
REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 
nciuding the time tor reviewing instructions, searching existing data sources, gathering and Public reporting burdeafor this collection of information is estimated to average 1 hour per response, inci      . . 

mairitainino th» data rfeeded and completing and reviewina this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, _ 
hclu«no 'Iiogestions for reducing this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188) 1215 Jefterson Daws 
HiahOty Suite 1204 Arlington VA 22202-4302 Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a 
coÜectSn of information it it does not display a currently valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.  

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

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 NAWIE(S) AND ADDRESS(ES) 

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

3. DATES COVERED (From - To) 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

5d. PROJECT NUMBER 

(Oil 
5e. TASK NUMBER 

»RKÜN 5f. WORK'UNIT NUMBER 

8. PERFORMING ORGANIZATION 
REPORT 

10. SPONSOR/MONITOR'S 
ACRONYM(S) 

11. SPONSOR/MONITOR'S 
NUMBER(S) 

12. DISTRIBUTION /AVAILABILITY STATEMENT 

ajfaajJI 

Approved for public release; distribution unlimited. 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 

20030116 042 
15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 

a. REPORT 

Unclassified 

b. ABSTRACT 

Unclassified 

c. THIS PAGE 

Unclassified 

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. 239.1 B 



r 

MEMORANDUM FOR PR (In-House Publication) 

FROM: PROI (TI) (STINFO) 19Jun2000 

SUBJECT: Authorization for Release of Technical Information, Control Number: AFRL-PR-ED-TP-2000-135 
Mead, F., "Beamed Energy (Laser) Propulsion" 

AIAA Short Course (Statement A) 
(Huntsville, AL, 21-22 Jul 2000) (Submission Deadline: 9 Jun 2000) 

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 distribution statement, c.) military/national critical technology, d.) economic sensitivity, 
e.) parallel review completed if required, and f.) 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 

LESLIE. S. PERKINS, Ph.D (Date) 
Staff Scientist 
Propulsion Directorate 



o 

P c 
O 
OH 

pi s 
Z 

Q 

>> 
A 

CQ 

2 

> 

s 
e 

es 

es 

IT) 
f) 
ON 

U 
PQ 
fa 

5« 

u 
es 

cs 
— 

ON    CS 

i I 
IT) 

3 
es 

a   g 

( 

■*» 

'—» 

b 

e 



£ 
V 

0) 

'S ° 
08   * 

■S   «j 
.:    o 

s 5- 

a\ 
TH 

i o 
ON 

u 

-c 
H 

0> 

o 

ft 

o 

o 
:- 
WD 

0 o 
CJ 

o u 

I 

s 
«9 

O 

4J €* 
« u 
u 

WD 

u^« 

JD 

U 

OH 

.2   u 

O      ** 

J2     » 

o 
fa 2 ^ ^ 

a s S3 - 

I a •  • 
^ i 

.£f "3 
s- 
o 
fa 



»a/ 

O 

3 
ON 
o 

OH 
'- 

Wo 

W5 

a * 

« S 

w d 
WD O 

«3 

0> o 
to 

d 5* 

O    5« 

5/5 

u 

H 

WD   a> 

PS 

o 
s- 

CD 

O 
OH 

s 
o 

u 
o 

WD 
u 

W § 
«15 

o 
to 

a o 

«5 
4> 

C3 

3 

O 
I* a 
C3 

d 
CO 

d 
■*< 

CO 
d o 

S3 
cs 
(X) +* « 
- « i-J 
o   es Z •a ao 

■3   w CO 
a 2 ^ 

ft.2 
al 

5       !- 



'S 
a 
S3 
O 
'- 

WD 

PQ 

c 

'S «8 

4> o 

o 

>> 
WD 
2- 

2 w 

© 
'S 
"3   ^   s 

es 

a 
o 
4» 

ÖD    WD    © 

<u 

^ O S 9 < H 

i     i    i    i     i 

9J 

es 

C/5 

? 
tf 
tt 

O pSJ 
»5 

?/} 

e 

o 
OH 

S 
o 

»mm 

WD 
e > 

»3     73 

t/3       CS 

° J: J O 

• pp 

2 
i   i   i 

-© 
O 
i- 

ss 
o 

• p* 

a 

s 
o 
ü 
s o 
p. 

es 

fO 

0)     S3 

5 -2 < 'S 
2   w 

T2     SS 
es    o 

SS o 

W) 
s 

S»    T3 

ft s 
O 
ü 
P* 

»5 

s 
■8    es    *> 

T3 

SS 

J    £ 

s- 

o 



o 

.5« 

a o 
5«  «rt 

3    93 

S 
CO 

5 s 

PLH 

(N) JsnjMi 
4J 

I- 

£ 2 
t: c o o 
<L> W 

.S tt- 
5 < 
SLva 

D D * 



5« 
Ö 
© 

C3 

0> 

o 
i/5 

0 
ON 
O 

PH 

Ü 
O 

in X 

V    V 
ou   > 

ÖO 
o. 

V3 

"3 

CO 

's 
PH 

3 ■r 

c 
u   tu 
ffl 

3 

6   H 

W 

o 

bß 
C 

C/3 

u 
c <u 
3 
<u 
s- 

&H 
0) 
t/3 

OH 

o 
c 
'o 
S3 
W 

ÖXJ 

o 
O 

PH 
s- 
<D 
DJ 

-(-> 

ß 

9 
-t-J t- 
5fl JC 2 H 

rC 
H T3 

0) O cu 
01 5 

c 
M <J 
<u c« 

(L) 
>-. ►* 

ü c 
> o 
< u 

V   ^ 

~ p- 
^-v ^ ^ IT) 

E   II II «*■ 

° W$fe 
u ^ ii " 
^11         j> £ 
P- PH PH PH" 



© 
5« 

9 
ON 

N 

o 

ON 

ON 

O   r 

s. 

o 

I 
»3 

ON 
SO 
ON 

is 

St 
s 

> 

o 

5 ä 

.Sr    O 

I    ' 
»3 

a 
Vl 

H 
I 

& 

o> 
■** 

w 
« u 

■♦-» 
s 
o 
U 
<3 

u o a 

o u 
WD 

■** 

s 
O 

-a 
4» 

I 
5« 

■** 

-o 
■** u 
« 

e o 
Ü 

V} 

w        e 
"5s 
v. 

