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Art. XX.—On the Absolute Wave-length of Light; By Louis
By, Fellow in Physics in Johns Hopkins University.

UP to the present time, Angstrom’s map of the solar spectrun
and with- it his determination of absolute wave length, has re-
mained the final standard of reference in all spectroscopic mat-
ters. But since Angsirém’s work was published, optical science,
particularly that part of it which deals with the manufacture and
use of diffraction gratings, has made enormous progress. It is
now possible with the concave grating to measure relative wave-
lengths with an accuracy far greater than can be claimed for
any one of the absolute determinations. The numbers given by
Angstrom are now known to be too small by as much as one
part in seven or cight thousand, as has been shown by Thalén
in his monograph “Sur le spectre du Fer,” and since Ang-
strém’s work but one careful determination has been made.
This is by Mr. C. S. Peirce and was undertaken some eight
years since for the U. S. Coast and Geodetic Survey. No full
report of this work has as yet been published, though it is
evidently very careful and has already consumed sev  al years.
Certain results were communicated to Prof. Rowland of this
University to serve as a standard of reference for his great map
of the solar spectrum now nearly completed, and it was to serve
as a check on these results and to furnish a value of the abso-
lute wave length as nearly as possible commensurate in accu-
racy with the micrometrical observations, that the experiments
detailed in the present paper were undertaken. Only the work
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with glass gratings has been gag yet completed, but since the
relative wave lengths, which are intrinsically of far
portance, are now ready for publication and have been reduced
by the value herein given, the resalt is published, leaving
for further work with speeulum mety] gratings, its final con.
firmation or correction, ’ ' '

This portion of the determination is delayed awaiting better
facilities for carrying it out, but the writer intends undertakiny
it at the earliest Dossible moment and henee leaves for a future
paper the complete dizcussion of the problem, -

The writer desires here to express his deep obligations
Prof. Rowland, under whose guidance the "work has heen
carried on and to whom o Very important correction . ig dne,
and to Profs, W, A. Rogers and C. 'S, Peiree for informaiion
given and courtesies extended. :

Exreriesrar,

The determination of absolute wave-length' involves two
quite distincty, pmbloms—ﬁrst, the exact measurement of>(he
angle of deviation of the ray investigated, and second, the mens.
urement of the absolate length of the gratings used. Rael, Lor-
tion of the worlk involves its-own st of corrections, frequently
quite complicated and diflicult, but it is 1he latter part ‘thay is

ther on. *As to the form Popart, several importdnt, questions
arise at the very outset.  Wirst is the chojee between transniis.
sion and reflection eratings.  The principal work heretofore
has been done with the former, but metallic gratings possess
certain advantages, notably from the ease with which their
temperature can be accurately measured, and the fact that they
can easily be made of 4 size much larger than glass gratings,
and consequently a small Inaceuracy in measuring them involves
much less error in the resyls,

On the other hand the coefficient of expansion of speculum
metal is more than twice as great as that of glass, and being a
good conduetor it is far mors sensitive to smal] changes of tem-
perature.  And thig property increases the liability to irregu-
larities in the ruling, particularly in large gratings which require
several days for completion, In ruling on glass change of tem-
perature is less serious but this advantage is more than offset
by the faults caused by the wearing away of the dinmond
point, which breaks down so rapidly that it s enormously diffi-
cult to produce a glass grating free from flaws and at all com-
parable in optical excellence with those upon speculum metal,
The determination of absolute wave-length should rest o meas-
urements made with both classes, and with sufficiently exact
instruments and very careful experimentation, the better results

peculiarly liable to error¥vhich will be treated in detai] fur-
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. . . -
can probably be obtained from the metallic g,rmtkmr_grs.1 I‘f)r tlht:
reasons previously stated, this paper 1s confined to the resu
from glass ones, o _ .
Noa' there are two quite distinct ways of using tlriz}nsr?ls..rl(:)r;
) : g ¢
gratings—first, perpendicular, or nearly s0, 1o collimating or
observing telescope ; and second, in the position of lmlmmum
deviation. The method in the first case is familiar—the proper-
L N ~ryes e WS- .
ties of the second are as follo o 4 the diffractod
" :ing iffracte
! ral relation between the incident and the ¢
The general relation ‘ '
ray is: o
sin &+ sin (§—7) = o
’ i5 gives the ordinary fo a {or normal iuci-
When 7=0° this givés the 01(]111:11? formula for no
dence.  Putting it in the form—

) )
A= 2(0) sin o eos (i — <),
m 2 2

1ati ‘ arterm will evidently be a

-the deviation represented by the angular term will eviden vbes

) . . . by

ini = ‘ave-length will then be given by
minimuin when i=; and Lhe~ wave-length wil ! g

the formula

Tt is not easy to say which method ofpmgcdu_re !sllin'ef)emé)l:a,
but on the whole t,lm‘m-din:'lry plan of normal n}(fuiulf,f,]o fl:f
fewer experimental difficulties and therefore was afl(l)p L;L, ‘w
ticularly as the spectrometer used was specially A:vcl s'Lllnc i
that method. Tt is quite cm'l:un't.hat‘elt!)er mof\l(.’t, \\} ‘\'\'ll‘;
prouer care give the angular deviatici \\'it,]j an(!(glxw':l)t (()i\.&w
ness far surpassing that attainable in thé measureme
gratings,

Tur Srrcrroverir.

