
Math 2130[HW4 Solutions



# f(x
, y) = 4x2- y+ zy

fx(x,y) = 8x

fy(x ,
y) = - 2y + 2

⑭ Note that

f(- 1
,
2) = 4 . (- 11- (2)+ 2(2) = 4

So
,

indeed ,
P = (1 ,

2 , 11 does lie

On the surface z = f(x, 3) .

We have

fx(- 1
,
2) = 8)- 1) =

- S

fy( - 1
,
2) =

- 2(2) + 2 = - 2

The fangent plane at P = -1,
2

, 4) is

z - f(- ,
2) = fx (- 1

, 2)(X - +] + fy(y2)(y - 2)

z - 4 =
- 8)x - 1 -1) - z(y - 2)



z - 4 =
- 8(X + 1) - z(y - 2)

y+ z = 0

# The tangent place at

Q= (a ,
b

, c) is

z - f(a ,
b) = fx(a,

b)(x - a) + fy(a,b)(y - b)

This is horizontal when

fx(n,
b) = 0 and fy (a,

b) = 0
,

that is when the targent

plane equation is z = f(a,
b).

This is when

8a = 0 fy(a ,
b) = 0

[ G
- 2b + 2 = 0

*
fy(a,

b) = 0



This is when a = 0 and b = 1.

When a = 0
,

b = 1
,

we have

c = 4a b + 26 = 400- 1 + 2 . 1 = /

↑
#4x- y2+ zy

So,
Q = C0, 1

,
1) is the only

point where the targent

plane is horizontal .

-



⑳ f(x
,y) = y(n(x)

fx = Y/x

fy = (n(x)

⑭ Note that

f (1 , 4) = y - (n()) = 4(0) = 0

So
,

indeed ,
P = 11 ,

4
. 01 does lie

On the surface z = f(x, 3) .

We have

fx(( , 4) = " = 4

fy (1 , 4) = In (x) = 0

The fangent plane at P = (1 ,
4

,
0) is

z - f(1 ,
4) = fy(1 , :)(X- 1) + fy(1, 4)(y - 4)

0 =
4(x - 1) - 0(y - 4)

z-

+z =
- 4



# The tangent plane at

Q= (a ,
b

, c) is

z - f(a ,
b) = fx(a,

b)(x - a) + fy(a,b)(y - b)

This is horizontal when

fx(n,
b) = 0 and fy (a,

b) = 0
,

that is when the targent

plane equation is z = f(a,
b).

fy(a ,
b) = 0

This is when

G⑫ fyla

a = 1 and b = 0

This is when

When a = 1,
b = 0

,
we

have

0 . In (1) = 0
C =
⑮y(n(x)



So,
Q = (1 ,

0, 0) is the only

point where the targent

plane is horizontal .

-



⑮
f(x , y) = 9 - 2x + 4y - x

=
- 4y
-

#1 : Find the critical points .

fx = - 2 - 2x

fy = 4 - Sy

- 2 - 2X-4 - 8y = 0

The only critical point is

(x ,y) = (- 1 , z)
-

St2 : Use the 2nd derivative test .

fxx = - 2 fxy = 0

tyy = - S



D = fxx fyy - fx
= ( - 2)( - 8) - 0 = 1670

So at (-1 , E) we have DO .

And fxx(- (E) = - 20

&Hi
-



⑪
f(x, y) = Xi 3x + y- 3y

1: Find the critical points .

fx = 3x- 3

fy = 3y2 - 3

21 = 0 Q
X2- 3 = 034 >
y

2
- 1 = 0 ②=o [

⑪ gives X = Il .

② gives y = Il
.

We need D and ② to be solved

Simultaneously ,
so the critical

points are

(1, 1)
,

(1
,
-1)

,
(1,

1)
,
(1 - 1)



2
: Use the 2nd derivativeat

fx = 3x2 3 fxx = 6x fxy = 0

fy = 3y2- 3 fe = by

D = fxx fey - fxy = 36xy

Let's check each critical point .

