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FOREWORD

This publication was prepared under contract for the
Joint Publications Resecarch Service a3 a translation
or foreign-language research service te the various
federal government departments,

The contents of this material in no way represent the
policies, views or attitudes of the U. 5. Gevernment
nr of the parties to any distribution arrangement.,
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All JPRS reports may be ordered frnm the Office of Technical
Services. Reports published prior to 1 February 1963 can be provided,
for the most part, only in photocopy (xerox). Those published after
1 February 1963 will be provided in printed form.

Details on spécial subscription arrangements for JPRS sncial
science reports will be provided upon request.

No cumulative subject index or catalog of all JPRS reports
has been compiled.

All TRS reports sre listed in the Monthly Catalog of U, S,
Goverament Pubifcatinns, available on subscr .ptinn at $4, 50 per year
(56.00 foreign), including an annual index, from the SuperinLendent
of Nosuments, U, S, Government Printing Office, Washington 25, D. C,

All JPRS scientific and technical reports are cataloged and
nubjamreindexed in Technical Translations, publdshed semimonthly by
the Office of Technical Services, and also available on subscription
($12.00 per year domestic, $16.00 foreign) from the Superintendent ”
of Boruarents. Sewlannual indexes tu Technical Translations are
available ar addirioual eoar, ’
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SOLTD ST PROSESSIMe L PLULDIZAZION STSTRE

£ali.owin: 15 3 {ransletysn of an srticle by Ch'en Hinehesg
(7115 24de 1534y, Lasetung Inotituze of Chenical Daginesrings
Yuzn seieiong ( 5913 362 1660), Felping Inzuitute of Chemioal
arriresving; and pden liang-heag (7115 5348 1854), Shanghal
Yiormal! Coilleyes in the Caursoe~l.ngungo pericdieal, E.'.th!%%b
I tsgerae (Jpdarce Iutietiag, Fuiping, o. 124 Jecssbor 1362,
Lagus 46-51‘7 '

(a)

Zor 8clid miase oueeesirg in fluldiration pretenms, the distributio
nf stepping troo snd e Gisiribution of grain cige of solid puviicles
are twp very is.arssnt and vwroatpent factors in macroscopie dynvmmics.
ln reporie I, 11, ané Y71, %ths auvihors coniiderel, widcr gensral ocndie
tiors, tin: @istritution of he gtouping Tiee of the sclid particles and
its affect oo 8511d pbase zrucessing, Untal aow little reuscarch las bow
da~e oo toa orfest of 4istribution ¢f srmi.t 8iZes The few articlce on
thae 3ubjent wers Tublizned caly waen uelinite xesult were obisined. in
thic arsiclie +os ofioct ot Adslribution of grean s3ze in singlie luyer
Tlutdd-ation g siany e auzleced vhieoretizally, and 4t caa Le used as
& thcoretacal Joupdnticn fer further exnrisentsld rese:;roh._

(8)

Tra dietrivution ¢f toe sy-in aize of the colid raterisl treated
fndezerially 43 droad. Tlereiore, the final conversion Tute of the
natérial 2hould depend o5 w2 tvo dinsrsione) disssitutions, AT, 3)
of 2t0uring %4z ard graldr size (7 12 tte ping timo and & L8 (vain
£ize —- licenr Zimonlicn o? the cartiela). IC the cther ceacations are
{iznd v dyrecics of e pricess 18

7w e(2, ) {1)
whore 4 i3 %ie anclilrersich rs4z of “he waterial, Thus the statistiosl
>

-
]
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: L i TR RV (2)
i

(ﬁatﬂ s In purvicel meuning the lower limis of integwation should be
sero, mnd the uppor Jindt of integration of ¢ ehould be a ., (5., 1s

vie 1aTgest dianeter of the partiale in toe system}. Howaver, since -
T4 Cr2Q Oy xA S 3 Poaxt Seking the Atstridutice deasity zero, we

should uge the usval limits 6f integration. Same is appaisd t0 ali thas
follown,)

Toe effect of ihe grain size on dynacics ie sloyn 40 (T, 3)s
vhilo the offect of tho isyer seprxition phenossns /See nots/ on
sto.ping tize 18 ghown in K¢, 8)e When T asé 3 &re Tvo randea
veriavlos of urctahivily, the e3cation (2) ouz de vrittea

ly= f:j: AU DO B | (3)

vheas (%) 42 the dastriduticn dencity of the grain size of the msierials
£, o) 18 v densiiy of tue stoptirg tine 2iatritution to the
-onditionsl distxdvuiien of 2z, 402:73 thuis article ths layer
sepaawusior 18 dufincd droadlre It is lefined to iccltde %hs heteros
ge:0%ty of motion dve to the dilferwnce of ;>ain eize, s3.ch 83 layer
sepacsticn in the urwl sente, nixing, 3to.)

<l ths distaibhutiion o2 grain aize is 20t coanted, the xsan vreone
vereion rate is exlcuiated froa tre acteal dyrawle fuzction, W (T ), of
the nixed rariicios ¢~ inad with vhe stoppire tirze distrimtion fuaction,
f1('£)o Sinca

¥(1) > f_': s, el (0

taon .
Iy 2= ! LLTALILE
. -l

= j:j:: o8, 2)11(3)e(s)drdn : ( 5)

Coneidering only the eficct of zrair eige or Jyasxics and negleoting
the alfferonng of disivvibution of sicppicg time 2ue 30 leger sezarstica
of different gresh size,-f ead z ade fpen two Iindepeniant randcm variables,

H(3is) == £1(¥) (6)
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A
- B

and 3 (3) decomes
v {87 o eI o

Fron squations (S) and (7) 4t oan bs kmewn that tre xethod above
. for caleulrsany the statizeical near value cas b8 sl only when the
Eenin slve (088 n0% elfect the dastridution of ctanping tine (eeg., Mo
laver separation fhwincaeda}, ¥rew Bqe (3) ve know taat the scourste
exloulation of J, dopende ou the scluvicn cf T, s).

()
Yece: the propertise of tho yprobiexs, we corsiders
fe As in Tepszt I, the reocsaving Las statisticai propariys

2, Az 12 cepord I, ths mroceseing 1e9 random property, the .
so-lntéz-e’fect jrorerty of Markoff nrccess, and s cchronist,

. 2, Difierent from report I, tha corlitions of xytios will be
diffarary for differont grein sizs, but ssxe for the saze grain sise
asoupptivelys (Jlota/t In +bis article, the vardation of slape and

. ve et cf solid wavoniel ir the procissing 18 not considesed, T¢ is
samuied thet all the zarticies lave same shofe end saxe wveight.
conziderutich of tha geviaiion of weight during the proc.ssing has beea
rerorted.) : .

Tne diocharge probabiiisy Sota/ of the pertiole of the grain sise
(zy £ + d%; Gevands ok the anonst 5% particles with tast srain eizs
rergs AL the pyated & w3ll 89 $lw avain eize, Ths forrevr ie axprecaed
vy 9.(2)dz {¢ (2} 18 tte distridution densitr cf sosin size); vhile the
lsttdr Lo ur;go!'ed > M 3)e The discharge jrebavility is then -
sxpressed as ¥(z;5 (g)ds.

Tie roopexty ¢f W2z osn ve axpressed Yy the following tvo

reiaticnmy
1, r: LEOLIORE B (8)
) This is sormelizationy
. 2, Wedg (2) = ofz) Lee itots] (9}

That maae the dlacherpe xaotarilisy dexsily of different urain sice
parsioire cheuld be expreened to be the votal dizlridution dengity of
grain size of Diterisl et e autiste This Iz raqpired Wy Gieverko's
Lew conencdng 26xge mabsres ol eoticiewe  Fuig/t Sormally the
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1gsrabution oFf (el pize of feeddry wm.texiel is the 9sue s thst of the
aischarce, Tie nmount of the focdli; in aleo the ucnn oa thut  ¢the
dischurgse.)

w(z) 35t selotive prebability of diccherys of 4sfieront grain
sixe rartisleg ¢35 tle othel paronetess ure fixed,

Phe acaurntion of rerier metien of particles of tace greir sice
foternigme trp nopatively skporential disirivuticn of ntarring time,
Beweisr, the andiadessiunl corversion ;rebability onsityy A $)s
verses vita ge  Tony.

{10)
1(2}0) e 2.(o) ex; [~ A(s)s]
wid
L 4OT RO [ « o Wis
A(s) L’-’&Iﬁ‘i}" -y 2 (14)

whc—ra"a., is the amonat of z0lal f0d per writ tizeg v vhe totes ancunt
6l solid in the gyacem; 272 ¥, the total w:-n c3pping tie of the

2514d, (e ©id not steeify before vhether the Aintribution of grain
2138 ii by werdiy or by rumbes of jurticles, tut here tue orzin size
ifstrivutaon Sicudl be by waiht sincs 9 and v ave Ceternined by
weignte Tiur, corresronilnglr, w(s) 1s the relotive robability of vatt
weicht diachure 18 well i tiat of ons partiole Qischarge.)

7res in. (117, 11 28 snwwn that w(z) cocrects the total sean stopping
tinc, l.0. AirZemagt yada size porvicles huve giflerent stopping Lives,
Nz)y N2j = T/H2)s Subititating Bqe (137 dntc »qe (30} we got

. W ..
’\'!.) ” -v;(‘f)- eTp {—- z;:-)—'-] (13)

W2} 13 tan pecvirant of b two CPIA3it0 teI€eSCIRS - atoriel
civlin o 1o50P £epexition by walcnt -- 44 the sydtes. Clirefoze, 4t

18 effectad b svoretrde ceaditisn ar fiuad dynanic ceniftioss,
(B
Trewing 02 B4 (12) 8nd 0. (3] wo 2%
(2 Fy 4 2
" *s s ‘(1‘ ') x
wih g 8
x ¥l o [- '::'l;'.!.] o5} rds

-y 3

(13)




| #(e) -j: ﬂv_- o) 5}?— - [" E%‘:'l"' {14)

Draving oa Bqe (13), we got |
L WG (15)

Muring the sclid enovdoal :.reanuu the erteznst Aiifuston of the
particles oonotinmo 48 Lot the ocatrel Jantor of the Tesdtion Telts (o
Ve yreved Ly othar sxlerivents), it the chemisal reactions ov z.‘u
incer diffuntor of the s0liéd phase are the featare, IThucoses wd
e perimniol resvliis mb.tahad ahow that Jg!, 22 ecotrel of Lroer
ilfuricn of the #0412 Jhide ¢:a ve oxpresssd a3

t .| l“ ”l’
(o) = < Fis T L‘T.T,' +

Rl "ef:)] 5 om] s
MR TE f;‘.— Sald o) I

whers ¢(z) 10 the rarciign tizs for ccaplete conversion of parsicis of
£ein 6138 . W3)oC z°. Pur ca.."rol vz chenice. ratciion, Jiz; oan

L0 eXprested As
() = ":’ [;-%’l]' +
m{i?.‘,] -]+

viere & ¢)x< 2. Ffor thece tvn control factors, if very nism nm&rsm
it regured, s oot pave Nz) > Kzl. Then ‘m the 1763 arprorings
ticn a2l regivot the terme writh hicrer povsey, {207 instme, ien
Joe) i required ¢¢ Le 0,05, toz arror should be lese ¢tan See} 1is
gepeans £i:u 48 .

Xg) » 1 L18) -
Ny

areze

Kz) = &k ‘ -
—é—— i ('l)

3
(teve wa vas 28 fov .onverdance of celod 25, )



The Eq. (15) becomes
Iy= l: .'%;(')!}.’ o(s)ds, (18)

Zrom B30 (8) end the normalization of i(z), the following conditien

vill be ottainud
!.3'! dosmy
- ¥(a (19)

In 330 (18) J, is an eatire furction vhick is dotarained by Y(3)
wheu K3), T,y @i ¢{z) ars fixed, Ia practical casco, there should
exiat ar cptisap lyar copcretion axjrssced by ""0&4( 3) to zalke J, ninfma,
(Ja)nia' and to satiafy 53.(19). Iu tho present puper ws use the Palor's
varistion:l method to soive thir warietlion prcblez., To urocess o
tefinite differertial, divide <he rain sises of pariicias izto n porticas,
Lot

QNanmey ; ()= ;3
Rin) m by 1(s,) m/y, (1<ico)

= oty ‘ (20)

»
q'!

" = gb'f. (2’)
([iotg/s totually, o{2i} aould be £ 1), t.0., 81 € 4g 31+ a2,
We take tre menn value of the funetion. For coavenionec, the present
artisle stiil uzes q(zi}e Sawe for ¥ si), X zi), aad Xsi).)

The condition Eqe {14) can be writtea
<
2oy 22
= (22)
Yow J, is no longer an :atire functior »at & functior of multiple
varighlec, Using tho LasTesew miti2iders metnod to gslve %he
conditional exvrene of J, under the cosditiwe ¢f equstion (22), ve gev

(Pilepe = .g. ‘n,/:-f (23)
Substitution of Rqe (17) yislds
Wop(s) = "T.‘: (24)

( [i'fct;]s 3 15 tre withesnuicel sEpassttics velves Sate for orners,)

2
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Whaz the proosss is ocatTolled by inrer diffusion of sclid (s = 1),

R O (21)
 §

: (7)aia = L‘:.;%' w (Jo)uw : (za)

Urdogn = 2% UnSee (29)

(To)pg 2r Bqe (28) ia the uneonversion rate of the homogunrous partioles
of grets gize 3z under the sene cundition.

¥hea the [r00esa 1s controlled by reantion (m = 0.5),

. ' .
| Wonle) = gy (30)
2 Y- o -
i V‘--h. %‘;ﬂ- < Jxa v; (’1)
! Oodowe = g U ()
Thus, ve bave this conclesions ..

1. 4 defirite layer separstion phenomence is advenisgeous.

2. Prom Eq. (26) it car be knosu that st the optizum leyer
senaraticn, K » 1, ths conversicn rate of the grein aixe with droed
diatrizution i0 the same 85 Wrat of eTen graia size (z-aia size is
the mathewstical expacvatiop valae ef distrivation, ¥z). PFrom Bq. (31),
vhan B = 0.3, che grain size distriducien czz lacceane the coaversion
rate more than tha of the mescrial vith cwen grain aize, fee ¥e
Theselare, tue in size distribuvica {2 not a cisadwantage withond
ccupendaticn, (/fdoty’s The iateresiiate condition is betvean thess
two coaditicons, Jox jrsvance, if toth risoticn snd inser ciffusion of
o0lid phi=u2 &l act the ;ricece st the ssry $im0, Shen CS L % < 1o

N



Jcretarws thore axists o sondition ©wt ths spls purtisies are controlied
Yy renotion and the Qarge onas by inor Affusice of $olié rhese.)

3¢ Freow aqoutions (20) and (32) Z¢ exo b kaown that st the ovtime
lkyor saparstion, ths rpartacles of saall:r edzo should tave 8 Ligher woan
CORVAXBiON FRGe ..

(%)

From the condition of 3q. (22), the generel forg of ¥, oan o

enreused 88 mlyicaiale Thoe dafleront power ¢f D sxpoesses the
diffmeat degros o layer svejaration,

i Ry ne -.a»‘o (}5')
Sow,
! L]
'7 et =g, oot ,
R 5 i 2y > > (34)
! i e

oe twe Limite of larer eerarstica are corseapending pe0(a0
Jayrer separation) wud ) » 2 (extrems luver rezuzation), /Kote: The
t3ull particles are mostly cerriel wrt by & cas stramm. 7rom tue data -
ol ges siream carrzing, wher zi s pinimm, th: epaed sonstant of
carrying in rrovertiaongl irversely to £i 7 ,ower 2,5 (the corstang
sorzespeading o w2 relitive dasciusge o -bilaty in the yrecent
artiola), $.eey ‘(’)x-%z o Tho large perticlet are Qirclaxged by

Z

ovarflov mestlys Thay are not related with 2, too much. Inlustrial

equireent wivays has suall particie resovery, %ias, ia gereral, 3

i3 not groaces thar 2, apd is asiwrs does zot axoeed 2 102 mach,

Per sizpilolty, we iiscuus Ly supposing p s 2 as & linit.) %ke optimua
layapr zejaratien 18 D = ne First we Ccod: ider & = ¢

" L, =0, ""M";:';; (35)
L 3, em2, (fa)pa'ﬂgs,f: ’ {31

i
Eqe (37) 4s ddentioal to Eq. (3S). When ko' %o B8 the ssac, them

Uz * Udpao> Codusa

te




-

The vetl. 4 ) .
A mat ¢
[Gips],, = S+ (&Y (30
vtese £ 18 ihe squere drviation,
Considur 3 » 0.5

s ety e S (39)
1omumes, Uduem gl  (40)

3y owm2y, (flpusm L’—"Ji.;?-':l (41)

Cocpare equatiozs (39) «ad (41), from Jcller urequslity, we koow

[w?] « [msY] > 2
Eenoe

Uz > oy > (ol :

The biggest ratio detveen the valuss o2 J, i» t-kea fica £q. (39) ana
Z¢. (40}, and han & valuve

{/3) ’ [m"E . !"’.‘l
[.(73351-]"0 = ] ¥ (42)
Censaquaztly, ve car coswludes

te Tha aariren doviation from 4is optizan laysr savaretion
phoaocensa depends oa tho midarical ciersatarisiio ¢f the distridution
of tae zZrsin size of xalesiad,

2. Fjuaticns {38) a=3 (42) ces be used to detarming the bzl results
cszacd by o cariain distpibutiag of grelirn sise, Acioniingly, ve may
irprove thex during desigs and cperatisa. .

3. Wren Trooses syeed i3 corir.lled by iaver diffusion of wolild
theae, tze mralt which is cotaired L3 using thr methcd of statietioal
sverage frox Kge 4 5) 18 aafatye Ecrever, ¢4 vesult 1o unoeztnis when
coatrolled hy racction.

Tha 3:thoTs wish 32 thaak Mepnrse L2 Than.atn {2621 2102 ,’.946),
She Fenswthon (2012 (846 3347), i Chunrg I-sr (2363 (201 1344 for
theaxr waitabls alivides. ’

]




(»)

WMhaa other veraceters (opyraticr Parametors, gecmetr2oal parsaeters,
3C.; An A findcivetion systaa are fized, Ws) 10 & &efinive functiom.
Ey chrnging propevly Shewe puresoters we can octangs W s) ccrveapcnisngly
to poet <he requivresent of the prodecs, Sush shacges relats, for cxsmple,
te e fluidization rate, 1he 80114 cspacity of the aysten, the
Zeantrio sham and cite of the systen, the apparstur (e.g., cooling
6ciig, atce), and tis afCiniency of equapments of dust ahsarbers.
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DOUBLE TSUMIIPHIE IN

’
[Foliowing Is o tranciction of an erticle by Crang Plele

shen (1728, 10lL, 0810) in the Chinese=lanjusge periodical
Klo=hsueh Tlunjepso {ScianceBulletin), No 12, Peiping,
» Oecember 1952, pages 5L-47.7

Dimorphle In minersicgy refers to alnersls with Identice! chewula
cal coposition but different structures. lsomorphie refers to the
shanssancn cf aischikrigtaile oetween cry.rals of minerais with close
cterlcat coepositions dbut identice! structures. In ouwr study of
rare e¢srthetitaniun-nlobium selt minerels with ortho-rhoaic ABoXe
strusture, we dlscovered 8 phe~omenon of compiete Tsomorphie with
c'norpnie &t the same tlee, We therefore cugges? the ness of acuble -
isororahie for this phenomnon.'

Ortno-rhomsic *52’(6 rare sacthetitaniumen’oblue s2it sinerals
Inclyse ;wcn!ta, n?obim-euxentto("e), ynrim«cortummnt"oe).

yisrivneousenite, potycrase, ac walt 23 higheterperature euxenite

{hatensiechls sktuang), nichetemperatu-¢ polycrese {fuetsi-chirextusng),
b

- % -
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';SMMHO (ctnu-ran-k'umg)a‘). aad.lyndmiuls’é’. 3

That the crysts! structures of ¢ wenite and yttriuseouxenite sre
*he seow (Gg . Pw) nes alrondy Deen shoen Oy Xersy structural anatye
21507°2). bue to the troraunced dffference In geowchemical characterise
tics between the ceriux elemen? and the ytirium elesent, the minsrel -
1s suxanite {m'rth),-m:. it ts rich in coarium, or ytirivs-ousentte
('unrmé;'. when it is rich in yrtriun, Ir recend yeers, suwvenlte cone
taining Luth ceriue and yttrium Pes been ctscavomd“‘m. Tals hes
explalred Iny sxlsterce cf mischkrietalle in  the CakbTiCge~YNBTIC,
series, Moreover, K-roy spectris aralysis hes shown $ne discochie of
corive erd ytiriva in the covposition of omnln(w). ‘ .

As In ihe cese of unilaitad replecevent [disdochie) between high-
vaience {keg-pleleenl) corius and ytirium, the isrge-scele replecooent

tetwsen rexa-volencs (1ic-plel-wel) nloblumend titanium In this siries

] p .
¢’ nincrals 1s 2lso ms!bu‘n. Thus, the eirsrsl cosposition diegren

(Flgure 1) res teen esda, |

) Tre grircipai cremicsl companants of crihos-rhosdic M2x6 rare
eart.;s-.‘ﬂwim-nbbtw s3it zirerals are cx.Ces ¢f nlcolum, titonium,
corium, and ytirim (etout Euf Ly weight}. Tre dlagrem is wade on the .
Lasis of the relstive co-'.‘enu of rhese four e jor covpanents,

In yastiton t2 ainerats of the cuxenltsceytirfuseexenite scries,

cther alnerale of the sama group, high-tasperature euxsnite ord highe
towceratiure polyirase, Rave elsc Gechi plotiec on fhe Jdlegram. It moy

Be tvec clea=Ty ‘roc the Slegrer thet the sirsr<i sith the s3ue chealcal

- :3-




Eorpeaition os yrtriumeavxenite s Righatempersture vwmnlre (Wbﬂﬁs)?
Homever, !t Faa Desn sh;un by tcth crystel gecmetric seasuresent snd
Xerey structurel maly,ds(”""'e) ﬂhf the twc minsrsls are iscsers,
I other sceds, the spacesgrous of high<tespersture euxenite Is
c;k'v Pean® f

the ciegram alsd clearly slices that the alreral with ecaposition
cluse o trat ofF hichetenperstuce euxenite Is higheterperoture pclycrese, ‘
the former teing rich ir. nioblum and the fatter pigh In titentua. They
ditfer orly In tha reletive contents of aloblim ﬁd titenium and not In
crystea! struct.rel 180 '3).

