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ABSTRACT 

The radiation emitted by shock heated nitrogen is studied in the 

wavelength range 3300 to 7100Â at an equilibrium temperature from 6000 

to 6800°K and densities from . 01 to . 20 atmospheres. The various rad¬ 

iating bands are identified by spectroscopic and photometric techniques. 

The radiation consists of bands from the (1-). N^H) and (2+) 

systems. The radiation overshoot observed at the shock front relaxes very 

rapidly to an equilibrium level. The rate of decay of the (1+) radiation 

near equilibrium is studied at various densities and shock speeds and is 

used to determine the recombination rate constants, kRN and kRN2 for the 

reactions N + N + N^N^ + N and N N + -- + N^, respectively. 

k^. is found to be 1.8 x 10'32 ± .6 cm6/sec at 6400°K and kRNz to be at 
RN 

least 13 times smaller than kj^. Using these rate constants, calculations 

of the N (1+) non-equilibrium radiation we made using: (1) no coupling of 
w 

the dissociation rates with the vibrational relaxation, and (2) a coupling 

which assumes that dissociation can take place equally well from any vibra¬ 

tional level of the ground state. Comparison is made between these calcula 

tions and observations. It is concluded that the coupling scheme of the 

second case mentioned above is a realistic approximation. The integral 

non-equilibrium radiation and the time of occurrence of peak radiation 

behind the shock front are also examined. 
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1. INTRODUCTION 

The present interest in the field of high temperature gas dynamics, 

and in particular the study of chemical reaction rates in air and its com¬ 

ponents, stems from many problems important to our understanding of 

the physics of the upper atmosphere and the aerodynamics of hypersonic 

flight. 

The shock tube provides a very direct simulation of a hypersonic 

object entering the earth's atmosphere. The radiative properties of high 

temperature air and its constituents have been intensively studied at ^ 

thermodynamic equilibrium and are reasonably well understood. A study 

associated with the work described in this paper was made of the equilib¬ 

rium radiation from shock heated nitrogen. In this previous work, the 

various radiating species were clearly identified, and absolute intensity 

measurements were made. The effect of impurities on the equilibrium 

radiation was also examined. 

This paper describes a study of the non-equilibrium radiation from 

shocks in nitrogen. The optical radiation from the ^(2+), N¿ (1+) and 

N2+ (1-) systems is observed to rise abruptly at the shock front to a peak 

value, then decay to an equilibrium value in a few microseconds. A simple 

explanation of this may be found in the following considerations: 

When a diatomic gas such as nitrogen passes through a normal shock, 

the translational and rotational degrees of freedom relax to local equilibrium 

1. Kivel, B., Mayer, H. and Bethe, H. , Annals of Physics 2, 57 (1957). 

2. Keck, J. , Camm, J. , Kivel, B. , and Wentink, T. , Jr., Annals of 

Physics, j_, 1 (1959). 

3. Allen, R. A. , Camm, J.C., and Keck, J.C., Avco-Everett Research 

Laboratory RR 102, April 1961. Submitted to J. of Quantitative 

Spectroscopy, June 1961. 
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within a few mean free paths, and the resulting temperature and density 

may be computed from the usual Rankine-Hugoniot relations for a gas 

with a constant ratio of specific heats equal to 1.4. As time proceeds, 

energy is transferred into molecular vibration and dissociation, and the 

translational temperature falls. If we now assume that the rates of elec¬ 

tronic excitation are sufficiently fast to keep the electronic temperature 

in local equilibrium with the translational temperature, then the number 

of molecules in excited electronic states may be very much in excess of 

the final equilibrium value and a large overshoot in the radiation intensity 

will result. 

By studying the time dependence of this radiation overshoot one 

can obtain information not only about the chemical rates which control the 

temperature of the gas4 but also about the rate of energy transfer in atoms 

and molecules from heavy particle degrees of freedom to electronic degrees 

of freedom. This latter process is one about which relatively little informa¬ 

tion exists, and it is of considerable importance not only in many practical 

problems, but also in that it is one manifestation of the breakdown of the 

Born-Oppenheimer approximation usually made in dealing with atomic and 

molecular collisions. 

