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1.0 Introduction

Over the years , many different types of waveguiding

structures have been proposed for various uses at microwave

and millimeter wave frequencies. One of these structures, ti.~

rectangular waveguide loaded with fins and a dielectric slab

has recently been proposed for use in building millimeter wave

integrated circuits (U. The attributes of this structure and

some experimental results have been presented in ref. [11. The

structure is shown in Figure 1.

At mill imeter wave f requencies , Rogers Duroid 5880

(C = 2.2) has been found to be a particularly attractive

dielectric. The purpose of this report is to present a theo-

retical analysis of the above described waveguide structure

and to present design curves for  such structures when loaded

with 5 m u  thickness Duroid in the 26.5—40 GHz and 40—60 GHZ

bands.

2.0 Related Work

The structure shown in Figure 1 is interesting in that it

may be viewed in various ways depend ing upon the value of W/b ,

the rat io of slot width to waveguide height .  For small values

of W/b and W/D the structure may be appropriately viewed as

a slotline wi th  a rectangular  shield . For values of W/b -
~ 1

the structure is more easily viewed as a ridged waveguide

loaded with dielectric. Finally , for  W/b = 1, we ha ve a

dielectric slab loaded waveguide. Fach of these substructures

has been studied previously . Since the analysis of the structure

8
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shown in Figure 1 is based upon the studies of these substructures

these related investigations will be reviewed briefly.

2.1 Unshielded Slotline

Unshielded slotline has been studied by Cohn [2] and by Knorr

and Kuchler [3]. The analysis presented in reference [3] allows

the wavelength and characteristic impedance to be determined for

both single and coupled slots. The solutions are found by

applying the method of moments in the transform domain where

the Fourier transform of the slot field is expanded in a set of

basis functions. It is found that for narrow slots , a one term

expansion of E
~ 

is usually adequate. Computer time increases

rapidly if multi-term expansions are required as would be the

case for wide slots .

The computer program described in ref. [3] was used to

produce the curves shown in Figures 2 and 3. The impedance

shown in Figure 3 is defined by the relation

v 2z = o (1)
0 

~
,

where

V0 = - fE dx 
~ AVG = ½ R . a da

slot (2)

A curious feature of these curves is the crossover s observed

for di f ferent values of W ’D.  This will be commented upon further

in section 4.0, Fin Line Impedance.

10
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2 . 2  Rid ged Waveguide

The design of ridged waveguide has been treated by Hop fer

[4] . Of part icular  interest in this study is the curve of

cutoff  wavelength for a waveguide with b/a = .5 and a centered ,

zero thickness ridge. This information is presented in Figure 4.

With this information one may calculate the normalized wavelength

ratio for 0 < w/b < 1 as

A U 1 (3)r 
[1- (.i) 2] ½

where A is the free space wavelength and is found from

Figure 4. The ridged waveguide corresponds to the structure of

interest in this study (Figure 1.) except for the absence of the

dielectric slab.

Lagerlof has also studied ridged waveguide and has presented

design curves [5] valid for a wide range of parameters sub4ect

to a zero thickness ridge restriction . The curves presented

in (5] allow the high frequency limit impedance , Z~~, , def ined

on a voltage—power basis to be found . Figure 5 shows a plot of

Z ov~ 
vs W/b fo r  the case b/a = 0 . 5  ~.s determined from Lagerlbf’s

curves. Having found Z ov for the correct value of 0 < W/b < 1

one calculates the impedance at any frequency as

• ~ov = 
Z 

( 4 )

[i —

Again , this corresponds to the structure of interest in this study
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except for the absence of the dielectric substrate . Ridged

waveguide is therefore a substructure of fin line which results

when D = 0.

