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Paper : MAT0500504
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Full Marks : 60
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The figures in the margin indicate full marks
Jor the questions.

1. Answer any eight of the following : 1x8=8

fa) Find the domain of f(x, y)= 4xy

X -'l-y4

) If f(x y) =xsin(xy), then find fy-

(c) Define gradient of f(x, y).
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(2) ' (3)

(d) When is the function f(x, y) said to . .
) c) Find th ti i
have relative maximum at the point @ e critical point of
(xg, Yg) of its domain? flx Y =(x-2)2 +@y-3)2
{e) What is the curl of a constant vector
field? (d) Prove that lim (x? +2y) =5.
X
x—2

() Define the directional derivative of the -
function f()_c,) Y) at P(gco, Yp) in the 5 \ X X
direction of U =uyi +uy}j. € If A=xzi-y*j+2x?yk, then find

>
curl A.

(g0 Define a vector field.

- P ~ ~
(h) Find the curl I—"), where F = xi +Yyj + zk. () Find the Jacobian

(i) Define a critical point of a function ! x=u+2v, y=3u-4v.

f defined on an open set D.
- (9) Find the domain and range of the

G) Eefrmine the _Eonstiant“ a such }hat function f(x, y) =m .
V. f =0, where f =xi +yj+(x+az)k.

(h) If x2z+yz> = x, then find 8_z

2. Answer any six of the following : 2x6=12 ~ox

() Define absolute maximum and absolute
minimum of a function f(x, y) at the

?i[ + a_2f_ ‘ point (x4, y,) in the domain D,

ox?  9y?

(a) If f(x, y) =eYcosx, then find

, () Find the directional derivative of |
(b) Find the gradient of the function fooy=logx2+3y) at (L 1) in the

2. ..3 direction of i + J.
flx Y=x"y+y J

( Continued ) 26A/193 ( Turn Over )

26A/193



(%)

3. Answer any four of the following : 5x4=20

{a) Show that

x2y

lim
(x, »)0, 0) x* 432

does not exist.

(b) Use the method of Lagrange’s multiplier
to
maximize f(x, y) =16 - x2 -y?
subject to x+2y=6.

(c) By direct calculation, show that
Sayz = Syzx = Fayx
for the function
[ y 2)=xyz+x’y’2*

[d If z= \/x2 +2xy, where x=cos6,

dz
=sin6 d —.
y=sin6, then fin B

fe) In what direction is the function defined
by f(x y=xe?¥™* increasing most
rapidly at the point Py(2, 1) and what is
the maximum rate of increase?

26A/193 ( Continued )

(5)

() Find the equations for the tangent plane
and normal line to the cone 22 = x2 + y2
at the point where x =3, y=4 and z> 0.

(g) Find all relative extrema and saddle
points of the function

fix Y =x? -6x+2y? +4y-2

(h) Show that grad ¢ is a vector
perpendicular to the surface
(%, 4 2)=c¢, where cis a constant.

4. Answer any two of the following questions :

10x2=20
(@ (1 u=f(x+2)+g(x-2y), then
show that
fu_%u
ax?  9y? 5

(i) Find the critical points of the
function

o, Yy =2x% +2xy+y® -2x-2y+5
Also find all relative extrema. 5

26A/193 ( Tum Over )



( 6) | (7)

(b) Define second-order partial derivative fe) Find the point on the intersection of the
test for the extremum of the function plane x+2y+z=10 and the paraboloid
f(6 yY) at (xp,Yp). By using the z=x2 +y? that is closest to the origin. 10

second-order partial test to classify each
point as a relative extremum or a saddle .
point for the function ‘ : * % ok

fx y)=8x3 -24xy+y5. 10 |

() (i) Find the directional derivative of
0=x2yz+4xz? at (I, -2, -1) in the

direction 21 — } -2k. 5

(i) Find the angle between the surfaces ¥
x%2+y?+2%2=9 and z=x? +y? -3
at the point (2, -1, 2). 5

(d) (i) Investigate the continuity of

2 2
x -—

2y (5 9 %0, 0)
X" +y

0 ,(xy=00
at (0, 0). 5

fxy=

t'

1

() Find %, if w=4x+y? +2%, where l
2

x=e™ , y:lo ls’ Z= t2. !

g ” rs 5 }
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Time : 2% hours
The figures in the margin indicate full marks
Jor the questions.

