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1 .0  IN T R O D U C T IO N

1.1 GENERAL D ISCUSSION

T hv  I p r o h i h i  l i l y  d i s t r i b u t i o n  c a n  o f t e n  bm u s e d  l o  a p p r o x ­

i m a t e  ( l i e  p r o b a b i l i t y  d i s t r i b u t i o n s  o f  r s n d o *  v a r i a b l e s  T h i s  

f c  1 1.A.S t r o m  t h e  C e n t  r. i  1 l . imi  f. Tl i co i  r m , w h i c h  s t a t e s  t h a t ,  u n d e r  

r a t h * r  g e n e r a l  c o n d i t i o n s ,  s u ms  a n d  m e a n s  o f  s a m p l e s  o f  r an d o m  

m e a s u r e m e n t s  d r a w n  f r o m  a p o p u l a t i o n  t e n d  t o  p o s s e s s ,  a p p r o x i ­

m a t e l y ,  a b e l l - s h a p e d  d i s t r i b u t i o n  i n  r e p e a t e d  s a m p l i n g .  T h e  a p ­

p r o x  :m i t  i o n  w i l l  b e c o me  me,r e  a c c u r a t e  a s  t h i s  r e p e t i t i o n  b e c o e i e a  

l a r g e

T h e  r a n d o m  e r r o r s  a s s o c i a t e d  w i t h  t h a o d o l i t e  o b s e r v a t i o n #  h a v e ,  

t r a d i t i o n a l l y ,  b e e n  r e g a r d e d  s h a v i n g  a s t a n d a r d  n o r m a l  d i s ­

t r i b u t i o n  C e r t a i n  s t a t i s t i c a l  t e s t s  u s e d  t h e  a n a l y s i s  a n d  

a d j u s t m e n t  o f  s u r v e y  d a t a  h a v e  b e e n  b a s e d  u p o n  t h i s  a s s u m p t i o n .

T h e r e  a r e  s o e w o l d  s t u d i e s  w h i c h  d o u b t  t h e  v a l i d i t y  o f  t h e  N o r m a l  

d i s t  r i b u _ i o n  t o  b e  t h e  b e s t  f i t t i n g  c u r v e  ' f  t h e  o b s e r v a t i o n s  

H F \ a m s f o r d  ( 1 9 6 8 1  s a y s  t h a t

"MR. Mu 1mm s t a t e s : 'Ve io find that s e r i e s  of ohservat ions 
w h i c h  havm bmmn made under identical conditions. Si far as 
t h e  o b s e r v e r  f s  a w a r e ,  d o  n o t  i n  g e n e r a i  y i e i d  r e s i d u a l s  

/ o / / o w i n g  a  C a u s s ; a n  c u r v e ,  / n s f e a d  t / i e y  g i v e  a n  e a c e s s  o /  

s m a / /  a n d  / a r g e  e r r o r s  Wf t A a  d e f i c i e n c y  o f  i n t e r m e d i a t e  

o n e s  ' . "

A l s o ,  i n i t i a l  s t u d i e s  i n  t h e  D e p a r t m e n t  o f  S u r v e y i n g ,  U n i v e r s i t y  

of t h e  W i t w a t e r s r a n d , J o h a n n e s b u r g  ( p e r s o n a l  c o m m u n i c a t i o n .  K . 5 . 

M i l f o r d )  h a v e  i n d i c a t e d  t h a t  o b s e r v a t i o n s  may n o t  f o l l o w  a  c o n -  

v e n t i o n a 1 Normal distribution, but may b e  non-Normal in nature.
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T h e  d i s s , "  l i o n  w i l l ,  i h r ; n f u i r .  h e  .*l l i e ' r i m i n i n x  I h e

f  " h e  r r s u l u . i l s  . i s s o c i . i i e d  k i l h  o b s e r v e c i  d i -  

' - e c t  : ( ' n* , \ i '  U i ' i e r i m  < l i ' . t f i b u i i o n s  l o r  g e n e r a l  u s e .  i n  a d  -

. l i i i - n  i n  i h- :  S t u  . ii d i \ t : . h i i t i n n ,  t h e  T i ' i n c . i i e d  n n r m a l  a n d  t h a  

I : n e r s r  u . i u s s i a n  d s  i . i h u ; ; , n s  .  = M lie r e s t e d  l o r  u s e  a s  t h #  

s ( b i s  ' * mni l r  1 f o r  rbw e i t ' t r s

1.2  FU R TH E R  D ISC USSION

T h e  d i s s e r t a t i o n  h a s  b e e n  u n d e r t a k e n  t o  t e s t  t h e  v a l i d i t y  o f  t h e

f o l l o w  n g  a s s u m p t i o n  made  i n  u i u s i m e n t  t h e o r y .

I n  t h e  a d j u s t m e n t  o f  e n g i n e e r i n g  s u r v e y s ,  t h e  m o s t  common m o d a l  

u s a d  i s  t h e  p a r a m e t r i c  a d j u s t m e n t  T h i s  m o d a l  h a s  t h e  f o r m  o f

U « A *  + f  ( 1 . 1 )

*  v e c t o r  o f  u n k n c w n  p a r a s i e t a r s

A m a t r i x  o f  c o e f f i c i e n t s  o r  d e s i g n  m a t r i x

f  v e c t o r  o f  c o n s t a n t  t e r m s  d e r i v e d  f r o m  t h e  o b s e r v a t i o n s  

U . v e c t o r  o f  r e s i d u a l s

Many a u t h o r s  a s s u m e  t h a t  t h e  o b s e r v a t i o n s  a r e  n o r m a l l y  i i s t r i b -

uted (Ratnaford, 1968, pp 9-7), (Pope, 1976, p. 9), tMikhai 1, 
19 7 6 ,  p . 6 1 )  a n d  f C r o s s , 19 8 4 ,  p p  9 2 * 9 9 )  I n  g e n e r a l , t h e  d  i s  - 

t  r  i # B t  i o n  o f  t h m n d o l i t e  o h s e r v a t  i o n s  i s  a c c e p t e d  a s  N o r m a l ,  d e -

n o t e d  b y  N ( y , ^ , w h e r e  y i s  t h e  m e a n  o f  o b s e r v a t i o n s  a n d  o 1 t h e

var i a n c e .

F o l l o w i n g  f r o m  t h i s  m o d e l ,  t h e  d i s t r i b u t i o n  o f  t h e  e s t i m a t e d  p a -  

r a m e t e r s  i s  t h e n  m u l t i v a : i a t e  n o r m a l ; N ( X , £  ) .  T h e  e s t i m a t e  o f

X i s  g i v e n  by  $  A WA t 3 A Wf  w h e r e  , ' W A 1 1 i s  t h e  d i s p e r s i o n  

m a t r i x  o f  t h e  p a r a m e t e r s  T h i s  d i s p e r s i o n  m a t r i x ,  t h e  e s t i m a t e
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o f  Z , W i l l  o n l y  h e  i f  t h e  i n i t i a l  . t s s u m p t n m s  c o n c e r n i n g

t h e  o b s m a t i o n a  i t e  v a l i d  T i n s  f o l l o w s  d i t e t . i l y ,  s i n c e

F . t i C - x i t O - m ' !  -  l A W A i " '  A ' W * " '  W A i A W A i " '

i- ( A W A ) " '

w h e r e  W * i s  t h e  \ a t  i . im -  - i  ' - v a r  i a m  <- m i l  r i *  o f  t h e  o b s e r v a t  i o n s  ,

a n d  h e n c e  f *-V . T , W * i .

A l ' . o ,  t o r  t h e  e s t i m a t i o n  0 1  w e i g h t s  i n  t h e  a d j u s t m e n t  p r o c e s s ,  

i t  i s  u s i a l l y  a s s u m e d  t h a t  t h e  o b s e r v a t i o n s  a r e  n o r ma  1 l y  d i s ­

t r i b u t e d .  a n d  h e n c e  w *1 o *  I f  t h e  o b s e r v a t i o n s  a r e  i n d e p e n d ­

e n t  t h e n  w * 0  T h e  m e t h o d s  d e v e l o p e d  b y  K u b l k  ( 1 9 7 0 ) ,  S c h a f f r i n  

i 1 9 8 1 )  a n d  S j o b e r g  i 1 9 8 1 ,  e m p l o y  max i mum l i k e l i h o o d  e s t i m a t i o n  

f o r  W w i t h  t h e  a s s u m p t i o n  t h a t  t h e  u n d e r l y i n g  d i s t r i b u t i o n  im 

S o r m a  1

T h e s e  m e t h o d s  w o u l d  m t  b e  t o t a l l y  v a l i d  i f  t h e  d i s t r i b u t i o n  i s  

n o t  S o r m a l

On t h e  o t h e r  h a n d , t h i s  d i s s e r t a t i o n  w i l l  t e s t  s e l e c t e d  d i s t r i b ­

u t i o n s  ( w h i c h  a r e  r e f e r r e d  i n t o  s e c t i o n  1 . 0 )  t o  d e t e r m i n e  w h i c h  

o f  t h e m  b e s t  f i t s  t h e  r e s i d u a l s  a n d  c o n s e q u e n t l y  t o  ma k e  c o n c l u ­

s i o n s  a n d  r e c n m m e n d a t i o n s  f o r  t h e  m o d e l l i n g  o f  t h e  d i s t r i b u t i o n  

o f  t h e  o b s e r v a t i o n s .

I t  i s  p o s s i b l e  t o  s h o w t h a t ,  f o r  a n  a d j u s t m e n t  m o d e l  i n  w h i c h

p a r ^ c u l a r  e r r o r s  a r e  a s c r i b e d  t o  t h e  o h - " r v a t  i o n s , t h e  e x p e c t e d

d i s t r i b u t i o n  of t h e  r e s i d u a l s  o f  a d j u s t m e n t  i s  i d e n t i c a l  to the
d s t r i h u t i o n  o f  t h e  e r r o r s  o f  t h e  o b s e r v a t i o n s

T h e  m o d e l  f o r  t h e  p a r a m e t r i c  a d j u s t m e n t  i s  a  g e n e r a l  l i n e a r  mo d e  1

( G r a y b i l  1 . 1 9 7 6 ) :
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I ' o b s r r v . i l  i ons  

A d e s i g n  n m r  t x

N \  f  c t o r  o (  ufik!i(*%,ns p i r . i mnt  r r s

#  : t  r u #  m o r s

w i t h

K . I ' - A x u  . 3)

(i i \  en Lh# Ll i#l r  i b u t  i on o f  t  h* o b s e r s  a i  i o ns  Am l - \ ( W , E ) , t h #  d l m-

t r i h u t  i on  o f  t h #  i r u #  r  r r o r a  im s i m p l y  e - S ( O . I ) .  Th 1 m c a n  b#

# a s i l y  showed

Var I '  *

-- E [ 61 - A x ) ' ( 1 - Ax  ) ]

* Vmr # )  ( 1 . 6 )

1 . 3  A S S U M P T I O N S

Th# f o l l o w i n g  a s s u m p t i o n s  h a v *  h # # n  ma d #  a n d  c o n s t r a i n t s  a p p l i e d  

i n  c a r r y i n g  o u t  t h #  r # s m a r c h

1 Tl i# d . i t a  a r #  d # r  i v # d  I r o *  o n #  t y p #  o f  s u r v e y  p r o j e c t ,  namely  

" t h #  m o n i t o r i n g  o f  o p e n  p i t  m i n e s "  a n d  h a v #  b e e n  a c q u i r e d  by 

o n e  o b s e r v e r
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Th e  ( .on n n l m n a l l y  u s e d  r e d m . t i o n  i M n m i u r e  w i l l  h e  a p p l i e d  

l o  i o b s e r v a t i o n s ,  i n  o r d e r  t o  l e s i  t h e  m e t h o d  c u r r e n t l y  

u s u d .  Th e  r e s i d u a l s  f r o m  t h i s  . o d m i i o n  p r o c e d u r e  w i l l  b e  

l u n y s e d ,  i n  r i d e r  l o  d e t e r m i n e  l l i e i r  d i s t r i b u t i o n ,  a n d  h e n c e  

t h e  v a l i d i t y  o f  d s s u u . i n *  i l i . i t  t h *  e r r o r s  o f  o b s e r v a t i o n *  a r e

S y s t e m a t i c  e r r o r *  d u #  t o  t h e o d o l i t e  i m p e r f e c t i o n *  a r e  e l i m i ­

n a t e d  o r  - i n i m i s e d  b y  t h e  o b s e r v a t i o n a l  p r o c e d u r e  d i s c u s s e d  

i n  c h a p t e r  J ,  w h i l e  t h e  s y s t e m a t i c  e r r o r s  d u e  t o  a t m o s p h e r i c  

e f f e u t j  w i l l  b e  r  ' g . i r d e d  s s  p a r t  o f  t h e  mo d e  11 i n *  p r o c e m *  

d u r i n g  t h e  s u b s e q u e n t  a d j u s t m e n t  o f  t h e  m e a n  o b s e r v a t i o n * .  

T h u s ,  f o r  t h e  mo l e i  1 1 1 ) .  i t  w i l l  b e  a s s u m e d  t h a t  t h e  f u n c t i o n  

7 1 1) ( w h i c h  r e ;  e s e n t s  t h e  m a t h e m a t i c a l  mo d e  1)  w i l l  i n c l u d e  

t h o s e  s y s t e m a t i c  e r r o r s  r e m a i n i n g .

T h * j  a s s u m p t i o n  c o n f o ' s a  w i t h  A J  P o p e  ( 1 9 7 6 )  who  s t a t e *

s y s f e m a f j c  e / f e c f s  a r e  e ; r A e r  c o r r e c t e d  / o r ,  

c a n c e / / e d  o u f  Ay f A e  d e s i g n  o f  t h e  o b s e r y a c i o n a y  p r o ­

c e d u r e ,  o r  m o d e / / e d  emr/  e a r i m e j ' x y  i n  f A e  a d / u a f m e e t  

J f 5 * 7 / . "

T h i s  d i s s e r t a t i o n  w i l l  o n l y  c o n s i d e r s  t h e  " r a w "  ( o b s e r v e d )  

d a t a

S i n c e  t h e  m a i n  a i m  of t h i s  r e s e a r c h  Is to o b t a i n  an estimate 
o f  t h e  d i s t r i b u t i o n  o f  t h e  r e s i d u a l s ,  a l l  r e s i d u a l *  h a v #  bmmn 

i n c l u d e d  An e x c e p t i o n  i s  ma d e  f o r  g r o s s  e r r o r *  ( b i g  m i s t a k e *  

o r  b l u n d e r s )  - s u c h  a*  a n  e r r o r  o f  1 0 * -  w h i c h  h a v #  b e e n  e x ­

c l u d e d ,  i f  e n c o u n t e r e d .

O u t l i e r s  c a n  b e  r e g a i d e d  a s  o b s e r v a t i o n s  f r o m  a n  a l t e r n a t e  

d i s t r i b u t i o n  ( R i c h a r d u s  , 1 9 8 4 ,  p p .  7 3 -  77  ) and h a v e , there* 
f o r e ,  n o t  b e e n  e v a l u a t e d  o r  e x c l u d e d .  T h i s  e n a b l e *  t h e  o v m r -  

a l l  p a t t e r n  of t h e  distribution to b e  d e t e r m i n e d  I t  w o u l d

w m m o N 7



i

h,» [ i c s s  i b Ip u  j  i p r  s i  t -» ' - " ' ' i : '  h ! n r  u ' : i  1 ;«. r s  , S u l  t h i s  

w o u l d  he  ' | p , ) « ' r ( h ' n t  nfwi i  t h e  t i i s l r i h u t i u n  j . x . r p t p d  i s  b e s t .  

' I r s i r i h i u #  ( h r  h, ' h. %vi (n: r  o t  t h e  r p s i i u i ! . - ,

I n  iMip ' p n s e ,  t h e  p i \ - h l * ' m i s  s ' m i l n  t u  t h .  o M  f l  v k ' - n  . md  

'"X& s i o r v  . wh 11 h i f 11 s i  ' i f  ; my  ! u i  m n |  n u t  ] i n r  d e l  c c t  i o n

i s  , 'mp i oymd , t h e  . l i s t :  : b. i :  i o n  h i s e d  on  t h e  r e ma  m  i n g  r e s  i  - 

d u a l s  ' . i l l  b e  e f f e i . t r . '  by  t h e  i p s i d u a l s  r ^ j e ( : t . e d .  A l t e r n a ­

t i v e l y ,  i f  " o u t l i e r s "  a r e  i i iu 1 u d e d . t h e  d i s t r i b u t i o n  z a y  a l s o  

h e  b i a s e d .

I t  w a s ,  t h e r e f o r e ,  d e c i d e d  t o  n u . I i d e  a l l  t h e  r e s i d u a l s  ( e x -  

. e p t  l . I m d e r s l ,  s o  t h a t  t h e  o v e r a l l  d i s t r i b u t i o n  c o u l d  b e  

d e l  i ' r mi : i e d

1.4  PROJECT O U T L IN E

T h e  f o l l o w i n g  t m m  s u b - d i v i s i o n s  w i l l  b e  c o v e r e d  w i t h i n  t h e  d i s - 

s e r t a t i o n

1.  B a c k g r o u n d  a n d  r e v i e w :  T h i s  section p r o v i d e r  a r e v i e w  of some 

o f  t h e  d e f i n i t i o n s  a n d  c o n c e p t s  u s e d  i n  s t a t i s t i c a l  d i s t n b -  

u t i o n a

2 .  T h e o d o l i t e  o b s e r v a t i o n s • As t h e s e  r , b s e r v a t  i o n s  form t h e  basis 

f o r  t h e  d a t a  u s e d  i n  t h e  d i s s e r t a t i o n ,  t h e o d o l i t e  m e a s u r e m e n t s  

w i l l  b e  d i s c u s s e d  i n  t e . m s  o f  e r r o r s  a n d  m e t h o d s  o f  r e d u c t i o n  

e m p l o y e d  i n  o r d e r  t o  o b t a i n  t h e  b e s t  e s t i m a t e s  o f  t h e  me a n  o b ­

s e r v a t i o n s  a n d  t h e i r  a s s  r i a t e d  r e s i d u a l s .

3  S t a t i s t i c a l  d i s t r i b u t i o n  a n d  t h e  m o d e l l i n g  o f  d a t a : V a r i o u s  

s t a t i s t i c a l  d i s t r i b u t i o n s ,  i n c l u d i n g  \ o r m a l .  T r u n c a t e d  N o r m a l  a n d  

inverse G a u s s  i a n  d  i s t  r I  buti m s  will be considered. The Ch i-Square

#1

/I
-4
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g o o d n n s s - o f - f i t  L e s t  w i l l  b f  i - m p L y r d  ( o r  l l m  f i t l m g o f  t!;«» d a t o  

( o b s e r v a t i o n a l  r e s i . l u a l s )  t o  t h e s e  d i s t r i h u t i o n s .

4 .  C o m p u t e r  p r o g r a m * :  l o t  t h e  i m p o s e  u (  ' h e  r e d u c t i o n  n f  t h e  

t h e c x l o l i t m  o b s e r v a t i o n s  a n d  ( o r  t h e  U h : - S ^ u a r e  t e s t ,  t wo  r r x r p u t e r  

p r o g r a m s  h a v e  b e e n  w r i t t e n  t h e  " ThK' ' "  ar ,d "HI DI i KST" p r o g r a m s ,

% e s p e i t  i v e l y .

5 .  C o n c l u s i o n #  a n d  r # c o m m # n d a t i o n # : H u s  s e c t i o n  i s  b a s e d  on

t h e  f i n d i n g s  o f  t h e  a n a l y s i s  e a r n e d  o u t  i n  t h e  d i s s e r t a t i o n  a n d

i d e n t i f i e s  t h e  d i s t r i b u t i o n s  t h a t  b e s t  q u a n t i f y  t l i e  r e s i d u a l s  o f  

t h e  o b s e r v a t i o n s

F o r  p r a c t i c a l  r e a s o n s ,  t h i s  d i s  s r - t  a t  i o n  h a s  b e e n  p r e p a r e d  i n  t wo  

v o l u m e s  I Vo l u m e  I .  Vo l u me  11)

e Vo l u me  I i n c l u d e s  t h e  t h e o r e t i c a l  b a c k g r o u n d  r e l a t i n g  t o  t h i m

d i s s e r t a t i o n ,  s t a t i s t i c a l  c o n c e p t s  ( C h a p t e r  1 t o  5 )  a n d  d i m -  

c u s s  i o n  a n d  a n a l y s i s  o f  t h e  r e s u l t s ,  c o n c l u s i o n s  a n d  r e c o m m ­

e n d a t i o n s  ( C h a p t e r  6 a n d  7) T a b l e #  e g .  f o r  t h e  t h e o r e t i c a l  

v a l u e #  o f  t h e  C h i - S q u a r e  gr   ̂ I n e s s - o f - f i t  t e s t  a r e  i n c l u d e d  

i n  t h e  A p p e n d i x  A a n d . i n  a d d i t i o n ,  e x a m p l e s  o f  t h e  o u t p i t  

o f  "THEO" a n d  "HI DI  TEST"  c o m p u t e r  p r o g r a m s  a r e  l i s t e d  i n  

A p p e n d i c e s  b a n d  C T h e  r e f e r e n c e s  a n d  b i b l i o g r a p h y  a r e  c i t e d  

i n  A p p e n d i x  D

o Vo l u me  I I  i n c l u d e *  t h e  d a t a  ( A p p e n d i x  E ) ,  f l o w  c h a r t #  a n d

l i s t i n g  o f  t h e  c o m p u t e r  p r o g r a m #  ( i n  A p p e n d i x  F f o r  t h e  "THEO" 

^ - c g r a m  a n d  (n A p p e n d i x  G f o r  t h . -  "HI  DI TES T"  p r o g r a m ) .

IXTRODLCTION 9
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2 . 0  GENERAL CONCEPTS AND REVIEW

2.1 GENERAL R E V I E W  OF SURVEY OBSERVATI ONS

M # a # u r # m # n t  ( R r i t i s l  S i . m L i r l s  U N O ;  i #  a s e t  o f  e x

i m e n t a 1 u p r r a t i o n s  ( o r  i h r  p u r p o s e  o f  d e t e r m i n i n g  t h e  v a l u e  

o f  a ' i u a n t : :  y

O b s e r v a t i o n  i s  an  o p e r a t i o n  k h i ; . h  ( i n s i s t s  i n  n o t i n g  t h e  i n d i ­

c a t i o n  o f  a n% i s u i  m g  i n s t i u m e n t

H o w e v e r ,  i t  : s  ( ommon i n  h ; t h  s t a t i s t i c a l  a n d  s u r v e y  l i t e r a t u r e  

t o  u s e  t h e  t e r m  " n o s e  r \ a t  i n n s "  f o r  m e a s u i e d  q u a n t i t i e s .  Th im im 

p a r t i c u l a r l y  t r u e  o f  d a t a  r e l a t i n g  t o  d i r e c t i o n s ,  w h e r e  s u r v e y o r s  

g e n e r a l l y  u s e  o b s e r v a t i o n s  a s  o p p o s e d  t o  t h e  t e r m  m e a s u r e m e n t s , 

w h i c h  i s  g e n e r a l l y  r e s e r v e d  f o r  " d i s ' i n c e "  d a t a  F o r  t h e  p u r p o s e s  

o f  t h i s  d i s s e r t a t i o n  b o t h  o f  t h e s e  t e r m s  w i l l  h e  u s e d  i n t e r ­

c h a n g e a b l y

As f a r  a s  s u r v e y i n g  i s  c o n c e r n e d ,  m e a s u r e m e n t s  a r e  c a r r i e d  o u t

f o r  a v a r i e t y  o f  p u r p o s e s ,  s u c h  a s  t h e  d e t e r m i n a t i o n  o f  t h e  s h a p e

o f  t h e  e a r t h ,  t o  map  a t  a c e r t a i n  s c a l e  p a r t  o f  t h e  e a r t h ' s  s u r ­

f a c e .  t h e  s e t t i n g  o u t  o f  c o n s t r u c t i o n  w o r k s ,  a n d  s u r v e y s  f o r

n a v i g a t i o n a l  a n d  c a d a s t r a l  p u r p o s e s

T h e  o b s e r v a t i o n s ,  b e i n g  t h e  r e c o r d e d  v a l u e s  r e s u l t i n g  f r o m  t h e  

m e a s u r e m e n t s ,  a r e  g e n e r a l l y  n o t  r e a d y  f o r  u s e  w i t h o u t  f i r s t  h a v -  

i r e  b e e n  p r o c e s s e d  i n  s o me  m a n n e r  F o r  a l l  s u r v e y s ,  t h e  p r e c i s i o n  

o r  r e p e a t a b i l i t y  o f  t h e  o b s e r v a t i o n s  s h o u l d  b e  k n o wn .  T h i s  i n ­

f o r m a t i o n  i s  a l s o  g e n e r a l l y  r e q u i r e d  f o r  t h e  p o s t - p r o c e s s i n g  o f  

t h e  m e a s u r e d  q u a n t i t i e s .
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H o w e v e r . i t.  i s  w e l l  Known t l m t  , i n  1 . i wo  o r  m o r e  m e a s u r e ­

m e n t s  o l  t h e  s a me  q u a n t  i t  v J o  n o t  y i e l d  t h e  s a me  r e s u l t  h u t  d i f f e r  

s l i g h t l y .  When a s u f f i c i e n t l y  l a r g e  n u m b e r  o f  m e a s u r e m e n t s  i s  

made  u n d e r  t h e  s a me  r o n d i t i  m s . i t  a p p e a r s  t h a t  t h e  o b s e r v a t i o n s  

f o l l o w  ,1 s e t  p a t t e r n ,  k h i c h  ; a n  h e  d e s c r i b e d  b y  t h e  f o l l o w i n g  

i h a : a c t  e r i s t i r s .

a A l l  o b s e r v a t i o n s  a r e  g r o u p e d  a b o u t  a c e n t r a l  v a l u e .

b .  P o s i t i v e  a n d  n e g a t i v e  d e v i a t i o n s  f r o m  t h i s  c e n t r a l  v a l u e  a r e  

a l m o s t  e q u a l l y  f r e q u e n t

c .  S m a l l  d e v i a t i o n s  a r e  m o r e  f r e q u e n t  t h a n  l a r g e  o n e s

T h e  r e s i d u a l s  , b e i n g  t h e  d i f  f e : e n c e s  b e t w e e n  t h e  o b s e r v e d  a n d  

e x p e c t e d  v a l u e s '  may b e  g r o u p e d  a c c o r d i n g  t o  t h e i r  m a g n i t u d e  i n t o  

c l a s s e s  a a d  t h e i r  d i s t r i b u t i o n  s h o wn  g r a p h i c a l l y  i n  a h i m t o g r a m .

i * " F mquarwy j

■ Figure I. Histogram or f r e q u e n c y  distribution diagram

P l o t t i n g  t h e  c l a s s  b o u n d a r i e s  a t  e q u a l  i n t e r v a l #  a l o n g  t h e  

a b s c i s s a ,  t h e  f r e q u e n c y  of t h e  r e s i d u a l s  i n  t h e  i n t e r v a l  i s  r e ­

p r e s e n t e d  uy  t h e  a r e a  o f  t h e  r e c t a n g l e  w i t h  t h e  b a s e  l i n e  e q u a l

to the c l a s s  i n t e r v a l  a n d  t he  h e i g h t  equal to the number of ob­
servations (residuals) i n  t h e  i n t e r v a l  An e x a m p l e  of a histogram 

i s  g i v e n  i n  F i g  1
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Hi , '  r e s i d u a l s  a s s o t i a i c d  w u h  o h s e r ^ a i i u i  

p l o t t e d  i n  t h i s  m . i u u r r ,  sluik'  v e r y  s i m i l a i  

w i t h  t h e  maxi mum n u m b e r  o f  r e s i d u a l s  %ene 

t h e  c e n t  r e  o f  t h e  f i %ui e  T h e  I n k e r  f : *'Y 

pt ' - 'X i m a t e  l y  s ymmet  r  11 a 11 y a b o u t  t h i s  c e n t r

s i n  s u r v e y i n g ,  wh e n  

h i s t o g r a m s -  t h e  c l a s s  

a l l y  i s  s i t u a t e d  n e a r  

e n v i e s  a r e  g r o u p e d  a p -

2 2 THE NORMAL D I S T R IB U T IO N  IN THE F IELD OF S URVEYING

I n  s u r v e y  i t  i s  g e n e r a l l y  a c c e p t e d  t h a t  t h e  r e s i d u a l #  a s s o c i a t e d  

w i t h  t h e  m e a s u r e d  q u a n t i t i e s  a r e  d i s t r i b u t e d  a c c o r d i n g  t o  t h e

N o r m a l  ( G a u s s )  d i s t r i b u t i o n  t M< O -  m <. , V i f l l ) ,  i R i c h a r d u s ,  1 9 8 4 ) .

Th#  g e n e r a l  f o r m  o f  t h e  p r o b a b i l i t y  d e n s i t y  f u n c t i o n  ( p  d  f . )  

i #  a  b # l l - s h a p # d  c u r v e  w h i c h  i s  s y m m e t r i c a l  a b o u t  t h e  e x p e e r e d  

v a l u e  ( u )  a#  1 # # h o wn  i n  F i g  1 A l # o ,  t h e  c u r v e  i s  a s y m p t o t i c  

t o  t h e  a b s c i s s a  a t  b o t h  r i g h t  a n d  l e f t  h a n d  t a i l s  T h i s  me a n #  t h a t  

t h e  t h e o r e t i c a l  r a n g e  o f  t h e  r e s i d u a l #  i #  i n f i n i t e  I n  p r a c t i c e ,  

t h e  t a i l  r e g i o n # ,  w h e r e  ( x - p ) >3o I o  i s  d e f i n e d  b e  l o w ) , a p p e a r  

t o  h a v e  l i t t l e  s i g n i f i c a n c e  f o r  t h e  d e s c r i p t i o n  o f  t h e  d i s t r i b ­

u t i o n #  o f  t h e  r e s i d u a l #  T h e s e  r e g i o n s  u s u a l l y ,  h o w e v e r ,  p l a y  a n  

i m p o r t a n t  p a r t  i n  o u t l i e r  d e t e c t i o n

An o u t l i e r "  i # a n  o b s e r v a t i o n  w h i c h  d o e #  n o t  a p p e a r  t o  c o n f o r m  

w i t h  t h e  r e s t  o f  t h e  s e t  F o r  a  s i n g l e  u n i v a r i a t e  s a m p l e , an  

o u t l i e r  i s  a n  e x t r e m e  o b s e r v a t i o n ,  r a * h e r  l a r g e r  o r  s m a l l e r  t h a n  

t h e  r e s t  o f  t h e  s a m p l e  T h e :  e  may b e  s e v e r a l  s u c h  m e a s u r e m e n t s  

i n  a  s a m p l e  w h i c h  d o  n o t  a p p e a r  t o  c ume  f r o m  i h e  s a m e  p r o b a b i l i t y  

d i s t r i b u t i o n  a s  t h e  r e s t  o f  t h e  o b s e r v a t i o n s  T h e  a c t u a l  p r o b l e m  

a r i s e s  i n  t h e  d e c  i s  i o n  a s  t o  w h e t h e r  o r  n o :  s ome  o f  t h e  o b s e r v a ­

t i o n s  a r e  o u t l i e r s ,  a n d  ; o n s e q u e n t l y , t o  d e c i d e  i f  t h e s e  o b s e r ­

v a t i o n s  c o u l d  h e  t a k e n  i n t o  c o n s i d e r a t i o n  f o r  t h e  p r o b a b i l i t y  

d i s t r i b u t i o n  o r  w h e t h e r  t h e y  m u s t  b e  d i s c a r d e d  On t h e  o t h e r  h a n d ,

GENERAL CONCEPTS AND REVIEW 13
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a n  o b v i o u s  b l u i u l n r  h a s  a b x n l u l ^ l y  T i o t h n i x  ' b)  w : l b  thm ( i ^ i c r -  

m i n A t i n n  n f  i h e  d i s t r i b u t i o n  a n d  i t  i s  - l i s t  A i d e d  a t  onc.m

Ft i r  f u i i i i r r  r ^ f e r e n c p  t o  t h e  i r m j l m m t  o f  o u i l i c r s  s e e  f u r  e x a m p l e  

W. B i i r d a  ( ; 4 n A ) . A J  }' npe  ̂ l l ^ h ) a n d  H Or  He u s  ( H M 2 )

2 3 V A RIANCE AND S T A N DA R D  D E V IA T IO N

T h #  v a r ia n c e  o f  a p o p u la t io n  ( o ' )  o f  X mwasuraments

%. . ,  i s  d e f i n e d  t o  b e  t h e  a v e r a g e  o f  t h e  s q u a r e  o f  t h e  

d e v i  a:  i o n s  o f  t h e  m e a s u r e m e n t s  . i lwjui  t h e i r  me a n  ( n ) ,  a n d  i s  g i v e n  

b y  t h e  f o t m u l a  ( M e n d e n h a l l ,  1 4 ' ? ) .

( 2 . 1 )

T h e  v a r i a n t #  o f  a  a a m p l #  ( I o f  n m a a a u r e m a n t a  %  ̂ , x ^ , .  . . i a  

d e f i n e d  t o  b e  t h e  * u *  o f  t h e  s q u a r e d  d e v i a t i o n #  o f  t h e  m e a s u r e ­

m e n t s  a b o u t  t h e i r  mean  x d i v i d e d  b y  ( n - 1 ) .  T h e  s a m p l e  v a r i a n c e  

: s  g i v e n  b y  t h e  f o r m u l a  ( M e n d e n h a l l ,  1 9 7 9 ) :

I  ( 2 . 2 )

w h e r e  x i s  t h e  s a m p l e  mean

T h e  s t a n d a r d  d e v i a t i o n  o f  « s e t  o i  n m e a s u r e m e n t #  x ^ , x x  ^ , 

i s  e q u a l  t o  t h e  p o s i t i v e  s q u a r e  r o o t  o f  t h e  v a r i a n c e  ( M e n d e n h a l l ,  

1 9 7 9 ) .  T h e  s a m p l e  s t a n d a r d  ( l e v i a t  i o n  i s  d e n o t e d  b y  t h e  s y m b o l  # ,
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a n d  t h e  p o p u l a t i o n  s t a n d a r d  d e v i a t i o n  h y  t h e  s y m b o l  0 , w h e r e

o *  +Vo* ( 2 . 4 )

C o n s i d e r  t h #  n o r m a l  d i s t r i b u t i o n  c u r v e  a s  s h o w n  i n  F i g  2.

T h e  o r d i n a t e  a t  t h #  o r i g i n  c o i n c  i d e s  w i t h  t h e  a x i s  o f  s y m m e t r y  

T h e  m a t h e m a t i c s  o f  s t a t i s t i c s  s h o w s  t h a t  t h e  a b s c i s s a  o f  t h #  

i n f l e c t  i o n  p o i n t s  I . a n d  I % a r e  e q u c  1 t o  t h e  s t a n d a r d  d e v i a t i o n  

i R u h a r d u s  , 1984 j .

T h #  n a t u r e  o f  t h #  r e l a t i o n s h i p  b e t w e e n  t h #  a b s c i s s a  a n d  t h #  

o r d i n a t e  i m p l i e s  t h a t  t h e  s t a n d a r d  d e v i a t i o n ,  0 , i s  a m e a s u r e  o f  

t h e ^ f r i t t n r  o f  t h e  r e s i d u a l s  I f  t h e  r e s i d u a l s  c l u s t e r  c l o s e l y  

a b o u t  t h #  m e a n ,  t h e  s t a n d a r d  d e v i a t i o n  w i l l  b e  s m a l l ;  c o n v e r s e l y ,  

i f  t h e  s c a t t e r  i s  l a r g e  o  w i l l  b e  l a r g e .

D i s p e r s i o n  i s  a l s o  u s e d  a s  a m e a s u r e  o f  s c a t t e r  T h i s  t e r m  i s  

d e f i n e d  a s  t h e  p h e n o m e n o n  e x h i b i t e d  b y  a  m e a s u r i n g  i n s t r u m e n t  

w h i c h  g i v e s  d i f f e r e n t  i n d i c a t i o n s  i n  a  s e r i e s  o f  m e a s u r e m e n t s  o f
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t h e  s . m e  v u l u n  u f  ( ! , p , ; u i n i i t y  m p . i s u i n !  ( H n i i s h  S i . m J i r d s  I n -  

s i i L u l p ,  1 9 K J ) .

2 4 ACCURACY AND PRECISION

A c c u r a c y  mj y  b e  d e f i n e d  d s  t h e  p x t * n t  t ^  k h u h  a n  e s t  i m a l #  a p -  

i t s  1 1  urn v . i l u #  T h a t  i s , i t  d n n o i * &  hot,'  c l o s e  a mea a  

u n m m n t  i s  t o  t h *  t r u e  v a l u e  o f  t h *  q u a n t i t y  ' M c C o r ma c , 1 9 8 3 ) ,

P r e c i s i o n  i s  t h *  c l o s e n e s s  o f  o. i* m e a s u r e m e n t  t o  a n o t h e r :  i t  im 

t h e  d e g r e e  o l  c o n f o r m i t y  amo n g  a s e t  o f  o b s e r v a t i o n # .  An i n d i ­

c a t i o n  o f  p i * v  i s  i o n  i s  t h e  s p r e a d  o f  t h e  p r o b a b i l i t y  d i s t r i b u t i o n  

( Mc C o r m a c ,  1 9 8 1 ) ,  i M i k h a i I . 1 9 7 b ) .

I t  d o e s  n o t  n e c e s s a r i l y  ( a l l o w  t h a t  b e t t e r  p r e c i s i o n  m e a n s  b e t t e r  

a c c u r a c y

O b s e r v a t i o n s  o f  a h i g h  p r e c i s i o n  b e l o n g  t o  a d i s t r i b u t i o n  w i t h  a 

s m a l l  s t a n d a r d  d e v i a t i o n  O b s e r v a t i o n s  o f  a l ow p r e c i s i o n  b e l o n g  

t o  a n o r m a l  d i s t r i b u t i o n  w i t h  a l a r g e  s t a n d a r d  d e v i a t i o n .

H i s t o r i c a l l y ,  ma n y  a u t h o r s  i n  s u r v e y i n g  i n d i c a t e d  t h #  p r e c i s i o n  

c f observe!, ions b y  t h e  p r o b a b l e  e r r o r  ( p . m . )  This g i v e s  t h e

v a l u e s  x j * -p e a n d  x^ = + p . * . a s  limits between which a n  obser­
vation aay fall w i t h  a piobabi1ity o f  10% (Fig. 3).

S t a t i s t i c i a n s  h a v e , f u r  s e v e r a l  r e a s o n s ,  a b a n d o n e d  t h e  p r o b a b l e  

e r r o r  i n  f a v o u r  o f  t h *  s t a n d a r d  d e v i a t i o n ,  o , a s  a n  i n d i c a t i o n  

o f  t h e  p r e c i s i o n  o f  t h e  o b s e r v a t i o n s  T h e  m o s t  p r a c t i c a l  r e a s o n  

is that t h e  s t a n d a r d  deviation must be c a l c u l a t e d  in order to find 
t h e  p r o b a b l e  e r r o r .  T h e r e f o r e ,  0  i s  u s e d  ( o r  a l l  c o m p u t a t i o n s  

c o n c e r n i n g  p r e c i s i o n  i n  t h i s  d i s s e r t a t i o n .
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Pfu&ahl"

I
1% Of

I F i g u r e  3 T h e  p r o b a b l e  a n d  s t a n d a r d  e r r o r #

T h i #  d . l a e r t a t i o n  d e a l #  w i t h  t h e  p r e c i s i o n  o f  t h e  o b s e r v a t i o n #  

( w h i c h  i #  d i r e c t l y  r e l a t e d  t o  t h e  d i s p e r s i o n  o f  a  d i s t r i b u t i o n  

a n d  i s  r e p r e s e n t e d  b y  t h e  v a l u e  o f  t h e  s t a n d a r d  d e v i a t i o n  o i  a n d  

n o t  w i t h  a c c u r a c y  ( w h i c h  r e f l e c t s  t h e  c l o s e n e s s  o f  a  l o c a t i o n  

s t a t i s t i c  t o  t h e  v a l u e  o f  t h e  p a r a m e t e r  f o r  w h i c h  i t  i s  a n  e s t i ­

m a t e )  S y s t e m a t i c  e r r o r s  d i r e c t l y  a s s o c i a t e d  w i t h  t h e  a c c u r a c y  

o f  t h e  o b s e r v a t i o n s  a n d  m o d e l l i n g  e r r o r s  w i l l  n o t  b e  c o n s i d e r e d .  

T h e s e  a r e  g e n e r a l l y  n o n - n o r m a l  i n  t y p e

T h e  d i f f e r e n c e s  b e t w e e n  m e a s u r e d  q u a n t i t i e s  a n d  t h e  t r u e  v a l u e s  

o f  t h o s e  q u a n t  i t l e s  a r e  c l a s s i f i e d  a s  e i t h e r  e r r o r #  o r  m i s t a k e s

( M c C o r r a c  , 1' )83 ) .

An e r r o r  i s  a d  i f  f e r e n c e  f r o m  a t  r u e  v a l u e  c a u s e d  b y  t h e  

i m p e r f e c t  i o n  o f  a p e r s o n ' s  s e n s e s , by  t h e  i m p e r f e c t i o n  o f  h i s

2 . 5  F T RO R S  AND MISTAKES
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o r  by  I ' l f r r i A .  K r r o r s  ' i nnoT bp  p l i m i -

n a i f d ,  b u t  t h p y  c . m  bp  m i n i m i s e d  by  c d r r f u l  w o r k  c o m b i n e d  w i t h  

t h e  a p p l n a t i u n  o t  t r r t d i n  n u m e n c j ]  r e d u c t i o n s .  C l a s s i c a l l y ,  

e r r o r s  Ar e  u s c a M y  s « p . i r  i t  r d  i n t o  t w o  . a t e g o r  i »'% :

a S v s t e m . i t  iL e i  r o :  s 

b .  Ra n d o m e r r o r s

A m i i W k #  o r  b l u n d e r  i s  a d i f f e r e n c e  I r o m  a t r u e  v a l u e  c a u s e d  

b y  t h e  i n a t t e n t i o n  o f  t h e  s u r v e y o r  T h a t  i s .  m i s t a k e s  a r #  c a u s e d  

b y  t h e  c a r e l e s s n e s s  o f  t h e  s u r v e y o r  a n d  t h i s  c a n  b e  e l i m i n a t e d  

b y  c a r e f u l  c h e c k i n g

M i k h a i l  i 1 9 7 a )  s a y s  t h a t

" f r o m a  s t a t i s t i c a l  p o i n t  o /  n e w .  M u r d e r s  a r e  o b s e r v e - 

r i o a s  t b a t  c a n n o t  b e  c o n s i d e r e d  a s  b e / o n * i n *  t o  t b e  a a # #  

s a m p / e s  f r o #  t b e  d i s t r i b u t i o n  a n  q u e s t i o n  T b e y  s b o u i d  n o t  

t h e r e f o r e  b e  u s e d  r o g e f b e r  w i t b  o f b e t  o b s e r v a t i o n s  "

I n  o t h e r  w o r d s ,  m i s t a k e s  ( b l u n d e r s )  s h o u l d  n o t  b e  c o n s i d e r e d  a s  

a p a r t  o f  t h e  o b s e r v a t i o n a l  s a m p l e , a n d  f o r  t h i s  r e a s o n  t h e  d i s ­

s e r t a t i o n  a s s u m e s  t h a t  a l l  m i s t a k e s  ( o b v i o u s  b l u n d e r s )  h a v e  b e e n  

e l i m i n a t e d  f r o m t h e  i n i t i a l  o b s e r v a t i o n s  u s e d  i n  t h e  f i r s t  c o m ­

p u t e r  p r o g r a m  ( " THEO" )  w h i c h  d e a ^ s  w i t h  t h e  r e d u c t i o n  o f  o b s e r -  

v a t i o n s .

2 . 5 . 1  SOURCES OF ERRORS

E r r o r s  i n  m e a s u r e m e n t  a r e  g e n e r a l l y  s a i d  t o  b e  p e r s o n a l ,  m s t r u -  

r o e n t a  1 a n d  n a t u r e  1 Some e r r o r s , h o w e v e r , d o  n o t  c l e a r l y  f i t  i n t o  

j u s t  o n e  o f  t h e s e  c a i  e g o m  s ( Mc C o r m a c ,  198.1)  a n d  may b e  d u e  t o  

a  c o m b i n a t i o n  o f  f a c t o r s .
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P e r s o n a l  e r r o r s  i x c u r  n e r . i u s "  n o  s u r v r y o :  lims s e n s e s  o f

a n d  t o u c h .  F o r  i n s i a n c . ' .  i n  e s i i m a u n g  t h e  f r a c l i o n a l  p a r t  

o f  a s c a l e ,  h e  c a n n o t  r e a d  U  p e r f e i t l y  t l ' f  m e a s u r e m e n t  w i l l

/  T i l l y  he  e i t h e r  a I i : ( 1* l a r g e r  o r  sm.i H e r  t h a n  t h e  t r u e

\  i ! ie

I n s t r u m e n t a l  e r r o r s  o c c u r  b e c a u s e  i n s t r u m e n t s  c a n n o t  b e  m a n u f a c ­

t u r e d  p e r f e c t l y  a n d  t h e  d i f f e r e n t  p a r t s  o f  t h e  i n s t r u m e n t s  c a n n o t  

; e  a d j u s t e d  e x a c t l y  w i t h  r e s p e c t  t o  e a c h  o t h e r  T h u s ,  a s  t h e  o b ­

s e r v e r  c a n n o t  r e a d  t h e  s c a l e  p e r f e c t l y ,  s i m i l a r l y  t h e  m a n u f a c ­

t u r e r  c a n n o t  make a  p e r f e c t  s 4 .

N a t u r a l  e r r o r s  a r e  t a u s e d  by  t e m p e r a t u r e ,  w i n d , h u m i d i t y ,  mag-  

l e t i .  v a r i a t i o n s  As a n  e x a m p l e ,  a s t e e l  t a p #  aiay i n c r e a s e  i n  

l e n g t h  b e c a u s e  o f  t h e  i n r r - a s m g  o f  t e m p e r a t u r e  ( s y s t e m a t i c  e r ­

r o r s )  T h e  s u r v e y o r  c a n n o t  n o r m a l l y  r e m o v e  t h e  c a u s e  o f  e r r o r s  

s u c h  a s  t h e s e ,  b u t  h e  c a n  m i n i m i s e  t h e i r  e f f e c t s  b y  u s i n g  g o o d  

j u d g e m e n t  a n d  a p p l y i n g  p r o p e r  r e d u c t i o n s

2 5 . 2  SYSTEMATIC ERRORS

A s y s t e m a t i c  o r  c u m u l a t i v e  e r r o r  i Me C o m a e  1 9 8 3 )  g e n e r a l l y ,  u n -  

d e r  c o n s t a n t  c o n d i t i o n s ,  r e m a i n s  t h e  s a me  a s  t o  s i ; ; n  a n d  m a g n i ­

t u d e  F o r  i n s t a n c e ,  i f  a s t e e l  t a p e  i> SO am# t u o  s h o r t ,  e a c h  t i m e  

t h e  t a p e  i s  u s e d  t h e  s a me  e r r o r  w i l l  o c c u r  I f  t h e  f u l l  t a p e  

i#»n*mk i s  u s e d  s i x  t i m e s ,  t h e  e r r o r  a c c u m u l a t e s  a n d  t o t a l s  s i x  

t i m e s  t h e  e r r o r  i f  o n e  m e a s u r e m e n t .

H i e  \ y s t e m a t i c  i n f l u e n t #  may h e  r e d u c e d  c r  e l i m i n a t e d  b y  s e v e r a l  

m e t h o d s .  P R i c h a r d u s  ( 1 9 8 6 )  s t a t e s :
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/ :  * , g y  /),« r r J w f , ' , /  f o  k ' A / c / ;  ; . t  n r x / z ^ j t / e

6 y  ^  :/)*» f h v / r /  , ; r  y - n ^ ^ n r r m ' n f  u /  f / ) , '  ; n -

s :  f ;/""f n (  s  .

Z  6 /  /# , A v  f f  j n r n ^ r  ; , ) n  o f  ( ^ / r o r  M ; c / r / . v W ' ' f ? r / y  r / ? e

T * ^ \ u , - r T f n r ^  ^nfY r*;*'  u /  ^  t o r ;  p . s / z o n i / j n *  c u r -

r ^ \ : . % ' n  f i ?  r ^ . s r / i d f . j i ' n

)  T A r  s v . s f  f  ; f  f . f y  6 f  f y r -  , f d  A)  4

r r r  *:L\y / : , ? *  r / ) t «  / - :  . k  * ' \ . \  : n #  u f  f  A f  f / J r a  p r w r v c / f d  6 y  i A e

TTf - v . ; . ; * T f  r r  5

4  a ;  r . * n * f  m m r  ( V  f A n  u :  V f :  o /  f  /)#? # f a 6 i / r p w n C &  ; n  j

w n n # r  *( '  r / ) a r  r A f  ^ y a f f m a r j c  r / / e c r  o c c u r s  a n  

p g u  f .' n u a 6 # r  o f  r  j g ^ s  w : ( A  a  M ' p  a rxY n f g a r  ; r *  ^ j g n

T A f  r r a n  r /  f  A f  s m  . ^ s n r r a :  j . m t  k  ; 7 V f  A m n  6 f  / r * * e  n /  f  A j a

2 5 .3  P OOM ERRORS

A r a n d o m  c r  ^ b a a r v a t i o n a l  a r r o r  i s  o n e  w h o s e  m a g n i t u d e  a n d  s i g n  

a r *  a t t r i b u t e d  t o  f a c t o r s  b e y o n d  t h e  c o n t r o l  o f  s u r v e y o r ,  a n d  c a n

g e n e r a ! 1 v u* a t t r i b u t e d  t o  p e r s o n a l  o r  n a t u r a l  - t a i s e s  l s e a

Z # 1:  S : '  . t h e s e  e r r o r s  a r e  j u s t  a s  l i k e l y  t o  h a v e  o n #  s i g n

a s  t h e  o t h e r ,  t h e  me a n  o f  t h e  m e a s u r e m e n t s  w i l l  a p p r o a c h  t h e  t r u e  

v a l u e  a s  t h #  n u m b e r  o f  m e a s u r e m e n t s  i n c r e a s e s . T h a t  i s ,  f o r  e v e r y  

m e a s u r e m e n t  s u c h  * s  d i r e c t i o n ,  e l r v a t i o n  o r  d i s t a n c e ,  t h e r e  im 

s o me  u n c e r t a i n t y  e v e n  i f  t h e  m e a s u r e d  v a l u e s  h a v e  b e e n  c o r r e c t e d  

f o r  b l i n d e r s  a n d  s y s t e m a t i c  e r r o r s .  Ra n d o m e r r o r s  s t i l l  r e m a i n  

w h i c h  c a n n o t  b e  e x a c t l y  d e t e r m i n e d  o r  e l i m i n a t e d .  F h u s ,  t h e  r a n ­

dom e r r o r s  may h e  d e s c r i b e d  a s  t h e  d i f  f e r e n r e s  b e t w e e n  t h e  t r u e  

v a l u e s  . ind t h e  c o r r e c t  e d  m e a s u r e m e n t s .

I n  s t a t i s t i c s ,  t h e  d a t a  ( o b s e r v a t . o n s )  a r e  c o n s i d e r e d  t o  b e  a

s a m p l e  s n l * ' t e d  f r o m  an  i n f i n i t e l y  l a r g e  n u m b e r  o f  ( p o s s i b l e )

r e p e t  i t ions of a m e a s u i  e m e n t  for w h i c h  t ht- mea n  will b e  the true
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/ f  Co a  a w / f u c u d r  kV,jr.A /%

/>:' 4  A r f c e r  c / f . N t e  o f  c / i f  o r  v f ^ r f M r f c n C  o /  c Ar  ; n -

s :  / J/rnnC v .

/  Jfv A J c C r r r / n ^ C J i ^ n  o /  C r r r o r  vfK/rfw/;«/,»nC o /  C/)#

Tr .i \f ,;  r ^ r n c j  f Af j r  af ;o n  o /  « o r  f f.s^onfyvng c o r -

; Me C ;. »n : o  c Ar

J ."Ar \ y s r  rm^c ; n / / u r " c  r  *.fy Ae t / i ' f n r J  Ay s ^ r c ; ^ /  

p r f A . x /  / f  , ) *  C A*; / f . h r t ' . ; . ' ? *  o f  C Ar / .*: 4 ^ r o r j t / w ^  Ay c A r

*'".4 v,  f r « r nC i

* 4:  f j n ^ r ^ r ' r c  o /  C Ar , ; r . / r r  o /  C Ar mrf . tur fmmnCs j n  #

c r ; r ; r  w^nnmr r A^C CAr s y ^ c r M C v c  r / / rcC o c c u r s  an

r f u a /  r u  K Ar r  o /  C ; r r s  wjCA 4 p o s j c n r  n r y s C i r *  s  jgm

TAr . : /  c A r s r  o A \ r ; r * : ; . ) n A  w; V 7 : A m  Ae /  r e e  n /  f A j s

2 5 . 3  RANDOM ERRORS

A ran d om  n r  o b # # rv a t* o n a l e r r o r  i-, o n *  wh o * *  e a g n i t u d *  &nd s i g n

a r *  s i t  r i h u t  *d  c o  f a c t o r *  h * v o n d  t h *  c o n t r o l  o f  s u r v * v o r . a n d  c a n  

% * n * r a ; l y  bw a t t  r i b u t * d  t o  p e r s o n a l  o i  n a t u r a l  c a u s e s  i s e a  

Z -  1 . S i n c e  t h # s #  e r r o r s  a r *  j u s t  a s  l i k e l y  t o  h a v e  o n *  s i g n  

e s  t h *  o t h e r ,  t h *  me a n  o f  t h e  m e a s u r e m e n t s  w i l l  a p p r o a c h  t h *  t r u *  

v a l u e  a s  t h *  n u m b e r  o f  m e a s u r e m e n t s  i n c r e a s e s .  T h a t  i s ,  f o r  e v e r y  

m e a s u r e m e n t  s u c h  a s  d i r e c t i o n ,  e l e v a t i o n  o r  d i s t a n c e ,  t h e r e  i s  

s o * *  u n c e r t a i n t y  evmn i f  t h *  m e a s u r e d  v a l u e s  h a v e  b e e n  c o r r e c t e d  

f o r  b l u n d e r s  a n d  s y s t e m a t i c  e r r o r s .  Ra n d o m e r r o r s  s t i l l  r e m a i n  

w h i c h  c a n n o t  b e  e x a c t l y  d e t e r m i n e d  o r  e l i m i n a t e d .  T h u s ,  t h e  r a n ­

dom e r r o r s  may b e  d e s c r i b e d  a s  t h *  d i f f e r e n c e s  b e t w e e n  t h e  t r u e  

v a l u e s  a n d  t h e  c o r r e c t e d  m e a s u r e m e n t s .

I n  s t a t i s t i c s ,  t h e  d a t a  ( o b s e r v a t i o n s )  a r e  c o n s i d e r e d  t o  b e  a  

s a m p l e  s e l e c t e d  , r o m  un  i n f i n i t e l y  l a r g e  n u m b e r  o f  ( p o s s i b l e )  

r e p e t  i t i n n s  o f  a m e a s u r e m e n t  f o r  w h i c h  t h e  mean  w i l l  b e  t h e  t r u e
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v . i l u e .  Th *  i h r o r y  o f  

t h e  b e h a v i o u r  o f  r  n;

11>* e r r o r s  i n  s u r v e y ' n ^  i s  g e n n r i l l y  r e -  

i i s i r i b u t  i o n , a s  t h e  r e p e a t e d  o b s e r v a t i o n s  

a 1" t r e o u e r . r y  d i s t r i b u t i o n  I n  p r i n c i p l e ,  

dom e r r o r "  i s  n o t  n e c e s s a r i l y  r e s t r i c t e d

t h e  n o r ma

GENERAL CONCEPTS AND REVIEW

A^hSA m ±





3 . 0  S U R V E Y  O B S E R V A T I O N S

3.1 IN T R O D U C T IO N

I n  n : . i e r  I n  u h l  mi n  ( In* im. i t  ms o !  i h *  t  h mo d o l  i t e  o b -

- s f i Vf i t i . T n s ,  i t  i s  n m r s s d r y  t o  f i r s t  i n n s i d e r  t h e  t h e o d o l i t e  e r ­

r o r s  a s s o c i a t e d  L t h  t h e  m e a s u r e m e n t s ,  a n d  t h e  m e t h o d s  o f  

r e d u c i n g  t h e  m e a s u r e m e n t s  i n  o r d e r  t o  o b t a i n  b o t h  t h e  mean  a n d  

c o r r e s p o n d i n g  r e s i d u a l s

3 .2  THEODOL ITE  O B S E R V A T IO N S

3 .2 .1  PURPOSE OF S T A T IO N  A DJU S TM E N T

Th e  t h e o d o l i t e  i *  u s e d  t o  t a k e  r e a d i n g s  i n  o r d e r  t o  d e t e r m i n e  

d i r e c t i o n :  a n d  a n g l e :  F o r  t h e  r e d u c t i o n  o f  t h e m e  r e a d i n g s  ( o b ­

s e r v a t i o n a l  e i t h e r  t h e  m e t h o d  o f  d i r e c t i o n :  o r  t h a t  o f  a n g l e :  im 

u a e d  I n  S o u t h  A f r i c a ,  t h e  commo n l y  u a e d  m e t h o d  i :  t h a t  o f  d i ­

r e c t i o n # .  Th e  a d j u s t m e n t  o f  t h e  o b s e r v a t i o n :  i #  u s u a l l y  c a l l e d  a  

s t a t i on  a d j u s t me n t

I n  l a t t e r  s e c t i o n : ,  t wo  s i m i l a r  m e t h o d s  o f  r e d u c i n g  h o r i z o n t a l  

d i r e c t i o n s  w i l l  b e  r e v i e w e d .  A b r i e f  r e v i e w  o f  t wo  m e t h o d #  o f  

a n g i e s  i s  g i v e n  i n  s u b - s e c t i o n :  1 ^  d f ind 1 # . 4 .
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3 . 2 . 2  MEASUREMENTS OF HORI ZONTAL DIRECTI ONS

C o n s i d e r  t h e  mode  1 i n  k h u . h  t h e  t h r u d w l i t e  i s  s e t  u p  a t  i h e  &La-  

t i o n  p o i n t  K a n d  t hu  h n r i / o n t a l  d  i r f  t m n s  A , B , C , [) a r e  t o  h e  o b ­

s e r v e d  ' F :% )

D 
%

A(RO)

F i g u r e  6 D b m e r v a t i o n s  f r n m  K t o  t h e  p o i n t *  A , B , C , D

A s i g n a l  o r  b e a c o n  i *  s e l e c t e d  ms t h e  R e f e r e n c e  O b j e c t  ( R . O . ) ,  

a n d  t h e  t h e o d o l i t e  h o r i z o n t a l  c i r c l e  r e a d i n g s  t o  a l l  o t h e r  p o i n t a  

o b s e r v e d  a r e  r e f e r r e d  t o  t h i s  p o i n t .  Th e  R 0  may o r  may n o t  b #  

o n e  o f  t h e  s t a t i o n s  A , B ,C o r  D a n d  s h o u l d  b e  s e l e c t e d  s o  t h a t , 

I n  d# * Th r a 1 * a c c u r a t e ,  r e p e a t e d  o b s e r v a t i o n s  may b e  ma d e  t o  i t .  

As s u m e  A i s  s e l e c t e d  T h e  t h e o d o l i t e  i s  s e t  u p  a t  K,  c e n t r e d ,  

l e v e l l e d  a n d  s i g h t e d  o n  A,  w i t h  t h e  t e l e s i o p e  o n  C i r c l e  L e f t  

f CL)  Th e  h o r i z o n t a l  c i r c l e  i s  s e t  s o  t h a t  i t  i s  c l o s e  t o  s j # e  

p r e d e t e r m i n e d  v a l u e ,  e . g .  2 6 9 *  3 9 '  5 2 . Z"  T h e  r e m a i n i n g  p o '  

a r e  t h e n  o b s e r v e d  i i turn , In a  c l o c k w l a e  s e n s e , closing on t h e  

R . 0 .  I n  g e n e r a  1.  t h i s  s e c o n d  R 0  reading w i l l  d i s a g r e e  w i t h  t h e  

initial r e a d i n g  by a small amount , d u e  to o b s e r v a t i o n a l  a n d  e n -
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v i r o n m e i i i . i l  e r r o r s  I f  t h e  ( i i f f e r e i M . e  f u l l : ,  w i t h i n  t h e  t o l e r a n c e  

s p e c i f i e d  f u r  t h e  s p e c i f i c  c l . i s s  o f  s u r v e y ,  t h e  o b s e r v a t i o n s  a r e  

a c c e p t e d  I f  n o t ,  t h e  e r r o r  may h e  a t t r i b u t e d  t o  s u b - s t a n d a r d  

o b s e r v i n g  o r  mo v e me n t  o f  t l i e  i n s t r u m e n t ,  . md t h e  o b s e r v a t i o n s  a r e  

p o s s i b l y  r e j e c t e d  On c o m p l e t i o n  o f  t l i e r i r c l e  l * f t  o b s e r v a t i o n s ,  

t l ie s a me  p i n t  e d u r e  i s  r e p e a t e d  o n  t fie C  i f  1" R i g h t  ( CK) ,  h u t  t h i s  

t i m e  i n  a n  a m i - c l o c k w i s e  m a n n e r .  T h e  d i f f e i e n c e  i n  r e a d i n g s ,  

b e t w e e n  CL a n d  CR,  s h o u l d  be  I Bi ) '  ( C l  l i v e r  a n d  C l e n d m n i n g ,  1 ^ 7g ) .

A s e t  o f  o b s e r v a t i o n s  o n  o n e  f a c e  i CL o r  CR r e a d i n g s ;  t o  e a c h  o f  

t h e  p o i n t i n g s  r e q u i r e d  c o n s t i t u t e s  a r o u n d  . o r  t o u r )  I n  F i g u r e  

* t h i s  w i l l  g i v e  a s i n g l e  r e a d i n g  t o  e a c h  o f  A . B ,C ,D a n d  A p o i n t s  

; Cl.  r e a d i n g s !  I t  m u s t  be  c l a r i f i e d  t h a t  t h e  p o i n t  A i s  c o n s i d e r e d  

t o  be  t h e  R 0  i n  t h i s  e x a m p l e ,  a n d  i s  t h e  r  l y  p o i n t  w h i c h  i s  

o b s e r v e d  t w i c e  i n  t h e  r o u n d  T h i s  w i l l  b e  r e  b y  a r e v a r s #

r o u n d  o n  l"R t o  A . D . C . B  a n d  A ' t h e  R 0  i s  a g a i n  o b s e r v e d  i w i c e ) .  

T h e  c o m b i n a t i o n  u t  t h e s e  t w o  r o u n d s  (CL a n d  CR r e a d i n g s )  c o n s t i ­

t u t e s  a n  a r c

3 3 TH EOD O LITE ERRORS

D e f e c t s  d u e  t o  t h e  m e c h a n i c a l  a n d  o p t i c a l  c o m p o n e n t s  o f  t h #  

t h e o d o l i t e  a f f e c t s  m e a s u r e m e n t s  ma d #  w i t h  t h e  i n s t r u m e n t . T h e s e  

c a n  b e  d i v i d e d  i n t o  t wo  c a t e g o r i e s  ( C o o p e r ,  1 9 8 2 ) :

o d e f e c t s  o f  a d j u s t m e n t  ( m a l a d j u s t m e n t s ) 

e  d e f e c t s  o f  ( ' i n s t r u c t i o n  ( m a l c o n s t r u c t  i o n s )

T h e  e r r o r s  w h i c h  r e s u l t  f r o m  t h e s e  d e f e c t s  a r e  u s u a l l y  r e f e r r e d  

ms t h e o d o l i t e  e r r o r s

G e n e r a l l y  s p e a k i n g ,  t h e  b e s t  v a l u e s  f o r  t h e  r e d u c e d  o b s e r v a t i o n s

c a n  o n l y  be  o b t a i n e d  by
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I .  o i i m i n . u i n *  b l u n d e r *  ( m i s t . i k e * )  b y  r n m ; ) H r m g  d i f f e r e n t

r e . i d i n g *  o f  i h e  * j me  q u d n t i l y

2 . i ^ p l v i n g  ( . o r r e . t i c n *  f o r  m i l  k r u ^ n  s o u i c e *  o f  ( . o n s l a n t  e r ­

r o r s

Some l u i h n r *  d o  n o t  s e p . i :  a t  e t h #  ( o n s t a n t  e r r o r  f r o m  t h #  

s y s t e m a t i c  o n #  h u t  s i m p l y  r e f e r  t h i s  a s  a s u b - d i v i s i o n  o f  t h #  

s y s t e m a t i c  e f f e c t *  M i k h a i l  ( 1 9 7 6 )  s a y *  t h a t

' .VrafmMfjc e f / e r f a  fa*# on d i f f e r e n t  forma dcpendj n* 

on rAe r ayue  end a i gn  o f  eacA o f  fAe e f f e c t a  / f  (Ae 

r e ) u e  end s i g n  remain [he  same a N  fArougA fAe meaaur-  

m g  p n ^ r f s a .  w e  s o u / d  A a r e  f A e  a o - c a / V e d  c on a f a n t  e r -  

. r  "

a*  o p p o s e d  t o  R a m s f o r d  ( 1 9 6 8 )  who  c o n s i d e r *  t h e  c o n s t a n t  

e r r o r s  i n  s e p a r a t e  c a t e g o r y  f r o m  t h a t  o f  t h e  s y s t e m a t i c  o n e s .

3 c o r r e c t i n g  f o r  a l l  s o u r c e s  o f  s y s t e m a t i c  e r r o r s ,  w h e n  t h i s

i s  p o s s i b l e

A b r i e f  r e v i e w  o f  t h e s e  d e f e c t s  f o r  h o r i z o n t a l  r e a d i n g s  i s  o u t ­

l i n e d  t h e  n e x t  s u b - s e c t i o n s .

3 . 3  1 MALADJUSTMENTS

I t  i s  r p i i t e  i m p o s s i b l e  f o r  a  t h e o d o l i t e  t o  b e  i n  p e r f e c t  a d j u s t ­

m e n t .  C o n s e q u e n t l y ,  d i f f e r e n t  t y p e s  o f  m a l a d j u s t m e n t s  ( C o o p e r ,

1 9 8 2 ,  p p  1 2 8 - 1 3 7 )  c a n  b e  f o u n d  * i i c e

o t h e  v e r t i c a l  ( p r i m a r y  o r  r o t a t i o n )  a a i s  i s  n o t  r e a l l y  v e r t i -  

c a  I
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o t h e  l i n e  o f  c o l l i m a t i o n  i s  n o t  r i u H c u l f i r  Lo t r u n n i o n

i s o c o m i a r y  o r  h o r i z o n t a l )  a x i s ,  

o t h e  c r o s s - h a i r s  a r e  i n c l i n e d  ( o r i e n t a t i o n  o f  t h e  r e t i c u l e ) ,

o t h e  e x i s t e n c e  o f  p a r a l l a x

o t lie , ' p t u . a l  p l u m m e t  i s  n o t  i n  a d j u s t m e n t .

Good  s u r v e y  p r a c t i c e  w i l l  e l i m i n a t e  m o s t  o f  t h e  e r r o r s ,  t h e  n o ­

t a b l e  e x c e p t i o n  b e  i n *  n o n - v e r t  l e a l i t y  o f  t h e  p r i m a r y  a x i s .  How­

e v e r .  e v e n  i f  t h e  n e t  e s s a r y  a d j u s t m e n t s  h a v e  b e e n  c a r r i e d  o u t  a n d  

t h e  c o r r e c t  o b s e r v i n g  p r o t w d u r e  f o l l o w e d ,  r e s i d u a l  e r r o r s  w i l l  

b e  p r e s e n t .  M A R  C o o p e r  ( I ' 182,  p p  1 3 * ' - 1 4 0 )  d i s c u s s e s  t h e s e  

a l f e e t s  i n  d e t  a 1 1

I t  i s  a s s  i e d  t h a t  t h e  d a t a  u s e d  f o r  a n a l y s i s  p u r p o s e s  h a v e  b e e n  

o b s e r v e d  a n d  r e d u c e d  c o r r e c t l y .

3  3 . 2  M A I C O N S T R U C  T  I O N S

l l ' e s e  d e f e c t s  c o n t a i n  a l l  t h o s e  e r r o r s  w h i c h  t h e  u s e r  c a n n o t  

n o r m a l l y  e l i m i n a t e  b y  a d j u s t m e n t s ,  b u t  w h i c h  c a n  b e  r e d u c e d  b y  

s u i t a b l e  o b s e r v i n g  p r o c e d u r e s  o r  b y  c o m p u t a t i o n  o f  " c o r r e c t i o n "  

t e r m s

E r r o r s  o f  t h i s  t y p e  c a n  b e  c a u s e d  b y  t h e  f o l l o w i n g  I C o o p e r , 1 9 6 2 ) :

o ^ s e  t r u n n i o n  a x i s  i s  n o t  p e r p e n d i , u l a r  t o  v e r t i c a l  a x i s .

* t h e  p l a n e s  o f  t h e  c i r c l e s  a r e  n o t  p e r p e n d i c u l a r  t o  t h e i r  r e

s p e c t i v e  a x e s  ( t h i s  e r r o r  i s ,  g e n e r a l l y ,  n e g l i g i b l e  i n  p r a c -  

l i c e j .

o c i r c l e  e c c e n t i i c i t i e s .

e  i n c l i n a t i o n  o f  a l i d a d e  a x i s  i n  i t s  s l e e v e ,

e  c i r c l e  g r a d u a t i o n  e r r o r s ,

o a x i s  s t r a i n
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0 p r r o r s  i n  i h c  m i c r n m i ' l p r .

S e c  M . A . k  Cou; i ' ' r  i l V N r .  u r  a l i f t a i l e d  d f S ' - r i p t i r n

o t  L h f  r ( t p , : r s ,  f i r u r s  a n d  t h e  . i p p r o ^ r i w t m  a ' . l i o n s  f o i  i l r s  c l a s s

01 t h p j d d  n e  d , ' | p ( : i x

T h e  s u i v r y u r  i s  ^ u i l e  w v l l  a w a r e  o !  i h e  n x i s i e n c e  o f  s y s t e m a t i c  

o f f e r ' s  a n d  u s u a l l y  s t r i v e s  t o  m i n i m i s e  t h e i r  p r e s e n c e  t h r o u g h  

i n s t r u m e n t  c a l i b r a t i o n ,  o b s e r v a t i o n a l  p ; o r  e d u r e s  a n d  m o d e l l i n g  

t h e  a t m o s p h e r i c  a n d  o t h e r  e f f c l s .

Some o f  t h e  s y s t e m a t i c  e r i o & s  d u e  t o  m s t r u m u t a l  f a c t o r s  c a n  be  

e l i m i n a t e d  by  o b s e r v i n g  o n  Cl.  m d  CR a n d  u s i n g  t h e  me a n  v a l u e .

3 . 3 . 3  CONCLUSIONS CONCERNING THE THEODOLITE ERRORS

T h #  d a t a  u s e d  i n  t h i s  d i s s e r t a t i o n  w i l l  b e  a s s u m e d  t o  b e  f r e e  f r o m  

m o s t  r f  t h e  e r r o r s  d i s c u s s e d  i n  t h e  p r e v i o u s  s u b - s e c t i o n s . P r o ­

f e s s o r  I B W a t t ,  who  s u p p l i e d  t h #  d a t a ,  c a r r i e d  o u t  t h e  c o r r e c t  

o b s e r v a t i o n a l  p r o c e d u r e s  i n  o r d e r  t o  m i n i m i s e  t h e  a f f e c t  o f  i n ­

s t r u m e n t a l  e r r o r s .  S y s t e m a t i c  e r r o r s  d u e  t o  a t m o s p h e r i c  c o n d i ­

t i o n s  a r e  c o n s i d e r e d  t o  b e  a n  a d d i t i o n a l  f a c t o r  i n  t h e  

m a t h e m a t i c a l  m o d e l ,  a s  o u t l i n e d  i n  t h e  i n t r o d u c t o r y  c h a p t e r .  Th e  

r e m a i n i n g  e r r o r s  w i l l  b e  c o n s i d e r e d  a s  b e i n g  s i g n i f i c a n t l y  f r e e  

f r o m  s y s t e m a t i c  e f f e c t s

%
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3 . 4  R E D U C T I O N  O F  T H E O D O L I T E  O B S E R V A T I O N S

3 . 4 . 1  F I R S T  M E T H O D  - D I R E C T I O N S  ( 1 )

T h i *  i s  t h e  m o s t  ccxnmonl v I - wn m e t h o d  ( O l l i v e r  a n d  C l e n d i n n i n g ,  

' . 4 : 8 ^

1 )  M # * n  v a l u e # : Ti le o h ^ e r t  o f  c h . m x m g  f a c e .  d i r e c L i o n  o f  r o t a ­

t i o n  a n d  z e r o  i s  t o  e l i m i n a t e  g r a d u a t i o n  e r r o r s  o f  t h e  c i r c l e  a n d  

m i c i o * e t  e r , a n d  i n s t r u m e n t a l  e r r o r s  d u e  t o  m e c h a n i c a l  

i m p e r f e c t i o n s  T h e r e f o r e ,  b y  t a k i n g  t h e  s w a n  o f  t h e  CL a n d  CR 

r e a d i n g s  t h e  e f f e c t *  o f  t h *  s y s t e m a t i c  e r r o r #  a r e  e l i m i n a t e d  o r  

m i n i m i s e d .

