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sind weder vor  noch nach dem S t immbruch  nachzuweisen.  
W a r  bei einer Taube  der Untersuchungsze i t raum,  in 
dem Kot  gesammel t  wurde, auf wenige Tage vor  dem 
S t immbruch  beschr~tnkt, so ergaben die Messungen eine 
im Mit tel  h6here tS, gliche Ketos teroidausscheidung im 
Gegensatz zu solchen Tauben,  bei denen sich Untersu-  
chungszei t raum auf 2-3 Wochen  vor  dem S t immbruch  
erstreckt.e. Deren niedrige Wer te  ergeben sich aus der 
Mit te lung fiber anf~tnglich sehr geringen und spAter erst 
ansteigenden h6heren Ketosteroidausscheidungen.  In  der 
Figur  sind die _~nderungen der mi t t le ren  Frequenzen  der 
Laut~usserungen in der S t immbruchphase  und die 
Ketos teroidausscheidung derselben Tauben  in dieser 
Phase in Abhgngigkei t  yore  Unte rsnchungsze i t raum 
dargestell t .  Da der Zei t raum, in dem das Untersuchungs-  
mater ia l  der einzelnen Tauben  gesammel t  wurde, unter-  
schiedlich war, ergibt  sich nach Umrechnung  auf 1 kg 
K6rpergewicht  und 24 h e i n e  Punkteschar  jeweils fiir die 
Frak t ionen  vor  und nach dem St immbruch.  

Vier Tage vor  dem S t immbruch  sind die Frequenzen  
signif ikant  gegenfiber denj enigen 10 Tage vor  S t immbruch  
um fiber 400 Hz  abgesunken (U-Test  yon Mann-Whi tney ,  
p 0,03, Frequenzwer te  sind nicht  normal  vertei l t ,  wie der 
Lil l iefors-Test  yon Kolgomorow-Smirnow ergab). Es t r i t t  
also eine erste erkennbare  &nderung der Frequenzen  
rund 10 Tage nach  einer deut l ich erh6hten Steroidaus-  
scheidung auf. Auch bei Hausen ten  und Haush~hnen  ver-  
s treichen ungef~hr 10 Tage zwischen einer Erh6hung  der 
Gonadenak t iv i t~ t  und dem Absinken der Frequenzen  der 
Lautgusserungen (ABs, unver6ffent l icht) .  Geschlechts- 
unterschiede in der F requenz  der Laut~usserungen - die 
Frequenzen  der Laut~Lusserungen von  Weibchen  liegen 
um fund 40 Hz  fiber denjenigen yon M~nnchen - sind 
erst 24 Tage hack dem S t immbruch  nachweisbar  (t-Test 
nach Student ,  p 0,01). 

Aus dem Anst ieg der Wer te  der Steroidausscheidung 
mi t  Ann~therung an das S t i m m b r u c h s d a t u m  l~tsst sich die 
These ableiten, dass die Ketos teroidansscheidung mi t  dem 
E in t r i t t  in die S t immbruchphase  exponent ie l l  anw/ichst  
und zum Zei tpunkt  des S t immbruchs  ein M a x i m u m  
durchlgmft, um anschliessend wieder auf ein niedrigeres 
Niveau  abzusinken. In  der F igur  ist diese Hypothese  wie- 
dergegeben durch den Verlauf  yon Gomper tz funk t ionen  

Cvor S t immbruch :  y = 1,2 + 16,5 exp (--0,09 exp 0,2 •  
nach S t immbruch :  y = 4 + 15,2 exp (--0,09 exp 0,2 • 
die den exper imente l len  Wer t en  angepasst  wurden.  Ob 
die angenommene  erh6hte Ketosteroidausscheidung bei 
E in t r i t t  in die S t immbruchphase  den Schluss auf einen 
gesteigerten Testosteron-Stoffwechsel  zulXsst, b le ibt  
often. Dabei  ist  n~mlich zu berficksichtigen, dass RIVA- 
ROLA et al. ~ im P lasma adul ter  Tauben  mehr  Androsten-  
dion und D H E A  als Testosteron nachgewiesen haben. 

t?;ine Auf t rennung des Ketosteroidgemisches  aus den 
K o t - H a r n - P r o b e n  yon jungen Tauben  mi t  dem oben 
beschriebenen Df innschicht -Chromatographiesys tem zeig- 
re, dass das Gemisch ans wenigstens 7 verschiedenen 
Komponen ten  bes teht  (Farbreakt ion mi t  Z immermann ' s  
Reagens  nach NXRXRT.) Eine  Ident i f iz ierung der Kom-  
ponen ten  brachte  bisher keinen ErfolgS. 

