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ABSTRACT 

As l o n g  as most common a l p h a  t r a c k  d e t e c t o r s  o r  m o n i t o r s  f e a t u r e d  

" d e s i g n a t e d  e n t r y  p o r t s "  f o r  t h e  r a d o n  i n  t h e i r  caps, t h e  radon  

w o r l d  appeared  t o  be  i n  o r d e r .  B u t  s i n c e  s o l i d  caps and hous ings  

have appeared, b o t h  c l i e n t s  and p r o f e s s i o n a l s  have been a s k i n g :  

J u s t  how does t h e  radon  g e t  i n  ? D i d  y o u  n o t  f o r g e t  someth ing  ? 

It i s  shown i n  t h e  paper  t h a t  h o l e s ,  p o r t s  and f i l t e r  papers  a r e  

r a t h e r  unnecessary f o r  t h e  o p e r a t i o n  o f  ATDs. Even though  i t  appears 

t h a t  t h e  j o i n t  o r  gap between t h e  two m o n i t o r  h a l v e s  and i t s  l e n g t h ,  

equa l  t o  t h e  c i r c u m f e r e n c e ,  i s  c r i t i c a l  f o r  a d m i t t i n g  radon  i n t o  

t h e  m o n i t o r  - even t h a t  i s  n o t  so. 

C r i t i c a l  f o r  t h e  s e n s i t i v i t y  o f  an ATD i s  i t s  geometry ,  c o u p l e d  

w i t h  an e n t r y  way whose n a t u r e  w i l l  a f f e c t  t h e  r a t e  of ramp ing  up 

o f  t h e  m o n i t o r  u n t i l  e q u i l i b r i u m  of radon  l e v e l s  i s  reached i n s i d e  

and o u t .  D i f f u s i o n  t h r o u g h  a i r w a y s  i n t o  m o n i t o r s  such as t h e  AT-100 

as w e l l  as p e r m e a t i o n  ( e n t r y  t h r o u g h  t h e  body)  can be  s topped  compl- 

e t e l y  by  s e a l i n g  t h e  j o i n t  o r  gap. I n f e r i o r  hous ings  w i l l  a d m i t  

a  m i n o r  pe rcen tage  o f  radon  t h r o u g h  p e r m e a t i o n  t h r o u g h  t h e i r  b o d i e s ,  

even if t h e  j o i n t  o r  gap i s .  cemented w i t h  epoxy. 

The r a t e  o f  pe rmea t ion  t h r o u g h  l a y e r s  o f  p l a s t i c  i s  d i scussed ,  and 

i t  i s  shown t h a t  40 m i l s  of  p l a s t i c  l a y e r s  s h i e l d  an uncapped ATD 

w i t h  a  40 m i l  w a l l  t h i c k n e s s  as w e l l  as if i t  were c l o s e d  and i t s  

gap cemented shu t .  

Con fus ion  between " u n f i l t e r e d "  d e t e c t o r s  and " f i l t e r e d "  d e t e c t o r s  

w i t h o u t  f i l t e r s  s h o u l d  be reduced by RMP nomenc la tu re  m o d i f i c a t i o n .  



INTRODUCTION 

One o f  t h e  g r e a t  radon t e c h n i c i a n s  o f  o u r  t i m e  i s  supposed  t o  have 
s a i d :  " I f  you want t o  u n d e r s t a n d  r a d o n ,  you have t o  t h i n k  l i k e  o n e " .  
B u t  d e s p i t e  this  good a d v i c e ,  t h e r e  i s  much humaniza t ion  i n  working 
w i t h  radon m o n i t o r s .  
For example, t h e r e  a r e  t h e  " d e s i g n a t e d  e n t r y  p o r t s "  i n  t h e  c a p s  o f  
most radon m o n i t o r s ,  u n d e r l a i n  by f i l t e r  pape r .  They a p p e a r  t o  
a t t r a c t  and e n t i c e  the radon s i m i l a r  t o  a  gateway l e a d i n g  i n t o  a  
shopping  m a l l .  B u t  just a s  t h e r e  a r e  ways f o r  t h e  consumer t o  f i n d  

h i s  merchandise  w i t h o u t  v i s i t i n g  shopp ing  m a l l s ,  s o  t h e r e  a r e  ways 
f o r  t h e  radon t o  g e t  i n s i d e  m o n i t o r s  w i t h o u t  ga teways .  

