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t inely de t e rmined  using the  Biuret  me thod .  In  conduct -  
ing the  expe r imen t  6 animals  were used for each t ime  
period and  F - t e s t  analysis  of var iance  was used to t e s t  
for significance. 

Results. All of the  ra t s  given 25 IU  PMS on the  24th 
day  of age ovula ted  dur ing  the  n igh t  of t he  26th. At  
12.00 h on the  26th day, ra ts  given PMS showed full 
u ter ine  ballooning. At  24.00 h there  was vaginal  opening 
and  ovula t ion  as indica ted  by  tuba l  ova. Al though  tuba l  
ova  were  noted,  no a t t e m p t  was made  to  coun t  t h e m .  

The specific ac t iv i ty  of the  enzyme (LDH un i t s /mg  
protein)  is shown in Figure 1. There  was no s ignif icant  
difference (p < 0.05) be tween  the  4 consecut ive  hours  of 
6, 12, 18 and 24, bu t  there  was an ab rup t  increase in the  
ac t iv i ty  a t  30 and  36 h (1,823 • 287 and 1,168 • 253 
versus 172 • 108 a t  0 h ; p < 0.01). The ac t iv i ty  s t a r t ed  
to decline again a t  42 h. The ac t iv i ty  observed at  48 h 
was no t  s ignif icant ly  di f ferent  (p < 0.05) f rom t h a t  ob- 
served a t  48, 54, 60, 66 or 72 h. I t  is also clear f rom th is  
Figure t h a t  there  were no signif icant  changes  in L D H  
ac t iv i ty  in the  control .  

The L D H  ac t iv i ty  (LDH units /ml)  in the  p lasma  of 
animals  in jec ted  wi th  PMS compared  wi th  animals  which  
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Fig. 2. Effect of 25 IU of PMS injected in the immature rat (24 days 
old) on blood LDH activity. Each point represents 6 animals and 
the standards errors are shown by the vertical lines. 

were no t  t r ea ted  is p resen ted  in Figure 2. I t  is clear f rom 
this  figure t h a t  there  was an increase in L D H  ac t iv i ty  of 
blood at  36 h. This increase was s ignif icant ly  higher  
(p < 0.01) t h a n  the  ac t iv i ty  a t  t he  o the r  hours  (298 • 46.7 
versus 121 :E 18.5 a t  0 h). Var ia t ions  among  the  control  
show no s ignif icant  var ia t ions  along the  per iod of t he  
s tudy.  

Discussion. Studies  on the  molecular  mechanisms  of 
ho rmone  act ion have  indica ted  two general  pa t te rns .  One 
p a t t e r n  applies to the  po lypep t ide  hormones  which act  
p r imar i ly  t h ro u g h  the  ac t iva t ion  of adenyl  cyclase wi th  
the  subsequen t  fo rma t ion  of cyclic AMP 5, and the  second 
p a t t e r n  applies to t he  steroid ho rmones  which  act  pr ima-  
rily a t  the  gen t  locus to  ini t ia te  the  synthes is  of specific 
species of R N A  6. The h o rmo n a l  s t imula t ion  of L D H  is 
no t  so easily del ineated,  bu t  a conclusion migh t  be d rawn 
f rom the  analogue results  on es t rogen level. 

