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INTRODUCTICN

The purvose of this paner is to exnlain the construction and
operation of a small grating spectrograph.

In order to accompligh this, it will be necessary;

1) to review briefly the theory of the gratinz, 2) to give the
mechanical details of tne necessary construction of the spectrogranh,
3) to consider in detail the difficulties and limitations arising in
the adjustment and oneration of the anvaratus, and 4) to compare its
resolving power with the eguinmunt available in this labratory.

The grating is a Vaollcce Henlica of a Mickelson concave
diffraction grating. It has 25,110 lines per inch and a focal length
of 1060 ma. To meet the above objectives it was necessary to nrovide
a mounting for this grating vhich would; 1) be flexible, 2) nrovide
easy adjustment from one setting to another, znd 3) give accurate re-

setting to any desired region of the spectrum.

(1)
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THECRETICAL CCNSILEXATIONS

An ontical grating consists of a piece of glass or sneculum
metal which has becn ruled vith from 3000 to 30,000 lines to the inch,
The glass allows the licht to pass between each ruled line but the
Tuled line is vpractically opague. The sveculum metzl acts as a
mirror each groove acting as a sumall reflector. The ruling of these
gratings is a delicate, evpensive, a2nd slow task. There has been
developed, by T. Thorn, R. J. VWallace, and others, a method of re-
producing these gratings by making a collodion or pyroxilin cast of
the original, and mounting this case on some suitable foundation.™
Rowland discovered that if a grating were ruled on a concave mirrer
the grating would produce sharp images, itself, withoué any lens
system being necessary.

Tne concave grating used in this problem is a Vallace renlica
of a grating ruled on lichelson's engine at the University of Chicago.
The cast is mounted on a silvered glass mirror, which in turn is
mounted b a block of plaster of paris, This grating has 25,110 lines
to the inch, znd a focal length of 106.0 cm. The lines are 3 cm.
long and the ruling extends for 5 cm.

From the elementary theory of the diffraction grating the re-
lation between the angle of the incident ray (9, , the angle of the
diffracted ray 6%~, end the wavelength )\ , for any plane grating,

*¥
is given by the equation

nA=a(8in @ + 31 8)

(2)
* Chas. F. leyer--The Diffraction of Light,-n. 130 --n. 182
**Chas, F. leyer-—The Diffraction of Light--n. 116



where n 1is the spectral order observed and a 1is the grating
spacing vis., the distance from a noint in one ruled line to a
corresponding noint in the adjacent line, or simmly, the recinro-
cel of the number of lines ver unit length in the grating. This
elementary theory is applicable to any plane trunsmission or re-
flection grating. If this equation is anplied to each element of a
concave reflection grating an expressioan should be found which would
determine the focal relation.

In the develooment of this focal relation for the concave
grating, the grating space ~a 1s consider-d constant along the
arc. In vractice a grating is ruled with the spacing constant along
the chord. However, since the averture of a grating is small, the
spacing along the arc or chord will not differ amreciably. (It
can be shown that this constant snhacing along the chord instezd of
along the arc is essential in the nerfection of the image.)*

In figure 1 let O Dbe the sowce and its image I formed by
the grating l1i'. With DL, the radius of curvature of the grcting,
es a diameter draw a circle tangent to the grating at its center.
Consider the two rays from 0, OM and OM! incident on the grating.
Let e represent the smmall clement of the grating between M and
M'.  The angles §, and §,+d6, and B, endb.+d6, are the

angles of incidence and diffraction respectively since any line

(3) .
*Chas. F. Meyer--The Diffroction of Light--p. 430.



(2)

/
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Fisure 1

AMA) = A[2GE0) +3cun 8,)]

from D is normal to the
grating surface.

‘In order to form a
diffracted imege in a
given order of a partic-
ular wavelength it is
necegsary that Yll
remain constant over
the surface of the grat-
ing. This condition may
be exnressed by differentict-
ing the grating equation
with resnect to @ and
setting this equsl to zero.
The correct focel relation
will then be that vhich

satisfies this equation.

