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I.  INTRODUCTION 

A theoretical and experimental research program has been underway in the 
Launch and Flight Division of BRL in recent years to provide capability for 
predicting projectile aerodynamics. Earlier efforts were predominantly in the 
supersonic regime; but in recent years, efforts have been extended to the 
transonic regime. The direction of the predictive capability is generally 
toward the use of modern finite-difference computational techniques. The 
primary objective of the experimental program is to obtain data for comparison 
with computations. The secant-ogive-cylinder-boattail (SOCBT) configuration 
[Figure 1) was chosen because a substantial quantity of experimental and 
computational data already exist for this shape which is typical of modern, 
low drag shell. The shape has been simplified, with respect to conventional 
shell, by using a pointed nose and by eliminating the rotating band. 

A limited quantity of pressure data were obtained in the Naval Surface 
Weapons Center (NSWC) Wind Tunnel at Mach 0.9081. This test program illus- 
trated that pressure taps at additional longitudinal stations were needed to 
adequately define the pressure distribution. Also, because of the critical 
flow behavior in the vicinity of projectile boattail at transonic speeds, data 
were needed at other transonic Mach numbers. Several pressure taps were added 
to the model and test time was requested in the Langley Research Center (LRC) 
8-foot Transonic Pressure Tunnel which was capable of providing the desired 
Mach numbers. 

II. EXPERIMENT 

The model geometry for the secant-ogive-cylinder-boattail (SOCBT) config- 
uration is shown in Figure 1; the model has a 3-caliber secant-ogive, a 2- 
caliber cylinder, and a 1-caliber, 7° boattail. The secant-ogive-cylinder 
(SOC) model is identical except that the 7° boattail is replaced by a cylin- 
drical section; the SOC is, therefore, a 3-caliber secant-ogive, 3-caliber 
cylinder model. 

The model, as used in previous test programs, was instrumented with 
pressure taps at 10 longitudinal positions. Tests at Mach 0.908 in the Naval 
Surface Weapons Center, White Oak Laboratory, Tunnel No. 21 demonstrated the 
need for more pressure taps. For this reason, the number of pressure taps was 
increased to 15 for the SOCBT and to 13 for the SOC. Internal size limita- 
tions of the models mandated that several taps be offset from the main ray of 
taps as shown in Figure 2. The 22.5° offset was chosen because data were to 
be acquired in roll angle increments of 22.5°. Hence, data could effectively 
be obtained at 15 longitudinal stations for the SOCBT by combining results 
from subsequent roll positions. 

1. Kaysev, L.D., "Surface Pressure Measurements on a Projectile Shape at Mach 
0.908", U.S. Army Ballistic Research Laboratory/APRADCOM Memorandum Report 
ARBRL-MR-03079, February 1981.     AD A098S89. 



All pressure tubing was connected to one Scanivalve which was located aft 
of the model inside the large sting section (Figure 3). Since only one trans- 
ducer was used with the Scanivalve, any bias errors in the measurement system 
should be nearly the same for all measurements. Thus, the pressure variations 
on the model are more accurately defined than if several transducers had been 
used, but the values of absolute pressure are not necessarily more accurate. 

The tests were conducted in the Langley Research Center 8-foot Transonic 
Pressure Tunnel which has a Mach number range of 0 to 1.30. The test section 
is 2.16 x 2.16 m square with filleted corners and the top and bottom walls 
have four slots each as shown in Figure 3. 

Initially, the test procedure was to pitch the model to a given angle of 
attack and then record data at roll positions of 0 to 180 degrees in 22.5° 
increments. This procedure was used to obtain a complete set of data for the 
SOCBT configuration. Due to a failure in the roll mechanism, a slightly 
different procedure was used for acquiring data on the SOC configuration. Two 
sections of the sting were mated with a serrated facing having serrations at 
22.5° increments. Therefore, each roll position change required tunnel shut- 
down and manually rolling the model. For this reason, as much data as pos- 
sible was acquired at each roll position. Data, for a fixed roll position, 
were acquired at both positive and negative angles of attack and at all Mach 
numbers. Because of symmetry this procedure required roll angles from 0 to 90 
degrees to_define a complete pressure distribution; for example, (a = -4, 
(j) - 22.5) = (a = +4, ()> = 157.5), etc. A complete set of data for the SOC was 
not acquired, primarily, due to other priority demands for power. The SOC 
measurements were more than 95% completed. The roll orientation, as shown in 
Figure 2, is not standard wind tunnel notation; the reason for this is that 
the data are to be used primarily for comparison to computational results 
where zero roll angle is defined as the most windward ray and positive roll is 
clockwise when looking at the base. 

III. DATA PROCESSING 

oSince some of the pressure taps were offset from the main ray of taps by 
22.5°, elements of the data array contained pressure at two roll angles. 
Appropriate adjustments were made so that all longitudinal pressures in the 
element were physically located at the same roll position. Also, since data 
are^to be compared with computational values, the roll angle was shifted by 
180° from the conventional wind tunnel coordinates: this defines zero degrees 
roll as the most windward ray when at angle of attack. 

For the SOC model, data were acquired at both ±a and at roll angles from 
0 to 90 rather than 0 to 180. Because of symmetry, a data array could be 
generated for positive angles of attack and roll angles of 0 to 180 degrees. 
For example 

[-a, ()>] = [+a, 180-<()] 

10 



It was desired to integrate some of the pressure data to obtain static aero- 
dynamic coefficients, but it was believed that pressure measurements at 15 
longitudinal positions and circumferentially in 22.5-degree increments did not 
provide a sufficient number of data points to obtain good results. For this 
reason, curve fitting of the data was performed and a larger data array was 
generated. Longitudinally, the model was divided into 0.05 caliber increments 
for a total of 120 increments. Circumferentially, the increment was chosen as 
11.25° or 32 increments for the 360° interval. Circumferentially, it was 
determined that the additional points could be determined with sufficient 
accuracy by linear interpolation. Longitudinally, polynomial curve fitting 
was used with different polynomials for different segments of the model; some 
experimenting with the degree of polynomial and groupings of points was done 
before reasonable results could be consistently obtained. For comparison to 
the polynomial curve fit data, linear interpolation data, and extrapolation 
data at the end points, were generated. Static aerodynamic coefficients thus 
obtained did not differ by more than 3%. Since the polynomial curve fitting 
appeared to produce more realistic pressure distribution, only the aerodynamic 
data obtained from the polynomial curve fitting is presented." 

The following equations were used to determine the three static aero- 
dynamic coefficient for the SOCBT configuration. Pressures were not inte- 
grated over the SOC configuration at Mach 1.20 due to the lack of a complete 
set of data. 

C 

32    120 

A i I   I   CPm „ 
(si,n9n' Vn 

m=l n=l 

32    120 

I I   z 
m=l    n=l 

32    120 

m. 

C   cose cosv A 
Pm,n   n   m m'n 

C m = 1T  E    Z   V „ (Zcg " Zn) - CA   'n C0^ 
ITFI   n=l m,n 

IV. RESULTS 

Vn 

Data are presented in both tabulated and graphical form. Tables 1-5 
consist of a complete set of tabulated pressure data in the form of pressure 
coefficients. Figures 4 through 15 are graphical presentations of the pres- 
sure data or static stability data obtained from integration of the pressure 
data. Not all of the data are presented in graphical form, but enough is 
presented to illustrate the type and quality of data. Some comparisons of 
computational and experimental data are made which illustrate how the experi- 
mental data can be used to evaluate computational techniques. While some 
differences between experiment and computation are pointed out, this report is 
not intended to give an evaluation of computational techniques. 

11 



Figures 4a to 4d are longitudinal pressure distributions on the SOC 
configuration at zero angle of attack. The experimental data are compared 
with an inviscid computation which is a numerical solution of the transonic 
small disturbance equation for slender bodies2. Agreement is generally good 
on the ogival nose but at some transonic speeds, discrepancies occur on the 
cylindrical section (see figure 4b). Figures 4 a,b show a sharp expansion at 
the ogive-cylinder junction and then, within a short distance, a sharp recom- 
pression occurs indicating that a shock wave may exist. This recompression is 
seen to move downstream with increasing Mach number. Figures 5a and 5b are 
shadowgraphs of the SOC and verify that the shock wave exists and shows a 
dramatic movement for the Mach number range of 0.91 to 0.98. 

Figures 6a to 6d are longitudinal pressure distributions on the SOC at 4 
degrees angle of attack. Again, the inviscid computations show good agreement 
with experiment on the ogive, but not necessarily on the cylinder. The wind- 
ward and leeward pressures, for both experiment and computation, show rela- 
tively small differences on the cylinder indicating that the nose contributes 
the dominant aerodynamic forces for this shape, but it will be shown later 
that the forces on the cylinder are not insignificant. 

Figures 7a-7f are- longitudinal pressure distributions at zero angle of 
attack for the SOCBT configuration. These figures show the dramatic expansion 
and recompression on the boattail. These data are compared to two types of 
computations: (1) the inviscid computation of Reference 2; (2) a numerical 
solution of the Thin Layer Navier-Stokes equations described in Reference 3. 
At Mach 0.91 (Figure 7a) it appears that both computations agree about equally 
well, but at higher subsonic Mach numbers (Figures 4 c,d) the Navier-Stokes 
solution clearly agrees much better with the experimental data. 

Figures 8a-8f are longitudinal pressure distributions at 4 degrees angle 
of attack for the SOCBT configuration. The data are compared with the invis- 
cid computation, but no corresponding Navier-Stokes computations were made. 
The reason that Navier-Stokes computations were not made is that angle of 
attack requires fully three-dimensional calculations, and the allowable number 
of mesh points, because of computer limitations, is not sufficient to provide 
the desired accuracy; the zero-angle of attack computations are two- 
dimensional and, as illustrated in Figures 7a-7e, can be performed with good 
accuracy. The angle of attack data show substantial pressure differences on 
the nose between the windward and leeward sides; on the cylinder, pressure 
differences are small and; on the boattail, pressure differences are 

2.    Reklis, R.P., Sturek, W.B.,  and Bailey,  F.R.,   "Computations  of Transonic 
Flew Past Projectiles at Angle of Attack," AIAA Paper No.  78-1182, 
presented at  the AIAA  11th Fluid and Plasma Dynamics Conference, Seattle, 
Washington, July 1978. 

