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INTRODUCTION

Raven Industries was given the task of flight testing ten
command receiversgyydesigned by Dr. Williamson of the University
of California at égn Diego as part of Contract N00014-75-C-1063,
Amendment No. 1. YThese tests were to consist of bench tests,
simulated flight tests in the Raven altitude chamber, and three
flight tests under actual conditions. Ten command receivers
were supplied by Dr. Willicmson for these tests. 1In addition,
Dr. Williamson supplied a ground station for sending the term-
ination commands. Additionally, a prototype digital ranging
generator and readout were provided for the last flight of the
series.

One unit was flown as a hitch-hike on the University of Wyoming
flight No. 1389. This unit operated properly during the short
daytime flight. The flight was terminated early due to failure.
cf the prime experiment.

Three units were flown on Flight 1390. This was primarily a
night time flight to determine cold effects on the command
receivers. Ore unit failed to complete a command cycle due to
temperature effects on the decoder circuit. The other units
operated properly throughout the flight. Another was flown on
Flight 1389 and two additional receivers were flown on Flight
1391. These latter units provided flight data in direct sun-
light. Flight 1391 used to demonstrate the digital range
read-out system developed by Dr. Williamson. The receivers
and ranging system performed perfectly throughout the flight.

The audio retransmission was monitored periodically throughout
all of the flights with no intermodulation being noted.

The original data transcribed in this report is on file at
Raven Industries, Inc.

PREFLIGHT TESTS SRR

Ten command receivers were received on March 30, 1976 from
Lark Engineering. .The command system was simultaneously
received from Dr. Williamson. Bench checks were completed

in April and the units scheduled into the altitude chamber

for the first week of May. Data for each unit is contained

in the tabulation. Three units were not operating properly
when received and were returned to Dr. Williamson. One unit
failed during bench testing. .The other six units satisfactor-
ily completed preliminary tests and were readied for flight
testing.

Tables 1 thru 10 contain bench test data for the units. !

,74-.'
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FLIGHT TESTING

3.1 Flight 1389

Flight 1389 was a flight for the University of Wyoming. Com-
mand receiver, S/N 76-002, was flown as an add-on experiment

on this flight. The flight was launched at 1110Z on 27 June
1976. Tests were conducted throughout the flight to verify
receipt of the terminate command and to check the ranging
capability of the receiver. The method described by Dr. William-
son of observing the time delay of the round trip of the trans-
mitted square wave was used. Table 11 shows the comparison of
ranging in this fashion and the Raven ranging system. It should
be remembered that the sweep timing on an oscilloscope is + 5%
and a combination of trace jitter and operator judgement will
introduce additional errors. With these considerations, the
Williamson receiver shows good correlation with the Raven
system.

Graph #1 shows the temperature profile seen by the receiver
on this flight. Due to failure of the primary scientific
experiment, the flight was terminated at 17062.

Based on a preliminary examination of the data from this flight
it was decided to fly the next group of receivers as a night
flight to observe the effects of cold temperatures on the re-
ceivers. ;

One anomaly was noted on the flight line during launch prep-
aration: the command receiver would issue a squib fire command
if the Raven walkie-talkies were used in close proximity to

the test receiver.

3.2 Flight 1390

Flight 1390 was launched at 02512 on 7 July 1976 at Sioux Falls,
South Dakota. The flight was flown specifically to test three
Williamson command receivers, Serial Numbers 76-006, 76-007,

and 76-008. Due to upper wind considerations a float altitude
of 84,000 feet was chosen as most desirable. A Raven 100,000
ft3 balloon was used for the flight.

At approximately 08302, receiver 76-008 . ..led to accept the
terminate command from the automatic command unit. No attempt
was made to use a signal generator to sweep outside the fre-
quency range of the automatic command unit. The temperature
inside the command receiver was approximately -28°C at this
time. At 14302 the temperature was up to -25°C and the unit
would accept a terminate command. The unit continued to operate
properly throughout the remainder of the flight.
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Units 76-006 and 76-007 operated properly throughout the flight.
Table 12 shows the correlation of range data from the Williamson
receivers with the Raven range data. The range on this flight
was determined by observing the delay time on the oscilloscope.

Graphs 2, 3, & 4 show the temperature vs. time curve for these
receivers.

3.3 Flight 1391

Flight 1391 was delayed for approximately two weeks to allow
Dr. Williamson to complete his prototype digital range readout.
Dr. Williamson arrived in Sioux Falls on Wednesday, July 28.
The digital readout system was installed and checked out on
July 28 and 29. Surface wind conditions were such that the
flight was launched on the morning of July 30. The command
and ranging system operated properly and the digital system
produced a readout within + 5 nautical miles of the Raven
system throughout the flight. Receivers 76-002 (a reflight

as previously flown on 1389), 76-009 and 76-010 were flown on
this flight. The flight was terminated at 2100Z due to weather
build-up in the downrange recovery area.

The flight was a complete success and proved the capability

of the digital readout system when returned on an IRIG channel
"E" VCO. The command and range data do not require a wide

band system but can be time-shared by a multiplex system. This
flight also tested the portable command system developed by

Dr. Williamson. This unit consisted of a small battery powered
sweep oscillator operating into a General Electric "PE" series
Handi-Talkie. The total output power of the Handi-Talkie was
five watts. The unit successfully commanded the receiver when
the balloon was down to an altitude of 45,000 feet at a range
of 100 nautical miles.

Table 13 shows the correlation of range as read by the William-
son system and the Raven TRAC system. As can be seen, range
data agreed within + .§ nautical miles in most cases. The data
on receiver Serial No. 76-002 reflects the noise and jitter
problems inherent in attempting to bring the range data back on
a 40 KHZ + 7.5% deviation VCO. The lower frequency VCO cannot
provide sufficient bandwidth to operate the ranging system with
the present signal to noise ratio. Conversations with Dr. Will-
iamson has indicated he will change the op amp gain in his re-
transmission isolator from 1 to 9. This should improve the

S/N ratio and allow operation on a mid-frequency VCO.

Graphs 5 & 6 show the temperatures recorded in the receivers
during the flight. Receiver S/N 76-009 is not represented

since a conversion constant from voltage to temperature is un-
available for this receiver. It should be noted that receciver
S/N 76-002 was wrapped differently than the others flown on this
flight. The mylar supplied by Dr. Williamson was covered with
Raven furnished mylar. The other two units had only Raven
furnished mylar. The Williamson mylar had aluminum foil on both
sides while the Raven furnished had mylar only on the outside.

A ————co— b
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CONCLUSIONS & RECOMMENDATIONS

4.1 Conclusions

The Williamson receivers exhibited a 40% failure rate during
bench and lab tests. This is probably due to two factors:

(1) these were the first units built by this manufacturer and
a learning curve is involved; and (2) the units probably were
not aged to catch infant mortality. Since all of the units
passed the manufacturer's acceptance testing the aging factor
seems most probable.

One unit had an apparent failure during the flight which was
due to temperature. No tests were conducted by Raven to
determine what components were drifting or changing, however,
some data which will help localize the problem is available:

(a) The command receiver was operating throughout the flight
as demonstrated by the fact that ranging was operable.

(b) The L144AP quad op~-amp IC was operating since it is used
to isolate the audio (ranging) signal from the phase
lock-loop (PLL) used for the command circuit.

(c) The unit returned to an operable condition as it warmed up.

(d) No attempt was made to command the unit by sweeping over a
wider range than provided by the automatic unit.

The other five units, Serial Nos. 76-002, 76-006, 76-007, 76-010,
and 76-011 all operated properly and indicated that they would
continue to do so to the radio horizon. The oscilloscope method
of ranging demonstrated a capability of indicating range of the
balloon within + 5 miles with a minimum of special equipment

but does require a technician with an adequate background in

oscilloscope techniques.

The automatic digital readout provided an accuracy of + 5
nautical miles and could be operated by a minimally trained
person. The basic investment in equipment would be more than
off-set by this ease of operation. The capability of + 0.5
nautical mile accuracy will probably be realized by the change in
gain and S/N ratio improvement previously discussed.

