
REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 
—TT: i-T—r-3—,r.r .hi. r.r,«cr;ir,r. r.f information is eslimaled 10 average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and 

^.BBPOH^ DATE (DD-MM-YYYY) 2. REPORT TYPE 
Technical Papers 

4. TITLE AND SUBTITLE 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS{ES) 

Air Force Research Laboratory (AFMC) 
AFRL/PRS 
5 Pollux Drive 
Edwards AFB CA 93524-7048 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

Air Force Research Laboratoiy (AFMC) 

AFRL/PRS 
5 Pollux Drive 
Edwards AFB CA 93524-7048 

12. DISTRIBUTION / AVAILABILITY STATEMENT 

Approved for public release; distribution unlimited. 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 

3. DATES COVERED (From- To) 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

8. PERFORMING ORGANIZATION 
REPORT 

10. SPONSOR/MONITOR'S 
ACRONYM{S) 

11. SPONSOR/MONITOR'S 

NUMBER(S) 

20030205 291 
15.SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 

a. REPORT 

Unclassified 

b. ABSTRACT 

Unclassified 

c. THIS PAGE 

Unclassified 

17. LIMITATION 
OF ABSTRACT 

A 

18. NUMBER 
OF PAGES 

19a. NAME OF RESPONSIBLE 
PERSON 
Leilani Richardson 
19b. TELEPHONE NUMBER 
(include area code) 
(661)275-5015 
Standard Form 298 (Rev. 8-98) 

Prescribed by ANSI Std. 239.18 



MEMORANDUM FOR PRS (In-House Publication) 

'B^i^)) f/? 

FROM: PROI(STINFO) 06 May 2002 

SUBJECT: Authorization for Release of Technical Information, Control Number: AFRL-PR-ED-VG-2002-096 
Andrew Ketsdever (PRSA), "Free Molecule Micro-Resistojet: Current Status" 

ESA Micropropulsion Workshop (Statement A) 
(29-30 May 2002, La Spazia, Italy)   (Deadline: 29 May 2002) 

1. This request has been reviewed by the Foreign Disclosure Office for: a.) appropriateness of distribution statement, 
b.) military/national critical technology, c.) export controls or distribution restrictions, 
d.) appropriateness for release to a foreign nation, and e.) technical sensitivity and/or economic sensitivity. 
Comments: ^ 

Signature  Date 

2. This request has been reviewed by the Public Affairs Office for: a.) appropriateness for public release 
and/or b) possible higher headquarters review. 
Comments:  

Signature  Date 

3. This request has been reviewed by the STINFO for: a.) changes if approved as amended, 
b) appropriateness of references, if applicable; and c.) format and completion of meeting clearance form if required 
Comments:  

Signature  Date 

4. This request has been reviewed by PR for: a.) technical accuracy, b.) appropriateness for audience, c.) 
appropriateness of distribution statement, d.) technical sensitivity and economic sensitivity, e.) military/ 
national critical technology, and f.) data rights and patentability 
Comments:  

APPROVED/APPROVED AS AMENDED/DISAPPROVED 

PHILIP A. KESSEL Date 
Technical Advisor 
Space and Missile Propulsion Division 



I 
o 
o 

(0 
3 

CO 

c 

3   3 

O m m 

0) 
■ ■■■■ 

Q    O 
£ CO 

LL   (0 

Z^ 
m CD T5 

m cc'E 

(/>  3 —' 

go "I 
fc: "o jD 
^  CD ■.- 

Q 

0) 
> 
0) 

(0 

0) 

c 
< 

o 

o n 
05 

o 
c5 
CD 
(J> 
CD 

CC 
CD 
O 

O 

o 
o o 

q 

3 a. o 

2 JS 

O N 
^ CD 

C CO 

.2 CO 
jO -I 
3 

Q. 
O 

O 

CM Q.   o 

CM 

O 
CO 

I 

CM 



o 
o 
■o 
o 

Is 

i CO 

o 

o 
o 

CO 

"E 
c5 

■u 
Lij 

GC 

< 

^ 

.2 

I 

Q. 

CC 

CO 
0 
o 
> 
0) 

T3 
O 
O 

CO 

p 

O 

2 

>>    ^ 

CO     § 

CD 
> 

0 
+^ 
CO 

CO 
CO 
c 
o 
N 

11 
N «Q 

O O 

«; Si. 

