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Black Body Radiation and Planck’s Law of Radiation
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Abstract

Planck’s radiation formula is the law of radiation which explains the phenomena
of the black body radiation. At the beginning of the 20th century, the black body
radiation and the hollow-space radiation are considered to be equivalent. Analyz-
ing the phenomena of the hollow-space radiation, Planck’s radiation formula was
derived.

Nevertheless, even if the law of radiation of the hollow-space radiation is proved
by the above, it is not to clarify the phenomena of the black body radiation itself.
It is nothing else but Planck’s radiation formula that was obtained by analyzing the
phenomena of the hollow-space radiation.

Thereby, it is not yet clarified the law representing the relation between the
temperature and the phenomena that the black body is glowing, or that the iron
ore is glowing.

In this article, by analyzing the phenomena of the black body radiation itself in
the view point of the new quantum theory, we derive the radiation formula. The
obtained radiation formula is somewhat different from Planck’s radiation formula.
It is natural because of the difference of the way of understanding the phenomena.

We need the verification of the obtained result by new experiments and new
observations.

[

gboboboggbboooobbuooobbbooobbbooobbooaobn
gb.o0oog,1ouugbooooggobbooogboooboooobDn.

gobobobooooobobboooooobooog.

gobobbbobo,bbbodgooooobbbbbbboooooooobbbbn
gbbobooodgb.obboa,gobbbbuooobbboooobbboooan



0000000.0000000000,000000000000000000000
hO0DDD0D0D00000.

0000000,0000000000000000000000.0000,000
000000000000000000000000000000000000000
0.000000000000000000000000000. 0000000000
00o0oo.

0000000070000000000000000.

0000,000000000000000000000000. 00000000
000000000000000000000000000000000000. 000
0,00000000000000000000000000000000000000
0000. 00000000000000000000000,000000000, 0
000000000000000000000000.00,000000000000
0oo.

0000000000000, 00000000000000000000000
00000000000,000000000000

00,0000000000000000000,0000000000000000
00000000000000000000000000.

0000 [000000000000000000000000 220000000
0,0000000000000000000000000

00 [20000000000000000000000000000000000.
000000 ¢,(x)00000000000000000 200 ¢(x)00000000
00o0o0oo.

0000,0000 {¢}o, 000000000

Y(z) = Z Cnn ()

gooog.

00 ’0000000000000000000000000,000000000
gboboobooogno.

gobobh,0d0mdbibb0d 000000 pdobbboooon

1 1
%P(P>2 + imw2x(p)2

0,00000000000000000Q0000000000000000000
1 1,

L 2, 1 2
El5—p(p)” + gmwiaz(p)’]
1 hw
= —hw+ —
2 exp[kB—T]—l

ooo.
000,0000000000000000000000000000,000000

00000000.000000000000000000000.
00000000000000,00000000000000000000000

0000000000000, 0000000000 {|e}, 0000000000,

2



goboob,bdoggogobobodg,ggoobobboooooobobbbooooon

goo.
nooo,
hw hw
n2: 1_ = _ T \n
eal? = (1~ expl 12 expl— ).
(n=0,1,2,--+)

Oooobo. oo, roo0o0oogog,kp000o0oooobobo.
1
obod,0nb000 Sn:(n+§)th[] nO00000000000000000

gbbudod -~b0odgbboodgbbuoobbooobobooabb.bood,baan
gbbuggbbuogobbuoobbboda,buoobbuooobboobobboon
gooboooboo,bobodooooooobbobbbdo. oo, 00000

1
D50:§7wDDDDDDDDDDDDDDDDDDDDDD. goobb,o00dn

oooooooooooboubo Ah0,00000000D0O00bOO0ODbOODbOOD
gbbobug.gobbodg,obbbouogbbboooobbbuoooobn.

1 O0O0o0Ooobooobooo

goboodbboobboobobooob.boobbooobboobbuoobboon
obooobooooboob.oobooboob,0boobo0oboobooboobo
gbbob,gggbbobuoooobbbboooobbbboooobobob.bboooan
gbobobuoooobbbuooobbobboooobobbogoo.

gbobog,boggboogbo,obogoboogbooobboobboabn
gooboogo.

obg,00-00-0b0b000b0o0oboobbooboobo,0oboobbon
ooO,0bo00booboboobboob,0bb0-bo0-00b0,Xb00y000000
gooo.

gbobobooogbobbuoooobobboooooobooooboog.

