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2.0 VE R IFICATIO N OP N ODEL

2.1 Modeling Techniques —

A computer program , already in existence , which calculates antenna p o t t e r -n .

structure runs and level runs for  the uncomponsated and compensated waveguide antenn a

was modified and used in the analysis of Buffa lo  ~ inway 23.

Upon exanination of terrain maps , the only major terrain feature in thu far

zone of the antenn a 1:; a down siope of approximate :y •~~~0 at a range of 14 , 000 to

15, 000 f ect .  Figure s 2.1 and 2.2 show port i ons of a U .S.  geological cu :’vc.y C: :0 of

the coon around the greater B u f f a l o  lnternational Airport . This down slope , d c c c

it is such a great diutance frau the antenna , will have very little e f f ect  on tO0

gu:idance , so any terrain modeling will occur close to the antenna.

Fi~~~re 2.3 oi~o:-:r the straLe~~ utilized in modelimg non—flat terrain  rcc or

the antenna.

T h e  e f fcc t  of the non—f la t  gro ur , o i.c dc tennined  in three ctc::c. Ac. a

f ir ot  approximation , the t er raIn  l~ assumed to be an in.finite f la t  plane and irc:.C

theory is Used t o calculate the f ield at thc aircraft .

Second , the area which is occupied C-y the non—flat ground is modelcd as

a void. This is done 0; modri  l op ;  tIc  area rc-pr c cented Cy th e dotted line in 71 gore

2.3 Lv p r r ~~ir tc ’: : r c tcd  f lat plOtc 5. The e f f ec t  of th is flat area is then c u l L - n o t e d

from the in f i n i t e  f lat ., plane appc -cn. :i::ation . Thi rd , the non—flat portion I:; 1 cOlt

up i y pr .. —io tc grated pi atos and 11: Jr e f fo rt  is  added to the previous calcu] .nLio:c.

If the pro -Oct c i . r at-e ! f la t  plate: are c-mall enough , th is  method Li]. result  :!n or :

a c c u rat e  pr d ct i on  of the effect  of t e r ra in .  Appendix Al detail :— tho iriv .:- : Ii—

g~t ion of r ’:cximu .m pl ate size that  d l i  still ,!nc-ur e accurate prediction. Sinco

t he non— f Oil - t c - i ’ I ’nin occurc : orl 1g near  the antenna , it ~.- nn assumed that th e  pr o—

i r:te~~rat :1 p l ates ut . i’’ I ilumnin : t -d 1;; direct  radiation only. This is in coot 03: t to

tO - sc ::- of rnod ~ l i no  nc ’un t o ir in  at ~‘nn cC distance from t-hc antenna wh cru the pr --

int .egi’at’ ~ p lc ’tc ’s a r c -  i i  lum i~~.’~ted 
~~

‘ direcf~ and image radiation.

2— 1
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In order for the st ruc tu re  out put to be an accurate representation of

what the pilot r ” - oc lo  on tO. I ) h D I  indica~~r it is necessary to provide a scaling

which is equiv :.]cnt  to tIc: cal ibrat ion used on the actual equipment . Figure

2.4 i l lustrates the c a l c u : n l i cn  of the scaling or normalization factor.

75
N ‘~J)~e (

~
)÷.35 ’I ~

t - is th -  0:1 ‘n t  d -j c l e  ! :p :d C i l ’fe:’c- :-:ce :incI C is t h e  dot .e r tn  d carrier  ] : t c i  or’ -

‘I I : - : u  :0!’ - -.03 LO : oth  cli r o t  c :.. i:.oo-’e :‘adict 1o:~. The E ’ide b and onl y c - c : ’  1:

~djuot 0d until ~ot I ci L : t - I I  ci’ •70 ~-o : ul. t c  . That 1 o , the sid: Cc:,:] coiL y r co o:-

adjuot c- d until t O .  pilot i’e&ds + 7 microamps at Point A and —75 mic’r’ o :n]: -c- at-

Poin t El . TI ;- 1 iu:- in 1:0 c :oanu c can Ice writ ten an :

DM = N CA (+)J

El 3fl d C m o O  : t o  t~~ t - o t n i  detec ted  ~ido band and carrier signals rece ived at t I

~-c :::t of i::tc cc cC .