But e v e r  s i n c e  t h e  days  of t h e  Canadian p i l l  v i a l  and t h e  s o l i d -  
capped AT-100 which appea red  e a r l y  i n  1990 p e o p l e  have wondered 
a b o u t  t h e  per formance ,  and some even i n s i s t  t h a t  i t  c a n n o t  work. 

The work r e p o r t e d  h e r e  goes  back s e v e r a l  y e a r s ,  and we r e c e n t l y  summar- 
i z e d  i t  and performed some c o n c l u d i n g  t e s t s  s o  a s  t o  s a t i s f y  o u r s e l v e s  
and t o  answer t h e  many i n q u i r i e s  r e c e i v e d  w i t h  a  d e g r e e  o f  c e r t a i n t y .  

BACKGROUND 

Alpha t r a c k  d e t e c t o r s  can be c l a s s i f i e d  i n t o  two t y p e s :  
1 )  open f aced  ( c a l l e d  " u n f i l t e r e d "  i n  t h e  EPA Radon Measurement Progran 
2 )  c l o s e d  ( c a l l e d  " f i l t e r e d "  i n  t h e  â ‚ ¬  RMP). The t e r m i n o l o g y  s h o u l d  
be modif ied  t o  p r e v e n t  c o n f u s i o n  between l l u n f i l t e r e d "  d e t e c t o r s  and 
" f i l t e r e d "  d e t e c t o r s  which do n o t  c o n t a i n  any f i l t e r s .  S o l i d - c a p p e d  
c l o s e d  d e t e c t o r s  have a  f i x e d  geometry and a  means t o  keep r adon  
progeny from r e a c h i n g  t h e  t r a c k  r e g i s t r a t i o n  f o i l  i n s i d e  t h e  h o u s i n g .  
The f i l t r a t i o n  i s  b u i l t  i n t o  t h e  d e s i g n  o f  t h e  d e t e c t o r .  

In  a d d i t i o n  t o  t h e  open f aced  d e t e c t o r s ,  Tommasino (1) m e n t i o n s  two 
broad c a t e g o r i e s  of p a s s i v e  g a s - m o n i t o r i n g  d e v i c e s  used f o r  radon 
moni to r ing  - d i f f u s i o n  s a m p l e r s  and pe rmea t ion  s a m p l e r s .  



A d i f f u s i o n  sampler  t y p i c a l l y  c o n s i s t s  of a  t u b e  w i t h  a  d e t e c t o r  

l o c a t e d  a t  one end o f  t h e  d i f f u s i o n  zone formed b y  t h e  tube .  The 

o t h e r  end of t h e  t u b e  i s  g e n e r a l l y  open t o  t h e  atmosphere.  
A pe rmea t ion  sampler  d i f f e r s  f r o m  t h e  f o r m e r  i n  t h a t  t h e  sample 

must pass t h r o u g h  a  permeable membrane. 

The two mechanisms a r e  n o t  e x c l u s i v e  and can e x i s t  i n  t h e  same 

d e t e c t o r .  

THE CONTRIBUTION FROM DIFFUSION 

The r a t e  o f  d i f f u s i o n  o f  radon  i n t o  a  d e t e c t o r ,  d Q / d t ,  i s  p r o p o r t -  

i o n a l  t o  t h e  d i f f e r e n c e  between t h e  o u t s i d e  and i n s i d e  c o n c e n t r a t -  

i o n s ,  AC, t h e  d i f f u s i o n  l e n g t h  L, t h e  c r o s s  s e c t i o n  a rea  A and t h e  

d i f f u s i o n  c o n s t a n t  D ( 2 ) :  
dQ 0 A AC 

d t  L 

Thus a  s m a l l  c r o s s  s e c t i o n  and /o r  a l o n g  d i f f u s i o n  l e n g t h  w i l t  a l l o w  

f o r  b o t h  t h o r o n  decay and d a u g h t e r  p l a t e o u t  a l o n g  t h e  p a t h .  I n  a  

m o n i t o r  d e s i g n  w i t h  f i l t e r  paper ,  t h e  paper  a c t s  as a  "compressed 

column" w i t h  a  l o n g ,  t o r t u r o u s  ( ! )  d i f f u s i o n  pa th .  

