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NETW CEINCO CORE¥X D ABSORPTION CELLS

Reference i3 made %0 recent correspondenco with the Central Scientific Gompany
this project, relative to the constructisn of absorpilon cells from Corex D
glasa, When these cella wore received, the writer constructed s amall brass
box to hold these cells. ln the sector photometer, This brass box or Holder

is 80 decigned thet the side wall of one cell falls directly in front of the
side wall of the other cell, and the two cells, arranged in staggered fashion,
comprise & unit optically similar to the double cell conmstructed not long

after the sector photometer was completed,

The Cenco cells appesred to be very nicely constructed, showlag praciically
no optical defects., However, it wes desired to test their transmission to
ultraviolet light, According to the literature published dy the Corning
Glass Works, a total thickness of 1 mm, of Corex D glass should transmit light
of wavelength somewha:t shorter than 250 mu. (The window thickmess of the

new Cenco cells is approximetely 0.5 mm.) Accordingly, spectrum plates were
obteined using either cell =2lone, filled with distilled water, against air,
In enother test, an empty cell wes tested agalinet alr. In a fourth test, the
two cells, each fllled with distilled water, were tested agailnst each other,
Al data shcw that the cells show appreciable ebsorption characteristics

in the ultrsvislet with the trznsmigsion of the Corex D glass of each cell
catting off rather eharply in the neighborhood of 260 mu, It may be that

the heatlng necessery to fabricate these cells has somewhat spoiled the
ultraviolet transmitting characteriatics of the Corex D glass., The Central
Sclentiflc Compeny is belng gqueried or this poseibllity,

The spectra obtained for wavelengths greater. than 260 mu, appeared very clean
and unifsrm, ané in 211 respects satisfactory for accurate photometriec work,
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GENIRAL DESCRIPTICH

Reference is made to the detailed drawing of Jume 20, 1938
The apparatus ie shown In side elevation in FPig. 1, mounted on the -
bzse of the Bausch end Lomd ¥edium Juarts Ipecirograch. The base
plate 1 1g held in placa'by the two heavy bolts ussd to aiiach

various accessoriss to the spectrogravh,

"Pront® of the device 13 that end nearer the sllt ¢ the
snactragrath,. All vilaws shown {n the remaining flgures are front

views, with the excepflan of Pig. L (1), which t{s a Yorisonial

@ gection,
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tkrough solveni plup solute. Srectiral tranamission data are obe-

tained by inspectlng the nhotographic plate for *mateh pointe.”

faghiom., They are meunted on steel reeds nnd are zoved b»y circular
cams carried by the maln ghaft 3. Thege two caclillationg are {n

rhase snd reach peak amplitudee when the denters of the ﬁc%.cn sut
across the axis of the collimating system of the spectrograph. Vi

bratory forces maosociatsd witkh the oscillating abanroilen cells are

{9

ratker largze and are therefore compensated by a "dummy® oecillalin
system 17, 18, This latter cystem has dynasmical characteristics

similar to the former, Cam 19 drives the &nmmy aysten'at tke same
amplitude, but 180° cut of phase with the adsorption cells, A1l vi-
bratory forceo'of transiation, and all vibratory torques excepting

that adout the vertical are compensated. The vibratory torque about
the vartical 1s éus mainly %o floxural noments and has a neglizidle
effect on the whole system, Memder 17 of the dummy system 1s merely
a rectangular frome having naes equal to the ¢um of mass of the cell
kolder 11 (Pig. &) and of' the absorption cells 10 and contents, The
szplitude of the grating mask 2 is so small (epprox. 0.03 inch) that

no compensation is required there.

