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Abstract

Emissions at 450 nm and 4.27 pm have been measured when a variety of mixtures

containing H2, CO . e it her 02 or N2O , and Ar were heated behind reflected shock waves

to temperatures of 2000-2850 K and total concentrations near 5x1018 molecule /cm 3.

These emissions were used to obtain absolute concentration - time data for both

oxygen atoms and carbon dioxid e. The data were then compared to the results

of numerical integrations of the likely mechanisms . It was observed that quanti-

tative agreement between calculati ons and observations were obtained for the

H2/CO/02/Ar system using recent hi gh temperature literature rate constants. For

the H2/CO/N 20/Ar system , the rate constant for the reaction:

H + N20 N2 + OH

was adjusted so as to fit the data . Here it was found that a good fit to both

[0] arid [C02] profiles could be achieved with k = 3.0xl0 9 exp( -ll3kJ/ RT) cm 3

mol ecu1e~ s~~. Comparison to data at l ower temperatures suggests that this

might be another example of a non -Arrhenius ” rate constant. The implications

of these results to studies of hydrocarbon oxidation are discussed.
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INTRODUCT ION

The study of oxidation reactions in shock tubes has been stimulated by the use

of fast, accurate numerical integration routines. Now it is possible for kineticists

to more definitively test various oxidat ion mechanisms by a detailed comparison of

calculated and observed concentration - time profiles. The utility of the approac h

lia ’~ hoen discussed by Schott and Getzing er [1] in their review of the H2/02 system .

Although the H2/02/CO system has also been successfully studied by this approach

[2,3], extension to even simple hydrocarb on systems like CH4/02 has been limited

by lack of reliable high temperature rate constants. A common practice has been

to extrapolat~ low temperature flow system data to the temperature range of interest.

~In for t u riu te ly th is approach can lead to serious errors ; recent studies [4-10] have

~~nvincin gl y demonstrated that many reactions of importance in combustion mechanisms

e~h i bit markedly “non—Arrhenius ” rate constants . In this light it appears to be

most desirable to measure rate constants in the same high temperature regime where

thly will be used to test the combustion mechanisms. However , it is equally impor-

tant that these data be obtained from relatively simple systems where ass ignn ient

i f the desired rate constant is not contingent upon proper assignment of a complex

mechanism and the associated rate constants.

One such system results from the substitution of N 20 for 02 in combustion

studies. Recent work in this laboratory [11] showed that N20 is a particularly

i~eful source of oxygen atoms between 2000-3000 K. Thus a stud y of combustion

sy’ tenis where N20 replaced 02 should provide useful informati on about rates of

o.~yq~’ri ato m reactions at high temperatures. The primary advantage of N 20 as an

ox1~I i n t is that oxygen atom reactions will occur in an environment where the

conc entra tion of mo l ecular oxygen is much less than a norma l combustion system ;

th ;s considera bl y simplifies the kine tic analysis. Prudence dictate s that such,

~~~~~~~~~~~ ~~~~~~~~“
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a substitution first be tested on a known system . This paper reports the results

of suc h a test. Data are gi ven for an extensive series of experiments on both

the H2/O2/CO/Ar and H2/N20/CO/Ar systems. The results obtained in the H2/O2/CO/Ar

system coupled with those obtained earlier on N20 dissociation serve to charac-

terize most of the reactions of importance in the H2/N 20/CO/Ar system . If the

N2O system profi les yield a value for the rate cons tan t of the reacti on

O + H2 
-
~ OH + H cons i stent wit h that obtai ned from the much more extensively

studied 02 system , it would suggest that the N20 mechanism is approp riate and

that N20 substitution might indeed be a useful technique for obtaining high

temperature oxygen atom rate constants. 

~~
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EX PERIMENTAL

The 7.6 cm shock tube , gas handling system , and optical configuration have

been described previously [11]. Infrared emissions were first collimated by

two slits 1.5 mm wide and 5 mm high placed 50 mm apart before passing through

a 4.27 pm interference fi l ter (FWHM = 0.18 pm) and being focussed upon a

liquid -nitrogen -cooled InSb detector . Vis ible emissions were monitored by a RCA

1P28A/Vl photomultiplier mounted behind a 450 nm interference filter (FWHM = 6.5 nm)

and two 1 ru n wide by 2 mm hi gh slits 38 mm apart. The signals from the photo-

multiplier w~~r collected with a Biounation Model 805 transient recorder at 0.5

psec intervals. rnfrared signals were monitored at 10.0 ;~sec intervals by a

digita l data acquisition system previou sly described [12]; the only change is

that the Supernova computer has been replaced with a Motorola 6800 Microprocesso r.

Gas mixtures were prepared manon ietricall y u ing A IRCC Ar (99.9998~)

Co2 
(gg .gqg-), H2(99.9995%), and N20 (99.995~ ), Scientific Gas Products 02

(99.999~) and Matheson CO (99.99~). The CO was slowly passed through a coil of

copper tubing at 77 K before addition to the vacuum line. The other gases were

used as suppl i ed . The shock tube was typically pumped down to 2 mPa (1.5xl0 5 torr)

with an observed leak-outgassin g rate of less than 2.5 mP a/min. Shocks were

usually initiated approximately one minute after pump isolation so that the nominal

background pressure was 5 mPa . The initial test section pressures were typically

2.7 kPa so that background impurities contributed “-. 2 ppm which is comparable to

the total impurity levels in the mixtures used . Helium was used as the driver

gas in all experiments, and shocks were initiated by either spontaneous or manual

rupture of Mylar diaphragms .

No-reaction shock cond itions behind the reflected shock were obtained from

measured incident shock velocities . There was little difference in conditions

calculated using a constant velocity assumption and those where the measured
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(small) velocity changes were extrapolated to the observation window . Usually

these methods agreed within 25 K. Shocks which had differences of 50 K or more

were rejected . Conditions reported in this paper used the assumption of constant

veloci ties . Pressures computed with this assumption were in very good agreement

with those measured in the plane of the observation windows by a pressure

transducer. No corrections were made for non-ideal effects ; the observed pressure

profiles were always flat over the time interval that data were collected.

:~~~ :.  
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RE SULTS

Visi ble E m i s s i o  . Systems containing oxygen atoms and carbon monoxide are

krxDwn to emit visible radiation whose intensity is proportional to the concentrations

of these species [13]. In these experiments this emission was monitored at

450 nm to attempt to minimize the contribution of extraneous emissions . This

system was calibra ted using the partial-equilibrium techni que [13]. Here two

mixtures of H2/O2/CO/C02/Ar (See Table I) were heated behind reflected shock

waves to 1970-2745 K and the flame -band emission recorded. This signa l rapidly

reached a constant intensity which was maintained for hundreds of microseconds .

This constant signal arises from the qu asi-equili b rium concentrations of the

various species (including radicals) prior to the onset of recombination

reactions . These concentrations are easil y calculated from the well known equi-

librium constants of the bimolecular reactions of interest. Note these

experiments were done at relatively low tota l concentrations to minimize recombi-

nation. The observed constant signal and the fact that variation of the total

concentration by a factor of two had no effect upon the signal levels were taken

as evidence that the effect of recombination was negli g ible. Additional experi-

nents near 5xl0 18 molecule/cm 3 indicated small but noticeable deviations

suggesting that at that concentration the assumption of partial equilibrium is

beginning to break down . The least square fit to the data in Fig. 1 yields an

activation energy of 16.9 2.7 kJ/mole. This can be compared to the value of

14.4 kJ/mole reported by Schott , et. al., fl3] over the range 1 300-2000 K. The

data suggests this calibration factor is good to approxima tely 10%. With this

factor , it is possible to determine the product [GO] [0] over the tem per ature

interva l by a simple measurement of the flame-band si gnal. Attempts to use this

da ta to determine oxygen atom concentrations are complicated by the fact that

there will be small changes in the CO concentration during an experiment.

-5—
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To eliminate this amb i guity , the calibration factor was incorporated into the

numerical integration scheme and was used to convert the computed [CU] [0] product

to a computed fl ame -band voltage. This could then be compared directly to that

observed ; note this procedure allows for no normalization factors . In effect ,

given the small CO concentration changes (typically on the order of 5%) this

approach yields absolut e 0-atom profi l es .

Althoug h the wavelength chosen for observations minimized the back ground

emissions , it was not possible to completely eliminate them . For this reason ,

a preliminary series of experiments were performed which were similar in all

respects to those listed in Tables II and III except that CO was omi tted. Here

the time-resolved emissions at 450 nun were recorded over a temperature range

soriiewhat larger than that listed . This background data was fed into a two-dimen-

sional array in the data reduction program. A bicubic spline interpolation

routine was used to estimate the time -var ying background at the temperature of a

“real experiment and this background was then subtracted from the total signal

to yield the corrected flame-band signal. It was estima ted the background

obtained in this way was good to ~ 10... The back ground for the °2 experiments

was much smaller than for the N20 shocks. Even for the N2O case, the background

was typically only 10% of the total signal.

In the N20 experiments the flame-band si gnal was observed to increase rapidly

upon passage of the reflected shock. In many instances the increase was so rapid

that the observed signal was clearl y affected by the finite slit width of the

observation system . The slit effect was included in the numerical integration

scheme by integrating the computed [CO] [0] product over the appropriate slit

funct i on . The detec tor effic ie ncy was assume d to be unit y for the 1,0 mm slit

opening and then to drop linearl y to zero at a distance 2.3 mm beyond each slit

edge. In this way, the computed slit-modified flame-band signal could be

- 
-
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directl y com pared to that observed. Here it was convenient to define to as the

time at which the reflected shock front was first visible to the detector . All

visible data are reported with respect to to. Typically, to is ‘
~~ 5 psec earlier

than tmp~ 
the time of shock front passage of the window midpoint.

Experimental observations of the flame -band signals are listed in Tables II

and Ill . For the 02 experiments , induct ion times were clearly evident. Here the

induction time t~ is defined as the time at which the corrected flame-band signal

equals 20 my , which was the l owest signal which could be reproducibly extracted

from the data. As one would expect , the t 1 values for Mixture D are l ower than

those of C since here the CO concentrati on was larger. For C , t .~ corresponds to

an oxygen atorri concentration of ‘
~ ‘ lx lO ’5 molecule/cm 3; whereas in 0 the concen-

tration is “~ 2.5x10
’4. In D the higher CO concentration made it possible to

observe the exponential growth of the flame-band emission. In all cases it was

possible to observe at least a decade of such growth and the slopes of these

plots are listed in Table II where A is defined as the slope of a plot of ~n

(flame-band signal) versus time. Similar plots for C yielded curves that were

clearl y concave downwa rd , indicating the exponential growth region occurred at

concentrations below the sensitivity level . At later times both mixtures exhibited

a constant signal which is listed in Table II as Vmax~
The flame-band signals from the N20 system were characterized in terms of

t~ and Vmax • Here t
½ 

was defined as the time (again relative to t0) when the

si gnal had reached one-half its plateau value of As one would expect ,

the nature of the flame-band signal is drastically different in the 02 and N20

cases. Figs. 2 and 3 illu strate this difference. Note that t1 values for N 0
-~ 2

are even l ower than t1 for 02. Qualitatively such differences are expected ;

the oxygen atom concentration gets a “head start” in the N20 system since N 20

V
.
.,. ,
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dissoci ation is faster than the initiation reactions in the 02 case . Also

note the mriarked difference in the teimiperature dependencies of Vmax~ 
In these

Figures toe error bars were computed with a standard propagation scheme and

included contributions from uncerta inties in the calibration (10%), background

corrections (lOc), and the measurement of the flame-band signal (5-10%).

Infrared_ Emissions.  The total si gnal at 4.27 pm was corrected for emissions

other than those due to CO2 with a procedure similar to that used for the visi-

ble signal. Here a series of N2O/CO/Ar as well as CO/Ar experiments were per-

formed to determine the background . The corrected time-resolved data were then

converted to CO2 profiles via calibration factors obtained from a series of C02/Ar

shocks. Parameters used to characterize these profiles are listed in Tables II

and III . It was observed in both the N20 and 02 systems that the first data

collected were at sufficiently long time s to ignore possible slit effects. For

ease of comparison to the calculations , all times recorded for the infrared data

are wi th respect to tmp~ 
the time when the reflected shock reached the midpoint

of the observation wi ndow . Note this convention is different from that used for

the visible data where t0 was used. In genera l the CO2 profiles for the 02 sys-

tem exhibited an induction time , quickly achieved a region of linear growth ,

and then gradually approached a constant (or slightl y increasing) value . There

was not sufficient temporal resolution to accura tely characterize the region of

increasing rate or the period of constant rate . The induction time was defined

in the usua l way as the t -axis intercept of the line which passed through the

points exhibiting linear growth. Later points on the profil e were characterized

in terms of the time at which a particular CO2 concentration was reached . Two

of these times are listed in Table II and shown along with induction times in

Fig. 4. The CO2 profiles in the N20 system were also cha racter i zed i n terms of

the times required to reach certain CO2 concentrations. In general , CO2 pro- 

- - V - ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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du ction in the N20 system was much more rapid than that observed in th~ 02 sys-

tem ; no induction period was evident. At longer times , the CO2 concentrations

were generall y smaller in the N2O system than in the 02 work . The differences

were most pronounced at higher temperatures and in the 3% CO mixtures where the

concentrations were lower by about a factor of three . The characteristic times

are listed in Table III and shown in Fig . 5. In both Figs. 4 and 5, the error

bars were calculated assuming lO~’ errors in the CO2 calibration , 10% error in

the background correction , and l-5~ error in the observed signal. The large

error bars in some region s of Figs. 4 and 5 are due to the relatively small

slopes in those particular pr ofi le~ at certain times; here small calibration

errors translate into large tinie uncertainties.

: “ ~~~~
.. 
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DISCUSSION

A li kel y mechanism for the H2/02/CO/Ar system includes the reactions listed

in Table IV [2,14]. Fortunately the rate constants for many of these reactions

have been extensively studied. Perhaps the most interesting result of recent

work is the growing consensus that the high te m perature measuremen ts  yield rate

constant s higher than one would expect by a simple extrapolation of the low

temperature data . Thus an attempt was made to see if the above mechanism , using

rate constants determined at high te mim per at u r i s, was quantitatively consistent

with the data reported herein. Table IV lists the rate const i rts used for this

purpose.

This system of equations with the associated rate constants was numerically

integrated using a program previ usl y described [17]. The program was modified

to use the flame-band calib ration data to convert the [CO] [0] product to a corre-

sponding voltage. The slit effect was also calculated as described earlier . The

calculated flame-band and CO2 profiles were then treated exactly as the experi-

menta l data to yield calculated values of Ui various reaction pa rameters. Re-

sults of the calculations are shown in Figs. 2 and 4. It is felt that the ex-

tent of agreement can be taken as add itional evidence for the essential correct-

ness of the mechani sm and the rate constants chosen. It was particularly grati-

fying to observe such good agreement on an absolute scale for both observables

over the enti re time range of the observations.

Sensitivity tests were performed by varying the individual rate constants

by a factor of two each way and observing the effect on tne computed profiles.

It was seen that this system is most sensitive to k2, k4, and k5. Changes in

one of these must be offset by a change in another to keep the calculations within

the error bars . Since k2 and k4 were determined on systems where k5 was

-1 1-
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not involved , and the determination of k5 was done under conditions to minimi ze

the effect of other rate constants , there is clearl y no justification for modif ying

these rate constants. It should be noted that the value used here for k5 is in

quite good agreement with that proposed in a recent review [7] and that k2 and

k4 were obtained from an extensive stud y of the H2/O2 system [13,16].

A likel y mechanism for the N2O system is listed in Table V . This is similar

to that used earlier for N 20/H2/Ar systems [18-20] with the addition of the

react ions of CO. Of particular note is that React ior ~~l’ - 3’ have been studied

under simpler condi t ions where specification of rate constants is relatively

straightforward [11 ,21]. Also Reactions 2 - 6 can be carried over directly from the

02 system where it was explicitly verified that these valu es were consistent with

the present data. In this sense , one can approach the N2O system with essentially

onl y one unknown , namely the rate constant k4 . Thus the approach taken was simply

to attempt to find a value of k4
’ which was compatible with all of the data.

Preliminary calculation s showed that the profiles were very sensitive to k 1 ’ and

very slight adjustments in k1
’ (

~ lO ’ change from the value reported in Ref . 11 )

noticeabl y improved both the Vmax temperature dependence and the CO2 profiles.

Such a shift was compatible with the data reported in Ref . 11 . This adjusted

value of k1
’ was used in subsequent calculations. These calculations now treated

k4’ as the only variable.

There is very little high temperature data on k4
1 ; only one stud y [18] has

reported values for temperature s above 2000 K [22]. Pecent lv this reaction has

been studied in a flow system over te” interval 718 K 1 1 1 11 K [23] and in

flames between 1 000-1700 K [24]. The ri ported activation energies for thi s

lower tm~mperature work range from 55 kJ/molr [24] to 72 kJ/mnole [23]. ~‘~trapo lati on

of these result s into the higher tf’I ,t ’ r m tu ru regime U m i S  leads to t.on’ , i l r rah lp

uncertainty . A series of calculations sug~E s t ” d that the value obt u ined by e~t.ra-

polating the flow tube work to 2450 h was in quite good accord with our data , hut

- . . --- -- --- .---—-
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that obvi ous problems were apparent at hi ;her teimiperatures . In particular ,

r_ . ~ I t ..u Id ted Vd luL5 of tht .~ f I~imie — harm d p) d  ILdU ( V )  ‘~~L too high and t tR ’ rc ’  W d5 a

severe mismatch in the long time CO2 profiles. Both of these features were im-

proved si gnificantl y in both N20 mixtures by increasing the value of k4’ by 50t

at 2900 K. Furthermor e , the overall teriperature dependence of Vnm ax is improved

by using a value of k4’ at 2100 K Som ewhat lower than that obtained from an

extrapolation of k4’ from the flow tube work. For this reason a value of k4’ was

obtained by a simple pivoting about the extrapolated value at 2450 K. This

yields k4’ = 3.0x10 9 exp(-ll3k d/R1) cm3mo 1 ec u le~ s~~. No te this expression

is onl y applicable over the ran~e l95O-2850 K . The agreement obtained with this

value is shown in Fi gs. 3 and 5. In addition it should to mentioned that detailed

cor pa risons of computed profiles with particular experiments showed (in a vast

majority of cases) that the calculated values for both flame-band and CO2si gnals

were within the experimenta l error bars for the entire 500 psec observation

time for both mixtu res.

The value reported here from k4
’ is in very good agreement (l4t) at 2000 K

with the value suggested by Leeds [22]. However , at 2900 K this value has

increased to be nearl y a factor of three larger than Leeds. Such an increase was

mandated by the observations , and this fact may indeed suggest that this reaction

is one more addition to those recently discovered with “non-Arrhenius ” behavior.

- - .- ~~
V 
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In this work emission signals hay been related to the absolute concentra-

tion - time behavior of oxygen a toms and carbon dioxide over an extended range of

conditions. These data provide a cru cial test for any mechanism/ rate constant

combination. The abi l i .~ of such a combination to accurately model all of these

data would strongly suugest such a schpm :~ is appropr ia te . In the 02 system the

mechanism is generall y accepted arid thus it was possible to test the best current

estimates of the associated rate constants. The agreement observed can be taken

as rather convincing evidence of the correctness of the rate constants used . In

particular it reinforced the earlier observations that both the reactions

O + H2 
-
~ OH + H an d OH + CO -. CO2 + H have rates well above what a simple extra-

polation of low temperature data would suggest. This observation is critically

important when one is attempting to choose rate constants for modeling of a

combustion system ; it is imperative that one be aware of the difficultie s in-

herent in using data collected at low temperatures.

For the N2O case it was possible to approach the system with most of the

rate constants in hand. After a value was obtained for H + N20 OH + N2, rio

further adjustments were required to obtain a quantitative Ut to the o b s e r v a t i o n s .

In particular , it was observed that the profiles were quite sensitive to 0 + H2 
-
~

OH + H and that the best fit was obtained with the same value which fit the 02

system. In this respect it is felt th is sequence of experiments has demonstrated

tha t substitution of 1420 for 02 is a useful method to measure rates of oxygen

atom reactions at high temperatures. Furthermore , it appears that the postulated

mechanism for the N2O system is reasonable. This point should be very useful in

the analysis of ongoing experimen ts in this labora tory where N20 is being sub-

stituted for 02 in a variety of combustion systems .

-15-
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TABLE IV. MECHAN I SM AND RATE CONSTANTS FOR THE 02 SY STEM

Rate Constant 8

Reaction A 
- 

E~ Reference

1 . CO + 02 = CO 2 + 0 5.8 E - 12 210 2

2. 0 + H2 
= OH + H 3.6 E - 10 57 13

3. OH + H2 = H20 + H 3.6 E - 11 22 15

4. H + 0 2 = O H + O  2 . O E - O 7 T~~
91 70 16

5. OH + CO = CO 2 + H 6.7 E - 12 33 3

6. CO + 0 + M = CO 2 + M 1.6 E - 34 0 11

aExpressed in Arrhen ius form , k = Aexp(~ E8/RT), A i n cm .-mo lecule—sec units , Ea in kJ/mo l.
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TA BLE V .  MECHANISM AND RATE CON STANTS FOR THE N20 SYSTEM

Rate Constant 8

Reaction A 
_ _ _ _ _ _ _ _ _ _  

Reference

1’ N2O + M = N2 + 0 + M 2. 7 E 10 216 See text

2’ 0 + N20 
= 2NO 7 .7 E - 11 117 11

3’ Q + N2O = N2 + 02 7.7 E - 11 117 11

2 0 + H2 = H2O + H 3 .6  E — 10 57 13

3 OH + H2 = H20 + H 3.6 E - 1’! 22 15

4 H + O 2 = O H + O  2 .O E-O7 T~~
9’ 70 16

5 OH + CO = CO 2 + H 6 .7  E - 12 33 3

6 CO + 0 + M = CO 2 + M 1 .6 E - 34 0 11

4’ H + N2O 
= N2 + OH See text

8 See Table IV .

_ _ _  V - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ .
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LEGENDS

Figure 1. Arrh enius plot of flame-band ca 1ibr a~ ion data . 0 = Mixture A;

here the tota l concentration was near l.5xl 0 18 mole cule/cm3.

0 = Mixture B; here the concentration was near 2.9x1018 .

Figure 2. Flame-band data for the 02 systei:~. (a) Induction Times : 0 = M ix t u r e

C; 0 = Mixture D. (b) Exponential Growth Rates: 0= Mixture D.

(c) Plateau Voltages: 0= Mixture C; 0= Mixture D. In all cases ,

the solid symbols are the calculated values . All times are relative to

t 0 (see text) .

Figure 3. Flame-band data for the N2O system. (a) Time required to reach

ci~e-half the plateau vol tage: 0 = Mixture E; 0 = Mixture F.

(b) Platea u Vo l tages :  0= Mixture E; 0 = Mixture F. Sol id symbols

are the calculated values . All times are relative to t0 (see text). V

F igure 4. CO2 data for the 02 system. (a) Induction Times: 0 = Mixture C;

0 = Mixture 0. (b) Mixture C: ~~~ = time when [C02] 8.Oxl015

molecule/cm3; ~ time when [C02] 
= 2.4x1&6. (c) Mixture D:

= time [CO2] = l .0x10 16 ; ~ time [CO2] 
= 3.Oxl&6 . Solid

symbols are calculated values. All times are relative to tmp (see

text).

Fig ure 5 . CO2 data for the N2O system . (a) Mixture E: 0= time [CO2] 
=

4 .0x l0 15 mo lecule/ cm 3; 0= time [C02] = 1.Ox10 16 . (b) Mixture F:

~~~
= time [CO 2 J = 5 .Ox 1O 15 ; ~ = time [CO 2 ] = 2 .Ox lO 16 . The sol id

symbols are calculated values. All times are relative to tmp (see

text).

— 25— 

, 

‘ V -

V ~~~~~~~~~~ ~~ ~ J’- - ~.T  ~~~~



-27-

~~~~~~~~~~~~~~~~~~~~~~~ - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~ K
1
)

Fig. 1

‘1

i . V <~~~~(T  ~
‘t

~~~~~V~~~~~

- ~~~~~~~~~~~ V -~~~



-~~~~~~~~~~~ ,~~~~~~~

-28-

i~io 
~~

—— —‘“

~~~ I

- 
(A )  

-

100 - -

(I) - -

e
- 0

0 0  
0 

02 0 -  .. -

Li 0 0~~~ 0
_ _ _ _ _

_1_ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ j~

0.18 - (B)
0

0
Li 0 -

‘-I- U
0 0 0  0

~~~~0.10~~ 0 -

0

0.02 -  -

I_~ I I _i_~ I I I

(C)  -

-r 0
- r1i 0 D~~~ 

-

‘.1) 0
I.-. 0 0  S

-

> 
0
U

>E 0.8’~ 
0 

o o ~~~
0.4t-

~~ 
-

I I ~~____,_ I 1

2000 2200 2400 2600 2800
T/ K

Fig. 2



V V

-29-

100 V V~~~~~
,

V~~~ V 

~~~~~~~~~~~~~~ 
V 

~~~~~~ ~f

- (A)

80-

-

~~“ 40

0 02 0 -  s o
ED 00 ~

~~~~~~~

a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1~ ~~I ~~~~~~ I I

4.0 (B)

3.0-

U)
F—_J 0

-

0

E o
> 

0

1.0 -

a
0

0 0 i I L I I I

2000 2200 2400 2600 2800
T/K

Fig. 3

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- .~~~~~~~~~~~~ . -‘ V

-30-

I 1 T~~~~~~1 I I
1 3 0- s  (A )  -

100 - -

0 
-

4 - 0 0  0 -

141 0 0
I
~~~~

I

0 0 50

1 0 ~~~~~ ~~~~~~~~~~~~~ I - . I _~~~~~~~~~~~~~~ I ~~A ~~~~~~~~ — .-~~~~~~~ V

4 1 5 - V  (B) 
-

-

280 -

Cl)
V

-

120 - V V —

A V I
A A

40 ~~~~~~~~~~ V I I I I

180 V
- (C)

140-  -

~~ 100 - 
~~ V V -

4~ J y
60 A A V V -

A A 
V

A A A
20 I I I ~~~~~~~~~ 

A

2100 2300 2500 2700 2900
T/ K
Fig. 4

_ . . - ,. -‘.. — ‘
~~~~:.

V — ~~~~~~~~~~~~~~~~~~~ .



- .-~~~~- -. --V—- V V V V V V V V ~~~~~~V V 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

F- -‘ —- —

-3 1-

V V
V V 

J

V -- 

~ 1 1 1 ‘ 1
400 - ( A )

300 -

U)

~~~~200 - -

100 10 
H

- 

~Io 
~ 

o~~ ~ 
-

Q ~~~~~~~~~ 
~~~_0 

~~~~~~~ ~~~~ .i ~~~~~~ 0 • i

(8)
300 - 

~~~
. -

U) 200

100 - I
V

- 

A :  
V

V V 

V

0 -—- i I ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~- . i A 
~ V

2000 2200 2400 2600 2 800
1/K

Fi g. 5

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - . ~~~~~~ - . V~~~ V V



____________

DISTRIBUTION LIST

V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~-- , V - ’ .-. 

-

_ _



V ~~~~~~~~~~ V_V .~~~~~ -V~~~~~~~ V ~~~~~~~~~~~~~~~~~ V ‘ -

- V~i

- V~~ 
V .1 - 

V — 
C’ -

- I . V
Vt — — - — — 

_ __ — . ‘—

.41 — V V - - - 
V

— — , —. 
- 

C C C ,  V — — I

- . -~~~~ ‘V L~ ‘ ~
,., 5  V V C _ V V 

~
_ V ~V =  ~S V •_ V %fl U C, C. C .r c

o = - .1 (‘i ’- - IV . ic ,~ . “C L’ fl V~ V VV JV C L )  ~C V V V C ’ C  IV 0

- ‘ — : 0_ V — - — c c :  ‘:- . — I V C O ‘~‘ V _V _ C . -

— — - :c - — . - ‘ : -  -‘- ‘ a ’ ’ - — V~V (’V V~~_ f l’_ C C ’ L >  V~~~ V V - + -

-. V O V V - V ’  -— _ V LV - —

- ..- , . .— - 
_ 

9 : u !)  o : - .- t~~~~~~~~ ‘ ‘ C  - -‘C -

— 
V~ — V C ‘C f ~~~ IV — - 5 ’  _ V-V V V V -~ C L - V  - —  - —

I, S _ ‘_ V~ -- ?“ 5 t~~ O > L V ) LV . 0 0 0  L) Z’ L- C V V , V V V~~~ fl 1: ::  

_ L C  ‘ ‘C  
V_ — o  , ‘~~‘

.‘ 5, _V V - V C, _-V V _.  It t ; V . V  - C,V~~~~~~
_ V~~~_ -‘- C~~~V~ -_V _ 4

L V S C V_ . V - < _ V ._, C~ ) C C C V V V C C  - ~~~CC J~~~~ - - C _  =
V .p V V V ‘ 

_ C.