This was a large and solid instrument by l\l(eyerstel‘n ]“:n-h a
circle on'silver 82 in diameter dl_vul\cd to tellEll.g ‘of‘a‘ ¢ L;z,'i‘cio.
This is read by two micrometer microscopes 16“) apart, unl]Z
piteh of the micrometer'scyewg is sucjx tlm.t'onu t‘l‘l*lll eq‘ll e
about 2/, and as the head 18 divided into sixty pa q Q?Lwith
these represents 27, The micrometer cnn,rh‘oweve]i'? upt.fxﬁ vith
certainty to less than half this amount. The co (llmgsimgfocal
observing telescopes are of 4 clear apcrtun}al an o el
length and the lenses are well corrected. The collims
fixed to the massive arms which carry the reading mlcr%scopc'es .
while the observing telescope is attached to a collar or{)t E axlls
of the main circle and moves freely upon it or can e “Iil%
clamped so as to move with the circle. The grating is carrie

s
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gp %n lndJusst:}bha platform with a circle 1950 in ‘diameter
1vided to 30" by verniers to 1’ ing ei ith
. . and moving either
the large-circle, . &7l ipon or with
P : ' L
. This ]an:_mgement of parts does not admit of fixing the grat-
Ing rigidly normal to the collimator, so in all the expérimbents
\n},\.\‘;a placed norlmu] to the observing telescope, a position
which was particularly adv; in the 1 j
whic 'I‘hop‘i; ‘t'l irly 'td'vanIageous. n the matter of adjust-
jent.. , strument was set up in a southern room ip the
physcial laboratory and thronghout the experiments the collj-
gmturI pointed about south-southeast.  With the eyepiece used
e observing tolescope had er of € ixte
' a PLOpE hada power of very nearly
dinmeters, ! Y reutly sixteen
Gramines,

.

\'gr)’ few glass gratimgs have ever been ruled on Prof. Row-
land’s chgine, since for most purposes they are much inferior to
the nwt‘ulhc‘ones,. and are very mueh more difficult to rule, ag
they rin great risk of being spoiled by the breaking down
of the diamond point. A very few, however, were ruled in 1884
with special. reivence to wave-length determination, and of
these the twvo best were available for these ex})erimentsy. The
are both ruled “upon plane sextant mirrors, and are of ver}i
nearly the same size—thirty millimeters loi]g - with lines d)f
ahout‘m.nctccn millimeters. ™ Each hundredth Ine is longer, and
each fiftieth line shorter than the rest. so that the gratimé are
very casy to examine in detail,  The ruling of Loth is smooth
and firm, without breaks or accidental irregularities and almost
without flaws.  They  were ruled at different tel‘nper"ttures
and on different parts of the serew, and while one w"ms.rulcd
with 11114:i ordivary :n'r]:mgcnwnt. of the “engine, Lht‘;'other
was® ruled ieoa very different spaee by S
serew. " This areat (:ivk't‘l‘ﬂi!\(' <L)1"]E(:£:llihl?0|ln)£ il]xntt‘l{xlgbt\(x)'g i tﬂ_ngeryt
far from favoring a close agrecient in the red i tonds 1

rfi wortng a close agrecment in the results, but tends to
eliminate constant errors due o the dividing engine, and hence
to merease the value of the avirage result, Tt must be remenm-
bered that two gratings ruléd on the same part of the serew are
]I“' nn;s't respeets little better than one,  The grating designaéed
e . 3 S, )
401‘131 t.“llls[{:??})ﬁ:”(.;;:lnlléltléll:s 111.12],(?,'3:1‘):\(3«*?,)at the rate of very nearly
i X as ruled (by taneent screw) at
A temperatare of 6247 C, in Jannary, 1884 Ty Dgives excellent
definition with ahnost exact]y the same focus for the s )éctl‘q on
oither side, and g quite free from ehosts or othhl' i "1
githet g er similar

Fhe gratiug desionated 11 hag 8.600 spaces, at the rate of
abg)u‘r 7,200 to ;‘}19 neh, and was ruled in 3 m,rcmber, 1884, at
11 1‘» C. lts detinition and [ocussing are very nearly as good as
in Land like it it shows no trace of ghosts or false lines; they

r
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are both exquisitespecimens of the work which Prof. Rewland’s
engine is capable of doing, -though as the event showed; I is
decidedly the better grating, in the matter of regularity of ruling. -

A~NGuLar MEASUREMENTS,

At the beginning of the work a serious question of adjustment
arose. There aretwo ways of using a grating perpendicular to

.one of the telescopes.  In the first place it may be ‘placed and

kept accurately in that position, and secondly it may be placed
nearly in the position for normal incidence, and the error méas-
ured and corrected for..” Angstrim used the latter methog which
involved a measurement on the direct image of the slit as well
as on the linesobserved.  Using Angstrom’s notation—Ilet & and

1

a’ be the readings on the spectra, and M that on the slit. Let, *

also, - , SR
a+a . . a— .
—M = A and 2 = .