Tre rotating system la driven by a small molor by way of an
endlese balt and the pulley 21, which latter alsc forms the hub of

the sector fly wheel 20, The purpose of the fly vhrel i to maintain

The absorntion celln and zratihg mask are moved {n oscillatory =~
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Light from a concentrated sonrce {not shown on the drawing)
passes through one or the other of the two oc.mpartmntn of the double
absorption‘ cell 10, dimensicns of_'hlah are given in an attached
photostat., [f the light passes through tke coupartment containing
clear solvent, the sector vwheel & is in mc‘h position that the bean
nasgses through the sesctor having & nnzber of zones of different
angular openings, and thenoe puus.on to the grating vask 2 vhich
casts a serieg of shadows cn the slit; as visved from the slit, the
11ght falls en the right kalf of the grating nask, so that eleven
11 luninated bands l;pnntod by ten dark bands cover thc; alis, These
are imaged on the photogradhio plate, The sones of the nﬂfxbln
seator center nvon the openings of the right half of the grating mask.
In the case of the sector wheel i1llustrated In Pig. 3 (it is inter-
changea;nle with wheels having logarithmic openings), the angles of
the gones are 100%, 90°, 80°, 70°, €00, %00, LOO 100, 20°, 10° and
5°. Thus, relative to the amount of light passed by a tone of 1000.
tl:.-e enargies fa'ling in the illuminated mgones are 100, 20, 3C, .....,
10 and' E per cent, During the next half revolution of the secinr
vheol tte light passes through the tecf solution, the 100-degree
aperture, and the left half of the grating mask. Those portisns of
the allt previously shadowed are now i1lluminated, end vice-verea,
those portions previously illuminated are nov shadawed, Tius a s_eries

of speotra are formed, alternate bands Yeing due to light passing

through clear solvent, with the intervening bande due to light passeing
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constant soeed during one complete revolntion {aeee appendix).

The cam 7, shich drives the‘grattng magk., 1s integral with

" the sector wheel 5. The sector wheel ls sccurately centered, and the
cam s off center by 0,020 inch, Yut the combination of seotor wheel
and cam 1s statical'y bdalanced., The ocame 1% and 19 tegether are
statically balancsd, and the fly wheel {s complotaly bBalanced., Static
balance s hent.obtained by the Kirkpatriek method (The Review of

Scientific Instruments, 9, Wo. L1140 (April, 1278)),

Amplitudes of oeeillatior sre governed by the width of ths bean
accopted By the spectrograph and the width of zone bdetwesn ths iwo
halves of the respective oscillaters., The half width of the bdeam at
the gzrating mesk is of the order of 0.00_35' or leas, that of the xone
of cveriap of the reds comprising the grating i; of similar order, so
that an smplitude of 0.03% ghould bde more than adequate (0.07 cos 50°=
0.02* is aoproximate displacement when the edgs of tha‘xoo° sootor
cuts the axig)., The half width of the deam at the double absorptlon
coll is abopt 0.02%, that of the mt'ral sone of the sell is about
0.0M¥, so that an amplitude of 0,12 should be more than adequate

(0.12 eas 50° = 0.077%). \

The three sscillating systeme are deeigned to have natural
frequancias of vibration near that of the driving system (10 T.m.9.0.

The mathematical treatnent is given in the appendinx.
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SPECIRICATIONS AND CONSTRUCTION KOTES

In the following, numdere refor to the numdered parts of the

attached draving.

1. 6tesl or {ron plate, top and battom surfaces planed flat
and smooth,
| P, Brass Trane and retaining etrips. Rods of #0F :irlll rod,
.071% diamster. '“uet de amcoth, free of ecratohes, and diametor muet
be uniforn, a0 ne o . Fortyetwo rodo oro re.
quired: 21 must be C.%000 2 0,0003 inchos"lons. and 21 mmast be 0.1
0.01 inchon long. ¥The retaining strips must have lnner edges otrnight
to within £ 0,0002 inches (they might be finlshed by grinding on plate
glass). The ends of sll rods mst bo free of durrs and t\he central
ende of the lenger rodo must finieh equarely (by grinding). Soldering
1‘1 done cnly after the whole aceemdly (including retalner stripa) is
properly clamped together. The central sone of overlap must bo straight
gnd of uniforn width of about 0.01%, In laying the rodg, caro -ghould
be exercioed in sceing that the length of pile of 21 long snd short
rods s about the aame on the two oldea. A nlck, durr or acratch on
a rod near the central portion might affect thae sccuragy of the methed.