C—. .r - : ç, ‘_ •.-‘ . - . ~, V~; if=~~~ C C L) ’ ’ C L S t ~
-. V . V V ~~~ V V C) ... ; 2 ,  V • ,VV~~~~~~~~~~ - V _VV C LV L V L. CT, LV ,’

,V - a V V . O t t . - -  35 ’  L ) V 9 0  _ V V - V_~V V V  
~~~

_ ~, V _ VV_ ~~~~~~’.V ~,
) V - V V ’~~~~ — [ V _ C C --

0 1 — : ~~~~~~ ~~~~~c c .  V L C V  V . V_C _ L ,  C ~~~~~~~~— ‘
V - _ V V _V ~~ 0~~~

-

Vt ‘ ‘- “ ~~~~~~~~~~~ ‘ 
‘ - C C  — — Vt

— C- — ~VJ V~-J — 
_VV 

~V,V , — C~ 
> CV

‘C- 
V ‘

C V, 
flu C-) tV

~
V C”V

C

V 1 c

- 

I IV

— V = 5 + C = c

— 4  — - , - 
—

V ‘ — 
r_ — Vt _~~~t _  V VLV C C

- 5 V -V — — ~ V + ‘ , _ - . . . p  -. -

V — . -: -. -‘ ‘ ~~~~ ‘ - - ,. . , -
V V ,. _V V V D V - ,.

~~
- - - C . 1 .) - , - , ,> C t

— C 
- 

,) .~ ~~~~
. . - _

— - V V ‘ ‘ 
._ V , , 5 — V ‘ , ,.4 ‘C 

V : = C—

S -V 
c _ L u ’ a  

—
~~~~

- — . - : ~~~~~V V V . V~V
_V — c  V V~_ _ _ _~~~

_ . _ t V ~~ - V’_ CV ,~ - C C - C C ,

- —
,~~~~~~;~~~~~

‘-‘ - -

V . C V ,_, - , ,, — L  ,, C ) ,  ~~~~ V V V C-~~., .O  -‘

V ‘ 
. — - I— — — — “C C C- ~fl LV, 5 55 t.’ ‘C 5 ,Lu IC

V ~~~~- . ‘ . 1 . ’~ 
V C) VJ’ C C t - f l,’ CV VV • ’ = C-- ’~~

~~~~~~~ V(~~ . _ ‘ _~~ V _V~~ 0 ’  —— rV , - — ‘ I V  CV V - I ’  — ‘ C .

V - 
V . C l  . 1 ;  1 ’ - — ‘ ‘ ‘ ‘ C C C . ”  C C, C -  ‘C C

— ~~~~~~~ — V V V- .[ L.- CJ ,t . C V V C V  ‘S ’-’ - ’ ’  
V tC S C

V C --

V 
- — NJ t’4

V 
- =

9 -  - . p

. 4 -  ‘- - _

— 
- , , C C O  —

o ., a ‘C .t . 0 —
.41 t,)~~~~~~~~~~~~~~ ’ LV .~  

N, , VC- V — , ,9 — C

- 1/ - - r- -, I I - - V _ V_ V t_V - - V _  C

- — - - - , N, t — ‘5 ‘ V _ V  V_ ,J

V ‘C IV NJ c... IV F ‘ = 0 5 IV ‘ flJ ‘C

— V V - 0 0 C C . C Vt “- IV ‘ ‘Vt C — .1 a “C S
C C-. ‘ -V 0 LV -— C

.5 _V-V f ‘C V ‘C ‘C — — • V V- V ~V_V — V _ V V )  -_ ‘ Vt Lu - ‘C 0

- V V, V ‘J V 5) — -- ‘CV — C) C C — ~ . ,. — V ,_ .) _, - V - V (V.4

- ‘ -   V-V V V,V~~V C . “C - V  - ‘V ‘ . C C V  — C) C

- -V _ = ‘5 — — ,
~j 

V_ ,, V. l~) 
V • . V _ V-. - ,‘_ C . I.- LV -C V.-

- ‘ C O  - — ‘ -V C.) ‘a -V~~ )VJ~ ~/ .  C ”  C L  - LV ’ -3 .1 - ‘ V-.

2) .4 :0 - 5. LV.. 3 U’ C — CV IV IV ‘5 Vt C) . - ‘- 0 3 - C C 
V_ V)) — IV) VC

- ,~
, V , , _ ~~~~~~~~~~~~ ‘C. IV _ P 5 — C) - ‘‘ ‘ ‘C V ‘ C [C — C) CC ‘

- i 3 ‘V “3 V C ‘ ,) Vt C V - 5.V V .4 VU ‘_ V -3 ‘V~. ,.~VC It C - - 5,: ) ,~~ C) U C ‘5 C

p C ‘3 
— ,~~~V ), V — ,~ 5 CC V V V~~~~~ V~_ ‘C - +~ • V C a:

VP — . IV ‘C ‘ — V_ ,_ C 5 C IV) ‘5 V - ‘ IV . P’S IV’ V r IV C- V. I--

“I . ‘ ‘ C- ‘ . ~~~~ - - ‘-‘ CO C ‘ U- I IV, - - u~ 4V V - i ’ ’  fl __ C’ l _) ‘~~ “ C  V

IV. I’ - ‘ ‘ -‘ 
, - 5) V - ,, LV, . V - ,, LI +1 ~u IS IL’ ’ C ‘C St — C) ‘LV IL C ‘IV 0 IV

- ~~~.l- 
S t,VV ) LVC - . . . ç” V , V t 5 ) ’ 5  CCI C C ’ S  ‘. .C,V f l t  ~~V C_V V C V C t  CV

0 . 1 5’ - V if,’ t  0 ’  V — Vt P it I _ V t  - ‘ V t  C C C

it 
, , ‘ 

V 
- if - ~~~~~[ 3 -  -t “ ‘C ur —~~~~ ~~V V V IS’I V ’C C

— Z _  — ._ “ I V  C ) —  V V  
~.

V V V _ V_ =  V _ C ’  V V  I V C C V . V_ V V

‘ C C ,’ -_ ‘ . p C ) ’  5 ‘ C )  ‘ ‘ , ‘ ‘ C I V V  VV _~~~ _ C ) _  Q I _ 0 . t  ~~~~~~~~~~~~
V n C ’  . O t - ’  -V C - V - ’ C I  ( ‘CV ~ _ • ‘ - ‘ - c~ 

,-~~~ •~V

* iV ‘ ~~~~~ ~~~I’ V I V51 ‘1” 5 5 . ,  0 - V ‘-‘ CC’ 0 . ~~— ‘~~~~- t C C C I  ,,) ~t —  -
V C C C C  ~~~~~~~~~~~~ “C C - C .‘ C  V~ 

‘C __ ,,_J ’ t  C u - C C t  V t - _ V U  ~~~‘C T ’ C  u,~~~’ . - J + , L O S’ S

- I, - 53 IV LV - ‘~ — —

‘55 ,.~ ‘ — ~V tV) C _ (

V 5.4 - t  .41 ‘ 
I— V

~ 
‘ V

V - V - - V ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ VV ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V -~~~~~~~



‘ - V
_

~_V~~~~
_V__

~~~~
V V_ V -V__

~~~~~~~~~~~~~~~~~~~~ ‘~~~~~~~~~~~~~~
V V

~~
V
~~~~~~~~~~~~

V
~

VU IV — - —V -V - V) .- I —
- V ’S C

NJ , CVt CV C C ,~ V- V .~~ C UI

V ‘IV C C C - C )  _V
~ C, C ~ V 

— - , V - -- C C’ CV- C V_ LV.) ‘. ,~~~~~ C~ - V VV .1 t_, 0 ‘n o — --: 5) C - - 0 :. C C V_ SV V -V V I’ —V~ ,V5 Vt [‘0 ‘ Vt / ‘[ - — ‘ - ! LV’ (VS V . , ‘C _V 
— V~ —

— C’,) C 0 ‘0 IV ~ C C  V V N N’ -C C C- u_CC = . S ‘ — — ‘ IV LI 5- -LI 1,) . 4L , ’,” fl C, V _ _ C )  - C V -  C 0 ” C O  ,U C C) C, - C . - C) C V  C ~ ‘ — V ‘ ‘ ‘0 .4 IV C) V’S C) .p C 0 - . - , - PCI Vt ,__. V ‘ IV .~4 VP .3 .,,4 C .‘‘ IV — ‘ ‘ V . ‘C — ‘C LV 5) IV ‘ V . - ‘0-~ _ C) -
- 0 C C) 5’, C -‘ C-’ - ,I ‘ ‘ - , ‘ -) C- . C C. - , - LV Vt LV V,‘ C II— .—-’ ’-— CV’) C ,—  VV V ,, _ , ) C ’  V V_ V _ V 0 ‘ L  ‘ VV~~~’ ~~V _V - V _ V  VV L)V_ V 

~~ I) C’  ‘ V- Vt Vt C_V -V V~ V V - C ,V-J V -V ~_V LV C C C ‘ — V -O LI CV. V.) C”) — 0 LV V_ — VVV V ‘C — — C ‘ -C— IC) — 3: — — V) 5”. It_C - 0 . V V C 3:C ,~~V _ LV V ’ C V ,- -V. , .- ‘ L i ’ . ”  C. V -C C - .  C) V.. IV’ 1 0- C  V V C C _ C  C LV V ~~~~~ [V C c  V
IV S V C LV V _ ,V _ -V ,_ ~~~V V 0 ~~’V V~~ t - t~ [It ‘ -‘ t , ’ t , ’C ‘ 0 ’ ’ V - - , C V  VuI’ - . V C . , ) f l~~~~~~ V 3 _ ~~~~~~~~~_ , . ,,‘ LV .1. C ‘ _. a: — u’,u C t’C~ — -— - ‘ -C C, ‘ ‘ -C V ‘ 1 _ ,.VV C  I C - V S _ C C ’ V V V C C ; ) . )  C V t ’ ._U V V ’~~

_ V~~~~~~~ V V V V V V # CV C S ’  0 . “ , L V ’  ‘ V_ fl IV ‘5 C C - C) E l - V  V - V  C - V — —~~~- ‘5 . C ’ I V S . - —0 - C L  V V C V V / I V LV V , ,5 ’’ V p , fl V ,’ )  C ‘ - C )  I CV ’, [V L_, -_ * - C C )  V V~~~~V I V .  .4 - - - — -— I  - 5 _ V ‘ , C’ - I_ C1 - ’  C _ L I ’— C - F - C  C V U ’ . C = C ‘ 0 .~~~~ - ‘ V l~~~I V I I .  114 = - _ ,. ‘C C - L S ’ 0  
- - uVu C P

‘ ‘V u I C- ‘ C ) C C  V ’ V  — ‘ 5 3 1- *-) ‘ L - - V_ _ V V ~~ C) V L_V C V VV-- • - C  ‘ V  —Vt ‘ C ’  “, . . ~~~~ ‘ C C F -  ‘0 0 0 )  V~~~~~~~ V~~~~~~ CV C V  in) C C .  VI, ‘ L V I  LV’ ’ ‘ C ’  — — I V ’  ~V ’ —- ‘ 5  >~~~~~.‘ ‘ L V - ’ C C L u C ) CC  ‘ a C )  V I V C , ,V  C C _ _ V C . ‘ C t - C  , ( C )  VC’ - “ “
V 5 0,’ C IV V

-C- V-C,) CV (5 C) Vt V V
U ’ LC) Lii IS )JV 

VU .1 _, V -

C) -C C) -

C c-a -— - V , V(“F - - IS — _VVI LV C- ‘ C= ‘: ,,) =1 C s O  [F  - V _V
.4 0 2) LV Cc IV’ 9 I V , ,  - ,, C -,—_ VI) C S IV .4 L) V til V 5‘C NJ N’ ‘C V V~~~~~~~ V CV 

N’ ‘ V —NJ -‘5 0 Cl “- ‘ U )  .‘ - ‘ ‘ _ — = V V V
[0 0 NJ C _ ‘V V ’ , • _ _ V V >-, - -

N’ Vu, C C 
~~- C C-, — . . C , 3. C’, : , ‘ C= C”) C”,C-)  — ~—~ —— C~u- C’ ‘. 5 — — C’ 13 ‘.4 V V ‘0 -C,, ‘ C, - C C ‘

~ V~ — IVV.) .V _ V NV’ Vt 3 ) ’  C-u S  ~ C’ D C C ,’ 
V _ V = - C -”- IV V _ -— , _ V if V V L ‘ C ’-’V I 3  - * V CF V.V ‘ C  - V I — = C - f l  C‘C .- Vt , ‘ Vt ‘C CL CV N) C - I-, ‘C (‘4 - “ fl) C, 0 ‘5 5) , ‘ - LV, - — , .— C ‘5C) l j  C_ I) ‘ V~V C  C - V - C _ ZV VCS V 

VV 

, ‘ C  ‘ V _  — .4 . - C,- - ‘ .5 5) ,VV — C C ‘C VC 0 . 1 2  LI C U ‘ - . - - Vt —- C . -C) - .11 — C. C L C CVI ). , C-, V C) V V V _ V
~ ~_V ~I ‘ ‘

_ - 1) — — - ~~~~V V V _ —CL. C 3/ 1. 4V C) t_ V V V S ‘ LV ‘- ‘C L,V ~“ t,) Vt — ) — (P CI. ‘ V .C- — — - ‘ IV Ft V V .1 V - = C- - VC V - ,_j V Vt V .3 V ‘ C’. 
Vt .~ , 5 - V ,,, V C ’  , , - - 

~-‘ C CV Vt CV. 3:— ,_ -VV I.4 ,~. C) _ . Cf) - - --V I I ’— ,V V , , I V , ,  C~~~~ 
V V V ? - V~ V _ V _V ,4 — —‘V . - ‘S Vt VU I C ’  ‘a V-V 5 _ C C C ‘C LVC V V 

~
V - - C ‘ — 3:

0 FV _ _  , 0  C — C) 0 ”  C C  -‘ 0 ‘ - 0LV V V  I V 1 C  .-‘- . C ) .  . - ‘ l S  3V~~~~~~~
V CV V~~ V V C ~~~~~~~~~~~~ c_ C . - ’ ‘ , ‘ C  V ) 3.) C-, L ’ C V l !.,j  C- V O F -C - 4~~ I S V : t-~~~~~~~~~ V V V V - ‘- C — C S  ,V VV V U _ V _~~ _ V ,  V_V t~~~ V — ‘ ‘C ’5 __ V t ,, - .5 2 C 0 1 . ‘ = LV — Cm C C . ‘5 .C C C, C - C IVC L I V  V V V C,V V _ •  I C - V . .  CL - — L V ’ 5 V V V C C  V V V V : ~~~’ V - 4 - , - ‘ C V V  JV) ’C VV V V~ 

VC) — , - 53 IC ‘C --V C~ 
V __ ‘C , - C,V ,I, C-” V . - - 5 — , - “3 1 - . CV . ‘ C) Cl ,‘ ,_ _ .  CV - I L  SF )— ,V~~~. — .‘- — —  

— 
I— — E —

“ ‘ C C C.fl &C -‘-- I, CD ’ V  _ V C
VV

V ) C  
~‘C ’C  .~~ V ( _) [. V

4 ’ 5  “ ‘ I — C C ‘ V ’ C < V  C , _.V , . C _, L _ V V V 
~. ‘C

o - .‘ - .. - 
- ‘ .

-~ (V

0 0  0’
-U C’, ‘ V V) 5’ ~~V -U’ ‘ — . 3, V IV C CC C - - —C-V Ct CS -C’ Vt . ‘~~ C-F ‘ F  - ‘a 

V V ~ V
— ,.‘ V _ I  3, IV P V V V V - IV — . IV‘-I Vt- , .V  • V 

5) V V V Vt V V ’ .  V I )  ‘ V 5 (9 3C 0 —  V~ ~V (V 5-, .1 CC “ - V C  ‘ ‘ C’ V t)\ N4 — 1 -- ‘V~ I~~~~= ,, • , V V’j 5) IV IC . ) 5 t- V ‘V . .) 9 — C ’  L ‘ .1’‘ C ’  = ‘F ,C f l j  ‘ 3 .  LV. .1 V V ) ’F 0 V- V C V  V - V . 9 ‘ C 3 1C , ’ 3O -” -’ , ‘F O L )  ti ” ID ‘ C - I C, ’ * CL u/F ’ . C C C  C ¶ 3 )  LV V V VLV L ,V VFCI V V V, V V . V C: ‘ N J E V . N J V -~ C , ’ V ’
, V  3 0  is :- ” - C ) , . V , V V _ _  , ,V ~~~~ ‘C Vt

V ,~~.-V ‘ C L9 0 CC - ‘ V9V~~” C— [C -- V5 3:) V V C L )  V.V C . I Z V V  C i t - V . , , C C  C .— C C  C C Vt IVV 5 ‘ 3  - 1’ . ‘ V J I V )  .. — IV- , C IV CCI - C ‘ ( ‘ V IV .,“~ V I P  IV, ‘ I V ’  C - C  O V C  C ) ’ - O I I D -  Lu IC ’— C) —.4 C 1)1 - L.t — C * Li ‘0 C) V V.C - - V V 43 ‘ L V  ‘ C) *~V C) t-- • ‘ I ,  “) V •~ 5 )J, -‘ ,9 CU , -V O  C) ‘ ( V - Vt) C V L ) ’ 5  CC I  C ut-1 - ) Vt C- - V F ~ I Ct V V
V ‘C V ~

_ , Vfl V,.V ’., I V — ’( S I V ’ V_ C_u t - , ) )  ___ V V V) , , C~4 V ~_ C ) F  C V ‘C ‘ ( 9 V -~) i t ~~~~~~ _’ I VJJ ,_V V V  -~ V_ —‘ ‘ C  I C V -’i t-.V j  ‘ ) V V-’ , V )  C V .. V ’C V V V ’ C O  .4,1 1.4 - 5 ‘C 4 V t - IC ‘ C C ’ V C  ‘ ‘ ‘ 0CF . -‘.4 p CL C - C . C C”. — VU V V — V i  ‘ “ IV) -‘C 0 . - C) “ ‘I I  IV I. -Ct’V *_V LI V.V’V CIV _
~V t-V~~ _ CV flV 1 5- ’  V, I ) C L V  “ ‘ i -V t.) V C I V 3 4  C 4 - ’ ,: . )  — ‘  ‘ C C V  /5. LV VU iF V ‘CI V . ’  / 1 . 1  Vi) ,’ C ’  ‘CF . . C )V . .  ‘C c  VJ ~‘V ‘ I V  V • V . i -~ V . , _  CV5 ) , ’C ’F :‘ Cu. ’[ C ’ V . t  I c ’ . . .5  C ¶31,0 , L V C )~~~V C ’ , .3  ._ V 

* . C- S , “ )  -I, ‘5 IV ‘ ‘ V ’ ~ ‘VI V C’ F C C  t n , ,  C ~~~Vj ~V ( P 1  - “ [ V— ‘  C V _ * V [ ~ - - V ’  C C ’ - ‘ C LV V_ , V .4 ~‘.  - C C L V  0 -  IV 0 0•VC _V V~~V V ~ ‘ ( I V  V _ V V  V - ( _ V V  C C _ F l 0 3.1 1  3 _ V _ V  CL~~~~~~~ V S F . V 4 - C .  -“ S C , ’ “ C , ’ C V ’ LV .t ~~~~~~~, ‘ C C C V  ~~~~~~~~ 
V_ ,V_ ,~V ’  ‘3 . ”—~~~. -. —  C-)V V O I . — , t I I V . p  ‘ C t - V  V _ V ‘ S C - ’ ’ - V S _ V ~~~.5c I_ ~~~~

_ C I  - V ii) V V ,V 
— ‘“1 5) VV ~~~ . C F ’ S_) V V V “ I V  ‘ C l -  r’- -],, _ V , _  ~ - [ V V I V  C V IV ‘ )V .  VV C I , . _V -V , _

