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ULTRAVIOLET LASERS 

Samuel Fine, S.H., H.D. and Edmund Klein,  M.D. 

There a r e  t h r e e  types of l a s e r s  in c u r r e n t  use in physical  and 

b i o l o g i c a l  research.  These are:  

1. The s o l i d  s t a t e  or c r y s t a l  l a s e r s  

2. The gas l a s e r  

3. The semiconductor l a s e r  

A l l  t h r e e  types of l a s e r s  have been operated in both the  continuous 

and pulsed mode. 

s t a t e  l a s e r  in the  pulsed mode. 

( lo9 wat t s )  u s i n g  a ruby c r y s t a l  l a s e r  opera t ing  a t  6943 A ,  Q-switched. 

h ighes t  continuous power l e v e l s ,  in excess of 500 w a t t s ,  have been obtained with 

t h e  C02 gas l a s e r  opera t ing  a t  10 microns. Y t t r i u m  aluminum garne t  (YALG) s o l i d  

s t a t e  u n i t s ,  opera t ing  a t  1.06 microns (10,600 A) have been repor ted  t o  y i e l d  

continuous power l e v e l s  i n  excess of 175 wat t s .  

l i q u i d  l a s e r ,  has been developed. 

been achieved with t h i s  type of l a s e r  t o  date .  

The h ighes t  peak power l e v e l s  have been achieved with t h e  s o l i d  

These power l e v e l s  have exceeded one gigawatt  
0 

The 

0 

A f o u r t h  type of l a s e r ,  t h e  

However, s i g n i f i c a n t  power l e v e l s  have not 

Since t h e  output  from these  l a s e r s  is e s s e n t i a l l y  p a r a l l c l ( t h e  beam 

divergence is of t h e  order  of m i l l i r a d i a n s ) ,  t h e  beam can be focused down t o  a 

small s p o t  size. This r e s u l t s  i n  a high power d e n s i t y  a t  t h e  i r r a d i a t i o n  si te.  

There a r e  two ways i n  c u r r e n t  use for producing r e l a t i v e l y  coherent 

u l t r a v i o l e t  r a d i a t i o n  from l a s e r s :  

1. Frequency m u l t i p l i c a t i o n  - e s p e c i a l l y  but  not  exc lus ive ly  with pulsed s o l i d  

s t a t e  l a s e r s .  

r e s u l t i n g  in a wavelength of 3470 A ,  and frequency quadrupling of  neodymium 

r e s u l t i n g  in 2650 2 from a base frcq'uency of 10,600 2. 

Common examples of t h i s  a r e  frequency doubling of ruby 
0 

2. D i r e c t  l a s i n g  a c t i o n  in the  u l t r a v . o l e t ,  e s p e c i a l l y  w i t h  gaseous l a s e r s .  
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1. Frequency M u l t i p l i c a t i o n  

Excellent d e s c r i p t i o n s  of the  process a r e  given by Franken ( l ) ,  

Giordemaine (2) and Terhune  ( 3 ) .  Much of the d e s c r i p t i o n  concerning frequency 

m u l t i p l i c a t i o n  given below i s  taken from the a r t i c l e  by Terhune (3). 

When l i g h t  i n t e n s i t y  is low, the  response of  the  i r r a d i a t e d  system 

i s  l i n e a r  and l i g h t  i s  only a t t e n u a t e d  and r e f r a c t e d .  When the  i n t e n s i t y  i s  

h igh ,  t h e  response of t h e  system i s  nonl inear ,  and harmonics of t h e  fundamental 

frequency a r e  generated i n  the  system. 

The mechanism f o r  producing t h i s  e f f e c t  is as follows: A s  e l e c t r o -  

magnetic energy passes through a m a t e r i a l ,  t h e  o s c i l l a t i n g  e l e c t r i c  f i e l d  of 

the  l i g h t  beam i n t e r a c t s  w i t h  t h e  e l e c t r i c  charges of t h e  atoms and molecules. 

The e l e c t r o n  cloud about the nucleus i s  s e t  i n t o  o s c i l l a t i o n .  The p a r t i c l e s  of 

the  i r r a d i a t e d  system can be considered a s  o s c i l l a t i n g  d ipoles  which, a t  low 

i n t e n s i t i e s  of t h e  incoming e l e c t r i c  f i e l d  (at low i n t e n s i t i e s  of the  inc ident  

r a d i a t i o n )  r a d i a t e  energy a t  the same frequency a s  the  incoming wave. Since 

each d ipole  o s c i l l a t e s  independently,  the r e s u l t a n t  r a d i a t i o n  is s c a t t e r e d  aL 

t h e  same wavelength a s  the inc ident  r a d i a t i o n ,  but not  a l l  i n  the  forward 

d i r e c t i o n .  This s c a t t e r i n g  process is c a l l e d  Rayleigh s c a t t e r i n g .  

For low l i g h t  i n t e n s i t i e s ,  t h e  magnitude of t h e  induced o s c i l l a t i n g  

d ipo le ,  P, i s  propor t iona l  t o  the  magnitude of the  fnc ident  e l e c t r i c  f i e l d ,  E. 

