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1. Introduction 

The resonant behaviour of cavities formed by pairs of opposing 

cross-section variations of a tube has been described in refs. (1) and 

(2). The coupling impedance has been defined there in terms of the co

efficient of the n-th space harmonic of the longitudinal electric field 

in the particle beam, which can be found by solution of an anfinite) 

matrix equation ( "n" is the mode number of the perturbation on the beam). 

Besides direct numerical solution of the matrix equation on a computer, 

a matrix transformation can be applied that allows the derivation of 

approximate expressions for the resonant frequencies, coupling impedances, 

and quality factors ( "first approximation"). While this first approx

imation yields good results for reasonably large cavities, it becomes 

quite inaccurate for very short or shallow cavities. Furthermore, the 

effect of finite tube wall resistivity cancels in this approximation. 

'Phis report remedies the situation by giving formulae that are 

valid for all values of geometric ratios. Instead of depending on a single 

parameter, the correction factors in this "second approximation" depend 

on three geometric ratios the "circumference factor" ex = g/21rR, the 

ratio of outer to inner radius 1- = d/b, and the "aspect ratio" e = 1rb/g. 

These factors have been evaluated for a wide range of parameters, and are 

given in a number of tables and curves. Furthermore, the computer program 

"SECAPP" evaluates the four factors for any combination of parameters in 

a very short time. 

While the first approximation was based on the fact that replace

ment of some Besselfunctions by their small argument approximations made 

the kernel of the matrix equation diagonal, the second approximation re

tains the exact Besselfunction expressions but limits the matrix to a 

single element. It thus allows only the calculation of the lowest (axial) 

resonant mode, but describes also the influence of a finite tubewall 

resistivity (limited to this point, it was already mentioned in ref. (2)). 

It yields results in much better agreement with those of the matrix 

inversion program, as will be shown on hand of a few examples. 
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Another application of the second approximation is the calculation 

of resonances of bellows. While the original analysis covers only cavities 

spaced equally along a tube, bellows usually consist of a group of closely 

spaced small cavities with long smooth tubes on both sides (periodic 

with the circumference or superperiod of the machine). The problem can 

be approximated by considering a single cavitiy with the overall length 

of the bellows, in which only the lowest axial mode is allowed. All 

higher modes have radial electric field components and would be strongly 

damped by the presence of the radial walls of the actual bellows. The 

field equations 

The last method 

may be solved either by field- or impedance-matching. 
· 1 · · 3) f. · 
1.s actual y less restr1ct1 ve , but the irst one coin-

cides with the second approximation described here. The second approx

imation thus can also be regarded as an exact solution to an approximate 

problem (at least when the tube-wall is perfectly conducting), and can 

give valuable checks on the more complicated matrix inversion routines. 

The sidewall resistivity has not been included in the expressions 

directly, but can be approximately accounted for by increasing the re

sistivity of the outer cavity wall. From the first order theory, we 

further know that higher order resonances have decreasing coupling 
-3/2 impedances ( w ), but are multiplied by a 2 due to the non-uniformity res 

of the electric field in the longitudinal direction. On the other hand, 
1/2 

the quality factor increases as w In general, we will be safe if 
res 

we take for the coupling impedance twice the value calculated for the 

lowest mode. Incidentally, this covers also the results found for bellows 

by impedance matching where the impedance rises to about twice the value 

of the lowest mode for some geometries. 
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2. 'rhe Second Approximation 

First we assume that only the outer cavity wall. has finite con

ductivity. 'rhe matrix eq_uation for the field coefficients in the beam 

region then is found from ref ( 2), eq_. ( 11, 11) (with R replaced by R 1 ) 

where 
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( wb_
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2 6 
and ll = (1 + i ) ll = (1 + l 

C 2b 

(6 is the skindepth of the outer cavity wall) 

18 an infinite matrix with the elements 

(2.1) 

(2.2) 

(2.3) 

( 2, 11) 

( 2. 5) 

(2.6) 

(2.7) 

11am { sin '!10:lli s even
} N = ( 2. 8) ms 2 ("s)2 ( 11 am) - 2 -J.COS 11am s odd 

with the same limits on m and s as above. 



The radial 

- 4 -

is the Hermitian conjugate of N, thus 

* 
ms 

propagation constants are 

2 

(!l (:
s) 

2 
r = 

s 

2 ( ! )
2 

(�) 

2 

xm 
= 

n 
X - Xn = 

yR 

(2. 10) 

(2.11) 

In these formulae we have assumed that the mode number n of the 

perturbation is integer. This assumption will be discussed further in 

Section 6. 

For the second approximation we restrict the subscript s to the 

single value s = o.. The solution of the matrix eq_uation (2. 1) for the 

n-th component of X then is simply 

X n 
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we can calculate the coupling impedance as a function of freq_uency, 
Wb resp. x = -

C 

z 
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- i 
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0 
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(2. 13) 

(2. 14) 

(2.15) 
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The computer program BELZ 1 has been written to evaluate this 

expression for various geometric parameters. We find that Z/n makes 

circles in the impedance plane which pass through the origin and are 

symmetric to the real axis. The maximum absolute value of Z/n thus is 

entirely real. The program evaluates these "resonances" by finding the 

zeros of the imaginary part of Z/n. 

3. Analytic Expressions 

For the first approximation we replace the Besselfunctions in the 

expression for I by the 
mm 

I " �- The sum for 
mm 

small argument approximations, and thus find 
(2) 

(eQ, 2. 12) then can be evaluated, and yields w 
00 

W ".le... Actually W 
oo 2a oo can deviate considerably from this value, and we 

express it in the form 

w = 
00 

..l.(1 + ( ) 
2a 1 ( 3 .1) 

where (
1 

is a function of all three geometric parameters and the freQuency, 

and can be evaluated numerically with EQ, (2. 13). 

For 

n = (�b)2 
metal walls at not too high freQuencies we further have 

0 
2b 

<< 1, and we may approximate the quantity R�0 
by 

R' � X -2.. + 
[ F 

oo F 
1 

( 1 + i) ( 3. 2) 

under the assumption that F
1 

is not too small (the zeros of F
1 

are 

essentially antiresonances, i. e. , freQuencies where the coupling impedance 

vanishes. At resonances the values of F
1 

turn out to be finite). 

