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I. Description of Data Contained on 9-Track Magnetic Tapes

The lidar data obtained by the Cloud and Aerosol (CAR) Research Group of the University of
Washington (UW) at White Sands Missile Range (WSMR) between 5/31/90 and 6/6/90 has been

processed into 30-second, arithmetically averaged, "shots". Each shot is contained in a record that
includes the Julian date, decimal time (MST), and the uncorrected and corrected logarithmic
voltage values for both the 0.53 [im and 1.06 p-m wavelengths. Also included in each record is the
number of originally recorded shots used to calculate the 30-second averages. The records are
contained in the files listed below, which are stored on two, 1600 bpi, 9-track magnetic tapes
(enclosed), using a TAR utility, with the default blocking factor of 20 (i.e. there are 20 kilobytes
per block). The files themselves have been put into a compressed format (using the UNIX
"compress" utility).

The data is stored in 14 files, which are in the order shown in the table below. Notice that this
includes an "extra" file at the beginning. This file, labelled "heights", contains height values, in
meters above ground level, which correspond to the range of each of the 950 data points contained
in each shot (i.e. the first point is 15 m AGL, the second point is 45 m AGL, etc.). The range used
is the midpoint of the 30 m "layer" that is represented by each of the 950 data points.

Starting time (MST)
File* (decimal format)** Julian date

Tape#l:

heights
Idl 12602.152
Id165546.152
ldl80058.152
ld205659.152
ld221458.152
ld002735.155
ld075535.155
ldl73220.155
ld204030.155

Tape #2:
ldOOOOOO.156
ld061004.156
ldl25837.156
ld035808.157

NA
11.4394
16.9343
18.0244
20.9550
22.2547
00.4658
07.9317
17.5457
20.6803

00.0042
06.1732
12.9811
03.9731

NA
152
152
152
152
152
155
155
155
155

156
156
156
157

*The names of the files are constructed with the time at which the averaging was started and
the Julian date. (e.g. Id112602.152 corresponds to the file that was averaged starting at 11:26:02
MST on June 1, 1990.)

**These starting times are the times of the first averaged shot in each file



Each of these files was constructed following the formatting guidelines requested by WSMR.
The formal formatting of each record is as follows:

<blank hne>
<blank line>
"date: (13)
"time: ", (f7.4)
<blank line>
"0.53 urn (raw)"

(lx,E11.4) 950 data points
<blank line>
"1.06 urn (raw)"

(1x^11.4) 950 data points
<blank line>
"0.53 urn (corrected)"

(lx,E11.4) 950 data points
<blank line>
"1.06 urn (corrected)"

(lx,E11.4) 950 data points
<blank line>
"number of shots in average ", (13)



II. Description of Corrections made to Data

The lidar data was recorded as individual shots (one for each wavelength). Each of these shots
contains 1000 data points, with each datum being a logarithmic voltage value. The first 50 of these
points (called pretrigger values) are measurements of the ambient background signal that enters the
telescope and are recorded before each firing of the laser. It is from these pretrigger values that we
are able to calculate an arithmetically averaged background signal that is used in the correction
procedure. (Note: these pretrigger values are not included as part of the data accompanying this
report.) The remaining 950 data points each correspond to a particular range value (i.e. distance
from the lidar). During the project, the system was set such that each datum spanned 30 meters;
this means that the maximum height covered by the lidar during the experiment was 28.5 km.

Corrections were made to the data to account for the range dependence of the intensity of the
return signal. Imbedded in these corrections are adjustments for the background signal and certain
electrical noise problems. The algorithm used is basically that developed by G. Grams ("Analysis
of Lidar Data Obtained at White Sands, July 1989", Final report to UW, May 20,1990). This report
should be referred to for further details on this routine.

For a lidar using linear amplifiers, the corrections are straight forward. To eliminate the
background signal from the data, a simple subtraction is sufficient, where the average background
signal is subtracted from the originally stored data. A range squared correction can then be applied
to the data points to achieve the desired backscatter value. Since logarithmic amplifiers were used
in the lidar that operated at WSMR, all signals must be treated as logarithmic values, including
background signals. The following procedures describe the corrections that can be made to an
idealized lidar system with logarithmic amplifiers.

