Eccentricity of selected eclipsing systems
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The study of orbital eccentricity and apsidal motio n are very important for verification of theories of evolution of
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binary systems and of the internal structure of star s. One of the methods used to study long time effect sis (0-C) [ "

analysis of times of minima . 1 L
This poster presents preliminary results of the sele ction of GCVS eclipsing systems with phase-shifted s econdary  { ol X
minima. At present, the Cracow database contains 1949 93 individual minima of 5931 stars. Examination of th e (0O-C) |» :

diagrams shows about 256 stars with a significant pha  se shift of the secondary minimum, interpreted as th e effect |**
of an eccentric orbit. The poster shows 98 selected systems (with 5800 times of minima) for which the primary and 0 w0
secondary minima were observed at least 4 times over well separated epochs (e.g. the diagram for V799 Cas) . o @ me e w0 w7 o

About (56%) of those systems show the effect of rotati on of the line of apsides (see the diagram for the well known oo

system Y Cyqg).
The orbital period of the eccentric orbit binaries Is in th e range of ~ 1.2 days to ~ 20 days (except OW Gem P=1200d, Cl | ,-“ o é § ::_ 5 ]
V883 Mon P=50d, VW Peg P= 21d, and LV Her P=18d), but for long-period systems the number of minimai  ssmall. ¢ [i . : & .5 2
There are a few short-period variables which show an appar  ent phase shift of the secondary minimum (LV Vir EEE J-_{’S: ' ; cw [
P=0.4094, TY Men P=0.4617, V407 Peg P=0.6369, LR Car P=0.8529, Gl Boo P=1.0335, DU Boo P=1.0559), however ws] T *‘:‘-g’.-‘;- @@
this could be the effect of an asymmetrically-shaped minim um. e e o o e s swm aom

EFOCH

The XY axes for all diagrams represent the same

For several systems (V947 Cyg, RW Lac, RU Mon, Zetha P he, V1094 Tau, AO Vel, DR Vul) the effect of an eccentr IC  parameters. Types of observations are represent by the
orbit on the (O-C) diagram is present together with othe  r phenomena, such as constant period change or the PO S T A SO e
iInfluence of a third body. cco: W [
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The full list of eccentric systems and up-to-date | Inear elements for primary and secondary minima will be  Photographic: 1« Skypatrol: + x
continuously published at :

www.as.up.krakow.pl/ephem

B AOR  P=  6.71969d Va7l AOL  P=  2.95267% WEE9 AOL P= 11.170820 CG AUR P=  1.504859 Wl CAM P= 2.274363 BS CAM  P= 3.430959 s CHMA P= A0.091980 T2 CHMa  P=  3.622867
1965 1970 1975 1980 1955 1990 1995 2000 2005 1950 1950 1970 1980 1990 2000 2010 1936 1940 1950 1960 1970 1950 1990 2000 2010 1930 1940 1950 1960 1970 1950 1990 2000 2010 1995 2000 2005 2010 1965 1970 1975 1950 1955 1990 1995 2000 2005 2010 1930 1940 1950 1960 1970 1930 1990 2000 2010 2003 2o0d 2005 2006 ZOOF 2008 2000 2010
005 0.1 0,05 0 003
0.1 0.015 . 11.... .06 . ) .
