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Abstract

A quasi-linear numerical model for RF heating is developed in a form
so as to be applicable both to toroidal and to magnetic mirror plasma
containment devices. It is then combined with a two-dimensional multi-species
Fokker-Planck code. It is found that as much as 40% of beam power injected
into a two-component tokamak may be replaced by RF power without significantly
degrading the fusion power produced. Furthermore, results indicaté-that
in a magnetic mirror, RF at the fundamental or second harmonic may be

useful for heating as well as for trapping of a low energy ion source.



I. Introddction

Ion heating at the cyclotron frequency and its harmonics may play a
significant role in allowing plasma devices such as tokamaks or mirrors to
approach the ion.temperatures required for fusion. To reach ignition,
tokamaks will probably need supplementary heating in addition to ohmic heating.
Driven power producing devices such as a two-component tokamak,(1) sub-ignited(z)
tokamaks or magnetic mirror devices require significant ion heating and the
heating effiéiency figures importantly in the economics of these devices.

A great deal of effort has recently been directed towards RF heating of
tokamaks by means of the compressional hydromagnetic wave or "fast wave"

(see (3) for references). Stix(3) has studied fast wave cyc]ot}on heating of
tokamaks analytically by including the quasi-linear diffusion coefficients(4)
among the Fokker-Planck terms in the Boltzmann equation. We have followed a
similar approach in a numerical treatment of the prob]ém, combining the full
quasi-linear diffusion coefficients with the Livermore two-dimensional multi-
species Fokker-Planck code.(5)

RF heating is also potentially of great interest for heating magnetic
mirror devices. In a magnetic mirror, plasma containment depends sensitively
on the jon distribution function. The solution of the Fokker-Planck quasi-
linear equation will therefore serve to indicate the effect of RF heating on
mirror confinement.

In section II, we will present the quasi-linear model for studying
RF heating. Sections IIla and IIIb will then present results of cdlculations
for tokamaks and mirrors respectively. SectionIV contains a summary of

results.



II. Quasi-Linear Mathematical Model

Quasi-Tinear theory described the evolution of the distribution function
under the action of a spectrum of uncorrelated waves and is therefore a
stocastic heating prbcess. Stix(3) has argued that this formalism is applicable
for studying RF plasma heating when the plasma is sufficiently collisional so
that collisions destroy phase information between successive passes through
the resonances zone of heating. Typically, the time between successive
transits is Tp ~ 2L/V,, where L is the distance a particle travels between
successive passes through the resonance zone, so that the variation in rp
is Arp = 2LAV../V..2. The dispersion by coulomb collisions wou]d then lead

)2 1/2

to a rms AV,, value of (<(av,, >rp) where <(AV..)2> is the diffusion

coefficient (see for example Spitzer). Requiring that the jons "forget" the

cyclotron phase between transits says w_.At_ >> 1 or fié!i%lfz >> 1 L
cp /N (w_ .T )2 Tp

cip
This is easily satisfied for typical mirror or tokamak fusion plasmas.

The fluctuation induced rate of change in fo by the quasi-linear

approximation is then

where f] is the Tinear response to ¢], the wave potential. The brackets
represent a sum over uncorrelated modes. For a given wave frequency and k,,
(the wave number parallel to the field direction) the linearized Vlasov-Maxwell
equations will determine the dispersion relation and therefore k, (the wave
number perpendicular to the field direction) as well as the relative magnitudes
of the electric field. Both k,, and wave frequency are expected to be

experimentally controllable parameters.



When the wave amplitude becomes sufficiently large, non-linear effects
such as wave particle trapping or resonance broadening can come into play
and should be considered in a more complete treatment of the problem.
Furthermore, it has been shown that in tokamaks under some circumstances
several modes are exciteJ3’6) or a coupling between wave modes(7)
takes place and these effects must also be looked into.

From the point of view of the cyclotron damping mechanism, fundamental
and higher harmonic heating (chi’ 3wci) behave quite differently. For an
electric field at the fundamenta1 frequency rotating in the ion direction,
each ion passing through the resonance zone, (where w = wci) will get a "kick"
in v, and this results in a velocity space diffusion. Heating at the second
harmonic , however, invokes a finite Larmor radius effect, and the velocity
space diffusion coefficient is proportional to vlz. Thus, second harmonic
heating will preferentially heat ions with high perpendicular energy and tend
to create tails, whereas fundamental heating tends to heat the bulk plasma.

