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(Mathematical model of Trajectory Calculation) 

uuu~la~~n$m~lam#(~athemat ica l  Model) U U I U ? I ~  n i t i l n m ? : u u u ~ n i ~ i n o ~  

~ d u u u i f r y u i f & u ' L ~ # ~ ~ ~ f i i ~ m ~ ~ u ' I u n i ~ ~ i t ~ i  ~ ~ d ? : f ~ : f u a ~ : f u a i a o 4 ~ ~ ~ ~ 7 ~ ~ 4 ~ $ ~ f i l ~ ( f i # ~  

oduniud?:nit ~ l j i i~ :~ f l~n in l~u l~n i t lnmt :uud~ i&a~ l~a i~ i tnn~:~ i i1B io i0 ( i i~ t~m& 
Y 

rflunitdt:u~mi~~~~niun:riil#4iudaLfluun'~nitilnmt:uuq's~ &ldniituluuian!qnit 
Y 

~ n w i ~ : ~ u ~ ' r ~ u i ~ a n i ~ : o ~ ~ n ' o ~ ~ ~ ' n m ~ u m ~ i u m o ~ ~ i n i ~ ~ n w i  A ~ w ' u K i u u ~ i i n o ~  
2' n ~ m f i i a m ~ ~ 1 ~ i ~ ~ u ~ i : a ~ ~ i u ~ ~ a ~ i i n i t l n m i i a i ~ l d ~ o ~ ~ ~ u ~ ~ o e ' u m t i ~ 1 ~ ~ : ~ ~ a ~ ~ ~ ~ :  

\iinitilnmt:uuq's~4nsi~ld 
2' JJ d1u~un1ti1u~nruid0:~n'sni~n1ps'~~u~i~unit3mriu~u~~:oa~~1 4aynwumn 

~ ~ i a ~ ~ ~ m v i u u u m n : ~ a ~ ~ i ~ i ~ i t ~ n t o u ~ ~ ~ ~ ' s i ~ ~ ~ u d ~ r i i i ~ n ~ u l b i ~ ~ u # o ~ ~ ~ ~ i ~ ~ o r i ~ ~  
444  Z - 4  J 2' J. 34 luntotnunit3amu~~mmt:Au~~i~~~imqin~u~ni~Om~u~flut:~: L, u ~ : l # a ~ u i ~ i u  

x JJ iiwunmuumn:~a~~idQn~mviuoan~inG~7maiuiro~taunqulBii~nw~:iflu~~n~u lmu 
2' J w  2 JJu- w~nrn~ndi~~:fuauim~~16u Aw ~ ~ ~ i ~ i t n ~ i ~ ~ d ~ i 9 i n ~ f i ~ : f u a m ~ ~ ~ n n u ~ ~ ~ a i ~ i t n n ~ u n ~ ~  

(Rw) 

.tau 4 2' JJ" 4 lunu~nuao~wunmu~~maiuiton~unq~lBi (R,) q z a i ~ i t n i i ~ ~ ~ l 8 q i n n i m i  

r#ul~~tao~uunnzoo~~i~~ld l~runoui iu~1~ui~~ufn~ma~uumn:aa~~i~~nr iumon~inr~1 

3 r n b ; ? ~ n ~ ~ u ~ u ~ z 1 1 ~ u l ~ ~ i u i t ~ ~ i ~ ~ ~ u i ~ # u l n ~ t ~ ~ ~ ~ u ~ n : o ~ ~ ~ i  lmumiiTUa~nitni~ 
J J J J A W *  J m a ~ u n a ~ ~ u u m n : e o ~ l i ' i d Q n ~ m r i u a ~ n ~ i n ~ ~ k ~ u r l u n n ~ i ~ n q n n ~ m ~ i n q n n . r n a i ~ ~ ~ ~ m  

(B) u a n . ~ q ~ d i  3.1 





& ( n ) ~ w u u n ~ ~ & u ~ ~ q w o ~ u u m a ~ o o ~ ~ i  ( Y ) nmyuqq (top view) ~uih~udqlj7~iirn 

o m  ( n ) ni~hu# i4  (side view) ~ o ~ u u d ~ l j i ~ ~ m ~ u ~ o ~ r n k G ~ i r n  
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3.1 WUUDIJ~U'D~JUYY~IW~ (Model Assumptions) 

