
REPORT DOCUMENTATION PAGE Form Approved 
OMBNo. 0704-0188 

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the lime for reviewing instructions, searching existing data sources gathering and 
maintaining the data needed, and completing and reviewing this collection of informalion. Send comments regarding this burden estimate or any other aspect of this collection of information 
including suggestions for reducing this burden to Department of Defense, Washington Headquarters Services, Directorate for Informalion Operalions and Reports (0704-0188) 1215 Jefferson Davis 
Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject lo any penally for f'ailinq to comply with a 
collection of information if il does nol display a currently valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 
1. REPORT DATE (DD-MM-YYYY) 

4. TITLE AND SUBTITLE 

2. REPORT TYPE 
Technical Papers 

6. AUTHOR(S) 

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 Laboratory (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 

"> 
15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 

a. REPORT 

Unclassified 

b. ABSTRACT 

Unclassified 

c. THIS PAGE 

Unclassified 

3. DATES COVERED (From - To) 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

5d. PROJECT NUMBER 

5e. TASK NUMBER 

3c8 
5f. WORK UNIT NUMBER 

8. PERFORMING ORGANIZATION 
REPORT 

10. SPONSOR/MONITOR'S 
ACRONYM(S) 

11. SPONSOR/MONITOR'S 
NUMBER(S) 

G •"> 1 

17. LIMITATION 
OF ABSTRACT 

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 PRR (Gontraetor/In-House Publication) 

FROM: PROI (TI) (STEMFO) 27 May 1999 

SUBJECT: Authorization for Release of Technical Information, Control Number: AFRL-PR-ED-TP-FY99-0118 
Sheehy, "HEDM Research at AFRL: Perspectives, Progress, and Directions" 

Presentation at HEDM Conference (Public Release) 



DC 9 
U_ •= 

+/o3 

Ü"© 

P
ro

g 

K**l 
a: w 

WtVJ 

Q ct
iv

 

LU  a> 

OMi**.* 

"WV 

I*P 

E»f ., :.|SWi)|;C.| 

*■■} 
IV- '^ fr?; 

IMI kh;:. ':\/:;,C30, 
131 •.if;': .;..--;---|wl'; 

^BafcTsH 
^V" .-.■-,Vir.:|^.: 

1 
LIPJJ 

.■- ,^^j . "SI- 
£•3 ^ TS  <N 

5^    If} O > ■■■■<■:***. 

CO CD o 
Kl*l o C   -*< 
> 

CO 5° 
^» ■<>i""i PrViil 
Im« ^m 

yj   r- ** 
c 
.CO-, 

o '   LL 
Ijj   < 

(/> fly ■■\&?M 
/1\ '/ -M/ : r-   T3 

'■^rs (/) ■:v-.■•.£ °> CO 
IM! > 

CD 
ii'-O'' 111 

m?l : &.;E- 
^H -"I 

*©,? ^BSWg^HwnBj 

"51 
■3 
Sf*^ 
SKI 

H3l£ßyäH9? fag JBiffiWfJffl ^S^a^ffi 

■!   •■    .■■■■.'   . 



I 
o 

O 
£ 

o 

Q 

0 1 
d i 

ms» o 1 
o <^ 1 
E Ü I 
O o„l 

■ IIBWi ■■■Q 1 
o. fS   1 

"O c 1 
o .2 § 
c w 1 new    119 

O I 
Q. al 
o 

0) 1 

>    ü 

?£ 
-JE   C 

dun MEOH 

o "3 
"ö a — o 

"=  ■ <0 
0 

-i—' 
CO 
O 
O 

■g 
'3 

CO 
C 
o 

CO 
0 

CO -•—> 
CO 

0 
Q. 
Q. 

■D 
C 
CO 

•♦—» 
CO 
o 
o 

.Q 

CO 

CD _g"   N 

1-   5 
O     X 

o 
T3 

0 
CO 

CO o3 

o -a 

>, g- 
X -J 

c CO 
0 0 
CO D) 
3 CO 
Q. CO 
O I— 

Q. 0 
Q. 

CD Q_ 
■^ D 

0 o 

co w 

£ JO 
co "03 

<5 2 
0 
Q. 
O 
Q. 
O 
C 
o 

Q_ 
O 

"c 
0 

o 

O 

Q) 

CD CD 
S ■0 

CJ) CD 
c O 

CD 
CD 

c: 
CD 

^ ^ 
QQ •g 

CD a 



SU 



co 
c 
o 

D) 

<X 

nffi'iunhfj 

Ui 

c»       1 
(A> c         1 

£    1 CO i_             B 

"0 £   1 Q. CD          1 
P   CO 
Q.  CD 

Q-        1 ■              fi 

17 "o CD          1 
V  co -C           I 

Ü 
0 

3 T3 
f •> u_ 
\j O 

■4— <4— 
O C 
CO 

Hh-» £ c O 
0 c 
3 J£ 

■3   CO 

CD   0 

to 

0 
ÜZ   Q. 

