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6.6.1 General process for linear [n]polyenes 

Graphical method to predefine the coefficients of  HMOs for conjugated systems (developed by 

Qianer Zhang et al.) 

• For a linear [n]polyene, we have n secular equations (x = (-E)/ ) :

i 1 2 3 nn-1

𝑥 1 … 0 0
1 𝑥 … 0 0
… … … … …
0 0 … 𝑥 1
0 0 … 1 𝑥

𝑐1
𝑐2
…
𝑐𝑛−1
𝑐𝑛

= 0

xc1 + c2=0

c1 + xc2 + c3= 0

……

ci-1 + xci+ ci+1 = 0

……

cn-2 + xcn-1+ cn = 0

cn-1 + xcn = 0

(cyclic formula)

ci+1 + ci-1 = xci 

𝑠𝑖𝑛𝐴 + 𝑠𝑖𝑛𝐵 = 2𝑠𝑖𝑛
𝐴+𝐵

2
𝑐𝑜𝑠
𝐴−𝐵

2

tℎ𝑒𝑛 𝑥 = 2𝑐𝑜𝑠

𝑖𝑓 𝐴= (i+1), 𝐵= (i1)

& 𝑐𝑖 = 𝑠𝑖𝑛𝑖

𝝍𝝅 = 

𝒊=𝟏

𝒏

𝒄𝒊𝝓𝒊



6.6.1 General process for [n]polyenes 

Graphical method to predefine the coefficients of  HMOs for conjugated systems 

(developed by Qianer Zhang et al.) 

For a linear [n]polyene, we have n secular equations (x = (-E)/ ) :

xc1 + c2=0;                       

c1 + xc2 + c3= 0; ……

ci-1 + xci+ ci+1 = 0; 

(cyclic formula)

……; cn-1 + xcn = 0

set

x = 2cos

c1 = sin

c3 = sin3

…

c2 = sin2

ci = sini

…  

cn = sinn

Boundary condition:  

cn+1 = sin(n+1) = 0

Ek=  + 2 cosk

k = 2k/(n+1)  (k=1,…,n)

i 1 2 3 nn-1

sin 𝜃 sin 2𝜃 sin 3𝜃 sin(𝑛 − 1)𝜃 sin 𝑛𝜃

0 n+1

ci sin 0 sin(𝑛 + 1)𝜃 = 0

𝝍𝝅 = 

𝒊=𝟏

𝒏

𝒄𝒊𝝓𝒊

(k defines the energy level!) 

𝝍𝒌
𝝅 = 

𝒊=𝟏

𝒏

𝝓𝒊𝒔𝒊𝒏(𝒊𝜽𝒌)

Now recall the sine wave rule we learnt in the 1st semester!



• The method can be used for dealing with more complicated systems.

• Recent work developed by Prof. Zhenhua Chen can be found as “Graphical representation 

of  Hückel Molecular Orbitals” in J. Chem. Educ. 2020, 97(2), 448-456.

(https://pubs.acs.org/doi/10.1021/acs.jchemed.9b00687)

• FYI：“Introduction to Computational Chemistry: Teaching Hückel Molecular 

Orbital Theory Using an Excel Workbook for Matrix Diagonalization”

in  J. Chem. Educ. 2015, 92(2), 291-295. 

(https://pubs.acs.org/doi/full/10.1021/ed500376q)

• after-class assignment 2: Please figure out the trends in the energies and compositions 

of LUMO and HOMO for linear and cyclic [n]ployenes, respectively! (n = 

4k,4k+1,4k+2,4k+3)

• After-class assignment 3:  Ex. 29

https://pubs.acs.org/doi/10.1021/acs.jchemed.9b00687


a) When n=odd,  

 ...)( 531   ASOMO

Non-bonding!  

Frontier MOs of [n]polyene

(n+1)/2

E

E1

E2

E(n-1)/2

E(n+1)/2

… …
…

1

2

(n-1)/2

n

SOMO with k = (n+1)/2,  

 k= 
𝒌𝝅

𝒏+𝟏
Ek = +2cos(k)  k = 𝑨 𝒎=𝟏

𝒏 𝒔𝒊𝒏(𝒎𝒌) (k=1,2,…,n; A = [2/(n+1)]1/2)

sin sin2 sin(n)

with C1 = C4i+1 = – C4i+3 = A, C2 = C2i = 0

coefficients of AOs in SOMO

SOMO = /𝟐 , ESOMO = 

Simplified diagram 

of SOMO:

n=4l+1

n=4l+3

n = 4l+1 symmetric                        

n = 4l+3 asymmetric                     

sin3Ci



Frontier MOs of [n]polyene

k = 
𝒌𝝅

𝒏+𝟏
Ek = +2cosm k = 𝑨 𝒎=𝟏

𝒏 𝒔𝒊𝒏𝒎𝜽𝒌 (k=1,2,…,n; A = [2/(N+1)]1/2)

sin sin2 sin(n)

a) When n=even, n/2 bonding MOs,   

(n+2)/2

E

E1

E2

En/2

E(n+2)/2

… …
…

1

2

n/2

n

HOMO with k = n/2,  

HOMO:  Cn = C1

LUMO with k = (n+2)/2,  

HOMO = 
𝒏𝝅

𝟐(𝒏+𝟏)
=
𝝅

𝟐
−

𝝅

𝟐(𝒏+𝟏)
LUMO = 

(𝒏+𝟐)𝝅

𝟐(𝒏+𝟏)
=
𝝅

𝟐
+

𝝅

𝟐(𝒏+𝟏)

i) n = 4l+2

Cn-1 = C2
…, symmetric

LUMO:  Cn = -C1 Cn-1 = -C2
…, anti-symmetric

ii) n = 4l

HOMO:  Cn =-C1 Cn-1 = -C2 …, anti-symmetric

LUMO:  Cn = C1 Cn-1 = C2
…, symmetric

sym.
asym.
sym.
asym.

Odd-numbered MO: coeff. sym.

Even-numbered MOs: coeff. asym. 



 Boundary condition: cos[(n+1)/2]=0

6.6.2  Symmetry classification:   a. [n]polyenes with n=even


2

1
cos    ,

2

1
cos

Symmetric MOs:

cos2& 11 kkk CCC  

Let coefficients of central atoms (1 & 1) be


2

3
cos 

(Cyclic formula)


2

3
cos 

)/cos( 2

1 1 (n/2)

 '22 CC

2 2(n/2)

)'/(/

'

'

...,

22

22

11

  

nn CC

CC

CC







2

5
cos

2
cos)

2
cos

2

5
(cos

2
coscos

2

3
cos2'33





 CC


2

)1(
cos 

n

2

)1(
cos..., )'2/()2/(




n
CC nn

22
2





coscoscos 

2

3

222

3 
coscos)cos(cos 


2

)1(
cos 

n

 m = 
2𝑚+1

𝑛+1
 (m=0, 1,2,…, (n-2)/2) 𝐸𝑚

𝑠𝑦𝑚
= 𝛼 + 2𝛽𝑐𝑜𝑠m



 Boundary condition: sin[(n+1)/2]=0

6.6.2  Symmetry classification:   a. [n]polyenes with n=even

Asymmetric MOs:
1 1 (n/2)2 2(n/2)

 m = 
2𝑚

𝑛+1
 (m=1,2,…, n/2) 𝐸𝑚

𝑎𝑠𝑦𝑚
= 𝛼 + 2𝛽𝑐𝑜𝑠m

)/sin()/sin( 2  ,2 
2

3
sin  ,

2

1
sin







nn 
2

1
sin  ,

2

3
sin

 nn

coskkk CCC 2& 11  

Let coefficients for central atoms be

Then coefficients for terminal atoms are 
2

1
sin   and  

2

1
sin




nn

Ci

,...,, 2211 -   CCCC

)/sin()/sin( 2  ,2 



6.6.2  Symmetry classification:   a. [n]polyenes with n=even

Asym. m = 
2𝑚

𝑛+1
 (m=1,2,…, n/2)

Thus the lowest n/2 MOs with m < /2 are bonding MOs.

Sym.

–[
1

2
] [

1

2
]–[

3

2
]–[

𝑛−3

2
]–[

𝑛−1

2
] [

3

2
] [

𝑛−1

2
][

𝑛−3

2
]

(
1

2
) (
3

2
) (
𝑛−3

2
) (
𝑛−1

2
)(

𝑛−1

2
) (
𝑛−3

2
) (

1

2
)(

3

2
)

m=
2𝑚+1

𝑛+1
 (m=0, 1,2,…, <n/2)

𝐸𝑚 = 𝛼 + 2𝛽𝑐𝑜𝑠m

Sym.

Asym.

Asym.

Sym.