Then if y is the angle made by the incident ray with the nor-
mal to the grating, and N the order-of spectrum,

N , L
= cos (y+a)sin gy

also ' sin 37 = sin () +2) cos @,
and tan y =

the above equations,
sin y
cos ¢/

sin (y+a) = .
Now it was found that with the collimating eyepicée belonging
to the spectrometer, 3 would never exceed and seldom reach
107, while the angles of deviation observed were about 45°,
Substituting these values in the last equation; it at once
appeared that the cosine of (y4-4) was a quantity differing from
unity by considerably less than one part in a nfiilion, and hence
entirely negligible.  Further, it was found that the grating once
set could be trusted to remain perpendicular through, a series of
measurements, and though at the end of each series the grating’
was adjusted to a new part of the cirele, and a close watch was
kept for its slipping out of adjustment, it was never found
necessary to reject a series from that cause. A

The grating was centered and adjusted with reference to the
circles and their axes by the ordinary methods. Throughout
the experiments the light was concentrated on the slit by an
achromatic lens of about half a_meter focus, which was placed
behind a sheet of deep yellow glgss, which served to cut off the

f
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overlapping blue rays which might otherwise have prdved.;

troublesome. A heliostat enabled the sun's i -
' | ) ; e sun’'s im¢ :
centrally upon the slit. mage to be kept

The method of observation wasas follows : When instrament

and grating.were in exact adjustiment, readines were taken-on D
in the spectra on gither side of the slit, and ?he augle measured
from. three “to six times in rapid succession ° o
beiig of course on the same side as the first,

Then the grating * w ated |
e grating ' was rotated about ten degrees, readjusted, .

‘and the process repeated.
T - . Al g . .. ’ . ! )

' fllg angles obser ved.in one series were combined to eliminate
‘ teuora o_'_ftsettmg, while the use of all portions of the circle served
0 correct errors of: subdivisi | £ indeps

d_c Yect errors of subdivision, sinc:: the number of indepen.-
ent series of ‘observations was quite large, o
To climinate.any. errors which might be due to imn
of_‘ll'g.uvrg‘m the gratings they were used in all the
f;J‘osx§}0U,51 No SU?I} error, however, beeame apparent seither
rom’ critical examination’of the gratings ‘themselves, or from
. theozl')(\sults pbtamcd 1 the different posttions,
: servations with grating I wére heaun late in O , 1885
and ocenpiog sl grating re begun l.lt‘c in October, 1885,
_ 1 ¢ clear days for a month, - Forty-cight series of
Ll}e;ml};e;tmntp were made, and the agrgement between them was
?1{ satlsfal(,tor[y.] After correcting for temperature, thirty-six
ol. the number fell within a rinoe ee seeo ! res
O e num! i (} 1“ \; 1'rh}1,n_a range of three seconds and the rest
reclustered closely about them,  Observations on the various
days were as follows : ' : ' :

perfections

. * Number of
. Date. Series,

©+ Oct, 19, 1 L

S 20 150

X Y
£l

133 [
e 15°

3

.o @
bl

26

“45°

N o s

9=

!

23 O 3
i
3

24 : 45°
31 .dne
: 45°

. 45°

’ ~ 45°

I . 450

i - 45°

’16 S : 45°
. 1 B 5 - 450 1! 4,‘.7_
20) . 45° 17 4.

> o
<

-5—.2.'.‘.01.;*
- C o=t

< o

- .
1

.,.
a ol
AN

w1

All the above were in the thing spectrum to which measure-
[uents were in the main confined as in it the definition was
particularly good, and it being the highest order which eould be
conveniently observed, an error in tha angle would produce the

» the last reading

four possible .
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minimum- effect. The spectra:on ‘both sides of the slit were
about equal in brilliancy and definition.”

The obscrvations were weighted as nearly as possible accord-.
ing to- the favorable or unfavorable conditions' under whick

- they were made, and when finally combined gave as the value of

- the angle of deviation for grating I,

, P=45° 1’ 48"24420"11,
The above probable eror is equivalent to a little less than

“one part in a million and can.introduce no sensible error into

the resulting wave length, . ;
Other work intervened and the measdrements with grating

1T were not taken ap until.early in the succeeding ‘March.

