Quick Quiz 1

If a classroom door 1s open slightly, you can
hear sounds coming from the hallway. Yet
you cannot see what 1s happening 1n the
hallway. Why 1s there this difference? (a)
Light waves do not diffract through the
single slit of the open doorway. (b) Sound
waves can pass through the walls, but light
waves cannot. (¢) The open door 1s a small
slit for sound waves, but a large slit for light
waves. (d) The open door 1s a large slit for
sound waves, but a small slit for light waves.
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Quick Quiz 3

Cat’s eyes have pupils that can be modeled as
vertical slits. At night, would cats be more
successful 1n resolving

(a) headlights on a distant car, or

(b) vertically-separated lights on the mast of
a distant boat?



Quick Quiz 4

If laser light 1s reflected from a phonograph
record or a compact disc, a diffraction pattern
appears. This 1s due to the fact that both
devices contain parallel tracks of information
that act as a reflection diffraction grating.
Which device, (a) record or (b) compact disc,
results in diffraction maxima that are farther
apart 1n angle?
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«Contemporary
Physics: Part2»
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Thermal radiation. Emissivity and absorptivity
of the matter and their ratios. Blackbody
radiation. Stefan-Boltzmann law. Derivation
of the Planck Distribution Law. Wien's
displacement law. The Rayleigh-Jeans law.



Kirchhoff's law
Thermal radiation
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Ratio of the emissivity of the body to its
absorptivity is the same for all bodies and
universal function of frequency and temperature
of the body, equals to the emissivity of the black

body &(v, T).



Good model of this
body is the small gap
in closed cavity.
Light, falling through
the gap in the cavity

after numerical
reflections, will be
practically almost

absorbed by the
walls and the gap
outside will seem
absolutely black.

If the cavity is heated up to some temperature T and
inside the thermal equilibrium is established, then the
own radiation of the cavity will be the radiation of the

black body.



In 1879 Stephen on the base of the analysis of the
experimental data found that the integral radiance of the
black body is proportional to the 4t degree of absolute
temperature T:
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£ e £ Spectral density of radiation of the
(v,T) °% (A,T) black body

In 1884 Boltzmann theoretically show this dependence
from thermodynamical consideration. This law is the law
of the Stephen- Boltzmann. Numerical method of the

constant O IS
o=5,671-10"2 BT / (M? - K%).



Location of the maximum of Displacement law

spectral density of radiation
of the black body on the axis A’ ax | T =const=>b

of the wavelength is reversely
proportional to the body b =0.2898'10"2m-

temperature. T oK=2898 MKM°K
Wien's law
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2 the Rayleigh-Jeans law
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Planck concluded, that the radiation and absorption processes by heated
bodies of the electromagnetic energy happen not continuously, as it was
considered by classic physics, but finite portions — quants. E=Nlo=hv
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Planck equation at small x (high frequencies or big wavelength)
almost coincides with semiempirical Wien’s law. At Ilow
frequencies (hv << kT) Planck equation transfers to the

Rayleigh-Jeans law.
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Real bodies have different radiation and absorption. There is the
coefficient of “grayness” of spectral €  and integral € radiation

A
coefficient (don’t confuse withc ¢ (T ™ emissivity and &- dielectric

constant).
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If the body is
“gray" 81 = const _> E(T) ~ 8 . o_ . T4

If &, #const The body is colors and there is additional

optical phenomenon: interference, diffraction,
luminescence.

Sometimes to estimate the reflection of radiance from the body it is
convenient to use not the “gray” coefficient &, but coefficient of

whiteness «albedo»: o=1—¢



Dielectic radiation At the condition. That all radiation, which

coefficients doesn’t reflect from the edge of thick non

g, =1-R, =

transparent or semitransparent dielectric,
absorbed in its thickness or on other edge.

