.0

3.0

536
144

231

12
XAX ===−

−
=
























































 

    The largest eigen value = 7 
 

    b.(i) Solve by Gauss Seidel : 5 2 4 ; 6 2 1 ; 3 5 13x y z x y z x y z− + = − + − = − + + = . 
Ans :     

       )42(
5
1

−−= zyx      ;   )12(
6
1

−+= zxy    ;   )133(
5
1

+−−= yxz   

 Let 000 == zy  
      Gauss Seidel  is  

x  y  z  
-0.8 -0.03 3.09 
-1.43 1.102 3.24 
-1.01 1.08 2.99 
-0.97 0.99 2.98 

-1 0.99 3.00 
-1 1 3 
-1 1 3 

    ∴     3;1;1 ==−= zyx  
 

 
     (ii). Find the inverse of 

2 1 1
3 2 3
1 4 9

A
 
 =  
 
 

by Gauss Jordan method. 

Ans :   

      [A, I] = 














100
010
001

941
323
112

 

                          ~














−
−

201
023
001

1770
310
112

132
13222

3 RRR

RRR

−⇔

−⇔
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                       ~














−
−

− 21420
023
001

40
310
112

0
23 7

3
RRR −⇔  

                    ~














−
−
−

− 21420
63448
21424

400
040
048

31
4

33242

1 RRR

RRR

+⇔

+⇔
 

                    ~














−
−

−−

− 21420
63448
42024

400
040
008

211 RRR −⇔  

                    ~














−−
−

−−

2/12/75
2/32/1712
2/12/53

100
010
001

 















−−
−

−−
=−

1710
31724
156

2
11A  

 
14.a(i) Given :  

X 0 2 3 4 7 9 
Y 4 26 58 112 466 922 

Find '(10) , y (6)y using Newton’s divided difference formula. 
Ans : 
 
      Since the argument are not equally spaced, we will use Newton’s divided 
difference  
 

x  )(xfy =  y∆  y2∆  y3∆  y4∆
 

0 4     
  11    
2 26  7   
  32  1  
3 58  11  0 
  54  1  
4 112  16  0 
  118  1  
7 466  22   
  228    
9 922     

 
By Newton’s divided difference formula we have  
 

      ........)2,1,0()1)(0()1,0()0()0()( +−−+−+== xxxfxxxxxxfxxxfxfy  
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         =  4 + −x( 0)11 + −x( 0)( −x( 2)7 + −x( 0) −x( 2) −x( 3)1  = 43223 +++ xxx  
 
 
Therefore 

        

983)5(42)5(3)5('

1353)6(42)6(3)6('

3423)('

=++=

=++=

++=

y

y

xxxy

 

       )(xy is maximum if 0)(' =xy 03423 =++ xx . But the roots are imaginary. 
Therefore there is no extremum value in the range. In fact, it is an increasing curve. 
 

       (ii). Evaluate the integral I = 1
201

dx

x
∫
+

using Simpson’s 1/3 rule by taking h = 1/4. 

Ans : 
 

x  0 0.25 0.5 0.75 1 

21

1

x
y

+
=  

 
1 

 
0.9412 

 
0.8 

 
0.64 

 
0.5 

 1 4 1 
1 

 
4 

 
1 

sum 1 4 2 4 1 
 

I  =  1
201

dx

x
∫
+

  = 
3
25.0 [1(1 + 0.5) + 4(0.9412 + 0.64) + 2(0.8)]  =  0.7854. 

 
  b.(i) Evaluate the integral I = 2

1 21

dx

x
∫
+

 by taking h = 0.2 using trapezoidal rule. 

Ans :    
 

x  1 1.2 1.4 1.6 1.8 2 

21

1

x
y

+
=  

 
0.5 

 
0.4098 

 
0.3378 

 
0.2809 

 
0.2358 

 
0.2 

 
I  =   2

1 21

dx

x
∫
+

 = ])4321(2)50([2 yyyyyyh +++++  

                  
3229.0

])2358.02809.03378.04098.0(2)2.05.0([2
2.0

=

+++++=
 

 
 

  (ii). Given : 
x 140 150 160 170 180 
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y 3.685 4.854 6.302 8.076 10.225 

Find y (175). 
 
Ans :    

x  y  ∆  2∆  3∆  4∆  
140 3.685     
  1.169    
150 4.854  0.279   

  1.448  0.047  
160 6.302  0.326  0.002 

  1.774  0.049  
170 8.076  0.375   

  2.149    
180 10.225     

 

(1) 049.03,375.02,149.2,225.10,180 =∇=∇=∇== nynynynynx   

5.010,175 −=
−

=∴==
h

xxphx n

 

1003.9)175(

....)049.0(
!3

)25.0)(15.0)(5.0(

)375.0(
!2

)15.0)(5.0(
)149.2(

!1
)5.0(

225.10)175(

.....3
!3

)2)(1(2
!2

)1(
!1

)(

=

+
+−+−−

+

+−−
+

−
+=

+∇
++

+∇
+

+∇+=

y

y

ny
ppp

ny
pp

ny
p

nyxy

 
 

 
15.a(i) Using Runge-Kutta method of fourth order solve 

2 2'
2 2

y xy
x y

−
=

+
 given y(0) = 1. Find y 

at 0.2 , 0.4 , 0.6x = .  

Ans :       Given  6.0
3

,4.0
2

,2.0
1

,1
0

,0
0

,
22

22
),(' =====

+

−
== xxxyx

xy

xy
yxfy  

      h = 0.2  
To find y(0.2) : 

2.0
01
01

)2.0(
2

0
2

0

2
0

2
0)2.0()

0
,

0
(

1
=

+
−

=
+

−
== 



















xy

xy
yxfhk  
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( ) 19672.09836.0)2.0(

2)1.0(2)1.1(

2)1.1(2)1.1(
)2.0(]1.1,1.0[)2.0(

2
2.0

1,
2
2.0

0)2.0(
2
1

0,
202

==

+

−
==

++=++=































f

f
k

y
h

xfhk

 

[ ]

1967.0
2)1.0(2)0983606.1(

2)1.0(2)0983606.1(
)2.0(

0983606.1,1.0)2.0(

2
19672.0

1,
2
2.0

0)2.0(
2
2

0,
203

=
+

−
=

=

++=++=































f

f
k

y
h

xfhk

 

1891.0
2)2.0(2)1967.1(

2)2.0(2)1967.1(
)2.0(

]1967.1,2.0[)2.0()
30

,
0

(
4

=
+

−
=

=++=













fkyhxfhk

 

19598.0]1891.0)1967.1(2)19672.0(22.0[
6
1

]
43

2
2

2
1

[
6
1

=+++=

+++=∆ kkkky
 

    y(0.2)  =  
1

y =  yy ∆+
0

=  1+ 0.19598  =  1.19598 

 
To find y(0.4) :  

1891.0
2)2.0(2)196.1(

2)2.0(2)196.1(
)2.0()

1
,

1
(

1
=

+

−
==












yxfhk  

1795.0

2)3.0(2)2906.1(

2)3.0(2)2906.1(
)2.0(]2906.1,3.0[)2.0(

2
1891.0

196.1,
2
2.0

2.0)2.0(
2
1

1,
212

=

+

−
==

++=++=































f

f
k

y
h

xfhk

 

[ ]

1793.0

2)3.0(2)2858.1(

2)3.0(2)2858.1(
)2.0(2858.1,3.0)2.0(

2
1795.0

196.1,
2
2.0

2.0)2.0(
2
2

1,
213

=

+

−
==

++=++=































f
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k
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1688.02)4.0(2)3753.1(

2)4.0(2)3753.1()2.0(

]3753.1,4.0[)2.0()31,1(4

=












+

−=

=++= fkyhxfhk

 
 

1.3753  =  0.1793 + 1.196 =  y(0.4)

1793.0]1688.0)1793.0(2)1795.0(21891.0[
6
1

]432221[
6
1

=+++=

+++=∆ kkkky

 