G A ) o 0.0l Q.;;ii ' o 0.04 i Ty bRt - g'gg 0.05 | ™ 0.03 LR ' - . 0.004 0.1 | #N S L L e ' I 0.02 | . = "R o008
(.05 o 008 . (;5 - " 000 0.5 o .04 g'gg . 0.02 0008 ’ ) Tatm oa ms o 002 o.05 g-gi 0.5 0.05 001 0.004
. ) ) } . . } } . 0002
() ook e e e e S et e e e e e i 0 P S o O 3'02 ggf 5 o L 0.01 . N o R B R EEREERPEFPREPPEPPRES o I R Ry 0 e 0
. -0, —0,02 S R AU o T . _
-0.05 0.003 ~0.05 I o5 004 O I 0 . -0.05 0.01 -0.5 -0.05 ~0.01 0.002
. % . o . —6.0l oA " o mo -0, e -0 o _owoos | 3 . I o -0, 002 —0,0% . -1t
01 . & DD 0,015 e e = .0d . ® §omagh _ tekws + 4D 2o —0:08 0,02 h -0.01 . =] BT, » o0a 0.1 { toup . aompwapPn @ o0 o —0.03 ] rme ® 5w SoE S va | .y .02 oo 5 a o - o t-0.008
—H = —-.03 -0 ,01 T .03
i R 100} 1500 20000 —Z000-1000 0 1000 2000 3000 4000 5000 S000 —1000 -Fo0 o T 1000 1500 —1 BO0EL N0 PO OO0 ESO00-EHA0-AON-E000 (0 2000 4500 G000 BEOO G000 E500 7000 0 BO0 000 1560 2000 2500 3000 3500 4000 ¢ i Bon 1000 4500 2000 2500 —E00 00 400 -300 <200 100 0
KL CH& P=  1.762208 A CHMI P=  1.138873 EM CAR P=  3.414275 GL CAR P= 2422233 NES CHR P=  4.477972 Y466  CAR P=  5.455845 Y493 CAR P=  5.279424 Y529  CAR P=  4.744547
1990 1995 2000) 205 2010 194 1950 1950 1970 1930 1990 2000 2010 1980 1985 1990 1995 2001} 1900 1920 1940 1960 1980 2000 1970 1975 1980 1955 1990 1995 2000 2005 1990 1992 199¢ 1995 1995 2000 2002 2004 2006 2005 1990 1992 1994 1995 1995 2000 2002 2004 2005 2005 1990 1997 1994 1995 1995 2000 2002 2004 2006 ZO0F
0.3 0.4 008 0.08
. 0.3 : oo 0.15 s, .08 m t | 008 n o . p.2 {0
o "l 0. " 0.2 e ) 0.1 i S * ™ 0.04 0.3 = 0.06 0.21 " m = = ©.08 L oomn g 7 0.06 ° % orot
. . 0.04 0.2 g ommm [ Y 0.008 . - a4 Lol IS 0.2 ' . o 0d . " 0.0d ] oo 0.04 0.1 B o " g2
.05 = 0.02 .006 0.05 «f g . 0.02 ' . 0.1 0.1 ) ' o .
' & 0.0z 0.1 0.1 . . P T : 0.1 0.02 0.02 0.02
. ®« o . 0, (o T R T R SRR e O SN (3] [P S S B S e D S S E b S e E s e ]
(] { D B S 3 9 1 S S 9 9 9 N N S S 9 o S S S S o 0 (5] I B 9 9 1 S S 9 N 9 5 5 1 S S 5 N S S S e 0 0.0l - ] I; 0 0 y] W] 0 0
0.0602
0.02 0.1 0 * o 063 et ‘a8 g [0 D _g'gi -0.02 0.1 ~0.02 -0.1 . g ow [ U02
n o -, - O N I R R e e LR E R . LI * _ -, -0.1 - =i " | _ ) ]
0,05 { " - o | o os ) . o.1 o002 LS P WY R ng [ =004 g'g L o -0.06 s o I (S5 . - g.gg R -0.04
o - o Dt -0.2 . Lo 5§ 0.7 =00l . ot ! o0 o004 —0.15 L3 —0.06 :0-4 0 e 008 0.2 o o 0,06 -0.2 'R - —0.08 . .
0 B00 1000 1500 2000 2500 3000 3500 4000 —Zoo0d  -18000 10000 -F000 i i T 100} 1500 2000 —AOOO-Z000 0 2000 4000 G000 SO0 000A 2000 o Sog 1000 1500 2000 2RO 3000 O ZO0 400 00 A00 1000 1200 1400 1800 1500 o B 1000 1500 2000 O 200 400 GO0 00 1000 1200
BR LRSS P= 6.068333 IT ©CAS  P=  3.396850 MJ LRSS  P=  9.552046 U= CAS  P=  Z.4859346 PY  CAS Pz 1.750470 ¥ CAS  P=  6.00d4699 Wil CAS  P=  1.7d59d4 w459 CAS  P=  §.458262
