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LIGHT WAVES IN ASTRONOMY1 
THEYany object is viewed in a telescope 

the image formed a t  the focus results from the 
concurrence of the light ~vaves which reach the 
focus from all parts of the object glass. 

I n  the simplest case-that of a star which is 
so fa r  away that it may he regarded as a point 
of light the image will not be a point, but a 
disc of appreciable size surrounded by a series 
of concentric circles as  shown in Figure la. 

I n  the case of a double star each component 
vi l l  present such a figure readily separable lin 
a telescope of adequate size as in  Figure l b .  

But if the stars form a very close double, the 
two figures overlap as in Figure l c  and in this 
case the system is not to be distinguished as a 
d o ~ b l e . ~  

It can readily be sholvll that the limit of res- 
olution is reached when the relation between the 
angular separative z, is given when this is 
equal to  the ratio of the length h of the light 
vave to the diameter d of the objective multi- 
plied by the constant factor 1.22. 

Thus in  rase of the 100-inch telescope a t  
3It. Wilson the angle would be 1.22 X 1/50000 
x 1 100 or one in four  million, corresponding 
to an angle of about one twentieth of a second 
of arc: which may be & + u a l i z e d  as  the appear- 
ance of a dime thirty miles away. 

Next consider the appearance of an object 
presenting an actual disc such as a small plan- 
etoid. Each point of the disc would form an 
image like that in Figure l a ,  the integrated 
effect corresponding to the appearance in  
Figure Id.  

Ilere again the appearance of d will not be 
distingmshable from Figure l a  if the angular 
diameter of the disc is less than a. = 1.221/ d. 
This then corresponds to the utmost attainable 

1 Abstract of a lecture given under the auspices 
of the Carilegie Institutioil of SVashington on 
April 26, 1923. 

2 S t  least not accurately measurable though 
tliere may be indications of doubling. 
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limit of resolution with the largest telescope in 
the world under perfect conditions of atmos- 
phere. 

But the character of the image a t  the focus 
(taking for simplicity the case of a star) de- 
pends on the form of the aperture of the tele- 
scope. I f  this were square instead of round 
the appearance would be that represented in 
Figure le. 

I f  instead of a single aperture there are two 
arranged as in Figure 2 the appearanee of the 

image of a star would be that shown in Figure 

If. 
The figure presents no resemblance in this 

case to the object, but for purposes of meas- 

urement it has two important advantages. 
These may be best illustrated by considering 
once more the case of a double star, which 
would show a diffraction figure corresponding 
to Figure lg if the two stars were well sepa- 
rated. If, however, the stars form a close 
doublet, these two figures will overlap3 and a t  a 
definite distance will entirely vanish, if the two 
stars are equally bright. The graph represent- 
ing the visibility -of the fringes' as a function of 
the distance between the two apertures is shown 
in Figure 3 corresponding to the formula 

V = ACOS?F~/J/IC, (a,, = )i/d). The vanishing of 
the fringes (which may be observed with re- 
markable accuracy) occurs a t  intervals corres- 

3 Fig. lh  represents the diffraction figure due 
to a very close doublet, the components of which 
are not in the same horizontal plane. I f  they were 
in the same plane, the fringes would vanish. 
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p o ~ l d i ~ l gto a = l  ?a,, 3 , 2 2 , ,  etc., or .ivhen 
;, %X 

a = -, -, etc., 
2 J  2 ~ i  

so that the rekolution of a doublet by thic method 
call he c l e a r l ~  cstabli5hed with a telescope of 
only four tenths the diameter of that  required 
when using the full aperture. 

But  much inore important is the fact that the 
vanisliing of the fringes (01 even the observa- 
tion of the minimum in case tile stars are  of 
unequal brightness) is capable of f a r  greater 
accuracy than the more or less vague o b s e r ~ a -  
tion of "recolntion." Similar consiclerations 
s h o ~ ;  that the curve, Figure 1,representing 
t t e  graph of tlic formula 

\.. 1 - rr?:! cos nu! C ~ ? C  
a{ = J o '  

A h 

where n = ~ d r ,  i, give values a=1.23-, 2 . 4 6 :  
d d 

etc., for  the points a t  which the fringes van-
ish; whence r*, the angular dlameter of the cllsc. 
may be found-and with a n  order of accuracy 
but little inferior to that found in the meas-
urement of the angular distance between the 
components of a double star. 
h test, by the interference method, of the 

measurement of the diameter of the Satellites 
of Jupiter was made a t  Mt. Htmilton in 1890, 
giving results of considerably greater accuracy 
than any hitherto obtained, ancl proving clearly 
the applicability of the methoci to the measure- 
ment of discs of much smaller angular diame- 
ters than these. Thirty years afterward, by in-
vitation of Dr. Geo. E. Ilale, i t  was proposed 
to mabe a n  extended inrestipatlon into the pos- 
sibilities of the method a t  the Mt. M-ilson Ob- 
servatory. 