• 2.3 Slab Loaded Waveguide

For the case of w/b = 1, the structure of Figure 1. becomes

another f in  line substructure, the dielectric slab loaded

rectangular waveguide. The dielectric slab loaded rectangular

waveguide has been studied in considerable detail by Vartanian ,

et al. (63. This paper presents a wide range of information

of general interest which will be referred to again in sec tion

4.0. Since Vartaniari gives results only for Cr = 2.5 , 9.0 and

16.0 the results presented here were obtained using the transverse

resonance procedure 171 which is found by writing the field

equations for an exact solution of the problem, applying boundary

conditions at the air-dielectric interfaces arid thereby obtaining

the determinantal equation for the system . With reference to

• Figure 6 , the wavelength ratio is found by determining that

value which satisf ies

B~~+ B o  (5)

• where

• B e = — hCOT (hD + e) (6a)

B = — C COT 
2~ 

(6b)

-? = TAN 1 (~ TAN ~ d )  (6c )

h 2 = (~~ i ) 2  [1 — (.2~~)2] (6d)

• 2 2Tr 2 1 A 21
~~~ LEr — ( VT) J (6e)

16
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Equation (5) was solved numerically by searching iteratively

for the value of A ’ / A  sa t i s fy ing  equation ( 5 ) .  The results

are presented in Figures 7. and 8. The machine used for these

calculations was a Wang 500 and the program is given in Appendix

A. The wavelength ratios were determined to within .005 which

gives an accuracy better than ½% in all cases.

The admittance formulation , equation (5) , was used rather

than the impedance formulation to achieve numerical stability .

For the position and thickness of the slab which is of interest

here , the susceptances are small and B~ + Br goes smoothly

through zero. The impedance formulation X~ + Xr = 0 results

in taking the difference between two very large quantities with

a resultant violent and unreliable fluctuation through zero in

the neighborhood of ~he correct ~

2 . 4  Fin Line

Fin line has been investigated by Meier [1]. One difference

between the struc ture  used by Meier and that shown in Figure 1.

is the use of r . f .  chok ing vice direct electr ical contact

between the shield and the fins. Meier U s work was pr imar ily

experimental in nature. He showed that the expression

A U /A  = 
[k~ 

(7)

provided a good f i t  (4- 2%) to Ka band experimental data. The

ef fec tive d ielectric constant, k , was de te rmined  b~ measurement

at  any  one f requency and A is the c u t o f f  wavelength of r idged

18
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waveguide (no dielectric) as found from Figure 4.

Meier made no impedance measurements .

2 . 5  Shielded Slotl ine

Shielded slotline has been analyzed by Kuchler [8] using

a technique similar to that described in (31. Solutions are

obtained by computer as in [ 3 ) .  Some resul ts  obtained using

the computer program described in [81 are shown in Figure 8.

Also shown are resul ts  for an unshielded s lot l ine as obtained

using the program described in re fe rence  [ 3 ] .  The s i g n i f i c a n t

fea tu re  is that  at higher frequencies where the wave is tightly

bound to the slot and where there is little interaction with

the sh ield the results fcr the sh ielded line converge to those

for the unshielded line . It is also to be noted that both

wavelength and character isti c impedance are increased by the

presence of the shield .

Idea l ly ,  it should have been possible to obtain the

charac ter istics of the structure shown in Figure 1 for small

values of W/b and W/D using the method of [81 . However , the

computer program generated overflows and errors for the range

of parameters (~~~, shield size , etc.) of interest in this

study . The computer program is being r ewr i t t en  at this  time

• bu t  this  is a m a j o r  unde r t ak ing  which could not be completed

in time to provide results for this study. Therefore , the

resul ts shown in Figure 9 were used for two pu rposes :
I
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1. to determine the effects of the shield as noted

previously,

2.  to check the approximate approach developed in

section 3 .0  of this report.

For the purposes of this repor t, slotline will imply

W/D ~ 2, W/b ~ • 1 whereas fin line implies 0 < W/b < 1.

Slotline is therefore a substructure of fin line.

3 . 0  Fin Line Wavelength

In this sect ion , we will consider an approximate method

of evaluating the wavelength of dielectric loaded , zero

thickness double ridged waveguide as depicted in Figure 1. We