1. Choose the correct answer/Answer the
following : 1x8=8
oo fRanaIes % Tevihl IR Sfreqr/Tes fu

(a) The function f(x, y)=x-y is continuous
at the point (O, 0). The statement

foy)=x-y FE (0,0) Rye wRfen |
ol

(i) is true / 3

(i) is false / Rg

(@ij) It depends on path / %349 ¢*{@ fAS3R5
(iv) Undefined / SPigEifie

26A/121 ( Tum Over )



(2)

() If z=x2+y? and x=rcosh, y=rsin6,

" 0Z
then -2 =
en or

z=x2 +y? AF x=rcosb, y=rsind T,

az
or

@i 2r

(i) 20

(i) r?

(ivy O

(c) Total derivative of z=xy is

= xyd Ty WET XA

(i) xdy+ydx

(i) dx+dy

(i) xydx

(iv) dx-dy

nt
[d) If fixy 2= x2 +y? +2z2, then gradie

of flx u 2)is

&  Foy z)—x2+y2_+z
fmuﬁamwﬁfa

() x+u+zk

(ll} 2x1 +2y]+22k

qq,C\':TC@

@) i+j+k

{lv) Y { Continued ) :
26A/121

26A/121

(3)

{e) Find the divergence of F=x+ uj + zk.
F =i + 4 + 2k OiZewss A 9311 .

(i For f(x y) = x2 +y>?, the critical point is

flx y)=x2+y? Wﬂ%ﬁﬁ“ii’?
) (L1)
@ (0,0) -
(iij) (2 2)
(iv) (-1, -1)

5 .
(9) If F =Vf, where f(x y, 2) = x2 +y2 + 22,

then _V)xl_?) =?

—)
M F=Vf, TS fixy z)=x+y?+22,

i 3

(i) xi+yj+ zk

(iv) None of the above
8oFq D18 T

( Turn Over )



(4)

(h) Write the necessary condition that f(x, y)
to have extreme value at point (a, b).

Flx y) FOR (g b) R & I CIRE
vﬂwﬁamﬁm:

2. Answer any six from the following questions :
2x6=12

TR AR R @I ToR e fan

@ 1 fixy)= xi_ét__ then find f(x y) at

point (2, ¥2).

J‘1 t2

fx y)3 T B 70
) If f(x,y,z)=x2ye2"+(x+y-z)2, then
find f(1-10)

W oy 2)=x"ye
(1, -1 0)3 I fAda 11

2 L x+y-2)?, (OB

() If flxy =sin"!(xy), then find f, at the
point (1, 1).
i fixy) =sin ), @@ f3 I (L 1)
Rege A 3911
( Continued )

26A/121

(S)

(d) Find the local extreme. values of
fxy)=xy.
£ (6 y) = xy FCOR TN 53 T g =401

- ) )
(e) 1f Fixy)=?-y)i+(xy-y?)Jj, then
find divF. '
- " -
M Flxy) =2 -y)i+y-y?)j, =B
-
divF R a1

ij] Show- that
ST @
V- (6V) = (Va)-V + (V- V)

(g) Find the domain of the following
function :

wwz%ﬁwrﬁmﬁwﬁ:
1
fxY)=——=
\/9—x2—y2

() Explain the meaning of devel surface’
with an example.

crea o &, THRIT O 01 411

26A/121 ( Turn Over )
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() If z=x%y+y, then show that

3%z _ 0%z
dxdy dyodx

M z= x2y+y, (R QS A

%z = 9%z
dxdy dJYyox

() - Find the directional derivative of
f(x y)=x2 +y at the point (1, 1) in the
direction of 1 +3’.

