
LBL-3851 

PROPORTIONAL AND DRIFT CHAMBERS IN 
APPLIED INVESTIGATIONS* 

V. Perez-Mendez* 

Lawrence Berkeley Laboratory 
University of California 
Berkeley, California 94720 

ABSTRACT 

In this paper ve review various applications of Multlwlre Proportional 
Chambers (MHPC) to problem") in Medical Imaging of X-Rays and Y-rays, tech­
nical Neutron Radiography, X-Ray Crystallography and X-Ray Astronomy. 
Various types of drift spaces, gas fillings and solid (Huron, Plastic, 
Lead) converters for enhancing the detection efficiency of the HWl'C to 
ganma and neutron radiations are discussed. 
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INTRODUCTION 

Multi-wire proportional chambers (MWPC) were developed at CERN (1) 
starting in 1968 as position sensitive detectors for particle physics 
research as successors to the Spark Chamber detectors which had been in 
use for the previous 10 years. Since all of these gas filled devices are 
capable of detecting lev energy Y rays and Thermal neutrons when filled 
with the appropriate gases, Xenon and 3He respectively, their potential 
use In gamma and neutron imaging was soon recognized. Spark Chamber 
cameras for Nuclear Medicine were developed at Saclay(2) at Michigan (3) 
and by our group at Berkeley(4). The two main limitations of Spark 
Chamber y imaging cameras were the low detection efficiency for y ray 
energies normally used In Nuclear Medicine (60-360keV) and the event 
rate which is limited to less than 10^ events/sec by the recovery time 
of the chamber. Since MWPC are capable of event rates which are 
limited primarily by the capacity of the readout electronics and which 
can readily be in excess of 105 events/sec as well as being inherently 
simpler in their operation, it is not surprising that they have superseded 
Spark Chamber in these imaging applications. 

Another approach to Y imaging using the ionization mechanism is to 
use liquid Xenon as the detection medium. Research into liquid Xenon 
MWPC Is underway at Berkelcy(5) and at Saclay(6). At this point useful 
imaging devices using liquid Xenon have not yet been constructed due to 
the technical difficulties in maintaining the extremely high purity of 
the Xenon needed for satisfactory operation with reasonable (>103) 
avalanche gain. 

The non physics uses of MWPC that'we will discuss below in Technical, 
Medical and Biophysics investigations, involve the imaging applications 
of Y rays ranging in energy from 8-S00keV and Neutrons from thermal 
energies up to a few MeV(7). Since both of these are uncharged and 
their detection la accomplished by a secondary charged particle produced 
either in the gas volume of the detector or from suitable solid converters, 
good efficiency is obtained only if both the X and Y coordinates of an 
event are determined from a single avalanche process within a MWPC. 
With suitable chamber construction these coordinates can be read out 
electronically by the Delay line method (8), the Pulse Rise time method 
(9) or by various forms of the Pulse division, Pulse center of gravity 
methods (10). 

The Drift Chamber principle which is now in use in various physics 
applications (11,12), is not suitable for these technical and Biomedical 
applications since in general the determination of the X,Y coordinates 
of the charged particle require timing measurements on two or more 
avalanches. However, as seen below, the electron drift mechanism is 
used in many of the medical and biophysical applications to displace 
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the electrons from one region of the chamber where' they are produced to 
another one where an avalanche Is formed and Its coordinates read out by 
any of the methods mentioned previously. The coordinates of the 
Ionizing event - where the y ray or neutron Interacted within the chamber 
- can be subsequently determined by suitable analogue or digital 
electronics from the known configuration of electric fields within the 
chamber. From the various Technical and Biomedical applications In which 
MWPC have been applied we will discuss the following: 

(a) Radiography - X-rays 
(b) Radiography - Thermal Neutrons 
(c) Iluclear Medicine Imaging - Single y rays 
(d) Nuclear Medicine Imaging - Annihilation Y from Positrons 
(e) X-ray Crystallography 
(f) X-ray Astronomy 

II. Basic Chamber Construction. Digitized Readout and Display 
In all of these applications., there will be some differences in the 

chamber construction depending on whether the ionizing event occurs In 
the cnamber gas or in some solid converter. The readout section of the 
chamber is fairly similar and Is shown schematically in Fig. 1. It 
consists of three grids of parallel wires: the spacing between grids 
varies from 3-10 m.m. and that between the anode wires varies from 
1-5 a.m. depending on the size of the chamber and the spatial resolution 
required. 