The Hybrid-2 Fokker-Planck code(s) solves a set of coupled equations
(one for each species) in spherical coordinates (v,8) in velocity space

(where 6 is the pitch angle) of the form

of 19 v 3 1 ~af £ of f
= =n_I{ (Af + B ) + (Df + Eje— + F =) 14§ - (M
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where T is a constant defined by I' = 4nZ e /m > Ny is a normalizing density,
V is the normalizing velocity and the terms, A, B . . . F contain integrals
of the distribution function (f) as well as the independent variables and

so this equation is non-Tinear. S contains the source term, charge exchange loss,



and alpha heating terms and Tp is the particle containment time. For a mirror
Tp = L/V,, for ions in the loss cone (L is the mirror length) and Tp=<wotherwise.
For a tokamak, there is an additional loss term added

of

1 3 ‘

tok w2 VT
with Te the energy containment time.

Quasi-linear theory solves the Vlasov equation by separating the distribution
function and fields into spacially independent components and small, rapidly
oscillating wave fields. We then can write the space-averaged Vlasov equation,
which gives the rate of change of the distribution function due to a spectrum
of wave. .

4) can be

The quasi-Tinear diffusion equation of Kennel and Enge]mann(
put into a form identical to (1) as shown in Appendix I. In this case, the
coefficients A, etc. are replaced by coefficients A', B', etc. which are
functions only of the independent variables (v,8) and the externally imposed

wave parameters, and therefore the operator is linear.

These coefficients become:

A' =0 2a
B' = Cv2 sinze/V 2b
C' = -Cv(k,, v/w - cosB)sind 2¢
D' =0 2d
E' = -Cv sinze(k,. v/w -~ cos6) 2e
F' = C¥(k,, v/w-cose)? sine 2f
£, )° SAR
with C = — 5 G(nwci -w + k,.v,.)Jn_.I (ar—f—), 29
3277e™n . ci



Here V = normalized velocity, w is the wave frequency, k,,, k, are parallel
and perpendicular wave numbers, Jv is the Bessel function or order v, n is
the harmonic at which we are heating, and E+ is the electric field rotating
with the ions.

Since W5 is a function of B(Z), (2g) can be integrated along a field
line to eliminate the delta function. If we assume a parabolic magnetic

mirror of mirror ratio R( = B ), after bounce averaging, the expression

max/Bmin
for C becomes

.Lk.l.

2

¢ > [E 12 9.2 (2% (320722 -
: + n (—)/(32nZ" Ng M W (z=0)g) 2h

ci
with & = ((8'/8 - (R - 8'/8.))"% and B' = (w-k,,v,,) mC . This is
valid for B . <B' <B . Otherwise, we set C = 0, i.e. the particle does
min max
not pass through a resonance layer. Similarly, for a tokamak we can integrate

29 around the minor radius to find a similar expression for C

2 \' k [¢) .
¢+ e, | 9,0 (=0 2/ (32n 27 &P nonw E) 2
ci
0 2 nw._.
with £ = (1 - (59) (Etﬁ%%vf. - 1)2)]/2 with w_;  the cylcotron frequency at the

major axis (po), and (a) the minor radius at which we heat.
Similar equations may be derived for the E;(Jn-1 is replaced by Jn+1)
and the E,, (Jn+] is replaced by Jn) terms. The heating that results from these
terms is small, but they are included in the code.
The effect of varying the wave vector (k,, k,,) is apparent from egn. 2g.
The argument of the Bessel function (klpi with ok the Larmor radius) is
generally small. For fundamental heating, Joz(kLpi) ~ 1 and heating is independent

of oF (unless Py ~ kl'] which corresponds to very high energies). For heating at



ch? J]z(kipi) X (k491)2 which is the finite Larmor radius effect mentioned
previously. The parallel wave number comes into 2g in the doppler shifted
resonance condition.. For w/k,, ~ Va >> v,, the doppler shift is small and
most ions interact with the wave close to the resonance surface, defined by
nwci(Z) = w. If, however, k,, becomes large, only ions with v,.<(nwéi-w)/k..
will interact with the wave, where wéi is the maximum cyclotron frequency
corresponding to the maximum magnetic field felt by the ion along its orbit.
We can calculate the total RF heating rate by integrating the equation(1)
in velocity space using the RF coefficients of equation (2). It is then seen
that only the B' and C' terms will give contributions to heating, while the
terms resulting from E' and F' coefficients correspond to pitch angle scattering.

