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referenced herein.
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stability as well as energy efficiency. Although the number of devices
available for examination was small (6), the improvement in beam
characteristics over previous designs was readily observed .
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Electr o—O ptics Laboratory . Fort Monmout h, NJ. At the t ime , L. W acen ’ke  was

a member of the Cadet Corp of t h e  US Arm y ‘lilitary Academy , West Poin t, N Y

on temporary duty tc .  Fort Mc~nmouth and j. W. Strozyk was a Project Engineer

in the Laser Division . This effort was conducted under the One/Two Micron

Laser Technology subtask . P. Wright and ) . Yce of the Laser Division

contributed to the work in supp lying measuring equi pmen t and discussing pre—
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1. iNTRODUCTION AND BACKCROIJND

The developmen t of miniaturized laser rangefinders and laser sighting
systems has evolved as a direct result of large scale integration of
elec tronics and more recently, the integra t ion of the laser transmi tter
assemb ly.’—3 The concept of an integrated , “car tridge ,” laser as sembly ,
while obviously related to reduced performance requirements of short range

j direct , as wel l  as indirec t fire sys tems , could only be realized through
successful application of state of the art technology . Conceptually , the
car t r idge laser requi res a laser rod , a passive “Q” sw it ch and appropriate
dielectric reflectors , bonded together  as an integra l, non—adjustable unit.
A suitable excitation or pump source , and a pumping cavity would complete
the laser transmitter assembly. Laser car tridges of this type have been
designed and fabricated 3

~~ using Nd:YAC laser rods , organic nickel complex
• dye in a polymethylmethacrylate (PMMA) host, and dielec tric reflectors .

The passive “Q” switch is epoxy bonded to the laser rod and to a 1.06
maxim um reflectance micror. Output coupling for the laser energy is
achieved through a suitable dielectric reflector deposited on the opposite
end of the laser rod . Bonded cartridges were initially configured as
“stable resonators” wi th flat/flat as well as flat/concave reflectors.
These units served to validate the cartridge concept hut were subject to
perform.in e variat ions with respect to beam divergence , beam wander , eff i-
ciency and output energy stabilit y , all of which are associated with multi—
mode operation .3 Most recently bonded laser cartridges utilizing “Hybrid
Uns tab l e Resona tor ( H U R ) ”  des i g~~ have been developed to provide Improvements
in performance. This report describes and presents both active and passive
evaluations of HI’R cartridge lasers designed to meet certain performance
goals under ECOM Contract I)AAB07—76—C—O8~6, 

‘Unst able Resonator Laser
Cartridge Development.” Figure 1 Illustrates the three resonator configura-
tions described , wh ile Table I li ’~ts the performance goals and Table 2 the
pertinent design parameters of the si~ HUR cartrid ct s being considered here.

1 . F. Kohvl .irz . • t  i i., “~l in i Lascr Rangef inder ,” f - t th P01) Laser
C o o l erence , Colorado Springs , CO ., l .S. A. F. Academ y • August 197 ~~.

2 . F. Koh v li rz , ot al . , “I o r Rangefinder Sigh t AN /r i _ 3 , ” 7 t h  nfl)
I on f or s ’n cp  on l.~t s r  I ’n i i n o l  c . , 5 Mj  it a rv Ac :iden’v . Wn’~~t U’ int . NY , ‘~~ l~~T” .

3. R. W is ni ,’t I • ~ t il., “l. isc r Cartridge Development .“ 7th DOT) Conference
on u - i c r  ‘I , t - l i n ’  l u c y , I S  ~1j  11  tars’ Aca d emy , West P o i n t  • NY , June 1976 .