(n, +1} +m for (w/c) n-L>>1

4n,

Rx is the reflection coefficient of the surface dielectric-vacuum
(depends on the wavelenght). Nx is the refraction coefficient, n, is
the index of refraction of the material, L is the thickness of dielectric
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Integral radiation coefficient
of several dielectrics as the
function of temperature : 1-
rubber, 2- porcelain, 3-cork,
4-paper, 5 fire-clay.
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Any material, covered by thin transparent dielectric layer,
change its “'gray” coefficient because of reflection of frontal
waves, radiated body on the surface dielectric-vacuum and
total internal reflection of oblique beams on this surface.
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where €om is the integral radiation coefficient of the material, N is
the index of refraction of films dielectric, 6 angle of total internal ®
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#(R Metal radiation coefficients
Metals, especially
075 ~UJ_ polished, have small
2A radiation coefficient.
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Spectral radiation coefficient & of some metals: 1-graphite,

2-copper, 3-iron, 4-aluminum, 5-silver.

Radiation coefficient of metals KoadpdunumeHT nsanydyeHmnsa metannos uniquely
connected with its index of reflection. The last one depends not only on
concentration of unbound electrons and electron oscillation frequency, but on
the scattering of oscillating electrons (their interaction with the impurities

and defects) and magnetic permittivity of metal u. Scattering is defined by

conductivity of metals ©.

o is electroconductivity of metals, c is

g, =1-R, =\/2_0) the speed of light, w is cyclic frequency of

(o] ucz radiation.
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Integral radiation coefficient of some metals.
1-nickel, 2-tungsten, 3-platinum.



Dependence 1
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Integral radiation coefficient € as a function of the
angle of observation

1 = black body; 2 — gray body; 3-5 — dielectrics with

the indexes of refraction n=1.5; 2 and 4 respectively;

6 — metal.
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Selective coating are special
coatings for heat control.
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Radiation pyrometers

T
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NMupoMeTpbl OCHOBaHbl HA POKYCUPOBKE U3JTYyHEHUNA pacKaJIEHHOM
NOBEPXHOCTU Ha TersionpmeMHuke. ApKocTtb C(pOKYCMPOBAHHOIO
n3obpa>xeHmsa He 3aBUCUT OT PaCcCTOSAHUA A0 06bekTa, ecsin OHO
BEJINKO N0 CpaBHEHUIO C (POKYCHbIM paccTossHMEeM obbekTuBa.
Ba)xHO, 4TO6bI co3faBaeMoe 06beKTMBOM n3obpaxeHme NoJIHOCTbIO
nepekpbiBasio TensonpueMHuk. NpeasapmntenbHO NPonN3BOAUTCS

MOoCKOJZIbKY 2HepreTmyYeckass CBeTMMOCTb peaZibHOU pacKaJlIeHHOM

nMoOBEPXHOCTU NpHU TOWN XKe TeEMnNneparype MeHblle CBETUMOCTH
abconoTHO YEPHOro Tena ‘B cCoOoTBETCTBMU C 3AKOHOM Kupxrog;a ),

U3IMEpPEHHAaA paanNnallMoHHAA TEMNEPATYpPa OKa3biBa€TCA MEHbLLUE

B cnpaBoOYHMKAaX MMEIOTCHA COOTBETCTBYHOLLME NMonpaBOYHbIe

kK03 dunLUMEeHTbl, yunTbiBalMe OT/iMune CBETMMOCTU NOBEPXHOCTEMN
peanbHbIX MaTepuasioB OT CBETUMOCTMU abCcoNMIOTHO YepHOoro Tena.
3HauyeHus 3TMx KoadpPpumumneHToB B CBOIO ouepeab 3aBUCAT OT ®

[ " V. _ S VE _PF..Y . %9 . v2" %8

The hot object




SAPpKOCTHbIE NMUPOMeTPbl.