IIT. Results of Sample Calculations

IIT-a. Second Harmonic Heating of Two Component Tokamaks

There has been much interest in two component tokamaks as a driven reactor

(2’8). The two component tokamak concept

or a high flux neutron source
generally involves injecting deuteron beams of energy 100 to 200 keV into a
tritium target plasma. For high deuteron currents this approach will necessarily
degrade the purity of the tritium target and thereby the amplification factor

Q. Here we defined Q as the ratio of the instantaneous fusion power produced

(at 17.6 MeV/fusion) to the power injected into the plasma either by beams

or RF. RF heating of the minority deuteron species would then offer the
possibility of heating deuteron tails without degrading the purity of the
background plasma.

The parameters chosen for these calculations are shown in Table I and were

chosen to be typical of next generation large tokamaks. The tritium density is



set at 9 x 10]2

and tritium and electrons are given an energy containment
time (TE) of 100 ms. The deuterium density is determined by the beam current

and a particle containment time (Tp of 100 ms.

n)
There is reason to believe that turbulence induced particle loss is
only significant for deuterons that have thermalized.(g) The effect of this
assumption has been tested and Fig. 1 displays the results. Here we consider
injection of a 150 keV deuteron beam into a tritium target of density
9 x 10]2cm'3. With no deuteron loss (TpD + ) the deuteron density
builds up with time so Q decreases monotonically after reaching a peak value
of 0.81. Setting'$D to 100 ms causes Q is degraded and it reaches a plateau
level of only .67. However for Eﬂ)= 100 ms for only thermal deuterons
below 30 keV is .the equilibruiy Q higher, attaining arvalue of 1.04.
the calculations shown below, we will assume the latter case, i.e. only
deuterons that have nearly thermalized (E < ~30 keV) are removed from the
device.
We have been interested in considering the usefulness of combining beams

with RF heating at 2 Wit The wave vector k was chosen to satisfy
“ci
A

evolution of Q for different mixtures of beam and RF. At times early ‘¢oempared

ki = 5 and k, = with v, the Alfven speed. Fig. 2compares the time of

p) (note Tgp ™ Tp

~100 ms),beams without RF give a higher Q value. At later times, however,

with the slowing down time (TSD) or the containment time (t

an equilibrium is approached and we see that as much as 40% of the input
power could be supplied by RF without a significant degrading of Q. This is
also indicated in Fig. 3 where the asymptdtic Q values are shown as a function

of percentage of power supplied by the beams.

In



Fig. 4 indicates a typical distribution function in perpendicular
ana parallel velocities. The tendency of RF to drive tails in velocity
space is clearly displayed.

I11-b. RF Heating of Magnetic Mirrors

RF heating may also be useful as an alternative to beams in mirror

machines. Heating has been demonstrated in several mirror-like configurations.(]o’]1)
At first glance, we may think that RF heating, being a stocastic process,

will tend to diffuse ions into the loss cone as well as up in velocity

space. We have found, however, that the RF will tend to modify fhe ion

distribution function so that most of the power goes into heating and

confinement is not significantly affected.

We have considered heating both at the fundamental (w = ) and second

[V
ci0

harmonic (w = chio) where w is the cyclotron frequency at the midplane

cio
of the mirror. As expected, fundamental heating acts on the bulk plasma
whereas heating at chio tends to drive tails in v,, but these effects must
be considered in combination with the ambipolar potential of the mirror
and the velocity dependence of the ion source (if one is present).
Livermore results have shown that plasma stability against the drift
loss cone and convective loss cone can be obtained by passing a cold
streaming plasma through thevmirror machine. We have, therefore, looked at
the cases with and without a cold streaming plasma.
Table 2 indicates plasma and machine parameters used in this series of
calculations. We are considering a plasma with midplane radius of 6.5 cm
confined in a mirror well with a vacuum mirror ratio of 2. The plasma

occupies about 7,600 cm3 at Tow B, and ~ as it heats and B increases, the



occupied volume can decrease by up to 20%. Furthermore, since the Fokker-
Planck code calculates the midplane density, as the P,/P,, ratio increases
the plasma becomes more localized near the midplane resulting in a local
density increase. Fig. 5 indicates the density loss from the well with
injection of about 9.4 kW of RF power (absorbed in the plasma) at the
fundamental and second harmonic. No stream 15 present. The decay appears
to be similar for the two cases. Examination of the distribution functions
for these cases (Fig. 6) leads to the conclusion that whereas fundamental
heating tends to enhance diffusion into the loss cone, second harmonic
heating heats the high energy ions preferentially. They will in turn heat
the electrons and drive up the ambipolar potential which will eject
the lower energy ions. In either case, there is a runaway of ion energy due
to the preferential loss of low energy ions.

