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OLWUS BEREK COMPD!SATOR 

The Olympus Berek Compensator is  pr imar i ly  intended for: 

a )  The accurate measurement o f  r e t a rda t ion  i n  double r e f rac t ing  media. 

b) Determining the  o p t i c a l  cha rac te r  of the  double ref rac t ion .  

This compensator can be inse r t ed  i n t o  the  s l o t  of  the  intermediate polar iz ing  

tube f o r  the  Olympus Polarizing Microscope. 

A c a l c i t e  incorporated i n  t h i s  compensator L s  designed t o  be perpendicular t o  

the  o p t i c a l  a x i s  of the  microscope a t  the  30" d iv i s ion  l i n e  f o r  the  i n s e r t i o n  

o r  removal of  the  compensator; otherwise the  c a l c i t e  edges might impinge 

agains t  the  s l o t  of the  i'nt'ermediate tube and be damaged. 

A. I n s t r u c t i o n  f o r  Use 

I. Align both the index l i n e s  (one on the  po la r i ze r  of  the  condenser and 

the  o t h e r  on the  analyzer  of the  intermediate polarizing tube) a t  the  

zero pos i t ions  ( t h i s  is a  crossed f i l t e r  pos i t ion) .  

2, Place a  specimen c r y s t a l  on the  s t age  and cen te r  i t  a t  the  in te r sec t ion  

o f  the  eyepiece cross ha i rs .  
- 

3. Rotate the  s t age  u n t i l  the  f i e l d  i s  dark. ,- This represents  the  pos i t ion  

of ev t inc t ion  a s  the o p t i c  axis of the  c r y s t a l  i s  p a r a l l e l  t o  the  pl2ne 

of the  po la r i ze r  o r  analyzer. 

A t  t h i s  posi t ion,  pu l l  the-45" c l i c k  s top  l eve r  of the  s t a g e  toward the  

observer  a l l  t h e  way so t h a t  the  s t a g e  can be c l i c k  stopped a t  diagonal 

posi t ion.  - .  



NOTE: I) This simple l ever  operat ion c l i c k s  t h e  s tage  i n  i n c r m e n t s  of 

45' from any posi t ion wherever t h e  s top l ever  i s  pulled. To 

re lease  the  s tage ,  push back the  lever.  

2) In  case of the  Polarizing Microscope Model POS, however, g ive  

the  s t age  45" ro ta t ion  by reading t h e  vernier ,  s ince  i t  has 

no 45" s t o p  lever. 

4. I n s e r t  t h e  compensator in to  the  s l o t  and r o t a t e  the ve rn ie r  s c a l e  of 

the  compensator from the  30" d iv i s ion  l i n e  t o  e i t h e r  direct ion.  I f  t h e  

in ter ference  color  decreases t h e  c r y s t a l  is  i n  t h e  sub t rac t ive  posi t ion ,  

so proceed with t h e  Berek readings. 

I f  the  in ter ference  color  increases t h e  c r y s t a l  i s  i n  t h e  addi t ive  

position. Rotate the  s tage  90" i n  reverse t o  the  sub t rac t ive  posi t ion  
C . : 

- .  and take Berek readings, 

B. Berek Readings 

Get m.uimum ext inct ion on e i t h e r  s i d e  of  t h e  30" position. Let (a)  and 

(b) represent t h e  readings e i t h e r  s ides  of t h e  30" posit ion on t h e  ve rn ie r  

scale. 