The center grid on which the avalanche multiplication occurs, 
consists of gold plated tungsten or Stainless Steel wires typically 12-25 
microns in diameter. This grid is held at a high positive potential 
relative to the two outside ones. In order to Increase the sensitive 
region of the chamber for Y or neutron detection, drift regions on one 
or both sides of the cathode planes are often provided with suitable . 
electric fields. In Tig. 2 we show examples of such drift regions. The 
simplest (Fig. 2a) in a parallel drift space between the cathode plane 
aim the outer metal walls or the chamber container (13,14). Fig. 2b 
shows a drift space su.< table for use with a pinhole collimator (IS) and 
Fig. 2c shows a spherical - planar drift space for use In X-ray 
crystallography where the detected radiation originates from a point­
like source (16). The X,Y coordinates of on ionizing event can be 
determined from any tun grids of the MWPC. For simplicity, in the 
chamber configuration shewn in Fig. ?n and using a delay line readout, 
the chamber could he used with all the wires of the central grid 
connected to a common bus bar from which pulse height Information would 
be obtained. The two outer grids typically consisting of 50-200 micron 
diameter wires would form an orthogonal X,Y system. 

In these grids we make use of the prompt, positive signals induced 
on them by the avalanche process after the electrons have been collected 
on the central grid wires. In older to enable the induced signals on 
the ground plane wires to produce a voltage signal of the right shape 
for dalay line readout these ground grid wires are decoupled from each 
other and ground through 200 kli Isolating resistors. The construction 
and characteristics of the delay lines have been described in detail 
elsewhere (8). 
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A signal that Indicates the occurrence of an ionizing event is 

obtained from the central plane through an RC network with a time 
constant of 500 nsec. This signal is processed by the technique of 
differentiation and zero-crossing, and is used to start two time-to-
height converters. Similarly processed signals obtained from each 
delay line are used to stop the converters, one from the x-coordinate 
line and one from the y-coordinate line. 

Analog image reconstruction and display is done by using the outputs 
from the time-to-height converters to drive the x-y deflection plates of 
a CRT, while simultaneously a z unblank signal is applied, as shown in 
Fig. 3a. The resultant pattern^of dots may then be photographed from 
the CRT screen. Rates up to 10 events/sec have been recorded when a 
pile-up rejector circuit was used to eliminate multiple events occurring 
within the delay lines' delay interval and the dead time of the 
electronics. This rate is presently limited by the recording electronics. 
The chambers and the delay line themselves have a dead time of less than 
1 usee. 

An alternative method of recording the Images (shown schematically 
in Fig. 3b) Is to digitize the time-delay signals from the chamber by 
use of a clock and 200-400 MHz scalers, and then store the coordinates 
of each event on magnetic tape, disc, or random-access core. 

III. Special Chambers for X-ray and Neutron Radiography 
4a> X-radlography 

For the detection and imaging of x-rays, xenon Is used as the , 
principal constituent of the proportional gas. Although the ultimate 
resolution of these chambers ia inferior to that of film, the comparison 
of picture quality la not too unfavorable, since factors other than film 
resolution froquimtly limit the performance of more conventional x-rays 
systems (i.e., focal-spot, geometry, amnll-angle scattering, subject 
movement, etc.). Since the chambers operate in the proportional mode, 
they also yield the energy of the detected photon with spectral discrimi­
nation on the order of 15% FWHM. Thus, they can be used for the imaging 
of characteristic radiation, or to select a narrow bnnd of x-ray 
energies from the wide-range output of a standard tube. This permits 
optimization of energy, uild therefore contrast, for the study of interest. 

X-ray Imaging studies were performed with a 20 x 20 cm2 chamber, 
with drift regions on both sides of the wire planes (See Fig. 2a) giving 
a total xenon mass of 2.2 x 10"2 g/cm2. This corresponds to a total 
conversion thickness of 4 cms at 1 atmosphere. 

