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DETERMINATION OF LEVEL SENSITIVITY 
(FIELD CALIBRATION WITH THE LEVEL ON THE INSTRUMENT) 

1. Introduction and Statement of the Problem. A inrtliud is considtrcil lor 

(iHcrmining the levd-vial scn.silivitv of Ihe /cnilh Waiwhaff THcscope, Ihc Wild T-4 
Tln'odolilc. and the plate level of oilier survey inslriiriieiils. The level vials are tali- 

brated without removiti^ (hern from (he instruincnl. 

Sensitivity of the level vials varies with lemperature, afje, buldile length, 
stresses on (he vial, the sense of Imhhle drift, and other faetors. The calibration must 

be made at different amhient temperatures and the level sensitivity must be reduced 
to a standard temperature. The Wild T-4 hanpiiji level is located at 90 decrees with 
respect to the optical axis of the telescope, while the llorrehow Talcott level vials arc 

parallel to it. 

2. Theory of Level Sensitivity, in Vi£. I. let point 0 lie the (.ruler of a sphere 
and OZ the direction of the plumb line. Tin plane Ihrotigh 0. at ri»jbl angles to OZ. 

Fig. I. Basic Icvt'l-vial (iriiiiliilion. 
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is llu" plane of Ihr liori/.nn, niltin^ Hi»' sphrre in the irreal lirclc H'Mil.  A plane 

(liron^h 0. al rif;lil angles to ()/.', enls Ihr sphere in Ihe «jreal eirele INMA . I-et i   |»o 

llie inelinalion helween ihese Ivvn planes.   I,el MM' lie Ihe line of intersection.  Point 

Z is the pole of the «jreal eirele H'MII. and /' is the pole of the jrreal eirele \MA  . 

lienee M is al ')() «leirrees to liolh Z and Z'.  Therefore. MA       Mil = «>U0.   Let a level 

vial lie atlaehed to the hori/.onlal plane at 0. The hnhlile p<isilion is referred to a 

>eale on Ihe Iniie itself. 

\fter earefnlly levelintj Ihe liase plate of the theodolite, represented liv the 

plane II'MII. the vertical avis will have lieen liroii^hl into Ihe vertical position; llni<. 

when turning the theodolite aliont its vertical axis, the level hnhlile will remain station- 

an with respeel to the central point of Ihe level scale.   The rotation is in Ihe plane 

II'MII. On the other hand, when the hase plate is inclined an an^le i  . the rotation 

of Ihe theodolite will he in the plane N\1A . The hnlihle of air will always stand at 

Ihe hijihesl poinl on the curve of the tnhe.   \iiv change of the relative elevation of the 

two ends of the tnhe is accompanied li\ a eorrespondin«; change in the Imlilile position. 

Therefore, the imlilile i> moving to the end h when the rotation is in the sens«' MA] A(1. 

The level position al Ihe hori/onlal reading \] will indicate an inclination i,. and incli- 

nation ii when the level occupies the position al the horizontal readinji \2. These 

inclinations arc ilhislraled in |'i<;s. 2 and '■'>.  Hv rnoviiifi the mslrnment in a/.imulh. we 

are varvinjl the ansjie of inclination as a finiclion of the a/.imnth readings. This allows 

us to define a nietho'i lor dclerinining Ihe level sensitivifv without removin|i the level 

vial from Ihe iMstriniicnt. 

Inclination ii I'if;, .i.  Irirlinutiiin ij. 

3.     Trigonometrical Function Lsed for Determining the I^vel Sensitivity- 

The writer has developed new trigonometrieal functions and analytical expressions, to 

he used in spatial Iriangulalion. which have hroad applications in fields of astronomv 

of position, star positioning, the determination of the motion of the poles, etc. One 

of these expressi ns shall IK- used here for the determination of the level sensitivity. 

Mrih 
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Fi('. V.  Kflalionsliip bt'twi'i-n tin' livr -ii|i>. 

