
MATHEMATICS  SOLUTION 

(CBCGS  SEM – 4  NOV 2018) 

BRANCH – COMPUTER ENGINEERING 

------------------------------------------------------------------------- 

Q1] A) Find all the basic solutions to the following problem:              (5) 

Maximise : 𝐳 =  𝐱𝟏 + 𝐱𝟐 + 𝟑𝐱𝟑 

Subject to : 𝐱𝟏 + 𝟐𝐱𝟐 + 𝟑𝐱𝟑 = 𝟗 

           𝟑𝐱𝟏 + 𝟐𝐱𝟐 + 𝟐𝐱𝟑 = 𝟏𝟓 

           𝐱𝟏, 𝐱𝟐, 𝐱𝟑 ≥ 𝟎 

SOLUTION:- 

Maximise : z =  xଵ + xଶ + 3xଷ 

Subject to : xଵ + 2xଶ + 3xଷ = 9 

           3xଵ + 2xଶ + 2xଷ = 15 

           xଵ, xଶ, xଷ ≥ 0 

No of 
basic 
solution 

Non basic 
variables 

Basic 
variable 

Equation and 
the value of 
basic variables 

Is the 
solution 
feasible 

Is the 
solution 
degenerate 

Value of Z 

1 xଷ = 0 xଵ, xଶ xଵ + 2xଶ = 9 
3xଵ + 2xଶ = 15 

xଵ = 3 
xଶ = 3 

yes no 6 

2 xଶ = 0 xଵ, xଷ xଵ + 3xଷ = 9 
3xଵ + 2xଷ = 15 

xଵ = 3.86 
xଷ = 1.71 

yes no 8.99 

3 xଵ = 0 xଶ, xଷ 2xଶ + 3xଷ = 9 
2xଶ + 2xଷ = 15 

xଶ = 13.5 
xଷ = −6 

no no - 

 

------------------------------------------------------------------------- 
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Q1] B) Evaluate ∮ 𝐳𝐝𝐳  from 𝐳 = 𝟎 𝐭𝐨 𝐳 = 𝟏 + 𝐢 along the curve  𝐳 =  𝐭𝟐 + 𝐢𝐭             

                   (5) 

SOLUTION :-                                 
When  z = 0, t =0 

When z = 1 + i;   t = 1 

z =  tଶ + it  

dz = (2t + i)dt  

∫ zdz =   ∫ (tଶ + it)(2t + i)dt
ଵ


 

ଵା୧


=  ∫ (2tଷ + itଶ + 2itଶ − t)dt =  ∫ 2tଷ − t + 3itଶ)dt 

ଵ



ଵ


   

=  ቂ
୲ర

ଶ
−

୲మ

ଶ
+ itଷቃ



ଵ

 = i  

∮ 𝐳𝐝𝐳 = 𝐢    𝐰𝐡𝐞𝐫𝐞 𝐳 = 𝐭𝟐 + 𝐢𝐭  𝐚𝐥𝐨𝐧𝐠 𝐳 = 𝟎 𝐭𝐨 𝐢 + 𝟏      

------------------------------------------------------------------------- 

Q1] C) A sample of 100 students is taken from a large population. The mean 
height of the students in this sample is 160cm. Can it be reasonably regarded 
that in the population, the mean height is 165cm, and the standard deviation 
is 10cm?            (5) 

SOLUTION :- 

Null hypothesis  : μ = 160 

Alternate hypothesis : μ ≠ 160 

z =  
ଡ଼ഥିஜ

/√୬
 =

ଵହିଵ

ଵ/√ଵ
 = 5  

|z| = 5  

At 5% level of significance, z is 1.96. 

zୡୟ୪ >  zୡ୰୧୲୧ୡୟ୪   

Null hypothesis is rejected. 

Therefore, No it wouldn’t be reasonable to suppose the assumption. 

------------------------------------------------------------------------- 

MUQuestionPapers.com 



Q1] D) The sum of the Eigen values of a 3 X 3 matrix is 6 and the product of 
the Eigen value id also 6. If one of the Eigen value is one, find the other two 
Eigen values.               (5) 

SOLUTION:- 

Let the Eigen values be λଵ, λଶ  and  λଷ  

λଵ +  λଶ +  λଷ = 6  

And  λଵ . λଶ. λଷ = 6 

Given : one Eigen value = 1 

Let λଵ = 1 

1+λଶ + λଷ = 6 

λଶ + λଷ = 5   

λଷ = (5 − λଶ)  

And  (λଶ − λଷ) = 6 

λଶ(5 − λଶ) = 6  

5λଶ −  λଶ
ଶ = 6 

λଶ
ଶ − 5λଶ + 6 = 0  

λଶ
ଶ − 3λଶ − 2λଶ + 6 = 0  

λଶ(λଶ − 3) − 2(λଶ − 3) = 0  

λଶ = 2    or   λଶ = 3  

If λଶ = 2  and  λଷ = 3  and if λଶ = 3 and  λଷ = 2 

The Eigen values are 1,2,3. 

