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ABSTRACT

Four techniques for determining the loss of waveguide-to-coaxial-line adaptors have been evaluated.
One method, known as the Adaptor Removal Technique used with Automatic Network Analysers
offers a means of measuring the full s-parameters of a single adaptor over a given frequency range,
whereas the remaining three techniques all measure the insertion loss of adaptor pairs and rely on
calculations to determine the loss of each adaptoJ:.

The results obtained using the four techniques al~e compared for measurements of adaptors in three
waveguide sizes, WGl4 to APC7, WG18 to APC7 and WG22 to Type 'K', and conclusions on the
accuracy of each technique are given.
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1. INTRODUCnON

From previous research work undenaken by members of the RF and Microwave Guided Wave

Standards Branch ( formerly EM4 division, RSRE), there is some documentary evidence [1,2,3,4,5]
that the most satisfactory means of measuring the characteristics of coaxial to waveguide adaptors is
to employ the Adaptor Removal technique as developed for the HP8510 Automatic Network Analyser

( ANA ) [6]. The above mentioned research work concentrated on Type-N to waveguide adaptors
which are employed within the Power Standards section, but owing to the sexed ( male and female)

nature of the Type-N connector only a limited set of intercomparison measurements were realisable.
In this more extensive research project it was decided to evaluate the Adaptor Removal technique

against as many different measurement methods as possible with the goal of establishing the most
reliable attenuation calibration metho<f for waveguide to coaxial adaptors at frequencies up to 40 GHz.

Sets of waveguide to coaxial adaptors were purchased in three waveguide sizes, WG14, WG18 and
WG22, with both the WG14 and WG18 sets of adaptors fitted with APC7 coaxial connectors and the
WG22 adaptors fitted with Type-K connectors. The initial phase of the project concentrated on

measuring the characteristics of the WG14 and WG18 adaptors fitted with sexless APC7 coaxial
connectors, this allowed the characteristics of each individual adaptor to be evaluated. Once an
estimation of the accuracy of each measurement technique had been established with these adaptors,
a similar evaluation was then conducted with the adaptors fitted with sexed Type-K coaxial connectors
to extend the scope of the work to cover measurement frequencies up to 40 GHz.

The measurement techniques chosen for the evaluation of the waveguide to coaxial adaptors were :-

(i) Power Ratio attenuation measurement technique, using waveguide systems within the

Attenuation Standards section.

(ii) Adaptor Removal technique for ANA measurement of non-insertable devices.

(iii) ANA measurement of insertable coaxial devices

(iv) ANA measurement of insertable waveguide devices.

Method (ii) is the only one of the above techniques in which a single waveguide to coaxial adaptor

can be characterised directly, all the remainder require the measurement of a pair of waveguide to

coaxial adaptors. For sexless coaxial adaptors it is possible to calculate the attenuation contribution

of each using the de-embedding calculations shown in Appendix A.

2.

MEASUREMENT TECHNIQUES AND ASSOCIATED UNCERTAINTIES

2.1 POWER RATIO

The power ratio measurement technique is a well established attenuation measurement method used
within the Attenuation Section for the measurement of the insertion loss of low attenuation devices.
The method is based on the measurement of the power level of a signal at two specific monitor points
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( see Figure 1 ). These two power level readings, Pm and P cu' are taken on either side of the

measurement plane; firstly a pair of 'datum' power levels are measured without the device under test
( D UT ) in the system and secondly, a pair of 'atten' power levels are measured with the D UT
insened. The attenuation of the DUT is easily calculated from:

This technique relies on the DUT being an insertable device, i.e. having input and output pons of the
same type, hence the power ratio technique is limited to the measurement of the attenuation of pairs
of waveguide to coaxial adaptors. The attenuation of each individual adaptor is then calculated as
described in Appendix A.

The measurement uncenainties encountered in the power ratio measurement technique can be divided
into random measurement uncertainty and misIIJatch uncenainty. Random uncenainty is dependent
on the repeatability of the waveguide matings as the DUT is insened and removed from the
measurement system, and is also dependent ()n the stability of the measurement system. The
magnitude of the random uncertain can be I~educed by having good mating surfaces at the
measurement plane and by using precision dowels to facilitate accurate waveguide alignment. The
mismatch uncertainty is dependent on the source and load match of the measurement system and the
s-parameters of the DUT itself, and is reduced by the careful choice of components immediately prior
to and after the measurement plane.

ANA ADAPTOR REMOVAL TECHNIQUE2.2

The Adaptor Removal measurement technique, available on the Automatic Network Analyser, allows
the full s-parameters of a non-insertable device to be 'measured' directly. This technique, as the
name implies, mathematically removes the characteristics of a transforming adaptor used during the
calibration of the AN A and measures the s-parameters of the device inserted in its place ( see Figures
2a, 2b & 2c ). The calibration sequence used was as follows :-

Assemble the interconnecting transitions and cables from the ANA so that the measurement

ports are compatible for mating with the DUT ( in this particular case it was arranged so that

port 1 was in coaxial line and port 2 in waveguide).

(i)

Choose a temporary adaptor which has a similar physical structure to the OUT and of a
known electrical length, enter the characteristics of this adaptor into the waveguide CAL KIT
( as described in Appendix B ). Connect this temporary adaptor to pon 2 of the ANA thus

allowing pon 1 and pon 2 to be connected.

With the temporary adaptor attached to pon 2, perform a full 2-Pon calibration using the
appropriate coaxial line calibration kit. When this calibration is complete store the resultant

calibration data in CAL SET 1.

Remove the temporary adaptor from port 2 and connect it to port 1. Perform a second 2-Port(iv)
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calibration with the appropriate waveguide calibration kit and store the resultant calibration

data in CAL SET 2.

(v) CAL SET 1 and CAL SET 2 are combined through the MODIFY CAL SET menu ( as

described in Appendix B ) to produce a third calibration set, CAL SET 3. The temporary

adaptor is now removed leaving a fully calibrated measurement system capable of measuring
coaxial to waveguide adaptors.

The Adaptor Removal technique was used to measure the full s-parameters of each coaxial to

waveguide adaptor and from these values the attenuation of each adaptor was calculated from the
vectorial addition of the forward and reverse transmission coefficients, i.e. 1010g(S2IXS1~.

The uncertainties associated with the Adaptor Removal technique have not been quantified and an
estimate can only be based on the uncertainty of the two individual 2-Port calibrations. The only

figures quoted for ANA calibration uncertainties [5] are :

(i)

(ii)

Waveguide calibration using TRL calibration technique -0.005 in magnitude and 10 in phase.

Type-N coaxial calibration using sliding load -0.015 in magnitude and 20 in phase.

These uncenainties combine to give an overall estimated uncertainty of 0.02 in magnitude and 30 in
phase. This figure is equivalent to an attenuation uncenainty of 0.175dB.

2.3 ANA MEASUREMENT OF AN INSERT ABLE COAXIAL DEVICE

Connecting two waveguide to coaxial adaptors together by their waveguide pons creates an insenable
coaxial device which can be measured directly by an ANA ( see Figure 3 ). This measurement
requires a singe 2-Pon calibration of the ANA using the appropriate coaxial calibration kit. The
attenuation of the adaptor pair can then be calculated from lOlog(S21XSlz)'

The uncenainties associated with an ANA measurement of this kind have not been quantified and an
estimate can only be based on figures for Type-N coaxial calibrations as mentioned in Section 2.2.
These figures lead to an equivalent attenuation uncenainty of 0.131 dB.

2.4 ANA MEASUREMENT OF AN INSERT ABLE WAVEGUIDE DEVICE

Connecting two waveguide to coaxial adaptors together by their coaxial ports creates an insertable

waveguide device which can be measured directly by an ANA ( see Figure 4 ). This measurement

requires a singe 2-Port calibration of the ANA using the appropriate waveguide calibration kit. The

attenuation of the adaptor pair can then be calculated from 1010g(S2IXS1~.

The uncertainties associated with an ANA measurement of this kind have not been quantified and an
estimate can only be based on figures for TRL waveguide calibrations as mentioned in Section 2.2.
These figures lead to an equivalent attenuation uncertainty of O.O44dB.
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3. RESUL TS

3.1 WG14 TO APC7 ADAPTORS

Power Ratio Measurement')

Adaptor Removal Technique

3.1.3

3.1.4
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WG18 TO APC7 ADAPTORS

Measurements were made using three WG18 to APC7 adaptors, adaptor A, adaptor B and adaptor
C. Power ratio measurements were made at spot frequencies of 12.4, 13, 14, 15, 16, 17, and

18GHz, and the ANA measurements were made at 0.1 GHz steps from 12.4 GHz to 18 GHz.

3.2.1 Power Ratio Measurements

The forward and reverse attenuation of each adaptor pair ( A&B, B&C, C&A ) was measured by

repeated insertion and removal from r.he measurement system. The resultant mean attenuation value
and a standard deviation figure for each individuaJl pair of adaptors are shown in Table 6 along with
mismatch uncertainties derived from the s-parameters for the measurement system and the D UT .

The calculated mean attenuation of each individual adaptor and the overall measurement uncertainty
at each frequency are shown in Table 7. A plot of the mean attenuation values, Figure 9, shows that
all three adaptors have similar insertion loss characteristics with the insertion loss slowly increasing
as the measurement frequency increases.

3.2.2 Adaptor Removal Technique

A plot of the mean attenuation of each adaptor, as measured by three separate Adaptor Removal

calibrations, is shown in Figure 10. This plot highlights an oscillatory component in all three
insenion loss curves which is increasing in magnitude as the measurement frequency increases. To
obtain 'realistic' insenion loss values at the spot frequencies specified for the Power Ratio

measurements it was necessary to interpolate a smooth response curve using the measured values and
to read off the insenion loss values at the required frequencies. The mean attenuation value and
standard deviation for each adaptor are given in Table 8. The estimated ANA uncenainty associated
with attenuation values obtained using the Adaptor Removal Technique is 0.175dB ( the uncenainty
as calculated in Section 2.2 ).

ANA Measurement of an lnsertable Coaxial Device

The calculated mean attenuation values for each adaptor are plotted in Figure 11, with the mean

attenuation and standard deviation for the reduced frequency set shown in Table 9. The estimated

AN A uncenainty associated with attenuation values obtained using this method is 0.131 dB ( the

uncenainty as calculated in Section 2.3 ).

ANA Measurement of an lnsertable Waveguide Device

The calculated mean attenuation values for each adaptor are plotted in Figure 12, with the mean

attenuation and standard deviation for the reduced frequency set shown in Table 10. The estimated

ANA uncenainty associated with attenuation values obtained using this method is O.O44dB ( the

uncenainty as calculated in Section 2.4 ).
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3.3 WG22 TO K ADAPTORS

Due to the sexed nature of the Type-K connt~ctor the evaluation of the characteristics of a single

WG22 to K adaptor is only possible using one of the four adopted measurement techniques -the

Adaptor Removal technique. Hence to evaluate the results obtained by the four techniques it was

necessary to combine the results of a pair of adaptors, one male and one female, measured using the
Adaptor Removal technique and compare this value against the results obtained for the same pair of
adaptors measured using the other three techniques. For these comparisons three WG22 to K male
adaptors (MI, M2 & M3 ) and three WG22 to K female adaptors ( FI, F2 & F3 ) were used, which
provide nine unique adaptor pairs.

Power ratio measurements were made at spot frequencies of 26.5 GHz then at 1 GHz steps from 27
GHz to 40 GHz, and the ANA measurements 'were made at 26.5 GHz and at 0.2 GHz steps from
26.6 GHz to 40 GHz.

3.3.1 Power Ratio Measurements

The attenuation of each adaptor pair ( FxMy ) was measured by repeated insertion and removal from
the measurement system. The resultant mean attenuation value and standard deviation figure for each
pair of adaptors, along with the estimated mismatch uncertainty are shown in Tables I I a, lIb and
llc. Figures 13a, 13b and 13c show the insertion loss values for the various adaptor pair

combinations, with each female adaptor being combined with each one of the set of three male

adaptors.

3.3.2 Adaptor Removal Technique

Due to a lack of an independent WG22 to K adaptor required as a transfonning adaptor during the

Adaptor Removal calibration process, each DUT adaptor was used in turn to be the calibration

adaptor mathematically removed during the Adaptor Removal calibration process. This process

produced three calibrations for measuring the W,G22 to K male adaptors and three calibrations for

measuring the WG22 to K female adaptors. The labelling convention used to identify each DUT

measurement was Mx y where x is the adaptor number being measured and y represents the adaptor

used during the Adaptor Removal calibration process, e.g. M2_1 identifies that adaptor M2 was

measured using MIas the calibration adaptor.

The results obtained using the three WG22 to K male calibrations are shown in Figures 14a, 14b and

14c, from which it is clear that all three male adaptors have similar insertion loss characteristics no

matter which adaptor was used during the Adaptor Removal calibration process. The mean insertion

loss and standard deviation for each male adaptor over the reduced frequency set, are shown in Table

12. The estimated ANA uncertainty associated with attenuation values obtained using the Adaptor

Removal Technique is O.175dB ( the uncertainty as calculated in Section 2.2 ).

The results obtained using the three WG22 to K t'emale calibrations are shown in Figures lSa, lSb
and ISc, and show that female adaptor F2 has a rnarked increase in insertion loss between 37 GHz
and 40 GHz, and that adaptor F3 has a slightly higher insertion loss than adaptor Fl across the whole
of the frequency range. It is also clear that the measured insertion loss of each adaptor is dependent
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on the adaptor used during the Adaptor Removal calibration process. This is highlighted in Figure

16, where the insertion loss of adaptor Fl, as measured by the separate Adaptor Removal calibrations,
is shown.