Tin' rflaliotishiji liclwri'ii five siilcs of a«lja(Tiil ^ilirrniil triangles may lie cslaldislicil 
by tliiscxprt'ssioti: (loti^der Ki^. 4.  Lei S, ami S; he a portion of Hie sanif ^eal cir- 
cle of arc. I.cl S,     \|{am! S2     |{(;. On llic sphere, [»laci» an orijiin at 1'and let a. It. 
ami c he the spherical (oordinates of A. 15. and ('.. re>pecti\e|\.   \n eipiation that re- 
lates the five sides is as follows: 

cos a sin S2 f cose sin S| -cosh sin (Sj + S2). 

This shall he used for determining the lc\el scnsiti\it\. 

dj 

I.     Determination of Ihe Irf-vol Sensitivity. The following relationships may he 
derived from Fie;. 1; 

a ZA, 'KM, 

h ^ Z \ «JO i 

c = ZA2 = <)() ■ i2 

S, - \2-A, 

S2 = \      \, z       o      - 

Therefore, the general e(]iuitinn (e(|uation (I)) is set up as follows: 

sini, sin(\o ■ A2) + siii i() sin(\2    \|)   sin ij sin ( \(( - A,) (2) 

The A's are the horizontal readings.  Independent mcasuremet\ts can he made at will. 
Kach one is made hv ehantring the interval of azimuth hv a constant ansjle of a minutes. 

^^ 



Ihns 10 itKlcpcmlnit tnciisiircmi-nls ii.-siimc a total rhanpc in azimiitli of l()a. Setting 

up the lii>t tinasurrrniiit with an «irijrin at .\|. Üw ()llit'r> arc to he math' at interval.* 

A, 4 a. \, * 2a, A, < :to \i + 10a. I.d L,. I... !-,, I.,o I)«' rfiitral 
hiilihlc |((i>ili(pii readings will) n-siiccl to llu' [cvflvial Mali' that ((irrc-imnd to lli>' a/.i- 

rnnllis A,  + 0. A, + a. A, + 'la. and so oti. 

|{v <'lioositi>» riicasiifcmfnt.- with larjjf inlrrvals. the iiil'lncncc of rcailinj; 

errors will he diminislicd when thi'\ arc divided li\ a lar^e rininher ctf intervals.  Havin» 

this in mind, let 

i- i,2.;{.4,r>. 

and 

j   6. :.«.«). 10. 

Then the general ei|iialinii (f(|uation (2)) hecoincs 

sin ij sin (A() - V,) - sin ii sin (A(i • Ap = sin i() sin (\j - Aj). ß) 

In the \\ iid T-4. the lian^in^ level is located at •)() decrees with respect to the 

optical axis: therefore. ± 90 dem-es must he adiled jo the azimuth reading.»« V and \ . 
i n i J 

The a/jiniilh thai does not change is the reading that corresponds to the inclination i  . 

Therefore 

A   - V inusl he%0-(A     A), and 

A    - \. mnsl l,e')0o.(\   . \ ). 

Thus, cipiatioii (it) hecomes 

sin i cos ( \   - \)   sin i cos (\   ■ \ )    sin i   sin (A - A ). (I) 

which is the equation to he applied for the Wild T4 hanging level. 

5.     Imlinalioii Angles. The inclinations i and i are small angles. Therefore, 

we can use the angles instead of the sines. On the other hand, the readings (A. - A.) 

have a constant value.  Also, (A      A) and (A   - A ) are small angles. We always hold 

them less than I degree, so ii isjustifiahle to consider 

cos (A     A)~cos(A  -A,)-!. 
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Lei p lie the levrl wimitivilv and l, und I, Uic siiilc vial rcailintj.s. I'or llic iiiclinalion^ 
wc liavc 

p(l. - L   ).ari(l i " p(l, ■ I,   ), 
^ ,    1        in ' J J        "i r>) 

wlicrc l.m is a (tirislaiil (sec para^raj)!» 7).  I.tl liir roiistiiiil ilil'lcniicc in a/.iiimlli [iv 
(Icl'incii in llic fallowing riianiK-r: 