R. C..’ I sn i , i  f and P. lung , “Laser Ca r t r i dge  Conce rt Pcve l opm ’nt
Studs ’ , ” EC 0M— ~~~— O T 7 ’~—F , A p r i l  1976 .

~~~. A. (; .  SaI’ yll r tlv , “Unstable Resonator l aser Cartridge Deve lopmen t
Study .” ECOM— 76—C—0R5 6 , October 1977.
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A 
B C

FLAT/FLAT STA BLE

A ) C
E

FLAT/CONCAVE STABL E

FLAT/CONVEX HYBRE D UNSTABL E

A~ OUTPUT COUPL ER , DIELECTRIC REFLECTOR.
B~ 3 x 15 mm Nd:YAC , LAS ER ROD.
C: EPOXY BONDS (TECH KIT E -7 )
0~ DYE 0 S* ITCH Disc , PMMA.
E: MAX I UM REF LECTIVITY DIELECTRIC REFLECTOR (1.0 MICRON ) .
F: BkT GLASS SUBSTRATE .

FIGURE I. RESONATOR CONFIGURATI ONS
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TABLE 1. DESIGN GOALS .

ENERGY OUTPUT: 2 .0 N ILLIJ P U L E S / P U L S E

bEAM DIVERGENCE ~ .0 M I L L I E ~ 1 A~~S
( CORRECT E D~~

ENERGY INPUT : 2 .0 UOULES -~/.XI~-~U M

REPETITION RA 1E: 3 .0 PULSES P~~R MINUTE

LIFETIME OF 10 .1)00 S°OTS IIN IMU M
C A R T R ! D G E
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2 . PASSIVE T E S T I N G

Prior to performing any active laser testing each cartridgc was
subjected to passtve evaluations to determine t he Nd dop an t level of the
l a se r  rods and to q u a l i t a t i v e ly  assess the  de gr e e  of r e s o nat o r  a l i g n m e n t ,

N eodym i um c o n c e n t r a t i o n s  are r o u t i n e ly  measured on most laser rods
t o  p r e c l u d e  unex p l a i n e d  laser performance v a r i a t i o n s  in c o m par a t i v e  t e s t i n g
_ u t ~ i d e n t ic a l ly  doped m a t e r i a l .  The t e s t  a p p l i e d  r e q u i r e s  m ea su remen t  of t h e
f l u o r e s c e n t l i f e t i m e  of the  Nd ion a f t e r  na r row  hand e x c i t n t i o n  w i t h  an
In ject ion  laser e m i t t i n g  at  0.8 m i c r o n s .  The respective l i f e t i m e s  of
each c a r t r i d g e  measured , with its a s s o c i a t e d  N I  c o n c e n t r a t io n  in a t o m i c
percen t is p r e sen t e u  in Table  3. A l t h o u g h  t h e  c o n c e n t r a t i o n s  are h i g h e r
than t y p i c a l l y  encounte red  ( 1 . 0 — 1, 2 A L)  in Nd:YA G d ev i c e s , t hey  are w i t h i n
the recommended range fo r  m i n i — l a s e r  type o p e r a t i o n . 6 V a r i a t i o n s  in
c o n c e n t r a t i o n  f rom rod to rod are w i t h i n  the  u s u a l  r ange  f o r  N d : Y A U  ma n u—
fa c i : u re r s .

S ince the i - a r t  r i d g e  concept p r e c l u d e s  ad 1 u i C t  -- -i t  of t l i e r e so n a t o r  once
i t  is ;i s r emhl ed , each t i n i  t w;us e x . i m i nc -I in :i st .u n .i.u r I Fi:’1 -:n , t ype  i n t e r —
fe rome  t e r  - A well en 11 m a t  ed , ~;p.i cj U I I v I i I t  ( 4 r -d ilc ’~ - I a c e r  was used as
the  s o u r c e .  The r4 ’~~u 1  t i n g  i n r e r f e r e n c , ’ pati em \~- u ’ ~ e ’-pa nded , v i ew e d  and
ph o t o g r a p hed t i s i n c  a CC1\ sy s t e m . This t i - s t  t’ rovidi ~ q u a l i t a t i v e  i n f o r m at i o n ,

in  this cast - , r e la ted  t o  t In- al  i -.:nrr nt  o t  t he i-i p l i t - r i i  ~ l , i n t e r na l , m ax i m u m
r c f 1~ - - t o r  and the v a r i ous  ot her ‘ - i u l r : . u . - , c .  Li- m it  Inc  . iho t . lc raphs 0 thi
fr inge pat te rns  icr  u n i t s  -~ t h r o u g h  12 ir e  I n c l u d e d  i n  T i b I . -  3 . HU P  7 w; O;

not photograp hed b u t  was  not -d t o  h a v e  a pat t - r n  in~ I - i i  t - - HER ~

If one cons IW-ri-i the c.- i r t r idg ~’ ru ’c , ’n;lt ’r -is w i n e  I’ - ’ - ’ d o m i n a n t
r e f l e c t i n g  i i r f a c e s , one f la t  t h e  o t h e r  sp he r i c a l , the ~ r i i , e - pa t t e r n  should
cons is t  of a cen t r a l b r i l t  snot w i t h  co n c e n t r i c  c i r c u la r  f r inges about it ,
pro’.’ ided t he - - iuu r f ru - . -s ire pa ra l le l  or not opt u - a l  Iv in~ l i n e ! to mn,-
another. Wh en tli i ’ - c o n d i t i o n  is not l i i  f i l le d  ( inn m a r  len , ‘y i s t s~ , t ii-
r e s u l t i n g  f r i n g e s  appea r  c i r c u l a r  h u t  d i s p l n c c d  t o w a r l  t i - i t  a rea  w h i c h  is
