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1.	
�� 
cell���� ���

�� (V) � ���� (E) shift + Enter

111 * 111

Plot[Sin[x], {x, -3, 3}] (* Sin � Cos *)

���shift + Enter� Enter����

2.�� !", #$ %& cell

'(��cell, �� � )*+,��� (Y)

3.-./01�

�1�231�4,

��4,�56 (P) �78

78�9:�;<�=-�� >?@A -.1�

BC0DE� �� (I) �FG0H

-.I,�56 (P) �-.JK 213  �
�

�
� �� �

�=�

�

�

L�
M���� (I) �@A (T)

NI
OP��� (I) �NI �OP (M)

�2�Q31�4,

�� (Y) �RST � TraditionalForm

Integrate[x^2 + Sqrt[x], {x, 1, 2}]



4.UVWJ

(1)XY��Z[\]�WJ (H) � Wolfram^_`a (D)

(2)XYbcd-ef��gWJ/?h'1� Integrate

(3)ij
* Wolframgk/lm (http : // library.wolfram.com /)

#nopqr Wolframstuv��w,xy�z{|�}~�-�;�st��E 

xy)�������������M�����

* Wolframgk��m�http : // www.wolfram.com / broadcast /�

*�Wolfram���������

http : //

www.wolfram.com / language / fast - introduction - for - programmers / zh /

*�Mathematica
 Wolfram��5�-..������f��

http : //

www.wolfram.com / language / fast - introduction - for - math - students / zh /
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11 111 * 11 111 (* Ó,����Þ *)

� ßà+,Mathematica��

� Mathematica�¼½¾�á¯â,�ãäåæ�¾�áç
è%éê�ëìíîZï

� ¾��ð[ñ§��¼ò,   [    ]

� ó´�ð[�ôõ,   {     }

� §T¾�, Shift  + Enter

ö3F÷

Factor[x^3 + 36 x^2 + 431 x + 1716]

÷GHJ"�

Solve[{3 x - 2 y � 5, x + y � 5}, {x, y}]

��5�

D[x^2 Sin[x], x]

��øùEF

Integrate[x^3 Sin[x], x]

��úûüý�

A = {{1., 3, 5}, {3, 2, 7}, {1, 2, -1}};
Eigenvalues[A]

 wx¾��Ó

Plot[Sin[x], {x, -3.5, 3.5}]

Manipulate� Plot[ a Sin[b x + c], {x, -6, 6}, PlotRange � {-5, 5}],
{a, 1, 5, 0.2}, {b, 1, 5, 0.2}, �c, 0, 2 Pi, Pi � 100��

wxéþÿĀ�

ContourPlot3D�x^2 � 4 + y^2 � 3 - z^2 � 2 � 1, {x, -4, 4}, {y, -3, 3},
{z, -2, 2}, ColorFunction � Function[{x, y, z}, Hue[z / 4]]�
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�2� Mathematica����

2 - 1 ���	
���

1. 
�����

Mathematica��
����������� ��������������

��� Integer� �!"�#$%&�'(�.

{2^5, 2^10}

2^2016

IntegerDigits[%] (* IntegerDigits[2^2016] *)

Length[%]

)�*+ 48�105�120�,-./��,0.1�.

{GCD[48, 105, 120], LCM[48, 105, 120]}

)�2311117�131174567�.

{PrimeQ[11117], PrimeQ[13117]}

)��18��10187�49:;

{Prime[1], Prime[101]}

����Rational, </��

12345678987654321/234321

���Real,�=>&�?@�����ABC<DE40�FG�
      HDE4I�FG�

a=-.618

b=98765432123456789.98765432123456789

{IntegerPart[1.5], FractionalPart[1.5]}

��: Complex, x + y I, J��K I, �Lx�JLyMDE
4������N��.

z = �2 + 5 I�^2

)�*+���OP�Q�

{Arg[z], Abs[z]}

2.�RS�
Degree P&�45 Degree �	 450 E TUV��W��e
GoldenRatio XY�Z� 1.618 I J��K -1
Infinity [\- � P i ]^_ �



3. ��`a

. `6��

{Round[1.5],Floor[1.5], Ceiling[1.5] }     (*bcd��bed� *)

{Round[-1.5],Floor[-1.5], Ceiling[-1.5] }

. `6��

{N[Pi],N[Pi,30]}

. ��`6��

{Rationalize[3.14], Rationalize[3.1415926]}

Rationalize[3.1415926, 0.000001]

4.Sfgh��--iVj�����

Abs[x] ���kV�N���Q
Re[z]�Im[z]�Arg[z]�Conjugate[z] ����L�JL�OP�lm
Power[x, y]�Sqrt[x] n���opq
Exp[x]�Log[x]�Log[b, x] I����TUV����V���
Max[x1, x2, ...]�Min[x1, x2, ...] ,-��,0�
Sign[x] rs��
Sin[x]�Cos[x]�Tan[x]�Csc[x]�Sec[x]�Cot[x] tP��
ArcSin[x]�ArcCos[x]�ArcTan[x]�ArcCsc[x]�
ArcSec[x]�ArcCot[x] utP��

Sinh[x]�Cosh[x]�Tanh[x]�Csch[x]�Sech[x]�Coth[x] vw��
ArcSinh[x]�ArcCosh[x]�ArcTanh[x]�ArcCsch[x]�
ArcSech[x]�ArcCoth[x] uvw��

Binomial[m, n]�Multinomial[n1, n2, ...] xyGz{|� � n
m
�

Factorial[n]�Factorial2[n] }~!�v}~!!

FactorInteger[n] ����
GCD[n1, n2, ...]�LCM[n1, n2, ...] ,-./��,0.1�
Mod[m, n]�Mod[m, n, d] ��
Prime[n]�PrimeQ[n]�PrimePi[n] 7����7����7�*�

)��

{Sqrt[4. + 9 I], Cos[2.1 + 3 I]}

5.�r�

fv�s " "����r��r��DE��#$����r����������rh
�DE�������r��a�r "\n "���r "\t".
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{ToLowerCase["ABCD"], ToUpperCase["abcd"]}

StringReverse["ABCD"]

a = "���R��-R� ¡¢���£";
Print�"�¤�K:", a�

�¥�r���¦�V�r�§¨�©ª�«¬�­ah�®¯°±²³´µ�
�¶·�¸¹º»¼
���R��-RB½¾, Mathematica 7�f¡¿À�x½Á, 24Â- 29Â�

�Ã´µ

1.
������ ������������

2.�RS�

3.��`a

4.Sfgh��

5.�r�
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�����
����������������������
������ !"#$

��%&�'()*+,-�./01231245'6*78$
90��:;<=>?@0123����12:;ABCDE�
>FMathematica�
$

GH90���I012A��3JKL4MNO�� �PIn[2]�$

��QR9S��3T�5�UVW��QRXS��$

1. YZ12
[&\]^_, ���12`abc'.

a = �d*, ef, gh, iR�; (*Djk�������*)

b = {1, 2, 3}; d = {2, 3, 4}; A = {b, d}

2. Range

Range[n]          	
��{1,2,...,,n}, mM1:lm

Range[m,n]        	
{m,m+1,...,n}

Range[m,n,d]      ;mMno, ;dMp�3{m,m+d,..., }

Pq�

Range[5]

s^Range[5]

Range[12.5,2,-2.5]

Clear[a,b];Range[a,b,(b-a)/4]

Simplify[%]

Range[{3, 4}] (* Range[3,4]?*)

Range[Range[5]] (* Range[{1,2,3,4,5}] *)



3. Table
Table[expr, {k, m, n, d}] rst� k, no m, p�M d3uvwA n .
Table[expr, {k, m, n}] p�M1
Table[expr, {k, n}] no!p�xM1
Table[expr, n]

Pq�

Table[i^2, {i, 3}]

X = Table[x[k], {k, 3}] (*y?x�z{!|{*)

A = Table[Sin[i], {i, 3}]

a = {1, 2, 3}; A = Sin[a] (*}#~����'�����9012*)

a^3

B = Table[10 i + j, {i, 3}, {j, 4}]

MatrixForm[B]

P����12A~�"�3Table��~�fMrst�3�wYZ��$

Table[Plot[f[x], {x, -Pi, Pi}], {f, {Sin, Cos, Tan, Cot}}]

4.	
����
RandomInteger! RandomReal 7�	
����!����.

Pq�

RandomReal[] (* 0~145����� *)

RandomInteger[10] (* 0~1045����� *)

RandomReal[{1, 2}, 3] (* 	
301~245����� *)

RandomInteger[1, {2, 3}] (* 	
2�3����0-1�� *)

5*  ��� RecurrenceTable

RecurrenceTable[{f[n]==f[n-1]+f[n-2],f[1]==1,f[2]==1},f, 
  {n,8}]

Table[Fibonacci[n], {n, 8}]

6. ��12��

Clear[A, a, B, b]; A = Table[a[k], {k, 3}]

{a[1] = 111, A[[2]] = 222, A[[-1]] = 333}; A

B = Table[b[i, j], {i, 3}, {j, 3}]

{B[[1]], B[[1, 1]], b[1, 1]}

{B[[2, 1]], b[2, 2], b[2, 3]} = {21, 22, 23}; B[[2]]

B
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TableForm[B]

��	
��7���

YZ12
Range
Table
RandomInteger� RandomReal
RecurrenceTable
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1.��
���

�� Drop����3�
�

t = {a, b, c, d, e, f}; Drop[t, -3]

�� Delete�����3�
�

s = {2, 3, 4, 5, 6}; Delete[s, -3]

{t, s}

t = Drop[t, -3]; s = Delete[s, -3]

Delete[s, {{-1}, {-2}, {-3}}]

B = {{1, 2, 3}, {4, 5, 6}, {7, 8, 9}};

�: � B[[3]]����

Insert[B, x, 3]

�: �B[[3]]����

Insert[B, x, -1]

u = v = {1, 2, 3}; Append[u, x]

AppendTo[v, x]; {u, v}

2.��
�� 
�: !"#� $� %&.

Sort[{9, 3, 1, 2, 4, 6, 3, 4, 7}]

Reverse[%]

Sort[{9, 3, 1, 2, 4, 6, 3, 4, 7}, Greater]

Sort[{9, 3, 1, 2, 4, 6, 3, 4, 7}, #1 > #2 &]

Sort[{a + b, a + c, a + b + c, a - b}]

3.��
�'$
Apply(()*���+,-, Apply�./0123, 4.567.

Apply[f, expr] ��8,9f:.;�<=expr
Apply[Plus, list] >list-�?@
�A�BC
Apply[Times, list] >list-�?@
�D�BC



��E�-?@�
�	A

b = {5, 8, 5, 7, 2, 6}; Apply[Plus, b]

��E�-?@�
�	D

Apply[Times, b]

Apply[Sin, b]

Map[Sin, b]

4.��FGHIJ

Flatten[a] >KL��MNO1P��
Partition[a, n] >��IJQRSTUO n�9��

��E�a�
�JVIJQWX2�$3�
��YZ.

a = {{1, 2, 3, 4}, {4, 5, 6, 7}}; b = Flatten[a]

{Partition[b, 2], Partition[b, 3]}

5.���[F+,
Union[a1, a2, ...] \�[F�$]G^[_��`a
�G� 
Intersection[a1, a2, ...] \�[F�b[_��`a
�G� 
Complement[a, b1, b2, ...] ��a-�b1, b2, ...
�$`a
�G� 

a = {2, 3, 5, 1, 5, 1, 0, 2, 4}; b = {3, 1, 0, 2, 0, 3, 0, 3, 2};
c = {2, 3, 4, 3, 2, 1, 2, 4, 1};

��c,[F�a, b, c�$[_b[_a�d[e

Union[a, b, c]

Intersection[a, b, c]

Complement[a, b, c]

��+,
��
���$��
��
�� 
��
�'$ Apply
��FGHIJ
���[F+,
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��
�Mathematica�����������	�

������������ ��!�"#$�"%�&���

��	'(�)*��	+,$�#-.�/01�2*34��	�

Mathematica�-.,56���	78�,5�

1.!�9!�:;

!�"

<Mathematica=>!�"+ �?@�ABC>DE�A#��>!�"���FGHI�

JK�A9=@��L��M<!�"=�

MathematicaNO?@�A�PQR>STAUa�VW*HX�!��

YZ!�"�QR�ABC�[\MPR�A�V!�>]^_

`M C�D�E�IabcdM���.

ef!�g8�

a = 22; b = 77; {a, b} = {b, a}

{a, b} = {22, 77}; c = 1122; {a, b, c} = {b, c, a}

!�:;
��	 /. hi # ReplaceAll���	, hi�

j=:;hi�2*#2kl[lhs � rhs���	�mn]o�7�%.

efp.qrl�st
�uHeronv	�

s =
1
2

(a + b + c); A = s (s - a) (s - b) (s - c)

Clear[a, b, c]; s = (a + b + c) � 2; A = Sqrt[s (s - a) (s - b) (s - c)];

A /. {a � 1, b � 1, c � 1} (*wa,b,c�;11*)

A /. {a � 3, b � 4, c � 5}



2 + 3 x + x^2 /. {2 � 3, 3 � 4}

ReplaceAll[2 + 3 x + x^2, {2 � 3, 3 � 4}]

2..x��	

2*.x��	+ �y�#!�z.x-.�#$�/0{1>

j=!��|}����8����~�a>����bc��$�

#��M����$�.

-.��� -.� ��
1 []�{}�() $��~��O��
2 !�!! ������
3 ++�-- !���1���1
4 +=� -=� *=� /= -.Dg8���!�
5 ^ ��
6 . ���t#���t
7 *� � ���
8 +�- ���

<H�����n�u, .x��	=������ HR�

e[f2 a�2 a�2*a�¡��¢X�,

(a - b) (c + d)U (a - b)*(c + d)�¡�L�¢X�,

£� a2U a 2�¡�¤�HX��

.x-.����¥¦��§¨>X�-.�©ª¦�«¬�­®>

g8i©ª¦¬«��­®�

3.¯°��	

¯°��	+ �y¯°-.�#±b-.�/0{1�

¯°��	�8fTrue�False�²³´��

ef

Clear[a, b]; a < b
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Infinity � 2 Infinity

x^2 + 2 x * y + y^2 � (x + y)^2

Simplify[x^2 + 2 x * y + y^2 � (x + y)^2]

±b-.�
<� �� �� �� >� �

¯°-.�

And �&& ¯°U
Or� || ¯°#
Not� ! ¯°µ

Equivalent ¯°a¶

efR·Uu~��¸¹a¶�Mathematica¯°��	�

,

�2� Mathematica����

2 - 1 ���Vºj$�

2 - 2 ~�»1

2 - 3 ~�¢±$�

2 - 4 ��	
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� 3 � ������
3 - 1 	
���

3.1.1	
��
���

	
��
���������������������

t1 = x^2 - 2 x - 3; t2 = x - 3;

t1 + t2

t1 - t2

t1 * t2

t1 � t2

�������	
�a(x) �b(x) !"#$�	
�q(x) �r(x) %&a(x)=b(x)q(x)+r(x)

� PolynomialQuotient   ��	
�'��(�

� PolynomialRemainder  ��	
�'��)�

� PolynomialQuotientRemainder
       *+�,��	
�'��(��)�

PolynomialQuotient[x^3 + y^3, x - y, x]

PolynomialRemainder[x^3 + y^3, x - y, x]

PolynomialQuotientRemainder[x^3 + y^3, x - y, x]

3.1.2	
�-./0

� PolynomialQ[expr,x] 1PolynomialQ[expr,{x,y,...}]
23expr4567�-x,y,...�	
�

PolynomialQ[x^2 - y^2, {x, y}]

PolynomialQ�x^2 + x + 2 � y, {x, y}�

PolynomialQ�x^2 + x + 2 � y, x�

poly1 = �x - 1�^�15�; poly2 = x^4 + 5 x^3 y^2 - 3 x y + 6 y^4;

� Variables[poly] 	
�poly��-89

Variables[poly2]

� Coefficient[poly,x,n]  	
�poly:x^n
�;� n<=>?1

� CoefficientList[poly,x] 1CoefficientList[poly,{x,y,...}]
	
�poly67�-x,y,...�;�89

poly1=(x-1)^(15)



poly2=x^4+5 x^3  y^2-3 x  y+6 y^4;

Coefficient[poly1, x, 5]

CoefficientList[poly2, x]

@AB"CD(x + y + z)6E  x2 yz3
�;�4F

Coefficient[(x + y + z)^6, x^2 * y * z^3]

3.1.3	
�CDGHI

� Expand[expr]  
CD9J�expr:��K�LM�NO,
PQORSTUV�WX Y9J�CDZ?�
[�

� ExpandAll[expr]  CD9J�expr:��K�M�NO

� PowerExpand[expr,x] 1PowerExpand[expr,{x,y,...}]
CD9J�expr:G�-x1{x,y,...}�6��K�NO,@\]� 
DN9J�:�^_OR.