------------------------------------------------------------------------- 

Q2] A) Evaluate ∮
𝐬𝐢𝐧𝟔𝐳

(𝐳ି
𝛑

𝟔
)𝐧 

𝐝𝐳  where c is the circle |z| = 1 for n = 1, n = 3 (6) 

SOLUTION:- 

∮
ୱ୧୬ల

(ି
ಘ

ల
) 

dz   where c is a is a circle |z| = 1  
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For n = 1 we have ∮
ୱ୧୬ల

ቀି
ಘ

ల
ቁ


 
dz      

Z −



= 0  

Z =



    pt lies inside the circle ; |z| = 1 

∫
()

ିబ
 dz = 2πif(z)  { By Cauchy’s Integra formula} 

ර
sinz

ቀz −
π
6

ቁ
୬

 
dz  = 2πisinଶ ቀ

π

6
ቁ = 2πi ൬

1

2
൰

 

 =
2πi

64
 =  

πi

32
 

 

For n =3; we have ∮
ୱ୧୬ల

ቀି
ಘ

ల
ቁ


 
dz  

Z =



  lies inside the circle , |Z| = 1  

Order of pole = 3 

∫
()

(ିబ)  =   
ଶ୧

(୬ିଵ)!
f ୬ିଵ(z)  

f(z) = sinz   

f ᇱ(z) = 6sinହz. cosz  

f ᇱᇱ(z) = 6[5sinସzcosଶz − sinହz. sinz] =  6[5sinସzcosଶz − sinz]  

f ᇱᇱ(z) = 6 ቂ5sinସ ቀ



ቁ cosଶ ቀ




ቁ − sin ቀ




ቁቃ =

ଶଵ

ଵ
    

∮
𝐬𝐢𝐧𝟔𝐳

ቀ𝐳ି
𝛑

𝟔
ቁ

𝟑
 
𝐝𝐳  =  

𝟐𝛑𝐢

𝟐!
 .

𝟐𝟏

𝟏𝟔
 =

𝟐𝟏𝛑𝐢

𝟏𝟔
   

------------------------------------------------------------------------- 

Q2] B) The following data is collected on two characters. Based on this, can 
you say that there is no relation between smoking and literacy? Use Chi-
square test at 5% Level of significance            (6) 

 Smokers Non smokers 
Literates  83 57 
Illiterates  45 68 
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Solution:-   

 Smokers Non smokers Total  
Literates  83 57 140 
Illiterates  45 68 113 
Total  128 125 253 
 

Expected frequency (literate and smokers) = ଵସ×ଵଶ଼

ଶହଷ
 = 70.83 

Expected frequency (literate and non - smokers) = ଵସ×ଵଶହ

ଶହଷ
 = 69.17 

Expected frequency (illiterate and smokers) = ଵଵଷ×ଵଶ଼

ଶହଷ
 = 57.17 

Expected frequency (illiterate and non - smokers) = ଵଵଷ×ଵଶହ

ଶହଷ
 = 55.83 

 

O E (0 − E)ଶ (O − E)ଶ

E
 

83 70.83 148.11 2.0911 
57 69.17 148.11 2.1412 
45 57.17 148.11 2.5907 
68 55.83 148.11 2.6529 
   Xଶ  = 9.4759 
 

Level of significance = (0.05) 

Degree of freedom = (r-1)(c-1)  =  (2-1)(2-1) = 1 

Critical value at 1 degree of freedom at 5% level of significance is 3.84. 

𝐗𝟐
𝐭𝐚𝐛𝐥𝐞   <     𝐗𝟐

𝐜𝐚𝐥𝐜  

There is no association. 