Since a 1s a constent for any particular sgrating this equation re-

duces to

Coﬂ.ﬂ,/e, + &4-9,10(9‘;_:-0 .

In order to have an imsge, 6, and H, wust comvensate for each

other to satisfy equation (2).

(%)

*Chas. F. Meyer--The Diffraction of Light——nage 155



(3)

)

Letting R rezres:nt the radius of curvature of the grating,
r] the dictance Ol, and r5 the distance I in fi:ure 1, by geometry

4’.*‘@/:4’/-:%7‘9, +A‘9/ .

Qr A@l_—_(pl_{{{ :_:’.{.__

h

=|o

by using radian measure to represent the angles L/‘ and L//J_ o
I:— e cos 9/ since for small arcs tke arc may be substituted for its
chord or tke chord for the arc, (the error introduced being small) and

the element of the grating surface is small.

Trherefore d O = CQg:&/ _ €
! )7 R end similarly JGJ_ may be

\ &
written d@;:ec"“ z_ &

A R

Substituting these values in equation (2) gives

€l € Clefy S )
coet (S5 =2 )+ vty (- B) =0

If r) = Rcosf, end r; = Rcos@, equation (4) is satisfied.
This condition exists when O and I both lie on the circle having LL as
a diameter. Other conditions may satisfy this equation but this one is
of marticular siznificance. Tiis circle is commonly called the Rowlzand
circle =nd is understood to e the circle tangent to the center of the
grating using the radius of curvature as its diameter.

In general nractice a narrow slit is used as the source 0 . It
follows frem equation (4) that if the slit is vleced any where on the
Rowland circle, its imzze will be in focus on this circle also, and for
any given [, 1its vposition will devend upon ) and A} of equation (1).

(5)



»
Fisure 2 is a sketch of the IEajle mounting. Licht enters

the slit S and isc reflected to the grating G vhere it is diffracted
to the plate P. Here the various wavelengths are semarzted over tre
rlate. Opntically the slit S 1is just gbove or below the center of the
plate P. Since it is necessary that the grating and nlcte remain on
the Rowlad circle as they are rotated, the corresnonding change in

the chord is made, as illustrated in fisure 3. The center of the
Rowland circle moves along the normmal to the line PG as the machine

is adjusted to the various snectral orders. From fizure 2 it is
evident that the anzle of incidence ) and the angle of diffraction

éiL are identical. Tuerefore equation (1) reduces to
NA=Ta don &

for the Eagle type of mounting. It is also evident from equation (L)
that 1f all points on the vlate P are to be in focus at the same

setting it rmst have the curvature of the Rowland circle.

Figure 2

To definitely illustrate these positions, take the iron line
A = U4859,757 A. and calculcate the required positions with
equation (5). Tais varticular grating has 25110 lines per inch,

(6)

¥ --Astrovhys. Journ. Vol. 31,-n. 120,-1G10.



or 9835.8 lines ver cm. Tuerefore a = 10115.4 4 . R=106.0 cn.

From equation (£) is obtained

(6) 6 = arewin 1, >0, = /06 Con ©

P

A= 4859,757 2 =10115.44°
ki 6 . \l "
113734 [1oo.04 | 7.5 .8

2| 28743 92,96 15.9| 6.2

3] 46" 6.5 73.40/25.6[14.3

4 73’ 55! 29436[ 41,2 30.9

Teble I

Ficure 3

Figure 3 gives grachically the relative positions of the camera
and grating for the orders as shown in table 1. As the length of the
chord is chinged, the grating and plateholder must rotate equal amounte
in opposite directions in order to remain tangent to the Rowland circle.

It is clear from equation (6) that in the same position in vhich the
first order diffracted image of A = L4859.75 A 4 obtained, will occur
the second order of A=2429.,87 A . and the third order ):1619.75 A.
Neglecting, of course, the nrobability of absorntion of these shorter

wavelengths,

(7)



CONSTRUCTIWN

There are four main parts to a grating spectrogravh, 1) the
grating sunport, 2) the comera or nlate holder, 3) the s£lit and
mounting, 4) the gemeral support for these three arranzed in a
manner vhich will provide the necessary adjustment.

