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f x( ) x 1+( ) x 2+( )⋅ x 3+( )⋅ x 4+( )⋅ 3−:=

TOL 0.000000001:=

x 0:= root f x( ) x,( ) 0.69722436−=
x 1−:= root f x( ) x,( ) 0.69722436−=
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�
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.������
�������
	�����7

x 0:=

x 1−:=

root f x( ) x,( ) 0.69722352−=

root f x( ) x,( ) 0.69725236−=
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�g����
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�������
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*���+�� 5-/-� �
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	�����
0v]`bmvKb\dvb\d K =++ =� ���.	
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� �
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	� <�
8��

8���4��� v]`bmvKb\dvb\du K++= 7
?���4����
���
	
�����g����	
���
������;
.�
<
���
	�����

f x( ) sin x( ) sin 3 x⋅( )+ 4 cos x( )
3⋅+:= 7

$�
8���8���4��

x 1:= root f x( ) x,( ) 1.570397=

x 0:= root f x( ) x,( ) 0.785398−=
������I�������
	������� fvenfveq d= =� �<.�� += d

dd vBfven
� 0�

�d
�d BvB777vB +++−

− ��g��:�
<
������d@
9���������=��:���@
���	���
���
��8���4��=��
�	
��QR
���
9�����
���	����
���

�<���
�����
<
���
	�����6

<.����g�	���
���
�:���
����d��=����	59�S��:�����
�
�
<
��
@
	��� 0B =�
��
���.��9�g� dB 7

*���+��5-0-���
9���	����
������
	�����

02v�/v/vmv /Km =+−−+ 7

5 4 3 2 1 0 1 2 3 4 5

f x( )

0

x

root f x( ) x, 4−, 3−,( ) 3.926991−=

TOL 10
6−:=

root f x( ) x, 2, 3,( ) 2.356194=

82)4122�0C-Ed
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12−

2−

4

1













:=

^`_uW``Cb �e f

3−

3−

1

1















=
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:
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����I�������
	������:
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@
:
R�Q��
:
�.5�M`_~X�����
�����Mu[z`_\]7�����S�
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���T�

R����������	
9���
��
9�:5I���
�M`_~X=�����
�S��
����
�	��@
����
������4���	�.


solve, →
%��	
�
����
	
�b`_~X���T�
�		�������	�Q��
������
	��@

���=��7�7�8���4�Q� fveq =����
	
��g������:����Q=�
��
�������

�
�
�
9� ��I
����� ��
	�����=� � �� �R�������� ��	
9� � ��
��
9
:5I���	��Q�
:�:�����.
��:���
7�!��������
����
�	�������I�@
����S�
<
���
	�����6

1

2






3− x⋅
7.0 has solution(s) .935784974019201

1

2






3− x⋅
7 has solution(s)

1

3

ln 7( )

ln 2( )
⋅

x
3

4 x⋅+ 5− 0 has solution(s) 1

1−
2

1

2
i⋅ ⋅+

1−
2

1

2
i⋅ ⋅−









x
3

4 x⋅+ 5.0− 0

has solution(s)

1.

.50000000000000000000− 2.1794494717703367761 ⋅−

.50000000000000000000− 2.1794494717703367761 ⋅+







t3

x2
5x+ 6− solve x,

6−
1



→

!�
�
9� ��
�
�6� 	5.������ 		�.���
�� ��
	�����=� �
��:
R���������
��
:
�.��M`_~X7�+
�	������
������4���	�.


5
v

24−
25.0

5
v

b`_~X, → =

���	���9����
	
�
����
	
�b`_~X��		������:������:���
9=�
��
@
�������
� �
�
�
9� ��I
����� ��
	�����=� � �� �R�������� ��	
9
��
��
9�:5I��	��Q�
:�:�����.
��:���
7�+
�	�������I����
��
	�����

5
v

24−
25.0

5
v

b`_~X v,
1.9519812658311713983 1i⋅

2.0000000000000000000





→

*���+��5-,-����I��������
�
�5;���
	����9
�7����<���
����������
	�����

z

v B−
B

v z−
+ 2 b`_~X v,

z B+

1

2
z⋅

1

2
B⋅+









→

7 v⋅ 10− 10 v⋅ 9−− 7 v⋅ 7− b`_~X v,
13

12
→

16v2

v 4+e f2
48 v2− has solution(s)

2 5⋅ 2+

2 2 5⋅−

6− 2 i⋅ 3⋅+

6− 2 i⋅ 3⋅−









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/7����
4�
�
���5����
	�����

3

v
9 v⋅− 6 v⋅ 2− b`_~X v,

1

3
→

3 v 34+ 3 v 3−− 1 b`_~X v, 30→
!�S�
:����:�����
;
.������
���
�
.����
����7�!�
�
9

�
�������
	������v�|�g�t�7

5v 4− 5− 2v 3.− has solution(s) 2.250000000000000

2.