Z.    Nietubicz, C.J.,   "Navier-Stokes Computations for Conventional and Hollou) 
Projectile Shapes at Transonic Velocities," AIAA Paper No.  81-1262 
presented at  the AIAA  14th Fluid and Plasma Dynamics Conference, Palo 
Alto, California, July 1981. 

12 



moderate. On the boattail, agreement between experiment and computation is 
fairly good, but the computations generally show a greater difference between 
windward and leeward pressures. This greater difference is probably due to 
the fact that the computation does not include the boundary layer effect. At 
positive angle of attack, the boattail force is negative, and this negative 
force, acting aft of a typical e.g., produces a positive pitching moment. 
Thus, the computational difference on the boattail would yield a smaller total 
normal force and a larger pitching moment. 

Figure 9 is the longitudinal pressure distribution at 10 degrees angle of 
attack. The agreement between computation and experiment at this large angle 
of attack is qualitatively good, but sufficient differences do exist so that 
aerodynamic forces obtained from the inviscid computation are not expected to 
have good accuracy. The sharp pressure rise on the boattail indicates asym- 
metry of the boattail shock from the windward to the leeward side of the 
model. The shock wave asymmetries can be seen on the Mach 0.96 shadowgraphs 
of Figures 10 a,b. The asymmetry is most noticeable at the higher angles of 
attack of 4 and 5 degrees shown in Figure 10b. 

Circumferential pressure distributions are shown at three longitudinal 
stations of the SOCBT configuration at Mach 0.96 in Figures lla-llc. Figure 
11a shows that ogive pressures on the windward side are greater than those on 
the leeward side, thus providing a positive normal force contribution. On the 
cylinder. Figure lib, pressures are seen to be nearly symmetrical about the 90 
degree position which indicates small contribution to normal force for the 
longitudinal position of Z/D = 4.22. On the boattail (Figure lie), pressures 
on the windward ray are smaller than on the leeward ray indicating a negative 
normal force contribution. The negative boattail force would be aft of a 
typical center of gravity location and; therefore, contribute to a destabiliz- 
ing pitching moment. These same phenomena can be deduced from the longitudi- 
nal pressure distributions at angle of attack. Figures 8a-8f, but the circum- 
ferential pressure distributions provide a different perspective. Figures 12- 
15 are axial force and static stability data obtained from integration of 
pressures over the model. Figure 12 compares zero angle of attack axial force 
from experiment and two types of computations for the S0CRT. The axial force 
consists of the ogive nose contribution and boattail contribution, but base 
drag was assumed to be zero for all cases. The agreement is very good in the 
riach number range of 0.91 to 0.98, but at the low supersonic speeds small 
differences occur. Figure 13 shows the normal force and pitching moment 
coefficients at various angles of attack. These coefficients, CN and Cm, show 

a critical behavior in the Mach number range of 0.94 to 0.98; they also show a 
consistent type of behavior at the different angles of attack. This consis- 
tency provides encouragement that the coefficients obtained by the integration 
of experimental pressure data provide reasonable results since there was 
concern that the number of pressure taps was not sufficient to deduce force 
and moment coefficient data. 

Figure 14 compares values of CN and Cm on S0C configurations.  The 
a      u 

agreement between the inviscid computation and experiment may be considered 
fair, but the inviscid computation does not seem to predict the critical 
behavior shown by the experiment. C^ for the nose only is also shown. The 

a 

13 



contribution from the cylinder is, therefore, the difference between the total 
value and the nose value. The inviscid computation shows a small normal force 
contribution from the cylinder whereas the experimental data indicate a 
significant normal force contribution from the cylinder and also a critical 
behavior in the Mach .94 to .96 range. 

Figure 15 compares computational and experimental values of static sta- 
bility data for the SOCBT configuration. The agreement is only fair, but the 
differences arequalitatively in the direction suggested above in the discussion 
of Figure 9; that is, the boattail pressure distributions indicated that the 
inviscid computation would show a smaller normal force and a greater pitching 
moment. 

V.  CONCLUSIONS 

1. A comprehensive set of transonic pressure data have been obtained on 
a simplified projectile shape with and without a boattail at angles of attack 
up to 10 degrees. 

2. Comparisons of experimental data for various parameters show a degree 
of consistency which indicates that the quality of the experimental pressure 
data is good. 

3. The pressure data are of sufficient quality to obtain axial force and 
static stability coefficients by integration of the pressure data over the 
body. 

4. The comparisons between computation and experiment illustrate the 
application of these experimental data in evaluating computational techniques 
for predicting surface pressure on bodies of revolution in transonic flow. 
These comparisons indicate that significant discrepancies between computation 
and experiment are present and that the prediction of the static moment for 
boattailed shell at transonic velocities requires considerable additional 
effort. 

14 
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OFFSET TAP 
Location 

PRIMARY TAP 
Locction 

270° 

SOCBT 
Tap Z-in Z/D 1 
1 2.00 .89 180 
2 3.51 1.56 180 
3 5.00 2.22 180 
4 6.28 2.79 180 
5 7.04 3.13 180 
6 7.24 3.22 157.5 
7 8.01 3.56 180 
8 9.50 4.22 180 
9 10.24 4.55 157.5 

10 10.98 4.88 180 
11 11.33 5.03 157.5 
12 11.67 5.19 157.5 
13 11.97 5.32 180 
14 12.52 5.56 157.5 
15 13.01 5.78 180 

Base View 

SOC 
Tap Z-in Z/D i. 

1 2.00 .89 180 
2 3.51 1.56 180 
3 5.00 2.22 180 
4 6.28 2.79 180 
5 7.04 3.13 180 
6 7.24 3.22 157.5 
7 8.01 3.56 180 
8 9.50 4.22 180 
9 10.24 4.55 157.5 

10 10.98 4.88 180 
11 11.97 5.32 180 
12 12.63 5.61 180 
13 13.01 5.78 180 

Figure 2. Pressure Tap Locations 
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TABLE 1.    SUMMARY OF TEST CONDITION 

SOCBT, SOC* 

Moo 00 P0-atm P^-atm Tc r0c q^-atm Re^ x 10-6 

.91 1.0 .59 49 .34 4.5 

.94 1.0 .57 49 .35 4.6 

.96 1.0 .55 49 .36 4.6 

.98 1.0 .54 49 .36 4.6 
1.10 1.0 .47 49 .40 4.7 
1.20 1.03 .40 49 .40 4.6 

Angles of Attack (a) - 0, 2, 4, 6, 10 degrees 

Angles of Roll  U) - 0 to 180 degrees 0 22.5° increments 

*   SOC - Data not obtained at; * = 90°, Hw = 1.1;  * = 67.5°, 112.5°, M   = 1.2. 
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TABLE 2. SOC PRESSURE COEFFICIENT DATA, a = 0° 
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TABLE 3. SOC PRESSURE COEFFICIENT DATA, a 

a. M =0.91 

2, 4, 6, and 10 DEGREES 

o 
o 

II 
<. 
X 
Q. 

00 

W\ 

o • 
o u^ 
o 
c 
o CVJ 
in C^I 

>J- • 
II ifi 
_i 
LU 
oc cu 

oo 

CO 

CO 

tn 

ro 

m 

II o> 
X r- 
<_> • 
■< <\j 
3Z 

Cd 
CO 

CJ 

oocrcnr-r-^fncvjco 
Nr<rininmir\o3-o>o 
ooooooooo 
I   I   I  I  I   I   I   I   * 

ooooooooo 
I I   I  I  I   I  I  I  I 

-o so r- in vj- <c<oa>0' 

OOOOOOOOO 

II III   I   I   I  I 

C0<VJ(MCOCOCVI(\J<M(\t 
ooooooooo 
I   I   I  I   I   I   I   I   I 
•4-in<o<0'U'OGDm<o 
COCOCOcjfMCOCMCVJco 
ooooooooo 
I   I   I  I   I   I   I   I   I 

cor-iocxjr-i'j-rotnin 
?0<\.IM(\JM<\J<MCVJCO ooooooooo 
11 111 111 r 

»J->*-OOOOfO'»-<«- ooooooooo 
11 111 i 11 r 
co<oo'Ooomf«-<OtNj 
ros*-^'ir»m«o<OfHa) 
mmfOcnrfifO(»>fO{vi 

I    I    t   I   I    I    I    I    I 
0,^^<>Jf<,>roir»r>-oo 
inino^oa,or~r~>o 

I   I   I   I   I   I   I   I   I 
l^'OiHO'OrOfOOfH 
OO^OtHr^COCVimfO 
OO^Hr-t'HrHrHr-lrH 

i i 111 i r r i 
oo-ocor-vOrOfHoooo 
r-iiHcofo«rmir»ir»ir» 
OO OOOOOOO 

I   I   I  I   I   I   I   I   I 

r^ao<o«>d-r-<Oi-«o 
mm<rm(vjf-ii-iiHiH 
ooooooooo 

CD 

in 

• <£» 
o • 
o m 
o 
o 
o CO 
in m 
* • 
N m 
_l 
LU 
Qt CO 

CD 

o 
o 

II 
< 
X 
a. 

li 
X 
o 
<t 

CO 
CO 

CVJ 
CO 

ro 

m 

m 

a- 

CJ 

CO 
CO 

CJ 

03 
in 

o a- «nfO*(sjoocdCD<\jo o CT> 
o OO j-«r«nevJooOko>o> a CD 
<r) • 

* r-lp-ttHtHi-lr-lOOO t^) • 
* 

>» •». 
NJ 

t-H 
Oinomoinoino rsj 

xocjini^ocomr^o 
a. cj^-<oc7> r-iromco 

vOh-mr-r^iHOOO 
>r-4-in<or-.r-r.^r- 
ooooooooo 
I   I I   I   I   I   I   i 

oD.ocnsraou^tMiH 
rofn^inininminin 
ooooooooo 

I I I I I I I 

^J-•*•oo^■^-«o<^JCoo, 

rofo^'if»ininm«*'co 
ooooooooo 
iiiiIII r r 
r-l<-)MJCOOsO^OJO>U 
co«M<NJfOcorofOfnco 
ooooooooo 
I   I I  I  I   I   I   I 
ooomoai^-i-inr- 
cococnfommococo 
ooooooooo 
I   I   I   I   I   I   I   I   I 

aooocor-iinin<ococo 
tHrHcvirommcocdtvj 
ooooooooo 

I   I   I I I   I 

cococdcjfHcoojmo 
>J-'>»-i-t<S|.a-i-tCO-»'>^ 
ooooooooo 
I  I   I  I  I  I  I   I  I 

i-Hro^-'Or-oDr~-i-(ir< 
roforofocomcofnc^ 

I    I I    I    I 

C0fT>^'OOt>«-CT>0*'* 

I    I   I   I   I   I   I   I   I 

h-iH*ininr^ooinco 
r-oooi-trjcnco^j-^- 
OOOr^rHi-trHt-4r-t 

I      I      I      I      I      I      I      I      I 

l»-Cr»00O«O0'i-»'*,m 
oot^'rm>or>-r-r» 
ooooooooo 

i I   I   I   t   I 

eo aomcntHOOOO 
ooooooooo 

till 

cnao^ocvj^cocooo 
l^os-rcocyooi-^o 
iHiHrHtHOOOOO 

Oinomoinomo 
i—)••••••••• 
xocjinr>-ocdint^o 



TABLE 3a.     (CONTINUED) 
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TABLE 3b.    M    = 0.94 
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TABLE 4. SOCBT PRESSURE COEFFICIENT DATA, a = 0° 
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TABLE 5.     SOCBT PRESSURE COEFFICIENT DATA,  a  = 2,  4,  6,  and  10 DEGREES 
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TABLE 5b. M  =0.94 
1>       rriC\j<\j»«>^,oooO> 