P* 

's a o 
5- 

VI 
S 
o 
s 

I 

1-H A 

Si 

E 

8       - 

V3 

< 

< 

1 

ON 

i 
i 

4> 
B 

< o 

ON 
I 

</> 
-*■> u 

£ 
E=J 

op 
w I—* 

s   » 
5S 
-pa 
« -O 

«   O 

z 
I 

ON 

.Ü2 
*S 
c 

-*; s>> 

191) 
.5 
a 
o 

pa 
-a 

o 

I 
0«   >% 

H 

PH 

«1 

"o 
c 
u a 
H 

U 

a 

O 
Ü 
> 

1 
1/3 

s2 

s 
s a 
c- 

I 

QTJ     -M     |H 
^^    H->    *w 

1/1 o u 

u 
s 
o 
Ü 
<% 

VI 
s 
o 

I 
R U 

•** 
s 
o 
U 

1 III. 
00 V 
ON S 

r-  r-  m 
r-  i^  00 
ON   ON   ON 

O 

/1s 

O 
a 



ras 

im 
© 

s 
o 
ü 
S 

IS °^ 

S   £ 

ÖD 

c 
s 

B   'S 
©•    «8 

o H s- 

% 

O 

qeq 3ipw?g 

q^T puoureia AJIBH 

punojr) guiAOid usapjsqv 

IEU3SJV 3U0JSp3"JI 

qsq qo-resss-fl ssqSnn 

S3JBI00SSV oiuojoqj 

siouniljo n 

JJ3 qojE3S3-ji XSopuqoax psjitiQ 

sjnqjsui aoBds sssssaasx 

IBUOUBIU3JUI ras 

•q^q IIBJS[ 3JOUU3AIT; aousiMBq 

3UÄpj35j[30>J 

MSI 

•03 seeds g> s3jrssij/\{ pssqspoq 

qsq iqoouiq 

Oiq MN S30U3PS {BOIJBUISqjBJAI 

•oui qßq qo-reass-tf »SJSAg OOAV 

oiq S30U3I0S jBOisÄqd 

C/3 
5-1 
o 
o a 

+-* 
c o 
U 

in 

m 

<n 

00 

in 

m 
r- 

00 
00 

00 

>n 
00 r- 

<n 
r- 

r- 
in 

<n 

oo 
00 

r- 

f> 

VO 
r- 

oo oo 
o 
oo r- 

o 
00 oo 

oo 
r- 

o 

00 

00 

s 
00 

Suipunj 

c 
J3 o c o 

UM 'S o 
u oo to > 

ft. 
< 

E 
E Q 

c 
o 

o 
«C 

o 

C/l 

3 c ^ §B 
o 
UM 

n. o 
OH 

<D 

O 

o 
00 
«4-1 

o 

o 
5C 

< 
cn 
O 

O 

U 
fr. 

00 
< 

04 
< 
< 

u 
c 
W 
o 
E o 

u 

o 53 V3 < ^ P- c 
OS U *? 00 oo oo Cd < W 
fc fr < < < < < oo oo 
< < cV3 2 Z Z Q 3 D 

o 
oo 



© 

© 

AH 

'S 
CO 

WD 

Q 

Funded Programs 

(0 

1— 

■a 
c 

(0 
O 



ft 

o 

o 
«5 

ft 

© u 

CO 

H3 

•- £ £ °£   0) 
oW?P 
— =   d LU 
Xlhi 

c 
o 

O) 

s 

ü 

o S "«» 
0 ^   £ 

LU 5 

o o 

—I   II 
en 

o *= 

o 

CO 

o 
"75 ® 

Eo 
»- o 
O    T- 
^™    ^~ • 

^^" o 
h-  o u •*-> ^_ M) 

® o 

Jj    I" 

"S o 

_co 4» 
c 

*»—' s*> 
-a •** 
« 
_i 
u 

y—^ o 
o £ 
0 ..x 
CO 0s 

E o £ 0) to 
(0 ▼- ^ 

s: o 

La
se

r 
10

00
 

S 
o 

s 
II V 

^ 
.CO 

* 



W3 

ft 

o 
ö 
o 

S3 ^ 
O   £ 
5« 

'S 
"ft 

© 

ft 

CO 

3 

>> 
«I—» 

c 
M— 

__ c 
(0 >> 

CO "öl 
Wa "-I—» o c 
0) CD 
(0 (0 

_1 (0 
LU 

ü 
C/) 

05 

o >» «*-» 

+J c 
(0 M— c c 
o ■ ^^ 

+J >^ o 
Q 05 

-*—» 
L. 
0) (1) (0 (/) 
(0 (/) 

—I LU 

CO 

o 
U 

13X1 

"S 
o 

cs 

s 
>►> 

o 

p 

s 

o 

s 



o 

a 
O 

O   ON 

a e 
•2 S 

© 

PH 

CO 





© 

^^? N 

.'.■liKii-^-Jasaaüirt 



Ql 

4> 

s 
;- 

<D 

. «CO 

o 

ON 

V 

#     z 
i^C/:i:';.::/:.:/::; •\:f:\:f:.:i::Z::':]hf. '''■}[ 7           ^ 

J» »V * "V * *"«^« ***w *• * 

'            : -* o 

**- 

■y&:'f$'::fi#- wllllw 

—
 A

IR
 

R
E

A
K

D
 

oo 1   ' 
■ ;■■■'■ 

- m 
u.a. 



O    WD 

OH 

C8 

55   K*-. 

o fi   g 
= o .b 
CJ 
> a 

T3 PO 

^ 
S 
o 

o U 

u OS 

> "o 
^ o 



s o 

pQ   es 

.-C8 

U 





0 
Ü 
0 
'- 

WD 

M 

t 

o 
c 
c __ 
en ■M 

JZ CO 
o £ 
E £ 
£ E 

CM CM 
O O 



$£%\ 

ft 

o  a =  o 
3 ^ 
M    flh 

O   •»■*   _J 

O     SN   W 

> OH 
C    h 

8« 



% 

3 
ft 

O 

c3 

03 

>> u 
c 
» 

• PH 

« 
IS 53 p^ 
a> • ■M 

'S 
C3 
OB 

s 
03 s 

^ es 
"l a OB 

3* u e 
V 03 0) 
'3 

"3 CO 
0\ 0B 

OB Qs Or 
* > 

s s 

•—s 

<-\- 
'•'X. S3 s 

OB 
c 

O t. a u. #o 
1/) v 5« ■** -M •^ • 

o a 
^C OB 

Or 
S- o -o «J L. WD 0B 
3J s-> u ft OJ k. PM 

0« u >> >, OB _£« 
OB 

p. 

• o OB 

-2 
>> 

o 
"a 9 t 

v in« 'V 13 0) CU 
% C .2 s "o c OB > OB 
C3 

c 
o s 

PC 
< 

< 

N 
u 
o 

S 

"a 
es «4M 

O 

C3 

fi 
#o 

fi 

«3 

S 
a 
O 
fi 

5« 
<u 
p. 

s 
o 
s 
p. +-• 
OB 

a 
Of) 

-. 

o 

— "öS u o 

■*■* 

o 
a 

*<3 is 

'5 
«a 
s 

s 
H3 
C 

a 
4) 

*0 
a» 

"3 
OB 

pp 

-2 
"o 

on 
u 
a 

s o u 

i 
a 
OB 

s- 

o 

s 

S 

"a 
-fi a > Ö 

o 

a OB cc "Öfl a 
•2f 

2 
-a 
e 
03 

OB 
3 
5- 

-C 

OB 

's a 
S 

HH 

03 
** 

"o 
Of) 

s 
Ml "S 

PS 

-s 
s 

-fi 
.pp° 

0> 

03 a 
OB 

a 
03 

• • 

OB 

CZ2 
OB 

■*■» a 
'■+3 
#0B 

*5JD 

.2 
on 
S 

es 

*o 
M) 
i 

C 
o 

-** 
o 

**3 
es 

5« WD u fc £ OX) s '3 
0) 

s u s 6? PM 

PQ *s 
U C8 <U O S-. a .c 

»a 
o • • • 

V3 Q> a Or 
3 
-** hJ > hJ K £ c» H U 

3 
> fe > 

C3 t- o 
V 1 1 1 i 4> 1 i V i 1 en 

en 1 1 | 
fe 

1 1 1 i 

PLH 
i i 

H 
i 1 i 



ft 

fl 

O 
U 

Q 
es 

4) 