Fig. 7 indicates the density evolution in the mirror when a source of
"streaming”", 10 eV plasma is added. These calculations also include the
charge exchange losses with a 1 ms characteristic time (which'corresponds to

7torr). The density seeks an equilibrium Tevel

a base pressure of~5 x 10~
because the high energy tail of the cold streaming plasma behaves as a plasma
source. If the RF power level is increased, we see that the equilibrium density
Tevel also increases along with the ion and electron temperature. If the power
is deposited by means of second harmonic heating, the eqﬁilibrium density is
Tower since the second harmonic heating is not as effective in trapping the
streaming plasma which is the density source. These results serve to indicate

that in addition to a heating mechanism, RF can also serve to fuel a mirror

plasma when properly combined with a plasma stream. Figure 8 indicates the
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equilibrium to which the distribution function evolves. Notice f(E) has a
dip near the ambipolar potential (1.2 keV) loss cone boundary and exhibits a hot
monotonic tail going up to ~10 keV.

Fig. 9a indicates the electron temperature eyo]ution for two RF power
and streaming plasma levels. If a stream of\]O17 particles/cm3-s is
necessary for stabilization, RF power levels of ~ 47 kW (absorbed) would be
required to heat the electrons to ~150 eV (this corresponds to an ambipolar
potential of ~550 eV). Figure 9b indicates the resultant ion temperatures
for these cases.

These results lead to speculation as to the possible merits of RF heating
with comparison to beams in a future mirror reactor. Fig. 10 indicates
schematically the energy distribution that would be expected to accompany
beam injection. The distribution function peaks at the energy of injection
of the beams and goes to zero close to the ambipolar potential low energy cutoff
(¢a/R-1). Between these two energies §§-> 0 and diffusion will tend to drive
jons into the loss cone (E < ¢a/R—1). Furthermore, cyclotron frequency
turbulence can greatly enhance velocity space diffusion and is, therefore,
deleterious to containment.

The distribution function resulting from RF heating combined with
fueling at the ambipolar potential would tend to produce a distribution
function also sketched in Fig. 10. Since %%-< 0 throughout most of velocity
space, the RF generated velocity space diffusion is mostly driving ions up

to higher energy and so the imposed cyclotron frequency "turbulence" will

heat without causing a catastrophic loss of confinement.
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IV. Summary of Results

A quasi-linear model for RF heating can lead to several interesting
predictions. For a two component tokamak, it appears that in order to avoid
a serious degradation of the fusion rate it is necessary that the beams are
well confined until they have thermalized. It is seen that up to 40% of
the injected power could be replaced by RF at ZwCi without seriously
decreasing the fusion rate. This may be desirable from the point of view of
source efficiency and neutralbuildup.

Magnetic mirrors may similarly be heated using RF at the fundamental and/or
second harmonic. Unlike beams, RFwould require a plasma source. When
no source is'present, decay from the mirror is comparable for heating at
e and zwci although it is seen that the fundamental tends to do more bulk
heating while higher harmonic heating tends to drive tails. If a particle
source is present near the ambipolar potential cutoff, the interaction of
the source with RF will fuel the system. This appears to indicate the

possibility of fueling at the minimum confinable energy of the mirror.
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Appendix I

The quasi-linear diffusion equation of Kennel and Enge]mann(4) may be

put in the form

22 3
of . Tl e d“k 2
= = Lim I x [ LV,s(w- kv, -nw_.)e  |,LFf (A-1)
ot V-0 1 m2 (2m )3V ci n,k' "+
where
k,,v k
_ 11 Y l_ a ] a \
L=(1- w v, aV, * w av,, (A-1a)
. k vV
1 v . 11
and Bn,k = E e (%( - 1Ey)k Jn+](a;'i—) (A-]b)
1 k V
toe Ex IR ) . 1( L
vV, le
+ — E_, J( )
v, zk “n We s

where V is plasma volume and Ek the Fourier amplitudes of electric field and the

phase angle. Assuming y=0, and a monochromatic spectrum of waves, we can integrate

A-1 so that Ek > Re(f(?,t)).