That i s :  

P = X  E 
1 

Where X1 i s  c a l l e d  the  e l e c t r i c  s u s c e p t i b i l i t y  of the  medium. 

s u s c e p t i b i l f t y  i s  r e l a t e d  t o  t h e  index of r e f r a c t i o n  of t h e  medium by: 

The e l e c t r i c  

1/ 2 n = (1 + 4 % XI) 
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If the intensity of the radiation is high, the interaction with 

the atom or molecule is strong and the resultant displacement of the electron 

cloud is large. If the electrons can be considered as in a potential well, 

the excursion up the side of the well is large. The relationship between the 

electric field, E, and the induced dipole radiation, P, is no longer l inear. 

It can best be expressed by utilizing Maxwell's equations, from which 

a power series in 

P = X I B +  

E is obtained. This series is 

2 + X BE +...... X 2 E  + X 3 E  + X -  2 3 aK 
4 dt 5 

in which terms involving spatial derivatives have been omitted for simplicity. 

All terms except the first are responsible for the non-linear effects. 

The incident radiation at the atom can be represented by a sine wave in the 

usual way, E - A sin ut. The induced dipole radiation, P, is given by: 

P - XI (A sin wt) + X2 (A sin wt)' + Xj (A sin ~ t ) ~  + X4 Aw cos wt+X5B(a sin ut) 2 

The second term can be written as: 
2 

2 X 2 A  - x2A2 
X2 (A s i n  ut) = ~ 2 cos 2 Wt. 

Consequently, the radiation from the dipole contains a component at twice the 

frequency of the incident radiation. The relative magnitude of the second 

harmonic will be dependent on the relative magnitude of X2. 

third harmonic generation is dependent on the E term. 

In a similar manner, 

3 

The oscillations of the electron in the potential well can perhaps 

be understood, in some respects, in a very simplified model, as analogous to 

the oscillations of a pendulum. For small displacements. the pendulum can be 

considered as a linear system. However, as the magnftude of oscillation is 

increased, this approximation becomes invalid and harmonics are required to 
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descr ibe  t h e  o s c i l l a t i o n s  of the  pendulum c o r r e c t l y .  Ultimately,  of course,  

a s  more energy is t r a n s f e r e d  t o  t h e  s y s t e m k s  t h e  power i s  increased) increas ing  

displacement of the  pendulum is produced and t h e  pendulum eventua l ly  swings 

through 360 , j u s t  8 s  t h e  e l e c t r o n  escapes from the  p o t e n t i a l  wel l  and i o n i z a t i o n  

is produced. 

0 

However, t he re  i s  another  problem a s s o c i a t e d  with the  production d 

harmonics. The v e l o c i t y  of l i g h t  (electromagnetic r a d i a t i o n )  within a m a t e r i a l  

is dependent on wavelength. 

when a prism is i r r a d i a t e d  with white l i g h t .  Although t h e  inc ident  coherent 

l a s e r  r a d i a t i o n  t r a v e l s  a t  a s p e c i f i c  v e l o c i t y  through the c r y s t a l ,  r e s u l t i n g  i n  

phase coherent e x c i t a t i o n  of the  d ipoles ,  the  harmonics generated by t h e  d ipole  

r a d i a t o r s  w i l l  not  be i n  phase s i n c e  the d i s t a n c e  from one o s c i l l a t o r  t o  the  next  

i n  the  c r y s t a l  is: 

T h i s  can be observed by the  production of a spectrum 

"A harmonic 
% 4 . K  fA harmonic 

d K1 

1 

where VA i s  the  v e l c s i t y  i n  the c r y s t a l .  

f \  inc ident  

I n  t h i s  ca se ,  t h e r e f o r e ,  d e s t r u c t i v e  i n t e r f e r e n c e  would occur between 

t h e  harmonic r a d i a t i o n  from the  dipoles  and very l i t t l e ,  i f  any, r e s u l t a n t  

coherent harmonic r a d i a t i o n  would be produced. 

It i s ,  however, p x s i b l e  t o  make: 

.. 

'A harmonic 

f9, inc ident  f A  harmonic 
'A i n c i d e n t  - - 

by us ing  a double r e f r a c t i n g  matersal  in which t h e  v e l o c i t i e s  of propogation 

a long  d i f f e r e n t  o p t i c a l  axes d i f f e r ,  depending on the  p o l a r i z a t i o n  of the beam. 

By s u i t a b l y  r o t a t i n g  the c r y s t a l ,  i t  is. poss ib le  t o  match the v e l o c i t y  of the  

harmonic with t h a t  5f the  inc ident  fgm.darnenta1 and thus obta in  c o n s t r u c t i v e  

superpoai t ion  of the  harmonic xadia t ion  from the  mul t ip le  o s c i l l a t i n g  dipoles .  
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With these  techniques,  us ing  amonium dihydrogen phosphate (ADP) c r y s t a l s ,  over 

20% conversion e f f i c i e n c y  t o  3470 I( has been obtained from high peak power 

inc ident  6943 A ruby i r r a d i a t i o n .  

c a l c i t e  and NaC1, t h i r d  harmonic generat ion a t  2313 A has been obtained on ruby 

l a s e r  i r r a d i a t i o n .  I t  should be  noted t h a t  although t h e  peak power l e v e l s  

achieved a r e  high - i n  t h e  k i lowat t  o r  megawatt range, the  t o t a l  energy per 

pu lse  a t  higher(harm0nic) f requencies  is low, s ince  t h e  pulse  dwa tdon  is s h o r t ,  

and energy = power x time. 