J    i 
((>) 

a.      I#v»'l Sensitivity. Kcplaniif; llic valiics fjivcii l»v t'(|iiatioris (5) and (6) 

in t't|iiati(in (4). wi' can dct'inc llic \aluc ol' level sensili\it\. The final l'onnula tor 
delerminiri" the level M'iisitivilv is: 

p    206,265 
sin i   sin .)Q 

I,    I, 
)      i 

Tliis loriiiula jii\is (lie level sensitiviU in seconds of :irc. Il is ID lie point»«! out that 
the deiinminator (I, - l.) lias an almosl conslanl value. 

If llic values of cos (A   - \ ) and cos (A   - A ) are not close to 1, we 

inusl consider llic follow ing eipialion for delermitlitlf! llic \\ ild T-f. Iian'^inj; level 
sensitivilv; 

p   206.26."» 
sin i(i sin (A- - A^ 

I, cos(A    ■ \ )- I. eus(A      \ ) 
(!<) 

To applv equation (7), the inclinalion i(i niii.^l lie known. Before c\plaiiiiiiii Imw llic 

itielination i   is detcrniined. we innst first consider (lie linhlile length and (lie drift 
interval (paragraphs .'d) and .'e lielovv). 

b.     Bubble liOiigtb. The level vial is par(l\ filled with liquid, and when no 

inelinadon e\is(s< a small luihhle occupies (he central position. The luihltle length can 
IK- varied.  Il is chosen ipproxinudtdy Itetwcen one-hall and (wo-diirds of (he level 
scale.  If L. and I are (he end readings of (lie level-vial scale. (In huhlile leiijilh l(| is 
elioscn hclwi'cn 

J   (KK)<   lo<|   d'r-k.)- 0) 

c.     Bubble Drill. Selee( an iiücrval of five divisions of (he level via! scale 

for a variation in aziriiulh of a small au^le a. Make a minimum of 10 independent 

i^mmm tmm 



■^p^ 

obsmaliotis in a Direct instrument position. Alter the last meas-irement. the azimnlh 

has rhi.ngi'il in 10« with respect to the first reading. Then the inslmment is turned 

180 degrees in azimuth and a new set of 10 measurements is made h\ rnoving the 
telescope in reverse order - that is to say. hy changing the azimuth intervals from 

I (kx, %;. Hot a. 

It1,   1 ip. 1     . 
1IJ 

?p              .   ■   .   .        .     3r 

?n                           ah 
r1 i 

^ lo  * 
< I 

I • 

Fij!. .I  Hiihiilf Iciiiftli mu'i li'vij-vial seal«". 

In Fig. ■"), let I,  and I,   he cml-mark readings uti the level-vial scale, and 

let M he the total numher of intervals of the level-vial scale: then 

N    1,-1, . (Id) 

The huhhle length occupies a space l(| of N. Let X he the free space that can he used 
for the total huhhle drift: then 

\     I    ) \. 

where lo is known. II the huhhle length is chosen as 

'..4 iKK)- 

we have 

If instead we choose 

ihen 

1       •»   v   r        e'       .) 

'o    ^    d.lv) 

(II) 

(12) 

(13) 

(14) 

^^O'rK)- (15) 

^^ 
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Lei S In' llic liiiliblc drill when the ii/.iitinlli cliaii^o In 

miiiilicr of (liirt> (in- ii|Mlili(iii-). -o thai 
in aii"!'' Q.  I,r| n he llir Inlal 

n S    \ 

If we clnMisf n - 10. we ulilain 

Kor \    \|. ui' liavi 

ami for v - s-.. we ulitaii 

10 

I,  - I, 
f r 

H) 

K ■ K 
"ir> 

(16) 

(17) 

