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Radiation damping dynamics in boh o lne and homogenously broadened systems
Intoducton of magretic mplca
the radation damping proem, and consequenty, & compete anelytcaldescrgion has
notyet Iniel
‘ipping angle g of the on resonnce cenrl vector of & symmetric fied distibuton M{0J)
and the change i tiping angle ] due o the combined torque o radition damping and
The resuting area rom the Boch
equatons using a transtormaton st reaized in the reatment of sellinduced
trnsparen My
= 2pMQgxand the imerse nenicth for 2 Loretzn distibuton T, a5
106]= (T, Tglsinigg - [Da).
This angle change |Dy aso represens th area of the measured time doman signall
foll pulg =p2and
severl hoices of G, =T, T ae shoun on he op et The diagram shoun on te fop
fectof the att=0tothe,
diection at a time lter when al of the efects of radaton damping have varished.
Extension cf tis analyical approach to two and many f pulses yields a seris of
ranscendental elafons such s hat shown above. I the special case of o p  pulss

108+ Doy =T, Tg)sin(ioy) - Doy

i ot shown on the lover et for »
Sice inersecion o the nar curve representng = Dy D with any o the curesy
=T, MeJsin{Day - Doy only ocurs at the origin, 0 = [Dgy. The consequences of
tis equalty are shoun begining wih the midde dagram on the right. Folowing a p
pule MOJ)at = O s lgned longte M, Giecion as shown by the green arow. The
combine efet ofradiaion damping and fid inhomogenedy rotate M{0<0) tord te
M, dieton by an ange Dy as shown by th red aron. Appicton o a second p
pue transloms the e arow it th green arow shown n the iagram on te loer
right. Aganradiaton damping and the inhomogeneous fieldrottetis vetor to the +Mz
drecton due to the equalty [Duy| = Dy Ahough oly appropriat for M), this
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Altough the analtical theorem s only appropiat for descring total otaton angles
[Day/ for M0 from .= 0 un s when te reaction fied dueto al ofthe sochromats
is averaged to 2200, the idea o tree companent refocusing predicted by tis theorem
can be used as an ndiect detecor. Tne dagram on the et is approprate for &
symmelric Lorentzian distiution having T, g = 5.0. An il p f puise inverts all of

onthetop et Aer 57 ms,th vectors have fanned out intree cimensions shown on
the botom It shere. For tis prtulr chice of Ty e, 57 ms correspords o the
sgnal. Appicaton of

the botom right.

transioms phere sh

]

preparation detection
Continued application of tis doutle p puise tran wil cycle through these four spheres
y 9 Ty and T,
Clearly any departure from a symmetric distribution wil ater the complete refocusing of
the magnetizaton along +M, and be manifest in a change of the echo emvelope. An
example of such a sequence s shown above.  Here one examines the decay of the
double p echo ran with and with out any preparation puses. The preparaton puises
could be any double resonance experiment that perturbs the TH specirum of a soute
whil leaving the solvent unafiecte. To test this idea a sample of H,0 was chasen and
The e
tight are appropriate for a symmetric Lorentzian distrbuton with a sight notch burned
info one side, as shown in the images an th top rght. The double p echo trai in red
was acquired without hole buing and a plot of these echo maxima is shoun on the
lower right. Upan hol burning, the decay rate clerly increases, refeting the ~1.5%
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Discussion of the time necessary for inverted magnetzaion M=) = - M, o swing
hrough the u- plane and st aong the 444, diection begins wih the Bloch equaions
fora singlesochvomt under condios o rediton damping.
Ship= pve w2 evd
dth, 2 u TRMO(U )
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Here Mo s the tofal magnetzaton,and the potently ime dependent D, and wy are
the frequency ofse,and the eal, and imaginry components of an f fikd. Notce hat
when M(=0) = - M, and fo v = wy = 0, these equatons preict that M) wil emain
long the M, irecton ndefiel. However,thermal nise i the f it geneates an
incoherent  fek withcomponents w, and wy near the Laimo requency. s tis nose
field hat tiggers formaton o the usual super-adiant burt obsenved in concenteted
samples pefectp puse. Toanayzet the tne o the
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The simety nth tie behavir of gand Gimplytat te inear 340
and y,f0) il y ) andy ) v the 242 matx o the It equivalent to soling the
raninear Blochequatos. Indeed one can predict, v and M, at any time i terms oy,
and . via e a0 G= 0= .y 35U + v = 2G(1+G5) and M, = (-G3)(1466). Att=
Oafterap i puse M(=0) =M, G= ¥, and e can e y, = 1 andy 0. Inerms ofa

burst maimum ., consider first he time beavir of the stereagraphic pojecion of
M), G = v+iul(1+Mz). Using the Bloch equations above one finds that G evolves
accoring o the fict equaion. s

gzgn P22 21+ 2)
“This equation s the key to an exactlinearization of the Bloch equations under conditions
t Now consicer '
nd y under a complex  fid and conectd for radiaion camping by oring  ;to grow
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Interestingy enough by defiing g y,y; and celcuating the ine behavir using te

i )

xciaion for wy and w tht i “Gcrezed” by choosing 2 vlue &t
‘each fime interval from a nomal distribution with variance s2/Dt the ensemble average
Thi

134> and <y gy over

as thicklnes inthe top left graph for Tp = 2 ms, 52 = 0.5 rad?/ms?2, and D= 05 radms,
An analytcal soution based on the above malrix equation yields curves essentally
identcal to those shown o the figure. The residuas between numercal computation of
<Y4y1'> and <ygyy'> and the approsimaton are also included in tis iagram to

parison

these two curves vith sigle partle vaues for y 1 indcates that this partoular tine

N
st and g e rando procucing 0 avergesnl, Cansitenstad e
exluton of the "density’ yy,.* (where n,m = 1 or 2) by & marix L derived from the 2x2.
mlrix on the left and its Hermian conugete. Note te similarty between the matix
ements o L and those one would expectonthe basis of assigning . and y s > and
|>> spin staes. The presence of radiaon damping is represented by gain and decay

1
i
TR
[
1o
Lo
o

fime tg

above matixequaion yieds th starup S
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It inerestngto sk how much cohrent  fd is necssary to dotinele and shoren
gy 10 Gtermine whethr of not a tigger based detecon stiategy is possie
Proceeding in execty the same way as abov in the deteminalon o <.y,'> and
<> lads o he eetion )
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