- b e i aniler, mic poooveen 5 -
Creus More recently, Kloss™ repur
v ~votalline quariz erystaly, microcrystalhine quartz crysials
reacaky show no sharp inversion point, amd the invenion
takes place aver an interval of nearly 30° C. Our work sugrests
_hat it is best to descsibe the product of powdering Quariz as
microcrysialline quartz, which has an X-ray suructure corre-
sponding 10 quariz but is not normally detectable by d.ra.
unless camried out at high heating rates. Jn addition, 1bis
microcrystalline quartz contains chemisorbed H,0.
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Image Formation by Induced Local
Interactions: Examples Employing
Nuclear Magnetic Resonance

- Lo e e i W
Lunsminiei-tecerner coil, the signal in the r';?c-.z (G F:?

pradient sepresents a ons dimznsional | roject N ol the 1iG
rontent of the object, integrated over plang perpendicular 1
the sg7adienl direclion, as a function of the Fradient <00tdin.
ate .(Fil. !). One method of cansiructing a two-Gimensiona|
pro)ec'led image of the ohject, a3 represented by its H,0 con.
fent, is to cumbine several projections, obtained by rotausy
the nbp_cl 2bout an axis perpendicular to the gradient direction
(or, as in Fig. 1, rotating the gradient about the object), using
one of the ilable h for ion of objecyy
from their =%, Fig.2was d by an algorith

.x|mf|lr 1o that of Gorden and Herman®, applied to four pro-
Jections, spaced 23 in Fig. 1, 50 as to construct 2 20x 20 image
matrix. ‘The sepresentation shown was produced by shadioy
within cantouns interpolated betwees the matrix points,
and clearly reveals the locations and dimensions of the twe
columns of H,0. In the sccond experiment, one capiltary con.
tained pure H;0, and the other contained a 0.19 mM solution
of MnSO, in H,0. At low radio-frequency power (about 0.2
mgauss) the two capillaries gave nearly ideatical images in 1he

A~ image of an chject may be defined asa

tian of the spatial distribution of one or more of its
1Imags formation usually requires that the object interact with a
matter oz radistion Seld fzed bya Jength compar~
able 10 or smaller than the smallest features to be distinguished,
so that the region of interaction may be restricied and a resolved
image generated.
_ This limitation on the wavelength of the field may be removed,
and = pew class of image generated, by taking advantage of
induced local intersctions. Ia the presence of a second field
that restricts the interaction of the object with tha first field toa
limited region, the resolution becomes independent of wave-
length, and is instead a function of the ratio of the normal width
of the interaction to the shift produced by a gradient in the
second field. Because the interaction may be. regarded as a
coupling of the two Sields by the object, I propose that image
formation by this technique be known as zeugmatography,
from the Greek {evypae, “that which is used for joining™.
The nature of the technique may be clarified by describing
two simple tes. - Nuclear i (NMR)
zeugmatogrzphy was performed with 60 MHz (5 m) radiation
and a static ic feld gradient ding, for proton
resonance, 1o about 700 Hz cm=*. The lest object consisted
of two ! mm inside diameter thin-walled glass capillaries of
H,0 attach:J to the inside wall of s 4.2 mm inside diameter
glzss tube of D;0. I the first experiment, both capillaries
contained pure water. The proton resonance line width, in the
abseoce of .he wansverse ficld gradicnt, was about 5§ Hz

Fig.2 Protop puclear magretic resonance zeugmatogram of the
object described in the text, using four relative orientations of
objzct and gradicnts as diagramemed ia Fig. 1.
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revmmatogram (Fig. 3a). Al a higher power level (about 1.6
sazauss), the pure water sample Lave rnuch more saturated

line widths may be generated, NMR 1cugmatography of sol»dx
eh.-(lyon spm Taphy, and

¢ rais than the sample whose 5pi time T,
t1d been sherlened by the addition of the paramagnetic Mn®+
.ons, 2nd its zeugmatographic image vanished at the contour
iesel used in Fig. 35. The sample region with long 7, may be
selectively emphasized (Fig. 3c) by constructing a diflerence
reupmatogram from those taken at different radio-frequency
powers.

Applications of this - technique 1o the study of various
inhamogeneous objects, not m::ssanly restricted in size to
those ly studicd by
may be anticipated. The experiments outlined above demon-
strate the ability of the technigue to generate pictures of the
distributions of stable isotopes, such as H and D, within an
object. In the second experiment, relative intensities in an
jmage were rnld: 10 depend upon relative nuclear rdulllon
times. The in water tents and proton
1imes among biclogical tissues should permit the gznenuon,
unh field md:ems large compared to internal magnetic
of useful hi lmagn from the

of organi

rather sharp water

the various soft structuzes and tissues. A possible lpphahon -

of considerable interest at this time would be to the in vivo
study of malignant tumours, which have been shown to give
proton nuclear magnetic resonance signals with much longer
water spis-lattice relaxation times than those in the :urrcpvnd-
ing normal tissues®. .

The basic hi iple may be employed in
many dnﬂ‘er:nl ways, using a scanning technique, as descn’bed
above, o1 methods. on the
be dscnbed later, pen'rnl the |=ncnnon of two- or lhrw

ional images
coefficients and other properties of objec!s musunble by

in other regions of the spectrum should also b
poss-bl: Zwmlnynhm techniques should find many useful
applications in studies of the internal siructurss, states, and
compasitions of microscopic objects.
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Island Lizards; the Genetxc-Phenetxc
Variation Correlation :

- NATURAL populations of many orxlnims are known to

contain much more genetic variation than would have been
pn:dmed byallbuta rmnomy‘ of geneticists two decades ago,

spectroscopic techniques. A]lhough
nuclear magnetic resonance in hqmd or liquid-like systems are
simple and atiractive because of the ease with which field
gradients large enough to shift the narrow resonances by many

ls of several species have up to 22% of their loci
heterozygous, and fmm 0—50'/. or more of the loci in a popula-
tion are higher esti may result
from sampling crror®~*; venebma tend to be at the lower
:ndol'tbeurlnga E.sumanssn:huthsmlnsedon
in proteins, so the wue
Jevels of genetic variation are probably higher®. These
Mmmmmvnde:mpum:.hnthaennﬂ!

Two groups of lizards were used: eight species of Asolis

" from the West Indies and thirteen populations of the side-

‘blotched lizards Uta stansburiana, sensu latu, from California
and Mexico, caught in 1971 and 1972 Geographic variation
is not a sourcs of heterogeneity, as all specimens from a
Jocality were collected within & few hundred metress of one
another. After capture, they were transpotted alive oc on
dry ice to the laboratory and stored at —76° C m-n.il necded.
After skinning, luble proteins were
and electrophoresed®. Six of the cight Anofis species were
from Puenn mm. and two, A. extremus aml A. rogquet, were
from
A single murphnhmal chmcl:r was usd to estimate
morphologizal vasiation in the Anolis species; the number of
subdigital scales on the longest toe (second) on the hind foot,
mmng with the most distal lamella nnd connun; prcuurnally
in this ch is d with in
other scale characters, but the other characters wers no!
scored a3 uturn:ly Estimates of genctic variation in the
Anolis species were derived from the starch-ge! electrophorest:
patterns of znzymes and nonenzy' ‘matic proteins, which togethe
appear 10 represent the zene products of twenty-one or twenty
two loci. The proteins 2ssayed were Jactate dehydrogenases