2 .2  Un comper isated Rot 0 en

ifl 12(7, :-et’ercl fly cn;~ r rn:~. - cone ;cad~ at 1~~f f : i o ;-. 1.1: t In .  :- .a~; 0

ant enn a ly i n g  on i ts b: ck . 6 dB and 0 dB coned o r t  ~~1 U , . . c : tt  - rn :  O : - I ~~ : 1 0.  :n’~
o~ . an aD tit.uO of 15,000 feet. 10. tog the c cc:: -u or , th~ - c n (-cdUrL cI .1 t to : :. FL

dup l i ca ted .  Ti:is was done by vory ir:~; the e f f 1  ci r -: ‘y of I !~~~
- ont c  : 1 : :  m -oc i~ I at c o t -

i t  :~ cppr’oxin.n t . -:- v a lue  of . 5 unti l  t i  cii  f fer c ’r r-  hr to - c - :: t ho c-on : :u’c d  : . :  0 caD cc:—

lated antenna  :-ot -terr i s  was m i n ir n . b o e d .  Fi gu ’o 1. 5 cr11!  1 .6 , bo;-. t } n  l’ t - : O  1t5 Ui

th i s mi r i l u i n o t -  on for 0 dB and 6 dP coning r -::p 1 v-In . ThI cone l u d c  0 the

vc:’i uic ’ ntO c i :  of ’ those antenna charac ter i s t ic :-  wh I oh a r : ’ n ’] p’-nd e nt of t In  t - e t - 1 : I  hi .
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2.  1 Trrr :i i  ri  MonO ] t ry ;

A groct . deal of :: t-ructure data was taken at Buffalo in 1967 . }!OwF v e x ,

only a : o :ail 1 :- t i c : 1  of t h - ,t lot :: Wa:. obtained using an R .T .T .  T}:eI’c’ cC t o  also
two :o:t - : 5 0  0. Ot ;:~ The arlie. :t data was taken with the antenna pha :- c’ C~ n T

67 Ic C t  o i -c w c ’  i l l - ground but no R.T .T .  data was taken ~t this antc-rina L i g ht , . Tho~
antt :5::; ;-:oc ~I a;-: -: 20 :1 t on May 2 , 1967 and R.T.T. measurements wc-r ’ made

b c g ir ;n i r :  on ]-ic :- ’ 2 ’ , 1Y’7. Table 1 sho’.’;s a list of all the P.T.T. stru cc t : . r ” : rut :

Six of t 10: 1’ ru’s: ;-:ere chooc: :  for their  legibility and because they w ’-i -~ a rer’re—

sentot - ivo cro n: ;—se ct ion of tho  conditions noted in Table 1. Data po int :: fcc:- :

run : r c u t ~-r 12 , 1.2 , “411~ 70 , 92 and ~d are pl otted in  Fig. 2.7 and an n ’;e r : : T ’  cu r - ce -

ci;’: : : t l i rou.  I: t i . - 50 point : ;  to m o I r e : . . rd. a Do n p ter .:: trend. The incluol on of

