Problem 3: Spectroscopy of interstellar molecules

3-1.  1004=29x10"mK A=29x10"m
E(photon) = heli = (6.63 x 10 J s} (3.0 x 10* m/s) /(2.9 x 10 m)
=6.9x10%

FPIGZLNTNDET A= DIERIORE > TR EER T2,
72 =2.9x 10°mKEY 1=2.9 x 10°/T =2.9 x 107
BONTEEEE-> TOEF 1RSIV 3L X —%2FHETIUZI,
E=h-v=h'c/A (ZZT, h=6.63X10 J-s: 7T IEHK, v=c /A HOEKEMz], c: iH)
FoT
E= (6.63X10% J+s) X (3.0X10° m/s)/(2.9 x 10° m) =6.9 x 102 J
32, J0e1
2 =(12x16/28)(1.66 x 107 kg) = 1.14 x 10%°kg
1= uR*=(1.14 x 10%kg)(1.13x 10" m)* = 1.45 x 10" kg m?
E(0es1) = 2 h*/8x%1 = 2(6.63 x 10 J s)¥/[8n%(1.45 x 10" kg m?))
=7.68x10%J
E(photon) of Problem 3-1 =6.9 x 107" J > E(0«1) = 7.68 x 107 J

Rotational excitation by the background radiation is feasible.
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2(J + 1)h*/8xn*] [J=0] = h*/4xn*l, (7=7ZLI1=puR?

1 =(12x16/28)(1.66 x 10% kg) = 1.14 x 10%°kg
1= uR*=(1.14 x 10%kg)(1.13 x 10" m)? = 1.45 x 10" kg m*

JoT
2 heI8n%l = 2(6.63 x 10 J s)[8n%(1.45 x 10" kg m?)] =7.68x 10 J
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3-3.  E(0<2)=6 h*8r®l = held A= 8x’cl /6h
= uR*=[(1/2) x 1.66 x 1077 kg](0.74 x 10" m)” = 4.55 x 10" kg m*
A= 8rlc (Bh
=[8n° x 4.55 x 10" kg m? x 3 x 10* m/s)/(6 x 6,63 x 10" J 5)
=271x10"m
T=29x10"mK/A=29x10°mK/271x 10" m =107 K

Observation of hydrogen rotational spectra is feasible at 100 K.
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T=29x10"mMK/MA=29x10"mK/271x10%m = 107 K
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