.E    C/)  ^5 
—  -£   CD 

o IS o 
X   CD 
QL SZ 
O 

03 

£ 
0 

*—      1 
co      1 

t: ■*-* 
0      1 

0 C JJt 
GL CD 

CD i_ 

JZ _i 

H 0 

0 
c 
0 
"D 
0 
E 
CO 
Ctf ^ 

■Q c 
T3 CO 

CO- 

0 3 

C °> 

CO CO 
„ •*—' 

.2 S 
«? 0 

LL CO 

O CO CO 
0 
V— 

««—» 
0 •*-» c x: CO CD 0 •*-» 0 s_ 

0 c "Q. .CD 
CO CL > 
E CO 0 0 
0 ^ CO 

•4—> Q. L_ c c E MZZ CO CO 
<: E 0 E 
c 
O 4— 

Q_ 
0 0 

-i—« 

J2 
■3 

0 
O 

Q- 
CO 

Q. 
O 

0 
0 

co 
Ü 

0 
c 

Q. 0 E 0 
»4— 

0 0 M— 

CO JZ "cö Ü TS 0 

0 
JZ 

0 
HJMMB 

-1—» 

0 

0 
> 
0 

c 
0 
0 

O b z Q. 



O) 

Q. CO 
O '*■* 

Hfaf^ o (0 

© 
Q a 
o 
(0 

8 
0) ™&g 

0> Q 
0) Ul 
**S0 a: 
cu 

■C 
Ü 

_>. 

05 
E 
i_ 

0 
-C 
-1_# 

>. 
■4-' 0) c > 
0 
3 

0 
1_ 

c 
0 

«4— CO 
0 ....^ 
CO Ü 

o 
CO x: 
0 CO 
-*-' ^ 
CO 
C 
0 

0 
E 

"D 0 

hr 0 
CD »-. a o 
0 0 
C"   — 

•^  CO 
_i~ CO 
x: c 

_co 
co 

0 
CO 

>* 
c C    1 
CO ^    1 F o   1 

c   1 
-^   1 
£=   1 

CO =3    1 
"O 0    1 o i_     1 
J= co  1 
0 ^   1 
E Co    1 

L_       1 
c 0  1 
o co   1 
Co E  1 

o   I 
0 0  1 
O crc 1 Co 0  1 
Ü crc i 
CO i—     1 
k- G->   1 co ^   1 _c 0    § 
o •*—     i 

"O O    I 
c W    1 
CO 

E CO L_     I 
CO £ 1 
0 —    i 
.c cu 
•4-J > c o 
>% c 

C/3 

0 
CO 

CO o 

CO CO 
"O L_ 

O 0 
-$~J CO 
0 E E 
0 
f 

S— 



>1 
ft 

e o 
0 u 
u 
to   Q) 

0) ra 
o H 
2 H 

Tj nJ 
0 £ 
*   , tt)   4-> 

<u 
m 



(Ö 

cd 
1 c/) 
I CO 

"^ 0 
CD O 
O ■0 

n c 
^ Co o (/) 
CD T3 
-Q 0) 

CD 
■5 z 
£ c 
X 0 

4P. Q 

.Q •»; 

'+». 

£ d> 

CO   P 

o 

15 ■§ 
X CO 
O U_ 
co < 
CD CO 

CO —' 

p ^ b   CD 

■9 P 

CD 

CD 

CD 



0 .<£  to 
N CO  "Ö 

E 0   O 

•4—' -t—»   •*—' 

o C    0 

O CO  c 

2 w 5 5 
.2 o ■£ S2 t i= t5 

« «§.=5 
o E 2 

0                  1 
N           (/)   1 
i_          ——   H 
^ > .55 i 

 ► m    Ü)    <D    f 
^            CO   1 
^3           C   I 

o         J 
i 

£ 
0    (/>    C/5 
C   'CO  "Ö 
Q.  0    O 
o x: _c 
w J—< -i—> 

0    C    0 
>  ^ E 0   CO   ^ 
Q 

o _0   1 
c/) 03   1 

O   1 
fc C/) w L 
CD 0 ——■    iin 

-j—< 

•4—« ro i 
E 1 
c/) 1 

B 

t/)   § 
~°   1 

■p9"* 4—»   £—   §9 
VJ3 0    13   1 

T3 
^—    Q_ Ü 

■™™ o 1 
o  1 

0 
-I—» 

co 
0 

0 
o co 

_C0 'n "to o 
13 

O Ü 
en 

0 

o 
co 
o 
Q. 

O 
I— 
Q. o Q. 

