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Al~ S ThAC I

During tht period cover .’d by this contract the aajor thrust areas

of the Colueibla Radiation Labor . i to r v  were in the fields of quantum optics.

energy transfer and relaxation , spectr~’scopy, the genera tion and control

of elec tronagnetic radiation 1 quantut detection and sensing of radiation ,

and the physical prop erti ’~ ~~t eltetronic materials. Research supported

by the contrac t led to ~9 pub licati c’:~’; in the I hysical Review Letters ,

Appl ied Physics Letters 1 Phy~~i~~. Let ters , Op t i L b  C~~~ unica tions , the Physi-

cal Review, the Journal o~ Che~ 1c~~l Physics , ar~i other major journals.

Nine stu !tmt5 received the Ph.D. degree for work performed under this con-

tract.
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I .  REL A.X AT IO\ AN~ FTN FR ‘~ TRA’~~ } I  ~ I N  A KAL I METALS

A ne~ di~i~ono~ tic techn ique ~~r f l~r~t~ has bee n developed . The f lam e

is seeded w i t h  a small amount u f  sodiur ~ sa l t  and the  sodium atoms in the flame

are spin polar i.~od by o p t i c a l  punp~ ng .  The s; In  relaxation r a t e s  v;~rv  sub—

stan tia Ilv ~~~~~ the spat ial extent of the flare .

Good ag r t ~-ent h. t s  l’ . e n  f ound between recent calcu latio n s of emission

anJ absorption p r otil e~ of alkal i—noble gas exc~~ ers and experimental measure—

nents t r ~~r this laboratory .

Exper imental evidence has been ~~t ained fi’r the existence of potassium

po yxenide cxci ; iexes of the for~t KX n l ,2, ’ .~~. These exciplexes radiate

str~’ngl y in t Pr green reg i’n ~‘ f th t  spec t ru~’.

~~ ha.u corpleted tIt design o: an experir~tnt a l s~ stt’~ for time—resolved

studies ‘~~ al k .ili—notl e—ga s excirtr rolecules . The at- of thi s work is to

de termine the d~~r inant f.~r~-.tt i~ n and destruction mechanisirs of the hig her ex-

c ited states of these interesting and potentiall y useful molecules.

Prelininiry studies of the spin relaxation rates of sodium in xenon gas

have been completed . The aim of these studies is to develop an efficient way

to polarize the nucleus of Xe
129

, a ver’- slowl y relaxing species which would

be of grea t interest as a component of nuc lear magne t i c  resonance gyroscopes.

~e have ~flscovered a novel spatially propagating wavefront which is

genera ted by laser pumping of an optically thick medium to a state of complete

transparency . The wavefront velocity v is related to the nt~~ber of photons

n absorbed per atom ~~~ y • 1(N )-i, where is the photon flux and N is the

atomic number density .

A new region of infrared absorption has been found for satura ted alkali

vapor s.  The absorption shows the analog of the ultraviolet mission continuum

of the H 2 
m o l e c u l e .  In a d d i t i o n  evidence is fou nd for alkali trimer. absorbing

L ~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~.~~~±.~~~~~~~_ _ _ _ _



1in the infrared .

The design of an exntrim ent to ne.~surr the ~t i~ net ic circular dichrolsm

of saturated alkal i va;ors has been co~~ I et td . The results of this ~~periaent

w i l l  be used to  assi gn quantur numbers to several pror~in ent hut poorly under-

stood absorption ~‘,inds in t h e ’ vi sible and near ult r~iv1ole t region of the spec-

trur’..

l~c have completed th prel ir’inary desi gn of an experimen t to measure the

hyperf ine structure of the unusually I nc- lived ¶‘l~ state of the cesium atom .

because of the  very  narrow n a t u r a l  width of this state , exceptionall y high

r e s o l u t i o n  is poss ib le .  We ho p e’ to u se t he  r e s u l t s  of these measurement s  to

make  the f i r s t  p r e c i s e  d e t e rr i na t ion of the n u c l e a r  quadrupole  moment of the

ces ium nucleus.

