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INTRODUCTION

The goal (o image cross sections of human body
non-invasively appears (o be achicvable in the very near
futurc. Nuclear Magnetic Resonance (NMR) Imaging
may quite well achieve this goal. The other madalities
for medical maging such as radiography, fluoroscopy.
CT (compulerized 1omography) all use ionizing
radiation cxposing the patical Lo varying doses of
ionizing radiation which is assumed 10 result in some
risk 1o the patuent. NMR imaging is still under
development ang preliminary clinical evaluation is
being done in a {ew centers across the warld.

Principles of NMR: NMR is not a new technigue.
NMR has been known over the past 30 years as a well
estabhished technigue for analytica). structural and
dynamic investigation of malter in many disciplines
especially i physics and chemistry.!

The nuclei ol hydrogen atoms ar¢ pratons.

Hydrogen is present abundantly in biological tissuc.
Protons possess two fundamental physical propertices,
(1) spin (L) and (i5) a small magnetic movement ( R).
Therefore the atomic nuclei of hydrogen behave like
tiny spinning magnets, Our earth is also an example of
such a magnetic spinning top. When they are placed in
a static magnetic field (Fig. 1), the nucler align
thecmselves parallel to 1he applied magnctic field.
Because they spin, the protons experience a couple like
a gyroscope and precess (spin like a top) about the
direction of the magnetic field B as indicated in Fig. 2,
Just as a spinning top precesses about the vertical
gravitational lield. This precession occurs at a definite
frequency proportional to the magnetic ficld intensity
B. This frequency is a resonant frequency. known as
the Larmor [requency which can be calculated by the
following equation.

where Lthe constant of proportionality Y depends on
the gvromagnetic properties ol the nuclei. For
hydrogen nuclei in a magnetic field B of | tesla (10
gausy). the frequency {38 42.6 MHez. Therelore the
nuclei are capable of absorbing or radiating clectro-
magnetic ¢nergy at this particular shortwave radio
frequency. Thcy can be made to ubsorb energy by
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irradiating them with a short pulse of resonant radio-
frequency. As a result. they can be turned through 90°
(thisis called & 90° pulse) into a plane perpendicular to
B. to give maximum transverse magnetization (Fig. 3).
When the irradiating frequency is removed, Lhey relax
buck 1o their normal equlibrium state with their
magnetic moments along the field. In doing this they
cach radiate their surplus energy at the resonant
frequency (Fig. 4). This cmited or induccd
radio frequency in a coil, can he amplified. detected
and displayed on a video screen. This signal is called a
Jree inductin decay (F1D). This may last for several
scconds. The time constant of (his decay is called the
iransverse relaxation 1me or spin-spin reluxation time
T2. In order to get this cffcet the applied
radio frcquency pulse has (o be nearly the same
{frequency of the Larmor precession {requency, that
ix it has (0 be in resonance. Henee, (this phenomenon s
known as Nuclear Magnetic Resonance. I a Fourier
transform of the free induction decay is taken. one
gets the NMR spectrum of the hydragen nuclei. inthe
conventional NMR system. the applied magnetic tield
ts made very uniform, so that all paris ol a sample
placed in it have the same resonant frequency. I the
sample 15 pure water, all the hydrogen proltons emita
very narrow resonance spectral line, about 0.1 H2 to S
H2 wide. NMR is 1hus a sharply resonant property
which is especially (rue for liguids such as water.

i a resonant radio (requency pulse of (wice the
previous length is applicd. then the nuclei can be
rotated through 1807 (ithis is called a 180° pulse) is
completely inverted. pointing in the opposite dircction
to B (Fig. 3b). Thus the Nuclei arc no longer in
cquilibrium, Interactions between the hydrogen nuclei
and the molecular motions bring about a return lo
equilibrium. The time constant characterizing this
cxponential returm to equilibrium is called the Spin-
lattice relaxation time T1. T1 and T2 are equal (or
waler and are several seconds. T1 and T2 are shorter
for cellular watcr. several tenths of a second. There is
cxperimental cvidence that in cancerous ussue the
vilues of T and T2 are about twic as long as in the
corresponding normal tissue.? T1 and T2 depend upon
the imeraction (binding) of the atoms of molecules
with their surroundings, that is, they are substance
specilic and (hus of clinical interest.’

