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ABSTRACT 

In this paper the numerical analysis of the boundary condition on а 
finite circular cylindrical cavity with cylindrical symmetry is given. The 
physical and mathematical formulation has been given in the previous paper 
ZJE - 173, 1975» The formulation is given in both the P. - approximation 
and the diffusion approximation. The (r, z) - P. - approximation of the 
problem is defined in an effective diffusion model with effective constants 
and sources, replacing these effective constants and sources by the usual 
definitions wc get the classic (r, s) - diffusion approximation. This way 
of the formulation is convenient for programming, as the P. - approximation 
code gives a possibility to use it immediately as a diffusion code. The 
description of the complete problem for a cylindrical cell with a cavity 
together with a sample' of calculation linked to the experimental research 
of the problem made in the SKODA WOBKS will b* published. In this mentioned 
paper we give the formulation with a tonsor diffusion coefficient (D , D ), 
although into the programme the scalar diffusion coefficient D = D = D = 
= 1/(3 £ t ) «ill bo introduced due to the temporary lnfaniliarlties of the 

tensor formulae. V.'e are going to study this problem for the case of a 

cavity Inter» 
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I n t r o d u c t i o n 

The boundary condition must be l inked into the problem defined for а 
selected system of mesli po in t s . Hence the height II of the cavi ty i s to 
be devided into a system of subir . 'orvals < * . . , x . ^ f o r j = 1, 2 , . . . t H 
by a system of mesh points e . ( j = 0 , 1 ( 2 , . . . , H). The flux f(H, z ) 
between two neighbouring mesh po in t s - i s supposed to be e i the r l inoar or 
constant in accordance with the following p i c tu r e s : 
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This formulation may be written in an equivalent effective diffusion 
approximation, eliminating the components of the vector current J : 
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2. N u m e r i c a l a n a l y s i s o f t h e b o u n d a r y 

c o n d i t i o n i n t h e P. - a p p r o x i m a t i o n 

The r.-approxi'iintion of the problem i s considered in tr.c for= of the 
equivalent e f f e c t i v e d i f f u s i o n approxiiiat Jon ( 1 , 8 ) to ( 1 . 2 0 ) , and ( 1 . 5 ) , 
( 1 . 6 ) , ( 1 . 7 )« Л11 орегг-fior.í- are performed a n a l y t i c a l l y with the only 
except ion that the neutron f lux between any two neighbouring racsh p o i n t s 
i : considered to bo e i ther l inear or constant . Then the in tegrat ione 
П . 5 ) * <1-r)t П . 7 ) according t o the azinn thai angle У may be performed 
by «ping the e l l i p t i c int^^ral -
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A) Li n e a r a p p r o x i m a t i o n o f t h e n e u t r o n 
f l u x 

The height of the channel i s to be divided into sub i n t e r v a l s <z . . г. У 
j = 1, 2 , . . . , H bj- a system of mesh point? 0 = г < г . < • • . < г.. = " . 
The only l i m i t a t i o n of the s e l e c t i o n of the mesh po in t s i s that a jo«EiHr-
boundary between two d i f f e r e n t mater ia l s (perpondicular to tlie channel) i<-
to be chosen *s a ce«h p o i r t . Furthernore we def ine another syst*»u of 

. т.. - •• г . z . + z . - v 
subintervale < z , 1 / 2 . l j + i / 2 > = 4 j " г » ~—2 / b i a ?У?1™ «* 

z i - l * zi mesh points X 4 . i / o = л - f ° r j = l t 2 , . . . , H , The des ignat ion 
д . . . s s - z . i s used . The course of the nnutron f lux 0 and of th* 
a n i s o t r o p i c terras of the source funct ion between any two neighbouring cesh 
points i я supposed to be l i n e a r . 
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•Č--i 

(2.7) 

• ц, i .•• . J.-H • 

As any of the mesh points z. for j = 1, 2, ,.., II—1 may separate two 
different materials, an effective value of the constant К 6 in the point 
z. is defined: 