W i t h  a  s o l i d  cap on t h e  AT-100, t h e  d i f f u s i o n  p a t h  f o r  t h e  r a d o n  become 

t h e  gap between t h e  cap and t h e  base. T h i s  f r i c t i o n  f i t  appears  t i g h t ,  

b u t  a c t u a l l y  c o n t a i n s  gaps t h a t  a r e  thousands o f  t i m e s  l a r g e r  t h a n  

t h e  1.5 angstrom radon  atom. 

To c o n f i r m  t h e  v a l i d i t y  o f  t h i s  des ign ,  chamber exposures were made 

w i t h  b o t h  f i l t e r e d  caps and s o l i d  caps. The i n s i d . e  geometry  was o f  

cou rse  i d e n t i c a l .  The f o l l o w i n g  T a b l e  1 shows no s i g n i f i c a n t  d i f -  

fe rence i n  s e n s i t i v i t y  between f i l t e r e d  and s o l i d  caps. The wrap 
l a b e l  wh ich  cove rs  t h e  radon  e n t r y  gap has no e f f e c t  on s e n s i t i v i t y .  

T a b l e  1 
Comparison of f i l t e r e d  and s o l  i d -capped  ATDs 

cap t y p e  t r a c k s  p e r  square  m i l l i m e t e r  

h o l e s  and f i l t e r  paper  60.6 +/-  4.2 
s o l i d  w i t h  wrap l a b e l  63.8 + / -  7.6 
s o l i d  w i t h o u t  l a b e l  63.3 +/-  3.2 



To f u r t h e r  i n v e s t i g a t e  t h e  d i f f u s i o n  des ign ,  s e v e r a l  s o l i d  cap 

d e t e c t o r s  were d r i l l e d  t h r o u g h  t h e  h o u s i n g  ( b o t t o m  p a r t )  w i t h  

e i t h e r  1, 2  o r  3 h o l e s .  Each h o l e  had a  d i a m e t e r  o f  0.35mm and 

a  l e n g t h  t h r o u g h  t h e  h o u s i n g  w a l l  of 1 .65  mm, wh ich  g i v e s  a  r a t i o  

o f  l e n g t h  t o  a rea  o f  17 t o  1. (As l o n g  as t h e  l e n g t h  of  t h e  h o l e  

ou twe ighs  t h e  c r o s s  s e c t i o n ,  d i f f u s i o n  p e r s i s t s ,  no f i l t e r  paper  

i s  needed, and no e f f e c t  on s e n s i t i v i t y  r e s u l t s ) .  

Chamber exposures demonst ra ted  t h e  absence o f  s i g n i f i c a n t  d i f f e r -  

ences between groups  ( see  T a b l e  2) .  The chamber c o n t a i n e d  a  f l a s k  

o f  w a t e r  f o r  w a t e r  vapor ,  so t h a t  an e q u i l i b r i u m  f a c t o r  o f  0.3 

c o u l d  be m a i n t a i n e d  t h r o u g h  p r e s e n t  c o n d e n s a t i o n  n u c l e i .  

T a b l e  2 
S i g n i f i c a n c e  o f  Number o f  ( u n f i l t e r e d )  Openings 

d e t e c t o r  t y p e  

cap w i t h  f i l t e r  paper  
s o l i d  cap, no  s i d e  h o l e s  
s o l i d  cap, 1 s i d e  h o l e  
s o l i d  cap, 2 s i d e  h o l e s  
s o l i d  cap, 3 s i d e  h o l e s  

t r a c k s  p e r  square  m i l l i m e t e r  

168 +/- 8 
162  +/ -  1 8  
172 +/-  14 
1 7 1  +/- 6 
179 +/- 18 

THE CONTRIBUTION FROM PERMEATION 

I n  a d d i t i o n  t o  d i f f u s i n g  t h r o u g h  t h e  gap between cap and base, 

radon  may e n t e r  t h r o u g h  t h e  s o l i d  h o u s i n g  o f  t h e  d e t e c t o r  i t s e l f .  