0 
s_ 
O 

0 
jQ 

00 
CO 
0 

CO 
0 

Q. CO 
CO 
O 
Q. 

•5—» 13 
X c o 

UJ 
to 

I— 

O) 
c 

* 

0   C    " 
ü    CQ    *= 

0 

o 
CO   . u   CO E zs J^ E 

C
al

c 
ta

bi
li 

er
fo

r 

2* 
CO    Q. o 

0 

h- 



C 

s 
„O 

o 
DQ 

to 

I 

Q_ 
o 

CÜ 
-I—' 

LU 

o 
CO 

CM 

X 
cr 
CO 

O 

CM 

Q_ 

CM 

CÜ 

CL 
00 o 

CQ 

o 
CO 

Q 
i_ 
o 
_c 
Q. 
O -i—» 

O. CD 
a) 

CQ CO 
«+— CD 
O 
co Q. 
c CD 

j   -» 

T5 CO 
i 

CO C/) 
1_ 

sz «■4— 

CD O f~ 
-t—» £Z 
co o 
c ■4-J 

"«*—» CO 
CO 

£ 0 
— CD 
0 ^5 

>+—i 
CD 
■a CO 
13 c: 

—■■ 

o >* 

</) *o c 
o ^ -•—' o CO QL > 
o E 
c o 
c ü 

_J 
Q£ 
LL 
< 



o 

p 
a: 
0 

CD O 
C to - 
Q. O O* 
O C 'c 
CD SP-C 
> tö Ü 

Ä ^ £ 

c 

_C0 
O 
CO "' ■= 

>< CD 
is c 

CO M— 
■D 
C 
CO 

0 O "D 
N *- C 

'(/) CO CO CO 

^ CD CO 1 

o w «S 

0 
N 

c 
co 
c 
o 

CO 1 

0 u m 
JZ 0 O 

1- 
co 

o 
T5 

10 -+-» >> 
CO JC 

H_     -Q 
o   c 

£    CO    CO CO 

3    5    CO '•*-> ■*-'    O    a) s_ 
d     -1—I      !>— <i> 
CO    CO    ^ Q. 
—«  —   •+-» 

O    £    3 
o 
Q. 

"7£    •*-' 
CO    CO 

S
yn

th
es

iz
e 

ca
te

na
te

d 
po

ly
ni

tr
og

en
s 

fo
r 

D
A

R
P

A
 

-^ 

(/> 

C    i_ 
o o 

_Q *- ^ 
J=   Q. < 
8 =3 CO 
O    0   5£ *-  ^=   2! 
■G   Co  ^" 
>^ o 
X  w 

-t—> 

c 
CO 
Q. 
O 

T3 
C 
CO 

CO 
0 

■Q CO .*ä 
-i—> 
o 

'-n 0 

JQ 
CO 

-i—> 

(\) Q. to 
i_ C/) 

CL 

-   CO 

S -c   CO 

ta
bi

 
sy

nt
 

w
ay

 

co     „ sz 
"G 2 to 
it)a 

0 0 

LL   to 

^ CO 
CO 

O o o 
0 E "-«-» 

JC O 
-t-< 0 CO 

£ x_ !_ 
Ü CD 

0 
Z M— 

o 
-1—» 

-*-• 
c 
CO 0 

zn O 
0 c 
Q. CO 
O £ 
O o 
0 t 

TJ 0 
O o - 

5 

O 
<4— 

O CO 

>> 
c 
o TO 

CO fl   ■ 
0 

ro to U. 
O o O 

o, >— 

0 

O 

2 

£ 
o 
Ü 
0 
■o 

o 
■'.c 
o 
£ 



o 
0) O) 

'"" o 

o 
CD c 

o 

C$ 

CD 

o 

c 
CD 

o 

co -2 

eg '2 
CD   ü 

</i      i 0 i en    1 o     1 
1 O       I 

JZ c     1 
O -£=      1 
L_ Ü       1 
CO ®     1 0 ■*-*     n 
CO 
0 ^     1 0    1 

■D 
c     1 

0 <^     1 '— 

un 
CD 
C3^ 

Q_ 
CD 

CO 

CO 

.2 
CO 
O 

s. 
Q, 

>i 
■+-• 
CD 
O 
O 

CO 

CD 
Ü 
C 
CD 
O 

CO 
**— o 
0 
O 

CU 
CD 

0 
-4—« sz 
O 

CD 

>i 

ß o 
0 u 
M 
h 0) 

u 

o 
M 
ft 
<D 

■3 
H 
•H 

■P 
w 
<D 

pq 



o 

s o 
ü 
O 

0 

CO 

c 

E 
AS 
-a 
c 
3 

CO 

13 

CO   0 
Ü   C 
CO   M_ 

Q W Ü 
-«-j   to »92 
2 ® o 
o £ E 
CO   >> 

CO 

co o 
0 **- 
"00^ 
»" —■"■"      »»^ 

o s .■& 
.£= CO ^ 

CO '43   to 
o co •> 

<B TO-1 

O Ö- 

c: 
g 
jo ^ 
=5   0   CO 

O     5-     ^ 
^ o J5 Q_ «4—     

-_  0 
0 E a. 
5- 0 p 
-£    CO    Q_ 

o  w 

CO   o 

to  CO to 
<b ^ ^ 

i= 0 CD 

^ 8 ä> 
m  w c 
i2 .Q ■— 

-*!»   CO <D 

Q. 
< 

o 
c: CO 
0 -*-» 

co 

-c
ry

c 
H

E
D

 

0 
Q_ 
o c L_ 

o Q. 

