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PART-A
Answer ALL Questions: (10x2=20)

1. Define a saddle point. (K2)

2. If 2xu  and 2yv  , find  
  .,

,
yx
vu


 (K1)

3. If 222),,( zxyyxzyx  , then find  at the point (1,1,1). (K2)

4. Find the directional derivative of 224 xyzx  at the point (1,-1,2) in the

direction of the vector kji 32  (K2)

5. Define recurrence relation (K2)
6. Define indicial equation on series solution when x=0 is a regular singularity

(K1)
7. Write the Rodrigues’s formula (K1)
8. Write the generating function of Legendre polynomials (K2)
9. What is the aim of design of experiments? (K2)

10. State the advantage and disadvantage of randomized block design. (K1)
Part - B

Answer ALL Questions: 5 x 16 = 80

11. Find the dimensions of the rectangular box without top of maximum capacity

with surface area 432 square metre. (K3)

(OR)

12. If  ,24,43,32 xzzyyxfu  then prove that .0
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(K6)

13. If r


is the position vector of the point (x, y, z), prove that 2 2( 1)n nr n n r   



and hence deduce 






r
1

. (K4)

(OR)

14. Verify Green’s theorem in the plane for 6xy)dy(4y)dx8y(3x
C

22 

where C is the boundary of the region bounded by 1yx0,y 0,x  (K4)

15. Solve in series the equation
2

2   0d y xy
dx

  (K3)

(OR)

16. Prove that
   2

5 2
2

32 3    cos  .
sin
x

J x x
x x x x

    
  

(K6)

17. Prove that (1-x2) Pn’(x) = n[Pn-1(x) – x Pn(x)]. (K3)

(OR)
18. State

and prove the Orthogonal property on Legendre polynomials (K4)

19. The following data represent the no. of
units of productions per day turned out by different workers using 4 different
types of machines

Machine
A B C D

I 44 38 47 36
II 46 40 52 43
III 34 36 44 32
IV 43 38 46 33
V 38 42 49 39

Test whether the five men differ with respect to mean productivity and test
whether the mean productivity is the same for the four different machine type.

(K6)
(OR)

20. The following is a Latin square of a design, when 4 varieties of seeds are
being tested. Setup the analysis of variance table and state your conclusion.
You may carry out suitable change of origin and scale.

A 105 B 95 C 125 D 115



(K5)

Blooms Taxonomy
Level

Remembering
(K1)

Understanding
(K2)

Applying
(K3)

Analyzing
(K4)

Evaluating
(K5)

Creating
(K6)

Percentage 4% 6% 27% 27% 9% 27%

*****

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



PART - A
Unit – I

1. Define homogenous function. (K1)
2. State Euler’s theorem (K2)

3. Find 
,u u

x y
 

   if u = x2y – sin(xy) (K1)

4.  If z = f(x+ct) + g(x-ct) prove that, 2

2
2

2

2

x
zc

t
z










                         (K2)

5.  Find 
dy
dx  when x3 + y3 = 3ax2y (K1)

6.  Find 
dy
dx  when, xy + yx = c. (K1)

7.  If z = u2 + v2 and u = at2, v = 2at find 
dz
dt  (K2)

8.  Find 
du
dt given, u = y2 – 4ax, x = at2, y = 2at. (K2)

9. Write the working rule to find Maximum and Minimum value of f(x,y). (K1)

10. Define a saddle point. (K2)

11. If 

2xu 

and 

2yv 
, find 
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(K1)

12. If 

xyu 

and 

2xv 
, find 
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vu





(K1)

13. Find dx
du

 if 
yxu 2



, where 
.122

 yxyx
(K2)

14. State the properties of Jacobian. (K1)
15. Write the Taylor’s series expansion of  yxf , about  ba, . (K2)

















PART – B

Unit – I

Differential Calculus

1. Find the minimum value of x2 + y2 + z2 subject to the condition 

1 1 1 1.
x y z
  

(K4)

2. A rectangular box open at the top, is to have a volume of 32 cc. Find the dimensions of the 

box, that requires the least material for its construction. (K3)