� ExpandNumerator[expr]  CD9J�expr:�`��`a

� ExpandDenominator[expr]  CD9J�expr:�`��`b

@ABCD	
�(x + 2 y + 1)2

Expand��x + 2 y + 1�^2�

@ABcd Expand[   ], ExpandAll[  ], PowerExpand[   ]�ef.

Expand[(x + y)^-2]

Expand[Sin[(x + y)^2]]

ExpandAll[Sin[(x + y)^-2]]

PowerExpand[Log[(x * y)^z]]

@AB`fCD9J� t =
(1 - x)

(x + 1)2
+

(x + 1)2

x (1 - x)
:�`a�`b�	
�.

t = �1 + x�^2 � �x �1 - x�� + �1 - x� � �1 + x�^2;

ExpandDenominator[t]
(1 + x)2

x - x2
+

1 - x
1 + 2 x + x2

ExpandNumerator[t]
1 - x

(1 + x)2
+
1 + 2 x + x2

(1 - x) x

� Collect[expr,x] 1Collect[expr,{x,y,...}]
HI9J�expr:G�-x1{x,y,...}�6�*g
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� Apart[expr,x]
h9J�expriZj``�[��k�

� ApartSquareFree[expr]
h9J�expriZj``�[��k� 
l:`b4mno	
��NO�k�

� Cancel[expr]
p`9J�expr:�`�

� Together[expr]
q`9J�expr:�`�

@ABCD(x + a + 2)4,Px�ORHI*g
.

Collect��x + a + 2�^4, x�

@ABY�r� t =
x2

1 - 2 x2 + x4
CDZj``���.

t = x^2 � �1 - 2 x^2 + x^4�;

Apart[t]

ApartSquareFree[t]

@ABs
2 x + 1
5 x - 7

, x - 2
3 x + 2

, x2

x2 + 3
�� `a`bt4CDk�.

Together�
2 x + 1
5 x - 7

+
x - 2
3 x + 2

+
x2

x2 + 3
�

@ABp`
x2 - y2

x3 - y3

Cancel��x^2 - y^2� � �x^3 - y^3��

3.1.4	
�u�`v

� Factor[poly]  "M�wx`v	
�

� FactorSquareFree[poly]  /,	nu�

� FactorTerms[poly,x] 1FactorTerms[poly,{x,y,...}]
`vpoly?y�G�z	
��K�k� x1{x,y,...}<=?{��-

� FactorList[poly]
poly�|}pua~lNO89

� FactorSquareFreeList[poly]
poly�mnoua~lNO89

@AB]	
� 16 - 32 x - 8 x2 + 28 x3 - 3 x4 + 9 x5�u�`v

3-1.nb     3



poly = 16 - 32 x - 8 x2 + 28 x3 - 3 x4 + 9 x5;

Factor[poly]

FactorSquareFree[poly]

Factor[poly, Extension � Sqrt[-1]](* "���`v	
�*)

FactorList[poly]

FactorSquareFreeList[poly]

3.1.5	
���u�G���

� PolynomialGCD[p1,p2,...]
	
��{p1,p2,...}����u�

� PolynomialLCM[p1,p2,...]
	
��{p1,p2,...}������

� PolynomialExtendedGCD[f,g,x]
$-	
�f(x)�g(x)��C���u�

� ��PolynomialExtendedGCD[f,g,x]��$�k\{h,{a,b}}�89 
l:a�bt467�-x��r� h4f�g����u� I���h=af+bg

PolynomialLCM[x^2 + x^2 y - y - 1, x^2 y + x^2 z - y - z](*�����*)

PolynomialGCD[x^2 + x^2 y - y - 1, x^2 y + x^2 z - y - z](*���u�*)

PolynomialExtendedGCD[x^2 - 2 x * y + y^2 + x - y, x^2 - y^2 - x + y, x]
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�3�  ������
3 - 2 	
����

� 3-1��
���������Expand�Cancle�
Together �����	
������������� �
	
��!"#$%&,    ���'(Trig->True )*�+,-.
/	
��0�"123��4567.

� ��

Cancel�Sin[x] � �1 - Cos[x]^2��

Cancel�Sin[x] � �1 - Cos[x]^2�, Trig � True�

Together�Sin[x]^2 � �1 - Cos[x]^2� + Cos[x]^2 � �1 - Sin[x]^2��

Together�Sin[x]^2 � �1 - Cos[x]^2� + Cos[x]^2 � �1 - Sin[x]^2�, Trig � True�

� Trig->True  89���:;��.

Expand��Cosh[x]^2 + Sinh[x]^2� �Cosh[x]^2 - Sinh[x]^2��

Expand��Cosh[x]^2 + Sinh[x]^2� �Cosh[x]^2 - Sinh[x]^2�, Trig � True�

3-2-1���	
���<=��

� TrigExpand[expr]	
��>?&@

� TrigFactor[expr]	
��A"BC

� TrigFactorList[expr]	
��ADEF

� TrigReduce[expr]	
��@&>?

� TrigToExp[expr]&	
��GH���

� ExpToTrig[expr]&H���G	
��

Expand[Sin[x] + Sin[2 x] + Sin[3 x], Trig � True]

TrigExpand[Sin[x]+Sin[2x]+Sin[3x]]

TrigFactor[Sin[x]+Sin[2x]+Sin[3x]]

TrigFactorList[Sin[x]+Sin[2x]+Sin[3x]]

TrigReduce[Sin[x]Sin[2x]Sin[3x]]

TrigToExp[Sin[x]+Sin[2x]+Sin[3x]]

ExpToTrig��-1�^x�

�I�J>�&%
Cos[x]

1 + Sin[x]
+ Tan[x]



Together�
Cos[x]

1 + Sin[x]
+ Tan[x], Trig � True�

TrigReduce[%]

�I�KL Sin[nx], Cos[nx]�nM
!"F, n=2,3,4

A = Table[{n, TrigExpand[Sin[n x]], TrigExpand[Cos[n x]]}, {n, 2, 4}]

TableForm[A, TableHeadings � {None, {"n", "sin nx", "cos nx"}}]

3-2-2FN"&%

� Simplify[expr]  &%FN"expr

� Simplify[expr,assum]  OPQ'assum&%FN"expr

� FullSimplify[expr]  RS&%FN"expr

� FullSimplify[expr,assum]  OPQ'assumRS&%FN"expr

� Assuming[assum,expr]  OPQ'assumT$FN"expr

Simplify�x^2 + 3 �x + 2 � 3��

FullSimplify�x^2 + 3 �x + 2 � 3��

Simplify�(x + y) � 2 > Sqrt[x * y], x > y > 0�
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�3�  ������	
3-3 
���	

3-3-1 ���
�

� ����
��:      ”lhs==rhs”------��
��.

� �����
��      {eqn1,eqn2,...}  � eqn1 && eqn2 && .

� �������”==”�����”<”, “>”,”<=”,  “>=”, “!=”�� ���.

� ��!���"#$%&'()*(�+,

eqn = �1 - x� �1 + y� � �1 + x� �1 - y�; Expand[eqn]

Collect[eqn, x]

� Eliminate[eqns,vars]          ����eqns��-./012

p1 = x^2 + y^2 + z^2 - �a^2 + b^2 + c^2�; p2 = x + y + z - (a + b + c);
p3 = a^2 + b^2 + c^2 - 2 a + 2 b + 1; p4 = a + b - 2 c;
Eliminate[{p1, p2, p3, p4} � {0, 0, 0, 0}, {a, b, c}]

3-3-2 34���5


� Solve[eqns,vars]   5��6�7eqns�89:;
vars
���<93=>?@ABvars#�CD

Solve[a * x^2 + b * x + c � 0, x]

EFG5
���{ 2 x + 3 y = 7
3 x + 4 y = 10

Solve[2 x + 3 y � 7 && 3 x + 4 y � 10, {x, y}]

Solve[{2 x + 3 y � 7, 3 x + 4 y � 10}, {x, y}]

� HIG1.JKLMN���
OP
��5QB#RSNTO�	U/.
            2.���
$V
W�XYB#$NPartZTV
0[.

EFG 5
���{ x
2 + y = 4

2 x - y = 1
, *\	
�� x2 + y2 ]^_
`�Q.

solution = Solve[{x^2 + y == 4, 2 x - y == 1}, {x, y}]

x^2 + y^2 /. solution

Simplify[%]

EFG\	��-735 + 1337 x - 778 x2 + 198 x3 - 23 x4 + x5=089a�b�!.



solution = Solve�-735 + 1337 x - 778 x2 + 198 x3 - 23 x4 + x5 � 0, x�
{{x � 1}, {x � 3}, {x � 5}, {x � 7}, {x � 7}}

solution[[1]]

solution[[1, 1]]

solution[[1, 1, 2]]

Sum[solution[[k, 1, 2]]^2, {k, 1, 5}]

� NSolve[eqns, vars]  5��eqns�89�Q
vars

� NSolve[eqns, vars,n]  
5��eqns�89�Q
vars, � ncde

NSolve[x^5 � x + 1, x]

NSolve[x^5 � x + 1, x, 20]

� Roots[eqn, var]
530fg���eqn�89:;
var

� NRoots[eqn, var]
530fg���eqn�89�Q
var

� Root[f,k]
530fg�f��k=a

Roots[x^5 � x + 1.0, x]

NRoots[x^5 � x + 1.0, x, 20]

� FindRoot[f,{x,a}]  $a��QB5��f(x)�3=ax

� FindRoot[eqns,{x,a}]$a��QB5��eqns�3=
x

EFG5
�� sin x = x2 - 1

Plot[{Sin[x], x^2 - 1}, {x, -Pi, Pi}]

FindRoot�Sin[x] � x2 - 1, {x, -1}�

EFG5��x*sin (x) = 1 ]hi[-10B10] `�
D

Plot[x * Sin[x] - 1, {x, -10, 10}]

a = {-9, -6, -3, -1, 1, 3, 6, 9}

Table[FindRoot[x * Sin[x] � 1, {x, a[[i]]}], {i, 8}]

EFG 5��� � ex + ln y = 2
sin x + sin y = 1�jk
.

ContourPlot[{Exp[x] + Log[y] � 2, Sin[x] + Sin[y] � 1}, {x, 0, 4}, {y, 0, 4}]

sol1 = FindRoot[{Exp[x] + Log[y] � 2, Sin[x] + Sin[y] � 1}, {x, 0.4}, {y, 2}]

sol2 = FindRoot[{Exp[x] + Log[y] � 2, Sin[x] + Sin[y] � 1}, {x, 1.6}, {y, 0.2}]

� Reduce[expr, vars, dom]  
 +,������expr*589
vars
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� FindInstance[expr, vars, dom, n]
5������expr�n=l
vars

Reduce[a * x^2 + b * x + c � 0, x]

Reduce[3 x - 2 y > a && x + y < b, {x, y}]

FindInstance[x^2 + y^2 � z^2 && 0 < x < y < z < 20, {x, y, z}, Integers, 3]

3-3-3  mn���5


� RecurrenceTable[eqns, expr, nspec]
omnpqeqns5
��exprr���V

� RSolve[eqns, a[n], n]
omnpqeqns5�Van��gs�

RecurrenceTable[{a[n + 2] � a[n + 1] + a[n], a[1] � a[2] � 1}, a[n], {n, 10, 20}]

RSolve�b[1 + n] �
1
3

(x * b[n] + y), b[n], n�

3-3.nb     3



� 4 � ���
4 - 1 ���

	
����
���Limit [ expr, x->x0]

�1������

(1) lim
x�0

sin(a x)

x

(2) lim
x�1

m

1 - xm
-

n

1 - xn

Limit[Sin[a x] / x, x -> 0]

Limit�m � �1 - x^m� - n � �1 - x^n�,
x � 1�

����
������
��

�� lim
x�0

sin 1
x

, �������0� ����[-1, 1]!"#$�

Limit%

&'�()*"+

Limit�Sin�
1
x
�, x � 0�

�1 + %�^2 * 5

��
���,-./0
��12	
+

�2�	
��
��

(1) lim
n��

n + n - n

(2) lim
n��

n!
nn

Limit[Sqrt[n + Sqrt[n]]
- Sqrt[n], n -> Infinity]

Limit�n! � n^n, n -> Infinity�

� 34�5
��
��

�3 : 6 x1 = 2 �xn = �(2 + xn-1), � lim
n��

xn

f[1] = N[Sqrt[2], 10];
f[n_] := N[Sqrt[2 + f[n - 1]], 10];
f[10]

1.999997647

xn = Table[f[n], {n, 1, 20}]
ListPlot[xn, PlotStyle � {Red, Thick}, Joined -> True]



	
����
(7���

� Limit[expr, x -> x0]                              	
 x � x08��expr 
��

� Limit[expr, x -> x0, Direction -> 1]      	
x � x08��expr
9��

� Limit[expr, x -> x0, Direction -> -1]     	
x � x08��expr
:��

�4�	
�����

(1) lim
x�0+

log(x)
x

(2) lim
x��

��x + 1
2 �

x �(x)

Limit[Log[x] / x, x -> 0, Direction -> -1]

Limit�Gamma�x + 1 � 2� � (Sqrt[x] * Gamma[x]),
x -> Infinity�

� ; Mathematica <=
<>?@� 
Limit ��AB�CDE)FGH��
IJK�J	
L���,-	
MN��+

�5 : 	
 lim
y��

lim
x��

x y
x2 + y2

x2

Limit�Limit��(x * y) � �x^2 + y^2��^�x^2�,
x -> Infinity�, y -> Infinity�

Limit�Limit��(x * y) � �x^2 + y^2��^�x^2�,
y -> Infinity�, x -> Infinity�

� O,-	
AFGPQ(R�STUVWR�X8�YZ�
��

Limit��x^2 + y^2� � �1 - �1 + x^2 + y^2�^�1 � 2�� /. {y � a t, x � t}, t � 0�

�6�[\�� f (x) =
(x - 5)2

3 (x + 1)

]^ _+

(* ��f(x)
^ _�`�ax->�8�f(x)b�c Q(
d_y=x+bKlimx��(f(x)-(a x+b))=0�ef.��

gh��i�ajb
k+*)

f[x_] := (x - 5)^2 � �3 * �x + 1��;
a = Limit[f[x] / x, x -> Infinity]

b = Limit[f[x] - a x, x -> Infinity]

Plot[{f[x], a x + b}, {x, 0, 30}]
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�4�  ���
4 - 2 �����

4-2-1 ���	
�

� �
	
����D[f, x] �D[f, {x, n}] 
����  f'(x)  �f (n)(x) �

� �
	
��	
������
  ��f����
�D[f , x]�� �f

�x

��f����
�D[f , x]�� �f
�x

� ���
�� !"�#

� D[f, x] �	

�f
�x

� D[f, x1, x2, …, xn] $%�	

�nf

�x1 �x2 ... �xn

� D[f, {x, n}] n%	

�nf
�xn

� D[f, x, NonConstants � {y1, y2, ..., ym}]

&'�
��	

�f
�x
�y1, ..., ym�x��


� D[f, {{x, y, z, ...}}] �	()
�f
�x

,
�f
�y

,
�f
�z

, ...

D[x^n, x]

D[x^n, {x, 2}]

D[z (x^2 + y^2), x, y]

D[z (x^2 + y^2), {x, 2}]

D[z (x^2 + y^2), {{x, y}}]

D[z (x^2 + y^2), {{x, y, z}, 2}] (*Hesen *+*)

D[z (x^2 + y^2), {x}, {y},
NonConstants � {z}]

,1-.�
 f (x) = sin�x2 + x �/x = 2�	


D[Sin[x^2 + Sqrt[x]], x] /. � 2

f[x_] := Sin[x^2 + Sqrt[x]];
f'[2]

/�0"1234 ���1�
	
�56789�:;<��.	=7�567>./?@AB
CD#



,2-4 
E.	=7

Clear[f];
f[x_] := Sin[x^2];
f[x] + f'[x] + f''[x]

4-2-2  F��

� /Mathematica1�D[f, x] �
G)HfIJx��	
�
KLMNf 1�OPG)Q xRIS

� Dt[f]   TUf�F��!"