(2.8) 
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We define two points в (symmetrical to • z . according to z = 0 ) , 
ZJI+J (symmetrical to z^. according to z„ ) . Now the formula (2.8) may 
be used also in the points z and г», defining K_!*?0 = K^Tf , 

irh^e - K " - g Therefore К""6 - K h " g K h ~ g - КП"*в 

For the definition of the boundary condition the neutron fluxes 0s. in 
the point z, and 0*j . in the point z.. . are needed. These must be 
defined using the boundary conditions on the boundaries г = 0 and г = H i 
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being | в ^ | f | B h - g | t h e i n v e r s e m a t r i c e s - o f \ ^ S \ , | A J ~ « | # 

the s o l u t i o n s of ( 2 . i t > ) , ( 2 . 1 9 ) may be w r i t t e n a s -

J-

12.24 J 1 Ф-и>.г*.и>г.[Ф: , ? : , - , • ! i 
k-i 

W - -t 

(2.25; 

Э Г 1 - < 
« . - • * 

f м - И 
/_ - * 
1» * •* 

r ' 3 

Iv» W 

ФП 
• V I |IV»K 

гфл*) 

2 * F .б"» к 

Дч 

(2.26) 

f y D i 6 - » 4 

^ , • 5 4 / t M t 

(2.27) 

ЗГ* • i 

З Г » - - А 1 Г » - £ AV^V 3>rMv 

t > •* 

• í • H j 4 , 
% • * 

(2.28) 

.* r>W Л Л ТУ1 i 
Гн ф ф Ф . • : Ф í Ю 

Д н Н-4 

6" .Я'-ФК. 

Д И.И-4 
D IT 

li И 
Дм,н-Н и-ни (2.29) 

Thus 

*Н+Г 1К П 1 - 1 ' H ! - l * • " ' H l - l ' 

(2.30) 

(2.31) 



; . . li -

Nov the boundary condition (1.12) may be written as 
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írnere A. 
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Therefore, to get the ccefficients In the boundary condition (2*32), the 
following nust be calculated: 
1) <2ЛГ) +о '.2.71), using (2.3), (2Л); 
2) <2.^2) to (2."7)5 for j = i the table and the limits are to be used; 
3) i'iAC) to (2.51); 
h) (2.30) to <2.r.'i); 
5) (2.Л) to (2.-J7). 
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( V b J ' ! ! > ! м i . - . - - , . - п. . ; . -* -'jj ... , 0 « + 1 / 2 in the points 2 _ 1 / 2 , 
••• -:••!! ••••'. '• •. >:•••; ''it- li'iunct-i rv 4.ondi* ions OP * he boundaries •; i '.• 

u b i t - r > : , ! ' , ) *!:e < J,,!''<) , i 2 v K l l nav i.e w r i t . t n n P P 

u , i. i ЭХ Je 

ФЬ*)-2 У К Г - i \^\b*)' 
n- i t L Э ; 

зБли .н ) X * - i s O 

< 2.!',0) 

12.01) : 

8 O . ( 2 . 0 2 ) 

(2.P,;.) 

')> f' "i t i i '- .i;o )iei'i;" uso'1 ; 

Ó*U,o>» 
Ф*4ит <t>V*> 

(2.0' . ) 

эф*и,х) 
ЭХ Jo 

<fc\<*> - Ф-</Л*> 
Д , -

(2 .8^) 

$4vo 
Ф1;1ш*ф,.;1и) 

( 2 . 8 6 ) : 

^_ф_"и.^ 
3 X j 

Ф^с^-ф^а) 
Ли,н--1 

(2.П7) 

who г д 1 о - •/1 ~ го , Д } ) I )_1 r. 7|f - z J U 1 ; s u b s t i t u t i n g t h i s into ( 2 , 8 2 ) 
and ( 2 , " ' ) не %et a f t er ьате roarrongpro^nt two systems of a lgebraic 
•>«i!nt ions 