Tre {somers of mr106 are yttriuwsounenite and highetenggrature
ecxenite. Besices suxsniie, whar sre the other igomers of cmmoét

date of Karey posder analysls (aneiysts Wang Kucnehsin) of
suxanite, shﬂan".o. high=t2npersture w.«n!h; g otters, sfter heot ,
treztzant, sre sncwn In Table | (Note}. The powder pattern of euxenlte
revelrs *he zame aftor hest trestsent. Sirlenlte end highetemperature
euyenite, on thy other bend, very within euwvenite end h!gﬁ-tnmrcfwg
suxenile phases depending on hesting conditions. Eartier researchers
(1L.15) clessify sinlenite undir ewxenl®eegroup'airersis. On the tesls
i chexical compasition, sln!u's;n la.y be corsldared as sn unnlus-r!gh-
varlatice of suxenite (nzmaty, urcnlumeeuxenite). (‘No'u Tnmug;\.' )
specitic minaralogical srudles, Including tetal ém:cfz sralysie end '

chysice: pracaty stuales, these micerale wure properly identifled.)

+ Yoo $500s 6 pracar patterms sicw, up xhes euxerite, elonlew 4
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Flgure §. Relaticnship Letween the

msjor comporents in atnerels of

CentT1 o6‘-'YNbT L C6 sorles

Legonces
A. Dots Inclcste guxerire, ricdium-euxenite, yririumsceriume
euxenite, yrtriumeeiventte, and polycrase. ’
1, 25 3, L == cuxenite (Dens, 1Sh)
8, 9 == yf‘rr!un-eureﬁi.'c {Dans, 19L)
13, th, 15, 17 == polycrase {Lara, 1Q4)
7 == ytiriunecuxenite (Bitigger, 1908)
11, 12 «= peiycrose (Brocger, 190£)
5 o= euwvenite {Sobolev erd others, 1957)
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r Tavle 3. Twe forms of,
CaNDT ¢ C6- «YNBT ‘06
Eursnitewyttriuse «uinian;teeehigh.

euxenite series

terp, euxenite

seriey
1€ " . .
D% v Pm Dzh - ’m . Charszteristic o 0
o, = 59+ K 3 S5 *A _ foreuls 2y e
o o °
by ® 16,0 ¢ A Bg el @ A
” ° e
Co‘.oo". CO-SQG‘A
24 Z =L
niostume fyndochite {7) veTins0g e/t
. auxenite .
':‘-uxcnlto -sinionite (Cc.m){hh."!)za.6 i/t - 2/-0
$itoniume CeticTi0L 1/
euccnite (1)
Titsniumeytirivae  titandum-(nighe V1o i0, 7]
eurenite {scly- tars. exenite}
crass) {nigretevp.
- pol scrace) )
ytteleraounonite righeterp, (‘fom){"baﬂ).i‘:‘s /1 - 2/8
enctite ¢ .
niohlupayt e iume niobium{r!gh- YTinu0, 2/
euscnite (1) tems. euxenite}
(?)
yHiriuseceriume {Ce ¥ jidTiC, Sogla/ Y203
cuvertte : i{]
t
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Tebie 1. Powder pottern of sore Aezxé
rare eorth=titantin-nichbium selt alnerals affer rear tresfrente
dutfle turnscel Differanttal furnace $fla furnece
Henting
. c8n%¢ & 30° {chraajo-10){9%C220°%)  {800%C 230°
congition .
&7 hours SC0 400 7C0 850 290 1002] about 2 hours
‘ouxenlte cunenite ouxenite
phese phase
nlcdiume eurenlte
euxenite phase
slr. enite nigretenn, k:mnlu._’ hghe§ trars!tional
suxer.lte phasess temp. | prase of
phase suxend euxen!te-e
ite | higheteap.
.Y prose | euxenite
righ-temp, highatems, { € @uxerite phasess <) | euvenite
euxenite euxenite phasese
phese
nigh-tanmp. highetonp,
salysrsse | polycrase
i phase
- - - =}
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. s Ninvral sarpley tohen unifcreiy ond esmined ior gerity under
1L OsCore. .

o0 Pettern bazicnlly game o3 eLsenite prawe, Jiffering }.lighﬂ,
in wiror detaile,

gquscette, sinfen’io, hichalerpercture eurenite, anc Sighetisgrretire

relycrace zre deated ot S50 0 fue (a7 bours. Sirl:nite, Ristetericrge

ture soverits, ond Lighatori »oture gCtytrove ohow righeter rera®ire

wurea'le thars, erlirely ilferent froe e pnite 300 Riscivecurricte,
' The Leriy 3*ta ¢~ sintenite olus '-'J:r-(tét' with thoye of starderd ~igha
terpepstiee gotycrasy {Tente &Y, growing *het ihg cryste! siruct.re of
siriarlte 1g fhe s37¢ e¢ thet of highete iiratire cuxenite aten Pce*ed
Wnaer theie conditionz, Thus, we reccirend *he nare osinianile.

Tecults of srwder anelycis of  ~sinlenite zre tisted in Tonte g,

- e A W & My v

Toe unlt celd valucs ¢f  =sinianite ere elso stowe: in Tzble 2. There
s¢ zalcalzicd aciording Y0 *he ztancerdlzcd pmzir oriy dota of
Ve 3. Alons prry. for Pigheten 2 eture pn!y;‘r‘;u“”. e fro. tin ¢
virloe ¢f tre 200 end °C "lin-s"y gy from 0, &9, arc 1335; €, free
5, 238, end OO, Te ficiildele orcartiorn, S3ta v, 3B, Aiens.rgree
for hisheterceroture cotplrite are alee tigred in Tente 2,
.
Ity elza te seir fren Tigure | m.; *ue ortreligal Cluiofants
. of cintartte sod euven’te ore Yo crre. Trepe is, frerdicre, ne Guate
tice tret ouverite a0d =sinidnite ars Lot lziers cf Ct*.‘:'.”:&.
Latoy 2:0z chew Mat there ere wong Tigheterpirature e axnile : .

grnich ¢ chaitiy e tnar e munt b epieon, ehustan dPCY peslase snt
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Toctwmer, cerium and yitrium in the ®incrol is possible. Tn the otter 9
horat, the ex’stence of ',Hr:wv in sinl mite atzo indicates thot the
forewt ton of nischkristaile teteecn  =cinianite {c«m-ﬂ';é) and bich.
terreruture euxenite {mm@,)) iu simitardy peusitle.

C'mr,e‘qu-.m'ly, It i3 very clesr that twe typec of coepcunds with
entircly differart ctryctures con be formed in the Ce».'l.‘!icb--\’:‘ihf‘n’ce
arries, one being suxcnitceryttrivmecunenite cinerals and the ctter

-sinierligasrichat mpor ture cinenite ninerats, Each of *te teo
ceries of sinirsls hay 115 cen Tnterendisry trensiticnal variations
and thess miner.lg cen ril form isorerehie wischkriztatle cr nixed cry-
s'cts of sore structures (Tigure | and Table 3).

Uader hich tengerutures, yiteiamecunenite 8nd 1olycruse respece
tisely trarsfere into hichetemcerature wxcnlto(n and high=teuperature
polycr:.se“”. (n the ctrer hand, L nianite, upon W at treoteent,
transfcras tnto  «oinionite witt hishetempcrctire cuxsnite phose
{T:tle 1) while Vighetesperotire susenits shows the eusenile phose
{Tstite 1). Thus, trere is reason to believe that utder certaln com'ie
ticne $ue oppoeriace of euxcnite trzastirring ints  usenite of higha
torncreture curenite phate {6 » nossit ility, ord in the fulire we may
fird ip rature curenite wits hichelenperoture cuxenite Ltructure.

Tre entire ricture becores even clesrer i w 2ivide each of the
tws curies of atacrsle Inte ¢ nuaber of chenical varizticns eccarding
c tre ratic of reazured jorcontage contents of aichlua oride wnd ti-
%o Ce g€ fron dn . Aabix 1hz! alde from J

L}sni;m cxids (Tarle Z).



r Tacile 3. T-:c forms of,
CANDT i ¢« =YNDT 10g
Eursnitec=yttriuse oyinisniteehigh-

eLxenite series

ter:p, euxshite

sariey
1€ i, . .
°2h » anm Ozh - Pcan Crarszteristic o i
2 2 vy
a, = 5.0 ¢A 3, ® Se5 ¢ A foruuls s
o "; °
bg = 10.0 + A by ® oD *A
° o
cot?.c‘*ﬁ. co-S.OvA
Zs=Lk Z =l
niohlum- iynduehite {7) veTiNs0g e/t
. munenite ]
coxenite ~5inianite (Ca,‘."t)!ﬁb.?!)za.s i/1 - 2/4
titoniume CetieTi0g 1/t
euccnite (1)
Titsniumeytiriume- titeantum-(nigh- vnb'.':cé 71
curerite (ociy- tery. soxenlite)
cross) {nign-tevg.
. potjcrace) ]
yttelezourenite Righeterp, (Y.T&’){Vb.ﬂ},;ﬁs /1 - 2/8
eusctite < -
niehlupey! teiuma niohius~{righ- YT i%ue, 2/
euzcnite (1) terr. euxenite)
(1
FHriurecerive« {Ce.‘i)ﬁaﬂcé ‘SCQC;/ Y203
cuxsr.ite : i{
t
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ECE ST,

Fitenivrmezumenite and riohiunaytir iureeuxentte of thy suxenitsae "

ytiriumecuver.ite series minersls yet 1c de Alucovared in patuce Inciude
rthoss equtveion® ¢ osin':anﬂe(”. (n the sther hend, the structure
ot c,mmne(s’ﬂ drwrves 3 xore te n-nsiw; study.

Eazed cn the Tigcry OFf lTsamurpnie replazanent, “no appearcnce of
highetenisiun, algtetrorioe, hignsursniom, snd nlgheiren vairlaticas of
the so0ve te sgrtez of viwrsls wouls be 8 poszibiifey,

The qe3ticn of the *ype of ceological Londitions under arlch
gocific mirerals o 2te tw surles ore foromd Is 8 subject thot dee
servas further ytacies.

The asutn s srprveliation goes o Frofassar Ho Teoelin foir Bls
tirection ot this sork end 16 3r. Kuo Chiengechi for reviewing the

nan.script 0nd glateg velusdle sugaesticns,

M
o$i1255040
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1962 TECHNOLOGICAL CONFERENCE CF THE
FrASVACOLOGY SOCIETY (F CHINA

[Fotlcnlrg is 3 transletion of & report by ShTh Kung (4258,

C761) in the Chinese~tonguege poricdical K'cehgueh T'unge

pee (Gclance dolleitn ), No 12, Felping, Oecerdrr 1562, poges
55407 "

A national technologicet conference of the Phormecology Sociery
¢f Chirn wag Pedd In FPelping betveaer 7 Octoier and 2 Novester 1962,
Tre important problénm cdlzcussed curing the conferarce wes the search
for new drugs. Altcgetrer Iy reports were prezented.

Huang Mingelung (7805, 7686, 7893) oresented & regort on the -
YCnenges In Overlen Maricne Structure® descridlng hiw changes in
cremical structure csn crestly incrsese the cliinlcal etfectiveness,
recuce sico effects, ze wall as the speclal abitity of chrangirg the
cifect. It a'sc explaine ihe metbods cf acdirg such radicel groupe
25 16 oRyZroiye9 oF « tDelydra-"k'oetletan’ ard 16 <BethyleQ Fole
Dehyaroeilontiatio.” Lol Haingehon (7101, 5281, 3040) sraczented &

raport cp the "Fersent and Fulure of Synthellc Crugs for dalninthlagle®
L 4




vy a e

rtntroauc!ng Chins's echievements in synthetic drugs ageinst kale-azer,

‘?960) suoni*ted ¢ rexcr: on new sealcines, #ith 1 .%9315 ¢n organic

'ﬁ
ascorlecis, schictosomiesis, and hooksorn discesa. Fu Feng-yung (0265,
0023, 3057)introduced the resesrch werk 'dm in recent years on such
ms jor plent cremicel consﬂtmnn.os M;-lotds. cvar ian coopounds,
glucosides, and merthens end presented his viespoints and suggestions
on the futire develcoment of botanic cheaistry end on the s«nrct: for
new drugs. ]

Ttan Pingechien (6223, 3521, 2€38; presented s report on the
"PlantIng of Prermeceuticel Plsnts” Introducing seinly ithe conditicns
of glenting cultiveticn in Chins end the wajor tesks involved in this
werk, The author feels that three questions should e consldered ‘
prior tc 8 decisicn to proceed with plentings (1) The future of the
redlcinal plent Ttsedf; (2) the diolcgical and ecological Cbara;fc;ls-
tics cf the m=dicinel piant; erd (3} tne overell natural envircnments
of the crigirsl locztion where the plent is growing en< the zres where
it Is 12 be plented. During plenting, the sseds or seedlings stould

pe erzmined for disezess and suitelle growing reauirerments must be
provided. :

Lou Sriketeter (284G, €337, 1478 presentes 2 repart on the
sosorch for rem » dicinal plezate, =e beileves that the search for rew
malcinal plents stould Le tased on *he pecole’s experience of using

scdlcire and on plernt relaticnship,

e, J-’-CM.'IQ (6!}7‘), 5057; 2‘/73) ant 7'0 Kicet 'y (}205’, w;
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fzremical drugs en2 guality contro! Ta memufscturing anc¢ mér the sten®
cerd specificaticns cf arugs should pricarliy gusrantee the satfety and
uffectivensss shen corsumed, Consiceration shcuio siso be glven to
derestic production conciticns oné costs,

Nang Kuoefen {2075, 298, 5358) anc Charg Nan-sen (1726, 2809,
2773, Introduced sove practicel probiems in the bedezice application of
ren 4rugs. For instance, not few of the mew drugs adopted for bed-side
eppticaticn rac shown indeterninate results or even negstive results,
rovw foxlcity, side effects, and overesensitiva reascticns were often
“found. Protliers evan existed with some cid 6rugs which had teen
slceted for some time. Thus, they fee! thet careful labaretory stugy
should e carried cut or new drugs dcth defore ang after thelr adcp-
tior tor red-side scplicetion en¢ tiis is one of the basls of the
eccurate eveiLation of new druns. At the same tire, the &onuiacru’e,
structure, anc 2ispensation cf new dryss shculd te studled In order
that they mey te correctly edolied.

Ku reuchacn?iy {7757, 1331, SGL1) descrived tre trends In drug
resesrch and Introduced the achievemants in this fleld durlng the zast
10 yeers in Tnins es well 33 ovarsezs. Hhe also moce sore recomrenda- |
tions or. Chinsts research work in the future,

Llu Huo=cnieh {CLGH, oX.2, 0207 prescaied 8 repart on irescripe
tica of drucs and the proSlem of srescriptlica tens, Me contends thet
to facure or ncrezse the srab'liity and “oedgerncousness of the eféec-

five cemoenand ef the ¢rag, trerady gusrcriidirg Tty gafety end eficc.




';Ivems. is the major gosl of research in this srem.

Shan Chieehsiong (3083, 1367, 4382) subrltiod & report on the
study of new drueas, ihe resedreh in pharmaceytical production, and on
rhormsceuticat cheniatry, He descrived in detsil tho 2atire Mistory of
recearch for nes drugs, the respenzibilivies of pharmecological cheslets,
85 well ag the ccaplicatsd problers of bHialegical experimnts and phere
raceut sl chemiziry In the study ¢or naw drugs., He Delieves that the
organizetion for the study of new drugs msy be cantersd on diseeses,

In ol:ﬁer words, folluwing the line of “sesrching for new drugs ayainst
speciilc disessesy™ It usy atso b b-s;c on Ebw!ca_l] compounds,
starting 2lcag the line of their structure! changes and finding new
drugs throush the screaning of sany inter--¢lated pha-asceutical
theories.

Ku Kanol (7351, 3352, 7388)'pfes.onud e r'eporhd on tha question,
™het is the tasis of the work of searching fur new drugs?™ - He emphe-
£ize3 that the acrk of scarching for new crugs sust ao through the
three stazas of labroutory stucy, bed-sice study, and production
si;:dy. The work of produstion study rag of*en heen neslected. As a
result, sccigonts have cortinued to tove plece in sroduction end In
tedeside e;pﬁ:etion.' He alsc poirted ot that In the werk cf produce
ticn srudy attention should be given to checking the quallty of trial
panuiaiture in conncction with saéety and séfcetiveness, such as
chesking the vz ior druj and ts contant, testing of icpurities, effect

tof the d-ug in siftzrent forss ',-:p'css:b!y ceferrins to pitia, Viquld, J
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) Gr Injectities/, as well os bed-s1d¥ testing, eto. '
rise Yuectur: ( i‘l?é. 37€E, 0F71) reported on thay Jlrection of dDiow
assay work, poln?ing'out thet difference In cuslity datecen o standerd
sroduct and @ samply product could lesd to a serles of prodleas In the
) . metrod of ticeanrsay 8n0 in bedeside cpplicetlon. he aino described the
cevelcogants in (storatory sethods for cosgi. tresteent, aniral selece

tien, terget odservaticn, and bio-stetlatics.

ChT Jumyun {LL72, 5007, 6563) regceted cn the tlrection of devee
&témnonf of sherosceaticel choa}stry an? discusses the guestion of
searching for nuw drugs vosed on the principle of uniting the treories
of moleculer strycture argd clectron distributlion dersity with the
theory of "tlologlcal tedy transnission” (sheng-wu shou-t'i),

Heu Kuosehuf, (!7?&, o8, GETL) pregenced e report, entisled

. "Cn the Science of Srug Moterlals enc Its Tesks,® He ccntended that
*eclance of raw druys” ("shengeysoshsueh™) should be changed to
Poclerce of drug eceterlols”™ {"yso«ts'siahsunt®) and gtetee that the
baslc responsidblilries cf yeo=tstal<hsueh onoyid Include the rroducs
rion of drig materisla, their lgentification, study of chemicel compoe

siticn, mcnufscture, their effects, resc.rcas, and ldentification o

tarhs,
. The confererce recalved eltugether 552 papers related to the
sclence of grug thacrles, sclerce &f rew cruqs, tctanical chesistry,
- chenletry of aruy synthesis, drog snelysia, sn2 pherracy. These pepers -
‘fo\:e:‘?d 8 ok wiser $leld tRap in the posl ol %4 CisCuvsling were 4
§ -
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Gore tntensive. Fer ins*ence, I ihe stucy of coapocitica of phorme~ )
coutica! olents, he evount of work en chemice! srructuret increaseds
Fcreovar, on certala su jecte, dizcissions on entire 3aries of research
wory, arpeered {soch €3 the stucy of the chenlsiry snd drug thecry of
Thavetiz ccrifolia, Juss. es a beart stinulant and tre investigation
of rewsurces, testing cf centents, and s1udy of production tectnology
of overlsn (2} raw 23ve~-lai olants). .

Fepers on syatpretic drugs covered rct oily tne study of druge
"J’" turers (chungetlu] en¢ Tiinesses of *he cerdlac blcod vruswis S-.r_
also drugs of winer epglicoetions such as drugs for the elinination of
ACr®y &6 drugs elacrst porasites. There were 2180 <ludies on new
6 trods of crcduction erd testing.

AnONG pacers on druj thouries, the study of plent drugs occupled
2 lurger ;ercentsges in tne sethod of resesrcs, the oipllcation of come
aodern techricues wes covered. In tne study of dug forms, emphasls
wis placed on 2ctus! bedeside 2pglicartior, In this connection, thecree
ticci studivs alec hed 113 teglnning,

Ourlng s confererce, the Guestion of direction to be ‘oiiowed
in tre searca for new drugs was discussed. In synttetic drugs, the
representzt fves erprecsed thelr cpinlors o the gquestion of shet types
of drugs thould be given priority in resesrch, They felt thet emphesis
srculd be given 10 weven!ive Zrygs 2nd *¢ crugs desling sith sericus,
ilinezegs, On ore Pond, stuzles should Be aage on drugs that dest »ith

Lo zongtizated (1'neqses, such an tumirs end ilinesses conrected witly

-
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frhe Blood vecse! system of the hearY aud with the t'ervm systes., a7
the ¢toer herd, neliner ghou!d we neglect ‘he studles on prwwﬂn
drugs deailng with caresltic diswones which sariousty afiect indusiriatl
nd agricuitural production end wity widesoresd litnesses. Some repre~
sznls*ives 5130 polinted out tns Imsortence of production studles on
v rhw drugs, of see-~ching ‘c'" rew ond more sccromice! meinods of
synthezle, s~gd of iroroving tuchnlcal standarcs of procuntion.

in the caarct bt oew Ot 0.3 from phnr:tacau!ica”l clants, the
aireet’on s tre some 25 in The cas5e of synthetic drugs, Kowiver, ege
presis should Bo glven to “lsesses <Nich can not be se*Tsfostorlly
solvee by syattmtic dregs. In cultivetion studles, the major tesks
ere 10 ralse tha ylet? ond quslity of drug aatarlels and to lower pro-
ducticn costs, In the last fre yeurs, mony plenting farss have teen
extabilshnd and scaw of these fizve not Loen suicessful, The réason
fer tre failuse has teen privaslly tie overedndhesls o phersaccutical
ciznts froa sutelde areas arg the fack of sttention on locel plante,
Thl, situstion mist Le ropsled, ..