3 Ad" 4 nitAiu~mu~wunnu~~m~umfizaa.t1;'1 I C~aiuiromsoumquu~~~~rii~iim~ulW 

a i u i ~ n A i u ~ w l ~ m u l ~ n ~ ~ o d m a ~ n o ~ i i ~ 6 u  ~n:auniqmuqnh~uu~u d~qiunzr~umuam~lu 

~a 3.2.1 u s m i n d ~ u ~ ~ ~ a  3.2 ~ ~ ~ n i i ~ 2 i ~ a u n i m i n ~ i u r j f 7 ~ u d n ~ u n a ~ u u m a z ~ ~ ~ ~ i  
3 

(Terminal velocity) ~ ~ u l ~ u ~ n ~ ~ l l n i t  ~ u n i 0 ~ ~ z ~ d ? z f ~ a u ' ~ i ~ ~ n m d o u A ~ ~ u ~ n r ; i a ~ a o 4  

3.4.2 

6quamqlupld 3.3 (a) &unu x ldluuu~tzu~uoon~inni~oanno~oo%a kunu y 

J ldluuuq&nq f l  lio yu3maonno~C~im~inuu~n~nai~ un:lf lnt:uanu~m~aio~i~~u 
Y J A ~ ~ a u u ~ l u ~ n n i ~ ~ ~ n ' ~ 4 i u n ' u n i 0 ~ ~ n o u ~ 1 n o ~ ~ u m ~ : a a ~ ~ i W ~ u ~ ~ i u ~  u, (m/s) luCn y 



uinriiu~m'I~ u ~ f l u n ~ i u h n e ~ u ~ ~ l a : n a ~ ~ i  ua: ux, U, riluaddt:neuoo.r 

m ~ i u h n a ~ u ~ ~ l a : ~ e ~ ~ ~ l ~ u ~ ~ ~ n u  x ufi: y miuOjiKu ~ P ~ ' ) I U L ~ ~ ~ ~ ~ ~ W Y ~ ~ ~ : U ~ I ~ U ( I ~ R : ~ O ~  

~in'yno:uafiu (u,) q:aiuirnuafiq~~~fld 3.3 (a) 

J  a ~ u a  FD ma ~ o 4 & l u n l ~ n l t ~ u ~  (drag force) 

a 
CD RO ~ u d r : ~ n ~ ~ ~ u & ~ u n i ~ n i o ' I u ~  (drag coefficient) 

1 3 J  u w  J  2 
A, ma flUMUUlmPl3!U4fl~i~ ' L U ? ~ ~ ~ I ~ L ~ ~ ~ ? ~ ~ ~ ~ I P L A A O U Y I  

1 
p me m~~uuuiuciuaa~ae~lu~~uayn~a 

1 u FID R ? I u ~ ~ ~ ~ M ~ ~ u ~ I ~ D ~ I ~ ~ ~ ~ ~ B ~ ~ u R  

J J  ~ i i ~ u d o : ~ n $ ~ ~ i ~ ~ i i u n i u n i ~ l ~ ~ ( ~ ~ )  ~ilurii&n'~~~rfia~tu~ufimha~nirmaoun 
Y D04uflPlA:f1.DD.IU1 (Re, = DWp,ur/p, ) 

h ~ i n  Re, < 2 or,!# CD = 24/Red 

2 <Re, < 500 ! CD = 241 ~ e d " '  

Re, > 500 o d A  CD = 0.44 



J  ruoGqiruiut.rhiuniuK~ndi~ lrnoluntz~iur3uuo.r'luuu~tzKu (unu X) unruuq& 

(unu y) L ~ U  FD, , FD, D~IU~I~'U qrlbi 

q i n n g ~ u d a u q n e . r ~ u  (Newton's second law) d ~ n d i ? ~ i ~ ~ ~ ~ ~ u u d ? ~ u C u u ~ a  

unrnqiuro'.r uarauqafuruuplir 

Z F  = ma (3.7) 

J J  
unu x ; utqqn? = rw&iuniunit~nau~nluuu~unu x 

ma - - - F D ~  

unu y; u~qn; = u s ~ ~ d ~ ~ q i n u ~ f i ~ ~ m n t l ~ ~ n n  - utdauclmi 

J J  - ut~&iun~unitraauunluuu~unu y 

- - n a 
ma - D ; P , ~ - ; D : P . ~ - F , ,  

6 (3.9) 