------------------------------------------------------------------------- 

Q2] C) Solve the following LPP using Simple Method      (8) 

Maximise 𝐳 =  𝟑𝐱𝟏 + 𝟓𝐱𝟐 

Subject to  3𝐱𝟏 + 𝟐𝐱𝟐 ≤   𝟏𝟖,    𝐱𝟏 ≤ 𝟒, 𝐱𝟐 ≥ 𝟔,     𝐱𝟏, 𝐱𝟐 ≥ 𝟎 
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SOLUTION :- 

z =  3xଵ + 5xଶ 

3xଵ + 2xଶ ≤   18 

xଵ ≤ 4   

xଶ ≥ 6 

We first express the given problem  in standard form;  

z − 3xଵ − 5xଶ + 0sଵ + 0sଶ + 0sଷ = 0   

3xଵ + 2xଶ + 1sଵ + 0sଶ + 0sଷ = 0  

xଵ + 0sଵ + 0sଶ + 0sଷ =  0     

 0xଵ + xଶ + 0sଵ + 0sଶ + 0sଷ =  0 

Simple table 

Iteration 
number 

Basic 
variables 

                                Coefficient of  RHS 
soln 

ratio 
xଵ xଶ sଵ sଶ sଷ 

0 Z -3 -5 0 0 0 0  
sଷ leaves sଵ 3 2 1 0 0 18 9 
xଶ enters sଶ 1 0 0 1 0 4 - 
 sଷ 0 1 0 0 1 6 6 
         
1 Z -3 0   0  0 5 30  
sଵ leaves sଵ 3 0 1  0 -2 6 2 
xଵ enters sଶ 1 0 0  1 0 4 4 
 xଶ 0 1 0 0 1 6 - 
         
2 Z 0 0 1 0 3 36  
 xଵ  1 0 1/3  0 -2/3  2  
 sଶ  0 0 -1/3  1 2/3  2  
 xଶ  0 1 0 0 1 6  
 

xଵ = 2;   xଶ = 6;  

𝐙𝐦𝐚𝐱 = 𝟑(𝐱𝟏) + 𝟓(𝐱𝟏)  = 𝟑(𝟐) + 𝟓(𝟔) = 𝟔 + 𝟑𝟎 = 𝟑𝟔  

------------------------------------------------------------------------- 
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Q3] A)  Find the Eigen values and Eigen vectors of the following matrix.   (6) 

𝐀 = 
𝟒 𝟔 𝟔
𝟏 𝟑 𝟐

−𝟏 −𝟒 −𝟑
൩  

 

SOLUTION :- 

A = 
4 6 6
1 3 2

−1 −4 −3
൩  

The characteristics equation is given by 

λଷ − 4λଶ + (−1 − 6 + 6)λ − 4 = 0  

λଷ − 4λଶ − λ − 4 = 0  

λଶ(λ − 4) − 1(λ − 4) = 0  

(λ − 4)(λଶ − 1) = 0 

λ = 4   and  λ =  +1, −1   

For λ = 4 


0 6 6
1 −1 2

−1 −4 −7
൩ 

xଵ

xଶ

xଷ

൩ = 
0
0
0

൩  

0xଵ + 6xଶ + 6xଷ = 0  

1xଵ − 1xଶ + 2xଷ = 0  

୶భ

ቚ
 

ିଵ ଶ
ቚ

=  
ି୶మ

ቚ
 
ଵ ଶ

ቚ
=  

୶య

ቚ
 
ଵ ିଵ

ቚ
= t  

୶భ

ଵ଼
=  

୶మ


=

୶య


= t  



xଵ

xଶ

xଷ

൩ = 
3t
t
t

൩  

For λ = 1 


3 6 6
1 2 2

−1 −4 −4
൩ 

xଵ

xଶ

xଷ

൩ = 
0
0
0

൩  

xଵ + 2xଶ + xଷ = 0  
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−xଵ − 4xଶ − 4xଷ = 0  

୶భ

ቚ
ଶ ଵ

ିସ ିସ
ቚ

=  
ି୶మ

ቚ
ଵ ହ

ିଵ ିସ
ቚ

=  
୶య

ቚ
ଵ ଶ

ିଵ ିସ
ቚ

= t  

୶భ

ିସ
=  

୶మ

ଷ
=

୶య

ିଶ
= t  



xଵ

xଶ

xଷ

൩ = 
−4t
3t

−2t
൩  

For λ = −1 


5 6 6
1 4 2

−1 −4 −2
൩ 

xଵ

xଶ

xଷ

൩ = 
0
0
0

൩  

5xଵ + 6xଶ + 6xଷ = 0  

−xଵ − 4xଶ − 2xଷ = 0  

୶భ

ቚ
 

ିସ ିଶ
ቚ

=  
ି୶మ

ቚ
ହ 

ିଵ ିଶ
ቚ

=  
୶య

ቚ
ହ 

ିଵ ିସ
ቚ

= t  

୶భ

ଵଶ
=  

୶మ

ସ
=

୶య

ିଵସ
= t  



xଵ

xଶ

xଷ

൩ = 
6t
2t

−7t
൩  

Eigen values = 4,1,-1 

Eigen vector = [3t t t], [-4t 3t -2t], [6t 2t -7t] 

