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DETERMINATION OF THE ANGULAR VALUE OF A GRADUATION INTERVAL 
OF HANGING LEVEL TUBE ON A TRANSIT INSTRUMENT BY OBSERVATIONS 

OF STARS 

I 

T h e  m e t h o d  of d e t e r m i n i n g  t h e  a n g u l a r  v a l u e  of a g r a d u a t i o n  
i n t e r v a l  of l e v e l  t u b e  b y  m e a n s  of a l e v e l  t r i e r  g i v e s  r e l i a b l e  r e s u l t s  
in  t h e  c a s e  o n l y  w h e n  t h e  t r i e r  i s  c a r e f u l l y  e x a m i n e d ,  t h e  i n f l u e n c e  of 
t e m p e r a t u r e  d e f i n e d  a n d  f a u l t s  of t h e  s c r e w ,  w h i c h  s h o u l d  b e  of p e r f e c t  
c o n s t r u c t i o n ,  e l i m i n a t e d .  M o r e o v e r ,  t h e  p o s i t i o n  of  l e v e l  t u b e ,  i t s  
l o a d i n g  and  f a s t e n i n g  o r  s u s p e n d i n g  s h o u l d  be  t h e  s a m e  d u r i n g  w h o l e  
e x a m i n a t i o n  a s  in  t h e  t i m e  of o b s e r v a t i o n s  w h e n  i t  i s  u s e d  to  d e f i n e  t h e  
a x i s  i n c l i n a t i o n  of a t r a n s i t  i n s t r u m e n t .  A l l  t h e s e  d i f f i c u l t i e s  f a l l  off 
w h e n  a m o r e  d i r e c t  m e t h o d  i s  u s e d  f o r  t h e  l e v e l  t u b e  e x a m i n a t i o n ,  
c o n s i s t i n g  in  t he  d e t e r m i n a t i o n  of t h e  v a l u e  of  i n t e r v a l s  f r o m  s t a r  
o b s e r v a t i o n s  d u r i n g  t h e i r  t r a n s i t  a c r o s s  t h e  m e r i d i a n  of a p l a c e .  

I I  

The suggested method consists in observation of passage of 
stars across the meridian of a place, very near of zenith point, the 
inclination of horizontal axis of the instrument being changed during 
observations by means of a setting screw, position of the bubble read 
and transit moments of a star registered for both tilts of the axis. 

III 

In spite of imperceptible changes in azimuth which occur as 
a result of the revolutions of setting screw - the program of star 
observations shall be limited to the stars, whose azimuth coefficient of 
the Mayer's formula 

sin ( ~ - 5 ) 
K = 

cos  5 

does not exceed 0 s,l. 

IV 

Investigations of t h e  level tube from the star observations 
were performed with a Zeiss transit instrument with an object lens of 
i00 mm diameter and i000 mm focal length, a photoelectric contrivance 
for transit observations and an electronic chronograph of Belin, 
registering the electronic impulses. The movable vertical hair of the 
impersonal micrometer (or a fixed reticule) is replaced by a diaphragm, 
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which has 15 slots, symmetric to the optical centre of the telescope. 

The passage of each star is observed in four groups : 

for first telescope tilt - on the eastern side with N ~ 5 to 8 slots, 

for second telescope tilt - on the eastern side with N ~ ii to 14 
slots and on the western side with N ~ 2 to 5 slots, 

for third telescope tilt - on the farther western side - with N ~ 8 to 
Ii s l o t s .  

A f o l l o w i n g  o r d e r  of o b s e r v a t i o n s  w a s  c o m p o s e d  : 

1. B y  r e v o l v i n g  t h e  s e t t i n g  s c r e w  p l a c e d  in  t h e  d i r e c t i o n  of  l e v e l  
t u b e  a x i s  a t i l t  of a b o u t  5 i n t e r v a l s  f r o m  t h e  l e v e l  t u b e  c e n t r e  i s  
c a u s e d ;  t h e  l e v e l  b u b b l e  s h a l l  b e  of  n o r m a l  l e n g t h  - a b o u t  40 i n t e r v a l s .  

