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Catalog of Absolutely Calibrated, Range Normalized,
Wideband, Electric Field Waveforms from Triggered
Lightning Flashes in Florida

1. INTRODUCTION

During the summer of 1987 a field experiment was conducted at the NASA Kennedy Space Center (KSC) in
Florida to study rocket-triggered-lightning flashes. The experiment was a cooperative effort of the Office National
d'Etdes et de Recherches Aerospatiales (ONERA), the Centre Etudes Nucleaires de Grenoble (CENG), the Centre
National d'Etudes des Telecommunications (CNET), the State University of New York at Albany (SUNYA), and the
U.S. Naval Research Laboratory (NRL). The activities of these participants are described by Eybert-Berard et al.!
The lightning was triggered by CENG with small rockets trailing grounded wires. Currents and current derivatives
were measured by CENG and CNET. High-speed photographic measurements of stroke-propagation velocities were
made by SUNYA, and electric fields and field derivatives (dE/dt) were recorded by NRL. This report presents the
triggered-lightning electric-field data collected by NRL. ’

2. 1987 KSC ROCKET-TRIGGERED LIGHTNING PROGRAM

The 1987 triggered-lightning experiment was a sequel to the 1985 KSC racket-triggered program described by
Willeit et al.> In addition to the over-land trigger site used in 1985, the 1987 experiment utilized an over-water
triggering platform that was located in shallow, brackish waters not far from the over-land pad, as described by Willett
et al’ and by Le Vine et al.* The propagation paths from the two trigger sites were almost entirely over the brackish
water at the Mosquito Lagoon. Maps of KSC showing the locations of measurements are presented in the two papers
cited above.
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The 1987 rocket-triggering experiment recorded electric-field waveforms from 33 return strokes in nine triggered
flashes to the over-water triggering platform and 21 return strokes in seven triggered flashes to the over-land
triggering site. The dates of these recordings were 30 and 31 July and 19 August 1987,

3. DATAPLOTS

The data plots of the triggered-lightning flashes for the three days are shown in the appendices. These plots use
formats identical to those in the two volumes of data by Bailey and Willett® and by Izumi and Willett® . Much of the
discussion of the instrumentation and plots in these two reports is repeated below to make the present report complete.
Descriptions of the instrumentation and calibrations can also be found in Willett et al’” and Willett et al.*

The data-acquisition system recorded an entire triggered-lightning flash with moderate time resolution as well as
recording many of the return strokes within the flash with much higher resolution. The high-resolution data were
obtained from triggered 10-bit digitizers sampling the “fast electric field” (fast E) and high-frequency energy spectral
density (fast HF) at 10’ samples per second and from 8-bit digitizers sampling the time derivative of the electric field
(dE/dt) at 10° samples per second. Two digitizers were used to record dE/dt so that one could be operated at haif the
gain of the other to increase the effective dynamic range. Unfortunately, the low-gain digitizer introduced occasional
artifacts in the form of one-sample-wide spikes in the digital data stream. In practice it was easy to recognize these
spikes by eye, so that they did not seriously compromise data quality.

Either 4096 or 2048 samples of high-resolution data were recorded by each digitizer during each stroke, and
these records will, hereafter, be referred to as the 4096 data or the 2048 data, respectively. The change from 4096 or
2048 data was made in mid-season to decrease the dead time between high-resolution records from 25 ms to 13 ms.
The duration of a single triggered-lightning flash was defined by two slow digitizers that sampled the “slow electric
field” (slow E) and the peak HF energy spectral density (slow HF) at 5 x 10* samples per second for a period of 1.31 s
starting 492 ms before the first trigger.

The high resolution data for each triggered stroke is represented by a “fast page” in the appendices. Each fast
page uses the same format. The title line comprises the date/time group, the event type (which is “triggered stroke™ in
all but two of these events), and, enclosed within parentheses, the fixed range of 5.16 km. The date/time group gives
the time of the trigger. For example, the date/time of 211230644.229 for the first plot in the appendices is interpreted
as the Julian date of 211, 23rd hour, 06th minute, and 44.229 seconds. The time used in all the figures is the universal
time (UT); four hours must be subtracted to convert to Eastern Daylight Time. On the left side of the fast page are
plotted the fast E (V/m) waveform at the top and the fast HF (V m'! Hz! )* waveform at the bottom, both at a
resolution of 100 nsec per sample for a total time of 0.4098 ms for the 4096 data or 0.2048 ms for the 2048 data. On
the right side is plotted the dE/dt (V m! us!) waveform at the bottom, at a resolution of 10 n/s per sample for a total
time of 40.96 or 20.48 s, as the case may be. The comresponding portion of the fast E waveform (magnified) is
displayed ahove the dE/dt waveform.

