APPLIED MATHEMATICS 1
(CBCGS 2016)

Q1]a) If cosacosP = % , sinasinB% , prove that :- (3)

sec(a - i) + sec(a + iB) = %
X -y

Solution:- cosacosB=§ and sinasinB=% ................... (given)
1
sec(a-if) = 1 — = cosac051B+.51.noc51.n1[3 1 = 2 (1)
cos (a-iB)  cosacoshB+isinasinhf x iy X +iy
2 B2

similarly for sec(a + i) we get,

sec(a +if) = L ................... (2)

X-iy
from (1) and (2)

sec(a-if) + sec(a + if) = X +y iy 2y

2 2 2
Qi]b) If Z =log(e" + ¢) show that rt-s?=0where r=22% , =92 - 97
0x dy 0x dy

Solution :- (3)
Z =log(e" + €)

1) % - e 0’z _ efe+e)e(e) _ ePae’e”

d (e"+ &) ox” (e"+ ')’ (e"+ ')’
aZZ Xy




2) 0z _ € L _ e'(e’+ e’)-¢’(¢") _ e?+e”-e”
ay (e'+¢) ay’ (e"+ ') (e"+ ')’
9°Z e’
t=— = /55  crerrens 2
ay” (e"+ e’)? 2)
0z e 9’z e’
3) — = —~——~ S o S R T sererrerecsenenne 3
( ) aX (ex_l_ ey) aX ay (ex+ ey)Z ( )
From (1), (2) and (3) we get,
e e e’ ) ™
rt = X = = (T3 ) e 4
((ex+ ey)z ) ((ex+ ey)z ) ((ex+ ey)z ] ( (ex+ ey)z ) ( )
Xy 2 2xy
2 e e
S" = |/ = (5 ) e 5
e Ee ?
From (4) and (5) we get,
2xy 2xy
tog? = e i e - 0.
s ( (e"+ ')’ ) (e"+ ")’ )
Hence proved rt- s°=0
Q1] o i xuv,y= Y . find 2Y) 3)
u-v a(x,y)
u u
Solution:- @Y _ % %
oxy) v, v,
u+v .
X=UV, Y= — e (given)
u-v
we know thatJ)’ =1 ...l (1)

the equation can also be solved by this following method.

ox o
oxy) _ [X X _ [0u av
ouv) ly, y| |9y 9y

du o0v
9x o(uv) = v. - (2)
du
ox d(uv) =u. we(3)

ov




dy u+v (u-v)-(u+v) A -2

% = a(m) = W u-v-u+v/u-vA2 = W .................... (4)
ady _ u+v| _ (u-v)+(u+v) _  2u

aV - a( u-V ) - (u-v)z - (u_v)z --------------------- (5)

From equation (2), (3), (4), (5) we get,

ox  0x \% u
ou ov _ v 20 _ 2uv 2uv._ _ 4uv
- - _ 2 _ 2 - _ 2°
dy dy vy ) (u-v) (u-v) (u-v)
du O0v
From (1) we get,
=1
4uv , 4uv
J><(u_v)2 N (let)J [ V)2)
- 2
Hencel = (u-v)
uv
= cot2
Q1] d) If y=2"sin*xcosxfind y_ (3)
Solution :- 2° = "% = ¢™ where a=log2
2sin®xcosx _ sin' xcosx.sinx x2 _ sinx.sin2x - 2sinx.sin2x _ Cosx cos3x
2 2 2 2x2 4 4
.2 CosSX co0s3x
~ sin”xXcosx = —— - —/——
4 4
v - e”cosx e cos3x

4 4

1/ 50 ax ( )_ 1/ 413X ( )
y, = Yar,e cos (x+ng, Var,e Ccos | 3x+n¢,

v4ri2%cos (x+n@, ) - 4r,2"cos (3x+ng,)

Ya

r,= [(log2)* +1 r,= ((log2)? + 3




Q1]e) Express the matrix as the sum of symmetric and skew symmetric matrices.

