
BULLETIN No. XXXII. 

A NEW METIEIQD OF NEASURING SMALL DISPTJACEMENTS OF  
XPECTRUILCT. LINES. 

In  the course of moasursinent of trlany series of spectra, photographed with the Kodmikanal grating 
speat,rograph a new methocl of mensunng suggested itlself wllicli senincd to give prolniao of appxociably 
reducing the accidental ancl systernatlc errors inl~erent m tllie ordinary method of bisecting a spectruin line 
with a straight spider tlirenil. 

The essence oE the now method consists in piecing o. pos~tlvc COPY of the plate to be meas~xrad roversod, 
&nd almost in contact wit11 the negative, film to Elm, and moving one with reference to the otl~or so tha t  tho 
posltive images are lnado to colncide saccesslvoly with the nogrativo images of the corresponding lines. 

No spider thread IS used, and tllc accuracy of t l ~ e  ad~nstmant~ for coincidence depends on the seusitivs- 
ness of the cy e in estuiniiting the cllni~ge from tho bright and dark oontiguou~ lmnges of a line, to the 
perfectly uniform densitljr which resultls when tile positiva iinago exactly coincides wiih the ncgativo, 

a 11VO. the positive copy has tho same gradation of tone as tho ncg t '  
Tho dellmcy of tlus ncljuatinont is greator than might have bcen anticipated, and i t  1s independent of 

tho widtlz of the linos, The ClIsplnoemenZ; of t110 1) lines far Instance at the SUTI'S limb due to tho soler 
roi;ation can be measured almost. if not quite, as acclzrately as thai, of tho ~nnclz narpowsr linos of Fo 
Experience has shown lhat given tho s m e  amount of krn~rning m t,lm now method as in the old, the adjust- 
ment for co1ncideuoe of a, positive and negative image of a, solar lino can be mado wibh almosi; tllc g m e  

apparent accuracy as it1 bisecting the line with n thread. A good deal of course depandn on the contrast in 
the original negatlve, and in tho oaso of the sharply clo6ned and very dense cm~snion lines of tlic arc or spark 
s-@ectrum the adjustment lor coincidence can bc. made 1~1th greater aocuraoy than is l~ossible iu  setting a 
thread central on the line. 

'L1he prlnoipal advantage clailned for the new ~nothoil is in the reduction of the aomdentthl errors by 
reason of the rloltble intervals measured. It is in fact allnost equivalent to doubling tho linoar dispersion of 
s plate wlthout a l ter~ng the w ~ d t h  or definition of the lines. The method appears also to be ont1yely free 
from the large systematic bias which most observer@ become aware o f  when estirnnlting i h s p l a c ~ m o ~ + ~  
between the lines in an rtbsorptioa spectrum and In a comlsarison apectsnrn of bright lines. 

The detection of asyinmetxy in n, speclxnm l m ~  is of interest and impoxtmce in some resen,rohes, By 
the method of reversing a positive end for end on s negatlve the slightest want of symmetry is rovcalcd, sinoo 
the less refrangible edge of a llne in the copy is superposed an klle more refrangible edge of tho nogativtiPo 
and the aonditlon of perfeot uniformity of density when the con tros coinc~do is destroy ad i f  the edges of $Ile 
line are not simllar. This reversal end tor end is not essential .for the nwmsuromeut of displacements 
where the lines i n  a. spectrum are thickly crowded, as 1n the violet and ultra violet solilr spectrum, it is 
better to take the positive copy through the glass. It is then nol necessary to reverso i t  end for end on the 
negative 



Tlze new method is applicable where the spectrum to be measured does not exceed 2-3 mm. in width 
with a colnparison spectrum contiguous to it on one or both sides. I t  has been used successfully to mensure 
the displacements between sun and arc spectra, where the arc lirles are impressed on bot,h sides of the soiar 
spectrum, and to solar spectra where the ~entr~1.1 strip rspresents the sun's l inb and the s ~ d e  spectra repre- 
sent the centre of the disc ; also to solar rotahion plates where east limb and west hmb spect~a l o ~ m  two 
contiguous strips, or atlst limb, centre of disc and west limb spectra form t brce cont~gaoas strips. 

Where the side spectm are the sanle as i n  the first two oases mentioned a posltlve copy may be taken 
in the ordinary wily and reversed end for ond on the negative and the lines bro~lght anccesslvely into 
coincidence. 