1920 1930 1940 1950 1960 1970 4950 1990 1930 1940 1950 1960 1970 1950 1990 Zo00 ZO10 000 ooz Eo0d  Zo0s  FOOS  Zold 1870 1973 1550 1887 1990 1887 2000 2003 2010 1960 1970 1980 1990 oo Zolo 1935 1940 1945 1950 1955 1950 1985 1970 1975 1955 1990 1995  Zo00  ZO05 2010 1970 1950 1990 2000 2o
.08 0.15 0.0d 0.015
. m 0.6 ] ' g . ] 0.6 . 0.1 0.01 0.0d
0.4 17 ¢ s . g [ 008 0.1 s e & fx . 4c . e mmmm | 0093 ? =R S e 0.03 A a " %p 0.0l oﬁmié .“I-n.h 0.01 T 0.013 1, ' oGk 0.03 " bt 0.004
* o.0d . o - .02 0.4 o .04 ooz e » : e, o] . : B ok ST .01 i 0.0
0.2 0.05 .01 a0l N 0005 .01 v o 0,005 : . : 0,05 % 2.003 . 0,002
0.0z 0.2 - eowec 0,005 & 0.2 005 0,01
) [pom oo e oo 0 I 0 e 0 001 \ H o L R +--§&§;‘-’ --------------- 0 o ) PSS IO S ] ol ) oo e e 0
. _ -0 . —0, D05 L T . [ 'ﬂ —t.0
0.2 or04 Py EVE : } 00z T DY ¢ " -.rl" ~0.01 ool 0 of "o 00 o -0.003 | " O ' ~0.02 ~0.002
e 0L T e e i el e——— -0.4 004 -0.03 ) -0.015 | % e l"-lu- £ P " -0.05 _ # " =0.005 -
04" von s -0.06 L o ~0.03 -0.04 * i | ~0.015 -0.02 F s 0.4 « G T BN v.01 0 0.03 o Bosdmmo |y ood
. .08 -0.15 ' -0.04 0.6 S .. . -0.08 . _o.025 " ’ : - -0.015 . ~0.04 1 ©
—EO00-ZH00-2000-1500-1000 -5a0 0 50 1000 1500 O do0G 2000 3000 4000 BOOO SO00  Fooo -y 6 B0 oo 150 2o0 250 I00 550 ~Z000 =1000 o 1000 2000 3000 —Z000) o OO0 doo0 G000 G000 —La0 -0 o o) 1000 1000 FO00 3000 4000 o0 G000 —1501) —160) —Hi 0
wirl CAS  P= 1.759739 KT CEN  P=  4.130445 Wids CEN  P=  5.322045 WE3n CEN  P=  4.283340 W07 CEM  P=  5.049530 C0 CEP P=  4.137562 CW  CEP  P=  2.729140 EK CEP  P=  4.427795
190 1995 2000) 2005 20 1920 1930 1940 1950 1950 1970 1980 1990 2000 2010 1ani 1920 1940 1960 1980 2000 1930 19353 2000 2003 1997 1995 1999 2000 2001 2002 2003 200d 2005 1940 1950 1960 1970 1980 1990 2000 2010 1960 1970 1950 1930 2000 2040 1930 1940 1950 1960 1970 1980 1930 2000 2010
0.4
. 0.6 0.1
oo wos s o mEEE 0.04 031 4, ¢ 0.4 ' . 0.04 { o0 oo oo 001 0.3 ; o 006 0.15 i, ' oo 2'22 whe *®%, o ©.01 0.1 MR 0.02
. . + ., . 005 - 0L.05 . =} o 0.0 ] B & u] - . -
0.04 | Hm " 0.02 Ei - 0.2 e, 0.02 0,005 Ei o o e 0'3'(;; % 0 R 001 | % s B, 0.005 0.03 0.01
.02 . () foeemnnnnn g e o . Oo . . @01 : . o th w'm
ML O R R GEGRCEEL LT PP LR PP L PP R PEPERPEPRRPES 0
O 0 L R 0 0.2 ] -t Bon (8] {9 ES S BB S S 5 5 B S S S S Ea B RS 0 S S S S BEE R SR E CoaaEEC ] (1] | DB S e e 0 6 5 B S S S R R 6 5 S S S S SR BB 66 S SEEEA SR EEE 0 (3] { |oEEEE EEE EE G R S SR BE R EE S5 S EE BE B R S S SO AEE BER B EEE 0 L R R Jfasacesaccaacas G- ]
} . B n
-g-gﬁ o 0 .02 0.1 . 0.4 ¢.09 _o.0p _o.005 -0, 1™ . " -0.02 -0.05 . -0.01 -0.01 { * . d , © e -0.05 -0.01
— . - - — . —_ - - - ++ * - - + - 1 1
oo | » cela, SEE U DA 0.2 " oa, . |-0.00 0.1 ROCR nama [0 0.2 %ae t Mo, m " OO ol e s ikl 0,02
. + m@Ag _o |-0.04 -0.3 g -0.8 . o SO LR | N ] . —0.15 A e M o -0l e . T
.08 - ~0.4 - 0.1 1 0,15 ' e St ' : ~0.04 ~0.03 ' ~0.03
—2000-1500-1000 500 0 Koo 1600 1500 2000 —4000 ~3000 —2O00 —100G 0 4000 2000 3000 oo 0 1000 ZO00 3000 4000 S000 ~1406-1206-1000-800 —500 400 200 0 Z00 400 o 100 200 300 400 A0 GO0 0 1000 2000 3000 4000 BO00  S000 SO0 1000 © 1000 2000 3000 4000 5000 —E000 —2000 1000 0 1000 2000 3000 400