2 )  O r i e n t a t i o n  c o r r e c t i o n : When mo r e  t h a n  o n e  a r c  h a s  b e e n  t a k e n  

a t  a s t a t i o n  p o i n t ,  t h e n  t h e  b e s t  p o s s i b l e  v a l u e  o f  t h #  o b s e r v e d  

d i r e c t i o n  i #  t h e  me a n  v a l u e  o b t a i n e d  f r o m  t h e  me a n #  o f  t h e  i n d i ­

v i d u a l  a r c s  A# t h e  m e a n s  o f  t h e  v a r i o u s  a r c #  w i l l  r e l a t e  t o  

d i f f e r e n t  p a r t s  o f  t h e  h o r i z o n t a l  c i r c l e ,  t h e  s w a n s  o f  t h e  s e c o n d  

a n d  s u b s e q u e n t  a r c #  a r e  r e f e r r e d  t o  t h e  me a n  o f  t h e  f i r s t  a r c .

T h e r e f o r e ,  t h e  o r i e n t a t i o n  c o r r e c t i o n  o f  t h e  s e c o n d ,  t h i r d  o r  

f o u r t h  a r c  w i l l  b e  f o u n d  a #  t h e  a v e r a g e  o f  t h e  d i f f e r e n c e #  o f  t h e  

me a n  v a l u e #  o f  t h e  r e s p e c t i v e  o b s e r v a t i o n  p o i n t #  b e t w e e n  t h e  

f i r s t  a r c  a n d  s e c o n d ,  o r  s u b s e q u e n t  a r c s .

3 )  R e d u c e d  m e a n  v a l u e :  H a v i n g  f o u n d  t h e  mea n  o f  e a c h  a r c  -md 

t h e  o r i e n t a t i o n  c o r r e c t i o n  a s  o u t l i n e d  p r e v i o u s l y ,  t h e  me a n  v a l ­

u e s  c f  t h e  s e c o n d  a n d  t h e  s u b s e q u e n t  a r c #  a r e  e d u c e d  t o  t h e  f i r s t  

a r c  .

4 )  F i n a l  m e a n : Th e  f i n a l  m*>an vm i u e  f o r  e a c h  o b s e r v e d  p o i n t , i s  

o b t a i n e d  a s  t h e  a v e r a g e  o f  a l l  t h e  i n d i v i d u a l  a r c  m e a n s .
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Tne residuals have been abstracted at this stage (see sub-section 
3.4.1.I). The following additional steps are often included for 

t h e  r e d u c t i o n  o f  t h e o d o l i t e  o b a e r v a t I o n s

5) H o r i z o n  c l o s u r e  e r r o r :  In g e n e r a l , the final mean values re- 

l a t i n g  t o  t h e  R. O.  p o i n t  w i l l  n o t  b e  i n  e x a c t  a g r e e m e n t  T h e  

d i f f e r e n c e  i s  known a #  t h e  h o r i z o n  c l o s u r e  e r r o r .

T h e  h o r i z o n  c l o s u r e  e r r o r  ma y  b e  r e g a r d e d  a e  a n  o b s e r v a t I f ^ . a l  

i . h e c k , o r  may b e  u s e d  t o  a d j u s t  t h e  i n d i v i d u a l  o b s e r v e d  me a n  d i ­

r e c t  i o n s .

6 )  C o r r e c t i o n : S i n c e , t h e o r e t i c a l l y ,  t h e  f i n a l  me a n  v a l u e s  t o  t h e  

k 0  s h o u l d  1 c I d e n t i c a l ,  a n y  c o r r e c t i o n  i s  d e r i v e d  a s  t h e  q u o ­

t i e n t  o f  t h e  o f  h o r i z o n  c l o s u r e  e r r o .  a n d  t h e  n u m b e r  o f  t h e  d i f ­

f e r e n t  o b s e r v a t i o n  p o i n t s .

7) R e d u c e d  o b s e r v a t i o n s :  T h e  horizon c l o s u r e  error is eliminated 

by a p p l y i n g  t o  t h e  f i n a l  me a n  v a l u e s  i p r o p o r t i o n a l  c o r r e r t i o m .

I t  m u s t  b e  not i c e d  that t h e  r e d u c e d  o b s e r v a t i o n s  (step 7 )  are 
c o r r e l a t e d  s i n c e  t h e  h o r i z o n  c l o s u r e  i r r o r  ( R . O .  misclosuru er- 
tor) h a s  b e e n  d i s t r i b u t e d  a c c o r d i n g  t c  s t e p s  5 ,  6 .

T h i s  m e t h o d  i s  applied to obtain the adjusted values for the meai.s 
of t h e  o b s e r v a t i o n s  (directions).

3 . 4 . 1 . 1  C a l c u l a t i o n  o f  o b s e r v a t i o n a l  r e i t l d u a l s

The residuals are c a l c u l a t e d  as t h e  d i f f e r e n c e  b e t w e e n  the final 

me a n  values of the o b s e r v a t i o n s  ( s t e p  4) and the reduced mean 
values ( s t e p  3 ) ;  t h a t  is:
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KHs i d u . i  I s F i n a l  v«i 1 u* s nil moan t a l l i e s  ^ 3 . 1 )  

t sirp 3 )( s i r p  4 ]

At i / i s  ) u ) i n t .  n  must  he n u t i ' . r d  t h a t  l ^ x h  s t e p  3 and s t o p  <*, 

a s  d i s t u ' . s m i  in t h e  p r e v i o u s  s e t . l i o n ,  a r e  i n d e p f n d e n t  o f  t h e  i n -  

f l t u ' - u e  of  (h*» R (' mi*.  l e i s u r e  e r r o r  H f ^ e \ e r ,  f h "  v a l u e s  o f  t h e  

o b s e r v a t  i ons  L d l i . u l a t e J  up t u  s t e p  5 a r e  s i g h t l y  c o n e l a t e d  

w i t h i n  e a c h  a r c  f o r  t h r  s ma l l  s a mp l e s  I ' 1 0  r e s i d u a l s )  as  o p p o s e d  

t o  l a r # e  s a mp l e s  i ' l l '  r e s i d u a l s )  w h e r e  t h e  c o r r e l a t i o n  t e n d s  t o  

be  z e r o ,  b e c a u s e  o f  t h e  o r i e n t a t i o n  c o r r e t  t i u u , and c o n s e q u e n t l y ,  

t h e  r%'s i d u a l s  w h i c h  ac e  i a l c u  l a i e d  in  e q u a t i o n  ( 3 . 1 )  a r e  v e r y  

s l i g h t l y  c o r r e l a t e d  i s e e  e x i m p l e  g i v e n  in  Append i x  C) .

T h e  a f f e c t  o f  c o r r e l a t i o n  i s  e x a m i n e d  i n  mo r e  d e t a i l  i n  t h e  s u b ­

s e c t  i o n  3 * . 2 . I .

T h e  t o t a l  n u m b e r  o f  t h #  o b s e r v a t i o n a l  r e s i d u a l #  is :

w h e r e

*  *  n u m b e r  o f  a r c s

n *: n u m b # -  o f  o b s e r v a t i o n  p o i n t s  i n c l u d i n *  R . O

I t  i s  p r o b a b l y  w o r t h w h i l e  t o  d i f f e r e n t i a t e  b e t w e e n  t h e  a n a l y s i s  

o f  a l l  r e s i d u a l s ,  a n d  t h e  s t a t i s t i c s  o r r e s p o n d i n g  t o  a n  i n d i ­

v i d u a l  me a n  d i r e c t i o n .  T h e r e f o r e :

1 T h *  s t a n d a r d  d e v i a t i o n  o f  a  d i r e c t i o n  a s  c o e i p u t e d  f r o m  t h e  

^ p o o l e d  s a m p l e  o f  a l l  d i r e c t i o n s  i s  g i v e n  b y :

T o t ( 3 . 2 )

] = l  i - l
*  t ( 3 3 )

m*Ti- (m+n- 1)
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4

T h e  mi i da rd  d e v i a t i o n  o f  a n  i n d i v i d u a l  d i m  t  i o n  c o m p u t e d  

f r o m  t h e  s a m p l e  p e r t a i n i n g  t o  t h e  s p e c  i f i c  d i m t i o n  i s  g i v e n  

b y  f o i m u l a  ( 3  4 )

i

J = 1
( 3  4 )

% : t h e  i t h  i n d i v i d u a l  r e d u i e d  mean
i  . i

d . i r t t i o n  o f  t h e  a r c  j 

*  : t h e  i t h  f i n a l  me a n

3.  I n  c o n t r a s t  t o  t h e  s t a t i s t i c s  r e l a t i n g  t o  a n  o b s e r v a t i o n ,  i t  

i s  a l s o  p o s s i b l e  t o  o b t a i n  s t a t i s t i c s  a s s o c i a t e d  w i t h  t h #  

r f s i d u a l s  T h e  o b j e c t  o f  t h i s  d i s s e r t a t i o n  i s  t o  a n a l y s e  t h e  

d i s t r i b u t i o n  o f  t h e  r e s i d u a l s  ( o b t a i n e d  a s  a  d i f f e r e n c e  b e ­

t w e e n  a n  i n d i v i d u a l  o b s e r v e d  d i r e c t i o n  a n d  t h e  m e a n  d i r e c t  i o n  

f o r  a n y  s p e c i f i c  l i n e )

T h e  r e s i d u a l s  h a v e ,  t h e r e f o r e ,  b e e n  c o m b i n e d  i n t o  l a r g e  a a m ­

p l e *  a n d  v i e w e d  a s  i n d i v i d u a l  d a t a  p o i n t s  d r a w n  f r o m  a  common 

d i s t r i b u t i o n  o f  t h e  r e s i d u a l s .  F r o m  t h e  m a n n e r  i n  w h i c h  t h e  

r e s  i d u a l s  h a v e  b e e n  c a l c u l a t e d , t h e  me a n  v a l u e  o f  t h i s  d i s -  

t r i b u t i o n  i s  known t o  b e  z e r o ,  a n d  t h e  s t a n d a r d  d e v i a t i o n  i s  

u n k n o w n  T h e  i w t m u l a  ( 3 . 3 )  h a s  b , r n  u s e d  t o  e s t i m a t e  t h e  

s t a n d a r d  d e v i a t i o n  o f  t h #  r e s i d u a l s  ( i n  t h e  "HI  D I _ T E S T "  

p r o g r a m ) . a n d  i g i v e n  b e l o w :

[  I  I u u . n - D  i '  

j - 1  1=1
(35)
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w e

whe ri»:

I ' l J . i i  t h e  i i h  r e s i d u a l  f r r  ir<- j

I' t h e  me. in o f  t h e  rp*- u l u j  I s  ( ( = 0 )

Th e  " r H E v "  p r o g r . i m  ' K i ' d u ( ; : o n  o f  T h c c x i u l i t e  o h s e r v a t i o n s )  ham 

h n e n  w r i l : A n  i n  j f . c o i  il.xnc.p w i t h  t h e  ; r o L p d u r e  d e s c r i b e d  i n  

s e c t i o n *  3 . 4  1 aixi  3 " * . 1 . 1  Sfxm# m o r e  s p e c i f i c  i n f o r m a t i o n  i s

%i v n n  i n  t h e  Vo l u m e  I I  -  A p p e n d i x  K

3 . 4 . 2  SECOND METHOD - DIRECTI ONS (2)

T h i s  m e t h o d  i s  u s u a l l y  c a l l e d :  ' A y j u . s f w n f  u /  J o n s  f A#

eecAcxf  o f  J i r e c C  i o n s '  H a z a y ,  1470^

Two o (  q u a n t i t i e s  # r #  c o n s i d e r e d  u n k n o w n  t h e  d i r e c t i o n #  m d

t h e  o r i e n t a t i o n  c o r r e c t  i o n #

T h e  r e a d i n g #  f o r  t h e  d i r e c t i o n #  a r e  d i f f e r e n t  b e c a u e e  o f  t h e  e r ­

r o r #  o f  t h e  & # a # U T a m e n t a , a n d  b e c a u s e  e a c h  a r c  b e g i n #  on  a  d i f ­

f e r e n t  p n # I t ; an  o f  z e r o  T h e r e f o r e ,  t h e s e  d i f f e r e n c e #  o f  " z e r o # " ,  

w h i c h  a r e  e s s e n t i a l l y  t h e  o r i e n t a t i o n  c o r r e c t i o n s ,  m u s t  b e  c o n ­

s i d e r e d  a#  u n k n , * f n  v a l u e #

Th e  o b # o r v a t i o n  e q u a t i o n  f o r  a  d i r e c t i o n  i i n  a n  a r c  j  i # :

L = D - z  ( 3 . 6 )
ij * J

L . t  h e  r e a d  i u o ( t he  i t h  cl i r o c t  von t o r  a r c  ]

D t h e  ^ d j ' i ' - t e d  v a l u w  o f  t h e  r e s p e c t i v e  d i r e c t i o n

L i
: t h e  A d j u s t n d  v a l u e  o f  t h e  r e s p e c t i v e  o r i e n t a t i o n  

c o r r e c t i o n  f o r  a r r  j

w

1
■ j
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i  = 1 , 2 , . . . , n  ( n : n u m b e r  o f  : h ; "  l i o n s  )

j  = 2 , 1 .  . . . m  ( m : n u m b r r  o f  a r c s  )

S i n c e  t  h r  k (n*m= k , n ^ m - l  p ) r q u a i  i o n s  o f  ( 3  6 )  m: e  i n c n s i s t e n t ,

jnd a r e  t h i* m 1 s y 1 * » of t hn rrn* r. ur nmvn's which h a v e  random
e r r o r s , i t  **» an: ,  i l i a t  ih#" e q u a t i o n s  ( 3 . 6 )  may bp w r i t t e n  a s  f o l -

:

" (  " j  "  "-i j  * \ j
(3.7)

T h e r e f o r # ,  t h e  e q u a t i o n s  ( 3 . 7 )  c a n  b p  w r i t t e n  u s i n g  m a t r i c e s , a a  

f o l l e w * :

k p  k  k
A x -  b  ♦ u  

p i  1 1
(3 8)

w h e r e :

A : t h e  m a t r i x  o f  t h e  c o e f f i c i e n t *  o f  t h e  u n k n o wn  

** q u a n t  i t i e s

% : t h *  v e c t o r  o f  t h e  e s t i m a t e s  o f  u n k n o wn  q u  «;;; , t i e #

'^,*2......

t h *  v e f t o t  o f  t h e  o b s r r v a t  i onm

' i i ' n  ' „ r

U : t h e  \  t n r  o f  t h e u a l *

Art.ord itig to t h e  t h e u i  y o f  I,o«st S q u a r e s  t h e  sum of t h e  squrtres 
o f  t l i r  r e s i d u a l s  mu s t  h r  m i n i m i x i ' d ,  t h a i  15:

( mi ] = u ' u  -  m i n I mum ( 3 9 )

Th i r. implies t h a t
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A A x  “ A ' b ( 3 . 1 0 )

which are (he normal f(|udt inns. A drT olMS the transpw&p of A
d n d  X i s  the* i «l .1 s  t , qu , l  t* s  t  im rlt e  o f  X ,

Th*» numb,"i  o f  r**di .n<Mnt  me ms u ; o f  I r p ^ d o m )  i s  o b ­

t a i n e d  a& a  d H f f i r m # *  h f i w c e n  t hm t o t a l  m i m b r r  o f  o b s e r v a t i o n s  

( n * r i )  a n d  n u m b e r  o f  u n k n o wn s  n ^ ( m - l ) .  T h e r e  f o r  # ,  t h e  s t a n d a r d  

d e v i a t i o n  0  o f  a l l  d i r e c t i o n s ,  i n d i v i d u a l  d i r e c t i o n s ,  a n d  a l l  

r e s i d u a l s  a r e  g i v e n  b y  t h #  f o r m u l a #  o f  ( 3 . 3 ) ,  ( 3 . 4 )  a n d  ( 3  5 )  

r e s p e c t i v e ! y

3 . 4 . 2 . 1  A f f e c t  o i  t h e  o r i e n t a t i o n  c o r r e c t i o n

L e t  5 d i r e c t i o n s  b #  o b s e r v e d  o n  2 a r c s .  T h i s  i m p l i e s  6  u n k n o wn #  

( 5  d i r e c t i o n s  + o  i e n f s t i o n  c o r r e c t i o n  f o r  t h e  s e c o n d  a r c ) ,  a n d  

a c c o r d i n g  t o  o b s e r v a t i o n  e q u a t i o n  ( 3  7 )  t h e  m a t r i x  A a n d  t h e  

v e c t o r  K w i l l  be

Th e  s o l u t i o n  o l  ( 3 . 1 0 )  g i v e s

1 0  0 0 C 0

0 1 U 0  0  0

D

D
10 6

A 1 0  0 0 0 - 1 X D
6

0 1 0 0 0  ' I D

i)

0 0 0 0  1 -1

" I h u r e  f o i  R .
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( A ‘A )

0 2

0 0 2

0 (3 0

0 0 0

1 - 1 - 1

( A  A )

6

1 6

1 1 1 6 . .

1 1 1 1 6 .  

2 2 2 2 2 6

w h e r e  r A ' A  ' i s  t h e  \  m r i a r . t e - c o v m r i a n c e  m a t r i x ,  a n d  t h e r e f o r e :

D, D. ° D . D .  '

D,

B e a r i n g  i n  mi n d  t h a t  t ! i e  c o r r e l a t i o n  c o e f ( i c i e n t  i a  g i v e n  b y  t h e  

f o r m u l t

J
( 3 1 1 )

w h e r e :

: *  1 , 2 .  , n - l

j * 2,3, . . . , n

the c o r r e l a t i o n  between the directions D ,, D , , D , , D ,, D,  is: 

p * 1/4
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I n  i f  n  i r r  t l i r  I n i m l  r r d u f . e d  d i r m c c i o n s

i n c l u d i n g  R , 0  . a n d  z  I j  = :  . 1 ,  . . . , m)  n t  e  t h f  o r  u - n t a t  i o n  c o r -  

i  n e t  i o n s  a p p l i e d  t o  t h e  ^ r c u n d  u n d  s u h s u q u i ' n c  a i <.« . t h e n  A i s  a 

( m« n )  » l n + m - 1)  m u t r i x ,  ^ n d  i t  u in I" '  s h o wn  t h a t  t h e  r  1 e mmn t s

A  ̂ ol t he t A ’A ) matrix  w i l l  b«» equal te:

a  * *  i* i = j  ; i , j  *  n

n i f  i = j  , i , j > n

0 i f  : i . j S n

- I  i f  i '  j  ; 1 o r  j > n

0 ' .  '  j , i  a n d  j  > i

T h e  e l e m e n t s  m ‘ o f  t h e  i n v e r s e  m a t r i x  ( A ' A  j  ̂ w i l l  b e  g i v e n  

# m :

# * -  i n + # - : ) / ( n  a )  i f  i  = j  ; i , j i n

*  Z / n  I f  i  -  j  , i . j  > n

= ( m - l ) / ( n m )  i f  i * j  ; i . J S n

* 1/ i f  i  * j  ; i , j  > n

*  - i / n  i f  i # j ; a n d

i ^ n  , J i  n  o r  i & n , j > n

T h e r m  f o r e  , t h e  c o r r e  l a t  i o n  <.o«* f  f  h : : e n t  h n t w p e n  D ^ , . . . , w i l l  b e  

g i v e n  b y :
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( m - l l / m  mj
p = —----- --------- --------- -------— ---------------------  —

j t n+m - 1 ) ' ( n m ) ) ̂  [ i :i - 1 I / ( n m ) ] ̂ 

n - 1
™ ---------------- - ( 3 . 1 2 )

n+m- 1

F i g u r e  5 d e p i c t s  t h e  v u l u e  o f  t h e  «.c o r r e l a t i o n  c o e f f i c i e n t  f o r  b o t h  

2 a n d  4 a r c  s a m p l e *  As c a n  b e  s e e n  f r o *  t h e  g r a p h ,  t h #  c o r r e ­

l a t i o n  i s  s ma 11 , 11 y l e a n  t h a n  0 1  w i t h  m o r e  t h a n  9 o b s e r v e d

d i r e c t i o n s  i n  t h e  r a s *  o f  1 a r c # ,  a n d  27 s i g h t e d  d ' . r t c t i o n  i n  

t h e  v a s e  o f  «* a r c s )  . iiul t e n d *  t o  b e  z e r o  a s  t h e  n u m b e r  o f  t h #  

o b s e r v e d  d i r e c t i o : i # . a n d  t h e r e f o r e  r e s i d u a l # ,  i n c r e # # # #

F o r  t h e  s m a l l e s t  s a m p l e  u s e d  i n  t h e  d i s s e r t a t i o n  ( m» 2 .  n*@ - # e e  

# e c t i o n  6 2 . l i t h e  v a l u e  o f  p i s  0 . 1 1  , f o r m u l a  3 . 1 2 ) ,  a n d  c o n s e ­

q u e n t  l y , i t  c a n  be  c o n s i d e r e d  t h a t  t h e  c o r r e l a t i o n  b e t w e e n  t h e  

o b s e r v a t i o n s ,  a n d  t h e r e f o r e , b e t w e e n  t h e  r e s i d u a l # ,  d u e  t o  t h e  

o r i e n t a t i o n  c o r r e c t i o n  i s  g e n e r a l l y  s m a l l  a n d  f o r  t h e  l a r g e  s a m ­

p l e s  ' * 3 0  t : *  *d  d i r e c t i o n s )  t h i s  a p p r o a c h e s  z e r o .

3 . 4  2 . 2  C ompa r i s on  b e t w e e n  f i r s t  a n d  s e c o n d  met hod

I t  ^  now p o s s i b l e  t o  s h o w t h a t  t h e  f i r s t  m e t h o d  i s  i d e n t i c a l  t o  

t h e  s e c o n d  o n e

1. F i r s t  Method:  S u p p o s e :

n d i r e c t i o n s  b e  o b s e r v e d

m : n u m b e r  o f  a r c s

L.  : mean  v a l u e s  o f  t h e  o h s e r v a l « o n  o f  t h e  j t h  d l r e c  -

Lion on t h e  jth arc (sub-section 3.4,1 - s t e p  1)
z^ : orientation correction applled to the second and
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" j a o o  u o i ; * | 3 J j Q 3  .  ( d )

Figure S. Coe re lat ion coefficient for **2 and ®*A arcs
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s u b s e q u p n t  t r c m  ( s u b - s e c t i o n  3 . 4 . 1  - s t e p  ? )

L : r e d u c e d  me a n  v a l u e  o f  t h e  o b s e r v a t i o n #  o f  t h e
U

s e c o n d  a n d  s u b m e q u e n t  a r c s  ( s u b - s e c t i o n  3 . 4 . 1 -  

- s t e p  ] )

I ) . ; f i n a l  me a n  v a l u e s  o f  t h e  o b s e r v a t i o n #  ( s u b - s e c t i o n

3 4 . 1  - p y  4 )

I f  i s  the d i fferenve o f  the mean  values o f  t h e  r e s p e c t i v e  ob- 

s e r v a t i o n  p o i n t #  b e t w e e n  t h e  ' & r a t  a r c  a n d  s e c o n d ,  o r  a u b a e q u e n t  

a r c s ,  t h e n :

w h e r e :

i = 1 . 2 ,  , n

Therefore:

I
i " l

0 1 4 )

where:
1 * 1 , 2 , .  , n  

j * 2 . 3 .  . . .  , e

Then the r e d u c e d  mean values of the observations w i l l  be:

+ tj (3,15)
where:

i * l  , 2 ,  . . .  .rs 

and the f i n a l  me a n  o f  them w i l l  be:
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, n

j « 2  , 3 , . . . ,m

S u b s t i t u t i n g  ( 3 . 1 3 ) ,  ( 3 . 1 4 )  a n d  ( 3 . 1 5 )  into ( 3  1 6 ) ,  b e c o m e s :

l>̂  == i 1 !») _ L * l / l *  n )} I  I  j ) ( 3  I ? )

j - 1  j * 2  i * l

w h # r # :

. , n

Second Method: Th# unknown q u a n t i t i e s  . P^ ,. . , D^ , z ^ , . . .  , z^.  
c a n  b#  f o u n d  a c c o r d i n g  t o  m u b - m # c t i o n  3 4 . 2  f r o #  t h #  m o l u c i o n  o f

( 3 .  ID)  which I s ;

)  .  (A A)  '  A ' b  ( 3 . 18 )

w h e r e  t h e  q u a n t  I t  i e s  A , X , b  a r e  e x p l a i n e d  i n t o  sub- sec t ion  

3 . 4 . 2 .

T h e  e l e m e n t #  1 o f  t h e  m a t r i x  ( A ’A ) 1 a r e  r e f e r r e d  t o  i n  

s u b - s e c t  i o n  3 . 4 . 2 1 .  On t h e  o t h e r  h a n d ,  t h e  v e c t o r  A ' b  i s  a s  

f o l  l o w s :
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A ' b  i
!

E I. ,

Z L

Z L

I  L

( 3 . ] 9 )

w h ^ r *  p * n + m - l

1  ̂ c a n  b #  nhown - a f t e r  som, .how l a b o r l u u %  w o r k -  t h a t :

z  "  ( 1 / n ) I  I. - I  L |  

1=1 i * l

O  20)

whe* e  j = 2 , j ,

D.  = ( 1 / m ) ( 3 . 2 U

w h e r e  i = l .
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S u b s t i t u t i n g  ( 3 . 2 0 )  i n t o  ( 3 . 2 1 ) ,  I) b r c o m e s  i dent i cal  t o  t h a t  

g i v e n  b y  ( 3 . 1 7 ) .

T h e r e f o r e ,  i i  c a n  b e  s a i d  t h a t  t h e  f i r s t  a n d  s e c o n d  m e t h o d s  a r e  

e q u i v a l e n t  a n d  t h a t  t h #  s e c o n d  m e t h o d  i s  t h e  "ma t  I ' a l  e x ­

p r e s s i o n '  o f  t h e  f i r s t  mMcnixi

3 . 4 . 3  THIRD METHOD - ANGLES (1)

An a l t e r n a t i v e  m e t h o d  t o  d i r e c t i o n s  a t  a  p o i n t  i s  p r o v i d e d  by  

h o r i z o n t a l  a n g l e *

Th e  m o s t  c o mmo n l y  u s e d  m e t h o d  o f  a n g l e s  ( B a l o d i m o s , 1 9 7 7 )  nowm-

d * y s  is the following one which i s  referred to the R. G.  as zero :

C o n s i d e r  t h #  a n g l e s  ( F i g  4 )  a t  K b e t w e e n  t h e  p o i n t s  A ( R . O . ) ,  

B,  C,  D a r e  t o  b e  m e a s u r e d  Th #  t h e o d o l i t e  i s  s e t  u p  mt  K.  a n d

the horizontal circle r e a d i n g  i s  t a k e n  a n d  recorded exactly as 

d e s c r i b e d  i n  s e c t i o n  3 2 2

Th #  r e d u c t i o n  o f  t h e  o b # # r v a t  i o n #  i s  c a r r i e d  o u t  b y  m # a n i n g  t h #  

l e f t  and r i g h t  f a c e  r e a d i n g #  It r e q u i r e d ,  the mean discrepancy 
between the two 8 . 0 . r e a d i n g s  c a n  be adjusted proportionally to 
the nurber of a n g l e s , a n d  finally t h e  clockwise a.ig 1 e of each 
station can then be d e d u c e d

The r e c o r d  of t h e  observat ions a t  a point consists of the means 
of several such s e t s  of angles , r e f e r r e d  a l w a y s  to the same R .0., 
aiid this i s  the most e c o n o m i c a l  way of p r e s e n t i n g  the results, 
s i n c e  the v a l u e  o f  a n y  a n g l e ,  or combinat >on of angles, for ex­
ample BKC or AKC, is given by a simple s u b t r a c t i o n .
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T h *  m e t h o d  c o u l d  b e  d e . c r i b m d  a s  o n e  o f  d i r e c t i o n s  r e f e r r e d  t o

the R .0. as z e r o  direction.

3 . 4 , 4  F O U R T H  M E T H O D  - ANGLES (2)

T h i *  m e t h o d  I s  u s u a l l y  c a l l e d :  " A i y u f C a e H f  o /  x o n a  b y  ( A*

a wf  o /  j n  f  7V ; o m f " ,  a n d  i s  w e l l  k n own as

" S c h r e  i h e r 's met hod ' lHazay, 19 70 } .

T h i s  m e t h o d  is b a s e d  o n  a  c o e i p l e t e l y  d i f f e r e n t  t e c h n i q u e  ( t h #  

f i e l d  p r o c e d u r e  s n d  o b m e r v i n g  t e c h n i q u e s  a r e  d i f f e r e n t )  c o m p a r e d  

w i t h  t h a t  o f  t h e  p r e v i o u s  s u b - * e c t  i o n , a n d  c o n s i s t s  I n  m e a s u r i n g  

a l l  t h e  a n g l e s  i n  d i f f e r e n t  c o m b i n a t i o n s  ( F i g .  6 ) .  T h #  n u m b e r  o f

the combinations and, therefore, of the angles to be measured is:

m *  n ( n - 1 ) / 2  ( 3 . 2 2 )

w h e r e  n is t h e  n u m b e r  .<( I n d i v i d u a l  points sighted.

Angles a r e  g e n e r a l  l y  m e a s u r e d  i n  s e v e r a l  sets the number of which 
i s  i d e n t i c a l  for e a c h  angle.

3 . 5  CONCLUSIONS

The f i r s t  method (met h u d  of direct ions) has been applied in this 
dissertation b e c a u s e  of t h e  following r e a s o n s :

1. The first two methods f o r  the reduction of theodolite obser­
vations ( s u b - s e c t i o n s  3.4.1 and 3 4.2) are identical. How­

ever , the first method is merely a convenient computationcl
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\

1 t o  o b m n  t h e  S , ; j . * r p s  s o l u t i o n  d e s c r i b e d  i n  t h e

P i o n d  m e c h o d

2 .  Th e  t h i r d  m*Lhod m ^ t h n d  o f  a n g l e s )  a s  h a s  b e e n  d e s c r i b e d  i n  

s u b - s e c t i o n  ) *  3 w o u l d  h a v e  b e e n  a p p l i c a b l e  b u t  n o t  u s e d ,  

a s  t h e  g e n e r a l  p r a c t i c e  i n S o u t h  A f r i c a  i s  t o  u s e  t h e  m e t h o d  

o f  d i r e c t i o n s  ( i r s t  t wo  m e l h o d s l .

3.  Sr h r e i b e r ' s  m e t h o d  : s e c o n d  m e t h o d  o f  A n g l e s '  i s  n o t  a p p l i c a ­

b l e  f o r  d i s s e r t a t i o n  p u r p o s e s  D e c a u s e  o f  t h e  f i e l d  p r o c e d u r e  

a d o p t e d  d u r i n g  t h e  a c t u a l  s u r v e y .

On t h e  o t h e r  h a n d ,  I t  i s  w n r l h  n o t  m g  t h a t  t h e  a p p l i c a t i o n  o f  t h #  

o r i e n t a t i o n  c o r r e c t  i o n  i n  t h e  m e t h o d  o f  d i : r e t  i n n *  d o e s  n o t  a f ­

f e c t  t h e  c a l c u l a t i o n  o f  t h e  o b s e r v a t i o n a l  r e s i d u a l #  s i n c e  t h #  

c o r r e l a t i o n  i n t r o d u c e d  by  ( h i s  i s  v e r y  s m a l l .
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4 . 0  D I S T R I B U T I O N S

4.1 MOMENTS

I f  s o me  d a t a  a r e  knuwn t o  h av e  b e e n  a a m p i f d  r an d om ly  f r o #  a  n o r m a l  

p o p u l a t i o n ,  t h e n  t h e  a a a p l *  mean and v a r i a n c e  d o  in  f a r "  s u m # a r i a #  

a l l  t h e  i n f o r m a t i o n  c o n t a m w d  i n  t h e  d a t a .  Mo r e  u s u a l l y  i t  may 

n o t  b e  kno wn  t h a t  t h e  p o p u l a t i o n  i s  n o r m a l ,  o r  p e r h d p #  I t  may b*  

k n o wn  t o  f o l l o w  s ome  o t h e r  d i & t r  i b u t  i o n . I n  s u c h  s i t u a t i o n #  mom#

m e a s u r e s  may b e  n e e d e d  1 0  r e p r e s e n t  f u r t h e r  s h a p e  c h a r a c t e r i m t l e a

o f  a  d i s t r i b u t i o n ,  s u c h  a% s k e w n e s s . T h a t  i  a d d i t i o n a l  mo me n t *  

c a n  b e  d e t e r m i n e d  f r o #  w h i c h  c h a r a c t e r i s t i c s  o f  t h e  d i s t r i b u t i o n  

may b e  i f e r r e d .  P o p u l a t i o n  m e a s u r e #  ( a l t h o u g h  a n a l o g o u s  d a f i -  

n i t i o n s  h o l d  f o r  s a m p l e  d a t a )  w i l l  be c o n s i d e r e d  b e lo w .

Th e  m o m e n t s  and c u m u l a n t s  a r e  a s e t  o f  c o n s t a n t #  o f  a  d i s t r i b -  

u t l o n  w h i c h  a r e  u a e f u l  f o r  m e a s u r i n g  i t *  p r o p e r t l e #  a n d ,  u n d e r  

c e r t a i n  c i r c u m s t a n c e s , f o r  s p e c i f y i n g  I t

T h e  moemnt  o f  o r d e r  r  ( r * l , 2 , 3 ,  i s  g i v e n  b y  ( M i k h a i l ,  1 9 7 6 ) ,  

( P a t e l , K a p a d i a  a n d  Ow e n , 1 9 7 6 ) „ ( W e t h e r  11 1 , 1 9 7 2 ) , ( S u r y ,  1975)

w ' r  -  E ( ( x - b / l  ( 4 . 1 )

a n d  is ca I l e d  t h e  r t h  m o m e n t  o f  a  variable x a b o u t  a  c o n s t a n t  

b  When b  *  0 ,  i t  i s  called t h e  r t h  m o m e n t  a b o u t  t h e  o r i g i n  o f

t h e  r an d o m  v a r i a b l e  x , and i s  d e n o t e d  by u' ̂ , When b * £ ( x )  , it 
i s  c a l  l e d  t h e  r t h  c e n t r a l  m o i n e n t  o f  t h e  r a n d o m  v a r i a b l e  x , a n d  

i s  d e n o t e d  by  .
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Ko r  a  c o n t i n u o u s  v a r i a b l e ,  t h e  c e n t r a l  mo me n t  i \  ( R u r y ,  1 9 7 5 ) ,  

( M i k h a i l ,  1 9 7 6 ) :

f  t x ),ix ( 4 2 )

w h e r e  f(x1 i# th* p d f

T h o  m y e e n t *  c a n  b e  e x p i m & s e d  a& f u n c t i o n s  o f  w'  N o t i n g  * h a t  

W' , * L , % )  i *  a  c o n s t a n t ,  t h e  s e c o n c  mo me n t  a b o u t  t h e  mea n  c a n  b e  

w r i t t e n  am

y ,  c  E x x - v i 1 « E i x 1 - 2 y x * y 1 ) a  E (x1 ) - 2 u E ( x  ) ♦ £ ( y 2 )

«  E ( » ' ) - 2 E ( K ) E ( x ) * | E ( % ) | '  «

«  « E ( x - 0 ) ' - | E ( * - 0 ) ] '

» w' ,  - l w ' , l '  ( 4 . 3 )

S i m i l a r l y ,  i t  c a n  b e  mhown t h a t

ti,  * y ' , - 3i„' sy ‘ a *2 i  y * , ) 1 ( 4 , 4 )

y» " y '* *4y' , i ' , + 6 ( y ' , ) , y ’ , - 3 (y1 , )* (4.5)

G l v # * . t h a t  t h e  e x p e c t a t i o n  a n d  v a r i a n c e  o f  a  r a n d o m  v a r i a b l e  e r e

E ( x ) and E ( .x - y ) * , t h e n  the third moment is zero in symmetrical 
distributions, and will be  non-zero for skew distributions. T h e  

t h i r d  mo a wn t  w i l l  b e  pop. i t  I v e  f o r  d l m t r l b u t  l onm am l a  F i g .  7 ( a )  

a n d  n e g a t i v e  f o r  t h o a e  r i p r e m e n t e d  b y  F | g  7 ( b )  r e s p e c t i v e l y .

The third moment c a n n o t  be  used in t h e  form E [ ( x - y ) * )  a s  a  

measure o f  s k e w n e s s , for it can be made arbitrarily larger o r  

s m a l l e r  b y  altering the scale.
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W N«ys*#»e Stewnw

k i n e t r  tortede

F l g u r #  7 S o # #  n o i i - n o r m a l  d i s t r i b u t i o n #

Th *  f o l l o w i n g  f o r m u l a  ; m i n v a r i a n t  t o  s e a l #  a n d  w i l l  b e  u * e d  a#  

the c o e f f i c i e n t  o f  S k e w n e s s  ( P a t e l  . K a p a d i a  a n d  (v ^ ; .  

f k * t h # r i l l ,  1 9 7 2 ) .  ( B u r y ,  1 9 7 5 ) '

3 / 2

U,  = E ( x - w ) '  

W, "  C ( x - w ) '
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A n o t h e r  c o e f f i c i e n t  w h i c h  m e a s u r e s  t h e  s h a p e  u f  a d i s t r i b u t i o n  

is t h e  c o e f f i c i e n t  o f  K u r t o s i s  o r  excess , w h i c h  i s  d e f i n e d  ( P a t e l , 

K a p a d i a  a n d  Owen, 1 9 7 6 ) , (WeLhPi  i l l ,  1 9 7 : ) ,  ( B m y  , 1975 j as -

( 4 7 )

W, = K l x - w ) '

W* x K C x - y ) 6

T h e  g r a p h  i s  mo r e  p e a k e d  ( l ^ p t o k u r t o s i s )  f o i  f , > 3  ( F i g .  7 ( d ) ) ,  

a n d  b e c o m e s  mo r e  f l a t t e n e d  l P l a t y k u r  t o s  i s ) f o r  ( F i g  7 ( c ) )

i n  t h e  n o r m a l  d i s t r i b u t i o n .

T h e  M o m e n t  G e n e r a t i n g  F u n c t i o n  o f  a  r s n d o a  v a r i a b l e  x , d e n o t e d  

b y  M ( t ) ,  i s  d e f i n e d  b y  ( P a t e l .  K a p a d i a  a n d  1 9 7 6 ) ,  ( B u r y ,

1 9 7 5 )

f o r  a l l  r e a l  v a l u e s  o f  t .

The derivatives of H(t ) permit a n  alternative and s i m p l e r  way t o  

c a l c u l a t e  t h e  m o me n t s  u ' r  F o r  e x a m p l e , the f i r s t  d e r i v a t i v e  o f

A t  t * Q ,  this derivative is seen to b e  t h #  « x p e c t e d  value of x .

e ^ f W d x

M ( t )  1 , :

x # ^ * f ( x ) d x ( 4  9 )
j

x f ( x ) d x  »  E ( x )  -  4_ ( 4  1 0 )
a t t»o
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S i m i l a r l y ,  t h e  s e c o n d  d e r i v a t i v e  1* t h *  w ' # ,  a n d  g e n e r a l l y ,  t h e

rth derivative i s :

K l x ^ )  -  E ( x - O ) '  «  p ' p  (& 11)

The C u m u l m t  G e n e r a t i n g  F u n c t i o n  of a r a n d o m  variable X, denoted 

b y  n ( t ) ,  i :  d e f i n e d  b y  ( P a t e l ,  K a p a d i a  a n d  Cwe n ,  1 9 / 6 ) ,  ( B u r y ,  

1 4 7 5 )

n ( t )  *  l o g  M ( t )  ( 4 . 1 2 )

f o r  a l l  r e a l  v a l u e #  o f  t .

4 . 2  NORMAL D IS T R IB U T I O N

As i n d i c a t e d  in section 2,2, the form of t h e  probability density 
function la a b e l l -shaped c u rv e  (Fig. 1), and is given by th e  

Gau sa ia n  p r o b a b i l i t y  d l # t r i b u t i o o  (Joh nson  and K o t* ,  1 9 7 0 ) ,  

( W e t h e r i l l ,  1972), ( M i k h a i l .  ' 6) :

((%) -  . . -*) /<: ) ' |  ( t  13)

L -  l / ( r , '  ( * . ! * )

It is obvious t h a t  t h e  p d f .  involves tw^ y .- ^ m e t e r s  ( o o n o t e d

b y  t h e  G r e e k  l e t t e r s  w a n d  o )  w h i c h  a m # t  # a t i # i y

o > 0 and -• < y < >•«.
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( n r  t hm r a s n  o f  a h y p o i h r i h . i l l y  i n f i n i l w  numhmr  o f  u l j s u r v a l m n s .  

A n o r m a l  d i s t r i b u t i o n  i s  c o m ^ . m t f l y  ( i i ' i e r mi MP d  by  t h e  p o p u l a t i o n

m e a n  ( u )  o -  a k p a c t e d  v a l u e ,  w b n l i  i s  a " l o u a t i o n "  p H r , i m e t e r ,  a n d

p o p u l a t i o n  s t a n d a r d  d e v i a t i o n  ( o ) , w h i c h  i s  a " d i s p e r s i o n "  p a -  

r  a m c i e r  T h i s  d i s t r i b u t i o n  ' a n  bm ( i r n u t ^ d  by  \ (  u ) . Th e  s y mb o l  

o '  i s  l i i *  v a r i a n c e  o f  t h e  puj iu  l a t  i o n  o r  t h e  \ r c o n d  mome nt  a b o u t

U,  t h e  pc s i t  i v e  s q u a r e  m o t  o f  w h n h  i s  d e f i n e d  a s  t h e  o T h i s

i s  e x p r e s s e d  i n  t h e  s. im* . n i t  o f  m e a s u r e m e n t  a s  t h e  o b s e r v e d  

q u a n t i t y  Th* d e v i a t i o n s  x- V i r e  u s u a l l y  c a l l e d  t h e  r a n d o m  f a c -  

c i d e n w l  ) o r  o b s e r v a t i o n a l  e r r o r s

Th #  l i m i t e d  n u m b e r  o f  a c t u a l  o b s e r v a t i o n ^  ( o f  i n d e p e n d e n t  m e a s ­

u r e m e n t s )  w i l l  b e  c o n s i d e r e d  an  a r a n d o m  # a m p l e  d r a w n  f r o #  t h e  

i n f i n i t e  n u m b e r  o f  o b s e r v a t  w i *  i n  t h e  p o p u i a ( i o n

T h e  me a n  ( x )  a n d  t h e  v a r i a n c e  i s * )  o f  t h e  s a r p l e  a r e  e a t i m e t # #

o f  t h e  p o p u l a t i o n  mean u a n d  t h #  p o p u l a t i o n  v # r imnc# o* o f  t h l a  

d i s t r i b u t i o n  D i f f e r e n t  s a m p l e s  y i e l d  d i f f e r a n t  e s t i m a t e # ,  w hich

s h o u l d  n o t  be  c o n f u s e d  w i t h  t h e  t h e o r e t i c a l  v a l u e s  w a n d  o*

H ( x )

F i g u r e  A Th e  c  . d . f  c f  t h e  No r ma l  c < i b u t  i o n

T h e  cumu lat i v e  d  ist r tbuL m n  f u n d  i o n  (< < • , w h i c h  is sometimes
c a l l e d  s i m p l y  t h e  distribution f u n c t  u>>. . •• * function (for con-
t i n u o u #  v a r i a b l e # )  w h i c h  i n c r e a s e s  g ; a d u * J  l y  f r o m  z e r o  a t  t h e
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I m f t  o f  t h e  r a n g e , t o  u n i t y  a t  t h e  r i g h t  o l  t h e  r a n g # ,  a s  i s  s h o wn

i n  F i g .  8

Th e  c . d . f .  o f  t h e  n o r m a l  d i s t r i b u t i o n  l a  g i v e n  b y  t h e  f o r m u l a :

H t x l f ( x M x  ( 4 .  15)

w h e r #  f i x )  i #  g i v e n  b y  ( , 4 . 1 3 ) .

4 . 2 . 1  T H E  S T A N D A R D  N O R M A L  D I S T R I B U T I O N

I f  t h #  p a r a m e t e r :  o f  t h #  n o r m a l  d i s t r i b u t i o n  t a k #  t h #  v a l u # # :

W "  0

0* * 1 (4.16)

t h a n  t h i s  i s  called the n o r m a l  s t a n d a r d  d i s t r i b u t i o n  o r  

s t a r r U r  d i s e d  d i s t r i b u t i o n  (Table AI - Appendix A ) , a n d  i s  d e n o t e d  

b y  N ( ' j . l )  Th#  p d f  1m s y m m e t r i c a l  a  S o u l  t h #  z w r o  a n d  im g i v e n  

b y  ( J o h n m o n  a n d  K o t z ,  1 9 7 0 ) ,  l W # t h # r  i l l ,  1 9 7 2 ) ,  ( M i k h a i l ,  1 9 7 b )

f ( z )  "  ( l / ^ 2 * ) # x p ( - z * / 2 )  ( 4 . 1 7 )

The normal distribution N ( u , cf *)  may L>e transformed to a

staHBffrdised normal distribution by the ; bstltution:

z * ( x - u ) / o  (4.18)

"Die c . d . f .  o f  N ( 0 , 1 )  i s  w r i t t e n  am f o l l o w s :
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K(z)  = f ( z )dz (4  19)

w h e r e  i :  g i v m n  b y  ( 4 . 1 7 ) .

4 , 2 . 2  MOMENTS OF THE NORMAL D IS T R IB U T I O N

S u b m t i t u t i n g  t h e  p d f  o f  t h #  N o r m a l  d i s t r i b u t i o n  ( f o r m u l a  4 . 1 3 )  

i n t o  f o r m u l a  ( 4 . 5 ) ,  t h #  Moment  G # n # r a t m *  F u n c t i o n  f o r  t h #  N o r m a l  

r a n d o m  v a r i a b l e  X b e r ^ me m:

(For a d # t a i l # d  f i# m c r ip t io n  : # #  Johnmon and Kota ( 1 9 7 0 ) ] .

Th# f i r m t  four d # r iv a t i v # m  c f  M(t) a t  t " 0 ,  in  co m b in a t io n  w i t h

the equations (4.11), (4.20) are given as:

Substituting t h e  e q u a t i o n s  ( 4 . 2 1 )  into ( 4 . 3 ) ,  ( 4 . 4 )  a n d  ( 4 . 5 ) ,  

t h e  moments about the me a n  become:

T h e r e f o r e , t h e  c o e f f  i c i e n t ! ,  o f  s k e w n e s s  a n d  k u r t o s i s  f o r  t n e  c a me

o f  t h #  No r ma l  d i s t r i b u t i o n ,  a c c o r d i n g  t o  e q u a t i o n s  ( 4 . 6 ) ,  ( 4 , 7 )  

a n d  ( 4 , 2 2 ) ,  b e c o m e :

M l t ;  * # % f ( t w  + t * o ' / 2 ] ( 4 . 2 0 )

W l "  u

y ' i ** y* ♦o*

V* i ”  3 w ' + w '  

y * » *  m* 4-6u , o , * 3 o > (4 21)

3o* (4  22)
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4 . 2 . 3  C O N F I D E N C E  I N T E R V A L  - C O N F I D E N C E  LEVEL

T h e  co n f id e n c e  in t e r v a l  1# th e  re g io n  a b o u t  a s a m p l e  s t a t i s t i c  

c o n t a i n i n g  t h e  c o r r e s p o n d i n g  p o p u l a t i o n  s t a t i s t i c .

Th*  p r o b a b i l i t y  t h a t  a  c o n f i d e n c e  i n t e r v a l  w i l l  e n c l o s e  t h e  em

t i m d t e d  p a r a m e t e r  i s  c a l l e d  t h e  c o n f i d e n c e  l e v e l  f Y a m a n e , 1 9 7 3 )  .

T h e  f o l l o w i n g  c o n f i d e n c e  r e g i o n s  a r e  c o e u e o n l y  u s e d  w i t h  t h e  

n o r m a l  d i s t r i b u t i o n :

P(  I V-CO < x < W+CO ) I N ( u , 0 1 ) 1 ( 4 . 2 4 )

C o n f i d e n c e  i n t e r v a l C o n f i d e n c e  l e v e l

I 0 0 0 P ( y-o<x<U' *-o) 0 . 6 8 3

1 . 9 6 0 P ( u - l - 9 6 0 o < x < u + 1 . 9 6 0 o ) 0 9 5 0

2 . 2 4 4 P ( y - 2 . 2 4 ^ j < x < y * 2 . 2 4 4 o ) 0 . 9 7 5

2 . 5  76 P(  y - 2 . 5 76c*'  x <y+2  . 5 7 6 o  ) 0 . 9 9 0

T a b l e  1: C o n f . i n t e r v a l  -  C o n f . l e v e l  o f  t h e  N( y , o *)

F o r  t h e  s t a n d a r d i s e d  d i s t r i b u t i o n ,  ( 4 . 2 4 )  b e c o m e s :
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(y-co)-p i W+ c o ) - y
P < z <

(4 25)

Table I shims the different confidence levels which arisr from 
different values of c.

4 . 3  T R U N C A T E D  N O R M A L  D I S T R I B U T I O N

T h #  T r u n c a t e d  N o r m a l  d i & t r l b u t i o n  l a  d e f i n e d  i n  t e r m #  o f  a  f u n c -

t ion of the p d f .  o f the N o r m a l  distribution, and the truncation 
points a r e  based on the a r e a  enclosed within a Normal distrib­

ution.

I f  t h e  d i s t r i b u t i o n  o f  a  r a n d o m  v a r i a b l e  % i #  d o u b l y  t r u n c a t e d

a t  points A a n d  B and is normal ly distributed within these limits 
(Fig 9) (Johnson and Kotz, 1970), then the probability density 

f u n c t i o n  is:

( x )  *  L * e x p ( - l / 2 ( ( x - w ) / o ) * ) L exp[-l/2{(t-y)/o}*]dt

l >
1

-1
* L* exp 1 -l/2{(x-u)/o)s j L exp(-z1/?)dz

( A - w ) / 0

This may be written as:
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A 8

F i g u D o u b l y  T r u n c m t e d  S or mml  d i s t r i b u t i o n

2 { \ x - u ) ' o } * t l B - % ) - H [ ( A - u j / o ,

/ W X  l / o / 2 *  , e x p (  - 2 ( i x  w , / o ) * 2 6 )

w h e r e  ASxSB a n d

H ( C B - w L ' 0 | - H [ ( A - w )

T h e  H ( ( B - w ) / o ) .  H [ ( A - w ) / o )  

( A - w ) / o  am a r g u m e n t

d e n o t e  t h e w i t h  ( B - m . o  a n d

T h e " T A c t o r  W i s  e m s e n t  i a 1 l y  a  s e a l #  f a c t o r  w h i c h  d e p e n d m o n  t h e  

t r u n c a t i o n  p o i n t s  I f  ( B - w ) / o  »  ( A - w ) / o  = 2 . 5 % ,  t h e n  W ( w h i c h  im 

c a l c u l a i e d  b y  t h e  s t a n d a r d i s e d  s t a t i s t i c  ( A - w ) / o  w i t h  t h e  c o n ­

t r i b u t i o n  o f  t h e  T a b l e  A1 g i v e n  i n  A p p e n d i x  A) i s  c a l c u l a t e d  am 

H ( 9 7 . 5 j  - H( 2 . 5 1 . T h u s .  W=0 . 9").  I t  c a n  b e  e a s i l y  s e e n  t h a t  t h e  

p . d . f .  o f  t h #  T r u n c a t e d  N o r m a l  d i s t r i b u t i o n  im s i m i l a r  t o  t h a t  

o f  the Normal o n e ,  and it differs o n l y  by  t h e  factor U/W). The 
shape o f  t h e  T r u n c a t e d  N o n a  1 distribution w i l l  be symmetrical
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j h o u t  t h n  mea n  ( T | = 0 ) .  H o w r v r r .  A i m . e  t h e  l a c L o r  ( l / W i  l

a n d  a p p e a r s  i n  l h »  f o r m u l a  w  1 7 ) ,  i t  m n j n s  ( h d t  i h e  p d . f .  w i l l  

b e  n o r m p e a k e d  1%"; ' ]  " K i x ' i r n  n [ d ) |  t h . i n  Lhe ' . l i i p e  o f  t h e  S o r ma l  

o n e .

I t  A * t h e  p . d . f  i s  s  x i g l y  t r u n n i t i d  I t e m  i b o v e  (mi  p o i n t

B) ( F i g  1 0 u ) .  dn d  i f  B * t h e  p (i f i s  s i n x l y  t r u n c a t e d  f r o m 

b e l o w  p o . n t  A^ ( K:% 1 ' )b i

r i g u r #  10 S i n g l y  : r u n c a t e d  f rom:  ( a 1. a b o v e ,  ( b ) . be l ow

The expected value of x is given by the formula IJohnmon and Kotz, 
1 9 : 0 ) :

l b ) / " T

2 [ ( A - u i / o ] - Z ( ( B - w ) / 0 |
E(xj " l; + ( 4 . 2 7 )

H [f B-u)/o|-H[(A -w )/o)

and the variance cf x. by (Johnson and Kotz. 1970):

Varfxj *

w h e r e
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4 *

C = ( A - w ) / o  a n d  D *  ( B - w ) / o

Z ( C ) . Z( D)  a r e  t h e  o r d i n a t e *  o f  t h e  s t a n d a r d i s e d  No r ma l

<i i s t r  i b u t  i o n .

I n  t h e  p a r t i c u l a r  c a me  f o r

A-w »  | M B - y )  | " 8 

t h e  e q u a t i o n *  ( 4 . 2 7 ) , i -  2 8 )  b e c o m e .

E ( x )  = y

a n d

( 4 . 2 9 )

( 4 . 3 0 )

V a r ( x )
2 6 Z ( 6 )

2 H ( 6 ) - 1
( 4 . 3 1 )

4 . 3 . 1  M O M E N T S  O F  T H E  T R U N C A T E D  N O R M A L  D I S T R I B U T I O N

T h e  Moment  G e n e r a t i n g  F u n c t i o n  i s  s i m i l a r  t o  t h a t  o f  t h e  n o r m a l  

d i s t r i b u t i o n .

T h e  T r u n c a t e d  N o r m a l  d i s t r i b u t i o n  i s  s y m m e t r i c a l , a n d  h e n c e :

I ,  * 0  ( 4 . 3 2 )

T h e  c o e f f i c i e n t  o f  K u r t o s i s  i s  g i v e n  b y  t h e  f o r m u l a  ( 4 , 7 ) ,  w h e r e  

V a r ( x ) ^ .  i s  t h e  v a r i a t i o n  o f  t h e  T r u n c a t e d  N o r m a l  d i s t r i b u t i o n  

a n d , t h e r e f o r e , y ,  i n  t h i s  c a s e  i s :

y ,  » ^ a r ( x ) ^  ( 4 . 3 3 )

C o n s i d e r i n g  t h a t :
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V a r ( x ) _  = k  V d r l x '

a n d  s u b m t i '  t i n *  1 4 . 3 4 )  i n t o  ( 4 . 7 )

(Normal)
( 4 3 5 )

R i n c #  f ,  o f  t h e  S or mml  d i m t r  i b u t I o n  (m## f o r m u l a  4  2 3 )  i *  3 ,  t h # n  

( 4 . 3 5 )  b e c o m# # :

(4  3 6 )

b#c#u#a o f  ( 4 . 3 4 )  (V a r ( x ) _  * 1 | .

U s i n g  t h e  f o r m u l a  ( 4 . 3 1 )  t h e  v a r i a t i o n  o f  t h e  T r u n c a t e d  N o r m a l  

d i s t r i b u t i o n  i s  c a l c u l a t e d ;

I .  For 96% truncation points, where

6 " 1 960 ( f o r m u la  4 . 2 9 )

Z ( d )  -  2(1.960) * 0 . 0 5 6 4  fformula 4.1?)

H(d)  -  H ( 1 .9 6 0 )  " 0 . 9 7 5 0  (T a b le  A l )

• T h e r e f o r e :

V a r ( x ) _  "  0 . 7 5 9 0

k"  »  ( V a r ( x )  ] '  "  0 . 5 7 6 1

and  using,  t h e  f o r mu l a  ( 4 , 3 6 )

( 4 . 3 7 )
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r ,  = S . 20 8 ( 4 . 3 h )

2.  F o r  9 7 . 5 %  t r u n c a t i o n  p o i n t # ,  w h e r e

6 = 2 . 2 4 4  i f o m u l a  4 . 2 9 )

: l d )  = 2 ( 1 . 9 6 0 )  = 0 . 0 1 2 2  ( f o r m u l a  4 . 1 7 )

H ( d )  = H ( 1 . 9 6 0 )  = 0 . 9 8 7 6  ( T a b l e  A l )

T h e r e f o r e :

\ a r ( x ) _  "  0  8 S 1 8  *

k"  «  j * *  0 . 7 2 S 6  ( 4 . 3 9 )

a n d  u m i n g  t h e  f o r m u l a  (4 3 6 )

»  4 . 1 3 5  ( 4 . 4 0 )

3 .  F o r  99% t r u n c a t i o n  p o i n t s ,  w h e r e :

6 ■ 2 . 5 7 6  ( f o r mu l a  4 . 2 9 )

Z ( d )  -  2 ( 1 . 9 6 0 )  -  0  0 1 4 5  ( f o r m u l a  4  17 )

H ( d )  "  H ( 1 . 9 6 0 )  "  0 . 9 9 5 0  ( T a b l e  A l )

T h e r e f o r e :

V a r ( x ) _  »  0 . 9 2 4 5  *

k '  "  ( V a r ( x )  ) '  -  0 . 8 5 4 7  ( 4 . 4 1 )

a n d  u m i n g  t h e  f o r m u l a  ( 4 . 3 6 )

I ,  = 3 . 5 1 0  ( 4 , 4 2 )
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F r o *  t h e  v a l u e *  f ,  g i v e n  i n  ( 4 . 3 8 ,  4 4 0  a n d  4 . 4 2 ) ,  i t  I s  o b v i o u s  

t h a t  a s  t h e  l e v e l  o f  t r u n c a t i o n  p o i n t s  i s  d e c r e a s e d  s o  t h e  s h a p e

of the distribution b e c o m e s  more p e a k e d .

4 . 4  INVERSE GAUSSIAN (WALD) DISTRI BUTI ON

Th e  f o l l o w i n g  f o r m u l a  i s  a  a* a n d m r d  f o r m  o f  t h e  p d f .  o f  t h e  

I n v e r s e  G a u s s i a n  d i s t r i b u t i o n  ( J o h n s o n  a n d  K o t z ,  1 9 7 0 ) :

-  | \ / ( 2 « x ' ) l * , % p | - X ( x - i i ) ' / ( Z w ' x ) |  ( 4 . 4 3 )

w h e r e  x , X,  w > 0 .

T h i s  distribution involves t wo  p a r a m e t e r s : y w h i c h  i s  a m e a s u r e  

o f  l o c a t i o n  a n d  i s  in f a c t  the p o p u l a t i o n  m e a n , a n d  X w h i c h  is a  

m e a s u r e  o f  d i s p e r s i o n

On# o f  t h e  a l t e r n a t i v e  f o r m a  o f  ( 4 . 4 3 )  i s :

f  Cx|  y , # )  *  ( v t / U i x 1 ) ] * e x p ( # ) e x p i  - 1 / 2 ( e x / y * # y / x )  ] ( 4 , 4 4 )

where #*X/y.

4 . 4 . 1  ESTIMATION OF THE PARAMETERS

C o n s i d e r i n g  n o b s e r v a t i o n s  x . . x ^ ,  , x ^  w h i c h  h a v e  a n  T v e r s #

G a u s s i a n  d i s t r i b u t i o n  o f  t h e  f o r m  ( 4 . 4 3 ) ,  t h e n  ( J o h n s o n  a n d  K o t z ,  

1 9 7 0 ) ,  ( P a t e l ,  K a p a d i a  a n d  CX#en, 1 9 7 6 ) :

( 1 / n )  I x ^  ( 4 . 4 5 )

l » l
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a n d

1 / i  *  ( !  . ' ' c  - 1 / x )  ( 4 . 4 6 )

J o h n s o n  a n d  K o : z  ( 1 9 7 0 )  g i v e #  j r  / y  e s t i ­

m a t o r  o f  1/X ( s i m i l a r l y  g i v e n  i n  P a t e l ,  K a p a d i a  a n d  Owen,  

( 1 9 ~ 6 ) ) a * :

1/X -  # ' / % '  ( 4 . 4 7 )

a "  * I ( x  - %) *  ( 4 . 4 8 )

a n d  x 1m g i v e n  b y  ( 4 . 4 5 ) .

4 . 4 . 2  MOMENTS OF THE INVERSE GAUSSIAN DISTRIBUTION

T h e  Moment  G e n e r a t i n g  F u n c t i o n  i s  ( J o h n s o n  a n d  K o t z , 1 9 7 0 ) ,

( P a t e l , K a p a d i a  a n d  Owen,  1 9 7 6 ) :

M ( t )  *  e x p ( 4 . 49 )

a n d  t h e  Cumu1 a n t  G e n e r a t  i n g  Function :

n ( t )  '  ( l ^w)  | l - ( l + 2 w ' t / H ) *  | ( 4 . 50 )

T h e r e fo r # ,  t h#  f l r mt  four  cumulmntm ac c o r d i ng  t o  ( 4 . 50 )  a r e :

Ki  "  W
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H o w e v e r ,  t h *  r e l a t i o n  b e t w e e n  t h e  c u m u l a n t m  a n d  c e n t r a l  mo me n t a  

i a

K,  «

K,  «  N,

K.  '  W. -  3 w , '  ( 4  5 2 )

Ua i n g  t h e  e q u a t i o n a  ( 4  5 1 1 , ( 4 . 5 2 ) ,  t h e  f o l l o w i n g  c e n t r a l  mome n t a  

a r e :

w,  "  V a r ( x )  «  w ' / k  

W, -

W. -  I 5 w ' / X '  *  3 w ' / X '  ( 4 . 5 3 )

T h e r e f o r e ,  t h e  c o e f f i c i e n t  o f  a k e w n e a a  i a :

I ,  -

3 ( w / l ) *  ( 4 . 5 4 )

a n d  t h #  L o # f f i c l # n t  o f  k u r t o m l #  im:

-  w . / w , '

-  I5W/& + 3 ( 4 . 5 5 )

A s p e c i a l  c a s e  of the I n v e r s e  Gaussian distribution with m« 1, is 
the W a l d  d i s t r i b u t i o n  ( F i g .  11) ( J o h n s o n  a n d  Kotz , 1 9 7 0 ) .

From the above F i g u r e , it c a n  be s e e n  t h a t  am the ratio X/ u  ( w i t h  

M f i x o d )  i s  i n c r e a s e d  so t h e  Wa l d  d i s t r i b u t i o n  t e n d s  t o  a  N o r ma l  

d i s t r i b u t i o n .
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01 Id M : 0 2)  10 *

F i g ^ r #  11 .  Wa l d  D i s t r i b u t i o n

4 , 5  D I S C U S S I O N  A B O U T  D I S T R I B U T I O N S

I n  t h i s  c h a p t e r , t h e  m a t h e m a t i c a l  f o r m s  o f  t h e  f o l l o w i n g  d i s ­

t r i b u t i o n s  h a v e  b e e n  g i v e n ;

e  N o r m a 2 d i s t r i b u t i o n

© T r u n c a t e d  N o r m a l  D i s t r i b u t i o n

o I n v e r s e  G a u s s i a n  ( Wa l d )  d i s t r i b u t i o n

T  n r e a s o n s  f o r  t h e  s e l e c t i o n  o f  t h e u e  d i s t r i b u t i o n s  a r e  d i s ­

c u s  ted b e  l ew;

1,  N o r m a l  d i s t r i b u t i o n : Th e  u s e  o f  t h e  No r ma l  d i s t r i b u t i o n

( F i g u r e  12)  i s  v e r y  p r o m i n e n t  i n  s u r v e y  a n d  i s  b y  f a r  t h e  

s i n g l e  m o s t  i m p o r t a n t  p r o b a b i l i t y  d i s t r i b u t i o n  i n  s t a t i s t i c s  

f o r  t h e  f o l l o w i n g  r e a s o n s :
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4

F I g u r *  12 Normal -  T r u n c a t e d  S n r m a 1 - I n v # r » #  Gmu#aian 

&. r  i b u t  i o n

a  T h i *  U i A i r  i b u t  ; o n  ham b e e n  t h o r o u g h  ' * t u d i # d  a n d  t a b u ­

l a t e d  mo t h a t  i t  i a  v e r y  u o n v m n m n t .  . / h # n  d a t a  c a n  r# a -  

m o n a b l y  b e  a s s u m e d  t o  b e  n o r m a l , t o  u s e  e x i s t  m g  t h e o r y  

a n d  t a b l e s  T h e : e ( o r e , t h e  No r ma l  d i s t r i b u t i o n  i m,  g e n ­

e r a l  l y , t h e  * f mp l e mi  t o  w o r k  w i t h .
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b. If a large random sample is taken from some distribution, 
then even though this distribution is not Uself approx­
imately normal, as a consequence of the Central Limit 
Theorem, it can be noted that many important functions 

t h e  o b s e r v a t i o n #  i n  t h e  s a m p l e  w i l l  h a v e  d i s t r i b u t i o n *  

which are approximately normal. In particular, for a 
large random *a m p l e  fvom a n y  distribution that has a fi­
nite v a r i a n c e ,  the distribution of the sample mean will 
b e  a p p r o x i m a t e l y  nox a l .  

c Many statistical techniques b a s e d  upon t h e  No r ma l  dis­
tribution a r e  a v a i l a b l e ,  a n d  are applicable for data that 
a r e  a p p r o x i m a t e l y  n o r m a l  These include the X *  t e s t , the 
Student's test, the F test.

2  T r u n c a t e d  N o r m a l  d i s t r i b u t i o n : The N o r m a l  d i s t r i b u t i o n  i s  

generally u s e d  a s  a  g o o d  a p p r o x i m a t i o n  f o r  t h e  d i s t r i b u t i o n  

o f  t h e  r e s i d u a l s  a s s o c i a t e d  w i t h  s u r v e y  m e a s u r e m e n t s . T h i s  

d i s t r i b u t i o n  d i s p l a y s  b o t h  t h e  c e n t r a l  a n d  s y m m e t r i c  p r o p e r ­

ties e x h i b i t e d  b y  t h e  r e s i d u a l s

T h e  T r w  H e d  N o r m a l  d i s t r i b u t i o n  i s  s i m i l a r  t o  t h e  N o r m a l  

d i s t r i b u t i o n  and p e r m i t s  t h e  p r o p e r t i e s  m e n t i o n e d  a b o v e .  I t  

has t h e r e f o r e  b e e n  s e l e c t e d  a s  a v i a b l e  a l t e r n a t i v e  t o  t h e  

f u l l  No r ma l  d i s t r i b u t i o n .

I n  o t h e r  w o r d s  t h e  u n d e r l y i n g  d i s t r i b u t i o n  i s  a t  f i r s t  

" N o r m a l " , a n d  s e c o n d l y  i t s  t a i l s  a r e  c u t  o r  t r u n c a t e d . T h i s  

m e a n s  t l : e t  t h e  T r u n c a t e d  d i s t r i b u t i o n  ( F i g u r e  1 2 )  c a r r i e s  

m o r e  or less t h e  same p r o p e r t i e s  as t h a t  of t h e  N o r m a l , e.g. 
f i=0 for both o f  t h e m ,  s i n c e  t h e  p . d . f  of b o t h  t h e m  a r e  a p ­

p r o x i m a t e l y  t h e  s a me  ( s e e  f o r m u l a e  4 . 1 3  a n d  4 . 2 6 ) .  C o n s e ­

q u e n t l y ,  s o t i e  o f  t h e  r e a so n s  w h i c h  l e a d  t o  t e s t  t h i s  

p a r t i c u l a r  distributirn in this d i s s e r t a t i o n  a r e  s i m i l a r  t o  

t h e  r e a s o n s  f o r  t h e  u s e  o f  t h e  Normal d i s t r i b u t i o n .
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The truncated distribution implies that data lying beyond the 
points of truncation are not accepted as coming from the 
p o p u l a t i o n  s p e c i f y i n g  t h e  d i s t r i b u t i o n .  T h e s e  d a t a  a r e ,  

t h e r e f o r e ,  regarded a s  b e i n g  I n a d m i s s i b l e .

T h e r e  i s  I n d e e d  p r e c e d e n c e  f o r  t h i s  a p p r o a c h  i n  s u r v e y i n g .  

F o r  t h e  m e a s u r e m e n t  o f  d i r e c t i o n s  w i t h  a  s i n g l e  s e c o n d  

t h e o d o l i t e  a  r e s i d u a l  o f  o n e  d e g r e e  w o u l d  b e  d i s c a r d e d  am 

b e i n g  a  b l u n d e r .  S i m i l a r l y ,  a  r e s i d u a l  o f  t h i r t y  s e c o n d s  .nay 

b e  t r e a t e d  i n  t h e  s a me  m a n n e r .  T h e s e  d a t a  p o i n t s  a r e  e x c l u d e d ,  

As t h e y  Ar e  a s c r i b e d  t o  a  s a m p l e  f r o m  d a t a  b e s t  d e s c r i b e d  b y  

an a l t e r n a t e  d i s t r i b u t i o n ,  o r  am b l u n d e r s .

Th e  s e l e c t i o n  o f  t h e  p o i n t s  o f  t r u n c a t i o n ,  o r  c u t  o f f  p o i n t s ,

i s  d e f  i n  i t  e l y  a g r e y  a r e a  i n  t h e  d e t e r m i n a t i o n  o f  t h e  t m n -  

c a t e d  d i s t r i b u t i o n  I t  w i l l ,  t h e r e f o r e ,  b e  a p p r o a c h e d  f r o m

t h e  f i t  o f  t h e  a c t u a l  d a t a  t o  a n  h y p o t h e s i s e d  d i s t r i b u t i o n  

i n  o r d e r  t o  select t h e  " b e s t "  d i s t r i b u t i o n  t o  d e s c r i b e  t h e  

d a t a

3 I n v e r s e  G a u s s i a n  d i s t r i b u t i o n : T h e  s h a p e  o f  t h i s  d i s t r i b u t i o n  

i s  s h o w e d  i n  F i g  12.  I t  m u s t  b e  n o t  i c e d  a g a i n  t h a t , s i n c e  

t h e  I n v e r s e  G a u s s i a n  i s  d e f i n e d  o n l y  f o r  x > 0 , t h e  d a t a  h a v e

b e e n  t r a n s f o r m e d  b y  t h e  a d d i t i o n  o f  a  c o n s t a n t , s o  t h a t  t h e  

z e r o  r e p r e s e n t s  t h e  me a n  v a l u e  o f  t h e  t h i s  d i s t r i b u t i o n .

T h i s  d i s t r i b u t i o n  s e e m s  t o  b e  q u i t e  u s e f u l  b e c a u s e  i t s  p a ­

r a m e t e r s  ( y ,  i  w h i c h  a r e  t h e  m e a s u r e  o f  l o c a t i o n  a n d  t h e  

m e a s u r e  o f  d i s p e r s i o n ,  r e s p e c t i v e l y )  a r e  s p e c i f i e d  d i r e c t l y  

f r o m t h e  o b s e r v a t i o n s ,  a n d  c o n s e q u e n t l y  t h e  p . d . f .  i s  d e t e r ­

m i n e d  t h o r o u g h l y  b y  t h e m  T h i s  i s  s i m i l a r  t o  t h e  c a s e  o f  b o t h  

No r mal  a n d  T r u n c a t e d  N o r m a l  d i s t r i b u t i o n .

i n  a d d i t i o n  t o  t h i s ,  a n d  a s  c a n  b e  s e e n  f r o m  t h e  F i g u r e  11 ,  

t h e  I n v e r s e  G a u s s i a n  d i s t r i b u t i o n  l o o k s  l i k e  a  F r e n c h  c u r v e  

a n d  i s  n o t , g e n e r a l l y ,  s y m m e t r i c a l  a b o u t  t h e  me a n  ( l , > 0  a c ­
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c o r d i n g  t o  f o r m u l a  ( 4 . 5 4 )  s i n c e  l , X > 0 )  a s  o p p o s e d  t o  t h *  o t h e r  

d i s t r ibut ions.

At  Ihla p o i n t ,  i t  m u s t  b e  n o t e d  T h a t  : n  t h e  a n a l y s i s  o f  d a t a ,  

i t  h a s  b e m  d e c i d e d  t o  s t u d y  s e p a r a t e l y  o b s e r v a t i o n s  o f  2 a n d  

4 a r c s . Th e  r e s i d u a l s  j f  2 a r c # ,  a c c o r d i n g  t o  t h e  d e s c r i b e d  

m e t h o d  o f  t h e  r e d u c t i o n  o f  t h e o d o l i t e  o b s e r v a t i o n #  ( e e c t i o n #  

3 * 1  a n d  3 . 4 . 1 1 )  a r e  s y m m e t r i c a l  a b o u t  t h e  m e a n ,  a n d  h e n c e  

t h e  N o r m a l  o r  t h e  T r u n c a t e d  S o i m a l  c o u l d  b e  t h e  b e a t  

d i s t  r i b u t  i o n / s  H o w e v e r ,  f o r  t h e  r e s i d u a l #  d e r i v e d  f r o m  4 

a r c s , a l t h o u g h  t h e  m e i n  o f  t h e m  i s  z e r o ,  s y m m e t r y  i s  n o t  i m­

p l i e d  T h i s  mea n #  t h a t  t h e r e  may b e  mo r e  r e s i d u a l #  s i t u a t e d  

o r  t h e  l e f t  o r  o n  t h e  r i g h t  s i d e  o f  t h e  me a n  I n  o t h e r  w o r d s ,  

s i n c e  t h e  c o e f f i c i e n t  o f  Sk^wnem# i # n o t  n e c e # # a r i l y  e q u a l  

t o  z e r o ,  i t  wa# d e c i d e d  t o  t e s t  a n  a l t e r n a t e  s e t  o f  d i s t r i b ­

u t i o n #  t h a t  t i ' u l d  e x h i b i t  a s y m m e t r i c a l  p r o p e r t i e s .  T h e  d i # -  

t r ibut ion selected is the Inverse Gaussian (Wald) 
distribution, the c u m u l e n t  generating function of which is 
f o u n d  t o  b e  i n  i n v e r s e  r e l a t i o n s h i p  w i t h  t h a t  o f  t h e  G a u s s i a n  

d i # t r i b u t i o n  ( J o h n s o n  a n d  K o t z ,  1 9 7 0 ,  p . 1 3 @ ) .

