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2098337 - 1- C}SNVTCHED LASER W TH STABLE QUTPUT .. AND METHCD OF MAKI NG. THE
SAME Thi,s invention relates to C}smﬁtched | aser sand nore particularly to-a .

@

~Q swi tched | aser. ‘havi ng an output of high stability.:5 -~ _ In Qszrgtg:gg 7
P

Iasé(?‘of the prior art, the difference between the nodul ation on t

_-beam by different de- caying RF signals <pntributes to instability of .a.
~_certain portion of the |aser output and the magnitude of this |nstab|I|ty o
TL%S a function.of the gating-repetition rate. 10 Instability is also caused;-_j

y-varyj ng |nput povver ,Q-esﬁngHEmlmmmlersmgLE)tmpﬁtact or that:

nodul &t'es ‘| aser - puI se build-up tine. In.its basic concept, thi s-invention

‘provides.a. Q 15 'sw tched\mastETHﬂD OR) MAK ENG | THE %M%ynchronl zing the
l-aser gatlng pul ses and the' phase of the RF signal. It .-is by.-virtue of

" the for egoing basic concept that--the principle. obj ect i ve-of this -

i.nvention.is-achieved; nanmely to overcone the instability of |.aser. -Qut'put"'

charae- .. 20 terizing_C}smntched | asers of ' the prior art.. -2

ThlS 1nventlon relates to Q-switched lasersand more -
partlcularly to a Q-SW1tched laser ‘having an output of '

'-hlgh stablllty.f

5 In Q~sw1tched lasers of the prlor ‘art, the dlfference =_-:

between the modulatlon on the laser beam by dlfferent de-_:.;
. caying RF. s1gnals contrlbutes to 1nstab111ty of a certaln_”
'f portlon of the 1aser output, and the magnltude of this .
'anstablllty is a functlon of the gatlng repetltlon rate.';
10 .Instabllltyzls_also caused by.varylng 1nput power, cav1tf_':
galignmeht;'orfany-other factor}fhat modulates_laser pulse':

buiid-up_time.

. In 1ts basic concept,_thls 1nvent10n prov1des a Q—
'i5-'sw1tched 1aser of hlgh stablllty by synchronlzlng the laser

catlng pulses aﬂ the phase of the RF signal.

It is by v1rtue of the fore901ng ba51c concept that Tt'jf

' the pr1nc1p1e objectlve of thlS 1nventlon is achleved,

-namely to overcome the 1nstab111ty of laser output charac-'"IfL

.20 'ter121ng Q—sw1tched lasers of the prlor art. -



Anot h bj ect of thi s invention is.the provision of stltched | aser. of

the ¢ @s descri bed characteri zed in that when the gating repetition. rate Vs
|s vay'i4d-to produce |aser out put Q swit:.ched. pul ses of. diffeerent rates, a

: ‘produci bl e output is obtained.- Anotter obj ect of ‘this inventionis to . -
prow de a nethod by -which the output of Q switched | asers may be rendered.

N hi ghly stable. The foregoing and Oﬁtﬁ obj ects and ,advzi_;]ta ges of .this 10 - ,\ ,
invention w il appegthexoebigect @ ify ptentian ds fhe) PF‘PYShSi?ﬁkeﬁ i n O

. ‘connection with the, acc an raw,ngs o reJc er enmbodi nent _
“is a schemat QCSEI’-&E'PFFICQ-I%&%@IErﬁqﬁ I‘i}s%sat‘{%% ét%‘-ﬁ%"?h%’d"é‘ﬁ i"r’éans' o

for. produgi n 10t out S\ tch d I'aser ordance with. -

t he Bresent énf"?' tt%ﬁ eé’ﬁ% epgert%rmo(nr e‘?es]eﬁ"lt a;ﬁ °a95?§’r"é?| ty

of a electri

t%q‘{ 0] ut :

o illustrati ngieﬁg\gaﬁe §t o} sf'ﬁan c%dn\cp‘?\lt | ona acous%‘s&;rz P"Steg 8 re-
.QSV\HCm;d Wg uc:.'b@.e Jdthut TR TR esentation of a pl ural | ty of’
electric orms show e

g one of the vvaveforms of Fig. .2 on a
- time-expanded scahgodhdy ldpsEd@tdMahe TRVEIY i del i!‘.@'@@ pfoirfdéyacﬂﬂéEHbEEd

-1 n- accordance with the preSent 25 invention.
Fig. 4-is a-byaghaenaithes Suipt cbiel@@mra{edilmmqﬁa bediéhastean of

Fig. | illustrating an alternative net hod- and means by I-ch to produce a -
hi gh stabi li hﬁ_ghly stable, ' . : . .