J  J J  ~ ~ e ~ n u d i ~ t ~ & i u n ~ ~ n i t ~ ~ ~ e ~ n i l o ~ u ~ ~ ~ ~ r u e ~ l i ' ~ l u u ~ n ~ n ~ ~ n a u n ~ ~  (3.5) uaz 

J  
(3.6) nqluaunqt (3.8) uar (3.9) u o i r d u ~ q i n n ~ i u r i ~  ~o ~ m o i n i t r ~ a o u r r ~ a ~ ~ ~ ~ u i r ~ ~ u  

.I J J  w 

rqmi K ~ i i u a ~ n i t n i t m a u ~ n n e ~ ~ ( ~ ~ a z u u . r ~ ~ ~ r l b i  



fnud vi 'lo ~ ~ 1 ~ i 4 ~ ~ ~ & u n o ~ u ~ m a z o o ~ l i ' 1 d ~ n v i u a o n ~ 1 ~ ~ n ~ ~ $ ~ l  &L~IU(P;I&+~ 

~ q n n i t n m a a 4 5  u % r i l u # o y n ~ ~ ~ ~ m C ~ 1 ~ ~ u ~ ~  

=nnaunit (3.1 - 3.17) ~ 4 n d ~ ? # ~ ~ & u ~ ~ ~ i ~ 1 ~ n t ~ ~ ~ ~ ~ f n ~ o a o ~ u u ~ l a z o ~ ~ l i ' 1 d ~ n v i u  

o o m ~ n C ~ i m & u n u  r r a z r i ~ ~ ~ ~ r r ~ n ~ ~ u ~ m a z o a ~ l i ' ~ ~ ~ 1 , u u u r r n u  x (u.) uaz unu y 
-1 (U,) n?zu:r?aiei141 



a C: Y 
3.2.2 W U ~ ~ ? A ? ~ U L ? ? Y U ~ ~ ~ P ' ) I B ~ U U ~ W : : B ~ ~ U I  (Terminal velocity ; U,,) 

u u m a : o a ~ J ~ d Q n ~ m v i u o a n ~ 7 n ~ ~ ~ m ~ u n ~ ~ u ~ u j i n ~ ~ u ~ ~ & ~ u  iuo U, rdeiiq 

~ ? a 7 u d ~ : & m n ~ 1 ~ u ~ ~ ~ u n ? 7 u h n ~ d ~ d o ~ ~ ~ n ~ m ~ ~ 1 ~ a a ~ ~ 0 . 1 f ~ o ' ~ ~  hnnqiur9mm:tu 
Y 3 

47 n?7uhy~~da7~~~.1~~ma:oo4;7 (Terminal velocity; Uwr) d4nun?&flun?oi7u?mau 
4 -I a ~ ~ u r i i ? ~ a r n m ~ u a ~ a a ~ n ~ t ~ ~ ~ a u ~ ~ n o ~ ~ u r n ~ : o ~ ~ $ ~  ~1~7?o~fim~18;640l~1da 

-Id l d 0 u n o u ~ i ~ ~ ~ ~ u ~ ~ & u l n ~ ~ o ~ ~ u m a : o o ~ ~ ~ ~ i 1 u l d 0 ~ n 0 u m ~ ~ u ~ a ~ l m u l % n i m ~  d, 
$umoun~rrr;i~~~uao~fd~untui~~~mu~r&ufn~mo~uum~~ ~:udqoonriJu 3 $urnou Zqi%& 

- ~umounl?~d#aqa (Input Data) 

- $umaun7.rdt:uqaua (Process) 
Y - a'umoun7tumm4%oqm (Output data) 



3.3.1 ~uu~~un19'ldCm~w (Input Data) 

i i o q n d 6 o ~ i l a u ~ r ~ : n ' ~ 1 d f u n ~ u ~ ~ a ' 1 f l u n i t i l ~ ~ ~ ~ i ~ & u ~ ~ ' ~ ~ ~ ~ ~ ~ m n : o o . ) i 1 d ~ n  
4 viuoominC~imbi?u~1~iu6ui6~doWu 

3.3.2 ~umaun79d~u?wua~m40d9unsu (Process) 



n i ? d i ~ ~ ~ u i ~ & u ~ m ~ ? n o ~ ~ u m ~ r o o ~ $ i ~ : : i i ~ ~ d ~ i s i n n i ~ u ~ a u n ? ~ ~ d d a ~ s u -  

tquaugn 4 auni? muni? (3.12), (3.131, (3.14) uar(3.15) 4 ~ n i t F i i u ~ r u ~ r i i ~ i : o u ~  ~ Y U  