In the Eagle mounting® it is necessary to have the slit and
center of the nlate omticzlly coincident. This is imnossible
mechaniczlly. However, a very close spnroximation to this ideal
may be had by 1ifting the plate just above the plane of the Rowland
circle which includes the optical axis of the grating, and then
placing the slit just below this circle, bcth coincident with a
line through the circle vernmendicular to the plane of the circle.

Actually this last may be accomnlished in two ways. The
slit may be mounted directly beneath the plate holder. (The dis-
sdvantage being that only one expnosure may be obtained on any given
plate as there is no cpnortunity to move the plate into successive
positions without covering up the slit with the plate holder.) Or
the slit may be mounted pervendicular to this ontical nath and just
below the plane of the Rovland circle vitk a U5° totally reflecting
prism at the foot of the perrendicwlar, and the optical path adjusted
until it is tke same length as in the previous condition, This is
similar to the mounting used in the litrow type of prism spectrogrzcohs.

The distance between the grating and the plate holder must be
capable of a wide range of literal adjustment end must be canale of
reset positions quickly and easily. The maxirmum length rmust be the

(2g)
*E. C. Baly--Svectroscony Vel., l--pn. 205-212



focal length of the grating, in tids instence 106 cm. The minimum
length will devend on the spnectrzl order nossible with the grating at
hond., This one was constructed with é. renge of U2" to 16" from grating
to plate. This adjustment is the length of the chcrd of the Rowland
circle.

As the chord is changed in the Rowlard circle the grating must
remaln tengent to the c rcle and the curve of the plate holder must
always coincide with this circle. Therefore, rotational motion must
be given to change from one part of the spectrum to another and from
one order to amther. This will amount to a right handed motion of
one and a corresponding left handed motion of the other, of equal
amounts.

The simplest sunport seemed to be a lathe bed, although a
U beam or, even a flat vlate could be machined as a track for the
lateral movement of the grating carriage. This one is a wood turn-
ing, lathe bed 4' 5 3/16" long by 6 5/16" wide. The camera, slit,
and grating are mounted on carriages machined to the weys of the
lathe bed. The camera carriage 1s mounted nermanently on one end
of the bed since it receives the greatest mechanical strains during
overation. The slit carriage clsmms to the bed and may be changed at
will by loosening two clamning screws. This carriage also supports
the totally reflectinz nrism. The grating carrisge is free to move
laterally on the ways and is controlled by a screw the length of
the bed with a pitch of 1/10 of an inch. The plen, elevation, and

also a section are shown in Plate I.

(3)
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Tae sreting carricge, the detoils of which are shown in Plcote II,
is of 3/8" rolled brass stock 53" x 1&€". Tne V weys are cut length-
wise. In the usmer side a circular recess is turncd 4.83¢8 inches in
diemeter in which the wom gear rests. The center of this is cut and
threaded for a 3/4" mounting stud. A recess is cut on one side for
the wm. Cone bearinzs on either end of this wm hold it in
position against the worm gear. A square shaft through the worm
allows the longitudinal motion of the carrizge. This verm =nd gear
have a oitch of 1/13" R. H,

The diemeter of the circular nlate, 4.83", is sich that 200
threads are cut in it';s verinhery. Thus one commlete revolution of
the worm moves the worm gear ¥ /100 resdiens, which is one division
on the cslibrated dial mounted just above the vlate. The vorm gear
was cut with a standard 13 thread tan by constructing a jig to fit
into the tool post of the lathe to carry the gear level with the
centers and allow free rotation of the gear. The tan in the lathe
will automatical:y feed the circular plate as it cuts the gear.

Just above this worm gear end sunported by it is the circular
scele 6" in diameter. 4bove this is the grating mounting, sunported
by three levelinz screws, and held in place by a coil spring. The
grating is canable of being tilted either forward and backward or to
either side and its heighth is also controlled bty these 1leveling
screws. It mey be given a slizht rotational motion by two screws
at the top of the mounting.