------------------------------------------------------------------------- 

Q3] B) The income of a group of 10,000 persons were found to be normally 
distributed with mean of Rs 750 and standard deviation of Rs 50. What is the 
lowest income of richest 250?         (6) 

SOLUTION :- 

Standard normal variate; Z =  
ଡ଼ି୫


  =

ଡ଼ିହ

ହ
   

If we have to consider the richest 250 persons, then probability that a person selected at 

random will be one of them is ଶହ

ଵ
= 0.025  

Area from (z = 0 to z = this value) = 0.5 − 0.025 = 0.475  
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From the table, we find that the area from z = 0  to z = 1.96 is 0.475   

The required z = 1.96 

When z = 1.96, 1.96 =
ଡ଼ିହ

ହ
 

X − 750 = 1.96 × 50 = 848  

Lowest income of richest 250 persons= Rs 848. 

------------------------------------------------------------------------- 

Q3] C) Expand 𝐳𝟐ି𝟏

𝐳𝟐ା𝟓𝐳ା𝟔
  around z = 0             (8) 

SOLUTION :- 

Degree of numerator = degree of denominator  

Dividing numerator by denominator 

f(z) =  1 −
଼

ାଷ
+

ଷ

ାଶ
  

case (i); when |z| < 2 

f(z) =  1 −
଼

ଷቀଵା


య
ቁ

+
ଷ

ଶቀଵା


మ
ቁ

= 1 −
଼

ଷ
ቀ1 +



ଷ
ቁ

ିଵ

+
ଷ

ଶ
ቀ1 +



ଶ
ቁ

ିଵ

= 1 −
଼

ଷ
ቀ1 −



ଷ
+

మ

ଽ
+ ⋯ ቁ +

ଷ

ଶ
ቀ1 −



ଶ
+

మ

ସ
+ ⋯ ቁ   

 

case (ii); when 2 < |z| < 3 

f(z) =  1 −
଼

ଷቀଵା


య
ቁ

+
ଶ

ቀଵା


మ
ቁ

= 1 −
଼

ଷ
ቀ1 +



ଷ
ቁ

ିଵ

+
ଶ


ቀ1 +



ଶ
ቁ

ିଵ

   

=  1 −
଼

ଷ
ቀ1 −



ଷ
+

మ

ଽ
+ ⋯ ቁ +

ଶ


ቀ1 −

ଶ


+

ସ

మ + ⋯ ቁ    

 

Case (iii), when |z| > 3 

f(z) =  1 −
଼

ቀଵା
య


ቁ

+
ଶ

ቀଵା
మ


ቁ

=  1 −
଼


ቀ1 +

ଷ


ቁ

ିଵ

+
ଶ


ቀ1 +

ଶ


ቁ

ିଵ

  

𝐟(𝐳) =  𝟏 −
𝟖

𝐳
ቀ𝟏 −

𝟑

𝐳
+

𝟗

𝐳𝟐
+ ⋯ ቁ +

𝟐

𝐳
ቀ𝟏 −

𝟐

𝐳
+

𝟒

𝐳𝟐
+ ⋯ ቁ  
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------------------------------------------------------------------------- 

Q4] A)The mean breaking strength of cables supplied by a manufacturer is 
1800 with S.D. 100. By a new technique in the manufacturing process it is 
claimed that the breaking strength of the cable has increased. In order to test 
the claim a sample of 50 cables are tested. It is found that  the mean breaking 
strength is 1850. Can we support the claim at 1% LOS.           (6) 

SOLUTION :- 

Null hypothesis : μ = 1800 

alternate hypothesis : μ ≠ 1800 

|Z| =  
ଡ଼ഥି ஜ

ಚ

√

 =
ଵ଼ହିଵ଼

భబబ

√ఱబ

 = 3.53   

The value of Z at 1% level of significance = 2.576 

Zୡୟ୪ୡ >   Zୡ୰୧୲୧ୡୟ୪   

Null hypothesis is rejected  

Therefore the claim is not supported.  

