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Personal Equation and I t s  V ariat ion*

The observation  o f the tim e o f tr a n s it  o f  a s ta r  a cro ss  a w ire  

In the r e t ic u le  o f  a t r a n s it  instrum ent i s  o fte n  made e ith e r  before  

th e  s ta r  reaches th e  wire or a f t e r  p assin g  it#  One observer may 

h a b itu a lly  record the time o f  t r a n s it  b e fo r e , another a f te r  th e  s ta r  

i s  t r u ly  b isected #  The c o r re c tio n  to  be a p p lied  to  th e  observation  

thus madeto reduce i t  to  the equivalent^  one made at the in sta n t the 

s ta r  i s  t r u ly  b ise c te d  i s  c a l le d  the p ersonal eq u ation  of th e  observ­

er#

I f  the s ig n  o f the co rre c tio n  i s  n eg a tiv e  the observation  i s  

made a f t e r  a true b is e c t io n ,  i f  p o s i t iv e  i t  i s  made before th e  s ta r  

reaches the wire* In  the former ca se  the observer may n ote  th e  exact 

in s ta n t  o f b is e c t io n  but req u ires a d e f in ite  tim e to  execu te the  

sen sa tio n  in  muscular a c tio n  in  the a ct o f p ress in g  the time record­

ing key h e ld  in  the hand* He may be aware o f t h i s  in te r v a l o f  time 

but b e lie v e s  h is  observation  w i l l  be more c o n s is te n t  than i t  would 

be i f  he a n tic ip a te d  the star*#  a r r iv a l  at the w ire in  an a t t  esipt 

to  e lim in ate  i t  from h is  observation* In the la t t e r  ca se  i t  i s  not 

the s t a r ' s  b is e c t io n  which i s  recorded, i t  i s  th e  se n sa tio n  o f a space 

in te r v a l between s ta r  and w ire such th a t the estim ated  time re­

quired fo r  the s ta r  to  tra v erse  t h i s  space w i l l  e x a c tly  equal the  

tim e fo r  th e  sen sa tion  noted  to  be g iv e n  exp ression  in  muscular 

a c tio n  and th e  space i s  over estim ated* Since s ta r s  of d if fe r e n t  

d e c lin a tio n s  cro ss  the r e t ic u le  o f the te le sc o p e  w ith  d iffe r e n t  

v e l o c i t i e s  i t  would seem th a t i'a> personal equation  having the p o s i­

t iv e  s ig n  would be su b ject to  g rea ter  v a r ia t io n  than one w ith  the  

n egative  s ig n , 5 4 0 3 3
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The personal equation  o f an observer v a r ie s  w ith  the magni­

tude o f  a s ta r  which g iv e s  r is e  to  magnitude equation* Suppose 

Q, Gx ,  ©3 ,  etc*  the observed tim es o f t r a n s it  o f s ta r s  o f  magni­

tudes 1 , 2 , 3» etc*  r e s p e c t iv e ly  and l> , P2 , P3 > e tc*  the co rres­

ponding p ersonal equations* The tru e tim es o f t r a n s i t  w i l l  then be 

6/ “b  If t + Q, > % + > etc*  The p*s are o f  th e  same order of

magnitude so th a t i f  the p ersonal equation  corresponding to  a g iven  

m agnitude, as n  be ap p lied  to  a l l  the 9*s the c o r r e c t io n  s t i l l  to  betf
ap p lied  to  the 0r s o f  s ta r s  other than th ose o f  magnitude 8 w i l l  be 

sm all* These c o r re c tio n s  are c a l le d  magnitude equations* Repre­

sen tin g  thews by m, ,  m2 , m3 , etc* we h ave,

% + P, + m* = ©, ,-f- P, » ,=  P—P5

p, + % =  \ f i )  * > = % -» « (* )

■ <*, + P, + n 3 =  % +  • » -  3  -»«
etc*  etc*.

Magnitude equation may then be d efin ed  a s  th e  outstanding  

co rrec tio n  to  be ap p lied  to  the observed time o f t r a n s it  of a s ta r  

of g iv en  magnitude a f te r  th e  co rrec tio n  f o r  personal equation o f a 

s ta r  o f d iffe r e n t  magnitude taken as a standard o f comparison has 

been ap p lied  to  i t *

I t  may a ls o  be d efin ed  as the c o rre c tio n  to  be ap p lied  to  the  

time observed f o r  the tr a n s it  of a s ta r  o f one magnitude to  reduce 

i t  to  the time which would have been recorded i f  the s ta r  had been 

of another s p e c if ie d  magnitude* Again tak in g  0? as a standard of com­

parison  we have the eq u ation  ,  -

0, + m,= Q,

Qz + ml= 0,  (3 )

% + m5= 6, 
etc*
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Two methods o f determ ining magnitude equation  are thus offered*  

One in v o lv e s  the determ ination  o f th e  co r r e c tio n  fo r  p ersonal equation  

corresponding to  s ta r s  o f  each m agnitude, w h ile  employing the o ther  

method t h i s  prelim inary s tep  i s  omitted*

Other circum stances which may cause a v a r ia t io n  o f personal 

equation  are , ( 1 ) v a r ia t io n  o f  illu m in a tio n  o f the f i e l d ,  (2 ) d i f ­

feren ce  in  the o b serv er 's  p o s it io n  in  making the observations*

The fo llo w in g  d isc u ss io n  i s  concerned w ith  the r e s u lt s  o f  fou r  

d eterm in a tio n s ,-  1* A determ ination  o f the p erso n a l equation  cor­

responding to  s ta r s  o f d if fe r e n t  magnitudes from 2 *to  8 f̂rom which  

magnitude equation  as d efin ed  by the f i r s t  d e f in i t io n  i s  deduced*

2* A d ir e c t  determ ination  o f magnitude equation  corresponding to  the  

second d e f in it io n  above* 3* The determ ination  o f the c o r r e c t io n  to be 

a p p lied  to  the observed time of t r a n s it  o f  a s ta r  made when the ob­

serv er  fa c e s  north  to  reduce i t  to  the eq u iva len t o f one made when 

the observer fa c e s  sou th , 4* The determ ination  o f th e  co rrec tio n  to  

be a p p lied  to  the observed tim e of t r a n s it  o f a s ta r  in  a bright 

f i e l d  to  reduce i t  to  the tim e that would have been recorded o f  i t s  

t r a n s it  in  a f a in t  f ie ld *

P ersonal Equation Employing a Kovable R e tic u le  as T ransit I l i -  

crometer*

The tr a n s it  micrometer i s  an instrum ent which a u to m a tica lly  

records the tim es o f t r a n s it  of a w ire a cross c e r ta in  imaginary l in e s  

in  the f o c a l  plane o f a t r a n s it  instrument* In making an ob servation  

o f the t r a n s it  of a s ta r ,th e  observer, by means o f su ita b le  hand 

screws moves the w ire across the f i e l d  keeping th e  s ta r  image b isec ted .
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The autom atic records w i l l  in  t h is  ca.se he the recorded tim es of 

t r a n s it  o f the s ta r  a cro ss  th ese  imaginary l i n e s .  This method of 

making t r a n s it  ob servation s i s  a more sim ple process than the u su a l 

method which req u ires th e  observer to  note the exact in s ta n t  the  

s ta r  image in  moving across s ta tio n a ry  w ires in  the f i e l d  i s  b ise c te d  

by them s u c c e s s iv e ly  and to  record  th ese  tim es by p ress in g  a key h e ld  

in  the hand# Experience shows tjiat by u sin g  the t r a n s it  micrometer 

p erson a l equation  i s  e lim in ated  from the ob servation s and the fo llo w ­

in g  in v e s t ig a t io n  i s  based on t h is  assum ption. ( See Coast and 

G eodetic Survey.Heport f o r  1904 ** Appendix Ho. 8 )

