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ABST RACT

A new method for the measuremen t of phase veloc ity of ultrason ic
waves by phase comparison of narrow-band bursts is described . The method
was developed for the determination of properties such as elastic moduli
of composi tes or other material s in wh ich phase velocity varies with
frequency . In such dispers ive mater ials , individual cycles within a burst
travel at a veloc ity differen t than for the burs t as a whol e. The new

• method is based on the phase comparison of enter ing and emergin g

• sinusoidally-shaped bursts. Two wideband transducers and a buffer are
used for reference . The specimen is interposed between a set of tran s-
ducers and buffer iden tical w ith the reference se t . Bursts are fed to
the two assemb lages and the phases of the s ignals  af ter transmi ss ion are
compared . The signal is varied from low to high ultrasonic frequencies
while in-phase and out-of-phase conditions and frequencies are recorded.
From the data, phase velocity is calculate4 at each recorded frequency.
The method and some resul ts are discussed.
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INTRODUCTION

A through-transmission method for measuring the phase velocity of ultrasonic
waves in dispersive materials is described. The need for such measurement has
arisen with the development of composite materials. Since phase velocities of
longitudinal and shear waves in solids are functions of elastic properties, veloc-
ity measurements shed light on the elastic properties of composites. However,
ultrasonic velocities in composites are generally not constant; they vary with
frequency. Materials which exhibit such a variation of velocity with frequency
are called dispersive materials.

In dispersive materials, a distinction exists between the phase velocity and
the group velocity of waves. Phase velocity at a certain frequency can be de-
scribed as the velocity of a continuous sinusoidal wave of the given frequency.
Group velocity is the velocity with which the point of maximum amplitude of a
burst (or wave packet) moves through the medium .1 If phase velocity varies with
frequency, the point of maximum amplitude of a burst travels at a velocity dif-
ferent from the velocity of individual cycles in the burst. In such a case an
individual cycle will move within the burst as the burst advances. Thus, although
measurement of the transit time of bursts is sufficient for group velocity deter-
mination , it does not give enough information to enable the calculation of phase
velocity in dispersive materials with fixed path length .

This paper describes a method of phase velocity measurement based on the phase
between cycles in incident and transmitted bursts. It is an extension of contin-
uous wave methods developed recently for velocity measurements in composites by
Lynnworth, Papadakis, and Rea.2 In their method , a continuous wave (cw) of variable
frequency is transmitted through a specimen of fixed length. Beginning in the low
ultrasonic range, the frequency is increased gradually. Frequencies at which input
and output waves are in phase and out of phase are recorded and the data plotted as
in Figure 1, where N is the number of cycles of delay of the signal due to passage
through the specimen. At the lowest out-of-phase point, N = 1/2. Each successive
in-phase and out-of-phase point correspond to an increase of 1/2 cycle (N = 1/2, 1,
1-1/2, etc.). Should the signal be lost because of attenuation but reappear at
higher frequencies (such as happens in layered materials), ambiguity exists and
additional information is needed to determine N at the higher frequencies.

Since N is the number of cycles of delay of the signal in the specimen, the
delay time is N/f and the phase velocity is

V = L/(N/f) = Lf/N, (1)

where V = phase velocity [ m is ] ,
L = specimen length Em],

• f = frequency [Hz].

I. LINDSAY , R. B. Mechanical Radiation. McGraw-Hill Book Company, Inc., New York, N. Y., 1960, p. 109.112.
2. LYNNWORTH , L. C., PAPADAKIS , F . P., and REA , W. W . Ultrasonic Measurement of Phase and Group Velocity and Attenuation

tiring Continuous Wave Transmission Techniques. Panam ctncs , Inc ., Contract DAAG46-73-C.0177 , Final Report , AMMRC CTR
74- 20, April 1974.
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One disadvantage of this method is its lack of discrimination against  reflec .-
tions, mode conversions, or other interfering singals. In the presence of inter-
ference, the phase of the transmitted wave may be affected. This disadvantage is
overcome while the advantages of phase comparison are retained in the new method in
which repetitive narro,~-band bursts are used instead of a continuous wave .

Phase comparison between bursts with different delay times requires that a
series of bursts be generated in such a way that they are all identical in shape
so that they will match exactly on synchronized scope sweeps . The frequency of
the carrier must be continuously variable and measurable to enable accurate delay
time determination from phase measurement. These objectives are achieved if the
bursts are obtained by shaping a cw carrier by pulses derived from a submultiple
of the carrier frequency. For dispersive materials , an additional requirement is
that the bursts be shaped such as to occupy as narrow a spectrum of frequencies
as possible for a given burst width . These requirements are met in the phase com-
parison method to be described .

ANALYSIS OF PULSES AND BURSTS

As the first step in selecting a pulse with a narrow bandwidth , the spectra
of common pulse shapes were compared . Published information3 indicates that the
3. Reference Data for Radio Engineers. International Telephone and Telegraph Corp., New York, N. Y., Fourth Edition . 19 56,

p. 1019-1024.
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spectrum of a cosine-squared pulse has a relatively narrow balidwidth. Rectangular
pulses have a wide bandwidth . By means of Fourier analysis and p l9ts  obtained from
a programmable calculator-plotter, the characteristics of pulses and bursts were
studied.

Rectangular Pulse

The amplitude of the harmonics in a train of rectangular pulses of unit
amplitude is given by

Sifl 1TflFtWAn = itflFtw 
( 2 )

where A~ = relative amplitude of ~th harmonic,
n = 1,2,3,---
F = pulse repetition frequency [Hzl ,
ti., = pulse width Es].

The envelope of harmonic amplitudes as a function of the product of harmonic
frequency (nF) times pulse width is given in Figure 2.

Cosine-Squared Pulse

A cosine-squared pulse of unit amplitude can be defined by

g(t) = cos2rt /t~ , (~l/2~t/tw<l/2), (3)

where t = time [s].

A train of these pulses is approximated by the series:

• 1 i 2m
g(t) = + E A~ cos 2itnFt, (4)

n=i
where ‘n = l/(Ftw).

A plot of its envelope of harmonic amplitudes is included in Figure 2. Beyond
nFt~ = 2, (n = 2m), the amplitudes are less than 2.7% relative to the fundamental.
If frequencies beyond nF = 2/tw are ignored, the cosine-squared pulse is only
slightly distorted. By comparison, a rectangular pulse of the same duration would
require more than six times the band of frequencies required by the cosine-squared
pulse. Other pulse shapes were considered (Gaussian, triangular, damped expo-
nential , etc.) but none was judged better than the cosine-squared pulse.

Narrow-Band Burst

A series of bursts can be generated by 100% amplitude modulation (am) of cw
by a repeated pulse. In am the frequency components consist of the unmodulated
carrier frequency plus upper and lower sidebands. The sidebands are sums and
differences between the carrier frequency and the modulating frequency components.
Thus for a narrow-band burst, a modulating function with a narrow bandwidth is
needed . The cosine-squared pulse was selected as the modulating function.

_  J
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Fi gure 2. Comparison of harmonic content in square and cosine-squared pulses

A burst with a cosine-squared envelope is represented by

g(t) = (cos 2
~ t/t5~) cos 2~of0t, (_1/2

~
t/t

~~
1/2), (5)

where f0 = carrier frequency [liz].

Let the burst duration be sufficiently long to include severa l cycles of
fo- Then an approximation to Equation 5 is

2m
g(t) .:. L z A~ cos 2ir(f0+nF)t , (6)

2m n=-2m

where 1/2, where m l  = m,
A 11 

= ) 1, where n = 0,

~ sin isn/m -
•

( r (l-n2/m2)n/ m , elsewhere.

h ere , n takes on negative as well as positive values . If m is not an integer ,
the series may be truncated at the integer next larger in magnitude .

The harmonic amplitude envelope is symmetrical about the carrier frequency .
The ri ght half has the shape of the envelope of the cosine-squared pulse harmonics.
Since oP l/tw, the harmoni cs extend from (fo-2/t~) to (f0+2/tw) and the bandwidthis i/t~ for harmonics with amplitude greater than 2 .7% rela tive to the carr ier.
This indicates that bandwidth is inversely proportional to pulse width , so that
bandwidth is reduced at the expense of pulse width and vice versa. For a given
-.ituation , a compromise has to be made between pulse width and bandwidth . For a
burst of 20 cycles , the harmonics extend from 10% below to 10% above the carrier
I req i i CII C>’ .

4
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A cosine-squared burst and its harmonics are illustrated in Figure 3. A
carrier frequency of 10 MHz, pulse length of 2 us , and repetition frequency of 125
kHz have been assumed. The energy in the burst is concentrated mainly in frequen-
cies from 9.5 to 10.5 MHz, where amplitudes relative to the carrier range from
0.5 to 1.

