S|
/m q ¢ ,_
: . Y |- 3 »
U /v Y] J G
'T V.) nt = \, 7
\:M yd . uw( \MM u_ 7 LS —OJ wa-“v
. v o | g 553 d | M ~ i
A ) L lmely § y ~
\ ; SEENL S
\l’. L = IM.TR Q < sa
ERRE D A0
] <t e L e o b SR -
. \j/ b3 Ilr’\ ‘ & ! M \Q lf/;\ g
GHR 3 Sy LA 3 =y
T R X d ™ L@.,..“/ h : i
1] 1Y) < 5 g 3 .HU : | .
~ ' B A AR 3 3
AIRERE R R 117 Nk SN
< &M AL mw_ S XY /\\/ = = ™~
—4 | _\L P ~0 B JL Q ’< ( N s
.,u m JM i & 3 ) R R R ! 0 A S JU -
) AP=NEEL AR ~
R K g ! 3 (Y 2EERF X
3 3 _M ‘R SRR ' EDEEEE g
N mmw C NN I 5 { IU wu @ & K N
. — _v ~ N - N &; a T o_ ﬂwl..
g r 9 ™~ 4 m g _ ). 3 < n_ g Ny
- \ ] ] 4 I L - N
g S g ,LA ~ N < ANY ™~ =
J _ , = 0 \Aw:LﬂI.DL {
NPT A NS e LN
z ™~ L4 A / = \/“ \t/. _ \Q_ a
2_ o +L \,x N | + ﬁ Q j( < S i hﬂ )
U 6 \—Uv Ia " ._WE . N \n-/ /n 3 d Q £ H,_w
Q AN _ (e I~ 8 % RN R 3 i
oy 7 IRE-=) N , _ 0 'S Q) ] ¢ d
9 e T a\ &% ﬂ T TR S
B < I L S ‘EERPESEE a ,
1 ¢ ~ Y NENRE . et )
iiRiaEK BEENT I R R CmECE D EhEEESEBE “
a ENE : g 1y ~ | < 3 M R N .
Lw N 4 \ X 4 ,, V19 0 A,Tw,lun/n ) - - ;
« \ = ‘ ,.. ..\v. —~— [ 7 A < 7
% 4 =t SRR %,ﬂ 5 ) N 4 g ! /\.L.\ w. oA/ b , < _Aw .
N AX e SER: TR {
In F A”‘ = \-;V \ L V S . 4 A /A \M fﬂ Q }ll u Fv
Qi) m |~ 9 Q,. q o )
i r% ; \M ¥ ¢ \./AM Q “ J
n\\_ M m /M - _ rht :
_ 7 _.I. b ) 1 AN d
_ b e
c_ .Q




]
A \(— j Qﬁ
AL p 3
3 N & : M
. & M - ~
| I\ : \Aw \—>
| g R ; 5
| [pe” iy ey Y — |4
0%!, P N X 9 A =5 l
) M -~ m J‘.\ ’ \ \L/ w. \.!J m - —‘0
N Cn N | ) N ) —
, \ AV Q "
i L < 4.l . . 3 d | g | LU
o3 ™ g L =" 9 ) X
LB | g ~—__ BN\
a.. AT VRS I v \ . 1] (3
= | A C N N\ = A~
. N i AL k M
¢ B T '~ . MM
lﬂ ~ & ST o i -~ <
D ARE AT 1 LR : - % ;
A Ny g Y | ) | ok <= ~
N L 91 N ~_ . AN ¢ s J ‘
SHALEED - CEEA RN 2 EE
 EELEED AN NS TS : 3 % Y
B | Lo o ) < \ i d ~ A y
. B R \ De 1) c S | | ¢ X
v | 4 (N AR , G N —
[N ) ! . C ) e
g S U T S B ¥ N . ~ -
\4 oy i o o 3 1 = 9 .,@(_ < \, b O oy
BN EEEN RENE N |7 D 3 13 4
< | 0 Y VYT A NN REEEN EBEA =N
N 15 Do t L 1A ( L N | ~ I ’MW ,; .
_ = ; , g | 'y 1l _ LIS 4 Q| T
S~ T R Y USSR T Y
L ™ S 4 1Y _, X 4N 3 14 > 3 1A T
=M= W ‘BECEEND 1S - AN
HE ) | v o1 1| L . N N O~
IR X q | |x Vi ) [ }
= U NEED =S B ! @ NN REE




