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(4) fecu*ioa rb jac i im 1 . r ~  (7) 
foausmr th -8. of tbe cod- h a 8  00 t h  00fll.1 of tR. up.rLul-1 e p ,  a d  

LC d a o  focwsas ayattirrs (6) on tho fundur. 
of the light source 013 the fundum. 

oerver to control the diameter of the cone of  radiant errer&y on the corm, -reby 
8ffeCtiVely cOntrollin& irradiance on the ratism; I n  practice the wpillary d u t e r  

of the expo#ed aye miut always he greater t b a  thfr diameter. 

reflects lFaht f r i t & >  the O P ~ L C U A  c y a t l r n  end Incraaaar the  t r ; t i ~ l  Lrrodiaaco by about 

70 per cent .  

1-e of tb. Xe- 1- drg t& apatture ( 0 ) .  

%e, aperture (6) corarrola tk+ w e  r i s e  

Aperture (S), itmediately mijacant t o  the eondenaer lerir. 

"he coocaw mirror 

An electrically operated newyhore (3) #ewe* t o  protect the condanrer leu8 

except Juring actual P U ~ J B L C ~ .  I t  LR perforated w i t h  a cLrcla OX -11 holes which 

pars sufficient: lighL Lor t h e  operarot to locate ths Fraga on 41 drsLrtd portiou of 

the  fundus.  SLnLe C l w  scxu.-phore La adjacent to tho coadensor Aenc, these "pinpo int s  ' 

of i i g h c  ate  Socbaeeci 0 1 1  tlrc cornea vhe~r tho aye is properly po6iti:ined. The Cmpnr 

ohutter ( 8 )  C o ~ l t ~ ~ ~ I i i  tlm expmare LLM i v  :he ranpjr o t  2 to 20 ~i1Xiseconda or greater. 

Although it 1s designad w i t h  c1Lch o c ~ y f i  for tb variou8 tiar e e t t i u y t ,  i t  has baeu 

found fesslble  t o  aeL t l7e shutter betweeti otopr for tncaroudicita ttoar. Ihe flab11 

rytichronizing contacts corrnected t o  an electronic timer which meaiuraa the acLurl 

axporure tLra t o  aii acctirltcy oi 0.1 aillAeccond. Since chore it B variation ol about 

10 per wnt Fri the e x p a i r e  time of the C q u r  slhutter, i t  AP necarrary t o  record the 

actual 6~pofiu1~e tFaQ i.;r ea& Lndlvid\ral  hat. 

A diayran of chc electLonic r y s t w t  L8 glvea in Figure 11, Ilie baoic CrJPbPOuciita a r b  

a Teala coil-iguitLwr u n i t ,  a U-10 atapere "'roep o i l v e '  powsr rupply, u %(Hi - 20,uCrO 

a€d. upacttor Lank, EI timing ~ t i i e x a t ~  arrd B pair of btritrodo wlth seeoctet& 

circuitry for Lnttiatr.ng unci terrimtizig the curront pulro t o  the 1 ~ .  A Hewlert- 

h c h r d  W e l  ZABA d i b i t a l  dcrloy generator futnlohas a rectangular voltage puleo 
whore rturaCion ca11 b~ aUJu8t.d from 1 rniarosacand to 10 oPflli8econda i n  btepo of 

0.1 mlcrorecond. 

t o  obtain a poritiva y l r e  at  che AeadLa edge rad a negative pulro at the trailiag 

*e. 
'.tart 

The poait ive urd negative puloea from tb. differmttatlon cireuit p.rr through e 

phaao invocter and thence to tbe 'rtop" Thyratron orld, S t n w  a Thyratroa can be 

tr-ored only by P poeftlivm p l e a ,  che "rtop" Thyratron will xerpoad asly to  the 

"rtop" p u l ~ ,  and will Lprr  the '#tart" @I.. r)u ' @ C o p '  unit- I@ i n  turn 
tr&uared raQ act8 am a rhott circuit to dbuhatsr the mprcktot b.nL, tbr taratmttw 

c h  asrrrat  lie to  thA ftrmra I--. 