2. B o t h  b u b b l e  e n d s  a r e  r e a d  ou t .  

3. E x t r e m e  f o u r  e a s t e r n  s l o t s  a r e  d e s t i n e d  f o r  a c h o i c e  of  
a p p r o p r i a t e  s t r e n g t h  of  l i g h t  w h i c h  c o m e s  f r o m  t h e  s t a r  t o  t h e  
p h o t o e l e c t r i c  c e l l  a n d  w h i c h  d e p e n d s  f r o m  t h e  s t a r  s i z e ,  s p e c t r u m  t y p e ,  
a t m o s p h e r e  t r a n s p a r e n c y  a n d  e x t i n c t i o n  a n d  f o l l o w i n g  f o u r  s l o t s  (N ~ 5 to  
8) s e r v e  to  r e c o r d  t h e  s t a r  t r a n s i t  on  t h e  p r i n t i n g  c h r o n o g r a p h  of  B e l i n .  

4.  D u r i n g  t h e  t r a n s i t  of  t h e  s t a r  in  f r o n t  of  N ~ 9 a n d  10 s l o t s  t h e  
l e v e l  t u b e  b u b b l e  c e n t r e  i s  m o v e d  in  t h e  o p p o s i t e  d i r e c t i o n  to  t h e  t i l t ,  
w h i c h  w a s  m a d e  p r e v i o u s l y ,  s o  t h a t  i t s  c e n t r e  i s  d i s t a n t  a b o u t  5 
i n t e r v a l s  f r o m  t h e  l e v e l  t u b e  c e n t r e .  T h i s  m o v e m e n t  i s  m a d e  b y  
r e v o l v i n g  t h e  s e t t i n g  s c r e w  (and  r e a d i n g  out  a s c a l e  on  t h e  s c r e w  h e a d ) .  
T h e  r e c o r d i n g  of s t a r  t r a n s i t s  i s  c o n t i n u e d  a l l  t h e  t i m e  w i t h o u t  
i n t e r r u p t i o n s .  

5. After the star transit in front of the N ~ II to 14 slots is 
recorded, the registering device is put off. 

6. Both bubble ends are read out. 

7. The registering device is put on and western N ~ 2 to 5 slots are 
observed. The position of instrument and of level tube does not change. 

8. While the star passes in front of N~ 6 and 7 slots, the level 
bubble is moved to its initial position (see para. I). 

9. The star transit in front of N ~ 8 to ii slots is recorded, then 
the registering device is put off and both bubble ends are read out. 

i0. The instrument position shall be changed before the observations 
of a next star w i l l  start. 

Below are shown the results of transit recording of the star 
1638 W/E in front of slots while the value of one interval of a suspended 
level tube graduation of a Zeiss transit instrument was determined; to 
each slot correspond two impulses : the first one signals the moment 
of apparition of the star in the slot, the second one - the moment of 
disappearance. 
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DETERMINATION OF THE ANGULAR VALUE .... 

E a s t e r n  s l o t s  

L e v e l  t u b e  r e a d i n g s  : 

E : 6 , 4  W : 4 4 , 7  

E : 1 6 , 1  W : 4 4 , 4  

E : 1 6 , 1  W : 5 4 , 4  

E : 8 , 2  W : 4 6 , 6  

3 4  m 1 2  s ,  3 0 6  
5 

3 4  1 5  , 9 3 6  

3 4  1 9  , 4 9 7  
6 

3 4  2 3  , 1 7 4  

3 4  2 6  , 7 2 8  
7 

3 4  3 0  , 2 0 9  

3 4  3 3  , 8 8 1  
8 

3 4  3 7  , 4 0 8  

3 4  4 0  , 9 2 9  
9 

3 4  4 3  , 3 1 6  

3 4  4 6  , 8 5 7  
1 0  

3 4  5 0  , 3 8 9  

3 4  5 4  , 0 2 2  
11  

3 4  5 7  , 6 4 4  

3 5  0 1  , 1 5 4  
1 2  

3 5  0 4  , 7 8 7  

13  3 5  0 8  , 2 0 6  
3 5  11  , 9 1 4  

1 4  3 5  1 5  �9 3 5 4  
3 5  1 9  , 0 3 3  

1 5  3 5  2 2  , 4 8 3  
3 5  2 6  �9 0 2 4  

3 5  3 9  , 8 4 3  
1 

3 5  4 3  , 3 5 1  

3 6  4 6  , 8 7 0  
2 

3 6  5 0  , 5 1 6  

3 6  5 4  , 0 3 6  
3 

3 6  57  , 5 8 6  

3 7  0 1  , 1 4 4  
4 

3 7  0 4  , 8 1 1  

3 7  0 8  , 2 3 1  
5 

3 7  11  , 8 9 6  

3 7  1 5  , 4 5 5  
6 

3 7  2 0  , 1 8 1  

3 7  2 3  , 7 2 9  
7 

3 7  2 7  , 2 1 7  

3 7  3 0  , 7 5 3  
8 

3 7  3 4  , 2 2 4  

3 7  3 7  , 8 4 0  
9 

3 7  4 1  , 4 0 9  

3 7  4 5  , 0 2 7  
1 0  

3 7  4 8  , 5 2 1  

3 7  5 2  , 1 5 1  
11 

3 7  5 5  , 7 0 1  

First group of four slots 
for first tilt 

Movement of the level 
bubble 

Second group of four slots 
for second tilt 

Western slots 

Third group of four slots 
for second tilt 

Movement of the level 
bubble 

Fourth group of four slots 
for third tilt 
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C o m p u t a t i o n  of  o b s e r v a t i o n s  