will refer to this struct¾~re as fin line , keeping in mind the

~hvsical differences between the fin line built by Meier (1]

and the fin line shown in Figure 1. Electromagnetically, the

characteristics of the two structures should be very nearly

the same. Fin line will be analyzed using a substructure

approach.

Section 2 .4  discussed fin line and the dispers ion

characteristic as given by equation (7). The view taken here

is essentially the same ; for small values of W/b, Er and f > >

the structure behaves as a rid ged wavegu ide wi th  e f f e c tive

dielectric constant determined by the slab of dielectric.

Equivalently stated , the structure behaves as if filled with

a homogeneous dielectric having ‘effe :tive ” dielectric contant

less than the actual dielectric c~ rstant ci the slab . Meier

23 
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determined the “ e f f ec t ive” dielectric constant by measurement.

This is a generally undesirable approach since extensive ef f o r t

would be required to develop design curves for the many possible

geometries and dielectric constants of interest. Here , we take

the view that the e f f ec tive dielectric constant ( fo r  W/b < . 1,

W/D < 2)  can be determined from exist ing open boundary slotline

design curves which may be obtained by the methods discussed in

section 2.1.

To substantiate this claim , the wavelength obtained by

this  method has been checked against data published by Meier [1)

and against the theoretical curves for shielded slotline

produced using Kuchier ’s program [8].

Figure 10 shows the effec tive dielec tric cons tant, ( \/ \U ) 2
,

of a slot l ine with E
r 

= 2.2 plotted vs the normalized slot width

W/D. The frequency range of interest here is 26.5-60 GHz and

for a substrate thickness D = .005 inches , the corresponding

range of D/X is .0112 < D/X < .0254. It can be seen from

Figure 10 that the ef fect ive dielectric cons tant var ies by less

than 4% over this range of D/A. In all subsequent calculations

• 
therefore , the average given by the solid curve in Figure 10 has

been used .

Meier measured the wavelength of f i n  line cons truc ted using

a D = 10 mu subs t ra te  (E r = 2 . 2 )  , a Ka band waveguide shield

(a = .280 inches , b = . 140 inches)  and f i n  separation W/D = 1.8

(W = .018 i n c h e s ) .  His experimentally determined value of

24
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“effective” dielectric constant ke 
was 1.31. His experimental

data was within 2% of the curve calculated from equation (7)

where ke was taken as 1.31 and A c = 2.15 cm as determined from

Figure 4. This curve is plotted in Figure 11 along with the

curve calculated using the present method where k~ = 1 .20  as

determined from f igure 10. The di fference in the results is

less than 5%.  This seems quite reasonable considering the

di f ferences  between Meier ’ s f in  l ine and the s t ructure  of

Figure 1.

A second check on this method was made by calculating the

wavelength ratio for the struc ture of Figure 1 for comparison

with Kuchler ’ s resul ts , again using equa tion (7) which may be

rewri t ten  in the form

— 
1 . (8)

— r D/~closed I ~~~2 — 
C 2 ½

L~A’~ ~D/Xopen

Calculations were made fo r  the fol lowing cases:

1. b/D 11 2 .  b/D = 11

a/D = l7 a / D= l 7

C = 2 0  C = 2 0r r

W/D = . 2 0  W/D = 1.0

c~/ A =  .0134 D/X .0173

The values of D/~. for these two cases are determined from the

curves given by Lagerlof [51 vice Figure 4 since in this case

the ra t io  b/a = 11/17. The e f f e c tive d ielectr ic cons tant , k =  ( \ / ~~~ ) 2 ,

P was determined from Figure 9 . An “exact”  value of k , was used
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in this case since there was significant variation of ke with

frequency . For W/D = 1, 6 . 7  < ke < 8.7 and for W/D = 0 .2 ,

8.2 < k~ < 9.5 as D/A varied from .02 to .04. The results of

these calculations are shown in Figure 12 where they are compared

with the results obtained using Kuchler ’s shielded slotline

program . The agreement is very good with the difference being

5% in the worst case.

The compar isons shown in Figures 11 and 12 involve

structures with d i f f e r e n t  shield aspect ratios , vast ly  d i f f e r e n t

dielectric constan ts and d i f f e r e nt slot wid ths.  The very good

agreement between results  obtained us ing  this approximate method

and results obtained both exper ime nt a l l y  and numer ica l ly  provides

considerable confidence in the method.