EFFECT OF DISPERSION ON A BURST

Let us assume that a cosine-squared burst is launched into a homogeneous
elastic specimen . If velocity is a linear function of frequency, the burst leaving
the specimen can be represented by substituting [t-L/ (V0+nFV’)] for t. Equation
6 becomes

g(t,L) 
~~~

— 

2m 

2m 
A~ cos [2w(f0+nF) (t- V0+nFV ’ 

(7)

where L = specimen length [ml ,
V0 = phase velocity at f0 [rn/si,
V1 = dV/df (m].

If the burst width is more than twice the transit time of the bursts (see Appendix),
Equation 7 is approximated by

. 1 2m
g(t,L) = [— ~ A~ cos 2rnF(t-L/1J0)] cos 2irf0(t—L/V0), (8)2m n=-2m

where I.Jo = V0/(l-foV ’/V0) [rn/si.

The expression in brackets is the modulating function for the carrier. U0 is -
the velocity of the envelope at f0 and is called the group velocity. Unless V’=O ,
the envelope and the oscillations travel at different velocities: the envelope at
group velocity and oscillations at phase velocity ,

Equation 7 can be expressed in units of megahertz for frequency and micro-
seconds for time . It is plotted in Figure 4 for three different linear velocity-
frequency relations with a burst of 20 cycles, a carrier frequency of 10 MHz, and
V0 = 5,000 rn/s. Three cases are illustrated: V’ = 0, + 0.25xl0 3m, and - 0.25x
10 3m. As calculated , U0 = 5,000 mi’s, 10,000 m/s, and 3,333 m/s, respectively.
For an assumed 0.01-rn thickness, the center of the burst emerges at 2, 1, or 3
us after it is launched into the specimen. The examples discussed show that the
group velocity has varied from 2/3 to twice the phase velocity of the carrier.
It is evident that transit time measurement is not sufficient to determine phase
velocity in dispersive materials.

In all three cases , cycles near the center of the bursts are exactly or very
nearly in phase with continuous waves after travel under the same conditions . The
departure from in-phase condition is equivalent to less than 0.1% of the transit
time of the bursts. Criteria for monitoring and controlling error due to disper-
sion are discussed in the Appendix. On the basis of the analysis of these bursts,
it was decided to use them for phase velocity determination by phase measurements. - 
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Figuie 3. (top) Cosine-squared burst
(bottom) Frequency componen ts of cosine-squared burst

~~~~~~~~~~~~ A

B

i1 “AI~ . 

I ~~~~~~~~~~~~~~~~ ‘ i JjJ
0 1 2 3 4

Time , Microseconds

Figure 4. (a) Burst transmitted through medium in which velocity is constant
(b) Burst advanced by increase of velocity with frequency
(c) Burst retarded by decrease of velocity with frequency
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PHASE-COMPAR ISON SYSTEM

1:cju i pment for t h e  narrow-band burst phase comparison system is shown photo-
g r a p h i c a l l y  in Figure  5 and in block form in Figure 6. It is comprised of oscil-
lator and modulator A , frequency divide r B , frequency counter C, waveform gener-
a tor  D , transducer and specimen assemblies F , preamplifiers F , and oscilloscope C.

ike oscillator and modulator are combined into an amplitude-modulated signal
generator . it generates Continuous sine waves which can be varied from audio
frequencies to 11 Mu : and has a modulation input for amp litude modulation by an
external voltage to produce a 15 V peak-to-peak output into 50 ohms . A square
I~aVC output synchronous with the continuous sine wave is also provided . It is
connected to the input of frequency divider B.

I requency divider B was assembled from digital modules. It produces a square
~ ive at a frequency 1/ 1024 times the input frequency . The output is fed to wave-
torn generator I).

Frequency counter C is a di gital counter which measures the output frequency
of B. Waveform generator D is triggered by the frequency divider . For every
square pulse from B, a single cycle of a cosine-squared wave is generated. The
output is fed into the modulation input of the modulator .

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

1’— t~’~
. ’

/ .

‘ 5 .
-~ Figure 5. Ultrasonic equipment
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After proper adjustment of frequency , dc level , and ampli tude in D, the out-
put of A consists of ultrasonic bursts of several cycles with a cosine-squared
envelope , repeated at regular intervals. The frequency of vibrations is 1024
times the frequency measured by C. All the bursts are identical , sin ce they are
triggered at an integral submulti ple of the carrier frequency .

Examples of wave forms at different output s are given in Figure 7. First ,
an unmodulated carrier wave obtained from the oscillator section of A is illus-
trated in Figure 7a. Next , in Figur~ 7b , is the output from D, the cosine-squared
pulse used as the modulating si gnal . The output of the modulator section of A is
the cosine-squared burst illustrated in Figure 7c.

OSCILLATOR ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ C

SPEC
~

IEN
T
~~~~~~~~~~~~~~~~~~~~~ BUFFER

A:
~~~

ATE
G

Figure 6. Narrow-band burst phase comparison apparatus 

- - Figure 7. (a) Unmodulated carrier w ave

- 
(b) Cosine~squared pulse

HI
- Ic) Modulated carrier wave
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The h u r - .t is r n 1 ied t ~
- . i d e n t  ic;il s-. ideban d t ransducers:  1 .9—cm diameter ,

5— ~il: center ~r~.-~ uerie - t ur lO I I - ~ i t ud i  nal t~~IV C S  1 .27—cm diameter , 2 .25 —MH z center
I rc’quencv for Shea u ,-,, * ‘ s  . l’he sner i~~ n is coupled to one of these. Althoug h

~flt i;~ItlrI s i  .e rc’~ ui rc . : ,rn t  -
~ }I I V e  not beers determined , specimens measuring 5 cm

~ ct~ x 1 . .~~~ en arc’ sat s t  a e t or v . Cou p led to the specimen and to the other
transducer are t w o  tuse d silic a buffers of equal thickness ( w i t h i n  0.001 cm) .
I n c — c  ire wor king gradi- optic al f l a t s  1.573-cm thick , 5 cm in d iameter  ( replacing
.5-cm di Iuc -t  Cs - 1)01 ter s show n in Figure  5) . Their purpose is to dela y u l t rasoni c

si ~~~~~ thus avoidin g spur ious  s igna l s  caused by direct  e l ec t r i ca l  t rans fe r  of
s i g r t a l s  between t r a n s m i t t i n g  and receiving t ransducers  or c i r c u i t s .  Two more
t r~nsduccrs , i d e n t i c a l  to the f i r s t  p a i r , are used as receivers in contact  with

IC butters

The received si gnals are am p l i f i e d  in two wideband amplifiers F and applied
to t s r  channels of oscilloscope C wh i ch is synchronized by’ the output of frequency
divid e r El .

PROCEDURE

A :reiimin arv check is made with the two sets of transducers and buffers
w i t h o u t  a specimen to assure that  the received bursts are in phase. Glycerine is

as a couplant  for long i tud ina l  waves , DC275 -V9 for shear waves . Shear trans-
J a r er  p a i r s  arc or ien ted  to the same plane and polar i ty  of v ibra t ion . Now the
speci i .~ ’u is inser ted between one t ransducer and i ts buffer .

The carrier frequency is lowered to audio frequencies and the amplitudes of
the iuiages from the buffer  alone and from the buf fe r  and the specimen are equalized
by adiusting the gain . Then the burst duration is adjusted to more than twice the
t r ans i t  t ime ; that  is , the width  of the bursts is made longer than twice the time
between maximum points  on the bursts  t ransmi t ted  through the buf fer  alone and
t isrough the buffer-specimen set . Genera l ly ,  20 or more cycles are included .
( ycles mid w ay between the two images w i l l  have about equal amplitudes wh i ch are
la rger  than one-half  but smal ler  than f u l l  ampli tude .

As frequency is increased , N incIeases by 1/2 for each successive in-phase
and out-of-phase condition . Data are plotted as cycles N versus frequency f. If
n o poi n ts are mi ssed , the plot ted curve extrapolates  to N =O at f=0 and is contin-
uous un t i l  the signal is lost by attenuation . The pha se veloci ty  at each point is
obtained by use of Equation 1.

As an example , a burst transmitted through a buffer is shown in Figure 8a.
After transmission through an identical buffe r and a specimen and with additional
gain , the burst is as in Figure 8b. For clarit y , the oscillogram was taken at a
car r ie r  frequency of 3.49 MHz (a frequency wh ich  passed through the specimen with
low dis tor t ion) . Figure 9 i l l u s t r a t e s  the Images  superposed to enable phase com-
par ison . Uere , phase and group ve loc i t i e s  are e~ ual and the burst  is delayed
three cycles in passing through the specimen ( N r 3 , is de te rmined  by measurements
at various th i cknesses ) .

9

— — - ~~~~~~~~~~~~~~~~~~~~~~~~~~~



- .  ~‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Figure 9. Images superposed for phase compariso n

Figure 8. (a) Burst transmitted through buffer alone
(b) Burst transmitted through buffer and specim en

RESULTS

As a test of the method , long itudinal wave measurements were made on a steel
rod 0.475 cm in diameter and 18.0 cm in 1en~th. The phase velocities obtained
along with the curve calculated by Bancrof t3 for a material with Poisson ’s ratio of
0.30 are plotted in Figure 10.

The ordinate is in terms of the ratio of velocity to the velocity’ limit ap-
proached as the diameter/waveleng th ratio approaches zero. For the measured data ,
the lowes t frequen cy at wh ich a measurement was taken was 114 kHz. At that fre-
quency , the diameter/wavelength ratio is 0.1  and the calculated velocity is 99.8%
of the velocity l-mi t approached at low frequency . Accordingly, this velocity
was used as the approx imate veloc ity limit for the measured data. The phase veloc-
ity varies as expected for diameter/wavelength ratios less than 1.

Data were taken also on a three-dimensional carbon-phenolic composite. The
specimen measures 1.278 cm in the i-direction and approximatel y 5 cm in the x-
and y-directions . The center-to-center spacing of fibers in the z-direction is
0.076 cm . Nearly f la t  p lanes of fibers parallel to the x-.direction alternate
with  similar p lanes of fibers parallel  to the y-direction . The thickness of a
pair of planes which constitutes a unit cell is approximately 0.074 cm. Measure-
ments were taken from low frequency to the point where the signal disappears .
The results are given in Figure 11 for velocity in the z-direction .

With either the continuous wave or the burst method , the signal disappears as
1.35 Ml-Iz is approached. At higher frequencies , there is uncertainty in the ab-
solute value of N. For that reason, measuremen ts with the burs t method are not
being repor ted at the higher fr equencies , pending further study.

DISCUSSION

Resul ts on the thin rod agree closely with the theoretical dispers ion of
extensional waves in rods through most of the frequency range covered. Differences
at small diameter/wavelength ratios may be due to experimental error .

10
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The results on the composite specimen (Figure 11) are close to the results
obtained with continuous waves (Figure 1) up to the point of disappearance of the
signal at about 1.4 MHz.

