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RADIOSONDE ALTITUDE MEASUREMENT USING 
DOUBLE RADIOTHEODOLITE TECHNIQUES 

Stephan P. Nelson 
National Severe Storms Laboratory 

The possibility of using double radiotheodo1ite 
methods to measure rad~osonde altitude to within 15 m 
is investigated. Data were collected from a triad of 
stations with a 53.2 km average base line. Errors in 
computed balloon positions are an order of magnitude 
larger than expected from equipment accuracy consi­
derations alone. The large height discrepancies are 
attributed to equipment alignment and ground reflec­
tion problems from viewing at low e1~vatiori angles 
over long base lines. Individual station biases were 
not ascertainable. Calculations determine optimum 
base-line lengths consist~nt with equipment accuracy, 
satisfactory viewing angles, and the desired 15 m 
altitude accuracy. 

1. INTRODUCTION 

Radiosonde altitude is conventioria11y derived from pressure 
via the hydrostatic approximation. Past soundings from the 
National Severe Storms Laboratory (NSSL) mesonetwork have used 
this same technique. However, when an instrument enters a severe 
thunderstorm, hydrostatic assumption is not always appropriate 
because high sp~ed vertical drafts, entrainment, and water mass 
influence the vertical pressure distribution (bavies-Jones and 
Ward, 1971). Pressure distribution may greatly affect severe 
storm dynamics (Barnes, 1970). Lt is necessary to measure 
radiosonde heights within 15 m (about 1 mb at 500 mb) or less 
in order to determine these effects. Since the radiosonde signal 
can be detected from a station other than the launch station, 
even though separated by many kilometers, a double radiotheodo1ite 
method for measuring radiosonde altitude was studied. 

2. BASIC DATA AND ANALYSIS 

Experimental data were acquired from a triad of radiosonde 
stations (fig. 1) located in central Oklahoma at Norman (NRO), 
Mustang Airport (MAP) and Edmond (EDM) during NSSL's 1971 spring 
observation program. Two or all three stations tracked each 
instrument launched; table 1 .1ists the test cases. The sounding 
procedures are described by Barnes et a1. (1971). 



Table 1. List of Test Cases. 

DAY LAUNCH ASCENT 
(JUNE 71) STATION NUMBER TRACKING 

7 MAP 37 NRO 
8 MAP* 42 NRO 
8 EDM 41 NRO 
8 MAP 43 NRO 
10 MAP 44 NRO 
10 MAP 47 NRO 
10 EDM 44 MAP 
10 NRO 50 MAP 
11 MAP 49 EDM 
12 MAP 50 NRO 

*Storm Environment 

40NMI 

EDM 

47.5km 
+TIK 

";- .. 

20 NMI -

Figure 1. Location of t~st~ites. 
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Two analysis techniques were employed to compute radiosonde 
height. The first method was developed by Thyer (1962). The 
second, a more common geometric method (for example, Middleton 
and Spi1haus, 1953), uses two azimuth angles to fix the horizon­
tal position and either of the two elevation angles to fix the 
vertical position. Thyer bases his method on the fact that the 
two rays from the tracking antennas to the balloon almost never 
intersect in three-dimensional space due to error, instrument 
or human. However, a line connects the points of closest approach 
of the two rays. Thyer's method calculates the 1eng~h of this 
line (termed the short line) .ndestimates the balloon's most 
probable position on this line. For our three-station configura­
tion, the total length of any two rays is 50 to 100 km. If both 
azimuth and elevation angles are accurate to 0.1°, the expected 
short-line length (hence our uncertainty in positioning) is in 
the range of 40 to 80 m. However, we found that the computed 
short line distances exceed this calculated maximum error by an 
order of magnitude. Furthermore, balloon altitude calculated by 
the geometric method, using first one station's elevation angle 
and then the other's, reveals a discrepancy of several hundred 
meters. Clearly, the two tracking systems indicate the radio­
sonde ~s at two points in space several hundred meters apart. 

Two possible sources of this error are explored; (1) 
inability to measure angles to the required resolution; (2) bias 
error due to alignment resulting from either mechanical or 
initial calibration problems. (Note: Elevation angle error may 
be azimuthally dependent if the tracking antenna is not absolutely 
level.) Both tracking systems WMD-2 and WBRT-60) have azimuth 
(Az) and elevation (E1) resolutions to hundredths of a degree. 
If these systems function to the manufacturer's specifications, 
limitations due to resolution should not be a factor in view of 
the above estimate of maximum short-line length for angle resolu­
tion 0.1°. Alignment is at least part of the problem because 
errors tended to be constant rather than random. 