In order to provide a means of comparing the insenion loss of the various adaptor pairs, as measured

by the four techniques, the results for each femalc: adaptor were combined with the results for each
of the three male adaptors. These combined ValUI:8 are shown in Figures 17a, 17b and 17c.

ANA Measurement of an Insl~rtable Coaxial Device

The characteristics of each adaptor pair (FxMy were measured three times using separate ANA

calibrations in Type-K, the resultant mean attenuation values are plotted in Figures 18a, 18b and 18c.
These plots show that the three female adaptors produce distinctively different insenion loss
characteristics when combined with a panicular ]rnale adaptor, but there is little difference in the
insenion loss curves produced when a panicular female adaptor is combined with each of the three
male adaptors.

The mean attenuation, standard deviation and estimated ANA uncenainty values for the reduced

frequency set are shown in Tables 13a, 13b and 13c.

ANA Measurement of an lnsenable Waveguide Device

The characteristics of each adaptor pair ( FxMy ) were measured three times by separate ANA
calibrations in WG22, the resultant mean attenuation values are plotted in Figures 19a, 19b and 19c.
These plots show that each adaptor pair produces a very smooth insertion loss response, this is in
marked contrast to the responses produced using the previous two calibration techniques. These
results also confirm the insertion loss differences between the female adaptors and the relatively minor
differences in the insertion losses of the three male adaptors.

The mean attenuation. standard deviation and estimated ANA uncenainty values for the reduced

frequency set are shown in Tables 14a. 14b and 14c.

4. DISCUSSION OF RESULTS

WG14 RESULTS4.1

The three waveguide to coaxial adaptors have(een measured by four different techniques and the

results obtained for each adaptor are compared in Figures 20a, 20b and 20c. The measured
attenuation values are extremely consistent for all the measurement methods employed, indicating that

the Adaptor Removal Technique gives an accurate method of measuring waveguide to coaxial adaptors

at frequencies up to 8.2GHz. ...1
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4.2 WG18 RESULTS

The three WG18 to APC7 adaptors have been measured by four different techniques with the results
for each adaptor compared in Figures 21a, 21b, and 21c. From these plots it is clear that all four

measurement techniques give consistent results; at frequencies up to 15 GHz, however above this
frequency there are noticeable variations in the measured attenuation values. In an attempt to explain
these inconsistencies the results obtained by the three ANA techniques are examined more closely.

The attenuation values obtained by the insenable waveguide technique, Figure 12, show the smoothest

response curves across the whole of the frequenc:y band, but there is an obvious anomaly for adaptor
B at frequencies in the region of 16 GHz and to a lesser extent adaptor C in the same part of its

response curve. The observed increase in insenion loss in this region could be due to interactions at
the coaxial pons of the joined adaptors, but on examination of the s-pararneters of all three adaptors

there appears to be no obvious variation in the C()axial match of any of the adaptors in the frequency

range of interest. A second explanation, is the prl~sence of evanescent modes in both the coaxial path
and the two waveguide sections. If evanescent I1llodes are present in the coaxial section then these
same modes would be present in the Power Ratio measurements but this was not the case, hence

evanescent modes within the waveguide sections is the likely cause of the response anomaly.

The response curves obtained from the insertable I:oaxial device technique, Figure II, show the same
overall characteristics as those mentioned above but there are more discontinuities in the detailed

shape of each curve. This is most noticeable at :measurement frequencies close to 16 GHz. In this
region there are signs that a strong resonance effc~ct is distotting the measured response of all three
adaptors, but unlike the results obtained using the insertable waveguide technique, the distottion
creates a drop in the insettion loss response curves at 16 GHz as opposed to an increase in the
measured insettion loss as mentioned above. As this drop in insettion loss is present in all three

response curves, this is probably due to a calibration effect being imposed on the waveguide
evanescent modes explained above.

The attenuation values obtained using the Adaptor Removal technique, Figure 10, show that all three

response curves suffer from a strong oscillatory component at frequencies in excess of 15 GHz. This
could have been caused by the long coaxial cables needed for the Adaptor Removal technique

measurements and/or the mathematical manipulations undenaken in the formation of the ANA 2-pon
calibration. In either case the accuracy of the Adaptor Removal technique is more limited at the

higher frequencies of WGI8.

From the overall WG 18 to APC7 results it is clear that all four measurement techniques are suitable

at frequencies up to 15 GHz with the proviso that evanescent modes can be eliminated. But, as the

measurement frequency increases, the accuracy of the ANA techniques is limited by factors such as

interconnecting cable quality, initial calibration acc'uracy and the amount of physical movement of the

measurement ports. Given all these associated problems, the agreement between the results obtained

by the Power Ratio technique and the Adaptor IR.emoval technique is good, with the difference

between the two techniques only being appreciable at the higher measurement frequencies ( difference

in adaptor C measurements of 0.037 dB at 18 GHz ).

8
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4.3 WG22 RESULTS

From all four measurement techniques it is clear that the three WG22 to K male adaptors have similar
insenion loss response characteristics, with adapltor M2 having a consistently higher insenion loss
than both MI and M3. The insenion loss charac:teristics of the female adaptors is more difficult to

quantify. All four techniques show FI as having 1:he lowest loss with F3 having a loss approximately
O.O6dB higher than FI, however the characteristics of F2 are far from consistent.

The Power Ratio measurements of adaptor pairs which included adaptor F2 ( ie F2Ml, F2M2 and

F2M3 ) were much less consistent than measurements on the other combinations of adaptor pairs.
This is shown by the large increase in the standaJ'd deviation figures of Table lIb. For frequencies
above 30 GHz the repeatability of the Power Ra1:io measurements became poor, indicating that the

adaptor F2 is very sensitive to waveguide alignment. This points to bad tuning of the adaptor.

The results obtained using the lnsertable Coaxial Device technique show the same overall trend as the
Power Ratio measurements, with adaptor F2 intro<iucing increased loss between 33 GHz and 35 GHz.
There is a corresponding increase in the standarcl deviation figures over this region indicating that

mating repeatability of adaptor F2 is poor, this could be attributed to poor coaxial mating repeatability
with the measurement port of the ANA or to poor waveguide mating repeatability with the male
adaptor of the adaptor pair. Both these conclusions point to poor tuning of adaptor F2.

The full set of lnsertable Coaxial Device measurements also highlight the 'spiky' responses obtained

using coaxial calibrations at these frequencies, this is almost certainly due to the quality of the two
port calibration ( and the quality of the calibration items ).

Using the Insertable Waveguide technique the difference in insertion loss between adaptors Fl and
F3 is confinned, and the peculiarities associated with adaptor F2 are increased. These set of

measurements indicate that there is an increase in loss between 31 GHz and 33 GHz as well as an
increase in loss between 37 GHz and 39 GHz. In both of these regions there is a corresponding

increase in the standard deviation value indicating; poor tuning of adaptor F2.

The measurements made using the lnsenable Waveguide technique show characteristics which are
smooth across the band without the discontinuities shown by the previous set of ANA measurements,
this highlights the superior quality of TRL calibrations at high frequencies.

The Adaptor Removal measurements indicate thai: all three WG22 to K male adaptors have similar

characteristics, but major discrepancies appeared when the female adaptors were measured. As
shown in Figure 15a, adaptor F2 appears to suffer from a marked increase in insertion loss at around
38 GHz, this increase is much more pronounced than increases measured using the other three
measurement techniques, confirming F2 as being a poor, unreliable adaptor. This finding is
consistent with the all other measurements of adaptor F2.

The use of a poor adaptor, F2, during the Adaptor Removal technique did highlight a problem not
observed during previous Adaptor Removal measurements. This problem is graphically illustrated
by Figure 16, which shows the insenion loss of adaptor FI as measured by three separate Adaptor
Removal calibrations. This shows that when adaptor FI was measured using an F2 calibration, some

9
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of the characteristics of the F2 adaptor are superimposed on the measured response of adaptor Fl.

Due to the peculiarities of adaptor F2 any calibration made using this adaptor must be regarded as

being of dubious quality and thus measurements made using such a calibration could easily be

dismissed, however from Figure 16 it is also clear that the characteristics of adaptor FI are also

affected by the F3 calibration. As adaptor F3 appears to be a perfectly good adaptor these

measurements cannot be disregarded and it is clc-.ar that the Adaptor Removal technique does not make
a full removal of the calibrating adaptors charalcteristics, this must be addressed.

When the Adaptor Removal characteristics for each adaptor are combined, to make adaptor pairs, the

response curves produced are spiky, this is prob;ably due to the use of a full 2 pon coaxial calibration
during the Adaptor Removal technique. The errors introduced into a single Adaptor Removal
calibration could then be doubled when the chat'acteristics for two adaptors are added,

The insenion loss response curves for adaptor pairs FIMl, F2Ml and F3Ml as measured by the four

different techniques are shown in Figures 22a, 22b and 22c. The differences in the response curves
are small except for Adaptor Removal measurements which include adaptor F2.

5.

CONCLUSIONS AND RECOMMENDA nONS

5 POWER RATIO TECHNIQUES

It has been shown that the insenion loss of pairs of waveguide to coaxial adaptors can be measured

using the Power Ratio technique at frequencies of up to 40 GHz. For sexless adaptors (APC7
coaxial pons ). it was also shown that the characti:ristics of each adaptor in an adaptor pair could be

determined if three adaptors of the same connector type were available. It was also shown that three

adaptors purchased from the same manufacturer had slightly different insenion loss characteristics
thus making a simple divide by 2 technique to obtlin the insenion loss of individual adaptors subject
to error.

The measurement uncertainties associated with Power Ratio measurements are well defined and tend

to be dominated by mismatch uncertainty, these luncertainties can be reduced for single frequency

calibrations where waveguide tuners are used to reduce the source and load VSWR coefficients. The

repeatability of the measurements made using the Power Ratio technique were good, with random

variations generally better than 0.02 dB.

The Power Ratio technique has been used at freqllencies up to 105 GHz at NPL Malvem, and thus
the measurements of adaptor pairs in waveguide sizes to WG27 are feasible using this technique.

ADAPTOR REMOVAL TECHNIQUE5.2

The accuracy of the Adaptor Removal Technique has proven suspect in two respects. Firstly, the
technique employed during the calibration phase had to be refined to reduce calibration errors, and
more significantly, the results obtained from' goocl' Adaptor Removal calibrations were found to be
inconsistent in an unpredictable way during the WG22 to K adaptor measurements.

10
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For reliable Adaptor Removal measurements it is I:rucial that a good ANA calibration is made. It was
found that the most reliable way to make an )~daptor Removal calibration was to calibrate the

waveguide pon ( pon 2 ) first, completing this calibration with measurement of the transmission
parameters, then commencing the coaxial calib]ration ( pon 1 ) by measuring the transmission

parameters. This procedure minimises the nurnber of reconnections required during the two
calibrations, thus reducing the effects of connector repeatability.

On completion of the two 2-Pon calibrations the through loss of the system is measured using both
the stored calibration sets ( waveguide and coaxial) to check the accuracy of the calibrations. If the
loss of the through connection is very small and tile agreement between the two calibrations is good,
continue on to the Adaptor Removal stage of the calibration. In cases where the two 2-Pon
calibrations are poor, the Adaptor Removal calibration produced often exhibits sharp 'resonant' peaks
and troughs in the response curve of the temporar;V adaptor. These are often large enough to indicate
, gain' through the adaptor at cenain frequencies on the response curve.

The repeatability of measurements made using the Adaptor Removal technique were dependent on the
quality of the calibration. The random variation with good calibrations was generally better than 0.02
dB.

The inconsistencies observed during the WG22 to K adaptor measurements highlighted the fact that
not all the characteristics of the calibration adaptor ( the temporary adaptor used during the Adaptor
Removal calibration process) were removed during the calibration process. This leads to the

characteristics of the calibration adaptor being superimposed on the characteristics of the adaptor
under test to produce erroneous measurements.

To reduce the errors associated with the Adaptor Removal technique it is necessary to choose the
calibration adaptor carefully. It should be chosen to have the lowest possible insertion loss, together
with as flat a response as possible, so that the c:ffects of its characteristics on the adaptor being
measured are minimised.

5.3 INSERT ABLE COAXIAL DEVICE TECHNIQUE

Measurement of the insertion loss of adaptors IrnLde using the lnsertable Coaxial Device technique

have to a large extent agreed with the results obta.ined using the other three techniques. The major

problem associated with this 1echniqueis~ystemat:ic calibration errors which manifest themselves as

spiky response curves, this is probably caused by imperfections in the full 2-Port calibration

technique.

The repeatability of measurements made using thl~ lnsertable Coaxial Device technique were good,

with random variations generally better than 0.02 dB.

5.4 INSERT ABLE WAVEGUIDE DEVICE TECHNIQUE

The smooth response curves produced when me~jurements were made using this technique indicate

11
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that the TRL calibrations used for calibrating the ANA produce much fewer systematic calibration

errors. The results obtained using this technique again showed good agreement with results obtained

using the three other techniques apart from obvious discrepancies during the WG18 measurementS.

This error was probably caused by evanescent modes in the adaptors under test.