     
 
To find y(0.6)  : 
 

1360.0
2)4.0(2)3753.1(

2)4.0(2)3753.1()2.0()2,2(1 =
+

−
==












yxfhk

 
 

1580.02)5.0(2)4597.1(

2)5.0(2)4597.1()2.0(

]4597.1,5.0[)2.0(2
1

2,222

=












+

−=

=











++= f

k
yhxfhk

 

[ ]

1577.02)5.0(2)4543.1(

2)5.0(2)4543.1()2.0(

4543.1,5.0)2.0(2
2

1,213

=












+

−=

=











++= f

k
yhxfhk

 

1469.02)6.0(2)533.1(

2)6.0(2)533.1()2.0(

]533.1,6.0[)2.0()31,1(4

=












+

−=

=++= fkyhxfhk

 

1579.0

]1469.0)1577.0(2)1580.0(21688.0[
6
1

]
43

2
2

2
1

[
6
1

=

+++=

+++=∆ kkkky

 
 
    y(0.6)  =  

2
y =  yy ∆+

2
= 1.3753 + 0.1579   

              =  1.5332 
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     (ii). Compute y(0.5) , y(1) and y(1.5) using Taylor’s series for '

2
x yy +

= with y(0) = 2 and 

hence find y(2) using Milne’s method. 
Ans :  
 
    Given    

      
seriessTaylor'usingby?

3
;5.1

3
?

2
;1

2

?
1

;5.0
1

2
0

;0
0

====

====

yxyx

yxyx

 

 
To find y(0.5)  :  

      
1

2
00'

02
'

......'''
0!3

3''
0!2

2'
0!101

=
+

=
+

=

++++=

yx
y

yx
y

y
h

y
h

y
h

yy

 

       

6361.2

......
4
1

!4

4)5.0(
2
1

!3

3)5.0(
)1(

!2

2)5.0(
)1(

!1
5.0

2
1

4
1

2

'''
0

2

'''

2
1

2

''
0'''

02

'''''

1
2

'
01''

02

'1''

=

+++++=

===

===

=
+

=
+

=















y

yivy
yivy

y
y

y
y

y
y

y
y

 

 
To find y(1)  :  

         

2841.1
2

'
11''

12

'1''

5681.1
2

11'
12

'

......'''
1!3

3''
1!2

2'
1!112

=
+

=
+

=

=
+

=
+

=

++++=

y
y

y
y

yx
y

yx
y

y
h

y
h

y
h

yy

 

         

3211.0
2

'''
1

2

'''

6421.0
2

''
1'''

12

'''''

===

===

yivy
yivy

y
y

y
y
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5949.3

......)3211.0(
!4

4)5.0(
)6421.0(

!3

3)5.0(
)2841.1(

!2

2)5.0(
)5681.1(

!1
5.0

6361.2
2

=

+++++=y
 

 
To find y(1.5)  :  

 
6488.1

2

'
21''

22

'1''

2975.2
2

22'
22

'

......'''
2!3

3''
2!2

2'
2!123

=
+

=
+

=

=
+

=
+

=

++++=

y
y

y
y

yx
y

yx
y

y
h

y
h

y
h

yy

 

       

9681.4

......)4122.0(
!4

4)5.0(
)8244.0(

!3

3)5.0(
)6488.1(

!2

2)5.0(
)2975.2(

!1
5.0

5949.3
3

4122.0
2

'''
2

2

'''

8422.0
2

''
2'''

22

'''''

=

+++++=

===

===

y

yivy
yivy

y
y

y
y

 

To find y(2) by Milne’s method  : 

     
8732.6]4357.4)2341.3(42975.2[

3
5.0

5949.3
,4

4357.4
2

44'
4

]'
4

'
3

4'
2

[
32,4

8713.6)]2341.3(22975.2)5681.1(2[
3

)5.0(4
2

]'
3

2'
2

'
1

2[
3

)5.0(4
0,4

2341.3
2

33'
3

2975.2
2

22'
2

5681.1
2

11'
1

]'
1

'4'
1

[
31,1

]'2'
1

'
2

2[
3

4
3,1

=+++=

=
+

=

+++=

=+−+=

+−+=

=
+

=

=
+

==
+

=

+
++

−
+

−
=

+

+
−

−
−

+
−

=
+

c
y

yx
y

yyy
h

y
c

y

yyyy
p

y

yx
y

yx
y

yx
y

n
y

n
y

n
y

h
n

y
cn

y

n
y

n
y

n
y

h
n

y
pn

y
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Table values : (at 5% los) 
1.96 , 2.31 , 2.26 , 5.14 , 4.76 , 8.81 , 3.86 ,8 9 2,6 3,6 9,3 3,9

2 25.12 , 5.19 , 6.26 , 16.9 , 18.3.1,9 4,5 5,4 9 10

Z t t F F F F

F F F ψ ψ

= = = = = = =

= = = = =
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B.E./ B.Tech. DEGREE EXAMINATION, MAY/JUNE 2015 
(Common to Mechanical Engineering and Mechatronics Engineering) 

Fourth Semester 
MA6452 –STATISTICS AND NUMERICAL METHODS 

(Regulation 2013) 
Time : Three hours                                                                               Maximum : 100 marks 

Answer ALL questions 
PART A – (10 x 2 = 20 marks) 

 
     1. What are the expected frequencies of 2 x 2 contingency table  

a   b 
c d 

Ans :       
       The complete table is      

Attributes B β  Total 
A a B a + b 
α  c D c + d 

Total (B) = a + c ( β ) = b + d a +b + c + d 
 
The expected frequencies are  

         dcba
dbdc

ede
dcba
cadc

Aece

dcba
dbba

Aebe
dcba
caba

BAeae

+++
++

==
+++
++

==

+++
++

==
+++
++

==

))((
),()(;

))((
),()(

))((
),()(;

))((
),()(

βαα

β

 
 

   2. Write down the formula of test statistic t to test the significance of difference between the means of 
large samples. 
Ans  :        

      

2

2
2

1

2
1

21

n

s

n

s

xx
Z

+

−
=  

where
2,1 xx sample means ;  2

1
s & 2

2
s  sample variances ; 1

n & 1
n sample sizes. 

 
   3. What do you understand by design of an experiment? 

Ans : 
      The design of an experiment may be defined as “the logical construction of the experiment in 
which the degree of uncertainty with which the inference is drawn may be well defined. 
 

    4. What are the basis principles of the design of experiments ? 
Ans  :  
           There are tree basic principles of experimental design.  
     They are : (1) Randomization   (2) Replication  (3) Local control (error control). 
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    5. Perform four iterations of the Newton-Raphson method to find the smallest positive root of the 

equation 0153)( =+−= xxxf . 
Ans :    
         Let 0153)( =+−= xxxf  

            )(1)0( vef +=  

           )(3151)1( vef −−=−−=  
    A root is nearer to 0 and 1 
              Let 0

x = 0 

      
)('
)(

1
nxf
nxf

nxnx −=+
0153)( =+−= xxxf   and   523)(' −= xxf  

      
)0('
)0(

01 xf

xf
xx −= =  0 - 2.05

10
)0('
)0( =




−

−=
f
f  

     
)1('
)1(

12 xf

xf
xx −= =  0.2 - 2016393.0

5)20.2(3

1 5(0.2)3 0.2 0.2
)0.2('

0.2)(
=













−

+−
−=

f

f
 

       
)2('
)2(

23 xf

xf
xx −=  

             =  2016393.0  - 












−

+−
−=

5)22016393.0(3

1)2016393.0(532016393.02016393.0
)2016393.0('
)2016393.0(

f

f

 

          

2016397.0=  

     
)3('
)3(

34 xf

xf
xx −=  

            =  2016397.0  - 












−

+−
−=

5)22016397.0(3

1)2016397.0(532016397.02016397.0
)2016397.0('
)2016397.0(

f

f

 