0 
Simi lar ly ,  us ing  symmetric c r y s t a l s ,  such a s  

0 

Quadruple frequeacy m u l t i p l i c a t i o n  of a 1.06 micron neodymium pulsed 

l a s e r  has been repor ted  by  Johnson (4). 

a t  2650 A ,  us ing  successive frequency doubling through two potassium dihydrogen 

phosphate (KDP) c r y s t a l s .  

of t h e  beam, and c o r r e c t  c r i e n t a t i o n  of t h e  c r y s t a l s .  

Power l e v e l s  of  2.4 kw were obtained 

Proper c a r e  had t o  be taken t o  i n s u r e  proper p o l a r i z a t i o n  

2. Direct  U l t r a v i o l e t  Lastcg 

a .  Gas Lasers 

A second area  i n  which coherent  u l t r a v i o l e t  r a d i a t i o n  has been produced 

is with  gas l a s e r s .  

from a pulsed n i t rogen  l a s e r  was repor ted  by Heard (5). 

t h e  order  of  POW summed over many l i nes .  

20 n sec  (20 x 10 sec) .  

r e s u l t  of invers ion  i n  t h e  t r i p l e t  s t a t e  o€ nit rogen.  

k i l o w a t t s  have been repor ted  by Avca-Everett Research Laboratory. 

has a pu lse  dura t ion  of  10-20 w sec. 

u n i t  is consequently only about 3 m k l l i j o v l e s  (25) .  

have been achieved by Heard, 

high,  the  t o t a l  energy per p l s e  is I:,-; with these  devices.  

is focused t o  a 100 micron dlameter s.n)t, power d e n s i t i e s  of the  order  of 

Laetng from 3000 61 t o  4000 2 with t h e  s t r o n g e s t  Line a t  3371 f ,  
The power output was of 

The pulse  dura t ion  was a s  sho r t  a s  

-9 The output  r a d i a t i o n  was bel ieved t o  b e  produced a s  a 

Recent outputs  of 300 

Their 5Okw u n i t  

The energy output  per pu lse  fo r  t h e  300kw 

Similar  peak power l eve l s  

As is evident ,  al though t h e  peak power l eve l s  a r e  

However, i f  t h e  beam 
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2 2 
3 gigawatts/cm and energy d e n s i t i e s  of t h e  order  of 30 joules/cm can be achieved. 

Studies  on the  r o t a t i o n a l  s t r u c t u r e  a s s o c i a t e d  with t h e  pulsed 

n i t rogen  l a s e r  spectrum a t  3371 A and 3577 A have been repor ted  by K a s l i n ,  e t .a1.(6) .  

They found a super-radiance e f f e c t ,  which c o n s i s t s  of t h e  observat ion of a d i r e c t e d  

r a d i a t i o n  beam s i m i l a r  t o  t h a t  of a l a s e r  i n  the absence of a r e s o n a t o r ,  i . e . ,  

without mirrors or w i t h  on& one mirror.  A s tandard spectrograph was employed. 

To f a c i l i t a t e  i n t e r p r e t a t i o n ,  they photographed t h e  spectrum of spontaneous 

emission. R e s u l t s  were coapared a g a i n s t  i ron  and t i tanium l i n e s .  

0 0 

0 
I n  September,l964 Heard repor ted  pulsed l a s e r  emission a t  3545 A i n  

a mercury discharge,  doped with argon (7) .  I n  May, 1965 Bridges and Chester 

repor ted  pulsed u l t r a v i e l e t  l a s e r  emission i n  ionized gas l a s e r s  (8). D i e l e c t r i c  

coated q u a r t z  mir rors  were used t o  produce the  t r a n s i t i o n s  a t  the  s h o r t e r  wavelengths. 

The l i n e s  observed i n  t h e  ionized gas l a s e r s  by Bridges and Chester 

were between the  following ranges: 

Ne 
0 0 

2678 A - 3392 A 

A r  

Kr 

Xe 

2753 z - 5502 6: 
3239 1 ~ 8000 ;I 

2983 z - 6270 2 

0 
0 0 

2984 A .. 5592 A 

The c r i t e r i a  used t o  determine whether a l i n e  l a s e d  included good 

c o l l i m a t i o n  of t h e  beam (small divergence) and t h e  mode s t r u c t u r e  present  a s  

i n d i c a t e d  by vacuum grease an white  paper,  or i f  t h e  beam could be observed on 

a spectrographic  p l a t e  a t  a d i s t a n c e  of 60 m. ,  wi th  no interposed co l l imat ing  opt ics .  
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A theory on which l a s i n g  a c t i o n  occurs i n  the  ionized l a s e r  is 

t h a t  of E.I.Gordan as repor ted  in t h e  paper by Bridges and Chester (8),  and is 

a s  follows: 

The upper l a s e r  l e v e l  is populated by two successive e l e c t r o n  

c o l l i s i o n s .  