optica l lv thinner. Exam i nation of the photograp hs and .- lJ l p l v I np  this inter--
pretation leads one t o  conc lude that a l ig nment q u a l i t y  prec eding fro m best

• to wor~~t is :  HER l.~. R , 10 , 9 The f r inge  sv t e i  o~ HIP  11  d o -  not
nppea c - ic  a ‘~ iripl . ‘ -

~~ s ’ -  -~1 t he ;ubnv, and may he tw o cv - i t ,  -- n t r c r i- - p nse- 1 ,
a f l i t — f l a t  n.s ’ i t t i  - , — - o h - t  ic . i l.  lJu i~ pem i l - ic  I~~ Nf l N , ‘ io n n r i C ’ 4 -

f r o m  t h e  a j i p ; u r c n t  -~~~ n t r . t l  b r i g h t  r - g i I , ~ i i _ u d  th e  t - . - ’ f i ir lv  — r -i i g ht lii i
fr inge -i ad )ac. ot  t o  i t .  1 t 0  j n

~ th~ c o , J r c e  of t h i C  ex amin a tion , a pre l ’in rto r
u -heck  of frin ge u -1 i , l n g t -  w i t h  t e m p e r a t u i - t - ‘ i s- inc  a I - o l ’~~l e v - i p ’~ r n t i o n  c .U C
;icr~~ mp J i c h e d .  TIn- - I  f e c t  -1 c- ’ol inn t l ,  r o ar  m irr o r 1) — m o - i t c h  j u nc t i o n  wa~
q u I t e  - i t t i c e i h le  ~..‘h I Ic t h i t  o f  coo  I i pg the rn! ~~~~ i n s  i en I f  I n i n t  - S ic- i 1 -u r
u - f f e , - t s  of  I , ’m s t - r - ‘ l a i n i t  i i , -  v- -r e  0h 4  • , - ‘ n - d  u c in e 1~~- i t  t o  - 1 .  ~ -~t e  t h e  tem p - t a —
t u i r i -  o l  t h e  l u n c t  i on .

6 .  J. W . St r n zv~ , t o  h pi uhi i s - h i .
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Observations of the interference fringes during laser pumping
demonstrated that large and rapid changes occur during and Immediately after
pump ing. It is felt that these changes are induced by temperature gradients
in the junction , either from direct pumping , conductive heat transfer from
the cavity or radiative—conductive transfer from the pump lamp electrode
area which is in near contact with this portion of the cartridge. A possible
relationship between these observations and certain laser performance , as

w i ll he des cr ibed , most likel y exists hut was not criticall y studied.

3. LASER TESTINP

• Active tests were limited to measurements of specific parameters pertinent
to successful inclusion of the HER cartridges in Mini—Laser Rangefinders or

— Laser Sights. These include: threshold energy for a single pulse , correc ted
beam divergence (energy in the bucket), obs erv at ion of spa c ia l  beam qual ity
and position , and double pulse threshold if single pulse threshold was less
than 2 joules. Data were -‘ollected to determine if the original design goals
were being met and to n-~cortain whether the HER alignment procedures were
successful

T u e  1as~~r piimpi uc I -U v  it \ vat-i the same as used on p rev ious  cart ridge
tests and consisted of a solid P~’1M~\ pumping cavit y with the outer wall
spray -oared with barium sulphate. The s o l i d  c a v i ty  serves to  hold  bo th
t h e  l amp and c a r t  r i d g e  in holes drilled to  accep t  each. The barium sulphate
u -oUt ing p r o v i de s  a d i f f t i s - c  r e f l e c t  i t i c s u r f ac e  t i i  a s s i s t  in  a c h i e v i n g  a more
u n i f o r m  pump ing c o n d i t i o n . An F( 1~ G xe non gas lamp, F X — l 3 ~ — 0 . h , w i t h  a PE N
h av i r i g G I I m i c r o l  a r o d s , I. = ~~ m i c r - d i e n r i c s  was used to  pump t h e  laser
rod . The r e s u l t  i n g  p u m p i n g  p u i s . - w i d t h  i~ a p p r a x i m a t  - l v  (iS microseconds at
t h e  h a l f — i n t e n s i t y  p o i n t s .  T h i s  l amp survived the entire t ’ ct  sequence  and
an excess of 10 ,001) sho t s  wore a c c u m u l a t e d  on it vi th oii t s r  i ou- ; degradation
in operation. .-\ t  t he - -‘ line h i s  ion ot the t i - s t  se r I e s  t i n-  l imp w i l l  was sl ight ly
crazed ” and exhibited some disc olor ation.

I a c er  ene rgy  out put was m ac t i r e d  through a v .lr i u - i -  an- rt ui r e located
at th~ f o c a l  p l a n ~- of an iinco ;itod 1.0 meter f o c i l  loni’th lens . The m i n i m u m
ape r tu r e  s e t t i n g  cer re spond e d  t o  apnro--:ima tcl v a 2 m l i i i  r a d i a ,  hi-ar d i v e r -