i ; t i c a l  ; ir- ; ing of Cs vapo r  us ing  second r esonan ce—D
1 

l i g h t  at 45~ 3

has been ach ieved . The p e r c en t  s p i n — p o l a r i z a t i o n  appears  to s a t u r a t e  w i t h

dye laser power at levels  r ’uch lower than l00 and to decrease with Cs t em-

p e r a t u r e .  This  s a t u r a t i o n  of p o l ar i z a t i o n , is somewhat reduced h the add i-

t i on  of N 2 g.~s, bu t  p e r s i s t s  even at  a N , pressure  of 200 torr  fo r  which

no radi .i t ion tra ;p ing is p o s .i ble .  I t  appears  that  spin—excha nge

between Cs atom s is the mechanism l imi t ing  spin polariz.ation at high

(>10
13cm 3) Cs densities. Theoretical calculations of the spin polarization ,

taking into account spin-exchange , were carried out and are in qualitative

agreement with the experiment.

The narrow absorpt ion band s of Cs2 molecules near 700 ~~ have been

identif ied for the first time as transitions at very large internuclear separa-

tions , possibly from the repulsive ground state.

Pulsed dye laser excitation of alkali vapors has been shown to lead to

~ 1 ~~~~~~~~~~~~~~~~~~~~~
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I I  . RFLAXA 1 I~~ A~~ FP~ K~~ T~~~~ F~~ I N  P~P’tI I I~~: YA T~~~IC ~LF CUL ~

A metho d has h o r n  d ev el o p ed  ~ P I c h  p r o v i d e s  a c o mp l e t e  d e scr i p t i o n  of

the energy and population distributions in a laser pumped , metastable poly—

a t o - - ic mole u l t - . Different te~r~ e’ratures are required for each mode and for

the t r a n s l a t i o n a 1 i r~~t a t 1 o n, i l  degrees  ot freedom . Good agreement between

c a l c u l a t e d  and measured  d i s t r i b u t i o n s  has been f~~~n~ f o r  CH 3F.  V i b r a t i o n a l

energy f o r  t h i s  sy s tem tend s to accinrulat e preferentiall y in the V
3 

C—F

stret ch vi b rat i~’n.il r ’ode ’. As a r e s u l t , e x t r e r e l v  l a r ge ’  p o p u l a t i o n  inver-

sions are rredic ted for CH 3 F when o pt i c a l l y  pu— ped by a CC 1 laser. Thes e

result s are expected t o  a p ; I v  to vvinv p o l v a to m ic  m o le c u l e s .

Energy t r a n s f e r  cross s e c t i on s  hav e been measured  fo r  m e t hy l  f lu o r i d e /

ra r e  g~es c o l l i s i o n  events .  For the  f i r s t  t i ~ - t in a pc’Ivatc’r-ic molecu le  larger

tha n 3 atom s , i n d i v i d u a l  k i n e t i c  r a t e  c o n s t a n ts  fo r  s p e c i f i c  intermode energy

exchang e-  p r o c e s s e s have been obtained . The general qualitative features which

d e s c r i b e  the  v a r i a t i o n  of  r a t e  c o n s t a n t s  w i t h  r a r e  gas atom s are p red i c t ed

by s1~ ple theoretic al considerations , but quantit ative agree~.ent is se r ious ly

lack ing.

In ternode  collisional energy exchange events coupling the v2, v6, and

v3 5  modes of f luorophoagene (GOP
2
) have been studied in detail . Approxi-

mately 500 gas kinetic collisions are required to transfer population from

v 2 to v6 while 
only 180 collisions are necessary for v6 

to transfer .

The direct coupling between and v
3 5  

has been found to be weak ( .  1500

collisions) . The transfer of energy into the translational and rotationa l

de grees of freedom has been found to be noticeably slower than intermode

collisiona l energy exchange .

