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Fastie Spectographs 
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(Jul y 28, 1964) 

A spatial t heory of the focal surfaces and sli t cur ves of EbcrL ane! EbcI'L-Fast ie mono
chromatol's and spcctrographs is pl'cscn ted. 

In a scco nd-order approx imation, i t y iel ds closed express ion s for U1C' focal surface, 
from w hich a " stop-shift " t heory is developed to st udy t he influence of Lh c posi t io n of t he 
grat i ng i n t he spectrog raph upon the curvature of t he spect rum. 1'11(' cond it ion for an 
C'xtended flat spectrum is deri vee! , and t he EberL- l cast ie sy stl'm is shown La be t he p refer
iI,bl e on e fo r spectrograp h design. 

T lw cllrvatu re of long m onochrom ato r sli t s is also deri ved as a closed, second-order 
C'xp J'('ss ion. The Eber sys tem, on ly , can be equ ipped with long sl i t s, so that i t , in t urn, 
co n i iLuLes Lhe super ior monochromato r m oun t ing. 

A fourLh-o l'e! er approximaLion is also incl uded for sLill more acc umLe computat ions. 

1. Introduction y 

D 
In two previous papol's [1 , 2],1 ft general Lheory 

wa,s de\relopod for calcul ating the focd surfaces and 
sli t CLllT )S of Czcrny-Turnel' typo minor speeLl'O
gntphs and m onoc hl'omators . This t h(lory will now 
b e applied to Eb er t an d Ebert-FasLio sysLe m wiLh 
either plit ll o l'cAecLanco graLings or Li ttrow p ri sms 
as dispersive elem.en ts (though gl'l1Lings, only , will 
be explicitly treated in t he foll owing) . 

-+M~ ________________ ~~~~ ____ ~~~~x 

2 . Exact Theory 

2.1. Basic Expressions 

In Ebert and Ebert-Fitstie monochromatol's and 
spectrographs ([3, 4]; figs. 1 and 2) , a single concaye 
mirror is used to fulfill the tasks of both collimator 
an d camerit . Let T be t he radius of curvat ure of the 
mirror, which we aSS Uffi" to be spherical. 

A coordina te system (fig. 3) , with its origin itt the 
center of curvature, .LV[, of the mirror, is chosoll so 
that the x-itxis int(l]'sects t ho grating center 0 , the 
y-a.\:is encloses an angle (J with the grating tangent 
vector 

T = (sin (J , cos (J , 0), (1) 

itnd the z-axis 1S p ar allel to Lilc gntLing grooves . 
Then , let 

m = mi, (2) 

I ]i' igur(ls in brackpts ind ir atc t ile Iiicra i urf references at t he end of this paprr . 
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FIG lJ RE 1. Ebert monochromator. 

(a) li orizontal cross seciioll \V iill gra ting ill zero-order position. (b) Vertical 
cross section ; prinCipa l ray f1'0111 l JppCr end of enirnn cc sli t, S, to lower end of 
Chlt s lit, S', is show Jl . 
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with i = (I , 0, 0), be the point vector OM, and let 

E = (A, B , 0), 

E' = (A', B', 0'), 

(3) 

(3') 

represent the unity vectors of the principal rays 
incident upon an d diffracted by the grating at O. 

From eqs (2.7, 2.5, 2.]7 , and 2.4),2 the point 
vector, s, of a sli t point 8 is them obtained as 

s= M8= (x, y , z) = - (p + q- 2pqW/1'2) E 

with 
+ (1 - 2qw/r2)mi, (4) 

p = w + mA, 

q=!w+ m zOz/ (2w), 

(5) 

(6) 

(7) 

~--------------------.-~~---------~~~x With (2 .6), the directio:,l of the principal ray 
leaviilg 8 is giveil by the unity ,-ector 

s' ----=::::::::::::::::-J!<" 

( b) 

FIGum: 2. Eberl-Faslie spectrograph. 

- q/q= - P8/I P81 = (l - 2pW/1'2) E + (2mw/1'2) i, (8) 

where P is the poin t of reflection on the collimator 
portion of the mirror. 

Likewise, one obtains from [2] , for tll e image 
point 8' , 

Ca) Horizontal cross scctioll with grati ng in symmetrical position; . ..., ' is outermost 
line of spectr um . (h) \ rer1icnl cross sect ion. 

