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On the Ghosts in Rutherfurd’s Diffraction-Spectra.

a H

By C. S. PEIrck. S

i
[Published by the authority of the Superintendent of the United States Const and Geodetic Survey. )
LEr there be a periodical irrecularity in the ruling of a diffraction plate
- P . 2 V 5 p '
so that the side of the r™ slit nearest 3 fixed line of refe
ruling shall be distant from that line by,

1 . I
(r—_-ia) w -+ esin (r()—- —9:0>
while the side of the same opening furthest from the line of refe
tant from it by '

rence parvallel to the

rence is dis-

(r+-;~q) W+ e sin (‘0+%0).
This is supposing the opaque lines to have a constant breadth, (1 — @) w.
Suppose the collimator and telescope of the spectrometer to be focused
for parallel rays, and neglect the angular aperture of the slit. Let the angle
of incidence be 7, and the angle of emergence j. Write
§ : v =8in ¢ — sin j,
Then the ray which strikes the gitter at a dist
is longer than that which passes jhrou
sequently, the resultant oscillation from the 5 slit will be
(r+ ) w+ ealn (18  §9) !
fcl.r.sin 2 I{t}'m n
(r—da)w -+ exin(ra— 1) "
7 the velocity of light, and 3, the wave-length, (In this
ritten for the ratio of the circumference to the diameter,
ase, and ¢ for the, imaginary unit.) If then we sum this for
obtain an expression for the resultant oscillation

ance r from the line of reference

)

where £ is the time,'V th
e for the natural b

from the whole gitter.

Performing the integration re]

: . : atively to indicating the summation
relative to , and using the abbrevig

tions
wy .
w=2- - —9 & Wt
| T, 8&)-..2"2-«7[, 7:2.“;-7”
. 330 .

gh the line of reference by vz. Con- -

.
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we oblain the fouOWi'"gJéxP’rQSSion for the resultant oscillation from the
whole grating: -~

: RS 1 '
l".:S, {cos ra.) sin (‘7'0-}—%0) . CO8 (T—Eam—-rm)

w
- . 1 \N7 .. 1
-+ sin | eo sin (r6+§6> .8in (fr—-—z-ao—rm>
L. . .
' m 1.\ 1
— €08 | €o sin ()~0——§0) . €08 (¢+§am—ro)
T 1N . 1
—8in | o sin (r0—§0) .sin <7+—2~ao)—-ro>}.
We now need a formula for developing sines and cosines of sines. For
this purpose take y =¢“. Then we have

cos (« sin &) + sin (@ sin 7) . ¢ = ¢*-os0% — e%“(’—T)‘.
By the usual development of an exponential function, this is
Yolv=y) Jg o 1y
¢ =L (y""y")» ’

and by the binomial theorem, this is,
e%'“("“");) 2 af

: L pl
=vpre e T gy
The pg™ term is e Oy
" . ( 1.)91 2q! (p—g)! " .
Put m = p — 2¢ and this becomes "
ayt
=D "45gT (mfq)!”

In regard to the limits of the summation, ¢ may have any va]pe from zero to
positive infinity, and, for every value of g, p may have any val.u.e fr.o_m gto
positive infinity ; hence, m may have any value from —g to positive infinity,

and we have , .
- . . . . © . 7 (lzq ___f—___(
cos(a sin &)+ sid (@ sin 2). L:(::q(—]) F gl Zn 3 (g gt

If m has a positive value, ¢ may have any positive value; but if m has a

cosme+4-sinmz. ).

negative value, ¢ can only have any positive value greater than —m. Hence,

we may take the terms for which m is not zero in pairs, embracing in each
pair a term for which m has a positive value, M, and ¢ has a value, @, and
also a term for which m = — M and q= M+ Q. The sumof two terms com-
posing the pair is, then,

o " (cos Mx - sin Mz.c) a? ‘
(=1) ¥ 4901 (M + Q)
x4 @ @ *(cos Mz —sin Mz.o) a?+ 10