These units were intended to be a low-cost means of determining
control command. The six units flown by Raven on Flights 1389,
1390, and 1391 demonstrated this capability. No intermodulation
from ground stations were noted, however, the flights all took
place over sparsely populated areas with few radio and T.V
stations.
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4.2 Recommendations

The tests conducted by Raven prompted several recommendations
involving safety of personnel on the flight line and operability
of the receivers. These are discussed individually in the l
following paragraphs.

4.2.1 Flight Line Safety

It was discovered during the tests that the 100 watt GE command
transmitter would trigger any command receiver regardless of

the frequency of the receiver if it was within close proximity
of the unit. Also, the two watt and five watt Handi-Talkie's
used by Raven on 149.4 MHz would fire any of the units when

used for communication on the flight line. This could result

in a flight-line termination during the launch procedure.

Either a complete radio silence during launch must be maintained
or a means of desensitizing or by-passing the critical components
(receiver front end, PLL, SCR's) must be found. The danger to
personnel in event of a flight line abort requires a solution

to this problem.

4.2.2 Command Receiver Bandwidth

The problem demonstrated by Serial No. 76-008 can probably

best be solved by either of two solutions. The compecnents of
the PLL frequency determining network can be replaced with less
temperature sensitive components and a thermistor inserted to
stabalize the circuit or the sweep range of the ground station
can be broadened. The first sclution appreciably increases

the cost of each individual receiver which is undesirable in
this case. The second solution has an initial cost for com-~
ponents and testing but no follow-on costs.

4.2.3 Component Burn-In Prior to Acceptance Test

s
The failure of four out of ten units received by Raven from
Lark Electronics indicates that a multi-hour burn-in of each
unit prior to final acceptance testing is required. The exact
duration of this burn-in and any off-on cycling required was
not within the scope of the Raven contract, therefore, no
exact recommendations can be given at this time.

4.2.4 Command Transmitter Power Supply

The lead-acid Gel-Cell supplied by Dr. Williamson for powering
the command transmitter was not adequate for operating the system
for bench tests or for ranging and commanding a flight of 18-20
hours without frequent recharging. To avoid confusion and
possible error during a flight, the battery should be used only
for emergency or portable operation in a tracking aircraft.

A laboratory supply capable of 30 amp output and a reasonable
regulation should be used for all base-station operations.




—

ol e e

4.2.5 Ranging & Retransmission

To provide good ranging capability as well as a voice
retransmission capability, the VCO or multiplex capability

provided in the transmitter on the flight package must have
a pass-band of at least 2 KHz.
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- WILLIAMSON COMMAND RECEIVER

TABLE 1

DATA

Serial No. __76-001

Center Frequency
Sensitivity With Filter
Sensiﬁivity w/o Filter
Temperature Voltage
Audio Voltage

Battery Voltage

Squib Voltage

Current

Audio P-P (5 KHz.dev)

Squib Delay (sec)

Tested By: HL

3/31/76

Date:

COMMENTS :

TEST DATA

___BENCH
NA

NA

CHAMBER

Simulated
Solar Load

=85°C Cold

———

Unit had low voltages on_ the temperature and audio _lines

indicating a failure of the internal voltage reqgulator.

No_further _

tests were conducted.

Unit was returned to Dr. Williamson.

ST, |
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TABLE 2

: WILLIAMSON COMMAND RECEIVER DATA

Serial No. _76-002

CIIAMBER
Simulated

___BENCH _ Solar Load  =55°C Cold
Center Frequency : 138.5391 138.541 138.542
Sensitivity With Filter 0.4uv D 25uye 0.4uv__
Sensitivity w/o Filter 0.4uv 2 NA e NA
Temperature Voltage 4.69 3298 .. 1.82
Audio Voltage 2.37 o e e L AR A 7 A
Battery Voltage $.16 4.08 . 5. SN
Squib Voltage D O coatbd 0B L O
Current NA 19 Ma - T e T S
Audio P-P (5 KHz dev) oL NA .9 ) S
Squib Delay (Sec) 28 y e B TR
Tested By: EE CE CE

Date: 4/21/76 6/28/76 6/28/76

COMMENTS: Unit appears good. Will replace outside foil per telecon

with Dr. Williamson. Fly as add-on flight 1389. 2, ENGER

— e e A R T —— . . ———— . 7 o7 o e e o o
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Serial No.

TABLE _3

WILLTAMSON COMMAND RECEIVER DATA

~28=003

Center Frequency

Sensitivity With Filter

Sensitivity w/o Filter

Temperature Voltage

Audio Voltage

Battery Voltage

Sguib Voltage

Current

Audio P-P (5 KHz dev)

Squib Delay (Sec)

Tested By:

Date:

COMMENTS @

EE

4/21/76

TEST DATA

BENCH
138.8387

0.3uv

0.3uv

4.65
2:22
A T
12.6

NA

e S
25

CHAMBER

Simulated
Solar Load

After three hour cold socak squib fired without command and

would remain in fired condition at turn-on

even after return to room

temperature.

No further tests were conducted.

Dr. Williamson for gzgluation.

Unit was returned to
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TABLE 4

WILLIAMSON COMMAND RECEIVER DATA

Serial No. _76-005

Center Frequency - MHZ
Sensitivity With Filter
Sensitivity w/o Filter
Temperature Voltage
Audio Voltage

Battery Voltage

Sguib Voltage

current

Audio P-P (5 KHz dev)

Squib Delay (Sec)

Tested By: EE

Date: 4/21/176

TEST DATA

___BENCH _
138.5362
1.0uv
1.0uv
4.81
2.47
4.15
2125
NA

NA

NA

AL CHAMBER
Simulated
Solar Load

=55°C Cold

COMMENTS: Receivex sensitivity was twice the vendor (Plectron)

specification value of 0.5uv max.

No_ further tests were conducted.

Unit was returned to Dr. Williamson for evaluation.




TABLE _ 5

- WILLIAMSON COMMAND RECEIVER DATA

Serial No. _ 76-006

TEST_DATA
CHAMBER
Simulated
BENCH Solar lLoad =55 ¢ Cold
Center Frequency 138.838 138.840 ~138.840
Sensitivity With Filter 0. 42uv 0.25uv 0.3uv
Sensitivity w/o Filter 0.4uv NA TN, | - A
Temperature Voltage 4.89 RS0 - 1.68
Audio Voltage 2.29 2+38 . 2:35
Battery Voltage 4.18 4.10 e, i b
Squib Voltage 12.6 12.38 A Do i
Current NE 20 ma 20 ma
Audio P-P (5 KHz dev) NA e A ) e e
Squib Delay (Sec) 18 i e s R A T R

Tested By: EE

Date: 4/21/76

COMMENTS: __ unit flown on Flight 1390
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TABLE _ 6

- WILLIAMSON COMMAND RECEIVER DATA

Serial No. _76-007

Center I'requency
Sensitivity With Filter
Sensitivity w/o Filter
Temperature Voltage
Audio Voltage

Battery Voltage

Squib Voltage

Current

Audio P-P (5 KHz dev)

Squib Delay (Sec)

Tested By:

—— e e e e

Date:

COMMENTS: _Unit flown on Flight 1390

TEST DATA

____BENCH

138.5396

0.35uv
0.4uv
4.87
2.45
e, T
12.57
NA

NA

20

HL

3/30/76

CHAMRER

Simulated

Solar Load ~85°C. Cold
1385.540 138.540
NA NA
0.1l8uv 0.2av
BT 1.45
2.43 2.38
G et
12.03 11.48
20 MA 20 MA
1.1V - ¥, el
18 R
CE CE
6/29/76 6/29/76

—— e 2 o e e i
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Serial No.

