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Thc p r i n c i p a :  o b j ~ r : . i v n s  ~f thr SAO co:,li r..3ser r e s e s r - c h  pr:,cjr-ams ar-c: 

1. To u n d r r s t a n d  t h c  b e h a v i o r  o f  t ; l c  a t c l m i c  hyri:-oyrr wa;! co l l i : ; i c>- ,  

p r u c e s 5  and f i n d  b e t t ~ r  w a l :  c o a t i x q  mst .e r ia l : ;  c r  p ro<:e?ses .  

2 .  'Yo d c v e l u p  hydr -oqc :~  m a s e r s  of imp>-avc:ri s t - a b i i i t y  t a k i r : q  a d v a n t a g e  oi 

t h ~ ;  f o l l n w i r l g  1 ow t c m p e r a t . u ~ - - a  p r o p e r t i e s :  

a) Lower- t -herma1 n o i  s e  pa:  ~ l r ~ i t  ba l -~r i i i id th  (kTj  . Fiottl t h e  

s i g n a l - t . 0 - n o i  st. r a t i o  n: thc cu tp i t .  s i g : i a l  an:i :.h? i n t r i n s i c  

s t a b i l i t y  l i m i t  v a r y  a s  'T'. 

h )  Smal l a r  s p i n  e r c h a r i q r  cr- i>~.s 5 e c 1 i n n  fc;: ilt.oi;l*c hy~1r  ~ q r : .  At 43K t h i ~ .  

c r o s s  s r r c t i o r ;  i r ,  at.>i:,.ir 2 3 0  t i m e s  r ,rra l?e~-  +.ban a t  rr.>nr. :ernpcrat::-c. 

t o r  a g i v e n  r a t e  of s p ? n  exzY.ange rpier ich 'Lrq a t  r-oan t r ~ p e r a t ~ l r t .  wc 

can o b t a i n  200 t ine . ;  5 r e a t c r  powcr  o%itp; t  and t h u s  r e d u c e  t h e  

s i g n a l - t - o -  r r o i s e  i r ~  the v u t p u t  s i g n a l  . 

c) S l o w e r  s p e e d  o f  t h e  a t o m s  ( p r o p o r t i n n o ?  tc r  T';) , which r e d u c e s  t h e  

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

d )  B e t t e r  m e c h a n i c a l  a n d  t .herms:  s t a b i l i t y  af rateria!:; a t .  l o w  

t e m p c r n t u r e s .  S ~ p e r c . o n d u c t i r ~ q  m a g r l e t i c :  s h i e l r i r ,  car! 2 - 5 9  br: u s e d  a t  

s u f f i c i e n t l y  low temperatures. 



The work we report here is aimed principally at understanding more about 

the interactian of hydrogen at-ums with wall coatings of fluorinated ethylene 

propylene (Dupont Teflon FEP 1 2 C  co polymer) and of carbon tetrafluoride (CF4) 

The principal measured quantity in these  experiment.^ is the "wall shift" of the 

maser's output frequency. To relate the present data to the study of cold 

Teflon surfaces made by ~ichel DeSaintfuscien, w e  calculated the wall shift 

per atomic collision frum t.hn measured wal 1 frequency shift. As will be seen 

later, this assumes that the wall surface area is smooth on a nolecular scale. 

We calculate the average phasr shift AQg per geometrical collision 

determined from the dimensions of the storage bulb: 

where v, is thc rstc of atomic co1li:;ions with the storage bulb wall and Avw(T) 

is the frequency shift awing to wall collisions. v, is obtained by measuring 

t.hn maser output frequency uouL and correcting it for second-order Doppler 

shift, second order magncti.~ field dependence, and cavity resonator frequency 

offset pulling as folluws: 

3kTuo 
"out = vo t PC 

- 2 . 1 5 2 ~ ~  - ( f ,  - v , )  - +bw (T) 
2mc2 Q e ( 2 )  

Here v, is the unpert-lirbed hyperfine separation frequency of atomic 

H is the static magnetic field strength I n  the storage volume, m is the hydrogen 

atom mass, fc is the cavity resonance frequency, Qc is the cavlt-y Q, and Qt is 

the atomic line Q. 

Each measurement required a determination of the output frequency at 

saveral known c a v i t y  frequency settings. The output frequency data were fit to 

a stralght llne as a function of cavity frequency fc, and the frequency Av, 

corresponding to fc = vo was calculated in order to eliminate the effects of 



.- k'l' : 
I r e s o n a t o r  p u i l i r l g .  From t h e  a v e r a g r  v e l o c i t y  n f  t h c  a t a m n ,  v = ( R - ) - j ,  a n d  t.he nm 

g e o m e t r i c a l  s u r f a c e - t o  volume r a t l o  of thr s t o r a q e  volunic A g /Vg, wc d e t e r m j n u  

t h e  a v e r a g e  c n l l i s i o n  r a t e ,  F,. 
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E o l l o w i r > g  Hardy  and Mc,.!-ruw L 3 :  ur. acsllme a r , o : l t~ i  f 07- t!;? f !ycroqcr :  w ~ l  l 

monientary b i n d i n g  o f  t.he n t n z  Iri a p r r t c n t i ~ l  weA: cha; ~ r t e r i z e l  by  e r i e r - q  Ek. 