.If there are only two colltiguous spectra, or tl~rae dissimilar spectra,, i t  is necessary to obtain a ~ 3 v e ~ s e d  
positive to place on the negative. This may be done in several ways. A+ positive may be printed through 
the glass wlth parallel light, or witl~out using a collimating lens, by exposmg for a few seconds to a naked 
electric aro placed at  a distance of not leas than 50 feet, and screening the plate from scattered light. 
h o t h e r  method is to take two contact copies in the ordinary way developing one as a positive, and revers- 
ing the other to a negative with arn~nonium persniphate or other bleach~ng agent, The negative so 
obtained can be used on the poaltiva. A third method which I have found t o  be much the most satisfactory 
is to take a singlo copy of the original negative with a long focus photographlo lens ualug a moderately fast 
plate and placing the negatlve with tho glass side towards the lens. If the conjugate focl aro made equal 
the positive can be used on the negative. 

I n  many oases i t  is an aavantage to enlo~ge the original about one and a half or two-fold I n  this case 
the procedure is a$ follows : rtn ordinary contact positive is made on a moderately fast plate and developed 
so that i t  has the samo gradation of tone as the nogative. The positive and the original negative are then 

with the enlarging camera, using h t e r n  plates to increase the contrast ' In copying, thc poeitlve 
be with the slm slde towards the lens, and the negative m t h  tha glass slde towards tho lens (or 

veysa) care being taken to place the film in each caso at precisely the same distance from the lolls so 
$hat the scale of the two copies i a  the same. Very satisfactory results hwe been obta~ned by this mothod, 
the and increase of contrast being a distinct gain in measuring. 

BY ths ordinary method of measuring I have found 110 advantage in enlarging a plate 9 the scale of the 
is not less than one  millimetre to the angstrom because the increased width of the spectrum lines in 

the copy and tho more obtrusive irregularities of grain mdltate against the acourate bisection of line with 
the spider thread With the new mothod neither the width of tho lines nor the grain of the plate has very 

effect on the accuraoy of setting. With the spectrograph I have employed the scale of the original 
negatives is mado as large as is consistent with reasonable exposure times. With a Rowland 3+-inch grating 
of 15,028 lines to the inch the scale ranges bhvmn 1'2 mm and 2'0 mtn to the angstrom and these may be 
enlarged with advantage up to 3 or 4 mm. to the angstrom. 

The photogra;phically reversed positive may be placed on the negative film to film and either reversed 
end for end or not reversad. If the relative dlsp~acements between three different spectra are to be measured 
i t  must be so reversed, but for two spectra only it lnay be either way. When not reversed end for end the 
positive aria negative images of all the lines on one spectrum come into coincidence simultaneously, and the 
entire spectrum assumes a uniform grey tint devoid of all details. In this way it is possible to obta~n a 
generalizedmessurement of the displacements of all the lines of the two spectra by measuring the amount 
of movement required between the two plates in order to obtain this unlforrn tint, firat in one spectrum and 
then in the other, half of this movement being equal t o  the moan displacomenb of the lines, A fairly 
aoaurate estimate of the mean result of a plate car1 in this way be made very rapidly. 

In additiou to t l ~ e  advantages already mentioned the following may also be claimed for the new 
method. 

I n  measuring d~splacements of two  contig~~ous spectra bg the ordinary method a troublesome correction 
has to be applied for the inclination of the threadho the spectrum lines, this being determined by nnmerous 
subsidiary measures. This oorrection is entirely avoided by the new method if the spectrum lines may be 
assumed normal to the spectrum, for it is easy to adjust the positive and negative plates with the speatra 



to ono another lengthwise SO that  tho ~ C S  will also bs pnrallLol. Wit;h n, dosigned 

slit the may be nccl~rately adjusted onco for  to give sl~ocl~rs~ in wlliall bho liucs are OX~~O~IY 

normal to the spectrum. 
In measurxng with the photogl+apl~icnlly rovorsed positivo so t1-d Cllo positive it1;ly 110 j l l aaoc l  on tllo 

negative reversing end for end, on~y~nrnot~r icn~  l i r ro~  moly ho  rnail,v~lrod wit11 l , l~o s:rlne not:nmoy ihn 