gence wh i le  the m a x i m u m  open ing v.15 on thi  o r c i u  r of  ~~~~ mi l l i r a d i — i n s .  T h e
s— lic e pe g  Pad i o’~’ - t  r r used th  r o i i gh o u t  t ho  ( - ‘ a r t  r i d g -  pro: rat’- vi’ ; - - -‘ed to

t h . - p ie  ( - ‘  i i ’ -  r~~~. au - c.’ - -~ I ‘I er r  m r  lit n i u m h . - t  01 p uls e s  - r e c en t .
Ream qu a lity and c-- u n i t r were  \- .1 l - - it - - !  ‘ i s i n i  - i  ( I f V  -: . - 1 c m  • - - j t } ’  .l n l — r i i - t u i a t u -
filter s - .

I . u - ; r - r cartr idc e u n i t s  w ith s t - ti-li r e sop at o r c  ar  knou. ’u’ t o  h ave — t i l t  i n oj e
01 11 put wh i ch leads to 1.- ir~~ - beam d ic e r  ‘c’ncp and non—’~~ i I - i c -  i t  cnsit~-
d i s t r i b u t i o n s  (“ hot—s po t s ” ) - —‘a!d jt 1 , - n i l  l v ,  t h r m i i ; .h siic p -c t c I  j n t~~r . e t  i n n
w i t h  the c a t i u r d - l i - absorber , lower s in:  Ic put ct 1.-ise r e t  I i c i e n c v  - m d  a
te ndency to mui l ti—puls e , hive been at t r ihu it od  t -  the p r - s t ~n e  - I  t in-cc higher
or der modes. 3 The H E R design was implemented to increase thu lowest i r d c r
mode vol ume thereb y decreasing the described higher order mode deficienci es.
Fur tHr , the l owest order mode of an unstable resonator s h o u l u l  have a uniform
amplit u de distribution and in output phase front ciir vat ii r - - amenable to
correction with a simple lens or lens system , pr oviding a minimized far-field
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d i v• -r gence.  Cons ide r ing  these  f a c tor s , o n ly  c o r r e c t  -d beam paramete rs  were
- - -- :anuined and recorded u s i n g  a smal l  a d l u s t a h i e  t e l e s c o p e  or c o r r e c t i ng .
I b i s  - ; v s t e m  was a d j u s t e d  b r  each c a r t r i d g e  to y i e l d  the m inimum spot s i z e
in  the plane  o f  t h e  aperture. A hack  f o c a l  l en g t h  of I ~ t - - 17 cent  m e t e r s
was found to v I eld the be st  w a v e f r o n t  cor r e c t  ion . Thd-st measurements , coup i ed
w i t h  1 -- c, - r v i t  ions of beam qua hitv , are a p p r o p r i a t e  t o  in t a l u i a t  i o n  of t hp sr

110 it s f i r app i teat ion  i n  r an i~ef inder  d e v i c e s .

-~~~. I ASPR PA T. -\ AND DBSER\’ V II ONS

A l though six HER u - a r t  ridges were i abricated I or test ing , o n ly  f o u r
(HER 8, 10 , 11 and 12) were fiil l v  tested . HE R 7 was d a mag e d  I t i r  i n c  t h e
testing and HER 9 would not fit ph ysicall y into the pump ing c a v i t y  due
to the close proximity of the lamp. Dat-i plots of energy output , normalized
to full aperture values versus receiving aperture radius , have been prepared
fo r  these cartridges and are presented in Figurt - 2 . P e r t i n en t  n u m e r i c a l
data describing threshold energy , double pulse threshold , percentage of
energy output in 2 mi l li ra di a n c (corrected) and efficiencies , have been
tabulated in Table 4.

- - Cartridges 8, 11 , and 12 could no t  he pumped at 2.0 j imui les input due
to  doub Io pulse opt-rat ion. Ilowi -v er , in m o nit o r i n g the enerc-. output f o r
- r t r i d g e s  8 and l ’ , w h i l e  i n c r e a s i n g  the  i n p u t  t - i w - a r , 1 -~ 2 . )) j o u l e s , it ‘cis
l e t -u -m i ned that no s- i g n i 1  icant additional ‘n -rg: was bein g e~~~r a c t e d  at t ile
higher inputs uintl 1 double puls e threshold is u - - . lie d. This conf ’rm s t o
this type of “Q” switch op er a t  ion .

All o f  the units tested -x li i hi i t ed a rel at j.’i- l v h igh Sen - i t i v i t - -  to
t h e  rate at which d a t a  w i t ak en  -i s  w e ll as to the total number of da t a
sh o t s  in a series. Thus , each cartridge was pumped at a rat - which
-i llovi -ul the initi a l data points to he repeated. In general , rates of 2
- i i i  st -s per m i n u t e  t o  I p u i i  cc per  2 m i n u t e s  w e r e  p o s s i b le .  i h -  ap p a r e n t

i - f t  i t  of o p e r a t i n g  a t  too h igh  a pump i ng  r i t e  — i s w e l l  as -u l o ng  da t a  ser ies
was to  l ower the  s i n g l e  pu lse l a s e r  t h r o s h i o l d  t c m p ’ ’ r a r i l v .  HER 1 2  ~~is

