
ucn.v—ci'Sis 
sr.'tf C037PE 

ootfp - K30o3 - - G 

DESIGN OF A SEPARATOR/NEUTRALIZER TO LIMIT 
IMPURITIES AND NON-PRIMARY SPECIES IN THE 

MIRROR FUSION TEST FACILITY 

A. I. Goldner 

This paper was prepared for submittal to the 
IEEE 10th Symposium on Fusion Engineering, 
Philadelphia, PA, December 5-9, 1983. 

November 30, 1983 

This is a preprint of a paper intended for publication in a journal or proceedings. Since 
changes may be made before publication, this preprint is made available with the 
understanding that it will not be cited or reproduced without the permission of the 
author. 



DFSICN Or A SErMUTOft/JCUTtALlZEK TO UNIT II*UtKTIE$ AW 
NOK-rMKAT SPECIES IN THE HjMOt rUSlOH TEST FACILITY* 

Alan I . Coldner 
Lawrence Livcmoro National Laboratory, University of California 

Livermore, CA 94550 

Abstract 

The optimum plasma for the tandem Mirror Fusion 
Test Facility <MFTF-B) at Lawrence Livermore National 
Laboratory (LLNL) is very aeniitive to heavy contami­
nates, such at oxygen and metals. Unfortunately the 
current neutral bean sources generate not only high 
energy deuterium particles but also high energy oxygen 
particles. A new HFTF-B separator/neutraliser has 
been designed to filter out the unwanted oxygen and 
allow only primary species neutrals to reach the 
plasma. 

Introduction 

The separator/neutralizer utilizes the concept of 
magnetic-momentum separation of the various ionized 
energetic species. In most beams on HFTF-B (except the 
passing-particle barrier beam or P2B2), the primary 
species are 80-kV neutral particles. Bending the 80-kV 
deuterium ions 9.2° with a separator magnet as they 
leave the source allows only the 80-kV deuterium parti­
cles to exit through a properly placed aperture. The 
oxygen ions and any particle with an atomic number 
greater than two are bent very little by the separator 
magnet and thus hit above the aperture. The half- and 
the third-energy ions of deuterium are bent more than 
9.2° and therefore hit below the aperture. 

We have completed a parametric analysis of the ef­
fect of varying three geometric aspects: the length 
of the neutralizer, the distance from the source to the 
magnet, and the pressure distribution along the neu­
tralizer. Here we present our analysis and design de­
tails of the prototype neutralizer that will soon be 
tested at Lawrence Berkeley Laboratory (LBL) on the 
Neutral Beam Engineering Test Stand (NBETF). 

The Contaminant problem 

Oxygen 

Mathematical models and experimental evidence show 
that the oxygen level in a stream of high-energy-
injected neutral particles of only 10 parts per million 
Cppm) can degrade the stability of the plasma. Most 
lower energy contaminents can be shielded from the 
central plasma by the low density plasma halo surround­
ing the central plasma in MFTF-B, but the halo is 
porous to high energy neutral particles such as oxygen. 
Experimental work at various laboratories has shown 
that the present generation of neutral beam sources 
produces between 0.1 and 1% high energy oxygen ions. 
These particles have been detected by both optical 
multichannel analyzers (OMA) and magnetic analyzers. 

Gettering the inside of the neutral beam source 
has been proposed as an effective means of limiting 
the oxygen accelerated by the ion source grids. How­
ever, this system has limitations where long pulse 
sources are involved because the gettaring medium is 
saturated before 30 s have elapsed. 

*Work perforated under the auspices of the U.S. 
Department of Energy by the Lawrence Livereore 
National Laboratory under contract number 
K-7405-ENC-48. 

Low Energy Deuteriuw 

Another constraint on the neutral beam iource, also 
determined by the mathematical model, is the necessity 
for very high atomic fractioi.a of the primary species. 
The most recent generation of neutral earn sources has 
a species mix of approximately SOX of ">-YV particles, 
15X of 40-kV particles, and 5% of 27-k\ particles. If, 
instead of only obtaining BOX of 80-kV ^articles, the 
fraction was increased to 98X, the necessary amount of 
80-kV particles injected into the plasma 'ould drop by 
more than half. This is an important fac or because 
getting almost any particles into the transition region 
of MFTF-B is a diffi-ult job due to geometric con­
straints. 