C.- Calculation of Retardation (R): 

1. Find the  d i f ference  between t h e  Berek readings (a)  and (b). - 

a )  - (b) 
2. Divide by 2  t o  f ind  (i) . . . . . . . . . . ( i )  = ( 2 



3. I n  Table I f i n d  logari thm of ( i ) .  

4. To f i n d  log R, add log ( i )  + log C. 

log R = log ( i )  + log C 

l og  C = o p t i c a l  cons tan t  f o r  Lndividual Berek 

Example: Let 3.907 = t h e  o p t i c a l  cons tan t  of B e r e k  

5. I n  Table I1 f i n d  t h e  a n t i l o g  of  log  R. 

You must f i n d  c o r r e c t  decimal point.  To do t h i s ,  t ake  t h e  d i f f e r e n c e  

between t h e  mantissa and ten,  augment by 1, t h i s  g ives  t h e  number of 

decimal points.  E.uample: Mantissa = 11, t h e r e f o r e  11 - 10 + 1 equal  

2, o r  2 decimal poin ts  (.00). 

This  g i v e s  t h e  r e t a r d a t i o n  =pressed i n  my. 

Example: Berek reading ( a )  = 35.7Q, (b)  = 24.5" 

I n  Table I f ind  log f ( i ) . .  

l og  f ( i )  5.6 = . . . . . . . . . . . . . . . .  7.980 

compensator constant  log C = 3.907 ......... 
11.887 

ll i s  t h e  mantissa. 

887 is  t h e  index number.' 

The a n t i l o g  of  the  index 887 = 771 

I n s e r t  decimal (.00) = 77.1 o r  log R = 77.1 

Retarda t ion  (R) = 
77m lmr 



Retardat ion may be ca l cu la t ed  wi th  a s l i d e  ru le .  

Take the  app ropr i a t e  va lue  of 10,000 f ( i )  and mul t ip ly  i t  by the  va lue  

C 
10,000 

. This g i v e s  t h e  Retarda t ion  i n  m P- 

E-xample: ( a )  = 35.7", (b)  = 24.5" 

Table I11 gives  10,000 f ( i )  = 95.4 

C 
10,000 

= 0.808 ( o p t i c a l  c e n t e r  550 m ) P 

Hence, 95.4 x 0.808 = 77.1 

R = 77.1 mfl 

Retardat ion may a l s o  be expressed i n  f r a c t i o n s  of t h e  wavelength used by 

t h e  formula. 

R 0 = Biref r ingence  o r  double r e f r a c t i o n  
8 = 

1 R = Measured r e t a r d a t i o n  

A = Wavelength o f  l i g h t  used 

m e n  the  th ickness  o f  t h e  c r y s t a l  i s  known t h e  amount o f  double r e f r a c t i o n  

o r  b i r e f r ingence  may be  determined fmm t h e  formula. 

R N e  = v e l o c i t y  o f  e ~ t r a o r d i n a r y  l i g h t  wave 
8 = N e - N o = -  

d No = v e l o c i t y  o f  o rd ina ry  l i g h t  wave 

R = measured r e t a r d a t i o n  

d = s e c t i o n  th i ckness  

( a l s o  expressed i n  mu,) 
I 

The compensator cons t an t s  a r e  found i n  t h e  fol lowing manner. 

Using a monochromatic l i g h t ,  wavelength , t h e  compensator is  turned from 

zero  o r  30° pos i t i on  u n t i l  t h e  f i r s t  dark  l i n e  co inc ides  wi th  t h e  i n t e r s e c t i n g  



c ros s  h a i r  o f  t h e  eyepiece from e i t h e r  d i r ec t ion .  Let t hese  be ( a ,  ) and (bl ), 

t h e  ang le  o r i e n t a t i o n  (i, ) corresponding t o  a r e t a r d a t i o n  o f  A w i l l  be: 

From Table I f i n d  log f ( i , )  and s u b t r a c t  log A (wavelength used). 

Hence, log C = log  A - log f ( i  ) 

Any nth p a i r  of bands may be used f o r  determining t h e  va lue  of log C. 

In  t h i s  case: 

( i n )  
(an)  - (5n) 

2 

Hence, log C = log n + log A - log f ( i n )  

The va lue  of  l og  C determined by e i t h e r  formula w i l l  be  i den t i ca l .  

