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: 

a11 a12 a13 ... a1n

a21 a22 a23 ... a2n

a31 a32 a33 ... a3n

... ... ... ... ...
am1 am2 am3 ... amn

 (1)

1Ý
µ(b1, b2, ..., bn)

�Ý
µ  a1

a2

...
an

 (2)
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\{µ
a11 a12 ... a1n

a21 a22 ... a2n

... ... ... ...

am1am2 ...amn

 +


b11 b12 ... b1n

b21 b22 ... b2n

... ... ... ...

bm1bm2 ...bmn

 =


c11 c12 ... c1n

c21 c22 ... c2n

... ... ... ...

cm1cm2 ...cmn


(3)

Ù¥µ

c11 = a11 + b11

cij = aij + bij

�k1êÚ�ê�Ó�Ý
âU�\

http://www.scnu.edu.cn


�¯Ì�

I K �

JJ II

J I

1 5�� 100�

� £

�¶w«

' 4

ò Ñ

¦{µ
a11 a12 a13

a21 a22 a23

a31 a32 a33



b11 b12 b13

b21 b22 b23

b31 b32 b33

 =


c11 c12 c13

c21 c22 c23

c31 c32 c33

 (4)

c11 = a11 ∗ b11 + a12 ∗ b21 + a13 ∗ b31

c12 = a11 ∗ b12 + a12 ∗ b22 + a13 ∗ b32

c32 = a31 ∗ b12 + a32 ∗ b22 + a33 ∗ b32

c33 = a31 ∗ b13 + a32 ∗ b23 + a33 ∗ b33

Am×nBn×m = Cmm cij =

m∑
k=1

aikbkj

���¹µAm×n ×Bn×p = Cm×p
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(b1, b2, ..., bn)



a1

a2

...

an


= (a1b1 + a2b2 + ... + anbn) (5)



a1

a2

...

an


(b1, b2, ..., bn) =



a1b1 a1b2 ... a1bn

a2b1 a2b2 ... a2bn

... ... ... ...

anb1 anb2 ... anbn


(6)
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$�ÎÚ¼ê

$�Îµ\£+¤!~£−¤!¦£∗¤!Ø£/¤!¦

�£aˆ b¤!m²�£sqrt()¤!m ng�£aˆ (1/n)¤!

�«)Ò££¤¤

~ ^ ¼ ê µ� u £sin()¤ ! { u £cos()¤ ! �

� £tan()¤ ! � ê £eˆ x, exp()¤ ! g , é ê

£lnx§log()¤!± 10�.�éê£log 10()¤

~êµ π£pi¤!Jêü £i¤!Ã¡�£inf¤!KÃ

¡�£-inf¤!e£exp(1)¤
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Cþ^i1ÚêiL«§i1mÞ"

�!��i1L«ØÓ�Cþ"

time=[1.2e5 12 1.2e+5 3e-5 4 5];

time=[1 12 1 3 4 5]

5¿�¡©Ò"

time=[1 12 1¶3 4 5]

time=[1¶12¶1¶3¶4¶5];

Eê�Ñ\µ

a=2+3i b=[2+3i 3+4i; 5+6i 7+8i]
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1. �"Ý
§¼ê zeros

b=zeros(n) ()¤ n × n�"Ý
)

b=zeros(m,n) ()¤ m × n�"Ý
)

b=zeros(d1,d2,d3,...) ()¤ d1 × d2 × d3,... �"Ý
)

b=zeros(size(a)) ()¤�Ý
 A���Ó��"Ý
)

2. ü Ý
§¼ê eye

b=eye(n) ()¤ n × nü Ý
)

b=eye(m,n) ()¤m× nü Ý
£é��þ�Ý
�

�1§Ù¦�"¤)

b=zeros(size(a)) ()¤�Ý
 A���Ó�ü Ý
)
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3. � 1Ý
§¼ê ones
b=ones(n) £)¤ n × n� 1Ý
¤

b=ones(m,n) £)¤ m × n� 1Ý
¤

b=ones(d1,d2,d3,...) £)¤ d1× d2× d3,...� 1Ý
¤

b=ones(size(a))£)¤�Ý
 A���Ó�� 1Ý
¤

4. þ!©Ù3£0§1¤�m��ÅêÝ
§¼ê rand
b=rand(n) £)¤ n × n�ÅÝ
¤

b=rand(m,n) £)¤ m × n�ÅÝ
¤

b=rand(d1,d2,d3,...) £)¤ d1× d2× d3,...�ÅÝ
¤

b=rand(size(a))£)¤�Ý
 A���Ó��ÅÝ
¤

�Åêµb=rand§[0, N]m��Å�êµfix((n+1)*rand)
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5. lêâ©�)¤Ý
§¼ê load

aa=load(’©�¶’)

aa=load(’example.txt’)

6. �)�5�©�þ§

�{ 1µ¼ê linspace

aa=linspace(a,b)

aa=linspace(a,b,n)

�{ 2µaa=a:step:b
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1. (½Ý
1!���ê§¼ê size, numel

a=size(b)

[m n]=size(b)

a=numel(b)

2. lÝ
¥�(½�Ý
�µ

a=b(rol,col)

a=b(r1:r2,c1:c2)

a=b(r1:s1:r2,c1:t1:c2)

a=b(1:3:end,1:5:end)

3. �Ý
�é��§¼êµdiag

a=diag(b)

a=diag(b,k) £� Ý
 b �1 k ^é��§Ìé���

"§þ� k��§e��K¤
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4. Ý
=�§^$�Îµ’ (XJÝ
�¢ê§K�´=

�§XJ´Eê§K=����Ý§XJ�=�§Ø�

�Ý§K^$�Îµ.’)