Recen t  s tudies  indica ted  t h a t  estradiol  levels reach 
m a x i m u m  at  42-52 h after  PMS inject ion in the  im- 
ma t u r e  ra t  and  t h e n  decrease d ramat i ca l lyL  I t  is pos- 
sible t h a t  lower levels of es t rogen are able to induce L D H  
ac t iv i ty  to its m a x i m u m ,  a round  36 h. The direct  effect  
of PMS in inducing L D H  ac t iv i ty  is unlikely. H u m a n  
chorionic gonado t rop in  admin i s t r a t ion  to the  immatu re  
ra ts  t r ea ted  wi th  PMS increased the  a m o u n t  of CAMP 
formed several  fold in less t i tan 1 h s, which,  if it  were the  
media tor ,  should increase L D H  ac t iv i ty  immedia te ly .  
Moreover,  es t rogen is known to ac t  to induce m R N A  for 
the  format ion  of d i f ferent  enzymes6.  
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Summary. The micro-focal  X - r a y  uni t  is a modif ied  Cosslet t  and Nixon X - r a y  microscope of grea ter  operat ional  
s tab i l i ty  and  flexibility.  I t s  combina t ion  wi th  a closed circuit  television sys t em provides  a quick me t h o d  of obta in ing 
a po in t  source of X- rays  to examine  the  detai led s t ruc tu re  of organs and biological specimens.  

The t e r m  X - r a y  microscope has been  used to describe 
a p p a r a t u s  which uses one or two electron lenses to focus 
an electron beam onto  a ta rget ,  f rom which  the  X- r ay s  
are emi t t ed .  The pr inciples  of this  form of appa ra tu s  were  
f irs t  descr ibed in 19392, a. The appa ra tus  was developed 
by  COSSLETT and NIXON in the  1950's and early 1960's 4-s. 
Since t h a t  t ime the  machine  has  been used to  s t u d y  a 
wide va r i e ty  of biological t issues 9. However ,  the  mater ia l  
examined  has  been  res t r ic ted  to small  specimens;  such 
as insects  ~ or to spec imens  of a few mil l imetres  thick,  or 
th in  sect ions 10. This  res t r ic ted  appl ica t ion  of the  machine  
is due to  the  l imi ta t ions  in its desgin. 

The micro-focal  X - r a y  un i t  descr ibed herein  is a mod-  
ified X - r a y  microscope which  has been  designed to over-  
come the  l imi ta t ions  of the  Cosslet t  and  Nixon  machine.  
Also the  appl ica t ion  of t he  machine  to  bio-medical  re- 
search has  been  increased b y  the  incorpora t ion  of a closed 
circuit  television system.  
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One of t he  m a j o r  l im i t a t i ons  of t he  Cosslet t  and  Nixon  
mach ine  was t h a t  t he  foil t a r g e t  was m o u n t e d  on  top  of 
t he  ob jec t ive  lense, wh ich  also fo rmed  t he  end  window 
of t he  e lec t ron  beam.  The  v u l n e r a b i l i t y  of the  foil to  per-  
fo ra t ion  t h r o u g h  o v e r h e a t i n g  requ i red  the  acce le ra t ing  
vo l tages  to  be  res t r i c ted  to  30 kV or below. I n  t he  p re sen t  
u n i t  t he  t r an smi s s ion  t a r g e t  is rep laced  b y  a va r i ab l e  
solid t a r g e t  u n i t  n .  This  compr ises  a series of r ings  of dif- 
f e ren t  e l emen t s  (W, Cu, Cr, A1) m o u n t e d  on  a w a t e r  or 
oil cooled spindle  inse r ted  t h r o u g h  t he  side of t he  t a r g e t  
uni t .  The  select ion of a n y  t a r g e t  e l em en t  can  be m a d e  
while  the  e q u i p m e n t  is in opera t ion .  T he  t a r g e t  a s sembly  
is r o t a t a b l e  so as to  p r e s en t  a mul t ip l i c i ty  of surfaces and  
so avo id  p i t t i n g  and  c o n t a m i n a t i o n .  T he  e lec t ron  b e a m  
st r ikes  t he  t a r g e t  a t  a b o u t  45 ~ to  i ts surface,  t he  X - r a y s  
are emi t t ed  a t  r i gh t  angles to  the  b e a m  t h r o u g h  a t h i n  
a l u m i n i u m  window (Figure 1). This  a r r a n g e m e n t  p rov ides  
g rea te r  s t ab i l i t y  and  pe rmi t s  the  ope ra t ion  of t he  m ach ine  
a t  h igher  acce le ra t ing  vo l tages  t h a n  were possible w i t h  
t he  Cosslet t  and  Nixon  mach ine .  