> 

( 2 , 8 8 ) £^4<| .">-ь[ф«,<&,•- .#, , ] 

) ' A1; !ó l cm • F. [Ф* Ф' ... i* •2„H9) 
к---



А Г * . < 
- л 

А. »п •О (I \ 

Л ч . 
j)ř 

: . : 9 , , , Ф : 4 о:.!--—^ о;., а) 
к. D* '"''* 

лГ 

^ 1 J 

Ф^а>здч.5^г11с^)] 
к 1 

t 7\Ч а • 

AV'. _J^-'— 
*Л и и—( 

V r ' f 

L Т н . - i . : >М.< 3 . r t - i 1 

ft-. к * 1 

с-

\ " - А 
•*.- э а ^ v 

. 0 2 " » 

3 
_ .C^ J - 3 A -^v^ U ) 1 i 

' 2.?3) 

1 ! " " I II !'•»"! 

В I , M\ t ' f••'<' i ' i v ' r •"' '•'"' ' ' " ' " о r 

t in» < . , iu«- i f. n«- v í Í L . ; ; ; ' . ' ' , ( : .;.•"''> •'•• ; ь» -•.-»•!* t o r , n: 

h » e | k b - K 

<?!,(»>• v . i r » r . I ^ . . o , ' i i Ф' 1 
T i г J 

. " ' i ) 

ol.^>-v>/* : .:p.!.1 .<pL. T H M ' 2 J '2 .9*> 



1 1 — 

3 W - -i 
< * • • < 

•^ « "I i 2 , • ; V - i I 

* ^ , } - , ^ 3! 

i МФ<Й,Ф!/*. Ф' * л v-
1 -

•f • 
4 

A J . 

- D : 

- » k 

i h.-»n 

k. 
-ф, /гсп 

(2.96) 

V 1\ f f I «"** 

« • t i 

li и 
Д-н Ú . y " ) 

ЗГ' • -

' и 

k--t 

ЦП 

W K P j V ^ V 

.л . i , 2 

ги[р ф .. 9W ] - * ^ фУаз 
Дин--) 

.4 J» Т > Г | . Г Л 

12,90) 

W44 (2/J9) 

Thus *~l/2 = f ( * l / 2 ' * l /2 * l / 2 } ' (2.100) 

(2.101) 



. ц . 
Now the boundary condit ion ( 1 . 1 2 ) nay be uri.ttcn as 

?ф. , (»-)' N«4 J. 

^E ? • ,-£Ч-а' 
* • < > 

(2.1Ď2) 

• ^ « ( I - Í J . K - I - J J H ) MÍJ , 

(2.103) 

(2.104) 

12.105) 

(2.106) 

(2.10?) 

M > t - V K<<x-- . / * , * ' )Jx , (2.108) 

Xi-ч 

t i 

< M U * Л i ^ ' 
И'* * j 

^ i;\ к4сх^»,хи)-^ kk;f м^,,,**)] 

ť ) j * ' 

•M£. 
(2.109) 

(2.110) 

(2.111) 

( 2 . И 2 ) 
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' f -Ч(» 

Л Л~ к , U , Зм^*.- D- .kp K . C w . ^ J t ' O j L y * Ksc^.,/ltx')Jxl 

v< 

K H C ^ - Í / X , ! ) JX ' -Г- [14, - K i ] 

a 

•> - i ' i 

4-< 

Xyiiz 

4- * / * 

^c^.oj^.^lKr^-K;^^]' 
v 

, If* f i l /^'1»"1 i , . . I / ^ ' H M 

к,с»..,,,«^J^.^IC""'"-^""'']-

- ]J L A*.v*,i"i/al4* - A*-•(/», i- V J 

• — I Дл.ц/а.Н/г K ' * Ai-H'i.V ^ J I 

iy-m 

(2 .113 ) 