Next, the method just described was used to calculate the

characteristics of band and U band waveguides with f ins and

dielectric loading. The parameters used to enter Figures 4 and

10 are given in tables 1 and 2. The values of k , and \ found

from these f i gures ar e also given . These parame ters are then

used iii equation (7) to calculate the results plotted in Figures

H 13 and 14.

Wi th  regard to Figure  1, we now have ava i lab le  the fo l lowing

i n f o r m a t i o n  about the s t r u c t u r e :

~ . D = 0 , ‘/ ~ icr all values ci

2.  D = .005 inches ,  ‘/ ~ f or sm a l l  val ues of W/b

and for  W/b = 1.
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Table I. Parameters for calculation of K band fin line wavelength .
(a = .280  inches , b = .140 inchgs , D = .005 inches ,
C = 2.2).r

W(in.) W/D k~ W/b A~/a** A (cm.)

.002 .4 1.34 .0143 3.70 2.63

. 004  .8 1.28 .0286  3.58 2 . 5 5

.006 1.2 1.24 .0428 3.44 2.45

.008 1.6 1.21 .0571 3.34 2.38

.010 2.0 1.19 .0714 3.24 2.30

Table 2.  Parameters for  calculat ion of U band fin line wavelength.
(a = .188 inches , b = . 0 9 4  inches , D = .005  inches ,

C = 2 . 2 )

W(in.) W/D k~ W/b A / a ** A (cm.)

. 0 0 2  .4  1.34 .0213 3 . 6 2  1.73

. 0 0 4  .8 1.28 . 0 4 2 6  3 . 4 4  1.64

.006 1.2 1.24 .0638 3.30 1.56

.008 1.6 1.21 .0851 3.18 1.52

.010 2 . 0  1.19 . 1064 3 . 0 7  1.47

* From Figure 10
** From Figure 4
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Informat ion about A ’ / A  has not been obtained for the cases

D = .005  inches , 0.1 < W/b < 1. However , if we plot the

available information about A ’ / X  vs W/b for a few d i f f e r e n t

frequencies as is shown in Figures 15 and 16 it is clear that

we can easily obtain the missing portion of the solution by

extrapolat ion between the approximate solution for small

values of W/b and the exact solution for W/b = 1. The

extrapolation is shown by the dashed curves in the f i gu re s .

Fi gures 17 and 18 fol low immediately from Figures 15 and 16.

These figures present the des ired result for intermediate

values of W/b (.1 < W/b < 1).

In summary , Figures 13 , 14, 17 and 18 present \ ‘/ ~ vs

f requency for  the en t i re  range of values of W/b. The error

in these curves should be on the order of 5~ fo r  small values

of W/b and decreasing to ½% f o r  W/b = 1.0. In apply ing the

informa tion in these f igures one should keep in mind t ha t  ~~~~~

physical dif ferences between the structure ana lyzed here

(Figure 1) and any s t r uc tu r e  a c t u a l l y  constructed (such as

Meier ’s f in line) may result in d iscrepancies between this

theory and measured data.

4.0 Characteristic Impedance

The charac terist ic impedance of the s tructure of Figure 1

has not been found. In general , the author has found in solvinci

related problems that the characteristic impedance of a structure

supPorting a hybrid field cenerally behaves in ways that one

would not expect [3], [9]. This makes it difficult to employ
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--

any intuit ive or approximate methods valid for the entire

range 0 < W/b < 1. Several approaches were tried in this study

and while results were “ in  the ball pa rk”  they were not deemed

suf f i c i en t ly  accurate to present here.

The characteristic impedance for the case of small slot

widths (W/D < 2)  wil l  eventual ly be obtained using Kuchier ’ s

program. As mentioned earlier this program is presently being

rewritten to eliminate the overflow problems which prevented

its application to the structures of interest in this study.

Recall that  Fi gure 9 showed the type of output available us ing

this approach. That figure shows that the ef fect  of the shield

is to increase the characteristic impedance to a value greater

than that for the corresponding open boundary structure.

The characteristic impedance for the case W/b = 1 may be

found exactly using a straightforward analytical approach .

The functional form of the fields is known in each region and

the wavelength ratio \ ‘ / X  may be found as indicated in Appendix

A. One can therefore evaluate

_ fE_
(a/2 ,Y ) dy

ov 
JJE

H* Azda

The utility of this result by itself was not deemed wor th the

e f f o r t  of f ind ing it, par ti cu la r ly  in view of the fac t that the

calculation for Er = 2.5 has been carried out by Vartanian [6].

His results are reproduced in Figure l~~. The slab is ce ntered

in the waveguide and the impedance  is de f ined  as

Zov 
V0(a/2) (10)

2
~~~~~A V G