•  ooooooooo 
(^•^D«j-vj--iJror~f-ts3- 

ooooooooo 

>4J 

• 

1^-   1^ 1^  O 00 

•    • 

CO  IT 

« 

CD 

in « •      • 

ro r- <o r- ^> r- <t) CM m o o o o o o 1-1 I- 1  rH m (M ro CM rH W O rH CM ro • o OOOOOOOO • O O O o o o o o o 
in • 

II     1   o    ' 
•    • 1     • in • 

1 
•   « 

1    1 
•    •    •    •    •    • 

1   1 
fVJ m <o r- * <\J o in -o o CM r^ 00   O O m ro rH <o o» • m oo co co r- in ro O 00 <0 • ro o CT-OO-OOrooO^J o • ro co iti (tj ft) ro ro CM <M o • CO ro >r «*"  CO rO  CM   rH rH o m • 

1 
•     •     •     •     • 

1   1   1   1   1 
•    « 

1   1 
• 

1 
o 
o 

in • 
1 o 1     I 1      1      1      1       1      1 

in in ^r o- on >0 00  CT* r-» iH 0» m CM ■f cr vj" CM oo h- rH rH rH  CM m 
in f-i (^ r- r- r>- a3 oo 1*-1^- r«- in .H f^ i^- r- oo o- o oo r>- o 
«»■ • >r «»•>»•.»■*■.«■ «»■ «r * ^r • ■J- «r »»■ * ■* >»• ^- »»• .*• 
u U I • •   •    •   •    • •    • • H m • .   • •    •    •    •    •    • 
-J 1 1   1  1  1  1 1   1 I —1 1 I   i 1    1    1    1    1    1 
UJ Ul 
at m -c ■£>  ■£) t*- r-t m ro ro CM a; m ro CM   <C rH CTi in .H r>- O 

O •* 'T -f •*■ ic\ \r\ m m m O «r J"   >»■ in in in in m <o • in m m in m m in m m • m m in m in in in m m 
in • 

1 
•   •   •   •   • 
I    I    I   1    I 

•   • 
1    1 

• 
I 

in • •   • 
1    i 

•   •   •   •   •   • 
1    1    1    1    1    1 

CD OJ f^J  (\J  r* rH  ^• m vt) f^ oo CM rO   rH O o >r m in in 
OD c^ O O C7> o o O O o CO OD CO CT" O ^  rH  rH  rH  f-l • O  O O   O r-t  r-( f-t rH rH • • 

m 

O o o 

o m 

1 1    1    1   1    1 

>t)   O   CO  t^  PJ 

1      1 1 

00 o 

r 
ro 

1   1 

rH  0> 

1      1      1      1      I      1 
0U  i-H (M   F"-   rH   tT- 

o in en ro ro fo ■»■ >»• «r ro ro o m ro ro ro J- in in st ^ ro • • O OOOOOOOO • • OOOOOOOOO 
f\J <r • 

1 ■   III* 
•   • 

1    1 
• 

1 
>r ■r • 

1 
•    • 

1     | 1    1    1    1    1    1 
oo o co o en •»■ •»■ CM rH rH 

1 
•< <M in 00   vO O "O ro  f-  rH  00 

X fVJ r-l O  fl  iH -1  f| r-l rH rH X (M O   O   rH (M CM rM  rH  t-H O 
Q- • ooooooooo Q- • OOOOOOOOO 
—1 vT • •     • • _J <■ • •    • < 1 i    I   I   l   I 1      1 1 -I 1 1   1 1   1   1   1   1   1 

<0 » O <\J <n m r- O rH o •c oo rH   ^- ^ r^ rH CM o m 
in ro •4- >r >r «*■ ro m ro CM in rH CM  fM .$■  CO  CO   rH O"   £?> • M CM  <\l  (NJ (M  CVJ CM CM CM • <\J CM  CM (M CM CM CM rH i-H • 

1 

ft 

•   •   •   •   • 
1        1        1        1        1 

iH oo ^ N m 

•    • 
1   1 

rH CT> 

• 
1 

in 

ro 

(M 

1 

rH 

1      1 

rH  fM 

1      1     1      1      T    1 
in fM <o in oo in 

t\J CO 00   CD  OO  00  00 oo r- r- rvi r- f- oo o> o o> as f^- r«. • 
CO • ro m ro CO ro 

•      e      •      •      • 
co ro ro 

9 
• 

ro 
ro P0 ro ro ^ ro ro ro ro 

♦ 1 1   1   i   1   1 1   1 1 ^»■ 1 I     | 1    1    1    1    1    1 
0" a • m >»■ PJ -a- o o C\J O CM ro • ro C7> CM  CM CM o «»■ ro w in 

r-t o O   O  O O  rH rH rH rH rH 1^ CO o> O CM CM CM  rH  rH 
1 • ro ro ro «»■ •4' ^ >r >j- *" i • ro to ro «*■>»•>»•<»■>»-«»• 
X m • •   •   •   •   • •     • • X ro • •    • •    ••••• 
<-J 1 1    1    1    1    1 1      1 1 <_> 1 1     1 1   1   1   1   1   1 
■<t <i 
2: cr o- r»- o f1- fo (> ro in 00 x: (^ (D CM  >J- OO CO ■* O (M CM 

r- CO CO   a   O  O  O rH r-l rH r^- -o r- oo (> i-H CM ro ro ro • O O  O O r-l  »H ■H  rH rH • OOOOrH-HrHrHrH 
fM • 

1 r r r r r 
i-i in ro o r>- 

•   • 
1    1 

ro so 

• 
1 

O 

fM 
I 

rH 

1   1 

CM   vO 

1  1  1  1   1   1 
CO rH  >r rH  -r  * 

(V CVJ CM PJ ro •*■ >»■ m in m (M O  O   rH ro m « r^ r- r- • OOOOOOOOO • ooooooooo 
<\J • 

1 1    1    1    1    1 
•   • 

1    1 
• 

1 
CM    , • •     • 

l   I   I   1    1    I 

vO r-l «»■  O-   iH (M  CO r^ ro cr vO a m o CM rH « sT   O'  O 
i- in m m >»■•»■ co CM rH   rH O i- in r- ^- -o "»■ CM O O  O i-H • 

r-4 
OOOOOOOO o CQ 

n 
• ooooooooo 

o 1      1      1 
tr) </i 

o- rH ro OO rH r-l o ro 00 >r a- fl OD  CM CM o CM o ro rH 
CO * >»■ ro ro <vj iH o 0s o 00 r- o m ro rH O" r^ i^ r^ • 
II 
Q 

r-l 
• 

rH   rH  rH »H   r^ i rH   O   O 
•      •      • 

• 
■ 

rH rH  ,H i-lrH O O  O  O 

IVI      Oinomomomo 

xocMinr^ocMinr-o 
Q- CM«»-'OCJ>rHrom0D 

Omomomomo 
l-H«««**«**« 

xOfMinr^ocMinr«»o 
Q- (M<»-<O^rHfOin0D 

68 



o o o 
in 
<»• 
ITl 
«r 
u 
_J 
Ul 

o 
o 

» 

< 

N 

o 

CD 
O 
D 
or 

TABLE 5b. 

• ooooooooo 
ID ••••••••• 

in  r>->t)intn»-to^HrO'4- 
• ooooooooo 

in   ••••••«•• 
I  I  I I I  I 

cvi  ■j-r-omm^cvjinr- 
m      oc^r-ifsjooinr-ojo 
• roro-j-^mfMr-it-t^H 

I    I    I    I    I    I    I    I    I 

O-       mCPsiCOOCtn^O 
^H      ^)>ocDO«-iO'r^in^" 

ui        ••••••••• 
I    I    I    I    I    I    I    I    I 

m ^DO'00^•u^«»•«*■O'ln 
O corn<*-<or-(«,-inin<o 
• toininmintnminm 

m ••••••••• 
I    I    I    I    I    I    I    I    I 

CO r-(m(SJrH»r(M(T)inr-l 
oo      r-h-^tHiMrorofvJOJ 
• OOOiHrH^rHr-lrH 

^- ••••••••• 
I      I      I      I      I      I      I      I      I 

in      moin(MO<or^«roD 
in      (Mfn^^J^-^iri'^w 
• ooooooooo 

J-       ••••••••• 
I   I   I   I   I   I   I   I   I 

co      «\joo>rr>-rno>o«viin 
<M 00<\JfO«*'«»'<VJ<-tO 
• ooooooooo 

^-       ••••••••• 
I   I   I   I   I   I   I   I   I 

<£) OJcHrO'OMr^OOO'CVJ 
m      ooro^JfMmfvJoooo 
• PJtVJ^CJCVJr-l^lOO 

i i i i i r r i i 
<>J r00D00*OO^-COG0*<" 
(\j      mmr^ot^Jcnr-tcooD 

CO ••••••••• 

I   I   I   I   I   I   I   I   I 
co      roor-oinooinom 
I-H      or-ooororomoocj 

m ••••••••• 
I    I    I    I    I    I    I    I     I 

o-      r-mr-oi-iinr^inro 
r>-      .rin(>-orO'*'>»-<r«r 
• ooo<-<>-'-H>-t<-<>-« 

ro ••••••••• 
I     I    I    I    I    I    I    I    I 

(\j      ^cor-oo^r-cjoo 
(VJ Mi-tO,»-,O<OO^00 
• OOOOOOOOO 

CVJ     ••••••••• 
I   I   I   I   I   I   I 

*      o>^iH<oroo>oooCT' 
in      oofs-friO'-«<\JfifNi 
• r-tOoOOOOOO 

rH ••••••••• 
I  I   I   I 

o      •rminooc\j^)inoo 

• <SJt-tr-lr-lOOOOO 
II ••••••••• 
o 

N      omotnomomo 

xorjinr-ocvjmr-o 
a.      rj^o^r-iminoD 

(CONTINUED) 
oo (Nj^-r-OayfvJojrOfO 
h- t\jf-io<-»OOi-ifVjm 
• ooooooooo 

in ••••••••• 
I   I   I 

•a ^-{Njor>-r»-<MO'T''~' 
m >rmror».^-c\jrHO«r 
• (NJIMrHOOOOOO 

m ••••••••• 
I    I    I    I    I   I    I 

cvj Ovooor-ooo-j-^o- 
• m r-aocvjco^'Or-iflOvr 

O • mcoj'-j-cniHrHOO 
o      m ••••••••• 
O I     I     I     I     I    I    I     I     I 
in 

m      t-H .rmo>ror-r-c<ifvj-H 
»r        • ^■>f<inm'4-m<T)(n 
y        m ••••••••• 
_) I    I    I    I    I    t    I    I    I 