Tmula??ip.rw-qwwi &u~udd (The forth-order Runge-kutta) ~ m o t i i u u r n ~ ~ r i i ~ ~ i u n ~ ~ ~ ~ ~ ~ d  
J  

lfluni?~~u?ru ( Step size of Integration; h) 1416~ 0.001 $~airu~n~%=ii h = 0.001 7 r k  

~ a u o p i o ~ d ~ u ~ ~ ~ o d  3.4.1 

n i t i i u ~ r u a u n i ? u ~ ' n k  4 a u n i s i i ~ ~ u ~ o ~ 1 ~ ~ n r a u u ~ o i i ~ ~ n o ~ u u m a ~ o o ~ 6  uar 
t J  A A 

o i n i f i r ~ u $ o ~ a l u n i t i i ~ ~ ~  K ~ 6 ~ r i i n ~ i u ~ ~ ~ 8 u ~ n 6 ~ r u i i ~ u u m a r o ~ ~ u i n ~ ~ a o u n o ~ l u  
Y 

OI~IPI(UR) ~arri i8ud?::~nifnlthi~ni~nif iuunno~~inif i (~~)~:: i ini?i i~~nr~ud~nfi~4 
- 4 4  Xniraniqrnnrr6~~ ; ~ ~ U I U ~ I ? U K ~ U ~ I A . I B ~ P ~ A I U ~ O ~ ~ ~ ~ I ~  (3.1) uazaunir (3.4) plqupj 

W bi9u 

A ' t J  
~ u o ~ l j u n i t i i u ~ m (  ~ q a i  ; t =o) ~ z ~ i ( t i i f i ~ i u ~ k & ~ u n o ~ u u m a : : o o ~ ~ i n o ~ n ~ i n ~ ~  

i n  U~ ua:: ufl ~unit~i iu~nr ~ i ~ 6 ~ ~ i $ ~ ~ ~ d ~ ~ i ~ l ~ 1 J L 9 ~ i ~ ? ~ l [ d 1 ~ U ~ i ? ~ 1 ~ 9 ~ ~ i ~ & ~  

lpl~rne~uumazoo.r$ilud~~L~aio'm~d ua::q::iinitiiu~nrLdu~&uIdsuniiniti~u~~qz 

ra"4auytt-d f m u ~ ~ i m r i ~ i n r i i ~ m ~ n i m 8 ~ ~ n d t ~ ~ i i ~ ~ i ~ ~ i ~ ~ h ~ u d a i u d i i ~ ~ ~ M  r7u 
d l  Y 

p l ~ ~ u f i ~ u u u u ? n u  y no~uumn::oo.r$i1unnrr~u~~~ufiiuouniiriidii~um4~riiuum~~ l o  
.OOOOl &@d 3.4 U ~ ~ ~ ~ ? ~ ~ ~ ? ~ ~ U ? ~ ~ ~ ~ ~ ~ ~ U ~ D ~ ~ ~ ? U ~ ~ U ~ ~ U ~ ~ U ~ L ~ U ~ A ' ~ ~ ~ ~ U ~ ~ ~ ~ O ~ ~  

i, 





& 
3.3.3 auwaun~suamua'oyw (Output Data) 

4 "  Y 

~ u ~ 9 i r n a u n ~ n l ~ : u ~ ~ u ~ ~ a ~ 3 ~ l d t ~ n t u ~ : u m m ~ 4 ~ ~ a ~ ~ u u n  d.rdt:nou6~utioya 

rlruau~mo~uuma:aa~d~dBnd~aan~in~~lm ~runuGna~anv:uqmIau uanqtiquqm 
J J  J  u~t:uzni~n~tmnaun ua:n~~uhno~uumn:aa~li'~luuu~unu x unu y nrqnqbl 