Whether con tinuous or pulsed waves are used , cer tain bands of frequencies are
highly attenuated in 3-D composites. The center frequencies of the bands vary
with the spacing and size of fibers in the three directions . The effect  appear s
related to phenomena associated with layered media~~

5 comp licated by the presence

4 . ROB IN SO N , C. W., and LEPPELMEJER , G. W. Experimental Verifi cation of Dispersion Relations for  Layered Composites.
Journal of Applied Mechanics, v. 4 1, no. 1, Trans. ASME, v. 96, Series E, March 1974 , p. 89-91 .

5. SUT hERLAN D, II. J.. and LINGLE, K. Geometric Dispersion of Acoustic Waves by a Fiber composite. J. Composite Material s,
v. 6, October 1972 , p. 490.502.
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of fibers parallel to the direction of wave propagation. At frequencies above the
first attenuated band , the phase comparison method becomes ambiguous since the
number of cycles of delay is unknown. This difficulty is inherent in any method
based on fixed specimen thickness.

It appears possible to eliminate ambiguity by taking observations at fixed
frequencies after small changes of specimen thickness. Work is under way to
determine phase change versus thickness change at selected frequencies after phase
measurements at constant thickness and varying frequency have been made. With
very small thickness changes , phase changes should be unambiguous . With the ad-
ditional data, it should be possible to remove the ambiguities that may accompany
the phase-frequency data.

If it is des ired , group velocity is obtainable from U ~~~~~~ where ~T is
the frequency increment which accompanies the change in the number of cycles of
phase, ~N. Provided that within the band of frequencies included in ~~ the signal
is not lost by attenuation, then there is no ambiguity since group velocity
depends on phase increment rather than on phase.

CONCLUS IONS

A phase comparison method for narrow-band bursts that provides data for phase
and group velocity deterin i~tIations has been described . The measurements are un-
equivocal as the frequency is increased from low to high ultrasonic frequencies
till the signal disappears. Then in common with other methods based on constant
thickness specimens, the data become ambiguous at higher frequencies if the
signal returns. It appears possible to remove such ambiguity by obtaining data
after small thickness changes. The new method will facilitate ultrasonic studies
of wave propagation and related properties in composites and other dispersive
materials.
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APPENDIX . ANALYSIS OF ERROR DUE TO PHASE SHIFT

7:

-ri~ - argument of the cosine function in Equation 7 can be expanded as
t o l l o w s :

2~~(f 0+ n F ) [ t - L / ( V 0÷ n F V ’) }  27r f0 ( t-L/V 0) + u~, (A- i )

where u 2rnF t— — 

L
0 1 U0 ( l+ n F V ’ /V 0)

U 0 V0/ ( l - f 0V ’/ V 0) [ rn/ s i .

~~ 
is the group velocity, measured from the point of maximum amplitude. 1

In the following discussion , the “o” subscri pt is omitted from the van —
ables dependent on frequency. They are understood to be at the carrier fre-

~uency . Now , u~ can be expressed in term s of known or observ able parameters
in ten steps:

a. F l/(mt
~).

b. Let R group transit time/burst duration = (L/U)/tw ,

c. Let M = number of cycles between peaks of transmitted and received
— bu r sts = fL/U.

d. The number of cycles of delay , N = L / X .

e. From the definit ion of group velocity , U = du/dk = d ( 2 i r f ) / d ( 2 i r / X )  =
Ld f/ dN.

f . fdN/ df  = fL/U = M.

g. V L f / N .

h.  V t  = dV/df = 
~~~ 

(i_ 
~~~~~~~~~~~~ 

(L/N) ( l -M /N) .

i .  V ’/ V  = ( l -M /N) / f .

n itU 1
j .  F i n a l l y ,  u~ = 2~Rj~~~~~

_ 
~ i 1

[ l+Rj~(~ 
-
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Equation 7 now can be expanded t r igonometr ica l ly  to

.1  12m 1
g(t,L) = ~~

— 

~z cos U~~~ Cos 2irf0(t-L/V0) (A-2)..m ln=-2m J

12m 1

An sin ~~ 
sin 2irf0(t-L/V0) •

Ln=-2m J

This is equivalent to two waves 90 ° out of phase , modulated by the functions in
bracke ts .  At small  values of u~, the major component 

is the cosine wave . The
resul t  of summing the components is equivalent to reducing the amplitude of the
sine wave s l igh t ly  and shi f t ing it th rough a small phase angle:

2m
E A~~ si n U ~
n=.-2m (A-3)

~~= arc tafl 2m
An cos

n=-2m I

The accuracy of velocity measurement depends on the phase angle. During
a test , the burst duration is adjusted so that it is more than twice the time
between maximum points of the images from the two receiving transducers . Con-
sequently, R<1/2. Next, the amplitudes of the bursts are equalized by adjusting
amplifier gain. At the point where phases are compared (midway between image
peaks), tU/L=l/2. Now if I ]-/M-1/NkO.07, th e error introdu ced by phase shift
is less than 1% of the duration of one cycle of f~. This can be monitored
readi ly wh i l e  taking measurements and controlled by adjusting pulse width . For
exampl e, if j1/M-l/NI=0.25 , the error can be kept to 1% of the duration of one
cycle b y adjus t ing the burst duration to three times the transit time. Under
these cond itions , Equations 7 and 10 are approximated by Equation 8.

14

________________________



-_ — - ___________ -_----- —

r

DISTR IBUT ION LIST

Mu .  of
r~ pieo ci , Lo~~ie- , 70

‘‘ ‘ 5 ’ . ’ r,-, t~ r , ~‘fi- ’..- Research  and tnglneer ing , Technical Director . Huma n tn gineering Laborato ries ,
- •i’.’ ‘‘ s - - 0. C. ?“3”t l 4berdeen Provins Ground , Mary land 21005

A ’ ’ \ V.  - -  i . r  ‘ . ‘ ‘. I’ ’ c... c i - i l i ’ .! or oa t O r i a ’s 1 ATTN: Technica l Reports Office

‘,.Ival Research tabo catory, Was h i n g ton . C- . C , 25375
,rrand ’ - .  - I ’ :’ ’ - . - - . - -

~ ar’i”iti~~t ’ ’ - ” Ir t I - t . Camero n Statio n . 1 1-P sI Dr . 3. M . Erafft - Code 8430
1’” , 5 , ‘i-~t C  Sul,’ ‘~t - At, - .ar ,dr ’a . V ,r’i ,nla 22314

Chief of Naval Research . Arl ington , V irg in ia 22217
“..‘ ,, - -  . - r , i - , - i ~~ ’ l r ifo rrut,’ ,r unt,- r , Batte lle Memorial I ATTN : Code 471

‘jo - - 405 r,g Ave nue • Col u i / os  - (iI. .~ 43201
Naval Surface W~ a r,rin’, Center , ~i 1ver  r ings .

- ‘-s.-ur- n and Irvel r ,ur ’er , ’ , TO- ’j.ir t r r r i t of the Arm y, Mary land  205 10
- “ t u t u , 0 C. 20310 1 P711: Mr . L. F . Oseen

P”. - I . - i it i’d  Engineer ing Sciences D iv is ion  1 Dr . W . C. Lyons
1 Dr. 1 , P . Stecku r

- r- ,ur-i,- , , ir~ i °es~~a r’ ’~~~~~~~r e , P . 0. Boo t22 1t •- . u i ,”,’ , - - , ’ . - l icrts  ~ a.-u,i  ‘ ‘ I 2 7 7 ’ : Naval  Ordnance 5, ’,t~ u ’ . Coninander , Department of tb. ‘ia ’ iy ,
S or P ruu ’,-i 5 u t  ‘ 0  ‘dy ’h  00 0r I) - C - 70360

1 15151 r~P5_ f l 333 i Sir . M . f i rm a
-i, .:,’ ‘- - ‘  - U. 5 .‘~- ‘, V , ’ ,-. , , i  Oeve lo:. ” -u ’ nt and °.-a d i r ixc ’

‘ - I , ‘, : - ~i u. ,u-n. ,u,u.r l . i -”u ,’, A ! i - : a r d r u , , S,uyu l A i r  Development Center , Warininster , Penncy l var ’v 15,7 4
1 P15 : Gwynn McConnell

- ‘. RCDE- r
:~~C 1E— I r., 1-.- R . Z ’ - nT r , - r  h r  Force Materi a ls  Laboratory , Wr i g ht_ Pat terson

A i r  Force Base , Ohio 45433
~~,u-n,,r-3i- r , U, 5 ,  - I r r i  Electro nics Co , ’r , s rd .  1”r ’ VOru, ,o j t I . 2 11111: AF ML/MX E/E .  Morri~~sey