--~ 

s ' = M8' = (x' , y' , z ' )= (p' + q' - 2p'q'w'/rZ)E ' 

s' 

M Y 

s 

q' 

p' 

p ~ 
~~ 

E 

x 

FIG URE 3. One-mirror spectl·ograph. 

Beam path and coordinate system. 

+ (1 - 2q'w' /1' 2) mi, (4') 

p' = w' - mA' , (5' ) 

q' = tw' + m 20'2/ (2w'), (6' ) 

w' = +.Jr2- m2(1 - A'Z), (7') 
--~ 

q'/q' = P'8'/I P' 8' 1= (l - 2p'w'/rZ)E' 

- (2mw'/1'2)i. (8 ' ) 

We see that the equ ations for 8' are the same as 
those for 8, with - E ' substituted for E. Hence, 8 
and 8' lie on a common focal surface, and it suffices to 
consider 8, only, to determine thi.s smface. 

Separate expressions for 8 and 8' are then merely 
p needed to find the location of conjugate points on the 

focal surface. 8' is a spectral im age of 8 when the 
grating equations, 

T· (E - E ') + }1 X/d= O, 

0-0'= 0, 

(9) 

(10) 

are satisfied (}1 = spectral order, X= wavelength, cl= 
grating constant ; see reference [1]). 

2 Equations (7), (5), etc., of reference [21. 
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2.2 . Focal Surface 

F rom (4) Ull"ough (8), one derives 

s = - a E + bi , 

wi th 

(11) 

a = (w2+ m 2C2)/ (2w) + m 2B 2(w+mA)/1'2, (1 2a) 

b= m 3B 2/r2, (12b) 

as a vector representation of the focal surface. 
Hence, for the coordina tes of S, 

x = - aA + b, y = -aB, z=- aC. 

From here, a closed expression is obtained in two 
limiting cases , only: 

For m = O (gratin g nt cen ter of Clll' vatm e of minor), 
the abo ve equations y ield 

(14) 

which describes fi sphere of radius tT fibou t M . 
F or m = T (gratin g fit ver tex of minor), one ob tains 

At the paraxial rocus, wher e Z2( X-tT) is negligibly 
small, this describes fI, cylillder of nLdius tT abou t t he 
axis x = t1', y = O. 

Yet, no workable closed expression for the focal 
surface can be derived for arbi trary values of m. 
The following parameter represen tation may be used 
instead. 

Write, as a gener al expression for E, 

A = -cos a, 

B = =t= -vsin2a - sin2'}', 

C= -sin '}' , 

(16a) 

(16b) 

(16c) 

where the choice of signs is due to the n egative 
direction of E in fi gm e 3. Hence, from (1 3), 

where 

a= (T2/2w) 

x = a cos a + b, 

y = ± a -vsin2 a-sin2'}', 

z= a SIn ,}" 

(17a) 

(17b) 

(17c) 

- [(1/2w)-(w-m cos a) /1'2]m2(sin2 a -sin2 '}'), (17d) 

b= (m3/T 2)(sin2 a-sin2 '}') , 

and 
W=+ -'/1'2_ m 2 sin2 a 

ar e functions of m, a, and '}'. 

(17e) 

(17f) 

2.3. Slit Curve 

The cur vature of long monochromator slits, as 
derived . in [2] from the grating equations, is now 
obtain ed as follows: 

Let th e a bove eqs (17a, b, ... ) represent an 
arbiLrary poiu t, S = (x, y , z) , of the entrance sli t . 
Theil , let t he sli t cen ter , So = (xo, Yo, zo), be given by 

xo = ao cos ao + bo, (1 Sa) 

Yo = ± ao-vsin2 ao-sin2 '}'o, (18b) 

zo= ao sm '}'o , (18c) 
with 

- [(1 /2wo) - (wo - m cos ao)/T2]m 2 (sin2 ao - sin 2 '}'o) , 

bo= (m3/ 1·2)(sin 2 ao-sin 2 '}'o), 

wo=+ -V1'2- m 2 sin2 ao . 

(J Sd) 

(18e) 

(181') 

It was shown in [2], eq (2.21), that, as a con
sequence of the grating equations, the first direction 
cosine of E is t he same for all sli t poin ts. Thus we 
mny wri te in eqs (1 7a, b , ... ), 

(J 9a) 
so that 

a = ao+ m 2 [(l /2wo) - (wo-m cos ao) /1,2] (sin 2'}'-sin 2 '}'o) , 

(J 9b) 

(19c) 

H ence, 

z = zo+ a sin ,}, - ao sin '}' o, (20c) 

which, upon introduction of an addi tional parnmeter 
0, 

(20d) 

is the parametric representation of a curve on the 
focal surface along which the entrance sli t must 
extend. 

