
BULLETIN No. XYI. 

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

IN oonn~otion with some measurements of spectrn rooently made a t  Rodaikhn~nal it was found that the lines 
were slightly ourved. The phenomenon had heen poitrted out  hy Hale, but no formula for its amount 
appeared to be available ; the following theoretical examnrttion may therefore havo some use. 

2. Let the origin of raferenoa be taken in  the oentre of the grating nod OZ along one of the lines 
ruled upon it, and let OX be drawn normally outwards Let the inoldent light ooneiet of pttrallel waves 
propagated in t h e  direotion (-1,-m,-n) so thst (2, m, n) i e  tho normal io tho waves drawn in the clirootion 
to meet tho light. and let the diffrmtod plane waves be propagated in tho direotion (Z', m', la'). 

We shall oonsider the speatrum of tho pbh order and shall tako n representative point P on the rlh line 
of the grating realconed from OZ towards tho side on whioh 11 i e  positive. It thon d bo the distsnoe between 
ooneeoutive lines on the grating, P may be takeo aa (0, 9*d, a) ; and ae the projeotion of a veotor in any 
direation is equal to tho sum of the projeotion~ of its oolnponent veotore i n  that direotion, the projeotione of 
OP along tho normds t~ the inoident and diffrooted waves are (mn l+  ns) and (m'rd + n'a) reepootively. Thus 
the total length of the path travemed by the inoidont and diffraoted rays w.len inoidonoe ooours at 0 will 
exoeed the length vhen inoidenoe oooura at  P by the amount 

mrd+nz+m'rd + n's, 
and as the epeotrnm is of the pth order this must be equal toprh. Thus 

(m+m') rd+(nf sz') s=prX. 

This will hold for all ~&lues  of T and: a if 
(m + m') d=pX. ......................... (1). 
e+nr= 0.. .......................... .(2). 

whioh are the equations giving m' and n'. 

3. We shall now suppose that the inoident light paeses through n straight alit pardlel to the lines of 
the grating and that the oeatres of the elit and of the oolht ing lens lie on tho line 

- M = L  11; 10. 
oos a Rin a' 

The ipoident ray (I, rn, n) wil l  thua be parallel to the line joining the oentre of the lena to some point on 
the alit and we, shall have 

N o w  oomsponding to n = 0 we shall have 
2 = cos a, m = ~ i a  a, (ein cr+mt) d = ph, n' = 0 

The if'tha anglel of ddlqaotian in4 hiehawe:of lsymmot;xio&l imidenoe be ,@, 
F= oos ,%, m'= sin 8, 

where (Gn a +sin ,@) = PL.. ...................... (4)) the usual form&. 



4. h'ow let us ooneider the image formed by a alunera lem whose 
% ' - a  

aentre o lies on the line -%=L# % . 
o o s f l  sin/3 

We shall mppose that the photographio plate on which the image 
is  formed 0th t h b  !in0 at right angle0 pt 0', a ~ d  that 0' la ~t a distmoe 
f horn 0, thie being the food length for the wave 'length X. Let Or, 
0'2' be axes of reference in the plane of the plate, 0'2' being perallel 
t o  OZ; then if (y', s t )  be the co-ordinates, refelred to tl~eee apes, of a 
point Q in tho image on the plate, a line from C to Q will be parallel 
t o  the dlhcted rar ( Z t ,  m', d). Now the projeotiona of CQ parallel 
t o  OX, OY, O Z w ~ l l b e  f cos /3-y' sin ,B,J ein,B+y'coeB, d : andhence 

f oos ,8-y' sin f i -  f sin B+yt  oos ,8 - 9' - - --- ....... r m' n' 
- ( f2+ f2+%' ' )  4 ....m..........*.,(5)m 

6. Now i f  the ratio of the length of the s l i t  t o  the food length of the oollimating lens be treated 
as a small quantity of the Grat order, f i  ~111 be a small quantity of that order ; and ae far as squares of 
*, by (31, - Iwa - -  - n 2 ) * = 1 - + n 2  

008 Q SlIl a 
Thue by (I)- 

tn'=@-(l-*fi2) )sin a 
d 

= sin f i  +b2 sin a, by (4) ; 
and by (2)- 

fit - - - m. 

!J%ns mh.t~tuting for m', B', in ( 6 )  
f sin @+yf MS /3- z' - -  - ( f2 ++p'"+.'" *... ........................ 
einB+$n2 eina -n (6) 

Eenoe sf is of the &st order of small qumtitiee and 

ao that iy' ia of the seoond order of smaU quantities, bekg &en by " 

Omitting the term in y'2 which is of the fourth order of mall quantities we obtain 
2fa/ ooe = n2 f2 ah a+dt sin 

= d 2  (ein a + ein 18). .......................... (8) * 
by (7), omitting fourth powers of small quantities. 

Henoe the light of wave-length h passing through the slit will oome to a focne on the ourve (8), t+ para- 
' h l a  of mmi-latus-moturn 

f 008 P 
sm a+ sin ,3 

or, to the eame appronimation, a oirole of t h i e  mjius. 
6. Let as now snppoBe that the normal to the photographio plete inatead of being pardel to the 

diihoted my lies in, the plane XOY at an angle y with the difhaoted ray ; the plate will now be inclined 7 
to its former podtion and the new radins of ourvatwe p' of the inolined aeotion of the oone oE rays through 
0 wi l l  be aonnected with the old radiu8 p of the normal seotion by the relation. 

Henoe 
p'=p 008 y 

f 0 s  ,8 ooB f,'= -- 
sin a+ain @* 
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