To study the error problem, we devised a test to determine 
whether anyone station was at fault. Assume that one of a pair 
of stations viewing a balloon is tracking correctly and calculate 
the angles that the other station should be indicating. Comparing 
computed with measured values shows the nature of existing errors. 
The method uses the hydrostatic height computation in conjunction 
with the reference station's azimuth and elevation angles to 
determine balloon positions. Knowing length and orientation of 
the base line between the two trackirig stations, we can calculate 
the angles that should have been measured from the second track~ng 
station. 

Data were divided into paired cases and the launch station 
data were used for height computations. Thus, the "reference 
system" changes as the launch station changes, complicating the 
analysis slightly. Only launch station data can be subjected 
to all necessary quality checks, since only one set of pre-flight 
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calibration data is available. There were six cases of the 
MAP-NRO pair (five MAP launches, one NRO launch), four cases of 
the MAP-EDM pair (three MAP launches, one EDM launch) and one 
case of the EDM-NRO pair (EDM launch). One sounding, MAP-NRO 
Asc 42, was taken in a severe thunderstorm, but height errors 
due to nonhydrostatic factors cannot account for the observed 
position discrepancies. 

Actual val~es of the El and Az angles measured by the non­
launch station were subtracted from the computed values: 

1. 

2. 

6El = El [computed] 

6Az = Az [computed] 

El [measured], 

Az [measured]. 

These delta values were plotted against time (figs. 2-12). 

Notable features in figures 2 to 6 (MAP-NRO pair with MAP 
as the launch station) are positive delta values for El (heavy 
lines; means 0.05° to 0.50°) and larger negative values for Az 
(light lines, means -0.76° to -1.22°). When NRO is the launch 
station (fig. 7), there is no apparent change in the El delta 
values (mean 0.48°), but the Az delta values become positive 
(mean 0.27°). This sign change is likely to charige in comparison 
standard as the launch station changes. 

\ 
Some delta values appear fairly constant with time (fig. 2), \ 

whereas others fluctuate (fig. 7). The most unsteady portion of 
each data set generally occurs early in the sounding when the 
second tracking station's antenna is at a low elevation angle. 
One sounding (fig. 6) initially has a large delta value that 
soon diminishes. This may be due either to ground reflection or 
to the antenna not yet having locked into its target. 

The MAP-EDM data (figs. 8-11) are similar to MAP-NRO. When 
MAP is the launch station (figs. 8, 9,10), mean El and Az delta 
values range from 0.12 to 0.17° and -1.08 to -1.47°, respectively: 
When EDM launches, the Az delta values ~hange to small positive 
(fig. 11), which is the same result observed in the ~AP-NRO 
pair. For the only EDM-NRO case (fig. 12), the result is similar \ 
to the MA.P-EDM and MAP-NRO tests and does not clarify the 
problem at all. 

It would be helpful if we could isolate which station or 
stations are not indicating the correct Az and El angles. This 
is apparently impossible. If we assume only one station contains 
bias errors, then there must be no discrepancies between the 
other tracking station pair. The results (fig. 12) show that 
this is not a valid hypothesis. If only MAP had a bias error in 
azimuth, then since EDM and NRO deltas relate to MAP in the same 
manner, there should be no discrepancy between the EDM-NRO pair. 
But there is. Therefore, at least two stations have bias azimuth 
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errors and, with the available data, it is impossible to ascer­
tain which two (or three) are wrong. A similar problem exists 
for the El angles. 

If the error in El were azimuthally dependent, this would 
be evident through comparison of delta values separated in Az 
by 90 0

• The MAP-NRO data provide a test of this possibility. 
Figure 13 shows the net displacements of all dual tracked 
soundings between MAP and NRO. If a marked azimuthal error 
exists, it should be evident between the delta El values for 
the runs northeast of MAP and the one run northeast of NRO. The 
NRO-MAP El delta values (fig. 7) are not significantly different 
from the MAP-NRO runs. (Ignore the wild fluctuations caused by 
the extremely low elevation angle near the ends; the middle \ 
portions are comparable.) The mean NRO-MAP delta values is about J 
0.5 0 compared with 0.1 to 0.5 0 for MAP-NRO mean values. Appar- 1 
ently, no significant azimuthal dependency occurs in the El error~ 

MAP - NRO 

DATE 

6/7/71 
6/8/71 
6/10171 
6/10171 
6/12/71 

NRO - MAP 

6/10/71 

ASC NO. 