1. The ground s ta te(unexci ted)& is produced by a s i n g l e  

e l e c t r o n  c o l l i s i o n .  

2 .  f i e  exc i ted  - ion is produced by a second e l e c t r o n  c o l l i s i o n .  

This e x c i t e s  the ion t o  the  upper l a s e r  l eve l .  

3. The exci ted  ion drops t o  the  Power l a s e r  I eve l ,  with coincident  

emission of an u l t r a v i o l e t  photon. 

4. Depopulation of the lower l a s e r  l e v e l  t o  t h e  ion ground s t a t e  

occurs by vacuum u l t r a v i o l e t  rad ia t ion .  

5 .  This u l t r a v i o l e t  r a d i a t i o n  can, however, be increas ingly  

trapped as the  Lon d e n s i t y  bui lds  up, l i m i t i n g  the  operat ion 

of the  laser. 

F i f t y - f i v e  pulsed u l t r a v i o l e t  l a s e r  t r a n s i t i o n s  were repor ted  by 
0 

Cheo and Cooper i n  ionized N, 0, Ne, A r ,  K r ,  and Xe in the  2300 A 0 4000 A 

s p e c t r a l  l i n e  region u s i n g  pulsed e x c i t a t i o n  i n  June,  1965 ( 9 ) .  Two-thirds 

of these  l i n e s  were i d e n t i f i e d ,  n e a r l y  a l l  ass igned t o  doubly or t r i p l y  ionized 

spec ies .  

i n  conf igura t ion ;  t h e  optimum gas pressure  range was 1 t o  100 microns depending 

on the  type of gas and t h e  wavelength. 

g r a p h i c a l l y  with a 1 l / 2  meter Bano6,hand Lmb instrument. 

The tube was 4 m x 1 meter; the  resonant c a v i t y  was n e a r l y  confocal 

Wavelengths were determined spectro-  

To a s c e r t a i n  s t imula ted  r a t h e r  than spontaneous emission, two 

measurements were made, one with a high Q c a v i t y  and t h e  second with the  Q decreased 

by t i l t i n g  the  mirror  neares t  the sper':rograph. 

monochromater--photomult~plier--o~c~~€~€Xope system by t i l t i n g  the  mirror .  

A second check was made with a 

The 
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c u r r e n t  dependence of l a s e r  output power was made fo r  a number of l i n e s .  The 

l a s i n g  pulse  dura t ion  was -0.1 t o  1 microsecond fo r  a l l  doubly and t r i p l y  ionized 

l i n e s .  

2358 A Ne II l i ne .  

No power va lues  were given. The s h o r t e s t  wavelength observed was the  
0 

0 
T h i r t y  l a s e r  o s c i l l a t i o n s  i n  the  wavelength range 2600 6700 A were 

repor ted  by Cheo and Cooper from s i n g l y  and mul t ip ly  ionized c h l o r i n e ,  phosophmrus 

and f l u o r i n e  atoms i n  pulsed C l Z D  PP and SF gas discharges (10). h l s e  widths 5 6 

of t h e  order  of microseconds were obtained. 

Dana, e t e  a l . ,  repor ted  29 l i n e s ,  pulsed from 2800 f’ t o  4000 i n  

ionized neon, argon and xenon (11). No power va lues  were given, however. 

Continuously opera t tng  (CW) r a t h e r  than pulsed u l t r a v i o l e t  ionized 

gas l a s i n g  has been repor ted  by R. Faananen (12) .  Singly ionized neon has been 

lased  a t  30 m i l l i w a t t s  a t  3324 g. 
13 m i l l i w a t t s .  It i s  expected t h a t  e a r l y  a t ta inment  of one wat t  o r  more CW i n  t h e  

u l t r a v i o l e t  w i l l  be achieved i n  the  near f u t u r e  following s o l u t i o n  of the  ser ious  

overheat ing and outgassing problems within the  l a s e r  cavi ty .  

0 
Doubly ionized krypton power a t  3507 A was about 

b. S o l i d  S t a t e  o r  C r y s t a l  Lasers  

S ingle  c r y s t a l  KBr rods from Harshaw Chemicals, l / 2  in.  diameter and 

2 in . long  were f a b r i c a t e d  i n  the  form of Fabry-Perot resonators  by Pink (13). 

The rod ends were o p t i c a l l y  polished and aluminum r e f l e c t i n g  coa t ings  were deposited.  