O c\jro<oo»-itsjmroOL/ 
• Lninin<CO^>tnmin 

m ••■•••••• 
I    I   I    I    I   I   I    I    I 

oo r-(\j»rr-»i-i(Min>4ju* 
00 •f-OQiClODCOCO-Otn 
• OOr-lf-li-l^-lrHr-tiH 

I      I     I      I      I     I      I      I      I 

o      m <t)r-iino(?mo><Tit7> 

o      m o<M>o«HoJ'-<r>~vOcT) 

• • 000'-''-<,-'000 
0 ^ ••••••••• 
f-l I   I   I   I   I   I   I   I   I 
I 
«      f\j t-»«rinoor^«oooom 
1 M i-io^oooeompoo 
a.          • OOOO-HOOOO 
_j      <■ ••••■•••• 
4 I      I      I      I      I      I      I      I 

.O ro<M0Dh-m^-insOcj 
m ■4"r--f>JCT'Cvirvjooinfn 
• r-lrHCMCNjrOiHOOO 

ro »»»•»•••• 
I   I  I   I   I  I   I   I   I 

co o-^cDO^Ooa-m 

• c^JmcT|^■^i■^r>r^r•*• 

«r I   I   I   I   I   I   I   I   I 

• ro coo-roinoo<Oi-isor"- 

X       ro ••••••••• 
o I    I    I    I    I    I    I    I    I 

C       ^ oOmcorwO>»l''J"Cyj 
r- ocoi^-^ooo'oo-om 
• 000,-,>-l,-*'_t'-<'-' 

O   I    I     I     I    I    I     I     I 

co rOr-((vji-iin>oOflOoo 
cj oo«of*"f,Jfrt<ri'--tO> 

• OOOOI-I-IIH^HO 
CO (•••••••• 

I   I   I   I   I   I 

so <\Jo>r-oo'0<riHcoo> 

»—      in r-^-ooomoooor-in 
m       • rHr-tooooooo 

a i   I   I    i   I 

C {vj^mcnmom-om 
00 ^■•^■ODOWOOO'^ 
• <NJ(Mr-4t-IOOOOO 

II ••••••••• 
O O   I 
^, 
M omomo^Oino 

M*S*     ****** 
XOcjinr-O^iril^-O 
a.      co^j-^^i-iminoo 

69 



o 

oo 

O 
o 

a 

X 
Q- 

x 

CD 

n 

TABLE 5c. 
00 ^^if^-OOCJ-J-OOOO 

• ooooooooo 
ITl ••■•••••• 

<o       rg u^ ui m t-< t) o ""> r^ 
in      o^cor^-mcTiooo^ko 
• fHrHrHr^fHr-tOOO 

ID ••••••••• 
I      I      I      I      I      I      I      I      I 

in   ••••••••• 
I I I I I I I I I 

o>  r^oooocor-tar-*) ■-I  rofnrofn«»-«fmmfo 

I I I I I I I i I 

o  ooooooooo 
• m in to IT. ir-. tp, LP. in in 

in        ••••••••• 
I    I    I    I    I    I    I    I    I 

X> ^sO(^-U-mvOCDl^vJ 

oo      irtininm«>o<c>oi^ 
• ooooooooo 

J-        ••••••••• 
I   I   I   I   I   I   I   I   I 

in       mrnevjrHr-tmi-tOft 
in        OOOOOOOOO 
• OOOOOOOOO 

J-        ••••••••• 
I    I    I   o 

(\j      f*-^-r^«ir(in>op^ao 
f\J JMOJJVJCJMrdfVJPJ^ 
• ooooooooo 

■f        ••••••<•• 

.o      cM<\j(Tir^rHm<or^0D 
in      iAminm^>4}>0<0<0 
• <\J<\)tMfS|<\jeVICSJf\J«M 

ro ••••••••• 
I     I     I     I     I     I     I     I     I 

CO OrHfOOO^-4-.J-fVI 

m        ••••••••• 
I    I    I    I    I    I    I    I    I 

m f>-r^-Qoror^-o'M(\j,-( 
■H h-r-r^oooooo^^cy 
• ct^rOfOfOfOforocorn 

m ••••••«•• 
I    I    I    I    I    I    I    I    I 

O^ •O>D00vfrH43i-(rOm 
f«-      r^r-r-cDO-oooo 
• OOOOOO'-li-frH 

P0        ■•••••••• 
I   I   I   I   I   I   I   I   I 

(\j      m^)oo>r(noir»o»rH 

• ooooooooo 
(M ••■•••••• 

I     I     I      I     I      I     I     I     I 

•o      oor^CT-ofM^Oflo 

• OOOOOOOOO 
rH ••■•••••• 

O"      oo(^c7>cj>o-(Mr-Nr 
oo      tnm^rmcvii-it-ioo 
• tH rH  iH  iH rH  rH rH iH  r-* 

II ••••••••• 

o 
N      oiTiomOirtOino 

xo<\jir>f^o<vjir>r^o 

0.96 

o 
o 

X 

■ 
X 

s: 

CO 
o 
o 

oo 
r-- 

un 

C>0 
• ro 

o • 
in in 
r^ 
0D r- o- 
in l-H 
^■ • 

H m 
-J 
UJ 
oc ro 

O 

CO 
OD 

in 
in 

in 

CVJ 

CM 

in 

oo 

II 
a 

rocomoc<.»-ojoir,0H 

fsj(\jfM<\jm<*-ininin 
OOOOOOOOO 

Wi-iaoommorH^ 
^.OrooomoDinmcvi 
(\J(M(\Jl-«rHOOOO 

I   II   I   II   I   I   I 

f-oor-oorvj-oorvj 

rorororf>rnrO(^>ro<t> 

i i i i i i r i i 
f^^CT-OOt^O^ *i-t 
rorof»i^-u>in«»-rr. «»> 

I    I   I    I    I   I   I    I   I 

CT-roj-r-r-in.a-inoo 
aoooooooo 
^rinintominininm 

I    I    I    I    I    I    I    I    I 

cua-oQmiw>-ija)r-.<j 

ooooooooo 
I   I   i   i   I   l   i   I   i 

^mmcuooooorneM 
000,-*'-''-<000 
OOOOOOOOO 

I     I     I    I     I     I 

mcM(\jou^-*"or->H 
(MPOr-IMrHrHfMOJfO 
ooooooooo 

■■HCM^ooor-mo® 
^•^■inr«.r»-oooooo^ 
(MtM(\JIM(MMt\J(\J(\i 

I      I     I      I     I     I     I     I     I 

r-Oootvjrnmojr-ro 
^••j-mr^ooajoor*-^ 
fTifornmrocnc^imcti 

i 11 i r 111 i 

m^inr^r-^mo^ 
O>0^000>0000' 
rotrimmro^-r^ro 

I    I    I    I    I    I    I    I    I 

h-oo^Or-tcor-oooo 
mmr~00OrHi-trHcH 
OOOOrHiHr-trHiH 

I      I      I      I      I      I      I      I      I 

Dom(»->oror-'4-f>-^ 
OOO^^IO^O^O^J 
OOOOOOOOO 

I   I   I   I   I   I   I 

•o«ro>oOfomr-4<\j 
cooo>o>rmrHOoo 
ooooooooo 

I   I 
O-r^rHOO-OOOrot-t 
r-r^o^r-iooocoao 
fHr-lrHr-tiHr-tOOO 

oinoirioirtotno 

xorjinr^otvi^i^O 
o.      cvjsf'OOi-iroinoo 

70 



OJ 
• ro 
o • 
^ in 
r- 
oo 
r~ o- 
in i-H 
^r • 
M in 
—1 
LU 
QC m 

O 

o in 
o m 
• • 

o ~r 

* 
< (M 
X ou 
Q- • 
—1 NT 
< 

vO 
in 

<\J 
oo 
• 
m 

>o 
o 
• m 

r-H 
N • 
X ro 
o 
•« 
i: o- 

r- 

II 

TABLE 5c.  (CONTINUED) 
oo       ^r^ojt-irHtMa-mo oo mr^-r-cuoot-toroco 
l"-      ooorHPJmroinvO r» roo-TMOOoiMiri 
• OOOOOOOOO . •-tr-tOOOOOOO 

m        •••••«•«, ^ ••••••»•» 
I   I   I   I   I   I 

«u       i*-a>pg«»o>cu<omc\j <o ooir>«t)ir»mrH>rmtTi 
m       ^OCi-^cvJororHO in c^r-(oa;(\i>oj-i\ic\j 
• ojmcocvjr-toooo • ojmrocvjt-toooo 10          m  

I    •    I    l    >)    I    I  Ill 

fvjr-r-u^u^oocvjr-cr co oirifo^-i-»r-(\jfHoj 
•oor-o-oorjco^) •      m roino^rmonrHO^) 

i i i i i i r i r ic ^ • ,* • * * * ,* ,• • 
oo 

cjfn.r^jr^mro^r^ m      ,_« oi-iino-cnf^-cT'OOD 

• '    •    I    1    I    T   I    I -J \\\\\\i\    i 
tu 

^O-J-O-o-^trMt-trt-i Q^       jn irvmrncor^roooi-i^- 
O'OOt-iMfnoooj o ooocjmr^oor^C'^- 