The repeatability of measurements made using the Insertable Waveguide Device technique were good,

with random variations generally better than 0.02 dB. I
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APPENDIX A

Due to the device insenability requirements of :three of the attenuation measurement techniques
employed it is necessary to measure the attenuation of a pair of adaptors and to calculate the
attenuation contribution of each. In the simplest: form this requires three sexless devices to be

measured in pairs. This produces three sets of eqllations which can be solved as shown below :-

The three adaptors A, B, & C are measured in pairs and give:

A + B = val 1

B + C = val 2

C + A = val 3

These three equation are solved to give:

A = (val_l + val_3 -val_2)/2

B = (val_2 + val_l -val_3)/2

c = (val_3 + val_2 -val_l)/2

The uncertainty value associated with the calculated attenuation of each adaptor can be assessed as

follows :- 1

A+U. + B+Ub = val_l+Ui

B+Ub + C+U" = val_2+U2

C+Ut + A+U. = val_3+U3

These equations give values of A,B and C as above and leave the uncertainty of each measurement

as :- I

V. = Vb = Vc = '/2 vI(V,2 + V22 + Vi)

13
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APPENDIX B -ADAPTOR REMOVAL TECHNIQUE

1 Specifying Temporary Adaptor

(i)

(ii)

Measurement of Electrical Len2th of te~ora!:y ada~tor
Firstly making a short circuit 'response' calibration of the coaxial port of the measurement
set up (* NOTE -specify 'coaxial delay' and Zo = 50 0 from the ANA menus). Now

connect the temporary adaptor to the coaxial port and tenninate the waveguide port of the
adaptor with a short circuit. Alter the delay type to WAVEGUIDE delay, and alter the
display to observe the phase response of S 11. Detennine the electrical delay of the adaptor
by increasing the internal electrical delay to obtain a flat phase response. The amount of
electrical delay required to achieve phase flatness is equal to twice tJie electrical delay of the

adaptor. \
Modification of Cal Kit
Enter the characteristics of the temporary adaptor into the coaxial calibration kit by following
this sequence of key presses:- CAL, MORE, MODIFY < ca1 kit label>, DEFINE
STANDARD, 20 xl {ENTER}, DELAY/THRU. The electrical delay of the adaptor is
entered by SPECIFY OFFSET, OFFSET DELAY, now enter the electrical delay of the
adaptor, WAVEGUIDE, MINIMUM FREQUENCY, enter the cut-off frequency of
waveguide size and press sm OFFSET DONE. The characteristics of the adaptor are now
stored in calibration standard 20. To label this new calibration standard select LABEL
STANDARD, enter a title using the title menu then press TITLE DONE, sm DONE
(DEFINED). The type of standard entered now needs to be specified by pressing SPECIFY
CLASS, MORE, MORE, SPECIFY ADAPTOR, 20 xl {ENTER}, CLASS DONE. Finally
the class label needs to be entered, LABEL CLASS, MORE, MORE, ADAPTOR, enter
title using title menu, TITLE DONE, LABEL DONE" enter an appropriate title for the
modified calibration kit using title menu LABEL KIT, TITLE DONE, KIT DONE
(MODIFIED) .

2 Modification of Cat Set

When the two independent calibrations have been completed, the two Cal Sets produces are combined
using the key presses: CAL, MORE, MODIFY CAL SET, ADAPTER REMOVAL. Now press
the CAL SET for port I (CAL SET I), and specify the CAL SET for port 2 (CAL SET 2). Now
select the cal kit which contains the definition of the temporary adaptor and finally press MODIFY
& SA VE followed by the CAL SET location for storage of the modified ANA calibration coefficients

(CAL SET 3). I

Verification of the new Calibration3.

To verify that the electrical length of the temporary adaptor has been specified correctly examine the
through phase response of the adaptor. This response should accurately represent the delay through

adaptor, with no unexpected phase variations showing up on the trace.

14
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Adaptor Pair

under test

Measurement

Frequency
(GHz)

Me(1Il

Attenuation

(dE,)

Standard

Deviation

(dB)

Mismatch
U ncenainty

(dB)
6.0 A&B 0.08'74 0.0087 0.0029

6.0 B&C 0.09:52 0.0119 0.0019

6.0 C&A 0.07'77 0.0037 0.0033
7.0 A&B O.O9~59 0.0117 0.0012
7.0 B&C O.09~59 0.0163 0.0010

7.0 C&A o. 09()6 0.0107 0.0010

8.0 A&B O.10~~3 0.0128 0.0019

8.0 B&C O.10~r2 0.0108 0.0016
8.0 C&A O.O95~6 0.0134 0.0010
8.2 A&B O.12~~7 0.0117 0.0054

8.2 B&C O.12~ll 0.0114 0.0047

8.2 C&A O.11~r3 0.0156 0.0038

TABLE 1. Power Ratio m~asurements of adaptor pairs

TABLE 2. Mean Attenuation of each adap1tor measured using Power Ratio Technique

1 1-.J
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Mean

Attenuation

(dB)

Results

for

Adaptor

Standard

Deviation

(dB)

Measurement

Frequency
(GHz)

Estimated AN A
U ncenainty

(dB)

0.05736.0 A 0.0140 0.175

7.0 0.0674A 0.0035 0.175

8.0 A 0.0555 0.0051 0.175

8.2 0.0635A 0.0035 0.175

6.0 B 0.0491 0.0056 0.175

7.0 B 0.0530 0.0014 0.175

8.0 B 0.0459 0.0045 0.175

8.2 B 0.0531 0.0043 0.175

6.0 c 0.0437 0.0052 0.175

7.0 c 0.0533 0.0015 0.175

0.0484 0.00298.0 c 0.175

0.0518 0.0010 0.1758.2 c

TABLE 3. Adaptor Removal measurents of WG14 to APC7 adaptors

TABLE 4. WG14 to APC7 adaptors measured using Insertable Coaxial Device Technique

16
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TABLE 5. WG14 to APC7 adaptors measore«l ming Insertable Waveguide Device Technique

17
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Adaptor Pair
under test

Mean

Attenuation

(dB)

Standard

Deviation

(dB)

Measurement

Frequency
(GHz)

Mismatch
U ncenainty

(dB)

12.4 A&B 0.1415 0.0011 0.0048

12.4 B&C 0.1722 0.0017 0.0067

12.4 C&A 0.1608 0.0028 0.0068

13.0 A&B 0.1398 0.0016 0.0045

13.0 B&C 0.1582 0.0024 0.0042

13.0 C&A 0.1457 0.0019 0.0037

14.0 A&B 0.1496 0.0017 0.0020

14.0 B&C 0.1743 0.0021 0.0017

14.0 C&A 0.1596 0.0022 0.0015

15.0 A&B 0.1693 0.0031 0.0024

15.0 B&C 0.1899 0.0020 0.0027

15.0 C&A 0.1618 0.0032 0.0030

16.0 A&B 0.1899 0.0017 0.0030

16.0 B&C 0.2110 0.0020 0.0034

16.0 C&A 0.1766 0.0038 0.0041

17.0 A&B 0.2060 0.0032 0 .0009

17,0 B&C 0.2261 0.0030 0.0016

17.0 C&A 0.2093 0.0054 0.0015

18.0 A&B 0.2377 0.0030 0,0019

18.0 B &C 0.2458 0.0037 0.0016

18.0 C&A 0.2599 0.0069 0.0010

TABLE 6. Power Ratio-measurements ofWG18 to APC7 adaptor pairs
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Mean

Attenuation

Adaptor A

(dB)

Mean
Attenuation

Adaptor B

(dB)

Mean

Attenuation

Adaptor C

(dB)

Measurement

Frequency
(GHz)

Uncertainty
at Measured

Frequency
(dB)

12.4 0.0651 0.0765 0.0958 0.0104

13.0 0.0637 0.0762 0.0821 0.0071

14.0 0.0675 0.0822 0.0922 0.0030

15.0 0.0706 0.0987 0.0912 0 .0046

16.0 0.0778 0.1122 0.0989 0.0062

17.0 0.11140.0946 0.1147 0.0029

18.0 0.1259 0.1118 0.1340 0.0032

TABLE 7. Mean Attenuation of each adaptor measured using Power Ratio Technique
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Results

for

Adaptor

Measurement

Frequency
(GHz)

Mean

Attenuation

(dB)

Standard

Deviation

(dB)

Estimated ANA
U ncenainty

(dB)

12.4 A 0.0699 0.0075 0.175

13.0 A 0.0640 0.0060 0.175

14.0 A 0..0689 0.0060 0.175

15.0 A 0.067 0.0092 0.175

16.0 A 0.077 0.008] 0.175

17.0 A 0.089 0.0065 0.175

18.0 A 0.114 0.0074 0.175

12.4 B 0.0936 0.0073 0.175

13.0 B 0.0799 0.0064 0.175

14.0 B 0.0881 0.0057 0.175

15.0 B 0.103 0.0086 0.175

16.0 B 0.120 0.0020 0.175

17.0 B 0.136 0.0083 0.175

18.0 B 0.122 0.0099 0.175

12.4 c 0.1080 0.0066 0.175

13.0 c 0.0856 0.0102 0.175

14.0 c 0.1032 0.0028 0.175

15.0 0.103c 0.0048 0.175

16.0 c 0.132 0.0166 0.175

17.0 c 0.15] 0.0304 0.175

0.175c 0.171 0.022718.0

TABLE 8. Adaptor Removal measurements of WG18 to APC7 adaptors

20
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Measurement

Frequency
(GHz)

Results

for

Adaptor

Mean

Attenuation

(dB)

Standard

Deviation

(dB)

-

Estimated ANA

Uncenainty
(dB)

12.4 A 0.0630 0.0033 0.131

13.0 A 0.0585 0.0012 0.131

14.0 A 0.0653 0.0035 0.131

15.0 0.656A 0.0034 0.131

16.0 A 0.621 0.0026 0.131

17.0 A 0.706 0.0078 0.131

18.0 0.564A 0.0147 0.131

12.4 B 0.0911 0.0078 0.131

13.0 B 0.0844 0.0079 0.131

14.0 0.0935B 0.0107 0.131

15.0 B 0.1118 0.0111 0.131

16.0 B 0.1154 0.0093 0.131

17.0 B 0.1106 0.0115 0.131

0.070218.0 B 0.0136 0.131

0.0997 0.0047 0.13112.4 c

0.0819 0.0035 0.13113.0 c

14.0 c 0.0932 0.0067 0.131

0.0068 0.13115.0 c 0.0900

0.1310.0869 0.006116.0 c

0.0087 0.131c 0.094317.0

0.0077 0.131c 0.072818.0

TABLE 9. WG18 to APC7adaptors measured 'usinglnsertableCoaxiai Device Technique
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Measurement

Frequency
(GHz)

Results

for

Adaptor

Mean

Attenuation

(dB;!

Standard

Deviation

(dB)

Estimated ANA
U ncenainty

(dB)
12.4 A 0.071.5 0.0028 0.044

13.0 A O.06S:3 0.0008 0.044

14.0 A 0.0745 0.0025 0.044

15.0 A 0.8615 0.0030 0.044

16.0 A O.92:~ 0.0047 0.044
17.0 A O.871~ 0.0135 0.044

18.0 A O.98:~ 0.0098 0.044

12.4 B 0.0943 0 .0044 0.044

13.0 B 0.0846 0.0036 0.044

14.0 B 0.0892 0.0005 0.044

15.0 B 01142 0.0021 0.044

16.0 B 01678 0.0059 0.044

17.0 B 01317 0.0081 0.044

18.0 B OlO6t> 0.0027 0.044

12.4 c 0.1101 0.0056 0.044

13.0 c 0.0871 0.0013 0.044

14.0 c 0.0940 0.0025 0.044

15.0 c 0.1079 0.0017 0.044

16.0 c 0.1300 0.0028 0.044

17.0 c 0.1149 0.0084 0.044

18.0 c 0.1169 0.0062 0.044

TABLE 10. WG18 to APC7 adaptors measured using Iusertable Wav~de Device Technique

Technique I

2~!



C
 

N

"O
O

O
~

-
=

 
~

~
 

9-~
"O

C
 

.>
 

-0 
...'-"'

C
U

 ~
 

-
Q

C
U

rI'} 
0.

.c 
~

 
N

U
 

C
 

'"" 
~

-.-0 
~

~
 

~
Q

.--
E

~
~

~
~

'" 
4) 

-~
.-u 

~
 '"" -

~
 

c 
-<

 .-
~

:::>
 

~

c0 
tf')

c 
";:' 

...~
~

 
~

 
B

 
~

Q
) ~

 
Q

.--
~

c~
~

C
Q

Q
) 

"'0 
..."'0

=
 

-<
 .-"-"

-<
 

~Q
.

>
. 

-
.c 

~
u .: 

0 
-

-~
 

--"'"
~

- 
0'tJ,.-

E
...~

 
"0

Q
J "0 

II) 
U

 
.-c 

~

~
~

 
0,

C
 

N
0 

...~
.=

 
0 

~
C

~
---

~
 

~
 

e-tJ..~
C

 
'v 

~
~

 
~

 
~

 
~

 
~

~
 

Q
..

=
 

~
~

o6~
-

~
 

,gc
.~

 
~

 ~
 

~
>

 
~

 
...

C
U

 
4) 

-""' 
C

U
tI) 

0..

.c 
0 

f""I
u .5 S

 ~
 

-
'; 

cu'5.-=
E

't:cu~
"O

~
 

G
.) "0 

".;' g 
-<

 'cu

~
::>

 
C

o

"0 
C

 
...~

~
 .g s --

~
 

~
 

C
o r. 

~
C

 
.-~

 
-"0

~
 

:-. 
"0 

~
 

c 
-<

 .f;a,

c 
>

,
Q

) U
 -

E
 

C
 

N
Q

) 
Q

) 
:I:

..~
 

r"\
~

 
00,..,

01) Q
) -

~
 

..
Q

) 
~

~

c 
-

0 
...~

-=
 

0 
~

c~
---

~
 

~
 

Q
..tJ..~

~
 

=
 

~
 

"0

~
~

"O
 

~
 

:: 
-<

 
-~

<
 

Q
..