It is then seen from eqs (2.25 and 26) that, on th e 
image por tion of the focfil surface, the exit sli t must 
lie on the same curve. 

2.4. Discussion 

It was shown in 2.2 that differ en t values of m may 
yield en tirely differ ent focal surfaces. Proper 
posi tioning of th e grating is t herefore an important 
consider ation in designing the spectrograph . 

F or a given m, the above parameter representation 
permi t a straigh t forward point-by-poin t calculation 
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of t he focal smface and t he slit cm ve. H ence, an 
electronic computer may conceivably perform an 
analysis of t he inHuence of m upon the system. 

Closed express ions for arb itrary value,;; of m, 
however , would provide a still better insigh t. Such 
expressions will be derived in the following chapter 
as a second-order approxima tion for the paraxial 
por tion of the focal smface, which alone is of in terest. 

3 . Second-Order Approximation 

3 .1. Focal Surface- Choice of G rating Position 

Upon neglecting third-order t erms lH a and 'Y, 
eqs (16) and (12) may be wTitten as 

A = - 1± ! a2, 

B = ~-./a2-'Y 2, 

C= - 'Y , 

(21a) 

(21 b) 

(21 c) 

a/r= ! + H3(m/r) 2- 4(m/1')3J a 2 - H(m/?') 2- 2(m/1')3h 2, 

(21d) 

(21 e) 

H ence, as a second-order approximation of (13) 
for the p ar axial r egion , 

z/r= h, 

which is easily seen to satisfy the relation 

f(x, y, z) = (x/r)+ [1 -3 (m/r)2](y/?') 2 

(22a) 

(22b) 

(22c) 

T he usual discussion [5J shows that this equation 
represen ts 

an ellip tical paraboloid for 0< m < rl-/3, (24a) 

a parabolic cylinder for m = I'/..,/3 , (24b) 

a hyperbolic paraboloid for 1'/,13< m < r. (24c) 

At a point S = (x, y , z), th e vector 

n = - (oj /ox, ojj oy, oj / oz) 

or, from (23) , 

n = - (1 /I', 2[1 - 3(m/ I')2Jy/ p2, 2[1 -(mjT) 2Jz/p2) (25) 

is norm al to the focal surface [6J . The equation of the 
tangen tial plane of the focal surface at S, then, is 

( ~-x, T} - y, 1; - z) . n = O 

or, with (25) 

( ~ -x) + 2[1 -3 (m/rrJ(y/r) (T} - Y) 

+ 2[1 -(m/r)2](z /r)(t-z) = 0, (26) 

where ~, T} , and t ar e th e coordinates of a poin t in the 
plane [6J. These equat ions will be needed in the 
following d iscussion. 

The horizontal cross sections of the paraxial focal 
surface (23), along which the spectrum extends, ar e 

z = o. (27) 

As shown in figm e 4a for differen t values of m, they 
are par abolas whose curvature vanishes for 

m = r/,!3' (28) 

and assu mes opposite signs lor greater and smaller 
values of m. 

H . Eber t [3J had originally placed the gr atin g at 
the parax ial focw; of t he mirror, where m = !r. O. 
Vierle [7J claims that perpendicular light incidence 
upon the focal smface is the ad van tage of this 
mounting. It is true tha t the direction of t he 
principal r ay, which from (8) can be shown to be 

- q/q= - (l - ![1 + 2(m/r)2]a2, 

[1- 2(m /r) ]..,ia2- 'Y 2, [1- 2(m/r)h) (29) 

is perpendicular to t he yz-plane for m = ! r. The 
focal surface, hOWe\Tilr , is curved away from that 
plane, and the angle of incidence, T , is therefor e 
given by 

cos r = (n · q)/(nq ), 

wi th n =[ n !. From (25) and (29), 

- 4(m/r)3[ 1- (m /r) ]"(2 . (30) 

E xcep t for t he border case m = O, norm al incidence 
occurs for no yalue of m, and m = !r does not appear 
to be dis tinguished from other values. The num er
ical example in figure 5 shows, moreover, that r is 
a very sm all angle, so tha t t he whole matter is of 
li ttle practical importan ce. 