• <J-iriiniriiAmirimif> • .*-.*-inirimm«r-*-ir 

• i • • » i r r r ' r r r r r r * * * 
oo       U>C>JI-(U>I-II^O^-«J co (^r»mc\ji*-oa3«o<o 
oo       ro-J-or>-o>c>00>C7' oo »-lf>Jf^(M<rir>irirriO 
• OOOOOOrHOQ • OOOr-t'l'Hi-lpHrH 

11 i 11 r r r i r r r r r r r r r 
i/'>r(MO,ir>f\jCT,t>-o o      u^ moocvitrcotro'rvj* 
OOr-tojmm^HOO o      in tNJOroh-o>r^^-mo 
000000000 • • OOOOOOOOO 
••••••••• O            si" ••••••••< 

•      •      I       I      t       I     O rH I       I       I      I       I       I       I 
N 

oo>rfMi-»fnr>.mr«-(Ti <      (yj cD^-p~CT'<\jr~r»-cD<o 
(sipjooiHoOi-ttvj x     PO (Mtvjr-iiftc^intvjO'H 
OOOOOOOOO Q.    • OOOOOOOOO 
• •••••••• _l  ^- ••••••••• 

■II <■ I   I   I   I   I   I 

f^o>roocn<ook-f o «\joo>'>>»'0^ooo>rr) 
«MMmaDO>Ooor-oo in ^oino«rroc7"in^- 
<MPj<\Jt\jro<Njt>jPO(sj . f-ii-tcomrorocsjojcvj 

i i i i r r r r r ^ r r r r r r r r r 
OD>»-mfH(VJODi-IODW (SJ OJCT'OOt-t^OO'O^Om 
tvjrninooooooooo <SJ ooo>,j-iH>»-ir>fO(\jo 

••••••••• ro ■•••••••• 
1 I     I    I    I    I     I    I     I -o I    I    I     I    I    I    I     I    I 

cy 
O'nro«»-mCT>0D00rH *      cri mo'r^.oK<\jmc\jop>J 
inint^o^HrH^nQo ^ r-iPdh-tH<or>-irirM«\j 
foromm^^-^-^-^- «         , mmro^-^rvr-rsrsr 

11 111111 i o ^ i r r r r r r r r < 
>otvi»j-srflooo>»-r-(oo s:     c fMr^ro^r^CT-rOr-trw 
m^-sOO'fHfvjroroco fw iHO-ocNjr-cor^-mro 

• OOOOi-HiHr-tn-lrH . OOOiHiHrHiHMfH 
~             •  fVJ               

Illllllll I      I       I      I       I      I       I      I 

<\J      romn-icoroooroM (\j ooo'vJ^-rnrooo 
(VJ      m<\jofri<OflDflooooo <\j cr-r-ioornfvjoo 
• OOOOOOOOO • OOOO^-li-lrH^IO 
M   ••••••••• rj •••••••'•• 

I  I   I  I   I   I I  I   I  I   I   I 

►—      m      'HOoo>«-r-it-i<vj(\j<Nj i—      in h-mo-iHsi-^-p-oin 
8°          •        <Hi-IOOOOOOO 00          • iHr-toOOOOOO 
O       t-l         ••••••••• o       ,_, ••••••••• 
O                                                      I     I     t     I □ I     I     I     I     I 

o-      Mrjinr^i-imfriO'O^ o* ooocnmino^-m^J 
oo      r-ioh-roo^'Oinin oo oomo'r-i^^Or-ifM 

<VJ<M^HrHiHOOOO • CJCMiHtHOOOOO 
H 

Q Q 

rvi      Oinoinoinoino M      omomomoino 

xo<>Jinr»-o«vJinh-o xorjinf<-o«Minh-o 
Q-      «vi*-oo»»-iroinoo o.      (\j<r>oOiHrninoo 

71 



TABLE 5d.     M 0.98 

o 
□ 

in 

CM 
• m 
o • 
m LH 
CM 
■-I 
O o- 
■£> l-l 
-4" • 
H Ul 

_J 
U' 
a: m 

O 

<_> Ul 
o in 
• • 

CM >r 

1 
< OJ 
X CM 
o. • 
_J sT 
< 

<0 
tn 

N 
(\J 
• 
m 

oo 
O- 
• m 

^H 
1 • 
X tn 
o 
< 
x: o 

t^- 

(\l 

in 

co 

it 
O 

iHrH   rHrHOOOOO 

I      I      I      I      I      I      I      I      I 

CMCMPOfVJCNJtMCVJPJCM 

11   I   I   I   I   I   I   I 

^■>*- m.oui'^-i-tr-.r 
43 so <oo<o<o^tnm 
romrorornrorororo 

I    I    I   I   I    I   I    I    I 

cr ui u-. ,r u. >r -j- CM c\j 
rj«MfV)PJ<VJ(M(VJ<\l<\J 

l   I    I   l   I   I   I    I   I 

i-ii>-i«j-*m(\jfri,r^- 
ooooaocooocoaocooo 

I    I    I   I   I    I    I    I    I 

r^ r^ r*-^»cocoaooDGO 

I    I    I   I    I    I    I    I    I 
C7>(tlCT,t-«'-IO»<Om<M 
oDcocc'OOcoaocDao 
OOOOOOOOO 

I I I I I I I* I I 

in>or^oo<omr-fMr- 
CVJCVJ   C\JC\J(NJCSJr-)<-IO 

I    I    I    I    I    I    I I 

rortiinCT'rovO<ors-m 

(NJCVJ   C\J<MC\JCy|CS)(M«M 

i r i i i III i 
«iMj-o>foinminm 

coco roc*>roct>f*)<r)ft> 

I    I    I    I    I    I    I    I    I 

ODODCM^OO^CTIrH 
^-<4- inirtin<o>OvOO 
rofomrororofornfo 

I    I    I    I    I    I    I    I    I 

CVJ<\J »Oi-ir-rooOfHcvl 

OO  OOOOOOO 

I   I   I   I   I   I   I   I   I 

mmoo^j-cMoom^o* 
000<-<<\j(Mropnfo 
OOOOOOOOO 

I   I   I   I   I I   I   I 

o>or-o>rHm<oI-io 
■or-NOinm^mrofo 
OOOOOOOOO 

i-t(Mf,-OOfM«J-OOr"- 
.OiOinm^-rooji-tf-H 

O 
in 
CM 

i-i 
O 
-o 

« 

o 
O 

N 

X 

00 

<I 

CD 

a 

oo       ^f^ln^-c»^r^a^^JOI-^C^ 
r>-     orHf^-ooin^-ioo 
• r-ICMrHr-IOOOOO 

in       ••••••••• 
I   I   I   I   I  I   I   I   I 

•£> r-CT-rHOr-CDCT-r^-CM 
in        O  O  r-H O tT> >D  tri  o U- 
• rornroenc\jcMCMCJi-i 

m        ••••••••• 
I    I    I    I    I    I    I    I    I 

CM      oo^O'^inaoaoajrn 

• ctirocoroc*>rornroro 

III    I    I    III    I 

C       o^r-CDin^ror-cMO1 

,-i      <MfM<Mrr)mrr(<M(M»-l 

m        ••••••••• 
I    I    I    I    I    I    I    I    I 

m oD^-pomcMtMr-^cMin 
o r^coaoaoeoauccoooo 
• ^■^•^■^••**«»-^* 

in ••*••>••• 
I    I    I    I    I    I    I    I    I 

oo      ^-r-mcvjoom^-rocM 
oo      ^-r'-ooooaooc^oo 
• OOOOOOOOO 

I   I   I   I   I   I   I   I   I 

m      oo'OOOOoooo^ 
• OOiHrHi-tOOOO ^- ••••••••• 

I     I     I     I     I     I     I     I     I 

<M      r-tcMin^.*-mr-i-i<M 
CM      ojrsjfMcnmcjOooo 
• fHi-tr-«-^^IMi-tOO 

J-       ••••••••• 
I   I   I   I   I   I   I   I   I 

■o      roromoCT-'t'inr^in 
in     (MfMminm.o>omm 
• CMCMCMCMfMCMrMCOtM 

I   i   I  I   I  I   I   I   I 

CM O'lHCDmfMCO-J-O'iO 
CM      t-tcMCMrj-mu^invj--* 
• fncocodroc^coroco 

m        ••••■•••• 
I    I    I    I    I    I    I    I    I 

m      min<ooor-iminrHi>- 

• rorocorncornromcTj 
m        ••••••••• 

I    I    I    I    I    I    I    I    I 

o>      ^-mvOCMoo^irtvOO 
r-      ^r-tf-inr^-ooc^ooo 
■        OOOOOOi-HrH^-t 

<M       «•••••••• 
I    I    I   I    I   I   I    I    I 

(\j      oo^->j-«»"ro>oro1£)>o 
CM      rH^O'-'ro^'ninin 
• OOOOOOOOO 

CM ■••••••••• 
I   I   I   I   I   I 

vO      r-mrHrHo^moO" 
m      O^^OOO^CM-^I-IO 
• OOOOOOOOO 

,_)        ••••••••• 

&      tHoornroofMi-tinro 
oo      o^oor^mcDr-too^c^ 
• rHi-trHr-lr-lr-li-lOO 

II ••••••••• 

O 

IVI      oinomoinoino 

xocMinr^o<Minr-o 
a.      cM^^oci-iminoo 

M      oinoino>noino 

xocMinr-o<Minr-o 
Q.      <M«*-<oo,r-ipninoo 

72 



in      i-tiH<Ti<\io«-'ooir»«»' 
(■oromcomfMi-irHt-i 

PO 
« CO 
o • 
u^ in 
C\J 
iH 
o O" 
>o t-i 

«r • 
i U 1 

-i 
UJ 
a ro 

O 

TABLE 5d.  (CONTINUED) 

.       *S<N1SOOOOO                             • co roro MOO O OO 
m        •••••••••                          «> ••••••••• 

I I I I I I I | i 1 I I I I I 

>o       m oo o l^ m o« 0> r- ^           >u cr «r o> <« w t. o- m u> 

. rr)rorr»«*,<VJ'H'H'-<0 

r r r r r r r r r            "' * * r ' ' * r * ' 
ro a> o >r m-r <M O m          OJ o> «o oo in * (y IT. f^J «VJ 

rororonif^mftimjn                 O        • mtnco^J-mromcvj 
»•>•*••••                ir\      in ••»•••••• 
I    I    I    I    I    I    I    I    I                 ^ I    I    I    I    I    I    I    I    I 