PEIE N | o
< = S
_ & Q 4. _ .v < m,
. B : s ) 5
~ " A ] 7N
Ly N 5 SRS % 9 B ]
= - : d .9 ! N < 4
- () a9 A q : N )
I o Y 2 J
1 INI VU X I ~N— ~ Y Y AL
w el ~ AV ~_ I 2~
-/. N _ N g . ~
¢ _ X \..J/mr A R4l 7y -
U A} o )Av @ ‘
< LA & | o (e " 2 b _@ 2= A 9
SHEREAEERENEE RN , N L
NN TN ¢ ¢ & M 3 >
NESNANESNEED ST R ,M, SHEES WR
. J i m z J \ X - o\ N @ & %
SRR i ) 4 1, 1 4 y A3
INEEEE .r.rrl._/ S /M A — N T
AT e AT N gl
1 1S . ﬂ N L4 Qg R ~ J ¢
T8 7 3 X AhEEENEER rlls Y
- Bt : ELEEEREANE RN g1
- O n Q _ Ru b 3
a\@ AV- -Ar— C \/ “/q fD . v Imp S lh/\ ;j B ./1.”IULA_ )
~ ; < 7 N 9 ‘ ) O —~ = 0= m /u £
D 0 d | ) x ;) RN TR S S~ N
N\ ™ AL ' y J ' S 2 = ! ~ A%
S his N JJ 0 & T A\ IS ) S & \.M(o
. X U .Agﬂrru ’ \ d { g ‘ ;
% e nla -9 l«A ¢ / - . N LM w T J Q /r -Mll /.T _
= A TR T T TS T T Y S
SRR 2 SR T N N
I P ~ - ? N > A e - ! ] , N
< 4 ‘ A —\/\ b A
VERTEEY NEEP EES EE AR 4 2 N
R I | ' N+ SIS S q =HE P
BRY 2 ) .Av i ._IKA N su ~N— 1 1, 7 ﬂ% R-
L QN NEEY ¢ ‘ =N 3 g 1
CERE | . g < - g g 0 EHR: ‘
" - S L1 g 1\ < - k¢ ) 1 m T
L < RN ;m - e A Y VIR
| R m 3 o=t RS R ERES NN
_ % irA g L ! <! nuﬂ,l 2 Lm , a
,_ m Q 9 3 \w ) ﬁ LW 4 N M. ™~ )ﬁ; \.IVJ [¢
» < e < ) \ .J “ o 3 : /bA" N
T J i Y} R T4




" \o !
me < W )&Qu ol
N 3 SHERP= X
of e 9 33
1 = Ry, Y
, .  SFRR R = X
L : x gy .
) O } | | — @H& k
X .w« . A Q
4 M l..,n y _\Ml ke /& < h
S--eo ISV mw : ~H im b M/
K -~ Jr:l 19 ﬂw .r
A au »L o 1.C \ l[ G
j & J ﬂ ! L& w Y - —
- ~ Fa S IFW p ey .Pm Im QY &y
. !IH_\ t ~f M @. P \ﬂ Je— _DA S o &
| ERNC NN RSN NE SREEI-SEEE - SNEECEECNNE
CHENeS S AR BRSO SUENNEL S Ly
b el U i o u“ ﬂ.u,..fVL - < o o 4 iy
K :M y yﬁ“ 45 ¢ /M : =~ _Ww g =~ ) : \M A u ,‘w Wy
sl T - S S5 1 n \//m_ ~ b | 17 C./ q o/ “_ <
S ) <R Ty Td TR T2 g + AN
- < . -.LJ»_ 1 w 3 1 N T \(/.i\ e 1»4 LT
| IR o R R . O \ = \ 11
-t T e TR T Y T RS
< ..\Ilucum b ST ] Q = == ) 4 . 3
MIERE RS DR o= el | S e Sy fm_ =
m. L.m; ! »w LA | K i & H/ : ¢ ~ I 1 @.J ) j U
. ¢ \..M ~ “rﬁ‘» M\ o AU;J .»\wN/. + nd ..j | ..FA ;l.rm ....ua N = )
F I S RMRE SRR ARE B RD
¢ G e YRS " JdO1S A Ll m | v i
< o P s\~ Ze v Q
TR TR ,/W CH I =N HEE N e . =] )
: M, ! (N T P " - ,_|_.<I - o e o ) c - &N Y
/ﬂ\ g u ad ¢ Ve J _ - [ R =~ L&
{ i & ~- N AR ~ ~ | £ i |
A [y o [T vESESIIRECER . ~ | = _J
W [ ﬂ 7 ~7 .‘!4\\01_. . 4 g ‘M ~) . ) / /n G
9 1d T IR dtee 1Oalay |4 4 | | ]
. P o~ T 1/ ! ki Vo L ~ G N 7 - g, N »J
<y : al _ = - — ™ 0 [== & 'a) _ al_ J ;
NN = S : e : ) i} i 5 N ww
S = e NEESRRETENS K SEnr Y TS
LB YA e T 4 | SIS EY —~ -t
B ) ‘ww o] o ] Gy , d A — C d ﬁ . g
- /Al S < [ S € N — REES U 0 oy = Y 4
JIE SN § " e il | 2 le | B -.M = M\ ; ﬁ/ W
o a o VI ' M IR - L - p G
AR A e TN TR R~ | : 6o
/RPN - M - | |0 0 N el
| DI
7 ~ ﬂ!.
_