The r e t ic u le  o f th e  m eridian c i r c le  o f th e  C in cin nati Observa­

to r y  i s  provided w ith  f iv e  tr a n s it  w ires and may be moved in  r ig h t  

a sceh sio n  by means o f a micrometer screw* These f iv e  w ires are sp idr  

threads which I mounted on a th in  d isc  o f g la s s ,th e  ends being  ce ­

mented to  the g la s s  w ith  wax and sh e lla c*  By using the co llim a ters  

i t  was found th a t th ese  w ires were p a r a l le l  and repeated  determina­

t io n s  o f thread in te r v a ls  show th a t the mean w ire and middle wire 

are e x a c tly  c o in c id e n t . To convert the use of t h i s  movable r e t ic u le  

to  th a t of a t r a n s it  micrometer the micrometer head was provided w ith  

a le v e r  o f hard rubber which at a g iven  reading breaks th e  c ir c u it  o f 

a r e la y  connected w ith  the chronograph*

The method o f observation  i s  as f o l lo w s ,-  The micrometer head 

i s  s e t  a t  the g iven  read ing- in  the present case 9«72~ w ithout break­

ing the c i r c u i t .  T ra n sits  of a s ta r  across the f i r s t  two w ires are 

made w ith  the r e t ic u le  sta tionary*  The micrometer head i s  then turned  

backward u n t i l  w ire I I I  m eets the s ta r  image and i s  then turned

forward w ith  the s ta r  image b ise c te d  u n t i l  the break is  made in  the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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C ircu it a t the g iven  reading. The micrometer i s  next turned back­

ward u n t i l  the wire IV m eets the s ta r  image which by again moving 

the micrometer head forward i s  kept b ise c te d  u n t i l  a break i s  again  

made in  the c ir c u it  o f the re la y . The same p rocess i s  repeated  fo r  

wire V*

I t  i s  to  be noted th a t a l l  t r a n s it s  are made at a g iv en  se tt in g  

of the micrometer head, th e f i r s t  two w ires being s ta tio n a r y  the la s t  

three moving when the time records are made upon the chronograph.

By employing the ta b le  o f reductions each t r a n s it  I s  reduced to  the 

eq u iva len t o f one across th e mean w ire • The mean of the f i r s t  two 

t r a n s it s  thus reduced as? considered  th e mean o f  two observations of 

the time 9 o f  tr a n s it  of th e s ta r  across the mean wire which value  

afequires a co rrec tio n  p fo r  p ersonal equation  so th a t 9 + p i s  

the tru e  time of t r a n s i t .  The mean o f the la s t  three t r a n s it s  re ­

duced to  the mean w ire i s  considered  the mean of three observations  

o f the time o' of t r a n s it  of the s ta r  across th e mean wire and th is  

observed tim e req u ires no co rrec tio n  fo r  p erson al equation  as i t  i s  

elim in ated  by the method o f o b serva tion . We have th ere fo re  the  

equation , -

9 +• p -  e'

from which p i s  determ ined. By observing sta rs  of d if fe r e n t  magnitud­

es the personal equations|corresponding are found , as p2 p3 e tc .

In the fo llo w in g  d iscu ss io n  p̂ , i s  taken as a standard personal equa -  

t io n  to  which p*s derived from stars^ oth er than magnitude 8 are  

compared in  deriving magnitude eq u ation . With the p ’s determined, 

corresponding magnitude equations are derived  from equations (2 ) .
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In making the ob servation s i t  i s  d es ir a b le  to  choose s ta rs  

whose d e c lin a tio n s  are not too w idely  d if fe r e n t .  I t  was my aim  

to  observe eq u a to r ia l s ta r s  but on account o f the s c a r c ity  o f the  

b rig h ter  s ta r s  some of rath er h igh  d e c lin a tio n s  were in clu d ed . I t  

might be w e ll tp  s ta te  here that the d i f f i c u l t i e s  o f making ob­

serv a tio n s w ith  t h is  im provised tr a n s it  micrometer are very g r e a tly  

in creased  fo r  s ta r s  near th e  z e n ith . Ho f i r s t  magnitude s ta rs  

were observed. In  ta b le  r a r e  g iv en  the approximate p o s it io n s  of 

the s ta r s  observed and t h e ir  m agnitudes. Table I I  g iv e s  the ob­

served  v a lu es  p p p p . In  the column headed p the values

are derived  from s ta r s  varying in  magnitude from 2 .0  to  2 .9  and in  

th e  remaining columns the v a lu es  are derived  from s ta r s  varying in  

magnitude from 3 .0  to  3 .9  , 4 .0  to  4 .9  , 5 .0  to  5*9, 6*0 to  6*9,

7«0 to  7*9*8.0  to  8 .9  r e s p e c t iv e ly . At the fo o t  o f  each column 

i s  given the mean va lu e o f the p ersonal equations and below th ese  

the corresponding magnitude eq u a tio n s.

Magnitude equation corresponding to  the second d e f in it io n  above 

i s  derived  by employing s u ita b le  screen s to  reduce the sta r* s mag­

n itu d e . The r e t ic u le  of the instrum ent iS  not moved during an ob­

se r v a tio n . The image of each s ta r  o f  whatever m agnitude, fo r  

example the 2nd, i s  reduced to  magnitude 8+ during i t s  t r a n s it  

a cro ss the f i r s t  two w ire s . The recorded tim es o f  i t s  t r a n s it  are 

then those o f an 8th  magnitude s ta r . The screen  i s  now removed and 

the records made of i t s  t r a n s it s  a cro ss  the remaining w ires o f the 

r e t ic u le  are those of a s ta r  of 2d m agnitude. The tim es recorded of 

i t s  t r a n s it s  across a l l  the w ires are reduced to  the mean w ire . The 

mean o f the f i r s t  tv/o c o n s t itu te  an ob servation  o f i t s  tim e of tra n s-
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I t  a s  an 8th  magnitude s t a r ,  the mean o f the remaining records thus  

reduced c o n st itu te s  an ob servation  o f  time of t r a n s it  of a s ta r  o f  

2d m agnitude. With th ese  observed tim es equations (3) g iv e  a t  once 

magnitude eq u ation .

n y = e ,-  6e

e, -  e3

m ^ e g - e ?

e t c .