37 A 
42 B 
44 C 
47 D 
50 E 

50 F 

F 

NRO 

Figure 13. Net horizontal 
displacement of balloons 
during time of dual acqui­
sition of signal; MAP-NRO. 
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This study has shortcomings. 1 

First, the data sample is small \ 
and doesn't cover a representativi 
number of different flow situa­
tions. Antenna alignment errors \ 
are most easily recognized when 
soundings are accomplished under 
conditions where data are ac­
quired in each quadrant. Also, 
the long base line between 
stations in this experiment (whic~ 
was incidental to another experi­
ment involving slant range data) 
require tracking at low elevation 
angles, which makes data accuracy , 
questionable. 

In summary, with the avail­
able data it does not appear 
possible to determine why the twO! 
instruments do not view the same 
point in space. Likely, much of 
the problem is caused by small, 
but ambiguous" antenna alignment 
errors and one station tracking 
at low elevation angles. 

3. FUTURE WORK SUGGESTIONS 

Two major factors must be 
corrected before we can obtain 
more accurate positioning data 
by double radiotheodolite: 
system accuracy and base line 



distance. System errors consist of initial alignment and 
instrument limitations. The magnitude of the angle errors found 
in section 2 is not surpris~ng. In the opinion of personnel who 
routinely operate radiotheodolites, the azimuth-elevation errors 
are between 0.5 and 1.0°. This is certainly sufficient for the 
intended purpose of the instruments, however, it is not adequate 
for the detailed measurements required in this study. 

Errors might be reduced to acceptable limits by the following 
procedures. With the tracking antennas aligned as carefully as 
possible, comparative runs with one or two optical theodolites 
should be made. If after several tests a constant discrepancy 
appears, corrections can be applied to reduce this error. Then 
dual-tracked soundings (radio theodolite) should be made in as 
many quadrants as winds will allow. The launch site should be 
alternated between the two stations. An independent check with 
a visual theodolite should be obtained from the launch site. 

At the distances considered, the length of the short line 
ranges from 40 to 80 m even if both azimuth and elevation are 
accurate to 0.1°. If better accuracy is desired, the base line 
must be shortened. To see the relationship between base line 
length and instrument tolerance, we assume that hypothetical 
double radiotheodolite configuration in figure 14. Stations 
STA 1 and STA 2 are located on a north-south base line of length 
"b". Assume the balloon height above ground (Z) is 8 km and 
horizontal displacement (X) is 10 km due east of STA 1. For 
various base line values and different angle measurement 
uncertainties, we have listed the minimum short-line values in 
table 2. In general, position accuracy increases as base line 
decreases. For th. stated conditions, positioning to about 20 
to 25 m is possible only if angle errors are less than 0.1° 
and the base line is less than 10 km. Note that position aceuracy 
doesn't increase significantly even though the base line is 
shortened from 10 to 1 km. Finally, a shorter base line minimizes 
earth curvature effects that complicate the tracking geometry 
between the two stations. 

If stations are too far apart and the nonlaunch station 
views the balloon at low elevation angles, signal reflections 
produce considerable noise and cause erratic tracking. Consi­
derable variability in the limiting elevation angle exists, but 
6° above the horizon (or obstructions) seems to be a typical 
lower limit. Table 3 shows the elevation angle of the nonlaunch 
station for a variety of conditions. Relative balloon positions 
are indicated for ascents where the horizontal (X) to vertical 
displacement (Z) ratio ~s large (4.8) and small (1.2). Thus, 
Case 1 represents strong wind conditions and Case 2 is analogous 
to a light wind situation. The table shows results for three 
base line distances: 50, 10, and 1 km. For a 50-km base line, 
the probe must rise to at least 5 km altitude before the non­
launch station El angle becomes greater than 6°. With a 10-km 
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NORTH 
BALLOON 

--------~~~~~~~----~x EAST 

STA2 

Figure 14. Hypothetical double 
radio theodolite configuration. 