Energy transfer processes which collisionally couple the vibratio nal

modes o f CF
3
C1 hav e been investigated . On the time scale of a laser pulse

L. - - - ~~~~~~~~~~~~~~~~~~ .~~~. 
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w i d t h , a t  h i g h  pressures  of CF
3

CI , s i g n i f i c a n t  ene r gy  t r a n s f e r  takes place.

No evidence for  lock ing  of CflCV g V i n t o  a singl e - mode has been found for this

molecule.

Inter-mode ene rgy  t r a n s f e r  p r o c e s s e s  have a lso  been i nves t i ga t ed  in OCS ,

CH
3

COF and SO ,/ 18
02 . R a t e s  and c ro s s  sect  I n -  f o r  in d i v i d u e l  k i n e t i c  st eps

due to co l l i s i o n s  have b een ob ta ined .

Pre l im inary me a s u re me n t s  ~ f v i b r a t i o n a l  t e m p e r a t u r e s  hav e been made

in COP ., wh i c h  i n d i c a t e -  t hat  the -.
~ 

and v., modes  can be ma de  ve ry  hot. Multi—

photon dissociation of COP
2 

us ing  a CO 2 l a s e r  has been observed to produce

F a t o m s .

The CO., laser  d r i ven  dt ’c- o~-p c s i t i o n  of p e ru l u or o c vc lo b u t a n o n e  has been

studied . T i r e  res~ lved infrar ed fluorescence from produc t molecules has been $

observed , and p roduct y i e l d s  have been r.easurtd . The present experimental

evidenc e suggost~; t h.it at l e ist  some of the p roduc t s  are formed coincident

with the laser pulce suggesting multipho ton decomposition of the parent per—

f luoroc vc lobu t a n on e .

Tim e resolved s tud ies  of NO
2 f l uorescence in the visible region of the

s p e c t ru m  have been undertaken to gain a better understanding of the anomalous

radiative lifet im es of this important product of combustion in air.

--
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III . GENFR.\Tl’.’~ AND 1c~.Th ’L OF LkDIAT I~~

We have’ made  the  fir st ohscrva~ ions in Na v .epo r of three  n ew types

of echoes : e x c i t e d — st a t e -  p h o t o n  e - c h o ! 5. t n — l e v e l  echoes , and two—photon

echoes. The ex cit e d- stat e p h o t o n  e c h o  extends the pho ton  echo e f f e c t to

transiti ons between states w h i c h  are h.~th t h t -rr : e I I v  u n p o p u l a t e d . The t n —

level echo Is a totall y new eff e c t  pt ’cu l i~~ t o  multilevel (three levels or

more) systems . The two— p ho t o n  echo I s  t Ie sum—frequenc y analogue of the

Rama n (dift erc ric e—fr t - ;e n c y) echo . ku have use d these new e f f e c t s  to study

f o r e i g n — g a s  co l l i s i o n al  r e l a x a t i o n  of a t e — i c  h - i  S—P and S—I ) superposition

s t a t e s .

AC have mad e the- u n p r e c e d e n t e d  f i n d i n g  t h a t  an echo can be generated

f rom t h e  in f or r ~it i on  s t o r e d  in . a s in~ Ie  a t ~~~~i o  s t~i t t .  T h i s  enables echoes to

he used t o  study the  ef .’ec t  o~ ~ol l i s lo n s  on a tor s  in one s t a t e .  An echo

d e t e c t i o n  t e c h n i q u e  w h i c h  u t i l i t e s  the r e l a t i v e -  p o l a r i z a t ions of the  exci ta-

t i o n  pulses and t h e  ec ho has been dev eloped which  makes echo effects much

easier to ohserve. Finally the tn -level echo technique (which we recently

developed) has been used to perform the first comprehens ive study of colli—

slonallv-induced relaxation of high Rydberg S and D states in an alkali atom .