W h i l e  i n  t h c  w e l l  t h ?  atoms h a v e  t h e  propcrt ir ; : r ,  o l  a  t w o - - d i m e n s i o n a l  qaa. Th? 

t i m c  spent  i n  this s t a t r  is v c r y  rn~ich s m a l l e r .  t h a n  t h t .  m e a x  t i m e  h e t w e ~ l  

c o l l i s i o n s ,  7, .  Thc. r a t i o  oL .F5, tile t.ime sper : r  ho:lr>c! t n  the w a l l . ,  t o  y,, t h c  

t i m e  b e t w e e n  t h e s e  c v e n t s  , i s yivrrj by L 3 ;  

h 
wher'c A = - -- i n  t h t .  thcrmd!  .3e Frr.r ; ; i . ; .  w?velfr,r;t.!l 

( ZamkT) '; 

. .  , 
S i n c r  a n  at.a1:1 d o e s  Po7 t.:- ri-,r: wd-l o r  ? a r k  i r n 1 - , a c t ,  rhc t i m c  ih may 

i n v o l v e  many c n l  l i s i o n r , .  Thc p r - > l - , a b i l i t y  o f  hlnr! inq per LO! 1  ision i s  

r e p r e s c r i t e d  by t h e  f r a c t i o n  a - -  7 ~ .  1);li-irlg a b i n d i n g  cc!; 1 i s i o , ,  t h e  p h a s e  of: t.lie 
'b 

h y p e r f i n e  i n t e r a c t i . o n  i s  r a t a r - d e d  an amount 

w h e r e  As i s  t h e  f r e q u e : ~ ~ y  c h a n g e  r.? t t l e  at.a;., whl-. ; .  :- t!le Pr. , lr ,n s t a t ? .  T h c  wa?: 

c o l l i s i o n  f req~cr1c :y  s h l f t .  i s  

and the a v e r a g e  phase s h i f t  per c o l l i s i o n  F s  



We n o t e  i n  t h i s  e x p r e s s i o n  t h a t  A/V i s  t h e  a c t u a l  a r e a  t o  vo lume r a t i o  and  A /V 
g  

1s the q e o m e t . r i c a l l y  d e t e r m i n e d  a r e a  t o  volumc r a t i o .  A i s  t h e  e f f r c t i v e  

s u r f a c e  a r e a  o f  t.he s t - .o raqc  r e q i a n  coa t .  i n g ,  which  may b e  m i c r o s c o p i c a l  l y  r o u g h ,  

w h i l e  Ag i s  t h e  a r e a  o f  ' thc  s t o r a g e  r e g i o n  a s s u m i n g  p e r f e c t l y  smooth  w a l l s .  

B e c a u s c  t h e  s l l r f a c e  r o u g h n e s s  h a s  r i e g l l g i b l e  e f f c c t  on t h e  s t o r a g e  v o l u m e ,  f o r  

p r a c t - i c a l  p u r p o s e s  V = V 
cl '  

The c r y o s t a t  sh(,wn i n  F i g .  1 was e q u i p p e d  w i t h  a TElll-mode c a v i t . y [ 4 1  whose 

i n t - e r i o r  s u r f a c e  was c o a t e d  w i t h  FEF-120 T c f l o n  and  t h a t  h a d  a  T e f l o n  FEP sep tum 

0 . 2 5  mm t h i r l c  The a t o m i c  hydruyerl  s o u r c e  i s  c o o l e d  by c o n t a c t  w i t h  t h e  copper  

s h r o ~ ~ d ,  and  o p r r 3 t e s  at. a h o u r  0O0K. L i q u i d  h e l i u m  a d m i t t e d  v i a  a  c o n t r o l  v a l v e  

jnt .0 t.he s a m p l e  h o l d e r  c o o l s  t h e  c a v i t y .  