During tne Ziscuestaon of giving suponrt to eorlositure; It was
progaced oy zo4a reprewentatlvea that rot only sust wme fook for good
naw Jrugs o protect vie russt faber {erces »45 9lfe *ively sucport

criculture riisrls sisld 2iac bo meds o Ineranes he ads.nt and

W

-

yo25 of drugy ageinet tiw Sommor cigasses in 1h2 rural areas.snd to Ine
erosee veteclngry driugs 9nd 4raue fer e eilslination 31 fhe 65,0 Lares,
S, For tha rurat sc«.3 shouid e ofensrtwd &2 such i Jholp firished J”
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fform es poasibie. In the case of grescriztions and dlspunsstion, tie 7
foltowing requircaeats shouls te mets (1) effectivanass in trusteent,
(2 stedttty, {3) tow 1n cost, ¢ (4] packing $o muat rurs! needa,
In zsaition, protectivo type drugs ¢ pecdy flel? work thould be
studled. .
Regarding tre road ¢o folizw In the study of synthesls o; new
cruge, sOme representztives were of the ocinion that fer the tive delng
i should not lesve the "cx:gr:ﬂanrsl fora™ of mothed, The solective
vorik of e lerge n.rbar of corpcunds is stf'! of orimery lmportonce, .
whizh raang the syntrosis of ecew and pessibly effact ive Loncounds,
using es founddticn cherical st-uctures #ith apaclfiz bictaglcal af-
fects end tased on the 3rinciple of "putting together® afiective struce
fwes ¢« redlcéis. Stre represcntetives polnted out that we should
study thosa biomchezizal clements w!th sherascological cffects end
prroceel 5 step further to develop thesries cealling with rrtattcnsh!p;
betwaer steucture {Inciuding sf”ucrﬁrai forug and elestrontc distribua
tion, end effuct as *he direction ab cur siarch for new drugs. Thesa
Yoy zerrostis are not corsidesed as contraticesry to eock ofhee,
Methods of siudvisng fu:a Flant drugs sce a1y, Claes couls be
fours fram tracltional nedizineg, scouler Sruna, ftranitlions) praceripe
ttsns, popular hatlts {inci.dling the wedissl exseriences of minority
natiznziltios), and dosestic a-d forelgn tiverstures. Cur target for

v

rescerth cLuld Ayl Ye L38a on otk tfFiliations cf known drugs,

i

hrough those mathiss, o fuanles uf plaat sesiarcay hevs Leen fomd ta
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Tecent yoars, lnzluding the atens oY daaciticelly producad Rnophasus 2
Setlvus, Lo (®icefuem”) as s Klgh blood pressure deproasent, Strychnos
nux vomica, L. 32 8 stivulant for tle centre! narvols syster, the dark
nf Atemrus japtnicus, Nexiv. ver, genuina, Mexis, as ¢ iaxative, and
others., Same proposes that the sslection cf our targel for raseerch
may be based on *hre treditions! recicins theoriss rage~ding the causes
of Jivecses.
in the o¢a 3 crarmacevtizal =cesce, the repressntetives unanle
mously asreed ihat lrs «ool and responsliSiitty tie ir rhe erejarotion:

. and stucy cf ffcctive drugs avich meet todezize roquiremsonts, in the
work of regnarch, i* 13 nec2szary to #irst sclve the .redise >f what
drug raterisis can be cisablace anc what c2n not snd the quostion of

' thy srablticy of drucs, Iv was 8120 recoqgnized thet the rood of deve-

leoment tlms In the otiflzaticn of the various 28sic 3cienCes, 3uth es

shysiza, chesistiry, chenizel necnenics, co!taizal chemistry, #1uls
recherics, snd various ticiag’cal szienc2s, The thecries ¢f these
sclorccs whoul? Do the beals to Imsrove 'he razaerch level of China's
rarrscessTeat sciznce {yso-chisrsuen).
Ta sroar te gusrcntea the cafety ond effectiioncse of new druas,

’ sultatle s andsrds 8rd rejulstions must dDe estazllished, 3Sore rapresine

tutiens bmitevn ol trise to prod 2tion ans Sed-gide pplilstion of

new druge, szizetific stedige encal. oo £areled o in order 1o cutabe
fisn Srese shinderds end requlaticng, thess stud’ee o [nclide the

‘fhyst;z! wod ghericei ctarastacistizz ul *ma ~ss Cryg, te arug thesry
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Ting thozrs éf its funcfon) and taxictty, the ctudy of possibie dede 2
size effacir, aluady of fecturgiwhicn sfiect quatity of procuctlca,

. s'udy of Irouritlos ard thelr tuxlcity, study of *he »t2olilty of new
Arugs and =4 tnelp preparetions, and The S uly of The KeThods of exae
minstlon ~f cew drugs.  ALL thls sork should o incluces withia the
Clely of prod.ation siudy of now drugs 2ad requires thc conterte efe
twly of various crysnizetions oneasned. Varlsus quelity stoiles
saviid Ge continueg even after Dedeside appliceticn, thus e3latalning
2 foay ters erirination to Injure tee safety ind effcctiveress of »
ren Irugy. '

In plant drujs, the ques*ion of svandard specificeticns of
17341+ Tonal druo meteriais ves c:;o cerisanly dlscussed. That orty mes
s cancticater Lrobten wes recnsrized by 8, It shoul? ne <etsraineg
jointly on ine basle of the experiente 3f tragitions! sna-uyciste end
motern scienfiflc sehiovems ity, SPhudies <iouid o2 mIZr wich forces of
fsczt mrosc as the foundation ard elth :h-;:ceperetiaa ef nesioact
res.tish vaity, The sotrenticiiy of ?r4dltfan.!.¢fugs g wele stare
urze oF parliy eheuld be civaviy defineg, wnlte rethods of qeterwmince

rv

8

eto2's e zooady 214 accurvle,

i Ing the sanferency, 2z'aters wire adcheied Luluesn workees

kiilng Ip eroe “heories 2 trace d3mling wiln drig cres'sicy end

gotaniczt crwnlstry and the s aslual understending was ‘rerowsss. IY .
wss ricacnivad that for hetlee Covzess®ior, nulust exeranie of sciectie

IR ISR Y 2 FRE 1 ﬂsces;tvy. e nest 35 34ch w3 Te T & this? 3
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Beat1ng 1n drug theorles and tte chanists 1o jolntiy determine the 9
subjects for research and to procesd and jointly clan /ciealcal/ cone
pounds on the basis of commun understanding. Thus, ftrere would 50 »
comron interest towsrd any resesrcn sul ject, making coozeration easier.
In the ¢ie!d of drug preperetions, cooocrstlve stuzies Detween charmee
cles and hospits! units shculd be strengthened. In addition, coopere-
tion between various units and verious deportments should te properly

implimented.
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CMFTRENCE ON
CHERITAL FISFE TECHNOLOGY

Foltming 1s o translation of 3 report by Chang Chen-ye
('723. !3!14. M) ng “G”' YU""UG'. (37@. 559' 2&9)

In rho Chiness-tenguege pericdicnt X'oahuueh T'ungepao

(Science kalstin), No 12, Peiplng, Oecender 172, teges
bo-61.7

In order tc oisc:3s the clrectlon of deveiopment of Chine's

thesicatl #isre Irdust=y and to exchange idoes on problers des’ing with

sclen*iflc resesrch ond tecrnolouy, the Seciety of Chenlstry and Tne-
mical Cnginzering of Chiza and the Society of Lhinese Textile Engl-
reering jolattly called In Shanghat o conference on crenicsel fidre
technainny betweer: 1E Bnd 24 Sctorue 1962,

Qurirg lte contercace, 7 papers dealing with artificial fivres
end synthebic $idres wore rosd ord “lucussed, - These papers dealt w»ith
rsw saterisis, qur!!fy of Finlshes groduits, technatzgy, oqulpment, ond
the structure ene prepecties of fibres. One gection consluted of susw

macles of prodistion exparienczes cr ladorarory reports ca Intermedisry

&

% -
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fype «f profuctlon; the other port OF the rajorts covered seientifle
researct worke Sowe of thew dealt with theoretice! prodisms in produce
tieng oihars consluted of the checking of resutts of theorerical stue

“ding through produntion, showlng the soirlt 0f coordinaticn ceteeen
theory and grectlice and Indlizetlag & more systematic tstorotory rescorch
work by varicus #csedrch and proluction uwnits Tr recent years,

" In the Hleld of artificle! flores, extensive discuzsicns wore d
earriod eyt on the develorrent and utillizerion of treir prircipel rew
anierisls, wibts rpecisl zphasis onr the selection of rew raterisl pulp,
It way gexrally reccunized ?héf wifhin » ¢eflinite peric 2f tire the
major arphasls shouid be place? on the producticn of artiilcial fidre
using quallty wood pulp., Poreover, eatansive resources irvestigation,
2uitivation, and develsprent of different types of plant celiylcse
whizh can be used for artificled fidre production shculd 5@ carrled
out on ¢ netioral scale, These wou!ld include verious tyges of foste
greaing trees, raswalesung, Lari,. le.joleple, Gerd., dutrus, as we'l a3
wheat sialky, Resources with a3 stecdy supptly 2aC for whick technoicyy
's tethar cavelen®d  (such 33 Dojtise) should be stugled and utilized
secordiag to iscal conditlons,

The aquestion cf the reactlicn of tre pulp wes studied Intenslively
durlsg the conference. Sume cosrade. wadae reletively Jetailod onslyses
L1 such fectsrs as clemizal covponiticn end structure which 2ffect the
reaction of the pulp. Others precented their (en vives on the proper-

.

Jies cf reatyice of vericug types of Lura. sueh o1 Yemsli-tesved® d
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clrnencaum cemphore £nd supar cone, b2sed 01 1212 con recesrch work of

production «xporéencoc. whish resuttcd in e thusistis Clizcussions,

Quite & few corades feit thal 3 nutter of woribehile stutias rexolwd

in the mecincds of detarwiniag the procerties of recclicn; tre cholse

of trese methncds shuuid e Colermi-od Ly tae cversl! cocaitions cf

the 2iffzrent tyses of zu1p; cne ;33910 fornuls end 8 sirste methed —_—
stould nat te folldwan for ell types of Lalz, For axompiz, coefficlents
of "obstriction® getercined Ly treditizaal setrol coircllie fairly closes
Iy with tho flitering craperly of Ihe 2ty PFuweveir, 1Y should Ce
noted thot ine comfficlent of "obstructisn® caring the ‘aitiel stages

Of Filtretion 1s not o constent; the fareuls used in c2'zulating the
coefficlent Ts raly s5uit251: for 8 norse® sclsticn. Conssquently, for
puty with a jerge ciffercrce cf degr-e of ccaguizilon ‘chuenc-1s3, a9
sicall cellaloze must fic2t Le made 8rd It thould rhen te 3ged 10

clzse to *re same dagres of coagulatizn,

Tngerzing the que.tlan of quality of artiticisl iidre, in*ensive
diszuaslcas werw Ca~ricd Su? cwlng the zorference on the poor color .
alliy of arrlficlel stik, ecaciislly Ihe ciuwc of preguci-g wilky
colores sihk. 17 wry peneratipy erocinized trat ints w2y S to reven
tacnnotagicol ¢onditiona. Soine pocpls Reld the os’nion that the
2aprarance ¢l allxy silic is ccngec‘si s cuch Factors 8y post-traat~
~ont, useven degrae of “ripeness” of th: sol.*ina, pocr rescting ceje-
city of the cotton pulg, end *tva canl'tizns Curing drying. Thus, it is

ssantial te cdoct iogize! techaslc:izs! pracedures, strictiy contro!

-
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Fechnotogleal conditions, and improve mechisery and equlpment, Effortd
shoulz be ererted sivuitaneously on all frese three aress to ieprove
the quaiity of arlificial febres. '

Jiscuesiom wes elso corclad out on wnother kay question in the
technotogy of collizids « hunngesusriehu: ZFthro|ty. yoitow aclaifying;
peseid'y connected with a process which has soreshing to do with xene
twaqgﬂ Rejerding the current practice of "adding atke!i" to improve
the fillgatiza adliity of the sotution, scmo betieves that hecauss of
tre sacitional action on tne sikali celiuloss, the homogenelty of
huergesJan-nus Is imcroved. Ctners Selieve tha® rmeinly Seczuse of the
creetion of the cond!tlon of solution and nusnges_anehus at the sume
tize the 4iffusicn rate of carbon disulfise Into the celiulose Is ace
celersted and the tusnjesuan-hua reaction becomes aven wore hosogeresus.

Ir s4dition, varying amounts of alscussions were 3lso mage on the
relationship betwsen the hsl-t'si structure of fiSres and their propere
ties, on various types of machinery snd equizment in the manuliecture of
artiilelel fivres, and the ratiorallty of the various ilaes cf procuce
tion recrroloyy.

in zyuthatic flitres, the synthzsis of lylon (ni=tung) 66 wes ¢ige
cussed. Preiiaiaary ctudlius were alec made on tre possinility of ivprove
ing the hea® stabliity cf ficres through rhe asoption 9% ch’shesthih ciane
nsing _[n larally, conrecting Lranchres, changing brcper??eif.

Tre conrades z1so expressed their views on the cross sectiosnal

dara {hsinget'a’) ard structure of ¢ fidbre which affzct its propertiesy
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For example, sore excieined the differente in dye stsorption by tre 9
angla of the cross sectional "form.” Otfers Selivved that lre 31ffee
renca was dus tc the gifference in the size of wolds produces In the
"cryste! arsa® {chin—ch‘q). Others sugjestsd thet difference was
credted oy both physicel and charical faclors; thus, in consideriag the
facters of "foru” end structure, stientlon sheule also te glven ‘¢ the
effect of tne taze orcperty of the upozr port of the lorgs sciecule,

Viseg wure 2150 exchange? balwcen the renracentatives on i;o
teshno!ogical flow sheurt In tas zzrufecture “walonletung” flore,
F:OG:‘,. cart2ir treorotice! questicns in high molicule solution silk
vanufecture sors siso o?oc;ssed.

It wes unanlmously ogread the? fogether with rthe dastlcorent of ;
nztural fivres the crenical fidre industry wust aizc be razicdly develaped.
The curren' capassic should be the Covelosmuat of srilficia! $lSres, At

tre same timg 3nd dedending on conaltion:, develoime~t should Le carvied

avt ¢n syrthetic titres where better requirezcats exist.

o U
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VA THIRD FEPRESEZNTATIVES CLFERENCE
UL 1762 AL ¥EETIWG OF 1€ CIVIL
ENGTNEERIYS SXCLETY OF CHa

Lotiowlag is & transiation of 5 report Ly Muang Thu-pang

736, 535, €721) ia the Shivocralonguace puriodicsl Kloe
h:uel T agenso {5cience Rillstta ), No 12, Feiplng, Decen-

ber 1962, poges 1627 o

Ttm Taird Raprasentatives Confersnce ons ihe 1962 Anngal Aeeting
‘al Ide Civii tnglasering Soclety of Chlne ware callsd In Pelping e~
tacen 29 st323t 304 T Soptucher 1662,

The srincicel coenda of this corference consisted of the suneary
ct the working ox;eriences of e Seciciy since *he seicad confercnce
an3 the discussion of rre future *asks of ihe Soclelys a=engding the
regutations of the Sedicty 293 the reuslection of tis rinager; and feche
nolosicst divcussicons “oneaing - the ouestion of degre? ot struchirat
tofety tn ovone 0 (riter Yt Frrlyle gglicy of selence cavelopvent
tregugh tre "olutisnesus Sloonlag of nucred ficeers ard the strugile

tor superis~iiy bv boddrad cartiec,”
. 4
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r Theough consclentiovs selactTon by the Soclety tn sil parts of
Chir2, neserly &30 lochn?ca! papers vere recelved ot the conference. An
sxnibition of englneering atructuras from odth within the country and
adrosd wes o!»’ nsld Zuring the conference perled. ’
The discussion on ths degree of structura! ssfery vas the focol
point 36 technsiagical sctivity of the annust 'uunag. Curing the ree

pocting garsicn on thlv specisl tedic, scee Corcades preserten o rurber|:

of asjor proglems on structursi safety frox the construstion point of

" viaw.” Otters Introduesa current wethods used adroad in deallng with

“struchirel sefety of relnforsed conerete. StiIl others presented thelr

viewgoints end sugyectiune on fhe sare subject as 1t is encountered In
prectice in Chins, o 1
The ongres of struciurel safety Is not only o question of teche |
ricsi thezey, It I; ais0 : qustion of technlcel pollcy. B8y atcurately
crierwining the cegree of steucrural safety, not only can we fully
Cevalop thm ootentials of eoterials and structire But we con 8iso guarsne
tee that e etr.cture is esonoeically lojicel ane !t s strong 2nd sefe.
It «33 the corcensys that the current design of China's bultdling '
gtructures tesel on iialting condltions and using threg coefflzlents
was sore dvanced tnan prst practice bssed on the oreaklng stage md‘
usirg & sisgls eefary Coeiiicient; 90 physicel concepts becama sors '
ciearty safined and 17 wes esgy to flod 8 rule t3 be folloved. More-:

over, Csiling the three coefticienie (costfictant of cverisading,
.

 gmifintent cf neocgitle ty, 94 eméelstent o work consirion] In tis J

}
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Timiring condition deslgn losd covfTiclont, coeitlcient of meverlsl 9
sirength, ond ceefilchont of work condition was betleves e Lo wore
ruitabla, Views a?f!m'cd. rowevar, oh hov to deleraine trace th-ee
cmc:ﬂclom*s.' Sore dallieved trat In order for & suruciure ¢ have Y

grearer safety rescrve, larger coefilclenle should ve used, w.st of fhe

conrrdos, heever, baoltloves thet the msqni"udt of thy coefticlients R
oyld b Laice on sctyal 2eac!?ions, and cach citustlon erculd Le |
dextt 2itr, geperatey, Since the corfficiont cf vork car 214ion covsvre
et factors, 1Y beconds rore tompllilated. It should be nore Cores
fgily cvteraines on tis tesis of varloss engincerlng conditions snc the
focation of sibagtructures, On the Gtrer Fane, certals aliseonces sust
alsd he croviced, Althougr its ceterminstion iy based o9 gpecific
srlecicrles, 1he dealgner shauld be glven scae Clacretion decending on
tras time end tre locai conditions.

Trere were wvany nesere on construction emginearing snd tney covered
3 mics varloty of sudjects, +r<ng them, Ccarade Warng Kuangeyuin's pocer
on  the MLogical Kethod of Ceiculeting kiretlc and Static Forces cf Slagle-
erory Inductrelst ¥ licings® cavied corsidereals fnterest ER> po.'i.:c'pe-
ting reprezentetivec, The auther points out tn Ry caper that trire s
¢ tasic ¢! fference tetwgen *re fzrzes sosteired by the frues in soace
[cr pozalbily « foruae susteired by tne spaces 'n tre .‘rug_g‘,'-' ¢f = <ngice
eraiy plant structore oAd those rustalred by ¢ “free® truse, Trs clge
clengnent of the crair Lesm 30 *Re teuss ¢ 8 slirgleestory gicat tullcirg

t.!s far caclier thas trat of a Yirac" Yruse ang under ived cesditlons, 4
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¥t shons & sheering deforrity, cnti¥el, differcnt from the deforaity
shown Dy 8 "free” truss. As s ressit cf nony tests, tte suthor telleves
that in celcutzticns [ine structure/ may te resred o5 Wen-k'ceerh’s
hypotteticet elestic foundetion desn; the equation(s) svolved 13 extremy~
ty sinpie ond the resuits cuteined <re very close to actusl proctice.
Profecsor Wu Llvesheng (0702, 2650, 72932) oresented o repor? on
"Theorles of Calculating Strargth of Relnforced, Concrete Bcoms under
Cembipus Effects of Torsicae! Momert ard Shesrirg Force.” In his paper,
the suthor polntes cut Irat there s2s 8 greet d;-z to te desired fn tre
current rethod of cafculeticn for reinforcemsnts in the trensverse di-

rocticn, the mrircipal aefest teing that *he effects of sireerirg resis- .

tunce while resisting torsion was not teken late consigerastion. ke sug-
gested thet tre celcuiztion shoulc be tesed on sohr’s theory of
strengtng cheeking of the results with sore experimentel cota from
ebrocd stowed that tre suggested metnod was 'cg:ca;. ';hzs report -re-
sulfod In cnthusiestic clscussions by $ozc present at the conference.
Conrace Ch'en Ju~rui {7115, G320, 1520) presented z report, en-
titled "Gereral Ois-utsion on the Lisiting (chi-hsien) Equititriue
Theory of Relnforced Concrete inlr Zhell Siructures.”™ It wes the cone
teation of some repreczentetives that in structurst calculetions such
protlens ez relating to terntreture siress, pillar sutsidence, kinetlc
calculations, es well as stetility and srasusi deferaity could not yet
ve soived by tre 1ietting equtllitrium rettod.
Ir coordination with parers presertec at tre confererce, erthue 4

v
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Sinstic discusnions 8150 ceveiopud Th the question of structural sheped
of induztrist dbufldings and on the subject of the wetl system, ..
r the zeoclel ressicns on rellwey, twe rlborft on the sudject
of trizges by coarales T Hunjejen (€760, 7705, COBS) wnd Ch'eng
¢ 'lrgebun (L1453, 1687, 0043) wars oretented, These were entitfed,
resgect Ivuly, “Large Spen, Precabricated Relfrforcad Concrete Arch
Ceslzn” end "Tre Experirsrtal $tudy on Trin Plste Beans of Two i lrec
f1on Prastressdd Relr foreed Concrete.” in addition, dlucussions were
corried out o1 a rumter of prodlune In the ;:a of the Iimitirg con¢lticon |
-i othod 2f csfculetion In the design of Crirs's rellaay tridjes. Rejorte
‘n trle flelz racelved congldarenic Interest and it was tle urertrane
tetief trhat tnlg s e mew dovelcprent in Chira's reilwsy bricgs teche
alcues. Meny railways in-Chira ere conytructed in movntelnous areer,
end tonr sdoption of sone farje sron, top or xicdle supporting reinferced
cencrate aret teldoes, sSurdinatil witt topogrsptic ccnétf!cns, {s o
togies! thuice. On brities of cré?nor? 3Pens, evervong agreec trot
eeteriel savicus ang weiznt reduation (400 coute ba echlaved through
the usr of %wo Cireclicn prestrezced thie beary Inasterd of single
deection prectrestes bearz) techachigicaily ang eeonor'setly, the
) feregr 3z ceclccdiv suporlor sad Coserves aphasls, study, and furtter
pre-ation,
In Bls peper, "Stury ¢F Cantrete Teif Tles and Ascessories,”
Torede Yac Pirgechty {1222, Lo, AN potnted out trat the aelvod

o dagigalng ccnerete rell *ics acerilng to “shuetl® fousithily refers
& : 3 L J
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F!ng rc eatheret ics end ph)s€q§7 stetisficst *hacriss, shich fsk;s AT
censideretion the repcated loeds sustsined during tre antire paricd the
ties ere in use, 18 A ware retlonal wey of selection, This method coe
tncldee witt ectunl esperivents! re: lite ard is, fharefore, Lelter in
retetlitty end safety., Accurding .0 Investigatlicas on the conciticns
of r2l) tle use, tne suttor tollcves thet "Fsiane1S8" rodet prostressed
steet erc concrete rell tlee ara more setisfactery and sty Le w<)¢ &9 30
imsartint tesls Ta the future for the sefectina of criss sectlcnal
streny™ of Pail ties, On the quostion of acceseorlas, the agtrer tee
tlzves Ihat tro aglfer anchories type® Te superice.
Ir was urenlércuzly zgroee tha! the Jee of concrete reif tles

or r3ileey lines [s & directicn of {.tire aevelormeni, Howtver, scne
praviamg require further studias end {mcroverent, sueh 23 ire arcessive
welght cf concrete ties, ine requlrencn? of 3 wider rozd ted, 839 scces~
Laries.