(n+2)/2

E

E1

E2

En/2

E(n+2)/2

… …
…

1

2

E3

E4

3

4

n/2

LUMO

No.(n+2)/2

HOMO

No. n/2

n= 4k, n= 4k+2,

Asym.

Sym., Asym.,

Sym.,

n/2= 2k n/2= 2k+1

(n+2)/2= 2k+1 (n+2)/2= 2k+2

m=
𝑛

4
, m=

𝑛+2

2(𝑛+1)


m=
𝑛

4
, m=

𝑛

2(𝑛+1)


m=
𝑛+2

4
, m=

𝑛+2

2(𝑛+1)


m=
𝑛−2

4
, m=

𝑛

2(𝑛+1)




b. [n]polyenes with n=odd

Symmetric MOs:


2

3
 

n
cos


2

12m
 

2

1
    0

2

1 





 nn
cos

Boundary conditions:

cos211 kkk CCC  

01 1 [(n-1)/2][(n-1)/2]

]'/)[(]/)[(' ,...,,& 2121110 1   nn CCCCC cos'  11 CC

 212 12 coscos  CC 
2

1
21


 

n
C n cos/)(

1 
2

1n
cos


2

3
23


 

n
C n cos..., /)(


2

3
 

n
cos

2

1n
cos  cos   1,  ,cos

 m = 
2𝑚+1

𝑛+1
 (m=0, 1,2,…, (n-1)/2)

𝐸𝑚
𝑠𝑦𝑚
= 𝛼 + 2𝛽𝑐𝑜𝑠m



Asymmetric MOs:


2

3n
sin 

2

1


n
sin

0
2

1





n
sinBoundary condition:

cos211 kkk CCC  

01 1 [(n-1)/2][(n-1)/2]


2

3


n
sin

2

1n
sin 0

]'/)[(]/)[(' ,...,,& 2121110 --0   nn CCCCC

sin-Let  11  CC  sin22  12  cosCC

]/)[(]/)[( ]/...   2323 -23)-sin[(n  nn CC 

]/)[(]/)[( ]/   2121 -21)-sin[(n  nn CC 

 sin,sin - 0, 

b. [n]polyenes with n=odd

 m = 
2𝑚

𝑛+1
 (m=1,2,…, 

𝑛−1

2
)

𝐸𝑚
𝑎𝑠𝑦𝑚
= 𝛼 + 2𝛽𝑐𝑜𝑠m



FMOs of [n]polyenes with odd-number carbon atoms

Sym.

i)  n = 4l+1, n-1= 4l, (n+1)/2=2l+1;

Asym.

Simplified diagram of SOMO:
n=4k+1 n=4k+3

      2   E,/

𝜃𝑚
𝑠𝑦𝑚

= 
2𝑚+1

𝑛+1
 (m=0, 1,2,…, 

𝑛−1

2
)

𝐸𝑚 = 𝛼 + 2𝛽𝑐𝑜𝑠m

𝜃𝑙
𝑠𝑦𝑚

= 
2𝑙+1

𝑛+1
 =
𝜋

2

1(1)(
𝑛−3

2
)(

𝑛−1

2
) (

𝑛−3

2
) (
𝑛−1

2
)(1)

0-[1] [1]-[
𝑛−3

2
]-[

𝑛−1

2
] [

𝑛−1

2
][

𝑛−3

2
]

Let m = l,

𝜃𝑚
𝑎𝑠𝑦𝑚

= 
2𝑚

𝑛+1
 (m=1,2,…, 

𝑛−1

2
)

> 𝜃𝑚
𝑎𝑠𝑦𝑚

= 
2𝑙

𝑛+1


SOMO, sym. MO, 𝐶2𝑙+1 = 1,𝐶2𝑙 = 𝐶2𝑙+2 = 0, 

𝐶2𝑙−1 = 𝐶2𝑙+3 = -1, …𝐶1 = 𝐶𝑛 = -1, 

i)  n = 4l+3, n-1= 4l+2, (n+1)/2=2l+2; SOMO ~ asym. MO with m = l+1, 𝜃𝑙+1
𝑎𝑠𝑦𝑚

= 

2

𝐸 = 𝛼 𝐶2𝑙+2 = 0,−𝐶2𝑙+1= 𝐶2𝑙+3 = -

1, 

−𝐶2𝑙= 𝐶2𝑙+4 = 0, …− 𝐶1 = 𝐶𝑛 = 1



c. Cyclic [n]polyenes with odd-number  carbon atoms:   (n=odd)