Meta l l ic  coa t ings  were used, s ince  E t  i s  d i f f i c u l t  t o  design mul t i layer  d i e l e c t r i c  

coa t ings  with high r e f l e c t a n c e  and law absorp t ion  i n  the  u l t r a v i o l e t .  

pumping lamp WAS a l,w pressure ,  s p i r a l ,  30 wat t  mercury a r c  lamp designed t o  

give about 2 watts  CW of  pumping r a d i a t i o n  a t  1849 8 .  
of s u p r a s i l  quar tz  was employed t o  enhance o p t i c a l  transmission i n  t h e  u l t r a v i o l e t .  

The 

A l i q u i d  n i t rogen  c r y o s t a t  

Washington National Record Center 
Olfice of the Army Surgeon General 
Record Group 112 
Accession #: 75 - I 3  
Box#: 3 
File: I304 -14 60~ , 5m-7-lsreA MO 2436 

?,GIo~\’c E4hci-5 o€- ke~ R w  



0 

S t i m l a t e d  emission was prndvced a t  3150 A. The c r i t e r i a  f o r  

s t imula ted  emission were: 
0 0 

a. The l i n e  narrowed from 56 A t o  27 A a s  the  power 

input  was increased t o  30 watts.  This represented 

a s u b s t a n t i a l  narrowing of l i n e  width from spontaneous 
0 

l i n e  width (300 A i n  KBr). 

b. The far f i e l d  p a t t e r n  was considered t o  sharpen as the  

mercury a r c  pump power vas increased,  i n d i c a t i n g  t h a t  

the beam was h ighly  coll imated. 

The l a s e r  t r s n s i t l o n  process was considered a s  poss ib ly  due t o  

r a d i a t i v e  recombination of B l oca l i zed ,  i n t r i n s i c ,  or d e f e c t  exci ton.  No 

information was given as t o  prwer output.  

C.  Semiconductor Laseps 

Although a sharp Line has been repor ted  i n  the  e l e c t r o -  
0 

luminescence of Sic p-n Junct ions a t  4560 A ,  t h e  evidence f o r  l a s e r  a c t i o n  i s  

inconclusive (14). Second harmonic r a d i a t i o n  a t  4200 A has been observed to  

accompany the fundamental 8400 A r a d i a t i o n  of GaAs, bu t  t h e  power r a t i o  i s  1O-ly14). 

T h i s  may a l s o  occur with semiconductor a l l o y s  which opera te  i n  the  v i s i b l e .  

However, t h e  e f f i c i e n c y  is low. 

0 

0 

BIOLOGICAL STUDIES AND APPLICATIONS 

The p o s s i b i l i t y  of frequency doubling in var ious  components of the 

skin s i m i l a r  t o  t h a t  observed in c r y s t a l s ,  was considered by Fine (15) a t  the  

F i r s t  Annual Conference on Biological  Ef fec ts  of Laser Radiation i n  1964. This 

might r e s u l t  i n  c e l l s  deep i n  the sk in  being exposed t o  a higher i n t e n s i t y  of ‘ 

u l t r a v i o l e t  r a d i a t i o n  than occurs under normal condi t ions .  
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Zare t  considered t h e  p o s s i b i l i t y  of harmonic genera t ion  be ing  

produced a t  the  pigment granules  wi th in  the  r e t i n a l  pigment e p i t h e l i a l  c e l l s  

on ruby l a s e r  r ad ia t ion .  

r a d i a t i o n  a t  t h i s  wavelength (16). 

This  s i t e  is not  normally exposed t o  u l t r a v i o l e t  

C r y s t a l s  of 3,  4 benzpyrene and 1,2, benzanthracene, i r r a d i a t e d  wi th  

a pulsed ruby l a s e r  a t  6940 2 emi t ted  narrow l i n e  r a d i a t i o n  a t  3470 8 (17) .  

This observa t ion  i s  of i n t e r e s t  s ince  these  c r y s t a l s  a r e  e s s e n t i a l l y  opaque 

t o  inc iden t  r a d i a t i o n  a t  3470 A. 

was about 5 x 10 . 
Rieckhoff and P e t i c o l a s  (18) t o  be produced i n  24 c r y s t a l l i n e  amino a c i d s  on 

Q-switched 10 f i - r u b y  i r r a d i a t i o n  X f i c i e n c i e s  of the same o rde r  of magnitude a s  

obta ined  from potassium dihydrogen phosphate (KH PO ) c y r s t a l s  were observed. 

Each sample was i n  t h e  form of a powdered layer .  Second harmonic generat ion 

r a d i a t i o n  was determined spec t rog raph ica l ly  f o r  L-Tryptophan. Op t i ca l ly  a c t i v e  

sugars  showed a second harmonic generat ion e f f i c i e n c y  one order  of magnitude 

less than t h a t  ob ta ined  from KH2P04 .  