1. ftarrett ﬁat stock, Bent so that pivots ¥ hold grating
mask tightly, and so bont that they are siraight and parallsl when in-

otallad. Jhould be tompered. Adjusted in base clampa 5§ eo that total
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elearance Getween 1 end 7 is of order of 0.001* and pods move varallel
to_tremgelves.

b, dardered drill red. Pigat tapered fit and gilver soldered
{?1g. M{>}). Palr on le’t to it vlvot holes {small) shown in Plg. B(a).

5. 8Steel. Bottom faces and clamping surfaces ground flai.

€. 3rass sheet. Laying ont shonld be done with very sharp
volnted 4ividers and ecrider, and s rolladble steol straight edge. The
surface thonld de polizhed de’fore the figure ls constructed. The center
rolnt g=onid be as 1izht ns mossivie. The ang'las ghonuld te laid sut on
a large circle, of dlamater adout & inches; l.e., the work should start
with a motal sheet apnmxizately 3 inches square., The total angles af
the two secinrs nead not bHe precisely 1@0°. but they stould }e precisely
equal, Division of the upper sactor in Fig. ¥ shonld be carrisd sut
very carofully with dividers, by the vrocesr of bisectlon, Lf = large,
accurate proiractor is not avsiladble, As stated earlier in this revort

the angular smenings of the teneg are 100°, 30° 20° . ., 20° 10° and

50. fre srror in scriding the zone limits should be Xepi to within 0.1°
(.1 per cent at 100 per cen! transmisslon, 2 per ceni at 5 ner cent
transniasion). The radial edges of the sones s-ould be hevaled én the
rear face; ;fter Yeveling, tkhe edgzes should nai de actually ghars, for
they would be tca fragile - an edge thlickmess of about J.01" ig r§-
commended, I€ fine seriding lines aré ased, filing to the liaes a-ould

result in a preclse plece of work. The central hole should de drilled

and out accurately on center after the seriding is completsd, The size
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of the hole will be alightly loss tham O.573", %o fiy the main shaft
mugly (but not co mmely as to make removal 4iffiemlt)., Thoe ssotor
whool is then Boltod to 7, mmd the comblnation ls statically balmneed
by adding ssotore of colder to the baok surfece of the gectsr wheel
(adjecent o the 1ioits of the 100° sector).
7. Steel. OCentral hole to fit emugly on shaft {diszeter allghtly
leas than O.U73%), end off qenter dy 0,02%. Mark wiih arrow oo chown
in Pig. 3, making sure that arrovw 1s on line vith the two cendorp. Outer
surface ground to moarly polighed finlsh, The centacting warfacos of
3 should likevise b vory smooth, Rdge of set-acrow hole slightly rounded,
g, Drill rod, carefully selesoted for straightnese.
9. New Dsparture, dearing no. 1201,

10, Doudle abeorption cell; uro secand atienhed photostat,

11, Brasa box, to fit 10 smugly. Holes 13 to fit 12 friction
tight: 12 should de Ariven {n plece, Soldsved while clasped togeiler.

12, Stoel 4rtll vod, 1/16° diometer. To f1t 13 with friotion
tightness and 1h srogly but not tighily.

13. o further coument,

14, Starrett flat stock. Yot pre-dent like 3, Bearing %locks
at urper ends -fuvnr soldered to reads. Terpored. Clearmncs detween
1h and 16 negliginle, |

1%, Steel, Coxmenta slnilar to 7 excant hols slie %o 714 1/2¢

shaft smugly, and off eenter by 0.980°,
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16. Starrott flat stook or other steel stock 1/16% thtck
silver soldered to 14, Smocth faces centercd on sxis of shafd,

17. - Reotangular brass frams, to welgh -adout ¥l gress. Hust
2ot interfere vith 1ight deam, lMorely to cospensate for forces on
10, 11 and contents. |

18. 8iatlar to 1%, except for slight difference of acunting
of 17. Blocks sinilar to 16 silver enldered, os on iV,

19. Zesetly similar Lo 15, but mowted 180° from 15. Check
tiatic Yalonce of 15 and 19 taken together, mske corrections dy borings
fron side, if necessary.