The  seond m a j o r  defect  of the  Cossle t t  a n d  Nixon  
m a c h i n e  was t h a t  t he  e lec t ron  gun  was of t he  ' ho t '  type,  
t h a t  is t he  ou te r  casing of t he  gun  was u n d e r  t ens ion  
du r ing  ope ra t ion  of the  a p p a r a t u s .  Because  of this ,  t he  
pos i t ion  of t he  t u n g s t e n  f i l amen t  in t he  gun  could n o t  be 
a l t e red  for purposes  of a l ign ing  the  e lec t ron  b e a m  wi th in  
t he  column,  whi le  t he  a p p a r a t u s  was opera t iona l .  This  
ha s  been  overcome  b y  rep lac ing  t he  e lec t ron  gun  w i t h  
one of ' shock-proof '  design 9, in wh ich  t he  ou te r  casing 
is in su la ted  f rom the  f i l amen t  moun t ing .  This  enables  
t he  f i l amen t  to  be  m o v e d  whi le  the  t u b e  is in ope ra t ion  
and  t he  o p t i m u m  ver t i ca l  pos i t ion  of t he  f i l amen t  to  be 
selected.  As t he  gun  can  be  m o v e d  in t he  h o r i z o n t a l  p l ane  
b y  a d j u s t i n g  screws, t he  cor rec t  pos i t ion ing  of the  fila- 
m e n t  in t he  h o r i z o n t a l  axis  can  be  acheived,  t h e r e b y  
r e m o v i n g  t he  necessi ty ,  p r e s en t  in the  Cosslet t  and  Nixon  
mach ine ,  of ' l in ing  up '  t h e  anode  p la t e  and  t he  electro-  
m a g n e t i c  lenses w i t h  the  e lec t ron  beam.  
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The  above  modi f i ca t ions  l imi t  the  e s t i m a t e d  d i a m e t e r  
of t h e  X - r a y  source to  t he  o rder  of 3-5  ~m and  5-10 ~zm 
for t he  e q u i p m e n t  ope ra t ing  a t  vo l tage  ranges  of 5-30 kV 
and  30-50 k V  respect ively .  As t he  spacia l  reso lu t ion  
w i t h i n  the  X - r a y  b e a m  cor responds  to t he  size of the  
source, i t  follows t h a t  t he re  is a r educ t i on  in t he  resolving 
power  of the  X - r a y  u n i t  p r o p o r t i o n a l  to  t he  increase  in 
t he  acce le ra t ing  vo l tages  appl ied.  The  m e t h o d  of co lumn 
a l ignement ,  fo rmer ly  a ted ious  p rocedure  in wh ich  the  
e lec t ron  b e a m  was focussed e i the r  on to  a f luorescen t  or 
a lumin i sed  screen, ha s  been  cons ide rab ly  fac i l i t a ted  
t h r o u g h  t he  i n t r o d u c t i o n  of closed c i rcui t  te levis ion.  The  
te lev is ion  c a m e r a  comprises  a f ibre opt ic  sc in t i l la t ion  