z 

o 

o 

C/3 

(6 
C 
0 
E 

■Ö 
E 

LL 

CO 
CO ü 

2 0   CO 
CO o = 

C h    W 

Co 
.<£ 0 Q 
0   O -r- 

CO 

CO 
ü 

0 

CO   O   g 

o - S 0    O  -" 
E STB 

5 "to E 
■ '-- 0 

, i... \md        wmmmm 

g      0      Ü 

Ü 
"35 
tu 

■i E 
0 0 

2. o >* 
Q ,_ c 
0 ^ .9 
Q-Q co 

O X CL 

o 2 

CO 
0 "g 
^ o Ä 3 co w 
CO   Q c 
c "E IS 
.2 0 0 

" o o 

c  ü "■ 
On 
O 

"ö 
.2 
o. 
o. 
< 





CO 
c& 

CO 

CO 

Of 

Ü 

■+-' 

0 
E 13 

0 
■a 
0 

c 1 
..-■■■■(DJ 
M-     CD  1 

CL 
o 

o  o | 
co "a 1 

CD CO 0 0 ■ >» I 
> 
0 

T3 ■o 
o 
sz 

CO 

o 
Ü sz  1 
Z3   _CZ   I 
o .-^ E 

c 0 CO    ^   1 

^    £ 03 E o 
^    CO   1 

Q.Ä CO 
CO Q 

3   c  S 
-^ iS 0 "05 =3 "V  o 
O ^3 N o 73 -C H=f 1 

id
 p

il 
ca

nd
i 

ID 
X 
o 

0 
o 
0 

Ö 
CO 

O 
i_ 
Q. 

0 

O)  CO   j 
"F   O  1 

- °-1 «*—*"    0     1 

si
s,
 a

r 
i f

ue
l 

i 

0 
> 
o ■a 

a 
LU 

■+-» 

o 

CO   13   1 
=3    O   I 
jQ   Ü  1 
o   ,_ 1 

er
y,
 l

ab
-s

ca
le

 s
yn

th
e!

 
ne

d-
rin

g 
hy

dr
oc

ar
bo

n 

er
y 

an
d 

sy
nt

he
si

s 
of

 i 

CO 
0 

-1—» 

03 
■o 

03 
Ü 

03 

o 
>^ 
03 
c 
05 

o 

"c 
0 
o 

ü 

"O 
0 

T5 

CO 
0 

O" 
"c 
o 
0 

-+-» 
«+— 
o 

CO 

o 
CO 

Q 

o ~o I 
5? to I 

CO    0   1 
0  _Q   1 

-j—•           § 

■a 3 
tz   yy  I 
03 .»*—» : I 

05 

0 
Q. 
O 

-t—' c 
0 
E 

0 
0 
CO 

D) 

0 
E 

UJ 
X 
o 
'c 

*--    CCS   I 
.2  a. 
03 ^ 

■> — 

o 2 
> Q- O N O 0 L|—    "**^!     1 

o O 0 >* 0 O) c Q Q 4=; ü c > 05 
C 
03 

> o 
CO   <fl 

b-5 
CO 

b o 
E 

0 
Q 

0 
Q 2? 

O 
X3  -T-   I 

« • • © :■■ ®      :  ..■:--:-j 



"a> 

c 
o 

■e 
re o 
8 

O 

re 

in 

c 
(0 

0) •c 
c Ü 
Uj 
^ 

<D 
^ 

X 
O 

III 
o 

1 
CD 

:■  C 
CM >* 

o CO CM 1 
CN X 

:T-- m 

X 
o 

1    :  .. 

CD 

i 

CO 1 

o 
III 
o 
X 

0 

\ / 
\/ >* 

V Q. CO 1 
O 
O co I 

/\ O 

/    \ O 
/      -\ i  >^ 

Ü 
-Q 

CD 
'   C 

CO 
C/D V c T- 1 
0 A 0 ^— n 
3 /Y Q. CO 1 H— 

/  \ O 

Q 
/     \ 

C/3 
UJ 
X oT I 
(1) O)  § 

-•—» CM tu 
T3 II 

ID T—   H 

01 &- 1 
O or 1 
CD ül 0 1 
O </3 1 
0 s—' H 
(1> Q-l 

CD — 



(!) 

,3 

C 
o 

S 'S P =5: 

£S 
o 5« 

■43 o 

I» ^ 

.3   £ 

^ 

^c 

i, 

CO 

^v 

0 O W O 
Z5 LO 
Q. T— 

.1 .$_» 
3 

O O 
_Q 

Ü CO 
0 0 

W J2i 
CO 

"O C 
0 0 

-fr-J 
O ■a 
"D D 
0 O 

a) t3 



0 

.1 

a 

o 

to 

in 

CM 

X 
o- 
X 
o- 

CM 

o 
I 
CM 

X 
9" 
o. 
6 

CM 

X 

CO 

CM 

o 
CM 

X o 
CM 

CM 

X 
o 

II 
X 

0Ü 

CO 

CO 

I z: 