CO 

CO 
CO 
o 

CO 
0 

co 
(D -Q CO 

CD 
c 
CO 
> 
(D 

__    1— 

^5    ZJ 
^    CO 
"C   co 
O   0 

Sa 
=3    i= 

(Ü 
CO 

co J2 

*8 
k. <n CO     i 
co *J 1— 

o 3 o 3 i_ "ft  c 
D) 

i CJ   *-> 
3    C 

(D 
o 

co o 
Ü • •      • 
a> 
a: 

-I CQ 

■**>> 



ON 

WD 

T3 

OS u 
WD 
o 

s- 
o 

0) 

ON 
ON 

0> 

s 
es 
;- 
WD 
o u 
ft 

a «3 

o 
:- 

>» 
a^ "O 
X 3 
-*-* C/5 
^ ON 
0) ON 

•^-» 
A >H 
to fe 

es 

05 a a 

PH 

«3 
«55 
es 

05 

"3 

fa    es e   a 
WD » 

05      U 

H* — 

fi    M   ° 

ON 

JH 

tS 

s 
es 
WD 
O 

PH 

= 

B 

o 

S5 
OS 

(DX) 

ON 
<w +J    ON 

sä £   a 

S3 
si 
> -fl 

US 

^ §   — 
l! ©    2 

Is 
E s 

a 
o 
Vl 

CZ2 

pfi 

CO 

s 
o 



o 

o 
'- 

PH 
'- 



N 

o 

II 

G6 
s 

o 

M   ^     « 4) 

o 
^ 

£ 

2 
M S 

I      I      ! 

C3 
fS > 

V» 

e 
Q 

o 

is 
i- 

a 
o   o 



3JP 
3o 

5fl 

Ö 

o 

s 

ss|§.& 

WD 

0-> 
C/5 

©  ^ o 

So 
o> 2 

o 
O 
u 

w>lH © c/) 

-a S 
** 
4 

C/3 

o 

eb
ec

 
ov

id
 

o 
„Si 

0>     J- O " ̂  CJ 
CC   ftft zL « 



T   7 
& 
O 

u 

3 
O 
00 





O 

ö O 



O 
H 
GO Xfl 
GO 

& 

• paj 

& PO a 
o h o o u 
«8 1 
3 O S 
cr i o 

W WD as 
■^^ CS «4M^ 

O *~ 

P* C/5 o 
CJ i a o 01 tt 

in
gl

 s 

0) Xfl H 
pfl 

H © a o 

0) 
aj 

ON a 
< 

o 
E- 
co 
CO 

-d 
CD 

a) 

o 
P-. 

o 

I L 1 I II  ! 

o 
00 

X vWWWWW ^NN^ ^^^ xWWVS: 

Y///////,777777, 

T'l I  | I I II |  I I I I I I II |  I I I I 

o 
in 
CO 

en    o 
to    to 
d    d 

IT) 
m 

o 
m 

o 

UOtpDJJ   SSD|/\J   ;UD||0d0Jd   9|0ll|9A  SSOJQ 

o 
m 
■*• 

r~ 

o 
in 
CN t N 
■t— CO 

o <D 
m in 
o Z) 
t— a 

E 
o 
m u 
CO M— 

U 
QJ a o CO m 

CO 

o 
m 
^- 

o 
m 
CN 



o 

cs 

e 
a 

CJ 

S3 

o 

IT) 

00 
II 
o 

o 

O 

o   _ 

S   H 
ü =3 

ja 
es 

PH 

£   2 
CO    Q 

JS 

s 
es 

-2      U 

es 
S3 

s 
c 
o 
S- 

'? 

i? 
jja 
I «s 

I 

O 

^ s 

£ ° 

s ^ 
S « 
es £ 
= « 

JS <rt 

* J3 
^ H 

tzj J 



•PN 

SCO :■? 

SS:: 

Sfif 

m/5 

SS 
■'MraH.-; 

■Stei, 

uißJoOJj yüJDjqSi^liäsrB^x 



.'--.V &y 

a o 

es 

gJD 

H 

t/3 

SI 

s 
o 
a 

es e 
s- 
-** 
H 

© a) 

s 

p. 

o 
5- 
U 

«    =s 

U  ^.2 

« O   »- 

£ S 
© o 

a ^ 

° 2 

o 
pfi 

es 
&* 
es 

PH 
Or 

N 
N 

'S* 8   W) 
»-■3 

<°8 e 

X 

a 
es 

mm 

"3 
a 
o u 

3 M 

J © 

C3 

a 
es 
i- 
S 
1/3 

5- 

s 
.a 

n 

*3 

■SfU 

ü § 

« H 

s ° OS   o 

if is ^3 'S ° 'S 
g ^ o 

'S ^ 
•*     ft ^ 

CZJ     C5 CJ 

.a u £ 
a 
o 

a   s- 
„     ^    'o 
H   tf   c/> 

u 
» 

■//'"i 

2*                x N      ^ 

3                /^~*m><     '            N 

(©)               N 
X               N                                        ~~          N 

N              X                                                  N 
NX                                                     N 
N\ 

^                X 
v               X 

N                X 

Vx' 
X 



-^>- 

00 

O 

PLH 

< 

a 
S 

s 
88 

0« 
O 

T3 

C5 
0   •'■<    ^M a a 

S 
s 
o u 

>     00 
u   & 8  w 

CZ5 
U. 
S 

O 
Q 

o 

00 
© 
a 

a a> 

« s 5 
<< M   «8 
as d a 
^ .2   - 

•3 * & ^ WD ST 1 5^ 

WD 
a 

*J2 

H 

a 

(DX 
a 
a 
o 

00 
O 

PH 

73 
o 
3 

a 

d  ~ 

H 

a 
C5 

a o 
00 

a   o> 
.2   H 

Q^       5 

a 
o 

PH 

CS 

0) 
Q 

.Si « 
Eg 
a «3 
o ,o 
C o 
00    ^ 

^ PH 

d 
C8 

d 

*3 
d 
S 
S 
o 

d 
o 
s« 
U 

& 

d 
o 

a o u 

00 
CO 

75 

<-> 
CO 
H 



93/ 

C 

E 

WD 

2 

«ft PQ 

2 o 

'V 

3 
eist 

at 
es   -< 
o   2 

o 
fi - c 
es 2 

55 S 

es 
PQ 
ö 
o 

CJ 

i 
c o 

-fl 
CJ 
es 
a 

CJ 
•+* 

#> 
'S 

'S 

o u 
es 

#o 
%■* 

Ä 
#CJ 

'S 
s 
s 
s 
o 
ü 
o 

o o .. 