5-. - ~, ( ‘770 3 1 AF ML /LC
;- -‘ . - ,oc R ..- ,_

~~ 1 AFML/LLP/D. M . Forney, Jr .
~~~, :  .(;i n 1 AFML/ MBC/Mr . Stanley Schulman

Dr. 0. Sc hmidt
onuar.iu ’ r . ‘ I , 5, hr - u ‘~~‘ -  ‘ S y  Cmmnand . R e d s t o n e  Arsenal , 1 Dr. N . J. Pagano

hi,t,, --v 35, -is I Mr . T . Cooper
~‘ N  rec i ,c a l  L i t - r v r /  1 Mr . 8 . Rawand

Sp lel_ OSM . M r . C .  J. Whee lahan
A i r  Force Weapons Labora to ry ,  K i r t l anul A i r  Force Ba ’e ,

U. 5. A rmy A roaoer t  C~~~and , Pock Island , New Mexico 87117
1 ATTN : Capt.  3. Meiog s

2 O~~’. ‘, hr, i , , 1  L i l r a r i
1 Ai r Force Institute of Technology. Wri g ht-Patter son

- , ‘ rv ” - l ,’r , ,ihl’,y Sands Miss i le Range , Air Force Base , Ohio 45433
1,-.. ‘y , ,~~~ P4507

P145 -W I - IT  National Aeronautics and Space Administration .
Was hington , 0. C. 20546

- - -u ” u-anui ’- ” , Ab e r -d xr °roving Ground , Mary land 21005 1 AIIM : Mr. B . 0. Achhansner
hITS IT E~ P— ’L ,  B i d o .  305 1 Mr . 0. C. Deutsc h — Code 88—1

o°n,ander . Frankford Arsenal , Philadelphia, National Aeronautics and Space Admin istration , Mars hall

~r r s i 1 v a n ia  191 37 Space Flight Center , Huntsville , Alabama 35812
1 15: Library, 111300, 81 . 51— 2 1 ATTN: R- PBVE -- M , R J . Schw inghamer

SARFA-1 300 , Mr . 3. Ca rr ie 1 S& E- ME— MM . ~r W . A . Wi l son . Bui lding 4720

5- u-mar/ eu - , bar r-i Eiia ,-’ u-r- d Laborator ies . 2800 Powder ‘-l i ii Road . National Aeronautics and Space Admin is t ra t ion ,
- t’ta r i la rd  707~~ Lewis Research Center , 21000 Brookpurk Road ,

1’T ’t n c h n i c a i  ir ’ruu - r,a Suor 5 f t t i ,~ Cleveland.  Ohio 44135
AM iSS — P y l  , Dr . R . Tsu-.al d I ATT N : Mr . 8 , H . Y,- r - j ,

‘ - ‘-irando r , P i 0 y r u r r 1 Arse nal , Dover . New e rse~ 07801 Panarnetric s . 221 C’-r~ c”n ’ ~t r ee t . W a l t h am ,
A T T N  S A O PA - P T _ 5 Massachusetts ( 7 1 ’ S

IAPPA - u-P-5-I -D , i ’ i TYE C . A . ‘ . An pa luine I AIIM: 1. Lynnw o rth

C ononander , Redstone S c e ~~ - f i c  In format ion Center , Ball i st i c Mi5oi l ui Defense Program Office,
U S .  Crow M iss i l e  Coninand , Redstone Arsenal , A labama 35809 Connnonwealth Building , 1320 W i lson  Boulevard ,

4 .51111 SPS M I_ R B L D . Document Sec t io n  Ar l ington , Virt inia 22209
I ATIN : DACS-BMT

~orr.,nder . 3. 5. 4rt’~, Au roru- -li c al Research Sr ’ i t  -
(‘ Box 577 , Fort °ucknr . Ol a h ania 36460 Coninander , Ballistic M u s ’ i i ~ Defense Systems Coninand ,

P1111- Technical Libr ary p . o . Box 1500 , Hu nt svi tlu- , Alabama 35807
I AIIM : BMDSC-TEN , Mr . N. HurSt

Director , Eustis Di rect orate , U. S. A r-roy A i r  M0 5 i 1 1 5 y
Oesearc h aol 1)evelopu ”tru T Laboratory, Fort Eustis , Ballistic Missile Advanced Technology Center ,
V i r gi n i a 23604 P . 0. Box 1500. Huntsville , A l a b a ma 35807
AT T N . Mr . J. °o b i r son , SAVOL-tU-SS 1 ATIN : ATC-M , Mr. M . Wh itfie ld

1 ATC-M , Dr. 0. Harmon
Commander , USACDC Air Tefu-nue Agency , Fort Bliss , 1 ATC—X , Mr. W . Davis
°r’,ao 799 16
3 P 4 :  Technical Librar y 1 DIrector , Advanced Research Project Agency,

Arc hitect Building. 1400 Wilso n Boulevard ,
Coirorrander , ti S Army Engineer Waterways Experiment Arlinqto r , Virg inia 22209
Stat ion . V ickshurg, M 1scis ~ ipp i 39180
AIIM : Research Center Library

_ _ _ _ _ _  
_ _  _ _  

- . - -—-.- _
-- ---—----



Pr uiro.,’cc’r,u x.&,r’- ~~ “ ,~~~~. — u i - ’ ’ 0  ,,__ ,o.~~~-_~~ _, -. o.--~~~~,w -.--. . .- - r~a—’ - -wo  ui~’ —,..‘~~ . u a . .- r—. .’ Wxiuii’TZniC ‘-“-~~~

- — - 
~~~~1~~ 

— — - 
~~~~1

~~ 
— n-I V Mi

— 4J
V 4, tI ’.’ (1 

~~~~~~~~ ~~I 
.,. (1 .0 (1  9 4 1( 1 4 ,  0 I I ~~~~~~~~ V~~~, 4I

(I -_ 1- V ~ 5— 41£ 
~
- 2xi n-I 4* .0 L~ V 0 • —. • V l’l xi VV V V ’ • 

. 4 —  (1 4 1 4 1 4 1 Vx i V ’ . ’ V U V  u ~~~~~ ~‘ ~~ 0 .0  — C C I I . .— .0 4*— a. 4, 4* 0 .0  —. L C I. I.. .C 4* 4-. 5,-, V xi 4.. ‘S. V . 4  V tJ SI ~~ I— a. 11~ xi— 5 -  xi Sn a- v 1.1 V 41 1e — 0. xi 4’ —. xi, 1. V I. ’ xi, 1. ’— a- ~j  V — xi— In V I.’ n., -— U V I — 91 I — ‘ .0 V 4. 1. 1- 0”.. c I.- m— -a V 41 1. ,. 01’S- C a- 3 in 0 £ 3 0 C 3 V Mi 010 xi, Ua - — . 0 x i x i —  ~~ a . n4,C ,.. ~~~~~~ xi a .’- . 0~~~~~~~~~~~~~ n . x i  Sn S 4 . 0 0 4 1  1. C V 4 1 . 4- . ’.
‘
~~~~~ 

S n i l  Q l O O p  S C V M I S4 -.- 

I 
1.1( 1 * 4 . 8 . . . .  > C J V V  ~~~U-V

“‘4.’
~~~~~ 

‘ - 4 1  4..— C S I V V  8 ’ ~’~ ~~~~
—‘ ~~ ‘~~~ Mi~~~ V~~~ ( 10 4 1  0

~~~~ 

—‘ x i x i  4 * 4 1 ( 1  4 1 4  L. P S* 0 x i S  04 . . C C ’41 *1 .0xii. 4 . O S * L C~~~~.4 .0 .— Z 0~~~~ 41 $1 5- 4.1 4 *  .4 ... ~~~~~4 . ( 14’ “~~~~~‘ ~~~~~~~~~~~~~~ I — ~‘ U V 4* ’•~ -V a- C x i V

~ 
*.j ~~ ~i — V’.. C xi ~ .14 xi 41 — si .4 ‘.- 0 4* V_1 xi 4. 4* xi .4 a. 0 4 .  V 0a -, C x i  ( 1 ( 10 4 1  . 0 •  _C C M i . S l ( 1C 0 x i  .C 4 * 4 1...I 0 0. 0 - 4* 1. *1 4.. V 4 .  x i . 4

~J0~~~ O V . - 4 1 4 *  k . 4 . 4 V Q l x i . 4 ( 1 4 1 4 .  4 * 4 1 4 * . -S i 4 M i a .  (14* 41 41 1e V .-’. V Q 4 1 W O *,,* 4 ’ 0 ( 1 , . C3V 0 4 1 ( I O U 4 1 O LV . ( 19a.. xi 9 .4 ~ a. I. -
~~ ‘- a- xi 4.1 V . 0  a. xi

SI~I V a. — V V 41 .—.0  . S. xi V I • 1..-~~~ . . .I . x i  V I  ‘.1. 3 *•’ U . C V V CC I I  C V3 . 4 U. 4 . V 4 1 C C 4 1  C V  
Pa-

~~~~~~~~~~~
’-

~~~
a.

0 Q x i 4 9 0 . 4~~~~~4 1 4 . 4 . ’~~~~~ 
0 O x i x 9 O -l.1 4 1 4~~4 1 V

Sn 2-_ ~ 
U 4.1 1. 1..— xiI e* — u  •I 1-. 1. .- xi

-- C U V (I V V -~~ 4* 0. .45-  — 0  SI ! 2 V V ~~ 3 0a. .4 5— — 0 4* C (1 V a. -_ 3 xi .0 xi C 49 C0. ._ 3 . x i V  * I iC IC

— V Sn 

I . . — _
~~~

- 
41 41.0 V . 4  0 V SI 41 V . 4  0 V

• 
41 51 UV

3 4 . . O U C  4.~~~~~~~~~~ ’ . U I~~~.C 3 ~ ~~~~~~~ *1~C S I C  .9‘O ‘.- SI .-l ~ 1. SI C *1 (1 .4 *14 5- 41 1..4 V 4.1 
, 41 4*C l~* .4 5- 41 1. .4 3 V *1 3 , ~5 i 51 0. I/I 0* xi U 41 0’41 0.11* 0* ..~ U 41 0’

Iu 
LI — V x i 4 * 4 . ( 1 l— C . 4 VO ’V LI I/I C

£ 5 1 .— 4 * 0  ‘..‘ 4JL 4 I 4 1 4 1L S* .- 1.S1 0 ‘ 4I 1. S , 4 1 4 .  £ ~~~Q. S n •  0C ’ S I a- x i
~~ ~~~~ 

0.V 5* a- xi 91.4 ‘0 C U (‘4 — .— V 
41 +4 V £V . x i  a- 5,-(‘4 41 V . xi a- I. 1-. 1. e’. .0 5- C 5*0 5. xi S’i .0 1. 5* xi— SI 1. 0‘ . 04 — C  3*0 a - M i M i C  L . W x i -. 51 S. 0 V .—~ -~ VI’.’- * *0  0 ’ ’ V S 1 *4 xi ... US I U UV — In * i~~ 0 -. V *~ .l xi *-’ U 4* U U 5* (.4 ~~~.4 ~~ ‘. V xi C n-I — 4*411.4 C.4  ~~ -_ V xi C C ... -— 5* ‘ xi 0 1/1 ~~ S. n-I 4 1 (1  5- .4 .0 1. 41 5* a- C 1. Sn• MID ~~ ~~ i. • .4 xi .~~ 5- .4 .0 ~~ p ‘S. C 1. Sn SI 5- *0 41 5i4 8 C 4.1 xi 9 

