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1. Find max/min values of f(x, y) = x4 + y4 on 2x2 + y2 = 20. [3]

2. Find max/min values of f(x, y) = x4+y4 on the triangle with verices (0, 0) , (1, 0) and
(0, 1) . [3]

3. Evaluate
ZZ

D
x3 cos(xy)dA where D is the region in the first quadrant

below the parabola y = x2 and the line x = 1. [4]

SOLUTION

For 1)

Since f is continous and the ellipse is closed and bounded we have at least one max
and one min

to find the points solve

∇f = λ∇g with g (x, y) = 2x2 + y2 = 20
4x3 = λ4x

4y3 = λ2y if xy 6= 0 then λ = x2 = 2y2 back to the ellipse

4y2 + y2 = 5y2 = 20→ y2 = 4 y = ±2, x = ±2√2
all combination

³
,±2± 2√2

´
,
³
,±2∓ 2√2

´
all have the same value as f

³
2, 2
√
2
´
= 16 + 64 = 80

we have to consider xy = 0 x = 0 or y = 0³
0,±2√5

´
f = 400

³
±√10, 0

´
f = 100

maximum value is 400,minimum velue is 80.

For 2)

C.P inside ∇f = 0 x = y = 0

C.P.on the boundary- 3 parts

B1 = {y = 0, x ∈ [0, 1]} f |B1 = x4 only ends

B2 = {x = 0, y ∈ [0, 1]} f |B2 = y4 only ends

B3 = {x+ y = 1, x ∈ [0, 1]} f |B3 = x4 + (1− x)4 = h(x)
h0(x) = 4x3 − 4(1− x)3 = 0 if x3 = (1− x)3 x = 1− x x = y = 1

2

all C.P. (0, 0) , (1, 0) , (0, 1) ,
³
1
2
, 1
2

´
now velues of f

1



f (0, 0) = 0 minimum

f (1, 0) = f (0, 1) = 1 maximum, f
³
1
2
, 1
2

´
= 1

24
+ 1

24
=
1

8
For 3)

D = {0 ≤ x ≤ 1 ,0 ≤ y ≤ x2}
ZZ

D
x3 cos(xy)dA =

1Z
0

x3

x
2Z
0

cos(xy)dy

 dx = 1Z
0

x3
"
sin(xy)

x

#y=x2
y=0

dx =

=

1Z
0

(x2 sin (x3) dx = ( by subst.u = x3, du = 3x2dx) = 1
3

1Z
0

(sin (u) du

= 1
3
[− cosu]10 =

1− cos 1
3

.
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