EQ. (2. 11) then yields 

( 
xF0) 

2 \F1 
� X = � 

n 
2b
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1 -
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(sin nan 
1ran 
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)
2 
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) 

A ( 1fXF ) 
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( 3. 3) 
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when we neglect the small additional real part of R' 
00 

and the total additional part (proportional�) in the 

in the denominator, 

numerator. We have 

to retain the imaginary Part in the denominator however small it is, as 

it yields the limitation of X to finite values at resonance, (the real n 
part only shifts the resonance frequency slightly). 

The resonance condition is then 

G ::)wb 
= 

C 

and we call x
l 

= 

2 

l + i; ( wb) 
l C 

( wb
) 

C 01 

(3.4) 

( 3. 5) 

the lowest solution of 

function of 

in order to 
C 

the 

this transcendental equation (since 1;
1 

is also a 

sum (2. 13) has to be evaluated for each frequency 

determine 1;
1 

from (3.1)). 

The real part of the denominator vanishes at resonance, and thus 

X becomes entirely imaginary, resp. Z/n entirely real. The value of the n 
coupling impedance is then found to be 

= 4n Z 
0 

Rg6 

. 2 
sin 

wg 
(3,6) 

2Sc 01 

The indices O and l refer to the number of zero-crossings of the 

field in the cavity - zero in axial and one in the radial direction for 

the lowest resonant cavity mode. 

We can rewrite Eqs. (3.5) and (3.6) in a more practical form, after 

eliminating the skindepth that is still a function of frequency 

(;) 
01 

X' 1 ( c, A) 

. 2 
sin _!".&I 2Bc OJ. 
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where Jl 
= 2 . 1+05 is the first zero of the zero-order Besselfunction, and 

The functions x1 and 

23/2 
0 = 200. 42 n

312 
is a constant 

( 3. 8) 

<!>' are chosen in such a manner that they tend 
1 

to unity for large values of A, corresponding to a closed cavity (van

ishing tubeholes in the sidewalls). Eq_s. (3. "/) then tend towards known 

expressions by simply leaving off the correction factors. 

Actually, the functions depend on all three geometric ratios, but 

for small vlaues of the "aspect ratio" s (not too short cavities) they 

are practically independent of the circumference factor a. (when a. is not 

too large). The functions are defined by 

X' 
l 

( s, A) = 

¢1 ( s, A) = 

hl 
J 1 
2 . '7 / 2 

J
2 

( 
. ) F

2 
11 J J ' 

1 1 1 1 

A3/2 7/2 
x

l (1 + 

(xl
) 

�l
) 

2 

They are listed in the tables, and shown in Figures 1 and 2 as functions 

of ,(= 1/A) with s as parameter (for a. =  0. 1). Their dependence on a. 

is shown for one particular value of AU = O. 5) i.n Figures 5A and 5B. 

The first approximation is also shown in Figures 1 and 2 for comparison. 

From Figure 1 we see that x1 increases initially with,, and for 

small values of s the rise is much more rapid than predicted by the first 

approximation. The curves reach a maximwn depending on e, and decrease 

again toward unity for � =  1, while the first approximation keeps rising 

and yields completely incorrect values for X � 0. '7. The resonant fre

q_uencies are thus determined by the cavity radius d for small values of 

i , tend towards the frequencies of a slotmode for higher values of !( 

(determined by d-b), and are determined by the cavity radius again when 

!( comes close to unity (d " b). 

The function <!>1 deviates less drastically from the first approximation. 
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The coupling impedance, however, may still be quite different from the 

value found by the second approximation due to the incorrect transit

time factor. For values of� close to unity, the first approximation 

yields consistently too low values for the correction factor t1, 

4.  Tube Walls of Finite Conductivity 

The matrix equation for the field coefficient vector 1n the case 

of finite tube wall resistivity was given in ref. (2) in Eq. (6.8) . The 

terms (U -

as long as 

nI )-1 on either side of the RHS can be approximated by unity nn 
xb << 2.4, (or n << 2. 4 �) which is usually well fulfilled for 

particles with y >>l. We may then use Eq. (6,9) or 

where 

X = aN [ U - aSN
+

I (U - nI)
-l 

N J-l 
SN

+
Y 

S = R' - n (2U - u0
) 

when we also include the resistivity of the outer cavity wall. 

where 

In the second order approximation we get as before 

X = 
n 

W' = 
00 
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00 
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+ 
N on 

y 
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+ 
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( 4. 2) 

Since the resonance of the lowest mode is always below the cut-

off frequency of the tube - although it may come close to it for very small 

cavities - the values of I stay limited. 
mm 
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+ 
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mo 
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00 
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l, I N
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+ 

For small enough n we may thus 

+oo 

n 
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( 4. 3) 
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The n-th field coefficient in the beam region thus becomes to first order in n 

X 
n 

= 

1 -

(sin -11an 
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1 + s 1 
2 

+ 
xF 

+ 0 

2F 
1 

Resonance is still approximated by condition (3. 4) ,  and we find the 

coupling impedance 
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with t; = 
t;2 sl (2 + (,1) 

The quantity t; stays always larger than zero. The effect of the finite 

tube wall conductivity thus is a reduction of the coupling impedance as 

expected. Including the possibility of different resistivities of the 

outer cavity wall and the tube wall we find 

(�)01 

s3c ¢{ ( c, A) 1 
= l l p 2 + p;ri (c,!c) 

where ,:• 
1 

(c, !c) = Al; 

(2d) 5/2 

. 2 Sln 
Rg 

�
xl

Fl (x1 ) 
j 

2 ( 1 + t;J ) 

�1 2 sc 01 
(4.6) 

(4.7) 

In first approximation, the correction due to the finite tube wall 

resistivity vanishes or ,:1 
= 0. ,:i depends somewhat more strongly on a 

than the other correction functions, but for small values of c and a it is 

again practically independent of a. It is shown in Figure 3 as function 

of c and �, and in Figure 5C as function of a, For :1. -+ 1, z::, tends 
1 
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towards 1/o: as expected for a smooth wall, 

The sidewall resistivity can be taken into account approximately 

by increasing the resistivity of the outer cavity wall in the area ratio 

= (4.8) 

For the case of bellows with N convolutions in the length g, we have 

to multiply this ratio by N. In generalwe find for eq_ual conductivities 

of all cavity walls 

= 

5, The Quality Factor 

Ne 
1! 

We found the resonances of the lowest mode by determining the 

freq_uency for which the real part of the denominator of Eq_. (3,3), resp. 

