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FOREWORD 

A radio direction finder is a device which is used to measure the 

direction of arrival of radio waves as received.    Sometimes the measured 

angle of arrival coincides with the great circle line of travel between 

the signal source and the receiver and, for tlese times, there is no 

problem. There are many other times when the measured angle of arrival 

as received or the measured bearing is, hopefully, close to the bearing 

of the source and then there is a problem. The report that is contained 

here speaks to the latter problem as it exists in the high frequency 

band. 

Radio direction finding has a long history. One could state that 

the radio science was born in 1887 at the time of Hertz's experiments. 

Direction finding devices were being patented at least as early as 1899, 

♦ Various instruments and systems have been developed and improved upon 

i 
during the ensuing 70 year period.  The majority of the improvements 

have been made in the radio direction finding instrument itself and the 

instrumental errors are, or can be made, vanishingly small. However, a 

corresponding degree of improvement in overall accuracy of measurement 

* in the high frequency band (3-30 mHz) has not been realized; the reason 

given is, "we are being limited by the propagation errors". 

The cooperative directional propagation experiment to be described 

here had a degree of control that probably has not been possible in any 

t prior experiment. It required the cooperation of several large agencies 

to provide the reduced data which are shown. 

The set of data provides to the designers and users of radio direc- 

tion finders good, lengthy, and representative examples of the directions 

of arrival of radio waves as received under realistic conditions of 
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ionospherically propagated signals over an intermediate range path. 

The set of data permits one to make correlations with other recorded 

time coincident ionospheric events which occurred during the times of 

observation and which may, therefore, be significant. 

The set of data has been found to be useful independently in its 

own context. Selected cases have already demonstrated that present 

theories on ionospheric propagation, currently available 3-D ray tracing 

programs and measured ionograms obtained in the neighborhood of the 

region of wave interaction all lead to consistent results. This is 

evidenced by the very close agreement between reconstructed angles of 

arrival for a given time and those actually measured. 

We have, for good and apparent reasons, resisted the strong desire 

to infer what is happening at many instances of time.  Some of these 

"D.F. events" have been studied and reported by Dr. R. M. Jones of ESSA 

and Dr. N. Rao of this laboratory. Our graduate students are already 

involved in other aspects. 

One may close by saying, "Another torch has been lit and it is 

hoped that its rays will illuminate the problem area in HF directional 

propagations so that optimum solutions may be seen". 
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1.    INTRODUCTION 

The geometry for the cooperative HF Directional Propagation Exper- 

iment is shown in Figure 1,    The propagation path for the reduced data 

given in this report is the Houston, Texas to Champaign-Urbana nominal 

path.    Exact location data on the several facilities is given on each 

plate in chapter 6. 

A variable frequency continuous wave transmitter was located at 

Alta Loma, Texas, south of Houston.    The transmitting antenna was a 2- 

bay log periodic antenna pointed toward Urbana.    An oblique incidence 

ionosonde transmitter was also operated with the same array or. a time 

shared basis.    The duty cycle was a one-minute duration, i.e., U3 seconds 

of cw transmission and then 17 seconds of oblique incidence ionosonde 

operation. 

Five C-U type vertical incidence ionosondes were operated in the 

neighborhood of the path midpoint.    The ESSA/ITSA group operated the 

four ionosondes at Springfield, Mo., Greenvood, Miss., Texarkana, Ark., 

and Ponca City, Okla., respectively, on a five-minute cycle.    The Univ- 

ersity of Illinois operated a fifth C-U ionosonde at the path midpoint 

near Jacksonville, Ark., on a one-minute cycle.    The University of 

Illinois also operated a Granger-type v.i. ionosonde and oblique inci- 

dence ionosonde receiver at the receiving endpoint on a one-minute cycle. 

The radio direction finder receiver was of the CDAA type and exper- 

ience with this system has demonstrated that the instrumental error of 

the system is tees than 1/2 degree in the sector of study.    Accordingly, 

the measured bearing is considered to be a valid measure angle of arriv- 

al of the signal ae received.    The wave interference effects, the 

lateral deviations in azimuth and the vertical angle deviations 
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(longitudinal deviations) are all completely assignable to the propa- 

gation path(s) through the ionospheric region in the neighborhood of th'» 

region of the path midpoint. 

The ESSA/ITSA group at Boulder was carrying out experiments on the 

path between their Table Mountain site and Cape Kennedy. The GCB propa- 

gation paths intersected at a point near Jacksonville, Arkansas and the 

angle of intersection is very close to 90 degrees. 

The frequency of the cw transmission from the Houston target trans- 

mitter was 8.0 mHz during the daytime hours and 12.235 mHz during the 

nighttime hours. 

Azimuthal data (bearing and deviation plots) were recorded at two- 

minute intervals during the months of March through September 1967 and 

at one-minute intervals thereafter. 

A continuous five day experiment was carried out each month during 

the period March 1967 through June 1968. The first thirteen months of 

data have been reduced and are reported later below (chapter 6). The 

five day period was chosen to bracket the times of the international 

geophysical days for each month. This permits later correlation studies 

of our reduced data with that of other cooperating groups. 

The data obtained by the group at Boulder are reported elsewhere. 

The plates in chapter 6 show the availability status of v.i. ionosonde 

data obtained by their four ionosondes. Some "Doppler ionosonde" data 

obtained by Dr. T. Georges of ITSA is shown in the earlier plates of 

chapter 6. 
* 
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2. THE MEASURED DATA VECTOR 

The experiment was controlled in the sense that characteristics of 

the transmitter and the propagation path were either known or determin- 

able. The receiver was instrumented to measure most but not all of the 

physically observable quantities.  For example, the relative amplitudes 

of the obliquely incident propagation modes should have been monitored 

from the outset. The subset of data that was meeisured during any short 

observation interval constitutes a column vector in the matrix sense and 

it is very convenient to represent the data in this sense.  Several trans- 

formations are made upon the measured column vector to produce the re- 

duced data vector. 

The measured data (column) vector consists of the following entries: 

I Interval (date, month, year) 

t Time, U.T., within the interval 

f(t)        Frequency in mHz, 
8.00 mHz during the daylight hours, 
12.235 mHz during the dark hours 

a(t)        Indicated bearing or azimuthal angle of 
arrival as received 

A^.Ct)       Differential phase between first 
phantom array 

A^-Ct)      Differential phase between second 
phantom array 

A^3(t)      Differential phase between third 
phantom array 

JA,h,(f,t)   Midpoint ionogram record obtained at 
path midpoint near Jacksonville, Arkansas 

TK,h,Cftt)   Midpoint ionogram record obtained at 
path midpoint near Texarkana, Arkansas 

SP,h'(f,t)   Midpoint ionogram record obtained at 
path midpoint near Springfield, Missouri 



PCjh'Cfjt)      Midpoint ionogram record obtained at 
path midpoint near Ponca City, Oklahoma 

GW.h'Cfjt)      Midpoint ionogram record obtained at 
path midpoint near Greenwood, Mississippi 

UI,h'(f,t)      Midpoint ionogram record obtained at 
path midpoint near Bondville, Illinois 
(University of Illinois) 

At(f,t) Houston-Urbana oblique incidence ionogram 

JA,Af(f,t)      Doppler ionosonde data obtained at path 
midpoint 

UI,Af(f,t)      Doppler ionosonde data obtained near 
receiving endpoint 

Coincidently, another data vector was obtained on the Boulder to 

Cape Kennedy path by the ESSA/ITSA group working under the principal 

direction of Mr. Lowell Tveten. 

There were other observers who also accumulated data vectors on 

the Houston transmissions. 

Most of the measured raw data are maintained in various files at 

the University of Illinois. 



3.  MEASUFEMENT OF APPARENT ELEVATION ANGLE 

Measurements of apparent elevation angle were made using a technique 

originally conceived by Bailey . This technique was the subject of 

2 
further theoretical studies by Jones, Schlicht, and Ernst , where the 

concept of "Phantom Antennas" was introduced, i.e., the addition of 

voltages from a pair of symmetrically disposed antennas (with respect to 

the boresight.  From measurements of the differential phase angle between 

two such Phantom Antennas, values of elevation angle can be obtained by 

use of the equation: 

2ird \\> - ——- cos  6 cos a 

where d = horizontal spacing along the boresight between the Phantom 
Antennas 

X = wave length of signal 

a = difference between azimuthal angle of arrival of signal and 
azimuthal alignment of Phantom Antennas.    (For these data, 
this angle is assumed to be zero) 

\\) = differential phase angle between Phantom Antennas 

6 = apparent elevation angle 

It should be noted at this time that for the elevation angle data 

presented, the determination of the value to be used for "d" in the above 

equation was based upon the assumption that the phase center for the 

antennas of the array is located at the screen radius. 

1. A. D. Bailey, "Some Notes on the Determination of the Vertical Angle 
of Arrival of HF Radio Wave and Implications in Circularly Disposed 
Arrays", Technical Memorandum RRL No.  263, October 27, 196U. 

2. E. C. Jones, Jr., H. C. Schlicht, and E. W. Ernst, "A Simulation 
Study of Elevation Angle of Arrival Measurements in the Wullenweber 
RDF System", Technical Note No.   3, RRL No.  306, April, 1966. 