(iii) 

lla\iii^ lixnl llic liulilili' ilrifl S. S,. or S,. il ii'inains lo ililirininc llir 

im linalion i 

6.     Dotermiiiutioii of tlic Iru'liaation i(). in I ij:. (>. lit \m I»»' llif a/imiilh rcadiitj; 

wlirii llir iiiiliiiation i.< zero   Wr liavc CIIOM n a Imiilili' drit't S fur an a/iinulli clian;;!' of 

aii<;lt' a.  I.<'l ii> rlioosr a    .'> miiuilcs*. llifirl'ojr, llif 10 inili'iirnilnil mi'asurt'incnls 

RMiuiri' a total iiilcrval of lib    .')() niiiinti's. wliich in lij:. 6 is rtprcscn teil li\ tin" arc 

A    A . \\i'nrril to know. |o a roiii;li aii|iro\imation. Ihr rcadin" \   .  Tlir <'\a( I m       \ r       | I ^     m 

value »an lif ilrtrrininiil fidin tlir iiliM'r\alioiis. Wi-UK a uiluc \     \       I ilcgrre. 
IM     \ ~ 

to bt' surr that tin  10 inileiu'mlcut ohscrvatioti;- can he used. The iiielinalion i   is 

I   =p    \ - nS. (10) 

where \ is chosen accorilinj; to llic huhhle Iciijith selected, and p '.' is the level sensitivity, 

of which an a|)|iro\imate value is sii|i|died hv the manufacturer.  Applyill}; e(|uatioii (I). 

we have 

cos 00° sin (\   - \   ) + sin i   siii(\      \   ) 
"   «I       \ ' ii \      in ' 

(20) 

Inasmuch as (A   ■ A   ) is vcr\ nearlv 00 decrees, we can let 



hi", (i. liusi:- lor (li'(i'riiiiiiifi>' fnHiitatiims und u/.irnutlis. 

Tlu'ii fii;t'. the iticlitiutiuii i   is romputcd Ironi 

m\n=*miJm(\%-Am). (21) 

Reading A    is llu- ;i/.iiniilli reading that corrcspoiKis to llic level position sliowin^ 

vir'ually no variation in the huhhle position. We fix (A   - A   ) = I ilefire . Therefore, 

replaein^ ix from ecjuatioii (]()), eqiiatiun (21) heeornes 

sin i 
206,265 p " \ 

sin 1° 
(22) 

where 

X = L • I,    I . 
r        r      o 

The inelination i(). as eotnpuled from ei|uati()n (22). jjives the maximum 

value. If we fix an inelination equal to one-half of the value eomputed through 

mäm m 
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equation (22). we double ihc tuimbiT tif indepeudrnt observations for determiriin«; the i 
value of level sensilivilv. 

7. Aximuth Direction for Fixing the Inclination. Level the iuslnmient carefullv 
and plaee the telescope in the direelion of one fool-screw.  Let A   he the azimuth. 
and let Z   he the zenith distance of a reference field mark, (ilamp Ihc instrument. 

Fixing the telescope with a zenith distance Z) + i) . reset the field mark by raising or 

lowering the instrument until the mark a<jain appears in lie central cross wires so that 
the inclination i   is fixed. When a field mark is not available in the direction which the <> 
telescope is fixed, we can proceed as follows:  Place a mirror close to the telescope atid 

turn the mirror in a/imuth until any >;ood field mark can he seen and used. 

8. Horrebow-Talcott liPvel Sensitivity. The process of determining the llorrehow- 
Talcott level sensitivity is similar to the process used for the banging level sensitivity. 

The only difference is that llorrehow-Taleoll levels arc placed in the vertical plane of 

the telescope. Therefore, there is no change in the horizonlal readings. Consequently, 

for these levels we apply equation ('{) in this form: 

sin ^ sin ( \o - A^-sin ^ sin ( \o • Ap = sin i() sin {\> - \). {Z\) 

In order to make the inclination measurements i and i . the instrunicnl must he rotated 

in azimuth about '>() degrees with respect to the reading A . The bubble motion must 

he checked to see (hat it moves in the right direction when the azimuth changes hy an 
angle a. 