We determined the modulation transfer function (MTF) of the chamber 
along the x and y directions by recording the data from three resolution-
grid patterns consisting of lead slats 4, 2, and 1 un wide spaced by 
4, 2, and 1 an distances respectively. The object contrast is taken 
to be 100X, so the value of the MTF Is determined from the measured 
image contrast. For then* tents we used a 22 keV Cd-109 source 3mm in 
diameter placed 12 cm above the grid pattern, which was located on the 
face of tf<« chamber. The MTF fitted to the data points and corrected 
for source size is shown in Fig. 4. Fig.'5 shows transmission pictures 
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obtained with this chamber by using 22 keV sources. The delivered 
radiation doses for these pictures are quite small. However, they 
represent 2 to 5 x 10* events-cm^ corresponding, at the present maximum 
data collection rate of the system ("105 sec_l), to exposure times on 
the order of 1/4 - 1/2 sec-cm2 of image. 

Therefore, the system as now realized would be useful chiefly for 
specialized applications where either the subject of interest can be 
immobilized or where resolution is not of paramount importance but 
dosage is. Prolonged medical fluoroscopy, presently requiring large 
radiation doses, is an obvious potential application, particularly if 
the data collection rate was increased beyond the limit presently 
imposed only by the imaging electronics. 

(b) Neutron Radiography 
The basic system is modified for neutron imaging by coating the 

inside surfaces of the chamber windows with material that converts 
neutrons to charged particles. Thermal and epithermal sensitivity may 
be achieved with a B-10 coating and fast-neutron sensitivity with a 
polyethylene coating. Because of the chamber's proportional response, 
the heavy charged particles produced in these converting materials are 
easily distinguished from gamma and x-ray background. 

He have calcualted that with two optimum-thickness converting 
surfaces of B-10 for thermal and epithermal neutrons and a single surface 
of CH2 for fast neutrons such a chamber can have the efficiency 
characteristics shown in Table 1. 

Table 1. Calculated neutron detection efficiency 
of wire chamber 

Neutron 
spectrum 
Thermal 

1 eV 

Fission 

14 HeV 

Efficiency 
w 
1.2 

Approximate neutron dose at 
chamber for a 1 n-mrn-2 image 
(n - cm-2) (mrem) 

0.1 

0.3 

1.4 x 103 

8.0 x 10 3 

1.0 x 10 5 

3.2 x 10* 

1.5 x 10-3 

8.0 x 10-3 

3.4 
2.2 

The Image In Fig. 6 was obtained using Xenon filled (952 Xe; 5X CH4) 
clumber at atmospheric pressure. This chamber had two Boron conversion 
screens which are made by sprinkling finely divided 1"B powder mixed 
with adhesive on the inner surfaces of the flat container windows of the 
chamber (17). The measvred detection efficiency for Thermal neutrons 
was 52 - somewhat lower than our calculated efficiency (Table I). Higher 
efficiencies can be obtained using a pressurized He-3 filled chamber (14) 
or by use of the converter techniques described below. 
IV. Nuclear Medicine Imaging 

(a) Single Photon Detection 
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la this application Xenon filled chambers are used to image the 
spatial distribution of an internally administered gamma emitting 
radioisotope (18). The optics of the imaging is accomplished by using.ia 
pinhole collimator placed between the object and the chamber or a 
parallel hole collimator placed immediately in front of the chamber 
(Fig. 6). In order to increase the detection efficiency, large drift 
regions, pressurized chambers or both can be used. The pinhole focused 
electric field drift arrangement shown in Fig. 2b is especially efficient 
for this purpose. 

In our work we have used a number of chambers with parallel drift 
regions as shown in Fig. 2a, ranging in size from, 20 x 20 cms to 50 x SO 
cms detection area operated at 1-4 r'.mospheres. Fig. (8) shows the image 
of a rabbit taken with the 44 keV Y ray emitted by Dysprosium-159, 
complexed to a radiopharmaceutical which is preferentially absorbed in 
the bones. For imaging with the 140 keV gamma rrom Tc-99m - a radioisotope 
which is used extensively in Nuclear Medicine because of its convenient 
half life, energy and dosage characteristics - we built a pressurized 
chamber (4 atmospheres), 6cm parallel plane drift space and with a 
sensitive area of 20 x 20 cms (19). Figure 9 shows the detection 
efficiency as a function of gamma ray energy and Figure 10 shows picture 
of bar patterns taken with 60 keV and 140 keV gamma rays. Larger 
chambers (30x30cm) to be used at 10 atmospheres pressure are under 
construction. Figure 11 shows images of a Picker Thyroid Phantom filled 
with Tc-99m. and of a rat skeleton and liver/spleen labeled with Tc-99m. 
Polyphosphate and Sulfur-colloid respectively. 