� Dt[f, x] TUf�F	
�KLMN
 f 1VWG)� x ��
�

� XJf1YZ[Jx��)�> \]
Constants -> ��)1, �)2, ...�^U_`�

D[x^2 + y^2, x]

Dt[x^2 + y^2, x]
Dt[x^2 + y^2, x, Constants � {y}]

Dt[x^2 + y^2]

Dt[x^2 + y^2 + z^2, {x, 2}]

,3-x, y��
IKab
cd  x = 2 t 2, y = Sin(t) ef�. y IJ x  �g%	
�

x[t_] := 2 * t^2; y[t_] := Sin[t];

dx := D[x[t], t]
dy := D[y[t], t]
d1 = dy / dx

Y[t_] := dy / dx
d2 = D[Y[t], t] / D[x[t], t]
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�4�  ���
4 - 3  ��������

4-3-1 ����

� 	
������
�Integrate[f, x] 
������������

� 	
������
�Integrate[f, x, y] 
��������� !"#$%y&��	
!'#$%x&��	


� Integreate()	
*+, "-./�" �0�/��"-./�" 12,3/�45�/�4#�/
�4 
 67�867/��

91:	
;<����

(1)� 3 ax2�x        (2)� x
2 - a2 �x 

(3)� cos x �x     (4)� 1
1+x4 �x

Integrate[3 a x^2, x]

Integrate[Sqrt[x^2 - a^2], x]

Integrate[Sqrt[Cos[x]], x]

Integrate�1 � �1 + x^4�, x�

TraditionalForm[%]

� Integrate=>	
?@A���

92 : � ex (f (x) + f' (x)) �x

Integrate�E^x * �f[x] +

Derivative[1][f][x]�, x�

� Integrate=>	
�B/���

93:f(x)=� x x � 1
1 x < 1 , C � f (x) �x.

Integrate[Piecewise[{{1, x < 1}, { x, x � 1}}], x]

� Mathematica=>#D%E/���

Integrate[{x, E^x, Sin[x]}, x]

� MathematicaFGHBessel/�4Gamma/� �Beta/�I�6JK�LM3NO/�=>PQR
S�����



94 : � e-x2 �x

Integrate�E^�-x^2�, x�

� Mathematica
�������#0�/�&TU-VWXIntegrate?@��.

Integrate[Sin[Sin[x]], x]

4-3-2 ���

� 	
����/�?@�:
Integrate[f[x], {x, a, b}]    
	
 �a

bf(x)�x�YZ[

� NIntegrate[f[x], {x, a, b}] 	
 �
a

b

f (x) �x��E[

Integrate[Max[x, x^2 - 2], {x, -2, 3}]

�Integrate�x � �1 + Cos[x]�, �x, 0, � � 2	�, NIntegrate�x � �1 + Cos[x]�, �x, 0, � � 2	�	

Integrate�Cos[x]^n, �x, 0, � � 2	, Assumptions 
 n > 1�

Integrate[Exp[-x^2], {x, 0, Infinity}]

4-3-3  \���

� Integrate [f, {x, a, b}, {y, c, d}]

	
]^�� �
a

b
�x �

c

d
f (x, y) �y�YZ[

� NIntegrate [f, {x, a, b}, {y, c, d}]

	
��� �
a

b
�x �

c

d
f (x, y) �y��E[

95:	
_`DA����� , Da y = x>bxc, x = 1de.

� �
D
Sin[x + 2 y] �x �y

ParametricPlot[{{x, x}, {1, x}}, {x, 0, 1}]

Integrate[x^2 + y^2, {x, 0, 1}, {y, 0, x}]

Integrate��x^2 + y^2� Boole[y � x], {x, 0, 1}, {y, 0, 1}�

96:	
 � � �
V
xy2 z3 �x �y �z

f�V�aghz = xy, z = 0, y = x, x = 1de�

Clear[x, y, z]

Integrate�x * �y^2� * �z^3�, {x, 0, 1}, {y, 0, x}, {z, 0, (x * y)}�

97	
iKjklx2 + y2 = 1, x2 + z2 � 1mno��l�
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ineqa = x^2 + y^2 � 1 && x^2 + z^2 � 1;
Integrate[Boole[ineqa], {x, -Infinity, +Infinity},
{y, -Infinity, +Infinity}, {z, -Infinity, +Infinity}]

98:	
gp�� �
L
�x2 + x cos x� �s

Integrate�x2 + x Cos[x], {x, y} � Circle[]�

99:	
.qrhh�

Integrate[1, {x, y, z} � Sphere[]]
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� 4 � ���
 4 - 4 ��

4-4-1 ���	


� Series[expr, {x, x0, n}]         �expr�x = x0
	
�n�����

� Series[expr, {x, x0, n}, {y, y0, m}]                 
��y	
� m���x	
n����

Series[Sin[x^2], {x, 0, 15}]

Series[f[x], {x, a, 3}]

Series[Sin[x] * Cos[y], {x, 0, 5}, {y, 0, 5}]

� 	
������������������� !"

Series[Sqrt[x], {x, 0, 10}]

Series� x23 , {x, 0, 10}�

Series[Exp[Sqrt[x]], {x, 0, 6}]

Series[Exp[Sqrt[x]], {x, 1, 6}]

Series[x^x, {x, 0, 4}]

� Series#$�%&'()���*
�+,	
�,	
��-./��%01�"

Series�1 � �E^x - 1�, {x, 0, 10}�

Series�1 � ��E^x - 1�^10�, {x, 0, -2}�

� Series#$�%&'���(23
�+,	
�

Series�1 � �x - 2�, {x, Infinity, 4}�

4-4-2 ����4'

� ���56

� Sum[f, {i, imin, imax}]

&' �
i=imin

imax
f (i)

� Sum[f, {i, imin, imax, di}]

&'f (imin) + f (imin + di) + f (imin + 2 di) + ... f imin + �
imax
imin

� di

� Sum[f, {i, imin, imax}, {j, jmin, jmax}] &' �
i=imin

imax
�

j=jmin

jmax
f (i, j)

� (27�



� Product[f, {i, imin, imax}]

&' �
i=imin

imax
f (i)

Sum�x^i � i, {i, 1, 7}�

Sum�x^i � i, {i, 7}�(*8956:);�<=>1
? *)

Sum�x^i � i, {i, 1, 7�2}�

Sum�x^n � n!, {n, 0, Infinity}�

Sum�1 � i^4, {i, 1, Infinity}�

Sum�1 � �i! + �2 i�!�, {i, 1, Infinity}�

N[%]

@A5����
n=0

� x4 n+1

4 n + 1
�BCDE6��"

a[n_] := 1 � �4 * n + 1�;
f[x_, n_] := a[n] * x^�4 n + 1�;
r = Limit�Abs�a[n + 1] � a[n]�, n � Infinity�
R = 1 � r^�1 � 4�

FGH
0IBC

Sum[f[1, n], {n, 1, Infinity}]
Sum[f[-1, n], {n, 1, Infinity}]

JKH
L0MN
"BCDO-1,1P

Sum[f[x, n], {n, 1, Infinity}]

Sum[D[f[x, n], x], {n, 1, Infinity}]
Integrate[%, x]

� QR����STU�V�

        SeriesCoefficient[f, n]   ��f�x^n�V�

        SeriesCoefficient[f, {x, x0, n}]  ��f�x0�	
�� (x - x0)^n�V�

SeriesCoefficient[Sin[x], {x, 0, 3}]

SeriesCoefficient[Exp[x], {x, 0, n}]

Series[Log[1 + x], {x, 0, 5}]
SeriesCoefficient[%, 2]

� W����

InverseSeries[s, {x, x0, n}]   QR��s�W������	
�

t = Series[Sin[x], {x, 0, 7}]

InverseSeries[t]

Series[ArcSin[x], {x, 0, 7}]
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� ���XY

ComposeSeries[s1, s2]  Z[\���s2]^���s1��_`x

ComposeSeries[Series[Cos[x], {x, 0, 10}], Series[Sin[x], {x, 0, 10}]]

Series[Cos[Sin[x]], {x, 0, 10}]

Series[Cos[x], {x, 0, 10}] /. x � Series[Sin[x], {x, 0, 10}]

4-4-3 Fourier��

� FourierSeries[f[x], x, n]

&'%2Pi�ab���f[x]�n�cde�� �
k=-n

n

ck �� k t  

f� ck = 1
2� �-�

�
f (t) �-� k t � t.

� FourierSeries[f[x, y, z ..], { x, y, z ..}, {n1, n2, n3 ..}]
&'g ���cde��

a = FourierSeries[x^2, x, 3]

Plot[a, {x, -3 Pi, 3 Pi}]

b = FourierSeries[x * y, {x, y}, {2, 2}]

Plot3D[b, {x, -3 Pi, 3 Pi}, {y, -3 Pi, 3 Pi}]

�h%2L�ab����i\FourierParameters->{1,2Pi/L}jk

FourierSeries[Abs[x], x, 3, FourierParameters � {1, 2 Pi}]

Plot[%, {x, -3, 3}]

� lm��Enm��

FourierSinSeries[f[x], x, n]
f[x]0%2��ab�����[-�,�]o0p��

FourierCosSeries[f[x], x, n]
f[x]0%2��ab�����[-�,�]o0q��

r��abs02��tu\FourierParametersjk

c = FourierSinSeries[x, x, 5]

Plot[c, {x, -3 �, 3 �}]

d = FourierCosSeries[x^2, x, 5, FourierParameters � {1, �}]

Plot[d, {x, -4, 4}]
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� 4 � ���
 4-5 ����

4-5-1 �	
����

�	
�����
�����
�����

� DSolve[eqns, y[x], x]                                    
	y(x)
�������� eqns�x����

� DSolve[eqns, y, x]                                       ����
����	������� �7��

DSolve[y'[x] � x * y[x], y[x], x]

DSolve[{y[x] == -z'[x], z[x] � -y'[x]}, {y[x], z[x]}, x]

���!�"#$����%&'()��*+�	�,-./��
!�011��"�012��
	23456
�7��89:
;"#$��
	<=>?@��ABCDE��
	�

DSolve[y''[x] - Cot[x]^2 y[x] � 0, y[x], x]

�8?@FG
;"#$����&H4��9:
	

DSolve[x^2 y''[x] + y[x] � 0, y[x], x]

I"'J
��K4LM
��HN<	O

DSolve[y'''[x] � x * Sin[y[x]], y[x], x]

P1��	QRST �1 + x2� y'' + 2 xy' - 6 x2 - 2 = 0, y (-1) = 0, y' (-1) = 0.

sol =

DSolve���1 + x2� * y''[x] + 2 x * y'[x] - 6 * x2 - 2 == 0, y[-1] � 0, y'[-1] � 0�, y[x], x�

Plot[y[x] /. sol, {x, -1, 4}]

� �����
	&'UV��
*+ DSolve[eqns,y,x]

sol1 = DSolve[{y'[x] + y[x] � a Sin[x], y[0] � 0}, y, x]

FullSimplify[y''[x] + y[x]^2 /. sol1]

sol2 = DSolve[{y'[x] + y[x] � a Sin[x], y[0] � 0}, y[x], x]

FullSimplify[y''[x] + y[x]^2 /. sol2]

4-5-2 �	W����

�	W����
XY-
DSolve[eqn, y, {x1, x2, ..}]
DSolve[eqns, {y1,y2,..}, {x1, x2, ..}]

P2��	W���� �y(x1, x2)
�x1

+
�y(x1, x2)

�x2
�

1
x1 x2



DSolve�D[y[x1, x2], {x1}] +

D[y[x1, x2], {x2}] ==

1 � �x1 * x2�, y[x1, x2],
{x1, x2}�

P3��	Z���uxx + uyy = 0

DSolve[D[u[x, y], {x, 2}] + D[u[x, y], {y, 2}] � 0, u, {x, y}]
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�5�   ����
5-1 ��	
�

5-1-1 ��	�
�1�

� �Mathematica�� �����������	������	��������	���

� ���

� Table[expr,{i, a,b,d}] � ��{expr(a),expr(a+d),expr(a+2d),...expr(b)}
a�d	!"#$1

� Array[f,n]    � ��{f[1], f[2],.....f[n]}
 f�%&'�.

� ���

� Table[expr, {i,ai,bi,di} , {j,aj,bj,dj}]
 expr$��&(	)*+,��-./�i,j	�0,�
a$-.1#�b$-.2#34�d$-.56�
7a8d!"9�:#$1.

� Array[f, {m,n}]

�m;n�	�����&(f[i,j], f�<&'�.
Array[f, m,n]

�m=���{f[n],f[n+1],...f[n+m-1]}.

 >?�Table, Array'�	�@�AB

a[i_, j_] := 1 � �i + j - 1�;

A1 = Table[a, {2}, {2}]

A2 = Array[a, {2, 2}]

� MatrixForm[��] C�����D,��.

A2 // MatrixForm

MatrixForm[A2]

>?�EF%GH0-9IJ�KE 	5LM�

Table[RandomInteger[{0, 9}, 5], {i, 1, 5, 1}] // MatrixForm

>?�EF%G5L3NOM��3NO&($;P��PQR�

Table[If[i � j, i + j, 0], {i, 5}, {j, 5}] // MatrixForm

5-1-1 ��	�
�2�

� ST)UMathematica	V�* Insert->Table/Matrix->New... WX
%G��
YZ[\]^��	&(



� ��&(_`9�S[\���


A = {{1, 2, 3}, {2, 3, 4}} // MatrixForm

5-1-2 
�ab��

� 
�cO�DiagonalMatrix[cO�&(��]
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DiagonalMatrix[{a, b, c}] // MatrixForm

� 
�nL�d�� IdentityMatrix[n]

IdentityMatrix[5] // MatrixForm

� 
�ef��

� SparseArray[rules,dims,val]
Hrules
�	gh=�dims	ef���
ijk	��&(l#val�

� SparseArray[{{i1,ji}->v1,{i2,j2}->v2,...},{m,n}]
mnodp
�ef��&(

>?�
�7LqcO��rcO�&(s$2��rc
            O�&(tu	&($1�:v&($0

SparseArray[{{i_, i_} � 2, {i_, j_} /; j � i + 1 � 1, {i_, j_} /; j � i - 1 � 1},
{7, 7}] // MatrixForm

>?�
�4×5Lef��M�:�M[2,3]=1�M[4,2]=5.

M = SparseArray[{{2, 3} � 1, {4, 2} � 5}, {4, 5}] // MatrixForm

HilbertMatrix[{3, 4}] // MatrixForm

HankelMatrix[4] // MatrixForm

HankelMatrix[{a, b, c, d}] // MatrixForm

RotationMatrix[�] // MatrixForm
RotationMatrix[�, {1, 1, 1}] // MatrixForm

5-1-3 ��w�	xy

� Hz���%Gab	��c��w�	xyST)Uc�	xy{;,�	xy'�|}~��z
��.

� A[[i,j]],    Part[A,i,j]        
A	i;j�&(8����i�j$jo8jo�

� ���	i,jST�%G�����i���iGdp���-i�����iGdp��
�ST�%Gjo�{i1,...,ik}8All

� Take[A,i,j]     A	����i�j��jo�

� ���	i,jST�%G�����i��l�iGdp���-i��lZiGdp��
8hD,{m,n,s}���T56sl�m�n	dp�

>?�c?�	5LM�� j
	xy�

         

11 12 13 14 15
21 22 23 24 25
31 32 33 34 35
41 42 43 44 45
51 52 53 54 55

 1. �l�2;�3�&(      2. �l�4;��&(
 3. �l�5���&(       4.�l�2,4;�1�3�5�	���   
 5. C�%;&(�T-2����N;3.
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matrix = Table[10 i + j, {i, 1, 5}, {j, 1, 5}]

matrix[[2, 3]]

matrix[[4]]

matrix[[All, 5]]

Part[matrix, {2, 4}, {1, 3, 5}]

Take[matrix, {2, 4, 2}, {1, 5, 2}]

matrix[[3]] -= 2 matrix[[1]];
matrix // MatrixForm
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�5�   ����
5-2 ��	
��


5-2-1 ��	
��


� A+B�Plus[A,B]         �������

� A-B�Subtract[A,B]     �������

� -A�Minus[A]           �������

� A*B�Times[A,B]        ������

� A/B�Divide[A,B]       ������

� A^n�Power[A,n]       ����� 

A = {{1, 2}, {3, 4}}; MatrixForm[A]
B = {{5, 6}, {7, 8}}; MatrixForm[B]
A + B
A - B
A * B
A / B
A^3

A = {{1, 2}, {3, 4}} // MatrixForm
B = {{5, 6}, {7, 8}} // MatrixForm
A + B

5 + A

{5, 6} + A // MatrixForm

{{5}, {6}} + A

� A.B�Dot[A,B]�������	!"

� Cross[A,B]��	#"

� MatrixPower[A,n]��A	� 

� MatrixExp[A]��A	$�%�e^A

� Transpose[A]��A	&'

� ConjugateTranspose[A](��A	)*&'

a = {1, 2, 3}; b = {4, 5, 6}; {a.b, Cross[a, b]}

MatrixPower[A, 2]

A // MatrixForm
Transpose[A] // MatrixForm



5-2-2 +,-./��

� Det[A]��A	+,-

� Inverse[A]��A	/��

� Minors[A]��A	01-

� Minors[A]234�n5��,67(i,j)8'9	��3A:;(n-i+1,n-j+1)8'	01-

� Minors[A,k]��A	<=k51��	+,-

� Minors[A,k]>?4���@A��3��<=k51��	+,-.