J  J  r ~u~ i~P; i~ :u :n i~ lun~t~~n~unna~u~mn:aa~~~ luuuunu x ua:unu y u i  

f i q ~ t r u ~ u ~ a r ~ u u n ? ~ ~  n ' ~ : v i ~ ~ ~ n ? ~ u i ~ u ~ n ~ t n a ~ ~ ~ ~ ~ : a a ~ d ~ d ~ n ~ i u a a n ~ i n ~ ~ ~ ~ ~ i ~ u  
v 4 

mqu!jiu1uanq~:dri7uum ~ a n ~ ~ n ~ u ' ~ ~ 1 u i ? 0 ~ u ~ n u ~ n i ? ~ 1 u ~ ~ n ' ~ u u m ~ ~ 1 ~ ~ ~ u 6 a y n ~ w a  

m~~um:m~nIuni~ws~~mau#ay~na~~# 

X JJwe  q ~ n d n d ~ ~ u i u ~ ; l i i ? ~ i n a ~ n u n n u ~ ~ m  1 ~~m?u??n~rounguuum~ri~riim~~(~,) 

~ f l u ~ a y n d d ~ ~ ~ d i q ~ ~ d ~ u s ' y n i ? ~ ~ u ~ m u ~ d ~ d n ~ n ~ w n ~ ? < u ~ ~ ~ ~ u n i ? ~ ~ ~ u u u m ~ : a ~ ~  

$q rwn:fiq#ayn R, imwnimn"~d~ual~unn~r~iu~md~:3n'aniwn~~<u~u~~un~t~mViu 
v 

uuna:aa~riiijSio'umwn~mW~u K ~ ~ u n i s n m a a u n ~ 1 u ~ n 8 a ~ n a ~ l d ~ ~ t ~ n ~ u ~ i ~ ~ ~ u i ~ ~ ~ ~ ~ ~ r  
r . 4  

n~~uc lma:aa~ui~~u~~iu i~~f luac i i~u~n 

qqn~qCad 3.2 LA: 3.3 ~ ~ l W i i ~ m u a ~ u & ~ w u i ~ n i t ~ ~ a u n i m ~ ~ ~ ~ l n ~ t n a ~ u u ~  
" " J  " : a "  J  

a : a a q $ i & a ~ a i i ~ u ' ? ~ ~ ~ ~ - ~ ~ ~ i a ~ m u n ~  m ~ u u ~ ~ ~ l a ~ ~ n i m m f i a u ~ n ' a w 0 1 ~ 0 ~ ~ ~ i ~ n ~ i ~ 4 ~ ~ n  

I f luni t i~u~m (step size of integration; h) ~ a : n i f i ~ 1 ? ~ 1 ~ < m ~ ~ ; 7 n ~ 1 ~ h ~ u d n i ~ n ~ ~  
: A. 

u~mn:aa~~~nfi7ulni[bi9ina~n7? (3.18), (3.19) 14% (3.20) n~~und18~lnnidf:u~nu~ 

lmulfldtunou ~~flun~tnmmaun~1u~n8a~na~ld?untudnuu~n1~ud~ nd?unq?~$mur~uu 

u~dlbi~~nni~dlr:u~nunlmuIfldtun~u6~fiay~~inn1tnmna~~~lu'aiu~t0n~:vi~lbi~da~ 

qinQ6aiin'pluaiuBiqu a?%rdu n i ~ n ~ ~ ~ u n ~ i u r ~ n ~ ~ n u q i n ~ ~ u ~ m I ~ u v i ~ \ ~ u ~ n  q ~ n t m i  
" 5 4  I ~ ~ i u ~ u v i ~ n ~ m n n a ~ ~ t i ~ 1 1 u w ~  n ~ ~ ~ ~ ~ i ~ ~ ~ ~ ~ ~ ~ ~ < ~ ~ u ~ ~ u u u n d ~ b i ~ i n n i t ~ t : u ~ ~ w n ~ u  

If ldsuntun'rJ6a~nq~n~anm~~61~3~ ~~t~un:6umnimmaau~~iu~n~ia~na~ldtun~uC~ 

nd1~41~6i~fi~u~tna'au~~lbiK.1d 



3.4.1 ~ n ~ w r a o u ~ ? i u n i i ~ d ? ~ ~ ~ u n ~ s i i u ? n r  (Step sire of Integration) 