20. 3rass. Boltod and poldsred to 21,

21, 3rasz, 20 and 21, aounted on ehaft together, met De care-
fully Yhalanced. Seotors mat center on seotors of 6 to within 0.5°,

22, 3rass, Appropriate width t¢ hold 9 satisfastorily, 3Bearing
retalning ring f1led flat or top %o aveld possidle interception of light
Yoam, as shown,

23, 3Brase, 1/12" thiek, Inner edges oxoaedingly straight. Yot

scldered yntil reds in pleee, _ e .
APPENDIX
CALCULAZICY COF DI¥TYSIONS OF §P%RL IREDS

According to Kicball (Vibration Provention in Engineering), the

frequency of the first mode of vidration of a reed alamped at one end
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1

sz_)-/n L= 1875

&3
where v = woight per mit length

or w/g = mass, ®u’, per unit longth
L = length
ww 27

B = Young'e modulus

I »« nopent of ‘nertia of section of reed

13 4 L 19 Ahe squivalent mass placed at the end of a veighiless resd

of sluilar elastic characteristics,

It ‘s wall mown that
- T
k = ?/?ﬂ }31/11':
smbgtituting,
Ho = 0,281 0l

14 te azvw nspamed that wham sn add!tisnal maes, U, 1z nlaced at the

end of the reed, the fregquency is givea by
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For the system 2, 3 (res drawing), the following ruserieal valuss

were used}

¢ o 15/sec., B= 2.0x 1012 d/ca..a.
5-11 ﬂ.. .‘-706 @-»

vidth of reoad, 0.2 en.

*21 lonz stael poda . L . L, ., . 081 mm,
2l short e%sel roda . , ., . . .. 0.2
brass frame spd steipe . . . . . . 13,80

ety

13,5 gm.,

One half this mase {0 used, decsuse there are two reeds. ¥he donsity
of steel wvag assumed tc be 7.30, that of bmea;‘kS.SO. Solvring, 1‘*. is

found that 3/54% gtesl flat etosk would de sultaeble.

Yor the syestem 1%, 11, 10 {and contents), similar 4ata wore

used, except that the width of the reeds was taker %o bve 1.U0 em,, and

Bw 20,2 gu,*
*irage frane . . . . . . . . ., . 26,2 w,
gearte cetl _ ., L .. L, ., . 100
watar e e e e e e e e e .2
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wt 81[‘,2
ldwe £60,000 stnwt coswd 4lat) .
(7 L
- . whe O

fhis leads to the pesult,Sw/we 33/ 1 . 12, for this epeed (half

of rescnmat), we vieh %o have Sw/w<0.01, than I mnst ds greater \han
3300, Por & esotor fly whesl heving two 120° opentags, 1 = (1/6) ua®
1t Le 505::.2. ¥« kOO go,, the thickness of a brass fly vhesl
ehonld be grester than 0.11%°. Actuslly, a thicknscs of edeut 0.15°

ts used, so that the maxirm variation in epeed at balf reconsnt speed
ehould be gdout 0,5 per oend, Usar reconance, them, the spesd varistions
should Yo antirely negligidle.
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¢ Fused quartz double absorption cell
Thickness of hquid: 1.00 cm. 4:1
Wall thickness: 2mm. fh de Bt
Partition thickness: | mm. /ﬂcﬁaﬁv L
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FUSTD QUARTZ DEVIATION PRISMS POR QUANTITATIVE SPECTRUM AVALYSIS
AND COMPARISON OF SPTCTRAL ¥NERGY DISTRIBUTION OF LAMPS

In the patent specification for the multi-step sector photometer

and in the descriptive matter contalned in File 6506, & poesible use of
the multi-step ssctor photemeter relating to the comparison of snectral .
energy distribution of light sources 1s described, The 1lizht sources
to be compared. are placed side by side, with the optical axis of the
spectrozraph and the photometer bisecting tge line connecting the cernters
of the sources, DBy means ¢f two quartsz deviation prisms placed in a
holder which, in turn, is placed in the absorption cell holder of the

- photometer, the virtual imagzes of the two sources are alternstely placed

on the axie of the spectrograph.