___BENCH
Center Frequency 138.5391
Sensitivity With Filterx NA

Sensitivity w/o Filter

Temperature Voltage 4.98
Audio Voltage 2.54
Battery Voltage 4.18
Squib Voltage _ 12,6 .
Current SRR, . 7
Audio P-P (5 KHz dev) IS NA
Squib Delay (Sec) 18

Tested By:

Date:

COMMENTS @

TABLE 7

~ WILLIAMSON COMMAND RECEIVER DATA

76-008

TEST DATA

EE

4/21/76

Flown on Flight 1390

—_0.38uv

CHAMBER

Simulated
Solar Load

=55°C Cold

138.540 138.540
NA NA
.18uv .2uv__
373 1.45
Ty 2.38
4.00 3.81
12.03 11.48 _
20 MA 20 MA
1.2 2l
18 T e
CE CE
6/30/76 6/30/76
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TABLE 8

DATA

" WILLIAMSON COMMAND RECLIVER

Serial No. _76-009

TEST DATA

CHAMBER
Simulated

BENCH ~Solar Load ~-55°C cold
Center Frequency 138.837 138.841 138.842
Sensitivity With Filter NA
Sensitivity w/o Filter 0.35uv .18uv S e NS
Temperature Voltage 5.0 3:83% s 30
Audio Voltage 2.50 2.47 o 2.44
Battery Voltage 3.96 4.12 4.08
Squib Voltage 11.94 DI T 12.40
Current 20 MA 18 Ma 18 MA
Audio P-P (5 KHz dev) 1.1 1.0 LRl oo
Squib Delay (Sec) 21 S ey 1 W)
Tested By: CE CE CE

Date: 6/11/76 7/9/76 7/9/76

COMMENTS : Flown on Flight 1391




~ WILLIAMSON COMMAND RECEIVER

TABLE 9

DATA

Serial No. _ 76-010

Center Frequency
Sensitivity With Filter
Sensitivity w/o Filter
Temperature Voltage
Audio Voltage

Battery Voltage

Squib Voltage

Current

Audio P-P (5 KHz dev)

Squib Delay (Sec)

Tested By: _ EE

TEST _DATA

___BENCH
138.5384

0.38uv

0.38uv

§.93

2.45
.30
12.6

CHAMBER

Simulated
~Solar TLoad

~55°C Cold

138.540 138.540
.3uv . 3uv
. 3uv . 3uv
o S LS 5 e
i 1 2.39
4.08 3.90
12.20 11.60
15 MA 15 MA
ST IR Ry AN
19 18

——

Date: 4/21/76
COMMENTS: _Unit was flown on Flight 1391

e e ——
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WILLIAMSON COMMAND RECEIVER

TABLE 10

DATA

Serial No. _76-011

Center Frequency
Sensitivity With Filter
Sensitivity w/o Filter
Temperature Voltage
Audio Voltage

Battery Voltage

Squib Voltage

Current

Audio P-P (5 KHz dev)

Squib Delay (Sec)

Tested By: EE

TEST DATA

BENCH

138.533
PSRRI

—0.4uv

4.66

2.30

CHAMBER

Simulated
Solar Load

-55°C

Cold

Date: __ 4/21/76
COMMENTS : Squib delay was greater than the 30 sec specified by Dr.
Williamson. Unit was returned to Dr. Williamson for evaluation. No

further tests were conducted.

e




TABLE 11

Flight test range and command check data

Flight 1389 Williamson Command Receiver

SLANT RANGE (NAUTICAL MILES)

Squib

Time 8 Williamson Raven Delay Time
1110 5 5 29 sec
1130 11 10

1200 33 37

1230 NA 45 29 sec
1300 NA 37

1330 33 28 25 sec
1400 33 28 29 sec
1430 60 54 29 sec
1500 77 78 29 sec
1530 100 103 30 sec
1600 126 122 29 sec

Due to problems in the scientific package and orepa-
rations to terminate the flight, no further ranging
and commands we:re transmitted on this flight.




e

TIME
0251
0300
0330
0400
0430
0500
0530
0600
0630
0700
0730
0800
0830
0900
0930
1000
1030
1100
1130
1200
1230
1300
1330
1400
1430
1500
1508

TABLE 12 - DATA

RAVEN -006

RANGE RANGE  TEMP RANG;007TEMP
5 5 4.85 5 4.85
NA 4.85 NA 4.85

NA  4.75 A 412

26 25 4.4 25 4.42
24 27 4.1 27 4.05
25 26 3.8 26 3.8
30 32 3.55 33 3.5
36 35 5.3 35 S
52 55 3.05 55 2.9
55 85 2.65 57 2.7
64 60 2.65 60 2.5

N O DATA

74 76 2.45 77 2.3
80 85 1.95 85 1.85
83 85 1.75 85 1.3
91 85 1.55 90 1.5
93 90 1.45 95 1.4
98 100 1.35 95 1.3
108 105 1.35 110 I8
NA 1.55 NA 1.35

112 115 1.8 115 . 1.65
NA 2.05 NA 1.90

126 - A8 2.3 120 2.2
129 125 L 130 2.3
135 135 2.65 135 2.4

142 150 2.75 145 2.55

TERMINATE

FLIGHT

~008
RANGE TEMP
5 4.95
NA 4.95
NA 4.85
17 4.6
27 4.25
26 4.0
32 3.7
33 3.45
56 3.2
58 2.9
60 2.8
77 2.55
85 2.10
85 1.85
95 1.70
95 1.55
90 1.45
110 1.45
NA 1.7
115 1.95
NA 2.15
120 2.35
125 2.6
135 2.8
142 3.0
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TIME

1129
1200
1230
1300
1330
1400
1430
1500
1530
1600
1630
1700
1730
1800
1830
1900
1930
2000
2030

2100

2115
2130

2140

TABLE 13 - DATA

RAVEN -002
RANGE .RANGE __ TEMP
5 5 4.7
12 4.6
31 4.45
31 4.45
30 4.1
26 ° 4.1
)
20 3 4.2
19 g 4.25
wn
22 8 4.25
25 3 4.3
(a]
29 0 4.3
—~
Ci
34 L 4.3
.:.; f
40 4.25
z
48 ) 4.2
0O
b4
58 3 £.3
s}
67 g 4,3
72 b 4.25
s}
]
82 g 4.25
e}
87 2 4.25
93 4.25
TERMINATION @
90 4.2
40K FT
NA 3.9
15K FT
NA 3.9
10K FT

-010
RANGE TEMP
5 4.95
16 4.85
31 4.85
30 4.7
27 4.3
22 4.3
21 4.3
NA 4.3
23 4.3
NA 4.25
33 4.25
NA 4.3
NA 4.3
NA 4.3
60 4.25
68 4.25
74 4.3
84 4.3
88 4.3
94 4,25
21002
93 4.2
3.9
3.9

-009
RANGE TEMP
5 4.8
14 4.7
31 4.7
30 4.5
30 4.1
NA 4.05
NA 3.95
NA 3.90
23 3.90
NA 3.80
29 3.70
NA 3.70
NA 3.85
NA 3.9
60 3.9
68 3.85
78 3.85
NA 3.90
NA 3.90
NA 3.90
NA 3.8
3.5
3.9




’lCKl SON

FARGO r)
° ¢
- £ 9 60 '
] ‘0,20 s " FERGUS FALLS ‘o
l v/
z' % ai e —+}
e e R o ‘;qlt. i :*:_“i—rr:#:*:%n; G, N
T $0. DAK ST CLOUD
T ABE RDEEN
* & V)
-’

WATERTOWN

PIERRE

HURON

v/

MINNEAPOLIS

A"

ROCMESTE

o»«{»»ﬁ-r-} s gt aas

| uuum;r};".'F”n <2 g isoo SIOUX F
T 1707
e
LT .. arly
I FORT DODGE .
-?0- —
+ L i
t 1 i b ol S
4 WF RS R TR S T R ,,I.F__*_f_.pH =ttt e T i P
T ';*er.* SRR P e l . i ‘ DES MOINES
] FLT 1389 I v
—+-
% NORTHM PLATTE UN'V. o' s !
niR WYOMING
i LINCOLN 1
i) 26 JUNE 76 PR b AR
-

[ ii—s-«—l—l_\_L\.A-_J_A.-A_L-L.L_LmJ_A_J-'—J——'—.LJ—‘-—‘J-"-'-""_"'
KAN.
1 )
:" ?
I .
H
|
ls
i < %

- —— -

I

——-—-l-—l—“"""‘L“"“J

JEFFE
car

_,__L_a—J..l-—l——-‘-——

et

TOPEKA

ciry




Thee

4da4
beea

+

+

1
te

]
s

4

RNl R

Tt
44
e

R
—-os
bort

113

P Ra e as SR

+

(o

bt

sns

s
444
jons
tSa st

T

[ R R




Oy o T SR R e e
18844 e
b1 i T =
* T +- + Rt
- [N R AR -
sos p | Emaa
o8 & R
4 coe . . v
! i o R
~ - —
: = 1 ;
14 3 314 14
. 8841 b e e :
1 -
43¢ 3 o o 5 8 3
P o s ad
PEEES et viosi o i s s
} e
t -
oy b 4
- :
8 e ik 1Hs
o n B ma s
Tt
T -
= 7 = s
HEEE EEEIi
. ye - -
‘ $ < 4
EEEEE st IR iy §
== a5 mm Baae) et e &0
SO0 S 6 BRGNS BSOS s P31 0T SISO MRp: hees
S EES S brE
= GBS ey e b
B B @88 Ba8E1 §pray ees v oy VLD,
S SRees St B e T
IRERRRStI IRNE = - eqres see s
S s :
4+ 44 iy e
-
et B OEs SREd DITEE s0Et: tis = ERad b
eash: il
(g e : o
P LB s e forad -
= e

.

