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1. For f(x; y) = 3x� x3 � xy2 �nd all local extrema .
solve rf = 0 fx = 3� 3x2 � y2 = 0 fy = �2xy = 0
from the second equation two cases:

x = 0!! y2 = 3
�
0;�

p
3
�

y = 0!! 3x2 = 3 (�1; 0)
second der.Test:

fxx = �6x fxy = �2y fyy = �2x
and D = 4y2 � 12x2 for

�
0;�

p
3
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D > 0 saddle points

for (1; 0) D < 0; A < 0 local maximum

for (�1; 0) D < 0; A > 0 local minimum

2. For f(x; y) = 3x� x3 � xy2 �nd the absolute extrema on the tringle
with vertices (0; 0) ; (2; 2) and (2; 0) :

the set T = f0 � x � 2; 0 � y � xg
using problem 1:inside the triangle no points

and on the boundary (1; 0)

generally 3 parts of the boundary: B1 = f0 � x � 2; 0 = yg
then f on B1 = g(x) = 3x� x3 g0x) = 3(1� x2) = 0 (1; 0)

and ends (0; 0) and (2; 0)

B2 = fx = 2; 0 � y � 2g then f on B2 = h(y) = �2(1 + y2) only ends
(2; 2)

B3 = f0 � x � 2; y = xg then f on B3 = l(x) = 3x� 2x3

l0(x) = 3� 6x2 = 0
�
1p
2
; 1p

2

�
now values: f(1; 0) = 2::: maximum

f(0; 0) = 0 f(2; 0) = �2 f
�
1p
2
; 1p

2

�
= 1p

2

f(2; 2) = �10:::minimum

3.
ZZ
D

x

1� xy dxdy =
1Z
0

0@ 1Z
0

x

1� xydy

1A dx = (u = 1� xy; du = �xdy) =

1



=

1Z
0

[� ln(1� xy)]y=1y=0 dx =

1Z
0

� ln(1� x)dx = (u = 1� x; du = �dx) =

=

0Z
1

lnu du = � [u lnu� u]10 = 1

it is convergent since

lim
u!0+

u lnu = "0 � �1" lim
u!0+

lnu

u�1
= (L�H.R.) lim

u!0+
u�1

�u�2 = lim
u!0+

� u = 0

4. in the coordinates x; y; z

(a) if in S = f� = 2; � = 3
4�; � 2 [0; 2�)g ! z = 2 cos 34� = �

p
2

and x = 2 cos � sin 34� y = 2 sin � sin 34� so

x =
p
2 cos � y =

p
2 sin �

circle x2 + y2 = 2 , radius =
p
2 on the horiz. plane z = �

p
2

(b) if in S = fz = 2; r � 0; � = �
2 g x = 0; z = 2; y = r � 0

cos �2 = 0; sin
�
2 = 1 (0; r; 2)

a ray = half line parallel to the y� axis in the yz� plane

5. By cyl.coord.
ZZZ

B

xzp
x2 + y2

dxdydz = I

where B = f(x; y; z) ;x2 + y2 + z2 � 2; z � 0; x � 0; x2 + y2 � 1g
inside the sphere ,outside the cylinder

I =

ZZZ
B�

r cos � � z
r

r drd�dz where B� = f(r; �; z) ; r2 + z2 � 2; z � 0; � 2
�
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2 ;
�
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�
; r � 1g

thus I =

�
2Z

��
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cos �d�
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rzdrdz where D� = f(r; z) ; r2 + z2 � 2; z � 0; r � 1g = f1 � r �

p
2; 0 � z �

p
2� r2g

so I = 2 [sin �]
�
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1CA dr = 2
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ip2�r2
0

dr =

p
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r
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dr =

h
r2 � r4

4

ip2
1
=

2� 1� 1 + 1
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also :0 � z � 1; 1 � r �
p
2� z2

6. from
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1A dz given: 0 � z � 1; z � x � 1; 0 � y � x
outside x: 0 � x � 1 and then 0 � y � x; 0 � z � x thus
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7. the integral I =
ZZZ

B

y dxdydz where B = f(x; y; z) ;x2 + y2 + z2 � 4; z � 0; y � 0g

in cylindrical I =
ZZZ

B�

r sin � � r drd�dz where B� = fr2 + z2 � 4; z � 0; � 2 [0; �]g

so I =
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in spherical coordinates I =
ZZ Z

B��

� sin � sin� � �2 sin� d�d�d�

where B�� = f0 � � � 2; � 2
�
0; �2

�
; � 2 [0; �]g

thus

I =
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