------------------------------------------------------------------------- 

Q4] B) Using the Residue theorem, Evaluate ∫
𝐝𝛉

𝟓ି𝟑𝐜𝐨𝐬𝛉

𝟐𝛑

𝟎
    (6) 

SOLUTION :- 

∫
ୢ

ହିଷୡ୭ୱ

ଶ


   

Let z = e୧dθ 

dz = ie୧dθ  

dθ =
ୢ

୧ୣಐ  

dθ =
ୢ

୧
                  where C is unit circle |z| = 1  

∫
ଵ

ହିଷ൬
మశభ

మ
൰
 ቀ

ୢ

୧
ቁ  =   ∫

ିଶୢ

(ଵିଷమିଷ)୧
  =  ∫

ିଶୢ

(ିଵା మାଷ)୧
 

ଶ


=  ∫

ିଶ

(ଷିଵ)(ିଷ)୧
  

ଶ



ଶ


  

Z-3 lies outside the circle.  
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Residue of f(z) at z =
ଵ

ଷ
=  lim

→
భ

య

ቀz −
ଵ

ଷ
ቁ

ିଶ

୧(ଷିଵ)(ିଷ)
 =   lim

→
భ

య

ቀ
ଷିଵ

ଷ
ቁ

ିଶ

୧(ଷିଵ)(ିଷ)
=

ଵ

ଷ୧
ቆ−

ଶ
భ

య
ିଷ

ቇ =
ଵ

ସ୧
 

∫
ୢ

ହିଷୡ୭ୱ

ଶ


= 2πi ቀ

ଵ

ସ୧
ቁ =



ଶ
  

∫
𝐝𝛉

𝟓ି𝟑𝐜𝐨𝐬𝛉

𝟐𝛑

𝟎
= 𝐫𝐞𝐚𝐥 𝐩𝐚𝐫𝐭 𝐨𝐟 ቀ∫

𝐝𝛉

𝟓ି𝟑𝐜𝐨𝐬𝛉

𝟐𝛑

𝟎
ቁ =

𝛑

𝟐
  

------------------------------------------------------------------------- 

Q4] C) (1) Out of 1000 families with 4 children each, how many would you 
expect to have (a) at least one boy  (b) at most 2 girls. 

(2)Find the Moment Generating Function of POISSON Distribution and hence 
find its mean.                  (8)  

SOLUTION :- 

(1)  
BBBB BBBG BBGB BGBB 
BBGG BGGB BGBG BGGG 
GGGG GGGB GGBG GBGG 
GGBB GBBG GBGB GBBB 
 

a) P(at last one boy)  = ଵହ

ଵ
   

Families having at least one boy = N × P =   1000 ×
ଵହ

ଵ
= 37.5 = 938  

 
  

b) P(at most 2 girls) = P(2 girls) + P(3 girls) +P( 4 girls) = 

ଵ
+

ସ

ଵ
+

ଵ

ଵ
 =  

ଵଵ

ଵ
 

Families having at most 2 girls =  N × P =   1000 ×
ଵଵ

ଵ
= 687.5 = 688 

 
938 families have at least 1 boy 
688 families have at most 2 girls.  
 
(1) Moment generating function about origin: 

M(t) = E(e୲୶) =  ∑p୧e
୲୶୧ = ∑nC୶p୶q୬ି୶. e୲୶  = ∑nC୶q୬ି୶(pe୲)୶   

M(t) =  (q + pe୲)୬  
Differentiating M(t)  and putting t = 0 to find mean. 
ୢ

ୢ୲
[M(t)] = n(q + pe୲)୬ pe୲  =   np[e୲(q + pe୲)୬ିଵ]  
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ୢ

ୢ୲
[M(t)]  = np(q + p)୬ିଵ = np        … … . (p + q = 1)  

𝐦𝐞𝐚𝐧 = 𝐧𝐩  

------------------------------------------------------------------------- 

Q5] A) Check whether the following matrix is Derogatory or Non- Derogatory:  

𝐀 = 
𝟎 𝟏 𝟎
𝟎 𝟎 𝟏
𝟏 −𝟑 𝟑

൩                   (6) 

 

SOLUTION :- 

A = 
0 1 0
0 0 1
1 −3 3

൩ 

Characteristics equation, 

λଷ − 3λଶ + (3 + 0 − 0)λ − 1 = 0 

λଷ − 3λଶ + 3λ − 1 = 0    …………. (1) 

(λ − 1)ଷ = 0  

λ = 1,1,1 

let us find minimal polynomial; 

(x − 1)(x − 1) = 0  

Assuming; xଶ − 2x + 1 = 0       annihilates A 

Aଶ − 2A + I = 0  

Aଶ = 
0 1 0
0 0 1
1 −3 3

൩ 
0 1 0
0 0 1
1 −3 3

൩ = 
0 0 1
1 −3 3
3 −8 6

൩  

2A = 2 
0 1 0
0 0 1
1 −3 3

൩ = 
0 2 0
0 0 2
2 −6 6

൩  

I = 
1 0 0
0 1 0
0 0 1

൩  
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Aଶ − 2A + I ≠ 0  

It is not a minimal polynomial. 