It has occurred to the writer that quantitative spectrum
analysls 33y be performed by making the 1izht sources to be compared
resnectively a pair of spectroscorie earbons contalanlng mown amounts
of materials under investigzation, and a pair of exazily siailar specéro—
seoplc carbons containing the unimown amounts of materials ipvestigated;
if the two arcs are operatad electrically in serles, and a;e set 2t the
same gap, the relative intensities of the snectrum lines in the spectra

sf tha "mown" and "uninown" arca ¢an be obtained in the usual rwanner,

The above possibility a;ensiso prealsing that.deviating’prisms

of fused quarts were desligned, and the design submitted to various possible

—
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SIGNED.

C. H. Root ke

A Multi-step Sector Fhotometer attachment for the Bausch & Lomb Medium

Quartz Spectrograph was constructed according to plans drawn by Dr. Van ' . S
den Akke I's -

After lining up and mounting on the spectrograph, tests were conducted

to determine its accuracy and snitability for transmission and reflectance .
measurements in the ultraviolet. As a preliminary step to obtalning actual &)
meagurements on the instrument the wavelength scale was accurately cali. ko
brated against known valunes of copper smd mercury lines, A correction
chart was made for use in subsequent tests.

While construction of a fused quartz iransmission cell was under way, a w%
technique was developed for obtaining reflectance measurements, A semi- A
circolar cardboard sheet smoked with magnesium oxide was cemented to the "
gsector fly wheel of the Photometer in such a way that it completely B
covered the "standard" or 100 per cent opening of the fly wheel. A sheet
" of the paper whose reflectance was to be measured was cemented to the N
.;’. other half of the sector fly wheel such that it completely covered the i
.« . Ysample® opening. Light from an ultraviolet source (such as a mercury o
- ¥ vapor lamp, or an iron arc) was focused by means of a quartz lens on the v3
_plane of the sample and standard, at a point on the optical axis. The -
light was placed such that the angle of incidence was sbout U5 gegrees. - -
For samples of low reflectance in the ultraviolet, it was found necessary
to have a neutral standard of low reflectance., Thia was obtained by mount- .
ing a rotating neutral screen sector fn the incident light beam such that -
when the magnesium oxide standard was in positlon the acreen would also be -
in the incident beem. When the standard had rotated out of position and
the sample was coming into position, the screen would also have rotated
out of position so that there was no filter in the beam. This rotating
screen was driven and kept in synchronization by means of a flexible
shaft attached to the rotating member of the Photometer. The screen
chogen gave a transmission of 25 per cent go when it was In use, measurements
could be obtained at 2.5 per cent intervals up to 25 per cent. Fhotographic
plates were exposed for several paper samples, and the reflectance values
in the visible portion were compared to the reflectances-obtained on the
G.E.B.S. In every case very good agreement was obtained. It was found
possible in most cases to obtain .data for curves down to 230 millimicrons,

.
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After completion of the divided gquartz tranemission cell, measurements
ware obtalned as follows:

e =y
f »

1. Uniformity of cell i

= The cell was carefully cleaned and both sections filled with R
Y distilled water. An exposure was taken to determine any flaws :
or frregularities in the quartz faces., The plate showed that both

&
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sectlons used were of good uniformity and gave matched fields.