A preliminary trial with the forty-inch a t  the 
Yerkes Observatory showed clearly that  inter- 
ference fringes were readily observed even 
when atmospheric disturbances made "seeing3' 

too poor f o r  the usual astronolnical observa- 
t iol l~.  Thc same result4 Ta.; obtained wit11 the 
GO-inch and finally with the 100-inch a t  &Et. 
TT7ilzon." 

The feasibility of the interference method 
being thoroughlp confirmeil, tlre problem of the 
in-\-e,tigation of the anpnlar cllstance between 
the components of a doublc star was undertake11 
by Dr. J. A. Anrlerson. 

F ~ o l n  speetroscoplc erldence Dr. R-. m-
C'amphcll showed that the star Capella 11ra3 a 
bltiarJ- star vhose angular scparatlon r a s  j u s ~  
beyond tlAeseparating po\\-er of the 100-inch, 
so that it  prewnted an object most suitable POI- 
the test. 

The results of Dr. bnclerson's ~ o r l i  are shomc 
in the graph, Figure 5, representing the orbit. 
The results of a. comparison of the separate oli- 
servations with the caIcnIated orbit show that 
the accuracy of these measurements reach the 
extraordinary limit of one ten thousandth of a 
second of arc. ( A  dlnle a t  30 mile> distant 
~ ~ ~ o u l dshow corresponding irregularities of tlie 

'i I n  this last test a cliaphragni with two slllalI 
apertures was placed mar  tlie focus, instead of at  
the objective, making rneasurernellt much more 
eonreniently and without any loss of accuracy. 

5 A probable esplanatioll of this unexpected re- 
sult is doubtless sometl~ing like the fo l lo~~ing :  

Wlien the entire aperture of the telescope is 
used, the integrated effect of tlie ntmospherio LLS- 
tulhances is a confusion of the focal image gen- 
eral1:- referred to ns "boiling." 111 the case of 
two slnall apertures at  opposite ends of a &me- 
ter, the fringe system m o ~ e s  as a whole, but is 
nevertheless quite distinct so long as the motion is 
not too rapid for the eye to f o l l o ~ ~ .  
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order of a thousandth of an inch.) The stars 
are so far  distant that, although many of them 
are much larger than our sun, the angular 
diameter of the disc they would present is too 
small for the largest telescope to discern. I t  
would require a telescope two or three times as 
large as the 100-inch instrument a t  Mt. Wil- 
son to render visible even the largest of these. 
The interferometer, however, offers a base line 
which may be much larger than the diameter of 
the telescone; and the previous work justified - .  
the hope that atmospheric disturbances would 
not seriously affect the clearness of the inter- 
f erence fringes. 

There was, however, considerable doubt as to 
the possibility of constructing so huge an in- 
strument with sufficient rigidity to prevent 
warping or vibrations the amount of which 
must not exceed a ten thousandth of an inch. 
The work was undertaken a t  the laboratory of 
the Mt. Wilson Observatory under the direction 
of Jlr. F. G. Pease. 

A preliminary test showed the interference 
fringes quite clearly, even with rather poor 
"seeing." 

M, Ma are two plane mirrors which reflect 
light from the star to the two mirrors MzM3, 
whence they proceed to the concave reflector 
Ma, proceeding thence ultimately to the focus 
of the instrument where they produce inter- 
ference bands, which are viewed by an eyepiece 
a t  E. 

Figure 7 shows the plan and Figure 8 the 
elevation of the interferometer beam and Figure 
9 is a photograph of the beam attached to the 
tube of the tele~cope.~ 

On December 13, 1920, Mr. Pease reported: 
"After preliminary settings on /3 Persei, with 

the mirrors separated 81 inches; and on p 
Persei and y Orionis, with a separation of 121 
inches (thus insuring that the instrument was 
in perfect adjustment), i t  was turned on a 
Orionis (Betelgeuse) and the interference 

* $ . I ( *  
fringes were sought for some time but could 
not be found. When next turned on a Canis 
Majoris the fringes a t  once appeared, thus fur- 
nishing a complete check." 