For an idealized environment without any background signal and for a lidar with logarithmic
amplifiers. Grams (1990) assumes that the recorded voltage value D is:

D Aln(^) (1)

where, A is a system constant, P the backscatter coefficient, and r the range. The r2 term in (1)
comes from the fact that the laser energy is emitted as a parallel beam, but the radiation
backscattered from the target is a diverging beam, the intensity of which falls off as 1/r2.

For an environment containing a background signal, the recorded data will be a combination
of the return signal and a constant background signal N, so that D becomes:

D Aln(^, + N) (2)
r

If we define X as the difference between the recorded signal D and the background signal N, for a
system with logarithmic amplifiers:

X AInC^ +N) Aln(N) (3)

which can be simplified to:



X Aln ( + l) (4)
Nr2

Therefore,

exp (x) -^ + 1 (5)
A \j 1A Nr

or, solving for the desired backscatter coefficient, p:

(3 Nrl^exp {^) \\ (6)

To apply these idealized corrections to the data obtained at WSMR, adjustments were made to

compensate for the specific logarithmic amplifiers used in the lidar. Experimental observations of
amplifier output showed that a plot of the logarithm of the input (I) vs. the logarithm of the
output (0) was a straight line. Hence,

ln(0) Mln(I) + C (7)

where M is the slope of the line, and C the intercept. Using (7), the expression for the average
output for the background signal B (which can be obtained from the pretrigger values) can be
represented by:

ln(B) Mln (N) + C (8)

Solving for N:

A/ //" ^ c
^ ^^ ^(-M- ^ (9)

Hence, values of P can be obtained from the measurements of X using (6) and (9), provided that
the lidar constant A is known.

While recording the data, the gain settings of the system were changed at various times to

produce the best data possible from the available signal. The gain settings are multiplication factors
that are applied individually to the data from each wavelength to increase the dynamic range of the
lidar system. These changes (which are noted in section V) are made during the recording process
and, therefore, are recorded into the data. This means that periods when the gain was changed will

show up as an increase or decrease of the relative magnitude of the signal over the entire range of
data points. In processing the data contained in this report, no changes were made to compensate
for gain changes, which explains the large differences in magnitudes in some signals (e.g. the
difference between the 0.53 (im and 1.06 p.m wavelengths in figure 1, section IV). To compare
certain signals, it might be helpful to use a multiplication factor to increase the magnitude of the
signal in question to a point comparable with the other signal.



in. Limitations of Data

The lidar used in this study was designed to detect clouds, haze layers, dust, etc. Therefore, it
is not very useful for studying returns from rather clear air. This limitation can be seen by
examining the corrected data. Assuming a constant target, the intensity of the return signal should
decrease with height as the square of the range. As can be seen in the sample plots in section IV,
the uncorrected signals (e.g. figs. l(a), 2(a), 3(a), etc.) exhibit this expected behavior in clear air up
to a height of ~5 km. Beyond this point, the return signal from clear air is comparable with the
electronic noise contained in the lidar system. The electronic noise was larger than usual due to

large diurnal temperature changes that occurred at the test site. Hence, above ~5 km in clear air, the
return signal is approximately constant. Another problem experienced during recording was that
the extreme daytime temperatures often caused the laser system to overheat, which produced
multiple firings of the laser. This produced spurious signals in the data, which are noted in
section V.

These data limitations are most evident in the corrected data. Above the altitude where the
return signal becomes constant with height, the signals for the range-corrected data increase with
height, which is generally an artifact for clear air cases. This effect is particularly noticeable
because the maximum range of the lidar was set to a very large value (28.5 km), and also, because
of the large number of occurrences of very clean, clear air encountered at WSMR. The result of
this is that in clear air much of the data above ~5 km should be ignored. However, clouds up to an
altitude of -15 km should have been detected by the lidar. Other interesting features can also be
seen in the data. For example, in the sample plots of section IV, one can see a boundary layer feature
in figures 3(b), 4(b), and 5(b). Some of these features are tabulated in section VI.