For the elevation angle data presented in this Atlas, two Phantom 

Antennas were used and they are identified as the Front Phantom and the 

Rear Phantom. The Front Phantom consisted of two adjacent antennas of 

the array, so selected such that the boresight of the incoming signal 

passed between these two antennas. The output of these two antennas was 

added by a RF combiner to create the Front Phantom. By the RF addition 

of voltages from two other symmetrically disposed antennas, the Rear 

Phantom was formed and it was located directly behind the Front Phantom 

on the boresight. To avoid ambiguity problems, the horizontal spacing 

along the boresight ("d" in the above equation) between the Front and 

Rear Phantom Antennas was restricted to a distance of one-half wave 

length or less for any given operating frequency. 

Each Phantom Antenna was fed through RF diode switches to a matched 

twin-channel receiver, the Front Phantom being fed to one channel of the 

receiver and the Rear Phantom to the other channel. Test signals, used 

to measure phase drift in the receiver and phasemeter calibration, were 

also connected to the inputs of the receiver by means of the diode 

nrltchta. 

At the output of the 250 kHz IF amplifiers of each receiver, a 

phasemeter was connected to measure the differential phase angle between 

the receiver channels. The phasemeter output is an analog voltage which 

is proportional to the phase angle difference appearing at its input 

terminals. This voltage measurement was then recorded on magnetic tape 

for processing by the digital computer. 

For every data sample, two differential phase voltage measurements 

proportional to elevation angle were made. These measurements were 600 

milliseconds apart in time. In addition to this, phase voltage 

I 
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measurements of phase drift between receiver channels and calibration 

of the phasemeter were performed by means of test signals connected to 

the receiver inputs by the diode switches. 

To calculate the apparent elevation angle for each data sample, a 

computer program was written to perform a simple average of the two 

differential phase voltage measurements, after correction of these meas- 

urements for any phase drift in the receivers. Then a running-average 

window of 20-minutes duration was performed on the simple-average values. 

The 20-minute running average used here is similar to that used for the 

bearing calculations. When all the averaging has been completed, the 

differential phase angle for each data sample is then found by multiply- 

ing the averaged differential phase voltage by the phasemeter conversion 

constant. This gives the value for 'V in degrees for use in the ele- 

vation angle equation. For any given frequency, all other parameters 

are known and the apparent elevation angle "9" can be calculated. 

It should be stressed that the apparent elevation angle is obtained 

from a calculation which assumes that the effective reference phase center 

for each antenna is located at the screen radius. Experimental results 

have indicated that the effective phase center lies close to but not on 

the screen radius. Accordingly, the results should be interpreted as 

being qualitatively indicative of elevation angle of arrival. The 

averaged results are close to the results of 3-D ray tracing studies for 

the path. 
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«+.    DATA REDUCTION PROCEDURES FOR THE ATLAS 

The data from which the direction of arrival of the signals is 

determined are recorded at the Bondville Road Field Station on magnetic 
■ 

tape with the High Speed Data System. The bearing deviation is computed 

from recorded data which includes the amplitude of the sum voltage 

sampled at 1° increments of scanner rotation over the designated sector 

of the scan. Time, the sector width, and the sector center are other 

data used for computing the bearing. The data tapes are then decoded, 

edited, the format of the information changed, and the data then becomes 

part of the Master RRL Data File. 

The data were recorded in groups of eight successive scans taken at 

one or two minute intervals. Bearings were computed from the data for 

each scan. A sector width of 30° and a sector center of 209° has been 

used for most of the data reported here. 

Bearings were computed using a center of gravity technique first 

suggested by Smith and modified by Jones. In this procedure, the largest 

value of the sum voltage in the scan is determined.  Using this value as 

a reference, successive values to the right of the maximum values are 

examined until one of the following conditions is found: 

1. The voltage falls below 0.1 of the maximum voltage. 

2. A null is found as indicated by a value smaller than 

two successive following values. 

The process is then repeated to the left of the maximum voltage. 

The voltage sampled between the right and left limits as determined 

above describe the major lobe of the response to the signal. The 

azimuthal coordinate of the centroid of the major lobe is then computed. 

This value is the bearing for the scan. 
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The eight bearings computed from the group of eight scans are 

averaged and the mean (average bearing) and the standard deviation for 

the group determined. The average bearing for the group and the standard 

deviation for the group are then plotted as a function of time. This is 

the bearing and deviation plot. At those times for which no data are 

available, no data are plotted.  It should be noted that the standard 

deviation is plotted as (maximum value of bearing - standard deviation) 

versus time. Thus, a zero value for the standard deviation would be 

plotted at the top and increasing values toward the bottom. 

The average bearings were further averaged using a conventional 

running average technique. This is the mean value (running average) of 

all average bearing values within a specified window or interval of time. 

The plots shown here are for window widths of 20 minutes and 2 hours. 

Thus, for the 20 minute window, 20 successive values of average bearing 

were used as input for computation of the running average.  (Note:  If 

the data were recorded at two minute intervals, only ten successive 

values would be used.) The running average determined is then plotted 

versus time. The time chosen is the time at the center of the window. 

The running average is recomputed for each one minute (or two minute) 

increment of time. If no a/erage bearing exists for one or more of the 

time values included in the interval, an average is computed for those 

that do exist. If the time value at the center of the interval is one 

for which no value of average bearing exists, the data are not plotted. 

All computations were made using the CDC G-20 computer operated by 

the Radiolocation Research Laboratory and the plots were drawn usir^-r: a 

CALCOMP plotter. 
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5.    FORMAT FOR THE REDUCED DATA 

The reduced data for each 24-hour day are plotted as functions of 

Universal Time and Central Standard Time.    Six characteristic types of 

reduced data plots are presented and the order of presentation (from 

top to bottom) is shown in the format of Figure 2. 

A very large amount of information has been compacted into a plate. 

In the compacting process the size of some of the printed labels became 

small.    We apologize for this.    The printing is crisp and can be dis- 

cerned and recovered readily with a reading-glass type magnifier (optical 

data processing).    We hope the end result justifies the means that were 

taken here. 

The first characteristic type of reduced data is the oblique iono- 

gram data.    The oblique ionograms for the path were edited for the fre- 

quency of transmission at the time, either 8 mHz or 12.235 mHz, and the 

delay times for the modes in evidence at that time were plotted along 

the ordinate axis direction.    It would have helped considerably if the 

relative amplitude of each mode had been measured and plotted.    This was 

done near the end of the experiment. 

The second characteristic type of reduced data is the bearing and 

deviation plot.    The GCB for the target transmitter was 209.12 degrees. 

In the lower portion of this plot is shown the measured azimuthal angle 

of arrival of the signal as received, or the indicated bearing.    It is 

obtained from a short-period sample average and is labelled average 

bearing in that sense.    At the top of the plot and projecting downwards 

is the magnitude of the associated standard deviation.    The standard 

deviation often appears to be vanishingly small at night but of the order 

of 1° to 2° during the day.    Points having a standard deviation larger 
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OBLIQUE IONOGRAM DATA 

BEARING 6 DEVIATION PLOTS 

TIME AVERAGED BEARING PLOTS 

(20 Minute and 2 Hour Windows) 

APPARENT ELEVATION ANGLE OF ARRIVAL 

(20 Minute Window) 

DOPPLER DATA (ESSA) 

(Neighborhood of the Path Midpoint) 

VERTICAL lOrOGRAMS FOR SIX I0NOS0NDES 

(Availability Status Only) 

;0 
t  i  '  i'tt 

UNIVERSAL TIME 
12 18 24 

;  • _ _•_ _i | ; i_ !  »  i  !  ■_ «  iii 

CENTRAL STANDARD TIME . 
18 0 '6 12 18 

; i i i i J I i i i i i i L ! i i i : i i ! i i  

Figure 2.    Format for reduced data. 
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than approximately 3° should probably be ignored. 

The third characteristic type of data consists of time averaged 

bearing plots.    A 20-minute window and a 2-hour window, respectively, 

was used.    The lower plot is the 20-minute running average.    It is seen 

that the wave interference effects have been reduced very considerably 

but the "quasi-20-minute period variations" appear.    The upper plot is 

the two hour running average and it is indicative of the diurnal effects 

or solar effects.    We also call it the "diurnal curve". 

The fourth characteristic type of data is the apparent elevation 

angle of arrival averaged over a 20 minute period. It was pointed out 

earlier above that these data are more apparent than real because the 

effective radius of the array to be used in making the calculation is 

not finally established; ray tracing results indicate that the plotted 

curve is probably too Li^h. The curve is indicative of the trend and 

demonstrates an unused capability. 

The fifth characteristic type of data is the Doppler data obtained 

near the path midpoint.    The legend on the extreme right such as '♦T, UG, 

4S,  3G, etc., should be interpreted as the 4.0 mHz cw signal from 

Texarkana, the 4.0 mHz cw signal from Greenwood, the ^oO mHz signal 

from Springfield, the 3.0 mHz signal from Greenwood, respectively, etc. 

What is actually plotted is the differential frequency between a trans- 

mitted cw signal and its received version.    Two very stable oscillators 

are used; one determines the transmitted cw signal, the other determines 

the local oscillator frequency at the receiving site, and the difference 

frequency is an indicator of variations in the propagation medium along 

the line of travel.    These data were provided by Mr. Tom Georges of ESSA. 

The sixth characteristic type of data is of the "yes-no" type.    It 
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indicates by the presence (mark) or absense  (space) of points along a 

line the availability of vertical incidence ionosonde data for each of 

the six vertical incidence ionosondes involved in the experiment. 