The screen s employed were o f s i l k  v e i l in g  of very f in e  mesh.

Two th ic k n esse s  o f  t h is  m ater ia l were requ ired  to  reduce s ta r s  of 

7th  magnitude to  8th  magnitude s t a r s ,  th ree th ic k n esse s  reduced 6th  

magnitude s ta r s  to  8th  magnitude s ta r s  and each a d d it io n a l th ick n ess  

reduced s ta r s  s u c c e s s iv e ly  b r ig h ter  by one magnitude to  the 8th  mag­

n itu d e . The images o f the reduced s ta r s  appeared to  be s im ila r  in  

a l l  r e sp ec ts  to  th ose pf f a in t  s ta r s  o f equal m agnitudes.

Table I I I  g iv e s  the r e s u lt s  o f  the determ inations o f magni­

tude eq u ation s from screen  ob servation s f o r  s ta r s  varying  in  magni­

tude from 2+ to  7* assuming that the magnitude equation.* o f  s ta r s  

o f magnitude 8+ i s  ze ro . I f  the ta b le  o f  red u ction s employed were 

inaccurate a constant error would be introduced  tirim which might 

have been e lim in a ted  by screen in g  h a lf  the s ta r s  of each magiiitude 

during t h e ir  t r a n s it  a cro ss  the l a s t  w ires o f  the f i e l d  in s te a d  of 

the f i r s t ,  but w ith  the room darkened fo r  ob servation  the d i f f i c u l ­

t i e s  of a d ju stin g  the screen  during the s ta r , s t r a n s it  prevented t h is  

being done. In  the column headed 8 + are in clu d ed  the r e s u lt s  ob-
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ta in e d  by tr e a t in g  the observations o f 8th  magnitude s ta r s  observed  

S ep t. 17th , and Oct. 7 th , the same a s  screened s t a r s ,  the s ta r s  

observed on these d ates being eq u a to r ia l s t a r s .  The mean va lu e shows 

th a t the ta b le  of redu ction s i s  accurate and th a t no con stant error  

iE in troduced by i t s  u se . The ta b le  i s  otherw ise known to  be accurate  

I t  w i l l  be noted th a t the preceding method o f deriv ing magnitude 

equation  e lim in a tes  t h is  source o f rwrror. At the fo o t  o f each  

column i s  g iven  the mean va lu e o f the corresponding magnitude equa­

t io n .  .

In ta b le  IV the magnitude equations derived  by the two methods 

are compared. The mean v a lu es  obtained  by tak in g  the means o f the re ­

s u lt s  derived  by the two methods probably represent the a c tu a l mag­

n itu d e equations more a ccu ra te ly  than th o se  obtained by e ith e r  method 

se p a r a te ly . These in d ic a te  th at s ta r s  b r ig h ter  than the 8th  magni­

tude are observed e a r l ie r  by a n ea r ly  constant time in te r v a l  than they  

would be i f  th ey  were of magnitude 8 + . The fo o t in g s  of the columns 

are the mean v a lu es  o f  the f i r s t  s i x  magnitude equations of the

corresponding columns. Assuming th a t s ta r s  o f  magnitude 8+ have a
s

magnitude equation  —0.021  we d erive  the v a lu es  g iven  in  column 

i4 )  from those of colum n(3). A ccepting the r e s u lt s  in  t h i s  column 

as d e f in i t iv e  the magnitude equation o f a l l  s ta r s  b r ig h ter  than the 

8th  magnitude may be taken as zero s in ce  the v a lu es derived  fo r  

th ese  s ta r s  are o f an order of magnitude equal to  or l e s s  than the  

corresponding probable errors and show no order of p rogression  w ith  

in crea se  in  the s t a r , s b r ig h tn ess . The probable error o f the mag-
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nitude equation  o f s ta r s  of magnitude 8 + i s  con sid erab ly  sm aller  

than th a t of the b r ig h ter  s ta r s  fo r  the reason th at t h i s  magnitude 

equation i s  derived  from a l l  the ob servation s made in  the two methods.

P o s it io n  Equation*

In making a t r a n s it  ob servation  of a southern s ta r  the ob­

serv er  fa c e s  south  , the s ta r  image en ters  the f i e l d  on the observ­

e r 's  r ig h t crossin g  each wire from r ig h t to  l e f t .  In making a tr a n s it

ob servation  o f a northern s ta r  th e  observer fa c e s  north , th e  s ta r

image en ters  the f i e l d  on the o b serv er 's  l e f t  cro ssin g  each wire 

from l e f t  to  r ig h t , the s ta r  being at upper cu lm ination . I t  i s  de­

s ir a b le  to know what e f f e c t  t h is  d ifferen ce  o f p o s it io n  has upon the  

r e la t iv e  tim es recorded o f i t s  t r a n s i t .  For th e  f i r s t  s e r ie s  of de­

term inations s ta r s  as near the ze n ith  as p o ss ib le  were chosen fo r  

ob serva tion . S e le c tin g  a su ita b le  s ta r  the observer fa c in g  south  

makes the observation  o f  the tim es o f t r a n s it  across the f i r s t  two 

w ires a f te r  which he changes h is  p o s it io n  making the observations  

o f tim es o f  tr a n s it  across the la s t  two w ires fa c in g  n orth . Ho ob­

serva tion  i s  taken on the middle w ire . The d ir e c t io n  of fa c in g  may 

be changed at the beginning o f each ob servation  to  avoid  the p o ss ib le  

in tro d u ctio n  of a constant erro r . Assuming a co rrec tio n  to  the ob­

served  tim e o f t r a n s it  fa c in g  north to  reduce i t  to  that o f one made 

fa c in g  south we h a v e ,-

e„-f-c=es (4)

Q, and 0S are each the mean of the recorded tim es of t r a n s it  across

two w ires . Employing equations (4) we d erive the ta b le  V a,of c ' s

fo r  z e n ith  s ta r s .
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The v a r ia tio n  of p ersonal equation  depending upon the obser­

v e r 's  p o s it io n  may be found from c lo ck  correction s#  Taking a s u i t ­

a b le  l i s t  of standard s t a r s ,  the observer fa c in g  south  £er some, 

north  fo r  o th ers, makes a com plete ob servation  o f the t  toes of tra n s­

i t  o f each across the f iv e  w ires of the r e t ic u le  the mean of which  

c o n s t itu te  an observation  o f the tim e ©s o f t r a h s it  of the s ta r  

a cro ss th e  mean wire# I f  th e  observer fa c e s  n o fth  he observes On 

which req u ires a co r re c tio n  c to  g iv e  the time 0S which would have 

been observed i f  he had fa ced  south# We th ere fo re  have the eq u a tio n ,-

% -f c = es 

4 05 x * ~ es

= X -  ( 0 „ t c  )

-  4 e „ -  c 

Whence, -

c ■=■ a  e„ -  a  es

A c a r e fu l determ ination o f the in strum ental con stan ts i s  d esira b le  

when t h i s  method i s  employed* I f  ,however, a l l  the s ta r s  are ze n ith  

s ta r s  and the mean of th e  d e c lin a tio n s  o f the l i s t  observed fa c in g  

south  i s  equal to  th at of the l i s t  observed fa c in g  north t h is  source 

o f error w i l l  be la r g e ly  elim inated# The preceding method i s  in d e­

pendent o f instrum ental constants#. Table Vb conta ins the r e s u lt s  of 

the determ inations o f c from c lo ck  co rrec tio n s  fo r  s ta r s  near the  

z e n ith . In  the f i r s t  method four t r a n s it s  fo r  each o f 36 s ta r s  

were observed making a t o t a l  o f 144 t r a n s it s  a cross in d iv id u a l w ires.