be leas t  c e n s i t i v e  to  t h i s , vii i I i  Ht ’R I I , w h i c h -  v j ~~lded the highest
f u l l  a p e r t u r e  e f f I c i e n c y , d e m o n s t r a t e d  a f u r t h e r  a n o m a l l ’  in  t h a t  t h e  beam

• “b r o k e  up ” a--i the r a t e  In c r e a s e d .  E x a m i n a t i o n  of t h i s  effe ct using the
CCIV sy s tem , w h i l e  m o n i t o r i n g  the energy t h r o u g h  the  2 m i l l i r a d i an a p e r tu r e ,
v e r i f i e d  t ha t  the  beam was  d i v i d i n g  about  t~~l -  a x i s  of ob -ue r - .- ; i t i o n.  When
HER 11 was pumped at I p u l s e  per  2 m i n u t e s , a h ic l i l”  c-,--rr- - t ri c output  v— is

- - h f - u  i n -  -~ t l~~- r a t e  v u  i n — ’ - - a c i - d , t h e  ( s~~o t )  di’ - i1l1 -~ into I v ’

lob -s which ce p a r at  ~d about t h e  ixis lint i I n - i  r n ~ r p \ - - a —  ~ s c  i n :  t h r o u g h
tb i p r u — t u r - . A l s ’ -’ , it ‘cis note-I that at  t h e  I p u l s e  ;‘ r 2 —uin n t es rate.
— zj m j lar o p 1  it t ing  w as  ohseu~ - - ’l . af t e r  j o  - c  more shot s . by - ert i ng the
d i r e ct ion of t h -  beam spl  i t  t i n g  and r e l . t i n g  i t  t o  t i ’ - - i  c i v -  i n t i -rfe rci”i- tric
examination , i t  v i  de t ernint -d t h at th i - i t - a r t t e n  w a s  n - c u r l i n g  al ’ng a
parallel d i r e c t  ion  t - a notma I c o n n e ct  i n g  t I n -  two l a r g e  I r i n c -s - th u s , t h i s
sp l i t t i n g  may b~- a c u t  f r a c t i o n  i - I f - -ct due to some un ebse rvah i .~t - f e c t  in
t h e  cartrid ge bond or indeed a change from predominantl y l owest o rder  mode
operation to hi ghest order. The remaining cartridges exhibi ted only minor

7. J. W. Strozyk, J. Moss , Jr. and J. Hynd , “Ligh tweight Small
;. a. .~-r Transmitter Design fo r  Ran ~~e f in d er s , ” 115 Army S c i e n c e  C o n f e r e n c e ,
~‘e ; ’ Point , NY , - June  1 9 7 2 .
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beam changes relating to the repetition rate or number of pulses. In each
case though, the general trend was toward a sharper , more defined spot,
These effec ts are apparently related to thermal processes, either directly
due to pum p ing or possibly heating of the PMMA pump cavity. From the data
plot in Figure 2 for HUR 11 , it should be noted that when pumped appropriately
more than 95% of the output energy is contained within a corrected 4 milli-
radian beam divergence. This is to be compared with 80—90~/ for the others.

During testing of HER 7 it was found that measurements could not be
repeated at any reasonable rate of pumping . Al though the energy output , f ull
aper ture , rema ined steady at 0.6 millijoules for single pulsed outputs , the
input threshold energy reduced roughly with each pulse. In examining this
effec t , the car tridge was subje cted to a rap id f i re (3 pulses per minute)
sequence wi th a res ult ing change in threshold energy from approx ima tely
1.6 to 1.3 joules . After several hundred shots It was noted that the output
energy dropped from 0.6 millijoules to 0.3 millijoules at which time the

- I test was halted . Upon removal of the cartridge from the pump cavity for
study under a micr oscope , the rod physically separated from the Q—switch
element. The epoxy bond at this junction had failed and examination showed
that the bond from the PNMA to the dielectric reflector separated over a
large area. It would appear that the rod to PMMA bond started failing near
the rod axis while the bond at the PMMA—dlelectric started at the outer edge.
When the drop in output energy occurred , a tempera tu re probe loca ted
adjacent to the pump cavity registered an air temperature of 70°C. The
Initial air temperature was 280C during this sequence. Considering the
high temperature , this failure in no way detracts from th e design since
the operating temperature greatly exceeded all anticipated conditions.

Upon completion of all laser testing , the cartridges were inspected
for damage using a microscope. No notable damage of the “