Finally, there is a region in the "near field" of the lidar (within -560 m of the lidar) in which
there is very limited data (or, at least, the data can not be trusted). This is due to the co-axial
configuration of the telescope/laser system, which means that the laser pulse must travel a certain
distance before the backscattered signal has expanded enough to be reflected into the receiving
area.



IV. Sample Plots

In the following pages, there are five sets of sample plots, which display various times and
conditions from the WSMR lidar project data set. Each set, except for the first one, contains two

plots: raw and corrected data, respectively, for both 0.53 \im and 1.06 (im wavelengths. The first

set of plots contains three extra plots, which will be explained below.

Figure 1: June 1, 1990 decimal time: 11.4492

This set of plots is of a clear air situation, chosen from the first of the recorded data.
(a) This plot contains the uncorrected values for both wavelengths. As can be seen, there

is a very large difference between the two signals, with the 0.53 (im wavelength signal resting
almost on the vertical axis. This is due to the fact that the gain settings were set at different values.

Gain settings are given in section V.
(b) This plot contains an expanded view of the 0.53 p.m wavelength from l(a).
(c) This plot contains the corrected values for both wavelengths. Again, there is a very

large difference between the signals, with the 0.53 p,m wavelength signal, again, almost resting on
the vertical axis. Also, the shapes of these plots are a consequence of correcting for the range
dependence (see section HI). The apparently strong signal at high altitudes corresponds to the

"dark" images in the hard copy data during the time periods where the range-squared correction
was turned on (e.g. frame #45 of the color hard copy data).

(d) This plot contains the expanded view of the 0.53 (im wavelength from l(c).

Figure 2: June 4, 1990 decimal time: 17.5567

This set of plots is also of a clear air situation.
(a) This is the same type of plot as l(a).
(b) This is the same type of plot as l(c).

Figure 3: June 4, 1990 decimal time: 21.6208

This set of plots is of a cloudy sky situation. The cloud appears at ~5 km, as indicated by a sharp
increase in the return signal at this altitude.

(a) This is the same type of plot as l(a).
(b) This is the same type of plot as l(c). Notice the likely presence of a boundary layer

topping out at ~1 km.

Figure 4: June 4, 1990 decimal time: 21.6294

This shows the same cloudy sky situation seen in figure 3, but at a later time.
(a) This is the same type of plot as l(a).
(b) This is the same type of plot as l(c). Notice the likely boundary layer topping out at

~l km.



Figure s: June 6, 1990 decimal time: 7.1128

This set ofplots is another example ofa cloudy sky situation, with the cloud occurring at an altitude
of ~6 km.

(a) This is the same type of plot as l(a).
(b) This is the same type of plot as l(c). Notice the likely boundary layer topping out at

~1 km.



J u ia n d ay: 1 5 1 Ti me 1 1 449 2
(Raw data)

0 5 5 ju m 1 0 6 ju m

0.55 pm
1 .06 jjm
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Lida r return (log voltage)

Figure l(a)



J u ia n d ay: 1 5 1 Ti m e 1 1 449 2
(Raw data 0.55 u m only)
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Figure l(b)



J u a n d ay: 1 5 1 Ti m e 1 1 449 2
(Corrected data)

0 5 5 JJ m

1 0 6 u m
^

/
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Figure l(c)
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J u a n d ay 1 5 1 Ti m e 1 1 449 2
(Corrected data 0.55 jj m only)

Figure l(d)
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Lido r retu rn



J u ia n day: 1 5 5 Ti m e 1 7 55 67
(Raw data)

0.55 pm
1 .06 jjm
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Figure 2(a)



J u a n d ay 1 5 5 Ti m e 1 7 55 67
(Corrected data)

0.55 ju m
1 .06 ^j m

0 .5 1 .0 1 5 2 .0
Lido r retu rn

Figure 2(b)



