QOQ\96£W¢[9/ / g
| ecluve G o lopics L U(Mf_
g e T CUB aid
\/(*J/ <§L~lm)ﬂ(l‘ff.¢ Cﬂ %COM Lo, ”’OA\;R

é,i) @26 a7V‘€§€v{+a(+io YRS §gpe citic In’feug’rf//_@QQz
, g\a.c&LoA\_ EaAid+i0% , We Vesew'l «{‘ia
G;Z / P A5 ég_a—g

and (Aney Detui (s




(002




jﬂ Oy\gd'r)\f{ o

1) Reprosedilion ot
TS peecteC IW*@”L7£+\/

/’_’_’_.__-—-’—'*—"—
d) oﬁ/&i {'we,gzzwf/ e YJ Viee 5 m("‘a{(au(
'Lr;_-- - d b= R e €YY =
Jo- At JA Sk o 5 o sv
rev Eve prency, "("nwe( pev Pcud;mlw aye A, - ———
solich angie “n 67 .

P PO",! ﬁ‘[ 5“{*3{8’)(_,(_(::? v L'"{}

5 T

Ve 1w\

@% \/‘u&cafti\é_ Ogt(ws Lo
We e exylicqle LS wes o O it
j_:%_‘iu{_ (j”’(a%’y v o ardieid deoud ‘o urg
§(,u\€‘aca &/W?llffMM_ whie Y
wawoy 17ty 12 dnly
%/wﬁ?? b ad= Uoy =

AS J\O\/\ §ED = 53%, cj(w{! [ wevygy
fz { ; J\_ ¥
3Ty Hov

idi‘_'_%ﬁkhcwimq Yo Gu{-,jx.a KT
: LUWtWOGE+/ P@:{“\V(;ﬂupwc%g

__\U‘O{\/@léuqf"{



6 X L 2 @X%w @

L) Ee’p\/‘@ ﬁm/th(JﬂOl/( 3 “/ 5/0"“*(’@‘? T‘*ii ‘)]‘Ll:;

(Quaq‘l'f /4105_ )

i\(/e ‘(LL? wc7/

j—’[/‘—’ 'S ch

‘_L : Vé\/_ WCLWQ \QM%/(/(
®

fre— | = pevT enevyy M B
5 gt M Jt W

RATNS \ly L W= Clawe Cous Y

TV puarsy \ = (626 670 17 s

cpact (VST

\szew?
Aot vt eon
Als 0O WZM%
A Ty QTR 15 G

L

= >\ “C _
v (( ged u% ceme , Also .wafmf[%
o pueccey ST o

e . {// I avy
{ Mx"tfc’ (- Cbé'fﬁ @r(//f;a W;:EZ MU/I“{M (Wﬂl, Giil

9’% Wa“vlk UAQI/QOV“
- .- / V\acito)
J V\NH (U%c,@ Fﬁb 103 wp Q/PVFIQLW

% MQ{VW’( One \EP'\OHLM 7
GLMASowe"’\\Me,S W i ﬂﬂc’ a,é‘-:%(}/ aﬂub"}OOsp 7"’(-

C:Oig— v"”l ;. \NQ A M+ CL') ‘
W6E Ia PV‘OLGKH)(\)“; mtﬁ: TWL’ = ?J e

bacase s\ e, fov mu i Y 5 el weiew i itz e~ v N Aot
el Pov’MahS"‘k'? Mayiﬂem wly sevs, o\e waqut e w :'r"‘ :V“;*\,‘:?w.\%wﬂ“f



piriziichamm—" | L0005

WHeve Aoes tUe ‘oﬂ“”éuww; H"@P(J“egcyf\‘;[hm( CMeQWou

6@(702“ -WL@ PhQﬁé V4 orH'/ r~ a"“ic\/lf . t

WEOOB A = =
Lov v 2t dAAN

[ cpvese aYo
Aanel

T 5 L M = TEAN

}Liw r X |
SRTIRCAN
Tpdin]

e c)]’;} hao “4he sSame- /\W

w-Hop AR WM,/

odd <
b ¥ “1 &r-—- / ‘ Tavs ﬂ%p.:-hiu I
__r— s‘wph-{.m'qu
87— ‘ = You dow+
~ V( ot &é" ’7’:1'% = N 1 L vorsy
ez TNe zame aside 'QwowL, el
< Mo A AU \Ma{ﬁ VA % ‘v \:)Lsuﬁjc?'::;
SN wujm;
{/\ \\ / N <
V4 P
A N Y S