The fast pages for a given flash are followed by a “slow page™, which shows the context of each event within the
entire flash. The slow page title line contains the start time of the record, the date, and, in parentheses, the range of




5.16 km. The slow E (V/m) waveform is at the top, and the slow HF (V m'! Hz'! )’ waveform is at the bottom, both at
a resolution of 20 ps per sample for a total time of 1.31 5. The trigger times for the fast events are indicated by tick
marks beneath the slow HF record.

At this point, a number of comments should be made regarding the data and the plots. The figures in the
appendices are identified by the event time rather than by figure number. The linear scales of the ordinates can vary
from plot to plot, since a scale appropriate to each individual waveform is selected. Whenever digitizers are saturated,
the saturation levels are indicated on the plots by dashed horizontal lines. For the dE/dt waveforms, if the high-gain
100 MHz digitizer exhibits saturation, a second fast page is included for the event, showing the unsaturated data from
the low-gain dE/dt digitizer. Inclusion of both records makes it easier to recognize the artifacts that were sometimes
present in the low-gain data. The sign convention used throughout the report is the normal physics convention. That
is, an upward electric field is produced by negative charge overhead and is positive. A normal return stroke that
lowers negative charge to Earth thus produces a negative field change.

It should be noted that, because of the nature of the fast and slow integrators, there is no absolute electric-field
zero. For this reason, and also to remove any electronic zero drifts from the data, zeros were computed numerically
from each record. The fast and siow HF zero levels were set to the minimum value of the respective HF record. The
slow E zero was equated to the average of the maximum and minimum values. The other two zero levels were
determined by dividing the full records into four quadrants of identical length. The fast E zero level was equated to
the average of the first quadrant, whereas the dE/dt zero level was taken as thc average of the first and fourth
quadrants.

All lightning waveforms presented in this report, except the slow E, have been range normalized to 100 km. The
original data can be reconstructed by multiplying the fast E and dE/dt waveforms by (100/range), multiplying fast and
slow HF by (100/range)2, and leaving the slow E alone. All the data in this report were obtained with the digitizers
triggered by the fast HF signal. The HF-receiver center frequency was S MHz.

The data plots presented in Appendix A are the over-water, triggered-lightning data for 30 and 31 July and 19
August 1987. Those in Appendix B are the over-land data for the same three days. All data in July were 4098 data
and those in August were "48 data.

As mentioned before, :arly all of the fast plots had “triggered stroke™ as the event type. There were two
exceptions, however, both in Appendix A. The 4096 data with time 212211544.078 on 31 July was labeled “upward
negative leader”. This is the event that burned out the French current shunt on flash 8721. The 2048 data with time
231221139.772 on 19 August was labeled “leader in altitude flash™. This flash 8733 resulted from an “altitude™ rocket
fired from the water pad whose negative downward leader struck the land pad. The early portion of the slow data
from each of these flashes has been expanded to the limits permitted by the slow digitizers and presented following the
respective slow page. In both plots the “0” time is the time of the first trigger and is listed in the title line above.
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Appendix A

Over-Water Plots
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Appendix B

Over-Land Plots




4096 Data




it

St i nee £
LA

Aummkv JWIL

ev %] X4 al (%)

eal-

8s-

as

Wa0}aARM 3P, 3P

(oasdy 3Nl
ey BE a2 a1 P

%
-
3

ool

al-

WwJ0j3aneM 3 1SHA

(WX 91°G)

a1

IP/3P

(Se8SnN/W/A)

(WsA) 3 1SH4

@)0J43}g paJsabbia)

(28sw) J[WIL
b £ 2’ -

WwJo4aneM 4H 15SHA

(9asw) JWIL
b’ €’ 2’ 1

wJiojaneM 3 1SHS

(861

PB+308°

S1-36°

151-3@8°

181-3%°
bi-30°

a1

6<S°"2E2CbvEZCITZ

ZHW S-0S5S3

v (ZH /W A)

(W/A) 3 1SUHJ

61




(oasdy 3INTL
av BE %4 a1 a

pat -

188

nal

GISTSASH TPIIE

ﬁummLV IWNIL
8b et 82 el 2

J}’\Fm|

wJ4043AM 3 1SHA

(WX 31°6)

IP-30

(23SN /W /A)

J LSud

(W/A)

80435 padsabbia

(33asw) JWII
£’ e’ 1’

"wiojaAeM 44 1SHA

Aummsvquh
£ 2" i

al-

ail

wJ40janeM 3 1SHA

(861

6467 2E2CPEZITTZ

pe+30°

S1-35"

S1-368°

161-35"
b1-38°

ZHW GS-053

ev (ZH/7W/A)

3 LSud

(WAA)

62




(oasdy 3uTL
ev € ec a1 7]

wJo04a3AeM 3IP/3P

ﬁummku dWIL

av ot ac at a

.

