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Gradual Transition  between Dissimilar Impedances 

Introduction 

This note is an extension of previous work132 and pro- 
vides a derivation of impedance parameters involving 
application of continued fraction techniques. It also pro- 
vides computed parameter values  both in numeric and 
graphic form. 

Applications of broad-band impedance-matching tech- 
niques  presently  enjoy an extended range of technical 
interest. In line terminations and couplings, components 
can be arrayed so as to provide gradual transitions be- 
tween circuits and lines having  dissimilar impedance 
characteristics. Optimized shock reflection conditions 
and energy flow result.  Examples for application of grad- 
ual transition components are found in non-reflective 
terminations to electrical lines,3 and in microwave  phe- 
n ~ m e n a , ~   o p t i ~ s , ~  and acoustics.6 

Gradual transitions are characterized, in general, by 
non-linear differential equations of the Riccati type. 
Often, however, the numerous parameters are related to 
an insufficient number of boundary conditions to permit 
specific definition. Thereby, an intractable barrier is pre- 
sented to determining optimum forms in  which to realize 
the transitions. 

The values  presented in this paper are for the reactive 
lumped components of an analog gradual transition cir- 
cuit. The circuit chosen  specifically  is a driving-point 
impedance with a dissipative,  wide-frequency band. 

fundamental frequency 

frequency interval between  successive  zeros 
and  poles 

reactance ratios 

lumped resistance, inductance and 
capacitance, respectively 

resistance ratios 

complex impedance 

real and reactive parts, respectively, of 
complex impedance 

h / f a  

2Tfa ( L C )  1 / 2  
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Features of termination 

The driving-point impedance under consideration com- 
prises, in general, the ladder network array of lumped 
components shown in Fig. 1. The input impedance Z has 
real part Z ,  and reactive part Zi. Condition requirements 
are that, over an appreciable and specified frequency 
range, Z ,  should remain at a value  closely approximating 
the characteristic line impedance, and Zi should remain 
at  or near zero in value, These requirements are met  with 
suitable selection of circuit parameters. 

Directives for selecting suitable circuit parameter 
values  have  been  established and described elsewhere,l, * 
and will  be outlined briefly here. If R = 0, Z ,  = 0 and 
1 > nl 2 n2 > - -- - n,, Z will vary with frequency as shown 
in  Fig. 2. For optimization, the zero-to-pole frequency 
intervals, fb l= f t ,2=fb3- - - - fb4 ,  thus yielding the symmetri- 
cal characteristic shown in Fig. 3. When RfO, it can be 
shown that, for variation in excitation frequency, the 
shunt resistances  will  be more effective in limiting varia- 
tion in energy distribution betwen  successive circuit loops 
than will the series  resistances. Hence, x=O, y =  1, and 2, 
is determined by the magnitude of R, as  shown in Fig. 4. 
Values of R are usually not critical but  will lie in a range 
which can be determined conveniently in relation to the 
form of analogous circuit to be  realized. 

Of particular interest is derivation of the reactive com- 
ponent parameters, nlnz----etc. and ml, mz----etc., to 
meet the equal zero-to-pole frequency interval require- 
ment. Added versatility  is  afforded by allowing for varia- 
tion in the frequency interval spacing ratio; f = f b / f a  ex- 
tended to a large number of degrees of freedom. 

Derivation of reactive component parameters 

Using conventional methods' of circuit analysis, an LC 
network of the type under consideration may  be repre- 
sented in  a continued fraction form. The fraction may  be 
taken as a function of the circuit component values, or a 
function of the frequencies at which the impedance is 
zero or infinite. The problem to be  solved  is to define 
component values in terms of specified frequencies. 

A moderately straightforward approach towards solu- 
tion is the expansion of the impedance, as a function of 
frequency, to  a continued fraction form by the process of 
synthetic division.  However, the impracticality of this 
approach becomes  evident  when high degrees of freedom 
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Figure 1 Basic  circuit. 

Figure 3 Symmetrical impedance characteristic. 

are desired. The  magnitude of the algebraic manipulation 
becomes formidable. Likewise, the  numeric precision 
which must  be maintained  makes  even the application of 
computing devices impractical. To alleviate these difficul- 
ties, a method of attack,  although  its basis lies in  the 
division process, has been devised which is recursive  in 
nature  and demands a minimum of numeric precision. 