=

T =
: : )
= - ¢
—~ Hg {1
X ~ ; y
% = N
S ST i ¢
.IA - o )d Y ~ L\
S X YD —~ ) 4
o | fod |4 1 N <
. TN o S~ 3 .lﬁ
Q L _ 3 :
n % TN ’ R S 3
Q)| Ay, = 3 T -
~ L I I = I 2 o =~ ’ 5
Nad? e © ti X o ~ 3
A O \ . \, » )
: P el %, "
~ e IR N ;i IR >
> e R — s < >
NS vl BN ~ ! S % a |
il Q|9 A S S 41X X < : 2
, & g ! . < b
l.rm J ;% - s d <
o - i \ ; ) >
TR R e s T ; o
T A i = _ - O . NIV
3 L : A o IS ‘ 9 ‘ f \ﬂ
Y - i — . -
e X = - h 0 ,
T e e e P R P
3 BN o~ _ ) T - . _ N i u
1N | 21 s TR N M| ¢ — . 3
= Y = 1) N i 4 4 CN) = & 2
3 Dh UA o«a‘ f.m Au.._ D‘t .4 y i pm‘ = IL..\\ - .A
[0 +] A~ T | « m ,_( u\ ) S
R g ...L.w L) J o U o) R T .R
- < EESEENSEEXER NS ENE NN SRR
{ P ij I t : b R \ | B :
» = 4 a. Pe ad) v ] /.v
x o Aw a2 N wu h[/ \/¢~/ 0 B B
LY " SRR =z T \ !
- q R\ ._!h..( < ¥ = ¢ [ .(/:. Iy
i b M S < < | - P 9 S )
ST RS — ‘. i
, \/ \IA v
> fi . 2 g ¢ 1
~ |9 1] H Y




" i K
- | ¢ NS
Nl S IR
i d IN| | ¢ ~
S ; ST |
% I J i C IJ < A
\ A\ y - N
h N U \ = U /
W S 4/ | a% m.v j— e 1 L
3 P 2 J X J_{ /.M \m | [ e
d N 7 - e
< R VR K (S
jﬂ N e ﬂ \\W.M/ @
3 » . ‘ N o :A 5 = = Lf Q. B
) ke ) 419 QY Q wxr 1
FEECER L3 e ool B 1N L
< o S T 1D Yl = 1Y I 5 <
< 1 ~L .M ﬂa, ¢ % _ ' L ¢
3 3P AR ~ 3 | A RS A
, : d RESEE AER + 3
J o S~ - S Iu) ~ ™~ o Lw N D) A G
NE g Ly | 13 Y o i g by N
- w /ﬂ /;A T & 0« I, ~ } 9
N Q A VUSE & J 1= — | 4 1 1
— W 1Y Tey | MINEEFREER=RER NN T~ ,,
AT [T Nl o LT RN ¥
! A T » _ e Y 1 d pady I AN . :
0\ :a MI’ A i .Url.u.. A | 3 *. 2) /ﬂ L I'.. ‘
Samll R IR BR BN TEEE ENAS N AR NEREP BN NEN 3
% put Y Pl SENEEEL | LGS = oS
d 7 ki 3 L8| B e ™ Al 8K . N NI NN @ U
N 5 k: L e g [ f ~
! N f A m ﬂu Y " l[ ! \m ﬁ
1 CHL ESERES R SRS R B EE CRRKCEN
a & N [ . -~ |.] o |7 | g0 3 (Wl B X 100
I Q 0 X X NERNESEE = d | o |
e Ny R T : Y .
AN B RIEREEEDEECER R L EET =~
o) N g 1[0 < Y | | 9 1« d )
% N NHES H LS H N R T -