Eq_. (4. 4) vanishes. By looking for the freq_uencies where the real and 

imaginary part of the denominator are eq_ual, we find the so-called 
1145°-points" which determine the bandwidth, and hence the Q-factor of 

the resonance. If we call the value of x = wb at resonance x , at one 
C 0 

of the 45° points x 1 , we find 
2 

where 

Q = 
X 

0 

26x 

6x = ] x - x, I 
0 2 

( 5, 1) 

The condition on the freq_uency of the 45° points becomes from 

Eq_, 

We asswne that x 1 
2 

LHS into a Taylor 

+ 
xF 

0 
2F 1 

1 + 

1 + ( 5. 2) 

1s q_uite close to x (high Q resonance), and develop the 
0 

series, including only the first two terms. In the RHS, 

we replace x 1 directly by x as the expression is multi.plied by the small 
2 0 
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quantity n, Taking Eq. (3,4) into account, we find then with Eq, (5.22) 
from ref. (2) 

d 
1 -

Q = 0 

1 + 

( 11

:
F1)

2

(l -
21:' 

) 
x (l +\1)2 

Ai; 1 (
"xF 2 

) 
2 (1 + 1;1

) 

where si is the derivative of s
1 with respect to x calculated 

Taking the possibility of different resistivities of cavity and 

into account, we can write this equation as 

where 

and 

Q = 

D
l 

= 

D 1 

1� 
2 J 1 0 

= 

r� �i ( c,,) 
= 

Jl 

J2d� 0 

1 

15, 055 " 2 

[, - (";', )' 
(1 

"' )] x (l: (
1

)2 

(5,3) 

at X 

tube wall 

(5.4) 

( 5, 5) 

As i:i is usually positive, the Q-factor found from the second 

approximation is thus usually higher than that from the first one. It 

is reduced, however, by the tube wall resistivity in the same ratio as 

the coupling impedance. 

Figure 4 and 5D. 

The correction factor I'' ( s, A) is shown in 1 
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6. Non-integer mode numbers 

In general the resonant frequencies do not correspond to integral 

mode numbers, and this invalidates to a certain degree the assumptions 

made in the beginning. We can avoid this problem by calculating with non

integral mode numbers from the start. We only have to replace m by 

m + n - <n> in Eqs. ( 2. 8) and (2.10) (<n> is the integral part of n that 

is only subtracted to keep the same numbering of the modes). This leads 

to a somewhat more complicated expression for 

sum over negative terms is no longer equal to 

w 
00 

the 

(resp. 

sum of 

W' ) , as the 
00 

positive terms, 

and becomes depend.ent on the beam velocity B, This method has been in

corporated into the program BELZ 2, and its main result is the splitting 

of higher resonant modes into positive and negative ones. It has little 

influence on the lowest mode as long as the period is much larger than the 

tube radius. For very short periods, the lowest resonant frequency can 

then become larger than the cut-off frequency of the tube, 

On the other hand, the use of non-integer mode numbers for a 

circular machine is somewhat questionable, as the phaseshift around the 

circumference must be 2n (or a multiple thereof). We can keep the mode 

number integer by adjusting any one of the geometrical parameters, which 

are somewhat arbitrary anyhow for the idealized geometry. As the required 

changes are usually quite small, we actually ignore them when evaluating 

the correction functions with the computer program SECAPP, The frequency 

of the lowest resonance is then always below the cut-off frequency of the 

tube. 



1. 

2. 

- 13 -

TABLE I 

Approximate formulae for the lowest resonance of periodic 

cylindrical cavities on a tube 

Resonant Freguency 

f(l) 
B 

1st. Approximation = 

; X1 ( \) 01 

2nd. " f' ( 2) Bl 
= -X'(a c \) 

01 d 1 ' ' 

with Bl 
= 

cj 1 -- = 

2TI 114,74 MHz 

Coupling Impedance 

1st. Approximation (2 /1) 
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n 01 
C s3o; 1 C 

(2d) 5/2 

Rg 
q,
l (A) sin 

2 

(1) ngfOl 
Sc 

( 2 f 
2) 

C s3o� (2d) 5/2 <Pi(a,c,A) 2 1rg/ 2) 
01 

3, 

2nd, Approximation 

with 

Quality Factor 

1st. Approximation 

2nd. Approximation 

= 

n 01 

Cl 
= 

1 C 

z 
3/2 

0 

Rg 
1 

1 sin 

(C5
c) 

2 , 

+ 
0

� ,:1(a,c,\) 

= 

2 
,7/2 1[ J 1 J�(jl) 

200.42 ri312 

Q(l) 
= 

01 

Q(2) 
= 

01 

D (2do 
1 C 

D (2do 
1 C 

1 

)2 \ (\) 

1 '1'1 
(a,c, A) ) 2 

Sc 

1 (°
c
) 

1 , 
+ -

2 <j) (a,c,\) 
OT 1 

( . z ) 2 
1 

with Dl 
Jl o 15 .055 0,2 

= = 

2 

The C orrection Functions x1, f1, 'JI 
1 are shown in Figures 1 to 3 

(and listed in ref. 2) ,  and the correction functions Xi, f{, 

shown in Figures 1 to 5 and listed in Table II as functions 

a = "/21rR, E = nb
/g, and ;l; = 

b
/d. 

'¥ ' , "
1

' 
1 

of 

are 



T, Numerical Examples 

In this section we compare the results of the first and second 

approximation, the direct formula for a single cavity harmonic (BELZ 

program), and the matrix inversion routine CHIMP with various numbers 

of cavity harmonics, We consider the three cases of a very shallow, a 

very short, and a normal cavity. The approximate formulae are collected 

in Table I, 

Computer 

CHIMP 
" 
" 

BELZ 
" 

Cavity 1 (envelope of small bellows in the ISR): 

b = . 08, d = ,09, g = . 1, 2nR = 1. 0 m, y = 30, 

pc
= 5,10-6 �m (including sidewall resistivity of about 

-6 10 convolutions), p = 0 or 10 �m 
T 

Geometrical parameters a =  ,1, c = 2.51, � = ,889 

f (GHz) 
z/n (k�) 

P
T 

= 0 p = 10-6 

results 

(31 harmonics) 1,3765 1194 869 

( 3 " 
) 1,3760 1271 930 

( 1 " ) 1,3754 1430 1058 

(non-integer n) 1. 3150 1431 -
( integer n) 1,3749 1431 -

Second approximation 

Xi = 1. 0785, <I>' = . 01879, 1 

1i = 1. 543, ): I = ,7851 1. 3151 1421 1056 
1 

First approximation 

Xl 
= 1. 871, <!> = . 00782, 

1 

'I' = 
1 . 2936 2,385 216 (216) 

P
T 

= 0 P
T 

5099 

5034 

4935 

-
-

' 

4h08 

838 

= 10-6 

3708 

3688 

3658 

-
-

3262 

(838) 



For this very shallow cavity the first approximation gives quite wrong 

values, while the second approximation agrees ver;y well with the computer 

results for one cavity harmonic. The impedance and Q-factor results are 

less than 20% above the best computer values with 31 harmonics. 