2. LINEARIZED THEORY OF RADIATION RELAXATION 

The existence of an overshoot in the radiation intensity behind a 

shock wave in a diatomic gas implies that the electronic rate processes 

which control the population of radiating states are fast compared to rate 

processes which control the gas temperature. If this were not the case and 

the gas relaxed to equilibrium before the radiating states were populated, 

4. Hammerling, P. , Teare, J. D. , and Kivel, B. , Physics of Fluids, ^ 

422 (1959). 



the radiation intensity would approach the final equilibrium value from 

below. Further it is known that, under the conditions of interest in the 

present experiment, translational, rotational and vibrational relaxation 

are fast compared to the rate of chemical adjustment in the gas. Therefore, 

during the approach to final equilibrium only the chemical state of the gas 

is changing and all other internal degrees of freedom, including electronic, 

will be in local thermodynamic equilibrium at the translational temperature 

of the gas. 

Under the above conditions, the intensity, I, of the radiation from 

a shock-heated gas such as nitrogen may be regarded as a function only of 

the translational temperature, T, which is in turn a function of the degree 
5 

of dissociation. Following Hämmerling, Teare, and Kivel we may then 

write 

(1) 

per unit volume, (p/p ) is the ratio of the density to standard density, and 

L is Loschmitd's number. 
o 

Combining Eq. (1) with the chemical rate equation 

and linearizing with respect to small departures from final equilibrium, we 

obtain 

I - le dl 
dt 

(3) 
T 

5. Hammerling, P. , Teare, J. D. , and Kivel, B. , Avco-Eveiett Research 

Laboratory RR 49, April 1959. 
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where 

IcíK . f_L +±lÆâ.l-4£ 
Tcã+m) (N) I d-T ^ rfïJ 

(4) 

In the above equations KR h Lq (p/pj x [kRN (N) = kRNz (N^], K = 

L (p/p ) (N)2/(NJ is the equilibrium constant, and kRN and kRN2 are, 

respectively, the recombination rate constants for N and N., as catalysts. 

The right-hand side of Eq. (4) is to be evaluated at equilibrium with the 

derivatives dlN^/dT and dp/dT being obtained from the linearized Rankine- 

Hugoniot relations ior a plane normal shock. 

Eq. (4) may be expressed in a form more convenient for later 

analysis as follows: 

~ = W + (®k r RN 
(5) 

whe i e 

LK AT 
(6) 

ri,41 d(Ht) J_ 
[ñ: + (Ñ) j dT ^ dTJ 

The function F and the ratio (NI/fN.,) have been evaluated for various shock 

conditions in nitrogen by Hammerling, Teare and Kivel and are shown in the 

graphs in Appendix A. If T can be determined from observations of the 

radiation decay for various equilibrium temperatures and densities, then 

Eq. (5) shows that a plot of F/T vs (N)/(N.,) for constant temperature should 

give a straight line with slope kRN and intercept kRN2- This is a basic 

premise of the present experiment. 

In concluding this discussion, we should like to point out that we 

have made the common assumption that the ratio of the rate constants for 

4 



. . 

dissociation and recombination is equal to the equilibrium constant. 

Although this is not in general true in a gas which is cut of equilibrium, 

it is true under the assumption made above that close to final equilibrium 

all internal degrees of freedom are in local equilibrium. 

3. APPARATUS 

The experimental work associated with this study was performed 

primarily in a 1. 5" combustion driven shock tube in pure nitrogen with 

initial pressures of 1. 0 to 10 mm Hg. , and shock speeds up to Mach 20. 

A schematic diagram of the shock tube, recording equipment and optical 

arrangement, is shown in Fig, 1 . The shock tube had a 15 foot pyrex test 

section of 1. 5 inches inside diameter. The high pressure driver section 

was separated from the low pressure test section by a steel diaphragm. 