The fore301ng and other obJects and advantages of thls jli
10 1nvent10n w111 appear from the follow1ng detailed descrip-f.‘n.
-tion, taken 1n connectlon'w1th the accompanylng draw1ngs
- _of preferred embodlments.
Fig.;l is a schematic'electrical3diagram'iiiustrating_e-
15 the method and means for produclng a hlgh stab111ty outputf
. 'Q-switched laser in accordance with the present 1nventlon.f'f*f;
Flg. 2 is-a’ graphic representatlon of a plurallty of | |
a electr1ca1 waveforms of electrlc 31gna1s and laser .out- i
'put lllustratlng the operatlon of an conventlonal acousto-'
20 moptlc Q-sw1tched 1aser.- |
| Flg..3 is a graphlc representatlon of a plurallty of.
.electrlcal waveforms show1ng one of the waveforms of Flg.'“'
h2 on a tlme expanded scale and 111ustrat1ng the manner in
' whlch lt is synchronlzed in- accordance w1th the present
25. '1nventlon.; “‘-.f '_'-_f : _-f 1. - |
. Flg. 4 1s a fragmentary schematlc e1ectr1ca1 dlagramjiunff%ff
.:of a modlflcatlon of Flg. 1 lllustratlng an alternatlve EE

method and means by whl.ch to produce a hlgh stablllty

Fir=,



3..Q u put Q sw tched l-aser in accordance with this invention. For purposes -

Lof il Iustratlon Fi.g. 1 shows schematic- ally the structural arrangenent. .

.oF a ventlonal acousto- 5 optic Qswtched laser.  Thus, an eIongated""[”
Nd: Y rod. 10 is mounted in a heat exch%p ger 12 t hr ough mhich a cooling
'I|qU|d is circulated by nmeans of a punp T4 and the inter- connecting plpes

16 and 18. A-second heat exchanger 20 ; enC|rcIes a: portion of the .
upstrean1p|pe 1 | t [ at"
exchanger  12. Tﬁ’e‘jr’giectic)(rqg dr1"5e1%ct':gl{eéxdch]'raza‘ra?g:léefr %%té)%odl ca éyé g%‘%}f géetg{%ogdﬁvégehgﬁ

means of. tap ‘wat er. The-ends of the laser rod 10 are. exposed so that  its
?Iongltudlnal axi s extends ‘unobst ructed between mrrors 22 15 and 24 spaced

outwardiy fromthe opnasige:fosls Wt tﬂqtfm:atﬁ‘rmlqs? al séhowé | §eRématic- .
.

contlnuosy punped I'ight ‘source. For the YAC |l ustrated, the
tight source is aau.llsf WHe s e thargl 2renigweeimd d £ caweet 28nol déoesto-
current. .20 - An acousto-optic Qswitch-30 is shown interposed between :

the mrror 5t argptiie Q?—(E\iitﬂhemgla-mxt.of THes y arh Elongdieed) Kdt t YAGi sodat ed
at a predetermned repetition rate by neans of gating pulses P produced by -
a- repet i t i on ratH) o&lmdtmmd 3n mdleanalemhattga' r]é’pethtwu@hrmhecgaaecoollng
',llquld is c1rcu1ated by means of a pump’ 14 ‘and the 1nter-1~
b.connectlng plpes 16 ‘and 18 A second heat exchanger 20
3;Eenc1rcles a portlon of the upstream plpe 18 for cooling '
le:'the 11qu1d priorx to its return to the heat exchanger 12
B The second heat exchanger 20 typlcally provides coollng by
means of tap ‘water. - ' -
) : The ends of the laser rod 10 are’ exposed so that 1ts _'
llongltudlnal ax1s extends unobstructed between mirrors 22 |
.“h:15" and 24 spaced outwardly from the opp031te ends of the rod.
| | The laser also includes a contlnumdy pumped 11ght.7
rpsource. For the Nd: YAG rod illustrated, the light source .
is a krypton arc lamp 26 connected to a source 28 of dlrect
; _current. |
r20*d o An acousto-optlc Q-sw1tch 30 is shown 1nterposed between |
' :.the mlrror 24 and the confronting end of the rod :- '
:_10.' The Q-sw1tch 1s gated at a: predetermlned repetltlon
.'rate by means of gatlng pulses P produced by a: repetltlon ;lt;d
H'rate osclllator 32 and applled to a. repetltlon rate- gate
':25.3_34 to whlch a gate 51gna1 G is applled by a gate s1gna1
.'.ifdsource 36 The gatlng pulses P normally are applled to rjdt;
aan RF gate 38 to which an RF 81gna1 1s applled from an RF 'h

