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WEST BENGAL STATE UNIVERSITY

B.Sc. Honours 4th Semester Examination, 2023

MTMACOR09T-MATHEMATICS (CC9)
Time Allotted: 2 Hours Full Marks: 50

The figures in the margin indicate Sull marks.
Candidates should answer in their own words and adhere to the word limit as practicable.
All symbols are of usual significance.

Answer Question No. 1 and any five from the rest

1. Answer any five questions from the following: 2x5=10
(a) If S be the set of all points (x, y,z) in R? satisfying the inequality x+y+z <1, 2
determine whether or not S is open.
(b) Is the set R" open? Justify your answer. 2
(¢) Find the closure of {(x, y):1<x?+y*<2}. 2
(d) When a rational function f(x)= Pix; (where P, Q are polynomials in the 2
: x
components of x) is continuous at each point x?
(e) Show that the function f(x,y)=| x|+|yl, (x, )€ R? possesses an extreme value 2
at (0, 0) although 7,(0,0), £,(0,0) do not exist.
(f) Find the gradient vector at each point at which it exists for the scalar field defined 2
by f(x, y)=x"+y*sin(xy).
(g) Find ”xzdxdy where R is the region bounded by x=0, y=0 and y=cosx. 2
R
(h) Use Green’s theorem to compute the work done by the force field 2

f(x,y)=(+3x)i+@2y—-x)j in moving a particle once around the ellipse
4x2 + y* =4 in the counterclockwise.

2. (a) Show that the function is discontinuous at (0, 0)
X+
fe,y)=y x=y~’
0, x=y
(b) If f(x,y) is continuous at (a,b) and f(a,b)#0 then prove that there exists a 4
neighbourhood of (a, b) where f(x,y) and f(a,b) maintain the same sign.

when x # y

3. (a) The scalar field is defined by

_13y whenx=y
/) { 0, otherwise

1+1+1+1

Do the partial derivatives D, f(0,0) and D, f(0,0) exist? If exist find their values.
Find the directional derivative at the origin in the direction of the vector i+ j.

(b) Evaluate H (x+2y)dxdy , over the rectangle R =[l,2,3,5].
R

4074 1 Turn Over



CBCS/B.Sc./HonS.M_th Sem./MTMACORO09T/2023

4. (a) Show that if xpz =a?(x+ y +z), then the minimum value of xy +zx +2y is 9a®.

(b) A function f is defined on the rectangle R =[0,1;0,1] as follows:

f(x,y)= %, when y is rational

x , when yisirrational

Show that the double integral I _f f(x,y)dxdy , does not exist.
R

5. @) If x+my+nz=1, I, m, n are positive constants, show that the stationary value of
xy+ yz+zx is (2m+2mn+2nl -1 — m*—n*)"".
(b) For the vector field F(x,y,z)=(x*+ yz)i+ (? +x2)j + (2% +xy)k compute the
curl and divergence.

6. (a) Show that the volume of the greatest rectangular parallelopiped that can be

2 2
inscribed in the ellipsoid %+ 2% +Z-=1 is 8abe (ysing La range’s method of
P at b 33 (Uslrg S8

multiplier).

(b) Let y=F(x,f), where F is a differentiable function of two indep
x and ¢ which are related to two variables u# and v by the relations u=x+cft,
v=x—ct (c=constant #0). Prove that the partial differential equation

oy _y.

endent variables

2 2
6_,; — —17—6-—%1 =0 can be transformed into
ox c“ ot U

7. (a) Evaluate U(xz +y?)dxdy over the region E bounded by xy =1, y= 0, y=x,x=2.
E

(b) Show that _[” 2dxdydz, where E is the region of the hemisphere z20,
E
22 2.2 i 2 s
x“+y"+z°=a ,lsGﬂa .

8. (a) Show that the entire volume bounded by the positive side of the three co-ordinate

12 |2 12
X Yy z\" _ .. abc
planes and the surface (3) + (—1;) +(?) =11is 20
(b) Evaluate § F -dr around the triangle OPQ whose vertices are O(0, 0, 0), P(2, 0, 0)
c
and 0(2,1,1), where F=0Q2x2+y*)i+@y—-4z)j+(x—y+ Z)/E .
9. (a) Using Stokes’ theorem, evaluate §(xydx+xy2dy), where C is the square in the
c

xy-plane with vertices (1, 0), (-1, 0), (0, 1), (0, -1).
(b) Using Green’s theorem, evaluate I {(y —sinx)dx+cosxdy} where ' is the
A

triangle enclosed by the lines y=0,x=x and y =2_x.
/4
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