Table 2. Minimum Short-Line Values in ~eters as a 
Function of Base-Line Length (b) and Absolute 
Error in Az/El Angles. 

Absolute AZ/El Angle Accuracy [DEG] 

0.01 0.1 0.2 0.5 1.0 

b = 50 km 5.6 56.2 112.4 281.1 562.2 
b = 25 km 3.6 35.7 71.4 178.4 356.9 
b = 10 km 2.5 25.4 50.7 126~8 253.5 
b = 5 km 2.3 23.2 46.3 115.9 231.7 
b = 1 km .2.2 22.4 44.8 111. 9 223.8 
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Table 3. Viewing Angle Above Horizon of Non1aunch Station (E12) 
for Different Base Lines (b). Cases 1 and 2- Represent 
Strong and Light Wind Conditions, Respectively. 

Case 1: X/Z = 4.8 Case 2: X/Z = 1.2 

X(km) Z(km) S(km) E12(DEG) X(km) Z(km) S(km) E12(DEG) 

b = 50 km 
3.39 1.30 50.12 1.5 0.50 3.40 50.00 3.9 
8.16 2.35 50.67 2.7 3.57 4.93 50.13 5.6 

14.07 3.45 51.94 3.8 7.66 6.42 50.58 7.2 
20.36 4.63 53-.99 4.9 9.42 8.13 50.88 9.1 
27.87 5.83 57.24 5.8 11.33 9.70 51.27 10.7 

b = 10 km 
3.39 1.30 10.56 7.0 0.50 3.40 10.01 18.7 
8.16 2.35 12.91 10.3 3.57 4.93 10.62 24.9 

14.07 3.45 17.26 11.3 7.66 6.42 12.60 27.01 
20.36 4.63 22.68 11.5 9.42 8.13 13.74 30.6 
27.87 5.83 29.61 11.1 11.33 9.70 15.11 32.7 

b = 1 km 

3.39 1. 30 3.53 20.2 0.50 3.40 1.12 71.8 
8.16 2.35 8.22 16.0 3.57 4.93 3.71 53.0 

14.07 3.45 14.11 13.7 7.66 6.42 7.73 39.7 
20.36 4.63 20.39 12.8 9.42 8.13 9.47 40.6 
27.87 5.83 27.89 11.8 11.33 9.70 11. 37 40.5 

base line, the 6° limit is passed before the balloon reaches 
1.3 km a1titude--in most cases near cloud base for severe thunder­
storms in Oklahoma. Base lines of 1 km over-compensate for the 
low elevation angle problem and cause another problem in which 
the accuracy of the height measurement deteriorates as the 
balloon gets higher because the two antennas view along nearly 
the same path. 

If sufficient alignment and maintenance procedures are 
performed, the double radio theodolite method may be capable of 
positioning the balloon's altitude within 20 to 25 m, provided 
the tracking stations are no further than 10 to 20 km apart. 
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APPENDIX 

RADIOSONDE ALTITUDE MEASUREMENT USING ,SLANT RANGE 

A.1 INTRODUCTION 

An alternate method to determine radiosonde altitude from 
measured slant rang~ and elevation angle was studied in the 
Spring of 1971. Data were collected from the same three sites 
used for the double theodolite study--Edmond, Mustang Airport, 
and Norman (see fig. 1). Each tracking antenna (two GMD-2's, 
one WBRT-60) was capable of measuring the slant range to a VIZ 
1199* radio transponder. The limitations of altitude derivation 
using slant range are examined. 

A.2 ANALYSIS 

Raw slant range data were rised in conjunction with arttenna 
elevation angles to compute the height above the surface (cor­
rected for earth's curvature) at half-minute intervals. 
Hydrostatic heights (PHEIGHT), which are assumed to be correct, 
were compared with slant range heights (SRHT). 

DELTA = PHEIGHT - SRHT 

Table A.1 shows the mean of the absolute delta values (MAD) for 
all transponder soundings from the three stations. It was hoped 
that the delta values would beof the same order as the RMS 
errors of the ranging system (approximately 5 to 25 meters at 
the operating distances). However, the results in general are 
disappointing. MAD values ranged from 19.5 to 1,002.9 m, while 
the lowest average for any station~s ensemble of soundings 
was 81.1 m. To determine if the source of errors could be 
isolated and corrected, the delta values were plotted against 
time for each sounding. Each station was found to have a 
distinct dominant delta versus time signature (hereafter called 
error signature). For this reason the results are discussed 
individually by station. 