Precisely the sameé wethod of observation was employed and
the results were nearly as consistent and satisfactory.
The obscrvations by days avere as follows : '

Date, 1886, © Numberof Scries: Angle.
March ¢ R R 42° 50 1"
) B Y . (. 42° 5876
BEND e o : 2% 50 1Ty
A , 4u? 170
16~ 6 42° 40 517y
17 Sh 427 4 58"
1w, v 204" a7
I 6 420 41 5873
When colleeted this by days the observations do not appear
“to agree néurly as well as those made with grating T, particu-
larly sinee a’solitary wild readinig, that of Maveh 15, is retained.
The distribution of the varions readings, however, is such that
after ‘weighing and ‘combining the final result is by no means
deficient in acenracy.  It'is, -
T p=42° 4597284 02

. The above probable error amounts to about one part in six
huandred thousand, *-The observations with grating Il were
nniformly in the fourth ovder of speewrum. :

Throughout the measuréments with both gratings the temper-
atare was kept within a few degrees. 20° C. had been selected
us the standard temperature and the variation was rarely more
than two or threc degrees on either side of that i re. The
question of temperature determination is a serious one<in case
of gluss aratings, for it is very hard to tell what heating effect
the incident beam has on the grating, and equally hard to

- measure that effect. It is hardly safe without extraordinary
precautions to ussume that the grating has the same tempera-
ture as the air near, and it is such a bad conductor that it
would not easily assume the temperature of the apparatus, In
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these expwdiments . ] ‘
thcrﬁ)g:}::nnmts a smt] of compromise. way effected. A\ syl
terowas attached to the thi ic <lin that 1o
the edoo of tha mmeps o Aethat metallice slip that i,
e edge of the grating, and shiclded by eotton from 'u'lw-ln;'l

rents v h Ol Colrs Vi (l 1 t t 1 el e ”l.l 1 Loy
t \) Ch t C 1 won B e 1 . Ni l‘ ¢
tll(.”“ 1 ! Wil a s ”«“1 l‘lh et

would the gratine,  The
%rrixldn:ltcd Lo arter degrees aiyd quite sensitive
le A }cnrnp;n'c:l. thronghout the rnee ol tem
.x - - i - A
ploved, with thermometer Bundin 14192 which sepyo]
stam]:l}"l madl the measnrements pesular E»I,Hd ineur, »
part of the time was placed direct]y .
c{mg:k on the attached thermomerer
a qqdoncd as wnlikely to help the matter tteh
1 corrections for te : I
asstumedd lx“]('”‘)n.\ for temperature were dednend from rie
as: (Leoctlicient of expansion of ¢lis Shich w s
0-0000085.  This was I'LIIII U to an, ] \“ R
e 139, = Was reduced to angulayd coprects |
ammonop. T  rdu dngnk reetion for e
a} ;l,]-,. nSl'm value of ¢ anl applicd dircctly 1o the obseryod
nclu. Stice the temperatures at which observations N
made varie Sl f 3 s - i § i IS Wepe
made }j:;[(],(lq!]{rh—h“m 207 Coand were quite cqually distriby.
cient would ‘}‘( *']\‘ of that fgnre anv error iy the assumed cocfli.
e 4 ‘il]l'( Iy aileet oh > average result, hut weuld appear
76{!""1 asa shicht inerease in the probubile errop s
B (rmlluccd) was taken as standand pressure and ()
‘ v fon Yo > ! 2NN { ile
Sional S)l_ the ‘;h}s of observation were tuleen from the 7, 8
lbilla (‘II\'ICC observations for the hours of 11 1. s and 3 P
on those days.  The aver , ot made witl
rating Ll( A .,I ll(j average for the measurements made with
ﬁ.‘L 18 L Was 61 and for those witl) oratine L 760, 5,
“.rlp}CU“AIS‘ClI<>!1s for pressure were unealled fop, T
)0 () Y e n> . ‘ '
. QUI)'CLT’LLL‘L)«)I:\FIW \L‘]O(‘,I.t.\ of the apparatus thramel, space is
’ l.’mi)r” (,; n_{u_mmu which there has been muel, discussion,
Abastrom deduced acorreetion, hut van dep Willigen in quit
alengthy disenssior Fothe whol ! e ot
Rt AEon ot the waole matter came 1o ()
ston that there was A e e 10 Lhe eonictin.
N abthere was no errar Jdue to the
that pertod the question. hgsedaes
no - decisive investivations o

(L was eures
temperatures e -
RN
ar, and e
wver the o e
Oyel b orating to vive g
This expedi inadly

seXpedient was iy

1 above canse, Siee
orndod f : :
r“‘.lT‘l.Llh(_.ll Somtime o tine, but
Sgarthivet ave vt been pie.
Copie ey I )