           

2016397.0=  
Hence the approximate root is 2016397.0  
 

   6. Solve the equation 72032;310;4210 =++=−+=+− zyxzyxzyx using the Gauss 
elimination method. 
 
Ans :       
       Given  
           72032;310;4210 =++=−+=+− zyxzyxzyx  
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     [A, B] = 















−

−

7
3
4

2032
1101

2110
 

                    ~















−

−

31
26
4

98160
121010
2110

1353

12102
RRR

RRR

−⇔

−⇔
 

                  ~















−

−

2715
26
4

1009000
121010
2110

21631013 RRR −⇔  

This is an upper triangular matrix 

375.0
751.3)269.0(2289.04104210

289.0228.2910126)269.0(121012612101

269.02018
543271510090

=⇒
=−+=⇒=+−⇒

=⇒=⇒+=⇒=−⇒

=⇒=⇒=⇒∴

x
xzyx

yyyzy

zzz

 

Hence     375.0=x ,    289.0=y    ,  269.0=z  
 

    7. Given (2) 5, (2.5) 5.5f f= =  find the linear interpolating polynomial using Lagrange’s interpolation. 
Ans : 
 

 
x  0

x  

2 
1

x  

2.5 
y  5 

0
y  

5.5 

1
y  

 
By Lagrange’s interpolation formula we have  

1
01

)0(

0
10

)1(
)( y

xx

xx
y

xx

xx
xfy

−

−
+

−

−
==      

                   =   )2(11)5.2(10)5.5(25.2
2)5(5.22

5.2 −+−−=
−
−+

−
− xxxx  

               

                    322112510 +=−++−= xxx  
 

   8. Construct the divided difference table for the data. 
X 0.5 1.5 3.0 5.0 6.5 8.0 
F(x) 1.625 5.875 31 131 282.125 521 

 
Ans : 
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x  )(xf  )(xf∆  )(2 xf∆  )(3 xf∆  )(4 xf∆  
0.5 1.625     

  
5.05.1
625.1875.5

−
−  = 11    

1.5 5.875  5   
  

5.10.3
875.531

−
−  = 1.675  1  

3.0 31  9.5  0 
  

0.30.5
131131

−
−  = 50  1  

5.0 131  14.5  0 
  

0.55.6
131125.282

−
−  =100.75  1  

6.5 282.125  19.5   
  

5.60.8
125.282521

−
−  =  159.25    

8.0 521     
 
 

     9. Given ' y x
y

x y

−
=

+   
with initial condition 1y = at 0x = find y for 0.1x = by Euler’s method. 

Ans :  
       Given ' y x

y
x y

−
=

+
),( yxf=  , 1.0,?1,1.01,10,00 ===== hyxyx  

       By Euler’s algorithm,  
             )0,0(01 yxfhyy +=  

                   = 1 + (0.1) f(0 , 1)  =  1 + (0.1) 





+
−

10
01     =  1.1 

 
   10. Given the initial value problem ' 22u t u= − estimate using modified Euler- Cauchy 

method. 
Ans : 

       
22),(

?1,4.01,10,004.0,?)4.0(,1)0(,22'

uttuf

ututhuuutu

−=

=======−=  

By Modified Euler’s method 













 +++= )0,0(

20,
2001 yxfhyhxfhyu  

[ ]

84.016.01

)2.0(24.01])0(2.01,2.0([)4.0(1)0,0(
20,

2001

=−=

−+=++=











 +++= futfhuhtfhuu  
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 PART –B    (5 x 15 = 60) 

 
11.(i) Fit a binomial distribution for the following data and also test the goodness of fit. 

X 0 1 2 3 4 5 6 Total 
F(X) 5 18 28 12 7 6 4 80 

 
Ans : 
  

   
fitgoodnotisBinomial:1.2

fitgoodisBinomial:0.1

H

H
 

( )

[ ]
[ ] ]1615201561[25.11615201561

64
80

6656463626160680
6

2
1

2
180

)(oftermsthebygivenaresfrequenciesfrequencieexpectedthe,0assumptiontheOn

22isstatistictestThe.5

592.122ofvalueTable.4

6171..05.0.3

++++++=++++++=

++++++=





 +=

+

∑
−

=

=

=−=−==

CCCCCCC

npqNH

E
EO

nfd

ψ

ψ

α

 
 

 
x  

 
O  

 
E  

 
EO −  

2)( EO −  EEO /)( 2−  

0 5 1.25 3.75 14.1 11.28 
1 18 7.5 10.5 110.3 14.71 
2 28 18.75 9.25 85.6 4.57 
3 12 25 -13 169 6.76 
4 7 18.75 -11.75 138.1 7.37 
5 6 7.5 -1.5 2.3 0.31 
6 4 1.25 2.75 7.6 6.08 
 N = 80    51.08 

 

                     ∴
2ψ = 51.08 

6. Conclusion :   
                   If   cal 2ψ   <   table 2ψ  
                         Then we accept 0

H   , here 12.592  <   51.08 

               ∴ we accept 0
H
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(ii) The mean value of a random sample of 60 items was found to be 145, with a standard deviation of 
40. Find the 95% confidence limits for the population mean. What size of the sample is required to 
estimate the population mean within 5 of its actual value 95% or more confidence, using the sample 
mean ?  
Ans :     
        S.D.  is not given  

∴ limits of µ is ≤−
ns
x

/
µ 1.96 

( ) ( )

( )

246issincesampleLeast

86.245
2

5
4096.1

15
95.1

196.115

95.096.1

95.05)(

95.0595.055

1.1559.134

96.196.1

∴

=





 ×

=⇒=⇒==∴

=≤

≥







≤

≥≤−⇒≥+≤≤−

≤≤

+≤≤−

nn
n

nn

zpwkt

nzpie

xpxxp

n
sx

n
sx

σ

σ

µµ

µ

µ

 
 

(iii) Test made on the breaking strength of 10 pieces of a metal gave the following results 578, 572, 570, 
568, 572, 570, 570, 572, 596 and 584 kg. Test if the mean breaking strength of the wire can be 
assumed as 577 kg. 
Ans : 
    Find x  and sample S. D. s and then test if x  differs from µ = 577 
    Assume A = 582 

91,65.0

1

26.8
2

212,2.575

,

=−=−=

−

−
=

=








 ∑
−∑==+

∑
=

+=−=

nv

n
s

xt

n
id

id
n

sA
n

id
x

AidixAixid

µ

 
 

in  : 578 572 570 568 572 570 570 572 596 584 

id   : -4 -10 -12 -14 -10 -12 -12 -10 14 2 

2
id   : 16 100 144 196 100 144 144 100 196 4 
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         0
H  :  µ=x         1

H  :  µ≠x  

      
26.2

05.0
=t

     05.0
tt <

    0H  ∴    is accepted. 

  ∴ we can assumed 577 kg at 5% loss. 
 

(iv) A group of 10 rats fed on diet A and another group of 8 rats fed on diet B recorded the following 
increase in weight  

Diet A 5 6 8 1 12 4 3 9 6 10 
Diet B 2 3 6 8 10 1 2 3   

Show that the estimates of the population variance from the samples are not significantly different. 
Ans  : 
      Given 1

n = 10    ,  2
n = 8  

 
 
 

Sample I 

 
 

1
x  

 
 
5 

 
 
6 

 
 
8 

 
 
1 

 
 

12 

 
 
4 

 
 
3 

 
 
9 

 
 
6 

 
 

10 

Total 
 

64 

2
1

x  
52 62 82 12 122 42 32 92 62 102 512 

 
Sample II 2

x  2 3 6 8 10 1 2 8   400 

2
2

x  
22 32 62 82 102 12 22 82   282 

02958.1
3777.11
7143.11

2
1

2
2isstatistictestThe.5

29.3ofvalueTable.4

7)2(.,9)1(.,05.0.3

2
2σ

2
1σ:12.

