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On the Photon Splitting

WANG Yi-feng, HUANG Jiang-ping

(Kunming Institute of Physics, Kunming 650223, China)

Abstract: Beginning with related basic concepts, the derivation of the blackbody radiation law by

MATLAB is presented. It is assumed that the energy of photons is nhv (where n is an integer number,

h is Plank constant and v is radiation frequency) in the existing theory. The Generalized Plank law and

Stefan-Boltzman law with photon energy of αhv (0 < α < 1, 2, · · ·) are given. The possibility of photon

splitting is discussed.

Key words: photon; photon splitting; blackbody radiation law; MATLAB

0 id
1900f�m'�VF;Se	�X)R}F
	��1260
f��\Kv
9
 [1] �k 9


9n ε = nhν �p� n npo>�

ε n��kF� h = 6.625× 10−34J· s nm'�<>� ε0 = hν ?n
9
 [2] �bm'�9
fA
r}� [3] ��NBPVF;-9

�g�\-1;1T�34
�A
f� �Sy{2;-m�R�k�4
N

9?n-
�.x℄8V ε0 = hν [1] �-
1-1BZ9
�,�=��:
V!�g��V,G�f�-

9
�wn hν 
 (p) o>��!xO�=��

> α(0 < α < 1) �0S MATLAB d^;-

9�wn αnhν (n=0, 1, 2,�)y"�
CX��oE�.TQVF;Ub�o>�-

5��p&^�
1-
Z}~i�y^|
-
�>�
1 k��t�=�l,G
n�-��&^XYm4
bplEu}��
mq [4] �℄mÆ2W%�B�M�n!m
J, [5] �P��XrS\6}�>�4Z�m��;rP
9�Z��X�JX	lE
��;�p
oxn u(ν, T )[2] ���;Z!m
sh

9rPV_	lE
[Y1RM�2014–01–20rn>A�Yf� (1963-) 
9
�812F
�bN

��xL
re{OB �m
$�

E-mail: wangyifeng63@sina.com

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.35, No.3, Mar 2014



2 z � 2014 ~ 3 �nn
u(ν, T ) = g(ν)ε̄(ν, T ) (1),��T nwt�g(ν) n[uXX�[ukF�hb
mO1�1[,>� ε̄(ν, T ) nlEN�!m


9l�w [2] �wX=p1q&A�b=tn L 
�h&A�1
[n1

k ≡
2π

λ
=

nπ

L
(2),�� λ n1=� n npo>� k ?n1>�Nn1= λ Zl�-F (c=2.998×108 m· s−1 �Ws�
-F�<w�k=Ftw [6])>kF ν V�<)�

λ =
c

ν
(3)'1>O�B).n

k =
2πν

c
(4)�py"�
 k ?n1>)9�bn k �b=�%=n L 
3�Xb&A�p�1
[nn

k1 = k cos θ1 =
n1π

L
, k2 = k cos θ2 =

n2π

L
,

k3 = k cos θ3 =
n3π

L
(5),��n1 �n2 �n3 �npo>�P=� (n1, n2, n3)wR=��1[,� cos θ1 � cos θ2 � cos θ3 n1>)9
��Y	�TX��Y	L� [7]

cos2 θ1 + cos2 θ2 + cos2 θ3 = 1'T, (5) �a
k2 = (

π

L
)2(n2

1 + n2
2 + n2

3) (6)�,�B,{nB k1 �k2 �k3 nus�(%g=� k �h�B π/L nh�����(R�q k�h��n=�<�3������P���
XXn (π/L)3 �Z)=��

�1[,�mO11D1�wR=o
 k V8�s3
jm	N�'P=����℄XmO1
8�s3
�Tt��b 1 K.�b 0∼ k �h
�1[,>

eXB k n��
|Xb�8
��> N(k) �\|X
XXHB��
XX
N(k) =

1

8
·
4πk3

3
· (

L

π
)3 =

k3L

6π2
(7), (7) �
 1/8 N
&^X n1 � n2 � n3 (Sy

k1 � k2 � k3) r�pw�'y�|Xbi=��b
XX�


 1 k �i.d��q, (7) �
'9 k Pn'9 ν �!�,
(4) ��a

N(ν) =
4πν3L3

3c3
(8)q N(ν) w ν }^��a

dN(ν)

dν
=

4πν2L3

c3
(9)[uXX� ν ��[ukF�hb
mO1s3�Tt>^n

g(ν) =
2

L3

dN(ν)

dν
=

8πν2

c3
(10), (10) �
N
 2 &^Xjm�Tt�{Q,

(1) �B"n
u(ν, T ) =

8πν2

c3
ε̄(ν, T ) (11)"�
|W
�n ε̄(ν, T ) 
aG�

Infrared (monthly)/Vol.35, No.3, Mar 2014 http://journal.sitp.ac.cn/hw



w 35 {
w 3 � z � 3

2 ;-+aEp^~�W
J�Mb	lEN��
9n ε 
�Fp$X
exp(− ε

kBT
) (kB = 1.381 × 10−23J· K−1 �?n/z
M<> ) ��i�l�,1
�g�!m


9 ε b 0∼∞ sh60�w�SyV [2]