3588585
A

I -4 ¢
[2ERE St 11 T
§888: cpans 14 hd ¢ 43
et —— et 4+
O SR 4+
s 45 31—
1 s s
-~ v
~F4+1
P
‘e
-
s e

oy B¢ B9 3

At S o .
B ISR 4 3
8 £




e B

- ~0—‘H—f—-+_+_*__+__*‘

b o
t
N

+_ o

Ly «i-+—+++—+-*—o-<— s T,—Hﬁ—'«" e ++—

|
|

NORT M PLATTE

AV
I
lf
s L—Ld—&:_th‘_L~

;]
I

|

|

S e-,

- —— - ——

|
lTO
4 - ST | 1
-'——L-Ll—{_.

i
%

%0

FARGO

90

FERGUS FPALLS

-+
+
-

NO. DAk

80. DAK

ABERDEEN

\VJ

- — - —

== 14301330 123)
IMPACT

FLT 1390

WILLIAMSON -
ONR

7 JULY 76

"‘“?I—-l.l_hj_l_‘_

v

v‘__q-J.r‘.1 +—+

: ] MINNEAPOLIS
WATERTOWN ! e \v)
¥
g
MARSMALL
HURON l 'S
\v/ o/
1‘ i T l ROCHESTE
L4 [ R e ™ +
"""“"*‘*‘+’*"*lr" %].‘1 Aels; 21 | { —i {

MITCHELL

%

' * fTF'v

SIOUX FALLS MIEN_ S et
£ ® 10WA
FORT DODGE "‘"';
b g b 4 | +—
s o % 4 ) lr ——1 ot { 1
it OES MOINES
- v
OMANA T
\v)
—
LINCOLN
J
7 _-_——db-——'——--—
o AT MISSOUR!
1 a A_I—J__J_.L—‘-—-.-—l
—HJ-‘-—I-'—L—'-'—A—Li
KAN.
A% , cITy W/L
i ] | JEFFE)
i ar
L]
e T e




——— l -} B e 1 b i
! { ! 3 | e -
{ | | ] i } i
| ! { | ! s
e s B G 4 - :
22231 i ﬂ ” n =Ea ' ”
e et et [ Soees Sosst raest ioimey 4t * [ RESEl BEE 2 FEE R RT3 B AT
SRR b “ i ! ! | i mr
h! 8! ‘ i } 1 { ! f
| { | { 13
T30 Skl Rt LN RSNl It ST BT IS i s !
1 ‘, | = B
0. 3 | -4 + - ——— — ~+
i i = : ol
: t t 2 EEEE] SII3E RPN B M S S REREE (HPRE PO TS S e S St S ;£ 1 1 et
| i 291 4 3 f : i
R e S B T T B s . i . ~+
l ! t it : 4
e et R £ e e e B e o : i 5 e
Pt ! t ! f = i
=l { { st jsatd { ¢
] 1 ¢ 1 1 1
] ! i ! i f 383] ERaws e s
t i e ! | : - | :
e (52 semy E33 SSE82 ESCR hoad R s ; B _.x+w%.1L
} i 1 + i i
(Toaspioessoeas ttrit . t , r e
Sests . { i ! i Hehp
e o s = Seu@le sz daheneakl (2503150t E s 2531 [rome =5 13 eas thidiiovai Bumh irdwnr ¢ o :
S | HHH = Ve BT FREH g
Ea ’ “ | it ! =
ngha i i 8 gased tagst i — e %% b
AR E R S Sy 68 BES luens tUn S prRwE SR L o e L R EaE Shds hOSSS Mok Nt s — i wn :
Hit fhass Preeidii : b= = 53 e
friter ! 1 ] | {
:
SRR ¢ | =2
+ + { + } { ¥ X4 | { ! 4 3 8 | :
ST (ST ERE shee) pia cra ossctse: SN | SSSE EEECIatel fove: o Bews: BEEN b L = BEERS eas oo ‘ :
et ! g bl 1 ! 1 {
B q 1 { v w ! e = |
e e S e Eii St et S P B : - :
g Sagss foge , 11 M i =3
. 3 + 3 1 T T 33 =
s ] ! } e2ls i i o A
s el B it penEE R SRR Eas SHoi s8S5% sid e 405 o 3 = mieas Baut b
” { | ! 35 - : :

L

\
SN e

+

i
!
+
|
1
|
1
)
|
|

-—
'
!
‘

o-»—?—.‘»- -Ar» - .
|

15300

SYVEITIUW NI 3¥NSSI¥d

TIME (G.M. T.)

0600

500

0

1400




FLIGHT NO. 1:90

DATE:

N

FOR:
BALL

TYPE
VoL: ¢
MATL:
WT:

LOAD FACTORS

PAYLOAD:

GROSS LD.
FREE LIFT:
BALLAST.

S, 1NC.

dust%o

RIA|VIE[N

in

i s
inazaaessasana: PP
S3us: _ )
+ 1 V
+ . rl.\
“ | -t
Ewsasuns I wawme
..... 3 REass
...", T o
ISV | —
> g
isdad smand so |oft4+.
: :
ety
fert
= iaadd
wape e
ﬁn ! =
! 5
| sl
IANSU ik e D1
it |
}
{ i
} }
IRk SORSE 5 2aaas i)
S3a tagas 233es 3 O
S puess ] BED MRS - N
{ { e
..... 3 4 M ns thEas ool IRERG = % sadas ot
_ |
{
7 t
i { { 13
eldiasisles =S o S nwmand hanadidy il
e =t t
! ! | -
4 + 1
it 5] 33 (6 A =
Hrreber HERE ERERSEIRS: RISHINEA LN
! LTELLS g i
| | g
1 1 : -
H 1 « i e “ o
el e B e Eaest B e e e e S 228l i aZEE :
| | ! bt o o i3 { it :
{ { 3 |
s o w e
i } ' 1 t ”
Ea2at Semas ELs 4 520 A it ¥ e e e FTet i I e Snst :
bt i { ! 3 ; i 3
! TS RIRIEAN NI RTERD’ 351 WA TIT! SRS : : , ; e
1 t : : pgos . ~
}aizit ] 4 i “ | | i : B
3o e n e W foteisitss i e o o ST SR e I e
120521 | A | { } { _ ~
P isaaeitiad RESER SRS | _ ! !
§ i ————— e e Poed 11_4 e i e S ’ ' 1 -+
' | it ) B | BERG) IR S 1 ] it i | IM

COIN0T AHAMO THIRR JU I8 OWAGHATE




o—L.Q-&-.A.A.-A—.LA.n_Lm_‘_._‘-'_‘_

o
“QA
3
¥R
WAL
% R ST
s t, § "ib: }.t Y :
“w ¥ p ‘?l
o Loy ¥ ks

-t s J..A...i..'u..am

KAN.

btnd b i
+ ¥

—t]

FARGO
° s 9%. *O r/g
':nvtn FALLS D |
No' LAALl_gl + " AALAI]AAlAA‘ ‘¢A|A W -+
= o g 4 e +—+ PRy, + u
"%0. DAK ey Ve |
+ ST CLOUD
ABE ROEE
- o
' : MINNEAPOLIS
WATERTOWN I v
\v i [
HURON MARSMALL
A\
b ! o
| r' ¢ | L Vo
+—4 : ¢—+ ;‘ + ey 1_4 sy SN 4 P | +—t —+ ‘ =t L N +
N ! At 0B, ey
Q SIOUX FALL by
MINN s e e
TERMINATED o~ cmmigm, -.— - -—'-o-'r -
FORY DODGE """'
$md 3 " i 2 A % | 'LL
"Tr"]l”#' +—7% i#:{: ¢+}':%: -t =1 1
FLT 1391 K ord Sembs
NORTH PLATTE 'w'LLlAMSON-’ OMANA
ONR
LINCOLN
30 JULY 76 3

e - — - cm— - —

MISSOUR!

|
y .