coa ted  h igh  reso lu t ion  v id icon  tube .  The  X - r a y  focus is 
d e t e r m i n e d  b y  pos i t ion ing  a grid ho lde r  c o n t a i n i n g  fine 
meshes  (32, 100, 200, 300 and  400/cm) in f r o n t  of the  
ta rge t .  As t he  t a r g e t  is a t  e a r t h  po ten t ia l ,  t he  meshes  are 
p laced  a t  5 m m  d i s t ance  f rom the  focal spot .  The  shadow 
image cas t  b y  the  m e s h  on to  the  sc in t i l l a t ion  screen of 
t he  v id icon  is v iewed  on  a m o n i t o r  and  the  necessa ry  ad- 
j u s t m e n t s  to  t he  lens focussing cont ro l s  can  be m a d e  to 
focus the  e lec t ron  beam.  F igure  2a  shows t he  32, 200, 300 
and  400/cm meshes  p h o t o g r a p h e d  f rom the  te levis ion 
m o n i t o r  a t  a f inal  magn i f i ca t ion  of 530 o b t a i n e d  b y  
p lac ing  the  p o r t  of t he  v id icon  12 cm a w a y  f rom the  
t a r g e t  t h e r e b y  p rov id ing  an  in i t ia l  magn i f i ca t ion  of 25. 
Th i s  is o b t a i n e d  f rom the  r a t io  of t he  source to  image 
a n d  source to  ob jec t  d is tances ,  t he  in i t ia l  magni f i ca t ion  
is t h e n  increased  b y  a fac tor  of 22 p roduced  e lec t ronical ly  
b y  the  te levis ion  sys tem.  F igure  2 b  shows t h e  same 
meshes  recorded  on  a m o d e r a t e l y  fine g ra ined  X - r a y  film 
p laced  in t he  X - r a y  b e a m  so as to  o b t a i n  a n  in i t ia l  
magn i f i ca t ion  of 60. B o t h  these  record ings  were m a d e  
w i t h  the  X - r a y  a p p a r a t u s  a t  an  acce le ra t ion  vol tage  of 
20 kV and  a c u r r e n t  of 0.5 mA. The  6 and  12 ~ZlI1 ba r s  of 
the  400 and  200/cm meshes  respec t ive ly  are vis ible  on the  
m o n i t o r  and  r ad iog raph ,  ind ica t ing  t h a t  a t  an  accelera-  
t ion  vo l tage  of 20 k V  the  micro-focal  X - r a y  u n i t  has  a 
special  r e so lu t ion  of a t  leas t  6 am.  The  lack of c la r i ty  of 
t he  400/cm m e s h  in F igure  2 a is no t  r e p r e s e n t a t i v e  of the  
ac tua l  image on  t he  m o n i t o r ;  t he  poor  reso lu t ion  is a 
func t ion  of t he  d i s to r t ion  associa ted  w i th  p h o t o g r a p h i n g  
t he  image f rom the  cu rved  surface of the  c a t h o d e  t ube  as 
welI as t he  l im i t a t i ons  of t he  p h o t o g r a p h i c  t echn ique .  