The maser was o p e r a t e d  i n  t h r  r n n q e  o f  7R°K t o  5OoK w i t h  t h e  b a r e  T e f l o n  

s u r f a c e .  A f t e r  c o m p l n t j n q  t h c  d a t a  r u n s  f o r  b a r e  T e f l o n ,  t h e  s y s t e m  was 

s t a b i l i z e d  a t  a b o u t  60°K and g a s e o u s  C t4  was beamed t o w a r d  t h e  c a v i t y  e n t r a n c e  

a p e r t . u r e  by a n u z z l e  l o c a t e d  i n  t h e  shadow o f  o n e  o f  t h e  p o l e  t i p s  o f  t h e  

h c x n p o l e  magr la t .  The s y s t e m  p r c s s u r c  r o s e  t o  a b o u t  t o r r  a n d  was k e p f  t h e r e  

f o r  aboblt 4 m i n u t e s  by t h e  f low of  CEq 

The w a l l s h i f t  was m e a s u r e d  and  t h e  c o a t i n g  p r o c e s s  was r e p e a t e d  a  s e c o n d  

and  t h i r d  t l m e  No f u r t h e r  s h i f t  i n  f r e q u e n c y  was o b s e r v e d .  W e  c o n c l u d e  t h a t  

we h a d  completely and  t h o r o u g h l y  c o a t e d  t h e  s u r f a c e  u s i n g  t h i s  p r o c e d u r e .  



F i g u r e  2 s h o w s  t h e  a v e r a g e  p h a s e  s h i t :  p c r  c o l l i s i o r ,  baser!  or1 t h e  

g e o m e t r i c a l  s u r f a c e  t o  vo lume r - a t i o  o f  t h c  s t u r a g r  v o l u m e .  F o r  T c f l c : ,  w r  

i n c l u d c  t h e  e n t i r e :  d a t a  sct. of  1903 a n d  1'384 2nd the d a t a  pcir;: a:. 17.4Y mat. if :  t,y 

U e S a i n t f u s c i e n  j n  1 9 7 6 .  7 h c  c a r h n n  L e t r a f  1 u c r : d e  <\a-a w e r c  3 3 T ~ j n e d  u i  t h i : ~  3'.  

m i n u t c s  o f  t h e  r i m e  o f  inje8:tlnr. o f  Crq Tiic syc.trrn was t-her-1 c(,r:leri a '  a  >-a:? 

o f  S°K p e r  hour  t o  5 J U K ,  was a1lowf:d t o  cq i i i l i ' n r -a t . e  a t .  52°K f o r  a b o u t  4;:) 

m i n u t e s ,  and w a s  t h e n  a g a i n  c o u l e d  a t  5OK p e r  hour  u n t - i l  t h c  c a v i t y  r e a c h e d  

45%.  W e  p a u s e d  f o r  e q i l i l i b r a t i u r i  f n r  2 0  rninutzes h e f o r c  cool!.nq s t e a d i l y  t.u 

33.6OK a t  a  r a t e  o f  a b o u t  4OK p e r  h o u r .  F r e q u e n c : ~  meas1;rement.s wcrr: 11:a.i~ wit? ,  

t h e  c o n t i n u o u s l y  o s c i l l e t . i n g  m a z ? r .  Measuremer: :~ a t  e a c h  t e m p e r a t . u r e  w c r e  m a l e  

f o r  t h r e e  c r  more  c a v i t y  f r - e q d s n r y  s e t t i r . 3 ~ .  Eaci: c inta  s e t  wac made wjt.k.lri rl 

t w o - m i n u t a  t i m e  i n t e r v a l  1.c min:rnize e r r o r s  owirig -rn t h e  c o n s t a ~ t  s l o w  c c ~ , i r r ;  

n f  th*? c a v l t y .  

We f o t i r ~ d  t h a t  t h e  t . e n p e r s t . ~ i r e  g r a d i e n t  betwecr:  r i l e  s a m p l e  kclde,- arjd t h e  

c a v i t y  c :a~sec :  m a g n e t i c  q u e n c h i n g ,  p l -uba t . ly  d u e  t o  t ! ~ e r m n e ; e c t r i c  c u r r e n t s .  To 

k e e p  t h e  m a s e r  o s c i l l a t i n g  clle f i e l d  c n i i  c u r r e r i t  w a s  I - a i s e d  t o  prodt:~:? a  

m a g n e r i c  f i e l d  a z  h i g h  a s  2 7  x 1 0  g a u s s .  Thc: u s u a l  f i e l d  s e t t i 3 q  was 

1 2 . e  x gau:;s; whcn g r a d i e n t s  were  s m a l i ,  d a t a  w e r e  s u c c c - ; s f u l l y  t a k e r  a t  

2 x  10-3 g a u s s .  