Summary. The daily ketosteroid excret ions from 12 
juveni le  pigeons were measured dur ing the  phase of the  
breaking of the  voice, i.e, f rom 5 to 12 weeks of age after  
hatching.  The concentra t ions  of the  ketosteroids  were 
determined pho tomet r ica l ly  wi th  the  Z immermann-  
react ion after  ext rac t ion  of the  collected voidings. Dur ing 
the days before the  breaking of the  voice, the ketosteroid 
concentra t ions  are elevated.  After  the  breaking of the  
voice, t hey  sink to a low level. 
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P R O  E X P E R I M E N T I  S 

An I so tope  Di lu t ion  M e t h o d  for the  D e t e r m i n a t i o n  

In  order to es t imate  p r imary  produc t ion  in na tu ra l  
waters  by t h e  radio-carbon method1,  it  is necessary to 
know precisely the  amoun t  of inorganic carbon compounds  
present  in those waters.  The numerous  publ ished methods  
for this  de te rmina t ion  divide into two main  classes~; 
a) those in which the  p H  buffer ing capac i ty  of the  water  
are used to calculate  the  inorganic carbon content .  
b) those in which the  inorganic carbon compounds  are 
l iberated f rom the  water ,  and assayed separately.  We 
shall subsequent ly  use the  t e rm dissolved carbon dioxide 
to encompass all components  of the  equil ibrium, i.e. 
carbon dioxide,  carbonic acid, carbonate,  and b icarbonate  
ions. 

Methods in Class EaJ are simple to perform, bu t  only 
give sa t is factory  results in ol igotrophic lakes, the  open 
sea and similar  si tuations,  and are not  suitable for h ighly  
pol luted waters  or waters  of var iable  salinity.  Methods in 
Class Ebj tend  to require sophis t icated or delicate equip-  

of D i s s o l v e d  Carbon  Diox ide  

ment  and are only sui table for research laboratories  or 
large and well equipped vessels. 

Rad ioac t ive  isotope di lut ion analysis, however,  offers 
an a l te rna t ive  to these methods  wi th  their  inherent  l imi ta-  
tions, by  r emoving  the  need for a quan t i t a t i ve  recovery,  
while a t  the  same t ime  provid ing  an ex t remely  sensit ive 
internal  s tandardizat ion.  We  have  therefore adopted  this 
approach in the  deve lopment  of our me thod  for measur-  
ing to ta l  dissolved carbon dioxide in aqueous  solution, a 
need which arose dur ing the  course of our studies of 
p r imary  p roduc t ion  in some Wes te rn  Scot t ish sea lochs 3. 

1 E. STEEMAN NIELSEN, J. Coils. perm. int ,  Explor .  Mer. 18, 117 
(1952). 

2 T. R. MILBURN and L. C. 13EADLE, J .  exp. Biol. 37, 449 (1960). 
s 13. J.  I3. \u P. /3. TETT and A. EDWARDS, J.  Ecol. 61, 569 