~N~0 Ir)~~~ ~8M0-'o:t
~0;0 rf')
0\~~0 --~0 Nc.-)
~0;0\0-~0Ir\
M0-

~~~\0N

0~Ir)

~0 0\
-$0 ~-M0;0 ~V

I
M~0011"1
N0;0 --~0 0\~N0;0~-80Na-Nt""!
00.r-N

0r--
~~0 NN~0 ~\0~0 0t'~~ 0-~<

=
)

~--0:0 'r1'r1

~0--~0-0-N~00;IX
)

N

0r-Nl"'!
0 0\
1""\

~0 Ir\
\0-0;0 N~-C

O
'!

0 \rI
-~0 -N-0;00~-0:('::>

0'1
\0-t"'!
0 --~c0:0\N

N00

~0 0-
--0;0N0\0r"!
~ ~f"\
~0 --~0 ~~0N-~0 0N-0:00\

Ir)~N~0;0f"'\ -t'"-
10C

O
'!

0 ~\0~0 !N0;0 ~~(0'\

~0 ~~n~-N0;~ ~~-00\0~0~NIr\
~<

::I

~-'""

N\0~N0 ~N~0 ~N0;0 0\
-\0f"!
0 0-~0 r--
~N0;000

~0 r---
C

X
)

N0;0~IrI
~~023

0;Nf"I

f"l
ICIr\
~0 0Ir)

~0 ~N-0;0 r--
NM~0~--0;~ 0\

~0 N~-0:00-~010-~~0.MM

r-.~Ir)C
O

'!
0 t--
N~0 Ir\
N-0.0 0\"=

t'
C

f'\
N0 --~0t""
0-0;0 r--
~-~0r-N~~0 IX

J

~00;~~

~M\0~0 N~~ -0\
-0;0~r--0;0 Ir)f")
~~<

=
>

0-~0 ~0\
-0:0~~0Nt-"d"
~00;11'\
rf'\ -\00\

~~ 0\
-~0 ~-~0;0 Mto.
to.
~0~~N0.~ \0-~0 \C-fO

O
l

~0N-~~N~r-~c:>

~10~

~~r--
~0 NN~0 ~~~ ~-\0~0 r--
-8.0N~00;(::)

Ir\
Ir\

~0\Q-~010C
O

")
Ir\
t"'!
00.t"'-
('f"I

r--.
Inr--.
N0 r.-\
N~0 0\0\

~0 \0r--.
\0N

.
0 IrI
-~00-~0 -r-~~ VN-0:~0\0\\r)N0 N

P
L 

R
eport D

E
S

 
134

0:(X
I

~

0\f"'I
~~0 Nr"\

~0 IT
)

IX
)

~0 N~t'"-
~0 0N~0--~0 ~~0 0\V

I

~0C
C

)

~~00.0\ff'\

0\~~~0Ir\
0t"-
O

;
0 -(0")

~0 0\100
~~0 ~N~0 r'"\
N~00-~0 0\
~to-.
C

!
0(X

)
\rI0\

~00;0~

~Q'5.
~~~~~8-~E
-Q-~s~10.-

Q~=e~s~~Q-=~~&
..

~~Q~.~~~=~



"1jC
...~

~
 .9: 0 

-
"1j 

~
 

o.N
u.

~
C

 
.-~

 
"1j

~
:':"1j 

c;) 0 
-<

 
"C

U
Q

.

>
. 

-
':"'...~
U

 .=
 0 ~

 
-

"'~
"'N

-
~

 
...C

o 
r. 

-

E
"'~

-"O
'" 

Q
)

u
"0 

...'-"
~

 
c 

-<
 .;

.G
 

~
 

C
o

c0 
N~

C
",O

~
~

...
~

 
g g.~

$
!1) ~

 
...~

~
 

-<
 .-"-'

-<
 

~Q
.

c0 
-

c 
.;:; 0 

~
-cu 

-
.~

 ~
 

0. N
 

-

~
C

C
U

LJ..C
Q

~
Q

J"C
"'"C ::: -<

 .--
~

 
C

U
0.

C
 

N
~

O
'O

~
-

N
 

~
~

~
 

~
~

~
C

 
.>

 
~

 
~

 
~

 
-<

 .-

cno 
~

.c 
Q

 
N

U
 

c: 
...~

-.-0 
,£.

cU
cU

-N
-

E
t=

 
~

t1.~
C

/J 
Q

) 
-"0

.-U
 

'-J 
~

 
c: -<

 .-
,£. ~

 
~

=0 
fO

'\
=

 ": 
...~

~
 

~
 

B
 

~

~
 

~
 ~

~
$

Q
,) "0 

..."0
:: <

 .--
-<

 
~Q

.

C
 

>
.

C
o) u -

E
 

C
 

N
C

o) 
C

o) :J:
...=

=
 

r..
=

=
 

0",-,
C

I) 
C

o)-
~

 
...

C
o) 

tJ..
~

C
 

M
"O

O
S

~
-

; 
';:' 

-N
 

~
"0 

C
U

 
e.~

"O
C

 
">

 
-5 

...'-'"'
5 

Q
) 

-0( 
"r;

V
)Q

 
Q

.

.c'::' 
r.-)

C
o) .:: 

0 
~

 
-.

~
~

~
~

~
E

 ~
 --

'" 
., 

~
 

~
 

c: 
-<

 
°c;

e.~
 

0.

0-
-MM0 ~~-0:0 Ir)M~~0 \0~II')

~0 -~~0Ir!\0N 0-C
O

")
0-0:0 ~~N~0 ~M~0 If')
Nr--
0;0

0vr--
~0 ---0;(::)

-\I')
N0;0 -M~~0 Nff'\

~0C
!

r---
N ~N~0;0 NNr---
~0 0N~0 0\0M~0

0;~, Nr-..
r-..
N0 «i

~0 t-0\

§0 l-I-~~0 Nc-i

~0 fO
'\

N-0.0 ~r-~~0 0\N~0 MN-0;0

0:a-N 0Nr---
~0 0100
-0;0 ~-N0;0 NIr)t"-
~0 -C

X
)

~0 ~0\
-0;0 ~-\0~0 ~M~0 (f'\
--0;0

0:0~ 0NNff'\

0 r-..
-~0 \0-N0:0 V

I
-ff"\
~<

::)

~r-~0 -~-0;0 0\r---
0\
~0 Ir)r-~0 0~-0;0

~rf'1
0rf'1

0 MN-0;0 \00N0;0 --~ff')

0 f""-
IX

)
-~00;-r.-I

N-N0;0 ~--fO
'I

0 Ir)0~0 ff'I
NN0;0

2,4 ~N...,

-"Ir)("-I
~0 --00
-00 r--
00
("-I
00 ~
,0\1"-

~0 ~
~

~
~

('-I
c~
c~ ('~0f"\
00 0~
tf"')

f"')

c:~

r~..t
r~I::)
0 ~

;
!'r)
0~
~

0;~,...

NNIrI~0 "d"
It')
-0;0 ~to-.
-0:0 \0N0\
~0 ~N-0;0 ~\0-0;0 01\0IrIfO

'\

0 ~~-0;0 t"\
0N~0

f""-
IX

)
N~0 \0\0-~00;~rf'\

0r-..
N0;0 ..,.
~0\'-:t";
0 0\~-0;0 ~t-N0;0 0-N~0 -0~0 fO

'\
r--

~0

~Ir\
N~0 r--
N~~ 0Ir)f'"I
0;0 -~~~0 $-0:00;It"I
m N-N0:0 ~r.-)
r.-)

~0 ~\0~0;0 0NfO
')

~0

~\0"" -ffj0\
~0 M-~0 N0<

"')

0;I::)

\001~~0 8-~0 NN-0;0 -~~0 8-0.0 r--.
N-0;0

0;r-~ N0r--
~0 M0IX

)

~0 \0l-V
)

0;0 ~~M~0 IC~-0;0 \0--0;0 f"'\
NN~0 \0\0\00:0 N~~0

0;~("'I

~ff')t'"'"!
0 MNIrI

~0 r---
~r.-I
0:0 -~f"!
0 ~--0;0 ~~0 -\0-~0 aI
(1'\
--0 \0M~0;0 N

P
L R

eport D
E

S
 134

0;0\~ I-M0M0 ~Ir)
-0;0 \0~-0.0 ;!("'I

0 II')

~0 \0~~0 Ir)r---
f'")
f'")

0 r---
~M~0 IrI
0~~0

0:0v r-..
r.-I
~~0 r-..
~~0 \0~0 -(1'\
01
~0 ('f'\

~0 C
X

)
-100
0;0 \0M-~0 0\~-0;0 0Q

\
("'\

0;0

~Q"Q
.

~'C~~~8-
.;:-
Q-NG~c...
Q~=~E=~~Q"i~""~~QQ
".

.c-~~~=-<~



>
- 

-
.c 

E
 

...~
C

o) .-0 
~

~
C

U
-I"'"\-

at 
~

u.~
U

)~
~

 
.-=

 
-<

 .;
~

::) 
c..

c0 
N~

C
",O

~
 

~
 

...
~

 
E

 ~
~

'ai
~

~
"O

..."O
:=

 -<
 .--

-<
 

~Q
.

c: 
N

"P
O

O
~

-
ca 

"=
 

...ff') 
~

'0 
~

 
~

tJ..'O
c: '>

 
'0 

...'-'
~

 
~

 
...

0
~

V
) 

0,

~
 

Q
 

N
U

 
C

 
~

-.-0 
~

~
~

-ffj-
E

~
 

~
~

~
'" 

~
 

-"0
.-U

 
'oJ 

~
 

c 
-<

 .-
~

::J 
~

c0 
r"\

C
 

.: 
~

cU
cU

B
~

Q
) 

=
 

Q
.r"\-

~
ccU

~
~

Q
)"O

"""O
~

 
-<

 
.-'-'

<
 

~

-0 
C

 
...~

; 
.9: 

0 
-.

-o';o.~
~

c 
.-cu 

--0
cu:o;-o 
ti5 

15 
-<

 
.;~

,

C
 

rf'\

"O
o5~

-
; 

'r. 
-rf'\ 

~
'9 

.~
 

~
 

~
 

~
...>

 
"0 

...
cu 

~
 

-"" 
cu

tn~
 

0,

.cO
...M

u .S
 0 ~

 
-

~
~

Q
.M

~
E

't:~
~

'O
'" 

~
 

"0 
...'-'

~
 

g 
-<

 .;
~

~
 

~

c 
-

0 
...~

'=
 

0 
~

C
C

O
""tf'1-

C
O

 
=

' 
Q

.tJ..~
Q

)C
C

O
 

~
~

Q
)~

"'-
~

 
C

O

<
 

Q
.

-=
 

>
,

Q
) 

U
 

,-.,
E

 
C

 
N

Q
) 

Q
) 

:I:
...~
~

 
C

" r",
'" 

Q
) 

~
~

 
...

Q
) 

~
~

IrIfO
'\

0-~ ~NM0 C
O

')
-~0 c-;

8-0 ~0\
0M0~-~0 0\
-~0c.-I
\Q0c.-I

0 0N~0;0Ir}\0N

~r---
M~~ ~\0~~0 In-~n r.-\
0~0 ~~r--.
<

"'!
~0\Mr--.
t"'!
~ 0N~0 0N~0 In0M0;00;r--.
~

NN~C ..,.
Ir)-0;(::)

to-.
Ir\
0r--\

0 ~-~c ~-0;0 -r---
0M~-~~NC \CN~0 0N-0;00:~N

~0\r---
~~ 0'1
-~0 N~S

;
c:\0-~0 (0")
~N~~ 8r-..
<

"!
0 IC~0-0r-~C \0r--
-0;c=

)

0:0-N

NM-0:~ -0N~~ ~N~0 NN-0;00'1
-~0 r.-\
~0\
~C ~ff')

~c::>

M~0M0 \0N-0;~~0~

N~-0:0 ~0\
-M0 -M~C N'11"
-~0 0-01f"!
0f""-
f""-
a-NC 0~c IX

)
~~0 0Ir)N0;C0;-~

0\
Ir)~tf'\

0 rf")
N~0 ~N~0~~~ NNN0;0 0'1
~0~0 r-..

~0r-r--~0 ~-~025

0.Nrf"\

11"1
0\
-0:~ N0I/")

I'"'!
n ~~ N0~0 -Ir)
-t'"'!
0r-"I
-r-"I
r-"I

n t-~~~ Ir\
N~00:~~ 0-~0

Ir)

~~0 -.0
-.0

~0Ir)

8c N-~0;0 0IrI
~0.0 ~r--
-M0NNNM0 tf')
tf')

~0 N~r.-\
0;00;~rf")

~MN~0 ~M~0 fX
j

fX
j

~00r-~0 ~~0 N0\0~0 0~~0Ir\
0-~0 \0--0;00;InfO

") -Ir)
-0;n r---
\0Ir)

~(::)

0\

~0 -M~~ -~M~0r-Ir)f")
f")

~ \0Ir)

~0 ~~n0;I.C
)

~ 0V
I

~~

N~~f""!
00tr)

~0 MIr)

~0 \r)

8~0 ~~~0 ~Ir)N~0or)
0N~0 MM~00:r-~ ~0'1

~Q

~-N~0 -('f')

~0-r'"\

8c Ir)0\

~0 ICr--

~0 IX
)

~-r'"!
00Ir)
-~~ -.:t
C

f")

~00;~~ ~-C
!