Curing the szectal seseion oo comrunicaticn, four grpers 26 the
n apd constructicn of stone' aceh tridges weee re3d and discusced.
Thire hewe teon (mportent devclopra bty [n recent yoary on zfore arch
Sritucs, Witk corclderotle erpriences accuruiated on tre satzction of
1he ttages 37 bridses, seaigning thecries end selreds of calcuietio,
&nd nonstraetloe technigues. It wes cellosed that Caing's highesy

Lidcces chavic ie of arny tyses 203 nory shopes, the selectisn of ot ich

L

SPoute T Brsed o cverall cowitions, avstlenitity of locat materials,

the crbos NF 100a) ariiz, nd otrie foocabla cocditliong, Tha c:usf'er

-
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Fion of oridgss end culverts on rurct rosds should te bezec on real

croracteristics, with cinsiduration tolng glven te ovrrdicw Lridges,

“water tcowas® reed suréaces, or hrick culverts. 3egardirg terge spen

vridyes and bridges ta be fullt cn so‘t foundsticns, & wide corrserlson

ef nany metrods should be made, therchy e~riving st the most Jogicel

cteucrural sestgn ootk technieally snd ectremicalty, Further, in orees

where the necessar; rezulrerents arist, crefabrizesd ~einterce? cencrete

#truct.res end prustressesd relaforcad ccrw.ret'o gtryctui es should Lo de~

veloppd in oroer :; gove waterisl and iebor and to zpeed up thw rete of

cor.qtruztion. T
Dur°ng tae soectal sessicn on sunicipal englinearing, ciscussions

wary carried out, 1n coorclnsbicn-with sipars presented 3t the confererce,

04 the tesls of three focal questionst (1) the déslg'n cf prestrezsed ond

noteprestrecesd reisferced concrete waicr plpes and *he stendsrds for

gressare testsg (2) tu'cﬂect of longltudinel presiress and the stane

derd for ity caiculatlon; and {3) the gquesticn of jelnting of relne

t roed concrete water pices and fouros?ion Dt'?u.;raﬂc'\. Thraugh fnete

discuszions, dltferent viewpo!nts warc ercnengrd, e ruaber of concetts

wet o d-“na’; ard sime unlform ynsery'ancing wes Inlilaity achieved,

Howaver, & nurter of eore sompllcated froulens recuire contivues szcus

2uidtion of dare =ng furtngr stulles.

Finally, & coxmitice fo- tre loclety wes reeifected ot Cowrsde

$50 Testesy (5403, H110, 2573) ey reelected ss shuirman,

59%% ‘
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{Pollmniag 1r & toanslsticn of sn artiole by xuaug Washan
(7225 2976 3232 and Pan Kun-chieu (5407 €54 0253) in the
Chiaese-innzuage Dsriadical, X'o-hsusn Tiuzygenao (3aidnce
Badletin), Perplig, Vo, 32, Docembss, 107, pALes 1~25.) .

Qartan Recuronics L2 2 nev 4014 1n piyics. Its Scotents ave
srpanding wicely ant we cen hardly give it s ccaplate delinitioca, Dy
' a5 1arg9, Guantus eisstronics i3 & new 3ziince whioh deels with the
. Toesareh ¢ the eppitegtions of rescnanse phanomena of interactions
batweenn electrcraietio waves (radiation), 1a0luiing raiio-Srecuensy
radio vaves, vicraaves, tnlrered, and vizidle light, and mdcroscopic
. rTiam (20decules, atomd, ad eisbreus {vside unss 2o Hullld oo
Spariing qustiun instrusents. It i3 estatilshed on optical speotroscody,
r=f wi7e and pdcroware spacireevopy, and reilo electsontios, and is related
closely Lo ths Quantux processes of atoms and meleculss, {'honforo, it
8 3130 callad quantum vadio physics, 1.s,, & coadination of both quantum

peysios axd radio tachnigue,

Zarly 4n 1933 when they began to stuly the spectza of gases,
ascimtists xecover~ed thai thers occurred abhrorption phenosmwna (Phys,
Rev, 13 (2538) 23LY, at the 1.25 on wave length of heliun, This gave
the creditisns for lster gaseoas quanius oscillators and arplifiers,
In 1937, Ba¥l scgassted a method to measurs the dlataoce Hotwesn maelat(2),
Since the Bussien E, X, Zavoisidii discoversd (2) the spin paremszneiic
rescasre of aleot ong i 15LY, & new Brarch of experimsutad hysics,
mioroiave srestloncopy, has benti estadlisned, T2 1951.1952, Y, 3, Basov,
A. X, Peoxzrov, at C, H, Towmes poi-t48 on: the paasivility in pri:'cip')\

. 4o se quantua g3sten TO gruines snd saplify elastroraznstic maves (3, W),
In 195%-2935, the adore twd Russiane saoposed = warking grinesple of
shrgs-snavyy-lsvel Juaniur amgliizatione, Bota gro-r: aesnticned sdove
tuils the 2irst quantum ossillators<byiun rnalecsls baan oscillators

y almost ab the same tiwe, In dugust, 1955, J. 2, fondon, E, J. 2t s
C. 3. Toumes, and ete, panlished pazers %o intreduss & term "raser? 58, b)

# Tnis parer vns real at the Radis Elscircrdes Mesting specsored by the
Crizece £lacusede:z Sedxdevy,

L9




(Meroveve Awplificaticn vy Stiwalatec Bxcisaios of Kelisticm) %0 Tepresest
warovave anplried oy stiwclited enissiun, 1.6., Morovare guastus s
plifizctden, In 1065, K. Bloswderger: ealoulstad in detail the working
saditices of vhe tioeo-meniyeisvel solid state gusatyn ammlifier ard
nredicted that it wnld Live & very low nolse 1svel, This uses the Lead
slectrons ¢ mxiurials in adtiticy ¢o classionl slectreatoe usi~g free
elnctrepe, Thds 43 & now doveinpnent shich s evoving very reXid\y and
1t viil pradually have 1% practicsl uses, In othar covntries caw
priceipier are ased L0 extand the wave rangs ani to invrease the pnele
sivity ! stavility of equipmmrt, from %he polnt of viesr on Quentvm
slecirorls sentmizues, dud 20 the vidlisstian of ftnduced tyansiilens,

two oaric prodiens iz rXdio elestrocics wdicu wers not scived sajiis~
Zacterily in the paat cont Ds s3lwed:  ultraciow-paive sclification and
very RiZh 2tability of Troqaensy., (he forwmr cab b6 uzod 1 medis pilos
loceting, wadlo-astronvmy, soimic talagrsth, etc,, and the latiter Ooan

Ve uaed in Doppler pLloY, spare pilet, coce telegraph, adssile arbit
(ATATwtar PRI et &nd prec ¢ sontrol uf lxunching time, In m’,

7. G. Sugov , A, N, Peovoror , K. L, Schewlow, and T, A. Towaes

propused ‘rdepamiently the poaviollity 12 wliz quantum mplificztion

o MY ox ) limeter, infrared, 4O visirle iights. The 1ight antm
Epilfer »ailt 4An 1960 has a wide Suiure of apoiization dwe to s momoohe
rometio frojusndy Ligid prod.ced an high iuterference wat directive .
(ropercies, Iv paves 4 way 0 coe sexi-niliizeter wives 4o visible lighs
hiak 13 35117 4 e blazk region an ths fraquerncy gtpeoirvs in radie
dlagtronter, Pritraracve, frae the point ¢2 view of funvioasdtal ‘hexy,
queusae elantzonic invirewnts can ecoiribele %o confirm exptrivecitally
Rrastalnfy relssivity < 4 other theories.

Aesc g to tihis informsiion, by dsirg medhods of Jwantxa eloo-
Lrandns 8 740 intArmatidcsl gsgriard ~f msdroresents arobably wiil be
eatahllahs., The chatrmar. of FPreath Chearvatory, Jasion, suggestwdl 4o
ngs the wevd lon2ta 52 x5 electramgnetic warvs predutad ia vacum frow
the tzeneitics Py ~> Sde of Fr as 3 standard Jesgth darlng ths ome
Jagenze of wearromensd held by Frence Setmatifle Lcxdewy in Cetobsr 196G,

Frar 20 s tloaed, quaatan dlsctraies is very olonaly
ulzted tc zatinal ssonades, mtiopal defewzre, mid besic zelsntifioe
research, snt it 13 a nev scumao With pawerfal sivesgih,

One of the schiecvmente of quui . ox actovaies is the proiuctica
e sty of & sysien of now geaztue {ratramwris td stwe of thew heve
Béwn vary useiwi in prsction) uxilsstion, Therafore, in the crereat
a6oaT WR repharizs thit podint wnd introduss #aik applicatins,
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Quant o Zleciranic Tnotrwents and Matr Aupldications

me Lo the rajpiz devsloprxe <f qusntius elestranics, ve have had
many ¥irds of guantut recio inctiemats 4n additam 40 thn anes represented
by an Lirasldie-ncize slerewnvy @uintur aplifier and & highestahiidsy
atomic cleok &od molucdlxr €16k, TRele.tly, new poodusts such ay the
strong interfevenre 1i2it panerator, light erplifier, ilgnt tTegulater,
light rectifier, 1ight rucar, etc,, 8-0 deing vrduced, Thic iv one of
the main deveiopaonte of quatie izstrumects. Furlherwnre, fome ime
provemrnte 300 batrg sade on Lhe aew anctromsnin, 2ach ar, ¢ Increase
broad wiith of geir to irncroase ths atablliivy, eto. Fece~t conditiems
are: on tho oas khand, Guntin Listcuments A=y gradually Badng uiilised
in practaced «ppiic~atiors; avd a: the other tord, nav wave-langth regions
are andeszurg ranid devalo, ment, The £C)llowting are imtrodvetions to
aome quantun raiis wetrwents,

A, Atemic Treduency Standard

Tor & lurg time sclautiete nave sarsldored the periodic motica of
vartizles in atmiz and wolesisr syriems as wbe famdation of highe N
. sbebiliity secildasars aod procise cieckld. Ius te the slectramagnetie

field proucese Ifrem the motiam of gloltrona, wethods of chacmvatien and
wiszuracs:y are estanlished, From the prinelple and sethads manti-ned
above, oaveral ahoatc frecuarcy stisdards heve toen invarnted during the

paLt yssrs.
1., Gscillietor tﬂ’&

The azmonis molmcular clock, for axawmpls, utidizes the vibration

of aawnls mlecalse, An smacnis 3-letude 13 just Jdke a poliisdron,
in Figars 1.3.1, tbree hydropern ataes are @ the bess and one nitrogen
atom on tha tip, The nitrcgsn stom. widos 1o scterral feroe, suddandy
turns to the zozivioe K! from pecition K. Thies wotlorn i# called ine
version, [t clazsizal wechanies, this Ad ¢of xction can not be axpladnod.
Aeconding o quwntas mechanics, ve Iomow a4t this inverston wil) affect
the anargy of the a9l wlestde surd & portion of averyy levels will
becow: dingle rrate by palrs, e Pipure 1,1.2. Thase wnaryy levels

' arc waunlly cailed inversion areryr levels, When the tranaitiocs bvetwmen
the L7sraicon eraTRyr Javels o an cuonda xo)scule axe indured, an electro-
muetic wnve of Jyequwmasy 3ot 24,00 zegs 9 will te vadivted or

. aheorted, ZSpesking conviretely, 2 rairugen clin vivrates up and down at
the rate of avout 2& » 107 times por- eoennd. Tnis fovms the Ytioke
toc'c of tha wolesulur clock.

Tas warking onososs of ar aznonis uolenulir oselllator iy as
fol owy: The two inds €f ueorda mclesules with a high suergy state
ant 3 Iov unorgy 3state pizs from 3 molecchor asurca tirough a sastion of

>
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moiocular teum Soae 3 nevzle forwnd by wmany thin tubes in 0.2 - 1 A,
and arw emitted te a :amstor through elettiontatie division slecirodes,
The dimialon rloctrodes consist of sevrersl e dindrieal sordustors oa
walth 12,000 ~ 10,070 volte sre applied aliernstely, Tuerefors, & none
wnlome aloectic field 1s praduosd in the neighharhisod of i acie.

The sporda molecule dipoles are utturacted with the force sid the lowe
enargy slute wolecvles 1y to the megion of the higher electric f£ield,
Jines thy wail 15 at the temperaturo of liquid niterogsn (77° X), the Jowe
erorzy slate molemaleo Loibags! tre will anc oomdense, The hirhesnergy
state mlsatules concamrate in the naighharheot of the axis and proceed
wto the resoaator and radlate by stlmlation of the electromagmetic
wWA7e in Wre resxiatir, A wnicrcauve gsipral produced by Lhe casillation
is exivted fron a coupling device to be uscd w2 a 3iznad of frxyusney
standnyg,

Thix 14nd of somondx molacular oacillator has precision to
3 x 16~)1 carresponding to the error of cng srsend per 1,000 years,
The stabiiity at a shurt timw §8 2 x 10°?/m'nute, 10~23-20~1i/sce.
Oviput power is 2079-10-70 watty, Hader crdinary couditims, 4t re-
quiros & vacuun, ¢ovlinz, and high valtage oguirwont, lance, it can be
uses only 23 an sriginal {requerncy efaudard (U7 sn Irboveteries, Howe
evsr, today »wA smell amwald fraquancy vtmdasds ro produced, They
ez 26 pat in the atrecraft. Thoy weigh adout 158.3 vg, Under o 3C~gram
accelaration, thel stablilitie: are not lower than 5 x 10-10 (5),

Rocenlly there have been eatablisted more quantum fproqiency stensards
whadeh: are made of othrr working materfials. Poo example, there {3y hydrogen
asem {raquenty stsadaxnd of oacill&ta'ri’ uype with a working uency of
about 1,hiC mega cpa of jrecision 17713 anl ascuracy atout 12-13.3c-1k (1C),
Beaides, there is another cue to uss inTorsica a.-zm*ﬁr lavels (J = 6, K =~ §)
of ¥WD» With 2 werking fregusney 18 g3 wvalength (11}, A moleculas beam
oscilisior has & 2 ki wase lenztbll2) iy using the cpin ensrgy lavels
of B0, Tu these workz primitive experimuntal results bave hesa oitalined,

2. Aowic besn types (128, 13b)

Tre cosizm atomle cluck 0.z to this group, Figurs 1.2,}
shoss the wvorklrg principlo of thic atosic ¢lock, The amitted harronics
freo e quarts o:cillator stimelate sz alads Leaam reamator tuts, The
iztter sands 1 erruar sitial ip poopartlion bo the 2iffeveance totween the
frequeacy of the sacillator snd the conter frequency of ths resanxnce of
a ceslim ator, This e.gnal, after s:ufficimnt amplificstion can be used
az a control siznal to contrel the freqasnsy cof quastz oacillation.

The rhysisel properties of atoer: of allm)l matal deper? rsinly

oa the nualei ana the oterwnst valerse gleotron, hs intessrtions emong
the innzr elesirens have buen cancslled, Figure 1.2.2 shows the classical

£l
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disgrea of a casium atm. The nuoleus 18 owrrounded Ly s mxgpetio

a0l wateh 19 stown with Joited Dliwe Tus valsroe eleswroc 46 cise &
mgarie particle lmcalind oo the hodsoatal datred Wro orbit, Congider
thnr thy wotlics of tho valesce elecizo in & mepnwtic Sieid dus 1.0 *he
nvclens 1s jwat iz tre ohligue soticn 42 & 107 An & bariedctal plane,
The cpin axls aorresponds to Lhe cealral Lris of e S0z, T4 Alrontica
of tie nizlessr wyrmiie 2ield correaponis €3 ke pluir Jine, The alsctran
solne Azl Ghe £pin axds PreceRvec Arousrd bs mpelenr wigretic {24434 Lilke
the 1op wobtlon, ecn walar dlagrim in Ziguee 1,2,2, 1In phypoies, this
il of motion ¢f the valence elvotrya in & ecsium aton 18 Salled the -
Larwar processirn, Tra eyslotrin ausulus frefduensy wy 18 equal Lo e
miclear ssgnitio fiel: svvength at Lhe losation of Lha slactecd, Hy,
wltiplied by the 2abis of tae moaetls ot of eiactiva, &, rod the
s hardo4l apin, 3. Tuis frequescy 19 indsperdent of tho angi¢ betwmn
the magnstic nont ard the rwclesr vagnat’s field, "his fares 8 fouxdse
tios of vhs froguunoy coutrol. A8 3 natier cf faot, due to thelr Quaatm
DI RANG MR pruperty An 8 cuclonr anzoatic fleld, the elecirouws aly tave
1o divections:  one pavallel o the muslexs magnctis £ieid ad the

ouwr appesite $o Ly,

At the loecatioe of the valsice cleotron, the nuslear magnetie
fisld sizength 5% cralx:, for cmq #, 18 abeut 3,000 gawss anld ths carres
spasting cyclotron freyosncy 48 10V opi, 1.6., in s Tangs ¢2 3 om
wivelength,

Reow we stody riafly the s4.bildty wod the repatiticn of such
atowde wotizmn, 7The mac.etic mxmp’ ard the weccardeal #pin vonmnl of ac
e3actiedn sre iis Basic charecter acd the swe for @1l clentrons, Parthige
as; ALl ceelils nuclel bave the can® magnciio propesty, 1f thers 18 oo
deetuwronman, the muclear magmistic 2iell strecgth av the locstions of
valarce slectrurs in 811 cecius atz 1 are the scae. Zesides iris, it is
posaible that b2 external mpowtic fiell together with the nuslese
mazoatic field can affest ity cyclotrue frequancy, Ve disduss tbis
orohlex by owirg Pigure 1.2.3. .

“L'k'ta-%'lf
T, v
oy W~ Hyetiri %-(.i',.';. " }

1 Yy Ay
" - ¢ - .-—a- [ X K]
"g').a?“x[' * ;.\Hx) ?’ }-

wf (0)+ fffﬂ:

k’.‘t




Iob By ® 1/20 ganss, then

g n,w - c.m. .

To the while at, the valence slacivon sogether with the nuslesr
nazueliz £ield prodaces i coxdined chtc finin, Luacept for the two
inner directicna of tes velencs €lociror, he aton iy cousidered as @
whole and @6 can asare one O Wiy possiblie dirvections ¢l e any
extorral magneiic {reld, Cor of them, wiiek 25 wost usefyl 1o the
stabiiits of the freciemoy, 45 (hw extermal magnetie el pervendicular
1o the nuclear mazstic Lieid., e exteral magmatic fiede, H,s aaded
vertorully to the nipcl~ar magronin fiale, i1y, fores an stirctive magnetie
fie.l, HY, av ths locatior of ‘he yvilencs elestron, VUsunlly, ths sxternsl
maznstic f ‘eld i auck swaller than the ruclear magnetic fieid, Sae
t:8 equaticn adove, The p3zll shows tmat the alfect of the extearnal
mgnv..c 1623 25 the cyclotren !rr*.ency i3 maly L0 & aqurs term, {5

we extormal mgretic fieid 85 1/-0 gaurs, the #fTect 43 wily I x 10
eps, Toe ertemal masieatis £1613 danges JIJC e fHrequency chuigey
aboat i x 10732, ;or.sm.r.h , tham Cocabton has little effesd dus to
the exterasl macretis field.

Xewr w discoss the effest of the ertermal radloc-frequmey magneiic
£iels or the valerce eluciron. Pirire 1,.2.5 showe a lirearly polarised
redin-fraqiscey magowtisc £ieldt por;mﬁwur €0 the nucloar magnetic
£icdd. On the Loar carsy of the FigrTe the linsarly poiarized radio-
freguancy mapietic £10lé his Leen dcconpored into Jeft and mght clrcular
two pelaricad cosporents, ¥hen the <ircuisrly pslarized comnonert and
ths cycliotron slactra. have ihg sawe directiso. and the frequency of le
r-f magietic 2leld = equal 4y czclotros freJusncy of the elactrom, the
ficis vectop cyn..‘-mnm.es with the slectron, From posnt of view of
rctation mua, e ref 2i213 is 2iie 8 d.c, field acting on the
eloctmin &% raFss tre clelt™m Taverse the Alrection in the nutlear

ropstic fledd &l tle eleztm abmorla the sn2rgy of ths r-f magnetic
f1eld, The opputiie circuiarl poisrisad field has no aectioa,

In et sc Leax resontsr toke s shown i Figure 1.2,5 scherati-
cally. 211 alements are Seilsd in a taph vasumm trle. The casium a%owms
pass thrrim a mz:?.e ta croduce an atoxic Lesx. In the ilrcident vtomic
beam tne avvas hzve their Jimections and 4% valsnce electrons bave insir
twe possizie 4irecricus, Due %o the aniwoZensous stramg signelic field,
e valaane alectrins WHuse Airseting sne the suw a3y the d.rect.,oa of
‘,u& punlsar nigcetin fliedd w,J. ss, ;r..u fron. wiwvher proup of electrons,
The forper onee wpos throuph & rder-wies re2taatoy ard weetd 3 radioe
fyreqoensy trlse s..,';:xz‘, Pif), enltiel from tooe conkrollec osciliator,




Tore iz ancther upomczeneosn magnetic £ic34 dhick cullite the atomdo
bean s 2endn the cesium Atars of the opriwite direciion to the detsotor,
If the Zrequency of ke sltiwidsticr cower devistes Irim the resonunt
center fregumsy, tha: the Jwpesite-clwotich atortic dDezs vyries with
this deviutiog, Ths cetontor tracsfers the stopic bexx into positive

ion cirmart af an ocutiml acror nigael to fesd back vo tha smtrolled
86ilistor, Tre reconhico curve ¢F Lhy wemalcr Tube 13 sdovn s 48

the figuw, its Ccrresponting peak s related o ths uncertainty
principle in Quanfum weeiaies,

The accuracy g2 4Xie Kird of cesius alcaic bema fypgoeacy standard
12 8D o = 1.7 2 1010 and atarilitr to T 2 x 1~3l/eoe (14, Tho stomis
berw 32 rutiter dong, #o vibrsting and acatlievatine rhoalld 9 avoilded,
Tue ingica of the resmatds ncwis 8 Lowoansous vesk magretdc llald, bud
a8t the uataidn ¢f Yhe Doto ols of tha ruscrater, ag unbomuguhecE St~org
wageLis finid L8 Duguoed te split the atomlo beaa., Tae entire stermis
boay tute wesds x rather largs-cised vacwie, Consecumitly, thir stardsnd
is only uzed in laraystories or wiitc 2ive.l location for s privary frejumey
standard, :

Tcday thers iy rrecive atordu Piguency slardsnd wads from the
vopor cf Lhaliiom, L.6,, 4he so~culled thalliuw ciock. Froquenecy 48
about Z 2 201C opr (35), Seyides this, thers is wnuthar tyes using ibe
rolatie ecexpy levels of LLUTIS ylinse warvming werslength 48 3 e, and
$CIW PTIGTY experiawital resulte were chtalned,

3, Vzpor dubtis types

8 the 32ald type of frvgusrey standerd using light stérula-
tiun and Lizht detection, A tdeeh diagrsa i shown in Figure 1,2.1.
Toe rrircical clersats are @ ilhorbersriod LHighostabilily quartz czlillster,
phagse wodulator, vopor bubbles Lo poduce the traalileas of stos, vhase
rectiftier, end fe(chack viraiit whdsh Qocke the freguercy of the quarts
crerllatar to the resvzanse frecuency of tee transitions of svoms,

The sigraleto-oire ratio of tos dotectisd wmve §2 propaortional
to the mumber of dictrilnticr 2 ataxy of trarsition ersrygs lavels, To
mivlate with lzht o dnmr-ase %ds ratio,

™M slvartagee of ttus wdnd of frequency gtandard aces Sndspsnletce
Prom vilestany and atoslerating, fa ks weight, ovall size {fo» im:jwin
st Tubidive, Rb, aterit elock hae & weigit of 9 ', size L£,000 cro (13);
ipe cesim, Ce, ulcrds olotk lighter then 1) kg, powsr conp—<t lesp
Wan 5C watte (27:). They are 2i3 fer satelliten, sochete, . They
can at50 ¢ used a8 9¢1)Y sevsdamy Hrequenc, standsrle in 1w lories,
Recezxt schisvezens: a light postabls Rb raper Srsguency standard

5k
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transistorized, 5eall 45 give, weight Y Ait, yowsr ecmpu?d Jous
10 watte, sud tie stability of frecussey kecps 1 » 310-12 (18] or vetter
withia cre sk, ’

It 18 poseible 4o uro thic srald froquecey staraard 4o confirm
Finstein’e ysuerel rei-rivity, - To pad sh stomic 2lsck 4 a' sateliite
and another one on t2+  <xth can prove the required restlv of the
sxparisery by coupsring the differesce tetveen tiere (wo clooks,

In wrder o narrow the tand wiZth of the vezonisre i4ns of an
alom canres malniy by the Dogvler effect, we can £321 e vapwr Muhtlies
wilh & ror-ragastic tufler pas sach &r argon, rect, Or yamwi, 2Y ueilrg
this pethnd, tie Sine wiSih nan br narroved o & wictt of H857 to 20 cue
At roco terparaiure. Toc corresgording . velue is 3 x 105, Then add
buffer guz, hat cauze the convar freqeerey to ebift. Tnls sbif in a
direny funstion of tre prechwue, It wus dircovered that “he light gates
suct as hrdragern, neen, and holims provucw fresjuruoy stifting to high
Lreguerncy) wedle argin, Yogwon, wd renon jrroduce ile oppn3its frequency
stifeing, Yor «zuryle, Ca13Y ity 727 argon &l 257 reo cea nRve 3
mrdemn preasyrs Jrsgueney shift,

No mabtor ket Mdnd of an etosic clock witlh Fich stadiliity amd
bigh &ecurazy we heve, 24 wuat pwet tre folloding thice reguivoments?