N /]

nu@&xpﬂ oy ool coang | o 00 el Nemeeiie o
ol E B = U- (//?lf: ,:{j BAENSY o
1 25— :))— ¢ } A2 SRt 2 ’ cehdal ot A Jands | ey
AYRRPRNNN S [T, L d r ol ool sl A% -
cedrdlca | = KBleds . A eng (( 2l
ol L LBE] ,e(_l.,.z.,vé‘ = oo 4 o A 1o A re
) o ) oL | Mcég..,j/mf LA P A%ﬁ.ﬁpé‘ﬁcc
e o AT A L @ kol OO O
bl ol o led o LB .i;.o‘ ety ol lal yera BZAN nolate | Jea e:’ek
L dal ;/uj, el ol L LR Ly VAR BNN
)?’Cx.‘-}(c \‘ ):as 4!,;\ ~ﬁ:l, -::-n‘




qg | - Yy
3 o D %.u \/& ) Iy :
0 ¢ < /J \4}/ 0 M ..hywu
e aTamm N anarub w
SR RN g 3 NEENNR! A ; {
NEEEER o S K 5T - b 3 S
SRR ~ < A i X £ J
e WI OM S .& fe S u.r U 8] (9 & ; E
g 13 T3 4 : ANEEERERENOEE 7 §
G ¢ SN SN A NN 7 > §
o o\ > U & 1 & N S 'N /A/\ x \ Q T C o ﬂ.%
ESELERESEES BN INECEENR UL NG - : g
T .U . I X SRR AR 5 N J% G, .&,
d N | ¢ ‘' VY S 3 S o ! NG ~ ¢ d¢ «Qt
FRESFNAEE A R S L EEE AN EEEE T o
] N C @ \ | J N .a In..,,., ) u w‘ 3| . nw‘. w
¢ S * R Wy UEKR ) < §
T I S I ST a X 3 SRy
FERECEREE ARTENSLEE NPT SERNEA SN _ R
= W, g N ) ; — 5 L Ly N 9 ¥ Y w
Ay =1 3 N & N - S T < i
S A = N T L2 . .
‘ESERSENER T A - s A AN N TS Ty
| IA[ éﬁw l y W ; - , M_ & ’ ¢ o /.r & h. & \rb.. f .‘.w ’N«\ A .../l(e
] “ A 3 N ™
EEREARSE R | A QA e SN B [T TR
| 3N ! § : ; ) _ , g <9
| M MM T e ; 1 d 1] g TS "} =1 14 X N
| K Of ,W ] ] M_ Ry O s 0 - AV\JV
M o Q) SN oy N, o 1 /\ ) X flw @
¢ 313 Y N 5= SR =3 ~
M NS ) . N : ! 1 X =l =
LA L LN . ) NN Y @ T 4 -
= 113 Y [ < ¢ P \ ~ IR ) ¢ 3 !
0_» 0 ﬂh ...r& , A NG %w, - A N S ,J\ Ly@ QY T "
ST A LN NG R S
S NS N e e S h
2 S SV St 1Y s T W, ¢ TY TN 2 Y
Y v DTy N [ RNY IS8 ; -
BN T \1 REDURRNERNER : ¥ ~Q o
g SIS B NERLEA g IS TS
\ iy < N N /Q | - N < O/Q IAA e ) |
.k“ vA M h..\ m = H /Jv\ d d sJV { w Y, 4 — S—
. B S N T RO e e
. L% / \ 1 X ~_
| R




A—U
N < .
- P N 1d o 3
AW n.m )
9 g . .. .».M{ /s A
g 3 X £ -
: . =AY
m ﬁr J hv
L 1 4 i N Qw G N
J& . . ) P lm \L “ !
RNEREE tog T
) < £ : \,c \
N
T 1 -~ A
< b & P
| @ : 1 ! ,_\,Re \ 3
2l s = ﬂ
1 ! * ) 1l
P .C .I\an .”uﬂﬂl ,m ~ | \.
18 - 4 T8
; A 1 ey A S
TS S — A
“ ; i e
) m if .p./. /«nu P
| et
g o) i ST
7» E .a v X fl J
Sy ) ey 4 . \
Q i ) i) / Vﬂ. m p ﬁw
g g 1Y = $ld )
g (D) 11 &8
=% y C i« =
MED N 7 i8N
x ' s (:‘,L.Fm .u .
A \\.?, M .Lf ‘y \U b
i v N hu % . & ...hwt!
=R L~ )
< | D& B 10D MR
\ G % \_ Il P Pw
[ a Y a; J T il <
I I