Cavity_2 (single convolution of large bellows for inflector magnet): 

b = .12, d - .rr, g = . 02, 2·11R = l.0 m, y = 30 
-6 

0 10-6 (sidewalls included p ) • Pc 
= 5, 10 , 

PT 
= or Slm Hl 

Geometrical parameters a = .02, E = 18. 85, � = .0705 

z /n(kSl) Q 

f (MHz) 

p = 0 
PT 

= 10-6 
p = 0 p = 10-6 

T T T 

Computer results 

CHIMP ( 31 harmonics) 932, )1 5971 200li 16840 56·n 

BELZ 932.l 5996 - - -
Second approximation 

X' = 1.3H2, ¢' = . 0il396, 
l 1 

I" = 3,792, i' = 3,650 929.5 5980 2267 1486'7 5657 l l 

First approximation 

Xl 
= l. 2l+4, ¢ = .106, 

1 

� = .603 839,7 6163 (6163) 2365 (2365) 
l. 

For this very short cavity, the first approximation yields reasonable values 
-6 for f' and Z/n when p 

1 
= 0, but is incorrect for the Q-factor and when P

1 
= 10 

'rhe second approximation yields acceptable values in all cases. 



Cavity 3 ("normal cavity") 
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b = . 1, d = • 25, g = • 25, R = • 11 m ; y = 30; p = p = 10-6 
,lm 

C T 

Geometrical parameters : a = , 09947, c = 1. 2566, � = . 4. 

F (MHz) Z/n (ksl) Q 

Computer results: 

CHIMP (13 harmonics) 481. 1 151. 8 9965 

Second approximation : 

X' 
1 

= 1. 0317, ¢' 
1 

= ,5526 

'l'' = . 9763 , l:' = . 01398 473,5 172. 6 10250 
1 1 

First approximation : 

Xl 
= 1. 0273, ¢ = . 5604 

1 

'l'l 
= , 9231 471. 5 176.7 9826 

For this large cavity the second approximation is only slightly better 

than the first one, which already yields acceptable values. 

8. Conclusions 

Improved approximate formulae for the resonant frequency, coupling 

impedance, and quality factor of the lowest resonant mode of cavities 

arranged periodically on a tube have been derived and are shown in 

Table I. The finite conductivity of the outer cavity-wall and the tube

wall have been included in the analysis, while the finite conductivity 

of the cavity sidewalls can be taken into account approximately by 

increasing the resistivity of the outer cavity wall in accordance with 

Eq. (4. 9) . 
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The required four correction factors have been defined and evaluated 

numerically for a wide range of the three parameters a, c, and,. The 

results are given in Table II, and are shown graphically in Figures 1 to 5. 

Where applicable, also the correction factors of the first approximation 

are shown in the figures, which appear to become quite inaccurate for short 

and/or shallow cavities (especially for the resonant frequency). The 

second approximation has no such limitations of the geometric parameters, 

and yields values in excellent agreement with the computer results for a 

single cavity harmonic. Inclusion of more cavity harmonics shows that the 

actual coupling impedance is actually somewhat lower, while the resonant 

frequency changes very little. Also the results for finite tube-wll 

conductivity are found to agree reasonably well with the computer results, 

while they gave no contribution at all in the first approximation. The 

various results are compared for a number of odd-shaped cavities in Section 

7. 
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. 70 • 80 . 90 

. 16197 . 07057 . 01682 

. 16146 . 07037 . 0 1677 

. 15 866 . 06925  . 01655  

. 15 243  . 06684 . 01612 

. 13951 • 06223  . 01545 

. 11391 . 05463 . 0147 2  

. 0 9609 . 05 0 9 7  . 01451 

. 0 8 540 . 04965 . 01446 

. 0 8 171 . 04940 . 01445 

. 08 148 . 04938 . 01445 



EPS L AI< . 10 

. 1 0  . 00013 

. 20 . 00013 
• 5 (  . 00015 

1 . 0 0 . 00021 
2 . 00 . 00032 
5 . UO . 00067 

1 0 .  C- 0  . 0(JQ93  
2 0  • l' \J . 00110 
5 ;) . CC .00122 

1 0 0 . c c  . 0(1126 

c P S  Ltd': . l U 

. 1 0 1 . 0COOQ  

. 2 0 l . 0(, 0 0 5  

. 5 0  1 . 00 0 2 9  
l . Ci.; 1. 00076 
2 . 0 (; l . G D 1 65 
5 . C C  l . O i�1 307 

l Ci . L O 1 . 0 0 3 7 5  
2. D . l' C  l . J:)412 
s c . c v  1 . oc143 5 

l G J . l  0 l . OU 44 3  

ALPHA = • 500 

CORRECT I JN FUNC T I ON F OR T UB E WALL RES I ST I V ITY  

. 20 . 30 . 40 . 50 . 60 

. O J099 . 00 313 . 00676 . 01165 . 01716 

. 00100 . OC- 317 . 00 65 8  . 01195 . ul 7 8 5  

. 00118 . 00381 . 00849 . 01542 . 02 44il 

. 00162 . 0 0 53 2  . 0122 8  . 02340 . 03 975 

. 00 254 . O C,862 . 02110 . 04415 . 08 554 

. 00 5 2 9  . 01841 . 0475 1  . 10693 . 22092  

. 00733 . 0 2 554 . 0663 4  . 15052 • 308 30 

. 00866 . 03 016 . 07 847 . 17840 . 36290 

. 00956 . 03331  . 08 675 . 19747 . 40 006 

. 00988  . 03445 . 08 975 . 20431 . 41334 

CORREC T I O �  FUNC T I ON FOR QUAL I T Y FAC TOR P S I 

. 2U • 3 l' . 40 . so . 60 

. 99726 .9&  500 . 9 5639 . 90992 . 65419 

. 99748 . 98 551 . 9 572 9 . 911.: 0  • 85565 

. 99852 . 98 80 5  • 9 6194 . 9179 5  . 8643 0  
1 . ouo :} 5  .99 312 . 97138 . 9 3216 . 88 2 8 3  
1 .  :)0446 1 .O C• 299  . 99042 . 9 6310 . 92978 
1. 0107 6  1 . 01948 l . 02482  1. 02594 1. 0 3 9 56 
l . 013b l 1 . 02767 1. 04267 1. 0 6(, 38  1 . 10160 
1. 015,,7 1 .03 214 1. 0 5257 1. 08004 1 . 13758 
1 . 0 1 6 5 1 1 .0 3 492  1. 0 5 878 1 . 09 2 6 2  1 . 16094 
1. 0161.'6 1 . 0 3 585  l . 061;H7 1.09693 1. 169 0 3  

