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1. Introduction

In optics the directly measurable quantity is optical power. For a plane wave, the two electric and magnetic fields are perpendicular to
each other and their magnitudes hold in E = cB. Hence, this quantity is proportional to the squared magnitude of electric field amplitude
[1,2]. In many of optical experiments these circumstances almost hold, and the intensity and total power are derived correctly by this
process.

However, for a general electromagnetic field two electric and magnetic fields generally are not perpendicular to each other and their
magnitudes don’t hold in E = ¢B. In these cases, the common method is finding the magnetic field and then building corresponding Poynting
vector. Then, by using this quantity, intensity and optical power is obtained.

On the other hand, energy balancing issue is a basic and challenging one in every field of physics. In optics, verification of conventional
interpretation of Poynting vector, as the power flux, is an attractive issue [3].

In this paper the optical power transmitting through a plane is derived exactly as a function of the electric field specified at that plane
or any plane parallel to it. In Section 2 the magnetic field is specified as a function of the angular spectrum of the electric field at a plane.
Transmitted power based on Poynting vector is derived as a function of the angular spectrum of the electric field, and also as a function of
the electric field, in Section 3.

2. Electric and magnetic fields

Suppose that the complex amplitude of vectorial electric field at xy plane is E(x, ¥, 0). The complex amplitude of electric field E(x, y, z)
atplanez>0is[1,2]

El(x,y,z):/[wAl (i, f) exp [j2n ((;ijtfy-i- Kz)} d (%) d (f) (1)

(lZX,y), (1)
E;(x,y,z)= // Az (i f) exp [j2n <‘;x+ §y+ Kz)} d (%) d (f) R (2)
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where A is the wavelength, A;(«/A, B/A) is the Fourier transform of Ej(x, ¥, 0), and

y=(0--p)"% P+ p<1, 3)

y=i@®+p -2 4 p>1. 3)

Because V.E(x,y,z)=0,

Ar=— (?ﬁAx + ﬁAy) . (4)

The above three equations can be compressed to one vectorial equation:

E(x,y,2)=//_:f\(‘;,f) exp [1'271 (i{”fwr;z)]d(i)d(f)' (5)

The second Maxwell equation (Faraday law) implies [4]
V x E = jkcB, (6)

where k=27 /A and c is velocity of light in the medium. Combination of Egs. (5) and (6) gives

B(x,y,z)= //_OO {—ZA <‘;, f) x (X + By + yi)] x exp {]271 (())fx-i- gy-i- ;z>] d (%) d <f> . (7)

Interpretation of the above equation is simple. Total B is vectorial sum of several (infinite) vectors. Each vector is perpendicular to the
electric field and the propagation direction (for real y) of a plane wave and its magnitude is equal to A(«/A, B/1)d(a/L)d(B[A)[c. Thus, it is
a magnetic field corresponding to A(a/A, B/A)d(a/A)d(B/)\)/c.

3. Transmitted power based on Poynting vector
In term of complex amplitude the flow of electromagnetic power, S, is governed by [5]
1
S= iRe{E x Hx}. (8)

Now we examine the transmitted power, P, through the z plane.

Pz// S.idxdy:ﬁRe{// EXB;‘,dxdyf// B;Eydxdy}, (9)

where p is the magnetic permeability of the medium. By using Eqs. (1) and (7) the first integral in right hand side of (9) is

/Kwdxdy/[wa (‘i‘ f) exp [jZn (i{x+’f}’+zz>] d(%) d (f) x/lm% [V’*A,’z (‘i f) — oA (0; i)]
x exp [—j2n (O){x+ %yvt y)i*z)] d (%) d (’i) : (10)

By interchanging the order of integrals

R * o B o B i, (2B s (OB
//ﬁwExBydxdy://imAx <A,k>d(k)d()\>x//wc{y*&( (A’A)‘“AZ (A,Aﬂ
x exp [jz)\m(y—y’*)}d(o){)dCi) x// exp [j2n(a;a/x+'3;ﬁ/y)]dxdy. (11)

ut
//ooexp [j27r (a;a/x-kﬂ;ﬂ/y)]dxdy:&(aza/,’g;’g/), (12)

therefore,

// E,B;‘,dxdy:%// Ax <‘i‘f> « {y*A; (‘i‘,f)w\; <§f,f>}exp [jz)j-f‘z(yy*)}d(?f)d(f). (13)
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