To examine t h e  amount o f  radon  e n t e r i n g  b y  t h i s  r o u t e ,  a n o t h e r  

chamber exposure was conducted  w i t h  t h r e e  d i f f e r e n t  d e t e c t o * "  

des igns .  
Exposed were s i x  each of t h e  AT-100, p o l y p r o p y l e n e  l o a d e d  w i t h  

carbon, 0.06" t h i c k ,  t h e  REM " s c h o o l  m o n i t o r "  of n a t u r a l  p o l y e t h y -  

lene,  0.04" t h i c k ,  and t h e  amber Canadian p i l l  v i a l  made o f  p o l y -  

s t y r e n e ,  0.04" th ick .None o f  t h e s e  d e s i g n s  has f i l t e r  paper .  A l l  

t h e  d e t e c t o r s  were t o t a l l y  s e a l e d  f o r  d i f f u s i o n  e n t r y  by h a v i n g  
t h e  j o i n t  between t h e  cap and t h e  base cemented s h u t  w i t h  epoxy. 
I n  a d d i t i o n  t o  t h e  s e a l e d  m o n i t o r s ,  s t a n d a r d  m o n i t o r s  were a l s o  

exposed, and t h e  r e s u l t s  used t o  d e t e r m i n e  t h e  p e r m e a t i o n  e n t r y .  

As can be seen, e s s e n t i a l l y  none of  t h e  radon  s i g n a l  w i t h  t h e  AT-100 
i s  due t o  pe rmea t ion  t h r o u g h  t h e  d e t e c t o r  hous ing  ( T a b l e  3 on p . 5 )  



T a b l e  3  
Permeat ion  o f  Radon t h r o u g h  Housing i n  ATDs 

d e t e c t o r  d e s i g n  S h a r e  of Pe rmea t ion  ( t o t a l  e q u a l  1) 

A T 4 0 0  s e a l e d  w i t h  epoxy 0.02 +/ -  0.02  
" schoo l  m o n i t o r "  w i t h  epoxy 0.12 +/- 0.02 
p i l l  v i a l  m o n i t o r  s e a l e d  w i t h  epoxy 0.11 +/-  0.02 
p i l l  v i a l  mon. ( n o  c a p )  i n s i d e  0 .04"p las .0 .12  +/- 0.02 

However, o v e r  10% o f  t h e  s i g n a l  produced by t h e  o t h e r  two d e t e c t o r  
d e s i g n s  r e s u l t e d  from radon  e n t e r i n g  t h e  d e t e c t o r  t h r o u g h  the hous- 
ing .  T h i s  would be i n  c l o s e  agreement  w i t h  o t h e r  r e p o r t s  i n  t h e  
l i t e r a t u r e .  Using t h e  e x p e r i m e n t a l  resul t s  f o r  radon p e r m e a b i l i t y  
i n  p l a s t i c s  by Hafez and Somogyi ( 3 ) ,  0.04" o f  p o l y e t h y l e n e  
shou ld  produce an a t t e n u a t i o n  f a c t o r  o f  0.13. 

I n  o r d e r  t o  t e s t  t h e  r e s u l t s  of t h e  l a t t e r  a u t h o r s ,  we took  an 
uncapped and u n s e a l e d  p i l l  v i a 1  and p u t  i t  i n s i d e  20 l a y e r s  of 
0.002" of p o l y e t h y l e n e .  The radon a d m i t t e d  t o  t h e  d e t e c t o r  f o i l  
was i d e n t i c a l  i n  c o n c e n t r a t i o n  t o  t h e  radon o b s e r v e d  i n  t h e  
epoxy s e a l e d  p i l l  v i a l .  T h i s  t e s t  a l s o  showed t h a t  t h e  epoxy s e a l  
used i n  the  t e s t  r e p o r t e d  i n  T a b l e  3  was an e f f e c t i v e  s e a l .  

RADON ENTRY D Y N A M I C S  

So f a r  we have looked a t  t h e  r e l a t i v e  c o n t r i b u t i o n s  of d i f f u s i o n  
and permeat ion  i n  d i f f e r e n t  m o n i t o r  d e s i g n s .  As we were t e s t i n g  
t h r e e  d i f f e r e n t  d e t e c t o r s ,  i t  was o b v i o u s  t h a t  we would compare 
t h e  performance o f  t h e  t h r e e ,  t o  see t o  what e x t e n t  t h e y  d i f f e r e d  
and i f  we c o u l d  u n d e r s t a n d  why. 

In  t he  f o l l o w i n g  T a b l e  4 ,  we a r e  c o m p i l i n g  s e v e r a l  p a r a m e t e r s  and 
r e s u l t s  f o r  each  of the  t h r e e  m o n i t o r  t y p e s .  