By transforming the operator L to spherical velocity coordinates

(v,u = cosb) it becomes

k,, k,,v
Uy a1 3y .3 42

13 .t 9 9
Ls = Vv T (wv ;7) M 2(av U 8u( W

(A-1c)

This then gives for the terms containing the electric field rotating with

(Ex - iEy‘) and counter (Ig( + 1'Fy) to the ion gyration.
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2 kLVL 2

of T 2 .
(a;;—) d(nwCi -w+ k,,V,,)(v'sine

Z e
ot lE * ik ’ {_7 av[ n+1

k,, v
i K of
v -V sin6( - cose)ae)]
k.l.v.l ‘
V251ne Eé{dn+] (mci ) 6(ani -wt kllvll)
2 of ki oV 2 af
(-v sin“a(k,, v/w - cose)§V + sin6073—— - €0S6) )]} (A-2)

The E,, term is similar with J +J ctne This then Teads to the diffusion

).

The diffusion coefficients all contain a term (sec equation 2g)

n¥1
coefficients given in equation (2

' kv,
C = 5(nw .~ w t k|cV||) J 2(

) A-3
C'I

For a mirror machine, we can bounce average (A-3) assuming a parabolic B

field to give
) kv,
C = 2(—1———0/(nw

\Y wm ci

where,Bo is the midplane mirror field, B' is the field where the doppler

. 172  n (172
(8'/8, - 1)'/2(87/8_ - B'/B,)!/?)

shifted resonance occurs (B' = gﬁ(w - k,,v,,)), and B* is the field where
the particle bounces B* = ¢f/u. Note that B*’_g_Bm (Bm is the field at the
mirror throat) for mirror trapped ions. This expression will blow up either
for ions for which the bounce position coincides with the resonance position

(B*

B') or when the resonance occurs at the midplane (B' = B* = B0 and

Vi. = 0). In this case, a maximum level is imposed on C' which reflects
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the fact that the § function approximation become inaccurate due to the need
to include an intrinsic particle correlation rate due to the transit rate of
particles in an inhomogeneous magnetic field, or a.turbulent correlation
due to orbit diffusion.
For a tokamak, we can integrate along an orbit as done in ref. 3 to obtain

the result 2i.
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Table I

Tokamak Parameters
Toroidal Field 40 kG
Major Radius | 3.25m

Plasma Parameters
Tritium Density 9 x 10'3 en™3
Initial Deuterium Density 1 x 10]2 n3
Tritium Energy Containment Time 100 ms
Electron Energy Containment Time 100 ms
Neutral Beam Energy 150 keV

RF Parameters
Parallel Wave Number (k,,) 0.063 cm”)
Perpendicular Wave Number (k,) 0.31 cm”!

%*
Minor Radius of Heating Calculation (a) 25 cm

*This is the minor radius at which we do the heating calculation.

Results are scaled to other radii by equation 2i.
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Table 11

Mirror Parameters

Vacuum Mirror Ratio (R)

Mirror Length (1)

Initital Plasma Parameters

Trapped Plasma Density (NH)

Electron Energy (Ee)

RF Heating Parameters

Perpendicular Wave Number (k, )
W {(Z = 0)

Parallel Wave Number
for Fundamental Heating

Parallel Wave Number
for Second Harmonic Heating

100 cm

5 x 10'3 /em’

100 eV

.157 cm'j

4.6 x 10° hz

0.6 cm']

0.063 cm-]
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Figure Captions

Time evolution of fusion amplification factor (Q) Sor a two component
tokamak with 150 keV deuteron beams (3.2 watts/cm ) injected into a
tritium plasma of density 9 x 1013. Curves shown for deuterium
particle containment times (tpp) of (a) TpD = @5 (b) TpDp = 100 ms,
(c) tpp = 100 ms for Ep < 30 Eev, Tpp = « Otherwise.

Time evolution of Q for different mixtures of 150 keV beams and RF
at 2 wci. Power density in plasma fixed at 3.2 w/cm3.

Maximum Q vs. percentage of total power input in 150 keV deuteron beams
(remainder of power is in RF at chi)'

Deuteron distribution function for injection of 3.2 w/cm3 power,
half in 150 keV beams and half in RF at chi'

Density decay from magnetic mirror. Cases shown are (1) without RF,
(2) RF at the cyclotron frequency of the plasma midplane (wei)s

(3) RF at 2wcj. No charge exchange losses are considered and the
jon species is hydrogen.

Ion distribution function at t = 1.24 ms during plasma decay in a
magnetic mirror.

Density evolution in a mirror when a streaming 10 eV plasma is present.
Charge exchange losses are considered with Ty = 100 ms. Curves
indicate effect of varying stream intensity, RF power level and harmonic
" heating.