8o, gggboooggoogo,bbbodgoooboboooogooboon,
goooobobdogoboobooobboobbuooboboooboo.obboobbon
-Doggoboodad.

ggg, 180, b ooooooboobbb. bbb
g,boggbobooggbboogbbuogobbuoobbooobboobobboon
g,0bogggbobogguobbbodooooboboooob.bbobboooon
gobo,0gobbobogoboboooobon.

gbboboogbbboooobbooobbbooobbbooobbooabobn
gb.booodgbbbuogoobbbdooobbboooob.

oo, ooooggoobobbbboboobbbbooooooooooo. oo
ooooo,0odboobooboobooboboo.boo,oorooooboo,
gbooboooobobboooobobbooooboobobuooooboboog.

gogobbbobb,bbbbo,bboda,bbobuouoooooobbo,bbb
gobbobobboudgg. gooob, 190000 200bbbbbbouooaaon
g,b0boogdgboobooggbbobuoooobbboooobbbooan.



00000000,00000000000000000000000000000
000000000.00000,000000000000000000000000
0000000.0000000000,1900000000000000000000
000000000000000AO000000000000000.

00000000000000000000000000000,00000000
0000000000000, 000000000000,0000000000000
0000000000000000000000000.00000000000,00
000000000000000000000000000000000000000
ooooooo.

000000000,00000000000,00000000000000000
00000000000000000000000.0000,00000000000
000000000000000.0000,0000000000000000000
0000000000000000000000.

0000000,000000000000000000000000000000
0.0000,000000000000000000000000000000000
00000000000000000.0000000000000000000000
00000.000000000000000.

0000000070000000000000000.

0000,000000000000000000000000. 00000000
000000000000000000000000000000000000. 000
0,00000000000000000000000000000000000000
0000. 00000000000000000000000,000000000, 0
000000000000000000000000.00,000000000000
ooo.

00000000000000000000000000000000000000
0,000000000000.

00000000000000000,00 [4],0600000000000000
0000000000000,

00 [4],65000000000-0000000000000,3000000000
000000000000000.0000,30000000000000000,00
0000000000000000000000,00000000000001000
000000000000000000.

00000000000,0012,[3),[4],00-00-00[1]000.

2 UO0oOooogd

0000,0000000000000000.0000,0000000000000
0 mO000000 p000D0000D0O000O0. 00000,000000000
Q=Q@B,P)00000O000OODOOO0.
000000000000000000000000000000000,0000
0000 pO00000 z=2(p), 000000 p=plp)000.
002000 R 0000000,00p00000 R, 000000000000



00O00,00(2),[3,[4,00 -00-00 (100000000000 00000 L2
00 ¢(zx)000002000000000000,000000004(p)000000
000000000000,

0000,00000000000,00000000000

Az

Ooooooboo0o.0obo,k0bboboboog.

o000 s0,000000000D00DOO0OOODODO.OD0O,0000D0OD
gboboboooobobbooooobobbo,ooobbboooobbobog.goon
Ob00000000000000DO0DLOODOODLO.0ODLO0,00f00DO
goboodobbogobooobboob.boobbooobooboobbooboon

ooooooooon.
| k
w=1/—
m

gobo,0d00n
gbooboogobo.oog,bobod

gbbobooooboo.
gboboo,o0obbb pbbbooooobbboooobbbbooooobbn

00,0000
1

1
2
%P(P) +§mw
goboooooug. ouooouodn pgdddooodooo,tooougooo
UpepbbbbOoooobobbbbbodd. oo bbbobobobooooaa
gudodu,ouoouooooon.

0000000000000 00o00oo0 Qooooooo0oooogooooo
ogo.000000000000000.

dooooooooooooooboooo. o, gooooooooooooon
gooooooono.

doooooooooboo, oo oooboogoo,ooooooa 1
gooooooooooon. DDDD,x:x(p)D p:p(p)DDDDDDDDDDD
000 [200 ¢(x) 000000000 ¢(p)0000, A0 R'O00,B0 R,O0O0
gooooa,ond

2 2

z(p)

P({p e Qa(p) € A}) = / ()|,

P({p € Qp(p) € BY) = / 1(p)2dp
B
gdduouououo,uouoouooooooooa

Bl —plp)? + yme?a(p))



= Bly—plp)’] + Elymwe(p)’

:/m 24 (p) dp+/°° S (o)

—00

- [T+ St oo
2m d 2 '
gbbo,ogdgbbboooobbbuoooobbbooooobbod.

gob,uogobobouogad

[ ] /oo{hZ ( )|2+1mw2$2|¢(x)|2}dx.