The level sensitivity is determined hy using the same equation (equation (7)), 
since we can set sin ( \(( - Aj) ~ sin ( \o - A ) ~ I for such small values of l and i.  If 

sin (A   - A ) and sin (A   - A ) arc not close to I, wc use the equation 

sin i   sin (A, • A ) 
p".206,26.-> -i—^  . (24) 

Ljsin(\o.Ai)-Lisin(Ao-Aj) 

9. Determination of the Azimuth When the Inclination is Zero. In order to 
determine the azimuth A   that would correspond with the bubble position showing no 

inclination, we proceed as follows. 

In a rectangular-coordinates system, let the horizontal, axis-X. he the azimuth 
readings and the vertical, axis-y, IM" the inclination expressed in divisions of the level 
Let Lol be the central bubble readings and Al the azimuth when the instrument is 
clamped in a Direct Position.  Let L   2 and A2 = A| + IHO0, the reading of the centra 

huhhle and azimuth when the instrument is in Inverse Position (hy turning it IHO 

mm 



tjejjiws). Then cadi pair of values of L() j and l,o ,, will <;iv<' a conslanl value for the 

mean, 

L    = - (I,   , +L   O^-eoiislaiil. Jm        *)   V  'o.l 0.2 (25) 

and llie diflerenee, l.n . -i,|  . will be the iuelinalion, expressed in divisions of lire level, 

for llie a/iinulli A], A2. and so on. Half of llie inclinations 

^~KAK (26) 

will lie positive and the other half negative. If we plot each i of equation (26). we 

noliee that if we join these points, they will lie on a straight line. The point where the 
straight line cuts the horizontal, axis-x, will he the a/.iniulh A   that eorresponds to 

zero iuelinalion. 

Taking pairs of points whose iuelinalions are opposite in sign, we eau eom- 
pule the azimuth A   as follows.  I,et these two points he 

l,et h| represent the iuelination of point 1^ | and l^ the inelination of point Po ,,. 

Then 

h.-L^-l^.and (27) 

Let 

"^''o.J-1'.,.- 

x = A   -X,, (2H) 

then from Fig. 7 it follows: 

hL = -h  
x        Aj - A) -x 

From this relationship 



Fifi. 7, (it'oiiu'ln, lonli'lcrminin}; A . 

x - 
h, -h 

(A,-A,) (29) 

und from (•qualiun (-H). 

A0 = A1+x. 

Thi.« is Iruc lor any other pair of points. Tlicreforc. a p-iirral I'qualion is set up: 

K = \+ \- 
I'aclor x. is computed from individual pairs through 

1  iTT 
(Aj-A,). 

where h, and lij have the nwainn^ expressed in equation (27). The negative sign in 
front of I12 is required heeause in equation (27) L0 ,, < Lm. We do not need to know 
A0. In equation (8), the value for A   to he used is the azimuth of the mark, heeause 
for this reading the inelination i(i is known. The value of I,    given l»y equation (2o) 
is the one to he used in equation (5). 

10.   Discussion and Conclusion». The example used in this research note has the 
purpose of showing the process of computing the level sensitivity as it is descrihed 
herein. Ortainlv, more calihrations must be conducted at different temperatures in 
order to have sufficient information for a complete analysis of the huhhle-drift he- 
havior and to see if the level sensitivity differs according to the sense of the bubble 
drift. This can be seen from the two values shown on Table 2 of the Appendix, where 

II 



the two mean values have u difiVrciur (if Ol'OIH. Tliis (iiflWrru v «(inltl l)f due l<> til«' 
buhbic-drift motion. Tlic analysis of bnlildi-dril't Iwhavior \.ill givr a «hie as to wbellier 
or not the radius of curvature of different portions of the luhe H.A be different. This 

defect will «jive different annular values to divisions of equal length in different por- 
tions of the tnhe. 