3. A rectangular box open at the top is to have a given capacity K. Find the dimensions of the 

box requiring least material for its construction. (K3)

4. Find the dimensions of the rectangular box without top of maximum capacity with surface 

area 432 square metre. (K3)

5. Find the maximum and minimum value of x2 + y2 + z2 subject to the condition 

x + y + z = 3a. (K5)

6. Find the extreme values of the function, f(x, y) = x3 + y3 – 3x – 12y + 20. (K5)

7 Find the extreme values of the function, f(x, y) = x3y2(1 – x – y). (K5)

8. Find the three positive numbers such that their sum is a constant ‘a’ and their product is 

maximum. (K6)

9. Find the extreme values of the function f(x, y) = x4 + y4 – 2x2 +4xy – 2y2. (K4)

10. Find the extreme values of the function f(x, y) = x3 + y3 – 12x – 3y + 20. (K4)

11 If 
 ,,, xzzyyxfu 

then prove that 
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(K6)

12 If 

 ,24,43,32 xzzyyxfu 

 then prove that 
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13.  If z is a function  yxf , , where 
vu eex 

  and ,vu eey 


 then prove that 
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(K6)

14 If  yxfu , , where cosrx  , ,siny  then Prove that 
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15 If  ,,vufZ   where ,mylxu  mxlyv  then prove that 
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16.  Prove that 
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and that 

f

is a 

function of u and v and also of x and y .

17.  If 

 yxuu ,

and 
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, show that 
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(K6)

18. Obtain terms upto the third degree in the Taylor’s series expansion of ye x sin around the 

point 
.

2
,1 








 

(K5)

19 Find the Taylor’s series expansion of xye near the point  1,1  upto the second degree terms.

(K4)



















































Unit II: Multi Variable Calculus

1. If  222),,( zxyyxzyx  , then find   at the point (1,1,1).                             (K2)

2. Find the directional derivative of 224 xyzx   at the point (1,-1,2) in the direction of the      

vector kji 32                                                                                                          (K2)

3.  Find the directional derivative of 32 zxyxyz   at the point (1,2,-1) in the direction of the 

vector  kji 3                                                                                                          (K2)

4. Find the angle between the normals to the surface 02
 zxy at the points (1,4,-2) and

(3,-3,3)                                                                                                                        (K2)

5. Find the angle between the normals to the surfaces xy = z2 at the point (1,1,1) and (4,1,2)                          

  (K2)

6. Find the angle between the surfaces 322
 yxz and 9222

 zyx  at (2,-1,2) (K2) 

7. If kzjyixF 333
 , then  find  curl F                                                                      (K2)

8. If
3 2 42 2F xz i x yj yz k  

→→ → →
, find div F  at (1, -1,1).                                                     (K2) 

9. Prove that div r→= 3 and curl r→= 0.                                                                               (K2)

10.   Define Solenoidal.                                                                                                      (K1)

11.   Find grad φ if φ = xyz at (1, 1, 1).                                                                              (K2) 

12. Show that the vector    kyjyzxixy 122 22
 is irrotational.                              (K2)

13.  Find the constant“a” if the divergence of the vector  F = (x+z) i +(3x+ay) j +(x-5z) k

is zero                                                                       (K2)   

14. Find the divergence of the vector point function xy2 i +2x2yz j -3yz2 k                       (K2)

15.  State Green’s theorem.           (K1)      

16. State Stoke’s theorem     (K1)

17. State Gauss divergence theorem     (K1)

18. Use divergence theorem, evaluate 

s

ds,n̂ .r
S is the surface of the sphere

9222
 zyx
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Vector Calculus

1 If  =2xyz3 i +x2z3 j +3x2yz2 k ; find   if 4)2 2, 1,( φ  .                             (K4)

2. If 
r

= x
i
+y

j
+z

k
 prove that i)

nrii)  
r
rr 

=
r  where.rnr 2n

 =|
r

|                 (K4)

3.Show that the vector kzxzxyjxyxzixyzzyF )223()23()23( 22


is both solenoidal and irrotational.  (K5)                                                                        