1 
CM 

X 
■a 
o 
sz o CD 

CM 

X E 
o CD 

1 

X Z3 

o 05 
II CÜ o rä 

CM _J 
X 

X 
o 

III 
X 
o 

I 
CM 

o 
CM 

X 
o 

I 

X 
o 

III 
o 
X 

CM 

X 
I 

X 
o- 

CM 

X 
o 

I 
CM 

X 
9" 
X 
o. 
6 

CM 

X 

en 

GG 

CO o 
GD 
CO 

CD 
CO 

H    CL 
O E 
Ü   CD 

CM 

X 
o 
I] 
X 
o 

CM 

X 
o 

I 
CM 

X 
o 
X 
o 
II 
o 

CM 

X 

CO 

"tf- lO 
^*^*H 

■G CM 
O "^ 
c 

C> 

^> O X E o CM 

o 

■^j- 

CM" Ö 
I 

T3 
CD 

■C 
0 CO 
E X 

0 
T3 sz 

X 
o 

III 
a 

i 
CM 

X 
o 

I 
CM 

X 
o 

I 

o 
III 
a x 



in 
**^ 

<0 o> 
<D c 

J= <D 
C "O 

0) p i. 
(0 o o 
I o 
s 
{0 ic

y 

O) QQ 
o 

" ^SasS 



0 

8° 
O 
O  ij 

M 
m 8 
5 o 

_Q 
(13 
(/) 

"03 
ü 

0 
o 
o 
W 

SZ 

03 

co 

£ 
03 
E 

0 
c 

E 
"N 
'(/) 
CD 

c 

CO 

>» TJ    >^   >, 

00  o 
-G      CO 

to 

.5      « 
r—■<      c^ 

(U 

«3 "S 

2   ° 3   ex 
*-■     r* ">  E 
«3      O 

.5 8 

& s> 
<u .„ 

X  ° 12   ex, 
S  x 3    U 
O   _ 

E<£ 
3 | 
o   o 

■a  a. 

P   SJ 
_. '=> 

CS « 
O G 

•rj u 

3 " 

XI 
•S) 

CO      CO 

U 12 
s « 

°- a 

C    > 
CO 

3 O 
11 

cj 
CO 

> 

•'S 2 6 "3 • •—i 

«  i/) 

<4-l 

>»   r 
c   u 
o ._; 
*0     CO 
W    C 

_    C 

S   -^   -1 
^L -•-» rv O)  03  LI- 

<■> | ro 

CD   (D   0 
E  -2   N 
£ cö " 
J= o 
X   o 
0  -O 

£S  o 

=3 o 
3 

XS    ra   -3 •o 
p 

jo 
O 
xf w 
CO 

CO 

D_ 
_- CM 

W 00 
CO CO 
01 ^ 

o> 

gC 
00 O 

JS 

CD O 

CO ^ 

tt-S 

o o ^i    • <+-i "DOT 
_, OT o *a 

X3 O <U    to 

0) 
Q_ 

E 
o 

0) 
-1—« 

CO 
'l_ 
x: 
O 
■o 
£= 
CO 



CD   ^v-n 
o _=   c    CO 
1_ 

ic
ro

sa
te

 
pr

op
el

la
 

lb
 p

ay
lo

 

CD 
Ü 
CO 

£_ 
O 

E co oo 
^   _3  CM 

CO 
CO 5cc 

2 £ > 



ü ^ 
m W 

•g e 
0> Q. 
D O 

-c o 

o ]o 

Ü 
c 
0 
o> >» I O -*—•   11 
C" CO   1 

C   § 
CD   I 

03 T3   1 
Ü >» 
CO D) 

. r— v_ 
+-T 0    1 
C C   1 
03 CD   1 

13 M 
Q. o 1 
O co § 
Q_ 03   1 
O _c 1 
O 
E 

"O   I 
c 1 
03   1 

03 0" 1 
-Q  1 

CD 03   1 
-•—< £   1 
*1 
o 

1 03   1 
0 «+— 

03 _>» 

■ n| J V»w/J 

c IE 
0 
ir o 
o 8 
0 *- 
c~ >> 

-t—' _ 

- 03 0 £ 
N 0 
03 "C3 

5 0 
=?    CO 

O   N  -rf 

s-    >>  CO 
0   XI    CD 
"  >>£ 

£  c 
>, co 

0 
0     0 

>> CO   _ 

CO c 

"03  ^ —  LL 

i< 
Ö ro 

-£   0 
03    W 
=    0 
0  ^ 
CLT3 
O   c 
Q."3 

o 
CO 

-I—» ü 
03 '■■'-X CO o 
0 B     B :. '■:-*-' 

"O 0 (0 

E N 
05 

(0. 
J0 

L_ -C 
c ■a o 

>» 13 ■a _c 
"O o " «^ 

c -*-» * 
03 o 
<i> i_ 

0 
05 Q, 

o 

o 

=3 
CO 

0 

CL 

4— 

0 05 0 
a. JZ 

T3 
03 O) 

— "•+-* . r~ 
0 CO 
03 

-I—» 
0s» 

1_ 
o 03 UO 

— CM 

03 

-C   0 
O   Q- 
0 b: 
Q-  Q_ 

-   O 
0   C 

O 
._ E 
E 35 

T3    0 

CÜ    "^ 

■ti   E 

is 

0 
(/) 
c 
0 

T3 

0s 

O 



in 
'55 
0 

C/) 
c 
CD 

o 

c 
o 
0. 