The driver section was of stainless steel 3 feet long and 1. 5 inches inside 

diameter. The test section was evacuated by an oil diffusion pump prior 

to introducing the test gas. Pressures of less than 2. 0 microns of Hg and 

virtual leak rates of less than 1. 0 micron of Hg per minute were obtained. 

A flow system was used to minimize impurities due to out gassing of the 

apparatus. Also used was a cold trap to remove water vapor from the N^. 

The shock speeds were measured by observing with a single photo¬ 

multiplier the radiation from the shock as it passed a series of six equally 

spaced slits arranged 10 inches apart along the last half of the shock tube. 

The output of the photomultiplier was doubly differentiated and displayed 

on a folded oscilloscope sweep which was normally read to the nearest 0. 4 

microsecond. A speed profile was constructed and the velocity at the test 

point was determined with a maximum error of about 1%. Initial pressure 

6. Gilmore, F. R. , Rand Corp. Research Memorandum RM-1 543, (1955). 
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in the test section was measured by a manometer with an estimated maxi¬ 

mum error of 0. 4%. 

Measurements of the spectral intensity and radiation histories were 

made using a calibrated dual channel grating monochromator. The experi¬ 

mental apparatus is shown schematically in Fig. 1. The entrance slit of 

the monochromator was imaged perpendicular to the shock tube at the 

center of the test gas by an optical train consisting of two aluminized 

mirrors. The monochromator was equipped with three photomultipliers; 

two which measured the radiation intensity in two adjacent narrow wavelength 

bands selected by the monochromator and the third which monitored a fraction 

of the radiation passing through the entrance slit. The outputs of the photo¬ 

multipliers were fed directly to Tektronix 545 oscilloscopes equipped with 

53k/54K preamplifiers. 

The optical resolving time was determined by the entrance slit width 

which was set at . 50 mm. Therefore, for a shock speed of 5 mm/V sec, the 

optical resolution was approximately . 1 n sec. The theoretical electronic 

rise time was evaluated to be approximately . 03 fi sec. The oscilloscope 

traces were photographed by Land cameras and enlarged for evaluation. 

4. MEASUREMENT OF EXPONENTIAL DECAY TIMES 

3 
A study associated with the present work was made of the equilibrium 

radiation from shock heated nitrogen. The radiation species were identified, 

and the wavelength distribution and relative intensities are displayed in Fig. 2 

versus wavelength. 

For studying the radiative relaxation of the N^ (14) system a Dumont 

K1292 photomultiplier with a filter placed directly in front of it to cut off 

radiation below 5500Á was used as the monitor. The spectral sensitivity 

of this monitor is shown in Fig. 2 and some typical oscillograms of the radiation 

profile obtained with it are shown in Fig. 3. The oscillograms are shown for three 
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different shock speeds and an initial pressure of 2 mm Hg. The radiation 

is observed to overshoot, then decay to an equilibrium value in a few micro¬ 

seconds. Near equilibrium the decay is exponential and an experimental 

decay time, T, can be determined for a given run. This was done by plotting 

the ratio where I is the radiation intensity and le is its final equilib¬ 

rium value, as a function of laboratory time and making the best straight 

line fit to the data in the region (I-n/le <1- The procedure is illustrated 

in Fig. 4. The restriction < 1 was imPosed in an attemPt t0 sUy 

within the range of temperatures wherein an exponential approach to equtlib- 

rium would be valid. Since the radiation intensity varies as the tenth power 

of the temperature T in the range studied, (1-^)/^ < 1 implies (T-T^/T,, < 

0,1. The reading error of the decay time constant was determined by the 

lareest and smallest T which could reasonably fit the data points of the 

(I-I )/le versus t graph. 

Fig. 5 is a graph of the exponential decay times versus shock speed 

with initial pressures as a parameter. The superimposed grtd is based on 

the recombination rates and will be discussed later. 