5. �
�1�ª§¼ê det

a=det(b)

6. Ý
�_§¼ê inv

a=inv(b)

7. Ý
�A��ÚA��þ

[v,d]=eig(a), ()û Ĥψ = Eψ¯K)

http://www.scnu.edu.cn


�¯Ì�

I K �

JJ II

J I

1 15�� 100�

� £

�¶w«

' 4

ò Ñ

>���{¦)¶�L©f;�

¶�L©f�ÈÏ1�ª�µ∣∣∣∣∣∣∣∣∣∣∣
a b 0 0

b a b 0

0 b a b

0 0 b a

∣∣∣∣∣∣∣∣∣∣∣
(7)
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��¥þÚ���©O�µ

−1 −1 1 1

1−
√

5

2

1 +
√

5

2

1 +
√

5

2

1−
√

5

2
−1 +

√
5

2

−1−
√

5

2

1 +
√

5

2

1−
√

5

2

1 1 1 1


(8)



a− 1−
√

5

2
b 0 0 0

0 a− 1 +
√

5

2
b 0 0

0 0 a +
1 +

√
5

2
b 0

0 0 0 a +
1−

√
5

2
b


(9)
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z{�µ

0.3717 −0.6015 −0.6015 0.3717

−0.6015 0.3717 −0.3717 0.6015

0.6015 0.3717 0.3717 0.6015

−0.3717 −0.6015 0.6015 0.3717


(10)



a− 1.6180b 0 0 0

0 a− 0.6180b 0 0

0 0 a + 0.6180b 0

0 0 0 a + 1.6180b


(11)
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HMO�{¦)¶�L©f;��§S

syms a b

c=[a b 0 0;b a b 0;0 b a b;0 0 b a];

[vect,eval]=eig(c)

syms b

a=[0 b 0 0;b 0 b 0;0 b 0 b;0 0 b 0];

[vect,eval]=eig(a)

a=[0 1 0 0;1 0 1 0;0 1 0 1;0 0 1 0];

[vect,eval]=eig(a)
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�!�§¦)

�/�§|�){

�/�§|^Ý
L«µAx = B, A�XêÝ


A−1Ax = A−1B§=µx = A−1B

~µ


2x + 3y + 4z = 20

3x− y + 5z = 16

10x + 6y + z = 25

(12)
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XêÝ
µ


2 3 4

3 −1 5

10 6 1



Ù_Ý
µ


−0.1623 0.1099 0.0995

0.2461 −0.1990 0.0105

0.1466 0.0942 −0.0576


�§�)�µ

x =


−0.1623 0.1099 0.0995

0.2461 −0.1990 0.0105

0.1466 0.0942 −0.0576




20

16

25

 =


1

2

3


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Matlab§Sµ

a=[2 3 4; 3 -1 5; 10 6 1];

b=[20; 16; 25];

c=inv(a)*b

�{ü�
µMatlab§Sµ

a=[2 3 4; 3 -1 5; 10 6 1];

b=[20; 16; 25];

c=a\b
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�§|£ ??¤�,�«){´µsolve¼ê"

Matlab§Sµ

[x y z]=solve(’2*x+3*y+4*z=20’,...

’3*x-y+5*z=16’,’10*x+6*y+z=25’)

½Matlab§Sµ

[x y z]=solve(’2.0*x+3*y+4*z=20’,...

’3*x-y+5*z=16’,’10*x+6*y+z=25’)

5¿'�üö(J�ØÓ
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solve¼ê�±�ÑÎÒ)£=)Û)¤"~Xµ

x2 − (a + b)x + ab = 0

)� x1 = a, x2 = b

Matlab§Sµ

x=solve(’x*x-(a+b)*x+a*b=0’)

^solve¼ê¦)pg�§"

~Xµ  au2 + v2 = 0

u− v = 1

Matlab§Sµ

[u,v]=solve(’a*uˆ2+v*v = 0’,’u-v=1’)
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~µx3 − 2x2 + 1 = 0

Matlab§Sµ

x=solve(’xˆ3-2*x*x+1’) %�Ñ�ê(J"

x=solve(’xˆ3-2*x*x+1.0’) %�Ñ�ê(J"

~µ

 sin(x + y)− exy = 0

x2 − y = 2

Matlab§Sµ

[x,y]=solve(’sin(x+y)-exp(x)*y=0’,’xˆ2-y=2’)

3vk)Û)�§��êi)"
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öS�©�Ñe�Ý
$�(Jµ

1©

 1 2 3

3 4 5

 +

 21 23 34

33 24 35

 =

2©
(

11 21

)  2 3

3 4

 =

3©
(

2 3

)  3

4

 =

4©

 1

3

 (
2 4

)
=
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öS�©)e��§£x, y, z���ê¤

1©


3x + 2y + 4z = 25

2x + 3y + 4z = 19

3x + 4y = 11

2©

 ax2 − by2 = 1

x + y = 1

3©x3 − 2.0 ∗ x2 − 1 = 0
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n!È©
È©�Ôn¿Â