38
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The slab location thickness and dielectric constant d i f f e r  only

slightly from the values of interest in this study . The results

should therefore be qualitatively the same in all respects. The

interesting feature revealed by Figure 19 is that the dielectric

slab may cause either an increase or decrease in impedance

depending upon frequency . At lower frequencies (ka < 4.5) the

modification of cutoff wavelength appears to be the dominant

e f fec t  wh ile at higher frecuencies (ka > 4 . 5 )  the increase in

impedance is probably due to the concentration of a re la t ive ly

hi gher f ie ld  at guide center when the dielectric is present.  In

any event,  the rather  unpredictable nature of the characterist ic

impedance is clearly revealed .

The impeda nce of the structure of Figure 1 is probably of

most interest when W/b is small .  For this would be the geometry

used to mount devices and the impedance is probabl y most relevant

when considering device circuit interactions. Some observations

may be made in this case.

Consider the structure examined by Kuchler and described

earlier in relation to Figure 9. The characteristic impedance

for the open and closed boundary s t ructures has been reproduced

in Figure 20 for the case W/D = 0.2. Also shown in Figure 20

is the impedance of the corresponding ridged waveguide structure

(b/a = .65, W/b = .018). Clearly, if we view the compos ite

structure as a dielectric loaded ridged wavegu ide then the e f fect

of the dielectric is to lower the impedance. The apparent di—

electric constant in this case is about 6; less than the
•1
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effective dielectric constant for wavelength V 8.2 - 9.5)

and certainly much less than the actual dielectric constant of

C r = 20. On the other hand , if we view the structure as a

shielded slotline, then the effect of the shield is to increase

the characteristic impedance of the unshielded slotline. In

this particular situation , the field is tightly bound to the

slot and there is not much interaction between the slot field

and the shield . The composite structure behaves more like a

slotline than a ridged waveguide. An important observation,

however , is tha t the characteristic impedance of the composite

structure is bounded from above by the ridged waveguide

impedance and from below by the open boundary slotline impedance

both of which are known for a wide range of parameters. In

this par t icular  case , the lower bound is tight and the upper

bound is not.  If the dielectric constant were decreased the

impedance would approach the upper bound .

If the concept of bounding the impedance is applied to the

Ka band structure of interest in this study , then we obtain the

resul ts  i l lustrated in Figure 21. We see , for example , that for

a 2 . 8  mil slot , the impedance at 30 GHz lies between 112 ohms

and 140 ohms . If we estimate the impedance to be the average

of these two values or 126 ohms the error would be onl y + 12%

maximum. In fact, if we use the effective dielectric constant

k~~- 1.31 which was determined earlier for use in calculat ing wave—

length we would arr ive at the fol lowing estimate of Z0~. for  f i n

line :

= 
z0~~(~~idged) = 140 = 122 ohms

Ji .3l
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This is very close to the average of the two bounds. The

expectation is however , that because of the low dielectric

constant (C
r 

= 2.2) that the true impedance would be close

to the ridged waveguide impedance.