J u ia n d ay: 1 55 Ti m e 2 1 6208
(Raw data)

0.55 ^j m
1 .06 ^ m

^
\

0.5 1 .0
Lidor retu rn (log voltage)

Figure 3(a)



J u a n d ay: 1 5 5 Ti m e 2 1 6 208
(Corrected data)

Figure 3(b)
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Lido r retu rn



J u ia n d ay: 1 5 5 Ti m e 2 1 6 2 9 4
(Raw data)

Figure 4(a)
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Lida r ret u rn (log voltage)



J u ia n d ay: 1 55 Ti m e 2 1 6 29 4
(Corrected data)

Figure 4(b)
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J u a n d ay: 1 57 Ti m e 7 1 1 28
(Raw data)
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Figure 5(a)



J u ia n d ay: 1 57 Ti m e 7 1 1 28
(Corrected data)

0 1 0 20 50 40 50 60 70 80 90 1 00 1 1 0
Lidor retu rn

Figure 5(b)



V. Notes Taken from Field Notebook for the WSMR project (5/31/90 6/6/90)

(All dmes are Mountain Standard Time)

5/31/90

10:31:00 Begin printing to plotter

30 km max range
1 pulse per second (pps)
Gain 1 for both wavelengths
Printed output is 1.06 p.m wavelength

11:44:00 time mark

11:58:00 Changed 0.53 [im gain from 1 to 2

12:00:00 Changed 1.06 urn gain from 1 to 2; time mark

13:00:00 time mark

14:00:00 time mark

15:19:00 time mark

16:25:00 time mark

16:50:30 Changed gain on both wavelengths from 2 to 1

16:54:00 Changed vertical skip to 17.99 km

18:00:30 time mark

18:58:00 Changed gain on both wavelengths from 1 to 2; time mark

18:59:15 Blue ink is out on the printer stopped recording for a moment

19:01:00 Start recording again

19:02:00 time mark

20:00:00 time mark

20



21:00:00 dme mark

21:19:15 Changed the exabyte tape; computer (pc) turned off

21:31:58 Restarted computer the exabyte change was a failure

0.53 (im gain 1
1.06 (im gain 2

21:34:00 off

21:42:00 turned back on

21:44:00 Range-squared correction turned on

With range-squared on, get an interesting signal at ~3 km on both wavelengths. Is this the
boundary layer? (-22:00:00)

22:10:00 Resetting the span value

22:30:00 Range-squared correction turned off

23:18:00 Still some sign of boundary layer structure real or spurious?

23:20:00 Switching range-squared correction on

23:40:00 Range-squared correction off

23:51:00 Resetting span

6/1/90

01:00:00 Range-squared correction is on

"Boundary layer" structure appears to be gone

02:15:00 Computer crash restarted system

02:25:00 Range-squared correction off

03:30:00 Something strange happening. Laser power fluctuations? Alignment?

03:55:00 Trying the GTRI software again

04:16:00 Computer back on

21



04:18:00 Range-squared correction on

04:38:00 Range-squared correction off

04:45:00 Sunrise...some Ci on horizon and altocumulus on mountain to NE

07:25:00 Rocket Launch

Plume may drift over.

07:35:00 Plume seen at -4.7 km

08:41:00 Restarted the system

0.53 (im channel off because of brightness and lack of recording

08:57:00 System off.

** Note: This is the end of the hard copy data

This starts tape #1

15:24:00 Changed tapes data stopped

This starts tape #2

18:01:00 Changed tapes data flow stopped; Trigger problems??

