Q 1. Write down Taylor’s theorem for functions of two variables
: ‘ (2011)

- Sol. It f(x, y) and all its partial derivatives upto nth order are finite and
continuous for all points (x, y), wherea <x<a+ hand b<y<b+ L

Then, ‘ | .
» d d 1 0 d ) |
' - 9kl e by+—nlsrl Al

| 5 \ -1 e |
1 (h 9 .k a) fla,b)+R,

+ ...+
(-1 ox = oy
' 1(.3 ,0Y . |
where, R, =—|h—+k—| f(@a+6h, b+0k), 0<0 <1
| n!\ dx dy f |

It can be written as in the following form

 fa+hb+B)=f(@, b)+df (@, b)+é1-,d2f(a, B)+ ... e

—d""fla,b)
(n-1)!

1 . | J A _Q
+--d"f(a+0h,b+0k), whered=h—-+% 3
n! i : 0x J

Q 2. Find the first six terms of the expansion of the functio?
AN il :!ng‘(l *¥)in a Taylor’s series in the neighbourhood of the
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f@y)  €log1+y) .
of € log(l+y) |
ox ' ‘y) 0
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dy . 1+y 1
0 |
2
0y " (1+9)
f N 1
0x dy 1+y
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| s =100 (<3

L1 [xz LT af)

2! ayz
1o T - ol .
B glog(1+y)=0+(x><0.+yX1)+§[x2X0+2xyX1+y(—1)]+-..
. e
-yry

" - ers of (x —1) and (y + 2).
Q3. Expandx YRV 2mpow - (2016, 15, 09, 07, 05)

- ~ h ’ )
Sol. We have ool Fo-R
- f@,) y+3y-2. 7
of | 2xy -4
of - 243 4
; dy ’ i
R 2y
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0% - 0o 0 ..
*f 0 0
f 0 0
»
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ox’dy

and all other higher derivatives are zero.

fGE—a+a,7-b+ b)=f(a;é)+.{(x—a)%+ (y—b)?}
| IR PRNL L SY. i 28
oo xz+<y O

. xPy+8y—2=-10- (- 1)+4(y+2)+ [(x- 1)2(—4)+(y+2)2

x0+2(x— 1)(y+2)><2]+( 5 )(y+2)><2

C_10-4(—1)+4(y+2) 212 +2@-1)(r+2)+ @-DAy+2)

| Q4. Expand yz}c +3x — 2in powers of(y —1)and (x+2). (2008
Sol. Do same as Q. 3. .
Ans.4x-4y+11 +2(x+ 2)(y-1)- 2(y 1) + (x+2)(y— 1)
(:)h Short Answer Questions
Q 1 n_xpand x%y +3y - 2in power of(x+1)and (y +2). (2018
Sol. v o
x=-1y=-2
fx,3) Py+3y-2 (- 1) -2)+3(-2)
j | | - -2=-10
¥ my 2eDED=4

ox
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‘and all other hlgher derivatives are Zero.

B-2) -4

2(-1)=-2

d
L fEmar @ y=be b= £ b= L(x a)—f+<y b) = f]

1l 2 O%f _ 20 2f b azf-_\
+5jt(x—a) ax2+( b) % +2(x a) (y-b) ayJ

x2y+3y ~2=-10+ (x+ D@+ (+2)@)
- [(x+ 12 (=4)+ (y+2)2x0+2(c+ 1) (y+ 1) (= 2)]

+—[3(x+1)2 (y+2) @ |

—10+4(x+1)+4(y+2) 2(x+1)2—2(x+1)(y+1) |
+ (x+ 1) (y+2)
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| @ 1. State and prove Taylor’s theorem for the function of two
variables. Expand the function f(x,y) =tan™" xy in the
_ neighbourhood of the point (1,-1) upto second degree
terms using Taylor’s theorem. Hence, compute

_£(0.9, -1.2) approximately.

Sol. Part I Statement If f(x, ¥) and allo its par
order are finite and continuous for all points (x,

and b<y<b+ k.
Then, f(@+h, b+ k) = fa, b)+‘(hi+k—a—)ﬂa, b)
4 ox oy

1(,9 ,0Y) 1 (, 9 ,9\"
+—|h—+k— b)+... Ay . b)+R
2!( +kay) fl@,b)+...+ (hax+ka) fla,b)+ R,

(2014)

tial derivatives upto nth
y), wherea <x=a+ h

ox (n-1)! y
| 1(,9 ,9) ,
where, Rn=—(h.—+k——) f(a+6h,b+06k), 0<0 <1
n!\' dx dy)
Tt can be written as in the following form _
fa+ hy b+ )= £(@, )+ df (@, b)+ = & (@, b) + ...+ —— d"(a, ])

o 2! . (mn-1)!
+—d"f(a+06h,b+06k), whered=h —+k—.
nl . dx  dy

proof Let x=a+ th,y = b+ ik, where 0 < ¢ <1, is a parameter, then
f(x’y_)=f(a+th,b+tk) =,¢(t) - A
Since, the partial deriyatives of f(x, y) of order n are continuous in the
domain under consideration, ¢"(t) is continuous in [0,1] and also
| df of dx of dy of , of 0 0
"H=-tr=—.—4——=h—+k—=|h—+k—|f
YO= G T d e ey an Cay)

v (2, 2)
0 (t)—(hax+kay)f .

e (59 ‘_B_)".
0" () (haxfkay f

A'Théfl‘.efore, by Maclaurin’s theorem, we have
0=00)+ 10+ £ 470+t ;47O

n
, t—(b”(()),where,() <<l
(-1 n!"