Symmetric MOs:
 cos   1,  ,cos 

2

3
 

n
cos

Boundary conditions:

01 1 [(n-1)/2][(n-1)/2]


2

1n
cos

2

3
 

n
cos

2

1n
cos

𝑐𝑜𝑠
𝑛 + 1

2
𝜃 = 𝑐𝑜𝑠

𝑛 − 1

2
𝜃

 𝜃𝑚
𝑠𝑦𝑚
=
2𝑚

𝑛
 (m=0,1,2,…, 

𝑛−1

2
)

 −𝑠𝑖𝑛
𝑛

2
𝜃𝑠𝑖𝑛

𝜃

2
= 0

𝐸𝑚
𝑠𝑦𝑚
= 𝛼 + 2𝛽𝑐𝑜𝑠𝜃𝑚

𝑠𝑦𝑚



Asymmetric MOs:

 sin,sin - 0, 
2

3n
sin 

2

1


n
sin

01 1 [(n-1)/2][(n-1)/2]


2

3


n
sin

2

1n
sin

Boundary conditions:
−𝑠𝑖𝑛
𝑛 + 1

2
𝜃 = 𝑠𝑖𝑛

𝑛 − 1

2
𝜃

 𝜃𝑚
𝑎𝑠𝑦𝑚
=
2𝑚

𝑛
 (m=1,2,…, 

𝑛−1

2
)

 𝑠𝑖𝑛
𝑛

2
𝜃𝑐𝑜𝑠

𝜃

2
= 0

𝐸𝑚
𝑎𝑠𝑦𝑚
= 𝛼 + 2𝛽𝑐𝑜𝑠𝜃𝑚

𝑠𝑦𝑚



MOs of cyclic [n]polyenes with odd-number carbon atoms

Sym. MOs:

Asym. MOs:

 m = 0, non-degenerate MO;  m > 0, doubly degenerate MOs.

i) n= 4l + 1,

ii） n= 4l+ 3  mSOMO = (n+1)/4=l+1, singly occupied. 

𝜃𝑚
𝑠𝑦𝑚
=
2𝑚

𝑛
 (m=0,1,2,…, 

𝑛−1

2
)

𝜃𝑚
𝑎𝑠𝑦𝑚
=
2𝑚

𝑛
 (m=1,2,…, 

𝑛−1

2
)

𝐸𝑚
𝑠𝑦𝑚
= 𝛼 + 2𝛽𝑐𝑜𝑠𝜃𝑚

𝑠𝑦𝑚

𝐸𝑚
𝑎𝑠𝑦𝑚
= 𝛼 + 2𝛽𝑐𝑜𝑠𝜃𝑚

𝑎𝑠𝑦𝑚

 mHOMO = (n-1)/4=l，triply occupied!  mLUMO = l+1! 

𝐸𝐻𝑂𝑀𝑂 = 𝛼 + 2𝛽𝑐𝑜𝑠
(𝑛−1)

2𝑛
 =𝛼 + 2𝛽𝑠𝑖𝑛


2𝑛
𝐸𝐿𝑈𝑀𝑂 = 𝛼 + 2𝛽𝑐𝑜𝑠

(𝑛+3)

2𝑛
 =𝛼 − 2𝛽𝑠𝑖𝑛

3
2𝑛

𝐸S𝑂𝑀𝑂 = 𝛼 + 2𝛽𝑐𝑜𝑠
(𝑛+1)

2𝑛
 =𝛼 − 2𝛽𝑠𝑖𝑛


2𝑛



Boundary condition:

d. cyclic [n]polyenes with n=even


2

1
cos    ,

2

1
cos

Symmetric MOs:


2

3
cos 

2

3
cos 

1 1 (n/2)2 2(n/2)


2

)1(
cos 

n


2

)1(
cos 

n

𝑐𝑜𝑠
𝑛 + 1

2
𝜃 = 𝑐𝑜𝑠

𝑛 − 1

2
𝜃

 𝜃𝑚
𝑠𝑦𝑚
=
2𝑚

𝑛
 (m=0,1,2,…, 

𝑛−2

2
)

 −𝑠𝑖𝑛
𝑛

2
𝜃𝑠𝑖𝑛

𝜃

2
= 0

𝐸𝑚
𝑠𝑦𝑚
= 𝛼 + 2𝛽𝑐𝑜𝑠𝜃𝑚

𝑠𝑦𝑚

Asymmetric MOs: 1 1 (n/2)2 2(n/2)