Solution:-
1 0 5 3 1 -2
21 6 1 » [0 1
A= A =
3 2 7 1 5 6
4 4 2 0 3 1
1 0 5 3 1
(A+A’) _ 11-2 1 6 1 +1 0
23 2 7 1 2 (5
4 -4 2 0 3
1 0 5 3 1
2 3 2 7 1 2 (5
4 4 2 0 3
1 -1 4
-1 1 4
Let P = l(A+A’) =
2 4 4 7
7/2 -3/2 3/2
1 -1 4 7/2
b = -1 1 4 -3/2
e 4 7 32
7/2 -3/2 3/2 0
Hence P =P’. Pis a symmetric matrix.
0 1 1
1 -1 0 2
LetQ = = (A-A’) =
Q=R =1 2 o

1/2 -5/2 1/2

1
N

_a N W
1
S

_ N
_~a N W
1
NN

1
N

_ oy

7/2
-3/2

3
2
7
1 0
3/2‘

-1/2

5/2

-1/2
0

1
-1
4
7/2
[0
-1
-1

1/2

1 4
1 4

4 7

-3/2 3/2
1 1
0o 2

2 0

5/2 1/2

(4)

7/2]
-3/2
3/2

-1/2]

5/2

-1/2
0




o 1 1 -1/2
1 0 2 5/2
1 2 0 12
1/2 -5/2 1/2 0

Hence Q = Q. Qis a skew symmetric matrix.

2X _ 2
Q1] f) Evaluate lim e” - (1+x)?

x~0 xlog(1+x) 4

2x _ 2 2x i )
Solution :- lim 1. e~ (1+x)? = lim 1. e - (1+x)?
x-0  xlog(1+x) « X0 X
—
2x _ 2
= lim1, & (1)
x—0 X
Applying L-Hospital rule
2x 1 2x 0
1im1.w _ lim1.4e 2 _ 4e-2 _ n
x=0 2X x—0 2 2

Q2]a) Show that the roots of x’=1 can be written as 1,a’,a’,a’,a" . hence show that (1
-a')( 1-a®)(1-a°)(1-a* ) = 5. (6)

Solution:- x° =1 =cos0 + isin0

5

~ X = cos(2km) + isin(2 k)
1
. x' = (cos (2km)+ isin(2 km))5 = cos% + isin%
Putting k =0,1,2,3,4 we get the five roots as
X =cos0 +isin0=1 X, = cosZ—T[+ isinz—n X = cos4—T[+ isin4—1T
0 ’ ! 5 5 ° 2 5 5 '

___6bm, .. 6T __8m, .. 8m
X, = COS—+isin— , X, = cos—+ isin—-.
3 5 5 4 5 5




Putting X, = cosz?n+ isinz?n = o we see that X, = (xz, X,

~theroots are 1, «, az, 0(3, o and hence
ox-1= (x-2)(x- aor( x- o’ )(x- o’ )(x-a4)

x°-1 2 3 4
)T (x- o) ( x- o )(x- a” )(x-a)
o (- a)( x- o )(x- o )(x-a) = XM+ x4k 1.
Putting x=1, we get

(1- a)(1-a)(1-a’)(1-a*) = 5

Q2]b) Reduce the following matrix to its normal form and hence find its rank.

Solution:- (6)

3 2 0 1
_lo 2 2 7
A=l 2 32
01 2 1
2R -R, R,- R, R,- R, R,- R,
1 2 6 -3 12 6 -3 10 4 -10 10 4 -10
02 2 7| 5 022 7| o227 010 6
1 -2 -3 2 0 4 9 -5 0 4 9 -5 0 4 9 -5
01 2 1 012 1 012 1 01 2 1
R,- R, 4R,- R, R, + 2R, R,/(-9)
10 4 -10 10 4 -10 100 0] [tO0 0 o0
01 0 6| o1 0 6| _f0o1 0 6[_Jo1o0 6
0 4 9 -5 00 -9 29 00 -9 29 Jo 0o 1 -29/9
00 2 5 00 2 5 00 -2 5/ loo 2 s
2R, +R, 6C,- C, 29/9C, + C, R, /(-13/9)
100 0 100 0 100 0 100 0
010 6 o110 o o100 of o100
00 1 -29/9 oo 1 2979 o o1 o | oo 10
0 0 0 -13/9 0 0 0 -13/9 000 -139] lo o o0 1




Hence the given matrix is converted to its normal form

Q2] c) Solve the following equation by Gauss-Seidel method up to four iterations

4x-2y-z = 40, x-6y+2y =-28, x-2y+12z = -86.