The tectaagular wave Fr parsed through 1 dlffermrtiattng E i K C U L t  

fhs p s i t t v e  pulse t t ' i sars  the orar t '  Ibyratron, uhich i n  turn triggarr the 

I@,ttoa. Ihu. the c i r c u i t  betwemi the lamp and the condawor b8nk Fa clored. 
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l t b  crwaitor b m k  conrirtr ef 4 rwtioru of 60, W e d b ,  450 wlt capraitotr 

r i r o d  i n  ).rmllrl with rhort beary leadr. 
lw cuzrent  prlrer in the r i l l i r ecod  raago, i t  l r  coaroaimt to  mubr t i tu to  a r torwo 

k t t a c y  bank in p laae  of the caprcitorr. 
8rriec with  t h e  b a t t e r y  bank i r  blown a t  the on4 of  the pulrr by tho  "rtop" baitroa. 

The f u r e  holder  conr i r t r  of tw hoavy aoppar block .  agaiart which UI a l d r u m  r ibbon 

io c1.lrrp.d. 

necer rary  t o  koop t h e  larap burning a t  a low l e v e l  betwoen pulrer. 
up t o  70 amparer and can ba ured without  aha p u l ~ i n g  circuit8 for low i r r a d i a n c e  uerk. 

vh.a uorkm w i t h  r o l a t f ~ d y  1- cluratioa, 

When t h l a  i r  &no, a fume, e0atmct.d i n  

It can be roplaced i n  a few reao~dr. Tho " b o p  al ive" panr rupply Fa 
It can delivat 

The d i g l t a l  delay genera tor  l r  triplllei,rd by a p a i r  of coi~tactr  on t h r  Corpur 

r h u t t e r ,  so t h a t  tho l i g h t  p u l s e  occur8 only wben t h e  Compur r h u t t e r  11 c o p l e t e l y  

:pen. The Coapur r h u t t e r  reaainr opca for approximately 3 ml11Lrecondr. 

the lamy a t  t he  lowert porrible current c o n r i s t e n t  wi th  arc s t a b i l i t y ,  t ho  r o t i n a l  

dose due t o  the 3 millisecond "keep aliv. ' exporure can be kept  to lerr  than 1 per  cent  

of the r e t i n a l  dore due t o  tho high i n t e n r i t y  pule.. 

Qptrction .pal PhyrIcs!,Charactrrlrt~cr 

By o p e r a t i q  

Current pulrea were aearured by p lac ing  an o r c i l l o r c o p e  ac ro re  8 50 mv. 30 

rapera shunt  connected i n  rerier with t h e  lup. 

7102 p h o t o u l t i p l i a r  tube having BOX- reaponre i n  t h e  near in f r a red .  

curve). 
qiven the corresponding l i g h t  ou tput  pulre. 

approximately 75-1UO r ic rorecondo t o  a t t a i n  maxfra b r i l l i a n c e  and approximately lob- 

150 microrocondm t o  decoy. In  the  a r e  of the  50 r ic rorecond pulre (tt. betwaen 

da lay  genetrator pu l r e s ) ,  t h e  1 F a t  output never reaches a mxinrr, and tho depar ture  

from a rccUtagular  wave i s  wrkod, 

by dirchargi i lg  through tho  lap a capac i to r  charged t o  a r u i t a b l y  high potential. 

I b m  docoy t h e ,  OIL t h e  o t h e r  hand, II(HII t o  be characteristic of t he  1- and repro- 
s o n t r  t h e  t i n  roqul red  f o r  tho  i n u n d a r c s a t  Xenon gar t o  a top  r o d i a t i r u .  

prlre 8h.p.a obtairud hap- to be ual1 au l tod  for rtudl.8 of n u c h a r  wuponr bz.rd8, 

80 tht  it h r  not  boon n rco r ra ry  t o  r e r o r t  t o  pulro r h p i a g  techniqirsr,  

f a c t o r r  for pulre almper are ueed when c a l a u l a t i n g  doro. 

Light output  pu l r e r  were meaeured wlth a 

(SA rorponeo 

There pulrea are i l l u r t r a t e d  i n  Figure 3 .  below oach cu r ren t  pulrc L r  

It will be noted that tbe lamp requires 

The loading edge of t he  pulre can be rhrrpenad 

The 

Correc t ion  

Of p r h  a m c e r n  in a high i n t e n r l t y  l L $ h t  ~ O U I C C O  are the a p o a t r a l  d i o t r i b u t i o n  
arrb tho  irrdiamce for arch 1- cur ren t  u r d .  

