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416 CONCAVE GRATING:

concave 'reflectmn grating, as developed by Rowland, consists of
, concave POIfSh,eg metal surface having very fine lines ruled on it. It
djm‘aCtS the incident befufn of light and at the same time focuses it
cithout the use of additional lenses as in case of plane diffraction
grating- Thus the spe-ctra Ol.)talned here are free from chromatic and
other aberrations. This grating can be used to investigate ultra-violet
light for which glass lenses are not transparent. The most important
advantage of this concave grating over plane grating is that it can
roduce & truly normal spectrum in which distance between two lines

i proportional to the wavelength difference.

Theory of concave grating :
let L and M be the corresponding points on the two consecutive
lished strips of the concave grating GG, whose centre of curvature
is at C (Fig. 12.16-1). Let a be the
preadth of a ruling and b be the breadth
of a polished strip. Then the distance
petween L and M will be a+b. Light
rays of wavelength A, starting from an
iluminated vertical slit S, are incident
on the corresponding points M and L
glong SM and SL making angles of
incidence i and (i + di) with the normals
MC and LC respectively. Diffracted rays
MP and LP from M and L are diffracted
at angles 6 and (6 + de) respectively
and converge at P. The condition of
brightness or darkness at P will be
determined by the path difference of P
from S for the phase change of © produced at each reflection at M and
L cancel each other. Path difference of P from S is given by,
(SL - SM) - (MP -LP)

ﬁg-lzn 16'1

l=(SL+LP)-(SM+ MP) =
..(12.16-1)
With S as centre and SM a8 radius arc MR is drawn which i8
M and L. Hence

Practically a straight line due to close proximity of
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: MR =i Again with P as ointft :nlina. - g&:u‘ &
- ;ﬁ?ryﬂéﬁn whici} is practg‘:llﬂy a straigh Metry
arc L 8 . |
/ MLN = 6. Hence from F‘ig;i IL Ly i

d (;‘;Il;'fg)- MN = LM sin8 = (a + b) 8in ©
an s
Hence Eq. (12.16-1) reduces t0, o

: ini~sinB)

| = (a + b)sint 8in '
P and S are on the same gide of C then
| =(a+ b)(sini + sin@) .(12.16.3)

g ..(12.18.4
: : + b)(sini £ 8in 6) = mh )
For maximum at P, (a +b) for any pair of diffracted rayy

i dition for maxima will be true 19 . _
of ;n;'i:: nw;velength from the corresponding points, for atngen order
number m. Hence on differentiating Eq. (12.16-4) we get,

cosidi + cos@de=0 [ @+ ancll mA

From Fig. 12.16-1, ¢mi+a=i+dt+ﬁ; or,

§=p+06=0+d6+Y; on do=p-v .

v (a-P)cosi-(P-y)cos8=0 [considering the case when P and 8
are on the opposite side of Cl.

\ o LM wt cosi—(LM—LM(fose)cosE):O
‘ p R R P

« [where p = MS and p’ = MP = LP (practically) for L and M are very
close]. : ;

or, (%ﬁ—%)wsb[%—%g)ooaezﬁ ...(12.16-5)

This is the required condition for maximum at P and this equation
will be satisfied when p =R cosi and p’ =R cos 6. This is the polar
equation of a circle such that S and P may lie on the circle of diameter
R, the radius of curvature of the concave grating GG.. This circle i8
called Rowland circle on which the source S and the. spectrum at P
will lie. The spectra of different orders will lie on the circle.

Mounting of concave grating :
(a) Rowland Mounting:

The property of Rowland circle w:
concave grating in such a way, thatw&sémmhﬁ mh:tl:mt ;I;g
v;;h:n _It)he angle of diffraction 8 is zero. Grating L and thep hottg'::f’hic
?a?li fw : gre ﬁxed. On an arm at a distance LP which is zqual to the
ol curvature of the concave grating (Fig. 12.16-2) The ends of
ne arm are constrained to move along two girders sL an'd sP a;t right

If the points

are constants].
di=a-§
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~ the photographic plate is curved to m
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h other so that f \

Je# oAC S for all positions of LP srner S 18
;:‘ {he Rowl“”dl "‘:j‘l” of which LP is the diameter tlt}i.e c:l’;'ummawi
o gl alit “tf-’oagf c:t S. The diffracted rays from the grnting crom
§ SN rvature of the grating and hence the angle of
s zero, The angle of incidence is £ SLP = i.