K7��+
�
�
�����5�����
<
��8:����������
	�����

2 1+e f

6v 6−
v 1+

2 1.−e f
v−
b`_~X v,

2.0000000000000000000

3.0000000000000000000



→

0.04e f
v

5 v− 6⋅− 5+ 0 has solution(s) 1.00000000−

�
;
.������
���
�
.����
����7������
����v�|�07

3
3 8−( )v 3

3 8+( )v+ 6.0 b`_~X v, 3.000000000000000→

�
;
.������
���
�
.����
����7������
����v�|�@K7

_`c 8e f _`c v 5−e f− _`c 2e f _`c v 7+( )− has solution(s)

log ve f
2

log v
3( )− 2+ 0 has solution(s) 100

10




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has solution(s)1 2 _`c 5 v 2+,e f⋅+ _`c v 2+ 5,e f −

2






����� v
_`c ve f 3−

0.01 b`_~X v,
10.000000000000000000

100.00000000000000000








→

_`c v 2+e f
2

2,  _`c v 10+e f
2

2, + 4.0 _`c 3 2,e f⋅

has solution(s)

11.−

1.−

3.3542486889354094095−

8.6457513110645905905−












m7��(��<
�
:��������������
	�����

b\d 3ve f ]`b 3ve f+ 0 has solution(s) 1−
12

π⋅

!5�����������
���
��
���
����I���������d�|�07

has solution(s)]`b 3ve fe f
2

]`b 6ve f− 0
0

1

3
π⋅






!5�������5���
���5����I���������d�|�0=�d�|��7



y�

y7K7�_�<�:@[�:�	 ������	�� =���#��

���
	����	
=��
������
	�����=�:
T�
���I
������
����
@
:
R�Q��
:
�.5��2)G*�e��I���f����:��Q��4352)(O0
-�1(�5)*=

�:���	����.	
�������
�����:����Q=�
��
�������
��
�
�
9
��I
��������
	����	
=����
��
:
�.5��2)G*�e��I���f�����
��@
����4352)(O7�+��	�.���5�� ��T�� ���:��5��
�
�5	
Q�=� ��

�
�������
	�����������I����:�
�<���
������;����
	����	=��

�����I
���������I
������
������
����
4�
�
���5�=��
�
�
@
�����5�����
<
��8:�����������
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*���+��5-4-����I�����
�<���
������;����
	����	6

x2
5 x⋅− 6+

x 7+
0< solve x, 2 x<( ) x 3<( )⋅→

x2 x+ 1+( )2
4 x2 x+ 1+( )⋅− 3+ 0< solve x,

2− x<( ) x <(⋅

0 x<( ) x <(⋅




→

*���+��5-5-����I��������
4�
�
���5;����
	����	6

x 2−<has solution(s)x 2 x⋅ 8++ 0<

x 2<

5 x<






has solution(s)2 x⋅ 1−
x 2−

1<

x 8−≤
1−

2
x<



 x ≤(⋅

1

3
x<








has solution(s)x 2−
3 x⋅ 1−

x 2+
2 x⋅ 1+

≤
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5

3
x<has solution(s)

5
1−( )

2x⋅ 3−
x 2−

5>

��
�����
	����
����I����7���I����:�.
��
<
��
�
�
@
�����
<
����
	����	
��	���������I��������
	����	


2 x⋅ 3−( )−
x 2−

1> has solution(s)
5

3
x<





x 2<(⋅ 7

log x
2

4 x⋅− 3+ 8,( ) 1< solve x, 1− x<( ) x 5<( )⋅→ 7

��
���I���������
	����
�=��7�7��
������I
����
���
���@
�
	����	
=��
������
���
�������
��
�
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x
2

