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Abst rac t . T h e a t t a inab le accuracy of p h o t o g r a p h i c t r igonomet r i c para l laxes m a y be improved by the 
use of m o d e r n measu r ing engines , larger n u m b e r of exposures , facil i tated by increased speed of 
emuls ions , m o r e refined knowledge of r educ t ion to abso lu te para l lax . Sys temat ic e r r o r s r ema in a n 
obs tac le b o t h in t r igonomet r i c a n d stat ist ical para l laxes . 

W i t h a n a t t a inab le goa l of ± (X'002 for t he p r o b a b l e e r ro r of a para l lax it a p p e a r s difficult to o b ­
ta in abso lu te magn i tudes wi th a p r o b a b l e e r ro r less t h a n 0.2 m a g . for s tars beyond 20 pc . 

I bel ieve t ha t t he best c o n t r i b u t i o n I c a n m a k e t o t he subject of a b s o l u t e m a g n i t u d e s 
is a p r e s e n t a t i o n of t he a t t a i n a b l e accu racy in t r i g o n o m e t r i c pa r a l l axe s a n d a br ief 
re ference t o t he s a m e p r o b l e m in s ta t i s t ica l pa ra l l axes . 

T h e eva lua t ion of t h e a c c u r a c y of d e t e r m i n i n g t r i g o n o m e t r i c a n n u a l pa ra l l axes h a s 
b e e n f requent ly s tud ied a n d r e p o r t e d . A m o n g the exhaus t ive s tudies , I m e n t i o n t hose 
by L a n d (1948), S t r a n d (1963) , a n d L i p p i n c o t t (1970). I t is n o t easy t o i m p r o v e o n 
these inves t iga t ions b u t p e r h a p s s o m e genera l r e m a r k s m a y be in o r d e r t o d a y . 

G r e a t e r a ccu racy m a y be r e a c h e d in several ways . T h e r e is (1) t h e o b v i o u s cho ice of 
o b s e r v i n g t imes , (2) t h e p o t e n t i a l inc rease in accu racy d u e t o t h e vas t ly inc reased speed 
of p h o t o g r a p h i c e m u l s i o n s , (3) t h e i n t r o d u c t i o n of n e w m e a s u r i n g t e chn iques , 
(4) be t t e r k n o w l e d g e of r e d u c t i o n f r o m rela t ive t o a b s o l u t e p a r a l l a x , (5) e l im ina t i on of 
o r b i t a l m o t i o n in t he case of series of o b s e r v a t i o n s cove r ing a l o n g t i m e in te rva l , b o t h 
for k n o w n visual b ina r ies a n d p e r t u r b a t i o n s , (6) r ecogn i t i on a n d poss ib le e l imina t ion 
of sys temat i c e r r o r s , w h i c h va ry w i t h t h e in terval of o b s e r v a t i o n , (7) a s far a s a b s o l u t e 
m a g n i t u d e s a r e c o n c e r n e d : r e c o g n i t i o n of dup l ic i ty in o r d e r t o o b t a i n p r o p e r ab s o l u t e 
m a g n i t u d e s of t he c o m p o n e n t s . 

1. Observing Times 

Idea l ly , o r r a t h e r t r ad i t i ona l ly , l o n g focus p h o t o g r a p h i c p a r a l l a x o b s e r v a t i o n s a r e 
m a d e a t d a w n a n d a t d u s k , for t h e p u r p o s e of o b t a i n i n g t h e la rges t poss ib le r a n g e in 
p a r a l l a x fac tors in r igh t a scens ion . T h e e x t r e m e r a n g e t h u s o b t a i n a b l e var ies w i th t h e 
p o s i t i o n of t he s ta r in t h e sky, t h e o b s e r v e r ' s l a t i t ude , a n d t h e p a t t e r n o f c lear n igh t s 
a s i t va r ies w i t h t he t i m e of t h e year . A la rge r a n g e in p a r a l l a x fac tors , u p t o a m a x i m u m 
of 2.0, m a y be o b t a i n e d for s t a r s in ce r t a in r igh t a scens ions , whi le in o t h e r p a r t s of t h e 
sky, a t best , o n e h a s t o b e satisfied w i th smal le r r a n g e , say on ly 1.5, a n d th i s m a y n o t even 
be poss ib le if w e a t h e r c o n d i t i o n s a r e u n f a v o r a b l e . A s a ru le a smal le r r a n g e in r igh t 
a s c e n s i o n is a c c o m p a n i e d by a la rger r a n g e of p a r a l l a x fac to r s in dec l i na t i on . A t t h e 
S p r o u l O b s e r v a t o r y , a s a m a t t e r of pol icy , all s ta rs a r e m e a s u r e d in dec l i na t i on a lso , 
n o t p r imar i l y for p a r a l l a x , b u t for t h e o b v i o u s p u r p o s e of obse rv ing o rb i t a l m o t i o n 
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4 P. VAN DE KAMP 