The carriage is connected to the screw by a four inch cast
babbit nut linked with a flet snring. This suffices for the reset
vursoses reauired of tiiis anneratus; btut if direct measurements are

necessary, a direct mounting should be used such as is used on com=-
rarator screws. Then by dividing the dial in 1CO nerts the move-

(11)
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ment could be read directly to 1/1020 of an inch.

The detzils of the camera axd ite carria.e are shown in Flate IIXI.
The carriage is wede from a rolled iron plate 3/U" thick, 6" x g". A
circular recess is also turned in this late of the sime diameter as
that in the grating carricge, 4.83 inches. V ways are cut length-
wlse of thiis nlate. Both are cut deerer to comr-ensate for its added
thickneses. The circular vlate is cut to a worm gear the same as for
the grating except that a left hand tan 1s used. This worm gear is
held in place by a 3/4" stud screw into the iron plate. 4 steel
ball in the center of tuis stud carries a brass bolt which sunports
the camera mounting vlates. The lower plate is clamzed to thewom
gear by four studs, giving ovportunity to level in either direction.
The upner vlate 1s fastened to the lower vlate by mezns of the brass
bolt survorting the camera and two circular woys bolted near either
end of the lower plate with ccrresnonding weys in the upver vlate.
These allow rotation of one plate with resmect to the other which
gives onportunity to correct for errors in the worm gears. 3Between
these plates and fastened to the lower cne is a 6" calibrated and
verniered dial identical to the one used in the grating mcunting,
The upper plute is rotated over the lower one by means of a worm
meshing in a rack near one end of these plates. The amount of
rotation is read from the circular scsale.

On the upper plate is mortised a 2/3" brass plate 12" wide
and 9 1L/16" high, This is so placed that the ermlsion of the
vhotographic plate in the plate holder is directly above the center
of the two supporting bolts. This places the center of the photo-

graphic plate coincident vith the center of the rotation of the camera.

(13)
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Hence any rotation of the camera alone should in nowise alter the

focus at the cenbter c¢f the plote.

Cn this vertical vlate in vertical ways, see section 0 Plute IIT
is a carriage which sumorts the nlate holder. This carriage is free
fo move throush a verticcl dicstunce of 6 cm. and is controlled by a
screw at the ton. These woys are also hizh enough so tihat they give
covering to the ends of the plate holder and with the uvrer and
lower clamys furnish a coanlete li ht seal between the wlite holder
and its carricge.

The buck of this carriage, excezt a small distuace on ewuch

side which is left as a bearing surface is cachined down adbout 008"

vda

to »ermit these surfaces to be puinted a dull black which furnishes

a very useable li.ht scal. Cn the back of the carera a 2 bar was

formed into a sauare box 11." x 6" over wiich the 1li ht tizht cloth
hood is fastened. Tnis frame &lso contalns ways vherety a mask can
be lowered. Tals mask is suitavly cut with horizontal slots of
varying width vhich allow different widths to be exmosed on the
vlcte.

The slit mounting, detzils of which are showvn in nlate IV,
consists of an iron bar 3/U" x 2" x &" in which ways are milled
so that it will fit rigidly on the lathe bed. Cne end extends
54" from the center of the bed. It is held in nlace by a clamning
nlate directly beneath the wyys of the bed, and secured by means
of two clarming screws. 5" from the center of the cuuter of ihe

ways a mortice is cut so that a brass ber 3/8" thick will set

Vertically on this carriuaze. This bar carries the slit and its

( 15)
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mouwnting cné shield. The mounting is made bty tcxing a hesvy 1"

brass tube and fitting a brass collar to a nress fit and then
swveating the two together leaving 4" of the tube extending on one
end to fit in the square biccic which backs wo the siit. This block
fits over this tube azainst the collar anrnd is held in nlace by a
ring nut conntersunk flush with the square tlock. Tne block is
held to the slit by meens of four studs, tvo of which have holes
drilled and tanned et right angles In their heads to carry ad-
Justing screws. Tacse adjusting screws face eoch other and en-
gage pins set in the collar, thus controlling the rotation of
the glit in its mount. This collar is turned to fit the hole
in the vertical brass bor amd to carry on its other end a 5/4"
brass tube which acts as a shield to the vnencil of reys from the
slit to the prism.