] . . X SUCIMS oo e torerabl v gre! e
tled thar no correction s noedod gs gl e
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Besides the expernnental diffienlties of the task, it is far front
an easy matter to seenre proper standards of Tength. The
standards nsed invarions former investigations have proved to
be in ervor. sometimes by w very considerable amount, and
indeed very few of the older standards are above suspicion.
As Peivee has very justly remarked itn connection with this
subject, Al exact measures of length made now must wait
for their tinal correction until the establishment of the new
metrie prototype.”  Shore <tandards of length are in some
vespects peerdiarly Hable to vrror, sinee they mast be compared
with the subdivisions (often not sufliciently well detgrmined)
ot secondary standards, and small xources of uncertainty sach
as poor defining Tes, slicht ehanges in the apparatus and the
like, of course are inuch wore serious ag the lenath is less,
Fortunately there were available for the heasurcinent of the
gratings two steadard double decimeters which have been de-
termined with almost unprecedented care by Professor W. A:
Rogers.  ‘They are apon speculun metal ; were graduated and
determined by Professor Rogers carly in 1885 and were pur-
chased by the university late inthe same vear. They are desig-
nated respectively S¢ and 8§ and are diseussed at length in the
Proceedings of the American Society of Microscopists for 1885.
The bar S, 1% 23 in length.  Near one edge is the double
decimeter 37 divided to centimeters, the 5™ lines being triple,
S, is 279 in lenvth and graduated in the same way. The
defining lines in both are fine aud sharp and the surfaces are
aceurately plane. They arve standard at 16767 C. and from an
claborate series of comparisons with four different stundards
the coeflicient of expansion was found to be,

17:946 yo per meter per degree C.

Stand 8¢ depend for their acenracy on a long series of inde-
pendent comparisons with Professor Rogers™ bronze vard and
mgter I, and steel stndards whose relation to R, was very
exaetly known. Ry, has been determined by eluborate com-
parizons awith vartous standard meters and vards, and is de-
seribed and disqussed at lenoth o the Procecdings of the
American Academy, volo xviii. "Ihe lenath of the meter was
ditermined bota diveet!y and throush the vard) by comparison
with the following standurds

. The meter designated Ty copper with platinum plugs, traced
and standardized by Tresea o 1s20 from the Conservatoive line
metre No. 19, which bewrs o very exaeily known relation to the
Metre des Archives. ’ .

I, The yard and meter designated ¢ 8., brass with silver
plugs, belonging to the Stevens [nstitute.  The yard was com-

2

pared with the Tmperial Yard in 1880 so that it is directly and




176 L. Boll— A . '
Lell— Absolut, Hde.g-/«ﬂ{/f/c or' Light. L L. Bell— Absolnte Warelength of Liglt. 177

exactly knowp,

It was afterwards
‘ v tLwasatterwards sent to Bre
was deteriine o

d with ereat exactn

v‘ . - : 1 (l

““FI(H);"I of the International Bure

T3] A TSRO .o, .

\.mm(.l 1 .)tlltmz;g 1‘11 : 4 primary copy ol the Imperial Y

s Gle e cnmited Satesin 1856, Tt was ok

M ! ' S35, L owas taken to F

187 ml’tl finally determined by direet e

, perial Yard, Bronze Yard No. g
and ¢ No, 63,

cuil and the meter
=8 1{}' elaborate comparisons
aw ol Weights and Measures

R L I T N A —

is pressed against them with perfect wniformity by means of
welehts,  An adjustable platform below carries the spm‘l(inr«ls
and objects 1o be measured,  The ways of both earviave and
platform had been ground il they were perfectly unifosn and
true and the working of the instraient left little to be desired
in the wav of aceuracy.  Phroushout along series of measure-

ard pre- :
‘ ; I cland in
5 omparison with the Iiy-
Cand Cast Tron Yards B N 62

Crown T
RTEAR

S T D TI SRS 4 ¢ Aty e il A A ST

& ments the stops wouhl not by displaced by xo mnch as 0-1p if

The subdivisions of R, have been letermi ; p: proper care were used i moving the carriage. The microseope

care, and thus 82 and 87, whose le . I,mm’t‘l with very great 4 was attached <o iy as o avoid all shaking, and was armed

rately known, may ““H,]?\i he refo _(',“\";l“'\ Wlu““." W R,are ween. AR with n half-ineh objective sind an exeellent evepicee micrometer.

Tvpe 1 of the Tnterng fonal Bnirp(-:lllul to the ultimate standard i The objective was nuvle speetadly for micrometrie work and
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mvestigated by Profs
b by varions inethods under
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Rogers, but these were determmed by

\\"ululy dilterent contlitions, ]
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with which thev were comnpired

known,  From a combiny

‘ were made we follows: The standard bar, and the urating
monnted o aoobished Dlock of speenluim metad, were placed
cide by siden—or sonetines end to end—on the platform and

* 1
verv aeenrately leveled The stops were set very nearly tiree

Ja . . ; sl resulis the subdivicions of
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o SLasar the standard weinperatare,
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even more relinble, Tk ' Toration i

seems very improbable that
merror by as mucl as one
Somueh for the standand
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j e lines to constderatiog it
e et vadie of ST and N ean e
Pt mha i million.