(@+b)sini = mh
[ 6= 0; from Eq. (12.16-4)].

;;m-;ction 6 i
chcﬁ 1

Sp
of, (a+ b)},[‘; = mh
Now (@ + P), PL and m are constants and hence SP is p
\, Thus in 8 given order m of the spectrum, lights of di

ngths are arranged on SP so that SP is proportional to M

w.vele :
type of spectrum 18 called Normal Spectrum.

roportional
fferent
This

.
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Fig, 12,16-2

(b) Paschen’s mounting:

In this mounting, the grating GMG, and the slit S are fixed while

ake it suitable for any convenient
position of Rowland circle. The plate is mounted in a circular steel track
(not shown in Fig. 12.16-3). A typical mounting is shown in Fig. 12.16-3
and the approximate positions of visible spectra of different orders are
shown. Usually the grating and the slit are mounbgd on geparate piers,
while the mounting of the plate is extremely rigid. The spectrum
obtained would be nearly normal when the angle of diffraction is small.

(c) Eagle mounting: ‘
Here the grating (G) and the photographw plate (P) are mounted
on the Rowland circle (C) (Fig: 12.16-4). The plate (P) 18 curved to fit
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ircle (€). When the grating is moved and Totateq ¢
b G, position to suit the Rowland circle C? the

G phpto-plate is alsodrot.até?;i tg th?l‘f]al P0§it;j10 nﬂ::
‘ <[ K. suit the Rowland crcle C,. The gt 5
S Bl W mounted by the side of or just above of beloy

C \ the plate, so that the virtual image of , formed
v by total reflection in the prism R, js g Py
centre of the plate P. By this, the prop erty of
e Rowland circle is also utilised by the S
In this arrangement 6 =i and the reflecteq
rays from the prism R goes to the eratiy
which gives diffracted rays. Compactness of ity
mounting makes it highly suitable in vacuun,
spectrograph. As the space is smal], the
temperature can be easily controlled and vacuu
Fig. 12.16-4 gen bp aitained quiskls

Advantages and disadvantages of different mountings :
(a) Rowland mounting :

(i) In this mounting the photo-plate P is placed along the normg
LP. This plate covers a small portion of Rowland circle on both sideg
of the normal (about 10° to 20° on both sides of the normal). Henee
the spectrum is nearly normal.

(i) When the carriages are moved to change the spectral region, the
accuracy of adjustment is impaired to some extent owing to the fact
that the carriages are not perfectly rigid. Again due to the astigmatism
of the grating, the brightness of the spectrum is diminished a little.

(b) Paschen mounting:

(i) Here the slit and grating are relatively fixed and hence Rowland
circle is accurately located for a given problem. Different orders of the

specirum are simultaneously focussed on the photo-plate bent to suit
the Rowland circle and fixed tightly to the rim of a steel tube.

(ii) Normal dispersion is obtained near about the normal to the
grating while on both sides of the normal, dispersion increases, A larg
space 1s necessary for this type of mounting.

(c) Eagle mounting :
() Mounting can be made within a small space which can be quickly
can be kept constant at a desir

evacuated and whoge temperature
value. This grating is suitable for studying ultra-violet light by makiné
the mounting space vacuum. Due to Jess astigmatism the brightnes’
of the spectrum is greater. Higher orders can be obtained than in th®
case of Rowland mounting., : :
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s from one spectral region to unother the grating is to

f ‘f;“'i;d and adjustments are to be made for focussing.
- pupersion _ | | ey
the light from the source at S contains waves of different lengths

" g will be different for light of different wavelengths though ¢ will
pen 8 o same for all wavelengths. Hence differentiating Eq. (12.16-4)

o

|

P d cos 6 d6 = mdA. .(12.16-6)

d), covers an arc ds of Rowland circle then

If
4 = dslp. Hence, d cos 8.ds/p = mdA,
| | s
Ol ¥ . deosd ..(12.16-7)

If the diffracted rays proceed near to the normal (MC) then cos 6 = 1.

Lo ds pme . - :
Hence o ~ o o constant for a given order number m. Thus in the
given order spectrum, the change in the length of the arc of Rowland
drele will be proportional to the wavelength, This shows that the

spectrum is normal.