(1973). 
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W e  were us ing  t he  s t a n d a r d  ca rbon-14  t e c h n i q u e  for 
e s t i m a t i o n  of p r i m a r y  p roduc t ion ,  a n d  decided to  deve lop  
a m e t h o d  wh ich  used t h i s  r ad io i so tope  as t h e  i n t e r n a l  
s t a n d a r d .  Or ig ina l ly  we i n t e n d e d  to t a k e  f i l tered w a t e r  
f rom the  p r o d u c t i o n  s tudy,  d is t i l  off t he  c a r b o n  d iox ide  in 
a s t r e a m  of CO2-free a i r  a n d  col lect  b o t h  t he  ~4CO~ and  t he  
12CO2 in aqueous  alkali .  T he  t o t a l  mass  of c a r b o n  d ioxide  
t r a p p e d  in t h e  a lkal i  (which is essen t ia l ly  12CO2) could be  
d e t e r m i n e d  b y  m e a s u r i n g  t h e  change  in e lectr ical  conduc-  
t i v i t y  of t he  solut ion,  and  t he  a c t i v i t y  of t he  ~*CO 2 
d e t e r m i n e d  b y  l iquid  sc in t i l la t ion .  K n o w i n g  t he  a m o u n t s  
of cold c a r b o n  d iox ide  and  of r a d i o a c t i v e  c a r b o n  d ioxide  
p r e sen t  in the  alkali ,  t h e  a m o u n t  of r ad i oac t i ve  c a r b o n a t e  
o r ig ina l ly  added  to  t he  water ,  a n d  a s suming  no  isotopic  
r a t e  effects in  t he  d is t i l la t ion ,  i t  is a s imple  m a t t e r  to  
ca lcu la te  t h e  a m o u n t  of c a r b o n  d iox ide  or ig ina l ly  p r e sen t  
in  t he  w a t e r  sample .  This  p rocedure  wold r e m o v e  t h e  need  
for q u a n t i t a t i v e  recovery .  However ,  t he  p a p e r  b y  
JoI~NSON a n d  MIC~IALSKI 4 sugges ted  a f u r t h e r  s impl i f ica-  
t ion,  p e r m i t t i n g  m a n y  samples  to  be  h a n d l e d  a t  once;  use 
of t he  rad io- i so tope  d i l u t i on  t e c h n i q u e  m e a n t  t h a t  t he  
en t i r e  ana lys i s  could be comple t ed  in a b o u t  5 h. 

The  f ina l  fo rm of our  m e t h o d  is as follows: W a t e r  
samples  ( a p p r o x i m a t e l y  315 ml) are t aken ,  i nocu la t ed  
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Fig. 1. Assemblage used to secure partial transfer of 1~CO2 and I~CO~ 
from sea water to dilute alkali. 
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w i t h  t he  r ad ioac t i ve  c a r b o n a t e  a n d  i n c u b a t e d  accord ing  
to  s t a n d a r d  procedures .  A t  t h e  c o m p l e t i o n  of t he  incuba-  
t ion  per iod,  t he  bo t t l e s  are weighed  to  d e t e r m i n e  t he  
vo lume  of w a t e r  w h i c h  t h e y  conta in .  The  sample  is t h e n  
f i l tered t h r o u g h  a 0.45 ~zm m e m b r a n e  filter,  e m p l o y i n g  
t he  umlal p recau t ions ,  and  in a d d i t i o n  t he  connec t ion  
be tween  t he  B u c h n e r  f lask a n d  t he  a t m o s p h e r e  is p ro t ec t -  
ed b y  a soda- l ime tube .  On comple t ion  of f i l t ra t ion ,  a b o u t  
300 ml  of t he  f i l t r a t e  is exped i t ious ly  t r an s f e r r ed  to a 250 
ml  conical  f lask c o n t a i n i n g  a m a g n e t i c  s t i r r ing  rod. The  
f lask is t h e n  s toppe red  w i t h  a t i g h t l y  f i t t i ng  r u b b e r  b u n g  
wh ich  has  been  bored  w i t h  2 holes. T h r o u g h  t h e  larger  
hole a well  r insed  l a t ex  f ingers ta l l  (London  R u b b e r  Co. 
Ltd. ,  wall  t h i ckness  a p p r o x i m a t e l y  0.095 ram,  v o l u m e  
15 ml)  has  p rev ious ly  been  t h r e a d e d  a n d  is sealed w i t h  a 
smal ler  b u n g  (Figure 1). The  smal le r  hole is closed w i t h  a 
glass plug. The  10.0 ml  of a b s o r b a n t  (0.1 N N a O H )  is 
qu i ck ly  i n t r o d u c e d  to  t he  f i l lgerstal l  a n d  t le  smal l  b u n g  
replaced.  W i t h  a l i t t le  pract ice ,  one can  pe r fo rm th i s  
ope ra t ion  w i t h o u t  u n d u l y  expos ing  t he  a b s o r b a n t  to  t he  
a tmosphe re ,  and  any  a l t e r a t i o n  in t he  in i t ia l  c o n d u c t i v i t y  
of t he  so lu t ion  is c o n s e q u e n t l y  avoided.  F ina l ly  t h e  
w a t e r  sample  is acidif ied to p H  3.0 w i t h  N-hydroch lo r i c  
acid, i n t r o d u c e d  b y  syr inge  t h r o u g h  t he  smal le r  hole. The  
assemblage  is t h e n  p laced  on  a 16-place m a g n e t i c  s t i r r ing  
t a b l e  ( m a n u f a c t u r e d  t o  our  spec i f ica t ions  b y  D u r w a r d -  
Clarkson L imi ted ,  Annies land ,  Glasgow) a n d  s t i r red  a t  
200 r p m  for  3-4  h a t  a m b i e n t  t e m p e r a t u r e .  U n d e r  t he  
cond i t ions  descr ibed,  we f ind t h a t  10 -20% of t he  c a r b o n  
d iox ide  in t h e  w a t e r  sample  is t r an s f e r r ed  to  t h e  a b s o r b a n t .  