O 

0 
> 

"5 

CO 4-J 

CO 
X 

CM 

CD 

S 
CD 
O 
CD 
Q 

o 0 **<«^ 

C/) +-• 
CO 3 

CO 
4-> c (f> 
mwmm o C 
C ■ ■^ o 
3 CO Hh- 

CNJ zz sz 
o D) 

C CO »^ 
CD c: f>ft E o O 
3 O o 

CM 

CO 
c o 4-» 

0 
CO U) 

k. 

1 CO 



h- 

"-J .J?^ 

rvi 
X 

U) 
■ ■■■ 

E 
a. 

c JZ 
o o 

0 — o 
H Q. 

cs CM X 
c X 
C/) h* 

X 
■ 5 

f in X LO 
o ^\ CO »\ 

oc U) — 
— — 

-■ 

^ 
^ ^ O 

LL 

w o L. 
3 
O O 

o 
to 5 

CM s: C30 I CM 



0 
I- 

I 

■ i^Hi 

o 
> 

o 
o 

■ ■■■■I 

O 

> 

C/) 

O 
I 

c 
o 
S 
c 
o 
> 
c 

O 
LU 

O 

CO 

0) 

C        Ik- 

O 
15 
c 

c 
o 

■ ■MM 

+-» 
Q. 
E 
D 
(0 
c 
o 
o 

o 

O 

Q. 
O 

I 

o 
Q. 

o 
■ ■■■ 

o a 
O 

o 
;^ 

0) 
Q. 
C 

■ ■■■ 

E 
I o 

0 
E 
3 
(/) 
C 
o 
o 
c 
0) 

3 
o 

■D 
C 
OS 

iS 

> o 
c 
CD 

O" 
0) 

N 

1=      O 

I I I 



<J) o 
■ ■■■ 

o 

in 
o 

I 
CO 

CO 
• I—I 

C/D 

o o o 

o 
(0 

(0 
-I 

I 

£ 
o o 

CM 

X 
CO 

o 
d> 

I 

1—1 

O 
O 

o o o 
00 

o< 

o o o 
CO 

3 
< 

+ 

o o 
CD 

Q. 
+ 

O o 
CO 

2  6 
CO 
CD       I 

O) 
c 
o 

75 +-» 
o +-» 

E 
m 
rt 
o 

■o o 
■ HH 

^ (/} 

E o 
d- ■ MM 

O w 
o c 
^ CO 

Q. 
1 X 

LU 

(A 

o 
(0 
o 
to 

c 
o 

£ 
£ 
in 
o 
+-* 
CO 

o 

E 
ii o o 



1- 
C3 a 

05 
3 > ^ O c 0) O 

05 o 0 o I^H k. 

Q. 
£ "cs 3 

(0 
O 0 

o 0 
CL a. 

Li. <*- CL 

^^ 

O CD 

E 
C/) 

o 

o "co 

i 
\k^^^\^\^^^k^ 

T3 

cd ^ 
g c 
fl) H 

■j—> 

>-, s 
00 cS 

T3 
t—1 

(U &< 
(D o 
Pi ii 
o pL, 

H 

>■ 

CO 

o 
PL, 



o 
0) 

c 
p 

IN? 

< 

I ̂
\ 

o 
H-5 

'^ 

CO 

+ 

ro 

ro ro 
+ 

~N 

ro ro 

v-< 

'^ h^ 

O 
•rH 
4—' 
o 

o 
U 

^ 

ro 
ro 

^ 

^ 

+ 

^ 
■ij 

^ 

5 
■ij •^^ 
.''o 



Q. 
X 

UJ 

u. 
o 
> 

o 
0) 
n 
O 

>£ 
C 

0) 
3 
CO 
(/> 
0 
Q. 

o 
cc 
m 

CO 
I 

Q) 

0) to 

£ o o 
DC 

3 

CO 
0 

o 

Q. 0 
=3 £ 

o 
Q. 

c 
o 

■ iHBi 

> 

LU 

o 

3 

C 
o 
o 

Q. 
E 
0) 

0) 
o 
05 

CO 

5 
o 
(5 5: 

o 
m   'S K 

5 §^ 

c 
CO 

0 
3 
CO 

Q. CO 
■=   0 

o a. 