(2.11-'l) 

* "= " " L Ai-t/«,>-H I4"» " A i -4 / i , j -V l "С» J i (2.115) 

(2 .116) 

(2 .117 ) 

(2.118) 
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N » ^ * > - Í I » , *>y*)mJJ- A * . i e , ^ К , i (2.119) 

К»C **:,/», * j ) • - - — A i H / t ( j . К* ' * , 12.120) 

t 

K, • j c*T •«*! jy^jT J Y ' (2.121) 

7/2 

о 

T/a 

)[AUt,v4iit../Y]1/l 

7/2 

(2.122) 

71* 

Č ^ . í • " ^ я « ; - (2.123) 

^ - IT ^-^ JY (гай) 

т/г 

C'll^.v^V^l^r " (2.125) 

(2.126) 

(2.127) 

Á-Í/1.V / kl\U 

K, . \ - Í Í _ I - - W . (2.128) 

these in tegra ls aay be expressed • • 
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. ÍH/»,V j гЪ. 
L"1 Jlvlf* A*w/z,v'M Ai-V*,v| 1 (2.12?) 

( 2 . 1 3 0 ) 

K" 
*-t/t,v 4 H 
5 m J ц v * a u . *L 

Vt,v 

>H/l,V 

^ *Г |Ц1. * l 1W i » l U - ^ - i / i . v ) ECí /2 ,X*4/* ,v ) -
1ЛИ. • A>.V£,V J AÁ-t/i,v l 

- 2 ( ^ ^ i , v ) Г(Т/2 , V ^ , o ] 

K.5 ' • J k V * A'.t/t.v' E < i / * , XÁ4/»,v) 

кГ"' , K F Z ^ r c , / 2 ' X i - " ) 

- 2 С i • ^*нл, v ) E С ~* li, Xi-v^v ) ] , 

( 2 . 1 3 U 

( 2 . 1 3 2 ) 

( 2 . 1 3 3 ) 

( 2 . 1 3 4 ) 

( 2 . 1 3 5 ) 

( 2 . 1 3 6 ) 

where ^^.-АЦУ 
ul 

W . A iH / i ,V 

>V* A W » , v • > * л C X>-V» - Xv ) • 
^ for Ai.^i.v > e 

H for AÁ.4jiy < o 

A».^i,v • j 
A*H/I ,V for ui.vt,v > © 

[ " AA-VI,V f0r AÍ.J/I.V « o j 



-o fa r t i * д . ,.̂  =- 7 ,.# - 3 V was supposed to be non-equal to / е г о ; 
f 0 t A i - l / 2 , i - i / 2 '- 7 1 1/2 " Z i , l / 2 = °« * ' С - X i - l , - , i - l / 2 = 1 l ! i e 

l'ollov. ir>g : a b l e a i d ' >>» 1 >мН fornul;i«» nre nsod: 

„ Í - 1 / 2 . Í - 1 / 2 

0 

i ~ l < 2 , i - l / 2 

IT 

, . 1 - 1 / 2 , 1 - 1 / 2 
3 

J_ 
2П 

„ i - 1 / 2 , i - 1 / 2 
*** 

1 

и3 

^ - 1 / 2 , 1 - 1 / 2 
1; 

2i: 

< ~ V 2 , i - 1 / 2 
K 6 

05 

..i Л / 2 , л ~ 1 / 2 
k7 

05 

, . « - 1 / 2 , 1 - 1 / 2 

СЭ 

E< 7 / 2 , 1) = I , 

Fi T, 2 , 1} - os , 

lir.i F< 7 / 2 , Л ) д П = 0 , n = 1: 2 , 
A -* 0 

( Л-» 1 ) 

To fret the coc/ f i c i e n t s i;, the boi:u<U.rj- cond i t i on < 2 . 1 0 2 ) , the fo l lowing 
r.iurt be u.'cd: 

1) Í 2 . 129 ) to « ' J . r . ' O , u.-?r.S . 2 . 3 ) , i 2 . ' l ) ; 

2> l i j l ' i ) to i:2e12(>) j for v= i - 1 / 2 t he t o b ' e ami the U n i t s :..ust be UPCÚ; 

;;) (2 .108) to 1.2,'Л'О; 
•О (2 .105) to <-*.K.7>. 