(o r p e r t u r b a t i o n ) . W h i l e o n t h e a v e r a g e t he weight of p a r a l l a x d e t e r m i n a t i o n s in 
dec l ina t ion is on ly 15% of t h a t in r igh t ascens ion , th is p r o c e d u r e s tat is t ical ly, a t least , 
h a s c o n t r i b u t e d t o a n e v a l u a t i o n of sys temat ic accuracy . F r o m a s tudy of 124 s ta rs , 
L i p p i n c o t t h a s f o u n d a n a v e r a g e difference, in t h e sense R. A . m i n u s Decl . , of 
-0r0018 ±0':0011 (p .e . ) . W h i l e th i s is n o p r o o f t h a t e i ther o r b o t h c o o r d i n a t e s a r e 
free f rom sys temat ic e r r o r s , t h e c lose a g r e e m e n t m a y be t a k e n t o exc lude la rge sys tem­
a t i c e r ro r s , a t least on the average, for t h e w h o l e sky. 

I n t h e ear ly d a y s of long- focus p h o t o g r a p h i c p a r a l l a x d e t e r m i n a t i o n s , m e a s u r e m e n t s 
w e r e f requent ly m a d e in celestial l o n g i t u d e , t h u s yie lding a s o m e w h a t l a rger r a n g e in 
p a r a l l a x fac tors . I d o n o t bel ieve t h a t a r e t u r n t o th is a p p r o a c h s h o u l d b e m a d e . I n all 
o b s e r v a t i o n a l w o r k it r e m a i n s i m p o r t a n t t o m e a s u r e in bas ic , n a t u r a l c o o r d i n a t e s , as 
t hey resul t f r o m t h e u n a v o i d a b l e o b s e r v a t i o n a l a p p r o a c h a n d to s t u d y t h e e r r o r s , b o t h 
acc iden ta l a n d sys temat ic , i n h e r e n t in th is a p p r o a c h . R i g h t A s c e n s i o n a n d D e c l i n a t i o n 
a r e these n a t u r a l c o o r d i n a t e s , affected in a s t ra igh t f o r w a r d m a n n e r b y s u c h e r ro r s as 
a r e d u e t o t r ack ing , o r gu id ing , in r igh t ascens ion , whi le re f rac t ion a n d d i spe r s ion p l ay 
a p r i m a r y ro le in dec l ina t ion . F o r o b s e r v a t i o n s off t h e m e r i d i a n , re f rac t ion a n d disper­
s ion en te r i n to r igh t a scens ion , p r o p o r t i o n a l t o t h e h o u r ang l e a n d w i t h o p p o s i t e s igns, 
for e a s t e r n o r wes te rn h o u r ang les . Schles inger a n d o t h e r s p o i n t e d th i s o u t a n d a r g u e d 
for as smal l a r a n g e in h o u r ang le as poss ib le , p re fe rab ly h o v e r i n g a r o u n d t h e mer id i an . 
Pe r sona l ly , I t a k e a very d i m view of ce r t a in recen t e x p e r i m e n t s w i t h ex t remely la rge 
r a n g e s in h o u r angle . T h i s , in m y o p i n i o n , is a sk ing for t r o u b l e , n o m a t t e r h o w 
e l a b o r a t e t h e sys tem o f p a r a m e t e r s a n d c o m p u t e r facilities m a y be . I c o n t i n u e t o 
bel ieve t h a t p r e v e n t i o n is be t t e r t h a n t h e cure . 