~~~~~ ‘ C C C _  V 
~=t ..4 14 3: ‘Vt V I ‘C -. V V ’ 3  V V (0 ‘5 -‘3 4/) (~~~~~~~ ‘5’ .~~~

. 
‘~ ‘ ‘-~ ‘ ~, — .~ :- ‘ t  - - C V 5 - V C ’ UI C“5 - ) - ‘C ‘C - ‘C -‘ 4-- , ‘ ,‘ ,‘ ,‘ ‘ 0 9

‘V I  (~ ‘ F  Vi ’) ‘- ~ IF V ’ S V .



— ~~~ V _ V V _  —

C V  V
- - 0 ,  0 — C

C’
‘F.  . —V , V - V’, ‘_V V . •,  ‘C

C _ C  “ _ C’ V-IF _ . L I ’) — E -
~ 

VC ‘—
-V -V- 

- , — C  ‘5) ,- , ‘~ ,- ~~~~~~ ~~ C C  V

‘ t i ’  LV ~~~~~ ‘0 ~~~~~~~~~~~~~ 
‘ C~~~~~ C - C — C )

-‘ 5. - 1 , ) — CI C _ ‘F’ F’,,

-
- — C - - t 0 /-t C C _ V VC’ C ‘ C l  I- VU C ‘ C V C 5 L~~~~ C C  -V V 

~C-u ‘0 — — 4’) — V ) V V V _ ‘S ‘VS C U — C = C — — ‘~“ . — — -
V —)

‘ C V  2. V- V [ ’ V  
~~

‘ -V ‘ C C  ‘ - -_ - - ,-. . C — CC ~~~~~~~~~~ C L V ’) D-
ID I, J I  . ‘ C  S C ,  C L -  V ’~~ ‘ ‘ —~~~~

,- ‘ o - - - -V V IC — ~‘5 VC 5 . - Il C’ C t - V  S C C~ C D  . ‘ 5 ’  S C ) -  3 / C C  -- 0 . ‘5 I V ~~~L) ‘FC C C, ‘ S C¶ 3 ” —  )_V C -  0 ’ , ’  ‘_t V F O I V  V-V-I ’D C C ’  C C  C U S C - C -  . C O ’’ t — ~~ 
‘ “

~~~
‘ _ ‘a - 2 0 ’‘0 ‘ ‘ ‘ ‘ t  .., ‘ L S a)  a - _ C ’  — ‘ - C , ) - S C ’  C .. , V ‘ _V 5,

- 
1 4 V~’) 4’ C t V,V LV, LV- ~S -  Vt ‘~

—
- C C C 4 /5  C J

~~~~~~~ “~~~C’ ~ 
‘0V _ V 

,_ — ~~‘ -~~~~~C -  - -V V~ . - (5 - - - L ‘ ‘a -V ‘ V LV U C LV
- 0 — .~. CS ~~ 2 ~~‘ “ ~~~‘0’ ~~ ‘C LU— ‘ L V . C V ‘CF (c-V fl V) - _. ,— C 5~- . - - , F) ._ — C C- C) - ‘. — 

‘ V  _ 
- — —

— ‘C - - LV.) 0 0 .~ _ “ F. C,ID( 9 3 :  5 C  ,,- - ( , ,) ‘ 1 1 1 4 ”  V-’ Cl C C ’ l  C, “ “~~~ C, - -  L VV — _ ‘C ~~~~~ ¶ 3 - V  -_ C, V -  — - — — C’ ’ . ( 9 . 3   
—‘ ‘1 0 — 0 _ V  “ ,S _ — ~~~~~ LV C) —C, ,’ L,~~~~ z~ ,, 

- LV ~
— 

— Vt ‘,, ( - c_V C, 

,:~
1 

C - 
— L~ ~~~ 5, — C., 

-

C- ‘ - 1’,) 
‘-

. V
C- C~ 5- ‘ 

LV’ V)’ -. V

C ‘C ‘C LV ..”05 V •-V -C- CV . ‘C C.’ ‘SCC C C , P ’ C  , :- c-- C C) LI .‘ 5 5-  C-C O ‘ IC CF C r”. — It, — C -
‘5 Vt I C C  

~. C C - -  CV’, ‘C C) -‘U .  - -  V’s . “ ‘— LV IV’ F’-,., - — 5  -C
- ‘C ‘ C’ ‘ C CD U’ C C C ._ ._ V c ‘ .

~ Vt (P C V- .  C ,’ — ‘ — L V  C - C = in) C’ - I - -— )‘i ,.—’ — —V - - C -  3 _
~~

• ‘V -V .~~~~~ C’ -— ‘_ ‘ _  ‘ 1 1 1 ’. 5 ,, ‘- 0 C C  urn C C C -0- C C  C) (V ,. Li., C — - 5 5 C C) ‘. _ ) ‘ C V . C ,  C’ 5) 115 : 0. - “- I’.,Cl _V , , ‘ C _, ,” C ’ ’ ,’ -— 0 ‘C ‘5 — ‘ C  C - , , C - - - — .—~ C c ’.FC S C ,  =C — CS .C “ - LV’ ,,, LV) ,— V’C ‘_ _ C, LV’ Vt-) C ,, 
~~ 

, V
~~~~

.V — — _~ C — ~. ‘ 
C C 

“ ‘CV V_) - 3 iC’ 0 ’—’ [ S L V  -— C C  5 0 1 1  Ct, -— C -- V - C t -  - LV C _ V V V_ , C ) , _ C --V C — ‘- ‘ C V— -~~~~ ‘F ‘C C ,_ 0 =  ._ V~~ - ’5) ‘~~~~~, C : _ ,C C ‘ ‘ ‘ C C C , ’  04 / I C ID C C- V IfF~~~~~~~ C L I F ’ C V Z  -. - . *  U — V. V C U  - .3 ,5 ,, ‘ - “ C C -  ‘ 1 , 1’  “ - C — ‘ C U ’  LV) — LV,) - — C LC’ C - — C, :1 J IV ’ C , ‘ C CL) IV -L (1 V-C) — “ ‘ _ - — C ) 0 — SF -— C C.-‘1 1, — — — .1, CC — - ‘ ‘C ‘. ‘ * C ’  C c _ C -  C I_ C -_  I ‘ V ‘ — ._V ‘ V ~~ “ - Li C - t-- LV,V — 1 1 :  -- : ç ~C)),, C - 3 / ,  _ _ ~V~~~~ _ ,_V~~~~~~ V 
‘ = L I -  . C ) V ’ 0 .4’S L V :  C u O - _ .5 -, 1’ -—C ’ S - U 1 [‘ I/ V-t ’ C , C - - V  111 ‘ C U  C ) - —  _ c  - 5’ ‘ I V ’’ C’ V. C) “ V U  _V ’ V  F ) . - “ CCV ‘C _ - V 3 C - - N, LU C :-: .- - . ‘ -  C .— -‘5 C - - - 0 _V~~~~~~~~~~ V C C, IV - C- - C , — C - ‘0IV , C, C 0 5  C O  , V 5) C C  CV II I C  — ‘ 5 ’  ‘ C C  ‘C 

V V C  V ),_ _ V 
C IC C _ C  . -— — C l  LV, ”C , ,  ‘ C )  ‘ “ 1’ - ‘ . 3 ,5 “ C - I C C )  ‘ C C . ‘— ,, . C - n - C  - “ ‘ 5 . -I C C _ 3 / ’ ’ C  C C-,. ‘C ‘ IDC 1 4 1 .- C C  C O ’ S  “ C ’  t ’ . ,5 L2 3 V . V J L V C V C  _ i ’ C I V C ’  C Ca — C C - I  I_S C ‘ C .  [V C ) C~~ =u U_ — C C C — I V ’ C C ’-C V t ’  V ,  - _ , V 5 ‘ C ”  C ’ S  - - - - - - - . — - ‘ C, - . .  • C) C . - ’  - C ( V -  ,‘-‘ ,,

CC ‘C — 0’ 0 “ — F’ LI = ,* C V,_ C — — 0.5 ’ ’  ‘ C C ’  C-. ’~~FVV, ‘C ‘ , F  — ‘ ,C , - C C ’ . )- - IV ‘ C C , - IC ‘ -.— , C ’ S  V I ) ,  , V 
~~~~~ C - I .  )C-~~~_ . VV t‘‘ C V ’C - ‘ - I t - -C C C  C _ . . ‘ - S . C C- C ’ -’ *,*’ .CZ ‘ 5 V ” - — ’ ’ ‘C C L I , ) , , , —11,, 10- 11C C ‘ - C ‘3 .-.,-‘ C, CS C. - ‘ — — — ‘a IVIV, Li -— V C~. - - - - —

N) -C ‘ 0 — - F’) — r Ii C-S-V CII 5-F - VS

V SI

C-) 
V

C C -

-V V. -~ ,,~~;

5) .~ C C  - - ‘ C V= U’ - F ‘ —  V . ’, - ‘C ~~~~
, . - - ViC -- ,~, ~~~~~. ~~~~~ 0~~~~ 2 . ‘-VI— — C u  ‘ - (“I ‘ N1 -” 0 

- 
CF ‘C ‘ ,_. C ,  =C ‘ C U  ‘C CV) ,. — C’~1 ‘C C’,) ) uP ID C - _V IV 1 2 )_ C 0 C) ‘‘ 1.C) -“ 95 — C - — 3 —  ‘V-~~~C C ‘ .1: 9 - ~~~~~~~~~~~~~~~~ ~‘~~~ C - ‘F 5 ‘SIV ,, C C ID ‘— V.” - 3 3/ 1 IF -— V/ - -- 0 — ‘‘ ,, CI. I,0 ’  ‘C .15. . ‘0 ., ,. T3 . 5  t-.V 4 - -C) ‘C C Cl “ V ‘S ‘0 (‘.4 ’S. -— . “f l  ‘V

‘C C ) I  ~~~~~~~~ C - _ C ‘ F ’~- C - O  C ’) ‘ C _  -u - “ “Vu CC IV N. . 1  - — “ CC • t-V -V 9 [ C  1 0 C C -  C C C  C .) , p  C V ’ ’  V - ‘ - ‘5 Ci U 10 ‘C IC - _ 
‘CS , , — ‘ C —  ‘ c - J V ’ , -, , V _ C t-V _V - F  C C .  - ‘F  ‘ ‘ - LV 1)1— - ‘ IC,. , CIS ,—. CI - ‘ O’V C . C’ C 1’ ‘ “ ‘S C C CL L’S 5 LV CV 15 . ‘ . 2 . ” - LV — C -.V t ’  C l . - ’. L ) C ’C .C ’ C _ ~~~~ - C ) ’ ) ’) LV . C C  L I — C  ¶3 1 10 1 ”  - . F ,: S - n  CC, - -— ‘C II - — - ~~ VU — C C  C ’ S ”  ) _  . ‘ 0 3 /C .) ., . “ C ’  LV,)

~~~~VSF ‘‘ - C , V C . I V  C C . C ) .  C ) V ,V S L V  ‘ 5 . - C ,  5) V V  
C ’ ) ’~~~fl C - ’ ’ C  -— V

“- ‘.4 ‘3 ‘0 5.1 ~~~~~~ , t-’F VIS t V _C S F0 0 ”  .1) 1 C - [V I f l   ‘ . C - V  0~) C C  . 5) V-_ V‘ 1 0  S . ’  ‘ -V ..- ‘ L V  ~~~ ‘ ‘C ‘ ., I.’ - 4) L .  ‘C V - 
‘S ,

~~ ‘ , )‘ 0 ,— LI C C  ./~~~~ —,V~~~~~~5 .  . p I ) ’ C ,  : D ’ C I D  I I ’ S ’ 5 - O  , C  ‘ C - c Ct ‘ - VIC I C ’ Q , VCI —I L  ‘ V ~~~ C 1 “~~~~~,‘ V _ V - —
- - ‘ [ 1 9:  V-i’ C ) V I V - V, Vt - I  V V , ,J C), ID LV C S  1) ‘I D  U - .  

~- : I,’F -- V C C ’ 9 ( ’ )  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— - ‘ Vt5 2’ C ‘C) C - C ‘~ V., t C,. U ‘II C. ‘S C ‘ — ‘C ‘ 1 ‘5 0 ‘ - C” II’9 9  V.1 ) _ V  - 1.) ,) LV) .~~~~— c  

“ 0 3~Vt ‘ ID IV - .- c ,  ‘~ — —
( P t  I V ’  s ) )  CC’S C l’— C C I— C - ’  V . 3 ,  V jV~ 1 (VV’ 5~~~ C-S -’. ) , 

— 
, F ’ ’  V 

— -‘ O t -  ‘F~~~~~’-” I - ‘ “V _ - ,  ‘ C - ~~~~~’ 0 . I’  V-I “‘ . 1 - ,  * C - C U ’  ~V ’ F . ’ V -— [’,. 5 ‘S —C .4 C “ ‘C ‘ LI 5’ 5 
— “ -.1 t-,) .. C (0

‘ C - C ‘5  C,’) CC ‘S (0

- C S CS. ‘5’F .-_ .J ‘F’ V - F:

~~~~~~~~~~ ~~~~~~ -~~~~~~



-- — -  -V - - --V. -
-

— -CC ’ .- .5 ‘5
F”. ),) , — C V I’1)15 V-I F — IV.) NI C’ - VLV Q) C’ C-
C O  C LV) ‘ - ‘S55 . 1 ’.’ ,“ — ‘‘-V “C - - CV ‘S. C”. — U

- = - CI 3/F-’ 0 ‘-F’ — C ’ ‘a II’ C CV -_- ‘0 LVI ‘ C —2 ’- ‘C V’S -— C’ - F — F’, ..- -_V 4, LV - — V , V ,LV 0 — ‘C’ V.1) CCC’ IC LV C- ‘- ‘ LVI C, ‘C - — 1 — C, IVF’, 5) LV) ‘C VI, C ,) ‘C LV - - LV ID C, C ‘ L U -
_ 1 0~ .- -‘ ‘4, (P CU C’,- U’ ‘IV= )JI _ ‘C C ‘,— ,, — — - ‘ C CC -— = CI CV - — C = Vi— C.,LV C LV — ID ‘C LV C’, 0 NJ I) C C ID ,“ C) C C V I — IN,1)5 0 0  V-S C”  U’ -‘ 

C C  IC C t - )  - - C- C ‘ 0 — - )N, Vt ’O V C  
- 

C I V , “ IC

— I — C , ‘ I), — V _V LV : — IC ‘C II) U —. ‘ -- . SF _., 0 ‘ C II ‘ LV F_V‘C ‘C C -Vt - C C - - ‘C C C-V — U) ‘_ V - — LV 3/ - C C 0 3/ C I C  — t , rV ’ 5 ,’ r -  Vt LVC , )  t- CC - ‘4 C’ ‘ C- U - ID CI C ‘ _ V  ‘0 -, CC = S ‘U ).~- C F
~ CII ,- C ,  — . — IC 1)’ ‘0 IC I, -V V Vt ‘V‘C ‘0 ‘0 C, S IN 1. 3 IV -‘ 5 ‘ LV)  , C ‘ - C Ct- CC LI C,, ‘C 11) - — — C t- C— C” ‘ IV ‘11 .3)15 CC,) ‘.1- ‘ — - — ‘-3 0 3 - IV) V C LV ‘. - C) V , ‘ — C, IC C- . - — C C,C C I V  O C , V_ I) 0 ) 1) ‘-V -~~~~~~~~~~ — ‘ = ‘ L V  C ,  CV C - C l. . — “ O ’ -’- VUC) C L I V  I_fl F - V - V.5. ,, — 55 VII) LV Cl .1 ), C t - -  LVI C - - - 0 ‘ -— It- U - C C , I I,.’) ,C — V I I IC C C. _, LV C ‘. — VU uVS ID‘ S C _ V  ‘ S O  ‘ C C - C C -  0 - V  ,~~V ’VV 1 -n ’  U S C  ‘ C C C  , 5 C  S C - - C.1,1 - _s ‘ . 4 C_V CF CC,, -— ‘CI S ‘ I) C) ID 2 — C_ F-’ — CL CC’ 1 1 C ,. V C CL It- . C ‘V C_ - V  C - -  C _ - -  C. 1 - - LV CC. - -  C C  C V V ,~~ YC - C V 

‘C V 5 V¶3 - ) . ‘ CCV C) C’ S ‘ 15 )” 0’ -
, ‘C . C) ,~‘ V .. 1) - ‘ C’ ,-~ ,), ,‘ C., D C C  F’. C’ 1 0 C C  0 — CV S . ‘ “- CS . - —-— ,, —, V -‘ IV’ F-’ “ C 1. F V — 0’ C V V ‘C’ IC) C’ ~‘— LI V C - — — _ V ‘ Vt’ LV SI’ I— ,- C, 51) V’I,) F- - C O F ’  C. C ‘ ‘ — = CV- .“ I —51’ V F -’- ‘C ’.’ F- - C ~~~~~~~ I O N I S .- ‘ ‘ C V  S — U  I,, ’ CV - C C - ) . ,-‘— C_. F ’ - . C I - - — ‘1’ , C ‘ ‘ C , —= C’. —.1 C C- ID ‘LV IC C, CC ‘-IC — VS ,‘C ‘ V  — CC , ‘ ‘C Q~’ . C  —V —— I - V V ~‘) C III, ‘-, - “ — - - C- ‘V V V t- ( — ID C — CLV C-, V V II CC I’ C‘C 0 0 - ‘ C . - 1 C Vt 0

‘V C- I-’., C , N,
— ‘CV) NI C’, NI ‘V, ISV IV, I”, (‘.4 ‘ - I’S

F” I,) - C 5
-C- — . ,- 4-’ 05 C- 1 1*’, DC)IC C-, C — C CF — C’ C’ 0 — Co — ‘ -r CI C . 5)’ — -‘ —V C’ — - I’) — C,- ,CC C’ C’ - -. I. ‘C C VI - — IC- — C LV -? -

- ,CV - C C 0 it C U’ I C (‘F ‘U, ,, — 9- C - V _ V  5) -: V 
, 

— “5 F’l u-  CS ‘ - NI ’- ’ — C L  5) 5 —

Vi ‘ -‘  ‘ - _ - — _V ’ IV C LI’) c , _ C _ _ I V  —‘ - C-- LVC CC — ‘ C _V — ‘ ‘C *3 VV’ ’ ’ ’ ’,  •~~~~C . ) )  - U  
~~~C - ) —  C- V 5  1~~~ 10 1 5 .  UI — I ,. ’.‘ L V ,  ‘ _ - ‘ C V  ‘C ‘ C ’ S C C .  -‘) _V ‘C ‘C- ‘ L i - C -C C C’  ‘ CVI I ‘1, C C ) ’ - ’ ’,) S . C  C C ’ - -  C l ) ’ ’,-C C C . C U -  — C  ~~~‘0 .— C C C  L I’ C ’  — C “ V - V -V , ‘ C I t . C = ‘ ‘ .‘ C ‘ S C  -C C- U , — ‘ CV C- CD ‘a C l >  _ C — -t CL C ‘ - V.’ ’ — ‘C I ‘ LV _V CL I CC — C _ C C- ‘LV -_ U Vt V C‘S U ¶3 — ‘ . ‘ F —  C LI C-,- C U,,  I ‘ CV CV - ‘ C C , - IC - C C LV C, CC ’ ),) ‘ C - C  -‘ - — C C, _V I/I C S C)  - —

O 5 C V V CV. ‘ LV - _  C- ‘ 1 ‘S — ‘C C V ,‘ — C” C , V I - V V ‘0 ‘C Vt, C .- V 5- [V V - 
‘C — I l C CII C CV’ V , I,55 10 IV LV 55 — -C U- ‘CI 4) — — — a — = LV — C,— S ‘F — ‘ C —  ‘- C _ I S O—~~~ 11 _ — “ ‘ 0  

— 
— ‘C ‘0 t 0  -o ~~ 

—
—U — V V = ‘C , - V V 0 ’ - ‘ - V — V I 0 - - ‘F — C V V ~~~~~~ C LV ‘S V C- V ‘C “ - - — C

C I~~ C C ’ ’ ) -  L V ’ C ’ - V ’ V F  “ C V ) U C . L V C ) F  ‘ - C C  C’ ,,F F -- .” _ C ~~~,,’ S I C  LV” V - S I ’ S C ,’’ V L C ’ ’C ,- CF”) = I-— —- — I F -’ C 4Th C I- - CC C — , -I C ‘ C C 0 ‘ - ‘ — C Vt V — 1.- C  C — I ‘ ‘ — C, ‘ - _~ ‘— Cu V — — V ‘F’ -V. . t1’F I C C) C_ LIF ’ ,’, . - ’ ’4 . ‘ s. L V , V C V C  ‘ C l _ V  IV) ,,, ’) ‘C . ‘V) LI,I CC ‘ C C L  LV, IC’i  “ 1~~~5,51< L V V ” VIIV .C V— - C C’ LV , — _ U U

1(1) 5) US ‘F C- V LIV C’, 0;

5. — ‘S CI 3/

C,” C IV.) — “C .5, C= - V _C CC V -CF — — C - - 45 9U C 0 ‘t I  C-, I “C F” ,~~ “ It, CC- ‘F C III 2 LV C V’s -— “F C ‘C — - ‘ 0 IC LV LVVi -3 — ‘5 5’ 
F’- 

— 
-, — 

— 
C 

-V IC 1~ — ,, ‘~~-
~~~~ 5) t - C C S ’ ’ S IC  -2 c--~~ , C ’  NI C t ,  C — LV - 

C’ ‘S C’C~~~~~~V [ V V ,0 - ‘S ~4 V’S I/F . ‘ ‘~ I-C) ,) S — V SIC IC) V ’ ‘ -. F’ V’_ V-CF — C ~“ C C’ ‘ - — LV C’S -LV) VI ‘3 ‘ 
.
~ CV -C) ‘ 0 LV CI, ‘F Ct- ,V ‘F 9 ‘1’ t- , CI — 1—’ 0 VI  ‘C .“ ‘C’ — ‘:‘ _ -C-C Cl) V’5 ’) V~~~~~ L - ’C- O ’,V C-V “ C  U - _ V  C ID V,V [ V  FC ‘C i _ ‘C C C ’ -  us C5F ’— C C  VIF -— C’,) IL C Vt~ _ ‘V V S (‘S — — .1) 9 11 ‘C “. -,- - IV * ‘C , c-V~’S LV V. NI :, C C’) IS, ... ‘LV) F’V) V IV ‘C ‘S 5, C, U - Li, C’S ,- ‘ 411 — V_V C -— -_V C- — ‘C C I — LV) — - -Ct ~‘ “F ‘ “ ,V IV -~-— ‘ NJ’ ,) 0 II I) V I  C 1 - ’_ _i ~V — CC V ’  LC , j I  C C, -,- ,, ‘ ~_ — V C C - C L V 4 )LI — IC) O ) P ’C !F C C . ) V ’) - ‘ C C C  C [ V L V - ’ )  3 IC - V C  - , LV ID - V- V C- ,, fl — ‘5C - F” ,VF 5 ) 0 5 . 4  V V V1C _ .)V ‘ * ~~~VD 0 ’ - C C . ~ V C ,‘, C ’ C - .  0 0 c _ C  ‘ S _ V  I_ V C’ l,

~ -— , 2 ’ —‘ S C  C) - ‘ _V’ ’O 1 4 0 5  C ’-’ ’ ’’ “ ‘ 3 /  ~~ ‘ C - - L  - C CF S I C  LVI I) C , V’ t- ’— V’~~ ’ C ”  / F - VC .” ,C “ _ V . ’-  ¶ 3 ’ , L V L V  CI ,1’) ’— .— I1F ’CF ‘ ‘- V  C C C - C  2 “ V t, 0 , 1 - — V~ V I - U’ V_’ C51 V — t ’  I_IF ’—. 9 F ~~~~t ’5) ‘ O I ,* F ’ . >  -- - — I ’ D  — ‘DC ‘ _ C  ID W I’fl , t - ’ U_V 4 ) F-.,~~~~L S L I _ V  ‘ i F V - -~~~, )  -~~~~~~~~~ IV — V S - V‘ C N , C I ’ C  C t  — Z C ’ ’ V V j - ,’ V - C L
VV

I ‘ ‘ C ’ — O ‘ VICI LV 3 0 0 1 0  ‘ C F - S ’ S  . ‘ C ’ C~~~~~ ,C V.C >) T V 0 , 0 5 _ C C ,)C C ”  ‘C 1’ ” ’ C C ,  C , C C _ - ‘ C- LI C, ‘ — V _CO u) ’u, . 1  ‘-‘ ‘ C U L V I C, _ V F V .V._ C 
~~~~~~~~~~~~~~~ , ‘— I .  ‘ C O  —- C .1 . ‘ ‘.1 . LV ‘ 5, .1 IC ‘S  - C - C C ‘ Vt I-fl — V-fl 1’ CIV -- 3/ 3 “ 0 ‘IF - ‘- ‘IC ‘4 CC ‘F” .C F .  V.’ IS, C C ’ ,,’ ’C) - L V  ‘- --- . 9 5 C ’ ’ — o 0 ~~~ C - —  ‘ C  0 ’  C~~~~~~~~~~ ’ - ~~ — _,) 4) - C )  = .1’ ( P C / I,, 1,1 ’ ‘ L VF—’ OF II’ ‘5 Cl —‘ - 5 ’  ‘I ’ 9 ( V ) , , ’  C. 1- ‘ 4’ IC ‘S S CV “0 SF CC ‘0 - ‘ ID C . C r ,  .) , ,. - — a CC) ‘ ‘  . - .C - ‘ 1 ’ —  F~~~- .  ‘s” - ‘13 I C ’ S  ‘ U I_IF ”. CCV “ C ’ ’ C  ‘C “ L V’ ’ C  ‘ ‘ . .~~~

- V -‘ ‘ ‘ 141 115 f l ,  I ‘ ‘ 4  ‘ c - .  1 . 5  CI .’— C ’ ., ‘F C L  O C ,1 ”  - - C O O  — - ui . I ,F , _V ’ , ( V,’ V V LV I V C L V  “ S V V  ‘0 C ,.  V_ , . _ VC)_  ‘ ‘ [ - ‘ ‘ C C - - C - I V  V ) ) ,’ - CS 1 .’ 5)V V)J ‘ -V . ’ — ‘ t’ VI ’ CS C- . ‘ .‘ ‘ C ’ V U ’  C V C’ C - ‘‘ ‘ 0 ’ ’ ’  C . -’  V ut) ,~~~, C ” O O I  ‘C 0~~S) - . C’ ’ ’u,S C I’ - ’  ‘ , C.i _  — - C F” I  IC) - ) - - C C  I ç5  ‘ I - -- - — , 2 5 ’ -  . C - ’FI . C ,J _F , 4 L I  . 0 4 ’  , O t —, V V C V C ’ C I ”  t- - - C ’  — — . I.,I _ . , p ,  .,‘ L V C . t ,  -U, It- V I, ID F ‘C  -‘ - - C  CC V I CV V-IF Cl CI V V-O 3, CV - C C) V-C , ‘ ‘< C O _ I ’ l L C 0 ‘ 1  - C, - ‘C 4, V~~~ V-t IC-FF- V V 
0 0 CI CC “ C

U ‘1 ‘4 — (‘1 CF Cl 15 s_C I”,“C ‘C IC) C 0 CC C’ C” “F

_  V



-‘-V -- — -‘-V V ‘—
~~~~

---- - - . V ’  - -V --V

LI C
5, - -.

C C C  - ‘C -

5 - C C  F’ ~~~~‘ 
V’ V.