__ г в_ 

3. N и г! » i- i с " 1 a n a l y s i s o f t h e b o u n d a r y 

c o n i i i t i o n i n t Ь е d i f f u s i o n 

я p \> i- o x i n a t i o n 

Now f: с t.í u-)ti2i'vv c o r d i t i o n i ' l .22) to ( 1 . 2 7 ) w i l l bc . d i s c u s s e d , \<rciin the 
fornulno ^ J J to '2.^.) ar;? Uí-cri. 

A ) l i r . c a r a p p r o x i m a t i o n o f t h e n *> u t r o n 

f l u x 

V. с p«:t the formu lat i 9i) immediately from the problem 1, A) , put t ing 
S S = 0 , s": = 0 , and r-"> * 6 = 0 for h < ? , Then the boundary condit ion 

(1 .22 ) nr-y be wri t ten for i = 0 , 1 , 2 , . . . ,И as 

ф д й ) - 2 ^ 
Эф^(г 

Эг 
É > D * . * S * U ) - ^ 

у* 

[эф^со 
Эг 

Й»ф^) 

>л>.ц Di.^/t • Д л ^ , ; Р л ^ / 4 

A Á , Í - H + Д-н 
i ( i = 1, 2 , . . . . H-l >. 

U . l ) 

( ; . 2 ) 

a , l d n o , e f = D l / 2 . • D»T,ef = D U . l / 2 • 

7V- ^ - V M n •ЧН-^Ч».- ' 

O . ' i ) 

О.Г») 

(3 .6 ) 

M. ЛТ Д , 

Nn .- J±_K^ ,xp - - -L_ lC<*- .V 
'».И 

A V - ř < 

* Ar.»"1 ' A ť í - » 

4v« 

<?..*•) 

п.ч) 

(З .Ю) 

• ч . П ) 



x * 

*..(**, v ) Kax^Jx1 , 
V 

- 29 -

> 

o . 12) 

o.o1 

(3 .1») 

1 

K:(xilxp.|x'i^uili,)Jť (ЗИ5) i 

X; И 

Kj (*,,*>)* -j)Vvi j l ^ u ^ J x ' . -Dj^^íxx.xt ) 

d«i.x>)--3)* i / t jťki iXi.x^Jť ••])^ /1KÍCx*.xp 

(3.16) 

(3.17) 

further tht: ťoirjulac- 4-."i2) to (.2.75) are изс-d. 

Jn tho boiiiťiarv сопп)';!)-! ( i . l ) both the tf and 0„ ore eliminated. 
о II 

InwediBiply from (2 .1 ' i ) , (2 .16 ) , (2 .2 ' i ) , ( 2 . 2 5 ) , ( 2 . 2 6 ) , ( 2 . 2 7 ) , (2 .28 ) , 
<2.20) follows 

, 2 TiY , -I 2 J , JÍ 

H*X-W/ . A H . 

2 * > 

«*<-. 3 Д-i . 

Ф 1 . . . 
^ * д - -Dim» J O . 14-1 1^ • 0.19) 

Д и , и ч 3 t',"M/i 

o\t ra j 'o latot ' l eng th ; from the cor rec t ions of t h r diffusion theory in the 
v i c i n i t y of a boundary fo l lows 



djj = <\7№Xfr l/z = 2.1312 t>f/2 , (3.20) 

4 = 0.71Й \ E
r > „ „ 1 / 2 * 2.1312 D g - x / 2 ; (3.21) 

now the ?Q = - i f f + 0 j j ) , « I = Trít*,f_j + 0,f e l) nay be wri t ten as 

^* А 4 . • M 3 U J ) ^ Y < ' (3 .2?) 