hnes, which is far from bcing tho onso in bisocii~lg wit11 81 tbrotld ; t ~ l s o  wltlh olotioly r:hl~torod 
lines such as occur in the vialei and ultra violol part of tlho solar spuotrtul~ tllc, mcnswos colt bo illatlo by 
groups Instead of single linos, for  all tho liilo:. of' one s p o a t r ~ n ~ l  disnl~pear sir~inlt~n;l~oo~~nly whon f1he po~itivo 
%nd the negative alle brought into coincidencs. Tlus groltp method 01jlnln:ites accidc~~tnl  irreg~~li~ritias in  
the d~~t r ibu t ivn  of the silver greius which curt,nlnly nfrect Zll~o moa,suros af i~~diviclna,l li~lop, t,o sonla oxlont 
by any metllod of measuring. 

Finally the strain on tho eyes 8oorns $0 ha 1 0 s ~  sovero in cstimi~ti~ig (lun~ilio~i of llno iln:l,go~ of considor- 
able midi,h compared with t h e  stmm of concantrating ~ l~ to l~ l ion  011 :1,11 oxcoocllngly nnrrow tl~~o;nd i t n i l  tryitkg 
to place it oentral on a loss well dofined lino image. 

Thc following fillrly oLvious ob joctious n1i1.y be plnclo to tlhu ~ilot,llo(l :- 

(1) Th8 rxtra  titno illld t~Ollbl@ Y P ( [ I X ~ T G ( ~  in ?nilking ~lli t i l j l)l~ 110fiiLivo8 i l d ~ d  i l k  ~(iitilkg 111) ~ 1 1 0  11Iibfi08 

for measnrement 
(2) The possibility of new soru-oos of orror introd11 c:o(l i l l  cn l~y i l~g asprci;llly w l l o ~  copier, il,lto obtflinud 

through the  glass. 
(3) Errors due  to a, paralllax uifeaL o ~ l l s o d  by t l i ~  d i ~ i i ~ l l c ~  ~~p~ribf.ilig 1\10 t1\vo fillll~. 
(4) Confusion rcsuli,ing from illo m~~lt ipl icet~io~i  r)E i ~ l l : b g a ~  111 illlo fiol(1 ol' v iew ol Cllo ~nicronool)tt. 

Objection (1) must bo weighod against $110 i ~~o ro tuw ol' :hoc:tlr:t,c:y c~bh:~,i(~otl. 'I1llo ox(,~*i~ t .ro~l, lu ill ~otl,ilrg 
up the plates for mensurerne~lt may 110 ln~-gcly ~ ~ ~ i t i ~ r ~ t o d  1 ) ; ~  ~11itfh1y ( l ~ b ~ i g ~ ~ ~ l d  ; ~ r l ) l ) l ~ l * i ~ t ~ l ~ m  

With regard to (2) tlle experlolioo 01 tho writor is tll:~b I I O  1t1t~;~wrnblo r l l ~ t o l * b i o l ~  o(:(:111*~ i t )  $110 l i l l t r ~  OI 
a, spectrum 1n copying either by c011 ti~ct, or wit11 ;I, IUIM :sll(l td~~*tn~gb lllo glnss. 1 [ sltch dii~t~orltic 111 t l ~ o ~  
occasionally occur such errors lnsy bu .Il.snlod t ~ l j  ~)urol ;y ~~(:ciilont:~l. 

(3) Errors due to a parallsx ol'fect 1mco111o iq)lir~oiiil~lu il' iho l)ositivo nml i~ogillivcj plst,or; t a u  ~c~~) iwr~~t ,o t l  
by intervals greater than -5 unm. ; wit11 (~liit.~ble R~~DP:II,IIx IIOWOVOI~ tho p l i ~ ~ t c ~  (i:ui 110 i ) r ~ ~ ~ , g l l t  to witl l i l l  0-01) 
mm. ~f the upper plate is cut as mnall as possibln. 

(4) The confusion of irna,ge~ i~ soti~otirnu~ rai,ho~+ bttilli~~g ~ v l l o ~ ~  tllio po~i t ivo  is rovol*sorl ol~(1 for ond 
on the negative. Wit11 exporicuai~ in working tho  i i l ( k h o i l  L l l i ~  (IiUi~ully d i s i ~ ~ ) l ) ~ ~ i r ~ .  