At the center of the woys on the slit mounting carriaze is
a 5/16" hole with a permznent key mounted in one side of the hole
and a set screw with knurled nut on the opnosite side. 4 brass
shaft with a keyway fits in this hole and carries at its upner
extremity a double brass nlate. The lower nlate is fixed rigidly
to the vertical sunvort, the unner one is left free to turn as two
screws arranged oomosite in a slot in the wiver disk engage a nin
in the lower disk which extends into the slot of the unrver disk,
This uvver disk carries the totally reflecting quartz vrism. Thus
we have two adjustments on this nrism; one a rotational movemeant in
the horizontal plane and the other a movement of translation alongz

the axis of rotation.

( 17 )



A houd covers the lower end un to the slit. This hood has
a hand door in the top for convenience and is conneccted to the camera
by means of a light ti.ht cloth houd. The bottom of the lathe bed
is covered with a piece of sheet iron. This allows the apwaratus
to be onerated in a lisht room thus adding ¢reatly to its cdant-
ability and efficiency.

Plate V ghows vhotogranhs of the various narts of the

equioment and plote VI the finished spectrogranh.

(18)
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ADJUSTVUENT AD OF 2 ATICN

To arrange the snectrogra~h to vnhotogranh any warticular
snectral region two major znd cne minor adjustments are necessary.
The major adjustments consist of a lateral movement of grating with
respect to nlate and a rotational edjustment of grating end nlzte.
The minor adjustment ~onsists of a small additional rotation of the
plate.

In this discussion the rotational motion "E" controlled by the
left hand dial vill be considered the indenendent variable and the
other adjustments will be considered in resnect to it. The rotation-
al dial controls both the camera end the grating, giving to one a
left hand and to the other a right huond motion simultaneously. This
is accomnlished by a left hond screw on the camera amd a right hand
screw on the grating. ZEoch revolution of the screw imarts a ro-
tation of 7€ /100 radians, which is equivalent to one division of the
graduated dial. There is approximztely 1/U4 turn of backlash in this
train. Aay difference in backlash between the two gears is eliminated
by setting as the dial reading increases. The bearings on the screws
are cones and cun be adjusted if necessary.

The laterzl adjustment is obtained by the central dial. There
is about 1/6 turn of backlash in this adjustment tut all settings are
talzen as the scale readings increase. A4ny lateral nlay in the screw
may be eliminated by tightening the centering vin at the rezr of the
instrument.

A small knobd at the right of the camera rotates the rlate holder
indenendently and can be used to anply the necessary correction to
Xkeep the vlate cn the Rovland circle. This correction is also read on

the graduated dial.

(21)



“hen setting up the instrument the 41t is set to give vertical
lires on the »nlate. Then the grating is rotated by means of scrervs
at the top of its mounting until the ends of the lines seem to be
symmetrical. If the rulings of the grating and the slit are not
optically vmarallel the lines will huve a zparallelosram shane caused
by the successive ingges nct exactly coiaciding as IMI .
The stectrum is brou it into the slot in the camera by means of the
tkree leveling screws on the grating carricse.

Them.ck may beset to give different widths of spectra zcross
the plcte.

The prism chould be set so that the entering beam of 1lizht is
normzl to the longitudincl axis of the instrument. Vhen the slit is
opened and no condensing lens 1s used the pencil of roys form an
outline of the slit which should center on the grazting.

The curvature of the rlate holder must be relatively high in
order that the emulsion coincide with the Rovland circle. Extra thin
class plates have been tried with poor success. The necessary curva-
ture breciks them. Films vere uced for the excosures for this naner.