ф*. Д - " " * ! - " - ф > 4 , (з.23) 

th<! diffusion approximation give»? the following r e l a t i o n e : 

Д1о >«£ : ^ < 0 , *S<£*f , 

tJ-e 0 ^ < 0 , 0^ < 0 are negative f i c t i t i o u s f luxes ; in fact t h i s i s 

not t r u e , as the f lures are posi t ive throughout the space; i t i e only an 
incorrectness d l ie to the diffusion approximation. 
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D ) C o n s t a n t a p p r o x i m a t i o n o f t h e 

n e u t r o n f l u x 

ГЬ*- boundary c o n d i t i o n ( 2 . 1 0 2 ) шау be wr i t t en for i = 1 , 2 , . . . , П as 

3r Д <bUv-zi>U~ -bdU^Sl^V 

HI» (3-24) 

i4» A - H i x . i . H . ^ i - H • A i . * 4 | t J ) ! 
J)~«ii,«* " — — , ( i » I , 2 Я ) , (3 .25) 

Ai-Hit.i-ч • Дл..Л"*/» 

and Df f e f = D* , D f ^ = D* , (3.26) 
" i v * " 

AM * °^i • M t i (3.27) 

(3.30) 

j - j К Л ^.чи, «')JV , (3.3D 

t (3.32) 

M 

V 

4м»> . 
Xj-Hil 

'MV . 3>J.< Kj(^.,/z (x rO-DJ K,(*-.iii,*p (З.ЗЭ) 

(3.3^) 

(3 .35) 

fi.rM.er t he (L'.ll 'O to U . l ' i O ) are to be u««d, 
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Пи- f luxos f j f , / 0 t ?|f w o а г е defined as 

< & • 

2JÍ 

Д-lo 

Ф • 
1 л , . 1 Л ^ « 

Ф«-—!тФ*' "•'" 
Дч. 3 

1 * Ail 
Д ч . 

1-4/2 

* Ъ» 
Дн,и.ц 1 X* 

-I • 
Ан,ич 

J)» * « , . _ 2 _ 2 _ v , 

2 J* 

Тм-ч|1 л IV I м -

2 2 * 

Д*.и-ч 3 t h ' M Дн,и-ч 

4/2 (3.37) 

< = °-m \%,o r г-1'" Df • •-Ч.38) 

•S _ d,* = 0.7104 X*p H = 2.1312 D* 



- зз -
A p p e n d i x 1 

To get the >II>;ÍI? ion • ^„ I»'-), the i n t e g r a t i o n of the ( 1 . 1 2 ) within th* 
interval < T . , ? у i.« to be performed. To express the in t egra l inc luding 
the d e r i v a t i v e according to г ' , the fo l l owing theorem ÍF used: 

Hie symbolic d e r i v a t i v e f a d i f f e r e t i a b l e function with d i s c o n t i n u i t i e s 
of the f i r s t kind ib ^iven by the ordinary d e r i v a t i v e in the p o i n t s , where 
i t e x i s t s , inc luding the яшп of d i f f e r e n c e s mul t ip l i ed by corresponding 
d e l t a - f u n c t i o n s in a!1 points of d i s c o n t i n u i t i e s » 

Thrno 

X 

' » • • 

' K í - 4 , . , , ť ) ^ j x l 

• 1 ф - . Н 1 1 - Ф ^ / 2 ] J [ - Л г ^ ^ Ч х ' Л К ^ Д Г ^ г . Х ^ а С х ' - ^ . ^ а х ' • 

• ' Ф ^ , ' < £ « ) \ [ - ^ ' ) l ^ ) U . " * • * . * " > Í U ' - Ц) Jx' 

U . , 

•[Ф>1.,, • К ' - ] 3 i ^ K . u , . , , , * , ) . 



i 

- Ví -

A p 1 © I: ti i X -

íh«> f o l l m r i n ? j rit p;r?a!s. i. с c o r d i n g to / ^ ' h;ir) b*>cn u s e d : 

P*»ii^rn*íon: Oř. : G-obner ; De : Hand: p. : jage ; f. : f o m n i a . 