]tsignificannotisvarainceaofdifferenceThe[2
2σ

2
1σ:0.1

2
1σand2

1σisinterestofparameterThe

2
1

2
2

7143.11
7

)25.10)(8(
12

2
2212

2&3777.11
9

)24.10)(10(
11

2
112

1

25.102)5(
8

2822)2(
2

2
22

2&24.102)4.6(
10
5122)1(

1

2
12

1

5
8
40

2

2
2&4.6

10
64

1

1
1

===

=

===

≠

=

>

==
−

===
−

=

=−=−
∑

==−=−
∑

=

==
∑

===
∑

=

s

s
F

F

vfdvfd

H

H

ss

n

sn
s

n

sn
s

x
n
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n

x
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n

x
x

n
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6.Conclusion : 
          If  Cal  F  <  table F , then we accept 0H   ;   otherwise we reject 0H  

Here , F  = 1.02958  <  3.29  , we accept 0H at 5 % level of significance. 
    We conclude that the two samples have come from populations with equal variances. 
 

12.(i) The following table shows the live in hours of four brands of electric lamps brand. 
A 1610 1610 1650 1680 1700 1720 1800  
B 1580 1640 1640 1700 1750    
C 1460 1550 1600 1620 1640 1660 1740 1820 
D 1510 1520 1530 1570 1600 1680   

Perform an analysis of variance and test the homogeneity of the mean lives of the four brands of  
lamps. 
Ans : 
          0H : There is no significant difference between the four brands. 

          1H :  There is significant difference between the four brands. 
Subtract 1600 and then divided by 10  we get 

1X  
A 

2X  
B 3X  

C 

4X  
D 

 
Total 

 
2
1X  

 
2
2X  

 
2
3X  

 
2
4X  

1 -2 -14 -9 -24 1 4 196 81 
1 4 -5 -8 -8 1 16 25 64 
5 4 0 -7 2 25 16 0 49 
8 10 2 -3 17 34 100 4 9 
10 15 4 0 29 100 225 16 0 
12 - 6 8 26 144 - 36 64 
20 - 14 - 34 400 - 196 - 
- - 22 - 22 - - 484 - 

57 31 29 -19 98 735 361 957 267 
 
Step 1 : N = 26 
 
Step 2.  T = 98 

Step 3. C.F. = 39.369
26

9604
N

2T
==  

Step 4. TSS = 
N

TXXXX
2

2
4

2
3

2
2

2
1 −∑+∑+∑+∑      

                        =    735 + 361 + 957 + 267 – 369.39    =    1950.61 

Step 5.    SSC  =  
N

T
N
X

N
X

N
X

N
X 2

1

2)4(

1

2)3(

1

2)2(

1

2)1(
−

∑
+

∑
+

∑
+

∑
 

                                            [ 1
N  = number of elements in each column] 
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                                     = 39.3696
2)19(

8
2)29(

5
2)31(

7
2)57( −−+++ =  452.25 

      SSE   =   TSS – SSC =  1950.61 – 452.25   = 1498.336 
 
Step 6.  ANOVA table  

Sources 
of 

variance 

Sum of 
squares 

d.f. Mean square Variance Table value 
5% level 

 
Between 
Columns 

 
SSC = 
452.225 

 
C –1  
= 4 – 1 = 3 

MSC = 
1−C

SSC     

=
3

25.452

75.150=  

FC = 
MSE
MSC  

     =  
68.11

75.150  

 =  2.21  >  1 
Since 

    
MSC
MSE < 1  

 
FC(3, 22) 
    = 3.05 

 
Error 

 
SSE = 
1498.36 

 
N – C  
= 26 – 4 
 = 22  

MSE = 
 C- N

SSE = 

22
36.1498  

 
 

 

 
 Step 7  :   Conclusion :        Cal FC     <   Table FC  . So we accept 0H . 
 

(ii) Analyze the variance in the following Latin square of yields of paddy where A, B, C, D denote the 
different methods of cultivation. 

D122 A121 C123 B122 
B124 C123 A122 D125 
A120 B119 D120 C121 
C122 D123 B121 A122 

Examine whether the different methods of cultivation have given significantly different yields. 
Ans  : 
           Subtract 120 we get       

S 2 P 1 R 3 Q 2 
Q 4 R 3 P 2 S 5 
P 0 Q -1 S 0 R 1 
R 2 S 3 Q 1 P 2 

 
 1X  2X  

3X  4X  Total 2
1X  2

2X  
2
3X  2

4X  
1Y  2 1 3 2 8 4 1 9 4 
2Y  4 3 2 5 14 16 9 4 25 

3Y  0 -1 0 1 0 0 1 0 1 

4Y  2 3 1 2 8 4 9 1 4 
Total 8 6 6 10 30 24 20 14 34 
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Step 1. N = 16     [ Total number of entries] 
 
Step 2.  T = 30 

Step 3. 25.56
16

2)30(
N

2T
==  

Step 4. TSS    =   
N

TXXXX
2

2
4

2
3

2
2

2
1 −∑+∑+∑+∑      

                           =    24 + 20 + 14 + 34 – 56.25   =  35.75 

Step 5.    SSC  =  
N

T
N
X

N
X

N
X

N
X 2

1

2)4(

1

2)3(

1

2)2(

1

2)1(
−

∑
+

∑
+

∑
+

∑
 

                                            [ 1
N  = number of elements in each column] 

                              =   75.225.564
100

4
36

4
36

4
64 =−+++  

Step 6.    SSR  =
N

T
N
Y

N
Y

N
Y

N
Y 2

2

2)4(

2

2)3(

2

2)2(

2

2)1(
−

∑
+

∑
+

∑
+

∑
 

                                          [ 2
N  = number of elements in each row] 

                            =  75.2425.564
64

4
0

4
196

4
64 =−+++  

To find SSK  :   
        Arrange the elements in the order of treatment                  

     Total 
P 0 1 2 2 5 
Q 4 -1 2 2 6 
R 2  3 1 1 9 
S 2 3 5 5 10 

        SSK  =  25.425.56
4

100
4
81

4
36

4
252

4

2)10(
4

2)9(
4

2)6(
4

2)5(
=−+++=−+++

N
T

 

       SSE   =  TSS – SSC – SSR – SSK     =  35.75 – 2.75 – 24.75 – 4.25  =  4 
 
Step 7.  ANOVA table  

Sources of 
variance 

Sum of 
squares 

d.f. Mean square Variance Table value 1% 
level 

Between 
Rows  

SSR 
 = 24.75 

k –1 = 3 MSR  

   = 
1−k

SSR  

     = 8.25 

FR = 
MSE
MSR  

     =  12.31 

FR(3, 6)  
     = 4.76 

Between 
columns 

SSC  
= 2.75 

k –1 = 3 MSC = 
1−k

SSC  

= 0.92 

FC = 
MSE
MSC  

        =  1.37 

FC (3, 6) 
     = 4.76 
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Between 
treatments 

SSK  
= 4.25 

k –1 = 3 MSK = 
1−k

SSK  

=  1.42 

FT = 
MSE
MSK  

        =  2.12 

FR(3, 6) 
   = 4.76 

Residual SSE 
   = 4 

(k –1)(k - 
2) = 6 

MSE = 

 2) -1)(k -(k 
SSE  

=   0.67  

  

Total TSS 
 = 35.75 

2n - 1 = 15    

 
 Step 8  :   Conclusion : 
   (i) Cal F  (FT)     <   Table F  . There is no significant difference between treatments 
  (ii) Cal F  (FR)   >   Table F. There is significant difference rows 
 (iii) Cal F (FC )   <   Table F . There is no significant difference columns. 
 

13.(i) Find the inverse of the coefficient matrix of the system  
1 1 1 1
4 3 1 6
3 5 3 4

x
y
z

− =
    
    
    
    

by the Gauss Jordan method, also solve the system. 