Photon echo modulation effects in Pr~~
’:LaF

3 
have been analyzed in terms

of a combined interaction of the nuclear quadrupole interaction and the second

order hyperfine interaction . Using the interaction parameters obtained else-

where , the theoretical echo behavi or fits the experimental data successfully.

The sign of the electric field gradient at the Pr site inferred from our data

is negative.

Two newly developed nitrogen pumped dye lasers are used to generate

photon echoes in LaF 3 :Pr 3’
~
’ at pulse separations as large as 8.0 usec. Data

— 
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analysis wields ex c i t e d  s t a t e  n u c l e a r  quad rupo le  s p l i t t i n g s  of 0.73 ~~~z

and 1.12 MHz . I n h o r no g e n e o u s  broadenings associated with these splittings

are found to lead to  echo m o d u l a t i o n  d a m p i n ~~. We have also observed an un-

usual dependence of hon.~~ene-~-us relaxa tion ore detuning in the inhomogeneous

profile as well as long—l ived stimulated p h~~tc n ech~ cs.
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A h et e rodyne  c o r r e l a t i o n  r a d i o m e t e r  f o r  t h e  s e n sit iv e  detection of

radiating species whose D o p p l e r  s h i f t  is known , but  whobe presence we wish

t o  a f f i r m  has 1-een c en s idet  ed . Such radiat ion (wLi ~ h ma~’ be act i v elv  iT~~

duced ) can ar is e , fc’~ exr~p le , t r ~~ remote r~~le~ ~.lar  em i t t e r s , L—punltiss

and p o l l u t a n t s , t r a c e  ~ itu~~al s , chemical agents , i - r  a genera l  r ru l t i l i n e

source.  A r a d i at i r ,r sar~p l e  of the species to be det e c t e d  Is p h y s i c a l l y

m~e ! .  a p a r t  of the l a b o r a t — r .  r ece ive r , and serves  as a k ind  of frequency—

domain t e mp l a t e  w i t h  w h i c h  t h e  r e m o t e  r a d i a t  ion I s  cor re la ted , af ter  hetero—

dyne  d e t e c t i o n .  The s~~s t e ~ is expect ed to be especiall y useful for the de-

t e o t i o n  of  sour c e s  wh o se  r a d i a t e d  e n e r g y  f c  d i s t r i b u t ed  ~~ er a lange  number

of l i ne s , w i t h  f r e q u e n c i e s  tha t are not ne~. e s s a n i l v  known . We have also

considered t h e  p e r f  or— -
~fl~~C a c o n v e n t  lonal ~~- t i c a l  heterodyn e system In

estimating the mea~-. Intensity ot a Gaussian rand om signa l , and shown tha t

it depend s on the degenerac y par~~eter c-f the signal rad iation .

A sing le-threshold processor has been derived for a with class of

classical bina ry decision problem s involving the likelihood—ratio detection

of a signal embedded in noise. The class of problem s vs considered encom—

passes the case of multiple independent (but not necessarily identically

distr ibuted) observat ions  of a nonnegative (reonposi tive) signa l , ombedd.d

in additive , independent , and n o n i n t e r fer i n g  noise , where the rang. of the

sig nal and noise is discrete or continuous. We have shown tha t a compari-

son of the som of the observations with a un iqu e threshold comprises opti~im

processing, if a weak condition on the noise is satisf ied , independent of

the signal . Exatçlss of noise densities tha t satisfy and violate our

cond it ion were tabulated . The results were applied to a generalised

pho tocounting optical co unication sys t~~, and it was shown tha t most

components of the system could be incorporated into our model .

