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1 ) K(0) = 0 und K(π
2
) =

√
2 mg lt. Skizze ,

⇀

0 = (0,−mg) + F (s, c) + K
(−s, 1 − c)
√

2 − 2c

1. Komp.: F = K/
√

, 2. Komp.: mg = Fc + K(1− c)/
√

, K = mg
√

2 − 2c ,
√

3 =
√

2 − 2c0 , c0 = −1/2 , ϕ0 = 2π/3 .

2 )
⇀

rohne = R ( s , 0 , c ) mit ω = v0/R ,
⇀

r = R ( s C , s S , c ) ,
⇀

v = R ( ω c C −

Ω s S , ω c S + Ω s C , −ω s ) ,
⇀

v(ωt = π
2
) = R (−Ω S , Ω C ,−ω ) , v2 = R2 (Ω2 + ω2) .

3 ) y = 1 +
ε

x
, f(x + ε) = f(x)

[

1 + 2
ε

x
− 2

ε

x

]

+ x2 2
ε

x
, f ′ = 2x , f = x2 + A

f(1) = 0 y A = −1 .

4 ) x = A s + B sh + D t ,
.
x = A ω c + B ω ch + D ,

..
x = −A ω2s + B ω2sh

!
≡

−ω2A s − ω2B sh − ω2D t + α ω t − 2 α sh y D =
α

ω
, B = −

α

ω2
,

.
x(0) = Aω + Bω + D

!
= v0 y A =

v0

ω
, x =

v0

ω
sin(ωt) +

α

ω2
[ ωt − sh(ωt) ] .

5 ) −
γmM

2 R
= −

γmM

R
+

κ

2
R2 +

m

2
v2 , v2 =

2

m

γmM

R

(

1 −
1

2
−

1

2
·
1

2

)

, v =

√

γM

2R
,

V (z) = γmM
[

−
1

z
+

1

4R3
(2R − z)2

]

, −V ′(z) = γmM
[

−
1

z2
+

1

2R3
(2R − z)

]

−V ′(R) = −
γmM

2 R2
.

6 ) m(t)
.
⇀

v = q B
⇀

v ×
⇀

e3 , Ansatz :
⇀

v = v0 (−c , s , 0 ) mit

c := cos [ϕ(t) ] , s := sin [ϕ(t) ] , m(t)
.
ϕ (s, c, 0) = qB (−c, s, 0)× (0, 0, 1) = qB (s, c, 0)

y

.
ϕ = qB/m =

qB

m0
eγt und ϕ(t) =

qB

m0γ

(

eγt − 1
)

.

7 ) H =

0

@

1 0 0
0 3 2
0 2 6

1

A , λ1 = 1 , (3 − λ)(6 − λ) − 4 = 0 , λ2 = 2 , λ3 = 7 ,
⇀

f 1 =

0

@

1
0
0

1

A

„

1 2
2 4

«

( ) =
⇀

0 ,
⇀

f 2 =
1

√
5

0

@

0
2
−1

1

A ,
⇀

f3 =
⇀

f 1×
⇀

f 2 , H ′ =

0

@

1 0 0
0 2 0
0 0 7

1

A , D =
1

√
5

0

@

√
5 0 0
0 2 −1
0 1 2

1

A

D
⇀

r (0) = 5a

0

@

0
0
1

1

A , m bleibt auf z′–Achse , V = α
(

x′2 + 2y′2 + 7z′2
)

, ω =

√

14 α

m
.

8 ) f =

(

1 +
s2

2

)

/
√

4 − 4s2 =
1

2

(

1 +
s2

2

) (

1 +
s2

2

)

= const +
s2

2
, ω =

√

κ/m .

9 ) (a)
.
v(0)+

.
v(1)+

.
v(2) = −λ

[

v(0) 3 + 3 v(0) 2v(1)
]

,
.
v(0) = 0 , v(0)(0) = v0 y v(0) ≡ v0

.
v(1) = −λv3

0 , v(1)(0) = 0 y v(1) = −λv3
0t ,

.
v(2) = −3λv2

0 v(1) = 3λ2v5
0t , v(2)(0) = 0

y v(2) = 3λ2v5
0t

2/2 . (b) −
2

v3

.
v =

( 1

v2

)•
= 2 λ , v2 =

1

A + 2λt
, v =

v0
√

1 + 2λv2
0t

(1 + x)λ = 1 + λx + λ(λ−1)
2

x2 + . . . , λ = −1
2

, v = v0

[

1−
1

2
2λv2

0t +
3

8
(2λv2

0t)
2 + . . .

]

.

10 ) x → x + π , J =

∫ π

−π

dx (−s)
(

−c − s − 2πx − 2π2 + x2 + 2πx + π2
)

,

J =

∫ π

−π

dx
(

s2 + ungerade
)

, s2 →
1

2
, J = π .