. s ol Layoth The ¢ ar '
gk f s a2, Hecomparator used
b PHITISUICIeNts was avery dlicient, mstrument, particu-
arly sutted for the purpose, [ consistnd essentinlly Vo lon
= ; ] . ER T N S |
carrnage (3 meter) running on \'-.\:h:ipo« | e

()[ R Il)ng
microscope.  This carrinee siid

edowavs and carrying e
s agunst adjustable stops,”and

centimeters apsrt, one cmd of the gaing brought under the
pieroseope resting st one of the stops, and the micrometer
cot on the terminad e Then the carrt we was brought against

e other stop and the mieroneter aaein sel, The same process
wis Then cone thronglwith on three centimeters of the stand-
ardy and Deen coing back 1o the grating it was compared in‘the
e maer with suceeeding wiple centimeters th the lifteen
contimeter Hue avas reached, thus eliminating the errors o the
sinele contimeters and making the determination rest only on
the fifteen centimeter line. The temperature was given by a
thermometer pheed against the standard bar or tho blagk that
carricd the aratine. Iy this manner cach grating was repeat-
wily c.\nnp:n'i':u‘. with the tirst 15 centimeters of each bar, at or
vear 20°) the temperature at which the eratiugs had been used,
The micrometer constant was determined by measuring tenths
of millimeters ruled on Profl. Rowland’s engine. but in practice
the stopz were so adjnsted that it was ahmost climinated. Fach
divigion of the micrometer head equatled 0280 and the proba-
e error of setting was less than hatt that mount.

Al measnrements were reduced t Y07 Cooasin ease of the
anenl determinations The Tine wiong whieh the linear meas-
wres were naede was that fommed by the teraduations of the
rlines, I therefore was necessary o know very exactly the
ancle between this dine and the diteetion of the T ividual -
iI‘.f;f.\'. in other words the mnale between the line ol motion of the
arating and the direction of the dinmond strolee inthe dividing
cogine,Phis was aseertained by menns of two test plates ench
some twelve em. long rded in ez, and then <nperimposed liue
for line. By measuring the minute distanees between eaety end
of & pair of superimposed les, the length of the lines and the
amoufit by which their ends overlapped at each end of the test
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Flat?, the required angle could
t differed so little from 90° however, that the correeti
duced, barely one part in a million. was entir il
After all rednetions and corrections
values were obtained for

elv negligible.

i the arating spaces of gratings T ang
Serigy, Grating [ Standard,
i 0-00250025mm. N
v (0025001 S
B 000250013 N
4 000250015 -

5 000250071 R v
6 00025000 N
7 000250023 i
8 O 0025002; R
0 Q00250023 H

Mean value adopted after weichting and ¢

. L ombinine ahove
observations was: g the ahoys

The probable error t)yud aTars
two hundred and fifty thonsand.
obtained from the two stund
as appears from the me

to ‘!)c not far from one part iy
. The difference in the resiits
ards seems to be purely accidenty!
asurenicnts on grating [1.

Series, » Cirating 1. S[und:mi'.
] B T RPN T
0 0035 18R o
3 00035 <85 ¢
Kl (0035 S84 Cow
5 IRINEES F ¢
0 000351843 4 Ny
; 00035 188 &
& D015 [~8% o
4 O O0DS 8RS , W

Mean adopted, D5 18870k 10
The probable error appears to he pagl
lmeasurements of gratine [, A«
mmations made with [ are tie |
of observation ure concerncd the
are abont equal in valae,
Computing now the wave-lenoth t&\rl‘c.\‘lmn'“'l”‘
values of ¢ and @ for eacl cratin., \ 1y
length of D, at 20° ¢, an T

. wer dess tha jn e
however the angular deror-
ieiter, so far ae probable ervors
result from the two aratinoy

to the aiver
we have tnally for the wave.
pessure ;

Al 1 . ’

From Grating 1 nneotrected, S506°11 tenth meters

“ . A " .
From Grating 11 “ HRY505 o

be deduced with great exactness.
pro-

, ihe following series of
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The difterence in the above results is by no means large com-
pared with the results obtained from diflferent gratings by other
mvestigators, but it certainly is enormously great compared
with the experimental errors alone. _ ‘

As nearly as can be judged these ought not in cither grating
to exceed one part in two hundred thousand, while the above
diserepaney is about one part in thirty-five thousand,

Its eause must be sought in the individual peculiarities of
the gratings, rather than in the method of using them.