5 0 5 1 5 2 5 3 5 4 5 5
0

2

4

6

8

1 0

5 0 5 2 5 4
0

2

4

6

8

1 0

5 0 5 2 5 4
0

2

4

6

8

1 0

5 0 5 2 5 4
0

2

4

6

8

1 0

b

BA

a

j

k

i
hf

g
e

dc

f(x)

X
êiÈ©Ò´O�ã¥�Ý/½F/�o¡È"
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O�«m [A,B]þ¼ê f (x)�È©§�±r«m [A,B]

©¤õ��«m§O�z��«m�¡È§,�rz�

�«m�¡È\å5"

F/¦Èúª�±L«�µ

S =
B − A

n
[
f (B) + f (A)

2
+

n−1∑
i=2

f (i)]

w,§«m©��õ§(J�°(§O�þ��"�

éu¢SO�§duO�Å�z�gO�Ñk�½Ø

�§XJ«m©�Lõ§�k�UÑyØ�O���

¹"
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3Matlab¥§F/È©¼ê´ trapz§�ª�µ

z = trapz(y)  b½È©�Ú�� 1

z = trapz(x,y)

~©O�È©µ

∫ 1

0

e−x
2
dx§

Matlab§Sµ

x=0:0.01:1;

y=exp(-x.*x);

z=trapz(x,y)

1. 5¿Ù¥�ÎÒ .∗�^{ (^ ∗KL«Ý
�¦)

2. x��±L«�µx=linspace(0,1,101)
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Matlab¥§Simpson£"Ê)¤È©¼ê´ quadµ

z = quad(FUN,A,B)

z = quad(FUN,A,B,TOL) %TOL �Ø�"

~©O�È©µ

∫ 1

0

e−x
2
dx§

Matlab§S(�{ 1)µ

aa=quad(’exp(-x.*x)’,0,1,1e-7)

Matlab§S(�{ 2)µ

function integral

aa=quad(@y,0,1,1e-7)

function as=y(x)

as=exp(-x.*x);
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Matlab¥§)Û{¦È©�¼ê´ int:

z=int(s) %¼ês�Ø½È©

z=int(s,v) %¼êséCþv¦Ø½È©

z=int(s,a,b) %¼ês3«m[a,b]�½È©

z=int(s,v,a,b) %¼ês3«m[a,b]�½È©

3¦^ int�c§k�^·- syms½ÂÈ©¥^��Î

Ò"
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~©O�È©µ

∫
sin(x)dx§

Matlab§Sµ

syms x

z=int(sin(x))

~©O�È©µ

∫
a sin(x)dx§

Matlab§Sµ

syms a x

z=int(a*sin(x),x)
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~©O�È©µ

∫
a sin(x)da§

Matlab§Sµ

syms a x

b=int(a*sin(x),a)

~©O�È©µ

∫ 3π

0

a sin(x)dx§

Matlab§Sµ

syms a x

b=int(a*sin(x),x,0,3*pi)
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~. O�Ã¡È©µ
∫ ∞

−∞
e−x

2
dx§

Matlab§Sµ

syms x

b=int(exp(-x*x),-inf,inf)

Ã¡�L«�µinf§πL«�µpi
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1.
∫ ∞

0

e−xdx

2.
∫ π

0

x ∗ cos(x)dx£)Û{È©Ú simpsonÈ©¤

3.
∫
x2 cos xdx

4.
∫ 5

0

e−(x+y2)dx
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§SNÁ£±©�aa.m�~¤
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���¦{«¿ã
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4��¦�U�Cz��êâ:§ÙêÆ£ã�µ

Q =
n∑
i=1

(axi + b− yi)
2§4 Q��"

^,�­�¦�U�Cz��êâ:§ÙêÆ£ã�µ

Q =
n∑
i=1

(f (xi)− yi)
2§4 Q�� (n�êâ:��ê)"

XJ�(½ëê a§b§Kµ

�5���¦{�~fµy = a sin(x) + bex

��5���¦{�~fµy = sin(ax) + ebx
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Q���^�µ
∂Q

∂a
= 0;

∂Q

∂b
= 0

Q = (ax1 + b− y1)
2 + (ax2 + b− y2)

2

+(ax3 + b− y3)
2 + (ax4 + b− y4)

2

∂Q

∂a
= 2x1(ax1 + b− y1) + 2x2(ax2 + b− y2)

+2x3(ax3 + b− y3) + 2x4(ax4 + b− y4) = 0

∂Q

∂b
= 2(ax1 + b− y1) + 2(ax2 + b− y2)

+2(ax3 + b− y3) + 2(ax4 + b− y4) = 0

(x2
1 + x2

2 + x2
3 + x2

4)a + (x1 + x2 + x3 + x4)b

= x1y1 + x2y2 + x3y3 + x4y4

(x1 + x2 + x3 + x4)a + 4b = y1 + y2 + y3 + y4
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Matlab ¥)û�5���¦ (�5£8) ¯K�¼ê

�µlsqlin

k=lsqlin(x,y)

k�¤¦�ëê§�¥þ§3�K=� aÚ b

y�¤ÿ:��§�¥þ"