I
, ., el ¢
& ~ ~
] I ~ N
) < 3 A
g c I ) 1
A . : 3 » m SR
‘S 'y 3 ~J
ldr g h i pm_ .Mv' p._ Ow
D 9 ..A
; N jr i /A.w o ~ M
| d 5 N : N i
& Y 3 d 1S J Y
.. fw »vl% m | ] = U m WA
S B ; 213 SR EFEFEEREY N
W/ . : i< 3 . 7;.“ - By ~ e rﬁh
p 9 NEREN MR .
lw . ﬂ\w 4 ) } = )w \M M..w M
[ B o 3| & JENN ol Y
m_ M b.ﬁ,« J v )_- Q) J mu S N - .w
D! ; 2 ST Wy ss
iR N oy 4 d o ) 'R
«L 7 ﬂv 9 u ‘ ’M AK. B .“ f
% .IM e V L _& )& U x vO H e l\n
S d ) K . N 4 IV N ¥ a4 | )
LS g 3 0 3 N ¢
ﬁ-. ¢ km_ N 9{ ‘% A b .. VG L S,
Sy X A AR HEER
a1 A o ] § | |8 RN NN,
T 1 - S E S S o=
lﬁ M .W N Lnid \ “ Ny h IAV | L
SHa~- LEA CENSNES SR AR SRS SRR RN P
; f \9 2 I\ . m \_W ~L ¢ ,/y o 4
Sy LML , 4 [\ 1 ¢ <
N IPSIINE 4 b ] k 3 . ~ q ¢
~ N _ J F & N G\ d .ln
A 1 s g ki
o q ha 1 LI
\ A N Y & A g |2 Qv
= — % {l U : ¢ ¢ o I B




B o ﬁ

< N 4 17 Q) |

5 ¥ K ~ |7 . $ g | ¥

9 \,:qa Awﬂ N . O,M <0

.a _r_r‘\\ﬂ 0 o ﬂ/ D 01,

: NG \ N o J '~ .W( K ™~ 4 J

4 ~ /& ¢ N N b 'Y

2 [ v 'R I~ P 419 Y CEREREEN

§ L8 > X 3L N V Y s

T O N TS e AR EAEE N

g \ BRI X : HE

el A " &) Fa = 3 T , SEE

“u oD [_ L® NI b ____ , C U \.—9 U ) S AM N

NN d ¢ Q K¢ Ay )3 S 0N 1) )

e s L d ‘ g MM J Pl

. - ¢ J A

o T Q ey < R i) . \ G_._ﬂU = ﬁ/&

\ N | (L= ¥ ey v Y 9 N =S N

4 LT 17 ¥V Ter (lad [T ]| J, N | 3 ) d

N i k| |'c V| ] SHESNEE G|

| X £ ) / N _ J RN

> LT o N ; ) Vil I NEER RN 1S 10 )

1 | 1o o ~ . ) Q D 9 TEhh N

mv [_ 7 W‘ ) M 7_ kw “..A < X rv N

ST LR R M - | ey Y < Y 1IN

L~ 1o c 3 4l s 1Y RIS N ) 3
X X g | MR N N o |3 < Y :

S EETERNEEEENIIREERIKEN UL AR g (<

< T Y ™~ gl o Y ’ T, ) AM \fu ..uﬂ.A /|]@ 01 N~ o

.m‘ W [ o ~ i : X Aoty 3 q I ¢ X % < 2

<= TM/ gv \. :._c [ Py .».w K« 7r w 9 L fu 4 o .o ) g

CSipeS VR SRS R RN R NN S RN R ;

3 | ARSI N il oS N TN T E T ¥4 2 30

S E B A SRR ARSE b E MR ELeERORRRE SEaNTEAR i

< . ¢ _ru y AN 3 P . b .rM - NEENVE QA e X
N S Q \;Il(»ﬂ A J ; ) N N Q p \.._ 3

< Ty 1L el 9 & 3L X MAEA

1 = 5 Ql = » TR | RS




Rt
@

[+)

e

T aid ‘cﬂ-o-

&

: mxm . Jm N ¢ 4 3 )
5 - SRR P -

< < , .‘__/ m, M ~ nM u ‘Vlv .%
ﬁuv 1/ IMA W /\ (.km A 74 ‘ X ﬁa Ju
B , AN 9 |4 § N A