t€ ’i’ :~~in  ot’~ c- ct - . : i.n the Cs: ::‘otcr :::odcl should dup lic at e this m e a su r ed  c arr’v . RI

~~~~~ ~i:: a : - tr uc tn i ’ e  run acsun in- ’ tb :  antenna ph::cc ; center is situated 37 ~ 1~~~~ : 0 . 0  ,Ofl

infi r:Lt’: f~~~t D ane.  Since the area around Runway 23 is not a: i nfi n te ‘:ct

plc::;’ on- cOo -p lc ]  not ‘re surprised tl:o~ Figure 2.0 does not ag r e e  wi th  t b  con :  ur o  Cl

data of Figure 7 .7 .

To fur t her J:cpro ’-.’c the sir . iiar i ty  of the two curve s , more exp l i c i t r : :o dcl —

ing was I’e ouir’ c ; i . The f i rst  obviou s choices were the runway e::ft unk rner:t- nod tO

chain lint : fens ’o runr’, I : g  parallel to the runway . Figure s 2.9 and 2.10 sIr or :  the

e f fec t  of both of th -  se. 0I v1ou~ J y ,  t he long t -4 rn trend exhil ited ‘Sy t i c -  oerc .:ur~ C

data  is not prcc1:ced I v  e i ther  the fence or the c- : 1:ankmer:t - . As an additional re—

fi r :c -oo r t the t cr r n i n  in front  of the antenna was i r ;ve nt iga t - c ’ d to dotci’:’:irn- if any

lang - scale term ;:ilr. t -r t  rolo : could h-c ascertained. Figure 2.11 is a cro :- s— : ’, c t A co :

of t ic :  groun d i r . f r,oc t  of the  antenna. As one c rifi c-ce , a genc i-liP uptilt. uf ci cul -

.2 5 ° occurs .  }logu :’o 2.12 cOo’.-::: a f l y— i n wi th  the inc lusion of the  grass:! til t

sup ’’r:imp o:: -c -d on t i ’,: :: . -‘: : .nr’ n i tr~- n d .

U pon cxac ;ina t ior :  of the rr icasure d data , possible periodic into-i CC l’ c’ f lCO

can be dim’- c c- x ’r c - d .  J i g .  2.13 il lu str a toc  how the measured curve can ‘I c’i ’ .’:i d C

into 1 : :  c t - l ot : . ; tha t  appe a l ’ to  c in:] f the ~‘cr.! od of some ir:u : cli 0~ l i i : t -  r C ’ ccac’ : .

Thi: ; :infom-cation can Ice u. :cd to  calculate the locat ion of pc::sib]e d& -r ; o. t - i : :g

sources .  F igur -. - 2 . 14 exp1 aIr::: how this was done. If the direct r::O :0 : 0 1 :  an-C

the dI ’r’c g: t i : g  r::diation acid in  ph::c ;  at point A and subtract at j’oir :t- I- ,

tb - ri t i ;  too n i l o a l : ;  i::-urt ds I f  cr  2.11 phase i-y  1000 at poii~t 13.

2—9
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TABLE 1 
-

CO~f l~G R~ 1AFJ~S

12 5/26/67 1 dB

13 “

14
15 “ “ . -

32 5/ 27,’ci7

33 ii

34 ft ft

35 ft ii

39. 1(XX) Feet Cf F’ir,ce .!0x’t To Ant::

42 f t 
- 

ft

44 “ .

45 ii ft

46 ft

62 6/2/6? “ Additional 1.53 Feet Of F~ ’:e Lc:-:--:-o. ( :- : ..n
- - To 50 Feet Ee r .occ~ o-,.a)

66 “ “ 150 Feet Of F-sn ce ‘et DOck U p
ft ft -

70 Rem ove Guy ‘.‘.‘ires Fron Toi. .~r

71 ft

75 6/3/ 67 
- it

77 ft ft

7~~~~
1 ‘ fT ft

it Vt

