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Fourier transform nuclear magnetic reso-
nance (NMR) has become the accepted tech-
nique for recording NMR spectra in liquids
and in solids. Both its superior sensitivity
and its versatility have been essential for the
remarkable success of NMR in numerous
fields from physics to medicine. [The SC/®
indicates that this paper has been cited in
over 330 publications since 1966.]

Richard R. Ernst
L aboratorium fiir Physikalische Chemie
Eidgenossische Technische Hochschule
ETH-Zentrum
CH-8092 Ziirich
Switzerland

April 26, 1983

“The very low sensitivity of nuclear
magnetic resonance (NMR) in comparison to
other spectroscopies has worried research-
ers since its discovery. During the early
years, the main emphasis had been put on
perfecting instruments. In the early-1960s,
several groups also started to consider im-
provements of measurement techniques.
Signal averaging had been proposed to im-
prove sensitivity, although at the expense of
performance time, and the optimum pas-

" sage conditions were carefully analyzed in
the hope of some additional gain.

““When | joined Varian Associates in fall
1963, my supervisor, Weston Anderson, was
already experimenting with a multiple chan-
nel spectrometer concept. Parallel acquisi-
tion of numerous data points instead of se-
quential scanning was the basic idea which
should have led to the long desired break-
through. It turned out that such a multiple

i channel spectrometer would be enormously
e);pensive although it worked well in princi-

e.

“In 1964, we tried to find a more practical
_realization of this concept. At first an effi-

* cient source for the numerous excitation fre-
quencies was required. A repetitive se-
- quence of delta pulses was a rather obvious

choice. The second problem, the separation
of the responses of the various spectral
elements, was also quite easy to solve.
Knowing some basic facts from linear re-
sponse theory, it was obvious that the re-
sponse to the delta pulses is just the Fourier
transform of the desired spectrum. This
completed the concept of Fourier transform
NMR spectroscopy.

“Of course many researchers before knew
this very basic relationship; however, we
seem to have been the first to realize the in-
herent remarkable gain in sensitivity which
is given by the square root of the number of
spectral elements. It was a timely discovery.
Laboratory computers just became avail-
able and online data processing feasible.
Nevertheless, it took several years before
the first Fourier transform NMR spectrome-
ter became commercially available.

“In 1964, we certainly did not foresee that
this simple concept could revolutionize
NMR. Initially, we did not have an online
computer available. The free induction de-
cays were acquired in a time averaging com-
puter and punched on paper tape. The
paper tape had to be carried from Palo Alto
to IBM in San Jose to transfer the data to a
bunch of cards. With the cards we went to
the Palo Alto Computer Service Center
where the Fourier transformation and the
plotting were done. The entire process took
about 48 hours in comparison with a normal
spectrum being run in just ten minutes! Nev-
ertheless, we claimed in our paper a sub-
stantial time saving—and the readers be-
lieved it!

“Nowadays, except for the very inexpen-
sive routine instruments, all NMR spectrom-
eters utilize pulse excitation. Most of the ad-
vanced modern techniques of NMR require
pulse stimulation and Fourier transforma-
tion,? including relaxation time measure-
ments, polarization transfer, two-dimension-
al spectroscopy, and multiple quantum
spectroscopy; even human beings are now-
adays subjected to pulses in the context of
NMR imaging. _. . . . .

“Looking back, it is not too astonishing
that our paper got many citations. The mes-
sage is simple and attractive. To the user it
saves time and money and for the instru-
ment companies it allowed them to increase
returns by the development of new instru-
ments.”
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