(1) The certer frejuency of transition of au avom ar molecule
st be very csteble ax! andeperdent of %4 elactric fleld, wmwmetie
ficld, preasure, tempexsture, mecheric vibraticr, and accelersticn, oto,

(2) The rarrcwer the width of resopwnce lins, the better.

(27 The nigher tioe ratic of sigral-to-noiee of the rectifier, the
tetter,

Ir addition 1o the thres Lypes of stowic freguency ‘stardare mentionad
above, in 1559, awrirg the Arerdcen Quirtm Flectronies Yeeting, X, .
Blowrherrs? Sugpestel the ;-?8§2*513;.5::’ et 8 3¢1i4 auantas sapiifier can
be cond 8a x time stadandi®/,  Ius aduantage 4B that the Syequemcy drag
ir the rezovart cavitey osh e svo ded, ana &t low temperature it works
vary statly for & lorg time, sulput ;ree~ larger, ard roise from spon~
tansous rzdistiorn car be neglected, owever, Lp t0 new trlde knd of
freguency siaadard has not becz ahisved,

. . 9 29
Sorcerndry this, refer %o the Lizevature (19, 290,



B, The Production and Aznlifisatien of Strong Monochramntic ligt

Noictrovatic visitls Sight ‘wavelength oa. k,000 £ - 7,000 &)
and dnfraved (wnvelength oa. .7 ¢ - 300 ) are 3eatromarnotic waves
of short wavelongtr, Fumin leings kavs controlled and uded widuly the
production aod seplifuration cf uevel >wdlc vaves. But the picdustion
ad snplification of monochrowrtic visible light and infrared were not
zolved until the invention of laser™ er? iraser®™ recently. This is
3 pew ers of 3 comiiratzen of radio physics an asﬁco. 2. H. Maiman -
aoncced in Jaly, 1560, that s jaser wae borm(21),

In laser, a rezative texceraturs working etate in & quantaa system

of srterial 13 used. The Liwmgortant featuwre of tha induved exiasion is
for 1t ‘» be the sewe froquancy, tha sams pb2sy, ais the same Cevisted

cillation as the incidant iieght. Theralore, lader can producs 8 very
rarcev (fur inetance, C.0%) mmochrometic taax of Ragk 4inteceity
{snergy niglly concentirated £o wskr the ilghi pressure up Yo 1P atm.),
witn high purity. It Jcous a sirorg momocaromstic irterferance iight
scurce and nexes gl really anplified., The oirth of laser has its T
degortant meanlng in raticasl asfense, scieatifis resssrch, an? mational

orsronlcs,
1. laserz (semochromstic dnterferance light eource)s

Recenily, azcerel diffecent types af Taser have bsen produced
succsssfully, The woriing »atericle are gates an wall as solids,

a. Using d3lute ramy(23, 21, 2150, + C.05% Cr3*%s

A thin roc vade of a caocent—a ion of (. C5€ ruoy, both ends
sarallel to esch other with a4 zeall heles (o electroplated with somi-
perncables £4lv) electroplated wits slilver ferwm & rescrator of Facrys
Parot inturfarczeter. Twe rod 18 wrapped in & heilcdl axe lamp. When

M

* laser -- iight Lrzilfiasticr by S¢fi"aled Fmirsion of Radistion.

i 1lraser - Infrared Amplification ty Stiaulated Emission of Radiatlon.

fie.ontly scoe authors stpgested %7 We Frsemr enl Enoser, instuad
of iizse, Laser ans Iresor, to reurescn: Elestroas:uetic Wave Avplifica«
tion by Stimulated Emission of Reliaticn and Zlectromnguails Wave Oscilla-
tior by Stamulated Rxdesion of Ppitstica resreriively. Tre weaaing of
Maeewr, Loser, ard Yrasor is apdliwsus. . s
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green idght {5,500 4) ase Lluve Light {4,100 A; stémulate the red, the
ruby abadrde Lie enorgy inside a vary Nrcsd frequancy Lad, The
chromium lons in tie ruty wre stimdated to bigh ameryy ieveis, ose
Fipure 2.1,1. Afterweds, throcgh nomradistion traasitise, the levels
go down to R sawzgy, levels ard pe-vadiate a ight of very narrov {requescy
band such as §&,9%2y 2 ser 6,553 & red 1ight, and than retwrn to the basie
Isvels. This process ases the principal lines of thae roty and uires
msh power o0 stimilate. A pulse Earcury arc lawe needs 1 x 10° watts
of pulea power. The maxisuz outpit of pulse powwr 4 10 kilovatte.

Tte intensity of Lhe esfesion lings of & ruby varies with the power of
stizulaticn., A siepls precesa to producs gisvo.ag momochromatic inters
ference 1ight is the f0llowing: A photon of puoper frequercy stimulates
w7 atoms in excited states to produce induced sxdssicn. The oleciroe
magratic waves from the induced rediation of thede eto ‘< i@ coupasd

0 tae resonator and radiate syachronously and not 1ike thst of ordirary
ilghio wdick radists indivicually on? 8% random. Betwcen the voth end
virrcry of the carity of interflerometer ty1e, 3ulficiut enargy is kept
t9 producs the proper sction =~ the caaiinuozs raflactiocn Detwesn wirrors
cering svery roand o i2s process have yors radiation tc strengiben the
axisl ouirut of the lipnd. .ho avial ligh passcs througr the couplire
vols (or sad-permsable asmbrone) to the outride, The riciatics of other
directions w1ll be either absorved or eccupe %0 cutsice the wall,

Now, vany zesearch urdie have produced rudy lasers suwrcesafrlly,
eoze of then kave beer muufacoured, The following is x sinples introduwe-
ticr to its werring arinciple,

Pigare 2.i.?7 show= the srergy lovely of rudty. In the quantum
system thers ars two trensitiors: One i3 the spontanscus iraneition (A),
ad the ottor indcced iransitiza (W), Spontasects transitien 4s 4he
traneition Lriween enerzy lsvsle of particies uwrder no axteraal sction,
Wher & particle 2akee the spontsrecus tranditice Irex & high crmrpy
level to & low ersrgy level; it ir poscitle to et photon to proiuce
scortausesns sadistion, ihe istoireityy of spoutunecus radistion is pro-
gorsisnal ta the ecuhie of Jreaenty. Eence, 1t §u froortant in ke range
of v’2iblie lighs exd ‘afrared. 1o iierowavd rénge, wcept nvige provloems,
2ewzally the spontanesus rallztion can Ve neglevied.

In the figure, ¥W,, ® Wy &t V.o » W g are rezpsctively the prok-
sbilities cf Inrucad trafsitidn Letwaca enerzy ievela 1 and 3 snd Dulween
1 uné 2. They are groperticnal o the intentity of the light waves. In
ruby lasers, & vary etvorg st wmlstion iight sovrce e used (L.o., Wiy
very large), ¥y 43 cs. 5,600 K, ihe stimulition Sexperature is
ea. 5,000 X, Why is rather £ral® Ak comgarigon with Wyy, The irtensity
8% 1i;1% of Iryquensy, Vg is éetendned frum the conditlon betvaen ibe

-

earcy levele *3 anxd iz Wy decermires the emiviwed power of tze laser,




Ay &l iy are the Drolsbilitise of spoctanecus wraneiticrs to
tae Jiraet. mqavola Tron s thixd exurgy lovele eor ss2nd rcergy
1evels respectivaly. Thay and the srebetdisties of izduted ircasitions
@239l Tinatelv' s relaiivns, Froa the chesption coefficieht of Jight
belunm tve rrlated aoaryy lovels, tae posbalalitiss ef sponiscicos trensd-
tids saxn bo dataradned. secording to 7. F. Malnaui2S) Ay 1s ca,

2 x Wi/ pen. From e 3denisiy of % rusher of particles «F crscpy level

‘B o% equidttmiun, Apyly o Tyafyy We ooy tind Jho net-radlaiion trersie
tics arobsbllivy, 330 &% x 10//aec, The consmitrstior of pararsgzatie -
a3z af elrosied in My wonally weed Lo O.50%, il its relaxaiion

Wne of apan cryatal 1ttico al refe terzarsvore 1S ox. 5 = 10=7 gezond,

The enlouiatod Yalves agren witd the exzerizental reeulis lz;p:‘cﬁrauly.(:”

In crdar to osin wpliflestion of quantvx we have to ymoduce an
Dr-eroton af sasticle nwancrs betuosp twc anergy levels in quaxtom
srten.  That eana the negative Semperet<re wotidsg coniisioa, To the

a2 Tystan we digcusexi, we w1sL make tho ausver of gkriicles with
ﬁ;:‘ru;' LAY level CE, Kz, lavier fraz €At vits lover earey lavel

2: 83, Por 4ha putpors of this ve uss & sary gtrong sttomiating 14gbt
870700 0 obtiin ¥y3 > Ap.

© The tine rales of maiers of particles Witk erorgy ieoveis (2) snd
2) ares ‘

é}:*" - WyNi~ (Sq + AgIN)y —~
> }-F';M o SQ\’; 5 {13)
CSu> Ag § IV, X 'N’
L0 A Sy = '
Iy .

- (”’g + /‘.3)]\’3 (2)

At equilibriun .?g:.’. - Lgl me ft,  tten (12) beccuws

Sg = W V. (2}
S tion (2) beconsy
" H
Wiy + Sovs = (Wi + 4N, ()




Substituting Sjvation {3) into Equidca (4), we heve

Nio P Wy
Ny Ay ~Wy (s)

n,‘ wu ] wa )
Prom Pauation (5} we Lo tast e kay > 4,4, then Fy > F,. At whis
Uine, ihe QuRtuR ssgtom kas Ryplificabion ¢ Mghi Srspumsy ¥ 2

If we Srvsstigats the enopy levels fotder, we Sind that x
3o1ita dnto two enaryy lovela, X, wd ¥, a distence of 29 ca~) spari,
“ievalore, he W0 MaVHlurgihs of wadiates pad Ligats frue X and T o
tra basic enangy 1esel Hhp aver Ry o 6,529 X, ard kg = €,%3 &,
rezpeatively,

In order o explaln the digstrinvtion cordition of parcicles when
stamulatisg Lt sfurce @inis Ad 0 ecUinAte QuAntitativealy the
roguired intancity of the sidnzlating Lisht sourcs, ws incroduce an doa
of tpndvelent texperature, Tg 22 Upht suurce, snd suppeae tat the
spttivan zhould be cptacsily tadn, The Jight socurce 26 approxiraisly o
oLk b.;d:. From the theory of redialion the Lollcwirg veiation 2an be
obreinedi

T, > by
ta (55 + 1) )
) An -

@

The pracamt protdivs are: b

1) Inhelerscse 33 nny Quite yood. Tu3 fecyovomest will be Dys

[/
031 dervipg vidh Yigud altvogen w1 inencass .‘m*m*.'we.fm(‘(‘).

(27 Mty 3 Toeeha rasccscor of Luterferance oo (d97 06
of prreilel chevdd b lesw tha: wenlergiil will inezeaps trierlerence,
Troenily uolm MeTssr STaLd 4 taefocisicd rrTasiure W3, €07, Thie
Wré of Ascrant 257ty fotsiate &F Lo ole 1031 relletiorz wick are
sevaated ur & Yatarte emual % Yhs eutwor Paiiuy of cumaiur? st heve
#oeO¥ZOR P s SaToral which 1A isage w1 W Jorked o radisia. The
Yass of 2-ofrartion tf tids ool o meaiotnr 13 amall, amt the cpuical

Té.

o
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adhatral s not crdiionl &9 4in the cuse of Suiry-feret interforosetes
where Lhe plade wirrer of Lie resonm.~: ahould be e 'usted precicely,
Stoey advantanaes of whis kW of rescmcnt cavivy ares

L), Compersiive indeperdence of vioration,
11). Do rot rred as yrecise « surfsze ro ucwe lace types do.

i15), The raterial of light awl3aien resulved is coaller than
tess yoQuised or e Pilane typec. Thds weans Lhal the porer of 3timila-
tisn cun de Jecrounad,

Tris 2brvemira car b taed wideldy S¢ qusnt T amplifiers for the
wev1rergt of 3 milllmeede %0 visitle 1ichita,

2) A lerpe ameant of heat crodused from Lha arc discharge lamp
shovietst v wozking tize cerlo. oo ths xplister. Un *u now, the pilase
Ve LA onlv Ustl 4 Taw microneconds and she ¢ zimncy of wrorgy in-
ve-sao 13 aob hizh.

&
Y, To are concentrated ruy (29), 43,05 ¢ 0.96 orde:

The wrking Jretese 49 basteally the [ame 82 in the prvvions
39, The cruy cirferescs is thel ke corsentration of ruby is 0.5%
2x7%, tis Line wed 15 the coipany llie of tubv, or calied N lize (at
*he lotgtine g%ouy 100 el “rom the hzaic Jevel), the rad 3iz.te esstted
are (.08 K end 7,8 f, ana the reqirsd poer of rarplatior iz avciler,
. Lhe staar’avion 4s pade by 4 entinlous merucry arc, Tne worhing
W1'03C63 15 zade with 245:0d¢ attregen.

¢, o ure caloiwg Lloride with en impurity of samesium (29),
Czfs # G35 S

&

Wds o a nar ty7e of doastromert uring lose LY & rare 2at4h
wiseant, It will wosk for a centisacus @ave. Ivs elfiziency of Linmner
oeses frvarsion e séveral Lowdred {iwee tisl of mbly. Fence, the
ssgpaiees power of stiaulabion o snsiler. The firan cilcium fleride

Jigns appifine 23 oniy partlially stimviated to axtv light. Ite Jezigrer
Lot hat he iporovenurt of reliectizi foea the biln e of e iniere
sapsraser pmll fc.resse the cunt of sl muation of rhe mats 31 ard
VAL OF SOTUnIOue WLTES,  Ci4ot the TasTt of laser ace rrflrcusy zany
g2 el both o sarfaccg of inzerferometer, & 1itilo incraase ir the
s2lecilion will imprede the verk on podr2t X1 eontingsue wavis wery

weas . Su o2 DUALAs C.optovmmend 10 & Yo of:,otr:.ual design., Tae

work 34 skcslerssh ¢f waic insiryrene 48 V0,282 AL IL hwa tc wiel unger

vre tauferartare o ilgude neliam.

)
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It cshould be pointed eut that the «Lliclency «f presant laswre
using a orysial 38 8 vorking rateriel ie nod hign. Thixs ig dos to the
whehomoperacus Corpasition af the material. The improversac on crystals
will irprove the propecties of lspers.

d. To uge calciam Llordde with fspurity of exropium (”)n
Ca®?, + 0.2¢ Bu®s

The workirg utfid 1t & flacy speacimen, I% will extiv blué
1ight of wavelengtn 4,250 A when the specizan is stimulsted Dy the Ry
lirs of raby. Tvo prosssses of guantue stizmlaticu ars staerved,

,
[ sddition to the woriding materials mentionsd eviously, the

use af oiher materials hias daen r%,ﬂ. Kercwwy-nze gaseous discharge

hay a working wavoisngth of 6,263 K42/, A glass-like organic wixuure,

benzophamons, {(CgHc)y, CO) + ~~ 0.0:2 naptiralece {Cysfig), produces

stirnlacte? fluorescence of vavelsngth 4700 37, Ivs weorking mechanise

is like that ¢f & noliwrmpeon mixtere. EBeccophscote cocresponds to belivm

and aaphtbalens 1o ason.

2. TIrssera:

Faterssls whica can te used for irasers inclule solids, certain
vapors, nixing geses, and secd~condustors. The mswhods of stiyilation
incinde arec, self-lischirge, cte, The wridng wsvelergtih 1s fyrom
19,500 £ to for frow infraved. The maxiram ouiout power L3 & magnitade
o watt, Tt is poesible to work oo squel-zmplituls waves. he recent
aroclame are row to incrasse the output powsr an! how to prevent the
corrcsion of allkali or the comtainesr.

a. 70 use'niddng gas of r.oon-hclin(zs)z .

A newiy designed pazecse iigit amplilier for countincous mvem
as a differert stimulavirg sirasrure droem Lhe ondiruary ones. Ihe wplifier
corsista of a tnoe 1 @ long in wbich recn & hellunm rixisg Jases are
£i1led. 1t lovke live az ardinesy reosn dischargs lazp. Tae stizxiarion
is mada {rom a roL-electrods nugh freancy disenarze of & mega cps. The
ernorgy coming {zon ths ianer d.scCasce =tiilstes heiiux stoxs to higher
enoryy lerele. Usdsr vorral cortitions it docs nod raizate, Tha vaun’
stons in the waising pas coiilde «Atn tle stizlates naiimm wicxs, and
trrsuzh the collasidns 4n® sneryy wranslers. e r.eon a%08 thexslves
have the gossitbilawy Do Siirulation, Tl.ey &Te e & wWrrAing condi-
siaa of resative LGeratitce, and ralisle snergy 45 A 3on%inuos mery
so'me. Toe euersy lovess of neoni-heliux xte shown a3 in Figure 2.2.1

* -bm- RE"\'o "tt.’ 19‘-*2’ 8, 373: 23 "©wre
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e L v S b e = At o A ivs emrrm Ao

The Light vsans ~aiect back amd furth tetwses She sevi-vefliecling surfeces
s the 4w, arin of tne gis tehe., Toaw strenvtien attar each, rlesticn,
Soue of tae Lasae it thnowgh the 83 piste to Lorw an oussal of & very
rarrow interfarmics Intraved contivvoar liget beam (Las specl=um width

is mboat 1 x 10> 97 oihes Lntafersace liznt aoxmes), Ytmn eaergy 1s
radlaved, somwe neon Ators AP 0 FOIY 1ow eLeTgr Avinls just A2 u aen
0 et ue Selerallow lisht groamtansously.  The otixolsting pudor is

a%ous & fraction of watt. Tae ontut power L2 cu. naviredth of »#3t¥.
ine.wisiny tie diaxeter nf tie Tub2 can inormass the outpul, The werking
vasparatrs i3 nob bizh, even whon touched wita %ha E,\mi it duws pot

aarl 00w,  Vorkirs waveleagthc are Irem 12,000 4 &9 12,000 L. e

iare fave of Stan,  Jiipp vhe Worr Jall Lojnsiomiat @ tedegraph ¥an been
“aster., The frecusccy widys adiusicent tie bemy denc gucessefrily up to
6 ams2 ops. Uaine other aairodn it L& pocaabls to work bto taousands

2¢:2 (08, e can %9 this kind of later to traxamit » uizeehls sigval

in 4 tude, Tae locs Le 7wy small. At oormars, raflecting wirrors can

he vied, This 19 & Lfwpztzat devalopremt 22 the tulesTaph,

b, To 1m0 salefum Lloride with en ixpurity of uwearliva
jaFy, + 0,28 33

('32)’

Urandum iovg of valerce 3 are one 32 the ipistant mtuwrisls
of tis rvw Anfrarci (rzimowmts, Uving oadclum floxdide as the bace 1s
¢ wech cowzon optical astarisl. Ty wavecanguh 48 2.5 k. TR idrd of
Jages uaﬁ‘ wita liculd oxygen continuonsly, and its wavelengtn is
2,623 ptl,

e, Toc ude ssittum tirgebtate with iapwrity of ncoi;amdum(fﬂ) ,
Caviuy, + 0,214 K2

Weridag pxtwrisl 2o caleoim tungstate Cai®); with en Lapaoily
of (o UA Nc3* mtiich 13 aade irco & rod Wilh two bp.‘xarfcal euds, oun o
whie 18 of 5% sesnaparetty. I is muimcdates By 3 GEFT SEk venon lanp.
tork 13 done st 770 ¥ oo rosm Seepesatars, Tha strovsssl ohsesved
63123308 3498 15 Py =¥ “1.q,,, A1 thr wavelanrih 1o 1.3 p. %o
syl spenipen, ot W REeErdIUTe, the trrernols valvs of stlwilzted
emdevtun 13 co. b Joales) #ille at 777X 32 i3 ca. 3 joules.