':'he p l o t  o f  -TA@q(T)  v a  1000,IT show:) i n  F i g .  3 was c a l c o l a t . e d  ?run] 

m e a s u r e m e n t s  t a k e n  h c t w e e n  noor) and  7 .P.M. uri October-  1 5 ,  1 9 8 4 .  The  s t r a i g h t .  

l i n e  15 a l e a s t  s q u a r ~ s  f i t  t.0 -TA@ (T)  = r) .42x10-3m154-6/T.  Measurernenrs  made 
g 

a t  4 J ° K ,  4ri°K and 46OK on  Oct-ober  1 6  f e l ?  i n t o  t h e  s p r e a d  o f  t h e  October-  16  d a t a  

sex. M e a s u r e m e n t s  mad- ~r ?:rohnr 17 a t  53°K a?d SS°K and  on O c t o b e r  !e a t  6C°K 

l i e  w e l l  b e l o w  c x p e c t e d  v a l u e s .  W c  ca r )  p c r h a p s  c c Y > c i i i d e  tha: at t h e  h i q t i e r  



temperatures the CFq surface sublimes away. The jagged edges and prominences of 

this surface would disappear first., leaving a proyressively smoother surface 

until all of the CEq had been pumped away. This behavior upon warming the CFq 

surfaces has been observed on at least three previous occaslons. To date, we 

have not been able to find roliahle values of the CF4 vapor pressure for 

temperatures below its melting point of 89OK. From the pressure behavior 

observed when we warm up the system, w e  believe that the vapor pressure is 

significant, perhaps on the order of loT5 torr, at temperatures around 60°K and 

that at higher- temperatures the surface is sufficiently volatile to change its 

structure significantly in an interval of sevcral days. 

We have recalculated -'TA+ (T) vs 1000/T using DnSaintfuscien's data, our 

1983 and 1984 Teflon data, and the 0ct.ober 15 data of Fig. 3. The results are 

plotted Ln Fig. 4. 

Erom this plot we concludc that the interaction energy of atomic hydrogen 

on carbon tetrafluoride is 154.6OK, and that. of FEP-120 Teflon is 143.Q°K. 

These differ by only about 8 percent, and lead us to the conclusion t.hat the 

surface interaction of hydrogen collidinq with a fluorine atom bound to carbon 

does not significantly depend on the internal carbon structure. However, we 

observe a significant difference between the magnitudes of the phase shift per 

collision for Tef Ion and CF4. There i s  ahout three times less phase shift per 

collision for frozen-in-place CFq than for Teflon. 

From Equation 6 w e  see that the terms that govern this shift are the actual 

surface area and the hyperfine frequency shift of the hydrogen atom while in the 

bound state, A,. Calculatio~s of the hyperfine shiftL5] have been given with 

reasonable agreement with experiments using the assumptlon that the inter-atomic 

hyperfine shift is proportional to the interaction potential. When the 



h y p e r f i n e  s h i f t  1s c a l c u l a t e d  f o r  c o l l i s i o n s  w i t h  an a g g r c g a t ~ :  oL a t -oms,  s u c h  a s  

a T e f l o n  m o l e c u l e ,  t h e  a c t u a l  s t r u c t u r e  o f  t h e  s ! ~ r f a c r  must; be modelcd  i n  t h e  

same way. T h i s  m i c r o  model  of t h e  c o l l i s i o n  p r o c e s s  w h e r e  h y d r u g e n  i s  

c o n s i d e r e d  Y o  i n t e r a c t  wi t .h ,  s a y ,  10 f l u u r i n e  a t o m s  L n u n d  t o  a  c a r b o n  core! musL 

be c o n t r a s t - e d  w i t h  a  macrn model wlier-c t h c  s u r f a c e  i s ;  i r r e g u l a r  on a much 

g r e a t e r  scale I n v o l v i r ~ g ,  s a y ,  t.er-1s o f  mi l l i o n s  o f  a t o m s .  Thc  s i t ~ l ~ t . i o n  

i n v o l v i n g  t h e  la t . t . e r  scale c a n  b e  r e p r e s e n t e d  i n  t r r : n s  of s u r f d c e  a r e a - L o - v o l u m e  

and  r c l a t e d  to f r e e  m n l e c ~ l a r  flow c c l l i s i o r >  p r o c e s s e s ,  in e i t h e r  c a s e  j t i s  a 

q u e s t i o r l  o f  t h e  a c t u a l  p h y s i c a l  c o n f i g u r a t i o r ~  o f  thc : ' l ;~o : - i r~e  atoms e ~ i c o ~ i n r e r - c d  

by  t h e  i m p i n g i n q  h y d r o g e n  a t o m .  

W e  m u s t  remember- t h a t  o u r  plot.:; o f  l o g  [TMg(T)  1 v u  T - l  a r c  n o r m a l i z e d  to  a  

c o l l i s i o n  r d t e  e s t i m a t - e d  f r n m  g e o m e t r i c a l  s u r f  a c e  and volurnn.  W c  h a v e  u s e d  

e q u a r i o n  G t o  show t h e  c o n n e c t i o n  b e t w ~ e r i  D c 5 a i r : t f u z c i e n ' s  d a t a  and w r s ;  wc 

s e e  from t - h i s  e q u a t i o n  that, I r i  p r i r i c i p l t ? ,  AQg (t) i s  i n d e p e n d e : - # t  of A / V .  