In the second method 120 in d iv id u a l t r a n s i t s  were observed.

Table V in d ic a te s  a very  decided p o s it io n  equation  fo r  z e n ith
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s t a r s , and s in ce  s ta r s  north  of the z e n ith  o f in crea sin g  d ec lin a tio n s  

vary g r e a t ly  in  the v e lo c i t y  w ith  which th ey  c r o ss  the r e t ic u le  the  

q u estio n  o f v a r ia t io n  o f the p o s it io n  equation  w ith  d e c lin a tio n  

n a tu r a lly  a r ise s*  To in v e s t ig a te  t h is  s ta r s  o f h igh  d e c lin a tio n s  

were chosen fo r  ob servation  and the two methods o u tlin e d  above were 

employed, the f i r s t  being m od ified  as f o l lo w s , -

The m icrom eter head i s  s e t  a t such a reading t b i t  a l l  the  

t r a n s it  w ires are on the w est s id e  o f the c o llim a tlo n  p la n e . Choosing 

a s ta r  between 75 and 80 degrees o f d e c lin a t io n  th e  observer fa c in g  

north  records the tim es o f i t s  t r a n s it  a cro ss  the f i r s t  four w ires  

of the r e t i c u le .  The micrometer head i s  then  turned forward u n t i l  the 

r e t ic u le  i s  on the ea st s id e  o f the c o llim a tlo n  p lane the microme­

t e r  head being  s e t  a t  a d e f in ite  reading. The observer then  fa ce s  

sou th  and records the tim es o f t r a n s it  o f  the s t a r  across the fou r  

w ires a s b e fo re . By r a is in g  the observing ch a ir  or bench w ith  the  

slo p e  o f the r e c lin in g  su rfa ce  totvard the instrum ent the observations  

may be made in  t h is  p o s it io n  w ith  com parative com fort. The mean o f  

the fo u r  recorded t r a n s it s  in  each p o s it io n  c o n s t itu te  an o b serva tion , 

0„ and 0S)of th e  tim es of t r a n s it  w ith  the' r e t ic u le  in  the r e sp e c t iv e  

p o s it io n s .  The m icrom eter s e t t in g  f o r  the r e t ic u le  west o f the c o l -  

lim a tio n  plane was 5 *70 i th e  s e t t in g  fo r  the r e t ic u le  ea st o f  the  

c o llim a tlo n  plane was 1 8 .7 0 . The va lu e of t h i s  p a r t ic u la r  in te r v a l  

on the micrometer screw  was derived  from o b serva tion s on s ta r s  be-

tween+75 and+80 degrees of d e c lin a t io n , a l l  the ob serva tion s being
s

made fa c in g  north . I t s  va lu e i s  29 .5 7 6 . Employing t h is  va lue the
P0 *s observed w ith  the m icrom eter head a t the reading 3*70 were r e -
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duced to  th e  eq u iva len t o f what th ey  would have "been at th e  reading  
Yl 8 #70. A comparison o f th e -0*3 thus reduced w ith  th e  0*s a c tu a l ly

y
observed a t l 8*7Q g iv e s  the value o f c fo r  s ta r s  of h igh  d e c lin a tio n . 

The order of fa c in g  may he changed fo r  succeed ing s ta r s  to  e lim in ate  

th e  p o ss ib le  in tro d u ctio n  o f a con stan t erro r . I t  i s  to  be noted  

th a t c thus derived  i s  independent o f in strum ental c o n sta n ts . Table 

V ia g iv e s  the v a lu es o f th e  c*s der iv ed  by t h i s  method.

In  the regu lar programs o f work southern s ta r s  and s ta r s  of 

h igh  d e c lin a tio n  a t  both upper and lower culm ination  are o rd in a r ily  

observed to  determine and check th e  azimuth o f the instrum ent.

Comparing the c lo ck  co rrec tio n s  derived  from sta r s  a t upper 

cu lm ination  w ith th o se  derived  from standard s ta r s  south o f the ze n ith  

in  the same program o f work fo r  a l l  programs from 153 to  170 we de­

r iv e  the ta b le  Vlb g iv in g  the v a lu es  o f c .

In  the d iscu ss io n  of r e s u lt s  from th e se  programs where the 

azimuth depends upon the 0 o f  an upper cu lm ination  s ta r  the co rrectio n  

£  as derived  from ta b le  Via has been ap p lied  to  i t  in  d eriv in g  the 

azim uth constant a .  This adds a n egative term o f 0 .0 2  to  clock  

co r re c tio n s  derived from upper culm ination  s ta r s  and a p o s it iv e  term  

o f 0 .0 4  to  clock  co r re c tio n s  d erived  from low er cu lm ination  stars  

when the azimuth constant a i s  d erived  w ithout applying t h i s  correc­

t io n .  Hence the c lo ck  co r r e c tio n  derived  from a s ta r  at lower culm i­

n a tio n  w i l l  equal AOn -  £  which by preceding formulae i s  equal to  

A©*.
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The r e s u lt s  g iven  in  ta b le s  Va, Vb, V ia ,V lb , in d ica te  th a t c 

i s  a co n sta n t, th a t i s  w ith in  the l im it s  o f probable errors i t  does 

not vary w ith  th e  d ec lin a tio n .*  I f  th erefo re  we assume c = /s^seccf, 

i t  w i l l  be n ecessary  to  make the fu r th e r  assum ption that a<*. i s  a co-«- 

s in e  fu n c tio n  o f the d eclin ation *  On t h i s  assum ption we have fo r
0 Ss ta r s  of d e c lin a t io n  1 39*1 , and fo r  s ta r s  o f d e c lin a t io n

+78°.o, ^=-0. 015.

