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Chapter 14

Computer-Algebra-Befehle

Einführung
,Q�GLHVHP�%DQG�ZHUGHQ�GLH�&RPSXWHU�$OJHEUD�2SHUDWLRQHQ��GLH�LP�+3�
��*�]XU�9HUI�JXQJ�VWHKHQ��LP�'HWDLO�EHVSURFKHQ��

)�U�MHGH�2SHUDWLRQ�ZHUGHQ�IROJHQGH�,QIRUPDWLRQHQ�DXIJHI�KUW�

7\S�� )XQNWLRQ�RGHU�%HIHKO��)XQNWLRQHQ�N|QQHQ�DOV�7HLO�HLQHV�
DOJHEUDLVFKHQ�2EMHNWV�YHUZHQGHW�ZHUGHQ��'LHV�LVW�EHL�
%HIHKOHQ�QLFKW�P|JOLFK��$UEHLWHQ�PLW�)XQNWLRQHQ�RGHU�
%HIHKOHQ�LP�(TXDWLRQ:ULWHU��

� :HQQ�6LH�HLQH�)XQNWLRQ�DXI�HLQHQ�$XVGUXFN�
DQZHQGHQ��HUVFKHLQW�GLH�)XQNWLRQ�DOV�7HLO�GHV�
$XVGUXFNV��6LH�P�VVHQ�VLFKHUVWHOOHQ��GD��GHU�
$XVGUXFN�DXVJHZlKOW�LVW�XQG�DQVFKOLH�HQG�>ù�
GU�FNHQ��XP�GLH�)XQNWLRQ�DXI�GLH�$XVZDKO�
DQ]XZHQGHQ

� :HQQ�6LH�LP�(TXDWLRQ:ULWHU�HLQH�)XQNWLRQ�DXI�HLQHQ�
$XVGUXFN�DQZHQGHQ��ZLUG�GLHVHU�VRIRUW�DXVJHZHUWHW�

%HVFKUHLEXQJ�� (LQH�%HVFKUHLEXQJ�GHU�2SHUDWLRQ�

=XJULII�� 'DV�0HQ�IHOG�E]Z��GLH�$XVZDKOOLVWH��LQ�GHU�HLQH�
2SHUDWLRQ�JHIXQGHQ�ZHUGHQ�NDQQ��XQG�GLH�7DVWHQ��GLH�6LH�
GU�FNHQ�P�VVHQ��XP�GDUDXI�]X]XJUHLIHQ��)DOOV�VLFK�HLQH�
2SHUDWLRQ�LQ�HLQHP�8QWHUPHQ��EHILQGHW��ZLUG�GHU�1DPH�
GHV�8QWHUPHQ�V�LQ�.$3,7b/&+(1�QDFK�GHQ�7DVWHQ�
DXIJHI�KUW�

(LQJDEH�� 'DV�(LQJDEHDUJXPHQW�E]Z��GLH�(LQJDEHDUJXPHQWH��GLH�GLH�
2SHUDWLRQ�EHQ|WLJW��)DOOV�GLH�2SHUDWLRQ�PHKUHUH�
(LQJDEHDUJXPHQWH�HUIRUGHUW��ZHUGHQ�GLH�(LQ]HOKHLWHQ�GHU�
$UJXPHQWH�XQG�GLH�5HLKHQIROJH��LQ�GHU�6LH�VLH�DQJHEHQ�
P�VVHQ��DXIJHI�KUW��GLH�$UJXPHQWHQUHLKHQIROJH�I�U�GHQ�
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DOJHEUDLVFKHQ�0RGXV�XQG�GLH�6WDFNUHLKHQIROJH�I�U�GHQ�
531�0RGXV�

$XVJDEH�� 'LH�$XVJDEH��GLH�YRQ�GHU�2SHUDWLRQ�HU]HXJW�ZLUG�

� ,P�531�0RGXV�ZHUGHQ�GLH�$XVJDEHQ�LP�6WDFN�
DEJHOHJW��

� ,P�DOJHEUDLVFKHQ�0RGXV�ZHUGHQ�GLHVH�:HUWH�LQ�HLQH�
/LVWH�JHVFKULHEHQ��

� :LH�EHL�GHQ�(LQJDEHDUJXPHQWHQ�ZHUGHQ�GLH�$XVJDEHQ�
VRZRKO�I�U�GHQ�DOJHEUDLVFKHQ�0RGXV�XQG�GHQ�531��
0RGXV�EHVFKULHEHQ�

)ODJV�� *HQDX�,QIRUPDWLRQHQ��ZLH�GD�6HW]HQ�YRQ�)ODJV�GLH�
$UEHLWVZHLVH�GHU�)XQNWLRQ�RGHU�GHV�%HIHKOV�EHHLQIOX�W�

%HLVSLHO�� (LQ�%HLVSLHO�GHU�)XQNWLRQ�RGHU�GHV�%HIHKOV�

6LHKH�DXFK�� 9HUZDQGWH�)XQNWLRQHQ�RGHU�%HIHKOH�
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Alphabetische Liste der Befehle

ABCUV

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�HLQH�/|VXQJ�LQ�3RO\QRPHQ�]�X�XQG�Y�PLW�DX�EY� F
�]XU�FN��ZR�D�XQG�E�3RO\QRPH�VLQG�XQG�F�HLQ�:HUW�LVW�

=XJULII�� <! 32/<120,$/

(LQJDEH�� (EHQH���$UJXPHQW����'DV�3RO\QRP��GDV�D�HQWVSULFKW�
(EHQH���$UJXPHQW����'DV�3RO\QRP��GDV�E�HQWVSULFKW�
(EHQH���$UJXPHQW����'HU�:HUW��GHU�F�HQWVSULFKW

$XVJDEH�� (EHQH���(OHPHQW����'LH�/|VXQJ��GLH�X�HQWVSULFKW�
(EHQH���(OHPHQW����'LH�/|VXQJ��GLH�Y�HQWVSULFKW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO�� )LQGH�HLQH�/|VXQJ�PLW�GHQ�3RO\QRPHQ�X�XQG�Y�I�U�GLH�
IROJHQGHQ�*OHLFKXQJ��

%HIHKO�� ABCUV(X^2+X+1,X^2+4,13)

(UJHEQLV�� {-(X+3),X+4}

6LHKH�DXFK�� ,$%&89
(*&'

x
2

x 1+ +( )u x
2 4+( )V+ 13=
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ACOS2S

7\S�� %HIHKO

%HVFKUHLEXQJ��� )RUPW�HLQHQ�$XVGUXFN�XP��LQGHP�DFRV�[��LQ�
8QWHUDXVGU�FNHQ�GXUFK�π��²DVLQ�[��HUVHW]W�ZLUG�

=XJULII�� >û

(LQJDEH�� 'HU�$XVGUXFN��GHU�XPJHIRUPW�ZHUGHQ�VROO�

$XVJDEH�� 'HU�XPJHIRUPWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO�� 9HUHLQIDFKH�GHQ�IROJHQGHQ�$XVGUXFN�

%HIHKO�� ACOS2S(ACOS(2/3)+ACOS(X))

(UJHEQLV�� π/2-ASIN(2/3)+π/2-ASIN(X)

6LHKH�DXFK�� $6,1�&
$6,1�7
$7$1�6

ADDTMOD

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���$GGLHUW�]ZHL�$XVGU�FNH�RGHU�:HUWH�PRGXOR�GHP�
DNWXHOOHQ�0RGXO��

=XJULII�� <! 02'8/2

(LQJDEH�� (EHQH���$UJXPHQW����'HU�HUVWH�$XVGUXFN�
(EHQH���$UJXPHQW����'HU�]ZHLWH�$XVGUXFN�

$XVJDEH�� 'LH�6XPPH�]ZHLHU�$XVGU�FNH�PRGXOR�GHP�DNWXHOOHQ�
0RGXO�

arc
2
3
--- 

 cos arc x( )cos+
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)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO�� 'U�FNH�GDV�(UJHEQLV�GHU�IROJHQGHQ�$GGLWLRQ�PRGXOR���
DXV�
�[���[������[����
+LQZHLV��9HUZHQGHQ�6LH�GLH�(LQJDEHPDVNH�µ&$6�
0RGHVµ��XP�GHQ�0RGXO�DXI���HLQ]XVWHOOHQ�

%HIHKO�� ADDTMOD(X^2+3*X+6,9*X+3)

(UJHEQLV�� X^2-2*X+2

ASIN2C

7\S�� %HIHKO

%HVFKUHLEXQJ��� )RUPW�HLQHQ�$XVGUXFN�XP��LQGHP�DVLQ�[��8QWHUDXVGU�FNH�
GXUFK�π��²DFRV�[��8QWHUDXVGU�FNH�HUVHW]W�ZHUGHQ�

=XJULII�� >û

(LQJDEH�� (LQ�$XVGUXFN

$XVJDEH�� 'HU�XPJHIRUPWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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ASIN2T

7\S�� %HIHKO

%HVFKUHLEXQJ���)RUPW�HLQHQ�$XVGUXFN�XP��LQGHP�DVLQ�[��
8QWHUDXVGU�FNH�GXUFK�GDV�IROJHQGH�HUVHW]W�ZHUGHQ���

=XJULII�� >û

(LQJDEH�� (LQ�$XVGUXFN�

$XVJDEH�� 'HU�XPJHIRUPWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

(

ATAN2S

7\S�� %HIHKO

%HVFKUHLEXQJ���)RUPW�HLQHQ�$XVGUXFN�XP��LQGHP�DWDQ�[��
8QWHUDXVGU�FNH�GXUFK�GDV�IROJHQGH�HUVHW]W�ZHUGHQ��

=XJULII�� >û

(LQJDEH�� (LQ�$XVGUXFN�

$XVJDEH�� 'HU�XPJHIRUPWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²)ODJ�²���]XU�FNJHVHW]W��

x

1 x
2–

------------------
 
 
 

atan

x

x
2 1+

------------------
 
 
 

asin
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AXL

7\S�� %HIHKO

%HVFKUHLEXQJ���:DQGHOW�HLQH�/LVWH�LQ�HLQ�)HOG�RGHU�HLQ�)HOG�LQ�HLQH�
/LVWH�XP�

=XJULII�� <^

(LQJDEH�� (LQH�/LVWH�RGHU�HLQ�)HOG�

$XVJDEH�� )DOOV�GLH�(LQJDEH�HLQH�/LVWH�LVW��ZLUG�GDV�HQWVSUHFKHQGH�
)HOG�]XU�FNJHJHEHQ��)DOOV�GLH�(LQJDEH�HLQ�)HOG�LVW��ZLUG�
GLH�HQWVSUHFKHQGH�/LVWH�]XU�FNJHJHEHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO�� :DQGOH�GLH�IROJHQGH�0DWUL[�LQ�HLQH�/LVWH�XP�

%HIHKO�� AXL([[0,1][1,0]])

(UJHEQLV�� {{1.0},{0.1}}

6LHKH�DXFK�� $;0

0 1

1 0
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AXM

7\S�� %HIHKO

%HVFKUHLEXQJ���:DQGHOW�HLQ�QXPHULVFKHV�)HOG�LQ�HLQH�V\PEROLVFKH�
0DWUL[�XP�

=XJULII�� <%�23(5$7,216

(LQJDEH�� (LQ�)HOG�

$XVJDEH�� 'LH�HQWVSUHFKHQGH�0DWUL[�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� $;/
�$;4

AXQ

7\S�� %HIHKO

%HVFKUHLEXQJ���:DQGHOW�HLQH�TXDGUDWLVFKH��0DWUL[�LQ�GLH�
GD]XJHK|UHQGH�TXDGUDWLVFKH�)RUP�XP�

=XJULII�� <^

(LQJDEH�� (EHQH���$UJXPHQW����(LQH�QïQ�0DWUL[�
(EHQH���$UJXPHQW����(LQ�9HNWRU��GHU�Q�9DULDEOH�
HQWKlOW�

$XVJDEH�� (EHQH���(OHPHQW����'LH�HQWVSUHFKHQGH�TXDGUDWLVFKH�
)RUP�
(EHQH���(OHPHQW����'HU�9HNWRU��GHU�GLH�9DULDEOHQ�
HQWKlOW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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%HLVSLHO�� )LQGH�GLH�TXDGUDWLVFKH�)RUP��DXVJHGU�FNW�LQ�7HUPHQ�
PLW�[��\�XQG�]���GLH�]XU�IROJHQGHQ�0DWUL[�JHK|UW�

%HIHKO�� AXQ([[3,6,0][2,4,1][1,1,1]],[X,Y,Z])

(UJHEQLV��
{3*X^2+(8*Y+Z)*X+(4*Y^2+2*Z*Y+Z^2),[X,Y,
Z]}

6LHKH�DXFK�� *$866
4;$

CASCFG

7\S�� %HIHKO

%HVFKUHLEXQJ�� 6WHOOW�GLH�6WDQGDUGHLQVWHOOXQJHQ�GHV�&$6�0RGXV�ZLHGHU�
KHU��'LHVHU�%HIHKO�EHZLUNW�GDVVHOEH��ZLH�GDV�'U�FNHQ�
YRQ�5(6(7��ZlKUHQG�GLH�(LQJDEHPDVNH��&$6�0RGHV��
DQJH]HLJW�ZLUG�

=XJULII�� N�&$6&)*

CHINREM

7\S�� %HIHKO

%HVFKUHLEXQJ���/|VW�HLQ�6\VWHP�VLPXOWDQHU�3RO\QRPNRQJUXHQ]HQ�LP�
5LQJ�=>[@�

=XJULII�� <! 32/<120,$/

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�9HNWRU�GHU�HUVWHQ�
.RQJUXHQ]��$XVGUXFN�XQG�0RGXO��
(EHQH���$UJXPHQW����(LQ�9HNWRU�GHU�]ZHLWHQ�
.RQJUXHQ]��$XVGUXFN�XQG�0RGXO��

$XVJDEH�� (LQ�9HNWRU�GHU�/|VXQJVNRQJUXHQ]��$XVGUXFN�XQG�
0RGXO��

3 6 0

2 4 1

1 1 1
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)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� /|VH�GLH�IROJHQGHQ�VLPXOWDQHQ�.RQJUXHQ]HQ�I�U�GDV�
3RO\QRP�X�

�PRG�[���
�PRG�[���

%HIHKO�� CHINREM([X^2+1,X+2],[X-1,X+3])

(UJHEQLV�� [X^3+2*X^2+5,-(X^2+5*X+6)]

6LHKH�DXFK�� ,&+,15(0

CURL

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GLH�5RWDWLRQ�HLQHU�GUHLGLPHQVLRQDOHQ�
9HNWRUIXQNWLRQ�]XU�FN�

=XJULII�� <$�'(5,9�$1'�,17(*

(LQJDEH�� (EHQH���$UJXPHQW����(LQH�GUHLGLPHQVLRQDOH�
9HNWRUIXQNWLRQ�PLW�GUHL�9DULDEOHQ��
(EHQH���$UJXPHQW����(LQ�)HOG��GDV�DXV�GUHL�9DULDEOHQ�
EHVWHKW�

$XVJDEH�� 'LH�5RWDWLRQ�GHU�GUHLGLPHQVLRQDOHQ�9HNWRUIXQNWLRQ�LQ�
%H]XJ�DXI�GLH�DQJHJHEHQHQ�9DULDEOHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO�� 6XFKH�GLH�5RWDWLRQ�GHU�IROJHQGHQ�9HNWRUIXQNWLRQ�

%HIHKO�� CURL([X^2*Y, X^2*Y, Y^2*Z],[X,Y,Z])

(UJHEQLV�� [2*X*Y,X^2,Y^2]

6LHKH�DXFK�� ',9��+(66

u x
2 1+≡

u x 1–≡

v x
2
yi
˜

x
2
yj
˜

y
2
zk
˜

+ +=
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DERIV

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GLH�SDUWLHOOHQ�$EOHLWXQJHQ�HLQHU�)XQNWLRQ�QDFK�
GHQ�DQJHJHEHQHQ�9DULDEOHQ�]XU�FN�

=XJULII�� <$ '(5,9��	�,17(*

(LQJDEH�� (EHQH���$UJXPHQW����(LQH�)XQNWLRQ�RGHU�HLQH�/LVWH�
PLW�)XQNWLRQHQ�
(EHQH���$UJXPHQW����(LQH�9DULDEOH�RGHU�HLQ�9HNWRU�
DXV�9DULDEOHQ�

$XVJDEH�� (LQH�$EOHLWXQJ�RGHU�HLQ�9HNWRU�DXV�GHQ�$EOHLWXQJHQ�
GHU�)XQNWLRQ�E]Z��GHU�)XQNWLRQHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GHQ�*UDGLHQWHQ�GHU�IROJHQGHQ�)XQNWLRQ�GHU�
UlXPOLFKHQ�9DULDEOHQ�[��\�XQG�]�

%HIHKO�� DERIV(2*X^2*Y+3*Y^2*Z+Z*X, [X,Y,Z])
EXPAND(ANS(1))

(UJHEQLV�� [4*Y*X+Z,2*X^2+6*Z*Y,X+3*Y^2]

6LHKH�DXFK�� '(59;

2x
2
y 3y

2
z zx+ +
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DERVX

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GLH�$EOHLWXQJ�HLQHU�)XQNWLRQ�QDFK�GHU�DNWXHOOHQ�
9DULDEOHQ�]XU�FN�

=XJULII�� <$'(5,9��	�,17(*�

(LQJDEH�� (LQH�)XQNWLRQ�RGHU�HLQH�/LVWH�PLW�)XQNWLRQHQ��GLH�
GLIIHUHQ]LHUW�ZHUGHQ�VROOHQ�

$XVJDEH�� (LQH�$EOHLWXQJ�RGHU�HLQ�9HNWRU�DXV�GHQ�$EOHLWXQJHQ�
GHU�)XQNWLRQ�E]Z��GHU�)XQNWLRQHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� '(5,9

DESOLVE

7\S�� %HIHKO

%HVFKUHLEXQJ���/|VW�EHVWLPPWH�JHZ|KQOLFKH�'LIIHUHQWLDOJOHLFKXQJHQ�
HUVWHU�2UGQXQJ�I�U�GLH�DNWXHOOH�9DULDEOH�

=XJULII�� <&

(LQJDEH�� (EHQH���$UJXPHQW����(LQH�'LIIHUHQWLDOJOHLFKXQJ�HUVWHU�
2UGQXQJ�
(EHQH���$UJXPHQW����'LH�)XQNWLRQ��QDFK�GHU�JHO|VW�
ZHUGHQ�VROO��

$XVJDEH�� 'LH�/|VXQJ�GHU�*OHLFKXQJ��HQWZHGHU�\�DOV�)XQNWLRQ�
YRQ�[�RGHU�[�DOV�)XQNWLRQ�YRQ�\�RGHU�[�XQG�\�DOV�
)XQNWLRQHQ�HLQHV�3DUDPHWHUV��

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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%HLVSLHO��� /|VH�GLH�IROJHQGH�'LIIHUHQWLDOJOHLFKXQJ�

%HIHKO�� DESOLVE(d1Y(X)+2*Y(X)=EXP(3*X),Y(X))

(UJHEQLV�� {Y(X)=(1/5*EXP(5*X)+C0*)(1/EXP(X)^2)}

6LHKH�DXFK�� /'(&

DIV

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�GLH�'LYHUJHQ]�HLQHU�9HNWRUIXQNWLRQ�]XU�FN�

=XJULII�� <$'(5,9��	�,17(*�

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�)HOG��GDV�HLQH�
9HNWRUIXQNWLRQ�GDUVWHOOW�
�(EHQH���$UJXPHQW����(LQ�)HOG��GDV�DXV�GHQ�9DULDEOHQ�
EHVWHKW�

$XVJDEH�� 'LH�'LYHUJHQ]�GHU�9HNWRUIXQNWLRQ�LQ�%H]XJ�DXI�GLH�
DQJHJHEHQHQ�9DULDEOHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO�� 6XFKH�GLH�'LYHUJHQ]�GHU�IROJHQGHQ�9HNWRUIXQNWLRQ�

%HIHKO�� DIV([X^2*Y, X^2*Y, Y^2*Z],[X,Y,Z])

(UJHEQLV�� Y*2*X+X^2+Y^2

6LHKH�DXFK�� &85/��+(66

y′ x( ) 2y x( )+ e
3x=

v x
2
yi
˜

x
2
yj
˜

y
2
zk
˜

+ +=
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DIV2

7\S�� %HIHKO

%HVFKUHLEXQJ���)�KUW�HLQH�HXNOLGLVFKH�'LYLVLRQ�]ZHLHU�$XVGU�FNH�
GXUFK��%HL�GLHVHP�%HIHKO�VWHKW�GHU�VFKULWWZHLVH�0RGXV�
]XU�9HUI�JXQJ��

=XJULII�� <!32/<120,$/

(LQJDEH�� (EHQH���$UJXPHQW����'HU�'LYLGHQG�
�(EHQH���$UJXPHQW����'HU�'LYLVRU�

$XVJDEH�� (EHQH���(OHPHQW����'HU�4XRWLHQW�
�(EHQH���(OHPHQW����'DV�5HVWJOLHG�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� )�KUH�GLH�IROJHQGH�'LYLVLRQ�DXV�

%HIHKO�� DIV2(X^2+X+1,2*X+4)

(UJHEQLV�� {1/2(X-1),3}

DIV2MOD

7\S�� %HIHKO

%HVFKUHLEXQJ���)�KUW�HLQH�HXNOLGLVFKH�'LYLVLRQ�]ZHLHU�$XVGU�FNH�
PRGXOR�GHP�DNWXHOOHQ�0RGXO�GXUFK�

=XJULII�� <!�02'8/2

(LQJDEH�� (EHQH���$UJXPHQW����'HU�'LYLGHQG�
(EHQH���$UJXPHQW����'HU�'LYLVRU�

$XVJDEH�� (EHQH���(OHPHQW����'HU�4XRWLHQW�
(EHQH���(OHPHQW����'DV�5HVWJOLHG�

x
2

x 1+ +
2x 4+

-----------------------
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)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO�� 6XFKH�GDV�(UJHEQLV�YRQ� �PRGXOR�GHP�

6WDQGDUGPRGXO���
%HIHKO�� DIV2MOD(X^3+4,X^2-1)

(UJHEQLV�� {X X+1}

DIVIS

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�HLQH�/LVWH�YRQ�'LYLVRUHQ�HLQHV�3RO\QRPV�RGHU�
HLQHU�JDQ]HQ�=DKO�]XU�FN�

=XJULII�� <!

(LQJDEH�� (LQ�3RO\QRP�RGHU�HLQH�JDQ]H�=DKO�

$XVJDEH�� (LQH�/LVWH��GLH�GLH�$XVGU�FNH�RGHU�JDQ]HQ�=DKOHQ�
HQWKlOW��GLH�JHQDX�LQ�GLH�(LQJDEH�JHWHLOW�ZHUGHQ�
N|QQHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GHQ�'LYLVRU�GHV�IROJHQGHQ�3RO\QRPV�

%HIHKO�� DIVIS(X^2+3*X+2)

(UJHEQLV�� {1,X+1,X+2,X^2+3*X+2}

6LHKH�DXFK�� DIV2

x
3 4+

x
2 1–

--------------

x
2 3x 2+ +
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DIVMOD

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���7HLOW�]ZHL�$XVGU�FNH�PRGXOR�GHP�DNWXHOOHQ�0RGXO�

=XJULII�� <!�02'8/2

(LQJDEH�� (EHQH���$UJXPHQW����'HU�'LYLGHQG�
(EHQH���$UJXPHQW����'HU�'LYLVRU�

$XVJDEH�� 'HU�4XRWLHQW�GHU�7HUPH�PRGXOR�GHP�DNWXHOOHQ�0RGXO��

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 7HLOH��[���[���GXUFK�[����PRGXOR�GHP�
6WDQGDUGPRGXO���

%HIHKO�� DIVMOD(5*X^2+4*X+2,X^2+1)

(UJHEQLV�� -((X^2-X+1)/X^2+1))

DIVPC

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�HLQ�7DO\RU�3RO\QRP�I�U�GHQ�4XRWLHQWHQ�]ZHLHU�
$XVGU�FNH�]XU�FN�

=XJULII�� <$�/,0,76�	�6(5,(6

(LQJDEH�� (EHQH���$UJXPHQW����'HU�$XVGUXFN�LP�=lKOHU�
(EHQH���$UJXPHQW����'HU�$XVGUXFN�LP�1HQQHU�
(EHQH���$UJXPHQW����'HU�*UDG�GHV�7DO\RU�3RO\QRPV�

$XVJDEH�� 'DV�7DO\RU�3RO\QRP�GHV�4XRWLHQWHQ�]ZHLHU�$XVGU�FNH�
EHL�[� ���XQG�PLW�GHP�DQJHJHEHQHQ�*UDG�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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%HLVSLHO��� 6XFKH�GDV�7DO\RU�3RO\QRP�YLHUWHQ�*UDGHV�I�U�GDV�
IROJHQGH�

%HIHKO�� DIVPC(X^3+4*X+12,11*X^11+1,4)

(UJHEQLV�� 12+4*X+X^3

EGCD

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�EHL�]ZHL�JHJHEHQHQ�3RO\QRPHQ�X�XQG�Y�GLH�
3RO\QRPH�D��E�XQG�F�]XU�FN��PLW�
DX�EY F
,Q�GLHVHU�*OHLFKXQJ�LVW�F�GHU�JU|�WH�JHPHLQVDPH�7HLOHU�
�'LYLVRU��YRQ�X�XQG�Y�

=XJULII�� <!�32/<120,$/

(LQJDEH�� (EHQH���$UJXPHQW����'HU�$XVGUXFN�HQWVSULFKW�X�LQ�
GHU�*OHLFKXQJ�
(EHQH���$UJXPHQW����'HU�$XVGUXFN�HQWVSULFKW�Y�LQ�GHU�
*OHLFKXQJ�

$XVJDEH�� (EHQH���(OHPHQW����'DV�(UJHEQLV�HQWVSULFKW�F�LQ�GHU�
*OHLFKXQJ�
(EHQH���(OHPHQW����'DV�(UJHEQLV�HQWVSULFKW�D�LQ�GHU�
*OHLFKXQJ�
(EHQH���(OHPHQW����'DV�(UJHEQLV�HQWVSULFKW�E�LQ�GHU�
*OHLFKXQJ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

x3 4x 12+ +

11x11 1+
-----------------------------
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%HLVSLHO��� 6XFKH�GLH�3RO\QRPH�I�U�D��E�XQG�F��ZREHL�F�GHU�JU|�WH�
JHPHLQVDPH�7HLOHU�YRQ�X�XQG�Y�LVW�XQG�]ZDU�VR�GD��

%HIHKO�� EGCD(X^2+1,X-1)

(UJHEQLV�� {2,1,-(X+1)}

6LHKH�DXFK�� ,(*&'

EPSX0

7\S�� )XQNWLRQ�

%HVFKUHLEXQJ���(UVHW]W�DOOH�.RHIIL]LHQWHQ�LQ�HLQHP�3RO\QRP��GHUHQ�
$EVROXWEHWUDJ�NOHLQHU�LVW�DOV�GHU�%HWUDJ��GHU�LQ�GHU�
9DULDEOHQ�(36�JHVSHLFKHUW�LVW��GXUFK����'HU�%HWUDJ�LQ�
(36�PX��NOHLQHU�DOV���VHLQ�

=XJULII�� N

(LQJDEH�� (LQ�3RO\QRP�

$XVJDEH�� 'DV�3RO\QRP��EHL�GHP�GLH�HQWVSUHFKHQGHQ�
.RHIIL]LHQWHQ�GXUFK���HUVHW]W�VLQG�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

u x2 1+( ) v x 1–( )+ c=

P14CAS.fm  Page 18  Sunday, March 5, 2000  11:22 AM



Computer-Algebra-Befehle Seite 14-19

A
dvanced topics

EULER

7\S�� )XQNWLRQ

%HVFKUHLEXQJ��� *LEW�I�U�HLQH�JHJHEHQH�JDQ]H�=DKO�GLH�$Q]DKO�GHU�JDQ]HQ�
=DKOHQ��GLH�NOHLQHU�DOV�GLH�JDQ]H�=DKO�XQG�WHLOHUIUHPG�]X�
LKU�VLQG���(XOHUVFKH�Φ�)XQNWLRQ��

=XJULII�� <! ,17(*(5

(LQJDEH�� (LQH�QLFKW�QHJDWLYH�JDQ]H�=DKO�

$XVJDEH�� 'LH�$Q]DKO�GHU�SRVLWLYHQ�JDQ]HQ�=DKOHQ��GLH�NOHLQHU�DOV�
GLH�JDQ]H�=DKO�XQG�WHLOHUIUHPG�]X�LKU�VLQG�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

EXLR

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�GLH�UHFKWH�XQG�OLQNH�6HLWH�HLQHU�*OHLFKXQJ�DOV�
GLVNUHWH�$XVGU�FNH�]XU�FN�

=XJULII�� N

(LQJDEH�� (LQH�*OHLFKXQJ�

$XVJDEH�� (EHQH���$UJXPHQW����'HU�$XVGUXFN�DXI�GHU�OLQNHQ�
6HLWH�GHV��� ���=HLFKHQV�LQ�GHU�XUVSU�QJOLFKHQ��
*OHLFKXQJ�
(EHQH���$UJXPHQW����'HU�$XVGUXFN�DXI�GHU�UHFKWHQ�
6HLWH�GHV��� ���=HLFKHQV�LQ�GHU�XUVSU�QJOLFKHQ��
*OHLFKXQJ�

)ODJV��� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

P14CAS.fm  Page 19  Sunday, March 5, 2000  11:22 AM



Seite 14-20 Computer-Algebra-Befehle

A
dv

an
ce

d 
to

pi
cs

%HLVSLHO��� 7HLOH�GLH�IROJHQGH�*OHLFKXQJHQ�LQ�LKUH�EHLGHQ�
.RPSRQHQWHQDXVGU�FNH�
VLQ�[� �[�\

%HIHKO�� EXLR(SIN(X)=5*X+Y)

(UJHEQLV�� {SIN(X) 5*X+Y}

EXPAN

7\S�� %HIHKO

%HVFKUHLEXQJ���(QWZLFNHOW�XQG�YHUHLQIDFKW�HLQHQ�DOJHEUDLVFKHQ�
$XVGUXFN��'LHVHU�%HIHKO�LVW�LGHQWLVFK�PLW�GHP�%HIHKO�
(;3$1'��(U�ZXUGH�DXIJHQRPPHQ��XP�GLH�
$EZlUWVNRPSDWLELOLWlW�PLW�GHQ�7DVFKHQUHFKQHUQ�GHU�
+3�����6HULH�]X�JHZlKUOHLVWHQ�

=XJULII�� N

(LQJDEH�� (LQ�$XVGUXFN

$XVJDEH�� 'HU�HQWZLFNHOWH�XQG�YHUHLQIDFKWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� (;3$1'

P14CAS.fm  Page 20  Sunday, March 5, 2000  11:22 AM



Computer-Algebra-Befehle Seite 14-21

A
dvanced topics

EXPAND

7\S�� %HIHKO

%HVFKUHLEXQJ���(QWZLFNHOW�XQG�YHUHLQIDFKW�HLQHQ�DOJHEUDLVFKHQ�
$XVGUXFN�

=XJULII�� $OJHEUD��>ú

(LQJDEH�� (LQ�$XVGUXFN�E]Z��HLQ�)HOG�PLW�$XVGU�FNHQ�

$XVJDEH�� 'HU�HQWZLFNHOWH�XQG�YHUHLQIDFKWH�$XVGUXFN�RGHU�)HOG�
PLW�$XVGU�FNHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 9HUHLQIDFKH�GHQ�IROJHQGHQ�$XVGUXFN��

%HIHKO�� EXPAN((X^2+2*X+1)/(X+1))

(UJHEQLV�� X+1

6LHKH�DXFK�� (;3$1

EXPANDMOD

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���(QWZLFNHOW�XQG�YHUHLQIDFKW�HLQHQ�DOJHEUDLVFKHQ�
$XVGUXFN�PRGXOR�GHP�DNWXHOOHQ�0RGXO��

=XJULII�� <!�02'8/2

(LQJDEH�� (LQ�$XVGUXFN�

$XVJDEH�� 'HU�HQWZLFNHOWH�XQG�YHUHLQIDFKWH�$XVGUXFN�PRGXOR�
GHP�DNWXHOOHQ�0RGXO�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

x
2 2x 1+ +( )

x 1+
-------------------------------
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%HLVSLHO��� (QWZLFNOH�GHQ�IROJHQGHQ�$XVGUXFN�XQG�JLE�GDV�
(UJHEQLV�PRGXOR����6WDQGDUGHLQVWHOOXQJ�I�U�PRGXOR��
DQ�

%HIHKO�� EXPANDMOD((X+3)*(X+4))

(UJHEQLV�� X^2+X

EXPLN

7\S�� %HIHKO

%HVFKUHLEXQJ���)RUPW�GLH�WULJRQRPHWULVFKHQ�7HUPH�LQ�HLQHQ�$XVGUXFN�
PLW�H[SRQHQWLHOOHQ�XQG�ORJDULWKPLVFKHQ�7HUPHQ�XP�

=XJULII�� <^

(LQJDEH�� (LQ�$XVGUXFN

$XVJDEH�� 'HU�XPJHIRUPWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
'HU�NRPSOH[H�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
JHVHW]W��

%HLVSLHO��� )RUPH�GHQ�IROJHQGHQ�$XVGUXFN�XP�XQG�YHUHLQIDFKH�
GDV�(UJHEQLV�PLW�GHP�%HIHKO�(;3$1'�

%HIHKO�� EXPLN(2*COS(X^2))
EXPAND(ANS(1))

(UJHEQLV��

6LHKH�DXFK�� 6,1&26

x 3+( ) x 4+( )

2 x
2( )cos

EXP i·X2( )
2

1+

EXP i··X2( )
-------------------------------------
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FACTOR

7\S�� %HIHKO

%HVFKUHLEXQJ���)DNWRULVLHUW�HLQ�3RO\QRP�RGHU�HLQH�JDQ]H�=DKO�

� 'LHVH�)XQNWLRQ�GU�FNW�HLQ�3RO\QRP�DOV�3URGXNW�QLFKW�
IDNWRULVLHUEDUHU�3RO\QRPH�DXV��

� 'LHVH�)XQNWLRQ�GU�FNW�HLQH�JDQ]H�=DKO�DOV�3URGXNW�
YRQ�3ULP]DKOHQ�DXV�

=XJULII�� $OJHEUD��>ú

(LQJDEH�� (LQ�$XVGUXFN�RGHU�HLQH�JDQ]H�=DKO�

$XVJDEH�� 'HU�IDNWRULVLHUWH�$XVGUXFN�RGHU�GLH�DOV�3URGXNW�YRQ�
3ULP]DKOHQ�GDUJHVWHOOWH�JDQ]H�=DKO�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� )DNWRULVLHUH�GDV�IROJHQGH�

%HIHKO�� FACTOR(X^2+5*X+6)

(UJHEQLV�� (X+2)(X+3)

6LHKH�DXFK�� (;3$1'

x
2 5x 6+ +
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FACTORMOD

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���)DNWRULVLHUW�HLQ�3RO\QRP�PRGXOR�GHP�DNWXHOOHQ�0RGXO��
'HU�0RGXO�PX��NOHLQHU�DOV�����XQG�HLQH�3ULP]DKO�VHLQ�

=XJULII�� <!�02'8/2

(LQJDEH�� 'HU�$XVGUXFN��GHU�IDNWRULVLHUW�ZHUGHQ�VROO�

$XVJDEH�� 'HU�IDNWRULVLHUWH�$XVGUXFN�PRGXOR�GHP�DNWXHOOHQ�
0RGXO�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� )DNWRULVLHUH�GHQ�IROJHQGHQ�$XVGUXFN�PRGXOR�GHP�
6WDQGDUGPRGXO���
[���

%HIHKO�� FACTORMOD(X^2+2)

(UJHEQLV�� (X+1)*(X-1)

FACTORS

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�I�U�HLQHQ�:HUW�RGHU�HLQHQ�$XVGUXFN�HLQH�/LVWH�GHU�
3ULPIDNWRUHQ�XQG�LKUHU�9LHOIDFKKHLWHQ�]XU�FN�

=XJULII�� <!

(LQJDEH�� (LQ�:HUW�RGHU�HLQ�$XVGUXFN�

$XVJDEH�� (LQH�/LVWH�YRQ�3ULPIDNWRUHQ�GHV�:HUWHV�RGHU�
$XVGUXFN��LQ�GHU�KLQWHU�MHGHP�)DNWRU�VHLQH�9LHOIDFKKHLW�
DXIJHI�KUW�LVW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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%HLVSLHO����� 6XFKH�GLH�3ULPIDNWRUHQ�YRQ�����
%HIHKO�� FACTORS(100)

(UJHEQLV�� {5 2. 2 2.}

%HLVSLHO���� 6XFKH�GLH�QLFKW�UHGX]LHUEDUHQ�)DNWRUHQ�YRQ��

%HIHKO�� FACTORS(X^2+4*X+4)

(UJHEQLV�� {X+2,2.}

FCOEF

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�I�U�HLQ�)HOG�PLW�:XU]HOQ�XQG�9LHOIDFKKHLWHQ�
3ROHQ�HLQ�UDWLRQDOHV�3RO\QRP�PLW�GHQ�DQJHJHEHQHQ�
:XU]HOQ��3ROHQ�XQG�9LHOIDFKKHLWHQ�]XU�FN��GDV�DOV�
I�KUHQGHQ�.RHIIL]LHQWHQ�HLQH����KDW�

=XJULII�� <!�32/<120,$/

(LQJDEH�� (LQ�)HOG�LQ�GHU�)RUP�>:XU]HO����9LHOIDFKKHLW�3ROH����
:XU]HO����9LHOIDFKKHLW�3ROH��������@�'LH�9LHOIDFKKHLW�3RO�
PX��HLQH�JDQ]H�=DKO�VHLQ��(LQH�SRVLWLYH�=DKO�
NHQQ]HLFKQHW�HLQH�9LHOIDFKKHLW��(LQH�QHJDWLYH�=DKO�
NHQQ]HLFKQHW�HLQHQ�3RO�

$XVJDEH�� 'DV�UDWLRQDOH�3RO\QRP�PLW�GHQ�DQJHJHEHQHQ�:XU]HOQ�
XQG�9LHOIDFKKHLWHQ�3ROHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GDV�UDWLRQDOH�3RO\QRP�HQWVSUHFKHQG�GHU�
IROJHQGHQ�0HQJH�YRQ�:XU]HOQ�XQG�3ROHQ�
���������²�

%HIHKO�� FCOEF([1,2,3,-1])

(UJHEQLV�� (X-1)^2/(X-3)

6LHKH�DXFK�� )52276

x2 4x 4+ +
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FOURIER

7\S�� )XQNWLRQ

%HVFKUHLEXQJ��� *LEW�GHQ�Q�WHQ�.RHIIL]LHQW�HLQHU�NRPSOH[HQ�)RXULHU�
5HLKHQHQWZLFNOXQJ�]XU�FN��'LH�9DULDEOH�PERIODE�PX��
LP�DNWXHOOHQ�3IDG�VHLQ�XQG�/��GLH�3HULRGH�GHU�
(LQJDEHIXQNWLRQ��HQWKDOWHQ

=XJULII�� <$�'(5,9��	�,17(*

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�$XVGUXFN
�(EHQH���$UJXPHQW����'LH�=DKO�Q�GHV�.RHIIL]LHQWHQ��
GHU�]XU�FNJHJHEHQ�ZHUGHQ�VROO�

$XVJDEH�� 'HU�Q�WH�)RXULHU�.RHIIL]LHQW�GHV�$XVGUXFNV�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
'HU�NRPSOH[H�0RGXV�PX��HLQJHVWHOOW�VHLQ��G�K��)ODJ�²
����PX��JHVHW]W�VHLQ�

FROOTS

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�I�U�HLQ�UDWLRQDOHV�3RO\QRP�HLQ�)HOG�PLW�GHQ�
:XU]HOQ�XQG�3ROHQ�XQG�GHQ�MHZHLOLJHQ�9LHOIDFKKHLWHQ�
]XU�FN�

=XJULII�� <!�32/<120,$/

(LQJDEH�� (LQ�UDWLRQDOHV�3RO\QRP�

$XVJDEH�� (LQ�)HOG�LQ�GHU�)RUP�>:XU]HO����9LHOIDFKKHLW����)HOG����
9LHOIDFKKHLW��������@
(LQH�QHJDWLYH�9LHOIDFKKHLW�]HLJW�HLQHQ�3RO�DQ�
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)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W���'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�
HLQJHVWHOOW�VHLQ��)ODJ�²���]XU�FNJHVHW]W��
:HQQ�GHU�NRPSOH[H�0RGXV�HLQJHVWHOOW�LVW��)ODJ�²����
JHVHW]W���VXFKW�)52276�VRZRKO�QDFK�NRPSOH[HQ�DOV�
DXFK�QDFK�UHHOOHQ�/|VXQJHQ��

:HQQ�GHU�1lKHUXQJVPRGXV�HLQJHVWHOOW�LVW��)ODJ�²����
JHVHW]W���VXFKW�)52276�QDFK�QXPHULVFKHQ�:XU]HOQ�

6LHKH�DXFK�� )&2()

FXND

7\S�� %HIHKO

%HVFKUHLEXQJ���7HLOW�HLQ�2EMHNW�LQ�HLQHQ�=lKOHU�XQG�HLQHQ�1HQQHU�DXI�

=XJULII�� N

(LQJDEH�� (LQ�%UXFK�RGHU�HLQ�2EMHNW��GDV�DOV�%UXFK�DXVJHZHUWHW�
ZLUG�

$XVJDEH�� 'DV�2EMHNWH��LQ�=lKOHU�XQG�1HQQHU�DXIJHWHLOW�
(EHQH���(OHPHQW����'HU�=lKOHU�
��(EHQH���(OHPHQW����'HU�1HQQHU�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� *LE�GHQ�=lKOHU�XQG�1HQQHU�GHV�IROJHQGHQ�$XVGUXFNV�
]XU�FN�

%HIHKO�� FXND((X-3)^2/(Z+4))

(UJHEQLV�� (EHQH���(OHPHQW����(X-3)^2
(EHQH���(OHPHQW����Z+4

x 3–( )2

z 4+
------------------
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GAUSS

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�GLH�'LDJRQDOGDUVWHOOXQJ�HLQHU�TXDGUDWLVFKH�)RUP�
]XU�FN�

=XJULII�� <%�48$'5$7,&�)250

(LQJDEH�� (EHQH���$UJXPHQW����'LH�TXDGUDWLVFKH�)RUP�
(EHQH���$UJXPHQW����(LQ�9HNWRU��GHU�GLH�
XQDEKlQJLJHQ�9DULDEOHQ�HQWKlOW�

$XVJDEH�� (EHQH���$UJXPHQW����(LQ�)HOG�PLW�GHQ�.RHIIL]LHQWHQ�
GHU�'LDJRQDOHQ�
(EHQH���$UJXPHQW����(LQH�0DWUL[�3��GHUHQ�
TXDGUDWLVFKH�)RUP�GDUJHVWHOOW�ZLUG�DOV�37'3��ZREHL�GLH�
'LDJRQDOPDWUL[�'�GLH�.RHIIL]LHQWHQ�GHU�
'LDJRQDOGDUVWHOOXQJ�HQWKlOW�
(EHQH���$UJXPHQW����'LH�'LDJRQDOGDUVWHOOXQJ�GHU�
TXDGUDWLVFKHQ��)RUP�
(EHQH���$UJXPHQW����(LQH�/LVWH�GHU�9DULDEOHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GLH�V\PEROLVFKH�*DX�VFKH�TXDGUDWLVFKH�)RUP�
I�U�GDV�IROJHQGH�

%HIHKO�� GAUSS(X^2+2*A*X*Y,[X,Y])

(UJHEQLV�� {[1,-A^2] [[1,A][0,1]],-
(A^2*Y^2)+(A*Y+X)^2,[X,Y])

6LHKH�DXFK�� $;4
4;$

x2 2axy+
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GCD

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GHQ�JU|�WHQ�JHPHLQVDPHQ�7HLOHU�]ZHLHU�2EMHNWH�
]XU�FN�

=XJULII�� <!�32/<120,$/

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�$XVGUXFN�RGHU�HLQ�2EMHNW��
GDV�I�U�HLQH�=DKO�DXVJHZHUWHW�ZLUG�
(EHQH���$UJXPHQW����(LQ�$XVGUXFN�RGHU�HLQ�2EMHNW��
GDV�I�U�HLQH�=DKO�DXVJHZHUWHW�ZLUG�

$XVJDEH�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

)ODJV�� 6HW]HQ�6LH�I�U�HLQ�V\PEROLVFKHV�(UJHEQLV�GLH�
QXPHULVFKH�2SWLRQ�GHU�&$6�0RGL�]XU�FN��)ODJ�²���
]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GHQ�JU|�WHQ�JHPHLQVDPHQ�7HLOHU�YRQ������XQG�
���

%HIHKO�� GCD(2805,99)

(UJHEQLV�� 33

6LHKH�DXFK�� *&'02'
(*&'
,(*&'
/&0
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GCDMOD

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���6XFKW�GHQ�JU|�WHQ�JHPHLQVDPHQ�7HLOHU�]ZHLHU�
3RO\QRPH�PRGXOR�GHP�DNWXHOOHQ�0RGXO�

=XJULII�� <!�02'8/2

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�3RO\QRPDXVGUXFN�
(EHQH���$UJXPHQW����(LQ�3RO\QRPDXVGUXFN�

$XVJDEH�� 'HU�JU|�WHQ�JHPHLQVDPHQ�7HLOHU�]ZHLHU�$XVGU�FNH�
PRGXOR�GHP�DNWXHOOHQ�0RGXO�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� *&'

HADAMARD

7\S�� %HIHKO

%HVFKUHLEXQJ���)�KUW�GLH�HOHPHQWHZHLVH�0XOWLSOLNDWLRQ�]ZHLHU�
0DWUL]HQ�GXUFK��+DGDPDUG�3URGXNW��

=XJULII�� <% 23(5$7,216

(LQJDEH�� (EHQH���$UJXPHQW����0DWUL[���
(EHQH���$UJXPHQW����0DWUL[���
'LH�0DWUL]HQ�P�VVHQ�YRQ�GHU�JOHLFKHQ�2UGQXQJ�VHLQ�

$XVJDEH�� 'LH�0DWUL[��GLH�GDV�(UJHEQLV�GHU�0XOWLSOLNDWLRQ�
GDUVWHOOW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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%HLVSLHO��� 6XFKH�GDV�+DGDPDUG�3URGXNW�GHU�IROJHQGHQ�EHLGHQ�
0DWUL]HQ�

�XQG�

%HIHKO�� HADAMARD([[3,-
1,2][0,1,4]],[2,3,0][1,5,2]]

(UJHEQLV�� [[6,-3,-0][0.5.8]]

HALFTAN

7\S�� %HIHKO

%HVFKUHLEXQJ���:DQGHOW�HLQHQ�$XVGUXFN�XP��LQGHP�VLQ�[���FRV[��XQG�
WDQ[��8QWHUDXVGU�FNH�GXUFK�WDQ�[����7HUPH�HUVHW]W�
ZHUGHQ

=XJULII�� >û

(LQJDEH�� (LQ�$XVGUXFN

$XVJDEH�� 'HU�XPJHIRUPWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

HERMITE

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GDV�Q�WH�+HUPLWH�3RO\QRP�]XU�FN�

=XJULII�� <!�32/<120,$/

(LQJDEH�� (LQH�QLFKW�QHJDWLYH�JDQ]H�=DKO�

$XVJDEH�� 'HU�HQWVSUHFKHQGH�3RO\QRPDXVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

3 1– 2

0 1 4

2 3 0

1 5 2
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%HLVSLHO��� 6XFKH�GDV�+HUPLWH�3RO\QRP���*UDGHV
%HIHKO�� HERMITE(4)

(UJHEQLV�� 16*X^4-48*X^2+12

HESS

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�GLH�+HVVHPDWUL[�XQG�GHQ�*UDGLHQWHQ�HLQHV�
$XVGUXFNV�I�U�GLH�DQJHJHEHQHQ�9DULDEOHQ�DQ�

=XJULII�� <$�'(5,9�	�,17(*

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�$XVGUXFN�
(EHQH���$UJXPHQW����(LQ�9HNWRU�DXV�GHQ�9DULDEOHQ�

$XVJDEH�� (EHQH���(OHPHQW����'LH�+HVVHPDWUL[�I�U�GLH�
DQJHJHEHQHQ�9DULDEOHQ�
(EHQH���(OHPHQW����'HU�*UDGLHQWHQ�I�U�GLH�
DQJHJHEHQHQ�9DULDEOHQ�
(EHQH���(OHPHQW����(LQ�9HNWRU�DXV�GHQ�9DULDEOHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� &85/
',9
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HILBERT