A more r e a l i s t i c  way rrc p l o t  ti:<: d a ~ a  i s  t o  u s e  c q ~ a : l o ' ,  5 ,  p l o t t i n y  

l o g [ ~ % b w j  vs T - ~ .  T h i s  ha-, t h e  same s l n ~ a e  a s  tr:e TAQ, ( 7 )  c!aTa, and ti:? 

p r e f a c t o r  c o n t a i n s  A/V anu  A,. 

W c  c o n c l u d e  f rom Lhe c l o s e  agreelr lcnt  b e t w e e n  D c S a i n t f u s c i e n ' s  d a t a  and o u r s  

t h a t  t h e  FEP-120 T e f l o n  d i s p e l - s j o n  h a s  produc;ecl a f a i r l y  r e p r o d u i - i b l r  s u r f a c e  i n  

these t u n  a p p l i c a t i o n s .  

From t h e  s i m l l a r i t y  i n  t.h? e x p e r i m r n t a l  t e r m s  shown i n  t h e  FEP-120 and C t l  

d a t a  p l o t t e d  i n  F i g t i r e  4 ,  w e  sc?c t h a t .  t h e  e n e r - r n  o f  i n t - r r a c t i o r i  i s  v e r y  s i m i l a r  

f o r  these two s u r f a c e s .  The  q u e s t i o n  of  the t - h r e e - - f n l c  tu f c a r  fo:mi d 1 : ; p a r i t y  

i n  t h e  w a l l  s h i f t  r e m a i n s .  



Fluorine, the most electroneyativc of all elements, forms extremely stable 

carbori compounds (fluorocarbons) whose mo1cc:llar attraction (as wcll as 

repulsiun) are cntirely governed by fluorine. Thc long chains of the CF2 

(tetraf luor-ethylene) hou~opolymcr (TFE Teflon) or t.he shorter branched chains of 

the FEP co-polymer (f lunr jnated ethy lerie-propy lene) have substantially similar 

structure in that they can be either crystalline or largely amorphous, depending 

on their condition after melting, i.c. whether slowly annealed or quenched. 

There are substantial differences in wallshift between these t.wo physical 

states [ 3 8 7l , and t-hese dif ferencc:; have been associated with the surface 

structure. Thc crystallir~e surfacc has tbe larger wallshi.ft owing to the growth 

of platelets that prodllcc a rougher- surfacc on a macroscopic scale and to 

microscopic textural effects of the platelet.? when pictured as a stack of 

cordwood where the Trflnn chains (logs) of various lengths protrude from the 

sides of the genar-ally well organized stack. 

The homopolymrr- is obtained in the form of a water dispersion of particles 

about 0.22 micrn rnetcrs average diameter stabilized with a soap-likc substance 

Lo prevent. coagulation. The co-polymcr has 0.1 micru meter zized particles and 

is also availak~le in a water dispersion. Tkese dispersions are cast on the 

surface to be coated, the wat.cr evaporated, and the particles sintered or melted 

together to form a film. The homopolymer has a high viscosity of about 1011 

poises in the melted state. Its cons.istency is "more like a f-rame than a 

liquid".r51 The cn-polymer has melt viscosity of about lo6 poi.ses and flows more 

easily. In 1978, the surface of thin films, say 0.002 inches in thickness, were 

found to be porous from tests made at the U.S. Naval Research Laboratory using 

electron scattering and lor energy electron diffraction techniques.['] This has 

led us to Increase the coating thickness of our films from about 1 milligram per 

cm3 to well over 3 milligrams per cm3 by applying successive coatings o f  the 



Dupont  E E P - I 2 0  c o - p o l y m e r .  Wh~l.k>er o r  riot t h e  d e n s i t y  : ~ f  t h e  f i l m s  h a s  bee:i 

i m p r o v e d  i s  o p e n  t o  q u e s t i o n .  Whar h a s  probably h a p p e n e d  u n d e r  these  mi11  k i p l y  

c o a t e d  c o n d i t i o n s  i s  t h a t  we h a v c  p i l e c i  11p more a n d  more  p 1 a t e i e t . s  b u t  s t i l l  

have a por-ous a n d ,  t o  t.he hydr-oge:: a t o m ,  m s i r o s r l p i  c a l  l y  r o u g h  s ~ r f a c a .  