’

d. To coe caloiue Lungaiate with as irperity of Yrifua?),
a0y, » C.3% iw'e
Tne zpscinen iv clidrico) with srhrricsl ends, Mhe stimulating

law is CRIT-52%, T = 7797, the stimalited Sicovasoencs har [\ = 1,931 m,

Tae throshuld valua 1y 125 Zanles,

7]




#. 1o ute ca’clum tungstets with an trpreity of «ol:..ua”
cawe, ¢+ 0.55 HoO*s

A T @ 772 1, & stimilaved fiucecocerce of A » 2,048 p vas
ssen. The thresnsls vrsiue 18 300 lovlesy.

. =5 use calciun flovide JAth an impurity of nestrmtaet),
car 2 L4 M'*l

b criirdrics) speciman with szhurics) cvls smitted irfrared
of 1.004 g at i7Cr. The throsnold value 18 €0 jJoules,

€. To ute girontium rodyhiste with impurity neocyr: m')
ity @ 493%s .

T » 779 %, working wavelsagth is 1.08u3 n, and thrcshold
saiue 88 42 Joules. A% roor Tewparrtuis the throshowl vaive iz 125

30-)) as,

in addicicn, Sners 18 8 paper raposrticy w0 e 2a (eowr 2lass wich

ar fpoagreary c;‘ l' 3. and some auther puuggested the usc ¢ Ineld
s gondazzsont £5) Wik is Leescr of » cyelosron revatise tive, Usiig
a very strorg refonanss magneiic field san troduse “he lansiu wverey
levq:. and uaing Jight to stlmlato vivctrors can pui thew inin higher
enazey lavels. then ue try Lo prxivce (nivared radu'.iem. It refises

a svrong macnedic 7ield and ':ov SOnOrAtW e el naen’, It can bLe wsed
éz 3 :wuoch.-:ma;!c it cource irn the region of :em-..lilmw wIves
anu ‘nrfeacsc, e argo rc8f of anergy in the sudoorducters mares it
¥l ais for a‘ o7 1ieationa,

fuorthernry, zbarr ‘s vvfum- werking raverisl, Re?z e, Tha
dorping wvelenth 1s &7 .

Cesiden the aforewantliones in.arflercmolar 43 Syelodiron reec:ance
toroes, ~0era 12 Adother idee ol 2 filer .,':.a ol Qagnt un.ztie-'nu‘
Jaz Jattes 3003 ol wark s.'m sas voittern &f dinterfarcxetor, 914 ths
i % Tropspnies atong & tnli tirend,  Tre thein tiarsad is used 19 a
astroLled acn-aniel TatLern te gullie tus identyaves, ar2 s sirecrivity .
L3S the save wamiz A2 ae that cf Latesferonyte™ Trp2.  Fubs has beeq
Wty irio thin Savends, tut oot very thin, .loua suthore cureghed thay
Slaes with ar ’v'.p'xri'v YA W YK eu't‘ 2lomant ix belier, I reluires g
surmad, £0 the tecarigqie 1as suflered soms AULDLSJldes, .

ver: lorg thin s
35 tir thiz wiTe ‘t lagser 1A3 n1t bm; sycazcafally rzéo So3? othexr
STatyries are roW suuocing a trevellilis wavs type of U

¢t N
¢ U




Yo mabtar whad tyss of leser, tha comwn Sejalioserte me Yas
fodlowings (1} hizgh powwr et Vfor treasvisoics 1% Ik Sery Limorisaty
bot Lor resetiving, & ocretent outout is AMY mMighti, (2) workirg in s
tordinuaas vavt (in 36a0 applicabiune a definits pJaige i¥ aloc awgileble),
(3) mood cobnrenam, (i) narrow tand width o2utput of frejucsy, (5) high
direotivity, {0} will warzire wydsl roow tespurstyre,

3. Poesivilitien of wide epplications &L Yatarn(iE, b))y

Jeaording Lo pussert «naialps the acordd of the SRINYT MPVAiCe
Yon of a strong wncoliresdtic source an? 13gY eapliller kirte ot the
poatibilities of the Loilavdlng applicavicrar

Ge Patizmmil deficss and allitarys ’

Lighd o> and lanp-cistanss chetogTsths % xide 'y uaing
& ety nterew s Lign sbeope Jizht ceam (0.€1%) il sriresely bigh
Mo ring pmer, A osiliar SUv33, )4 nar beers inveniel, 2t can be
wod Vo photogrdsh an object at » vary 1oz &atance, Tao prikc$pal
pae ol o eziddnr 15 A Mght gsastes caxillaior Wiich cor prodres a
shascp feevaed st 1aas viE 4 muringih of & certath M cohrurandn Ught
1 x 10 tigen aw thAL af san Yight. Tos wvovz band widor of Lre arpwris
wAB%: 1 oYt 3% c3. WU orvard Af wigmdtvdn narrowee Stan el in
2iary radey, 12 & batier orystil 1s wmed, the b wiith wiil de
rappower, Thaosetizally, the wive Sand of s ertpat Uittt from Lhe
cocilistor 3ta6lf oxa be up t0 7 p radiinz (svout C.O%L°%). The nwwer
wive Birde oan distinadsh an intesvel of 3C om et a 2ietapce of 9 km
{goviing wavalanatk: 6,53 Y, nalze ¥ willisscaxly), %o precmnt lisnt
adar 18 ULmwd b the fellawing fisicret .

Vrve and widthr tore hugh quality cpuial 4s reguired o procuce
& ravroerer hand width wave,

lazhe 2lter] 22
Alder i %l wp ¢

Stiwdsting cryrtal:s  Betler stimalating erystils and Lprovement
2% patind Lo stisclile cryNvals are rosuired.

e i daprove the igsi-torrolss. TN secint
, Wi 43 not 20330 the regussenmd,

[#]
gt 3t
b 3

Doy s 3R0PGAlons  Dacay ar? Aiffnulea of 2kt wuves Gus Lo
wboacntare Jladt (o€ arplication OF iighy sefar <o oa zrouud,

(a)izars 2re ecbinaiod 449 % vzed efdviietly cudy in S3ick, Withe
Sut en atsodpiite nediem, Inole efrspleres urer moalir risslving
vewes pighs Ukt waight, rower ssase-wd sa2nil. 812 lney diatzer scllern,

Todar posliils MM rolang sue ovallsbla.

4 Oalidar ~e Cerwrant Light Dalaeiien ard Reaogiop
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%, Comswricstions:

Using sonochiroastic iight sand wonecaromatis fofrared wo can
bave very leng distancs radio camean.cations frer frowm st sleotroriatis
fieca, iatarforence, and delsction. “usy can be usem for ecmmanication,
browioasting, and tslevision betweer the earth sl oiher plsnets, and
solif1sial satellives in soace. Thelr ehsacnis esa be incresced ine
daliniteiy, The sivanterer of uauing light comesericublon iv undergsound
tur4s are: wide comwavication frwquersy becds width ¢ give smny channels,
s‘g:z directinty, ta3ll loss du2 to tube wella, and eacy proauction of
wibes,

. Basiz research on physiest

' he appearance of x cobarant light scurce gives Lhe poswi-
biiity of & iov of vew ressarch. Usiny lasers we will develop bisio
research o physies., Wner & atrang coherent radlstion stines on @ uolecule
ar &1 A%WH, 80W) TUMOWD IsSonaAn:s ef/acta wil? be mcre important. Possi-
biy, strong vihratlioos produced ars sutficiant to ovsrcors the bSinding
forcaz af wiscaies. The resaar2h on non-linear iargs axplivnde of
soleztlar oos13laiion may be tae imporiant prodlam iz the aew field. In
adéition, using cenmrent light radiation we uan construct acoaleraters -
for ctarped partielssifl), and study properties of materisls in strong
slactric fislds, wte. :

2. ¥eldicire ad hygiene:

(1) Sargery:s A Light ¥nife, a tocl for murzery by uiing
stnccivonssie LY, can 3o the 0% fioter vhan ary ondlsary surptesl
knife does, amd can cub thra;a tismue pore acctretely thar teat achieved

Uy prazent surgery.

{2) Sterilization: Siromg acacctromstic lizat can praduse
hizr loeal tepresstwar 24 obr be used {ur swlfece starilisition axd
csll vaparisiey of rp inmiviinei part. It alsc kilis, sterilises, and
s 2ells in & swll ragica. In sadirattive cces, it «il) strensthen
e a2lecte 0f Z-rzy or ranioacti- e Assiczas,

e, Pr asterg penschroatia conope™ 42t we cin Beke very
w33 reecdvine pom et lpavroments akic)h 225 At be seliiwved by
3oa3eny eniical imsiroents. Foro wweciremalic light 1s a powerfal
1) fom stadhine aseurrely the tnaer siructare 4f ssieriais axt also
£32 ¢retita neasiresents. :

Kl

¢, 3 v mthof of tandacdizitiue of lonetd westurenent thus

13 be =labitlaned pxa precise legpla dwomespesat £or oty dlistances
can o8 LATA,
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2. Cramicel engineowin: end rotalimigyr Osing stwing light
sources to stirulute molssvier wildl catelyse wany wss recctions. It
will produte new chemics) ropstions s: gudck spote-welding snd other
Wind of v3iding. This 13 Jwportant to meonaical ~agiocering, naunticsl
ervingeving, and srecoauticel eprzinvering.

h. Frecige prutess o) different wrteriale and very small parts.

1. VYore fovasighted 2deaz: (3) Ured 42 weapuns szaiust ccne
tiremicl mleiles, rorkets. Lnc atresaft. (2) Vesd ns 8 "dearl.rey”
avapran a2 te tne i1ling propovty uf bichly corentrated energy. (3)
Baec a3 Jarer fast commiter, (L) Usex a9 dnfomge weaping to survey,
comg iieate, GEuntt, end unlaroNaier celectdon iy L I ‘. $yousiog
Wi prangrry Lhah Arn waves wilh band width 1C X in whe wreen or ysllcue
feoe s pret lwuveieagun 5,000 R), elecieomapnetic wivdov, have she .
~e1livat “oze An séa water, eurreying arc coprunicgtine can b2 CNe,

Tece £adst eany dlifiowdt preble i swrveyan; oty hydroscuustieal

alas, evuccially the S+tecring of ~ltra Lty distarce and hish
et raty, for which 2 viry complicated desizo 13 reguired. Necently,

#omn wuyl cvs havws etadfed 2igit anpliliery #or waves ir tee biuve-grean
re-rdon 8e wereralors Of fneasad weve DeARS YO prnetrale sLn FILeT,
Raeaieering ua™e Lagwes w111 6o 8 poNerfu? $a0% in vnder-ces coTmandcsrions
ala Bighenoornzpey Sarveging, The decay of 2 light wave in 538 wWaler i
cuaoad priveipally Y the sbacrptio. hy maverials 40 tre aer., The
1140970 Gae to pensive partisies and reliction oimg ths propsgating
sath of Iicht maves light Jevsl higher, g0 that the JhLject can not be
ciziinseished a3sliy. Thkz 4x equivxlent to Jowering the sigral-to-

seien,  This LeCopss 2 prinLipal reacon why iznd in waler can aot
popsrame ax far wilch 1t raused b3 » receiver witk insuifizient senai.
Livity, I early exporisants, 8 [Th.waut mereary Jzvp wis used, R

forued ravanelis smfacay reflentor forwsd & narrow wuve beam. A

seatver ae3¢ 3 patabulic rerisctor to fusar the lipht 19 n photorsllip-ler.
Ire crasTint dialsoce one way was ¢ Y i In order to ovarcons diffu.
sion, sr #lficlest scarming derier ououid do studied. . :

Sems anthore suupesics a “orm, vedae {Tlaidle energy detsctaon and
nxing}, for wde kindt of awplifier of visivle 2ichv.

Ascosding to reparts, tre Hoasisas have ciscovered {vwo elecilo-
marLetic windows 2u zes vatur irn Srw re~dom of far infrured, whoLe WATS.
lengtig are 390,000 X 1o 430,000 X, The main precblems on such quantan
acniifiess for thig re~icn sre to fird some preper raterials,

Tae pareration and mmplifiestion of monackroratic 13:h% 49 cne

A% (he foweny Aenieveaents ¢f nuxntue elscivoucs, Fram ths poant of
view 02 developErnt, the afsrewentloned rossivilities Lave & broad future.
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‘ C. Hasers
The gevieral wlorowave tubes s on the taric prascigiers cf radios

olectrondcs, It weans thet they vee Lie fnlerecnangis: ocrgy of inter-
zoticn telwe £roe ulecipuns and &, electrosasnatie fieid.,  Secently,
tate ‘realtion 1as nean Sroxen and the azpiicatlion awd rastarch oo tinding
elactrans is beglonn, Th'8 work geher«l.y 4o relaes nith evergy
changing of oleatrons 15 2714d ov uolewcsle, of WLiei. 27g maSt Sntevesting
thenoneta 18 trat thar Wil cers7e acerrding $9 Gua™ius <:chavie yroperiies.
2ndirg aleitrane 2hew thely new Droperir o 91jsulsnionm which {res wioge .
teons o nov have, The 1ypical quartum propaitly obisTTea 18 th3l alen.
trons ¢z only evlel on cimyrete {1.€., 86-00 .16z Quamiizes) wrer v lavals
and have definite cnesplez, 1o the guants By2tem, tiare i5 a0 roise Jrom
a ol enthnde 2 eincitan Crerdnt 1iVe (hat i elstizoan stdns,  (uantua
amp!3fiers warv ondar Jow Semverstuces  Tha loder Lns Lovpsrstore i, the
better <ha raqclt, Therefore, they Yava & very low rozie level and &

vory high sansivisity.

MRoers 2um Yu olasuified imde tuo kinde: pascoL and £0l4d.
Recamtly, “he majorivy of sopev-lowetmite aaplifiess rave dear tie solid
Lrpe e poru pu-ceselul,  Workiig wuselengiie ora “rox A mier to a
rillineter  workizg processes arc by eunlimious wase aw polee.

1. J39lid masers: .

5044 masers nive many differeat wcrine procaraes, 3ich ag in
tvreanery~ieval 50iid masers, lph.-fraqiancy~rlilatsd mserz, thiran-
eoary-level and four-smerge-level msar, ilch Navas he sxee crirciple
88 in Thpete-anergy-lcTel oney, c.g., Vushepull, Fusnegust,, 3RErs,  lowe
ever, the mant %3%ic :5 the Lhrecesmuorgy-leval, e <rzrasg tiis \ing
of working ceinciiie brisfiy (for detail, see Eef. hlx-n).

Tre 2plificasios of Lareo-ciargy-lczel sagare (s a'me Uy stimisied
eniaitorn of inowey etergy levess of jurgzametlic icue uuter asglifyiag
sijzas frequenir, AL hhermmei aquillidricy, 2ince tis ceners o particles
of enaryy levels in & wilec:Jar syctem or & Larsragretlc s7sved 33 uise
toituted Acor2irg to Fullzmans's aaw, e aTmLer ~0 parvicier o Taump
crarss Yeveo 45 sivayn iscger e thal of Migher eserzy el {zer
Pigere 2.1.2a)  They alsgye shrori extecial elecirusiretlc weien., For
the purpsee of (Lavpity the 204070800 ) L Lew $14¢ un eemrsicorn Syeter ue
st Jdegtrey Poltzraqn’ cisirdbelior e chtair & conlzlion et ihe [ombez
of carticies of 2 certaly. hugdes L orgy toued 38 lar-cr that that of
tewky ansar gy devel, Tnere are uifTsvenc zedocs vo lrciesie Ue mmbor .
of parwizler of Lirk erergy lerel, on: of tav pore ~f2iclent of wrnich is
ausiilase stieuiation in the Threr-erari;eleiel 2ysiex. ¥i,Te 3,1 1% stows

the vincdpie of Vs methed,
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Yoy Yuvuds 2 and ) ave toe basin ancrgy "*'mla. Tre distance

vatyean them dotcymines tie warkdng fregquency & 230

ey leve) 1 in

0 A iitory enans, 1evel, Ths & iy atwr..:a:!.»,, um Nk I

TLLCH & STRDLIVISS catavwan ancrges 1ov

nlx 3 ared 3. At tagewn e'.m! a.?.bl'i'-.

tra noarar 6: sarenile® of 1ower enevry level ] i leowor than thoew of

perticims ol Uigncr enbr 77 Jevels

7 a3 3., Dioe to the wolztion ot

sijpiisvet trendiiio Wil oCoe *.'e! tatueer. enarcy levels 1 and 3, the

myber of pm't-*'c- < enecgy lovel 2

19 incoeazad, Silwdstsd radistion

=zt !xw .v. kagh ;.':.'mhac? Tieid jrtonat 3y 3ach ¥ret a anl ration ghénome

€ can W Mnbraa 2l : 239

r.; » them the powers of tacsicles of enargy

Jerels T o.u.l 1 car ¥6 K108 enal, The followiny Shwes cases can oeour

- s lumatisn nreasmoIms

1. Ths e of javiicle
i ol particlies of erwrgr leval 2,

e nobar of parti.z'.:.'-

&
o of g- ticies cf eieryy lavel 2,

of ecsrpy leval 3 is larger than
:-0.4, ﬂ3 ‘ Bu \}01 1:’)

af enevyv iavel 2 i3 lavzir tuan
..oeo, n') } Plc

i, e n-_«r‘raﬂ of sarticlos of three mergs levels aro 24ul,

=Ly, 5 vhis €329, the sytem ca not ridd enarar,

ir =2turavion, if t.n, remoer of partioies of =mergy levei 3 is
them thab 47 Tatisles o2 cnerygy levnl 4 (..c., r3

> 5z), then

thle Iysien can exll nnergy qukntiog under frequaney o/p3. TN weand

thas, wador hs

sxtion of slectroragnetia wave 0f fesguency V93, the

gratex st enerer with vhe exme frequency and sireigthans the
eaterel sYarivaaszretit wave Lo prodace quant.as awplificatlon, For

cetal’ asr el, (iie).

ho~crtinz is the Jtructure, picrowva?é 80lid masers car be clasezifisd
dntg <wo kindr:  ravity Lyne and tvave (ling cave Lyoe.

2, warilr t17po:

{1) Zi~zle cavity?

L t_-.'::.e (-‘ o M.., e ‘ww tsaton .q,e odu e h‘u,.
ie ;..:’1:.1_7 Tastors ol thess tys typee, (., 278 6CuAl to

- | VY
"\'r&b V3 sy G R
2
whara 1 i3 Ter ozing B, sand widin; ©, rapreieting doudbls rolay 1,
s3v vie Yot z,  Tutawe 4ha reieclirer trox Das oavter cedaciles, 1 2
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comonly used eid Jte eavity gansrally is wade of uetyd., Someiiwes,
because tic atimilating power 42 not large enough, or the roduiremcnt
¢ an cver dgnctin field and awmall suice, & very < Cavity 18
wuired. Taue & gew cavity 42 used, which 12 & cavity rade from a8 gem
tia sufsce of wvoich {6 eirctroplated with silver, The filllyg f:ﬁgs
of gem cavity 4w 1, and $to volume is small. Its property s cood N

The Snportant pavamnter 10 show In masare 1ig the product of
scltage gain and band wid’h, Yor e reflsciion cavity types

i g
i M 10al . )

unee £, 18 the feaguency of the woriing sigmal,

Prom 4he equation, ws can see that the product of valtsge gein and
bard width ¢f a single reflaction cavity type mdser ie ssproxivately o
senstant, tut bath cunnot have the 3zme derres of constaucy., The Ligher
tre vorldng frequrey f, &nd the sraller the [ Q4, the lirger the product
¢! voltgga gain and bans wigth., |Q,! is related to many facters, une
of which 1s tagperature and it (g {rportant. The lower ke towpirature,
ths zmaiier the {Q,1. The cterscterisiics of recest masers for seversl
principal vave regions 98 shown as ir tedle 3.1,

(2) Double cavitys

. Ihe cavity made of rareragne’ic wmaterial which has the property
of srimuaty! crirpics: 13 cellod negative C cavity; while the cavity
ithcay paracasretic mxterisl whiel has yocperty of mure 2nergy cbsorplion
a8 callez a pooivive G cavity., [Double cavity mhoere heve the following
w2 fornes :

§. Cne naztive Q ravie; is combired with ane positive C cavity.
e pozttiTe § csvitr peroduces turding, wod she @ valiue i3 low, The
csupling detwern two CAVLLIES £5 ver? tight to piwduce & dodble-hure
st %0 tnecresus bama width, The recent water of wave regicn 3 om
iverieng teaperature L.25X) hoe @ ga'n Bdrd WiGth up to 553 weqa
cpsilOay B2 Sy nigh valve cbiained ia probebly doe to the crees-
srlasation &Mfect and dochls cavity.