OD ^-rn o o> CVJ IH >r a-               o      o- "*■ ^ ^ " ^ f^ ii ^ * 
(vj <M m mm ^-CJ rH o                'O      ^ t ^ "C ^ ? ^ 2 2 S 

                 *       m •••.•.•.•.•,•,• 
I    I   I    I   I    I   I    I    I                -• i    I   I    I    I   I    I    I    l 

C.<\jroc7>ino>ocooj                 «       ro oo<>J-ao>rinrH^-<Nj 

• ^■^■inminin^^-m 
in 

CD 
OD 

< 

•*"*>*"«*,ir>in.*-'4- in 

111111111 I    I    I    I    I    I    I    I    I 

i-icvjtsjo>'Hinc)r-icr oo i-iacnmooaa^in^- 
1^ 1^ <7« 0> r-( M CO rH  O <= vO «-i in <o <o ^-in CVJ 

•          OOOO^Hi-tr-if-tM • OOrHt-tr-I^Hi-tt-ti-i 

■*■  r r r r r r r r r r *' •*''' •' • 
o      in      ^-m^-in^rinoocom o      in o'-J-r-mcruoi^f^co 
o     m     o>o>r-(cjcoM(>cor>- o     m i0. ^ ^S'fl^X^ 

OOr^r-lr-tiHOO   O ©•H-Hr-tr-ti-tr-lOO 
^ ••••••••• 

■"  ^   r r r r r r r r r       S i i i i i • i • • 
Ot      co  « i^ m o> m o> r-oo IH      <  co co co oo «n O «• >o O in 
X        M        ^ ^ m ^-m m rH o   a                     X        CO O CJ JO M r-t OO CO M oo 
Z        .      MM^^MPHMOO                Q-        • ^ ^ ^ ^ ^ "t ^ "I * 

I I I I I I I I  I           < I I I I I I I I  I 

^O mcOOr^OCO^-OOO 
m       o»-ifn«oooh-^)in^ 

CJ 
CO 
• 

ro 
CD 
0> 
• m 

^H 
H • 
X m 
o 
•a 
a: cr- 

l^- 

^i oh-in<*)ro4jooino» 
in .ooorocrocooomco 

cjcocJ^JCJJMcococo                             • iHi-icocororocof\jco 
• ••••••••                           "1 ,•.*,*,*,*,*   i*   i*   i* 
I    I    I    I    I    I    I    I     I I    I    I    I    I    I    I    I    I 

co h->r ro M O r-i o m                          co ^ * ^ ^ ^ JT ^ ^ ^ oocou%r>-ajis-vOin                        co mt^coooi-imi-icDr- 
JoSmmwmfnmw                             . co co ro ^ •# * ^ m ro 
• •«••*•••           "i **,**.*■, ■' i* 

| I I I I I I I I       co I I I I I I I I I 
o 

Qin>rr-o«»-o>oo      •  « <»-f-ti>-.oc7>o<o^>*' 

m tr, ro ro co ro ro ro <n       «   . co ro w ro ^- >r >»• ro ro 
          x   ro r •.•.•.*..•. . 
I    I    I    I    I    I    I    I    I                 o I    I    I    I    I    I    I    I    I 

^r^o^ommco^r-              =     o> ^o^S^fS^lT. 
• ooo•-^'-'•-',H,-(•~• 

pj ••••••••• 
I      I      I      I      I      I      I 

«\)CJ>J-00O»-tC0C0rH 
OOOOi-tiHr-trH  r-t 

CO 

in 

a- 
CO 

N 
Q 

I     I      I     I     I     I     I      I      I 

^•r- ro OM oo * ro O co ^ ^ ^ ^ ^T £» ^ ^ ^ 
^■ro Mcom Of^ i^- r- <M 0 S ^ 1 « 21 ^ « « 
ooooooooo • r* 0 <=> o o ^ "^ 2 ° 
• * * r i* r r r r ^ * * * r * r r' > 

r-aro^JWrHooooo o ^o:1""?, 1*^');° 
co M o- mco oo ^ o t-      m <> ^ 0 ^ 22 5 :£ 2 « 
M^OOOOOOO «       • i-t i-l ■-< o o o o o o 

,- r r s M ••••••• r r r 
n rH co 
S.  |W  fk. 

COCOiHrHlHOOOO 

0 
o     ^        y 
o 

wmooaroooinrHCvj a      ^O^^S^ISS^ 
corHoo>»-iHooi>~r^h- co      CT-i^ocoinevjcocoro 

. COCOCOMOOOOO 
II ••••••••• 
a 
•*. 

oinomooomo ^o 
•   •«•••••   • 

ocjinf-ocjmr* O 

OiriomomOino 
•   •••••••• 

_ocoir»r^ocoir>r^-o 

73 



TABLE 5e. 
CO OD^fOrfjryiT^O'f^O 

• i—4rHfHiHtHfHi—<fHt^ 
ITl ••••••••• 

I      I      I      I      I      I      I      I      I 

• rH   rH  »"*  f^ rt t^  rH  t-H rH 
U> ■•••••••• 

I      I      I      I      I      I      I      I      I 

in in        ••••••••• 
r- I    I    I   I    I   I    I    l    l 
m 
rH o      ourHcy^mtviro^Cfn 
r» rH OOCDOOODOOtPODCT' 

_l 111)11111 
w 
a:       m      mr-oDOcr^h-rHCCM 

m   ••••••••• 
I I I I I I I I I 

CD    tt'>ir>vO<MOvJ-»"'J'aO«Tl 

• 0 0 0000009 

I  I  I  I  I  I  I  I  I 

• >  ooooooooo 
CM »f ••••••••• 

I   I   I   I   I   I   I   I   I 
I 
.<        (\j        i-Hi-lpnif\(^f,-r-.T,0 

a. •       OOOOOOOOO 
_i       ,)- ••••••••• 
< I    I     I    I    I    I    I    I    I 

^O >Or-0>^-C7>rOrHi-HiH 
ir\       foropn^j-irtiniTiin 
• f-H  f-H   rH  rH rH  iH  rH  rH  rH 

i r i i i iii i 

<\| OOOOOfHrHrHrH 
• <\J<M<\J<MC\J<\JPO<M«M 

O I      I      I      I      I      I      I      I      I 
rH 
• m        ^•(r)^-r-fri0OO>'-H«O 

rH rH OOOOrHr-lrH<\JCM 
■ •       f\j<Mcsj<\jt\j(NjtvJ<\Jfyj 
X co          •»••••••• 
(_> I     I     I     I     I     I     I     I     I 
< 
at      C7-      yriooor^-oiorHfoiri 

h- rHrHrHOOOrHrHrH 
• OOOOOOOOO 

(>J        ••••••••• 

O   I     I     I     I 

(SJ      miniri%rrr)«i(M(\jM 
• OOOOOOOOO 

ro ••••••••• 

•o       mmrHCimooor-tf^ 
(_ ITl (M<\JOdrHO^O>®00 

CO • i-lrHrHrHt-tOOOO 
O rH ••••••••• 
o 

tj.       oooomas^^cjl^-ro 
00        o>^CT,00h-<O'Oii">U> 

• rHtHiHrHrHfHrHrHrH 
H ••••••••• 

a «>» 
rsj        OiTiOU-iOU-iO'^O 
I—!••••••••• 
xo(\jir>r>-o<NJT>fs-o 
o.       rj^-.oO'^irninoo 

=  1.10 
OO oor-CDCVJC\J'450Dr*-rO 
r«- ^)^).o-omrorHOO 
• rHrHrHtHrHrHrHrHrH 

m »•••••••• 
I    I    I    I    I    I    I    I    I 

^) 00C\lt\)r-»<O>I>W>»-'m 

m oooocyoor-h-o 
• (NJCMCNJCVJrHrHrHrHrH 

m ••••••••• 
I    I    I    I    I    I    I    I    I 

oj (M>o«ri-tcoflOi-Hmm 

O             • <\J(VJ(\JtNJ<VJ<\JtSJCJ<\J 
^      in ••••••••• 
r- i   i   i   i    i   i   I    I   i 
en 
rH          0s a<0<Sjr*r-rH^;.l-rH 
P^           rH rHOOCT■0>CT'0D00CT■ 
^-          • rornro«M<\jf\j(M<\JC\j 
n       m •.......• 
_i I    |    I    I    I   I    I    I    I 
LU 
a        ro CT'OOCoroooO^MO 

O foj-in^ficoPocoHT 
• rorncot^foromrorn 

m ••••••••• 
I I I I I I I I I 

oo ■^•r»-inr*oo«\irsjoo 
co •^*j-inm^'^rofO<<» 
• OOOOOOOOO 

I I I I I I I I I 
o   in i^^joo^oommm 
o  m ^^r^cooor^-^o-rM 
• • OOOOOOOOO 

J-  ^- ••••••••• 
I I I I I I I I I 

« __ 
•<   (\J 0>MC>O<£>ir>,*''_l0D 
x  <M ^5^^CT>oooor~r-'0 
o.    • OOOOOOOOO 

< I I I I I I I I I 

■O ^jr-MfOrH-*-"*"!^^ 
in (\ioo^-in<o<o>Oirii^ 
• rHrHi-HiHrHrHrHrHrH 

^ r r r i 111 11 
co f*.(j-*oo-r-if~<cmtn 
M aoao(J'Otvof,Jf>Jcv>J<>J 

• rHrHrHCOCVJOJOJOOCNJ 

O I     I     I     I     I     I     I     I     I 
rH 
• m ^ocoi—trnofifom 

rH       I-H ooo^O'rHoorofnmrn 
H               , rH  t-t   r-H  <M   CO  CO   C\J   (M  ro 
X       ro ■•••••••• 
o I    I    I    I    I    I    I    I    I 