W397 CEP  P=  2.086326 WL CEP P=  5.0684d1 TV CET  P=  9.10329 My  CYG  P=  4.005185 WasG CYG  P= 12408617 W4T7 CYG  P=  2.746981 WATE CYG  P=  2.880000 w490 CYG  P=  1.140235
1990 1995 2000 2005 2610 2003 2o0d  ZOOS 2006 2007 2005 2009 1960 1970 1980 1990 2000 2010 1970 1980 1990 Z000 2010 1926 1930 1940 1950 1960 1970 1980 1990 1900 1920 1940 1950 4980 2000 1975 1980 1955 1990 1995 2000 2005 2010 000 2O0Z  FO04  ZOOS P00 2010
.06 0. 004 0008 0.002 006 0008
QL0086 E 0,004 u] N E . 0,015
0. o o = o + B o ] . il v (] 0.02 u .15 { B
Lo g G 0.3 {0 e o oo oo S 0.3 ] w L L L L o 0.006 1 *3 g 0.0015 0.6 . o g o.0d 0.2 , pakmpniie ; 0.0 ' oo " 0006 0.0l . " g0
005 o o .02 .02 o 007 0.00d . 2 ¥ 9.001 0.4 " = 005 . s , ¢Oo o o .o0d : o®
. 0.02 ool (002 0.0l o001 0,002 0.0005 0.2 0.02 e T ) 0.0L . ot 0 " 0002 0.005 1 5 a " 0,003
S Y o O T S o [ R T R LR LR PR EPEE PR PR Iy} L e bbb bbbl 0 (7] 4 DI eI 1 5 96 S 16 3 S S 5 S N S 5 S N S S S S 0 (7] 4 P e 1 5 3 S 16 5 3 S S 5 S S 5 S N e S S S 0 0,005 3R ' : L R T 0
- = 0. 0. L 0 =000 " -0, 005
—0.01 .ol 0.001 0.002 0. 0003 -0.2 _ s . .
005 0.0z o o2 ~0.002 002 ~0.002 0004 44y ' =1 -0.001 oal. s 0.1 T -0.05 0,005 , ' - A —0.01 | o . o .01
am = T = u " —01, 00 - & * —01,003 —0.006 { * ' Lk —0. 0015 : ® -0.0d . - N ' + " 0,015 1 m
» _ - am = n 5 —0.03 + o o . . N 5 - - 0.2 * 5 0.01 o ' [ = -0.015
0.04 -0.03 L o n -0.6 * » % owpdlo |-0.1 o 0.004 . o o .
-0.1 .- " —0.006 —0.04 -0.004 -0.008 -0.002 * 1o : -0.015 oe -0.0z
} } -, —0.07
- 8 - - - - - 000 =500 0 500 1000 1500 2000
w41 CYG  P= 15.337891 yard CY¥G  P= 3.204d4153 Y1136 CYG  P= 3.d462755 W1143 CYG  P=  7.640754 w1147 CY¥G  P=  15.251329 w1326 CYG  P=  16.681765 BF DR P= 11.210993 CH DR P=  1.753390
1066 1970 1980 1990 2000 2010 1950 1960 1970 1980 1930 2000 2010 190 1950 1970 1980 1990 2000 2010 1930 1940 1950 1960 1970 1950 1990 2000 2010 1950 1960 1970 1980 1990 2000 2010 1940 1950 1960 1970 1980 1990 2000 2010 1990 1995 2000 2005 2010 1975 1980 1985 1990 1995 2000 2005 2010
0.4 0.135 0.0z
. * v s Em _— .06 - e 0.0z 0.4 o 01 1 * @ +8 e 4 L beD 19, - . e 0,05 0.3 5 o a O ., . =l . 0001
CI.S 0.02 - .. #- 0 3 a *xs:* ® - 0.1 Ll ':'.2 - nx L] I:I.I::II:Ij_ n '::'.':"::'08
0.2 004 | " " 0.01 ozl " .o .o 0.5 o 0.04 o1 e 005 0.005 " 00006
- 0.01 o.02 y o1 m | 0.05 0.05 . .02 P S o (.0005 -rll 0.0004
. . 00002
(] {0 e B EE SEE B HS SR A S SR E A S SR A S SRR EEEEE o O GAAGEEECEECEEEEEERELEEE 0 () | IEEEIE B B B B B G B S B R S SRR RS SR SR EEEE 0 L R AR RREEEELEEEEEEREEEREEE 0 (f] {heesencaes caaEet caaRes S aEes S e R G E R e o -0.1 E 0 I . S
5 -0.01 0 . 0
-1 -0.02 -0.1 -0.2 o o _
_ _ - 0,05 —0.07 . LT B o 0L 0002
0.7 0.0l —0.0d . - Eme:E 0,01 0.7 N - amn W —0.05 =05 0.5 0.04 —gg Wt 0,0z 0.03 —-0.005 0, (005 oo n|:| B —0 600
= m " L [P el T ] * .