To take into account the effect of temperature, let po he the sensiilvily 
value for an assumed temperature T . and lei p be the value at temperature T. Then 

we have p() = p + p (T • T(() ß. in which p   and j3 arc to he determined h\ least squares 
so as to satisfy the observed values of p at different leu pcralures.   \fter pi and ßare 

known, the sensitivity at any temperature T is 

P    i+(T-T )/3 

The advantages in our method consist of the fact that the levels are not 

removed from the instrument itself for evaluation of the angular value of one division. 
Time is saved hecause this evaluation is made while the levels remain on the instrument. 

In addition, to determine the level calibration with a comparator by the standard 
method, the value of a division of the level results in partial revolution of the compa- 
rator's micrometer screw. The value of one revolution of this micrometer not only 

must he known accurately, hut also its periodic and progressive errors must be accu- 
rately known. Also, the comparator may give an evaluation of the angular level divi- 

sion slightly different than when the evaluation is made with the level set up on the 

instrument. There is no guarantee of the level parallel position when it is set up in the 

comparator for the calibration, after the level is again set up on the instrument. Thus, 
the buhble displacement cotdd no* be on the same inclination, and this leads, therefore, 

to a different angular evaluation. Furthermore, our method allows us to calibrate the 
levels under the same conditions as those in which the instrument is used in field work. 

As can be seen bv this new capability, the theodolite itself can be used as a comparator 

for calihrating and testing other levels or similar devices. 



APPENDIX 

SAiMPLR COMPUTATION 

As an illustration of tlic riM'tluxl prtviously ilfstTilx-ii. a prartiral application of 
the coniputalional prorcdnrc is jfivcn. Thv inslrnmcnf .wis first canfnllv leveled, after 
which the leleseope was set up in llie (lireetion of one foot-serew.   \n auxiliary mirror 
was plated aliout 3 meters in front of the leleseope. The mirror was I timed until a 
>;ood field mark was seen in llie leloeope. The mirror was then clamped,  it i> well to 
have the mark set as far awa\ from the station as pos>ihle so thai it will not he neee- 
sary lo ehaiifje the foeus. Tahle I shows the oiiser\ational data for the han^ini; level 
of the Wild T4 Theodolite. The referenee field mark wa. set a.> follows! 

Vzimuth mark: 
/enilh distance: 
Spül level: 

inriH'i«)" 
2")04,>'2,>!'(> 

The lelesc(»pe then was hroujjhl to the zenith distance /,     2'A"7)i)'2{f'.'i). ThiTefore. 
the inclination is i      Z2    /.,     .")()'.   |{v at li\alini; the fool-screw, the tilescope was 
moved up until the field mark was again on Ihe same horizontal line, close to llie cross 
wires. The first column gives the azimuth at which the instrument was i lamped. The 
second column gives the liulihle end readings. The capital letters, I, and R. stand for 
left and right as the ohserver faces the level vial. 

In Taiile 2. the first coluinn show» the iiumher of ohscrvatioiis used for the 
Direct and Inverse instrumenl positions.  The second and third columns were formed 
hy suhslracling the azimuth mark \(      {öl010' from each azimuth corresponditig to 
the hulilile-scalc reading. The fourth coluinn was formed from Ihe mean hiihhle read- 
ings taken from llie last column of Tahle I. The fifth column is formed hy dividing 
the conslanl (! - 2I."HI6 hy the iiumher shown in column four.   V -TT was used for the 
Inverse Position, The sixth column shows the discrepancies hetween column five and 
the mean value. The resulling value for the level sensitivity is p "- ifOTT ± Ul'OOfi. 