1+j3 B fixy)=x?+y FWOR (1, 1)

Repe frrere Sreeere fRdfa 31 |
3. Answer any four from the following
questions : 5x4=20
o 2RI R e BifRGrR T f

(a) Examine whether the function

x? +4y, if (6y)#(L2)

f‘x’y’={ 0, if (y)=(12)

is continuous at the point (1, 2).

ol Facl (1, 2) R st - o[
9

x2+4y, M/ 6y #(12)
0 , % (Ky)=(L2)

( Continued )

f(x,y)={

(7)

(b) Find divl_?’, given that F =_V)f, where
flx y 2)=x%yz°.

W fixy2)=x2yz® SF F=Vf, =@
divF g 311

(0 fw =f(6Y), x=rcosb, y=rsin6 (r and 0
are pola;' coordinates), then prove that

(A )
or r2\ 90 _(a) +(a_y)

b G w=f(xy), x=rcosb, y=rsind
(r S 0 CoIIET THI), (903 2919 0 A

(2] L (2) (2" )
ar) r2\ 00 ax) Y

(d) Find the directional derivative of
flxy) =2x2 -xy+5S at the point (1, 1) in
of the

the direction unit vector

(3i -4]).

-
u=

N |

flxy)=2x%-xy+5 ¥R (1,1) R
&S H:é(sf—zt}')a fore  fiomee

TS W 90

26A/121
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(8)

(e) Find the maximum and minimum values
of xZ +y? +6x+12.

x2 +y? +6x+12 FENOR S W SHAY
= ey F11 1 '

() Find the maximum and minimum values
of the function f(x, y)=3x+4y on the
circle x2 + y2 =1

fl6y)=3x+4y TOR x2+y? =1 g1
SRACH ST S ST T ey 3911

(g) If?=x?+y}'+zfé and r =|7| then prove

that
;’
div| —|=4
(I?Is]

M F=xi+yj+zk qF r=|7| @ 49

M
7
div| — (=4
[I?ISJ
(h) Find the curl of

7 _ 2 2.4% 2 2.7
V =(xyz)i +(Bx“y) j +(xz* -y“2)k
at the point (2, -1 1).

(2 -1 1)R7e
V = (xyz)i + B3x2y) j+0z? -y?2)k3
curl e 91 |
26A/121 ( Continued )

RN

(9)

4. Answer any two from the following questions :

10x2=20
S 2 R @I R T f
(@) () Use the method of Lagrange
multiplier to maximize
oy =16-x2 -y2, subject to
xX+2y=6. : 6

FATCIe &S IJE IR
f6y) =16 -x2 - y23 5% = Ay
1, I8 x+2y =6.

@ I f(xy2z) =xyz+x2y%2*, then
show that

fxyz=fyzx=f7_xy 4

M fixy2)=xyz+x2y32*, (o
(e @

fxyz =fyzx =fzxy

(b) () Prove that the following function is

not continuous at the point (0,0): 5
3,,3
x> +y
—— , wh
fley)={"x-y Xty

0 » when x=y

26A/121 ( Turn Over )
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WﬁW@WW(QO)ﬁ“i@
wfifoze 7=y -
x3 +y8
f(x,y)=[ x-y VO **yY
‘ 0 » TT x=y

Prove that y=f(x+at)+g(x—at)
32y_a2 2%y h
gt?- 3—2 » Where f

and g are assumed to be at least
twice differentiable and a is a

satisfies

constant. S

A [ WF g Fom [Pl Feae BSw Wb
I IF a 9B FE W, (om
T I A y=f(x+at)+g(x—at)d

2
3% _ o2( %Y )% fm v
ot2 ox?