MMMM 



6. THE ATLAS OF REDUCED DATA 

In the following sixty-five plates are contained the several fam- 

ilies of plots of reduced data as described in the previous section. 

There were times when some (one or more) equipment was not func- 

tioning and for those times a gap will appear in the data. 

One will note intervals where the oblique ionograms showed no 

evidence of propagation but an angle of arrival was recorded along with 

a very large standard deviation. These intervals should normally be 

excluded from any statistical treatment of the data. 

These plates are given without further comment at this point. One 

must, therefore, draw his own inferences about events in time that may 

be of particular interest. We believe that the results truly represent 

directional propagation effects. The systematic error is very small by 

comparison, i.e., it is not significant in the statistical sense. 

15 



O             mnm     aw     ■>iic     miu      mw      mm     m-m      mm     m-m      m-wm 
5 o i     5   T—i—i     i     i     i • ■     i     ■   Jig-« • •—*—^—1 11      ^e=^— __^^— 

iil 
Aip/tUJ  | 



16 

-« 

»'■»imS* 

(U 

<u 

i 
s 
o 

O 

UJ 

5 
UJ 

i 

oo 

S 

— 00 

* - < 
O   3   -> 

*   *   -: 
O   eg   o 

-CT> 

-10 

<   2 

x a u 
>- </i Q. 

Plate 1. 

1U March 1967 

**^ 



.*. »wiarv*'"-« ja JßPMLm .'ji 



17 

-A 

iinirS*" " »KTe 

»* 

& 

s 

< 

I 
g 

< 
Q 
cr 
UJ 
Q 

< 

tr 
ÜJ 
> 

-en 

—a 

-« 

—H 

Plate 2. 

15 March 1967 



«a«^&Ml<"'," .1. --la,,1-! "sa j,^ •^aHDffc '-•« gf 
MfVMl I 



t-     e (so 

18 

< 

i 

: 

. i 

(X) 

i 

I 
4 

i 
O 
(Si 

O 

LÜ 

5 
LÜ 
_l 

UJ 

i 
§ 

i : UUu;; :.:.;..u •: 

s 
*   i   * 

IO    O    (D 

?1    ?    S 

1- 

:;■;-: 

m 

■01 

Q 

cr 
Q 

< 
o 

CE 
LÜ 
> 

o 5 
o = 
o 

li 
UJ     £. 

* - < 
O  D   -> 

* *   « 
• •    • 
o w o 

«1 

III 
<  ä o 

-to 

* a <_> 
►- co a. 

L.^ _:.. J 

J.:;.:l 

:;K-:;- 

,.. 

.[:;;   —fr 

—s 

-!-') 

. 5        —M 

I 
h«   I-* 

r 

fir 

|   : :      : 
44    r 

-+- 

a. 
in 

o 
a I     5 

-« 

Plate 3. 

16 March 1967 



awr- .„"■ay"«. 



19 

-S 

\ 

S 

\ 

R 

'» UJl 

2 

s 

UJ 
Q 

< 
O 

CE 
UJ 
> 

2 
S 

Q  J 
O   ;= 
O 

Is 

* - < 
e> u -j 

— (T> 

C    PJ   o 
«J     Kl     ^ 
ffi    01    (?■ 

V •- V 
ir   r.   ^ 
m  M  m 

CD 

* a o 
t-   </)  Q. 

«R'Tj 

nijp! 
•■f " 

iii: mm 
sift! 

:iH:;:. ..... 
:.;:';.'! _ 

■ 

; ; .. i':;:;. 

uH      _ r :r:rr 

rmi :; 

■-n—r: 

^jyrrf 

'..~i.^- 
: 

' :..     i 

! • '. ffrl   !" 

.:' 
"■ -nr ■ ■ 

:-■-- 

...... :..i_a    - 
■   ■■     1   . .:    ■ —;.     ;:.   ; 

..,_;.: ; . ;.i * 
-TT^ ._... ....   ;• Ll. 

m 
... . ....: .. ^..: ..'. 

.,;;. '4   - 
-   ; — 

: 

.:..|.: . 

j;'    " 
:|:.; r 

I: 
....... 

■     '-: 

■    i :    ' '•'■ 

;..u.... .:.:.: 
1 

...:.:. 
.. . 

. i 

.... „^     - 

■i 

-    -—10         — 

.. ; .. —r • 

■ -A 
: : ■ 

; 

.: ;.     ■ 

:    : 
f .   .   . 
,.   ....■■ 

[•   ;1 :;, 

y ::Hf 
—-- -..j 

c.>-.:--..: 

i 

.   ;.   . 
■ 

: 1.:. 

#4     - 

— o      — 

-s 

—Ri 

Q. 
in 

o 
a. 8     5 

Plate 4. 

17 March 1967 



. : - 

Aip/$UU   I 

r 



20 

=« 

i 
I 
i 
s 
o 

s 

'S 
UJ 

ä 

I 
i 
o 

00 

•s; 

I 

SCO    (\J 

CD    <7> 

Kl    o    (D 

K g 5 

.   5 

a: 
UJ 
Q 

* - <   .r 
o s ^  ..;. 

i£      O   (\/   o 

cr 
UJ 
> 

—01 
._ v -. 

—ID 

^ a o 
i- en a 

—(O 

T:   ;:: 

_;;ru 

BE1 

m'li 

W 

"ffr " 

::iT 

(si —! 

1 

:;..... - •   m 

—5! 

x      a.      u      »      —      < 
K       v>      a.      o      s      -, 

Plate 5. 

18 March 1967 



miuai rttam , ■wt      m-m      m-m      "^r 

t    « 

" vum»M 

—* 1,-.. t      I     ■« >     «      *      « —»     <-■■♦■ 

'•'».-•- ■■ offljcw "ftdnui A ■■■j 

■H« 



21 

»» -'WS1*»«« 

Hlh 

9> 

I 
Li -; « 

I- 

1J>   o 

0.  u 
<^ a 

—S 

C0  M 

io      —; 

a. 
Q- S     5 

Plate 6. 

11 April 1967 



rf,-... jm Mgtmm*Ok .'T M 

»13h mvimX%,*X* 
Mf^tUi | 



22 

22 « S 

"Wb-ä.^ 
saajbaa 

Hlh 

if>        —01 

•   -X 

—s 

o —« 
K        k        U        *        —        < 
K        M        C        8        3        ^ 

Plate 7. 

12 April 1967 



^tf   JSt   ,■?   ,rT   ■■T^M'   Ml   JM   .' 

Alfl/tUI | 
■-i;-4 '^ jiik •iui-i.-r*1 '-^ 

T 



23 

R, -"UA'Ji,^ 

(O 
01 

a. < 

n o 

*   -   < 
O   3   -j 

ü        O    M    C- 

^ a u 
t- <n a 

<T> _( 

io      _; 

K       a.       u       «       _       < 
I- « 0. o 3 -> 

Plate 8. 

13 April 1967 



■ftPf"-? JBf  JC ■HV"«« 

er 
I 

i 
2 

A((V1UJ | 
11 j-f's« sacÄ-f* •Mi««!!«" 



2»+ 

■ÜSB 

""**&%,»& 

— oj       —S 

-« 

—R 

Q. §     5 

H?h 

Plate 9. 

14 April 1967 

i    * 



M^tUI I 



25 

fc       O   (9 (9   m 

auw »IM» mil oc 
m%\t      ■•iw      «-«i      m-iM 

'■"im&'&Ji* «tlw 

=« 

JHI 

<0 
at 

I < 

•- in C 
C CD f\. 
* O) o. 

Ä Z Z 

KI q « 
fO ♦ fO 

* - < 
O   3  -3 

O    Cd    o 
^   m   ^ 
Os   ffi   0' 

i > o 

I 5 <•■ 
x .r .' 
UJ a. o 
l- i/i c. 

^ a. u 
t- in Q. 

(M        m 

S         (M 

E 

Ü     1 
?—»1 

_     < 

W       —(O 

—f3 

K        &        U       ft        •>        < 
►- </) Q. o 3 "5 

HEK 

Plate 10. 

15 April 1967 



T 



26 

8?S  i? 

m 
< 
s 

* * 

fi4 

ü 
rv}.. 

i-tsibi i 

i x z 
•_^ • • 
K> O (O 

S § ?, 

Q 

LÜ 

< 
Ü 
I- 
cr 
LÜ 
> 

I ^ T 

— < 

z z 

- IJ 

11: 

TI1: :r;: 

^f'- 

-;• 

:iUi; 

m\ 

E»..E 

;:!,: 

r-firrf^H- 

-3Hrr=- 

iJ 
^rt -i 

ÜS 

—s 

^» 

1P4- 

■+H-e    —« 

~ a—«] 

-H« 

r ■ 

o. 
(A 

O 
Q. S     3 

I 
-c_ -4-0»      —to 

-X 

—a 

Plate 11. 

9 May 1967 

■ 



_ 

SI10U30 OMMUS -   \Ci 
tu     mtt     m ■»« •IK      «-4«      m 

.■wt 
J i i i i     i i i i i 

(M 

nsCt^E "■"' 

:V 

«u «# 

s 

CO 

■SS» <"*U]ft',&MJS'- 



mr 

.T yy.^-tB."^ :«     .-«JBC, S«« 

** jiih ",,,uIa' 

S 

5 

:; 

? 