+(=1) P ) T
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If M is even, the value of thisis . ’ . ' -
x . A . .
1e 2 a? B
- U g swgrary gy o8 e T
and if M is odd, its value is ' . =
(- ) x_lmsnl e .. .
We have then | ( i -
cos(asing) +sin(asing) =% (—1)0 &4 & A
where - .o“'( ) £(gip T 3n yy gmoi(C0sTtsing. gm;
Am = 3 — m! 2 \
qu ( 1) 4" q! (m -+ q)‘ o,
Performmo' the numerical caleulations, we have | - ‘ o
¢0s (a sin z):(1—~a2+~_ b 1 |
2304 “ T 1411}3‘6 “ Titagen <" +ete. )
—a (1 it 1 1 o 1
1 384 TE040 % T S840 ¢ "tc) cos 2z
+ (1 — 1
192 « + 960 ~ 50830 a° + ete ) cos 4x
(1 1 S
. 23040 T 17‘95 af— etc.) cos G ;
+ 5160960 (1"‘"‘1 +et0)cos 8x ; |
+ h._}___ 10 |
1857945600 ¢ (1 —ete.) cos 10z | ‘
+ ete. - o ' : )
8in (« sin r)= (1______ a + 1 1 . o .
1 .
]92 19216 + 737280 éSi?JGOb a.”’-i— etc.)sin X ) %&
(1 — — a + 'aG + ) 1 ] . |
A 640 T 16080 % " 5160960 ¢ — etc.) sin 3z :
+192o (1*~ R . "

a, So— ~.91 6 .
1344 129033 “ +etc.) sin &z

+ a (1_‘_ 2
6225 +2304a —etc) sin 7z

T 555 92897280 (1 ~ 30 @+ ete. ) sin 9g ;-
1
10874803200 " (1~ et0~) sin 114 ‘

-+ ete,

from the gitter becomes

~
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Making use’ of these series, the expression for the resultant oscillation -

.

m o m—

& €"w - . 1 .1
._.w.d(Wn ) Am o &y (cos mrf . sin (ro —7) . cos §m().sm 590

. .1
+ sin mr . cos (ro —7) . sin -

mo cos-l—
L nd.cos Lao)

m . en ey — 1

. .1 1 ‘
—wZ * (odd ) 4, il 9 2, (cos mr . sin (ro—«) . sin —2—m() . €08 S aw

1
+ sin mrf . cos (ro — fr) cos —~mO sin = am)

3

-The summatlon relatively to » may be effected by means of the formula,

3, sin (kr +a) .sin (k24 b)=

:-—-sm (h:—{-a-—-%h) con(lm:-{-b-—%k) cos%h sm%lx-}-cos(hz-}-a %h) em(kz:-{-b—-lk) smlk coslk

cos h—co3 k .

-

For a modern gitter, it would be quite as satisféctofy;_to consider 7 as - ‘

infinite, and to use, in place of the above, an infinitesimal formula, ‘which
will be found in Hirseh’s Integral Tables. Applying, however, the formula
of finite integration, we have, as an mtegyated expression for the resultant
oscillation from the whole gitter,

-—:—)- A __ cos (”“" —-7-—-’-5— w) [cos—i (w—a¢u);—oos —;—'(w +‘aw)]
ew ml ‘ ‘ .

r Cos @
m Tgn=1 . ) S N | AN .1
w A, e Y —ginm (r() —_ 0) .sin (rw-—-r—-— ~ w) .sin mf .. sin— (w—aw)
t 2 m’”") cos mf—cos w{ . 2 2 2

+>‘cos m (re—~ r 0) . €08 (rw— T = %w) [cos 1:;0 .cos 7,15 (& — aw) — cos —]2—(w + aw)] }

P
€ ™ 1

. . ® m—-l : ’ l‘ \ I3 ] 1
+w“';(é(1drn)A m I? m..{cosm(r()__;_6).cos(rw—-r—-—2-w>.smm9.sm —2—(w—aw) |

" cos mf — cos @
—sinm rO-—— —~0).sin mu-—r————l--w cosmﬂ.cosl(w—-aw‘)—cosl(w‘*‘aw) .
(1 50) sin (=g ) [soend o slote]]

This expression may be simplified by writing
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S 5
so that

sm[( ——~—)m0] sm[(r——— m——«r __.é—cos[(‘)r-— ‘/—7]—~cos[('7r—1)1§7]
cos[( — )mﬂ] cos[(r——-— m-fr]—-%cos[(>r~l y—r]+—2~cos[(2r-—1);v—«:].

We have also to observe that

. 1
= sin m . sin %(m — aw) 4 cos mf . cos 5(

-t

= cos [i (w—a(o ) 4+ m()]-— oS — (m +a0)=+2sin = (w 4+ mf)) sin % (au F mb).