U i ¥ o :

J \ \ {l Ilw A\

~N— \_, Ny \ m ,

¥ N \ ~ WA X

N1 ‘

A

Aot

[t ——apf

'“fjtﬁ

zr

“o/{'

T .2

<,
* 3 g
\ 9 = s ) s A J
‘3 -3 ¢ R LA p!
< ¢ e L d ) S
¥ N ¢ e 3 o /,_ F. au
7 .A( \r.M .ﬂ( B _ A X, ..y )
) X = 2
— 3 X NEE ,, o
3 N g ¢ 3 ¢
7 J < Ag /x
\‘}\ ™ \L U KIWA \H.. ‘
@ O .7v ﬂv ¢ Add ' - 'Pﬂv G ‘D )
o ()
AR ¢ [ A o ) o TS
% d ) ' 4 N \ D A ol A
8 | \ N ¢ m
A g 3 = SARIR & S B
o Pl : Pl T N N
pm F & < > 7.,
s W N Q 3 N
| 2 & %

L et )

rt

C‘l.Cvf

—

D

~

A i)

~
<
A
&

Y% //L(/{“ >
real T A ed o0

Dy
=

Z 2935

A

.

£

/

Iy
o

—~
K

AN =
e
da

o/
31" 3

on
Iy

[

‘a-'p A
2T

) O

rate s

p(cu'u,Q

] &
N
>

21

a A AT

-

JO

A

Ti.

§ /L,c' ,pm»t,{ A

R et o

[

~

(IO

P
A Ack

d

ollilse

W!QAQ [l TOW e




e

2

cr

sear A

-

Y22 | gl

7 Cx
&

T AL

£

A Q
Q. g o /LA ‘mﬂu o ﬂm dd 4
Y AVQ. im. d nlc o
EERETEC N EASE R AECERERRSSE NS
o= SO B b I | ) ) !
y P

A

-

Le @ i;p

At

A

.~

bl

A

AL

A2 O

=
< .
ZA . )]
3 ! W
A & ,
314 3 U 2 3 :
3 m N : 7 VL < : = ~2
EREREEK Bl % ML TP IR NN
SR RE NG B R RARARL NS IR
Qy h C N 3 : <4 Kp >. d Bt
& ) 3 M J Af N \y .W N ™ % —om el /ANE —
of A 3 M y m 2) ~ o) gy N ™~ e ‘,w B
2 W = g |/ 3 SENEEET £ 1S X
TN 3 RSN RN S ISV IENY
\ A | G = B AY N \J -
S ( . “ Cm -7 4
J IR Q) J 1K S A A TR ks X
. ~ g N 98 Ty el ™37 g
.M ‘ IL fu /} M U \ ) ,r.w. . Y N
\ 4 ' ¢ ~an o ~ |
J d ¢ ) o LA g | X d Tylg 1 K
f , RN WS LN/ IE N AT N
] LS ) § 1l S 'R [ g
\ h 3 913 R 114 Is |
I Jd_| A ~ d [ == = N g [ I3 N

N y
e fasice
4 &

i

&llo

/)

VPN
)
o

B AR Pl | O

5|,
cacl
(
Agcx—dgeoa <
2 ex.»/\-.-w
v .
@ et Al

A
e i..e 5

+2.C. A~

A
04
R-IL

Y

O I

olx

Z

ol ol

e

-

Ao /TC
.AJ

OIS Ny Nelo P

, O | 20| 1

e

ys)

=

’“_{( .

(s

<~.C:- R By -{}_,ca

é ‘ll(‘
l&-

» laf,

/

A

-~

el
- Aﬁ)\\fﬂ ‘_4& STy <>( )

el fal o

=
fodle

ol

-~

[«

AL ,--.;/J.Lo)— .
4/L<4..JL0—
.})-C,QT‘Z .Q« £

A

< (‘JMQ('P- f[.D
E A2

O,
Do
e

AL
2/

LolP0-.