The accom~~anyiug drawing shows tho ui\nnlinl i'onluros ol t h o  R ~ I D , Y [ L ~ I I ~  Ill:~~t h & ~  IIOUU. I I R O ~ ~ .  A  LOLO- LO- 
graph of the lvlcromater with tho apparihtlx~ t~,lt:tcl~ed i s  1 1 1 1 9 0  givun. 

In the drawing P is R, ~ l i d ~ n g  brass plato 12 in(;llos lo l~g  x 24 i n o h o ~  witlo t ~ i t d  11:rving %n opcming or 
slot cut along the centre l enghl lw~~o about 4 inch wido gbrtd (I irlallon long. 'I1wo H ~ ~ ~ P I I  o(:  WOO^ 1~1'0 N O ~ V U \ Y C ~ ~  

t o  the plate uoderneath, 0110 on oiloh a1d.e of tho  olmniug ; Ll~oilo form iln, mounting la vvhioll llllu 1)unitivo 
is gummed film down wards. 

Above 2' is a flat piece of h a d  wood PK itloll thiolc, 7 ioohos lorlg, i ~ l l d  t ho  snlnO widLh D,R 1'. ' [ ' l~ i~  
also has an openmg ou t  in the centre. Brass anglopioco~ 11, A ,  ibrosorowoll to tho  wood :dong tho c~dyca; 
these support a d  guide the s l d l n g  pli~to. Tl~a ellgas of 1' illbo ground ~ t r t~ ig l l t  i ~ n ( l  pnrtrllol, and l,hu in~ler  
surf aces of 8,  are filed true. Bet, ween 6110 angle l~ioco JI , and 1,110 ndgo ol. llho slidill# plai,c :I ~ong uprill# 
6 of lmrd brass wire is inserted ; this hold8 tho l ~ l i ~ t c  rrgaillst A ,  n ~ i l  mfilcus tl lu alitling ir~ovo~nal!.t 
~ 1 ~ 0 0 t h  and easy. The  outer edge oC TV', and couiiequont,ly t h o  illnor sudtrt:o 01 ,, is madc p;rl*:,llol t o  $110 
ways of fhe micrometer. The positive being sttschod to tho sllcling parts oan by this moans Lo lrlovod 
over the negative, which is fixed to  tllo micromotoit stage below, nntil tho corro~ponding linos m,ro noar 
together ; and this moVornent cannot disturb tho ililjl~stmont EOF pfirnllelian of tho upoctrum lines i t 1  the two 
photographs. 

The wood W 1s attached to  the moving oarrisge of the ~nicrometer by iwo atroug angle pieces medo 
of & inoh steel plate. One of these R is shown in tile drawing. Each is co~lnectad to  tb@ wood by R, sorew 



passing through a hole in the steel made just large enough to allow the Uireads to pass freely throng h. A 
large nut with milled head N fits on each screw, m d  between the steel and the wood pieces of stout clock 
spring C are placed. By turning the nuts the springs are either compressed or released and the parts 
below are drawn up or forced down. The positive plate can in this way be raised or lowered and its 
inclination adjusted to parallelism lengthwise with the negative. 

On each of the steel angle pieces there is also provided a screw mth milled head T. This i s  screwed 
through the steel in the posltion shown, the end bearlug on tbe clock sprlng ; its functlon is to adjust tho 
inchnation of the positive laterally and bring it into pari~llellsm with the negatlve. 

By means of the two adjustments the surfaces of posltive and negat~ve are made parallel and brouglit 
as near together as the unevenness of the plates will allow, usually within & lnln. Two clamping screws, 
H, hold the entire apparatus to the sliding carriage of the micrometer. The holes in the vertical part of 
the steel connecting plates are slotted and by lonsening M the whole may be raised or lowered. throlrgh 
about 10 mm. 

The microscope tube is shown in the upper part of the diagram its objective belng at 0, about 3 inches 
above the plates to be measured. The microscope has a magnifying power of 12 diameters and a large 
field of view so that a lengtli of 12 mm. of dpectrnm may be seen. 

