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‘We will never know how to study by any means the chemical

composition (of stars), or their mineralogical structure’
Auguste Comte (1835)
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Black Body Radiation of the Sun

10 Fultraviolet ;

visible infrared

Fig. 18.2. Spectral intensity distribu-
tion of Planck’s black-body radia-
tion as a function of wavelength for
different temperatures. The maxi-
mum of the intensity shifts to shorter
wavelengths as the black-body tem-
perature increases.
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HJIaHeTaprIe TYMdHHOCTH

JMUCCUOHHbIE

CNeKTPb

HeWTpanbHbIX aTOMOB WU
MHOro3apsiAHbIX NOHOB:
H, H*, He, Het O*2, N+,
C+2’Ca+

CAT'S EYE

MGG To08 NGC 6826
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Mexx3Be3HbIe MOJIEKY/IbI
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KaTasii3 Ha TOBEepXHOCTU

MEX3BE3/IHbBIX IIbIJIMHOK
(MUrpaLyd 110 TOBEPXHOCTH)
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H,* is one of the most abundant
ion in the Universe




OH u H,0 ma3epsr




Mars Science Laboratory - Curiosity

ChemCam wcnonkayeTnNa3jepanAa MCcnapeHua W aHanu3anpodc
NoOBEpXHOCTA Mapca Ha pacCTOAHMW OO0 7 M, C NOMOLLLKD CNEKTpOMETpA
PETHCTRPUMPYETCA CNEKTP NONYYEHHOW NPW 3TOM NNa3Mel.




System to Vaporize Asteroids That
Threaten Earth




ATMOCdhEpPbI 3K30-MNJ1aHET U
COCTaB MeX3BE3HbIX 06n1aKkoB




CneKTpasbHbIN COCTaB
aTMocdepbl SK30M1aHET

. MopenupoBaHue MoJiIeKynsSIpHbIX CMEKTPOB NpU
NOBbILLEHHbIX TeMNepaTypax

. TOHKas U CBepX TOHKafA CTPYKTypa
3HepreTuyecKmMx ypoBHemu

. PapgnaumoHHblIe XapaKTepucTukKu nepexoaos

. MopenupoBaHue (pOpMbl U LLUUPUHDI
CNeKTpasbHbIX JINHUN

. OLleHKa 3acefieHHOCTeN YPOBHEN B paBHOBECHbIX
M KBa3MpPaBHOBECHbIX YCJ/IOBUSAX
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N3oTomnnyeckoe
GpaKLMOHUPOBAHUE

K, =e R A,G° = —~RTh K.,

AGr = AHy — TAST
, dmK AH,"
AHY = AHY, + AGdT T — RT2

DY+ Hy > HD+ H" + AHyp
D+ HD — Dy+ H+ AHry
D+ HCO" - DCOT + H+ AHr
HD + H,O —- HDO + Hy + AHy




Energy

KoHcTaHTa CKOPOCTU peaKlium
(bopmysia AppeHuyca)
I — Ae—Ea/(RT)

Reaction without catalyst E 1
— Py,

- - - - Reaction with catalyst lﬂ{k) — R T + 111[4‘1)

k= A(T/Ty)"e Fe/(FT)

Reaction path
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YabTpaxoJiogHbIE MOJIEKYJ/IbI
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USA 2\ o«
K" Rb Tokyo, Japan  ~130 uK ADB(T) =2 (%) %sT
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B T MNew Hawven,
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v" MoagenupoBaHue peakuui B
MeXX3Be3HbIX obnakax

- KBaHTOBaga nHgpopmartuka:
KyOUTblI KBAHTOBbIX KOMMbIOTEPOB

G. Quéméner, and P. S. Julienne,
Ultracold Molecules under Control!
Chemical Reviews 112, 4949 (2012)
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JTaJIOHBI BPEMCHH U HdCTOTDbI
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1940 1950 1960 1970 1980 1990 2000 2010 2020
Year
Lifetime as
Cesium Experimental | Years of Length of Best
Frequency or Operation as | Linewidth Ramsey Published
Standard | Operational NPFS Cavity Accuracy
» Device
¥ NBS-1 1952-1962 1959-1960 300 Hz 55cm 1x10°11 [44]
NBS-2 1959-1965 1960-1963 110 Hz 164 cm 810712 [44]
NBS-3 1959-1970 1963-1970 48 Hz 366 cm 5% 10713 [45]
NBS-4 1965-1990s NA * 130 Hz 52.4 cm 3% 10713 [46)
NBS-5 1966-1974 1972-1974 45 Hz 374cm 2 X 10713 [46]
NBS-6 1974-1993 1975-1993 26 Hz 374cm 8 10714 [48]
NIST-7 1988-2001 1993-1998 62 Hz 155 cm 5x 10715 [51]

Table 1. Summary of NIST cesium beam primary frequency standards, including the best
published accuracv number.
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Figure 16. Simplified schematic diagram of a cesium fountain that
uses laser cooling.

Figure 17. The cesium fountain standard NIST—-F1.
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Bergmann, Theuer, and Shore

Coherent population transfer among quantum states
Reviews of Modern Physics, 70, 1003 (1998)