S I :.;  

. 70 • 8 0  . 90 

. 0 2233  . 02621 . 02 862 

. 02 379 . 02 9 3 5  . 03661 

. 0 3 566 . 05012 . 07763 

. 06353 . 10 3 62 . 21571 

.16086 . 30131 . 560 8 5  

. 40 861 • 64419 . 85917 

. 5433 9  . 78658 . 9500(J 

.62255 . 86380  . 99581 "' 

. 67498 . 91316 1 . 02418 V, 

• 69339  . 93 024 1. 033 87  ' 

. 70 . so . 9 D 

. 8 0 965 . 80487 . 86667 

. 81135 . 80766 . 87415 

. 8 2 241 . 82 542 . 9120 6  

. 84764 • 87068 1 . 0376(> 

. 9 2800 1 . 0 3 547 1 . 34934 
1. 11873 1. 3192 9  l.6l f<08 
1 . 2 1704 1. 43 42 3  1 . 698 8 2  
1 . 2 7243 1 . 49 51 6  1 . 73903  
1. 3 0810 1. 53346 1. 76373 
1. 3 2 048 1. 54659 1 . 77213 



E P S  L A �� . 10 

. 1 0 . 00 0 13 

. LO . 000 13 

. 5 0 . 00015 
1 . c- 0  . 00 021 
2. (' Ci  . 00 029 
5. 0 0  - 0 0042 

10. co . 00 0 51 
20. c o  . 00 062 
50 . 00 . 00073 

100 .00 . 00011  

E P S  LAM . 10 

. 10 1. 0 0 0 0 0  

. 20 1. 0 0 0 0 5  

. 5 0 1. 0 0 029 
1 . c o  1. 00 076 
2 . co 1 . 0 0 169 
5. 00 1.00365 

10 . l' O  1 . 0 0 514 
20. c o  1. 0 0611 
s o . c o  1 . 0 0676 

100 . 0 0  1 . 0 0699 

AL PHA = • 2 00 

C ORRECT I JN F UNCT I ON F OR TUBEWALL  RES I ST I V IT Y  

. 20 • 3 Cr . 40 . 50 . 60 

. 00099  . O U314 . 00677 . 01167 . 01719 

. OO l l> O  . 0 [;318 . 00689 . 01198 . 0178 8  

. 0 0118 . O C,381 • 0 0 8 5 0  . 01543 • 02 451 

. 00162 . 0 0 530 . 01221 . 02320 . (•3913 

. 00230 . 00 770 • 0 1857 . 03791 . 07098 

. 00329 . 01147 . 03012 . 07217 . 17722 

. 0040 5 . 01457 . 04121 . 11443 . 35925 

. 00495 . 01806 . 0 5306 . 15917 . 55313 

. 00 58 0  . 0 2 132 . 06356 . 19797 . 72066 

. 0061 5  . 0 2 259 . 06768 . 21346 . 78786 

CORRECT ! □� FUNC T I JN FOR  QUAL I T Y FACTOR P S I  

. 20 . 30 . 40 . 50 . 60 

. 99727 . 9 8 50 0  . 95639 . 90992 . 85420 

. 99748 .98 553 • 9 572 9 . 91120 . 85566 

. 99852 . 98805  . 96195 . 91801 . 86431 
1. 00055 . 99312 . 97135 . 93204 . 88248 
1. 0 0 4 5 8  l. 0 C'320 • 99046 . 96184 . 92356 
1. 0 130 8 l . 0;;.463 1. 03343 1. 03611 1. 05033 
1. 0 1939 1. 04078 1. 06781 1. 10 566 1 . 21816 
1.02352 1. 0 5 140 1. 09126 1. 15816 1. 37037 
1. 02622 1 . 05828 1. 10667 1. 19496 1 . 49006 
1. 02714 1. 06064 1. 11193 1. 20 8 03 1 . 53595 

S I  J 

. 1 0 • 8 0  • 9CJ 

. 02237 . 02626 . 02 868 

. 02384 . 02940 . 03666 

. 03568 . 050:1 8  . 07644 

. 06 150 . 09 593 . 17894 

. 12876 . 24465 . 62462 

. 47475 1. 23739 2. 53422 
1. 10766 2. 32793 3. 40197 
1. 62908  2. 94623 3 . 77995 I\) 

2. 0 1269 3. 34218 4 . :)0282 0\ 

2 . 15603 3. 48227 4. 0 7913 

. 70 • 80  . 9 0 

. 80 972 . 80493 . 86672 

. 81137 • 8075 9 . 87419 

. 82242 . 82538 • 91103 

. 84626 . 86457 1. 00547 

. 90773 . 99157 1 . 41034 
1.20 142 1. 83735 3. 11475 
1.70611 2. 76298 3. 8 818 8 
2. 11016 3. 28 223 4 . 21347 
2 . 40045 3. 61059 4. 4 [,757 
Z . 50739 3. 72579 4. 47373 



[ P S  

. L  
• £.C· 
• 5 c, 

1 .  L C  

2 . L C  
5. 0 C  

1 G . C0 
2 C) . ( [' 

2) (, . t ,:_, 

l C C . CC 

c: P S  

1 r. . ' '  
-; r 

o L C  

• 5 (, 

1 .  l L' 
2 .  l C 
j .  (. (_, 

1 ,�, ,-
.J.. I.- •  L ' I...' 