4  Show that the vector 2xy i +(x2+2yz ) j +(y2+1) k  is irrotational.                        (K4)

5.  Find the value of the constant a, b, c so that the vector 

F =(x+2y+az) i +(bx-3y-z) j +(4x+cy+2z) k  is irrotational.                                    (K4)   

6. Evaluate ).( 3 rr ,where kzjyixr                                                                       (K4)

7.If F =3xyz2 i +2xy3 j -x2yz k  & f =3x2-yz find   i) f. .ii) div curl F at (1,-1, 1)        (K4)

8. If  53243 3322
 yxyxzyzx  find 

2
                                                       (K4)

9. If kxzjzyiyxF 222
 , find curl curl F .                                                                 (K4)

10.  If r
→

 is the position vector of the point (x, y, z), prove that 
2 2( 1)n nr n n r 

  

          and hence deduce 












r
1

.                                                                                             

 11. Show that   rrnnrr nn 22 )3( 

  with usual notations.                                                   (K4)

12. Find div(grad )1(1,1,at  )(grad curland, φ)   for 432 zyx                                            (K4)

13. For kz 33333 jyixF 3xyz;yxφ   find i) curl grad  ii) div curl F                      

14.  Find a and b such that the surfaces  xabyzax 22
  and  44 22

 zyx  cut         

orthogonally at (1,1,1).                                                                                                         (K5)

15.  Find a and b such that the surfaces  
23 32 xazbyax   and   114 22

 zyx  cut       

orthogonally at (1,1,1).                                                                                                          (K5)

16. Verify Green’s theorem in the XY plane for
dyx)dxy(xy 2

C

2


, 

         where C is the closed curve  of the region bounded by 
xy 

 and 
2xy                   (K4)



17. Verify Green’s theorem in the plane for 
6xy)dy(4y)dx8y(3x

C

22


   where C is the        

        boundary of the region bounded by 1yx0,y 0,x                                             (K4)

18. Verify Green`s theorem for 
 

2 2 2
c

x y dx xydy  
 

,where  C is the boundary of the

         rectangle in the XOY-plane bounded by the lines x = 0, x = a, y = 0 and y = b.            (K4)     

19.  By using Green’s theorem, Evaluate
    

2 2 2 22
c

x y dx x y dy  
,where C is the boundary 

in the XY plane of the area enclosed by the X axis and the semi-circle 2 2 1x y   in the upper 

half XY plane.                                                     (K5)

20. Verify Green`s theorem in a plane for the integral
xdy))dx2y((x

C


, taken around        the 

circle 1yx 22
                                                                                                          (K5)

21.Verify Gauss divergence theorem for kxy)(zjzx)(yiyz)(xF 222
   taken   

        over the rectangular parallelepiped cz0  b,y0  a,x0        

(K5)

22. Verify Gauss-divergence theorem for the vector function
24 -F xzi y j yzk 

→ → → →
 over the           

         Cube bounded by 0, 0, 0x y z    and 1, 1, 1x y z         

(K5)

23. Verify Gauss-divergence theorem for 
2 24 2F xi y j z k  

→→ → →
 taken over the region by        

2 2 4x y  , z = 0  and  z = 3                                                                                          (K5)

24. Using Gauss divergence theorem, evaluate 
 

S

dsnF ˆ
  where over the surface    

        kzjyixF 333
  and S is the surface of the sphere 

222 zyx 
2a               (K4)

25. Verify Stoke’s theorem for the function 0z  integrated round the square in the z = 0 

          plane whose sides are along the lines x = 0, y = 0, x = a, y = a.          

(K5)

26. Verify Stoke’s theorem for a vector field k2xyi)y(xF 22
  in the rectangular   



          region of XOY-plane bounded by the lines by0,ya,xa,x  .                  (K5)

27.Verify Stoke’s theorem for a vector field k xzj 4)(yzi 2)z(yF   where S is   

          the surface of the cube 2z0,z2,y0,y2,x0,x   above the XY-plane.    (K5)                           

28. Verify stokes theorem for 
2 2 2F y zi z xj x yk  

→→ → →
 where S is the open surface of the    

          cube formed by the planes x = - a, x = a, y = - a, y = a, z = -a, z = a in which z =-a is cut  

          open.                                                                                                                                (K5)
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Unit III: Special Functions –I
Unit – III