.R. F. J arrell [4J ch~s e m = ir, wi th t he grating 
mIdway between par f1xlal focus and mirror, so t hat 
t he mirror size. could . be reduced . According to 
figure l a, the mUTor diameter must be at least 

(31) 

in the horizon tal cross section of an E ber t mono
chrom ator , where W is the gr ating wid th and a the 
maximum angle. The same formula holds for the 
Ebert-Fastie spectrograph also ; see figure 2a. 
H ence, an increase of m will indeed considerably 
reduce the mirror size. 
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FIGURE 4. (a) lIori zontal and (b) vertical C1'OSS sections of paraxial f ocal su rface j01' difJel'ent 
grating positions m. 

Scal ~ of abscissa is 10 t imes enlarged . 
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FIGURE 5. Angle of incidence on focal s1lrface, T, versus 

g"ating positi on, m . 

Yet, a curved focal sUTface is obtained unlesi3 the 
",13-condit ion" (28) . is observed. This condition, 
which was first published by S. A. Khrshanovskii [8], 
holds as a second-order approximation and is now 
seen to apply to horizon tal cross sections of the 
focal surface, only. 

The vertical cross sections, 

(X/1') + [1- (m/1') 2] (Z /1')2= t, y = o, (32) 

as shown in figUTe 4b, all curve away from the mirror. 
Their curvature decreases as the grating moves 
toward the mirror , and vanishes in the limiting 
case m = r, only. 

A truly flat spectrum, in the sense of the focal 
surface being a plane, can therefore not be produced 
at all . Yet, the ,I3-condition defines the only posi
t ion of the grating for which a plane photographic 
plate ca.n be made tangent to the focal surface along 
a whole straight line, instead of at a. single point, 
only , as for all other choices of m. It is seen from 
(26) that the photographic plate must then be 
arranged in the plane 

(33) 

where Xo, Yo = O, and Zo are the coordinates of the 
cen tel' point of the cen tral line. 

In a spectrograph, the spectrum lines a.re usually 
short, so that the above descr ibed removal of the 
horizontal CUTvature of field, only, is fully sufficient 
to yield a fiat spectrum. 

3 .2. Slit Curve- In-Plane and Off-Plane 
Monochromators 

It is seen from eqs (22) that, upon retention of 
second-order terms in a and /" only, 

(X-tT)2+ y2+Z2= i 1'2 sin 2 a. 
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If, in this equation, x, y , and z are assumed to rep
resent an arbitrary point of the entrance slit of 
!1 monochromator, the right-hand side of the equation 
IS seen, from (19a) , to be a constant; 

where ao pertains to the slit center. Thus, 

(x- t1') 2+y2 +Z 2= p~. 

(34a) 

(34b) 

This is the equation of a sphere of radius Po about 
the p~ra.x~a l focus (tT, 0, 0) .. As se~ forth in [2], 
the eXIt sht, too, must obey tIns equatIOn. 

The slits must of course lie on the focal surface 
of the monochromator as well. They must there
fore extend along the curve which is obtained as 
the section of the focal surface (23) with the sphere 
(34b). 

In the vertical cross section 

X= tT, (35a) 

the slit curve 13 a circle about the paraxial focus 
(y=z= O) ; 

(35b) 

see figme 6. W . G. Fastie has, indeed, greatly 
improved the image quali ty of an Ebert mono
chromator by curv ing the two slits along this circle 
[9, 10] . A further improvement might be accom
plished by fitting the slits to the true spatial slit 
CUTve, as derived above. 

In an Ebert-Fastie system, the slit curve inter
sects the sli t center, SEF in figure 6, in a direction 
perpendicular to the grating grooves; i.e., per
pendicular to the natural direction of the spectrum 
lines . It must be concluded, therefore, that the 
Ebert-Fastie mounting cannot possibly be equipped 
with long slits. 

MIRROR 

LONG SLITS FOR J 
EBERT MOUNTI NG 

GRATING 

SLI T 
CURVE 

FIG U RE 6. End-on view of one-mirror monochromat01' and 
siit curve. 



3.3. Validity of Approxima tion 

The an gles a and')' th at occur in pl'ltctical spectro
gr aph design may be determin ed as follow. 

The a llgle a at which entnwce and exit sli ts are 
arra nged in a properly designed Ebert monochroma
tor (whm'e a is minimized) i obtai ned from fi gure .In 
as 

a~tan a = l vl'/(1'- m ), (36a) 

wher e W is the grating width . Thil other angle, "I, is 
determin ed by the sli t length, l . F1'om figure 1b and 
eq (22c), 

(36b) 

for th e sli t ends. 
A llig lt-speed Ebert monochrom ator with a long 

slit ( 11'= 16 /1, l = 4.5/1 , 1' = 180/1 , m = t1') was co n
structed by W. G. Fastie [10] , and a fm ther en trance
men t of speed or slit length appear s to be unlikely in 
the prese n t state of t he art. The correspo nding a ngles 
are a = 0.09 , ')' = 0.025. 