Ans :     [A, I] = 















−

100
010
001

353
134

111
 

               ~
















−
−−−

103
014
001

020
510

111

1333

14222
RRR

RRR

−⇔

−⇔
 

               ~
















−
−−−

1211
014
001

1000
510

111

2233 RRR +⇔  

            ~
















−
−
−

− 1211
103
121

1000
020
01010

31
10

3222

1 RRR

RRR

+⇔

+−⇔
 

           ~
















−
−

−

− 1211
103
4214

1000
020
0010

2511 RRR −⇔  

           ~
















−−
−

−

1.02.01.1
5.005.1
4.02.04.1

100
010
001

10
3

3

2
2

210
1

1

−
⇔

⇔⇔

R
R

R
R

R
R
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−−
−

−
=−

1.02.01.1
5.005.1
4.02.04.1

1A

 
 

(ii) Find the smallest eigen value in magnitude of the matrix  
2 1 0
1 2 1

0 1 2
A

−
= − −

−

 
 
 
 

using four iterations of the inverse power method. 

Ans :     Let 















=

0
0
1

1
X be an arbitrary initial eigenvector 

22
0

5.0
1

2
0
1

2

0
0
1

210
121

012

1 XAX =















−=
















−=

































−
−−

−
=  

35.2
2.0
8.0

1
5.2

5.0
2
5.2

0
5.0

1

510
121

012

2 XAX =















−=
















−=
















−

















−
−−

−
=  

48.4
1

96.0
6.0

8.4
8.4
6.4

8.2

2.0
8.0

1

210
121

012

3 XXA =















−=
















−=
















−

















−
−−

−
=  

552.3
84.0

1
61.0

52.3
996.2

52.3
16.2

1
96.0
6.0

210
121

012

4 XAX −=
















−

−
−=
















−=
















−

















−
−−

−
=  

645.3
78.0

1
64.0

45.3
68.2

45.3
22.2

84.0
1

61.0

210
121

012

5 XAX =
















−

−
=

















−

−
=

















−

−

















−
−−

−
=  

742.3
75.0

1
67.0

42.3
56.2

42.3
28.2

78.0
1

64.0

210
121

012

6 XAX =
















−

−
=

















−

−
=

















−

−

















−
−−

−
=  

842.3
73.0

1
69.0

42.3
5.2

42.3
34.2

75.0
1

67.0

210
121

012

7 XAX =
















−

−
=

















−

−
=

















−

−

















−
−−

−
=  
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942.3
72.0

1
7.0

42.3
46.2

42.3
38.2

73.0
1

69.0

210
121

012

8 XAX =
















−

−
=

















−

−
=

















−

−

















−
−−

−
=

 

1042.3
7.0

1
7.0

42.3
44.2

42.3
4.2

72.0
1

7.0

210
121

012

9 XAX =
















−

−
=

















−

−
=

















−

−

















−
−−

−
=  

 

    The largest eigen value = 3.42    eigen vector = 
















−

−

7.0
1

7.0
  

    B = A – 3I  =  
















−−
−−−

−−
=
















−

















−
−−

−

110
111

011

100
010
001

3
210
121

012
     

2Y1
0
1
1

1
0
1
1

0
0
1

110
111

011

1YB −=















−=
















−
−

=
































−−
−−−

−−
=  

3Y2
5.0

1
1

2
1
2
2

0
1
1

110
111

011

2YB −=















−=

















−
−
−

=
































−−
−−−

−−
=  

4Y8.4
6.0

1
8.0

5.2
5.1
5.2

2

5.0
1
1

110
111

011

3YB =















−=

















−
−
−

=
































−−
−−−

−−
=  

5Y4.2
7.0

1
75.0

4.2
6.1
4.2
8.1

6.0
1
8.0

110
111

011

4YB −=















−=

















−
−
−

=
































−−
−−−

−−
=  

6Y45.2
7.0

1
7.0

45.2
7.1
45.2
75.1

7.0
1
75.0

110
111

011

5YB −=















−=

















−
−
−

=
































−−
−−−

−−
=  

7Y4.2
7.0

1
7.0

4.2
7.1
4.2
7.1

7.0
1
7.0

110
111

011

6YB −=















−=

















−
−
−

=
































−−
−−−

−−
=  
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8Y4.2
7.0

1
7.0

4.2
7.1
4.2
7.1

7.0
1
7.0

110
111

011

7YB −=















−=

















−
−
−

=
































−−
−−−

−−
=  

Greatest eigen value   =  - 2.4   
 Smallest eigen value of A = - 2.4 + 3.42  =  1.02 
    Eigen values are  - 2 , 4 , 1   
 

(iii) Solve the equations 5 2 12 ; 4 2 15 ; 2 5 20x y z x y z x y z+ + = + + = + + =   by (i) Jacobi’s method (ii) Gauss 
Seidal method. 
Ans : 
             5 2 12 ; 4 2 15 ; 2 5 20x y z x y z x y z+ + = + + = + + =  

        
)212(

5
1 zyx −−=      ;   )215(

4
1 zxy −−=    ;   )220(

5
1 zxz −−=   

 Let 0000 === zyx  
(i) Gauss Jacobi’s method 

x  y  z  
2.4 3.75 4 
0.1 1.15 2.02 
1.54 2.71 3.52 
0.61 1.61 2.61 
1.24 2.29 3.23 
0.83 1.82 2.83 
1.10 2.12 3.10 
0.93 1.92 2.93 
1.04 2.05 3.04 
0.97 1.96 2.97 
1.02 2.02 3.02 

 
                      The solutions are 02.3;02.2;02.1 === zyx  
 

(ii) Gauss Seidal method 
 

x  y  z  
2.4 3.15 2.26 

0.688 2.448 2.883 
0.844 2.097 2.992 
0.9628 2.0133 3.0021 
0.994 2.0004 2.999 

1.00004 2.000049 2.9998 
 

 The solutions are 3;2;1 === zyx  
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14.(i) Evaluate   22

11

dxdy
x y∫ ∫
+

by Simpson’s rule and Trapezoidal rule with 0.5h = and 0.25k = . 

Ans :         
      I = 22

11

dxdy
x y∫ ∫
+

    ,  h = 0.5  ,  k = 0.25 

Trapezoidal rule  :    

       ])4/7,2/3()2/3,2/3()4/5,2/3(4
)}2,2/3()4/7,2()2/3,2()4/7,1()2/3,3(

)4/5,1()1,2/3(({2)2,2()2,1()1,2()1,1([
4

25.05.0

fff
fffff

ffffffI

+++
+++++

+++++
×

=

 

              =  3420.0])09.1(4)7539.2(24167.1[
32
1

=++  

 
Simpson’s rule 

]})4/7,2/3()4/5,2/3({16)2/3,2/3(8
})4/5,1()4/7,1()4/7,2()4/5,2()2,2/3()1,2/3({4

)}2/3,2()2/3,1(({2)2,2()2,1()1,2()1,1([
9

25.05.0

fff
ffffff

ffffffI

+++
++++++

+++++
×

=

 

            =  0.3398. 
   

(ii) The table gives the distance in nautical miles of the visible horizon for the given heights in feet 
above the earth’s surface.  
X 100 150 200 250 300 350 400 
Y 10.63 13.03 15.04 16.81 18.42 19.90 21.27 

Find the values y  of when 218x = ft and 410 ft. 
Ans : 

x  y  ∆  2∆  3∆  4∆  
100 10.63     
  2.40    
150 13.03  -0.39   
  2.01  0.15  
200 15.04  -0.24  -0.07 
  1.77  0.08  
250 16.81  -0.16  -0.05 
  1.61  0.03  
300 18.42  -0.13  -0.01 
  1.48  0.02  
350 19.90  -0.11   
  1.37    
400 21.27     

 
(1) 03.0,16.0,77.1,04.15,200 0

3
0

2
000 =∆−=∆=∆== yyyyx   

36.0050,218 =
−

=∴==
h

xx
phx  
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Using formula  7.15~696.16)218( =f  

(2) 53.214102.0,400 =⇒=
−

== y
h

nxx
px  

 
(iii) Evaluate 6

201

dx

x
∫
+

by Trapezoidal rule and  Simpson’s 1/3 rule and compare with its exact solution. 