fI ft

90 ft ft

92 /  6/4/67 ‘~ 6 Short Screens ~n~:n te~. 12 Feet A~~;rt On
1000 Foot Lt - nt Pta~:on

it

5:.
C ’  ft “ Secondary Jirace ’s JPnovc d Frcrm 0. 0. To’~. ’r

202 “ 5 dB Removed 2or’~~ns

1’T~ 
ft

6/5/67 4 dB
107 6/5/67 4 dB

2 6/21/67 Screens Installed Behin d Antenn a

4 ii It

6 6/22/67 . -

9 “ 
. 

‘ Screens Behind Antenna R~irnove d
2—10
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—- — —- --. .

I I I C  ang le  & C C I I I  i c ’  d e t e r m i n e d  and a cone in space as generatea. the intcr : eCt n-in

of’ this cone ‘.- ; i t h  the  ground will g iv  the locati: r i of possible dero gat in - i  :
i :j g ur .I s  2.15, 2. iC , 2.17 and 2.18 cOo:-: areas of possible dero1’at.sn g source :. : ccc i’—

:i mgc : -d on a m’s of Pun;- ;ay 23. All of the :;e areas include the :;~~ -~ York , I tat c-

‘1 0’’ c .oc ie l in r  of ’  the  t- ’rru :- :ay ic- i l lustrated in Figure 2.19 and it;:

e r fe c t  a:: ha ~‘ i , ’ - . 0: :- i :n , . r ;  in Fig. :1. 20 superimposed on the c c : . ur ” - -:  Ca t  a .

‘i L - - i ’ ;- .1 . ;  ~~~ ry cac .i : g c -  - - : .  - nt :0 it O c ’S  felt, that i-I: , - v’ -~’. ificat .io :: of t i  - C~-

C C I I C I 1 a - f -  m odel ‘.. :;. - c’: t- ’;bi I sO C.

2.4 (Io:::ij ’c ;::pated Pattern t-0tci:ing

TO-: ’ on!’; ;oJe l  ver i f i c a t ion  detail that rcrc air .ed on’ I C  tIil - -I ad —:.: tO-

~‘a lic li t ,: 01’ C 0 I : ; J . ’~ 5n-~t d oi :t- ; :150 pat i c’i ’ris. ~lnc;: tb ;  ant ’. nna ~t - Pu fl ’nD o 0: C

c o n - - - - : ::: t . ir:g r n .  1 ‘ :i S C ’ .: , a ll  iccacurec l  c’o:::pcnectcd i a - I  t-~-rn: : ocr- ca;]’: ct  I.

Vie :- t in :hcu :c ’  a:.t ’ :~e:: :‘alp ; . F~ gur ’~ :. 2.2 1 and 2 . ~~~.? . how c’ocp:IricoI:: 01 I Ia - . . a - c - -  C

and cc) .  . -u ~. cit.~ o 6 g~ ~r .d 9 dID coa.p ccn :;at -cd pat tern. . The cc calculated c- - f-n- 1 1 : 5

were uson :1:: t o-  prod - : : -t : cci r ;  02 ’ an tenna .  p; r 1 orrnan c ;-

2. 19
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3 .0 PREDICT JOI: 01’ ILS FFn -C-’0]-~1A1/CF ,

3.1 LO C ’~I Tenim Dero gat ion

The antenna j ’er fo rmance  s uf ’f t l r s  because of unwanted reflections. F’. i’lec—

t i or i c due to ~ i d a  !0] -I r adia t ion  100 t i ’  reduced by compensation. However , c - inc - c
COOpan: :cI t - i C’:: t - : I r -n -Iy  a ff e cts the main  lobe , reflections due to tin — main lobe are re—

duceci i” , c’c::ir:g t i ,  - antenna . A bad fea ture  of coning is the inherent  “f lare ” a:’

fl y-’dow’x: r i gnal c-c -cc threshold.  This can be somewhat alleviated by moving tb-

antenn a i’urt  h-c r b -ark from threshold  and side tilt ing the antenna . Taking all of