14, Ty nepative 3 cavities are cerrined togsther. Thore ore
vwo aads of ewneciionst Inner “ories, 1.€,, me ‘ranealssicn regative
Q attv 12 scrnected to 8 reflection negalive G cavity, see Figwre 3.1,0,
Tarerasl gories, 4.4, twe pefleciion ravitisa ure corncoted topehher
mrer ol iy temegh an frsueoride ring truformer, see Plgure 3.3,
TS Mz o b leacavity KRSy was We frlovbi relaticns

€
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In the case of Jiner series, when the ecwiling coefficlert Lotweon
two cavitien 13 ¥ « /G, the unsmable eoufficient of actliffegtion
ACATOAChES £oTD, :

4

(3) Toipie cavity, wuitiple cavity:

T triple cavity typo Car alro be clarsified into Srsep
gerlen and extamial gseries. The imer series it7pe “equirce $ Js»rer
M vic 4ald; while the external s~ries type fequirer orly feverdl
M) wasrete.  In the latter c2ze, 3f 4he wagmetie €1e1d irtensity s
#lirhulz 43ffirent, an drregular 2uring cin be done to Increvse the
Vi winsh, Thiz arthold rredt swall drcneoxdde ving teansferwezs. Das
“. the nurber of the latter incresscsd, ar AnfFeptlion lens will by dacress ed

Mz maltiple cavity tyne co.miste of many caviilee correctas ine
3 omally. 1t s & single dirvection an;lifier using a clrenlarly yolarized
wava e four-cavily soriss ~yps has & veitage geir bard v‘\.n?. srodiet
¢f .’vO I8 oL rg' 1f frregiiar tunicg e uud, the veiur can be cp O
30C megn mu a), Sore types nave Ayou-uxige bsﬁwm Lo covities; then
the Jour-ssvity typo cren obtain L0 rega cps

The sinzle navity type can not have the whole acticn of tus crursc~
teristic line widih of pr.ramg:nu crys*al devslzped ercugh bacacse its
basd widtl ie livdted by the siructere of thy glersweve. As to %us vete-
rial of the 2avity, cxcept metal &rd the erm cavity, Mgh freJuaney
dielectrior (no metal in the ontsiue) can also hé used by uring the
princigie of surface waves, Tris kiréd of cavity at roce temperstore
har 3 qiality factor vp to sovaral thousaex ans s fit for millilimcter
waves, It 35 wortu dircusaing,

The rascarat work on 2z3¢rt Les Lesn develcpad on linss >f tlulr
spplications. The rogurewsnt for them i gettirg hisker and, Wgter.
Gereraliy spearing, tharn ars 2ix requirenaiis: 1 - tacge voltere Zaln
beod widuh grocuct., 2 - Bigh zain semuitivily. 3w “neize of ryetom
L - dgh level of saturais power cf sigmel, & - Basy tunlrg. 5 < Wiphe
seight and emsll voliume,

Pru the poapt of view of ei ¢’ ric quelity, cavlity tive msscrs
can unly sevisly & part of the senuiremrts, Tre travellirg wive tyne
gzsars are cehier,

b, Travelling ware type 33-37):

e ciryle principle of travzllivg wave Y pe rasere (s 1ie
goiiowire:  fry to nabe miieorave eneTE’ pIse thoouzh 1 sjecial wioroweve

”~rn
ibs




Structars -« alov mive structars. The cargy 10 Mde %0 putd o epin

“en 0f 8 pareregrotic weiorial with & gruuk velooliy o¢ slow ae
poseible. Iwt %he Ritrosivs aargy Lrve & tAYimm intwmrection vith the
Sin eysten. 1f s satroeisd stiwistiog powar <f & pruper Craquency is
s8t? €3 the oPin sysiem, the 2283 sreten 14 tha in A siixdation
828, The soarsy v11l peae aleng the nlow wave strwture 4w increases
with tha lovatin ¢f tho lsivar axmenentdally. In omdar 4o ottain pure
Slryia £ireniton gein, we #'0ald wee cirmularly boisriund wnves: Thevee
fore, 12 & 8low vavo soTuvisre, A addition to the working mwterisl, we
tave %3 gut droreoxide e radw of Righ .encentirticn to zonfirw erongh
Poritive dirsction galn a4l oppoedty dirwotion dexay.

9o gein of travilling wave mazers 48 adbout

o-n.sTg..'T v

shurs 2 §s the slow wsve facter, oqusl to C/Y,, C is the velscity of
~23ET, '} Le the mroun welonity of slscirizagfetic wavs, sl K 45 the

lagi of ke slid ware structure in the uwrll of wowking wevelength,
Pe tard witth of travelling WAYS sasers {3
. < . - ‘
M T

’

wors B 48 vhe characteristic hand width of the pwrameguetsc crystsl,
ard 0 15 e powss 2ath eentuonad 2iove. Prom thas abtve ejuaticn, we
can duow, sten zain 12 egual o X0 ud, the twd wiith of o travelling
wa-g paser 4x 1/3 of Lz 22 parswagnetic crysdal. Such 8 beoad band
Witk e onn of ihe ouszranding Lerturds of Yravalling save saers.

Prum the print o view of wastatility of gains

Travallisg wave Lyps merrar 3.~ L0

cavily typs wnaleres 3‘ o T

Comparirg both, ine Zornat Les wmaih batter strdilivy., This is
windy 13n3ed Yy 4ne fatt thav the {hput erd Sitput of e tmaveiling
wre LrEe &0 Seperated Jrow sach othar.

Fetr the plint ©F Tiw of Lurdng, travellirng wave sasarg cee

zlesergile Loadng vy oV changl. g Lhe stimilating freswncy and
ragneie £8sld lo.2., &= worlurg Credukny SO wogs ¢iu tod Lawnd W24
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20 me32 cps, the lLunadle reglon will de 0200 s ors). 7S o alee
Yo gedlgaed o de cinglie-ked ugd And the Lraany 19 ede TV M.

Feow ¢he (otat of viex of satvraled lete) of stpnel, trcunlileg
vave watPra ule & larper olyvtal and rogQuire highar Stimalaiing vower,
~a this 18 dizadvantagesvs vhal, the pover ¢f the gitpeixting svarze 20
ot lasis mongh,  Hoxvoae, L% ean sepport o stronger slpml: in
pieaLrical a0 i is wee ¢f 1t3 adientagea,

rm the p¥nt ¢f tdow ol the vtdwme o ivstevent, 2 traveilling
WING wEO™ WILY & IXtEel mogRt IS Bigper than a 263ty waver, I 18
At Lo edveontnt W Sare of »eall dnstinne vejuirenaia,

Tar ridn preolen of trarellirg wav- magerg w aiirusare 18 biw to
Oz c . 8 Pund 8308 WeTe slruciunse <~ how %0 08¢ the £lecursmagnotte
v %L O HreM: velnglty s azag 8: [OepLele LISOUEY & Blow I
2. v 3 short 88 woentt1e,(56, BV fap recent eperiecital o
x50 LY Wave SLZWLTATRE?

(59,

13) Diedocteie slow wve gbountite

Cyingy dirlecuric with bigh Aelsciriec conmiant i 1w ero-
vEve 1295 duerestee vhi vaioatty of tho wave. JXor comenn dielectric
28t -~40il, one vith 8 bigh dirlactrie ~oastint fréquesily has & larger
“0ak. 50 trove 18 3 raw job to 2ind mwteriale with hipgh dielecitie
acratant and low 3028, felessly, by walng thir motinl, we e &
teallsny wive raser with 9 2 om WA79 btard (817 Filwuga epe) amd
Lard width of 20 pegs ops. kL 1.49 7, the reszured v<lwe o7 gXIn s o8
oha3.2 g0 cer ex, sao Pigure 2.3.05. The slow wave fastor 38 5 « 3/, « S,
*he proaeds o this atructure 38 wove rple than At of o'Les peri
straniued, and 1t 18 vortky of uniy,

(?) Z2igear stmetsmbm (Mgure 3.70.3)1

3 wlazaz stroitare 38 arty by 1 wedal procsys, wisisy, or
asotneo! einenit, Tha eleatrcer ells wave friaaalticy slovg ke ciging
{e Y27 gece wava, AlLohoust tra wuve valroity 13 eqmel o & velotity
o Ugant, the srous veioTidy aluay the axiz of ~as sieagy atruetare is
Yaaa thmn Lhe SaLtAr.  Tre slow @ Taitar of uhis rethod can Be 33 (o
I5C-100,  “n tho vrecr mde and Iawer side o7 e strgture ain Tubler
A U TCemsrt perLective oinesaticns, Or, 2 ote 2lde 18 TUIy AN
go the ovker #136 1@ Aram~oubin.  Tha wholo soructire 12 vt dn s
aeiandltiig wive geide, A primers nogneiic fiald ls wlusd wilh 3 drees
t4u;, perpeugieviar to the dirssiicr of wmve pecpueation, Tiis Zorae
8 tPevtilir.s wavs vager, Data {or the 10 os wade hand wiser ares Fain
=8, 0 dr, ovdd terd WUith 25 wgd O,

Ao WA Vi A Y b ke AN T 4% ey, e a0 0n g




(), ,

(3) veltx clow ware atr.ctuve

Te urally 2 aeed 4n g travelling weve tubs, Uring 24 togather
with oo af the 2irst iKlnd hae Petiep erliiiees, In a hellix BLImCTie
thers 18 & =aby, 3ince o elecivcsngretic f1ald of a helis wilates
outwsGn, ‘he whole halix dtrvetnrs %¢ put 3n20 e 1vby tudk i crder to
sufficiently use the eisctrosspeiic fisle ard viise irz efficienty,

The hedix of this biie of asser 18 onligosly wires, so 1% is dirficalt .
Lo nain (N6 rsdic-fragusncy fieid perfecily perpapdicular g the d.e.
pagnensn fiedd, Proa hs poirt of view of process of tecnrique. thia

kird e2 srructure 84 aazier 16 mrhe,

) Coxd nsractree(53) (Figure 371.8)1

Thia sbvrsure coneists uf azyy identinal cond teeth, and.
har 8 band psss properiy and no dispersing enteff effect. On cne side
of ta1 testh ia purenigaatic saterial, <4 on the othar side 48 aAbsorpe
tion waterial, The gain of whe Certral hard e

o 8.685 Nq db
(G

vhers B 1s bend widih, and N, 13 the nueber of elemmats of resonxnce,
1.8,, muder of comb tesin, From the abuve equation, ve kmow that ¢o
have ¢ high gain v wust increcss vha puwier of eoxi> teeth or dacrrase
Lo baned width, 3ut the larpe mxber of coeh tewth males the structare
tos Jong {snd the magretir flel: car not be wilorm) and ix net converient
for practical cass., I° Ar A r-gaon of definite length, the dMstarnce
betwot tseth becorss shcrter and -hortar, the rydiserraguency field
arount ohe cAph teeth Wil Le demmar srd danner. Consequently, epin
syszans of cbly & fre paramsinetic vaterisls interant vith tLe matnevic
Livle, o 'zet optiw.x working coniiticnt ¢f the btasd width the bhwrd
wizth af the structere wess be larzer thern thet of 136 parirsgetic
reronsace. Therefcre, ws mus%h £urd an optizam meti.od of desiyn.
Fethesmore, the covb ~eeth rhovld os urde idercicel, sra evary rescrarce
sioyant 3nsnld wory, witk hian Q. e necuine erver shonld be vorr saall
Owseruliy soealing., the hupzew trs frecasncy, e xore gisfaculy Lis
dneign. The design should also censider the intrirsic loes of bae giruce
ture. In adeinion t.Se wanin of 1pejuerclss at irpnt ard misul erds
spovlt e waten '.('3'1 2 rizent 1avgl obtennedt for Cord stTucture

af warkivg fregaency £.(CC regs coe, grir ¢3 ub, tard width CS meca ons;
for soxb wtrvctere of frequency 2,120e7, 370 mega ors. galn IO db, bend

Aler 2L sage epe,  The laltar hier D¢ siiraiating frequency controlied
oy thre sathiad of sine viltage jeiaved tv & crtrol returrdn, wave tuke,

84 the 3.0, magnetic field conreclled oy & 'ac?, Trevefore, & very




of 3 eporinl alYoy (evct at nsobiumetin allov}, &% low Levyerctaore, can
procuze 8 sacnetin fiedil dne te superecrncrivity, i1z has been vsed
in ansers of L wan harure A wisil of 3 em vave A couslstiag of 8
saull Dewar v whinckh therw 273 3 perrcent nmat, irenivoxide trange
forwz, mo per 'atqr, 47 ordv 35.5 om (i y lorg ard welgha Dalew
$.26 an (1Y 21 ‘970, fr Tow tewserviurs amdmrt, fivnt wa Wase to
dazign & Aurghle trm Li2n% winich can b3 veed fcxr pevaral tenas of hovre
comtiruoualy on oue fiiline, and 2tenls L ans paitio: so that the
Unuig nevee omrs o, The iiquid swrlxee elevation indiater also
nade to be acvisted properiy, Coler protiewt are stch as hiow %o guptly
she coeliy Lic-,%d s*-!mz‘ anlly o1 Y ow o Sreveny, the a’lact of viniRe
tiun of tho 1L7:14 swizce on the suwrbilicy ot the eaver, ote, Y
The tast w.rt.‘m'.‘ of Mﬁjnd tolive enppls 13 L0 “e38cn & small recoverwt
(2dorerss 1stuid relium ~octer, One reca it aéastpn weligns omly 0,36 kg,
psr erimernions, 0f eoree, 1% Wanid b Hebuar 4f we et 140040 rdurogen
Lstand of Liguig tellinmn, lowever, ia ondor to suwtictently develop e
ehnractemisticn of rasor avi the pmmn" of low 1oise, on the curditive
of iy terra of A very nigh aryls of deTation, ws ahiould prd Lhe
WPYANZ VerIPTALTE 38 LW 23 poeil le, 2t this um wie gala bana
width ma.uﬁt 18 rringe large, I fte saser L0 1saed Cor rader it does
rot reec suel 8 Low noise leral g the emcerniur: asy Os rajzes wlgher,
Afteor the Lerreratuwre has Yemn radaced, 18 watopetintinecs: will) Le vettur
and thiz is 4ts acvartsge. 3ot ihe valoz of paip burd wiath prodwet 13
s ller (qen that Rt 1od ‘experatures. 5 good gater satiufylirng tae
pwt“.crl moalivevente and woridrg 8t Nsher Zerperatiaed @1l not de
mnde wiil we hove now astorial o o new principle of mcehasisn, Ihis
neeils our furtier stody.

Tabie 3,2
=F QEAVIGE CF IYCRMT ROV NpsiRs (18}

Fre |uansy ranpe 570 waza cps to 16 Vilowoesa cps
Gain . Ec’w G & .
Sand width £,27 to 1. % of tentyel frequatey
Ty raLgo IS o 2%
¥olse terpoiaty 294 - I0°%
Kine!ir vsaze s db

(~ontirned)

- " v————

2 Dlectraics, Mev,, 15, 161,
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WEVE ALTUtinry 89 K wporiewtel ool (i researching naracagretis
resonstos e ke follmring cmﬂ_g ‘

1. Alhough tho senaitivivy of the slow wwve structive S
worse than $9ab of & resonmice cavity, 15 4c not &s had a3 we thoughs,
Ta in:seass tan ¥1ow iy L3ctor, W can inereass % sonsitivity,

11, #ten wsing » ore e1x0ie enipant, wa can bave & wry vide
vurd wideh wittoct anv adhetasnt, A& helix atrustare can huve » 5t}
band widin and cownarabiveiy high sxwilivity, Coxd structures son aigreg
struciures have 8 nArower hMsd width Bet 997 seneltivity, Wi cttese
strvet s ave used, 1t iv the twat esavanjeat L0 uesr 8 turcing save
tuho &8 tim xliw:lating s3uros. My uting & travelilicy wave gpecirocneoe
we can dy  Lioear protlem roesarch, s frequeacy adiabatic fast
process veaesver, ardn dilfveicn sesgarci, a7 arosn relavation rassasch,
Whar, L0 or notw Zitferdiit frequency i mals act o the same g;eciwen
and outprt to dtfierent recolvars, it 13 nore converdient t¢ uss the slow
vive gtudture Jor exporisents, .

133, Yessuremmnt will de siapler,

tv, Arn evmp clroulariy paiarissd redio-frequensy fiedd vaill b
prociwsed ic & laveer regiom.

¢ v, A strong radio-frequensy £1ell will essily sctisty tdhe
saturation emdition,

c. Meihods to intreass working froquyt

Pocently thare havo Yoo at leanst (o™ methods being researctad
to iscreene "% ;rmw of scld maarss 2 « Using maschanise of
eroan~reloration(028}, 2 « Resonazes stimlstion. 2 - Pulse field
working, b - light otimnlsiicn,

3

Covernily the stimulating Lresuancy of 3 80lid waeer 42 2ot 2 « 30
tires Righar than that of wiccowsve pigmal Srequency. bhen the sigral
frocuency s Ligrner than 20 YAlo 213 L73 3t cunnot be dens since there
18 v stimidating coaree in L8 regicr of the aliliseler ad nswli-
nillirator waves, Accomiing Lo the girisvent requiroments, we are able
£o uss the afcrewentiouad wrihods 1o solve kid prodiem.

87 uwairg 3 cxnes-reicxation effors, the signai frequancy of muser
cAnL e stimmtased to 8 hishar frazawwy. FKany ilecs adoai this vere
sugseated. One of theve 1deas 1o stown la Pigure 3.1,7. A stimlatirg
sisnal rassen toergy laval 2 af & ititle to erergy level 3, and thea
doar Lo anergy 2 iarewh a ascerssiat: m fast transition. The siisulsting
frecurney then raises energy Jevil of vhe particle to anargy leval L.
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nen thede it &2 ISeels £iomal with 5 t‘:m.ax"y ecesl Lo the dntearsal
frogan.cy briveern enaney Leves 1 Ml roecgs Ieves ¢, thue par*icm wikl
drup 1T enery devel ¢ to eIrLY irel i #80 Xaiification thue oan

bt G, NeUI%s that bers the daterial WKL, Loty level 1 ard snerpy
Jevel 3 i3 1023l ¢ tre 4m*n1 betunen -.me-s,f 2evs! 7 3t anery? lcvel
b This wiil os aone ondy uhen reloatio tms w'mr sracyy Invels
satini> Ghe 2cdiodlss o :.wciun, Oy D55 Typ > T,y then the movber

¢ parsicles of emergy devel L wSl. b lager than Jm of enaryy lnvel
~ Ravicies (r, > wqle Thereferc, now to adnivdrs T T,3 42 tre wvain .
;mb.".m Tia rahod el cecert ressarch 4o heh crvelyad i elxed wilh ra
Jpurit ) of A pArONRLTS TAR FELATIA) Whila NsS cherd rulexazion bime ev?
wiil 2eaic M0 2w &Args isvels with a. .otrrval Singusacy Wy s wnger

A deddndey enyermsl magnavis flale, A pmchicsd exanpis ir w e

fdovs with \we »3°a8 ol ierurities as subctEncs, e ajzoa’ emusney 115
K o, w0d 3timulezizy fesfuriay 70,5 PN op3,  Ancthepy evpniic 4f ‘polden
ren' Jtane Witr one OF TS ipparitvies, a srixisling fveusency ol C on
vane. a8 PO frequeny of ¥ oew warslill,  In aidiuior, owher

L ATIELILS aed Lorl? done weirg mamedins g and otner cwatals an
nubaty Gaw.

Frewni wive 9% Miw(‘%) xeqv..tm' the sulstaices of mager

L0 NavYe anesgy Levsle fn o barmesde relsticn, sse Pigure 3,18, ..t..a;gh
ho stdnlatisg piwar 1: avied Lo 4 lowers {requecry-iniesmsal, 14 ¢
oonrelest Lo Yt of a bisner freguancy itterval wow: ¢ided w.sth tu

Wiseiatlng power due Lo the eccatence ¢f tho nross-rolossticr of spin
aarmonier with tle Gizher frequency .ntervel. Ths practical vxn:m.
wisciativg sigral 9.2¢% 1M zex, workitrg simal 23,550 ¥4 ops, 4 9,,,
nacelauce #11] raby, ¢4 tos adluetslls rerion s, L20 megs r-rs(
Yirtharacic, va heve sigresied 3 “tetten ratiod ¢ ‘FM.

Toe roascy Ehy frequmey iroreasss Sr 2 pulse Neld is that the
eneryy Isvets of i 3 ryBtal Wil frict 6ve 40 the girung mnemelic field,
soe TigiTre 5.1.5 &y The low frequercy o ike garamag'r.ns materiel

a8 ot; r.:.‘:.tc.,. W wr*‘ by £ atrorg stert puise Neid {77 e, ),
¥rerm the ;.us.c-u Hiall, evaryr wio3 be sororted 10 SPLLL Lne “Yre am
wrareazer. the outptt freciersy Lo W e wethi? carzot work for 2
cuptiz ,,ons wave, It La its Cisedvin u:agc. In velnp rity as the sutatance.
v obilaln o Bcitlied 22203l Lo MO0 T cpe, tre tEenetic fielé
H e} J,\')CIJ LTIgses,
d, Frparirtity of ¢odad aneers & tieldr at:pu«.svim{ £ 8):

Jiace 29-“ LIpeTinants Lave DMar 30rH o salid Kefers of
dirfeccnt vavs perlors for elfliemt’ T »eg0e, Lwc.rady sperklrs, trey
rave ottt goo! Temults.  tre Bwperiority of ile attreneiy 1ow reise
Jevel of #0134 R83506 T Tedr cifared e’ i practicelly, l".‘a'peﬂ-'

. Kerte &t credicsizony heve the Folusedinry wores divisicres
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11} Tassenstrenomyl S3eTuly

Lai48 maeary ¢ *io moter weir nd ceniirster uave ragions
LEve becr wed Lo veceive ralnr plgncls refliseted tg far o8 Vep:2, The
Tread tdp Por 4ns sigrel taer oo, § minutes(57eThI, A pdscastomonte
eal welescupy ¢f 3 22 veve With 2 ruvy naser bus observed Canotoueda A
88 Seturr, arad £ar try $irsl Live obrarved plansveliie notwla NICGSLI,
Tae vee ¢€ ar 1ategruting tlm of 312 secuonca pecoriing sn up-down curve
a3t detectine & eeurea of sntgres terrerwture of (1% -esnrce s done
¥ & comda rocicteisveopeiT<), In the 21 ca wave bant 8 ruty wader
vas 8lgo used 1o Chemrve Ttls Pya.  This wasse lad an automatlc s,uir.
noutrel and 4us gelr stavnitty cal e £ 0,14 within hlf an hawr (130,

(2 Sader(®5, tu=7L},

Rrey ssmera have bsen uey’ wi“l metecdologies) radar of ) om
m3e hemil, coutiraar wave Dorpler rwias, apt asrousvtical trening eadar,
ey lost ¢ nvs Leor nsel to teace 8 fiying tody @t » dlstewce of 120 km
A% 40 OLssva B egusl 4on e, Clareter 13 em, Slnchirgsd from the
£34s 2 the Flyirg budy, Thare w2 oo rkuarinunt Lo LS Mily Fager 0 &
freaiirier for 20 on radar.  Sowa presarel undte havs urad rlliswtar
MEVE tavs mesers witn 8 20 aer rodav, Mgure 3.1,10 sban v rowdd
raier enuivies with s wassr, Irn exdar to iufficiently duvelop tle
separiceity of ike low nolsr of wnerrs, 8 £orcislly desiuned antenna e
reqidrad, 7he ciossr the wacer and tha wwenne arg, 4L dettor the
renit . Pigores 3.1.12 acd 2.1,12 show, sw3peciively, avkl) 1 cm wive
berd 1.4963¢ of CoUr lawWnr °1: Hauld heliow end ¢f ¢ clonei dimudd holium
rsccverice souling sysuml? 3 I c.? weve Lend cadar vwith weeer will
bsve a 1,3 ifwes distancs rervense %),

(1) Sosmmisationi?9=52)

In its plolr) carvnioatior: echo plan, iswrics uses solid
mcere os yicadvers of high esrsitieity. Ohe of W comaarleation
sxprrinents 19 potrp o° ovtneer. faldforrde ard Mew Jerscy. he distaice
Detveer. Lrase 1um Sigues e 2,000 v, A sevellive (8 30<oster Ademster
planies Fsccs coveyon with ename:) is uwscd 57 3 refiorter to refliect
the gignal from trenanitiine sloetion 40 receivine gtstion, T comanica.