After t h e  above discuss ion, a  question a r i # e s .  Are tht.se three 
d i s t r i b u t i o n #  t h e  o n l y  o n e #  w h i c h  c o u l d  f i t  t h e  r e s i d u a l s ?  T h e  

a n s w e r  is negative because t h e r e  are many other distributions 
w h i c h  a r e  considered to be a good approximation to the Normal 
distribution provided the number of the observations is large. 
For e x a m p l e ,  t h e  X 1 d i s t r i b u t i o n  and t h e  t-distribution may b e  

e x a m i n e d  as t h e y  are assymptotically n o r m a l  Apart of them, 
Johnson a n d  Kotz ( 1 9 7 0 ,  pp. 5 3 - 5 9 )  suggest a series from dis­
tributions w h i c h  may b e  good a p p r o x i m a t i o n s  to Normal distrib- 
u t  i o n .

H o w e v e r , it wa s  not possible to select a Urge number of d s -  

tribut ions to be tested tor the purposes of this dissertation. 
The s e l e c t i o n  o f  the t h e  Normal, Truncated Normal and Inverse 
Gaussian distributions wa s  d e c i d e d  upon in conjunction with K. S .
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M i l f o r d  o f  t h e  D e p a r t m e n t  o f  S u r v e y i n g  U n i v e r s i t y  o f  ( h e  

W i l w a t e r s r a n d ) .
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5 . 0  S T A T I S T I C A L  I N F E R E N C E

5.1 S T A T I S T I C A L  T E S T S

S t a t i a t i c a l  t e a t #  ar#  i n c r e a s i n g l y  a p p l i e d  in  e n g i n e e r i n g  and 

s c i e n c e .

The o b j e c t i v e  o f  a m v a l i m t i c a l  temt im l o  e v a l u a t e  an hypotheaim  

c o n c e r n in g  th e  v a lu e #  o f  one or  more p o p u l a t i o n  param eter# . In 

t e a t i n g ,  one #eeka a judgment a# t o  w hether  #oaw e # t i m a t o r  f u n c ­

t i o n  i# c o n a i a t e o t  w i t h  t h e  aaauaxptlon ( h y p o t h e a l a )  t h a t  t h e

sample was drawn from a population th specified parameter val­
ues , such as a normal distribution with a given standard deviation 
o .

The null h y p o t h e s i s , i n d i c a t e d  synbo? ical ly as H q  , describes 
the hypothesis to be tested. Thus, Hq will specify hypothesised 
v a l u e s  for o n e  or more population parameters.

To t e s t  w hether th e  null hypothesis is consistent with certain 
data, sooe alternative h y p o t h e s e s  are implied, although the 
knowle dge of thee is usually very vague.

The ent i r e  set of values that the test statistic may assume i s

divided into two sets or regions, one corresponding to the r e ­

j e c t i o n  r e g io n  and the o t h e r  to the a c c e p t a n c e  r e g i o n . If the 
statistic computed from a particular sample assumes a value in 
t h e  rejection re g io n  th e  null hypothesis H_ is rejected and the 
alternative hypothesis is a c c e p te d  If the statistic test falls 
in the a c c e p ta n c e  region, the null hypothesis is a c c e p te d  and the 
decision is in favour of the null hypothesis.
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5 1.1 LEVEL OF S IG N IF IC A N C E  AND TYPES OF ERRORS

Tbr l# v# l of  mign;ficanc& a is  U,r  ( f  g t h a t  th e

T;ull H f i l l  hn r r j i x t i ' d  r v n  i f  : l  i s  L o r i e c t .

Th* i m j f c t i o n  o f  thm uuM t h f ^ i *  kl i en i t  i* t r u e  ( wrong r e -

;,"ctior, of a t r u e  h y ^ o i h f s i s ) ,  is  i_d 11 wd a T yp#  I # r r o r  (F ig .  

131 Th a t  i s .  t h #  r i s k  o f  Tyym I f f f o i  : s a I t h e  i e / ml  o f  s i g -  

n i f i c a n c # )  Th\ s  l e v e l  i s  d i b i t r d r y ,  h u t  s h o u l d  he  c hc a e n  when

I h #  f x p e r  i mvnt  . i ns  i

W' len iT i m p o r i . m t  ; ( x ' i . i n i  T y p e  I c i r o r s ,  a l e v e l  o f

1\  o r  0 1 \  i s  . s f d

The  f a i l u r e  i c  r e j e c t  a ( j l t e  h y p o t h e s i s  ( w r o n g  a c c e p t a n c e  o f  a 

(a l» *  h y p o t h e c  im).  i# .a 1 l e d  T y p e  II e r r o r ,  a n d  im denoted  by B 

( F i g  13) \ C r o w , Davi* a n d  M a x f i e l d ,  14b01,  [M ik h a i l ,  19 7 6 )

Atxein Afe - R eject Ht  % )

F ^ w r *  11 T y p e  I n r w n r  - T y p e  I I  e r r o r  - O n e - a l d e d  t e m t

Fi gti r e 13 illustrates ihai (or a ( ert a in alternative hypothmm is 
H , n  is not ihl# in mmk*" hoih a and B arbitrarily s m a l l .

Increasing t h e  probability for a Typ# 1 error d e c r # a m # m  th# 
probability for a Type II error and vice versa.
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W h i l e  t h e  T y p e  I e r r o r  c a n  b e  l i m i t e d  b y  p r o p c i  l y  c l i o o s l n g  a  l e v e l  

o f  s i g n i f i c a n c e ,  i t  i s  i m p o s s i b l e  i n  many  p r a c t i c a l  c a se r n  t o  a v o i d  

r i s k i n g  Ty p *  II  e r t o r m  b y  a i m p l y  n o t  m a k i n g  t h e m .  In  s u c h  c a n e #  

t h e r e  are  g r a p h *  s h o w i n g  t h e  p r o b a b i l i t i e s  o f  t y p e  II  e r r o r s  u n d e r  

v a r i o u s  h y p o t h e s e s  w h i c h  a r e  c a l l e d  o p e r a t in g  c h a r a c t e r i s t i c  

c u r v e *  or OC c u r v e #  T h e s e  i n d i c a t e  t h e  p o w e r  o f  a t e * t  

(S p le g e i ,  197S) , ( M i k h a i l .  1976),  w h i c h  is  d e s i g n a t e d  b y  1-B a n d  

i t  s how# t h #  way t o  a v o i d  m a k i n g  w m n *  d e r i s i o n s  ( t o  m i n i m i s e  T y p e  

II  e r r o r s ) .

To t e s t  t h #  n u l l  h y p o t h e s i s  a g a i n s t  t h e  a l t e r n a t i v e  o n e  H.  , 

t wo  d i (  f e r e n t  t «*st  s  a r e  a v a i l a b l e :

1.  Th* o n e  t a i l  o r  o n e - s i d e d  t e * t  ( F i g u r e  11)

7 Th# t w o  t a i l  o r  t w o - s i d e d  t e s t  ( F i g u r e  141

S « ) # u  4  A M f l  w ,  S*|#Li

F i g u r e  14 T w o - s i d e d  t e s t

5 .2  D E F IN IT IO N  OF A MAXIMUM U K E L IH G O D  E STIM AT OR

T h e  I m p o r t a n t  c o n c e p t  o f  t h e  maxi mum l i k e l i h o o d  e s t i m a t o r  w i l l  

b e  b r i e f l y  r e v i i . e d  i n  t h i s  s e c t  1o n ,  a s  i t  i s  r e q u i t e d  i n  t h e  

s u b s e q u e n t  a n a l y s i s
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S u p p j a e  t h a t  t h e  rmndcxm v a r i a b l e s  . .  ,X^ f o r m m r an d o m

s a t r p l #  f r o m  a  d i s c r e t e  o r  a c o n t i n u o u s  d i s t r i b u t i o n  f o r  w h i c h  t h e  

p . d . f .  i s  f ( x | r ) , w h e r e  t h e  p a r a m e t e r  i b e  t o  Lome p a r a m e t e r

s p a c e  Q.  F o r  a n y  o b s e r v e d  v e c t o r  K " ( x .  , x. ,  . . , x  ) i n  t h e  s a m p l e ,

t h f  p . d f  . w i l l  b e  d e n o t e d  by  f  ̂  ( X r  ) a n d  i s  ( . a i l e d  t h e  l i k e l i h o o d  

f u n c t i o n

F u r t h e i m o r e , s u p p o s e  t h a t  t h e  p r o b a b i l i t y  f  ( a i r )  o f  o b t a i n i n g  

t h e  a c t u a l  o b s e r v e d  v e c t o r  x  i s  v e r y  h i g h  wh e n  r  h a s  a p a r t i c u l a r  

v a l u e ,  s a y  r * r , , a n d  i s  v e r y  s mm l l  f o r  e v e r y  o c h e r  v a l u e  o f  r « 0 .  

I n  o t h e r  w o r d " ,  f o r  a n y  g i v e n  o b s e r v e d  v e c t o r  M,  a v a l u e  o f  r  

i s  c o n s I d e r e d , f o r  w h i c h  t h e  l i k e l i h o o d  f u n c t  i o n  f ^ ( * : r )  i s  a 

max i mu m,  a n d  c o n r j q u e n t l y  t h i *  v a l u e  ( r )  i s  u s e d  a s  an  e s t i m a t e  

o f  r  Th e  e s t i m a t o r  r  i s  c a l l e d  t h r  Ma x i mu m L i k e l i h o o d  E s t i m a t o r  

o r  M.  L , E . o f  r  ( B u r y ,  19 7 5 ) ,  ; M e n d e n h a l 1 , 1 9 7 9 )

T h e  v a l u e  o f  r  w h i c h  m a x i m i s e s  t h e  l i k e l i h o o d  f u n c t i o n  f  ( X i r )  

im c a l c u l a t e d  by  s e t t i n g  t h e  f i r s t  d e r i v a t i v e  o f  t h i s  f u n c t i o n  

t o  z e r o .  Th a t  i s :

IX r ) |

------------------------ .  0  ( 5 . 1 )
) r

p r o v i d e d

---------------------------- - 0 ( 5 . 2 )

I t  s h o u l d  b e  n o t e d  t h a t  i n  s o me  p r o b l e m s , t h e  maxi mum v a l u e  o f

f  ( M r )  i s  o b t a i n e d  f o r  s o me  r # Q ,  a n d  t h e r e f o r e ,  t h e  ?  doem n o t  

e x i m t  I n  s ome  c a m e s ,  t h e  maxi mum v a l u e  may b e  o b t a i n e d  a t  m o r e

t h a n  o n e  p ^ i n t  i n  s p a c e  0 ,  a n d  i n  r u c h  a c a s e , t h e  r  im n o t

u n i q u e l y  d e f i n e d .  Ho we v e r  , i n  m o s t  p r a c t i c a l  p r o b l e m s , t h e  M. L . E .  

e x i s t s  a n d  i s  u n i q u e l y  d e f i n e d
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5 . 3  M E T H O D S  O r  S T A T I S T I C A L  I N F E R E N C E

T h *  t e c h n i q u e *  o f  m a t l a t i c a 1 i n f w r e n c e  c a n  u s u a l l y  b e  a u b -  

d i v i d e d  i n t o  t wo  s m p a r a t e  c l a a a a a ,  n a m e l y  p a r a m e t r i c  a n d  n o n -  

p a r a m e i r 1 c  i n i a r m c m . T h e a #  t wo  a p p r u a c h a a  a r e  d e s c r i b e d  b e l o w .

I f  t h #  o b a a i v a t i o n a  w h i c h  a r #  a v a i l a b l e  com* f r o m  d i s t r i b u t i o n a  

f o r  w h i c h  t h #  a x a c t  f o r m  i a  k n o w n , e v e n  t h o u g h  t h #  s p e c i f i c  v a l u # *  

o f  a t m #  p a r a m # t # r a  r *  u n k n o w n ,  i t  t a  s a i d  t h a t  t h e m e  o b a e r v a t i o n a  

c o # #  f r o #  a  c e r t a i n  p a r a m e t r i c  f a m i l y  o f  d i s t r i b u t i o n s  ( S i l v # y ,  

19 75 ) a n d  a  a t a t i a t i c a l  i n f e r e n c e  mumt  b e  ma d e  a b o u t  t h (  v a l u e #  

o f  th<a p a r a m # t # r a  d e f i n i n g  t h a t  f a m i l y  I n  o t h e r  w o r d # ,  t h #

p m r a a w c r i c  p r o b l m m a ,  a n d  t . o n i m q j * n t  l y  t h e  p a r a m e t r i c  m e t h o d # ,  a r #  

i n v o l v e d  w i t h  s i t u a t i o n #  w h e r e  t h #  a p p r o p r i a t #  p r o b a b i l i t y  d i a -  

t r i b u t i o n  o n  t h *  s a a i p l #  a p a c e  o f  t h e  m a t h e m a t i c a l  m o d e l  im known 

a p a r t  f r o #  t h #  v a l u e s  o f  a f i n i t e  n u m b e r  o f  u n k n o wn  p a r a m e t e r # .

On t h #  o t h # r  h a n d , p r o b l e m #  i n  w h i c h  t h #  p o m a i b l #  d i s t r i b u t i o n #

o f  t h e  o b s e r v a t i o n s  a r e  n o t  r e s t r i c t e d  t o  a  s p e c i f i c  p a r a m e t r i c  

f a m i l y  a r e  c a l l e d  n o n  p a r a m e t r i c  p r o b l e m s , a n d  t h e  s t a t i s t i c a l

me t ho ds  t h a t  a r e  a p p l I c a b l e  i n  s u c h  p r o b l e u s  a r e  c a l l e d  n o n -

p a r a m e t r i c  me t hods  ( S i l v e y ,  19 7 5 ) , ( Li ppea j n , 1 971 ) ,  ( B l u e  a n d

R o s e n b l a t t ,  1 9 7 2 ) .  ( D e G r o o t , 1 9 7 5 ) .

N o n - p a r a m e t r i c  me t h ods  a r i s e  n a t u r a l  l y  when t h e  s t a t i s t i c a l  mo d e l  

im n o t  w e l l  d e v e l o p e d  a n d  i t  i s  n o t  p o s s i b l e  t o  s e l e c t  a  s p e c i f i c  

p a r a m e t r i c  f a m i l y  T h a t  i s ,  t h e  a v a i l a b l e  o b s e r v a t i o n s  do  n o t  

come frote a  p a r t i c u l a r  p a r a m e t r i c  f a m i l y  o f  d i s t r i b u t i o n s  and ,  

t h e r e f o r e , ) a r g e  f a m i  1i##  o f  p o s s i b l e  d i s t r i b u t i o n s  may b e  i n ­

v o l v e d  in  t h e  n o n - p a r a m e t r i c  t h e o r y

T h e  p a r a m e t r i c  meth od  i n v o l v e s  s t r o n g e r  a s s u m p t i o n s  a b o u t  t h e  

f a m i l y  o f  p o s s i b l e  d i s t r i b u t i o n s  on t h e  s amp l e  s p a c e  t h a n  t h e  

n o n - p a r a m e t r i c  meth od  Howe ve r , them# a s s u m p t i o n s  may n o t  be 

v e r i f i a b l e ,  and t h u s ,  t h e  n o n - p a r a m e t r i c  a p p r o a c h  i s  o f t e n  mor#
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r e @ l l a t . l c . F o r  e x a m p le ,  i t  w ould  b e  more  r e a l i s t i c  t o  as sume

s  i m p l y  t h a t  t h e  o b s e r v a t i o n #  f o r m a r a n d o m  s a m p l e  f r o m a c o n t i n -  

uoua d i s t r i b u t i o n ,  w i t h o u t  s p e c i f y i n g  t h e  fo rm o f  t h i s  d i s t r i b ­

u t i o n  a n y  f u r t h e r ,  and  t h e n  t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  t h a t  

t h i s  d i s t r i b u t i o n  i s ,  f o r  e x a m p le ,  a n o rm a l  d i s t r i b u t i o n .

F o l l o w i n g  from t h e  p r e v i o u s  d i s c u s s i o n ,  t h e  u s e  o f  a n o n -  

p a r a m e t r i c  meth od  f o r  s t a t i s t i c a l  I n f e r e n c e  in  t h i s  d i s s e r t a t i o n  

I s  j u s t i f i e d  s i n c e  l h e  p u r p o s e  o f  t h i s  r e s e a r c h  i s  t o  t e s t  n o t  

o n l y  t h e  Normal d i s t r i b u t i o n  f o r  s u i t a b i l i t y  t o  d e s c r i b e  t h e  o b -  

s e r v a t i o n a l  r e s i d u a l s ,  b u t  t o  e x a m in e  some o t h e r  d i s t r i b u t i o n s  

( T r u n c a t e d  Normal and I n v e r s e  G a u s s i a n ) u n d e r  t h e  same a s s u m p -  

t  i o n s .

5 . 4  T E S T S  F OR N O N - P A R A M E T R I C  P R O B L E M S

A l t h o u g h  many t e s t s  ( S i l v e y ,  1 9 7 5 ) ,  ( D e G r o o t , 1 9 7 5 ) ,  (Blum am; 

R o s e n b l a t t ,  1 9 7 2 )  may be  c o n s t r u c t e d  f o r  t h e  t e s t i n g  o f  h y p o t h ­

e s e s  , o n l y  t h e  two most commonly u s e d  t e s t s  w i l l  be  c o n s i d e r e d .  

The s e  m e th o ds  a r e :

1. T h e  C h i - S q u a r e  g o o d n e s s - o f * f i t  t e s t

2.  The Kolmog or ov - Smi r n ov  t e s t

The e t e s t s  may b e  a p p l i e d  t o  s o l v e  t h e  f o l l o w i n g  n o n - p a r a m e t r i c  

p r ob l e m  w hich  i s  e s s e n t i a l l y  t h e  p u r p o s e  o f  t h i s  d i s s e r t a t i o n .

I t  i s  r e q u i r e d  t o  t e s t  t h e  s i m p l e  n u l l  h y p o t h e s i s  t h a t  t h e  unknown 

d i s t r i b u t i o n  f u n c t i o n  F ( x )  i s  a p a r t i c u l a r  c o n t i n u o u s  d i s t r i b -  

u t i o n  f u n c t i o n  F ' ( x ) , a g a i n s t  t h e  g e n e r a l  a l t e r n a t i v e  t h a t  t h e

a c t u a l  d i s t r i b u t i o n  f u n c t i o n  i s  n o t  F ' ( x ) . T h a t  i s :

H0 ; F ( x ) ® F ’ ( x )  f o r
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: Tlie hypothesis HO is not true ( 5 . 3 )

T h i s  p r o N # *  im n o n - p 4 r a * * t r i c  mine#  t h e  unknown d l m t r i b u t i o n

f w h i c h  t h e  r a n d o m  s a m p l e  i s  t a k e n  m i g h t  be  a n y  c o n t i n u o u s  

d i a l r i b u t  i o n .

T os is w h i c h  d e t e r m i n e  ( L i p p m a n , 19 71)

w/)*cA#r o r  nof f A* ^wrr i c u / a r  . . .

c o n s id e n a t ion i s  th e  a p p r o p r ia te  mathmmat i c # ]  model f o r  a g iv e n  

rsr.dom e x p u r m e n t ”

are called g o o d n e s s - o f - f i t  tests

I n  t h e  f o l l o w i n g  s u b - s e c t  i o n  t h e  K o l m o g o r o v  - S e i r n o v  t e s t  a n d  t h e  

>1 g o o d n e s s - o f - f i t  t e s t  a r e  b r i e f l y  r e v i e w e d .  T h e  C h i - S q u a r e  

g o o d n e s s - o f - f i t  t e s t  h a s  b e e n  a p p l i e d  ( ,,HI_DI_.TEST** c o m p u t e r  

p r o g r a m )  a n d , c o n s e q u e n t l y ,  w i l l  b e  c o n s i d e r e d  i n  m o r e  d e t a i l .

5 . 4 . 1  T H E  K O L M O G O R O V  • S M I R N O V  T E S T

S u p p o s e  t h e  r a n d o m  s a m p l e   x fl i s  f r o m  a c o n t i n u o u s  d i s ­

t r i b u t i o n .  S i n c e  t h e  o b s e r v a t i o n s  c o me  f r o m  a  c o n t i n u o u s  d i s ­

t r i b u t i o n ,  t h e r e  i s  p r o b a b i l i t y  z e r o  t h a t  a n y  t w o  o f  t h e

t h e o r e t i c a l  v a l u e s  w i l l  be e x a c t l y  e q u a l . O r d e r  t h e  s a m p l e  t o  be 

X ( ! )* X ( 2  ) < ‘ ' " <XI n ) ' 8 n d  *e t  t h e  s a m p l e  ( e m p i r i c a l )  d i s ­
t r i b u t i o n  f u n c t i o n  d e f i n e d  b y  [ s e e  f o r  e x a mpl e  ( S i l v e y ,  1 9 7 5 ) ,

( D e G r o o t , 1 9 7 5 )  , ( Bu r y ,  1 9 7 5 ) ,  ( Bl u m a n d  R o s e n b l a t t , 1 9 7 2 ) ] :

f'n ( x )  *  0 f o r  x<x

*  k / n f o r ( k » l , .  . . , n - l )
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f o r ( 5 4 )

T h e n ,  t h i s  t e a t  u s e s  t h e  f o l l o w i n g  s t a t i s t i c  ( S i l v e y  1 9 7 5 ) ,  

( D e G r o o t ,  1 9 7 5 ) :

D l x )  *  s u p  | F n ( x ) - F ' ( x ) ( 5 . 5 )

t h e  o p e r a t o r  " s u p "  i m p l i e m  th&, l a r g e s t  v a l u e #

V * )
F '  ( x )  

D _ ( x )

t h e  s a m p l e  d i s t r i b u t i o n

t h e  h y p o t h e s i s e d  d i s t r i b u t i o n  f u n c t i o n

t h e  a b s o l u t e  maxi mum difference between F^(x) and

F ' ( x )

F r o m t h e  a b o v e  e q u a t i o n  i t  f o l l o w #  t h a t  t h e  v a l u e  o f  D ( x )  w i l ?

t e n d  t o  b e  s m e l l  if the null hypothesis ,1s true and will tend 
to b e  larger i f  t h e  a c t u a l  distribution f u n c t i o n  is different f r o m

F'Cx;

M.H.  D e G r o o t  ( 1 9 7 5 )  s t a t e s  t h a t :

I t  i s  c o n v e n ie n t  t o  e x p r e s s  th e  t e s t  p rocedure  in  te rm s ;../W
* ' 

o f  n  D  i x ) ,  rathmr th an  s im p ly C (f), because  o f  th e  f o l ~

lovx ', r e s u l t ,  w h i c h  wa> es tab l  i s h o d  in  th*i J 930  ' s by A.H . ^
Kolmogorov and W . / Smirnov. !

’// th* n u l l  hypothesis SQ i s  t r u e ,  then for  
any g iv e n  v a lu e  t<0;

H ®  ? r ( n * D n ( x ) S t }  = 1-2 I ( - 1 ) 1 ‘ 1e ‘ 2 1 *1 * » H ( t )  1," (5.6)
i-1

Thus the p r o p o s e d  test procedure for the hypothesis (5.3) is to f
reject H q , if (Dwgroot, 1975), (Bury, 1975)
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where c is an appropriate constant and can be chosen from the 
values of H(t) (given i n  Table A3) to achieve, at least approxi- 

m a t e l y  a n y  l e v e l  o f  s i g n i f i c a n c e  a .

F r o m t h e  a b o v e  c o n s i d e r a t i o n  a n d  i n  c o m b i n a t i o n  w i t h  e q u a t i o n  

( 5  4 ) ,  i t  i s  e v i d e n t  t h a t  t h e  K o I m o g o r o v - S m i r n o v  t e s t  i s  a  o n # -

s ided t e s t

5.4.2 THE CHI-SQUARE GOODNESS-OF-FIT TEST

An a l t e r n a t i v e  a p p r o a c h  t o  t h e  p r o b l e m  s p e c i f i e d  b y  t h e  h y p o t h -

esis given in (5.1) is to use X* goodness-of-fit t e s t .

For better understanding of this test, it is necessary to review 
the X* distribution, related theorems, and K. Pearson's a p p r o x i -  

mation which is u s e d  in the a p p l i c a t i o n

5.4.2 .1 Definition of the Chi-Square distribution

Given a sequence of n o r m a l l y  distributed random variables 
Y ,Y , ...,Y with mean a n d  v a r i a n c e :

E( Y)  "  w V a r ( Y )  "  o
2 (5.8)

The v a r i a b l e s  may b e  s t a n d a r d i s e d  using:

Xj - (Yi-u)/o (5.9)
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w h e r e .  X t h e n  w i l l  b e  n o r m a l l y  d i s t r i b u t e d  w i t h  mean  a n d  v a r i -

a n c e :

E(X) = 0 , Var(X) = 1 ( 5 .  10)

T h e  f o l l o w i n g  s t a t i s t i c  u

u - X ^ + X ^ +  . + X ^  ( 5 . U )

h a #  a  d i s t r i b u t i o n ,  w i t h  t h e  d e n s i t y  f u n c t i o n  ( Ya ma n * ,  1 9 7 3 )  

g i v e n  b y :

f ( u )  "  O  I I )

f o r  u>0, and (n/2-1)! - F(n/2) (Mikhail, 1976); n Is the number
of independent random v a r i a b l e #  that are summed and the distrib-
u t i o n  h a #  n d e g r e e #  o f  f r e e d o m .

T h e  mean  a n d  v a r i a n c e  o f  a X % distribution of n i n d e p e n d e n t  r a n d o m 

v a r i a b l e s  a r e  g i v e n  b y  (Mikhail, 1976) , ( Ya m a n e ,  1 9 7 3 ) :

E ( X ' )  »  n ( 5 . 1 3 )

V a r ( X ' )  -  2n  ( 5 . 1 4 )

5 .4 .2 .2  The Cht-Square table

The probability of t h e  computed value lying within a given region 
can be obtained from the At* Tables (T a b le  A2 - Appendix A) for a 
selected significance l e v e l .
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5 4 . 2 . 3  A dd i t ive  n a t u r e  of C h i - S q u a r e  d i s t r i b u t io n

T h e  s u m  o f  K i n d e p e n d e n t  v a r i a b l e s  X ^ ,  e a c h  being X *  distributed 
with degrees o f  f r e e d o m ,  i s  a l s o  X *  distributed. Thus:

w i l l  a l s o  be distributed as a X *  distribution w i t h  . +i iy

degrees o f  freedom (Yamane, 197 3 ) ,

5 4 . 2 . 4  K . P e a r s o n ' s  a p p ro x im a t io n

K P e a r s o n  has shown t h a t  a  d i s c r e t e  multinomial d i s t r i b u t i o n  may 

b e  t r a n s f o r m e d  i n  o r d e r  t o  a p p r o a c h  a X *  d i s t r i b u t i o n  a s  n

G i v e n  a n  experiment with K events E ̂ a n d  assume t h a t  

t h e  p r o b a b i l i t y  o f  a n  e v e n t  E^ occurring is p ^ . L e t  b e  t h e  

n u m b e r  o f  o c c u r r e n c e s  o f  t h e  e v e n t  E^ T h e  j o i n t  d i s t r i b u t i o n  o f

Nj .N^,. . .,N^ is called a m u l t  i n o m i a l  d i s t r i b u t i o n  with density 
f u n c t i o n  ( Ya ma n e ,  1 9 7 3 ) :
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,n_ ) (5.15)

K Pfarson has shown that if (Lind 1e y , 1 9 7 0 ) ,(Yamane, 1973) :

" I " " ? !

a n d

. + x

( 5 . 1 6 )

(5 17)

th en  th #  d i s t r i b u t i o n  o f  u approach## a d i a t r i b u t i o n  w i t h  K-l  

d#gT*#a o f  fr##dom aa n b #co##a  v ary  la r g #  ( L i n d l a y ,  1 9 7 0 ) ,  i W o l f ,

1962), (Yamane, 1 9 7 3 ) .  ( B u r y ,  1 9 7 5 ) , (DeGroot, 1 9 7 5 ) .

How large m u s t  n be in o r d e r  t o  a s s u m e  that t h e  u  i s  a p p r o x i m a t e l y  

d i s t r i b u t e d  a s  a X % d i s t r i b u t i o n ?  H o s t  a u t h o r s  ( C r o w ,  D a v i s  a n d  

Haxfield, 1 9 6 0 ) ,  (W o lf ,  1 9 6 2 )  (Lindley, 1 9 7 0 )  , (Yaaane, 1 9 7 3 ) ,  

( D e G r o o t , 1975 ) ,  ( B u r y , 1 9 / 5 )  s t a t e  t h a t  when  n p ^ i S , t h e  X *  d i s ­

tribution may b e  u s e d  as an ap p r o x im a t io n  When n p  < 5 ,  i t  i s  

necessary t o  combine t h e  smaller g r o u p s  iato l a r g e r  o n e s , s o  t h a t

Pearson p r o p o s e d  t h e  following s t a t i s t i c :

K ( n ^ - n p ^ ) '

I ---------------------

1-1

(5  IS )

which may he written am (Crow, Davis and Maxfield, 1960), 
( L l n d l . y ,  1 9 7 0 ) .  ( Y w n « .  1 9 7 3 ) .  (Bury.  1 9 7 5 ) ,  (D eG root ,  1 975):
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K

e I 

1-1

(5.19)

w h e r e  0  i s  t h e  o b s e r v e d  a n d  i *  t h e  o x p e c t e d  c l amm f r e q u e n c y .

T h u s , t h e  d a t a  a r e  d i v i d e d  i n t o  c l a s s  i n t e r v a l s . T h e  n u m b e r  0 ^  

o f  s a m p l e  v a l u e s  f a l l i n g  i n  t h e  i t h  c l a s s  i n t e r v a l  i s  r e c o r d e d  

a n d  t h #  e x p e c t e d  ( t h e o r e t i c a l )  # .  v a l u #  o f  t h #  c o r r e s p o n d i n g  

c l a s s  i n t e r v a l  i s  c a l c u l a t e d  u s i n g  t h #  p  f  o f  t h #  h y p o t h # s i # # d

d i s t r i b u t i o n .  I f  e , 2 : 5 , t h e  q u a n t i t y  ( O ^ - e ^ V / e ^  f o r  t h e  s p e c i f i c  

c l a s s  i n t e r v a l  i s  c a l c u l a t # d .  A l t # r n a t i v e l y ,  f o r  e  < 5 ,  a  " n e w"  

c l a s s  i n t e r v a l  i m e r g i n g  t h e  s m a l l e r  g r o u p s  i n t o  l a r g e r  o n e s ) i s

c r e a t e d , s o  t h a t  #  t 5  T h e r e a f t e r  t h e  s t a t i s t i c  Q i s  o b t a i n e d  

u s  m g  t h e  f o r m u l a  ( 5 . 1 9 ) . I f  QtSd ( w h e r e  d  i s  a c o n s t a n t  t a k e n  f r o m  

t h e  T a b l e  A2 a n d  i s  w r o n g l y  a s s o c i a t e d  w i t h  t h e  s e l e c t e d  l e v e l  

o f  s i g n i f i c a n c e ) ,  i t  i m p l i e s  t h a t  t h e  n u l l  h y p o t h e s i s  i s  a c c # p t -

As i t  c a n  e a s i l y  b e  s e e n ,  Q may b #  c o n s i d e r e d  a s  a  m e a s u r e  o f  

d i s c r e p a n c y .  T h u s , i f  t h e  s a m p l e  d i s t r i b u t i o n  i s  i d e n t i c a l  t o  t h #  

h y p o t h e t i c a l  d i s t r i b u t i o n ) ,  A# t h #  d i m c r # p a n c y  b#com#m

l a r g e r , s o  t h e  Q s t a t i s t i c  i n c r e a s e s .  T h a t  i s , t h #  s a m p l e  d i s ­

t r i b u t i o n  i s  m o r e  c o n s i s t e n t  w i t h  t h e  h y p o t h e t i c a l  d i s t r i b u t i o n  

a s  t h e  Q v a l u e  c a l c u l a t e d  a c c o r d i n g  t o  ( 5 . 1 9 )  b e c o m e s  l e s s .

T h e  n u l l  h y p o t h e s i s  a n d  t h e  a l t e r n a t i v e  h y p o t h e s i s  a g a i n s t  w h i c h  

i t  i s  t o  be  t e s t e d  m u s t  b e  s t a t e d . As a n  e x a m p l e , i t  may b e  r # *  

q u i f i d  t o  t e s t  t h a t  e x a m i n a t i o n  s c o r e s  a r e  n o r m a l l y  d i s t r i b u t e d  

a g a i n s t  t h e  a l t e r n a t i v e  t h a t  t h e  H i s t *  i b u t i o n  o f  e x a m i n a t i o n  

s c o r e s  i s  n o t  a n o r m a l  r a n d o m  v a r i a b l e ,  b u t  s o me  o t h e r  g i v e n  

r an d o m v a r i a b l e .

I t  i s , t h e n ,  n e c e s s a r y  t o  c l a s s i f y  e a c h  p o s s i b l e  o u t c o m e  o f  t h e  

r an d o m  e x p e r i m e n t  < n t o  o n e  o f  K c l a s s e s  o r  c e l l s :  t h a t  i s ,  t h e  

s a m p l e  s p a c e  o f  t h e  r a n d o m  e x p e r i m e n t  if.  p a r t i t i o n e d  i n t o  K
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events. The p a r t i t i o n i n g  of the outcomes may be dictated by the 
observations themselves. Alternatively, some criteria m u s t  be 
sought for the classification. For instance, in the case of the 
die, the sample space is partitioned into K=6 cells, since the 
n u m b e r  a p p e a r i n g  c n  t h e  d i e  c a n  r e l a t e  d i r e c t l y  t o  t h e  c e l l .

Th e  hypothesis c a n  t h e n  b e  r e s t a t e d  i n  terms o f  t h e  p a r t i t i o n .  

If t h e  probability t h a t  t h e  o u t c o m e  of t h e  r an d o m  e x p e r i m e n t  i s

in c e l l  1,  and p ^ ' is the p r o b a b i 1 i t y  when the null hypothesis
i *  t r u o ,  t h e n  ( I . i p p  

( D e G r o o t ,  1 9 7 5 ) :

1 9 7 1 ) ( Ya ma n e ,  1 9 7 3 ) ,  ( b u r y .  1 9 7 5 ) ,

k . :
•it.;.

"X*

Ha : P ^ P j ' f o r  s ome  i , I S i S K ( 5 . 2 0 )

M.H.  D e G r o o t  s t a t e s  t h a t

" T h i s  p r o b l e m  o f  t o s t : n g  h y p o t h e s e s  i s  not a  nonpsrametric  

problem because tb* p o ss ib le  d is t r ib u t io n s  o f  th e  obsmrva- 
t  iors a r m  indax+d b y  tha paraatatar va ctor ( p j , . . . ,p ^ ) . 
NavarthalaMM, tha procadura . . .  i s  o f  tan ragardad as a 

non‘parammtric m a r  hod bacausa , as we sh a ll  s e e ,  many 
nonparamatric problams o f  t a s t i n g  hypothasas can ba raducad 
t o  problams in mhich hypothasas o f  tha sbova form ara to  

ba te s ta d

T h e  a c c e p t a n c e  o r  r e j e c t i o n  o f  t h e  n u l l  h y p o t h e s i s  i s  t h e n  b a s e d

u p o t ^ t h e  s i g n i f i c a n c e  1<sv®1 o f  t h e  t e s t , Due  c o n s i d e r a t i o n  i s  

g i v e n  t o  t h e  p r o b a b i 1 * t y  o f  m a k i n g  a  T y p e  I o r  T y p e  I I  e r r o r .

1

It is reasonable, therefore, to e  a  t e s t  o f  h y p o t h e s i s  ( S . ! 8 )  

,K a n d  t o  r e j e c to n  v a l u e s  o f  t h e  d i f f e r e n c e s  ( 0 ^ - e . )  f o r  1 * 1 , 2  

H_ wh e n  t h e  m a g n i t u d e s  o f  t h e s e  d i f f e r e n c e s  a r e  r e l a t i v e l y  l a r g e .
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From the discuss ion which has a 1 ready been presented, it implies 
that Hq should be rejected, when Q >d. Thus,the X* test in carried 
o u t  a t  a c h o s e n  l e v e l  o f  s i g n t f i c a n c #  a ,  d  I s  t h e  s e l e c t e d ,  s o  

that Pr(Q>d)*a, w h a n  Q has a X* distribution with K-l degrees of 

f r e e d o #

T h e  t e s t  h a s  b e e n  d e s i g n e d  t o  a s s e s s  t h e  f i t  o f  t h e  d i s t r i b u t i o n

a n d  v l I i not be concerned w i t h  the fit being "too good". As a 

r e s u l t , only a one tailed-test w i l l  b e  u s e d .

5 , 4 . 2  5 D e g r e e s  o f  f r e e d o m

I n  o r d e r  t c  d e t e r m i n e  t h e  d e g r e e s  o f  f r e e d o m  f o r  t h e  X*

g o o d n e s s - o f - f i t  t e s t , i t  i s  n e c e s s a r y  t o  c o n s i d e r  t h i s  c o n c e p t  

i n  mo r e  d e t a i l .

S u p p o s e  t h a t  n  I n d e p e n d e n t  o b s e r v a t i o n s  , x ^ , .  . . , a r e  t o  b e  

t a k e n  a n d  t h a t  t h e  r a n g e  o f  t h e m  i s  d i v i d e d  i n t o  K s u c c e s s i v e  

I n t e r v a l s  w i t h  p r o b a b i l i t y  t h a t  a n y  p a r t i c u l a r  o b s e r v a t i o n

w i l l  b e  o f  t h e  s u b - i n t e r v a l  i  ( i » l , 2 , . . . , K ) . T h a t  i s ,  e a c h  o f  

t h e s e  i n t e r v a l s  i n c l u d e s  N# ( i * l , 2 , . . . ,K)  o b s e r v a t i o n s ,

P e a r s o n  s h o w e d  t h a t  i f  t h e  h y p o t h e s i s  N .  o f  ( 5 . 2 0 )  i s  t r u e , t h e n  

t h e  d e n s i t y  f u n c t i o n  o f  Q c o n v e r g e s  t o  t h u  d e n s i t y  f u n c t i o n  o f  

t h e  X1 d i s t r i b u t i o n  w i t h  K - l  d e g r e e s  o f  f r e e d o m  a s  t h e  s a m p l e  s i x e  

n-»-  ( Ya me n e ,  1 9 7 3 ) ,  ( D e G r o o t ,  1 9 7 5 ) ,  ( B u r y ,  1 9 7 5 ) .

C o n s i d e r  a g a i n  t h e  s a me  p r o b l e m ,  b u t  i n s t e a d  o f  t e s t i n g  t h e  s i m p l e  

n u l l  h y p o t h e s i s  t h a t  t h e  p a r a m e t e r s  p ^ . p ^ , ,P% h a v e  s p e c i f i c

v a l u e s , l e t  s p e c i f y  t h a t  t h e  p a r a m e t e r s  p ^ . , p ^  c a n  b e  r e ­

p r e s e n t e d  a s  f u n c t i o n s  o f  a  c e r t a l i  n u m b e r  o f  p a r a m e t e r s . I n  o t h e r  

w o r d s ,  t h e  p r o b a b i l i t y  p ^  ( i * l , 2 , . . . , K) i s  s u b s t i t u t e d  b y  t h e  

f u n c t i o n  p ^ ( r ) , w h e r e  r  i s  t h e  v e c t o r  o f  p a r a m e t e r s
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(Tj ,r,, ...,rs ). Therefore, the null hypothesis ( 5 . 1 8 )  c a n  b e  

written in the following new form (Bury, 1 9 7 5 } ,  (DeGroot , 1 9 7 5 ) :

Hq ; p . ' s p ,  ( f )  f o r  i ” ! , 2 , . . . ,K

: The hypothes is i s  n o t  t r u e  (5.21)

J n  t h l *  c m# # ,  t h e  f o r m u l a  f o r  i m t l c  Q ( 5  . 1 8 )  1# m o d i f i e d  b y

replacement of th e  f a c t o r  np^ by n p .I r ) . where r  denotes t h e  

M L  E.  (Maj t imum L i k e l i h o o d  E * t i m a t o r m ) oT t h e  p a r a m e t e r  v e c t o r  r

b a s e d  o n  t h e  o b a a r v e d  n u m b e r a  N , N _  N» T h a t  l a  ( B u r y ,  1 9 7 5 ) ,

( D e G r o o t ,  1 9 7 5 ) :

n p / r )
( 5  2 2 )

R. A Fisher [ s e e  for example , ( L i n d l e y , 1 9 7 0 ) ,  ( Y a m a n e , 1973), 
( D e G r o o t , 1975 ) ,  (Bury, 1975 }) s h o w e d  t h a t  i f  t h e  n u l l  h y p o t h e s i s  

Hq i s  t r u e  a n d  c e r t a i n  c o n d i t i o n s  are s a t i s f i e d ,  t h e n  t h e  d e n s i t y  

f u n c t i o n  o f  Q c o n v e r g e s  t o  t h e  d e n s i t y  f u n c t i o n  o f  t h e  X *  d i s ­

tribution with ( K - 1 ) - S  degrees of f r e e d o m  as t h e  s a m p l e  s i z e

T h e r e f o r e , t h e  d i s t r i b u t i o n  o f  Q w i l l  b e  a p p i a x i m a t e l y  a X *  d i s ­

t r i b u t i o n  wh e n  t h e  s a m p l e  size n  i s  l a r g e  a n d  t h e  i s  t r u e .  Tc  

d e t e r m i n e  t h e  n u m b e r  o f  d e g r e e s  o f  f r e e d o m  f o r  t h e  h y p o t h e s i s  

(5.21), the S m u s t  h e  s u b t r a c t e d  f r o m  t h e  n u m b e r  K - l  u s e d  f o r  t h e  

h y p d f t r e s  i s  (5 . 20) , b '  c a u s e  S p a r a m e t e r s  ( r .  , r . ,  . . . , r _ )  a r e  e s t i ­

m a t e d  wh e n  t h e  o b s e r v e d  n u m b e r  N c o m p a r e d  w i t h  t h e  e x p e c t e d  

n u m b e r  n p ^ ( ? ) ,  F o r  e x a m p l e , I n  the case of Normal d i s t r i b u t i o n ,  

t h e  p a r a m e t e r  v e c t o r  r  i s  t h e  t w o - d i m e n s i o n a l  v e c t o r  r ( y , o a ) b e ­

c a u s e  t h e  u n k n o wn  p a r a m e t e r s  a r e  t h e  mea n  (vO a n d  t h e  v a r i a n c e  

( a 3 ) .
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I t  i s  i m p o r t a n t  t o  n o t e  t h a t  i n  o r d e r  t o  c a l c u l a t e  t h e  v a l u e  o f

the statistic Q defined by (5.22) t h e  M . L , E . 's >• a n d  o* must be 
f o u n d  b y  using the numbers N ,Nn , . ,N^ o f  o b s e r v a t i o n s  in t h e

d i f f e r e n t  s u b - j n t m r v a l # .  a n d  s h o u l d  n o t  b e  f o u n d  b y  u s i n g  t h e

observed values o f  ,x ,, . . ■ .x^ thi-.mse I v e s  . Ho w e v e r  , t h i s  i s  n o t

g e n e r a l l y  a p p l i e d  be t  o f  i t s  c o m p l e x i t y .  I n  a d d i t i o n ,  t h e

M.L.E.'s o f  y a n d  o 1 b a s e d  o n  the n o b s e r v e d  v a l u e s  x J(...,xn i n  

t h e  o r i g i n a l  sample are s i m p l y  t h e  s a m p l e  mean x ^  and the sample 
v a r i a n c e  of the me a n  # */n .

If the null hypothesis H.  is true a n d  t h e  vector r  is estimated 
by maxim is m g  t h e  likelihood function of r, then t h e  statistic Q 
g i v e n  b y  l 5 . 2 2 )  w i l l  h a v e  a p p r o x i m a t e l y  a  d i s t r i b u t i o n  w i t h

df » K - l - S  (5,23)

where:
K : t h e  n u m b e r  o f  g r o u p s  ( c e l l s )

S • t h e  n u m b e r  o f  t h e  u n k n o wn  p a r a m e t e r s  ( t h e  n u mb e r  

o f  r e s t r i c t i o n s  o n  t h e  t h e o r e t i c a l  d i s t r i b u t i o n )

On t h e  o t h e r  h a n d , i f  i s  t r u e  a n d  t h e  M. L . E . o f  r  i s  f o u n d  f r o m  

t h e  n o b s e r v e d  v a l u e s  x . i n  t h e  o r i g i n a l  r a m p 1e , M.H.

DeGroot (1975) states:

"Zo 1 9 5 4 ,  f .  C h m r r t o f f  s n d  S . L .  L e h m a n n  m s t s b J i s h m d  t h m  

f o J  l o t t i n g  r e s u l t . I f  t h e  H . L . B . ' s  s n d  s  , / n  a r e  u s & d  t o  

c a l c u l s t m  t h e  s t a t i s t i c  Q ,  a n d  i f  t h e  n u l l  h y p o t h e s i s  

/ s  t r u e ,  t h e n  s s  n  *  • ,  t h v  d e n s i t y  f u n c t i o n  o f  Q  c o n v e r g e s  

t o  a  t ' . f . w h i c h  l i e s  b e t w e e n  t h e  d . f .  o f  t h e  X *  d i s t r i b u t i o n  

u i t h  K - l - S  d e g r e e s  o f  f r e e d o m  a n d  t h e  a / f f e r e n c e  o f  t h e  X *  

d i s t  r i b u t  i o n  w i t h  K - l  d e g r e e s  o f  f r e m d o e

T h a t  i s :

I f  - 5  Q -S ^  *  d i s t r i b u t i o n  i s  c o n s i s t e n t  ( 5 . 2 4 )

STATISTICAL INFERENCE 88



where:
V (K~1-S) ' the corresponding value for K-l-S d e g r e e s  of 

freedom ta k en  f r o #  T a b le  A2 (Appendix A),  for  

a giv*m s i g n i f i c a n c e  l e v e l  o 

V ̂ ̂  ^  : t h e  c o r r e s p o n d i n g  v a l u e  f o r  K - l  degr ee* of
freedom ta k en  from Tab le  A2 (Appendix A), for 
a g iv e n  m l g n i f i c a n c e  l e v e l  a

In other words, the a p p r o , : l a t e  tail area  lies somewhere between 
t h e  tail area round from th e  T ab le  A2 o f  th e  X* distribution w i t h  

K-l d e g r e e s  freedom, and the l a r g e r  tail a r e a  found from the same 
Tab le  o f  the  d i s t r i b u t i o n  w i t h  K - l - S  d e g r e e a  o f  freedom.

The i n t e r p r e t a t i o n  o f  (5 24)  i s  t h a t  I f  t h e  s t a t i s t i c  Q 1m g r e a t e r

than th e  c o r r e s p o n d i n g  v a lu e  o f  T ab le  A2 w i t h  d f KK - 1 - S , i t  d o e s  

not  mean t h a t  t h e  p o s t u l a t e  d i s t r i b u t i o n  is no t  c o n s i s t e n t  w i t h  

t h e  d a t a  Howe ver , i f  Q i s  l e s s  t h a n  t h e  c o r r e s p o n d i n g  v a l u e  o f  

c f = K - 1-S t h e  h y p o t h e s i s e d  d i s t r i b u t i o n  i s  d e f i n i t e l y  c o n s i s t e n t  

w it h  th e  d a t a .

It remains to d eterm in e  S As has  b ee n  s t a t e d ,  S i s  t h e  number  

o f  unknown p aram eters  which d e f i n e d  t h e  p . d . f  o f  t h e  d i s t r i b -  

u t i o n  I f ,  b e f o r e  t h e  e x p e r i m e n t , t h e  d i s t r i b u t i o n  f u n c t i o n  f ( x )  

t o  be  t e s t e d  i s  c o m p le t e ly  s p e c i f i e d ,  t h e n  5*0.  T h e r e f o r e , t h e  

d e g r e e s  of f r eedom s im p ly  w i l l  b e  g i v e n  by d f * K - l .  However ,  i f  

t h e  t y p e  o ;  form o f  t h e  d i s t r i b u t i o n  f ( x )  t o  be  t e s t e d  c a n  be 

s p e c i f i e d ,  but  f ( x )  c a n n o t  be  s p e c i f i e d  c o m p l e t e l y ,  t h e n  S s t a n d s  

f o r  t h e  number  of q u a n t i t i e s  n e c e s s a r y  t o  c o m p l e t e  t h e  s p e c i f i * 

cat ion.

In th e  c a s e  o f  t h i s  d i s s e r t a t i o n ,  wh e r e  t h r e e  d i f f e r e n t  d i s t r i b ­

u t i o n s  a r e  t e s t e d  for  t h e i r  v a l i d i t y ,  t h e  number  o f  p a r a m e t e r s  

f o r  ea ch  o f  them i s  2 ; t h e  mean y and ' ;e s t a n d a r d  d e v i a t i o n  o 

( f o r  Normal  and T r u n c a t e d  N o r m a l ) o r  t h e  d i s p e r s i o n  X ( f o r  I n v e r s e  

G a u s s i a n ) . Under  t h i s  a s s u m p t i o n ,  t h e  v a l u e  o f  S would  be 2 .  

Howe ve r , s i n c e  t h e  mean (U) u i  t h e  r e s i d u a l s  a r e  known t o  be z e r o
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a  p r i o r y ,  t  i m p l i e s  t h a t  t h *  n u m b e r  o f  t h e  u n k n o wn  p a r a m e t e r #

is reduced to 1 (S“ l). I n  this r e s e a r c h , the data has b e e n  ana­
lysed w i t h :

S *  1 , d f  = K- 2  and

I f  : V  ̂K _,  ̂ S Q & ■* d i s t r i b u t i o n  i s  c o n s i s t e n t  ( 5 - 2 5 )

At t h i s  p o i n t ,  i t  must be n o t i c e d  t h a t  t h e  T a b le s  4 ,and 5 compare 

o n l y  t h e  s t a t i s t i c  Q w it h  t h e  t h e o r e t i c a l  ( e x p e c t e d )  v a l u e s  which  

co r res p o n d  t o  K- 2  d e g r e e s  o f  freedom, and n o t  w i t h  t h o s e  o f  K - l  

d e g r e e s  o f  freedom I n  o t h e r  w o rd s , t h e  p e s s i m i s t i c  v a l u e  o f  d f  

« K- 2  i s  e (amined s i n c e  in  th e  m o s t  o f  t h e  c a s e s  a l l  o f  t h e  d i s -  

t r i b u t i o n s  are  c o n s i s t e n t  c o n s i d e r i n g  th e  w o rs t  c a s e  f o r  t h e  d e ­

g r e e s  o f  f m o d e m .  T h e s e  T a b le s  w i l l  be c o n s i d e r e d  i n  mo r e  d e t a i l  

in  Chapter 6 .

5 . 5  MORE DISCUSSION OF THE T E S T  PROCEDURE

There i s  o f t e n  u n c e r t a i n t y  a s  t o  w h e t h e r  o r  n o t  a  p a r t i c u l a r  

p r o b a b i l i t y  d i s t r i b u t i o n  i s  r e a l l y  a p p r o p r i a t e . F o r  t h e s e  s p e ­

c i f i c  p r o b l e m s  ( n o n - p ^ . a m e t r i c ) , a h y p o t h e s i s  a s  s t a t e d  i n  ( 5 . 3 )  

s h o u l d  be c o n s i d e r e d  a n d  a  c e r t a i n  p r o c e d u r e  t e s t  s h o u l d  b e  f o l ­

l o w e d  ,

I n  t h i s  s p e c i f  i c  c a s e ,  n o  a l t e r n a t i v e  h y p o t h e s i s  i s  s p e c i f i e d ,  

a r  i ,  a s  a  r e s u l t , i t  i s  t h e  a c c e p t a n c e  o:  r e j e c t i o n  o f  t h i s  h y ­

p o t h e s i s  t h a t  i s  u n d e r  i n v e s t i g a t i o n .  S i m p l y , t h e  t e s t  s h o w s  

w h e t h e r  t i e  s e f e c t e d  d i s t r i b u t i o n  i s  c o n s i s t e n t  o r  n o t .

Two t e s t s  w h i c h  r e l a t e  d i r e c t l y  t o  t h e  s o l u t i o n  o f  t h i s  p r o b l e m  

h a v e  been r e f e r r e d  t o  and d i s c u s s e d  i n  t h e  p r e v i o u s  s e c t i o n s  o f  

t h i s  c h a p t e r .  These  a r e  t h e  " C h i - S q u a r e  g o o d n e s s - o f  • f i t ” t e s t  e n d
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t h e  ' K o I m o g o r o v - S m i r n o v "  . A d d i t i o n a l  t e s t s  t h a t  c o u l d  b e  u s e d  a r e  

t h e  " Vi  i c o x o n ' *  o r  ‘' Mdnn-Vt i  i t  n e y ” t e s t  I S i I v e y  , 1 ^ 7 5 )  , (Bl um a n d

R o s e n b l a t t , 1972 ) ,  ( G r e e n  a n d  M a r g e r I s o n , 1978 ) ,  t h e  " S i g n "  t e s t  

i G r e e n  a n d  M a r g e r i s o n , 1 9 " 8 ) ,  ( D e G r o o t ,  1 9 7 5 ) ,  b u t  t h e s e  t e s t s  

a r e  n o t  d i r e c t l y  a p p l i c a b l e  f o r  t h i s  d i s s e r t a t i o n .

T h e  s e l e c t i o n  o f  t h e  C h i - S q u a r e  g c o d n e s a - o f - f i t  t e s t  ( w h i c h  r e -

q u i  r e s  t h a t  t h e  o b s e r v a t  • o n s  t o  be  g r o u p e d  i n t o  a f i n i t e  numb,  r  

o f  i n t e r v a l s )  a g a i n s t  t h a t  o f  t h e  K o 1m o g o r o v - S m i r n o v  t e s t  ( w h i c h  

c a n  b *  a p p l i e d  d i r e c t l y  t o  a n y  d a t a  w i t h  n o  n e e d  t o  d i r c r e t i s e )  

h a s  b * e n  b a s e d  o n  t h f  l e c o m m e n d a t i o n s  s e v e r a l  a u t h o r s ,  n a m e l y

E . L . C r a w ,  F A  D a v i s  a n d  M . V . Maxf  i e  I d  ( I 9 6 0 )  who r e f e r  t o  t h e  

C h i - S q u a r e  g o o d n e s s - o f - f i t  t e s t , a n d  P V a n f c a k  ( 1 9 8 7 )  

who  s t a t e s  t h a t

"TAf  m f i n  o f  f Ae  Y'  f o o d n e a s - o f - / i f  i a  t o

t e s t  i f  t h e  h  i s  ' o g r s m  i s  z o m p s t  i b l m  w i t h  a  p o s t u l a t e d  

p r o b a b i I i t y  d e n s i t y  f u n d  i o n , u s u a l l y  t h e  n o r m a l . T h i s  i s

a  c r u c i a l  t e s t  b e c a u s e  a l l  t h e  o t h e r  t e s t s  a r e  b a s e d  o n  t h e  

a s s u m p t i o n  o f  n o r m a l i t y . B u t  t h e  t e s t  i t s e l f  i s  e q u a l l y  

v a l i d  f o r  o t h e r  p r o b a b i l  i t y  d e n s i t y  f u n c t i o n s . "

I n  a d d i t i o n ,  K . V B u r y  ( 1 9 7 5 )  s t a t e s  t h a t

" T h e  t w o  Cf i Si J  a r e  c o m p a r a b l e  i n  t e r m s  o f  p o w e r ,  . . . .  '

T h e  d e g r e e s  o f  f r e e d o m  a r e  c o m p u t e d  a c c o r d i n g  t o  t h e  f o r m u l a

( 5 . 2 5 )  f o r  S * 1 , s i n c e  t h e  u n k n o wn  p a r a m e t e r  o f  t h e  d i s t r i b u t i o n  

f u n c t i o n  f ( x )  i s  o ( N o r m a l , T r u n c a t e d  N o r m a l  d i s t r i b u t i o n )  o r  X 

( I n v e r s e  G a u s s i a n  d i s t r i b u t i o n ) ;  t h e  me a n  U * 0 . T h e  o  o r  X i s  o b ­

t a i n e d  a s  an  e s t i m a t e  f r o m  t h e  e x p e r i m e n t a l  d a t a .

T h e  p r o g r a m  f o r  t h e  C h i - S q u a r e  t e s t  ( H 1 _ D L  TEST)  i s  g i v e n  i n  Ap ­

p e n d i x  G ( Vo l u me  I I ) .
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6 . 0  R E S U L T S

6.1 DESCRIPTION OF SURVEY OBSERVATIO NS

6 . 1 . 1  G E N E R A L  I N F O R M A T I O N

Tli* d a t a  u s e d  i n  t h e  c o m p u t e r  a n a l y s i s  c o n s i s t * * ,  o f  o b s * r v a t i o n *  

a b s t r a c t e d  f r o a  t h e  s u r v e y  a t  t h e  " d *  Hoek W o r \ # ' ( P i k e t b u r g ,  

C a p e )  I n  t o t a l ,  e l e v e n  c y c l e s  o f  o b s e r v a t i o n s  h a v *  b e e n  c a r r i e d  

o u t  a t  t h e s e  w o r k s , b u t  o n l y  t h e  e i g h t h  c y c l *  i #  u * * d  j n  t h i m

d i s s e r t a t i o n  T h i s  c y c l *  wa s  o b s e r v e d  i n  J a n u a r y  198 0  b y  P r o f .

I B .  W a t t .

Th e  d a t a  a r e  t o  b e  a n a l y s e d  s e p a r a t e l y  J n  t e r m *  o f :

1 O b s e r v a t i o n s  r e l a t i n g  f r o m  a n d  t o  t h e  c o n t r o l  n e t w o r k  o n l y

2 O b s e r v a t i o n s  f r o m  c o n t r o l  b * a c o n  t o  f a c *  p o i n t *

3.  S i z e  o f  s a m p l e *

Th e  d i s c r i m i n a t i o n  b e t w e e n  c o n t r o l  a n d  f a c *  p o i n t *  i *  n e c e s s a r y  

b e c a u s e  o f  different properties in the targeting a n d  centring 
r e l a t i n g  t o  e a c h  o f  t h e * *  a * p # c t a  o f  t h *  * u r v * y .  I n  a d d i t i o n  t o  

t h i s ,  b o t h  o f  t h * s *  g r o u p s  a r *  s u b - d i v i d * d  i n t o  o b s e r v a t i o n *  o f  

2 a n d  4 a r c  s a m p l e s .

T h e  F i g u r e  16 s h o ws  a  p a r t  c f  '  h t  " d e  Homk W o r k s " .  I t  i s  i m p o r t a n t  

t o  n o t e  t h a t  ( h# d i f f m r w n c e  i n  h e i g h t  b e t w e e n  t h e  t o p ,  a n d  t h *  

b o t t o m  o f  t h i s  p i t  i s  o v e r  100m ( P r o f  I B .  W a t t ,  p e r s o n a l  c om-

m u n i c a t i o n ) The atmospheric conditions in the l o w e r  part o f  the 
p i t  o f t e n  d t f fered f ro. i  t h o s e  across the t o p  o f  t h e  pit, and 
hence, if was  decided ’o s e p a r a t e  t h e s e  two classes of observa-

RESULTS



F i g u r e  A v i ' -w o f  * p a r t  o f  " u e  Hnf k  W o r k s "

RESULTS



l i o n s .  In d d d i l m n .  t h e  LA r x r t s  u s e d  f u r  i h c  ( . on^r o l  ^xnnLs  and 

f l e e  p o i n t s  wer*  . i l s u  d i f f e / e n i  ( s r e  f i g u r e s  17,  IR and I T ; .

6 . 1 . 2  M O R E  S P E C I F I C  I N F O R M A T I C S

I n s t r u m e n t a t i o n :  Th# mq ui pmmut  u b t d  t o  t a k e  t h *  o b s e r v a t i o n #  

i t  t h *  " d e  Ho e k  W o r k s "  wa s  t h #  f o l l o w i n g :

o D i r e c t i o n s  ( h o r i z o n t a l  a n g l e s ) :  KERN DKM3

o V e r t i c a l  a n g l e s :  DK%2

o D i s t a n c e s :  T e 1 l u r o m e t  e r  MAI CO

T a r g e t # :  Tw. U f f e r e n t  t y p e s  o f  t a r g e t s  h a v e  b e e n  u s e d  f o r  

c o n t r o l  p o i n t s .

o Z e i s s  t a r g e t  (Fig.  17)

e Wild target (Fig. 18)

T h e s e  t a r g e t #  w a r #  p l a c e d  o n  t h e  c o n c r e t e  p i l l a r s  a s  s h o wn  

i n  f i g u r e #  1 7 ,  ?8

F o r  t h e  f a c e  p o i n t #  # p a t t e r n  ( i l l u s t r a t e d  i n  F i g .  19)  wa# 

u s e d . F o r  t h #  p a t t e r n  a h o i #  1# d r i l l e d  i n t o  t h #  r o c k  a: , d a n  

i r o n  b a r  was p l a c e d  m # i d #  t h #  h o l e  T h #  i r o n  b a r  i #  c o n c r e t e d  

i n t o  p o s i t i o n  a n d  p a i n t e d  w h i t e ,  w h i l e  t h e  s u r r o u n d i n g  c o n -  

: : n » t e  i s  p a i n t e d  black T h i s  i l l o w s  ( o r  e a s y  i d e n t i f i c a t i o n .

D i e  c e n t r i n g  e r r o r  f o r  t h e  t h e o d o l i t e  i s  n e g l i g i b l e  f o r  b o t h

Di e  c o n t r o l  a n d  f a r n  p o i n t  s u r v e y s  a s  ' o r c e d  c e n t r i n g  h a s  b * # n
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F i g u r *  19 T a r g e t  f o i  f ^ c *  p c m c *

6 2 TECHNIQUES USED IN THE TR EA TM EN T OF THE D ATA

Two n * p u t # r  p r r g r a mM h a v #  b - mn w r i t t e n  ( o r  d i o n  p u r -  

po%#* Th * $ #  # r *

1 Th# " T H E O "  p r n g r m #  f o r  t h #  r e d u c t i o n  n f  t h m o d o l  i t m c b m e r -

' . a t ' m s  *»r  t h n  ( a 1 r u 1 H  i o n  o f  th*- n h s m r v a t  i o n a l  r e  & i -

d u a l % , and

2 Th*, HI  Dl  T E S T "  w h i r h  m *  t h e  C n i - S q u m r #

' . s  - » !  - f 11 t i %nm# d i s t r i b u t i o n s  ( o r  i h m i r  v a l i d i t y

f o r  t h r  r i d iA 1 *

An a n a  l y  t i ( a 1 r k p l A n a t U m  , ,f t h #  t r r a t m H n t  o f  t h #  d a t a  u K f d  i n  

t h e  c o m p u t e r  p r o g r a m #  f o l l o w *  i n  t h #  n e x t  muh-mer  t i o n # .
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6 2 TECHNIQUES USED IN THE TREATM ENT OF THE D A T A

Two o m p u c e r  p r o g f #** h a v #  b # # n  w r i t t e n  f o r  d m a e r t a t i o n  p ' i r -  

p o * # *  Th # » #  a r #

1 Th#  " T H E O "  p r o g r a m  f o r  t h *  r e d u c t i o n  o f  t h e o d o l i t e  o b m e r -

v a t o n d  f u f  t h e  ; a I r u 1mt m n  o f  t h*  w h s f r v a t  i o n a 1 r e s i ­

d u a  1 * , a nd

2 The "Ml .  Dl  „ T E S T "  w h i c h  t ♦' s t  s ■: u s  \ n g  t hn  Ch i  - S q u a r e

goodness-of-fit test) some di*t r i h u :  ions for their validity
for the resi i ml %

An a n a l y t i c a l  r x p 1* n * t i n n  o f  t h e  t r p a t m e n l  o f  t h e  d a t a  u = e d  I n  

t h e  c o m p u t e r  p r o g r a m *  f o l l o w s  i n  t h *  n e x t  s u b - s e c t l o n m .



6 . 2 . 1  DATA

T h e  d a i a  u s r d  i n  i h #  f i r % t  c o m p u t e r  p r o g r a m  ( " THEO" )  a r e  p a r t  o f  

f h r  " h s ^ : v 4 t i u n s  t n k # n  a t  i h f  " d #  Ho^k W o r k s "  by  T r o f .  I B W a t t .  

T h r s #  s f i s  o f  u h s f i v a t w n s  a r e  g i v e n  i n  A p p e n d i x  E - Vol ume  I [ .  

F i g u r e  20  i x  a d i a g r a m  o f  t h e  c o n t r o l  p o i n t s  a n d  s h o ws  t h e  o b ­

s e r v e d  ,41 r e t  t i o n s  ( a  d u g i d m  w i t h  : h e  t o p o g r a p h y  o f  t h #  a r e a  i #  

n o t  d v . i i l a b l o ) .  As h a s  b e e n  r e f e r r e d  t o  i n  s u b - s e c t  i o n  6 . 1 . 1 .  t h e  

o b s e r v a t i o n s  h a v e  hewn d i v i d e d  i n t o  t wo  c a i - g o r i e #  ( f r o #  a n d  t o  

c n n t i o l  p u  m i  %. a n d  f r o m c o n t r o l  p o i n t s  t o  f a c *  p o i m s )

I t  w i l l  b r  n o t i c e d  t h a t  F i g u r e  20 s h o ws  a d d i t i o n a l  p o i n t # . s u c h  

As Y.  W. V. y h n _ h  h a v e  n o t  b e e n  i n c l u d e d  i n  t h e  n e t w o r k  a*  t h *  

d a t a  w e r e  n o t  a v a i l a b l e .  T h i s  d i s s e r t a t i o n  d e a l ?  w i t h  o b a e r v c -  

t i o n s  t a k e n  f r o #  . o n t r o l  p o i n t s :

A , 8 , C , D , £ , F , G , N , 0 » P , Q

Man> o f  t h e  c o n t r o l  p o i i v #  w # r #  o c c u p i e d  # # v # r # l  t i m e # ,  a n d  a n  

a d d i t i o n a l  n m b e :  wa# g i v e n  t o  t h e # #  # t a t  i o n #  i n  o r d e r  t o  d i # -  

t i n g u i s h  b e t w e e n  d i f f e r e n t  # a m p l e #  o f  o b s e r v a t i o n #  T h u # . f o r  

e x a m p l e ,  o b s e r v a t i o n s  a t  A l ,  A 2 , . .  d e n o t e #  t h a t  # e a # u r e # » e n t #  

w e r e  mad e  on  d i f f e r e n t  d a y #  o r  a t  d i f f e r e n t  t i m e #  f r o m  p o i n t  A.

An a d d i t i o n a l  p o i n t ,  POL,  we# u # e d  a a  a n  R . O.  f o r  t h e  o 6 # # r v # t i o n a  

# t  m#ny o f  t h e  c o n t r o l  p o i n t s .

B r i e f l y ,  t h e  tw o  ' a t m g o r  i e #  a r e :

* Fr om c o n t r o l  p o i n t s  t o  c o n t r o l  [ * o i n t * :

(A,R,C,n,K,F.G,N,().P,0) * (A , B , C , D , E , F , G , N ,0, P ,Q , POL)

e  F r o m c o n t r o l  ,m i n t s  t o  f a c e  p o i n t # :
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F i g u r e  1:0 D u g r m m  o f  i h e  u o n l r o l  p o i n t . % ' p o m i t i o n  a t  " d #

Homk W o r k s "
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: hi-(<«L'! 11 p r  

# r  ib* j in
r.K ih* formula '

( A . B . C . I \ F . F . ( ; . \ , . 1 . I \ Q )  #

iA.R,.. ,r,Q,Y.w.v, _1n.r3.n6.

U*»r l . i in <if i h *  ' . d n i r o l  p o m T  \  h i v e  tiMmn un.. l ui i ci i  i n  t h e  s u b s e t  

o f  i b s r r w r w n s  w i t h  t h e  p t j i n l s .  T h c s *  ' . o n t r o l

p u u u s  k«»rn iiiL 1 ud«' ' l  i n  t h *  a m s  4.-, p u m l s  f o r  o r i e n t a t i o n .

6.2.2  CALCULATION CF OBSERVATIONAL RESIDUALS

i t i u n s  * r f  f r d  i c c o f d m g  t o  t h *  p r o c e -  

s f & t ; o n  -  1.  And t h *  r * s 1 i u a l & c a l c u l a t e d  

1) F o r  t h i s  pur^*o«e  t h #  ' THKu " c o m p u t e r

* r a m b * * n  w r i t : * n  f x a m p ] *  i n  Ap p mn d i x  B)

Th# o b m * r v # t l o n a l  r e * i d u a 1* w h i c h  h a v *  b * # n  c a l c u l a t e d  b y  "THEO" 

a r #  [)(* d a t j  f u r  : h *  "HI DI TLST" c o m p u t e r  p r o g r a m  w m c h  i *  i n ­

v o l v e d  w i t h  t h *  a n a l y s i s  o f  t h e s e  r e s i d u a l s .

At r h ] s p . m n t .  : t  m u s t  b*  ^ m p \ a s i s e d  a g a i n  t h a t  t h i #  d i s s e r t a t i o n  

i n v o l v e d  w i t h  t h *  a n a l y s i s  o f  t h e  r * & i d u a l m  o f  t h e  t h e o d o l i t e  

v a t  i o n *  h * i . a u * * , h a v i n g  d*  f i n e d  t h * i r  d i s t r i b u t i o n ,  t h #  o b "  

s * r v . i t  i o n s  t h e n  f o l l o w  t h e  s a me  d i & t  r  i b u t  i o n  T h i s  c a n  b e  r e a d i l y  

sh o wn  s i . i c e  a t r u e  e r r o r  may Se  d e e m e d  am:

k ' h ' t g : .

#  ̂ . ' h* t h  t rue error f o r a n  j

t hi ’ . t  h ' , h s « r v a t  ; o n  f o r  a r c  }

Th "  r * \ u l  l  f u l l  ' )ws d i r :  ( T. l y  f rum *( ; uaf  i o n  ( 6 . 1 ) ,  t h a t  i s :

F ( *  ) ( 6 . 2 )
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Th# s t a n d a r d  d # v i a t i o n  f g p )  o f  t h #  mean

f t h #  r # a i d u a l s  f o r  c o n t r o l  p o i n t s
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f ' o i n l  k r s i d u . * T s

T a b l e  3 : Th e  s t a n d a r d  d e v i a t i o n  { $ - )  o f  t h e  mean  

o f  t h e  r e s i d u a l s  f o r  f a c e  p o i n t s
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T h u s , t h e  d i s t r i b u t i o n  o f  e ^ . a b o u t  z e r o  i s  ident ical  t o  t h e  d i s ­

t r i b u t i o n  o f  a b o u t  i t s  e x p e c t a t i o n

Tabl*"# 2 a n d  3 s h o w t h #  q u a l i t y  o f  t h *  d a t a  u s e d  ( z e a i d u a i m )

c o n s i d e r ' n g  t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  me a n  o f  " a l l "  r e s i d u a l s  

f o r  c o n t r o l  a n d  f o r  f a c #  p o i n t # ,  r e s p e c t i v e l y .  Th#  c a l c u l a t i o n  

o f  t h e  i *  a c c o r d i n g  t o  f o r m u l a  ( 3 . 5 )

6 . 2 . 3  E S T I M A T I O N  O F  D I S T R I B U T I O N  P A R A M E T E R S

F o r  t h e  r e a s o n s  d i s c u s s e d  i n  s e c t  io n  4 . 5 ,  t h r e e  a l t e r n a t i v e  d i s ­

t r i b u t i o n s  t h a t  h i v e  a p p r o x i m a t e l y  s i m i l a r  p r o p e r t i e s  a r e  c o n -  

s i d e r e d :

1. Th e  N o r m s !  ( G a u s s )  d i s t r i b u t i o n  w h ich  i s  t h e  t r a d i t i o n a l l y  

a c c e p t a b l e  d i s t r i b u t i o n  ( f o r m u l a  4 . 1 3 )  f o r  d e s c r i b i n g  t h e  

s t a t i s t i c a l  b e h a v i o u r  o f  t h e  r e s i d u a l s . T h i s  d i s t r i b u t i o n  i s  

s y m m e t r i c a l  a b o u t  i t s  p o p u l a t i o n  m e a n . T h i s  mean  i s  e s t i m a t e d  

from t h e  s a m p l e  u n d e r  i n v e s t i g a t i o n  a s  t h e  a r i t h m e t i c  m e an :

U -  ( 1 / n )  I  Ui  ( 6 . 3 )

H ow ev er . s t r i c t l y  s p e a k i n g  f o r  t h e  c a s e  o f  t h e  r e s i d u a l s , 

t h e i r  mean i s  known a p r i o r i  t o  be z e r o . The o i s  a p p r o x i m a t e d  

by  t h e  s a m p l e  s  a c c o r d i n g  t o  f o r m u l a  ( 3 . 5 ) ,

2. The T r u n c a t e d  N o r m s !  d i s t r i b u t i o n  ( f o r m u l a  4 . 2 6 )  i s  a l s o  

s y m m e t r i c a l , b u t  t h e  t a i l  a r e a s  a r e  t r u n c a t e d .  T h i s  i s  exam­

in e d  f o r  5%, 2 .5% and I t  l e v e l s  o f  t r u r  a t  i o n .  The v a l u e s  o f
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i t s  p a r a m e t e r :  a r e  e x a c t l y  t h e  s a me  a s  c h o s e  o f  t h e  No r ma l  

d i s t r i b u t i o n  s i n c e  t h e  s e l e c t e d  T r u n c a t e d  No r ma l  i s  c o n s i d ­

e r e d  t o  b a  a  d i s t r i b u t i o n  w i t h  s t a t i s t i c s  d e r i v e d  f r o *  t h e  

N o r m a l  d i s t r i b u t i o n .