thi s  i~~t a c’on:: i ci -: ’:,i-lon , the antenn a should be as f a r  fran thresho ld as p0cc-it le ar ,d

conc -d a: :.:sch as i-c . r ib le .  As an indication of the inprovere:: t  due to co :g-~ o, c~~ o: .,

F : .  3.1 co: ::pareo the  conpcn: :atc d and uncompensated fl y—inc wi  th the ar,tercc-.a c c

I :-a. I fO CI :: of 15 feet  ‘backeet , 650 feet of fse t  and 37 feet  h e i gh t . .  Th~ c-c is
consider - i le improl . -:::erit hut even f u r t h e r  Inp i ’ovomnent  (‘an be realised by increa: ad

coning c ’s] a 1-ac-y r t -ackset.  In searchi ng for the optimum condftion , it i-ca .: c d t

t h a t -  an i n f i ni t e  t i l t e d  plane approximation would suppl y suffic ie~:t in foc - , iOt lOS  fca-’

a Si t - I ’  decision to be n:ade. Once the antenna site was established , modeling of

sa-ecifi c t ’:’rrair : :0-ct-a-c-os could be ~ ad~ to predict the expected f lyability .  Thc~
c i c ’c i : i o n  :-:a.c- r ’:c;l - i . ;n - u c e  of t i i ’ : large amount. of computer time needed for co: :-nl .:-te

c-ode li : :y ~~~~~ c;t ~C) : conds) shor ’ea an inf i n i t e  tilted plane approximation ta ize c-
V C  t’~~ 1~ t t i~ cc:. pa- i l-: ’ t ime (at.c ’ut ~ second:). Figs. 3 .2 to 3.12 illustrate f l y — i n :

for  v a r i o u S con d: it ic lnc - .  The position, height , sidetilt and coning were the ‘~‘:.rIat i’.

pcrcc. I - t c r; : , Table 2 lists t h e  condition of each of the fly—ins. The opt inan-.

st cr nCa j~~-rfcs”::-ascc- :.a:  o h t a i n c d  i -y locating thai antenna 800 feet Lackset , 1’5a- C;.; t.

n f fO et SUJ a he iE ht  of ’ 20.1 fo:  t (TCH of 55 fee t ) .  Figi,ire 3.12 is a fl y—in  :-cl t O

all s ii ’n ifi l -:I st  t I  1 m m  featu :-~-s modeled. Category II limits are met ‘L I V  the- .i o r , i-’

te nn t r~-n d .

3— 1
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3. 2 f i lOl t, Term 1.1€’ I ’ l l , ’ :,t Is ’.:

‘1 ’ 4i ~ 
I( i 5 ’s~ c’~’ f,’i t t e n ’ .’. I I  S’S ‘ Ci t  icei is caused by spurious reflection of

‘Ssr’~ ZOfl no-I :1 t s : a - .  !fl5’ - I t t )  i’adi :1t I OS) is In o li n lobe radi ati.on and is only

i’educ scl 1, - S C C C S a - O ’, . - h~ ’ I J C . C  C I T ’ . An :tvl-r’ ai c of t h e  max~~~uns fas t  te~~ derogation

for the S C I I S C - , ( ( 1!’ o - I  d 1 t  : ‘ - a-. i’CI U = C ~ to fl- 17 mC~croaC’sps. This was for 4 dB of
COICIJ . .. Tls t-:’:~- - ct’. d I I  C 1 U C t I O ’ . .  of the fast  t er m  derogation by coning can be

el- t o  1’ . . I - d  f t s - ’  a c o m p zfr l - i s on of  t t . - ur~co ’. :1p c ’rIc ated 4 dB antenn a pat tern and the cc’.: —