Sy I 1
‘ (l)(l)— ¢0)+ ¢ (0)""5"4) (0)+“"+ (n-1)!

¢(1)= f @ ‘,"‘f.h,.b +k)and ¢ Q) = f(a,b)

- S
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¥ = (}a-a-+le-a-:-) f(a,b)

¢"(o) (b—‘”* Jf(“ )

¢"0) = (h—q-+k )f(a+9h b+9k)

d
f(a+h,b+k.)=f(a,b)+( a—+k )f(a b)

) n-1
+§—!(. §;+k )f(a b) +.. +( _1)’( +k—| f(a,b)+R,

where, R =l-(hi+ki) f(a+6h,b+0k),0<0<1
" opl ox 9y c

Here, R, is called the remainder after n terms.

Part IT We have, f(x, y) = tan™" (xy)
" Letus expand f(x, y)near the point (1,—1) f0.9,— 1. 2)+ f(1-0.1, —1 -0.2)

= (1, - 1)+{(—01)af+(-oz)aﬂ
' ’ 92 2
s [r(-o 1)2ax2+2(—o 1)(0. 2)—a—a];+(—0 z)z-g—yé-}... )
- x=1, y=-1
f,9) tan”'xy - '%
of Y -1
ox _ 1+ x2y? 2
of X 1
3y 1+ 2
¥ . “2xy 1
L L+ 2% 2
f 1-2%y" 0
» 0xdy 1+
i  —aay) 1
W (LoD 2

) On puttmg these values in Eq. (1), weget.
o f09,-1.2) ==+ 0.1 =2 |4 1
CENA --)‘4.+(01) 2 + ( 0.2)—,

{(_ 0 1)2( ) +2(- 0 1) (- 0.2)(0) +(-0 2)2( )}
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T ' |
= -;1- +005-0.1+ % 0.005+0.02)

| =-_§.+0.05-o.1+0.0125
=-0.823

- Q 2 Write down Taylor’s theorem for the function of two
=/
X

neighbourhood of the point (1,1) upto second degree
terms using Taylor’s theorem. Hence, compute

variables. Expand the function f(x,y) = tan in the

f(@1.1, 0.9) approximately. (2016, 13, 12, 06)
Sol. Part I Statement See the solution of Q. 1 of Very Short Answer
Questions.
Part I1 |
. e x=1 y=1
- f@®) tan-1 (z) T
_ x 4
of Y _1
ox P4y 2
of : | % 1
dy | 2+ y? 2
*f 2%y 1
FY o+ yH? 2
o°f _2xy _1
5}7’ (x2+ y2)2 9
2y P .
0xdy 7 2+ y?)? .
By Taylor s theorem,
[ ]
f@% ) =fla, b)+[(x a)3 +(y %]
. - ' 52
o] _a)’ af+2(ac a)(y b)———+(y b)? f]
¥ 21 l(x o’ 9]

Here a=1b=1

tanl(l) = - 1)(——)+ (y- 1)—

| 1)1
1[(x 1) (2)+2(x ~1)(y- 1)(0)+(y 1) (——) J
9 | d
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18 ~(x~7) -2 =1
oy L y=1)+ '
of Y ;f"?} =173 ;© ] "
tan~ (; 4 "'1'_01 1:——1 0() ]—‘—O ( 0.1)2= 08862
| :11__ $ 1 e e (o = ~-01 =
| o 1 opy-d -0 1)+ (01) 1= =078,

: em, for the functio
Ta YIO 1’s theor Ng i
P V‘;d the function x“y +3Y =2 in poyq, L
(2015, 14

7 13’ 1()) !

e 3. Of:VérY Short AnSWér Questiong,

@ 4. Expandsin xin powers B oy

SOI. Let f(x) =sin%
Now, sSInx= f @

‘f[z ( ‘E)J]

. __ A _—.)2
] (JLrZJf(E)( (e
| [by Taylor’s series]

" Then, | f (x) =sinx = f(g) '
| f’(x)=COSx=>f,(;c) 0

f//(x)——SIHx = f”(;r) -1 |

f”z(x)z—cosx = f /1/(;:)
f‘”(x) sinx = fw(z) 1

gputting'these values in Eq. (1'), we get

Bedirs, ’ .. -
Wi e G Y S

gy T
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