- s 

21 

< ja 
es 
© 
s- 

PQ 

< <£ 

u 
CJ 

© 

CJ 

1/5 
03 
CJ 
CJ 
CJ 

O 
CJ 

'S 
o 

es 

% 

5- 

«2 
** 
C 
CJ 

E 
CJ 

'S 
CJ 

o Xfl 
«Ä 3 

Bf) ^ 
CJ     y 

"3 ^ 
fl 

■fl   O fe 

S ° ^ 

.SPf 
3 
CZ5 

i-H  +* < 

^^ <~^ £ 
• 

L
E

O
c 

an
 $

20
 

© 

r- .- 

-t
er

m
 (

 
tü

nc
h 

to
 

d 
le

ss
 t

h mm 

CJ 
CJ 

CJ 
CJ 

a 

es 
OT fl s O 

a> 
£ 1 1 

p- 

-fl 

< 

< 

pfi 

WD 
p^ 

0) 

c« 5» 

H^ •" 
5/3 

K u 
5fl ü 
QJ 'O 
U fl 

5 
fl o o 

w CJ 

J q^ 

2 

S 
o 

pfi 

t/3 

CJ 

CJ 

s 
CJ 

i 
P-N 

es 

CJ 
fl 

es p-f 
— CJ 

PN TJ o -r 
« P 

p™,< P* — c 
• p* "*^ 

pfl^ g « 

§K   S I 
J^ UPS 

o o 

> 

p>> 

'S 
es 

es a 

PS 

i 

S 
es 
c 
es 
« 

.O 

C 
0) 

'5 
er 
u 
< 

< 



GO 

5« 

H 

..« 

'S 
> 

'- 

■Be 

oe 
'S 
PH 

H 

0> 

a » 
s 
5- 

/p
ul

s 

CM 
93 

— 
1   9 PH 

0 
M   ^ "d 

cs o N      «\ QJ 
fi o ffl    /2 e 

© 
00 

©   © ' 
o 

o 1 1     1 s 

's 

<Z3 

s o 

00 

as 

N 
B 
00 

a 
ON 

■ « ■ 

u u    ! 

00 j 
ON 
ON 
Os 

13 
.a 

"3 o 

IT) 

N a 
o 

i      5« 

«3 

£/ 



00 

o 

o 
"d 

o 
U 

es 

ft 

fi o 
U 

a o 
s 
Q 
o 
H 
S 

WD 
O u 

OH 

l 

"d 

0 
© 
s 
Q 

CM 
J/3 

!/3 
O 

^w    ON 

5/3 
C3 

ft 

S3 
O 

s 
0£ 

s 
a; 

U 
s 

a 

i 
© 

J 

N 

a o 

i 

8S 

fi 
O 

#N 
*E 
O 

B 
o 

<^ 

B 
(© 

Ä 
WD 

a o u 

« 
» 

73 »= 
B T3 
«     B 

JA     « 

OX 

£     Til 

4>J 

4) 
£ o 
WD 
4> 

s 
WD 
s 

on 

S 
o 
a 

T3 

O 

S*    o 

•N 

» 
tt 
s^E 

06     «S 

o 
OX) 

^ s 

B — 

WD 55 

.2 TS 
B 'O B ^   W   ? 

a 
a 
o 
o 

ON 

7 
o 
GO 

(3D 

£ 
i 

73 

o t o   5 

£*   W) 
B 
o 





JmmL 
Ei<S?swBBSä§8SwäBS!^ 

Rv li ASS SSÄ^S!!M£Ei?:kS 



o 
o 

o 
u 

4> 

i 
ON 

E 





ON 
ON 

d 

OS 

0-> 

pd 
PH 

WD 
e 

« * 

I     I     I 



T3 
S3 

C» 

H 

ON 

s 
s 
0 
s 
SS 



CO 
13 
O 
o 

LL 

CD 
Q. 
O 
O 
CO 

0 I 
C 
o 

■+-> 
CO 
1_ 
CO 
Q. 
CD 

CO 

I 
CD 
(0 
3 

CO 
(0 
J= *-» 
c 

JD 

"55 
Ü 
O 

0) 
Q. 
O 
O 
to 
O 
© 
I- 
O) 
c 
O 
3 

© 

E 
<o 
o 

GO 

o o o 
o o 

in 
co 

m 
co 
co 

CO 

CM 
co 

o 
co 

m 
oo 

Ci 
'o; 

TO i 
10 \ 
T3  i an, 

co / <u 

(ui) snooj edoosaiai 

E 

c 
_o 
CO u 
CO a 
(0 

3 

o 



es 

on 

*3 
o 

= 

«1 

2        O 'S o o 
Ja +2 * 
cc ja *g 

«SS 

S -2 
■2 'S 

WD 

e* 
U 

S 

«2 

S 
sa 

Q 



5« 

CM 
Ö 
5- 

PQ 

H 
H 

"*5£ä3 

o o 

# 
fe 

ir> 



I 

in 

«- 

Sl^::^- ■:-":■■■ 

5i'rl:v-Vv". "■'.'■ 

y. i "c, :,,/■.•.    ..-;. 

«HSs4.-:'-'".   : '■'■ 

S^'^W.: .:; •.:■■ 

t=3 jJi~S--i ::-•-.: 

«s>;'Ja\ v.?*1 

■!:.'-V 4»   j* ■   .       - 

*r 



H 
O 

< 

$ SO 9661 'SJSOQ ui9$$ BSBi sßo du 

€ 
M 
3 
C 

65 

0 

S3 u 
« 
C 
Ul 

a 

0 
u 
4) 
63 
83 
J 

« 
(5 
0 
L 



o 
u 
© 

• • 

IT) 

o 

s ^ 

g 

$-4 o 
<D 

CO 

o  "   r  a 2  8 0.1 <D 

CO 

i 
<D 
O 
CO 

{/> 

2 **    ©   *9  .fa 

O 

O JU 
** o 

'S 5 
£ « 

3 

d a* 
2 

a< (75 
» <D 
t* 00 

WD 
d *H 

d <D 
t* ÖÜ 

IN 
d o 

h-l 
« I 

J 1 

ftjs 

feS 2 
ö 2 -d ^ 2 ^ 
d   *  a 
•s a J 
tt        d 
3   2 

ÄT3   c? 
O   ^ "O 
o o u 
<N   PM <D , ^  a 
o rn °o 
O    i     i 
^ CO <N 

o 
43 
*-■   .. go 

00 od o 

^ s s 

o 

4> 

s d d a o o 
o o o 
HHH 

K 

s 

0) c 
55 

«0 c o 
o 
o 

o 

5 



Q> 

V 
es 

CO 

o 
C 

es 

£ 

ä     * 

(uiH) 



o 

CO 

(UH|) X 



m y «A 

'I) 
''ft 

^,-v   I*-. 
'ifj 

O 

E 
O 

«ft 

03 
ft 

WD 

5« 
0« 

a» 

a. 

ftl 

i 
Q 

«5 

2  "3  Ü 

H 
o 

«5 

WD 

s 

ON 

IT) 
O 

i 



o 
PQ 

P 
O 

5« 
s 

* 

S3 
0> 

=3 

c 
PLH 

(Sf\i.o) ÄyaofSA 

I 
I 

1 

■^ 

=•   > 

B 

€0 

Mtk. 