^       C? ■4'C\jrHir>ro«ro'M«M 
f^ mroroOrH'^roroto 
• OOOOOOOOO 

ro ••••••••• 
I    I     I     I    I 

ro ^minc^rorHfoOO' 
ro r-C-NO'TrOIMi-HrHO 
• OOOOOOOOO 

ro ••••••••• 

■o o<Ofo>r>j'0>CT'>o>*' 
t—      in ir>«frorHa>r-<o>0'0 
CO                 • rHf-HrHrHOOOOO 
(_)            rH ••••••••• 

a 
</> 

O" aomoooorHO-*-i-H 
00 <M{MrHt>^)ir>'*-rOfO 
• OJfVJCMrHt-liHrHrHrH 
I ••••••••• 

a 
^. 
N omOirtOirtOiriO 

xorjinf>-ocvimr-0 
a.      (\j^-<oCT,rHroir>oD 

74 



(M 
• ro 

o • 
ir> ITS 
r- 
ro 
r-H O- 
r^- ^-4 
>r • 
H UA 

-1 
UJ 
a. (Ti 

o 

o lf« 
o in 
• • 

<o <r 

a 
< fM 

X rj 

Q. • 
_J >1- 
< 

vO 
in 

TABLE 5e.  (CONTINUED) 
h-      r^r»-oDoo«orniHOO r- c>i-<iri^i-»^mr-ioo 
• r-tiHt-Hr^rHrHiHr-IO • r-4C\J(\|CM<VJr-lr-li-IO 

in   ••••••••• in ••••••••• 
I I I I I I I I I | i I I I I I I I 

>o       irtQ»or->*'mi-imfn o cvir-iminmo>oor>-r- 
in      r^cvjpocncvjc^r^m^- u-\ (viro^or^c^-wmco 
• fVJ<MC\J«M<MrHi-ltHi-l • (M(MC\)rO(\J,H^-(r-t<-t 

m        ••••••••• m ••••••••• 
I   I   I   t   I   I   I   I   I I   I   I   I   I   I   I   I   I 

•rminr-r-oooi-tcM M O-ODOOMOO^'TPOCM 

• •••••••• in       in »•••••••• 
I    I    I    I    I    I    I    I    I r- |    I    I    I    I    I    I    I    I 

r-to,i-'fOOiniH>or«' M      O- oouin^-rno^woos 

rOfocomcnroMfvirj >»•        • rntvjmfnnropocvjcvi 
• •••••••• u       m ••••••••• 

I    I    I    I    I    I    I    I    I -i I    I    I    I    I    I    I    I    I 
1X1 

inin«rin<NJi-ir--Or-< a      co *iH<M«\ji-tf-4ror»-fvi 
<M'*«»-^inin<\j«vjin O cM<*">O0DCT,o-rHro^) 
rorOfOrofirocrifOfo • cororowfOrorofOKi 

m   ••••••••• m ••••••••• 
I I I I I I I I I I I I I I I I I I 

oo  m-rxj-'Omininin.r oo ^^Jmr~oc^ooc^>o>*• 
• OOOOOOOOO • OOOr-lOOCOO 

J-        >*•        
I   I   I   I   I   I   I   I   I I   I   I   I   I   I   I   I   I 

OuiO-*-oooc\iinin o      m i-(rjrri»o-«<otvjrHr* 
<o<ocooor->o>»-m o      m ^•ino,*"ir,,~,,*",fv<v' 
OOOOOOOOO •          • OOr-HrHiHiHOOO 
• •••••••• O         'T  
I     I     I     I     I     I     I     I     I rH I     |     I     I     I     I     I     I     I 

I 
•ro-fO<DO-cr\'frrt <      <\j r-i-tO'CMO^o-J-oo 
or^-^ooo^r-m* x      <VJ roooirt^*>*"0,o*T' 
OOOrHi-tOOOO a.             • 00>Hr^rHiHOOO 
.    ........ _|         >T     ■ •• 

I     I     I     I     I     I     I     I      I < |      |     I     I      I      I     I      I     I 

OOOM-i-OOOCT-OO^- >0 f-t^-NOinrH<000>f*> 
Or-ij-<ooor>--£>inin m ^>-c^^ro<,,'<^^o>l^,'* 

.          (-((HiHtHfHt-tiHrHfH • OOrHCsJ<NJ<MiHcHiH 

i r r i r r r r i r r r i r i i i • 
t\j      f-iinvrt-»infO{\jyj-c> M csito~ttno-c^as-Tr-t 
(\i      r-r-o^cvjfo^^-mJM M fTi^-^mooo-^-rro 
.          r-tt-l^-ICSJCVJCVJCNJCVJCM • pHrHrHOJCVjCMCVJCVJCVJ 

m        ......... m ......... 
O                     I    I    I     I    I    I    I     I     I O I     I     I     I     I     I    I     I     I 

»              .          i-tiHrHrjCVJPJPOPUPO I             • ,-»lHi-(«VJ(\J<M«M(\J(VJ 
x      ro        ......... x      m ......... 
O                     I    I     I    I    I     I    I     I     I U I    I     I     I     I     I    I     I    I 
«t < 
a:      CT-      ror-inror^^«»-inin t      ©> <\JPVJOOOOIHO,'C",>'^ 

r>-      m«f<MO<vj<*)«»-^* N oooMfioo^oo^10 

.        OOOOOOOOO • OOOOOOOOO 
OJ             .■••..... PJ ......... 

I  I   I  I   I   I I   I   I  I   I  I 

rj      r-c>>o.or-'-«<oinro PO .o^r-ooMfviin^i-i 
t\J       o^f,-«»''-<0000 «\J ^^-oorHrom^MfvJ 
.        OOOOOOOOO . »-»i-10O00O0O 

(\J        ......... f>J ......... 
Ill I   I  I   I  I 

-o      ooroor^^-r-r-oo vo r-mmoo<vifT1f,J«-t 
t—      m      flor^-*-«-tr»m>«-s»-«»' H      m ^■<\i^)ODroo0'-<f>J 
CO          .        t-tr-t—I^HOOOOO CO          . (Mrji-iOOOOOO 
O        ■-•          ••..«•... O        i-l ......... 
O □ I 
is* </> 

O*       rHOfOOO«NJOOfVJ<VI ^ i-»oo>rr~r-i^)'-io,o 
so      ^)infvjoom<Mi-trH>-i oo (r»o«*->oo,o<o's-^- 
.        (VJ(M(\Ji-tl-lrHi-4r-tr-l . romcvjf-if-tOOOO 

M              ......... H ......... 
Q O 

M      omoinotoomo M omo^O^Oino 

xo<\jinr-ocMinr-o xorjinr-o^^^o 
a.      (vj«j-o^r-tfoinoo o.      cvj^-ioo^r-iroinoo 



TABLE  5f. 

• fHrHfHfHfHffHrHiHf—I 
ID ••••••••• 

I      I      I      I      I      I      I      I     I 

■O fHrHOODUIOmOP- 

• rH   rH  l-H   rH   *—f   r-4   rH   t—4 •—I 
ITl ■•••••••• 

I      I      I      I      I      I      I      I     I 

• m (M(M(\j(sjrj(Vj(vjf-Hf-i 
O • fVJ(\JMCM(V4C«0(M<M(\J 
O       irt        ■•••••••• 
^ I    I    I    I    I    I    I    I    ( 

<»• • (\jc\j(\jrvjcv(\jcM(\jtM 
»        IX> ••••••••• 
-I I   I   I   I   I   I   I   I   I 
Ul 

O r-ooOCDaoajODajoo 

LO ••••••••• 

I   I   I   I   I   I   I   I   I 

CO ffimcri'T*T{r)(fi<1>tf} 
• OOOOOOOOO 

<t* ••••••••• 
I   I   I   I   I   I  I   I  I 

O ir\ CMi-tCT-rHmfntVIO*!*- 
o      in mmvrinmmin-j-sr 
• • ooooooooo 

CNJ   ^J-     ••••••••• 

I  I  I  I  I  I  I  I  I 
11 

X       oo ininino<0^ininm 
a.      • ooooooooo 
_J sT ••••••••• 

< I   I   I   I   I   I   I   I   I 

m rHr-tr-(rNJ<\J<M(M(\J(\J 
• fHrHfHtHrHr^rHtHfH 

r r r r * r r r r 
• r~i   r~4  r—i  rH f-H   rH tH  iH rH 

ro ••••••••• 
O I     I     I     I    I     I     I    I    I 
<vj 
• ro OODi-tmomoOr-i 

N • tHrHiHiHiHi-lrHi-lrH 
X m ••••••••• 
<-> I      I      I      I      I      I      I      I      I 
< 
t     o- r-r-mo-cnmr-of^ 

f^ i-ir-)iHOOOOrHiH 
• ooooooooo 

r\J ••••••••• 

I      I      I      I 

<VJ •HcvJoorj-s-oocoo^'O 
M vooinin^rnmcsjcvi 
• ooooooooo 

(SJ ••••••••« 

>o ooo>in^iHm«ofvjCT' 
I— in rHr^r-IOOO-OOCDI^ 
00 • rHrHr-l—l>-IOOOO 
O        t-l ••••••••• 
o 

C o-Hr-coaootMcOvr 
co aooor^-omm^rroro 
• vHiHiHfHrHfHlHrHrH 

H ••••••••• 
Q 

N otnomomoino 

locjinr-ocomr-o 
a.      iM^-^o^^minaD 

o 
o 
m 

•o 

■ 

IL) 
a: 

o 
o 

< 
T 
a. 

o 

< 

CD 
O 
a 
10 

1.20 
co     r^s)r,-<Mfnaooiv-o> 

h-        0-£)>0-Oinf»>(\)00> 

• rH  r-l r-l P^ r-l rH ^t  t-t-O 
in       ••••••••• 

I    I   I   I   I   I   I    I   I 

m      o^ooo'cor^mm 
• -HrH(M«\JrHrHi-lrHrH 

in       ••■«••••• 
I   I   I   I   I   I   I   I   I 

ro      fvj<Mrofnro(MrHi-io 

in        •>••••••• 
I    I    I    I    I    I    I    I    I 

0s      cvji-tmOOmpnoorH 
rH     vOtOvo^^^oin^-m 
• <M«M<M<\lCMf\JtVJMCV) 

in       ••••••••• 
I   I   I   I   I   I   I   I   I 

m -O-Tt^-rHr-lOi-HCT-W 
O       >t>coooo,a'C7-ooh-a; 
• <NJfM<\J«MeNJrj(NJ(V«M 

in        ••••••••• 
I    I    I    I    I    I    I    I    I 

00 U1>rrH-4'a0<UOrHr~ 
oo     dro^-r^^^mcM 
• OOOOOOOOO •^       ••••••••• 

I    I   I    I   I   I   I    I   I 

u>      iMrHroomi-Hinmin 
in     inmin<o<o%oin<*-ro 
• ooooooooo 

-J" ••••••••• 

I   I   I   I   I   I   I   I   I 

ro      min>o^>o<o<oin>f 
• ooooooooo 

<r ••••••••• 
I     I    I     I    I    I     I     I     I 

•o      cvj«rinr-«»-mmroo 
in      oOrHtsifOfncororo 
• rH   rH rH rH fH rH rH rH rH 