The foregoing discussion suggests that the true impedance

of fin line is probably very close to the impedance of the

ridged waveguide substructure for the case where W/b is small

and C r is not too large . Thus ridged waveguide impedance

curves for K
a band and U band have been plotted in Figures 22

and 23 respectively using equation ( 4 )  and the parameters

given in table 3. For W/b < .1 we believe that the f i n  l ine

impedance may be estimated from these curves with an error

of 10-15% maximum . Certainly they should serve a useful

purpose unt i l  such time as more accurate results are available.

One last factor that should be mentioned is the fact

that finite metal thickness will cause some decrease in impedance

for narrow slots.

In summary, although the fin line impedance has not been

found exactly for the general case 0 < W/b < 1, it seems clear

that for W/b £ 1, W/D ~ 2 and C small the impedance can be

estimated quite accurately. It is bounded from above by the

ridged waveguide impedance and from below by the open boundary

slotline impedance . It is probably somewhat greater than

= 
Z
0~~(ridged)

°~~ 

\ J k ~
(11)
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where is the effective dielectric constant from Figure 10.

This places the impedance within about 10% of the ridged wave-

guide impedance given in Figures 22 and 23. The impedance is

high even for small separation of fins ; approximately 100-200 ohms .

Table 3. Parameters for calculation of Ka band and U 
band

ridged waveguide impedance (b/a = .5) .

W/b Z ~~~~ 
Ka~~

(cm) U A (cm)
______  

Lohms) _________

.02 130 3.66 2.60 1.75

.05 160 3.38 2.40 1.61
I -
1 .10 190 3.08 2.19 1.47
I 
.25 256 2.66 1.89 1.27

.50 317 2.28 1.62 1.09

11.0 1 377 1 .42  0 . 9 6
• ___________  _ _ _ _ _ _ _ _ _ _

5.0 Conclusions

The center f inned , dielectric loaded rectangular waveguide

(fin line) may be viewed variously as a shielded slotline , a

dielectric loaded ridged waveguide or a slab loaded rectangular
waveguide (w/b = 1). Each of these substructures has been studied

to some extent and therefore it is possible by combining results

for the different substructures to piece together the desired

solution . This has been successfully accomplished for the

wavelength r a t io  ‘/~ vs freauency with W/b as a parameter. The

• accurac : of this solution is estimated to be no worse than 5~ for

small values of W/b and as good as ½% for W/b = 1.

¶
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The characteristic impedance is more difficult to establish

and for the general case 0 < W/b < 1 was not determined in this

study. However, for small fin seperation the characteristic

impedance has been bounded from above and below by the ridged

waveguide impedance and the open boundary slotline impedance. The

tightness of the bounds is such that taking the mean as an estimate

would result in an error of only + 10-15%. Taking into account

the low dielectric constant (C
r = 2 . 2 )  which would suggest that

the true impedance lies close to the ridged waveguide impedance

the error in this estimate can be fur ther  reduced . In any event ,

the impedance for slots of a few mils is in the 100—200 ohm range

for the Ka band and U band structures studied here.
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Appendix A. Slab Loaded Rectangular Waveguide Program

The s lab loaded rectangular waveguide problem addressed in

section 2.3 of this report was solved using a program written to

run on a Wang 500 or Wang 600 Programmable Calculator with drum

printer. The program solves equation (5) by an iterative search

for the correct value of A ’/X. The following data is required

to be entered in the registers indicated :

Input Da ta Register

(cm) 00

(cm) OIL

t (cm) 02

11r

After entering this data into the mac~iine , the ~rocr2rn is run

by entering the desired frequency in gi-~ahertz and key inc “SEL7~RCH ” ,

“1” . The DEG/RAD switch must be in the RAD (down) position. The

program causes a pr intout of f r equency , ~ ‘/~ for  the unloaded

waveguide , and \ ‘ / X  fo r  the loaded waveguide in that order .