J 

! 

! 

! 

!- 

! 

• 

'ÜHMB' 3«   ■■'■ .: iftl' 

■^■l 



27 

(0 

5 

4 ;.::i:,.; uu,..,; : 

•- V 

i ? 

<  0 . ...._. r 

<    X  S 

UJ 

I I I 

* - < 
O   3  -> 

o 
H 
(£ 
ÜJ > 

») m ff* 

v •_ 

X a 

-*4r 

i 

.i [i? 

.. • 

i »; 

*     —c cvj « 

'■it'       1 

4* 

i 

iil 
■-::| :•";--]-• 

.1  J 

BbUM 

-rrf-1- "> 

TiP5 
0. I     3 

_    I 

-X 

—Rl 

Plate 12, 

10 May 1967 

"■■»■'M 



sitfOi mam . 
m-m      m-iM      mitt      m-wf 

—f ' ■ —— • tt * iKirm^mmyir 

o 2 
Vi   >- 
OJ    < 

S 

m   a) 

S ?! 
•o   ? 

I 
1 

a: 

^ * 

< 
8 

UJ     •- 

i ; 
fly *> 

oil 
IS I 

•$| 

m   'S 

il to   £ 

I 
I 



28 

8i?S   5? 

m uf      m 
IM WlNMÜ 

Hlh 

I 
s 

'ft 

» 

z  z 

-4^ 

I 3 

< 
Q 

CE 
Lü 
Q 

r> -s 

<    * * * 
  O     (M    o 

UJ 
> V •- 

x   a: 

o 
a. 

■. lii; 

ü;l::; Maä 

titt 

: .".i-. 

ty^ 
M^i 1 

I. 
m 

:j   Li 

-rrc 

m 
-r 

LT.] 

I—•! 

- T;' 

-X 

—RJ 

a. 
a. 

Plate 13. 

11 May 1967 

MM 

— ■*~~mmm~mm*mm 



» u> 
o 

(XI 

CD 
m 

o 
o 

V 
< 
2 

o 

^ 3 il 
< 

I' 
UJ 

o 
_l 

O » 

O 

$ 

I 
£ K • « # 

Aip/»UJ  | 

<' 



29 

%   S?g 9 

< o 
er 
UJ o 
z 

< o 
cr 
UJ 
> 

—B 

S—« 

-? 

—f 

Plate 1H. 

12 May 1967 



4&* .-T aew^ea ■ «Li 



30 

mil K        . 
m <M       mwß. 

MU&'%IM6 

< 
Q 

cr 
UJ 
o 

< u 
H 
(T 
UJ 
> 

i\l    a —<o ; 

-« 

-R 

-s 

Plate 15. 

13 May 1967 

'■" '     ■■—■ 



IIHIAZI (MOtUS - ia mm^moM,        „^ 

s § Q m o 

a> 
2 3 

< a* 

Q: Li. 

o k 

o 4» 

Z  o 1 o - c 
o 

ÜJ H 

3 o 
O 
_l o 

OD „ & 
O * 

k c 
CM ? 
C\J t- ,^ 
CM o 
o tf) 

0) 
*n •o 
<T> o 

5 
z t 

s a 
ID »A 
fO " 

"w rf3R«Bfc^'!% "* titfiH» MSJAU ' 



<D 
* 0) 

o 
m UJ 

CJ 2 
PJ 3 

fa -5 

0) 
Ki 

z 
F 

00 JC 

If) a» 
f^ 

Cvj 
O m 

rn 
o 
T 

1 

I 

< 
cr 
o 
1-° 
UJ 

O 
_i 
CD _ 
O i 

—.- ̂ _|_ 

■   - - 

—j- 
>7 I 

■     1 1 
111 4     . 

~ --           • ■ 

:      .      .   . 

1       ' 

i   • 
1 

.     ;     i 
.""*■             ! 

j' 

i ! ^ 
Y 

1 

;                         ; 

.     : 
■ 

1   .;   .(       -i            f 

•   -   :         

... 
" i 

i 

. 

  
■ 

• .   ( 

I 

• —i 

• ■A 

o NCIiO!»«] CMOWIS -   \CZ *!«)* !.*)«S 
—  ^       "5"     -fl,'*1.i     ."^i'    .,,*!'     .■■«!*    .""J    .m'*    .*"* 

. 'W < ONI«» XMMJM) •>]>•••», »I« Oi 
•Jlif      i-nt      «w      aalt     .«w      BKU      «lie      a-w     . •J' 

I 
I 

to 
to 
CJ 

I   | 

*> 

?t I! 

"      i « 

* in w 
A.p/Sjj | 

«LI(       ■«»       «tu      au«      aac      a ^x      a-ai      ant 

. 

.i i 
CM 

1 

Rar       a ill       milt       a« «RTf 



31 

! 

» 
■ ; 

I     CM 

'     CM 

« 

f'S-f .... 

. i 
•   8 

■Nil*  V 

i-     o oo    in 

K   t-.Ji 
$ 

Kl     C 
a.    r\. 
(D    IT 

no« 
Ki   o   « 
Kl     ^      ^ 

* - < 
O    3    "3 

O     (N*     Ü 
^     »Of 

a. u 

■ 4 J-, K. 

i: p 
—s 

::■■■■ I- 
■:; 

■■:l- 
; ij 

.    (V    B—«i 

5"  ? 

-X 

—R 

IISMI «öl.1« 

Hll- 

Plat« 16. 

13 June 1967 



o   — 

00 
in 

o 

i   6 

if öS, 

< 
tr 

B : 
i S » s 

o» I 

a 
E 

Aip/IUJ   | 



32 

. i 

<D 

i%Jr*  •-•>«,sl 

$  %$% $ 

-^—^10 
: i 

■   t  ■ ; 

i    ii 

v      &      V      B      ••      <■ 
saatbaQ 

Hlh 

Plate 17. 

1U June 1967 



o 
lO 

UJ 
CJ z 
PO D 

v> -i 

OD 
m 

2 
F 

OD JC 

m a- 
r^ 

rj 
U ro 

K) 
b — 

i 
f 

! f 
2 _i 

< 
or 
o 

UJ 
3 o 
-J 

o « 

B 

z 

1 -^ 

L. 

; 
I   1 
: i 

. . _ . 

■ 
: 
1 

.:     i 

■- : 

f 
\ 

o NOJISI«» IMOK1S '   Ml 
ma      m%H      »Lit      «sie 

«1 1 • • c 1 •— 

<i 

Alp/SUJ   | 

TNI««»  n»«]Af * «w» •1'1!«0a■ilJ!,"  •■- 



33 

.: 

. i 

00 

am      mm 

I*- 

I 
I 
1 

tr 
or 
<3 

■ 

d   '' 

aJ 

LiJ 

5 

.• 

. 

sMibaa 

(0 
0> 

•-   *l   c 

Kl     O     ® 
"   C    ■: 
n #  in 

< 
Q 

« - < 
O     3    T 

O 

cr 
ÜJ 
> 

O    og    O 

&    &    0 

2    Z    2 

Vl •_ v 
»r   r*   ^ 

^ a u 
►- m a 

S    -• 

.. 4       J 

—— +- S  (0 

-  S        <\J 

ÖI   5—«1 

*     —X 

m       _R 

1    ■ 

S      3 

Plate 18. 

15 June 1967 



. NOIianJC GUUOMIlS mvt      aBi«       mut       m*u 

SI 
< 

I« 
UJ 

O 
_l 
00 _ 

o 

in 

to 

^ 

•   : 
;  \ 

: 

«) K * to V IH 

Aip/SUJ   | 

•Miaia 

I 
I 

Q i 
LÜ 

3 
I 

S s 

§ 
M ■ s 

CO 

'4e"'* ■- *"is» ■imrii r 



3U 

!• 

; 

: 

in 
ro N 

5 

CD 

moil 

r:# 
0) 

UJ :J:..;_ : 

4    < 

< 
Q 

CE 
u 
Q 
Z 

< y 
i- 
tr 
UJ 
> 

* - < 
O   ID   -> 

0 fy   o 
1 5 t a   o^   ff1 

a. u 
in Q. 

sasibaa 

 ... .  .  5       N 

i* 

jtuif   W —a 

in      —0> 

Qj     j- 

lO 

Ö 

. <n     —"> 

ic     —X 

. m      —S 

S     3 

Plate 19. 

16 June  1967 



mtu      mm 

•■■,» , 
^m *   >.»■  "^uft'S.n.C 

■ 

I 
4 

H 

A 

!H 

■   '«A ;*¥ 



35 

o oo     en 

< 

,> 

% 
•a&'SiiiMiS* 

| 

2 
3 

«   -  < 
O   ID   -) 

saaibaa 

bt  a u 
K irt a. 

^1 
—a 

CM  g> 

T" 
•-   ¥  M 

!C       ^-0> 

-L. 

^ 1 

0> —IO 

m     _jt 

—R 

.:.■; i 

i     -     < 
o       ^       -> 

Plate 20. 

17 June 1967 



•aai "i-aiSp •*,>* 

r 



36 

< 
Q 

IT 
W 
Q 
Z 

< o 
I- 
tr 
ÜJ 
> 

—s 

-a 

s 

I 

I 

-« 

-« 

Plate 21. 