Trial exvosures have been taken of different snmectral rezions
and the results correlated in Plate VII from which dial settings for
any varticular range may be obtained. At the toop of the figure three
shaded areas give the nart of the smectrum covered by the plate at any
setting of "R". The center line of each shaded nart gives the aonrox-
imeté wavelength in Angstrom units at the center of the nlate. The ,
main curve gives the corresponding lateral setting for each rotation- ‘
al setting. A very interesting correlation ehould be nointed out, the
circles, from wirich the curve is nlotted, are from exverimental results

while the x's are the theoretically commuted results from table 1.

(e2)



Reset trials using this curve azs a stundard have given very

favorable evidence cof its reliatility.

(e3)
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LIUITATIONS, ADZERATICNS, and ZESULVING EOW:R

of this GRATING

Limitations

Tuils instrumsnt hes very definite limitations, and some very
definite advantazes. The collodion of wiich the grating is nmade gives
a sharp limit in the ultra violet at sbout 212C A. It z-rears that

below this linit a ranidly increxsing csmount of abscrotion tckes

v

place. The unver limit, os fer as observable, is denendent only
on the nhotozrarnhic emulsica available. However, suitable filters
must be used to eliminate the overlanning hisher order as illus-
trated by the cverlepning of the shaded areas in TFlate VII, and
explained on puge seven of trhis paner.
The rotation of the plate is limited to about 25 Jj{ /120

redians or 45° by the reflecting prism and its mounting. From
Table 1 it is seen that the green line of iron A= L353,757 A. in
the thid cicer will te neexr the center of the plate at this limit.

tier rotational adjustment is of no advantoge with this instrument,
however, as the imperfections of the grating are suach as to give
poor definition in the third order and, therefore, no adventage over

lower orders. The reflecting prism and mounting could easily be

moved if eny sdvantage were to accrue.

(24)



HOCTTHTT NS

Severwl eberrctions snoulda e mentioned.

eomeurs as a ehors irmcse of the slit with considercile diffused

»

light on eccn side and with severcl fulee imoes gneeetricolly

e

errznzed. On ~lcete VII a tict.re of tris centril ime_eo is siovm.

—

i+

Aas & narrow masx vas moved over the grating the intensity of thecse
folse im:.oes voried continously. Tae vost nrobedle ex-lami.tion

seems to be thet «wll rnarts of this grotine are cctiny inde end-
ently os -ell e collectively to form various ima

e, This mey

()

4

e due to uncven shrinzace of varisus »narts of the collcdion
trensfer. The diffueed lisnt, no doutt, comes from the dust on
the ecurfoce of the collodion.

Trese fulse ima.+ws carry over into the swectra znd aommezr
s 1i ht lincs on one side of the ~crent line giving to the

=

spectrogram tne amearance of being out of focus.
Ghosts__

In the ruling of o grating any veriouic error in the ruling
engine —wroduces in the srectra from thet grating false ima.es of
& line which are called ¢uosts. Thece by their anctiure are
eyrmetrical with the wmerent line. They hneave teen studied by
Rowlend, .anGerson, Juincre, Pierce, wnd otners and marny of their

causes have been analyzed.*

(a5)

*-Chas. F. l'evcr--ihe Diffraction of Lisht,-t. 1732



Plate VIII gives a zicture of the ghoets wnresent near the
mercury line 5480 A and the weir 5679 A end 5790 4. In oruer to
photosrarh tiuese the vlate was exroscd about_l9 minutes under
conditions, such tnat an exnwosure of_1 minute nroduced an over=
extosed line. Tais nlate shows that the ratio of intensity of
tarent line to ghost is high. So righ, in fzct, tiat only vhen
dealing vith foint lines near e very intense line is there any
danger of mistaking them.

The only chosts found are those which are corwonly knewn za
Rowland ghosts. Trcy are caused by a meriodic error in the screw
of the ruling engine. Trey are symmetrical sbout the narent line
and rclatively close to it. Their relative intensity increzses in
the higher orders. However, tnis 5460 A line showed no  hosts in

the second order zfter zn exnosure of 30 minutes. Eowevsr, the

second order shows sli it ghads after an exnosure of & hours.