BC  D
+,-

a b c d

a a + b a + b + c a + b + c + d
a 2 a + b 3 a + 2 b + c 4 a + 3 b + 2 c + d
a 3 a + b 6 a + 3 b + c 10 a + 6 b + 3 c + d

A = {{a, b, c, d}, {a, a + b, a + b + c, a + b + c + d}, {a, 2 a + b,
3 a + 2 b + c, 4 a + 3 b + 2 c + d}, {a, 3 a + b, 6 a + 3 b + c, 10 a + 6 b + 3 c + d}};

A // MatrixForm
Det[A]

BC   D
EFG+,-

1 1 1 1 1
x1 x2 x3 x4 x5

x1
2
x2

2
x3

2
x4

2
x5

2

x1
3
x2

3
x3

3
x4

3
x5

3

x1
4
x2

4
x3

4
x4

4
x5

4

van = Table[x[i]^j, {j, 0, 4}, {i, 1, 5}]
% // MatrixForm
Det[van]

Det[van] // Simplify

BCH IA=
1 2 2
2 3 3
3 4 5

@JA/��, 01-.

A = {{1, 2, 2}, {2, 3, 3}, {3, 4, 5}}

Inverse[A] // MatrixForm

Minors[A]
{{-1, -1, 0}, {-2, -1, 2}, {-1, 1, 3}}

Minors[A, 1]
Minors[A, 2]
Minors[A, 3]
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5-2-3 ��	KLM.KL��

� CharacteristicPolynomial[A,x]     ��A	KLNO-

� Eigenvalues[A]      D
P��A	<=KLMQ

� Eigenvectors[A]     D
P��A	<=KL��

� Eigensystem[A]      RSD
P��A	<=KLM.KL��

BCH D
��	KLNO-@KLM@TKL��@UV��WXKL�Y

A = {{-2, 4, 1, 0, 2}, {-4, 6, 1, -1, 0},
{0, 0, 3, 0, 0}, {0, 0, 2, 3, 0}, {0, 0, 1, 0, 3}};

A // MatrixForm
-2 4 1 0 2
-4 6 1 -1 0
0 0 3 0 0
0 0 2 3 0
0 0 1 0 3

CharacteristicPolynomial[A, x]

108 IdentityMatrix[5] - 216 A + 171 MatrixPower[A, 2] -

67 MatrixPower[A, 3] + 13 MatrixPower[A, 4] - MatrixPower[A, 5] // MatrixForm

Eigenvalues[A]
Eigenvectors[A]

Eigensystem[A]

5-2-4 ��	Z[\[E�

� MatrixRank[A]      ��A	Z

� Norm[A,p]     ��A	E�@p=1,2,Infinity@]^M2

� Norm[v,p]    ��v	E�@p>=1�p=Infinity@]^M2

� Total[v]       ��v	��.v1+...+vn

� Tr[A]��A	\_�`��.aa11+...+ann

� Tr[A,f]��A	bc\f[a11,...,ann]

A =

-2 4 1 0 2
-4 6 1 -1 0
0 0 3 0 0
0 0 2 3 0
0 0 1 0 3

;

{MatrixRank[A], Tr[A], Total[A]}

{5, 13, {-6, 10, 8, 2, 5}}

BCHD
��@ ��	E�.

5-2.nb     3



matrix = {{a + 1, b + 2, c + 3}, {a + 2, b + 3, c + 4}};
Norm[matrix, 1]
Norm[matrix, Infinity]
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�5�   ����
5-3 ��	
��


5.3.1�����	��(1)

� ������� AX=B

� ���A	�������������AX=B����X=A-1B

� �A	������ A�!��	�"������#$%���%&'�(

� ������%&'�	�"�)*+�,-.	���/01�23��4�����	5
6�

LinearSolve[A, B] ����AX = B	�23�X
NullSpace[A] �78���AX = 0	�2*+�,

9:1; ��������
x + 3 y + 2 z = 9
2 x - y + 3 z = 3
3 x + 2 y - z = 6

A = {{1, 3, 2}, {2, -1, 3}, {3, 2, -1}};
B = {9, 3, 6};
Det[A]

LinearSolve[A, B]

������� �
x + 3 y + 2 z = 9
2 x - y + 3 z = 3
3 x + 2 y + 5 z = 6

u = {{1, 3, 2}, {2, -1, 3}, {3, 2, 5}};

LinearSolve[u, B]

9:2; ��������
x + 3 y + z = 1

2 x - y + 3 z = 4
x - 4 y + 2 z = 3

Clear[A, B]; A = {{1, 3, 1}, {2, -1, 3}, {1, -4, 2}};
B = {1, 4, 3};
Det[A]

particular = LinearSolve[A, B]

basis = NullSpace[A]

sol = basis[[1]] * t + particular

Print�"�����	<�� x=", sol[[1]], ", y=", sol[[2]], ", z=", sol[[3]]�

=>?@!ABC

A.sol // Expand



5.3.1�����	��D2E

F����G�H�IJ������� AX=B	�K! Gauss—Jordan�K
LMN��(A|B)O��PQR�ST#UVW���	<�(

� RowReduce[A]   L��AO��XYZ

9:3;��������
x + y + z - u - v = 5

3 x - 2 y + z + 2 u - v = 3
2 x - 3 y + 3 u = -2

Clear[A, sol];
A = {{1, 1, 1, -1, -1, 5}, {3, -2, 1, 2, -1, 3}, {2, -3, 0, 3, 0, -2}};
MatrixForm[A]
r = RowReduce[A] // MatrixForm

S,���H#UVW���	�.

5.3.2��[\]^�
(1)

� _`)��-.a4	��[\�IJbcd��ef:;

� ��[\	g�

� ��[\	��hiBj*

� a4��[\	-.	kl%^�

mnf:#Uo�epqrW�s

� g� = Rank[{�1, �2, ... �n}], n2-.�4	��	t

� Orthogonalize[{�1, �2, ... �n}] ,un2�-.vhiBjO

� SXY�QZ��H#UVWkl%^�

9:4;wA =

2 -1 -1 1 2
1 1 -2 1 4
4 -6 2 -2 4
3 6 -9 7 9
2 -5 3 -3 2

 ��	�-.�	�2kl%^�.

Clear[];
A = {{2, -1, -1, 1, 2}, {1, 1, -2, 1, 4},

{4, -6, 2, -2, 4}, {3, 6, -9, 7, 9}, {2, -5, 3, -3, 2}};
A // MatrixForm
RowReduce[A] // MatrixForm

9:5;L-. a1=(1,1,0,0),a2=(1,0,1,0), a3=(-1,0,0,1),a4=(1,-1,-1,1)xO�hiBj*(

Clear[];
A = {{1, 1, 0, 0}, {1, 0, 1, 0}, {-1, 0, 0, 1}, {1, -1, -1, 1}};
MatrixForm[A]

Orthogonalize[A] // MatrixForm
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5.3.2��[\]^�
(2)

� Normalize[v,f]       L-.yzO

� Projection[u,v,f]    �-.uFv�-1	{|}.

f!��[\H~�	��� f ����ohi�~��L2��

Normalize[{a, b, c}]

Projection[{x, y, z}, {a, b, c}, Dot]

9:6;F�\[0,1]1������	~�
       (f , g) = �0

1
x f (x) g (x) d x�

�'��[\{a+bx+cx2 a, b, c!����}	��hiBj*.

F[f_, g_] := Integrate[x * f * g, {x, 0, 1}];
Orthogonalize[{1, x, x^2}, F]

Projection[f[x], g[x], F]

5.3.3��	��}�

� JordanDecomposition[A]
u��A��{P,J}�A=PJP-1�J!JordanhiZ(

� LUDecomposition[A]
u��A��{lu,p,c}�A=P.L.U(
L!yze���U!1���L�U�����2��H�������P���uA���z�	
���c!��A	L�� �(

9:7;wA =

-2 4 1 0 2
-4 6 1 -1 0
0 0 3 0 0
0 0 2 3 0
0 0 1 0 3

��A	JordanhiR�¡¢��(

Clear[]; A =

-2 4 1 0 2
-4 6 1 -1 0
0 0 3 0 0
0 0 2 3 0
0 0 1 0 3

;

MatrixForm /@ JordanDecomposition[A]

9:8;wA =
2 3 4
4 11 14
6 29 43

��A	LU}�(

Clear[]; A =
2 3 4
4 11 14
6 29 43

;

{lu, p, c} = MatrixForm /@ LUDecomposition[A]

£HL=
1 0 0
2 1 0
3 4 1

�  U=
2 3 4
0 5 6
0 0 7

� p=
1
2
3
��¤����j�.=

1 0 0
2 1 0
3 4 1
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l =
1 0 0
2 1 0
3 4 1

; u =
2 3 4
0 5 6
0 0 7

; l.u

Clear[]; A =
3 1 2
6 12 11
9 5 7

;

{lu, p, c} = MatrixForm /@ LUDecomposition[A]

L =
1 0 0
3 1 0
2 5 1

 , U=
3 1 2
0 2 1
0 0 2

 

l =
1 0 0
2 5 1
3 1 0

; u =
3 1 2
0 2 1
0 0 2

; l.u // MatrixForm
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�6��Mathematica���
6 - 1 ��	
��Plot

-3 -2 -1 1 2 3

-1.0

-0.5

0.5

1.0

Plot��
��������������	
f (x)�������� !

Plot"# $�

Plot�f, {x, xmin, xmax}, %&�

��� {xmin, xmax}�'%&�()�����	
f (x)�� 

Plot�{f1, f2, …}, {x, xmin, xmax}, %&�

��� {xmin, xmax}�'%&�(*+��	
f1 (x), f2 (x), …�� 

1.,-���	
 f(x) :.$	


/�01f (x) = sinxcos2x, ���[-2 Pi, 2 Pi]��� !

Plot[Sin[x] Cos[2 x], {x, -2 Pi, 2 Pi}]

/����[-5, 5], �*�����01 sinx, cosx, sinxcosx�	
23!

Plot[{Sin[x], Cos[x], Sin[x] Cos[x]}, {x, -5, 5}]

/�01 �� sin(x) cos�2 x� �x�, ���[-6.3, 6.3]��� .

Plot[Integrate[Sin[x] Cos[2 x], x], {x, -6.3, 6.3}]

Plot[Evaluate[Integrate[Sin[x] Cos[2 x], x]], {x, -6.3, 6.3}]

g = Integrate[Sin[x] Cos[2 x], x]; Plot[g, {x, -6.3, 6.3}]

g[x_] = Integrate[Sin[x] Cos[2 x], x]; Plot[g[x], {x, -6.3, 6.3}]



2.,-����

�1� 45�� 	��6, 78$1, 78$2


/�Plot[Sin[x], {x, -1, 1}]

a = 3; b = 7; Plot[Sin[y], {y, a - b, a + b}]

�2� 0����9:�;�<) Plot[f, x � S]

/�
S = ImplicitRegion[x � -2 || x 
 3, {x}]

Plot[Cos[x], {x} � S]

3.,-%& :=>=?, =@=A.

/�BxCy��DEFG�H "x", "f(x)"IJKLMNOPQN!

Plot��x^2 - x� Sin[x], {x, 2, 16}, AxesLabel � {"x", "f(x)"}, Background � LightRed�

/�B� G�R3STU.

Plot[x Sin[x], {x, 0, 3}, Frame � True,
GridLines � Automatic, Background � LightBlue]

Plot[{Sin[x], Cos[x], Sin[x] Cos[x]}, {x, -5, 5}, PlotStyle � {Thick, Red, Dashed}]
(* ,PlotLegends�"Expressions" *)

/�VWSXY Floor[x], Round[x], Ceiling[x]	
!

Plot[Floor[x], {x, -3.5, 3.5}, Filling � Axis]

Plot[Round[x], {x, -3.5, 3.5}, Filling � Axis]

Plot[Ceiling[x], {x, -3.5, 3.5}, Filling � Axis]
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%&6 Z[) \]
AspectRatio 1/GoldenRatio ^_X
Axes True `a��D
ClippingStyle None b:��23cde��;   »
ColorFunction Automatic f�23gN�hi
ColorFunctionScaling True `ajkColorFunction

���
EvaluationMonitor None �lm	
no+Ipqn

o�78$
Exclusions Automatic x �rs�t
ExclusionsStyle None rst���u$
Filling None lv23wxy
FillingStyle Automatic xy�u$
MaxRecursion Automatic z{|}E�~�
�
Mesh None �lv23���@A�T

Ut
MeshFunctions {#1 &} b:��TUt�kK�K
MeshShading None b:�TUt������

;
MeshStyle Automatic TUt�u$
Method Automatic ��23�hi
PerformanceGoal $PerformanceGoal ������h����
PlotLegends None 23��/
PlotPoints Automatic u�t���
�
PlotRange {Full, Automatic} y ���������)
PlotRangeClipping True `a�23���de
PlotStyle Automatic ��lv23u$�� �

#
PlotTheme $PlotTheme ������V��
RegionFunction (True &) b:f�`a����t
TargetUnits Automatic ����.����
WorkingPrecision MachinePrecision � no¡��¢£
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/�x¤�2v23¥�3v23¦���;!

Plot�	x Sin�1 � x�, Abs[x], -Abs[x]
, {x, -0.3, 0.3}, Filling � {2 � {3}}�

Plot�	x Sin�1 � x�, Abs[x], -Abs[x]
, {x, -0.3, 0.3},
Filling � {2 � {3}}, PlotStyle -> {Thick, Dashed, Red}�

-0.3 -0.2 -0.1 0.1 0.2 0.3

-0.3

-0.2

-0.1

0.1

0.2

0.3

/�VW4§h$x¤h$!

Table�Plot��x^2 - x� Sin[x], {x, 2, 16}, Filling � f�, {f, {Axis, Top, Bottom, 55}}�
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/�B23¨©GN.

Plot[Sin[x], {x, 0, 2 Pi},
ColorFunction -> Function[{x, y}, Hue[y]], Filling � Axis]
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�6� � Mathematica���
6 - 2 ��	
����
���

1.��	
�� ParametricPlot

ParametricPlot�{fx, fy}, {u, umin, umax}, ���

�������[umin, umax]������	
��
ParametricPlot�{{fx, fy}, {gx, gy}, …}, {u, umin, umax}, ���

�������[umin, umax]������	
��
ParametricPlot�{fx, fy}, {u, umin, umax}, {v, vmin, vmax}, ���

��������	
� !
"#$
ParametricPlot[{{fx, fy}, {gx, gy}, …}, {u, umin, umax}, {v, vmin, vmax}]

%&��	
#$

'1(���	
��.

ParametricPlot[{Sin[t], Sin[2 t]}, {t, 0, 2 Pi}]

'2(���	
��.

ParametricPlot[{{2 Cos[t], Sin[t]}, {Cos[t], 2 Sin[t]}, {Cos[t], Sin[t]}},
{t, 0, 2 Pi}, PlotLegends � "Expressions"]

-2 -1 1 2

-2

-1

1

2

{2 cos(t), sin(t)}
{cos(t), 2 sin(t)}
{cos(t), sin(t)}



'3(�)*#$+

ParametricPlot�{v Cos[u], v Sin[u]}, �u, 0, Pi � 2�, �v, 1 � 2, 1�, Axes � False�

0.0 0.2 0.4 0.6 0.8 1.0

0.0

0.2

0.4

0.6

0.8

1.0

ParametricPlot�{v Cos[u], v Sin[u]}, �u, 0, Pi � 2�, {v, 0, 1}, Axes � False�

'4(�,!
�, -./�� Mesh � Automatic"�0.

ParametricPlot�With�{z = u + I v}, �Re�z + 1 � z�, Im�z + 1 � z���,
�u, -1 � 2, 1 � 2�, �v, -1 � 2, 1 � 2�, PlotRange -> 5, Mesh � Automatic�

-4 -2 0 2 4

-4

-2

0

2

4
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ParametricPlot�With�{z = u + I v}, �Re�z + 1 � z�, Im�z + 1 � z���,
�u, -1 � 2, 1 � 2�, �v, -1 � 2, 1 � 2�, PlotRange -> 5�

'5(-./�� MaxRecursion � 0"�0.

ParametricPlot[{u Sin[u], u Cos[u]}, {u, 0, 100}, Axes � False]

�� MaxRecursion � 0123456��789:;.

ParametricPlot[{u Sin[u] , u Cos[u]},
{u, 0, 100}, PlotPoints � 125, Axes � False, MaxRecursion � 0,
PlotStyle � Thick, ColorFunction � ColorData["Rainbow"]]
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2.<=�<��*

Show[pic] > �*?@Apic

Show�pic, ��B � ���� ���> �*?@Apic

Show[pic1, pic2, …, picn] C�pic1�pic2, ..., picnD��E��> 

Show[GraphicsGrid[{{p11, p12, ...}, {p21, p22, ...}, ...}]]
�FGHIJK*A> LM�*

Show"��NOPQ/R�*"SA, 'T�PQ
�U"VW�
��X�Y"> ��.Z[��\5]�0�'T�12��^A
�� PlotStyle.

'6(PlotRange� Show�.