Solution:- we first write the equation as

X= Y4 [4042y+z] e (1)
y= %[28+X+ZZ] .......................... (2)
2= —[-86-X+2y] e, (3)

(i) FIRST ITERATION :-
we start with the approximation y=0, z=0 and then we get from (1),
YX, = Y (40) = 10

We use this approximation to find y i.e. put x=0, z=0 in (2)

1
ty, = Z[28+10+2(0)] = 6.3333

We use these values of x and y tofindz i.e. weputx=4,y=6.3333in(3),

. 1—12[-86-10+2(6.3333)] - -6.944

1

(i)  SECOND ITERATION :-
We use latest values of y and z to find x i.e. we put y =6.3333,z=-6.9444in (1)
~ X, = Y%[40+2(6.3333)-6.9444] = 11.4306

2

We use this approximation to find y i.e. put x=11.4306, z=-6.9444 in (2)

1
~y, = 8[28+11.4306+2(-6.9444)] = 4.2569

i.e. we putx=11.4306,y=4.2569 in (3),

hz, = é[-86-11.4306+2(4.2569)] - .7.4097

(iii) THIRD ITERATION :-
We use latest values of y and z to find x i.e. we put y =4.2569, z =-7.40974 in (1)
~ X, = Y%[40+2(4.2569)-7.4097] = 10.2760

2

(8)




We use this approximation to find y i.e. putx=10.2760,z=-7.4097 in (2)

1
+y, = -[28+102760+2(-7.4097)] = 3.9094

i.e. we put x=10.2760, y =3.9094 in (3),

hz, = %[-86-10.2760+2(3.9094)] - .7.3714.

(iv) FOURTH ITERATION:-
We use latest values of y and z to find x i.e. we put y=3.9094,z=-7.3714in (1)

WX, = %4[40+2(3.9094)-7.3714] = 10.1118

2

We use this approximation to find y i.e. putx=10.1118,z=-7.3714 in (2)

1
“y, = -[28+10.1118+2(-7.3714)] = 3.8948

i.e. we put x=10.1118 ,y =3.8448 in (3),

1

—5[86-10.1118+2(3.8948)] = -7.3602.

Sz, =

Hence , upto two places of decimals

x=10.11, y=3.89, z=-7.36.

Q3] a) Investigate for what values of p and A the equations x+y+z=6, x+2y+3z=
10, x+2y+Az = has

1) No solution

2) A unique solution

3) Infinite number of solutions. (6)
1 1 1fx 6
Solution:- wehave [1 2 3||ly| = [10
1 2 Altz H
By R,-R, R;-R
1 1 1]x 6
0 1 2(yl =1 4
0 0 A-3lZ p-10
i) The system has unique solution if the coefficient matrix is non-singular (or the rank A, r=

the number of unknowns, n =3).




This requires A -3 not equal to O,
Hence Ais not equal to 3.

Hence the system has unique solution.

ii) If A = 3 the coefficient matrix and the augmented matrix becomes
1 1 1 1 11 6
0 1 2land |0 1 2 4
0 0 O 0 0 0 p-10

The rank of A = 2 the rank of [A,B] will be also 2 if u = 10.

Thus if A =33and pu=10 the system is consistent. But the rank of A (= 2) is less than
the number of unknowns (=3). Hence the equation will posses infinite solutions.

iii) If A=3andp#10 ,the rank of A=2, and the rank of [A,B] = 3. They are not equal and
the equations will be inconsistent and will not posses any solution.

Q3lb)If u= X’ +y* +7z° where x= ¢e', y= e'sint, z= e'cost
Prove that % = 4e” (6)

Solution:-

du _ dudx, dudy, dude
dt dxdt dy dt o0z dt

6_u=2x,@=2y,6_u=22
0x dy 0z
dx _ o« dy

=e , = e'(sint+cost) , % = e'(-sint+cost)

dt dt

du _ dudx, dudy, Oudz

dt oxdt dy dt o0z dt
= 2x(e') + 2y(e'(sint+cost) ) + 2z(e'(-sint+cost) )
= 2x(x) + 2y(y+z) + 2z(z-y)
=2x" + 2y2 + 27" + 2Xy - 2xy

2

=2x° + 2y2 + 22

=2(X2+y2+ZZ)




2t 2tf . 2 2
=e + e (sm t+cos t)