Thus, the quantity in parenthems under the sum for ey
duces to

0 — AE) ~—COS - (m +aw)

en values of m, re-

cos [(2r—1) y~ 7] .sin ~1— (0 4 mb) .sin — (ao—- m())

Feos[Cr—Dae—q]. sm—~(a~m8) sin -1~ aw -+ mf),
(

and the corresponding quantity for odd values of m, to

—eos [(2r—1) y — 7].sin i (@ + m0) . sin :

5 (a0 — mf)
teos[(2r—1) ¢ —7].sin — ((.) — mb) .

The integral is to be taken betw
Let the whole number of openings in

S
SIN -5~ (aw + md).

een limiting values of ry Say 7 and 7
the gitter be B, so that

R=p,—r.
Then a second’ equation to determme
without aﬁ'ectmo' the result,

@

)
)l

v and 7, may be assumed arbitrarily
Let this equation be '

Then ' - Rbn=l

@r—1)=—@,—nLp.
Now r oceurs only in the factorg

cos[(2r—1)

\

] y—-fr]:cos(.?r—— )_’y.cos\«r-}-siri (2r—1)y.sin1‘
an ‘
cos [(2r — 1) T—7] = cos @r—1)

Z.c08 7 +4-5in (2;—— 1) z.sine,
Taken between these hmlts thes

e factors w111 be respect vely,
2 sin Ry, sin 7,

2 sin By sin ¢,

Applying these reductions, and also .Temembering that

co8 m0 ~—CO8 ) =~

=2sinzsing,

reaches a maximum when

‘ . ‘ . .‘. B ‘_.._ CL . ) .
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B
the expression for the resultant osmllatlon from the whole gitter reduces to

n 1 sin — R(w +m0)
o w+\3’ A € T ) 5 (a0 + mb) ,
sint. _‘-;m m my Z'T' gin L (w n m9

’
Y

here, in summing for negative values of m, positive values arelto beftz;lzeiaz

in the D 18 arisi tive values o
ffici iere terms arising from odd nega
in the coefficients, and where O "
lt?let p(;re'nthesxs m,‘e to have the opposite sign, and where the term in m =
‘e only half the above value.
e ha\‘\(f}em}llgve now to study the principal maxima of the amphtudtz <1)f tl::z
illation, for varying o. Takmg each term of th\e series separa ely,

-0sci

observe that one factor of it, namely, )

. . . @
\

" gin — R(w + m9)

gin -é— @+ mb)

o+mf=2N=n, :
E tine to several
i i alue i Now R is a number amounting to
this maximum value 1s R. . : ey
:l?;lusan(l while @ is less than unity. Hence, the man;ng}lltmmzﬂma e
term will, be very nearly at the same place, and one of ¢,

sum of all thé terms will also be nearly in that place. i of any one term, put
To ascertain the precise position of the maximu |

(‘)__2N7t—’m«0+&1)

have
Then, neglecting the oube of do, in comparlson w1th unity, we

83
sm—R(m+mG) j—;sm——-—R&o_i L R 434833(0)

3
sin —(m-}-me)—:l:sm ——5m_i 5m:F48 (d0)

—_— 9 sin — Rc)m 1 B S .
sm2 R(w+m _ 4 3 —:ER¥ ( |
- 1 E
sin’ —L (w + m0) | sin rs ow.

nishes that the
+ 1 fwcordmv to- the magmtude of a. But it 1:11:';12!‘11 I:; (::;
max’lmum is at the greatest value of do. Let us

8 3.
sin —-—(a(o + (— 1)"’7710) =+ LIP3 F Zé- ,, (do)




It will be seen that dw is zer

have
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Finally, there is the factor o™~ 1, Dividing this by (2N 7 —mp)n-

Yl o - B2,
(éz‘v‘-(‘u:,;g;) =14 (n—1) 2N —mb) =" d 4- ;

finally, multiplying togetlier the quantities thus obt
factor of the mth term which Eontains (du)
8o+ (m— 1) (2N7 — moy~* §2*

4 {n=tn=

B -,, 1
. 5 RN —mf)~—

Differentiating. we find as the equation for dete
maximum of the mth term

1+2(7n-1)(2N7t—7)z())f‘39 -7 ' '
+3 { (’1?-92(7’_,': 2) @

28— mb)~*— L

579 — o (B'—1) } (8u)* =0,

If i\'e neglect R’i’ the solution of this equation is S
do = .."TH
e R(2N =z — )

o when m=1, and that for the prineipal

spec-
trum, for which m=0, if R = 1000, 2

' 0 1 ) . .
R:IOO,'—;?_: about 5oouo for the first order, which displaces the gpectrum

by about 51(5 part of the distance betyy
We have now to consider how

representing the ogeil]
term will hay

een the two D lines,

far the maxima of the

ation may differ from those
e the most influence

nearly zero, or more accurately
is at a maximum, Ag o inc
maximum of oscillation to 4
the term passes through as m
coef’ﬁcienfg relative to ¢ of the
value of o such that