In[1]:= Plot�Sin[x^2] � x, {x, 0, 6}�
Show[%, PlotRange � {{3, 5}, {-5, 5.}}]

'7(0 Show�_�*+

In[3]:= pic1 = Plot[x - Cos[x], {x, -2, 2}, PlotStyle � {Red, Dashed}];
pic2 =

ParametricPlot[{Cos[x], Sin[x]}, {x, 0, 2 Pi}, PlotStyle � {Green, Thick}];
pic3 = Plot[-x + Cos[x], {x, -2, 2}, PlotStyle � {Red, Dashed}];
Show[{pic1, pic2, pic3}, Framed � True,
Grad � Automatic, AspectRatio � Automatic]

Out[6]=

-2 -1 1 2

-1

1

2
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'8(�3M�*�`> �*
�

tt = Table[Plot[Sin[x + t], {x, 0, 2 Pi}], {t, 0, 8}];

Show[tt]

Show[GraphicsGrid[Partition[tt, 3]]]

aabc�*

Show[GraphicsGrid[{{tt[[1]], tt[[2]]}, {tt[[2]], tt[[3]]}}]]

1 2 3 4 5 6

-1.0

-0.5

0.5

1.0

1 2 3 4 5 6

-1.0

-0.5

0.5

1.0

1 2 3 4 5 6

-1.0

-0.5

0.5

1.0

1 2 3 4 5 6

-1.0

-0.5

0.5

1.0
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�6� � Mathematica���
6 - 3 ��	
�� Plot3D
Plot3D��
��

�����������	
 f (x, y)����������

Plot3D� �!�

Plot3D�f[x, y], {x, x0, x1}, {y, y0, y1}, "#�

� x$y��%�, &"#'()�*+,
-./!f (x, y)�01��

Plot3D�{f[x, y], g[x, y]}, {x, x0, x1}, {y, y0, y1}, "#�

&"#-�23������	
f (x, y)$g (x, y)�01��

1.45����

Plot3D[f[x, y], {x, x0, x1}, {y, y0, y1}] 67 {x, y}�8��%�9-
Plot3D[f[x, y], {x, y} � reg] 67 {x, y}�:;�% reg9-.

<1 :���%=8��%

Plot3D�Sin�x + y^2 � 3�, {x, -Pi, Pi}, {y, -4.5, 4.5}�

Plot3D[{x^2 + y^2, 15 - x^2 - y^2}, {x, -3, 3}, {y, -3, 3}]

Plot3D[{x^2 + y^2, 15 - x^2 - y^2}, {x, -3, 3}, {y, -3, 3}, BoxRatios -> {1, 1, 1}]



<2 :���%=>?@.

Plot3D[2 x^2 + y, {x, y} � Disk[]]

Plot3D[2 x^2 + y, {x, -3, 3}, {y, -5, 5}]

Plot3D[x^4 + y^4, {x, y} � Disk[], ColorFunction � Function[{x, y}, Hue[x]]]

<3��A��%�����. RegionFunction � Function[ ...]

Plot3D[{x^2 + y^2, 15 - x^2 - y^2}, {x, -2.2, 2.2}, {y, -2.2, 2.2},
RegionFunction � Function[{x, y}, 0.2 < x^2 + y^2 < 4.2], BoxRatios -> {1, 1, 1}]

Plot3D[Sin[x + y^2], {x, -2, 2}, {y, -2, 2},
RegionFunction � Function[{x, y}, 1 < x^2 + y^2 < 5]]

Plot3D[Sin[x + y^2], {x, -2, 2}, {y, -2, 2},
RegionFunction � Function[{x, y}, x^2 + y^2 < 5]]

<4�� ExclusionsBC8��DE�F%

Plot3D�Tan[x y] + 1 � �y^2 - x^3 + 3 x - 3�, {x, -2, 2}, {y, -2, 2}�

Plot3D�Tan[x y] + 1 � �y^2 - x^3 + 3 x - 3�, {x, -2, 2},
{y, -2, 2}, Exclusions � {Cos[x y] == 0, y^2 - x^3 + 3 x - 3 � 0}�

Plot3D�Tan[x y] + 1 � �y^2 - x^3 + 3 x - 3�, {x, -2, 2}, {y, -2, 2},
BoundaryStyle � Thick, RegionFunction � Function[{x, y, z}, x^2 + y^2 >= 1]�
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2.45"#

"#G HI-               JK

      Axes True =L��M

      BoundaryStyle Automatic N;��*+�OPQ

      BoxRatios {1, 1, 0.4} RP3D box S<

      ClippingStyle Automatic N;��*+�TUDE

      ColorFunction Automatic N;V�*+�WX

      ColorFunctionScaling True =L�	
ColorFunctionYS

      EvaluationMonitor None �Z[	
\]^_`\]�./

      Exclusions Automatic BC� xay *Q

      ExclusionsStyle None N;��BC*Q

      Filling None Zb*+c�de

      FillingStyle Opacity[0.5] def��g!

      MaxRecursion Automatic hijkE�lm
7

      Mesh Automatic Zbno���pqQ�
7

      MeshFunctions {#1 &, #2 &} N;V�pqQ�rs?s

      MeshShading None N;tspqQu��vw�%

      MeshStyle Automatic pqQ�g!

      Method Automatic xy*+�n!

      NormalsFunction Automatic N;V�Rz�{o7

      PerformanceGoal $PerformanceGoal |y}~���

      PlotLegends None *+��<

      PlotPoints Automatic Zbno�g���l�
7

      PlotRange 	Full, Full, Automatic
 �� z �����-

      PlotStyle Automatic Zb*+g!���� 

� PlotTheme $PlotTheme overall theme for the plot

      RegionFunction �True &
 N;��=L��3b�

      TextureCoordinateFunction Automatic N;������

      TextureCoordinateScaling True =L��
�r� 

      WorkingPrecision MachinePrecision �D\]f����

<5�45"# BoxRatios

{Plot3D[x^2 - y^2, {x, -1, 1}, {y, -1, 1}],
Plot3D[x^2 - y^2, {x, -1, 1}, {y, -1, 1}, BoxRatios -> {1, 1, 1}]}
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<6�45��"# PlotLegends.

Plot3D�	Sin�x2 + y�, Cos�x2 + y�
, {x, 0, Pi}, {y, 0, Pi}, PlotLegends � Automatic�

1

2

Plot3D�	Sin�x2 + y�, Cos�x2 + y�
,
{x, 0, Pi}, {y, 0, Pi}, PlotLegends � {"one", "two"}�

Plot3D�	Sin[x^2 + y], Cos�x2 + y�
,
{x, 0, Pi}, {y, 0, Pi}, PlotLegends � "Expressions"�

sin�x2 + y�
cos�x2 + y�

<7����Xa�pqQa�OP�.

Plot3D[Sin[x + y^2], {x, -3, 3}, {y, -2, 2}, Background � Blue,
Mesh � None, BoxRatios -> {1, 1, 1}, Boxed � False]

4     MOOC-ch6-3-2016-1-18.nb



<8�ts�%OPg!.

Plot3D[Sin[x + y^2], {x, -3, 3}, {y, -2, 2},
RegionFunction � Function[{x, y, z}, x^2 + y^2 � 1],
BoundaryStyle � Directive[Red, Thick]](*,Boxed�False,Axes�None]*)

<9��*+�K�� �D¡¢.

Plot3D[ x^2 - y^2, {x, -3, 3}, {y, -3, 3}, PlotStyle � Opacity[0.4],
Mesh � None, BoxRatios -> {1, 1, 1}, Boxed � False]
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�6� � Mathematica���
6 - 4 ��	
��
���
���
1.��	
�
��

ParametricPlot3D�����

ParametricPlot3D�{x (t), y (t), z (t)}, {t, t0, t1}, ���

�������������	
�� {x (t), y (t), z (t)}

ParametricPlot3D�{x, y, z}, {u, u0, u1}, {v, v0, v1}, ���

��	
u�v �����!x = x (u, v), y = y (u, v), z = z (u, v)

ParametricPlot3D�{{xa, ya, za}, {xb, yb, zb}}, {u, u0, u1}, {v, v0, v1}, ���

�"#
�$���%&�!

ParametricPlot3D[{x, y, z}, {u, v} � reg ] '()*+reg,-.�

/1�.����.

ParametricPlot3D[{Cos[u], Sin[u], Cos[u] Sin[u]}, {u, 0, 2 Pi}]

/2�.012!.

ParametricPlot3D[{r * Cos[a], r * Sin[a], r}, {a, 0, 2 Pi}, {r, -4, 4}, Boxed -> False]

/3�3��	
�45678.

ParametricPlot3D�
�2 * (Cos[o + p] + p * Sin[o + p]), 2 * (Sin[o + p] - p * Cos[o + p]), o � �2 * Pi��,
{o, 0, 4 * Pi}, {p, 0, 4 * Pi}, PlotPoints 	 40,
BoxRatios -> {1, 1, 1.5}, Mesh -> None, ColorFunction 	 "RoseColors"�



/4�%9:; <=.

{fx, fy, fz} = �4 + �3 + Cos[v]� Sin[u], 4 + �3 + Cos[v]� Cos[u], 4 + Sin[v]�;
{gx, gy, gz} = �8 + �3 + Cos[v]� Cos[u], 3 + Sin[v], 4 + �3 + Cos[v]� Sin[u]�;
ParametricPlot3D[{{fx, fy, fz}, {gx, gy, gz}}, {u, 0, 2 Pi}, {v, 0, 2 Pi},
PlotLegends 	 Automatic, Boxed -> False]

1

2

/5�>?@	
��AB+ CDE.

{ParametricPlot3D[
{Cos[u] Sin[v], Sin[u] Sin[v], Cos[v]}, {v, 0, Pi}, {u, 0, 2 Pi}],

ParametricPlot3D[{Cos[u] Sin[v], Sin[u] Sin[v], Cos[v]}, {v, 0, Pi}, {u, 0, 16 Pi}]}

2.�
���

FM �
�GHIr�JK
LA, MK
�M (x, y)��
� NOP$�
(x, y) = (r cos 
 , r sin
 )Q

PolarPlot���
PolarPlot[r, {
�, 
a, 
b}]

�JK
AB+R��r = r (
) ��

/6�.STUVWX�r = 


{PolarPlot[
, {
, 0, 5 Pi}],
PolarPlot[
, {
, -5 Pi, 5 Pi}], PolarPlot[
, {
, 0, -5 Pi}]}

/7�YY u ��
��MK
�� Z[.

{PolarPlot[Sqrt[u], {u, 0, 3 Pi}, PlotStyle 	 {Orange, Thick}],
Plot[Sqrt[u], {u, 0, 3 Pi}, PlotStyle 	 {Green, Thick}]}
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/8�.#\�
���.

r = �1, 1 + 1 � 12 Sin[12 t], 1 � 2, 1 � 2 + 1 � 24 Sin[12 t]�;
PolarPlot[r, {t, 0, 2 Pi}, PlotStyle 	 {Green, Dashed}]

PolarPlot[{Sin[5 t], Sin[4 t]}, {t, 0, 2 Pi}, PlotStyle 	 {Red, Purple}]

/9�YY�
r�MK
���
�� Z[]

In[1]:= r = Exp�Cos�t - Pi � 2�� - 2 * Cos�4 * �t - Pi � 2�� + Sin��t - Pi � 2� � 12�^5;
Plot[r, {t, 0, 36 Pi}]

In[3]:= PolarPlot[r, {t, 0, 36 Pi}, ColorFunction 	 "Rainbow", Axes -> None]

Out[3]=

3.�
���

����FM �
�GHIr^_
`_�a#LA, b�
 cd'0e
,
� cd'0e2 
QMK
�M (x, y, z)��
� NOP$�

(x, y, z) = (r sin 
 cos�, r sin
 sin�, r cos
)

SphericalPlot3D[r, {
�, 
a, 
b}, {�, �a, �b}]

SphericalPlot3D[{r1, r2, …}, {
�, 
a, 
b}, {�, �a, �b}]

/10�.fg�.

SphericalPlot3D[1, {
�, 0, Pi}, {�, 0, 2 Pi}, Boxed -> False]
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/11�hH�ijH�.

SphericalPlot3D�{1, 2, 3}, {
, 0, Pi}, ��, 0, 3 Pi � 2�,
Boxed -> False, Axes -> False, ColorFunction 	 Hue[x], Axes 	 None�

/11�#kl.

SphericalPlot3D[Sin[7 u] Cos[7 v], {u, 0.2, Pi}, {v, 0.2, 2 Pi},
Boxed -> False, Mesh -> None, Axes -> False, ColorFunction 	 "Rainbow"]
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�6� � Mathematica���
6 - 5 ��	�

6 - 5 - 1 
���	�


���data�
�

{{x1, y1}, {x2, y2}, …} ��� {{xi, yi}, i = 1, …, n}
{y1, y2, …} ��� {{1, y1}, {2, y2}, …}


���	����

ListPlot�data, ��� ����data	�����
 ListPlot [data, Joined � True] ����������� !

ListLinePlot�data, ��� ������data	� !
ListPolarPlot�data, ��� �"#$%&�'(��data

)1����*�.

In[14]:= data = Table[{x, Sin[x]}, {x, 0, 2 Pi, 0.2}];
ListPlot[data, Filling � Axis]

Out[15]=
1 2 3 4 5 6

-1.0

-0.5

0.5

1.0

In[16]:= ListPlot[data, Joined -> True, Filling � Axis]

)2��� !�.

ListLinePlot[data, Filling � Axis]



)3���: Mesh  +�,-!,  !�./�.

In[18]:= ListPlot[data, Joined -> True, Filling � Axis, Mesh � Full]

Out[18]=
1 2 3 4 5 6

-1.0

-0.5

0.5

1.0

In[19]:= ListLinePlot[data, Filling � Axis, Mesh � Full]

)4�0�12!3$4��56.

In[20]:= ListLinePlot[{{1, 4, 2, 3, 7, 5, 2}}, Mesh -> Full,
MeshStyle -> Directive[PointSize[Large], Purple]]

)5��789: �;<=/�1>'(�.

In[24]:= ListLinePlot[{1, 4, 2, 3, 7, 5, 2}, InterpolationOrder � 0, Mesh � Full]

Out[24]=

1 2 3 4 5 6 7

1

2

3

4

5

6

7

)6�?6�� InterpolationOrder � 3, �@<=/A�BCD'(�E*.

ListLinePlot[{1, 4, 2, 3, 7, 5, 2}, InterpolationOrder -> 3,
Mesh -> Full, MeshStyle -> Directive[PointSize[0.02], Red]]

)7��4F�f (x) = �x - 1� �x - 1.5� �x - 2.7�� {0.75, 2.8}�"/�.

f[x_] = �x - 1� �x - 1.5� �x - 2.7�; t = Plot[f[x], {x, 0.75, 2.8}]

sol = Solve[D[f[x], x] � 0, x]

u = x /. %

u = {sol[[1, 1, 2]], sol[[2, 1, 2]]}

data = Table[{u[[k]], f[u[[k]]]}, {k, 1, Length[u]}]
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Show[t, ListPlot[data, PlotStyle � {Red, PointSize[Large]}]]

)8��"#$'(�*.

In[21]:= ListPolarPlot[Table[�, {�, 0, 2 Pi, 0.1}]]

)9��'(�*�"#$�G

In[22]:= t = Range[0, 12 Pi, 0.2];

In[23]:= ListPolarPlot[{Sin[t], 0.85 Sin[t], 0.65 Sin[t]}, Joined -> True, Axes -> False,
PlotStyle � {{Purple, Thick}, {Red, Thick}, {Yellow, Thick}}]

Out[23]=

6 - 5 - 2 @���	�


���data�
�{x, y}

{{x1, y1}, {x2, y2}, …} ��� {{xi, yi}, i = 1, …, k}

{y1, y2, …} ��� {{1, y1}, {2, y2}, …}

@�HI����
� {x, y, z}

{{x1, y1, z1}, {x2, y2, z2} ...} J:�*

{{z11, ..., z1n}, ... {zm1, ..., zmn}} KL�*
{z11, ..., z1n}M {{1, 1, z11}, ..., {1, n, z1n}}
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@���	����

ListPointPlot3D[{{x1, y1, z1}, {x2, y2, z2}, …}] ���@�(��

ListPlot3D[data] � {xi, yi}N�OPMzi �@� +� ���@���

ListPlot3D[data, Mesh � Full] 	�Q�RSTU���56�,-

)1� u��*VW: Sin[i + j] {i, 0, 2 Pi, 0.2}, {j, 0, 2 Pi, 0.2} {i, j, Sin[i + j]}
	�X��*�{I, J, Sin[i + j]} , {I, 1, m}, {J = 1, m} m = Length[u]

In[28]:= u = Table[Sin[i + j], {i, 0, 2 Pi, 0.2}, {j, 0, 2 Pi, 0.2}];

In[29]:= ListPointPlot3D[u, Boxed � False]

In[30]:= ListPointPlot3D[u,
ColorFunction � Function[{i, j}, RGBColor[i, j, 0.2]], Boxed � False]

Out[30]=

)2�YZ[\]�*��[F���.