(b) Positron Annihilation Detection ' 
Imaging of gamma rays with energies above 140 keV can be accomplished 

by use of lead or other high Z converters placed near the cathode wires. 
The 511 keV annihilation photons from Positron emitters - detected singly 
or in two coincident detectors arc of great interest to Nuclear Medicine 
since there are many posl'.Ltoii emitting iHotopes of biological Interest 
including the fact that the only y emitting isotopes of carbon, oxygen 
and nitrogen that are usable are positron emitters. 

Planar lend converters tiave low detection efficiency for 511 KeV 
gamma rays (0.26%) since the effective range for the photo and compton 
electrons is leHti tlmn 100 intcrons - mid hence the useful detection 
volume of the lead is confined to u thin surface layer. A feasible 
way to increase the detection efficiency of such lead converters is to 
Increase the surface area from which conversion electrons can emerge 
into the sensitive gas region of the MWPC. The technique we have 
adopted (20) is to u - honeycomb shaped lead converters made of lead 
layers plated on to copper clad mylar(Flg. 12). By applying suitable 
voltages on to the honeycomb strips, electric fields are produced which 
drift the conversion electrons into the avalanche region of the MWPC. 
A section of such a lead converter is shown in Fig. 12b. The detection 
efficiency of such a lead converter depends on the size of the cell, 
the height and the probability for drifting out the electrons. 

The spatial resolution of the chamber also depends on the cell size. 
Table 2 below shows our detection efficiency for converters of different 
sizes (21). 



Table 2 

Converter cell surface area Ecal 
cross sect. area. 

Fb(511 keV gsmna) A s/A e Z 

Plans converter 0.26 

3mnx3mR x 12mm 16 4.16 

2.2m x 2.2ms ;i 12™ 22 5.72 

2mm x 2sm x 4am 8 2.08 

Neutron converter 
Polyethylene 
( pu238_ g e neutron fission spectra' 

Plane converter 1 0.11 

3.6sai Dia.x 12m 8 0.18 
Alternative approaches to this conversion efficiency were done by 

the CERN group (22) who drifted the electrons out of a close packed array 
of lead glass tubed and from a stnck of lead and plastic layers with holes 
of l-2m.m. size atchnrf Into then as shown in Fig. 13, nml who obtained 
a comparable efflrlency to our 2.?m.m. honey rorab converters. 

A positron camera connintlng of two detector boxes 40 x 48cm area, 
50cm spacing between bolt en with MWPC and honeycomb lead converters has 
been built at MIL and is now In experimental clinical use at the Nuclear 
Kediclne Lab of U.C. San Francisco (23). As shown schematically in ?lg. 
14 imaging with the two Sli keV anntlillatlon y rayH la accomplished by 
detecting them in time rnincidence with a resolving time of 300 nanosec. 
This long resolving time ts due to the time spread which has to be 
allowed for in the drifting of electrons originating from different deptha 
within the converter. In order to minimize this time spread we used a 
gas filling 70Z Ar. - 30Z CU'4 which has a maximum drift velocity for 
electrons o£ ICci/usec. With two honey-comb lead converters in each 
detector box, cell size 3.Sn.m.f height 1.2ra we measure an overall 
spatial resolution of 6m.n. and an overall sensitivity of 700 counts/ 
mln/u curie of positron aitifctlmg objects located in the center of the 
camera. This very high inagiuis efficiency is one of the main advantages 
of this camera since no collimators arc uried. Fig. 14b shows images of 
Cu-64 wire loops in the mid plane of the camera. Fig. IS shows an image 
of a dog labeled with F-18, a positron eiiiteer which 1* a bone seeking 

e - extraction texp. Eexp. 
; efficiency 

plane 

0.26 1.0 1.00 

3.20 12.3 0.76 

4.20 16.2 0.73 

1.55 5 .4 0.74 

>) 
0.11 1.0 1.00 

0.15 1.4 0.83 
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chemical. The simple reconstruction program that we have used in 
obtaining this image projects the lines joining the coordinates of each 
annihilation pair detected by the camera on to a series of planes within 
the object. Thus structures of the object lying on any given plane will 
appear to be in focus on it; the contribution of the rest of the object 
is blurred background. More powerful reconstruction methods which provide 
3 dimensional reconstruction by eliminating the blurred background are 
now being developed for future clinical use. 
V. Biophysical Applications 

(a) X-ray Crystallography 
In organic crystals of large molecular weight, measurement of the 

intensities of the diffraction spots with conventional techniques 
encounters difficulty due to the large number of reflections needed and 
to the low diffracted intensities. Furthemore, many of these crystals 
are quite fragile and deteriorate rapidly while exposed to the x-ray 
beam. 