' O+ mb=2¥Nx .
(m, being a given value of m),

sum of the series
of the single terms. A
ing a maximum when it is itself
when its differentia] coeflicient relatively to
reases hy 2z so as to pass from one principal

wthe.r,.]?u passes [t times through_?rt, so that
any maxima and minima. Then the differential

sum of all the terms will be the greatest for a

in displac

when, in addition to the above equation, we

RO = 4N,

', we have
(2N r—m0)-2 (du)*

ained, we find as that

a1 . h
56— o (I 1)}(5(0)3._

rmining the value of 3o at the
$

is altogether inappreciable, but if =
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In this case, the differential coefficient of the mth term of the e
L0 t,"'-n will be o .
the oscillatio . R rent 1
: —~m! (?) "
(' . sin 3 (@ + mb)

xpression for

It will be sufﬂéientlgt accurate to put

1
sin 7‘1)‘ (0 + mf) = 5 (m—m,) 6.

. lclThen it is plain that, were the term for m = 0 of the same value as the others,

the total differential coefficient would bf’ |

fw
e mo'e( 7).
w

Owing, however, to the term for n =0 having only half the value given by
o - ‘
e formula, the value is
e (o1
w Ml —5 ).
W -

In coﬁsequence of the differential coeflicient ’h'aving this value, the maximum
will not occur exactly at the value of « for which

| o | o+mld=2Nn, . ‘
but will be élzifted along to the point where the fliﬁ'erenti.al co‘eﬂiment (()lf th{;
mgth term is equal to the negative of the differential coeﬁ‘imeflt just fm;?nb: o
do’is the amount of the shilting, the mth term of the oscillation (R being
very large) is ‘

!

~

in ow
s, =--
p

bw
The differential coefficient of this is . \
» 1 sin.R.o0w— Row
4 (@oy »

and the equation to determine o is _ -

1 sin. Rio—Riw _ E (1-¢%).

4 (o) w.
In the worst case, this becotes 0 .

| do =5 m (e"-’ — 1).
of incir 1 ctrum will not be dis-

It thus appears that the position of the principal spe P
turbed by the circumstance here considered, and that the dis

: . or ltered.
‘the successive ghosts will be very slizhtly a .
It is to beiemarkéd that, when two spectral lines fall very near together,

1 [ ixture of light
they will be attracted to one another in consequence of the mixture of lig

86

\
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s,

by, a sensible amount. This will especially affect the position of a faint lineg" # ,

--ear a'very intense one. |

b
v

- The Phenomena, |

Mr. Rutherfurd’s diffraction-
deseribed by Professor A. M. Mﬁyer:in the article “Spectrum,” in the second
edition of Appletow's Cyclopedia. In consequence of the periodic error of the
serew, a periodic inequality is produced in the ruling. Tliis is shewn by put-
‘ting a gitter into the spectrometer, iluminating :

- Observing it without the eye-piece, when it
is replaced and a real solar spectrum is thrown on the slit-plate, of such purity
 that the light admitted into the slit varies only by a few ten-thousandths of a
micron in wave-length, the maxima of light which have been investigated
above appear as repetitions of the principal spectrum, in which even the fine
lines due to the solar atmosphere are distinctly visible. -

The positions of some of thege

spectrum, have been carefully measur

T

3

ed in order to test the th ory.
< ’ ' y

a

Measures of the Positions of the Ghosts. .~~~
To determine whether the screw of the fi]
pitch throughout its length, the distance betw
different places on the screw. Gitter:
meter. Second order, principal spectru
pointings each. Date : 1879, July 3.

Place on the Screw First End, - Second End, " First End.
Line of Spectrum D : Dz . D| Dg D, D| Dz I)l
Micrometer reading | 77109 - 7-.947 127108 12,343 19937 12,102 77,925 77089
Distance of Lines U838 ewss T s 0936

‘The following were made with a speculum-meta] gift'm‘ of 3401 teeth ‘to
the millimeter, Each reading given.is the mean of five i)(}intillgs. “Date: 1879,
July 8. To pass from one Spectrum to another the gitter alone was turned.
Order of Spectrum ’ Order 1V, » |

Number of Ghosgt Ghost, 0, Ghost, 4 1.