Idea l ly , pa r a l l ax fac tors ( in right a scens ion) of + 1 . 0 a n d — 1.0 a r e t h e a s t r o m e t r i s t ' s 
d r e a m . H o w e v e r , as p o i n t e d o u t ear l ier th is ideal usua l ly r e m a i n s a cas t le in t he air . 
T h i s is n o r ea son for d e s p a i r ; af ter a l l , it is t h e range in p a r a l l a x f ac to r w h i c h c o u n t s . 

T h e r e is t h e re la ted p r o b l e m of m a t c h i n g the n u m b e r of even ing a n d m o r n i n g obse rv ­
a t i o n s . W h i l e ideal ly t h e n u m b e r of p la tes w i th pos i t ive a n d nega t ive p a r a l l a x fac tors 
s h o u l d be evenly m a t c h e d , in p r ac t i c e o n e m a y sett le o r h a v e t o set t le for cons ide rab le 
i m b a l a n c e w i t h o u t m u c h h a r m . A s s u m i n g a d i s t r i bu t i on o f m a t e r i a l w h i c h p e r m i t s 
e l im ina t i on (i.e., d e t e r m i n a t i o n ) of p r o p e r m o t i o n , t he weigh t of a p a r a l l a x deter ­
m i n a t i o n d e p e n d s o n t h e to t a l we igh t of t h e mate r i a l a n d t h e r a n g e in p a r a l l a x fac tors . 
T o i l lus t ra te th i s , let u s a s s u m e e q u a l nega t ive (evening) p a r a l l a x fac to r s ( — P ) a n d 
e q u a l ( m o r n i n g ) p a r a l l a x f ac to r s ( + P ) , h e n c e a r a n g e 2 P be tween m o r n i n g a n d evening . 
A s s u m e f rac t ions / a n d 1 — / of t h e ma te r i a l w i th o p p o s i t e p a r a l l a x fac to r s . T h e weight 
of t h e pa ra l l ax d e t e r m i n a t i o n is g iven b y 

nP2 [1 - ( l _ 2 / ) 2 ] = nP2 [ 4 / - 4 / 2 ] , 

w h e r e n is t h e to t a l we igh t o f t h e m a t e r i a l (see fo l lowing t ab l e o n nex t page) . 
A n i m b a l a n c e in t h e r a t i o 2 t o 1 l eads t o a weigh t r e d u c t i o n by a f ac to r 0.89, a r a t i o 

3 t o 1 t o a r e d u c t i o n o f 0 .75. S u c h i m b a l a n c e , if a c c o m p a n i e d b y a good range in 
p a r a l l a x fac tors , m a y often be qu i t e a n accep tab le c o m p r o m i s e , if n o t t h e on ly ob t a in ­
ab le goa l . 
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ABSOLUTE MAGNITUDES FROM TRIGONOMETRIC AND STATISTICAL PARALLAXES 5 

/ 1 - / Weigh t of 
para l lax 

Relat ive 
weight 

0.5 0.5 1.00 
0.6 0.4 0.96 nP2 0.96 
0.7 0.3 0.84 nP2 0.84 
0.8 0.2 0.64 nP2 0.64 
0.9 0.1 0.36 nP2 0.36 