- ~:_ , 
~~~, ~, , ‘- 55~~~ L I ’  ~,- 2 5 .  •~~~ - V V -F ’ ’~ ‘- C I . ’  IF_C

— 
C ‘ LI, -, — — 5’ -~ C- — -~

L IV ,~V CCV U 1’ ’,) 0 .’ - ‘ C ,  C’ - ‘ I C  C C  V, t -~~ ,, . - 
,

- C/V VII — C CI’ ’I - ,J,I (“4 C “— C~ (‘u — ~II ‘C”~ C~~~~~~~ —‘ I. ‘ — —
5. 10 ‘S ~ 4 ’ C  ,, C _ t  ID 

- 3/ C’
0 C C  “ IC C’ C C C  ‘ , C ’ “ C- ~~~~ V

~~~~CI 0 0  ,“ - — I,IOIt) ,V’F VI 0 , C’ -  ‘ V ,‘ VIF II = ‘- ‘C- u’l VIC ,C t - )  I ‘ ‘ - — - , ‘ ‘ ‘Cl ’ V
— _ IIF — — C O . ’ U ‘C .- 0 

— — 
C” -’ — —

-V ~~~~
- _ -V 

_V I_IF
’,

L I _  
CV’ c — _

0 —  ‘-“ 0  0 ’- ’- -’ V C C C .. - C V . C C ’ ‘ C )  C C . . ’ - ‘ 
* 

- , , IF C- if
IV C) ,, - — LV 0 — - _ —

‘IC ‘C’, C ‘ .11 C LV.) 0 Cl) — CII ‘ C C C ’ S  ‘I I ,’~~~’
— ‘F’F t ” t  — 

,“ ,, C CC —

‘ I/) _V IIC C ’ - V IV F _  - -‘ 0’, -’
L V ’ S  .V C - 5  _ — V t _V ,’ 0 — C - . ’ C ’ C’ . , I -C ’— C , , ’ ‘ ‘- ‘ ‘ “ ‘ ‘~~~~~~~C - 

CC - V

I C - _V C ‘ C CLV’ I’. - IV CC C - F - V , ‘ , - - - C .C C- ’ — 
- “ C - ‘I ‘ .‘ ‘ - LV,

Cl 0 0  0 ,_ - — C’ II ’ ~~~~~ 

,- 
—

C , V ‘C C C )  ‘ C C , ’  ‘C C,
C C- C C ’  - 3/ 5.

SC ’? V “ Vfl -— t- - C r, — - IV -— i— - — F’ — V
01 ‘- -C , 

- I ’,) (C’S I~ LV’ 0 ‘C ‘F :~~ 
C- C - C .  V

,0  ‘S t-—u 0 ._i LV Vt — - C CV’. - -  LV _ - ‘,,
— . ‘— C’ C , C  C i C _ V  —

“ CV C- — C, C = 5-, — “ C )‘,, “ — “ C
C, - , — L  ,, SC ,- ‘ ,. O ,IC CV ,) ,. ‘ 0 - — C  C - C ‘S I _C, C U V  “ ‘ ~~ - _ C - C _ ,) L V C’F C C

C C) Cl “— ‘C ’S’ 11 -’-’ — IC 0 _I’ ’ ‘ C -C. - - — - C C C ’ ’— I C C  II -

- ‘ CC) C’ C-F ‘C CC C- Vt = C C- CI -‘ V V ‘ 5) UV’ II S C U - — C’ c ‘ ‘‘ — ‘~~~~~~ I Z  —
V 1— 3) - C — IV - . C ‘S C ‘C -LI ‘ - ,- - V _ V _ - -,, C , V _ V  C> ‘ C ‘C — — - — - “F C CV “ C’,J

0,1 ., ‘‘ Ut-) CC C O U V  -C II 9) ,. IV , C V ) , .  2 LVI’) .,. _ , C, _ V =  _ ‘ C
= ‘C C S ‘C “ - _ 1.1 U - . -I C, C- -I ‘.1 ‘ LV,’ C ,_- Cl ,1C, 1CC- Cu ‘ V
L V ’ , L V , ’  5 ) 0  - C — .. C : 5 01 ‘ U . ’ C, C C  - C  C ‘J I  V t —
C) .I C’ O C  C C ’ C ’.C t- V -V ’ C —‘ ‘ ‘C ‘- V_I ’ D  t- , - C- _C- ” = C V ’ ’ _  C IFC
V _ — IC -— - ’ — IV C _~~~ V’ - - ‘ ‘ V t  — . 1 1 0  ‘ 0., C ‘ ,fl C _ - - I-I C C _

‘ C  VC IV- V-~IV Z  C IC- V 3 I ’  [ V ) I C V _ 1 5 5’ ’  CF — ‘ ‘  - C C ) C  0 ‘ - L I .  ‘ S C  . 5 _ C C )
IC C C) I/F ’ C _ C  C C )  C - C  C C - I C -  — 0  C “ ‘t V-Il C’ Cu) ‘ V .  C’ . ’ C C  — 0 1 C C _ i

_V~~~ V — l -’C ’ J ,I ,_ ‘ C - I,’- 1,1,1’S. ’ C C .5 ’ ,- ‘3 ’,’ LV — “ C U -  ‘ — C U
C CV “ C”  — — - IC 1’ ,~ C’ — 

111, ~~~~_ = ,  -V

C C C C C  _ C ’ - ’ _ C - . _ C ,  C, - - O .CC -~- C C ) t -.C C C  CLV ‘ ‘— ,I)I C ’  5 5 C C , . , ,  - C ’ . C ’  3,, C C -C
‘.4 ‘C C C ”  3 ) 0  U I  C ” ’  C- ‘- ID * Ill S C ”  ¶ 3 0  ‘—‘ . ‘-V’ fl

— ,. LV) C ) ’ -’C ID’_  - C - — _ V

I_C ‘4 “ C.’ C’ I ‘ ‘S ‘“ ‘— ‘ ‘ C ‘C I V CC ‘— - D Cu - — — ‘S ‘C I ‘ — _ ,— C ’ 3) .1) , ‘ C C , ‘ - - - — . ‘ -— ‘ ‘S

— ‘ ‘  
- 

C 0 
— 

1’- CI, 4 C — - I-’.
V-I’) CCC) _ ICl, — u ,._I IV, C C) C C V -  C . C ’)  i ,’~~~ ’U. ‘ S I V ’ C  C - I C  ‘2 5 .-I, C t - V - - C [‘Il - - I-C

‘CI ‘5. 3/ II 0 IV 3- 5) C, V
= LVI -~ — LI C- IC C C’ C,’ .‘

CC’) C .  ‘5 V-~’V - ‘ 
V C .

I
C’, ‘ 5 )V ,  5, 0” - V
C C )  C’,) C)’ — — (ICC 3) V

- — 4 3 ,  ‘S 0 “— ,IV- - V

I i 5 CC C LV C C -  .- C

C IV LVI (CS LV C F))) Vt 1/F , CIV Cl) I V-CC -— - - LV - ‘ Cl,
V ‘C C i C - ’ ’ O U ‘C — I/I C) ‘ “ C . CI “ ‘ t ’ C  ‘ - C ) ’  — C-
C C L I  I’ ll ’ C) IVJ .”IV/ 1 1 / .  -V V - V  ‘ C -  C’ - CV”~~~~ ‘ ‘~~~~ C /1 V

C = ‘S -— — ‘ ‘a C’, 11 C) C’ C -‘ ‘0 CC — ‘S IV — V-u) I
‘3 S — -“ ‘ 3/ V

~3 1) ‘1” S ‘C ~C CS’ CC — ‘ Vt ) — ‘C C C’ ‘ S C- C
‘I :- LV n 3/ = j  ‘S (I) C C), Vt U Cu, C -— C,, IC C - ’- ’- C ‘S Cu. )_ ,— F’,

— -- ‘ C —- 0 - — V S _V ., V C “ = C) _ C — Cl CV ,’C LV
if,, 0 C L C  ‘F CI ,’, - ” C  0 0 1  Vt~~ C C  ‘— V I  C C  .- ‘ ‘  C C C C )  C V C C S I ’ C

C C C ’  — C ,V C ) _  ‘ ‘ C C —  ‘ - C  - — .‘ ‘ ,— C ‘ 0 ) I— ‘. S C  IV ’-’
‘ S C  ‘S ‘ C C )  . IV CC_I CC  - — ‘  C l/I ‘ — I V  ‘- C,” — ‘ —  .- -— “— 0 1 / F  ,, CC 3 / C

V . =~~~I ~‘ 3 . 5 ~~V I _ , ) I  ,V t-, , — C  C “ C l L ”- — C “ I -  ‘S “, -,-- ‘ -
‘ C ’S  5 - I  C - — — I/I “ — C t - — CL C C C  C L  ‘ C 0 1 .I ” ”_ V  ‘ C o  C ‘V ’ - - V C -  V C S C,’ - V I D 4  V

‘~~“0 -”  * 
V , • . ,VV ~~V~~~V CS 1-’ 0 V ’ ~~~~~~~ V _ I C C  ‘ 0 ,_ C C V t V t L V  C-’ V~’ 1 F -  O S ’ ’ C l  CV ,C —

01 0 -  C - - SIC -t .4 ”S C- )/F V , ” C ’ a ’ S  CC — - - — I C / l I _ i l  t’ CY, ) V _) C -  ‘- ‘C~~~, / C t O V - ’ L
CI” -— - 0 IF ‘— ‘ C- LV) ‘-  C *11 — LV) -- ‘ ‘ V - , ‘ I’ _V Cl ‘- CI 0 C 1,~. . ,C) ‘C IC ‘,“ ‘I’

L V I I  5 1 . ’ ’  IC C “ — 5  .0 0 2’ ”  ‘F/ I O C C ’ IV ‘ C  C ) C 1. CC C_C 1 9 ”  , C - ”  .1
— 1,1 1, I/F Vii / C C - IV 3 ‘‘F ” 1,1 2-  LV ‘ ,I I/F C 115 -_  C -V C ,_J ‘ C’ _~~~~ CI’ C I
.“ CV .-’ - I ’ C) ‘ C  C V I  ‘ C i i ” ) ) .  t O,, . ’ a I D  5- , ’,I C ‘U, ‘ C,. U C  5 - i , )’ ’ ’ CL 5- , C ‘ C C - I C
O V V  — — 0 5) “ C ’ -  ~~~~ t — C  CV ‘ ‘_ ‘ - .  ‘II ’ ’ . ’— C ‘ U ) ? ) ) ’  ‘ ‘-‘ C ‘ V _ u ”)
)ID t- V C  C- ’- ‘~F C - ’ - )) C L .  <1 -— ~~~~~~* ‘ a C -  -- V I. - ’I V S,F C U V ,~ ‘ C C C -  ~~~~t ” ~ -‘5 —

- I / F CC _ V  C L ’ C . .  C C  ‘CC 10 11) 0 ’— .45 “ O S f l  ‘ 5 1 C C .  ) ) F I V S /.. C _ i )
S C - C  - (F ”) ,” - - - ‘ 0 . ’ LV aD ’— C ,—’ ,-— CO LV , - ‘ C . ’ C C , , ,’ < , C~~~~~~ ’ 

V
0 1, 0 / I -  C , ~~~ ’ 0 t - . C - 5 - C )-’ ’I ” ”/ )IF ’ C,’ - 0 ’  C- -IC C, ‘C - ’  C CCI ‘ F —  ‘,‘ C  . - V  CC I, )—
L I [ , 3 / F’— 5 - . — ) ) I V F  - - -‘ [I ’) )-” -‘ (‘I l l S  ‘ V _ I V ) ’ . ,1 CS ‘ - C t ,CF 15 - 5 . - I S  . 5 ) C ~V I  [ ‘ - - ‘— F—-
‘,fl , IV ,I’C ,,, VIi, Vl)V Ct- ’r  — I i  - ‘-II — “ 4 5 0 , 1  -“ CC - F - — C - C — L I)  - -,, _ C C I D  C _V -

~~~ C,’ I - ’ 1,/ C
‘IF IV SI CS C - I C  ‘ ‘ I V - 1.15 0 ) - C C ‘C

Vt CC CV) ‘ _‘ ,_I ) ’, V-I. ID I) I’ ’ ’  ‘~~~~_ / C  C) .1 LV)

C I’) F I V  I)) SF’, 113 2’CF CF ‘ V  I “1 (“V C’S -

-~~~~~~~~ 
,
~~



-“--V — —,—- -V— ---- .- -’~~~~~
-’-- ’ - ‘  —--- - --‘______

115 ‘_ - ‘ C r ‘, C - ‘ 31 —
- - - CV ‘ 1 ,~ .1 ‘ , - ‘ . -C ‘Ii- IC V E C ) Z 5 - . C  ‘ V C C C. -Cl

V ‘ ‘- V ,C ’ C ”  C , ‘ “ F ’  ,~ ‘ ID . —
CV - 1 .11’ ~, ‘ ‘,- C u -  CV 4 5 ’ ’  LVI ‘ C ‘C , - C

- F. “ U ,I ,, I C  1 5 C C -  C ) ’  - C - , — -,-V ‘ — I, ‘ - — - ‘ ‘ c  C — _I .- — _ —- — ‘C “9 — ‘ ‘ 1 ’”
I ’  — ‘ ‘ ‘C - C, ‘S , , — . 1 0  C t _ u ”  ‘ - 3 /  ‘C .) V-I - - - .1 1, -~ C-VLI) ,‘ C’ B ‘ Cl C L V  Cl .1) - —  — - ICC CC) C C- V -_V 0 - VS Ft , ‘ “ ,l’) — . I C — —I-- ‘ <~~~~~ ,

‘F 
— ‘ 1’ ‘ V .- ’ ‘ .C )  ID ., C 

~~~: —  C-’ “ ‘ - ‘  -
- C - - . C V-~ ‘ — 3, C - C ‘ V., IC C . -- ‘C I’ 3) ‘ ,. C’ IV , ID - ,- CI C- 

~~ c - ~ ‘ . ‘  C . C 0  Vt ’ C C C  I ‘ C . ’ 2 C CZ ’ S ‘ Cf l  , -.V , — ‘ -S ,fl LV’) - 
I -V — )5 — — C CC 0 , - C, ,‘ C’ C, C’ ‘0 u_u V- ’ V_ - S - _V1 = ‘C0 ‘IC) — ,1 LV CC C, , C IC - — - ‘ ,‘ ‘ , ‘ - IC’ , . - IF C’ CC ’ C ,‘ C ‘ ‘ 0 ,V - IF

‘S 
— C - - —  0 , , . ’ ” ~~~ ,. : .4,1 ) , ‘ , ‘ L V ’.~~~~ I, C) C ) C C S I C ’ C , .  C ‘ - C l , ,  ‘ C I n

— ‘ ‘a CF — “ ,, 
V ~~ ,4 F ’ V_ “ ‘C — 3) ,— Cl -‘ — —

= C ‘(F — I/F - — — 0 - 0 _ C  0 . - C ’  ,, 3) —
V-_u 14 — ‘  — , VS C C) - ‘- C LV” ,— CL -‘C - 1/ 1,,, Vt — C 5, Cl LV) . C- IC), LV,’ I’ I) -— IC-, C — - “ - CI, ~. - - CV
CC “ ‘ - V ‘~~~~~~~ ‘ ‘C — ‘ 5  15 l’-. C - - ” _ .u , ,  - I C ’ ’ ,V 5. ’ —_ C
C I C ’  ‘ C ;  I>, , — C 0 1 -’  ‘ S . _ . .  I V ~~ , ,— VC,, -,- _ “ ., I’C” ,,