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�HLQH�TXDGUDWLVFKH�+LOEHUW�0DWUL[�GHU�DQJHJHEHQHQ�
2UGQXQJ�]XU�FN�

=XJULII�� <% &5($7(

(LQJDEH�� (LQH�SRVLWLYH�JDQ]H�=DKO��GLH�GLH�2UGQXQJ�GDUVWHOOW�

$XVJDEH�� 'LH�+LOEHUW�0DWUL[�GHU�DQJHJHEHQHQ�2UGQXQJ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GLH�+LOEHUW�0DWUL[����2UGQXQJ�
%HIHKO��� HILBERT(3)

(UJHEQLV��

HORNER

7\S�� %HIHKO

%HVFKUHLEXQJ���:HQGHW�HLQ�+RUQHU�6FKHPD�DXI�HLQHP�3RO\QRP�DQ��
'DV�EHGHXWHW��I�U�HLQ�JHJHEHQHV�3RO\QRP�3�XQG�HLQH�
=DKO�U�JLEW�GHU�%HIHKO�+251(5�3��[²U��]XU�FN�

=XJULII�� <! 32/<120,$/

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�3RO\QRP�3�
(EHQH���$UJXPHQW����(LQH�=DKO�U�

$XVJDEH�� (EHQH���(OHPHQW����3��[²U�
(EHQH���(OHPHQW����U�
(EHQH���(OHPHQW����3�U���GDV�5HVWJOLHG��GHU�'LYLVLRQ

1
1
2
--- 1

3
---

1
2
--- 1

3
--- 1

4
---

1
3
--- 1

4
--- 1

5
---
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)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�I�U�U ��GDV�(UJHEQLV�GHU�$QZHQGXQJ�HLQHV�
+RUQHU�6FKHPDV�DXI�GDV�IROJHQGH�3RO\QRP�

%HIHKO�� HORNER(X^2+X+1,3)

(UJHEQLV� (X+4,3,13)

I→R

7\S�� %HIHKO

%HVFKUHLEXQJ���:DQGHOW�HLQH�JDQ]H�=DKO�LQ�HLQH�UHHOOH�=DKO�XP�

=XJULII�� N

(LQJDEH�� (EHQH���$UJXPHQW����(LQH�JDQ]H�=DKO�

$XVJDEH�� (EHQH���(OHPHQW����'LH�LQ�HLQH�UHHOOH�=DKO�
XPJHZDQGHOWH�JDQ]H�=DKO�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� 5→,

x
2

x 1+ +
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IABCUV

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�HLQH�/|VXQJ�LQ�JDQ]HQ�=DKOHQ�X�XQG�Y�YRQ�DX���EY�
 �F�]XU�FN��ZREHL�D��E�XQG�F�JDQ]H�=DKOHQ�VLQG�

=XJULII�� <!�,17(*(5

(LQJDEH�� (EHQH���$UJXPHQW����'HU�:HUW�YRQ�D�
(EHQH���$UJXPHQW����'HU�:HUW�YRQ�E�
(EHQH���$UJXPHQW����'HU�:HUW�YRQ�F�

$XVJDEH�� (EHQH���(OHPHQW����'HU�:HUW�I�U�X�
(EHQH���(OHPHQW����'HU�:HUW�I�U�Y�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�I�U�GLH�IROJHQGH�*OHLFKXQJ�HLQH�JDQ]]DKOLJH�
/|VXQJ�
�D�����E� ��

%HIHKO�� IABCUV(6,11,3)

(UJHEQLV�� {6,-3}

6LHKH�DXFK�� $%&89

IBERNOULLI

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GLH�Q�WH�%HUQRXOOLVFKH�=DKO�I�U�HLQH�JHJHEHQH�
JDQ]H�=DKO�]XU�FN�

=XJULII�� N

(LQJDEH�� (EHQH���$UJXPHQW����(LQH�JDQ]H�=DKO�

$XVJDEH�� (EHQH���(OHPHQW����'LH�HQWVSUHFKHQGH�Q�WH�
%HUQRXOOLVFKH�=DKO�I�U�GLH�JDQ]H�=DKO�

)ODJV�� 'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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IBP

7\S�� %HIHKO

%HVFKUHLEXQJ��� )�KUW�GLH�SDUWLHOOH�,QWHJUDWLRQ�HLQHU�)XQNWLRQ�GXUFK��'LH�
)XQNWLRQ�PX��DOV�3URGXNW�]ZHLHU�)XQNWLRQHQ�GDUJHVWHOOW�
ZHUGHQ�N|QQHQ��ZREHL�GLH�6WDPPIXQNWLRQ�HLQHU�GHU�
EHLGHQ�)XQNWLRQHQ�EHNDQQW�VHLQ�PX��
f(x) = u(x).v’(x)

%HDFKWHQ�6LH��GD��GLHVHU�%HIHKO�QXU�LP�531�0RGXV�YHUZHQGHW�ZHUGHQ�
NDQQ�

=XJULII�� <$'(5,9�	�,17(*

(LQJDEH�� (EHQH����'HU�,QWHJUDQG��DXVJHGU�FNW�DOV�3URGXNW�]ZHLHU�
)XQNWLRQHQ�u(x).v’(x)
(EHQH����'LH�6WDPPIXQNWLRQ�Y�[��GHU�HLQHQ�
.RPSRQHQWHQIXQNWLRQ�

$XVJDEH�� (EHQH����X�[�Y�[�
(EHQH�����X·�[�Y�[�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� %HUHFKQH�GDV�IROJHQGH�PLWWHOV�SDUWLHOOHU�,QWHJUDWLRQ�

%HIHKO��� :HQGHQ�6LH�GHQ�%HIHKO�,%3�DQ�
� (EHQH����X*COS(X)

(EHQH����SIN(X)

(UJHEQLV��� (EHQH��� SIN(X).X
(EHQH����-SIN(X)

%HIHKO��� :HQGHQ�6LH�GHQ�%HIHKO�,179;�DXI�(EHQH����-SIN(X), 
an

(UJHEQLV�� (EHQH����SIN(X).X
(EHQH����COS(X)

%HIHKO����� 'U�FNHQ�6LH�=��XP�GDV�(UJHEQLV�]XP�:HUW�GHU�(EHQH���
KLQ]X]lKOHQ�XQG�GDV�(QGHUJHEQLV�]X�HUKDOWHQ�

x x( )cos xd∫
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(UJHEQLV�� SIN(X).(X)+COS(X)

6LHKH�DXFK�� ,179;
,17
35(9$/
5,6&+

ICHINREM

7\S�� %HIHKO

%HVFKUHLEXQJ���/|VW�HLQ�6\VWHP�PLW�]ZHL�JDQ]]DKOLJHU�.RQJUXHQ]HQ�
GXUFK�$QZHQGXQJ�GHV�&KLQHVLVFKH�5HVWVDW]HV�

=XJULII�� <! ,17(*(5

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�9HNWRU�DXV�GHU�HUVWHQ�
9DULDEOHQ�XQG�GHP�0RGXO�
(EHQH���$UJXPHQW����(LQ�9HNWRU�DXV�GHU�]ZHLWHQ�
9DULDEOHQ�XQG�GHP�0RGXO�

$XVJDEH�� (LQ�9HNWRU�GHU�/|VXQJ��

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� /|VH�GDV�IROJHQGH�.RQJUXHQ]V\VWHP��
�0RGXOR��
�0RGXOR��

%HIHKO�� ICHINREM([2,3],[1,5])

(UJHEQLV� [-4, 15]

6LHKH�DXFK�� &+,15(0

x 2≡
x 1≡
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IDIV2

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�I�U�]ZHL�JDQ]H�=DKOHQ�D�XQG�E�GHQ�JDQ]]DKOLJHQ�
7HLO�YRQ�D�E�XQG�GDV�5HVWJOLHG�U�]XU�FN�

=XJULII�� <! ,17(*(5

(LQJDEH�� (EHQH���$UJXPHQW����D�
(EHQH���$UJXPHQW����E�

$XVJDEH�� (EHQH���(OHPHQW����'HU�JDQ]]DKOLJH�7HLO�YRQ�D�E�
(EHQH���(OHPHQW����'DV�5HVWJOLHG�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� *LE�GHQ�JDQ]]DKOLJHQ�7HLO�XQG�GDV�5HVWJOLHG�YRQ�
����������]XU�FN�

%HIHKO�� IDIV2(11632,864)

(UJHEQLV�� {13.400}

6LHKH�DXFK�� ',9�

IEGCD

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�EHL�]ZHL�JDQ]HQ�=DKOHQ�[�XQG�\�GUHL�JDQ]H�=DKOHQ�
D��E�XQG�F�]XU�FN��I�U�GLH�JLOW�
D[�E\ F

=XJULII�� <! ,17(*(5

(LQJDEH�� (EHQH���$UJXPHQW����[�
(EHQH���$UJXPHQW����\�

$XVJDEH�� (EHQH���(OHPHQW����F�
(EHQH���(OHPHQW����D�
(EHQH���(OHPHQW����E�

P14CAS.fm  Page 38  Sunday, March 5, 2000  11:22 AM



Computer-Algebra-Befehle Seite 14-39

A
dvanced topics

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� (*&'

ILAP

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GLH�LQYHUVH�/DSODFH�7UDQVIRUPDWLRQ�I�U�HLQHQ�
$XVGUXFN�]XU�FN��'HU�$XVGUXFN�PX��HLQHQ�UDWLRQDOHQ�
%UXFK�HUJHEHQ�

=XJULII�� <$ ',))(5(17,$/�(416

(LQJDEH�� (LQ�UDWLRQDOHU�$XVGUXFN�

$XVJDEH�� 'LH�LQYHUVH�/DSODFH�7UDQVIRUPDWLRQ�GHV�$XVGUXFNV�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GLH�LQYHUVH�/DSODFH�7UDQVIRUPDWLRQ�YRQ�

%HIHKO�� ILAP(1/(X-5)^2)

(UJHEQLV�� X*EXP(5*X)

1

x 5–( )2
------------------
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INT

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���%HUHFKQHW�I�U�HLQH�)XQNWLRQ�I�U�HLQH�JHJHEHQH�9DULDEOH�
DQ�HLQHP�JHJHEHQHQ�3XQNW�GLH�6WDPPIXQNWLRQ�

=XJULII�� N

(LQJDEH�� (EHQH���(OHPHQW����(LQH�)XQNWLRQ�
(EHQH���(OHPHQW����'HU�9DULDEOH�QDFK�DEJHOHLWHW�
ZHUGHQ�VROO�
(EHQH���(OHPHQW����'HU�3XQNW��DQ�GHP�GLH�
6WDPPIXQNWLRQ�EHUHFKQHW�ZHUGHQ�VROO��'HU�3XQNW�NDQQ�
HLQH�9DULDEOH�RGHU�HLQ�$XVGUXFN�VHLQ�

$XVJDEH�� %HUHFKQHW�GLH�6WDPPIXQNWLRQ�GHU�)XQNWLRQ�I�U�GLH�
JHJHEHQH�9DULDEOH��DQ�GHP�YRQ�,KQHQ�YRUJHJHEHQHQ�
3XQNW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK��� ,179;
5,6&+

INTVX

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���6XFKW�I�U�HLQH�)XQNWLRQ�GLH�6WDPPIXQNWLRQ�I�U�GLH�
DNWXHOOH�6WDQGDUGYDULDEOH�V\PEROLVFK��

=XJULII�� <$ '(5,9��	�,17(*

(LQJDEH�� (LQ�$XVGUXFN�

$XVJDEH�� 'LH�6WDPPIXQNWLRQ�GHV�$XVGUXFNV�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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%HLVSLHO��� 6XFKH�GLH�6WDPPIXQNWLRQ�I�U�GDV�IROJHQGH�

%HIHKO�� INTVX(X^2*LN(X))

(UJHEQLV�� 1/3*X^3*LN(X)+(-1/9)X^3

6LHKH�DXFK�� ,%3
5,6&+
35(9$/

INVMOD

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���)�KUW�HLQH�PRGXODUH�,QYHUVLRQ�]ZHLHU�2EMHNWH�GXUFK�
PRGXOR�GHP�DNWXHOOHQ�0RGXO�

=XJULII�� <! 02'8/2

(LQJDEH�� (LQ�2EMHNW�

$XVJDEH�� 'DV�PRGXODUH�,QYHUVH�GHV�2EMHNWV�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� /|VH�GDV�IROJHQGH�I�U�[�PRGXOR�GHP�6WDQGDUGPRGXO���

%HIHKO�� INVMOD(2)

(UJHEQLV�� -1

x
2

xln

2x 1≡( )
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IQUOT

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�I�U�]ZHL�JDQ]H�=DKOHQ�GHQ�JDQ]]DKOLJHQ�
4XRWLHQWHQ�]XU�FN��'DV�KHL�W��GHU�%HIHKO�JLEW�I�U�]ZHL�
JDQ]H�=DKOHQ�D�XQG�E�GLH�JDQ]H�=DKO�T�]XU�FN��I�U�GLH�
JLOW�
D� �TE���U��XQG�

=XJULII�� <! ,17(*(5

(LQJDEH�� (EHQH���(OHPHQW����'HU�'LYLGHQG�
(EHQH���(OHPHQW����'HU�'LYLVRU�

$XVJDEH�� 'HU�JDQ]]DKOLJH�4XRWLHQW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� 4827

IREMAINDER

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GDV�5HVWJOLHG�HLQHU�*DQ]]DKOGLYLVLRQ�]XU�FN

=XJULII�� N

(LQJDEH�� (EHQH���$UJXPHQW����'HU�=lKOHU�
(EHQH���$UJXPHQW����'HU�1HQQHU�

$XVJDEH�� 'DV�5HVWJOLHG�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� ,',9�

0 r b<≤
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ISPRIME?

