PHYSICS 313 - Winter/Spring Semester 2015 - ODU

Propagation of electromagnetic waves

Energy per volume dV in wave length interval dA:

dE()L,C,i, é +dA) _ u,dA ; u, = specific energy density.
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Example: black-body radiation j—‘}i =8nh

Total (integral over all wave lengths): 4o0/c T 4

Power emitted per area dA into solid angle d€2 in wave length interval dA:
dE(A...A+dA)

dtdAdQ

cosO-1,(0,p)dA ;I = specific intensity.
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Average: <I,L> =ﬁfflz(8,¢)d9 = ﬁul . Ex.: black-body: <I;L> =

Power emitted in positive (neg.) z-direction per area dA (perpendicular to z) and per dA:

27 wl2(x)
Radiation flux density F; = f do f cosO-1,(0,¢p)sinOdO
0 0(m/2)

For isotropic specific intensity (for top hemisphere): = F, = Jt<l A>
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Black-body radiation: F,dA = 27he” _dA 27thcf—i
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Radiation pressure in z-direction: dP; = Ed/l f do f cos’6-1,(0,¢)sin0do
0 0(x/2)

For isotropic specific intensity (for top hemisphere): = dP; = i—f<l ,L>d)L = %uld)t
Further properties of Black-body radiation
Maximum intensity per unit wave length interval for A =2.9 mm / T [K]
(Wien displacement law)
Total power emitted (intensity integrated over all wave lengths) I = o Tt
(Stefan-Boltzmann equation)

Total luminosity of spherical black-body of radius R: L = 4xR*0T"
L
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Apparent brightness (flux density) at distance d: F =