This  t y p e  of v id ieon  rep resen t s  an  a d v a n c e  over  o the r  
forms of X - r a y  sens i t ive  v id icon  in t h a t  i t  can  opera te  a t  
m u c h  lower exc i t a t i on  levels. This  is due  to t he  f ibre 
opt ic  disc be ing  coa ted  w i t h  a r ecen t ly  deve loped  rare  
e a r t h  p h o s p h o r  ( type P 43; E l t r o n  I n t e r n a t i o n a l ,  U .K. ) .  
The  exc i t a t i on  level  of t he  p h o s p h o r  is 0.1 kV a t  a wave-  
l e n g t h  of 1.2 ~ 1-~ The  use of t he  sc in t i l l a t ion  coa ted  
v id icon  w i th  t h e  micro-focal  X - r a y  u n i t  p rov ides  a means  
of focussing t he  e q u i p m e n t  f rom vol tages  as low as 10 kV, 
w h e n  the  p o r t  of the  v id icon is p laced  a t  a d i s t ance  of 
12 cm from the  X - r a y  source. 

*With tile micro-focal  X - r a y  un i t  a n d  te levis ion  sys tem,  
i t  is possible  to  e x a m i n e  a wide range  of biological  ma te r i a l  
b y  in t e rpos ing  the  spec imen be tween  the  por t s  of the  
va r i ab l e  solid t a r g e t  un i t  and  the  vidicon,  a t  a t a r g e t  to 
spec imen  d i s t ance  t h a t  gives t he  requ i red  in i t ia l  magnif i -  
ca t ion .  The  s h a d o w  image  p roduced  is recorded  e i the r  on 
m a g n e t i c  t ape  b y  connec t ing  the  te levis ion  c a m e r a  to a 
su i t ab le  v ideo- t ape  recorder ,  or on X - r a y  f i lm b y  re- 

Fig. 1. Diagram of the micro-focal X-ray unit. The electron lenses 
form a reduced image of the cathode at the target; the X-rays emitted 
project an enlarged image of the specimen onto the photographic 
plate or screen. 

11 I~. V. FLY, in X-Ray Microscopy and X-Ray Microanalysis (Eds 
A. ENGSTROM, V, ]~. COSSLE'I'T and H, PATTEE; Elsevier, Amster- 
dam 1960). 

12 j .  p. RALPH, Personal communication (1975). 
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placing the  camera  wi th  a p la te  holder  and film. As b o t h  
specimen and recording surface are open to air, th is  
makes  the  selection for examina t ion  of a region of special 
in te res t  in the  specimen much  easier, as well as enabl ing 
the  specimen to be t i l ted  or t r ans l a t ed  be tween  exposures ,  
to ob ta in  s tereo-pair  rad iographs  for s tereoscopic viewing. 
The spacial  separa t ion  wi th in  the  di f ferent  specimen 
layers produced  by  three  d imensional  rad iography,  com- 
bined wi th  the  v i r tua l ly  unl imi ted  d e p t h  of focus allows 
the  machine  to  be used to ascer ta in  the  relat ive posi t ion 
of the  s t ruc tura l  e lements  in an opaque  objec t  w i tho u t  
des t ruct ion.  W i t h  a large p r ima ry  magni f ica t ion  fine 
grained emulsions are no longer required,  and the  use of 
re la t ively  cheaper ,  coarse grained X - r a y  films reduces  
the  length  of exposure  t ime  f rom several  minu tes  to  
several  seconds.  

In  recent  s tudies  the  appa ra tu s  has been used for the  
detai led examina t ion  of the  s t ruc tura l  organisa t ion of 
bone  13-1~ and t issue blood supply.  In  b o t h  these fields of 
s t u d y  the  micro-focal  X - r a y  uni t  has  defini te  advan tages  
over  the  t echn ique  of l ight  microscopy.  The pene t ra t ion  
and d e p t h  of focus ob ta ined  in the  s tereo-projec t ion  
microrad iographs  pe rmi t s  a comple te  three  d imensional  
examina t ion  of the  in te rna l  s t ruc tures  or vascular  detai l  
of the  organs a t  h igh  and low magnif icat ions.  Because 
th is  t echn ique  is non des t ruc t ive  organs and t issues can 

be used subsequen t ly  for histology.  Never theless ,  the  
results  of pro jec t ion  mic ro rad iography  are general ly  suf- 
f icient ly precise to obvia te  wax-p la te  reconst ruct ions .  
F r o m  the  s te reo-pro jec t ion  microrad iographs  the  t rabec-  
ular dens i ty  in bone and  the  volume p a t t e rn s  of blood 
vessels wi th in  the  whole or p a r t  of the  organ, e.g.,  the  
glomerular  dens i ty  wi th in  the  kidney,  can be measured.  
An i l lus t ra t ion of the  resul ts  ob ta ined  f rom one of the  
microangiographic  s tudies  is i l lus t ra ted in Figure 3, re- 
corded wi th  the  X - r a y  machine  opera t ing  at  20 kV and 
0.5 mA. Figure  3a is a pro jec t ion  microangiograph  of 
p a r t  of the  r a t  ureter ,  and  Figure 3 b shows approx ima te ly  
the  same region of the  spec imen as visualized on the  tele- 
vision moni tor .  Two arter ies  can be seen running  down 
on e i ther  side of the  ureter ,  b ranches  of which supply  it;  
o ther  b ranches  supply  the  sur rounding  adipose t issue 
in which lies a th i rd  a r t e ry  to the  left  of the  ureter,  W i t h  
rad iographs  of th is  type ,  i l lus t ra ted in Figure  3 a, vessels 
of major  calibre can be t r aced  to capi l lary level. Al though  
the  smal les t  vessels visible on the  television moni to r  are 
35 am in d iameter ,  in t he  radiographic  pla tes  the  smal les t  