If we define; ai as the ith  pole of the network impedance 
bi as the residue of the  ith pole, 

The derivation  proceeds as follows: 

n 
we may  then define the symbol, A k =  x ui2("l)bi , 

where n is equal to  the degrees of freedom assigned to  the 
network  and l<k<n.  Also, 

c ~ i ~ ( ~ l ) = l ,  if k = l  and al=O 

ai2(k-1)=0,  if k =  1 and a2=0 . 
Representing the  impedance Z as a function of ~ = 2 ~ f ,  
we have  the  rational  form; 

z= 

i=1 

K ( ~ ~ + l ) [ w ~ + ( 1 + 2 € ) ~   - - - { 0 2 + [ 1 + 2 ( n - 1 ) t 1 2 }  
~~~~~~ ~~~ 

"- 

w [ ~ ~ + ( l + t ) "  - - - - { 0 ~ + [ 1 + ( 2 ~ ~ - 3 ) [ ] ~ }  

Normalizing 2, so that K =  1 ,  and using the previous 
definition of, [ = f b / f n ,  we may then proceed to expand 
Z as the  ratio of two  polynomials, defining Xi as the i th 
coefficient in the  denominator of 2. 

Thus: 

Figure 2 Asymmetrical impedance characteristic. 

I \  

Figure 4 Typical complex circuit characteristic 
( x = O ) ,  ( y =  1). 

Performing synthetic division on  the above  representa- 
tion of 2, we obtain  the variables, here showing the n th 
terms: 

etc. 

From this, the results of the synthetic division may be 
expressed as follows; 

continued 2 ,  times. 
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The parameters derived are then represented in nor- 
malized form as; D I R E C T I O N  OF S O U N D   I N C I D E N C E -  

1 C, 

L1 C1 

L n - 1  C,-1 
L1 c n  

n,= -, m n = - ,  

nn_l= -, mn_l= - , 

L,-2 e n - 2  

L1 C n  
I I 
I I 
I I 

n,_2 = -, mn_2 = - , 

Itl= 1, ml= 1, 

with the 2n+ 1 parameter defined as %= dLIC1 . 
Tabulated  and representative graphical data,s evalu- 

ated on  an IBM 704, follow in Tables 1 through 8 and 
Figs. 8 and 9; these give values of circuit parameters for 
representative values of 6. 
Illustration of transition circuit realization 

Application of the circuit parameter relationships derived 
above is illustrated in the realization of an acoustical 
circuit.l This circuit, of limited thickness, forms  a transi- 
tion between a PC medium and  a plane reflecting surface. 
Acoustical absorption is required over a wide frequency 
band, and reactive circuit components are introduced to 
extend the range of effective absorption into the low 
frequencies. 

With six degrees of freedom required to cover the  fre- 
quency band of high absorption, the basic circuit is 
derived from Fig. 1, setting x= 0, suffix n = 6, and obtain- 
ing respective n and m values from Table  4 or Fig. 8. 
An analogous form of acoustical circuit, having series 
inertances and  shunt  tanks  and resistances is shown in 
Fig. 5. Limiting the thickness to  three inches, internal 
dimensions are obtained from: 

Hole inertance, LZ 
p (hole  length) 

X (hole  radius) 
and 

Tank capacitance, C z  (tank volume) . 
PC" 

Values for the  shunt resistances are not critical, and may 
be selected most conveniently in relation to measured 
characteristics. In this example, the  shunt resistances are 
provided by porous material having a specific acoustical 