~ N
P

L R
eport D

E
S

 134

10rf"I
Nrf"I

0 ~N~0ff')
ff')

~0 ~N-0;n NM-~~ ro...
\0-(0'1

0Nt"-
-~0 a-N~~~~~ -N-0;~

N~IF
')

f'"I

~ ~-~c IX
)

IX
)

~0-N~~ Nr-..
M0;0 Ir)0\
Ir)

~0 Ir)

~00~~r.-\

C ~~V
}

c:00:0~

~Q'Q
.

~~~~~!.~Q-NNc"~'O
S

~=~5-=~~Q-,:~~-~~QQ
..

u~~~=<~



c 
.2 

9 
~

c~
 

Q
.~

~
=

'~
-

u 
C

 ~
 

-
~

 
~

 -<
 ~

-'--<
 

0

"0 
I: 

; 
.9: 

0 
~

"o~
Q

.~
I: 

.-~
~

 
>

 "0 -
ci5~

<
~

>
-

c 
~

 
, 

<
 

O
; 

P
. ~

zt 
0."0

~
 cu -

u "0 -

::S
-<

~

c '0 -
0 

.-Q
.-

c 
~

 
~

 
E

~
 

~
 

"0 
-,

~
 

c 
"

~
~

;:::~
<

 
0

"0 
C

 
'cU

 .9; 
0 

~

"o-C
U

Q
.~

c 
.-~

~
 

>
 

"0 
N

~
~

<
~

c 
>

-
~

 u -
E

 
C

 
N

~
 

~
 

:I:
...~

 
r.,

~
O

',-,
II) 

~
 

-
cU

 
...

~
 

~
>

>
-

-c ..., 
0 

~
cU

 --
Z

-c.- 
...cU

 
'-'

-<
800N

c 
-<

 ~
::) c -

C
.2 

0 -
---

cu 
cu 

0,-
4.) 

=
 

~
 

"0

~
c"O

-
~

<
tfi

-'- 
~

-<
 

0

"0 
C

 
~

 
oS

! 
0 

~

"o~
"Q

.~
c 

.-cc
C

C
 

>
 

"0 
f"')

rn~
<

~

>
-

E
 

-<
 

.-0 
~

Z
~

 
-~

t:Q
.-

-<
8~

~
c 

-<
 ~

::)

~\0I"-J

'rIN'rI
-0 r-..
~-0:0 Ir)r--0 ICICIC-0 -10
-0;0 -r--.
-0 M0-~-0 0N-0;0 IrI
r--
-0

0;l"-N t-0\~-0 Nr-~0 Ir\
r-..
-0 -C

'\
Ir)
-0 ~~~0 IrI
r--
-0 ~-Ir)
-0 ~0 Ir)
r--
-0

0;C
X

J
N f'-.
f'"}
f'"}
-0 Ir)\0~0 IrI
r---
-0 'r)('f")
~-0 ~t'--

~0 Ir}
r-.
-0 -0\
~-0 N~0 V

I
r--
-0

0;a-N -Ir)N-0 0I/')

~0 Ir)
r--
-0 -10r.-\
-0 ~\C~0 Ir)
r--
-0 MMN-.0 ~\rI

~0 I/')
r---
-0

~0~ 10~Ir\
-0 trI
\0~0 V

)t"'-
-0 ~:$-0 ~~0 Ir\f"-
-0 0'1
t"-
~-0 0r---

~0 II')t'--
-0

r---
Nf"'\
-0 ~-C

!
00;-rf'!

IrI
r---
-0 \0r---
~-0 Ir)

~0 ~r-.
-0 \0~-0 ~~~0 If'!
t--
-0

0;Nrf'\

-NIr\
-0 0-0-0:0 Ir)r--.
-0 \0~r"-
-0 r--
N-0;0 IrI
r--
-0 \0\0~-0 \0~0 Inr--
-0

215 ~r"\
r"\

r--0--0 Nf"-
-~0 Ir)
r--
-0 ~r.-\
r.-\
-0 \Q\Q-0;0 Inr--
-0 ~~-0 \0-N0;0 V

)to-
-0

0-0'1
0~0 ~§;0~'o:t"
tf'1

Ir)
r--
-0 \0V--0 ~0\0~0 \I')
r--
-0 N-8)0 -M-0;0 V

)
r-..
-I:)

0;IrI
r.-)

(0'\
-(0'\
-0 0'1
IX

)

~0 Ir)r---
-0 0N'r\
-0 Ir)

~0 ~t--
-0 0~M-0 ~~0 Ir)r -0

0;100
r.-\

00-
Ir)
-0 -N-0;0 \rI
f'--
-0 rrI
rrI
~-I::)

~--0:0 Ir)
r--
-0 fO

')
-r--
-0 ~~~0 V

)
r---
-0

0;r--to'\

~fO
"I

fO
"I
-0 Ir)

~0 Ir')
r--0 N~Ir)
-0 ~~~0 11'\
t--
-0 0\\0~-0 0~0 Ir)r""'
-0

~~00;~~ N~-0 Ir)r--0 r-01
~-0 0\\Q~0 ~r--.
-0 It")
\0~-0 0IrI

~0 Ir)
r--
-0

N
P

L 
R

eport D
E

S
 134

I""-
M~-0 NIr)

~00;0\~ Ir)t'--
-0 M0\11"\
-0 (0'\
In~0 'rIr-..
-0 r--
~11"\
-0 100
f'1~0 'rIr-..
-0

t'"-
t'"-
N-0 r-a-

~00;0~ Ir}
r--
-0 -01ff'\
-0 Ir)~~0 Ir'I
, -0 -0\
N-0 ~--0;0 IrI
r--
-0

~Q'Q
.

~'C~Q
,I

";~~..!.~Q-~s~C
o..

Q-aQ
,I

5~~~";...Q5~...Q'Q
.

~'C-<N-~~~r-



~
.5 

0 
<

~
Q

.-~
z 

...~
 

~
 

~
Q

) ~
 

-<
 

u 
c 

~

::J 
Q

.

=
 

N
0 

...~
.=

 
0 

~
C

~
 

~
 ~

 ~
~

~
~

Q
)-o 

~
 

~
 

-<
 

'cu
-<

 
C

o

C
 

N

~
O

S
~

-
=

~
-c; 

~
~

~
C

 
.>

 
~

 
'-'

~
 

~
 

-""' 
~

tI) 
0.

~
 

C
"I

C
 

...~
0 

.c
cU

 --
z~

 
~

~
=

aJ 
"0

u 
"0 

...'-'
c 

-<
 .-

~
 

~

=0 
~

=
 

.=
 

...~
~

~
.ge.

4) 
=

 
0.--

~
=

~
~

~
4)"0..."0
=

 -<
 .--

-<
 

g,

~
 

=
 

...~
; 

.~
 0 

-
~

-;Q
.-~

=
 

.-~
 

~
 

~
~

 
:-. ~

 
~

 
Q

 
-<

 
"C

C
a.

C
 

f"'I

'E
o'o~

-
eu ':' 

--~
"Qc

.~
 

~
 

~
 

~
>

 
"Q

 
...

eu 
Q

,) 
-

Q
eu

tI) 
0.

0c 
...M

-<
 

"- 
0 

~
Z

C
U

-.G
 

t=
 

c.-$

-<
8~

t1.~
c"'" 
~

 
"(;0.

c 
-

0 
...~

.=
 

0 
~

c~
---

~
 

~
 

o.~
~

C
,) c 

~
 

"0
~

 
C

,) "0 
..."-'

.G
 

~
-<

 
0.

C
 

>
.

v 
C

.) -
E

 
C

 
N

V
 

v 
:I:

I.- 
~

 
r"l

~
 

0",,-,
'" 

v -
~

 
l.-

V
 

~
~

~-r--
~0 N0\

~0 -~-0 \0Ir)
Ir)

~0-ff'\
-0 \C~0r-..
~~0 \r)
~~0 -r.-I
-0~\0N

f"')
\C\C~0 ~~~0 -M-0 0f'"\
t"-
~(:) r--
-~0MN$0 -M-~ -~-0~0r-~00;r-N

-M-0-~-~ Ir)fO
"\

fO
"\

~~ 0r---

~~ \00~C
O

'!
n a-
-~~\0r""I

~r-I

-ff'I
-c:>

~~N~00;~N

N\0~0 -M-0 ~-Nt"'!
0-r")
-0 ~v~~0 ~-~0r""\
Ir)

~0 -r.-I
-0rf'I
'ot"
N~00.0-N

M0\\0~~ 0'1
II')

~C
>

-(f'\
-0 --10C

"'!
0-tf")
-0 M~0t"'\
a-\0~~ f-Ir)~~ -M-00.0(0'1

~r-..
-~0 01Ir\

~0 -~-0 ~M0~~ r--
-~0~0-00 -f")
-Q -M-0rf'\
--N00:-rf"\

C
")

'rIr-..
~0 ~N~0 -M-0 0~Ir)

~0-r"'I
-0 0N~0r-rf'\
-0:0 -ff'\
-027

~r--
Ir)t"'!
0~NM

r-i
10~~0 r-..

~0 -M-0 0\f"'-
N~0-f"'\
-n ~~0 -M-0r--
N~~0 MM-~00:c.-I
~

a-~0 -M-0 -NIr)

~0-M-0 100
0\II")

N
.

0 0~0«>«>
-0:0 -ff')
-0IX

)
O

r)
Ir)

~0~...,.
m

-Nf'~C
)

--~~ -M-~ 00\~~(::I

-r")
-C

)

0-~0N~10~C M~-0:~ -~-00;Ir)~

I/')
N~r.-\

0 10N-~0 -M-0 10r.-I
~~0~r-~0 -~-0 t'--
--0:0-~~M<

=
)

-rf')
-00;\0ff'\

N~0 -f'"\
-0Ir\
-r-..
~(:>

-Ir)r-..
~0 r-~~r---
N-0;0 -ff'\
-n -t"'I
-0'8r--
~~0;too.
rf'\

MM~~ -M-~ ~Nr--
~~-rooI
-~ N\0\0N0 0\

§,..,

~--0;~ -tf'\
-~r--
N\0~00;IX

>

N
P

L R
eport D

E
S

 134

Nr-..

~0 -(0')
-0 \0r---
r---
~~-M-0 N-r--.
~0 1,0
\0~0~-0;0 -ff'I
-0r-~r-~00;a-m

M0'1
-~~ -~0 -(""I
-0 ~-~0-rf'\
-0 0\
N8:0\0\I')
-0;0 -f"'\
-0N0\0C

'"!
/"")

0;0-

~='S
o

cu
"Ccu

~~!.~E
-=-~~~=rI2

C~~-=~~~C
J

..:..~Q-a.a=u~:Ecu
~~~-cu
fO

'I
~~~=~



c0 
-~

c""O
.c

~
 

~
 

aJ ~
 

~
~

C
C

"

~
aJ"O

"'"O
:=

 -<
 .--

-<
 

~Q
.

"0 
=

 
...~

~
 .2 

0 
-

"o~
Q

.~
=

=
 

.-cu 
-"0

~
?:"O

 
r/5 .5 

-<
 

.~0..

>
,
--c 

...0 ~
~

 -
zt 

~
~

S
;

-<
~

"O
..."O
C

 -<
 .--

::) 
~0.

c0 
N

C
 

O
=

 
6 

~

cucu-~
~

 
~

 ~
~

$
~

4)"O
"'"O

=
 

-<
 .--

~
 

C
U

C
o

=
 

N
"O

o6~
-

N
 

~
 ~

'; 
~

~
"O

=
 

'>
 

"0 
~

 
Q

)
0

""" 
~

~
 

0,

?;- 
N

C
 

..~0 
~

C
U

"'N
-

zE
 

~
~

~
<

u~
"-

C
 

-<
: .-

:J 
~

=0 
~

=
 

O
=

 ...~
~

 
~

 
B

 
~

~
 

~
 ~

~
$

Q
) ~

 
...~

~
 

-<
 

-<
 

~C
o

C
 

M

"O
o5~

-
N

 
~

~
 

.~
 ~

 ~
 

~
C

 
>

 
"0 

...
cu 

Q
,)

-<
.- 

-
Q

(U
V

) 
0.

E
 

>
-

Q
.) U

 -
E

 
C

 
N

Q
.) 

Q
.) 

:I:
...~

 
r",

~
 

0"""
~

 
Q

.) -
~

 
...

Q
.) 

~

~

~c 
...ff')

-<
 

.-0 
~

Z
~

_.c 
t:: 

o.N
'a:;

-<
8~

~
"O

c 
'-"

::>
 

";0.

(X
)

N~0IrI
\C~ 0\
r--~N0 -M-0 ~sC

f')

0 1,0
1,0

~0 -M-0 M00'1
N0 'ot'
~8:0 -to'\
-0

C
X

)
t"-
of"'\

0 NN~00:r--.
N rf'\

0 IrI
0NI'f'!
0 N-~0 -("'I
-(::)

~~-f")

0 -N-0;0 -fO
'I
-0

~0'1
Ir)

~0 0\N~0 -M-0 ~~~(::)

0:~N \0--0;(:)

-("'\
-0 NN~~~ -N-0;0 -tf'I
-0

0;
a-N fO

')
\0\0N0 Inf"')

~0 -M-0 0\0~~0 -tr)

~0 -~-0 I/")
0r-.
~0 M~8;0 -~-0

0;0~ 0~('f")

0 r--
--0;0 -M-0 MM("~M0 M~~ -M-0 NIr\
-~0 (0')
0-0;0 -fO

')
-0

0;-r"\

~I-IoC
N0 \0-N0:0 -rf'I
-0 r-..
r-..
~~0 \0-~0 -r.-\
-0 \0f"\
\0~0 \0~0 -~-0

21~

0'1
0-~0 Nr---

~(::)

-~
I
-0 t--.
-,~r.-I

0~Nf'f'\

fO
'I

~C
) -,~
I

-,c> I.C
~

~
\

-,~
\

c:~

0\
If)

~
~C
:)

-~t'"I
-~~
,

~r.-)
rf'\

t"-
orf'\
rf'\

0 ~~~0 -M-0 -Ir)
Ir)

~0 N0\
-0;0 -tf'I
-0 V

)
NN~0 ~--0;0 -f"'\
-0

0:~C
"\

IX
)

IX
)

0\
I'f'!
0 r--
0N~0 -("'I
-0 0\
-~0 N~-0;0 -M-0 r-0\~~0 -~r"'\
~0 -f'"\
-0

~\0"1fO
O

l

0 ~I"")

0:0 -ff')
-0 f"\
~0\
~0~Inrf'\

0\fO
'\

fO
'\

0;0 -M-0 \0\00~0 100\N0;0 -fO
'I
-0

0;\0M C
:7\

IrI
N~0 0\~N~0 -("')
-0 -\0~~0 NN~0 -M-0 f-Ir)N~0 N~-0;0 -r.-\
-0

0;r--.
m r--
("'\
-~0 01N~0 -M-0 NC

'"I
-~0 c.-\
\0~0 -~-0 'O

t
IX

)
0~0 0'1
r-~0 -~-0

0:~,..,

~r-..
0~0 0\ff")

~0 -M-0 ~-~0 t"-
-~0 -ff'\
-0 \0\0-~0 r---
Ir)

~0 -ff')
-0 N

P
L R

eport D
E

S
 134

~0'1
m r--
It')
0C

f"\

0 r-IrI

~0 -C
f'I
-0 ~N0~0 ~I"--

~0 -M-0 N-0C
f"\

0 r--

~0 -(0"\
-0

0;0~ rf'\
In-rf'\

<
=

)

~~~0 -r'")
-0 ~~-f"'!
0 ~M~0 -M-0 0\N-fO

"\;
0 0\~~0 -ff'\
-0

f;QQ
.