Nethod of wor7cinS.--Th~ negative to bo measured 1s securely fastened to the micrometer stage along 
its edges by two or more strong dog clips. The slitllng plate P is pvlthdrawll and the positive copy which 
is cut as narrow as possible is fastened to tho wooden strips wlth photographic paste. A very suitable 
adhesive is Higgins vegetable glue as this is not too strong, and when completely dry the plate may be easily 
detached. Before the gum has set the spectyum is made central and parallel to the edges of t h ~  slidiiig 
plate. A few minutes are allowed for the gutn to set, a.nd beforn the plate with the positive attached is 
replaced in the dido the latter is raased to its highest; polnt by loosening the clatnps M The plato is then 
put m and the whole lowered until the positive rests on the negative, film to film ; the clamps are then 
tightened and tlie nuts N are turned so as to rrtlse the posltlve just clear of the negative, the scwws T sro 
also slightly turned to adjust the two surfaces parallel. In order to bring the positivo z~nd llegcltive spectra 
into coincidence and parallel to one another lenghhwlse the negative is adjusted laterally, In the micro- 
meter which has been used for this work the stage is provided mitli lateral movements which are ai great 
convenience in making thls last adlush ment. 

The positive may now be moved by hand over the negative until tlie correspondkg lines in tho two 
plates are near together in the field of view, it is thou moved by the micrometer screw to get the auccesaiva 
coi~lcidences of positive and negative images in the two spectra to be compared, the successive readiilgs of 
the screw giving twlce the interval separating the lilies. 

I give below two examples of measures made in the ordlna.nar~ way and by the new method, to show 
tha relative accuracy obtained. These represent two senes of solar rotation l?l!loteg. In  the first series 
(example I) the exposures were rnede alternately on tho sun's east and west lunbs, the central strip of spec- 
trum representing the west limb and the two s d e  btrips the east 1mb. Ax ordmary posltivo reversed cnd 
for end on the negatlve was used in the new method of measuring, tlie original negative being used for the 

measures. I n  the second series (example 11) the exposures were made siulultanooasly on east 
a d  weat hmbs, these being represented by two contiguous strips of spectrum each 3 mm. in widtli. 
The original negative was used for tile ordinary method of measuring, and copies eularged 1-4 tims for tllc 
positive on negative method. 

I.--SOLAR ROTATI(IN PLATE. 

gate-February 28,191 1. Alternato exposures- 
Latitude (mean) . . . . , loo$ 
Anglo D , . . . . 7 O . 2  
Correctron to limb . . . ... & 

centre sLnp west limb $ = 2O.1.  
s ~ d e  strips east limb 4 = 0°*8. 



MICROSCOPE 

NEGATIVE 

MICROMETER SLIDE 

POSITh/E MICROMETER STAGE 





-- -- - --- 

mm. mm. mm. 

6262 '773 .. -133 ,128 *I31 A563 

6266,572 .. -13'7 -138 *I37 $632 

6261.316 .. -137 '123 '1 30 '5605 

G266 348 . s b  139 '137 ,138 *5-LS1 

6270a4&2 .. ,124 -185 130 *6416-l* 

6280.833 ... .I44 $136 .I40 -5396 

6291'184 ... '14'7 *I37 I .142 * 6339 

6298 007 .I37 +I39 -188 '6301 

... 630l.h~ *13G ' '136 .13G *6281 

6302'709 . 32 IS1 *132 *627l; 
! I - --  - -  - - 

... ... ... ... ... Mean ... 1149 
Probable error - . . . .  ... ... , . . . . .  2 9 1 2  

IKm!aea. 

... ... Mean result of plate giving equal weighbs ... 1.7241 
Correction t o  limb ... . . . . . . .  . . , . . . , + '057 

... Correctionforseca~ntofsngloD ... ... -/- *01$ 
Correction t o  equator ... ... 

I.. 4 .  I . . , + -003 
Correction for earth's revolution ... . "  . + '143. 

Positiva 07% wegaiivs mi?t7i,od. 
---- - - -- - - -- - - - - - - - -  

A 1 D I ~ ~ L .  1 R O V O I - R O ~  I .df. L K W ~ .  h d 0 m q  ", 1 & / ~ o o ,  -1- 

Sidereal velocity at rqllator , 1.937 
7 

2 

Me~tlz .,. ".. . .  ... ... , . .  . .  Ph97 
Probable error ... ... ... ... . . ,.. . . & *006 

-I-..- - ---- 
x 

*8867 

'03641 

03 62 

'034t3 

'034i 

0:1:,6 

Q8G8 

*0301 

0:362 

mm. 