&

2. Correction factor for cell thickness ) E

To compare transmission data in the visible region of the
spectrum with dats obtained on the G.E.R.S., it was necessary
to know the correction factor to be applied because of the
different cell thiclmess used on the G.E.R.S. Careful measure- 2
ments were obtailned of the thickness of solution of the different
cells used. The quartz transmission cell was found to have an
average liguid thiclmess of 10,30 mm., while the glass trans-
mission cells used on the G.E.B.S. were found to have an average
11quid thickness of 5.24 mm. This gave a correction factor of
1.965 which means that to compare transmissions on the G.E.R.S.
against the quarts spectrograph, the G.E.R.S. values muat be
raised to the 1.965 power, €.g., & transmission of 60 per cent
on th{ gBE.B.S. would show a transmission on the spectrograph
of 60%- or 37 per cent.

g
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3. Trensmigsion measurements of methy} violet qplution

)

W 1,5\';‘.» A

v Transmission measurements were obtained on the G.E.R.S, and
on the quartz spectrograph of a methyl violet solution. The
correction factor was applied and the curves in the visible
vortion of the spectrum were plotted. The maximum error (on tke
steep portion of the curve) was found to be 3.9 per cent, while
the average error wasO,Ub per cent.

i_“-u‘_"-‘f,'

Solutions measured in connection with other projects were compared with 1
the G.E,B.S, curves with equally good agreement.
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SUBJECT

Specifications for the Uultl-step Sector Photometer

GEAZRAL DESCRIPTION

" Reference is made to the deteiled drawing of June 30, 1978,
e apparatus is shown in alde slevation in Fig. 1, mounted on the
base of the Bausch and Lomb Medlum Quartz Spectrograph. The base
plate 1 is keld in place by the two heavy holts used to attech

various accessoriss to the spsctrogranh,

"Pront® of the device is that ené nearsr the slit of the
spacirograph, All vilews shown ln the remalining flgures azre front
views, with the exception of Fig. L4 (b), whieh 1s a horizontal

section,
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TLight from a aconcentrated source {not shown on the draging)
passes through one or the other of the two compartments of the double
absorption cell 10, dimenalons of which are glven in an attached
photostat, If the light passes through the compartment containing
clear solvent, the seotor wheol & is in such position that the beam

paeses through the aector having a number of sonees of different

angular openinge, and thence pneaés on to the grating mask 2 which

caots a goriec of skadows on the slit: as viewed from the elit, the
1ight falls on the right half of the grating nmagk, so that eleven
11luminated bands ceparated by ten dark bands cover the glit. These -

aro imaged on the photographic plate. The sonen of the warieble

" gector center unon the openings of the right half of the grating mack.

_In the case of the sector wheel tllustrated in Fig. 3 (1t 1s inter-

changeable with wheels having logarithmle openings), the mnglaes of
the zones ars 100°, 90°, g0°, 70°, 60°, 500, L0O, 10°, 209, 10° snd
50. Thus, relative to the amount of light passed dy a zone of 100°,

the energles fa'ling in the illuminated sones are 100, 90, 80, ....4,

10 and 5 per cent. During the next half revolution of the sector

whoel the light passces through the test solution, the 100-degree
aperture, and the left half of the grating mask. Thoge portions of
the slit previcusly shadowsd are now illuminated, and vice-versa,
those portions previously illuminated are now ghadowed. Thus a series
of speoctra aro formod, alternate bands deing due to light passing

through clear aolvent, with the intervening bands due to 1ight pasaing
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through solvent plus solute, Spectral transmisslon data are obd-

tained by inspecting the photographic plate for “match points.®

The adsorption cells and gratinz mask are mowd in os;:illa;toﬁ
faskion. They are mounted on oteel reoeds end #ra movad hy cireulanr
camg carrled by the mﬁ.in shaft S.l Thege two oscillatliong are in
vhase and reach peak amplitudes vhen the centers of the ueo-tors cut
across the axls of the collimating syetem of the spectrograph. Vi-
bratory ‘forc‘es assoclated witk the osclllating adbsorptioen cells are
rather large and are therefore compensated by a “dummy® oectllating
system 17, 18, This latter system has dynamical characteristics.
similar to the former, Cam 19 drives the &urmy gyoten at t‘he' oamne
amplitude, tut 180° out of phase witk the absorption cella, All vi-
bratory forces of transiation, end all vibratory torques excepting
that about the vertical are compenaatoti. Tre vibratory torque about
the vertical ie due mainly to floxural moments and has a negl 1gi-me
effect on the whole aystem. Member 17 of the dummy syetem ig merely
"a rectanguler frame having mass equal to the sum of mass of the vell
rolder 11 (Pig, 6) and of the abeorption cella 10 and contents., The
gmplitude of the grating magk 2 is so small {approx. 0.03 inch) that

no coopenpation ie raquirgtl there.