Ans :    
         Here ab − = 6 – 0 = 6 . Divide into 6 equal parts 1

6
6

==h  

x  0 1 2 3 4 5 6 

)(
1

1
2 xf

x
=

+
  

1.000 
 

0.500 
 

0.200 
 

0.100 
 

0.058824 
 

0.038462 
 
0.27027 

 
There are 7 ordinates ( n = 6). We can use all the formula  
 

1. Trapezoidal rule 
 

              I = 6
201

dx

x
∫
+  

                     = 
2

1 [ ( 1 + 0.027027 ) + 2 (0.5 + 0.2 + 0.1 + 0.058824 + 0.038462 )] 

              = 1.41079950 
 

2. Simpson’s 1/3 rule 
 

0y  1y  2y  3y  4y  5y  6y  

1 4 1     
  1 4 1   
    1 4 1 
1 4 2 4 2 4 1 

           

         ∴    I = 
3

h [( )531(4)42(2)60 yyyyyyy ++++++ ] 

                 = 
3

1 [ (1 + 0.027027) + 2(0.2 + 0.58824) + 4(0.5 + 0.1 + 0.038462) ]    

                 =   1.36617433 
 

3. Actual integration  
 
       I = 6

201

dx

x
∫
+

 = 40564765.161tan6
0)1tan( =−=− x  

 
         Here the value by trapezoidal rule is closer to the actual value than the value by 
Simpson’s 1/3 rule. 
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(iv) Given that : 
X 1 1.1 1.2 1.3 1.4 1.5 1.6 
Y 7.989 8.403 8.781 9.129 9.451 9.750 10.031 

Find dy
dx

and ''y at 1.1x = and 1.6x = . 

 
Ans : 
 

x  y  ∆  2∆  3∆  4∆  5∆  6∆  
1 7.989       
  0.414      
1.1 8.403  -0.036     
  0.378  0.006    
1.2 8.781  -0.030  -0.002   
  0.348  0.004  0.002  
1.3 9.129  -0.026  0  -0.003 
  0.322  0.004  -0.001  
1.4 9.451  -0.023  -0.001   
  0.299  0.005    
1.5 9.750  -0.018     
  0.281      
1.6 10.031       

 
 














+

∆
+

∆
−∆= ......

3
0

3

2
0

2

0
1' yy

y
h

y  

Where 0,030.0,378.0,1.1,1.0 0
4

0
2

00 =∆−=∆=∆== yyyxh   

                 
3167.31.1)''(,941.3'

1.1 −=== xyy  

 
     Similarly etcyxh nn ,281.0,6.1,1.0 =∇==  

             
475.16.1)''(,732.26.1)'( −==== xyxy

 
 

15.(i) The deflection of a beam is governed by the equations '' 81 ( )y y xφ+ = where ( )xφ is given by the table : 
x  1/3 2/3 1 

( )xφ  81 162 243 

And the boundary conditions ' '' '''(0) (0) (1) (1) 0y y y y= = = = . Evaluate the deflection at the pivotal 
points of the beam using three subintervals. 
Ans :   
    Out of syllabus. 
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(ii) Apply Taylor’s method to obtain approximate value of y at 0.2x = for the differential equation 
' 2 3 xy y e= + . Compare the numerical solution with its exact solution. 

Ans : 
         Here 2.02,1.01,00,00,1.0 ===== xxyxh  

' 2 3 xy y e= +  
xeyy 3'2'' +=  

032 0
'

0
xeyy +=  =  3 

032 '
0

''
0

xeyy +=  = 9 
xeyy 32 ''''' +=  032 ''

0
'''

0
xeyy += = 21 

xiv eyy 32 ''' +=  032 '''
00

xiv eyy +=  = 45 
By Taylor’s series formula 

........)().()().()().())(.(y).y(

.....ivyh'''yh''yh'yhyy

+++++==

+++++=

45
24
0001021

6
00109

2
0103100110

024
4

06
3

02
2

0101  

                          = 0.3 + 0.045 + 0.0035 + 0.0001875 + …        
                          =  0.3486875     =   0.349 

1312'
1

x
eyy += =  0.3486875 x 2 + 3 1.0e = 4.012887 

13'
12''

1
x

eyy += =  11.34 

13''
12'''

1
x

eyy += =  25.996 

...........''
12

2'
111)2.0(2 +++== yhyhyyy  

                     = 0.3486875 + (0.1)(4.012887) + 
2
01.0 (11.34) + 

6
001.0 (25.996) + ….. 

                    = 0.8110156   = 0.811 
    The exact value of =)1.0(y 0.3486955  and =)2.0(y 0.8112658 
 
(iii) Using R.K. fourth order method to find y at 0.1, 0.2, 0.3x = given that ' 2y xy y= + . Continue the 
solution at x = 0.4 using Milne’s P-C method. 
Ans :  
     Given  3.03,2.02,1.01,10,00,2),(' =====+== xxxyxyyxyxfy

     
h = 0.1 

To find y(0.1) : 

1.0)10()1.0(

2
000)1.0()0,0(1

=+=






 +== yyxyxfhk

 

]05.1,05.0[)1.0(2
1

0,202 f
k

yhxfhk =++=











 

1155.02)05.1()05.1()05.0()1.0( =+= 
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[ ] [ ] 1172.02)0578.1()0578.1()05.0()1.0(0578.1,05.0)1.0(

2
2

0,203

=+==












++=

f

k
yhxfhk

 

( )

[ ] 1360.02)1172.1()1172.1()1.0()1.0(

1172.1,1.0)1.0()30,0(4

=+=

=++= fkyhxfhk
 

  
1169.0]1360.0)1172.0(2)1155.0(21.0[6

1

]432221[6
1

=+++=

+++=∆ kkkky
 

 1y =  yy ∆+0 =  1+ 0.1169 =  1.1169 

 
To find y(0.2) :  

13590

)1.0()1,1(1
2)1169.1()1169.1()1.0(

⋅=




== +yxfhk

 

1582.02)1849.1()1849.1()15.0()1.0(

]1849.1,15.0[)1.0(2
1

1,212

=



 +=

=











++= f

k
yhxfhk

 

[ ] 1610.02)196.1()196.1()15.0()1.0(196.1,15.0)1.0(

2
2

1,213

=



 +==












++=

f

k
yhxfhk

 

1889.02)2779.1()2779.1()2.0()1.0(

]2779.1,2.0[)1.0()31,1(4

=



 +=

=++= fkyhxfhk
 

9632..0]1889.0)1610.0(2)1582.0(21359.0[
6
1

]432221[
6
1

=+++=

+++=∆ kkkky

 

2y =  yy ∆+1   
=   1.1169  +   0.9632   =   2.0801 

 
To find y(0.3) :  
 

4743.0

)1.0()2,2(1
2)0801.2()0801.2()2.0(

=




== +yxfhk
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5949.02)3173.2()3173.2()25.0()1.0(

]3173.2,25.0[)1.0(2
1
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k
yhxfhk
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6247.02)3776.2()3776.2()25.0()1.0(
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2

1,213

=



 +=
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++= f

k
yhxfhk

 

8127.02)7048.2()7048.2()3.0()1.0(

]7048.2,3.0[)1.0()31,1(4

=



 +=

=++= fkyhxfhk
 

6210..0]8127.0)6247.0(2)5949.0(24743.0[
6
1

]432221[
6
1

=+++=

+++=∆ kkkky

 

3y =  yy ∆+2   
=   2.0801  +  0.6210  =   2.7011 

 
By Milne’s predictor formula  

8918.2)]1063.8(27428.4)3592.1(2[3
)1.0(41

]'32'
2

'
12[3

)1.0(4
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222

'
2

3592.12)1169.1()1169.1()1.0(2
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B.E./ B.Tech. DEGREE EXAMINATION, MAY/JUNE 2016 
(Common to Mechanical Engineering and Mechatronics Engineering) 

Fourth Semester 
MA6452 –STATISTICS AND NUMERICAL METHODS 

(Regulation 2013) 
Time : Three hours                                                                    Maximum : 100 marks 

Answer ALL questions 
PART A – (10 x 2 = 20 marks) 

       1. What are Type-I and Type-II errors? 
Solution: 
      Type-I Error: The rejection of the null hypothesis oH  when it is true is called 
Type-I Error. 
     Type-II Error: The acceptance of the null hypothesis oH when it is called Type 
II error. 