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���hEHUSU�IW��RE�HLQH�=DKO�HLQH�3ULP]DKO�LVW�

=XJULII�� <! ,17(*(5

(LQJDEH�� (LQ�2EMHNW��GDV�I�U�HLQH�=DKO�DXVJHZHUWHW�ZLUG�

$XVJDEH�� ���:DKU���IDOOV�GLH�=DKO�HLQH�3ULP]DKO�LVW�����)DOVFK��IDOOV�
QLFKW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� 1(;735,0(��35(935,0(

JORDAN

7\S�� %HIHKO

%HVFKUHLEXQJ���%HUHFKQHW�GLH�(LJHQZHUWH��(LJHQYHNWRUHQ��GDV�
0LQLPDOSRO\QRP�XQG�GDV�FKDUDNWHULVWLVFKH�3RO\QRP�
HLQHU�0DWUL[�

=XJULII�� <%(,*(19(&7256

(LQJDEH�� (LQH�Q�ï�Q�0DWUL[�

$XVJDEH�� (EHQH���(OHPHQW����'DV�0LQLPDOSRO\QRP�
�(EHQH���(OHPHQW����'DV�FKDUDNWHULVWLVFKH�3RO\QRP�
�(EHQH���(OHPHQW����(LQ�/LVWH�PLW�(LJHQUlXPHQ��GLH�
GXUFK�GLH�HQWVSUHFKHQGHQ�(LJHQZHUWH�JHNHQQ]HLFKQHW�
VLQG��HQWZHGHU�HLQ�9HNWRU�RGHU�HLQH�/LVWH�PLW�-RUGDQ�
.HWWHQ��GLH�DOOH�PLW�HLQH�(LJHQYHNWRU�HQGHQ��GHU�PLW�
�(LJHQ���EH]HLFKQHW�LVW��
�(EHQH���(OHPHQW����(LQ�)HOG�DXV�(LJHQZHUWHQ�PLW�
9LHOIDFKKHLWHQ

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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LAGRANGE

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�I�U�HLQ�:HUWHSDDU�GDV�LQWHUSROLHUWH�3RO\QRP�
QLHGULJVWHQ�*UDGHV�]XU�FN�

=XJULII�� $ULWKPHWLF� <!�32/<120,$/

(LQJDEH�� (LQH���ï�Q�0DWUL[�DXV�GHQ�Q�:HUWHSDDUHQ�

$XVJDEH�� 'DV�3RO\QRP��GDV�GDV�(UJHEQLV�GHU�/DJUDQJH�
,QWHUSRODWLRQ�GHU�'DWHQ�LVW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�,QWHUSRODWLRQVSRO\QRP�I�U�GLH�'DWHQ���������������
������������

%HIHKO�� LAGRANGE( )

(UJHEQLV��

1 3 4 2

6 7 8 9

8x3 63x2– 151x 60–+
6

--------------------------------------------------------
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LAP

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���)�KUW�I�U�GLH�DNWXHOOH�6WDQGDUGYDULDEOH�HLQH�/DSODFH�
7UDQVIRUPDWLRQ�DXI�HLQHQ�$XVGUXFN�GXUFK�

=XJULII�� <$ ',))(5(17,$/�(416

(LQJDEH�� (LQ�$XVGUXFN�

$XVJDEH�� 'LH�/DSODFH�7UDQVIRUPDWLRQ�GHV�$XVGUXFNV�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GLH�/DSODFH�7UDQVIRUPDWLRQ�YRQ�H[�
%HIHKO�� LAP(EXP(X))

(UJHEQLV�� 1/(X-1)

LAPL

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�GHQ�/DSODFH�2SHUDWRU�HLQHU�)XQNWLRQ�I�U�HLQH�
9DULDEOHQOLVWH�]XU�FN�

=XJULII�� <$�'(5,9�	�,17(*

(LQJDEH�� (EHQH���$UJXPHQW���(LQ�$XVGUXFN�
�(EHQH���$UJXPHQW����(LQ�9HNWRU�DXV�9DULDEOHQ�

$XVJDEH�� 'HU�/DSODFH�2SHUDWRU�GHV�$XVGUXFNV�I�U�GLH�9DULDEOHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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%HLVSLHO��� 6XFKH�XQG�YHUHLQIDFKH�GHQ�/DSODFH�2SHUDWRU�GHV�
IROJHQGHQ�$XVGUXFNV�

%HIHKO�� LAPL(EXP(X)*COS(Z*Y),[X,Y,Z])
EXPAND(ANS(1))

(UJHEQLV�� -((Y^2+Z^2-1)*EXP(X)*COS(Z*Y))

LCM

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GDV�NOHLQVWH�JHPHLQVDPH�9LHOIDFKH�]ZHLHU�2EMHNWH�
]XU�FN�

=XJULII�� <!32/<120,$/

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�$XVGUXFN��HLQH�=DKO�RGHU�
HLQ�2EMHNW��GDV�I�U�HLQH�=DKO�DXVJHZHUWHW�ZLUG�
(EHQH���$UJXPHQW����(LQ�$XVGUXFN��HLQH�=DKO�RGHU�
HLQ�2EMHNW��GDV�I�U�HLQH�=DKO�DXVJHZHUWHW�ZLUG�

$XVJDEH�� 'DV�NOHLQVWH�JHPHLQVDPH�9LHOIDFKH�GHU�2EMHNWH�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GDV�NOHLQVWH�JHPHLQVDPH�9LHOIDFKH�GHU�IROJHQGHQ�
EHLGHQ�$XVGU�FNH�

[²�
%HIHKO�� LCM(X^2-1,X-1)

(UJHEQLV� X^2-1

6LHKH�DXFK�� *&'

ex zy( )cos

x
2 1–
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LCXM

7\S�� %HIHKO

%HVFKUHLEXQJ���(LQ�3URJUDPP�PLW�]ZHL�$UJXPHQWHQ��GDV�HLQH�0DWUL[�
PLW�GHU�DQJHJHEHQHQ�$Q]DKO�=HLOHQ�XQG�6SDOWHQ�
HUVWHOOW��DLM� �I�L�M��

=XJULII�� N

(LQJDEH�� (EHQH���$UJXPHQW����'LH�$Q]DKO�GHU�=HLOHQ��GLH�6LH�LQ�
GHU�UHVXOWLHUHQGHQ�0DWUL[�KDEHQ�P|FKWHQ�
(EHQH���$UJXPHQW����'LH�$Q]DKO�GHU�6SDOWHQ��GLH�6LH�
LQ�GHU�UHVXOWLHUHQGHQ�0DWUL[�KDEHQ�P|FKWHQ�
(EHQH���$UJXPHQW����(LQ�3URJUDPP��GDV�]ZHL�
$UJXPHQWH�YHUZHQGHW�

$XVJDEH�� 'LH�UHVXOWLHUHQGH�0DWUL[��

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� (UVWHOOH�HLQH���ï���0DWUL[�PLW�DLM L��M�

%HIHKO�� LCXM(2,3,<<→I J ‘I+2*J’>>)

(UJHEQLV�� 3 5 7

4 6 8
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LDEC

7\S�� %HIHKO

%HVFKUHLEXQJ���/|VW�HLQH�OLQHDUH�'LIIHUHQWLDOJOHLFKXQJ�PLW�NRQVWDQWHQ�
.RHIIL]LHQWHQ�RGHU�HLQ�6\VWHP�OLQHDUHU�
'LIIHUHQWLDOJOHLFKXQJHQ�HUVWHU�2UGQXQJ�PLW�NRQVWDQWHQ�
.RHIIL]LHQWHQ��

=XJULII�� <&

(LQJDEH�� (EHQH���$UJXPHQW����)�U�HLQH�HLQ]HOQH�*OHLFKXQJ��GLH�
)XQNWLRQ�DXI�GHU�UHFKWHQ�6HLWH�GHU�*OHLFKXQJ��)�U�HLQ�
*OHLFKXQJVV\VWHP��HLQ�)HOG�DXV�GHQ�7HUPHQ��GLH�GLH�
DEKlQJLJH�9DULDEOH�QLFKW�HQWKDOWHQ�
(EHQH���$UJXPHQW����)�U�HLQH�*OHLFKXQJ��GDV�
]XJHK|ULJH�KRPRJHQH�3RO\QRP��)�U�HLQ�
*OHLFKXQJVV\VWHP��GLH�0DWUL[�PLW�GHQ�.RHIIL]LHQWHQ�
GHU�DEKlQJLJHQ�9DULDEOHQ�

$XVJDEH�� 'LH�/|VXQJ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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LEGENDRE

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GDV�/HJHQGUH�3RO\QRP�Q�WHQ�*UDGHV�]XU�FN�

=XJULII�� <!�32/<120,$/

(LQJDEH�� (LQH�JDQ]H�=DKO�Q�

$XVJDEH�� 'DV�Q�WH�/HJHQGUH�3RO\QRP�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GDV�/HJHQGUH�3RO\QRP���*UDGHV
%HIHKO�� LEGENDRE(4)

(UJHEQLV�� (35*X^4-30*X^2+3)/8

LGCD

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GHQ�JU|�WHQ�JHPHLQVDPHQ�7HLOHU�I�U�HLQH�/LVWH�
PLW�$XVGU�FNHQ�RGHU�:HUWHQ�]XU�FN�

=XJULII�� <!�

(LQJDEH�� (LQH�/LVWH�YRQ�$XVGU�FNHQ�RGHU�:HUWHQ�

$XVJDEH�� (EHQH���(OHPHQW����'LH�/LVWH�GHU�(OHPHQWH�
(EHQH���(OHPHQW����'HU�JU|�WHQ�JHPHLQVDPHQ�7HLOHU�
GHU�(OHPHQWH�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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LIMIT

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GHQ�*UHQ]ZHUW�HLQHU�)XQNWLRQ�EHL�$QQlKHUXQJ�DQ�
HLQHQ�JHJHEHQHQ�3XQNW�

=XJULII�� <$�/,0,76	6(5,(6

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�$XVGUXFN�

� (EHQH���$UJXPHQW����(LQ�$XVGUXFN�LQ�GHU�)RUP�[� �\��
ZREHL�[�GLH�9DULDEOH�LVW�XQG�\�GHU�:HUW�LVW��I�U�GHQ�GHU�
*UHQ]ZHUW�HUPLWWHOW�ZHUGHQ�VROO�

$XVJDEH�� 'HU�*UHQ]ZHUW�GHV�$XVGUXFNV�DP�+lXIXQJVSXQNW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GHQ�IROJHQGHQ�*UHQ]ZHUW�

%HIHKO�� LIMIT((X^N-Y^N)/(X-Y), X=Y)

(UJHEQLV�� N*EXP(N*LN(Y))/Y

6LHKH�DXFK�� 6(5,(6

lim

x y→ 
  xn yn–

x y–
---------------
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LIN

7\S�� %HIHKO

%HVFKUHLEXQJ���/LQHDULVLHUW�$XVGU�FNH��GLH�H[SRQHQWLHOOH�7HUPH�
HQWKDOWHQ�

=XJULII�� ([SRQHQWLDO�DQG�ORJDULWKP��<*

(LQJDEH�� (LQ�$XVGUXFN�

$XVJDEH�� 'HU�OLQHDULVLHUWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� /LQHDULVLHUH�GHQ�IROJHQGHQ�$XVGUXFN�

%HIHKO�� LIN(X*(EXP(X)*EXP(Y))^4)

(UJHEQLV�� X*EXP(4X+4Y)

LINSOLVE

7\S�� %HIHKO

%HVFKUHLEXQJ���/|VW�HLQ�OLQHDUHV�*OHLFKXQJVV\VWHP�

=XJULII�� <&

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�)HOG�PLW�*OHLFKXQJHQ�
(EHQH���$UJXPHQW����(LQ�9HNWRU�DXV�GHQ�9DULDEOHQ��
QDFK�GHQHQ�JHO|VW�ZHUGHQ�VROO�

$XVJDEH�� (EHQH���(OHPHQW����'DV�*OHLFKXQJVV\VWHP�
(EHQH���(OHPHQW����(LQH�/LVWH�GHU�3LYRWSXQNWH�
(EHQH���(OHPHQW����'LH�/|VXQJ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

x e
x
e

y( )
4
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LNAME

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�GLH�9DULDEOHQQDPH�LQ�HLQHP�V\PEROLVFKHQ�
$XVGUXFN�]XU�FN�

=XJULII�� N

(LQJDEH�� (LQ�V\PEROLVFKHU�$XVGUXFN�

$XVJDEH�� (LQ�9HNWRU��GHU�GLH�9DULDEOHQQDPHQ�HQWKlOW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� /9$5

LNCOLLECT

7\S�� %HIHKO

%HVFKUHLEXQJ���9HUHLQIDFKW�HLQHQ�$XVGUXFN�GXUFK�=XVDPPHQIDVVHQ�
ORJDULWKPLVFKHU�7HUPH�

=XJULII�� $OJHEUD��>ú

(LQJDEH�� (LQ�$XVGUXFN�

$XVJDEH�� 'HU�YHUHLQIDFKWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 9HUHLQIDFKH�GHQ�IROJHQGHQ�$XVGUXFN�
��OQ�[��OQ�\��

%HIHKO�� LNCOLLECT(2(LN(X)+LN(Y))

(UJHEQLV�� LN(X^2+Y)
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LVAR

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�HLQH�/LVWH�GHU�9DULDEOHQ�LQ�HLQHP�DOJHEUDLVFKHQ�
2EMHNW�]XU�FN�

=XJULII�� N

(LQJDEH�� (LQ�DOJHEUDLVFKHV�2EMHNW�

$XVJDEH�� (EHQH���(OHPHQW����'DV�DOJHEUDLVFKH�2EMHNW�
(EHQH���(OHPHQW����(LQ�9HNWRU�DXV�GHQ�9DULDEOHQ��GLH�
GDV�2EMHNW�HQWKlOW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

MAD

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�(LQ]HOKHLWHQ�HLQHU�TXDGUDWLVFKHQ�0DWUL[�]XU�FN��

=XJULII�� <%23(5$7,216

(LQJDEH�� (LQH�TXDGUDWLVFKH�0DWUL[

$XVJDEH�� (EHQH���(OHPHQW����'LH�'HWHUPLQDQWH�
�(EHQH���(OHPHQW����'DV�IRUPDOH�,QYHUVH�
�(EHQH���(OHPHQW����'LH�0DWUL[NRHIIL]LHQWHQ�GHV�
3RO\QRPV�S�GHILQLHUW�GXUFK�
�[L²D�S�[� P�[�L���ZREHL�D�GLH�0DWUL[�XQG�P�GDV�
FKDUDNWHULVWLVFKH�3RO\QRP�YRQ�D�LVW�
�(EHQH���(OHPHQW����'DV�FKDUDNWHULVWLVFKH�3RO\QRP�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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MENUXY

7\S�� %HIHKO

%HVFKUHLEXQJ���=HLJW�HLQ�0HQ��GHU�)XQNWLRQVWDVWHQ�PLW�GHQ�
&RPSXWHU�$OJHEUD�%HIHKOHQ�LP�IHVWJHOHJWHQ�%HUHLFK�
DQ�

=XJULII�� N

(LQJDEH�� (EHQH���$UJXPHQW����'LH�1XPPHU�GHV�HUVWHQ�%HIHKOV�
LQ�GHP�%HUHLFK��GHQ�6LH�DQ]HLJHQ�P|FKWHQ�
(EHQH���$UJXPHQW����'LH�1XPPHU�GHV�OHW]WHQ�
%HIHKOV�LQ�GHP�%HUHLFK��GHQ�6LH�DQ]HLJHQ�P|FKWHQ�

$XVJDEH�� ,P�0HQ��GHU�)XQNWLRQVWDVWHQ��HLQH�/LVWH�PLW�DOOHQ�
&RPSXWHU�$OJHEUD�%HIHKOHQ�LQ�GHP�YRQ�,KQHQ�
IHVWJHOHJWHQ�%HUHLFK�

MODSTO

7\S�� %HIHKO

%HVFKUHLEXQJ���bQGHUW�GLH�0RGXOR�(LQVWHOOXQJ�DXI�GLH�DQJHJHEHQH�
=DKO��'LH�YRQ�,KQHQ�HLQJHVWHOOWH�=DKO��ZLUG�LQ�GHU�
(LQJDEHPDVNH�µ&$6�0RGHVµ�ZLGHUJHVSLHJHOW�

=XJULII�� <!�02'8/2

(LQJDEH�� 'HU�0RGXOZHUW��GHQ�6LH�HLQVWHOOHQ�P|FKWHQ�

$XVJDEH�� 'LH�0RGXOR�(LQVWHOOXQJ�ZLUG�DXI�GLH�DQJHJHEHQH�=DKO�
JHlQGHUW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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MULTMOD

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���)�KUW�HLQH�PRGXODUH�0XOWLSOLNDWLRQ�]ZHLHU�2EMHNWH�
GXUFK�PRGXOR�GHP�DNWXHOOHQ�0RGXO�

=XJULII�� <! 02'8/2

(LQJDEH�� (EHQH���$UJXPHQW����(LQH�=DKO�RGHU�HLQ�$XVGUXFN�
�(EHQH���$UJXPHQW����(LQH�=DKO�RGHU�HLQ�$XVGUXFN�

$XVJDEH�� 'DV�(UJHEQLV�GHU�PRGXODUHQ�0XOWLSOLNDWLRQ�GHU�EHLGHQ�
2EMHNWH�PRGXOR�GHP�DNWXHOOHQ�0RGXO�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GDV�3URGXNW�YRQ��[�XQG���[��PRGXOR�GHP�
6WDQGDUGPRGXO���

%HIHKO�� MULTMOD(2*X,38*X^2)

(UJHEQLV�� X^3

NEXTPRIME

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�I�U�HLQH�JHJHEHQH�JDQ]H�=DKO�GLH�QlFKVWH�
3ULP]DKO��GLH�JU|�HU�DOV�GLH�JDQ]H�=DKO�LVW��]XU�FN�

=XJULII�� <!�,17(*(5

(LQJDEH�� (LQH�JDQ]H�=DKO�

$XVJDEH�� 'LH�QlFKVWH�3ULP]DKO��GLH�JU|�HU�DOV�GLH�JDQ]H�=DKO�LVW�

%HLVSLHO��� 6XFKH�GLH�QlFKVWH�3ULP]DKO��GLH�JU|�HU�DOV�����LVW�
%HIHKO�� NEXTPRIME(145)

(UJHEQLV�� 149

6LHKH�DXFK�� ,635,0("
35(935,0(
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PA2B2