2. Photographic Emulsion; Law of Diminishing Returns 

A n i m p o r t a n t h i s tor ica l f ac to r in o b t a i n i n g h ighe r a c c u r a c y is t h e t r e m e n d o u s increase 
in sensi t ivi ty of p h o t o g r a p h i c e m u l s i o n s , conserva t ive ly s p e a k i n g , fifty fold over t h e 
p a s t fifty years . W h e r e ' in t h e o ld d a y s ' we used to s t ruggle t o get 20 p la tes for a 
p a r a l l a x d e t e r m i n a t i o n , w i t h t h e s a m e o b s e r v a t i o n a l effort w e c a n n o w o b t a i n 200 
p la t e s o r m o r e . T h e resu l t ing increase in a ccu racy of a p a r a l l a x d e t e r m i n a t i o n is obv i ­
o u s if we m a y a s s u m e t h a t inc rease of t h e n u m b e r of e x p o s u r e s yields a c o r r e s p o n d i n g 
inc rease in accuracy , i.e., t h a t t h e l aw of d imin i s h i ng r e t u r n s d o e s n o t en te r t o a n 
app rec i ab l e ex tent . T h e r e is s o m e ev idence for smal l i nh ib i t i ng effects of th i s law in t h e 
f o r m of n igh t e r r o r s w h i c h d i s c o u r a g e a n u n d u l y en l a rged o b s e r v a t i o n a l effort for a n y 
o n e s ta r o n a n y o n e n igh t . I feel t h a t 16 t o 20 e x p o s u r e s d i s t r i bu t ed over four p la te s 
still a p p e a r a des i r ab le m a x i m u m goal for a n y o n e n igh t . 

M e a s u r e m e n t s o n m o d e r n m a c h i n e s h a v e p r o v e n t h a t an i m p e r s o n a l eva lua t ion by 
pho toe l ec t r i c s c a n n i n g of p h o t o g r a p h i c s ta r pos i t ions t o g e t h e r w i th s u p e r i o r p rec i s ion 
screws, such as in t h e G r a n t two-sc rew m a c h i n e , o r t h e soph i s t i ca t ed op t i ca l a p p r o a c h , 
w h i c h is t h e bas i s of t h e U . S . N a v a l O b s e r v a t o r y m a c h i n e , lead t o a subs tan t ia l ly 
i m p r o v e d pos i t i ona l a ccu racy . A g o o d ind ica t ion of t h e s u p e r i o r a c c u r a c y o b t a i n e d 
w i t h t he U S N O m a c h i n e is a c o m p a r i s o n of m e a s u r e m e n t s m a d e b y J o h n L. H e r s h e y 
of p la tes o n C C 1213 t a k e n w i t h t h e S p r o u l 24 in. r e f rac to r ove r t h e in te rva l 1959 to 
1969. 

3 . Measurements on Modern Machines 

Mach ine N o . of reference stars P . E . 1 

M a n u a l S w a r t h m o r e 3 
3 
8 

11 

± 0 m m . 0 0 1 3 9 
± 0 m m . 0 0 0 9 8 
± 0 m m . 0 0 0 9 6 
± 0 m m . 0 0 0 9 1 

U S N O 
U S N O 
U S N O 

Prov is iona l resul ts o b t a i n e d w i t h t h e 2-screw G r a n t m a c h i n e n o w in o p e r a t i o n a t t h e 
S p r o u l O b s e r v a t o r y i nd i ca t e a s imi lar f avorab le f ac to r of we igh t increase . W e list t h e 
fo l lowing c o m p a r i s o n ; t h e p o s i t i o n s refer t o 3 t o 5 reference s ta r s . 
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6 P. VAN DE KAMP 

P . E . I 

One-screw mach ines ± 0 m m . 0 0 2 0 
buil t in 1916, 1943, 1963 
G r a n t 2-screw m a c h i n e ± 0 m m . 0 0 1 2 

T h e decrease in p r o b a b l e e r r o r f r o m t h e b isec t ion t o t h e s c a n n i n g m e t h o d is s t r ik ing . 
If t hese resul ts a r e conf i rmed a n d m a i n t a i n e d we r e a c h t h e i m p o r t a n t conc lus ion t h a t 
a u t o m a t i c o r s e m i - a u t o m a t i c p o s i t i o n i n g by m o d e r n m e a s u r i n g eng ines l eads , conse r ­
vat ive ly speak ing , t o a doubling of weight c o m p a r e d w i t h ear l ie r m a n u a l b i sec t ions . 
H e r e t h e n is a significant a c c o m p l i s h m e n t t o w a r d inc reas ing t h e a c c u r a c y of l ong -
focus t r i g o n o m e t r i c p a r a l l a x e s . I t ra ises t h e ques t i on w h e t h e r all ex is t ing ear ly p l a t e 
m a t e r i a l s h o u l d b e m e a s u r e d , t o d o u b l e , in a m a n n e r of s p e a k i n g , t h a t m a t e r i a l , o r 
r a t h e r , for t h e first t i m e t o exp lo i t th i s ma te r i a l t o t h e ful lest ; t o ex t r ac t f r o m it all t h a t 
c a n b e o b t a i n e d in t h e w a y of p o s i t i o n a l accuracy . 