' oscxllator 40 The gatlng pulses P 1nterrupt the RF



'4 to mhlch a gate §|gnal Gis applied by a gate-5|gnal source 36.
F ing pulses P normally are applied to an RF gat.e 38 to-which an RF «~
Si (R is applied froman RF oscillator 40. The-gating pul ses P |nterrupt SN
' . - 4--.signal -to anpllfler 42 and hence to Qsw tch 30. - During. B
- thls time of interruption the |aser "edt<put pul se L builds up and 'S .
_,enttted fronthe. laser, In accordance with this invention,:the Jaser- output
5 “.fromthes@gnal d:'rme(anipdséiats 42 et é@ﬁﬂ@tﬂ:q’ Qf%tbiécby39Lechr¢agl f‘*_ "
synchron|2|ng t he Qnsmntc ating signal ‘and the phase of the RF'si naI 1-’jﬁf
driving. thetbignitise ofl dateryupidagattibey assml outpakyppisei bubui Qhase.:ﬂil
of. t.he RE signal produces nore stable C}SMAtCh out put pul ses, because the:
10 "decaytnype@ﬂgcﬂﬁaqml QﬁQI@fQﬂgﬁhﬂ lager¢ s turned off by the gatlng
si gnal nndulates the be ni ng of. tggilaser mpr as Jjt- EUI|dS up in the -
| aser cavity. Ing at°r?é’ ancs Fidh FAR SNYHRE IRl BRe ohaSATT RBEPYSer

i G %t%'esrtétstftedw A e ?'_“
Nocese) ve aBlErEES tlg’ﬁvy a5t sale ¥he XG0P o 188 S TR0 Rpe
rmodul ation - Othkﬁi%%sgykﬁytmﬁyhﬁe%lgnal dr1v1ng the Q-sw1tch Locklng

the gatlng 51gna1 to any partlcular phase of the RF S1gnal'

produces more stable Q- sw1tch output pulses, because the: fl -i"
10 'decaylng envelope of ‘the RF s1gna1 as. it is turned off ' _
;_by the gating s1gnal modulates the beglnnlng of the laser ;ib;t:
spower as it builds up in the laser cavxty. It'is the |
'dlfference between the modulation on the laser beam- by
dlfferent decaylng RF 51gnals wh1ch contributes to a ._
-tlSI 'certaln portlon of laser output lnstablllty. Locklng thelf-?;.ﬁd
| gating s1gna1 to. an arbltrary p051t10n on the RF 81gna1
of any f1xed phase, causes each successxve decaylng RF ft:
"envelope to be s1milar and results in unlform modulatlon.
- of laser output pulses.t | | __. |
' Zo.d,;'d- Referrlng te F1g. 1 of the draw1ng, synchronlzatlon |
| -of the Q-sthch gatlng s1gna1 and the phase of the RF |
'_51gna1,_15 achleved by 1nterpos1ng between the repetltlon _
'rate gate 34 and RF. 8ate 38, a2 SYnchronlzer 44 Whlch func-'h’bﬁd
tlone operatlvely to 1nterconnect the output of the repetl-fjﬂiﬂh

25 'tlon rate gate 34 and the RF oscillator 40 to synchronlze ﬁfsz.