7\S�� %HIHKO

%HVFKUHLEXQJ���1LPPW�HLQH�3ULP]DKO�S��I�U�GLH�S ��RGHU� �PRGXOR�
��LVW�XQG�JLEW�HLQH�*DX�VFKH�=DKO�D���LE�]XU�FN��I�U�GLH�
S� �D����E��JLOW��'LHVH�)XQNWLRQ�LVW�]XU�)DNWRULVLHUXQJ�
YRQ�*DX�VFKHQ�=DKOHQ�Q�W]OLFK�

=XJULII�� <!�,17(*(5

(LQJDEH�� (LQH�3ULP]DKO�S��I�U�GLH�S ��RGHU� PRGXOR���JLOW

$XVJDEH�� (LQ�*DX�VFKH�=DKO�D�LE��I�U�GLH�JLOW��S D��E�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� *$866

PARTFRAC

7\S�� �%HIHKO

%HVFKUHLEXQJ���)�KUW�EHL�HLQHP�3DUWLDOEUXFK�HLQH�
3DUWLDOEUXFK]HUOHJXQJ�GXUFK�

=XJULII�� <! 32/<120,$/

(LQJDEH�� (LQ�DOJHEUDLVFKHU�$XVGUXFN�

$XVJDEH�� 'LH�3DUWLDOEUXFK]HUOHJXQJ�GHV�$XVGUXFNV�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

p 1≡

p 1≡
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%HLVSLHO��� )�KUH�HLQH�3DUWLDOEUXFK]HUOHJXQJ�GHV�IROJHQGHQ�
$XVGUXFNV�GXUFK�

%HIHKO�� PARTFRAC(1/(X^2-1))

(UJHEQLV�� (-1+(1/X+^2))

PCAR

7\S�� %HIHKO

%HVFKUHLEXQJ�� *LEW�GDV�FKDUDNWHULVWLVFKH�3RO\QRP�HLQHU�Q�[�Q�0DWUL[�
]XU�FN�

=XJULII�� <% (,*(19(&7256

(LQJDEH�� (LQH�TXDGUDWLVFKH�0DWUL[

$XVJDEH�� 'DV�FKDUDNWHULVWLVFKH�3RO\QRP�GHU�0DWUL[�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GDV�FKDUDNWHULVWLVFKH�3RO\QRP�GHU�IROJHQGHQ�
0DWUL[�

%HIHKO�� PCAR([[5,8,16][4,1,8][-4,-4,-11]]

(UJHEQLV�� X^3+5*X^2+3*X-9

1

x2 1–
--------------

5 8 16

4 1 8

4– 4– 11–

P14CAS.fm  Page 57  Sunday, March 5, 2000  11:22 AM



Seite 14-58 Computer-Algebra-Befehle

A
dv

an
ce

d 
to

pi
cs

POWMOD

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���(UKHEW�HLQ�2EMHNW��=DKO�RGHU�$XVGUXFN��]XU�
DQJHJHEHQHQ�3RWHQ]�XQG�GU�FNW�GDV�(UJHEQLV�PRGXOR�
GHP�DNWXHOOHQ�0RGXO�DXV�

=XJULII�� <! 02'8/2

(LQJDEH�� (EHQH���$UJXPHQW����'DV�2EMHNW�
(EHQH���$UJXPHQW����'HU�([SRQHQWHQ�

$XVJDEH�� 'DV�(UJHEQLV�GHV�2EMHNWV��GDV�PRGXOR�GHP�DNWXHOOHQ�
0RGXO��]XU�3RWHQ]�GHV�([SRQHQWHQ�HUKREHQ�ZXUGH�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

PREVAL

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�I�U�GLH�DNWXHOOH�6WDQGDUGYDULDEOH�GLH�'LIIHUHQ]�GHU�
)XQNWLRQVZHUWH�I�U�]ZHL�DQJHJHEHQH�:HUWH�GHU�
9DULDEOHQ�]XU�FN�

35(9$/�NDQQ�]XVDPPHQ�PLW�,179;�]XU�%HUHFKQXQJ�
EHVWLPPWHU�,QWHJUDOH�YHUZHQGHW�ZHUGHQ��6LHKH�GDV�
%HLVSLHO�XQWHQ�

=XJULII�� <$ '(5,9��	�,17(*�

(LQJDEH�� (EHQH���$UJXPHQW����(LQH�)XQNWLRQ�
(EHQH���$UJXPHQW����'LH�XQWHUH�6FKUDQNH�
(EHQH���$UJXPHQW����'LH�REHUH�6FKUDQNH�
'LH�6FKUDQNHQ�N|QQHQ�$XVGU�FNH�VHLQ�

$XVJDEH�� 'DV�(UJHEQLV�GHU�%HUHFKQXQJ�
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)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� %HUHFKQH�GDV�IROJHQGH�

%HIHKO�� PREVAL(INTVX(X^3+3*X),0,3)

(UJHEQLV�� 135/4

PREVPRIME

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�I�U�HLQH�JHJHEHQH�JDQ]H�=DKO�GLH�QlFKVWH�
3ULP]DKO��GLH�NOHLQHU�DOV�GLH�JDQ]H�=DKO�LVW��]XU�FN�

=XJULII�� <!�,17(*(5

(LQJDEH�� (LQH�JDQ]H�=DKO�

$XVJDEH�� 'LH�QlFKVWH�3ULP]DKO��GLH�NOHLQHU�DOV�GLH�JDQ]H�=DKO�LVW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GLH�QlFKVWH�3ULP]DKO��GLH�NOHLQHU�DOV�����LVW�
%HIHKO�� PREVPRIME(145)

(UJHEQLV�� 139

6LHKH�DXFK�� ,635,0("
1(;735,0(

x
3 3x+( ) xd

0

3

∫
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PROPFRAC

7\S�� %HIHKO

%HVFKUHLEXQJ���7HLOW�HLQHQ�XQHFKWHQ�%UXFK��LQ�HLQHQ�JDQ]]DKOLJHQ�7HLO�
XQG�HLQHQ�%UXFK�DXI�

=XJULII�� <!

(LQJDEH�� (LQ�XQHFKWHU�%UXFK�RGHU�HLQ�2EMHNW��GDV�HLQHQ�
XQHFKWHQ�%UXFK�HUJLEW�

$XVJDEH�� (LQ�HFKWHU�%UXFK�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 'U�FNH�GDV�IROJHQGH�DOV�HFKWHQ�%UXFK�DXV��

%HIHKO�� PROPFRAC((X^3+4)/X^2)

(UJHEQLV�� X+(4/X^2)

PSI

7\S�� )XQNWLRQ�

%HVFKUHLEXQJ���%HUHFKQHW�GLH�3RO\JDPPDIXQNWLRQ�LQ�HLQHP�3XQNW��

=XJULII�� N

(LQJDEH�� (LQ�NRPSOH[HU�$XVGUXFN�

$XVJDEH�� 'LH�3RO\JDPPDIXQNWLRQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

x
3 4+

x2
--------------
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Psi

7\S�� )XQNWLRQ�

%HVFKUHLEXQJ���%HUHFKQHW�GLH�'LJDPPDIXQNWLRQ�LQ�HLQHP�3XQNW��'LH�
'LJDPPDIXQNWLRQ�LVW�GLH�$EOHLWXQJ�GHV�QDW�UOLFKHQ�
/RJDULWKPXV��OQ��GHU�*DPPDIXQNWLRQ��'LH�)XQNWLRQ�
NDQQ�IROJHQGHUPD�HQ�GDUJHVWHOOW�ZHUGHQ�

=XJULII�� N

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�NRPSOH[HU�$XVGUXFN
(EHQH���$UJXPHQW����(LQH�QLFKW�QHJDWLYH�JDQ]H�=DKO�

$XVJDEH�� 'LH�'LJDPPDIXQNWLRQ�LQ�GHP�DQJHJHEHQHQ�3XQNW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

PTAYL

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GDV�7DO\RU�3RO\QRP�EHL�[� �D�I�U�HLQ�DQJHJHEHQHV�
3RO\QRP�]XU�FN�

=XJULII�� <! 32/<120,$/

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�3RO\QRP�3�
�(EHQH���$UJXPHQW����(LQH�=DKO�D�

$XVJDEH�� (LQ�3RO\QRP�4��]XP�%HLVSLHO�4�[�²�D� 3�[��

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

Ψ z( ) d
dz
----- Γ z( )ln( ) Γ′

z( )
Γ z( )
------------= =
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QUOT

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GHQ�4XRWLHQWHQWHLO�HLQHU�HXNOLGLVFKHQ�'LYLVLRQ�
]ZHLHU�3RO\QRPH�]XU�FN�

=XJULII�� <! 32/<120,$/

(LQJDEH�� (EHQH���$UJXPHQW����'DV�=lKOHUSRO\QRP�
(EHQH���$UJXPHQW����'DV�1HQQHUSRO\QRP�

$XVJDEH�� 'HU�4XRWLHQW�GHU�HXNOLGLVFKHQ�'LYLVLRQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GHQ�4XRWLHQW�GHU�'LYLVLRQ� �

GXUFK� �

%HIHKO�� QUOT(X^3+6*X^2+11*X+6, X^2+5*X+6)

(UJHEQLV�� X+1

6LHKH�DXFK�� 5(0$,1'(5

QXA

7\S�� %HIHKO

%HVFKUHLEXQJ�� 'U�FNW�HLQH�TXDGUDWLVFKH�)RUP�LQ�0DWUL[IRUP�DXV�

=XJULII�� N

(LQJDEH�� (EHQH���$UJXPHQW����(LQH�TXDGUDWLVFKH�)RUP�
(EHQH���$UJXPHQW����(LQ�9HNWRU��GHU�GLH�9DULDEOHQ�
HQWKlOW�

$XVJDEH�� (EHQH���(OHPHQW����'LH�TXDGUDWLVFKH�)RUP�LQ�
0DWUL[IRUP�DXVJHGU�FNW�
(EHQH���(OHPHQW����(LQ�9HNWRU��GHU�GLH�9DULDEOHQ�
HQWKlOW�

x
3 6x

2 11x 6+ + +

x
2 5x 6+ +
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)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO�� 'U�FNH�GLH�IROJHQGH�TXDGUDWLVFKH�)RUP�LQ�0DWUL[IRUP�
DXV��

%HIHKO�� QXA(X^2+X*Y+Y^2, [X,Y])

(UJHEQLV�� {[[1,1/2][1/2,1]],[X,Y]}

6LHKH�DXFK�� $;4
*$866

R→I

7\S�� %HIHKO

%HVFKUHLEXQJ���:DQGHOW�HLQH�UHHOOH�=DKO�LQ�HLQH�JDQ]H�=DKO�XP�

=XJULII�� N

(LQJDEH�� (EHQH���$UJXPHQW����(LQH�UHHOOH�=DKO�

$XVJDEH�� (EHQH���(OHPHQW����'LH�UHHOOH�=DKO�LQ�HLQH�JDQ]H�=DKO�
XPJHZDQGHOW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� ,→5

x
2

xy y
2+ +
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REF

7\S�� %HIHKO

%HVFKUHLEXQJ���5HGX]LHUW�HLQH�0DWUL[�LQ�GLH�7UHSSHQIRUP�

=XJULII�� <% /,1($5�6<67(06

(LQJDEH�� (LQH�0DWUL[�

$XVJDEH�� 'LH�lTXLYDOHQW�0DWUL[�LQ�7UHSSHQIRUP�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� 55()

REMAINDER

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GDV�5HVWJOLHG�HLQHU�HXNOLGLVFKHQ�'LYLVLRQ�]ZHLHU�
3RO\QRPH�]XU�FN�

=XJULII�� <!32/<120,$/

(LQJDEH�� (EHQH���$UJXPHQW����'DV�=lKOHUSRO\QRP�
(EHQH���$UJXPHQW����'DV�1HQQHUSRO\QRP�

$XVJDEH�� 'DV�5HVWJOLHG�GHU�HXNOLGLVFKHQ�'LYLVLRQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� 4827

P14CAS.fm  Page 64  Sunday, March 5, 2000  11:22 AM



Computer-Algebra-Befehle Seite 14-65

A
dvanced topics

REORDER

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���2UGQHW�EHL�HLQHP�JHJHEHQHQ�3RO\QRPDXVGUXFN�GLH�
9DULDEOHQ�HQWVSUHFKHQG�GHU�LP�%LOGVFKLUP��&$6�
0RGHV��DQJHJHEHQHQ�5HLKHQIROJH�GHU�([SRQHQWHQ��
HQWZHGHU�LQ�DXIVWHLJHQGHU�RGHU�DEIDOOHQGHU�
5HLKHQIROJH�

=XJULII�� N

(LQJDEH�� (EHQH���$UJXPHQW����'HU�3RO\QRPDXVGUXFN�
(EHQH���$UJXPHQW����'LH�9DULDEOH�QDFK�GHU�
XPJHRUGQHW�ZHUGHQ�VROO�

$XVJDEH�� 'HU�XPJHRUGQHWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

RESULTANT

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GLH�5HVXOWDQWH�]ZHLHU�3RO\QRPH�I�U�GLH�DNWXHOOH�
9DULDEOHQ�]XU�FN��'DV�KHL�W��GHU�%HIHKO�JLEW�GLH�
'HWHUPLQDQWH�GHU�6\OYHVWHUVFKHQ�0DWUL]HQ�]ZHLHU�
3RO\QRPH�]XU�FN��

=XJULII�� N

(LQJDEH�� (EHQH���$UJXPHQW����'DV�HUVWH�3RO\QRP�
(EHQH���$UJXPHQW����'DV�]ZHLWH�3RO\QRP�

$XVJDEH�� 'LH�'HWHUPLQDQWH�GHU�EHLGHQ�0DWUL]HQ��GLH�GHQ�
3RO\QRPHQ�HQWVSUHFKHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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RISCH

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���)�KUW�HLQH�V\PEROLVFKH�,QWHJUDWLRQ�HLQHU�)XQNWLRQ�
XQWHU�9HUZHQGXQJ�GHV�5LVFK�$OJRULWKPXV�GXUFK��
5,6&+�LVW�GHP�%HIHKO�,179;�lKQOLFK��QXU�N|QQHQ�6LH�
KLHUEHL�GLH�,QWHUJDWLRQVYDULDEOH�IHVWOHJHQ�

=XJULII�� <$�'(5,9��	�,17(*��

(LQJDEH�� (EHQH���$UJXPHQW����'LH�)XQNWLRQ��GLH�LQWHJULHUW�
ZHUGHQ�VROO�
(EHQH���$UJXPHQW����'LH�,QWHUJDWLRQVYDULDEOH�

$XVJDEH�� 'LH�6WDPPIXQNWLRQ�GHU�)XQNWLRQ�LQ�%H]XJ�DXI�GLH�
9DULDEOH�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XFKH�GLH�6WDPPIXQNWLRQ�I�U�GLH�IROJHQGHQ�)XQNWLRQ�
I�U�\�

%HIHKO�� RISCH(Y^3-3*Y+2,Y)

(UJHEQLV�� 1/3*Y^3+3/2*Y^2+2*Y

6LHKH�DXFK�� ,%3
,17
,179;

y
2 3y 2+ +
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RREF

7\S�� %HIHKO

%HVFKUHLEXQJ���5HGX]LHUW�HLQH�0DWUL[�LQ�GLH�7UHSSHQQRUPDOIRUP�

=XJULII�� <% /,1($5�6<67(06

(LQJDEH�� (LQH�0DWUL[�

$XVJDEH�� (LQH�lTXLYDOHQW�0DWUL[�LQ�7UHSSHQQRUPDOIRUP�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

RREFMOD

7\S�� %HIHKO�

%HVFKUHLEXQJ���)�KUW�HLQH�PRGXODUH�5HGXNWLRQ�]XU�7UHSSHQIRUP�HLQHU�
0DWUL[�GXUFK�PRGXOR�GHP�DNWXHOOHQ�0RGXO�

=XJULII�� N

(LQJDEH�� (LQH�0DWUL[�

$XVJDEH�� 'LH�PRGXODUH�0DWUL[�LQ�7UHSSHQQRUPDOIRUP��'HU�
0RGXOZHUW�ZLUG�LQ�GHU�(LQJDEHPDVNH�µ&$6�0RGHVµ�
HLQJHVWHOOW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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SERIES

7\S�� %HIHKO

%HVFKUHLEXQJ���%HUHFKQHW�I�U�HLQH�JHJHEHQH�)XQNWLRQ�GLH�7D\ORUUHLKH��
GLH�DV\PSWRWLVFKH�(QWZLFNOXQJ�XQG�GHQ�*UHQ]ZHUW�I�U�
HQGOLFKH�XQG�XQHQGOLFKH�3XQNWH�

=XJULII�� <$ /,0,76�	�6(5,(6

(LQJDEH�� (EHQH���$UJXPHQW����'LH�)XQNWLRQ�I�[�
(EHQH���$UJXPHQW����'LH�9DULDEOH��IDOOV�GHU�
+lXIXQJVSXQNW���LVW��RGHU�HLQH�*OHLFKXQJ�[� �D��IDOOV�
GHU�+lXIXQJVSXQNW�D�LVW��
(EHQH���$UJXPHQW����'LH�2UGQXQJ�GHU�
5HLKHQHQWZLFNOXQJ��%HDFKWHQ�6LH�GDEHL�IROJHQGH�
3XQNWH�

� 'HU�0LQLPDOZHUW�LVW���XQG�GHU�0D[LPDOZHUW�LVW�����

� )DOOV�GLH�2UGQXQJ�HLQH�SRVLWLYH�RGHU�QHJDWLYH�UHHOOH�
=DKO�LVW��LVW�GLH�5HLKH�HLQVHLWLJ�

� )�U�EHLGVHLWLJH�5HLKHQHQWZLFNOXQJ�P�VVHQ�6LH�GLH�
2UGQXQJ�DOV�HLQH�ELQlUH�*DQ]]DKO�DQJHEHQ��]XP�
%HLVSLHO���G�

$XVJDEH�� (EHQH���(OHPHQW����(LQH�/LVWH��GLH�GHQ�EHLGVHLWLJHQ�
*UHQ]ZHUW��HLQHQ�1lKHUXQJVDXVGUXFN�GHU�)XQNWLRQ�
QDKH�GHP�+lXIXQJVSXQNW�XQG�GLH�2UGQXQJ�GHV�
5HVWJOLHGV�HQWKlOW��'LHVH�ZHUGHQ�LQ�7HUPHQ�HLQHV�
NOHLQHQ�3DUDPHWHUV�K�DXVJHGU�FNW�
(EHQH���(OHPHQW����(LQ�$XVGUXFN�I�U�K�LQ�7HUPHQ�GHU�
XUVSU�QJOLFKHQ�9DULDEOHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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SEVAL

7\S�� )XQNWLRQ�

%HVFKUHLEXQJ���%HUHFKQHW�I�U�HLQHQ�JHJHEHQHQ�$XVGUXFN�DOOH�
YRUKDQGHQHQ�9DULDEOHQ��GLH�GHU�$XVGUXFN�HQWKlOW�XQG�
VHW]W�GLHVH�GDQQ�ZLHGHU�LQ�GHQ�$XVGUXFN�HLQ�

=XJULII�� N

(LQJDEH�� (EHQH���(OHPHQW����(LQ�DOJHEUDLVFKHU�$XVGUXFN�

$XVJDEH�� 'HU�$XVGUXFN�PLW�GHQ�EHUHFKQHWHQ�YRUKDQGHQHQ�
9DULDEOHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

SIGMA

7\S�� )XQNWLRQ�

%HVFKUHLEXQJ���%HUHFKQHW�I�U�HLQH�)XQNWLRQ�GLH�GLVNUHWH�
6WDPPIXQNWLRQ�I�U�GLH�9DULDEOH��GLH�6LH�GHILQLHUHQ�

=XJULII�� N

(LQJDEH�� (EHQH���(OHPHQW����(LQH�)XQNWLRQ�
(EHQH���(OHPHQW����'HU�9DULDEOH�I�U�GLH�
6WDPPIXQNWLRQ�EHUHFKQHW�ZHUGHQ�VROO�

$XVJDEH�� 'LH�6WDPPIXQNWLRQ�GHU�)XQNWLRQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� 6,*0$9;��5,6&+
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SIGMAVX

7\S�� )XQNWLRQ�

%HVFKUHLEXQJ���%HUHFKQHW�I�U�HLQH�)XQNWLRQ�GLH�GLVNUHWH�
6WDPPIXQNWLRQ�I�U�GLH�DNWXHOOH�9DULDEOH�

=XJULII�� N

(LQJDEH�� (EHQH���(OHPHQW����(LQH�)XQNWLRQ�

$XVJDEH�� 'LH�6WDPPIXQNWLRQ�GHU�)XQNWLRQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� 6,*0$��5,6&+

SIGNTAB

7\S�� %HIHKO�

%HVFKUHLEXQJ���7DEXOLHUW�GDV�9RU]HLFKHQ�HLQHU�UDWLRQDOHQ�)XQNWLRQ�I�U�
HLQH�9DULDEOH�

=XJULII�� N

(LQJDEH�� (LQ�DOJHEUDLVFKHU�$XVGUXFN�

$XVJDEH�� (LQH�/LVWH��GLH�GLH�3XQNWH�HQWKlOW��EHL�GHQHQ�GHU�
$XVGUXFN�GDV�9RU]HLFKHQ�lQGHUW��VR�ZLH�I�U�MHGHQ�
3XQNW�GDV�9RU]HLFKHQ�GHV�$XVGUXFNV�]ZLVFKHQ�GHQ�
3XQNWHQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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SIMP2

7\S�� %HIHKO

%HVFKUHLEXQJ�� �9HUHLQIDFKW�]ZHL�2EMHNWH�GXUFK�7HLOXQJ�GXUFK�LKUHQ�
JU|�WHQ�JHPHLQVDPHQ�7HLOHU�

=XJULII�� <!�

(LQJDEH�� (EHQH���$UJXPHQW����'DV�HUVWH�2EMHNW�
(EHQH���$UJXPHQW����'DV�]ZHLWH�2EMHNW�

$XVJDEH�� (EHQH���(OHPHQW����'DV�HUVWH�2EMHNW��JHWHLOW�GXUFK�
GHQ�JU|�WHQ�JHPHLQVDPHQ�7HLOHU�
(EHQH���(OHPHQW����'DV�]ZHLWH�2EMHNW��JHWHLOW�GXUFK�
GHQ�JU|�WHQ�JHPHLQVDPHQ�7HLOHU�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 7HLOH�GLH�IROJHQGHQ�$XVGU�FNH�GXUFK�LKUHQ�JU|�WHQ�
JHPHLQVDPHQ�7HLOHU�

%HIHKO�� SIMP2(X^3+6*X^2+11*X+6, X^3-7*X-6)

(UJHEQLV�� {X+3,X-3}

SINCOS

7\S�� %HIHKO�

%HVFKUHLEXQJ���:DQGHOW�NRPSOH[H�ORJDULWKPLVFKH�XQG�H[SRQHQWLHOOH�
$XVGU�FNH�LQ�$XVGU�FNH�PLW�WULJRQRPHWULVFKHQ�
7HUPHQ�XP�

=XJULII�� >û

(LQJDEH�� (LQ�$XVGUXFN�PLW�NRPSOH[HQ�OLQHDUHQ�XQG�
H[SRQHQWLHOOHQ�7HUPHQ�

x
3 6x

2 11x 6+ + +

x3 7x– 6–

P14CAS.fm  Page 71  Sunday, March 5, 2000  11:22 AM



Seite 14-72 Computer-Algebra-Befehle

A
dv

an
ce

d 
to

pi
cs

$XVJDEH�� 'HU�$XVGUXFN��EHL�GHP�NRPSOH[H�ORJDULWKPLVFKH�XQG�
H[SRQHQWLHOOH�8QWHUDXVGU�FNH�LQ�WULJRQRPHWULVFKH�XQG�
LQYHUVH�WULJRQRPHWULVFKH�$XVGU�FNH�XPJHZDQGHOW�VLQG�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
'HU�NRPSOH[H�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
JHVHW]W��

%HLVSLHO��� 'U�FNH�HL[�LQ�WULJRQRPHWULVFKHQ�7HUPHQ�DXV�
%HIHKO�� SINCOS(EXP(i*X)

(UJHEQLV�� COS(X)+iSIN(X)

SOLVE

7\S�� %HIHKO

%HVFKUHLEXQJ���6XFKW�GLH�1XOOVWHOOHQ�HLQHV�]X�1XOO�JOHLFKJHVHW]WHQ�
$XVGUXFNV�RGHU�O|VW�HLQH�*OHLFKXQJ��

=XJULII�� <&

(LQJDEH�� (EHQH���$UJXPHQW����'HU�$XVGUXFN�RGHU�GLH�
*OHLFKXQJ�
(EHQH���$UJXPHQW����'LH�9DULDEOH��QDFK�GHU�JHO|VW�
ZHUGHQ�VROO�

$XVJDEH�� (LQH�/LVWH�YRQ�1XOOVWHOOHQ�RGHU�/|VXQJHQ�

)ODJV�� :HQQ�GHU�H[DNWH�0RGXV�HLQJHVWHOOW�LVW��)ODJ�²����
]XU�FNJHVHW]W���XQG�HV�NHLQH�H[DNWHQ�/|VXQJHQ�JLEW��
JLEW�GLHVHU�%HIHKO�HLQH�1XOOLVWH�]XU�FN��DXFK�ZHQQ�HV�
1lKHUXQJVO|VXQJHQ�JLEW�

%HLVSLHO��� 6XFKH�GLH�1XOOVWHOOHQ�GHV�IROJHQGHQ�$XVGUXFNV�

%HIHKO�� SOLVE(X^3-X-9,X)

(UJHEQLV�� {X=2.24004098747}

6LHKH�DXFK�� 62/9(9;

x3 x– 9–
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SOLVEVX

7\S�� %HIHKO

%HVFKUHLEXQJ���6XFKW�I�U�GLH�DNWXHOOH�9DULDEOH�GLH�1XOOVWHOOHQ�HLQHV�
$XVGUXFNV�RGHU�O|VW�GLH�*OHLFKXQJ�I�U�GLH�DNWXHOOH�
9DULDEOH���9HUZHQGHQ�6LH�GLH�(LQJDEHPDVNH�µ&$6�
0RGHVµ��XP�GLH�DNWXHOOH�9DULDEOH�HLQ]XVWHOOHQ��

=XJULII�� <&

(LQJDEH�� (LQH�)XQNWLRQ�RGHU�*OHLFKXQJ�PLW�GHU�DNWXHOOHQ�
9DULDEOHQ�

$XVJDEH�� (LQH�/LVWH�YRQ�1XOOVWHOOHQ�RGHU�/|VXQJHQ�

)ODJV�� 6HW]HQ�6LH�I�U�HLQ�V\PEROLVFKHV�(UJHEQLV�GLH�
QXPHULVFKH�2SWLRQ�GHU�&$6�0RGL�]XU�FN��)ODJ�²���
]XU�FNJHVHW]W��
:HQQ�GHU�H[DNWH�0RGXV�HLQJHVWHOOW�LVW��)ODJ�²����
]XU�FNJHVHW]W���XQG�HV�NHLQH�H[DNWHQ�/|VXQJHQ�JLEW��
JLEW�GLHVHU�%HIHKO�HLQH�1XOOLVWH�]XU�FN��DXFK�ZHQQ�HV�
1lKHUXQJVO|VXQJHQ�JLEW�

%HLVSLHO��� /|VH�GHQ�IROJHQGHQ�$XVGUXFN�I�U����ZREHL�;�GLH�
6WDQGDUGYDULDEOH�GHV�7DVFKHQUHFKQHUV�LVW�

%HIHKO�� SOLVEVX(X^3-X-9)

(UJHEQLV�� {X=2.2400}
%HDFKWHQ�6LH��GD��GLHVHV�%HLVSLHO��ZHQQ�GHU�H[DNWH�0RGXV�
HLQJHVWHOOW�LVW��HLQH�1XOOLVWH�]XU�FN�JLEW��GD�HV�I�U�GLHVH�
*OHLFKXQJ�NHLQH�H[DNWHQ�/|VXQJHQ�JLEW�

6LHKH�DXFK�� 62/9(

x
3

x– 9–
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SUBST

7\S�� )XQNWLRQ�

%HVFKUHLEXQJ���(UVHW]W�HLQH�9DULDEOH�LQ�HLQHP�$XVGUXFN�GXUFK�HLQHQ�
:HUW��'HU�:HUW�NDQQ�QXPHULVFK�RGHU�HLQ�$XVGUXFN�
VHLQ��

=XJULII�� $OJHEUD��>ú

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�$XVGUXFN�
(EHQH���$UJXPHQW����'HU�:HUW�RGHU�$XVGUXFN��GHU�
HLQJHVHW]W�ZHUGHQ�VROO�

$XVJDEH�� 'HU�$XVGUXFN�QDFK�GHP�(LQVHW]HQ�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� (UVHW]H�LP�IROJHQGHQ�$XVGUXFN�[�GXUFK�[� �]���XQG�
ZHQGH��GDQQ�GHQ�%HIHKO�(;3$1'�DQ��XP�GDV�
(UJHEQLV�]X�YHUHLQIDFKHQ�

%HIHKO��� SUBST(X^2+3*X+7,X=Z+1)
EXPAND(ANS(1))

(UJHEQLV�� Z^2+5*Z+11

x
2 3x 7+ +
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SUBTMOD

7\S�� )XQNWLRQ�

%HVFKUHLEXQJ���)�KUW�HLQH�6XEWUDNWLRQ�PRGXOR�GHP�DNWXHOOHQ�0RGXO��
GXUFK�

=XJULII�� <! 02'8/2

(LQJDEH�� (EHQH���$UJXPHQW����'DV�2EMHNWH�RGHU�GLH�=DKO��YRQ�
GHU�VXEWUDKLHUW�ZHUGHQ�VROO�
(EHQH���$UJXPHQW����'DV�2EMHNWH�RGHU�GLH�=DKO��GLH�
VXEWUDKLHUW�ZHUGHQ�VROO�

$XVJDEH�� 'DV�(UJHEQLV�GHU�6XEWUDNWLRQ�PRGXOR�GHP�DNWXHOOHQ�
0RGXO�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

SYLVESTER

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�I�U�HLQH�V\PPHWULVFKH�0DWUL[�$�'�XQG�3�]XU�FN��
ZREHL�'�HLQH�'LDJRQDOPDWUL[�LVW�XQG�
$� �37'3

=XJULII�� N

(LQJDEH�� (LQH�V\PPHWULVFKH�0DWUL[�

$XVJDEH�� (EHQH���(OHPHQW����'LH�'LDJRQDOPDWUL[�'�
(EHQH���(OHPHQW����'LH�0DWUL[�3�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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TABVAL

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�I�U�HLQHQ�$XVGUXFN�XQG�HLQH�:HUWHOLVWH�GLH�
(UJHEQLVVH�GHU�6XEVWLWXWLRQ�GHU�6WDQGDUGYDULDEOH�GHV�
$XVGUXFNV�GXUFK�GLH�:HUWH�]XU�FN�

=XJULII�� N

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�DOJHEUDLVFKHU�$XVGUXFN�LQ�
7HUPHQ�GHU�DNWXHOOHQ�9DULDEOHQ�
(EHQH���$UJXPHQW����(LQH�:HUWHOLVWH��I�U�GLH�GHU�
$XVGUXFN�DXVJHZHUWHW�ZHUGHQ�VROO�

$XVJDEH�� (EHQH���(OHPHQW����'HU�DOJHEUDLVFKH�$XVGUXFN�
(EHQH���(OHPHQW����(LQH�/LVWH��GLH�]ZHL�/LVWHQ�HQWKlOW��
(LQH�:HUWHOLVWH�XQG�HLQH�/LVWH��GLH�GLH�HQWVSUHFKHQGHQ�
(UJHEQLVVH�HQWKlOW�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 6XEVWLWXLHUH������XQG���LQ� �

%HIHKO��� TABVAL(X^2+1,{1 2 3})

(UJHEQLV�� {{1 2 3}{2 5 10}}

TABVAR

7\S�� %HIHKO

%HVFKUHLEXQJ���%HUHFKQHW�I�U�HLQH�UDWLRQDOH�)XQNWLRQ�GHU�DNWXHOOHQ�
9DULDEOHQ�GLH�9DULDWLRQVWDEHOOH��G�K��GLH�([WUHPZHUWH�
GHU�)XQNWLRQ�XQG�ZR�GLH�)XQNWLRQ�]X��XQG�DEQLPPW�

=XJULII�� N

(LQJDEH�� (LQH�UDWLRQDOH�)XQNWLRQ�GHU�DNWXHOOHQ�9DULDEOHQ�

x
2 1+
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$XVJDEH�� (EHQH���(OHPHQW����'LH�XUVSU�QJOLFKH�UDWLRQDOH�
)XQNWLRQ�
(EHQH���(OHPHQW����(LQH�/LVWH�DXV�]ZHL�/LVWHQ��'LH�
HUVWH�/LVWH�]HLJW�GLH�9DULDWLRQ�GHU�)XQNWLRQ��ZR�GLH�
)XQNWLRQ�]X��XQG�DEQLPPW��LQ�7HUPHQ�GHU�
XQDEKlQJLJHQ�9DULDEOHQ��'LH�]ZHLWH�/LVWH�]HLJW�GLH�
9DULDWLRQ�GHU�)XQNWLRQ�LQ�7HUPHQ�GHU�DEKlQJLJHQ�
9DULDEOHQ�
(EHQH���(OHPHQW����(LQ�JUDSKLVFKHV�2EMHNW��GDV�]HLJW��
ZLH�GLH�9DULDWLRQVWDEHOOH�EHUHFKQHW�ZXUGH�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

TAN2SC

7\S�� %HIHKO

%HVFKUHLEXQJ���(UVHW]W�WDQ�[��8QWHUDXVGU�FNH�GXUFK�VLQ�[�����FRV��[��
RGHU����FRV��[���VLQ��[��

=XJULII�� >û

(LQJDEH�� (LQ�$XVGUXFN

$XVJDEH�� 'HU�XPJHIRUPWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

Y
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TAN2SC2

7\S�� %HIHKO�

%HVFKUHLEXQJ���(UVHW]W�WDQ�[��7HUPH�GXUFK�HLQHQ�$XVGUXFN�PLW�
VLQ��[����FRV��[��7HUPHQ�

=XJULII�� >û

(LQJDEH�� (LQ�$XVGUXFN

$XVJDEH�� 'HU�XPJHIRUPWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
'HU�)ODJ�²�����6LQ�&RV�YRU]LHKHQ��KDW�$XVZLUNXQJHQ�
DXI�GDV�(UJHEQLV�

� :HQQ�)ODJ�²����JHVHW]W�LVW��VLQ���YRU]LHKHQ���
ZHUGHQ�7DQ�[��7HUPH�HUVHW]W�GXUFK�
��²�&RV��[��6LQ��[�

� :HQQ�)ODJ�²����]XU�FNJHVHW]W�LVW��&RV���YRU]LHKHQ���
ZHUGHQ�7DQ�[��7HUPH�HUVHW]W�GXUFK�
6LQ��[������&RV��[�

TAYLOR0

7\S�� )XQNWLRQ�

%HVFKUHLEXQJ���)�KUW�HLQH�7D\ORUHQWZLFNOXQJ�YLHUWHU�2UGQXQJ�HLQHV�
$XVGUXFNV�GXUFK�EHL�[� ���

=XJULII�� <$ /,0,76�	�6(5,(6

(LQJDEH�� (LQ�$XVGUXFN

$XVJDEH�� 'LH�7D\ORUHQWZLFNOXQJ�GHV�$XVGUXFNV�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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TCHEBYCHEFF

7\S�� )XQNWLRQ

%HVFKUHLEXQJ���*LEW�GDV�Q�WH�7FKHE\VFKHIIVFKH�3RO\QRP�]XU�FN�

=XJULII�� N

(LQJDEH�� (LQH�QLFKW�QHJDWLYH�JDQ]H�=DKO�Q�

$XVJDEH�� 'DV�Q�WH�7FKHE\VFKHIIVFKH�3RO\QRP�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

TCOLLECT

7\S�� %HIHKO

%HVFKUHLEXQJ���/LQHDULVLHUW�3URGXNWH�LQ�HLQHP�WULJRQRPHWULVFKHQ�
$XVGUXFN�GXUFK�=XVDPPHQIDVVHQ�YRQ�6LQXV��XQG�
.RVLQXVWHUPHQ�XQG�GXUFK�.RPELQLHUHQ�YRQ�6LQXV��
XQG�.RVLQXVWHUPHQ�GHVVHOEHQ�$UJXPHQWV�

=XJULII�� >û

(LQJDEH�� (LQ�$XVGUXFN�PLW�WULJRQRPHWULVFKHQ�7HUPHQ�

$XVJDEH�� 'HU�YHUHLQIDFKWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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TEXPAND

7\S�� %HIHKO

%HVFKUHLEXQJ���(QWZLFNHOW�WUDQV]HQGHQWH�)XQNWLRQHQ�

=XJULII�� <û

(LQJDEH�� (LQ�$XVGUXFN�

$XVJDEH�� 'HU�XPJHIRUPWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

%HLVSLHO��� 9HUHLQIDFKH�GHQ�IROJHQGHQ�$XVGUXFN�
OQ�VLQ�[�\��

%HIHKO�� TEXPAND(LN(SIN(X+Y)))

(UJHEQLV�� LN(COS(Y)*SIN(X)+SIN(Y)* COS(X))

TLIN

7\S�� %HIHKO

%HVFKUHLEXQJ���/LQHDULVLHUW�XQG�YHUHLQIDFKW�WULJRQRPHWULVFKH�
$XVGU�FNH��%HDFKWHQ�6LH��GD��GLHV�)XQNWLRQ�QLFKW�GLH�
6LQXV��XQG�.RVLQXVWHUPH�GHVVHOEHQ�:LQNHOV�
]XVDPPHQID�W�

=XJULII�� >û

(LQJDEH�� (LQ�$XVGUXFN�

$XVJDEH�� 'HU�XPJHIRUPWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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%HLVSLHO��� /LQHDULVLHUH�XQG�YHUHLQIDFKH�GDV�IROJHQGH�

%HIHKO�� TLIN(COS(X)^4)

(UJHEQLV�� �1/8)*COS(4X)+(1/2)*COS(2X)+(3/8)

TRAN

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�GLH�7UDQVSRQLHUWH�HLQHU�0DWUL[�]XU�FN��

=XJULII�� <%�23(5$7,216

(LQJDEH�� (LQH�0DWUL[�

$XVJDEH�� 'LH�WUDQVSRQLHUWH�0DWUL[�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W���'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�
HLQJHVWHOOW�VHLQ��)ODJ�²���]XU�FNJHVHW]W��

%HLVSLHO��7UDQVSRQLHUH�GLH�IROJHQGH�0DWUL[��

%HIHKO�� TRAN([[1,7][2,-3]@�

(UJHEQLV�� [[1.2][7,-3]]

TRIG

7\S�� %HIHKO�

%HVFKUHLEXQJ���:DQGHOW�NRPSOH[H�ORJDULWKPLVFKH�XQG�H[SRQHQWLHOOH�
8QWHUDXVGU�FNHQ�LQ�LKUH�HQWVSUHFKHQGHQ�
WULJRQRPHWULVFKHQ�$XVGU�FNH�XP�

=XJULII�� >û

(LQJDEH�� (LQ�NRPSOH[HU�$XVGUXFN�PLW�ORJDULWKPLVFKHQ�XQG�
RGHU�H[SRQHQWLHOOHQ�7HUPHQ�

$XVJDEH�� 'HU�XPJHIRUPWH�$XVGUXFN�

x( )cos( )4

1 7

2 3–
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)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
'HU�NRPSOH[H�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
JHVHW]W��

%HLVSLHO��� 'U�FNH�GDV�IROJHQGH�LQ�WULJRQRPHWULVFKHQ�7HUPHQ�DXV�

%HIHKO�� TRIG(LN(X+i))

(UJHEQLV��

TRIGCOS

7\S�� %HIHKO

%HVFKUHLEXQJ���9HUHLQIDFKW�HLQHQ�WULJRQRPHWULVFKHQ�$XVGUXFN�GXUFK�
$QZHQGXQJ�GHU�*OHLFKKHLW�

*LEW�IDOOV�P|JOLFK�QXU�.RVLQXVWHUPH�]XU�FN�

=XJULII�� >û

(LQJDEH�� (LQ�$XVGUXFN�PLW�WULJRQRPHWULVFKHQ�7HUPHQ�

$XVJDEH�� 'HU�XPJHIRUPWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� 75,*6,1

x i+( )ln

LN X
2 1+( ) 2 i ATAN

1
x
--- 

 ⋅ ⋅+

2
---------------------------------------------------------------------------

xsin( )2
xcos( )2+ 1=
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TRIGSIN

7\S�� %HIHKO�

%HVFKUHLEXQJ���9HUHLQIDFKW�HLQHQ�WULJRQRPHWULVFKHQ�$XVGUXFN�GXUFK�
$QZHQGXQJ�GHU�*OHLFKKHLW��*LEW�IDOOV�P|JOLFK�QXU�
6LQXVWHUPH�]XU�FN�

=XJULII�� >û

(LQJDEH�� (LQ�$XVGUXFN�

$XVJDEH�� 'HU�XPJHIRUPWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� 75,*&26

TRUNC

7\S�� %HIHKO

%HVFKUHLEXQJ���6FKQHLGHW�HLQH�5HLKHQHQWZLFNOXQJ�DE�

=XJULII�� N

(LQJDEH�� (EHQH���$UJXPHQW����'HU�$XVGUXFN��GHQ�6LH�
DEVFKQHLGHQ�P|FKWHQ�
(EHQH���$UJXPHQW����'HU�$XVGUXFN��QDFK�GHP�
DEJHVFKQLWWHQ�ZHUGHQ�VROO�

$XVJDEH�� 'HU�$XVGUXFN�GHU�(EHQH���$UJXPHQW����ZREHL�
7HUPHQ�K|KHUHU�RGHU�JOHLFKHU�2UGQXQJ�ZLH�LP�
$XVGUXFN�(EHQH���$UJXPHQW���HQWIHUQW�VLQG�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

xsin( )2 xcos( )2+ 1=
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TSIMP

7\S�� %HIHKO

%HVFKUHLEXQJ���9HUHLQIDFKW�$XVGU�FNH�PLW�([SRQHQWLDOIXQNWLRQHQ�XQG�
/RJDULWKPHQ��

=XJULII�� ([SRQHQWLDO�DQG�ORJDULWKPV��<*

(LQJDEH�� (LQ�$XVGUXFN

$XVJDEH�� 'HU�YHUHLQIDFKWH�$XVGUXFN�

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��

6LHKH�DXFK�� 7(;3$1'
7/,1

VANDERMONDE

7\S�� %HIHKO

%HVFKUHLEXQJ���%LOGHW�DXV�HLQHU�/LVWH�PLW�2EMHNWHQ�HLQH�9DQGHUPRQGH�
0DWUL[��'DV�EHGHXWHW��GHU�%HIHKO�HUVWHOOW�I�U�HLQH�/LVWH�
PLW�Q�2EMHNWHQ�HLQH�Q�ï�Q�0DWUL[��'LH�L�WH�=HLOH�GHU�
0DWUL[�EHVWHKW�DXV�GHQ�(OHPHQWHQ�GHU�/LVWH��GLH�]XU�
3RWHQ]��L²���HUKREHQ�ZXUGHQ��

=XJULII�� <%�&5($7(

(LQJDEH��� (LQH�/LVWH�PLW�2EMHNWHQ�

$XVJDEH�� 'LH�HQWVSUHFKHQGH�9DQGHUPRQGH�0DWUL[��

)ODJV�� 'HU�H[DNWH�0RGXV�PX��HLQJHVWHOOW�VHLQ��)ODJ�²����
]XU�FNJHVHW]W��
'HU�QXPHULVFKH�0RGXV�GDUI�QLFKW�HLQJHVWHOOW�VHLQ��)ODJ�
²���]XU�FNJHVHW]W��
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%HLVSLHO��� %LOGH�DXV�GHU�IROJHQGHQ�/LVWH�PLW�2EMHNWHQ�HLQH�
9DQGHUPRQGH�0DWUL[�
^[��\��]`

%HIHKO�� VANDERMONDE({x,y,z})

(UJHEQLV��

VER

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�GLH�9HUVLRQVQXPPHU�XQG�GDV�)UHLJDEHGDWXP�GHV�
&RPSXWHU�$OJHEUD�6\VWHPV�]XU�FN�

=XJULII�� N

(LQJDEH�� .HLQH�(LQJDEH�HUIRUGHUOLFK�

$XVJDEH�� 'LH�9HUVLRQ�XQG�GDV�)UHLJDEHGDWXP�GHU�&RPSXWHU�
$OJHEUD�6\VWHP�6RIWZDUH�

XNUM

7\S�� %HIHKO

%HVFKUHLEXQJ���:DQGHOW�HLQ�2EMHNW�RGHU�HLQH�/LVWH�PLW�2EMHNWHQ�
QlKHUXQJVZHLVH�LQ�GDV�QXPHULVFKH�)RUPDW�XP�

=XJULII�� N

(LQJDEH�� (LQ�2EMHNW�RGHU�HLQH�/LVWH�PLW�2EMHNWHQ�

$XVJDEH�� 'LH�2EMHNWH�LP�QXPHULVFKHQ�)RUPDW�

%HLVSLHO��� 6XFKH�GHQ�1lKHUXQJVZHUW�YRQ�π�����H�XQG��FRV����
%HIHKO�� XNUM({π/2,3*e,4*COS(2})
(UJHEQLV� {1,5707963268 8,15484548538 -

1,66458734619}

1 1 1

x y z

x2 y2 z2
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XQ

7\S�� %HIHKO

%HVFKUHLEXQJ���:DQGHOW�HLQH�=DKO�RGHU�HLQH�/LVWH�PLW�=DKOHQ�DXV�GHP�
'H]LPDOIRUPDW�LQ�GDV�UDWLRQDOH�)RUPDW�XP��

=XJULII�� N

(LQJDEH�� (LQH�=DKO�RGHU�/LVWH�PLW�=DKOHQ�

$XVJDEH�� 'LH�=DKO�RGHU�/LVWH�PLW�=DKOHQ�LP�UDWLRQDOHQ�)RUPDW��

%HLVSLHO��� 'U�FNH�������LP�UDWLRQDOHQ�)RUPDW�DXV�
%HIHKO�� XQ(.3658)

(UJHEQLV� 1829/5000

ZEROS

7\S�� %HIHKO

%HVFKUHLEXQJ���*LEW�I�U�HLQH�)XQNWLRQ�YRQ�HLQHU�9DULDEOHQ�GLH�
1XOOVWHOOHQ�RKQH�9LHOIDFKKHLW�]XU�FN�

=XJULII�� <&

(LQJDEH�� (EHQH���$UJXPHQW����(LQ�$XVGUXFN�
(EHQH���$UJXPHQW����'LH�9DULDEOH��QDFK�GHU�JHO|VW�
ZHUGHQ�VROO�

$XVJDEH�� 'LH�/|VXQJ�RGHU�/|VXQJHQ�I�U�GHQ�JOHLFK�1XOO�
JHVHW]WHQ�$XVGUXFN�

)ODJV�� 6HW]HQ�6LH�I�U�HLQ�V\PEROLVFKHV�(UJHEQLV�GLH�
QXPHULVFKH�2SWLRQ�GHU�&$6�0RGL�]XU�FN��)ODJ�²���
]XU�FNJHVHW]W��
'LH�IROJHQGHQ�)ODJ�(LQVWHOOXQJHQ�EHHLQIOXVVHQ�GDV�
(UJHEQLV�

� :HQQ�GHU�H[DNWH�0RGXV�HLQJHVWHOOW�LVW��)ODJ�²����
]XU�FNJHVHW]W���VXFKW�GLH�)XQNWLRQ�QXU�QDFK�H[DNWHQ�
/|VXQJHQ��'DGXUFK�ZLUG�P|JOLFKHUZHLVH�HLQH�
1XOOLVWH�]XU�FNJHJHEHQ��REZRKO�1lKHUXQJVO|VXQJHQ�
YRUKDQGHQ�VLQG�
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� :HQQ�GHU�1lKHUXQJVPRGXV�HLQJHVWHOOW�LVW��)ODJ�²����
JHVHW]W���VXFKW�GLH�)XQNWLRQ�QDFK�QXPHULVFKHQ�
:XU]HOQ�

� :HQQ�GHU�NRPSOH[H�0RGXV�HLQJHVWHOOW�LVW��)ODJ�²����
JHVHW]W���VXFKW�GLH�)XQNWLRQ�VRZRKO�QDFK�UHHOOHQ�DOV�
DXFK�QDFK�NRPSOH[HQ�/|VXQJHQ�
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