wJoji3aneM 3 1SHA

(WX 91°6)

aat-

as-

as

eai

at-

ai

1P/ 3P

(98Sn/,W,/A)

3 1SH4

(Ww/A")

a%ou3g padJabbia]

(38sw) 3WIL

1 € [ I %)

- ]

wiojareM 4H 1SHA

(93sw) 3WIL

b € 4 1 %}

al-

a1

W4oj3aneM 3 1SHA

ZB61 EZ9 2EZCbEZITZ

PB+30°2

i p1-36°1

p1-30°¢

ZHW 5-053

v (ZH AW/A)

3 1SH4d

(W/7A)

63




ﬁummku JWI1
av 23 82 a1 e

ae1i-

5‘# Y a

pal

WJI0jaARM 3P,/ 3P

(oasrdy 3NIL
Bb BE (% P4 B1 %]

al-

al

WwJa043aneM 3 1SHS

1p/3P

(33SN WU/ A)

3 LSH4

(W/N)

(WX 91°G) 3304315 padsabbiay

ﬁummsvquH
E 2’ 1

WiO43AERM 4H 1SHA

(23sw) JWIL
£’ 2’ U

e+38°0

b1-36°1

b1-30°E

al-

al

861

w404aneM 3 1SHS

E29°2e2bvellld

ZHW S-053

v (ZH/W/A)

3 1LSud

(WsN)




(oasdy NIl
(%1 gE ac at a

Q.
- m
aal N
Q.
as- s
. 2, a 'l A
t# @ N
3
AN
f as c
(7]
(4]
a1l (9]
WJ4043ARM IP/IP ~
(oasdy 3u1)
av %] 82 at 8

8l- -
D
L d ml S
I_
i o m
<
S N
3

al

wJoj3aneM 3 1SHA

(W 91°G) 340435 padssbbiay

(93sw) JWIL
£ 2" [ e
n'y ee+3a°@
1p1-36"1
b1-30°€

Waoj;8AeM 44 1SHA

(Jasw) JWIL
£ . x

2

ail-

el

wJoj4aneM 3 1SHA

4861

b3 2CEZPEZL T2

ZHW S-053

ev (ZH/W/A)

3 1S"4

(W/7A)

65




(oasry W1}
8b gt ace B1 7]

Egmww>mz vauU

(oasd)y 3ur1
ab Bt Bge a1 7]

w4ojyaneM 3 |SHs

pat -

85-

as

aal

at-

el

1P/ 3P

(9asn/wu sA)

3 1LSHd

(W A)

(WX 91°G) 2330435 paJsabbia)

(I3sw) JWIL
£ 2 1

P2+30°0

1b1-36°1

b1-38°¢€

wJaojaneM 4H HWEu

(93sw) JWIL
£’ 2’ 1

Bl

(861

wilojsaneM 3 1SHA

b¢3 2ECPEZCTITZ

ZHW §-053

ev (ZH /7W/A)

3 1564

(W/A)

66




Biao aataion

(oasd) 311
av ac ae at %]

@s

wicjareM 1p,3p

(oasdy 3urL
av (%] X (% P4 a1 a

I 1

L

aal

el-

wJojanemM 3 [ISHA

(WM 91°9)

el

IP/3P

(33sSn/w A)

Jd 1SH4

(W/AN)

9a%043g5 pauabbia)

v € 2

(I3sw) JWIIL
. . r

b’ € e

WJIoj}8ARM 44 1SUJ

(J3asw) JWIL
. . -

al1-

18-
-

i S

a1

wJojaneM 3 |1SHA

(861 20@8°2eg2veEZllC

1 p1-36°1

v1-38°€

ZHW S-0S3

ev(ZH/W/A)

(W/7A) 3 LSHA

67




ﬁummkv JWIlL
Bv BE 82 el o

ag1i -

s

7 | %]

aal

wiojaAeM 3P, 3P

(oasdy U1l
ev ac ae a1 %}

al-

1|||1:llt|1\):;:esn

wJa0s3aneM 3 |1SHA

(WX 91°G)

1P/ 3P

(33sn W /N)

3 1544

(WrsAn)

30435 padJabbiag

b- € [

(Qasuw) JWI L
. . x

"wJaojaseM 44 1SHA

(93asw) 3IWIL

b’ € 4 1 %}

L

vB+30°0

b1-35°1

b1-30°E

al-

wJa0janeM 3 |1SHA

(861 288 2E2bECI

al

2

ZHW §-0S3

2v (ZH/W/A)

3 1SH4d

(W/A)

68




R i

ﬁummkv NI L
av 2] 82 el e

...... -

b 4

7 R

4 le

as

waojoneM 3P, 3P

nummkv JWIL
e et 82 el e

Y

at-

wJao0j3aneM 3 1SHA

(WX 91°6)

a1

1P/ 38

(93SN/U/zA)