Minimal polynomial = (x − 1)(x − 1)(x − 1) 

As degree of freedom of minimal polynomial is equal to order 

The matrix is non derogatory 

------------------------------------------------------------------------- 

Q5] B) The means of two random samples of sizes 9 and 7 are 196 and 199 
respectively. The sum of the squares of the deviations from the mean is 27 
and 19 respectively. Can the samples be regarded to have been drawn from 
the same normal population?                                (6) 

SOLUTION :- 

nଵ = 9  nଶ = 7  Xଵ
തതത = 196  Xଶ = 199 

Null hypothesis H: μଵ =  μଶ 

alternative hypothesis : μଵ  ≠  μଶ 

S୮ =  ට
⅀(ଡ଼ିଡ଼ഥ)మା⅀(ଢ଼ିଢ଼ഥ)మ

୬భା୬మିଶ
  =   ට

ଶାଵଽ

ଵସ
   =   1.8126  

Standard error of the difference between the means 

SE = sp × ට
ଵ

୬భ
+

ଵ

୬మ
   =   1.8261ට

ଵ

ଽ
+

ଵ


  = 0.9135     

t =  
ଡ଼భതതതതିଡ଼మതതതത 

ୗ
 =  

ଵଽିଵଽଽ

.ଽଵଷହ
 =  −3.2841   

|t| = 3.2841 

Table value of t at α = 0.05  for 

v = 9 + 7 − 2 = 14 degree of freedom is 2.145 

Decision : since tୡୟ୪ୡ >  t୲ୟୠ୪ୣ 

Null hypothesis is rejected 

The sample cannot be considered to have been drawn from same population. 
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------------------------------------------------------------------------- 

Q5] C) Use the dual simplex method to solve the following L.P.P  (8) 

Minimize : 𝐳 =  𝟔𝐱𝟏 + 𝟑𝐱𝟐 + 𝟒𝐱𝟑 

Subject to : 𝐱𝟏 + 𝟔𝐱𝟐 + 𝐱𝟑 = 𝟏𝟎 

                     𝟐𝐱𝟏 + 𝟑𝐱𝟐 + 𝐱𝟑 = 𝟏𝟓 

                      𝐱𝟏, 𝐱𝟐, 𝐱𝟑 ≥ 𝟎 

SOLUTION :- 

Minimize : z =  6xଵ + 3xଶ + 4xଷ 

Subject to : xଵ + 6xଶ + xଷ = 10 

                     2xଵ + 3xଶ + xଷ = 15 

                      xଵ, xଶ, xଷ ≥ 0 

We first express the given problem using ≤  in the given constraints.  

xଵ + 6xଶ + xଷ ≤ 10       and      xଵ + 6xଶ + xଷ ≥ 10 

2xଵ + 3xଶ + xଷ ≤ 15     and     2xଵ + 3xଶ + xଷ ≥ 15 

 

Multiply these equations by -1 

xଵ + 6xଶ + xଷ ≤ 10       and      −xଵ − 6xଶ − xଷ ≤ −10 

2xଵ + 3xଶ + xଷ ≤ 15     and     −2xଵ − 3xଶ − xଷ ≤  −15 

 

Introducing stack variables, 

Minimise : z = 6xଵ + 3xଶ + 4xଷ − 0sଵ − 0sଶ  − 0sଷ − 0sସ  

i.e.   z − 6xଵ − 3xଶ − 4xଷ + 0sଵ + 0sଶ + 0sଷ + 0sସ = 0  

subject to : xଵ + 6xଶ + xଷ + sଵ + 0sଶ + 0sଷ + 0sସ = 10  

         −xଵ − 6xଶ − xଷ + 0sଵ + 0sଶ + 0sଷ + 0sସ = −10   

         2xଵ + 3xଶ + xଷ + 0sଵ + 0sଶ + 0sଷ + 0sସ = 15 
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  −2xଵ − 3xଶ − xଷ + 0sଵ + 0sଶ + 0sଷ + 0sସ = −15 

 