6262'7'73 .. 1 263 

_- I _____--" 

1.11 

170 

1'GP 

I.65 

1'66 

lq70 

1.75 

1.72 

1 68 

6256 572 . 
6261 316 .. 
6265 348 

6270 442 .. 
6280,833 

6291'184 . 
6298 007 

6301 718 .. 
6302 709 .. 

- - -- 

*6tiG:j 

'6632 

'G606 

*rjhSl 

'6'1164 

5395 

,0368 1.71 

-" - ---- 

'261 

268 

,263 

'248 

,263 

,272 

'2 76 

'2 67 

272 

----- ."- ------- - --- 

mm. I mm. 

'251 '1 29 

261 128 

I 268 1 128 

'266 
, 

,260 

'266 

'127 

. I21  

'182 
I 

219 

270 

2G5 

271 

'158 '5389 
I 

*186 

1183 

'130 

'6301 

"6281 

*62'70 
7" 



11.-SOLAR ROTATION PLATE. 

Date-May 22, 1913. 
... Latitude ... 8". 5 
... Angle D ... 1O.8 

Correction to limb . . = - -  zk 

Ordlinary met hod. 

I Direoh. / Reversed / oorro"ted 
mean 

[ m1n. 1 mm. 1 n-un* 

Simultaneons exposures. East and west s t r i p e  

contiguous. 

... ... Mean ... ... . . . Ia782 
... Probable error ... ... ... ... ... . J, *OlS 

* Correction for  inclination of wire - '0026 mm, 

Positivs on lzegatiws method (enlarged copies). 

Mean -.. L . . L *  ... ..* ... * w e  . .  1.779 
Probable error . . ... ... ... . .. ... ... + ,006 

A 1 D~recb. R eve- *4 I Ealf m m n  1 Paob 0.8. 1 4; 1 K n~/soo, 

551-10-434 .. 
5562.933 , 

5565'931 .. 
5567'621 ... 
5569848 ... 
5578'075 ,. 

5676'320 ,, 

5578946 ,.. 
5582.198 ... 
5586991 . . 
5588'985 

5590 8443 

6601'505 +,. 

5615'817 ... 
-- 

--- -- " 
1 

0 

A 

0332 

.0341 

0334 

,0330 

'0335 

0332 

'0335 

'0324 

'0335 

*0320 

0329 

0320 

'0334 

0332 

-- - 

1-7:) 

l e H 4  

1.HO 

1.78 

1'89 

1'7a 

1180 

1-74 
1 8 0  

1-72 

1.77 

1.71 

1 '19 

1.78 

--- 

m m  . 
-321 

326 

313 
322 

'325 

-316 

mm, 

'315 

,330 

,330 

315 

328 

'327 

mm 

*;59 

-1 69. 

161 

'159 

,162 

'1 61 

-832 

332 

1340 

'322 

-324 

315 

336 

'331 

4172 

$162 

4152 

,4146 

-4138 

-4127 

'4116 

4107 

'4095 

'4078 

040'12 

319 / ,103 

299 

315 

307 

'320 

158 

,164 

~167 

314 

330 

'3 37 

151 '4067 

'3. G I  '3977 



XmJseo. 

... ... Mean result of plate giving equal weights ... 1.780 
... Correction to limb ... .,. .*. . . ... + 0047 
... Correction for secant of angle D ... . . ... -f- -0002 
... ... Correction to equator ... ... ... . . + -034 
... Correction for earth's revolution ... ... . . -t- *I35 

... Sidereal equatorial velocity 1*996 - 
The measures were made by myself and the same amount 01 care attention was given to each 

method. The plates were first uioasured with the red end to the right hand and then rmersed and the  
measures repeated. The resulta in fi~act~ons of a in~llimetre are given in the se~olld and columll, and 

the means in tho fourth column; halved in tho case of the now method which measures the double interval. 
ax  The column headed -- gives the half interval in angstroms and this is converted into kilometres par a 

second in the last column but one. 
It is seen that the residuals are notably smaller in tho case of the positive on negative measnres, and 

the resulting probable error is half tliat derived from the ordinayy measuros in I, and less than half in XI. 
Up to the preaent fourtoell rotation plates have been measured by both metlhods and in all of these. 
the residuals are smaller by the new method, the average probable orror being f -015 kmlsec. by the old 
method and + ,009 km/sec by the new. This is a, somewhat smaller difference between the methods than 
is shown above, but some of' the earlier measures show larger probable errors which are doubtless due to 
inexperience in working the new method. 