3�K� y = [2.6; 4.1; 5.3; 6.2];

x�ÿþ:� aÚ b�Xê�§

3�K§a�Xê�©O� x1 ,x2, x3, x4,

b�Xê�Ñ� 1

¤± x�Ñ\A�µx = [1.1 1; 1.9 1; 3.2 1; 3.89 1];
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Matlab§Sµ

x=[1.1 1;1.9 1; 3.2 1; 3.89 1];

y=[2.6;4.1; 5.3; 6.2];

k = lsqlin(x,y)
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�)�ã3S���§Sµ

xx=[1.1 1.9 3.2 3.89]

x=[1.1 1;1.9 1; 3.2 1; 3.89 1];

y=[2.6;4.1; 5.3; 6.2];

k=lsqlin(x,y)

x1=0.9: 0.005: 4.1;

y1=k(1)*x1+k(2);

plot(x1,y1,xx,y,’*r’)

http://www.scnu.edu.cn


�¯Ì�

I K �

JJ II

J I

1 43�� 100�

� £

�¶w«

' 4

ò Ñ

~µ®�,�A�Ç~ê k ��A§Ý 1/T Cz�¢

�êâXe

1/RT(*1e-4) 3.313 3.224 3.140 3.060 2.984

ln k −4.9370 −4.2864 −3.6119 −2.9528 −2.3314

�âþL§^�5���¦{(½úª k = Ae−E/RT ¥

�~ê AÚ E"ª¥§R���íN~ê"

R = 8.3145"
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é k = Ae−E/RT ªü>�g,éê§�

ln k = ln A− 1

RT
E (13)

- y = ln k§a = ln A§x = − 1

RT

£ ??¤ªC� y = a + Ex
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§Sµ

x(:,2)=[3.313; 3.224; 3.140; 3.060; 2.984]

y=[-4.9370; -4.2864; -3.6119;...

-2.9528; -2.33]

x(:,2)=-1e-4*x(:,2)

x(:,1)=1;

AE=lsqlin(x,y)

A=exp(AE(1))

E=AE(2)

�� k = 1.97588× 109e−79600.22/RT
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~. ®�9NÚ§Ý�'X�µcp = a + bT + cT−2

le¡�¢�êâO� a, bÚ c

T 300 400 500 600 700 900 1000 1500 2000

cp 8.07 8.38 8.56 8.66 8.78 8.84 8.84 8.91 8.92
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9NÚ§Ý�'Xã
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t=[300;400;500;600;700;900;1000;1500;2000]

cp=[8.07;8.38;8.56;8.66;8.78;8.84;8.84;...

8.91;8.92]

c(:,2)=t;

c(:,1)=1;

at=1./t

c(:,3)=at.*at

k = lsqlin(c,cp)

tt=300:0.01:2000;

ccp=k(1)+k(2)*tt+k(3)./tt.ˆ2;

plot(tt,ccp,t,cp,’*r’)
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�âeL(½ëê
Cþ y(×102) x1 x2(×10−1) x3(×10−1)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

.400

.400

.410

.370

.375

.375

.450

.400

.425

.455

.405

.425

.415

.430

.385

.510

.430

.450

.380

.450

.550

.480

.400

.430

.430

.410

.440

.380

.400

.430

.420

.250

.260

.360

.340

.270

.330

.320

.220

.320

.460

.310

.240

.320

.310

.250

.390

.300

.300

.380

.220

.330

.460

.220

.440

.310

.290

.280

.180

.180
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y=[.400; .400; .410; .370; .375; .375;...
.450; .400; .425; .455;...
.405; .425; .415; .430; .385];

x(:,2)=[.510; .430; .450; .380; .450;...
.550; .480; .400; .430; .430;...
.410; .440; .380; .400; .430];

x(:,3)=[.420; .250; .260; .360; .340;...
.270; .330; .320; .220; .320;...
.460; .310; .240; .320; .310];

x(:,4)=[.250; .390; .300; .300; .380;...
.220; .330; .460; .220; .440;...
.310; .290; .280; .180; .180];

x(:,1)=1;
x(:,3)=0.1*x(:,3);
x(:,4)=0.1*x(:,4);
y=100*y;
b=lsqlin(x,y)

O�(Jµy = 42.97−3.907×x1−56.74×x2 +43.90×x3
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öSµcpÚ T �'X� cp = a+ bT + cT 2 + dT−2§�â

c¡�êâ(½ëê a, b, c,d
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õ�ª[Ü
õ�ª[Ü�±o(Ñ²�5Æ
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Matlab¥õ�ª[Ü�¼ê�µpolyfit

a= polyfit (x,y,n)

x!y�¢�êâ§n� ngõ�ª

a0, a1§...§an§�k n + 1�Xê

lõ�ªXêÚgCþ��õ�ª���¼êµpolyval

http://www.scnu.edu.cn


�¯Ì�

I K �

JJ II

J I

1 54�� 100�

� £

�¶w«

' 4

ò Ñ

Matlab§Sµ

time=[0.20;0.30;0.40;0.50;0.60;0.70;...

0.80;0.90;1.00;1.10;1.20;1.30;1.40;...

1.50;1.60;1.70;1.80;1.90]

d=[0.82;0.74;0.67;0.61;0.55;0.50;0.45;...

0.41;0.37;0.33;0.30;0.27;0.25;0.22;...

0.20;0.18;0.17;0.15]

a=polyfit(time,d,3)

time1=0.2:0.005:1.9;

y=polyval(a,time1);

plot(time1,y,time,d,’*r’)
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�5��:=ÏLü:���^��§ùü:¥m�?