2t 2t

2t
=e +e = 2e

Substituting value of u in equation (1)

du _ oy - 2(2e™) = 4de
dt

2t

Hence proved

Du _ 2t
at 4e.
x° 5x"
Q3]c) i) Show that sin(e-1) = x' + ST g (4)
¥ x X

Solution :- We have sin(e’-1) =sin (1 +x + Tt g -1)

¥ x  x

sin(e™-1) =sin(X+=+ = + =— ... )
2 6 24
3 5
But sinB= 06— 5 + L
3! 5!
2 3 4 2 3
X X 1
sinfe’-1) =x+=—+ — +— +....... — =|X+=—+. +
6 24 6
XZ X3 X4- X3 4
=X+ —+ — +— + el S
2 6 24 6
x’ 5x’
=E Xt — - —/——/ T e

2

Q3]c) ii) Expand 2x° + 7x° + x- 6 in powers of (x-2) (4)

Solution :- Let f(x) = 2x° + 7x* + x- 6 and a=2
S F(x) = 6% + 14x +1, /(x) = 12x +14, £7(x) = 12

~f(2)=45, f(2)=53, f'(2)=38, f”(2)=12.

Now , f(x)=f(a) + flx-a)f'(a) + %ma) e




) = f(2) + (x2)F(2) + %f"(ZH ....................

2x° + 7x%° + X-6 =45 + (x-2).53 + (x-2)210 + (x-2)32

Q4] a) If x=u+v+w, y = uv+vw+uw, z = uvw and @ is a function of x,y and z.

de de ae de de de
Provethat x—*— + 2y—* + 3z—- = u—* + v— + w—— 6
0x yay 0z du v ow (6)
Solution:- s afunction of x,y and z and x,y,z are themselves functions of u,v,w.
de dp 0x . dp dy , 0@ 0z (0] ae ae
o —— = _— — — —= —X — = _1 — s o
Jdu 0x du ¥ dy du ¥ Jdz du 0x ¥ dy (v+w) + GZVW
And a—(p = a_(‘p@ + a_(pa_y +a_(‘p@
av dx dv. 0y dv 0z dv
= (?)_i)'l + g—(}lj(u+w) +g—(5.uw
And 99 a—(p% + a—(pﬂ +6_(pﬂ
ow 0x ow dy dw 0z Ow
= ?9_(5'1 + g—;‘:(v+u) +%—(§.uv
Multiplying (1) by u, (2) by v, (3) by w and add
ua—(p + va—(p + wa—(p = (u+v+w)a—(p + [(uv+uw)+(vu+vw)+(wv+wu)]a—(p +3’»uvwa—(p
ou av ow 0x dy 0z

= (u+v+w)a—(p + [2(uv+vw+uw)] 9¢ +3uvwa—(p
0x dy 0z

99 + Zya(p + 326(p

= X
dx dy 0z

09, 509, 300 _ e, de ,  d¢
o xaX + 2yay + 32(’)2 uau + vav + waW

Q4] b) If tan(0 + i) = tana +iseca

Prove that 1)e’’ = cot% 2) 260 = nmt + gﬂx. (6)

Solution :- tan(8 + ig) = tana + iseca ~ tan(0 -i@) = tana - iseca




tan (O+ip) +tan (0-ip)
1-tan (8+i¢g)tan (6-ip)

~ tan20 = tan[(0 + i@i@+ (6 -ig)]

tan (6+iseca) +tan (B-iseca) 2tana 2tana U
= ; . = 7 Y= >—-cota = tan(< + a)
1-tan (B+iseca)tan (B-iseca) 1-(tan’a+sec’a)  -2tan’a 2

%20 = nm + g+a. (general value).

Again tan(2ip) = tan[(0 + i) - (0 -ip)]

_ _tan (B+iseca)-tan (B-iseca)
1+tan (@+iseca)tan (B-iseca)

_ 2Ziseca _

-~ itanh2¢@ 5= icosa ~  tanh2¢ = cosa
2sec’a
1 1 1 2COSZ(—]
~ 2@ = tanh”(-1) (cosa) (cosa=log rcosa = —log ogcotg
2 1-cosa 2 Zsinz(—]

Q 4]c) Find the roots of the equation x* + x° - 7x"-x + 5 = 0 which lies between 2
and 2.1 correct to 3 places of decimals using Regula Falsi method.