—--- —- - - -- - -—--- —.~--  -
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We also ob t a in e 1 e~x a c t  ; h o t o c o u n t i n g  d i s t r i b u t i o n s  f o r  a pu l se  of

w k s e  in tensit y is exponentially decaying in t ime , when the under—

l - .ing photon statistLs a rt Poisson. It w t s  ass~r~ed tL.~t the stantir~ t ime

f or  the  s u’-;- l in~ interval ( w h i c h  is of a r b i t r a r y  d u r a t i o n)  is uniformly

di stribut ed. Ttt p robabilit y of registering n c o u n t S  in the f i x e d  t ime I

w.ts ~i~~o’.n to be . iven in term s of t h e  i ncomple t e  g :~rr~ f u n c t i o n  f o r  n ~ I

and in ter-~-. ot t~~ i- tx ;- cnential integral for n • 0. Sim ;~~e c!- scd—form

expressio ns w e t  o bt . t i nc d i c r  the count mean and variance. Thu results

a~c ot intere st t n  c e r t . t i n  t . ics i n v o l v i n g  spontaneous enission , radia-

tion d~— .~g i-  in  ‘ l i ds , and nuc lea r  c o u n t i ng .

Ex ;-ressions have been obtained for the mean and variance of the num-

ber o~ eVen’ s in a f ixed aa~;ling t im e f o r  a nc ’npa ra lvx ab le dead-t ime counter .

The inpu t p r o c e s s  wa s assn~- ed t o  he Poisson with a rate tha t is a known

f u n c t i o n  of t l ~-e. Ex;-trimr::t s performe f w i t h  triangularl y and sinsoida lly

mod ulated laser r a d i a t i o n  p r ov ide  r e s u l t s  tha t are in accord with theory .

We have also reported a ser ies of optical experiments tha t verify the

full theoretical photocounting distributions obtained by Dlament and Teich

for triangularly and slnusoidallv modulated laser radiation . Another series

of experiments validates the nonparalvzable-d.ad—tiae-modtfi.d versions of

these formulas obtained h\ Cantor and Teich. A ne-v expression has been

obtained for the para ly zable—de ad-ti me -sodified counting distribution for

a modulated source.

The detection of a fluctuating signal in the presenc e of noise has

been considered for  a doubly—stochastic Poisson counting systam that is

sub jict to fixed nonparalyzable detector dead t ime . The probability of

error and channel capacity were examined . A max imum-likelihood estimate of

the mean signal level was obtained for a simple sag. detection syst~~

L -
~~ 
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w i t h  a d e a d — t i r e — p e r  t u r t e d  coun t  inc a r r ay .

S t a bl e , t h e r m a l l y  i t - - v~~lab le  Nloblur: p — : n t - c o r . t . ~ Joa~eph.on junc-

t i ons  have been f a b r i c a t e d  w h i c h  are su i t a b l e  ~~~ v p i - r ~~t i ~-n in het erodyn e

detec t or s (mixe r s )  a t  n i l  l1—- t-te r wav el en gth ’- . A l o s . - ; -h s&-n  mixer at 115 CHz

(.~ .6 ~~~~~~~~ 
) has d e n o n st r . i t . - .’ an ef I i~ i t • r h  v not e than an ~ d e - r  of m a g n i t u d e

g r e a t e r  than the  best  roor- te ~~~~~t ~J It- .~r d e t e c t o r s .  A c o mp l e t e  r u : t - i v t - r is

now being c o n s t r u c t e d .

E f f o r t s  t o  u n d e r s t  .-end t ~ n .  i~~e pr  o p t - i  t i e s  of a ‘~- s t -phson  m i x e r  have

led  t o  a d i g i t . t l comput er simulation w~ ic! a y r t - e~- w e l i  w it ! ~ c.-t surements

at ll~ ~;H: .