CO 

K 

CL 
Q. 
3 

(/> 

0 

C) 

o 
o o 

o 
o 

DC 

o 
H 

>     '^ c 
0 
E 
c 
o 

^    > 

Q.O HI 



a 
0 
(/) 

C 
0) 
E 

■■■■ 

X 
LU 

OA Ci^ 

X3 4-> 
o QJ 

02 (\) 
T3 4—> 

00 
■a <D 
+3 4-> 

•T-( 

^ 

"^ 

<7j 

o 

US 

O 

> 

0) 

o W   ^ 



) JSMOd 

O 
Q > 

CO 

s: 
O 
o 
•o 

1- 
•a 
o 
in 
Q. 

(O) 3JniEJsdiu3i 

u. 

o 

tei 

111 

u, ZL £1 

/^ 

£1 

o 



o 
Q > 
in 

g o 
Q. 

< 

DO 

8   ^ 

8 n 
O     K 

8 
o 

o + 
LLI 
O 

P 
DO    O OK 

> 
E 

yi 

+ 
UJ o 

9 
UJ 

o 
UJ 

UJ o 

o 
LLJ o 

UJ o 

(X) sjniBjaduiax 



CO 

^ o 
CO-i: 

CCS 
^> 
c 
CD o 

0 

LU 

o 
Q. 

£ 
■i 
o 
> 

LL 

"a 
W 
>. 
•a 
ca 

•4—' 

CO 

o 
Q- 

> 

Q. 
E 
<L> 
h- 
(D 
O 
CO 
t 
W 
E 
£ 
x 

a. 
'sz 
O 

o 
O 
o3 

O 
(O 

CO 
a. 
£ 
o 
O 

•■A 

\ \ 
V. .. \.... 

, . 
It- -^-' 

F F >+— 

cr D: 5 5 
a> a> Q: Q: 
•o xu ■tl XI ^ o o 
22 o o 

o °  i. 

to 

o o 
CO 

+ 
a 
CM 

.-■5*.. 

o 
o' 
(O 

+ 
Q. 
ID 

..CO- 

2 
o 

O) 

+ 

CD 
..■«.. 

CO 

Q. 
CO 

..TTT. . 

II 
X 
CO 

E 
I- 

..(!).. 
•o 

CO 

in 

CM 

in 

o a. 

 D 
ID 
o" 

O 
in 
CD 

o 
o 
CD 

o 
in 
in 

o 
o 
in 

O: 
in 

o o 
o 
in 
CO 

-^ o o 
CO 

o 
in 
(Nl 

(>i)XBaii 



'■5/ , V 

CO 

+-> 
c 
o o 

o 
> 

U) 

m 
a: 

55 
> 
CO 

w 

o 
QL 

(/) 
> 

"TO 

E 
(i> 
I- 
tt) o 
(0 
t 
ID 
w 
a> 
O) 
CO 
i_ 

a. 
Ic 
O 
a> 

o3 

o 

c 
o 
en 

Q. 
E 
o 
O 

4 

•^^- 

\ 

4, 

CD CT) 
o CM 
rO + 
+ a. 
a. OD 
CO CB 

O 

OJ. ■■ ....C£). 

in CN 
■"3- ^ 
T— + 
+ CM 

N D. 
a. O) 

IT) 0) 
co- ...,.fO- 

co T— 

1 II 
II O) 

CO h- 
l- (D 
■a -a 
o 
O z 

\ 

lO 

CO 

CM 

o 
CL 

lO 
(5 

O o 
CO 

o 
in 
in 

o o 
in 

o 
in 

(>l) 6ABi 

o o 
o 
in 
CO 

O 
CO 

o 
in 
CM 



CO 

3 O 

c 
0) o 

.^ Q. 

0 

LJJ 

E 
■i 
o 
> 

ca 
W 
>. 
•o 
CO 

o 
D. 

> 

Q. 
E 
I- 

o 
CO 
t 
13 
W 
a> 
O) 
CO 
k- 

^ 
Q. 
Ic 
O 

o 

LL 

o 
o 
CO 

6 

O 

..A, 

CN: •^— CD: 
o CM: 
CO 
+ + '■ 

n. 
■■■■Q_j 

CO CO: 
CO: 

■=!-.: 
in; 

+ + : 
Oil   : 

rL CL: 

in 
CO 

IT)! 
CO: 
"*: 

CO CO; 
■«■" 1  : 

II II: 

.on... > 
CO 
(- 

d): 

 §■; 

E CM; 
■z.\ 

a: 

CO 

CN 

CN 

en 
o 

Q. 

1^ 
o 

o 
in 

o 
o 
in 

o o o 
O 
in 
CO 

o 
o 
CO 

o 
in 
(N 

(>1) BA^l 



CO 

u. 