! 4 Ghost,—1,
Line of Spectrum | D, (TQ, D, D, D D

330 9728 100800 11157 qor e

4 . ‘ 187 127273

. ) @

ar micrometer ‘had the same
. R

een I); and D, was meastired on

speculum metal 681 lines to the milli-

Sccond End.

Micrometer reading | 87,241
Distance (D, — D,)
Distance of sue- D,

cessive Ghosts {Dl'

| 1077 - 1085
1482
1.470

————

1.476

17464 -
1.472

Rt

1 468

m. - Readings given are means of five

plates are ruled with a machine which js -

it with homogeneous light, and -
Appears striped.  If the eye-piece -~

Q

ghosts,” or repetitions"“(f the pi:i‘nci})al S

o

~ dJ

"~ Number of Ghost

- Distance of suc-

. g Line of Spectrum D, . Dy D, " D D, D,

.- Diétance of suc- ( D,
L cessive Ghosts

PEIRCE, On the Ghosts in Ruther furd's D{ﬁ’ractéon-Spech'a.

Vo

' » Order V,
Ghost, — 1. Ghost, 0,
D. "D, . D, D,
T84T U337 9466 107969
17,490 17.496

Order of S}mctrum J
Number of Ghost 1
|

) Ghost, + 1..
‘DZ ° Dl
11090 127575
1485

- Line of Spectrum
Micrometer reading !
Distance (D, — D») | |
Distance of suc- (D, | 17619

{Dl i .620 ¢
|

17624 _
1613 «

- ey

1.618

- Order V1,
¢ - Ghost,— 1. Ghost, 0. Ghost, -+ 1.
Line of Spectram - D, = D, D, D, D, .. D
Micrometer rending | 7378 9421 9°265 112304 110452 137173
Distance (D, — D,) | 2.043 27039 2.021
Distance of suc- { ); ' 17.887 ’
+ eessive Ghosts | p, 1.869

——

1.878

Order of Spectrim ! . Order VII.
Number of Ghost |  Ghost,— 1. Ghost, 0. Ghost, + 1.
Line of Spectrum - ; Iy D D, D, D, D,
Micrometer reading 6637 97595 8955 11876 11262 - 147191
Distance (D, — D) . 2,958 27921 2929
Distanceof'suc-{l), ~

cessive Ghosts

cbssive (zhosis

- Mean
' e

Order ofSpectrum |

1-.887
1.883

et

Meéan ? 1.885

97 307
2 315

———

‘ 2.318
D, i - 2.981

| —

RES Mean | 9.999 2.311

Order of Spectrum | ‘
" Number of Ghost - Ghost, — 1. Ghost, 0. ‘
Line of Speotrum D, D, D, D, Px _ rDl .
Mierometer reading * 47737 97467 8002 12680 11 256, 15.885
Distance (D, — D). £330 4678 . 47.629

(D, . 3.265
{Dl; L 3.213

3.239

- 3254
cessive Ghosts - 3.205
3.229

Order IX.
Ghost, 0.

Mean |

Order of Spectrum

Number of Ghost Ghost, — 1. ~Ghost, 4 1.
12.076 2474354

127360

97.403
127,538

ficrometer reading | §7.865+

47281 | 167977
Distance (D, — D,) |

127696
7794

T 7.458
= 10 C

Mean -7 -495» 7.626

7.416

D, 7.574

Order VIIL.
Ghost, + 1.+ : Means,

|

|

339
Méans.

17.490
1.621
1.619

1.620
[ ]

Means,

27.034
1.887
1.876

P

1.881

1 Means,

27936
2.312
2.298

—nat

2.305

47.679
3.261
3.209

3.234

Means.

127.532
7.605
7.516

7.560

a ; » ~romii i s measured.
* Read @865. Either this is an erpoffTOUSTOMing, or & wrong line was

5 PN
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. The following measures were made with a metal

&

N

'acz‘ion-ASpectm.