L I  __ : .  ( ( 

:: -c= . "  u 

l 0 ;J . 1. J 

Ld0 

L ;..r 

. l C  

. G C 013 

. OC013 

. 00 0 15 

. 00 0 2 1 

. OC 0 2 9  

. O C 0 4 1  

. O C• 0 4 1 
• 0 ::., (139 

. OC 0 4 0  

. 00 0 42 

' ·, . n  

1 .  0 [' (, (., (; 

l . 0 C Cj 0 5  
l . O C C 2 9  
l . C[i(, 7 5  
l . OC· l 7 C· 
l . 0 (; 3 6 5  
J. . C L' 524 

,;.. • t�
1 C 6 4  C 

l .  CC· 7 4 3  
1 . c. c, 1 1 tj 

ALPHA = . 1 00 

CORRLCT I JN fUNCTl ON f O R  TUBE WALL RE S I ST I V ITY  

. 2 0 • 3(; . 40 • 50 . 60 

• c1 ;:::- 0g9  • O c' 3 1 4  . 0 0 6 7 7  . 0 1 1 6 7 . dl 7 1 8  
. 0 0 10 1  • Ol 3 1 8  . 00 6L9 . 0 1 1 9 8  . ·J l 7 8 9  
• o c  1 1 9  . 0 :• 3 e o  . 0 0 8 5 1 . 0 1 54 4  . ," 2 4 5 2  
• C C' l t:.2. • O l.: 532 . 0 1 2 2 �) . 02 3 1 6  . ( 3 9 1 4  
• C1 (: 2 3 0  . O l 769  • 0 1 85 7 . 03797  . C7 1 0 C  
. OC323 . C l l l 6  . 0 29(: 1 . 0 6 £ 4 1  . 16 1 9 1  
. 00 3 2 6  . 0 1 1 6 1  . 0 3 17 7  . 0 8 5 1 2  . 27 8 9 6  
. O C 3 t : 5  . 0 1 1 1 1  . 0 3241  . 1 C• 4 2 4  . jl 29 2  
• �] 032  2 . 0 1 2 2 3  . 0 3 7 5 6  . 1 3 2 8 5  . 82 7 6 2  
. C!0 3 4 8  . 0 1 28 7  .0395 8 . 14 8 7 3  . 97 7 6 0  

CORRECTION  FUNCT I ON FOR  QUAL I T Y FAC TOR  P S I 

. 2 0 . 3 C1 • 40 . 5 0 . 60 

. 9 9 7 3 0  . 9 P 492 . 9 5646 . 9 (; 9 9 2  • 6 5 4 4 1  

. 99 7 44 . 9 8 549 . 9 5 7 3 6  . 9 1 1 2 6  . 25 5 5 2  

. 9 92'- 6  . 9 b 8 1 6  • 9 6 1[ 2 . 9 1 7 t-5 . 664 1 0  
1 . ooc, 5 2  . 9 ! 2 9 7  • 9 7 1 '<  8 . 93 2 4 5  . 88 2 3 4  
l . CrC4::i 7  l . Of.'- 3 2 8  • 9 'J(A 6 . 9 b l 54 . 92 3 3 4  
l . C l 3 l 6 l . O C 467 1 . 03346  1 . 0 3 5 �•4  1 . : 42 6 6  
1 . 0 1 97", 1 . ( 4 1 2 5  1 . 0 6 7<: 6 l.1C:C61 1 . 1 6 862 
1 .  024YC  l . O S 4 1 9  l. C" 9 5 3 C  l . 1 5 f 6 4  1 . ,.03('0  
l . (• 2 8 b 7  1 . 0 6 340 L 1 1 5 ,. S  1 . 2l606  1 . 64454 
l . C: 2 9 9 6  l . Oc,674  1 . 1 2 2 2. 3  1 . 2 2 3 6 6  1 . 75 1 9 3  

SI :; 

. 1 0  • 8 0  • 9 �-, 

. 0 2 2 3 8  . 02 6 2 7  . 02 8 6 8  

. 0 2 384 . 02 9 4 0  . J3 6 6 6  
• 0 3 56 6  . 0 50'.• 9  • '.)7642  
. 0 6 1 5 0  . 09 5 9 7  . 1 7 ? 8 8  
. 1 2 8 6 1  • 242'l 1 . 5 8 2 4 3  
. 4 1 19 6  1 . 1 6 3 5 8  3 . 59 5 5 9  

1 . 2 1 77 0  3 . 74 7 i 2 6 . 74 6 2 8  
2 . 6 0 2 9 3  5 . 85 1 3 4 8 . 1 4 0 5 4  
3 . 76 1 0 9  7 . 1 2 1 4 1• 8 . 8 :, 9 7 1 
4 . 20437 7 . 5 6 2 5 0  9 . ':J J b 7 2  

. 70 • S J  • 9 J 

. 8 0 9 5 3  . 80 4 '1 3  . 8 6 b 8 0  

. 8 1 142 . 80 7 '.' 6  . 87424  

. 8 2 2 2 8  • 8 2  5 5 2 • 9 1 [, 9 5  

. 84626 . 86 4 P l 1 .  0 ) '.' 40 

. 9 0730 . 99 0 l b 1 . 3 7 3 5 0  
1 . 1 5 775  1 . 7 8 0 8 8  4 . J l 5 1 4  
l . 8 2 10 7  3 . 9 7 4 5 2  6 . 6 8 8 6 6  
2 . 9 2 59 6  5 . 74 2 ::- 1  7 . 8 5 478 
3 . 8 3 3 36 6 . 79776  e .  45�, 9 5  
4 . 1 7 5 3 9  7 . 1 6 1 4 2  E . 5 4 6 3 9  



fPS L A M  . 1 0 

. 1 0 . OC C13 
-; ;·, 

• '- V . 0 00 1 3  
. 5 0 . 00 0 1 5  

1 . co  . 00 0 2 1  
2 . c c  .OC029 
5 . 0 0 . 00041  

1 0. (· 0  . 00 0 4 1  
2 0 . 0 0  . 00033 
5 0 . CO . 00024 

! C O . C O  . 00 0 23 

EPS LAF. . 1 0  

. 1 0  1 .0 0000 
• .:' O  1 . 00005 
. s o  1 . 00 0 29 

1 . 00 1 . 00076  
;, . c c  1 . 00 1 6 9  
s . c o  1 . 0 0366 

1 0 . cc 1 . 00 5 2 5  
2 0 . 0 0  1 . 00 6 5 4  
s o . co 1 . 00764 

l J O . CC 1 . 00 8 0 7  

ALPHA = • 0 5 0  

C O RRLCT I JN F U NCT I ON F O R  T UB E WALL  RES I ST I V I T Y  S I :;  