~ 41 0 U41 S.’- ~~ 41 (1 .4 1.1 41 5 V 0 U C .0 .0 —‘ SI Ml xi 1. xi L-. 4’ xi SI CC .0 . 0 1 . 4  p x i  x i ( 1x i.0’ — S . , 4 1 4 1 ( 1  4 ’ W 0  •~~‘4 ( 1 4 1 4*3 -.. U a - x i V ( 1 4 *1 1.l 0 ( 1 x i 4 1s -.- U a - 4 1 V 1 . 5 I  414.1 ( 1 -  *0 *0 5’.. 5* 3  ‘— .0 V 4 . 4 . . — ( 1 4 1 J10 *0 I”~ ~, 5 ‘. .0 V SI SI .— ~. 41 3 U 4.1 (14 10 I— 0 .0 xi S. V 41 0. 1.. V . 4  0’U +4.4 10 5- — .0 Mi 1. ‘0 41 0. 1. 41.4 a. — SI C • 5 SI V V 2 ~~ xi — in 51S 4 1 V~~~~0 a..x C . - x i4 1  C x i~~~~~ I 5 - , C . -, —  xi V ’~- x i  V 4 . 0 1 3 4 1 1 .C 41 I xii C .- ‘91 V ’ -  0’ .0 V SI 0’ 3 4. V 3 11* 5— .— V C . 4  C 
~ ‘.0 SI £ -_ a-V Sin C 5- 41 C 4.1 C 4.1.0 SI .0 - -—a. (1 .0 4.1 . (I V I. Sn — 41 x i L* 1  4 1 ( 1  U.0 .0 C 0 *1 ‘ SI V I Sn’.” 5* *91 .0 .4 xi .C U U U 1*9 0’ (1 1.) U “1 .0 41 .4 (1 . I— WI C V

Ill 1~~~ 4I ,~~~&~~~~’. 3 . 4 ( 1 ( 1  V 41 , .-ZC o r -n  £ 0 S . i~ I~~~~ ~~~~~~~~~~~~~~~~J 
U U *5* C C  LI U II .0 SI .4 .0 I 5— O~ C ‘0

.4 5, L 4 .’ . -4 1 4 I  J ~~
3x

~~~~~~~
:: 5 1 3 &VZ ~~~~ n.I ~~~~4I ,—

“lxi. J 4. ‘ ‘ . 4  0’S. V C I. .— .l S . a.~~— <1..’.’ 4 9 1 .0... ’ C
1.- 5* 4’ ~~~~~

5- a - 3 t~~ 
C~~~~ .-. I.- I 0.10 1. 4 1 . 4 1  ~~

8 5 - a - 3 f 8
V ~~ ‘ S. V a- xi 4* 4* “- C. -  0 I.. 41 

V *0 *1’ 1. V a -  xi 41 51 ’.- C.-  0 ‘.. SIS.C 0(10  .- .(1 Q
xi C ~~ ~~~ 

0 C 0 .(1 0 V 5- 1. xi C .14 1/I 0 ‘- 5. 4* U I— xi 8 V‘S. SI 14 5 xi U xi 0 V i — *14 .4 Mi a.0 
-

~~ a. C xi Sn s s* -_ 5I. CL114 .J 11* 0.0 0 a- C Mi Sn 9 41 - SI.- C LV

~~~

5’ — 4 *  1.1 V O O VU  C a - . ’ Mr V U  CI’ . 41 LI V O O V U  ( 1 a - . 4 x i  V U
—~~~ a. • 0 ‘.- ,C • . — S I CV L  V4_I 

~~~0’ 0’ • 0 - ,C ‘ -~~ 41 C V E ~ S. I. .4 0’ C xi .0 C *1 0..- 41 41 (1 41 .0 xi SI5, (1*51 0’ C ‘Ii .0 C l.’ a..- SI MI I. SIC xi 51 51 SI Mi .4 — 3 .4 0 V ‘V~~~ a. I.. C5*3 Mi .4 — 3 .4 0 V ‘V ’  a. i- (1 .4 4.’ 5- V~~ LI p xi CL  0 0, 1.’- a- 0 . 44-. V . -  p III C L  0 0’ 1. -— a- 0 . 4  0 U.- - — U V .~~ C 0 51 .‘. V

~ ~~~~~~
e u”  ‘. . - U VC C O  5* 41 LI ..- I .E’ .~~~ ‘— a - I . . c’ 0 . 4LI ‘-‘- 1.. ~ - - a- ( 1 (1 0 . 4  C 5- V S. 01 51 *1 41 -.- ’0C V -~~ xi 0’ 51 .4 41 — ‘ 

~~. ,C SI 41 V 1. V a- — ‘V

I~

I .0 V I. V a. V U C ~~
‘.4 V 41 SI 5— V 1. 5 .4u C

~~~
.4 ~~ 41 S1 a -V I . C . 4  41 W C C M i~~~~~4 1 2 C V  V

I ~
SI S I C C x i  I I i SC V O V  C 4-. C U V  . .-V  3 V x i U

xi I V I

Mi

~~ 
4.’- 1. ‘0 3V S. I 

, 
—

(J’. I. V s 5- 4 1 ( 1( 1  9 S I C xi UI ~‘. 0 1 ( 1( 1  s 41 C xi U 0 *0 ‘ • V WIUr Il l V
*91 -14 4* .0 I . V 4 1  41

S 
41 4.1 4* .0 I .V 4 1  SI .—

0*0  V .4 V a , x i x i~~ . j W_  £ I .( 1x i t I ’ V  M i V ’~~~ V U Va. xi SI a. 0 £ (1 1. S... ’ C SIC L

~~~~
x i 4 * ’ V  11’ V ’5h10 

~ 
U_ I’— 0 xi~~~, a- V . 4 4 1 4 *4I . 9 . - a .x i x i

• ~~~
0’ “— 51 0.0 .- ,C C I..S..- -(1 4* In ~. V -I-’ Sn 1. ’— a.*1.5- ‘0 n- 4* 5. 411.1 4* 51 41 .Q.” a. .x 41... V* I. V . 4  Sn I’.” a - U V  * -.. xi I ’~

”._ 
~ 

5 - ”
*9* ’-.’ 0 5- ‘0 51 1. S. o’a- a-- ~ 

I/I 0 “ 4 1 . 0 4 1  0 C 9 V 91 Di 0 5-, U
I/ID ~~ “ .0 4 * . C 4 . O C S V 4 1 O’ Q S n U  , eC g  xi a...I.4a-~~~ .Dx i x i . . . s ..I xi

.14 0 Sn W 0 . ’  4 1 0 0 4 1  1. CV I l i 4.I ’~
I 

C .91 C xi 0,4.) .4 I.. -_ .0 xi ~‘l’- ~ LI II.) 5,) *1 .,- SI x i . -  t C 51 41 V 3 0 VS. C V M * * .,. .,..
1.1 .4 41 .4 ,._ 4* ~~ .2 0 P C 5 I V V  ~~~ U0  i .0 4.1 ‘ M i x i  4 * 5 * 1. 41 4.1 ( 10 4 .0 0

I

4 1 ( 1  5 - O I I LC V . 4  (1.0 4. ~~ - , -x i x i  4 1 4 1 1 .  ‘4 * 1  0
M I S .  5 - > O S I LC V . 4  -(1 ~~~~4. I 

.0 0 4 1 41 51 > 4 ~~~5 I C  4.II—’ V SI I.
— a. xi u V x i —  v a- a xi c4* 41 > 4~ 4* (1 n-I I— ‘0 4.1.

U V 4 1  V a .  ( 1 5 -V  —1 x i V  — 5 * 4 1 . 4 5.  0 4 1  4*
.14 41 41 -— 4 . 4 1 4l a .  0 4* 41 0 .0 0’. L C 4 1 4 . I I .C 0 4 1  . 0’  4 . 4 1

( 1 . 4 4 1  V SI x i . 40 Z 0’. L C M i * I L C O M I  £ S Ix i  C ~~ 1.100. 
1n Z 4 1 Q~~~~ C 1 * 4 .  SI *4 VC L I00 .  O V - . - 51 5I S. l-1 4’I V 4l Mi *. V O M 5 SI O I 1 x i 0 I . V L 9

‘O ’S- ’.- V 4* Q.a. 41
4 1 5 - 4 10. ( 1 1* 4 *  41 4 1 4 1 . -
V O x i S I O U M i O S . V . C9 

I 

i. -5~~~~ -,— a- xi . 4 V . ( 1a . x i
i - ’ 0 a .- . - a- x i 3  * 1 V Z 0 . x i  , — . 0  ~~~~L i ~ V~~~~~ I .1.4.1 j  V a. ‘ .V  V ~~‘ 0. ~~ 9 4-’ U L V  V C C SI C IV.-. .C *‘ I. l*l V I ‘ ( 1
9 * I U L V VC C 5 I  C V  

a -P a -s  ~~~ V S 1 a - U~~~~ .4 5 I
xii S. ,~ V~~~0 O x i* 1 0 4.I W 4 * W ’ VSI ‘ U  4 1 ( 1 ( 1 . -  Mi0 0 4 1 4 .10 *1 ~~~~~~~~~~~~~~ S n - C ’ -C U V 1* V V ’ - S I

‘n.C ’ . - CU  V S IV V ’ - 4 1

I

~~ ~ 4’ 

I 

a. .4 ,—. .- — 0 tI a .a (1 ~~ V
.4 5 — . -  0 51 C (1 .0 V a. — 3 ‘ xi V xi C .4 (1

0. — 5 . -x i V  4 1 ( 1  4 _ I C
xi 4l W I 9 1’ - x i~~~SI 41.0 V +4 0 

‘
~~ 

SI .0 V *1 0 V

— . V Sn ~~~~~~~~~~~~~~~~~~~~~ ‘-V Sn 0 . V x i I . 4 1 4 1 ..,. V
(1 11 41 U V ‘ - 0 3 4 1 ’  5-

5- — 4 13  U V
~~~~~~~~&~~~~~~~~~~