The  f lasks are t h e n  h e a t e d  to  25 ~ b y  i m m e r s i o n  in a 
w a t e r  b a t h  for 1 h. Next ,  t h e  c o n d u c t i v i t y  of t he  absorb -  
a n t  is m e a s u r e d  us ing  a c o n d u c t i v i t y  cell w h i c h  will slip 
in to  t he  f ingers ta l l ;  t h u s  t h i s  m e a s u r e m e n t  can  be  m a d e  
ve ry  rap id ly .  The  r e l a t i onsh ip  be tween  c o n d u c t i v i t y  a n d  
c a r b o n  d ioxide  c o n c e n t r a t i o n  is l i nea r  in t he  r ange  0 to  
22 m g  c a r b o n  dioxide  pe r  10 ml  of 0.1 N a lka l i  (Figure  2). 
F ina l l y  an  a l iquo t  of t h e  a b s o r b a n t  is t a k e n  a n d  a d d e d  to  
a wate r -misc ib le  sc in t i l l a t ion  fluid,  a n d  t he  r a d i o a c t i v i t y  
is measu red  a f t e r  t he  m i x t u r e  has  been  s tored  for a b o u t  2 
h to  p e r m i t  a n  ini t ial ,  high,  spur ious  r a t e  of sc in t i l l a t ion  to  
d isappear .  A smal l  increase  in c o u n t i n g  eff ic iency ( <  2%)  
occurs  w i t h  inc reas ing  c a r b o n  d ioxide  concen t r a t i on ,  and  
should  be  cor rec ted  for. 

Our  m a i n  source of e r ror  was  t he  i nexpens ive  conduc t i -  
v i t y  br idge  wh ich  we used in these  d e v e l o p m e n t  s tudies ,  
b u t  even  so t he  e x p e r i m e n t a l l y  d e t e r m i n e d  prec is ion  of t he  
m e t h o d  over  t he  r ange  50 to  200 m g  CO 2 1-1 was 4- 13 Vn 
(where n = t he  n u m b e r  of i n d e p e n d e n t  d e t e r m i n a t i o n s  - 
one in t he  p r e s e n t  case - a n d  t h e  r ange  r ep resen t s  t h e  
95% conf idence  l imits) .  

The  a d d i t i o n  of ye t  a n o t h e r  to  t h e  a r r a y  of p u b l i s h e d  
ana lyses  for t h e  d e t e r m i n a t i o n  of d issolved c a r b o n  d ioxide  
can  be  jus t i f i ed  on ly  if i t  r ep resen t s  a real  advance .  W e  
bel ieve  t h a t  t h e  m e t h o d  wh ich  we descr ibe  affords  a 
n u m b e r  of a d v a n t a g e s  : 1. t he  d e t e r m i n a t i o n  can  be  car r ied  
ou t  eas i ly ;  2. t he  i so tope  d i lu t ion  m e t h o d  offers a g rea t  
sens i t iv i ty ,  w h i c h  is f u r t h e r  e n h a n c e d  b y  the  concen t ra -  
t i o n  of t he  c a r b o n  d ioxide  f rom a large v o l u m e  of w a t e r  
in to  a sma l l  vo lume  of d i lu te  a lka l i ;  3. t he  m e a s u r e m e n t s  
of d issolved c a r b o n  d ioxide  c o n c e n t r a t i o n s  are ac tua l ly  
m a d e  on  t he  w a t e r  samples  used for  t he  e s t ima te s  of 
c a r b o n  f ixa t ion  b y  t he  r ad io - ca rbon  m e t h o d  ; 4. t he  samples  
can  be s to red  for some t ime,  p r o v i d e d  t h e y  are  p r o t e c t e d  