3J 1S4

(WsN)

2304315 padabbiug

(Q8su) JWIL
b £ e’ P e
, 08+302°0
f b1-36°1
b1-38°€

WJojaneM 44 1SHJ

(J3sul) JWIL

ke € 4 l e

— —

—

ﬁ e

B

al

WJ4033ACM 3 1SHS

(861 6EB'2EZPEZCITZ

ZHW S-053

ev (ZH /7W/A)

3 1544

(W/A)

69




ﬁummkv NI L

v Qct ae a1l %] o
- m
fet \
Q.
3 as- ct
T snmpnr—10 .M
3
N\
188 C
7]
u]
. . eal 0
ELO%U\/NZ Pﬁ\Umu ~
ﬁummku INIL
v %] a2 Bi %]

al- n
D
3 ml S
A ._
a m
<
15 \
3

g1

wJiojianeM 3 1SHA

(WY 91°'G6) 9x0ou43g5 padsabbirag

(98sW) 3WIL

k- t

e 1 a

ea+38°a

P1-36°1

P1-30°E

“wJojaseM 4H 1SU4

(33sw) JWIL
b £ . .

4 { (%

—

a1

wJ40janeM 3 1SHA

2861

6EB 2E2CvEZIIZ

ZHW §-0S3

ev (ZH /W A)

3 LSH4

(W/7A)

70




(WX 31°6)

(sasr) INIL
er et 82 |l e

WiojaARM 3P/ 3P

Aomeu JWIL
ev eE @2 el 8

4 L
f.....lnn...l.l.:..l......-...fl..(\A,\,.‘.{.(,\(..i..\.\

w4a0janeM 3 |SHA

ael-

8s-

8BS

%1% R

al

1p/3P

(33SN/W/A)

(WrsA)y 3 1SH4

9304315 pa4sabbiag

(Q9sW) 3JWIL

b € 4 { e

A

b € 4

wiojaneM 44 1SHJ

(93sw) JWIL
. . x

>— —

al-

thlllI////ﬁf} 15-
|

a1

wJa04t3anemM 3 |SHA

¢B861 BEI EEZPEZTIZ

# 8a+30°
1$1-36°
, iv1-30°

| {vi-35°
£1-30°

ZHW S-053

ev (ZH AW /A)

3 1SH4

(W/A)

n




(oasry JuIl

av @E az al %

ELO%U>NI vuvun

ﬁomme NI L

ab et ae al (%)

S—

wJ4ojpaneM 3 1SHA

(WX 91°6G)

gai-

as-

as

al-

a1

1P/ 3P

(23sSN/W/A)

3 LSHd

(WsAn)

a¥o043g pauabbia)

wJaojganeM 3 |SHS

(B61 BE1EEZPEZIIZ

(%93sw) JWIIL
b° £ 2° i %)
PB+30°0
S a.u __ _{yr-35°2
iv1-38°65
bP1-35°¢
. X X E1-38°1
wJ404aneM 44 LSHA
(93sw) 3JIWII1
b* £ 2" 1 %)
i o e1-
W%Tllll////#I 18-
: )
, S
a1

ZHW §5-0S3

ev (ZH/7W/A)

3 1544

(W/7A)

72




e

Humwku IWIL

eel1-

25—

es

av (%] 3 acé a1 (%)
WJ0j3AEM 3P,/3P
Aumwkv JWIL
av at a2 el %}

Pali

21

wJ4oj3aneM 3 1SHA

(WY 91°6)

Ip/3P

(33asSN/W/A)

3 1SH4d

(WsA)

a)0u31g paJuabbia]

(98Sw) 3J[WIL
b E 2" e e
90+30°0
{v1-35"1
¥1-38°E

“waojaneM 4H 1SH4

(93sw) 3IWIL

b t 4 ! e

el-

n
|

]

el

wJojaneM 3 1SHA

¢B61 EIZ EEZPEZIIZ

ZHW S-0S3

ev (ZH/W/A)

3 1544

(W/A)

7




(oasry NIl
av ae 82 ai %]

aai-

85~

s

waojaAeM 3P/3P

Hummkv JWTIL
1 ] 82 el e

| A

val

atl-

wiosaneM 3 [SHA

(WX 91°9)

a1

IP-3P

(23SN W/ A)

3 1SH4

(Wwsn)

axno43lg padJabbia]

(23sw) JWIL
b- £ 2" ' e

wiojaneM 44 1504

(23suw) JWIL
b- € 2" v e

ai-

L

el

wiogarem 3 1S4

(861 El2 EEZCPEZITZ

8B+38°0

b1-3671

b1-30°E

ZHW S§-053

ev(ZH/W/A)

3 1S4

(W A)