)/sin()/sin( 2  ,2 
2

3
sin  ,

2

1
sin







nn 
2

1
sin  ,

2

3
sin

 nnBoundary condition:

𝑠𝑖𝑛
𝑛 + 1

2
𝜃 = −𝑠𝑖𝑛

𝑛 − 1

2
𝜃

 𝑠𝑖𝑛
𝑛

2
𝜃𝑐𝑜𝑠

𝜃

2
= 0

 𝜃𝑚
a𝑠𝑦𝑚
=
2𝑚

𝑛
 (m=1,2,…, 

𝑛

2
) 𝐸𝑚

𝑠𝑦𝑚
= 𝛼 + 2𝛽𝑐𝑜𝑠𝜃𝑚

𝑠𝑦𝑚



0 < m < (n-2)/2, a total of  (n-2)/2 doubly degenerate MOs.

FMOs of cyclic [n]polyenes with n=even

Sym. MOs:

Asym. MOs:

 m = 0, non-degenerate sym. MO;  m= n/2, non-degenerate asym. MOs.

i) n= 4l + 2,

ii） n= 4l,

𝜃𝑚
𝑠𝑦𝑚
=
2𝑚

𝑛
 (m=0,1,2,…, 

𝑛−2

2
)

𝜃𝑚
𝑎𝑠𝑦𝑚
=
2𝑚

𝑛
 (m=1,2,…, 

𝑛

2
)

𝐸𝑚
𝑠𝑦𝑚
= 𝛼 + 2𝛽𝑐𝑜𝑠𝜃𝑚

𝑠𝑦𝑚

𝐸𝑚
𝑎𝑠𝑦𝑚
= 𝛼 + 2𝛽𝑐𝑜𝑠𝜃𝑚

𝑎𝑠𝑦𝑚

mHOMO = (n-2)/4=l, HOMO = 
𝑛−2

2𝑛
𝜋， mLUMO =(n+2)/4 = l+1!,  LUMO = 

𝑛+2

2𝑛
𝜋 ，

𝐸𝐻𝑂𝑀𝑂 = 𝛼 + 2𝛽𝑐𝑜𝑠
(𝑛−2)

2𝑛
 =𝛼 + 2𝛽𝑠𝑖𝑛


𝑛
𝐸𝐿𝑈𝑀𝑂 = 𝛼 + 2𝛽𝑐𝑜𝑠

(𝑛+2)

2𝑛
 =𝛼 − 2𝛽𝑠𝑖𝑛


𝑛

𝐸S𝑂𝑀𝑂 = 𝛼doubly degenerate SOMO with mSOMO = n/4=l, SOMO = 𝜋/2，



e. Cyclic [n]polyenes with even-number  carbon atoms:   (n=even)

Symmetric MOs: 两端点重合！
 cos   1,  ,cos

Boundary conditions:

01 1 [n/2][n/2]

𝑐𝑜𝑠
𝑛 + 2

2
𝜃 = 𝑐𝑜𝑠

𝑛 − 2

2
𝜃

 𝜃𝑚
𝑠𝑦𝑚
=
2𝑚

𝑛
 (m=0,1,2,…, 

𝑛

2
)

 −𝑠𝑖𝑛
𝑛

2
𝜃𝑠𝑖𝑛

𝜃

2
= 0

𝐸𝑚
𝑠𝑦𝑚
= 𝛼 + 2𝛽𝑐𝑜𝑠𝜃𝑚

𝑠𝑦𝑚

cos
𝑛

2
cos
𝑛

2

cos
𝑛 + 2

2
 cos(𝑛 − 1)

[(n-2)/2]

(Note: cyclic formula)



Asymmetric MOs:

两端点重合！  sin,sin - 0, 

01 1
[n/2][n/2]

Boundary conditions:
𝑠𝑖𝑛
𝑛

2
𝜃 = −𝑠𝑖𝑛

𝑛

2
𝜃

 𝜃𝑚
𝑎𝑠𝑦𝑚
=
2𝑚

𝑛
 (m=1,2,…, 

𝑛−2

2
)

 𝑠𝑖𝑛
𝑛

2
𝜃 = 0

𝐸𝑚
𝑎𝑠𝑦𝑚
= 𝛼 + 2𝛽𝑐𝑜𝑠𝜃𝑚

𝑠𝑦𝑚

sin
𝑛

2
sin
𝑛 − 2

2
 −sin

𝑛 − 2

2
−sin

𝑛

2

sin
(𝑛 + 2)