— I - - , ‘ V V L,, - -‘ IV ‘ - ,.V ‘ 4) V — C - , ‘ V - — V V ‘F/ I’ C ,_1 LV .t )’ ’ ,_ -I-— — - V

LI C, F C C’,, — F- III, 1,5 ‘3 ) — F - 5.’ ‘F 5 ’  C “ F  — ,., I V C - -‘ ‘ -, F LV ‘ C. C _ F V C ‘— I ‘ - - -‘ . SF - ID LV 2, ) — V - — C - I” “ ‘ _V - ‘I — C , 0 - -  I C C ’  F” IC, — ‘ ‘ 0 ’ , ‘ III ’) - - - — C ‘ .11 ‘ ‘ ‘ ‘ ‘, C ,. - ‘I, 0 (“1 , ‘Cl - LV, - I— C, - ‘ ‘C C) C,, Vt I’ll - ,‘, CI, ‘ C’ -‘-I “I C) IC, “ C ’ LV,
CL. - -- V--V ‘C C — ‘C

C” (V..1 I ,. —CC 
- 

3/ CI 1 .41,1 
-

0 ‘1’ IC- -
- C’)

CO ‘ ‘ C - IC,~~~ I, - C
LI,) C S C ’  C , “ C  -- ‘C Vt C ‘ C C . C- , — C  C - C
— ~1” — — C~’ . “ - C-’ ” C- ,fl,C1 C C ” -, — C’S - ‘C C IV - — _ — ‘ V - ‘C C’ CC V _,~ - , -— IC’ , 1’> 3,“— C. LV ‘F ’ S — -“ -— V., = - — C u ’ - — -C

LI — LI) C * — — — ‘C C” 5, ,, 3, ‘ — — C . _ Vt
‘F’ , -- C C C I  11 LV I C’ , — (“I C) C C - I  C- IC I’l l/I ., ‘C’ ’tI C S C -  C’ -

- _, Co — ‘C C _ C C  ‘ - ‘ _ C , — si’I CC — — C ”  C C - ’- .-- L V - -  = C
— C “ ‘ ‘‘ — I ’ - 5--- C)’ C C - V t  C’- ,’) C ‘ S C ’  0 — ’ ,IC VI” -‘ I” -C I, -— ‘ , -- ‘ C IC , - _V - C LV — C ‘ ‘  ‘ —V - - C “ - C’ IC VI , C ‘ ‘  CI’ 3- -- ‘I’ ‘C C’ C — C - 1’ C VC C — V-I, C, ID C” - C ,_ LV— VS ‘ V C, “_ — I F - = C ‘0 Cl — 7’ ‘S IV , C -

- I/F ’ ~~~~~~ ‘ L C . - C C ’  , ‘ V ,  C ‘ 0 ’- -  — . 3 ’-’ - ”  - -V - ‘‘11 ‘5 ’  - “II C C  V,, F”,, - ‘ - V ‘~ ‘ , ‘ C C ,  I.-- C- ” C . V -  — C C ~ - , CL ‘ I C  C, , —,
CV ‘_ C l .  _ V I C C  DF” . I C  C ’  91 ‘.  ‘~~~ ‘ U U~~~~~~4 C . C ’ :;: — - ‘—

C “ 0 0, . 1,1 .~~ -‘ ~
, C , .~s — -‘ C  )V ’F ,’ C  ‘ V ’ O,  ~~~~7~~~ C 1 , ’’)) — C C I :  — .,V -fl ’ ‘ C C ) ’ ,,/ ‘, C ,“ C ’ ’ C C  ‘ — LVI ,

0 C- “ ‘ C ”  .‘ , C  ‘ “ C L )  , - -— , 1 ’ ’ ,. ” — I” “ C C ,  -
L ’ V -  - . ‘ , ,. I V N’  ‘ - ‘ ‘- ‘ C L V ,’ ’ ’ “ ‘L V  — C -  — ‘ ‘ ‘ ‘ ‘—~~~“ ‘ ‘  ‘ , ‘ ‘ C’ . ‘ U’ 0) ’  ‘ C= C - . C  - - — , ‘ ‘ I C  -

‘ - , 0 ‘ L V  C~ C C ‘ C C C — , ,— , C F— C C  ‘. 3 / 9 C C  —.1 C C ’ ’ C C  ‘ . ‘ . , , .  C C , ’C ICI C .” — — ‘‘4  .C_V C,., ,_.
~ t , o ,  C ‘.o, — I ’ OC C , _- 0 3) - - - LI, C - ‘ Cu. - , ‘ ‘ ‘ LV — IC - C ‘ 5) 111 I’-’ V ‘C ‘C 3) - V.’ ID SV , _V Ill V CC — ‘ .-‘ ‘ C - C  ‘— “ O ‘ ‘ C ) I C  -— ‘ ‘‘ SV . ’ - ,’ - V  ‘- Il ’ ,,. ‘ — , ‘ - C-’ ‘ IV ’, C ‘ C ’  - -  V O , ‘) V V  ,. , ,. _. - ‘ ‘ , O ’ - ” - C — - -  = ‘ — ‘C ’  , , ,. ‘ , C )  ‘ I ’ ,’ CV ‘-,- , ,‘ 0 1  , ‘ C-’ ‘ , ‘ _ ‘ * ‘‘ C , ’ — ‘ O L V ,IC _ C , C . ’ ‘C —

— . , ‘ / C ‘3 ‘ ( ~~‘ C C C C I V - , . ‘ F- C ,C ‘ F 3, . , Vt ,. I C- 4 = — — C S C ‘ — —- ‘ S C ’  C ’ S - C C  C C ’  ‘ C - C l -  C - ,  ‘ r ’ ’ C - C  ‘ C - 5- 3 ) 5 0 )  > 1, 0 3 / 1—  ‘ 0 3 /C -  Cu~~~~’
- -— IC C., ), - 5 1 - I C  , , ,X’Z  - LV’ F - L V  C , , . .  C -  ,C I  “ I’ll_ C ,  ~— ,/ )L C) ‘ C

- ,, , , * 1 CV C 10C. ,, u C- I - 5.’

° P C’ C’, 11,1

CC) 1’ IS’ 
- 

‘C ‘C” FI,’F C) “. C) CL 
--

I C C  C”, — .. C “ , [ ‘4 C ‘ C
C’ - — C — V, ~ ‘F C I LI C — ‘S C,C) - “U ,C — CC 0 V., 0 CC V-IC) -‘ ,V5 C) , ‘ - 

~‘ VCl C CS IC. 1 ID 0 C- C’ I,1 ‘C ’  I’ (F S ‘, ,  — , — I -
F — I V. , C’ - ‘2= ,V ’ S,) —‘ “ ‘.“ C C-C 5)’ ‘3 —

— . ‘S - ‘  “, C -  .~~~~ .4 — .311 ‘ I,’ IC- C ,  I) C ‘C‘U, , , * I V _ V  -V CC’ “ “'‘ ‘.1’) - , - , C- -V ’C.’ IV—— ‘ C CC ‘- ‘ ‘ IC/F ‘C / C’ C-’ 0 . - “F C — C — C’_ C ,.C ‘ 0  C ‘ — 1 0  5 II, 3, 1 1 1 1  0) — 0”  — — C- “-F’ C) . : 0 . ‘ ‘ I ,) ’C ’ -  , ,J 11 0) * V _ V 3 1  - ) 1) — C C ’  ‘ S q l  — L U , ’  C L V  C)” I C C - C* C’ ’—’ * r E  - C I V  ‘ 1 — ’  C ‘ C - - P CCII ‘C - ‘ C C , ,  .41 3, ‘C ’ 1 1 C C - .,“ “S , ‘, I —  ‘ .-‘ C ‘ V - C ’, ‘ 
V) ‘S CI ~~~ t’ I’ C.,‘- ‘V I ‘ ‘S C l  ‘ I F — C : ,— — ’. 0 C . ,. L V C -  , V- ,C  “ C ’ ) “ C , ,  ‘ C ’“ -CV - V / . 1 C ‘ .3 IC C) C IS 3 ‘ S I  C C,) ‘ C ’  I C , ’C_ ‘I “ ‘ ‘ i ”’ ‘ ‘  —

- “ ‘ ‘ - - ‘ ‘ ,S ‘ -“ “ C I, ‘ . L V C ’, 5 , -~~~ - C _ V ’ - -— t ’ t > ’ DC ,f l ’  ‘C  ‘(FCIS C  C’ uI , ,‘ IC) - — ‘ 3 ,  5. I C  * ,‘ , C C ’ C , . . ‘_ C ’ ’ ‘ .  ‘ ? F C _ ,’ ‘, , V I-, C 2= . 0 3 -C ”) In , “ 1/F ull C ‘ 2 =  - ‘S C ,  - IC C , ’ C -  ‘ ‘IC ’ O C C C  C C C  ‘C ” C, 3.1 ” -  0 3 /  ‘C -‘ ‘ C  ‘ V ‘- - C- ‘ / 0  • ‘ C C .’ 1  ‘ ‘ C ’ O  - ‘ ‘C ..,) ‘C C _ I V ’ ’ -  ‘ C , ” , ’ - I — 5 - ,C C -~~~~C --V- ”C- ’ - ’ C I C/ : ‘. , - )IJ ’l’ ‘0 ./ V — ‘ I-C, ‘ 0 C, , .,I - ‘ - .1’, -“ 4) .- 5 C.) 1- — - Ill‘*1 Vt CV * ‘C ‘ -I-I , ‘ I~I 0 -I SF — - I _ 
~~~~~~~ ‘ ‘ - _  C 0 C SI CF —‘ ‘ C C ’ ’ ‘ -‘ I F ’  - ‘0  C C - IF ’, 1 5 ’  .11 3CC - V ‘~~~‘I” — - ‘~~~~‘ ,_I 1, O , 5 1 - u I ’’’ ,CCI .,/ ’- ’ V ‘, C L ,

I” 1(1 0_I C ‘ ‘ ‘ ‘I —  / C).I~~~~~ LV 0 ’. C — 1S F’, ., ’ , .1 . ‘ 5 )  L V u r C- ‘ L V ’ — ’ ’ ’C”) 051) , ‘I-, C, ‘CF.., C, ,IC CV) . 3  0 ‘ LV) CC) ‘— ‘C. . V -‘ C aC, II’ C- Vt~ -_  ‘F CO 5- — CC ‘ I C  ‘5 , ‘C - 0 C L ’ -, —- - “3 ‘ 3 ) ” .1 -V’ VJ Q ,  - .3 - I )’) ‘ “ ‘3 LI’F ’O .CI * 3) 3 /  CV - ‘S ‘ ‘‘ ‘ F’S ,‘ 0 -— - 5 C ‘‘ - -—‘ ‘CC ‘., — — . ,“ — C” — C .0 C- “I —
Cl - V

- -V  . . - V ‘C C- - ‘ V .1-V 5 . ’  V VS C)~~ , 3 )  ‘ t ’F C C ’ ’  C C I ) ” ‘ - S I - _ C C ’ ’1,1~~ Et C  ‘3 ,, C~~~’ ~F ‘ , ‘ 5 ) ,  . ‘ 11CC “SF C-C IV -,- ’: . , ‘ -,‘ C .’ L V . — C ,’ ‘3 ‘ - ‘ C . ,Vt ,’I O U ) ’ ’ ‘ C C C ’’ ’  C ) f l _ I 7 ‘ * V)S~ ‘ IC ’ S ’ ) -  i_I V.. ’ C ’ , i V L V - , V [I _ — ,~~~
_ , ‘‘ - C l - — C-- - - 0 ‘SF- ’  .455 5 1 0  “ I -  - ‘ C ’ ’  - 0 S I  C’ .” F  5- , , V V* 3 ,  V 5 - 0  ‘ F -  C C ’ ’  0 ’ -  0C CY, l _ I V C) V-IF ’l)CIl ’,I ’ V  53 ‘ ‘ I., ’C S (ID _I C, 1) ‘ 1 5 5 - 2  -— 1, 55 ‘-C -“ ,5 - C ’  , ‘ - l  — F C ) , ’ ’ r  - - C -  ‘ “C [ C C -(C I, ,, C C C C

_ :  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ =1: ~~~~~~~~i



C

C -‘ - 0 - U’

- ‘C) IC-I ,- ‘ C ,— IC .
‘IC O f l’ U  V .  LII”) ‘ SF - , C ‘C

— ‘3 ‘ C C “-‘ - III — .1 -O V-C LV’S -“ - C “I -, V

u/F C C  - C) - I C C’ CC 0 E. C C - V t- -  ‘ I ‘ V ’C  - , 3) I, C ‘ - - CI C ‘ -  C’ . ,  I)
— , 4, - _I CC 1 C-S C’ , -‘ ‘ VI’ C ‘3) — ‘Fl 3 ‘ C’ ‘0 - CC

- 
.- ‘  

~
:‘ “ ‘ — ‘~~ 2 

,, 
0 , ‘- 

~~~~~ :1~~~ ‘3 ’V ‘C ‘ C , ’ - .- , I o  - .o”  ,‘ ,, I C’ - - ‘- IC/C —
C C’ — C) . ‘Cl 11 - , — V-I’V LI ,_, - - ‘I — V_I ‘C’ - - C ‘ - C C, — ‘C -

- - C Vt - ‘ . ‘‘ C C’S .1 ,,, , , 1) , , -. - ‘C , -— ,,. C - 1> .0 - /F
- CC — C - ‘ ‘0 ,0 .  ‘ C .  . CI. C) .. C — C C _ I C C ’  -
1 45(1) 0 C- 0 - “ C  ‘ “- 0  “ . - ‘ ‘ ,V C U V  ‘ ‘C — = C, (I C “ ‘ C C ) , ,  IC, C’
.5 CS C CC LV3 0 .0 C- ‘ - ‘ — ‘ L V  ‘~~~‘ L V ’  C S ’  11’~ IC , ) ” ” V - C ’  “ C )

C -. C-S - V C - I’ C C- - “C- C F , , — C F ,. ,. 1 - C ‘ , C, / . C — ., — 3) 0 3”
“ C ’ S  C) ‘ . ,  C- ,, )”  C 0 ‘ - P ’ ’ .  ‘ “‘ ‘ S  — , , ‘ ‘V , C , ’ ..‘ ‘_  ,, C ‘C~~ C Cu’ ”
- ‘I - ‘ ‘ _., “ C - C ’  ,- -- ‘ , ‘ fl C - C, — ,,, — ‘ C’ C’ , V C , , V ,. CC
- , ‘C - O _ ’ O “ 5”  “ = 0 0 ’ ’  .- - S I,’ - - — ‘ ‘  — D  C C ’ ’  ‘ “C  - ,_ — u ’  ‘ -

- -  — ,‘ ,, ‘ ‘ C C C  — “ C L’  . ‘ ‘C~~~’ . 0  ‘ , — ‘ ‘ C ”  — —  — ,,_ ‘fl ._ ‘ C
- ‘ ‘-C ,  ‘ ,,- ,,. C- C C-, ‘C ’ ‘ C - C - ’  ‘ F’, ‘ ‘V - ‘ C - C ,  ‘“  C - - S , C ’ S  C-

C ’  ‘ C, ‘ , F ’  ‘ C V ,  , ‘ “ ‘ C I C C -  - C ’ I’ . I C  -‘
.1 V V Cl .‘  C ,/F ‘ ‘ I/I C, ‘ - I — — — 5. - ‘ ‘  — S - ‘  — , ‘ - - SF . ‘1 .1 ‘ ‘  , CI, ‘ID - ‘  C —