-3, . om ¢ oOmano —-01.07 =005 "o " e _gi . ol -0.1 4] WM ey gy N 0.1 . . —— 006 .5 + .07 -1 o B Pooo g o QG ool s ol - E = ggggg
-0,4 -0, 05 -v. 1 -0, : . -0, -0, -0,
—E00  —d00 =200 o 200 400 00 0 1000 OO0 3000 4000 5000 S000 —otn 0 4000 2000 3000 4000 5000 E000 —3000 -Z500 -Z000 -1500 -1000 =500 0 500 1000 —1200 —1000 —S00  -BO0  —400 -Z00 0 200 0200 400 SO0 SO0 1000 1200 1400 1600 0 100 200 300 400 500 00 700 o 000 4000 OO0 E000
oW GEM  P=1758.583000 DI  HER  P= 10.550168 H:  HER  P=  1.537d34 L¥ ~ HER  P= 18.43353% Al H¥a  P=  B.789673 W3do Hyn  P=  3.647d10 R LA P= 10.369204 co LAC P= 1.542207
1900 4920 1940 1960 1980 2000 1000 1920 1940 19480 1930 F000 1970 1980 1990 Zooo  Zolo 1900 1920 1840 1980 18&0 2000 1940 1950 1960 1970 1950 1990 2000 19901992 1994 1995 1995 2000 2002 2004 2008 2005 1920 1940 1960 4980 2000 1950 1980 1970 1980 1990 2000 2010
4 006 006
igg . N . vem = m | 015 165 . = sms + ¢ swwe semwopon | 013 o.07 . 3] * R s e SENE SR Calle giﬁ 0.4 . : 0.1 a o .03 o0 1 o 0. 002 . 0013
0.1 1 0.1 0.015 o 0.01 : r : R , v.04 @ 2 00z pag 0.015 { . " o 0.01
100 q il e 2 0.1 az | SR I . .02 0,002 o
o Q.03 0.3 .05 VI ' LA " ¢:¢|:| = 0005 1 0.05 * .02 ot a0l (7] 1 IB000OAE00EE00E00Eaao0EEaan0CEaaBEEEo0NnEEaCaoaaS b0 0%2; o ' * O 0005
_____________________________________________________ [ [ . . *
)t Bt B B B R o 0 0 0.005 T o . 0 femnnere s 0 B e o ~0.02 . o8 f-0.002 o e b o "1
=30 —0.05 —0.3 =0.03 f fereremrn P A . o -1 e _ : -0.02 —0.01 —0.0d ¢ L o.004 —0.005 { * * '

42 Wy -2 0.1 oo B . . o -0.05 . X e -0.005
~ivo 0.1 - . -0.1 ~0.005 1t . ML A 3 ~0.15 R -0.04 ' ~0.02 Bl Sl ol w® '
—150 .o e : 5] ¢ w1 rae e e — s * ~> L N - wet e R I L3 § - A ] ) —0.08 { —0.008 -0 . —6.0

-0.15 -0, -0.01 - . 4 -0.2 —0.06 -0l —0.03 : ) . :
—200
-5 -y -15 -1lo -5 0 5 —FEO0 —2000 —1500 —1006 500 & 500 1000 —GO00  —d000  —F000 o 2000 doon ~2000 ~1500 ~1000 =500 o 1500 —1000  -Hoo & oo 1o0o 1500 0 200 400 G600 A00 L1000 1200 1400 1600 1500 —E000 —2B00 2000 —1500 —1000 -500 O 000 SO0 000 10006 12000 14000 16060 1600
E:  LAC  P=  4.459408 IL  LAC  P=  7.395661 MZ LAC  P=  3.158786 ¥3dd LAC  P= 7.491817 ¥3td LAC  P=  7.351529 Yol LAC  P= 1.950085 GG LUP  P=  1.849593 RR L¥N  P=  9.945073
1940 1950 1960 1970 1950 1990 2000 2010 1930 1940 19560 1960 1970 1980 1990 2000 2010 1930 1940 1950 1960 1970 1950 1990 2000 2010 1940 1830 1860 1570 1830 1880 2000 2010 1950 1935 1990 1995 2000 2005 2010 1990 1995 2000 2005 2010 1970 1950 1990 2000 2010 1930 1940 1950 1980 1970 1950 1990