2m'  dx 2

000. 00 JwO00000000000000000.

00 [200 v 0000000000000000 L2200 ¢ 00000000, 0
01000000000.

0000,00000000000000000.

00 IL.OO0200¢000,00000000 J OOODOO0OO0O000 L200
»Oooooo.

3 Uogoon

20000 IboboobOobo,00oboboobob,0bo0DboobOobobobnon

Ooooob. 0oonoooooobobooog.
gbooo,gbIiooyboobobbgboobooboobuoobonoo.
O000000000000,00000 & 00000 ¢,(x)00000.0000,

1
gn = (TL + 5)}1&.},
1 mw mw mw o
i T e e i A T
(n=0,1,2,--+)
ooo,
Hy(x) = (-1 - e
e dx
goog.
oooo,



00000. 0000,0000000000000000¢,00000000000
0DOo00o0o0o0o0o0o0.
00,00 ¢(z)0 L200000000.0000,0000 {e,}°,0000000

0o,
n=0

000000.0000,004¢(x)0 L20000000,00000

| Wi =1

oo
> lenf* =1
n=0

goobooo.oobobod,

goood.
00,00 L?00«%(x)0,0000 QU000000000000O0O0OOO0O0O0
OoOooo0ooboooo,0ooboeoooboooooag

=3 Jea T[]
n=0
Z|cn| n+
n=0

ooo.
0000000000000 00000,00000000000000000000.
00,00

En
wn(xat) :wn(x) eXp[_Z%t]
gbboob.oggdgobboogsbuoaobn,

Oy (x,t)
zh—at

oog.og,b00b0bb0obbo0bo0 HO

= Eutulr) - exp[~1 1

nooo,
H¢n(x):gnwn($)7 (’I’L:O,]_,Q,)
gooogoooo. oooog,

ihawn(x, t)

&,
U Hyn () - exp[—i2]

= Hip,(x,t)

7



ooo.
00,00 ¢(z,t)0000

icnwn (z,t)

n=0

gbbobuogoob,ogoobbbuogobbboooobobob

L 0Y(z,t)
ih 5

= Hi(z,t)

gbobobooooboo.
O0¢y(xt)00¢t000000,2000000 L200000000.0000,000

ad .
/ (e, B)Pdz = 1

000+000000000000.
0000,00 ¢(z) 000000000 w(z,t) O

chwn ) exp| Zg—t]

gbobobooodan.
gb,boogdgbob,oobbbuoogoobn,

enl? = (1 = expl— o (expl— 1)
(n=0,1,2,--)

O00.000,T00000000,kp000000DO0ODO0O0.0D0ODOOO
kg = 1.380 x 10 erg - deg™!

goo.
gobobh,00obobbogooobooog,bbogoooboobo,

o0

Tl =D leal® Tl
= (1= espl 3+ el )
1 hw
- 57&0 * exp[kBﬂT] -1

gbobo.oogooboboooobbbodagd.
gob,0ggobbobogooon:

> a dr
d)r" = <1
;O(Hn)r T T




4 Q0000 0OO0O0OO0OOO0O0O0O0

joooooooobooOo,0ooooobooooooobobo QoOo,0000bDboOoooo
OooobooooogoogoD. Qo

Q:iQn (o)

ooOoooOooooooooo.
0000,000000 AeBOOOO,

ZP ) Po. (A

D0000.000, Py, (A0D0DDDODODNO.
0000,n=0,1,2,--- 0000,0000 (Q,BNQ,,P,,) 00 nO000000
0000000.0000,000000000,n=0,1,2,---000,

P(0) =laal? = (1 = expl— ]} expl—por])"

gbooboogogo.ooodg,

D OP) =) el =1
n=0 n=0

D000,R' 000 AD ROOO BOOODO

Po,({p € Qui(p) € A}) = / () P,

Po,({p € i p(p) € BY) = / [ (p)2dp
B
Odododdooo. 00000, 0000oo Q,0oooooooon

B %mmu%mw?x(pﬂ

/°° P @ L 2oy )2)a
2m dx Qmwx i !
= Tl = (0 + o, (1=0,1,2,--)

000.0000,000000000000000,0000000000000 EO,

— 1 1,

E = E[—p(p)* + 5mw"(p)’]