It will be notlcod that in the first comparison there is a aystemstic difference amounting to nearly 
3 per cent. in the mean results of the two methods. This is not easily explained, the inclination of the 
thread in the ordinary measures is in this case automatically allowecl for in taking the mean readings of 
the two side spectra which are similar ; and tllere appears to be uo other source of systematic error. I can 
only suggest that personal bma afTeotls one or other method, and I t l~ ink  it probable that the smallor values 
are the more correct. It is possible that in measuring in tho ordinary way there is a tendency to exagger- 
ate displacements even whan, as in my own measures, a sliding mask is used to limit the field of view to 
one spectrum st a tlme. 111 all the rotation spoctrrh I have lneosured in duphcatto tlm old method gives 
larger vaIllue1es of the displacement Lhan the new but there is often some uncertainty as to the correction for 
incllnntion of the thread, Tho average valuluo oE tho sidereal velocity sL the sun's equator from 14 platetes is 
1'946 krnlsec. for tho old method and 1925 lcm/bec. for the new. 

In exa~nplc I1 the sgreeinent of the mean results is very close but this is possibly accidental. The 
correction for inclinatlion of the wire is determined by rneawnng the lines of .the arc spectrum of iron 
impressed on the platen oulsido the solt~r spectra and in this plate only four arc lines aro strong anougli for 
measuremetlt. The r e ~ u l t , ~  pven by the80 lines were not very conslstont and the correction is therefore 
soniewhat uncertain. 

In  measuring by either method tho maan of live settings is taken as the reading for each line, and from 
tho accordance of the individual settings the probable errors of the reedings have been computed for all 
lines in the two pln,tes. Tho probable errors of the differonce of readings, i.e., the displacements were theu 
derived for each line. The average probable error of a line aerived in this way does not differ rnaterjallp 
from that derived from the accordance of the different lnzes, as is shown below : - 

Probable errors of a single line. 

By aocordanae By aacordanoe 
of lines, of settings. 

... No. I Ordinary method ... ... + ,039 I<rn/seo, + -049 Km/aec. 
,, Positlve on negative ... I . . , .  $- '019 ,, - + *030 ,, 

No, 2 Ordinary method .ma e b b  . . & -050 ,, $. *OGO ,, 
... ... , Positive on negative ... f- -0% ,, + *028 ,, 
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'l'he llurnbar of lluas measured br-:ing 10 for No. 1 and 14 for No. 2 the probriblo errors ol the m o a -  
xes~~l ts  of the plates are- 

PTO bable erYoTs o j  mean YeszLbts of plates. 

By accordrlnoe By acoorilanco 
of lines of sektings, 

No. 1 Ordinary metlzocl . . . ... - 1- 0015 I(m/~oc. + -01 2 Km./sec. 

,, ,, Positive 011 nega.tive . . .. . - + -006 ,, 4- *009 ,, - 
No. 2 Ordinary method .. ... . . .  - +*016 ,, -4.013 ,, 
,, ,, Positlve 011 negative ... ... . , - -I- ,006 ,9 

+ -007 ,, - 

For those plates therefore the probable error is about halved i n  the posltive on llegatlvu moirsurou ;x.s 

compared wlth the orduni~ry measures, and the gain in accuracy is about the s:lino whicliovur way the 
probable eyrors are estxmated. 

The method has been found parbcularly useful ln measuring t ho  siiinll displaco~l~entn b ~ t w e ~ n  llio l i n a ~  
of tllc a m  spectrum of iron and solar lluos at tho centre of tho d ~ c .  fil /this cast!  SO olllargolnon~ 01' tho 

orig~nal negative 1s advantzgeous. 1 give as an  example a ~ecen t ly  measured plrtto cot~t:r~tliil,y live 1ro13 

hnes. The positive and negative plates were enlarged from the 01-1gl~ol to a scale of 2-77 xulllmlutrus Lo tll o 
angstrom. 

Date-March 26, 1912. Centre oi sun's dxsc hnd 1's arc. 
Hour anglo of sun .. . ... . . . a *  . . . I h t  , ,  24" 415' o n ~ t .  
Correctlolz for orbital vvsloclty of earth . . . ... ... . . . +.485 Kuzlseo. 
Correction for d~urnsll velocity of earth , , , , . .  *a -  ... -*I91 ,, 

--- 
Total correction = V = .. . +-294 ,, 

mm, 

069 
'103 
053 
-075 
-060 

mm. 