~~~~
‘ switch element

was observab le, however various defects or flaws were present In the vicinit y
of this element , either in the epoxy bends or the PM?’IA itself. HER 10 and II
appear to contain sural~ scattering sites which tend to  cluster together.
Unit 11 is by far the worst. The sites appear as bright spots under white
light illumination and could he gas bubble voids or Impurit ies in the cpox~~.
HER 8 has 3 small flaws of this type while 12 appears to  be free of this

• type of defect. HUR 12 does have a small sleck or scratch in the region
of the “Q” switch. Inasmuch as no pre—lasing examination was performed
at ERADCOM and each cartridge was lased prior t o de1Iver~’, i t  cannot ~‘u

acc us - ‘telv determined whether these flaws were created —i s a result of laser
operati on . It is b e l t  that they are most likel y not laser induced , s i c .  - -

other cartridges which were purposel y damaged exh ibi t ed h l - i - -kened regions .
There were no areas of bond separation observed in the remaining cartridges
8 through 12.

5. Drs cnssroN

Outward ly, examina tion of the performance in Table 4 and 1he goals of
Table 1 lead one to conclude that one HUR cartridge ret or exceeded the
design goals. Fpon allowing for energy losses in the opticil system used
for the measurements (estimated at 10—15%), units 8, 10 and 11 ex ceed or
are wi thin experimen tal error of yielding the desired output. H1’R 12 is

11

- 
-



-
~~

--
~
---- - -

~~~~
-- 

~~~~~~~~~ -i’-~~~~~ —

w i t h i n  2 ’ - ’~ of the energy output in 2 mil liradi ans and has the lowest value
cut t h e  s er i e s . More significant , however , is  the relative improvement in

or nan - -c t u b t ht ’se assemh l ii- s over p r ev io  lv t e st i  d u n i t s  of t he  stable
resona tor  t v p t - , and i nit i al tIE R de s igns

I)urin~ the e.irlv e f f o r t s  to d e v i s e  .i u n i t i z e d  l a s er  c a r t r i d g e , the
I I l t I l , i t  i c  i i  l t / i O n i a\- t -  r~~s - ’ uuu t o r des 1gm yielded few u u n i t  w i  t hu  ~re;I t I-r

t h a n  I .  ~ m i t t  ij ~~u l t ’  output  t ’n er gv . T h i s  t n e r g v  SF - contained w i t h i n  a
l u l l  h~- .tm ol  1 2 — l i  m i l l  i rad i ans t v p i i - i h l v , and was sub j e c t  to beam wander ,
hr~- - I k—up and h u t  - ip e t  S I S  s e l l  as m u l  t i p l e  p u l s i n g .  1 114- s i -  p r ob l em s  s e ver e ly
l i m i t e d  t h e  p o t e n t i a l  a l ’P l  i c . l t  ions  ot t he  concept  w i t h  r espec t  to m i l i t a r y
t ’q uI i p~~