0.3 R . . 0.2 0.8 . . 0.1 0.1 .15 0.08 0.3 a.03
. . R B 0.06 0.3 " . N 0.8 . " .15 LN R T o — o8 o 0.0l o o 0.0 . 0.06 * LLE L) R N
" 004 0.2 . . 000 0.4 R S, o1 0.4 +‘ 005 0.05 %t s goog St A 0.02 0.1 . y o St
. 0,02 0.1 . oz = . ZR . 0'05 0.2 0,003 P S oo . 0.04 0.1 .01
{1 emmmeen o o . i """"""""""""""""""""""""""""" 0 b b Foma | i 0 R ELLSEEET T EPPEEPPEREREEPPRRPPRRTEERRe 0 . - .02 ¢.03 h 0.02 1 eeemrrn e 0
o1 . -0.02 0 . —0.07 . Y . & oo -0.2 —0.05 mant® N T . _ _
I . 0.7 ) .. 0.7 . s —01,05 0.4 ~0.05 B - am | -0.005 —o.04 ] :‘;h ] 0.1 0.0l
-0 B Do L * 005 A mm N ]
-0 . , ER— 0-06 -0.3 = =010 0.4 g vt .ot -0.1 -3 IR TR ’;*& P Omo om m o LR 0.0l -1 . 006 o.05 = —0.02 0.z —0.02
B =, _ u T + _ _ L] - L =, =, + - - & o
0.3 0.4 006 .15 —0.8 0.1 o o . 0.3 .03
0 1000 2000 3000 4000 5000 —A 00300 -F000-2500-2000-1500-1000 -500 0 500 =40o0  =Z000 0 2000 0 0 SO0 1000 1300 2000 Z3000 3000 200 400 /OO B00 1000 1200 1400 O 8O0 1000 1500 2000 2500 3000 3500 -0 —2000 0 2000 400 -5 0 T 106101 15010
RU MOM  P=  3.584534 WEOL MON  P=  7.021209 V21 MON  P= 2.970669 W36 MON  P= 6.133970 GM  NOR  P=  5.7035453 Y451 OPFH  P=  2.198597 Y577 OPH  P=  5.079080 EW ORI P=  6.936847
1906 1920 1940 1980 1930 2000 1946 1950 1960 1970 1980 1990 2000 2010 1940 1950 1960 1970 1950 1990 2000 2010 1940 1950 1960 1970 1980 1990 2000 2010 1o06 1920 1940 4950 1980 2000 1956 1960 1970 1930 1990 2000 2010 1975 1980 1955 1990 1995 2000 2005 2010 1030 1040 10950 1980 1970 1080 1099 2000 2610
.05 0.4 0 .02
. . . 9.2 o . . 0. 005 - —

0.4 . I A 0.1 0.z . - S 0.0 015 oo .06 ] . S . . S 0.08 0.3 , u 005 601 o 0.3 L ¢ O o o .04 ol = : L oo A1 & 0.015
0.2 e, " | 005 " 0.02 o1 0.04 0.2 5 : o 0.2 . - 0.04 g 0.004 o1 0.02 0.05 " * 0.01
: 0.1 - P . ] } ]

(7] { laonoCoaAnEEEoENnEEaooEaaaanooas ?-*-?f};@-':i ---------- 0 Q.01 0,05 = 0.0z . i _____________________________________________________ 0 0.1 0.z 0,005 " " : U Iiln¢ .00z o ) o E'QGE
MLl o [ R L L T E T PP 0 (B 1 N3 1 5 s v e 5 9 1 9 9 9 5 5 N 9 9 S 3 s e 0 I e L L LT T T 0 L et I
-0,z =005 . - -0.1 B T 1 N S L S PN = RO -0,
e o 001 0,05 { . ~0.02 oz 0.02 0.9, -0.02 ¢ P 0 o1 o0 -0.05 . g gfﬁ
-4 . -1 -0, _ 01 _ 0 L . . * —0 .0 —0.= _ * o8 Ty _ : + o L T
. E .02 0.0d —0.3 1 . . x om . 0.04 0,005 ¢, * o m g [-0.002 -0.2 -0.1 Vieo . 2 ‘e awm # | -0.015
0.6 = ~0.13 -0.2 0 =77 e i U "™ | 008 0.4 L ~0.08 -0.3 Yo o | —o.08 & ¢ ® Tl o ® " . 0.4 o teo, e " ~0.02
-0.2 -0.2 ) e —0.4 e -0, 0 -0.3 -0.15 :