-
™~

Lot 2.
// <5
~0
. j’ﬁ e Q,,&g..&fa- ol
A

: /L/é JL»\t- % ,‘4@‘

A D¢
e .0/:)0




i |
e I_ WSS =8 PR WY R 't
3 P /)i z | 2&_2 T lem s WA O e D‘R_.&_,
- = S & =2 |1P= Q‘T} [
LT Qe NN { 2l
Us fraktenen
| e dipoe
L ‘t)"u- SO L O'JA.Q
Clile 31‘9(‘ s Qn-— A béj‘rr el Zre (“aA:r\)"A L NNESNEY P2 ' ¢
[ AL
AU C /C‘M/L-Q pA\',{ 90" Pf N /]é};(‘ ‘/{_—/ 2 A A N g O ()é[
A A e A i Acsd c 0 IZA O g
olslrralrlEl | Elcorlal | Propds pr2aR 305 ol R-L
el ; Choea ACL:.,
|
n A G
El(A£) =l (A) —
C
A ECe) ) FLay) el de)= ol (e)
1o L0 PRSP S 2-«1/(22///(? J7c g JZO  Coatgp Ak -
e e o L o
7{ Y/ > . // ~ 11 A
- f(/é') // - ~
AR L A -~ A
/ / e - ,// ; /L"‘
és N0 & Aac—tz Zeow S // Qﬁ / ;‘C i ‘/é{ OLL ™ ~:’/
r// ] .~/ L~ ///' 2
W el r 5 ~ A o
L E LR )L -
ol A Leprd -1 al
=2 /(“chr Py t=d P A D .«Q/ «P N e ACIT (L RN AL
/(\on:u Al (*[’Lé { / O cf tonle s JFO | Coern
£¢H < o2
7 s /[ 2
/! ES(L) =24r}l Elleo)Ella) ol dy = J,fndj! | Els) 6l e
-4 ~c2 A
C( o= (& ) = ’_‘ (> (E'/A")/)
# y Ader A BIVAY S
Eleb)l=t—=1 |Ele)e | o || EM):1Fled) vy
(2r) a y,
EBle) menbs! |=>| |E(b) = (- )
i




Jza

A
fa) W X»)

-~

B

_‘_,Q o A0 ATt

Cew 0{

Alepy

(0
rello ) -

2 ol

IR

o
)
4

«.n“
}T \

A

=

“

o)== e

o

&

&

&

| Az Q2T

XN
Al

_AJA(?-C}(;. /"

AP o) déo..»}?

7

[l PN

1(.!3

=

A les) A

G X023 2t

ol 2
\ ~n
&
4

&
('Q)I d.. Sy

-~
It A
Aty A

-
A

()

cht el lan I

lE

¢ (2

4
A

! At ),) N

22 ¥ T 4;’-»'
)l e

N

At)

2

71
\
/
ol A ((ﬁ» 0

o.-

A

1
el aF
El(4)

sl A3

ALY

A | &y

LA e

e(J‘ n
5.

Wa /Cn,t—,
F )

oW
A () =1

AAld o

[afs)

i

LA

Wy
o T
a Xl

\

) 1)1“}‘ G"O[ ?Qm

SiB

A

Yy

coha ol

Cl,l\ o ¥

&
LA,

g

A Ay

Ml
ol Ao

-

Ce

)
l("4l~
AL

n'O

e

T2
R
Z
L=
A,

P &

~

S
,sz /\[1‘ &\C‘l\p (6
A

—% Poreis
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orbiting in a circle with angular frequency w,, the function j (r) actually
contains frequencies not only at «, but also at all harmonics 2w, 3w,... .
In the dipole approximation only w, contributes, in the quadrupole ap-
proximation only 2w, contributes, and so on (see problem 3.7).

3.4 THOMSON SCATTERING (ELECTRON SCATTERING)

An important application of the dipole formula is to the process in which a
free charge radiates in response to an incident electromagnetic wave. If the
charge oscillates at nonrelativistic velocities, v<¢, then we may neglect
magnetic forces, since E= B for an electromagnetic wave. Thus the force
due to a linearly polarized wave is

F=eeE,sinwyt, (3.34)

where e is the charge and ¢ is the E-field direction. (See Fig. 3.6.) From Eq.
(3.34), we have

mit=eeE,sinwyl.
In terms of the dipole moment, d= er, we have

i ezE0 .
d= €sinwyl,
m

2
ek .
d= —( g )csmwot,

mayg

3

TN
NV A

Figure 3.6 Scattering of polarized radiation by a charged particle.
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which describes an oscillating dipole of amplitude

