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A!!etn*t<vt» Tnrthais c i rannectirtf similar mutuillj ' coupled 
i\\]% :o their ; » » « • suppliet, and dump resistors are 
i, rH«ttifi*tr:. I*ie circuits 4 t * evaluated for tx>H» operating 
a id iauit concitior.s. The lactors considered are Hie voltvige 
!3 grouna ^mins a dump, ihort circuits, open circuits, 
Quenches, ana failure ol tiw protection system >o detect a 
qijerK+i. C j particular interest are the currents induced in 
n i l s that remain superconductive, when one or more coils 
quench. The alternative connections include combined 
power supplies, individual dump resistors, combined 
resistors and series and parallel dump resistors. A new 
circuit that contains "'coupling" resistors is proposed. The 
coupling resistors do not affect normal fast dumps but 
reduce . :e peak induced currents while also reducing the 
energy • ting of the dump resistors. Another novel circuit, 
the ser es circuit with diodes, is discussed. The MFTF-B 
centra. -*!1 solenoids are used as an example. 

"Work performed under the auspices of the U.S. Department 
of Energy by the Lawrence Uvermore National Laboratory 
under contract number W-7<i05-ENG-*8." 

Introduction 

The operation of a number of magnetically coupled super­
conducting coils with similar currents poses problems not 
encountered in the operation of a single coil. The problem 
is a new one and little guidance is found in past examples. 
In this paper the technical and economic attributes of a 
number of alternative methods of connecting the coils are 
examined. 

The MFTF-B central cell solenoids are used as an example 
[ I ] . These consist of twelve coils, each with 600 turns and 
a mean diameter of 5 m. At the maximum current of 
2S00 A the field is about 1.5 T. The self-inductance is 
3.6 H and the mutual inductance is substantial, 1 H between 
adjacent coils. 

In the planned operating modes the current in the end coils 
is slightly larger than the current in the center coils. The 
four coils at the center have the baseline, or smallest 
current flowing through them. The coils are supplied from 
thyristor power supplies with freewheeling parallel diodes 
that allow the current to freely circulate in the forward 
direction but which block reverse flows. There are two 
modes of discharge, a slow dump and a fast dump. A fast 
dump is used under fault conditions. The purpose of a fast 
dump is twofold: to remove energy that might otherwise 
heat the magnet; and to eliminate low resistance paths 
through the power supplies. The speed of the dump is 
limited by the voltage to ground caused by the dump. 

The power supplies, coils, breakers and dump reastors are 
connected using standard cables. The resistance of the 
connections, which is the order of milliohms, is an 
important factor in some of the fault conditions. 

Conditions That Endanger the Colls 

The coils can be damaged by excessively high temperature, 
voltage, or current [2,3,*]. A high temperature can melt 
the solder, cause deterioration of the electrica* insulation, 
or even melt the conductor. High voltage to ground or 
between one part of the coil and another can damage the 
electrical insulation. The electromagnetic forces are 

proportional io Ihr squares of the currents. IJejeriiunalion 
of tlie worst<ase combination ol forces is a compie* 
subject. However, I ron the standpoint ol the f lectr irai 
designer, the imperative is to reduce the maximum currents 
in the coils to the smallest values possibK 

A current larger than the operating current can be induced 
in a superconducting coil when the lield changes rapidly due 
to a quench of neighboring coils. The size of ttte induced 
current depends on how the coils, dump resistors, and power 
supplies are connected. 

Fault Conditions 

Several fault conditions must be considered in evaluating 
the alternative connections: short circuits, open circuits, 
quenches, and failure of the quench protection system. 

Short circuit currents do not depend on the connection 
used. Nonetheless it is useful to consider them because the 
short circuit currents constitute the largest currents that 
can be induced in the coils. The worst-case occurs when 
one coil has a superconducting short and the current in the 
other coils is decreased to zero. The maximum 
short-circuit current, which is reached when all of the other 
currents are zero, depends only on the initial currents and 
inductances and not on the rate of decay of current. 

Short circuit currents are responsible for some of the peak 
fault forces. In the MFTF-B solenoids the short circuit 
currents are approximately twice the operating current. 

The open circuits that pose a danger are those in the path of 
the inductive current. An open circuit in the coil, current 
leads, or in the dump resistor during a dump are in this 
category. There are two hazards: overvoltage of the coil 
and heating, fire, and melting at the site of the open circuit. 

