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1. Find the absolute maxim and minima of the function f(x, y) = 2x2→4x+y2→4y+1
on the closed triangular plate bounded by the lines x = 0, y = 2, y = 2x in the first
quadrant.

2. (a) Show that (0, 0) is a critical point of f(x, y) = x+ kxy + y2 for any k ↑ R.
(b) For what values of k does the Second Derivative Test guarantee that f will

have a saddle point at (0, 0), a local minimum at (0, 0)?

3. Find the 2nd order Taylor polynomial near the origin of

(a) f(x, y) = ex ln(1 + y);

(b) f(x, y) = sin(x2 + y2).

4. Find the 2nd order Taylor polynomial of f(x, y) = 4xy→x4→y4 near (0, 0) and also
find and classify all of its critical points using the Second Derivative Test.
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1. Find the absolute maxim and minima of the function f(x, y) = 2x2→4x+y2→4y+1
on the closed triangular plate bounded by the lines x = 0, y = 2, y = 2x in the first
quadrant.

Y y
=2x Critical Points :

I"E y
=2 fis a polynomial=> [falways

exists.

CX
if = (4x -4

, 2y-4) .

So5=f = (4x-4 , 2y
-4)

X=0 -
4x-4 =0

S 2y-4 = 0 ↳Siz
So (1 ,2) isa critical pointand
f(1 12) = 2 .1 -4 . 1 + 22 - 4 .2+ 1= -5 .

study for boy :
AlongX= 0 :
f(o,y) = y2 - 4 y+) andAf= zy-4 = Ey=
f (0,2) = -3 .

abry y=2:
f(x ,2) = 2x4x -buy== 4x-4 =0( x= 1

So f(( ,2) = -
5

. f(
,2)

=2Xialong y a
f(x ,2x) = 6x2-12x+1 2 y=zx= 12x- 12=0 E)X= 1 .



So we conclude thathas abschote minimum at 11 ,2) with

f(1 ,2) z -3 .

andhas abs may at 10 ,0) with f(0 ,% = 1. (
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2. (a) Show that (0, 0) is a critical point of f(x, y) = x+ kxy + y2 for any k → R.
(b) For what values of k does the Second Derivative Test guarantee that f will

have a saddle point at (0, 0), a local minimum at (0, 0)?

S

a k=0 : f(x ,y) = x-y
= ad Ef = (2x ,2y) = (0 ,0)

=> (x ,y) =10 ,0) .

So (0 ,0) is a critical
part

k+0 : f(x ,y) = x
=

+ Lexy+ y
= and f: (2xeuy,2y+ hx) = (00)

(1)=) x== Sethy submit (2) : 2y
+ h(z) =0

E
2y
-by =0

=> y
=0 or k=4 . Hy(2- 2)= 0

If y
:8

, then X=8 .

If 1=4 : then &2x
+4y
=0 (1)

2y+4x
= 0(2))

and then (1)' - 2(2)' : 2x+ 4y-4y-8x=0
.

= -6x= 0 =) X= 0 .

=> y
=0 .

So (x ,y) = 10 ,5) is acritical point.



b) Second DerivativeTest: at critical point a :
Exx0 an det(Hf(a)) > - => ↑ leal may
Exx > 0 al det(Hf(j) > 0 => abeal min
L ~ dot (Hflat) <o => sadelle pt .

Li " defitf(a)) = 0 => inconclusive
·

Hf(0 ,) = (fxx(0,0) Exy(e)] = [ 2fyx(0 10) fyy (0, 0)
Notethat Exx =2 > 6 ·

det (Hf(0 ,0)) = Exxfyy· Exyfyx = 2-2 -k-k = 4
-12.

↓2
,
>2

, det(Hf(0 .0))o => saddle pt . k= 12 ,
-2h<2 def(Hf(0 ,)) > 0 => bealmin

:
inconclusive
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3. Find the 2nd order Taylor polynomial near the origin of

(a) f(x, y) = ex ln(1 + y);

(b) f(x, y) = sin(x2 + y2).at(ab)

Pn(y) = fla) + [f(a ,b) .[Yay+ya
a) f(0 ,)= 2 In(1+0)= 1 f (l) =0 .

&f (0 ,) = (exhu Ch+y) /0
,0
· Fylco

.
03]

=,1
.

Hf(0 ,2) =See a
= [ii].

So Pa(xy) = 0 + 20 ,1) · (i)+ I(x ,y)(i _i](y]
=

y
+ z(x ,y)(xyy]

= y+ zxy+ zy(x-y) = y+ xy-zyz)



b) flo,4= sin(0
:
+02) =0 .

[f(0
,x) = [2xos(x+y 2) (00) Lynski+ y2) (03] = [0 ,0] .

Hf(0 ,0)=203(xy2)
-4*Si(y) /0

,03 Keysim=y2)(2010)[ J-4xysin(x*y2) /(0 ,0) 2ess(xy2) -4 sim(xEyz)((op)
= [i] .

So Puky) = Of10 +3(xy][](j)
= 2(xy][ii] = x=+y/
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4. Find the 2nd order Taylor polynomial of f(x, y) = 4xy→x4→y4 near (0, 0) and also
find and classify all of its critical points using the Second Derivative Test.

f(0,b)= 0.+(0 ,0= (4y-4x30 4x-43 (0,0] =20 , 07 .

Hfl0 ,3) = [
+2003 4· Ryk00] = [i] .

So P(x
,y) = 0 + 20 ,0)(y) + z[X ,y)(2]()

= E(x ,y](y]] = 2xy+2yx =4xy -

Critical Pts : (YYO LG2 : 44- 4(33=
=> 4x-4X9 =8

=> ( =X0 or x= 0 +y
=0

k= x0 = X= 1 ,
orx= - 1

= yel +y
= -) .

So (0 ,0) , ( , 1) ,(1-1) arecritical prints .

Hf(0 ,) = [oY fxx=0 , det = -160 = (0 ,) isa saddle
pt .

Hf(l , 1) =[] ,

fxx= -120
,
det = (2) - 42= 12830

=> (1 , 1) isabealmay .

Hf(-1) =[ = (st) is also a bealmay
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