. 2 0  . 3D . 40 . 50 • 60  

. 0 0099 . o o  314 . 00677 . 0 1 1 67 . 01 7 1 9  

. 00 1 00 . 0031 8 . 00689  . 01 1 9 8  . 01 7 8 9  

. 00 1 1 8  . OC38 1  . 00850  . 0 1 543 . 0245 1 

. 00 1 6 2  . 0 0 530 • 0 1 22 1  . 02320 . 039 1 3  

. 00 230 . 0 0770  . 0 1 857 . 03791  . 07097  

. 00322 . 0 1 1 1 7  . 02 9 1 1 . 06848  . 16 1 8 1  

. 0032 1 . 0 1 135  . 03106 . 08 2 1 1  . 25 4 5 2  

. 00 2 5 8  . oc,924  . 0 2634 . 07 8 7 2  . 40 0 0 8  

. 00 1 93 . 0(1 7 0 8  . 02 179 . 08 1 00 . 8339 1 

. 00 1 84 . 00 6 8 6  . 02 1 9 1  . 08903 1 . 1 1 830 

CORRECT I ON FUNCT I ON FOR QUAL I T Y  FACTOR P S I  

. 20 . 3 0  . 40 . 50 . bO 

. 99727 . 9 8 500  . 9 5 639  . 90992 . 85420  

. 99748  • 98  553 • 9 5729 . 9 1 1 20 . 85 566  

. 99 8 5 2  . 98 80 5  • 9 6 195  . 91 8 0 1  • 86431  
1 . 00 0 5 5  . 9931 2 . 9 7 135 . 932 04 . 88 248  
1 . 00458  1 . 0 0320 • 99046 . 96 1 8 4  . 92356 
1 . 0 131 0 1 . 0 2 464 1 . 03323 1 . 03486  1 . 04226 
1 . 01 977 1 . 0 4 139 1 . 0 6 7 8 0  1 . 0 99 2 1  1 . 17491  
1 . 0 2506 1 . 0 5 440 1 . 09460 1 . 1 51 8 8  1 . 351 8 2  
1 . 02946 1 . 0 6 5 0 1  1 . 1 1 653 1 . 1 99 5 1  1 .  71 1 35 
1 . 031 1 7  1 . 06909 1 . 1 2496 1 . 2 1 9 1 7  1 . 92344 

. 70 • 80 . 90 

. 0 2 237 . 02 62 7  . 02 8 6 8  

. 0238 4  . 02940 • 03666  

. 03568 . 05 0 0 8  . 0 7644 

. 0 6 1 5 0  . 09 593 . 17889  

. 1 2 86 5  . 24291  . 5 8 1 9 1  

. 40 82 9  1 . 09836 3. 5 5466 ' 
1 . 07 735 4 . 44790 1 1 . 26 1 29 "' 
3. 5 5 031  1 0 . 42477 1 6 . 1 3347 0, 

6 .  7 6 762 1 4 . 29802 1 8 . 38 5 73 
7 .  9 8 239 1 5 . 5 2 1 53 19 . 04 1 68 

. 7 0  • 80  . 9 0  

. 80972 • 80493 • 866 73 

. 8 1 137 • 80769 . 87419  

. 8 2 24 2  . 82 538 . 9 1 1 03 

. 8 4626 . 86457  1 . 00542 

. 90764 . 99 0 1 6  1 . 3730 5  
1 . 1 548 5 1 . 72662  3. 96546 
1 . 1 2001 4 . 5 5320 1 0 . 1 0 1 03 
3. 7 0320 9 . 4461 0  13. 8 0331 
o . 23346 1 2 . 5 5 522 1 5 . 48 1 89 
7 . 1 7653 13. 52642 1 5 . 96648 



AL PHA = • 020  

C O RR E CT I J N  F UNC T I ON F O R  TUBE WALL R E S I S T I V ITY S I G  

E P S  LAM • 10 . 2 0  . 3 0 . 40 . 5G • 60  . 1 0  • 80  . 9 0 

. 1 0 . OOU 1 3  . 0 0099 . O C:314 • 00677 . 0 1 1 67 . 0 1 7 1 9  . 0 2 237 . 02627  . 02 8 6 8  

. 20 . 00 0 1 3  • oo 1r,o . 0031 8 . 00 6 8 9  . 0 1 1 98 . ( 1 7 8 9  . 0 2384 . 02940 . 03666 

. so . 00 0 1 5  . 00 1 1 8  � 0038 1 . 0 0 8 5 0  . 0 1 5 43 . 0245 1  . 03568 . 05 0 0 8  . 07644 
1 . 00 . 0002 1  . 00 1 62 . 00 530 . 0 1 2 2 1  . 02320 . v3 9 1 3  . 0 6 1 5 0  . 09 5 93 . 1 7889  
2 . 0 0  . 00029  . 00230 . 0 0770  • 0 1 85 7  . 03791  • (•7097  . 1 2 865  . 2429 1  . 5 8 1 91 
5 . 00 . 00041 . 00322 . 0 1 1 1 7  . 02 91 1  . 0 68 48 . 16 1 8 1  . 40 82 9  1 . 09754  3 . 37620  

1 0 . 00 . 00 04 1  . 0032 1 . 0 1 135 . 03 1 0 6  . 08 2 1 0  . 25402 1 . 04527 4. 0 8464 1 4. 8 5 8 6 5  
20. 00  . 00033 . 00 2 5 6  . OC: 9 1 4  . 02 5 8 9  . 07597 . 35002  3 . 6 5 9 1 8  1 7 . 30543 35 . 04027 I\) 

5 0 . 00 . 00 0 1 9  . 00 1 5 1  . 00 542 • 0 1 58 1  . 05 248 . 68 82 7  1 3 . 9439 1  33. 9 5 8 1 0  45 . 95 1 8 2  
\0 

1 0 0 . 0 0  . 00 0 13 . 00 1 0 1  • 0 (!369 . 01 132 . 0441 5  1 . 26371 1 8 . 5 039 1 3 8 . 70 732 48 . 5 2785  
I 

C ORRE C T I ON FUNCT I ON FOR  QUAL I TY  FAC T OR P S I  

E P S  LAM . 10 • 20  . 3 [\  . 40 . 5 0  . 60 . 1 0  . 80 . 9 D  

• 1 (; 1 . 00000 . 99727 . 98500 . 9 563 9 . 90992 . 85420 . 8 0972 . 80493 . 86673 
. 20 1 . 00005  . 99748 . 98 553 • 9 5  72 9 . 9 1 1 20  . 85 5 6 6  . 8 1 137 • 80769  . 87419  
. 50 1 . 00 0 2 9  . 99 8 5 2  . 98 80 5  . 96 1 9 5  . 9 18 0 1  . 86431 . 82 24 2  . 82 538 . 9 1 1 0 3  