In an Ebel't-Fastie spec trograph, "I is given in the 
same manner as a is in a n Ebert monochromator , but 
with the grating height , H, subst ituted for W; see 
fi gm e 2b . Thus, 

(37a) 

For a the spectrum leng th , L , is the determining 
factor~ }-"rom figure 2a a nd eq (22b) , for the spectrum 
ends, 

Y=VJ~tr·Ja2-')' 2, a", , ' (L / 1')2+,),2, (37b) 

with "I from (37a). 
For two publi h ed designs of Eber t-Fastie spectro

graphs (R. F. J arrell [4]: 1' = 22' , H = 2t", m = ·i!T; 
P. Kroeplin [11]: 1' = 4 m , H = 5 cm , m (e tirn ated) = 
h ), we obtain ')' = 0.02 a nd 0.01 , respectively. Jarrell 
chose L = 20/l, 01' L /1' = 0.076 , and im age quality at 
th e spectrum ends seems to indicate that this con
stitutes an upper limit [12]. Kroeplin uses L = 30 cm 
and, thus, L /1' = 0.075 . From here and with the above 
value3 of "I, a = 0.076 and 0.078, respectively. 

We may thus accept 

(38a) 

as maximum values for both Ebert monocllJ'omators 
and Ebert-Fastie spectrogntphs. A computation of 
the focal surface, from both the exact formulas (17) 
and the second-order approximation (22), th en shows 
that the latter involves a maximum error of approxi
mately 

ilS=1/(~X)2+ (ily)2+ (~zr= 5 .10 - 51' (38b) 

at these maximum angles and for various values of m 
between t1' and ~1' . H ere ~S is the distan ce of tbe 
approximate focal poin t from the true one . 

For the usual mirror radii of a few m eters this 
error is of the order of 0.1 mm, and i t m ay therefore 

b e concluded that the second -order approximation 
is sufficien tly exact for most practical applications 
of t he theory. 

4. Fourth-Order Approximation, Flat 
Spectra 

Wh er e stillmore accuracy is n eeded, a foul'th
ord er }1,pproximation of th e foc}1,1 surf}1,ce may be 
~ sed. If, in (2la, b, a nd c), th e n ext higher terms 
1n a and "I }tre }dso ret/1,ill cd one finds, instead 01' 
(22a , b, and c), 

x/r=~ [ 1-(m/r)2'Y2+J (m /rY')'4] 
1 -4 { [1- 3(m /r)2]- [(m /I'}2- 4(m /I' )3+3(m /I')4h2 }a2 

1 . + 48 [1- 30(m /r)2+48(m /r)3- 27 (m /I' )4]a", (39a) 

Y/I'=±~ ,/a2_ ')' 2 { l -i [l + 6(m/r)2- 12(m/I')3 h 2 

-~ [1- 9(m/I')2+ 12(m/r-)3Ja2} , (39b ) 

Z/7'=~')' { 1 -~ [1 + 6(m/I')2 - 12(m/I')3h 2 

+~ [3(m /r)2- 4(m/r)3 Ja2 ~. (39c) 
2 ) 

These equations permit a poinL-by-poin t com
putation of the focal surface and , upon use of (19}1,), 
of t he sli t cur ve as well. The deviation from t he 
true focal smface is 

(39d) 

for a = O.l , ,), = 0.03, and t1'< m < !l:r , as in 3.3. This 
is equivalent to abou t 1}L, only, for a minor radius of 
a few meter s, so that the fomth-order approxim ation 
will certainly suffice for any applica tion of the 
theory. 

Equation (39a) shows that, for m = 1'j-,,13, the 
x-coord inates of spectrum center and ends (a = ')' 
and ± am"Xl respectively) differ by four th-order 
terms. With the grating in the , 13-posi tion, the 
hori7.0ntal cross sections of the focal surface ar e 
therefore still slightly cmved. 