In the examination of the equilibrium radiation reported in Ref. 3, 

the Nz (1 + ), N2 (2+) and (1-) were identified. Further the theory of 

P. Hämmerling et al4 predicts that the exponential decay times of the rad¬ 

iating systems near equilibrium should be independent of wavelength. To 

verify this point, decay time constants were obtained at approxTmately the 

same shock speeds for measurements taken at various wavelengths corres¬ 

ponding to the various radiating systems. The results are presented in 

Fig. 6a and b. The scatter of the points can be attributed to the inability 

to reproduce shocks of exactly 4. 8 mm/n sec and is also somewhat indicative 

of scatter to be expected from shock tube experiments. The results indicate 
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that the rate of decay of the radiation near equilibrium for shocks in pure 

nitrogen is independent of wavelength within the experimental scatter of 

+ 30 percent. 

Since CN impurity radiation has always been troublesome in shock 

tube experiments, an investigation of the effect of CN contamination on the 

exponential decay times was made before choosing a wavelength region to 

study in determining the recombination rates. In this study, the nitrogen 

was purposely contaminated with known amounts of C^. The results are 

presented in Fig. 7 and Table 1. The conclusion drawn was that although 

the CN violet system can contribute appreciably to the radiation, it has no 

effect on the observed exponential decay time. 

5. MEASUREMENT OF TOTAL DECAY TIMES 

In this study, measurements of the total decay times were also made. 

The total decay times are not to be confused with the exponential decay times 

discussed in the previous section. The total decay time, y ,, is defined as 

the time starting from the shock front necessary for the radiation to fall 

within 10% of its equilibrium value. This corresponds to a temperature 

of approximately 1% above the equilibrium temperature. tQ , is shown in 

Fig. 8 versus shock speed, Us, for various initial pressures. The times 

have been normalised to normal density by multiplying them by the initial 

pressure. The total decay time, t^ ,, should scale approximately as this 

factor if the chemical reactions and excitation mechanisms, without the 

radiation term, are initially binary. The two sets of theory lines shown as 

dashed and solid lines in the figure will be discussed in a later section. 

6. MEASUREMENT OF ELECTRONIC EXCITATION TIME 

The time for the observed radiation to rise to its maximum value 

measured from the shock front is designated tM. Measurements, as before, 

8 
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GAS 
P = 1cm Hg 

_mm_ 
5 ¡i sec 

. 38 < X < ■ 39 ju 

(CN Band Head) 

. 39 < X < . 40g 

(N2+(l -) Band Head) 

. 55-1 

(N2(l+) s 

1 V 

ystem) 

\/\ 100% n2 T\i sec 1/1,100% n2 T M sec i/i,ioo%n2 T H sec 

100% n2 

2% C2H2 

4. 93 

4. 98 

1 

8. 05 

. 35 

. 37 

1 

1. 01 

.40 

. 36 

1 

1 

. 38 

. 38 

Table I 
ffect of 2% CpH? contamination on equilibrium intensity and 

adiation decay measurements - all results being normalized 

3 the results for the pure nitrogen run. CN contamination 
roduces no noticeable effect except in the CN violet region 

• • . 1 — V“» Z"* 

V 
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I 

„ere made in the . 55-1.0 n wavelength region for normal shocks in pure 

nitrogen. Fig. 9a is a graph of tM versus shock speed. The tM s show 

saturation at a time which corresponds to the response time of the apparatus. 

For this reason the points falling below the dashed line in the graph were 

discarded in making up the graph in Fig. 9b. Fig. 9b is a graph with the 

, ' s normalized by multiplying them by the initial pressure as was also 
M 

done in Fig. 8. 

The integral non-equilibrium radiation of these radiation profiles 

was also evaluated. The ratio of the integrated non-equilibrium radiation 

up to the time t0 l divided by the integrated equilibrium radiation up to the 

same time is plotted in Fig. 10 versus shock speed. 