T a b l e  4 
Moni tor  S i z e  and Per formance  r adon  moni to r  t y p e  d i a m e t e r  a d m i t t e d  radon c i r c u m f e r e n c e  r a t i o  c j  rc 

AT-100 m o n i t o r  3 .6  cm 6 0 5  pCi/1 11 .3  cm 53.5  
schoo l  mon i to r  3.8 'I 552 'I 11.3 " 48.8 
p i l l  v i a l  mon. 2.3 " 360 " 7 .22  If  49.9 



On f i r s t  g lance,  t h e r e  appears t o  be an i n d i c a t i o n  o f  depend- 

ence of radon s e n s i t i v i t y  on t h e  d i a m e t e r  o f  t h e  d e t e c t o r  h o u s i n g .  

S i n c e  we have shown t h a t  most  o r  even a l l  of t h e  radon  e n t e r s  t h e  

t h r e e  m o n i t o r  models t e s t e d  by way o f  t h e  h o u s i n g  gap, i t  wou ld  

be u n d e r s t a n d a b l e  t h a t  t h e  more radon  wou ld  e n t e r  t h e  m o n i t o r ,  t h e  

l o n g e r  t h e  c i r c u m f e r e n c e  o f  t h e  hous ing .  T a b l e  4 appears  t o  b e a r  

o u t  such a  r e l a t i o n s h i p ,  as i t  shows t h e  r a t i o  o f  r a d o n  c o n c e n t r a t i o n  

and m o n i t o r  c i r c u m f e r e n c e  t o  be c o n s t a n t ,  w i t h i n  t h e  l i m i t s  of t h e  

t e s t .  

A f u r t h e r  case i n  p o i n t  f o r  t h i s  argument wou ld  be t h e  compar ison 

of  t h e  amber p i l l  v i a l  w i t h  i t s  2h" l e n g t h  w i t h  t h e  sho r tened ,  

1" long ,  b l a c k  a l p h a  t r a c k  m o n i t o r  i n t r o d u c e d  o u t  o f  Golden, CO 

i n  1989. B o t h  d e t e c t o r s  had t h e  same s e n s i t i v i t i e s ,  t hough  one 

was 2% t imes  l a r g e r  i n  volume. B u t  t h e  d i a m e t e r  and c i r c u m f e r e n c e  

were t h e  same. 

U n f o r t u n a t e l y ,  t h e  argument f o r  t h e  s i g n i f i c a n c e  o f  t h e  c i r c u m -  

fe rence of a  d e t e c t o r  i s  a  mute one. 

The l e n g t h  o f  t h e  gap w i l l  h e l p  e s t a b l i s h i n g  e q u i l i b r i u m  d u r i n g  
t h e  ramping-up p e r i o d .  The more openings,  f i l t e r e d  o r  n o t ,  t h e  

more r a p i d l y  w i l l  t h e  f r e s h l y  opened d e t e c t o r  a d j u s t  t o  t h e  

samp l ing  env i ronment .  B u t  once t h e  e q u i l i b r i u m  i s  reached,  a  

l a r g e  c i r c u m f e r e n c e /  l o n g  gap d e t e c t o r  w i l l  s i m p l y  a l l o w  more 

radon t o  d i f f u s e  i n  b o t h  d i r e c t i o n s ,  b o t h  i n  and o u t .  B u t  t h e  

c o n c e n t r a t i o n s  i n s i d e  w i l l  be t h e  same. 

P i c t u r e  a doub le  c a r b u r e t o r ,  h igh-power a u t o m o b i l e .  I t  co r responds  

t o  t h e  l a r g e  d i a m e t e r  d e t e c t o r .  I t  w i l l  a c c e l e r a t e  r a p i d l y  and 

a l l o w  l a r g e  volumes o f  sample t o  pass t h r o u g h  r a p i d l y .  Bu t  once a t  

c r u i s i n g  speed, i t  w i l l  t h r o t t l e  down, and t h e  e x t r a  horsepower  w i l l  

n o t  be needed. 