G r . ; B„ 1 ; p . I'M f. F , - l i a ' : 

( i» , :L_ , 2к-а í j , v 

r.r.; П. T ; p. ť t ; f. 1}-12 : 

Пг.; Р. 1; р„ 'О; f. 23Э-11а : 

( d_x _ J х 2 * - 1 ( <U K>S . 

и г . ; íi, 1; р. 'О; f. 23ч-9а : 

J* ц «"*** U-*-l( х * • „ |4х 
\2M)c(a^cr v* * (2к.-1)с ( а Л с Г ' 

гг.; В. 1; р. ':?; f. 2>'t-5b : 

dx . Jxl+ a 1 • С i (5 ) | J x W 

• г , ; п. 1; P . 1-4; Г. 1"-Г,а : 

( x a * a 1 ) ' ' UK.2 )» 1 (* t 4a*) M 4 " (2*-2)** J(x«* a»)*"* ' (6 ) 

; г . ; Г. I; p . 6" ; f. 2- 'J1-13B : 

7/2 

J J l - k 1 * * 1 ^ . Ect/i,*) , (7) 

'.r.s is. 1; p. Ot\ t, 2'П-Пя : 

г/г 
J4» 

j U W f ' F ( 7 / 2 ' ° ' '«> 



<-г, ; П. 1 ; г.. •'>'. ; ' . L:'I 1 - 1 2 I : 

т/г 

1 Л - | Л ы * > 1С1 К-1 

Oi. ; It. I ; p. (-7: f. 241-?-'ib : 

Gr e: B. 1; P . 67; f. 2*1-18b : 

-.11 

G i . ; n„ l ; p„ 67; f. 2' i l - lRc : 

Vl 

a* COA*X • Ь2-и*гх 2 a ( a * b ) i 

o-^! 4 )« - - 3 - ib ) r ( , , i ' K ) - 3 i r§ E U , 8 ' K )
l ••=' 

Gr.; П. 2 ; p. 10'.'.; f«, 331-^вЬ ; 

т/г 
I ±±JL J * . — i , • > o | b > o , (13) 
J a l

w
l * + b * W x 2b(cub) ' ' ' 

« 

Пг.; Р. 2; p. 102; fv 331 ;»Sc : 

7 / i 

' c e A ' * J » . ; , a > o ( b > o . (VO 



- \>> . 

!;:<• i n t o r.i< ions a c c o r d : " " fo z* and 'Ч' in c h a p t e r s 2A, 2B h a l Ь»-е; 
c a l c u l a t e d Ьу U-MSÍT I 1:P f< 1 lov. i ii'_c for.i»l,-.e : 

In tc rva* ici;*- :iCCor(!inír i o z ' ; 

' 2 . 5 2 ) 

( 2 . 5 3 ) 

(2.ГА) 
( 2 . 5 5 ) 
( 2 . - Ó ) 

12 .57 ) 

l i ) , <2) ; 

< 6 ) , ( 2 „ 5 2 ) ; 

O ) . 

í * ) , ( 5 ) . ( 2 .5 ' » ) ; 

»Л), <5); 
l * ) , ( 2 . 5 6 ) . 

I n t e g r a t i o n s a c c o r d i n g t o У/ 

( 2 . 6 5 ) 
(2.6Г.) 