@

. gitter of 681 I "
Oy pitlt Ines to
the millimeter. Dates: 1879, June 20 and July 2, , S | 2
Order of Spectrum B ' —
v Order 1. pon)
Number of Ghost Ghost,— 2.  @h : 0 o)
.- ek osty — I, Ghost, 0, Ghost 1.1 _— ‘ ¢
el OO S e L T . :
D,—D, . ¢ 7"236517;7‘99 8632 0112 91925 107383 11n196 117661 17 295 10r 628 o
1755 W " 0r,480 0458 r468 Toraz 2
qi‘jﬁﬁ?&iﬁ;&j{nz 1734 11208 oy gy 0w =
v Doy 1.818 1.271 1.981 1264 | oo ~
. - .- 983 .
M PR — i s »
ean 1330 1.282 1.276 1.282 [ oo a
l(\)Yrdex- of Spectrum Order 1 ‘ CoLad =
umber of Gh - ; ye er 1l : - . > :
Lo ber ot | Ghost,—2  Ghost,—1 - Ghost, 0. Ghost ) ! =
ino of Spectrum D, . D, D D, b ost, 4 1. Ghost, 42, | Meuns, &
ll&)llcrometer reading | 5,812 2-.482 67.907 g cgg 8'4;7 9 61" 10D2 D, D,. Dy Co g
—D - ‘ . r.b27 067 117,19] 117,682 1997 <=0 | * .
1 , n17 1r.152 15 832 12,759 1 . —
Dwm}lceé;suc-{nz' 11695 1 1870 17150 ] 1r.124 1120 ; Tr 14 ‘?
cessive : ik *.6%0 15 b
7o Shostap, 1.677 1568 1564 s 1 1.6 3
o — — L 66 1.
o, Mean 1.586 . 1.669 1.677 1.563 oo 2
Order of Spectrum | -ob: s I“.574 §
- Number of Ghost | Ghost —~2  Gh Order 117, . . . s
Line of Spectr "o ot —1. Ghost, 0. Ghost, -1 1 ) ; >
‘Micrometgr reul':in}1 ' 4rD, Dr D, D, b, p ,-t)' CGhost -2, : Meuns. : <
D,—D, ing .53?806;.896 67713 97053 8876 l'l'.:llos 10'.923q o 'INO ml),” D.' P p -
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‘ D, 2.167 2 152 pes 2.068 2.115 2
Mean : — f_(l‘f 2.028 2.103 S
2.188 2 158 - e - &
2.004 2.048 [ 2110
o , 8.
vhad
)
)
+ :i
- )
& - 8
)
"g
P .
. ‘ ‘g
- . ' . ’ o
, B
)
i - 2
. 0
. . @
=~
n
A - a
o
N g
- v )
: -
: ) 2
- o
\ - 3
. My
-
. .-
S ~ . &
. ¥

to the millimeter.

lass

«

cg

The two sodium lines, and-the nickel line between them, were observed.
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s The following measures were made upon C, with the metal gitter of 681

—meagured in the principal spectrum to Qeterrmne the dispersion. Date: 1879,

July 1. .
- . ‘Order L
) . | ~ Ghost,— - Ghost, 0.  Ghost, + 1. Fine line, C.
8.241 97792 11289 o285 9,801 |
-7 1561 - 1497 0546 C
Order II. : ’ .
Ghost,— 1. Ghost, 0. - Ghost, + 1. | Fine line C.
87054, 9941 11774 §.620  9.960
. - 17.887 1833 1381
Order III.
Ghost,— 1.  Ghost,0.  Ghost, -+ 1. Fine liue,
771156 10010 - 127734 | = 7054
27,895 2.724 o 27956

The following measure was made upon F, with the same gitter. The
mean of lines 4870.47 and 4871.29 was pointed on to determine the dlsper-

sion. Date: 1879 July 1,

Order II1.
Double. . F.
Ghost, 0. Ghost, 0. Ghost, + 1.
© o 8617 10484 . 11".683
17867 17190

The above measures satisfy the theory niode_rately well. Thus, accord-

ing to-theory, the product of the ratio of the distance of successive ghosts to

the distance between the D line by the order of the spectrum should be con- -

~ stant, and should be twice as great for the gitter of 340% lines to the milli-
. meter as for that of 681 lines to the millimeter., Now this product is as

follows :

Order 1V, —543=2 X 272 .

o “ V. 544=2 X 272
« VI b55=2 X277
«  VIL 550=2 X 2.75
« VII 563=2 X 276
« IX. b5d46=2 X 278

lines per mm. The distance of the fine line ?L...6567 91 (A) from C was

Metal Gitter of 340& lines to the mm. B

]
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344 DEIRCE, On the Ghosts in Rutherfurd's Diffraction-Spectra. ‘ , PE[_RCF’ O é A / ﬁ '