4 x⋅− 3+ 8< solve x, 1− x<( ) x 5<( )⋅→ =

�������5	
������S�
:�
��
����.
�����:5;���
����9

x
2

4 x⋅− 3+ 0> solve x,
x 1<

3 x<







→

log
3

8 2x−
x,



2−≥ has solution(s)
x 1<

4

3
x≤









+�
	����
����I�����S�
<
���
	������ fm=�ef�=0ev ∪∈
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QR�9���
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R�Q�	���
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9�8���4��6








=+
−=−+

=−−

�y�yu/

3�jumvK

K�Kuv

A

2

3

0

1−
4

2

3−
5−

7








:= B

3

8−
17








:=

!5��������� �
�<
� ��;
.�
9�:
���45� �� �
�I�����
97
!���
���
��8���4���BVc[XdCeF=Nf�
�x�.������.	��:
���45=
�:�QR���
.��
�
	
���
������	
����
�=�	�
.��7

rank A( ) 3= rank augment A B,( )( ) 3=

X A 1− B⋅:= X1 lsolve A B,( ):=
!5	
.� ��I����=� �
������
<
�:
�����5:�:��
.
:� �� �

�
:
R�Q�	���
���
9�8���4���_b`_~XeF=Nf6
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X

5

2−
3








= X1

5

2−
3








=

��I
QR�9���
��P(G*b'(/,�:
T�
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��P(G*b'(/,=���
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



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−=−−
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=−+

y�KuvK

/�Kumv/

K�ujv
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.�5��.
��5�

A

1

2

3

5

4

1−

1−

3−

3−









:= B

3

2

7−









:=
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���45������
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rank A( ) 3= rank augment A B,( )( ) 3=
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yj

Given

x 5 y⋅+ z− 3

2x 4 y⋅+ 3 z⋅− 2

3 x⋅ y− 3 z⋅− 7−

�
;
T.�������I����������:5

Find x y, z,( )

4−
1

2−








=

*���+��6-0-����
��������I
QR�9���
��P(G*b'(/,=��
9��
��:	
���
����I�����%,���	�.






++=−
=−

�zBumBv

zBuv

�����WBdYeFf�|�WBdYeF�Nf�����d=��
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�
.�5;�����:���5;7

 
Given

x a y⋅− b

a x⋅ 4 y⋅− a b+ 1+

find x y,( )

a2 a b⋅+ a 4 b⋅−+( )
4− a2+( )

a b⋅ a− b− 1−( )−

4− a2+( )















→
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*���+��6-1-	�
9�����I����������:5�F��|�N=�<.��:
���@
4
�����	���
��!��:�Q��	�.

A

1

0

1

2

1

1

1

1

0

1

1

0








:= B

5

3

2





!5����������
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WBdYeFf|/ WBdYeBVc[XdCeF=�Nff�|�/
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�I������Q�:
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:
R�Q�	���
���
9
8���4����WWXqeFf����������
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�:���=��/>���I�@
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	������
���	
�
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rref augment A B,( )( )

1

0

0

0

1

0

1−

1

0

1−

1

0

1−

3

0









=

X x3 x4,( )

1− x3+ x4+

3 x3− x4−

x3

x4












:=

X 1 0,( )

0

2

1

0












= X 1 3,( )

3

1−

1

3












=
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





=+−
=−+
=+−

0�/uvK

=0�Ku/v

=0�jumv/







=++
=+−

=−+

0�muvm

=0�juKv

=0�umvK

�7 /7

A

2

1

3

4−

2

1−

5

3−

2








:= rank A( ) 3=

Given

3 x⋅ 4 y⋅+ z− 0

x 3 y⋅− 5 z⋅+ 0

4 x⋅ y+ 4 z⋅+ 0

A

3

1

4

4

3−

1

1−

5

4








:= rank A( ) 2=

7
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Find x y, z,( )

17−
13

z⋅

16

13
z⋅

z

















→

A

2.2

1

0.5

2

2

1.3

2

1

0.5

2

0.5

1.6

2

1

1.6

2











:=

λ eigenvals A( ):= λ

5.876526

0.540693

1.529036−

1.111817















=
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x 0:= y 0:= 7
�
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:
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�
�}\~Xd�g�{\da
Given

Sv eigenvecs A( ):= Sv

0.59188

0.42105

0.38175

0.57155

0.24537−

0.56721−

0.05413−

0.78431

0.3747

0.48282−

0.68974

0.38825−

0.41−

0.636

0.402

0.51−








=

























⋅ =λ−⋅

0

0

0

0

M~M~F 0
0

0







=+

=−−

�uj=�v3=0

m=0v/=�fuv/b\de
// 7
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x 0.5:= y 0.5:=
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�
�
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sin 2x y−( ) 1.2x− 0.4

0.8x
2

1.5y
2+ 1

Find x y,( )
0.43906−

0.7509−








=

sin 2x y−( ) 1.2x− 0.4

0.8x
2

1.5y
2+ 1

Find x y,( )
0.43906−

0.7509−








=

y x2− 0

x2 y2+ 2.








solve

x

y








,

1.