The t t ~ r e e f ' u l d  decl-eds'r i n  appdre:-it s-,r f a r  $-, ar-ea !:,y f r e e -  l n-; C t ' l  pr-ohii ' iy 

r e s u l t s  f rom t h e  s m o o t h i n q  o f  t h r  T c f i z r - I  s..r-fac-F i>y ;I t - i l d - ; : p  cC C:F4 "frc,, : . '"  nr, 

t h e  i n t e r i o r  o f  t .he s t o r a g r :  r.tidmLcr-. ' l i la t  t h i s  " f r o s t e d "  CF4 : , d r f a c e  j ? . s e l f  i s  

n u t  a s  s m o o t h  a:; it cn..lld h e  is s rv-nny-y  cv ider . i ec !  hy t h e  f l l r t h e r  red : lc t io r i  ir .  

w a l l s h i f t  wher, t h e  s u r f a r e  i s  war-med t o  f i O ° K .  HCI-E. we e n v i s i o n  a f u r t h ~ ! ~  

smoot,h!nq o f  t.tie s u r f a c e ?  e i t h e r  h y  m e l t i n g ,  o r  moy-e p r u h a h l y ,  by c u b l i r n a t i o r  

w h e r r  t h e  p o i n t e d  p e ~ k s  a r e  f i r s t .  t o  g o ,  I e a v i r : , ~  a smoother s u r f a c e  t.h.*T 1a:;t.:; 

a s  l o n g  a s  t h e r c  js CF4 a v a i : a b l e .  

Ti-1~. f a c t  t h a t  t h e  ' i e t l r . 2  ~ ' J : - L ~ c E :  i 5  po: .~. , . :~ i l - l l  t h a t  t h e  c o i l i s j o n  r a r e  

a p p a ~ c n t l y  car ,  bc r-ed,.ii:nri hy a  f a r r o r  o f  a s  n ! ~ c t  a s  fo i l r  t i m e s  Icadk; u s  t r :  

r e c o n s i d ~ r  t h e  p r e s e n t  s tar , , . lc  o f  w a l l  r o a t i r i g s  c r e a t e d  by f u s i n g  y r , a n ~ l l e s  of 

T e f l o n  a p p l i e d  f rom a  w a t e r  d i s p e r - s i o n .  T h i s  i s  a d i f f i c u l t .  p r o c e s s  t o  c o n t 7 - n !  

and h a s  a  g r e a t  d e a l  o f  v a r i a b i l i t y .  

The i m p o r t a n c e  o f  w a l l  c o a t i n g s  i s  c : r u c i a l  t o  th t .  hyr-lr-ogen maser  s t o l - a g e  

t e c h r , i q u e ,  w h e r r  t h e  l i n n w i d t h  of  t h c  a s c i i l a t o - -  i s  l i m i t e d  by t h e  w a i l  

r e l a x a t i o n  p r o c e s s .  Remarkably  l i t t l c  h a s  bat.,., S n n e  lo Impt-svc w a i l  r.:,atin-,-:; 

s i n c e  t h e  i n v e n t i o n  o f  tile eiasey- by K1epj::i.c.-. Ga,dr.rmbr:r-q a r ?  H d m s e y  i -  1Y6?. 

W i t h  s u p p o r t  from t h e  O f f i c e  o f  Nava l  R e s e a r c h  incl i idr :?  as a  s m a l i  pay-:. o f  4 

c o n t r a c t  w i t h  the U. S .  Naval  R e s e a r c h  Laboratory ( N O ( j 0 1 4  71 - h - O i l C i - O C : ( ! 3 )  a r  

a t t e m p t  was madc i n  1975.1976 by o u r  g r o u p  at .  SAD t o  ob t a i r t  h t l l b s  c o a t e d  w i i - r j  

Teflon p o l y m e r i z e d  i n  p l a c e  u s i n g  C2E4 monomor g a s .  T h e  t e c h n i q u e  was d e v e l o p ~ d  

by t h e  L a b o r a t o i r e  S u i s s e  de R e r h e r c h e s  H o l o g e r c s  ( L . S . R . H . )  , N e u c h a t r ' ,  



Switzerland in 1975 and paterited in the U . S . A .  , France, Japan and Germany. SAO 

engaged the t . . S . R . H .  to coat two quartz bulbs with a film of l000i to 3000i  

thickness made from polymerized C2F4, using ultraviolet surface photo 

polymerization. This was t.o be done along with samples of glass and KBr fur 

analyses by pyrolysis t u  determine molecular wciyht., and other measurements to 

determine molecular structure and f ilni thickness. 

One bulb was received and tested in Decembcr 1975. Samples tested at 

L. S . R  .H. by infrared spectrosGopy showed proper Teflon polymer lines. The high 

temperature pyrolysis tcst showed no deterioration over 3% hours at 220QC, 

indicating satisfactory molecular weight. As part. of the contract,, a complete 

report of the coating process from L.S.R.H. was received. Tests run at SAO on 

the bulbs initially showed excellent line Q results, but in less than a weck the 

coating had failed. 

While the maser war, oscillating we measured the wallshift and found it to 

be in the ranqc of normal values for P . T . F  .E. Teflon. IIowcver, in a few days 

thc line Q diminished steadily from a relat.ively high value of 1 . 5 ~ 1 0 ~  to well 

e l o w  1x10'. We took the maser apart to examine the bulb and found that its 

surface had deteriorated and was very easily wetted, and that a loose powder 

appeared on the surface of the water drop wc had introduced. We concluded that 

the film on thc hulbs was not the same as on the tcst samples. L.S . R . I I .  agreed 

to rccoat the bulbs after testing thelr system with other bulbs. This work was 

not done and we were forced to conclude our contract with L.S.R.H. in Augusr of 

197'1. 