resistance of approximately 300 rayls/cm., placed to fill 
the tanks. At the  primary surface, the transition presents 
an array of 29/64 inch holes at one  inch centers in  a 
square  pattern. 

The analogous acoustical circuit approaches most 
closely the pure reactance case with all porous material 
removed. The respective normal specific acoustical im- 

432 pedance characteristic is shown in Fig. 6. Suitable dimen- 

f 
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Figure 5 Form of acoustical circuit. 
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Figure 6 Measured  normal specific acoustical im- 
pedance  characteristic of circuit with 
porous material removed. 
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sioning of the reactive  components has resulted in 
uniform  frequency intervals between the successive zeros. 

The reactive circuit  framework is now in a form 
suitable for directing  energy for dissipation in shunt  re- 
sistances uniformly over a wide frequency band.  Addition 
of shunt resistances to  the acoustical  circuit  results in  the 
impedance characteristics  shown in Fig. 7. These imped- 
ance values  correspond to uniform broad-band  sound 
absorption. 

+ 4  Li 
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Figure 7 Measured  normal specific acoustical im- 

pedance  characteristic  of  circuit  with 
porous material  in place. 

Figure 8 Circuit parameters ( P I  for 6 degrees of freedom. 433 
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Figure 9 Circuit parameters (PI for 14 degrees of freedom. 

Table 1 Values for 3 degrees of freedom. 

t+ 
parameter 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9  1.0 1.5 2.0 3.0 

nl 

38.4  10.8  4.67  2.53  1.57  1.07 0.784 0.600 0.476 0.208 0.120 0.0570 m2 

9.64  4.71  2.83 1.90 1.38 1.05 0.826 0.670 0.556 0.270 0.161 0.0777 ml 

0.0201 0.0584 0.110  0.165 0.217 0.262 0.298 0.327 0.350 0.399 0.402 0.380 n2 

0.104 0.205 0.315  0.422 0.517 0.597 0.661 0.712 0.750 0.833 0.837 0.799 

5 0.765 0.712 0.681 0.660 0.647  0.637 0.634 0.632 0.633  0.639 0.650 0.667 

Table 2 Values for 4  degrees of freedom. 

t+ 
parameter 0.2  0.3 0.4 0.5 0.6  0.7 0.8 0.9  1.0  1.5  2.0  3.0 

nl 

112. 20.6  6.85 3.12 1.72 1.08 0.734 0.535 0.408 0.160 0.0884 0.0405 
m3 

41.7  11.9 5.03 2.64 1.60 1.06 0.755 0.566 0.440 0.181 0.101 0.0465 
m2 

8.46 4.40 2.74  1.87 1.36 1.03 0.811 0.654 0.538 0.253 0.148 0.0688 ml 

0.00611 0.0259 0.0613 0.107 0.156 0.203 0.244 0.279 0.306 0.370 0.375 0.381 
n3 

0.0230 0.0736 0.152 0.247 0.345 0.437 0.517 0.583 0.636 0.756 0.766 0.719 
n2 

0.108 0.196 0.292 0.390 0.480 0.560 0.626 0.680 0.722  0.817 0.824 0.784 

434 c 0.699 0.640 0.594 0.568  0.552 0.543 0.537 0.535 0.535  0.542  0.557 0.580 

IBM JOURNAL OCTOBER 1960 



Table 3 Values  for 5 degrees of freedom. 

parameter 1 :.T 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.5 2.0  3.0 

nl 

n2 

0.117 0.201 0.290 0.379  0.465 0.543 0.609  0.664 

0.641 0.575  0.533  0.507 0.491 0.482  0.476  0.473 1‘ 

254.  33.2  9.09  3.64  1.84  1.07  0.699  0.490 m4 