= P(Qn)Enn[%p(p)2 + %mwzw(P)Z]
fw

exp|pg] — 1

[\3|>—‘ 3

hw +

goo.

gbo,0bboodgbboogboodobboobboobbooboba,bboobb
gbobbuoodoo.bbooogbobbuoooobbobuoooob.

goobboobbouooog,gogobbobbbboooooooobboon
0000000000000. 0000000000 {|a)*},0000000000.
goboob,dogoogobobodg,ggoboobobbbooooooboobbbooooon
goo.

oooo,0b-000 & O00nDO000000D00D0D0ODODODODODODO
g.oug,ggbogbboobobogbuoobboobbooba,bogbooboon
gboboboooobobbooooobo,oooobobobooooboboooon.

1
gobo,bouggd SozéhwDDDDDDDDDDDDDDDDDDDDDD.DD

oobo,0000oooboooooobooboobo prbO,00b00DObOOODOD
gboboboooobobbooodo. gobobo,oobbobooooboboboooon
gooobod.

0000000000000000000 FO10000000100000000
gboodgbbogodob.boobbouooobboobboooboa,bbod, 100
gbbobuoooobboooobbbouooonobbogd.

1000000000000000 EyO

_ 1 Nhw
2 eXp[—kBT] —1

O000.000,NOOOODOODOOOO. 0000000
N = N4 = 6.02544 x 10%mol ™

goo.
suoboboboboobo,booboob3gboobo,boobooboob

obi1goboobobooobosboobob. ooo,1oobobbooobobood

Or010000000000DO0DO0O EyO,00000,

— 3 Shw
2 exp[r7] — 1
— 3 3N hw
2 exp[g7] — 1

goboo.
gobobbbbbbododooododg,goobbbbbbbooooooobbbobn
gooboo.
gboo-obogobboogooo,sbbuooobbobuooobboooobn
goood.

10



5 oo

gbooob,g0boboogoobood.
gb,1g0gbbobuoogob,ogoobbobuoooobbobood.
(1) w>kgTOOO. 0000,000000000000O0O0O0. 000O0O0,0
gooboorobooooooon.

oooo,
[hw]>>1
exp|——
PUT
000,000
exp|—=] — 1 = exp|——
PULT - PLET
goouo.ouo,uod
—_ 1 hw
E=—-hw+ hw ——

_ 1 hw
FEy = -=Nhw+ Nhw —_
Mg + exp| kBT]

ooooo.

2w« kgTOOOD. 0000,0000 w00000000OOO. OOOO0O,O0
ooooorogbooboon.

gooob,0dn

hw hw
GXP[k,B—T]— :kB_T
Ooooooo,o000
Ezlhw—l—kBT,

— 1
Ey = §th+Nk:BT

ooooo.
00,0000,hw<kgT0O00,0000 10000000,
E = kgT,
Ewv = NkgT

goo.

F0100000000000000000DO00ODO. Ey01000000000
gboboboo. gbob,bbbbodooooobbbbbduod. bbobooooadn
gbobobooodgno.

go,300gbbobuooogboboooobobooan.

3)w>kgTO0O0O. 000D, 0000 00000D0OCOO0OO. OOOOO,0O
oboooboTroobooobooon.

obooo,oo0on



_ 3 hw
Ey = -=Nhw+ 3Nhw e
M= + exp| k:BT]
ggoono.
(4)hw<<k‘BTDDD.DDDD,DDDDwDDDDDDDDDD.DDDDD,D
oo0ooo7T000000000.
ogooo,oon

— 3
E = o+ 3k5T,

# SkBTv

— 3
Ey = 5th+3NkBT

= 3NkgT

goood.

F0100000000000000000D000DO. Ey01000000000
goooboo. gob,bbbbodooooobobobbogo. bbbbooooon
gbobobooodan.

6 oot

18930, 00000000000 OL0bO0O0bOO0. bob0o0bOobo0bUubboObo
obobooobooboobobo,bobborobooboboobo.boobo
gbooboooobobouoooobobod.
gbod,400b0000obuoobobuodgbbodbboboobbuoobboobn
goo.
400000 FE0 F,0000000000000D0O0D0OO00OOODOOOO. OO0
gbbo1obog3ggbooooooobo. od,

Ey=NE

00000, 3000000,Ey,0000000000.
gobb,bbibdedgoobbbbboooooobbbbboooooooboon
goooDoog.
goboboog,bboooobbboooboobobuoooon.
gbobb.0dbddwdbbOOobbOOobOOobOoOobO,bo

gboooggo.
gooob,0dn



ooooo.
000,00 000000000
000,0000000000000000000000000000000000

0000000000000000000000000000000000. 00000,

00000000000 000000000000000.
000000000000,3000000000,00000 1000000000

0000 E,00000,000,000000000,000000000.00000,

EFy00000000000000000000000.
000,0000010000000000000000000000000000

oooooooo.