0 
o 

(0 

o 
o 
CO 0 

■^ o 

^ Q. 
LL C 

z= o 

c cc 
0 ^ 
Q. 3 

uj 2 
^ 0 
x: Q. 
.5>E 
E 5J 

c 
0 
e 
c 
o 
> c 
0 

0 
"5 
c 
3.. 
+-* 
4-* 
as 
0 

T3 
0 
O 

'■5 
0 

0 
"cS 
c 

0 
o 

o 

I 
0 

V 
0 

(/) ^ 
o (/) 
Q. 05 

E a> 
cc -c 

o > 
E 
3 
3 
O 
CO 

o 
0 
> 
c 
o 
o 

c 
o 
o 

■ ■■■ 

0 

0 
> 

■ ■MM 

CO 

0 
Q. 
o 

T3 
!■■■ 

3 

c 
o 

■ ■■■1 

3 
n 

O    .52 

3 
O 

CO 

c 
0 

o 

CO 

■5 
0 
3 
+-• 
CO 
1- 
0 
Q. 
E 
0 

CO 
c 

■ ■■■ 

3 

"5) 
c 
o 

o 
0 
2 

0 

o 
T3 
0 
O 
C 
3 
O 
c 
o 

0 
■ ■■■ 

o 
■ ■■■ 

0 

0 

o 
Q. 
0 
O 
E 
CO 

+-      CO     — 

0 
o 

0 
'•B 
CO 

O 

o 

o 

o 
o 
CD 

I 
X 
CO 

E 
I- 

o 
CO 
0 

o 

o 
CJ> 

■ ■ 

0 

in 
■ 

2 
O 
O 



-I—> 

CO 

o 

I 
/^ 

«^^ 



A-I- 

o 
o 
o 

u 
•r-l 

in 
o 

CO 
o o 

> 

I 

tin 

4-J 
CO 

4-J 
CO 

> 
o 

o o 
c^   in 
^    o 

CO 
•rH 
o 

r—( 

4—> 

a 
o 

•1—1 

> 

0-) 

o 
CO 

;:::3 
CO 

0-) 

CO 

CO 

CO 

4—> 
CO 

Id 

O 
O 

O 
4-> o 
0) 

o o 

o 

o 

CD 

CO 

C/2 

CO 



4i> 

o 

a 

H 



o 
o 
m 

o 
o x> -(—> 
C\J ^ a s o 
8 

00 
a 54::^ 

4-J 
GO 

o 

O o 3-  d 0) 
0)     O 
E    O 

00 (/} .a 
^   22 

(D ci +-> 

a x; (^ 
o 
o 

(D "D 0 
C/D > 

o 
in 1:3 0 Q 

r-f 
CD -t—> !—f 

"i ;-l r—J 

P' c^ cd 
o 

CD 

1 ^ 
o 
o 
CO 

o 0 
• 1—( +-> VH 

o 

C/2 

51! 
CD u3 

0) •TH 

> 
OJ T< O c a 

(D H M CD 

o 
o 1 o o 

0) o 
11 o 

-4—' 

o r^ PH S 0 
bJ) ;:3 

(D o 5—( 4,..,^ o 
o ^ 

fcj) 
o 

•rH 
0 0 

ii ^ JU cj 
T3 

•r-l M B^ 
o 
in -1—> 13 a 

00 
.1—1 

•T—( 

00 ri:) 
•rH 

00 :ii 
;3 C/D 

o 
^-1 
r-; 00 

(£-g sjiun -qjtv) uoiioagsp 



,<J.^ 

CD 
O 

H 
in 

(D 
> 

r^ 
en 
o 

o o 
0-;) 

GO 
o cd 
OJ 

O toX) 
C\J O 

• 1—1 

o d 
O 0 
U) w VH 
' 0 o 

b ^4H 
h- (D 

o O o c3 

o 
in i 

CO N CD LD ■* ?3 £^ o o o o o p p 
r^ r^ h~ t^ r^ r- 1^ 

00 

(s^iun 'qje) u ops pa 



O 

• 1—1 

o 
U 

(t7-H sjiun 'qiv) uoposQQp 

(t7-3 sjpn 'q-TV) UOIJ03UQP 

o 
CO 

j C/D 
cd H 
r^ Z 
(U C! 