If u=f(r) and x=rcos®, Yy=rsiné,
then prove that
?%u 9%y

') ah-‘f”(r)'F flr) 6

I u=f(r) o< X =rcosb, y=rsin6,
(O 29 F91 (¥

P*u %

2 Fagz =TI

{ Continued )

s

(@
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(11)

Find the directional denvatlve by4
using gradient of f(x, y) = x2 sin2y

at the point (], 2) in the direction of

V =31 -4].

oR@® I|eW IR, (1, g) R
F % y)=x sin2y TR V=3 -4 )3
frers fere Sere Ao <1 1

Find local extreme value of the
function

fley)=xy-x? -y% _o2x-2y+4

Floy)=xy-x? -y _2x-2y+4
TN TN 59N T ey 97 |

Find the point upon the plane
ax+by+cz=P gt whxch the
funcuonf(x,y,z) = x?2 +y? +22 has

a minimum valye and find this
minimum valye,

ax+by+cz=P wYoFq eﬁ%‘
AW £y, 2)=x2 42 4 52
Wﬁﬁmﬂﬁﬁaawﬁﬂ’ﬁam

'ﬁﬁ‘ﬂwn

( Turn Over )



(12 )

(¢) () Find the value of n for which the
vector r7 is solenoidal, where
- 1,8 » -
r=xi+yj+zk and |7 |=r. 4
nI W Rf 30 W "7 CiEmem
5% (PG W, IS 7 = x4 +yj + zk wF
[Fl=r.
(@) Prove that
; =(1/2 -2 +3yz—2x)f
+Bxz+2xy) j+@Bxy - 2xz+22) k
is both solenoidal and irrotational.
3+3=6
U F{ @
F= y? - 22 +3yz-2x)i
+(3m+2xy)3‘+(3xy-2xz+2z)fc

CTICTNCCTE SIF AGEA (97 ¢
ol

* &k &
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( Set—A )

Full Marks : 45
Time : 2 hours

The figures in the margin indicate Jull marks
Jor the questions.

1. Answer the following questions : 1x5=5
o NI eq oy

fa) Using the Gaussian elimination method,
perform the first elimination step for the
system
2x+3y=5
4x+y=6

What multiplier m,, is used to eliminate
x from the second equation?

26A/195 ( Turn Over)
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(@)

26A/195

(2)

SR e mafe T IR oo TR
A IMMAT TR IR ST 0
2x+3y=5
4x+y=6 _
287 SNFIR [ x T TH TR I3 IS
@mleﬁ,ﬁW|

Solve the following system of equations
using Gauss-Jordan method :

SNTH-TATF ~1E(S IR I ARiRS e
FREE Y F901 :

2x+Yy=5

x+3y=6

Using Newton’s divided difference
formula, write the first two terms of tl::
interpolation polynomial for the poir
7.
©, 1), (1, 3), (2 A
PR
e seRw AdE ™ gkl
(0, 1), (1,3), 2,7 R T

ofmRCEe 2o o < o |

Newton forward difference

Use Gregory- e value of yat x=1:5

formula to find th :
for the following table :

e s e @ I R
W@moﬁ]x=1-5'@yamﬁ‘ﬁw-

1 2 3

3 5

X
y 2

( Continued )

n |

(e)

(3)

Find an approximate value of
I: (x? +1) dx using Simpson’s 1 rule.

oo § o a9 R (262 +1)
AR e 3947 .

2. Answer any five of the following questions :

2x5=10

@S il oA R e stisbra e o ;-

(a)

(b)

26A/195

Solve the system using Gaussian
elimination with row changes if
necessary : -
xX+2y=5

3x+y=6

Write the augmented matrix after the
first step.

qOTE PR R AR TR aneha Frw
TR IR IRRHT g <0

x+2y=5

3x+y=6

o TR P wcae s caharcer o
For the system

2x+3y=17
4x+y=5

find the multiplier used to eliminate x
from the second equation.

{ Tum Over)
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(4)

2x+3y="7

4x+y=95
@ fG8w AR o/ x W e e
QFCo! fora |

Solve the system using Gauss-Jordan
method : _

x+y=4

x-Yy=2
Make the first lending number 1 and
then show the matrix after making the
first column below it O.

SC5-SRGM  Awfe JAIN IR e RED!
FHY 91 :

x+y=4

x-Yy=2
o2 MANBE Gl TRAMG! 1 T SAF O
wﬁwWWﬂ:WOWI

find the first

Using the Jacobi method,
values of x and y for the system
x+y=3
x-y=1

Start with x =0 and y =0.