~"C~~~8-
E

-Q-§~c.,.
Q.:l~5e~~C

JC
J

-EQ';-~QUC
J

=
=~'tC
J

~--
.QfP

)
-~~=~



c0 
N

C
 '::' 

0 ~
~

 
~

 
-

~
 

~
 

~
~

$
~

 
~

 
~

 
...~

:: 
-<

 
.-""-"

~
 

~Q
.

"0 
=

 
...N

; 
..9 B

 ~
 -

"O
C

U
 

Q
,r-i

=
 .-~

 
~

 
~

:J.~
"O

 
V

) 
Q

 
-<

 
.~"',

~
 

N
C

 
...~
0 

~
""'~

-r")-

zE
 

~
~

~
-<

u-o 
c 

-<
 .-

~
 

~

c0 
M

C
 

':' 
...~

~
 

~
 

B
 

~
G

)=
' 

c.M
'::;;:-

~
C

~
~

-
G

)"O
"'"O

~
 -<

 .--
~

 
~0.

~
 

c 
...~

'c;. .2 
0 

-
~

~
Q

.f:-\C
J

c 
.-~

 
-~

~
?:~

 
~

 
0 

-<
 "cu

0.

>
-

---
c: 

...0 
~

~
 

--
z~

 
~

~
s

-<
~

~
 

~
c: 

-<
 .: 

"-"
:::) 

~Q
.

c 
-

0 
...~

O
:;' 

0 
~

C
C

O
-fO

'\-
C

O
 

~
 

Q
.u.~

~
C

C
O

 
"0

~
~

"O
 

~
 

C
O

<
 

Q
.

=
 

M
"O

O
'O

~
-

; 
':' 

-M
 

~
"0 

~
 

~
~

"O
=

 
'>

 
"0 

C
U

 
O

J 
-

Q
C

U
~

 
c..

~=
 

...r'")
-<

 
.-0 

~
Z

C
U

-~
 

t: 
~

r'")6

8'Q
t.1,.'Q

c 
~

 
;0,

c 
>

-
Q

) U
 -

E
 

C
 

N
Q

) 
Q

) 
:I:

...~
 

r..
~

 
0',-,

'" 
Q

) -
C

U
 

...
Q

) 
~

~

-f'"\
-0 r---
0NM0 IC~0 -M-0 f""I
0-f""I

c:)0-0-0(")

0 r"'1
\0$0 \0~-~0 -fO

'\
-0~1,0
N

Ir\
\Q'-t"
~0 \0-~0 -~-0r-~~0 -f""I
-0 N0~~~0r---
MM~ t"'-
.qo
-C

!
~0:r-..
N -r.-\
-~

-M0M0 0IrI

~~ -M-000Ir\

~C -M-0 I"'-
-0~0 -N-0;0\0-~NC0:~"" -tf'\
-(::)

~~0f'"!
0 0'1
In~0 -f"I
-0 Ir)0'1
r-..
~c8-0.0 -~-0 0'1
~8;
0-0\~~0 -tf'\
-00:0\N

-M-0 NNVr.-1

0 Ir)

~~ -ff'I
-0 0\
t"-
of"'!
08-~0 ~'"~0~r--
-I""!
0 -~-00;0'""

11'\
~0\
~0 \0r--

~0NI/')
-~C -(0'\
-~ -M-0 IrI
\0IrI
~0M-r-..
~~ 0\
I/')

~~0;-~ -~-~

1"'\
Ir)~~~ r---

~0 -M-~ r--
~~00\~-0;0 -..tf'\
-~ 0'1

~~29

~
,

°,0f")

0 -f'"I
-00("~
~

-~-0 -0MM~ IC--0;0 -M-0 rf'\
rf'\
0\

~0~N0~~ -r--~0 r--.
-8:
0 -to')
-00;~rf'\

Ir\
~~~0 r--
--0;0 -ff'I
-0Ir)~-0;Q -M-C

)

-N-f"'!
0 0\

~0rf'\
NNI"'!
00;~~ -~-0

-M-~ ~~-~0 ~10~0 -M-0 0~~0~~-0;0 Ir)

~00t"-
O~~ -f"\
-00;I/')
~

-('f')
-0 0a-0'O

:t.
0 -\0-0;0 -rrI
-~ Ir)
Ir)

~0too.
-0~~ ~0-~0 M~8:
00;\0~ -M-0

Ntoo.
-r.-\

0 0\fO
'\

~0-~-0 -~-0 ~~-f"\

0-0\0M0 0'1
\Q~0 0Ir\

8;00;r--m -roo!
-0

-N-~0 M~0 -rrI
-~NIt')

~0 -f"'\
-0 N0\
-~00\00f"'!
~ 0\
\08;00;~~ -M-~ N

P
L R

eport D
E

S
 134

-.t
-.t
NC

""!
~ Nr-..

~~ -M-~~N-0;~ -~-(:)

V
I

~~~~I'f'\
I'f'\
I'f'\
~0 0\N~~0;0\~ -~-0

N~r.-\
f""!
0 ~Ir)

~0 -("'I
-0Ir)r-..

~0 -M-0 "t"
-"t"t'""!
0~\0N~0 C

"')
\Q~00;0~ -M-0

~Q'Q
.

~~~~~~~~Q-~c"~C
o..

Q~5~=~~~.-;..~

Q";.~QU~:E~'t:~~-f.i
ff'j
-~~=~



~
 

c 
...~

...0
0

~
.~

 ---~
-g 

.~
 

~
 

~
 

~
~

 
:-. ~

 
ti5 0 

-<
 .~

>
. 

-
-=

 
...~
0 

~
~

 
Z

t 
~

u.~
<

~
"C

 
=

 <
 

.-
:::) 

~

c0 
N

C
 

"=
 

0 
~

~
 

~
 

Q
,) 

=
' 

0.--

~
C

~
u..~

~
Q

,)"O
"'"O

=
 

<
 

.-'-'
<

 
~0.

C
 

N

~
O

'O
~

-
~

~
-cu 

e-~
~

C
 

.>
 

~
 

~
 

Q
) ." 

.-
-'""' 

~
V

).. 
C

l.

c0 
-

c 
O

=
 5 

~
~

 
~

 
-

~
 

~
 

c 
~

c~
~

~

~
~

"O
..."O

=
 <

: .--
~

 
~c..

0 
N

C
 

...~
0 

eo
~

 Z
'E

 
~

~
fg

-<
 

U
 

~
 

C
 

-<
 

.-
~

 
~

c0 
ff')

c 
',=

 ...~
~

~
P

.~
Q

) =
 

0.--
~

c~
~

~ Q)"O
"'"O

~
 -<

 .--
<

 
~0.

c 
>

-
~

 u -
E

 
C

 
N

~
 

~
 

:I:
...~

 
r.,

~
 

0",--,
~

 
~

 
'-'

~
 

...
~

 
L1.

>
:

C
 

f"\

"O
o'O

~
-

~
 

~
"Oc

.! 
~

 ~
 

~
>

 
"0 

...
~

 
Q

) 
-""' 

~

V
)~

 
0.

>
-

-=
 

...f")
-<

 .-0 
~

Z
~

 
-~

1: 
0,-$

-<
8~

tJ.."O
=

 
::>

 
°t;Q

.

'r:\0N ~~r'"I
~0 -~~~ "ot"

~(::)

('f')
~~~0 -N-0;0 ..,.
~0 M~M~0 ~~0 ~0

0.l-N r-\rI
Nr"!
0 0ID~0 ~~0 r--
r--Nt"'!
(::)

~0-0;0 ~0 0to-.
N~0 Mr--

~0 ~0

0:~N 1,0
-N~0 ~$0 ~~0 'r)~N~0 ~0\

~0 ~~0 100
~M~0 ~-0:0 ~0

~0'\
N Ir)
Ir)-t"'!
0 r---
M~0 ~~0 0\~-N0 r.-\

~0 ~0 ~~-~0 ~0-0;0 ~0

N0M~0 -N~0~0~ Ir)\C-C
"'!

0 0\r'"}

~0 ~~0 ~0 rf'I
Q

\
0~0 Ir)

~0 ~0

-~~0 ~~0 ~0 ~\0'rI
~0 0'1
(""I

~00;-rO
')

~~0 N0\N~0 M~0 ~0

30 0;Nm Nr---
c.-\
~0 r-~0 ~
.~
~0 a,rf'}

~~0 ~
)

~
)

~
~

c)

~
.

~
;

C
) ~
5

t")
r-~
0 I"'~
'-I~
~

5
c:~

~
t

2;c::>

0:fO
")

fO
")

N0~~0 C
X

)
r--

~0 "t"

~0 \00\N~0 In~0 ~0 ~N~0 N~0 ~0

\.Q\.Q
-~0 \0a-~0 ~0 ~~N~0 f"-
Ir)

~00;'ot'
r")

~~0 r-.
\C-~0 N~~0 ~~0

0:IrI
t'f'\

~~-~0 IX
)

r-..

~0 ~0 ~~Mt"'!
0 -~0 ~~0 ~-N~0 ~~0 ~0

0;\0,...

Nr---
N~0 0\

~0 ~0 ~-~~0 -~0 ~0 -~~~0 N~~0 ~~0

0;f"'"
m ~r-..
-~0 ~~0 ~~0 N0'\
N~0 0'1
r-..

~0 ~0 -Ir\
N~0 ~a-~0 ~0

0;~M 0rf'I
N~0 ~r-..