Principles of NMR [maging: The basic components
of NMR imaging system are shown in Fig. 5. An
individoat hydrogen atom gives ofl a very weak
immeasurably small signal. On the other hand. alarge
collcction ol nuclei gives a strong signal which can be
recorded. tn the body the hydrogen atom
concentration is about 6X10*
waler. As a resolt, the signal is of suflicient strength
and permils imaging 1o be done,

AL present there arc five different methods available
for NMR imaging. Lauterbur has produced two-

protons per ml. of

dimensional NMR images by wsing the back
projection and image reconstruction technique.i.* In
this method. one dimcnsionat prolile of proton
concentration with the magnetic field gradicnt applied
at each of a series of equally spaced angles around the
sample is obtained. The profiles are then compounded
digitally using the well known principle of computer
reconstruction tomography used in transmission and
emission CT. Standard Reconstruction algorithm are
used Lo lorm an image of the profon concentrationina
transverse plane across the sample.

In all the methods of NMR imaging. an important
requirement for the formation ol an image is that the
signals cmilled by the object must be capable of being
spatially resolved. To achicve this, the initally
uniform magnctic field B. is superimposed in all three
spatial dimensions with small gradicnt magnetic ficlds,
Gx. Gy, G7 as shown in Fig. 6. The arrows ol
increasing thickness illustrate the lincar increase in
magnctic field strength. The field gradiemt is of the
order ol 10-2Tm-! or | gauss per cm. A gradient of the
magnetic field labels dilferent magnetic field strengths
and hence dilferemt NMR frequencies (Fig. 7). A
magnetic  field  gradient is  essentially a  one-
dirensional probe of investigation. its orientation
must either be moved round pregressively . or
switched rapwdly along three orthogonal directions
one after the other. or applicd in all threee directions
simultancously but at different frequenceis. This
means that the magaetic ficld strength is no longer
identical at any point withia (he object. but. with the
aid of the field gradients, can be sclectively modilied
spatially. According to Equation I, the precession
frequency of the nuclei within the object differ from
point 10 point. Accordingly. the measuring signal
obtained presents as a frequency spectrum. If the
measuring procedure is repealed u number of times,
using dilferent gradient Nields, an analysis of all the
frequency spectra thus obtained makes it paossible Lo
definc each volume element of the object in terms of
both its spin density and its relaxation tune. 1 a large
number of individual measurements is obtained then
greater will be the power of resolution.

Sensitive point imaging: In this method thrce
orthogonal field gradicnts, each modulated a1 a
different non-conjugate low frequency, are applied 1o
the object. The intersection of the three null plancs of
these three alternating gradients defines a small
sensitive volume clement whosc signalis picked out by
filtering and scanned selectively slice by slice through
the object, successively, plotting out the NMR image
of proton density of the slice. A stack of images ol such
slices constitutes a 3 dimensional image of 1the object.®
This method is accelerated by using the mulusensitive
point method. In this method the NMR signal from
selected regions of the sample is accepted while that
from other regions is rejected.” In this technique a
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time-dependent field gradient applicd (o the specimen
makes the magnetic ficld in the sample time-dependent
everywhere except on onc plane which s normal to the
direction of the ficld gradient. Thus NMR signals from
that one “sensitive plane™ or selected plane can be
removed and processed. Similarly if two orthogonal
ume-dependent gradienis are applied. say. in the X
and Z directions, a “sensitive line* in the Y direction
will result. As mentioned earlier. il three orthogonal
time-dependent gradient are applied, this results in a
“sensitive point™ a1 the intersection of the three
sensitive planes.

Sclective excitation or irradiation method: In this
mcthod the speeimen is placed in a large static
magnetic field B which polarizes all nuclear spins. In
addinon to this field, switched lincar magnetic ficld
gradients (obtained by using magnetic coils) are applied
along three principal coordinate axes. First a thindisc
or slice of magnetization of thickness A z within the
sample is considerad as shown in Fig. 8 which is part of
an extended sample along the Z axis*

The lield gradicnt Gy alone is switched on and the
spin within a narrow &trip A v at yo are selectively
exceited by applying a “tailored " radio frequency pulse
lo the specimen, ‘| he radio frequency components of
the tailored pulse interact with spins in a narrow strip
(shaded strip in Fig. 9). the hinear magnetic [icld
gradicnt Gy produced this interaction because the
spins within the shece of material have a range of
nuclear Larmor frequencies. Therefore, the spins in
the shaded strip having (he right Larmor resonance
Ircyquency respond (o the sclective radio frequency
pulse.