Solution:- (8)
Given that a=2 and b =2.1.
f2) = (2)*+(2)%-7(2)?-2+5 = -1
f(2.1) = (2.1)*+ (2.1)3-7(2.1)*-(2.1) +5 = 0.739100.
_ af(b)-bf(a) £ —1Mx _ _
L = (b)-f(a) (2x0.73910—1))%(2.1)0.739100—10.739100—1.05750. ............... (1)

f((x,) = (2.05750)* + (2.05750) - 7(2.05750)?- 2.05750 + 5

= -0.05973.

~ af(xl)-xlf(a)
27 TH(x @)

= (2x(-0.05973)—1))x(2.05750)0.05973—1.05750)0.05973—12
f((x,) = (2.061152)* + (2.061152)*-7(2.061152)?-2.061152 + 5

= 0.005326.

. af( x,)- x,f(a)

= (2x(0.005326)—1))x(2.061152)0.005326—1.061152)0.005326—1.
3 f( x,)-f(a)




f((x,) = (2.06082)* + (2.06082)- 7(2.06082)%- 2.06082 + 5

= -0.000582.

< = af( x3)-x3f(a)

= (2x(-0.000582)—1))x(2.06082)0.000582—12.06082)0.000582—1
* f( x,)-f(a)

Hence from (4) and (3) iteration we get that value of x is coinciding.

Therefore the final value of x is 2.0608.

Q5] a)If y = (x+vx*-1)" , Prove that

()(2-1)yn+2 + (2n+l)xy  + (nz-mz)yn =0 (6)
Solution:-

y = (x+Vx*-1)"

taking + sign before the radical

ay, = m[(x+\/X2-1)m'1].[1+ﬁ]

my

Vx*-1

= m(X+\/X2-1)m)_ ﬁ =

Vxi-1 Ly, = my
Differentiating again w.r.t x,
X
\/Xz'l.y2+my1 = myl
(x2-1)y2 + Xy, = m\/xz-l.y1 = mmy = my2
(xz-l)y2 + Xy, - my” =0

Hence after applying lebnitz’s theorem we get,

(xz-l)yn+2 + (2n+l)xy | + (nz-mz)yn =0

Q5]b) Using the encoding matrix [(1) ﬂ encode and decode the message




I*LOVE*MUMBAI.

Solution:-

ABCDETFGHIJK LMNOTPOQRSTUV WX
1 23 456 7 8 910 11 12 13 14 1516 17 18 19 20 21 22 23 24
* Y. 2

27. 25. 26

| * L O V E * M UMBAI *

9 27 12 1522 5 27 13 21 13 2 1 9 27

Encoding the message includes the following process.

[1 1” 12 22 27 12 ]
0 11127 5 13 13 1 27

9+27 12+15 22+5 27+13 12+13 2+1 9+27]
27 15 5 13 13 1 27

36 27 27 40 25 3 36
27 15 5 13 13 1 27

Hence the encoded message we get as,
36,27,27,15,27,5,40, 13, 25, 13, 3, 1, 36, 27.

Now the process of decoding is as follows.

Inverse of [1 1] is [1
0 1 0

[ -1] [36 27 27 40 25 3 36
0 13 13 1 27

36-27 27-15 27-5 40-13 25-13 3-1 36-27]
| 27 15 5 13 13 1 27

[ 9 12 22 27 12 ]
27 15 5 13 13 1 27

Hence the original message is obtained again after encoding and decoding.




Q5]c) i) Considering only principal values separate into real and imaginary parts

Solution:- let z =0 =~ logZ = log(1+i).logi
But Iog(i+1)=|ogﬁ+itan'11 = Iogﬁ + ig and Iogi=i.E1T
T, . T 1 LT T o
~ logZ=(logJ2 + i— ).i.— = [Zlog2 +i— 2 = — +i-log2 = 3 =
87 = (logJ2 + 17 ).i.~ [5log2 + i m)/ g Tiglos2 = e
where 0 = %logz = e 8[cosO + isinBisind

2 2 2

. Realpartof Z = e 8cos = e_SCOS(%logZ] ~nary part of Z = é%in&logz)

Q5]c) ii) Show that ilog(;(—;ii) =m—2tan’ x (4)

and log(x-i) =% 1o -.ffzi(x2+1) —ijtan 1
X

Iog(X—_l_) = log(x-i) - log(x+i)