~0 ~0 0\r---
M~0 1,0

~0 ~0 ~~!'f"\
~0 -0-0;0 ~0 N

P
L R

eport D
E

S
 134

0:0\
(f'\

r-..
~~~0 Ir)
r--

~0 ~0 ~~~0 ~~0 ~0 r--
NV~0 V

I
r---

~0 ~0

0:0v 0~\0~0 -Ir}
-~:=

>

~0 ~\00'1

C
O

'!
0 ~--0:0 ~0 aI
-«)

~0 ~0-0;0 ~0

~='Q
.

=~=~~8-
P=-N~~C

o.
=~=~et=~~~yo.
~~Q~~O
!~~=~~:s=t~~-=~-~~=~



C
 

N

"O
O

'O
~

-
..."- 

-N
 

=
~

'c; 
~

~
"O

C
 

">
 

"0 
~

 
~

 
-""' 

~

rI) 
0..

~
 

N
C

 
...~
0 

~
~

 -N
 

-
Z

£ 
~

~
~

-<
u-o 
c 

-<
 .-

~
 

~

=
 

~
..2 

...~
=

 
-0 

~
cU

cU
-N

-
~

 
5 

~
u..~

~
 

~
 

::9 .=
 ~

cU
~

 
C

o

C
 

M
"O

O
~

~
,-.N

 
~

~
~

 
~

u.."O
C

 
.>

 
"0 

co 
G

) 
-'""' 

co

tI)... 
0,

>
- 

roo)
-=

 ...~
0 ~

 -
~

 
-N

 
=

Z
~

 
~

u..~
~

~
 

--
-<

 
U

 
:

c 
~

::>
 

0.

~
 

c 
...~

:u 
.g 

.9 
N

 
;:;:-

~
 

co 
C

o rT
 

...
C

 
.-co 

-~
co :': 

~
 

rj5 
C

 
-<

 
"C

;

~

:>
-

c 
...0 

~
cU

 
zE

 
~

~
$

<
l:u"O

"'"O
c 

<
I: .--

:"") 
~C

o

C
 

N
0 

...~
O

:;; 
0 

~
C

cU
-N

-
~

 ~
 ~

~
~

~
Q

)"O
"'-

~
 

=
=

 
-<

 
";

~
 

Q
.

c 
-

0 
...~

':' 
0 

~
C

~
-N

-
~

 
=

' 
C

oL1.~
~

 
C

 
~

 
'0

~
~

'O
 

~
 

::: 
-<

 
.~

<
 

C
o

-=
 

:>
-

~
 

u 
.-.

E
 

C
 

N
~

 
~

 
::

...=
' r..

=
' 

0"\.1
~

 
~

 
-

~
 

...
~

 
u..

~

00~N0 ~-0;0 ~~0 NMr--.
~0 ~-0;0 ~0a-Nr---
N0 N--0:0 ~~QIr)100
N

~0 0--0;0 ~~0v~0 ~N10

~~ ~-0;0 -~\0~~\0~Ir)N~ 8-0;00;r-N

-r-~0 ~0 0\Cr---
~0 \0--0;0 ~0t"--
Ir}~0 ~~0 C\C~0\CIr)N00.~N

Ir)-\C~~ 0r-..

~0 ~0 r-..
~\I')

~~ -N-00 ~~00\0$n '-t

~0~IrI
~00;0\N

0'\
N~f'!~ -100

~(:::)

~~0 0-\0~~ N0\

~0 ~~10r-..
10
~~ .::1;

~~ ~~n0.0...,

N~0 ~~Q 0M0'1
~0 \C~0~0 NM-1"'1;
0 ~0~\00'1
N0 I,c

~00:-~

~\0NM0 r---
0~0 ~0 ~0\
-~0 Nr---

8;0 ~~~
11

MIC-M~ -r---
N0:~ ~~00.N~

11"1
0-0:0N\00('f")

0 r---
0\
-0;0 ~0 r---
8~0 ~~00\C0~0 N10-0;0 ~~00;~~

N\00'1

~0 N-~~ ~~~ 0IX
>

IX
>

~0 10
V

\

~0-ff'\

~0 ~~0 ~~0~~~00;.qo
~

Ir)~0~~ l"-
N-0;0 ~0 -0\0\
~0 0~~0 ~~0NN0(f')

0 NfO
'\

-0;~ ~~n0;'rIrt')

0\

~0~~0 IC0\
-!'f')
0 t-I/")

~0 ~~0 N0-(f')

~0 ~~0-M0 0\

~00;\0M

\0r-.~~0 ~IrII
~0:0 ~0 Iri
~Md ~~MIr}

~~ ~~~ ~d)0~~~00:r-..
~

-~~r-"!
0 ~c.-\
0;0 ~0 IrI
rf")
vrf")

0 r--N~0\0MN0:0 ~0 ~0;0 N
P

L R
eport D

E
S

 134

Nc.-\
N~00.
«>C

"\

N~-~0 -~N0;~ ~0 8MM0 c~~0N~0~~ ~r--~0 ~0 ~00.0\~

I""!
~I""!
t""!
0 0~-0;~ ~~0 N0\~~0 0Ir)
-0:(::)

0-Nr.-I

0 ff")
~~n ~~ ~00.0~

~QQ
.~'0~~~~; 

~Q-~rJ~'S~c~~=~~~y"-~~Q~'0"!~~~~
Q

j

:E~1:~~-"
.c~-~~=~



Q
 

N
=

 
...~
0 

~
~

 ...fO
O

l 
-

Z
-=

 
~

~
~

<
8~

 = -<
: .-

~
 

~

=
 

ff'I
"O

o'O
~

-
ff'I ~

cU
~

 
C

o~
"O

 
"0=

.-cU
 

-
>

 
"0 

...
cU

 
~

 
-""' 

cU
tI) 

C
o

>
- 

M
C

 
...~
0 

~
 

,-..
""'" 

~
 

-M
 

=
Z

t:: 
~

~
"O

~
"O

 
'-

<
 

U
 

:
c 

""'" 
tU

~
 

Q
,

"0 
=

 
...~

; 
.~

 
0 

.-
"o';Q

.~
C

C
=

 
.-~

 
-"0

~
 

:". 
"0 

r:;) 15 
-<

 
.~C

o.

:>
,

---
c 

...0 
~

~
 

--
z"5 

~
2=

-<
 

u 
~

 
...~

c 
-<

 
.-'-'"

::I 
~C

o

C
 

("I
0 

...~
.=

 
0 

~
C

cu-~
-

~
 

§ 
~

u..~
~

Q
)"O

"'-
~

 
cu

<
 

C
o

C
 

N

"O
o5~

-
rooI 

=
 

~c
.'3 

~
 

u.. 
~

>
 

"0 
...

~
 

~
 

_
0

"" 
~

tI') 
0,

c0 
~

c 
O

=
 ...~

~
~

P
.~

~
 

E
 ~

~
iS

'
~

 
'0 

...'0
:::: <

 
-<

 
~Q

.

c0 
-

c 
":' 

0 
~

~
~

...
G

) ~
 

~
~

$
~

G
)~

"'~
::: -<

 .--
-<

 
~C

o

c 
>

-
Q

) U
 -

E
 

=
 

N
Q

) 
Q

) 
::

...~
 

r~
~

 
0",-"

(I) 
Q

) 
--

cU
 

...

Q
) 

Ll..

~

~N0~~ -'""-0;0 ~0 ~a-
~0 0\fO

'\
-0;0 ~00\\0$0 ..,.
~0\0iii0\
~0ir!10N

~~0\
~0 N~-0;0 ~0 ~NQ

\
C

"!
0 IrI
IrI
-0:~ ~~00In~0 ~~0r-.
r-.
~r"!
00:to-.
~

~N0rf'\

~ ~t"\
-0;<

=
)

~0 ~M0M~ ~--0;(:>

~I:>0M~0 -.t

~00.~~ NN~~(::)

r--
\0r--
~0 0\

~~ ~~0~~0 Ir)N0'\

~0 or)
\0~0 ~~~r-~0 -Ir)

~c0;0\N

~0 \0100
\0~0 \0Ir)

~0 ~~~~0 MN0\

l"'!
0 i0r--0r--
~0 0'\

~c~0...,

N'V0\
~~ ~N~Q ~~ Inf"')
IC~I:> \0~~0 ~~0Ir)

~0 ~C
>

\0V
I

\0~00:-~

fO
"\

N0\~0 ~~0 ~~ "1"
Ir)\0~0 ~-0.0 ~00-r--
~0 -0\

~0 ~~032 0.N~

\0\r)

~0 ~~0 -t"-
~~0 r-.
r-.

~0 ~~0~(:::)

V
\

~ff'I
00\IrI0\

C
"!

~ r--

~c0;fO
')

rf'\

r---
-0'\
~0 0N-C

!
0 ~0 r-..
-«>~0 ff'\

~0 ~~0-to-

~~ ~~Nl-I-~00:'O
t

~

0\0\IC~0 ~Ir)
-0:0 ~0 0-IC~0 ~~0 ~~00--0;~ ~~00;Ir.
~ \0r---
In~~

~0 fO
'I

--0;0..,.
~0 «>\0r--
~0 8N0:0 -10\QC

"!
0 ~~00\r-~C

"-I.
0 11'1
to')
-0.c::>

0:\Crf'\

r-.~-0;0 ~0 rf'\
0r--
~0 V

)
~-0;0~~0 N~r-~0 ~00-0-IrI
l"'I.
0 r-.
--0;c0;r-..
~

0Ir')
-0;~ f'-o
-f'-o
~0 \0N-0;0~N-0;~ ~0 -r-r-~0 ~0 ~0 N

P
L R

eport D
E

S
 134

'rIr-~~0;~""I

~(:) N\0~N0 O
r)

~0~N-0;0 ~~ ~IrI
0\

~0 ---0;0 ~0!'f'\
-~~00;0\
...,

r--.
--0;0 ~(:=

)

0(0'1
-M

;
0 r--

~0-r-.
-0;0 ~0 ~0\
-~0 ~0NN0~(::)

0;0~

~(oJ
.-~~Q~~.!~~~~~:E~'5~-~-~~=~ ~0'S

o
~"C~~~!.~E
-O-NN~~'-0



wu~:J0(/)

(:)w(/)

-.J
1LJ
>1LJ
-.J

<
[

>0::::

I-W(/)l/)WII-Z>
-l/)

~

0

!t~iti

(8

"

~-

It~

V
J

f-0:::
00-f-ZlLJ
2:
lLJ
0:::
::JV

J
<

[
lLJ
2:

1

c

--"CQ
J

EQ
J

'-:JV
"\

0Q
J

E0--"0~'-Q
J

3:
0D
-

EQ
J

1./1
>

.1./1

O
J

I-:)01

LJ.-



TEMPORARYADAPTOR PORT 2PORT 1

~~~~~//
(;=!:;>

2-Port Co
Cal Set 1

20 Cal brate Port 1

ADAPTOR PORT 2PORT TEMPORARY1

l

Port 22b brateF Calgure

OUTof2cF Qure



r 3 of

ofF 4



0 ~ 0

0) 0: 0

m 0; 0

,..
.

~ 0

co 0. 0

~

I/) C
;

0 m :3
-

If) If) 0 -J C 0 t Q
)

If) oS

~ 0. 0

M 0; 0
~ 0

... 0. 0

0 0; 0

- ~ It) , 
'N

'

:I: " - >
-

,..
. 

C
o)

c Q
)

~ co Q
)

... u.

It) cD co In I(
)~ -

~ ~ C
"

"E .C
o

(J ~ t- o = m 0= -- ~ 3: 0 a.
.

Q c In ~ "C ~ -- ~ ct
) m ~ ~ ~ 0 '5
.

m ~ ... - ~ an ~ ~ .g
I u.

~





0'""':
0

0)

~0

U
)

0;0

t-..
0.0

<
0

0.0

~0.0m~~0-JC0tQ
)

II!C

"It'
0.0

C
O

)

0;0

N0.0

~0;0

00:0

-m&
n

,..:

'N:I:~->
-

,... 
u~a)
~0-
~tL

&
n

cOco&
n

~ &
n;

~

Q
)

~0-
C~(,)
Q

)
..-Q

)
(,)

10m;0uQ
)

:cm~Q
)

U
)

-=ac"U
i

~"0Q
)

--~U
)

~Q
)

~e?:
0Q
.

m~~.-~~r...

~~.2J
u..



0"'":
0

m0:0

m0:0
C

:
0

~

co0.0

I/)0.0-m~II)II)0-lc:0:eQ
)

II)c:

v0.0

M0;0

N0.0
~

00.0

II

~It)

.Ii¥~
,... ~cQ

)
~D

'
!IL

I

It)~r!'~~~

II);
m

G
)

:J0-
C.c(JG

)

G
)

(J

"5G
)

0G
)

"C"5~G
)

>cg
s:G

)

:0cg
-t=G

)
(/)
c:~c:
in:J
"CG

)
"-:J(/)
cgG

)

~f?00-m"Cc:(
...-~mG

)
"-:J
.'2J
u.



0C
'!

0

~~0

co~0

.~0

N"":
0

0.-0-m~-II)II)0-JC0:ea>
II)

-=

U
)

C
;

0

co0;
c~

...0d
N0;
0

00:0

~-p.,.
...

<
0
-

N
'

:I:Q
.

It) 
~

.-c
Q

)
~0-
Q

)
"-
u.

~...M...N...

Q
)

~0-
"E.cC

o)
Q

)
t-o=cu
[k:
~~0D
-Ocin~"0~~(/)cuQ
)

:E~0Q
.cu

"0~m-~0)Q
)

~~0ii:



.

0C
'!

0

~""':
0

co~0

~.-0 ~

~

N"'":
0

0""":
0-O

J
:E

,
C

/)
C

/)
0-JC0:eaI
C

/)

E
.

Q
)

0:0

(00:0

~0;0

N0;0

00:0

,

N
'

J:<
-'
-

In 
~

-c
Q

)
~tT!u.

...-

"I,ic!I
~

 
~,

N-

~~tT
.2.c(.)
~t-

m>0E~a:...0Q
.~"C<O
J

~Iii~"C~...
~Inro~~~0Q

.~"C<~.-~~0.-~...~O
J

ii:



0C
'!

0

m~0

C
D

.-0

~""":
0

N~0

...0-0m'.E
..

II)II)0--'c0:eQ
)

II)c

m0.0

co0.0

..0.0

N0;0

~-,...
-co--N:I:~>

-
It) 

C
o)

-C
Q

)
~0-G

)
...
u.

~-C
O

)
-N-

00.0

m~co
C~(,)
mI-m(,)

1cm.~m0c..>
m:cm~mC

/)

-=~c"in~~~~C
/)

mm~f!:0'C
..

m~~~"~~~m...~.'Q
)

u.



0~0

~""":
0

co~0

~

'VT
-o

~

N~0

~..

~
-. I0T

-

O-m~II)
II)0-JC0:eQ

)
II)c

m0:0

C
D

0.0

.qo
c.0

N0;0

00.0

~

IIII

~

N:I:~-
an

~ca>
~coQ

)
'-iL

.."""
,titi

C
O

)

N

Q
)

~D
"

"E.cuQ
)

.-Q
)

u"5Q
)

CQ
)

"0"5C
)

Q
)

>ms:Q
)

:BtV
~Q

)
f/)
cC

)
c'in~"0E~f/)tVQ

)

~~0"Q
..

tV

~~.-~N.-E~.2J
LL





...0Q
.cg

"'Ccga>
ro~or.
ucga>
or.

J"'Ca>
-cg
ENu....0Q

.cg
"'Ccg

~
cg

Ea>
u.

00.~

0m
.

0

0aJ:
0

0"'".
0

0co.
0

0In:
0a5'
:9-U

)
U

)
0-JC0"of:
a>U

)
c

0~0

J

0M
.

0

0C
'!

0

0~0

00.0

0....[

mC
O

)

U
)

C
O

)

...C
O

)-
N:I::
0-~CQ

)
~0-

N
 

~
C

O
) 

LL.

0C
O

)

mNC
O

N

~mQ
.

...0Q
.m~~0-NN~-0-CQ

)

EQ
)

...~II)mQ
)

E0:=m~...Q
)

~Q
..