2
e’E,
d0= -—21.
From our previous results of Eqgs. (3.23), we can write the time-averaged
power as

dP  €‘E}

= —— 1 2
-d—s-z- Biie sin‘@, (3.358.)
e*F}
P=—21 3.35b
3Im?%? ( )

where the time average of sin’wyt gives a factor +. Note that the incident
flux is (S)=(c/8w)EZ Defining the differential cross section do for
scattering into 4§} we have

dP do _ cE do
0= "% @ e
Therefore, we have the relation
4
(%) = sin'@=risin’®, (337)
po! mc
where
2
re= —£—2- . (3.38)

mc

The quantity r, gives a measure of the “size” of the point charge,
assuming its rest energy mc? is purely electromagnetic in origin. For an
electron ry is called the classical electron radius and has a value ry=2.82 X
10~ cm. The total cross section can be found by integrating over solid
angle, using p=cos 0,

do 1
o= | ——=dQ=2nr} 1—p?)dp.
dﬂ Of_l( [ ) ®
This gives the result
o= 83—”rg. (3.39)

(Alternatively, one can obtain ¢ from P=(S »a.)
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For an electron 6= 0, = Thomson cross section =0.665x 10™2* cm?. The
above scattering process is then called Thomson scattering or electron
scattering.

Note that the total and differential cross sections above are frequency
independent, so that the scattering is equally effective at all frequencies.
However, this is really only valid for sufficiently low frequencies, so that a
classical description is valid. At high frequencies, where the energy of
emitted photons ¥ becomes comparable to or larger than mc?, then the
quantum mechanical cross sections must be used; this occurs for X-rays of
energies iv=0.511 MeV for electron scattering (see Chapter 7). Also, for
sufficiently intense radiation fields the electron moves relativistically; then
the dipole approximation ceases to be valid.

We note that the scattered radiation is linearly polarized in the plane of

the incident polarization vector € and the direction of scattering n.
It is easy to get the differential cross section for scattering of unpolarized

radiation by recognizing that an unpolarized beam can be regarded as the
independent superposition of two linear-polarized beams with perpendicu-
lar axes. Let us choose one such beam along ¢, which is in the plane of the
incident and scattered directions, and the second along ¢,, perpendicular to
this plane. (See Fig. 3.7.) Let ® be the angle between ¢, and n. Note that
the angle between ¢, and n is 7/2. We also have introduced the angle
f8=a/2—0, which is the angle between the scattered wave and incident
wave. Now the differential cross section for unpolarized radiation is the
average of the cross sections for scattering of linear-polarized radiation

—> k

[SIE]

Figure 3.7 Geometry for scattering unpolarized radiation.
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through angles ® and 7 /2. Thus we have the result

(8 )=t (" ) (7). ]

1r3(1+sin’©)

$r3(1+cos?8), (3.40)
which depends only on the angle between the incident and scattered
directions, as it should for unpolarized radiation.

There are several features of electron scattering of unpolarized radiation
which we now point out:

-

1. Forward-backward symmetry: The scattering cross section, Eq. (3.40),
is symmetric under the reflection §——0.

Total cross section: The total scattering cross section of unpolarized
incident radiation is the same as that for polarized incident radiation
O ynpol = Tpor = (87/ 3)r¢. This is because the electron at rest has no net
direction intrinsically defined.

N

Polarization of scattered radiation: The two terms in Eq. (3.40) clearly
refer to intensities in two perpendicular directions in the plane normal
to m, since they arise from the two perpendicular components of the
incident wave. Since the polarized intensities in the plane and per-
pendicular to the plane of scattering are in the ratio cos?f: 1, the
degree of polarization of the scattered wave is [cf. Eq. (2.57)]

2
o =22 (3.41)
1+cos*8

Since [T >0, we have the interesting result that electron scattering of a

completely unpolarized incident wave produces a scattered wave with

some degree of polarization, the degree depending on the viewing

angle with respect to the incident direction. If we look along the

incident direction (8 =0) we see no net polarization, since, by symme-

try, all directions in the plane are equivalent. If we look perpendicular

to the incident wave (#=w/2) we see 100% polarization, since the

electron’s motion is confined to a plane normal to the incident direc-
tion.

W

3.5 RADIATION REACTION

The energy radiated away by an accelerating charge must come from the
particle’s own energy or from the agency maintaining the particle’s energy.