Equilibrium distribution function for mirror confined plasma with
RF fundamental heating and a 10 eV stream of 1017/cm3-sec.

9a - Electron temperature evolution for a variation of streaming plasma

source strengths and of RF power levels.

9b - Ion temperature evolution for varying stream and RF power levels.

10 - Sketch indicating the different distribution functions that would be

expected for a mirror confined plasma heated and fueled by (a) high
energy neutral beams, (b) low energy beams and RF.



19

L "9I4

(98s) 3JNWIL

ANOE >3 HO4 swOQOl = omp\,\

8y v O 9¢ 2¢° 82 2 0¢C ar ¢l 80 O
[ _ _ | [ | _ 1 | | _ |
- swoo| = 992 —

o'l

Z’l

vl



¢ "9I4

20

(995)
8" b Op 9¢" 2¢’ 82" t<d

JNIL
o¢’

oI’

| t _ _ _ |

L  J19%GJ SWVIE %GZ

34%0S SWV3E %0S

34%G2 SWV38 %GS.L

SAV3g A3 0G|

O’l

¢’

vl



MAXIMUM Q

21

1.2 ,

0 |

| ] |

0 2
FRACTION

4 .6 .8 1.0

OF POWER SUPPLIED
BY BEAMS

FIG. 3



.20

45

10

flvy)

.05

22

] — e
1.5 2.0 25 3.0
Vl / VvV
!
| ] | | | ] ]
-30 -25 -20 -1.5 -1.0 -05 O 05 10 15 20 25 3.0

Vy 7V

FIG. 4



DENSITY (cm~3)

=1
W

llolz

23

E (t=0)= lkeV

-

/4/FUNDAMENTApj

N\
FaW
NO RF ~
\\
™~
~
\,

l | 1 1 N
05 10 15 20 25 30 3

TIME (ms)

FIG. 5



fvy)

20

15

24

’ | | I I I
SECOND HARMONIC

FUNDAMENTAL

Prf =9.4kW

NO STREAM
PRESENT

FUNDAMENTAL

| l

| |
2 3 4 5 6 7

Vu/V

TIME =1.24 s V=3XI07cm/s 4 mV2 = 470eV

FIG. 6



8 x .Ols B | I [ I [ o5

PP = RF POWER AT w, (kW)
6xl0" P, = RF POWER AT2w,; .( kW)
S = COLD STREAM (AMPS)
4 x 10" CHARGE EXCHANGE TIME =1ms

PLASMA VOLUME = 7600 cm?3

I3
x107= S=120 A P, = 47 kW
\ /
\\_______..—-—"‘"
L)
|
o | \\ |
>_8x|0'2— \ ~ | S=I12A P=47kW
(e 12 \ \\
= B e
meIO \
=
o \ Zs=|2oA Pp = 47 kW
Q4xl0'2—— \\
. . S=I12A P =9.4kW
\
\N
12
2x107 S =12A P, =4TkW
S$=0 P =94kw
1x10'2 1 | | | 1
0 o 2 3 4 5

TIME (MS)

FIG. 7



8 "9Id

(A3%) ASY3N3
oI ¥¥I1 21 Ol 80 90 H0 20 O

] |

| | _ | _ _ I |

VNSV1d ONINVIYLS d100—=]-
SW | = JWIL IONVHOX3 3IDUVHD
S-¢wd/, Ol = 304N0S | -
ONILVIH IVLNIWVANNA
_ | | | | ] |

SLINN AHVHLIGYVY (3)}en3



€6 "9Id

(sw) IWIL
ov G'e o'e G¢ O'¢ Gl Ol GO 0]
B _ _ _ _ _ [ _ 0
1=¥2 mipe =g :o_"m\\ 1% m
m
o
—09 —
0
o)
>
—o8
pd
m
—ooI &
IA
\\\ | o212
myy6=!d , 0l=§
= 1014
My Ly ='d \._O_um\\ SW L= JWIL IONVHIXI 398VHY — Q9|

TVINIWYANND LV HIMOd d¥ = ld
_ | | | | | | |




8

v O

o9¢

[

g6 "9I4

(Ssw) JINIL
82 ¥v¢ 072

ol

2|

8v b

(A®4) AOH3IN3I NIOOHAAH



29

oL "9Id

AOYIN3 Wv3sg

ONILV3H

394N0S NOI \\
Wv3as AOH3INI MO

HLIM 44

(3)4