( Continued )

26A/195

(5)

&4t TR IR HafRke Etr I
X S y I A9 S Tfenedr

xX+y=3

x-y=1
TS AR T x =0 W y =0 I |

Using Gauss-Seidel method, calculate
the first updated values of x and y for
2x+y=>5 and x+3y =9, start with x=0
and y=0.

MG e IRTF FR 2x+y=5 A<
x+3y =9 IEFOR 2N S°CS6 T IH x
o y A 391, 9 g9/ TW T x =0
e y=0.

A function satisfies f(0)=1, f(1)=3,
f@)=5. Using Lagrange interpolation,
find the value of f(1-5).

< FR AT f(0) =1, f(1) =3, f(2) =5
@G DGR 9T IR F(1-5)F T
fefg w11

The following data is given :
x 3 0 1 2
flg = 1 4 9

Find f(1-5) using the Newton forward
interpolation formula.

( Turn Over )
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(6)

o =R
x : 0 1 2

flx 1 4 9
o7 TG 2GR IR IR f(1-5) T
A Tfeiear |
If f (xj =x?2, calculate the backward

difference Vf(2) using x=0, 1, 2.
W fl)=x2 W, W@ x=0, 1, 2 & @46

Recaw v A4 31
Using the table
x : 2 3 4
f S 9 15

estimate f(2-5 by Gregory-Newton
forward difference interpolation.

famn =R
x : 2 3 4
fg : 5 9 15

o R-RTET TS Ropigaes RBRA A TR

R f(2-5)3 7@ AT 41|
Evaluate f @x+1)dx using the

Trapezoidal rule with h=1
Gfemem A IRTA
[P @x+1dxa T S

q;ﬁ h:l@

( Continued )

m |

3. Answer any four of the following questions :

(7)

‘ : 5x4=20
wore A 2eaed R e wifere e o
(a) The table below .shows values of a
function :
Tol o TR (63 e (xR
x :+ 1 2 3
fog : 1 4 9
(i) Construct the Lagrange’s
interpolation polynomial.
(TG BRI T AR 107 0 |

(i) Use it to estimate f(2-5).
% ofrfioe R IR fR-5) B
C2i |

(b) Given
fa s
x : 0 1 2 3
fg : 1 8 27 64

i) Form the Newton
interpolation formula.

FISD TS TR TOA DT 64 4T |

(i) Estimate f(1-5).
£1-5)3 T Sea

forward

( Turn Over )
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) Given f(=x2, x=01 2 3 4.
Compute the first and second forward
and backward difference at x=1 and
x=4.
™ fg=x2, x=0,1, 2 3 4 =, =3
x=19F x =4 A T B FE e
RIS FEFIEE A T4 |

(d) A small factory records the number of
items produced by a machine every
hour as shown below :

Hour(x) : 0 1 2 3
Items produced f(x) : 10 18 30 46

(i) Using the Gregory-Newton forward
difference method, estimate how
many items were produced at 1-5
hours.

(i) Show all steps using the forward
difference table.

9Bl ¥ FRYAZ IO oS 961 w33
T FReR GRGE wee frm e PR
IRR :

951 (x) : 0 1 2 3
Cemffe@fix) : 10 18 30 46

26A/195

{ Continued )

(9)

(i) - FRE RBorIs @S I
¥R 15 9%° R e taez e
I

(i) THRIE Rcae GFE o WA weRd
a1 (ST |

() A small fruit seller records price of
mangos on different days of the week as

follows :
Day (x) : 01 2 3 4
Price (per kg) f(x) 20 22 19 25
i) Construct piecewise linear
polynomials between each

consecutive day.

(i) Using these polynomials, estimate
the price per kg of mangos on day
2:5 and day 35

1 T T Regoz g Rdw fime o
AfSeor 3. . o© fm gweq Bl Tfez

79 (x) 1 2 3 4
(e @) flg : 20 22 19 25

fi) 2R 4TS MR IR Sy RS
sifergEe fordt |

(i) <% “fEficE I IR 25 fre we
35 fire o o 3. &, o o

26A/195
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(h)

26A/195

{ 10 )

Apply the Trapezoidal rule and
Simpson’s  rule to approximate

2 l dx
. x .
. using two sub-intervals(n = 2).