I n  p a r t i c u l a r ,  f o r  t h e  T r u n c a t e d  No r ma l  d i s t r i b u t i o n ,  t h e  

u p p e r  a n d  l o v e r  t r u n c a t e d  p o i n t *  a r e  c a l c u l a t e d  a c c o r d i n g  t o  

t h e  v a l u e s  g i v e n  i n  T a b l e  1.

T h e  / n r e r a *  d i s t r i b u t i o n  ( f o r m u l a  4 . 4 3 )  I t  s h o u l d

b e  n o t i c e d  t h a t  a s  t h e r e  a r e  n e g a t i v e  a n d  z e r o  r e s i d u a l s ,  t h e  

f o r m u l a  ( 4 . 4 3 )  c a n n o t  b e  a p p l i e d  d i r e c t l y  ( t h e  q u a n t i t y  i n  

t h e  s q u a r e  r o o t  b e c o m e s  n e g a t i v e ) .  T h e r e f o r e ,  a n  " e q u i v a l e n t "  

o r  "n*tw" s e t  o f  r e s i d u a l s  a r e  c r e a t e d  a c c o r d i n g  t o  t h e  f o l ­

l o w i n g  t r a n s f o r m a t i o n :

" n e w "  r e s i d u a l s  *  Kr  + r e s i d u a l s  ( 6 . 4 )

w h e r e  K*. i s  a n  a r b i t r a r y  p o s i t i v e  q u a n t i t y ,  s o  t h a t  t h e  a l l  

residuals b e c o m e  positive. Th i s  m e a n s  t h a t  t h e  c u r v e  of t h e  

I n v e r s e  G a u s s i a n  d i s t r i b u t i o n  s h i f t s ,  w h i l e  t h a  s t a t i s t i c #  

r e m a i n s  e x a c t l y  t h e  s a m e .

C o n c e r n i n g  the e s t i m a t i o n  o f  i t s  p a r a m e t e r s , the p o p u l a t i o n  

m ean y i s  f o u n d  t o  b e  a p p r o x i r a t e l y  t h e  a r  i t h m e t i c  m ean  o f  

t h e  s a m p l e  v a l u e s  ( formula 4 . 4 5  o r  6 . 3 ) .  O b v i o u s l y ,  s i n c e  

" n e w "  p o s i t i v e  r e s i d u a l s  h a v e  b e e n  i n t r o d u c e d ,  i t  i m p l i e s  

t h a t  t h e  m ean  I s  a p o s i t i v e  n u m b e r . On t h e  o t h e r  h a n d ,  t h e  

p a r a m e t e r  of dispersion X i s  given b y  the formula ( 4 . 4 7 )  a n d  

n o t  b y  ( 4 . 4 6 )  s i n c e  ( 4 . 4 7 )  is c o n s i d e r e d  t o  b e  " m o r e  u n b i ­

ased'' . At t h i s  point, i t  m u s t  be n o t i c e d  t h a t  t h e  c a l c u l a t i o n  

o f  t h e  t e r m  s 1 i n  f o r m u l a  ( 4 . 4 7 )  i s  r e p l a c e d  b y  t h e  e q u i v a l e n t  

f o r m u l a  i n  ( 4 . 4 8 ) .  H o w e v e r , i n  the case o f  the r e s i d u a l s , a s  

t h e  d i s s e r t a t i o n  i s  attempting to i d e n t i f y  t h e i r  o v e r a l l  

d l s t r  ibut i o n , the denominate! (n- 1) i s  replaced by  n .
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The plotting ' . f the Normal, Truncated Normal and Inverse Gaussian 
distributions is based on the p.d.f. given by the formulae (4.13), 
(4.26) and (4.43), respectively.

6 , 2 , 4  C O E F F I C I E N T S  O F  S K E W N E S S  AND KURTOSIS

E a c h  o f  t h e  d i s t r i b u t i o n #  u n d e r  i n v e # t i * a i i o n  hem i t m own e x -

p e c t e d  values for the coefficients of Skewness a n d  Kurtosis. 
Thebe values will be  t e r m e d  th e  "theoretical" v a l u e s  o f  T ,

( S k e w n e s s ) a n d  I ,  ( K u r t o s i s ) .

The theoretical values f o r  i t , i ,  f o r  th e  t h r e e  d i s t r i b u t i o n s  a r e  

t a b u l a t e d  i n  th e  Tables 12,  13 f o r  th e  control a n d  f a c e  p o i n t s  

r e s p e c t i v e l y ,  a n d  h a v e  been c a l c u l a t e d :

e  For Norm 1 distribution in s u b - s e c t i o n  4 . 2 . 2 ,  a n d  a r e  g i v e n  

by the formula ( 4 . 2 3 ) .  

e  F o r  T r u n c a t e d  No r ma l  distribution ( 95%,  9 7 . 5 %  a n d  99%)  i n  

s u b - s e c t  i o n  4 . 3 . 1 ,  a n d  a r e  g i v e n  b y  t h e  f o r m u l a e  ( 4 , 3 2 ) ,

( 4 . 3 8 ,  4 . 4 0 ,  4 . 4 2 ) ,  and 
e  F o r  I n v e r s e  G a u s s i a n  d i s t r i b u t i o n  i n  s u b - s e c t i o n  4 . 4 . 2 ,  a n d  

are g i v e n  by the formulae ( 4 . 5 4 ) ,  ( 4 . 5 5 ) ,

As c a n  b e  e a s i l y  s e e n  f o r  t h e  f i r s t  t wo  d i s t r i b u t i o n s ,  t h e  t h e ­

o r e t i c a l  v a l u e s  o f  I , ,  I ,  a r e  independent o f  t h e  s a m p l e , a n d  i n  

t h e  t h i r d  came ( I n v e r s e  G a u s s i a n  d i s t r i b u t i o n ) , t h e  c a l c u l a t i o n  

o f  I , ,  I ,  i s  b a s e d  o n  t h e  s a m p l e  v a l u e s , s i n c e  I , a n d  f ,  a r e

dependent o n  y , i  T h i s  i m p l i e s  t h a t  t h e  c h a p e  o f  t h e  I n v e r s e

G a u s s i a n  d i s t r i b u t i o n  i s  s t r o n g l y  a s s o c i a t e d  w i t h  t h e  d i s p e r s i o n

( c o n s i d e r i n g  t h e  p o p u l a t i o n  m ean  y t o  b e  f i x e d '  o f  t h e  s a m p l e

v a l u e s ,  a s  F i g u r e  10 s h o w s . T h u s , t h e  f i g u r e s  w e r e  s e p a r a t e d  i n t o  

t w o  T a b l e s  ( 1 2  and  1 3 ) .  Thu I , a n d  I ,  f o r  t h e  n v e r s e  G a u s s i a n
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distribution have been calculated for e a c h  sample separately for 
both the control (Table 12) and face points (Table- 13).

The "actual" values for I , , i ,  for both the Nozmal and Truncated 

N o r ma l  d i s t r i b u t i o n  h a v #  b e * n  c a l c u l a t e d  f r o m  t h e  s a m p l e #  v a l u e #  

u s i n g  t h e  f o r m u l a e  ( 4 . 1 6 )  a n d  ( 4 . 1 7 ) ,  r e s p e c t i v e l y  ( s e e  T a b l #

1 4 ) .

6 . 2 . 5  CHI -SQUARE GOODNESS O F- F I T  TEST

F o r  p l o t t i n g  t h e  h i s t o g r a m  a n d  c a l c u l a t i n g  t h e  g o o d n # # # - o f - f i t

test, the r e s i d u a l #  a r e  divided in g r o u p #  a c c o r d i n g  to a selected 
class i n t e r v a l  o f  0 " . 2 .

This p a r t i c u l a r  class interval is chosen in order to optimise the 
degrees of f r e e d o m  and still satisfy the minimum number of data 
points per cell. The reason is that, as the class interval de­
creases , the degrees of freedom obviously increase, and conse­
quently, the power of the test increases. It was, however, 
necessary to combine certain cells in order to obtain sufficient 
residuals p e r  cell.

The Ar'0 1 ic<ttion of the J'* goodness-of-fit test is described be­
low .

Since the residual* have a l r e a d y  been grouped, there is a set of 
o b s e r v e d  f r e q u e n c i e s  0^ (i * l , 2 , .  , K;  w h e r e  K i s  t h e  n u m b e r  of 
the groups, classes c r  categories) w h i c h  are recorded.

?n the second stage of the test, the expected (theoretical) f r e *  

quency (i” !.2,...,K) for each category is calculated using t h e  

formula of the p.d.f. for the distribution under consideration.
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S i n c e  t h e  a c c e p t e d  c o n v e n t i o n  r e g a r d i n g  a  s a f e  mi n i mum f o r  a n y

E i is 5, categories in which E , < 5  a r e  merged into largor groups, 

so chat E^S.

At this point it must be noted that, supposing K categories 
( c l a s s e s )  e x i s t e d  a f t e r  t h e  i n i t i a l  g r o u p i n g ,  i t  i s  o b v i o u m  t h a t  

t h e  o b s e r v e d  f r e q u e n c y  0  i n  a n y  c l a s s  w i l l  b e  e x a c t l y  t h e  mam# 

f o r  a n y  o f  t h e  d i s t r i b u t i o n * .  H o w e v e r ,  o n  t h e  o t h e r  h a n d ,  t h e  

expected frequency E^ is dependent o n  t h e  selected distribution 
since the v a l u e  E is c a l c u l a t e d  e a c h  t i m e  f r o m  the formula of 
t h e  p d f  w h i c h  i s  u n d e r  i n v e s t i g a t i o n ,  a n d  h e n c e  d i f f e r #  f r o w  

d i s t r i b u t i o n  to distribution. In other words, for a  s p e c i f i c  

c l a s #  ( c a t e g o r y )  t h e r e  a r e  d i f f e r e n t  v a l u e #  E f o r  e a c h  o f  t h e  

d i # t r i b u t i o n #  w h i l e  t h *  v a l u e  0  f o r  t h i #  s p e c i f i c  c a t e g o r y  r e -  

m a i n #  t h e  same T h e r e f o r e ,  t h e  grouping o f  t h e  c a t e g o r i e s  ( f o r m e d  

a"-.eording t o  E^) is not t h e  sam e  for all distributions.

H a v i n g  grouped the residuals i n t o  classes, the s t a t i s t i c  Q i s

c a l c u l a t e d  from the formula (S. 19).

Table A2 provides values for the distribution at a  s i g n i f i c a n c e

level of 0.05,

A s s u m i n g  that the theoretical value for the X* g o o d n e s s - o f-fit
test is T h , then if:

Q 5 Th

the selected distribution f i t #  the r e s idnals. I f  n o t , it m e a n s  

that t h e  h y p o t h e s i s e d  d i s t r i b u t i o n  i s  n o t  c o n s i s t *  rr. vith t h e  

data ( s a m p l e  v a l u e s ) . Obviously, i f  the sample i s  V- - 3 ’ 1 , r e ­

sulting i n  t h e  degrees o f  f r e e d o m  becoming zero o r  n e g a t i v e  

(number of categories less than 3, as happens in the c a s e  oC t h e  

c o n t r o l  p o i n t  f o r  t h e  B1 s e t  w i t h  2 0  r e s i d u a l s  o r  f o r  t h e  D3 # e t  

with 18 residuals) , t h e  test cannot be applied. These s p e c i f i c
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s e t *  o f  d a t a  a r e  n o t  t e s t e d ,  a n d  c o n s e q u e n t l y  a r e  n o t  i n c l u d e d

i n  t h e  relevant Tables.

The results o t the V1 test are listed separately in Tables 4 and 
5 for the control and f a c e  points, respectively.

6 3 DISCUSSION OF THE RESULTS

T a b l e  4 rofers t o  t h e  control p o i n t s  a n d  T a b l e  5 t o  t h e  f a c e  

p o i n t *

I n  t h e s e  T a b l e s , other s e t s  o f  d a t a  c o u l d  h a v e  b e e n  i n c l u d e d ,  b u t , 

a s  t h e y  consisted o f  l e s s  t h a n  25 r e s i d u a l s , t h e  d i r e c t  a p p l i c a ­

t i o n  o f  t h e  C h i - S q u a r e  test w a s  n o t  p o s s i b l e  s i n c e  t h e  d e g r e e s

o f  f r e e d o m  w o u l d  b e  zero o r  n e g a t i v e . H o w e v e r ,  t h e s e  s e t s  o f  d a t a

h a v e  b e e n  c o m b i n e d  to form new sets o f  residuals . T h e r e f o r e :

1 . For t h e  c o n t r o l  p o i n t s  t h e r e  a r e  13 s e t s  o f  d a t a  ( P ,  G, F ,  

N , 0 ,  Q, E ,  h i ,  B2,  C l ,  C 3 ,  D l ,  D2) o b s e r v e d  o n  4 % -c s ,  a n d  

f i v e  m o re  s e t s  | A 2 ( 2 2 ) ,  # 1 ( 2 0 ) ,  8 3 ( 1 6 ) ,  C 2 C I 6 ) ,  0 3 ( 1 8 ) j com ­

p r i s e  t h e  2  a r c  s a m p l e s  f o r  w h i c h  t h e  X *  t e s t  c a n n o t  b e  a p ­

p l i e d .

2 .  F o r  t h e  f a c e  p o i n t s  t h e r e  a r e  6 s e t s  o f  d a t a  ( P ,  G, F ,  N , 0 ,  

0 1 ,  D4) o f  4 arcs , and t h e r e  a r  18 ( Q 1 , Q 2 , E l ,  E 2 , A I , A2 ,

A3, 8 2 ,  8 3 ,  B4, B5, C l ,  C 2 ,  C 3 ,  0 2 ,  D3 , D4) of 2 arcs- T h e

81 s e t  i n c l u d e s  24  r e s i d u a l s  a n d  h e n c e  t h e  X % t e s t  c a n n o t  b e  

a p p l i e d  i n  t h i s  c a s e .

The  l a s t  t h r e e  s e t s  of d a t a  ( 2 ,  4 ,  2 + 4 )  i n  e a c h  T a b l e  r e p r e s e n t  

t h e  s e t s  o f  t h e  t o t a l  r e s i d u a l s  f o r  t w o ,  f o u r  a n d  t w o  p l u s  f o u r

a r c s , r e s p e c t i v e l y .
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T a b l e  4 : The r e s u l t s  f r om t h e  a p p l i c a t i o n  o f  t h e  C h l - S q u a r e  t e s t  f o r  t h e  c o n t r o l  p o i n t s

C 0  N T M O L P 0 ; d  r S

F res t No.  o r
N o r s e  1 O i s t . I n v e r s e  01 a t . 9 5 . 0 %  T r u n c a t e d 9 7 . 5 %  T r u n c a t e d 9 9 •  07, T r u n c a t e d

P o i n t R e s t d , T h e o r . A c t u s  1 T h e o r . A C tU S 1 T h e o r . A c t u s  I T h e o r . A c t u a 1 T h e o r .

P ( 4 ) 26 7 . 8 1 5 5 . 4 8 3 5 991 5 .  174 / .  8 15 G . 3 9 7 7 . 8 1 5 ft . 191 7 . 8 1 5 5 . 3 3 1
G ( 4 ) 2 8 7 . 8 1 5 2 . 8 1 8 5 . 9 9 1 4 . 0 4 7 7 . 8 1 5 3 . 2 1 7 7 . 8 1 5 2 .  f 8 3 7 . 8 1 5 2  7 6 8
F( #) 44 9 . 4 8 8 4 .  102 1 1 . 0 7 0 1 0 . k 6 1 7 . 8 1 5 0 .  160 7 . P , 5 0 .  178 7 . 8 1 5 0 . 1 6 0

32 7 . 8 1 5 6 . 3 7 0 7 . 8 1 5 1 . 8 4 8 7 . 8 1 5 7 . 4 9 9 7 . 8 1 5 6 . 4 1 0 7 . 8 1 5 6 . 6 7 9
0 ( 4 ) 28 5 . 9 9 1 4 . 4 9 V 5 . 9 7 1 7 , 5 7 3 5 991 7 2 92 5 . 9 9 1 6 . 3 2 8 5 . 9 9 1 5 . 5 4 0
0 ( 4 ) 36 7 . 8 1 ) 2  # 29 7 . 8 1 5 7 . 5 1 6 7 . 8 1 5 3 . 5 0 0 7 . 8 1 5 3 . 1 5 7 7 . 8 1 5 2 . 9 3 1
E ( 4  ) 44 7 . 8 1 5 W.2 29 1 1 . 0 7 0 5 . 3 4 7 1 1 . 0 7 0 5 . 6 5 0 7 . 8 1 5 3 . 9 0 5 7 . 8 1 5 3 . 9 6 2
A1 ( 4  } 44 9 . 4 6 8 4 .  122 9 . 4 8 8 2 . 7 1 8 9 . 4 8 8 4 . 0 5 1 9 . 4 3 8 3 . 8 7 3 9 . 4 8 8 3 . 8 4 6
W ( 2 ) 22
B1 ( 2  J 20
B 2 t * ) 28 5 . 9 9 1 0 . 2 8 5 7 . 8 1 5 5 .  779 5 , 9 9 1 0 . 3 5 5 5 991 U 5 4 0 5 . 9 9 1 0 . 3 3 4
8 3 ( 2 ) 16
Cl (%) 40 9 . 4 8 8 6 . 7 1 2 9  4 8 8 1 2 . 3 9 0 9 . 4 8 8 7 . 0 8 3 9 . 4 8 8 6 . 8 2 5 9 . 4 8 8 6 . 2 6 1
C 2 ( 2 ) 18
C3f%) 36 7 . 0 1 5 0 . 3 6 2 7 . 8 1 5 1 . 9 7 6 7 . 8 1 5 0 . 2 ? S 7 . 8 1 5 0 . 3 7 6 7 . 8 1 5 0 . 4 8 5
0 1 ( 4 ) 40 9 . 4 8 8 5 . 1 1 3 7 . 8 1 5 6 . 7 2 4 7 . 8 1 5 6 . 2 4 j 9  4 8 8 5 . 4 7 7 9 . 4 8 8 5 . 0 8 2
0 2 ( 4 ) 32 5 . 9 9 1 5 . 9 9 9 5 . 9 9 1 8 . 2 6 5 5 . 9 9 1 6 . 8 5 3 5 . 9 9 1 6 . 5 8 8 5 . 9 9 1 6 . 4 2 0
0 3 ( 2 ) 18

2 94 1 4 . 0 7 0 3 . 9 4 2 1 4 . 0 7 0 1 0 . 5 2 9 1 4 . 0 7 0 6 . 2 6 5 1 4 . 0 7 0 4 . 7 3 8 1 4 . 0 7 0 3 . 5 9 9
4 46 0 3 0 . 1 4 0 1 8 . 6 9 8 2 8 . 8 7 0 8 1 . 1 2 2 2 5 . 0 0 0 1 4 . 4 4 2 2 . 5 9 0 1 5 . 3 9 2 2 7 . 5 9 0 1 4 . 1 2 2

2 + 4 55 4 3 0 . 1 4 0 2 5 . 2 6 5 2 7 . 5 9 0 6 7 . 5 6 6 2 5 . 0 0 0 1 8 . 4 8 8 2 5 . 0 0 0 1 8 . 3 8 9 2 7 . 5 9 0 1 8 . 1 7 4



T a b l e  5 : The r e s u l t s  f r om t h e  i p p l  ( c a t i o n  o f  t h e  Ch i -Sqt ia re  t e s t  f o r  t h e  f a c e  p o i n t s

A C E P 0 1 N T S

f  r 
Po nt

No, Of 
Reald,

Nona* 1 D 1 st. l r i ver s®  O i s t . 9 5 0% T r u n c a t e d r . .5% Truncated 99.0% Truncated 

Theor, ActualA c t u a i T h e o r , Actua I T h e o r , Actua I Theor. Actual
P(W) 52 1 1 0 7 0 12 0 1 9 ! 1 0 7 0 8 5 75 11 0 7 0 12 4 0 8 11 070 13 199 1 1 . 0 7 0 1 3 . 6 8 5
0 ( 4 ) 60 12 ! 9 0 4 0 4 6 12 59 0 16 4 03 12 5 9 0 5 4 2 5 12 5 9 0 6 368 1 2 . 5 9 0 5 . 2 9 8
f ( 4 ) 76 16 9 2 0 14 0 7 0 8 6 8 9 14 0 7 0 1 8 7 9 1» 0 7 0 1 482 1 6 . 9 2 0 1 . 7 5 1
M(U) 60 12 5 9 0 9 5 3 0 12 59 0 9 6 9 4 12 5 9 0 9 2 9 0 12 590 9 4 7 9 1 2 . 5 9 0 9 . 8 1 7
0 ( 4 ) W 1 0  70 10 6 5 2 1 0 7 0 9 8 2 9 12 5 9 0 5 5 83 12 5 9 0 5 531 1 1 . 0 7 0 1 0 . 5 2 2
Q1 2 , ]i# ? 815 0 5 18 5 991 531 5 991 0 8 8 2 7 81 5 1 0 18 7 . 8 1 5 0 . 4 3 6
Q? 2 ) BO 16 9 2 0 9 8 18 18 310 14 66 4 16 9 2 0 10 971 16 9 2 0 10 6 0 0 1 6 . 9 2 0 1 0 . 1 2 0
E 1 2 ) 42 7 B D 0 8 27 07C 5 4 6 9 7 8 1 5 36 ^ 7 8 1 5 0 8 0 5 7 . 8 1 5 0 . 8 1 4

2 ) B4 16 9 2 0 19 8 85 15 5 1 0 26 708 16 9 2 0 18 3 36 16 9 2 0 18 2 3 5 1 6 . 9 2 0 1 9 . 9 0 2
AI 2 ) B2 16 9 2 0 5 0 47 6 9 20 9 51 9 16 9 20 7 142 16 9 2 0 7 9 7 0 1 6 . 3 1 0 5 . 5 9 9
A? 2 ) 66 14 0 7 0 9 0 77 14 0 7 0 13 57 9 14 0 7 0 8 7 28 14 0 7 0 10 105 1 4 . 0 7 0 9 . 2 5 9
A] 2 3# 7 8 1 ) 112 5 991 5 32 6 7 8 1 5 6 8 4 8 7 8 1 5 7 107 7 . 8 1 5 7 . 0 5 1
B1 2 ) 24
B? 2 ) 6 0 14 0 7 0 6 8 9 0 14 0 70 12 04 3 14 0 7 0 9 5 63 14 0 7 0 10 2 5 0 1 4 , 0 7 0 8 . 6 7 5
B3 2 ) 82 14 0 7 0 4 4 6 9 14 0  70 10 9 1 0 14 0 7 0 4 8 6 1 14 0 7 0 4 316 1 4 . 0 / 0 4 . 6 2 3
BU 2 ) B2 14 0 7 0 6 351 14 0 7 0 16 2 5 14 0 7 0 8 112 14 0 7 0 7 85 1 4 . 0 7 0 6 . 4 5 0
Bb 2 ) 34 7 8 15 1 0 2 8 7 815 3 4 38 7 8 1 5 1 567 7 8 1 5 1 6 3 6 7 . 8 1 5 1 . 5 3 2
Cl 2 ) 28 5 991 1 401 r» 991 0 7 6 5 991 6 6 7 5 991 1 86 4 5 . 9 9 1 1 . 3 2 5C2 2 ) BO 16 9 2 0 16 319 15 5 1 0 16 401 16 9 2 0 15 4 4 9 16 9 2 0 12 8 94 1 6 . 9 2 0 1 6 . 5 6 9
C3 64 12 5 9 0 4 768 14 0 7 0 10 714 14 0 7 0 6 111 14 0 7 0 2 013 1 * 5 9 0 4 . 6 1 7
01 t ) 64 14 0 7 0 5 5 6 0 15 510 10 0 97 16 9 2 0 7 2 6 7 14 0  J 5 841 1 4 . 0 7 0 6 . 0 4 5
02 2 ) 84 16 9 2 0 15 4 5 2 14 0 7 0 18 6 0 5 16 9 2 0 14 6 3 5 16 w o 15 31 5 1 6 . 9 2 0 1 5 . 2 6 5
03 2 ) 50 0 7 0 3 4 7 9 1? 5 9 0 8 0 3 7 1 0 7 0 1 5 3 7 1 0 7 0 1 715 r  0 7 0 4 . 2 2 4DU 2  ) 84 0 7 0 9 0 4 3 14 0 7 : 12 2 8 5 14 0 7 0 6 6 1 6 14 0 7 0 10 6 2 5 i . r i T O 9 . 4 5 4

? 1094 30 140 23 0 33 28 87 0 107 803 22 3 60 14 2 2 2 25 0 0 0 1# 2 0 5 2 7 . 5 9 0 1 8 . 0 1 8«4 368 30 140 14 991 28 8 7 0 39 128 27 590 16 128 30 140 16 191 3 0 . 1 4 0 1 6 . 0 3 0
2*t4 1462 32 6 7 0 39 719 3? 6 7 0 119 5 33 25 noo 23 748 27 5 9 0 25 6 5 6 3 0 . 1 4 0 23 8 3 5



From both Tables 4 and 5 ( w h i c h  are ;he results of the 
”HI.._DI_TEST" computer program) , I t  can be : e * n  that in most o f  

the cases, all o f  tY ? distributions are c o n s i s t e n t , and hence 
these curves fit the residuals according to Chi-Square test, 
m i n e # :

w h e r e :
V(K-2) ^Observed frequency (Actual) 2 °

^  : t h e  c o r r e s p o n d i n g  v a l u »  f o r  K- 2  d e g r e e s  o f  

f r e e d o m  g i v e n  by  T a b l e  A2 ( A p p e n d i x  A ) , f o r  

o = 0 . 0 5 1

Q : t h t i  ( a c t u a l )  v a l u e  w h i c h  c o me s  f r o m  t h e

a p p l i c a t i o n  o f  t h e  C h i - S q u a r e  g o o d n e s s - o f - f i t  

t e s t

F o l l v  .n g  f roi z  s e c t i o n  5 . 4 . 2 . 5  t h e  a n a l y s i s  o f  t h e  t e s t  h a s  b e e n  

c a r r i e d  o u t  w i t h  b o t h  K- 2  a n d  K - i  d e g r e e s  o f  f r e e d o m .  A d i s t r i b ­

u t i o n  i s  o n l y  c o n s i d e r e d  a s  i n c o n s i s t e n t  ( t h a t  i s ,  i t  d o e s  n o t  

s a t i s f y  t h e  n u l l  h y p o t n e s i s ) i f  Q i s  l e s s  t h a n  * ■' th a n d

V ( K * 1 ) ’ t h *  v a l u e #  o f  V ^ ^  h a v e  b e e n  l i s t e d  i n  T a b l e s  4

e n d  5 ,  a s  t h e s e  v a l u e s  a r e  t h e  p e s s i m i s t i c  l o w e r  b o u n d a r i e s . F o r  

e x a m p l e ,  i n  T a b l e  5 ,  t h e  p o i n t  P h a s  t h e  f o l l o w i n g  v a l u e s  f o r  t h e  

No r ma l  d i s t r i b u t i o n :

\ K . , )  "

q -  1 2 . O H

By c o n s i d e r i n g  t h e s e  f i g u r e s  a l o n e , t h e  w r o n g  c o n c l u s i o n  w i l l  b e  

d r a w n , b e c a u s e ,  i n  s u c h  a c a s e

"  '  " ( K - 2 )

H o w e v e r ,  c o n s i d e r i n g  th<* v a l u e  o f  V f o r  K - 1 d e g r e e s  o f  f r e e d o m  

a s  d i s c u s s e d  i n  s u b - s e c t i o n  5 ^ , 2 . 5
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A c c o r d i n g  t o  f o r m u l a  ( 5 . 2 5 ) ,  t h i s  i m p l i # #  t h a t  t h *  d i s t r i b u t i o a  

l a  c o n s  l a t e n t .

On t h e  o t h e r  h a n d ,  i f  t h e  l a a t  l a r g e  s a m p l e  ( 2 + 4 )  o f  t h e  f a c e  

p o i n t s  f o r  t h e  S o r ? i I  d i s t r i b u t i o n  i s  c o n s i d e r e d ,  t h a n :

Y -  3 2 . 6 7 0  < Q » 3 9 . 7 X 9  a n d

V *  3 3 . 9 2 0  < Q "  3 9 . 7 1 9

and hence, for t h i s  s p e c i f i c  set of d a t a , t h e  selected (Normal)
d i s t r i b u t i o n  d o * #  n o t  f i t  t h e  r e s i d u a l * .

The i n f o r m a l ion c a n  b e  s u m m a r i s e d  a s  follows:

1 I n  T a b l e  4  ( c o n t r o l  p o i n t s ) ,  t h e  s e t s  w h i c h  a r e  i n c o n s l s t a n t

with the distributions are:

o N o r m a l  :

o I n v e r s e  Gaussian : D 2 , 4, 24-4
© T r u . - r . i  < « u  No r e a l  (99% )  :

o T r u n c a t e d  No r m# l  (97,5%) :
o T r u n c a t e d  No r ma l  ( 9 9 1 )  :

2. In T a b l e  5 (face points), the s <-1 s w h i c h  are inconsistent with 
the f o l l o w i n g  distr ibutions are:

o Normal : E2, 2+4
e Inverse Gaussian : G, E 2 , B4, D 2 , 2, 4, 2+4
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o Truncated Normal (99%) : E2
o Truncated Normal (9?. S V  : P
o Truncated Normal (99%) : P , t".

There fore, it can be seen that the Norma! and the three Truncated
.Normal distributions are, generally, c o n s i s t e n t  for both catego­
ries of the points (control or face points) a n d  are also, gener­
ally, independent of the sample s i z e  (the only exception is the 
largest sample for t h e  face points under the Normal distribution 
assuaipt ion) -

On t h e  o t h e r  h a n d ,  i t  i s  q u i t e  o b v i o u s  t h a t  t h e  I n v e r s e  G a u s s i a n  

distribution i s  by n o  m e a n s  t h e  b e s t  o n e  f o r  t h e  large s a m p l e s  

of e i t h e r  the control o r  face points. F o r  t h e  small s a m p l e s , i n  

the c a s e  of the control points, it i s  c o n s i s t e n t  w i t h  t h i  data 
a s  oppo«t« i t o  small samples of t h e  f a c e  p o i n t s  w h e r e  t h e  c o n ­

s i s t e n c y  i s  i n  Joubt.

H o w e v e r , i n  o r d e r  t o  d e t e r m i n e  t h e  b e s t  f i t ,  i t  ' >  n e c e s s a r y  t o  

c o n s i d e r  t h e  r a t i o  o f  t h e  A c t u a l  (Q) t o  T h e o r e t i c a l  | V y ^ „ 2 ) l  

v a l u e r ;  ( T a b l e s  6 a n d  7 ) .  I f  t h i s  r a t i o  i s  l e s s  t h a n  o r  e q u a l  t o  

1 ,  i t  i m p l i e s  t h a t  t h e  d i s t r i b u t i o n  i s  c o n s i s t e n t .  I n  a d d i t i o n  

t o  t h i s ,  f o r  a  s p e c i f i c  s e t  o f  r e s i d u a l s ,  t h e  s m a l l e r  r a t i o  im ­

p l i e s  t h a t  t h e  s p e c i f i c  d i s t r i b u t i o n  h a s  a  b e t t e r  f i t  t h a n  a  

d i s t r i b u t i o n  c o r r e s p o n d i n g  t o  a  l a r g e  r a t i o .  F o r  i n s t a n c e ,  t h e  

p o i n t  Dl ( T a b l e  6 ) ,  h a s  t h e  f o l l o w i n g  r a t i o s  f o r  e a c h  o f  t h e  

d i s t r  i b u t  i o n s :

a ) N o rm al 5 113 9 488 0 . 5 3 9

b ) I n v e r s e  G a u s s i a n 6 724 / 815 * 0,860
c) T r u n c a t e d  ( 95% j : 6 243 / 815 0. 799
d) T r u n c a t e d  ( 97.5% ) 5 477 9 488 = 0.577
e ) T r u n c a t e d  ( 99% ) : 5 082 9 488 - C 536

T h i s  i m p l i e s  t h a t  a l l  o f  t h e  d i s t r i b u t i o n s  a r e  c o n s i s t e n t  a s  t h e s e  

r a t i o s  a r e  S I .  A l s o ,  i t  c a n  b e  c o n c l u d e d  t h a t  t h e  T r u n c a t e d  99%
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is the b e s t  curve (distribution) for the residuals of this spe­
cific set of data (as the actual vaiue 0 approaches the expected 
value E^, this ratio becomes less, and hence, the selected dis­
tribution more closely models the distribution of the residuals).

The informativn contained in Tables 4 a n d  5 have been summarised 
i n  Tables 6 and 1, respectively.

In Tables 6 a n d  7 ,  the column "Q/T" denotes the ratio o f  the A c ­

tual to the T h e o i e t  icaI v a l u e s , a n d  t h e  c o lu m n  " O r d e r ” denotes 
the relative f i t  for each distribution w i t h  respect t o  the given 
sample These Tables, therefore, rank the distributions f o r  each 
s e t  o f  d a t a  F o r  , i n  T a b l #  6 t h #

Normal

Inverse Gaussian 
T r u n c a t e d  (95%) 
T r u n c a t e d  ( 9 7 .5 % )  

T r u n c a t e d  (99%)

f i r m t  t

3
2

0

7

Rased on the a b o v e ,  i t  can, generally, b e  seen that f o r  t h e  c o n ­

t r o l  p o i n t s  ( T a b l e  6 ) ,  t h e  T r u n c a t e d  99% i s  t h e  b e s t  d i s t r i b u t i o n  

for m o a t  o f  t h e  c a s e s , a?  o p p o s e d  t o  t h e  f a c e  p o i n t s  ( T a b l e  7), 
w h e r e  t h e  c o n c l u s i o n  i s  n o t  v e r y  clear.

A l t h o u g h  t h e  r a n k i n g  o f  t h e  d i s t r i b u t i o n  p r o v i d e s  a n  i n d i c a t o r  

o f  i t s  g o o d n e s s - o f - f i t , it i s  n e c e s s a r y  t o  c o n s i d e r  t h e  s e l e c t i o n  

from s e v e r a l  p o i n t s  of v i e w .

F o r  t h i s  r e a s o n ,  f o u r  m o r e  T a b l e s  a r e  p r o d u c e d .  T h e  T a b l e s  8  a n d  

9 r e f e r  t o  c o n t r o l  p o i n t s ,  a n d  t h e  T a b l e s  10 a n d  l l  t o  f a c e  

p o i n t s .  T a b l e s  8  a n d  10 r e f e r  t o  s m a l l  s a m p l e s , a n d  T a b l e s  9 a n d  

l l  t o  t h e  p o o l e d  s a m p l e s .  T h e  p u r p o s e  o f  t h e s e  T a b l e s  i s  t o  i n ­

d i c a t e  t h e  " w e i g h t e d  m e a n s ” o f  t h e  r e s i d u a l s ,  c a l c u l a t e d  a a  t h e  

sum o f  t h e  p r o d u c t s  o f  t h e  n u m b e r  o f  t h e  r e s i d u a l s  t i m e s  t h e  

" O r d e r "  o f  t h e  f i t  f o r  a  s p e c i f i c  s a m p l e ,  d i v i d e d  b y  t h e  sum o f
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T a b l e  6  : A n a l y s i s  o f  t h e  Cn i  -Sqtta re  t e s t  f o r  c o n t r o l  p o i n t s

i n v e r s e  O i s t . 9 5 . 0 %  T r u n c a t e d 9 7 . 5 %  T r u n c a t e d  j 9 9 . 0 %  T r u n c a t e d
; F row 
, P o i n t Nes # d . 0 / T O r d e r 0 / T O r d e r Q/T O r d e r Q /r O r d e r Q/T O r d e r

: PC*) 28 0 . 7 0 2 2 0 .86 W 0 . # 1 9 4 0 . 7 9 1 J 0 . 6 6 2 1
C(W) ? 8 0 . 3 6 1 2 0 . 6 T 6 0 . 4 1 2 0 . 3 6 9 3 0 . 3 5 7 1Ft**) Wl* 0 . k 3 2 0. 9W 5 ‘y 0 . 0 2 0 0 . 0 2 3 3 0 . 0 2 0
" ( ( * ) 32 0 . 8 1 5 0 . 2 3 6 0 . 9 J 0 5 0 . 6 2 0 3 0 . 8 5 5 **
0 ( Q ) 2 8 C . 7 ^ 1 '  . 2 6 4 •> 1 . 2 1 ? 4 1 . 0 5 6 3 0 . 9 2 5 2
UC*, 36 0 .  JA2 0 . 9 A 2 0 . 4 4 8 U 3 0 . 3 7 5 2
[(«*) O .b 'M *> 0 . 4 8 3 0 . 5 2 8 0 . 5 0 0 2 0 . 5 0 7 3
A H b ) 0. 43W !» 0 . 2 8 6 o . w r 4 0 . 4 0 8 3 0 . 4 0 5 2

; 2 ?
. B X 2 ) 20
; W ( U ) 28 0 0 ^ 8 0 .  / 3 9 h 0 . 0 5 9 3 0 . 0 9 0 4 0 . 0 5 6 2

B ' ( 2 ) 16
' C i ( 4 ) 40 0 .  /O f 2 1 . 3 0 6 0 . 7 4 7 0 .  719 3 0 .6 6 0 T
' C 2 ( 2 ) 18

C j ( H ) 36 0  0 4 6 0 . 2 b 3 •j 0 . 0 2 8 1 0 . 0 4 8 3 0 . 0 6 2 4
O M U , kO 0 . 5 3 9 ? 0 . 8 6 0 b 0 . 7 9 9 4 0 . 5 7 / 3 0 . 5 3 6 1
02(W ) 32 1 . VU 1 1 . 380 *> 1 . 143 4 1 . 1 0 0 3 1 . 0 7 2 2
0 2 ( 2 ) 18 :

? 94 j 0 . 2 8 0 ? 0 .  748 5 0 . 4 4 5 M 0 . 3 3 7 3 0 . 2 5 6
4 4 6 0 n . 6 2 u  : s« 2 . 8 M b 0 . 5 / 6 3 0 . 5 5 8 2 0 . 5 1 Z

1 0 . 8 3 8 4 2 . 4 ) 0 0 . 7 4 0 3 J 0 . 7 3 6 2 0 . 6 5 9 1

* * fhe  Q/F d e n o t e s  t h e  r a t i o  o f  t h e  A c t u m )  t o  T h e o r e t  i c a  I v* i uefc o b t a i n e d  f r o m  t h e  T a b l e  <4.

—  ^  i .  k  m .  .  . . .



T a b l e  7 : Ana l y s i s  of t h e  C h i - S q u a re  t e t t  f o r  f a c e  p o i n t s

f  A C I P 0  1 N T S

No rata 1 O i s t . I n v e r s e  O i s t . 9 5 , 0 %  T r u n c a t e d 9 7 . 5 $  T r u n c a t e d 9 9 .0 %  T r u n c a t e d

Point R " S i d . Q/T O r d e r Q / t O r d e r Q/t O r d e r Q/T O r d e r Q/T O r d e r

P(W) 52 1 . 0 8 6 2 0 .  775 , 1,  121 1 . 1 9 2 4 1 . 2 3 6 5
G(W) 6 0 0 .  321 1 1 . 1 0 3 5 0 . 4 3 1 3 0 . 5 0 6 4 0 . 4 2 1 2
F d ) 76 0 . 0 8 1 1 0 . 6 1 8 % 0 .  134 4 0 . 1 0 5 3 0 . 1 0 3 2
N ( 4 ) 6 0 0 . 7 ) 7 3 0 .  770 0 .  730 1 0 . 7 5 3 2 0 . 7 8 0 5
0 ( Q ) 56 0 . 9 6 2 3 0 . 8 8 8 3 0 . 4 4 3 2 0 . 4 3 9 ! 0 . 9 ) 0 4
Q M 2 ) 3W 0 . 0 6 6 2 0 . 2 5 6 5 0 .  147 4 C. 1 30 3 0 . 0 ) 6 1
0 2 ( 2 ) 80 0 . 5 8 0 0 . 8 0 1 5 0 . 6 4 8 4 0 . 6 2 6 3 0 . 5 9 8 2
[ 1 ( 2 ) # 2 0 .  108 3 0 . 4 9 4 5 0 . 1 7 8 4 0 . 1 0 3 1 0 . 1 0 4 2
[ 2 ( 2 ) 84 1.  175 3 1 . 7 2 2 *> 1 . 0 8 4 2 1 . 0 / 8 1 1 . 1 7 6 4
A M 2 ) 82 0 . 2 9 8 1 0 . 5 6 3 5 0 . 4 2 2 3 0 . 4 7 1 4 0 . 3 0 6 2
A 2 ( Z ) 66 0 . 6 4 ) 2 0 . 9 6 5 5 0 . 6 2 0 1 0 . 7 1 8 4 0 . 6 5 8 3
A J ( 2 ) 34 0 . 9 1 C 5 0 . 8 8 9 2 0 . 8 7 6 1 0 . 9 0 9 4 0 . 9 0 2 3
B l ( 2 ) 2k
B 2 ( 2 ) 60 0 . 4 9 0 0 . 8 5 6 5 0 . 6 8 0 3 0 . 7 2 9 4 0 . 6 1 7 2
B ] ( 2 ) 82 0 . 3 , 8 2 i). 7 / 5 5 0 3 4 6 4 0 . 3 0 7 1 0 . 3 2 9 3
Bi«(2) 82 0.1*51 1 1. 152 5 0 . 5 7 7 4 0 . 5 3 2 3 0 . 4 ) 8 2
8 5 ( 2 ) I t 0 .  U 2 1 0 . 4 4 0 5 0 . 2 0 1 3 0 . 2 0 9 4 C.  196 2
C M 2 ) ?fi 0 . 2 3 4 3 0 .  180 0 . 2 7 8 4 0 . 3 1 1 5 0 . 2 2 1 2
C 2 ( 2 ) 80 0 .96W 3 1 . 0 5 7 5 0 . 9 1 3 2 0 . 7 6 2 1 0 . 9 7 9 4
0 ( 2 ) 64 0 .  379 3 0 . 7 6 1 5 0 . 4 3 4 4 0 . 1 4 3 1 0 . 3 6 7 2
D l f l * ) 6k 0 . 3 9 5 1 0 . 6 5 1 5 0 . 4 2 9 3 0 . 4 1 5 2 0 . 4 3 0 4
0 2 ( 2 ) 84 0 . 9 U 4 1 . 3 2 2 5 0 . 8 6 5 1 0 . 9 0 7 3 0 . 9 0 2 2
0 3 ( 2 ) 50 0 , 3 1 4 3 0 . 6 3 8 5 0 . 1 3 9 0 . 1 5 5 2 0 . 3 8 2 4
DU (2 ) 84 0 . 6 4  3 2 0 . 8 7 3 5 0 . 4 7 0 1 0 .  7 55 4 0 . 6 7 1 3

2 1094 0 . 7 6 4 4 3 . 734 5 0 . 6 3 6 2 0 . 5 6 6 1 0 . 6 ) 3 3
<4 168 0 . 4 9 7 1 1.  355 5 0 . 5 8 5 4 0 . 5 3 7 3 0 . 5 3 2 2

2 * 4 1462 1 . 2 1 6 4 1 . 6 5 9 5 0 . 9 ) 0 3 0 . 9 3 0 2 0 . 7 9 1 1

1 The Q/T d e f . o t e s  t h e  r a t i o  o f  t h e  Actual to T h e o r e t i c a l  v a l u e s  o b t e  in e d  f r o m  t h e  T a b l e  5 .



the total residuals- For instance, i n  the Table 8 the weighted 

mean for the Normal d 1st rlout ion is:

( 2 8 * 2  + 28* 2  + , 6  + . . .  + 3 2 * l ) / 4 t 0 2 . 5 0

From these weighted 
drawn:

the following conclusions can be

o Con t r o l  poin t s

1. S m a l l  s a m p l e s  (Table S) : The Truncated 99% N o rm al  d i s ­

tribution w i t h  a value of 2.00 for t h e  weighted m ean  h a s

the b e s t  fit, while the Normal d i s t r i b u t i o n  w i t h  2 . 5 0  

fo llow *.

2 , L a r g e  s a m p l e s  (Table 9): The Truncated 99% with a

weighted m ean of 1.29 has the lowest v a l u e ,  followed by

t h e  T r u n c a t e d  9 7 .5 %  a n d  95% w i t h  m ea n s  o f  2 . 3 4  a n d  3 . 2 0 ,  

r e s p e c t i v e l y .

e  Face  po i n t s

1. F  s t a l l  s a m p l e s  ( T a b l e  10): T he  No rea l a n d  95% Truncated

N o rm al  d i s t r i b u t i o n s  w i t h  w u i g h t e d  m ea n s  o f  2 . 2 1  and

2 6 6 ,  r e s p e c t i v e l y ,  h a v e  t h e  b e s t  f i t .  T h e  T r u n c a t e d  

9 7 ,5 %  w i t h  a mean  o f  2 68  d i s p l a y s  t h e  t h i r d  beat f i t .

2 .  L a r g e  s a m p l e s  ( T a b l e  1 1 ) :  F a r  t h e  s e t  o f  3 M  r e s i d u a l s ,

t h e  N o rm al  d i s t r i b u t i o n  h a s  t h e  b e s t  f i t , f o l l o w e d  b y  t h e  

T r u n c a t e d  N o rm al  99%. F o r  t h e  s e t  o f  109 4 r es id u a ls  t h e  

T r u n c a t e d  9 7 .5 %  i s  t h e  b e s t  d i s t r i b u t i o n  and t h e  T r u n ­

c a t e d  95% f o l l o w s . F o r  t h e  l a r g e s t  s e t  ( 1 4 6 2  r e s i d u a l s ) , 

t h e  T r u n c a t e d  99% c o m e s  f i r s t  a n d  t h e  T r u n c a t e d  9 7 .5 %  

s e c o n d .

I t  c o u l d ,  t h e r e f o r e ,  b e  i n f e r r e d  t h a t  t h e  r e s u l t s  f o r  t h e  c o n t r o l  

p o i n t s  p e r t a i n i n g  t o  t h e  f i t  o f  t h e  d i s t r i b u t i o n s  a r e  d i f f e r e n t  

t o  t h o s e  o f  t h e  f a c e  p o i n t s . S u m m a r i s i n g :
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T e b l e  8 : The w e i g h t e d  meen f o r  # g r h  d i s t r i b u t i o n  f o r  t h e  c o n t r - . i  p o i n t s

C 0  N T R 0  L m 0 1 N T S

D f mt. I n v e r # #  O I # t . 9 5 . 0 $  T r u n c a t e d 9 7 . * j\  T r u n c a t e d 9 9 . 0 $  T r u n c a t e d

P o i n t R e s f t i . p P O r d e r P 0  1 # r P O r d e r P

P ( M 28 2 36 5 140 4 1 : 2 3 84 ? 2 8
0 ( # ) 28 2 56 5 140 4 112 I 84 1 2 8

UH 4 176 5 2 20 1 44 3 132 1 4 4
W(%) 32 2 64 32 5 160 3 96 4 128
0 ( 4 | 28 1 28 5 *40 4 1 12 3 84 2 M
0 ( 4 ) J 6 36 5 180 4 14W 3 106 2 7 2

44 5 22 0 44 4 176 2 8 8 3 13 2
UM 5 22 0 4 176 3 132 2 6 6
28 1 28 5 140 J 84 4 112 2 56
%0 2 * 0 S 2 00 4 161 3 120 1 4 0

C J (% ) 36 2 72 5 180 1 36 3 108 4 144
D 1 | * ) »0 I 8 0 5 2 00 160 3 1 20 4 0
D 2 ( » ) 32 * 32 5 160 * 126 3 9 6 2 64

SUM 4 6 0 1148 1820 16 04 13 64 9 2 0

W e i g h t e d
m a n 2 50 3 06 3 49 2 97 2 OC

•  * F d e n o t e s  t h e  n u m b e r  of r e s i d u a f* of each s e t  11 me* t h e  " O r d e r "  of t h e  d i s t r i b u t i o n ,



r r

’. h e  we i g h t e d  ew en  f o r  e a c h  d i s t  r  t b u t  Io n  f o r  t h e  c o n t r o l  p o i n t s  I n c l u d i n g  t h e  p o o l e d  s a m p l e s

C 0  N T R 0  L P 0 1 N T S

No m e  I D lm i . i n v e r s e  0 1 s t . 9 5 . 0 %  T r u n c a t e d 9 7 . 5 %  T r u n c a t e d 9 9 . 0 %  T r u n c a t e d

P o f m t R e s l d , O r d e r p O r d e r P O r d e r P O r d e r P O r d e r P

P i 4 ) 28 ? 56 •> i» n 4 112 3 64 1 2 8
C(W) 26 2 W 5 140 4 112 3 84 1 28
F ( » ) a a 4 176 5 2 2 0 44 1 ) 2 1 44
* ( * 1 32 ? 32 5 160 3 9 6 4 128
0 ( # ) 28 1 28 5 74l0 8 112 3 84 2 56

36 36 5 180 4 144 3 108 2 72
[ ( * ) 5 2 2 0 41* U 176 2 a * 3 132

> 2 2 0 44 4 176 3 132 2 88
28 28 b 84 *4 1 12 2 56

C 1 ( » ) WO 2 80 *> 2 0 0 160 3 120 1 4 0
G3(%) 36 2 72 5 180 1 36 2 1 08 4 144
0 1 ( % ) W3 ? 80 5 200 4 160 3 120 1 40

32 1 32 ) 160 4 128 3 96 2 64
? 9* g 188 5 4 70 4 376 3 2 8 2 1 94ti %60 H I8W0 5 2 3 0 0 3 1380 2 9 2 0 1 4 6 0

1 t* 2 216 5 2 7 7 0 3 1662 2 1 108  j 1 5 5 4

WM 1 ) 6 8 S392 7360 5 0 2 2 367 4 2 0 2 8

W e i g h t e d
mean j 4 69 3 20 2 34 29

P d e n o t e s  t h e  n u m b e r  o f  r e s  I d u e i •  of each set t l * s s  t n e  " O r d e r "  o f  t h e  d i s t r i b u t i o n .

:

1



T e b l e  10 : The w e i g h t e d  mean f o -  e a c h  d i s t r i b u t i o n  f o r  the f a c e  p o i n t s

F A :  c # 0  1 N T S

D i e t . I n v e r s e  D i e t 9 5 . O i  T r u n c e t e d 9 7  5% T r u n c a t e d 9 9 . 0 %  T r u n c a t e d

P o i n t R e s i d . O r d e r P O r d e r p O r d e r P O r d e r P O r d e r P

52 2 104 ! » 5 156 4 2 0 * 5 2 6 0
60 60 5 300 J ISO 4 2 4 0 2 120
76 76 5 380 4 304 3 2 2 8 2 152
60 3 ISO 4 2%0 1 6 0 2 120 s 30 0

0 ( 4 ) >6 5 ZSO 3 I6S 2 112 1 56 4 2 2 4
Q ? * 2 ) 3* 2 66 5 *70 4 136 3 102 ? 34
0 2 ( 2 ) SO 1 60 > » 0 0 4 320 J 2 4 0 2 160
E 1 ( 2 ) »2 126 2 1 0 4 108 1 42 2 84
C 2< 2) aw J 2 52 b 4 2 0 2 166 1 84 4 33 6
4 1 ( 2 ? #2 62 *> 4 1 0 3 2 4 6 4 328 2 164
* 2 ( 2 ) 66 ■i 122 3 3 0 1 66 4 2 64 3 198
A 3 ( 2 ) 3# 5 170 2 66 34 4 136 3 102
# 2 ( 2 ) 60 t 60 300 1 ISO 4 2 4 0 2 120
# 3 ( 2 ) 82 2 16k » 4 1 0 4 328 1 82 3 2 4 6
# # ( 2 ) #2 1 S2 S 4 1 0 4 328 3 2 4 6 2 164
# 5 ( 2 ) 3k 34 ) 170 % 102 4 136 2 6 8
C 1 ( 2 ) 2S 3 64 28 k 112 5 140 2 56
^ ( 2 ) SO 3 2 *0 s 4 0 0 2 If.O 1 SO 4 3 20
C J ( 2 ) 64 3 192 320 4 2 5 6 1 64 2 128
D l ( * ) 6% 1 64 5 320 3 192 2 128 4 2 5 6
D 2 ( 2 ) 64 4 336 > 4 2 0 1 84 3 2 5 2 2 168
0 3 ( 2 ) 50 3 DO *» 2 5 0 1 50 2 100 4 2 0 0
0 4 ( 2 ) 6 k 2 166 4 2 0 ! 84 4 336 3 2 5 2

SUM 1438 3174 6 5 9 6 3S26 3 652 4 1 1 2

W e i g h t e d
m a n 2 21 4 59 ? 6 6 2 6 8 2 86

* * F d e n o t e s  t h e  n u m b e r  o f  r e t  t d o e  I % o f  e a c h  s e t  time* t n e  " O r d e r "  o f  t h e  d i s t r i b u t i o n .



T s b i e  11 , he  w e i g h t e d  e e s n  f o r  e a c h  d i s t r < b " t i o n  f o r  t h e  f e c e  p o i n t s  i n c l u d i n g  t h e  p o o l e d  s a m p l e s

f  A :  c P 0  1 N T S

F rom N o . o f
No rma i O i s t . i  O i s t . 9 5 .0 %  T r u n c e t e d 9 7 . 5 %  T r u n c e t e d 9 9 . 0 %  T r u n c a t e d

P o fn c R e s i d , O r d e r P O r d e r P O r d e r P O r d e r P O r d e r P

»2 2 104 1 52 3 156 4 2 0 6 5 2 6 0
C (* ) 60 1 6 0 5 300 3 160 4 2 4 0 2 120
r ( n ) 76 76 5 360 4 304 3 2 2 6 2 1 52
N(K) 6 0 3 160 4| 2 4 0 1 60 2 120 5 3 0 0
0 < # ) 56 % 260 J 166 2 112 1 56 U 2 2 4
0 1 ( 2 ) 14 2 66 5 1 70 4 136 3 102 1 34
0 2 ( 2 ) 60 ao 5 40 0 4 320 3 2 4 0 2 1 60
r i ( 2 ) 42 J 126 5 21 0 166 1 42 2 64

64 3 252 S 4 2 0 2 166 1 64 U 3 36
A l ( 2 ) 62 a? 5 4 1 0 3 2 4 6 4 326 2 164
A 2 (2 ) 66 2 122 330 1 66 4 26 4 3 1 96
A 3 (2 ) *4 5 170 66 34 >; 136 3 102
@ 2(2) 60 1 6 0 5 300 3 160 U 2 4 0 2 1 :0
8 3 ( 2 ) 62 2 164 5 4 10 4 3 26 1 62 3 24 6
M ( 2 ) 62 6 ? 5 4 3 0 4 326 3 24 6 2 164
B 5 (2 ) 34 34 •> 1 70 3 102 4 13 f 2 66
C 1 (2 ) 26 3 64 26 U 1 12 5 140 2 56
C Z (2 ) 8 0 3 2 40 5 4 0 0 2 160 1 60 4 320
C 3 ( 2 ) 64 3 192 320 tt 2 5 6 1 64 2 126
0 1 ( 4 ) 64 1 64 5 3 20 3 192 2 126 4 2 5 6
D Z (2 ) 64 4 336 420 1 64 3 2 * 2 2 166
0 3 ( 2 ) &0 3 150 5 250 1 5 0 2 10 0 4 2 0 0
0 4 ( 2 ) 64 ,» 166 4 2 0 1 6 4 4 3 36 3 2 5 2

? 1094 4 43 7 6 54  70 2 2 1 6 6 1 1094 3 3 2 6 2
4 366 1 366 5 1640 4 1472 3 110 4 2 7 36

2 * 4 1462 (t 5 6 6 % 7 ) 1 0 3 4 3 6 6 2 2 9 2 4 1 1 4 6 2

SUM 43 6 2 1 3 766 2 1 2 1 6 11 872 6 9 7 4 9 5 6 6

W e i g h t e d
mean 3 16 4 66 3 72 2 06 2 . 2 0

* * P denotes the number of residuals of each set times the "Order" of the distr'but I on.



1. I n  t h e  c a s e  o f  t h e  c o n t r o l  p o i n t s ,  f o r  e i t h e r  s m a l l  o r  l a r g e  

s a m p l e s ( a n d  c o n s e q u e n t l y  f o r  t h e  p o o l e d  s a m p l e s ) t h e :

o 99X T r u n c a te d  N o r m a l  d is tr ib u t io n  b e s t  describeu th e  

stochastic p r o p e r t i e s  of th e  re s id u a ls .

2.  In  t h e  c a s e  o f  t h e  face  p o in ts  f o r  t h e :

o smal l  s a m p le s : th e  Normal d is t r ib u t io n  a p p e a rs  b e s t ,  

o Jsrg* s a m p le s : th e  97 .5% an d  99% T r u n c a te d  Normal d i s ­

tr ib u t io n s  a p p e a r  to  b e  b e s t  a l th o u g h , fo r  th e  la rg e s t  

sam ple th e  99% T ru n c a te d  Normal is th e  most a p p r o p r i ­

a te .

o pooled ''A'-plas: th e  97 .5% T ru n c a te d  Normal d is t r ib u t io n  

b e s t  a p p ro x im a te s  th e  d is t r ib u tio n  of th e  r e s id u a ls ,

3 .  I t  m u s t  a l s o  b e  n o t i c e d  t h a t  f o r  t h e  c a s e  o f  t h e  l a r g e s t  

s a m p l e s  " 2 + 4 "  f r '  c o n t r o l  (5S4  r e s i d u a l s )  a n d  f a c e  ( 1 4 6 2 )  

p o i n t s ,  t h e  T r u n c a t e d  N o r m a l  99% i s  t h e  b e s t  f i t t i n g  c u r v e .  

I n  a d d i t i o n  t o  t h i s , f o r  t h e  l a r g e  s a m p l e s  ( " 2 " ,  " 4 " ,  " 2 + 4 " ) ,  

i n  t h e  c a s e  o f  c o n t r o l  p o i n t s ,  t h e  99% T r u n c a t e d  N o r m a l  i s  

t h e  b e s t  F o r  t h e  c o r r e s p o n d i n g  s a m p l e s  o f  t h e  f a c e  p o i n t s ,  

t h e  sa m e  d i s t r i b u t i o n  s e e m s  t o  b e  a  g o o d  a p p r o x i m a t i o n  i n  

c o m p a r i s o n  t o  t h e  o t h e r  d i s t r i b u t i o n s  ( e s s e n t i a l l y ,  o n l y  t h e  

9 7 . 5 %  T r u n c a t e d  N o r m a l  d i s t r i b u t i o n  c o u l d  c o m p e t e  w i t h  t h e  

99% t r u n c a t i o n  p o i n t s )  T h e r e f o r e ,  i n  g e n e r a l ,  t h e  99% T r u n ­

c a t e d  N o r m a l  d i s t r i b u t i o n  s e e m s  t o  f i t  b e t t e r  t h a n  t h e  o t h e r  

d i s t r i b u t i o n s  f o r  th e  l a r g e  sample# ( * > 3 5 0  r e s i d u a l s )  i n d e ­

p e n d e n t l y  o f  t h e  c  l a s s i f i c a t i o n  u s e d  ( c o n t r o l  o r  f a c e  

p o i n t s )  .

4 .  On t n e  o t h e r  h a n d ,  t h e  Inverse Gaussian d i s t r i b u t i o n  s e e m s  

t o  b e  t h e  worst i n  c o m p a r i s o n  w i t h  t h e  o t h e r  d i s t r i b u t i o n #  

f o r  a l l  t h e  c a s e s  ( c o n t r o l  o r  f a c e  p o i n t s ,  s m a l l  o r  l a r g e
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s a m p l e , '  I t  m u s t , a l s o ,  b e  n o t i c e d  t h a t  f o r  t h e  l a r g e s t  

s a m p l e s  ( * > 3 5 0 )  i t  i s  c o m p l e t e l y  i n c o n s i s t e n t  w i t h  t h e  d a t a .

T h e  c o e f f i c i e n t s  o f  S k e w n e s s  a n d  K u r t o s i s  h a v e  b e e n  c a l c u l a t e d  

i n  o r d e r  t o  g i v e  a n  i d e a  o f  t h e  s h a p e  o f  t h e  a c t u a l  d i s t r i b u t i o n  

o f  t h e  d a t a .

I n  t h e  n e x t  p a g - , ,  t h r e e  mo r e  T a b l e s  ( 1 2 ,  13 a n d  14)  a r e  p r o v i d e d . 

Ta b  I e s  12 a n d  13 r e f e r  t o  t h e  t h e o r e t i c a l  v a l u e s  o f  t h e  c o e f f i ­

c i e n t s  o f  Skewness (% * 1 'ivA K u r t o s i s  ( I , )  , w h i l e  Table 14 i n c l u d e s  

the a c t u a l  I, a n d  I, c a l c u l a t e d  f r o m  t h e  r e s i d u a l s .

The  a c t u a l  v a l u e s  i n d i c a t e  t h e  s h a p e  o f  t h e  d i s t r i b u t i o n  of the 
r e s i d u a l s  a s  o p p o s e d  t o  t h e o r e t i c a l  v a l u e s  w h i c h  show t h e  shape 
o f  t h #  * # l # c t # d  d i # t r i b u t i o n .

E s s e n t i a l l y ,  T a b l e s  12 ,  13 a n d  14 g i v e  t h r e e  p o s s i b i l i t i e s :

o The theoretical values o f  I , ,  l 2 (Table 12 and 1 3 )  assist t o  

fora an idea about the shape of the hypothesised ( N o r m a l , 

Truncated Normal and Inverse Gaussian) distribution, 
o T a b ! #  14 Is able to show, using t h e  a c t u a l  values of T ,, I, 

the shape of the distribution which fits the residuals, and 
o A combination of Tables 12 .id 13 with Table 14 provide* 

c n  parison between the actual and the hypothesised distrib­
ution, and therefore, assists in selecting ths b e s t  fitting 
distribution. The best fitting curve (distribution) of the 
residuals should have coefficients of Skewness and K u r t o s i s  

that closely approximate actual values listed in Table 1 4 .

Following f ro m  the previous paragrar1 », the information can b e  

summarised as follows:

1 . Examining the results of Tables 12 and 13 concerning the 
theoretical values of I ,, I ,  it can be seen that:
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o T h e  No r ma l  d i s t r i b u t i o n  i s  a s y m m e t r i c a l  o n e  ( I ,=0)
o Th e  T r u n c a t e d  No r ma l  d i s t r i b u t i o n  i s  s y m m e t r i c a ]  ( f , = 0 ) .

H o w e v e r , a s  t h e  l e v e l  o f  t r u n c a t i o n  c h a n g e s  f r om 99% t o  

95%,  s o  t h e  s h a p e  o f  t h e  d i s t r i b u t i o n  b e c o me s  mo r e  

p e a k e d .  F o r  e x a m p l e ,  t h e  99% T r u n c a t e d  i s  l e s s  s h a r p  t h a n  

t h a t  o f  9 7 . 5 %  a n d  much l e s s  t h a n  t h e  95% I n  a l l  o f  t h e s e  

c a s e s ,  l $>3 ( s e e  F i g u r e  6 ( d ) ) .  On t h e  o t h e r  h a n d ,  t h e  95% 

T r u n c a t e d  i s  more «?aked t h a n  t h e  99% b e c a u s e  t h e  l a t t e r  

d i s t r  i b u t  i o n  mor e  c l o s e l y  a p p r o x i m a t e s  t h e  Nor mal  d  i s  - 

t  r  i b u t  i o n .

o Th e  I n v e r s e  G a u s s  j a n  d i s t r i b u t i o n  h a s ,  f o r  t h e  c a s e  o f

b o t h  c o n t r o l  a n d  (me# p o i n t # :

Ii >> 0 and i3 >>3

w h e r e  t h e  s y m b o l  ">>" i n d i c a t e s  "much greater t h a n " .  I n

this sense, ">>" will indicate that I, is greater than
0 . 7  and f, is greater than 3.8.

Th-', the Inverse Gaussian is not symmetrical (i,*0) and 
b e c a u s e  the coefficient of Skewness is always a positive 
number, It iispl.es that this distribution is positively 
s k e w e d  ( s e e  F i g u r e  7 ( a )  a n d  the plot given in the example 
for the case o f  the I n v e r s e  Gaussian in Appendix C). Also, 
since i,>3 it means that the distribution is 
leptokurtotic in comparison with the Normal distribution 
( s e e  F i g u r e  7 ( d ) ) .

T h e r e f o r e ,  t h e  I n v e r s e  G a u s s i a n  distribution i s  a p e a k e d ,  

non-symmetrical distribution with the main "body" of data 
l y i n g  on t h e  l e f t  h a n d  side o f  t h e  population mean value.

2. Table 14 gives the actual values of ?, and I, for the control 
and face points. The conclusions that can be drawn from this 
Table are:
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Tebi* 12 : T h e o r e t i c a l  v a l u e #  f o r  the  c o a f f I c l e n t a  o f  Skovneaa and K urto a l*  f o r  c o n t r o l  p o i n t *

C 0  W T m 0  L P 0 1 N T s

Worn# I D i s t . i n v e r s e  D i s t . 9 ) 0 %  T r u n c a t e d 9 7 . ) %  r r u n c e t e d 9 9 . 0 %  T r u n c a t e d
f ram No, o f

R e s  I d . S h ev m ea* K u r t o s 1 ft S k e v n e a a k u r t a s I a m w w n*** K u r t o s i s S k e w n e a a K u r t o s f a S k e w n e s s K u r t o s 1 a

28 1 .2 9 9 ) . 8 D
C(% ) 28 1 .1 7 6 ) . 3 0 )

44 1 .1 8 9 ) . 3 ) 6
N ( 4 ) 32 1 .3 4 2 6 . 0 0 )
0 ( 4 ) 28 1 .0 8 2 4 . 9 ) 4
Q ( » ) 36 1. 178 )  I D

t * 1.241 ) . ) 6 9
A M U ) 44 1 .2 )3 ) . 6 2 0
A 2 ( 2 ) 22 1.161 )  248
B 1 ( 2 | 20 1 .332 ) . 9 ) 9
B2(%) 28 0 J 1.2%9 ) . 6 0 Z 0 ) . 2om 0 4 .  13) 0 3 . 5 1 0
» ) ( 2 ) 16 1.2*3 ) . ) 7 6
C1(*> %0 0 .9 # 3 4 . 4 8 4
C2(C) 18 1.214 ) . 4 ) 9
C3(%) 36 1.462 6 . ) 6 4
O K # ) # 0 1.076 4 . 9 3 2
0 2 ( 4 ) 32 0 .8 6 6 4 . 2 ) )
D 3 { 2 ) 16 I . 3 D ) . 8 8 )

2 94 0 .9 6 1 4 ) 3 9ti %&0 0 . 8 ) 0 4 .2 0 4
2* 4 0 .8 0 4 4 .0 7 8



T e b l e  13 T h e o r e t i c s  I v a l u e s  f o r  t h e  c o e f f i c i e n t  o f  S k o wn e s s  and K u r t o s i s  f o r  f a c e  p o i n t s

1 F A :  c P 0  1 NTS

ll N o . o f  
F e s  i d .

No rma 1 O i s t . i n v e r s e  O i s t . 95.0% T r u n c a t e d 9 7 . 5 %  T r u n c a t e d 9 9 . 0 %  T r u n c a t e d

S k e w n e s s K u r t o s 1s S k e w n e s s K u r t o s i s S k e w n e s s K u r tO S  i I S k e w n e s s K u r t o s i s S k e w n e s s K u r t o s 1s

P ( 4 ) 52 0 .9 7 3 * .5 6 0
C | t ) 60 0 . 9 1 5 * .3 9 6
F (* ) 76 1.3* 9 6 .0 3 3
* ( # ) 60 1 .01? 4 . 7 0 7Q(*| M 1.023 * .7 * 5
QM 2) 3k 1 .09? * 9 9 0%(2) 60 0 .9 7 3 4 .5 7 6
E M 2 ) #2 1 .247 5 .5 9 3
CZ(2) B4 1.153 5 .2 1 6
* 1 ( 2 ) 9 2 1 .030 * . 7 6 9
A 2 ( 2 i 66 1 .219 5 .* 7 7
A3(2) 34 1 .232 5 533

3 . 5 1 0B H 2 ) 2# 0 3 1.301 5.621 0 5 . 2 0 8 0 4 .  135 0
&2(2) 60 1 . 1 1 1 5 *35
a j ( 2 > 82 1 .090 4 . 9 8 2
M ( 2 | 8 2 1 .079 4 .9 * 3
B»(2) 3ti 1. 12? 5 .1 0 0
C1(2) 26 1 . 0 3 ' 4 .9 * 6
C«?{ 2 ) 60 1 050 S . 838
C 3 ( 2 ) 6U 1 .237 5 .553
0 1 { « ) 6ti 1 .069 * 9 0 6
0 2 ( 2 ) 84 1.3W5 6 . 0 1 9
0 3 ( 2 ) 50 0 . 9 3 9 4 .*71
D 4 ( 2 ) 84 1 .232 5 .5 3 3

? 10 94 0 . 7 9 ? 4 .0 * 6
<t 36 8 0 .671 * 2 6 5

2*«4 U 6 2 0 . 7 1 7 3 .857



T s b t e  ?3 T h e o r e t i c e  I v s l u e e  f o r  t h e  c o e f f i c i e n t  o r  S k e w n e s s  e n d  K u r t o s i s  f o r  f a c e  p o i n t s

1" F A :  c P 0 1 N T S

f r o e  
P o i n t

n o . o f  
Re s id .

N o r m a 1 0 1 s t . I n v e r s e  0 ) S t . 9 ) . 0 1  T ru n c # t# d 9 7 . ) %  T r u n c a t e d 9 9 . 0 %  T r u n c a t e d

Sk#wnet* K u r t o s i t Sk#wn#&* K u r t o s 1s S k e w n e s s K u r t o s i S S k e w n e s s K u r t o s 1s Sk ewness K u r t o s 1s

» ( » ) 52 0 .9 7 3 4 , ) 8 0
C (») 60 0 . 9 1 ) 4 . 3 9 6

76 1.349 6 .0 3 3
60 1.012 4 .7 0 7

0 ( » ) 56 1.023 4 . 7 4 )
Q 1 |2 ) 3% 1.092 4 .9 9 0
0 2 ( 2 ) 80 0 .9 7 3 4 . ) 7 8
C*(2) W? 1 .247 ) . ) 9 3
C2(2) 84 1. 1)3 ) . 2 I 6
AM2) 82 1.030 4 .7 6 9
A2 (2) 66 1.21* ) . 4 7 7
A i l ? ) 34 1 232 !».)33

3 . 5 1 0e i ( 2 ) 2* 0 3 1 . 301 ) .8 2 1 0 ) . 2 oe 0 4 .  135 0
B2(2) 60 1.131 ) .  *3)
B ) ( 2 | 82 1.090 4 . 9 8 2
a * ( 2 ) 82 1.079 4 .9 4 3

34 1. 122 ) .  100
c i ( 2 ) 28 1 .081 4 .9 4 8
C 2 ( 2 ) 80 1 .0 ) 0 4 .8 3 8
C 3 (2 ) 64 1.237 ) . ) ) 3
D M 4 ) 64 * 0 6 9 4 .9 0 6
D212) 84 1 . 3 4 ) 6 . 0 1 9
0 3 ( 2 ) 50 0 . 9 3 9 4 .4 7 1
0 4 ( 2 ) 84 1 .232 ) . ) 3 3

2 1094 0. 792 4 .0 4 6
>4 3 68 0 .8 7 1 4 . 2 6 )

2 *k 1462 0 . 7 : 7 3 . 8 ) 7



Table if* : Actua l v a lu e *  f o r  the  c o e f f i c i e n t #  o f  Skewneaa and k u r t o a la

c O N T K O L  P 0  1 4 T 5 f A c  r P O I N T s

r rom 
P om e

No. Of 
R e s  10, S k e w n e s s K u r to & l* P o t t.*

NO. O f
M e# id . S k e w n e s s h u r t o a f a

P(») 29 0 . 6 1 0 3. 7#9 P(k) 52 0 . 5 5 8 k . 6 U
C(W) 2B - 0 . 2 k ) 3 .022 G(k) 60 - 0 .7 8 1 k . 5 5 7

k t 0 .2 k 6 3. 1k6 f ( » ) 76 C.257 2 . 9 5 k
N(4 | 32 0 .99T 3 .6 7 6 N(k) 60 0 . 1 7 k 3 .2 8 0
0 ( » ) 2# - 0 .7 8 2 2 . 9 U 0 ( k ) 56 0. 191 k . 4 7 7
Q |» ) 36 - 0 .5 2 3 2 .301 Q i ( 2 ) 3k 0 . 0 0 0 3 .0 0 4
C(») k t 0 . 6 0 8 k.  125 0 2 ( 2 ) 80 0 . 0 0 0 3 .9 9 5
* H k ) kk 0 .981 k.  i k9 C«(2) k2 0 . 0 0 0 2 . 7 5 0
* 2 (2 ) 22 0 . 0 0 0 2 .0 8 5 K2(2 | 8k 0 . 0 0 0 2 . 5 6 0
B1(2) 20 0 .0 0 0 1.W69 A1(2) 82 0 . 0 0 0 2 993
BZ(%) 28 0 .2 k 9 2 .8 8 9 A 2 |2 ) 66 0 . 0 0 0 2 .2 7 3
B ) ( ? ) 16 0 .0 0 0 2 9k5 A3(2) 3k 0 .0 0 0 2 .0 k 5
C l(% ) k0 - 0 . 6 W 3.017 * 1 ( 2 ) 2' 0 .0 0 0 1 .4 8 6

*8 0 .0 0 0 2 .8 5 8 8 2 ( 2 ) 60 0 .0 0 0 2 . 7 1 2
C3(%) 36 0 . 3 9 6 2 .9 1 0 8 3 ( 2 ) 82 0 .0 0 0 2 .5 3 3
0 1 (4 ) kO -0 .3 0 9 2 . 9 ) 9 B k i? ) 82 0 .0 0 0 2 .741
DZ|4) 32 -0 .9 1 7 3.87 8 8 5 ( 2 ) jk 0 .0 0 0 3 .0 6 0
D3(?) 18 0 .0 0 0 2 .2 7 0 C1( 2) 28 0 .0 0 0 3 .6 3 4

2 9k 0 . 0 0 0 3 .0 5 7 C2( 2) 80 0 .0 0 0 2 692
H *60 0 .  107 3 . 731 C3( 2) 6k 0 .0 0 0 2 . 729

S*U 0 .  103 3 .958 D1(k) 6k - 0 .1 7 8 2 . 9 5 0
0 2 ( 2 )
0 3 ( 2 )
0 » ( 2 )

?