iior eoerisart 32 sursesnstul,
L; N present prolloms

A series of gioblaps supesr 47 Grperimeits and applicasiors
of acitd 3aseys, Neae 27 thea rove their salnéical and wors of then
require firiiwr study, Tré waln sre lerd Lodt

# Rlentronics, ¥ove, 1C, 196,
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1, Tn racic-pstronuey, the requirol Ligher lanz-tine rtsldlily
is obtainadle {ron sors sothndn; for Listaice, $0 cse tie unspruvrsted
affect of masers axd an ironeaxide ac cstor 40 control ctimlating source,
Theee wethodn are wery corplicated and reec shwplifying,

) 35. The problem vt ihe rewdar receiver is 100 lwe, iose
of pover from the gascous recoiving-tisnsmitiirg cswitch tube cswos the
shnemel worls of the parampwiic oryctsl due Lo eaturation, Ik loss
of rouer cap b civided into %in 19a8 anc flad Joss, The letter 19

! ‘7'). Altnogh sy getrods 4y Lo selve this predles, and
flat Jonc ez boen losured t2 107° « 109 watts, there iv st1l) no
sueceanful zolutien. The wethads to eiimuauty setyrajaons in e roint
af viow ¢? cuantun electiranies are worthy of nuy.i{i other practicel
amthale such & the uvee of irm~cdde for switetay (75) axp.itude-
Lmitera{f8}, eto., have sowe disadranteses: inoreare” iLnsertion oss,
tigter systew ncicve, and decreasing caneitivity of receiver, ste, Lence,
row 2o fxpruve the insteaerts L veiy fmortart, 1Ir eddition, there is
tho possilility of using A somi-cendvetor switeh and mplitudeelieltorit?),

154, Mscurs theomelves have thwe property ¢f very low noise’
of ca. 1CK, To wmake thom sufficients; useful it wonlu be better to ude
them for recaiving exvornal signais with correspcrding noise. In other
words, vhen & rocuiver of mestr 48 uged, thy noise reccives from the
© antenrs should currespond o the noise of the receiver itaelf, The -
noise recsivec from ariora:a varie: vith w angle of slevetion, The
lager the angle, thre <maller the rotsel » 888 Pipure 3.1.15, Therafors,
zasers sro fit for arterna of sperial dexign nigh angled slevation, fThast
reang that they vonld oe £iv for trasing comericution betwues aspecially
dogigned iternr and tatellitss and aircrafts, ond communicstions between
eartr and the satellites passicg Ly, Furthermvs, mitoids ths atecepdhere,
sush o highor wla XS k™ above ses luvel, the rolse Wil be much lower,
see Figure 3,1,1k. Yr frequency reajrre in the reyiom of about 2 « 10
XM ope, the noise of & spocialiy Jesalcred satenns will be lowar than 309X,
Avove the atmcephera, the neisy ol .reavinr? dn the regoon of § « 10 Xmcus
41s the loves’, Herce, mansrs are £I' i thess frequencies,

iv, Ir podst of {te tots] . wulvements of masars, such as
gain tard width product, stahclity, aijustehility, etc., the travelling
wsre typs is much better sham the cavity uype, The fwemer tlus is worlyy

of study,

v, Ir poirt of prictical :sag, Tow to minisigs the volume 1s
very important, Firse, 3 strong ragnet of sall eize is required & tha
protlem of omitting tre magnetic fiy): schould b volved, Scwe such prodises
Be. Leen solved, for instarce, a pervanent rsgnﬁ rzghi:.g only 340
grana can oupply & sagretic £3e3d cf 4,50C gancesi??)e A hollow endl
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of 8 tporinl alley (et a2 nsotiumelin allov}, &% low Levyeratore, can
procuze » sacnetin fiedl dnue te avverscvincrivity, dhie hay been voed
iy snsers of I, werw honaF. A B38ip of 3 oD wave CArG cousistiag of 8
meull Devar dn whick therw £ra 8 perrrrent pymet, ircueacde tianse
formes, Ao sery »ater, L7 ordv 35.6 om {1y Jorg and welgho balew

$.26 i (1 1 (970, fr Yow tevgersiur. envimmert, fivat o Wase to
dezign & Aurghle tmm' Lixsk wiiek can be veed foxr eevavsl tens of hovre
eomtiruoualy o oue iilime, and 2tende Lr anv puaition so that the
Uaasd never orrs ep, (he 3iquid ewrlace elevation indi~aver also
neede to be soviemed prepaly, Coher pohiews are svch as liow %o auprly
the cocling 1igsid actomntisally ard how 1o frevent the a’lact of vihiRe
tion of tho 14744 swizce o the sunbilicy of the maser, ote, VO

The basy w.rtbu:i of 15oEd tolive £viids 13 %o 263icn & emall recovelwi
(e'ovw; 1vGrid neldum 2octar, One recant ansign weighd only 4.360 kg,
Far cimernienns, 0f coree, 1% WwIRlt b Bebiar 4 we uted 14004d rdtogen
Lstargt of Lguid Yolimn, However, in ondor to switiclently develop Uit
ehnravtemisticn of masor avl the prepart? of low 1olse, on the curditice
of mirg rtesra of a very nigh arple of alesvation, ws alivuld ped the
VOPYANg VOrDeIALLTE 33 L 23 posritle, At this time the gatn Dand
width nralur.t 19 rdng large, If tte seaer Lo wsed Tor radar it does
rot reec guchk 8 lLow noise level argd the Lemsernlur: 28y Yb ralzes ilgher,
After the texreratury has besn ralacd, W arlos-tiyninecs: will Le vetier
and thiz is 1ts advarisge. 3Bt the valoes of gain bursd wiath prodnct 13
s llor ihes that &t 104 Ltezperatures, & good ganer satinfylng the
rrostion) requirerente ad woridrg at Risher torperat-aed w2ll not de
ol W.til we heve pov artorial or o new principle ¢f mehazian, Inds
nends our furtier study,

Tabie 302
WY FIAVIE OF IYCEPT ROV Mesas (7€)

Fre jusnay rarge 4570 weoa cps to 15 Viiomepga cpe
Gatn Cvo il
Pand width £,° to 1.% of central Troguency
Tusiy, rauge IS to 2%
Mase tempeiataro 2%% « WP°x
K;.net ir rsaze Pt

(sortirnied)

- -—

x Tlectramics, Mev., 13, 106l,




{fable 3,2 eamtinget)

Starting sstaration N Pilse nenk valne for lov report
fregueusy is 63, )02 wety
Nucorwrizg Line a3, 9,1 seynd

Hlgts of aster~iovnr (mclding stimlating
a3rnel syurve): S

hrar otraeaeet madiat tyve

{haide Imvar) 75 « 20,7 ¥
Retazual vermuant miguet tpe

(ot3lde Drwar; 43.5 = 227 »g
Siimilydine Smve 11 bo LS.5 k¢

rec 1437 Laline Dwars S

Catimudus Pl & ve 35 hours
Yolrre . 8.5 ~ 70 eutiz decdiomtors
Weight . W6 th 2 0y
Lats of wragceration of liquid
helizm 0.1 t3 0,3 1iter/hoey
apacity of 35:id helim 2 % 10 litere
Tuble 2.

$STLAYD PROSIDTY OF CUISED (WCOVENED)
C o LIWID FRLLO CGCUER

1) ¥sed = the 58 level

Cacidng ponr (L.2°) 0.3 « 1. wtt

Telom & - 12 enkic decimetore
Farzet : 45.5 to 227 ¥e

Porer corsand . 1403 b

B v v mn W A & b Ave w e e o Syt W e P P




l11fe (tirme interval batween consecytive

repaire)
{a) Cooling machine 1,0¢C hours
(b) Corpressor $,000 to 10,00 howrw
2) Used or Wich altitode

Coolirg power {4.2°X) 0,25 ~ C.5 wmtt
Voloxs 28,5 cublc decimstery
Wwasght " 15 to 22,7 Kg )
Pmer corrumad 1% 2 Jor

Life (tire interval tetwen
coreecutive repaire) 1,000 Lours

2. Crgseous vaserss

‘ Ths (rinciple 42 as sems ap for 3 quantm applifier using lignt
gtimlation, for axamole, uzing nltrse-vicles from s dischirge tuts to
stim:late nydrogen, Thia kind of maser €z: work st reow tempsrstare
wd ssal &z & réorowive amDitiur, osciliater, or wedulstors 7Thns reflece
zior. on the (3F plxite & Hrewster's arcle oo D¢ ured to prodace lisearly
golarized 2igkt. In onder S0 et eircuisrly poiarized light from
linesrly poiarized 15zht, weaze 8 Li7F Fresnel priss, Wave lerpthd of
stiemlating sipral 18 1,240 A, Workirg sieral 18 L K¥ o7, Resonence
cavity words on A3 wede.  1te presest probiess arer gairn Yoc amill,
zand widdh too naveow, sad losz iv Li7 plate tos larwe, etc, Tha sbove
only sertics ad & morer wzing hydrogen ciims, ne reed frrther rssrarch
an thie ricolen,

D. vantee nedrlssops(15s 43)

Fer srsteastic ufo ¢f nssers vi reed hizh efficienc: mnialstors
and detectoss, aten the ussile nand widdh $z2 1 K< cus, the priary nmethog
exuonly veed is tie fev: cell watvod., To nsze 3 ecrrorn ptotoslectrie

cal) svates, thm dezecting wve Lit 3 stili low elfizfency, (Brlently
Tere have beer micy reeearches on tre 14yt sodilating process. 1If

scoe methord 15 used to cantr.l one amldtude ard frecuerey ol the light
apiifrer, ror the transzmission et of a Ight cowm:ricution erstern, the
shw ging Tarneiic field can chanye frequoncy ard the irrer modulaiiorn

&
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procese 4y oniy effective 4n 8 rarrew Mgion, Amaiitede wdulavion or
mlse maduiaticn ace pessibie theoreticrily, bul tis vegentliy used Jight
goiristiny oources oarzwt be osed for mllleadsrcgeccrsi nodulation,

Soms 3athor sugpetteld che ume of 4ws guartre amplifiers connecied in
geries fer aplaiuie wxdulation. Tre sagnetic fiald of tho first srplifier
33 varded t¢ macalate fraquency in & smci) range, . Jts ouiput 42 vwed to
similate she pwoond iMor., A sesil rariatior of stiamlatirg frejusncy
wlll compiate the anpliside nodolaiicon of secund anglifior, In wany
waplitwde mdnlation provesses, most Scggest using an exltarnai ax:litvde
andulatis. xethod, For GRS procods rsfy workars ctuiy nimy diffevent
kinds of ¥arr colls, Fuby, otbrl neofinius vzlfate, and other 2srsmagiwtic
cryutaly 2ar also rove tho Faratur effect. The wagnetic fiald or microe
wave fiell can ratate the polarized suriace of tre tra~svortuvd light,
Jowe wonler sugstted LXis wethzdr Tha crooewrelaration of wiby in
1inde helhwe shouls affest tho modulaclon simmal of hi: frequerey,

P4 only & vary 2=3il roteticu was oteerved, COthere sugpested thot the
gitp 2astics relaxation «f sryvtsl grev from ru? 832 vater eclution to
Yodcce rutativa, Tho rotatian ctserved 4 200°, but tre ragrilodn of
frequeniy respanss s orly 100 cps. Ir adsition, using the reflectien
coufficiant of extsrral sanistiss Kery oell, when lighe sweede tals
metecisl the freciensy wil) ctange, A= intrinsic diffi~lty 4s ihat <the
rificction coeficient only charese 8 faw percent, thrs the veristion of
21:querey docrcascs proportiorally, Scoe pecpls therght thit tice possie
bie sclutica 13 to use isciozic muterisl., Wose light [ssses 3 Guickly-
protuced ac quickly-extinguisher disolorie matarisl), tha reflcelion co-
sificient coarges fres gas to fzodorie 3%ae 3 few psroant, But 4t a1 .
A3ff2owdt to control o isviTiie miwerial al megr Crs fraguency, Another
rugrestion 18 to use & fast-tmoving issiarde currery vefiecting llpht,

then the frequency Wiil chage cur Lo the Doppler effect, In changing
1soicric cwrrent velcsisy 4o beat frejugney the light reises throuwh or
ia veflented by the iscianic cyrrenit. The medvletion is frequercy-
woautatdon, 12 additiozn, some authore sugzastid that nsesirg spacisl
mouaiszion, Lhe wave will have toe wome Liaile properties of nerrov band
ard difectitvity, In an 1deal case, =sing Sixe rodulation we cin iave o
precisa ipage instancly trazsferroc by the spacisl rodidation methed,

%ee Tiznre b1, A thin semi-tcrdietor serean, whleh is local, trasspsrent,
e sept o elortrond, Ls wred Lo o, t213lly movtilate 1ignt beams,
sectutly ouner comitries hove made guch & “1ight valve? used for infrared
swwepiug 3vStems. If cthes weterial is wiec we can design & light valve
wiih 1ight frequency, Arother pessi=ility s to use 8 tain besn phcrun
mxp2fter, MRy thdn bewm quentam serititers ot the swme Lira: Ca Lranse
fe en ipepe ottained I ¢ 8 cathol vaY oEelliloNteré OT & camera to 2
comsratively rar dizvsnce, A ‘nin quantve arrlifier osn 2l3o be uses

3. The PeCelVer.
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E. igrt wsve detectors and quantas comiars (25, u1)

Sure paoble suggested velng A light ai2ference beat to detect
Usht wrxrer, and estivated thet a 3ignal at 10° km will be recolived, In
this sreter 8 QuAILE RRpLLZSar %0 used a¢ & lossi o9cillator. This
ceciilasing sizral will miv v:th a radnlating 3izaal frem a quantus
Wp2ifier St A great distance, Rotn fregusrciss will be wmived in 3
squars=1av photorliect ris cell and produce a wizrowevs differcntial beat,
This vess will ne azplified with o superheterodsme circuit, mes 7igure

Sele

Hecintly, thers have baen some exprrimerts o 1ight mixing
freguancy o7 riby quudar s lifiers, They uze cathodes of » travslling
uave tote a2z mixse, ard the Fel.ix part sz !ntesediste frequency mrplifior.
Tris drd of exnerivwents ave of Laportant signilicance on rdarvisve podh-iae

tics light comsunisasion(52),

*"tripa® (supcosedly noisaless infrered detector) is a ware detector

of cuantun systs:m, 7This kind of gusnium counwer actuslly 42 a binary

easegy lavel cuantxe arplifier. It is designed so that the outnut 49 .

cbisined orly whan a quaLtur of requirad frequency is detested (Figure

5.25. A qua~tam counter suppysted by K, Blovrberger is used for the

range of infrared 2 - 3 p. Zight 4s stimilatad oy & marcury vipor lamp, ~
- and ths ortput is 6100 £ The waterials used for qusntuw counters recomtily

under experiments are, for instance, KaCl wixed with PrCl3. Ancther

possidle material i GiCl3. Flectranic bean stimlating faliux 1a o

basic process for ancther quantur counter,

4

r. Lot Nasnetometers(i5s 93)

Dsing quantim elecuronics we can Jerign & magnetomater with a
higher eccumavy & ganuitivity than ws ever had before, As 3 matter of
tact, ir. rrinciple, e Quantm wszaneloreter and stonic frequency stendard
are ‘le tans, 1.8., to change the magrstic field messurement prcblem
intc & fracuency mearurement probicm. Quartin mignetoawters are of lwo
kings: (1) protacprecassion tvps, (2) lig.t-atimilating type. The latler
corauner 3itbie nover consumel, and has .ore sensitivity., Tre asgretceeter
and the frequency stardand of iighu-stimilsting end czomic fraquercy
standac b ve a tavie mrineipls of proton o eisciron piecadsict, Dife
Jarert voriing material and aif’erent nagrotic fivld iztensity oroduce
different prezession fvoquercy, In an instourent of Mguvestimdaving,
this precersion has its prasticel sigrali~ance, tecause it axiulates the
sheomtisn of stimlaning ligat for waridrg xaterisd., Tais effect 18 ,
épiritad Lo the rabici memtrmelsnstar, Pon exampis. & ronidium vapor

varbla 1o stim lated by a cirouiarly rolarize? Uignt eulited franm a
sirdlapr rubidlor vapor lamp. ThiL 1ight corrospsnds %0 the adsorption
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1ire of rutidium, 79L7 g. The atgorplion off Lhis iirht dearcases #ALh
insreating dirwation, When the direztion %e c.aniote, ii:n% trenefer
tar naxinen value, If & caveet frosuency eignsl le suded, (alout

200 wegr cpe/panss), alectronie precesiion 1n the rut’ dam varos appears
and tke absnrntian of polartaed lipht at this frecumncy 45 2mlitudes
modnlated, Tha modalated sirral will po bauk Lo retidiue vaser, after
oeing dotocted by vhctoeleostrle cell and arplified, to ualinialt the preces-
cinn, Sincs the gagiic L5364 delesnines rrecacasicn freqianay, it 18
teus convrenient to messare e marretic fi2i4, Urirg a robldivm vagop
tAFIRTONELar W6 fan meLaure memetin facld Lntensity of 3 variation
szaller than 157" agaacs, hen Lt iz loade! in & roclet, it can rmessure
1C7¢ gnsss,

b magretoneter of heliun Lvpe insteal of rubidiun v3por tyve has
besn deciynad,

By usirng 2roll macnotorster Lo gurvey sonne e ¢an drav irter.
Stelinr plerures,

Senadusim

Ir e2irio; to the aforecartioned gasatun radis insirtientz, shich
need fwsther innpovenent, theorems of quantan elestrorics ani metzeixla
atd technigwe of quarinm instmz.ants e the dypormiart composisions of
+*his new sclence, Ninve quantum alectronice is @ covbined zargia science
with bases on 2peclroscdpy; WaAve apiciroscepy, radio-alsetronice, sad
pararazretisw phyniog, it theoretical ook and Lasic paicarch are
related to theec Meldn, lowever, the wathcd of rogsarch and poivt of
viwe ave Aiiferent frin vheze leticr sciences, After the Jacond moeting
or quentim electrondes naid in Tnited Ctates In iaren, 19€), <he conszant
of quantur slectronjos had been Increasing with new 4o¢dce sush as he
Mosghauer cifect, Tnvonryy radiction, tnd surervonduciive Lunne) el2gey,
ete, One of the ¥uy oruslems Joy succesafully designiny aqumtan i teie
werts is 1o flrd ot 3 materlsl gsatiafyirg o cestilr requirae-t and its
testnique npscere,  Matemalr 1n2iule solidy ane p3s, etc, Jech. us
proresscs include preperstion, zrouth of cryetals, defecte Jsimcuie
(znch a2 yessy expocure, rsubren expestie, anl clectron bomdardnent),
detorminatiys, of coystal) axes, cutiing, griwirg, prolecing of gnssoas
mpor, and purifring. One of the elfestive touls far etulgliny miteicls
af guantur inrtruzents fe tha «a03 .Decirazcamt, Thevefor<e, to siady
producing ‘nis kind of inetrarnants - < also an lmporuant work, For 4o
sroduce sueeh inatrunents is beyead $*e seupe of the present paper.

s ae LN k% -

keinowiednamead: Corrade Vane Yo.chu (2769 3768 3795Y gave nerrete
$ians and suprlersct in the atrne Lreqency .?tt:r.zam P, Frof, Lang
w8aanzs (IT7E 114 7507) gati many valughls discussienz &henl relevant

parts. The sutkors wish to 4hani: trem, a3 alzo glve tianke to <soce o

solleated and arcunged matorial, dld copving, and érosing vk,
hin
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AN IN-VIVO OBSERVATICK OF INTERCILLULAR PROTOPIASMIC
MOVEMENT IN THE KICHER PLANTS

-

[Folloving 1s the trunslation of part of an article

by Lou Ch'eng-bou (1236 2052 0683), Peiping College of
Ag-iculture, Wu Su-hsuan (0702 4790 5503), Peiping

Institute cf Botuny, and Chang Wei-ch'eng (1728

0251 2052), of ths Hsi-ning Institute of Ligh Plateau
Biology. This srticle, bused on two papers presented

to the Cytology Conference in Pelping 2 August 1962, sppeared
in the Chinede-languige periodicei ['o-haueh T'ung-Deo,-
Peiping, No. 12, 1962, page 52

The phenomsnon of nuclear traasudstion from one oell to another
bas been observed in the .vegetive cells of higher plants, such as the
epidernis of tender onicn sprouts, us well &s the germinal cells, such
&8 the pollen spermstogonis, for more than 60 yesrs, Over 200 articles
dealing with this phencmenon have appeared in the journals of Chima
and other countries. Unfortunately none of them have contributed to an
understinding of this phenomenon other than a straight obserwvatiom.
Consequantly the progress of rcscarch on this problea has been slow, and
has never attracted the serious attention of botanists, The fa:lt is
partly due to the fact that all these observations were made on the
fix.J end steined specimens, in which the nuclesr trensudection was often
found &8 en artefuct a8 a result of pressure and injury inflicted on
the cells during the processing, Por this reason, meny suthors con-
sider nuclear transudetion &3 an uncommon abnormal finding without any

. physiological significance,

Since 1955, we have carried out a systemaiic observation of the
auclecr transudation during the entire development of onions and
scallions by meking blecks end paraffin scctions of these plant tissues
80 €3 to einimize the effect of procesaing, We are convinced that
nuclear ireusudation is & natural pheromenozn occurring at & certain
stege of the plant developmert, &nd it has a great deal to do with the
transfer of the cellulsr matier of the plants,

.“o




Those two opposiag interpreta ions of nuclesr transudstion,
artefact vs, natural occurrence, have drewn iheir own exponento.
Some of them believe that it is futile to rely only o the desd stained
histological sections to understend the phvsiological prooess. 7o
support this viewpoint, ve have attempted to make a direct observation
of the protoplasaic movement between the cells of a living tismie; and
our preliminary success has been reported., Reoently ve have hed some
nev development in this in-vivo observation, and have tegun the study
of the physiologionl mechanisa of protoplassic movement. Although
some hev artefacts may be crested ty this method of study, this
appraa ch will certainly clarify the following points: Whether the inter-
cellular protoplasmic movement is a matursl phonczenon or an srtefacts
whether it is possible under proper conditions, to make a direct ob-
aervation of this movement in the living tissus of higher plantss
whamthcr this phenamcnon 1s closely related to the normml physiology of
plents, ’

The following is a brief x:oport on the artificial induction and
in-vivo observation of intercellular protoplaszic movesent in some
higher plants. A moro detailed report will be prepared separately,

5893 ' . )
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