13" 
US    * 

•v 
*t 

>» 
■*■» 
• P4 

V) U 
OS o 
S V 
o > 

4> 
*J 

Qi ■+■» es 
5= T5 
a> e ■*■» 

-O es J= 
u a 6fi 
X B 

•■n 
"~" 

V3 
6£ 
s 

o 
«W 
o 
c 
o 

= 
o 

•** -*•» V3 5- V eu 0) B •- en 
S 5 © 

es •» 

"Ö 

!! 
3 

a 

j— 

Li", 

(mo) uojpsfjdp uinjnpue 

CO 

"33 

43 
OH 

13 
o 
'5 
43 
O 

H 

CO 

C 

& 

Q 
cf 
O 
m 

Q 
>> x> 
«-I 

& 

o 

c 
44 
at 





AI 



<s^4 

a g» 



^^ 

0 * o ON 
> 

ON 

< 
^ 

J3 0 
1-5 

• p4 

£  Q* 
** 
W5 
0> 
H £ 

5/2 -M 

< 

J3 ^ 

O a» 
m 

• A s- 4-» 

o 
o a 

-^^ 

a S3 
o Q 

• p^ ^ 
SN « 
A ■ ^Hk 

a 

5fc 

o 
tn 
r» >» 

© C/2 

W VI 

$ 

£ 13 
$ I 
• w H 

0 o 
0 ■■ 3. • ,  <u 
*■» a ■ a 

o 

(f/s-^P)^ 

C 
i—i 

Q 
C 
o 
ffl 

Q 



S3 
8> 'i * 

S3  < 

a s o 
U 

H 
o 
S3 
o 
.s * 

s 
o 
U 

a 

Q 

PQ 

8J 
s 

(r/s * NcOL) ^D 
CD     O     O    Q     O 
O    .jDO    N    ^O    t/J    ^'    ^    N O 

(f/s . uAp) ^3 



s 

s 

> 

o 
xi 
CO 

O 
a o 

© 
Q 

as a 
i 

H 
a  fl 

o 
> 

(srl)^jjjipasdi?(a 

.a 
CO 
>^ 

PL, 

O 

1 
O 

H 
o 

CO 
C 

Q 

o 
ffl 

s- 

Q 

CO a 
o 

c 

a 
E- 





References . .   .      ... « ^farv-vW 

Laser Sails: 

Marx, G., "Interstellar Vehicles Propelled by Terrestrial Laser Beam," Nature, 2 July 66, pp. 22- 
23. 

Norem, P.C., "Interstellar Travel, A Round Trip Propulsion System With Relativistic Velocity 
Capabilities," A69-42829, American Astronautical Society Joint National Meeting, Denver CO, 
17-20 Jun 69. 

Redding, J.L., "Interstellar Vehicle Propelled by Terrestrial Laser Beam," Nature, 11 Feb 67, pp. 
588-589. 

Willinski, M.I., "Beamed Electromagnetic Power as a Propulsion Energy Source," ARS J., Aug 

59, pp. 601-603. 'W-^-e^  **'•   ^±^^^^^C^ ^ 

Laser Propulsion: o\   r      /--JSAJ^ 6^*" . _     , i 

Anderson, J.L., Rather, D.G. and Powell, J.R., "Beamed Energy for Fast Space Transport," 
AIAA 96-2785, 32nd AIAA/ASME/SAE/ASEE Joint Propulsion Con& Lake Buena Vista FL, 1- 
3 Jul 96. anwv.0, 

Arno, R.D., MacKay, J.S., and Nishioka, K., "Laser Energy Transfer - An Analytic Survey of 
High Power Applications," NASA Advanced Concepts and Missions Div., OAST Moffett Field 
CA 7th Intersociety Energy Conversion Conf, 1972. 

-tv-mu. 

•Bennett, H.E., "High Energy Laser Mirrors and Windows - Semi-Annual Report No. 5," 
Michelson Lab., Navel Weapons CtF., China Lake CA Sep 74. 

LoJoevTLto^C1-^»)       Ce«^V 
Berggren, R.R. and Lenertz, G.E., "Feasibility of a 30-Meter Space Based Laser Transmitter," 
NASA CR-134903, Itek Corp^ Lexington MA, For NASA/LeRC, Oct 75. 

Billman, K.W. (Ed.), "Proceedings of the Second NASA Conference on Laser Energy 
Conversion," NASA SP-395, NASA Ames Research Gtf-V Moffett Field CA 27-28 Jan 75. 

Billman, K.W. (Ed.), "Proceedings of the Laser-Energy Conversion Symposium," NASA TM X- 
62,269, Ames Research Center, Moffett Field CA 18-19 Jan 73. 

Birkan, M.A. (Ed.), "Proceedings - Workshop On Laser Propulsion," AFOSR-TR-88-1340, 
AFOSR/NA Boiling AFB DC, 10 Feb 88. 

Braun, W.G., "Technique for Measuring the Absorption Coefficient of a Plasma," The Review of 
Scientific Instruments, V. 36, No. 6, Jun 65, pp. 802-805. 



Brown E.A. and Jones M.V., "High Energy Laser Technology Assessment," Volume I: The 
Technology Assessment - An Initial Study, Harry Diamond Lab., Adelphi MD, For Headquarters, 
DepLof the Army, Washington DC, Jan 75. 

Caveny, L.H. (Ed.), "Orbit Raising and Maneuvering Propulsion: Research Status and Needs," 
Review Copies of Ch. 1, Progress in Astronautics and Aeronautics Series, AFOSR, Boiling AFB 
DC, 6 May 83. 

Caveny, L.H. (Ed.), Orbit-Raising and Maneuvering Propulsion Research Status and Needs, 
Progress in Astronautics and Aeronautics, Vol. 89, American Institute of Aeronautics and 
Astronautics, Inc., New York NY, 1984. 

Chapman, P.K. and Otis, J.H., "Laser Absorption Phenomena in Flowing Gas Devices - Final 
Report," AVCO Everett Research laboratory, Inc., Under Contract No. NAS3-18559, For 
NASA/LeRC, Jun 76. — 

Chodzko, R.A., Mason, S.B. and Cross, E.F., "Annular Converging Wave Cavity," SAMSO-TR- 
76-115, The Aerospace Corp,, For Air Force Weapons Lab., 1 Jun 76. 

Dyson, F.J. and Perkins, F.W., "Jason Laser Propulsion Study, Summer 1977," JSR-77-12, 
Stanford Research Institute, Menlo Park CA, For ARPA, Dec 77. 

Feldman, A. et al., "Optical Materials Characterization," NBS TN-993, National Measurements 
Lab., NBS, Washington DC, Feb 79. 

Ferriter, N.M. and Winslow, A.M., "Calculated Intensity Threshold for the Maintenance of Laser- 
5> .supported Detonation Waves With Various Electron Densities," TJJD-4500,UC-34a, Lawrence 

"TJivemore Lab., Livermore CA, 10 Jun 74. 

Ferriter, N.M., et al., "Analysis of Efficient Impulse Delivery and Plate Rupture by Laser- 
Supported Detonation Waves," UCRL-51836, Lawrence Livermore Lab., Livermore CA, 2 Jun 
75. 

Forward, R.L., "Advanced Propulsion Concepts Study - Comparative Study of Solar Electric and 
Laser Electric Propulsion," Hughes Research Lab., Malibu CA For NASA/JPL, Jun 75. 

Fowler, M.C., Newman, L.A. and Smith, D.C., "Beamed Energy Coupling Studies," AFRPL-TR- 
79-51, United Technologies Research Center, East Hartford CT, For AFRPL, Sep 79. 