8 u1Lbrat.d g r a t t q  nonochtaPrter and p b o t o u l t i p l i o t  tube. 

mer0 m u r u r r # a t r  wore taken vi tb  

Thr gratiat, monochramoter 
-1ibr.t.d with an Zppley t h r m o p i l e  black  body r880tV.t  and @ w r d  tW*tm 



1 . r ~  q m r a t d  a t  a luaA c o h t  t q r a t u r e .  

wod to obtain li&t output 81) a fuactioa of u a w m l ~ t h .  
f l l t o r r  umro urod t o  o l l ~ . i ~ k  racatrd order romporme. 
10 B / 4  ever tho r-e of 350 - 1400 r n ~  . 
on a r o l a t l v t  b a r i r  mar a r a q e  of 350 - 1100 $, 

rorponro a g a i n r t  t h t  of tho t h e r m o p i l e  a t  10 mdL t a t o r v d r .  Abrolute c a l i b r 8 t i o n  

of tho p h o t a u l t i p l i e r  wr performed It 560 m . ~  , uriw a narrav band p a r  f i l t e r .  

Tho 560 m r c  b- war mururcd f i r s t  w i th  tho  Epploy thonropi la ,  and thur v i a  tho 

p b t a u l t i p l i e r  tuba; the Epploy i n r t r u r n t  h d  boen c a l i b r a t e d  p r o v i w l y  on an 

a b r o l u t r  barir againat a lbtioM1 Buruv of It8ndarJI carbon f i l m n t  lamp (rtandord 

of t o t a l  irradiance). Tho enomour r o n a l t i v i t y  of tho p h o t a p r l t i p l i e r  tube made I 
nacerrary t o  a t t o n u a t e  tb. b o o  with  n o u t r d  donrlty f i l t o r r .  

w i t h  t he  p h o t o c r u l t i p l i e r  throughout t he  o n t l r a  c a l i b r a t i o n  8nd raarurarent procedures 

A photomul t ip l ie r  t u b . ,  c a l ib ra tod  in thllr manner, i r  eoncridrtad n u p r i o r  t o  other 

typor of c a l o r l n t e r r  f o r  t he  mearurament oE vory rhort high i r r ad iance  pulror 

bocauoo of i t a  speed of rerponro. 

T8bl.r of -ton d m r i v i t y  mro 
w r o p r i r t o  .&rp curoff  

Calibtatlarr uete W r P e r y  

Tho p b o t a u l t i p l i e r  tube war c e l i b r e t d  

by cap.riag i t a  o t u d p  m u t o  

Tb.8 f i l t o r o  renu..\lc 

Spec t r a l  d i s t r i b u r i o o  of the l i g h t  raurco war obtained fox 1.19 curren t8  frm 

60 mper.8 to 215U 8mper.r. each dlOtr ibut iOn taken a t  10 m,( intomala 

ftam 350 - 1000 at, Th. resultr a r o  sivan in Table 1. Diet r ibu t iono  f o r  

60, 1000 and 2150 amperor are rhoun ia ? igure  4, A l l  th reo  d l r t r i b u t i o n r  have 

bean norrulicod t o  tbo  aamo p u k  height. 
r h i f t  tor8rd rhorter uavelongthr with iactuoing lamp cur ren t .  Tho rhift i r  malt 

pronounced when going from 60 amperor t o  200 mperer. 

p e r t i o n  of tho rpectrua i a  he lp fu l  for r t u d l o r  of r o t l n a l  b u t d r ,  ria- t h e  

t r a n m i r s i o n  through tho  ocular modh i r  h i w r t  i n  t h i r  region (5). 

It r h l d  bo notad t h a t  thora La a marked 

This r h i f t  i n t o  the  visible 

For curtonfa up to  70 -roo, corpu1 irradiance war r u r u t e d  v i t h  the  

Ipplop t h e m p i l e .  

a l l w i q  M accutato t b o r w p i l o  read-. 

h w r  e u t t o n t r ,  and tho p b o t a u l t i p l i o t  tubo w e d  for i r radirrrco Y.mutlaY;Mltr. 

The romltr 8ro given i n  Tablo 2, and arm pAottod in Figure 5. 

in crrl/ar / u c .  a r a  given f o r  an k .ge  f l o l d  d l n t o r  of 6.. 

l i r t d  in tho l r r t  aolm aro bud 00 tba follawia conditionor 

In t h i o  cu r ron t  taw8 tho 1- can be burnod coatfauourly,  

Tho parlriq c i r c u i t  l r  -1oy.d f o r  

Comma1 I r t a d h Q c s o  
2 Retinal i r r ad iancor  

1 em. fooa l  l q t h  r a b b i t  .yo 

8 m d i m t o t  of ll&t b.r 8t earnu 
9zX o f f r c t i v o  t r m r i a a f t m  o f  1-t through ocular rdk 
for p d ~  aurrata areatot thn 100 op.tem* 

*- dc ap.r.tim 8t 20 to 69 m, o f f e c t i n  t~8nniroloa i o  8511. 