To the hest of our knowledge, no further work on Teflon-like coatings for 

hydrogen masers has been done since this date. The present results with frozen 

CF4 suggest that another attempt at polymeriizing C2F4 in place would be 



w o r t h w h i l e .  The p r o s p e c t .  o S  n  posslhle f o l ~ r f o l d  imp,-ovemerlt. il ~ L n r a g e  Lime and 

d e v e l o p i n g  a  c n n t r o ! l a h l e  means of r n a t i r l g  h y d r o g e n  maser  b , i l b s  i r ,  a s t - r o n g  

m o t i v a t , i o n  f o r  t h i s  renewcd e f f o r t  

We a r c  happy t o  a c k n n u l e d q c  t h e  excellent w o r k  hy M r .  Richar-d Nicol l and 

Mr . Donald  Graveline i i - i  t h e  d c s i g r ~  nnd ionst . r- , lcLion o f  murk u i  the e x p e r i m e : > t a i  

a p p a r a t u s .  W e  a r e  g r a t e f u l  t o  F r o f .  I s a a r  F .  Siivera a n d  D r .  Hnr-ma:: C n d f r i e d  

f o r  t h e i r  many h e i p l u i  discluszior-1s.  This wo:-'K wa:; s s p p o r t e d  by t h e  Office o! 

Nava! R e s e a r c h  u n d e r  C o n L r a r t  N 0 0 C ) l  4 - 7  1 - 0 7 7 7 .  
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Q [ J E S T I O N S  A N D  ANSWEHS 

SAMUEL W A R D ,  JET PROPULSION LABORATORY: A r e  you  r e a d y  t o  m a k e  :., 
c o m m i t m e n t  a s  t o  w h i c h  o f  t h e s e  t w o  t h i n g s  i s  c a u s . i ; n i ;  t h e  
p u l l i n g ?  

M R .  MATTISON: I t h i n k  t h a t  b o t h  t h i n g s  a r e  g o i n g  o n .  ! I ?  Y!, t  
.; .j ? "  b e g i n n i n g  o f  t h e  l i f e  o f  t h e  m a s e r  when  y o u  h a v e  j u s t  d c c  il b 

i t ,  t h e  j o i n t s  b e t w e e n  t h e  e n d  p l a t e s  a n d  t h e  c y l i n d e r - ;  2n {,he 
c a v i t y  t e n d  t o  g r o w  t o g e t h e r .  A f t e r  a  w h i l e  t h a t  s t o p s .  o r  s l ~ w n  
down ,  a n d  w h a t  y o u  s ee  i s  t h e  s h r i n k a g e  o f  t h e  b u l k  m a t c r l a - i .  

M R .  W A R D :  My s e c o n d  q u e s t i o n  i s :  We r e t u r n e d  a  VLG-10 t o   yo^^, 

s e r i a l  n u m b e r  6 ,  l a s t  y e a r  f o r  s e r v i c e ,  a n d  when i t  came  b a c k  to 
u s  -- we h a v e  had  i t  o n - l i n e  f o r  a y e a r  now -- t h e r e  t i a s  b e e n  no  
m e a s u r a b l e  d r i f t .  What h a p p e n e d ?  

M R .  MATTISON: I arn g l a d  t o  h e a r  i t .  I d o n ' t  k t ~ o w  w h a t  t ~ ; ~ p p e n e d ,  
b u t  i f  t h e  c a v i - t y  w a s  n o t  d i s a s s e m b l e d ,  T w o u l d  e x p e c t  ~t t o  
d r i f t  v e r y  l i t t l e .  T h e  a n s w e r  i s  t h a t  I arri h a p p y  t o  h e a r  ~ t ,  b u t .  
I c a n ' t  g i v e  you a r e a s o n  r i g h t  o f f .  

MICHEL TETU, LAVAL UNIVERSITY: Have you c o n s i d e r e d ,  a s  a p o s s i b l e  
i n f l u e n c e  o n  t h e  c h a n g e  i n  t u n i n g  o f  a  m a s e r ,  t h e  c h a n g e  i n  t h e  
c h a r a c t e r i s t i c  o f  t h e  t u n i n g  o f  t h e  v a r a c t o r  w i t h  t i m e  a s  a 
p o s s i b l e  s o u r c e ?  

M R .  MATTISON: No, b u t  i t ' s  a p o s s i b i l i t y .  

VICTOR REINHARDT, t l U G H E L S  ATKCRAFT COMPANY: T h i s  i s  a q u e s t - i o n  
r e a l l y  f o r  t h e  q u e s t i o n e r .  Have y o u  o b s e r v e d  t h a t  phenomenon?  