A.2.1 Edmond (EDM, GMD-2) 

Of the three stations, EDM exhibited the best initial 
results. In the main two basic error signatures surface 
(figs. A.1 and A.2). The first error is characterized by deltas, 

*Citing trade names and manufacture's names in this report 
is not to be construed as official government endorsement 
or approval of commercial products or services referenced herein. 
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never very large, oscillating about zero. The mean and MAD are 
6.5 and 23.8 m. This sounding is within the tolerances of 
height measurements expected. In figure A.2 the deltas behaved 
well up to a point in time after which the errors grow quite 
quickly producing a slope discontinuity. Eight of EDM's 26 
soundings exhibited this discontinuity. A comparison between 
MAD before this break point and the MAD for the entire sounding 
(table A.2) showed an average improvement of 115.5 m per run. 
This lowered EDM's overall average to 45.0 m. 

An attempt was made to determine whether the break point of 
each case is predicta~le. Figure A.3 is a scattergram of elevation 
angle and slant rapge distances. The specific slant ranges and 
elevation angles plotted are for: (1) the break point if the case 
exhibited the discontinuity (*), and (2) the last point of the 
run for the remaining cases ('). The ascent number of each case 
is indicated. Three of the cases (ascent numbers 38, 41, and 44) 
suffered balloon breaks, and due to the resultant erratic tracking, 
are not considered comparable to the others. Of the ten cases 
with slant range greater than 30 km and elevation angles less than 
15°, seven produced the error signature. Only one case with the 
signature was outside this range. 

Three corrections are common to all stations' data: (1) 
compensation for atmospheric ray refraction (4/3 R correction where 
R is mean earth radius), (2) slant range correction, and (3) 
elevation angle ~orrection. The 4/3 R correction improved 17 of 
the EDM runs by an 4.2 m average and worsened nine cases by a 
3.4 m average. This is of minimal value. 

The slant range and elevation angle corrections use the same 
basic approach. For slant range the elevation angle and PHEIGHT 
are assumed correct, and the slant range is calculated. If a 
constant bias is present between computed and measured values, 
then measured values can be corrected by the constant amount. 
~he elevation angles can be corrected in a similar manner on 
assuming slant range and PHEIGHT are correct. However, for EDM 
neither slant range nor elevation corrections were consistent 
enough to warrant application. 

In summary, the EDM slant range computed heights agree with 
the hydrostatically computed heights within a 45 m average if . 
one acknowledges the 30 km slant range and 15° elevation limita­
tions. 

A.2.2 Mustang Airport (MAP, GMD-2) 

The MAP mean absolute deltas were c~nsiderab1y poorer than 
EDM. An example of the MAP dominant error signature is shown in 
figure A.4 (ascent number 31). Generally errors were initially 
small, but increased steadily with time. The average disagreement 
between PHEIGHT and SRHT was 135.2 m. The 4/3 R correction 
increased errors in 23 cases and decreased them in only two cases. 
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In checking for an elevation correction, a constant discre­
pancy of approximately 0.35° appeared. This correction was 
applied to all cases and the SRHT's recomputed. Figure ~.5 shows 
this correction's effect on ascent number 31 (fig. A.4).The 
MAD improved from 120.6 to 27.5 m. Overall, 20 soundings 
improved by 62.5 m and five deteriorated by 53.0 m on average. 
This caused the average MAD for all MAP soundings to decrease 
from 135.2 to 95.8. 

A.2.3 Norman (NRO, WBRT-60) 

Norman yielded the worse results with an average error of 
183.9 m. As with the other two stations, the 4/3 R correction 
was of little value. Unsteadiness ch~racterized the NRO runs. 
A.6 shows one type of error signature that was easy to correct. 
The step discontinuity is due to the slant range changing 
drastically between two half-minute periods--probably attributable 
to a tracking instrument malfunction. This error type is easily 
detected and is corrected by ignoring all points after the jump. 
In principl. the incorrect points could be adjusted to follow 
the prejump trend. However, this problem should be corrected at 
the instrument level and normally would not appear in the data. 
These corr~ctions improved five cases by an average of 419 m. 