.cC
O

)
-

Q
)

...~01
ii:

I





00.
~

0m
.

0

0IX
);

0

0"-:
0

0C
O

:
0

0In.
0m~II)II)0..JC0:eQ

)
II)c

0~0

0~0

0~0

0~0

00;0

0..-

~C
O

)

C
O

C
O

)

C
O

) 
NJ:~~CQ

)
~tTQ

)
N

 
~

C
O

) u.

0M~NC
O

N

'-0Q
.C
O

"C~c0~C
O

'-

.gC
O

Ua>
.c-(/)
m"Ca>
(/)
~~~

I

~0Q
.

m"Cm~m~~0-NN~0(/)

Ca>
Ea>
'-~(/)
ma>
EC

O
>0Ea>
c='-0Q

.m"C~m~~a>
'-~O

J
~



00.
-

0m
.

0

0C
D

.
0

0, 0
0to:
0

0In.
0m~
(/)(/)0-JC0-:eQ

)
(/)

.E

0~0

0M
.

0

0~0

0""":
0

0...mMC
O

MM
 

N:I:~->
-

UCQ
)

~0-Q
)

N
 

0-
M

 
U

-

0MmNC
O

N

00.0

...0"Q
.

m"0<C0:=~~muII)m"0Q
)

II)~N~
I

~0"Q
.

m"0mQ
)

m~~0-NN~-0.scQ
)

EQ
)

...~II)mQ
)

Ej0EQ
)

0:...0"Q
.

m~.c...-Q
)

...~0)

ij:;





00;
0~0

0~0

00

0~0

0&
n.

0-m~~0-JC0:eQ
)

C
1)

.E

0~0

0~0

0C
'!

0

0~0

00;0

0...U
)

MC
D

MM
 

NJ:
G-"f)'
c:Q

)
~tTQ

)
N

 
...

M
 

u.

0MU
)

NC
D

N

...0'C
..

~"C<C0~~...
:9muU

)
~"CG

)
U

)
~-u.I

~0'C
..

~"C~G
)

mEG
)

u.
~0-NN~--0mcG

)

EG
)

...~U
)

mG
)

E"'tV>0EG
)

IX
:

...0'C
..

m~~II)-G
)

...~C
I

i.I:





00:~

0m
;

0

0~0

0F
'-:

0

0W
;

0

0II>
.

0m~
U

)
U

)
0-Ic:0:eQ

)
U

)

.=

0"0".
0

0M
;

0

0C
'!

0

0"":
0

0~~C
O

)

C
O

C
O

)

~
-C

O
) 

N:I:C
-'
-~CQ

)
~C

O
Q

)
N

 
"-

C
O

) 
u.

0C
O

)

~NC
O

N

00;0

...00.m~c0=m...
,gmuInm"04>In~Mu..I

e00.m"0m4>
mE4>
u..

~0-NN"~-0.!!c4>

E4>
...~Inm4>
Em>0E4>
a:...0c.m~c,)
II')
T

-4>
...~C

)
ii:



01;
0

~0
r--;
0 ~

C
O

;
0

~1LC
)

c"'ii
~.

Nu.~cIn~n~0'is:
~

(/)
(/)
0-JC0:eQ

)
(/)

.E 0

M1L~c:
""U

i
~.~0

[

---

C
");

0
~0 l...

.

"-:
0

0...mMC
O

MM
 

NJ:
0-~CQ

)
~0-Q

)
N

 
...

M
 

u.

0MmNC
O

N

0

.-LL...0a.C
Q

~~"m
-

E~LL

~0-NN~C0.sc~E~...~U
)

C
Q

~E"m
-

>0E~Ik:...0a.C
Q

~-0c0~
C

Q
D

-
E0u(0.-~...~aiI:













...0'C
..

~"0~~~~.c(.)
~Q

)

.c-.~"0Q
)

"'C
O

EMu....0'C
..

~"0~~~EQ
)

u.

00;
..-

0m
.

0

0~0

0"'-;
0

0C
O

:
0

,-0&
n.

0-m~~0-JC0:eQ
)

U
)

c

0~0

0~0

0~0

0~0

00.0

0...~C
O

)

C
O

C
O

)

C
O

) 
N:I:~->

-
(JCG

)
~0-G

)
N

 
"-

C
O

) 
u.

0C
O

)

mNC
O

N

f!00-m~~0-NN~-0-c~E~...~II)fa~E~(J
"5~cia'
"Rm0(,)~:cfa
't:~II)

.oS(J
~~~...~.21
u.



--0C
o~"U~G
)

"'iij
~.C

o(,)
~G

)

.C
o

j"UG
)

16ET
-

U
---0"C
..

~"U~G
)

mEG
)

u..

00;~

0m
;

0

0~0

0ro-:
0

0co.
0

0~0-m';E
.

II)
II)0-JC0:eQ

)
II)c

0~0

0M
.

0

0~0

0~0

0~0

0...~MC
D

M...M
 

N:I:G-~CQ
)

~0-
N

 
!

M
 

LL

0M~NC
D

N

~0a.C
O

~~0-NNG~-0oSc:C
)

E~~II)C
O

C
)

EC
)

uos:
C

)
0

C
)

"0"5O
J

C
)

>co
~C

)

:0m~C
)

II)

.Eco
m~C

)
...~.2>
u.



...0a.m"Cma>
m~-C

o
t,)
ma>

-C
o

"J"Ca>
-mENu..
...0a.m"Cm~mEa>
u..

00.
..-

0~0

0~0

0"'":
0

0U
);

0

0~0-m"0-II)II)0..JC0:eQ
)

II)c

0~0

0<
-1:

0

0~0

0...0

00.0

0..a)MC
O

M..-M 
NJ:G->

-
UCQ

)
~D

"
Q

)
N

 
0-

M
 

u.

0C
O

)

a)NC
O

N

~0a.C
O

~~,gNN":s:
---02lc:Q

)

EQ
)

"-~U
)

toG
)

EG
)

u"5G
)

CG
)

~"5C
I

~C
O

:s:G
)

:cto
't:Q

)
U

)

.E~m~a)"-~C
I

iL:

7



..0Q
.tV

"0tVQ
)

"(ij
~.ct)tVQ

)

.cj"0Q
)

'"C
O

EMu...0Q
.tV

"0tVQ
)

mEQ
)

u.

00;~

0~0

0~0

0f'-:
0

0co.
0

0In;
0m::9-
!9;
0-JC0:eQ

)
II)

oS

0.qo;
0

0~0

0C
'!

0

0""':
0

0...mMU
)

MM
 

NJ:C
.?
-~CQ

)
~C

O
Q

)
N

 
...

C
O

) u.

0MmNU
)

N
~00;0

~0Q
.C
O

~~0-~~-0.¥J.
ca>
E~~II)C

O
G

)

EG
)

u">G
)

CG
)

"C"3~G
)

>C
O

~G
)

:QC
O

't:G
)

II)

.EU0)~G
)
..~.21
u.



"'":
0

C
)

0;0

U
)

0:0

~0;0

0=m~Q
..~0

Em0::

~0

It)C
:

0-m::E
,

'a0-JC0:eQ
)

II)

.E

)(m0Ucn
c.

~~.E0..0.0

M0;0

N0.0

-0;0

0

InmmIn, -N:I:0-
, 

~cm~0-m"-U
-

U
')

cOC
D

~&
l)

U
>

Q
)

~co
"E.C

oUQ
)

...-cQ
)

EQ
)

...~U
>

mQ
)

~...~.Em>
-

.Q"0Q
)

...~U
>

mQ
)

Ect...0Q
.

m~,...
t>Q

..
ct0-....-t-'
:s:
m0N~...~.21
LL



~0
0>0;0

a)

0.0

, C;

0

0~ca
a:
a...co0:a

EQ
)

0:

~0

an
~0-m~II)II)0-JC0:eQ

)
II)

E
:.

)(fa0UU
I

E
...0;0 ~U

)

.50

tt)0.0

N0;0

-0.0

0

&
t)

~G
)

U
)

,...:-NJ:C
-'
->

-
,... 

Uca>
=C

'"
a>
"-I.L.

U
)

cDco&
t)

an

U
!

Q
)

:J0-
"E.cC

o)
Q

)
I--c:Q

)

E~...:JU
!co

~~...:J
.Em>

-
.Q'0~...:JU

!
coQ

)

Em...0Q
.C
O

~,...
UD

-
c:(0-...-G~.Q0N~...:J
.2'
u.

~



'"-:
0

0>0:0

m0.0

t-.
0;0

C
D

c~0

0--=mIx:

a...
EG

)
a:

~0

InC
;

0-C
D

:!:.
~0-JC0:eQ

)
In
-=

)(C
D

0Uiii
.E.

~0;0 0~U
)

.=0

M0.0

N0.0

-C
;

0

0

It)(fj

a)

It),..:

N
'

:I:<
-'
-,... ~c:m~co
m'-u.

It)~coIt)It)

IfJQ
)

~0-
C.cuQ

)
t--cQ

)

E~~IfJcaQ
)

~...~~m>
-

.c"0Q
)

...
~IfJcaQ

)

Eu...0c.ca
"0c(,...
Uc..
c(0-..~~u0NQ

)
...~.21
u.



0C
"!

0

~..-0

co.-0

..,.
.-0

N~0

0=ma:C
o..

EQ
)

n:~0

0~0-m"C-IIIIII0-JC0:eQ
)

III
C

)(cg0()(/)
c.

a)

C
:

0 ~(/)

.E0

«)

C
!

0

-.r
~0

Nc.0

00;0

~~~C
D

~-N:I:G->
-

It) 
(,)

~
 

CQ
)

:30-Q
)

'-u.

~~M~N~

(/)
Q

)
~cr
"E.c(,)
Q

)
I--cQ

)

EQ
)

...~(/)
~Q

)

~...~.gm~~~(/)
~Q

)

EoC
t

...0c.~"Cctt-..
C

J
D

..
oC

t

S~~~~~NQ
)

...~.21
u.

~



0C
'!

0

~~c

C
D

"'":
0

~~0

N~0

0'"":
0-m"0-(/)
(/)0-JC0:eQ

)
(/)

.E

a)

0:0

.

(C~0

-0:-
0:0

N0.0

00:0

~-,...
-co
-

'N
'

:I:~-
It) 

~
-c

G
)

~~G
)

...
u.

~-C
O

)
-N~

U
I

G
)

~C
'"

"E.&
:.

(.)
Q

)
I--cG

)

E~~U
I

coG
)

~...~~m>
-

.D~G
)

...~U
I

coG
)

Em...0Q
.C
O

~r0-
C

.)
c..
«0-~~~.Q~N~~.21
LL



0<
"!

0

~.-0

C
D

~0

...'""":
0

N""":
0

0=m~a...<
i( EQ

)
0::
"Coct

0

0~0-E
D

:2-
II)II)0-JC0:eQ

)
II)

.E

)(co0(,)II)

E.

~0.0 "~vic0

U
)

C
!

0

..,.
0;0

N0;0

00;0

m~, ,...

co,...

NJ:

Q
.

an ~
,... 

CQ
)

~tTQ
)

...
u..

...~C
O

)
,...

N~

U
)

Q
)

:ItT
C.c(JQ

)
t--cQ

)

E~:IU
)

cuQ
)

~:I
.E"C

D

~"0~:IU
)

cu
~EucQ

.cu

~, ua..
«c-~~~ci
~N~:I0)
~

.



00;
.-

0m
.

0

0~0

0r--.
0

0:=m0:a...0co.
0

EQ
)

n:

~n

0Ln;
0-m~(/)
(/)
0-JC0:eQ

)
(/)

E
.

)(m0UC
/)

.5.
"~ui
oS

0

0v.0

0M
.

0

0~0

0~0

0...mC
O

)

U
)

C
O

)

C
O

) 
N:I:0-~CQ

)
~0-

N
 

~
C

O
) u.

0C
O

)

mNU
)

N

00.0

U
I

G
)

~coo
C.cC

.)
G

)
.--CG

)

EG
)

--~U
I

mG
)

~--~~m>
-

.Q"0G
)

--~U
I

mG
)

E-~-u.--
mc..--0'"C

..
m~~0-NN~mNNG

)
--~..2>
u.



00.~

0~0

0~0

0"-0:
0

0~m0=

0-.0co.
0

EG
)

a:~0

0~0-II)'E
..

U
I

U
I

0-IC0:eQ
)

U
I

C

)(co0U(/)
c.

0..0 ~U
!

.=0

0r);
0

J

0~0

0~0

00:0

0vmMC
D

MV
 -

M
 

N:I:C
-'
-~CQ

)
~0-

N
 

~
M

 
u.

0MmNC
D

N

U
J

Q
)

~co
C.cuQ

)
..--c:Q

)

EQ
)

I-~U
J

caQ
)

~I-~~m>
-

.Q"CQ
)

I-~U
J

caQ
)

E~~NI.LI-

mc..
I-0Q

.ca

~~0-NN~:s:

.QNNQ
)

I-~~iI:

~



00.T
-

0~0

0~0

0"'"-
0

0:=ca
~D

...0co.
0

EG
)

n:~0

0In.
0-m~
1/1
1/1
0-JC0:eQ

)
1/1
.E

)(co0UC
/J

-=.
0~uic0

0~0

0~0

0~0

0~0

0...~MC
D

MM
 

N:I:0->
-

UCQ
)

~0-
N

 
~

M
 

u.

0M~NC
D

N

00.0

U
J

a>~0-
°c~(Ja>
.-'Ea>
Ea>
"-~U

J
caa>
~"-~.Em>

-
.c-aa>
"-~U

J
a>
ca

E~C
O

)
u."-
mD

o"-0D
-ca

~~,gNN~u"
NNa>
"-~.2!
u.