1.−
1.4142135623730950488− i⋅

1.4142135623730950488i⋅







→
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x
lim
→ 1x

lim
+→

�
∞x

x +(lim
−

→

�����F������6#)�	 )�6)#4#$�

+
����S�
<
���T�
�	5.������	���	5�
T�������	5�
�����
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0x

3
27 x+ 3

27 x−−

x 2
3

x4⋅+
lim
→

J

���
�������
:
�.���438)(W4����4352)(O�))47
�������
��	5����������
��
:
�.���438)(W4

0x

3
27 x+ 3

27 x−−

x 2
3

x4⋅+
lim
→

simplifies to
2

27

�������
��	5����������
��
:
�.���4352)(O�))4

0x

3
27 x+ 3

27 x−−

x 2
3

x4⋅+
lim
→

yields
2

81
3 27⋅
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∞x
acos x2 x+ x−( )lim

→
simplifies to

1

3
π⋅

∞x
1 x+ x2+ 1 x− x2+−( )lim

−
→

simplifies to

]	 ) W��6 � Z7�����	5������������.��
	�:
T�
����
��@
�
	
�����
����:	
���
<
��
	����	
�→ 7
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∞x
x ln cosh x( )( )−( )lim

→
ln 2( )→

ax

sin x( ) sin a( )−
x a−

lim
→

cos a( )→

0x
x

x
lim

+→

simplifies to 1

0x

1

1 e

1

x+

lim
+→

0simplifies to

1x
atan

1

1 x−





lim
−→

1

2
π⋅simplifies to



3K

ax

a
x

x
a−

x a−
lim
→

a
a

ln a( )⋅ a
a−→

*���+�� 7-,-� �
9��� �
��
���Q� 
��:��
��� 8���4��

�v

/vKv
u

/

+
−−= ���
���
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8��7

%
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���
	
������
9�8���4��

f x( )
x2

3 x⋅− 2−
x 1+

:=

!5����������
S88�4����
	��
��
��
9����:
9

∞x

f x( )

x
lim
→

1→
∞x

f x( ) x−( )lim
→

4−→

d_evf6|�v�@�m�g�S�
��
��
��
��
��:��
�

�����F����\)�I���I*��K���
�v

/vKv
u

/

+
−−=

5 2.5 0 2.5 5
20

10

0

10

20

axes   X

ax
es

   
Y

20

20−

f x( )

nl x( )

0

55−

1−

x

∞x ay
1

1

x
+




x2

x y+
lim
→

lim
→

exp 1( )→
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1

20

k

1−( ) k

k k 1+( )⋅ 2 k⋅ 1+( )⋅
∑

=

0.141566−=

1

20

n 1

35

k

1

4 k⋅ 1−( )2 n⋅
∑

=
∑

=

0.171514=

x 4:= k 0 50..:=

k

1−( )
k 1+

2 k⋅( )!
x

3






4 k⋅
⋅∑ 0.205507=

3

100

k

1
π2

2k2
−









sec
π
k







⋅∏
=

0.868859=

1

10

n

n∑
= n

∑
k

k∏
1

n

k

1

k k 1+( )
∏
=
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i 1 10..:=

ai if mod i 2,( ) 0
i

2
, i,





:= bi if mod i 2,( ) 0 2 i⋅,(:=

!5�����������::5

S

i

ai bi+∑:= S 39.9712051=
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1

d

\

\
2∑

=

simplifies to
1

3
d

3⋅
1

2
d

2⋅+
1

6
d⋅+

L �<� 	v�v�	!5������������
�
�5;���::�����
��	�.���9

0

∞

\

1

2
\∑

=

simplifies to 2

Y 1 ∞..( )