Six NRO cases exhibited the same delta discontinuities as 
eight of the EDM cases (e.g., fig. A.2). Corrected in the same 
manner as for EDM, the NRO cases improved an average of 91.4 m. 
Interestingly, at the break points, four of six cases have slant 
ranges larger than 30 km and elevation angles less than 15°. 
This suggests the same type signal evaluation problems at low 
elevation angles with large ranges that are common to radio 

-tracking systems. 

For NRO soundings all the corrections combined lowered the 
MAD from 183.9 to 111.9 m. 

A.3 SUMMARY 

Each station suffered from errors that were in the main 
distinct. The ave-rage absolute differences between the SRHT 
and PHEIGHT were 81.1, 135.2, and 183.9 m for EDM, MAP, and NRO. 
In eight EDM cases, errors were reduced by an average of 115.5 m 
by ignoring all points after a discontinuity in the slope of a 
plot of deltas versus time. This caused the overall average of 
EDM to decrease to 45 m. In attempting to isolate the cause of 
error, it was found that the data should be omitted if the 
elevation angle is less than 15° and the slant range larger than 
30 km. 

MAP appeared to suffer from a 0.35° elevation angle error. 
This correction caused the average absolute error to decrease 
from 135.2 to 95.8 m. 
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NRO was the most unsteady of the three stations. Some 
errors were easy to identify and were corrected by ignoring all 
points past the range jump. Six cases resembled the error signa­
ture experienced by EDM and accordingly were corrected. All 
combined adjustments reduced the absolute error by 72 m to 
111.9 m. 

Weiss (1969) in a similar study found the average of the 
mean absolute differences between the SRHT's and heights deter­
mined by radar was 231 m. The errors in this study are less. 
The smaller errors are probably due to the corrections applied; 
moreover, errors tend to increase with slant range and Weiss' 
flights were longer and presumably the radiosondes drifted 
farther from the tracking antenna. 

Even the best results show that the tested slant range 
procedure for determining radiosonde altitude is too gross for 
detailed severe storm research. This method is especially 
unsuitable due to possible data loss in applying various correc­
tions. 
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Table A.1. M.ean Absolute Delta Values (MAD) 
for EDM, MAP, and NRO. 

EDM MAP NRO 
1971 1971 1971 

ASe MAD ASe MAD ASe MAD 
NBR 1M] NBR [M] NBR [M] 

1 159.5 4 404.0 1 89.1 
2 23.8 5 211. 2 2 27.7 
4 272.2 6 161.4 3 74.5 
5 192.5 7 140.7 4 805.9 
6 116.9 8 239.9 5 54.,4 
7 71..0 9 91.1 6 135.9 
8 196.5 12 163.2 7 215.7 
9 21.5 13 45.5 8 125.5 

13 84.8 19 46.1 9 228.4 
14 38.0 20 161.7 10 171.0 
18 51.8 22 49.2 . 11 319.7 
19 164.1 23 202.5 12 337.6 
20 34.1 24 35.9 15 151.0 
21 41.8 28 96.2 16 148.9 
24 85.4 30 177.1 17 393.9 
28 39.2 31 120.6 22 132.0 ' 
35 65.3 32 187.4 23 1002.9 
36 65.7 33 139.3 24 37.0 
37 62.1 35 29.5 25 214.0 
38 72.7 36 56.1 26 23.9 
39 27.8 38 43.2 27 132.2 
40 52.7 42 108.1 28 141.1 
41 45.0 43 265.6 29 164.8 
44 28.2 47 100.6 33 148.7 
45 70.3 48 103.9 34 149.4 
4 25.7 35 42.0 

36 130.3 
37 50.9 
39 19.5 
40 52.1 
41 345.0 
42 205.4 
43 41.4 
44 257.3 
45 27.1 
47 25.8 

AVG. 81.1 135.2 183.9 
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Table A.2. Mean Absolute Delta Values (MAD) for 
Eight EDM Cases, Corrected and Uncorrected. 

MAD 
Ascension Number M 

1971 No With 
Correction Correction 

1 159.5 20.1 
4 272.2 29.0 
5 192.5 63.9 
6 116.9 29.0 
7 71.0 38.7 
8 196.5 57.9 

19 164.1 30.5 
28 39.2 19.0 

AVG. 151.5 36.0 
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