Astismetism

The images formed by a grating are, in genercl, astigmatic.®*
Thet is, a concave grating wroduces a line imege of a point source.
Since a slit source is a succession of point sources tire swectral
lines will be a comvosite of sunerirmosed lines. These lines when
combined will form a line vhich decreases in intensity toward its
ends.

This astigratism hzs two serious disadvantsges; 1) it decreases

tlie intensity of any given line thus requiring lon:er exmosures,

2) it mrohibits the use of a rzsk in front of the slit to facilitate

(26)
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cemuerison snectraz. Thne cloracteristics of tre ¥:ifle mounting
are such thet this astismctisn is ceonsiderably less tran in the
convzon mountings. It is about one half, in the first order, of

that nreduced by the Rowland mounting. Tiils mounting is sufficiently
stigmatic trat a wedge roy be used in front of the slit (See Flate
VII) from the ultra violet throush the green of the first order.

For above tie red of the first order and for other orders a nask,
vhich may be adjusted ezsily without disturbing the cemera, has

been nlaced in front of the camera carrisge. Tnis facilitates

the use of the instrwnent in comneriscn snectra work,

The resolving vower of the ontical instrument is its ability
to senarate the imazes of two objects which are close tozether.
In snectroscony the resolving power is determined by the ability
of a smectrogranh to senmarate wavelengths that are nearly the
same. It may be defined by the ratio ééi vrere A 1s the wave-
length of eitner of a wair of lines which can just be resclved

end A A is the difference of their wavelengths,

~~
ny

-

~r
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By measn of Fisure 5§ tre re-

B lotion of the resolving pewer to the

consteats of a ulane grating mey le

develoned. This resalt rzy then be
enniied to any grating., If A3 is
the gratinz surface nhaving m lines
and if n 1s the order of the
snectra. Tnen EF must be equal to
mn A . Tuis weve front will
give rise to the diffraction wvattern
v, cnd the first minimum of the
diffraction nattern will be given by
Fizure 5

the wavefront a2 vhen EF = A

Therefore, B2 =(mA + A ). A

!
wavelenith 7\ = )‘M) will give rise to a diffrcction wmettern p'.

The wave front necessary to nproduce this nattern will be AF, and the

increment of FE will be ecgual to ‘"'”AA . Therefore, Ex will ve

equal to (”’"’A + wmwa), By equating these two values of EE it

develons that,™ Mu R +}ﬂwﬂ2 —mnA+ A , o

Which gives the theoretical resclving oower of a

£r

srating srmectro-

&

cph as denendent only on the trial total nwmber of lines of the

grating and the order. TFor a vrism instrument the resolving nower

*-Chos. F. Leyer--The Liffraction of Light—sage 198.



is given by the fomula,*

_ Y.Vl
& At a7
vhere t is the thicloicss of the prism at its buse, end ¥ is the
index of refraction of the raterial of the nrism for the particular
a7

region of A . jgii” ,winich is the dispersive vower of the
vrism, verics for different wavelcngihs and various substa nces.

By equation 7 the thecreticcl resolving nower of this grating
is 50000 n, or amroxirctely 50000 in the first order. From
exnerimental results the two iron lines at )::h93hA are well de-
fined at about 1/10 mm. separztion on the plote. The reeolving
pover is then U4SZ4 _7320 which is ebout 1/6 of the theoretical.
At ) =3k%02a two.iézes are well defined giving a resolving wmover
of 35@2,:53}0. In the second order the iron lines at A=NO57 are

w20
bar;{;JreSOIVed which is equal to a resolving mower of Eﬁil_:;
1€400. In commarison with these results, the Littrow, iégéj, in
this labratory, gives the following resolving powers in the same
regions. The Littrow barely resolves two linus at };1@191& and
hes a resolving power in this region of 4319 _3260, while at
A = 34024 it easily resolves .3204 whichl;zla resolving vower of
3EQ§_$:10,6OO anvoroxinately. Thiese two lines give, in brief,
;gzocomdarison of the resolving nower of the two instruments.
Below 42004 the Littrow has a greater resolving power than the

grating in the first oraer. At 3700 A the dispersion of the

Littrow «nd the grating in the first order are salmost identical.