1

2 Y⋅ 1−e f
2∑ 1

8
π2⋅→

2

d

Y

1
1

Y
2

−






∏
=

yields
1

2
Γ de f⋅

Γ d 2+e f

Γ d 1+e f
2

⋅

1

d

\

\
2∑

=

by factoring, yields
1

6
d⋅ d 1+e f⋅ 2 d⋅ 1+e f⋅

1

d

\

\
2∑

=

yields
1

3
d 1+e f

3⋅
1

2
d 1+e f

2⋅−
1

6
d⋅+

1

6
+

2

d

Y

1
1

Y
2

−






∏
=

simplifies to
1

2 d⋅e f
d 1+e f⋅

2

d

Y

1
1

Y
2

−






∏
=

by factoring, yields
1

2
Γ de f⋅

Γ d 2+e

Γ d 1+e
⋅
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1

∞

_ 1

∞

Y

1

4_ 1−e f
2Y∑

=
∑
=

simplifies to
1

4
_d 2e f⋅

2

∞

Y

Y
3

1−

Y
3

1+
∏
=

by factoring, yields
2

3

1

∞

Y

1
1

2Y 1+e f
2

−







∏
=

1

4
π⋅→

∞d
1

d

Y

2Y 1−

2
Y∑

=
_\[
→

3→

∞d
1

d

Y

1
Y

d
2

+






∏
=

_\[
→

Xv^
1

2






→
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sin ax b+( )2 by differentiation, yields 2 sin ax b+( )⋅ cos ax(⋅

x

a2 x2−
by differentiation, yields

1

a2 x2−( )
1

2






x2

a2 x2−(
+

ln sin 2x( )( ) by differentiation, yields 2
cos 2 x⋅( )

sin 2 x⋅( )
⋅
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x

d

d ��������������������� 2x
f x( )

d

d

2
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x
sin ln x( )( )

d

d
yields

cos ln x( )( )

x

2x
ax3 b x⋅+ c+( )d

d

2
yields 6 a⋅ x⋅

x
x2 y⋅ sin x y⋅( )+( )d

d
yields 2 x⋅ y⋅ cos x y⋅( ) y⋅+
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f x y,( ) x2 y⋅ y2 x⋅+:=

x
f x y,( )

d

d
2 x⋅ y⋅ y2+→

y
f x y,( )

d

d
x2

2 x⋅ y⋅+→

x

1 x−( )
k

1 x+( )
n

d

d
1 x−( )

k−
k

1 x−( ) 1 x+( )
n⋅ 

⋅
1 x−( )

k

1 x+( )
n 1(

⋅−→

x
cos n x⋅( ) sin x( )n⋅d

d
sin n x⋅( )− n⋅ sin x( )n⋅ cos n x⋅( ) sin x( )n⋅ n⋅

c

s
⋅+→
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�8���4��� fub\duu]`bveXfu=veV v −=
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	���	
�������
	����Q�,
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�
�� 0
u

fu=veV

v

fu=veV
/

/

/

/
=

∂
∂+

∂
∂

7

V v u,e f X
v

v ]`b ue f⋅ u b\d ue f⋅−e f⋅:=

q v u,e f
2v
V v u,e f

a

a

2

Xv^ ve f v ]`b ue f⋅ u b\d ue f⋅−e f⋅ 2 Xv^ ve f⋅+→:=

c v u,e f
2u
V v u,e f

a

a

2

Xv^ ve f v− ]`b ue f⋅ 2 ]`b ue f⋅− u b\⋅+e⋅→:=

q v u,e f c v u,e f+ b\[^_\qu 0→ 7
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x 2:=
x

cos x
2

x+ 1+( )d

d
3.284933−= 7
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1

x2
4 x⋅+ 20+ by integration, yields

1

4
atan

1

4
x⋅

1

2
+

⋅

cos 3 x⋅( )2 by integration, yields
1

6
cos 3 x⋅( )⋅ sin 3 x⋅( )⋅ +
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x

1

x

⌠


⌡

d
                       

0

∞

cos x(
⌠

⌡

d
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xsin ln x( )( )
⌠
⌡

d yields
1

2
x⋅ sin ln x( )( ) cos ln((−(⋅

x
1

x2 x2 a2+⋅

⌠

⌡

d yields
1−

a2 x⋅( ) x2 a2+( )
1

2

⋅

x
1

3 5 cos x( )⋅+

⌠


⌡

d yields 1−
4

ln tan
1

2
x⋅



 2−



⋅ 1

4
ln tan

1

2
x⋅



⋅+
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0

∞

xx3 e
x2−⋅

⌠

⌡

d yields
1

2
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1

e

x
1

x ln x( )⋅

⌠
⌡

d yields 2

1

∞

x
1

x2
4 x⋅+ 13+

⌠
⌡

d yields
1

12
π⋅

0

∞

xln
x2 a2+

x2 b2+








⌠


⌡

d yields

x
1

sin x( )