All gratings are subject 1o irregularities of ruling, and the
eflects of these is various, according to the nuture and magni-
tude of the defects,  Linear or periodic errors in ruling, unless
very small, will make themselves apparent by changing the
focus of the dpeetrn or producing ghosts, respectively ; and if
such errors are large, render the grating totally unfit for exact
measurement.  Accidental errfors, such as a flaw or break in the
raling, arc also serious, bat are easily detected and may be
approximately corrceted, as was done by Angstrim in the case
of one of his gratings.  Any marked and extensive irregulari-
ties of spacing will produce bad definition or false lines, and in
mest cases both. I, then, a grating on microscopical examina-
tions is free from Aaws and on the spectrometer gives sharply
defined spectra, alike in focus and free from ghosts, it is safe to
conclude that it is tolerably free from the errors above men-
tioned, but unfortunately there is one fault that does not at
once become visible, while it introduces a very serious error in
the measurements.  This is a rather sudden change in the grat-
Ing space through a portion of the grating, usually at one end.
Such an error is usually due to abnormal ranning of the screw
when the dividing engine s tirst started, and may in this case
be avoided by letting the engine ran for some time before
beginning to rule. Thus Grating 1, ruled with this precaution,
is nearly free from this error.  Sometimes, however, it is the
terminal or an intermediate portion of the grating that is thus
atlected in which ease the error may be due to a change of tem-
perature or to a fault in the serew.  If an error of this kind is
extensive, it will produce the effect of two contignous gratings
of ditlerent grating space, injuring the definition and widening
or reduplicating the lines.  When, however, the abnormal spac-
ing is confined to o few hundred lines it produs  no visible
effect when the whole grating is used, but simply diffuses a
small portion of the light and inereases or decreases the average
grating space.  Ior it is evident that, sueh a portion of the
grating must possess little brillianey and less resolving power,
and the more its spacing differs from that of the rest of the
arating, the less chance of visible effeet and the greater error
mtroduced.  Such a fault is compatible with the sharpest
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deﬁnitiop, l)u_t can be deteeted by outtine -
the grmmu( tll the spectrum from the. abnormal portion is
relatively Bright and distinet enoucl, to be seen, T ; ]\lll'(l)rl' .
grating space, producing the specctrn on \v‘h‘i‘ch' nw'xltl L'*(.Lf“(‘}
are mudc‘]s. of course, that of the normal portion ();]‘]\}It“};llt;
the aratings leO(l in these experiments were ‘l”'(‘CI("].I '}01“
;it“)]"t‘ c".r\(-”‘; I\‘;- I" very shichly, No. [T, .\'nmm‘\'lm r*;nl'c)}\'«llrxie

Sy ot ondy the diserepancies between (diiiepont o i
,}mr, those between dil]'(rn:nl.I()l\lm‘s of i;\'e((ttlz‘q’lil::\rll(rtl‘)i'lilxmp:g.\

e \ ) ! > )re COSane orat-
:f;]1‘-;c?1((]‘uixh:, t"])wtl'n]s cn‘n.\‘j.‘; Ful: \\']l!]t‘ Ain one order, \\'hr_'n;"tillxc
et due 0 4 11 ol portion is mperceptible, the spec.
i A5 measnred s produced hy the of ‘
a;;}nof‘ meanotter order there may be produced aoslicht shiiino
()I 4.) -Pln? 'Ilrlf-s so that their apparent conters 111:1\:’('01'1'(*.:‘ wni
approximately to the averagee oratine space. Inany ens g
quite L’I‘_"ill‘ that & combination of the I‘(‘\‘.u“\‘ l':‘ rt' (Ill-'\ot ]'[ h
(m'll{“}w of-spectra will niog eliminate the (%l'r<;x' T e
y t;,l(.t :,(,‘],”["‘d'.\,- Jiex (‘H]l("l' soppins out the imperfeet portion
IR aling, or measuring iy and mtroducing a correction
As the work of anunlay measwrements was nearly finished before
the study of the Lratings was begun owine to a 'flwl‘l\:\ i .“'Lf‘“luj
apparatus, the Jutter course was (lrlll(;})'(f(l i Iilc\‘(' «\ ::ri'm l'““g
Kaeh grating was examined in detail, qd t]l(‘..l;(‘]"lflir/l m}" i
grating spaces in the various portions of itv<-‘tr:fn]]”'Ol*m'c
mmed.. EFrom these data a simple gru]»hiyv:nl m(‘-t!:mi fr\- f\([?l'
flox'rqr:tmn to he :;‘pplic(l to the wave loneth, I czi('}l'—:lr:"tltiLnl:i
! 1::.i‘l.lllt \\:ns L]"‘f)l‘lf“Hl(:‘ll to a smail portion, and s the (:-«ler o-i
beetrum eriployed in each was seleered on aceount of its 1
d'_.‘mnll()n :m‘_l freedom from anvthing e lm';"inc« or]'[ls"ult?(?"
of the lines, it seems safe o assume that the :l‘})ll(;l.'lll’ ] ) w‘ o
produced no visible effeet and that consequently the l mf-t‘m“
:Hn)\.'c r‘n‘unlu'm('(] connteracts the orror (111;1(; '('H'(‘(-L‘( ("‘]']TVU-‘ T
grating’ [ ti.'(_? (:(?rrm:lia)n Was one part in 300 HH/() ‘m;{ ‘ill(l (‘ ;J“'
11 one pare i 60,000, Applvine these to 1‘h(; wave l~] ‘-,'JF”I'\L'
have for grating 1, e e dethe e

lown the aperture of

Feetive orating spuee

SWave lenath

‘ ¢ S e el oL hNGGe
Correction RN

S e e .. — o2

Correctedw, )