In Tahle ii. the first column indicates the selling used for the Direct and Inverse 
itislrumenl positions, (iorresponding azimulhsarc indicated in column two. The 
third column shows the mean value of the end-huhhlc readings taken from the last 
column of Tahle I. The fourth column represents the mean value of column three. 
This is the value of I,    that appears in equation (.")). The last column gives Ihe incli- 
nation expressed in divisions of the level-vial si ale.  It is the term in parenthesis of 
equation (.")). and is used in equation (25). These inclinations and the first azimuth 

lit 



Tahk I. Da ta fo r Wild T-4 ll an~Ying Levd 
,\ zirnulh 

±90° L R L ·ngth L 
:r) l 0 00' :-o.6 89.h 19.0 

(1.) 46.:. 85.2 :·VJ.O I :H.4 65.-;-
10 42. 1 8 1.1 39.0 121.2 6 1. (1 

1:1 38. 1 7- .3 19.2 11:1. ~ 57. -

20 ;~ ~l. 7 73.0 :\C)_ ;~ 106.7 ~1.S 
C)-
-~ 29.8 61).0 :~fl.:! 1)8.H 4').-.t-
30 23.B 6.- .0 :\1) __ 90.B -l5 .4 
:n 21.:1 60.1) :3•).4 B2.4 4- 1. ::! 
-1-tl 1 7.:~ ;)6.B :19.:-l 7 -l. l 17.;) 

4:1 l _.n S2.2 :~•J . ~ (,.)_(} ~\:.!.5 

:J.) I :JO -- 4-7.:~ 31).6 s.-.o _7.5 . ' 

I 7 1 ° :10' :) 1. 0 •JO.B :V .B 14 1.8 70.1) 

4:1 ~7.1 H(d\ : ~') . :· 1 3 ~t 1) 66.•>:-

.J.O -t:~ . o B2.(, :\').6 I :!.) .6 62.8() 

:l:1 :m .. > 7R:! :1•) . 7 11 (1 .7 5B.:r 

30 : ~-1.2 7-l.O ~~'J .B I OIL2 :14. 10 
.-,-__ , :{0.1 69.1) 39.0 I 00.0 so.n 
20 .!6.0 6:l.H ~\C).B (J I .B 5.9 
l :i 21. C) 61.6 31).: U:L) 4 1.R5 
I (I I -.6 .) 7. : ~ :J9.- :- ~}) :37.45 

. ) 1:t I :l:tn :lC). C) 66. 1 :J;l ,():j 

171 ()0 u.o 4H.O .J.O.() .)(,_() 2H.OO 

NOTE: 

Zt·nilh Di~lam:• · ~ phi l.t·vl'l hirnulh ·~ \larl-. 

I :;:;o 49: 29:'1) .i. :1 - :1.lJ ~l.'ll 0 lfl'44);'~l 

I I :; l 0 s•r :!'J:'lJ 5. :1 :I. 'J 

io cr ;,u: u:·u 
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I . j 

1-6 
~--

:3-8 
4-9 
.--I 0 

.- .w 
-1.-9 
3-B 
2-7 
1-6 

Tallie 2. 

A . . :\ 
I Ct 

90° I 9' 
14 
OCJ 

()(} 0-1. 
B() :l9 

HC)o:$ ~ 
:3c 

~· · -lCJ 
HC) :14 

IJetrrrnination o f Levd . ·r·n~itivitv 

A . . \ L. - 1.. p 
J u J I 

Dirnt Pu=-itiou * 
BCJO :;.t' 20.7 1 :'n:>..t. . o:n1n 

..t-9 :!0.:3 1.07.) .011 
4-l :!0.4 1.070 .00(1 

39 :!0. 2 I.OHO .n 16 
:l..t. :!1.0 I.O:t9 .0:!.) 

\11'<.111 1.06-t. 

hl\'e·r. c· l'o~ition * 

90°1() ::! t.o: 1 :·o:$ 7 0.1)07 
1-t. 20.() .) 1.0-l2 + .01:! 
09 _()_CJ() 1.0-t.4 + .01-t. 