7. determination of recombination rates 

As shown in Section 2 of this paper the exponential decay time, T, 

is related to the rate constants for the recombination of nitrogen by Eq. (5) 

in which F is a function dependent only on the final equilibrium conditions 

in the shock heated gas. As shown earlier the recombination rates kRN 

and kRN¿ can be obtained by making a graph of F/t versus [ n]/ [N^ . 

Fig. 11 shows a graph of F/r vs [n]/[N^ with all the points 

extrapolated to 6400°K using a T*1' 5 dependence for the rate constants.7 

The temperature range of the measurements was from 6000°K to 6800°K, 

and the exponential decay times used were for the results obtained from 

observations of the N2 (H) radiation. The graphical relationship between 

all the pertinent parameters can be found in Appendix 1. As was discussed 

in section 2 of this paper, all the points should fall along a straight line with 

the intercept at the F/r axis determining the value for kRN2 and the slope 

7. Bates, D.R. , Physical Review, 78, 492 (1950). 
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determining kRN. The best fit to the data gives a kRN = 1.8 x 10 32cm /sec 

with a deviation of + . 6 x 10'32 cm6/soc and a kRN2 of not measurably 

different from zero. 

By referring the points which fall on the straight line fit to the data^ 

in this figure to corresponding F and Us values, and also assuming a T 

dependence of the rate constants to extrapolate to higher and lower tempera¬ 

tures, a relationship between T and Us was established based on the experi¬ 

mental recombination rate constants. This relationship is the superimposed 

grid in Fig. 4 which is a graph of the decay time constants versus shock speed 

with initial pressure as a parameter. The general agreement between the 

superimposed grid and the experimental points makes evident the essential 

correctness of the theory since it predicts fairly well the decay time con¬ 

stant dependence on shock speed, a dependence which cannot be so easily 

demonstrated in the F/t vs [n] / [nJ graph. A dashed curve in the grid 

in Fig. 4 was constructed using a T'1 dependence for the rate constants 

rather than a T'1' 5 dependence and indicates the relative insensitives of 

the experiment to this extrapolation factor. 

The total decay time, t^,, was defined in connect.on with Fig. 8, 

and is the time necessary for the radiation to fall to .0% above the equilibrium 

level. Theoretical calculation of these decay times was made based on the 

experimentally determined recombination rate constants. The dissocial,on 

rates in the non-equilibr.um region were based upon the equilibrium constant 

at the local translational temperature and also upon a T 1'5 temperature 

dependence. Hammerling, Teare and Kivel in Ref. 4 discuss a possible 

coupling scheme between vibrational relaxation and the dissociation rates 

immediately behind normal shocks. Calculation of the decay times were 

made and plotted in Fig. 10 for: (1) no coupling between the vibrational 

-11- 



relaxation and the dissociation rates marked by D, and (2) the coupling 

which is outlined in Re£. 4 and marked CVD. The conclusion that can be 

drawn from this analysis is that the CVD scheme better fits the observa¬ 

tions than a scheme which does not incorporate coupling; however, the 

difference is small. 

Figure 12 shows an observed radiation profile along with theoretical 

predictions based on the CVD scheme previously mentioned. The fit near 

equilibrium is excellent with deviations becoming large near the shock front. 

The prediction of the radiation profile was accomplished by assuming that 

the excited electronic states were in equilibrium with the local translational 

temperature, an assumption which will predict an upper bound for the radia¬ 

tion immediately behind the shock front. An excitation process must be 

incorporated into the theory since there is some finite time involved in 

populating the upper electronic levels of the molecule starting immediately 

behind the shock front. 