Fig. 2. Relation between the change in conductivity (MicroMhos/cm) 4 M. G. JOHNSON and M. F. P. MICHALSKI, Limnol. Oceanogr. 15, 481 
and carbon dioxide concentration in the absorbant. (1970). 
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f rom c o n t a m i n a t i o n  b y  a t m o s p h e r i c  c a r b o n  dioxide  and  
c a r b o n  dioxide  p roduced  b y  mic rob ia l  me tabo l i c  act iv i t ies .  
A n y  m o d e r a t e  losses of c a r b o n  d ioxide  will be  inconse-  
quent ia l ,  since b o t h  t he  rad io-  a n d  s tab le - i so topes  will be  
lost  in  e q u i v a l e n t  p r opo r t i ons  and  so will  no t  inf luence  t he  
answer  o b t a i n e d  upon  ana lys i s ;  5. t he  m e t h o d  is appl ica-  
ble to  wa te r s  n o t  su i t ed  to  ana lys i s  b y  c o n v e n t i o n a l  field 
me thods .  

Riassunto. Si descr ive u n  m e t o d o  pe r  d e t e r m i n a r e  il 
c o n t e n u t o  di an id r ide  ca rbon ica  de l l ' acqua ,  che p r evede  il 
passaggio  del CO~ d a t l ' a c q u a  a t t r a v e r s o  u n a  m e m b r a n a  
di l a t t i ce  ad  u n a  soluzione a lca l ina  dove  la  va r i az ione  di  

c o n d u t t i v i t s  e r a d i o a t t i v i t s  v iene  m i s u r a t a  e u s a t a  per  
calcolare  il l ivello di  COe del  c a m p i o n e  d ' aequa .  

D.O.  TREW, B. J. B. W o o d  a n d  P . B .  TETT 

University of Strathclyde, 
Department o/ A pphed Microbiology, 
Royal College Building, 
204 George Street, 
Glasgow GI 7 X W  (Scotland), and 
Scottish Marine Biological Association, 
Dunsta//nage, Oban (Scotland), 
27 November 7973. 

On Matrix Rank Analysis of Spectra of Multicomponent Mixtures 

Several  workers  h a v e  shown  t h a t  app l i ca t i on  of t h e  
concep t  of the  r a n k  of a m a t r i x  to  t he  spec t ra  of mul t i -  
c o m p o n e n t  m i x t u r e s  can  give t h e  n u m b e r  of c o m p o n e n t s  
in  t h e  mix tu res .  The  p rac t i ca l  p r o b l e m  of r a n k  d e t e r m i n a -  
t ion  has  been  a t t a c k e d  in va r ious  ways  inc lud ing  eva lua-  
t ion  of d e t e r m i n a n t s  1-3, a n n i h i l a t i o n  of rank4,  5, a n d  
e v a l u a t i o n  of e igenvalues  6. The  r a n k  d e t e r m i n e d  is t h a t  
cons i s t en t  w i t h  t h e  error  of t h e  m a t r i x  e lements .  

Consider  a m a t r i x  D = [dad whose  co lumns  consist ,  for 
example ,  of a b s o r p t i o n  spec t ra  of a m u l t i c o m p o n e n t  
mix tu re .  Here  da, r ep resen t s  t he  a b s o r b a n c e  a t  t he  Zth 
w a v e l e n g t h  in t he  i t h  spec t rum.  W e  assume t h a t  each  
da, has  a va r i ance  var (dad, and  t h a t  t he  da, are observa-  
t i ona l ly  i n d e p e n d e n t .  To f ind  t he  r a n k  of D, HuGlJS and  
EL-AWADY 6 r ecen t ly  p roposed  t he  d e t e r m i n a t i o n  of t h e  
n u m b e r  of nonzero  e igenvalues  of t h e  rea l  s y m m e t r i c  
m a t r i x  D D  T, where  D ~" is t he  t r anspose  of D.  These  
a u t h o r s  d e t e r m i n e d  t he  e igenvalues  of D D  T b y  t he  J a c o b i  
me thod .  To set  up  a t e s t  for  a zero e igenvalue,  t h e y  
cons idered  t h e  p r o p a g a t i o n  of errors  in  t he  c o m p u t a t i o n  
of D D  T and  t h e  d iagona l i za t ion  of th i s  ma t r ix .  T he  purpose  
of t h i s  c o m m u n i c a t i o n  is to  show t h a t  w h e n  t h e  e l ement s  
of D h a v e  t h e  same  v a r i a n c e  i t  is easier  to  p roceed  as 
follows b y  cons ider ing  t he  s ingu la r  va lues  of D. 