Failure of the cooling will trigger a quench. During a 
quench there is a buildup of the coil resistance and a decay 
of the coil current. The decay is roughly an order of 
magnitude faster than the decay during a fast dump. There 
are two dangers to the coils. The temperature of a 
quenched coil may become too hot. And second, a 
quenching coil or group of coils may induce relatively large 
currents in neighboring coils. 

Developing a mathematical model for a quench is difficult. 
Rather than attempt to model a quench exactly, a 
conservative model is used in the computer studies. The 
entire superconductor is assumed to go normal at the same 
time, shifting the bulk of the current from the 
superconductor to the copper at 4.2 K. All of the heat 
generated is assumed to be stored in the metallic mass. The 
temperature rise of the copper is calculated taking into 
account the dependency of the resistivity and specific heat 
on temperature. Heat stored in the insulation or lost to the 
coolant is neglected. 

The currents induced by a quench are increased if the 
quench protection system fails and the coils do not fast 
dump. A quench of one or more coils induces voltages in 
the remaining superconducting coils that tend to sustain or 
increase the current. The current that results depends on 
the resistance of the available conducting paths. In general 
there are two conducting paths, through the dump resistors 
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A CUssiiicatien o i t h? Connections 

V.in> w:iys of connecting the coils have i>een proposed and 
co".s:derea [51 The majjr features of these circuits are 
ercc-npassed :n the Sour circuits shown in Figures 1 through 
v a~c listed -elew. The circuits are ui**ided into three 
groups wnicn hive similar Junctional and physical properties. 

Coils with individual, parallel dump resistors 

1. One main power supply 

2. Coupling resistors 

Coils with combined, parallel dump resistors 

3. One group of twelve coils 

Coils with series dump resistors 

U. With modes, breakers for each coil 
In the first category, each coil has its own dump resistor 
permanently connected in parallel with it. In the second 
category, individual dump resistors are not used; a dump 
resistor serves a number of coils connected in series. In the 
third category, the dump resistors are connected in series 
with the coils instead of in parallel and a breaker shorts out 
the resistors during normal operation. 

-a—-
• o rO-

Figure I Coils with individual, parallel dump resistors, 
one set of breakers 

Coils With Individual Parallel Dump Resistors, 
One Main Power Supply 

The circuit with individual parallel dump resistors, which is 
shown in Figure 1, combines the advantage of individual 
dump resistors with a minimum number of power supplies, 
cable runs and breakers. A main power supply provides the 
C'Tenr shared bv all Twelve coils. The additional current in 
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Figure 3. Coils with combined, parallel dump resistors, 

one group of twelve coils 

Figure 4. Coils with series dump resistors, with diodes 
and breakers for each coil 

the two pairs of end coils comes from smaller trim supplies 
arranged to minimize the current and power rating of each 
supply. 

The two breakers will not open simultaneously; therefore 
the consequences of one opening before the other must be 
considered. The first breaker to open interrupts the current 
through the eight coils at its end. The current through the 
four coils at the other end can still flow through the trim 
supplies. Opening the second breaker interrupts this path. 

The maximum voltage to ground is the voltage caused by a 
fast dump. This voltage occurs just alter the first breaker 
opens. At this moment the voltage irom the grounu resistor 
I •< one end of the series string of coils is 6 V c, where V c is 
the coil voltage. Therefore, the maximum voltage to ground 
is 6 V c. 
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t»»t Ok-pana !or n.tiCl] Ui.lt conditions; tor the circuit 
»„r. .->•::•>i3J»li p^riV.ri o^'-p resistors. 

C^Tp -3S!Stir»ce • .3I»I oh:ns. 

« The The 
I 
1 The 

irnix. m * i . liliax. 
1 peak final (energy 
1 current temp. (absorbed 
(operating 1 K lay a dump 
1 current 
1 

Iresistor 
1 M: 

FA5T DUMP 
1 
1 

1 
1 

all coils super­ J 1 
conducting 1 1.00 U.2 I 27.8 

all coils quench 1 1.00 67 1 8.3 
all except Wl quench 1 1.12 66 1 36.0 

POWER SUPPLIES 1 1 
CONNECTED 1 1 

all except * 3 quench 1 1.07 76 1 25.3 
all except W5 and 1 1 

W6 quench 1 1.31 76 1 1.7 
only Wl quenches 1 1.11 SO 1 117.6 

As Table 1 shows, the critical values of peak current, 
temperature, and energy absorbed by a dump resistor occur 
when the power supplies are connected. The fast dump 
results are included for comparison purposes. 