-j—>   m 

to I 
ci Q)B 
o CD CD 1 

•42 
O 

CD 
CD > 1 Lüj 

CD 

[CD 
O 

to 
CD 

CD 

E 

=3 
CO 

■>   en 

:C0 1 
0) to ^ 1 
8- d3 ^ 1 CO 
CD 
CO 
CD 

-e: 

■Q to 
CD 

CD 3 
o CD 

-Q c ^ 
CD CD CD 
C 

O) -C R   : 

CD s *o 

CD 

to 
CD 

E 
c 

CD 

E 
■«r: CD CD H-J' 
*G 

to E S2 
5: o to 

CO 
^5 1 

-c CD o H^» 

£ i*j 

C 
■43 CD 

O 45 CD 
O 

CD CD o CD 
E to E o o 
S> o ■c 

CD 

CD <iw o to 

CD -Q -5 CD 

CD E £ O 
CJ> 

£ cb 42 
-Q 

O 

"2 

9Q 
CD -a 

2 



42 
c 

o 
«SB! 

CD 

D 

o 

o 
CN 

CO 

Q. QL CL 1 
3 3 =3   1 
o O o 
1_ s_ 1—   I 
CD CO CD 1 

CO CO CO 1 
z z "■"TB*       Ü 

t_ L_ 5—     1 
0 CD CD   1 

■  • Q. Q. Q-1 (/) ■KM              H 

0 ra "03 CO 1 
"-+-» ü O Ü I 
(/) -^ -^ "^  1 
c oo CM CO   I 
CD CO O lO  J 

"O "*". 
::T~;: 1 

> 
O" 
S_ 
<D 
C 
0 

T3 ___ —— l 
0 Ö O o 

4=5 E E E 
Z3 "03 To lö E 
O o ü o 1 ^^ 

-^ _*: JXL   1 
"03 
Ü o CD o 1 

h- O T*~     | 

JC T- CO ^     1 g II II II       I 
lc 4— 4— <t~ 1 

X X X 1 
0 
> < < < t 
CO 
.c 
CO 

"O 
C 
Z5 1 + ~ 1 O CM CO ^ 1 

y*"**s ^****s    i 
Q. """co CO CO 1 

E z z Z 
■^s»*^ N»^ ^""««^   1 o 

O 
z z z 

0 
(/> 
0 
r~ 

t~" 





St* 

^ o 
^ o 

CO   cts 

"%-*! 

■o-"^ 



42 
c JO 
«c « 
^ o 
0) ^ 

s °- 

o <0 
CO * 

o £? 

o 
"l~~r to 1 
(1) ■+-» ■ 

E> c 1 
0 1 

0 
c 
0 

El 
0 1 > 1 l_ o 1 

Ü *— i Q_l 
E E I 
3 " ^^™*    neH 

T3 
0 1 

0 
E 3 1 

0 E| 
O) I   11 
03 o 1 
1__ 

o 
■■[         1 

+-» o 1 
(/) 0 1 
03 O-l 

C/5 1 C/) 
05 "*3 1 
L_ 

c 1 
0 CO 1 
N >»■ 

T5 ."?=? 1 
(/) 1 

X c 1 o 0 1 
!_ "O 1 
(> 

D)| 
0 c 1 
3 

<4_ c I 
"O 03 1 
0 -O I 
!t o I 
"Ö "■ n 
■—■ (f) 1 
O ^ 1 
C/> > 1 
01 H^  I 

^ 1 0 T3 1 co 05 I 
3 

^^■nättMfiHliitS 

t_ 
o 

0    >> 
s-   ."Ü CO ca co 0 
co ?r CO 
0   CD CO 
CO "O 
CO  "*i 
m   to 
il   (D 

0 s— 
Q 
C 

o -o 
0 

JO 
3 

.£ o 
-a E 
5 -c Q. 
O .ü E 
>» £ a MM« 

00      <1V O 
4— 

CD -9 Ü 

5—      -> 
0 
Q_ 

03   Cl) CO 
-J lc o 

CO 

I 

Ü 1 
-+-<■' n 
0 c ■ 
Ö) 

• MM b i 
0 

CO 
0 .2 1 c *C) 0 1 0 0 £ i -i—' 

CO 
CL 
CO S t/i m o 

d. CO 
3-: 0 1 

CD 3 
Ü 

—. =3  1 
T5 1o 05 1 
O 0 i_ I 

r™ 0 1 
CO 

O 0 Q-l 
E O) E 1 

o 
CO 
o 
Q_ 
Q_ 

O CD 1 

CO 

CO o o 1 
S_ CO nj 
13 10 i o P 

Ljioq in 
9SB9J0U! %(H 

9SB9J0UI dS| %0l 

9SB9J0UJ Ä}|SU9p %(H 

V\ '\ '\ 's 's '\ 

Eg 

^"O 
-Q  co 
T3   O 
0   >^ 
QL  CO 
O   QL 

0   0 »vP 
>   (0 o^ 
0   CO O 

"O   0 

" 