1) Define ordinary point (K1)
2) Define singular point (K2)
3) When we call a singular point is regular? (K1)
4) Define irregular singular point (K1)
5) Define recurrence relation (K2)
6) Define indicial equation on series  solution when x=0 is a regular singularity (K1)
7) Write the complete solution when roots of the indicial equation are distinct. (K1)
8) Write the complete solution when roots of the indicial equation are equal. (K2)
9) Write the complete solution when roots of indicial equation are distinct and differ by an 

integer making a co-efficient of y infinites (K1)
10) Write the Bessel’s equation of order n (K1)
11) Write the Bessel’s equation of order zero (K1)
12) Write the Neumann function. (K2)
13) Write Bessel function  of the second kind of order n (K1)
14) Write any two recurrence formula for Jn(x) (K1)
15) Write the expansion for J0 (K2)
16) Write the expansion for J1 (K1)
17) Write the value of J1/2 (K1)
18) Express J5(x) in terms of J0(x) and J1(x) (K2)

19) Reduce the differential equation 
0)( 222

2

2
2

 ynxk
dx
dyx

dx
ydx

to Bessel function.
(K1)

20) Reduce the differential equation 
02

2

2
2

 xyk
dx
dya

dx
ydx

 to Bessel function. (K1)
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SPECIAL FUNCTION -I

1  Solve in series the equation 

2

2   0d y xy
dx

 

 (K3)

2  Solve in series  
2

2
2 1  –     4   0d y dyx x y

dx dx
  

                                                        

3  Solve in series the equation 
 

2

29 1 –  12   4   0d y dyx x y
dx dx

  

(K4)

4  Solve in series the equation 

2

2     0.d y dyx xy
dx dx

  

(K4)

5 Obtain the series solution of the equation 
   

2

21 –  1 3  –    0.d y dyx x x y
dx dx

  

(K5)

6  Solve in series  
2

2 2
2    4   0.d y dyx x x y

dx dx
   

(K5)

7  Solve in series ” 2 ’   0.xy y xy   (K5)

(OR)

8.Prove that 
 

 
2

5 2
2

32 3    cos  .
sin

x
J x x

x x x x

  
  

   (K6)

9.Prove that 
       

”
2 2

1   –  2   .
4n n n nJ x J x J x J x

 
  
  (K5)

10. Prove that 
       

2 2
1 1      –  n n n n

d x J x J x x J x J x
dx  

   
    (K5)

11. Prove that 

     

     

3 2 1

2 2 2 2
0 0 1

)     –   –  2 /  .               

1)         .
2

a J x dx C J x x J x

b x J x dx x J x J x



  
 



 (K6)

12. Show that 

 

 

n
0

0
0

1 a) J x   cos( sin ) ,  n integer

1( ) J x   cos( cos )

n x d

b x d





  


 


 






(K5)

13.Show that 
2 2 2

0 1 2 2  2.   1J J J    . (K4)

14. Reduce the differential equation 

2
2

2      0 rd y dyx c k x y
dx dx

  

(K5)



          
 .       mto Bessel form by putting x t

15. Solve the differential equations a) 
2

' 1 ” 8   0.yy y
x x

 
    

  (K5)

b) 4 ”  9   0y xy  . (K5)

16. Solve the differential equation 
1” ’  0
4

xy y y  

 (K4)

17.  Explain the orthogonality of Bessel function. (K3)

18.   If α1, α2, α3……., αn are the positive roots of J0(x)  = 0, 

            Show that ½ = 

 

 

0 n

1 n 1 n

J x
 .