2#k

5 •-« 
50 
8k 

1094 
368 

1k62 o
o

o
o

o
o 2 .0 0 8  

4 . 1 0 6  
2 . 7 1 0  
3 .3 3 8  
4 .0 3 5  
3.981



For both cases (control and face points), the coefficient 
of Skewness for two arc sets is equal to 0. This implies 
that the residuals of this type are situated symmet­
rically about the mean value The explanation of this 
comes directly from the method of calculating the obser­
vational residuals as outlined in sub-section 3.4.1.1. 
Obviously, therefore, for this particular case (sets of 
two arcs) a symmetrical distribution such as Normal or 
Truncated Normal would be preferred.
The coefficient o f  Skew ness  f o r  the f o u r  a r c  s e t s  o f  

residuals i s  not exactly zero (it differs slightly f r e e  

z e r o )  w h ich  means t h a t  i t s  d i s t r i b u t i o n  is a  l i t t l e  b i t  

n e g a t i v e l y  (me# F i g u r #  7 l b ) ) o r  p o s i t i v e l y  ( s e e  F i g u r e

7(a)) skewed.

For the case of c o n t r o l  p o i n t s  i t  w ould  a p p e a r  t h a t  f , 

i s  p r e d o m i n a n t l y  p o s i t i v e ,  so t h a t  i t  c o u l d  be  s a i d  t h a t  

t h e  f o u r  a r c s  r e s i d u a l s  o f  t h e  c o n t r o l  p o i n t s  a r e  p o s i ­

t i v e l y  skew ed  as op p o s ed  t o  f a c e  p o i n t s  w here  no  t r e n d  

ca n  b e  o b t a i n e d .

A n o th e r  im p o r t a n t  p o i n t  f o r  t h e  c a s e  o f  f o u r  a r c s  r e s i ­

duals f o r  f a c e  p o i n t s  i s  t h a t  a l t h o u g h  t h e  I ,  o f  t h e  s m a l l  

samples (P, G, F, N, 0, Dl) is more than |0.174|, t h e  

c o e f f i c i e n t  o f  Skewness  t e n d s  t o  be z e r o  f o r  t h e  c a s e  o f  

t h e  large sam p le  'V* ( T , * - 0 . 0 0 6 ) .  The same a p p l i e s  t o  t h e  

c a s e  o f  t h e  l a r g e s t  s a m p l e  " 2 4 4 "  f o r  f a c e  p o i n t s  a l t h o u g h  

t h i s  c o u l d  be due  t o  t h e  i n f l u e n c e  o f  t h e  r e s i d u a l s  from 

two a r c s  (1094 in  num ber)  a s  o p p o s e d  t o  t h o s e  o f  f o u r  a r e a  

(84). T h e r e f o r e ,  i t  i s  q u i t e  valid, f o r  t h e  f a c e  p o i n t s ,  

t o  s t a t e  t h a t  as  t h e  sam p le  i n c r e a s e s  ( * > 3 5 0 ) ,  t h e  a c t u a l  

d i s t r i b u t i o n  o f  t h e  r e s i d u a l s  becomes more  s y m m e t r i c a l l y ,  

and c o n s e q u e n t l y  t h e  Normal  o r  t h e  T r u n c a t e d  Normal  d i s ­

t r i b u t i o n  would be more a p p l i c a b l e .

The v a l u e s  o f  t h e  c o e f f i c i e n t  o f  K u r t o s i s  v a r i e d  a b o u t  3 

f o r  t h e  s m a l l  s a m p l e s  o f  b o t h  c o n t r o l  and  f a c e  p o i n t s .  

As a r e s u l t ,  no  d e f i n i t e  c o n c l u s i o n s  c o u l d  b e  d raw n e x -

RESULTS



c e p t  t o  note that the general values were closer t o  the 
Norma! f a m i l y  uf distributions as opposed to the expected 
values lor the Inverse Gaussian distribution, 

o For the large sam p les  ("2", ’V ,  " 2 + 4 " )  for both cases 
( c o n t r o l  and f a c e  p o i n t s ) , I , >3 which implies t h a t  t h e  

actual distribution of the residuals is leptokurtotic, 
At this point, it must be noted that comparing the the­
oretical values of I2 of the 97.5% Truncated Normal dis­
tribution and of the Inverse G a u s s s i a n  distribution given 
b y  T a b l e  12 ( c o n t r o l  p o i n t s )  a n d  T a b l e  13 ( f a c e  p o i n t m j  

w i t h  t h #  a c t u a l  v a l u e *  g i v e n  b y  T a b l #  14 ( c o n t r o l  a n d  f a c a  

points), these distributions are b e t t e r  than the others 
s i n c e  t h e  a c t u a l  f ,  t e n d #  t o  4 .

Comparison of Tables 12, 13 and 14 cannot take place by e x ­

amining the coefficients o f  Skewness and Kurtosis s e p a r a t e l y  

but r a t h e r  b y  considering both I , and l s j o i n t l y .  T h i s  i s  

n e c e s s a r y  b e c a u s e  c o n s i d e r i n g  o n l y  I $ c a y  r e s u l t  in  a  d i s ­

tribution which is different from that i f  I ,  i s  considered. 
For e x a m p le ,  in t h e  c a s e  of t h e  l a r g e  s a m p l e  **4" f o r  f a c e  

points ( T a b le  14), the c o e f f i c i e n t  o f  Skew ness  i n d i c a t e s  t h a t

the Normal or Truncated Normal d i s t r i b u t i o n s  c o u l d  b e  t h e

best. However, by considering the coefficient o f  K u r t o s i s  i t  

c o u l d  b e  concluded t h a t  t h e  97.5% T r u n c a t e d  Normal o r  t h e  

I n v e r s e  G a u s s i a n  d i s t r i b u t i o n  b e t t e r  a p p r o x i m a t e  t h e  d i s ­

t r i b u t i o n  o f  t h e  r e s i d u a l s .  T h e r e  i s ,  o b v i o u s l y ,  a  c o n t r a ­

d i c t i o n  i n  t h e  c o n c l u s i o n s  drawn by c o n s i d e r i n g  I ,  and Ya 

s e p a r a t e l y . T h u s , a c o m b i n a t i o n  o f  t h e s e  c o e f f i c i e n t s  m u s t  

be used f o r  analysis purposes.

o Smal l s a m p l e s  ( c o n t r o l  a n d  f a c e  p o i n t s ) : The a c t u a l  c o ­

e f f i c i e n t  o f  Skewness  ( I , ) i s  z e r o  ( f o r  t h e  c a s e  o f  two 

a r c  r e s i d u a l s )  or t e n d s  t o  be z e r o  (f o r  t h e  c a s e  o f  f o u r  

a r c  r e s i d u a l s ) .  A l s o ,  t h e  a c t u a l  c o e f f i c i e n t  o f  K u r t o p i s  

( l i ) i s  approximately 3. T h e r e f o r e , t h e  r e q u i r e d  d i s ­

t r i b u t i o n  would  h av e  l , * 0  and  I , *3. T h e s e  p r o p e r t i e s  a re
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exhibited by a distribution such as the the Normal and 

t h e  T r u n c a t e d  N o r m a l . 

o L a r g e  s a r r o l e s  ( c o n t r o l  an d  f a c e  p o in ts ) :  It is quite
o b v io u s  that although the symmetry of th ; a c t u a l  d i s ­

t r i b u t i o n  i s  maintained ( l ' , a0 ) ,  the distribution becomes 

more p ea k ed  ( * ,> 3  9)  I n d i c a t i n g  t h a t  th#  d i s t r i b u t i o n  

w h ich  c o m b ines  theme p r o p e r t i e s  i s  o f  t h e  T r u n c a t e d  

Normal type

6 ,4  RESULTS IN BRIEF

Com bin ing  t h e  r e s u l t s  from t h e  C h i - S q u a r e  g o o d n « s m - o f - f i t  t e s t

w i t h  t h o s e  o f  t h e  c o e f f i c i e n t s  o f  Skewnssw and K u r t o s i s , s i m i l a r

c o n c l u s i o n s  can  be draw n:

1 Both  o f  them a c c e p t , in g e n e r a l , t h e  p r e d o m in a n c e  o f  symmetry

as  i n d i c a t e d  by t h e  Normal end T r u n c a t e d  Normal d i s t r i b u t i o n s  

as  o p p o s ed  t o  t h e  I n v e r s e  G auss  i a n  w hich  i s  a n o n - s y m m e t r i c a )  

d i s t r i b u t i o n .  H ow ever , t h e  C h i - S q u a r e  g o o d n e s s - o f - f i t  t e s t  

w hich  i s  a b e t t e r  i n d i c a t o r  t h a n  t h e  c o e f f i c i e n t s  o f  Skewness

and K u r t o s i s , p i n  p o i n t s  t h e  99% T r u n c a t e d  Normal d i s t r i b ­

u t i o n  a s  t h e  b e s t  i n  t h e  c a s e  o f  c o n t r o l  p o i n t s  ( f o r  s m a l l  

and l a r g e  s a m p l e s ) w h i l e  f o r  t h e  f a c e  p o i n t s  a  d i s t i n c t i o n  

must be made b e tw e e n  s e a l  1 and  l a r g e  s a m p l e s . The Normal 

d i s t r i b u t i o n  a p p e a r s  t o  be  t h e  b e s t  f i t t i n g  c u r v e  f o r  t h e  

s m a l l  s am p les  w h i l e  t h e  T r u n c a t e d  Normal 97.5% and 99% seem 

t o  be t h e  roost a p p r o p r i a t e  d i s t r i b u t i o n s  f o r  t h e  l a r g e  sam­

p l e s  .

2. In p a r t i c u l a r ,  f o r  t h e  l a r g e  s a m p l e s , b o th  o f  t h e  a n a l y s i s  

m e th ods  & »e p r i o r i t y  t o  t h e  T r u n c a t e d  Normal d i s t r i b u t i o n s  

w hich  a r e  more p ea k ed  t h a n  t h e  Normal d i s t r i b u t i o n .  S p e c i f ­

i c a l l y  t h e  99% T r u n c a t e d  Normal seems t o  t h e  b e s t  f o r  t h e
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c o n t r o l  p o i n t s , * n d  t h e  97 .5% o r  99% o n e  f o r  t h e  f a c e  p o i n t s  

On t h e  o t h e r  h f n d ,  t h e  I n v e r m #  G a u s s i a n  d i s t r i b u t i o n  im 

t o t a l l y  r e j e c t e d  a s  n o t  o n l y  dnem i t  f a i l  t o  s a t i s f y  t h e  

s y m m e t r y  o f  t h e  r e s i d u a l s  b u t ,  a c c o r d i n g  t o  t h e  C h i - S y u a r a  

g o o d n e s s - o f - f i t  t e s t ,  i s  c o m p l e t e l y  i n c o n s i s t e n t .

T h r  n e x t  tw o  p l o t s  a r e  r e f e r r e d  t o  t h e  l a r g e s t  , a s s i e s  f o r  

t h #  c a s #  o f  t h e  99% T r u n c a t e d  N o r w a l  d i s t r i b u t i o n  f o r  c o n t r o l  

a n d  f a c #  p o i n t s
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7 . 0  C O N C L U S I O N S  - R E C O M M E N D A T I O N S

7.1 CONCLUSIONS

Witi 2e  much research h a s  been carried out in r e s p e c t  o f  t h e  dis­
tribution of residuals, and the a p o s t e r i o r i  analysis ot survey 
networks, the relationship between t h e  actual observations and 
the adjusted residuals cf t h e  observations p r i o r  t o  t h e  n e t w o r k  

adjustment is often neglected. Pope (1976) has considered t h e  

statistics of residuals and has recoamended t h e  use of t h e  t a u  

distribution for the determination of outliers. Similarly, B a a r d a  

(1968) has proposed several methods f o r  t h e  t e s t i n g  o f  g e o d e t i c  

n e t w o r k s  C h r z a n o w s k i  ( 1 9 8 0 ,  a n d  C h r z a n o v s k i  a n d  C h en  ( . 9 8 6 )  

h a v e  d e s c r i b e d  t h e  standard p r c . e d u r e s  a d o p t e d  for t h e  a n a l y s i s  

>f d e f o r m a t i o n  n e t w o r k s .

The common a s s u m p t i o n  underlying t h e  methods quoted a b o v e  i s  t h e  

a c r  e p t a n ^ e  that t h e  residuals a s s o c i a t e d  w i t h  t h e  o b s e r v a t i o n s  

c a n  b e  model le d  v i a  t h e  n o rm a  1 d i s t r i b u t i o n .  A l l  s u b s e q u e n t  t e s t s  

and i n f e r e n c e  a r e  b a s e d  on this, p r e m i s e . 4s s h o w n  b y  M i l f o r d  

,’ 36), t h e  confidence regions p e r t a i n i n g  t o  t h e  par m e t e r s  i n  

an adjustment are d i r e c t l y  related t o  t h e  d i s t r i b u t i o n  a s s u m e d  

f o r  t h e  o b s e r v a t i o n a l  r e s i d u a l s  a n d  t h u s , f o r  t h e  o b s e r v a t i o n s  

t h e m s e l v i s .  T h i s  i s  b r i e f l y  i l l u s t r a t e d  b e l o w .

T h e  covariance matrix of t h e  unknowns is directly dependent u p o n  

the w e i g h t  m a t r i x  used i n  the a d j u s t m e n t .  I t  is, g e n e r a l l y ,  a c ­

c e p t e d  that t h e  i n v e r s e  of the v a r i a n c e - c o v a r i a n c e  ( d i s p e r s i o n )  

m a t r i x  of the observations is adopted as t h e  w e i g h t  matrix f o r  

t h e  adjustment. For t h e  p a r a m e t r i c  m o d e l ,  i n  w h i c h  t h e  o b s e r v a ­

t i o n s  a r e  d i r e c t l y  r e l a t e d  to a f u n c t i o n  o f  t h e  p a r a m e t e r s  ( u s u ­

a l l y  c o - o r d i n a t e s ) , the variance c o v a r i a n c e  matrix o f  t h e  

parameters is given b y  (A'WA) ( i n  w h i c h  A is t h e  d e s i g n  ma*
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t r i x ,  a n d  W t h e  w e i g h t  m a t r i x ) . T h i s  m a t r i x  w i l l  o n l y  b e  

m u l t i v a r i a t e  n o r m a l ,  i f  t h e  m a t r i x  W i s  t h e  c o r r e s p o n d i n g  

c o v a r i a n c e  m a t r i x  f o r  t h e  o b s e r v a t i o n s .

H o w e v e r , i t  h a s  b e e n  sh own i n  t h i s  d i s s e r t a t i o n ,  t h a t  t h i s  a s  

. s u m p t i o n  may n o t , g e n e r a l  l y , be  t r u e  i n  o p e n  p i t  m o n i t o r i n g  w o r k .

The  o b s e r v a t i o n s  f o r  t h e  c o n t r o l  f r a m e w o r k  h a v e  b e e n  sh own t o  h a v e  

a  T r u n c a t e d  N o rm al  d i s t r i b u t i o n  w i t h  t h e  p o i n t a  o f  I r i m u a i i o n  a t  

9 9 * .  V h i l e  i t  may be  p r a c t i c a l  t o  u s e  t h e  c o m p l e t e  N o rm al  d i s -  

t r i b u t  i o n  f o r  a n a l y s i #  p u r p o s e # , t h e  99% l i m i t  ham i m p o r t a n c e  i n  

t h e  r e j e c t i o n  o f  o u t l i e r s  i n  t h e  o b s e r v a t i o n s .  F o r  l a r g e  s a m p l e s  

l a n d  h e n c e ,  l a r g e  d e g r e e #  o f  f r e e d o m )  t h i s  w o u l d  c o r r e s p o n d  t o  a 

f i g u r e  o f  2 58 t i m e s  t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  o b s e r v a t i o n # .

F o r  t h e  f a c #  p o i n t s ,  i t  h a s  b e e n  s how n t h a t  t h e  Norm s 1 d i s t r i b ­

u t i o n  i s  t h e  b e s t  a p p r o x i m a t i o n  f o r  t h e  d i s t r i b u t i o n  o f  t h e  r e s ­

i d u a l s  f o r  t h e  s m a l l  s a m p l e # , w h i l e  f o r  t h e  l a r g e r  s a m p l e s  t h e  

T r u n c a t e d  N o rm al  d i s t r i b u t i o n  p r o v i d e s  t h e  b e s t  f i t . I t  m u s t  b e  

n o t i c e d . h o w e v e r , t h a t  a s  t h e  s i z e  o f  t h e  s a m p l e  i n c r e a s e s , s o  

t h e  T r u n c a t e d  99% b e s t  d e s c r i b e s  t h e  d i s t r i b u t i o n  o f  t h e  r e s i ­

d u a l s  . T h e r e f o r e , i t  c a n  h e  s a i d  t h a t  f o r  l a r g e  s a m p l e s , a g a i n ,  

a f i g u r e  o f  2 58 a c a n  b e  u s e d  a s  t h e  c r i t i c a l  r e g i o n , a b o v e  w h i c h  

t h e  r e s i d u a l s  may b e  c o n s i d e r e d  f o r  r e j e c t  i o n .

I n  g e n e r a l , t h e  r e s u l t s  o f  t h e  d i s s e r t a t i o n  c o n c e r n i n g  t h e  T r u n ­

c a t e d  N o rm al  d i s t r i b u t i o n  a g r e e  w i t h  M. A. Z e m e l ' m a n  ( 1 9 8 5 )  who 

s t a t e s  t h a t :

" . . .  p r a c t i c a l  p r o b a b i l i t y  d e n s i t i e s  f o r  e r r o r s  are t r u n ­

c a t e d  unimodal sym m etr ica l  o n e s . "

On t h e  o t h e r  h a n d , t h e  I n v e r s e  G a u s s  i a n  d i s t r i b u t i o n  i s  much  w o r s e  

t h a n  t h e  o t h e r  d i s t r i b u t i o n s ,  a n d  c o n s e q u e n t l y , i s  n o t  a p p l i c a ­

b l e  .
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Accepting that the d i s t r i b u t i o n  of the residuals m a y  bent be de­
scribed by a Truncated Normal d 1str i ‘ it i o n , this will effect the 
calculation of confidence regions for parameters estimated in a 
subsequent least squares adjustment. It should, however, be noted 
that the estimate of the parameters will n o t  change,

In o r d e r  to examine the effect o n  the statistical inference, and 
to show that the estimates of the parameters will not change, it 
i *  L j r v c n i e i i t  t o  e x p i e m *  t h #  f r o #  t h #  T r u n c a t e d  N o rm al

d i s t r i b u t i o n  a s  b e i n g  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  v a r i a n c e  o f  

t h e  N o rm al  d i s t r i b u t i o n .  T h u s ,  f o r m u l a  ( 4 . 3 3 )  may b e  w r i t f . n  am:

Similarly, the r e l a t i o n s h i p  between the v a r i a n c e - c o v a r i a n c e  ma­

trices of t h e  Truncated N o im al  a n d  N o rm al  distribution may be 
expressed a s :

4  " A

for both and diagonal matrices.

Hence, for the estimate of parameters:

$ -  (A 'W A )*1 A Wf

let the weight matrix be the inverse of t h e  c o v a r i a n c e  matrix of 
t h e  distribution of the obst vat ions. Then, for the Normal dis- 
tribution:

-  ( A 'l  , /  A / '  A'l

For the Truncated Normal distribution-.
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( A ' l  A ) " '  A ' l  f

The values of k can be obtained directly from (4.33), and a r e  

t a b u l a t e d  below:

o 95% Truncated Normal: k * 0.759 
o 9 7.5% " " : k * 0.852
e  99% " "  : k *  0 . 9 2 5

As c a n  b e  s e e n  fro® t h e  figures, a n  e i g h t  p e r c e n t  r e d u c t i o n  i n  

t h e  v a r i a n c e  o f  a n  i n d i v i d u a l  p a r a m e t e r  i s  o b t a i n e d  b y  u s i n g  t h e  

99% T r u n c a t e d  N o r m a l  d i s t r i b u t i o n  s t a t i s t i c s . C o n s e q u e n t l y ,  t h e  

scale of er ro r  ellipses c a l c u l a t e d  from t h e  v a r i a n c e - c o v a r i a n c e  

m a t r i x  ( A ' l  T * A )  * w i l l  b e  r e d u c e d  by  t h e  s q u a r e  r o o t  o f  k .

An a d v a n t a g e  o f  a c c e p t i n g  t h e  T r u n c a t e d  N o r m a l  d i s t r i b u t i o n  i s  

t h a t  a s i m p l e  n a t u r a l  b o u n d a r y ,  g i v e n  by  t h e  p o i n t s  o f  t r u n c a t i o n ,  

may b e  p r o v i d e d  f o r  t h e  d e t e c t i o n  o f  o u t l y i n g  o b s e r v a t i o n s .  U n d e r  

t h e  a s s u m p t i o n  t h a t  a l l  r e s i d u a l s  a r e  d r a w n  from t h e  t r u n c a t e d  

p o p u l a t i o n ,  v a l u e s  t h a t  f a l l  o u t s i i e  t h e  p o i n t s  o f  t r u n c a t i o n  may 

b e  i d e n t i f i e d  r e a d i l y  a n d  m a r k e d  f o r  f u r t h e r  i n v e s t i g a t i o n .

H o w e v e r , t h e  t r u n c a t i o n  p o i n t s  may n o t  b e  w e l l  d e f i n e d  f o r  s m a l l  

s a m p l e s , a s  t h e  d e g r e e s  o f  f r e e d o m  a r e  l o w ,  a n d  t h e  c o n f i d  

l i m i t s  f o r  t h e  v a r i a n c e  o f  t h e  d i s t r i b u t i o n  a r e  l a r g e . I n  t h i s  

c a s e , i t  i s  a d v i s a b l e  t o  u s e  t h e  S t u d e n t ' s  " t "  s t a t i s t i c  t o  o b t a i n  

t h e  e s t i m a t e s  f o r  p o i n t s  o f  t r u n c a t i o n .  A l t h o u g h  t h e  S t u d e n t  t  

d i s t r i b u t i o n  h a s  n o t  b e e n  c o v e r e d  i n  t h i s  d i s s e r t a t i o n ,  t h e  t h e ­

o r y  c a n  b e  f o u n d  i n  a n y  e l e m e n t a r y  t e x t b o o k  o n  s t a t i s t i c s  ( s e e  

f o r  e x a m p l e ,  ( G r e e n  * n d  M a r g e r i s o n ,  1 9 7 8 ) ,  ( D e G r o o t , 1 9 7 5 ) } .
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Thus„ the value for the points of truncation for small samples 
would be:

' "  V 1 . . / 2 '
where:

6 : point of truncation as defined in section 3.4.1
s : standard deviation of the sample mean
f  , , - S t u d e n t ' *  s t a t i s t i c

n - 1 , a / 2
a  : significance level
n : number o f  residuals

The value of t may be obtained from statistical tables.

It i s  with relief t h a t  the Inverse G a u s s i a n  d i s t r i b u t i o n  was  f o u n d  

to be i n a p p r o p r i a t e ,  as the s t a t i s t i c s  r e l a t i n g  t o  t h i s  d i s t r i b ­

ution a r e  c o m p l i c a t e d ,  a n d ,  i n  g e n e r a l ,  n o n - p a r a m e t r i c  m e t h o d s  

w o u l d  h a v e  t o  b e  u s e d  f o r  i n f e r e n c e ,

7 .2  RECOMMENDATIONS

B a s e d  on  t h e  r e s e a r c h  w o r k  c a r r i e d  o u t  i n  t h i s  d i s s e r t a t i o n ,  t h e  

f o l l o w i n g  r e c o m m e n d a t i o n s  c a n  b e  l i s t e d .  T h e s e  r e c o m D e n d a t i o n s  

w i l l ,  i n  t h e  f i r s t  i n s t a n c e ,  b e  v a l i d  f o r  s u r v e y  w o r k  c a r r i e d  o u t

o n  p r o j e c t s  s i m i l a r  t o  t h a t  a n a l y s e d  i n  t h i s  d i s s e r t a t i o n ,  a n d

s e c o n d l y ,  may b e  c o n s i d e r e d  a p p l i c a b l e  t o  m o re  g e n e r a l  s u r v e y s .

1.  T h e o d o l i t e  o b s e r v a t i o n s  s h o u l d  b e  r e d u c e d  u s i n g  a  m e t h o d  t h a t

w i l l  e i t h e r  e l i m i n a t e  o r  m i n i m i s e  t .*e  c o r r e l a t i o n  b e t w e e n  t h e

f i n a l  m ean  d i r e c t i o n s .  I n  t h i s  c o n t e x t ,  t h e  m e t h o d  o u t l i n e d  

i n  s e c t i o n  3 . 4 ,  i n  w h i c h  t h e  o b s e r v a t i o n s  t o  t h e  R .O .  a r e  

r e g a r d e d  a s  c h e c k s ,  w o u l d  b e  a p p l i c a b l e .  T h e  p r a c t i c e  o f  a p ­

p l y i n g  a h o r i z o n  c l o s u r e  e r r o r  w o u l d  i n t r o d u c e  c o r r e l a t i o n  

a n d  s h o u l d  b e  d i s c o u r a g e d .
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2. The residuals obtained from the reduction of the observations 
should be tested against a Truncated Normal distribution. The 
Chi-Square goodness-of-fit test can easily be a p p l i e d , and 
should become a  routine part of the analysis of the measured 
q u a n t i t l # # .

3. The calculation of both the coefficients of Skewness (I, ) and 
Kurtos is ( I , ) will provide additional information concerning 
the shape of the distribution, a n d  c a n  be used as a guide for 
a s s e s s i n g  t h *  v a l i d i t y  o f  d l s :  i b u t i o n  a s s u m p t i o n # .

4. The nature of the project undertaken, and instrumentat ion 
used, may require t h a t  the observations are sub-divided into 
different c l a s s e s  for a n a l y s i s .  This is particularly impor­
tant , if significant meteorological a n d  topographical dif­
ferences can be identified within one project.

5 The p o i n t s  o f  t r u n c a t i o n  f r o m  t h e  d i s t r i b u t i o n  d e s c r i b i n g  t h e

residuals should be used to identify residuals that may b e  

regarded as outliers The observations p e r t a i n i n g  to t h e s e  

r e s i d u a l s  should then b e  considered i n  m o re  d e t a i l .

6 Further r e s e a r c h  into the application o f  the Truncated d i s ­

tribution r e l a t e d  to s t a t i s t i c a l  i n f e r e n c e  f o r  p a r a m e t e r s

estimated f ro m  a  L e a s t  S q u a r e s  a d j u s t m e n t  i s  r e q u i r e d .  T h i s

t o p i c  i s  p r e s e n t l y  b e i n g  i n v e s t i g a t e d  i n  t h e  D e p a r t m e n t  o f  

S u r v e y i n g  a t  the U n i v e r s i t y  o f  t h e  W i t v a t e r s r a n d ,  

Johannesburg
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a p p e n d i x  a , t a b l e s

Three Tabl#m a re  g iven  In the  fo l low ing  p age# .

# For the  m tandardlaed  Normal d i s t r i b u t i  

b For : he Chi-Square  d im t r lb u t io n  

c For the  K o Imogorov-Smi rnov t e a t
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* 7 # ]

9484 
9 #*
9644
9 7 1 |
979#

*49 9
*5*1
9671
*73 #
# 7 M

*505

E
*7^#

*5? 5 
*60# 
*C##
*730
*#03

*#9 3
*75#
9808

* 5 3 3
* # :3
9 # * *
9761
* # i :

9 M I  
9 W I 
* # * ]  
#91#  
99  ]m 1

9AT0
W » #

Si
*#34

I
9#3 #
9#7 * 33

* * W
994 #

*#4#
9 # # l

*#30

I
"4 5 4
wa i f  
*#13  
993 4  
* * 3 :

W # 7 1E
W M
* 9 :7
I
w m @ 1

9963

I
916 323

*990

s I *991

38
*991

a a i I
T a b l e  A 1 : Ar e a  u n d e v t h e  S t a n d a r d  Norma i d e n s i t y  f u n c t  i o n
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I

/ - A r e a

. , d f

• 44 *M 
,#JD

i l l #  I ) »  
n i l  I:*#

24 4 j
<11»
?? 70

l«*l

n.ii

Mil

55 ?6
mm

% #  
52 M 
)**7

1

T a b l e  A 2 : A r e a  u n d e r  the CLi - S q u a r e  density function
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A r e a

Td bl* A2 Area under ihm Chl-Fnuar# d e n s i t y  f u n c t io n

k p f . n d i *  6 . TABLES



i

T # b l #  A3

1 W )  | M W

a * 0 0 0 0 0 I J 0 0 . M 7 *

a w ( 1 0 0 0 3 1 2 ) 0 9 1 2 1

a * 0 0 0 2 % 1 3 0 0 . 9 3 1 9

0 4 5 O A I K 1 3 ) 0 9 4 7 *

( U 0 a 0 3 6 l 1 4 0 0 9 6 0 3

0_55 ( 1 0 7 7 2 1 4 ) 0 9 7 0 2

a « o a n ; ? 1 ) 0 0 9 7 7 1

0 6 ) 0 X N 0 1 6 0 0 9 # # )

a w 0 J M I 1 7 0 0 9 9 3 1

a ? ; ( 1 3 7 2 1 1 B 0 0 9 9 6 9

a m ( W M 1 * 0 0 9 9 $ )

0 8 5 0 ) 3 4 7 1 0 0 0 9 9 9 3

a w 0 6 0 7 3 2 . 1 0 0 9 9 9 7

a w 0 6 7 2 ) 1 3 0 0 9 9 9 9

1.00 0 . 7 3 0 0 1 3 0 0 9 9 9 9

1 0 5 0 , 7 7 9 8 1 4 0 1 . 0 0 0 0

1 10 0 9 2 2 3 D O 1 . 0 0 0 0

1 15 » * M 0

: V a l u e s  o f  H ( I ) f o r  K o I r a & o r o v - S m l r
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A P P E N D I X  B .  E X A M P L E  O F  T H E  " T H E O "  C O M P U T E R  P R O G R A M

R E D U C T IO N  o r  T M E O O a iT f  0 # 8 C R V A T :0 M #

INFORMATION

W e a t h e r  C o n d i t \ o n s

Ins t rum ent ► e r n  ovny, t , e e

C o d e  n u m b e r 1 *  t o  c r e « t e / h * v e  • £ ' » * *  t o  t h e * *  d e t  s i  C . # 2 . 8  
T h e  o u t  p u t  a t  o t 1 t h e  o b s e r v * t ; o n e  i «  ; n  d e g r e e s . *1 n u t * * .

1 2 *  2 4  a * . ?  
7 m  3* 4#.  v
226 29 3 | .7 
261 2 #  58.0 
29# 54 12.I 
6@ 32 48.6 

126 24 55.6

3*6 25 13.1 
25 40 SI. 
46 38 07. 
61 2fl 3#. 

118 54 35.i 
246 53 m. 3*b 25 !3.l

1 2 6  25 # 4 .  
2*5 39 51. 
226 2 9  5 9 .  
261 2 6  4 0 .  
2 9 #  5 4  2 3 .  
6# 52 56. 

126 25 # 4 .

O b *  D O in t

2 4 . 4
1 0  . t>

27?
ee ee.

’•44 ? 5  41
I 14 24 IB. 
1 7 :  5 6  23.

351 3* 40.B 
71 U  2#.6
9 .- e i  3A. i 

12? M 15.I 
164 26 01.9 
2 9 4  24 34.6 
>51 56 41.5

17! 5* 37.< 
251 11 1 9 .
272 01 26.1 
307 ee *7.« 
344 25 51. 
U4 24 26.1 
171 3 6  32.1
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1 2  w . #
3 1 7  # Z  5 * . #  
^52 91 32 .5  

)7 I I . *  
2 5  5 # . 3

7 1 6  5 7  5 2 . 4

3 *  5 #  # V , 3
I I *  1 2  5 4 . I 
I 3 7  6 3  0 4 . 4  
i 7 2  01  4 4  2 
2 # *  2 7  2 * . #  
' 1 *  2 6  # * . 4  

\A  5 *  I # . 6

2 1 6  5 #  0 0 . L 
2 9 6  1 2  4 7 . 5  
3 1 7  0 2  5 # . 2  
1 5 2  0 1  3 0 . 4  

2 9  2 7  2 # . *  
I S #  2 5  5 0 . 4  
2 1 6  5 0  0 1 . 5

3 * 1  14  .1
2  0 5  . ^ . 3  

3 7  0 ]  3 * . 7  
74  2 9  2 4 . 8  

2 # 4  2 7  5 * . 4
2 * 2  e# 0 7 .*

5 6! 15 0 4 .9
1 0 2  0 5  1 0 . I 
2 1 7  0 3  4 V . 5  
2 5 4  2 9  3 6 . 5  

2 4  2 0  1 2 . 0  
0 :  0 0  1 7 . 7

2 6 2  0 4  1 2 . 3  
" 4  1 1 4  5 9 . 0  

2  0 5  0 6 . :  
3 7  0 3  4 4 . 4  
7 4  2 9  3 0 .7  

2 0 4  2 8  0 6 . 1  
2 6 2  0 0  1 2 . 6

O fc iE N T ti t  jOM (.ON #ECT ION  OF A *C N O . 2 -  4 5  3 1  2 7 .  B

O R IE N T A T IO N  C W F fE C T IO N  OF ARC N C . 3  -  9 0  3 2  5 7 . 6

O R IE N T A T IO N  CORRECT tQ N  OF ARC N O . 4  *  1 3 5  3 5  0 6 . 9

W D tjC C D  MEAN V *  UE F O 0  A 0C  MO.

1 2 6  2 5  0 4 . 0  
2 0 5  3 9  5 1 . 9  
2 2 6  2 9  5 0 . 9  
2 6 :  2 0  418. ! 
2 9 0  5 4  % 3 .9  

6 0  5 2  5 0 . 0  
1 7 6  2 5  0 4 . 7
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*r n t i r rn  n r  aw vAiiA FOR wo.

i :6  *r.m
? f "  T 9  4 9 .  e

,sa#i.k
I ? * * # . '  

. &4 ? : . ?
60 37 ##. ^

W D K E  D M( AN V W .I*  P C *  M K  N O.

Z » a  5 *

F I W U M F W I  VALUE

1 3 6  2 5  6 4  
2 # S 3 * 3 I  
Z2&79  9* 
M l  M 3 *  
Z # # S 4 ? 3  

6 #  5 2  5 #  
H i ,  2 5  # 4

Momizo* uofwjkf ewtnh [»#c i .  # . . ' ## #

C O R M triO N  ts» C  j •  S .eSflW
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A P P E N D I X  C, E X A M P L E  O F  T H E  " H I _ D ! _  TEST" C O M P U T E R  

P R O G R A M

\ o t  e t h a t ,  t h e  d a t a  u a e d  a r e  t h *  r e s u l t s  f r o m  t h #  e x a m p l e  g i v e n  

i n  t h e  AppmndlK B.

Tli* f o l l o w i n g  e x a m p l e  i n c l u d e s  t h e  C h i - S q u a r e  t e m t  i n  t h e  came 

o f  t h e  N o r m a l ,  T r u n c a t e d  N o rm al  H S t )  a n d  I n v e r & e  G a u s a i a n  d l » -

t r i h u t  o n m .

A f t e r  t h i s . t h r e e  p l o t *  o f  t h e s e  d i s t u b u t i o n m  f o l l o w
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n*SC*VAT ION* kts S

*e. 7
- 0 . 9

TOTAI. NO. OF 0 # S . * f  9IR.WU B -  2 #
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WOkMAl DISTMIM.'l ION

i  o *  5 * F W N F S 5  -  »  

 ̂"f "'Rk ' % CAl r .i»* * I r & »mt o# » IjH rOS I 5 " 7

At ; n * f  f u l f i l  n*  S ^ F W N f 5 5  » * # . 2 * ?

A Ai . r'** * i i i   ̂IjP" ? OSI 9 '  * 2. 08^

- P  0  U A #  E G O O D N E S S -O F -f  I ?  T F  S  T

T L A ST  C l A W I F .  O f  TM EO W ETICA L D B S E R V fD
IN T E R V A L S  C * * c  ] O M .  R E S ID U A L *  FR E Q U E N C Y  I * )  FREOU EN CY  u
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**  11 a l  i E » p e c  t  * 0  »
w«. hav* th *  f Di 1

nA[ T rcAi 
k«,f (X*NT^ '*)

[)M=( PVFD 
4 014NC v (.

T h e  ? * ! ) i *  6 2  ( A p p e n d :  * A)  g i  v e s  

X ' 2 t # . # 5 # ,

S i n c e  i

i t  f e * n e  t h a t  a t  t h e  5X l e v e l  a* «  i q m  * j c a n c e  t h e  s * m p i e  r t i » t  r  t b u t i

r. O N g i s T E N T

* i  t  h  t h e  H y p o t h e « i «  t h a t  t h e  p a r e n t  d i s t  r i o u t i o n  i s  NORMAL
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x x x x x x x x x x x x x x x x x x x x y .? x x x x x x x x x x x x x x r x x y .x tx x x % tx x 7 .x x x x x 7 .x x x z x x x x x x x x x v .x r .v .x x x 7 .x x

TRUNCATED NORMAL D IS T R IB U T IO N  f 9 5 %  >

T H E O R E T IC A L  c o e f f i c i e n t  o f  SK EW N ESS -  #  

T H E O R E T IC A L  c o e f f i c i e n t  o f  K U R T O S IB  -  3 .2W B

ACTUAi c n e f M c i e n *  o# GKEWNE^g -  * # . 2 4 9  

ACTUW ^ o e f f : c l e m t  o f  KURTOSIB -  * 2 . # 8 9

S Q U A R E  OCk% iNESS-ff-FIT T E S T

INTERVALS Crnec)
C lA S S ir . 0# THEORETICAL OBSERVED

O P S . RESIDUALS FREQUENCY (e>  FREQUENCY ( n )
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* # .  6 
* # . 3

*#.9
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:C W A l A L S IC X W IF
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ISV tkSf OAifSSlAN DISTMBUTION

f i , n t  o* s » E u * s s  -  : . : # *  

(.* * -_*TOSIS -  5 . 6 # ?

O** '  l ' l »nt  C* SPiWNCSS " $0.24*

o* »umio* :S -  *2.8##

O O O B N K M  O F - F I T

C L A S S  C lA S L T F .  T M C O *E T IC A L  O M E m ^ D
INTERVALS [* * c  ] O M . W S I :  . '. ^mEOLEMCV (* )  F R E W N C V  (n )
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O P S f k V E D  
» R F IX € N C Y  rA fO U fN C V  in

#68
0*4

T h e  T » b  i »  A?  ( A o p e n d i »

« -  -  % 2 1®, erse,?>

i t  e . # » n e  t h s t  a t  t h e  3X  i w v e i  e #  s i  g n  i # i c e n c e  t h *  e e e p l  j  d l  s t r  i b w t  1 o n  1 e i  

C O N S I S T E N T

Wi I h  t h e  h y p o t h e * ! * t h a t  t h e  p a r  * n (  t i l s t r  t b u t  I o n  I •  I N V F R 3 F  G AUS SIA N
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AHA'idi* c .  OK 'nit: " in .D i.n sr"  ooM Pwa



yo
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S f t h e r l a n d s .

33 W e t h e r i l l ,  G . B . ( 1 9 72)  E l e m e n t a r y  S t a t i s i  i c a J  M e t h o d s  , s e c o n d  

e d i t i o n ,  Chapman a n d  Ha l  1 L t d , L o n d o n .

34,  Wo l f ,  F . L .  ( 1 9 6 2 )  E l e m e n t s  o f  P r o b a b i l i t y  s n d  S t a t i s t i c s ,  

M c G r a w - H i l l  Book Company I n c . ,  New Y o r k .

35 .  Y a m a n e  T. ( 19 7 3 )  S t a t  > ' * t i c s  -  A n  i n t r o d u c t o r y  a n a l y s i s ,  

t h i r d  e d i t i o n ,  r w,  ,,*& a  now P u b l i s h e r *  I n c . ,  T o k y o .

36 Zemel'man M. A . ( 1 9 8 5 )  M e a s u r e m e n t  Techniques, G e n e r a l

p r o b l e m s  o f  m e t r o l o g y  a n d  m e a s u r e m e n t  t e c h n i q u e s , V o l .  2 8 ,  

No. o , p p . 6 7 1 - 4 7 5

0 . 2  B I B L I O G R A P H Y

In addition to the references which are  the main background of 
t h i s  d i s s e r t a t i o n ,  some other works have been consulted:

1. A g a t z a - B a l o d i m o u ,  A . M .  ( 1982) Advanced  ■subjects on t h e  

t h e o r y  o f  E r r o r s  s n d  m etho d  o f  L e a s t  S q u a r e s , lecture notes, 
Technical University of A t h e n s , Hellas.
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2 .  B ' h a m m a r ,  A .  ( 1 ^ 7 3 )  T h e o r y  o /  e r r o r s  .vncy f r n r r ^ / ^ W  * a  

: r .  ' y * r x e a ,  E l a c v i e r  S c i e n t i f i c  P u b l i c a t i o n  Company.

).  B u r i n g t v i  . R . S . a n d  M a y ,  D C .  ( 1 9 5 1 ) ,  Handbook of Proha- 

a n J  A r , ? 6 / e a ,  Ha n d b o o k  P u b l i s h e r :  I n c  ,

S a n d u s k y .

4 .  B u r y ,  K .  V ( 1 9 7 5 )  a f  f a r  ; c a 7  /Voc/eVa i n  S c / e n c * ,

J .  Wi l wy  & S o n s ,  Sew Yo r k .

5 C h o r a f a s , D . N . 1 1 9 60)  S t a t i s t i c s ]  Processes  and R e ! l a b i l i t y  

f n f / n e a r Y n g , C a t h o l i c  I n i v e r s i t y  o f  A m e r i c a ,  L . S . A .

6 E t h r o g ,  U . (.197 1) S t a t i o n  a d j u s t m e n t  u s i n g  t h e  g e n e r a l i s e d

L e a s t - S q u a r e s  w t h o d ,  5 u r ^ # y  f e y j e y , V o l .  2 6 ,  No.  2 0 2 ,  p p .  

1 6 0 - 1 9 1 .

7.  F u n d ,  J . E .  { 19 7 9 )  Modern Elementary S t a t i s t i c s ,  f i f t h  

e d i t i o n ,  A r i z o n a  S t a t e  U n i v e r s i t y .

8 .  M a i d ,  A .  ( 1 9 52)  S t a t i s t i c a l  Theory w i th  E ng ineer ing  A p p l i ­

c a t i o n s ,  J . V i l e y  & S o n s , New Y o r k .

9 .  K e e p i n g ,  E . S .  ( 1 9 6 2 )  I n t r o d u c t io n  t o  S i a t  i s t  i c a l  I n f e r e n c e ,  

D - Van N o s t r a n d  Company I n c . ,  New Y o r k .

10.  K e m p  t h o r n # ,  O .  a n d  F o l k s ,  L ( 1 9 7 1 )  Probabil  i t y , S t a t i s ­

t i c s ,  and Data A n a l y s i s , f i r s t  e d i t i o n , T h e  I o wa  S t a t e  U n i ­

v e r s i t y  P r e s s , Ame s , V S . A.

11.  M a t h s ’ A . M .  a n d  R a t h i e ,  P . N .  ( 1 9 7 7 )  P r o b a b i l i t y  and S t a ­

t i s t i c s ,  M c M i l l a n  P r e s s  L t d , E n g l a n d .

12.  M e n d e n h a l l ,  W.  , S c h e a f f e r ,  R . L .  a n d  W a c k e r l y ,  D . D .  ( 1 9 8 1 )  

Mathematical S s t a t  i s t  ic s  w i th  A p p l i c a t i o n s ,  s e c o n d  e d i t i o n ,
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,

W. M e n d e n h a l l ,  R . L .  S c e a f f e r  a n d  D .D . W a c k e r l y ,  U n i v e r s i t y

o f  F l o r i d a ,

13. M o o d ,  A .  and G r a y b i l l ,  F. A .  ( 1 9 6 3 )  In troduce  ian to the

T h e o r y  o /  c a ,  M c G r a w - H i l l  Book Company I n c . ,  U . S . A .

14.  S y d e n h a m ,  P . M .  ( 1 9 8 2 )  Handbook o f  measurement s c i e n c e ,  Vo l .

1 ,  T h e o r e t i c a l  F r  d a m e n t a l s ,  e d i t e d  by  P H .  S y d e n h a m ,  J .  

W i l e y  & S o n s , Sew Y ork

15 T o p p i n g ,  J .  ( 19  7 1) Errors  o f  O bserva t ion  and t h e i r

T r e a f m e n f .  f i f t h  e d i t i o n ,  B r u n e i  U n i v e r s i t y ,  U x b r i d g e ,  E n ­

g l a n d .

16.  W a l p o l e ,  R E .  ( 1 9 8 2 )  In t r o d u c t io n  t o  S t a t i s t i c s ,  t h i r d  e d i -  

t i o n ,  M a c m i l l a n ,  Sew Y o rk .
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A P P E N D I X  E.  D A T A

T h i s  A p p e n d i x  i n c l u d e s  i h e  d u t a  u s e d  f o r  l l i r  f i r s t  c omput e ' -  p r o -  

g r i m  ( '  i H E O ' T  T h e s e  d a t a  s e t s  h a v e  b e e n  o b s e r v e d  by  P r o f e s s o r  

I B .  W a t t .

H : e  d a t a  n a v e  b e e n  s e p a r a t e d  i n t o  t wo c a t e g o r i e s :

1. Pr om c o n t r o l  p o i n t s  t o  c o n t r o l  p o i n t s ,  a nd

2.  From c o n t r o l  p o i n t s  t o  f a c e  p o i n t s .
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E . l  FROM CONTROL POINTS TO CONTROL POINTS

KERN DKM3 # 1 6 9 6 0 #

2 3 2  3 3  S O . 3  
2 6 2  S 3  5 5 . 0  
3 1 4  2 5  3 9 . 0  
3 5 9  1 0  2 7 . 9  

3 4  3 5  2 9 . 3  
8 7  1 3  3 9 . |  

2 3 2  3 3  5 0 . 2

5 2  3 4  0 0 . 0  
8 2  5 4  0 6 . 4  

1 3 4  2 5  4 8 . 5  
1 7 9  1 0  3 9 . 3  
2 1 4  5 5  3 9 . 8  
2 6 7  1 3  5 0 . 4  

5 2  3 3  5 9 . I
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277 33 I# 
307 S3 22 
35* 27 OS

M  U  S 3  
7 9  5 6  5 6  

1 3 2  1 5  0 6  
277 33 I*

9 7  3 5  2 6 . 9  
1 2 7  5 5  3 3 .2  
1 7 9  27 1 7 . 3  
2 2 4  1 2  0 3 . 1  
2 5 9  37 0 3 .3  
3 1 2  1 5  2 0 . 0

97 33 am.o

322 3 4 5 3 . 0 1 4 2 3 7 0 3 .  \
2 352 5 6 3 7 . 3 1 7 2 5 7 0 7 . 5
3 4 4 2 6 3 6 . 6 2 2 4 2 8 4 7 . 3

@9 2 9 . 5 2 6 9 1 3 4 0 . 8
124 3 0 4 5 6 4 2 . 6
177 337 5 2 .  7
3 2 2 1 4 2 0 3 . 5
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GENERAL IN F O R M A T IO N

KERN DKH3 # 1 6 9 6 0 6

C o d e  n u e b e r *  t o  c r e e t * / n e # e  e c c e e e  t o  t h e e e  - 
T h e  o u t p u t  o #  e l l  t h e  o b e e r v e t i o n e  t e  I n  d e y i

e t e i i m e m n e t

7 5 0 4 0 4 2 0 . 9
2 2 7 0 0 2 6 . 5 4 7 0 0 4 0 . 6

N 2 6 5 3 3 0 1 . 4 5 3 1 4 . 3
E 2 8 7 1 8 0 3 . 4 1 8

2 1 3 0 .  1 21 4 9 . 6
FO L 21 1 7 3 7 .  7 2 0 1 16 1 7 .  1

7 3 0 4 0 8 . 4 2 5 3 0 4 2 0 . 3

1 2 0  0 3  4 0 . 1  3 0 0  0 5  3 1 . 9
2 7 2  0 1  5 6 . 3  9 2  0 2  1 0 . 4
3 1 0  5 6  3 1 . 9  1 3 0  5 6  4 3 . 7
3 3 2  1 9  3 4 . 6  1 3 2  1 9  4 3 . 2

4 3  7 2  3 7 . 7  2 2 3  2 3  1 0 . 9
66 1 9  2 6 . 1  2 4 6  1 9  3 6 . 3

1 2 0  0 3  3 6 . t  3 0 0  0 3  3 1 . 0
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A p p e n d i x  E. DATA



M I M I I I t t M M t M M I I I I M M t M M I f M M t t l M M I M M I M I M t l l M I M
MDUC1I0N or THtOOUHIE 01«SERVAY:0NS

CtNLAAL IN* ORMATION

Ofewrv* 
H o o k # r

C o n d t t l o n e

1 January 19*U I n s t r u m e n t  l KERN  DKH3 # 1 * 9 6 0 #

I C o d e  f ’u m t # '  •  t o  c r e * t # / n a v e  a r  t  * * •  t o  t h e s e  d a t  a i  C ,  _ F  , #6 
•  I  t h e  o u t  p u t  o #  a i 1 t h e  o o e e r  v a t i o n e  i e  I n  d e g r e e * ,  m i n u t e s ,  s e c o n d s

i n m i i i e i i i i i i i i e i i i i e i i n i i i m i i m i i i i i i i i i i i i i i e i n e i n i i i e i n i t e i m i i i a

3 * 2  4 7  4 6 . 4  
2 4 2  3 2  4 4 . 3  
M S  0 4  * ? . 0  
2 3 9  3 3  3 2 . S 
2 6 #  5 9  1 9 . I 
2 7 1  0 1  0 1 . 7  
2 # 0  4 7  2 6 . 3  
2 9 6  3 3  3 5 . 6  
2 9 9  3 3  0 3 . 4  
3 0 4  3 9  5 9 . 0  
3 4 2  4 7  4 6 . 2

1 6 2  4 7 3 2 . 6  
6 2  3 2  3 1 . 4  
7 3  0 4  1 7 . 5  
7 9  3 3  3 7 . 4  
6 8  5 9  2 7 . 7  
9 1  0 1  1 1 . 1  

1 0 0  4 7  3 4 . I 
I 1 6  3 3  4 2 . 2  
U 9  3 3  1 8 . 3  
1 2 3  GO 0 3 . 9  
1 6 2  4 7  5 3 . 3

2 7  4 9  4 0 . 9  
2 8 7  3 4  3 8 . 2  
3 0 0  0 6  0 6 . 9  
3 0 4  S 3  2 8 . 7  
3 1 4  0 1  1 5 . 6  
3 1 6  0 2  3 7 . 3  
3 2 3  4 9  1 7 . 9  
3 4 1  3 5  3 1 . 4  
3 4 4  3 7  0 3 . 7  
3 5 0  0 1  3 0 . 4  

2 7  4 9  4 1 . 1

2 0 7  4 9  4 7 . 2  
1 0 7  3 4  4 3 . 3  
1 2 0  0 6  1 1 . 4  
1 2 4  3 5  3 3 . 7  
1 3 4  0 1  2 2 . I 
1 3 6  0 3  0 3 . 3  
1 4 5  4 9  2 6 . 6  
1 6 1  3 5  3 6 . 0  
1 6 4  3 7  0 9 . 9  
1 7 0  0 1  3 6 . 8  
2 0 7  4 9  4 7 . 0
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: -X -

72 50 5 * .5  
332 35 5 0 .6  
345 07 2 0 .I 
34# 56 3 9 .5  
159 0? 2 6 .9  

I 04 10.2  
10 50 3 2 .6  
26 36 43 5 
2# 3# 18 .3  
35 03 0 3 .9  
72 50 5 6 .0

252 51 0 0 .0  
152 36 0 0 .  I 
165 07 2 4 . 4  
:69 36 4 3 . 4  
*79 02 3 3 .0  
181  0 4  1 6 . 4  
190 50 4 0 . 5  
206 36 4 9 . 0  
209 38 2 5 .5  
215 0 3  1 0 . 8

1 1 7 52 2 5 .2 297 52 3 0
17 37 1 7 .0 1 9 7 3 7 2 6

0 0 8 4 9 . 0 210 0 8 5 4
3 8 0 8 . 8 2 1 4 38 1 3

5 8 .0 224 0 4 0 3
4 0 . 4 226 0 5 4 6 4

5 5 52 O S . 3 235 52 0 8 5
71 3 8 1 4 . 9 251 3 8 1 8 6
7 4 39 4 7 .  1 7 3 4 3 9 5 4
8 0 0 4 3 6 .  7 2 6 0 3 7

M3L 1 1 7 52 2 3 .3 3 0
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R E D U C T IO N  O F T H E O D O L IT E  O M E R V A T IO N #

GENERAL INFORMATION

D * t»  .  2  J * n u « r » 1 9 8 0  I n « t r u * » r , t  4 K ERN  DKM3 * 5  6 9 6 0 8
Otiser sier i 1 , e . »
hoot, mr i 1. 8. w

I  C. o d e  n u m b e r *  t o  c i  e a t  e  'h * » e  e c  t  e * e  t o  t h e * *  d e t  e i  C ,  _N  , # 6  
I  * T h e  o u t p u t  o f  e l i  t h e  o b t e r  v e t i  o n *  i *  i  n  d e g r e e s ,  * t n u t * * ,  s e c o n d s

N o  S t  p o -  - i t  O b *  p o i n t  CL CR

39 219 2 4 .6
6? 30 .4 247 13 .3

3 f 79 27 .0 239 46 3
9 03 53 0 2 .6 263 21 . l

5 0 167 19 5 5 .0 347 20 0 0 .3
E 323 3 9 04 .6 143 59 19 .7

7 e 10 49 36 .7 % 9 0 SO 12 .6
0 PO L 3 9 0 0 . 0 219 2 3 .2

N PO L 8 4  5 9  4 3 #  2 * 4  3 9  9 6 . 6
A 1 1 2  4 0  3 4 . 3  2 9 2  4 0  4 9 . 0
F  1 2 4  4 5  0 8 . 7  3 0 4  4 3  2 3 . 8
a  13 1  06 3 8 . 0  3 1 1  0 6  3 3 . 7
0  2 1 2  31 2 7 . 1  3 2  3 1  39 2
E 11 1 0  4 2 . 3  1 9 1  1 0  5 3 . 4
8  6 4  0 1  3 2 . 8  2 4 4  0 1  4 6 . 4
PO L 0 4  5 9  4 3 . 1  2 6 4  3 9  3 6 .4
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O b *  p o i n t

s

A p p e n d i x  E. DATA



1

*

MEOUCTIOM  OK tH E O O O L IT K  O M tR V A T I O N #

GENERAL I f f  JR M A T IO N

2  . l a n u a r  V I R#f l  i  o  * f  r  I imwrt% |  i 'E F 'N  DK ” 3 8 1 6 7 4 0 3

a t  h e r  C o n d i  t  i o n e

I  C o d e  r,u m b e r  *  t o  c r e a t e -  h a v e  « c  <. # , #  t o  t  h e m e  d a t  a  i C ,  0  ,  9 6  
•  I  t h e  o u t p u t  o*  a l l  t h e  o b e e r v a t i o n e  , *  i n  d e g r e e s ,  e l  n u t e e ,  s e c o n d s

1 5 . 4 209 3 1 3 1 . 8
5 5 .3 2 1 6 5 0 07. 1
3 1 . 8 227 4 6 .  7

6 2 4 6 . 4 2 4 2 0 0 . 3
337 4 4 . 3 157 3 7 . 6
3 4 7 53. 1 1 6 7 07. 1

3 3 . 4

N o  S t  p o i n t

7* 52 5 1 .0  
m: 51 32.& 
92 02 0 5 .7  

1 0 7  34 2 2 .5  
22 52 2 1 .5  
32 21 2 5 .5  
74  52 5 1 . 7

2 5 4  53 0 5 .3
2 6 1  5 1  3 8 . I 
272 0 2  1 4 . 7  
2#7 3 4  2 9 . 0  
202  5 2  2 7 . 4  
212 2 1  3 3 . 7  
2 5 4  5 3  0 5 . 0
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AFC NO. 3

NO S t  p o i n t Ob* p o i n t

1 119 34 ? 0 .6 -99 54  2 7 . 2
126 52 5 8 .7 304 53 0 : .1
137 03 34 .3 317 03 3 *
132 S3 3 2 .3 332 35 56 »

67 33 5 0 .0 24 7  53  5 2 .1
77 22 5 4 .5 257 23 0 3 .3

119 54 20 .7 299  54  29 .4

A FC NO. 4

S t  p o i n : Ob* p o i n t

j 0 1 * 4  5 4  2 4 . 7 3 4 4  54 24 .3
171  55 0 1 .6 331 55 0 4 .Z
1 8 2  0 5  3 8 . 1 2  0 3  3 8 .7
1 9 7  3 7  5 4 . 7 17 37 5 6 .9
1 1 2  3 5  5 6 . 1 2 9 2  5 3  5 5 . :
122 2 4  5 8 .5 302 25 0 5 .0
1 6 4  56 2 4 . 0 3 4 4  5 6  2 8 . ?
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m fD U C T IO N  OF T H F O O O L I7C  O M E R V A T IO N S  
• e M l l M e i M H I M I M I I t l M l l l l l M I M i M e i t l i M I M M U M H I M V M I

O fM FR Ik. IN fO N M A I IUM

D a t #  I 8  Jsr-u* . y 1*60  i n s t r u m e n t  s ► f RN DKM3 # 1 6 9 6 0 8
Otoswr  v mr ! 1 . B . W
B o o k e r  i S .P .W
W e a t h e r  C o n d i  1 1 o n e  i

1 C o d e  n u m b e r #  t o  c r e a t e / h a v e  a c c e e #  t o  t h e # #  f l a t  a i  C ,  Q , _ 8 6  
•  •  T h e  o u t p w *  o i  a l l  t h e  o b e e r v a t  1 c n e  t e  t n  d e g r e e a ,  w i n u t e e ,  s e c o n d #

B t t t l t t l l t H l l t l l t t l l t t i l t t l l l t l M l l t l l l l l l t l l l l t l l l t t l K l l t t l t K l l t l t t l t t d t l O

*WC N O . I

N o  S t  p o i n t  O b #  p o i n t  CL CR

1 Q POL 6 8  2 9  5 3 . 8  2 * 8  3 0  0 7 . 3
2  B 7 4  3 8  3 7 . 4  2 3 *  3 8  5 2 . 0
3  P  8 9  2 4  1 1 . 0  2 6 9  2  4 2 1 . 9
4  P  1O 0  4 7  2 1 . 8  2 8 0  4 7  3 5 . 4
3  A 1 0 8  2 4  5 0 . 3  2 8 8  2 5  0 3 . 3
6  E 1 3 1  2 8  2 1 . 3  3 : 1  2 8  3 2 . 9
7 0  1 0  0 4  4 3 . 0  1 9 0  0 4  5 6 . 4
8  C * 2  3 3  3 1 . 2  2 2 2  3 4  0 5 . 4
9  PO L 6 8  2 9  3 5 . 6  2 4 8  3 0  0 7 . 4

ARC NO. 2

N o  • 8 1  p o i n t  O h #  p o i n t  CL CR

1 Q PO L 1 1 3  31  2 9  8  2 9 3  31  4 0 . 3
2  B 1 1 9  4 0  1 1 . 6  2 9 9  4 0  2 2 . 9
3  P  1 3 4  23 3 8 . 6  3 1 4  2 3  3 3 . 0
4  F  1 4 3  4 8  3 2 . 8  3 2 3  4 9  0 6 . 4
3  A 1 3 3  2 6  2 3 . 8  3 3 3  2 6  3 3 . 1
6  E 1 7 6  2 9  3 0 . 8  3 5 6  3 0  0 3 . 7
7  D 5 5  0 6  1 6 . 6  2 3 3  0 6  2 8 . 4
e  C 8 7  3 3  2 6 . 7  2 6 7  3 5  4 0 . 0
9  POL 1 1 3  3 1  2 8 . 7  2 9 3  3 1  4 0 . 4
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RE D U CT IO N  OF T M EO D O LITE O B S E R V A T IO N S

OENCRAL IW O R M A T X O N

Weather Conait i

B J a n u a r y  ! 9 8 0 I n s t r  u m e n t KERN DKM3 • 1 6 9 6 0 8

•  C .-id e  n u m b e r  •  t o  c r  e a t  e / t i a  v e  a c c e e #  t o  t h e e *  d a t a :  C ,  _ 0  , 8 6
•  •  T h e  o u t p u *  o #  a l l  t h e  o b a e r  v a t  1 o n *  i «  i n  d e g r  e e e ,  * i n u t  e e ,  s e c o n d s

6 8  2 9  5 3 . 8

8 9  2 4  I 1 . 0  
lO O  4 7  2 1 . 8  
1 0 8  2 4  5 0 . 5

1 0  0 4  4 3 . 0  
42 3 3  3 1 . 2  
6 6  2 9  3 3 . 6

2 4 8  3 0  0 7 . 3  
2 5 4  3 #  3 2 . 0  
2 6 9  2 4  2 1 . 9  
2 8 0  4 7  3 5 . 4  
2 8 8  2 3  0 3 . 3  
3 1 1  2 8  3 2 . 9  
1 9 0  0 4  3 6 . 4  
222 3 4  <75. 4  
2 4 8  3 0  0 7 . 4

N o  9*8 1  p o i n t  Otoe p o i n t

2 B
3  P
4 r
5 A
6 E

ARC N O . 2

CL CR

1 1 3  31  2 9 . 8  2 9 3  31 4 0 . 3
1 1 9  4 0  1 1 . 6  2 9 9  4 0  2 2 . 9
1 3 4  25 3 8 . 6  3 1 4  2 3  3 3 . 0
1 4 3  4 0  3 2 . 8  3 2 3  4 9  0 6 . 4
1 5 3  2 6  2 3 . 8  3 3 3  2 6  3 3 . 1
1 7 6  2 9  3 0 . 0  3 5 6  3 0  0 5 . 7

5 5  0 6  1 6 . 6  2 3 5  0 6  2 8 . 4
8 7  3 3  2 6 . 7  2 6 7  3 3  4 0 . 0

1 1 3  3 1  2 8 . 7  2 9 3  31  40 4
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1 5 #  3 3  O O .i 
1 6 4  4 i  4 6 .  ' 
1 7 9  2 ?  1 4 . '  
190 30 2 # .I 
19# 27 55. 
221 31 26. 
100 0 /  51.' 
132 37 00.! 
15# 33 01.

33# 33 14 .9  
3 4 4  4 2  0 0 . I 
359 27 2 7 .9  

10 50 39 .7
1 8  2 8  1 0 . 4  
41  31 3 8 . 9  

2#0 0 #  0 5 .3  
312 37 1 3 .0  
33# 3 3  1 4 . 4

203 34 2 5 .  
2 0 9  4 3  I I .  
224 2# 3#. 
2 3 3  51 51. 
243 29 20. 
266 32 3 1 .  
1 4 5  09 16. 
177 3# 23. 
203 3 4  26.!

23 3 4  40. 
29 4 3  23.

i 53.
55 52 0 8 . -
63 29 36.' 
86 33 07 .' 

325 09 3 0 .  
357 3# 3 7 .  

23 3 4  4 0 .<
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M DUCT ION OK TMEOOOIITE nORtRVATTnNB

OtNCAAl INFORMATION

W#«f c o ri,11 t

| r * l  ument ►ERN DkM3 • 1 6 9 6 0 8

I  r  o d #  •  t  o  t r e a t  # / h « v *  * i  c *# #  t o  '  h e # *  d s t  e I C, _E , _B*
• • r r>e n u t p u t  q< * i 1 t  n *  o t i e r r  v s t  i o n e  i e  i  n  o e g r w w s ,  e l  n u t • « ,  s e c o n d e

(ten pot n*

5 1  4 3  2 * . B 2 3 1  4 3  3 1 . 7
* 1  I I  0 1 . 6  2 7 1  I I  0 4 . 1
9 3  16 0 9 .7  2 7 3  1 6  1 3 . 3

107 28 0 1 . I 2 87  2 8  0 6 . 8
1 4 6  0 8  5 8 . 7  3 2 6  0 9  0 3 . 2
1 5 8  GO 3 0 . 1  3 3 #  0 0  4 4 . 0
3 1 1  3 8  2 0 . 4  1 3 1  3 8  2 5 . 4
3 4 2  1 3  4 2 . 3  1 6 2  1 3  4 8 . 9

10 0 6  4 0 . I 1 9 0  0 6  4 6 . 0
3 9  5 0  0 0 .3  2 1 9  5 0  0 5 .5
3 1  4 5  2 5 , 4  2 3 1  4 5  3 2 . 4

ARC R .I .  2

9 6  4 6  5 4 . I 2 7 6  4 7  0 0 . 0
1 3 4  1 2  2 7 . I 3 1 6  1 2  3 3 . 3
1 3 8  1 7 3 6  . 3  3 1 8  1 7  4 3 . 5
1 5 2  2 9  2 7 . 7  3 3 2  2 9  3 4 . 3
1 9 1  1 0  2 8 . 8  I I 1 0  3 3 . 8
2 0 3  0 2  0 9 . 2  2 3  0 2  1 2 . 0
3 5 6  3 9  4 5 . 6  1 7 6  3 9  5 3 . 5

2 7  1 5  1 0 . 6  2 0 7  1 5  1 8 . 1
5 5  0 8  0 9 . 1  2 3 5  0 8  1 4 . 8
8 4  5 1  2 8 . 7  2 6 4  5 1  3 2 . 4
9 6  4 6  5 4 . 2  2 7 6  4 6  5 9 . S
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R fD U C 1 IO N  O f  T H fO n O L lT E  O B S E R V A T IO N e

GENERAL INFORMATION

□ b e e r  v *k '

Weather f  find i t*  Ohs

» C o d e  n u m b e r e  t o  c r e a t e - h a v #  a t c e a s  t o  t h e e *  d e t a i
•  •  T h e  o u t  p u t  o #  a i i  t h e  o b e e r v e t t o n e  i *  i n  d e g r e e * .