¿:ÑÏL���§��

Matlab¥�5��¼ê�µinterp1

yy=interp1(x,y, xx)

ng�^¼ê��µngõ�ª��

¼ê�µspline

yy=spline(x,y,xx)

x, y�®�êâ:§xx���:��I§yy� xx:é

A��"
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~:39NÚ§Ý�'X¥,ÏL��¦e¡§Ý�9N

T= 800; 1100; 1200; 1300; 1400

�5���Matlab§Sµ

t=[300;400;500;600;700;900;1000;1500;2000]

cp=[8.07;8.38;8.56;8.66;8.78;8.84;8.84;...

8.91;8.92]

t1=[800;1100;1200;1300;1400]

cp1=interp1(t,cp,t1)

plot(t,cp,’*r’,t1,cp1,’<b’)
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ng�^¼ê���Matlab§Sµ

t=[300;400;500;600;700;900;1000;1500;2000]

cp=[8.07;8.38;8.56;8.66;8.78;8.84;8.84;...

8.91;8.92]

t1=[800;1100;1200;1300;1400]

cp1=spline(t,cp,t1)

plot(t,cp,’*r’,t1,cp1,’<b’)
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öSµ|^c¡�êâ§^�5Úng�^¼ê��{

O�§Ý� 430!670��9N�

http://www.scnu.edu.cn


�¯Ì�

I K �

JJ II

J I

1 60�� 100�

� £

�¶w«

' 4

ò Ñ

��5���¦{

Ú�5���¦{ØÓ§��5���¦3éí�¦�

�ØU���5�§|

Matlab��5���¦{¼ê�µlsqnonlin

x=lsqnonlin(fun,x0)

x=lsqnonlin(fun,x0,lb,ub)

x=lsqnonlin(fun,x0,lb,ub,options)

fun �¦��z�¼ê§x0 ��¦Cþ�Ð©

�§lb!ub��¦Cþ�e!þ�§options���z�

�
ÀJ
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~µ^¼ê e−at
2

+ e−b(t−c)
2
[Üeã§¦ a!b!c

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1
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function linear
global t intensity tr
t=[0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0...

1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9];
intensity=[0.9 0.8 0.8 0.7 0.6 0.5 0.5...
0.5 0.6 0.7 0.8 0.9 1.0 1.0 1.0 0.9 0.8 0.6];
tr=0.2:0.005:1.9;
options=optimset(’TolFun’,1e-8,’TolX’,1e-8);
x=lsqnonlin(@nlinear,[15 17 1.9],[],[],...

options)
function zz=nlinear(x)
global t intensity tr
x
zz=exp(-x(1)*t.*t)+exp(-x(2)*(t-x(3)).*...

(t-x(3)))-intensity;
zz1=exp(-x(1)*tr.*tr)+exp(-x(2)*...

(tr-x(3)).*(tr-x(3)));
plot(t,intensity,’r*’,tr,zz1)
pause(0.1)
return
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function linear
global t intensity tr
t=[0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0...

1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9];
intensity=[0.9 0.8 0.8 0.7 0.6 0.5 0.5...
0.5 0.6 0.7 0.8 0.9 1.0 1.0 1.0 0.9 0.8 0.6];
options=optimset(’TolFun’,1e-8,’TolX’,1e-8);
x=lsqnonlin(@nlinear,[15 17 1.9],[],[],...

options)
tr=0.2:0.005:1.9;
zz1=exp(-x(1)*tr.*tr)+exp(-x(2)*...

(tr-x(3)).*(tr-x(3)));
plot(t,intensity,’r*’,tr,zz1)

function zz=nlinear(x)
global t intensity tr
zz=exp(-x(1)*t.*t)+exp(-x(2)*(t-x(3)).*...

(t-x(3)))-intensity;
return
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öSµ¢�ÿ�,¬N�ò�ÇÚÅ��'XXeL§

O�~ê a§b§c§d

(a)XJò�ÇÚÅ�÷v'X:

n = a +
b

λ2
+
c

λ4

(b)XJò�ÇÚÅ�÷v'X:

n = a +
b

λ2 − c
+ d(

b

λ2 − c
)2
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Å�£��¤ no£Ï~1¤ ne(�~1)
.2000
.3000
.4000
.5000
.6000
.7000
.8000
.9000
1.0000
1.1000
1.2000
1.3000
1.4000
1.5000
1.6000
1.7000
1.8000
1.9000
2.0000

1.622630
1.545570
1.524481
1.514928
1.509274
1.505235
1.501924
1.498930
1.496044
1.493147
1.490169
1.487064
1.483803
1.480363
1.476729
1.472890
1.468834
1.464555
1.460044

1.563913
1.498153
1.480244
1.472486
1.468267
1.465601
1.463708
1.462234
1.460993
1.459884
1.458845
1.457838
1.456838
1.455829
1.454797
1.453735
1.452636
1.451495
1.450308
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function nonlinear
global t tt tr ttr n
t=[0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0...

1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0];
n=[1.56391 1.49815 1.48024 1.47249 1.46827...