MeHble paeHa 6osibwe
SIPKOCMb HUMU MO0 OMHOWEHUI K ¢(hOHY

OdencrBue nMpoMeTpa OCHOBaAHO Ha CpaBHEHUMU APKOCTU CBEUYEHUSN
Tena, TeMmnepartypa KOToOporo MmsMepsietcsi, U HUTMU JlaMnbl
HaKkaNMBaHuA. Yepe3 KpaCHbI cBeTOPUAbTP NPONU3BOANTCSA
Habnwopeuue (A=660 HM). NpnMmeHeHne NnMpoMeTpoB 06bIYHO CBSI3AaHO
c metannyprmeun. NMNpounssoanrtca HabnrogeHmne, HanpmMep, OKOLWKa B
CTEHKM AOMEHHOW WIn MapTeHoBCckoMu neun. Ha ¢poHe nsobparkeHmnn
CBeTALlerocs oKkowka Habnrgaercs HUTb JIAaMMNOYKM HaKaJIMBaHMA.
Perynmpys TOoK yepes J1aMrnouky, ,o6mBaroTCA ypaBHUBaAHUA UX
AAPKOCTEN B KpacHOM uBeTe. Npy 3TOM HUTb JIaMMNOYKN CTAaHOBUTCH
HEBMANMOM - NOTOMY TaKOW NMPOMETP Ha3biBalOT MUPOMETPOM C
“ncuesarwuwen” HMTbLIO. NMpomMeTp rpaaympy-erTcsa no abconrTHO

NockoJibKY CBETUMOCTb pPeaJibHOro TeJsia Npu TOM XKe TeMneparype
MEeHblle, ANIA AOCTUXKEHUA PaBEeHCTBa APKOCTEN YEPHOro U HEYEPHOoro

TeJs1 3TO nocJjiefAHee AO0JIKHO 6biTb HarpeTo cujibHee, U3MepeHHas
AIDKOCTHaA Temneparypa To)e Oka3biBaeTcsl MeHblue ®
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LiBeTOoBbI€ NTUPOMETPHI.
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ha CMEHHbIM

BeTocBuang
Cepoe Teno MMeeT TOT Xe cneKTpasbHbIM COCTAaB, YTO U abCcooTHO

yepHoe Teno. [103ToMy TeMnepaTypy CEPOro Tena MOXHO OnpeaennTb
B COOTBETCTBMM C 3aKOHOM cMelleHns BuHa, onpeanenus AJIMHY BOJIHbI

/\m, Ha KOTOPYI NPUXOAUTCA MAaKCUMYM n3nydvyeHus. OQHaKo, BMECTO
NccnenoBaHUs BCEro CrekTpa U3ny4deHus, npou3BoasaTCA U3MEpPEHUS
CBETMMOCTEN Ha ABYX pa3/IM4YHbIX YacToTax (Mpu ABYX 3HAUEHUAX
OJINH BOJTH) M MO UX OTHOLUEHUIO ONpeaensieTcs TemnepaTtypa Tena -
ONs yepHoro Tena npu nobon TeMnepaTtype 3TO OTHOLIEHNE U3BECTHO.

ATAT AIMNAMATNA NATAOIALIAATAA AT NANIAALIIANALLNAIFA TAM LITTN I_I:!RHLI\I'IQLIIACI

Kak npaBu/1io, u3aMepeHHasa TeMmnepaTtypa Bbille UCTUHHOM, a
nokasaHua 6/21m)ke K UCTUHHbIM, YEM Y PaANALLMOHHOIO U APKOCTHOIO
MEeToAO0B U3MepeHun TeMneparTtypbl. ®
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Quick Quiz 1

If a classroom door 1s open slightly, you can
hear sounds coming from the hallway. Yet
you cannot see what 1s happening 1n the
hallway. Why 1s there this difference? (a)
Light waves do not diffract through the
single slit of the open doorway. (b) Sound
waves can pass through the walls, but light
waves cannot. (¢) The open door 1s a small
slit for sound waves, but a large slit for light
waves. (d) The open door 1s a large slit for
sound waves, but a small slit for light waves.
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Quick Quiz 3

Cat’s eyes have pupils that can be modeled as
vertical slits. At night, would cats be more
successful 1n resolving

(a) headlights on a distant car, or

(b) vertically-separated lights on the mast of
a distant boat?



Quick Quiz 4

If laser light 1s reflected from a phonograph
record or a compact disc, a diffraction pattern
appears. This 1s due to the fact that both
devices contain parallel tracks of information
that act as a reflection diffraction grating.
Which device, (a) record or (b) compact disc,
results in diffraction maxima that are farther
apart 1n angle?