An alternative assumption which would provide for a finite excitation 

time is that the excited electronic states are in equilibrium with the local 

vibrational rather than local translational temperature. The time for vibra¬ 

tional equilibrium to be obtained, measured from the shock front, will very 

nearly be the time for peak vibrational temperature. The time for vibra¬ 

tional equilibrium of the ground electronic state of the molecule is plotted 

in Fig. 10b as a dashed line. The rate at which the vibration modes are 

excited is based on the adiabatic theory of Landau and Teller8 and on the 

rates reported by V. Blackman9. The agreement 

8. Landau, L. and Teller, E., Physik. Z. Sonjetunion U, 18 (1937). 

9. Blackman, V., J. Fluid Mech. 61 (1956). 
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between the times of maximum radiation and the vibrational relaxation 

times strongly suggests that the electronic states are excited by collisions 

in which energy is transferred from vibrational degrees of freedom rather 

than translational. This is in accord with observations made in gas dis- 

charges that radiation is quenched more effectively in molecules than 

10 
atomic collisions. 

8. DISCUSSION OF RECOMBINATION RATES 

kRN2 and kRN are the recombination rate constants for the reactions 

N + N + N - Nz + N2 and N + N + N - It, + N, respectively. The value of 

k - 1 8 + 6 X 10"32 cc2/sec found in this experiment is in good agreement 
RN ' - ' ,, 12 

with the theoretical estimates of Keck based on Camac’s observed dis¬ 

sociation rates for 0.,. kRN2 could not be determined, due to experimental 

scatter of the data, but is shown to be small compared to kRN- This is also 

in accord with the 02 results of Byron13 where the ratio of (kRN2ARN) for 

O was 1/7. For purposes of the nitrogen calculations (kRN2/k RN) was 

taken as 1/100. A factor of up to 1/13 for (kRN2ARN> corresponding to 

the error in intercept in Fig. 11, made less than Indifference in the pre¬ 

dicted radiation profile compared with the calculation using a factor of l/lOO 

for (kRn2/kR^)- 

10. Massey, H.S.W. and Burhop, E.H.S., Electronic and Ionic Impact. 

Phenomena, Oxford, London (1951) p. 422. 

11. Keck, J.C. personal communication. See also Keck, J. C. , J. Chem 

Phys. 32, 1035 (I960). 

12. Camac, M. and Vaughan, A., J. Chem. Phys. 34, 460 (1961). 

13. Byron, S. R. , J. Chem. Phys. 30, 1 380 (1959). 
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Fig. 2 

.4 .6 .8 1.0 

WAVELENGTH, MICRONS 

Top: Spectral response curve of Dumont K1292 photomultiplier and 
filter used to monitor the N2<1+) radiation. , 
Bottom: Spectral intensity distribution^o£equihbrium ^radiation from 
normal shock in nitrogen. = 1.0 cm Hg, 

4 o mm 
-prsec' 
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NITROGEN, P| = 2mm Hg, N2(I + )RAD1AT10N [.55-»1.0/x]

5.18 mm
fjLsec

5.54 mm
/i-sec

6.08 mm
/isec

50mv

nrr\-^
>

(/)
z
Ui

FiB 3 Typical oscillograms of the (1+) radiation from shock waves in 
pure N? showing the radiation overshoot behind the shock front and 
Lbsequent relaxation to equilibrium for several shock speeds.
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Fig. 4 
Ratio of radiation overshoot to equilibrium level ^ a funciion of 
time for a 6. 33 mm/jjL sec shock in nitrogen at a of 0. 1 cm Hg. 
The radiation decay constant, r, is found by measuring the time 
required for the intensity to fall by a factor of Z. 7 near the equili¬ 

brium intensity level. 
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Fig. 6a 
Radiation exponential 
shocks in nitrogen (Pj 

decay times versus wave 

= 0.1 cm Hg). 

length for normal 
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Fig. 6b 
Radiation exponential decay times versus wavelength for normal 

shocks in nitrogen (Pj = 1.0 cm Hg). 
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Fig. 7 Radiation profiles of N¿ (1 + ) 
showing how the decay time 
C¿Vi¿ contamination. 