1.4656 1.46371 1.46223 1.46099 1.45988...
1.45884 1.45784 1.45684 1.45583 1.4548...
1.45374 1.45264 1.4515 1.45031];

tt=t.*t; tr=0.2:0.005:2.0; ttr=tr.*tr;
options=optimset(’TolFun’,1e-8,’TolX’,1e-8);
abc=lsqnonlin(@nl,[0.15 0.17 0.0 0.09],[],[],...

options)
function zz=nl(x)
global t tt tr ttr n
temp=x(2)/(tt-x(3));
temp1=x(2)/(ttr-x(3));
zz=x(1)+temp+x(4)*temp.*temp-n;
zz1=x(1)+temp1+x(4)*temp1.*temp1;
plot(t,n,’r*’,tr,zz1)
pause(0.2)
return
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Ê!~�©�§|�){
du

dt
= f (t, u) (14)

Ð©^�µ� t = t0�§u = u0

r du, dt^�©∆u,∆t�O§lÐ©:O�1�:�¼

ê��±^�ªµ
u1 − u0

t1 − t0
= f (t0, u0)§

=µu1 = u0 + f (t0, u0)(t1 − t0)§�g�±O��¡�

:"�¤ÏªÒ´µ

un+1 = un + hf(tn, un)
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p�~�©�§|§ÏLCþ��C����§|" F (y, y′, y′′, ..., y(n), t) = 0

y(0) = y0, y
′(0) = y1, ..., y

(n−1)(0) = yn−1

�±-:

y1 = y′, y2 = y′1 = y′′, y3 = y′2 = y′′′, yn = y′n−1 = y(n)

K��§C�µ

F (y, y′, y2, ...yn, t) = 0

y′1 = y2

y′2 = y3

...

y′n−1 = yn
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~µa(t)y′′′ + b(t)y′′ + c(t)y′ + d(t)y = f (t)

-:


y1 = y′

y2 = y′1 = y′′

y3 = y′2 = y′′′

K��§C�µ
y′ = y1

y′1 = y2

y′2 =
f (t)− b(t)y2 − c(t)y1 − d(t)y

a(t)
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Matlab¥)�©�§|�¼ê�µode45

[t y]=ode45(odefun,[t0 tf],y0,options)

t�gCþ§y ��©�§|�)§t0Ú tf �¦)�g

Cþ«m§y0 �Ð©�§options�)�§��
ëê

ÀJ"
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~µ)�§|

dx1

dt
= x1 − 0.1x1x2 + 0.01t

dx2

dt
= −x2 − 0.02x1x2 + 0.04t

x1(0) = 30

x2(0) = 20
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)�©�§|�Matlab§Sµ

function diffe

options=odeset(’RelTol’,1e-6);

[t,x]=ode45(@xp1,[0 20],[30 20],options);

plot(t,x(:,1))

figure

plot(t,x(:,2))

function asas=xp1(t,x)

asas=[x(1)-0.1*x(1)*x(2)+0.01*t;...

-x(2)+0.02*x(1)*x(2)+0.04*t];

return
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~µy′′′ + 2y′′ + 3y′ + 4y = e−t

Ð©^�µt = 0, y = 0.25, y′ = 0, y′′ = 0

-:


y′ = y1

y′1 = y′′ = y2

y′2 = y′′′ = e−t − 2y2 − 3y1 − 4y

function diffe

options=odeset(’RelTol’,1e-5);

[tt,yy]=ode45(@xprim1,[0 20],[0.25 0 0],options);

plot(tt,yy)

function xprim=xprim1(tt,yy)

xprim=[yy(2);...

yy(3);...

exp(-tt)-2*yy(3)-3*yy(2)-4*yy(1)];
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Matlab¥)Û{)�©�§|�¼ê�µdsolve

r=dsolve(’eq1’,’eq2’,...,’c1’,’c2’,...,’v’)

v�gCþ§�"�^ t�gCþ"exp1!exp2���

©�§|�L�ª§c1!c2��Ð©^�

L�ª¥§DxL«
dx

dv
§D2xL«

d2x

dv2
§�daí
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~µ¦)�©�§
dx

dt
= −ax

x=dsolve(’Dx =-a*x’)

d2x

dt2
= t

x=dsolve(’D2x=t’) (
dy

dt
)2 + y2 = 1

y(0) = 0

y = dsolve(’(Dy)ˆ2 + yˆ2 = 1’,’y(0)= 0’)
dx

dt
= y

dy

dt
= −x

S=dsolve(’Dx =y’,’Dy = -x’)
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~µy′′′ + 2y′′ + 3y′ + 4y = e−t

Ð©^�µt = 0, y = 0.25, y′ = 0, y′′ = 0

y=dsolve(’D3y+2*D2y+3*Dy+4*y=exp(-t)’,...

’y(0)=0.25’,’D1y(0)=0’,’D2y(0)=0’)
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öSµ)�©�§

dMx

dt
= ByMz −BzMy

dMy

dt
= −BzMx −BxMz

dMz

dt
= BxMy −ByMx

dPx
dt

= Py(Bz + JMz)− Pz(By + JMy)

dPy
dt

= −Pz(Bx + JMx)− Px(Bz + JMz)

dPz
dt

= Px(By + JMy)− Py(Bx + JMx)

(15)
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Bx = 4 ∗ e−(t−2)2/0.07 × sin(1.5t)

By = 4 ∗ e−(t−2)2/0.07 × cos(1.5t)

Bz = 0.2t

J = 1

�m«m�µ[0 20]

M�Ð©�µ[0 0 -2]

P�Ð©�µ[0 0 0]