„L 5— 
O)  Ü 
c  c 
0 -n 

^2 

^ o -I-»    o Ü 
c:   o CO 

i5 -a 
0   o 

Q. 
CO 
Ü 

pr
op

 
m

et
h 

0    CO 

H£ 

!siÄ 
ooooooooooo 

aseajous peojAed % 





SL 
"5;   <0 

^ o 
^ CO .o 
& Q t3 
o a: 

c 
CD 

o 

o 
0) 

Q3 o 

2 
0) 
CL ^ 
to o 
t- m 

■8 »- 
P- uri" 

ii 
< 
< 

8 

a 

0 

CO 

E 
o 

O «•—»   
—   O   CÜ 
"O -C -*-' 
CD   Q- ^ 

a. "2 
CQ   (0   flj 

CD  -K   > 
^   m   O 
-Q   g^ CO 

CO   CO *o 
03   CD 

O **—  "5 £   O   TO 
"Ä   CO   c 
c « 3> 
0   CO   CD 

h-  ca it 

(qje) soueqjoscfy' 

co 
c 

!?      ■4-' < o 

S  o 
O   c 
0 o 
co .15 
E -ü 
CD 0 

ca B 
tn °? 
g 0 

"co "o 

Co "^ 

o ro 

5 2 5 
< CD  O 

CO 
0 
o 

■i 
CO 0 
— JC 
03 *" 

■^ CD 

o   3 

0  0 _c: 
"co  a o 
-J7<    13    CO 
CO    u.    O 

"D    Ü3    Q_ 
0    C    CL 

"ü     Ü 

0 9> 
"ö 

CO 
"O 
c 

CO 

CO 

« o 
CO   a) 
CO  -C 

-co   2 
3 T3 

O    O    0 
OM— I.A. 

O    CO 

.2 t) 
0 

ci) Q- 
■+-» CO 
o 
CL 

0 CO 
CO 
0 CO 

0 
jh— ^^^ 
-i—» 

=5 
C 
O 'S 

3 
to 
c ■4-» 

CO o s_ 
"1—» 0 
CO 
3 CO 

-5 
b O 
CO T3 
o 0 
4_ 

CO >^ 

O CO 
0 

0 O 
C 
o 

JO 

3 
CO 

HE   O   3 
Q   CD Q 



C 

5 

Q. 
s 
o o o 

c 
o 

0 
-1—< 0 

CO 
0 
> 

CO 
0 o 

CD 
0 1 

Q. 

ne
 l

on
g-

so
ug

ht
, 

hi
gh

ly
- 

ly
ni

tr
og

en
s 

to
 e

ve
r 

be
 m

ad
 

i 

0 0        CNI 

Ü 
i_ 

ZJ 
o 
CO 

c 
CD 
Q. 
O 

CO 
c co~ 1z 

ZJ 
o 

en 
CO 
3 
o 

-1—< 

"ZJ se
r, 

hi
gh

 
■to

xi
ci

ty
 

e 
th

an
 t

h 
d 

so
lid

 H
 

s 
25

%
 o 

"5 
0 
i_ 
o 1 s

ys
te

m
 

pr
op

el
la

 

Im
p

ac
t X2 

CD 

it 
O 
CO 

■ö c 
O 

Ü 
X2 
13 

0 

c 
CD 
x: 
Q. 

om
po

un
ds

 a
re

 d
en

 
an

ce
, 

an
d 

re
du

ce
d-

 
ve

s 
to

 h
yd

ra
zi

ne
 

5%
 m

or
e 

de
ns

 
se

d 
LH

2;
 d

op
e 

s 
of

 a
s 

m
uc

h 
a o 

o 
c 
g 

"■+-> 

CD 
N 

'E 
Q. 

0 
Q. 
O 

Q. 

0 

"CD 

ZJ -p
ha

se
 c

he
m

ic
a 

ry
og

en
ic
 H

E
D

M
 

Q. CO ^=   O C\J   ZJ   0 O o 
E 
o c 

S
ol

id
 H

2
 is

 
co

m
m

on
ly

 
Is

p 
in

cr
ea

s CO 
0 

Ü 
CD 0   ™ 

o 
0 
CO 

_CD 

"0 
Q. 
O 

fir
st

 
rg

et
i 

se
 c

 
or

m
 

rn
at

i -i—> 

CD J2 
E de

m
 

ud
in

 

0 0 0 0 t: 0 Ü L_ 

co
n 

in
ci

 

x:  c x: 0 ±i CD 0 

h- Q. h- 0 |—   Q. CD LL CL 

0 
C 

CO 
ZJ 

"CD 

CO 
0 
o 
ZJ 

CO c 
o 

>» CD o 
Ü 
CD '-a 

CD 
0 ">^"0 o Q. 