D(1 ,
x) = 36(1)(1) = 3670

fxx((,
)) = 6(1) = 6 > 0[So , (1
,

11 is a local minimum ,

D ( ,

-1) = 36(1)( 1) = 3670

fxx((j)) = 6(- 1) = - 640[So , (1-1) is a local maximum



=36(1)() = - 360

Nis a saddle point.

D(+ , k = 36(- 1)(1) = - 3640-Ais a saddle point.



⑮

Mypoints

fx = 4x- 4y

fy = 4y3- 4x

4x2- 4y = 0[·4y3 - 4x = 0

We want the (x , y) that solve

both O and ② at the same time.

O gives y = X?

Plug this into② to get :



y2- X = 0

(x)- x = 0

X- X = 0

X(x
*
-1) = 0

x(x* - 1)(x" + 1) = 0

=p ↑ ↑
X

#
So

,
X = 0

,
-1

,
1.

Plug these back into y = X

from D to yet :



X = 0 + y = 0= 0

x =

- 1 + y = (1= 1

x = 1 + y = 1= 1

·criticalpintsai s

2: Use the 2nd derivative

test.

fx = 4x- 4y fxx = 12x

fy = 4y3- 4x fee = 1zy"

fxy =
- 4

D = Exxfey - fxy = (12xY)(12yy) - (- 4)

D = 144x2y2- 16



D(0, 0) = 144(01 (0)- 16 < 0WSo
,

(o, 0) is a saddle point

D(1 ,
1) = 144(1)(1)- 16 = 12870

[fxx(1 ,
1) = 12(1)"= 1270

So
, (1 ,

1) is a local minimum

D(- 1
,
- 1) = 144)-1) (- 1) - 16 = 12870

fxx( - 1
,
- 1) = 12(-11= 1278[So

,
1-1,

-11 is a
local minimum



- (x+ yz) -xyz⑳ f(x
, y) = e I C

#1 : Find the critical points .

- x2y2

fx = - 2xC
-x2y

fy =
- zye

Need to solve
-x y= 0 Q

⑫200
Consider D :

-

xy
= 0- 2xe

-

ZGett



This is a product equalling 0.

Thus ,
either

-2x = 0 or
ex=y= 0

But Ex
?-y

>O always .

So
,

we would need-2x=

that is , X = 0.

-
xi -y

Similarly - Lye = 0
u

> 0

world imply - zy = 0 or y = 0.

Thus, X = 0
, y = 0.

So
,

there is one criticaltat (x,y) = 10 ,
07.



Sep2 : Use the 2nd derivative

test .

-x2 y2
fx =

- 2xe
- xi-yz

fy =
- zye

-
x-y 2x)-

2x-X-y
fxx =

- 2e

= (2+ 4x2)e
- xiy

f .

=
- ze

*- 2
- 2y(2yX- 3)

YY

= (2+ 4y)e
-xy

fxy = - 2x) - 2ye-X
=3)

- x2- ya
= 4xye



1) (0 , 0) = fxx (0, 0) fyy 10
, 07 -xy10 ,

08

= (2 + 4 . 04
*of [(2 + 4 . 070:07

- [4 . 0 . 0 e-o-og

= (e)(-2e] - (o]

= 40

fxx (0 ,
0) = (72 + 4 .

04e00
=(2) = -zo

T,
of is a

local maximum



⑦ f(x, y) = (n(1 + xi+ y2)

He1 : Find the critical points.

fx=x + y
(2x)=+y

fy=x+ yn(2y)=+y

Need to solve

E



Recall that G = 0 if

and only if a = 0.

Thus
,

D and ② become

-
[Theonly citina 10 ,

o

#ep2: Use the 2nd

derivative test .

fx=yz
fy=+ y2



b
Exx=
=

fyy=y

=

Exp



1) (0 ,
0) = Exx (0

,
01 fyy 10

, 01-fxy 10
,

013

=

-
= 7 . 7 - 0 = 470

2 - 2 . 02 + 2 . 04
fxx (0

,
0)=Itoyn

= 20

,10 , 8) is a local

minimum .