öS 2µ^ü«�{)�©�§

y’’+y=xcos2x, y(0)=1, y’(0)=0
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8!FourierC�
¼ê f (x)�±Ðm��uÚ{u¼ê�U\"

f (x) =

∫ ∞

0

A(ω) cosωdω +

∫ ∞

0

B(ω) sinωdω

A(ω) =
1

π

∫ ∞

−∞
f (x) cosωxdx

B(ω) =
1

π

∫ ∞

−∞
f (x) sinωxdx

Eê/ª� FourierC�µ

f (x) =

∫ ∞

−∞
C(ω)eiωxdω; C(ω) =

1

2π

∫ ∞

−∞
f (x)e−iωxdx
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Matlab¥¯� FourierC��¼ê�µfft
dt=0.001;
t=0:dt:2.9;
x=sin(2*pi*50*t)+sin(2*pi*300*t);
f=x+3.5*randn(1,length(t));
subplot(211);plot(t,f)
title(’Original signal’)
xlabel(’Time’)
ylabel(’Signal intensity’)
y=fft(f,2048);
p=y.*conj(y)/2048;
ff=(0:1023)/dt/2048;
subplot(212);plot(ff,p(1:1024))
xlabel(’Frequency’)
ylabel(’Signal intensity’)
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Ô!ã/?n

plot
plot(Y)

plot(X1,Y1,...)

plot(X1,Y1,LineSpec,...)

plot(...,’PropertyName’,PropertyValue,...)

plot(axes_handle,...)

h = plot(...)

hlines = plot(’v6’,...)
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b blue . point - solid

g green o circle : dotted

r red x x-mark -. dashdot

c cyan + plus -- dashed

m magenta * star (none) no line

y yellow s square

k black d diamond

v triangle (down)

ˆ triangle (up)

< triangle (left)

> triangle (right)

p pentagram

h hexagram
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x = -pi:pi/10:pi;

y = tan(sin(x)) - sin(tan(x));

plot(x,y,’--rs’,’LineWidth’,2,...

’MarkerEdgeColor’,’k’,...

’MarkerFaceColor’,’g’,...

’MarkerSize’,10)
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x = -pi:.1:pi;
y = sin(x);
plot(x,y)
set(gca,’XTick’,-pi:pi/2:pi)
set(gca,’XTickLabel’,{’-pi’,’-pi/2’,...

’0’,’pi/2’,’pi’})
=======================================
x = -pi:.1:pi;
y = sin(x);
plot(x,y)
xlabel(’-\pi \leq \Theta \leq \pi’)
ylabel(’sin(\Theta)’)
title(’Plot of sin(\Theta)’)
text(-pi/4,sin(-pi/4),’\leftarrow ...

sin(-\pi\div4)’,...
’HorizontalAlignment’,’left’)
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UC�I¶�5�µ

set(gcf,’DefaultAxesPropertyName’,...

PropertyValue,...)

’TickDir’,’in’

’xcolor’,’b’

’xdir’,’reverse’

’FontAngle’,’italic’

’fontsize’,15

’box’,’on’

’GridLineStyle’,’:’

’FontName’,’oN_GB2312’

’xGrid’,’on’

’LineWidth’,2
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õãµsubplot

x=0:0.1:10;

y=sin(x);

y1=cos(x);

y2=exp(-x);

y3=exp(-((x-5).*(x-5));

subplot(221),plot(x,y)

subplot(222),plot(x,y1)

subplot(223),plot(x,y2)

subplot(224),plot(x,y3)
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x=0:0.1:10;

y=sin(x);

y1=cos(x);

y2=exp(-x);

subplot(311),plot(x,y)

subplot(312),plot(x,y1)

ylabel(’Signal intensity’,’fontsize’,15)

subplot(313),plot(x,y2)

xlabel(’Time’,’fontsize’,15)
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x=0:0.1:10;

y=sin(x);

y1=cos(x);

y2=exp(-x);

subplot(2,2,[1 3]),plot(x,y)

subplot(2,2,2),plot(x,y1)

subplot(2,2,4),plot(x,y2)
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x=0:0.1:10;

y=sin(x);

y1=cos(x);

y2=exp(-x);

subplot(2,2,1:2),plot(x,y)

subplot(2,2,3),plot(x,y1)

subplot(2,2,4),plot(x,y)
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x=0:0.1:80;

y=sin(10*x).*exp(-0.1*x);

plot(x,y)

xlabel(’Time’,’fontsize’,15)

ylabel(’Signal intensity’,’fontsize’,15)

set(gca,’fontsize’,15,’box’,’on’)

axes(’position’,[0.60,0.65,0.25,0.20])

plot(x,y)

xlabel(’Enlarge’,’fontsize’,15)

set(gca,’fontsize’,15,’box’,’on’)

xlim([5 10])
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x=0:0.1:80;
y=sin(10*x).*exp(-0.1*x);
y1=sin(10*x).*exp(-0.1*x);
figure
axes(’position’,[0.13,0.15,0.8,0.35])
plot(x,y)
xlabel(’Time’,’fontsize’,15)
ylabel(’Signal intensity’,’fontsize’,15)
set(gca,’fontsize’,15,’xgrid’,’on’,...

’ygrid’,’on’)
axes(’position’,[0.13,0.5,0.8,0.35])
plot(x,y1)
ylabel(’Signal intensity’,’fontsize’,15)
set(gca,’fontsize’,15,’xgrid’,’on’,...