“
e
‘hAxl..!

. |




v v Y $ i 1 o o o EHERE 53 HE 1HI 4
wwn 1 t ! } t i ! o S =
s Haad iy _ i w B gss: 1 s

1 t T : I { ~
 SReey | } 4 i { { | [
I:..:L*!..! Yol ios ot abaws resdh bosss cmis ik ik ik SRads RESS =z
et pird : { =
" { b H $ ? | ~
SeEa Saess! ! |
enomy : 1
‘ ! 4 ]
 wuad ! ! !
! , ! }
B et e e e e e SESEIITIsaIRIsp IRt it LT sigariiyeiis
. 3 vods |
: 3 T ! o T
! 3 { e & 154
i & % s3ann hgazs } Ji:
R e S e S e N e - P -
oy o 3 i 4 { ! 1 :
} Sawat bangy i ”
1 : 3 T T ' b -
} { ! ! P sa. i _ i —
e e e e R e Ewd SRa20 2343 rails 10030 10
! i i | i
R ! ! ! 1 T T
{ | { m 1 { 3 |
(SEET SETES SHUES SSONS SESES | -1»‘14L!..L st e 08 SSS84 FRES1 o4 16001 HHBES HBBa
S Jitt 8! 1155 B8
+ 4 + \ 4
b i } i
; iamal i 3+ { 11 ! -
DT SR R 2 IRSEIEIRII20N ISNA UUN SO SO EAERE N
AaeRs ! | !
: ! { { ~ {
) ' 1 14 + + { i
SSaut! 1 ! bl i
! ! Syess ! | i
TEER LS RS R athus ;1SS E3SER 21 CE Ak R
i } | |
E 3 { ! 3 | i |
. - —
1 apeey: 1 !
! i ! =
seoes: Aeaxs vemes 1
STUS SETRS TERSS CAPYE THSES SELES TERRS Sewns . - 93 SN BHGES TRBE
i } e | !
Ehatd Pl |
1 4 i M 1 1 1
EREZachEs sa Rl TE2a ISIN A2L 0! ST = 225 SIRINIEIY ::ﬁ.xr.y.:r.-t
 sogme ? 3 1 .
E =3 , i { ! =
b i | i i
3 4 3 i Ji i
: + { } | ! -
mess I IECSL NS jooped & FaeE #3848 el ool 19l 21
b=t { el ” i
H §3 54 4
1 ! | 1
ol b Sblibe S FEESE i - b &8 s B  iSAae badel r=ddi -
) ' ! . “ .
i i ! i
: : | | i ] !
SRTIIBRSRARRIS 33N 25hs T AR AL !
HEEE = | u ] :
. ‘ 4 i 3 i 13 ; H - s
AR NI A S ESE SRRt Rk G R 1 i i 1 R : $
Tepraenes ! T 1y s s = T = G@mey panoy rhses cat
| ‘ 4 4 +
1
3 ! {
Er % SR AR |
: R es
i ! i !
SIS 3 222
Sy eaaes tees wmmas raz e
4.!....4-.. et e *» x
gy : :
£t et

SYVEITIIW NI 33NSSIAd




200)

<

¢

HHH : o~
Tazanns

)

T.

V..!Y.w.u. ]

ed30 125235523852

———gaaae.

TIME (G. M.




- IND - 3411
000Z 006T  008T 00LT - 009T 00ST 00¥%T 00€T 00ZT 00TT 0001

il

R R el SN et i i - i —— . -
L : I ST R H RBREE B B T OO 0 S 5 O R0 00 o o O B S S My e !t.rl.!rf*l
1 T | y | | i 3
: 4 { & o ol i 1s | L S U T S S8 505 95 6 WK DN IS IC RY R 1B W 25045 B R R U = 1 11774.1\
: . - 4 It ) 3 tod i : i 882 ..-..T..,).f.ax?l.

e Sl R VO W e B 5 q‘\#J.lt‘u*&'

i
FEEES AN NS 0 55 S e
s o - e

vl e e

ZOONS % £ . : A,:...H“

6RET ubYTL T LT e 6 TR A R D8 O 0 0 6 i
... .ﬁ* -qmm'}w e + - i o s e 22 e | : d A e e ..t...lt,~..1...0.. 0‘.-. e “
i . o—p—aod . e bt ot ! - e .o*f. ot I.1‘|Y:4L :
> - - T —— e e © e s e — ——— "vvlwx-v4|¢ | »

1
i
o
b

EFRSEEEAZEORE Eu

i

'

|

Tt
g:

|

i et o e "1'|0.->..svhlﬂi

5 .
b 3 $ 3 SR IR0 SO0 1. N 9 53 O Yxllblln!v emed
m = &2 5 o LY))L:':- ,fi.'."rlv#lrl F
i i : 6 s

- b - o 5% 5 4 134 00!-‘01101.0!?\,..14, 3 £
»¢ ‘ TS 4 e I r.‘:q.‘lllLle.l.I”?'o,&.o.L 5 i
—— ———— o — . . i

53

1
4

,L‘.,r.fv 45 (59 08 B8 A U TR 4

: ks JA.A:';lLo»..uw‘vA,l..olﬂL,)
S 00 S O S A r..Llﬁ

AL .x.‘.ontl ”:L ...._vn1:...'u.

e A

A o lrp..rl. e Tttt o T ~ .
H 3 R H 534 18 =
— - -~ - - o ——— o — .
3 t 3 3 ARERER M.ra._“ i ¥ ...~.PI<I.
- y ¥ L] T 1 . W
o S mapan - S T oz
Pt et 4l‘1.w19 h: *LxuthlwA w.Llcx. ,ﬂrl,.ﬁl_llitx.,..‘ ..-l.'l 4 g e .« »r1l.*l I!J. -~ 3 T .
ot o o = T o v o S A I AR i - 4;1‘ bigddd b la i ol d iy - il d
1.3 T e I ~,;..,F -t Tw'yl)*‘b U TR ~+L $3 : 2
el 99 S5 98-8 PR I (5 1 I : o B 3 l.wl;-l.\l S S o o
et ﬁA }_nl:.. R S T T+ :

IBREREREEEEFNSRAERES

.‘tl...l.»l,..
5 I A O by : B85 = ey B B8 ) SO L SR
? ¢ 52 ! £ e 51
.t L S
B !

i

'

