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00 + 2rx0 + 9x = 0

r 2 [0,1)

r 2 [0,1)

p(�) = �
2 + 2r�+ 9

�± = �r ±
p
r2 � 9.

r = 0, 0 < r < 3, r = 3 r > 3

r = 0 �± = ±3i

x1(t) = cos(3t), x2(t) = sin(3t)

x1, x2

x1 x2 r = 0

0 < r < 3 �± = �r ±
p
9� r2i

�r

x1(t) = e
�rt cos(

p
9� r2t), x2(t) = e

�rt sin(3t)

x1, x2

 



x1 x2 0 < r < 3 (r = 1)

x1 x2 r = 3

r = 3 � = �3

x1(t) = e
�3t

, x2(t) = te
�3t

x1, x2

3 < r �± = �r ±
p
r2 � 9 < 0

x1(t) = e
�+t

, x2(t) = e
��t

x1, x2

x1 x2 3 < r (r = 5)
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✓
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◆
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✓
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◆
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✓
1
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◆
.

(0, 0) E1 = {v1t, t 2 }
E2 = {v2t, t 2 } (0, 0)

x1(t) = e
�4t

✓
1
�1

◆
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t

✓
1
4
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x
0 = Ax



3

⇢(x, y, z) =

(
1, 0  r  2,
1
r4
,

r =
p
x2 + y2 + z2.

H := {(x, y, z) 2 3 : z � 0}
Z

H

⇢(x, y, z) d(x, y, z).

Z

H

⇢(x, y, z) d(x, y, z) =
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B = [a, b] ⇥ [c, d] ⇥ [e, f ] 3
B

a

a(x, y, z) =

0

@
f(x, z)
g(x, y, z)
h(x, y)

1

A

f, g, h

B a

Z

B

div a dx =

Z

@B

a · dn

Sa B x = a B

Sa :

0

@
a

s

t

1

A , na(s, t) =

0

@
�1
0
0

1

A , Sb :

0

@
b

s

t

1

A , nb(s, t) =

0

@
1
0
0

1

A , s 2 [c, d], t 2 [e, f ]

Sc :

0

@
s

c

t

1

A , nc(s, t) =

0

@
0
�1
0

1

A , Sd :

0

@
s

d

t

1

A , nc(s, t) =

0

@
0
1
0

1

A , s 2 [a, b], t 2 [e, f ]

Se :

0

@
s

t

e

1

A , ne(s, t) =

0

@
0
0
�1

1

A , Sf :

0

@
s

t

f

1

A , nf (s, t) =

0

@
0
0
1

1

A , s 2 [a, b], t 2 [c, d]

div a(x, y, z) =
@f

@x
(x, z) +

@g

@y
(x, y, z).

Z

B

div a dx =

Z
b

a

Z
d
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Z
f

e

@f

@x
(x, z) +

@g

@y
(x, y, z) dz dy dx

=

Z
d

c

Z
f

e

f(b, z)� f(a, z) dz dy +

Z
b

a

Z
f

e

g(x, d, z)� g(x, c, z) dz dx.

Z

@B

a·dn 1P (3P )⇤
=

Z
d

c

Z
f

e

�f(a, t) ds dt+

Z
d

c

Z
f

e

f(b, t) ds dt+

Z
b

a

Z
f

e

�g(s, c, t) ds dt+

Z
b

a

Z
f

e

g(s, d, t) ds dt

+

Z
b

a

Z
d

c

�h(s, t) ds dt+

Z
b

a

Z
d

c

�h(s, t) ds dt

=

Z
d

c

Z
f

e

f(b, z)� f(a, z) dz dy +

Z
b

a

Z
f

e

g(x, d, z)� g(x, c, z) dz dx. .

(3P )⇤



G ⇢ 2 ( ) ( )
@G ( ) a : Ḡ ! 2

( )

Z

G

✓
@a2

@x
� @a1

@y

◆
d(x, y) =

Z

@G

a1dx+ a2dy.
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a(x, y, z) a : 3 ! 3

rot a = 0 a

F rF = a

rot a = rot(rF ) = 0.

3

x : B ⇢ 2 ! 3
F

c : [a, b] ! B B c
0(t) 6= 0

t 2 [a, b]

w(t) := x � c(t) K ⇢ F w
0(t) 6= 0 t 2 [a, b]

w
0(t) =

@x

@(u, v)
(c(t))c0(t).

x
@x

@(u,v)(c(t))

2 c
0(t) 6= 0 w

0(t) 6= 0 t 2 [a, b]