There i s  apparently  no v a r ia t io n  of p erson a l equation  w ith  

d e c lin a t io n  fo r  s ta r s  south o f  the zen ith*  As an in d ic a t io n  of th is  

a syn opsis o f r e s u lts  derived  from standard s ta r s  observed in  regu­

la r  programs o f work i s  g iv en  in  ta b le  VII* R esidu als from th e  mean 

c lo ck  co rrec tio n  are considered  to  be o f  the f o r a ^ e c ^ .  In most 

cases th e se  are equal t o ^ >

Illu m in ation  o f  the ffie ld *

The ob servation s whose r e s u lt s  are g iv en  in  tab le  V III were 

made to  determine whether v a r ia t io n  o f illu m in a tio n  o f th e f i e l d  

causes the personal equation  to  vary and the order o f magnitude of 

i t s  v a r ia tio n *  The absolute magnitude o f i t s  v a r ia tio n  i s  not of 

great importance s in ce  i t  should be e lim in ated  by always keeping  

the f i e l d  at the same b righ tn ess f o r  any s e r ie s  o f o b serv a tio n s, and 

fo r  a l l  s e r ie s  whose tr a n s it  tim es are in  any way interdependent*

In making the ob servations the f ie ld -w a s  dark during the sta r* s  

tr a n s it  a cr o ss  the f i r s t  two w ire s , then  made b righ t fo r  th e  tr a n s it  

across the remaining w ires* For some s ta r s  t h i s  order was reversed  

th e f i e l d  being made f i r s t  brigh t then dark* The ta b le  g iv e s  the  

order of ob servation  fo r  each star* By a dark f i e l d  i s  here meant 

one in  which the w ires are p la in ly  v i s i b l e , i n  which t r a n s it s  are 

e a s i ly  observed without ex tra  e f fo r t  due to  lack  o f illu m in a tio n ,
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Taut one which would stand no fu r th er  dim inution o f lig h t*  The cor­

r e c t io n  derived i s  that requ ired  to  reduce the oheerved tim e of 

t r a n s i t  o f a s ta r  in  a b righ t f i e l d  to  th e  eq u iv a len t of one made 

in  a dark f ie ld *

Although th e  p ersonal equation  o f two ob servers may be d i f f e r ­

ent the con d ition s which cause a v a r ia t io n  in  the p erson a l equation  

of one w i l l  in  gen era l cause a v a r ia t io n  in  th a t o f  the o th er . The 

v a r ia t io n s  may not be the same in  the two cases but each  w i l l  in ­

troduce i t s  own p ecu lia r  error in to  the r e su lt in g  determ inations of 

p o s it io n .

There may be o th er  co n d itio n s not here in v e s t ig a te d  which cause 

" a v a r ia t io n  o f p erson a l eq u ation . One of th e s e ,  d o u b tle ss , i s  v a r ia ­

t io n  in  see in g  c o n d itio n s , another the varying p h y s ic a l con d ition s of 

the observer. Both presen t d i f f i c u l t i e s  o f in v e s t ig a t io n .

In d i f f e r e n t ia l  determ ination  o f p o s it io n  from m eridian c ir c le  

ob servation s th e  ab so lu te  va lu e of the o b s e r v e r s  personal equation  

i s  not o f im portance, but i t  should be the same fo r  each s ta r  ob­

served  in  a g iven  se r ie s*  With the o b ject in  v iew  o f keeping i t  

con stant or equal to  zero the instrum ent should be provided w ith  a 

tr a n s it  micrometer and s u ita b le  screens fo r  reducing the b righ tn ess  

o f s ta r s . P rov ision  should a lso  be made fo r  c o n s ta n t , uniform illu m i­

n a tio n  o f the w ires of the r e t ic u le .

Por the ob servation s whose r e s u l t s  are g iv en  in  ta b le s  I I , I I I ,
  s
IV, and Va the chronograph sheet was read to  the n earest 0*01 second.

Where the r e su lts  are derived  from clock  co rrec tio n s  i t  was read
C

to  the n earest 0 .0 5  second. The ta b le  o f redu ction s employed to

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



C i n c i n n a t i  O b s e r v a t o r y ,
S t a t i o h  O.

C i n c i n n a t i ,  O .

— 15—

reduce ob servation s to  th e  mean thread  g iv e s  red u ction  co n sta n ts
5

to  the n earest 0*01 second. Computations have been ca rr ied  to  the  

th ir d  decimal p lace* The se e in g  co n d itio n s  were n ea r ly  uniform  

f o r  ' th e  s e r ie s  of ob servation s from which magnitude equation  was 

determ ined. Seeing co n d itio n s on each n igh t are marked on a s c a le  of 

f iv e  -  f iv e  rep resen tin g  p e r fe c t  c o n d it io n s . The f i e l d  was main­

ta in ed  uniform ly dark throughout except where otherw ise stated*

T his in v e s t ig a t io n  shows, fo r  my observing work under normal 

observing co n d itio n s th a t v a r ia t io n  o f illu m in a tio n  causes a v a r ia ­

t io n  of personal eq u ation , th a t magnitude eq u ation  i s  sm all and may 

be con sid ered  equal to  zero  except fo r  s ta r s  o f  8th  magnitude and 

f a in t e r ,  and th a t a very d e f in i t e  p o s it io n  equation  must be taken  

in to  c o n sid era tio n .
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Miag Re A , D ecl. Mag R .a • D ec l.
+ 2° 02 4 .8 72? 20" 55s + 0° 54'
+ 5 02 5 .2 23 13 + 4 14
+ 4 18 6 .2 25 25 + 3 58

+24 23 7 .1 27 42 f 2 07
+ 1 42 3 .9 30 40 0 35
f  1 23 7 .2 32 36 + 12 06
t  5 04 7 .3 3* 12 + 4 04
t o 46 3 .3 36 55 +-10 21
f  2 40 2 .9 38 44 +  2 f 45
+ 1 48 3 .1 42 08 + 23 05
+ 4 58 4 .0 44 46 ■—14 04

+11 00 3 .8 47 52 — 8
+ 0 10 4 .9 49 49 r—16 18
+ 1 40 6 .0 54 45 + 0 29
+ 5 03 7 .5 56 51 + 14 23
+ 33 38 2 .4 23 00 13 + 14 43
+ 36 09 6*8 06 + 4 32
+ 5 12 5*7 12 28 + 2 47
+ 4 05 4 .5 16 07 + 23 14
+  27 43 4 .6 20 50 + 22 54
+ 2 06 5 .1 22 16 + 0 45
+ 5 56 4 .7 24 33 + 12 ig
-  5 °5 4 .1 35 16 + 5 8
-  1 16 6 .3 45 32 —10 29
+ 5 08 5 .4 47 f  18 37
- 2 5 22 3 .9 54 38 + 6 22
- 1 1 44 4 .5 59 06 —•17 50
+ 3 53 7 .5 0 11 56 + 1 21
+ 2 25 3*5 14 47 — 9 20
+ 9 37 6 .6 20 42 + 1 26
+ 4 52 7 .7 22 38 + 2
t  1 31 6 .1 25 23 — 4 28
+19 24 2 .1 °1 40 + 28 35
+ 3 58 2*7 08 32 + 14 40
+ 0 08 6 .2 27 45 + 19 47
+ 7 48 7 .5 29 22 + 5 2?
-  5 58 4 .3 33 44 + 28 49
+ 4

S I
8 .2 36 04 + 3 59

-  0 2 .2 39 01 - 18 29
+ 5 15 4 .1 42 30 it  23 46
+ 9 27 4 .4 43 57 i t 7 05
+ 2 
t  2

15
44

5 .4
5 .0 I I

54
20

11
1

08
38

+ 25 30 7 .1 52
55

55 1 17
+ 1 55 7 .2 31 + 18 12
+ 3 43 4 .2 58 13 + 7 24
+ 4 20 6 .0 1 03 01 + 20

2 3+ 12 40 2 .1 04 37 + 55
t  5 00 5*4 05 50 + 1
-  0 46 4 .3 06 38 + 29 36
+ 5 45 6 .3 09 14 1 + 15 39
+ 2 17 7 .6 11 51 + 2 15
+11 43 4 .6 ££ + 26 47
-  8 14 3 .4 19 28 i"" 0 39
-  1 51 5 .5 4-

i
5 41

R.A. D ec l.