— - * S.- - — ~- • — — - - — -

h~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ __ _~~____~_ __ _ - __ i_
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V .  PHYSICAL I hOP ERTIES AY. : FVFECTS or t : ! c :b - ’~I C  MATERlA l ’~

F x p e r i . m cn t a l  s t u d i e s  have been made of Si ~~~~~~~ d e v i c e s  w i t h  u l t r a —

t h i n  ( 10- ~ R) oxide -  la~ i r  s f a b r i c a t e d  t v  1ow— te ~~- v r a t u r e  (700°C) d r y

o x i d a t i o n .  E l e c t r i c a l  and opt Ica l  pr . -p e r t i i . s of  t h u ~~t d ev i ces  r evea l  t ha t

p h o t o cu r r en t  b n p p r u s s  ion  o - c u r s  t~~r oxid e s . - In thickness , and t ha t

t he se  e f t e ct s  can be ren c’vt -d by  a p p r o p r i a t e  reverse-  f a a .  Y~t w  modes of

quan tu rn  d e t e c t i o n  a re -  sugge-s te d by t hese  d ev i c e s  and one s u c h  ~~~~~ a low-

v i tage ;-h- t ot~ -~ I p i  h ~ r ton , has he-en d er- - n s t r a t  ed f o r  a A n  — ‘- I~ - —n type

Si st r u c t u r e.

A fu n d a ~ en t ,~1 asy ~~~e t r y  b e t w e e n  the tunneling p robab Ilities fo r

e l e c t r o n s  and h o l e - s has been observed in u l t r a t h i n  Si- - , l ay e r s  ( 2 1 -30 X )

w h i c h  is explained in ter~~s oY tht- t- ~ d i s p e r s i o n  r e l a t i o n  in the energy

gap ot  the  S I -  . . lh esc  ;tobab ilit ies h ave been measured on the s~~e MOS

s p 1 c s  u s i n g  a new e x ; e r i ~~en t a l  t e c h n i qu e  c o m b i n i n g  d a r k  c h a r a c t e r i s t i cs

w I t h  measure— .-nra c t  p h o t o c u r r e nt  c n p p r e s s i o n  by the- Si(~, layer .

The physical s~echanisr~s of the  breakd own of carrier confinement have

been considered usin g both the thermionic—emission and diffusion models.

I t  has been shown tha t , f o r  most  p r a c t i c a l  A ICaA ./ GaA a DR lasers, the di!-

fusion current is reapon.ible for carrier leakage. The thermionic—emission

of minorit y carriers is important when the confinement barrier or the

mobility is very large. The theory presented is also applicable to struc-

tures other than the A1GaAs/Ca.As laser .

Majority and minorit y carrier transport in email geometry (2 um dia-

meter ) Pt-GaAs Schottky barriers have been characterized experimentally.

Transistor measurements on a matrix of these diodes , ly ing within approxi-

mately a minority carrier diffusion length of one anothe r , Indicate s that

m a j o r i t y - c a r r i e r  thermionic  ission current dominates for large forward

___________________ 

.
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b ias  (~ 0. ...\). At sm all er I las rec c~r !  1 na t  i v t t  In t i~~- s pace—charge  reg ion

I s  most imp or t ~ent . The m i n o r i t y  c a r r i r !  I n j e c t i o n  rat io decreases from

l~
) to 10~~ over t he  r e.1snt~~4 :  ~e range t.~~ v o l t a gt  0 .5  to 1.OV . The 1mph-

c at i on s  f o r  s- br ~l l I r - e t t r  d e t t .  t ion  and m i x i n g  u s i n g  f e s e  d e v i c e s  have

been consider ed .