2 4  3 1  4 6 . 6  2 0 4  3 2  0 6 . 0
8 6  3 9  1 3 .  3  2 6 6  3 9  3 4 .  1

1 6 0  21  1 9 . 3  0  21  4 4 . 3
2 1 6  4 9  4 6 . 4  3 6  5 0  0 7 . 4
2 4 7  3 6  3 5 . 4  6 7  3 7  1 3 . 7
2 7 3  0 6  0 6 . 9  9 3  0 6  2 9 . 6
2 6 6  2 4  5 O . 0  1 0 6  2 3  0 6 . 6
3 1 1  3 3  2 9 . 9  1 3 1  3 3  4 9 . 0
3 2 6  < 0  3 0 , 2  1 4 6  4 0  3 0 . 6
3 3 3  2 9  3 4 . 8  1 5 3  3 0  0 0 . 0

2 4  3 1  4 4 . 4  2 0 4  5 2  0 7 . 3

69 5 4  2 0 . 4 2 4 9  3 4  4 0 . 0
1 3 4  0 1  4 8 . 5  3 1 4  0 2  0 1 . 9
2 2 5  2 4  0 0 . 3  4 5  2 4  1 3 . r
2 6 1  5 2  1 9 . 2  6 1  5 2  3 7 . 6
2 9 2  3 9  2 4 . 4  1 1 2  3 9  4 3 . 4
3 1 0  0 8  4 1 . 4  1 3 #  0 8  5 7 . 7
3 3 3  2 7  2 4 . 4  1 5 3  2 7  4 0 . 4
356 3 6  O O .B  1 7 6  3 6  2 1 . 4

1 3  4 3  0 0 . 3  1 9 3  4 3  2 1 . 3
2 0  3 2  1 1 . 5  2 0 0  3 2  2 5 . 7
6 4  5 4  2  k . 4  2 4 9  5 4  3 9 . 4
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t  i  4  5 6  5 4  
17V  0 4  14 
2 7 0  2 *  2V  
3 0 6  5 4  4 9  
3 5 7  41  3 4  

3  I :  0V  
1 8  2 9  5 4  
4 1  3 8  3 0  
39 *3 33 
6 3  3 4  3 8  

1 1 4  5 6  5 2

294 37 07 
359 04 30 

90 2 6  4 4  
176 53 07

1 6 3  I t  2 6
iv# 3 0  oe
2 2 1  3 8  4 6  
238 4 3  48
2 4 3  34 5 6  
294 3 7  0 8

Wo S t  p o i n t  0 8 *  p o i n t  CL C*

139 2 7 .2
224 4 0 3 44 5 2 . 8
313 27 5 6 133 1 0 .  0
331 5 6 1 3 171

22 4 3 3 202 3 4 .0
4 8 12 2?# 4 7 .3

31 3 2 . 9
8 6 3 9 5 i t . 2

103 5 9 3 4 7 13.7
i  t o 03 3 6 2 0 .  6
159 1 8 5 8 2 7 .3

Appendix E , DATA



M O U C T IO N  O F T H E O D O L IT E  O M E R V A T IO M #

(if  N l RA l IN F O R M A T IO N

D » t e  i 8  J a n u a r y  t  »B O  I n s t - u m e n t  i KERN OK M3 » 16 9 6 0 8
O to * » r  vwr i i  . 8 , H
B o o k e r  i I , B .w
W e a t h e r  C o n d i 1 1 o n *  i

*  C o d e  n u m b e r #  t o  c r e a t e / h a v e  a r c e e #  t o  t h e s e  d a t a ;  C , _ * 2 , _ B 6
•  •  T h e  o u t p u t  o f  a l l  t h e  o b s e r v a t i o n *  i #  t  n  d e g r  e e * ,  e l n u t e a ,  a e c o n d #

A RC N O . I

O b #  p o i n t CL

6 2 2 4  31 4 7 . 8 2 0 4  5 1  5 6 . 6
2 8 8  5 9  1 2 . 5 2 6 8  5 9  2 1 . 0
3 # 1 8 0  2 1  2 8 . 5 0  2 1  3 6 . 6

0 2 1 6  4 9  4 4 . 9 3 6  4 9  5 7 . 7
5 2 4 7  3 6  3 4 . 1 6 7  3 7  0 3 . 4
6 2 7 3  0 6  0 6 . 1 9 3  0 6  1 8 . 9
7 2 8 8  2 4  4 9 . 5 1 0 8  2 4  5 8 . 7
8 0 3 1 1  3 3  2 9 . 6 1 3 1  3 3  4 1 . 8
9 c 3 2 8  4 0  3 0 . 5 148 4 0  4 0 . 8

B 3 3 3  29 3 6 . 0 1 5 5  29 4 8 . 1
ROL 2 #  3 i  1 5  0 204 5 1  5 6 . 6

ARC N O . 2
We­

s t  p o i n t O b #  p o i n t CL CR

PC. 1 1 4  5 4  3 4 . 0 2 9 4  5 4  3 9 . 4
1 7 9  0 1  5 5 . 9 3 5 9  0 2  0 2 . 5
2 7 0  2 4  1 0 . 8 9 0  2 4  1 9 . 6

4 3 0 6  3 2  2 8 . 8 1 2 6  5 2  4 1 . 5
5 N 3 3 7  3 9  3 7 . 4 1 5 7  3 9  4 5 . 5
6 E 3  0 8  'J O . 2 1 8 3  0 9  0 0 . 4
7 1 8  2 7  3 1 . 8 1 9 8  2 7  4 1 . 9
e 4 1  3 6  1 2 . 8 2 2 1  3 6  2 ? . 8
9 C 5 8  4 3  1 4 . 2 2 3 8  4 3  2 4  5

1 0 6 5  3 2  2 0 . 6 2 4 5  3 2  3 0 . 2
POL 1 1 4  5 4  3 3 . 0 2 9 4  5 4  3 9 . 1
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DEDUCTION OF THEODOLITE O B SER V A TIO N S

O# MERAL IN FO RM A TIO N

8  J a n u a r y  1 9 8 0 I n s t r u m e n t *• ERN  Df M3 •  1 6 9 8 0 6

C o d e  n u m b e r e  t o  
T h e  o u t p u t  o #  #1 t h e  o b e e r v a t  t o n *  t e m l n u t e e ,  e i c o n d e

1 19 3 5 1 7 . 0 2 9 9 3 5 2 2 .0
1 5 5 29 4 4 ,  1 3 3 5 2 9 3 1 . 7

N 1 9 0 4 9 5 7 . 0 1 8 50 0 6 . 9
t 2 1 9 4 0 0 3 . 8 3 9 4 0 1 3 .  1

222 12 2 5 . 6 42 1 2 3 1 . 9
254 3 0 4 7 . 4 7 1 3 6 5 4 . 6
2 9 2 0 4 31 6 1 1 2 0 4 4 0 . 9

C 3 1 8 5 0 1 1 . 4 1 3 8 5 0 1 0 . 6
POL 6 2 0 3 1 1 . 7 242 0 3 1 9 .  7

1 1 9 3 3 1 6 . 6 2 9 9 3 3 2 1 . 0

N o  B t  p o i n t

1 6 4  5 6  5 1 . 7  
2 0 0  3 1  2 1 . 3  
2 4 3  5 1  3 3 . 7  
2 6 4  4 1  4 4 . 1
2 6 7  1 4  0 0 . S  
2 9 9  4 0  2 4 . S  
3 3 7  0 6  0 0 . 9  

3  5 9  4 7 . 6  
1 0 7  0 4  5 0 . 4  
1 6 4  3 6  3 0 . 6

3 4 4  3 6  5 7 . 0  
2 0  31  2 0 . 9  
6 3  3 1  4 3 . 4  
0 4  4 1  5 0 . 1  
8 7  1 4  0 6 . 4  

1 1 9  4 0  3 1 . 4  
1 5 7  0 6  1 3 . 0  
1 8 3  5 9  3 4 . I 
2 0 7  0 4  5 3 . 1  
3 4 4  3 6  5 0 . 2
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uTION or TMFOOCX. 1 Tf OBSERVATIONS

GENERAL INFORMATION

Ot>m*r v»r

W * * (.n * r  C cxid  l t  I o n e

tO  J a n u a r y  |9 R 0 KERN DT M3 *1 6 96 08

•  C o d e  n u m b e r  *  t o  c r e a t e / h a v e  a c t  » » *  t o  t. h a .  *  d a t a i  C ,  _ B 2 ,  _ • *
* »  T h e  o u t  p u t  o f  a t  1 t h e  o b a e r v a t i o n e  i »  i n  d e g r e e s ,  e t n u t e e ,  s e c o n d *

F 1 2 6  2 4  3 6 , 2  3 0 6  2 3  1 3 . 0
N 2 0 5  3 9  4 0 , 9  2 3  4 0  0 1 , 4
E 2 2 6  2 9  3 1 . 7  4 6  3 0  0 7 . 1
a  2 6 1  2 8  3 0 , 8  8 1  2 8  3 0 . 6
D 2 9 8  3 4  1 2 . 1  1 1 8  3 4  3 3 . 6
POL 6 8  3 2  4 8 . 6  2 4 8  S 3  0 8 .7
F  1 2 6  2 4  5 5 . 6  3 0 6  2 3  1 3 . 0

1 7 1  3 6  2 4 . 4  331 5 6  4 0 . 8
2 3 1  11 1 0 . 8  71  U  2 8 . 6
272  01 1 7 . 4  9 2  0 1  3 6 . 1
3 0 7  0 0  O ' 7 127 0 0  1 3 . 1
3 4 4  2 3  4 . . 5  1 6 4  2 6  0 1 . 9
1 1 4  2 4  I B . 4 2 9 4  2 4  3 4 . 8
1 7 1  3 6  2 3 . 6  3 5 1  5 6  4 1 . 5
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A RC N O . 3

N!
S t  p o i n t Obm p o i n t cm

t F 3 7 51 3A 5 6  0 9 . 3
12 3 # a 116 12 5 6 .1

3 fc 0 2 34 137 03  0 4 . 4
01 3 2 5 172 01 4 4 , 3

3 2 7 11 9 2 0 9 2 7  2 9 . 6
2 5 26  0 6 . - 4

1 36 58  1 0 .6

A M  N O . *

NO 5 t  p o i n t O b e  p o i n t

# 2 # 2 00  1 6 .9
5 3 1 161 15 0 4 . 9
0 2 3 162 03  10 .1
3 9 7 2X 7 0 3  4 9 . 5
2 4 # 2 5 4 2 9  3 6 . 5

24 26  1 2 .6
6 2 00  1 7 .7
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REDUCTION OF THEODOLITE OW EM V A 1 IO«8

Q&ME*AL INFOKMAriON

D a t «  1 1 3  J a n u a r y  I n e t r u m w n t  1 K ERN  DKM3 •  1 6 9 6 0 6
O t J i » r  v » r  l I , B . M
B o o k e r  i I . B. M
W e a t h e r  C o n d i t i o n *  i

I  C o d e  n u m b e r *  t o  c r e a t e / h a v e  a c c e s e  t o  t h e s e  d a t e i  C ,  _ B 3 , _ 8 *
•  •  T h e  o u t o u t  o #  # 1 1  t h e  o b e e r v a t  1 o n *  i s  t n  d e g r e e * ,  n u t # * ,  s e c o n d *

CR

1 2 . 2 3 3 " 0 7 3 3 . 2
2 1 3 4 4 . 8 3 3 0 2 T O .2
27 7 1 2 0 7 . 6 9 7 1 2 2 4 .  1
3 1 2 1 0 4 5 . 8 1 1 2 11 v : . 2

3 6 3 0 . 6 1 6 9 3 6 4 9 . 6
16 3 0 1 0 . 9 1 7 6 3 0 3 0 . 0

I 19 3 3 0 7 . 0 2 9 9 3 3 2 3 . 1
1 7 7 0 7 1 3 . 4 3 3 7 0 7 3 0 . 3

83 F 5 5 . 9 8 7 0 0 1 2 .  1
302 2 9 . 5 1 2 2 5 4 4 4 . 8

4 7 . 4 1 8 7 0 5 0 3 . 3
4 2 2 8 . 3 2 2 2 0 3 4 3 . 8
7 9 2 9 1 3 . 7 2 3 9 2 9 3 0 . 7

106 2 2 5 2 . 3 2 8 6 2 3 1 2 . 4
209 2 7 4 8 . 4 2 9 2 8 0 3 . 2
266 9 9 5 4 . 3 8 7 0 0 1 2 . 0
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REDUCTION OT T » * O D O H ? E  O P S E R '/A T in N S

O E N E R * . IN FO R M A T IO N

O b e e r v * r
B o o k e r
M e e t  h e r  C o - ' d i  t  i o n e

i n e t  r u m e n t

•  C o d e  n u m b e r  e  t o  c r e * t e / h » v e  e c c e e *  t o  t h e s e  d  i t e i  C ,  _C1  , __B6
•  •  T h e  o u t p u t  o t  e l  I t h e  o b e e r v a t i o n *  i s  i n  d e g r e e * ,  # : m u t e s ,  s e c o n d *

1 2 4  5 9  5 0 . 1  
1 3 8  5 7  5 9 . 1  
1 4 8  4 0  3 0 . I 
1 6 9  5 3  5 2 . 6  
1 7 8  5 5  4 6 . 0  
1 0 9  5 6  3 9 . 1  
2 2 2  3 3  5 0 . 7  
. 6 3  3 8  4 7 . 5  

0 7  5 4  2 4 . 4  
1 2 4  5 9  5 0 . 3

3 0 5  0 0  0 7 . 0  
3 1 8  5 8  2 0 . 5  
3 2 8  4 0  4 9 . 2  
3 4 9  5 4  1 5 . 5  
3 5 8  5 6  0 4 . 4  

9  5 6  5 7 . 5  
4 2  3 4  0 6 . 3  
8 3  3 9  0 3 . 4  

2 6 7  3 4  4 4 . 8  
3 0 5  0 0  0 9 . 9

O b e  p o i n t

1 7 0  0 1  2 0 . 7  
1 8 3  5 9  2 7 . 3  
1 9 3  4 1  5 2 . 6  
2 1 4  5 5  1 9 . 0  
2 2 3  5 7  1 2 . 0  
2 3 4  SB  0 6 . 6  
2 6 7  3 5  1 9 . 2  
3 0 0  4 0  1 2 , 3  
1 3 2  5 5  5 0 . 7  
1 7 0  0 1  1 9 . 8

3 5 0  0 1  3 7 . 2  
3  5 9  4 6 . 1  

1 3  4 2  1 3 . 6  
3 4  5 3  3 9 . 1  
4 3  5 7  2 8 . 6  
5 4  5 8  2 2 . 5  
9 7  3 5  3 5 . 8  

1 2 0  4 0  3 1 . 7  
3 1 2  5 6  0 8 . 4  
3 5 0  O t  3 7 . I
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3 1 3  0 3  4 3
22*? 0 0  3 1  
2 3 8  4 3  18  
2 3 4  3 6  4 3  
2 6 8  5 8  3 8  
2 7 4  5 #  3 4  
3 1 2  3 6  4 3  
3 5 3  41  3 3  
1 7 7  3 7  1 3  
2 1 5  0 3  4 2

2 6 0  0 4  3 4  
3 7 4  02  4 8  
2 8 3  4 3  17  
3 0 4  5 8  3 4  
3 1 4  0 0  31 
3 3 5  0 :  3 #  
3 5 7  3 #  3 6  

3 #  4 3  3 3  
3 3 3  5 4  0 4  
2 6 0  0 4  3 4

3 5  0 2  5 6  
4 4  0 1  0 0  
5 8  *3  3 7  
7 4  5 7  0 4
e a  58 5 4
4 4  5 9  4 8

1 3 2  3 7  0 0  
1 7 3  M  5 4  
3 5 7 .  5 7  3 3  

3 5  0 2  5 7

8 0  0 4  5 0 . 8  
4 4  0 3  0 2 . 8  

1 0 3  4 5  2 4 . 8  
1 2 4  5 8  5 5 . 5  
1 3 4  0 0  4 7 . 2  
1 4 5  0 1  4 0 . 6  
1 7 7  3 9  5 0 . 0  
2 1 8  4 3  4 6 .  I 

4 2  5 4  2 4 . 6  
8 0  0 4  5 1 . 5
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I

meoucnoKOF TMtoooL:f

W e a t h e r  C o r is l l  11

B C W M L  iNFDKMAT 101,

12 January in a t r u e e n t kEWM DKM3

» C e d e  n u m b e r  *  t o  c r e a t e / h a v e  a c c a  
•  a T h e  o u t p u t  o #  a i l  t h e  o b e e r  v a t o

t o  t h e m e  d a t e i  C , __C2, _ *  
i e  i n  d e g r e e * ,  m l n u t e e .

I C 2 3 3 2 9 9 3 5  7 4 . 7
2 3 3 1 9 . 6 3 1 3 3 3  3 6 . 0
3 1 * 3 *3 « S . « 5 2 3 1 6  0 3 .  3
« 1 7 3 31 0 5 . 6 3 5 3 31  1 6 . 9
3 I S * 31 9 0 . 0 3 2  1 5 . 0
* 2 * 7 0 0 .  3 3 7 0 9  7 6 . 3
7 2 3 9 7 0 1 4  1 9 . 9
e PUL # 2 2 9 7 9  5 7 . 3
9 *' I 19 3 3 2 9 9 3 5  2 3 . 8

A ST  MO.

# # l  p o i n t O b e  p o i n t CR

1 C2 F 1 6 * * 6 2 * .  5 3 * * 4 6  3 7 . 0
2 1 7 0 3 4 . S 3 9 0 4 4  4 4 . 8
3 tee 2 7 0 1 . 0 8 2 7  1 3 . 5

2 * 0 * 2 2 0 . 0 4 2  S I . ’’
3 2 2 # * 3 1 1 . 2 4 9 ♦ 3  5 u . 3

2 0 2 4 . 0 8 7 2 0  3 7 . 1
2 3 in . i * 2 3 2 5  3 2 . 5

6 *u 5 7 . 0 307 4 1  1 0 . 0
9 *6 2 * . 0 3 * 4 4 6  3 8 . 7
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(F D U C 1 I0 N  O F T H E O D O L IT E  O tS E R V A T fO M #

KERN DKN3 *  1 6 9 6 0 8

•  C o d e  n u n .b e r  s  t o  c "  * * t e / h * v *  a t  c e s s  t o  t h e t e  d a t  a i  C ,  _ C 3 ,  _ S 6  
• I  t h *  o u t o u t  o f  a l l  t h e  o b s e r v a t i o n *  l •  i n  o e g r e e e ,  * i n o t e s ,  s e c o n d s

C 3 F 2 5 4 5 8 , B
2 6 # 1 7 . 2 00

3 9 9 8 4 9 . 5
3 0 # 4 4 120 0 3 . 5
3 1 9 4 5 1 3 9 4 5 5 7 . 6
3 5 ? 2 2 5 7 .  7 2 3 1 0 . 0

7 3 3 2 7 5 3 . 6 2 0 0 2 .  1
# 2 1 7 4 3 2 0 .9 4 3 3 7 .  2
9 2 5 4 4 # S B , 7 0 6 . 4

N o  « i S t  p o i n t

Z V *  5 0  3 0 . 3
1 1 3  4 6  2 7 . 3  
1 2 3  3 0  5 8 . 4  
3 5 3  4 6  1 5 . 0  

4  4 7  O S .6 
3 7  2 4  1 6 . i  
7 8  70  1 1 . 0  

2 6 2  4 4  5 0 . 5  
2 9 9  5 0  1 9 . 2

1 1 9  SO  2 4 . 5  
1 3 3  4 0  3 5 . 1
1 4 3  3 1  0 5 . 1  
1 7 3  4 6  2 0 . 6  
1 6 4  4 7  1 3 . 7  
2 1 7  2 4  2 4 . 6  
2 5 #  2 9  1 9 . 4  

8 2  4 5  0 0 . 4  
I 1 9  5 0  2 4 . 1
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35# 5*
# 33 40

38  4 8  5 7  
4 9  4 9  51 
#2 27 04 

123 31 5* 
307 47 35

164 53 04 
178 51 17
iaa 3 3  4 5
2 1 8  4 9  01  
229 49 53 
262 27 08 
303 32 03 
127 47 38 
164 53 04

213 34 19

254 55 38 
268 53 49 
278 36 19 
308 51 34 
319 52 29 
352 29 40 

33 34 15 
217 50 13 
254 55 39

Appt-ndix K. DATA 2 0 7



REDHLflON UF rHEUIfKlTE (1BOERVAT:ONB

GENERAL |NFUAM,«T ION

Dat* I *U January 198,) ln*trw **nt i KERN DPMI #169608
O b sw t  v*r '  i E . B .  W
B o a « e r  i I . B,W
W e a t h e r  C o n d i t

• C o d e  n u m b e r s  t o  r;r  e a t e / h a ' m «.  i *** t o  t h e s e  d a t a :  C ,  _DI , .06  
# #  t h e  o u t p u t  o f  a l I  t h e  o h se r  v « t i o n -  i s  i n  d e g r e e * ,  m i n u t e * ,  s e c o n d s

I
A *

86 38 1 0 .I 266 3# 2 0 .6
i i j  o# : 6 .3  o# 3 3 . 3
1:6 33 3 4 .5  296 33 4 2 .3
131 33 3 3 .9  3 U  33 39. /
134 u8 5 7 .3  3:4  09 0 7 .7
15/ 50 1 9 .9  3 3 ' 50 27 .0
162 03 4 3 .6  342 03 5 2 .8
.90 04 4 8 .8  :0  04 5 4 .8
83 38 4 8 .8  263 38 5 7 .9
86 38 1 1 .7  266 3# 2 1 .5

I <1 40 0 7 .5  31 I 40 1 * .I
157 06 2 " .3  337 06 28 .6
16: 35 2 8 .5  741 35 34 .6
I '6  35 2 9 .I 356 35 34 .2
I '9  :U 5 3 .9  359 :0  5 8 .8
To: 57 : l .6  22 52 20.0
2"7 05 39 .5  27 05 44 .9

15 06 41 6 55 06 46. 7
178 30 4 5 .3  308 40  5 0 .2
131 40 0 3 . 0  311 40 1 4 .I
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4 3 26

3 4 $
32 3# 4 5 0
5S 14 1 1 6

55
0 8

4 6 100 10
53 353 4 4 04
1 5 356 26

1 3 1  41 4 1 , :  
157 07 51. 
161 37 00 . 
1 7 *  3 6  5 9 .
I 79 12 22.1 
202 53 4 : .'  
207 07 I I . ,  
235 0# : 
12# #2 I# . 
131 41 4 1 .1

31 I 41  5 3 . 7  
337 OH 0 4 . 2  
34: 37 1 3 . 6  
356 37 1 2 . 1
3 3 9  | 2  37 .7  

22 53 3 6 .9
2 7  0 7  2 3 . 1  
3 5  O S  2 5 . 3  

3 0 8  4 2  3 0 . 5  
3 1 !  4 1  S 3 . 3
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RfDUCT ION OF THEOOOLITE OBSERVATION#

GENERAL INFO RM A TIO N

n u m b e r #  t o  c r e e t e / h # v  
v i t p u t  o f  * 1 1  t h e  o b » e

KERN Dt M3 • 1 6 9 6 0 8

w e e  d e t e .  C : _ D 2 ,_ 8 6  
d e g r e e s ,  m i n u t e s ,  s e c o n d s

3 5 6  41  3 0 . 0
2 2  0 7  4 4 . 9  
2 6  3 6  5 3 . 5  
41  3 6  5 1 . 1  
6 7  5 3  3 5 . 8  
7 2  0 7  0 3 . 5  

1 0 0  0 8  0 8 . 4

1 7 6  4 1  2 6 . 3
2 0 2  0 7  3 8 . 1  
2 0 6  3 6  4 9 . 6  
2 2 1  3 6  4 6 . 5  
2 4 7  5 3  3 0 . 1  
2 5 2  0 6  5 7 . 4  
2 8 0  0 7  5 9 . 8

N o  p o i n t

41  4 3  0 2 . 3  
6 7  0 9  1 4 . 4  
71  38 2 4 .8  
88 38 2 0 .3  

1 1 2  5 5  0 3 . 4  
117 08 3 2 .8  
1 4 3  0 9  3 4 . 5  
41 4 3  0 1 .8

7 2 1  4 3  0 8 .4
2 4 7  0 9  23 1 
2 3 1  38 3 4 . 4  
268 38 3 0 .0
2 9 2  5 3  1 3 . 8  
2 9 7  08 4 1 . 8  
3 2 3  0 9  4 1 . 3  
2 2 1  4 3  0 8 . 4

A p p e n d ix  E , DATA



n o *  p o i n t

3C

I 33 51. 
13: 33 4*. 
157 50 32. 
1*2 04 uO. 
190 05 01. 
#& 3# 2#.

26& 3# 41. 
29? 04 55.! 
296 34 03. 
31: 33 59.1 
337 50 43.' 
. <42 04 10 .1  

10 05 13.' 
266 3 8  41.1

0 0 # p o i n t

131 40 01. 
157 06 13. 
16: 35 24.
: 74 35 21. 
202 52 02. 
207 05 32.! 
235 06 32.! 
13: 40 0 1 .I

3:1 40 14.8  
337 06 2 7 .3  
34: 33 35 .5  
356 35 3 5 .2  

22 52 17.6  
27 05 4 4 .0  
5" 06 4 6 .0  

35 I 40 15.0
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 ..................
M l t l t l l l t M t t l t l t M I I M I M M I I M M t M M I I I M M M I M M M I t t l l t M

QENCRAL IN FO RM A TIO N

Ob « e r  v * f  

W m t h e r  C o n d i  t  l

12 January l*#v I n s t r u m e n t  l KERN DKM3 • 1 6 9 6 0 8

I  C e d e  n u m b e r •  t o  c r e a t e ^ h a v e  a c c e s s  t o  t h e s e  d a t a *  C ,_ D 3 ,  8 6  
* •  T h e  o u t p u t  o f  a l l  t h e  o b s e r v a t i o n s  i s  i n  d e g r e e s ,  m l m u t e s , s e c o n d s

8 6  3 8  1 2 . 8  2 6 6  3 8  2 2 . 4
1 1 2  0 4  2 7 . 3  2 9 2  0 4  3 3 . 8
I 1 6  3 3  3 7 . 8  2 9 6  3 3  4 3 . 9
1 3 1  3 3  3 6  8  3 1 1  3 3  4 0 . 3
1 5 7  5 0  1 9 . 4  3 3 7  5 0  2 6 . 2
1 6 2  0 3  4 7 . 0  3 4 2  0 3  5 3 . 1
1 9 0  0 4  5 0 . 4  1 0  0 4  5 5 . 2

8 3  3 1  5 4 . 5  2 6 3  39 0 0 . 3
8 6  3 8  I B . 8  2 6 6  3 8  2 1 . 5

I V6  4 3  1 5 . 5  3 5 6  4 3  2 3 . 3
2 0 2  0 9  2 0 . 4  2 ?  0 9  3 6 . 3
206 3 1  3 1 .  2  2 6  3 8  4 4 . 8
221 3 8  3 5 .5  4 1  3 8  4 2 . 7
247 5 5  2 1 . 1  6 7  5 5  2 6 . 2
252 0 8  4 8 . 1  7 2  0 8  5 5 . 9
7 0 0  0 9  4 9 . 8  1 0 0  0 9  5 9 . 6
173 43 3 2 . 6  3 5 3  4 3  5 9 . 4
’ 7 6  « 3  1 6 . 1  3 5 6  4 3  2 2 . 8
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E . 2  F R O M  C O N T R O L  P O I N T S  T O  F A C E  P O I N T S

i

R E D U C T IO N  O F T H E O D O L IT E  O O SfR V A T IO N #

GENERAL IN FO R M A T IO N

KERN  DKM3 # 1 4 9 6 0 0

C. i d 1 11 o n *

C o d *  n u m b e r  * t o  c r e a t e / h a v e  * c c * « *  t o  t h e s e  d a t a :  
T h e  o t i t t  u t  o f  * 1 1  t h e  o b s e f  v * t  i o n » i *  i  n  d e g r e e * .

1 * 7  3 2  1 9 . 5  7 Z2  3 0 . 3
2 1 7  5 2  2 4 . 4  3 7  5 2  3 5 . 6
2 6 9  2 4  1 1 . 5  8 9  2 4  1 9 . 3
3 1 4  0 8  5 9 .2  1 3 4  0 9  0 8 . 2
3 3 3  0 7  1 7 . 6  1 5 3  0 7  2 9 . 0
3 3 4  3 1  2 0 . 7  1 5 4  5 1  2 9 . 7
3 4 9  5 3  5 8 . 6  1 6 9  5 4  0 6 . 4

0  3 0  0 7 . 9  1 8 0  3 0  2 0 . 0
4 2  1 2  0 3 . 6  2 2 2  1 2  2 0 . 6

I S O  5 1  3 3 . I  3 1 0  5 1  4 1 . 4
1 4 1  0 5  1 1 . 7  3 2 1  0 3  2 3 . 3
1 4 9  2 4  2 9 . 4  3 2 9  2 4  3 7 . 7
1 8 7  3 2  2 1 . 4  7  3 2  3 1 . 0
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732 33 5 0 .3  
262  53 5 5 .0  
3 1 4  2 5  3 9 . 0  
359 10 27 .9  

I# 0# 4 * .#  
19 52 50 .2  
34 55 29 .3  
45 31 3#.& 
#7 13 39.1  

175 53 0 1 . 9  
I # 6  “ 6  4 3 .6 ,  
194 25 5 9 .5  
232 33 5 0 .2

52 34 OO
8 2  5 4  0 6  

1 3 4  2 5  4 8  
1 7 9  1 0  39
1 9 8  0 8  56
1 9 9  52 5 8  
2 1 4  5 5  3 9  
225 31  4 6  
267 1 3  50 
355 5 3  1 1

6 0 6  5 3  
1 4  2 6  0 8  
52 33

S t  p o i n t  O b e  p o i n t  CL CR

P N 277 18 3 3 5 2 6
2 m 307 22 127 5 5 3 3
1 0 359 05 27 17

53 224 12 0 3
16 2 4 3 1 0 2 3

5 4 17 2 * 4 3 4 27
56 5 8 259 7 0 5

w 90 33 03 270 3 3 13
B 132 13 0 8 3 1 2 I S 20

220 3 4 2 8 4 0 3 4 3 5
231 0# 10 5 1 0 8 1 8
239 27 26 5 9 27 3 2

9 7 3 5 2 8

N o S t  p o i n t  O b e  p o i n t  CL CR

$6 53 0 1 4 2 3 7 0 3 .
5 7 3 1 7 2 3 7 0 7 .
3 8 8 224 2 8 4 7 .
29 5 2 6 9 1 3 4 0 .
52 4 2 8 8 12 0 0 .
55 8 9 5 6 0 0 .

C 3 3 0 304 5 8 4 2 .
w 8 3 1 5 3 4 S I .
# 41 3 5 7 1 6 5 2 .
V 05 8 5 1 3 .

4 5 5 9 6 0 9 5 8 .
284 '»3 1 0 4 2 9 1 2 .
3 2 2 0 1 4 2 37 0 3 .

appendix E. DATA



R f O U C tlC N  OF T W fiJO n, 1 ? E  O M fP V A T lO W S

IN FO RM A TIO N

n t  i  KERN DKM3 # 1 6 9 6 0 #

N o  S t  p o i

i 0 4  2 0 . 9  
i 14  5 1 . 0

35 1 . 3 6  0 2 . 5  
V 3 2  5 6 . 6

5 5  I t  3 0 . 1  
71  2 4  0 0 . 9  
8 5  5 5  1 4 . 3  

1 0 7  1 8  1 7 . 0  
1 2 3  3 0  4 9 . 5  
1 8 0  21  4 9 . 6
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120 05  40 .  
213 16 0 * .  
220 14 54. 
223 37 1*.

272 01 50. 
200 12 46., 
2*6 25 I B .  
310 56 31. 
332 I* 34., 
3 4 0  5 2  0 4 ,

60 4 7  0 5 .  
66 14 26. 

120 05 30.'

300 05 51. 4 
33 16 20 .4  
40  15 05. 7 
43 37 36 .9  
53 34 2 9 .1  
92 02 10.4  

iO O  13 0 0 .4  
i 16 25 3 1 . 8  
130 56 4 3 .7  
152 19 4 5 .2
n e  32 1 6 .5
2 2 5  23 1 0 . 9  
240  47  1 5 .6  
246 19 3 6 .5  
300 05 5 1 .0

164 4 2  4 0 . 2  
257 33 19.2
264 3 2  O S . 1 
2 6 8  14  3 1 . 1  
2 7 #  11 2 5 . 4  
316 39 0 0 .  3  
3 2 4  4 9  5 0 . 6  
341 02 2 8 . 7  
3 5 5  33 4 0 . 5  

1 6  5 6  4 5 . 4  
33 0 9  1 6 . 6  
90 0 0  1 1 . 9  

105 2 4  12.7  
110 5 6  30 .3  
1 6 4  4 2  4 9 . 0

5 4 4  4 3  0 0 . 7  
7 7  5 3  3 2 . 7  
9 4  5 2  1 9 . 1  
9 8  1 4  4 0 . 2  
9 8  11  3 6 . 2  

1 3 6  3 9  1 0 . 0  
1 4 4  5 0  0 9 . 6  
1 6 1  0 2  4 0 . 5  
1 7 5  3 3  3 0 . 0  
196 5 6  5 4 . 8  
2 1 3  0 9  2 6 . 7  
2 7 0  0 0  1 0 . 5  
2 8 5  2 4  3 0 . 9  
2 9 0  5 6  4 9 . 1  
3 4 4  4 3  0 1 . 5

^ 3 1  p o i n t

209 4 4  2 1 . 6  
3 0 2  5 4  5 3 . I 
3 0 9  5 3  3 0 .3  
3 1 3  1 6  0 3 . 1  
323 12 5 6 . 0

9  51 2 9 . 0  
2 6  0 4  0 1 . 5  
4 0  35 1 5 . 0  
6 1  5 8  16.5  
7 9  10  5 2 . 3  

1 3 3  0 1  4 2 . 6  
1 5 0  2 5  4 ® .1  
1 3 3  5 8  1 0 . 8  
2 0 9  4 4  21 .2

29 4 4  3 1 . 4  
1 2 2  5 3  0 2 . 7  
1 2 9  3 3  4 8 . 3  
1 3 3  1 6  1 2 . 7  
1 4 3  1 3  0 9 . 0  
1 0 1  4 0  4 9 . 3  
1 8 9  3 1  3 9 . 2  
2 0 6  0 4  1 2 . 0  
2 2 0  3 3  2 4 . 3  
2 4  1 5 8  2 7 . 4  
7 , 8  11 0 0 . 9  
3 1 5  0 1  5 3 . 1  
3 3 0  2 3  3 7 . 0  
3 3 3  3 0  2 0 . 3  

2 9  4 4  3 2 . 1
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1

I M M M t l l t l i l l t t t t l K l t t t M t K f t
RfeDU'tT ION OF i Mf ODOL i TE Of'S f  FVfi  T I ONS

I I I I • > I I  I * I  I • I f • • » • > ■ • I • > • I « • I • > t  I ■ • I ’ > t  I  t I  I  ( I  I  I l > I « I 1 i  • t  * (  > t  <

OtfftRAL ]N*OWMAT:ON

Ot) * * r  v e-"

C onditi

i J a n u a r y  1 9 8 0 u * * n t  i tK R N  DIM ". # 1 6 9 6 0 8

•  S T h e  n u t  P u t  o f  a  1 1 i n *
r tm  d a t a ;  F , F , 86 

>i»Qr  «•«?», mi n u t e e  , s # r  o n d s

n i m i i i s s m

Appendix E. DATA

342 47 46 .  
Z3I 43 23. 
737 56 17. 
242 27 37., 
242 32 4
245 16 34.
246 35 39. 
233 34 38. 
255 04 12. 
259 33 32.1 
259 51 38. 
268 59 |9 .  
271 01 01. 
280  4 7  26. 
296 33 35. 
299 35 0 5 . '  
3 0 4  59 59 ., 
33: 37 55 .' 
342 4 7  4 6 .

16: 4 7  5 2 .6
51 43 3 1 . 3  
57 56 22 .4  
62 2 7  4 2 . 5  
6 "  32 5 1 . 4  
t i t ,  16 4 0 .  4  
66 3 5  4 4 . S  
73 3 4  4 5 . 5  
7 5  0 4  17.5  
79 33 37 .4  
79 5 1  4 3 . 4 
8 8  5 9  27.7

1 0 0  4 7  3 4 . 1
1 1 6  3 3  4 2 . 2  
1 1 9  3 5  1 8 . 3  
1 2 5  OO 03 .9  
157 3 8  0 2 . 0  
162 4 7  5 3 . 5

27 49 40 .9  
276 45 21 .6  
282 58 13 .7  
287 29 3 2 .I
28 7 34 3 8 . 2
290 18 3 0 .6
291 37 3 3 .5
Z?U 36 3 6 . 6  
30 0 06  0 6 .9  
304 3 5  2 0 . 7  
304 5 3  3 2 . 8  
3 1 4  01  1 5 . 6  
3 1 6  0 2  5 7 . 3  
3 2 5  4 9  1 7 . 9  
3 4 1  3 5  3 1 . 4  
3 4 4  37 0 3 . 7  
350 0 1  5 0 . 4  

?-> 3 9  5 1 . 3  
2  7 4 9  .

207 49 4"*. 2  
96 4 5  26 .0  

1 0 2  5 8  1 6 . 4  
107 2 9  3 0 . 8  
107 3 4  4 5 . 3 
I 10 1 8  3 5 . 4  
111 37 3 6 . 9

•6 11.4 
5  3 3 . 7  
3  3 6 .  1 

22. I
1 3 6  0 3  0 5 . 5  
1 4 5  4 9  2 6 . 6  
1 6 1  3 5  3 6 . 0  
1 6 4  3 7  0 9  9  
1 7 0  0 1  5 * . 9  
2 0 2  3 9  5 4 . 9  
2 0 7  4 9  4 7 . 0



7^ 50 56 
3 2 i 4 6  34  
327 5* 21 
332 30 4 4  
332 35 50
335 19 43
336 38 45 
34 3 37 48 
345 07 20 
349 36 3# 
344 5 4  4 7  
354 02 26

10 50 32
26 36 43
24 38 18
35 03 03 
67 4 1  06 
72 50 56

1:7 92 25 .2  
6 48 03 .3

1 3  0 0  5 4 . 5  
1 7  3 2  1 3 . 3  
1 7  3 7  1 7 . 0
2 0  2 1  1 4 . 5
21 4 0  1 5 .7  
2 8  3 4  16.2  
30 0 8  4 9 . 0  
3 4  38 0 8 . 8  
34 5 6  1 6 . 4  
4 4  03 5 8 .0  
4 6  09 4 0 . 4  
55 5 2  0 5 .3  
7 1  3 8  1 4 . 9  
74  3 9  4 7 . 1  
8 0  0 4  36.7

1 1 2  4 2  3 5 .0  
1 1 7  92 25 .3

"52 5: " 0 .0

4 7  54 28 .6  
52 30 5 0 .8
52 3 6  O O .1
53 19  47 .2  
56 38 S O . 3 
63 3 7  5 1 . 8
6 3  0 7  2 4 . 4  
6 9  3 6  4 5 . 4
64 5 4  50. I 
74 0 2  3 3 . 8  
81 0 4  1 6 . 4  
90 50 4 0 . 5

2 0 6  36 4 9 . 0  
204 3 8  2 5 . 5  
2 1 3  03 10 .8  
2 4 7  4 1  0 9 . 8  
252 51 0 0 . 2

247 52 3 0 .0
1 8 6  4 8  0 6 . 8  
1 9 3  00 5 8 . 7  
197 32 1 8 . 4  
1 9 7  37 2 6 .7
200 21 1 5 . 0
201 4 0  1 9 . 5  
208 3 9  2 3 .0  
210 0 8  5 4 . 0  
2 1 4  3 8  1 3 . 7  
2 1 4  5 6  20. 2 
2 2 4  0 4  0 3 . 9  
2 2 6  0 5  4 6 . 4  
235 52 0 8 . 5  
251 3 8  1 0 . 6  
254 39 54 .1  
260 0 4  3 7 . 7  
292 4 2  3 8 . 4  
297 5 2  3 0 .9
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H I M M I H I t l M S I M M M I M M M M I M M M M i e l M I I M M M l M M I I I S I
F.ED U CTIO N  O F TH FO D U  l i t  O fS tk V A T  IO N S

M N tk A L  |F * O A IW T IO N

O a t ,  l J * r , u * r y  I n * t r u m * f , t  l ^ERN D* M? # 1 6 9 6 0 #
0 6 * # '  - l  I . P .  W
B o o t  e r  i ! . t*. W
W e< t  he »  f o n d  i t  i I

I Code  number e t o  t t  »« t  » / h  »v# jic c e s s  t o  t h e s e  d * t  e  i F , _N , 86
» • The o u t  p u t  a* a  i I t h e  o b e e r  ■, a t i on*  i e i n  d e g r e e * ,  ms n u t e e ,  ewe onds

A ppendix E. DATA

39 4 8  07 .  
6 ?  3 6  5 # .
/ *  01  3 6 .
79 33 2 7 . I 
63  35  0 2 . ,

1 0 8  03  3 0 .
110 35  07.< 
161  2 6  2 4 . ,
1 6 6  0 5  3 0 .1
167 I# 53.1 
323 59  04 .1

19 49  56.  
35 33 5 3 . (  
39 48 0 8 . t

2 i 9  48  2 4 .6  
247 37 1 5 .3  
259 01 5 3 . 5  
239 33 4 8 .3  
265 55  21 .1  
2 79 13 0 9 . 5  
268 04  0 5 .1  
290 55  2 5 .6  
341 26 4 5 .6  
346 0 3  4 8 . 4  
34 7 20 0 8 . 3  
145 59  19 .7  
196 30 12.6 
215 34 0 6 .0  
219  48  2 3 .2



Ob s p m  n t

84 59 4 3 .8  
1 1 2  4 0  34.3  
124 13 13.3  
1:4 4 3  O S . 7 
ITl 06 38 .8  
1 4 4  2 6  31.3  
133 15 25 .8  
156 06 4 1 .8  
206 37 3 7 .8
211 17 0 0 .6
212 31 27.1  

I 1 10 4 2 .3  
64 o i 32 .8  
80 4 ' 29 .6  
84 5 9  4 3 . 1

264 59 38.
2 9 2  4 8  4 9 .  
3 0 4  13 28. 
3 0 4  4 5  23. 
311 06 53. 
324 26 45. 
333 15 42. 
336 06 56.' 

26 38 18.,

|9 |  10 53.
2 4 4  01  4 6 .  • 
2 6 0  4 3  4 2 .  ■ 
264 59 3 6 . '

130 01 
157 50 
169 24

189 28 
19# 16 
201 
251 39
256 18
257 32 
56 12

109 03 
1 23 4 7

3 1 0  01 2 7 . I 
337 50 1 6 . 0  
3 4 9  1 4  5 6 . 7  
3 4 9  4 6  5 1 . 2  
356 08 2 2 . 3  

9  28 I B . 2  
1 8  1 7  08.7  
21 08 2 5 . 8  
78 39 5 0 .9
76 I S  4 7 . 5
77 33 12.2  

236 12 22. 3 
289 03 15 .0  
305 4 7  1 1 . 9  
310 01 2 7 .8

175 02 46 .7
2 0 2  51 3 7 . 8  
2 1 4  1 6  1 5 . 3  
2 1 4  48 0 9 . 6  
22: 09 4 1 . 4  
734 29 35.1  
2 4 3  1 8  2 9 . 8  
2 4 6  0 9  4 5 . 6  
296 41  0 8 . 9  
3 0 1  20 1 0 . 8  
1 0 2  34  3 0 .  3  
101 1 3  4 3 . I 
1 5 4  0 4  3 4 . 7  
I 7 0  4  8  2 9 . 2  
1 7 5  0 2  4 7 . 7

355 03 0 0 .0
2 2  51  4 8 . 8  
34 16 2 7 . 7  
3 4  48 25.4  
41  0 9  5 1 . 5  
5 4  2 9  4 9 . 5  
63 18 4 4 . 3  
66 10 00.8 

116 41  2 7 . 2
1 2 1  2 0  2 4 . 0
1 2 2  3 4  4 6 . 3  
281 13 5 9  0  
334 0 4  4 9 . 5  
3 5 0  4 6  4 5 . 8  
355 03 0 0 . 3

Appendix E. DATA 2 2 0
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O b s  p o i n t

0 4  5 9  4 3 . 0  
I 12  4 9  3 4 . 5  
1 2 4  1 3  1 3 . 3  
1 2 4  4 5  0 8 . 7  
I T t  0 6  3 8 . 8  
1 4 4  2 6  3 1 . 3  
153 15 2 5 .#  
1 5 6  <■'6 4 1 .  B 
206 3 / 5 7 #
211 17 0 0 .6
212 31 27. 1 

11 1 0  4 2 . 3  
6 4  0 1  3 2 . 8  
8 0  4 5  2 9 . 6  
9 4  5 9  4 3 .  1

264 59 5#. 
292 4# 49.
3 0 4  1 3  2 8 . '  
3 0 4  4 5  23. 
3 1 1  0 6  53. 
3 2 4  2 6  4 5 .  
333 15 42. 
336 06 56 ., 

26 3 #  I # . ,
31 17  2 1 .
32 31 3*. 

191 10 53. 
2 4 4  01  46. 
2 6 0  4 5  4 2 .  
2*4 59 5 6 . -

O b »  p o i n t

130 01 12.2  
1 5 7  5 0  0 4 . 4  
1 6 9  1 4  4 4 . 7  
1 6 9  4 6  37 .0
1 7 6  0 0  1 0 .1  
1 8 9  2 0  0 2 . 7  
1 9 #  1 6  5 4 . 6  
201 0 0  1 2 . 9  
251 39 3 6 .  3
2 5 6  1 0  3 4 . 8
2 5 7  3 2  5 9 . 4  

5 6  1 2  1 0 . 0
1 0 9  0 3  0 4 . 1  
125 4 7  0 0 . 6  
130 01 14 .0

3 1 0  0 1  2 7 . |  
337 50 1 6 . B 
3 4 9  14  5 6 . 7  
349 4 6  5 1 .2
356 0 8  2 2 .  3 

9  2 8  1 9 . 2  
1 8  1 7  0 0 . 7  
21 0 6  2 5 . 8  
71 39 5 0 . 9  
7 4  1 8  4 7 .  5  
7 7  33 1 2 . 2  

236 1 2  2 2 .3  
2#9 C3 15.0  
3 0 5  4 7  1 1 , 9  
3 1 0  0 1  2 7 . 0

ARC N O. 4

1 7 5  0 2  4 6 . 7  355 0 3  0 0 . 0
2 0 2  5 1  3 7 . 0  2 :  5 1  4 8 , 8
" 1 4  1 6  1 5 . 5  3 4  | 6  2 7 . 7
2 1 4  4 0  0 9 . 6  3 4  4 8  2 5 . 0
2 2 1  0 9  4 1 . 4  41  0 9  5 1 . 5
2 34 2 9  3 5 . I 5 4  2 9  4 9 . 5
2 4 3  1 8  2 9 . 8  6 3  1 8  4 4 . 3
2 4 6  0 9  4 5 . 6  66 1 0  0 0 . 8
2 9 6  4 1  0 9 . 9  1 1 6  41  2 7 .2
3 0 1  2 0  1 0 . 8  121  2 0  2 4 . 0
3 0 2  3 4  3 0 . 3  1 2 2  3 4  4 6 . 3
I O I  1 3  4 3 . I 2 8 1  1 3  5 8 .>
1 5 4  0 4  3 4 . 7  3 3 4  0 4  4 9 . 5
1 7 0  4 8  2 9 . 2  3 5 0  4 9  4 5 . 8
1 7 5  0 2  4 7 . 7  3 5 5  0 3  0 0 . 3
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REDUCTION OF THE MX* ITE %SERVAI|OMg

O FNERAL IW O R M A T IO N

u m # n t  I KERN D * n 3  # |a 9 h O #

I  C o d e  n u m b e r  * t o  i r e * t • ' h a t  t  a c c  * s «  
** ! h*  o u t p u t  a *  s i  I t h e  o b s e r v a t i o n *

t h e s e  d a t  a i  F ,_ Q  ,  # *  
i n  d e g r e e s ,  e i n u t e e ,  s e c o n d s

3 6  49  5 3 . 3
3 8  I *  4 2 . 1  
4 7  OO 3 1 . #  
3 8  4 4  0 6 . 4
6 2  3 2  4 6 , 4  
6 2  4 2  1 0 . 8  
7 0  1 9  0 0 . 5  

3 3 7  5 0  4 4 . 5  
3 4 7  1 9  3 3 . i
3 5 0  2 4  3 5 .
3 5 1  0 4  0 5 . 3  

2 6  0 6  5 6 . 6  
2 9  5 1  1 7 . 2

2 0 9  5 1  3 1 . 8  
2 1 6  5 0  0 7 . 1  
2 1 8  2 6  5 7 . 9  
2 2 7  0 0  4 6 . 7  
2 3 #  4 4  2 0 . 3  
2 4 2  3 3  0 0 . 3  
2 4 2  4 2  2 1 . 4  
2 5 0  1 9  1 1 . 4  
1 5 7  5 0  5 7 . 6  
1 6 7  2 0  0 7 . 1
1 7 0  2 4  4 7 . 6
1 7 1  0 4  2 7 . 3  
2 0 6  0 7  1 1 . 5  
2 0 9  5 1  3 3 . 4

A ppendix  E . DATA



A *C N O .

a i  3i
a s  j*  i? 
92 02 03 

103 43 42 
107 34 22 
107 43 4T 
113 20 31 
22 52 21
32 21 2#
33 24 II
34 03 45 
71 0# 31

2714 5 3  0 3  
241 51 3# 
243 2 3  27 
272 02 14 
2#3 43 50  
207 34 29 
2#7 43 51 
293 20 41 
202 52 27 
212 21 35 
215 24 20 
214 03 37 
231 O# #2 
254 53 03

119 54 0
124 32 3# 
12# 29 44
137 03 34 
148 4 7  09 
132 S3 52 
132 4 5  13 
140 21 39 
47 33 50 
77 22 34 
#0 27 40 
81 07 05 

114 10 01 
119 54 20

299 5 4  27 
304 53 02 
30# 29 50 
317 03 39 
32# 47 14  
332 35 54 
332 45 14 
340 22 04 
247 5 3  32 
257 23 03
240 27 45
241 07 14 
294 10 0# 
299 5 4  29

O b e  p o i  n t

4 44-
9 3  49
97 3 /  54 
97 47 17 

205 24 03 
12 55 34 
22 24 5# 
25 29 41 
24 09 16

64 54 24

344 54 24 
331 55 04 
353 31 53 

2 05 3# 
13 49 14 
17 J7 56 
17 47 18 

24 05 
2 - 3 5

304 25 v1 
303 29 44 
30* 09 IT 
3 4 I 12 0 4  
3 4 4  54 28
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W D t f T l O N  OP r i f O O O H T E  U D SE kV A T IO N S

f W UkMAT (ON

Cod* r«u«C*f* tO ( '* # ( *
f ' ' »  (Hi f  p u t  o f  <*11 t >■<*

" ,  oi,_m 4 
* ' n u t * * ,  »

#* 24 U .
too  20 '

105 01 
IO* 45 OW. 
10# 24

10 04 45.

24# 50 07. 
254 3# 52.

?#0 30 16.

2#5 Ui 2# . 
2#6 45 25. 
2## 25 '
511 ?W 52, 
l*V 04 56. 
221 51 
/2 2  34 05. 
240 05 07 . 
.4 5  34 21,
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WDUCTICN OF 7MEOOOLITE OB^RVATICW* 
i s n i m m i n i m i i f r t i i m e i i i i i i f i n n m e i e n e i i i e i i i i i i i i t

OEN^PAI. INFORMATION

D a t e  i #  J m r .u a f y  l » e o  l n « t r u # * n t  i KCRN D »M 3 # 1 6 9 6 0 #
Ob * * ' -  v m r  i I . B ,  k
BooVer I 1 . B.W
W##thpr F o n J illo n i.  I

* Coo* nuMbwr s  t o  i r mrntm/hmvm m e t  wee * o t h e * *  d # t * i  F , 0 2 , „B&
*« The Out put f>» •  i 1 the ob** r  vst i on*  l s i n degrees, minutes, seconds

ARC MO. I

NO S t  p o m t Obs p o in t

t 33 00 9
41

05 5
27 27 9
23 24
50
04 04 7

196 4 6 13 48 8
IV# 55 28 10 4

E 221 3: 26 31 3# 9
93 39 20 249 39 3* 0
94 71 5# 55 252 09 4
9SA 73 19 2 5 253 19
127 T5 s : 255 32 4 5

T3 4# 2 5 5 4 9
7 / :o 10 2 5 7 10 26

0 7 1# 2 5 # 0 7 3 0
12 1# 2 5 #
5 # 2 3 #
11 #
21
01 2
13 7
!*7 a
12 12
2 0 2 0 9
32 3 2
12 29 0

17 5
3 7 2 7 4 5 5
5 5 2 7 5 4
24 2 7 6 3 2 #
3 # 2 7 # 25 7
0 7 0 5 3

5 4 2 # 4
3 7 13 0

3 3 0 08 e
3 3 5 6
3 3 7
53#

A ppendix E. DATA 225



Appendix  E .



R t - P U L r i U N  O F  TH fC DO L IT E  DH nL kV A T IO N S 
l l t l S I S M l S M I I M M M M I I I S M I I S M I I M I M I M t M M M M M M I I M I S e

Ji.NCAAL INFORMATION

Obeer - o*

W vjithe-

1 <•' » t r i i m r n t  t  KtHN DKMJ

t  C o d #  f ' u m b e f  *  t o  c r  e c  t  e-- v e  a r c * # #  t o  * h e e »  d<atm> F ,  E ! , _ 8 6
• e The c n itp u f o f call t h e  nbew r v a t  t on« I * t n d e g r e e s ,  *1 n u t * # ,  s e c o r .d e

ECHO

OU* p o in t

ARC MO. 1

51 45 2 4 ,8  231 45  3 1 .7
67 48 ', 9 . 9  247  40 4 2 .0
72 04 4 2 .0  2 5 2  04  4 8 .2
01 06  5 7 .8  261 07  0 3 .8
91 11 0 1 .6  271 i 1 0 4 . I
93 16 0 9 . 7  2 7 3  16 1 3 .5

105 13 3 9 .5  2 8 5  13 4 6 .0
107 20 0 1 .1  287  28 0 6 .8
146 0 8  5 8 .7  3 2 6  09 0 3 .2
158 OO 3 9 .1  3 3 8  00 4 4 .0
311 38 2 0 .4  131 38  2 5 .4
342 13 4 2 .3  162 13 4 8 .8

2 40  3 5 .5  182 40 4 0 .8
tO 06  4 0 .1  190 06  4 6 .0
11 57  0 1 .1  191 57 0 9 .9
19 05 12.4  199 05  1 9 .9
30 31 5 8 .5  2 1 0  32 0 4 .0
38 0 2  2 6 .7  21 8  0 2  2 8 .8
39 50  0 0 .5  2 1 °  SO 0 5 .5
47 43 3 8 .5  ."27 43 4 3 .9
51 45 2 5 .4  231 45  3 2 .4
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4

0 6  4 5
33 27
0 3  3 3
31 2 8
* 3  10



K F D U L I I O N  OF TUFO DOL ITE  OBS ERV ATI ONS 
M I M I M t l M i M M i M e i H e i M i M M M i t l H l t l S f S t l M l M I I H e i l t t M

Of  NENAL IN FO RM A TIO N

O b e e r v e r  
Boo*, e r
W e a t h e r  C o n d i t

9  J a n u a r y  i 9 8 0 I n s t ,  v n e n t KLRN Dt M3 * 1 6 9 6 0 #

C o d *  n u m b e r s  t o  
T h *  o u t p u t  o f  a l l  t h e  o b t e r v e t t

t h e * *  d » t a i  
i n  d e g r e * e .

._E2._86

m s e i i i K t i n i i i n i i i i i s i y e i e i i m n n i s i i m n i n i m i e i i s i i i i i i i s e i i i m n n

0 9 .6
2 0 .8
4 9 .8

5 0 8 . 1
0 5 .  1
4 4 .0
2 4 . 3
0 4 .8 1 4 .5
5 0 .4 5 7 .6

1 9 .9

13 1 15 1 7 .9
!< 0 2 .3 0 9 . 8
15 101 1 0 .0 1 7 .2

I 16 3 2 .3 3 9 . 1
5 2 . B 231 44
2 2 .2 232 10

19 0 3 3 4 .9 233 03
20 5 2 5 7 .9 53
21 5 7 0 5 .5

3 1
32
33 3 0 .8
34 2 7 . 3
35 1 2 .6
3u
37 0 3 . 3
36 5 8 .  1
39 5 4 .5
40

137 51 4 7 .7 317
141 33 3 1 .3 321
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6 C4 5 3 .5
46 20 2 5 ,8  
48 25 37 .2  
60 23 0 7 .5  
62 ?7 2*.&

10: IB 2 9 .8

9 7  z: ?*.,
94 39 01.

V5 |9  |9 . ,  
96 09 24. 
96 15 4 9 . .  
9 6  4 5  0 7 .

98 54 13. :
9 8  58  19.1
99 16 30 . : 
99 21 19 .- 
99 40 4 6 . '  
99 5# 1 4 .!

:0 0  01 23. 
IOO 31 :? .!  
loo  37 53.: 
100 40 20.(
100 41 16.«
101 3 0  55.<
101 53 30 .(
102 OB 3 8 . ;
102 20 37.1
103 15 21.!
104 13 5 7 . ;
105 08  0 8 .!
1 :7  23 o i .q
:45 16 01.#
t 74 59 2 0 . ’ 
182  52 5#.# 
186 54 44 .:

4 4  1 3 . 5
273 21 36 .4
2 7 4  39 0 9 . S
2 7 4  4 0  4 2 .0
275 19 29 .5
276 09 33 .4
2 7 6  1 5  5 4 . 6  
2 ? 6  4 5  1 7 . 3
2 7 7  I I  4 3 . 9  
2  7 8  0 4  5 8 . 7  
2 7 #  5 4  2 2 . 3
2 7 8  5 8  2 9  8
2 7 9  1 6  4 6 .7  
2 7 9  21  2 9 . 1  
2 7 9  4 0  3 6 . 6
2 7 9  5 8  2 2 . 2
2 8 0  0 1  3 3 . 6  
2 8 0  31 3 3 . 2  
2 8 0  3 8  0 1 . 7
2 8 0  4 0  2 8 . 1  
2 9 0  41  2 6 . 2
2 8 1  31  0 3 . 1
2 8 1  5 4  0 1 . 8
2 8 2  0 8  4 7 . 6
2 8 2  2 0  4 7 . 4
2 8 3  1 3  3 2 . 4
2 8 4  1 4  0 9 . 0  
29-5 0 8  1 8 . 6  
2 9 7  2 3  1 2 . 2  
3 2 5  1 6  0 9 . 0  
3 5 4  5 9  2 8 . 3

2  5 3  0 6 . 8
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RF DUCT ION Of TMtODOt i TE O PSEPVAT iQ N S

Wt'df  hear r a n d  i t  i o n *  i

G&N&RAL IN F U A M A H O N

D ^ t e  1 8  J a n u a r y  i 9 8 0  i h »  t  r u m e n t  I *• f fVN Dk M* #  1 6 9 6 0 8

W** t  hmr  T a n d i t i o n *  i

I  C o d e  n u m b e r *  t  a  c r e a t e / h a v e  &t c ••*«. t o  t  h e * *  d a t a :  F , _ A ! , 9 6  
■ t  T h *  rn. i t  p u t  o< a l l  t  h e  o h s e r  v d t  i o n e  i *  i n  r t e g r  w e *  , m i n u t e ® ,  s e c o n d s

AhC N O . I

No mt p o i n t  Ob* o o m t  CL CM

1 A i H X  2 4  5 1  4 6 . 6  2 0 4  5 2  0 8 . 0
2 F B 0  5 *  1 3 . 3  2 * 0  5 9  3 4 . 1
3 0 i 8 0  21  1 9 .  5  0  21 4 4 , S
«  R 2 2 1 0  2 4  5 3 . #  3 0  3 0  1 3 . 0
5  0  2 1 6  4 9  4 6 . 4  3 6  5 0  0 7 . 4
6 *7 2:7  z* *7 .7  37 27 07 .4
?  9 8  2 2 0  4 0  1 9 . 6  4 0  4 0  3 7 . 5
B K '3  2 2 1  23 0 9 . 9  41  23 2 8 . 6
9  L 222 3 8  3 3 . I 4 2  3 8  5 5 . 4

10 to e  2 2 3  21 5 6 .3  4 3  22 1 5 . 0
i t  UO  225  4 3  1 4 . 8  4 5  4 3  3 4 . 1
12  C i 227 5 1  3 2 . 9  4 7  5 1  5 4 . 2
13 106 2 2 #  21 5 9 . 4  4 8  22  1 9 . 8
1 «  H I  229  4 6  2 2 .9  4 9  1 6  4 5 . 6
1 3  1 0 2  2 3 0  37 3 8 .6  SO 37 5 9 . 4
1 6  1 0 7  2 3 2  I ?  0 5 . 8  5 2  1 7  2 6 . 4
1 7  I 2 3 3  0 7  3 2 . 0  33 0 7  3 2 . 1
1 8  1 12  2 3 3  4 0  5 1 . 8  5 3  41  1 4 .  1
1 9  M 2 3 4  4 6  3 6 . 7  5 4  4 6  5 9 . 7
2 0  iO A  2 3 6  11 5 1 . 8  5 6  1 2  1 2 . 5
21  2 2 >7 16  2 0 . 0  5 7  1 6  4 0 . 5
2 2  8 2 3 #  43 3 9 .5  58  4 3  5 9 . 5
7 3  13 2 4 0  23 0 6 . 7 6 0  23 2 9 . 1
2 4  1 5 7  240 4 5  5 7 . »  6 0  4 6  1 8 . 0
2 5  3 240 4 6  5 2 .7  6 0  4 7  0 9 . 1
2 6  V 2 4 2  4 2  2 0 . 4  6 2  4 2  4 1 . 6
27 14 2 4 4  06  2 0 . 2  6 4  0 6  4 0 . I
2#  1 5 6  2 4 4  4 0  5 7 . 4  6 4  4 1  1 6 . 0
2 9  4 2 4 6  11 5 6 .5  6 6  1 2  1 8 . 0
3 0  N 2 4  7 3 6  5 5 . 4  6 7  3 7  1 3 . 7
31  10  2 4 7  3 8  4 8 . 5  6 7  3 9  0 7 . 3
32  5 2 3 0  02 2 4 . 1  70 02  4 3 .  3
33  15  25\>  1 8  5 1 . 0  70 1 9  0 9 . 8
3 4  1 5 5  2 5 0  4 5  I : . 8  7 0  4 5  3 0 . 6
3 3  E 2 7 3  0 6  0 6 . 9  9 3  0 6  2 9 . 8
3 6  0  2 8 #  2 4  3 0 . r  1 0 8  2 5  0 8 . 6
3 7  D 3 1 1  5 3  2 9 . 9  1 3 !  3 3  4 9 . 0
3 8  C 3 2 #  4 0  3 0 . 2  1 4 8  4 0  5 0 . 6
3 9  B 33 5  2 9  3 6 .8  135 3 0  0 0  0
4 0  PO  1 8  25 1 0 . 4  1 9 8  25 3 7 . 0
4 1  POL 2 4  9 1  4 6 . 4  2 0 4  5 2  0 7 . 3
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RED U CTION  OF THf (HX3L I TE UmSCRVAT I llN S

M W A A I  INfUKMATION

C o n t U  t  i  o n *

I n # ; . '  u m e n t

t o  t h e s e  d a t a :  F ,  A ? ,  8 6  i*  1n  d e g r e e s ,  m i n u t e s ,  s e c o n d s

114 56 3 4 . t 
179 04 1 4 .9  
270 2& 2 # .I 
300 13 0 0 .0  
306 54  4 9 . 7  
312 43 3 7 .3  
324 51 4 1 .9  
337 41 3 4 .7
356 44 2 9 .3
3 5 7  4 8  1 0 . 7  
:a# 02 3*.7

0 44 , 5
1 50 O B .3 
3 11 0 9 .5
3 16 2 4 .4
4 : 7  2 8 . 6  
A 3 7  l | . 2  
# 20 2 4 .#

10 03 30 .7  
10 41 5 5 .5  
I I 03 2 1 .5  
12 22 0 2 .7  
!2 26 2 2 .V 
14 41 2 5 .2  
14 56  0 7 .6  
18 29 5 4 .4  
41 38 3 0 .6  
47 21 3 0 .5  
49 38 0 5 .6  
58 45 3 3 .3  
65  34 3 8 ,0  

108 30 2 0 .8  
114 56  5 2 .4

294  57  0 7 .1  
359  04 3 0 .2  

90  26 4 4 .7  
120 35 1 6 .9  
126 55  0 7 .6  
132 43  5 5 .2  
144 52  0 0 .0  
157 42 I * . 6
176 44 4 7 .4
177 48  2 6 .8  
176 0 2  5 1 .2  
180 37 5 9 .2  
191 5 0  2 0 .4  
183 11 2 * .7
183 16 4 0 .8
184 27 4 2 .7  
106 37 2 5 .4  
188 20 4 0 .6  
190 03 4 7 .3
190 42 1 1 .0
191 03  4 0 .7

194 4 |  4 0 .1  
194 5 8  2 2 .3  
198 30  0 8 .1  
221 38  4 6 .1  
227 21 3 1 .4  
2 29  38  2 0 .4  
2 38  43  4 8 .9  
2«tS 34 5 6 .4  
2 8 8  30  3 4 .2  
294  57  O B .3
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..-I ^ 1“  J ?  5 6 . 4

3 5  7 4 5  0 4 . 9  
9  5 3  I I . I  

7 : 43 ? ] .3  
41  4 5  i

4 5  3 9  0 9 . 0

53 *3 2 1 .9
5 6  0 4  4 6 . 4  
5? 23 Z B #
57 27 4&.U 
59 42 5 2 . 6  
59 54 3 4 . 4  
63 31 I S .4 
*+ 39 5 9 .5  
92 23 0 1 .7  
94 39 3 3 .4

1 0 3  4* 3 9 .  '. 
110 36 OS.4 
1 5 3  3 :  4 3 . 1  
1 5 9  " 8  I B , 4

I ^5 71) , 0 .0

223 04 : 2 . 2
225 39 21 .4
226 51 45 .4  
22# 12 47 .3  
22# I# 0 3 .9  
229 29 0 5 .2  
231 3 8  4 7 .9  
333 22 02.& 
235 05 11.4  
23? 43 35.& 
2:^ 05 02. m
1:7 23 3#.&

239 39 5 0 .0
243 31 32 .9  
266 40 1 1 .2  
272 23 I I . S  
274 34 4 4 . 3  
283 47 13.7  
290 3* 2V.& 
333 31 5 5 .4  
339 5# 2 7 . 5

Appendix E. DATA 2 3 4



O tJB *r v

f a t h e r  C o n d i

G t N t k A l  INFO A 1 I 0 N

8  J a n u a r y  1 9 0 0 I n s t r u m e n t K ERN  D* M : # 1 6 9 6 0 #

C o d e  n u m b e r  * t o  c r e * t e - h »  v 
The o u t p u t  o# a i l  t h e  o b i e

t o  t h e s e  d « t  e i  
i * in  d e g r e e s . * t  n u t * * ,  s e t 'o n d *

e e  3 9  12  
1*0 21 2#
2 1 0  2 9  3 3  
2 1 6  4 9  4 4  
2 2 2  1 0  3 4  
2 3 4  4 6  4 0  
2 4 7  3 6  3 4  
273 0 6  0 6  
2 0 0  2 4  4 9  
3:1 33 2 9

319 3 3  01 
32# 40 30
3 3 *  2 9  3 6  

I# 23 15
2 4  31  4 8

2 0 4  5 1  3 6 . 6  
2 6 8  59 2 1 - 0  

0  21  3 6 . 6  
3 0  3 0  0 4 . 9  
3 6  4 9  3 7 . 7  
4 2  3 8  4 3 . 3  
5 4  4 6  4 9 . 0  
6 7  3 7  0 3 . 4  
9 3  0 6  1 8 . 9  

10®  2 4  3 8 . 7  
1 3 1  3 3  4 1 . 8  
1 3 7  1 6  4 0 . 5  
1 3 9  3 3  1 2 . 0  
1 4 6  4 0  4 0 . 8  
155 2 9  4 8 . I 
,9#  2 5  2 4 . 0  
2 0 4  5 1  3 6 . 6
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1 14 54  34. 
179 0 1  53. 
270 24 10 .I 
300 32 39. 
506 52 2B.I 
3 1 2  4 1 19 .  
324  49 23 . 
337 39 37. 

3 0# 50 
I B  27 31. 
4 i  36 12.1 
47 |9  13. 
49 35 43. 
5# 43 14. 
65 32 20., 

10# 27 59. 
114 34  33.1

294 54 39.
359 )2 02. 
90 24 19. 

120 3 2  4 9 .  
1 2 6  5 2  4 1 .  
132 41  27. 
1 4 4  49 33 
f V  39 4 5 .  
183 09 OO. 
19# 27  41, 
221 3* 23. 
227 19 23. 
229 35 54. 
238  4 3  24. 
245 3 2  3 0 .  
280  28 0 6 . 
294 34 39.
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M .D U C I:T N  OF THEODOLITE O B U tR V A flO N *

GENCRA*. INFO RM A TIO N

I n s t r u m e n t  i KERN DKM3 # 1 6 9 6 0 #

* ( i ' d e  n u m b e r  9  t o  c e r * t e / h » v e  a t  c • » *  t o  t  h * » *  d a t a !  F ,  B 1 ,  8 6  
I t  T h *  o u t p u t  o f  a  I i t h e  o b s e r  v e t  t o r ,*  t «t i  n  d e g r e e s ,  m:  nut**, s e c o n d s

119 35  1 7 .8  2S-9 33 2 2 . 0
1 3 3  2 9  4 4 , i 3 3 3  2 9  S t . 7
1 9 8  4 9  3 7 .0  IB  3 0  0 6 , 9
2 1 9  4 0  0 5 . 8  3 9  4 0  1 3 . 1
2 2 2  1 2  2 3 . 6  4 2  1 2  3 1 . 9
2 5 4  30 4 7 . 4  7 4  38  3 4 . 6
280  0 0  1 6 . 6  100 00  2 2 . 7
2 9 2  0 4  3 1 . 6  1 * 2  0 4  4 0 . 9
318  3 6  1 1 . 4  1 3 #  3 8  1 8 . 8

3 3  1 3  2 4 . I  2 3 3  1 3  3 2 . 3
6 2  0 3  1 1 . 7  2 4 2  0 3  1 9 . 7

1 1 9  3 3  1 6 . 6  2 9 9  3 3  2 1 . 8

1 6 4  36 3 1 . 7  3 4 4  3 6  3 7 . 8
200  31 2 1 .5  20 31  2 8 . 9
243 31 3 % .7  6 3  3 1  4 3 . 4
2 6 4  41  4 4 . 1  8 4  4 1  5 0 . 1
2 6 7  1 4  O O .8 8 7  1 4  0 8 . 4
2 9 9  40 2 4 .L 1 1 9  4 0  3 1 . 4
323 0 1  3 4 . 3 1 4 3  0 1  5 8 . 4
337  0 6  0 9 .9  157 0 6  1 3 . 0

3 5 9  4 7 . 6  1 8 3  3 9  5 4 .  1
IOO 1 4  5 9 . 5  2 8 0  1 5  0 7 . 4
107 0 4  5 0 . 4  2 * 7  0 4  5 5 ,  1
1 6 4  3 6  5 0 . 8  3 4 4  3 6  5 8 . 2
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kEMKTION OF Tl*OlX%:TE UPSCRVAr IONS

% t  u
n t  p u t  o*  a i l  t h e  o b i t e r  v

t h e s e  d e t  «i 
ln dwgrees

F._B2 ._86
» i n u t e s ,  s e c o n d s

Oto* p o i n t

I I* K  07 .7  
:55 ZV 37 .2  
1 9 6  4 9  50.2
2 0 6  4 2  0 4 . 0
2 0 7  2 4  2 3 . 3  
20? 37 45 .3  
2 1 0  | 2  1 6 . S 
2:3 4 4  0 7 . 3  
2 1 4  2 6  7 2 . 5
2 1 4  53 1 2 . 6
2 1 5  5 6  4 5 . t
216 59 24 .#  
210 0 4  2 : . 4
219 40 0 1 .0
220 50 12.3

226 25 21 .0  
22# 20 0 9 .2  
231 33 0 9 . I 
2  12 57 1 1 . 4  
233 20 00.0 
2 - , 4  3 8  4 0 . 2  
20V C*0 1 0 . 5  
292 0 4  2 4 . 6  
T:0 50 0 4 . 2

6 2  03 0 4 . 4  
119 35 0 7 .9

29 9  3 5  " 9 .9
3 3 5  2 9  S o . 3  

1 8  5 0  1 3 . 6
2 6  4 2  2 4 . 8
2 7  2 4  4 4 . 9
2 9  30 0 9 . 1
3 0  12  4 1 . 4
3 3  4 4  2 6 .3
3 4  2 6  5 4 . 4
3 4  5 5  33 3
35 57 0 7 . 5
3 6  5 9  4  7 .1
3 8  0 4  4 3 . 5
3 9  4 0  2 1 . B
40 5 0  3 2 . 5  
42 12  3 4 . 4  
4 4  4 5  4 4 . 5  
4 6  0 3  4 2 . 4  
4 6  2 5  4 1 . 0  
4 9  2 0  2 7 . 0
5 1  3 3  3 3 . 4
5 2  5 7  3 2 . 1
5 3  2 0  2 6 . 0  
7 4  39 0 1 . 4

1 0 0  0 0  3 3 . 5  
n  2 0 4  4 6 . 4  
1 3 8  5 8  2 5 . 5  
- 3 5  1 3  3 7 . 6  
2 4 2  0 3  2 6 . 7  
29V 35 29 6
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R E D U C T IO N  O F T H E O D O L IT E  O BSER V A T IO N S 
I I M M M t l M M M M I M I I M t M I t  M M I M t l M M I M M M I M I M t M t M M

GFN ERA L I N f  OFMAT ION

O e t e  i  9  J a n u a r y  1 9 0 0  I n e t r  j » e n t  i  KERN DKH3 • 1 6 9 6 0 8
Obamrv * r  • I . l . M
B o o k e r  i  I .B .M
■ l e a t h e r  C o n d i  t i  o n e  i

I  C o d e  n u m b e r #  t o  c r e a t e / h a v e  a c c e e e  t c  t h e s e  d a t a :  F , _ B 3 , _ B 6  
•  •  V h e  o u t p u t  a* e l l  t h e  o b i t e r  v a t  i  o n e  t  e  I n  d e g r  l e e ,  e t n u t e e ,  s e c o n d e

•  • • « « s s » i s e s s » i t e » » s s * s « » s « » « t 8 » » s e i n i 6 « i n i i « « t e » i i i . i i « » n n i i e » e i e i i i e i t e s s

N o  S t  p o i n t  a t *  p o i n t  CL CR MEAN

2 0 9 2 4 . 0 4 0 . 3 3 2 . 3
2 4 3 5 2 . 7 1 1 . 7 2 4 ? 5 4 0 2 . 2
2 8 9 0 9 , 4 1 0 9 2 6 .  4 2 8 9 1 4 1 7 . 9
3 1 0 1 7 . 9 1 3 0 3 3 .  B 3 1 0 0 4 2 5 . 9
3 1 2 3 6 3 2 .  B $ 3 2 5 5 . 7 3 1 2 3 6 4 4 . 3
3 2 3 2 7 1 4 3 0 1 . B 3 2 3 2 7 5 4 . 0

7 5 2 4 3 2 3 5 .  S 5 4 . 4 3 2 4 3 2 4 4 . 6
e 4 4 3 2 4 4 0 4 4 , 6 5 9 . # 3 2 4 4 0 5 2 . 2
9 4 3 3 2 7 0 5 3 3 . 4 1 4 7 0 5 5 4 . # 3 2 7 O S 4 5 . 1

51 1 2 7 1 3 3 7 . 6 1 4 7 1 3 5 4 . 6 3 2 7 1 3 4 6 .  |
1 I 5 2 7 4 3 1 3 . 3 1 4 7 4 3 3 1 . 4 3 2 7 4 5 2 2 . 4
1 2 3 2 # I S 3 1 . @ 1 4 0 5 . 7 3 F 3 1 3 s e . e
1 3 3 2 9 4 4 . 0 0 1 . 0 3 2 9 0 5 5 2 . 5
1 4 3 9 3 2 9 1 6 . 9 1 4 9 3 1 . 4 3 2 9 3 6 2 4 . 2
I S 5 4 3 3 0 1 4 . e 1 5 0 3 1 . 4 3 3 0 1 3 2 3 . 1
1 6 5 2 3 3 0 3 9 .  B 1 5 0 5 3 . 7 3 3 0 4 9 . 3
1 7 3 3 0 2 5 . 2 IS O 4 2 . 4 3 3 0 3 3 #
1 # 3 3 1 4 0 1 7 . 6 151 4 0 3 3 .  1 3 3 1 4 0 2 5 . 4
1 9 3 3 2 0 5 0 5 . 0 0 5 2 1 . 5 3 3 2 m 1 3 . 3
2 0 3 3 2 4 6 5 2 . 5 4 7 1 0 .  1 3 3 2 4 7 0 1 . 3
2 1 > 3 3 2 6 4 8 . 1 3 3 3 2 6 5 6 . 6
2 2 3 3 5 4 6 5 3 . # 3 3 5 4 7 0 2 .  I
2 3 3 3 6 14 2 4 . 5 1 5 6 14 4 2 . 3 3 3 * 14 3 3 . 4
2 4 3 3 6 5 2 3 6 . 2 1 5 6 5 2 5 4 .  1 3 3 6 5 2 4 5 . 2
2 5 3 3 * 2 2 1 0 . 5 tU B 2 2 2 6 . 5 S M I 2 2 1 6 . 5
2 6 3 4 0 0 5 4 0 . 6 1 6 0 0 6 0 5 . f i 0 5 5 7 . 8
2 7 3 * 0 2 4 2 3 . 2 3 4 0 2 4 3 2 . 6
29 3 4 2 3 6 5 1 .  1 3 4 2 3 6 5 9 .  J
7 9 3 4 3 2 0 4 9 . 0 3 4 : , 2 0 5 7 . 0
?'■ 3 4 4 2 0 2 6 . 3 2 0 4 3 . 4 3 4  t 2 0 3 4 . 9
31 3 4 5 5 1 . 6 0 3 1 2 . 6 3 4 5 0 3 0 5 . 7
3 2 3 4 5 18 1 3 . 2 IB 2 6 .  e 3 4 5 1 6 2 0 . 0
3 3 3 4 3 3 5 0 5 . 0 2 1 .  I 3 4 5 3 5 1 3 .  1
3 4 3 4 3 3 7 3 4 ,  B 3 4 5 3 7 4 2 . 9
3 5 3 4 6 2 9 .  B 4 5 . 9 3 4 6 3 0 3 7 . 9
34> 2 2 . B 4 3 . 5 1 0 2 4 3 3 . 2
3 7 4 2 . 2 2 0 2 5 7 . 5 2 2 2 6 4 9 . 9
3 6 2 0 . 6 2 2 9 3 7 . 3 4 9 2 2 2 9 . 0
3 9 3 1 . 7 3 2 3 5 0 . 6 5 4 5 3 7 4 1 . 2
4 0 2 7 2 0 .2 2 7 3 6 . 3 1 5 2 2 7 2 9 . 3
4 1 5 9 2 4  5 5 9 4 1 . 5 2 0 9 5 9 3 3 . 0
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-UMILTION OF T ,fU D O lirK  OBS^PVATinNS

OENf.RAL I NF OFMfl T I ON 

10  J a n u a r y  1 9 0 0

Condi11 on*

t im b e r  «  t o  t  r  <•< t  e  h  «  ver « c  c e « «  t o  t h e * #  d a t a !  F . .6 4  , 8 6
t p u t  o t  e t  i t  h »  o b s e r v a t i o n *  i *  i n  d e g r e e # , mi n u t e e „ s e c o n d s

2 1 6  3 7  3 1 . 9  
2^6 12 ) # .#
3 1 7  0 2  5 4 . 0  
' 5 2  0 *  3 2 . 5

4 O S 2 3 . 7

2 4  1 9 .1  
4  2 5  5 6 . 9  
4 41  5 4 . 9
4 53 5 7 . 8
5  0 4  5 7 . 9  
5  1 2  0 3 . 4
5  4 7  5 2 . 0
6  5 6  4 5 . 0
7 0 2  2 8 . 6  
7 02 5 : . 2  
7 2 7  22 .3  
7 4 5  3 0 . 6  
7 5 3  0 4 . 9

0  1 4  3 4 . 9  
B 31  I B . 6  
B 52 45 .2  
9  5 8  3 4 . 6  
9  1 5  1 8 . 9  
9  20 16 .3  
9  3 6  1 9 . 5  

1 0  0 9  4 3 . 6  
1 0  3 5  1 7 .1  
1 0  3 7  5 8 . 0  
1 0  4 4  5 o . 6  
10  5 6  24 .5
10  5 7  4 9 . 0
11 0 9  1 4 . 7

11 3 5  0 5 . 9  
I I  3 5  1 0 . 6  
1 9  27 1 1 . 9  

1 5 9  2 5  5 0 . 3  
214 57 5 2 .4

3 6  5 8  0 9 . 3  
1 1 6  1 2  5 6 . 1  
1 3 7  0 3  0 4 . 4  
1 7 2  0 1  4 4 . 2  
1 0 4  0 5  3 8 . 5  
1 8 4  1 6  5 3 . 9  
1 0 4  2 4  3 3 . 5  
1 8 4  2 6  1 1 . 3  
1 8 4  4 2  0 8 . 9
1 8 4  5 4  1 1 . 8
1 8 5  0 5  1 0 . 8  
1 8 5  1 2  1 8 . 8
1 8 5  4 8  0 6 .  I
1 8 6  5 6  5 7 . 4
1 8 7  0 2  4 1 . 9  
1 8 7  0 3  0 3 . 2  
1 8 7  2 7  3 5 . 4  
1 8 7  4 5  4 3 . 7
1 8 7  5 3  1 7 . I
1 8 8  I I 5 3 . 8  
1 8 8  1 3  4 5 . 1  
1 8 8  1 4  4 6 . 2  
1 8 8  31  3 1 . 5  
: « 8  5 2  5 8 . 6
1 8 8  5 8  4 6 . 9  
:#* 13 3 3 .2
1 8 9  2 0  3 1 . 1
1 8 9  3 6  3 2 . 5
1 9 0  0 9  5 7 . 4  
1 9 0  3 5  3 0 . 5  
1 9 0  3 8  1 0 . 4  
1 9 0  4 5  0 5 . 8  
1 9 0  5 6  3 8 . 0
1 9 0  5 8  0 5 . 9
1 9 1  0 9  3 0 . 2  
1 9 1  14  2 5 . 0  
1 9 1  3 5  2 0 . 8  
1 9 :  3 5  2 1 . 6  
2 0 9  2 7  2 9 . 8  
3 3 9  2 6  0 6 . 4

3 6  5 8  1 0 . 4
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? I'S 0 2 .3  
37 O' M. 7 
4* 07 ? 5 . |

4* 26 30 .5

49 44 0 7 , 1  

9 0  0 7  0 * . 5

50 50 f .j .2

r»4 3 * .  7 
52 OS 0 0 .3  
52 2V 32 .4

52 55 13 ,3
5 3  13  5 1 . 6  
53 15 3 * .0

5 3  3 3  2 6 .  S-
5 3  5 4  5 4 . 7
5 4  0 0  4 5 . 9  
5 4  $ 7  2 9 . 2
54 2 2  2 V .7  
3 4  3 8  3 0 , 2  
3 3  I I  5 4 . e
55 37 2* .e
5 5  4 0  0 7 . 6

3 3  5 8  3 4 . 0  
36 0 0  0 0 . 0
5 6  I I 2 6 . 6  
56 16 2 1 . 3  
5 6  3 7  1 8 . S  
56 3 7  2 2 . 9  
7 4  2 9  2 4 . 8

2 0 4  2 7  3 9 . 4  
2 6 2  0 0  0 7  4

8 ?  OO 1 6 . 9  
161 1 5  0 4 . 9

2 1 7  0 3  4 9 . 5

2 2 9  1 9  0 5 . 7  
: 2 9  2 6  4 3 . 4  
2 2 9  2 8  1 7 . 1  
2 2 9  4 4  1 8 . 5
229 56 20. : 
239 07 2 0 .8
230 14 2 0 .0
230 50 1 4. *
231 59 0 4 .2
232 04 4 9 .I 
232 05 1Z.0 
2 3 2  29 4 3 . 5  
232 4 7  5 0 . 0
232 5 3  2 3 . 4
233 1 4  0 0 . 5
2 5 3  1 3  5 1 . 8  
233 1 6  5 8 . 0  
233 3 3  40. 7
233 5 5  0 7 . 4
234 00 5 6 ,2

234 2 2  3 6 . 0
2 3 4  3 8  4 1 . 3
235 12 0 3 . 6  
235 37 3 # .0
235 4 0  1 7 , 7  
235 4 7  1 2 . 7
235 3 0  4 4 . 3  
23* OO 1 0 .*
2 3 6  1 I 3 7 . 9  
2 3 6  1 6  2 7 . 3  
2 3 6  3 7  2 7 . 0

2 5 4  2 9  3 6 . 5  
2 4  2 0  1 2 , 8  
02 00 17 .7
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3 4 1  14  5 ?