In[33]:= ListPlot3D[Table[Sin[x + y^2], {x, 0, Pi, 0.1}, {y, 0, Pi, 0.1}],
ColorFunction � "DarkRainbow"]

In[34]:= Plot3D[Sin[x + y^2], {x, 0, Pi}, {y, 0, Pi}, ColorFunction � "DarkRainbow"]

In[35]:= ListPlot3D[Table[Sin[i + j^2], {i, 0, Pi, 0.1}, {j, 0, Pi, 0.1}], Filling -> Bottom]

)3�YZ��. 225, 625[ 2500���^_`.

In[36]:= fdata[n_] := Table[Sin[0.01 (i + j)] + Cos[0.01 (i * j)], {i, 1, n}, {j, 1, n}];
ListPlot3D[fdata[15], Axes � False, Boxed � False]

In[38]:= ListPlot3D[fdata[35], Axes � False, Boxed � False]

ListPlot3D[fdata[50], Axes � False, Boxed � False]

4     MOOC-ch6-5-2016-1-19.nb



)4�YZ�� Mesh � None , Mesh � 8[ Mesh � All.

In[40]:= ListPlot3D[fdata[35], Mesh � None,
InterpolationOrder � 0, ColorFunction � "SouthwestColors"]

Out[40]=

In[41]:= ListPlot3D[fdata[35], Axes � False, Boxed � False]

In[44]:= ListPlot3D[fdata[35], Mesh � All,
Boxed � False, ColorFunction � "SouthwestColors"]

In[43]:= ListPlot3D[fdata[35], Mesh � 8, Boxed � False]

)5���a “bc”.

In[25]:= data = Table[{r Cos[t], r Sin[t], Sinc[r]}, {r, 0, 10, 0.5}, {t, 0, 2 Pi, 0.1}];

In[27]:= ListPointPlot3D[data, Boxed � False]

Out[27]=

In[26]:= {Plot[Sin[x] / x, {x, -10, 10}], Plot[Sinc[x], {x, -10, 10}]}
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)4�YZ�� Mesh � None , Mesh � 8[ Mesh � All.

In[40]:= ListPlot3D[fdata[35], Mesh � None,
InterpolationOrder � 0, ColorFunction � "SouthwestColors"]

Out[40]=

In[41]:= ListPlot3D[fdata[35], Axes � False, Boxed � False]

In[44]:= ListPlot3D[fdata[35], Mesh � All,
Boxed � False, ColorFunction � "SouthwestColors"]

In[43]:= ListPlot3D[fdata[35], Mesh � 8, Boxed � False]

)5���a “bc”.

In[25]:= data = Table[{r Cos[t], r Sin[t], Sinc[r]}, {r, 0, 10, 0.5}, {t, 0, 2 Pi, 0.1}];

In[27]:= ListPointPlot3D[data, Boxed � False]

Out[27]=

In[26]:= {Plot[Sin[x] / x, {x, -10, 10}], Plot[Sinc[x], {x, -10, 10}]}
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�6� � Mathematica���
6 - 6 ����

1.	
����
Graphics��primitives, ���� 
���	
���primitives
Graphics��pri1, ��1, pri2, ��2��

	
���� ��
Arrow[{{x1, y1}, …}] ��
Circle[{x, y}, {ra, rb}, {t1, t2}]

��� {x, y}, ��� t1��� t2����
Disk[{x, y}, {ra, rb}, {t1, t2}]

��� {x, y}, ��� t1��� t2�����
� !" {x, y} = {0, 0}, {t1, t2} = {0, 2 Pi}

Line[{{x1, y1}, …}] #$%&'()*�+,
Point[{x, y}] *�-. {x, y}
Polygon[{{x1, y1}, …}] /0�
Rectangle[{xmin, ymin}, {xmax, ymax}]

1 {xmin, ymin}, {xmax, ymax}234�5�
Inset[obj, …] 67��
Text[expr, {x, y}] {x, y}89:67;<=expr

>1"Circle[{x, y}, r] ��� {x, y}, ?@2r���+
A-� Disk[1]B Disk[ ]

>2"�� AspectRatio��C.

Table�Graphics�{Pink, Disk[]}, AspectRatio � 1 � k�, {k, 1, 3}�

� , , �



>3"D1EF���.

Graphics��Thick, Red, Circle�{-1, 0}, 1, �-Pi � 2, Pi � 2��,
Yellow, Disk[{1, 0}], Purple, Arrowheads[Large],
Arrow[{{0, 0}, {-1, 1}}], Arrow[{{0, 0}, {1, 1}, {2, 0}}]��

>4"/G�.

Graphics�
�Thick, Table��Hue�t � 24�, Circle��Cos�2 Pi t � 24�, Sin�2 Pi t � 24����, {t, 24}���

>5"�H0�.

data = Table�{Cos[t], Sin[t]}, �t, Pi � 2, 2 Pi + Pi � 2, 2 Pi / 5��;

Graphics[{Thick, Line[data]}]

>6"�H4I.

newdata = {data[[3]], data[[1]], data[[4]], data[[2]], data[[5]], data[[3]]};
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tu = Graphics[{Red, Thick, Line[newdata]}]

>7"H4I67�A-�JKL��M

{Graphics[{LightRed, Disk[{0, 0}, 1.1], Inset[tu]}],
Graphics[{LightBlue, Rectangle[], Inset[tu]}]}

3.N
 ����

Graphics3D����, �����

Graphics3D����1, ���1, ��2, ���2��

N
����OprimitivesP ��
Point[{x, y, z}] *
Line[{{x1, y1, z1}, …}] Q+,
Arrow[{pt1, pt2, pt3}, …] ��
Polygon[{p1, …, pn}] 3*2pi ��R/0�/0�
Text[expr, {x, y, z}] �-. {x, y, z}:67expr
Sphere[p, r] S�2p?@2r�ST
Cuboid[pmin, pmax] UV42pminJWX42pmax YLT
Cylinder[{{x1, y1, z1}, {x2, y2, z2}}, r]

;Z?@2r[\� (x1, y1, z1)� (x2, y2, z2)�+,��]T
Cone[{{x1, y1, z1}, {x2, y2, z2}}, r] ^_?@r,
��2 (x1, y1, z1)J3*2 (x2, y2, z2)��`T
Ball[p, r] ;Z���*pa?@2r�S
Tube[{pt1, pt2, …}, r] %&bcd*�?@2 r+eN
fT

MOOC-ch6-6-2016-1-21.nb     3



>1"�A-SgA-YLT.

Graphics3D[
{Pink, Sphere[{0, 0, 2}], Blue, Cuboid[{-1, -1, -1}, {1, 1, 1}]}, Boxed � False]

>2"�/0�gbh*.

Graphics3D��LightRed, Polygon[{{1, 0, 0}, {0, 1, 0}, {0, 0, 1}}],
Red, PointSize[0.5], Point��1 � 2, 1 � 2, 1 � 2����

>3"i x2 + y2 + z2 � 1j�A-S�.

Graphics3D[{Sphere[], Text[x^2 + y^2 + z^2 � 1, {0, 0, 0}]}, Boxed � False]

>4"kl?@2 0.15�fm
Tube[{pt1, pt2, …}, r] ?@2 r+,N
fTJ+,n*dkl

Graphics3D[Tube[{{1, 1, -1}, {2, 2, 1}, {3, 3, -1}, {3, 4, 1}}, 0.15], Boxed � False]

Graphics3D[Tube[BSplineCurve[{{1, 1, -1}, {2, 2, 1}, {3, 3, -1}, {3, 4, 1}}, 0.15]],
Boxed � False]
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>5"opkl18h�]
�]�� Cylinder[{{x1, y1, z1}, {x2, y2, z2}}, r]

kl?@2r[\� (x1, y1, z1)� (x2, y2, z2)�+,��]T

Graphics3D[Table[{Hue[RandomReal[]], Cylinder[RandomReal[10, {2, 3}]]}, {18}]]
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�6� � Mathematica���
6 - 7���	
�	
��
�������������������� !�"#�$�"%�&';

�	
�����()*�+,,-%.

1. Manipulate ���
�

Manipulate[expr, {u, ua, ub}] �	
�./�expr�01 {ua, ub}�234

Manipulate[expr, {u, ua, ub, dstep}] 567u�01 {ua, ub}819:;dstep<=

Manipulate[expr, {u, {u1, u2, ...  }}] u>?@4u1, u2, ...

Manipulate[expr, {u, ...  }, {v, ...  },  ] ABCDEFD567

567uGEHIJK, exprLM�����#FN���./�.

O1P�	
���QR<7�:;1SSTUVW.

Manipulate[n, {n, 1, 20}]

Manipulate[n, {n, 1, 20, 1}]

In[7]:= Manipulate[Factor[1 + x^n], {n, 2, 12, 1}]

Out[7]=

n

(1 + x) �1 - x + x2�

O2PXY PlotRange��	
����Z.

Manipulate[Plot[x Sin[a x] / 4, {x, 0, 9}], {a, 0, 2}]

Manipulate[Plot[x Sin[a x] / 4, {x, 0, 9}, PlotRange -> {-3, 3}], {a, 0, 2}]

O3P�	
�[\]^_<=�`!�ab��.

Manipulate[
Plot[Evaluate[y[t] /. First[NDSolve[ {y''[x] � -x y[x], y[0] � a, y'[0] � b},

y, {x, 0, 4}]]], {t, 0, 4}, PlotRange � 4],
{{a, 1, TraditionalForm[y[0]]}, -3, 3},
{{b, 0, TraditionalForm[y'[0]]}, -3, 3}]



2. Animate �	
�

Animate[expr, {u, umin, umax}] � {umin, umax}0cd�e
�./�expr

Animate[expr, {u, umin, umax, du}] f:;du
�./�expr

Animate[expr, {u, {u1, u2, …}}] u>?@4u1, u2

Animate[expr, {u, …}, {v, …}, …] >ghi {u, v}�4
�./�expr

O4P�e
�jk.

Animate[D[x^n, x], {n, 2, 10, 1}]

Animate[D[x^n, x], {n, 2, 10}]

O5Plm�	<7.

Animate[Plot[Sin[a x] + Sin[b x], {x, 0, 10}, PlotRange � 2], {a, 1, 5}, {b, 1, 5}]

O6P
�nopq.

Animate�
Graphics[{Blue, Thick, Circle[], Red, PointSize[0.03], Point[{Cos[t], Sin[t]}]}],
�t, 0, 2 Pi, Pi � 24��

O7P
�hrst.

Animate[Plot3D[Sin[Sqrt[x^2 + y^2] + t * 2 * Pi],
{x, -8 Pi, 8 Pi}, {y, -8 Pi, 8 Pi}, PlotRange � 10, PlotPoints � 50,
AspectRatio � 1, Boxed � False], {t, 2, 0}, AnimationRunning � False]

O8Puvw�x)ylzw.

t = {-1.5, 1.5};
Animate�Graphics3D�Table�Line[{{Cos[t] - Sin[t], Cos[t] + Sin[t], 1},

{Cos[t] + Sin[t], Sin[t] - Cos[t], -1}}], �t, 0, s, Pi � 27��,
Boxed -> False, PlotRange -> {t, t, t}�, �s, 0, 2 Pi, Pi � 27��
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3. ListAnimate

ListAnimate[{expr1, expr2}] {|����./�}r {expr1, expr2}, ~%�	��

O9P<���.

In[12]:= A = {Red, Blue, Yellow, Green, Orange, Gray};
ListAnimate[Table[Graphics3D[

{A[[n]], Sphere[{0, 0, 0}, n]}, PlotRange -> 6, Boxed � False], {n, 6}]]

Out[13]=

O10P�n	����

In[8]:= data = Table[{i, Sin[i]}, {i, 0, 2.1 Pi, 0.075 Pi}];
ListAnimate[Table[ListLinePlot[Take[data, i],

Mesh -> All, PlotRange -> {{0, 6.5}, {-1, 1}}], {i, Length[data]}]]
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�6� � Mathematica���
6 - 8 ��	


��
������

Wolfram�������	
������ !�.Play"#$%��	
�&'(
)*+,-��./)*�	
�01, ��234*5)*67�8��	
(
9:$%Sound&';Mathematica<=>?@A�)*B*C�8�DE(=B
FG
H�
IJK(�LMN�	
OP;

{Plot[Sin[ t], {t, 0, 2}], Play[Sin[2 Pi 440 t], {t, 0, 1}]}

Speak�PlotQRSTU*5)*��VW�

Speak�PlayQRSXU)*WY�Z	�

1. Play =	
�8��[��)*

Play[f, {t, tmin, tmax}] �[tmin, tmax]\]/��01)*f

Play[{f1, f2}, {t, tmin, tmax}] ^_`V	
;ab,-cde

Play[{f1, f2, …, …}] �fdeg^_	


h1ijkl
H.�mmm = 256�no�

m = 512;
freq = �1, 2^�2 � 12�, 2^�4 � 12�, 2^�5 � 12�, 2^�7 � 12�, 2^�9 � 12�, 2^�11 � 12�, 2�;

f[m_, t_] :=
Play��Sin�512 * 2^�m � 12� * 2 Pi * x�, Sin�509 * 2^�m � 12� * 2 Pi * x��, {x, 0, t}�

Show[{f[0, 0.618], f[2, 0.618], f[4, 0.618], f[5, 0.618], f[7, 0.618], f[9, 0.618]}]

h2i�pq5rMs5tZ “uv�wx”�yz�

Show[{f[7, 0.309], f[7, 0.618], f[9, 0.309], f[7, 0.4635], f[5, 0.1545],
f[4, 0.309], f[2, 0.309], f[0, 0.927], f[2, 0.309], f[-5, 0.927],
f[-5, 0.309], f[-3, 0.618], f[-5, 0.618], f[0, 0.4635],
f[4, 0.1545], f[7, 0.4635], f[4, 0.1545], f[9, 1.854],
f[7, 0.927], f[9, 0.309], f[7, 0.618], f[4, 0.309], f[0, 0.309],
f[2, 0.618], f[4, 0.309], f[7, 0.309], f[2, 0.927],
f[7, 0.309], f[7, 0.618], f[9, 0.309], f[7, 0.4635], f[5, 0.1545], f[4, 0.309],
f[2, 0.309], f[0, 0.4635], f[0, 0.1545], f[0, 0.309], f[2, 0.309], f[-5, 1.236]}]



2. Sound ��
H

Sound��
H�	
F{�23(|<=}J~����
H��;
�Play$���23��?��$%�?�	
����$%��;������	
;

Sound[primitives] �?$%	

Sound[primitives, t] 2k	
�� t
Sound[primitives, {tmin, tmax}] �tminUtmax��	


3. SoundNote 
H�?
,Sound�����	
�F�
H{�

SoundNote[pitch, t] 
H���./��� t

SoundNote[pitch, {tmin, tmax}] 
H���./�tminUtmax

SoundNote[pitch, tspec, "style", opts] 2k����
H


H�k

"C", "C#", "D"� ��C��
���� 
H
"Cm", "C#m", "Dm"� m��
��� 
H �"C4"���C
�

None ¡¢ ($£
�¤¥)

" percussion " $£¦�
"C+4"�§G "C4"¨
©
H<=dª "C-1"�2k«*¬­2k�� C
=®�
¯.