DETE&'.fINATION OF OPTICAL CHARACTER 

The amount of  t h e  compensator is  marked f o r  2' (slow) and X' ( f a s t )  =es f o r  

determining t h e  o p t i c a l  c h a r a c t e r  o f  t h e  d i r e c t i o n  o f  o s c i l l a t i o n .  Therefore,  

by turn ing  t h e  v e r n i e r  s c a l e  of  t h e  compensator t h e  i n t e r f e r e n c e  c o l o r s  used 

f o r  t h e  d i s t i n c t i o n  of t h e  i n c r e a s e  o r  decrease  a r e  va r i ed  wi th in  a 'range of 

3 orde r s ,  f o r  instance:  

(a )  Orthoscopic determinat ion.  

With t h e  c r y s t a l  i n  t h e  d iagonal ;  45" t o  t h e  plane of  t h e  p o l a r i z e r  o r  - 
analyzer ;  and p a r a l l e l  t o  t h e  slow a x i s  o f  t h e  compensator; w h i l e  t u rn ing  

t h e  compensator drum observe whether t h e  i n t e r f e r e n c e  c o l o r  i s  increas ing  

o r  decreas ing;  i f  increas ing-  it fol lows,  t h a t  t h e  d i r e c t i o n  o f  o s c i l l a -  

t i o n  i s  p a r a l l e l  t o  t h a t  of  t h e  compensator ( add i t i ve  c a s e ) ;  i f  decreas-  

ing t h e  d i r e c t i o n  o f  o s c i l l a t i o n  i s  v e r t i c a l  t o  t h a t  of  t h e  compensator 

( s u b t r a c t i v e  case).  



(b) Conoscopic observation. 

The drum of the  compensator i s  turned t o  recognize t h e  o p t i c a l  cha rac te r  

by the  d i rec t ions  of movement of the  isochromates of t h e  in te r fe rence  

f igure.  

I f  t h e  isochromate f igure  moves toward t h e  cen te r  of  t h e  in te r fe rence  

f igure  t h e  o s c i l l a t i o n  is  p a r a l l e l  t o  t h a t  o f  the  Berek; a d d i t i v e  position. 

I f  sub t rac t ive  pos i t ion  the  isochromates of the  in te r fe rence  f i g u r e  w i l l  

move outward away from the  cen te r  of t h e  in te r fe rence  f igure.  Then, t h e  

o s c i l l a t i o n  of  the  lightwave is  v e r t i c a l  t o  t h a t  of the  Berek. 

o p t i c a l  Constants o i  ' ~ o m ~ e n s a t o r  NO. d 0 0 P 2.k 
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8 5 9  

8 6 5  

N 

4  2 

4  3  

4  4  

4  5  

4  6  

4  7  

4  8  

4 9  

5  0  

5  1 

5  2  

5  3  

5  4  

5  5  

5  6  

5  7  

5  8  

5  9  

6  0  

6  1 

6  2  

6  3  

6  4  

6  5  

6  6  

6  7  

6  8  

6  9  

7  0  

7  1 

7  2  

7  3  

1 

6 2 4  

6 3 4  

6 4 4  

6 5 4  

6 6 4  

6 7 3  

6 8 2  

6 9 1  

7 0 0  

7 0 8 .  