(23)

*Cnes. F. Meyer—-The Diffraction of Licht—n. 204.



Above L20nA the dismeresion of the quartz trein ranidly decrecses
vhile that of the grating remainsg lmost constant. The dismersion
of this instruzent in the visauvle re.ion in the first order is such
that this re:;ion covers more than a ten inch whotogranhic nlate.
Therefore, for wavelengths in the vica®le «nd sbove, this grating
hes a definite swreriority vhen commared with the Littrew. In

the secend order this resolution is a mroximutely dcubled.

Illustrative Soectra

-

Flute VIIT is comnoscd of thotographic prints of various
vlates end 1llustrates scme of the possitilities and limitations
of the apparatus. Thoush the detail of the original is lost in a
print much can be shown in this wey.
"A" ic¢ a wicture of the central ircge. The extranecus linecs
are very definite on the plate althoush they blend in the print.
"B" is the green line of Hg )=5L€04 with ite ghosts
in the fir:t order, and "C" the sume line in the second order,
"D" ig a photosra-h of the iron arc from 32004 to 4o00a
in the firet order. ¢l corresnmonds to A3399A , 2 to A=boksa
end #3 to A=L2gzs .
"EM {5 a photosranh of the iron arc from 420CA to 71004 in
the first order. 4is ah illustration of the close preximity to
linezr disrersion cvea in this region the sevaration of the lines

A = 48594 (1) «mdAsz2ga (2) is 51 um. giving 9,18 &f/mm.

( 20)
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and tre sensration of the lines A= §

is €9 mm. which gives 9.0%/im. wnd the sencration of the lincs

vr, wriich sives 5.9F

S
£ Uosa e

chlorides woere uced in tre

cerbon arc cnd an irsn cormerison was mlaced ty mcans of the

mesk. 3l is the iron line A =57234a. #2 is tke sodimm "I"

. . a . - PRSI N e
lines, ):5530;; and 530C4. #3 is the litrhium line A-€103a.

71 is the lithium line A =670C2A a doublet, which is resolved
with this snectregrazh.

In "G" the mercury arc was used and its smectra is chown
in the rezion A=3100A to a=u3C)OA. The commarison is iron
nlcced by means of the wedge in front of tre 1itt. The dis-
persion is almost linecr, for frum the trivlet lines J=3€5CA,
30554 and 306034 to the pair  A3121a ndA-31254 the distance
is 57um which gives a dispersion of 8.94f/tm. (See ":").

21 A =3581a, 5l J=bob&s, 55 ) =L3s04, #5A=Lz23

»
¥

"H" is a photorenh of the cyanogen bands in the region
A = 33004 to /\= L500a. Tidls vas obtained by vhotosrarhing a
narxed carbon arc.

# 1, 2 and 3 are band heads at A= 35904, A=33434, ad

A= L2164 resmectively. The comvarison is iron,

(31)
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COLICLIsIux

This instrament 2reves novel in several weys. The direct
mechanicel lindk Letveen the grating «nd camera rotztilon hos »roved
successful «nd is of greazt convenience in ra-ia roeetting to
rrevious values. The disversion and resolving wowver in the visable
end infra red is definitely ruch better than can te found in any

gless or guartz instrutient of en equil ccst. It is casily wort-
able. It can be used in a liiht room the sume as a prism snectro-
graoh. It 1s sufficiently stigratic that wealr sources may be used
with good success. The ghests are extrermely wecds commared to

any parent line and should never offer any serious nroblem. The
spectra in the first order is very near to a normul s»vectra, trat
is, the dispersion along the plate is almost a linear diswersion.

The diffused lizht from the grating is a rroblem and if an

-

original could be ottiined much better results would be exmected.
Tne threcads of the womms and worm wheels would te better if made

nstead of the 45 tyme. The grating

[y

«fter the scme type
mounting could be impreved by a« provision for a rotaticnal moticn

cbout the nommal to the center of the grating.
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