radiation of contaminated runs 
constant is relatively uneffected by air or 
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Fig. 8 Comparison of the experimentally observed times tQ^ 1 for 
relaxation of the N2 (1 + ) radiation overshoot to 1. 1 times its 
equilibrium value with theoretical estimates based on recombina¬ 

tion rate constants in Fig. 11. 
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Fie 9b Points from Figure 9a are replotted discarding points below the 
dashed line and using the initial pressure as a scaling factor. 
The time for vibrational equilibrium is also plotted. 
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Fig. 12 Comparison of the experimentally observed (1 + ) radiation pro¬ 
file with theoretical calculations. The departure of the points from 
the theoretical curve at short times gives an indication of the finite 
time required to excite the radiating states in molecular collisions. 
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Fig 13 Exponential decay time r for the final approach to equilibrium be¬ 
hind normal shock waves in pure nitrogen. The function F is 
plotted against Us for various various values of with K 
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Fig. 14 Equilibrium concentration of N behind normal shock waves in pure 
nitrogen. The ratio [n]/ [nJ , which appears in F, is plotted as 
a function of equilibrium temperature with ?1 as a parameter, and 

with Tj = 294°K. 

-30- 

« 





II ï 



I 
I 
I 
I 
I 
I 
I 
! 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
i 

■MVXaMK*. 

U
N

C
LA

S
S

IF
IE

D
 



mm 

ro r- 

j! 
i - ¡1 
O' 

■c 

I 
a: 

“ -> . i2 6 S 2 
mump 
**h-<a¿ü<<ÜCí 

it, ,3 

O I 
UJ 

o 
r. i 
3 

« oí -: = = ^ > > > > 

g 
or 

s? 

IË 
•c h- 

S Í 
% ^ 

= s 
2Î 3 
SÍ 
^ o 

I? I 
< « a> 

5 

^ ¿ 
O' 2 

U-' V» 
K _E 
< 3 
Or 

? u 
O .E 

< d 
3 ‘ 

I Í 

, E a> § ~ !3 

58¾ . »2 g 2 
f¡löiis I gf ~ « 

l|fl? Irl 
'S Ik if ™ 
^ S. . - Ï Z? 

"lei 

líliSii 
S i -2.-¾ «8 
I « z ^i « i 

8-£ ™ °| 

^ Ï1 W 3 

iñ 
¿li' 

K ? 

i 

jr 5 u < 
ÍT3 ú^ 

H 
U E 
O E 

O c co ro 
CD oo 
U- ^- 
C «> 

» s 
: K- O 

a> 3 S=: . — s s 

ï 5 o- rc x: r: 

> ^ «2' O < 
2: . 

•C <_ . 
8. U- L 
« < o 

- ¿ 

« S 2 cf 
o ‘c ^- 
S °<i 
tt cj 

ë «o ^ 

E & 
á-§ S « 

■o ^ 

Ê 8 g 3 

C ^ XJ S 
o a> -o 
^ oo^ — 
5 g £ 2i 

■ ^’8 "g 

> "rS =5 

» « C 
«f? J= £ 

« 

«/> f tO 

§í| 
1S “^ <-> 

i w+l 
■go--' 

3 õ - w 
-£ SÏ 
° W OJ — 

- S ëS c/) ? E I* 

ill; 0 3 — E 

£ > TO CVI 
^ c xro 

<d f>8 ? 5 a, £ 

^ S 5 ? H £ 

- -f 00 
XJ CM, 
E zr o 
Of—' 

Sz « 
= +00 
¿ Z - 
g f Ü 
E Z o 

■ • .3 E Crt 
"ro £-5 ¿i o "e 
^ r- 3 fl? 3 S 

gf 
a> </) 

Viii-5 

S-s-sl 

U. 

g 
3 
O 

I ?T 

TO c- 
E 5 
-a 3 
E 5 

§* 
(rif 

S £ 

2 2 a: g 

Z Z K ^ ¿ 

>Jk if1 

» S up 
J 2t C3 
; o Cr 

u. o 
co co 
CO I ¢/0 
< < 

cn 

F je 

< 
-J 
o 

A CO S P rri —• 

CM3 = =^>>>> 

£ 3= I è • 5) w < 

Ofi YJ 
E a) Ë — 

Cr — Li- 

£ ¿ 
«; to- s 

8Ë 
-C i— 

3 u r: - 
jû X ^ 

JS Z o 
- . £ £ E 
c o h- ^ 
2 3 < Q 
S i — m . 