In the following discussion we show how the sepa­
rator/neutralizer can filter out most lower energy com­
ponents of the deuterium beam and leave a b e m with an 
80-kV fraction of greater than 98X. 

Separator/Neutralizer Concept 

As noted, the basic concept of the separ^. r/ 
neutralizer is magnetic-momentum separation of :he 
various ionized species produced by the plasma gener­
ator of the neutral beam source. Figure 1 shows the 
type and percentage of each particle. All but the 
80-kV deuterium particles should be restrained from 
reaching the plasma. 

Neutral beam 
source 

-5%,27kV: D + 

-15%,40kV:D + 

- 78%, 80 kV: D + 

-*-1%: Various negative and positive 
deuterion ion species 

lr~T%. 80 kV: 0 + 

Fig. 1. Percent of deuterium and oxygen particles in 
a typical neutral beam source for MFTF-B. 

In almost all cases the MFTF-B plasma target is 
approximately 1 m high and 9 m from the neutral beam 
source. By utilizing this fact and assuming a spatial 
distribution of the deuterium and oxygen particles, we 
calculated the angle by which the 80-kV deuterium 
particles should be separated from the normal angle. 
The correct angle of separation should allow no more 
than one particle of oxygen for every million parti­
cles of deuterium to intercept the plasma 9 m away. A 
magnet of sufficient field can bend the deuterium ions. 
By this method the light 80-kV deuterium ions are bent 
much more than the heavier 80-kV oxygen ions. This 
separation scheme is shown in Fig. 2-

An approximation of the uniform field necessary to 
bend the singly ionized particles is shrvn below \l)z 

1/2 i Radius of curvature = C I****** 1 ; (1) 

constancy 



Fig. 2. 
magnet. 

Ton trajectories produced by a separator 

A - atomic mass number» 

K = Kinetic energy in eV, 

B = uniform field in G. 

Equation (1) shows that the bending angle of two 
ions is a function of the atomic mass when the parti­
cle energy is equal. As seen in Fig. 2, the 40-kV and 
27-kV particles are bent much more by the magnetic 
field than the 80-kV particles. Since the requirement 
for limiting oxygen is much stricter than for low 
**nergy deuterium, the separation between 80-kV oxygen 
and 80-kV deuterium is the controlling factor in the 
calculation of the separation angle. Furthermore, by 
separating the oxygen and deuterium enough to meet the 
1-ppm limit, the 27-kV and 40-kV deuterium particles 
are separated from the 80-kV deuterium particles to 
meet the 98% fraction requirement. 

Loss Problems 

There are two conflicting design objectives in en­
gineering a separator/neutralizer. One objective is a 
high pressure in the neutralizer section to keep the 
neutralizer length short (neutralization efficiency 
being a function of the integral of pressure and dis­
tance). The second objective is to keep the length 
from the source exit grid to the separator magnet at a 
very low pressure. This low pressure is needed so that 
the deuterium ions leaving the source exit grid do not 
neutralize before they reach the separator magnet. 
Neutrals entering the magnetic field are not bent and, 
hence, will not have the correct trajectory to reach 
the plasma. The ions entering the field mist continue 
to be ions throughout the magnetic field to assure the 
correct bending radius. 

A conceptual design emerged from these constraints 
and requirements; Fig. 3 illustrates the necessary com­
ponents of the design, including the separator magnet, 
neutralizer, and source hat. Each chamber of the 
separator/neutralizer has its own set of defining char­
acteristic equations relating pressure versus source 
efficiency. (Source efficiency shall be defined as the 
fraction of 60-kV neutral particles on the target 

Sapststof mtfntt-j 
Acctttrator 

Ptatma 
fsfltrator 

V*n*btt anil an*tort 7 

HL ML 
Fig. 3. Basic components of the separstor/neutraliter 
planned for MFTF-B, denoting hat length (HL), msgnet 
length (KL>, and neutralizer length (NL). 

plasma as compared with the total extracted current.) 
The following discussions outline these equations in 
detail. 

Defining Equations of Source Hat 

We define the "sourcp hat" as the distance from the 
source exit grid to the beginning of the field of the 
separator magnet. Specifically, the hat distance con­
sists of the space taken up by the electric insulators 
separating the 80-kV source input from ground. The 
basic efficiency equation is just the inverse of the 
efficiency equation for a neutralizer. In this chamber 
the fraction of particles that leave the chamber as 
neutrals are lost—due to effects of the bending 
magnet—and must be minimized. 