I

8 .1
8 .0
6 .4
S*7
8 .0
7 .9  

26.  5 
.2

8.*0
3 .9
£ -28 .1
6 .0
2 .4  
4*6 
6 .2
8 .5
5*5
8.2
5 .7
6 .4
6 .5
5 .5
4 .6
4 .4  
8 . 1  
8 .0
4 .7  
8 . 2  
8.6
4 .2
8 .5
6 .5  
6.1
2 .9  
7*5
5 .0
5 .2
2 .3
5*4
8 .3
5*28 . 0
0.3

1 : 1

P8 . 2
4 .2
3 .7

20 07 
08  
11 
12 
14 
16 
18 
19 
21 
23 
2% 
28

36
39
42
43 
45 
47  
50 
52 
54

n5*
21 00 

01
04  
06 
08 
10 
12 
14 
17 
19 
21

2i26
28
32
37
39
42
44
48
51
52
55
5§58

22 01
05 
07 
09 
12 
16

32
51
32
53
59
57
41
57
39 
55
30 
51
42  
24
09
31 
51 
28 
19
40 
34
5*4-6
u

%

I I
22
05 
13
03
5§
08
10
5?4o
36
50
42
42
55
15
55
00
55
50
39

06 
36
40
57
01
57

4 .5
6 .3
3 .3  
2 .7
5 .6
6 .5
4 .7  
2.0

r  36 42s
43 42
46 5§
49 36 
52 21 
54 30
57 18 
02 02

+ 5 02
+ 3 14 
-10 47 
120  21 
-#17 24 
f l l  51 
+ 2 20 
+23 02
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Personal Equation and Magnitude Equation* 

T ransit Micrometer Method.

mag Mag Mag Mag P Mag Mad.
Oct 6 2 .4

2 .9
2 .3
2 .9
2 .9
2 .4

Seeing

- A 68 3.9 -.5o8o
-1 3 3 3*6 ~ .150
- .1 1 0 3*7 - .142
- .0 8 3 3.9
-1 3 3 5*5
- .0 9 2 -.152

5.8 -  043

4 .7
4.2
4.2
4*8
4 .0

-.203
-.125
-.082
-.098
-.150

5 .2
5 .2
5 .7  
5 .5  
5 .0
5 .2  
5*4
5 .8
5 .2

-.1 9 2
-.128
-.125
-.143
-252
-.142
-1 5 3
-.135
-.100

6.4
6.5
6 * 0
6 .2
6 .4
6.5
6.5  
6.1 
6.2

-.2 4 2 7 .2
-.155 7*5
-.153 7*3
-.180 7*8
-.015 7 .8
-.125 7 .1
-.068 7*2
-1 0 2 7 .5
-.107

Oct. 19 

Seeing

|2*9
2 .4
2 .1

1

J057 
.140 
.168

9 
3 .7  
3*9 
3.3

6- 7l62
iolo
.152

Oct .21 2 .4
2*9
2*5
2 .9
2 .9  
2^4 
2.1  
2 .7  
2.2

-.197
-.195
-.230
- .1 2 2

-.068
-.1 7 0
-.1 0 0
-.1 5 5

Seeing J L

3 .6  -  .098
3 .7 -  .058
3. 9- I I 5
3 .9 -  125 
3 .3 --0 3 5

-  .100
—  .012 
-.043  
-.190  
-.133

3*8 
3*2
3 .7
3*9
3*5

4 .8
4 .2

4 .6
4 .4
4 .7  
4 .2  
442
4 .8
4 .0
4 .5
4 .4  
4 .7
4 .1
4 .5  
4 .4

-.148  
.212

5.21 108 6 .8  ' 172

.2I8- 5 

.112  
.158 

-.065 
.005! 
.113 
.148 
.103 

-.125 
-.130 

.020 ' 

.15
- m

7
5*5
5.0
5*2
5.4

9*8
5 « i
5 .4

095
038
055
143
IXO
142
105
100
025

6.2
6*
6 .3
6.1
6.2
6 /0
6.8
6.6
6 .1
6.2

137
117
050
102
105
123
088
082
043
085

Per.Eq. ~.I38±8 3 \ - J 0 9 ±8 4i^.IX6t9 - .118*8 .112^8

-.042
- .0 8 0
-.130
-.120
-.140
-.093
-.158
-.150

7*2
7 .8
7*1
7 .2

7 .5  
7 .

&
7*1
7 .2
7*3
7*

223
075
117
158

115
200
O87
103
135
090
X50
120

8 .0
8 .0
8 .7
8.0
8.1
8 .5  
8.2  
8 .0
8.6
8 .3  
8.0
8 .3  
8.1 
8.2

875

3 8
-.163
-.143
-1 1 7
-.158
-.122
-.100
-1 2 5
- 0 8 2
-.140
-.045
-.299
-.205

- I 2 T

P*~5
8 .2
8 .1
8 .0
8 .2
B.3
8 .2

-.133
r  .182  
-.160  
-.140  
-.160  
-.1 3 0  
-0 7 3

-1 2 3 t6 8 - 1 4 0  ±8

Mag.Eq. .002 + .031 -t .024 +  .022 - h  .028 -t,o i7 .000

Probable error  o f each determ ination , 1 0 .008

Probable erro r  o f one observation  , ^ 0 .0 3 4

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



I l l
C i n c i n n a t i  O b s e r v a t o r y ,

S U T I O K  O.

C i n c i n n a t i ,  O .

Magnitude Equation from Screen O bservations,
w lasg (m.m Mag m m Mag m Mag si Mag m

Oct, 8

Seeing

Mag. Eg.,

2 .5
2 .4
2 .9
2 .7
5

+!o?3
+.048
-.008
—.020

3 .6
3 .7  
3*9
3 .3  
3 .2  
3-9  
3*5
3 .4  
5 .6

-.003
+.025
+.040
+.048
+.108
+.077
-.063
-.04?
+.015

4 .2
4 .8
4 .0  
4 .5
4 .4
4 .7
4 .1
4 .5
4 .1
4 .4  
4 . 6
4 .5
4 .5

-.030
+.045
+.058
-.093
+.037
-.010
+.050
+.027
-.015
+.095
-.005
+.020
+.058

5 .2  
5.8
5.3  
5.1
5.4

+ .005 
+ .052 
+ .028 
+.050 
-.055

O ct, 14 2 .9
2 .4
2.1
2 .7  
2 .2  
2.1
2 .7  
2.0

+.082 
-.035  
+.033 
+.083 
+.020 
-.023  
+ .007 
+.085

Seeing  ;i

3 .6
3 .7  
3*9
3.3

3 .8  
3 .2  
3*9
3 .4  
3* 5 +

+.002
+.048
+.077 
+.065 
-.005  
+ .022  
+.018 
+.020 

.000 
.028

5.0Z5F8" +*&22fTT

4 .
4 .
4 ,
4 .
4 .
4 .
4 .
4 .
4 .
4 .
4 .
4 .
4 .
4 .
4?