—GO00 —4000  —2000 0 000 4000 SS00 0 500 4000 1500 2000 FS00 3000 —1oo0 O 1000 2000 000 4000 OO0 G000 T —3E00-3000-2500-2000-1500-1000 -500 O HOo —E000 4000 0 1000 2000 3000 4000 5000 —4000 2000 0 2000 4000 500 o T 166303 B Eo0 1000 1500 2000 2500 3000 3500 4000
FT ORI  P= 3.160393 GG ORI P=  5.631493 W PEG  P= 21.071748 AG  FER  P=  Z.028730 IM  PER  P=  Z.254227 I PER  P=  1.743567 ZETH PHE  P=  1.569765 MO PUP  P=  1.758379
1930 1940 1950 1960 1970 1950 1990 2000 2010 1930 1940 1950 1960 1970 1980 1990 2000 2010 1900 1920 1340 1960 1980 2000 1920 1930 1940 1350 1960 1970 1980 1930 2000 2010 1994 1995 1998 2000 2002 Z00d 200 200G Zido 2017 1965 1970 1975 1930 1955 1990 1995 2000 2005 2010 1950 1960 1970 1980 1990 2000 1970 1975 1950 1955 1990 1995 2000 2005
0.4 o - 0.3 . N 0.06 0.03 5 0004 - .04 0.025 005
#4.# 0a ngy 0.1 0.2 T Mt ;;#x - Wi W R0 004 2 0.1 a0 ' \ *w ﬂ«t* . 0,02 0005 o 25, o i} i MR o.0d + e - 0.0z o - 0.02 0.04 . um o .04
0.2 : * o . . o
005 a1 0.0z 1 005 .07 b N * " 0.0l e mi.; ........ i .02 - ‘“” "f 0.0l * o o015 0.00 ooz
_____________________________________________________ : % i 3 Y ' T\ 002 .
0 o R o I R R CLEE et EE L LR L P LT EEPEEEEPTPRPPTPRPREPEE 0 LN ¢‘.,_ """"""" L o —00.005 .I..I- “g 0,002 o ‘”5‘% © . -, 0.01 3 P PSSR o
- L] o _ #
0.2 0.05 0.1 o .02 i o5 002 { W e - N 001 . ~0.004 -0.02 . ag g [ 0.1, .- og 0.005 . . 502
. " | ] _ _ n - & " Oq-m _ * " =0,
04 . T el i1 1 S 0.1 0.2 o, P tn Wes mm = o.0d _z 0.1 -0.04 & ﬁ‘"n. o -0.02 0.015 | g =006 -6 UL 0.02 4] t‘ """""""""""" LR R ARl 0 i, b N o "
- + + _ + M N + . ' W ‘4 + - OO : ] T [ ] " ] o _
o o ~0.08 0.0 ~0.008 ~0.06 i M T ~0.005 .05 LY 004
—4000 =2000 0 2000 4000 —15O0-LO00-500 0 500 1000 1500 2000 2500 3000 -1500 -1000 =500 0 02000 4000 GO0 SO0 100001200014000 FRO0 BOO0  SHO0 9000 9500 —2000-1000 0 1000 2000 3000 4000 S0 G000 —4000 —2000 0 2000 4000 G000 i OO0 4000 S00G 8000 10000
WIS PUP  P=  2.483965 VEGE PUP  P=  4.506174 ¥Y  SGR P=  2.628475 Y523 SGR P=  2.323813 WE25 SGR P= 1.919447 Y1647 SGR P=  3.282808 WZPER SGR P=  3.471436 WSO SO0 P= 1730033
1980 1995 2000 205 1975 1980 1985 1990 1995 2000 2005 1900 1920 1940 1950 1950 2000 1906 1920 1940 1960 1980 2000 1900 1920 1940 1960 1950 2000 1940 1950 1960 1970 19530 1990 2000 2010 1906 1920 1940 1980 1930 2000 1970 1975 1980 1985 1990 1995 2000
0.08 0.15 . ) - 0.06 i, 0.05 0.13 i voeE ) 0.15 0.8 ; 0.01
015 = 005 . y * ' . 0.0l "o, L W T .04 a1 oo - o1 = wem e e . 005 0. - » . 0.4 o a® oo b e W o * b 0.015 % .