A general theo v has h e -en p r e s e n t e d  t o  d c - s c r i b e  the carrier transport

a - T o s s  h et er oj u n ct i o n  i n t e r f a c e s .  In. m a t c i - i n g  t ! e -  boundary cond i t ions  at

t he interfa ce , t i e - ccnserv .e t I o n  of t - -t al ener .-v and perpendicular nomen—

t u — was assumed and the  d l t Y e r e n c e  c-f t - t !e c t ive r~.~~.s t - s on i w  sides .- ! the

4 u n : t i on  w~ s t a k e n  Into account . The quat-t u~ t-:hani aI trarisnisslon coil—

i c i en t  was c a lc u l . e t c - - f by a con ! m e d  n n n t ’ r i c a l  and ~~ h ~ethod . Ap; - l ica t  ion

of t h i s  r- odel t -  an ~.l Ca . A . (‘.~As ‘-n he ~u n - t  i t .  was p e r f - r m e d  and

g i v e s  r i s e -  to rectif ying ch.e r . e c t er i s t l c s  t o gether wi th nt -n— satu rated re-

verse cu~ re: . Comparison w ith the classi .sl therrionic e-rission model

was ~~adt- to show t h e -  s i gn i :  an .~ - of t u n n e l i n g  and the  e f f e c t  of q u a n t u m

m e c h a n i c a l  r e f l e c t i o n .

An e x p e r im e n t a l  s t u d y  has  been mad’- of the electronic properties of

rect i ’ying metal— G e (n-type) contacts f o r  a rang e of metals (Au , Cu , Ag,

Pb and N i )  and t h e i r  optrelcctronic characteristics under monochromatic

i l l um i n a t io n  f o r  i • 0.632 !~ u r n .  For each m etal , very nearly ideal I—V

c h a r a c t e r i s t i c s  were obtained w i t h  ri va lues  f r o m  the  exponent ia l  f orward

bias  reg ion of l . ( : to 1.08 and excellent reverse saturation at 300°K. The

dependence of photoresponse  on th ickness  of various metal electrodes (from

SO X to more than 1000 X) was observed . 4~ ’s fou nd f r o m  I-V and c—v

measurements are in close agre ement within ± 0.03 eV . The dependenc e of

quantum effic lenty ( Q . E . )  upon metal thickness was measured for all metals

arid these results exhibit the ex pected decline in Q.t. with d > 100 A. For

d ~ 100 Q .E .  can go as high as 752 at A • 6328 X .

1 _ _  
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I. Shamah, “Vibrationa1l~ Excite~i States Produced b~ the Relaxa tion of Laser
Pumped P~-1yator.ic Mo l ecules ,” Oral D1ssertatior~ Semina r , Columbia Uni—
versity, New York , Nev York , November 16, 1977.

A. C. Tam , “Forces Between Laser Bea’s,” Seminar, Columbia Radiation Labora-
tory, New York , Nev York , June , 1977; Colloquium , Columbia University,
New York , New York , November , 1977; St’ lnar , New York Universit y , New
York , New York , Dece’-’ber , 1977.

A. C. Tam , “Dis;-lay—Magneto— e- t t’r-- and Srt’ctrometers ,” Seminar , Massachusetts
Institute of Technology , Cambridge , Massachusetts , October , 1977;
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1977.

M . C. ‘reich , “Photon Counting in the Presence of Dead Time ,” Seminar , New
York University, Ne~ York , New York , December 19, 1977.

N. C. Teich , “Imaging, Error , and Infor—.ation Transmission in Photocounting
Optic al Radar and Cc---.r.ur.ications Systems,” Se’r~inar , Eiverside Research
Institute , New York , New York , March ~~~, 1978.

N. C. Teich , “Dead—Ifre ~ffects in the Maintained Disc harge of the Cat’s
Retinal Ganglion Cel l ,” Biom.eJic.i En~ ineer ing Semina r , Carnegie—Mellon
L’nivers ity , Pi ttsburgh . Pennsylvania , June , l~~78.

M. C. ‘reich , “The Role of Quantur’ Optics in Optical Coemunications,” Labora-
tory of Optics Colloquium , Paiack~ University, Olomouc , Czechoslovakia,August , 1978.

E. S. Yang, “Carrier Confinement in Double Heterostructure Injection Lasers,”
Seminar , Phillips Research Laboratories , Briarc liff Manor, New York ,
March 2, 1978. 
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