7 1 7  

7 2 5  

7 3 3  

7 4 1  

7 4 9  

7 5 7  

7 6 4  

7 7 2  

7 7 9  

7 8 6  

7 9 3  

8 0 0  

8 0 7  

8 1 4  

8 2 0  

8 2 7  

8 3 3  

8 3 9  

8 4 6  

8 5 2  

8 5 8  

8 6 4  

0  

6 2 3  

6 3 3  

6 4 3  

6 5 3  

6 6 3  

6 7 2  

6 8 1  

6 9 0  

6 9 9  

7 0 8  

7 1 6  

7 2 4  

7 3 2  

7 4 0  

7 4 8  

7 5 6  

7 6 3  

7 7 1  

7 7 8  

7 8 5  

7 9 2  

7 9 9  

8 0 6  

8 1 3  

9 2 0  

87-6 

8 3 3  

8 3 9  

8 4 5  

8 5 1  

8 5 7  

8 6 3  

2  

6 2 5  

6 3 5  

6 4 5  

6 5 5  

6 6 5  

6 7 4  

6 8 3  

6 9 2  

7 0 1  

7 0 9  

7 1 8  

7 2 6  

7 3 4  

7 4 2  

7 5 0  

7 5 7  

7 6 5  

7 7 2  

7 8 0  

7 8 7  

7 9 4  

8 0 1  

8 0 8  

8 1 4  

8 2 1  

8 2 7  

8 3 4  

8 4 0  

8 4 6  

8 5 2  

8 5 9  

8 6 5  

(Continued) 