>; o- 
^ u. 

*- J ; Jl 
a» S V) 
£ E ^ 

^ s 

4> 4* ^ 

_g 8 
2 g 

£■£ 

i- = 

p 5 T7 

§ 2 ? 

'S 2 
•5 2 
2 2 
(O <u 

ï I 
C Ü 4, 
& E 4 
eg“ 
3 ^ 

Ä V 

_ _ s 
!-5“S — 
, 2 g S *■ a. 

m T. 

** «Mg 

§ Ï-2 3 2 
§ 
E 
o 

1 
o. 

■o 

; — m ^ 

J-g 
, „ o « 

;-S S-S 

« g 5' ^ O O ai 

_j S f ^ 

■5 < U E 
S ° I 
S 5g ™ 0) 3 Ç; . 
o: ? K o 

5 25- 

A -* 
s ‘V K s 
> Z U- ¿ 
C O ^ 

O c 
CO w 
CD oo 

ii 

= 35 Z 3-? 
0 o 

is! 
«ï i œ 

8|< 
abo 

lí p <=> 
TO E r. J 
V r- £ k z 
g « 5 

I 
È° ã 

ï' 

S€ 
X3 tO 

g 

fü O So 

■g "-'S S 

->| 

S 

en OC 2 

g «j -e 3 
“ 5 P <o 
«J — 3 > o 
3 |8 fi s 

8 I £ 

£ à 
ra ^ 

_ F X- 

£ zs 

^ -O 3 

S-S * I 
g = g = -8 
O ^ 3 2 ttj 
Çj = 2 g ^ 
•JS fl, ^ o> e 

5*s S a 
V» t _ oj 

2 J 2 “• 8 ^ ^ 
5 O CJ — £ 3 

9 C 3 -se S: _ «/! 
X «Í fo 2 

I 2 

« . a 
I I R 

"ô- 3¾ o 
5 E a, 
O - u 

5 I g 
£ ä 5 

■c «5 O * 4» 

3 2 
o ^- 

» 

*3 3 
*- O 
O) c 
X RJ h- > 

s 2 ï 

Ils 
K 'S 

3 Y 
E S «> 

Ü| 
ef g 

¿.s- 

^|I Sï 
^ ° V» 4» - 

"SÕ ^-OM 
c +. ro 
* CM, 

I - 

XJ 

- S ï 5 o 
I g £ 
S Z — E 
R - ã - 1¾ Sä 
= 5 fif 
? f £ g 

£3 CM 
e z- ■ 
o - ■ 
g; 

" g ° 
O 4> tO 

C O fO 2 S 

iff S I 
XJ > O O 

. J5 4> _ 

5e£ Ifi 
-* I £ W 2 

£ 3 V» 8 c — 3 4i to 5 

« 9 *5 -õ e 
— T w Of 
R> C e «o 

Ê slsâ 
«TJ ^ „ 

i¿= If 
= Z ? 3 s 
2 z^ô S — x „ a 

f 

■y - ■* ■ ■1 ™ « -g S 2 g ç 
£ re “ Ê 

8 - £ g 

-|is 
, g 4. 

g I 2 f 
“ I g g 
Ï5 I t 
^ 4» I 8 
O t^J X3 r 
_ «O - ^ 

O 3 

13, 
I g g 1 

to C X 

L. 

« 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

4 

U
N

C
LA

S
S

IF
IE

D
 