C C ,  2 = ’  ‘ ( F~~~~~ ., ‘C  ‘ I C ., ’ - I , ’ ‘ - - < C C ’ C - C , ~~ -’ ’ S ,’ ‘3
~~~~1 3 ” . ’  3,1 3 - ’  3 - 3 .  I C _ . _ I -  , F  - - ‘ F  - - - , . L V S C ‘ 5 - ’ . ‘ - “ F- >01 4, .’
- — “C,, ,-  > 3 - F  5- ‘ I- 5 - C S  “ LI ’ — I S’  - C -  - C I V” -  ‘I’ ‘ C ’ C F ’  C- -,-- ‘-‘ I-
I’, -. ,0C (I, — _ .  , 0 ‘C- — ‘C — - - — — LII’) C ‘IC - C, 2= —- ‘ - V- ’ .3-

C, C , — ‘ . 3. 0 ‘SC- C) . ‘C ‘C

CC C’ C ,- - ..
CII (“.1 CV-, IC’ ‘S CC IC’ I,

C - C C  — — “ - ,, — C  C C —  -
CC ._IC C- F,)) — 

— - ‘ - -
- - I S ’ — “ 

— - C C-’

C - ‘C — C’ — , F’ Cl ‘C ‘C 
-
- - - 11,  - ‘  C, ‘C) - Cl, C’ —

— F’, ‘C ‘ - , , 
‘ — - ‘ ‘ - — , ‘ C C )  C’ C

‘C 1)1 I C C  - ‘  ‘- “  C- C’ C - , C C  > 3 )
C “ — L V ’ C C -  ,, -— — . , - ‘ - — ‘ ‘ ‘ _ ‘ “  — “ ‘I) C - _  115

C - C C  — C ’  C ‘‘ - ‘  , — C ‘ 3 ) 1 1’.- .C ‘ ‘ S  —

C C C - V .  “ C  = LV - Ill ‘ , - ‘ ‘ C - CC C- — C -  C - C  “ ‘ S  CC
.4 —‘ C , C -  — .‘ ‘ . _ ‘ C ’ C ’ ’ C  ,‘ —‘ ,. .C - _ ‘C ‘ CV CF
C ‘ C ’ S  C-,, , 1, 2, ‘ IV “ C ’  ‘0 - - . 3 - ’  V _ C  “ ‘ — C  -— — -

-— 0 1. 2= 0 — —- - C- C- V ,,, U 155 - S CC = C ‘ . —I C

-C. ’— - — C- ,,C I/V C ’ ,’ ‘ C . ’ uC CS ‘ C C .  - C C ’ - - I C . ’  ‘ ,,, ) , ‘ 3)’ 3 C M  
‘ C I, — C .,.. CC, — C ,_ , , . I C ”  “ . - I .~~C, ’—  C ,‘ C-C C C ,  “ , F ’

C C  -— 3C_I_ 3) CC I.~. -, .C ” ” C,.’ — ‘ ‘  C C - ,’ ~- C  C- C CI) ’,- ., -
C,C tuu C ’- .‘—‘ O C O  C V , )  ‘ C  -— F’S , ‘ ‘I , I’ , , “ “ — —‘ - - C - C _ , . C : 0

— — -s’- —
~~~~~

— — — C- ,I .1 
—
. 

~~ ‘~~~~~~~~~~ II) C, ,

03 — -
‘ — = - ‘ - - V-~~ ‘C V- I, — C - ‘ ‘ LV ‘ - CC C,, - — - — C, , C
‘ C ”  0’ ,., ” — * CC C, Ill — , . . ‘ , s C , ’ ,, F”- 5- - ‘5-

1 1 C C - C -  - , ‘ 10, “ L V ’  ‘ C — ’C’ Z” I ,, , , ,. ‘ -
. S .,‘ - C’ .u I ’  C I-’ C- 3 , , , .’ ~~~ 4, -.’ ,’ - C - _ V

C l_ CC, ‘ ‘ F ”  .1” ,., — Z ’ ’  f ,  C I V ) -  “ ‘_ - C l  — I ’ ,’~- , C ”-, )--- C ) f l ” 3 C _’ )_’ --“ -— C l —  ‘C C,. .

C C’ L V  ‘- 5, ,,,) ’)  , , ‘ , C  - ‘ C” ’ - 3 - 0  IF, ,., - ) C  CC- I/S -C ) ’,

IC CF CC’ C’ - IC I-

Cl, -‘ Cl rn “ .1’) 0
0 F’ ,,. C CC C’ C C

C’ — — CC’ C’,) 1’ 5, IC [‘C 1’.,

-C 0 ’~— VII “ -I, .
“CI V ’ S  - ‘- —‘ ,V_ C , .._ C , ,

C”) IV C,
CC CF CC CCC ‘:C ‘LV

‘ C - — C — = I/F ,‘ .1 ,,, I V -,,
V-.u ’IC C’ C 3, -“ ,C) C- C C.

- - V ’S — C “ C  CC .,V V-IC) ‘ , , L V ’  . ‘ C ’
,11 C-’ - C- a_I ,- C -— “ ,“ CC I — C .1 C C C

Cl -C CS .—‘ C C -  ‘C C’ . — ‘C- - ,‘‘—‘ C” ‘I’ (F ,, , , , _
.1 - > -  111 -

‘ . , C- *  U ) 5, CI’ ~, ‘S / 5 5 .  - F C, C I I S C C O t t ”  C III ”

— C ., “ . I V ,” - - ‘C .C C _’ ’ S ” ’C’ C C  3.’ U,C ‘ V t > C 1 11 Vt~~~~~L I ”  “ > C O
— “ , ‘ -— 0 .1  -— ‘C C - C) I~I V -. 9 C I’) 1.1 3-’ F-’ “ ‘S CXC 55, “5 Cl” C’ — C —‘ ‘ IV —

C — C- IV ‘0 ‘ C C )  ‘ 2 _ ) C ’  CC C C ‘C I V-’ ., C 5 3 1  0 0 1
C I ‘C C 03 1’ —1 5, “ C C ) ’,. ‘0 C CC 1’, C) C- .5  0 . C), CC Co CC- - ‘C 0, ‘ 0

SC) ‘S -- II, — C ‘ C .1 0 C- F “3 3/ - V ‘ ‘ I/I C F” C ,5 - C — CCC Di C ‘ ‘ ‘ 0
C l — .  C) ‘ “ , ‘CJ  .3, LV C L I E  ‘F ._ ,, , . 1  ‘ - - 6 19 - - — I V ’— uC C — ) ’  C - - C  —

— , , , L ’C I V , ,  LV ‘ CF — “ “S 0 . ‘ . — C - ‘- ‘ 0  , C- ‘ - C - C-, - C’
I ‘S CC) ‘ .1 3 , 0 ” ,) ’ ‘ ‘— C 11_I Vt CL, I. C ‘I 10 ‘ C’ LI - - - C-. . — 1, 1—’ 0) . 3.1 II - Cu
“ C C I I” ‘ C ” ’ ’ C- DC ’S. ‘ ,C C ’ I ) 1*- IC ) ,  .3) . — I”l C/ S” ’ 3 ) C  ‘ O C T  V SI’ O

‘C ‘ - - ‘CD - - , — V-IF 3/ - LV CV ‘ V - C, I) ‘C’ ‘4 — ‘ C - ‘ C - .  - -—
C C ) , -  ‘- — “ l .-’ ’. 5 ) 5 ) ’  ‘ — 3 C - C L I~~,., S_I C ‘IC ‘ C I V  , — ‘ ‘ C S . - ’ ‘ S C — ’ ‘ C

‘ Cl, ‘ C ),,/ C l  IC, 12 ‘11 C C -CC : 6 1 C C . ” ‘5,1) I- C CII , ‘ C C, ’ 2 ’ ~~~~ “ . 2  ‘ ‘ C
“ ‘S C - ’  C C C I ’  C I C O C  CC ‘ 0 0  -‘ C C , ’ I - C -  C-C “ CIt C C- ‘C - CF - ‘ “— ‘ ‘ I - ‘  — -— C - ‘- 2= ‘ -“ — - ‘ — C ‘0 ‘ C. - “ ‘C“ C C V I ’ ’  C I _ I S - -  IJ Cu. CF c -  ~ ‘ ‘IF . ’ - .  -S I/S C C . - ~~~~~~~~ ‘‘  CCI ’ ‘ -  C “ C ’ ’  - “ uC - -  “ ‘ C

“ C - C  ‘- ‘ C ’ - ’ V ’C J , ’ - ,-- - U,,I C’ ,’ C ,  IV . ‘ C I I  ‘ C . ’ , ) “,C ,‘ “- C - ’  ‘ ‘ I  . ‘ - C  .‘ . - - ‘- 0 ’I ’  Il l ’, ’ —  C ’  — I ’  ‘ C I ,, V 1 0 V C - ’ C I -  “ LI’V _. I— Cl - ‘ C C C I ’  ‘ 3 ) ,  I-
0 / , C’U )_ -P— ’ , , I’ O F .  ‘C ’  C C C C I ’  ‘ . ~~~I ‘ C C I ’  3 ’ CC.  C ) , ” , I-  C C - C ’ ,
.0 - ., ~I3, C C -) I ‘II )~) . - S 1.32 - V - ’  ‘ , ‘ V-

~ ‘11 0 ‘II C’ 1,9 ’ ’,. 1’) LI’ V I’ C ,.‘I ,, C’ -: V _I - 14 C” Vt - -. V- C ‘ ‘ I ,, ,‘, CC’ CC

IC’

‘ P

_ _  _ _- _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _



F - -- - ‘ - - ‘ - V -— - — - , ‘ -V ‘—_ _ _ _ _ _ _

CI C- C C -

[‘C — Cl) - “ ‘ C C  CF
L1’F .‘ CS C ” C S C  C

1, VO CS F” 3l ”S” 9
.51 ,. ‘., SF- Cl ,1F ”C IS

‘SC, C C” “ C -,— 
I,

4) ‘C C I ‘ C ,C O~ —- C-
CC C “' ‘C CC C C - :  ‘I

- - ,~~ 61) ,‘l, ‘
~~~“ ,“C -

‘C- I _ I C -  C

‘C ‘C C “II V-_I CI —‘ ‘C -C U,)
U’ ,, C-C C ,- IC, — C, C, C

V - S C - I C ’  - 03 0 ) 1 0 .’ .. C , C ’ ,C CO

C~’C 
C D C C C - —  I’ F O ’ C .

‘C C- SC 

- 
CI O_  0 CC  ‘Fl

C , U’l- CC T /’ C-
C C - C C ’ - C I V ,C- E— , C C - C , l -

“ C -  ‘ ‘ ‘3) C C I I’ ) . C C C ’ II~~ C.

.115 VI” —
V 1 ’> -

F-lI ‘,, u’,) I’.



-_~~~~~~~~~~~~~~~ “ “- ‘

U N CLAS ~ LEI~~,, -
S E C u R I T Y  C L A S S I ~~IC 4 T V  15) 1 *  OF T~~i S P A G E  I41,~~,~ I’ O V .  F l ,)O r OJ I

- 

- 
I J REPORT DOCUMENTATION PAc E BEFORE COMPLETING FORM/ .~~~,‘. — 

~~~~~~~~~~~~ 2 GOVT A C C E S S I O N  NO. 3~ R E C I P I E N T ’ S  C A T A L O G  NUMBE R

~~~~~~ /~ L- UMO - 2-PU ,~

4. ‘ 
~~LC j~~’)ui S, . b I I I 1o ~ - — 7J.4. T Y P E  OF R E P O R T  A PERIOD COVEMO

~~~~~~~~ A SHOCK TUBE STUDY OF THE i
’

/ H~
2/O 2/CO/Ar 

AND H 2/N 20/CO/Ar 
SYS TEMS ‘ I - - ‘

‘ -

—~~~ — — — 
‘
~~ - PERFORMING ORG. R EPORT NUMB E R

/ j  1- A uTH O R( . )  C O N T R A C T  OR GRø,NT,,,~~UMBER(.)

/7 Anthony M . /Dean , Don C .~~S te i n e r~ and ~~~~~~~~~~~~ N O00l 4 -75 -C - l l 4 3 ~ NR-098 -038
,‘,“
,,,‘ 

/ E dwa rd E . I  W a n g  -

9. P E R F O R M I N G  O R G A N I Z A T I O N  N A M E  AND A D D R E S S  ~~~~
‘-“—‘-V ’C C’ P R O G R A M  ELEMENT.  PROJ ECT , TASK

D e p a r t m e n t  of Chemistr y , ‘ A R E A & W O R K UNIT NUMBERS

University of Missouri-C olumbia
Columbia , Missouri 65201

I ’ C’CC ’Cl ” R • ’D C , , L I N O  D F F I C E  NAME A N D  A D D R E S S
Project SQUID , Chaffee Ha ll 4 , ,, May 1977
Purdue Unive rsity 

~ 4~~~ NUMB~~R O F P A G E S

West La fayette, Indiana 47907 44
4 M O N I T O R I N G  A G E N C Y  N A M E  & AD ORESS(I I  dj ffo,.n) fcc,,,) Co IrO1Hn~ Ollico 

- 
15 S E C U R I T Y  C L A S S ,  (of ‘CC I ) F.p )FrF 

-_______

Office of Naval Rese arch /
Department of the Nav y 

~‘2  Unclassified
~ 1 ’ ‘ / ‘  ‘ ‘ 222l7—’~

’ - 
- r 1 ng L V O f l  , i ~~~~ ‘I n 1 a I!. , D E C L A S S I F I C A T I O N )  D O W N G R A D I N G

S C H E D U L E

6 D I S T R I B U T I O N  S T A T E M E N T  ‘ CI )hlo Roport)

T h i s  d o c u m e n t  h a s  b e e n  a p p r o v e d  for  pu blic release and sale;
its distrib ution is u n l i m i t e d .

I’ DIS”  R I R U I T C O N  S T A T E M E N T  (of )h. .5.1 ,0cC .nC..’. d In Block 20 . If dIll.r.r, I Iron, R.pcsrt)

5 S U P P L  E M E N T A R ’  NO ’ S E S  
-‘

19 a E y  W O R D S  (Con inu, 0)1 F / F V O S 0 ~~ 01)10 Il r~.coi..ry ~ 1d IdenIIfy b y block numb.,)

Shock Tube -

H2/02 System

H2/N 20 System 
*

20 A B S T R A C T  (ContInue OOF ~0Vn,0e old. If necei•ary sd Idenhif by block numb.,)

—“)~Em i s si on s at 450 nm and 4.21 ~im have been measured whe n a
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behind reflected shock waves to temperatures of 2000-2850 K and total con-
centrations near 5xl018 molecul e/cm 3 .’. These emissions were used to obtain
absolute concentration - t ime data for both oxygen atoms and carbon dioxide .
The data were then compared to the results of numer ical integrations of the
likel y mechanisms . It was observed tha t quantitative agreement between
calc ulations and observations were obta i ned for the H0/CO/02/Ar system using
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recent high temperature literatu re ra te constants. For the H,/C0/~ 0/Ar
system , the rate constant for the reaction:

H + N ,O t N  + O H
was adjusted so as to”fit the data . Here it was found that a good fit to
both LO ’i and [CO 2 - profiles Cou~d be achieved wi th k = 3.OxlO’9 ~
exp(- 1l 3kJ /RT) _m -~,/mo 1ec u l e ”~’ s

’~’. Comparison to data at l ower temperatures
suggests that this might be another example of a non -Arrhen ius ” rate
constant. The implications of these results to studies of hydrocarbon
oxidation are discussed.
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