e 0 .04 0 .04 0.1 R n . 0 .04 . o, . | . 0.1 } ol o
0.08 o, 0.07 0.0z 0.005 o5 = "¥T 0.02 0.05 R . 0.07 0,05 =t v oo} 0.02 0.2 0.08 0.2 0.08 000 | ¥ 5 0,005
s P S AU L e 4] o e [N EEREEE o HBCa000a0onaaa5aa50a00nanoBEatoanandn L I (3] 1§ PO EEEEE e EEA SO S S HEE S S S EE S B CEEE E S E CEG SO AEE SE B EEEa S 0 ' *
---------------------------------------------- ] Iy W] o ly] i ly] » 0 0 e ]
° . ° -0.085 " R . * 0,05 ST ¢ Sy 002 0.2 -0.05 ° ’ o °
=005 Ll -0.02 -0.02 —(1 005 o1 Ao g .. P o o 04 .05 coc . _o.oz L ot “o _o.04 -0, =005 -0, o1 0008
-0.1 -0.0d -0.04 : UL EE - e e % ¢ 0,06 @ oo 0.4, . - ’ -0.005
U 008 + o+ * Lot —0.15 oot . g o .- ¢ -0 015 e e ™ Jpes 0.4 _ae . ® o ¢ ., - . * | _oqm oL |, 1 . .
-0, . —1.05 . : e -0,15 —0.5 —0,015
0 Son 4000 4500 2000 2500 -5 o 00 1000 1500 2000 SEOO0 G 2000 4000 GO00 S000 LONGLZHG014000 —ZOO0 0 2000 4000 GO0 SO00 1ONOMLZ00L A0 GO0 15600 10000 =So00 o —4000 =3000-2000 1000 0 1000 2000 3000 4000 —E0G0 =000 —2000 o 000 4o —Z0O0 —1000 0 600 ZO00 3000 4000 5000
CRSCT P= 4.192347 W335 SER P= 3.dd9577 Win9d TR P=  §.988487 MM TRE  P=  2.379315 B0 WEL  P=  1.58d617 BP WUL P= 1.940346 DR WUL  P= 2.750871 EQ WUL  P=  9.797184
1940 1950 1960 41970 1930 1990 2000 2010 1990 19095 2000 2005 2010 1004 1995 1995 2000 2002 2004 2006 2008 2010 1990 1992 1994 1996 1995 2000 2002 2004 2006 2003 1a00 1920 4940 1950 1980 2000 1960 1970 1930 1930 o000 2010 1970 1980 1990 000 2040 1946 1980 1960 1970 1950 1990 2000 2010
.08 0,015 0.l 0,03 0.5 0.0 0,05 0.08
0.04 | 0.01 B ’ ®o® g | g0z S ne= : g'gg 0.06 - - 0.03 o ¢ 0.06 0.0z N 0.01 0.13 il W 11w, famg, -, .o . [ V-1
: 0o0m : 8 . - . . . % 004 L : 3
. .05 0.4 0.04 0.04 w [ V02 0.05 1 =% ot . 0.01 1 4t 0005 0.1 " f 0.5 :
. . . . . . 005
L 0.003 0.01 0.2 0.02 o2 L) 0.01 I I — y N 2'02 ' * o, R LT B
I B e e PP PELPREPERPEPPEE o T T o i CICRCCEEEREEE 0 P S o i . .08 N o 0.05 1, & . 0.02 () frr e r 0
—0.2 —0.02 _ -0.05 R e . . ot
-01.02 -0, 005 . 0.02 —o,01 K e e 0.0d -0r.01 o =i, 005 g f----- T LEEECEEPEPPPEPD B o
. E gm ® —0,05 . 0.0l -4 -0.0d —0,0d o ED a 0.1 e - —0.06 5 a “3 .i ‘+§€DU -i1.5 =005
—t1 i} —o.ol . - mam & —og - —0.06 By o & -0 .02 . . _0.08 —0 07 R E L -0l —0.05 M -0.02 T :é; i, + o el
- . n n L -, . _ -0,15 x _ . 11 = x x Fu M —H.
-0.06 ~0.015 R 503 o0& ™ " 0.08 ~0.08 - VotE 0.1 i 0,015 M ' -0.04

0 Loy 2000 J000 4000 FOod G000 =50 0 T Lepay 1500 0 pRels] 200 K1) 4y o0 B0 0 Ty Lopiacy 1500 200 2500 =15000 10000 G000 0 Ty —400o 2000 0 200 oy =000~ =000 2000 1000 0 dood 20000 F000 =50 0 T Lo 4500 2000