I v iew wi th r e se rva t ion ce r t a in c u r r e n t a t t e m p t s t o ma te r i a l l y inc rease pa r a l l ax 
a c c u r a c y by us ing a l a rge n u m b e r of reference s ta r s . T h e we igh t of a p o s i t i o n referred 
t o n reference s ta rs is p r o p o r t i o n a l n/(n + \) for t h e idea l case o f e q u a l d e p e n d e n c e s , 
o r weigh ts , o f t h e reference s t a r s . T h e increase in we igh t w i t h inc reas ing n u m b e r of 
re ference s ta rs is seen f r o m t h e fo l lowing t a b u l a t i o n : 

N o . of reference Weigh t Weight relative t o 
s tars 3 reference s tars 

3 0.75 1.00 
4 0.80 1.07 
5 0.833 1.11 
6 0.857 1.14 
7 0.875 1.17 
8 0.889 1.19 

11 0.917 1.22 

00 1.00 1.33 

R e c e n t resul ts o b t a i n e d a t S p r o u l for C C 1213 yield re la t ive we igh t s o f 1.04 a n d 1.11 
for 8 a n d 11 s tar- , re la t ive t o t h e 3 s t a r -conf igura t ion , ac tua l ly b e l o w t h e va lues 1.19 
a n d 1.22, w h i c h h o l d for e q u a l d e p e n d e n c e s ; all th i s for t h e case of l inear p l a t e c o n s t a n t s . 
I n t r o d u c t i o n of o t h e r p a r a m e t e r s , s u c h as m a g n i t u d e , c o l o r a n d n o n - l i n e a r t e r m s , m a y 
b e a r e a s o n for us ing m o r e re ference s ta r s . Expe r i ence will tell . 

4. Reduction from Relative to Absolute Paral lax 

T h i s co r r ec t ion did n o t h a v e to be t a k e n t o o ser iously in t h e d a y s of c o n v e n t i o n a l 
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p a r a l l a x d e t e r m i n a t i o n s b a s e d o n s o m e twen ty p la te s a n d y ie ld ing p r o b a b l e e r r o r s o f 
a b o u t + 0 ' ' 0 1 0 . Bu t cu r r en t l y , w h e n such d e t e r m i n a t i o n s a r e s o m e t i m e s based o n 
h u n d r e d s , o r even t h o u s a n d s of p la tes , a n d wi th t h e vast ly i m p r o v e d m e a s u r i n g 
t e chn iques , p r o b a b l e e r r o r s of + 0 T 0 0 3 a n d less a r e b e c o m i n g c o m m o n p l a c e . W h e r e 
in t h e pas t s tat is t ical c o r r e c t i o n s , b a s e d o n m a g n i t u d e a n d ga lac t ic l a t i t u d e were a d e ­
q u a t e , t he re is n o w need for refining t h e eva lua t ions of t h e pa r a l l axe s of t h e reference 
s t a r s . In m y o p i n i o n m a g n i t u d e , spec t ra , c o u p l e d wi th s o m e k n o w l e d g e of t h e p r o p e r 
m o t i o n s of t he reference s t a r s , a r e t h e bes t p a r a m e t e r s for e s t i m a t i n g t h e pa ra l l axes 
of t h e reference s ta rs a n d , h e n c e , t h e r e d u c t i o n t o a b s o l u t e in t h e f o r m of t h e d e p e n ­
d e n c e weighted m e a n o f the i r i nd iv idua l pa ra l l axes . A n inc rease in n u m b e r of reference 
s t a r s h a s been p r o p o s e d as a m e a n s of i m p r o v i n g t h e r e d u c t i o n t o a b s o l u t e . I n p r inc ip le , 
th i s is t r u e ; in p rac t i ce , l i t t le i m p r o v e m e n t w o u l d be r eached . 