ε̄(ν, T ) =

∞∫
0

εexp(− ε
kBT

)dε

∞∫
0

exp(− ε
kBT

)dε

= kBT (12)0S MATLAB 
X�YB int( ) �Da_�<z5�q, (12) Z�, (11) ��a
u(ν, T ) =

8πν2

c3
kBT (13)!�, (3) �℄ ν → ∞ %�V λ → 0 � u(ν, T ) →

∞ �\[�
o�X}zW�Afw, (13) �X�
E =

∞∫

0

u(ν, T )dν =
8π

c3
kBT

∞∫

0

ν2dν → ∞ (14)\�
��
9;�X}zW�k�
n1QZ
�2�w8
�.�?n��f_`� [2] �
3 ;-)GEp^~�W
J�MSaGst&��b�<d^6C��
9�X}zW1!m

960�w
z5�n;�e$`�m'�f�!m


9�w1v0
 [3] �y�\�V![℄
o>��xÆ
[2] qQ"n

ε = ε0, 2ε0, 3ε0, · · · (15), (15) 1=�e$℄>��BS\�&,"n
εn = nhν, n = 1, 2, · · · (16)xÆ [3] 
"~1

εn = nhν, n = 0, 1, 2, · · · (17)

�5q, (17) f��\V
0, hν, 2hν, 3hν, · · · (18))R���8�><~bi=�V9K��R}�Tk�9KdA
2℄z5�

3.1 & n=0 BWqeP;\Q7q, (12) �
}zX��n}z℄>}>�.x��S n=0 �*�eV
ε̄(ν, T ) =

∞∑
n=0

εnexp(− εn

kBT
)

∞∑
n=0

exp(− εn

kBT
)

=

∞∑
n=0

nhνexp(− nhν
kBT

)

∞∑
n=0

exp(− nhν
kBT

)
=

hν

exp( hν
kBT

) − 1
(19), (19)�B\6v(�< MATLABCta_�

syms h kB T n ν positive;

s1=symsum(n*h*ν*exp(-n*h*ν/kB/T ),n,0,inf);

% �
�S n = 0 �*�}z℄>}>
s2=symsum(exp(-n*h*ν/kB/T ),n,0,inf);

% �℄�S n = 0 �*}z℄>}>
AverageEnergy=simple(s1/s2) % Nkz5q, (19) Z�, (11) \�"Fm'�oE

u(ν, T ) =
8πh

c3

ν3

exp( hν
kBT

) − 1
(20)0S MATLAB 
X�YB int( ) �a

E =

∞∫

0

u(ν, T )dν =
8πh

c3

∞∫

0

ν3

exp( hν
kBT

) − 1
dν

=
8π5k4

B

15c3h3
T 4 = σT 4 (21), (21) ?nBh� – /z
MoE�p� σ =

5.6705 × 10−8W · m−2 · K−4 �?nBh� – /z
M<>�b-o1 (�%Hf`;) ��
Q�,XSl��
1= λ y21SkF ν &T<-1
[2] �NQ-:q u(ν, T ) �Pn u(λ, T ) �k=�P6C2�S9�
st&�D��b 2K.�!�b 2 ��B"F

u(ν, T )dν = u(λ, T )dλ (22)

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.35, No.3, Mar 2014



4 z � 2014 ~ 3 �,�� dν > dλ �+nl���TX�l��
F��w�y
9npw�nQ�O��ww�\V
|u(ν, T )dν| = |u(λ, T )dλ| (23)


 2 u(ν, T ) ? u(λ, T ) tid:�*��n
9��u(ν, T )> u(λ, T )!�npw�'V
u(λ, T ) = u(ν, T )|

dν

dλ
| (24)Nn

|
dν

dλ
| = | −

c

λ2
| =

c

λ2
(25){Q!�, (20) � (24) > (25) ��a

u(λ, T ) = u(ν, T )|
dν

dλ
| =

8πh

c3

ν3

exp( hν
kBT

) − 1

c

λ2

=
8πhc

λ5

1

exp( hc
kBλT

) − 1
(26)/ ' � �x Æ [2] H � q p " n ε =

ε0, 2ε0, 3ε0, · · ·�\1Mb�}z℄>}>%O1S n = 0 �*
�
3.2 & n = 1 BWqeP;\Q7b, (19) ��q}z℄>}>
���n
1 �eV
ε̄(ν, T ) =