o a (D 
in rH r^ 

k-( 

o -'-' 
r1 o 
> <l—1 

o r^ -^ 
'^ fl) o • 

T3 o 

o        --^ 
CO          © 

E 
o 
o 

4-> 
00 

p .1—> 

00 H >> 
00 Q 00 

o 
CM i3 > 

o 
-T3 CD •r-( 

o 
O 

■i-> 

fi 
•rH 
00 

T-^ o •rH 

00 

o 
4:1 

o O o 
^ o ■ c^ 

d 

o S-i 
CD o 

• 1—1 
-1—> 

• I—1 

CD 

-r-( 4-J 

O 
LO o s 

cd o 
ci ?_l 
td ^ 

•<3- X3 00 
• 1—1 • f—( 

m 
o      e 4 d CD 

00 
CO          o CM (D • l—i 

E 
ID O 
^ >> rH 
4—1 c/:3 1^ 

o 
(M <4H 

.   O 
>. 

O 

o 
•1—1 

S-l o 
(D c^ 

O 00 
•r-l 
o 

• 



ly^ 

O 

^ _                   "^ 

<D /KX 

a 
(D II u ^ * 

^ -              ^ 

ixl 
cd 
a-> 

fOp—I 
w 

c 
0) 
C5) E c 
o _i o 

o CD 
1— 

Z I < 1 

o ♦ ► 

T ( 

Il__ 

03 
O 
O 
O 

O 
O 
O 

OH 

O 

CD LO -* CO £J TT 
O O O O O O 
O O O O O O 
o o q q q q 
c5 d d d o o 

CO o o 

o o 
d 

CD o o 

o q 
d 

o o 
d 

o 

O 
s-i 

a 
o o 
o '=i 
o o c/l 

Q- 

CO o 
o fl 
o O 

■1—1 

CM fl o hn (-) c^ 
o -1—> 

=i 
IZ3 

> 

o 
o 

P 



00 

cr 

o 
H 
o 

•rH 

0) 

U 
o 

-I—> 

o 

11 
CO    § 

•rH      ^ 

00     C/D 

5-H 
(D 

0) o CD 

OH  O 

,>< i3 o 

0^ 

0-) 

T:3 

4:1 

<D 
00 

+-> 

00 

O 
• 1—1 
-(—> 
•rH 

O 
o 
CD 

r-H 

o 

CD 
CD 

-a 

o 

r^ 

0 
ci 
0 a 

W 
^ d) 

0 H 
03 

r-H 

<: ^ 
-1—1 

a PH 
o ^ 

^ S 

o    . 

< 

>. 

> 

?H 
o 

^ 
0 
OJ) 
0 
a 
0 
0 

,?H 
^ 

^     GO 
0    +-• 

r-H 
^   j:3 
(D    c^ 
C/5     OJ) 
ci   ^ 
'^ u 
05   ^ 

0 c/^ 

—i ^   CD 

0 
^ CiO      T—( 

-H 
05 U

se
 

av
al

 



s~Zy 

^-H 

(D 

03 
O 

•T—I 
4—> 

< 

< 

OO 
-^ 

< 

II 

5^ 

To 
(N 

-^ 

^^ 

(N 

e 

cr^ 

Go 

^ 
^ 
^ 

o 
%. 

a 
o 

C/D 

5--( 

4—> 
;-! 
cd 
P. 
CD 

T3 

CD 
4-j 

•d <^ 

o a 

W) o 
•r-(       Q 

Oj a; o 
•r-i    o, 
O      QJ) 



.(N 

1—1 

o o 

> 

Q 
o 
o 

W 
CD 

-I—' 

• 1—( 

O 

S 
^ 

(N 

X 

00 
O 
O 

o- 

+ 

o 
O 

S    ca 

i 
o P^ 

M-H X 
^ (D 
r—( 8 *  
^ < 
^ S 
4^ ^ +-> 
•T—1 

>< 
::3 

1 

en 

o o 
o 
o 

I 

«D 

^ 

o E4^ 
Jv> 

(N 

a::> 

X 

m 

en 

cn o o 

■^" 

E To ^ 

■^^ 

cn 
o 
o 

I 
•T—I 

X 

o  ^ 

o 
41? 

