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tudes on the outgoing sweep to those 
on the return sweep, at the se.me 
magnetic field. For very weak con-
centrations and pure water, the decay 
ree.ches a limit (of about 25 per 
cent), probably governed by some 
other inhomogeneity not yet under
stood (cf. Torrey3). The.t. the eff~ct 
observed is independent of the m
homogeneity is demonstrated by dis
torting the field. Although the signal 
can be reduced in size by a fe.ctor of 
10, the re.tio (Pn/PN+n) remains un
changed to within the experimental 
error of ± 10 per cent. 

The magnetic moments cannot be 
precessing completely freely all the 
time, as the decay is also dependent on 
the radio-frequency magnetic field 2H,, 

o 14,...._.._.....,....J.<....,..__._,_....._ _ __.___._...._ ...... _._......., and on the rate of change of magnetic 
o 2 3 4 9 10 J~!r field. For sufficiently small values of 

Ferric ion dilution (c,c./10" Ions) 2H 1 ( ,...,_, 10--3 gauss), the ratio (Pn/PN +n) 
. · · · increases with H · until a broad maxi-Fig. 2. Variation of 'wiggle's' decay with ferric 10n dilution . hed 1,th 

2
H lf\-.• gauss 

,...,_, .1/y !J.H. This has proved a. lim~tation in the 
measurement of transverse relaxation times T 2 ~ 10·3 

sec., as for such measurements a magnetic field 
inhomogeneity of ;S 0·003 gauss is required; and, 
hitherto, this requirement has not been satisfied. 
Torrey8 has proposed and used a method in which 
long relaxation times T 2 can be studied in the presence 
of an inhomogeneous magnetic field. The observation 
of his phenomenon depends on maintaining the mag
netic field at resonance, and is quite unrelated to the 
'wiggles' experiments. 

The purpose of this note is to report another ex
periment from which it appears that relaxation times 
can be measured in the presence of an inhomogeneous 
field. By using this new method, it is possible also to 
detect changes of magnetic field of 1 in 108, and 
possibly of as little as 1 in 108 or 109• 

A magnetic field of 1,060 gauss was modulated at 
50 c./s. by an amplitude of,.._, 10 gauss. Samples of 
water with ferric ammonium sulphate added were 
chosen, and the solution made very weak so that the 
relaxation times T 2 should be ;;::_ 0 ·01 sec. The radio
frequency coil was a.bout 1 cm. diameter and 1 · l cm. 
long. By suitable adjustments of the radio-frequency 
magnetic field (2H 1), and the rate of sweep through 
resonance, signals as shown in Fig. 1 were obtained. 
This shape is explained, as with ordinary wiggles, by 
assuming that the magnetic moments are left spinning 
after resonance is passed. The precessional motion 
continues, the signal passing outside the band-width 
of the receiver (100 kc./s.), and reappearing, still 
precessing, on the return of the magnetic field sweep. 
The wiggles on both halves of the sweep· are visible 
for about 2 gauss from resonance, the continuous 
change in amplitude being due to the .receiver band
width. During one half-period of the sweep, the 
amplitude has been reduced by some damping pro
cess which is independent of the inhomogeneity of 
the magnetic field. 

Assuming that the relaxation times T 1 and T 2 a.re 
inversely proportional to the concentration of the 
ferric ion in the region under discussion (1018 Fe+++/ 
c.c.), then it is found that for a wide range of ferric 
ion concentrations, the damping of . the oscillations 
is proportional to T 1 and/ or T 2• This is demonstrated 
in Fig. 2, where (P11/PN+n) is the ratio of the ampli-

mum1sreac wr 1 ,...,_, v • 
The maximum is reached for larger values of H 1 when 
the rate of change of field is greater, but all maximum 
values of (P,./PN+n) are roughl?' equal. A fin?-l 
property of the effect is that the time ta.ken to _obta.m 
a signal appears to be ,...,_, T 1 • If the magnetic field 
is suddenly changed a little, the effect disappears, 
reappearing in a time t -T1 • Very small abrupt 
changes in the magnetic field cause the pattern on 
the return stroke to break up and re-arrange itself. 
In fact field changes of 1 in IO• can be detected in 
this w~y. The average rate of precession is about 
4·5 Mc./s., so that during 0·01 sec. the magnetic 
moments have spun 45,000 times. Thus a field-change 
of 1 in 10 6 would bring about, after O·Ol sec., a phase 
change in the spinning magnetic moments of~ 15° 
relative to the constant exciting radio-frequency. 
The fact that such a change is observed, together 
with the time of recovery being ,-., T 1, seems to imply 
that the spinning is only loosely held in coherence 
in some way by the radio-frequency. If field-strengths 
of 10,000 gauss are used, and if relaxation times. T 2 

of ,...,_, I sec. exist, as is suspected, then this mechanism 
could possibly be used to detect field changes of as 
little as 1 in 109• 

It seems that in this particular case there is not 
yet an explanation of why the decay is independent 
of the main field inhomogeneity. Torrey's theory 
does not help in understanding cases where the mag
nt>tic field departs from resonance by more than Hi, 
whereas the effect occurs for departures from reson
ance of as much as 200 H 1• 
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Dr. Gooden. was unable to read the proofs of this 
letter before his return to Australia, where he has 
since died. We are uncertain as to the correctness 
of the "decay time of 0·01 sec." in Fig. 2, but feel 
that this does not detract from the genera.I informa
tion contained in the communication. 
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