∞∑
n=1

εnexp(− εn

kBT
)

∞∑
n=1

exp(− εn

kBT
)

=

∞∑
n=1

nhνexp(− nhν
kBT

)

∞∑
n=1

exp(− nhν
kBT

)

=
hνexp( hν

kBT
)

exp( hν
kBT

) − 1
(27), (27)�B\6v(�< MATLABCta_�

syms h kB T n ν positive;

s1=symsum(n*h*ν*exp(-n*h*ν/kB/T),n,1,inf);

% �
�S n = 1 �*�}z℄>}>
s2=symsum(exp(-n*h*ν/kB/T),n,1,inf);

% �℄�S n = 1 �*}z℄>}>
AverageEnergy=simple(s1/s2) % Nkz5q, (27) Z�, (11) �a

u(ν, T ) =
8πh

c3

ν3exp( hν
kBT

)

exp( hν
kBT

) − 1
(28)!�, (28) > (24) �eV

u(λ, T ) =
8πhc

λ5

1

exp( hc
kBλT

) − 1
exp(

hc

kBλT
) (29)8jsh
9K�b 3 K.�

k
B

hcexp(
1hcu(

k
B

hc

m)

u( hc 1
exp( hc

k
B

)
exp( )

) -1

.

.

1

2


 3 (1) T n = 0 �+�~{^?~?'Bd9?��
q'O[(7?�{Bbv<
( Æ�
�on(�9?� (2) T n = 1 �+�~{^?~?'Bd9?��
q'OaC[(7?�{B

?:^�A��
G��g`a	d�0�T.
Q�Bk8���m'�b�
9+�NBI�H�a_;47
z5�\1O12
�C#�'6z5�X1aO� 0�ni=��z5}�2~47�yx�Cu;zA�SaGst&��O�
i=��B3n=������℄}{_�W�KM
���=8�~~1>waG�
=�s9�eA�59Æ
�QsW�'bB
�K�p�,EHDJ;B
�{��Bht�dws��{��BVFB�8�|W�
(1) V
9n 0 
-
K�
(2) b 0 _ hν sh1
OUb-
�Nn��fo-

91 hν 
o>���5V�_Np
9R1 hν 
�>��2� 0.5hν s*�

Infrared (monthly)/Vol.35, No.3, Mar 2014 http://journal.sitp.ac.cn/hw



w 35 {
w 3 � z � 5$u=�, (12) > (16) �B�_�8jsh
�+bX, (12) 1�X��TQ^|aGz5}��y, (17)1�}z℄>
}>�TQ^|aGz547�
Q2r`m'�℄E1���_S+�ZZ60
�n&N:So>��y2S�>�;rlGZ�
�o>��B��>�1
;�(�
3.3 4j)8_/T-Jb, (17) 
VI��O�=��> α (0 <

α < 1)

εn = αnhν, n = 0, 1, 2, · · · (30)v(�<C/
syms alpha h kB T x c n ν positive

s1=alpha*h*ν

*symsum(n*exp(-alpha*n*h*ν/kB/T ),n,0,inf)

s2=symsum(exp(-alpha*n*h*ν/kB/T),n,0,inf)

AverageEnergy=simple(s1/s2)�a
ε̄(ν, T ) =

∞∑
n=0

εnexp(− εn

kBT
)

∞∑
n=0

exp(− εn

kBT
)

=

∞∑
n=0

αnhνexp(−αnhν
kBT

)

∞∑
n=0

exp(−αnhν
kBT

)
=

αhν

exp( αhν
kBT

) − 1
(31)q, (31) Z�, (11) ��a

u(ν, T ) =
8πh

c3

αν3

exp( αhν
kBT

) − 1
(32)!�, (20) � (24) > (25) ��B"F

u(λ, T ) =
8πhc

λ5

α

exp( αhc
kBλT

) − 1
(33)�l℄ α=1 %�, (32) e℄X, (20) �, (33)e℄X, (26) �TjA�, (20) n, (32) 
T2�, (26) n, (33) 
T2�, (32) > (33) �B?n/H
m'�oE�0S MATLAB 
X�YB int( ) �a