0 
The e f f i c i e n c y  of second harmonic genera t ion  

Opt ica l  second harmonic generat ion was a l s o  considered by 
-6 

2 4  

Prel iminary s t u d i e s  on t h e  i n t e r a c t i o n  of u l t r a v i c l e t  r a d i a t i o n  on 

b i o l o g i c a l  systems have been i n i t i a t e d  by Klein and Fine  (19). 

c a r r i e d  ou t  w i th  t h e  pulsed n i t rogen  laser i n  co l l abora t ion  wi th  H.G.Heard of 
0 0 

Energy Systems and wi th  r a d i a t i o n  a t  2650 A quadrupled from neodymium a t  10,600 A 

i n  c o l l a b o r a t i o n  wi th  W.Haynie of Eastman Kodak Company. 

energy and energy d e n s i t y  achieved per  pulse w a s  v e r y  low; consequent ly ,  t h e r e  

were no major changes observed. 

s t u d i e s  y i e ld ing  p o s i t i v e  r e s u l t s  can be obtained.  

These were 

In both cases  t h e  

With cu r ren t  equipment, i t  is poss ib l e  t h a t  

Another a rea  of i n t e r e s t  i n so fa r  as u l t r a v i o l e t  r a d i a t i o n  is  concerned 

is two-photon processes  another  non-l inear  phenomenon. This process  involves  

the simultaneous absorp t ion  of two 1as.r photons,  each f o r  example a t  6943 A ,  
0 
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thereby e x c i t i n g  a resonance i n  the u l t r a v i o l e t  a t  twice t h e  frequency. 

phenomenon d i f f e r s  from frequency doubling. In the  two photon processes ,  a 

m a t e r i a l  which is e s s e n t i a l l y  t ransparent  fo r  a s i n g l e  photon would absorb two 

photons simultaneously.  

by t h e  two-photon processes d i f f e r  from those produced by i r r a d i a t i o n  a t  twice 

the  fundamental frequency. For e x ~ m p l r ,  the  t r a n s i t i o n s  may d i f f ,cc  i n  the  two 

cases .  

Kaiser and G a r r e t t  (20); im c r y s t a l l i n e  K I  by Hopfield,  eb.al0,(21); i n  

anthracene s i n g l e  c r y s t a l s  by Hssegam (22); and i n  I and C, by Hall (23) 

u s i n g  t h e  second harmonic of ruby and the  second harmonic of neodymium. Rounds, 

e t . a l . ,  (24) have repor ted  twc-ph2toa absorp t ion  i n  reduced nicotinamide-adenine- 

d inuc leo t ide  (NADH), in solut ion, ,  on ruby laser i r r a d i a t i o n .  

This 

Spec t roscopica l ly  t h e  u l t r a v i o l e t  resonances exc i ted  

Two-photon e f f e s t s  a t  u l t r a v i o l e t  wavelengths have been observed by 

D 

The high power d e n s i t i e s  .end r e l a t i v e  mowochromaticity achievable  

wi th  u l t r a v i o l e t  lasers should paranit optbanurn d i s i n f e c t i o n  and s t e r i l i z a t i o n  

under usua l  condi t ions ;  t h e  minhmhl beam divergence should pemfit d i s i n f e c t i o n  

and s t e r i l i z a t i o n  a t  a d i s t a n c e  fn r  spec ia l  purposes a s  for  t h e  space pragrom(26). 

Microscopy holography ,and micrc~heams a r e  areas la which u l t r a -  

v i o l e t  lasers w i l l  be appl ied.  Wavefront recons t ruc t ion ,  or holography, has 

been an a r e a  of vigorous research  f a l l w i n g  t h e  advent of Iaser5. 

t h i s  research  a r e  RLresdy being coneidcred f o r  a p p l i c a t i o n  in enginecr ing,  

o p t i c a l  design, ~ ~ C S O S C O ~ Y ,  m a t e r i a l s  t e s t i n g ,  in te r fe rometry ,  meeeoreSogica1 

s u r v e i l l a n c e ,  and in comrnica t i ,one .  

Resul t s  of 

The or ig ina l .  impetus f,?r c u r r e n t  research in holography was 

The s t r ic t  e s t a b l i s h e d  t o  improve r e s o l u t i o n  i n  t l ec , t ron  microscopy (27).  

coherence and s t a b i l i t y  r 'rqufrements of holography have not  as y e t  been s a t i s f i e d  

f o r  wavefront r e c o n s t r w t i o a  i n  e l e c t r o n  a d  X-ray microscopy ( 2 8 ) .  

c u r r e n t  i n v e s t i g a t i o n s  far holographic ~ C ~ O S C Q ~ Y  u s h g  v i s i b l e  laser i l lumina t ion  

have yielded high q u a l i t y  imagining e y , ? , ~ m s  with r e s o l u t i o n  approaching t h a t  of 

However, 

Washington National Record Center 
Oflice of the Army Surgeon General 
Record Group 112 
Accession #: 75 - I3 
Box#: 3 



conventional nonholographic microsmpes (29%. 

recons t ruc ted  image can be achieved without lenses ,  the  resolution of t h i s  image 

is not  l i m i t e d  by the  numerical a p e r t u r e 6  microscope op t i c s  as 1s the  case  i n  

conventional microscopy. 

should be l i m i t e d  only by the  r e s o l v i n g  power of the photogeaphic emlsion and 

consequently should exceed t h a t  e t t a i n a b l e  with cenvent ional  m1czoscopee. 