 
       2. Give the formula for the 2χ -test of independence for 

Solution: 

 
))()()((

)(ofvalueThe
2

2

dcdbcaba
bcadN

++++
−

=χ
 

 
      3. State the principles of Design of Experiments. 

Solution: 
 Three important designs are the following: 
                     (i)Completely Randomized Design(CRD) 
                    (ii) Randomized Block Design(RBD) 
                   (iii) Latin Square Design(LSD)    
 

      4. Is 22× Latin Square Design possible? Why? 
 Solution: 
       Consider a nn×  Latin square design, then the degrees of freedom for SSE is 

 
)2)(1(

23331)1()1()1()1( 222

−−=
+−=+−−=−−−−−−−=

nn
nnnnnnnn

  

      For n = 2, degree of freedom of SSE = 0 and hence MSE is not defined. 
Therefore comparisons are not possible. Hence a 22×  Latin Square Design is not 
possible. 
 

       5. Mention the order and condition for the convergence of Newton-Raphson method. 
Solution: 
 Order is 2 
The condition is ( )2''' )()().( xfxfxf <  in a neighborhood of the root. 
 

      6. What is the procedure of Gauss-Jordan method? 
Solution: 
 Consider the augmented matrix [ ],, IA  where I is the identity matrix of the 
same Order as A. By row operations reduce A into a unit matrix, then 
correspondingly I will be changed into a matrix X. This matrix X is the inverse of A. 
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It is advisable to change the pivot element to 1 before applying row operations at 
each step. 

                   
       7. Specify the Newton’s backward difference formulae for 2

2

dx
ydand

dx
dy . 

 Solution: 

 




 +∇+∇+∇=













 +∇+∇+∇+∇=








=

=

.............
12
111

.............
4
1

3
1

2
11

432
22

2

432

nnn
xx

nnnn
xx

yyy
hdx

yd

yyyy
hdx

dy

n

n

 
 

       8. Write down the errors in Trapezoidal and Simpson’s rules of numerical 
integration. 
   Solution  : 

 Trapezoidal rule
2

2

12
)(

hOrder

MhabEError

⇒

−
<⇒  

 Simpson’s rule 
4

4

180
)(

horder

MhabEError

⇒

−
<⇒

 
 

       9. Find )1.0(y by Euler’s method, if 1.0)0(,22 =+= yyx
dx
dy

 
Solution : 

 
),(1.0

),(

1.01.00
......2,1,0),(

0001

22'
00

1

yxfyy
yxyxfyGiven
hyx

nyxfhyy nnnn

+=
+==

===
=+=+

 

           1001.0)1.0(
1001.00001.01.0
]01.00[1.01.0

])1.0(0[1.01.0

][1.01.0
2

2
0

2
01

=
=+=

++=
++=

++=

y

yxy

 

  
 

     10. Give the central difference approximations for )(),( ''' xyxy . 
Solution: 

       
]121[2

1''

]11[
2
1'

++−−=

−−+=

iyiyiy
hiy

iyiy
hiy
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 PART – B  ( 5x 15 = 60)  
 

11.a(i) A mathematics test was given to 50 girls and 75 boys. The girls made an average 
grade of 76 with an SD of 6 and the boys made an average grade of 82 with an SD of 
2. Test whether there is any difference between the performance of boys and girls. 
Solution: 

 

( )

0

00
22

22

2

2
2

1

2
1

21

211

210

222

111

HrejectWe
96.18231.6

8231.6
96.18231.696.1

Hrejectweotherwise;Hacceptthen

8231.6
8794.0

6
053333.072.0

6

75
)2(

50
)6(

)8276(

statistictestThe
5%

test]tailed[Two:
:

28275

67650

∴
>

=

<−<−

<<−

−=
−

=
+
−

=

+

−
=

+

−
=

=
≠
=

===

===

z

ZZZIf
n
S

n
S

xx
z

H
H

Sxn

SxnGiven

αα

α
µµ
µµ

 
 

     (ii) Theory predicts the proportion of beans in the groups A,B,C,D as 9:3:3:1. In an 
experiment among beans the numbers in the groups were 882, 313, 287 and 118. 
Does the experiment support the theory?  
Solution: 
 

 

( )

100,300,300,900

1600
16
1,1600

16
3,1600

16
3,1600

16
9

areclasses4theofsfrequencieexpectedthe,0HassumptiontheOn

2
2

815.72ofvalueTable

3141freedomofdegree0.05

1:3:3:9ratiotheinnotarecategoriesfourtheinresultsThe:1H

1:3:3:9ratiotheinarecategoriesfourtheinresultsThe:0H
4nGiven

××××

∑
−

=

=

=−=−==

=

E
EO

n

χ

χ

α
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O 

 
E 

 
EO −  

 
2)( EO −  E

EO 2)( −  

A 882 900 -18 324 0.36 
B 313 300 13 169 0.5633 

C 287 300 -13 169 0.5633 

D 118 100 18 324 3.24 

 1600    4.7266 
 

                       
( ) 7266.4

2
2 =

−
=∑ E

EOχ  

Conclusion: 
        If Cal 2χ < Tab 2χ , then we accept 0H , otherwise we reject 0H  

Here  2χ =4.7266 < 7.815 
        So, we accept 0H  at 5% level of significance 
Therefore The Results of the four categories are in the ratio 1:3:3:9  
 

    b(i) 400 men and 600 women were asked whether they would like to have a 
flyover near their residence. 200 men and 325 women were in favor of 
the proposal.  Test whether these two propositions are same. 
Solution: 
 Let 21, pp be the proportions favorable to have over among men 
and women respectively. 

 







 +×

−
=









+

−
=

−≠
=

=−=−=

==
+

×+×
=

+
+

=∴

==∴

600
1

400
1475.0525.0

542.05.0

11

][:
:

475.0525.011

525.0
100
525

600400
600
325600

400
200400

ofeliminatebestTheknownnotisp

600
325;

400
200

21

21

211

210

21

2211

21

nn
PQ

pp
Z

testtailedtwoppH
ppH

PQ

nn
pnpn

P

pp
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( )

30.1

30.1
0324.0

042.0
00167.00025.0475.0525.0

542.05.0

=

−=
−

=

+×
−

=

Z

 

        The table value of Z at 5% level is 1.96 
Inference : Since 0,96.1 HZ < is accepted at 5% level of significance. 
The difference is not significant i.e. Men and women are equally favourable for fly 
over near their residence. 
 

     (ii) The IQ’s of 10 girls are respectively 120, 110, 70, 88, 101, 100, 83, 98, 95, 107. Test 
whether the population mean IQ is 100. 
Solution: 
 10010 == µnGiven  

X 120 110 70 88 101 100 83 98 95 107 972 
X2 14400 12100 4900 7744 10201 10000 6889 9604 9025 11449 96312 

 

0HacceptweSo2.2620.622.262Here

0Hrejectweotherwise;0Hacceptwethen
2

αtt
2

αtIf
Conclusion

62.0
5.4
8.2

9
5.13
1002.97

1-n
s
-Xt

statistictestThe
91101freedomfdegree%5

]testtailedTwo[1001:1

100:0

5.1396.1832

84.94472.96312)2.97(
10

96312)2(
22

2.97.2.97
10
972

<−<−

<<−

−=
−

=









−

=









=

=−=−==

−≠

=
=⇒=

−=−=−∑=

===∑=

µ

α

µ

µ

no

H

H
ss

x
n
xs

Xei
n
xX

  

 

We may conclude that the data are consistent with the assumption of mean I.Q. of 
100 in the population. 
 