-
~’ 

I s

I n  Liii- in  i t  i - u i  phases of d e v e l o p m e n t  of the  t I E R  des Ign , various units
wu’us- tt -~ ted t o  t h e  ~.-~m -  goals . 8 These assemb i !i ’s , whil e yielding threshold
‘.-nt -r c i t -s bel ow 2 . 1)  ~otiies , e x h u i b j t e d  o u t p u t  energ ie s  w e l l  b e low :‘.O
m i l l  ij o i u l e s  l i i i  1 beam . F u l l  beam c I t  i c i en c ie s  r a n g i n g  f r o m  0 .02 ’  to 0.22

we re obt ~ I m e d  with output energy in a 2 m i l l  ir ad  ian beam b e i n g  less than
1 •() m i l l  i j o u l u -  . E l t i c  i i-flcv , for t h e  energy  o u t p u t  i n  2 m l i i i  r a d i a n s , ‘- a r i ed

m m  0. fl ~ t o  ( I . O~ . (o1 I m a t  ing ef ic ien c i e s  f r o m  1’~ to  l~~ of the ful 1
hi - am c o n ver t e d  to  2 n i l  I i  r a d i a n s  were  p reva  t e n t  . R ep ea t ab  i i  it ~

- and ~ons is t en cv
ron u n i t  to u n i t  were  p o o r .  The present units , in comparis on , have demon—

st r -u  J ~ r i - i t t -r  c o n s i s t  ,-m-v w i t h  r e s p e c t  to all p a r a m e te r s .  Th re sho ld
u -nt -rifles are b etween  1. ~~ and 2 .0  jo n  l i - s .  F u l l  beam e f f  ic  lon e  ii ’s are f rom
- - I 1 to 0. 1 h , while t i l t - of t~ ic  iencv  f o r  o u t p u t  in 2 m i l l  i r a d i u n s  v a r i e s
r um 0. O-~~ t 0. ii . Coil m a t  ion i-f f ic ienc it-s t’hta m e d  arc higher than
r i-v i O t i s  I v - I t  t a in a b  le  Li pp ro ’~ 1 na t i - I v TO or  no r i )  and h i-an -~ id-’ i l i t  \ is

t -x~- i-i lent.

I- . i ) \ ( 1~ SI I~~~S

Ilue adopt ion and di- v t - h  opmcn t - ‘ I the lIvb r i d  Ens tab Ic R e son a t o r  st ruc t tire
h i s  ;Ic i -empl  i~~i i i -d  i t s  f u n d a m en t a l  purpose  of i m p r o v i n g  p u l s e  to p u l s e  s tab  i i i  t v
and in ri - a s in g  t h e  c o l l i m a t i o n  e f f i c i e n c y  w i t h  no n o t i c e a b l e  ho t  spots .
T h i s  has heen ach i u - ’ ,’ u-d  it no increase In  t h r e s h o l d  u -n t - r e v  and indeed  has
w i d e n u - , l  t h e  “window ” between s i n g l e  and d o u b l e  p u l s e  laser thresho ld. Although
t h e  l i m i t e d  number of u n i t s  t e s t e d  does not  p r o v i d e  s u u t f l c i t - n t  s t a t i s t i c a l
l i t  .1 t o  d e t e r m i n e  w h i c h  s p e c i f i c -  p a r am e t e r  chance would i m p r o v e  t h e  ene rgy
- f t  i c i t -n c v , i t  seems p l a u s i b l e  t o  e xp e c t  l i t t h i -  I f  any  Impac t  on the  c o r r e c t —
d l i - d i - - - r e 4 -n i- v a l u e s  - ‘ u - the t I E R  s t r u c t u r e  I or m i n n i -  des  I -~n c~ anszt-s.