18 July 1967 



■ff"..,,  .j  gtf",»"*syua"'g!u 

V 

im      ««i      ««jt 

J^ 
*"ä» inwrfn^iai "■c.oP1" 

:i 



37 

t-iti      mm 

si 

i . 

iTM wimAn] 

"—Tiiiwiir 
sMibao 

i-     e e o   m 
«      m « to   « 

oo 

i.i 

s 
* « i- 

n o 
? X 

| 

< 
Q 

(T 
UJ 
Q 

< 
O 
»- a: 
UJ 
> 

» -< 
O 3 -j 

* *   * 
•_ •    • 
O    CVJ    O 

tec ff»   ffv    ff1 

• ■   Z 
V •_ V 
" f- t; 10 K»    « 

■.f ••: r 

X o. u 
KOTO. 

;:.f:. 

i 
4- 

ear 

ä        a.       o       » 
K       i/)      a.      o 

H " 
PI 

-}U-^_ (\J 

d-fl 

if 

-s 

-a 

a.. 

■ r r- 

r-i 

4 

_   < 
3 -> 

I 
1 

—« 

Plate 22. 

19 July 1967 



»ip/Jiu I 



38 

♦     « * n  « 

„mtr =* -.ni 

I 

8 

4» 

»   ! 

s 

I 

"rn«Wi««iiV 

saaibao 

< 
Q 

Q 

< o 
tr 
UJ 
> 

—s 

—SS 

I 

Plate 23. 

20 July 1967 



I» 
IS 

E'cD 

B o 
c 

(A     O i I 
o < a. 

* S = 
«  ■? 5 2 
~     CM J2 

c o 

I 

■ 

O CJ £2 

4(.<   O   1 

5!«y.0L 
v. e* i 

Z  o     LU  <£ 
=   CT> ü. g 

<       O = 
UJ   m O — 

m S-1 «r 
■I    = ^l m CD  c 
u   i    O 
2 cvjCD 
a 

§ g 

. o 

251 
«I   o * 

c    S  « 
o «■   <-> C C    «>      . 
h- < CC " to "i.u.T.'JiayJUrsür 

Aip/$U1  | 



39 

.ft.* 

. i 

00 

3 

I 
I 

'S 
ui 

e o o   so 
o <r n   « 

Jhk       mm       mm I 

I 
If) 

CVI 

i 

WMUV 

ssubaa 

B 

3 
I- 

u.^« 
-c\j 

CD 
^ 

1     I 
1 
1       1 
1 

■ 

-> !• | 

■  i 
I 

t j 
i 
t 

4 
ii 

i-- Ji K. 

•#■ 

—m 
I   ; 

-ro 

< 

cr 
LL) 
O 

< o 
cr 
ui 
> 

—SB 

—a 

i 
ö  s 

Plate 24. 

21 July 1967 

I 

-« 



ONtlH» XMttW »INNTW OJ NIH Of 
n«       ■ i«       «Mr       M tic      «lit       mm       mux 

*     * •■—• * »     » ■—♦     ♦   -■»      «—^     « 

Si 

I 

8 
i 



-I*h 

no 

I 
i 

» «« 
•- v v 
S S Si 

m 

■r V "o v 
no«' S S s 

< 
Q 

CC 
UJ 
Q 

< 
O 

tr 
UJ 
> 

,11 

c « H - 

i    i    t afeaji 

> -< :vri 
O D -j 

IM::: 

JILT ^aii:: ^ a 

JHu'!' . -•-■!:.Ui: !«■ 

• • • ...Jj— 
O (M O '4i . 
♦ »n f- 
tf* ff> ff» T*T|t*: 

10-Tr 
^e 

I 11 
5 Is 

£   S « irrrr: 

--. ? J Si p & 

* Q. o .•::.;^ 
I- <n a. ::-«;•• 

nnTTi IS 
t;. 

s 

;nn- m 

11 

m 
H----:- 

«ft. 

.:i:. 

-;ii: 

:i-:::.., am 
-^ " 

m 

I 

-c 

-e 

pr. 
-e 

if 
ffnj | 

I 
I 

:pt- I 

m^i 
^ -^i- 01 ^*> 

.-}•« 

s^i 

« 

■tfe+- 

i^^ 
..U.r 

tl- 

UP- 

a. o a. 2    3 

Plate 25. 

22 July 1967 

-« 

' «    »an 



I* > o o 

■»I I««1 «*"•»" 

w 

oo 

« «f «lit «It! " «K «UC 



41 

o o o   <n 
« « «   ♦ 

■ UC         MMt          M UK          K WH1 

" P 

ID 
ro 
<M 
CM 

i 
OD 

JTM aGliWll] 

saajbao 

Q 

-J 
< 
o 
t- 
o: 
UJ 
> 

—a 

—c 

—a 

Plate 26. 

15 August 1967 



*0o 
__      NeudKX _. ix 2 vim»       nntrn »mm o] ma o m%u       M >ic      MW      Mdt      mm      mtu      a iu      ««t      aljc 

*»—< 1 •—f ' •—■ 1 i • 1 •—f ■ ^ 



I 

^r 

mM NCUBAMJ 

8 
I 

^> 

miifi »f»% 

8 

LLI 

if) 
rO 
CVJ 
CM 

i 

42 

oe o   M 

Hih 
Plate 27. 

16 August 1967 



I 
I 

i 

r: 



«+3 

K       O O O 

-SS 

-a 

I 

-1 
I 

Plate 28. 

17 August 1967 



*!P/»ui I 



1+4 

«..»ra - 

< o 

UJ 
Q 
Z 

< 
y 
K 

UJ 
> 

—• 

—fi 

—a 

I 

-« 

Plate 29. 

18 August 1967 



o m 

s 

O 

I 
s 
in 

5 

I— ■o 

Q m 

< i 

1 :' ■ 
■ 

•:"! : -] ■ ; ..[;: . : - j             - 

»-       !   . 
5   > : :

-1: 

_i:: '   44 
• 

. 1 •• .    i ' 
--;■■ 

E ■ '   1 "i ~r- -        . .    J            , 
. i 

,. i 

1 

^ ■ r 1 -  - 

1 
:-r|-- 

1 (—• 

5   i " : 
■■rj-;- -'    f   ': 

—T rrr 
I 

•    i : .1 ' 
•-|— 

■ ; 

Jbz t     : 

1    ■ 
i 1—; ■ i .' ■ i  

... 
— 

o 
UJ       f 

0D_ 
o » 

o 

k 

I 
CM 

V   1 5 « 

v>  £ 

1 

I 
8 

Xua«dHi-V   ■ I,. "•   "- »TO. "VdrkAl   ■" «RTk 



45 

£    S?S 5? 

-~ 

i 
-1 

i 

Plate 30. 

19 August 1967 



I 

> •-   ! 
« 1  . 
1 
w 

gp 
0) ■ 

I 
in c t; 1 1 ^;i 

* »»iigiiiir 
«IP/JUJ  I 



46 

5    S?S  ? 

noun asiiwns mm      mm       mu       mm       m\\       m*\ 

«MiA«Q 

•^W^'ifl1   '-" 

-a- 

< 
Q 

CE 
UJ 
Q 

< 
O 

UJ 
> 

—■ 

—Si 

I 

Plate 31. 

19 September 1967 

-« 



i»    ■Mi    mm     mm     ■•m    mm     HL  ""* 

is 

Aip/SUJ  | 
»IISB "•,i«-Ja'4I««T1 



47 

£    S?S $ 

■IK «UM «W# 

At, 

8 

» 

8 

"R    »•. 
üJ 

i   ! 

S   . 

—9 

—a 

i 

-Ä 

Plate 32. 

20 September 1967 



o 
If) 

CO 
CO 

co 

(M o 
o 

I   i 

:-frr --.;— ■-4^ r- 

-FT • 
.    :.. :!■■  1 

-    :-    t 

.JU :.:;:. 
!. 

■■ i 
i 

....:., -1 

:;: p ........ -"v- 
t 

—H— --— - : 

4*— 
1 

. 

' 
■J 

j^ 
■ : 

■ -ri.' 

i 

—i— •—r— .„. _ 

i 
- i ■-■--: r 

. i 
- 

. BM      B     «•«     "tu      «"u      ■«     filit      a-aX 
'      '      ' ' 1       I      I     i»—I      I       I        mm 

-s 

i 

tvi 

■ K- 
_.,-.. 

i 

■ 

— ,.... 

-■ ■i— 

I 

I     : 

L   :"M   " 

; 

i., 
I 

. 
ir 

!. 
,   ; 

■ 4-:; _.ji_ 
, 

« 
Aip/tUJ   | 



48 

(    S?S $ 

< a 
a: 
ÜJ 
o 
z 

< 
o 

cc 
UJ 
> 

A'&IMCU 

—a 

I 

Plate 33. 

21 September 1967 



Wr^yU.1« mm    mm    mWWVm    ~* 

-^"n.u.TMalBffli-'W"   '-••»-^«~« 
>      «       > 

,«    gtf0'-,"«l.a,"gi.f  ■» 

•    in 
CNJ 

J  a* 

IS 
it: 

! 

