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The	Odd	Sex	Life	of	Molecular	
Clouds



Lifestyles	of	the	Rich	and	Gaseous



LMCs’		Children…



The	Theory	of	Squiggly	Lines









Quantized	Energy
• Continuous	energy	is	
like	a	ramp.

• Quantized	energy	is	like	
a	stair	case.

• Each	stair	increases	the	
energy	by	the	value	of	
Planck’s	constant

• h	=	6.63x10-34 J-s
• E	=	hf



Absorption	&	Emission	Spectra

• Bohr’s	model	also	
explained	Kirchhoff’s	Laws	
of	Spectroscopy.

• Emission	spectra	produced	
when	electron	releases	
energy	and	drops	to	a	
lower	orbit.

• Absorption	spectra	
produced	when	electron	
absorbed	energy	needed	to	
go	to	a	higher	orbit.







The	Real	Math…



Radiative transfer equation: the line case



Different	Molecules
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What’s	a	Spectrometer?



Hardware	vs.	Software



A	Spectrometer
Filter	Bank	Spectrometer
Originally	separate	banks	of	filters	each	centered	on	slightly	different	IF

Split	power	coming	into	filterbank with	N	channels
Adjust	velocity	resolution	by	changing	the	bandwidth	used	in	the	observations.

E.g.	100	MHz	for	N=100	channels	->	1	MHz	resolution
Convert	to	velocity	using	the	Local	standard	of	rest	frequency	and	line	velocity.

Square-law	detectors
Recorder
Note
Signal	to	noise	worse	the	more	channels	so	require	appropriate	integration	time.

Digital	Spectrometer
More	controllable

Convert	signal	to	digital	asap
Able	to	select	velocity	region	in	bandpass,	regardless	of	width.
Vary	the	number	of	channels

A	lot	more	data
Very	short	integration	time	on	chip	– can	cause	problems
Must	process	spectra	in	CPU	off	chip
Can	do	all	stokes	parameters	simultaneously



Clouds	and	the	ISM



Emission	lines can	be	used	to	identify	atoms:
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H2O masers in galaxy NGC4258

central mass from Keplerian law:

M = V2R/G = 3.6 107 MO

density > 4 109 MO pc-3

0.13 pc

black
hole!

Miyoshi  et al. (1995)



Massive	Star-Formation



Kitty	Event	in	NGC6334F;	6.7	GHz





Methanol	Masers	in	the	NGC6334F	Star	
Forming	Region

From	the	top	:	Stokes	I,	Q,	U	and	V	
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Proper motions of

H2O maser spots

in star forming region

Torrelles et al. (2001)



massive protostar
IRAS 20126+4104

OH & CH3OH
masers

Keplerian 
rotation:
M*=7 MO

OH & CH3OH



Hypercompact
HII region

Moscadelli et al. (2007)
Beltran et al. (2007)

7mm free-free & H2O masers

500 AU



Hypercompact
HII region
expands!

7mm free-free & H2O masers

30 km/s



OH/IR	Stars