Oh’: i e u i s l v  dv i -  d e n s i ty , output - t ’ u u p l  in g ,  m l  r r o r  u u i  i i  and r i - f  i n em en t  of t h e
~-~i-nh l v  process con Id lead to an en er g \ -  o u t p u t  i l u - r i - -ise . S in e c  t h u -sc u n i t s

u - h - -  - L n u - ! for 1.0 A t - \ i dopant c o n cen t r a t  i n n s  and t h u  l i s ~-r rods had
~fl ’ i~u it i-r dop -int pr -si- n t , t he p a r a m e t e r s  w i - r i - no t  opt hour- I or efficiency .
Pri o r to i n c u s  ion of t l i  i s  t IE R c a r t r i d g e  laser  dt- v  i ‘

-
~ In n il it arv ( ‘q l l ip men t s

- -~‘t i nL - .u t ion as w e l l  i- — u- ~:aminat inn ot the thermal - ‘bst- rvat ions nuo- t be p - u —
t o rmod

8. R. Wr ig iu t , Private Conmiunicatlon .
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METRIC CONV ERSION FACTORS 
_ _ _ _ _ _ _

Appr sximats Convs rsioes is Metric M easures —~~

SymO i Whi m Vii Itmuw Multip ly by Ta Find Sym bol

a —

LE NGTH _ _ _ _ _ _

fl ~ ChSS ‘25 c.ntimster5 cm 
____________

ft f ist 30 c.nt,rn et.p~ CT ” - 
—~~

yd yards 0.9 “ ,t.v ~
mm -m usa 1 ,6 ~,4Omstsrs km —

AR EA

square nche, 6.5 ,~uare C.nt. m.i.rs ~~~~~

u-i ’ square f eet 0.09 square meterj

yd’ square y ards o.a sq uare mne~erj
m, squar e nile~ 2.6 sq uare s4o,n,te,s

3Cr~~S 0. 4 “ .dare, ha

MASS (wsi,ht)

OUflC5S 29 grems
lb pOu.’ds 0.45 N.IoV.ms kg

shoyt uov,s 0.t~ “ P?r,c tof u —

2000 bu

VOLUME —E

ISO ø5S~O~~ S S -n,II,I,ter ; “1

Tbsp ta bI s~~ons ‘5 -.‘ IhI.ter, ____________

41 01 4 uu d ou nces 30 -.,,I4,I,tpr ~ n I  —

C ~UQS O. Z 4 tars L
Di ~ IfliS 0. 41 .teri —

it ~ aar1s 0.35 I f•,-s L
ia jailon s 3 .3

-:ub ,C $eet 0.33 cubiC mat.,, ____________

:u bsc yards 0.76 cub ic net.,, -.- I

TEMPERA T URE (exact ) _ _ _ _ _ _

Fa~,renP,e’t 5 9 after Ce lsi us
‘iwn perature %ubtra Ctmn g uar’gS rature — —

32I

2 ~-4 ~ —‘ ,~acu i
‘5a —
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Apprsxi .ate Ceeversisus fr sm Metric Measures
.4

= .4 -

= Sy b.l Whim Yi i kuew Multi p ly by Ti F,.d SyMil

= .4

_ _ _ _ _ _ _ _  
LENGTH

tin ‘
~~~“ 0.04 inches me

_____  cm centimeter. 0.4 inches IC
_ _ _ _ _ _ _ _  

m mets,-, 3.3 feet ft
• m msl.rs 1.1 yards yd

kin Iilsine~~,. 0.6 m,I•s I’,,

_ _ _ _ _ _ _  AREA

— ‘eta’. c.ntlms~ r. 0.16 qu~~~ ~~~~~~~
m2 square mets’. 1.2 square yards

_ _ _ _ _ _ _ _ _  
aqua.. tilwnaSu.. 0.4 square miles i,.2

• ha .clares ilo ~~o vn2I 2.5 act..

in

4 MASS ( w.i~~t)
—

0.OZ oun ces
— kg k$u~ rsi~s 2.2 pa.~~.— t Ineele tses (1000 i~j  1.1 hoil mis

=

VOLUME
=

ml mil lil it ers 0-03 fluid minces H

• L lIars 2.1 PInts ~1
L. liters 106 quarts qt

L liters 026 gallmis gal
in3 cubic -nets,~ 3$ cubic feet

— in3 cubic “ill s’. I .3 CubiC yards
-a

T EMPERATURE (exact)

- C C•lsi~ g 9- 5 then J ahrenhe, t
ten~ Srature add 32) nuOerature

= 4’i ____________________________________________________________

5,

.4 
or 32 9$~

—40 0 40 SO I ‘20 60 200
= . i n 4 . . a a . p . a a a a a

F T I m I T I u I

—40 -20 20 140 60 50 00

__________ 
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