( 
^ 

i i 

••*,"• — ORä •n%tjnmJn 
A.O/llU | 

T 



49 

8iimt^& 

n   « 

»  - <       .   ::: :.TT:.-- ;::.;:■   rtl^ 

-;j-ij:: ■^ä:: S-tS iii*;!- 

UJ   » z ■ ".l^li^B 
>  v •_ y 

m 

I IB 

je a. o h. Jin 
P <o a.;.. ra" 

r-H* 

...,:., ^ : -'t 

Ufcii 

rs—rrr 

A:; 

iiEii ^-^--t--: r4— 

m 

KB 
Si 

3 i..;r   BCT 

ifi 

ft 

rtrtrrr 

1 

THFr 

mm 
P- 

—B 

—fi 

—Ö 

I 

ililll li 
m 

^ii a» 

-O 

Ü. O J _ < 
en       o.       5       3       -, 

Plate 34. 

22 September 1967 



? Gi ^=   ==_ 

- JOBm HCZGli "* 



50 

%    S^ 9 

Ittm «D *HIH K       _. ■ i«     m-m     mm   _ ■ im Jh*       m-m      wu       mm       itii      mm      m%t       m»\    .   m%    .   gj 
«* »    » ■—*     *     ■     « »     *     *—»—»—» •—• •—•—*     t< 

MmMm   "" '41 

^Z 

mm     mm     mm     mm     •^.«MT'     " 

■Mim 

i 
&(   j 

§ 

—oo 

i   I 

—o> 

I—«o 

Q 

(T 
LU 
Q 

< 
O 
I- 

ÜJ 
> 

—e 

I 

Plate 35. 

23 September 1967 



s 

I 
8 

S 

■■»ill 



. 

51 

I 

I 
I 
8 

i 
I - 

-« 

Plate 36. 

2>* October 1967 



i 
I 
S 

8 
i 



52 

t-     e et»   in 

i 

« 

! 

i 
8 

e 

-a 

-<n 

-a 

—«A 

o 

UJ 
Q 

< 
O 
I- 
(T 
UJ 
> 

-S 

—fl 

I 

-1 
\ 

-« 

Plate 37. 

25 October 1967 



Aip/tW I 



53 

I 

I 
a 

i 

,■ 

i. 

-A 

l«H 
oo 

1, 1 

ü.' i 

-CT) 

-10 

—to 

IC äH 
M 

«  < 

<7> 

•:r: 

o   « 

o 

LÜ 
Q 

< 
O 
I- 
cr 
ÜJ 
> 

ci^i rrrj 

31 

• •   I'll j 

01 »> -r^- 

> o 

a t 
e o 
0 < 

IT Z 

V) a 

1 1 • 
a. u 
in a. 

M 
•Hi 

IS!! 

if 

KHtt 

m Ä 

-fc 

fr-rt-r: 

•fe ^J^i 

Iffi: 

m 

,■■ Kür iii I E.'fT'tr 

fft3H 

i' 

r:-i;: 

n;:   ' 

ffll" i 

i 
•f 

-fi 

.;.ui_gB _N 

.m       —«> 

T I 
OS—« 

J* ä- 

fe* 

lr 
*mm* 

a. 
in 

u 
a. i   3 

I 

I 
1 

-X 

-10       —H 

-o     —s 

Plate 38. 

26 October 1967 



I 
tmrnm ■ 

ill III 
Hp/t\U | 

i^ 



5t 

I 

I 
8 

5   S?S 

I 

ä 

-a 

i-a 

■Ho 

1    I 

< « 
Vc 
SSI 

? X 

LÜ 
Q 

< y 
i- 
tr 
UJ 
> 

5° 
i i 
3% 

H 

■^ fc?tW» 

V-'o 
. ■ .It^l 

n 
i I 
II 

.       . 

P o 

li 

m 

f--;:i 

MM 

:4ri 

ffi 

t..:l.. 

mm 

t'Q M 
«IF 
■ 

M 

«1 
trtaP 

* 

••:«d"  ^ 

I 
i 

ll-« 

i I 

-« 

-s» 

53_H   i  _, ■I 

■t- 

4-r;:'tl   Li'- 

Q. 
a. i g < 

3 -> 

Plate 39. 

27 October 1967 



I 
I 

Lü i 
< 
-J 

I 
a 

CD 
< 

i 
i 
o 

Ajp/IIU  | 



55 

I 

S 

I 
I 

o 

a 
< 

s u 
UJ 

i 

i'- 

< 
Q 

CE 
UJ 
Q 
Z 
=3 

< 
U 
I- 
o: 
UJ 
> 

-s 

—a 

5!    S   —»l 

-« 

—N 

Plate HO, 

28 October 1967 



o 
If) 

OD 
00 

CD 

O 
t 

o 
I 
to 

I u. 

I 

ui 

^   >    o 

Q CD    u 

<      s 

UJ 

g 
_J 

O» 
i 
M 
<\J 

o 

I 
I 
I 

il 
i 

+ 
J 
^ 

-r 

t" 

o z 

-  IS 

Aip/tUJ | 



56 

nmor* " jra 

a* 

CM 

i 

& 

S 
i 
2 

a 

o 
UJ 

-'f 

5 
Ul 
_l 
UJ 

H 
Z 

B 

CVJ 

t-     eoe    in 

I 
r ill 

» m * 
•- V V 
8 S Si 

H ll.'ll :-.lt 

-4r- 

? s-»; 

l~r 

g liS 
«i 

a 

M 
* * * 

*  ^  t     ; :: a> «< »     .1 
K 
UJ    z z z 
> v •_ v 

« r^ t « K» « 

nr1 

j s e' 
4 : 

III! 
* a. ui 

■MM 

mm 

i i 

Äg 

.: m 
PSA 

ÜT 

.g. 

l 

.   i S; --^fr' ' 

ifttr: 
4.*t*nttt 

m^ 

w m 
7 

r* 

.._:_ .  »•;,;!    ■■ i .. 

-Tf 

« 

tR m 
üi. 

lip Mm 

m 
m 

T 
: 'l;.'i !._■ 

fcl.'i 

^Sr 

B 

1 

m 
f as 
L&3 

fi|i 

ö 

^s ■ 

 ..tT;: 

IP ii: 
rtrffc ■ 

U!:::. 

:.-:l: 

■if 

i- >-   OJ  « 

E^ 

—ff 

g        N 

4-i 
Br i 

! 

-44-   5- 

of—4^o>       —io 

mm 
^- 

■^~ -HPTT 

a. «> o 
a. S     3      -> 

-« 

H^h 

Plate 41. 

14 November 1967 



$ 
« 

» it 
o g 

s 

?! 
•a) z 
00 ■o 
^ 
'a, fc 
«n n 
CNJ cu 
ü fO 

fO 

o 
«■ 

f 1 
V 1 
u 
TJ 
o 

r a: 1 « 
<r *p 

t— Tl 

< 1 «J a m 1 
^ | 
< v 

or u. 
O fc. 
i F o | 

o 
Ui *- 
Z) 
o 
-J g 

00 IT 

O s fc 

■ipq .,T gtf",,~äa.*"r(B       ■:■.■.■» .^ 

Vsl 1 
rj 

fc 

<n 
TJ 

1 

I 

T 



57 

♦      ««10 

^■«r 

s 

It) no 01 

S2 r 
ih ~? 

■4  ' "^W^ifl' 

sMJbaa 

'IST 

S 

oo 

-Si 

!.!• 

'.! 

-SB 

.   5 

—w 

i! 

§ 
Q 
tr 
Q 
Z 

< o 
I- 

> 

I     3 

Plate 42. 

15 November 1967 



AjlVtUi  I 



58 

m 
•o 

O&'&MB' 

«•AtQ 

"., I 

-If) 

% ^ 

v..   5 

f 

-ro 

Q 
or 
UJ 
Q z 

< o 
cr 
ÜJ 
> 

—9 

—fi 

—a 

—«i 

I 

.   I 

-« 

—H 

S     3 

Plate H3. 

16 November 1967 



o 

CD 
CO 

<0 
if) 

o CVJ 

K) 

o 
T 

f 
c o> 
9 i 1 _] 

(/> £ 

■o O 

• u. 

E 
•o c 
8 1 o: £ 

in • 
f » t— '0 

^ 
2 4 ^ 1 
5 li. 

3 
O 

i "   ' "    '*" I i < 
i~-4- 

-  ( - r 
i 

te ' : - -i !. . 
il J 

:  ■ 

■    i 

•1 . ;j::_ 
:   . 

s 
• l~ 

T—t    " t 1 
1- 

... : 1 1 

' ': 
- - 

■f~ :fV 
~T-^ *i ■  i 

jr-  f — - 
i 

■ p t 
■   i   ■ 

■#■>«,,- igirl^
,M^a"^ .-^"gT.- 

m* Hcica* ^cy 



59 

ny MIM oe 
■ iu       mm*       mts 

if ■■? 

"SIIIWC1"    " 'fiw of 

S i I 

■-1 '.i ■-•i "wcSCdr   "^ 
■MttQ 

10 

CM 

—S 

—fi 

—a 

—01 

I 

5 - 

-« 

to —R 

H^h 

Plate 4«*. 

17 November 1967 



A!P/tuj l 



60 

nuyi«'«!»«» 

s 
Q 

(E 
hi 
Q 
Z 

< o 
I- 

UJ 
> 

—« 

—c 

—SJ 

I - 

" 1 -•1 
5 _ 

I 

£  5 

-« 

Plate 45. 

18 November 1967 



to 
OD 

z 

o 
n 

2 i 

2 

i 
g 
UJ 

0D_ 

* 

o 

I 

._. . 