4  

6 2 7  

6 3 7  

6 4 7  

6 5 7  

6 6 7  

6 7 6  

6 8 5  

6 9 4  

7 0 2  

7 1 1  

7 1 9  

7 2 8  

7 3 6  

7 4 4  

7 5 1  

7 5 9  

7 6 6  

7 7 4  

7 8 1  

7 8 8  

7 9 5  

8 0 2  

8 0 9  

8 1 6  

8 2 2  

8 2 9  

8 3 5  

8 4 1  

8 4 8  

8 5 4  

8 6 0  

5  

6 2 8  

6 3 8  

6 4 8  

6 5 8  

6 6 7  

6 7 7  

6 8 6  

6 9 5  

7 0 3  

7 1 2  

7 2 0  

7 2 8  

7 3 6  

7 4 4  

7 5 2  

7 6 0  

7 6 7  

7 7 5  

7 8 2  

7 8 9  

7 9 6  

8 0 3  

8 1 0  

8 1 6  

.,823 

8 2 9  

8 3 6  

8 4 2  

8 4 8  

8 5 4  

8 6 0  

8 6 6 - 8 6 6  

6  

6 2 9  

6 3 9  

6 4 9  

6 5 9  

6 6 8  

6 7 8  

6 8 7  

6 9 5  

7 0 4  

7 1 3  

7 2 1  

7 2 9  

7 3 7  

7 4 5  

7 5 3  

7 6 0  

7 6 8  

7 7 5  

7 8 2  

7 9 0  

7 9 7  

8 0 3  

8 1 0  

8 1 7  

8 2 3  

8 3 0  

8 3 6  

8 4 3  

8 4 9  

8 5 5  

8 6 1  

8 6 7  

9  

6 3 2  

6 4 2  

6 5 2  

6 6 2  

6 7 1  

6 8 0  

6 8 9  

6 9 8  

7 0 7  

7 1 5  

7 2 3  

7 3 2  

7 6 0  

7 6 7  

7 5 5  

7 6 3  

7 7 0  

7 7 7  

7 8 5  

7 9 2  

7 9 9  

8 0 5  

8 1 2  

8 1 9  

8 2 5  

8 3 2  

8 3 8  

8 6 4  

8 5 1  

8 5 7  

8 6 3  

8 6 9  

7  

6 3 0  

6 4 0  

6 5 0  

6 6 0  

6 6 9  

6 7 9  

6 8 9  

6 9 6  

7 0 5  

7 1 3  

7 2 2  

7 3 0  

7 3 9  

7 6 6  

7 5 4  

7 6 1  

7 6 9  

7 7 6  

7 8 3  

7 9 0  

7 9 7  

8 0 4  

8 1 1  

8 1 8  

8 2 4  

8 3 1  

8 3 7  

8 4 3  

8 4 9  

8 5 6  

8 6 2  

8 6 7  

8  

6 3 1  

6 4 1  

6 5 1  

6 6 1  

6 7 0  

6 7 9  

6 8 8  

6 9 7  

7 0 6  

7 1 4  

7 2 3  

7 3 1  

7 3 9  

7 4 7  

7 5 4  

7 6 2  

7 6 9  

7 7 7  

7 8 4  

7 9 1  

7 9 8  

8 0 5  

8 1 2  

8 1 8  

8 2 5  

8 3 1  

8 3 8  

8 4 4  

8 5 0  

8 5 6  

8 6 2  

8 6 8  
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8  

8 7 4  

8 8 0  

8 8 5  

8 9 1  

8 9 7  

9 0 2  

9 0 7  

9 1 3  

9 1 8  

9 2 3  

9 2 8  

9 3 3  

9 3 9  

9 4 3  

9 4 8  

9 5 3  

9 5 8  

9 6 3  

9 6 8  

9 7 2  

9 7 7  

9 8 1  

9 8 6  

9 9 0  

9 9 5  

9 9 9  

9  

8 7 4  

8 8 0  

8 8 6  

8 9 2  

8 9 7  

9 0 3  

9 0 8  

9 1 3  

9 1 9  

9 2 4  

9 2 9  

9 3 4  

9 3 9  

9 4 4  

9 4 9  

9 5 4  

9 5 9  

9 6 3  

9 6 8  

9 7 3  

9 7 7  

9 8 2  

9 8 6  

9 9 1  

9 9 5  

0 0 0  

(Continued) 

4  

8 7 2  

8 7 7  

8 8 3  

8 8 9  

8 9 4  

9 0 0  

9 0 5  

9 1 1  

9 1 6  

9 2 1  

9 2 6  

9 3 1  

9 3 7  

9 4 2  

9 4 6  

9 5 1  

9 5 6  

9 6 1  

9 6 6  

9 7 0  

9 7 5  

9 8 0  

9 8 4  

9 8 9  

9 9 7  

1  

8 7 0  

8 7 6  

8 8 1  

8 8 7  

8 9 3  

8 9 8  

9 0 4  

9 0 9  

9 1 4  

9 2 0  

9 2 5  

9 3 0  

9 3 5  

9 4 0  

9 4 5  

9 5 0  

9 5 5  

9 6 0  

9 6 4  

9 6 9  

9 7 4  

9 7 8  

9 8 3  

9 8 7  

9 9 2  

9 9 6  

2  

8 7 0  

8 7 6  

8 8 2  

8 8 8  

8 9 3  

8 9 9  

9 0 4  

9 1 0  

9 1 5  

9 2 0  

9 2 5  

9 3 0 ;  