(T> ••••••••• 

I      I      I      I      I     I      I      I      I 

<v)     r>-oooo>ov^'<omo 
co      «rmm^}r^a>a.ooao 
• rHrHrHrHrHrHrHrHrH 

m        ••••••••• 
I    I    I    I    I    I    I    I    I 

co      roinro>or~rHr>-r>o 
rH      <*,'»-in>or»-ooooooco 
• rHrHrHiHrHrHrHrHf-H 

(T) ■•••••••• 
I      I      I      t      I      I      I      I      I 

O-      r-mrocor-O'roinin 
r^      fnf*>MOOrH<vji>o«\J 
• ooooooooo 

I  I  I   I  I 

oo      ^•(NJ00<M^)ro<orofr» 
PO      aoco>oinro<\jrHfHrH 
• ooooooooo 

(VJ ••••••••• 

>o     inror^o>0'»',4-OCT> 

m     ^^Poo^r^-Osom 
• iHrHrHrHOOOOO 

rH ••••••••• 

0>      rHr^rHrOrH>*-roao>o 
oo     tHoc>r-inmojrHt-H 
• (SJCVlrHfHrHfHtHrHfH 

N ••••••••• 
o 

M      Otnomomomo 

xoromr^ooJinr^o 
Q. (VJ^'OO'rHfOinOD 

76 



o 
o 
111 
■>J 
rl 

i 
_i 
UJ 

O 

o 
■o 

< 
x 
o. 
—I 
< 

o 

CD 

TABLE 5f. 
oo r^-ooor-oo^ooCT' 
f>-      r^-oooooor-mr-iooo 

« pH i-t iH rH rH r-t rH t-l O 

I    I    I    I    I    I    I    I    I 

ir>      oor-tcMr-^ooO'Tro 
• rvj(M(M(>JCsJr-tr-l<-li-l 

in        •■••••••• 
I    I    I    I    I    I    I    I    I 

<\j      aoc\i«rmo>'00>Or-ti-( 
ro      ^J^o^rto^nfnl-lOC^ 
• C\J<M<\JC\J«VI(\J<M<SJi-t 

in        ••••••■•• 
I    I    I   I    I    I    I    I    I 

O- O(TltVJ<Vl0l00«>JfOO 
r-* «O<Of^0D0Or>-tn^-^ 
• (VJPJfVJCdf'JCMfMCvJM 

ui •••■••••• 
I  I  I  I  I  I  I  I  I 

m  om>»"<MODirip--r>-in 
O  r-ooCT'OOooDf^» 

in   ••••••••• 
I I I I I I I I I 

oo  o^rvooino^r^m 
oo  mtrt'f-O'O-oin-rtri 
• OOQOOOOOO 

I I I I I I I I I 

m  coootvjtr^j-mo^i^p- 
in   ^T'T^^'ODf^in-J'fri 
• OOQOOOOOO 

>r   ••••••••• 
l I I I l l l I I 

(\l       yOoromc)mair.m 
<M      ^mr-eoo-flo-oin* 
• ooooooooo 

4"    ••••••••• 
I I  I  I I  I  I  I  I 

sO  ^ifn^p-OfHrHour- 

• OO^It-«iHi-Hi-<i-lr-» 
m   ••••••••• 

I I I I I I I I  I 

<\i      fHinco^-iH^^-coo 
c^      roroinr-ej-cro^oooj 
• IHI—It—liHrHfHrHi-^i-4 

m        ••••••••• 
I    I    I    I    I    I    I    I    I 

("0        inOcDO-J-rriJ-rHO 
i-t       CMroj-r^coo>(?'OOv 

• •HiHrHi-tr-trHrHi-li-t 
PO ••••••••• 

I      I      I      I      I      I      I      I       I 

r~      mirvmOi-iroromfn 
• OOOOOOOOO 

(\I        «•••••••• 
I   I  I   I   I 

(\l        ^H-^-OOOOOorjIVJCM 
(VJ        -<ooo«J-(VOOOO 
• ^Hr-tQOOOOOO 

(M ••*•••••• 
I   I 

•o      mino^iriiri^-if*^"*- 
in      r>-^)mor,-ir>«f^r'*- 

• rHf-lf-li-iOOOOO 
rH ••••••••• 

o      mmr-omr-ioinif* 
oo      •fmor~tnr-t&(y><y 
. {\J<\J(MIHIHIHOOO 

U ••••••••• 
a 
rvi      oinoiriotrtomo 

»—*••••••••   • 
xO(\jirir>-o<NJir>r^ o 
a.      cvj«»-<<JC>i-iminoo 

(CONTINUED) 
CO 

o 

■< 

□ 
00 

CM 
• m 

o • 
o in 
m 
fVJ 
tH a 
^3 i-H 

>!• • 
M in 

ml 
UJ 
ac ro 

o 

oo 
oo 

o in 
o in 

• • 
o •*- 
■H 

II 
< CO 
X rvj 
a. • 
_J >r 
<i 

•o 
in 

(M 

ro 

(^0 
(V 

<\J 

in 

CD 

N 
Q 

floo«*-^)tHmoot-ioo 
IHCM(VJPJ<\JI-(I-I«-IO 

I   I   I   I   I   I   I   I   I 

<iJOmrsj<c)i^in«rr-i 
o<vjif»w>h-o>vDiri<\j 
(SJfMCVJPJfVJt-lr-ll-lr-l 

I    I    I    I    I    I    I    I    I 

Ofi-otu^m^r-ioD 
(NJ^f-OrHmr-lrHOO 
«M(Vj<\lrr)f<1<sj(>JC\JrH 

I   I I   I  I   I   I   I 

<*j>£)c><-t»Hric\jr^oc/ 
ir>%oOfo«»-om>rir« 
{M(Mrrifr)rorncM<>j«M 

I     I    I     I     I    I    I     I    I 

m<\Jin<otvJrooco.«- 
-oooiH^-mj-occ^cr 
cvjcvirocororocvjtMcvi 

I    III    I    III    I 

r^rnf-r-r-ooor-r*- 
FHmi*.r-icviooo<oro 
OOOr-tiHr-IOOO 

I      I      I      I      I      I      I      I      I 

cotyi^mrvJO^mmrn 
cviroooromr-ih-info 
OOOlHiHrHOOO 

I   I   I   I   I   I   I   I   I 

r^rj.-i^rnoo'roo 
r-i^-om^rooo^'* 
000<Ht-l^000 

I     I     I     I     I    I     I     I     I 

>or^>ocijo>'000,ro 
>*-vO>-lh-OO^rri(\J 
OOfHr-«rvJ«VJi-li-li-» 

r i i r r r r r i 
oorooDf^oo^cC' >}•€*> 
ooO^Oro-J-cooO- 
Oi-lr-(<\l<\J<\Jt\J(\lf-i 

11*1*1111 

)Hr^i-ic\)>j-»Hr,-fo^ 
ooo^om^rvjoo 
OO^HiHt\J(\l(>JC0(M 

I   I   I   I   I   I   I I 

inr^mi-ioDOrorofvi 
i-(0>rco'Ooor-in'*- 
■ooooooooo 

* * I* I   I   I   I 

OCT>>r<om^)a3om 
r-^-o>cvjtvj«»-ropji-H 
^tr-IOOOOOOO 

' I   I   I   I   I 

mcvjcMO'Ot-iroCT'oo 
^•fvJsOODfVJOOO'-l 
CJOJr-iOOOOOO 

I 

ir>4-c\j>rr^<vir-vOO 
iHOminoom^-iri^o 
rOCMCVJrHOOOQO 

OinoutoinOTio 

XO<Mir>h-o«,J|n^-0 
o-      tsj^^oc^pHrnu^co 

77 



REFERENCES 

^ O^T'' ii^ V?fl
Unrrfna

M
Ce

D
Pri

eSS.Ure Measurements on a Projectile Shape at Mach 
n^o r K mRf^ Balllstlc ^search Laboratory Memorandum Report No. 
03079,  February 1981.    AD A098589. 

2. Reklis. R.P. Sturek. W.B., and Bailey, F.R., "Computations of Transonic 
Flow   Past   Projectiles    at    Angle   of   Attack,"    AIAA   Paper   No.    78-1182 

WalhrngtlnrJul^^.11^ nUid ^ PlaSma DynamiCS Confe^ce' Seattle,' 

3"    Slnsi^f'   Cd"   "Navier-Stokes  Computations   for  Conventional   and Hollow 
Projectile   Shapes    at    Transonic   Velocities,"    AIAA   Paper   No.    81-1262 
presented   at   the   AIAA   14th   Fluid   and   Plasma   Dynamics   Conference,   Palo 
Alto,   CaMforma, July 1981. 

78 



LIST OF SYMBOLS 

A^P   incremental surface area of model at m,n location 

CA     axial force coefficient, excluding base drag 

C*     increment of CA associated with a local pressure and local surface 
in.n    area 

Cm     pitching moment coefficient, m/q^SD 

Cm     slope of the pitching moment coefficient curve at a = 0 
a 

CN normal force coefficient, F^q^S 

CN increment of C^ associated with a local pressure and local surface 
m.n    area 

C^ slope of the normal force coefficient curve at a = 0 
a 

Cp pressure coefficient, (PJ,-P00)/q00 

D model diameter at the cylindrical section 

M^ free-stream Mach number 

P£ local surface pressure on the model 

P0 wind tunnel supply pressure 

P^ free-stream static pressure 

q^ free-stream dynamic pressure 

r local model radius 

Re^ Reynolds number based on model length 

S reference area, TID
2
/4 

SOC Secant-Ogive-Cylinder Model 

SOCBT Secant-Ogive-Cylinder Model with 7 degree, boattail (Figure 1) 

T0 wind tunnel supply temperature 

ZCg axial position of the center of gravity, ZCg/D = 3.6 

Zn axial position on model defined by index _n 

Z/D distance from model nose in calibers 

a angle of attack, degrees 
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LIST OF SYMBOLS (cont'd) 

0      local angle between model center!ine and tangent to model surface 

$ circumferential position of pressure taps 

Subscripts 

m      index indicating circumferential psoition on model, 1 < m < 32, or 
11.25 deg increments 

n      index indicating longitudinal position on model, 1 < n < 120, .05 
caliber increments 

1 
i 
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