Y gy e o i o 2 3.
¢ bl | '
{
i
)
:

iy £
4 .
b bt d Q...If!ffl{ [
SRS R &S S B B B BN 2B 15K R A e vi.L:Lrt:»: oot ke o - s
o A 0 80 4 ) ¢ v +
EBEE Vil 0 0 TPt ey -+
S - - . \'w.,\ . o — e e Il-» g -
b 9806 [ 55 28 g S 4 L.‘rb.r1p e ety Ld
1 T s .“ A _ Pl':rl.* e e ey 414 4 A
: i - i ; »74- S .‘1‘...4.{{.4 Ladod g ; -t Joosieion .!To
i e S e e f.......r..r.w...: P 15 e L1 38 Trx_:.l:r + RE Tﬁ 4 »TT,_.;_{ -t fr.T.JLJL..,;.l,; ,3..1»114 4.4 N
L ¢ i 21 Lt bt it .1 i { ;
o e e : ! b : - - -+
WU Wi 1 | K8 WG U 9 L «L.ch. i .. LR RS ~ .‘!W «L!!L. °
m. L3 i o A IRl ol B T o T S T U SR ...r..., ,.n. R O IT.L. i -
S SO TSR S ST B IR LS TR R A R Lt dtada il T S O S et i A e Eve - - A
X5 . RS o o B lLr..»rTa-»L..f b 714 * eIt A Pl - 0 .r.LlJ...* - u.
+ i < . L4 12 $ H aLl,v-..Q s T S R S e a et R L T J.l.JL?.»L.L..wI_ J LS
1 ' 2 ' 1 : ] i ' 4 |
4 : - L .t = 0 58 08 ..w M et S o LS o 2 o 2 et »
¢ - g S W PR - S < ‘.v,.,‘.—wr n';llM«ll..pvwl.»\ 5 o ate. = =
1y | + g ogah & & iy e 'IQ.» 4.1101 B T s m
i 3 &4 i e §ots ;.Iol.v..ulﬂu.c!.a&:».lr’u.;lrh'_ <
| SRS ENES R S WS S8 0 A, 5% 00 S S5 5% Y WACRE. S i s RT3 SR - 6?& :
: i ) B boea-d bl il ld sl fudid Sf.;th L :
! : 4 B b o priged Apacnee EL LG 2L £ 2 3 T L4 t
: { = 8 B
935 { i £ SR T 45 4 3% 5 S 5T 4.6703.1(7‘ Llﬂal.
H i b + e e e R et
§ 4 4 !v!..,w‘.l..”..v.mu.u .lt!l.l.-l?dl ; £
.. 4 > for -t e D e b S S B frpetesloge usollv.ﬁ&'l »
” H i } F ' 4 . LxH{Litlm 0 S S e | IYPI FI + 3
; P E
3 i b3 g $ s 14 ..‘mwnu.l..«i.. ,4r7.»bmf w |
) L$ b bt ..x-.m.prtrx‘r.. ; il 3
BRSSP S RN 45 253 TS (RS S TR [ T s 1908 W 550 9. A ] P 3’ -4 i3
dy3k |
: " oy i pe——y e
SRS R SR st = SO - A ompang e e tmmns. < > i 2 . % - v b . ?

U —— e

E




i

H

| .

R A BT

- :

B }

‘ $

: - 4

3 i

L 3314

 REENE R

S _.

§iq ol
| - r.. - . -

w.r WO L

.‘ - »W. . -

o B AN ESERRN

] S SR 8
i i 3

“ -

}

:

i o. i .A-
8 i 58

—— gt
b S
i

]

‘

+

4 —s -

s
dsdoid. o ciboedpicode-disnd ot e fd
b sl e S SNAERSRARE N N4
g - - o 02 |

L

L

{

e de b bt |

"

et ok

WS

I T S

alals]

0

W2 40 o
oy
/IS 00 G R ¢ 0 O AR O 40 U 0 2 o O A 55 B i
; : oS I8 354 0SS 8
o 4 fobeag—d : § S O N e . TR S O S ) B S T W 55 el
yecdet “ $—pat i - bk
‘g 4 S S S SSEE S ES
i | { | S5 : ot ! WIBRE BB
- " - i 05 5 I S - e T T S SR
i | i+ =8 ‘ FEN B S5 AV |
i < - 2
{ §
+

nborg e b e

it bl dd
...%LLJ?, S

drt

o I S

.

b kond o gd-

fdaf i bt d e
4 i L
ll.n...” b P ~v 36 0} S 28 | A.qwl‘.lir.w'l«.‘vtl,QIVA,
¥ T 17 U T R U s
$-i—d - 08 0 e 8 ey e e
- foe s e s S e
o B A S R R S R s
SIS 5 2Rl Tt o S SR e e -.-4n4,ft|l|.‘1
Shi R TR A B o o T s o

H i
e

L S WP S S TOF S WO S |

L

i

FES

o, o SU S S SN NS 0 6 |

i B e o

0

i {
S A A% e

e $:2
B e v |

G 9 e DN S .
5 ) f 4.8 1 i
i NS A DS A B B0 ST G5 O G XS

P e = ’..w’o. 5

i

PR WU S5 S NS G 56 B

e o S

i e i S P S
: e 85

o

i

n*np.. - all.hlq. .!Llf#xw!.wl. e

e e e

I I RS N A

R o SRS . IS S S

T S R
[ §

e wl!ﬂ!‘ v .r»“w.r
T.»IT.MI..wL.v.itth,

o

i o | ———— e +
B + 4 ...oL..Ml.l,

e T SRS

A SR W R e 1w

PR e

e S S S
§ V-3 bt
e T S

D I B

2
i ¥

il
i S

*

i
i
4

8 14F

+
r,T.bf

8 g 2

o

O 1 e

N

4
I =, i

deperd L i
ik

|

-

o4

o {8 i

B .

g |
i g
gl DN Y
§ i 3 i
e T S S A G N6 G N SN S W
i 2 8 [ 2L 3 | EX TR 00 55 At 8 P
S B e T T W U0 Ny SO S8 I YO 58 I |
1 i
ki 34 6% S5 " 4 hod
i f -1 1+ i
H o e 5 S O
: : fodnd
. i : .3 8
i i
- $ - - -
$id i i i 1N ]
{ 1
) v v i 4
: ]
1 1 4 i
fr A kb T T o SN
RS 3.3
+ L 4
: 1
e S WSTSY SRS S S S S S S5 U N S S0 W

LI T S

“
.
3
4
|
i
1

-

S B S

L WIS S

T SO S A
s e i e

S0l 1

SRAWMEBART TR
- . t.nr.,'!.v..t.‘.lhl
F I T ST ».4*
,0le.'.'.»‘4vrl.f
EHABRERS R

PUNTE N §

L 8N S o,.'.YOJrP.A

R S SR
! : 1 3
MR BT B S S 00 o B e e 2
» - % e AR e e

0Z-

0Z+

O+

0%+

(3,)

Lr.dﬁ

ke e i

B DT SRR

il .
c S iR

it SR




B¢ 0 90
TN s s st RS E RSl LSS :
BESRE 4
pe S e o —— < ».1.~.‘ el o |~0_.l.3|.
, LO0 NS Ggd TR A -
O6EY BT [ Tt T pir e
P
€4 qdwad | i bidiiy . i
: . Ly ! PR
= P RETRR AL SISy g S S, LK Ap e ateticid 3
. . gt
i 1 BERE NG RE
w P HH R
b ‘ I - doa e e e o = U T af A e B i v e
e - + R T N T e E IS SRes S
| : R A S Pl R
S| = 15 83 T S DR R 5 Y AR REE
B 1 i SR RSN ARSI SES
i : : g i i {4 PR EEES ARG RS EITE R
A S0 U I VR B R S O D 0 e s 0 8 2N 1O
I : 5 5N Aeacd 2 D e
& olf B W I 3 § 3 I 30 oL M | v&lo...i_ul.yT S
b4~ - i - P e m i o
s bl / : §od P IS S WL SR A S 1 B o
< wiis dempon o dcs e o e o e o
ey : s B e e
L et 5 : i L B e o o TN SRS S I =
R R 1 : 9 R 5 2 1 O O 0 T R RN T s
1t § { $ T —"_ 3 i ¥ o3 H f 1 ,LL 1 o t_flﬁ.w‘.grw.,
50 U LB B a7 5 5 i I - U B 0 T R O B G B 0 5 U S % TR N [ 0 2 L T
: L - - .