N 

7  4  

7  5 

5  

8 7 2  

8 7 8  

8 8 4  

8 8 9  

8 9 5  

9 0 0  

9 0 6  

9 1 1  

9 1 6  

9 2 2  

9 2 7  

9 3 2  

9 3 7  

9 4 2  

9 4 7  

9 5 2  

9 5 7  

9 6 1  

9 6 6  

9 7 1  

9 7 5  

9 8 0  

9 8 5  

9 8 9  

9 9 3 - 9 9 3  

9 9 8  

3  

8 7 1  

8 7 7  

8 8 3  

8 8 8  

8 9 4  

8 9 9  

9 0 5  

9 1 0  

9 1 5  

9 2 1  

9 2 6  

9 3 1  

0  

8 6 9  

8 7 5  

6  

8 7 3  

8 7 9  

8 8 4  

8 9 0  

8 9 5  

9 0 1  

9 0 6  

9 1 2  

9 1 7  

9 2 2  

9 2 7  

9 . 3 2  

9 3 8  

9 4 2  

9 4 7  

9 5 2  

9 5 7  

9 6 ' 2  

9 6 7  

9 7 1  

9 7 6  

9 8 0  

9 8 5  

9 8 9  

9 9 4  

9 9 8  

7  6  

7  7  

7  8  

7  9  

8  0  

8  1 

8  2  

8  3  

8  4  

8  5  

8  6  

8  7  

8  8  

8  9  

9  0  

9  1 

9  2  

9  3  

9  4  

9  5  

9  6  

9  7  

9  8  

9  9  

9 3 6  

9 4 1  

9 4 5  

9 5 0  

9 5 5  

9 6 0  

9 6 5  

9 6 9  

9 7 4  

9 7 9  

9 8 3  

9 8 8  

9 9 2  

9 9 7  

7  

8 7 3  

8 7 9  

8 8 5  

8 9 0  

8 9 6  

9 0 1  

9 0 7  

9 1 2  

9 1 8  

8 2 3  

9 2 8  

9 3 3  

9 3 8  

9 4 3  

9 4 8  

9 5 3  

9 5 8  

9 6 2  

9 6 7  

9 7 2  

9 7 6  

9 8 1  

9 8 5  

9 9 0  

9 9 4  

9 9 9  

8 8 1  

8 8 6  

8 9 2  

8 9 8  

9 0 3  

9 0 8  

9 1 4  

9 1 9  

9 2 4  

9 2 9  

9 3 4  

9 4 n  

9 4 4  

9 4 9  

9 5 4  

9 5 9  

9 6 4  

9 6 8  

9 7 3  

9 7 8  

9 8 2  

9 8 7  

9 9 1  

9 9 6  

9 3 6  

9 4 1  

9 4 6  

9 5 1  

9 5 5  

9 6 0  

9 6 5  

9 7 0  

9 7 5  

9 7 9  

9 8 4  

9 8 8  

9 9 3  

9 9 7  
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i 

0  

1 

2  

3  

4  

5  

6  

7  

8  

9  

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

.O 

0.0 

3.0 

12.2 

27.4 

48.4 

76.1 

109.5 

149.0 

194.5 

245.9 

3 a 5 4  

346.8 

436.1 

5 1 1  

5 9 2  

6 7 9  

7 7 2  

8 7 0  

9 7 4  

1 

0. 0  

3.7 

13.4 

29.3 

51.2 

79.1 

113.2 

153.3 

199.3 

257.4 

309.5 

373.5 

443.4 

5 1 9  

6 0 1  

6 8 8  

7 8 1  

8 8 0  

9 8 5  

1 0 9 5  

1 2 1 1  

1 3 3 2  

1 4 5 8  

1 5 9 0  

1 7 2 7  

1 8 6 9  

2 0 1 6  

2 1 6 9  

2 3 2 6  

2 4 8 8  

2 6 5 4  

2 8 2 5  

r o o o f  (i) 