SoundNote[]�°±²³®(�?¬´µx¶���C
(·¸./�1\

h3i^_$%�� C


Sound[SoundNote[0]]

h4i_K$%$\�¹�µ��� G
i

Sound[SoundNote["G", 1, "Violin"]]

h5i·¸ 135 1
�

Sound[{SoundNote["C"], SoundNote["E"], SoundNote["G"], SoundNote["C5"]}]

4 s

Sound[{SoundNote[], SoundNote[4], SoundNote[7], SoundNote[12]}]

h6i·¸º­_»¼�yz�

Sound��SoundNote[-3, 0.2], SoundNote[4, 0.2], SoundNote[2, 0.2],
SoundNote[4, 0.2], SoundNote[0, 0.2], SoundNote[-1, 0.2],

2     MOOC-ch6-8.nb



SoundNote[-1, 0.2], SoundNote[-3, 0.2], SoundNote[-3, 0.2],
SoundNote[4, 0.2], SoundNote[2, 0.2], SoundNote[4, 0.2], SoundNote[0, 0.2],
SoundNote[-1, 0.2], SoundNote[-1, 0.2], SoundNote[-3, 0.2],

SoundNote[-3, 0.2], SoundNote[4, 0.2], SoundNote[2, 0.2], SoundNote[4, 0.2],
SoundNote[0, 0.2], SoundNote[-1, 0.2], SoundNote[-1, 0.2], SoundNote[-3, 0.2],
SoundNote[9, 0.2], SoundNote[4, 0.2], SoundNote[2, 0.2], SoundNote[4, 0.2],
SoundNote[0, 0.2], SoundNote[-1, 0.2], SoundNote[4, 0.2], SoundNote[2, 0.2],

SoundNote[4, 2.4], SoundNote[2, 0.2],
SoundNote[0, 0.2], SoundNote[-3, 0.2], SoundNote[-5, 0.2],

SoundNote[-3, 2.75],

SoundNote[-3, 0.8], SoundNote[-3, 0.4],
SoundNote[-1, 0.2], SoundNote[0, 1], (*½½¾¾*)

SoundNote[None, 0.25], SoundNote[-3, 0.4], SoundNote[4, 0.2],
SoundNote[2, 0.2], SoundNote[2, 0.2], SoundNote[0, 0.2], SoundNote[2, 0.4],
SoundNote[-3, 0.2], SoundNote[2, 1], (*�¿	¿À�ÁÂ*)

SoundNote[-1, 0.2], SoundNote[-1, 0.2], SoundNote[-1, 0.2],
SoundNote[-1, 0.2], SoundNote[-1, 0.4], SoundNote[-3, 0.4],
SoundNote[-5, 0.0], SoundNote[-5, 0.6], (*Ã�Ä~U:Å*)

SoundNote[-5, 0.2], SoundNote[-5, 0.4], SoundNote[-3, 0], SoundNote[-1, 0.4],
SoundNote[0, 0.2], SoundNote[-3, 0.2], SoundNote[-3, 0.2],
SoundNote[-3, 0.2], SoundNote[-3, 0.4], SoundNote[-5, 0.2],
SoundNote[-3, 1], SoundNote[None, 0.3], (*Ä~UÆÇÈÉ�ÊË*)

SoundNote[-3, 0.2], SoundNote[-3, 0.2], SoundNote[-3, 0.2],
SoundNote[-3, 0.2], SoundNote[-3, 0.4], SoundNote[-1, 0.2],
SoundNote[0, 1], SoundNote[None, 0.25], (*$z$z�:Å*)

SoundNote[-3, 0.4], SoundNote[4, 0.2], SoundNote[2, 0.2],
SoundNote[2, 0.2], SoundNote[0, 0.2], SoundNote[2, 0.4],
SoundNote[-3, 0.2], SoundNote[2, 1], (*:ÅÌÍÎ Al*)

SoundNote[7, 0.2], SoundNote[7, 0.2], SoundNote[7, 0.2],
SoundNote[7, 0.2], SoundNote[7, 0.4], SoundNote[2, 0.4],
SoundNote[7, 0.2], SoundNote[9, 0.4], SoundNote[7, 0.2], SoundNote[9, 0.4],
SoundNote[7, 0.4], SoundNote[4, 1], SoundNote[None, 0.4],

SoundNote[9, 0.2], SoundNote[9, 0.2], SoundNote[9, 0.2], SoundNote[9, 0.2],
SoundNote[9, 0.4], SoundNote[4, 0.2], SoundNote[9, 1], (*ÏÐDÑ~�Ò*)
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SoundNote[None, 0.2], SoundNote[7, 0.4], SoundNote[4, 0.2],
SoundNote[2, 0.2], SoundNote[2, 0.2], SoundNote[2, 0.2],
SoundNote[2, 0.2], SoundNote[2, 0.4], SoundNote[-3, 0.2],
SoundNote[2, 1], SoundNote[None, 0.6], (*ÏÐÓÔÓÕ~<=*)

SoundNote[7, 0.2], SoundNote[7, 0.2], SoundNote[7, 0.2],
SoundNote[7, 0.2], SoundNote[7, 0.4], SoundNote[2, 0.4],
SoundNote[7, 0.2], SoundNote[9, 0.4], SoundNote[7, 0.2], SoundNote[9, 0.4],
SoundNote[7, 0.4], SoundNote[4, 1], SoundNote[None, 0.4],

SoundNote[4, 0.2], SoundNote[4, 0.2], SoundNote[4, 0.2],
SoundNote[4, 0.2], SoundNote[4, 0.4], SoundNote[2, 0.4], SoundNote[4, 0.2],
SoundNote[2, 0.2], SoundNote[0, 0.8], (*²Ö»×~ØÌ*)

SoundNote[None, 0.2], SoundNote[-3, 0.4], SoundNote[4, 0.2],
SoundNote[2, 0.2], SoundNote[2, 0.2], SoundNote[2, 0.2], SoundNote[2, 0.4],
SoundNote[-3, 0.2], SoundNote[2, 1](*ÙRÏÚeÛÜÝ*)��

4 . SpeakÞ


Speak["string"] �� "string"��ß��Þ
�?

Button�"��à", Speak["string"]�OP����(á�����string

SpokenString[expr] ,-�â[exprÞ
�?�ß�ãHä

h7iåæ�çß.

Speak[InterpolatingPolynomial]

Speak�SpokenString,-�â[Þ
�?�ß�ãHä�

h8iåæ*5�â[.

Speak[1 + x^3 + Cos[x]]

SpokenString[1 + x^3 + Cos[x]]
1 plus x cubed plus cosine of x

h9iè�Þ
��.

Button["press", Speak["Good morning"]]

BarChart3D[{1, Button[2, Speak[2]], 3}]

4     MOOC-ch6-8.nb



�7�������	
��

7 - 1�����


�������������
;

����������� (Transformation rules)!��
"#;
��
"#$%&�'��
()*�+,
��-.)*�+,
�$%/
0��12345678���9:;�<=/
>?"���Sum�@APlotB�CDE)F��� /
xx = 123 !��
xx��G)H��� 

1.	
 x_ _ blank
IJKLM�)FNO�PQ, R8S�TUVWG�TXCYZ���LM

>1 : ���� f (x) = x - 1.

f[x_] := x - 1 (*[ f[x_]=x -1*)

{f[10], f[a]}

s = {{1, 2}, {3, 4}}; f[s]

>2 :�\�]^

g[x] = 1 + 2 x

g[10] + g[x] (* _`abcg[x]dg[10]e�� *)

>3 :fg��7f	


f[x_, y_] := x + y
f[x_, x_] := Sin[x] + Cos[x]
{f[11], f[3, 3], f[3, 5]}

>4 :DDf�
������

? f

	
�� hW
f[x_] ��i:g- x�jk��
d
f[x_, y_] :g- x, y�jk��

f[x_, x_] :g-lFmf�jk��

x^n_ x�jknodno-n
x_^n_ jk��
�jkno

{a_, b_} p�lF��
��

2. := 9 = qirs9turs
lhs := rhs rhsvwx12�,


>5 :yzqirs9turs�<=

x = 1; fa[x_] := 2 + x

ga[x_] = 2 + x



{fa[5], ga[5]}

>6?12�{�list�2|}~#.

mean[list_] := Apply[Plus, list] / Length[list]

mean[{1, 3, 5, 7, 9}]

>7?12�^�2|}~#

aver[m_] := �n = Length[m]; Sum[m[[i, j]], {i, 1, n}, {j, 1, n}] � n^2�
aver[{{1, 2}, {3, 10}}]

3. x_, x__, x___

x__ )F[�F�\d x___ �FT)F[�F�\

>8?yz�����i�\��\

h[x__] := Plus[x]

h[2, 3, 4]

h[{2, 3, 4}]

4.	
��hW

	
 hW 	
 hW
x_ j���
, x_Integer j���
x_Real j�����d x_Complex j���
x_List j�� x _Matrix �\�]^
x _h j��-h���


>9?���\-��

ua[x_Integer] := �x - 1� �x + 1�
{ua[a + b], ua[3], ua[1.1]}

!�����	
d>�d	
�y���
d��-�#�]^B��H�/ �
pattern?test
���+!	
������test���H�/�������#-�i�����/

>10?���\-�#��

uv[x_?NumericQ] := x + 2
{uv[1.2], uv[3], uv[4 / 5], uv[2 + 3 I], uv[xyz]}
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���� ��-
NumberQ[expr] �
NumericQ[expr] �#��
IntegerQ[expr] ��
OddQ[expr] / EvenQ[expr] ��� �
Positive[x] / Negative[x] ¡��¢�
NonPositive[x] / NonPositive[x] £¡��£¢�
MatrixQ[expr] ]^
MemberQ[list, form] list¤���form���
TrueQ[expr] ��#-�
PolynomialQ[expr, {x1, x2, ..}] expr��-x1, x2, ...  ���

FreeQ[expr, form] expr¤��¥�9form¦§�¨©
MatchQ[expr, form] 	
 form��9 expr¦§

>11?	
¦§ª«

{MatchQ[a^b, _ + _], MatchQ[a^b, _^_], MatchQ[a^b, _], MatchQ[a^b, __]}
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�7�������	
��
7 - 2 	
��

1. ���	
��

	
��
������; �����������
 ,
��������� !���"
�#$%&��.

'1(�)��*+,
-�)./.

f = x^2 + 2 x + 1; f /. x � 2

fun[1 - x] + fun[x] /. fun � try

'2(012��34

{a, b, c} /. a � b /. b � d

{a, b, c} /. {a � b, b � d}

'3(	
��
5�����67 ?

1 + f[x] + f[y] + f[z - 1] /. f[t_] � t^2

1 + x^�1 � 2� + x^2 /. x^n_ � g[m]

'4(	
��89:;��

t = Sin[2 x] + Sin[2 y z] + Sin[z];
t /. Sin[2 x_] � 2 Sin[x] Cos[x]

<	
��6=>?@A�)BCD5EFG.

s = Sin[x_] � 2 Sin�x � 2� Cos�x � 2�

%% /. s

2. � � :> �H���IJ��

� � :> �KLM�����N = O := PQCRL+S�H���IJ��T
lhs � rhs U����N rhsVW/; X5Y��PZ[\]�/�+,
;
lhs :> rhs U����N rhs^W/CD5��N_W/T
X5Y`�PZ���a#
-*bcdefN_gh+,
N

'5(12ij�U�H���IJ��B�KL

{x, x, x} /. x -> RandomReal[]

{x, x, x} /. x :> RandomReal[]



'6(ExpandU�H���IJ��B

fa[x_] � Expand��1 + x�2�

s = ga[x_] :> Expand��1 + x�2�

ga[y + 2] /. s

ga[z + 2] /. ga[x_] :> Expand��1 + x�2�

3.k�lD5��

Mathematica#$���mRno�(�lD5����k�lD5���.
�lD5���pq#$�rs&�����5tu5 =- :=�����C
k�lu5���v �- :>��Cw5 /.x //.- Replace_
D5��.

(1) /. O //.

+,
 /. �� ReplaceAll [expr, rules]
y+,
zD5P{C

+,
 //.�� ReplaceRepeated[expr, rules]
y+,
|}D5��C~A+,
D5^��8<�.

'7(D5P{�|}D5

Clear[x, f]; f[3] /. f[x_] � x f[x - 1]

f[3] //. {f[1] � 1, f[x_] � x f[x - 1]}

'8(y��h

log[a b c] /. log[x_ y_] � log[x] + log[y]

log[a b c] //. log[x_ y_] � log[x] + log[y]

(2) Replace O ReplaceAll ( /. )

Replace[expr, rules] �5��+ rules����Z+,
expr;
Replace[expr, rules, n] �5��+���+,
expr��n�
ReplaceAll[expr, rules] �5��+ rules��+,
 expr��ZsR,
expr /. rules
ReplaceList[expr, lhs � rhs]

��\m
�F
�5��+���Z+,
 exprC>�b�\����


'9(ReplaceCReplaceAll� ReplaceList

{Replace[x^2, x^2 � Sin[x]], Replace[1 + x^2, x^2 � Sin[x]]}

Replace[1 + x^2, x^2 � Sin[x], {1}]
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{ReplaceAll[x^2, x^2 � Sin[x]], ReplaceAll[1 + x^2, x^2 � Sin[x]]}

ReplaceList[a + b + c, x_ + y_ � g[x, y]]

ReplaceList[a + b + c, x_ + y_ � x y]

4.*	
������ /;

pattern /; condition ����conditionN	
��

lhs -> rhs /; condition 	
���� conditionND5��

lhs := rhs /; condition 	
���� conditionND5��

�( condition ��+,


'10(	
��B����

{6, -7, 3.5, -1, -2} /. x_Real � 11111

{6, -7, t, 3.5, -I} /. x_?NumericQ � "**"

{6, -7, 3.5, -1, -2} /. x_ /; x < 0 � H

'11(����B����

ff[x_] := Sin[x] /; x <= 2

ff[x_] := Cos[x] /; x > 2

{ff[-1], ff[3]}

If[x <= 2, Sin[x], Cos[x]]
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�7� ������	
��

7 - 3 
�	
����
���
__ BlankSequence �������


___ BlankNullSequence �������


f[x_Symbol, k__Integer] := Apply[Plus, x^{k}]
f[t, 3, 5, 7]

g[x___Integer] := p[x, Plus[x]]; v = 2;
{g[], g[1], g[1, 2, 3], f[u, v, 7]}

h[x_, y_: 1, z_: 2] := x + y^2 + Cos[z]
h[a, b] (* �������� !"#2 *)

h[c]

1.
�	
 (Repeated Patterns)

expr .. 
��$��$!	
���
 .. Repeated
expr ... 
��$��$!	
���
 ... RepeatedNull

%1�&'..(...!)*.

{{}, {a, a}, {a, b}, {a, a, a}, {a}} /. {a ..} -> x

{{}, {a, a}, {a, b}, {a, a, a}, {a}} /. {a ...} -> x

Count[list, form] +,list-(	
form./!01�2
Count[list, form, n] +,(	
form./!3�n401�2

%2�56 n4.

Count[{{a, a, b}, b, {a, {a, b}, b}}, b]

Count[{{a, a, b}, b, {a, {a, b}, b}}, b, 2]

%3 :78!	
./�9.

Count[a + Sin[a] / (a + b), _Symbol, 1]

Count[a + Sin[a] / (a + b), _Symbol, Infinity]

Count[{1, "f", u, "h", "7", Sin[a]}, _?StringQ]

{Count[RandomReal[1, {100}], u_ /; u > 0.5],
Count[RandomReal[1, {1000}], u_ /; u > 0.5]}



Cases[list, form] +,list-(	
form./!:;01<�
Cases[expr, lhs � rhs] =expr-(	
lhs./!01>?@A
Cases[expr, lhs � rhs, k] 8B, C3�k401

%4 :+,DE!	
./�FG	
./01<�.

Cases[{-1, 1, x, x^2, x^4}, x^_]

DeleteCases[{-1, 1, x, x^2, x^4}, x^_]

%5 :+,HI��JI�!<�.

Cases[{1, 1.5, f[a], 2, 3, y, f[8], 9, f[10]}, _Integer]

Cases[{1, 1.5, f[a], 2, 3, y, f[8], 9, f[10]}, Except[_Integer]]

%6 :
�	
%K.

Cases[{f[a], f[a, b, a], f[a, c, a]}, f[(a b) ..]]

Cases[{f[a], f[a, b, a], f[a, a, a]}, f[a ..]]

Cases[{f[a], f[b], f[a, a, b], f[a, b, a], f[a, b, b]}, f[a .., b ..]]

Cases[{f[a], f[b], f[a, a, b], f[a, b, a], f[a, b, b]}, f[a ..., b ...]]

2.���

Mathematica-LMN�O7P��Q!����R
ST#�U��V
=W�$>?!��X����YZ[\]S����^_+���`
� P�Qa.
���!bc�7?+_��!��PQSde��!`
� fghPQS

?ij #�9� Vk?�U��Slk�����>?���$mnV

��`

Function�� S��
� ����� !���
Function��� ��S��
� ����� !���

���!Zo`


��
 & ��
-!� # #, #1, #2, ##p

%7����� f (u, v) = u^2 + v^3, \]f �2, 3�.

f[u_, v_] := u^2 + v^3; f[2, 3]

������>?�qmn

Function[{u, v}, u^2 + v^3][2, 3]

�#1^2 + #2^3� &[2, 3]
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%8�rsx�ytiuv.

Plot3D[Sin[x y], {x, 0, 3}, {y, 0, 3},
ColorFunction � Function[{x, y, z}, RGBColor[x, y, 0.3]]]

%9�?�����wx.

Array��#1 10 + #2� &, {3, 4}�

%10�ry �2�01z{3|}<.

data = {{7, 3, 1}, {4, 5, 6}, {2, 4, 3}};
Sort[data, #1[[2]] > #2[[2]] &]

%11���
!~�01�R.

Map[Function[x, x^2], a + b + c]

%12�## �9:;� .

(Max[## ] + Min[##]) &[2, 3, 4, 7, 99]
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�7� ������	
��

7 - 4 ��
�������

�1����� Sqrt��.

Sqrt[{4, 9, 16}]

Attributes[Sqrt]

�2����� Plus��� Times��.