’ygrid’,’on’,’XTickLabel’,{})
title(’figure 1’,’fontsize’,15)
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n�ã 1. waterfall
waterfall(X,Y,Z)

XéAu Z��§YéAu Z�1

Z��ÚôÚ��éA

[x1,y1]=meshgrid(0:0.1:10,1:0.5:4);

z1=exp(-(x1-5).*(x1-5)).*...

exp(-(y1-2).*(y1-2));

waterfall(x1,y1,z1)
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n�ã 2. contour (���ã)
contour(X,Y,Z)

[X,Y] = meshgrid(-2:.2:2,-2:.2:3);

Z = X.*exp(-X.ˆ2-Y.ˆ2);

[C,h] = contour(X,Y,Z);

set(h,’ShowText’,’on’,’TextStep’,...

get(h,’LevelStep’)*2)

colormap cool
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n�ã 3. surface (.¡ã)
surface(Z)

surface(Z,C)

surface(X,Y,Z)

surface(X,Y,Z,C)

surface(...’PropertyName’,PropertyValue,...)

h = surface(...)

[x,y]=meshgrid(0:0.1:10,-1:0.02:5);

z=exp(-(x-5).*(x-5)).*exp(-(y-2).*(y-2));

surface(x,y,z)
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n�ã 4. mesh (��ã)
mesh(X,Y,Z)

mesh(Z)

mesh(...,C)

mesh(...,’PropertyName’,PropertyValue,...)

mesh(axes_handles,...)

meshc(...)

meshz(...)

h = mesh(...)

h = meshc(...)

h = meshz(...)

[x,y]=meshgrid(0:0.1:10,-1:0.02:5);

z=exp(-(x-5).*(x-5)).*exp(-(y-2).*(y-2));

mesh(x,y,z)
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1!3�Üã�þxõã(2×2)µ

y=sin(x),x �«m�[0,6.28]

y=cos(x),x �«m�[0,6.28]

y=exp(-x*x),x �«m�[-3,3]

x��I¶� Time/fs§iÒ� 28Ò�N§y��I¶

�¼ê¶£X sin(x)�¤§iÒ� 28Ò�N§þ¡ü

�¼êY²¿���§e¡�¼ê£exp¤üÕ��3

�1"
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öS

2!xã y=x*exp(-x*x)*sin(20x)§x�«m� [-10,10]§

¿ÛÜ�� [-2,2]"

3!x¼ê y=2*exp(-x*x)J`¿�L¼ê y=exp(-x*x/2)

�Äx"m©�§üö� ��� 2"l x=-3?\x

¡§£Ä� x=50(å§¿���Äx©�"

4! x ¼ ê y = x ∗ exp(−
√
x2 + y2) � n � ã

£waterfall§surf§contour§mesh¤
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l!Ñ\ÑÑêâ
1. Ñ\êâ load

a=load(’filename’)

2. ÑÑêâ save

save filename var1 var2 ... -ascii
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Ê!Gaussian 03�¦^
� Gaussian 03�Ñ\
� Gaussian 03ÑÑ
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`��Ñ\µ

%CHK =E:\CH4

#P Hf/sto-3g Pop=Full

CH4

0 1

C

H 1 CH

H 1 CH 2 HCH

H 1 CH 2 HCH 3 120.0

H 1 CH 2 HCH 3 -120.0

Variables:

CH=1.09

HCH=109.5
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�¡��(½
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−0.2
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i j

l

k

l��(½�I��f?Ò§l�f��¡�� lij/ijk§

�¡�≤ 1800§l 3²¡ ijk mÃÚ^��§�¡��

�§ÄK�K§� l Ú ijk �¡�§XJ l Ú k 3�ã

ij Ó�ý§K�¡�� 00§ÄK� 1800
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J�f�¦^(NH3�Ñ\)
%CHK =E:\NH3

#P Hf/sto-3g Pop=Full

NH3

0 1

N

X 1 1.0

H 1 NH 2 HNX

H 1 NH 2 HNX 3 120.0

H 1 NH 2 HNX 3 -120.0

Variables:

NH=1.09

HNX=109.5

http://www.scnu.edu.cn


�¯Ì�

I K �

JJ II

J I

1 107�� 100�

� £

�¶w«

' 4

ò Ñ

�E,�~f(Cp2Fe�Ñ\)
%chk=e:\Cp2Fe
#p hf/LanL2MB opt(maxcyc=800) Pop=Full

Cp2Fe

0 1
Fe
X 1 2.0
X 1 r1 2 90.
X 1 r1 2 90. 3 180.
C 3 r2 1 90. 2 180.
C 3 r2 1 90. 5 d
C 3 r2 1 90. 6 d
C 3 r2 1 90. 7 d
C 3 r2 1 90. 8 d
C 4 r2 1 90. 5 180.
C 4 r2 1 90. 10 d
C 4 r2 1 90. 11 d
C 4 r2 1 90. 12 d
C 4 r2 1 90. 13 d
H 5 r3 6 126. 3 180.
H 6 r3 5 126. 3 180.
H 7 r3 6 126. 3 180.
H 8 r3 7 126. 3 180.
H 9 r3 8 126. 3 180.
H 10 r3 11 126. 4 180.
H 11 r3 10 126. 4 180.
H 12 r3 11 126. 4 180.
H 13 r3 12 126. 4 180.
H 14 r3 13 126. 4 180.

r1=1.60
r2=0.95
r3=1.1
d=72.
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