This starts tape #3

19:29:40 Gain on both wavelengths is set to 1

19:48:55 Realigned laser little to no improvement

0.53 p.m gain 0.5

20:03:00 King Air overpass at 7500 ft

20:15:00 King Air overpass at high altitude

20:30 :35 Laser test

22



0.53 urn 5.0 mJ
1.06 Hm 55 mJ

20:57:00 Changed tapes

This starts tape #4

21:23:00 Final King Air overpass at 1500 ft

22:07:00 Changed tapes

This starts tape #5

22:15:00 System on

22:30:00 Testing laser power

0.53 (im 4.7 mJ
1.06 urn 57 mJ

23:00:50 Stopped system

23:06:00 Restarted system

6/2/90

00:00:00 Shut down system

6/4/90

11:28:00 Tape #6 started

0.53 p,m gain 5
1.06 (im gain 2

04:56:20 0.53 |^m gain changed to 2

07:51:00 Changed tapes

This starts tape #7

07:55:00 Taking data again

10:18:00 0.53 [im gain changed to 5



11:04:00 0.53 [im gain changed to 2

11:08:00 Changed tapes

This starts tape #8 -*Note: there is a large gap here due to computer problems

17:32:00 Recording again at 1 pps

17:40:00 Checking laser power

0.53 \im 2.5 mJ
1.06 urn 37 mJ

18:25:00 Might see King Air in the area?

18:30:00 Aligning laser

18:40:00 Clouds at 4.5 km; should be at top of boundary layer.

18:44:00 Alignment done

18:48:00 Laser power must be fluctuating

18:53:00 Lots of big "flecks" in the signal

19:05:00 Rosin’s balloon visible to North, unknown distance and altitude

19:15:00 Checking laser power

0.53 \im 2.0 mJ
1.06 urn 37 mJ

19:35:00 Laser power looks much more steady now

20:10:00 Laser power again fluctuating

20:18:00 Realigning laser

20:20:00 Changing tapes

This starts tape #9

21:03:00 System running

21:35:00 Clouds seen at 5.6 km on both wavelengths
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21:50:00 Still occasional cloud overhead

Cloud appears to be fractured Ac; still have very light winds; hazy

22:15:00 Some thin clouds

22:50:00 Quite extensive deck of Ac approaching from W; high Ci to S.

6/5/90

05:58:00 Laser test

0.53 [im 4.4 mj
1.06 urn 50 mj

06:03:00 Changed tape

This starts tape #10

06:10:00 Recording data again

08:49:00 Changed gains

0.53 urn gain 2
1.06 p-m gain 1

09:20:00 Shut down lidar for awhile too hot!

12:59:00 Started lidar

Thick clouds present
Laser still misfiring at times

13:01:00 Changed pulse rate to 1 pps

0.53 |j.m power appears weak; lots of noise
Have Ac lentic. and some virga from denser Cu/Ac

13:13:00 Changed back to 5 pps; misfiring has decreased; 0.53 |im signal increased

13:48:00 Additional cloud above main layer (or ringing??)

Quite windy now
Definitely a layer above Ac deck

25



14:00:00 Some misfiring (the sun in out)

Some 3 times misfiring, too!!

14:12:00 VERY windy

In downburst under Cu/Cb virga, blowing dust, 40+ knots

14:17:00 Estimate 60+ knot winds blowing dust, etc

20 m/s winds reported at missile site
Beautiful lidar shots of cloud coming toward surface; no precipitation yet (14:19)

14:20:00 Calm again

Cb overhead with virga, mammatus Wow!

15:40:00 Lots of misfiring

16:00:00 Note: second "mifiring" is probably just the cloud being seen by the first misfiring

17:03:00 Still lots of Ac/As

18:12:00 Checking laser power

0.53 Hm 1.6 mJ
1.06 p.m 36 mJ

18:48:00 Picking up cloud not visible by eye

18:51:00 Cloud is now visible

19:33:00 No cloud clearly visible by eye, but very strong on lidar

20:14:00 All clear

21:46 :50 Realigning laser could not improve any

22:07:00 Covering telescope to evaluate the background noise

23:20:00 Picking up some cloud right at 6 km

23:59:59 Changing tapes

26



This starts tape #11

6/6/90

00:05:00 Started recording

No cloud

00:56:00 Slowing system to 1 pps to try to get rid of "streaks" in laser firing

It did not help

01:00:00 Laser power

0.53 [im 4.9 mJ
1.06 |im 50 mJ

01:35:00 Some very thin clouds

06:21:00 Clouds at -7.2 km; Cirrus and small puffy Cu

07:06:00 Thicker, multilayered cloud passing by

09:40:00 Shut down lidar system

Laser is getting too hot misfiring is almost continuous

**End of Notes**
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VI. Some Important Features

Date Time (MST)