. 



a r 
2 

2 
a r e  I = r e t i n a l  irradirpco in c a l l a  /r.e. 

I: - corneal  irradiance i n  cal/cm /(lee. 

K 
di8trihution of the  l n c i h r  b e u  

d - diameter of list cone a t  cornea 

d diameter of lfr,ht cone a t  retina 

r 

C 

= t r o n m i s r i v i t y  for the o c u l a r  modi8 and 8 given spectral 

C 

L 
Uring e r m p  c u r r e n t  of A950 amperes, t h e  mcarured irradiance a t  the cornea 

2 
wao 53.b caA/cm ,)oec. 

a t  rho ret ina  woo c a l c u l a t e d  tQ be 2861 ca l /c I  /sec.; t h l a  Fr to  be caoparad 
w i t h  a r d l b i t  r e t l n a l  irradiance of 115 caf/cm 8ec. produced by tba Zciee l l g h t  

coagulator  when operated 8 t  ~ X L M  c u r r e n t .  

For a rubbl t  eye ( 1 ca. f o c a l  length), the irradiance 
2 

2 

(Red 4 p o r i t i o a ) .  
As p normally used La cLLnical appl lce t ione ,  the ZeFrr  light coaguletor 

producor a markedly uon-uniform retinal Lamgo. Thare are two "hot r p o t s "  at 

opporita edl;ee of t h e  i l l u a r n a t e d  f i e l d .  One i r  due t o  the w r y  b r i g h t  s p o t  

ad jacent  t o  the rharp ly  pointed nogatlvc electrode i n  rho hnon  lamp; the eecorid 

i r  due t o  a11 image of tbe hot rpot f r a  the concave mirror mount4 behind t h e  

lamp. For c l i n l c a l  work t h i s  apparent ly  has riot proven objectlormble,  but f o r  

8tUdlO8 of r e t i n a l  hazards  due t o  nuclear  w ~ p o n o  i t  i r  highly dosireblc t o  have 

a uniformly irradlated retinal Laage, 80 that tho thermal dore  can be exprerced 

r i t h  accuracy and meaning. 

tn rohtion t o  t h e  o p t i c a l  ry$tam 80 t h a t  the nsaative electrode hot epot  is o u t r i d e  

t& retinal isage. Unffor r i ty  war mearuted by rcannfng an enlarged r e t i n a l  image 

obtaih.d uitb a long focal l ength  lm8. Bel8tivs i r r a d i a n c e  along a vertical and 

horirmtal rcan are r h m  i n  l i p r e  6 .  Maximum v a r i a t i o n  l r  rrithin 10 percent 

of tk irradi&ncc a t  tho  center of tha w e .  This distribution applies t o  t h e  

data .a cornea l  and retinal irradiance8 given t n  Table 2 and FLgure 5 .  

hS&r irradL.11~08 caa be obtalnod over -11 arus by moving the hot rpot lnto 

Tbir har been achieved by positionfng the Xenon laop 

Conrlder8bly 



tho b m g m  f imld .  

coadltioar . 
Re muauraunto of irradbnw h... beam lOQkt t h e e  

Although thr 0or.n xbo-ZOO1 Unou l.rp i r  tatad at 75 m r . 0 ,  00 

difficultlam luvr bean moourrtar.4 in  pulming tha laap to  current0 greater than 

2000 rrperer. The lamp pro~ently i n  UIO hae beon pulrmd a n y  hundred, of t f y r  
w i t h  no v i s f b l e  tungeten deporite on the quartz b u l b ,  and no pitting or dlrtortioa 
of the electroder. Betweon pulrer the 1- ir operated a t  the lwert posr ible  

currmt coasiotenl w i t h  lamp s t a b i l i t y  (approx. 15 amperes). A t  2000 ampeter tha 

lurp cor1 bo yb81sed for period8 up to 1 d l l i a a c o n d  without apparent daavgs or 

apprec table ohbr rening of 1 i f  e .  