la j.  C. BUCKLAND-WRIGHT, J. Zool. Lond. 168, 424-426 (1972). 
14 j .  c.  BUCKLAND-WRIGHT, Int. Zoo Yr. Book 13, 271-277 (1973). 
15 j .  C. BUCKLAND-WRIGHT, J. Anat. 119, 413 (1975). 

a) a) 

b) b) 

Fig. 2. a Grids of the 32, 200, 300 and 400/era meshes photographed 
from the television monitor at a magnification of • 530; reproduced 
at • 240. b A print from the projection microradiograph of the same 
grids; the area demarcated is the same viewed by the television 
camera. Initial magnification • 60; reproduced at • 105. 

]Fig. 3. a Projection microangiogram of a rat ureter and surrounding 
adipose tissue. Initial magnification • 13; reproduced at • 12. 
b Approximately the same region of the rat ureter photographed 
from the television monitor. Initial magnification • 26; reproduced 
at • 13.5. 
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vessels t h a t  can be d e m o n s t r a t e d  are 5 tzm in d iameter .  
At  p re sen t  the  e q u i p m e n t  is being developed for in vivo 

dynamic  recording of blood flow pa t t e rn s  t h rough  a 
var ie ty  of organs  such as bone,  kidney,  in tes t ine  and  skin. 
Previous ly  th is  t ype  of radiographic  s t u d y  has only  been 
possible w i th  high vol tage X - r a y  genera tors  and  fine 
grained pho tograph ic  emulsions16. The micro-focal  X - r a y  
uni t  allows fine s t ruc tu ra l  detai l  to be recorded on 

re la t ively  coarser  gra ined emulsions and has  the  addi-  
t ional  advan t age  t h a t  it  produces  less rad ia t ion  damage  
to the  tissues. 

16 S. BELLMAN, H. A. FRANK, P. B. LAMBERT, B. ODEN and J. A. 
WILLIAMS, in X-Ray Microscopy and X-Ray Microanalysis (Eds 
A. ENGSTROM, V. 1~. COSSLETT and H. PAr Elsevier, Amster- 
dam 1960). 
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Summary. A simple c u r e t  requir ing about  5 y.1 of sample  is described.  Such a cuve t  is easy to build and sui table for 
measu remen t s  in o rd ina ry  spec t ropho tomete r s .  The measu remen t s  compare  f avourab ly  in accuracy and reproducibi l i ty  
wi th  those  ob ta inab le  wi th  s t anda rd  macrocuvets .  

The rout ine  contro l  of the  qua l i ty  and  q u a n t i t y  of 
macromolecular  p repa ra t ions  f rom biological samples  
qui te  of ten  implies spec t ropho tome t r i ca l  de te rmina t ions .  

In  par t icular ,  this  applies to ribonucleic acid, phenol  
ex t r ac ted  f rom tissue or cul tured cells, which  rout ine ly  
is t es ted  for pu r i t y  b y  its UV-spec t rum.  F u r t h e r m o r e  the  
RNA,  if suff icient ly pure, is eva lua ted  quan t i t a t i ve ly  in 
t e rms  of its optical  dens i ty  uni ts  a t  260 nm.  In  those  
p repara t ions  where the  R N A  is fu r ther  processed,  e.g. 
f rac t iona ted  by  electrophoresis ,  these controls  are usual ly 