Immediately alter this excitalion pulse, the
magnetic ficld gradient is switched from Gy (0 Gx and
the free induction decay (FID) or spin response signa)
is rccorded and Fourier transformed (Fig. 10). This
Fourier transformed signaf is directly proportional 10
the proton spin density a1 the point x, yo along the X
axis. Thus using the Fourier transformed signals for
cach strip of the specimen, a cross-seclional picture of
the object is constructed and displayed on a television
screen,y

In summary. in the selective irradiation method the
magnctic field gradient s switched rapidly, in time less
than T1 and T2 Irom Y 10 the X and then (o the Z
direction. Specific planes and lines in the object are
imaged by the wuse of pulse sequences whose
radio Irequency spectrum covers the carefully selected
band of (reguencies required 1o excite the nucleiin the
layer or plane of interest.

Fourier Imaging: This method for three-
dimensional imaging bas been developed by Kumar, et
-dl'l(l

The sample s first irradiated with a 90°
radio frequency pulse then subjecled successively and
rapidly to switched magneuc field gradients apphed

consecutively along the X. Y and Z directions (or
successively increasing ume (x, ty. and z (Fig. [1).
Only the frec precession signal which evolved in the
period 2 is sampled alter each radio frequency pulsc
and stored in a computer for performing a three
dimensional Fourier transform. 1t may be shown that
a cross-sectional proton density image of the object is
the three dimensional Fourier transform of the
recorded Frec Induction Decays (FID).

Focusing Nuclear Magnetic Resonance (FONAR)
Imaging: This method originally conceived by
Namaudian' consists of focusing the nuclear magnetic
resonance (NMR) signal within the interior of the live
subject for data acquisition, The NMR signal of each
analomic region can be continuously monitored
during date acquisition phase of the FONAR imaging
process.

FONAR method depends on the shape of the
magnelic field produced by (he magnel that is used to
focus on a given point within the live subject. This hield
is xhaped somcewhat like a saddlc with the magnetic
ficld strength varving with distance along its sloping
surfaces. The exciing radio (requency is chosen so
that it corresponds to the licld strengtly at the small
resonant window in the field center within the sample.
The size of this resonance aperture varies from | to 3
mm and is approximately spherical,!*> Only this point
will give a NMR signal because nuclei outside Lhe
focused point will be resonating at the wrong
frequencies or because the field sirength is sharply
varying a signal cannot be produced. By moving Lhis
resonant window in ordered fashion through the hve
subject (0 be examined and determining the signal al
cach location as it is swept through « cross section of
the subject, an image can be constructed.?
RESULTS

Cross sectional NMR images ol the head of a
normal patient are shown in Figure 12. Cross seclional
NRM images of thorax of a normal patienl are
compared with a CT Scan in Figures 13-16.

DISCUSSION:

Other investigators such as David Hoult of the
Biomedical and [nstrumentation Branch of the
Division of Research Services of the National
Institutcs ol Health (USA) and Richard Ernst of the
Eidgenocssiche Techmische Hochuschule in Zurich
(Switzerland) have developed their own methods for
imaging the NMR signals generated from planes.!3

NMR imaging is non-invasive and painiess and
involved no jonizing radiation and hence the tests may
be repeated as often as needed. Also imaging time
could be long except for imaging heart, lung. etc. h
involves no moving parts as scanning and imaging is
done clectronically whereas in computerized
tomography the gantry moves around the patient.
Furthermore, transverse, coronal, and sagittal images
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could be obtained without repositioning the patient or
the gantry.

However, there is some concern on NMR s safety.
tnall NRM methods the patient is subjected to a static
magnetic field and a radio frequency field. and many
of them also subject the patient 1o oscillating
magnetic licld gradients. There is some hazard 1o the
patient from the currently used static magnetic fietd
and radio lrequency levels..'" The major concern is
that the oscillating magnetic field gradients could
induce eleetric currents in the body which in turn may
trigger ventricular fibrillation that can be fatal if not
corrected within a lew minutes.!t Many researchers
have rejected Lhis possibility based on their own
experiences as NMR imaging subjects. Also when
Chinese hamster ovary cells in culture were e xposed Lo
24 (0 800 times NM R imaging exposures (hat might be
used in a clinical situation. no chromosomal
aberrations or genetic damage was detected. '

Unlike radiographs which are shadow graph with
poor definition for soft tissue regions. the NMR
images give precise spatial discrimination rejecting the
variation of proton density distribution ol lee or
nearly free water and fatly tissuc as Lhe cross-sectiona|
slices  through the patient. Bone structures are
detectable due to lack of signal, whereas tumors. fatty
regions, and other nissues give strong signals because
of their lree water conient. Inthe NMR color images,
usually yellow corresponds 10 fat. red to muscle or
organ tissuc. bluc 10 skin and connective tissue. and
black to lung."?