For a fast dump with all coils either quenched or all coils 
superconducting there is no current peaking. The maxinvim 
current during a fast dump occurs when all coils except Wl 
or El quench. Wl and El, positioned as they are at the 
center of the string of coils have the maximum coupling to 
the other coils. The currents induced in coils further away 
from the center, when all other coils quench, is less. 

The additional energy transferred to Wl by its quenching 
neighbors must eventually be absorbed by its dump 
resistor. As a result, the maximum energy absorbed by a 
dump resistor during a fast dump is the energy absorbed by 
WTs dump resistor when all other coils quench. 

If the protective measures fail, and the power supplies 
remain connected during a quench, the low resistance paths 
through the power supplies cause the induced current to be 
higher than during a fast dump. The exact result depends 
on a complex combination of the available conduction paths 
ond the mutual coupling between the superconducting and 
quenched coils. Coils near the center have the largest 
coupling. Howevtr, the coils at the end have conductive 
paths through the trim power supplies. 

When the power supplies are connected, the maximum 
current occurs if the superconducting coil is coil 3. During 
a fast dump, coil 1 has the maximum induced current. 
Another critical situation occurs when the two end coils, 
coils 5 and 6 remain superconducting and the remainder 
quench. These two coils are virtually short-circuited by the 

the i'.t'irt i:.,'.i ,r„ n:.\ *» :<i(r ** j..«r •Tun' :<j*i, v.f ;«•„,.. 
c a i e M * at* Sailer. 

l'*> jV»<* w p h r t «•' ia,i • .v ; >.-. :>-;i .-.•i.-; ,i .;* >. „• . .v, 
o, u'iwhew ^s the qurii. :i ^-iist-'U•>• *>»',Us ••.',','»' ."ui:<!'.t is 
Jorrrd iron the CNI to the i l i n ' i i l u r ;n: 'i t ^ r^ i . ) ".-.f 
damp rfjiilnr. Ir.r Sinai juench if>ist*nce ;s 4') CM;IT OI 
matnitide £reater thin trie dump resistance^ cmsr^jentu 
most o l the curjirni is durrsea to the du-vp resiit^r. T-.e 
» wit-case occurs uhen one of the four tenter c-ijs 
quenches and the other cciti remain ^u-perconductinj;. Tee 
quench a»"*nu»te> the current in t s r center four cri.s t u t 
the currentj in the two groups ot (eur end c^ils are ir^e to 
circulate through the trim tupj>lirs and are not jtten••.ateu. 
The energy stored in the center four coils is assorae'i sy the 
quenclied coil and < is dump resimor. 

Table 2. 

The relationship bc'ween the fast dump voltage to grjuno, 
the maximum induced current and the dump resistance. 

The maximum current is induced when all coils except u 3 
quench and the power supplies are connected. 

1 i i 
Dump (peak current I Time of IVoItage 

resistance I operating Ipeak current lto ground 
ohms I current I s I V* 

I 1 1 
. 5x .0291 | 1.6* I S3 I 250 

.0291 I 1.1(7 | 73 I 500 
2 x .0291 I 1.32 I 60 i 1000 

In choosing the resistance of the dump resistor there is a 
tradeoff between induced current and voltage to ground 
during a fast dump. Increasing the dump resistor decreases 
the induced current by increasing the resistance of the path 
around which the current flc./s. However, increasing the 
resistance increases the voltage to ground. Table 2 snows 
the nature of the tradeoff for the solenoids. The voltage to 
ground is proportional tu the resistance. However, since the 
resistance of the power supply is the dominant factor, the 
induced current is only weakly dependent on the dump 
resistance. Therefore, increasing the dump resistance is a 
relatively ineffective way of reducing the induced current. 

Coils With Individual, Parallel Dump Resistors, 
Coupling Resistors 

The circuit, which is shown in Figure 2, is similar to the 
previous one except that resistors, called coupling resistors, 
are placed between the coils and the dump resistors. The 
purpose of the coupling resistors is to decrease the peak 
induced current in the coils. 

When the currents in the two coils are equal, the coupling 
resistors have no effect. If the current in one coil is larger 
than the other, a voltage is produced across the coupling 
resistor that tends to decrease the larger current ana 
increase the smaller one. 

During a fast dump the coil currents are equal except for 
the small trim currents. Coupling resistors adjacent to the 
coils with equal current have no effect on the dump, xhile 
those at the trim power supply lines have only a small effect. 