The Nuc lea r  Research Cen te r  i n  K a r l s r u h e  used t o  work w i t h  a  l a r g e ,  
about  3" (8cm) d i a m e t e r  radon m o n i t o r .  They c a r e f u l l y  changed t h e  



d e s i g n  and b r o u g h t  i t  down t o a d i a m e t e r  o f  a b o u t  3 cm. They c l a i m  

t h a t  t h e y  were a b l e  t o  a c t u a l l y  I n c r e a s e  t h e  s e n s i t i v i t y  o f  t h e i r  moni-  

t o r  d e s p i t e  r e d u c i n g  i t s  s i z e .  

Drs. Urban and Schmi t z  were f o r t u n a t e .  They worked i n  a  d i a m e t e r  

r e g i o n  where t h e  p e n e t r a t i o n  d i s t a n c e  of  a l p h a  p a r t i c l e s  i n  a i r  

i s  l e s s  t h a n  t h e  c r i t i c a l  d i s t a n c e s  o f  d e t e c t o r  geometry.  On 

t h e  o t h e r  hand, t h e  p i l l  v i a l  happens t o  be be low t h e  c r i t i c a l  dimens- 

i ons .  It i s  l e s s  s e n s i t i v e ,  n o t  because o f  a  s h o r t e r  c i r cumfe rence ,  
b u t  because I t s  i s  t o o s m a l l  f o r  o p t i m a l  c o n v e r s i o n  o f  

a l p h a  d i s i n t e g r a t i o n  i n t o  t r a c k s  p e r  square  m i l l i m e t e r .  

There  i s  one t e s t  wh ich  we have n o t  as y e t  c a r r i e d  o u t ,  b u t  w h i c h  

we w i l l  now as a  " t h o u g h t - e x p e r i m e n t " .  

P i c t u r e  us cemen t ing  t h e  c i r c u m f e r e n c e  of  an AT-100 n o t  c o m p l e t e l y ,  
b u t  f o r  go0, 180Â° 270' and, maybe 345' - a l m o s t  s h u t .  

I f  we l e a v e  t h e  d e t e c t o r s  i n  t h e  chamber l o n g  enough, a l l  w i l l  come 

o u t  w i t h  t h e  same r e s u l t .  The most s i g n i f i c a n t  d i f f e r e n c e  between mon i -  

t o r s  w i l l  be t h e  ramp-up t i m e .  I t  w i l l  t a k e  l o n g e r  t o  r e a c h  e q u i -  

l i b r i u m  w i t h  t h e  s a m p l i n g  env i ronment ,  t h e  s h o r t e r  t h e  uncemented 
gap i s  t h a t  i s  a v a i l a b l e  f o r  d i f f u s i o n .  I f  we keep t h e  m o n i t o r s  

s t o r e d  f o r  a  w h i l e  a f t e r  t h e  end o f  exposure,  t h e n  t h e  s l o w  ramp-up 

m o n i t o r s  w i l l  a l s o  be s l o w  i n  ramping down, and t h e y  w i l l  keep on 

c o l l e c t i n g  a l p h a  t r a c k s  w h i l e  t h e  q u i c k e r  m o n i t o r s  have f i n i s h e d  

h o l d i n g  t h e i r  radon. 

Alpha t r a c k  m o n i t o r  d e s i g n  i s  based on a  few i m p o r t a n t  pa ramete rs  

d i c t a t e d  by t h e  b e h a v i o r  of t h e  r a d o n  a l p h a  p a r t i c l e  and t h o s e  of 

t h e  daugh te rs  i n  a i r .  B u t  i t  does n o t  r e q u i r e  f i l t e r e d  open ings  

as l o n g  as i t  i s  p r o v i d e d  t h a t  t h e  atmosphere i n s i d e  t h e  m o n i t o r  
and o u t  can come t o  e q u i l i b r i u m .  What we g e n e r a l l y  assume t o  
de te rm ine  t h e  w o r k a b i l i t y  o f  a  m o n i t o r ,  i t s  f i l t e r e d  h o l e s ,  w i l l  
o n l y  a f f e c t  t h e  ramping-up speed i n  t h e  s h o r t  t e rm.  Me have a t t e m p t e d  

t o  show t h a t ,  o t h e r  t h a n  t h a t  - w i t h i n  c e r t a i n  l i m i t s ,  a l m o s t  any 
t w o - p a r t  hous ing  w i l l  pe r fo rm as an a l p h a  t r a c k  d e t e c t o r  ! 
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