5 dl: ; 013 t C O C C I  t .l t . t e rn .  F ’i 1~ure  3 .33 shows both ontc-nn a pat terns and tI1c-

I 0 C C i l o’.’. C C ’ i -h I  hor s- - C .  i .T 1U,fl ’c C C t - .i s - I l .  111115: antenn a pat terns  indicate an C dB

on S I :  i . :~i ’l son i iu - - . :ino t c a -  This will  reduce th max imum average fast1

t & ’ r ’ C C .  iso’s ‘- 1, H-:1 ta-s (- • ‘T s-a-i Si’Cc 35I’~.-S. This fast  tc-rm derogation should not be-

] ‘ . iC ’ ,O  - E ‘. .OU iI I ut t- L. - C . t - L , ~~ 1 C C  c- C I t  of Cate ’goi ’~1’ II i2~~1t C C .

A tr .~’. C O O  Ia-. Iis ’ to P C C ’ I ’ Ci iO on Ju l ’  . 14~~ 1974 to anve CC t I i grC t S .- the ant e : ’. .’~
I t~t . l ’. l  I l l _ S dt - t C , i  1. A a-sail (1 Or ’ 7 foo t LII 1’h knoll t h C 1t  VCOO not indicat ed On

t h ~‘~‘i I I ’ , ’ . - I ’ 1 0 0  C f l  1001.3 ua . . sit u C I t ( - a  in f ron t of t he oh -t I inuo a ’ .) tF IS i”s  i sos I t  1 on.

U t t e r ’  ‘. 55 -S I :  1-0 - I C - l i lt  I s S O  oi ’t c1 t na-TI ne C Ir i v the- si~~c Un cks -t i - or e  fc it to 1.-.

l’s , ’I15 ’0! 3I is al te rna t ives  cm os t he 15 ho d  rc-lC ,t \’s v uni fol’sI  ground in front of

thIs::, . 1 1 1 -  t ( 1 1 : 5 5  1-051; su:’vcycd C O l d  t h i s  information ‘s-;as Us c -C C to determine  a

f i n  cOt = - ‘ Ci Si t e  • I- IC fl_ lI’C ~ • 14 15- I -SO’S the irs.’e ’. -to 1~~ts, ( 1 5 - 0 1 5 1  tions C1nd }‘i ~urc -s

3. 15 to 3. 30 cia -- t Is i s; f i r i l t e  t i l t - -  = plane f I ;- -- IIns for c’c’.-h of the  po o i tl o n s-
~.

F’:i a-ur’c 3J 3 so t he I S I C ’ I : . t ’ t i l t s-i  J~ _ .5I 5 - -  ~‘l’; - - 1.5 for  t he’ 1511 t .a-, 5CC, . t  • Fi4 ’a-rr - 3 . 2 1

Ci ’.- a f l y — i n  for  the 0’. t-iI ClUJ fl arct . ’:s ’.- a a - it~ wi th  all ter~’ :1ir1 ‘.:; odeT, o- d .  It s i~Jt s  so:

is I - hOC -SI 15: CL t C , i l  on u s  C i t  i n  l . a - I I ’s 3 . 3 14 .  A L  t-lH s i-so ition , j } - i -  r1nts na--s , }:ciuld

SC ;e st L’~ t c- I S ’ ; , : I I  I O u  1.:-- C - (

3 . 3 Fouc r] i ne s-
The only 1- Sl . I , c h l  lug 1°’ - .~ 1. 1 T (’OLl( source:  arc th . - 

~ DI.CI’ il’.:cs in t i .

V I I ’  I r s  t- 1.’ oS hi ’. ‘- -=oy 31 • These are located n- or the n:~i dii c s~arecr  and at t I l e
Co -S - I l -n of L C i J I 1  ~-t-i’i i t 011 ( 1 Ty ’OI - ,:.I t  J - ’o~ d. F’.i pn l - C 3.~~~~2 : i a - a - s  the r e d  ion of tL--

po~~ ‘.~l -I IS 15 tO t h e  n ;  1
1

- 1 ’ 5-I ; I c h  path of the  aires: f t

The caisul ‘st on of the- r e f l e c t e d  S I  - I I  ‘.1tion fi’o’.:~ a power ] inc is desci’JI ‘ -ci

in ‘ . 5 J 1 1 I I t ) c i ) >  / , ‘. 2 , O. TI l . . ( ‘qu at l i l l n  for reflected radiation derived III n 1~p ci : dux A .2 0
