
ASTRO	536,	HW	#	3	 	 due	10/18/17	in	class	
	
Each	problem	is	worth	15	points	AND	½	of	this	HW	is	for	Xtra-credit	



	

	



2)	Fun	with	Hydrogen	21	cm	line	from	Hyperfine	splitting.			
	

a) Write	down	the	Hamiltonian	as	a	sum	of	terms,	where:	0th	order	is	KE	+	PE;	
1st	order	is	relativistic	correction	(1st	term	in	Taylor	series	expansion	of	the	
relativistic	energy	formula);	2nd	order		is	spin-orbit	coupling;	3rd	order	is	
spin-spin	coupling.	Estimate	the	contributions	from	each	of	these	terms.	
Show	from	this	that	the	energy	for	the	spin-spin	coupling	is	in	the	ball-park	
corresponding	to	a	wavelength	of	21	cm	(very	approximate!)	

	
b) Rates	of	transitions.	Take	an	oscillating	dipole	(d	is	the	dipole	moment,	

which	is	the	charge	q	times	the	Bohr	radius,	a0)	at	a	frequency	corresponding	
to	the	21	cm	wavelength	(ν	=	1420	MHz).		Look	up	the	classical	(E&M)	rate	of	
energy	loss	(emission)	of	such	a	dipole,	and	set	it	equal	to	the	rate	of	
transitions,	Q,	times	hbar	•ω.		Calculate	Q	(answer	has	units	of	1/time).		
You’ll	find	its	VERY	large.	The	reason	is	that	a	proper	QM	treatment	will	
show	that	the	electric	dipole	radiation	is	forbidden,	and	that	the	lowest	non-
forbidden	radiative	process	is	magnetic	dipole	radiation.	Find	(look	up)	the	
formula	for	magnetic	dipole	radiation	and	calculate	the	rate	Q	for	this.		You’ll	
find	a	number	close	to	that	given	in	class.	

	
	