During a quench the current in a quenched coil aecavs 
rapidly, causing it to be smaller than the current in 
adjacent coils. The coupling resistors tend to sustain the 
current in the quenched coil and decrease the current in the 
adjacent superconducting coils. This decreases the pea* 
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F-\?>TnLV;P 
jllcc.issu,~"er-

c?r-."!uct;-i; 
jJi cc-iis querxil 
all except 

H 1 qjer.ch 

FO'iEH SUPPLIES 
Con.NECTEO 
i l l except »'3 

all except «'S & 
tt'6 quench 1 

only -*J quenches I 

T 

i.co 
l.Cu i 67 

i.2 I 27.» 
S.3 

0.0 
0.0 

I 1.G0 I 6S I 19.9 I d.3 

1 
1 1.21 I 79 I 

1.24 
1.11 

I I 
76 
SS 

6.0 

6.0 
IS.3 

I 
I 
I 12.2 
I 
I 0.8 
I 20.0 

induced current at the price of increasing the energy 
absorbed by the quenched coil. 

The eficct of coupling resistors is illustrated by the results 
in Table 3 which show the induced current, temperature and 
energy to resistors ior a circuit in which the coupling resist­
ance equals the dump resistance. Table 3 can be compared 
with Table 1, a similar table for the circuit without coupling 
resistors. 

As Table 3 shows, the coupling resistors have little effect 
during a last dump for the two cases: all coils remain 
superconducting and all coils quench. Under these 
circumstances the current in all of the coils at any time is 
the same except for the trim currents and differences due 
to differing mutual inductance. However, if there is a fast 
dump when all coils quench except coil WJ the effect of the 
coupling resistor is appreciable. The coupling resistors 
eliminate the peak current induced in coil Wl. In addition, 
the energy absorbed by coil Wl's dump resistor is greatly 
reduced. 

Table «. 

The effect of coupling Resistance on the peak current and 
final temperature when' l i coils except W3 quench. 

The power supplies are connected with diodes to ensure 
unidirectional current flow. The peak current occurs in 
W3. The maximum temperature rise is in W». R d = .0291 
ohms. 

Value of coupling 
resistance 

I peak current 
[operating current 

1 Final temp. 
I of m 

K 
0 
.5R d 

Rd 
2 l i d 

3 K d 

5K d 

1.51 
1.30 
1.21 
1.12 
1.07 
1.03 

7<f 
76 
79 
83 
85 
87 

il ^ ' . i . ' - i t , .~ i . . - ; . i in t i . . . : ! * c '<-•.!'... * i-i .'. • .: ** - • 
r ^ ^ ' i * ^ M . ; » ! ' , '•< .a. ^ •• .vvw*. '*-•'. : S .i . : .:•. : i I 
i\'.''v j «,V1U '* \ ' ; ' »* ; , v . r ,.-,p • : ...<:, '>'.'•: l c •*,»?. is - :> 
;•'-.' '.li .-v.!', 3.'«' - l b . . ' : . 1 V,\\ ,, '".li.K' '. '. '. .1 
«< U1%X : w ! : . ' !>-Clj» K'.T.I.'fl, 

5'.i»>:t> - s .V»x »'»• . -Sl .vl -.'I S':i- I,I,'I> .1 >.hf iM.i, 1; ',; K'sis! . 
•ill J?W 4'lirwnt liv1>»<\1 unci")) ».S »hi ' i l all ..'t ".!so .'•....'( i .•!.!> 
q.n-ivh. Ill t - i* c i rcu i t »n ' i : i i , t .iYH>p|s',i; i c ' - m o t s V"ii> ;-.«\ii., 
ahicft is >Si pwcenl lusher llun the iy,ri-dtinKCLf'j«-;.}, î . !''.*» 
hij^ieit current ciicriur.tarHl in thin ctfLi:»t *?;.':! tk,.»* 
protection ivMeni Jails. Coupling reenters ry.nl to the 
ctuinp lYMttvrs rrdur? ihi» pi\ik la 21 percent higher, ".hue 
coupling reasti.if5 i-i*.** sinirs the dui^p rriiMors H T M J I K 
rliiniiulv tin' peak. T'ie p n o ' jyia tor this H'HI:HK-:I IS .in 
increase in the lin.it leinpifiture of the ijuriichro coiK 
idiacont to co i l« 3. 

Table 5. 