. the laser gatlng pulses to the phase of the RF 51gnals.i=?5”_




20 ' Referrlng t o F|g 1 of the drawing , synchronization. of the
SMAtCh .gat-i ng S|gnal and t.he-phase 'of the RF signal,  is achieved by
ter |ng between.the repetition rate gate 34 and RF. gate 38, a.

synch oni zer 44 which-func-: tions oper: ﬂvely to.interconnect the output

" of the repeti- 25- tion rate-gate 34 and the RF oscillator 40, to , "

-synchroni ze' the | aseA ﬁ?étﬂﬁléueﬁBédiﬁehEethﬁﬁé 8 nche otz 0% Sis an 5 5

A~speci-fic enbodiment of .the synchronizer 44 is an’integrated circuit 7474 .

"D-typeflip-fl opnteghbatedt pilkcuptl 3@34be-t9pet fi¢ i peifdiopt.i OTheatctitgaite 34 .

-are - applled to the Dinput of the flip-flop 44;-the RF output fromthe . . -

oscil-.5- . Iatopul@essPaﬁpbmedheorepetrtﬁok rapetgatetBé falrdepafppdiedand tHte

©out put- .of the. fllp-flop is connected to the input of the RF gate 38. .

Referring to Ft@ igput ofiethieafilipgflopetés - the BBl outpRti £roiowhe osicide
expanded- scal e, . for C%SFIt -a5500|ated 10  with a sine wave output from

the RFE osci?latbator|40uisi apa hﬁﬁr5€|5h%dctﬂﬁk ipeusuofutther flip-ditop; -

oscillator may be.a uar e wave any. ot h desired formaof repetitive - -
wave. In any cadld FﬁgSOBEEPFIQFth%u¥bbP Ei°8pbﬁ|88n§F°Fﬁ@ &Pb&%q AgPutof
the flip- flop,_ eéﬁb b 5@ or synchronlzes 15 ° t-he pul ses P SO that

the Ieadlng and Fi %a 8s7B¢ the .. , .

Referrlng to F1g 3 of ‘the draw1ng, one of the pulses

"P 1s shown 1n ‘time expanded scale, for c1ar1ty, assoclated B
:_ 10' ¢w1th a sine wave output from the RF osclllator. It w1ll SRR
o be appreclated that" the output of - the RF osc1llator may be'.“
a square wave or any other des1red form of repetltlve wave.ii
" In any case, h1s osc111ator output is applled at the clockp'”
| 21nput of the fllp—flop, whereby 1t clocks, or synchronlzes h"h
:15' ‘the pulses P so that the leadlng and tra111ng edges of the o
' ﬁpulses P! always occur at a partlcular.p}ace-on the ' )
'.illustrated sine'wavef_: - | o o |
It is to be noted that 1f the tra111ng edge of the--
pulse P does not a11gn w1th the arbitrary phase synchronl- :_L

'.p'20” ‘zation p01nt 46 on. the sine wave, the next. clock s1gnal

hgenerates the tra111ng edge of the pulse P'. Accordlngly, .

the pulses P and P' may be of the same or shorter or longer';i'”

| duratlon w1th respect to each other._
| Of 31gn1f1cance however, 1s the synchronlzatlon,*_
"ffh25 ”'of the 1ead1ng edge of the pulses P, 51nce it is the lead- d
| ”'1ng edge that is related to ‘the laser output pulse L. N
" The synchronlzlng arrangement descrlbed herelnbefore.”
'~prov1des the advantage thst when ‘the gatlng repetition

:_rate is varled to. produce laser output Q-sw1tched pulses



"~ that.when th

P' -al ways occur at a partlcular place on the il lustrated S|ne mave

o0 be noted that if the trailing edge of the pulse P does not align

- W'tth e arbltrary phase synchroni- 20 zation point 46 on the sine wave,
t hexrfext "cl ock signal .generates. the Tﬁalllng edge of the pulse P .