121.  22.5  7.38  3.27  1.75  1.06  0.710  0.507 m3 

35.6  11.1 4.90 2.62  1.58 1.05 0.738  0.548 m2 

7.58  4.11  2.63  1.83  1.34 1.02 0.801 0.645 ml 

0.00238  0.0137  0.0387  0.0760  0.120  0.166  0.208  0.245 n4 

0.00751  0.0348 0.0893 0.167  0.256  0.347  0.431  0.504 n3 

0.0238  0.0687  0.137  0.222  0.314  0.403  0.483  0.552 

Table 4 Values for 6 degrees of freedom. 

t”+ 
parameter 0.2 0.3 0.4 0.5 0.6 0.7 0.8  0.9 

nl 0.125 0.206 0.291 0.376 0.458 0.534 0.600  0.655 

n2 

0.00756 0.0319  0.0797  0.149  0.233 0.320 0.403  0.476 n3 

0.0263  0.0700  0.133  0.213  0.300  0.386  0.465 0.534 

0.598  0.530  0.489  0.465  0.456  0.436 0.430 0.427 c 
493.  48.7  11.40  4.10  1.93  1.07  0.670  0.456 m5 

277.  36.5  9.77  3.80  1.86  1.06  0.677  0.466 m4 

104.  21.4  7.26  3.26  1.74  1.05  0.695  0.491 m3 

30.6  10.2  4.68  2.56  1.56  1.03  0.727  0.538 m2 

7.00 3.90  2.54 1.79 1.32 1.01 0.795  0.639 ml 

0.00109  0.00813  0.0265  0.0573  0.0970  0.140  0.182  0.220 n5 

0.00308  0.0193 0.0587 0.122  0.203  0.290  0.374  0.449 n4 

Table 5 Values for 8 degrees of freedom. 

0.708 0.811 0.819 0.778 

0.607 0.739 0.751 0.702 

0.564 0.708 0.721 0.669 

0.276 0.349 0.356 0.330 

0.529 0.244 0.140 0.0634 

0.424 0.168 0.0920  0.0413 

0.380 0.141 0.0763  0.0342 

0.363 0.131 0.0705 0.0316 

0.471 0.481 0.499  0.523 

1.0 1.5 

0.700 0.807 

0.591 0.73  1 

0.538 0.691 

0.512 0.672 

0.252 0.333 

0.524 0.238 

0.414 0.160 

0.365 0.131 

0.340 0.117 

0.330 0.112 

0.426 0.437 

2.0  3.0 

0.8 17  0.775 

0.744 0.694 

0.707 0.654 

0.689  0.634 

0.341  0.314 

0.134  0.0598 

0.0864 0.0381 

0.0696  0.0306 

0.0620  0.0273 

0.0589  0.0259 

0.454 0.483 

parameter 
t- 
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9  1.0 1.5 2.0 3.0 

0.137 0.217 0.295  0.376  0.453 0.525  0.589  0.645  0.690  0.804 0.816 0.772 

0.0314 0.0753 0.135  0.207  0.288 0.369  0.446  0.515 0.574 0.723 0.739 0.687 

0.00929 0.0332 0.0762  0.138  0.213 0.295  0.375  0.449  0.512  0.677 0.696 0.640 

0.00330 0.0174 0.0499  0.103  0.174 0.254 0.335  0.410  0.476  0.649 0.669 0.612 

0.00141 0.0107 0.0371 0.0851 0.152 0.231  0.311  0.387 0.454 0.632 0.653 0.595 435 
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Table 5 (continued) 

parameter 0.3 0.4 0.5 0.6 0.7  0.8  0.9  1.0  1.5  2.0  3.0 

0.000784  0.00791  0.031  1 0.0761 

0.000315 0.00356 0.0146  0.0367 

6.30  3.63  2.42  1.73 

24.7 8.90 4.32 2.44 

77.3 18.2 6.71 3.13 

208.7 32.8 9.45 3.77 

490.9 52.4 12.24 4.31 

955.9 73.3 14.6 4.71 

1395. 87.5 15.9 4.92 

0.532 0.467 0.428 0.403 

0.141 0.218 0.299  0.375  0.443  0.622  0.644  0.586 

0.0688  0.107  0.147  0.186  0.219 0.310 0.321 0.291 

1.295  0.997  0.786  0.632  0.517 0.230 0.127  0.0550 

1.516 1.012  0.714  0.526  0.402 0.151 0.0796  0.0341 

1.69  1.028  0.676  0.473  0.348  0.120 0.0622 0.0266 

1.84 1.042 0.653  0.443  0.318 0.105 0.0535 0.0229 

1.96 1.053 0.639 0.424 0.300 0.0956  0.0486  0.0208 

2.03  1.060 0.631 0.413  0.290  0.0906  0.0459  0.0197 

2.07 1.064 0.627  0.407  0.285  0.0883  0.0446  0.0192 

0.385 0.375 0.368  0.365  0.365  0.366  0.395  0.425 