17 07 39

49 10 49 
4 9  26  30  
49 re oe

4 9  5 6  10
30 07 09
5 0  14 , 5  
5 0  5 0  0 3
31 ZB 5 4

5 2  u 5  0 0  
52 29 32

5 2  5 5  13

33  13 i .
3 3  1 6  45
5 3  S3 26
5 3  5 4  5 4
3 4  OO 4 5
5 4  17  2-9 
5 4  2 2  2 9
5 4  3 8  3 0

3 3  3 7  24
53 40 07
35 47 uZ
5 5  SB  3 4
56 00 00 
5 6  1 1 26 
5 6  1 6  21 
5 6  3 7  18  
5 6  3 7  2 2  
7 4  2 9  2 4

2 0 4  2 7  5 9  
262 00 07

182 v5 10
21 7 0 3  4 9

229 26 43 
229 28 17
2 2 9  44 18
229 36 20
230 07 20 
2 3 0  1 4  2 8
230 50 14
231 3# 06
232 04 49 
232 05 :1  
232 2 9  4 3  
2 3 2  4 7  5 0
2 3 2  5 5  2 5
2 3 3  14 00 
2 3 3  1 5  51  
2 3 3  1 6  5 8  
2 3 3  3 3  40
2 3 3  5 5  0 7
2 3 4  00 5 6  
2 3 4  1 7  3 9  
2 3 4  2 2  3 6
2 3 4  3 8  41
2 3 5  1 2  0 5  
2 3 5  37 3 8  
2 3 5  4 0  1 ?  
2 3 5  4 7  12
2 3 5  5 8  4 4  
2 3 *  OO 1 0
2 3 6  1 :  3 7  
2 3 6  1 6  2 7  
2 3 6  3 7  2 7  
2 3 6  3 7  2 7  
254 2 9  3 6

2 4  2 t i  12  
8 2  OO 17

Appendix E. DATA



F 177 07 12.2  337 07 30 .2
A 213 01 4 4 .#  02 0 0 .2
€ 277 12 07.& *7 12 2 4 .I
0  312 10 45 .0  132 II 0A.2
t 31 331 :>6 37. 7 131 36 5 4 .0
Tl 331 49 45.1 151 50  0 4 .3
117 331 50 0 1 .3  151 50 I # .4
151 331 51 1 7 . 4  151 51 3 7 . 8
152 332 1 6  1 9 .1 152 16 34 .2
13A 332 25 1 2 .I 152 25 29 .6
133 332 39 36 .5  152 39 55 .6
119 333 08 12.7 153 00 2# .0
0 349 36 30.6 169 36 4 9 . 6
C 16 30 10.9  196 30 30 .0
PO  112 45 2 2 . 1  2 9 2  4 3  35.5
POL 119 35 0 7 .0  299 55 23.1
F 17, )7 13.4 357 07 30 .3
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KfNFRAL IfJN

S t p o i n t

350 O: 77 .2  
3  5 4  4 6 . i 

I 3 4 2  t 3 . 6  
24 29 16.7  
2 8  14 2 8 . 0  
.54 53 1 9 .  1 
3"# 13 20. 3 
41 57 z e . & 
5 4  5 0  2 2 . 5  
8 7  33 3 5 . 8 

120 40 3 1 . 7  
3 1 0  13 0 8 . 8  
3 1 2  5 6  0 8 . 4  
350 01 : 7 . |
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33 33 IV.

184 31 5 8 . 
I#* 15 O*. 
1*0 16 44.

M2 2# *0. 
M3 3* 03.1 
1*3 50 22.

196 14 52.

1 9 ?  07 46. 
1*7 35 O#.'

Z04 56 5*.

313 33 36. 
323 1* 05.

1? 0 6 . 
32 40. 
28 5*.
3 9  1 8 .

16 24 40. 
16 31 43.

3 0  52.1

JIZ 49 57. 
213 3? 27.

215 5# 37.

217 0* C*.
23 8  !4  0 4 . 

79 46 3 9 . 
8 2  29 

119 !5  0 9 .

34 09  34.
35 38 49 .
36  32 J4.i
36 40 57.i
37 09  26. 
7 8  14 19.

259  46 3 8 . i 
262  29 3 7 . 
299  35 23.1

a j *  *
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l l l l l M M M M M H t t l t M I I H M I H M M S M I ' - M M t t M M I I S I M S e M M S
keDUf.TinN Uf ITF DHMPVATHINS

Gf N* RAl INfURMATION

O b i e r  v ttr 
Bool - mr
Weather Cor'di t

I n « t r  u m e n t ' D*-M3 # 1 6 9 6 0 #

I  C o d e  n u m b e r  *
I I  T h e  o u t p u t  o

t o  t h e s e  d a t a :  F , C 3 ,_ 8 6  
i % i n  de< r  e e s ,  m i n u t e * ,  e e c  o n d e

2 5 4  4 6  5 8  
2 6 8  4 7 S3
.  ; e  29 3 9
3 0 0  4 4  51  
3 1 9  4 5  4 6
352 22  5 7
353 0 6  3:
3 5 3  0 8  0 3
3 5 4  1 2 6
3 5 4  1 6  5 5

55 3 9  24
57 03 23

3 5 9  2 6  18  
3 5 9  4 6  3 8  
3 5 9  5 4  4 5

2 1 5  0 0  3 2  
2 1 7  4 3  2 8  
2 5 4  4 #  5 #

74  # 9  0 7 . 0  
8-1 4 /  1 8 .  I 
9 8  1 9  4 9 . 5  

1 ,-6  4 5  0 3 . 5  
1 3 9  4 5  5 7 . 6
1 7 2  2 3  1 0 . 0
1 7 3  0 6  3 8 . 3
1 7 3  0 8  1 2 . 7
1 7 4  11 2 8 . 6
1 7 4  1 7  0 2 . ?
1 7 5  0 0  5 C . 2  
1 7 5  2 8  2 8 . 6  
1 7 5  3 9  3 5 . 8  
1 7 7  0 3  3 5 . 1  
1 7 7  11 5 5 . 1

1> 7  5  7 0 0 . 8

1 7 9  4 6  4 5 . 1
1 7 9  5 4  5 4 . 2
1 8 0  1 6  5 4 . 4
1 8 0  2 2  5 7 . 7
181  0 2  2 9 . 8  
IBS 0 4  5 0 . 6  
101  1 8  2 4 . 1
1 8 2  3 6  4 5 . 8
1 8 2  4 0  1 1 . 6
1 8 3  1 6  1 6 . 2  
2 1 3  2 8  0 2 .  1

3 5  0 0  3 6 . 7  
3 7  4 3  3 7 . 2  
7 4  4 1  0 4 . 4
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MixiciiONOF r»*nDfxirc (ik<ui^vAriOf^s

1'' January 19fl0 i imi n̂ t ; K I KN D* i*

nui-nbei's to i rea te - 'h j i . e  
L>t p u t  a4  * 1 1 t h e  titiniff

f d a t  a i  F , _ D 1 , _ B6 
• i j r  » e «  , m: n u t * #  , s e <  u n d »

1 16  3 3  3 4 . 5
120 42 : o . 1
121  5 1  2 0 , «  
127 I# 2 0 .0
131  3 3  3  3 . 9  
133 21 4 3 ."
1 3 #  0 6  5 7 . 1
1 3 6  I?  1 6 . 5
137 5 2  1 2 .  :.* 
157 5 0  1 9 . 9  
1 6 2  0 3  4 3 . o  
1 9 0  0 4  4 8 . 8

0 3  I B  4 8 . 9
0 4  41  3 4 . 6

2 6 6  3 8  2 0 . 6  
2 9 2  0 4  33 .3  
2 9 6  33 4 2 . 3

301 5: 2A.3
3 0 7  IV  2 7 . 3  
3 1 1  3 3  3 9 . 7
3 1 3  21  4 8 . 8
3 1 4  0 9  0 7 . 7
3 1 6  17  2 2 . 1
3 1 7  52 2 0 . 5  
337 5 0  2 7 . 0  
3 4 2  0 3  5 2 . 8

1 0  0 4  5 4 . 8  
1 '6 3  3 8  5 7 . 9  
2 6 4  41  4 0 . 5

0 6  3 6  1 1 . 7  2 6 6  3 0  2 1 .5
151  4 0  0 7 .5  5 1 1  4 0  1 4 .1
157 06 20. 3 337 06 2*. 6
, 'j 1 3 3  2 8 . 5  3 4  1 3 5  3 4 . 6
1 6 5  4 3  5 9 . :  3 AS 4 4  0 8 . 3
1 6 6  5 3  1 4 . 0  3 4 6  53 1 9 . 6
1 7 2  21 1 4 . 5  352 2 1  1 8 .1
I 76 35 2 9 .  1 356 3 5  34. 2
1 7 0  2 3  3 5 .6  3 5 8  2 3  4 3 .3
179 1 0  5 3 .9  359 1 0  5 0 . 8
181  1 9  0 6 . 1  1 1 9  1 3 . 5
102 5 4  0 5 . 8  2  5 4  1 3 . 0
2 0 2  52 1 1 . ' ,  22 5 2  2 0 . 0
2 0 7  0 5  3 9 .* .  2 7  0 5  4 4 . 9
2 3 5  0 6  4 1 . * ,  5 5  06 4 6 . 7
1 2 8  4 0  4 5 .  3 0 8  4 0  5 0 . 2
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l l t H M M t M M t l l l M I M S H M I t M . M M M I I I I I
k F D U C T IO N  OF r W E O O C .IT r  C ^S E R V A T IO N S

U P N L R *  I NK X i MA T I ON

I I  J a n u a r y  i k^ . RN D+M3 # : 6 9 6 C Q

C o d e  n u m b e r  » t o  i  r - a t e / h a v *  a ;  r  i*«is ’ o  t h r * *  d » t  a :  F , D ? ,  8 6
Th* o u t  p u t  a*  m 1 i t h e  uti ̂  e r  ,  « t  i o n *  \  i n  deq i' e e *  , m i n u t e s ,  % eco n d s

l l l t l H l t M I M M M l l S M I I I H I S f S l t S f S l l l M M M I S M M I I M S M l t S H M M i m M I M I S

p o i n t  O b *  p o i n t

02 MX. ^56 41 30 .0

2,b 3 6  5 3 . 3  
4  1 3 6  5 1 . t 
+ '  33 3 5 . #  

07 0 3 .5  
9 1  3 9  0 4 . 4  
9* 59 20 .*  
91 40 32 .0  
9 /  27 5 4 . 8
97 5 6  4 i . «. 
9? 5 8  4 6 . 6  
99 04 5 3 . 6
9 8  4 8  2 0 .  2  
9 0  55 0 5 .  3 
9& 5 9  3 6 . I
99 OO 2 8 .  9

I CO 0 6  0 8 .
10.. ,  2 9  4 3 .
100 29 32. 
I v  5* 40.

101  4 6  4 8 .  
in? 41 20. 
103 13 16.

103 37 27.
1 0 3  4 4  0 6 .

106 30 42 .#
1 0 6  47 ’ 3 . 0  
H. ' 7 4 7 4 0 . 8  
k ( "  5 0  (  J . 6  
t " i  5 2  4 2 . 6  
l u  V 10  4 4 . 4  
11 I 0 4  4 3 . 9  
3 5 6  41  31 . 0

1 76  41 2 6 .  3
202 07 3 8 .1  
206  36 4 9 .6  
221 3 6  4 6 .5  
247 53  3 0 . i 
252 0 6  5 7 .4
273 36 5 4 .0
274 5 9  0 9 .9
275  40 2 3 .8  
2 7 7  ?■' 4 7 . 5 
277  56  3 3 - 3
277 5 0  3 6 .9  
«?'ti 04  4 5 .5
276  48 1 0 .9  
2 7 0  5 4  5 7 . 4
27 8  59  2 6 .0
2 79 0 0  2 0 .5
2 7 9  4 9  4 5 .1
280  07 5 9 .8  
28 0  28 3 4 . 7 
280  29 2 6 .4
28 0  56  3 1 .8
281 10 4 1 , S
201  46 4 0 .6
2 0 2  41 0 9 . 6  
2 83  13 0 7 .0  
2W3 27  3 9 .4  
283  37 2 2 .0
2 83  43  5 8 .5  
2 0 4  3 3  3 9 .6
284 38 1 9 .6
284 38 5 6 . 9
2 85  I 1 1 5 .9
2 85  19 3 2 .6
2 86  30 3 5 .4
2 0 6  47 I S . 3
2 0 7  47 3 5 .7
287 5 0  0 0 .0  
2 0 0  5 2  3 7 .3  
289  10 3 6 .7  
291 0 4  3 6 .6  
176  41 2 6 . 4
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43 O* 19
43  49 49

44 01 03

4 6  1 2  13
4 6  4 8  15

4 8  14  4 0  

8  3 8  5 #

50 1: 52
50 21 12
5 1  3 2  OS
5 1  4 8  48
52 49 |4  
52 51 31 
37 54 0 9  
54 12  OB 
54 0* 12

221 4.' 0 0 . 4  
2 4 ?  0 *  2 1 . I 
251 50 3 4 .4  
2 6 4  3 8  3 0 .0  
2 9 2  5 5  1 3 .8  
2* 7  08 41 .0  
H i  40 3 8 .6  
520  0 0  5 3 . I 
120  4 2  0 6 . 0

322 50 1 7 .7
3 2 3  OO 2 3 . 4  
3 2 3  0 6  2 9 . 4  
3 23  49 5 2 . 6
3 23  5 6  4 2 . 4
324  01 0 8 .1
3 2 4  0 2  0 3 . 7  
524 51 2 6 .6
3 2 5  0 9  4 1 . 3  
3 2 5  3 0  1 8 .3  
3 2 5  31 0 7 . 2
325  50  12.0
3 2 6  12 24 .1  
3 2 a  4 8  2 3 . 4  
32?  42 5 4 .2  
320  14 5 0 . 7  
3 2 0  29 2 1 .8  
3 2 0  39 0 4 .2
328  45 4 2 .4
329 35 2 1 .5  
329  40 0 1 .6
329  40 4 0 .1
330  12 5 6 . 7
330  21 1 9 .6
331 32 1 6 .1
331 40 3 7 .4
332 49 2 1 .3
332  31 3 7 . 3
3 3 3  54  2 0 .5
334 12 1 7 .8  
336 0 6  1 9 .0  
221 43 0 8 .4
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kUXjUTION OF T'HUIXNirK (jP'4kVA7M)NS 
I l M M I I M M f e t M I S M S M l M l l t M l l l M S M I M M I M I M M M I t t l M M *

:^ CN A L I N f l l R  NATION

I J a r , u * r  r  i "#Bv ! n  11 r

t o  i r p * t * ' h a v *  4c  . e i e  t a  t h e * #  d 
a l l  t  f' le i > o s e r  .  e t  ■ o n e  s a  i n  d e g r

. _D3._#*
ii n u t * # ,  s e c o n d s

No  S t  p o i n t

0 6  3 8  2 8  
112 04 40 
l i f e  33  51  
131 33 4* 
157 50 32 
1*2 04 00 
1*0 05 01 
195 40 01 
1*7 55 51 
:9* 49 54
200 34 22
201 01 30 
201 0# 54 
201 31 31 
203 01 14

k'uS 44 10 
2 f*  48 44 
?<’& 2# 56 
?ue 55 18

8 '  39 0#

06 36 29

7 66  38 4 1 .1  
2*2 04 5 5 .5  
2*& 34 0 3 .5  
311 33 5 9 . B 
337 50 4 3 .0  
342 04 1 0 .8  

10 05  1 3 .0  
15 40  10.5  
17 5 6  0 0 .7
19 5 0  0 5 .4
20 34 2 ? .#
21 01 5 1 .2  
21 O* 0 6 .4  
21 31 4 2 .4
23 0: 2 6 .3
24 23 3 9 .2
25 44  2 0 .5
26 48  S t . 8 
20 2* 0 0 .4  
20 55 2 8 . 4 
29 15 0 7 ,5  
TO 52 36 .*

263  39 15 .1
264 41 5 9 .0  
266 30 4 1 .0
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ARC NO.

A p p e n d i x  E,  DATA



............................W M M M ' W ' W A W I N ' I I W M M M M " " .........................

OFNERAt tNTOkMATlON

D*t* i 12 January ln%tf i l)i M3 #1696^8
nt,4*r .*r | I.B.W
Pooler I l .P.W

* tudm  '■.l»b«*r » t o  . r # hdi »# «.< i u e s  t o  t h e s e  ;1,«t « r F , D4 , 06 
I I  Th* nu t p u t  o« a 1 1 t h e  i biswr » * t i on*  i s  i n dw-gr «-*«- , mi nul e»  , u n d s

W  12.8 
" 0# Z7.3
6 13 37 .8  

:3 36 .8
7 50 1 9 .4

OO.3 
t  18  3 7 . 4

50 34 *
51 5 9 . 8  
03 47 .0  
4 8  43.0  
2 8  1 9 , 4  
5 8  0 3 . 6  
02 22 .5  
3* 5 4 .0  
4 7  3 9 . 3  
53 4 3 .J 
2 5  11.5  
4 6  1 7 . 2  
57 17.3

1 6 9  2 7  4 9 .  5

I 74 24 38 .0
175 16 43 8 
175 42 5 6 .3  
17* 05 29 .8  
178 06 2 6 .6  
1 79 06  5 0 .9  
100 26 4 5 .3  
130 51 35 .8  
IB2 24 2 0 .7  
183 50  0 0 .3  
106  14 25 .8  
188 01 3 7 .7  
190 04 5 0 .4
83  38 5 4 .5  
64 41 3 7 . 1
84 38 13.8

266 38 2 2 .4  
:92  04 3 3 .8  
2*6 33 4 3 .9  
311 33 40 .3  
337 50 24 .2

18 4 2 .8

52 0 3 .4  
34= 03 5 3 .1
342  48 4 6 .0
343 28 2 5 .3
343 5 8  O B .7
344 02  2 6 .3  
544 39 5 8 .3  
'45 47 4 6 .0
345 5 3  5 1 .6
346  25 1 4 .1
346  44 2 3 .7  

46 57 2 6 .9
74 7 17 0 0 .7
347 26 4 9 .4  
349 27 5 2 .2  
349 38 4 0 .4  
352 41 2 5 . 3  
'53  37 17 .2
354 24 4 2 .8
355 16 4 0 .8  
355 43 0 3 .2  
354 0 5  3 5 .4
358  06 3 1 .1
359 07 OO.3 

V 26 4 8 .:  
o  51 4 0 .8
2 24 2 4 .6
3 5# 0 5 .#  
6  14 3 0 .8  
a  01 4 2 .5

10 04 5 5 .2
243 39 0 0 .3  
264  41 4 3 .0
244 38 2 1 .5
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A P P E N D I X  F .  " T H E O "  C O M P U T E R  P R O G R A M

F.1 REQUIRED BACKGROUND

T h"  "THEO" p r o g r a m  vans  w i t h  BASIC 2 . 0  a n d  BASIC 2 . 1  WITH EXTEN- 

S I 3 \S  ( p r o v id e d  t h a t  t h e r e  i s  enough memory) o r  o n ly  w i th  BASIC 

2.C. A lso ,  t h i s  has  b»en t - s t » d  on @ HP-93 lv  m ic r o  com pute r  u s in g  

a HP 9121 do u b le  d i s k  d r i v e .

The "THEO" p r o g r . r t  has  bnen w r i t t e n  t o  rmduce t h e o d o l i t e  o b s e r -  

vmMons 4 r . \0 .d in x  to  t h e  prorMdtire o f  s u b - s e c t i o n :  3 . 4 . 1 .  and

3 . 4  1 . 1 .

T h i s  program  can  redu ce  o b s e r v a t i o n *  o f  a maximum number  o f  4 a r c :

p e r  s e t  and 50 o b s e r v a t i o n  p o i n t s  p e r  a r c ,  and  was  d e s i g n e d  m e -  

c i f i c a l l y  f o r  t h e  d a t a  r e l a t i n g  to  t h i *  d i s s e r t a t i o n .  Tha i i s ,  

200 p o i n t i n g s  can be r edu ce d  a t  t h e  same ti m e .

T h e re  a r e  fo u r  ch eck s  in t h i s  p ro g ram ,  in  o r d e r  t o  d e t e c t  m i s t a k e #  

d u r : n *  th e  d a t a  e n t r y  from t h j  d a t a  s h e e t .  However , i t  1m thw

u s e r ' s  r e s p o n s i b i l i t y  t o  check t h a t  t h e  p o i n t  u s e d  a s  a r e f e r e n c e  

o b j e c t  i R . 0 . ) o c c u r s  a t  t h e  b e g i n n in g  and a t  t h e  e n d  o f  e a c h  

r o u n d . The  c h e c k s  a. e t h e  f o l l o w i n g 1.

1) C h e c k  1: The  l e n g th  o f  a l l  e n t r i e s  mu s t  be a c c o r d i n g  t o  t h e  

e , -  s p e c i f i e d  v a l u e  ( n o t  more o r  l e s s  th a n  8 c h a r a c  *

t e r s ) .  That i s , t h r e e  d i g i t s  f o r  d e g r e e s , t wo  d i  - 

g i t s  f o r  m i n u t e s , and t wo d i g i t s  w i t h  o n e  d e c i m a l  

f o r  s e c o n d s .

2) Check 2: E v e r y  o b s e r v a t i o n  r e a d i n g  must ,  be  l e s s  t h a n  360 d e -

grmes

3) Check 3; The d i f f e r e n c e  CL- CR.- 180® t e , e i s  a u s e r  s p e c i  -
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f i e d  maximum e r r o r  i n s e c o n d s  ( o . %.  10 s r c . ) .  4

4) Check 4: A s u b s e q u e n t  o b s e r v a t i o n  r n t r y  mu s t  a l w a y s  i n c r e a s e  

a s  t h e o d o l i t e  t u r n s  c l o c k w i s e .

4

The  o u t p u t  o f  t h i s  c o mp u t e "  p r o Rr u m may be  d i r e c t e d  t o  e i t h e r  t h e  

s c r e e n  o r  t o  b o t h  t h e  pi  i n t e r  a n d  t o  t h e  s c r e e n  a t  t h e  same t i m e .

The  p r i n t  o u t  i n c l u d e s  t e e n t r i e s  o f  t h e  " G e n e r a l  I n f o r m a t i o n '

( o b s e r v e r ,  b o o k e r ,  e t c . ) ,  t h e  e n t r i e s  o f  t h e  d a t a  ( s t a t i o n  p o i n t ,  

o b s e r v a t i o n  p o i n t s ,  CL a nd CR r e a d i n g s ) ,  t h e  mean v a l u e  b e t w e e n  

CL a n d  CR r e a d i n g s ,  t h e  o r i e n t a t i o n  c o r r e c t i o n  a n d  t h e  r e d u c e d  

mean v a l u e s  o f  t h #  s e c o n d  a n d  s u b s e q u e n t  a r c s ,  t h e  f i n a l  mean o f  

e a c h  o b s e r v a t i o n ,  t h e  h o r i z o n  c l o s u r e  e r r o r ,  t h e  m r r e c t i o n  a n d  

t h e  r e d u c e d  o b s e r v a t i o n s .  T h e r e a f t e r ,  t h e  o b s e r v o t . . . a l  r e s i d u a l s  

a n d  t h e  s t a n d a r d  d e v i a t i o n  o f  b o t h  an  i n d i v i d u a l  o b s e r v a t i o n  a n d  

o f  t h e  mean a r e  d i s p l a y e d .  The  f o r m a t  o f  a l l  o b s e r v a t i o n s  i s  i n  

d e g r e s s , m i n u t e s  a n d  s e c o n d s .

F .2  DATA FILES OF THE ’ THEO" PROGRAM

N i n e  r an d o m e c c e . ? d a t a  f i l e s  a r e  c r e a t e d  a u t o m a t i c a l l y .

To c r e a t e  t h e s e  d a t a  f i l e s  a c o d e  nu mb er  w h i c h  i s  e x p l a - a e d  on

t h e  s c i t e n  m u s t  be  i n s e r t e d  j u s t  p r i o r  t o  t h e  r u n n i n g  o f  t h i s  

p r o g r a m ,  t o  s e r v  t h e  p u r p o s e  o f  a u t o m a t i c  c r e a t i o n  o f  d a t a  f i l e s

o r . ^ f  t h e y  h a v e  b e e n  a l r e a d y  c r e a t e d ,  t o  e n a b l e  r e c a l l i n g  t h e m.

The  i n d i v i d u a l  d a t a  f i l e s  a r e  d e s c r i b e d  b e  low a nd t h e  v a r i a b l e  

names  a r e  p r o v i d e d  f o r  r e f e r e n c e :

F i l e l :  T h i s  c o n t a i n s  a l l  t h e  CL r e a d i n g s  o f  t h e  c o m p l e t e  d a t a

s e t . T h e s e  e n t r i e s  a r e  s t o r e d  i n  t h e  s t r i n g  v a r i a b l e

Nar  i ( 2 0 0 ) [ 8  j .

F i 1 e 2;  T h i s  c o n t a i n s  a l l  t h e  CR r e a d i n g s  o f  t h e  c o m p l e t e  d a t a
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s e t .  Th n s o  e n l i i e s  a r e  s t o r e d  i n  t h e  y l r i n g  w i n . i b l e

N d e ( 2 0 0 ) 1 8 ] .

F i l e 3 ;  Th e  n u m h r r s  o f  t h e  t o t a l  a r c s  p e r  s e t  a n d  o f  t h e  d i f  - 

f e r e n t  o b s e r v a t i o n  p o i n t s  a r e  i n c l u d e d  i n  i b i s  f i l e  

l Ar cnum,  A r c p o i m s ) .

F i l r 4 :  Tlin s r t  o f  " l l e n e r . i l  i n f o r m a l  leu. " ( d a t f , o b s e r v e r ,  I xxake r ,  

t y p e  o f  i n s t r u m e n t ,  w v a t h e r  L o n d i t i o n s )  i s  i n c l u d e d  i n

t h i s  l i t a  f i l e ,  t h e  maximum l e n g t h  o f  e a c h  s p e c i f i c  

i t e m o f  i n f o r m a t i o n  b e i n g  20 c h a r a c t e r s .  The y  a r e  

d e n o t e d  by t h e  - t r i n g  v a r i a b l e s  D a ( 2 5 ] ,  0 b s c r v e | 2 5 ] ,  

R o o k e ( 2 5 I . l n & t r u * e n ( 2 S ) , W e a t h e | 2 5 ] .

F i l e 5 :  T h i s  c o n t a i n s  t h e  o b s e r v a t i o n  p o i n t ( s ) n a me ( $ )  w i t h  ma - 

ximum l e n g t h  o f  3 c h a r a c t e r s  ( P o i n t _ n a m ( 1 5 ; | 1 0 ) ) .

F i l c b :  T h i s  c o n t a i n s  t h e  s t a t i o n  p o i n t  name h a v i n g  a maximum 

l e n g t h  o f  3 c h a r a c t e r s  ( S t _ p o i n ( 1 0 ) ) .

F i l # 7 :  Th e  maximum p e r m i s s i b l e  e r r o r  b e t w e e n  CL a n d  CR r e a  -

d i n g *  i n  s e c o n d * ,  w h i c h  d e p e n d *  o n  : h #  c y p #  o f  c h e o d o  "

1 ite, is s t o r e d  in this data file (.i ).
F i i e A  Th*  o b s e r v a t i o n a l  r e s ' d u a l s  a r e  c o n t a i n e d  i n  t h i s  d a t a  

f i l e  ( L ( 2 0 0 ) ) .

F i l e ? :  Th e  t o t a l  n u mb er  o f  o b s e r v a t i o n a l  r e s i d u a l #  l a  s t o r e d

a s  t h e  v a r i a b i #  " T o t a l "  i n  t h i s  f i l e .

A l l  t h e  a b o v e  d a t a  f i l e s  a r e  a s s o c i a t e d  b y  c e r t a i n  p a t h s  f a s  d e -

f i n e d  i n  H e w l # t t  P a c k a r d  B a s i c )  f o r  c o m m u n i c a t i o n  b e t w e e n  t h e

s c r e e n  t o  d i s k e t t e  (OUTPUT) a n d  v i c e - v e r s a  ( ENTER) . T h e s e  p a t h s

a r e  t h *  f o l l o w i n g :

F i l e ' -

F i U v  

F i U 1 - 

F i l e ' -  

F i l r " ■ 

F i l e 6 - 

F i l e " -

Emp

K,mp™ 12 

P a t h  

Ddos 

Qa*

Plm

A k p i b f i a

F j 1 e* •* Res
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F . 3  F U R T H E R  I N F O R M A T I O N

In a d d i t i o n  i 

v a r i a b l e s  a re

Mot (** ,50 )

A ( 4 , 5 0 )

M e m a rc (4 )

Red**o(w , 50 )

F i , i * e a n (  50 )  

H o r i z . c l o a u r e  

C o r r e c t  i o n

R o f ^ J

U f 4 , 5 0 )

Total 
Typs fa l ma  

Mes o^sfalma

i t h e  v a i i a b l e x  d e s c r i b e d  p r e v i o u m l y ,  t h e  f o l l o w i n g

d e s c r i b e d  be low:

: I t  i s  a  t w o - d i m e n * l o n a l  m a t r i x  f o r  t h e  mean v a  - 

l u e  o f  CL a n d  CR r e a d i n g # ,  i n  s e c o n d # .

: I t  s t o r e #  r e s u l t s  o f  t h #  d i f f e r e n c e  o f  t h e  r e a  - 

p p c t i v e  nbsp% v a t  i o n  p o i n t #  b e t w e e n  t h e  v a l u e #  o f  

t h e  f i r s t  a n d  t h e  s u b s e q u e n t  a r c # , i n  s e c o n d # . 

T h i s  i s  a o n e - d i m e n s i o n a l  m a t r i x  w h i c h  s t o r e #  

t h e  o r i e n t a l  i o n  c o r r e c t i o n  o f  t h e  s e c o n d  a n d  t h e  

s u b s e q u e n t  a r c # ,  i n  s e c o n d # .

: I t  s t o r e s  t h e  r e d u c e d  swan  v a l u e  o f  t h e  s e c o n d  

a n d  t h e  s u b s e q u e n t  a r c s , i n  s e c o n d s .

: I t  s t o r e s  t h e  f i n a l  mean v a l u e s  f o r  t h e  o b s e r v a -  

t i o n  p o i n t s , i n  s e c o n d # .

: T h i s  i s  r e q u i r e d  f o r  t h e  c a l c u l a t i o n  o f  t h e  ho  - 

r i z o n  c l o s u r e  e* r o r , i n  # e c o n d #

: I t  s t o r e s  t h e  c o r r e c t i o n  w h i c h  i s  n e c e s s a r y  t o  

b e  a p p l i e d  p r o p o r t i o n a l l y  t o  t h e  f i n a l  mean v a  - 

l u e s , i f  a n d  o n l y  i f  h o r i z o n  c l o s u r e  e r r o r s  ( i n  

s e c o n d s )  e x i s t .

: T h i s  i s  t h *  m a t r i x  w i t h  t h e  r e d u c e d  v a l u e s  ( i n  

s e c o n d s } ,  o f  t h e  t h e o d o l i t e  o b s e r v a t i o n s .

: T h i s  s t o r e s  t h e  o b s e r v a t i o n a l  r e s i d u a l s ,  i n  # e  - 

c o n d s .

: Th e t o t a l  number  o f  t h e  o b s e r v a t i o n a l  r e s i d u a l s .

: The  s t a n d a r d  d e v i a t i o n  oi  e a c h  o b s e r v a t i o n .

: The  s t a n d a r d  d e v i . i t  i o n  o f  t h e  mean.
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The flow chart of the 'THKO" program and the associate: i program 
listing is given in the rmxt sections.

F .4  FLOW CHART

0 CREATE new o r  RECALL old da ta

Us* o f  SCREEN o r  SCREEN & PRINTER t o g e t h e r

Nmw
' G e n e r a l  I n f o r m a t i o n '

N ( o l d )

K e v i & i o n  o f  ^
'General Information1

K1
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S '

A p p e n d i x  F

I

New
" O b m e rv a t io n m

N ( o l d )

MEAN

" R # v i » i o n  o f  
" O b s e r v a t i o n s

ORIENTATION CORRECTION

REDUCED MEAN VALUES

INAL MEAN

. "THEO" COMPUTER PROGRAM 26 6

4
■ A  . fB.  . #



  ^

HORIZON CLOSURE ERROR

14

|CORRECTION

15

R E D U C E D  O B S E R V A T I O N S

16

OBSERVATIONAL RESIDUALS

17

STANDARD DEVIATION OF A DIRECTION 
FROM A POOLED SAMPLE

Any o t h e r
Run
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CREATE new o r  RECALL old da ta

CREATE o r  RECALL 9 f i l a a

STORE in v RECALL f r o m  t h e  V  f i l e  t h e  CL r e a d i n g s

STORE in o r  RECALL f r o m  t h e  2 file t h e  CR r e a d i n g s

STORE in o r  RECALL from the 3r<* file the number of
t h e  a r c s  a n d  t h e  nu m b er  o f  t h e  o b s e r v e d  p o i n t #  e x c l u d i n g  R.O.

STORE in or RECALL from the 4t^ f i l e  the "General 
I n f o r m a t i o n " ,  e . g .  d a t e ,  o b s m r v e r ,  b o o k e r ,  e t c .

t h e  o h s e r v w d  p o i n t *
the narnes of

STORE i n  or RECALL i rom t h e  6 t ^  f i l e  t h e  name of t h e  
station point

STORE i n  or RECALL t rom t h e  f i l e  the required 
accuracy (e) in seconds, ao that IC L - C R -1 8 0 *'&e

STORE i n  o r  RECALL f x om t h<‘ fi1 *1 f i l e  t h e  o b s e r v a t i o n a l  
residuals

STOKE i n  o r  RECALL f r o m  t i n-  9 f 1 If the number o f  
the obserVHi t o n a l  res i . l i i i i i s
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4 #

4

READ " d a t e ” 1

I
READ " O b s e r v e r ' 1

READ " B o o k e r "

. . 1  _  

RbAD " i n s t r u m e n t "

READ " W e a t h e r  c o n d i t i o n s "

.5

i p

7

READ o b s e r v a t i o n  p o i n t s  name

READ s t a t i o n  p o i n t  name

HEAD CL, CR l e a d i n g s
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»
F .5  PRINT OUT OF THE "THEO" COMPUTER PROGRAM

' ME STORE "TMEO-

RCM TO WWXK 'HE THKOOO# HE ODSfAVATIOW
hEM THIS COMPUTER PROGRAM ,«A3 KEN COMPILED

REM *HAHD€* .ilk'AKIS

RtM MSc 'Enqi l#4lvEWITY OP THf Ml TWATKRSAANO

DIM r ,i  I ( 4 , 5 a )  I 4 , 5» > , Ar . 1 ( 4.T0)
CIM T e lr ia .5 # ) ,M * * r '4 ,5 e ) .A f .r (4 ,5 # '
DIM Cl «4.3ei ,Cr ,4 . : # )  .Cl t (4.T,0i .Cr t (4 .5# )
DIM MO(4.3@) . H o t  ' . 4 ,5 0 !
DiM D « t t ( 2 ' 5 ]  . O b s e r v e r  S (  2 3 ) .  B o o k  e f ' S v  2 5  3 . I n e t r  u m e n t  * C 2 5  3 , b l e e t h e r  » [  2 3  3 
DIM 5 t  . p o m t e c  i e i )  , N l  t t  1 6 )  .N r  SC 163
DIM M i4 ,5 # i,L i4 .9 a ) .m i4 .5 # ) .A (4 .5 # ) .M e sa r c (4 i . R.dmoi4,36)
DIM F lf- * # « n ( 3 0 )  . S o i S e i  , 0 ( 3 0 1  ,R 130) , £ ( 5 6 )  , u < 4 . 5 a )  . 0 # w t 5 e )  . R * e < 3 0 :  . E f m l S # )  
DIM N e r t s s t z e a i  C S  3 , Nef** •  < 2SK81 f S l . P u n t  n » » e f ( 3 # )  [ i e i . V < 4 . 5 0 )  .VI  ( ? # * l  
DIM USI2W I),»J , 4 . 3 # ] .F t ( 4 . 3 0 )
DiM U p  ( 30 !  - F r y  i3 0 )  , F i e  <50) . F r e  (5 0)

PAINTER I #  1
h s u *  e e - - . M F B 2«»ei .  >eNB.a-
H s u s . . l » - ’ <MFB2<HI*  . 7 0 0 ,  i '
R e v i n M C  t . 1 ) » " N "
PAINT
OUTPUT 2 | K",
AAINT U #: N #  3 7 #

PRINT TAS<1 7 ) jC W n#( 1 3 1 ) | “FKOORAM TO REDUCE TMt TMEODOL1TE OBSERVATIONS” 
PRINT OMRS< 1 2 0 ) I 
PRINT US!NO 410  
IMAGE 9*,
PRINT 1JQINQ 43 0
IMAOE / ,  i e x , -THIS COMPUTER PROOAAM HAS WEN COMPILED"
PRINT USING 43 #
IMAGE 6 * , *  B V , /
PRINT TAP (21  ) |CHFte< t 30)  |    - Al.EXANDER AL PAN I S  >---------- "
PRINT CMR* 11 2 0 ' I 
PR IN T  USING 490
IPWkee /.l* :.-M S c(E n g» - UMIVER#! TV OF THE WITWATER9AAN0"

. PRINT USING 51 0
# T M A U E  /  . 4 *  , " I t  h a *  b e e n  t e s t e d  o n  <■ HP » e  1 6  m i n t  c o m p u t e r  , 4

u s i r g  « H P - 9 1 2 1  l o u h 1e  d i * k  d r i v e "
PRINT USING 330
IMAM / . * : / '         "
DIBP "Pres* • CONTINLL • to  co n tt.iu e 't  
PAUSE
OUTPUT 2 |  K - |
PRINT US1N*] 3 0 0
IMAGE l # / , 4 X , "  ThI * computer program Ie running w ith BASIC 2 . 0 e , / ,4X

Provided that th ere  l e  enough memor y , i t  a lso*
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P R IN T  U SIN G  t> e e
IMAGE 41. " run. wi f h M S  it
DISP p *** ' TDNT 1"*UE ' to  cpnt,r.u 
PAUSE
OUTPUT Zi k ",
P A IN T  U SIN G  6 5 #
IMAGE V . ' . i # * ,  l n , , F (  t n ,  d a ta  d i ,  
f ^ l N r  U S IN G  6 ' #
! M«Uf . 5 1 .  1 K w ep  y o u r  a t  *1 w i t h  t  

Ik," r*#$ - rOwriNUf to
MASS STORAGE IS  M*,..* 1#

m j T * u r

& hA SIC : 2 . 1  w i t h  E IM E N S IO M S -

I n  t h r  r  I q h  t  d i s k  rK ! « r  i ' 0 0 .  J I " 

pr a-ar *m 11> t h w  1 t  d i ew d r i ■. e t '# 0 .1

§2@

8 4 0
# 5 0

#6#
8 7 0

PRINT US1MT 
IMAGE r -  
PR(NT US 
IMAGE &:

PRINT US 
IMAGE **

PRINT LAI 
IMAOE 6*

PRINT UJ 
IMAGE 6: 
PRINT US 
IMAGE AM

PRINT U * 
IMAGE 61

PRINT UB 
IMAGE 6* 
DISF- "H 
»Alj*C 
OUTPUT r 
REM--------

9 4 0
»se 
*6#
*70
»#e
w e  
leee
1010

i # 4 0  # # # 1 N T  u s  
I # 5 0  IMAGE 6* 
, 4 r , " D a t e  m u s t  
I#60 PRINT US 
t#70 IMAGE 6*
, 6 * , " t h e s e  i n f

"There a r e  FOUR
. " e r r  o '  » d u r  j n y
NO

IS ALWAYS 
NO # 1 #
"CMEO I

NG WT#
Cl4C» Z 

wo e w
"CHECK 7

p r  o o '  * »  , i  n  o r d e r  t o  e l  \m im tw "  
r o m  t h e  d a t a  s h e e t  . H o w e v e r , i t

e . " HOo n e i  h  i i t t  v 
t  r f̂c b e q  i n n i n g

n q t h  o*  a l S  e n t r

'  a n t  v , t h a t  t  h e  R . O  p o m  
t h e  e n d  o4  e a c h  r o u n d . "

v e t  b e  a c c o r d !  n q  t o  l h e ” . /

NO 0?#

r e a d i n q  m ust b e  1 e s s  t h a n  "6#  d e g .  "

a l w a y s  i n c r e a s e "

p r e s s  • CO N TIN U E

CREATE A NEW DOTfl FILE, IN  CASE THERE I S  NONE t  A S S  IQN  PATH

P R IN T  U&
IMAOE 61

t h e  f o l l o w i n g  e>~ a m p l e  i i i t  * d  b e l  d

> •# # P R IN T  US 
IMAGE 61

NO 1 0 7 0  
" T h e :  D a y ,

NO 10713 

‘ t h e s e  *p«N

* # d  u s i n q
t w o  d i g i t s

i a b l  i»* . m u s t  h e  . n s m r  t  e d  a c c o r d i n g  t o "  
r * p - f  . • U  y , t h e  D a y s  m u s t "

i s  s h o w n  b e t  o w i t h e "
l t w o  f o r "♦ our d l q i t  6

d a t a  y o u  h a v e  t o  i n f  o r *  t h e  c o w p u t e x -  b v  t y p i n g *
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r

t h e  p a r t i c u l a r  D a y ,  D 
rmiNT ('UNO 1110  
IMAGE IT * .' DAY 
PRINT UWIMO I I 70 
(MAGE l2*,''Mofdav

P * I N T  U S IN G  t 1 3 #
IMAGE 12 X , "W ednesday

MINT USING I I 70 
IMAGE 1 2 * .'Frldav

FMINT USINQ &|$#  
IMAGE l:«."Sunda, 
DISf "Print Day.Dal*
INPU T 0 * ',  * ,H m # r •  , 0 r  a 
F t  I *# «0a v * 5 .0 r  »

a i r w * d v  o n  t h *  s h e e t

i l e l V V

121# 
i : : #  
I 2 0

IZW 
i se e  
131 #  
• 32 
I 3 3 #  
, 3 4 0  
1 3 5 0  
136# 
1 3 7 #  
1 3 # #  
13*# 

4 # #  
1 4 1 6  
1 4 2 0  
1 4 X 0

1 4 5 0
* 4 6 #
1 4 7 0
146#
1 4 9 #
. 3##
1 3 1 0
i s z a
1 5 3 6
1 5 4 0
1 5 5 0
ISA#
1 5 7 6

'5*0 asm ION •AfeQI t)*> « TO F, 1*7# 
0# ON E#M* 90T0 

It.'#  CREATE BOAT FnwB»,2»«f,B  
l e 2 0  O FF ERROR 
1*3# ASSIGN 0R** TO F il*«#
1 * 4 #  ON ERPOm GOTO I**#
1*5# CREATE BOAT F l l e W . l ,#

Fi I*2#«f, I*;#,':"
Fi l * '* -F i  lees,"
F i . 1 * # &  4 '
r *  i * : «  i * # & - 5 -
F | i * 6 S - F l  i e « $ ," 6 -  

:#?**F ii * # & - 7 "
' . le e t-F ile S V S "
F i l * » S - F i  I * # & '" # -  
ON 1RAOR GOTO S 3 4 0  
CREATE BOAT F t l * H , 2  
OKF ERRO#
A S S I M  #E m p TC F i  i , i  
ON ERROR GOTO 1 3 0 #
CREATE 6 DAT F , i * 2 S , 2
O FF ERROR
A S S IG N  #E*o 1 2  TO ’‘ i t  0 7 9  
ON ERROR GOTO 1 4 2 0  
CREATE BOAT F i 1 * 3 # , 1 , 1 6  
OFF ERROR
A S S IG N  W « t h  TO F t t * 3 l  
ON ERROR 0 0  TO 1 4 6 #
CREATE BOAT F U * 4 » , B . ' 3  
O FF ERROR
A S S IG N  e O d o *  TO F I  1 * 4 #
ON ERROR GOTO I S M  
CREATE BOAT F t l e S e . S # . 16 
O FF ERROR
A S S IG N  0 0 *  TO F i l * 5 »
ON ERWOR #OYO 155#
CREATE BOAT F 1 . 6 * , 1 , 1 4  
OFF ERROR
A S S IG N  # P I *  TO F , l e & t  
ON ERROR GOTO 1 5 0 0  
C R EA TE BOAT F i l * 7 t , 1 . 0

, i : « . 

. i : * ,  

. 1 2 %.

-  1 r * t  o r d

O b » * r v e t i e n a l  r * * i d u a l m

N u e b e r  o 4  o b * .  r  e l  d u e  i s  -  1 r e c o r d
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OFF ERROR
A SS I ON * T o p  ' 0  F |  I * * ;

REM C l E A N I '* ;  THE SCREEN OF ALL f ^ E V l u U S  E N T R IE S

t ? 4 0

OUTPUT : |  "k -  ,
D :S P  " W i l l  \ o \ i  L.%* P A lN T tq  "V hE E N " 'P S )  c r  r n | /  3L P E F N  ( - 9 )  """i

OUTPUT J ,  k " ;
IF  O u e * t  i o r . * [  1 .

IP  O u * * t : o n # [  I .  1 S "  'K € N
P n r  ” 0
GOTO 1 9 : 0

GOTO 1 ^ 7 0

DJSP “P r i n t  Pf- i n t< r r  s  jd t i r  # » s  [ e . g . 7 0 :  e t c .
INPU T P r
A S S IG N  t P r t  TO P r

1 9 7 8 D iS P  “ D o y o u  - a n t  t o  s n s e r t  n e w  CNJ o r  v i e *  t  ht> a i d  g e n e r a l  : n f o r  # a t  * o n

1 9 4 0 INPU T D e c i s i o n *
i » s e $F D e c iB i o n S C  t , i J -  'N ” T h e n
i 9 6 0 3 0 T 0  2 0 4 0

! F  D e c i s t o n l t  2 , i J - " D "  THEN
i« w e SO TO  3 4 9 0
z e e e
2#i0 GOTO 1 9 3 0

END IP
2#3e END I F
2 8 4 0 D IS P  "Mo* m a n y  T h e o d o l i t e  *rc*  h a v e vcx i » e a s u r  * d  j
z e s e I MPU T A r c f u m
2 6 6 0 D IS P  "M em m a n y  d i  ♦ ♦ e r w i t  p o i n t *  p e r
2 # 7 # INPU T A r c p o i n t e
r a e e OUTPUT 0 P e t h ,  i  ; A r c n u * , A r c p o m t e
29*9 D I S P  " P r i n t  t h e  m a x  e u * t  u n e d  e r r o r b e t w e e n  CL % CR r e a d i n g s  i n  s e c o n d s *
2 1 0 0 INPU T N n
2 1 1 0 OUTPUT 0 A k p i b e i * , l i N n
2 1 2 0 I F  R e v i n M C  t  , 1 ]■  v •• TMFN
2 * 3 # D IS P  “ D o y o u  w e n t  t o  c h a n g e  t h e  d a t e  ( Y /N )  i

IN P U T  C h d a t e *
I F  C h d a t e * (  ! ,  1 ] •* 1 • "  fH ’ N

2 1 6 0  . GOTO 2 2 7 0
21  7 0 , * . -  E L SE

I F  C h d a t e t C 1 , i 3 - " N "  THEN
2 1 9 0 0 0 TO 2 3 B 0
2 : 0 0
2 2 1 0 SO TO  2 1 3 0
2 2 2 0 END I F
2 2 3 0 END I F
2 2 4 0 E L 0 F
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SOTO 2 2 7 S

2 5 :
2 S 4 f l
2956

2 6 2 0
2 6 3 0
2 6 4 0
2 6 5 0
2660

2 7 2 0
2730
2740
2 7 5 *

IN PU T  D 
X l- L E N ,

D IS F  " T h e  d *  t  e

OUTPUT 2 :
GOTO 2 2 ? #

OUTPUT # O d O * . l j D
IF  R e v  i n  < •  C 1 , i  3 =• 

D I S P ' D o v r u w  
INPU T C h o o s e *
I f  C h o b * * # [ l .1  

80TC 2 5 ? #

! F  C h o b s e f C 1 
GOTO 2 6 4 0

SOTO 2 3 9 0

SO TO  2 5 3 0  
END I F
D IS P  W ho » #  t h e
IW H JT C X s s e r v e r e  
* 2 - L E N < ( % ie e r v # r « i  
I F  * 2 > 2 fc  THEN

D I S P  * T h e  o b e e r  v # i

PA U SE
OUTPUT 2 | - K " |
3 O T 0  2 5 3 #

END I F
OUTPUT # O d o * . : i O b * # *
IF  R e v i n * « t 1 , I : * - Y -  

DI#P “ D o v o u  w a n t  
IN PU T  C h b o o k S  
I F  C h b e o k « [ 1 „ 1 J - - <  

SO TO  2 7 9 #

I F  O o e w h i C  1 . 1 3 -  
0 0 T 0

SOTO 2 6 5 0

o b s e r v e r

ceed s 20 ch rsi Pre

t o  c h a n g e  t h e  b o o k e r

2760e»Cl3E
2 7 7 0
278#
279#
280#
2818
2828
2H3e

GOTO 279#
END I F
DISP "Who i •  the 
INPUT Booker#
X 3«t EN < Book er * > 
IF 13 >2# THEN
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2 8 4 0  D IS P  " T h e  b o o k e r  #  n a m e  e *  c e e d e  2 *  t  h r  s i  P r e s s  - CDNT INU f; k  t r y  * q s ,n  " i
2 9 5 0  PA U SE
2 9 6 #  OUTPUT 2 i " K '* i
2 6 7 0  3 0 T 0  2 7 9 #
2 0 8 0  END IF
2 8 9 0  OUTPUT • O d o s , 3 i B o o k e r s  
2 9 0 0  I F  R e v i n # * £ 1 , 1 3 - - v -  THEN
2 9 1 0  D IS P  " D o  v o u  w a n t  t o  r h a n g #  t y p *  o f  t h e c d o l  i  t  e> < Y/ »it :
2 9 2 #  INPU T C h t h e c *
2 9 3 3  I F  0 . l h # o # ( 1 . : J . - Y "  THEN
2 9 4 0  GOTO 3 0 5 0
2 9 5 0  E L SE
2 9 6 ®  SF C h t h e o S t  1 , 1 3 « llN 11 THEN
2 9 7 0  GOTO 3 1 6 0
2 9 0 0  E L SE
2 9 9 0  GOTO 2 9 J #
3 # ® B  END I F
3 # 1 0  END I F
3# 2 @  E L SE  
S # 3 0  SOTO 3 0 5 #
3 # 4 0  END I F
3 # 5 0  D IS P  “ W h s t i s  t h e  t v p e  ai t h e  Th » o d o l i t e  C 2 0  c h a r  s c t  e r s ] " |
S # * 0  IN PU T  I n s t r u m e n t *
S # ? 0  X 4 -L E N <I n s t r u m e n t * )
3 6 6 0  I F  * 4 > 2 0  THEN 
3 * 9 0  P E E P
3 1 0 0  D IS P  " T h e  i n s t r u m e n t  n a m e  e *  c e e d s  2 0  c h r  s i  P r e s s  ■ C O N T IN U E > & t r  v  a g a i n "

3 1 1 #  PAUSE
3 1 2 #  OUTPUT 2 ; " K " ;
3 1 3 #  GOTO 3 0 5 #
" * 1 4 0  END IF
3 ! 5 0  OUTPUT • O d o * . 4 s  I n s t r u m e n t *
3 1 6 0  I F  P e v i n # * [ 1 , t ] -  Y THEN
3 1 7 #  D IS P  "D o  y o u  w a n t  t o  c h a n g e  t h e  w e a t h e r  c o n d i t i o n *  (Y ,'H\ s
3 1 6 #  I h f U T  C h w h e t *
5 1 9 #  I F  C h w h e t S t  i  , 1 l - ' - Y "  THEN
3 2 0 #  GOTO 3 3 i i
3 2 1 #  E L SE
3 2 2 #  I F  C h w h e t W t I , 1 ] . " N  THEN
3 2 3 #  GOTO 3 -42#
3 2 4 #  E L SE
3 2 5 #  GOTO 3 1 7 #
3 2 6 0  END I F
3 2 7 0  END I F
3 1 9 #  E L SE  
3 2 9 #  GOTO 3 3 1 #
3 3 0 #  END I F
3 3 1 #  D IS P  '* D e s c r i p t i o n  o f  w e a t h e r  c o n d i t i o n s  1 2 0  c h a r . 3 "  ;
3 3 2 #  IN P U T  w e a t h e r *
3 3 3 #  * S - L E N < W e a t h e r * >
3 3 4 #  # # #  * S > 2 #  THEN 
3 3 5 #  B E E P
3 3 6 #  D IS P  " T h e  d e s c r i p t i o n  o f  w e a t h e r  e x c e e d s  2 #  c h r s i  P r e s s  <C O N T 1 >  & t r v

s g a . n  ,
3 3 7 #  PAUSE
3 3 8 #  OUTPUT 2 j “ K ” ,
3 3 9 #  GOTO 3 3 1 #
3 4 # #  E M ) I F
3 4 1 #  OUTPUT • 0 d o s , 3 | » e a t h » r *
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" 4 2 #  OUTPUT • O d o e , » i D « v »
7 4 : ?  .TUTF J T  * O d o # .7 |M * * f  #
3 4 4 #  C U T P u r  4 C M o * .a ,O r a #
: 4 - #  h E M ................................. -  - - -  -   -   —

} 4 ^ #  REM

7 4 9 *  REM ^ N ^ tR  OLD E N T R 'E S  FO R r , *  GENERAL Ih fO R M A T IO N  & P * |H T O L r

7 5 : #  EN TER # O d m * . : , D a l #
3 5 4 #  E N T ER # O d o * , .Z ,O B « * f  * r #

E N TER # O O o # . 3 : P o o t # f  #
T Sm # E N fE R  # O d o » , 4 i I n « T f i w # * f i * l  
% ' #  E N T ER # O d o * . 3 |W * a t h e f #
15%*# EN TER e O t io e  , 6 :  D * v »
3 T V #  EN TER # O d o * . ' i M # # f #
T o 0 «  E N T ER e O d o s . S i O r a e  
% 1 #  P-RINT U # :N O  3 * ^ #
?&20 IMAGE - ......................... ....

^ J #  I F  P n r - I  THEN OUTPUT # P r t  I f*  I NO : 6 2 #
3 * 4 #  P * :N T  U S IN G  3 6 5 #
^ * 5 #  IMAOE '  R E D U CT IO N  OF T H E O D O L IT E  O B S E R V A T IO N S "
3 » & #  I F  P n r . |  THEN OUTPUT # p r l  U S IN G  ^ 5 #
3 * 7 #  P R IN T  U 8 IN O  3 6 # #
3 6 # #  IMAGE *

3 6  * #  I f  O n,'-I  THEN OUTPUT # P r  t  U S IN G  ’ * 8 0
3 7 # #  REM--------------------------- --------------------------------------------------------------------------------------------------------------------------------------

I ? ? #  REM
3 7  5 0  REM— —  -  . —  —  — .  —  —  —
3 7 4 #  REM P R IN T . R E V IS E  END R E P * I  NT GENERAL INFO AM ATIO N

$ 7 0 0  P R IN T  LISING 3 ? ? #
3 ? * #  IMAGE / / / . "  GENERAL IN F O *M A T IO N "
3 B e e  I f  P n r - l  THEN OUTPUT » P r t  U SIN G  3 7 9 #
3 # l #  P R IN T  U # IN 8  ^ 2 #
7 8 2 0  IMAGE '
3 8 5 #  I P  P n r - t  THEN OUTPUT *Pr t  U S !  1-0 3 8 2 0  
3 0 4 0  P R IN T  U S IN G  3 e 5 0 i D # t e , I n s t r u w e n t #
3 0 5 0  IMAOE " D a t e  i * ,?*  , 2&&, i X , " I f ' * t r u < n » n t  i -  . 2 *  . 20A
3 * 6 *  iF  P n r - t  THEN OUTPUT «=>r t  U S IN G  3 8 5 0 1  D a t e ,  I n s t - i . m e n t #
3 8 7 0  P R IN T  U S IN G  3 8 8 0 1  O a s e r v e r S , B o o k e r # , W e a t h e r #
3 8 8 0  IMAGE 'O b e e r v e r  , , 2 # , 20* . / , " B o o k e r  , " . 2 X . 2 0 A , / . “ W ea
t h e e  C o n d i t i o n #  i * , 2 X ,2 0 6
3 8 9 0  I P  P n r - |  THEN OUTPUT t P r t .  US !NG 3 Q e # i  O b s e r  v e r  » ,  B o o k e r  « ,  W e a t h e r  S 
S'0# '!  ^ P P I N T  U S IN G  3 9 |0 |D a y e , H » e r  » , O r a *
3 9 1 0  IMAGE / / . “ •  C o d *  n t ia - b e r  a  t o  c r e a t e / h a v e  a c c w w e  t o  t h e s e  d a t * i  “ , A . " , " . 3 A ,  
“ , " . 4 A ,  / ,  T h e  o u t p u t  a* a l l  t h e  o b s e r v a t i o n *  i t  in  d e g r e e s ,  m i n u t e s ,  s e c o n d s ' '  
3 9 2 0  I F  P n r - 1  THEN OUTPUT # P r t  U S I NO 3 9 1 0 |D a y # , H m er # , O r a S
3 9 3 ®  O lS P  “ D o y o u  w a n t  t o  r e v *  s e  a n y  e n t r y  ( V /N )  » ' ;
3 ? 4 #  IMPUT R e - I n * *
3 9 5 0  I F  R e v i n # # r t , U - " N "  THEN
396*9 UOTO 4 0 4 0  
3 9 7 #  E L # E
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'* 2 9  OUTPUT « 3 d o B , 6 i P « v f
7 4 : a  O U T ^U I * O d o * . 7 |M # # r #
3  # 0  OUTPUT 4 0 d o # . 8 : 0 r . *

3 4 6 0  REM

3 4 * 0  R E M "  . . . .
3 4 * 0  REM F .N T t*  O L J  E N T R IE #  FO R T k *  G E P tR A L  IK fO R M A T IO N  % PR IN T O U T

* 5 : 9  EN TER S O d o e . 1 , D « t *
3 5 4 0  EN T ER  » O d o s , 2 ; 0 6 s w r v * r I  
3 5 5 0  EN TER t O a o e , 3 i P o o k e r •
3 5 6 0  EN TER e O d o s , 4 i | n * t  r u m e n t I  
T 5 7 0  EN TER # 0 d o # . 5 , w e a t h e r #
3 : 8 0  E N T ER • O d o e , fci D « v »
1 5 9 0  EN TER # O t i o e . 7 sM M e r»
3 * 0 0  E N T ER • O d o s , B i O r « »
3 6 1 0  P R IN T  U 0 IN O  T 6 r 0
3 6 2 0  IMAGE     . . . » ........................  . . . .

3 6 3 0  ' *  r - n r - l  THEN OUTPUT # P r t  U S IN G  3 6 2 0
3 6 4 0  " R IN T  U SIN G  3 6 : 0
3 6 5 0  IMAOE - R E D U CT IO N  OF T H E O D O L IT E  O B S ER V A T IO N S "
3 6 6 0  I F  P n r . |  THEN OUTPUT « P r t  U SIN G  3 6 5 0  
3 6 / e  P R :  T U SIN G  3 6 0 0

"* 9 9  I F  P n r - l  THEN OUTPUT * P r t  U S IN G  3 6 8 0
3 7 # #  REM------------------------------------------------------------------------------------------------------------------------------------------- -----------
3 7 1 0  REM
3 7 2 8  REM
3 7 3 0  REM— — —  * —  —
3 7 4 0  HEM P R IN T , R E V IS E  END R E P R IN T  GENERAL INFO RM A TIO N
3 7 5 0  MEM ................................................................................................................................................................................................
3 7 6 0  '
3 7 7 ®  >
3 7 0 0  P R IN T  U S IN G  3 7 * 0
3 7 9 0  IMAGE / / / , "  GENERAL IN FO R M A T IO N "
3 M 0  I F  P n r - 1  THEN OUTPUT f P r t  U S IN G  7 7 9 0  
3 6 1 0  P R IN T  U S IN R  3 C 2 0
3 8 2 0  I MARE * mrnmtimmummmmmmmmmmmm* , /
3 8 3 0  I F  P n r - 1  THEN OUTPUT # P r t  U S IN G  3 0 2 0  
3 0 4 0  P R IN T  U S IN G  3 8 5 0 1  O a t # . i n s t r u m e n t #
3 8 5 #  IMAGE ' D a t e  , " . 2 X . 2 0 A . : X . " I n s t r u m e n t  , " . 2 X .2 0 A
3 8 6 0  I F  P n r - $  THEN OUTPUT # P r t  U 0IN W  3 0 5 0 1 D a t # , I n s t  r u m e n t #
3 8 7 0  P R IN T  U S IN G  3 8 6 0 1  O b s e r v e r  # , B o o k  e r  # . W e a t h e r  #
3 8 8 0  IMAGE " O b s e r v e r  i 2X . 2 0 A  B o o k e r  2 0 #
t h e r  C o n d i t i o n s  • • , 2 * ,2 0 A
3 8 9 0  I F  P n r - 1  THEN OUTPUT « P r t  U S IN G  3 8 B 0 ; O b s e r v e r * , B o o k e r # , W e a t r t e r *

^ R P l f - 'T  U S IN G  3 9 | 0 i  D a y # ,  H m e r # ,  O r a #
* ,  J r- — . . —fc, —,  — » «  -  -  —

d e g r e e s ,  m n u t
3 9 1 0 |D a y # , H m e r # , O r  a #

D I S P  “ D o y o u  w a n t  t o  r e v i  
IN P U T  R e v i n O  
I F  R e v t n # # ( ! , H - - N -  THEN
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4 « 3 0  END i :
4 0 4 0  OUTPUT , 'i  "N :
4 #5 0  D ltiF Do vou i«*n l t o  i newr t  new ( N 1 or •>» t h e  o l d  d o t  a 10 1 :
4 8 6 0  IN PU T  D e r d * t * l
4 8 7 0  I F  D e c d * t * S t i , 1 ] - " 0 "  TH fN
4 8 6 0  9 0 TO 6 : 1 0
4 « r ,0  EL SE
4 1 eta  : F  O w e d - a t *  s t .  i . i i "  -N" r m .  n
4 H 8  I F  D e c :  * i o n # (  I . I ] -  N "
* 1 2 #  OUTPUT ? ,  "»
4 1 : 8  GOTO 4 3 : 0
4 1 4 0  E L SE
4 1 3 0  GOTO 4 2 4 0
4 1 6 0  END IF
4 1 7 #  E L S E
4 1 8 #  GOTO 4 8 3 #
4 i« * 0  END IF
4 2 0 0  e n d  :r
4 2  #  A E M ------------------------------- -------- ------------------- ----------------------------------------- ----------- --------------
4 2 2 #  '
* 2 3 8  1
4 2 4 0  OUTPUT 2 i * K " i
4 2 5 0  D IS P  ’ H o e  m a n y  T h e o d o t  i * m a r c *  h e v e  v o u  m e a s u r e d  !
4 2 6 0  IN PU T  A r c n u *
4 2 7 8  ')I 3 P  "M ow  m a n v  d i  * # e r  e n t  o o i  n t *  p e r  a r c  i
* 2 8 8  IN P U T  A r c p o m t *
4 2 ^ 0  OUTPUT e P a t h i A r e n u e . A r c p o i n t *
4 3 0 8  D IS P  “ P r i n t  t h e  * « *  * u * t * i n e d  e r r o r  b e t w e e n  CL & C S r e a d i n g s  i n  s e c o n d s "
4 3 1 0  IN P U T  Nn
* 3 2 8  OUTPUT e A k o t b e m N n
4 3 3 0  D IS P  “ P r i n t  s t a t i o n  p o i i t  'u p  t o  3  c h « r  e g .  M 24} t h e  f i r s t  l e t t e r  a i p h . > 
4 3 4 0  IN P U T  S t . p o i n t *
* 3 5 0  Y 3 - L E N i S t , p o i n t * )
4 3 6 0  I F  Y 3 > 3  THEN
4 3 ? 0  P E E P
4 3 8 0  U 1 3 P  * V o u r  * t  « t  1 o n  n a m e  e x c e e d *  3  c h r s i  P r * * »  < CONT "> & t r v  * g * i  n 1* |
4 3 9 0  PA U SE
< 4 6 0  OUTPUT 2 |  K " |
* 4 1 0  OOTO 4 3 J 0
4 4 2 8  END I F
4 4 3 0  OU TPU T 0 P l * | 8 t  p o i n t *
4 4 4 0  FOFt 1 * 1  TO A r c p o i  n t  s
4 4 5 C  DI S P  " P r i n t  t h e  n a m e  o* o b s  p o i n t  n o  , I , "< up t o  ? r h # r # c . e r * , e g .  M IL

4 4 6 0  IN PU T  P o l n t „ n # e e * I  I <
4 * 7 8  Y * * L E N (P o k  n t  n a m e * 1 1 )>

I F  Y 4 > 3  THEN 
4 4  "Hi BEEP
4 5 0 0  D IS P  " Y o u r  o b «  p a l n t  n a m e  e x c e e d s  3 t h r » i P r e s *  ■ CONT '  h  t r y  » g * i n " i
1 5 1 0  PA U SE

OUTPUT 2 |  " K - |
$ 5 3 0  SO TO  4 4 5 8
4 5 4 0  END IF
4SBS0 OUTPUT 8 0 4 1 ,  i  |  P o i n t  . n a e e *  < I >
4 3 6 1  WEST I
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457# CONTROL #Oa?, ’ i«rcpcsnt«*l

4 * 2 #  REM IN S E H T  NEW DATA L STOAE 'H E M  IN  THE DATA F I L E

4 6 * #  FOm I - I  ' 0  » V r .  . ,*

4 6 # #  M o ' k p ) - #
<690 f r d 'Up i «iS
4 7 # #  H )R  TO ' l f f p u i n t * f |

< e r e

*# e
4 e e e

9 # 4 0
5#I5(I

L y -
s e ? e
aee#
5#9@
s i e #
s u e
S I  2 #  
5 1 3 #

K » i I - 1 > • 1 Af r p a i n t » * i ' «■ ! i 

GO#U# Upod*iq*g

If- I t '  Ar cpoi n t  e *  i T 
DISP -P rin t n r ;  I

DISP Pr l it c : rc I

INPUT Ml#
Y:-LEN(NI#1 
IF f : # THEN

OUTMJT 2 , 'k - ,

DI#P Vow h*v* #n

OUTPUT :i "K" i  
PPINT UfIN# 5###

30SUB U podsi ij*«

IFFT r willing for p o in t no. " 

LEFT ruadm g for W (5 id  11 *

w i t h  d i g i t s P r e s s  CONT S.

GOTO 475#

N*»r I ( K I -N 1  •
IF  1 1 Ar c p o i  n t  * *  1 THEN 

DISP "Print c i r c l e  RIOMT

DI#P "Print c ir c '*  miOMT

v 2 - L E N ( N r e .
I F  Y2-’ >Q THEN 

OUTPUT

D 1S P  " Y o u  h e v e  e n t e r e d  *

OUTPUT 2 , "K",

OOSUB U p o d e i o w *

OOTO 4V“5#

N d e * e  < * > - •* - *

iq  »or p o i n t  n o .  

e # d i  n q  for FKD < 2 n d  t i

i l l l "

■> o #  * r c  n o .  " i l l

P r e » *  CONT I  t r

A ppendix F. "THEO" COMPUTER PROGRAM 276



4 5 CONTROL » 0 * z , ’ i A r c p o i n t 1
45#* RFM----------------------------  - - ------------------------------------------------------------------------
43*# e-EM 
4»#« REM
4*1# -
4*J# REM INSthT NEW DATA & SfOAE THCh IN THE DATA r[LE
4*3# ÊM ........................................................................................................................................................