74




Aummkv IWNIL (98sw) JWIL
er ec 82 al e o b £ 2 i e
- m
gal \
o
. 185~ ct
llllll - = = en+38°0
% . <
3
N s 1¥1-35°1
18§ -
"
®
R R 201 0 . . o »1-38° €
wJojaneM 11p/3p it wJojaneM J4H 1SHA
aumwkv W11 (93sw) 3JWIL
%] 4 ae ae al a b 1 e’ | e
al- - el-
D
.]/l\#)’l.?.- 0 v 1s-
| -
S 10 m e
<
| G N ! ls
3
atl al
WwJ043ARM 3 |SHS wJ4oj4aneM 3J 1SUHA

(W) 91°G) 8%04315 pa4abbia) (861 (¢S2°EE2bE211E

ev(ZH /Ww/A) ZHW S-0S53

75

(Ws/A) 3 LSHA




Aummkv JWIL

av ae ae Bl %] Q.
_ m
ae1 N
Q.
8s- ot
<
o N
3
AN
188 C
7]
®
. . ) 281 0
wJojsaneM Ip/3p ~
nummLu JWNIL
ab %] 8¢e el %)

a1~ -
D
G- n
—_— /A{'{I —
@ m
<
15 N\
3

at

wJioj3aneM 3 1544

(WX 91 °8)

ax0J43g paaabbia]

(Q93sW) JWIlL

€

2’ 1 (%

0e+38°0

b1-3S°1

b1-38°¢€

"wJaojareM 4H 1SUA

(33sw) 3WIL
£ . .

e 1 e

al-

Jal

wJ0janeM 3 15U4

861

(G2 EEZPEZITZ

ZHW 6-0S3

ev (ZH/7W/A)

3 1LSHd

(Wsn)

76




(938S) 3IWIL
2" 1 : 9 b 2" e

—d *nh 8B+30°0

S
—t

1b1-35°¢2

i 1¥1-38°6

- 1b1-36"¢

. . . ) E1-38"1
wJ4ogsaneM 4H MOTIS

(33s) 3WIL
. g

¢l I 8 b 2’ a

£E@+308°

™

€@+36°

i 100+38°

[v9]
(w/A) 3 MOIS'

)
L

£8436°

—

EB+38°€

wiojsaneM 3 MOIS

(WX 91°6) ¢861 (NC BE 68B 2E‘2b:EQ

ZHW G6-053

ev(ZH /W /A)

7




(oasdy 3uIL
ab o€ a2 al %]

Q.
- m
ea!l \
Q
Aam.l c+
<
@ \
3
N\
as -
7]
o
aal 0
WJ4043ARM IP/3IP ~
Aummku WI L
av %] ae al %}

al- -
D
4 Aml! S
l””"f"llllﬂ?lflllll -
! 1o m
<
I S N\
3

al

wiojareM 3 1SU4

(WY 91°G) @%0435 paJabbia)

(9asw) 3JWIL
b- £ 2" 1 o
‘ 80+32°0
1p1-35"1
b1-30°E

b [

"wiojareM 4H 1S5S0

(93sw) 3JHIIL
2" i

8l-

WJiojoaAeM 3 1SHA

(861 1EB 'BIZPEZTITZ

ZHW S-0S3

v (ZH/7W/A)

3 LSHd

(W/A)

78



Aummkv IWNT L

av 13 @z at @ Q
- m
fal N
Q
[ _ 8s- c*
¥ e _M
3
N\
186 C
7]
(]
. o %1% 0
wJyojaneM Ip/3p et
Aumwku JWI1
abv BE az2 al a

e1- -
D
{G- )]
/A-"’I'I l—
| la m
<
18 \
3

%}

w4ojaneM 3 1SHS

(WX 391°G)

3x%04315 padsabbiag

(Q8sSw) JWIL
b € 2 i 2

“wiojaneM 41 1504

(93sw) 3JWIL
v* £ 2" i

al-

al

wiojareM 3 1S4

861 G396 6I1<ZbEZTTZ

20+38°

S1-35°

Si1-38°

i 161-3§°
b1-30°

ZHW S-053

v (ZH W/ A)

3 1SH4

(W/7A)

79




(28s5) 3JWIL

e’ 1 8- 9 b- e’ %]
X
e __._ . —
WI033ABM 4H MOTIS
(938s) AWIL
e’ 1 g° 9 b e’ %)
s ]
Wio}aARM 3 MOTIS
(WM 91°G)  ¢B61 INL BE  Ibb BI:dbiER

8e+38°

S1-36"

Si-3@°

G1-36"
b1-30°

va+38°

EB+308°

va+38°

ta+30°

v8+38°

—
I

Ta]
{

s

ZHW G6-053

v (ZH /W A)

3 MOTS

(W/A)