1 . 00 1.00076 1 . 00 0 5 5  .99312  . 9713 5 . 93204 . 88248 . 84626 • 86457 1 . 0 0 5 42 
2 . 0 0  l . OC• l 69 1 . 00458  1 . 0 0 32 0  . 99U46 . 96 1 8 4  . 92356 . 90764 . 99 0 1 6  1 . 37305 
5 .  0 0 1 . 00366 1 . 0 13 1 0  1 . 0 2 464 1 . 0 3323 1 . 03486 1 . 04226 1 . 1 5485 1 . 7 2 6 0 1  3 . 82367 

10. c o  1 . 00 5 2 5  1 . 0 19 77 1 . 04 139 1 . 06780  1 . 09920  1 . 17456  l . 69 5 5 6  4. 25688  1 2 . 25809  
i:. 0 . 00 1 . 00654 1 . 02506  1 . 0544 1  1 . 0 9453 1 . 1 5072  1 . 32 146 3 . 79736 1 4 . 47074 24. 63463 
5 0 . 00 1 . 00768  l . 029b(' 1 . 0651 8 1 .  l l6 C 2  1 . 1 9 1 17 1 . 65 1 1 4  1 1 . 6 2627 2 6 . 42 1 66 30 . 8 2706 

1 0 0 . CO 1 . 00 8 1 9  1 . 03160 1 . 06 9 8 0  1 . 1 2 5(8 1 . 2 0929  2 . 0 9 1 6 8  1 4 . 9 9 633 2 9 . 7 2 0 1 3  32 . 25 1 8 9  



L P S  L ,\V . l C 

• 1 �> . C C- 0 2 5  
. 2 c  • oc, 0 25 
. 5 0  . 0 0 0 2 5  

1 . c 0 . JC 0 2 7  
2 . i.) '.} . J() J 3 2  

5 . L O . 0 0 0 4 2  

l J . 00 • 0CH)41 

2 0 . cu • ;:::, 0 0 3 3  
5 0 . C G  . ;)CC19 

1 c o . oc . O v 0 1 2  

t:. P S  L,\� . L' 

; ,-, 
J • DC<J 2 4  • .l. � 

• 2. v  l .  O G C1 27 
i::; i .  1 . occ, 4 3  . -·' ' 

1 . cc  1 .  Oc: C D 4  

2. • l- �) 1 .  O C· l 7 3 
5 . C u  1. 00 368 

l J . (. :_, l . Q :j 5 2 5  

L L; . C,(_· l . Ci \} 6 5 4  
- : ' ,c ,; ..... '-' . -.. ... l . C D 7 6 9  

l :.  . .' .J . { �- l .  ( L; E. 2 :·, 

ALPHA = . 0 10 

CORR[CT I J N  FUNCTI ON F O R  TUB E WALL  RE S I ST I V I TY 

. 2 0 . 3 G  . 40 . 5 0 . 60 

. 0 0 1 9 3  . 0 ,,610 • 0 132 7 . 02. 3 0 9  . (3431 

. 00192 . 0 0 60 8  • 0 132 3 . 0 2 3 0 6  . (3435 

. G u 19 2  . 0 (' 612 . c, 1343 . 02394 . ()3667 

. 00 2(9 .OC677 . 0 1536 . 0 2 8 5 6  • c;46 73 

. 00254 . 0,, 847 • O C 1)2 :":, . 040 8 9  • c,7542 

. 00 3 2 9  . 0 1142 . 0 2971 . 06972 . 16405 

. 0 0 3 2 4  . 0 1144 . ,) 3 129 . 0 3263 . 25 545 

. 00 2 5 7  . Ocl 917 • 0 2 6 :) U  . 07615 . 35 066 

. 00 1 ::, 0  . 0 '._ ;53 8 . Ol5G 5  . 0 ? 0 6 5  . 56157 

. 00090 . OC, 3 2 2  • 0 0 94 7 • 0 3 2  9 4  1. 27781 

CCRR E C T I O� F UNCT I ON F OR QUAL I T Y  F ACTOR P S I  

. 2 0 • 3 1.) . 40 . 5 0 . oQ 

. 9Y 834 . 92781 . 96 1 Y l  . 91 b 6 B  . 1'6649 

. 99 046 . 98 e l2 • 9624(i . 91933 . e6112 

. 99 9 1 8  . 9 8 98 2  . 9 6 5 5 C  . 92367 . 67 220 
1 .  c u 0 114 • 99 414 • 9 7 34 3 . 93542 . 88 72 -J 
1. uc,479 l.Ot 374 . 99 1 5 j  . 96 3 67 . 9263 1  
1. 013 17 1. 02485 l. 0 3366  1 . 03561 l . J4373 
l. C l9o C, 1. 0 4 15 0  l. C,68Ll 1 . 09963 1. 17547 
l . U2 5 f - 8  1. 0:, 444 1 .  094v ", 1. 15094 1. 3 2183 
1 • .-} 2 9 {, 2  l . C b 5l9 1 . 1 1 5 '--1 9 l. 19C: 37 1. 568 3 3  
l. C 31C2  1. 00982  1 . 1 24 �� :>  1.2( 545 2 . 1271) 

S I ::;  

. 70 . so . 90 

. 04488 . 05 25 2  . 0 5 5 5 8  

. 04511 . 05 3 25 . 05 8 28 

. 0 50 3 8  . 0646 9 . 0868 3  

. 0705 2  . 10459 . 18488 

. 13428  . 24878 . 58667 

. 41221 1. 10 3 2 5  3 . 3 8 254 
1. 04948 4. 06943 1 3 . 96249 
3 . 45 3 3 3  18 . 4121 (; 5 3 . 2 5 8 26 

2 1 . 48 35 1  61. 35056 88 . 79092 
34. 40729 7 5 . 754 2 3  96. 82728 

. 7 (' . so . 9U 

. 8 25 8 9  . ? 2 5 5 5  • 3 9:,6 2  

. 8 2647 . 8 263 2 . 893 3 3  

. B 3 250 . 83654 • 9 2:J 12 

. 8 5 221 . 87107 l. 01Cl63 

. 91130 . 99458 1. 37720 
1. 15754 1. 730 5 5  3 . 8 2913 
1. 69860 4 . 24568 11. 67 0 86 

· 3 . 64109 15 . 03 237 3 1 . 2488 3  
16 . 71202 41. 7215 4  4 ':> . 692 4 2  
2 5 .4510::> 49 . 94129 48 . 77667 
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