I. 3 l&u
• x i .O U

~~~~~ . ’ 35 -~~~
. j~~~~ U_ 5

3 ~~ ~~~~~ ‘~~ .4 1. 4. 4.1 C (14 .4 5- SI (1.4 4* 44
.4 5- 4 1 ( 1 . 4  4 * 4 9 0 4 1  4 1 4 ?  (5 I SI 0. 11’? 0* M i u l e D’

0* x i u x i a ’  ~~~~~~~~~~~~~~ 
5.1 lfl ~~~ —

— 
£ 5 1.- 4 1 0
4 1 x i V 5 1~~~~~C I-. (1+4 41 0~VV xi V SI C I— C 44 41 0’’ 

~~ 0 a. ~~ a.V w a- xi xi # ‘V‘
~~~~~ 

— 
£41..’ 4* 0 — — V V  . 4 ?  a- 4-.0 00.  xi, 0.V 51 a- xi 4? *1 .0 (1 3 a. xi 5 4 . 0  1. SI x i ’— SI 1. 0— . -  V V 4 1  a- I—.0 4- C S a- xi .. C L. 4 1 ’ -  41 (1 0 V . ‘ Mi ’.’- S 0 ‘ 41 4.1 4.1 4 1* 1  1,) SI U U
0 4 1 * 1 4 4  4 1. 4  0 SI U U SI (‘4 

~~ 
+
1 ~~ V (1 ( 1  4.I~~~ 5* -— 

4 1 1 4 ( 1  . 4 ’ Sl . M i o~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I a. II 
S . x i 4 I9~~~ 0 a - x i VI . 4 1
41~~~~ Mi~~~~~Mi~~~~ . - t I  4 1 5 1 (1

~~ 
~
‘
~~
‘1 

~~~~~~~~~

xi

~~~~~

4 ’ . 0’ - 4 1  MII I  
I ~~~~~~~~~~~ . *010 5- 9 ‘...0 V ( * 4 I ’ L V 3

~~~~~~

—
w D  5 5 -

5- 
S . x i 4 1 3

- ID ‘0 3 -. . .0 V SI 4*.- 1. V s 0 . 4*51 (5 5- .... 0 .0 xi I. V I. V 4* 0’
.0 3 4 1 4 * 4 * 0  xi (1 MI S)0 + 4 . 4  (.0 5 - .  0 .0 4 1 ( 1  51 (1 0’ C 3 I Sn 0’ 4 ’ ’0’ -  4* -C IS SI O r S  51 1.. 0 ’  9 I1 V V  0.41

V C 41 ( 1 + 4 . 0  4 I L .  •— a.S S~ C ’  MI ’S ’ 5- V 4 1 0 13  ‘~ ~~~~~~~~ 
~~~~~~~~ P - a  44~ C I S-’ 0 1( 1 04* 1. 5-,

I 

‘-‘ V .4 C 4 9 L  S I C —  “ -a. . 0 . 0

~~ 

L II.l I’i . 04 * 4 4 (1 I I-’- O C V  
I 

~~~~ 1 ~~ Sn £ S I 4 1 5 1
4 9 ’  p V i . x i i.— p M i .0 . 4 s- r . 0 U

5~~~~ 2U  —me- ~~~~~~~~~~~~~~~~~~~~ . 4 L  ‘0

1I ~~~ ~~~~
‘ 

‘ 
‘p~~~~~

5- a .8h  44 i . Va ., ’Sl Sl — . -0  a - S I
“ I  ‘0 (1 4 1 4 1

—1* - I ‘0 (1

a. 41 04-- Mi
49 ( 1 . a - S . S I

,p; ~~~~~~~~
o
)a .r  l*C , . J Ifl ~~~ 

~~~~~~~~ 0 (10
0(10  —

~~~~~~~~~~~~~~ ~~~~~~~~ a. IIU S -x i  U~~~ ‘V ~ ~~~~~~~~~~~~~~~ 41 ~~ 
~~~‘~~~~~~ x i S n  3 4 1 . 5I . - C , ( 1

V U  C a . 4 9 M i  V U4 1 4 *, SI l l’ C . 0  
‘ ‘~~~ —~~~ C ‘s. 5 IC 4 .~~~ V114 ‘0 ‘

~~ 5 41 U C a. 4.’ xi V U 1.. 1. .4 0’ Mi .0 (1+4 —0’
S’I S,Q £C :; -S..-. II I, 

~~~~~~~~~~~~~~~ 
33~~~~~ 4~~ . - ‘ 3  ~~~~0 3 4 1  P t~~~~~~~~~

41
I

’-
5- 4 . 1

k 

4 1 PL 3
,~~~ gI 5- a .o . 43$

~~~~~~~~~ 

q.-~~~ P,C~~~~~QW I i . ’. .’  5. n-I U I~~~~~~~~ue 0

11 ~~ ‘- ‘ U’W C O  SI ‘ - V  1 .4 1  —
‘-‘-  ‘ f — —  “ 5 . I . C ’~~~+I C

f 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

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

~~~~~~~~ 
V S V

C U  - ‘ 4  V 5 -U ’  
C S.-. C U  ‘ - “ 4 1  V 5 - U .

L~~~~~~~~~~ _~~~~~~~~~_ _ _ _J _  _ _ _ _ _J

— 

_
~_. ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~

,na
~~~~~~~~~~~~~m



-:,r-”v:~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~— .-,‘c-’~~ ~~~ -- - -

— - -
2 4 1 p . O V  -l.4

5*~~~~4 1 3  x i p 1 4 3 9 4 1 p  I,
I’4 ‘1 a. ‘4114 0. ‘4 0
a0 .-  ~~~~~~~~~~~~~~~~~~~ 5- 

9.
— a— 10 —a’ ” 3’3

15 3.1 
~~~~~~~~~~~ID °~~~~~‘-~~-p ~~~ S~~~~P I 41 ID 0 3— 3’

I’• 0 ‘4 1 10 0 14 9’ 3 III —111 Z “i .‘I’ — — 0 ~~ ‘4 10 3’ 
° ;h~~~;3~~~~ V~~~~ -.1 0* 0 .. Z C  5. 4 . 4 1  - 

3 9 V 0 .
‘ 4 I D V ,* S 3 .  xi V.0f’ i ’* ’i 1154 3. ‘ 4 M i I D’’0~~ 9 1 5 3. V . 0 5 4 1 1 5

SI 41 9 4 1  — - 9’ — 0 • V V — — 41 41 9 ID ~~‘ - — a 
.0 .0 — . 5 —

1 * 4 1  Mi I5 ’4I5 0 4 1 0 0 0- .  ~~ 41 l’.l~~~~..(1~~~~ 41 0 4 1  I91 , .’49  ( * 4 10 0  Cl I)

a. 0 41 9* “1 Mi -.4 0 ID ‘4 0 ’ .- 0 I/l I-’ 5 xi _~ a. Mi 141 ~4 (’* II ‘4 “._ 0 OIl~~ Mi
3’ 3 — ‘ ID *15 C ‘4 xi S -II 0 ov in 3’ 3 —‘ ID .1- ID (1 ‘4 Mi 3 -5. ~~, 

DV Id’ . 141 —
0 3 .. 1 0 3 0  5-.’4‘4 5- 5* 03.’ . .  0 90  V ’ 1  

~~~~~~
, “II 0 3 — * I D I DII , 4* ’4  I’S a.R OI*I_ ’4 O ’ -19 ’ 1 4 I D 4 1’ 4 S I ’ 1  I’• Di

*1 ‘4 — ‘4 0 , Si *5 ‘4 01 ‘0 I C — Z S — “5 “~ p 1’ ‘4 —~ —l i 5,0 1 5 0 5 - 1 4  3 -.‘V ’1 .’. ~~~ 1V  ~~ S I 0 ,  0 0 5- I D  1V ’4 II’
‘1 ,0 ,* ..
0 .C3 . S ’I’ ~~~~~~~~~~~~~~~~~ ~~~~~~~ 

xi ‘1.0 .. ..s . 
~~~~~~~~~~~~~~~ 5-~~~~~ ~~~~~-~~xi0 . 1 4 3 . 9 . 9 1  .4 .1

1’ 3’ 1* .‘ . . I D  .5 ID -s’S 3. ‘41 .5- — I — ID rS .0
0. 9 .0 -4 I 41 3’ — 0’ 3 i. 0 Cl 5 . 0  0 0 0, 5 10 .4 

~ 
~~~~~~ g 1*1 0 I~* 9’.0 1.19* 0

-s — 5’ 1’ 3’.. s — s -.4 s ~~ C 41 I ‘-5 — — ID 915- 9 I’S 3 4* “4 I/I C 41
V 3.3’0 5 ’ Ifl rt 5’ x i  ~~~4 1 ’ 1 W ‘ .5- 0 0> 3 . 9’  0 3 . 5  *3 .