071 
102 
060 
'071 
061 

The different hnes in this case show very diffemnt displacements, as is seen in tho last colullln Q -arc, 
it is llot possible illerefore t o  derive probable 0 ~ r o r ~  from the accordance of these as t,llo dlflerences ara i*o:bl. 

The average probable error for each displacement derived from the aooordanco of settings is + *0003 tho 
oreatest bemg 2 0005 A and the least + 0001 &. The same mean result is got by a aoompnrison of dlrnut 
0 

and raverfied meesures, t a k ~ n g  account of the fact that the figures given m the 2nd, 3rd m d  4th columns 0 . E  
the a.bom table represent the double mtervals. 

The accuracy of settiogs for the arc lines is greater than lor the solar lines, tho mean l~xobablc e r r o r  
of an arc line from five settings being +. '00018 aOand for a. solar line 00024 :I. Wi th  the best a r c  
lines the error does not exceed _f 0001 $ whlch on the scale of the plate measured is equivalleat t.0 
e0003 mm. x 2 = 5 *0006 lnln This extraordinary degree of preclslon may be easllg attLiined by paying 
attention to cerhin detkls  of manipulation both in taking tho original photographs and i n  copying tho= 
AS the best results for  uneylnmetrical lines are got by photographically reversing the positive wlth refor- 
enoe t o  the negative and not reversing the spectrum end for  end, lt follows that tho posittiye ,images o n  o n e  

of the spectrum will be superposed on the negative images on the opposite side, and unless the images a r e  
of equal density on both eides the sensitiveness of the adjustment for ~oincids~lce will be greatly impaired. 

taking the oslginal photograph therefore care should be taken to ensure this equality of densltp. Fox* 
direct current and a steady arc i t  is sufficient to  reverse the poles during the exposure 80 that positive a n d  



negative poles chaugs places wlth reference to tlxe spectrograph slit, nnd an equal exposure is given in each 
position. This wlll also correct any very small chdnge of weve-length which may be suspected in the 
zadiation from pos~tive OP negetlve pole. 

I n  making the positive and negative enlargements for measurelnent ~t is, as already mentioned, 
esaentlal that both shall have the same gradotlon of tone ; at any rate for the lines to be measured. In 
many cases the variation of denslty for the drlforent lines is so great that it  is dlffioult or not possible t o  
obtain a pos~tivc whleh 1s the exact co~u~turpast of the negative, but with ordmasy care m development 
the posltivo may be made to exactly rlautrsllse the negetlve for a large proportion of tho lmcs. The fit " 
of the plates may be tested ~mincrlletely after fixlug by sliding the positive on tlie negative film to flrn 
wlille wet, and holding up to the hght. I11 iueesuylng, good results cannot be obtained unless the movernont 
of tlle ~nicrollleter is perfectly smooth and ~vlthout appreciable '' backlash ". Ordinary spectrum micro- 
meters leave very tnucli bo bo d e s ~ ~ e d  in t h ~ s  rsspeot , there 1s considerable frictlon m the gunmetal slide, 
and unless this is constantly attended to and cloansd the movement becomes irregular with much losfj 
motion in parts of the shcld mhctro the 011 llas 1)oco~ue tllzck, or dust has acou~nulat~d. 'rho apparatus I have 
adapted for use wit11 the uncro~netclr i s  to be rogarded as a, prollizliilary mnkashift, uselul i c r ~  sscertalnlng 
tho pousiblllties of t h o  inetJhod, I have littlo doubt tJhat strll groator accuracy could be attained i P  iho 
micrometer wero speclnlly (Iesigned lola thc purpose It would be betlor for ins~ance to have a fissd 
rnlcroscopa and s11d.o I'OF tllc posltlvo, and mount the negative on a aarrjage moviilg on wheels. With a 
practically frictionless luovement tlie lost, rllot~on oonld be reduced to an infiultesirnel amount a i d  the wear 
on screw and. nth would bu groatly loasenad. 

J. EVERSI-THD, 
Direct or, Ifoda~il~alnal a t~d  Jradsas Ubservatories, 
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