Fowler, M.C. et al., "Laser Supported Absorption Waves," N921716-9, United Aircraft Research 
Laboratories East Hartford CT, For ARPA, Mar 74. 

Fowler, M.C. et al., "Laser Supported Absorption Waves," N921716-7, United Aircraft Research 
-Lab., East Hartford CT, Jan 74. 



Frisbee, R.H., Horvath, J.C. and Sercel, J.C., "Space-Based Laser Propulsion for Orbital 
Transfer," JPL D-1919, Jet Propulsion Lab., Pasadena CA, Dec 84. 

Harris, E.L. and Glowacki, W.J., "Absorption of CO Laser Radiation by Water Vapor Near 5 
Hin," NOLTR 73-206, Naval Ordnance Lab., Silver Spring MD, 26 Nov 73. 

Holmes, B.S. et al., "The Mechanical Loads From LSD Waves And Their Simulation, AFWL-TR- 
75-285, V. I (Analysis and Pressure Measurements), Air Force Weapons Laboratory, Kirtland 
AFB NM, For ARPA, Jul 76. 

Howgate, D.W., Roberts, T.G. and Gerry, E.T., "New Laser Concepts - Executive summary 
Report," U.S. Army Missile Research and Development Command, Redstone Arsenal AL, Nov 
77. 

Huberman, M. et al., "Investigation of Beamed Energy concepts for Propulsion," AFRPL-TR-76- 
66, Vols. I & H, TRW Defense and Space Systems Gp., For AFRPL, Edwards AFB CA, Oct 76. 

Jeng, San-Mou and Keefer, D., "A Theoretical Evaluation of Laser Sustained Plasma Thruster 
Performance," AIAA-87-2166, AIAA/SAE/ASME/ASEE 23rd Joint Propulsion Conf*, San 
Diego CA, 29 Jun-2 Jul 87. cr^ u- 

Jeng, San-Mou and Keefer, D., "Influence of Laser Beam Geometry and Wavelength on Laser- 
Sustained Plasmas," AJAA-87-1409, AIAA 19th Fluid Dynamics, Plasma Dynamics and Lasers 
Con£, Honolulu HA, 8-10 Jun 87. 

utoxuL 
Jeng, San-Mou and Keefer, D., "Numerical Study of Laser-Sustained Hydrogen Plasmas in a 
Forced Convective Flow," J. Propulsion, Jun 89, pp. 255-262. 

Jeng, San-Mou and Keefer, D., "A Theoretical Investigation of Laser-Sustained Plasma 
Thruster," AIAA-87-0383, AIAA 25th Aerospace Sciences Meeting, Reno NV, 12-15 Jan 87. 

Jeng, San-Mou et al., "Numerical Study of Laser-Sustained Argon Plasmas in a Forced 
Convective Flow," AIAA-86-1078, AIAA/ASME 4th fluid Mechanics, Plasmajynamics and 
Lasers Genf, Atlanta GA, 12-14 May 86. 

Jeng, San-Mou and Keefer, D., "Numerical Study of Laser-Sustained Hydrogen Plasmas in a 
Forced Convective Flow," AIAA-86-1524, AIAA/ASME/SAE/ASEE 22nd Joint Propulsion 
Confi, Huntsville AL, 16-18 Jun 86. 

Jones, W.S., Forsyth, J.B. and Skratt, J.P., "Laser Rocket System Analysis," NASA CR 159521, 
Lockheed Missiles & Space Co,, For NASA/LeRC, 15 Mar 79. 

Jones, W.S. et al., "Laser Power Conversion System Analysis," NASA CR 159523, Vols. I & II, 
Lockheed Missiles & Space Ccv, For NASA/LeRC, 15 Mar 79. 



Kantrovmz, A., 'Propulsion to Orbit by Ground-Based Lasers," Astronautics ^Aeronautics, 
May 72, pp. 74-76. TjnzXZ£Z 

Kare J.T., "Laser-Powered Heat Exchanger Rocket for Ground-To-Orbit Launch," UCRL-JC- 
110910, Lawrence Livermore National Laboratory Livermore CA, 7 Jul 92. 

Kare J.T., "Development of Laser-Driven Heat Exchanger Rocket for Ground-to-Orbit Launch," 
UCRL-JC-111507, Lawrence Livermore National Laboratory, Livermore CA, 31 Aug 92. 

Kare J.T., "Laser-Powered Heat Exchanger Rocket for Ground-to-Orbit Launch," J. Propulsion 
&Power, V. 11,No. 3, May-Jun95, pp. 535-543. cfcZTZJ 

Keefer, D. et al., "Laser Thermal Propulsion," Reprint from Orbit-Raising and Maneuvering 
Propulsion: Research Status and Needs, 84, pp. 129-148. 

Keefer, D.R., Henriksen, B.B. and Braerman, W.F., "Experimental Study of a Laser Sustained Air 
Plasma," BRL MR 2416, USA Ballistic Research Lab., Aberdeen Proving Ground MD, Oct 74. 

Keefer, D., Jeng, S-M, and Welle, R, "Laser Thermal Propulsion Using Laser Sustained 
Plasmas," IAF-86-17S, 37th Congress of the International Astronautical Federation, Innsbruck, 
Austria, 4-11 Oct 86. 

Keefer D.R., Smith, L.M. and Sudharsanan, S.I., "Abel Inversion Using Transform Techniques," 
ICALEO '86 Laser Applications Conf, Arlington VA, Nov 86. 

Keefer, D., Welle, R. and Peters, C, "Power Absorption in Laser-Sustained Argon Plasmas," 
AIAAI, V. 24, No. 10, Oct 86, pp. 1663-1669. 

Keefer, D. Welle, R and Peters, C, "Power Absorption Processes in Laser-sustained Argon 
Plasmas," AIAA-85-1552, AIAA 18th fluid dynamics & Plasmadynamics & Laser £onf>, 
Cincinnati OH, 16-18 Jul 85. ~      " /p "   !er£jAL2* 

Keefer, D., Crowder, H. and Peters, C, "Laser Sustained Argon Plasmas in a Forced Convection 
Flow," AIAA-85-0388, AIAA 23rd Aerospace Sciences Meeting, Reno NV, 14-17 Jan 85. 

KeeferJD., "Picosecond Laser Breakdown Thresholds in Gases," AFOSR-86-0317, University of 
Tenn^Space Institute, Tullahoma TN, For AFOSR, 30 Sep 91. 

Keefer, D., Peters, C. and Crowder, H, "A Re-examination of the Laser-Supported Combustion 
Wave," AIAA J., V. 23, No. 8, Aug 85, pp. 12ÖI-1212. 

Kemp, N.H. and Krech, R.H., "Laser-Heated Thruster - Final Report," NASA CR-161666 (PSI 
TR-220), NASA/MSFC, Marshall Space Flight Center AL, Sep 80. 



Kemp, N.H. and Rosen, D.I., "Laser Propulsion," AIAA-84-1445, AIAA/SAE/ASME 20th Joint 
Propulsion Conijj, Cincinnati OH, 11-13 Jun 84. 