The program listing follows .
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0~~0 ~D 9  00  * M O b O  07  06  r E 6
0 0 1 .  00 0 1  E l  o~~~~~~~ i 0 1 4  Si 14
0 0 2  08 0 2  * ~ 0 8 2  0 7  0 1
0 0 3  06  0 2  0 8 3  0 4  14  x l .
0 0 4  O b  1. 5 * 0 8 4  0~ 0 6  *

0 0 5  06  0 3  0 8 5  C o  15  *

0 0 6  00 0 3  E 3  0~~6 0 6 1~. S114
0 0 7  00 00 E 0  0 8 7  0 7  0 6
0 0 8  04  0 3  x3 088 04 14
0 0 9  0~ 14  S114 0 8 9 00  1 - 2  E 1~
0 1 0  07  00  ~t 0  0 9 0  0~ 3 /
0 2  1 06 1 3 5 1 5  0 9  1 0 6  1 0
0 1 2  0 7  0 1  ~E 1  0 9 2  0 7  0 6
0 1 3  02  13 +15 0 9 3  0 6  i~~
0 1 4  07  0 2 ~IL2 0 9 4  3 7  3 3

0 1 3  2 2  1 5 + j ~~ ~~~~~~~~~~~

3 1 6  30 0 2  E 2  0 6  36  3:
0 1 7  34 1 3 x J5 0)7 06 1~~

C~ 1 4  . j  4 : .’

3 1 9  0~~ 12  • 399 04 ~~ x j ~
020 00 1 2 E12 100 07 0 6
0 2 1  0~~~~ 1~~ 1 3 1  05  1~~
0 2 2  3 0  3 1  E l  1 0 2  0 0 5  •
2 2 3  3 2 . 1 4  ÷ :- 1 0 3  3 6  0 7
0 2 4  0~ 1 3  * 1 0 4  3 7  3 5
0 2 5 C S  15  • 1’. 1 0 5  J~~ 1~~ 2 ::.

0 2 6  - 0 6  3~ l 2 t  3 7  0 2
0 2 7  0 6  3 2  • 1 3 7  C~ 1~~
3 2 5 0 6  3 3  10 :  - 2 7

~~~~30 G~~~~ 0~ *~~~~~~

031 03 30 E0 1 1 1  0 5  1 5  * y,
0 3 2  00  05 • E S  - 1 1 2  C d  1 4  M1 -
0 3 3  3 3  0 4  

- 1 1 3  ~ 7 0 3  -
~~~~~~

- 0 3 4  0 - ~ 30 * 1 1 4  3~ e 1~~ x l ,
0 3 5  0 - 2  - 32  E 2  1 1 5  0 -2- 1 2  E i ~3 3 6  1 2  3 2  1 2 t  2 :  3 6
-
~~~3 7  2 6  • . 1 1 7  3 2  1~~

1 1 5  2~ i s  •

3 3  * 1 1  2 •
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U 4 3  C u  ~~ E S  1 2 3  0 7  ~~ 1L 3
0 4 4  0 3  ( 3 4  1~~~ 4 0~~ 0 2  *

3 4 3  0~ 3 3  * S 125 0 7  13
IJ 4 6  C - ~~ u 12 ~ •D~ u *
0 4 7  0 0 • 12 7  0~~ 1 4  • EF
0 4 5  l u  2 2  + 2
2 4 ; 0~~ U :  + a
3 2 0  1 2  ~~2
0 5 1  0~~ 1 5
3 5 2  -

~~~
2~~~~~~ 9~~~ 1 5

~ 7 c~~2 -
~~~~~

2 5 5
1 2  4

2 7
• 2 5? 0: 15 +

•
-

7- • I ~ — ‘

362 3~
2 : 3  3~~ ~~i

-4.
- -.

‘27 1:
2 . -. 1-.  ~~

-:7 2 : 17  -‘-

0: 2 :
C- -J I  L)~~~

270 0: 1 3 * ,

0 7 1  Co  1~~~ * ~
•

3 7 2  0-0 1 2
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