Hence a large area detector with the ability to digitize the 
intensity of the diffracted spots over a large dynamic ranee provides 
a useful complement to standard techniques for diffraction intensity 
measurements. 

In collaboration with the University of California, San Diego group 
(24), we have built a 30 x 30cm sensitive area MWPC with a thin frout 
window for use in x-ray crystallography using the 8 keV K line of copper. 
The front window Is made of Beryllium foil for low attenuation of the 
Incident 8 KeV x-rays. The chamber Is filled with a Xenon CH4 mixture 
at a pressure of 1 atmosphere which Is closely regulated to the ambient 
external pressure by a differential nanometer. This chamber has a 
planar configuration nlmllar to that in Fig. (2a). There is no front 
drift apace; the Beryllium window serves as the front r.nthode, the 
unode plane and rear calhmle plaint are mnila of wlr«a with diameters of 
25 and 100 microns reiipectiveiy. The Beryllium - Anode space (1cm) Is 
the interaction volume for 8 KeV x-rays and has an efficiency larger than 
SOX. X,Y coordinate reudout la accomplished by two delay lines; oce 
coupled to the anode plane and one to the cathode plane. Z;ro time, when 
the avalanche In produced, is determined from the ground plane of one 
delay line which Is connected to ground through a low (<20 ohm) impedance 
amplifier. 

Since in organic crystal structure determinations it is the intensity 
distribution ol the diffraction apota which has to be measured accurately, 
the response sensitivity of the chamber over all of its surface area Is 
mapped by recording on a computer the response to an 8 keV Y source 
placed In the position of the crystal. Initial results on the structure 
of the protein Subtllisln have been reported elaewhere(24). 
An alternative approach to x-ray crystallography has been proposed by 

the CERN group. (16). They have built a chamber with a spherical drift 
space (Sac Fig. (2c) backed by a planar chamber from which t'». V.,Y 
coordinate readout la accomplished. 
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(b) Chromatography and Electrophoresis with Radioisotopes 

Paper Chromatography and Electrophoresis art; techniques by which 
organic compounds can be separated by their different spatial deposition 
on some suitable planar substrate. When labelled with radioactive 
Isotopes this distribution can be mapped using a MWPC with the configur­
ation shown in Fig. 2a. 

For example very efficient electrophoresis separation of proteins 
labeled with 1-125 can be done using the Raymond apparatus (25). Eight 
lcm square wells of purified thyroid binding a globulin were molded into 
the bottom of the well* After electrophoresis, the gel was placed on 
a chamber with a parallel hole collimator of the type used in Hudsar 
Medicine imaging. With sample activities as used normally good images 
of the various components were obtained with 106 counts accumulated in 
periods of 3-5 minutes. 
VI. X-ray Astronomy 

Very little work has been done so far in x-ray astronomy using MWPC 
(26), since most of the present generation experiments have used jndivid«a 
ual proportional counters surveying different directions in space by the 
rotation of the satellite.' 

The large area position sensitivity of a MWPC an be converted into 
an angular direction determination by use of a pinhole as the photon 
imaging device. Here again a compromise has to be made between angular 
accuracy and detection efficiency for photons transmitted through the 
pinhole. 

An elegant method, proposed many years ago for use with x-ray film 
as the detector is to use a section of a lead Fresnel Zone plate as the 
Imaging device (27). The advantage of using such an Imaging aperture 
in place of the pinhole ia that the considerably larger open area of 
thia aperture gives a detect Ion efficiency correspond I ugly higher than 
thAt of the pinhole hy the ratio of their respective transmission areas. 
The resulting distribution of dots can be decoded by appropriate Fresnel. 
- Fourier transformations and the orientation of the point source will be 
determined. Alternative Coded Apertures using Random Pinhole arrays 
have been proposed for use in x-ray aBtronomy (28). We have made a 
number of measurements on the Imaging capabilities of Ruch coded apertures 
using Fresnel Zone plateti, ItandniR imtl Nnn-Rttrtundnnt pinhole arrays (29); 
in these applications we used large area (5b x 50cm) Xenon filled MWPC 
with planar drift regions. At present various groups Including one at 
Chicago, propose to use some cf these coded apertures and MWPC 
detectors in x-ray astronomy (30). 
VII. Summary and Conclusions 

Multiwire proportional chambers with appropriately shaped drift 
spaces are excellent detectors fir imaging x-ray, gamma ray and neutron 
distributions. Their main deficiency in this respect has been the low 
conversion efficiency for producing detectable secondary charged particles. 
This deficiency can be minimized by the use of high pressure gas fillings 
together with the various types of drift regions discussed above for 
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chambers which do not have a very large sensitive area. For higher 
energy radiations and larger chambers, the use of solid converters with 
built in drift spaces is more efficient. 