80




(WX 91°9)

numwkv 3WIL
e ] 82 8l

eal-

.le

as

WJ4043ARM 3IP/3P

Humwkv JWIL
14 BE -} el

waosaneM 3 1SH

ea1

al-

3P/ 3P

(938SN W/ /A)

(Ww/n) 3 LSHJ

axoJ431g pausabbiag

b E e

(3asw) JWIL
. . -

"wJiojeAeM 4H 1SH4

(28sSw) JWIL

b € 4 I e

wJ043neM 3 1SHA

861 GGG 'BbEEBIZI

ee+38°

p1-35"

{v1-30°

bi-3G6°
e1-3@°

al-

e

ZHW S-0S3

ev (ZH/7W/A)

3 LSHd

(W/A)

8i




Aumwkv JWI 1

av ot

ac ail a

Q
- ™
P81 \
Q.
iB5- ct
<
@ N\
3
N\
188 C
7
4]
s N . @al 0
wJoi33aneM Ip/3P ~
Hommkv JWIL
av gE 82 a1 e

gt- -
D
G- n
~— —
o m
ﬁ <
S \
3

al

wJ043aneM 3 |SHA

(WX 91°68)

230435 paJabbia}

(Q3sw) JWTL
b £ 2" e 8

wiojareM JH 1S4

(23sw) 3JWIL
b° E 2" v e

al-

21

wJojianeM 3 1SHA

861 GGG BPEEBIZIZ

00+:8°

b1-36°

bi-38°

p1-3G6°
E1-38°

ZHW S§-0S3

v (ZH/7W/A)

3 1544

(W/A)

82




numev JWIL
8v 8E a2 el o

N

|

WiojaABM 3P/ 3P

Humva JWIL
ev et @2 al e

.

wJ4oj3anemM 3 1SHA

(WY 81°68)

aai-

4 &ml

as

eal

ai-

1p/3P

(23asn/w/A)

3 1584

(WwsAn)

anoJ3g paJabbida]

(d3sw) JWIL
. . X

v’ t 4

BB+360°0

1p1-35°1

b1-38°¢C

“waiogaseM 4H 1S4

(93sw) 3WIL

b’ £ 2 1

g

al-

el

wJa03i3aneM 3 |SHA

/861

b9 BbEEBTICZTZ

ZHW S-053

ev (ZH W/ A)

3 1SH4

(W/7A)

83




nummLu NIl
av 8E @2 al e

aalt-

as-

as

aal

WJIOjaABM 3P,3P

aommkv JWIL
ev 8t ez 8l e

M

wJ4o4aneM 3 |SHA

IP/3P

(93sn w/\)

3 1LSH4

(Wwrsn)

(WY 91°5) @>o0d43g5 pasabbiuy

(93sw) JWII
b- £° 2° e )
8e+38°8
: #4 fp1-35°2
{#1-38°S
yv—lum.n
. . ) . €1-38"1
wJojaneM 4JH 1SHA
(33sw) JWIL
b° £° 2: i e
) ) ) ee-
i GI-

L —

e

wJoj3aneM 3 1SHA

(B61 QEE'BYEEBIZIZ

ZHW S-0S3

2v(ZH/7W/A)

3 1SH4

(W/7A)

84




ﬁummku AWNTI L

av ot ac a1 (%)

eal -

AQW|

0s

%1% 1

WiD}3ARM 3P, 3P

ﬁumwkv JWNIL
e eE 82 81 e

M

Sli

(5]

wJojaneM 3 1SHS

(WX 31°68)

1p/3P

(23asn, /w/p)

3 1SY4

(WsA)

3004315 padgabbiu]

(98sw) 3JWIL
E’ 2 1 e

|

Wi0}9AEM JH 1504

ﬂummEVuZHh
£ 2: |

[

WiojaneM 3 1SH

B61 BEE'BHEEBTIZI

pe+30°0

b1-35°2

bi-38°S

1v1-36°¢

E1-38°1

BE-

S1-

S1

et

2

ZHW S-053

ev (ZH/7W/A)

3 1564

(W A)

85




(38s) 3IWIL
2" 1 B 9 b 2" 8

T
1

w40 ganemM 4H MOTIS

(99S) 3JWIL
2°1 ! 8- 9° b 2" o

wJ4os3aneM 3 MOIS

(WX 31°9) 861 INL 1€ 698 '8v:EE GBI

80+30°0

b1-36°2

b1-38"S

b1-36°¢

€E1-38°1

€EB+38° €

EB+3S°1

0B+30°0

te+3S° 1

€e+38°¢

ev(ZH/W/A) ZHW G-0S3

(w/A) 3 MOTS

86




ﬁummku JWI L
ey BE @2 el e

-

8s-

18S

Wi0j9ARM 1P/ 3P

Aumwkv JWIL
Bk o€ ez el e

eal

at

wJojaneM 3 1SHA

(w3 381°6)