Surrpp ry 
A method is drrcr ibcd  for pcllsiiis aloctronfcally an Oermn XBO 2001 high 

pressure h w m  Lamy, Currents up to 2150 amperem may b e  pamsed through the lamp 

€or tivw duLrll;L3tit; J -  8 ~ ~ r i I C m c o r . d  or less. U t i l i z i n g  t h e  opt i ca l  a y s t m  f i r r c  
developed v y  the :cis?, O p t i c a l  Coapany t o r  l L g b t  coclguhtion, trradfsncer a8 high 
as 53.r c ~ l l c n :  /'sL- . .oil be delivered to the cornu. In the rabbit, retinal 

irrodinr4ces of id!.  I ccll/r;m / s a c .  huve been obtained. Pulse durutionr as short 

a8 p73 01.. <. L J  A i  r !.as d . , d  &-cay tf7ac) have been used To produce miid 

leoj.onu QU LIIC tabL'&L reL&ua. nie ~ l 1 G L A t : m ~ l ~ t  ir  being ured to investigate 

the t . J p t f C d  rinziiL d., t 3 L ~ J J I ) A ~ A y  ~ 1 1 b  uilort julveh of radiant  energy similar t o  

tbore o l r t c d  'Uj nuciear veapono uhoi, exploded at  high a l t i t u d e s .  

2 

2 



h i n U p  

I, A!! P 
C11 R R E V 1  

AMPS.  

60 
200 
400 
6 00 
800 

1000 
1 200 
1400 
16 00 
1800 
2156 

. 2 3  

. 17 
. 9 9  
. 5 9  
.69 

.86 

.80 

.60 

.E0 

.90 

.6A 

For  each v d r s  of c u r r e n t ,  T a b l e  g i v e r  p e r c e n t a B e  
ford e n e r g y  in  each w a v e  l e n g t h  i n t e r v a l  

400 - 500 

9 . 2  
R.7 
IO. 4 
1 I .  1 
1 3 . 1  
14 .3  
IS. 4 
16.8 
16 .5  
16 .5  
1 7 . 2  

W - 6 0 0  

14. 1 
18.1 
19.5 
21.0 
21.5 
22.9 
24. I 
24.6 
25 .0  
25 .3  
45.1 

600 - 700 

15. 1 
22.2 
26.7 
27.7 
27. I 
28.2  
27.9 
27.3 
28.2 
29 .2  
m. 5 

700 - 000 

13.9 
21.6 
24 .6  
24 .9  
24.0 
22 .5  
2 2 . 1  
21.7 
21 .3  
20.2 
2% 1 

800 - 9n0 

22.0 
21 .0  
1 5 . 4  
12.8 
12 .0  
10.1 
8.6 
8 . 0  
7 . 5  
7 . 1  
6 . 3  

900 - 1000 

25.5 
5.0 
2.5 
1.9 

1.27 

1 .oo 
.70 
. R 0  

. 7 0  

1.n 

.00 

* 
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Tabla 2 

Coat inuom 
Opetat Lon 
of - 
h l r e  

O p t .  t ion 
of - 

CopircFtor 
V o l  tag. 

Irradiance vmr Currant 

20 
25 
;)o 
35 
40 
45 
SO 
55 
tO 
€45 
10 

3 iil 
5 60 
150 
960 
1135 
1360 
156U 
174u 
195u 

#C 
Cornul 
Irraa2 

. 3 i  
* 43 . 545 
68 

e I9 
.915 

1.05 
1.19 
1 ..I3 
1 .45 
1.64 

celjcm i o e c .  

12.4 
28.2 
34.1 
39.9 
41.1 
67.8 
w.3 
52.8 
53.6 

$t 
kttrul 
Irrad . 
Cal /a2 / D8C 

19.3 
21.2 
26 08 
33 .s 
38.9 
45.0 
51.1 
58.5  
05.4 
i1.3 
3U. i  

liliii 
15u9 
1824 
2135 
2234 
255'1 
2691 
2325 
z8b) 
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RETINAL IMAGE UNIFORMITY 

1.1 c 

RETINAL IMAGE DIAMETER 

SCHEMATIC DIAGRAM OF OPTICAL SYSTEM 

CONDENSER 
LENS RETINAL 

2 

,-a- 

, .  

i 
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SPECTRAL DISTRIBUTION FOR PULSED XENON HIGH PRESSURE LAMP 
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PULSE CIRCUIT DIAGRAM 
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