B PRl AR, SRl B AT
i St g 2o, Ui LA RO BBl BRSO e B IER I "

Synchr oni 2! s QAN indI o0 et e b AROBT EndE PN ISk eraT1AREINS

I'ng repetition: rate | vart.ed ‘t1.0. produce:.l.aser -out put

~

s

/‘~-

Q swi tched pyl s ,_eérdmg@;e A 1fksugy l?éfeﬁasé‘r &p5egughh! alesteeuht' Tepe-

obtai-ned. Thi'ST occurs tause for di

er ent tes -out put pul ses tak

di fferentstingieddh bpiddk Wrenfodelpeid teg aigﬂet;eﬁcl pegEioAsCoEdiaal y,

al t hough the aser pulses for. different repe- 5 -tition rates are

modul at ed by &égﬁ@tmwﬁvQMp@t $iisseqeenyi pgliEsearekbaph, repetdadon .

pul ses-at each repetition rate-are nodul ated by simlar portions of the
“decayi ng RF erwisd opee mddu&asquMyomimnlannpostmead ofhehendectydagoRF
Insta- 10 bility is a functlon of rate Simlarl;, dlfferlng I nst a-. '
' envelope. :

o If no synchronization 1s used the magnitude of 1nsta-

10 bility is a function of rate. Similarly, differing 1nsta-‘

f"blllty is caused by varying lnput Power,_cavity alignment,.”;fﬂlf

ﬁor anything that modulates laser pulse build-up time.
| | In the embodiment 111ustrated in Fig. 4,:synchroniaa—
. tion of the laser gating pulses and the phase of the RF
15 r31gnals 1s achieved by synchronizing an RE oscillator 40'
by a derivative of-the gate 81gnal P. As illustrated
.this 1s achieved by drivxng an RF oscillator by the out-
- put signals of the repetition rate oscillator 32, 1In this
:_manner the.RF signal is synchronized to the phase of the

_'26 f laser gating pulses P. This arrangement is particularly

*suitable for use. under conditions wherein the laser gating

pulses occur at a leEd frequency.

Although the methods and systems have been described

: hereinbefore w1th reference to an acousto optic Q-sthched 5

p25jf_laser the present invention may also be employed w1th
_pelectro—optlc Q sw1tched lasers modified to prov1de ‘RF |

. ,_?excitatlon.



.bility.is caused by varylng |nput pomer cayity alighnEnt, .or anything =~ ~2>
' tHat nodul ates ‘| aser pul se bujld-up time. In the enbodinment illustrated i [

‘g 4, synchronl za- t|on of the |aser gating pul ses and tne'—phas—e—ot— th
- RF /\ . 15 " si gnal s is achieved by synchroni zi ng '
“by a derivative of the gate signal P. - As illustrat eHﬂmn"Hmﬁl hm‘ ed by .
“driving an RE’ oscHIator by the out- - put S|gnals of *t hee nepet| ra e
scillator 32. “In-this rranner the RF signal :is synchroni zed to the phase .
; of -the-20 Iaser gatlhg pul Ses. P.-~ Thi's arrangenent is particularly. L

r suitabl e for use under conditions wherei:n the l'aser gating pul ses occur at
. a fixed. frequency ‘Al t hough- the nethods-and systens havebeen ‘described

 hereinbefore with reference to an acousto-optic Q sw tched 25 | aser, the
. present invention may-al so be enployed w tsh Tekectro- OptIC 'Q swi tched Iasers :
- nodi fied to provide RF execitation. CLALI MS 1. . A nethod of

“ stabilizing output |aser pulses, in a stm t ched Iaser havi ng a source of -

| aser gating pul ses and -a source of RF. SI nal s,. conprising synchronizing

. the laser gating pul ses and the. phase of ¢t @ RMSignals. 2. A method as
claimed in claim1l1, in which the synchronl zi ng i-s achi eved by synchronl Zi ng
' the | aser gatl ng puI ses to. the phase . _

1. A. methcd of sta.hilizing outpu'b laser pulses, in a Q-switched.
‘laser having a source of’ la.ser ga.'bing pulses and a source of RF -
_- signa.ls, ccmprising synchronizing the Leser ga,ting pulses and the .
- pha.se of the RF_ si@als.

2. A method as claimed in clain 1, in vhich the synchronizing is
§ achieved. 'by synchronizing the laser gating pulses to ‘the phase
oi‘ 'the RF signa.ls.