[n tissues where the proton density is the same. the
tissue can be differentiated using the T1 and T2
relaxaton (imes. For example it is very well known
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that both TI and 12 are longer in cancecrous tissuc
compared with normal ussue. This offers great
promise lor cancer delection. Unlike computernized
tomography (CT) wherc it takes only 2 seconds (o scan
a cross-section. the NMR scan time per picture vares
from [.5 min. to 2 hours depending on the imaging
method used. Although anatomic resolution may be
equal to that of C.T., the great advaniage of NMR
over CT is its ability to produce multiplane {axal
rransverse. coronal, sagittal) tomograms due (o
¢lectronic scanning mechanism. Also repcated scany
can be performed on the patient without over-dosing.

Promising areas of NMR imaging are blood {low
measurement. circulation problem-myocardial
ischemia, cercbral ischemia. hepatic ischemia. renal
ischemia. cercbral edema. pulmonary cdema. More
than 50 potcntial medical uses of NMR scanning are
listed by one of the commercial developers.'*

The human body contains many clements some of
which are listed in Table | along with their NMR
sensitivitics. Because of their low sensitivity compared
to hydrogen. it is difficult to apply their NMR signals
for maging purposes. However. by measuring the
concentration of elements like *'p, (he changes in the
chemical status of the cef) and abnormalities in basic
ccellular metabolism can be related to particular
discases.”™ Thux *'p NMR spectrometry and imaging
have potential applications in the detection of heart
attack. stroke. and measuring the size of the infarc
and blood vesse! diseasc.*!

C constitutes only a small (raction of the naturally
occurring carbon atoms. Compounds such as glucose
labeled with 13C and the 13C NMR signal could be
utilized {or cellular and tissue metabolism.
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Figure 16

Images based on the resonance of 19F nucleus have
been pubhshed.®? The abundance of I19F in moxst
biological tissue s negligible. Hence fluorine bearing
compounds can be introduced. such as fluorocarbons
as blood substitutes.?

Fossel*t ¢t al unhlized 23Na NMR spectra using a
high resolution NMR spectrometer and constructed
gated planar images al two points in the cardiac cycle,
They calculated the gyeetion fraction ol the hearl
from these images. A sensitive indicator of healthy
tissue is its ability to maintain low sodium levelsto the
blood perfusing it In casc of ischemia and infarction,
the mvocardium will fail 1o maintain low sodium
levels, Utilizing® Na images of the heart. one can hope
10 detect the above conditions with high specificity.

Thus. all of the major biologically aclive elements
except naturally occurring oxygen (oxygen-16 does
not have nuclear magnetism) can be analyzed by
NMR

NMR iscxpected to bave a significantimpact on CT
(Compuicrized tomography), particularly in
providing the anatomic detail of the central nervous
system. For example smaller plagues of muluple
sclerosis were demonstrated by NMR than with CT. In
delineating kidrey lesrons and certain hepatic diseases
such as cirrhosis, NMR is proving superior 10 CT.3

In conclusion NRM provides information at the
ccllular leve! with promise in the physiologic and
metabolic areas. NMR imaging is successful and
sometimes supenior to CT in providing anatomical
details due to its advaniage of soft {issuc contrasl.

REFERENCES

i.  E.R. Andrew. Nuclear Magnctic Resonance fmag-
ing (Zeugmatography), Medical Imaging. 1.. Krea!
and R.E. Steiner, Eds. pp. 384). Year Book Med-
ical. Chicago (1979).

2. R. Damadian, Tumordetection by nuclear magnetic
resonance. Science, (71, 1151-1153 (1971).

. E. Zciler and R. Schittenhelm, Nuclear magnetic

10.

20.

21.

22

24,

resonance Lomography (NMR Tomography)and s
clinical application possibilities. Elecrromedica 49.
2-11 (1981).

P.C. Lauicrbur. Image formation by induced focal
interaction: Exanmples employing nuclear magnetic
resonance, Narure 242, 190-191 (1973).