VI

L i v(.lpu».ni B e oo
B G2 EOE 300 e I 2 S B A 00 A B ¢
- IESRESNS NN FNRL B AN
SREERLL LERERSERNE S SRR

et L

SR Y ~+ - uoo

BB Ea-3 " { 1
s T it i
A0 o i S S g

T 18 T 3 B G, 381 %
Py

58 P T 8 i < 38
e i ..ﬂL.A_.L B

B n e con w.l,’ﬁ _sl_...
O Fhan ot o S

INESSRER RN SRS RUPEERENEEHMARA DT

% {1 {4 01 1
O T o= T UL U A S A B B e an * t...va*,f.?.q‘..i!a;*.«l.?l

: rTESEEREEESRQEEDHREE RANED RN W B 8 B 55 6 S
§ ¥ ittt A T e R Fi{T 1]
7 = S SFRE a0 i 3 LiE e o e e

[ :
’
L
L
% | H ) § 1
H . R R i S
i i s
P L v
3 221 1) 313
 SEEE TS S - e .
1 & o S (S ok e 3 3 | % .l\«l.’i;,- B I L e 3
H ¥ 3 P ¢ 80 i i | W) A oy € " ot .
SO G e R R R DR s GG
ke S5 IS RN B SN B8 156 W e 1l S S $4 -k fned - oot e b B SN SO S5 A T 4 B R e .-..i_ -
’ ! i } : ] i § HEE
> 5 65 UNRI g T 2 $ ~ .,...-..r. - 3 . e s L o Ty S
3 + b £ IV UGS 5o S W PR ' " e Bt e T T e T
'
b i i | f ot il oo kool g
! { ) ] i { B 1 i
% e 4 ‘ ‘4 “‘N...A o “ gk o1 ¢.4,.L.., *‘r.,. S B s 2 e
~. 4 - i 4 .04.ﬂ.?...u. ......u.,».. ey bbb g
: WE LD Y e SO B0 % (R A ' A8 DI S I o = o S
e & . . W TSRS JRS 0 . Sy - . ke dnambialciinn o .

(B85

R

| eamearst TS e e SR SREROARRTRT . o e - 3 .




nne YNt 009} CcO%1 00 OO@O OOJO OONO A
! e t - i - :
i S e S A S - Vo _ L e M L S ;
3 i } i 3 | - i ! i .i‘?xf.‘.n.’,boll..,f.4l'1"\».l Jl- - -+ =
. 4 RN AR ! S : BEE ,
! s oyt  ih o i RS : - 3
1 i ‘ VW ) 5 B e ..»ﬂ?..ln~4.. 3 ol 1 w e
! 3 O e i RS B ooty idadid S 06 (55wl R { 1 i
WA St 8 BN i e T AT H A
| : ! L R - o b
§ SR w——t ‘ - oot -1 ; + 4 § A
i woo zw { SN dodd 52 i Y ot b T . si@mog
i 3 ' g - - 75 | e 3 ) e atoc R o S B e s S 4L w t |
O6ET IYBTTA fi 11+ 1 SRS BRsEES 1
.<Q . ~ - e RS SR '3 T e . % J ]
t e 0 15 g r,‘LLJ!Twi; % e 34 e w
{98 HORXE | oitspid SPTNE RRE :
M S SR GEI0S SO N v AR AP S S S T § - - — 4 8‘ 5
i . 1 £y i) 433 bW O o= W gt -t 3
) L 3 - L -4 Lood : L : - ; :
44 " < R s S - - 4 44 : % s o .‘.Jv,_).. !,.’4‘“‘1»' 4 Baun + . i ”wm
+ I S B B TSSO T S (R S, B B AT S et o bt pedios b - e I G ¥
Fod i = 6 505 S e (s s d : ; b ; e EREE ’
) § | S0 6 25 e | ‘?.1_1.,(.;_'.“ *'TT,.L,!.J g m - 4L.4 .«l..lnl:.% n.leqal. T L‘w.;, e H : : .m
¥ i g | - 35 4 T = | . ! = O T -4 m,.ﬂ‘\TJlﬁ.be e e R SR o o o ilr}.lv!“lu!ﬂ : £h
+ S S SEUGE S Rk S L85 SR RS 5% S 2 T V% (R B2 5L W I S 8 o B4 | T S e e e et J.Llﬂi;uuﬂa Mv.«i«.lwlw».. 44— .
! 1] S RS S U IS NEDRESURRERSARGRNRNABRENBETE LR S K
154 8 L S a 2 48 ! ! I B S 0 O 4.1_-\.«.;1.». r!vsatqtﬁ,t..n.v R - m.kiﬁvr“ .
R EE S5 R R A 7 0 REENBUGANEES SNERREST .L~ 388 i
i ] > R et B S ! e R t e
Vi 0 A e N WS 5B O B W e A ‘®.: - e
3 - [ (R
ama i SR - $ ) 2l < 1 {8
T 0% B B AR R 8 0
HREORERES ER RN TR : it :
L T T e T 717 : X0 @ ) . 35 Mo R FEERES RS SN BE R AN
R e O T | SRS : y | : 1 '.Q,»Lv.ri_-tj
L R RS S JRES (B ) R - » B B r...‘ 4+ 8 j pri—t=s *
T T o o S e o4 B ERE) MJVA .
w0 SR TSR 58 B5 S G 60 B KR N WEL. G ISV B A ‘
i RN SRR W S S R T .
= P e ¢ s '
} I I R LA T 1 5 L I 3
R e e AR i (W RSN EBRRE DR uN
R B SO o o o R : i <
SR (0 B S IS SR S S O S A BN BN SR OF 2 e . :
] ; i3 e
IR S B e S ) S D e B A8 R0 S SRS O : T
ot IO o S G S eny SN D Aa as “g : g = -
.|.1: S e e B "ﬂ hmu« P ey -ﬂ pi - nc..L.'..ﬁ e :
itk o B s o o T % § odrd g pedind b e r;,JiJLIT. 7
Seletll U T g 35 MW ook .,..l,..‘t:.wlv._l"l.'.d 1t =l Wv;oo,...... ‘.Wv i
A 05,208 0 eI 0 2l SR A8 5 5 MR RN S WS 5. -
- Ao ~ ‘ b 35 e S o e < M e : ! : r
5 5 - E
Y ; | ) g ) ; e s B
SR G Y »!A..L..)T‘_H..x.;w I B R § ...,a..*l L
RN R S T W S B B oGRS IR S e R T aE R TS N
5o N0 40 5 50 (55 98 Gy L SN T 1085 (S0 63 P R WO i T 5 ol o B 8 I S PR I O o8
¥ i i I 3 .3 P! 1 Y i
N ..&4&1. R e e T
T D e e o S S e A o i B B g
O o B N e e = at e «T.AIT‘ - i 1
; §.4 BEE i ot 3% b 4 ok 4 . - i W
ST s S o 0 e N 8 2 30 R ¢ R T T . ) 5 Sl 1 # : ; P
G R R WY RSO S 5 8 SN WP B8 G988 5N B 6 SR T I B & TH 8 C t;f:l#.ﬁ.-i#nf&l R o EES JI#;-.MJITT. 1 <
R B B o T T e e o et SRS R S ﬂn. st y.‘.TNJJ- 44
B i ] i : ¥q i ) : 57 MITH ML
® S 20 0 Ael 1 ) e 4 T o o oyt S e doog ot - .!» - 4
=4 do b - v boapes B A et D S R 41 e N;t 51
- e e St A e e & B JZM,_ . 333
i g s RS TR.AR T W 5 g ) W R S U 3 5 ~+ ) 38 % i 0 e
TS A5 Wom OOWERE R K oG G B - B0 S o8 55 o B0 ) I 11493
7 i i 3 i 1 Vo 2 ook Fudid ol
ol Lide i e o B e B B : i $
j o B T o o T L It o O S B | e e S i e e o e
% i i e of ol A3 AR TS L B ) RS A S A T 24 L & | = R o e e S - :
H - b ' - e S g~y : 8L _ 2 - 5P S did ot IO S R BN, 3 105 ¢ e Yt - = ...iul‘ﬂf.l.(
- - - - M 4 | . > - b - pe 4 - P i T ‘. * o K 4 4 r 1 4 s * -
EPR : L 5500 JoUE SR 0L 538 S50 A0 B jge 5 b b FLE . . C———
B, T ‘...l(.l.»l.ﬂ‘tllln“,v,d.‘):,‘z. -t i a,“ 8% 1 L Mit. § i T 28 T T e T e o P ..\,All..l.ln‘{lﬂ:w
5 R it | A il PRS0 GRS S 0 06 B 06 SRS R SRS 82 e B = T e bt
i PIS BRI #0758 3 5 0 ! o e ot B Pt 414 (S - %
: ! 18 B 5 ) T o S BR AR dotog g ded e R e o e ...‘J..4Lu‘m%.la..m“|m.mw
s ; B B o o o o S B e T B ot Supchn ars o S A & o e et
~. i e ? 58 N B 1 S5 O A y i e B f~g-doged i + + 1
38 R N oL I SR R TS = o B BRI O B B 2 S o e 8 74....!4..?.1&. b et d -
§ i M o Lotd 0 SO S B T A R o = o st g bdegia - »Tam.l\tiaf. -
: i 1 i " | U G, R e & N ) SIS S GEN, §5 SPAS Wy S ap- S b A «g . o = 1 ft b .‘fIL_\iL-
w ! & 3.1 L3 W Iooipdabfpogoa-baeid edfap luidibedin $44 . 4tigagact
253 4 s : d L : : :