3. A method as claimed in claim 1, in which the synchronization
| is achieved by synchronizing the RF signals to the pha.se of the

la.ser gating pulses. B

4. A method as cla.imed. in cla.im 1, in which the synchronizing\is

:a.chieved by applying the la.ser ga.ting pulses to the mpu.‘.: of a- o
o _flip-flop, the RF signa.ls to the clock input of the flip—flcp, and

the output of the flip-flop to the :.nput oi‘ an BF ga,te the output SR

of which is a.pplied to the Q,-swrbch.. _

o 5. A method as, claimed in cla.im 1, in which the Q—sw:.tched. la.ser '

| is an a.cousto—optic Q,-switched laser in which 'I:he output of a



f the RE S|gnals 3. Amethod as claimed in claim1, in which the
ynchroni zation i s achieved by synchroni zi ng the RF si gnals to the phase of ‘-~

aser gat—l—ng—pu+—ses—4——-—A—nfet hod as clainmed in claim1, in which the- 'f',-.i—"

I zi ng | ev appl yi ng the |'aser gating pulses to the input -
of afliproHlll' ml“:ﬂ Il ﬁ to the clock input of the flip-flop, and-the
out put of the I nput of an. RF gate t he out put of whichis /=~ ~

~appljed to the stmtch 5. Anmethod as claimed in claim1, in which the = -~
- @ switched |aser is.an acousto-optic Q sw tec‘he_d | aser in Whl ch the out put . o V
of .a 1 1111111 111111 11111 11111 111111 * L -8-

. .repetition rate oscillator.is applied to a repetition rate gate and the 3

Qutput of an ¥ SRk ates o BBLAELL 10 01FLs 9818 LREAURULS! Wbl ch 1S

e sy Tir- R i S aghl y apply| ng the B
output of the . regali LiORnL HuSpPlo® éxpabh@sc@nmti@f psitéant@%&]ahfd circuit

D-type flip-flop, the output of the RF oscillator to"the clo i nput .of . the
flip-flop and t hguteutiibubhutt be vhlibp-iisl Appltiea t4ee thel @ubwitont hiey Bhs gate. 6. A
net hod as claimed in claim11, i'n which the synchronization is achieved by = -
applying a deri vamohmnihmmeslmevghbyr@nimshemwput rmﬁ‘uthe)frepéiﬁ.tsmrce B
of RF signals. = - o
g ra.te gate to the ZD input of an in’cegrated circuit D—type fl:.p—flop, '

. 'l:he output of the RF oscilla.tor to the clock input of the fl:.p—flop

"and the ou'hput of 'l:he .f.‘lip-flop to the input of the RF ga.te.

6. A method as clained in cla.im 1, in which +he synchroniza.t:.on L
is ‘achieved by applying a deriva.t:.ve of the la.ser ga.tmg pulses
1:o an inpu-lr of ‘the source of RF sig:na.ls.

7 A Q—switched la.ser having a source of laser gating pulses
and a source of RF signa.ls, comprising means for sta.bilizing the o
output laser pulses, means operatively inter-oonnecting the souroe C
of laser gating pulses and the source of RF signals fo:r: synchron:.z:.ng
the la.se:r.' gating pulses and the pha.se of the RF signals. '
8. A staibilizins means as ola.imed in cla.i.m Ty in wh:.ch the source =

_ of laser ga.ting pulses :.ncludes a repetition ra,te os cillator and.

| '!:he interconnecting means connects the output of the repetit:.on '

- ra.te osc:.lla.tor to the sou.rce of ‘?I' s:.gnals for synchrom.z:.ng the .

- '_ BF s:.gnals to the phs.se of the 1aser ga'l::.ng pulses.

9.- A stabilizing means a.s cla.:.med. J.n claim 7, in th.ch the mter— o

s oonneoting means comprises synchroniz:.ng means opera.tively




pf BP signals, conpri'sing neans for .stabilizi ng the output |aser pulses,
~means operatlvel y' inter-conpecting the source of |aser gating pul ses and

the (source of RF signals feor synchronizing the Iglmmﬁmuﬁlm:“l“fs and the
phase of “tthe BY .signals. 8. Astablllzmg means aim?7, Jn
‘which the source of laser gati ng pul ses . i'ncl udes a r‘épe‘tltlo rate os

'\«C' Ilator and the interconnecting.neans connects the output. of the -
“fepetition rate oscillator to the source ot RF signals for synchroni zi ng