5. Elimination of Orbital Mot ion (Perturbation) 

E a r l y pa r a l l ax d e t e r m i n a t i o n s based o n a series of p la t e s e x t e n d i n g over a few years 
on ly , cou ld ha rd ly be affected by orb i ta l m o t i o n . Series s p r e a d over several decades a r e 
neede d in t he d e t e r m i n a t i o n of m a s s - r a t i o a n d p e r t u r b a t i o n s . T h e c o n d i t i o n a l e q u a t i o n 
for p r o p e r m o t i o n a n d ( re la t ive) p a r a l l a x : 

X = c + \it + nP 

is n o w rep laced by 

X = c + fit + nP + (xQ 

o r its equ iva len t , w h e r e a is t h e s emi -ma jo r axis of t he o rb i t o f t h e obse rved pos i t i on 
( p r i m a r y , s e c o n d a r y , o r p h o t o c e n t e r ) . I n case of k n o w n o r r ecogn ized o rb i t a l m o t i o n , 
a l l owance can be m a d e a n d t h e p a r a l l a x d e t e r m i n a t i o n will t h u s be n o t affected b y 
o rb i t a l m o t i o n . I t is l ikely h o w e v e r t h a t for a n u m b e r of-al leged-single s ta rs o rb i t a l 
m o t i o n m a y go u n d e t e c t e d a n d t h u s affect t he p a r a l l a x d e p e n d i n g o n the relat ive size 
of n a n d a. 

6. Recognition of Systematic Errors Depending on the Interval of Observation 

W h i l e t he a fore m e n t i o n e d o rb i t a l effects w o u l d b e different for different s ta rs , t h e r e 
a l so m a y b e sys t ema t i c effects d e p e n d i n g o n t h e t i m e in te rva l w h i c h h a v e n o t h i n g t o 
d o w i th t h e poss ib le o rb i t a l b e h a v i o u r of t h e ind iv idua l s ta r , b u t w h i c h d e p e n d o n t h e 
specific t i m e in te rva l , d e c a d e 1960-70 for e x a m p l e , a n d / o r o n t h e r igh t a scens ion a n d 
dec l ina t ion of t h e s ta r . 

T h e r e is ev idence for s u c h effects in t he r ecen t s t u d y by M i s s L i p p i n c o t t (1970). 
T h e s e effects m a y b e re la ted t o a d j u s t m e n t s of t he op t ics of t h e t e lescope , o r poss ib le 

sub t l e changes in obse rv ing p r o c e d u r e s . 
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7. Recognition of Duplicity in Order to Obtain Proper Absolute Magnitudes 

T h e a t t a i n a b l e accu racy in p a r a l l a x e s h a s s o m e b e a r i n g o n t h e d e t e r m i n a t i o n a n d 
i n t e r p r e t a t i o n of a b s o l u t e m a g n i t u d e s . Is t h e obse rved s ta r s ingle o r a n un recogn i zed 
b i n a r y , n o t de tec ted by a n y o t h e r m e a n s ? A n a b n o r m a l l y b r i g h t a b s o l u t e m a g n i t u d e 
m a y of ten be r e g a r d e d w i t h r e s e r v a t i o n o r suspic ion , a n d m a y b e ind ica t ive of dupl ic i ty . 

Al l in all , we m a y l o o k f o r w a r d t o w a r d app rec i ab ly i m p r o v e d a c c u r a c y of t r i g o n o m ­
e t r ic pa ra l l axes . Inc reases in we igh t s u p t o a fac to r of 10 o r m o r e a r e o b t a i n e d , o r 
w i t h i n r each , for la rge n u m b e r s of s t a r s . T h e c o r r e s p o n d i n g dec rease in p r o b a b l e 
e r r o r , t he re fo re , p e r m i t s u s w i t h t h e s a m e a c c u r a c y as before t o e x p l o r e s te l lar d i s tances 
b y t h e long-focus p h o t o g r a p h i c m e t h o d a t least t h r ee t imes f a r t h e r t h a n w e h a v e d o n e 
so far . B u t t he r e a r e still o t h e r p r o b l e m s . Inc reased acc iden ta l a c c u r a c y does n o t a t all 
necessar i ly m e a n inc reased sy s t ema t i c accuracy . T h e b u g b e a r of sy s t ema t i c e r r o r s 
r e m a i n s wi th us , a l t h o u g h it m a y even tua l ly b e c o m e easier t o p i n p o i n t these e r ro r s 
b e c a u s e of inc reased acc iden ta l a ccu racy . 