M R .  T E T U :  No, I h a v e n ' t .  

ALBERT K l R K ,  JET PROPULSION LABOHA'I'OHY: What w a s  t h e  a c t a a i  n e t  
d i f f e r e n c e  i n  d a i l y  d r i f t  b e t w e e n  w h a t  you m e a s u r e d  a g a i n s t ,  FIBS, 
I g u e s s ,  a n d  w h a t  you  d e t e r m i n e d  by c a v i t y  t u n i n g ?  I n o t i c e  t h a t  
t h e y  d o n ' t  e x a c t l y  a g r e e .  What was t h a t  d i s a g r e e m e n t ?  

M R .  MA'S'SISON: My r c o l l e c t i o n  i s  t t i i i t  t h e  d r i f t  m e a s u r e d  b y  c a v i t y  
t u n i n g  w a s  o n  t h e  o r d e r  o f  f o u r  i n  t h e  fifteens p e r  d a y ,  a n d  t,he 
o b s e r v e d  d r i f t  r a t e  w a s ,  a p p r - o x i m a t e l y ,  c o m p a r a b l e .  T h e  
d i f f e r e n c e  w o u l d  b e  a c o u p l e  o f  p a r t s  i n  t h e  f i f t e e n s  p e r  d a b  
but, t h e  c a v i t y  t u n i n g  m e a s u r e d  r a t e  was  a n  e s t i m a t e ,  yocl c a n  s e e  
t h e  c h a n g e  i n  t h e  s l o p e  of' t h e  c u r v e .  I c a n ' t  s a y  e x a c t l y  t o  w h a t  
e x t e n t  t h e y  d i s a g r e e .  

M R .  KIRK: Would  you  s a y  t h a t  v i r t u a l l y  a l l  of' t h e  d r i f t  i s  cl;uc to 
t h e  c a v i t y ,  o r  i s  t h e r e  a p o s s i b i l i t y  t h a t  o n e  o r  t w o  p a r t s  p e r  
d a y  d r i f t  i s  d u e  t o  s o m e t h i n g  o t h e r  t h a n  t h e  cavity? 

M R .  MAT'TISON: I t h i n k  t h a t  m o s t  o f  i t  seems  t o  b e  c o n s i s t e n t  wit!: 
t h e  c a v i t y  f r e q u e n c y  c h a n g e .  I w o u l d  e x p e c t  s o r n e  c h a n g e  i n  t h e  
w a l l  p r o p e r t i e s ,  s o m e  l o n g  term c h a n g e  i n  t h e  w a l l  s h i f t ,  h u t ,  
t h a t  d o e s n ' t  show u p  b e c a u s e  you c a n ' t  s e p a r a t e  t h e  t w o .  



M R .  McCOUBREY: T h i s  i n i t i a l  d r i f t ,  t h e  r e l a t i v e l y  r a p i d  d r i f t ,  
d o e s  i t  t a k e  p l a c e  w h e n  t h e  m a s e r s  a r e  f i r s t  a s s e m b l e d ?  D o e s  i t  
s t a r t  when t h e  m a s e r s  a r e  f i r s t  a s s e m b l e ,  o r  when t h e y  a r e  f i r s t  
t u r n e d  o n ?  

M R .  MATTISON: You c a n ' t  o b s e r v e  i t  u n t i l  you t u r n  t hem o n .  

M R .  M c C O U B R E Y :  B u t  t h e y  a p p e a r  t o  s t a r t  when t h e  o p e r a t i o n  f i r s t  
b e g a n  a t  t h e  N a v a l  O b s e r v a t o r y ,  f r o m  t h e  d a t a  you  showed  u s .  

M R .  MATTISON:  T h o s e  m a s e r s  were b u i l t  s e v e r a l  m o n t h s  b e f o r e  t h a t ,  
a n d  we h a d  t r a c k e d  t h a t  d r i f t  p r i o r  t o  t h e  i n s t a l l a t i o n  at;  t h e  
O b s e r v a t o r y .  We h a d  o b s e r v e d  i t  i n  s e v e r a l  m a s e r s  a l s o ;  you h a v e  
a d r i f t  t h a t  s t a r t s  f a i r l y  l a r g e ,  a n d  d e c r e a s e s  o v e r  t i m e ,  f r o m  
t h e  t i m e  t h a t  t h e y  a r e  a s s e m b l e d .  

M R .  McCOUBREY: I f  y o u  t u r n  t h e m  o f f  f o r  a w h i l e ,  a n d  t h e n  t u r n  
t h e m  b a c k  o n ,  y o u  w o u l d  n o t  e x p e c t  t o  s e e  t h a t  i n i t i a l  d r i f t  
a g a i n ?  

M R .  MATTISON: The  d r i f t  wou ld  n o t  go b a c k  t o  t h e  o r i g i n a l  v a l u e .  