Resolut ion can a l s o  be improved us ing  holography a t  u l t r a v i o l e t  l a s e r  wavelengths, 

and should provide s ign i f i cant  information regarding b i o l o g i c a l  systems. 

Since magnif icat ion of a 

The r e s o h t i o n  a t t a i n a b l e  i n  holographic microscopy 

I n  t h e  a re% o f  o p t i c a l  design, holograms constructed us ing  

abberated o p t i c a l  sys,tems h,wr been used a s  corr '?ctor  p l a t e s  with the  same o p t i c a l  

system t o  cance l  the  original abberatbons(30). 

t o  u l t r a v i o l e t  microscopy. 

These techniques can be appl ied  

Pulsed l a s e r  holography has been used t o  s t o p  high speed motion 

where the  v e l o c i t i e s  involved a r e  s i m i l a r  t o  those resolved by conventional 

high speed photogeaphy (311). Wavefront recons t ruc t ion  a t  a l a t e r  t ime, using 

a pulsed l a s e r  microhologram, allows the  observer t o  focus t o  amy depth of the 

image and examine time varying d e t a i l s  of t h e  o r i g i n a l  o b j e c t  t h a t  a r e  l o s t  i n  

ord inary ,  two dimensional, photomicrographs. The holographkc microscope has 

a l s o  been used s u c c e s s f u l l y  in a p p l i c a t i o n s  where conventional p a ~ l a r i z i n g  

microscopes have proven u s e f u l  (32). 

Laser i l l u m i n a t i o n  hee also been considered fo r  non-holographic 

microscopy. Applicat ions i n  these  a r e a s  include i n t e r f e r e n c e  and phase c o n t r a s t  

microscopy and may be p e r t i n e n t  a t  u l t r a v i o l e t  wavelengths. 

Optical  s p a t l a l  f t l t c r i n g  techniques using coherent l a s e r  

i l l u m i n a t i o n  have been ~ u c c e ~ ~ i u 9 l y  cmplo~yed i n  c h a r a c t e r  recogni t ion  ( 3 3 ) .  

These techniques i n  eonfunst ion with the  use of u l t r a v i o l e t  l a s e r s  m y  al low 

information t o  be obtained concerning c%Els and c e l l u l a r  processes.  Techniques 

of p a t t e r n  recogni t ion  can be npp8is.d t o  t h e  i n v e s t i g a t i o n  and c h a r a c t e r i z a t i o n  
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of micro-organisms, such a s  b a c t e r i a  or o t h e r  types of c e t l s .  

s e r i o u s  cons idera t ion  t o  be given t o  the  d i f f e r e n t i a l  diagnosis  of var ious  

u n i c e l l u l a r  or more highly organized spec ies .  

l ength ,  e i t h e r  concurren t ly  or s e q u e n t i a l l y ,  may enhance t h e  recogni t ion  of 

s p e c i f i c  organisms o r  i s o l a t e d  c e l l s ,  thue providing a s i g n a t u r e  fo r  t h e  

b i o l o g i c a l  system. 

It may permit 

The use  of more than one wave- 

The u s e  af  non-laser microbeam techniques by Zirkle ,  Blacm, Uretz 

and o t h e r s ,  is discussed by Curtis ( 3 4 ) .  Visible wavelength lasen microbeam 

techniques have been used by Bcseis (35,36), and o t h e r s  and have been reviewed 

by Pine and Klein (37). 

microbeams of high i n t e n s i t y  and of a s p o t  s i z e  l e s s  than 0.5 microns fin diameter 

w i l l  become a v a i l a b l e ,  which may lemd t o  t h e  u l t r a v i o l e t  l a s e r  microbean 

i r r a d i a t i o n  of ind iv idua l  c e l l s  and p a r t s  of c e l l s  as a t o o l  i n  radiobiology. 

The applbca t icn  of the  laser t o  Raman spectroscopy has been discussed 

by many au thors  inc luding  G n r d ~ e ,  Pandarese, and Townes (381, Porto [3S), Weber(40) 

and Jones and Jones (41). I n  general ,  helium-neon l a s e r s  a t  6328 A and pulsed 

ruby l a s e r s  at 6943 A have been used. Ionized argon lasers fo r  Raman spectroscopy 

have also been used (42,431. The high i n t e n s i t y  obta inable  with l a s e r s  w i l l  

permit Stokes and anti-Stokes 1 8 3 ~ ~ 1  of many orders  t o  be obtained (38)o The 

narrow band width of t h i s  fomsab1.i r a d i a t i o n  s i m p l i f i e s  t h e  design of miniatur ized 

c e l l s ,  and permits the  measurement of Raman s p e c t r a  in small samples and 

concent ra t ions  (41). Although the  u l t r a v i o l e t  l a s e r s  w i l l  probably rep lace  the  

u l t r a v i o l e t  sources  such a s  the  mercury lamp p r e s e n t l y  used for  Raman spectroecopy 

a t  u l t r a v i o l e t  wavelengths, the f h o r c s c e n c a  and decomposition of m a t e r i a l s  on 

u l t r a v i o l e t  i r r a d i a t i o n  may result in problems s i m i l a r  t o  those enc,ounterrd us ing  

s tandard  sources.  The shor t  and control1,eble pulse  dura t ion  a t  high i n t e n s i t i e s  

and a t  narrow bandwidth, a v a i l a b l e  wit4 ~ L t r o v i o l e t  l a s e r s ,  may prove of s i g n i f i c a n c e  

in t h i s  a rea  of research.  