"1" -rj- r i 
:    V   ! .:   : 

: ■ r. • ■     :■ 

t: .'■ .  -.i-;: .  : 
•l:|.-:: .\ i"■ .' i... 

:- \- 
... y 

■ ; |— 4- ■ 4 - 
f 

■ r 

-- ! 
--T-  - 

..!.: 

i 

: -L.. 
• ■ 

-i. 
! 

.-■I- '•' 

f:- 
j 

;•■(    . _ 1 ' 

j [ f.ti ■ i 

Li:: • " i :i 

MBIlVUfl (WMMUS -  I« miwm nm*m - 
■tu      «iic      ••*«      «tit      «IK      m-m      mm      m~m      m^m 

-*———'      '     ,'     |1»*      ' •"—* « *" •§U »IK « W ■'(It ■-«• ««l* «'IU ■VI «UK 
i     *    i   -*■— f -■*    »- ■«   -« »■   *■ - «    i—*   -»—»— 

I 

- ;j     • n 
: 

p    r  

— » • ■ - : ■    ■: 

i 

-:"■ 

v if | 

::. .. 
■ • 

■ ;"■ 

r.-.: ! 

.   l  

' : 
_.. . 

1 : t 

■ 

1   l. 
■  i -i _ ■        !                 1 

i 

.J;. . 1 
It 

1 : 
i 

.   . .: LLir^^_ i ~r 

■ 1 .^ 
■ ■ !:■■ - 

- -t— 
: r j': 

' |.. .■ 

A|P/fUJ  | 

Iprt VJ. jg^ HHHCSP 



61 

Iff WBf? 
11 i 5^ i 

Hlh 

Ifif E "i:! i:;.; -üJ rapH :!:: • ■■ ::.:' 
er rp rh ffi»8 rttf ö ::;r;:Li rit: 
u_. Ms: i mi. .ji-_ ..:i^::  

-B 

I 

Plate 46. 

12 December 1967 

-1 

-Ä 

—SJ 



* 
o 

CD 

go 
m 

O 

O 

I 

in 

CD 
O 

o 

0> 

I 

TTT- 
_.,, i ...     . 

: :-t
: 

i. ' 
* ■ j"'" ;-- 

!;: 

. -i—'. t- - -            I 
-        p         ■ i.   . 

-..-... _+. . 

r-- ~:i~. 

• J..-- 

.!:.:_ 
i : 

■ —r - r-f- 
l   . 

■ i- ■ 

I-- • 
i ■  -:\:- 

I    ■ 

i 

i ■■ 

.   1 r. 

i 

i. ... 

. i^_. 
■     : 

*     i.    - ii it 
• 

_   .   ■ ■ 5 t , 

I 

■-1— - 
■   ■ 

1 
:-i a 

< 
| 

•:'r :    ; 

4   -. 
t }* 

■   -r 

w -■ 

Ml 
■   • 

i 
— ~i:.; p ..:4.... A  ' 

■: - 
■-. I' 

:...[ .,, i : 
::: 

■-.  !    ' -' 
:    \ --;    "j 

..   i— -  Jr. 

■    M 

1 
1 . 

.1 'T: 
i    . 71   - '.".A 

' r 
t 

':. y- 
i 

'..4- -. _!_     t 

,_4.-. 
■:). :.-f -4:.: ■■;  i 

r: . 'I    • '.;;! ■. .* t 

i-'i tj\. 
::J-.:i \ :t-    ■ 
t. ■:  r :-!: ; -I 

.   i 1^3 
■:•.)... :..■',     1 

1: "■ 
■■■■] 1 

■^    ' 

:__i :-. 

~ s 
i 

< o i _-^ 

»I1BIA3D OUbGNbiS mimm mmam - 
•■«■      ■■*■*      «i-«      a-MR 

i 
s 
CO 

<►» 

H 
1 E. 
|  jn « 

^ 2 ^ 
• s 
5   z * 

?fe L 

jiiYiuD'aur^K -'' wttOifBMl' 

| • **   | ■■■t     ■ill   /»''«   j 

'I        ' 

Co 
si 

? 

J 

! 

I S 

! 

M •%,-* w 2t HQNiSF ^iW 
AIP/SUI | 



62 

•«In « 
•—' ■—<< 

•    CM 

MKNTC ijn 
saubaa 

^a-o 

Hlh 

Plate «+7. 

13 December 1967 



HCSCPtr*' '"   W-oiHU^* 

l-tU M nf |f«t 

'■-iu    '■-w    'a-Ji AV. "CSCSr '"i-rf* 

J 

5 * 

J 

?4 

.1 

r r 



63 

nWF    "'Sr-of 

119« N0I1W31] 
9»       m-m       m-m       •«       »« 
—«—^    *—*—•—*     *- -*     ♦   ■■♦ a . "T . ".■ 

HMNQ 

« 

—CD 

^ 

! 

u 

-0 

< a 
tr 
LÜ 
o 

< o 
H 
tr 
ÜJ 
> 

-« 

—c 

—a 

0 2 

g     5 

Plate «+8. 

1U December 1967 



^i s-o   IE h- o r 

m] 

^   o   * 

l3f 
1X3 

■ÄSKS^Hr6 -"•  mm «GAT5* % oT 



^ 

i 

s* 

I 

ram «IIMJII 
irg    . ■■■      «M      ■•11      ««       Nt 

*i»n!' "flm of' 
^if—A 

.1 -4 '-i '-^„.«Bf»««'* 

< 
O 
OC 
UJ 
Q 

< 
U 

cr 
UJ 
> 

—e 

I 

-1 
I 

Plate 49. 

15 December 1967 



I; 

H 

»I 
ill 

■K ■* K O»  ü Q 

d CD   is 

c8 

O C\J £2 

<  O i v 

ui wS8 

«ob 

< 
UJ 
m 

UJ w 
'o> a. S 
(\J >  c 

»q- 
O -I     . 

J  ^ 

n 
i 

III 

II III 

I 

1 
u 



65 

I 
I 

1 • 

19 OO 

r-Si 

$ 

—(M 

—00 

l 

-c 

4 
I—o> 

.«> 

-to 

< 
Q 

Q 

< 
O 
I- 
tr 
UJ 
> 

—s» 

J 

-1 

-» 

—H 

Plate 50. 

16 December 1967 



5 5 

Si 

« E 
CD je 

if) OJ 
f^- 

OJ CM 
O PO 

ro 
b 

— 

^r i 

^ i 

< 
e? 
o 

UJ 

o 
_l 
CD _ 
O * 

tj> u ._ -.— 
CO •ö ** c l- 
c 
o IT 

o c 

in £ 



66 

nt 

'SIMMB* 

ÜJ 

i 

i 
! 

< 
Q 
er 
Lü 

< o 
»- 
er 
UJ 
> 

-a 

i 
-1 

Plate 51. 

16 January 1968 



l"    i—>    i—i i—•—.—*—,.—,—.—.—}''~W 

o V 
Ifl K < 
ru D 
ry Z < 
m -3 
(C 

K 

2 ■~ 

* F 
OS * 
in a» R 
[\i N o rO 

FO 
b "" 
^■ * 

öS 

< a: 
o 

- j-i 

Aip/$UI | 



67 

i'SiixC* jn 

I 
{3 

UJ 

I 
s 

< 
Q 

cr 
UJ 
o 

< o 

UJ 
> 

Plate 52. 

17 January 1968 



t   ^''y   ,"''?   ."'*?   JEy     wt»*   JEB   JOB   tS9t   >SB  

I        I      I 1      I       «       >       *      »      *      I 
Uf      a-iM      mcit      m-ut      ptu      mut 

«i MI «a OMMur la "WUi» TÄMK " 
*ip/tuj I 



68 

Trr~ -TJ- 

l'^^X' ,K% 

, i 

00 

& 

1 
8 

i 

< 
Q 

(T 
LÜ 
O 

O 
t- 

> 

-S 

—a 

—o» 

I 

-« 

—« 

Plate 53. 

18 January 1968 



tvi 

CD 
10 

cy 
o 
o 

I 
u. 

I 

< 

UJ 

g 
_l 
DO- o * 

o 

sl o 

I 

: ■  r-rr ■   '—r     ;■ - 

1 

• 

■ t 

-   ■ 

i 

■. : 

■     r i> 
I .: 

■ :. 

.' 
i ....: 

■■ - ■■ \- .._   ;   _ •• : 
■     ; .-. • 
:- '■.■■ 

1  : 

■- ■ 

:!.. 
h    - 

—-i— 
■ i. 

— 
■ - 

■ .'i ..■ :■    ■- 

:■• •    :' :   , 
-   i -   .             1 

^   ■ .    ;   . '■ 

.i:.. 4üt- A ■ • 

[: ■ .   ^__ -j?i\ 
t •■ ß 

■ ■ m .:   J* 

. ■: L: .ifl 
  l   L   - ■> V 

• 
Aip/SUJ  | 



69 

.IMT uKTk 

! 

I 
8 LÜ 

UJ 

i a 

OD 

Ji- 

i 

in  p   • 

2 9* **;[ 

Q 

UJ 
Q 

< 
O 
(- 
cc 
UJ 
> 

■H-r::: T-™ fe~: ^7t^ gpg g^ ^g* 

i sMaHHBBB - c J^-W r-hntn tuL:^. ^qpij ::;iri::  i::;::.: ^t^ii . 