Let designate : 

d E �9 d w 

At 

Ap 

I 

S1 ,  $2 ,  S 3 a n d  S 4 - t h e  m e a n  v a l u e s  of  t h e  m o m e n t s  

of  s t a r  p a s s a g e  in  f r o n t  o f  t h e  s l o t s  o f  N ~ 1, 2 ,  3 a n d  

4 g r o u p s ;  

a n g u l a r  d i s t a n c e s  b e t w e e n  t h e  e a s t e r n  g r o u p s  (N ~ 1 2 , 5  
- 6 , 5  s l o t s )  a n d  t h e  w e s t e r n  o n e s  (N ~ 9 , 5  - 3 , 5  s l o t s ) ,  

r e d u c e d  t o  t h e  e q u a t o r ;  

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

t i m e  c h a n g e s  d u e  t o  t h e  t i l t  c h a n g e s ;  

m o v e m e n t s  of  t h e  l e v e l  t u b e  b u b b l e  c e n t r e  d u e  to  t h e  

r e v o l u t i o n s  of  t h e  s e t t i n g  s c r e w ;  

t i l t  c o e f f i c i e n t  of  t h e  M a y e r ' s  f o r m u l a  : 

I - _ , c ~  ( ~ - 5 )  

c o s  5 

t h e n  we  s h a l l  o b t a i n  : 

S 2 S 1 = d E s e c  5 + t E t E = (S 2 - S1) - d E s e c  5 

S 4 - S 3 = d w sec 5 + t w t w = (S 4 - S3) - d w s e c  5 

a n d  t h e  v a l u e  of  one  l e v e l  t u b e  i n t e r v a l  s h a l l  be  : 

A t  E At w 
T -- - -  = 

APE . I APw . I 

o r  

S 1 + S 4 S 2 + S 3 dw - d E 
+ 

2 2 2 
s e c  5 

A P F  + A P w  
�9 I 

2 

b 

We s e e  t h a t  in  c o u r s e  o f  u s i n g  t h e  o b s e r v a t i o n s  w i t h  t r a n s p o r t i n g  o f  
t e l e s c o p e  in i t s  s o c k e t s  in  m i d w a y  of  o b s e r v a t i o n s  t h e  l a s t  t e r m  in  t h e  
n u m e r a t o r  w i l l  d i s a p p e a r ,  b e c a u s e  it  s h a l l  g e t  f o l l o w i n g  v a l u e  : 

d E - d E dw - d w 
s e c  8 o r  

2 2 
sec 5 
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DETERMINATION OF THE ANGULAR VALUE .... 

In the example showed below following va lues  for _d were admi t ted ;  they 
were received from a greater number of normal observations for 
determination of a time correction. 

d E = 24 s ,4585 

d w = 24s ,4628 

V 

Final remarks  As can be seen from the example - precision of resul ts  
obtained by this way are not worse than the precision, which can be 
obtained with most precise level triers; besides, the results are free 
from the systematic errors due to the trier constants and factors 
mentioned above. 

31 



B, DULIAN 

Ob 

co 

s 

0 

o 

> 

�9 

�9 

r~ 

0 
u 

i 

i 

i 

~o 

0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

~ ~ ~ ~ ~ ~ ~ ~ ~ o~ ~ ~ ~ ~ o" ~ o~ ~ ~ ~ 

tl 

O~ O~ O~ O~ O0 ~ ' ~  CO ~ -  ~ ~ ~0 O~ O~ ~ ~ ~ -  L ~- ~ ~ ,~-~ I . ~  
i 

CO ~ ~ -  I~" C~l O~ 0 ~ ;  ~ -  L ~- ~ ~ CO CO ~ O~ O~ O~ ~ ~ 

L ~. ~ L~. ~ L~ ~.~ ~0 ~.0 ~ 

+ + + + + + + + + + 

~,~ ~.0 ~ L~ ~0 ~ ~ ~ L ~" 

32 