The effect of coupling resistance on the peak current ana 
final temperature ahen all coils quench except ft5 and \\^. 

I peak c I Time of hi ru l 
Value of loperatinn current Ipcak current Itenperature 
coupling \ I 1 i J 1 
resistor I for I ior I W5 I W6 I'M I A3 

I W5 I M6 I s I s IK | K 

0 I 1.31 I 
I I 

R d I 1.21 1 

2 R d 

5 R d 

I 
I 1.22 I 
I I 
I 1.21 I 

1775 I 9<t I 130 I 67 I ?3 

I I I I 
1.22 I S<i I I IS I 69 I 72 

I I I I 
1.22 J 86 I H i I 69 I 72 

I I I I 
1.22 | 92 I 102 I 70 1 72 

As Table 5 shows, the coupling resistors are not as eiiective 
in reducing the peaks in coils W5 and W6 when this pair 
remains superconducting. Only a single coupling resistor 
links the rest of the coils to the pair, which is shorted by 
the outer trim supply. The peak current in coils 5 and 6 can 
be decreased by increasing the resistance of the trim power 
supplies. Ordinarily, increasing the resistance of a power 
supply is prohibitively expensive because thu operating 
current must flow through the additional resistance causing 
substantial energy losses. However, the trim currents are 
small and the expense is tolerable. 

The use of coupling resistors substantially reduces the 
physical size and cost of the dump resistors. Placing 
coupling resistors in the circuit increases the resistance oi 
the alternative path for the current. The current can flow 
either though the coil itself or through a series 
combination consisting of a coupling resistor, a dump 
resistor, and a coupling resistor. Consequently, more of the 
current tends to flow through the coil and less Through the 
dump resistor. The result is that the final temperature ol 
the coil is higher but the energy absorbed by the resistors is 
less. 

Coils With Comhined, Parallel Dump Resistors 

Instead of having individual dump resistors, a number oi 
coils can share the same dump resistor. In the most 
extreme application of this concept, .ili twelve coiU which 
are connected in series, share the same dump resistor as 
shown in Figure 3. Since the two pairs of end coils have 
slightly different currents, it is necessary :o connect 
separate dump resistors across these pairs. The resistance 
of these trim dump resistors is high, and their ellect on the 
circuit is small. 

The circuit is simple am inexpensive, but the mam reason 
for considering it is the low peak induced current. When 
eleven coils quench, the remaining superconducting coil is in 
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*."lUtrt»srojnia. 

TV hi(f> te>rip«r*tur« is a direct result of the series 
«\*n*el.ijri cl i!w coils. The current, which flow* throufih 
i'ltcotls, t w s i e r s energy from the superconductinji coils to 
tK,e Quenched coils, raising the Irn-.perature of the quenched 
•Mais. The wortl-case occurs uhen any one ol the coil* 
quench and the rest remain superconducting. 

A hif.h voltage to ground is also induced by a quench of a 
small number of coils. A quench places a large resistance in 
the series path, causing the rate of change of current to be 
high. The reactive voltages across the superconducting 
coils are large and add together. The highest voltage to 
ground is produced by a quench in the coils at one end of the 
string cf solenoids. 

Coils With Series Dump Resistors and Diodes 

Figure * shows a circuit in which the dump resistors are 
connected in series with the coils and diodes are connected 
across each coil-resistor group. During charging and normal 
steady-state operation, all of the breakers are closed, 
shorting the dump resistors. The current flows from the 
main supply and through the twelve coils in series. The 
reactive voltages of the coils during charging and the 
resistive drops during normal operation back bias the 
diodes, causing them to act like open circuits. 

Opening the breakers removes the shorts across the dump 
resistors and the low resistance paths through the power 
supplies. The current is constrained to lew through the 
dump resistors and the diodes, which aci like short circuits. 

An advantage of the circuit is that, during a fast dump, the 
voltage to ground is as low as possible, only half the coil 
voltage. After the breakers have opened, the voltage rise 
across each coil is opposed by the voltage drop across the 
resistors on each side of the coil. As a result, the voltage 
from one coil-resistor combination to another is almost 
zero. The grounding resistors constrain the voltage at the 
midpoints of the dump resistors to be zero. Therefore, the 
voltage at the center of the coils is also zero, with the 
maximum voltage of half the coil voltage at the ends of 
each coil. 