LO0k ’ To show twis definitivels, e
qu\% /Z«,Lw--—"@“”"b")mc/
= /&( ¢ — A = @»@“)‘)W“j
— A N

M ey >0 sgh < 0 for he
YL et d

J—

il

I

A > Arotle Keasou tov Using
’J’{’\& lcb? View e s e af"{“d{“ib\(

(s dhot e WAt o spechuad fe e tue ¢

’-l\c_'i(/LDL%' --L—o b& Pwo\pgw"‘tol(‘{,
lp Yheiv ovevall scale,

[ Wie (s Hrue for:
D@ ,Pp l?u Sh nc-h'umj Cmsta(m?Icq,! GPegﬂ;LH'("'H»fv
P Li.é ) > o Recall
| — 2 | DUl ol R
‘ (E2r = 2lq

AN = Ga - da “Au([TF AN = Md=Bud, = Jy (i)
By = LV F2)

> = ({5 1 qevete|

qEuesn | o= 2 et
ﬁfh[(l*ﬁﬁ)(u%gﬂ ‘ i _
= ful(48) =/ 4o ém@ll“z
454

sedire

i swmall 72



Lu ot Cases, ol shidts \tm‘da“?%)w

e by e sole ewourts
A dog x (ov log )

L I — ~_ "~
)\ ,f{" ‘“:\\ ' ~ ) \\\
/ s AN M e
/. ~ - % Sibts

pave:

a4
O f”j;av4auce
o tp the

b ks seeuws To ke oo %0000( cxe

a\f\qph\'cﬂ| < W F’\"pl'éc‘u‘{"‘aq

A{9O de(é’)‘ a” Common line bwwao/emvt\z]
C }owa(oézb/)/ ow()( DDPP[F_,U\ bwoao&uc«w
—the zame size wheu o lothed

U:OV‘ 'Maxwab\ A(s'\—wib%“[‘-io% o 4‘\‘0‘&( Ve!ori%ie)
“a(omcﬁ \ine of 5/;6]44- )

>
_ (%4
Pf/\)’)ofﬂf:\l;i—ﬁe (,\’Qd{ﬂf—’
x No

W AT~ (*;l%g 2 s, - 3___/\;\_2: (M\\M(MS'ZW)

L #[ht? - Lﬂhav.q;[—ev(s‘Hc DOW (e w i "‘(

a2 - Nap wdy e 157 ovhan
(?:&OO'G)
\th d&‘/a‘/\>‘ - EW

N .,
j)\ / /L\“j\ = L//\J\:—-

S0




Ak

55 f/\éi\/tj "H”ué [ocj e pr Gséw‘Laf{"d”(

vaaL(e9 dl[ (DOV ev: )auoqa(eu( (incs}
Mave dhe sawme W(JWLL(;

Decms  « qood qrephical siupldicdlion,
A\\ wgyl+b\9 wa‘e_ ezaa( i‘"wroov‘(ﬁxuce

4, e exe
e) AVM @-p CaV\vK, Lok Oﬂ vev;u,s/fr:aj’l/ ox Vo) il\ﬁtiﬁcgsﬂeta;i&
Sud Spav
é Q @ Cch(lO()ol)( anfm_}lo(s ?epwemagv
O~ O( O""M—QV D8+as ( < &‘Bﬂ-o}n\'\m{g
) AE I,’,AV = 1)(’p!>\) :’rj)‘{/.‘:%f:(\jh(h-d;—/\)
IR
See Naeip, 6005
e (009

E‘.@?LL 560\)6 ~adialiod Iy - B»p ) -I;. - E>

'\l'OV\

7*_1//« - XFE)“? ’)/‘9%:_ >\B)\

= OZATJ e l“""‘" helas — are
q?)r - Cz K | (M( S ‘ F{(GLL:U§>

<
= A EYE-D 2)1'\)?9_ (- )
v B - Rhr? [



26 i s
2026 A7 | A%
a-hb v (\ W{a'}ow 'Mfﬂ'"‘qf‘('/l)

nere aleo the Ph@fon{. Y“'€\O¢esenﬁ

T
AE . =)
e . —_ o (
e dEdh AL Mpdr = =02 @ 47
§ee\a @005
c&b%+ o W,Q,Q_Q_,M

s ConveEnl

B) R"/OV‘ 5‘—"‘“[)-/€(5/
(\F'L\QAQ -c'm,u--cj'l"@O%} 3\);?—5”&;&3;20“}"{0%9 0ﬁ OQ
gy SRPY.