mfird : B e ) e e i 8 e 5 K 1 ,....i..'....i...»...r.o.....l,'.a,.gt..
| S — . ke : - e -

e -

o e




P

IND - 111 ;
0020 0050 00€0 00TO 00€2 0012 006T 00LT 00ST 00€T 00TT ]
o S AR e SN e e R SO el AR, £ Lo I : i :
20g Ns . Horr R e
T6€T 3UBTTL { I T
S¢ UGwId : ] i ) ! i1 L I FENS BN SN
: 7 , 06 T 0 S A B TS MU N SPE BT ES SR TEE
! i1 B ERE RS AR B B W .
: . ea s i B BARSEOSEEA ESRAFEN &
_ | BER i | R S REBUB RN S QG 633
L e - ., N R T e e e Oh=
I i 4 1 It “ + N “ —~ w . ‘. cA
. , | e NS
] : . : S SESENSUNEY FRREENSANS
H . ] _. i B S HE W  HENEEEE RS ERIEIRERRS
BEEE 2 U EsxmLE t 1] ISWENS EEWTE AN ES FERE N BB NS _‘.,.WIL.,..“..J..“
N O 5 DG S0 3 A 8 V60 0 08 0 0 0 RO b 0 0 B T A B T
: bt A HENBEuEEa 8 TR 10 O 7 g
: 3 i 4 . ! 1S { ‘ § 3 bl S BT 5 I 00 L0 S I R AN D TH 51O % S S T o0 RS S &
} i < 48 Ind el o i R N S TN S 8 S SOV IS S S S S -t B NP SSE-NS S U 0 WS S B o I B 45 ]
ey < 4 . i ' it IEEEAW s _.i? = ...xlﬁniJ.otw,LuqlT”.rl i
M S PAEEEAENLE rH OO B RENR SRR BENES S S .
EBTREEDAER WSO S H N BN AT AW E BT LN .‘...m,-.m.iu 1T f‘qGO, WAL Nl-..‘..ﬂ.”xnm,..eze S 19
i P Foprerataed t t s - . . i R « - - B T ratrad
i NS ; B O (©] AERETE. S ERSREFEAY
| | SEESRmEEnG OLRI0 0O L oo
e - { > s - it 5 I $d. . T o e e e B T T e
..... + 4 +—1 i e —p $trg ot i .. ) 3ot dd §v B B it Jonid . — bdd 3o SED I PR &
£ 1] : { 3 { i } Aw AR M B b 1 w - e d i ERD BUEWEES .s,.wo..a.f?'...;il
“ ! } i Lot 4t w.l : .:qwnlx. = ‘.;4,» % .h.i. Sttt .“..ﬁv;‘s.;‘.’t--il‘.
EERENREAREE SN RN RGNS F SR DI BN AR S NSRS T e bt
4 - 3 4 ! ! § i § - = : - 4 e d b feta - . 4‘..L :
t i 4 F { v ‘i 4 i e o e s
.. { : L} 3 4 = -4 tr « E O g 4 1 3 T A -.wnt ‘lt‘o'x &
} i i & H + b -t + i A : *. e fd . t . i 2 it B e o m e ¥
: ! H , R RES w SHEERRERRFWESEULT 4
) & » aibo it 0 = Porbin oo e o ».l.:;..y PO AR USSR NS S— \\“.IL..
| T | | i ‘ | AERADRERE Y L J
. ! BB ER) 0 00 5 AN O 550 5 4
i it i £ i N : ..;z._w..,‘.u“nr
i ! } i | bR 5 § ‘ - 4 . PN SETN W B8 W6 ¥ WSS N L i R S
! H 3 44 §= : $-3 i 4.4 ...o~
i ] : o I EBEEE
& - banea - - i a 6 om e sl ~ A G- SUESNE W % e o - - - DU TSI [P W | w&.
: AWqL %
T S i b feainl i e oeeiemy " ==




0T0 NS
T6€T 3ubt1d
9% ydexd

]

i

$

H

|

\

i

§ N -
S S——
i

i-

| SSAE S »
H

:

]

=5 555 I S5 REOIICAINAS CX) SRS,
- : 3
- S0
ok

44

I ) A A e a4 o P o e iy £ gty

R

[
1 \144u\4
e et S
o e .,:l(uJ«

T

e A.L:TJL

e

B ot O S
o R, e

rx.lLLo

Lvt.» . W)

M SN EE L
$4 I!’o‘blr!. o
3 L.4 »IL
Bawm e

5 5 S S B0 15 ——

.."L ».1. ‘.I»J:Y.., %IL.O..!.I.IT'T

R e T B s o S a
# !.vl.'.l,. ‘0401Y.‘n|0 (.v.!.llT.Ll
.L,t.vm. - fr il
i o e g ¢ .0.1.7.?».04!‘4.«:»&71

A +

.al,\wl 45 B

o Ak w1 i N

- o [ 3
’ ot ¢ ¢ - : S 0
oo ool .W.t}.&luif!l; L»__rr_\ BUES 4-»1
2580 0 0 1 HHENEEREN RN S ANER YRR E
: , ¢ ._l. vt .IT ,r~1 -
.lu.* SO0 KBRS % s 3 :
{ o r.lo‘«i -a "|I ..... ‘||Jfl.l4l¢kl.l. S s
i S SR vnﬁ - frTi.lr MRS BE TS il.
; i T N e R e -
- ud 7:\» o S S R SRS A O
% =) RO Fi B USSS 0 IV o
H § 4

o B 4]1!’.0.
rML S

y|nv)m.1.s.. + wheid

o 8 .l.'.l:? V.J £ 50 .r..m:

et e s o e

.

Gt Gy e oy o e .,,.I_AL,§
. A et o it St S S R 3 | .l“\.
o potred g - .A}l et S et de s eten e
o ) 380 5 e b k... ...Lln.c. -
98 55 BRI
90"
. 1 - S e e
, |4r€..t_‘\ st : . 4 ._m«.'L\rJ.rlf
- I8 i e fodes 4.{‘_ 14-4» 414.4 £9 BE W b .
: A I1L:¢+.ft,l- et £ -t L,.vuu ng.o_?iﬁrnLJq.'LY&!f.. b,
4 e o U 8 ¢ 6 S 1....+r;m £ : v_]y.LvQ/Tr&»: o0 B B8 0= ) 55 8L I §?
- : Gt an o - —t 0Z+
i ! ¥ y ! R E O
.H i R miu B e u-ﬂ, = T»’xrb + R M
i bbbt - ; : r!éiv&r.-..l. ~.ol7. 3
" EREaR Famtopas B T 0 T A G 3
3 S S 5 N 3 : o 32
i3 4 : T3
it WSS cl@.?h -
i~ 2. § M
e o g
; Loi 7.4 Prlﬂ'w.wl bt
e &.-,lw.yﬂluhw. '

t Ly : i e &
e R e B S o 20 50 iy 35 4 B
L A 5 3, B8R e v | bbbl A b . q.v.»onr.-‘qf AL LS L
13 AR R = B
. f vna g 10& »IWIJJV m s
< ‘.‘Ly- 0?41 s RES N X e
1 i 1\;.7.1.* i 'Ll.'l.v.rh : W
4 5 R e e T T 1 (B SRR O 1 W Wl ™
. - s | SR B I .7!0;01 ?
B bt SUSIPTRTEE < N 1 Y W 0 1 o O W U » -
- ¥ - WA - R "l 3
- e ~ e e . - : * *‘

i | &
BEEW IS8

i O