E =

∞∫

0

u(ν, T )dν =

∞∫

0

8πν2

c3

αhν

exp( αhν
kBT

) − 1
dν

= α3 8π5k4
B

15c3h3
T 4 = α3 · σT 4 (34)�l℄ α=1%�, (34)e℄X, (21)�TjA�, (21) y1, (34) 
T2�, (34) �B?n/H
Bh� – /z
MoE�

4 �u�0~T6


 4 
�
�Y*Sd�5���?a���#Fn Pi 

9_�_\=�X)R�I�A�4��=4� Pα ��4�A=4�
Pρ ����OV=4� Pτ `�����X��b 4 K.�eV

Pα + Pρ + Pτ = Pi (35)q, (35) 8% HB Pi ��a
Pα

Pi

+
Pρ

Pi

+
Pτ

Pi

= 1 (36), (36) e=�%i=�?n�X
�4F α �i|�?n�X
��F ρ �i��?n�X
`6F τ �'V
α + ρ + τ = 1 (37)�j
�L�k8
)� 0 ≤ α�ρ� τ ≤ 1�Af!�VzU�oE�}�F εeX�4F α�\

ε = α (38)��S=��&�V
'6�^+8=�[-
Z}~
i��DJ�BVF�<_�|WT�~�
http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.35, No.3, Mar 2014



6 z � 2014 ~ 3 �
(1), (37)wX[-
1
A3��5A3y-
W2
�>�_N��>`�

9W1��:!
�
(2)VzU�oEwX[-
1
A3��5A3�_N"Y

9B��&,�?��52A3�}~)RwX[-

�41EW1&N�b
97F
uV���n=�.2�fo-
=�n|�

hν =
hc

λ
=

hc

2λ
+

hc

2λ\fom'�<> h>-F c2'�e�>&A
-
1=q'W�k8
&A;�>-
�
(3) -
Z}~i�I}!�>�&A4�>���A=�R�-
Z}~i�I���>A_!
VIW*�
(4)-1V_�-1Z1q-1s��_�-11B-�
�g&AW��;
L0
 [8] �S=�*
T<&��-��>.21=�$�g�2��-_V� %q}!4���2℄��L0�k%=!-�q�nx!-� [9] �℄�-��>Z-
�>.21=R/�\1��5-
�B�>�_N-��>
1=na��26
/;�

5 "Pl/'��-
1
�B�>�.21=�OV�QS6
|W�bK5j�9�jJ)mP photon splitting 
�B�_k=k�=�yG�=��,[%R℄47�yxRZ (p�
) '6��zA�SaG
st&��Kv��f_`�1N�}zX�y^|
z5}���}zX��n}z℄>}>�\�Ba

_47
z5�p�,EH
1
9�w+�N�+��w
�,}�
1B�8��
(1) o>��w�k
1m'�f��TQa_
z5147
�.xZ'6z5
zAtu;�
(2) �>��w�TQa_
z5;147
��uK.�SaG�A��>�w1A,
�M{�)W�f�Ub�>W�
-
�ep
9w1�BaG
�y{X_g1
Ub�>W�
-
�e:\6'6&j6>�
�b℄8
5LIY��VOV�>W�
-
��
1=�
`B�oW`B
o
|W��=3A��5�>-
Ub�_NZswR
T.1/H9
> [10] � #C
g

[1] Donald A N �ÆhFv
9EQ
|�p
fJÆ�(`fGkN� (*S�)[M]. ���nÆ"<G��
 2005.

[2] h�L
HsMÆ IpfG[M]. ����ft\G��
 2001.

[3] ��$Æ IpHh[M]. 7{-�7{-"<X2G��
 2004.

[4] J �
>�:Æ 3,pGKk<[[M]. ����2G��
 2005.

[5] �$d+
-K2G
�UNC�Ægzy
��?
)�3
fJÆ����Æ �(`fG[M]. ����2G��
 1986.

[6] Liou K N �Æ46/
�#o
JÆ�,�
gyp
�Æ 'O0U(K (* 2 �)[M]. ���t�G��
 2004.

[7] 
?267�&#�Æ℄hZ$[M].����ft\G��
 2004(j 10 RP�).

[8] Marcuse D �Æ46/
D�kJÆCGu�ÆM:.2 [M]. ����UUnG��
 1987.

[9] Cq�ÆMATLABDh=^kEX:=^ +[M].���nÆ"<G��
 2009.

[10] iG	
R1,Æ>q�0�=�Od:"nxd MATLAB )=-��[0I:Æ?�h [J].9b,2010,31(5):41–44.

Infrared (monthly)/Vol.35, No.3, Mar 2014 http://journal.sitp.ac.cn/hw