Fig. 6 gives a schematic view of the arrctngemont. The expression of the relation between a, the 
angular diameter of the star, and the distance 
6 between the mirrors a t  disappearance is 
a=1.22)r/d. Assuming the effective wave 
length A = 5750 Angstrom units, and d = 300 
c.m. the anguar diameter of Betelgeuse is 
OW.047. To find the actual diameter of the star 
we must multiply this by the distance of the 

6 I t  was not at all necessary for optical require- 
ments to use so large a telescope; but the 100- 
inch had such great stability that the additiona1 
weight (some 800 pounds) produced no derange- 
ment of its adjustments. 
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star, ~ ~ h i c h  in terms of its parallax 0".018 gives 
a result 

that is a diameter of 240 million miles, 300 
times the diameter of oui. sun! 

This value is based, however, on the assump- 
tion that the disc presents a uniform illumina- 
tion; but as there is undoubtedly a falling off 
of intensity away from the center this result 
may be considerably too small. 

Since the announcement of this result sev-
eral other stars have shown an appreciable 
diameter and one, Antares, is found to be even 
a bigger giant than Betelgeuse. 

A still larger interfei-ometer with a base of 
fifty feet is nom under construction, by means 
of which the number of stars which fall within 
range will be considerably increased and it  
may even be hoped that the distribution of light 
over the discs may be detei.mined. 

TWENTY-SEVEN KINDS OF MEN 
THERE are twenty-seven kinds of men. It is 

worth while to take account of personal stock 
and to honestly decide ~vhich of the twenty-
seven varieties we ourselves represent, fo r  it  
may be possible, within limits, to change our- 
selves, if desirable,' 'into different sorts of 
men. 

Or better yet, \ye might t ry  to classify our 
aeighbor whose faults, if not his virtues, are 
usually more apparent than our own. I t  is 
always a n  engaging mental exercise to size u p  
other people since success in  life depends 
largely upon correct judgments concerning 
those with whom we have to deal. I n  order to 
do this fairly we must discover what determines 
the sort of person our neighbor is and xvlierein 
he or she differs from twenty-six other kinds of 
people. There are three contributing factors 
that go to make up any man-or woman-and 
no one of: the three can possibly be omitted. 

The f i ~ s tis en.viro~zmentor the surroundings 
in which a person is bi:ought up. I t  represents 
the opportunity or chance in life which one has. 
The second is ?za,turab capucity ~vhich is inher- 

ited from one's forbears. This is heredity o r  
endowment. The t h i ~ d  factor is the response 
which is made with a given inheritance, what- 
ever it  rnay be, within one's particular surround- 
ings. 

Environment iq the stage setting; inheritance 
the actor and the response ~ v h a t  the actor per- 
form3 upon the stage. The play in~olves  all 
three. Rnvironmenr is what a man has; ja-
hesitance is  what he is and response is what he 
does. It takes all three of these things to  malie 
a neighbor or any  one else. 

Furthermore, inheritance is decided before- 
hand for  every man. S o  one can choose his 
parents or determine the inborn capacity wit11 
whicih they endow him. It is too late to (lo 
that rrhen one arrives on the scene. I f  a mnrr 
drax-s a blank in his biological inheritance he 
is simply out of lucB for  he cannot change it 
or draw again. 

Th13 is why there 1s no real reason for  any  
one to be either proud or ashamed of his 
"blood," or his ancestry, i t  may be. 
I l e  has no hand in determining it. One may, 
however, properly feel pride or shame for  the 
environment in which he remains or for  the 
response that he makes with whatever ability 
he has to that environment, since both of these 
factors are to a degree within his control. When 
he marries he may also feel pride or shame in 
the mate whom he chooses to be the fellow de- 
terminer of the natural capacity which he wills 
to his children, because i t  is within his controI 
thus to enrich or cheapen the blood that he has 
to pass on to the next generation. 

To reduce the matter to the simplest terms, 
the three fateful factors that determine a 
man, namely, environment, heredity and re-
sponse, may each occur in a t  least three varying 
grades indicated roughly as  good, medium and 
poor. By combining these factors we arrive 
a t  twenty-seven kinds of men. F o r  example, 
the inheritance that a man is born with may 
be good, medium or poor. Likewise the en-
vironment in ~ h i c h  he finds himself ancl the 
response that lie niakes under the circumstances 
may be also good, medinm or pooF. I n  the list 
1jelo.iv are given the twenty-seven possible com- 
1,inations resulting from this simple arrange- 
ment : 