-.005 
+.027 
-.007  
-.053  
'-.035 
+ .063 
+.028 
-.018  
+ .030 
+.098 
4.075 
+ .025 
-.025  
+.057

5 .8
5 .2
5 .4

5 .6

+.050
+.027
+.032
+.010
+.025

018 ±6 + .022+8

6 .0  
6.8  
6 .3  
6.6
6.1 
6 .2  
6*5
6 .9
6 .9

+?092 
-.082  
+ .000 
+.o$c
-.097
+.050
+.042
-.003
. 08 *

7 - I7 .8
7 .5
7-5
7 .7

+.073
“ 035
+.060
-.04?
+.067

6.2
6 .0
6.8
6 .3  
6 .6  
6,1 
6.2  
6.0
6.3
6 .3
6 .3

t .030
-.045
+.030
+.005
-.003
+.00
f .03
+.057
.000

-.030
-.0 4 7

7 .1
7 .1
7 .1
7 .2
7 .3
7 .5  
7 .7
7 .3
7 .1
7 .2
7 .6

4.070
-.023
-.008
+.098
-.067
+.O38
+.090
+.015
+.045
4.073
4.075

f S.008*7 033±9

(0
c+.
H-a

oo
c+

+ .042  
.000 

+ .020 
4 .040 
+ .058
-  047  
+ .008
-  .033 
-.063
-.033
-.033

- 0 4 3  
+ .062 
-.025
+ 007 

.000 
- 0 5 0
+ .075
4 033 
- ,0 5 t

.000

Probable error o f one o b serv a tio n , +0;029
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C i n c i n n a t i  O b s e r v a t o r y ,
S t a t i o n  O .

C i n c i n n a t i ,  O .

Magnitude Equation Comparison

Mag
Micrometer 

, Method
Screen
O bservations Mean V alues Mag. Eĉ .

2+ H- of 002+11 •+■ o f025*8 +  o f014*5 — o£oo?±6

3+ +- *031+11 •f- *024+6 +  *027-5 +  . 006+6

*+ +  *024+15 4- . 018*6 -+- *022+6 1- . 001+6

y 4- . 022+11 +  •022-8 ~t . 022+6 +■ . 001*6

6 + +■ . 028t i l -h . 008+7 -h .018+5 -  .005*6

7* -f  *017*10 +  .033*9 -h .025+6 +  *004+6

8 + .0 0  0 .0 0 0 .000 ~  .021+5

On account o f th e  sm all number of w ires a cro ss  which t r a n s it s  

were taken in  d eriv in g  th e  0 ’s a wide d ivergence o f va lu es fo r  in ­

d iv id u a l w ires was considered  a s u f f ic ie n t  c r i t e r io n  f o r  r e je c t in g  

observations*  The fo llo w in g  ob servation s were r e je c te d

Oct. 6 th . 2 observations* In d iv id u a l w ire v a lu es  d iscordant*  

O bservations q uestioned  when made.

O ct. 8th* 2 O bservations. l / Obs. q u est. I  ?v a l .  o f  m g iv e n  

. ‘ as 0 .4  s e c .  M icr. moved w h ile  a d ju stin g  screen?

O ct. 14th* 3 Obs. 1^erroneous magnitude* 1 , double s t a r .  l,m icr*  

move?

O ct. 19th*Chronograph not read a f te r  f i r s t  two hours o f work.

B a ttery  on mirr* short c ir c u it e d  g iv in g  a t the end 

of t h is  tim e a  d if fe r e n t  kind of record on chrono­

graph from th a t made by key.

0 c t .2 ls t «  2 Obs. s ta r s  o f h igh  d ec lin a tio n s*  In d iv id u a l w ire  

v a lu es  d isco rd a n t.
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P o s it io n  Equation.
P o s it io n  changed during Cincinnati Observat^ jĵ  c lo c k  C orrections.
O bservation. station o.

V s  C i n c i n n a t i ,  O . V b

1909 Mag R.A, D ec l, c Pos. 1909

S e p t .22 8 .4 19 29w 2d + 39 07 - 0 .120 SN Nov.26
8 .5 34 + 39 04 — 115 NS ■ 26
8 .4 36 41 42 ■b 010 SN
6 .8 58 37 ^39 49 — 155 SN Dec. 1
7 .4 42 50 ^39 40 _ 075 NS * 1
8 .5 44 ^38 41 000 SN
8 .1 48 28 ^ 3 9  

+ 58
18 — 060 NS

8*3 50 42 52 _ 075 NS
6 .8 52 35 ^39 55 - 020 SN
8 .1 54 25 ^-38 09 - 075 SN
8 .4 55 45 +39 16 —— 019 NS
8 .4 58 32 /3 8 29 . - 050 SN
8 .3 01 37 39 05 020 NS
8 02 39 05 + 015 SN
8 .3 04 18 3§ 22 __ 120 NS
7 .1 06 36 38 52 005 SN
6 .9 08 37 40 03 -- 080 NS

09 22 40 03 + 070 SN
6 .9 10 40 3§ n 120 NS
6 .5 12 45 3§ 37 — 095 SN

21 38 37 — • 050 NS
6 .4 16 58 39 06 .— 015 NS
6 .4 18 23 40 08 _ 060 SN
8 .2 20 45 39 14 -- 095 NS
6 .6 22 48 40 05 -- 040 SN

7 .8
23

L _ _ _ _ _ -

28 40rs
' *

05 -- 170 NS

OctJ. 7*8 12 07 38 28 . — 125 SN
8 .2 14 55 39 59 — 015 NS
6 .9 22 07 39 54 — 200 NS
7 .5 25 11 58 09 _ _ 105 SN
7*2 27 33 40 16 — 085 NS
8 .1 33 43 40 01 140 NS

, 7 .4 37 00 40 03 - 035 SN
I 7 .7

5 i 23 40 05 055 NS
i

7 .9 58 20 59 39 — 010 SN
o . 5 0 01 35 40 24 — 215 NS

i
i

7*7 f 23 42 10 37 00 -b 110 NS?)
7 .4 47 20 40 1? -h 090 SN?)

HA D ecl.

l h.8 32.3
0 .  8 47^9

33-7
1 .8 47 .3

No
S:
7

No
N ..