Trapezoidal rule 9 Simpson’s  rule
TR IR TS T AT T e
Pla
X
T+ o1 oA (n = 2) I ¥

Solve the differential equation
dy
~=x+y, O =1
7 ¥y YO

using Euler’s method with step size
h=0-1 to find the value of y{0-1) and

y0-2).

Euler’s method (step size h=0:-])
TN IR TR TN T F SF 3{0- )
I Y0-2) I TH g 741

dy _ _
= =xty, Y0=1

: 2 _
The integral I =f0 e *dx is approxi-

mated using the trapezoidal rule with
step sizes h=1 and h=0.5. Use
Richardson extrapolation to improve the
accuracy of the result.

( Continued )

(11)

ST I=_"§ e *dx® Trapezoidal rule

R IR A=1F h=0-5 T =1 T |
% W@AG ¥9 IIA IR Richardson

. extrapolation¥ e WRE WwwF MM

EaIR!

4. Answer any one of the following questions :

L]

(a)

26A/195

a1 epIRRA R @i G Te1 forn -

Use both Jacobi method and
Gauss-Seidel method to solve the
following system of linear equations up
to three iterations :
4x+y+z=7
x+Sy+2z=-8
2x+Yy+6z=6

(i) Write the iteration formulas for
Jacobi and Gauss-Seidel methods.

(i) Perform three iterations using each
method.

(i) Compare the approximate values
(x, 4 2 obtained from both
methods.

(iv) Comment on which method
converges faster based on your
results.

10
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Jacobi method W& Gauss-Seidel

method INT[ IR & WRF "W RBRAG
iteration C&7 SN F1 :

dx+y+z=7

X+5y+2z=-8

2x+y+6z=6

(i) Jacobi WF Gauss-Seidel &S

' JRFR (TA iteration formula FrT1

(i) &ifCHr o f¥fTh iterationI AW
Bfeiean |

(i) TEAD! &S (W ARAFTR (% Y 2)
o AT

(iv) CTa1 T e (FH s weed
converge ¥ o [ feran

Using the Lagrange interpolation
formula, estimate the value of f(2-5)
from the following data :

x = 1 2 3 4

flg : 1 4 9 16
Steps :

(i) Write the general Lagrange
interpolation formula.

(i) Construct the Lagrange’s
polynomial using the given data.

( Continued )

(c)

26A/195

(13)

(iij) Use the polynomial to compute
f2-95).

(iv) Comment on whether the result
matches the expected behaviour of
the function.

Lagrange interpolation formula JI<TTN
FR TR ©YR 1 f(2-5)3F T [y T :

x 1 2 3 4
fd : 1 4 9 16
PR :
(i) SR Lagrange interpolation
formula e |

) 1 © I IR Lagrange’s
polynomial 537 39 |

(i) Polynomial IRge IR f2-53 =
Bforean

(iv) T & T I9R] O B 9w
AR BTIF1

The rate of change of a population P(t) is
given by the differential equation
dpP

—=0-5P
dt

with initial condition P{0)=100. Use
Euler’s method with a step size At =0.2
to approximate the population att =0-4.

( Turn Over )
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The displacement x(f) of a particle at
different times is given below :
ts) : O 1 2 3 4
xm) : O 2 8 18 32
Find :

(i) Use the forward difference formula
to approximate the first derivative

gﬁ tt=1and t=2.
dt

(i} Use the central difference formula

to approximate the second
2

derivative d—: at t=2.
' dt

9B FNF FAIT x(f) o1 fn 9w fan CxR -
s : 0 1 2 3 4
xmp : 0 2 8 18 32
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() Forward difference formula IR
N t=1TF t=29 I FRT ST

X o e 911
dt
(i) Central difference formula IV
2
R t=2° A% womy wewe LX
dt
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