~ i n d ~ ~ n d i ? u i u ~ ~ i i a u n i ? v 6 n d 1 % i j i ~ ? [ ~ ~ 1 ~ & u 1 n ~ ? n o ~ v u m n r o ~ ~ $ i d ~ n ~ i u  

o o n u i s i n G ~ ~ n h ; r u n ~ 1 u & u r ~ u a u n 1 ~ ~ r l ~ r l o ~ m r ~ ~ ~ ~ ~ l ~ ~ ~ ~ ~ ( 1 - ~ m m i d u 6 u ~ l u n i ~ u ~ a u  
J J ' A '  Y 

n i r  & ~ $ u n i r r i ~ u u m r i i ~ ~ ~ u n ~ ~ ~ d ~ ~ n l f l u n i ~ i j ~ u ~ m  (h)  v~i~ainr~unuluUeinr~S'.~no~ 

n l ~ ~ ~ l ~ ? ~ d l ~ ~ l ~ ~ ~ ~ ~ ~ ~ l ~ f f l % d i ~ ~ ~ i d ? ~ ~ ~ ~ ~ ~ ' 1 1 ~ 4 ~ d ? ~ n ? ~ ~ 4 ~ ~ ~ l ~ d l ~ ' ~  uardqur 
4 4  t J  d o h y n n ~ ? r ~ ~ a o u n n o ~ ~ ~ m a r o o ~ u i n ~ ~ i n n i d ? ~ u ~ n u R o ~ i ~ u i n  ndiqAoKi fil h &ii 

-I 
~ ~ ~ L ? u ' ~ ~ ( R ? I u P ~ ~ ~ ~ ( I w ~ u ~ I ? ~ I u ~ N ~ ~ )  ~ ~ i i ~ i i i j i u ~ n i [ ~ ~ r ~ n ~ ~ ~ u ~ ~ u ~ i n n ~ ~ q ~ ~ i ] u  UD~ 

qA%~qailun~t~iu~~uiuuin~nurzidn~~ui~~i]u ~Biti if i i  h ~ d i ~ i n r ? ~ l d ~ n n i ~ i i u q m d  
A  J 

~ ~ r j j ~ o z n ~ n i n u i n  ~~$ufq~oqinisnmilnourwewi~;i h n~vuir i lnuunr~~u~n~o~iu~nr i  

tii~n~r~uqn'~ri~d~q?q:riluu~nd~m 
-a J qanimmaouwidi h nauirau nsriilnuniswi %diiiawnim8u~na'no~rii 

w~siijrrnodiiwmImul#tii h, h f i i ~ i s ~ i j ~ m o ~ i i u ~ ~ I m u l # P ; i  h, 

A  ruo h, 89 riinq7un4157.rdqqlun1t~1uq~daul~ 

x iio wimi?rmofdi6ry 

w ~ o u ~ l & u ~ m ~ m i ' ~ ~ ~ ~ o ( 1 ~ ~ ~ u u t i i w i m ~ ~ 1 o % i ~ ' ~  Uuri n~~ur"ono.rwumnrm 
A 4  $iluuuqunu x (U,), n?~uhno~wumaroo~d~luuu~unu y (U,), trurniqlunirm~eunnoq 

A J  wumnrooqd~luuuqunu x (N un:orurn~.rlun~rmaaunno~v~~nroo~diluuu~unu y (Y) 

J nr?~lld1~7 ~nuwumnroo~J i inu~n~~iu  ( D ~  = 100 runmu nq~urhiu~unsquum 

nroo.r~1d~nrluaanqinGq7n (vi) = 140 ~umrliu+i unr yu pdauim 45' Kquamqlum~mq 

d 3.1 - 3.4 ~ n u i i v ~ ~ ~ ~ ~ ~ r i i ? u ~ o ~ r a ~ w i m ~ r m o ~ n f i i n ~ i ~ ~ u a ~ ~ ~ u m ~ ~ i ~ d  3.5 unrfu 

r ~ w i r r i i  h drrmnDiiqn~~?o h LY~I~YU 0.004,0.002,0.001,0.0008 unr 0.0004 ?ui; 













& uam4n1?~flmu~~~~urnd1~i91nnid?::)1?~ u ~ ~ m ~ ~ ~ ~ f l d ? ~ n ? ~ n l ? ~ ~ u ? n r u i ~ ~ u ~ m ?  
t A ,  ao~utl~lrn::oo~u1nwuoon~1n~~~mbi?~~~1~Kun'~4myrnq1n~ona1~&1'?l~ Im~tiiuumI~ 

Dw = loo Zunmu vi = 70 ~urnrrju~fl urn:: YU fl  iinu~m 45', 35' urn:: 25' 
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