‘1 *5 (1 *0 *4 41 3’ 41 — 0. II? .4 .0 Sn I 0 xi 9 ‘4 ID C 10 ID 11 3. 41 — A. III — .0 ‘41 5 0 Mi 3
I 4 4 1 9 4 1 0 0 5 1 4* 1 1  C - .0 WV I D * 4 1 9  x i V  01511’  C - .0
.0 .5 4* ‘1 ‘0 1’ 0. ‘* xi a’ , a — 0, ~‘v’ ~~ 

.0 ,-. 41 ‘4 V I) -* xi 0’ 0 — .,~ 0, ~~ 9*C 11 ‘4 —* 15 ID 0. 0’ — C ‘.1 0’ 0* - .0 1 ‘-‘ xiC 4 1 . 1 - . 1 I D* 4a. 0 ’— ”  C ‘.40*01 ‘ ~~~~~~ Il ’l SI xi -n.Il - C V I I’ ’.13 01*4 1 0 xi4 1 , 4 1 4 1 —sn  -4. C ID xi ’1 3 0 5 - 5  09 4 1 5’  ID~~~~0’xi~~1x i C I* i  0-.15- .0 .0 .0 ‘ 4 1 ’ x i  15 0 ’x i lx i C x i  O”~~1i.) .0 .0 .0
9* 0 41 .1 3 C xi ‘43 -.15- 41 ~~ -.4 ID Sn ~ p c xi .*5 -~~i3 ~ 0 3. I D — ” . * 3 3 x i 4 1  -s .5.0 1*415
*41 ‘4 3 ‘41 ID ‘* 0’.* 5- 5’ 5 1 5  i,*. , c in 0 xi - ID ,.‘ ~ 

~~ ‘5- ~ . 3’ 5-ID
9* 1* 41 0 *x i  ~* 41 0 01 C.,- — ill — I’~ ~ 1’ 1’ — — ~0 ~ — .1 9’ -s 01(1 5 ‘—4 .0 “-a ‘4 0 ‘4 ID — 5$ II ‘4 9 iS III “5 01(1 3 .4 .0 “4~~______ ‘4 .1 ‘4 ‘.1’ - 4* — 5-0 “-‘ a “1* 

xi - 0. 11
3’ ‘1 .91 4? 41 .4* ID 0. V • 141 ‘V 3’9’ 0. ‘1 .5- 4’ 41 ‘4 4 1  O.’0 • Sn ‘0 0 3’ II ID ID~~ ID — 0141 ‘1 — ID 3.V ID ‘4 IS — O l D  ‘4 ID 3’ 3.a..O SI IS S ’-lS I D S I x i 5*  ~~in 1-i a ._ a 4 1 .* x i - 4J~~.II D5 * x i D .  —• ~~in ClC S .  1St .01910 54 ‘0 ?dl ’V ID(1 3 - IS t 0 9* “ ‘0 in ‘V IS IS xi ID 15-5* C .5- ‘4 II ‘.* III ‘I 3It xi ID .5-5* C rP’4 1’ ‘.4 IV, ?’, S

5- 14 3 0 0’ 41 • I/I ID I 9’ 0 — ~~V * II 3 (1 0’ 41 • I/I V“ ~ ‘4 3’ I’S lb —‘- 0* 1* 3 3 ‘5 9 . 5 4 1  ‘ — 0. .0 .41
— ‘4 ‘1-’l.x i~~~

’
~ — 41 0 ID IS — ‘ a’ ~~~~ 0 -.‘. 110 IllS — ‘40. lb xi ‘1 MI 0.0 ~C ~ 0. — . p 

ID 54 ‘4 xi V 
~ ~ 

~
‘ ,

~ 
C •xi -.’- xi ID IS S ’ <.  ‘.1 ?‘

~ ~ 0 I..a001 ’5 
“44* 0 ‘5 0.0’ 51 ID 

I’. 3 1 4  Ml — C * V‘ ~5- ~ . S 1~’ MI — C —- V0. 9’ 0’ 9 ID 0 — — —4 .’,- ‘0 0, ~ ‘ 
— ~ ~

‘ 3 ID 0 ~~ ...1.4.5 ‘00. 0 9 4 1.9*41I5’. . ’ 4 * ’ S I I D a .  0 5 4~ 3”< MI _ 1 ’ 4 ’ 4 l  04 .  1’

~~

a . I D I D I Dt . .o .-.xio 0
411.— n -j ~~1~

< 
~ 

p -~
dl —‘ ‘ 4 ’ 4 . 5  0 —’- ‘4 I 

~~~p.ID ID ID 1* 0 1* 1 40  0

4 1 9Q 4 1 3 3 4 1 0 . 9’ 0 .-.C
.5 ~~ 0 -aID DI
S I 9

~~~~

I D 9 5 4* 0 . 3 ’n ,’ C  ‘1. I ,~~~A. x i r~~‘1. I 0, I91’4II V 41 a. — -s a. 0 .‘. *5 V 4 1 0 . ’4, ~~~~ a—4 1 0  3 4 1  rt C xi ‘4—  V 0.1 41’O 3 .41  r C xi ‘ID — ‘4C 3 ’ I O M I O O ID U, 0 5, C 3 ’ S ’ 4 O x i f l O I*’a O S-I - — 4* ‘Ii IS lb 41 3 “S V xi 5- 1* ,. 14 ID 0. ,5 .4 .1 ID — 0. 0 ‘V 0 Cl 0 V
“ - ‘4 1 4 1 4 1  ID IS’ 9 ’ I V M I 5- x i

.5-S. ID 0,191 .~* “1 ID — SI 0 “0 0 Cl 0 V 
i xi - 9’ xi a s , ..xi s s- —x- o z aDl ISO ‘9111-M I/I ll S.. 41 xi ,~ r-

I’ - xi ID . 9’ 191 0 9 ‘4 rex i  3 3’ —_ 0 3’ 0 
DI 41 3 4I41 Mi 0, 0 lxiSI ID 0 -I. en xi m — 0114 r

4 * 4 1 9  4. 14 0, fl V IV  —‘4 5 0. ‘-‘4 1* II . 41 14 ID ID 0 
~ 

‘1 IS 0, —5 ~. ~ ID .4 41 ID ID ‘
~ 0 ~~ 

I
ID —s S t.’ 9 9 * 5 0 * 5 -  . 1 4 1  —.0 3 ’ t . 5  3 3’ I DO 5- l x i  0

00 1 4  “1 15-SI ‘414 51 4 1 4 1 *. 
~~ 

_53’~~ 
0 04 1  ‘4 145*  I I DS I  4 1 4 1 . . .  ~~- . ‘ 0 . 9*  4 1 4 1 4 1 53 .1< l4 .4. , . 4 1  .5*1 0.r IC  4 1 4 1 * 4 3 3  —‘ ‘C lD ’-- r ID C f l C l j

- ., - .s’~~~ .• S . ’ S 3  ‘1 0 0 4 1  -.10 15 ‘< a r’-’ 1 —‘ — 1* 4 1 4 1 3  ‘4 0 01 5  —.‘~~~IS ‘41

I-- 9* ‘41 0 ‘0 Ml 0, C 9 0 ID 3’ IS 
—~~ .0 0 1/1 (1 ‘C 0*0 xi 0. (1 3 0 ID 9’ 0 in I

“. I — * n x i  0’ — ~5r. se w in s s, > . .s I — xi xi 0’ —- li rt .‘t ’0 xi
“5.l0 ’1 ’I ISQ0’  — in ,C ‘41 5 II 4’ ‘4 ‘4 ID a. 0’ 5- 0xi 4. , 5, .

~ — ‘4 Sn .. 41 -~ ~~ ~~ 
— ~“ ~ ~

- ~ -a — ~ ‘41 ~~ 11 a 
in — I •“4‘.. — x i 4 1 V ? D I D 4 1 I . ’41 “5, 5 4 1  a. -.4 ’Vi~~ S . S . V  41,5 41 ,-I- SI “i ‘< ‘ C  “4 “4 IID 5’ , , 3 9 ’ 1 3 0 V  ID MIID 3. - ‘ 4 ’ 1 3 3 . 3 0 ’ 0  ID MV V 

- 0 , 0 4 1 -4 -Ol in A . I Dx i  ‘4 3 ’  _ r.1
I‘II-’ 0,0 41 11 4? 0. 11 xi .1 9 ~‘4 l’fl - 41 (a 4110 41 • 1+ * 01 a- 4 1 4 1 4 1 _ a  ~ Di

~~~~I -~~l5 I D 4 1 • i  0’ 14.4*)’ 0I’ — I 5  4 1 4 . 1  0’ 15 ,5- 191 0 
I 2 ~~ a ‘1 —“ID

ID C ‘4 3 . 1 5  ‘-I ID (1 ‘1 3.15 ‘4‘l *151~ ~ 0 I  
‘ 

~~~~~~

‘I., — 3’*91

—
.5 - 

I— 
— —— — ——  

4—I— — — — — —  
I—I

0 4 1 4 10 ’ C I D D I A . 0 V  .4 V— o < S Ig C I D S I a . O V  -4 V 0 .0 4 1 3  I C p I C J S I D~~5 0 4 1 3  x i p x i 3 5 4 1

~~

,-~~~ -~ ~ -~ a °~ —1*5  ‘4 0. ‘4 4 1  0. ‘-4 I 1 
a ~~ 

‘ 4 5 *  ID IDa0 . —  “ 5 . 0 ,’ 4 4 *  —I.~~~ ID ID 4115 1’ 10 0 ‘IDl E4 1 1 5 1 5  ID ‘C ~~ 5 * *  3
.0 4 1 4’  ID 0 3

15-15 i ~ ‘4 V . — 41 41 0 .4 C — (91 P’ 
~

‘ I

1* 0 . 9- ’4
~~~~~~~~~~~~~

’
~~~
1

p 
~~~~~~~ 

0 . 3” ’4
~~~~~~~~~~~s.i

p ~~~‘41 ID O S 4 1  1*0”,, - “ ‘ 4 1 0 O C 3 . S x i  DI. ‘S 0’4  ~~1 1 00 C S ’3 MI3 9V
~~~ 

—.41 4 * 0 . - , ’  ~~ .51.9 * 1 4 4 1  1 5 5~~05 ’  ‘ 4 1 4 I D — *’0 .+ 3 9’ V.0vn1~~~~4 1 5 4
3

3’ ‘ 4 I ’ I D — .V . e S 5’  lxi V.05.1.11 5* D~~~~ID~~-~~- 0 • V .01-s I. —.
~ 

~ 1’ ‘~ 3’ ’  0 • V V 0 0’ 41 ,-# ‘4, 3 0 41 0 0  0. (‘4 ID —> CO  DlI * 4 1  x i 1* ’ - 5 .3 0 4 1 0 0 0 .  Cl IS —l 5 - s < O 4 1  5’9 4 1 4 . I D C  ‘4 1 x iJ ’ 4  
§

~CV 1/I9’ 3 — ID ID (1 ‘41 xi 5 1? 0 DV UI ( IV? — 0. 0 MI 0 ‘4 Mi —5 0 ID -5. ‘.O (9* r 5*,
09 ’ — 0 5 0  V I Z  ID ”,, 0 3... .1D I S 4 1 — 5 , 4 1 ’ 4  