P.C. Lauterbur, Magnelic resonance zcugmalo-
graphy. Pure Appl. Chem. 49. 149-157 (1974).
W.S. Hinshaw. E_.R. Andrew. P.S. Bottomiecy. etal..
Display of cross-scctional anatomy by nuclecar
magnetic imaging. Brir. J. Rudiol. 51, 272-280
{1978).

P. Mansticld, A.A. Maudsley, and T. Baines, Fast
scan proton density imaging by NMR. J. Phyx. £
Scientific Instruments, 9, 271-278 (1976).

P. Mansfhield and A.A. Maudsley. Mcedical imaging
by NMR, Brit. J. Raciol. 50, 188-194 (1977).

A, Kumar. D. Welii. and R.R. Ernst, NMR-
Fouricr-Zeugmatography. J. Mag. Res. 18, 69-83
(1975)

R. Damidian, L. Minkoll. M. Goldsmith, et al. Ficld
focussing nuclear magnetic resonance (FONAR)
visuahzation ol a tumor in live animal. Seience 194.
1430-1432 (1976).

R. Damidian, Nuclear magnetic resonance: A non-
invasive approach vo cancer. Hosp. Pract. 12.63-70
(1977).

J.I. Marx. NMR opens a new window into the
body, Science 210, 302-305 (1980).

M.F. Barnothy (cditor). Biological effects of mag-
nctic fields, p. 17, Vo). |, Plenum, New York (1964).
T. Budinger, Thresholds for physiological cflects
due to RF and magnctic ficlds used in NMR
imaging. /EEE Traus., Nucl, Sc. N§-26, 2821-2825
(1979).

S. Wollf. L.E. Crooks. P. Brown, ct al, tests for
DNA and chromosomal damage induced by nuclear
magnetic resonance imaging. Radiology 136, 707-
710 (1980).

C.L. Partain. A.E. James. J.T. Watson, et al,
Nuclear magnetic resonance and computed lomo-
graphy, Radiology 136. 767-770 (1980).
Imtroduciog the FONAR QFD 80. A whole body
NMR scanner. pamplel issued by FONAR Corp..
................................ Melville, N.Y.
C.M. Currie, C.L. Partain. R.R. Prince, and A.LE.
James. The clinical potential of NMR-CL imaging.
Diag. Imaging 3. 46-50 (1981).

D.P. Hollis. R.L. Nunnaly, G.J. Taylor, et al,
Phosphorus nuclear magnetic resonance studies of
heart physiology. J. Mag. Resonance 29, 319-330
(1978).

Proccedings of Nuclear Magnetic Resonance
(NMR) Imaing Symposium, Nashville, Tennessee,
1980, J. Comp. Assist. Tomog. 5, 285-305 (1981]).
J.L. Marx, NMR Research: Analysis of living cells
and organs, Selence 202, 958-960 (1978).

G.N. Holland, P.A. Bottomley, and W.S. Hinshaw,
F magnetic resonance imaging, J. Mag. Resonance
28, 133-136 (1977).

F.A. Deland, Perspectives — 1982-1987 (Editorial),
J. Nucl. Med. 23. 73-77 (1982).

The Journal of IMA — Vol. 14 — October, 1982 — Page 133



LEGEND TO THE FIGURES

Figure i:

Migure 2

Figure 3:

Fipure 3B:

Figure 4;

Figure §:

Figure 6

Figure 7

Figure 8:

Figure 9

The precession ol a spning nucleus (such as a3
proton) in an applied magnetic ficld of strength B.
{modified and adapted from Mallard. ). cta), Journal
of Biomedical Engineering. 1979, 1. 133-160. by
permisston of the publishers, IPC Business Press Lid.
©),

The precession of the nucleus in a magnetc held s
similar to the precession ol a spinning top 1n a
gravitational ficld. (modificd and adapted {rom
Mallard. J. ctal. Journal of Biomedical Engineering,
1979. 1. 153-160. by permission of the publishers, IPC
Business press, Lid. @),

Atomic nuclet in a magneuic field absorb energy when
they are irradiated wah a short pulse of resonant
radio-Irequency. (Repraduced with permission of the
Fonar Corp.. Plainview. N.Y ).

When & 180° resonant radio frequency is applied, the
nuclci are completely inveried. pointing in the
opposile direction to the applicd mugnetic field B.
(Reproduced with permission ol the Fonar Corp.,
Plainvicw, N.Y.).

