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ON THE CURVATURE OF LINES IN THE SPECTRUM FORMED
BY A PLANE GRATING.

By Giuerrr T. WALRER, M.A., 80.D., ¥.R.S.

IN connection with some measurements of spectra recently made nt Kodaikénal it was found that the lines
were alightly ourved. The phenomenon had been pointed out hy Hale, but no formula for its amount
appeared to0 be available ; the following theoretical examunation may therefore have some use.

2. Let the origin of reference be taken in the centre of the grating and 0Z along one of the lines
ruled upon it, and let OX be drawn normally outwards Let the inodent light consist of parallel waves
propagated in the direction (—J,—m,—n) so that (J, m, n) is the normal 1o the waves drawn in the direotion
to meet the light. and let the diffracted plane waves be propagated in the direction (¥, m’, #').

'We shall consider the spectrum of the p™® order and shall take a representative point P on the r** line
of the grating reckoned from OZ towards the sidé on which y is positive. If then 4 be the distance between
consecutive lines on the grating, P may be taken as (0, rd, s); and ss the projection of a vector in any
direction is equal to the sum of the projections of its cowponent vectors in that direction, the projections of
OP along the normals to the incident and diffracted waves are (mrd + nz) and (m'rd + 1'x) respeotively. Thus
the total length of the path traversed by the incident and diffracted rays waen incidence occurs at O will
exoeed the length when incidence ocours at P by the amount

mrd4-ns+m'rd+n's,
and as the speotrum is of the p** order this must be equal to prA. Thus
(m+m') rd+(n+2') s=pr\.
This will hold for all values of  and: 5 if

which are the equations giving m’ and #’.
3. We shall now suppose that the incident light passes through a straight slit parallel to the lines of
the grating and that the centres of the slit and of the collimating lens lie on the line
2 __ Y
cosa sna’

The incident ray (4 m, n) will thus be parallel to the line joining the centre of the lens to some point on
the slit and we shall have

s =0.

) m

e a B e e s (3)
Now corresponding to # = 0 we shall have
{=cos a, m =sin a, (sl a+m') d =pA, %' = 0
Thus if'the angle. of diffsaction in'this.case:of symmetrical incidence be 3,
U= o008 B, m'=sin B,
where (gin a+4-8in 8) d = phiiicovriiiiniiieiennniens o (4), the usual formula.
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4. Now let us consider the image formed by a camera lens whose
-0
centre O lies on the line Oﬁ-ﬁ:.s_i_;/-ga{ /%, . >
‘We shall suppose that the photographioe plate on which the image -
is formed outs this line at right angles at 0’, and that 0 1s at & distance
f trom O, this being the focal length for the wave lengthA. Let O'Y,
O'Z be axes of reference in the plane of the plate, 0'Z’ being parallel o v
to OZ; then if (', &') be the co-ordinates, refeired to these axes, of a
point @ in the image on the plate, a line from .O' t? Q will be parallel 0 N
to the daffracted ray (¥, m’, #'). Now the projections of C'@ parallel %
to 0X, 0Y,0Zwillbe fcos B—y sin B, sin 8+ cos B, ¥’ : and hence X 0

foos foy/ sin B feln Bty oo B Y=yt b

= TR () B

6. Now if the ratio of the length of the slit to the focal length of the collimating lens be treated
as a small quantity of the first order, » will be a small quantity of that order; and as far as squares of
w, by (3),

l m

cosa slNna

=(1 —n")%‘=1—%—n2

Thus by (1)—
m’=’%—(1-—§n=) sin o
= sin B8+4n2 sin a, by (4);
and by (2)— ,
w=—m,

Thus substituting for m’, #’, in (6)

foin B+y'cos B_ & o ray ronk

m —n (f +y +z ) Serssssncnse sessan esvaconen (6)
Hence &' is of the first order of small quantities and

'— Y2+

y=—af { 1+ i S
Also by (6)— s

Sfsin B8+y cos B=(sin B+ § n2 sina)f { 14 y’gftz },

#0 that ¢’ is of the second order of small quantities, being given by
Y 08 8=} n2f sin a+%—# ¢in 8.

Omitting the term in ¢/ which is of the fourth order of small quantities we obtain
2 fy cos B =02 f? gin a+2'2 gin B
=x'? (sia a+sin B)....... Cevieres berersraran (8).
by (7), omitting fourth powers of small quantities,

Henoce the light of wave-length A passing through the slit will come to a focus on the curve (8), a para-
" bola of semi-latus-rectum
Jcos B

‘sm a+ein B
or, to the same approvimation, a cirele of this radius.

6. Let us now suppose that the mormal to the photographic plate instead of being parallel to the
diffracted ray lies in. the plane XOY at an angle ¢ with the diffracted ray; the plate will now be inclined ¢
to its former position and the new radius of curvature p’ of the inclined section of the cone of rays through
0O will be oonnected with the old radius p of the normal section by the relation.

= 5: 008 g
r__J CO8 5 008 v
Hence = i aian e
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