Accuracy of readings at 260 nm in the MT 2 and in the microeuvet 
on repeated fillings (12 times) of the same RNA solution as in Fig- 
ure 1, but diluted 1:1 

Cuvet Mean absorbance SD 

MT 2 0.530 0.0016 
Microcuvet 0.263 0.0026 

A 3 2 C 

l;ig. 1. Sectioned and exploded view of the cuvet and casing. A) 
Curet proper constituting a hollow conventiollal glass cylinder sealed 
at one end with a quartz glass [1]. External diameter 6.5 mm, internal 
diameter 1.0 ram, length 5.00 ram. B) Cuvet socket in brass with 
threading for knurled screw (C). External diameter 12 ram, internal 
diameter snnggly fitting the cuvet (A). Length 10 ram. The depth of 
the non-threaded part of the socket is smaller than the length of the 
curet proper so that the quartz glass of the knurled screw gets in 
touch with the euvet when joined. C) Hollow knurled screw (bore 
appr. 2 mm in diameter) with glued rubber packing ring [2] onto 
which a quartz glass [3] is fitted. 

pe r fo rmed  by  tak ing  an a l iquot  of the  final R N A  solution 
and reading it a f ter  appropr ia te  di lut ion in s t anda rd  
quar tz  cuve t  usual ly requir ing f rom 0.10 ml  of sample 
(e. g. Zeiss MT 2). 

In  some cases, and par t i cu la r ly  of ten  in neurochemis t ry ,  
one mus t  deal wi th  t issue samples  in the  mil l igram range 
resul t ing af ter  ex t rac t ion  in a few microl i ters  of RNA, 
at  a concen t ra t ion  sui table  for subsequen t  e lect rophoret ic  
analysis  2, a. I n  these  cases, even wi th  the  use of commer-  
cially available bu t  expensive  micro-cuvets  ranging  down 
to working  volumes of 20 ~zl (e.g. Zeiss MR 1 D), the  UV- 
de te rmina t ions  men t ioned  above are hard ly  possible to 
perform.  

In  th is  repor t  we describe how to build s imply  an in- 
expensive  c u r e t  sui table for U V - s p e c t r o p h o t o m e t r y  of 
samples  in the  range of 5 ~zl in the  ord inary  Zeiss PMQ II  
or PMQ 3 spec t rophotomete rs .  

The cuve t  sys tem consists of the  cuve t  p roper  and a 
brass casing, bo th  being easily p roduced  in t he  workshop  
of the  l abora to ry  (Figure 1). The c u r e t  p roper  is made  
f rom commercia l ly  available bored  glass tubings  (Chance 
Bro thers  L i d  Glassworks, B i rmingham,  England) ,  which 
are cut  a t  lengths  s l ight ly  above the  desired opt ical  pa th -  
length.  The cut  ends  are g round  and polished to exact  
d imensions  in a la the on which a gr inding disc is mo u n t ed  
to the  chuck *. A smal l  piece of qua r t z  glass (manual ly  
cut) is glued onto  one of the  pol ished ends (low viscosi ty  
cyanoacry la te  adhesive  IS  03 Lockt i te ,  Dublin,  Ireland}. 
The brass casing consists  of a socket  in which the  c u r e t  
proper  is placed and  a screw on which ano the r  small  
qua r t z  glass is f i t ted .  This qua r t z  glass forms the  o ther  
window of the  cuve t  when  socket  and  screw are joined. 
To compensa te  for possible errors in paral le l ism be tween  
the  f lat  end of the  screw and the  pol ished end of the  cuve t  
proper ,  a rubber  packing  ring is f i t t ed  be tween  the  screw 
and the  quar tz  glass. Tightness  of the  cuve t  is thus  
ensured.  

Fil l ing the  cuve t  is su i tably  made  wi th  the  c u r e t  in 
vert ical  posit ion,  e i ther  wi th in  or outs ide  the  socket,  by  
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