Iteration 
no 

Basic 
variable 

Coefficients of RHS 
solution xଵ xଶ xଷ sଵ sଶ sଷ sସ 

0 Z -6 -3 -4 0 0 0 0 0 
sସ leaves sଵ 1 6 1 1 0 0 0 10 
xଶ enters sଶ -1 -6 -1 0 1 0 0 -10 

 sଷ 2 3 1 0 0 1 0 15 
 sସ -2 -3 -1 0 0 0 1 -15 
          

Ratio   3 1 4      
1 Z -4 0 -3 0 0 0 -1 15 

sସ leaves sଵ -3 0 -1 1 0 0 0 -20 
xଵ enters sଶ 3 0 0 0 1 0 -2 20 

 sଷ 0 0 0 0 0 1 1 0 
 xଶ 2/3  1 1/3  0 0 0 -1/3 5 

          
Ratio   4/3   3      

2 Z 0 0 -5/3 -4/3 0 0 -11/3 125/3 
 xଵ 1 0 1/3 -1/3 0 0 -2/3 20/3 
 sଶ 0 0 0 0 1 0 0 0 
 sଷ 0 0 0 0 0 1 1 0 
 xଶ 0 0 1/2 1/2 0 0 1/9 5/9 

 

xଵ =
ଶ

ଷ
;     xଶ =

ହ

ଽ
;       xଷ = 0  

𝐙 = 𝟔 ቀ
𝟐𝟎

𝟑
ቁ + 𝟑 ቀ

𝟓

𝟗
ቁ + 𝟎  =  

𝟏𝟐𝟓

𝟑
  

------------------------------------------------------------------------- 

Q6] A) Show that the matrix A satisfies Cayley- Hamilton theorem and hence 
find  𝐀ି𝟏                    (6) 

Where   𝐀 = 
𝟏 𝟐 𝟑
𝟐 −𝟏 𝟒
𝟑 𝟏 −𝟏

൩        

SOLUTION :- 

A = 
1 2 3
2 −1 4
3 1 −1

൩ 
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Characteristics equation, 

λଷ − (1 − 1 − 1)λଶ + (−3 − 10 − 5)λ − 40 = 0   

λଷ − λଶ − 18λ − 40 = 0    …………. (1) 

By Cayley Hamilton theorem; 

Matrix A satisfies characteristics equation  

Aଷ + Aଶ − 18A + 40I = 0  

Aଷ = 
1 2 3
2 −1 4
3 1 −1

൩ 
1 2 3
2 −1 4
3 1 −1

൩ 
1 2 3
2 −1 4
3 1 −1

൩ = 
44 33 46
24 13 74
52 14 8

൩  

Aଶ = 
1 2 3
2 −1 4
3 1 −1

൩ 
1 2 3
2 −1 4
3 1 −1

൩ = 
14 3 8
12 9 −2
2 4 14

൩  


44 33 46
24 13 74
52 14 8

൩ + 
14 3 8
12 9 −2
2 4 14

൩ − 
18 36 54
36 −18 72
52 14 8

൩ − 
40 0 0
0 40 0
0 0 40

൩ = 
0 0 0
0 0 0
0 0 0

൩  

Thus the theorem is verified. 

Multiplying (i) by Aିଵ 

40Aିଵ =  Aଶ + A − 18I  

Aିଵ =
ଵ

ସ
(Aଶ + A − 18I)  

Aିଵ =
ଵ

ସ

14 3 8
12 9 −2
2 4 14

൩ + 
1 2 3
2 −1 4
3 1 −1

൩ − 
18 0 0
0 18 0
0 0 18

൩  

𝐀ି𝟏 =
𝟏

𝟒𝟎

−𝟑 𝟓 𝟏𝟏
𝟏𝟒 −𝟏𝟎 𝟐
𝟓 𝟓 −𝟓

൩  

------------------------------------------------------------------------- 

Q6] B) The probability Distribution of a random variable X is given by           (6) 

X -2 -1 0 1 2 3 
P(X=x) 0.1 k 0.2 2k 0.3 k 

Find k, mean and variance. 