( 2 , v 7 ) 
Í 2 . C Í Í ) 

(2,ť .o) 

«.г.;«» 
• . 2 .7D 
• 2 , П О 

(13 ) - oPi«-miix 3 ; 
(!•'») - a . v n d i x ' ; 

< ? ) ; 
( 1 0 ) ; 

(7); 
-8); 
П О ) , ( 1 1 ) ; 
П О ) , ( I I ) , ( 1 2 ) . 



a v i> - - - , ; • v -3 

' v! , 1 " < *-• 1Ч-.1 . 2 . " " ; i s n i i » ' 1 " » ;;: d and «n a i o ^oi i ig 

; /2 

: i j c o ^ co* T a í c t -r 
oosY 

ďY . К = ^ , 
2R 

in ro.wfi! ' i f }'<-')ni i--- •.•íaí.ír.iiř ;.rc f,n»«s: a rc tg(x) я arcc©tg(l /x) for 
x >0 , arcco^cij) = T? - a rc tg(y) ; v.o >:PÍ suppose 0 < j < T/2 ; 

V A . . > 0 ( k » 0 ) : arctg—!L— = arccotg g ? ! ^ a 4 - a rc tg C 0 S ' ; 
1 3 c o * ^ k k 

2t Д 4 . < 0 (K-<0) : a i c t e — Ь _ _ = ^ arc tg " k _ = - «rccotg C 0 8 T = 
c o s ^ " c o s ^ 

сое Т 
^ - a r c tg 

-k 
* . ^ cos •z * a r c t g 

-k 

T/2 

1) k >0 : K}J 

T/2 

СОЕ У •г • a r c tg сое * d t - i + J ; 

•I coeY arctg c o s T d ^ . sui , .etitiit .icn: arctg comT s t j 

a rc tg l/k 

J = - k ' 
t t g t (1 + tg t ft) 

1 o T - dt } per pa r t e s : « : t , v ' = f ( t g t ) - ' 
J T - k" tg"t i 

a rc tg l/k 
2 4 2 . * £ J 1 - k tg t t C | J J i - - 2 * - 2 * k tg t dt ; culist i b i t í m : 

l / k 

tg t = x ; J = -
J T ^ 2~~T 

1 • X 
2 dx ; subs t i t u t i on : k x = coe^f j 



3« -

« /2 2Ц> sin ' 
»/ 

J = - к 
к" + cos T 

.«Y - к 
sin24> 

1 ° 2 in ° 2i ft 
/ ( 1 • к") c o s Т + к" s i n Ч* 
О 

Л . 

2В 
; í п " • 1 3 . • • • : • . > " 

+ J 1 + т I * 2 ~ ~ ' ' 

nr.d K Í j = - * J = -
1 О ») 

2R 
1 -

/ , ir+ д Т 7 + A*j 
7/2 

2 ) k < 0 : K*•* со «'У 1 . COS 
- - a r c t g 

-k 

У ď Y » - £ * j ; 

7/2 

= \ cos 7 arctg ——L d у i 
J - к ' 

I.- _,ouf l y t o the cn£<; 1) wt* ^c t 

2R 
J = 

J 1 + k2 - к 2 . U R 2 + Д 2, .' - Д . 
end 

K*J - - - • J * K l " 2 + J 

2K 
l - r^=n 2-^ 

For A = 0 L ' P K i s K. = 0 „ No f o r а ц t i ' r r e c a ^ c s Д . . = 0 
l i i *J * 

tbcr- t. r i t ten a uniform fornHlp ' 2 , 6 " ) : 

2ft . 
K Í j = - sp i ( Д . . ) 

* o J 
1 -

U R 2 • д ^ + аьв(ди) 

'i>.; lo i rou:- !} we ?r-i f!,e for:v,il--> { J.''»'' > : 

;ÍJai 
J'»B2 • Д ^ Л Л й » 2 + Д и + «b^Aij) 
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r " ' ' . -u. -Vj i j :*••• . . • ! • coi <• !-".iV *c , ; , í ! , i ' 'b ' i ' )C' i'••;''•''•r" t r - ' » c . i ' i s 
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