Jn



 





 

 

 


(K6)

19. Expand f(x) = x2 in the interval 0 < x < 2 interms of J2(αnx), where αn are determined 

           by J2(2 αn) = 0. (K4)



























































SPECIAL FUNCTION –II  

UNIT IV

1) Write the Legendre’s equation. (K1)
2) Write the Legendre’s polynomial of order n (K2)
3) Define the Legendre function of the second kind (K1)
4) Write the Rodrigues’s formula (K1)
5) Write the generating function of Legendre polynomials (K2)
6) Write the orthogonality  property of Legendre polynomials (K1)
7) Write the Fourier- Legendre expansion of f(x) from x=-1 to 1 (K1)
8) Define Legendre’s polynomials (K2)
9) Define Hermit’s polynomials (K1)
10) Define Chebyshev polynomials (K2)
11) Write the strum- Liouville equation (K1)
12) Define orthonormal on axb (K1)
13) Define orthogonality of Legendre polynomials (K2)
14) Define orthogonality of Bessel function (K1)
15) Write the polynomial 2x2+x+3 in terms of Legendre polynomials (K1)
16) If Pn(x) be the Legendre polynomial then write the polynomial equation to Pn’(-x) (K1)
17) What is  when P5(x) =(63x5-70x3+15x) a Legendre polynomial? (K2)

18) Find 
dxxpx n )()1(

1

1





(n>1) (K1)

19) Write the singular points of the differential equation 0')1(2'')1(3  yyxyxx (K2)

  20)  Find the value of the integral 
dxxpx )(3

1

1

3

 where P3(x) is a Legendre polynomial of    

degree 3
(K1)













Unit – IV

Special function-2

1  Express f(x) = x4 + 3x3 – x2 + 5x – 2 interms of legendre polynomials. (K3)

2  Show that for any function f(x) ,  
       

1 1
2

1 1

1   1   
2 !

n n
n nf x p x dx x f x dx

n
 

   . (K4)

3  Show that  Pn(x) = (n+1)Pn-1(x) = (2n+1)xPn(x) – nPn-1(x). (K3)

4  Show that  nPn(x) = xPn’(x) – Pn-1’(x). (K3)

5  Show that  (2n+1) Pn (x) = Pn+1’(x) – Pn-1’(x). (K4)

6  Show that  Pn’(x) = x Pn-1’(x) + n Pn+1(x) (K3)

7  Prove that  (1-x2) Pn’(x) = n[Pn-1(x) – x Pn(x)] (K5)

8  Prove that (2n+1) (1- x2) Pn’(x) = n(n+1)[Pn-1(x) – Pn(x)]. (K4)

1  Discuss the orthogonality of legendre polynomials. (K4)

 2  Show that 
   

1

1 2
1

2    .
4 1n n

nx P x P x dx
n






 (K5)

 3  Show that 

 

   

1
2

1 1
1

2 1
 .

2 1 2 1 2 3n n

n n
x P P dx

n n n 






  


(K6)

 4  Prove that 

1

1


(1-x2)Pm
’(x)Pn’(x)dx  = 0, m ≠ n. (K4)

5  Prove that 
     

 
1

2 ’
m n

1

2n n 1
1 x P x P ’ x dx ,

2n 1



 


      m = n. (K5)

6  If   f(x) = 0, -1 < x ≤  0

                      = x,  0 < x < 1,    

7  Show that 
         0 1 2 4

1 1 5 3         –  .......
4 2 16 32

f x P x P x P x P x   

(K5)

8  Prove that  (2n+1) (1- x2) Pn’(x) =  n ( n + 1 ) [ P n – 1 (x)  –  Pn + 1 ( x ) ]. (K4)

9.  Show that 0




e-x Lm(x) Ln(x) dx = 0, m ≠ n. (K4)



10.  Prove that      
2 2

2

  1
n

n x x
n n

dH x e e
dx



 
(K3)

11.  For that strum – liouville problem y’’+ y = 0, y(0) = 0, y(l) = 0. Find the eigen function 

and show that they are orthogonal. (K4)



2 - marks

1. Find dx
du

 if 
yxu 2



, where 
.122

 yxyx
     (K2)

2. Write the Taylor’s series expansion of  yxf , about  ba, .      (K1)
3. Define a saddle point. (K2)

4. If 

2xu 
and 

2yv 
, find 

 

 
.