Equation (2) indicates the percent of 80-kV 
particles entering the separator magnet as ions: 

(Neutral- Neutral- \ 
ization x ization 1 , (2) 
fraction efficiency/ 

80-kV ions 
All 80-kV particles 

where 

Neutralization fraction = • 

Neutralization efficiency = 1 - exp [-KP(HL)] 

a = cross section of D for ionization in D_ gas, 

a = cross section of D for neutralization in T>„ 

K = constant x (o + 0 ), 

P = hat section pressure in Torr 

HL = hat section length in cm. 
Therefore, the source hat equation is 

80-kV ions 
All 80-kV particles 1 - F {1 - exp l-KP(HL)]}. O 

For 80-kV deuterium particles this equation is 

80-kV ions 
All 80-kV 1 - 0.625 {1 - exp [-13.3<P)<HL)]h (4) 
particles 

Defining Equations for the Separator Magnet Section 

the apparent length of the magnet used in the 
equation is assumed to he twice the pole width; this 
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it net necessarily the actual dimeiuio* of the hard­
ware iteejf. 

Jhe neutral particlee that pan Into the ••.«»r-»»r 
magnet from the aourc* hat region are not bent by the 
iield and, heme, are loat to the total of W-kV parti-
elrt intercepting the plasma. Unlike Eq. (2) for the 
hat region, the magnet region equation below ehov* a 
I D M of any particle that neutralitea even once. A 
particle must remain an ton throughout the traveree 
through the magnetic field to receive the correct 
trajectory to bring it into the plasma. Therefore, the 
loss equation uses the ionic fraction rather than the 
equilibrium fraction: 

Fraction of tons 
1 - exp r-K_P<MUl , (5a) remaining aa iona 

Total iona 
entering magnet 

exp r-K0P(MUl 

varied the length of one chamber and kept the other two 
conatant. We determined the length of the firat cham­
ber through paat beamline experience. Then we calcu­
lated the preaaure rangea from 0 to 10"* Torr, again 
utilizing previous beamline experience to bracket the 
preaaure range. The pressures in all chamber! were ••-
eurrd equal to one another for each efficiency calcu­
lation. Although in actual practice the preaaure would 
vary from the exit grid to the end of the neutralizcr, 
an iaobaric aaaumption ia adequate. As a check, the 
preaaures in the chembera were choaen ao that the neu-
traliter preaaure waa leaa than the hat preaaure by an 
order of magnitude. Because thia change did not affect 
the trend analyaie, thia complication waa dropped. 

Figures Aa-c ahow how the efficiency changed aa the 
lengths of the three chambera—neucraliter, magnet, and 
source hat—were varied along with their preaaure. The 
following diecussion details our atudies. 

where 

K„ * Constant x <Jip; 

ML * Apparent magnet length measured in cm. 

For 80-kV ions the equation becomes: 
Fraction ot !ons 
remaining as .ions . [-8.31(P)(HL>] . (5b) 
Total xons 
entering magnet 

Defining Equations for the Neutralizer Section 

The neutralizer section extends from the edge of 
the magnetic field of the separator magnet (?s defined 
before) to Che exit aperture of the neutralizer itself. 
The particles that leave the neutralizer as ions are 
lost to the plasma. We can express this as 
Particles leaving 
as neutrals _ Equilibrium ^ Neutralizer 

fraction Particles entering 
as ions 

Particles leaving 
as neutrals 
Particles entering 
as ions 

efficiency 

= F {1 - exp I-KP(NL)]), 

(6a) 

(6b) 

= 0.625 {1 - exp F-13.3(P)(NL)]}. 

where NL == neutralize! length in cm. FOT (1-kV 
deuterium, we can rewrite the equation as 
Particles 
leaving 
as neutrals 
Particles 
entering 
as ions 

The total efficiency equation of all the loss 
equations multiplied together becomes 
Neutrals on 
the plasma 

(6c) 

Total current 
extracted 

F g 0 F o {1 - exp r-KP<NL)]} 

x {l - F + F exp f-KP(HL)I) o o 
x {exp (-K P(HL)J> , ( 7 ) 

Fgo = fraction of total current extracted as 
80-kV ions. 