B, dr -

\ i
QULPG’K o

by - Y __j)‘i/;ii_ I
/ ij —% S‘%y %} 2 \h c? -1 /)/ )‘;\k‘vfa‘ﬁ

3 .
N?’“&ff = 2.._<~\él Xk
c® i e’ =) /_,,(/‘\
So aud vr-"""’%/ We hare Wiy e vse! Lywctioy
=
40)65 = o —\ +u a\,uf\yze
h
T dowt  ewew A A 7 i Q"[{\C;_ = 4 B
Aﬂ)( Spar\al Aowme Z =% / )y
ﬁou‘* A 4 £oe Ph.)(’;"l('d\ \V\-\'-FV{5+

@ \S the Dalﬁ)/e Lanction (W1K>
e 0> should sust ke called qeren Plavck bunction,



4010
C > Iu:)'ejwt‘f'(ﬂ%( ‘Q(f%>
Wlﬂev\ Qw&o%m““ed* 1~ 8 'ﬁmuc'hc"{}'%h«&»
‘H/\W‘“j Mat < hould Ccowme o
\5 to v ekowde, T,

Flo) = [ +)dn = Oj e o

_{.wg'l"
S oV Wl U A

= — (V) - d@(ﬂﬁj |
( = Z /X qeometvic sevie s
Fe) K Mo / (pt-372 ),

Me)i’@, T...-\:— :':2 %Q.

P S —-,Q/X '
= ®" < | & oo
%l K M |I S NOT ccakie\ﬁﬂt!w}‘
— A=
W'l‘}"h /Q -~ f ﬂ- ‘ ‘ﬂa(“i'/ (e—'Ot_E 1
- ZM X-(zr‘)J/yze,4A7 |I D”’L n= 0 >/
A=l = ol oo can

vadeavate Yo pn=0
co (z A : (wred
: ) \ ‘\\ s ace o= O w

= 2 /e Z N Zo 0 U’o]uuer(Gmcdl&M)

@ = X
/\(— CPWLA -{'p@/ W\:{ p‘d\fﬂd.lolf(
— 2! E(ZH) N T\M. *@uo‘*“oviotl L““‘:}i‘o‘\( N%Vev-ﬂes

N\ SR
e T he Cj'@uevu('nzod\ou 09 ‘par_c“( oV , -
T He ?icgwa‘&m”—\ JFotr iv&e?qm vA ZO 9 .z.\ —_ V\ﬂ
zeta favciov [ | y .
_ Z . i S M.Vko(‘e:(—lu‘o o ‘PC)V\ ne%’x{-‘vt Tl e WS

sy £ g7 T bee bwitics (Rt 543
R

=\ )
Loy s >0 ﬂ.qi,ggz)\ W= ‘/7_)}( — \(?\-



( QOQGJQWQ & J

| Szz2x1, zfsﬂ-_’;ﬁ
5(5\ = { o .

6014

5"—-’-1 WL’[CL e = o O
tite glivev qaut-
Whetv wen i€ Sevie s

/
2
From “

- L6743 4068 sz 2 Zz=1

Waklvamt o1,
Lavelign o 3
aud Avi-ogaz 1,7020 5L 2032 .~ S= 2 z=

= [,09432 34337, -

(
n
N

;o
| 1392 teFs L. S 5 > =

L =, 0173+ 30620.,, -
J4y

l‘AJf“J‘M[ amow ximat oY, /ﬂb’g—/oc(

_ shoul ' el o few Cirsttevus
i
Y Conr accuvacy, Zevo tev ks
{' § N e too lwsacﬂcum‘{:g .
L‘t/ e 4 devur is ,
L CRSUY Lo
e ,L -& % 4 /Q 1;13-\7511‘:
o 247"
S(s 2ea [ AL ZE 1
= v 2’5 = \ééc,., ;{S = A