2
sin(𝑛 − 1)



f. Cyclic [n]polyenes with odd-number  carbon atoms:   (n=odd)

Symmetric MOs: 两端点相连！
 cos   1,  ,cos

Boundary conditions:

01 1 [(n-1)/2][(n-1)/2]

𝑐𝑜𝑠
𝑛 + 1

2
𝜃 = 𝑐𝑜𝑠

𝑛 − 1

2
𝜃

 𝜃𝑚
𝑠𝑦𝑚
=
2𝑚

𝑛
 (m=0,1,2,…, 

𝑛−1

2
)

 −𝑠𝑖𝑛
𝑛

2
𝜃𝑠𝑖𝑛

𝜃

2
= 0

𝐸𝑚
𝑠𝑦𝑚
= 𝛼 + 2𝛽𝑐𝑜𝑠𝜃𝑚

𝑠𝑦𝑚

cos
(𝑛 − 1)

2
cos
(𝑛 − 1)

2

cos
(𝑛 + 1)

2
cos
(𝑛 + 3)

2
= cos
(𝑛 − 3)

2



Asymmetric MOs:

两端点重合！  sin,sin - 0, 

01 1
[n/2][n/2]

Boundary conditions:
𝑠𝑖𝑛
𝑛

2
𝜃 = −𝑠𝑖𝑛

𝑛

2
𝜃

 𝜃𝑚
𝑎𝑠𝑦𝑚
=
2𝑚

𝑛
 (m=1,2,…, 

𝑛−2

2
)

 𝑠𝑖𝑛
𝑛

2
𝜃 = 0

𝐸𝑚
𝑎𝑠𝑦𝑚
= 𝛼 + 2𝛽𝑐𝑜𝑠𝜃𝑚

𝑠𝑦𝑚

sin
𝑛

2
sin
𝑛 − 2

2
 −sin

𝑛 − 2

2
−sin

𝑛

2



cyclic [n]polyenes

Ek = 𝛼 + 2𝛽cos(𝑘𝜃)


𝑘
𝑐𝑜𝑠 =  

𝑚=1

𝑛

𝑚cos[ 𝑚 − 1 𝑘]

 = 𝟐/𝒏

k= 0, 1, …, (n-1)/2 (for n 

=odd) or n/2 （for n= even）


𝑘
𝑠𝑖𝑛 =  

𝑚=1

𝑛

𝑚sin[(𝑚 − 1)𝑘]

( when k =  0 or , no 
𝑘
𝑠𝑖𝑛)  



• Can we use the representations for cyclic groups to obtain the aforementioned trends?

General  HMO solutions for cyclic [n]polyenes (CnHn) 

 2E

E

 2E

• When n=4m+1 or 4m+3, the system has a singly occupied HOMO, being radicaloid.

• When  n=4m, the system has two degenerate singly-occupied HOMOs (non-bonding), 

thus being diradicaloid.

• Only when n= 4m+2 can a cyclically conjugated system has fully occupied HOMOs 

and be chemically stable.   (fulfilling the Hückel rule of aromaticity!)



m=0

cyclic [n]polyenes with n=even、odd

0

0 𝛼 + 2𝛽

1
 = 2/n

𝐶𝑘
0 = 1

m=1  𝛼 + 2𝛽𝑐𝑜𝑠 𝐶𝑘
1 = cos(k)

m=n/2 (n=even) 

𝛼 − 2𝛽cos(/2)

n-1

m

𝒎 = 𝒎

n/2

𝛼 + 2𝛽cos(𝑚) 𝐶𝑘
𝑚 = cos(𝑘𝑚)

m=(n-1)/2 (n=odd) (n-1)/n

0

Em= 𝜶 + 𝟐𝜷𝒄𝒐𝒔𝜽𝒎 m = A 𝒌=𝟎
𝒏−𝟏 𝒄𝒌

𝒎𝒑𝒌

𝐶𝑘
1′ = sin(k)

𝐶𝑘
𝑚′ = sin(𝑘𝑚)

.

.

𝑚

𝛼 − 2𝛽 𝐶𝑘
𝑛/2
= cos(𝑘)

𝐶𝑘
𝑚 = cos(𝑘𝑚) 𝐶𝑘

𝑚′ = sin(𝑘𝑚)

MO level

LEMO

NNode

0

1

m

n/2

(n-1)/2