Kemp, N.H and Root, R.G., "Analytical Study of Laser Supported Combustion Waves in 
Hydrogen," NASA CR-135349 (PSITR-97), NASA/LRC, Cleveland OH, Aug 77. 

Kemp, N.H. et al., "Laser-Heated Rocket Studies," NASA CR-135127 (PSI TR-53), 
NASA/LRC, Cleveland OH, May 76. 

Kemp, N.H. and Lewis, P.F., "Laser-Heated Thrusters - Interim Report," NASA CR-161665 
(PSI TR-205), NASA/MSFC, Marshall Space Flight Center AL, Feb 80. 

Klosterman, E.L. and Byron, S.R., "Experimental Study of Subsonic Laser Absorption Waves - 
Final Report," AFWL-TR-74-3, Mathematical Sciences Northwest, Inc., For ARPA, Mar 75. 

Krier, H., et al., "Energy Conversion Measurements in Laser-Sustained Argon Plasmas for 
Application to Rocket Propulsion," Annual Technical Report Submitted to AFOSR, Dept. of 
Mechanical and Industrial Engr., UjfofIllinois, Urbana-Champaign, Apr 88. 

Marcus, S. et al., "Laser Heating of Metallic Surfaces," LTP-31, Lincoln Lab., For DARPA 20 
May 76. 

Mazumder, I, Rockstroh, T.J., and Krier, H, "Spectroscopic Studies of Plasma During CW 
Laser Gas Heating in Flowing Argon," I Appl. Phys. 62 (12), 15 Dec 87. 

Mead, F.B., Jr. (Ed.), "Advanced Propulsion Concepts - Project Outgrowth," AFRPL-TR-72-31, 
Air Force Rocket Propulsion Lab., Edwards AFB CA, Jun 72. 

Minovitch, M. A., "Reactorless Nuclear Propulsion - - The Laser Rocket," AIAA Paper No. 72- 
1095, ALAA/SAE 8th Joint Propulsion Specialist Con4 New Orleans LA, 29 Nov -1 Dec 72. 

Minovitch, M.A., "Performance Analysis of a Laser Propelled Interorbital Transfer Vehicle," 
NASA CR-134966, Phaser Telepropulsion, Inc., For NASA/LeRC, Feb 76. 

Minovitch, M.A., "The Laser Rocket - A Rocket Engine Design Concept for Achieving a High 
Exhaust Thrust With High 1^," TM 393-92, Jet Propulsion Lab., Pasadena CA 18 Feb 72. 

Minovitch, M.A, "Laser Rocket," Patent #3,825,211, 23 Jul 74. 

Minovitch, M. A, "Reactorless Nuclear Propulsion - The Laser Rocket," AIAA Paper No. 72- 
1095, ALAA/SAE 8th Joint Propulsion specialist Conf, New Orleans LA 29 Nov-1 Dec 72. 

Minovitch, M.A., "An Orbiting High Power Laser Weapon System for Defense Against Hostile 
ICBM's," TR 201-2, Phaser Telepropulsion, Inc., Los Angeles CA 13 Aug 73. 



Minovitch, M.A., "Orbiting Space Vehicles That Dip Into the Outer Atmosphere of a Natural 
Celestial Body to Collect and Liquify Gas for Rocket Propellant, Life Support and Other Space 
Operations, TR 101-3, Phaser Telepropulsion, Inc., Los Angeles CA 17 Dec 72. 

Minovitch, M.A., "Thrusting Maneuvers for Telepropelled Reusable Orbiting Space Tugs 
Drawing Power From One Earth-Based Transmitting Station," TR 101-9, Phaser Telepropulsion, 
Inc., 22 Jun73. 

Myrabo, L. and Ing, D., The Future of Flight, Baen Enterprises, 8-10 W. 36th St., New York 
NY, 198£r) 

Nebolsine, et al., "Pulsed Laser Propulsion - Final Report," PSITR-108, Physical Sciences Inc., 
WoburnMA,Feb78. 

Pirri, A.N., Simons, G.A and Nebolsine, P.E., "The fluid Mechanics of Pulsed Laser Propulsion - 
Final Report," PSI TR-60, Physical Sciences Inc., Woburn MA Jul 76. 

Pirri, AN. and Monsler, M. I, "Propulsion by Absorption of Laser Radiation," AIAA Paper No. 
73-624, AIAA 6th Fluid and Plasma Dynamics Conf,, Palm Springs CA 16-18 Jul 73. 

Pirri, AN. and Weiss, R.F., "Laser Propulsion," AIAA Paper No. 72-719, AIAA 5th Fluid and 
Plasma Dynamics ConjL Boston MA, 26-28 Jun 72. 

"Preliminary Evaluation of Pulsed Weapons (PEPWEP): Appendices A, B, C, D, and E," Vol. II, 
Science Applications, Inc., Jun 75. 

"Pulsed Laser Propulsion - A Program Status Presentation to DARPA" Physical Sciences Inc., 1 
,Aug80. 

Reilly, D.A. and Rostler, P.S., "Pre-Breakdown Laser Target Vaporization and Enhanced 
Thermal Coupling - Final Report," AVCO Everett Research laboratory, Inc., Under Contract No. 
N00014-73-C-0457, For ARPA Aug 74. ^ 

Rice, D.K., "Absorption Measurements of Carbon Monoxide Laser Radiation by Water Vapor," 
NLSD 72-11R, Northrop Corp., Hawthorne CA For ARPA Jul 72. 

Rockstroh, T.J., and Jyotirmoy, M., "Spectroscopic Studies of Plasma During CW Laser 
Materials Interaction," J. Appl. Phys. 61 (3), 1 Feb 87. 

Rosen, D. et al., "Experimental and Theoretical Studies of Laser Propulsion Phenomenology - 
Interim Report," PSI TR-371, AFOSR, Boiling AFB, Washington DC, Mar 84. 

Rosen, D.I., Kemp, N.H., and Miller, M., "Studies of a Repetitively-Pulsed Laser Powered 
Thruster," PSI TR-358, Physical Sciences Inc., Woburn MA, Jan 83. 



Rosen D.I. et al., "Pulsed Laser Propulsion Studies," PSITR-184, Physical Sciences Inc., 
Woburn MA, Oct 82^ 

Schriempf, J.T., "Response of Materials to Laser Radiation: A Short Course," NRL Report 7728, 
Naval Research Lab., Washington DC, 10 Jul 74. 

Selph, C, "Overview of Laser Propulsion," Unpublished Paper, AFRPL, Edwards AFB CA, 19 
Sep 86. 

Shoji, J.M. and Larson, V.R., "Performance and Heat Transfer Characteristics of the Laser- 
Heated Rocket - A Future Space Transportation System," AIAA 76-1044, AIAA International 
Electric Propulsion Con£, Key Biscayne FL, 14-17 Nov 76. 

Shoji, J.M., "Laser-Heated Rocket Thruster," NASA CR-135128, Rocketdyne Div^kockwell 
International, For NASA/LeRC, May 77. 

Smith, L.M. and Keefer, D.R., "The Fourier Optical Analysis of Aberrations in Focussed Laser 
Beams," Proceedings at SPIE's 30th Annual International Technical Symposium, San Diego CA, 
Aug. 86. 