0000,0000000 OO,

dE
ox [ﬂ]
—-3}Jfﬁaﬁ p kT
£ (exp 2] — 1)?
lenT
emji]
]’L X
— 3Nkp(—L 2 kT
BT (oxp[ ) 1y
kenT
0oo.
noo,
B hv
U kT
0000, Cy0
r2e®
— 3Nkp—" &
0oooo.

go,b00gdgobobob00b0obo. oo,

r2e”
f(w):m
00000, f(x) 0000000 2,0000000. 0000,
f'(z) <0, (x>0)
O000,x>00000,2,=00000 f(zyDODOODOOO.D0O0O0OO,

hv

_— :O
kgl O

Oo00,0000Cy000000.

13



gbooobooboo 0000,

gooo.

ooooo,
hv he

kpT ~ kgh,T

oo,0ooo, N 7000000b00o0boobgobuooboooon.
Oo0o0o0, \;T'=o00c0000000,00000c000000O00O0O0DOODO
O, 7000000000 00000000O00O00O0OO0DOO0OOODODO.
gbobob,o0booboogogbood.
OO0 (CO00ooo000). 0ooo0ooo0o0,0oooooooooo cooo,o
HEN

OZZEO:

AT =C

gbooog.
oo coooogoooboboooooooooooboooobooog.
gooboob,boboboboboboooooboboobo,bobooTrooon
gbooboooobooo.
googobbooobbuoooboboa,bog,bbooobbooobboooon
goo.

T Uooobogd

60000000000000000,0000000000000000,00000
000000000.00000000000000000000000.

000000000,000000000000000000000,0000000
000000000000 000000000000000. 0000,0000000
0000000000,

00,000000mO00000000000000000000, 0000000
0000,000,00000000000000000.

00,000000000000000000,000-0000000000000
oQ,

1 1
En:(n+§)hw:(n+§)hl/, (n=0,1,2,---)

gob. obbo,b0bbbbdggooooobo,bbbvobbbooooooon
Ooboo0bO pOO0OO0OO0O0O00O0O0DOO0OOOO0OOO0ODOO0ODOO0ODOOOOOOOD.

goob,bobbbbbbotbdgooooobbbbbbuooooooobboobn
gobobodoodan,

En = §m112 x 2=mv? = (n+ §)hy

oboobooboo.
gbb,»uddntddbbbboodgobbbooobbboooooobo.

14



000,v=c0000000,0001000000000000000 me®000,
oboboobooboobgoobobbob.
goboob,000bbdmb

(+1)hy
m=(n-+—-)—
27 2
Oo00o0Oo000obDoO..=000000,00
_hu
02

gooog.
gboo,gbbo,bo00bo0boobooboobg.
gogobbobobo,bbbodddmbbbbobouooodg,ooooobbbbb
gbobodobbuogbobooobbodo. bboobbodobooobboobboon
gbbobooooboboooobbbooogobobogo.
gb,bogggobobo,gobobodg,gbbobugoobbboogobooon
go.
gbobbooodobobb,oodbobbboodobobob,oo0b,buoooobbb
gbobobooodob. obbbuoooobobbooooboboboog,bbbbooodn
goobooob. oo, bbb, ggoobbboobbboouooooon
goo.
gobo,dgdobobboooobooboooobboboan.
gbob,doodgobboodadd.
gbbodbboobbuoobboobbooboboobobooo,uooob,obb
gboboboooooboboaoo.
gboboboogoobbobooog,bbbuoooboo,oob,boogoboboon
gooboobooooooooooboobooobbboodoooo. gooobb,bob, o
gb,bggdubbbdoggobbbooodgbbboooobbbooooobon.

oo

10000 .-0000-000,000000000000000,000000000
0000000, 0 160, pp.1-10, 2003

2 0000,0000. OD0O0O0OO, 000000000 ODODOOOOO, O 180,
pp-1-14, 2004.

3 0000,0000. 00000,0000000000000000, pp.181-199,
2004.

[40000,0000L000000, 2005.

15