T - | Metal Gitter of 681 lines to the nm, 3
- Metal Gitter of 681 lines to the mm, , L . se f | ‘ L
. . o Distance D, — D, . B - - Distance of successive Ghugts:
T A ’ 0.—0.
Order I 2.75 B ‘ . T e Order. " Obs, Cale. ‘, 0.—Q. ) 7 Obs, (')alc. )
I om0 | : ‘1. 0470 07.470 0".000 1262 17292 0000
“ UL 275 CIL 1.43- 1.147  — 0.004 1.574  1.673  +0.001 .

| I 2.303  2.304 —0.001 ‘\ 2110 209 40001 &
Silvered-glass Gitter of 681 lines to the nem,

P

o
Silvered-glass Gitter of 681 lines per mm.

. ‘Di i hosts,
Distance D, —D. . | Distance of ‘suocessweG
Orger I; Zfi Order. Obs. lcalcz. ,0.—C. - - Oba. Cale. 0-70-
I 2y | L 0481 0470 0011 1291 1202 ~ 0001
L 2. | | IL  1.062  1.06 —0.001 1457 1457 0.000
« Y. . » -
| , Iv. 2mn | IIL 2017 2021 —0.004 | 1840 1.38 o+ g.ggg
. : | ' ' — 115 3.113  40.
It is evident that the value which best satisfies the observations lies o IV. 45642 454 0.002 A S ¢
between 2.74 and 275, This ratio multiplied by the ratio of the difference of , The discrepancies between observation and caleulation are, in the case o
wave-length of the D lines to their mean wave-length, shoulq give'the num-

the observations with the coarse-ruled plate in ﬂ_’e 4th to .thheb 7th Orl(iis::’, _
inclusive, pretty well accounted for by the attractions of nexg] ormgiscre
This is shown by the subjoined table. I[?‘ olfher c:j:s;)zh:;ea:;:u::f; for affd
. ing to 7%, or even more, which cannot A1 almost iroania. -
tions, from which it would appear that the period differs about 1 per cent.. :};,cilcelf :::f)]l_l)’nzlxl;etd ’th,e errors of observation, Thus,vit will almqst.mivana(i
from 360. The Product of the ratjog just mentioneq (taking 2.746 for the bly be found that the ghosts of D, are closer togeth.er than those O_f ,_Dg',-anf |
first) is 357. This is therefore g happy confirmation of the theory, | | | thyt the distances decrease as m increases algebraically, ‘The Tneasures ol
- Next, using the value 2.746, I caleulate by Je . e hosts of C and F indicate a much longer period in the inequality. . S?me
of the distance of the D linés ang the dist : ' ;ltlfeslpotss ;:ve been made to measure the'bril]iancy Q_f the ghosts. These only

e inequality, This, from the

‘ 0 be nearly, but pot exactly,

construction of the ruling-machine, is known t
360. Mr. Chapman, who works with the machine, has made certain observa-

ast squares the best valyes
ance of .consecutive ghosts in each

order. In thig Way, we shall be able to Judge whether the discrepancies of

the observations from the

el T R

N N
}} roughly agree with the theory. : :
(Lheory are, or are not, greater thap their probable : : , -
errors‘. The results are as follows : . DETAILED COMP.ARISON oF CALCULATION AND OSSERYATION-
. ‘ | . . ; m.
v | . . Metal Gitter of 340% lines per m :

g ] . , Metal Gitter of 3404 lines ¢, the mm. - f

o . )

:T - A Distance b, —D,. Distaneg of Auceessive Ghosts, Order IV. '
; {*5 / OrIder. Obs. Cale, 0.—¢, . O, Cale. © pt Obs. Cale. 0.--C. .
| % ‘ V. 1084 17076 . T4y gm e AN ro. r244 —.003 -

3 + 07,008 472 1um _ggbs G-1,D, 8241 8. . D
12 ¢ Ve 149 1481 4ol 1.620 - 1.626 _ 0005 G—1,D, 9.330 9320 +.010 Carried toward GO, Dy.

% \\I? 2.03¢ 92045 _ 0.011 L8831 1.872 4 0.009 G0,D,  9.723 9.721 4.002 .

IL 2.936 9 gsg 0.000 2305 o ans ™S 10.797 +.003 : '

4 ) : 3052305 .00 Go,D,  10.800 10. , .