 12.a Three varieties of coal were analysed by 4 chemists and the ash content is tabulated 
here. Perform an analysis of variance. 

  Chemists 
 

Coal 
 A B C D 
I 8 5 5 7 
II 7 6 4 4 
III 3 6 5 4 
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Solution: 
 

Coal Chemists Total of 
variance 

X1
2 X2

2  X3
2 X4

2 
A B C D 

I 8 5 5 7 25 64 25 25 49 
II 7 6 4 4 21 49 36 16 16 
III 3 6 5 4 18 9 36 25 16 

Total 18 17 14 15 64 122 97 66 81 

( ) ( ) ( ) ( )

( ) ( ) ( )

14.79
14.792.636.37.88
2.63.3418125.11025.156

3.341
4

324
4

441
4

625

T:6Step

36.33.3417533.6533.96108

31.341
3

225
3

196
3

289
3

324

T:5Step

7.88
3.34181669712264

TXXXTSS:4Step

3.341
12

)64(T:3Step

46T:2Step
12N:1Step

differencentsiginificaisThere:H
differencentsiginificanoisThere:H

2

2

2
3

2

2
2

2

2
1

2

1

2
4

1

2
3

1

2
2

1

2
1

2
2

4
2

3
2

2
2

1

22

1

0

=
=−−=−−=
=−++=

−++=

−++=

=−+++=

−+++=

−+++=

=
−++++=

−+++=

==

=
=

∑∑∑

∑∑∑∑

∑ ∑∑∑

SSE
SSRSSCTSSSSE

NN
Y

N
Y

N
Y

SSR

NN
X

N
X

N
X

N
X

SSC

N
X

N

 
Source of 
variance 

Sum of 
squares 

d.f. Mean square Variance 
ratio 

Table 
value at 
5% level 

Between 
columns 

SSC 
  = 3.36 

C-1 
 = 3 –1 = 
2 

68.1
2
36.3

1

=

=

−
=

C
SSCMSC

 

1274.0
19.13
68.1

=

=

=
MSE
MSCFC

 

14.5
)6,2(

=
CF
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Between 
rows 

SSR 
  = 6.2 

r-1 
= 4-1 
 = 3 

0666.2
3
2.6

1

=

=

−
=

r
SSRMSR

 1566.0
19.13

0666.2

=

=

=
MSE
MSRFR

 

76.4
)6,3(

=
RF

 

Residual SSE  
= 79.14 

N – C-
r+1 
= 12 -4-
3+1 
= 6 

19.13
6
14.79

=

=

−
=

CN
SSE

MSE

 

  

Total 88.7     
 
Conclusion 
 Cal FR     <    Tab FR 
 Cal FC    <    Tab FC 
In both the cases the calculated value is less than tabulated value Therefore null 
hypothesis is accepted. 
 

       b. The result of an RBD experiment on 3 blocks with 4 treatments A,B,C,D are 
tabulated here. Carry out an analysis of variance.              

Blocks Treatment effects 

I A36 D35 C21 B36 

II D32 B29 A28 C31 

III B28 C29 D29 A26 

Solution: 
 

 

Variety 

Block Total of 
variance 

 

X1
2 

 

X2
2 

 

X3
2 I II III 

A 36 28 26 90 1296 784 676 

B 36 29 28 93 1296 841 784 

C 21 31 29 81 441 961 841 

D 35 32 29 96 1225 1024 841 

Total 128 120 112 360 4258 3610 3142 

differencentsiginificaisThere:H
differencentsiginificanoisThere:H

1

0  

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



Agni College of Technology 
Chennai - 130 

Prepared by Department of Mathematics , Agni College of Technology , Chennai - 130 

( ) ( ) ( )

( ) ( ) ( ) ( )
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N
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N
X

SSC
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N

 

Source of 
variance 

Sum of 
squares 

D.f Mean square Variance 
ratio 

Table 
value at 
5% level 

Between 
rows 

SSR  
   = 42 

r –1 
= 3 – 1  
= 2 
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2

42
1

=

=

−
=

r
SSRMSR

 

9265.0
6666.22
21

=

=

=
MSE
MSRFR

 

14.5
)6,2(

=
RF

 

Between 
column 

SSC  
   = 32 

C-1  
= 4 – 1 = 
3 

6666.10
3
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1

=

=

−
=

C
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=

=

=
MSE
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=
CF

 

Residual SSE 
   = 136 

N – C – r 
+ 1 
=12 -4 -
3+1 
=6 

6666.22
3
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1

=

=

+−−
=

rCN
SSE

MSE

 

  

Total 210     
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Conclusion 
 Cal FR  <   Tab FR 

  Cal FC   <  Tab FC 
In both the cases the calculated value is less than tabulated value Therefore null 
hypothesis is accepted. 
 

13.a(i) Solve the following equations by Gauss elimination method: 

 
33114

,20238
,1242

=−+
=+−
=++

zyx
zyx

zyx

 
Solution:     The augmented matrix is 

1,2,3
36212422
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    (ii) Using power method find the dominant eigen value of the matrix
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Solution: 
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    b(i) If 1find,

221
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−
−= AA  by Gauss-Jordan method. 

Solution: 
       Consider the augumented matrix 
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     (ii) Solve the following equations by Gauss-seidel method 

 
753230
,48217

,159

=+−
=−+

=++

zyx
zyx

zyx

 
Solution: 
 As the coefficient matrix is not diagonally dominant we rewrite the 
equations. 

 
159

48217
753230

=++
=−+
=+−

zyx
zyx

zyx
 

Since, the diagonal elements are dominant in the coefficient matrix, we write x , y , z 
as follows: 
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14.a(i) Interpolate ),12(y if 
X: 10 15 20 25 30 35 

Y(x): 35 33 29 27 22 14 

Solution: 
       Given 

14,22,27,29,33,35
35,30,25,20,15,10

543210

543210

======
======

yyyyyy
xxxxxx
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     (ii) Evaluate  ∫

+

1

0
21 x

dx

 
by  Simpson’s  1/3 rule, dividing the range into four equal parts. 

Solution: 
X 0 0.25 0.5 0.75 1 

f(x)= 
21

1
x+

 1 0.9412 0.8 0.64 0.5 
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6.13248.65.108333.0
6.1)5812.1(45.108333.0
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25.0
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31
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3
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1

0
231402
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=

+∫ yyyyyh
x

dx

 
 

    b(i) Find ),1('y  if  
X: -1 0 2 3 
Y(x): -8 3 1 12 

Solution: 
 

x y y∆  y2∆  y3∆  
-1 -8    
  11   
0 3  -13  
  -2  26 
2 1  13  
  11   
3 12    

1666.26
6

157
3

26
2

1311

)26(
3
1)13(

2
111

1
1

.............
3
1

2
11)1(

dx
dy

have,wefromula,forwardsNewton'By

0
3

0
2

0
'

0

==



 ++=





 +−−=





 +∆+∆−∆==








=

yyy
h

y
xx

 
 

     
     (ii) Using Trapezoidal rule, evaluate ∫ ∫ +

+2

1

2

1
yx
dydx with 5.0== kh  

Solution: 
 
  
 
 
 
By using Trapezoidal rule 

x/y 1 1.5 2 
1 0.5 0.4 0.3333 
1.5 0.4 0.3333 0.2857 
2 0.3333 0.2857 0.25 
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   15.a 

method.CorrectorPredictorsMilne'by)4.0(findHence

method.seriesTaylorby)3.0(and)2.0(,)1.0(find,1)0(,If 22
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dx
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