The fl atn ess of the spectrum may now be fur ther 
improved by slightly correctin g the gratin g position 
by an a moun t f for which , in the fourth-order 
approxim a tion of (39a), the spectrum cen ter and the 
spectrum ends lie on a straight lin e. Thus, in troduce 

(40) 

into (39a) , calculate X= X( f) for a = ')' and a = ± a m ax , 

and equa te th e two x-values so obtained in order to 
find f. 
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The procedure, which has previously been pub
lished by this author [13] for in-plane mountings and 
is now extended to off-plane ones also, is best ex
plained by a numerical example : 

Co nsider an Ebel't-Fastie spectrograph of 1'=2 m 
minor radius, H = 80 mm grating height, and L = 360 
mm spectrum length . Thus, with (37a, b), 

'Y = 0.05, a m • x = ± 0.2, (41a) 

and, with (39a) and (40), 

X= [(999.167 + 2.884 f/r) - (0 .129-1 731.381f/r) a2 

-(115.100+309.4Olf/1')a4] mm, (41b) 

where linear terms in fir ar e retained, only. H ence, 
for the spectrum center (a = 'Y = 0.05 ), 

xo= (999.166 + 1.442 f/1') mm, (41c) 

and, for the spectrum ends (a = a max = ± 0. 2) , 

Xmax = (998.978 + 65.862fj1') mm, (41d) 
so that 

f/r = 0.002 918, f= 5.836 mm, (41e) 

if olle demands that Xo and Xonax be equal. 
The focal Cw"\T6S obtained from (39 a and b) for 

the uncorrected and the corrected .J3-position of the 
grating (m = 1154.700 mm, and 1160.536 mm, 
respecti vely) are shown in figure 7. For t he latter , 

200 

y(mm) 

100 

0 .00 

-100 

-200 
999 .0 999 .1 999.2 

x{mm) 

FIGURE 7. JIorizonlal cross seclions of focal sulfaces of Eberl
Faslie speclogmph. 

Left: uncorrected, righ t: corrected v3·position of grating. e ca!e of abscissa 
1000 Limes enlarged. 

the position of the photographic plate may be chosen 
as indicated by the broken line. In ow· example, a 
displacement of the grating of abou t 6 mm has thus 
resulted in a r es idual cur vatme of the spectrum of 
only L:,.x= 0.02 mm. 

For the uncorrected -03-position, the residual 
cur vature is of the order of 0.1 mm and so is on the 
verge of being acceptable without fmther improve
ment [1 3] . Also, the above example involves a rather 
extreme relati \Te spectrum length , where image 
quali ty at the ends of the spectrum, rather than 
deviation from flatness, is likely to be t he chief con
sidera tion. 

It may therefore again be conclud ed that the 
fourth-order approximation of the focal surface will 
be needed only rarely . 

5. Conclusions 

The chief r esults of the above t heory of Ebert and 
Ebert-Fastie systems, and their consequences, may 
be s umm arized as follows. . 

(1) Closed expressions for the focal surfaces and 
sli t cW" ves can be derived in a second-order approxi
mation only, but the accuracy obtained with it is 
sufficien t in most practical cases. 

(2) The cmvature of the focal surface is strongly 
dependent upon the position of the grating in the 
spectrograph. An extend ed flat spectrum is obtained 
when the grating is arranged at the .J3-position (28), 
which may be slightly corrected for still better 
flatness . 

(3) The off-plane Ebert-Fastie system is the pre
ferred mounting for spectrographs as i t yields, other 
parameters equal, a spectrum twice as long as the 
in-plane Ebert system. 

PHOTOGRAPHIC 
PLATE 

MONOCHROMATOR SLITS 

FIGU RE 8. Eberl-Fastie spectrogl·aph combined wilh Ebert 
monochromalol·. 
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(4) Long sli ts, as required to m aximize the energy 
throughput of monocnrom ators, must be curved but 
can be used in an in-plane arrangement only. The 
Ebert system. is therefore the preferred moun ting for 
monocnromators. 

(5) These r elative merits of the two mountin gs 
immediately s uggest the com bined spectrognLph
monochromator system of fig ure 8, where Lhe mere 
addition of two cur ved mon ocJrl'omaLor sli ts to an 
Ebert-Fastie spectrogr ap h co nverts t he in sLrument 
into an Ebert mOllochromHLor as we]L A versatile 
double-purpose system is obt,1ined in this manner f1t 
little extra cost and effort. G. W . King [14] hflS 
actually built such an instrumen t. 

The programming of numerical computations 
needed for this paper was done by J. J. Spijkel'm an, 
of NBS. 

(Paper 6804- 165) 
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