In contrast to the circuits with parallel resistors, the 
voltage to ground does not depend on the order in which the 
breakers open. As each breaker opens only current in its 
coil is interrupted. The diodes associated with the closed 
breakers remain back biased, maintaining the current 
through their coils. As each breaker opens, it has across it 
a voltage equal to the voltage 1R0. Each switch, therefore, 
interrupts or redirects the energy stored in a single coil. 
This is in marked contrast to the circuit breakers in 
circuits with parallel dump resistors. In these circuits the 
first circuit breaker to open must redirect most of the 
energy stored in all the coils. 

Another advantage of series dump resistors over parallel 
dump resistors is that the power supply can have a smaller 
power rating. In the parallel circuit, current flows through 
the dump resistors when the magnet current is being 
changed. In the series circuit he dump resistors are 
shorted by the breakers and absorb no power. 

!'•* ckLirrt * Jtw"l -•Mi.Tfi J J4H c.'-i.p ,v ".*•.«• M :>• ..i t:r 
t'f.^t'rc. vmw. i ••'! w I'JIV.I »dt'i .'..ru'i'fi ::u~p 
rtrtuMrw Alter a'.-l v-Z t*w tieAS.ru 4H- •'.'I'I. V-e sri-.es 
*-**:*( twAtvn el i -.a- N^ ft Cisic.-.i IUKV*, l»v. ;*•;> 
CiWihs a rjii1. roivsc.Tf .1 U S-e dux.? rrs'.stors iv, -riv.rr 
siSe of at by a -cor.cuirjnj; -8t*3e. 3MS «-.!iv:nf»l 
conli'Kurifian a e**i"lJ» »hr si'-'-r 4* the tirci.it win 
fxuilrl <Tt»t."*s ctunr.s * l i s t dump. 

Tiie behavior ol ihe Circuit wiien one cr '.'.c<re coils c,urr\ch 
and the power supply remains connected is nat easily 
character! ted. «Jnder these circumstances the dioaes c*n 
switch on and oil . however, simulations show that !or 
similar dump voltages to ground the si-ries circuit is 
superior to the parallel one. 

The main disadvantage of the series circuit is tne cost of 
the additional tircuit breakers and cables. In tie MFTJ--B 
project it was necessary to locate the diodes and breakers 
at a distance from the coils, miking the cost pronibitive. 

Conclusions 

Cost and a number of technical factors must be considered 
in choosing between the many alternative ways of connect­
ing a number of similar, mutually coupled, superconducting 
coils. When inductive coupling is strong, a key factor in 
determining the forces,on the connecting structure may 3e 
the currents induced in neighboring coils when some of tne 
coils quench. This current depends on the connection. 

In the MFTF-B project the circuit with coupling resistors 
has been chosen for the central solenoids. The coupling 
resistors reduce the induced current and the circuit meets 
the project's technical and cost criteria. The series circuit 
with diodes has a technical advantage but is more costly. 
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IhK d'K-umvni w:i* prepared a. Jn aiToum "f wurt, t p m w i w l hi an JUI'IUI i>f 
Itu- I fliu-d Mal iv liiiwriinKKI. Niiihcr ihi' I niud M a t t , (ni'irnnitni irnr ihi-
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pri^s HI impliii). in astum^-. am Kcal lialiilii. «r it^pun*ihiliiv fix 'hi- ai-
l u r a i i . oimplniiu's*. nr UMfaln i s . n f a m infiirmatinn. apfijraw*. pn<luti. »r 
pfiicc** discliisi'il. irf ti'pri^i-ni' that it^ U K i.mitd inn infiinui- p m a i i l ' immd 
ri^ht.. Uffi-rvm-f hi-irin in a n . v^aaHi'i'iimniiriialpriHluLav p r m i . . . i-r m i m 
hi iiadi- nami'. Iradi-marli. manulai'iuTir. m nihi-r-isi-. din'> imi m . i t o r i l > 
innvlituiiiir inijiU it . vnitnr^innnt. iiiiiniiiiinil.itliin.nl laninni:h\ ihi I m u d 
Staiv. ( . imrnni ini in thv I nnir . i t» nt t alifnrnia. | lu- i i n > . and ••;niiiiin^ ••! 
author, ivpri-.i i i l h i n i n dn n»t n u i . v i r i l i -tati nr n l l n I tti.iw nl ihc 1 m u d 
Viatic 1niiirnni.nl thi-n-nl. and .hal lnm hi UMdlnr adu-rii.tni: m pri 'duit .n-
dm^'iiK'nt puipuM^. 
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