X+i
= -2itan” 1 = -2i(E —tan” x )
X 2
Iog(X—_l_) =-i(m-2 tan" x )
X+i

s Iog(X—_l_) =(m-2tan'x) .
X+i

Q6]a) Using De Moivre’s theorem prove that

cos’0-sin’0 = 1—16(cos66+15c0526) (6)

Solution:- Let as above x = cos 0 +isin®, then 1. cos 0- isin®
X




1

(2cos0)® = (x+=)°
X
=x°+ 6%, 1+15x41+20xgl+15le+6x 15 +l6
X x* x’ x* X X
=X6+6X5+15X2+20+1512+614 +l6 ......................... (1)
X X X
(2isin® )° = (x—l)6
X
=x6—6x5+15x2-20+1512—614 +l6 .......................... (2)
X X X

(2sinB )¢ = x°+6x° — 15" + 20 — 1512 N 16
X X X

Subtracting (2) from (1),
1 1 1
4

2°(cos’0-sin’0) = [x°+6x° + 15x° + 20+ 15 + 6 +— | —
X X X
[-x6+6x5—15x2+20—1512+614 -16]
XX X X
=26+ L)+ 15+ )
X it

=2c0s60 + 15c0s20 .........cvevenen. [ (x + ) = c0s60]

= 2° (cos’0-sin°0) = 2cos66 + 15c0526.

c0s’0 - sin®0 = 1—16(cos69+1500529)

il i
Q6] b) If u=sin (X * y , Prove that
X2 - yz
ch72_u + 2xy—azu + ' = tanu(tan u + 13) (6)
ox’ axay y’ 144

Solution:-
101

3 3
Z = sinu = \/(Xl+ yl) = f(u) = F(X,Y) say.
- yZ




Putting X =xt, Y =yt
1 1 1 1 1/3 1 1
F(X,Y) = \/( : yl) - \/(( )1 v )1 =+ 1/2( : yl) _ tl/lzf(x,y)

X2 - y? (xt)2- (y1)? X2 - y?

Thus Z = f(u) = sinu is a homogenous function of x, y of degrees 1/12

Hence , by the above corollary.

RO gy 20 20U )]
0x oxady oy
f(u) -1 sinu -1
Where, = N—= = ——— = —tan
8U) = "t T 12°cosu 120
g'(u)-1 = Lectu-1 = i(1-tan2u)—1 - L 13
12 12 12 12
= i(tanzu +13)
12

- gu)lg (u)-1] =(%tanu)(%(tan2u +13))

20%u d’u .0’y tanu 2
X P + 2xyaxay +y a—yz = Taz (tan'u + 13)

Q6]c) Find the maxima and minima of x’y’(1-x-y) (8)
Solution :- we have f(x) = x’y*(1-x-y)
Step1:-f = y'[3x°(1-x-y)-x] = y*(3x*4x>-3x%y)
= (3X2y2-4x3y2-3xzy3)

f, = x"3 [2y(1-x-y)y(1-x-y)y*2] = x(2y-2xy-3y’)

= (2yx3-2X4y-3x3y2)
f = 6yx -12x°y -6x'y’
fxy = 6y1x2 - 8)(3y1 - 9xzy2

f 2x°-2x" - 6x°

yy

Step 2:- we now solve for f, =0 ,f =0
2 3y°% - 4%’y 3%y’ =0 e, yx°(3-4x-3y)=0
And 2y'x’-2x"y'-3x’y* =0 ie. y'x’(2-2x-3y) =0




~x=0,y=0 and (3-4x-3y) =0, 2-2x-3y3y0

Subtracting we get 1-2x=0

1
aXx=% o~ 3y=3-4(1/2)=1 Ly = 3
~ (0,0) and (1/2, 1/3) are stationary points.

Step 3:- at x=0, y=0,r=0,s=0,t=0 art- =0

At x=%, y=1/3

W=
[SSHE

r=f, = 6(1/2)(1/9)-12(1/4)(1/9)-6(1/2)(1/27)/9)-12(1/4)(1/9)-6(1/2)(1/27) %

_ 1

C12

t=f, = 2(1/8)-2(1/16)-6(1/8)(1/3)(1/16)}6(1/8)(1/3)  =%- =~ % = -3
vt st=(-1/9)(-1/8) - (1/12)(1/12)9)(-1/8)-(1/12)(1/12) =—+.--L - L1 .

And r=-1/9<0 . f(x,y)is a maxima

Maximum value =1.1 == =
89