* <E 
a i 1 III 
o  3  -> 

i.::-;: 

i     i    i  ; 

» -< 
O  3  -> 

*   »   » 

■ rffv 

.    .   .    -^ 
O   <M   O     "ItT.i 
« " t; r;;;- 

»   »   «  ... : 
v •_ v r^! 
S 5; S; iJ 

in I« 
1 8    :'i 

tnmß 
« I u  baSa 
£ 2 § -rf-: 

Kauf:: 
i- <n a [ 

-^^ 
■% 

iüH:^ 

TJTT crtr 

"„■FT 

Hip 

:-rj 
rtfltfintl 

• SpM 'TT'tUT: tHrpi 

hi--r; 

H-Hjn t ami 

m 

m 

; giJjJMjjiljg 

■ZL'. I tZttu   ::iir;.;* 
-tf-:; ^::{::.: ^:j-:-; 

ü 

1 
*= ntrtatt 
r^v(:-- -   i ti't   ■ 

33 

B'ilH 

I 

—• 

—a 

I 

11 

HI 

9- 
,11 

11 m# 

o 
a. 
in 

o 
a. S      5 

Plate 51. 

19 January 1968 



«y-tw-v- .^ «IMflB 3!MOW WINNT« 

<, 

CD 

i. »sa ■-A  -^ •■... a - dHb "w^si^c^ 



70 

.-• 

< 
-<►—♦     »■■ 
■m      mm ■fl^R 

8 

I 

LÜ 
_l 
GÜ 
< 

i I < 

< o 

cr 
UJ 
> 

-« 

-fi 

—«> 

I 

-« 

-H 

Plate 55. 

20 January 1968 



I 
I 

^* 
Si 0 

S <T> 

c* 
E"00- 

ä| 

n   8t "mo: c < 
c if« 
ö <• a     u» .u. ■ o — 
o   SO 
O    CM 

M a» o c   a •8 ~> 
o 

1- o 
w m 5 

_J 2* 
Ü. 

;% 
»^ z o Rl£te 

ONIMIJi n«iw 

-T* ■- 

LÜ 

g 
_i 
OD _ 
O i 

3^:":tL*--.!fe":-:~-f.    ;     •+-     ^t«: 

JTT........ (t^pr.tfr.., 

CM 

tz  (\j a. 
< O ■ W 

a: CJ . c = 
< o = 
UJ w o - ] 

O  -I     . «       « OD 
t- >- = < * 
aT CD c 
(J   I    o 
o pj CD 
o 

Ü 
  M

M
I 

ng
er

, 
N

ea
r 

i        1 2 
a          ,9 O -O Ö       ■ 

. o 

1^ o - 

Lo
c 

W
a 

D
er

, 

^11 o<S • 
3 

£S* 
ISJ III i   1 f 1 H < Qt • * 

A|P/$UI | 

T 

NMHMM 



71 

1 

8 

■» r 

oo 
^     . 

a&'ä!««1 

^ 

.  § ~ 

i 

i 

oo 

B« »V mtt Mil vo. 
J'J« «UIUXJIJ 

tMAaa 

E 

^Miggp 

s   *   « 

S S Si 

a z x 

lO    $     ^   «« 

I 

< 
Q 
Q: 
LÜ 
Q 

< 
O 
»- 
o: 
UJ 
> 

I« 
I1! « < g 
2 5^ 
u) n ; 
a z < 
o  3  -> 

S    -• - ^T^ 

■ -— 

'?r-'it- 

i 

* - « 
O 3  -j 

:^:.--i::: 

«   Z   i      ..■:..l:- | 

v •_ v —trf^r 
•*   *•   5.        r::h" n  n  xi ....._i-j.... 

I   i        A 
o   S o , 

i * S 
-" o >•' ■ lit .:::•::; 
< ^ o i    : • i I a yü < 2 u   :•.! ; 

ill* 

* a. u . 
t- <n a 

■;i::i; 

1 

ri#-.t; p , 

m 

•m 

Hör 

—S 

-fi 

H*- SB       -a 

. lO —0) 

„'.üüL a  o _( 1 
~i~~ 1-        O - 

P» » 

turn 

öÜ 

X 
H 

0. 
in Q. S    l 

-Ä 

in       —W 

Plate 56. 

20 February 1968 



«I« ot . 
7 .'^ -'^ 

^  ,-    a<M 

O C\J £«> 
r* - ooo 
H   oj a 

>    If) ^r »    ' 

Ul 

'«lib 
Q- (vi 

0,5Si;, 

< o = 
III m O — 

CD o -J   . 

•- >  = 
-2| 
O   i    o 
5 (MOD 
o 

^1 a c 2 
E ° 

eJ15? 
. a 

ai  o o 
■S  o -l 

Lo
c 

W
o 

D
er

, 

-'f! Q5S 
3 

US* 
Eg« 
c   SS 
2 c »» 
H < (T • "< 

Aip/tUI  I 

■r 



72 

< 
Q 
er 
UJ 

< 
o 
H 
cr 
u 
> 

sMjftaa 

—9 

—SJ 

I 

-n, 

Plate 57. 

21 February 1968 



Alp/»UJ  I 



73 

ivm wiio«ri 

< 

cr 
LÜ 
Q 

< 
O 

Lü 
> 

"fc*,?,^--«"" 

—9 

—C 

-a 

-« 

Plate 58. 

22 February 1968 



•IX.    "t    ill      f       "«1-0^ 
*WMi| 

f 



74 

■Ha Qd . 1 .*T ,um 

»Ä'-ii-in»"'     "fia o? 

8 

1 

-s» 

J 

-1 

-Ä 

S    3 

Plate 59. 

23 February 1968 



a-flC-.-'iirHi ^^5 

- »nx. "'WA*.««* '■■- 

T 



75 

ro« «nmni 

> 
•- 31 

i 

! i 
,8 » i a | 

8 

5 

O 

. i 
•  o 
1    00 

< 
Q 

tr 
UJ 
Q 

< 
O 
1- 

> 

'^wiWjwifl 

SMjftaQ 

-s 

I 

1 

-» 

-n 

Plate 60. 

2U February 1968 



. 

it 
E°a> 

° 9 «A 
C 

Oj    in   o 

*     O  < a. 
lag 
5 5 > 

ZUHMUNIimi 

o 
l_    <u 

O   W £00 
— ,     oODS 
S  B &    H < o i   -t.: 

-    O t~ 

**   -Si UJ   in O 
LLl    x a 

a, CO c 
<.)   i   o 

I   ° 
. o 

«»  u o 
S  o-1 

o 
5 o _ i 

9,31 
0)    o * 

E  ? $   " i f I 
IIIJHI H < a ■ <« 

I 

8 

»-.X» -"^Ä'i,«^' 
Alp/SlU   | 



76 

nM NOIlMHl 

< 

ID 
ro 

=* 

a 

I 
I 
8 

LÜ 

ii 
00 g 

I'SIIIMS 
•e       a-ijr 

»RTi 

SMibao 

a 
tr 
o 

< o 
t- 

LÜ 
> 

-■ 

—a 

I 

S    ö 

Plate 61, 

12 March 1968 





77 

I 
™ 

I 

M 
! 

co 

«oft'üiiiMC ^rmVlmin1 

IMJ6«Q 

-« 

—£* 

'S     —oi 

-« 

—») 

Plate 62. 

13 March 1968 



• 

Aip/«UJ I «nafti HQWa* 

  



78 

R 
CM 
CM 

I 

i Q 

Ui 
Q 
Z 

< o 
I- 
cr 
UJ 
> 

jS'oNlNwS "^WIIMMP 
SNjft9Q 

Plate 63. 

W March 1968 



argygy!% om\m» mum 



79 

™ 

SmBmSf 

I 
x i 

o 

Q 
Z 

< 

Ui 
> 

—• 

—Ci 

I 

5- 

^^SgiiiiiiiiillggisiSümili 

-« 

—« 

•MJftaa 
K     a.     u 
K     w     a. g   s 

Plate 64. 

15 March 1968 



o 
If) 

M 

5 
< 
IT 

O 
2 
O n    *fHl!.      .........  ........ .....    1...   ...^ 

€* ■yr       Mtif       ■(.»       «fir      ■■»       M IU       mmt       a «A.       n W 
it^^L. *—*—*—*—*—♦:=-"*—•—• ^   r    —•—•—P 

mm ■ * z 

• «r   ■tu aiViun-Ä-if-^a 

r 



80 

< o 

Lü 
Q 

< 

CC 
UJ 
> 

SMJbSQ 

—SB 

e     —* 

-« 

—n 

Plate 65. 

16 March 1968 



4 
i 

81 

7. AVAILABILITY STATEMENT 

The data from which the bearing and deviation plots have been made 

is available in tabular and punched card format for a nominal charge. 

Each point of data includes the following information: 

1) Date 

2) Time 

3) Average bearing (average of eight successive scans) 

*+) Standard deviation for the group of eight 

Vertical incidence ionogram data for the Jacksonville station, 

vertical incidence ionogram data for the receiving endpoint and oblique 

ionosonde data for the path are available for a nominal charge. 

All of the above data are available from the Radiolocation Research 

Laboratory. 

Data for the other vertical incidence ionosondes may be obtained 

from the Data Center at ESSA, Boulder, Colorado. 
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