Parametric Evaluation 

Using Eq. (7), ve can perfora a parametric analysis 
to determine the cost efficient peo«etry. First ve 
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Fig. 4. Efficiency curves in our parametic analysis: 
(a) varying the neutralizer length <HL); (b) varying 
the effective magnet length (ML); (c) varying the 
source hat length (HL). 

Neutralizer Length vs pressure 

Figure 4a depicts the neutralizer length versus 
pressure efficiency curve. As shown, at very low pres­
sure the overall efficiency drops drastically because 
the neutralizer section efficiency goes to zero at low 
pressures. A neutraliter length of 1©00 cm is each 

k 
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•ore efficient than • !00-c»-!or» one »t low pressure. 
CenverseljF, a Jf)Q-c»-le*«, «#utrali«er is not appreci­
ably ketter thin a JOO-rn-Jent neutrtlirer. Spsce 
1 visitation* in the HFTF-1 concrete vault nictate * 
short neutraliier. Trnit, we chose • 250-cm-tong neu-
traliier «nd uied chi» length in the rest of our param­
etric analysis. 

Hatnet Length vs Pressure 

The curve relating eagnet length and chamber pres­
sure to efficiency is shown in Fig. 4b. The magnet 
lensith is the effective mii.net length, that is, the 
region of the magnet wheTe the field strength is high 
enough to affect the ion trajectory appreciably. When 
designing a magnet, this distance is usually twice the 
pole width (if field clamps are used). 

From the cur^c it Is obvious to see that a magnet 
having the shortest apparent length is desirable. 
Specifically, the less time the ion traverses the 
field, the less chance it has for gaining an electron 
and neutralizing. Magnet pole lengths are limited by 
the bending radius of the copper conductor composing 
the coils. The other nonmechanical factor limiting 
pole length is the problem of increasing fringe fields 
with decreasing pole length. Since the ion needs a 
constant integral of magnetic field times length, de­
creasing the length necessitates an increase in the 
field. The source cannot operate in an environment of 
more than 1 G; therefore, the fringe field must be 
limited to less than that at the exit grid. Again, 

-NBETF drift tank 

(row past experience with magnet design, we determined 
tint • IO-enMMe.net *«» * reasonable length for our 
initial calculations. 

Source Hat Length vs Pressure 

Figure 6c relates the source hat length and pres­
sure to efficiency. For hat lengths between 20 and 
50 cm, the efficiency does not appreciably decrease 
with length. Therefore, a minuiaum hat length of 32 cm 
was chosen for analysis because it is the average dis­
tance between the source exit grid and the bolting 
flange for both the 181, and 0»!< Ridge National Labor­
atory (ORNI.) prototype long-pulse sources. 

Prototype Design 

To validate previous calculations that show the 
separator/neotralizer will purify the beam of oxygen 
and low energy deuterium, a full scale prototype has 
been built. The separator/neutralizer must accept 
either Che L8L 10 cm x 40 cm, 4-MW, 3B-s source or the 
ORNL 13 cm x 43 cm, 4-MW, 30-s source. Although both 
of these sources are prototypes, the production sources 
should be very similar. When initial testing of the 
device is complete, the prototype separator/neutrali2er 
will be installed in the Neutral Ream Engineering Test 
Stand (NBETF) at LBL. The neutralizer section will be 
in the vacuum tank of the NBETF, and the magnet/source 
win be on the outside of the tank. This arrangement 
is shown in Fig. 5. 

VACUUM 

Support stand 

Fig. 5. Layout of the separator/neutral iter installed in the Keutral tea* Engineering Test Stand at Lawrence 
Serkeley Laboratory. 

http://mii.net
http://IO-enMMe.net


Separator Mainet Pesitn 

The separator magnet is a conventional iron-domi­
nated dipole with water-cooled coils. It is fabri­
cated with poles and field clamps integral to the yoke. 
The ycVe is • one-piece veldment that function* as • 
portion of the system vacuum chamber in addition to 
iti norma) magnetic function-

It was deairable in our design to have a large gap-
to-pole-width ratio to reduce gas pressure on the up­
stream or ne«ative-y aide of the magnet inaide the neu-
traliter (Fig. 6). In addition, a limitation on the 
fringe field amplitude exists; that is, the fringe 
field could not exceed 1 G at the beam source. To 
avoid premature neutralization of particlea, it was 
necessary that the separator magnet be relatively close 
to the source. Thus, three simultaneously counter­
acting features—large gap, low fringe field, and close 
proximity to the source—were specified for this 
magnet. 