1p/3P

(23sNn/w/\)

3d 1SBJd

(WwsA)

ajou4ilg pasabbiag

(93asw) 3JHIL
b- € 2’ 1 e

1s1-3@°

"wiojaseM JH 1SH

(93sw) 3JWIL
b £ 2 *

—y—

al-

B1

wJojianem 3 LSHA

(861 166°G21S6121

2

88+36°

G1-35°

S1-3§°
bi-30°

ZHW S§-0S3

ev(ZH /W A)

3 1Sud

(WAA)

87




(28s) 3JWIL

21 g 9 b’ e’ a
|
e ) ] ] LR R R | I=-—<q—dw A LI | W T
WA0}33ABM 4H MOIS
(09s) 3IWIL
A | 8- 9- b° ¢’ a
wJaojaAeM 3 MOS
(WY g1°G) /861 INL 1E 181°62:16:61

88+36°0

ZHW S§-0S3

S1-36"¢2

Si-38°S

G1-36°¢
b1-30° 1

2v (ZH/7W/A)

€a+38° 1 -

1S

2e+30°"s-O

i M

vo+30°0

ca+308°S

(W/7A)

€@+38°1

88




89

2048 Data




ﬁummkv JWIL
82 8l e

|

1

8a1-

.&ml

as

Wioj}aAeM 3p,/3P

(oasry aury
% a1

eal

Wa043AEM I 1SHA

al

P3P

(33sn/w/ pN)

3 LSH”d

(Ww/A)

(WY 91°G) @%o435 pauabbida)

(Iasuw) 3JWIL

e’ 1 2

ea+30°'8

1p1-36°1

b1-30°E

"wiojaseM 44 1SU4

(a9sw) 3IWIL

2’ 1 %)

wJ4ojsaneM 3 1SHA

(861 9v2°61b2l2lER

ZHW S-0dSs3

ev (ZH /W /A)

3 LSH4

(W/A)




(oasd)y 3uIL
(% 4 a1 Q

aal1-

N

e

%1% 1

Wio3aseM 3p/3P

(oasrd) 31l
g2 al a

al-

a1

wJ40g43aneM 3 |SHA

IP/3P

(23sn /W /A)

3 1SuH4

(Ww/A)

(WY 91 °G) a)0J41g padsabbiruay

(23asw) 3JWIL
.

Wioj§aAeM JH 1SH4

(39sw) JWIL
L

—

al-

(861

wJojaneM 3 1SHA

b1E'BIbECICIEZ

8e+38°
S1-36°
51-38°

S1-3G6°
b1-38°

ZHW S§-053

ev (ZH/7W/A)

3 LSH4

(W/A)

N




Hummkv JWNIL (33sw) JWIL

@2 @l %) o 2" | 2]
- m
Pa!l W
|pe- 2 PB+30°
F, ~ | 1s1-35"
4 @ N
3 1s1-38°
\
ies m . 1{s1-35"
m
) ) 8ol o0 ) . b1-38°
WJ404j3ARM 3IP/3IP ~ wJojianemM 4JH 1SHA
HummLV JWNI L (I3sw) JWIL
@2 el %) 2" 1 e
a1- - g1~
D
{g- n s 15~
\/IJ ! lilj;ll
2 o , @
<
b Am / 1 m
3
o1 Bl
WwJa043ABM 3 1SHS wJi0janeM 3 |SHA

(W 91°G) 3%0435 padgabbia) .B61 1bE'Blb2l2lER

ZHW S-0S3

v (ZH/W/A)

92

3 1SH4

(W/A)




(39s) 3WIL
2" 1 | 8- 9 b- 2 e

A
1] |

. ) , b1-30°€
wJdojaneM 4H MOTS

(98S) 3JWIL
2°1 1 8" 9° b° 2" @

™M

€a+38°

¥
i

-

€B+3S°

S
(w/A) 3 MOTS

- {08+30"

-—

R +mo+um.

€EQ+38°€E

wJojianeM 3 MOTIS

(WM 391°6) (861 Bny 61 gge-Bl:v2iie

ZHW S-0S3

2v (ZH /W /A)

93




T T

AUUM_‘KV IWIL
ae a1l .