~~~~~~~~~ I
0.

~~~

4 1 f l

~~~~

4 1 . 4 0 I D  ~II 0.”-..O QI-” r ’SI? ‘4 5- 41 0- 3’~~~ 0 9 0  V~ 5
‘5 “5w 0 — 3 — ID ID 41 ‘l, 41 ‘4 15 SI 0 I’S “5 0 A. xi ID ‘4 01 ‘V I -41 — .0 3.5 “5 1* p. xi ID ‘1 0? ‘V I ‘41 .0 ~ I 0 0 5- ID DI S —“V “1 .55 - I D_ S -“01.5 - “4 V ~~~~~~~~~ 41 a. 5 , _ a  I’S -.. . -I I D* 0 r 0 3 ’lxi 0 .1 4 3 .  1* 5- ‘0‘1,0 1*4 ’ .
0 .p 3 ’ 3 .—  5-41 ‘.1.413’ 41 1 5 ,  

_•1_1.~~~ 
~~~~~~~

i’S
~f 

ID -1’ ID3. *0 I. ~~~ -“ ID 14.00 ,910  —I I 5 9-1-M ID 0’ (410 Cl 9.0 (1 Cl0.31_a -‘4 1 5’~~ 0’ 3 149* Cl 9 . 0 0  3’ 191159 xi .... ‘.C “1 41 - ~ 
5_ 

~~n ~~ ~ ‘4 - 0 V 5’ 5’ I ‘4 .1. — 9- ID 3.15 3 IS 3 41 — .,. C 41‘4 — — 3’ ID 3. .5 5 ,-r ~ 41 — —.4 3 I/I C 41 ‘4 IS C *0 II 41 3’ 41 0. III — — 0 Mi 3115(110-V 413 ’  41 xi — ‘ V * 0 I O x i S  
~ 

in 3  I 9 1 V O 4 * 4 1 I D  C - C  ~~~.0ID . 5~ ~ ‘
~~ a ~ 41 IS C - C .0*5 — 0 .5-5* ‘4 ‘0 ID A. ‘1 xi 0’ ‘4 0—I ”.l CS .5.5(1 5o .s41 ~~‘0 ‘4 1 4 0’  0 — ‘-4 0* 5.1 15-fl C 41 ‘4 —I ID 0-. 0~ — C ‘41 0101 . .0 15 xiC 4 1 . 1  —l ID 0. 0’ -’- C ‘.4 0101 - .0 41 ID ‘1 41 (4 ‘5f l  1.C I D 5 4 ’ 4  ~ 

§ 
5- I 0I D’ 1 I l M i - 9 1 I0 ~1.C I Dx i , ]  1- UI 0 ~~ rn~~~~0.

IS~~~~a’xi~~~~x i c x i  —‘1*4 ~~ .0 .0xi 1’ Mi C ‘xi 8- 1’4 ~ I .0 .0 C 15-S —* 5-  — ~~
..4 ID

‘ < , P 3 ,

~~~

P

~~ 

~ 1 5 5  —4 II Sn ~~ 0 .’.*J xi~~-* I,i . *ID — ~ 0’ 1* ~ 5 xi IS Cd’ 0 I’l ‘ 41’_
~ 15 3 3 ~ — 

- ‘‘ -—.5.0 I’ll ID 0 0 II 9* 15 41 II ’ I’S 51 —. 0 . — —-.. — 419 * 9 * 1 5  e M M i 1 * e S I - . . .0 050.. ~iCfl ... ~~lOl 0 ‘ 4 I D I - 5 4 I D’ 4 3 ’ x ix i - ’4  141(1 3 . 4 . 0 - 4 10 ‘4 ID — (II ID ‘1 3’ xi ixi —5. 01(1 3 —4 .0 “.51 —i 
a 

(IS - 0. 41 ._  5- 
~

4 ’4  -41 x i .  0.41 — — 5-0 3’ r’S xi 41 5.ID A.V • Sn ‘00 9-9. 1,5- 41 4 1 ’ 5 . I D0.’V • ‘41 ‘00 9- * 5 4 1  ‘1ID~~~. 0 I D~~~~- .’ ID3’ID ‘ 4 * 5 * .  O IDI I D 9  3..-.
x i O M i  100.0 41 I’S 3 -45 _* _a 41 xi 41 — V 01 Cl(1 5 .  IS t xi 0 xi ‘0 ‘dl ‘V ~ • I’S’1 ID ‘l 1.15411 315 III ID 1.41 14 . 5 I D  5,5 1111.1 3 

‘41 5- ID 3 0’ 41

~~~~~~~~~ 

3- ’  ‘ - ‘ -  
~~ f 5 , ’ 4 _ x i~~~~~~~s 5 * 0  ‘ D I D  

— 
1

0. 
~~~~~p.

~~~~ 
~~~~ ~~~~ 0

— ‘4 
I 

Q I D I / I’1xi Q.V *0 0. —’ Cp4 1 5 , 5
“-4 I”? 41 0 1 5  0’ I I I D41 0 1 5 0 . 0’ S I I D  3 r S~~~ 3 xi 4 1 4 1  C ‘ V3 15 3 xi 4* Ml — C 

~
I. ‘0 0,9. 0’ 3 lb 0 ‘-. —‘ .4 .-. VI D* O l ’ S  A. 0 5 ’3 .Sn‘V 

41 ~ l ’ 1’4~~4 0 ID I., ‘4 .11?  0 —.. I S I  

I 

Q 0 . I D I DID I’+
,~~~1* x i0  0p.15 *5 15 1 50 1*4 1 0  0 p 5 1  ~ Sn

I’ ’0- ’4 ,  41~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4 1 5Q 4 1 3 3* 0 . 3 ’ 0 0’c41 9 ID 5 0 41 0 . 5 0  InC1. I a. M i ’ 4  ~~~~~~~~~~A.
•

M i’ 1  14 —
ID V 4 1 0 ,~~l.’40, 15 1.4 

~.V I V 3 . 4 1 1 5  C x i ” 5 .  ‘4 C 5 1 10 1’  0 1 5 5 40  5*C 3 ’ S I ’ 1 0 1 9 1 1’b O V ’ d l 0  ~ —‘Dl x i 1 5  ~~ 153~~~ .P I11~~~~~ 
~~

I 

.‘Sx i I D a . . .,. ’1

~~~~ 

I D* 4 9 ;~~~~4 1 p , 4 1  

‘ S Q  •5.1. 5 — ø xi ,~ C-
1-.’ III ID 0.I* I* Mill . 3’ ( 40 9  .‘* x i S5 4 4 1  . 3 ’  4 1 0 3  . 5 -x i S41 5 0 ‘415- xi ID _,, 41 ix -~ I” 41 41 3 —4* 41 ,. - 9l 0. 9* Mi ‘V — I51 ‘C 3 ‘44* -I- Mi 0.0 xi ‘.1 ID 0. —4.5 

5, SD 1 54 1  ID 45 0 .0 I0 3’ ID- .’  3-~~ ~~ xi 00 1~~~~~0-~” ’  5,
~~~~~~~~°h ‘~~~ ~~ I:1 A,~~~~~~41~~~~~~4 1 4 1~~~~3 - 4 1  ~~ ‘ 

~~a.~~~P~~~~~~~~ 
1*4 1  ‘4 55 4 . 0 5

9-~~4 * I I D S~~ _ 4 1  ID 15Cl
~~ -l-*1*x i I l S  ‘1 0 0 I D  ‘.0 0;Ixi .n. . ’ S x i 4 1 3  ‘4 0 0* 5  — O  Sn D r”

1 I 
x i I S I* ,x i (14
0 S n0 i O ix~~~~~~~~~~~~~~~~

’P
~~ ‘I,. C 0Vl~~11 “5 0,0 I/I 0. 3 0 ‘ID 5

xi IS I — II’ xi 0’ — ‘Il 15 15’0 xi xi 

~~ I ‘43 ~ , ~ ‘1110 ‘4 ‘4 0. 0’ — * — UI I‘41*0 ‘4 ‘4 0’ .n-L ~~ 2~.’. ~ —- ~ - Sn
~~~

—
~~
5q

~~~
-5. ..1. ’4 “C 15-S “1 iMxi x i ’V  IDIS11II-Il ‘4 ‘<~~~ “4 5-’ I 

( x i M iV . 4  4 1 4 1 4 1 1 * 4 1  —a 15-01 
~ 

V1~~~~ •‘41 41 — I
41 3’ ~ l ’ 4 ’ 1 3 9 ._ l ] Ø’ 0  xi 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
ID 41

0 . 9* S - I lxi 0.11 14 ‘ 4 5 ’  l’4 I’*~~ x i x i ?~ 41 41- 51 1*, xi ID 41 • IS 41 0.0 _IID 41 0’ .s *4 I— I D  41~~~ ~~ *5 1* ’) ’ 0 
2 x i5 ,  

~ 
.4

~l3 ’ I D  ‘.42 ~~~~~~~~~ — I 4 1 4 1
I. —5’ 1

L_ — — — — — _I__ — — — — .~~~?

~1

_ _  A