5/31/90 21:44:00

5/31/90

6/1/90

23:18:00

07:35:00

6/4/90

6/4/90

6/4/90

6/4/90

6/5/90

6/5/90

6/5/90

6/5/90

6/5/90

6/5/90

6/5/90

6/5/90

6/5/90

18:40:00

21:35:00

21:50:00

22:15:00

12:59:00

13:01:00

13:48:00

14:12:00

14:17:00

14:20:00

17:03:00

18:48:00

18:51:00

Comments

Boundary layer (BL) visible at ~3 km
(hard copy only)

See frames 45 and 46, section VEII

BL visible at ~3 km (hard copy only)
See frames 47-54, section Vin

Rocket plume visible at ~6.3 km (hard copy only)
See frame 79, section Vin

Cloud visible at -4.5 km; should be top of BL

Cloud visible at ~5.6 km on both wavelengths
See figures 3 and 4, section IV

Still occasional cloud visible; appears to be
fractured Ac

Some thin cloud visible

Thick clouds present

Ac lentic. and some virga from denser Cu/Ac

Additional cloud detected above main layer

In downburst under Cu/Cb; virga, blowing
dust; 40+ knot winds

Estimated 60+ knot winds; blowing dust
Beautiful shot of cloud coming towards the

surface; no precipitation reaching ground

Cb overhead with virga, mammatus

Still lots of Ac/As

Detecting cloud not visible by eye

Cloud now visible to the eye
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Date

6/5/90

6/5/90

6/6/90

6/6/90

6/6/90

Time(MST)

19:33:00

23:20:00

01:35:00

06:21:00

07:06:00

Comments

No cloud clearly visible by eye, but strong signal
on lidar

Cloud detected at ~6 km

Thin clouds detected

Clouds detected at ~7.2 km; Ci and small
puffy Cu

Thicker multi-layered clouds passing by at ~6 km
See figure 5, section IV
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VII. Annotations for Hard Copy Lidar Data

The color lidar imagery contained in this section is the hard copy data obtained at WSMR
during the period 5/31/90 6/1/90. This hard-copy data was collected during the initial stages of
the project due to a problem in storing the lidar data to tape. The images contain data at 1.06 p.m
wavelength only, because only one wavelength could be printed at a time. The system was run at

a speed of 1 pulse per second (pps) and the maximum vertical range was set at 28.5 km.
A short explanation of the appearance of these images might be helpful. When the range-

squared correction is not applied, a dark, multi-colored band is present near the bottom of the data
(e.g. frame #1). This band is a result of the strong near-field return signal. As the altitude increases,
the signal falls off in clear air to a fairly small and constant signal that is the system "noise" (see
section ffl). The small region of points below the dark band are the pretrigger data values that are
used to calculate the average background signal, as explained in section II of this report.

When the range correction is applied, the data looks quite different. The image now appears
much darker, with the strongest signals at the highest altitudes. In clear air, this is generally an
artifact, as discussed in section III. Notice, also, that the pretrigger values at the bottom have
disappeared, which is due to the display software used.

Finally, there are differences in the data at points where the span settings were changed. The
span setting is a part of the software that allows the user to change the scale at which the data is
displayed. In effect, it allows the user to "zoom in" on data with low intensity returns and vice-
versa. The images where the span was changed (e.g. frame #46) show what appears to be a change
in the magnitude of return signal throughout the entire range of data. These span values were not

recorded in the field notebook.
For the most part, this data contains imagery of clear air situations (such as in frame #1). There

are examples, however, of other types of conditions. For example, the top of the boundary layer
generally shows up as a thin line of increased signal seen just above the near field signal
(e.g. frame #51). In frame #79, the plume from a rocket launch can be seen as a strong (but very
small in spatial extent) signal about 1/3 1/2 of the way across the page and ~4 mm above the
bottom of the dark band.