- the RF 5|gnals to the phas€ of the | aser gating pul ses. 9. A stabilizing -
"means as cl ai medintercimentihg e Wntpit bﬂetuensmeeoammm BatiNgamslsesnpri.ses’
rsynchron12| ng means operatively’ C L - M S * interconnecting the |
out put of the sowdéhefoutpalert gihei agmpalsfeﬂmlmfeatmphmmm source of .
RF signals for .synchroni zing the | aser gating pulsées_to the phase of the RF
signal's. 10. A stibilpsen matingapilsas ¥ ég frabare of| Bk, siigRalihi ch the. |
synchron|2|ng means conprises a flip- rop havi ng an i nput connect ed to the
out put of the source of |aser gating pulses, a clock input connected.to the

out put of the sow Cey Otﬁﬁle q{egngrag gjf'%%&% ct d \MEE i nput of

an RF gate. 11._ A'stabi T1ZI'ng neans as ¢ Ththe
switched laser igmirdQiss %9@5 'c@m@i%%tﬁﬁﬂpJﬂSfrhamcﬂxﬁuﬁec&ﬁEQtﬁd of,
a- repetltlon rate oscillator is applied to a repetition - -

: to the output of ths gsource of laser gating pulses, a clock J.nput

7 A Qsw tched | aser having a source of |aser ‘gating pulses and a so‘urc‘

' connected to the output of the source of RF ligna.ls and an output

connected to the input of an RF ga.te. N

1. i stabilizing means as claimed in'-_cla.ini_ 9, in which the Q
' _switched. lager is' an scousto.-i:ptic' Q—sﬁit‘ched la._sei' i'n,.which the_ _
N outpﬁt of a'.'repetition.'ra'té oScillé.t'or is applied to a i-epetition. -
.ra.te gate and the output of an RF oscilla.tor is applied to an RF -
'.;_ga.te the output of which is a.pplied to the . Q,-sw:.tch, and. wherein
the synchronizing means comprises an integra.ted circuit D~-type
flip-flop ha.ving the D input connected to the output of the repetition _
'ra.te gate, a clock input comected to an output of the RF oscilla.tor L

and a.n output connected to “the RF ge.te. ,

| .12;.: A stabil:!.zing means as cla.imeé. in claim 9, in which the Q—switched.
" laser is an e.cousto-optic Q—switched. laser in which the output of a
repet:.tion rate oscilla.tor is applied %0 2 repetition ra.te ga.te and the
. output of an RF oscilla.tor is applied. to an RF ga.te the output of which '
is a.pplied to the Q-sw:.tch, the synchromzing means. comprising means '
.. connecting the output of the repetition oscilla.tor to the RF oscilla.tor !

for synch:ronizing the RF sigla.ls to the pha.se of the laser ga.ting pulses.



ra e gate and. the output of an RF oscHIator is applled to an RF gate the I
put o the .Qswitch, and wherein ‘the synchroni zi ng <.

ns co ted circuit D-type flip-flop having the D input * V
connect ed iﬂm E‘!ﬂthe repetition rate gate, a clock input .. -
connect ed the RF oscillator  and an .output corinected t-o: the :

. BF gate. Astablllzlng means -as clgiled inclaim9, in which the
-.',QSWItched | aser is. an acousto-optic stutched l.aser in which the out put - - (;j
of“a repetltlon rate oscillator. is applied to a repetition rate gate and.

~the output "of a3, RF 1086iH0aabP sthb11ARPA BUtie A8ediFpEiNed bidetantilyafs Whi ch
. is.applied to-the @swtch, the synchroni zi ng neans:conprising means -

- connecting the haméinidesdribbé. repetition oscill ator-to the RF oscillator. for _

synchroni zing the RF signals to the: phase of 'the |aser gating pulses. . .- -
10 - 13. A nethod of stabl I'i zi ng -out put | aser pul-ses substantially as . . =~ -
“herein described. 14: g} swi tched | aser - havi ng st'abi | i zi ng: neans far the o

out put | aser pul4ses A8 8% dassry bay s gEabilizingreane o dbe AYtART g-aagr

hor i n descri beglyud BohliSh P Sk Gubllier'o dpbbitld bitabihdtls 2958 e,ny'_ng -

desoribed with reference to and. as. illustra.ted in the accompa.nymg R

d.raw:.ngs