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A computer program using this equation was written to calculate

the effect of a powerline on flyability. In order to best illustrate the

effec t  of the powerline , the reflected radiation was expressed in microamps of

DDM derogation at various distances from the power line . Figures 3.23 , 3.24

and 3. 25 are computer printouts showing the derogation due to a powerline

illu’riinated l-y both the 4 dB coned antenna and the 9 dB coned antenna. Each

of t h e s e  printout s are for  a different powerline radius. The data indicates

t hat h ’von d  10 feet fro:n the powerlincs, the effect is neg1i.~ib~e. Figure 2.62

sho -a- - that t h e  a~~rc’ra:’t ’ s closest approac h to the powerliness is aboa-t 172 feet .

At th is  r - 1a-~e tho e f f ec t  of one powerline would be practically non—existent .

F I v sa - i  ia-’ a l o r s  rSw C c-eI’ of i o;-,’cr l ines were present and they all added in phase at

th-s aio’ 5C ra ’t (h ’N h i~.’ un1~Hce1y ) their effect would still be extremely saafl.

3—26
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A. p~~ , : LE 2!ODEI TPG

In O h ~~cr  to accura te ] ’,’ model the po;-:er’liracs , the mathematical model must

he as c lose  as- poe: ; :LIe t o  t h e  s i tuat ion oc c u r r in g  in nature . However , to reduce

t h  cc:-;nr]ex t s  a’ t l : -e  c-r atIo -rn it is necessary to make a few s i m m i i t ’ 9’ir .3 cssus-et i or , e .

Tb ~
(o-  :‘ ‘ -. r c  c:o Fe - ho:, ’ht of as an infinit .i ly 10n3, per fect ]~.’ con dac t !n~ c~’lanid-s r

r: - I S  in Fr-. c i : - a - ’ - - In t h i s -  par t icular  pro bl em , the iri~ id-:~ t r c i s u i a t l o : ,  sari Fe

2 t o I I :  3 F 3 ,: 0 5 1 5  since the  d i st a n c e  from the  antenna to ci t -her  set , of

5 1 2 1 , 4 - s is ,~~ :- ,- , - 1: :- , ’: comra ~’ed to tb.  r a d I i  of t ’, p 1cal po:-:erl i n ’ s .  The power’ —

I 1s-,CS 1 2 , 5 ris’ - 2 2 - 0 1 - . - a-- iso. cu la r ’  to t i e  dl sec t i on  of pro :-- .’:t  :or, a:-,3 ar~ p ar a l l e l

i s -  t : .  1-1 : i c - l i 51: - I c :b - - - ,-:--v - ‘ol d - : ante-nra I ’ 3 I L I : O t c - ,: k Or i s -Or : t o l l ’,- 3-- a-~~-a r : c : I  : 55 :- s .

1 :3 :  i s  i i j , .  5. isa t - - 2  3: l -1’ in ’~ A. - .l.

i s , - ‘sos e- : :r- a:’ t b-is - : :‘oi Ic::; 1 u10 5 at s usis.’ c y lin d r i c a l  c o o r c l 1 r . a t ~- s - .  ~~~~~~~~~~~~

~ 7 C ÷ i~ E is -  t i  :-:aVc eo:;ot:; -co: in f r ee -  s-pa: -a ( I’ = )Tf/ ?~ ).

13 ~~~
- I : l  so lu i c’:: to n F l :  c- -: u a t l s - : .  l r .  i’~~~ia . l2’ ical  co o r -d a n a t e c  3 :-:

~~~~~ ~ 
-

E (r,9) = ~~~~ 2~ (k~) e whore Zn; are Bess-el f u : ,c t i cr i s  or coal

1 3 0 1 5  U ’ ;sel .F s : n ’2 - l o o s .
I I I  o rd e r -  t o  oiv€- t ba : o o n d a r~-’ \ r i l Lle problem , it w i l l  ‘

: 11, n ( - c c - s c s - I - y  t o

a: - - c c : . ’ 2 1 . - 3 :a-Jde:: t  ‘-,:: a t ia  form of l e c s e l  f a a - - I  - - ;- :.s. A in n s-
t I ’ : i i € 3 : I .  - 3 :  ~I : -:~~ -- . 1 1 : 1  : - I s c a 0 Ir ~ is S t 3 0 €  c a n  t o  r a - : r - - - r:t - .1 1

I Ion - - :‘ 1’ 1. : 0 i rs p~- ; - o3lc  ~~ & and can be c- xp :~n d o . :  is: a

F’oi,ri - :‘ - e rie-a ;:: .- , - co ;‘ICIISi L S o:’ u : ‘ .z i s - as  of 1 a] 00€ - .

- P (~~e) ~~2T -(j~~) e

ii
= L— j JO

?- 1T J~

A -J~
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In t h I s  p’st inn , -

r ç
2?T .4. (k~ CO S O )  ~~~~~~~i~ (’-) =~~~_ I e e

~~7T ,’0

‘:‘hic. 1 :2 .  ‘I’51 5( 5 : 1 : -:. e - I - a i a . t e d  In order t-o get f (r e) 
is I t s -  - I - t 1  tha t  has a fan . :  s- c ry s-i ; : i lar  to the ab ove i:-,t e 1 -r a -

Ills - ;2- : t~1 .  is c :  ~oI- - ‘sal r~~~-:’ ,a ’::ts;t ic ’-: ; a:’ thu Be:-sel function of tb. first
ki~a5 .

CO~~~ P A .~ nO
J (p) = -~

-j  e d o

h- -n - .- ~n .- an  1 :1 - I  ~3- 2’

f,., (r) C:;: : : o w  P n-.r’ i tl -: :  as :
~~ sr~~~ 7

- -
~ 

( ,.. .k rC O S O ‘~~~.4 M ~~~
e

- ~~ . f c ~~~~~ ~ k ’- Los (-4’ ) 
~~~~~~~~~~~~~~~~~~~

THU’ £~ = 

~ ~
[ 

~~~~~~ 
e (-

~~~)~

- i l - p : ; 1  :: t s -  —~~~)7~ is t b . -  ~~~~~~~ Of f l :  l r t -~-grul  fi ’cm 0 t o  ;ri
c’o,. ( — 2 )  cas

-~~~~~ 
) IT .,~~Jc~~

. cos 4~ +
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f r ) E0~~~~~~~~~~~
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T h i :  as a p 1300 wave expres sed as ari in f in i t e  ::uni of B a n s - c ]  f u o r t  I o r ,  of
the fir :t kiod .

‘I ia radial  -co. :: I L- - -0-s -I ’ ]  1:: - ;-r ’a:- 1- :-: can 1 c div ided ota i i i  I C l -n t  ;-:. ‘- i s i s

r.nd r-cfI~ ct 5 1  i’: t l s - h : .

Lin - : cIl-:. t is ..d ~ -
‘

LX ~~~~~~~~~~~~~~~~~~~~

I I  : lc ::t ed r : c i i a t i o n :

= 
~~~ 

H~~~ ~~(* ~
) a~

~
l)

o-l €-:a /—) is a Ua’,la - l I’unc t  i c-:: a:, -] t i s  a const a n t  I - - i - c  3’ co- i : - -  d.

The 1 ouas-: r -v o n -n d i t  iOOS co’
El ta : . ’-:n l- :.l 0
B rior::~o3 = 0

T ie F f i r  3d in s ] . I -  a a ;a  -- 1 cco :c iuc t c - : -  is ~:. :- u, so at r

-

~~~~ 
~) = -

~~~ 
£~ °

(•)
= ~ (u.) e ~~~ /-)m (h i?, ) a,~ ~ = 0

I n ;  0 1-dee to t : ; l u - r t ’ - a~~~, f - ( I - , O )  ] : :  : : : i1 t 1 1 143  i v  L a O ~ a t - - . - 2 1 - i  C ’I ’ u r  e
f i ’o :  0 to 2
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