Table 6 Values for 10 degrees of freedom. 

parameter 
t+ 
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.5 2.0  3.0 

0.145  0.225 0.302  0.377 0.451 0.520 0.584 0.639  0.685  0.803 0.816 0.772 

0.0351 0.0801 0.138  0.207  0.283  0.361  0.437  0.505  0.564  0.719 0.738 0.683 

0.0110  0.0357 0.0772 0.135 0.206  0.284  0.362  0.435  0.499  0.670  0.692  0.635 

0.00404  0.0184 0.0491 0.0982  0.164  0.239  0.317  0.392  0.458  0.639  0.662  0.603 

0.00167  0.0107 0.0344  0.0771  0.138  0.211  0.289  0.364  0.431  0.617 0.641 0.582 

0.000780 0.00687 0.0262 0.0646 0.122  0.193  0.270  0.345  0.413  0.602  0.627  0.567 

0.000421  0.00495 0.0216  0.0571  0.112  0.182  0.259  0.334  0.402  0.593  0.618  0.558 

0.000277  0.00403 0.0192 0.0531 0.107  0.176  0.252  0.327  0.396  0.587 0.613 0.552 

0.000119  0.00188 0.00924 0.0259 0.0527 0.0870  0.125  0.162  0.197  0.293  0.306  0.275 

5.91  3.46 2.34  1.69  1.28 0.988 0.781  0.628  0.514 0.225 0.122 0.0517 

21.6 8.12 4.07 2.35  1.48 0.997  0.705  0.519  0.396 0.146 0.0754  0.0316 

62.8 16.0 6.22 2.99 1.65 1.009  0.664  0.464  0.340  0.114 0.0580 0.0243 

160. 28.3 8.76 3.62  1.80 1.022  0.638 0.430 0.307  0.0978  0.0490  0.0206 

368. 46.1 11.6 4.22  1.93 1.033 0.621 0.408  0.286  0.0877  0.0436  0.0183 

775. 69.5 14.5 4.74  2.03 1.042  0.610  0.393  0.272  0.0812  0.0402  0.0169 

1466. 96.3 17.3 5.17 2.10 1.049  0.602  0.383  0.263  0.0770  0.0380  0.0160 

2378. 121.  19.4 5.47  2.16 1.054 0.597 0.376 0.257  0.0745  0.0367  0.0155 

3  104. 137. 20.5 5.63  2.18 1.056 0.595  0.374  0.254  0.0734 0.0361 0.0152 

0.535  0.423  0.385  0.361 0.344 0.334  0.328 0.326 0.325  0.336  0.354  0.387 

IBM JOURNAL OCTOBER 1960 



Table 7 Values for 12 degrees of freedom. 

t- 
parameter I 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.5  2.0  3.0 

0.150 0.230  0.306  0.379  0.450  0.518 0.580 0.635  0.682  0.803  0.817  0.772 

0.0400 0.0838  0.141  0.208 0.281 0.357 0.431 0.499  0.558  0.718  0.738  0.683 

0.0123 0.0381 0.0790  0.134  0.203  0.278  0.354  0.426 0.491 0.667  0.690  0.632 

0.00473 0.0198  0.0499  0.0967  0.159 0.231 0.307 0.381 0.448  0.634  0.659  0.599 

0.0020  1  0.0114 0.0342 0.0744  0.132  0.201  0.277 0.351 0.418  0.610 0.636 0.575 

0.000933  0.00708 0.0252 0.0605 0.114 0.181 0.255 0.329  0.397  0.592  0.619  0.558 

0.000472  0.00475  0.0196  0.0514  0.102  0.167 0.240 0.314  0.382 0.580 0.607  0.546 

0.000261  0.00345 0.0162 0.0455  0.0937  0.158  0.230  0.303  0.372 0.571 0.588  0.537 

0.000163  0.00272  0.0142  0.0418 0.0885 0.151  0.223  0.296  0.365  0.564  0.593  0.531 

0.000120 0.00235 0.0131  0.0397  0.0856  0.148  0.219  0.292 0.361 0.561  0.589  0.527 

0.0000538 0.00112 0.00635 0.0195 0.0423  0.0733  0.109  0.146  0.180  0.280  0.294  0.263 

5.65 

19.68 

54.62 

131.3 

291. 

595. 

1150. 

2065. 

3384. 

4879. 

5944. 

0.449 

3.35 

7.61 

14.6 

25.2 

40.4 

61.4 

88.0 

119. 

152. 

179. 

195. 

0.389 

2.28 

3.89 

5.86 

8.17 

10.84 

13.75 

16.78 

19.7 

22.3 

24.2 

25.2 

0.353 

Table 8 Values for 14 degrees of freedom. 