A s imi lar pess imis t ic a t t i t u d e m a y b e m a i n t a i n e d t o w a r d s u c h a m b i t i o u s pro jec ts as 
d e t e r m i n i n g t h e t r i g o n o m e t r i c p a r a l l a x of a s ta r c lus ter s u c h as t h e H y a d e s . T h e pa ra l l ax 
o f t h e H y a d e s is close t o + 0 ' ' 0 2 5 a n d is r a t h e r well k n o w n f r o m s tud ies of t h e pe r spec ­
t ive effect in t h e p r o p e r m o t i o n s of t h e c lus ter m e m b e r s . T o i m p r o v e th is va lue we 
s h o u l d r e a c h a p r o b a b l e e r r o r of well be low +0T001 for t h e t r i g o n o m e t r i c pa ra l l ax 
of t h e c lus ter . T h i s expec ted va lue , w o u l d be b a s e d o n m a n y d e t e r m i n a t i o n s for individ­
ua l m e m b e r s o f t h e c lus ter . W i t h a n i n v e s t m e n t o f several t h o u s a n d p l a t e s s u c h a smal l 
e r r o r m a y well be r e a c h e d , fo rmal ly s p e a k i n g , b u t w h o is g o i n g to assess t h e sys temat ic 
e r r o r of such a resu l t ? 

A few final r e m a r k s c o n c e r n i n g t h e use of pa ra l l axes . T h e p r inc ipa l significance of 
d e t e r m i n i n g t r i g o n o m e t r i c pa ra l l axes is the i r use for d e t e r m i n i n g a b s o l u t e m a g n i t u d e s 
(M) a n d masses (Jt): 

M = m + 5 + 5 log/? o r l o g L = 0 . 4 ( m — M 0 ) - 2 — 2 log/? 

a3 1 , x a3 

Jt ± + Jt2 = p2* 3 o r \o%(Jt x + ^ 2 ) = p2 — 3 log p . 

T h e e r r o r s i t ua t ion is as fo l lows : 

d p dL dp 
d M = 2 . 2 - - — = - 2 - -

p L p 

d(^f1+^2) dp dp 
— - — — — — = - 3 — d l o g ( ^ 1 - h . # 2 ) = - 1.3 — 

*swt j ~T~ *sfl 2 P P 

T h e f rac t iona l e r ro r s in t h e l u m i n o s i t y a n d in t h e to t a l m a s s of a b i n a r y a r e p r o p o r ­
t i o n a l t o t h e f rac t iona l e r r o r of t h e p a r a l l a x ; t h e s a m e h o l d s for t h e masses of t h e 
c o m p o n e n t s , i gno r ing t h e e r r o r in t h e m a s s r a t io . T o m a i n t a i n t h e s a m e re la t ive accu ra ­
cy a t g rea te r d i s tances , t h e we igh t of t h e p a r a l l a x d e t e r m i n a t i o n s h o u l d increase wi th 
t h e s q u a r e of t h e d i s t ance . W e r e m i n d ourse lves of t he well k n o w n fac tor 3, wh ich 
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m a k e s it difficult to o b t a i n prec i se masses even for t he nea re s t v isual b ina r i e s . 
T h e fo l lowing t a b l e s u m m a r i z e s t h e r a t i o s be tween t h e f rac t iona l e r r o r s of t h e 

v a r i o u s quan t i t i e s a n d t h e f rac t iona l e r r o r in p a r a l l a x : 

Abso lu t e M a g n i t u d e + 2.2 L u m i n o s i t y — 2 

M a s s — 3 log M a s s — 1.3 

Abso lu t e M a g n i t u d e 5 

log M a s s 3 

L u m i n o s i t y 2 

M a s s 3 

L u m i n o s i t y 
. - 0.9 

Abso lu t e M a g n i t u d e 
M a s s 

+ 2 . 3 
log M a s s 

A n e x a m p l e of t he e r r o r s i t ua t i on is given b e l o w : 

Paral lax P r o b a b l e 
E r r o r 

P robab l e E r r o r 
in abs . m a g . 