A genera l  m • n m a t r i x  of r a n k  k has  exac t ly  k pos i t ive  
nonzero  s ingu la r  va lues  7. T he  s ingu la r  va lues  are real.  
Cor responding  to  each  s ingu la r  va lue  ~ t h e r e  is a pa i r  
of s ingu la r  vec tors  u~ a n d  v~. These  are e igenvec tors  of 
DD T and  DTD (for a real  m a t r i x  D), respect ively ,  
co r r e spond ing  to  an  e igenva lue  Z~ = (~3). W e  h a v e  

D Tula = [1:o V~. 

Mul t ip ly ing  on  t he  left  b y  v~ we get  

~p ~ V~ D T t t p ,  

since t he  v~ are  o r t h o n o r m a l .  I f  D = [da, ] we h a v e  

~t~ = 2 2 u ; t v ~ d a i  
~ 1  / = 1  

since t he  e igenvec tors  u~ a n d  vp are o r t h o n o r m a l ,  a n d  the  
p r o b l e m  of d e t e r m i n i n g  t h e  n u m b e r  of nonzero  s ingu la r  
va lues  of D is g rea t ly  s implif ied.  The  s ingu la r  va lues  are 
c o m p u t e d  as t he  n o n - n e g a t i v e  square  roo ts  of t he  eigen- 
va lues  of DTD or DD T a n d  c o m p a r e d  w i t h  t he  s t a n d a r d  
d e v i a t i o n  of t he  e l emen t s  of D. 

W e  h a v e  t e s t ed  t he  m e t h o d  of r a n k  d e t e r m i n a t i o n  
g iven  here  on a n  8 • 8 m a t r i x  of n e u t r a l  red  spec t ra  con- 
s i s t ing  of 8 rows a t  d i f fe ren t  w a v e l e n g t h s  a n d  8 co lumns  a t  
d i f fe ren t  p H  va lues  of t h e  so lu t ion  as g iven  b y  WALLACE 
and  KATZ ~. These  a u t h o r s  found  t he  m a t r i x  to  be defi- 
n i t e ly  of r a n k  3 a n d  poss ib ly  of r a n k  4 b y  cons ider ing  t he  
p r o p a g a t i o n  of er rors  a f t e r  r e d u c t i o n  s teps  cons i s t ing  of 
Ganss i an  e l im ina t i on  w i t h  comple te  p ivo t ing .  H u a u s  and  
EL-AwADY 6 declared  t he  m a t r i x  to  be  of r a n k  3 a s a  
resu l t  of c o m p u t i n g  3 nonzero  e igenvalues  for t he  p r o d u c t  
m a t r i x  DD T. The  m a t r i x  e l ement s  eacll  h a d  a n  er ror  
( s t anda rd  dev ia t ion)  of 0.003 a b s o r b a n c e  uni t .  

D iagona l i za t ion  of t h e  p r o d u c t  m a t r i x  DD T was car r ied  
ou t  b y  t he  J a c o b i  m e t h o d  us ing  a n  a l g o r i t h m  of •UTIS- 
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Computations for 8 • 8 matrix D of neutral red spectra of WALLACE 
and KATZ $ 

Eigenvalue of DD T Singular value of D 

11.570321 3.401518 
where  u x a n d  v, are t h e  ~th  a n d  i t h  c o m p o n e n t s  of t h e  1.158019 1.076123 
e igenvec tors  u~ a n d  vp, respect ive ly .  B y  p r o p a g a t i o n  of 0.096982 0.31142 
errors  we h a v e  0.008896 0.094317 

0.000068 0.008219 
2 2  0.00001 0.003115 

var ( ~ )  = (u a vi) ~ va r  (dai) . 0~ 0 
�9 ~ = 1  i = 1  0 ~ 0 

I t  will  be  no t iced  t h a t  w h e n  t he  da, h a v e  the  same va r i ance  
Declared zero after computation as a negative number with small 

var (~x2~) = var (d~,), absolute value. 