With the  advent of u l t r a v i o l e t  l a&cra ,  u l t r a v i , o l e t  

0 

0 

Modu1Btim techniques in conjunct ion wi th  l a s e r  
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r a d i a t i o n  m y  al low improvement ,of the  s i g m l  t o  noise  r a t i o .  

I n  a d d i t i o n  t o  the  spcc i f ic  3reas  t o  which re ference  has been 

made above, the  p o t e n t i a l  hazards of  u l t r a v i o l e t  r a d i a t i o n  a t  high i n t e n s i t i e s  

as a v a i l a b l e  from lasers r e q u i r e  a t t e n t i o n .  These hazards include those of 

s tandard low I n t e n s i t y  u l t r a v i o l e t  sources i n  a d d i t i o n  t o  o ther  i n j u r i o u s  changes 

which may be induced as the  i n t e n s i t y  is increased. The i n j u r i o m a  e f f e c t s  may 

thus exceed i n  r a t e  of onse t ,  and complexity, the  a c u t e  burns and t h e  delayed 

r e a c t i o n s ,  such as m t a z e n a s i e  carcinogenesis  and p h o t o s e n s i t i z a t i o n  

encountered with s tandard u l t r a v k o l e t  soanrces. Hazards OS u l t r a u f o l e t  l a s e r  

r a d i a t i o n  a r e ,  therefore: ,  cf partks?nlaar s i g n i f i c a n c e  i n  regard t o  the  eyes and 

the  mucocutaneous t i s s u e s .  

Applicat ions of u l t rwvioPt t  r a d i a t i o n  t o  c l i n i c a l  medicine are 

beyond the scope of t h i s  discussion.  U l t r a v i o l e t  r a d i a t i o n  as a therapeut ic  

modality i n  Defnnatclogy m y  bt f m i l i t a t e d  by Baser devices.  The high degree 

of  monochromaticity of l a s e r  r a d i a t i o n  may provide more adequate s e l e c t i o n  of 

d e s i r a b l e  wavelength and cerrseqrrent reduct ion of i n j u r i o u s  components. 

i n t e n s i t y  3t which l ape r  rcLdiatAsn 9.s a v a i l a b l e ,  i n  conjunct ion with atcabnoble  

small spot  s i z e s  and v a r i a b l e  pu:se dura t ion ,  permits r e s t r i c t i o n  of the exten t  

of t h e  i r r a d i a t i o n  t o  E s p e c i f i c  s i te .  

l e s i o n  may t h e r e f o r e  be f a c i l d t a t r d .  

The high 

Limitat ion t o  t h e  a r e a  involved by the  

U l t r a v i o l e t  h s e r  r a d i a t i o n  m y  be Basefull i n  d iagnos t ic  procedures, 

such a s  the  d e t e c t i o n  of tr ichophyton i n f e c t i o n  and o ther  i n  v ivo  o r  i n  v i t r o  

determinat ions inuol-iping f l u x e s c c a c e .  

of l a s e r  r a d i a t i o n  may increase  t h e  s e n s i t i v i t y  of these  procedures,  thus 

p e r m i t t i n g  e a r l i e r  d e t e c t i o n  and more. adequate d i f f a r e n t i a t i o n  of c l i n i c a l l y  

s i g n i f i c a n t  f i n d h g s  from nonspccifd.c phenomena, than has been c u r r e n t l y  a t t a i n e d .  

Loca l iza t ion  of s p e c i f i c  (cxogenoaraa) E O F ' T X ~ B  as the r e s u l t  of pathologica l  processes 

Tlae high i n t e n s i t y  and narrow band width 
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may be more e f f e c t i v e l y  e s t a b l i s h e d  by u l t r a v i o l e t  l a s e r  r a d i a t i o n  used a s  a 

d iagnos t ic  t o o l  than by previously a v a i l a b l e  u l t r a v i o l e t  sources.  

Bardos, Pine,  Ambrus, and Klein a r e  underway t o  determine the  e f f e c t s  of porphyrin 

d e r i v a t i v e s  which were synthesized with t h e  dual  o b j e c t i v e  t o  bind s p e c i f i c ,  

b i o l o g i c a l l y  s i g n i f i c a n t  macromolecules, such a s  DNA, and t o  have absorp t ion  

bands a t  the  wavelengths of the a v a i l a b l e  l a s e r  r a d i a t i o n .  

Studies  by 

The observat ions and cons idera t ion  presented above suggest t h a t  

l a s e r  r a d i a t i o n ,  p a r t i c u l a r l y  i n  t h e  u l t r a v i o l e t  region of t h e  spectrum, may 

have s i g n i f i c a n t  implicat ions fo r  biomedical research. 
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