F rac t iona l E r r o r 
in to ta l mass 

on 00 ±(X'005 0.11 0.15 
0.002 0.04 0.06 
0.001 0.02 0.03 

0.050 ±0.005 0.22 0.30 
0.002 0.09 0.12 
0.001 0.04 0.06 

0.020 ±0 .005 0.5 0.75 
0.002 0.2 0.30 
0.001 0.1 0.15 

T h e t a b u l a t e d figures s p e a k for themse lves . A s s u m i n g a p r o b a b l e e r r o r of ± 0 ' ' 0 0 2 
for p a r a l l a x as a r e a s o n a b l e a n d o b t a i n a b l e goa l , i t b e c o m e s difficult t o o b t a i n s te l lar 
masse s wi th a re la t ive p r o b a b l e e r r o r smal le r t h a n 10% for s t a r s b e y o n d 20 pc . A s 
t o a b s o l u t e m a g n i t u d e s i t a p p e a r s difficult t o o b t a i n t h e m w i t h a p r o b a b l e e r r o r less 
t h a n 0.2 m a g . b e y o n d 20 p c . A n d we h a v e n o t yet t a k e n i n t o a c c o u n t , s ince we c a n n o t , 
sys t ema t i c e r r o r s ! 

O n t h e subject of a b s o l u t e m a g n i t u d e s f rom s ta t is t ica l pa r a l l axes , m y co l league 
L u y t e n will dea l w i t h th i s p r o b l e m pa r t i cu la r ly as it refers t o t h e fa in te r e n d of t h e 
l uminos i t y curve . 

I h a v e n o t b e e n ac t ive in th i s field for several d ecad e s a n d feel t h a t I c a n n o t d o 
m u c h m o r e t h a n refer t o t h e fo l lowing survey p a p e r s : 

(1) 'S ta t is t ica l P a r a l l a x e s ' , by A . N . Vysso t sky , The Astronomical Journal 63 , 166, 
p r e s e n t e d a t t h e C o n f e r e n c e o n t h e C o s m i c D i s t a n c e Scale , he ld in Char lo t t esv i l l e , 
Vi rg in ia , Apr i l 5 -7 , 1956. 

https://doi.org/10.1017/S007418090005498X Published online by Cambridge University Press

https://doi.org/10.1017/S007418090005498X


10 P. VAN DE KAMP 

Vysso t sky stresses t h e l im i t a t i ons of t h e t w o p r inc ipa l m e t h o d s used for der iv ing 
m e a n p a r a l l a x e s : pa r a l l a c t i c m o t i o n s a n d d i spe r s ion in p e c u l i a r m o t i o n s , i.e. v- a n d 
r - c o m p o n e n t s . 

A s t o pa ra l l ac t i c m o t i o n s , t h e y a r e sensit ive t o sys t ema t i c e r r o r s in p r o p e r m o t i o n s 
a n d e r r o r s in t h e p recess ion c o n s t a n t s . M o r e o v e r , k n o w l e d g e of r ad i a l velocit ies is 
r equ i r ed . 

A s t o pecu l ia r m o t i o n s , h igh a c c u r a c y is r equ i r ed as well as k n o w l e d g e of rad ia l 
veloci t ies . 

A n a d d i t i o n a l c o m p l i c a t i o n is , of course , t h e d i spe r s ion in a b s o l u t e m a g n i t u d e s 
w h i c h affects t h e c o n v e r s i o n f r o m m e a n pa ra l l ax t o m e a n d i s t ance . 

(2) 'S ta t i s t ica l P a r a l l a x e s ' , b y F r i c k e (1964), p r e s e n t e d a t Aspects of Stellar Evo­
lution, Flagstaff, A r i z o n a , J u n e 2 2 - 2 4 , 1964. 

F r i c k e p o i n t s o u t t h e exis tence of e r r o r s u p t o 0T2 a n d m o r e d e p e n d i n g o n t h e 
f u n d a m e n t a l sys tem used . 
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