,
,
yx
vu





           (K1)
5. State Euler’s theorem (K2)

6. Find 
,u u

x y
 

   if u = x2y – sin(xy) (K1)

16 = marks

1. Find the extreme values of the function f(x, y) = x3 + y3 – 12x – 3y + 20. (K4)

2. Find the dimensions of the rectangular box without top of maximum capacity with 

surface area 432 square metre. (K3)

3. Find the extreme values of the function, f(x, y) = x3y2 (1 – x – y). (K5)
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2- marks

1. Find the divergence of the vector point function xy2 i +2x2yz j -3yz2 k  (K2)

2.  State Green’s theorem.                           (K1)   
3. If 222),,( zxyyxzyx  , then find   at the point (1,1,1).     (K2)

4. Find the directional derivative of 224 xyzx   at the point (1,-1,2) in the direction of the 

vector kji 32                                                      (K2)

5. Prove that div r→= 3 and curl r→= 0.                                                      (K2)

6.   Define Solenoidal.                                                                             (K1)

16- marks

1. Show that   rrnnrr nn 22 )3( 

  with usual notations.                          (K4)

2. If r
→

 is the position vector of the point (x, y, z), prove that 
2 2( 1)n nr n n r 

  

  and hence deduce 












r
1

.                                                             (K4)

3.If F =3xyz2 i +2xy3 j -x2yz k  & f =3x2-yz find   i) f. .ii) div (curl ) F at 

(1,-1, 1)               (K5)

3.
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2- marks

1. Write the Bessel’s equation of order zero.      (K1)
2. Write the Neumann function.      (K2)
3. Define recurrence relation                (K2)
4. Define indicial equation on series  solution when x=0 is a regular singularity
5. Write the value of J1/2 (K1)

6.  Reduce the differential equation 
02

2

2
2

 xyk
dx
dya

dx
ydx

 to Bessel function.

16- marks

1. Solve in series  
2

2
2 1  –     4   0d y dyx x y

dx dx
  

.                      (K5)

2. Solve in series the equation 

2

2   0d y xy
dx

 

    (K3)

3. Solve in series the equation

2

2     0.d y dyx xy
dx dx

  

                       (K4)

4.
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2- marks

1. Write the Fourier- Legendre expansion of f(x) from x=-1 to 1.              (K1)
2. Write the polynomial 2x2+x+3 in terms of Legendre polynomials      (K1)
3. Write the Rodrigues’s formula            (K1)
4. Write the generating function of Legendre polynomials            (K2)
5. What is  when P5(x) =(63x5-70x3+15x) a Legendre polynomial? (K2)
6. Write the Legendre’s polynomial of order n (K2)

16- marks

1. Show that for any function f(x) ,  
       

1 1
2

1 1

1   1   
2 !

n n
n nf x p x dx x f x dx

n
 

   . (K4)

2. Prove that  (1-x2) Pn’(x) = n[Pn-1(x) – x Pn(x)].                 (K3)

3. Show that  Pn(x) = (n+1)Pn-1(x) = (2n+1)xPn(x) – nPn-1(x).          (K3)

4.
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2- marks

1. What are the advantages of a completely Randomised   Experimental Design.  

     (K2)   

2. Write down the ANOVA table for one way classification.      (K1)

3. What is the aim of design of experiments?            (K2)

4. State the advantage and disadvantage of randomized block design. (K1)

5. Define ANOVA (K1)

6. What are the assumptions in analysis of variance? (K2)

16- marks

1. Perform two way ANOVA for the given below:

Plots of land Treatment

A B C D

I

II

III

38

45

40

40

42

38

41

49

42

39

36

42

                

2. The following data represent the no. of units of productions per day turned out by   
different workers using 4 different types of machines

   
Machine

A B C D

I 44 38 47 36
II 46 40 52 43
III 34 36 44 32
IV 43 38 46 33
V 38 42 49 39

  Test whether the five men differ with respect to mean productivity and test whether the mean 
productivity is the same for the four different machine type.

3. The following table gives monthly sales (in thousand rupees) of a certain firm in the three 
states by its four salesmen. Setup the analysis of variance table and test whether there is 
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any significant difference (i) between sales by the firm salesmen and  (ii) between sales 
in the three states.       

States Salesmen
I II III IV

A
B
C

6
8

10

5
9
7

3
6
8

8
5
7

         

     

               (K5)


