* * * #  Fn m I - l  TO r n u m  
4 * 7 0  Kr - i
4*## F l p l k p ) - #
4 6 9 0  F r p  (Up  ' •iS
4700 f-'QR i i » 1 TO Af r ro i  nt  #* I
4 7  t a  k « c : t ! •  1 c p o t  n t s - 1 ! * n

# 7 % #  GO# U#  k j p o d e i  q # a

4 ? 3 #  I F  I i " A f c p o * n t * * l  THEN
47e«8 D I S P  " P r  i n t  c i r r i #  L E FT  r e a d i n g  f o r  p o i n t  n o .  " i I i i “ o* a rc  n o .

4 7 6 (3  D ! S P  “ P r i n t  c » ■ c  ! *  L E FT  r w n d  i n g  fu r  RO ( 2 n d  1 1 ® e > s f  a r c  n o .  " i
4 7 * #  f N O  IF
4 # # 0  IN PU T  N i *
4 B 1 0  v t - L E N i N l *>
*#2# :F Y|. # THEN
* # 3 #  OUTPUT 2 : " K " ,
4 9 4 0  i-E E P
4 6 3 #  D IS P  vow  h a v e  e n t e r  e d  « n o .  « i  t h  d s g i  t e  9  o r  > 8 .  P r e s s  CONT

4#*@  PA U SE
4 # 7 B  OUTPUT 2 i " * " i
4eee m m iN T  u s i n g  s e e e

4 * # 0  9 0 S U B  U p o d e i q m s

4 * 2 #  OOTO 4 7 5 #
4 1 3 #  END IF
4 * 4 #  N u r l e #  < K ) - N l •
4 V 5 #  I F  ! i A r c p o i  n t e M  THEN
4 * 6 ®  D iS P  " P r i n t  c i r c l e  P iQ H T  r e a d i n g  * o r  p o i n t  n o .  " t i l l "  o* a r c  n o

4 * 7 #  E L SE
4 * e e  D 1 S F  ’ P r i n t  c i r c l e  RIG H T  r e a d i n g  # o r  W3 < 2 n d  t : # * )  o f  a r c  n o .  “
4 * 9 #  END I F
3 M #  IP#-UT Hr*
S # l #  v 2 « L E N (N r * >
s# za  i f  V2 -- >e t h e n
5 # 3 #  OUTPUT 2 i - K '- i
S # 4 #  B E E P
s e s a  D I S P  "YOw h a v e  e n t e r  e d  «. n o .  w i t h  d i g i t s  #  o r  • # .  P r e s s  CONT
y  « a £ t n " i
A e t e P  p a u s e
S # 7 #  O U TPU T 2 1 " K " |
see#
se*# 3 0 5 U B  U p o d e i g * s
31##
S t  I #  OOTO 4 9 5 #
5 1 2 #  END I F
Si 3 #  N d * * # I K ) - W #
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r # u  • 1 , 1 1 1 -VAL <NI * [ 6 , 6 1 1
i i I . I i ' - T , i i ( ; , u ' 16

H»«»i i i , i i i , n  |  e 1 4  , b  j )
A,  U  . U  ) - V A l  'N l  * [  1 . '  ] ,
r i 1 1 , T i ) " T e i i u . u i * M , « i 1 1 . : i f A e * A r  * ) 1 1 , 1 1 » * 3 6 6 #
f f l r  1 1 , n  » "VAl  ( N r * [ » . e r
r « » l r < l , l i > “ T » l r < ! , I i > / l 0
M # * r <1 ,  1 i i - VAL  t Nr S t  4 , 5  n
A f « r l I . 1  % ) " V A L ' M r * t  1 . ? ] )
O  ( I , 1 % i - T * | r i 1 . I l ) * M # # r ( 1 , I ' * 6 6 ' A r  . r  U , : 1 ) « : & 6 #

5 2 3 0 0 2 - T 6 # 6
: & #

3 2 ? ®

I F  C l  ( I . 1 1 ) Oq om C r  « : . H ) Og THEN
OUTPUT 2 r K " l

DI6 M - ^O L m  AfA D IN O  t x C E E D *  : 6 6  D € 6  ' T r y  a g a i n  -  P r * * m ' C O N T I N U E )  t o

3 3 6 6
3 3 7 # OUTPUT Z l " * " !
33 . e e OOTO 4 7 2 #
3 3 # #

3 * 1 #
3 4 2 0

D i e f o ^ a - a e s  fC l  ( I . I i 1 - C r U  , t i  > ?
3 4 4 6 M I - 1 6 6
3 4 5 6 M 2 . 3 6 # #
3 4 6 6 M 3 - M |* M 2
3 4 7 1 : F  A n 8 ( D l e # o r « - M 3 l  Nn THEN
3 4 6 6 OUTPUT 2 ; " K " :
3 4 9 6 P R IN T  U SIN G  5 3 1 6 1 1 i . 1
3 5 6 # M E P
ssie IMAOE 6 / . "  THE D IF FE R EN C E  BETWEEN CL & CR RE A D IN G #  IN  P O I N T  - . 2 D . *

OF TMC a % c  w o .  ' . 2 0
3 3 2 6 P * I N T  U SI N G  3 3 3 6 |Nr>
3 3 3 6 IMAGE " 18  Q *E A T E *  THAN " . 3 D  " SE C 1 ' "
3 3 4 6 P R I N T  U 6 I N 6  3 3 3 6
3 5 3 6 IMAGE /  / ,  ' Do  y o u  w e n -  ■ „> c o n t i  >ue  t h e  i n s e r t i o n  o f  t h e d a t a  o r  t o  r e
Vi * •  t h i s  e n t r y
% A 6 D I S P  “ P r  i n t  • C > t o  c  «"* i  o r  Ft> t o  r e v i  s e .  H $
3 8 7 6 INPUT P s o *
% 6 6 I f  P a o * t 1 , 1 ] -  W" f u r s
3 5 9 6 OUTPUT 2 t  "*
3 6 0 6 QOTO 4 7 2 6
3 6 1 6 E L M
9 4 2 6  _ I P  P i O * (  1 . 1 3 -  -C*  THEN
3 6 3 6 OUTPUT 2 , " k " ,
3 6 4 6
3 V 3 6 E LSE
5 6 6 6 OOTO 5 4 # #
3 6 7 6 END : f

5 * 6 6 END I F
5 6 9 6
3 7 6 6

END IF
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*>

»

5 3# FI*[kp - C I C .I U  l l ( I . I )
374# F r* (K p )-C rH ,Ii, Cr( I . | ,
3 7 3 #  I F  F I *  p )  #  AND l l  I TULN
3?&# FteiKp'«Fl*<t'p) • i<q
377# END (F
5 7 8 0  IF F r e  <Kp>■ 8  AND I i  I THEN
5790 F>e <► B I «Fr e I Kp ) «Qc3
3### END IF
5 # l#  » f i t l - f l * ,k p )  Flp.kp)
592@ ► r  i t r  - F r e  (Kp ) -Pr p i y P j

5 # 3 #  IF  l l - l  THEN
38*0 ►D-Ka-s
385# Flp ik.p i -Fleikp-i >
5 0 6 0  F r p  ( k p )  - F r »  <* O '  I 1
3 6 OOTO 6260

■*#**« IF 11 *tirct,oi nts» 1 ?>€N
5### OOTOA2&#
3 9 * #  END IF
392# IF K r ill # AND k ritr  # THEN
5950 ko-KpM
3 9 * 0  F 1 p ( K p ) " F I » (► p -  I I
39S0 Fr0 (Kp i-Fre (hp- I)
3 9 6 #  EL SE
3970 CJTI’UT 2|-k'|
3 9 8 #  BTEP
399# PRINT U3IN0 6 0 M
f c # # #  IMAGE 4 / . U * .  WARNING ' EA # om  HAS OCCURED AS YOU* ENTRY 13  NOT IN  OR
D E R* , ■ , 1 1 « , " A e u b e e q u e n t  e n t r y  « o e t  *1 w * v e  i r i c r e * « e  a *  t h e  t h e o d o l  i  t e ’1 
# # l i  M I N T  U S I N 9  6 0 2 #
A#2# i m m .  13* ,- ro ta te a  c' ockwiee" , / /
6 # 3 #  PA I N T  U 8 1 N 0  6 0 * 0 1  : I - I ,  I
&#*# IMA#m "TRY TO W-:N#WT THE CO**eCT VAlUKa #TART|MO AOAIN FROM POINT

’ .D O . - '  OF m e  NO. “ , DO,  . -9 n , * OR STOP THE RUN,  "
6#3# DISP "Print ■ S' to  stop  the run or ■ #M > to  r e -1 m er  t th e co r r e c t val

6 0 6 0  INPUT L * t h Q » _ e e t r e »
*#70 IF L « th o e _ e e ir « e t i, i J«"S“ rnfN
* # # #  OUTPUT 2 ; " K " ,
6#9# BEEF
61#) PRINT USING 6110
6 1 1  1 IMAOE M H f  RUN HAS BEEN D E LIB ERA TEL Y ST O PP ED  DUE TO WRON#

(A M O PI Z .  ANGLE WITH VALUE L E SS  THAN THAT OF 'H E  P R E V I O U S  ENTRY MAS BEEN*
6 1 2 #  P R I N T  US I NO * I 3 # | l l  , I , I t - 1
6 1 5 #  IMAOE - IN S E R T E D  IN P O I N T  " , 0 0 , " OF APC NO ,  " , D D . " . CHECK ALSO ROI
NT - . 0 0 ,  " OF THE S W E  ARC,  *
6 1 4 #  BOTO 12 2 2 0
6 1 3 #  ELBE
6 1 6 #  I F  L a t h o s  e e i r a l t  I , 2 1 - “ R 1 " TH :x
6170— OUTPUT 2 i  " K " ,
6 1 # #  K p - k p - 1
6 1 9 #  I l - I t - I
6 2 # #  OOTO 4 7 1 0
6 2 1 #  ELSE
6 2 2 #  OOTO 3 9 7 #
6 2 3 #  END I F
6 3 4 #  END IF
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3 '} #  Me<Kp)-Cl (I . Ii ) C 1 ( I , U
3 7 4 0  F r e ( K p >- C r  < I , !» » Cr  ( I , I i
373# IF FlelK pl # AND I, T*4N
5 7 * #  F I  e  (Vp  i - F i  e  (N p )  *(ig
5 7 7 #  END IF
5 7 # #  I F  F r e  i K p ) ■ 0  AND t i  1 THFN
17«>0 F r e i K p i  - F r e  (Kp> ♦Qg
5 # # #  END IF
3 8 1 0  ► <- , 1 1 - F i r  e k p i  - H  0 ( k p  >
5 # 2 #  ► r  i t r - F r e ' k p )  - F r D (Kp>
5 8 3 0  IF  I i - i  THEN
S B 4 0  f p * K p » S
5 8 5 #  M p  ( K p )  - F l e c k p - t  >
5 8 * 0  F r y  <N'0 I - F r e < t  p - i  >
5 #  #  G O T O * : * #
5 8 # #  FND IF
5 # 9 #  I F  I , - A ,  c p o i n t S » t  T fCN
5 * # #  GOTO * 2 * #
5 * 1 #  END IF
S '#2 #  I F  K r i t l  #  AND k r i l r  #  THEN
5 9 3 0  k p - K p » |
5 * 4 #  F 2 p < K D > « F l e ( k p - l >
595# r ,p (k p ) -F re< < p  -1>
5 9 * #  ELSE
5 9 7 #  OUTPUT 2 ,  ■**»,
S ' * #  BEEF
5 9 9 #  F * I N T  U # : M #  6 0 0 ©
* # # #  IMAGE 4 /  , 1 t * , "WARNING 1 E R * 0 *  MAb OCCIWED AS YOU* ENTRv  , §  n q i  i n  O*
D C * * , , i  I * , "A  e u b » e e i u # n t  e n t r y  m u e t  *1 w a y *  i n c r e * s e  a #  t h e  t h e o d o l  i  t e  "

PR IN T  U SI N G  *C  0  
* # < 6  IMAGE 1 3 % , '  r o t a t e *  e i o c k w i l e " , / /
6 # J #  P R IN T  U SI N G  6 0 4 # , I I I . I
* 0 4 #  IMAGE "TRY TO R E - I N S E R T  THE CORRECT VALUES STA RT IN G  AG AIN FROM F O I N f

- , D 0 , "  OF ARC NO. * , D D . / , 2 9 X , -  OR ST OP THE RUN,-
* # 5 #  D I S P  “ P r i n t  • S '  t o  s t o p  t h e  r u n  o r  R I  - t o  r e ~ i n * e « ’ t  t h e  c o r r e c t  v e t

* # * #  INF t J i  L e t h e s  e e i r e *
* # 7 0  I F  L a t h o e ^ * e i r « * C ! ,  U - ' ' S “ THEN
* W #  OUTPUT 2 ;  " k - i
* # 9 #  BEEP
* 1 # #  P R I N T  U SI N G  6 1 1 #
6 1  t #  IMAOE - T H E  RUN MAS BEEN D E L IBE RA TEL Y P O P P E D  DUE TO WRONG E N T R I E S ,

IA M O R I ? .  ANGLE WITH VALUE L E S S  THAN THAT OF TNI  P R E V I O U S  ENTRY HAS BEEN"
* 1 2 #  PRINT USING * 1 3 # i l l , l , l l - l
* 1 3 #  IMAGE - IN S E R T E D  IN P O I N T  " . D D , "  OF ARC NO ,  " . D O . "  . CHECK ALSO P O I
NT - , DD, "  OF THE SAME A R C . "
* 1 4 #  OOTO 1 2 2 2 #
* 1 5 #  fcLSE
* 1 6 #  I F  L e t h o ,  s e i r e S I 1 TMEH
* 1 7 # - ^ .  OUTPUT 2 i " K - t
* 1 8 #  K p « K p  1
* 1 9 #  I l - I t - 1
* 2 8 #  GOTO 4 H 0
6 2 1 #  EL SE
6 2 M  QOTO 5 9 7 #
6 2 3 #  END I F
6 2 4 #  END I F
6 2 9 #  END I F
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ouTPu;

CNTFR th . 1 iAf ( r,n*.Af cp otn l*
* 3 A #  E N T tN  *A kp *  b * i  a ,  I , *i  
6 3*0 dyn »Af cnu## (Afrpumt*« : )
&??# cowrmoL #P*o,
63## CONIROL WCfO l ? . ^ i9 . n » l

t « i a  ►-em

*4:#  *EM INTLM OLD DATA F*OM DATA FTLFS

^  ON END # E * p  OOTO 6 5 1 #
& 4 W  FOR K"  I TO 5 # #
A 4 * #  CNTCM 
&3ee NE:T »
6 5 1 e  S*n«». -  1
4 5 3 #  ON END # E m *  1 2  GOTO & 5 4 #
4 5 3 #  P W  K "1  TQ 5 # #
* S 4 #  EN T E*  # E * p  l 3 . k ; N d * : < # ( M  
* S 5 #  NEXT K 
4 * #  # y n - K - l
* 3 7 #  ENYES « » 1 * , I | S t  P C I n t <
45## ON END Warn QOTO **:#
4 3 4 #  f o r  j - t  r o  - s ee
*>40# ENTER SOai . J i P o i n t  ^n»*e i < J i
4*1# NEMT J
* 4 2 #  A r c o o t n t s « J - 2
443# REM
444# W M ---------------------- -----  ---- ----------- -------------
4 4 5 #  MEM 
6 4 6 #  m#M 
*6?® PEN*
4 * 8 #  F.IM P R I N T  DATA FROM OLD DATA F I L E
449# *€M ........... .............................. ..................
67SNI '
4 7 1 #  '
6 7 2 0  P R I N T  U SIN O  4 7 3 #
4 7 3 #  IMAGE 3 / .   ...............
   ................. ... 1 , 3 /
* T 4 B  IK F n r - t  THEN OUTPUT # f » r t  U S I N O  4 7  3 #
6 7 9 #  P R I N T  U SI N G  6 7 6 3
474# -.IflAfle 35%. "ECHO", / , 35*," —  — "
6 7 7 #  I F  P n r - 1  THEN OUTPUT «F-r t  U SI N G  4 ? 4 #
4 7 8 #  r m  I - l  TO A r c n u *
47»# WINT 'J#|N# 4###, I
4 # # #  IMAGE / / / . 3 2 : . " 4 * L  NO. -,2R,/,32*, - - , /
4 # 1 #  I F  P n r - 1  THEN OUTPUT # P r t  U # I N #  4 0 # # | 1
4 # 2 #  P R IN T  U SI N O  A # 3 #
4 # 3 1  IMAGE " * o " , 3 * .  9 t  p o i n t  ‘ , 3 * ,  "O be  p o i n t " , 1 2 X . " C L " , I 4 X , " C N " , 1 2 % . "MEAN"
4 # 4 #  I F  P n r - |  THEN OUTPUT # P r t  U B I N #  4 # 3 #
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( |  ,WI  . A r . r  I I . w i  , ? < e s r  ( 1 ,  W» , T e l  r  < ! , W l , M , t  , W) . L U  , W) . 9  ( ! , W >

: . 2 Z . x , : f . D
7 2 3 #  I P  P n r - 1  THEN OUTPUT * P r t  USI N G  ' 2 2 0 |  W , S t  _ p o i  n  t  S  . P o i  n  t  (14 ) . A r x l
! !  „W> , f » » i  i I , T»1  ! I I ,W) , A r « r  ( I ,Wi  , M e s r  ( I , k l ) , T e l r ( I , W ) , M ( ! , W ) , L ( I . K i ) , S ( I , W '
7 2 < e  END IF
7759 I F  W>1 AND W < A r c o o l n t e ♦1  THEN

@ PB IN T  U SI N O  7 2 7 0 1 * . P o i n t _ n * * e t (h I , Ar  * i , M e s i  < ! ,W >, T e l  1 I , M ) , A r * r
« : . w l  , M e * r  i ! ,W)  , T e i r  < i . m  .M i  I ,W)  .L  < r , W )  ,S <  1 .W)
? 2 7 i  IM A M 2 D . 9 * , i 2 * . 3 A . i a * . 3 D . i , 2 Z . * . 2 Z . D . 5 * . 3 D . * . 2 Z . X . 2 Z . D . 2 X , l > . 3 D , X , 2
Z . X  2 Z . D
> 2 e e  I F  P n r - 1  THEN OUTPUT » P r  t  USI N O  7 2 7 0 , W , P o i n t  n a h . e S  (W) . Ar  x 1 ( I . W ) . M e e l
'  I ,Wi  , T e U  I i , « i  , A r - , r  - 1 ,W> , M e s r  I I .W)  .  T , l r  ( I .W) . M U  .W)  . L  ( I ,W)  , B ( :  ,MI 
? r * i  END IF
7 5 e e  - i r  W - A r c p o i n t s * l  THEN
7 3 1 #  m  '  PR IN T  U SI N G  7 % 2 0 | W . P o i n t  n * m e » l 1 I , A r » i  ( I . W) . M e . l  < ’ .W> . T e l  1 ( t , W > . f  r
< I , M i  . M e s r  ( I ,*!» , T * l r  <1 . « >  . H U  ,W)  , L (  I , « )  , 0  - I .M)
7 3 2 *  I MAW 2 D . 1 2 X . 9 X . 3 A . t B X , 3 D . X , 2 Z . X , 2 Z . D . 5 X . 3 D . X . 2 Z . X . 2 Z . D . 2 X . 3 X . 3 D . X . 2
Z . I . 2 Z . D
7 3 3 ®  I F  P n r - 1  I HEN OUTPUT * f * r t  U SI N G  7 3 2 # , W . P o i n t  ) . A r«  1 ( I ,M)  . M e s l
( I  ,W) . f e l  1 ( I ,WI  . A r » r  ( I ,W)  .Me mr  ( I , W > , T e l r < ! , M > , H c l . W t . L ( i , W > , S U . N >
7 3 4 #  fHD IF
7 3 9 #  NEXT 11
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PRINT using &06fl
IMAOE ' . 5 X , "  -  " . 5 x . ----------
I F * i r . :  THEN n u l M j r  t  u S l N O  6 B t #
FDA U - i  TQ A r c o o , n l , » l

Ni  i s •  i ( i - i > » i A r c p O i n t e * l ! » I l  '
Nr 1 -Nde '<  S < i I ■ i > •  ! At r  p o  i ri t  *  ♦ ! > ♦ I i > 
T e l l  I I . I U  - VAL( Ml  # [ 6 . 8 ] '
T e l l  ( I . . I , - T e l ! ' I . 1 1 ' i *
M*$ I I 1 , I I i ’ VAL ' NI SC 4 , 3 3 >
A f . 1  T . I |  * V A L . N I # [ I . ? ] i
Cl  ( I . I I ) -  Te l  I < ! , I i i f Me ml  < 1 , ! i ,
' e l  r  i I . I , i - v A l  (Nr » [  6  . 8  ] )

i ■ ♦' leer (

( I . I D

< ( . I I ,

Ar  < r  t |  |  i —VAL 1:
C r ( 1 . I | i - T e ) r ( I

Dd-36##
Pdd-D*Dd
: F Cr *1 , 1 1 ) .D«1d Ti^EN 

Mot( I . 1 1 i-'C l ( I . I &'

No*  U . I i  I -  ,C1 ( I . l l  I 
c m  I F
H o i r e e l - c i c t  ( I , I i ’ 3 6 # #
F r  « c t  i * o t a - « o i r e * l - I NT (Mo t  r e e 1 i 
N ' I . 1 1 ' - M e t  r e e l - F r a c t i e p t j  
L e o t e l “F r a c t I e p t a * * 0  
f r a c t d e # t - L e o t * i - I  N T i L e w t a l  '
I  t I , I i > - L e o t « l - F r - a c t d e »  t

IF  .S ' I . I: ' »1#-INT4S(I. I i j 4 9  1 * ; *  
* U . l i ) - < I N T ( S l I . l i ' " l # ) » | i / | #

EMC I F

IF  W - t  THEN
PmiNT USIW 722#,W .m t_polnt#.Foint_nem *#.i i . A r w l  ( I . W i  , M e » l  ( I , W ) . T e l  1

A j W « l  * 1



NEXT I
F A I N T  U SI N G  ?T@#

" T 9 *  IF P n r . l  TH fN r k j ' P U T  « P f t  USI N O  ' ? 8 #
7 4 0 ]  FM-    - ...............................................................................  ............. ........................... ..................

7 4  7 #  —
7 * 4 #  KEM f t V l S E  DATA

’ 4 8 0  D I S P  Wi I I v o u  '• » v ! • «  t h e  » t  p i , -  n t  a n a  ' o r  t h e  d U »  p o i n t *  a n d ,  o r  d a t e  ( V /N i

1 4 i» 0  INF ' R e v  i • * «
7 3 # #  I F  B * . l # # * [ I . 1 ] -  N -  THEN 
73 i#  ^TQ

7 3 7 #  I# P * w i m * # ( l . l l " ' Y  THEN
7 34 @  D ! 3 P  " D a  v e u  w e n t  t o  r e  v i * *  t h *  » t * t i o n  p o i n t  1 <V/N> " i
7 3 5 #  IN PU T  *  p *
73*# IF N *t p#[ 1 . I ]- 'N - ,»*M
737# OOTO ?73#

7 - * i  i r  m T»« N
7 M M  0  iS P  " P r i n t  t h e  n e w  n sm m  o *  t h e  * t  * t  s o n  c o t  n t  " i
7 * 1 #  IN P U T  S t  p o i n t #
7 * 2 #  v 5 - L E N i 3 t  p o i n t # )
7 & J #  I F  V3 b THEN
7 * 4 #  BEEP
7 * 5 #  D i S P  " T h e  e t * t i o n  « # » e  e x c e e d s  3 T h r e i  p r e s s  ■CONT a n d  t r y  a g a i

? * * #  PAUSE
7 * 7 0  GOTO 7 * # #
7 * 6 #  END IT
7 * 9 #  OUTPUT • P i e , 1 i S t  p o i n t #
7 7 # #  OOTC 7 7 5 #
7 7 1 #  ELSE
7 7 2 #  OOTO 7 5 4 #

7 7 4 0  END tt*
7 7 5 0  O o - A r c p o m t s
7 7 b #  D r B P  ' W : I  i  y o u  r e v i s e  a n y  n a m e s  o f  o b s  p o i n t s  ' u p  t o  p o i n t  n o .  “ » O p i ">

7 7 7 0  INPUT R _ o b  #
7 7 8 #  I F  *  o b  p S C l , i 1 - - N -  THEN
7 7 9 0  GOTO e e e #

7 # I #  I F  * l_ o b  , p#C  1 , t 3 -  V-  THEN
7 # 2 #  D i S P  " P r i n t  t h e  n o .  o #  e n t r  t  e s  t or t h e  o b s  p m n t s  t o  o e  r  e v i  s * d "  |
7 9 3 # _  INP UT No r  o b  p
7 # 4 # W '  FOR f t - l  TQ No r  o b  p
7 # 9 #  D I S P  -CHANGE NO * , T ; „  P r i n t i ( I > No p o i n t  n a m e , t j i ( p o i n t  n a * e  <u

7 # * #  ’ I f ^ j T  n  , P o l n t _ n a « e S (  n  ̂
7 # 7 6  V 6 - L E N ( P o i n t  n a m e # ( I I >>
7# @ # I F  V 6 > 1  THEN
7 # 9 #  BEEP
7«N» DIM* -The obe p o in t n * # *  ewceeds 3 ch rsi p res*  <CON7> end try
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--’ i a  PAUSE
GOTO 

END IF
- '040  OtiTFU r «Q«z , i l  : F o i  n t  r’*me* ( : 1
^ * 5 #  NE*T f t
7 * t . a  ELSE
*470 SOTO * " 6 #
7 * e #  ENO IF

END I P
ENN80 t ' J S P  " D o  . -ou w a n t  t o  i- » v i  s e  » n >  d a t  e  » n t  r  i » s  "  ( Y /N)  " i
8 # ; 0  INPUT R e v d - t j *
g # 7 #  I F  I . I ] "  N"  AND A « t  P * [  I . I ' v "  3K  P  at)  p * [  I . I j m ' Y "  ) THEN
*#70 JO TO  6 : 1 #
B # * #  END IF
e e s e  i f  Re v d * t # $ c i , i : - " N "  t h e n
a#6# jo ro
# # 7 #  e l s e

M B #  IF R * s d * t a # C  I . : J -  v "  THEN
* # * #  n o T o  @140
# : # #  E i s *
# n #  o o T o  e # e #
# 1 : #  ENO IF
# 1 3 #  END IF
§ 1 4 0  P  I S P  " How * « n v  e n t r  i » s  d o  v o u  w a n t  t o  c.^tnqm  " "  :
# 1 5 #  INPUT N o r  * v i s *
# 1 6 #  FOR Ma - 1 TO N o r • v i . «

01B #  OOSUB U c o d e i 3 ~ «

# 2 0 #  D I S P  "CHANGE NO,  ' . M * .  - P r i n t  t a r c  n o .  p o i n t  - i r .  1 • *  t  w n t r v . r i g h t  e -n t

# 2 1 0  INPUT ! , I i  ,N1 • , N r  *
# 2 2 #  n - t . E N . N l  S r
0 2 . ’ #  y 2 - t t N « N r * )
M M  I F T I .  0 O A f 2 < 0 T K M
# 3 5 #  OUTPUT Z i " K " ,
# 2 6 #  BEEP
0 2 7 #  D I S P  "V o u  « v «  e n t e r e d  •  n o .  w t  t h  D i g i t *  \  8  o r  > 8 .  P r e s s  CONT l>
t r y  * g « i n " !
# 2 ® #  PAUSE
# 7 4 #  OUTPUT 2 i - K - .
e s c #  g o t o  S 4 » e
# 3 1 0  END I F
■ 3 2 0  K * ! ! - l > e i a r c p o i n t S » n » I i
# 3 3 0  N » r I f K l - N I $
#340 Nde«Sv. ')-Nre
0350 TI -VA1_ I NI »C6,n]>
# 3 6 0  TI -TI , 1 0
*37#
0 3 8 0  A ) - v A L ( N i l ( I . 3 3 )
0 j 9 #  C l  i - T l  *HI • 6 0 » t i l  • ' . *&##
040# _  t r •VAt. (Nr I t 6 ,0 ]  >
# 4 1 0  m  T r - T r / 10
0 4 2 0  r ^ - V ' « _ ( ^ t [ 4 , H 3 )
# 4 3 0  A r - V A L ( N r * t 1 , 3 3 )
# 4 4 #  C r r  »• Tr  ♦ M r » 6 0 » A r  • 3 6 0 #
# 4 5 #  Q l - ? b #
# 4 4 #  9 2 - 3 M M
# 4 7 #  S f l - 0 1 * « 2
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9 4 B 9  I F  C l  i >GQ OF Crr  -Oq THEN
8 4 9 @  OUTPUT 2 ;  '* "i
K M  B t & P
# 5 1 #  D I S P  "YOUR h f A D l N O  [ H E L D S  : 6 #  M -P  Tr /  « g * i n  ^ r * * *  ' C O N T I f K t '
t o  cum *  i n * ' *
8 5 ^  PAUSE
# 5 5 #  OUTPUT 2 i ' ' * ' i
# 3 4 *  W T O  8 4 * #
8554?  END I F
# 5 * #  G n * o r * » A * - * ( C l l - C r r  '
6 3  ' «  M t -  1 8 0
#50# MZ-760#
8590 MJ-Ml»M2
Be  0 0  IF  t i | i S i U l * # o r e - M I )  Nn THEN
# * i #  o u ' P u T  : i  ^
B * : 0  H * 1 N 1  US 1 KG 8 6 4 0 , I 1 , 1
8 e : 0  FiEEF
# & 4 #  IMAOE * / . "  THE O I F F E P E N C E  BETWEEN CL #, CM * E A D : N O #  IN  P O I N ^  " . 2 D
. " OF THE ARC NO. " . 3 0
#.^ #  MINT USING 8664,*%
#6## IMAOE " IS GREATER THAN '.3 0 ."  SEC
#6?# PRINT U*ING 86##
P 6 8 0  IMwGE . / , " D o  v o u  w a n t  t o  c a n t i n u e  t h #  ! n e e r t i o n  o f  t h e  d a t *  a r  t o
r e v i  me  t h i s  e n t r  <
8 6 9 #  D I S P  " P r i n t  C  t o  c o n t i n u e  o r  <. R '■ to  r o v i  s e .  :
8  7 0 0  INPUT P e c #
■ 7 1 #  I F  P « o S C 1 . i ] " - R "  THEN
8 7 2 0  OUTPUT 2s - K " ,
# 7 7 #  OOTO 8 4 * 0
8 7 4 0  ELSE
8 7 3 #  IF  P a o * C I . I ] . " C "  Th e n
# 7 & #  OUTPUT 2 i - K " |
8 7 7 0  QOTO 8 8 3 0
8 7 8 0  E LSE
8 7 9 8  SOTO 8 6 1 #
8 8 0 0  END IF
8 8 1 0  END IF
8 * 7 •  END I F
# 8 3 0  OUTPUT e E w o . i -  i N e n s S i K )
« | 4 0  OUTPUT » E * p . l 2 , k i N d e x « < K )
W 5 0  OUTPUT 2} -K -i
8 * 6 0  NEXT Hm
8 * 7 0  GOTO 6 3 1 8
8 8 8 ®  EL SE
# * 9 0  SOTO 7 4 8 #
@ 900  END IF
8 9 : 0  END IF
9 9 : 0  REM---------------------------------
8 9 3 0  -
# 9 4 0  1
#9 %  Sm*#
9 9 6 0  . FOR 1 - 2  TO - V e n u e  
89?@e»— B -36#
8 9 6 6  B b - S 6 0 #
8990  B b b - B e B b
M W #  FOR I t » l  TO A r c p o i n t e * !
9 # I «  A < I - 1 , 1 1 i - B b b - n o t  < I , l l  ) ♦M o t  < I . I D
9 * 2 0  I F  A <I - 1 , 1 1 > ) B b b  THEN
9 * 3 #  A < I - l  ,  I t  ) « A < I - I  , 1 U - B b b
9 * 4 *  BOTO 9 8 * *
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W #  ELBE
« 0 6 0  GOTO 9 0 9 0
-*#70 FND :P
* e H 0  S#-S#*A U -| . U '
9 0 * 0  r f X T  u
•■> 1 0 0  M #** p  C l i -• 1 1 * $ * /  ‘ Ar  i  o o  i n t  V* * i I
* 1 1 0  Sm^O
9 1 ? 0  M o ; r w e l » M # e « r c ' V I 1 / ' 6 0 0
*1 " 0  f r »c11e p t • -h o ir * e i- IN riMo:r* * I >
1 1 4fc 0 '  f  - 1  '  "Moi r w s  t -F> *t; t i o p t  a
9  |  * 0  L e p ‘. »  i  ■'fr me t  i # p t  * * 6 0
*16# f -• *c t  de* t  -Vept« i - iNT  i L in: • * I ■
91  "0 ?< e ! -  1 ■ « l  e p t  *  1 - f - >* c  t  d e »  t
9 160 E ' I - I 1*Fr*ctdw*t**0
V I 9 #  | F  ' E I  : - I  I » I # - I N T I E ( | - | ' m | 0 ,  I - . 4 9  TMgN
»?## t ' I - I ' INT1%'1 - I ' » I# '  '1 i I#
* 2 1 #  EMC IF
9 : 7 #  NEXT |
* 3 T #  f " I N T  U S I N #  * 2 4 #
# 2 * #  [MAGE 3 /
* 2 3 #  {F  F - n f l  Y**M OUTPUT « P r t  U 9 I M 8  9 : 4 #

KO# 1-2 TQ Arcnu*
*27# P»INT USIN3 * ? # # l1 ,0  I-I  . * ( I - l ) .E (I -I  I
*2## IMAQt "OmiENTATIOM COmwECTIOW OF AAC NO. %ZD." -  " ,3D .:.27 .X ,2Z .O .

IK ^ nr-l TW* OUTPUT #mr* ijSINO *2##: I ,0 '  l - U  .A* l - l  ' .E 1-1 I

9 3 1 0  >-m i - l  TQ A r c n u *
9320 FOR 1,-1  TO Arcpotnte^l
9 3 : 0  IF  I a I THEN
9340 R *d*0iI, I 1 I’ «Ot U , 1i '
9 3 5 0  3 0 T Q  9 * ? 0
9 3 6 #  E L M
* 3 7 #  OOTO * 3 * #
9 3 6 0  END ?F
9 3 9 0  IF  H o t  * 1 , 1 1  H o t  ( I . I I  THEN
9 * 0 0  F f » d * o  C l . £ I 1 - B b b - « e s * r  C U - !  » ♦ H o t  < I , 1 1 >
9 * 1 0  I F  *»d«N3 <! , I i  i B b b  THEN
9 * » 0  * » d * e <  ? , U >- * * d w o i ! , I n  B b e
9 * 3 0  END I F
9 * * 0  ELSE
9 * 5 #  I F  W o t ( i , i i ' N o t  < I . U  THEN
9 * & #  S e d e o i ! , f i * - w o t i : , : i : - H e * * r c < 1 - l '
9 * 7 0  SF < I . 1 1 1 <S  THEN
9 * 0 0  R e d * o i  $ ,  i n  - E t e b - R e d e e '  I . I i  i

9 3 # #  t t i 9 E  ' Mo t  ( I .  I > - H o t  ( I . i i )
9 3 1 0  P R IN T  U SI N G  9 3 2 0
9 3 2 #  IMAGE " T h e  e n e c u t  i o n  o #  t h e  p r o q r e i M i e  h a *  b e e n  s t o p p e d .  CHECK

DATA F I L E ,  v o u  s h o u l d  h e v e  i t  a r  t e d  f r o *  a n o t h e r  p o i n t  o n  t h e  h o r 1 1 . c i r c l e  
* 5 3 #  I F  P n r - 1  THEN OUTPUT 0 P r t  U SI N G  9 3 2 0
9 3 * 0  OOTO 1 2 0 1 #
9 3 M I  END IF
9 3 6 0  • FND IF
9 3 7 0  • * "  M e i r e e l - R e d * o < I . 1 1 1 / ? f e 0 #
9SB9’ F r a c t l e p t a - M o i r e e l - I N T  ( M o l r e e i  t
9 5 9 0  M< I ,  1 1 > *M e i  r e #  I - F r e e  1 1 e p t *
9 f c 0 0  L e e t • 1 » F r a c t 1e p t * « 6 0
9 * 1 0  F r a c t d e #  t " t e p t  a  I - 1 N T ( L e p t  a  1>
9 * 2 #  L ( 1 ,  1 1 ) • - L e p t a l - F r e c t d e #  t
» 4 3 #  ■ ( l . i n - T r e c t d e f i e * #
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FOR TO Af 
FAjwr USING ' 
IMAGF 4 . ' S t

' I N I ( 9 ( I . N

EDUCEU M C W FOR APL MO.

I F  P n , ' I  THFN JLITPUT M ' r t  U SI N G  9 ' l « , l
^O F  Z t »1 TQ A r l u o i n t  *» 1 

I F  1 , - 1  F K N
r-RINT USI N O  p o m t l . P o i n t  n d * * # ' I l ) . M ( I . I l '
IMAGE : x . : A , 9 % . I / % . : D . X . 2 Z . : , 2 Z . D
IF  R n r - I  T k f N  OUTPUT 4 P r t  USI N O  * y b # i S (  p o i n t # . P o i r

AND 1 1 A r c o o m t * * !  THEN 
US I NO *'81 8 1 F q i  n t  n e m e t  i 11 i 
1 5 * .: A , I7X .)D ,« ,2Z .« ,2Z .O  

— 1 THEN OUTPUT #Pr, USING

L ( I . I l ) . 3 ( 1 . 1 : ,

t . n « m # » I  11 > . M - 1 , I

( I . I i I . L ' I . U

4 * . “ O o e  p o i n t " , : : , " F I N A L  MEAN VALUE

IF  ! : - . I r  c p o i  n  t  1 THEN
PR IN T  U # :N G  9 # 6 # | P o i n t  n a # # * ( I  I . M ( 1 , U ) , L ( I  
IMAGE l S m . : A . | 7 < . ? D . x . : z , m , : z . o
IF  P n r - 1  THEN OUTPUT «M°r t  USIN O f @ 6 0 ;  P a i n t  ...

P R I N T  USIN G I f 2®
IMAOE I # / . ‘S t  p o i n t " .

. 3 * .
I F  P n r - 1  THEN OUTPUT # P r t  U SI N G  * * 2 #
FOR i i " !  TO A r c p o i n t s « I  

FOR 1 - 1  TO A r c ’i u e
3 * # l n - 9 » * i n » * e d * o < I . 11 I

F  1 m * # a n  f i l l  »S (M l n z t i r c r u *

Mo l r » e  i »F I n * - i e n  ( 1 , 1 /  3 6 # ®
F r e e t l e p t * « M o i r e e l  - 1NT t M a i r • » ! I 
<3#*< I n  » M o i r e e t  - F r e c t l e p t a  
L e p t s i * F r e c  1 1 e p  t  e # 6 #
F ' - e e t d e H - L e p t e t - I N T  c L e p t e t  > 

i I i i - L e p t a l - F r a c t d e t t  
E # * ( I . i - F r * c t d e * t » f e #
I F  ' E # * < ! l l » t # - I N T < i # * ( I i i e | 0 ) )  - . 4 9  THEN 

E « * l  t i  * • <  1NT I E # * I  l l  > • ! # )  ♦ t : 18
END IF  
I F  l l - l  THEN

■— PR IN T  USI NO l 0 i r « | S t  p o i n t s , P o i n t  » • « . * •  I 1 1 s , 0 < m <  i i ) ,R # ®  < I i  ) . 
IMAOE J y  . 3 A . 9 *  , 3 A . X , 3 D . * . 2 Z . * , 2 Z . D
I F  P n r - 1  THEN OUTPUT « P r t  U # | N O  W I 2 # | # t  p o i n t * . P o i n t  n a m e # ( 

( I , > , E f e < I t '
END IF
I F  I D :  AND 11 \  Ar  c p o i  n t  •  1 THEN

P R IN T  U SIN G  I ® ! ? # i P o i n t  . n « » e « ( 11 i . a # « ( 1 1 I , R < » ( I i ) . € # * ( 1 1 ) 
IMAGE t S l , 3 M . » * . 3 D . * . 2 Z . I . ? Z . O
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19189

i e i* #

l #,'20 
i* z :0

IF  P n r - 1  THEN OUTPUT e P "

: F  I i " A , r D O i n f m * *  THEN 
r -P I f l T  ' J S I N 8  i g r z m i P o i n t  
IrWOt 1 5 * .7 A .* « .1 C .* , : 2 .  
: F  P n , - |  T , t N  UU1PU1 * f  r

1*1  ’ Bi  P o i n t  n » m » « < ! i

i # :? #  
1**0# 
1*4 10 
1 * 4 2 3  
t * 4 ? B  
1 * 4 4 *  
& *4 5#  
1 * 4 6 *  
1 * 4 7 0  
1*4 8*  
1 * 4 9 0
i r s e e
1 * 5 1 *
i * 5 : *
1 * 3 3 *
1*54*

Mor  i ;  j  1 o #  «r ' F  l n # * f  n  f Af  c r o :  n t  *  i
( ' o f  « * c  t  i o r  " A # *  i F i n * * * n  i c  w n  n  t  #  * 1 ' -
IF F i n m e a m i  1 ) F I n m e a n ‘ Ar  c p o i n  t • » 1  > 1

r C*  I - l  ^ 0  A r c D O i n t * " !

Po i I I - f  l n*#*n ( I «
OOTO I k : * *

GOTO 1 * 3 * *

Ro e l l -  t t I - ! I •C: j r  '  » c  t t o n  > »F j nme e  
N E X T !

EL W
FO *  I - l  TQ A r c p o m f l

« o  « i  >- F i n m e * n i 1 >
3 0 r o  1 * 4 9 8  

EL3&
QOTO i * 4 0 *

Ro  i I ) I ! -  ! > e C o r r  »C 1 1 o n  » f  i n » # « n  ( I 
NEXT I 

END IF 
EL SE

F O #  I "  I TO A r - c p o i  n t  • *  I 
Ho  i i s »►' I n e e e n  ( 1 )

N E :T  1 
END IF
F*INT U * : N *  l * 5 7 * i W o r , %  c l M u r *
IMAOE 5/.-M0*!Z0W CLO*umE E**Om (**<:

UST4Q '0 5 '0 i

S:sO :06*0,

1 * 5 * *  IF  F n r . l  T ^* N  OUTPUT * f ,
1 * 5 * *  P * I M T  uA IN O  l * & * * i C o r r » ,
!*»** IMAOE C3m#ECf|0M rme-.I
1*61* I f  f - r . l  'HE N  OUTPHJT 
1 * * : P  M ! N T  JS IM O  1 0 6 " P

IMAGE — " . 4 X .
1*64* :F Fnr-I THEN OUTPUT gprt 'fSisO 1*6T* 
:*(.=* MINT 1*66*
1 5 6 6 *  IMAGE " S I  p o u \ t  " .4%  ."0 U %

Z ;  »  .......................
I « 6  7 (T  f p  P n r - 1  THEN OUTPUT « P r  t  
1 * 6 8 *  FOR I - l  TO A r c p o i n t e * !
I i l 69 t* M o l r e e l - R o ( I ) / 3 6 * *

P r a c t ! e p t a - M o i r e s I -  I N T ( M o t r • • 1  
0  <I I - M o i  r e s ! - F r a c 1 1 e p t  a  
L e p t a l - F r a c t l « « t a * 6 *
F f  • c t d e # t ^ . # p t e l - I N T  ( L a p t a l  I

' . * . " R E 0 U C t D  O W E R V A 1  (O N *  "

IIS  I MO 1 * 6 6 *

I # 7 0 *  
1 * 7 1 *  
1 * 7 2 *  
1 * 7 3 *
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I # /  @ « i I i -Leo t # 1 -Frac t de# t
18 '50 f  1 I ' «Fr td** t *60
l#7b# '.r 'E 1 S) •l@ ■ INt IE 1 1 ) eSB) 1 49 rHEN
:#?7g t : ; i < -  < I n r f1 1 n  * i a ) ► i > ■ 10
l#700 END IF
l#7»# IF I - |  THEM
I # * * #  r * I N T  U S I N G  1 0 8 1 0 1  S t  p o i n t # , P o i n t  n * * # # ' U  . Q ( t ) . R - I '
i # e i #  IMAGE : x . T A . 9 N . r m . i # m .  o . % . a ; . % , ; z . D
I # * : #  IF  TW&N O H IF O I  * T ,  l  USlMG i M I P i S t  p o i n t # . P - j i n

i # # : a  [ N n  (F
1 # # * #  I F  I I AND : A, LU Ml '  t * '  I " ' < N
l##5# F-RIMr USING P rint n a m e ld ' .O i l i .P U i .F U '
I # # * #  I MAOE 1 5 *  . - A .  1#% , " D.  . .  . 'Z D
!#» ;#  IF P n r .| 'K N  WjIPliT # r  t USING l##»# iP o i" t n*w,,#( I )
I#### CD If
1##"# IF l-A rrpo,ntm »l TMEM
I # * * *  PO I N T  USI NG l e ' i m i P a i n t  n a m e #  l . O d i . t ' H . E i l '
I # # ! #  I M A M  l 5 : . J L A . | # % . T D , i , 2 Z . x , r z . D
l# * ie  IF Pnf "1  THtN OUTPUT #P 't 'JSING l# 4 |0 |P n i« it n a * * l  ( I '
l# 4 ;*  kND IF
I # 9 4 0  HEX I 
l*V?0 WAIT 2

) # 9 7 @  f i tH  
l##B0 REM

U # # e NEM C*..CUIATE OBSERVATIONAL R*#IDUAL*

1 ! # * #  P * I N T  U & ' . :  t
l l# 5 #  IMAGE 3 / . ' ..............................................................................................................................

I I # * #  I F  P r w . k  THEN OUTPUT # P r t  USI N G  I l # 5 #
11070 PR IN T  USI N G  I I###
I )### imAGE y / . 1 0W . 'O0SEMVAT | UNAL AESIDUAL# 10%."—"

I i S V g  I F  P n r  m |  THEN 0&JTPUT # P r  t  USIN G 1 1 0 8 #
II tea Tvpe<a i w a - a

1 1 1 2 #  FOA i - l  TO A r r n w a
1 1 1 ' ®  FO P  I i " I  TQ A r c p o i n t e * !
1 1 1 4 #  U C . l t )  - F i n m e a n  ( I i > ' R e U m o (  I . i i )
1 1 1 3 #  I F  U U  . I i  I -‘- e  THEN
1 1 1 6 #  I F  ( U < ! . I n • ! # - I N T ( U ( I . r 1 ' • ! # ) )  4 4 3  TM'N
I I 1 7 0  V U  , l O - U N T  fU< I . U i  M U *  V
m e #  e i.bc
1 1 1 9 #  vi i . i i  ) - int -u< i . n  i • i # w i e
1 1^9# END IF
1 1 2 1 #  E L SE
1 1 2 2 #  I F  ABBi ( V i  I , 1 i ' e | # ) - i I N T ( U ' I . 1 .  ) • ! # ) * 1  > > 4 4 5  THFl
I 1 2 3 % ^ . -  V(  I , 11 i - i N T  , U i  I . 11 i •  IB )  /  I #
1124# ELBE
1 12W» V < I . i l ) - « l N r i U < I . I i ) * l # > * l > / ! #
1 1 2 6 0  END IF
1 1 2 7 0  END I F
I I 2 0 0  S i-S tM
1 1 2 1 0  U K S D - U I I . I l )
111## OUTPUT 0M «e.81|U I<11>
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I I '  18  T v . - e  # * |  m * » T v p » *  *1 < I , 1 1 i 2
t I 3 2 *  IF  Ar „ AND Af  r  n n  | n  1 1 ♦ ! ^ - *  THEN
I 1 3 7 #  IK V '  I . ( i '  0  T ' * N
I 1 3 4 #  PA IN T USI N G
. I I  ) . V  I ,  H  '
u r ? #  iMAoc  i i M . - u c . o .  . -  , D . " '  ^  " . r o . x . r z . x . r z . o . "  -  " . x . T D . x .
D." « - ,8I.D

I I 3 & #  I F  P n r " !  THTN ( lU T ru T  # f r t  USINW I : : W i  I ,  I )  . 0 * # '  M , . P f * (  : i  , , E f * (  I :  '
, M , I . I : ' , L ' I . I , I , * ( I , U I . v i 1 , I , .
i i : ? #  F i s e
1 1 : # #  » * I N T  USI N G
. ( D . V ' I . I , ,
u : # #  (M Ao f  m ,  u i - . D .  ' . D , ' )  -  " D . x . : z . » , : z . D . "  ' . * , 3 D . M . : z . x . : z
.D," " o
I 1 4 # #  I F  P n r .  I THEN OUTPUT USI N O  I I 3 * # l  I . I l  . O f m d i  ) , * f m i  I i  « . E f * «  N  '
.*< i . i t ' . L t i . n  ' , a u . i &' . v u  . n  ,
l l « l #  END IF
1 1 4 ^  E L M
1 1 4 3 #  IF  A r r n u # . ■ »  AND A r c p u t n t S » i 9  THEN
I  1 4 4 #  I f  V(  : . I :  i #  T * N
1 1 4 5 #  FN I N T  U SI N O  l l 4 A # , : . N . O f m < I i ) , P * m i I i ) . E ' * ( : * ) . M , | . I i , . L U . : l ) . S
U . N ' . V U . I i '
1 1 4 # #  IMAOE I I X . ' U ( " . D . " . ' . ^ D . " )  .  " . 3 D . X , : Z . X . : Z . O . "  -  " . x . 3 D , : . 2 f . x
. z : . o . ^  »  - . s z . o
M 4 7 #  I F  P n f l  THEN OUTPUT U SI N O  I I 4 6 # l  I .  1 1 . 0 f * (  l l  ) . R f * (  I :  ) . K * * (  I
| i , M ( | , I l ) . L « I . U ) . S ( I . I i ) . V l I . I W  
1 1 4 0 #  ELSE
1 : 4 * #  P S IM T  U # : N 0  l l 5 # # i : . N . O * m ( | i » . R * * < : i i . E * m ( : i ) . M ( I . I I ) . L < X . I W . S
U ,  U  » , V ( U  I w
i r  #  IMAGE I 1 X . ' U I " , D . - . " . D D . " )  -  ' . ^ ) . X . Z Z . « . 2 7 . B , -  -  " . : , 3 0 . 4 . Z Z . X
, 2 1 . D , "  -  ■ ' , * , 1 . 0
1 1 5 1 #  I F  P n r - I  THEN OUTPUT # P ,  t  U # I N #  1 1 3 # # ,  I . i i  '  . R f m U * ) , E f * U
% I ,M(% .  I :  ) ,L  ( I , 111 , S <  I .  ( 1 ) . V I  . I U  
1 1 5 2 #  END IF
( 1 5 3 #  E L SE
1 1 3 4 #  I F  A r c n u * - I  AND A r c p o i n t e » I  . THEN
1 1 5 5 #  I F  V U . I i > -  #  THEN
1 1 5 6 #  PR IM ?  U S  5 NO U ? 7 # |  J . 1  i > , E # e <  l l  ) . M U  , 11 ) , L  < I ,  11 >
. m c . i & i . v d . i i )
1 1 5 7 #  IMAOE I H . - U i ' . D D . - . - . D , ' ' !  -  " , 3D . * . 2Z  , * , 2 ? . 0 ,  " -  “ . X , 3 D , X , 2 2

"  ' , # Z . D
I I S # #  I F  P n r - 1  THEN OUTPUT I P r t  U S I N O  1 | 3 7 # ,  I  ,  11 » , R 4 * ( ! U  , E < S
< l l  i ,M< ! , 1 1 ) , 1  < ! , i t  > , S <  I . I i > , v a  , ! t >
1 1 5 * #  ELSE
1 1 6 0 #  PH I N T  U SI N G  I 1 6 1 # ,  I . I l  '  , Fl< »  i I . i , E f  w < I U  . M (1 . 11 ) , L  < I ,  1 1 I
, S S I , 11 * , v ( I , 1» »
H 6 S #  IMAGE i l l ,  ' U ' “ , D D .  " . , D , * >  -  " , 3D . * , 2 /  , K , *2  . D , ” -  ' ,  * , 3 0 ,  X , 2Z
, * , 2 Z . D , "  •  , : , Z  0
1 1 6 2 #  IF  P n r - 1  THEN OUTf ' uT  e P r  t  U S I N O  1 1 6 1 0 1  I . H  , 0 # * i  l l  » . R # * (  I t  ) . E f m
I ! I ) , M < ’ , 1 1 ) , L U , I i I  , S I  1 , I n , v I  1 , t ! 1 
1 1 6 3 #  END I F
1 1 6 4 # .  EL SE
I 1 6 5 # * — I F  A r c n u *  9  AND A r c ^ o i n t * * !  * THEN
1 1 6 6 #  I F  V< I , ! ' . ) <  >0  THEN
I 1 6 7 #  P R I N T  U SI N O  1 1 6 8 0 1  ! , 11 , 0#  »  i 1 H  , R f  »  < I I ) , E# >n < ! i  ) , 1  ( 1 , i i ) , L  < I . I
n , s t i , i t ) , v < i , i i )
1 1 6 # #  IMAGE 1 IX , " U ( “ , D D ,  " . " . D D ,  " > -  ' , 3D ,  X , 2Z , X ,  2 2  . D , 1 -  ,  1 ,  3 D ,  X
. 2 2 , 1 , ? '  -  * , 8 2 . 0
1 1 6 1 #  I F  P n r - 1  THEN OUTPUT # P r t  U S I N G  1 1 6 0 0 ;  1 , 1 1  , 0 < * <  l l  ) , R # * U i  » ,E
# • ( 1 1  ) , L ( I , U  I , S ( t  , 11 t , V < i  , U t
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; s ?e# e l .if
$1710 FiVINT USINO ! I 1 , It .O t* m  > **m< Ii » ,E<bi1i ) . n U . ! 1 I . 1. < I .
i ) , S  I I . 11 ' . V U  . I I t
I I 7 ? #  I M * '*  I I X . - U C . D D .  . " . D D .  ) -  " . 3 D . X . T / . X . 7 Z . D . "
, 2 Z . : . r i . D . "  -  " . * . f . D
$ 1 7 .'.0  I f P n r  - 1  TMtN OUT PUT *P> t US 1 NO I 1 7 ? 0 |  I . I l  . 0 # m (  I t  ) . * < « <  I I ) .
# I1<!1 ) .Mi  ! 1 , 1 . 1  < I . 11 I . 3 <  I . l l  I . V i  I . I i  >
1 1 7 4 6  I K-D IF
1 1 7 5 #  P W C I F
I I ? * #  E W  I F
1 1 7 7 #  END IF
1 I 7 8 0  FND IF
1 1 7 * #  NEXT I ,
I I # # #  X I
t 1 0 1 0  «JL)N f NCH. • * * » .  ’ i S l - l  
11 * 2 0  T o t * 1 - A r c n u * * i t i r c o o i n * m » | I  
I l » 3 #  OUTPUT # T n o . I i T o t a l  
I I # * #  M I N T  U S I N 8  I ! # t # l  T o t a l
l : » ^ #  IMAOE . I IX . i m a i  NO. OF O W E h V A T IO N A L  R C 9 ID U A 1 S  -  " . 3 D  
: ! # < . #  r " r . |  THEN OUTPUT # P r t  U S I ^ O  I : * % # :  To*  *1
I 1 B " 0  T vc ik< * 1 i ’ vp e#  * i m a /  I T o t  a ]  > Ar  r  n u *  1 * i A r  c p m  n i  « ♦ 1 > ) > I
1 i 86118 M**  o r  •<  ji 1 » * «  r vpe,< » i  * « .  SQIfc < T o t  * i  i
I I # * #  P A I N T  U SI N G  I I V # # | T v , * f a l * «
II*## IMAOE 5/.IH."STAM0A*0 DEVIATION OF k DIRECTION -  * io W O  -  . .  *D ./
11*1# IF Pnr-1 THEN OUTPUT #»rt U#IN# I !*##* Tyo*# *1 a#
I 1*2# PAINT USING U*MiM## or ###l*a
1 1 * 3 #  IPWOE l l : . " S T * N O A * D  DEVIA '  I OK OF THE MEAN -  , , * # * ( . I -  " . : . Z . * D
I 11 4 3  I F  P n r - |  THEN OUTPUT # P r t  USI N G  I 1 9 3 # , M * .  o r  e#  *1 mm
% 1 * 3 #  P R IN T  U SIN G  I 19*,#
I l * & #  IMAGE 4 / .  ‘ . • • • • • • • • • • • • • • • • • * • • • • •

I I * ? #  I F  P n r - 1  T » * N  OUTPUT # P r t  U#IN@ I 1* & #
I : * # #  D I # F  " P r e s s  ■C D N T I N U f > t o  c o n t i n u e " I
1 1 * * #  PAUSE
13### OUTPUT 2,"K -,
I Z # I #  REM ..........................  ................................  ................................ .................................
I 2 0 2 0  REM 
1 2 0 3 6  REM
l ) # 4 #  P f M - .  - -  - " - - - . - " . —
I 2 # 3 #  REM ANOTHER RUN WITH THE SAME DATA K |L E
1 2 # * #  REM ..............................................................................................................................................................................................................
1 2 * 7 #  - 
1 2 0 6 #  1
1 2 # * #  D I S P  " D o  v o u  « . « n t  a n o t h e r  r u n  w i t h  t h e  s a m e  d a t a  ?  < V /N 1 " ,
1 2 1 0 0  INPUT N e w u n S
1 2 1 1 #  I F  N ew runtl1 , 1  1-*N- THEN
1212# OUTPUT 2 i ”K*i
1 2 1 3 #  SOTO 1 2 2 2 0
1 2 1 4 0  ELBE
1 2 1 5 #  IF  N rw r  u n * (  1 . 1 J - - V  THEN 
1 2 1 6 0  PA IN T ER  I S  1
1 2 1 7 #  OOTO 1 7 7 #
1 2 i a # k -  ELBE
1 2 1 * #  0 0 1 0  I . ' 3 * 0  1 Mi S t a t e n  w n t r v  -  T r v  *  a i n
1 2 2 # #  ( N O  IF
1 2 2 1 #  END IF
1 2 2 2 0  P R IN T  U SI N O  1 2 2 3 #
1 2 2 3 #  IMAGE 1 2 / . "  I t  YOU WANT ANOTHER RUN VOU MUST P R E S S  < R U N > " . /

P i e # * *  W a i t *
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i " ***##*#*

I f  % .
.-ar^u i .*  * 

s i n e  i:*w#
PIC IT6 FOP DtOkEES. 

O N D S. F W  EXMMM.E i

* . 8 *1 n 8. « , 1 e.

n ted  b f U#,* d * c :# * l ,

9ION #M * TO
ION e m p i b . i  

SION # * * , TQ
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A P P E N D I X  G .  " H L D L T E S T "  P R O G R A M

G.1 R E Q U I R E D  B A C K G R O U N D

The  "HI_ .DI.TEST" p r o g r a m  ru n g  w i t h  BASIC 2 . 0  and  BASIC 2 . 1  WITH 

EXTENSIONS ( p r o v i d e d ,  t h a t  t h e r e  i s  memory o f  - 7 8 6  K b y t e s ,  o t h ­

e r w i s e  t h e  u s e r  s h o u l d  d e c r e a s e  t h e  s i z e  o f  t h e  m a t r i c e s  w h i c h  I

a r e  s p e c i f i e d  a t  t h e  b e g i n n i n g  o f  t h e  p r o g r a m ) ,  o r  o n l y  w i t h  BASIC N

2 . 0 .  A l s o ,  t h i s  h a s  b e e n  t e s t e d  on  a  HP-9R16 m i n i  c o m p u t e r  u s i n g  

a  H P -9 1 2 :  d o u b l e  d i s k  d r i v e .  In  a d d i t i o n ,  a HP-9872B p l o t t e r  w i t h  

f o u r  d i f f e r e n t  c o l o u r  p e n s  h a s  b e e n  u s e d  t o  p l o t  t h e  h i s t o g r a m s

an d  d i s t r i b u t i o n s .  j

I
T h i s  p r o g r a m  c a n  a c c e p t  up  t o  a maximum n u m b e r  o f  200 0  r e s i d u a l s  I

(provided the m e m o r y  i s  - 7 8 6  kbytes). The data files for this |
p r o g r a m  a r e  t h e  e i g h t h  a n d  n i n t h  f i l e s  o f  t h e  " T HE 0 "  p r o g r a m ,  I

w h i c h  a r e  c o n n e c t e d  by  t h e  f o l l o w i n g  p a t h s  ( s e e  A p p e n d i x  F ) :

W i t h  TEST" p r o g r a m ,  t h e  u s e r  h a s  t h e  p o s s i b i l i t y  t o  r u n

either e a c h  set separately, or any combinations of the sets which 
have a l r e a d y  b e e n  c r e a t e d  by the ’’THEO" p r o g r a m  Also, there is 
f l e x i b i l i t y  t o  g e n e r a t e  t h e  h i s t o g r a m s  o f  t h e  r e s i d u a l s  i n  a n y  

d e s i r e d  c l a s s  i n t e r v a l s . A menu i s  p r o v i d e d  s o  t h a t  t h e  u s e r  c a n  

s e l e c t  a n y  o f  t h e  f o l l o w i n g  d i s t r i b u t i o n s :

i . S n r m a 1 ( G a u s s ) 

i i .  T r u n c a t e d  Normal  (95%) 

i l l .  T r u n c a t e d  Normal (97.5%) 
i v  T r u n c a t e d  Norm al  (99%)

v. I n v e r s e  Gaussian

File'-* Res
F i l e ’ -* T o p
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A f t e r  p l o t t i n g  t h e  h i s t o g r a m s ,  t h e  C h i - S q u a r e  t e s t  w i t h  t h e  p r e ­

d e t e r m i n e d  c l a s s  i n t e r v a l s  ( e q u a l  i n t e r v a l s )  i s  c a r r i e d  o u t  on 

t h e  s p e c i f i c  d i s t r i b u t i o n .  I f  o n e  c e l l  h a s  a  t h e o r e t i c a l  f r e ­

q u e n c y  l e s s  t h a n  5 ,  t h i s  i s  m erg e d  w i t h  t h e  a d j a c e n t  c e l l  s o  t h a t  

a t h e o r e t i c a l  f r e q u e n c y  25  i s  a c h i e v e d .  I f  t h i s  minimum t h e o r e ­

t i c a l  f r e q u e n c y  i s  n o t  a c h i e v e d  t h e  two p r e v i o u s  c e l l s  a r e  m erg e d  

w i t h  t h e  f o l l o w i n g  s u c c e s s i v e  c e l l ,  a n d  s o  f o r t h .  At t h e  e n d  o f  

t h e  C h i - S q u a r e  t e s t ,  t h e r e  i s  an  a u t o m a t i c  c o m p a r i s o n  b e tw e e n  t h e

* O b s e r v e d  f r e q u e n c y  t ^'e ^ T h e o r e t i c a l  f r e q u e n c y  ^ o r
s i g n i f i c a n c e  l e v e l  j e e o r d i n g  t o  t h e  T a b l e  A2 i n  A p p e n d ix  A) .  B a s e d

on  t h e  c o m p a r i s o n ,  t h e  p r o g r a m  i n d i c a t e s  t h e  a c c e p t a n c e  o r  r e ­

j e c t i o n  o f  t h e  t e s t e d  d i s t r i b u t i o n .

F i n a l l y ,  a p l o t  w h i c h  shows t h e  d i f f e r e n c e s  b e t w e e n  t h e  o b s e r v e d  

a n d  t h e  t h e o r e t i c a l  v a l u e s  o f  t h e  s e l e c t e d  d i s t r i b u t i o n  i s  

a v a i l a b l e .

T h e  r e s u l t s  o f  t h i s  c o m p u t e r  p r o g r a m  m a y  b e  o b t a i n e d  o n  t h e  s c r e e n  

o n l y ,  o r  d i r e c t e d  t o  b o t h  t h e  p r i n t e r  a n d  t h e  s c r e e n  a t  t h e  same

t i m e .  P l o t s  o f  t h e  h i s t o g r a m s , d i s t r i b u t i o n s  a n d  d i f f e r e n c e s  b e ­

t w e e n  a c t u a l  and t h e o r e t i c a l  v a l u e s  m a y , t h e r e f o r e ,  be  o b t a i n e d  

on  t h e  s c r e e n ,  o r  on  t h e  p l o t t e r .

G.2  SPECIFIC INFORMATION

i )  H k s t o g r a  n s : The c l a s s  i n t e r v a l  i s  c h o s e n  b y  t h e  u s e r  T h e  l i n e  

(x a x i s )  i s  d i v i d e d  i n t o  c e l l s  x^<x_<  . < x _ , s o  t h a t  S+l  i n t e r v a l s  

a r e  c r e a t e d . T h a t  i s :
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F o r  Worwa/ d i m i r i b u l i

F o r  W o r# a /  d i s t r i b u t i o n :

1%, . x  , )

% = U ± C 0

c » ± 1 . 9 6 0  (9 5 % ) .  c  * ± 2 . 2 k 4  (9 7 .5 % )  o r  

c -  ± 2 . 5 7 6  (99%)

F o r  / n y # r r #  d i s t r i b u t i o n :

F o r  t h e  c a s e  o f  S o r m a l  a n d  I r v e r s e  G a u s s i a n  d i s t r i b u t i o n s ,  t h e

l o we r  a n d  u p p e r  l i m i t  s h o u l d  h a v e  b e e n  (-«*, + . )  i n s t e a d  o f  

( - 3 0 , + 3 0 ) ,  a n d  ( 0, +-*)  i n s t e a d  o f  (0 ,+30) ,  r e s p e c t i v e l y  . H o w e v e r , 

t h i s  d o e s  n o t  c h a n g e  t h e  r e s u l t s  s i n c e  t h e  l i m i t s  -30*  +30 a r e

much b i g g e r  t h a n  t h e  r e s i d u a l s  ( t h e  l a r g e s t  o f  t h e m  d o e s  n o t  e x -
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c n e d  t h e  v a l u o  o f  3 " . 8 ) .  I n  Lhe c a a e  o f  t h e  I n v e r s e  G a u s s i a n  

d i s t r i b u t i o n ,  f o r  p r a c t i c a l  r e a s o n s  t h e  i n t e g r a t i o n  s t a r t s  from 

t h e  v a l u e  o f  + 0 . 0 5 ,  s i n c e  t h i s  d i s t r i b u t i o n  ( s e e  f o r m u l a  

i s  n o t  d e f i n e d  f o r  v a l u e u  l e s s  t h a n  o r  e q u a l  t o  z e r o .

ii) N u m e r i c a l  i n t e g r a t i o n : Numerical i n t e g r a t i o n  h a s  been u s e d  to 
c a l c u l a t e  t h e  a r e a  u n d e r  t h e  p . d . f .  c u r v e .  s p e c i f i c a l l y ,  s i n c e  

c e r t a i n  l i m i t s  h a v e  b e e n  g i v e n ,  an a p p r o x i m a t e  i n t e g r a t i o n  o v e r  

a f i n i t e  i n t e r v a l  h a s  b e e n  d e v e l o p e d .

.9 ;E p s o n ' s  r u / e  w h i c h  i s  by  f a r  t h e  m o s t  f r e q u e n t l y  u s e d  i n  o b ­

t a i n i n g  a p p r o x i m a t e  i n t e g r a l s  h a s  b e e n  c o n s i d e r e d .  Some b a s i c  

i n f o r m a t i o n  f o r  S i m p s o n ' s  r u l e  i s  g i v e n  b e lo w  ( B a k o p o u l o s , 1 9 T 9 ) :

S u p p o s e  t h a t  t h e  i n t e g r a t i o n  w i l l  t a k e  p l a c e  f o r  a  c e r t a i n  p r o b ­

a b i l i t y  d e n s i t y  f u n c t i o n  f ( x )  b e t w e e n  t h e  l o w e r  a a n d  u p p e r  b

l i m i t s . Simpson's approximation is:

H o w e v e r .  S i m p s o n ' s  r u l e  i s  m o s t  f r e q u e n t l y  a p p l i e d  i n  i t s  a*

t e n d e d  or com pound  form. The interval (a ,b ] is divided •'nto a 

number of equal sub-intervals or panels and Simpson's rule is 
applied to each. In order to d e s c r i b e  the f i n a l  result, it is 
c o n v e n ie n t to employ a somewhat dit f e - e n t  notation than that of 
(A 1)• Let:

b e  a s e q u e n c e  o f  e q u a l l y  s p a c e d  p o i n t s  i n  ( a , b ] :

‘b b-a
f  ( x M x  = f ( a )  + 4 f ( ( a + b ) . ' 2 ) +  f ( b ) ( A . l )

6

i = 0 , . .  , 2 n - l l A . 2 )

Set f ) Then, the compound Simpson's rule is:
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2n
f l x ) d x  * ( h / 3 )

T he  r e m a i n d e r  E i s  g i v e n  b y :

f '  . a < (  < b ( A . 4 )

I f  N d e s i g n a t e *  t h e  e v e n  n u m b er  o f  a u b - d i v i s i o n e  (am i t  ham b e e n  

d e s i g n e d  i n  t h i s  p r o g r a m )  o f  ( a , b ] , t h e  N*2n a n d  h * ( b - a ) / N ,  a o

( b - a ) *

180 N*

( * 5 )

C h i - S q u a r e  g o o d n e s s - o f - f l t  t e s t :  T h i s  test has b e e n  programmed
according i a th e  formula a n d  methods outlined in chapters 5 and 
6 .

G . 3  F U R T H E R  I N F O R M A T I O N

Some o f  t h e  m o s t  i m p o r t a n t  v a r i a b l e s  w i l l  be  c i t e d  b e lo w :

I(5000) : This matrix contains the residuals of a s p e ­

cific set which has a l r e a d y  b e e n  calculated
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R m s . 1 ( 5 0 0 0 )  

R e * ( S 0 0 0 )

Th f r . e ( S O O )

Obs f  r .  n (  50 0)

T h _ f r I i 5001

0 b # _ f r _ n . t * ] ( 5 0 0 )

T * : t _ x _ 2 . C * l ( 1 0 0 )

A130)

The  f l o w  c h a r t  o f  

p r i n t  o u t  o f  t h i s

by t h e  "TIIEO" p r o x r a m .  T h ^ s e  residuals are 

o b t a i n e d  by  t h e  F i l e B o f  "THEO" p r o g ra m  

u s i n g  t h e  p a t h  "Res"

: T h i s  m a t r i x  c o n t a i n s  r e s i d u a l s  o f  t h e  com - 

h i n a t  i o n  o f  s e v e r a l  s e t s ,  w h i c h  h a v e  b e e n  

c r e a t e d  by t h e  p r e v i o u s  p r o g r a m .

: T i n s  m a t r i x  I n c l u d e s  t h e  r o u n d e d  o f f  r e s  i  - 

d u a l s  o f  t h e  c o m b i n a t i o n  o f  s e v e r a l  a r c s ,  

w h i c h  h a v e  b e e n  c r e a t e d  by  t h e  p r e v i o u s  

p r o g r a m .

: I t  c o n t a i n s  t h #  t h e o r e t i c a l  f r e q u e n c i e s  o f

t h e  s e l e c t e d  d i s t r i b u t i o n .

: I t  c o n t a i n s  t h e  o b s e r v e d  f r e q u e n c i e s  v a l u e s

o f  t h e  s e l e c t e d  d i s t r i b u t i o n .

: I t  c o n t a i n s  t h e  summed v a l u e s  f o r  t h e  t h e o  -

r e t i c a l  f r e q u e n c i e s , when t h e r e  i s  o n e  o r  

m ore  c e l l s  w i t h  t h e o r e t i c a l  f r e q u e n c i e s  l e s s  

t h a n  5.

: I t  c o n t a i n s  t h e  summed v a l u e *  f o r  t h e  o b s e r *  

v e d  f r e q u e n c i e s ,  when t h e r e  i s  o n e  o r  m o re  

c e l l s  w i t h  t h e o r e t i c a l  f r e q u e n c i e s  l e s s  

t h a n  5.

; T h i s  c o n t a i n s  s e p a r a t e l y  e a c h  t e r m  o f  t h e  

C h i - S q u a r e  t e s t .

I t  c o n t a i n s  t h e  v a l u e s  o f  t h e  T a b l e  A2 o f

t h e  A p p e n d i x  A f o r  t h e  5% s i g n i f i c a n c e  l e v e l .

t h e  "HI DI TEST" p r o g r a m  i s  g i v e n  b e lo w  a n d  t h e

p r o g r a m  i s  a l s o  p r o v i d e d
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G .4  FLOW CHART

— (D
INPUT DATA

( R e s i d u a l s  c a l c u l a t e d  b y  "THEO")

2

Umo o f  SCREEN o r  SCREEN & PRINTER t o g e t h e r

3

CHOICE OF THE CLASS INTERVAL

4

CLASSIFICATION OF THE RESIDUALS

NORMAL %

5 .3

TRUNCATED NORMAL

<! )

INVERSE GAUSSIAN
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DIFFERENCE BETWEEN THEORETICAL AND ACTUAL 
DISTRIBUTIONS

o t h e r  
< T  d i s t r i b u t i o n s

m y o t h e r  
Run
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E m t l m w t l o n  o f  I tm  p a r a m e t e r #  w,

PLOTTING o f  Norm al  d i s t r i b u t i o n

5 NORMAL ^
d  _ L

C a l c u l a t i o n  o f  MOMENTS

CHI-SQUARE GOODNE5S-OF-FIT TEST
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TRUNCATED ( 9 7 .5 % )

E s t i m a t i o n  o f  i t s  p a r a m e t e r s  p .  o

S p e c if ic a t io n  o f  th #  tr u n c a tio n  p o in t

C a l c u l a t i o n  o f  MOMENTS

CHI-SQUARE GOOONESS-OF-FIT TEST

PLOTTING o f  t h e  T r u n c a t e d  Norm al  d i s t r i b u t i o n

T r u n c a t i o n  p o i n t s

TRUNCATED (99%)TRUNCATED (95%)

TRUNCATED NORMAL

6

I
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