Taussig, R. et al., "Design Investigation of Solar Powered Lasers for Space Applications,"MSNW 
79-1087/1090-1, Mathematical Sciences Northwest, Inc., For NASA/LeRC, May 79. 

Walters, C.T. and Barnes, R.H., "An Investigation of Mechanisms of Initiation of Laser- 
Supported Assoprtion (LSA) Waves," Batelle, Columbus Lab., Columbus OH, For DARPA, Jun 
74. 

Walters, CT., Barnes, R.H. and Beverly, R.E., HI, "An Investigation of Initiation of Laser- 
Supported Absorption (LSA) Waves," Battelle, Columbus Lab., Columbus OH, Jan 75. 

Welle, RP. and Keefer, D.R., "Imaging of Continuum Emission for Diagnostics of Laser 
Sustained Plasmas," Proceedings of First International Laser Science Conf^-Nov 85. 

Welle, R.P., Keefer, D.R. and Peters, C, "Energy Conversion Efficiency in High-Flow Laser- 
Sustained Argon Plasmas," AIAA-86-1077, AIAA/ASME 4th Fluid Mechanics, Plasma Dynamics 
and Lasers Conference, Atlanta GA, 12-14 May 86. 

Young, L.A., Woodroffe, J.A. and Bresssell, E.R., "Laser Effects Assessment Program," AVCO 
Everett Research laboratory, Inc., Under Contract No. DASG60-76-C-0059, For DARPA, Jan 
78- " ^ 

'Laser Lightcraft":      0*t*     -o^^^ 

Jones, R.A. et al., ^Experimental Investigation of an Axisymmetric Hypersonic Scramjet Inlet for 
Laser Propulsion^ J. Propulsion & Power, V. 8, No. 6, 92, pp. 1232-1238. 



Jones, R.A. et al., (^Experimental Investigation of a 3-D Scramjet Inlet for Laser Propulsion at 
Mach Numbers of 10 to 25 and Stagnation Temperatures of 800 to 4100° K,£AIAA 29th 
Aerospace Sciences Meeting, Reno NV, 7-10 Jan 91. 

Kennedy, W.C. et al., ^Acoustic Noise Generated by a Laser-Boosted Transatmospheric 
Spacecraftp-accepted for publication in J. Propulsion & Power. 

Lyons, P.W. et al., ^Experimental Investigation of a Unique Airbreathing Pulsed Laser Propulsion 
Concept^ AIAA Paper #91-1922, given at the AIAA/SAE/ASME 27th Joint Propulsion Conf^^ ^ 
24-26 Jun 91. 

Mead, F.B., Jr., Myrabo, L.N. and Messitt, D.G., "Flight and Ground Tests of a Laser-Boosted 
Vehicle," AJAA 98-3735, 34th AIAA/ASME/SAE/ASEE Joint Propulsion Conference & Exhibit, 
Cleveland OH, 13-15 Jul 98. 

Messitt, D.G. et al.,^Computational vs. Experimental Performance of an Axisymmetric 
Hypersonic Inlet for Laser PropulsionpAIAA Paper #91-25447, AIAA/SAE/ASME 27th Joint 
Propulsion Con£, 24-26 Jun 91, Sacramento CA. 

Minucci, M. and Myrabo, L.N.,^Phase Distortion in a Propulsive Laser Beam Due to Aero- 
Optical Phenomena&J. Propulsion and Power, V. 6, No. 4, Jul-Aug 90, pp. 416-425. 

Moder, J.P. et al., "Laser-Energized MHD Generator for Hypersonic Electric Air-Turborockets," 
AIAA-87-1816, AJAA/SAE/ASME/ASEE 23rd Joint Propulsion Conference, San Diego CA, 29 
Jun-2 Jul 87. 

Myrabo, L.N., "Advanced Beam-Energy and Field Propulsion Concepts," BDM/W-83-225-TR, 
The BDM Corp^, McLean VA For NASA/JPL, 31 May 83 

Myrabo, L.N. et al., "Transatmospheric Laser Propulsion - The Lightcraft Technology 
Demonstrator," Rensselaer Polytechnic Institute, Troy NY, For Lawrence Livermore National 
Lab. and the SDIO Laser Propulsion Program, 30 Jun 89. 

Myrabo, L.N. et al., ^Laser-Boosted Lightcraft Technology Demonstrator® Proc. of the First 
International Conference on Hypersonic Flight in the 21st Century, Grand Forks ND, 20-23 Sep 
88; ISBN No. 0-9608700-106. University of North Dakota, Department of Space Studies, Jan 89, 
pp. 353-365. 

Myrabo, L.N. et al., ^Transatmospheric Laser Propulsion^Final Technical Report, prepared 
under Contract No. 2073803 for Lawrence Livermore National Laboratory and the SDIO Laser 
Propulsion Program, 30 Jun 89. 

Myrabo, L.N., Messitt, D.G. and Mead, F.B., Jr., "Ground and Flight Tests of a Laser Propelled 
Vehicle," AIAA 98-1001, 36th Aerospace Sciences Meeting & Exhibit, Reno NV, 12-15 Jan 98. 



Myrabo, L.N. et al., "Monocle Shuttle: Strategic Applications of the RBR/FBR," BDM/W-82- 
671-TR, The BDM Corp*, McLean VA, For DARPA, Dec 82. 

Myrabo, L.N., "Solar-Powered Global Air Transportation," AIAA 78-689, AIAA/DGLR 13th 
International Electric Propulsion Conference, San Diego CA 25-27 Apr 78. 

Nyberg, G.A. et al., "Performance Analysis of ä Laser-Heated Single-Stage-to-Orbit 
Shuttlecraft," AIAA-87-1815, ALAA/SAE/ASME/ASEE 23rd Joint Propulsion Conference, San 
Diego CA, 29 Jun-2 Jul 87. 

Powers, M. V., Zaretzky, C. and Myrabo, L.N., "Analysis of Beamed-Energy Ramjet/Scramjet 
Performance," AIAA-86-1761, AIAA/SAE/ASME/ASEE 22nd Joint Propulsion Conference, 
Huntsville AL, 16-18 Jun 86. 

Strayer, T.D. et al., "Investigation of Beamed-energy ERH Thruster Performance," AIAA-86- 
1760, AIAA/SAE/ASME/ASEE 22nd Joint Propulsion Conference, Huntsville AL, 16-18 Jun 86 

Walton, D., List, G.F. and Myrabo, L.N., "Economic Analysis of a Beam-Powered Global 
Aerospace Transportation System," AIAA-89-2443, AIAA/ASME/SAE/ASEE 25th Joint 
Propulsion Conference, Monterey CA 10-12 Jul 89. 

NASA Lightcraft Propulsion: 

Phipps, C.R., "NASA Design Study: Optimized Parameters for Laser Space Propulsion," 
Photonic Associates, Santa Fe NM, For NASA/MSFC, 15 Dec 99. 

Phipps, C.R. et al., "Enhanced Vacuum Laser-Impulse Coupling by Volume Absorption at 
Infrared Wavelengths," Laser and Particle Beams (1990), vol. 8,no. 1-2, pp. 281-298. 

Phipps, C.R and Michaelis, M.M., "LISP: Laser Impulse Space Propulsion," Laser and Particle 
Beams (1994), vol. 12, no. 1, pp. 23-54. 