Q

- m

eat 4

Q.

| 18s8- ad
<

@ \

3

\

| 1es C
7]

o

ae1 0

Egowu>mm 2P, 3P

AUUWLV IWNIL
ae ai o

81-

n
]
(Ww/A) 3 LSHA

at

wioyaARM 3 LSHI

(wy 91°6) 330435 paaabbia]

(29sw) IJWIL
e’ . )
ea+38°a
b1-36°1
- b1-38°€
wJio4$9AEM 4H LSO
ﬁummsu UZH-F
e’ T o
i el-
L .
| e
Am
el

wJoj3aAeM 3J L1SHA

2861 +vBS " bIEPIZIES

ZHW 5-0S3

2v (ZH/7W/A)

(W/A) 3 LSHJ




nummkv JWIL
a2 al e

_m..m
eat- N
Q
{185~ s
<
@ \
3
N\
188 C
7]
o
. 281 0
WJID$3ARM 3P/3P -
nummla JWNIL
Be a1 a

al- -
D
ig~ mn
(/\l\ﬁ,\"\, I|-
p An 3
<
18 \
3

a1

wJ4033ABM 3§ 1SHA

(W 91°G) @xouig padsabbia)

(98sSw) JWIL

e’ 1 e

ea+38°'6

1¥1-358°1

v1-38°E

wiojaneM 4H 1SH4

(d3asw) 3JWIL
i

wJojaneM 3 1SHA

2861 G612 blEVIZIESZ

ZHW S-0S3

ev (ZH 7W/A)

(W/7A) 3 LSHJ

95




RS A

jeagy’ 1 ey

(73s) 3IWIL
2°1 1 B 9° b- 2" e

T

Wi0}3ABM 4H MOIS

(38S) 3WIl
2°1 | : 9° b 2’ e

wJo}aAeM 3 MOTIS

(WX 91°9) 2861 Bny 61 bvI1°bIiEP:IR

ee+38°@

b1-36°1

¥1-38°E

ZHW S-0S3

ev(ZH/7W/A)

EB+30° €~

€EB+3S°1

8B+30°0

EB+3S° 1

€EB+38°¢t

(wsA) 3 MOTIS




Aummku JWIL (Q238sw) JWIL ﬂ
82 ol e a 2’ v 9 o
eai- O h
llllll - = ] 2 @e+30°0
lac- 4
s o+ d‘ =
- S T _jv1-3s°2 N
e N B
/ ~~
3 1 {v1-38°s <
\ \
1es c ;Tum.mw/
(1) I
. eel 0 . . €1-32°1 N
WJa04aARM 3IP/IP ~ wJaojaneM 44 1SHA kY
nN
Hommkv JWIL (23sw) JWIIL

82 el e 2" e e
el- - PI- -
D D
1s- 0 1s- 0
— —
2 m e ™
< <
, S \ 3 \
3 3

| el ) . ]
/ wJao43ARM I |SH waosaAeM I |SHS

(WX 91°G) 8%0435 pa4abbiu) <861 B939°ASEGI2CIES




Humukv JWIL

14

el

=
eo1- N
Q.
es- L
- <
@ N
3
AN
18S C
1]
o
. eat 0
wJ4o$aAeM 3Ip/3P —
Aumwku JWNIL
az %]} %]
al- -
D
Amll S
-
1o m
<
S N
3
a1

wJ4033aneM 3 1SHA

(WM 91°%5)

a)oJ431g padqabbiajg

(Qasu) 3JWIL

2’ ! e

ee+30°09
ﬁl.l.l.l.llgwl.lllv-lum.m

1v1-38°S

b1-35°¢
E1-38°1

wJ40janeM 44 1SHA

(98suw) JWIL
.

[ B

)
!

wJojaneM 3 1SHA

ZB61 B@99°BGESIZIES

ZHW S-0S3

ev (ZH/W/A)

3 1S4d

(W/7A)

98




Hommkv JWIl
@2 at e

los-

N —_—

w40 4aARM IP/IP

Aommku JWIL
82 el e

b Am'

—

WJojaneM 3 |SHA

1p/3p

(23sn/w/p)

J 1S4

(Ww/sA)

(WY 91°G) 2axou3g pasabbiay

(93sw) 3WIL

2’ ! a

wicjareM 44 1SU4

(93sw) JWIL
.

3
l R

el-

wiojareM 3 1SU4

<861 1BE ISEGIZIEL

—~ 88+30"

G1-38"

ci-3@°

S1-3S°
bl-30°

n N ]
ZHW S-0S3

~
ev (ZH/W/A)

—

(W/A) 3 1SUd




(98s) 3WIL

m
21 | 8 9 b 2 e %
|
_ _ o
1 @0+30°'8
I
- 1v1-36°2 N
- - - T - - - - - - -- - - - - - == qvi1-38°5 <
3
- 1vi-35°¢ \
I
) €1-38°1 N
wJ4o0j4anemM 4JH MONS W
n
(338S) 3JWIL
21 | 8° 9° b 2° e

€B+308° 1~
o

- {2e+38°¢
>
: {ee+3'0 M
<
- {20+38°5 \
3

X €8+30° 1

WJ033aARM 3 MOTIS

(WX 81°9) ¢861 Bny g1 @21°BS:EG:12

100