X 

CD 

-3 
en 

00 

CD 

O 

^-1 
•1—1 

+-> 
• 1—( o 

> 



B 

B 
H 

GO 

o 

o 

•4-1 
o 
o 

ci 

> 

o 
00 

^ -^ 

^ 

O 
•TH 

o in 

o 

ci 

O 

u 

§ 

G     .T—( 

CD 

5 o 

ci 

;:::S 

^ 2 

o  o 



C/3 

a 
o 

•T-H 

H 
CD 
O 

^—I 
•T-H 

o 
•1—( 

•T-H 

O 

o 

p-1 

a 
X 

'r-( 

O 
•T-H +-> 

cr 
CD 

CD 

'S 
bi) 

• 1—1 

t:3 

03 

<4-l 

ri 

CD 

CD 

O 
-(—> 

5-1 

II 
T3 

in 
■(—I o 
d 

II 

o 

a 
>i—( 

X o 

OH 

Q,  (D 

c/:i    O 

o 

(D 
O 

4-1 

■ I—( 

O 
cj 
^ 

Si 

(N 

d 
II 

>f^ 

(D 
^      GO 

s 
•s 
o 

4H 

Si 
-^ 

•^^ 

bJD p 

3 ^ 

C/D r—I 
00 r-H 

B 

o:) 

•S ^ 
Ky*. IT) 

CD ^ 

CD P_ 

—( •'—I 



,_^ 
rt o • •—( -;—) 
>% 

-^^ oo '^ \D OS 1-^ in 
=3 ON ^ ■^ ^ o\ in 
<A3 OO ^ T—1 in en iN 

^~^ OO ■^1 (N CT) in i> 

^ 
r-< 

cr? 

u s 
CO 
Q 

OO ■r-M (N ■^ (N 1—1 

OO in \o OO in ^ 
OO xi- T—I in ■xt- m 
OO 1—1 (N m in t> 

cr? 

^ 

1—1 ON m o^ ^o in 

o 
r-l 

■ 

ON T—1 O 

^ 

1 in OO in ON in en 
OO en o CO 1—1 ON 

o r—1 (N CO in \o 
o 

Pi 

a . 
^ in 

na 
O 

•rH 
4d 

a ^ 

Q 
CD 
CD 

o 

0-) 

O 
•rH 

o 
U 

o 

o 

o 

o 
(N 

II 

a 

0-) 

^ 
a 
C^ 

s 
^ 

0) 

CO 

O 
• 1—1 

C/D 
•rH 
r—I 
T—( 

o o 
^+H o 

q     . 

I II 

o 

CO .5 



o 

o 
+-< 

'r-l 

O 

4-> 

1 £ 
+1 

d 
r—i 

2.
0 

^ b 

IT) 

ON 

r-l 

1—1 

O 

o 

o 
U 

CO 

O 

^    'd 

r 
in 

o 
d 
+1 
1—i 

o 
d 
+1 
T—1 

1 

o o o 
d 
+1 
CO 
ON 
ON 
d 0.

99
3 

± 
0.

00
07

 

1 
C7 

00 
o6 
00 

en 

C>0 

O 

a 
o 

•rH 

•rH 

o 

X3 
0) 

•rH o 
o 
c/:3 

C/D 

O 

CD 

GO 
Z3 

a -d 
cj    (D 

o ;-H 

o   o 

o   :d 
-    rO 

ri=) 
O 

o 

o 
o 
o 

oj 

C/D ^ a (U 
cd Cl. 
b X o 



o 
• 1—1 

•i-H 

u 

H 

o 
CO 

o O 

CD 

o 

o o o 
C3 

(N)jsnjm 

<D    O 

o 

<D 

<D T3 

c/D 
• 1—( 

U ^ 

0-) 

CD 
O 
o 
o 

10 
o 
o o 

o o 

§ I 

CO 4 o < o o- 
q c 
o o 

o 

C\J 
O 
O 
O 

O 
O o 
d 

Q 



+1 

tyD 

CD 

H 
a 

O 

CO N CO in '^ CO 

(N) IsriJMi 

CD 
O O 
O S 
O • T—( 

O 

o 
LO n o T-( o q 
d> 

O 
(-i 

^ 4—> 

o o ^ 
o ^-^ 
o Tj 

c (U 
3 

CO xi ^ 
o <r c:i^ o 
o c o 

o 
CD 

•T-( 

Oi CD f-l 

o o o 
Q 

.5 
o 

O 
•T—1 
■1—> 

f- f   ) o o (D 
o U_( 
o 

C/D 

o 
> 
00 

1 



o 

< 

o 

rt!   CD 
b;    CD  C 
•9    O    O 

O Z < 

CO 
CO in in 

CD 
o 

(N)isnjm 

CD    jij 

w   O   r^ 

c/:i 

—( 

GO 

C5 

GO 

00 

D 

O 
•rH 
a 

-HJ    GO 
+H 

^    (D 

H 

CD 

in 
CO 

m 
CM 
CD 

LD 

c 

< 

o 
o 

Q 

in 

o 
o 

CD 
^—» 