-A (Fig. 2) 
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SECTION A-A 

Fip. 6* Cross section of the separator ttagtiet iv* the 
x-z plane. 

To acco»pU»h this detign, v* *»rloyed the Toil• cm 
aroup of coMputer codes Ml in conjunction with (he 
SuperbrM code froup f2l. The foisson jtroup was uied 
to analyse two-dtMensional representations of Che MSR* 
net, whereas the super be a* codes were used to observe 
effect* on the b»*aM pattern caused by Modifications to 
the Magnet as well *s to Model the overall beaM systen. 
Vector potential Maps from the Poisaon Rroup were input 
to Superbean to develop a representation of a dipole 
field in the system. These code groups were principal­
ly developed by Ha loach, Holtzinter, and Harnett, all 
{or forswrly) of LBL. 

Initial models of the dipole were created with con­
ventional field clamps (Fig. 6 ) . These field cla«ps 
worked as expected to limit the fringe fields. An ex­
tension to the normal field clanp on the upstream aide 
further reduced the fringe field. Thus, a pole-to-
pole-gap dimension of 25 cm was possible while main­
taining fringe fields small enough to allow reasonable 
proximity to the source. 

We examined various pole widths using the Poisson-
Superbeam groups* After observing beam control and 
focusing effects, we chose a lA-cm pole width. As seen 
in Fig. 6, our final model is a narrow pole, large gap, 
dipole magnet with a reduced upstream fringe field that 
can be positioned relatively close to the beam source. 

A major interface constraint limited the width of 
the magnet in the x-direction (Fig. 2). This obstacle 
was important since the magnet is used in conjunction 
with a large cross section source. To improve the 
field consistency across the magnet aperture in the 
x-direction, extensions to the poles were placed at 
the ends. These can be seen in Fig. 6. These wedge­
like shapes were based on more complex shapes obtained 
through a careful computer optimization of another di­
pole magnet. Two-dimensional modeling of this feature 
significantly improved the field consistency in the 
extremes of the magnet aperture. 

The separator magnet represents a somewhat compli­
cated and detailed design carried out with a high de­
gree of confidence by computer modeling. No proto­
typing or testing of physical models was required in 
this development process. 

Heutralizer Design 

The neutralizer section must not only provide a 
high density medium for the ions to reach equilibrium 
but must also absorb all the power of the beam that 
does not exit at the prescribed 9.2° angle. There are 
three main components of the power impinging on the 
neutralizer. The first is the 80-kV, 40-kV, and 2?-kV 
ions that neutralize in the source hat region and are 
not bent by the separator magnet. The second component 
is those particles entering the magnet as ions but 
which neutralize during their passage through the mag­
netic field and, hence, do not exit a 9.2°. The third 
component is the 27-kV and 40-kV deuterium ions that 
remain as ions. The trajectories of all three are 
shown in Fig. 2. 

Referring to the first component, the equation for 
the 80-kV, 40-kV, and 20-kV particles that enter the 
magnetic field as neutrals is 

PW = *XA* [ ( X NF FF ) 8 0 X 1(>3 + ( 2 Y H H V A ° X a ° 3 

+ (32NJ_) 27 x 1(T 
T T 

(8) 

where 

XA = value of extracted axperes (A), 

X * fraction of SO-W? par t i c l e s , 

V * fraction of 4G-3kV par t i c l e s . 



S. • fraction of ?7-VV panicles. 

N • r.rutralitrr efficiency, 

F » equilibrium fraction* 

Subscript!: F • full-ener«,y at BO kv, 

H > half-energy at 40 kV, 

T • third-energy at 27 kV, 

The power of the particles that enter the field as 
ions but are neutralized sometine during their path 
through the magnetic field is shown below: 

PVI " W ' W ' 1 8 0 " 1 0 3' * XMH , < 2 Y NH EH ) *° " , 0 3' 
XmH3ZV^7> 27 x 10-1 (91 

where 

X-.-. = total A entering magnets as ions - X. - full-
energy ions neutralized in the hat region, 

X u u - total A entering magnets as ions = X. - half-
MH A 

energy ions neutralized in the hat region, 
X^ = total A entering magnets as ions = X - third-

energy ions neutralized in the hat region, 
E = ionic cross section {l - exp (-K <ML)P]}, 

•9 8.31, 

The power of these pa r t i c l e s as a function of length is 
shown in Fig. 7. 