___________________ RS M

And for erating [

Wave length

‘ et DNO595
Correction. . 0

e mem ieea +-10

T s BROGDS
Combining these and giving to Grating 1 the

Corrected w. 1. .

greater weight

¢
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on account of its very small error of ruling, we have finally for
the wave length of D) at 20° C. and T60"™ pressure,

BRAG-08 or {n vacuo, 580771

Tt is no ensy matter to ¢give any well founded estimate of the
probable error of the above result. So far as experimental
crrors are concerned the result with cither grating should be -
correet o one part in two hundred and fifty thousind, but
the errorin the gratings introduaces weomplication by no means
casy to estimate. Az nearly as the writer can judge, however,
it seems probable that the crror of the final resnlt does not
exeeer one puaet in two hundred thousand. For comparison,
the valnes dedueed from the work of Peiree and of Angstrom
are subjoined.

Micrometer measure by Rowland, from Peiree’s prelimi-

nary result o e 580622
Thalen's-correetion of Angstrom._ .. oo oo o 589589

hoth heing in air at ovdinary temperature and 760m9,

Ax neither result wis corrected Tor errors in the gratings the
canse of the diserepaney is obvious,

Two determinations of absolute wave length have been pub-
lished since this work was undertaken by the writer.  One is a
very elaborate one by Miller and Kempf, who employed four
aratings by Wanschafl anad used the method of minimum devia-
tion.  Their results were as follows:

Grating ... (2151) (3001) (s001)  (~0014)
Wave length.o .0 5896+46 589614 580507 TH8906°33

By a correetion founded on the unwarrantable assumption
that the mean value was correct the above results are brought
mto apparent agreement.  Nothing, however, short of a study-
in detadl of each grating ean Turnish data for obtaining any-
thing like wn aceurate result from the above figares. 1t would
seem that (5001), which had the smallest probable error, shonld
show but a trifling error of ruling, while one would expect to
find a portion or portions of (2151), in which the grating space
12 abnormally large.  Corresponiling ervors of ruling should
appear in (8001) and (80014, A similar study of the gratings
used by Angstrom would be of no little interest,

The other determination alluded to is one by M e Lépinay,
using a gquartz plate and Talbot’s bands.  Without discussing
the method it is suflicient to say that the fesult obtained
depends on the relation of the liter to the decimeter, a ratio not

at present exactly determined. .

The results detailed in this paper are in a certain sense pre-
liminary. The writer hopes that in the near future, experi-
ments with metallic gratings will enable him to lessen the

-
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.' probable error very . materially and therefore defers, for the
present, further discussion of ghe problem,

hrough the courtesy of Mr, Peirce
enabled to test the legitimacy of the above correction and at the

same time check bis own results. Mr. Peirce kindly forwarded

is gratings and standard of length for examination and com.

parison, and the results were decidedly instructive,

rating “H,” with which g large part of the work was done,

. showed, as was suspeeted, a local error, equivalent to a correc.
- tion of one part in 55000 in the resulting wave length,  Tested
in the Spectrometer, the portion including the error showed a
grating space distinctly greater than that of the grating taken
as a whole, showing thus both the necessity and the algebraic
sign of the correction, The other gratings showed similap
errors varying in, amount, but the same in sign, the correction

. requiring in every case a reduction in the waye length, The
or the other of the

the writer has been

abnormal portion wag invariably at one end
. grating concerned, never in the middle,

The standard of length used by Mr. Peigce—«No. 32 a glass
eciméter—uwas compared with 8¢ and S5 and the preliminary
results show that the e 1g to it was too great by
very nearly 2z, 1 part in 50000, Now the wave length of D,
as deduced from grating H was, '

589624
—*10

—12 | <

..... 389604 in air uy

Less error of ruling _.
Less error of «No, 37
Correeted valye

L S0 In. pressure and 70° I

hich shows a tolerably close correspondence with the resulig
(‘)gbtaincd by the writer.” A more-complete discussion of Peirce’s
results is reserved unti] the relation betiveen “ N, 8" and Su
and S shall be more exactly known, The Jatier standards
would appear to be the more trustworthy, since they are based
on various independent deLerminaLions, while “ No, 37 g based
on an indirect comparison i, meter “No. 49, a standarg

coneerning the exact length of which there seems to be some
little doubt.

ARt XXL—0n the Lelative g
Solar Spectrum ; by Ik

ve-length of the Lines of the
NRY A. RowrLanp. :

For several years past I have heen engaged in makipe-
tographic map ‘of the solar

g'a pho-
speetrum to replace the
engraved maps and I faye

ordinary
now finished the map from the

extreme ultra violet, w

5790. In order to pl

ave length 8200, down o wave length
ace the scale correctly on this map, I have
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