: VIIL 4679 4 goy ~0.012 3.2 3921 Lo.013 G -+ l,ID, 11.187 11.198 —.011 Carr.ed_towd GO, D,

X 12532 12485 4 g4 7.560. ' ‘

7618 —0.058 ‘G +41,D, 12.272 12.274 —.002
X 88
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Order V.

G—-1,D, 7847 7846 4.001
G—-1,D, 9.837 9.327 4.010
GO,D,  9.466" 9.479 —.006

I

TGO, DY UU10.962 10,953 +.009

G'+1,D, 11.090 11.098 — g8
G-+1,D, 12.575 12.579 — 004

Order VI.

G—-1,D, 7387 7388 — .00
GO, D, " 9.265 9.260 +.005
G-1,D, 9421 9433 _ g9
G+1,D, 11.152 11132 + 090
GO, D, 11.304 11.305 — gy
G+1,D,13.173 1377 ~.004

- _ Order VII. ,
G-1,D, 6.637 6.646 ~.009 {
GO, D, 8.95%5 8.951 4005
G—1,D 9595 9582 113
G+1,D, 11.262 11.256 1.0¢
GO, D, 11.876 11.887 _ gy
G+1,D 14191 14,192 _ gp

Order VIIL
G-1,D, 137 4171 _ g4,
GO,D,  8.002 7.999 +.oxo’
G—1,D, 9467 9.462 4 05|
G 41,D, 11.256 17 913
GO, D 12.680 12,683 _ o3
-G +1,D, 15.885 15 904 ~.019 |

Order IX,
G-1,D, §865 §g10 +.053
GO, D, 1281 443 —.149
G—1,D, 9.403 g 997 +.106
G +1,D, 12.075 12 045 +.027
GO, Dy 16.977 16 95 +.062
G +1,D, 24.435 94 539 ~.098

o

Rutherfurd's Diffraction-Spectra.

Carried toward G 0, D,.

‘.Qar;it‘d.ﬂtowani«G.._»],\Di', g = e

Carried toward G + 1, D,.
Carried toward G 0, D,

Carried a little towarg G-1,D,."
Carried toward GO, D..
Carried toward G 0, D,.

 Carried a little toward + 1, D,.

Single pointin
0bs, = §-.43

Carried toward G — 1, D,.
Should be carried toward G 0, D,

2.
-

Carried toward G o, D, +
Carried toward (; + 1, D..

+.043 ,} No distinct attractions,

gs_diworflnnt. Rejecting worst

17

G +2,D, 12.762 12.770 »-—.018

Order III.
G-2,D, 4.503 4.627 —0%4
G—1,D, 6.713 6.736 —.023
G—2D, 6.8 6.931 —.035
Go,D, 8.876 8.8456 --.031

G—1,D, 9.053 9.040 4.013

G +1,D, 10.989 10.954 +.0:35
G0, D, 11.205 11.149 +.056
G + 2, D, 13.057 13.063 —.006
G+1,D, 13.280 13 258 4022
G + 2, D, 15.308 15.367 —.059

-
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* Metal Gitter 681 lines per m.

0.—-C.
~ Order lf 23 (;37 ':_31429 { Not,e:(AlAa; the time of obs. extremely
- 286 77323 —. - uncertain. ) (
g —3: %1 .?1.799 7793 4006 —.006 ) /\
'G—1,D, 8.632 8.615 +.017 +.005
G-—1,D, 9.112 9.085 4.027 +.012
Go,D,  9.9% 92(7); +g(1): +.g?)6 _G‘renet(']a(;1 attraction toward’ tb
10.383 10.377 +.006 —.0 middle. |
gi?: D, 11.196 11.199 —-.o.og, —.016
G +1,D, 11.664 11.669 —.005 —.017
G + 2, D, 12.496 12.491 +.005 —.997
G +2,D, 12.928 12.961 —.083 —.045)
. 0.—C.:
Order 11, . —.004
- G-2,D, 5312 5331 —.019 -.o-zg
G-2,D, 6.482 6.478 +.004 ~.ogl
G—1,D, 6.907 6.904 +.008 —.0 !
G-1,D, 8.059 8.051 +.008 +.gg4
Go,D,  8.477 8477 000 -—,.001
Go,D,  9.627 9.624¢ +.003 -—.013 )
G + 1, D, 10.067 10.050 +.OM’”+.010 \
t+1,D, 11.191 11.197 -—.ggg ;.005
G +2,D, 11.632 11.623 +. o0
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