⌠


⌡

d ln csc x( ) cot x( )−( )→

π⋅⋅+π⋅⋅− fBbcde]Bfzbcde]z



2K

0

1

xx
n 1−⌠


⌡

d assume n 0>,
1

n
→

0

∞

x
sin x( )

x

⌠
⌡

d
1

2
π⋅→

0

1

x
1

x
a

⌠

⌡

d assume a 1<,
1−

1− a+( )
→

0

∞

x
1

x2 a+

⌠
⌡

d assume a 0>,
1

2

π

a

1

2






⋅→
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g x( ) 1 x
2−:= f x( ) sin x( ):= x 2− 1.99−, 2..:=

0

∞

x
sin x( )

x

⌠
⌡

d float 15, 1.57079632679490→
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x 1−:= a root f x( ) g x( )− x,( ):= a 1.409624−=

x 1:= b root f x( ) g x( )− x,( ):= b 0.636733=
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R
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S
a

b

xg x( ) f x( )−( )
⌠

⌡

d:= S 1.670214=
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R
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�
z

u

B

v
/

/

/

/
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+
�
:��������
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	������S�����
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C]`bBfCev = =���� Cb\dzfCeu = 7
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R
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v B C,e f B b\d Ce f⋅:= u z C,e f z ]`b Ce f⋅:=

av B C,e f
C
v B C,e f

a

a
B ]`b Ce f⋅→:=

f x( )

g x( )

1.4096− 0.6367

x

7
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0

2 π⋅

Cu z C,e f av B C,e f⋅
⌠

⌡

a π z⋅ B⋅→

+�
R
.��8�<��5=�	5�������
9�������.	
9�
9�����<�
�

B z⋅
0

2 π⋅

φ
0

1

ρρ
⌠

⌡

a
⌠

⌡

a⋅ π z⋅ B⋅→ 7
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9���������� φ=φρ /]`b/fe 7

ρ φ( ) 2 ]`b 2 φ⋅( )⋅:= φ 0 0.1, 2 π⋅..:=
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4
1

2
⋅

0

π
4

φρ φ( )( )2
⌠

⌡ a⋅ 4→

0

45

90

135

180

225

270

315

2
1.5
1

0.5
0ρ φ( )

φ

1

2

u

3

4

v
1

v2 u2+( )
⌠
⌡

a
⌠
⌡

a 0.069772=



2t

B−

B

v

B2 v2−−

B2 v2−

uB2 v2− u2−
⌠

⌡

a
⌠

⌡

a
2

3
π⋅ B3⋅→

4

0

B

2

v

0

z

2

uD
v2 u2+

2 ^⋅







−








⌠


⌡

a
⌠


⌡

a⋅
1−

24
z⋅ B⋅

24− D⋅ ^⋅ B2+ z+(
^

⋅→

expands to z B⋅ D⋅
1

24
z⋅
B3

^
⋅−

1

24
−

1−
24

z⋅ B⋅
24− D⋅ ^⋅ B2+ z2+( )

^
⋅
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q ve f v3− v2+ 2+ 2 _d ve f⋅+:=
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fveq
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q ve f
1 v2+
1 v+

:=

1 2 3

5

2.5

2.5

5

q ve f

v

v 1:=

}\~Xd

v 0≥

v[\d A\d\[\�X q v,e f:=

v[\d 0.414= q v[\de f 0.828427=

v 1.5:=

}\~Xd

v[Bv ABv\[\�X q v,e f:=

v[Bv 1.161= q v[Bve f 2.082=
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K

K

v
fveq +=

���� ��=j�v −−∈ 7

c ve f
v
3

3

v
+:=
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// uvfuvemfu=veq −−−= � ���� 
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� mu/v ≤+ =

mu/v ≤− =� 0v ≥ 7
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q v u,e f 4 v u−e f⋅ v2− u2−:=
�
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	��
v 1:= u 1:=
�
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}\~Xd

v 2 u⋅+ 4≤ v 2 u⋅− 4≤ v 0≥

�
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v 2−:=
}\~Xd

v 5−≥ v 1−≤

v[Bv ABv\[\�X c v,e f:=

v[Bv 3−= c v[Bve f 2−=

}\~Xd

v 2 u⋅+ 4≤ v 2 u⋅− 4≤ v 0≥

B ABv\[\�X q v, u,e f:=

B0 1.6= B1 1.2−= q B0 B1,( ) 7.2=
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B0 0= B1 2= q B0 B1,( ) 12−= 7
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q v u,e f 3 v⋅ 2 u⋅+:= 7
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7