8 -o!o5$

-  . o85_
-o,oLT±i'

-066*7
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Via
C i n c i n n a t i  O b s e r v a t o r y ,

P o sit io n  Equa-t^jffiW&ir S tars of Hi&h D eclin ation :

Date A G Mas R.A. D ecl. c P os.
1909, Hov. 50th 34b 7 .4 2* 15" 12s 79’ 14*5 £ l2 SB ’

365 7 .0 2 24 45 76 19.3 -.02 SB
380 8 .2 2 33 16 78 49*0 -.16 SB
397 7 .6 2 43 02 79 '44.2 -.50 HS
430 6 .0 2 54 04 79 03*9 ".24 HS
455 6 .8 5 02 47 79 4 7 .6 - .2  7 HS :
489 7 .5 5 15 55 78 09*7 -.29 BS

1909,Dec* 4tli 361 7 .7 2 24 54 79 20 .0 - 1 2 SB
597 7 .6 2 37 12 79 4 4 .2 /.0 2 SB

439 8 .2 2 57 08 79 56*9 -.27 SB

475 6 .1 5 08 51 77 2 4 .2 - 1 1 SB
491 8 .2 5 17 50 76 50.6 -.28 SB
514 8*5 3 26 35 80 1 0 .5 -.09 SB

1
1 557 6*3 3 35 19 80 02.3 *12 SB

560 7 .7 3 40 50 76 2 0 .1 Vl5 SB
578 8 .2 3 46 52 76 31.9 *01 SB
596 8 .0 3 52 54 75 53-6 ".07

!

SB |

655 6 .3 4 02 43 80 1 8 .2 -1 1 BS |
670 7 .8 4 11 21 76 23.1 *25 HS j

;

698 7 .8 4 21 03 75 4 9 .9 *11
J

BS I
i

721 7 .5 4 28 07 76 22 .9 *04 BS

735 6 .1 4 33 50 76 26 .6 -0 1 BS

785 7 .2 4 47 28 77 38 .0 *03 BS
818 7 .9 4 55 12 76 30 .5 -.05 BS

1

I 859 6 .6 5 01 55 76 21 .6 -.31
1

HS |
868 7 .4 5 10 00 75 0 6 .1 *21 HS !

Ho obs. r e je c te d , 670, 0133. questioned .
- o r e i  .021
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VII
9    ■ .  .

C i n c i n n a t i  O b s e r v a t o h y ,  
R esid u a ls, from Regular Programs o f Work.

'  '  S t a t i o n  O .

C i n c i n n a t i ,  O .

1909 Prog CO
lllfc See

in g
Mean

D ec l.
Extremes 
. D ec l.

Mean
R es.<aciAK.&

Mean Max.
A*

Sept.
46- 11 153 8 3^ 42619 7̂ 00". 7 — 4 4 4 .9 f o io i3 f 0 .0 1 2 (4 0 .0 5 2

■ 16 154 6 24 4  28 .7 4 1 9 .2 / 4 0 . 0 jt .0 2 7 ± .023 — .0 5 8
« 17 155 10 .34 0 4 .0 - 1 6 .5 4 2 3 .9 f  .0 2 7 4 .0 2 6 • 046
It 18 156 8 2 ^-05.7 - 11 .0 -423.1 * .0 2 3 ±  .  022 4 .041

I t 27 157 8 24 /5 4 « 0 f l 5 .6 4 * 0 .8 £ .044 £ .0 3 4 4 .0 7 2

Oct. 2 158 9 34 4 0 2 .3 -15*1 4 2 4 .4 ir .0 1 4 /■ .0 1 4 — .0 3 7
' m 7 159 9 3* - 0 0 ,1 - 15 .0 4 33*2 ^ .0 2 8 ± .0 2 7 4 .059
a 16 160 7 3^ - 0 2 . 4 - 22 .8 4 2 3 * 3 i: .029 t  .0 2 8 — .0 6 5

ROVy. 11 161 8 3^ - 0 0 .9 - 2 1 .4 4 1 9 .4 t. .020 £ .0 2 0 y- .051
II ' 12.162 7 # V-02.3 - 2 7 .9 4 1 9 * 0 i  .044 £ .0 4 1 y- .0 7 9  '
N 15 163 8 3 —0 2 .8 - 1 6 .4 4 1 8 .6 t . o  30 ±  .029 — .0 6 1
n 24- 164 9 3^ - 0 3 . 9 - 30 .1 4 2 9 .7 ^ .0 4 8 ± .0 3 6 — .O89 ’

a" 26 165 7 3^V-32*3 4 2 6 .9 4  3%»0 f  .019 ± .0 1 6 — .0 3 1

b 165 8 ■fc4$,9 4 41% 8 4  50.6 ^ .0 2 5 ±  .017 4 .033

aDec. 1 166 5 2 *  37* 5 4 2 9 .1 -A 3 3 .* £ •0 2 5 ± .0 2 1 — .033

*> 166 4 ^ 4 ? . I 4 * 1 .9  _ 50.6 *  .0 2 5 ^ •0 1 7 —

#  O bservations stopped 1)6031186 o f poor se e in g .  

e Large change in  azimuth constant during o b serv a tio n s, 

a ResiduAls from 0 • 

b •  " 0  .
Probable error o f c lo ck  co r re c tio n  from one ob servation  0 .0 2 0 sec  •
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VIII

P o s it io n  equation  from  
ifpper cu lm ination  s ta r s

C i n c i n n a t i  O b s e r v a t o r y ,

S t a t i o n  O . E ffe c t  O f  C h a n g e
C i n c i n n a t i ,  O . o f i llu m in a tio n .

- Odder o f
1909 Prog'®2bb&s

S tars
2

-  DSCla c 1909 Mag. Corr. ohs.

S e p t.11 153 7 2 l5 -  0^10 S ep t. 7 2 .1 — 0*057 b -  f

• 16 154 2 7 4 .8 -  .13 8 V- .022 b -  f

* 17 155 2 74 .1 — .0 2 7 .017 b -  f

* 18 156 2 7 6 .2 — .1 0 6 .5 • 000 b -  f

* • 27 157 2 77 .3 -  .2 1 7 .5 -h .1 0 5 f  -  b

0 6 t .  2 158 2 72 .6 -h  .03 4 .6 -h .1 4 5 f  -  b

7 159 2 7 3 .2 -  .0 6 2 .7 .0 5 8 f  -  b

« 16 160 1 7 7 .8 -  .0 1 6 + .0 5 8 b -  f

Hoy.  11 161 2 7 2 .4 -  .1 1 6 + .0 9 2 f  -  b

■ 12 162 1 79*1 -  .1 4 7 .5 + .0 5 8 b -  f

■ 13 163 2 7 3 .7 — .1 4 2 .9 — •040 b -  f

■ 24 164 2 7 3 .8 +  .0 4 3 .6 ■/- •022 f  -  b

■ 26 165 2 7 3 .7 -  .1 5 6 + .095 b -  f

P ec . 1 J.66 1 7 2 .6 -  .2 2 9 4- .080 f  -  b

" 18

■ 23 
1910 

Jan. 7

167

168

169

1

1

1

6 7 .5  

7 5 .0

7 2 .6

-h  .0 7  

~f~ .03  

-h  .1 9

r  o«(Ho 

f .  F ie ld  f a i n t ,  

b . F ie ld  b r ig h t .

" 10 170 2 7 4 .1 — .0 2
-TTSTO Tm 15
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