< 1t =J+'%—|272,. $= 3
i‘




O\ _ | . 4
FOV Z':’}/ S::.%/

We . recoyey the B‘ar“b"y V}’a'a(fat{’[él/lueew%i‘/)/ Ve

- T A R g
- c *“Z‘a\[/‘% Jx3l 35

- C
m S PN
_ Sof!'dh.ﬂlk'j[-k. C?-COO EY! ’ P, (000? P, &0 ' |

And Aivide loy C 4o chaqu '
ﬁmMU :;"ftl'( ) deu‘g‘lé-.x P- 60 0

a S Vo
+he — ArY Lk W

\jvxg'\— cctuea(’ [ 5 C‘Z‘{/[% |”>/ W(k
Fiue vadidion
cou stuwt - _g W
ik o oue = 670374 #9007 L

o ik e
seews 0 ke " exacd hy woderu Jelivitian , ut

ite Lovwmulg
s Wece 4+ e (wedac '(l‘z-

A = S ™ t’;kj S \ 'x- Ve \'vwn‘}‘t‘o"\ﬂ . =
. T ‘f
{ ?C h (Gooq[*’ AS ;

Wit 1> Yhe oleels l’?mfly radiat o deusity

s )L N
T 5. x 07" T

@qu{'/ bbt'{«' '\VVH'[ lOVad/ b/ MDCQQV" J@vﬁ.jui-}(pmd

also



. e _ '
Ylawek Jau < 3@’ {5 @M/ u\{La.;oM

y LAz & A WMien a{u— oy R 1
WX W Ca % s ¥ ; : mﬁé

Q:_C/_ . = o ﬁ = @

SN ot -\ T (e

—/—\A._;@: _ ‘He/_/xt\ /‘&‘ - Z( \ - 6 B m > %’z.udc-ie’-csvg&(;gifu
= B :
@‘r\ﬂf SQ(}Q@C
zZ el N, =
K

3 . Mo A
GV\CLP [MC - \ 53%1}-‘ % = /)O V‘o(i‘h'ege;waw
~3 Y
7 2 z=l7

i e & Lo path3 €&
i 'é v\ t uu\'

. i \ b f e 93&1‘4«4 ~ = 2 _e—m>

_ _;_k,. * / f{e,./’ 5“”*‘""““‘1’? Po‘“_.

- n:—\_j:f |I y 'ﬂ__/_,-"’ = NG m #@7//2 = _i

A P £ x = =(Cy — ( (*/xB)
A

,,é/ =7'/)€ b T = 4

N T .rJ g
/g”‘“"m §@WM Vz=x = do =>4
\) A Waxiwom for 10 00T , | |

. 1
A o ot o a Y Yo AV e PO



[Neoull = My

viclon A (§I364, . [Bett,

Torep 20 2852130, / o

SR 4 3,720000 . -K/ . M%f

Nove 7 G- 9 65| F,. . %mﬁu
w Y 3

ED A Ovdewv By pads o U prownd Mooty

[ o y _
%xwxﬁo%ﬁ%wﬁxb%ﬁ e bt /Raag = Ko

£o Epar)

o (|« am + e




\
.......«--"'ﬁ - _\
17 foe g malect |
_ At 2T foe T2
—; LOE i @ g f SWLQ{'X N o
gy s & UG,
€ W5 Ao od b}(
ag/e ,_Z___ . = %‘* - fpos: "
7L' @C ( /)C(_ > M?___j_te—s _;i: A;‘M_QB

+ 60[F

- &/)C [ </X‘6> —+ é(i‘iq B Jz ___i_o_ —
=(f - Fo> /7 N *
Fow 2>+ = 1 _—% G%) 1

arrs 7 7}“‘?’ %‘“ \ — o,

- ——————



| Q0AT o7
| R S S
tewsily AT f = j: é%:f
ikl 5

l

J i :
ncjrz.ep s e “-"_1'_'<"_ 1:

A e

/ LU/ J
Fi P um,*{

e

iy O

| J\(:h;?: fot ateueed) /)(@ 7

wzq:f’f_zm (et i 2
| b1 s (s |
— AN e /N ; Z
w\ l /)LL Q’f‘ A she/t @Eﬂﬂ“";’-’ C/"-;@ja .
@ Q’Q%ﬁj}.‘ = Alg){;co 7 _:i_"%' 4 W A e,
S o %-—%—;3%3 X o
0§ Yo + 3G ) &
- To /k P—
/)(ﬁ, y S -
o B 2 Lol _
.?_—%-/xo /Xu_j)“g&lk_JiﬁlB
———— . Aust 0%‘;:"- vl
2 — - _\_- - ‘p
= 7 ﬁu%m csapapr] 22t
: () F.Iﬂ-\/_/ly/w/)
. .. ¢ : . 7% D
@ -i,i?':}-’()‘367/(7 appeo¥e caef Sigfoo Y,
i 0.%3617  exad cefl a)g.‘fzz%’ﬁ
T Yo L
‘0 695210 uwwercied Eum ¥% “7
‘ - T Ry dee
c et 7 :
FCo, 2.82:¢22.. ) 50,3/ \ iﬁ;ﬂ;ﬂf»ﬁ;ffﬂ?%
pz £ B
rveriy pould g o g
F (o, >3.920690.-) < 0595’ %ﬁm%“
e L
Flo, « 965 114.. ) = 0. 16 fiiimfé
A8 G | | Cawweriects idegiatioy  doe
ey weal wdeid ¢y NOT I**h?%‘ffﬂaf-



= (20« 7

l’l) ’_}LLLQL? V@X)r09ow+dm% —

Ma(}tvﬂa/w{ Kopapy = XKos- 1=
‘H‘ﬂ/ beton Vepﬂ/wﬂm/g a_,é;‘
ﬁé’ V& qrov( @% Maxckuw( -Lfog(

fhaet A, ,
AL ﬁ%&{/ﬁﬁf“

@U'l’\‘p()\f '\"he_ SO\C{V‘ Ve Y’V\é;ﬂ\‘lhﬁqt"r ‘g'; v\prw‘i'&u.{
’E?-Mpc'\'i ve = g 772 k 25 S ’VIf
' Ao s B Ier
1 [ 7
=3 P
E@ow‘/ ﬁ;?.g')\ %.91._ W s
ﬁa-!;r] E’.b 99/,/ EﬁXé
.lll .I
! , |
L | %13 %9— /QVL g
ﬁ"? Xo4- , /gl/x
j F'Af S o F~A£V%Lv
- 0.37 - 0.5 _ 76
S_Q_ /Eﬁr; S Kog— A K WU A oée’l-k/( ﬁ?ﬁ% \/\Q@ \ua:,/\( }/ow){
to toelel 1uheguated enevyy . N %W

il Kos'B Mol ol Nt = Kog
&//’/ Koy i \Mbd}u}‘a% W &Q C‘V[%AC VYo
Mer k¢ A



7—-?_ ) (omc\v\(ﬂQT (s /&H}( XWML AL et I\\
. Loit— bt wiotlon = EeetE ipumns

Cazpiyy bOOST=6007)
ML@M W lac b bradhye ‘2&’213/{%'&2% log vep.
M asa wmkut At S N s e waduwe|

Ad/ 7/\'/ > %@'{_ Ckmw(.&ﬂﬂtz—w @-»@/@L
v h oreisy i e pled



Leolz

Caption: The normalized
blackbody spectrum equivalent

Frequency / C {em™1)
104

Spectral Distribution of Sunlight - Expressed Multiple Ways

10?

of the solar spectrum shown in
3 representations:

1. frequency representation
(x_max = hv/(kT) =
2.821439372122078893...
. F(x_max) = 0.365).

2. log representation (x_max
=hv/(kT) =
3.920690394872886343...

.
E
z-

Ultraviolet

Visible
502635 883 nm

10% 25% 50% 79% o)
380 562 711 1065 1624

infrared

= per wavelength, A
= per log(AfAg) or log(fify)
== per frequency, f

solar spectrum approximated as
5775 K black| emissions

. F(x_max) = 0.592)
(AKA fractional
bandwidth).