Attributes[Plus]

Attributes[Times]

1.����

Orderless ���, �f[a, b]�f[b, a]��

Flat ���,  f[f[a], b]��!f[a, b]

OneInditity "�, f[f[a]]���a

Listable �#$%&'(

Constant )�*+
,�

Protected ����-&./

Locked ��01234

ReadProtected ��
��156

HoldFirst ��
�789:1;<0

HoldRest =�789:>��
?@9:1;<0

HoldAll ��
?@9:1;<0



2.��A���

Attributes[f] BC�� f
��'

Attributes[f] = ���1, ��2� DE f
��

SetAttributes�f, ��a� F��aG&f
��'(

ClearAttributes�f, ��a� H=f(
��a

Attributes[f] = {} DE f
��'*I, � fJKL��

{f[f[a, b], c], f[{u, v, w}]}

�3�M fDE�����

SetAttributes[f, Flat]

{f[f[a, b], c], f[{u, v, w}]}

�4�M fDE�#$%&N'(��

SetAttributes[f, Listable]

f[{u, v, w}]

OP7Q1RS3MathematicaTU��
��V WXRYGZ��
�2[
\]^./��V_`4�abc��d[efgTU��
./��V

�5�M LogYGA�ab

Log[a b c]

Unprotect[Log]

Log[x_ y_] := Log[x] + Log[y]

Protect[Log] (*fgLog
./*)

Log[a b c]

3. Mathematica
h�'i

jk

*h�'i

lU
*mnh�'i

o8pq
*A�FlatrOrderless�Listable���@s
tb
*uOOP��
ab
*uOvw��
ab
*h��W
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�6�h�xy
2z�. || A ||2 = max � �k �, �k { A A
T 
|}0.

js2n[A_] := Max[Sqrt[Eigenvalues[Transpose[A].A]]]

m = {{2, 6}, {1, 3}};
{js2n[m], Norm[m, 2]}
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�8� ����

��	

Wolfram����
������������, ���
����,

������� !, �"#$�%&�'(�)*���+(
,�-.��/01234 /0, 56��78�9:;�<=.

>����
Wolfram��?@!��AB��CDEFG.Wolfram����HIJK�>����

/0LM>NOP,Q��RSTUV�-.��<=CW
XYZ: If, [< While.

\]���
\]���� Wolfram���^_`a, ,T-.`a56b�'(cd�ef.

XY Apply, Array, Nest, Select.
����:ghgG Z:/0 [</0 �)/0

8 - 1Z:/0

>�*Z:YIf, Which, Switch

1. If�i

If[cond, expr1, expr2, expr3]
jklmno� cond = True, pqexpr1�rsjkcond = False, pqexpr2�rs
tupqexpr3�r.expr21expr3�vw, HIno�x�yzno�.

If[cond, expr1] jkcond = True, pqexpr1�r.
If[cond, expr1, expr2]

jkcond = True, pqexpr1�r;
jkcond = False, pqexpr2�r.

X1Y expr2�{|rTNullLexpr3�{|rTIfno�}~W

fa[x_] := If[x > 0, Green]
{fa[2], fa[-2], fa[t]}

X2Y��\]

f[x_, y_] := If[x > 0 && y >= 0, x + y, x / y]
{f[12, 3], f[24, -12], f[2, u]}



2 Which�i

Which[cond1, val1, cond2, val2, ..., condn, valn]
pq�����condi = True�vali�r,
���condix�False, pqNull, ���condi��True��FalseL
pqno� Which[condi, vali, ..., condn, valn].

X3Y� If��1 Which�i��\]

ga[x_] := Which[x < -1, Sin[x], x � -1 && x � 1, Abs[x], x > 1, Cos[x]]
{ga[-2], ga[-0.5], ga[2]}

gb[x_] := If[x < -1, Sin[x], If[x <= 1, Abs[x], Cos[x]]]
{gb[-2], gb[-0.5], gb[2], gb[t]}

X4Y� Which�i����\]

h[x_] := Which�x < 0, -x, x � 0 && x < 6, Sin[x], x � 16 && x < 20, x � 2, True, 0�
{h[-12], h[5], h[16.2], h[33]}

h[t]? ����

3. Switch�i

Switch[expr, patt1, val1, ..., pattn, valn]
�Aexpr�rL���form1, form2…L�����L
�G����expr�����formi�A�pqno�valuei�rW
����LpqSwitchno�}~W

X5YMod[x, 3], �]T0, 1, 2�� sin x, cosx,   {1, x}¡ Log¢.

g[x_] := Switch[Mod[x, 3], 0, Sin[x], 1, Cos[x], 2, Plot[Log[t], {t, 1, x}]]
{g[9], g[16], g[8]}

2     MOOC-ch8-1.nb



4.\]�Z:

�1�]£\]Z:

Piecewise[{{val1, cond1}, ..., {valn, condn}}, val]

�2�Z:no�YConditionalExpression

Simplify[Sqrt[x^2] + x^2, Assumptions � x < 0]

X6Y����¤¥\]�¦¢.

Plot[Which[x < 1, x + 4, x < 2, 6 - x, x < 3, 2 x, x � 3, 9 - x], {x, -1, 4}]

f[x_] := Piecewise[{{x + 4, x < 1}, {6 - x, 1 � x < 2}, {2 x, 2 � x < 3}, {9 - x, x � 3}}]
Plot[f[x], {x, -1, 4}]

�3���§nZ:
Cases[list, patt] ¨GlistCHI��patt�©ª
Select[list, cond] «¬listCHI��cond�©ª

X7Y­�]§C�ª] , Cases1 Select®IZ:1[<�¯°`aW

data = Range[20]; Cases[data, _?PrimeQ]

Select[data, PrimeQ]

Cases[{{a, b}, {1, 2, 3}, {{d, 6}, {d, 10}}}, {_, _}?VectorQ]

(4)��±²

_h ³�´µTh�¶·no�;
/; pattern /; condition ¸Z:��¹, ��º��;

     lhs:>rhs/;condition   ¸Z:��¹,º»�¼u;
p? test ½¾ p�tT True .

f[x_Integer] := x + 1

f[x_?NumericQ] := NIntegrate[Sin[t^3], {t, 0, x}]

g[x_] := Sin[x] /; x > 0
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�8� ����

8 - 2 ��	


����� Do, While, For

1. Do 
�
Do��������, �����

����

Do[expr, {i, m, n, d}]
���������d�expr���

i�� ! , m"#�, n$%�, d��. m, m + d, m + 2 d, ...
�� !&'()�*)+),)-.. expr ,/���.

Do[expr, {i, m, n}] ��'1

Do[expr, {i, n}] "�0��1'1

Do[expr, {n}] �2n3���expr

Do[expr, {i, list}] ���4�list�56, �expr��

7189:8n;E<10����=>.

Do[Print[n], {n, E, 10, Pi}]

728�� ! n?@AB�CD !, E� FGHIJ
�KD� !n��.

n = 100; Do[Print[n], {n, E, 10, Pi}]; n

738�� !?-.LM.

Do[Print[t], {t, {Red, Green, Blue, Yellow}}]

748NO !?PQ���.

t = "t"; Do�t = 1 � �3 k + t�; Print[t], {k, 3}�



1
3 + t

1

6 + 1
3+t

1

9 + 1
6+ 1

3+t

758���� {k, 1, 3}R {k, {1, 3}}STU ?

t = "t"; Do�t = 1 � �3 k + t�; Print[t], {k, {1, 3}}�
1

3 + t
1

9 + 1
3+t

V���

Do[expr, {i, i0, i1, is}, {j, j0, j1, js}]
i;i0<i1���is=>W�X@i,
j;j0<j1���js=>Y�2���exprY
�Z�?K��Y�[�?���.

7689:8i;1<3 , j;1<3� {i, j}.

Do[Print[{i, j}], {i, 3}, {j, 3}]

Do[ Do[Print[{i, j}], {j, 3}], {i, 3}]

7789:8i;1<3 , �X@i, j;1<i� {i, j}.

Do[Print[{i, j}], {i, 3}, {j, i}]

2. While
�

While[cond, expr]
\]^_` cond = TrueYa���������,
�,�_`bc0��������d<cond � Trueef:��.

788�2 1 + 2 + 3 + 4 + 5

s = 0; k = 1; While[k � 5, s = s + k; Print[s]; k++]

s = 0; Do[s = s + k; Print[s], {k, 1, 5}]

798ghijkl�2m@)�nopq).

{a, b} = {49, 21 }

While[b � 0, {a, b} = {b, Mod[a, b]}; Print[{a, b}]]; a
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7108g Newtonrsl�23�tuv.

xb = 1.5; xa = xb + 1;
While�Abs[xb - xa] > 0.00001,

xa = xb;
xb = xa - �xa^2 - 3� � 2 � xa;
Print[xb]�

3 For��

For�"#�, _`, wx�� !, ����

For[init, cond, incr, expr]
initny��Yz{|�}cond~expr~incr����3

������, d<cond � True.
init, cond, incr, expr�',/���Y

��?4@D+�+�Q.

7118�2 1 + 2 + 3 + 4 + 5
For[init, cond, incr, expr] For[init, cond, incr]

For[s = 0; n = 1, n � 5, n++, s += n; Print[s]] (*x����*)

For[s = 0; n = 1, n � 5, ++n; s += n; Print[s]](*�����*)

7128R Do��G�Y� While~For��$�SAB�CD !.

n = 100; For[n = E, n � 10, n = n + Pi, Print[n]]; Print["n=", n] (* n+=Pi *)

�

� + �

� + 2 �

n=� + 3 �

7 138������4 f (n) = 1 + 	1 + �1 + x2�2 + ...
2

For[i = 1; f = x, i < 4, i++, f = 1 + f^2; Print["f(", i, ")=", f]]

f(1)=1 + x2

f(2)=1 + (1 + x2)2

f(3)=1 + �1 + (1 + x2)2�2
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4. ++0--

�) ��
x++~x-- ��gx[�x> ��� 1
++x~--x ��gxZ�x> ��� 1
x += y~x -= y x = x + y~x = x - y
x *= y~x /= y x = x * y~x = x / y

5 . rs�)��)����

Nest[f, x, n] rsn3, f (f (f ( ... f (x) ...)))

NestList[f, x, n] rsn3��:X�rs�

NestWhile[ f, expr, test] ;expr�#, �,�gfd<testG�?True'%.

NestWhileList[f, expr, test] ��, 4:rs4�

FixedPoint[ f, expr] ;expr�#Y�,�gfd<	�G�� 

FixedPointList[f, x0] ��, 4:rs4�

TakeWhile[{a1, ..., an}, f] 4: f �a1� =. .. = f (ak) = True�ai

LengthWhile[{a1, ..., an}, f] �:�� �a1� =. .. = f (ak) = True�56@)

7148 1 .0'"�, gNewtonrsl�23�tuv, ¡53rs�9:�2	�.

f[x_] := �x + 3 � x� � 2; NestList[f, 1.0, 5]

FixedPointList[f, 1., 5]

7158¢:4�$�£)

TakeWhile[{2, 4, 6, 1, 2, 3}, EvenQ]

7168bc4�$£)�@)

LengthWhile[{2, 4, 6, 1, 2, 3}, EvenQ]
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�8� ����

8 - 3 ����
1. Block �

Block[{x, y, ...}, expr]
Block[{x = x0, y = y0, ...}, expr]

	expr
� {x, y, ...}�
����.Block����
������������
{x, y, ...}������ !��"����#$%Block���&'()*+,-

{x, y, ...}��, ./012� {x0, y0, ...}, 345��6expr,
789: {x, y, ...}�,-�.

;1<
 Block=>?@ABCD

fa[m_, n_] := Block[{s = 2 m - 1, t = 2 n - 1},
Graphics[{Red, Thick, Table[Circle[{i, j}], {i, 1, s, 2}, {j, 1, t, 2}]}]]

fa[3, 2]

2. Module ��

Module[{x, y, ...}, expr]
Module[{x = x0, y = y0, ...}, expr]

	 expr
� {x, y, ...}EF����.
Module����
G�����"������ {x, y, ...}, ������ !�������#$%

HI45Module��JKLMathematicaMNOPEF2���QRS {x, y, ...}.

;2<
 Module=>?@�T7UVW@

gcd[m0_, n0_] :=
Module[{m = m0, n = n0},
While[n � 0, {m, n} = {n, Mod[m, n]}];
m]

gcd[105, 126]]



;3<XY BlockZ Module�[\

f[x_] := Block[{t}, Integrate[Exp[x * t], {t, 0, 1}]];
g[x_] := Module[{t}, Integrate[Exp[x * t], {t, 0, 1}]];
{f[x], g[x], f[t], g[t]}

3. With With�]^_ Module`

With[{x = x0, y = y0, ...}, expr]
aexpr
� {x, y, ...}Sbc {x0, y0, ...}

;4<
 With=>?@ABCD

fb[m_, n_] := With[{s = 2 m - 1, t = 2 n - 1},
Graphics[{Purple, Thick, Table[Circle[{i, j}], {i, 1, s, 2}, {j, 1, t, 2}]}]]

fb[3, 2]

;5<Blockd��e�; �f SR�.ModuleEF2gh<

{Block[{x = 5}, Hold[x]], With[{x = 5}, Hold[x]], Module[{x = 5}, Hold[x]]}
{Hold[x], Hold[5], Hold[x$2311]}

;6<ijklm f( z) = z
2 + c �JulianZMandelbrot (opqrst�n�CuL

�v zn = zn-12 + cLw z0 = 0xyzRL�
Julian��zR {| �}��n~L
Mandelbrotn��zR {|���k@ c�n~.

Julia : ��� Mandelbrot :opqrst

F2[x_, y_, Cx_, Cy_, n_] := Block�{z, i = 0}, z = x + y * I;
While��Abs[z] < 2.0� && �i < 50�, ++i; z = z^n + (Cx + Cy * I)�; Return[i]�

Julia[Cx_, Cy_, n_, xm_List, ym_List] :=
DensityPlot[F2[x, y, Cx, Cy, n], {x, xm[[2]], xm[[3]]}, {y, ym[[2]], ym[[3]]},
PlotPoints � 100, PlotLabel � "Julia", Mesh � False, ColorFunction � Hue]

J1 = Julia[0.27334, 0.00742, 2, {x, -1, 1}, {y, -1.2, 1.2}]

J2 = Julia[0.73251, -0.414193, 6, {x, -1.3, 1.3}, {y, -1.3, 1.3}];
Labeled[J2, Style["n=6, C=0.73251-0.414193*I", 18, Bold, Blue]]
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"n=6, C=0.73251-0.414193*I"
4. JuliaSetPlot ij���n~, ���Graphics(�

MandelbrotSetPlot ijopqrstn, ���Graphics(�

;7<
��?@��DC

JuliaSetPlot[0.365 - 0.37 �, PlotLegends � Automatic]

-1.0 -0.5 0.0 0.5 1.0

-1.0

-0.5

0.0

0.5

1.0

1

20

40

60

80

100

MandelbrotSetPlot[{-0.65 + 0.47 I, -0.4 + 0.72 I}, PlotLegends � Automatic]

MandelbrotSetPlot[ColorFunction � Hue]

5.
����5
���T (V) � ���T (A) � Alt + .

��N�B������TL�� $Aborted

x = 1; While[x > 0, x]
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�8� ����

*8 - 4 ���

1.�	
��
���

�1������	

���

Sqrt[a, b]

�2���	

����

fun::sm = "�����";
fun[x_Matrix] := If[Det[x] � 0, MatrixForm[Inverse[x]], Message[fun::sm]]

fun[{{1, 2}, {2, 4}}]

fun[{{1, 2}, {2, 3}}]

fun[{{1, 2, 3}, {2, 4}}]

 !��"#

s::tag = String 
�$%��

Message[s::tag] ��$%��

On[s::tag] &'s�tag���

Off[s::tag] !(s�tag���

2.)*���

���+,-./0123456 “ * .m”, 7 89�$:;0<

BeginPackage["package`"]
f::usage = "text" ...
Begin["context`"]

f[args] = values
...

End[]
EndPackage[]

Begin["context`"] End[]
�=$>?8-@ContextA

$Context



�3�BC$>DE�1FG�H$I
J�HKLMNOPLMNQR
NSTUVWT.

BeginPackage["stat`"];
mean::usage = "�HHKLM";
geomean::usage = "�HOPLM";
median::usage = "�HQR
";
var::usage = "�HST";
stdev::usage = "�HVWT";
Begin[my]

mean[x_] := Total[x] / Length[x];
geomean[x_] := Apply[Times, x]^�1 � Length[x]�;

median[x_] := Module�{n = Length[x], s = Sort[x]},
If�OddQ[n], s���n + 1� � 2�, �s��n � 2�� + s��n � 2 + 1��� � 2���;

var[x_] := Total[(xmean[x])^2] � �Length[x] - 1�;
stdev[x_] := Sqrt[var[x]];

End[]
EndPackage[];
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<< MyPackage`

e Needs["MyPackage`"] �vwBC�DE�.

data = RandomReal[{0, 1}, 10]

{mean[data], geomean[x], var[x], stdev[x]}
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Needs["PolyhedronOperations`"]

{PolyhedronData["Dodecahedron"], Truncate[PolyhedronData["Dodecahedron"]]}

Show[Stellate[PolyhedronData["Dodecahedron"]], Boxed -> False]

$Packages

$Path
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