37 Radiant Forces

An active emitter shines light and heat into local space. Radiant forces combine to produce radiant
brightness. A force may be associated with the emitter, and another force may be associated with the
radiation.

Each force may be represented as a vector. Each vector is four dimensional. If three “radiant conditions”
apply, then the components of force will give the Stephan-Boltzmann equation of brightness.

The Radiant Vectors;

One vector of force (F;) may be associated with an emitter, and another vector of force (F;) may be
associated with radiation. The force vectors are;

F;=Fi1€11 + F1€15 + Fi3€13 + Fra€14
F; = Fy1€51 + F2y€25 + Fa3€23 + Fra€24
Where; (€11, €12, €13, €14) (€21, €22, €23, €24) are unit vectors

(F11, F12, F13, F1a) (F21, F22, Fas, Fo4) are scalar components of force

Each vector has a magnitude; |Fn|l = Fus where; n=1,2
The components are related to magnitude; Fui® + Fr® + Foa” + Frg” = Fog’
Sub-components (F,¢, F,7) are also related; Frs> = Fns” - Fra” = Fa® + Foy?

Fn72 = Fnl2 + Fnz2 = I:n62 - Fn32
Component Geometry;

Each vector (F,) has components and sub-components arranged as angular geometry;

Foi= Fn7COS(An1) and; Fr2 = Fn7Sin(An1)
Fn7= Fn5COS(An2) and; Fo3 = FHGSin(AHZ)
Fne = Fn5COS(An3) and; Fra= FnSSin(An3)

Radiant Conditions;
Three conditions are required for emission; Condition1; Aj;;=A;
Condition 2;  Fj3=Fp

Condition 3; Az = Ay



Radiant Forces

The Force Equation;
From condition 1; A=Az
Cos(Az;) = Cos(Az2)
F11/F17 = F17/F1s
F11F16 = F1’
From condition 2; Fa6F16 = F17°
F25C0S(Az3)F15C0s(As3) = F17°
From condition 3; F25C0s(As3)F15C0s(As3) = F17°
The force equation is;  FzsF15C0s%(As3) = F1,°
Assume; Sin(A3) =% and;  Cos(As) = %4(15)*
The scalar force equation may be written as;
15F 25F 15 = 16F;,°
Definitions of Force;

The scalar force equation relates the radiant force (F;5) to the dynamic force of the emitter (F;5) and the
thermal force of the emitter (F;,). Components of force may be defined as;

F1s = Exs/(2mrss) and; Fi7= E172/hC
Where; E;5 is the dynamic energy of the emitter; Eis = Yahfis
fi1s is the frequency of the emitter
) is the reduced Plank constant
ris is the radius of the emitter; rys = vyist
V15 is the average vibrational velocity of the emitter and t is time
Ei; is thermal energy; Ej; = YamksTy,
kg is the Boltzmann constant
T,7 is temperature
h is the Plank constant

cis the light constant
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Radiant Forces

The Radiance Equation;

The scalar force equationis;  15F,sF;5 = 16F;,°
15F »5(1)Fy5 = 16F;,°

Definitions give; 15F 5(V1st/r1s)F s = 16F;5°
15F 25(v1st/r15)(Eqs/2mrss) = 16E1;°/h%c
15F 25(vast/r15)(%shfis/21tr1s) = 16(%mikeT17)*/h?c?
15F 25(vast/r15)(hfis/ATir1s) = ks ' Te7 /h?C?
15(F25v1s)h(tfis)(1/4mrss) = ks T1;"/h%c
15(F2sv1s)(h/2m)(1)(1/47rss°) = ke ' T17"/h%c?
15(F2svss)(1/4mris7) = 21°ke*To7 /03

Emissive power (P) is; P = F5vss

Emissive surface area (Azs) is;  Azs = 4mris”

Giving; 15P/A;s = (2°ks*/h3c?) T

Brightness (B) is; B=P/Ass

Giving the radiance equation; B= (2r°kg* /1503 ) T" = 0Ty7*

Where; o is the Stefan-Boltzmann constant; o = 2i°kg*/15¢%h?

Conclusion;

Two vectors represent forces associated with an emitter and radiation. If three “radiant conditions”
apply, then the components of force will give the Stephan-Boltzmann equation of brightness.
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