Q. 
CO 

«♦—» 

sz 
CD 
Q_ 
O 

+mt X CD x:  c ^  CO CD 0 

0 
0 

JZ 
CZ 
0 0 ro 

od
 o

f 
ra

pi
dh

 
ca

le
 s

am
pl

e 
id
 H

2
 

CD 
£Z 

H - 

E 
es* o 

CD 
Ü 

0 
x: hy

dr
ox

 
he

si
ze

 
r t

es
tin

 

0 

"CJ 
ZJ 

T3 

Q 
LU 

o 

o 
0 

Q. co CD o c^cÄ CO X x: 

in
 c

he
m

ic
al

 s
ys

te
m

s 

E 
o 
o 
o 

CO 
0 _c 
c 
>^ 
CO 

■+-' c 
CD 

Q. 
1 

-»—» 
o 

ÜL 

0 
C 
0 
;g 
">* 
Q_ 
o 
Q. 
o 
o 
>^ 
ü 

S
yn

th
es

iz
ed

 s
al

ts
 

po
ly

ni
tr

og
en

 N
5

+ 

E
ne

rg
et

ic
 s

al
ts

 o
f 

hy
dr

az
in

e 
w

er
e 

sy
 

de
liv

er
ed

 f
or

 th
ru

s 

D
ev

el
op

ed
 a

 m
et

h 
de

po
si

tin
g 

gr
am

-s
 

H
E

D
M

-s
ee

de
d 

so
 

D
es

ig
ne

d 
an

d 
co

n 
fo

r 
ch

ar
ac

te
riz

in
g 

0 c 
CD 

~o 
0 
Q. 
O 
0 
> 
0 
Q 



ß ,o 

£ i 
** C/) 

CD ^ 

^ CO 

.S> fi- 
3: 8. 

</> 

iS 

c 

o ^ 
© <2 
> c 

"Ö >*» 

> ™ 
o -c 
Ü > 

.._ 0 
Q c 

E a o 
W) c 

= ° 

£  0) 

c 

Q. RS 

©i2 
= co 
03  O 
E ü 

co JZ 
.. o 

CO  c 
■D   3 
CO   CO °: 
>^ CD 
CO   > 

CO 
CO 

o 
Ü 
CO 

o 
Q. £ 
CO o 

0 TJ 
<-  C 
CO CO 

CO CO 
0 0 
.Q o 
CO _c 
c 0 

LU > 

3   CO 
O .ti 
0) ° 
0 Q. 
> X 
O 0 
Q.T3 

±E   CO 

qjoq uj 
3SB3J0UI 

%(H 

9SB8J0UI 

ds|%0l ilfl*^1 *g*-*3--'l-fl*"*--"-'-er--'—;-•---•• ..J»« -*.J. » 

VA 

9SB9J0UI 

Ajisuepo/oCH 

s=^v 
ooooooooooo 
OQOONCDifl^COCNT- 

aseajouj peo|Aed % 

rc 
o 
v> 

■r* 

0   (/) 
*- m7Ä m W re  0 

O  (ft 

o 9? 
o 
m v> 
£• 0 
"5 t< ö) 
E ® .E 
o öJ'S) 
j?  C  0 

La      ■"      C 
0   0   (Q 
>    "Ö - 
0  C  Q. 

C/3  3  3 

CD 
JC 
CO 
CO   £ 
CO   0 
E N 
CD ~& 

CO >< 
>* o 
CO T3 

i5   CO 

3-2 
0   0 

öS 
E^ 
CD CO 
C   C 
"il   0 

■6-° 
0   >. 
C   D) 
CO 0 

CO  0 

'-c 0 
to Q- 
co P 

i2    c 

CO 
E 
0 

QL 
O 
c 
o 

CO 

CO "o 

_C0   CO 

O   i- 
0   0 

o^ E^ 
ü o 
S >^ CO .i=; 
D) CO 

2 0 

0   5^ 
3   CD 
.ST© 
c c 
Z) 0 

CO 
0 
"o 
0 
Q. 
CO 
O 

0 
CD 
i_ 
0 

0 

c 
o 

'~t—> 

CO 
. M co 

CO   N 

"co^ 

o J2 
> 0 

• 



t: o 
Q. 

& 
CO 

CO 

o 
<q; 

<^\ 

> CO 

£ 0 
CO   0 

o CD 
03 .E 

E? 
C    «A 
o3  c 

."§T*0 
> Q- ;*=;  o 
c  Q- 

c Q 

.2 m 

■-i        "l J 

Co 

J3 
03 
CO 

"03 
E 
0 

c 
03 
O 

CD 
c 

"■+-» 

CO 
CD 

o 
03 
Ü 

I j2 
03   C 
Ü .2 

> £ 
CO    CD 
O   C 

x "a 
0 o3 

E - 
E TO 

JB 0 
0   Q. 

"O   O 
O   Q- 

CD 2E 
E Q 
io W 
0   X 

-I—» 

Q.ÜJ 
03   03 
CD "O 
73=5 
£-  c 
05   03 
O   O 

L 