!^    « «^ 

0)    ^ ^ 

• d   bi} g 

cd    <D o 
CD   ^ ,v-^ 



l/l 

o 

-T—r- -|—1—1—1—1—1—I—1—1—1—I—1—1—1—1—1—r- -1 1 1 [ 1 1 1 1— 

■ H  f2 ; 

■ 

—1   in 
d d 
II   II 

O         C 
&^   C-i 

1         1 

/ / 
- 

- ( ) i <>   <               // - 

1 ; 1     ••;'/ . 
- /'/ 

- 

_ <i'/ - 
■ // .--""'^ - 
, ,•;'/                  ^ ^■^-""'^ 

- /'/             ^^^^ '_ 
. 

■•''          .^ 
■ 

- /'I           X 
" 

: 
1"                       y^ 

- 
- «     or — 
. W / ■ 

- 
■'!/ 

- 
- 
. ■ 

_ - 
. - 
. [ - 
. L 

- 
- 

I < ' T    1      1     1      1 1 I 1—1 1—1 1 1 1 1 1—1_ ,    r    1    1    1    .    r    1   ' 

in 

o 
CO 

-  o 

(N 

O 
.—I 

O 

IT) 

ON 
o 
o 

in 
00 

o 
oo 

o —( 
IT) 

in o 

o 

o 

p 

p 
5b 
o <^ 

o 

^ p 'r-A 
CO        3 

G 0) 
<3-) t-i 

biD P. 
O Tl 

<^-) cH 
■3 us 

0 
!-l S—1 
0 tS\ 

i-l-l ^ 
d 0 
n C3 

•jd Xi 
0 >. 
CIJ 4-^ 

N    O 
•r-( 

Id 

o 

UOpOSgSQ p9ZI|T3UUOJS[ 

CD 

§^1 

a o 
-I—> o 
CD 

?^ 
CD 

5-i 

CO 

CD 

:i5 
o 
5-1 

o 

o 
^+-1 

;-( 

O 

00 

C/D 
0) 

c^    O^ 

g v-i 
■^ C (DJ) 

W) (D <^ 
cd ^ ^ 
00 

o 
<D 

a 
cd 
',-1 

<D 

V-i 
O 

•rH 

C/D        1>^ 

CD    .^ 

4::) 

O 

g     g 

g 6 

CO 

p in 
P. 

X 



■i\ 

CD 

o o 
00 

•T—( 

O 

(D 
O 

o +-> 

5-1 

o 

C/D 

(D 
O 

• -H 
5-1 o 

3 

1) 
SI 

O 

O 

5-1 

Hi 

o 

•T-H 

r—( 

r—I 

0) 

I 
o 
o 

00 

O 

bJD 

o 
5=1 

bJD 
<D 

JO 

00 

I 

X3 
0) 
',-1 

CO 

s 
(D 

00 

c o 
> 
cd 

+-> 

00 

O 
O 

=3 
O 

00 

O 

o =3 

00 

3 

o 
a 
CD O 

0 

C/D 

O 

J=) 

o 
o 

bJO 

+1 

CX) 

o6 
oo 
o 
00 

a 
a 

< 

00 
4—> 

p^ 

a 
(D 

00 

C/0 

(D 
a 
> 
o 
;-( 
Or, 

00 

o   g 
^^ 
Pi     O 

•rH       00 
00    -^ 

I—( 

<D    >^ 
00  '73 

a o 

o 
o 
00 
O 

cS 
• I—( 

"S 

&?? 

CD +-> 
00 

00 

O .2 

(D    P^ 
O 

CD 

-a 
CD 

o 

00 

C/D 
H O 

P^ 

c5 

> 

CD 

O 

CD 
4D 
4—> 

O 

o 
5-( 
:::5 
GO 
GO 
(D 
5-1 
D^ CO 

3 ^ o o 
bX)^ 

o 
41) 

o 
> 

O 

s 
o 

CO 

^    O 
.T:^   ,CD 

<D 

a 

§.2 
<-!     CO 

r—( 

o 

O 

c^ 