B A\d\[\�X q v, u,e f:=

0 10 20

0

10

15

5−

11.081

5 07jC−

10
C

7
+

30 2.5 C⋅−

200

7.5680

C

vu[0 7.568= vu[1 11.081= q vu[0 vu[1,( ) 44=
vu[ ABv\[\�X q v, u,e f:=

v 1:= u 1:=
}\~Xd

v 2 u⋅+ 5≥ v− 7 u⋅+ 70≤

2.5 v⋅ u+ 30≤ v 0≥ u 0≥
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y' x( ) 2− y x( )⋅ 3 sin x( )⋅− y 0( ) 3
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y'' x( ) sin x( ) y' x( )⋅− y x( )+
x

2 π⋅
y 0( ) 1 y' 0( )
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y x( )
d

d

3 2
x

y x( )
d

d

2






2

x
y x( )

d

d

− 6 y x( )⋅
x

y x( )
d

d








2

⋅

u 2e f 0 u� 2e f 1 u�� 2e f 0

u `aXb`_~X v 3.3, 0.001,e f:=
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9u Ce f+ 4

u 0e f 0 u
π
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
 1

u `aXb`_~X C
π
2

,

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Given

Z'' x( ) x 1+( )Z x( )+ 2 Z x( )⋅− 2
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C1 0:= C2 0:=
Given

C1− C2+ 1−

Z 1( ) C1 Z1 1( )⋅+ C2 Z2 1( )⋅+ 4

Z2 1( ) 1.347=

C Find C1 C2,( ):= C
1.773

0.773








=

Given

2
x

Z1 x( )
d

d

2
x 1+( )Z1 x( )+ 2 Z1 x( )⋅− 0

Z1 0( ) 0 Z1' 0( ) 1

Z1 odesolve x 1, 0.01,( ):= Z1 1( ) 1.085=

Z 0( ) 0 Z' 0( ) 0

Z odesolve x 1,( ):= Z 1( ) 1.034=

Given

2
x

Z2 x( )
d

d

2
x 1+( )Z2 x( )+ 2 Z2 x( )⋅− 0

Z2 0( ) 1 Z2' 0( ) 0

Z2 odesolve x 1, 0.01,( ):=
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Given

x
Z2 x( )

d

d
Z2 x( )− Z1 x( ) x2+ 1+( )⋅ 2+

Z2 0( ) 1

Z2 odesolve x 1,( ):=

Given

x
Z1 x( )

d

d
Z1 x( )− Z1 x( ) x2+ 1+( )⋅ x+

Z1 0( ) 1

Z1 odesolve x 1,( ):=
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Given

x
y x( )

d

d
Z1 x( ) y x( ) Z2 x( )+

y 1( ) 5
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i 1 n 1−..:= xi a h i⋅+:=

pi xi:= qi
1−

2 xi⋅
:= fi 1:=

α 0 1:= α 1 2:= β0 1:= β1 0:= A 1:= B 2.5:=

a 2:= b 2.3:=

h 0.05:= n
b a−

h
:= n 6=

mi
2 h2⋅ qi⋅ 4−

2 h pi⋅+
:= ki

2 h pi⋅−

2 h pi⋅+
:= Fi 2

fi

2 h pi⋅+
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i 0 n..:= xi a h i⋅+:=
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c0

α 1

h α 0⋅ α 1−
:= d0 A

h

α 1

⋅:= c0 1.026−= d0 0.02=

x

2

2.05

2.1

2.15

2.2

2.25

2.3














= y

2.249058

2.217832

2.193314

2.174859

2.161858

2.153747

2.15














=

i 1 n 1−..:=

ci
1

mi ki ci 1−⋅−
:= di h2 Fi⋅ ki ci 1−⋅ di 1−⋅−:=

1.95 2.05 2.15 2.25 2.35
2.11

2.14

2.18

2.21

2.25

y

x
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a b y2⋅−( ) y1⋅

c− d y1⋅+( ) y2⋅
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D x y,( )
y1 4 y2⋅−