.2 

0. 1 

4.4 

14-71 

31.2 

53.7 

8 2 3  

116.9 

157.6 

204.3 

257.0 

315.6 

380.2 

450.7 

5 ? 7  

6 0 9  

6 9 7  

7 9 1  

8 9 0  

9 9 6  

1 3 0 6  

1 2 2 2  

1 3 4 4  

1 4 7 1  

1 6 0 3  

1 7 4 1  

1 8 8 4  

2 0 3 2  

2 1 8 4  

2 3 4 2  

2 5 0 4  

2 6 7 1  

2 8 4 3  

1 9  

2  0  

2  1 

- 2 2  

2  3  

2  4  

2  5  

2 6  

2 7  

2 8  

2 9  

3 0  

3  1 

1 0 8 4  

1 1 9 9  

1 3 1 9  

1 4 4 5  

1 5 7 7  

1 7 1 3  

1 8 5 5  

2 0 0 1  

2 1 5 3  

2 3 1 0  

2 4 7 1  

2 6 3 7  

2 8 0 8  

.3 

0.3 

5. 1 

16.1 

33.2 

56.3 

85.5 

120.7 

162.0 

209.3 

262.6 

321.8 

-387.0 

4 5 8 - 1  

5 3 5  

6 1 8  

7 0 6  

8 0 1  

9 0 1  

1 0 0 6  

1 1 1 8  

1 2 3 4  

1 3 5 7  

1 4 8 4  

1 6 1 7  

1 7 5 5  

1 8 9 8  

, d 

a 5  

6.0 

17.5 

35.2 

58.9 

88.7 

124.6 

166.5 

214.4 

268.2 

328.1 

393.8 

465.5 

5 4 3  

6 2 6  

7 1 6  

8 1 0  

9 1  1 

1 0 1 7  

1 1 2 9  

1 2 4 6  

1 3 6 9  

1 4 9 7  

1 6 3 1  

1 7 6 9  

.5 

0.8 

6.9 

19.0 

37.3 

61.6 

92.0 

128.5 

171.0 

219.5 

273.9 

334.4 

400.8 

473.0 

5 5 1  

6 3 5  

7 2 5  

8 2 0  

9 2 1  

1 0 2 8  

1 1 4 1  

1 2 5 8  

1 3 8 2  

1 5 1 0  

1 6 4 4  

I 7 8 3  

1 9 1 3 " 1 9 2 7  

2 0 4 6  

2 2 0 0  

2 3 5 8  

2 - 5 2 1  

2 6 8 8  

2 8 6 0  

.6 

I. 1 

7.8 

20.6 

39.5 

64.4 

95.4 

132.5 

175.6 

224.6 

279.7 

340.7 

407.7 

480.6 

5 5 9  

6 4 4  

7 3 4  

8 3 0  

9 3 2  

1 0 3 9  

1 1 5 2  

1 2 7 0  

1 3 9 4  

1 5 2 3  

1 6 5 8  

1 7 9 7  

1 9 4 2  

.8 

1. 9  

9.9 

2 5 9  

44.0 

70.1 

102.3 

140.6 

184.9 

235.2 

291.4 

3 4 5 7  

421.8 

495.8 

5 7 6  

6 6 1  

7 5 3  

8 5 0  

9 5 3  

1 0 6 1  

1 1 7 5  

1 2 9 5  

1 4 2 0  

1 5 5 0  

1 6 8 5  

1 8 2 6  

1 9 7 2  

.7 

1.5 

8.8 

22.2 

41.7 

67.2 

98.6 

136.5 

180.2 

229.9 

285.5 

347.2 

414.7 

488.2 

5 6 7  

6 5 3  

7 4 3  

8 4 0  

9 4 2  

1 0 5 0  

1 1 6 4  

1 2 8 3  

1 4 0 7  

1 5 3 7  

1 6 7 2  

1 8 1 2  

1 9 5 7  

2 0 6 2  

2 2 1 5  

2 3 7 4  

2 5 3 7  

2 7 0 5  

2 8 7 7  

.9 

2 5  

1l.g 

25.6 

46.3 

73.1 

105.9 

144.8 

189.6 

240.5 

297.4 

3 6 a z  

428.9 

503.5 

5 8 4  

6 7 0  

7 6 2  

8 6 0  

9 6 3  

1 0 7 2  

1 1 8 7  

1 3 0 7  

1 4 3 2  

1 5 6 3  

1 6 9 9  

1 8 4 0  

1 9 8 7  

2 0 7 7  

2 2 3 1  

2 3 9 0  

2 5 5 4  

2 7 2 2  

2 8 9 5  

2 0 9 2  

2 2 4 7  

2 4 0 7  

2 5 7 0  

2 7 3 9  

2 9 1 2  

2 1 2 3  

2 2 7 8  

2 4 3 9  

2 6 0 4  

2 7 7 3  

2 9 4 7  

2 1 0 7  

2 2 6 2  

2 4 2 2  

2 5 8 7  

2 7 5 6  

2 9 3 0  

2 1 3 8  

2 2 9 4  

2 4 5 5  

2 6 2 0  

2 7 9 1  

2 9 6 5  
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