The table below lists each frame by number (which is the number in the bottom left comer of
each image) and gives the time spanned by each frame. Also, the table lists points of interest
concerning each frame. These comments include the system changes listed above, as well as
interesting atmospheric features. Frames in which interesting features are not noted can be
considered to be clear sky cases. For further details of each time frame, the notes contained in
section V should be consulted.
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Frame # Time (MST) Comments

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

10:31:00 10:46:00
10:46:00 11:01:00
11:01:00 11:15:00
11:15:00 11:31:00
11:31:00 11:46:00
11:46:00 12:01:00
12:01:00 12:16:00
12:16:00 12:31:00
12:31:00 12:46:00
12:46:00 13:01:00
13:01:00 13:16:00
13:16:00 13:31:00
13:31:00 13:46:00
13:46:00 14:01:00
14:01:00 14:16:00
14:16:00 14:31:00
14:31:00 14:46:00
14:46:00 15:01:00
15:01:00 15:16:00
15:16:00 15:31:00
15:31:00 15:46:00
15:46:00 16:01:00
16:01:00 16:16:00
16:16:00 16:31:00
16:31:00 16:46:00
16:46:00 17:01:00
17:01:00 17:16:00
17:16:00 17:31:00
17:31:00 17:46:00
17:46:00 18:01:00
18:01:00 18:16:00
18:16:00 18:31:00
18:31:00 18:46:00
18:46:00 18:59:15

12:00 gain change to 2

16:50 gain change to 1

18:58 gain change to 2
computer stoppage

35
36
37
38
39
40
41
42

19:01:00 19:16:00
19:16:00 19:31:00
19:31:00 19:46:00
19:46:00 20:01:00
20:01:00 20:16:00
20:16:00 20:31:00
20:31:00 20:46:00
20:46:00 21:01:00



21:01:00 21:16:00
21:16:00 21:19:15

21:42:00 21:57:00

21:57:00 22:12:00

22:12:00 22:27:00
22:27:00 22:42:00

22:42:00 22:57:00
22:57:00 23:12:00

23:12:00 23:27:00

23:27:00 23:42:00

23:42:00 23:57:00

23:57:00 01:12:00

00:12:00 00:27:00
00:27:00 00:42:00
00:42:00 00:57:00
00:57:00 02:15:00

02:15:00 02:30:00
02:30:00 02:45:00
02:45:00 03:00:00
03:00:00 03:15:00
03:15:00 03:30:00
03:30:00 03:45:00
03:45:00 03:55:00
04:16:00 04:31:00
04:31:00 04:46:00
04:46:00 05:01:00
05:01:00 05:16:00
05:16:00 05:31:00
05:31:00 05:46:00
05:46:00 06:01:00
06:01:00 06:16:00
06:16:00 06:31:00
06:31:00- 06:46:00

Computer stoppage
-Restarted and stopped again

21:44 -range-squared on
-Boundary Layer (BL) feature can
be seen after correction turned on

22:10 -change span value
-BL still visible
-BL still visible

22:30 -range-squared off
-BL disappears after correction turned
off
-BL can barely be seen

(6/1/90)
-BL stronger now

23:20 -range-squared on
-BL still visible

23:40 -range-squared off
-BL still visible

23:51 -change span value
-BL disappears after span changed

23:?? -change span value
-BL reappears after span change
-BL disappears

-There was a computer stoppage at

some point in this time span
01:20 -range squared on
02:25 -range-squared off

-Computer stoppage
04:18 -range-squared on
04:38 -range-squared off
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76 06:46:00 07:01:00
77 07:01:00 07:16:00
78 07:16:00 07:31:00
79 07:31:00 07:46:00
80 07:46:00 08:01:00
81 08:01:00 08:16:00
82 08:16:00 08:21:00
83 08:42:00 08:57:00

07:35 -Rocket launch plume at -4.7 km

-Computer stoppage

**Done with hard copy data**
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