90 0-t. :! I . ();; I.O:t7 + .007 

H'J :)C) :.!:.!.00 O.C)CJ2 .o:m 
~kau 1.o:~o 

* '\CITE: Bul1bk motion wa:- to tl11• ril! ht in tlw l>in·c·t l'o::iti1>11 : t•J tlw le ·ft in lmn:-t· l'o,;i tion . 

1-:tJ. (7) p = :!06,:!6.; 
,. in i ~i n .')a 

0 

1.. • 1.. 
J I 

\7.imuth mai l- : 

lndination : i - .10' 
0 

\.t.imuth diffnr· nr·e ·: .-.a :!.'i' 

:!t:'BJ6 
p = --

l j · Li 

P - ':·o47 ± o:'()O(> 
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Tahlt· :3. Dl'l n uainalion of llw lru·linaliun 

.\ u. \zirnulh L = Y:! ( It 
() 

I. \It-an lrwli ua l i 111 

: ~ .) I 0 00' 70. I 0 -l•J.O:i +:..! 1.0:1 
171 00 2B.OO 

·) :-{SI 05 <.:l . -o I'J. :W 1(1.32 
I 71 o.- ; ~3.0.) 

3 3.) 1 10 61.60 ·VJ .. I:.! I :.?.OH 
I 71 10 : ~ 7 ..-t.:i 

... :l~ I l :l :; 7. 70 ~I) . 7:! - .•JB 
I 71 J.) II. 7.1 

: ~.)I :.!II .) : ~ _ .):) -l'J . 7:..! :-un 
I 71 :!() ~.;_ tt() 

6 : ~:; I • ) -
- ·> ~·J.-t u 11) . 70 n.:w 

17 1 ·l-
- ·> .)0.00 

: ~.> I :so -I.>AO 11). 7.} - 4.:r; 
Ill :w .)4.10 

B ;l.) I ~~ .) ~I .:!0 ~· >. 7H B..:;H 
Ill :s:; :iB.:S."l 

<) :G I ~f) :~ 7.0:> ..J.l)_l)2 - I :!.H7 
171 w (,2.HO 

I() :n 1 ;) :t! .SO ~1). 72 ,- ·) ' ) - '· --
171 -l.) 16. f).) 

16 
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that corrCSflOild :..: to t•a ·h indination wnt· u:wd for dt'lf•rminill!! tlw azimuth A . ' hi ·h 
" () 

com· :..: pond~ to Z('rO indination (Fi~. H). 

Tai.Jie ..J.' a;o; form('u frum .lata of Tabk :t. Tlv: fir ·t t·olunm ~i V<'~ the s.:· ttinj! u ' d , 
the n. ; ~·dwr:..: t · urre spondin~ to t olmnn ont· of T:: :•lt · 3. Th · . · ond t·oh11un of Tat.l' ..J. 
gi n-~ the tlifff•n·nn• vahw. that !'orre~pond to tht· numht•r on tlw !'<' tling (Tat.!!' 3. 
t:olumn .-). Tlw third •·olurnnj!iW:- Llw vahw of tlw kvd St' n itivi ty t·omputcd in the 
same mamwr a;o; for tlw t'X planation of Table:!. Tlu· la~l t·olumn :..: l:ow:..: tlw dis..r<'p· 
anl'le bc hH·en column thrl'e and tlw mean \'alut' p = I :·o-n . 

Tat.k -l . D · termi11ati un of the :-:, ·ll :-: itiv11.\' 

~ ... 1.. ' 1.. 
J I 

p 
,. 

1-6 :!1.35 1 :'o:? : ~ .o:'o:.?o 
? --· :!0.67 I .O:l:l .UI :! 
:).B :!0.66 1.0.) ) .0 I ;j 
..}.. 1) :?O.B.) 1.0-l(J . oo : ~ 

3- 10 21.03 I . fl:\6 .007 
p - .?l :' lll (, ( I J - I) 

P = 1 :·n1:1 ! o:·oo6 
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