When the irradiatimg frequency is removed, the nuclei
relax back to their normal equilibrium state and in
doing this they cach radiate thet surplos energy at the
resonant frequency, This emitted signal or induced
frequency in a coil is called free (nduction decity
{FID). (Reproduced with permission of Fonar Corp..
Plainview. N.Y.).

Components of an NMR imaging sysiem (Repro-
duced from Partsin, C.L. ¢t al. Radiology, 136,
767-770. 1980 by permission of authors and
publishers of Radiology).

The uniform magncetic field B, is superimposed inall
three spatial dimensions withsmall gradient magnetic
elds Gx. Gy and Gz. (Modified and adapted from
Zeler, k. and Schiltentielm, Electromedica, 49, 2-11.
19%)).

A pgradient ol the magnetic field labels different
magnetic ficld strengths and hence different NMR
frequencices related 1o prolon concentration spatial
distnbution, (Reproduced from Mallard, J. et al,
Juwrnut of Biomedical Engineermg. 1979, 1, 153-160,
by permission of the publishers, 1PC Business Press.
Lid. ©

Sec Figure 8 Captions.

(Reproduced from Mansfield. P, ¢t al. Journal of

Physics E: Seientific Instrwmenis, 9: 271-278, 1976, by
permission of the authors and publishers. Copyright
material of the Institute of Physics. Biistol, England).
See Figure 9 Captions,

{(Reproduced from Mansfield. P and Maudsley, ALA.
British Journal of Radiology. 50. pp. 188-194, 1977.
by permission ol the authors and the editor ol the
British Journal of Radielopy)

Figure 10;

Figure 11:

Figure 12:

Figure

Figore

Figurc

Figure

13:

4.

5:

Sce Figure 10 Caplions.

(Reproduced from Manstield. P. et al. Journal of

Physics £ Scientific Instruments, 9: 271-278. 1976, by

permission of 1he authors and publishers. Copyright

material of the Institute of Physics, Bristol. England).

Principle of Fourier imaging is illustrated here.

A, Sample is first irradiated with a 907 radio
frequency pulse.

B. Sample is subjected to switched magnetse fickd
gradient applicd along the X direction for time
L.

C. Sample is subjected to switched magnetic field
gradicnl applied along the Y direction for time
ly.

D. Sumple is subjected 1o switched magnetic field
gradient applicd along the Z direction forume 1z
modilied and adapled Irom Kumar., A. Welti.
D.. and Ernst, R.R., 1975, Journal of Magnetic
Resanance, 18, 69-%3.

Top lelt shows NMR transverse scan of the head

thyough the atias and dens.

Top right shows NMR transverse scan of the head |

cm. above the previous cut- and 1.5 below the orbit:

the scan is through the Reid's base line.

Botiom left shows NMR transverse scan through the

orbit and basal skull region.

Bottom right shows NMR transverse scan through

the mid-brain. (Reproduced with permissian of the

Fonar Corporation. Plainvicw, N.Y.),

Chest radiograph. The arrows show Lhe iransverse

scanning levels for CT and NMR. (Reproduced from

Partain. C.L.. 1 ak. Radiology, 136, 767-770, 1980, by

permission  of the  authors and  publishers of

Radivlogy).
CT Scan. L = lung. T = trachea, S = spine. A = aorta.
P = pulmonary artery. M = thoracic muscle.

{Reproduced from Partain, C.L.. ¢t al. Radiolugy,
136, 767-770. 1980, by permission of the authors and
publishers ol Radiology).

NMR Scan obtained vsing a 256 « 256 image matrix.
Theanatomcal labels are samce as shownan Figure 14,
(Repraduced from Panain, C.l.. el al. Radiofogy,
136. 767-770. 1980, by permission of the authors and
publishers of Radiology).

NMR Scan. Same image as in Figurc 15. bul oblained
using a $12 x 512 image matrix. Computer srraothing
was provided by linear interpolation hetween data
points in the 256 x 256 matrix array. (Reproduced
from Panain, C.L.. et al, Radiviogy. 136, 767-770.
1980, by permission of the authors and publishers ol
Radiology).

Sayings of the Prophet (p.b.u.h.)

From the report of Anas:

Page 134 — The Journal of IMA — Vol. 14 — October, 1982

“He who goes oul in search of knowledge Is ir} God's path nll he reiurns.” — Tirmidhi and Darim