200 300 400 600

" 1000
Wavelength {nm)

2000 30004000 6000 10000

3. wavelength representation (x_max = hv/(kT) = 4.965114231744276303... ,

F(x_max) = 0.757).

Note, F(x_max) is the fractional integrated specific intensity from x =0to x =

X_max.

The blackbody spectrum equivalent is the spectrum the Sun would have if it were

a perfect blackbody radiator with a temperature exactly equal to the Sun's actual

effective temperature (a characteristic photospheric temperature) which this plot
sets to 5775 K which is slightly different from solar photosphere effective

temperature = 5772 K (current best value).

Features:

1. Obviously, the shape of a spectrum depends on the representation, and so
where a spectrum maximizes depends on the representation. The
representation dependence of shape and maximum is clearly shown for the

solar spectrum in the plot.

2. The 3 representations in the plot give maximizes at, respectively 502 nm =
0.502 pm (green band (fiducial range 0.495--0.570 um), 635 nm = 0.635 pm

(red (fiducial range 0.620--0.740 pm)), and 883 nm = 0.883 um near-infrared

(NIR, fiducial range 0.750--1.4 um).

3. The energy distribution for the solar spectrum can be specified by percentiles
for the wavelength representation: 10 % (< 0.380 pm), 25 % (< 0.502 pm), 50
% (< 0.711 pm), 75 % (< 1.065 pum), 90 % (< 1.624 um), 90 % (< 1.624 um),



© 020
100 % (< o).

4. We suggest that the log representation is the natural representation for all
spectra.

The argument:

1. The differential relationship among the representations is

dI = I_v dv = vI_v(dv/v) = -AI_A(dA/A) = -I_A dA ,

where dI is differential integrated specific intensity, v is frequency, I v is
the specific intensity in the frequency representation, A is wavelength,

sign is because increasing frequency dv > 0 causes corresponding
decreasing wavelength di < 0.

We see that vI_v = Al A and both are what is called the log

representation. The version vI_v is plotted versus dIn(v) = dv/v and the
version Al A is plotted versus dln (L) =dA/A.

Since vI_v =Al_A, there is NO difference which of vI vand AI_A you
evaluate and plot, since plots of either are identical, except for mirror
reflection about the either of the endpoints. These aspects of the log
representation constitute the plotting convenience feature of the log
representation.

2. Is there direct way to see that dv/v = - di/A for electromagnetic radiation
(EMR)? Yes. We take the differential of the natural logarithm of the
phase velocity relation vA=c and then follow obvious steps: i.e.,

dln(c) = @ = d[In(vA)] = d[ In(v) + In(A) ] = dIn(v)
din(v) = - dln(A)
dv/v = - dA/A

3. More important than the plotting convenience feature of the log
representation is another feature.

The size of spectrum structures in frequency and wavelength tend to be
proportional to their characteristic absolute size. For example, Doppler




[&Q 2|
shift and cosmological redshift both shift frequency/wavelength by

common factors C for all frequency/wavelength Thus, the logarithmic
size of the shift is

In{v_shifted/v) = In(C) = -In(A_shifted/A)
throughout the spectrum.

The from the above example and other cases, it follows that
representation tends to give spectrum structures of equal importance
relative their band equal importance in plots. This spectrum structure
feature seems yours truly a great boon.

UNDER CONSTRUCTION BELOW

law) is

VB_V(T) = AB_A(T) = 2c[(KT/(hC)]**4 =-=-n-n--- ,
[exp(x)-1]

where the Planck constant h = 6.62607015*10**(-34) J's (exactly), the
vacuum light speed ¢ = 2.99792458*10**8 m/s (exactly) = 3*10**8 m/s =
3*10**S5 km/s = 1 fi/ns, and the x = hv/(kT) =h¢/(kTA) is dimensionless (i.e.,
unitless) variable incorporating frequency and wavelength information,
where the Boltzmann contant k = 1.380649*10**(-23) J/K (exactly) and T is
temperature. For reference for the fundamental physical constants, see also
NIST: Fundamental Physical Constants.

Credit/Permission: © User:Rhwentworth, 2025 / CC BY-SA 1.0.

Image link: Wikimedia Commons: File:Spectral Distribution of Sunlight.svg.
Local file: local link: representation.html.

File: Blackbody file: representation.html.
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