2 y1⋅ y2−
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1
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
:= X1 rkfixed x 2−, 2, 200, D,( ):=

x
1

2−



:= X2 rkfixed x 2−, 2, 200, D,( ):=

x
2−

2



:= X3 rkfixed x 2−, 2, 200, D,( ):=

x
1−

2



:= X4 rkfixed x 2−, 2, 200, D,( ):=

ORIGIN 1:=

A
1

2

4−
1−


:= eigenvals A( )

2.646i

2.646i−

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i 1 20..:=

y1i 2− 0.2 i⋅+:= y2j 2− 0.2 j⋅+:=

Y1 i j,( ) y1i 4 y2j⋅−:= Y2 i j,( ) 2 y1i⋅ y2j−:=
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F x y, C,( ) yy2
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d x
e

x

1 e
2 x⋅+

⌠
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
⌡

d− C−:=
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t
y t( )

d

d
y t( )+ sin t( )−

µ x( ) e

xp x( )
⌠

⌡

d

:=

y x C,( )
1

µ x( )
xq x( ) µ x( )⋅

⌠
⌡

d C+







⋅:=

p x( )
2−

x
:= q x( ) 2 x3⋅:=

s laplace y t( ) t, s,( )⋅ y 0( )− laplace y t( ) t, s,( )
1

s2
1+( )−+

has Laplace transform
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d
⋅+ 4 y t( )⋅+ t2 e

2− t⋅⋅−

has Laplace transform
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− has solution(s)
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s2
1+( ) s 1+( )⋅ 

s s L⋅( )⋅ 4 s⋅ L⋅+ 4 L⋅+
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s 2+( )3
−

1

s2
1+( ) s 1+( )⋅ 

1

2
exp t−( )⋅ 1

2
cos t( )⋅− 1

2
sin t( )⋅+has inverse Laplace transform

2

s 2+( )3 s2
4 s⋅+ 4+( )⋅ 

has solution(s)

2

s 2+( )3 s2
4 s⋅+ 4+( )⋅ 

1

12
t4⋅ exp 2− t⋅( )⋅has inverse Laplace transform
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f x( ) cos x( ) x 0≥( ) x
π
4

≤





⋅if

sin x( ) otherwise
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2 1 0 1 2

1

2

3

4

y x( )

x


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π>
π≤≤
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SumA n( ) S 0←

S S f 0.2 k⋅( )+←

k 1 n..∈for

S

n
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SumA 10( ) 0.90855=

KvK a( ) x0
a

2
←

R 1←

x1
x0

2

a

2 x0⋅
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R x1 x0−←

x0 x1←

R 0.00001>while

x1
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while
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KvK 3( ) 1.732051= 3 1.732051=

KvK 12( ) 3.464102= 12 3.464102=

NN a( )

break ak 0.2≥( ) ak 0.4≤( )⋅if

k 0 last a( )..∈for

k

ak
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minmaxa( ) min a0←

max a0←

min ak←

continue

ak min<if

max ak← ak max>if

k 1 last a( )..∈for

min

max






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i 0 10..:= ai rnd 4( ):=

a
T 
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minmaxa( )
1.065

3.987








=



�KK

����
�
���������������T���.���
��
�
����
I��
��5;���@
��
4�9����
�#.��������
�����-7�&
������4���
���
�
�


exp 2− exp 1−on error 7

���������	5�
�������Xv^�g�����
��
I�
�
I���
=��
�	5@
����������Xv^�g�/7

*���+�� ./-5-�!5�������� ��::�� ∑
=

d

0\ \B

�
� =� ����� 0B\ ≠ =� �

�
9����
������	
�����	5;�S��:���
	�	�����
	
:�:
���	�� \B =

O=777=�=0\ = 7
��;
.�59�:
���	

v

1

0

5

0

10












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SumRec v( ) su 0←

j 0←

j j 1+← su su
1

vk
+←on error

k 0 last v( )..∈for

su

j







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SumRec v( )
1.3

2



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
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an 0←

r PN ceil n( )( )←

ari 1− j⋅ 1←

j 2
n

ri 1−
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i 2 length r( )..∈for

j 1←

qj i←

j j 1+←

ai 0if

1

i 2 n..∈for

q

n 2>if
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N 25:= Pn PN N( ):=
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