The applications discussed here indicate that the use of MWPC in 
various other scientific and technical fields will prove to be of great 
value. 
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FIGURE CAPTIOUS 
Fig. 1 Schematic diagram of Xenon-filled chamber (a) side view, (b) 

top view showing wire planes and delay lines. 
Fig. 2 Side view of MWPC showing various forms of drift regions 

(a) Planar drift regions between cathode planes and container 
walls. 

(b) Chamber with large drift space between one cathode and 
pinhole collimator. A suitable electric gradient is 
provided by the guard rings. 

(c) Chamber with spherical conversion space coupled to a planar 
wire grids for low energy x-ray detection. 

Fig. 3 Electronics block diagrams for (a) analog system with scope 
display and (b) digital system with storage capabilities. 

Fig. 4 MTF for 22 ReV x-rays. The data points show the measured 
contrast ratios for the centerpoints of the test patterns. The 
dashed curve is the calculated fit to these points, and the 
solid curve Is the corresponding modulation transfer function. 
(The sign of the 0.5 mm-1 datum point is inferred from the fit.) 

Fig. 5 X-ray transmission pictures taken with exposures of (a) 0.015 mR, 
(b) 0.03 niR, (c) 0.045 mR, and (il) 0.038 niR at 22 keV. 

Fig. 6 Neutron Httnattlve wire chamber image of an aluminum-cased electric 
drill. The background pattern is produced by a Gadolinium anti-
scatter grid of 2 mm aperture. The opaque area between the 
chuck and the motor is due to the grease in the gear box. The 
image corresponds to 20 detected netrons/nim2. 

Fig. 7 Relation of chamber, object and collimator for imaging with 
internally administered radioisotopes (a) ParaLlel Hole Collimator 
(b) Pinhole Collimator. 

Fig. 8 Image of rabbit labtlled with Dy-159 HEDTA and Dy-159 polyphos­
phate. The vertebrae of the rabbit are seen clearly. 

Fig. 9 Detection efficiency of 4 atmosphere Xenon-filled chamber versus 
gamma energy. Thickness of chamber indluding drift regions is 
6.4cms* 

Fig. 10 Transmission bar patterns taken with 4 atmosphere chamber: 
(a) 10 mm, (b) 4 mm, (c) 2 mm,- (d) 1mm — taken at 60 keV. 
(e) 10 mm, (f) 4 mm, (g) 2 mm,— taken at 140 keV. 

Fig. 11 Top image is of Picker Thyroid Phantom filled with Tc-99 solution 
(300) k counts). Lower Images of rat skeleton and liver/spleen 
Labeled with Tc-99 polyphosphate (300 k counts) and Tc-99m 
Sulfur Colloid (100 k counts). 
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Fig. 1?. Honeycomb lead converters for 511 keV y imaging: 
(a) Side view of chambers showing relative positions of the 

converters to the MWPC wire planes. 
(b) Photograph of a section of lead converter. 
(c) Schematic diagram of honeycomb converter showing drift fields. 

Detection efficiency depends on fraction of electric lines 
that drift electrons to the wire planes. 

Fig. 13 Alternative type of converters proposed by CERN group. 
(a) Stack of lead glass tubes. 
(b) Top view of lead-plastic stack with etched holes 

Fig. 14 (a) Schematic drawing of positron camera showing object placed 
between MWPC detector boxes, 

(b) Photographs of Cu-64 wire sources in mid-plane of camera 
showing the detail obtainable with present resolution. The 
loop is 1.2cm diameter and the parallel wires 1cm apart. 

Fig. 13 Image of dog labeled with F-18, abbone seeking positron emitter. 
The images were reconstructed at different planes within the 
dog: Thus any portion of the skeleton lying on a given plane 
is shown in focus for that plane. 
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