1 1 1 1 
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E o s 
3 200 — / — 
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100 T — 

1 1 1 1 
50 100 150 200 

Distance along neutralizer section 

250 

Fig. 7. Power deposited on the centerline of the 
neutralizer bottom shown as a function of length. We 
assumed source parameters as follows: extracted 
A = 50; V - 6 Torr 1/s (excess gas); exit aperture 
conductance = 15000 1/s; species fraction: 
80 kV = 0.80. 40 kV = 0.15, and 27 kV - 0-05. 

Finally, there are the 27-kV and 40-kV particles 
that remain as ions through the magnet. These ions are 
bent more than 9.2° and proceed to the bottoo of the 
neutralizer. The equation for this third component is 

P u • (K K H) Nj, {1 - F,. * F H enp !-K HP(HL»] 

x {exp f-r.StlfUH 40 x JO 3 

x {exp 1-K T0P(KU1} ?7 x 10 f!0) 

(The oxygen ions and neutrals add negligible power 
to the dumps and will neglected.) 

High-Heat-Flux Panels: For the neutralizer high-
heat^flux panels (dumps) we selected arrays of in­
ternally finned copper tubes with a nominal 2 kW/cm^ 
rating for long life. However, all areas of the panels 
should have a considerably lower loading because of the 
extreme angle of the dumps with respect to the beam. 
Another pair of high-heat-flux panels is used at the 
exit of the neutralizer to protect the exit aperture. 
Table 1 shows the thermal and flow characteristics for 
these panels. 

Table 1, Major characteristics of the high-heat-flux 
panels. 

Peak 
flux 

Total 
flux 

(gpm) (kW/cm ) (kW) 

Temp, 
rise 
<°c) 

Top panels 110 0.320 500 17.0 

Bottom panels 110 0.015 23.4 <1.0 

Exit panels 80 0.100 50 5.0 

Tank Lining: To protect the al uminum skin of the 
neutralizer tank, water-cooled stainless-steel pillowed 
panels line the walls. These panels protect the wall 
from particles with unknown trajectories. 

Gimbal Design: The gimbal/magnet/valve assembly is 
shown in Fig. 5. The main design feature of the 
assembly is the positioning of copper cooling panels 
along the assembly walls. These panels are placed any­
where a surface has a "view" of the exit grid of the 
source. 

Vacuum Calculations 

Our vacuum analysis used the preliminary design as 
a guide for conductance calculations. The results, 
shown in Fig. 8, indicate that the efficiency of the 
separator/neutralizer can be increased by tailoring 
the exit conductance of the neutralizer to the input 
gas of the neutralizer. Since sources can run at most 
503 efficiency (50% of all input gas is ionized), there 
is always a ready supply of D2 gas for neutralization. 
Decreasing the conductance increases the pressure in 
the magnet/hat regions, which is unfavorable; however, 
at the same tiice this increases the pressure in the 
neutralizer section, which is favorable. There is a 
best exit conductance for each gas input. In some in­
stances additional gas nay be injected into the neu­
tralizer to increase neturalizer efficiency. 

Our "as built" vacuum calculations differ from the 
preliminary design vacuum calculations in only one 
respect. The aperture through the magnet is not as 
great as the preliminary design, and therefore the con­
ductance is less. In the final design a heat shield 
has been added to the inside of magnet to protect it 
from high energy particles coming off the exit grid at 
high angles- This decreases the prototype *s effi­
ciency by 23JJ from our earlier ealculaticns-
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Fig. 8. Pressure distribution along the separator/ 
neutralizer. We assumed V = 6 Torr 1/s (excess gas). 

Conclusion 

Mathematical modeling shows that a separator/ 
neutralizer can limit neutral beam contaminants. We 

have performed • preliminary de»ign at veil aa a param­
etric analyaie of neutraliier geometry. In addition, 
a prototype aeparator/neutraliaer haa been built and 
will «oon undergo teating at LBL. The proof-of-
principle teat vill uae either an IBL or OHM. 4.0-MH 
•ource, and the individual teat will laat up to 30 i. 
Any future production model muat have an increaaed 
magnet aperture >o that its efficiency vill approach 
that of our preliminary deaign. 
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