SOLUTION :-  
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X -2 -1 0 1 2 3 
P(X=x) 0.1 k 0.2 2k 0.3 k 

 

⅀P୧ = 1 

0.1 + k + 0.2 + 2k + 0.3 + k = 1  

0.6 + 4k = 1  

4k = 0.4   

k = 0.1  

 

X -2 -1 0 1 2 3 
P(X=x) 0.1 0.1 0.2 0.2 0.3 0.1 

 

mean = E(X) =  ⅀p୧x୧ =  −0.2 − 0.1 + 0.2 + 0.6 + 0.3 = 0.8  

E(Xଶ) =  ⅀p୧x୧
ଶ = (0.1 × 4) + 0.1 + 0 + 0.2 + (4 × 0.3) + (9 × 0.1) = 0.4 + 0.1 + 0.2 +

1.2 + 0.9 = 2.8  

variance =  E(Xଶ) − [E(X)]ଶ = 2.8 − 0.8ଶ = 2.8 − 0.64 = 2.16  

Variance = 2.16  

Mean = 0.8 

------------------------------------------------------------------------- 

Q6] C) Using Kuhn-Tucker conditions, solve the following NLPP  (8) 

Maximise   𝐙 = 𝐱𝟏
𝟐 + 𝐱𝟐

𝟐 

Subject to ; 𝐱𝟏 + 𝐱𝟐 − 𝟒 ≤ 𝟎 

         𝟐𝐱𝟏ା𝐱𝟐 − 𝟓 ≤ 𝟎 

         𝐱𝟏, 𝐱𝟏 ≥ 𝟎 

SOLUTION :- 

Z = xଵ
ଶ + xଶ

ଶ 

Subject to ; xଵ + xଶ − 4 ≤ 0 

MUQuestionPapers.com 



         2xଵାxଶ − 5 ≤ 0 

         xଵ, xଵ ≥ 0   

We write the problem as  

f(xଵ, xଶ) = xଵ
ଶ + xଶ

ଶ 

hଵ(xଵ, xଶ) =  xଵ + xଶ − 4  

hଶ(xଵ, xଶ) =  2xଵ + xଶ − 5  

The kuhn jucker conditions for maxima are: 

ப

ப୶భ
− λ

ப୦భ

ப୶భ
− λଶ

ப୦మ

ப୶భ
= 0  

2xଵ − λଵ − 2λଶ = 0              ……………………. (1) 

Also, ப

ப୶మ
− λ

ப୦భ

ப୶మ
− λଶ

ப୦మ

ப୶మ
= 0  

2xଶ − λଵ(1) −  λଶ(1) = 0                   ……………………. (2) 

λଵ(xଵ + xଶ − 4) = 0                 …………………… (3)  

λଶ(2xଵ + xଶ − 5) = 0    …………………… (4)  

xଵ + xଶ − 4 ≤ 0    ………………….. (5) 

2xଵ + xଶ − 5 ≤ 0   ………………….. (6) 

xଵ, xଶ > 0     ………………… (7) 

λଵ, λଶ ≥ 0     ……………………(8) 

 

Case 1: λଵ =  λଶ = 0 

From 1 and 2 we get, 

2xଵ = 0          and   2xଶ = 0  

xଵ =  xଶ = 0  

This is a trivial solution 

 

Case 2: λଵ = 0;    λଶ ≠ 0 

To find xଵ  and  xଶ, we get   
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2xଵ = 2λଶ     and   2xଶ = λଶ  

 

From (4) we get, 2xଵ + 2xଶ = 5 

2λଶ −
మ

ଶ
= 5 ,  ହమ

ଶ
= 5 

λଶ = 2  

xଵ = 2;    xଶ = 1  

But these values do not satisfy 5 and 6  

Thus reject the pair 

  

 Case 3: λଵ ≠ 0;  λଶ = 0 

From (1) and (2) we get 2xଵ = λଵ;       2xଶ = λଶ 

xଵ =  xଶ  

From (3) we get, xଵ + xଶ = 4 

Put xଵ =  xଶ  

2xଶ = 4  xଶ = 2  xଵ = 2  

These values satisfy the equation, 

z୫ୟ୶ = xଵ
ଶ + xଶ

ଶ = 2ଶ + 2ଶ = 8    

  

 

Case 4: λଵ ≠ 0, λଶ  ≠ 0 

From 3 and 4, xଵ + xଶ = 4   and    2xଵ + xଶ = 5 

On solving these simultaneously we get, 

xଵ = 1   and  xଶ = 3  

Putting in equation (1) and (2) 

λଵ + 2λଶ = 2        and      λଵ + λଶ = 6  

Solving these, λଶ = −4    and  λଵ = 10 
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λଵ > 0    and  λଶ < 0  we reject the pair 

Required solution = 𝐱𝟏 = 𝐱𝟐 = 𝟐    𝐚𝐧𝐝   𝐳𝐦𝐚𝐱 = 𝟖   
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