1.66 1.262 0.981  0.777  0.626 0.511 0.222  0.119  0.0493 

2.28 1.456 0.986 0.699  0.515  0.392  0.142 0.073 0.0298 

2.89  1.621  0.995  0.656  0.458  0.335  0.111 0.055 0.0227 

3.49  1.761 1.005 0.629  0.422 0.301 0.0940 0.046 0.0190 

4.07  1.890  1.015 0.610 0.398  0.278  0.0830  0.041  0.0168 

4.62  1.99 1.025 0.596  0.381  0.262  0.0759  0.037  0.0153 

5.12 2.09  1.032  0.586  0.369 0.251 0.0710  0.034  0.0143 

5.56 2.16  1.039  0.579  0.360  0.242  0.0676 0.033 0.0136 

5.90 2.22 1.044  0.574  0.354  0.237  0.0653  0.032 0.0131 

6.14  2.25  1.047 0.571 0.350  0.233  0.0638 0.031 0.0128 

6.27 2.27 1.049 0.570 0.350  0.232  0.0631  0.030  0.0127 

0.330  0.314  0.304  0.29g  0.296  0.295  0.306  0.325  0.358 

parameter 
t- 
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9  1.0  1.5  2.0 

0.154 0.234 0.309 0.381 0.450  0.517 0.578 0.633  0.679  0.803 0.818 

0.0400 0.0866 0.144  0.209 0.281 0.355 0.427 0.495  0.554  0.717 0.738 

0.0135 0.0403 0.0804  0.135 0.201 0.274 0.350 0.420 0.485  0.666 0.690 

0.00532 0.0207 0.0518  0.0964  0.157  0.227 0.300 0.374 0.441 0.630 0.658 

0.00228 0.0124 0.0342 0.0735 0.128  0.195 0.270 0.342  0.410  0.608 0.633 

0.001 14 0.00750 0.0254  0.0592  0.109  0.174 0.245 0.319  0.387  0.584 0.615 

0.000552 0.00487 0.0195  0.0485  0.0974  0.159 0.229 0.302 0.370 0.573 0.604 437 
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Table 8 (continued) 

~ 0.000302 

0.000175 

~ 0.000109 

i o.0000753 

0.0000594 

0.0000273 

5.47 

18.4 

49.1 

115. 

241. 

480. 

929. 

1608. 

2798. 

4480. 

6630. 

8828. 

10276. 

0.420 

0.3 0.4 0.5 

0.00352 0.0152 0.0426 

0.00254 0.0128 0.0377 

0.00199 0.01 11 0.0344 

0.00166 0.0100 0.0324 

0.00149 0.00945 0.0312 

0.000718 0.0046 0.0154 

3.27 

7.25 

13.5 

23.0 

35.5 

56.4 

76.1 

108. 

144. 

180. 

217. 

246. 

263. 

0.362 

2.24 

3.76 

5.57 

7.72 

10.30 

12.6 

16.3 

18.9 

21.9 

24.9 

27.2 

28.9 

29.8 

0.326 

1.64 

2.23 

2.80 

3.38 

3.91 

4.51 

4.96 

5.46 

5.93 

6.25 

6.55 

6.75 

6.85 

0.305 

0.6 0.7 0.8 0.9 1.0 1.5 2.0 

0.0865 0.147  0.218  0.289  0.358 0.562 0.590 

0.0804 0.139 0.209 0.280 0.348  0.552  0.583 

0.0759 0.134 0.202 0.273 0.342 0.546 0.577 

0.0727 0.130 0.198 0.269 0.337 0.542 0.573 

0.0710 0.128  0.195 0.266 0.334 0.540 0.571 

0.0352 0.0634 0.0971 0.133 0.167  0.269 0.284 

1.25 

1.44 

1.59 

1.73 

1.86 

1.94 

2.07 

2.14 

2.20 

2.27 

2.3 1 

2.34 

2.35 

0.291 

0.976 0.774 0.624 0.509  0.219  0.116 

0.977 0.694 0.512 0.389 0.140 0.0704 

0.983 0.651 0.454 0.331 0.108 0.0532 

0.992 0.620 0.417 0.296 0.0905 0.0441 

1.004 0.602 0.393 0.272 0.0798 0.0386 

1.004 0.588 0.372 0.255 0.0725 0.0346 

1.022 0.574 0.361 0.243 0.0668 0.0322 

1.022 0.567 0.349 0.233 0.0636 0.0301 

1.030 0.562 0.342 0.227 0.0604 0.0287 

1.034 0.556 0.336 0.221 0.0584 0.0278 

1.038  0.552 0.332 0.218 0.0570 0.0270 

1.040 0.550 0.329  0.215 0.0561 0.0266 

1.042  0.549 0.327 0.214 0.0556 0.0264 

0.281 0.276 0.273 0.272 0.273 0.302 
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