The rotating gystem iz driven by a emall motor by way of an
endless belt and the pulley 21, which latter slse forms the hud of

the pector fly wheel 20, The turpose of the fly whrel 1s to maintaln
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constant speed during one complete revelutlon (ees appendix).

The cam T. uhlgi driven the g;ating ma$k. is 1ﬁtégrnl with
the sector wheel 6. The sector wheel is accurstely centered, and the
can {g off center by 0,020 inch, dut the combination of gesctor wheel
and can 1s stotically balanaed. The cams 15 and 19 together are
statioally balanced, esnd the fly vheel is completely balanced. Static
balance ia best obtained by the Kirkpatriek method (The Review of

Sclentific Instruments, 9, No. 4:1L0 (April, 1938)).

Amplituden of oselllation are governed by the width of the heam

aceepted by the spectrograph and the width of sone hotwesn the two
kalves of the respestive oscillators. The half width of the beem at
the grating mask ie of the order of 0.0015% or leas, that of the sone
of overlap of the rods comprising the grating ie of similar ordgr. 80
that an amplitude of 0,03 ghould be more than adequate (0.0 cos 50%s
0.02% ie acproximate displacement when the odge of the 100° sector
cute the axls). The half width of the beam at the double absorptiom
cell is abont 0.02%, that of the central zone of the cell 1s adout
0.0h%, go that an amplitude of 0.17% ghould be more than adequate

(0.12 cos 50° = 0,0779).

The three oscillating aystems are designed to have natural
frequencies of vibration near that of the driving aystem (30 r.p.s5.).

The mathematical treatment 18 given in the appendix,

Corl
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SPECIFIOATIONS AND CONITRUCTION HOTES

In the following, numbers refer to the numbered parts of the

attached drawing.

1, Btes)l or iron nipnts, top ond hottom surfaces nplaned flat
nnd amooth,

3. Brass froze and retalning stripa. . Rods of #0F drill rod,
0.071Y dinmetar, Muast be emcoth, {ree of scratehes, and dlmmoter rmat

be nniform, especially near the central ends. Forty«two roda are re=

quired: 21 must be 0.%000 ¥ 0,000 inches long, and 21 mst be 0.1 2
0.01 inches long. The retaining stripe must have Inner edges straight
to within 2 0.0002 inckea (thoy might be finighed by grinding on plate
glase). The ende of 811 rode muet e frea of burrs and the central
ende of the longer rods must finish squarely {(hy grinding). Soldering
ig done only after the whole zosemdly (1lncluding retainer strips) is
properiy elmwed together. The aentrel =ome of overlap mmst be atralght
and af untforn width of about ©,01%, In laring the rodg, care ghould
be exarciged tn ereing that the length of nile of 2?1 long and short
radg e about the same on the two cldes, A nilek, durr or acratch on

a red near the central martion might affest the accuracy of the methed,
T, dtarrett flat stock, Bent so that pivots 4 hold grating
mask tightly, and ao bent that they are straight and parallel when }n-

stalled, Should be tempered. Adjusted 1n base clarma & so that tatal
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tlegrange between 3 and-7 1a of order of 0.001" and xods move warallel

to thonpelvep.

b, Hardened drill rod. Tight tapayed f1% and Silver soldered
(Pig. b)), Pair on loft to fit vivod holes {small) shown in Fig. ¥(a).

5. Steel. Botiom faces and clamping surfaces gfoung flat.

6. Brass sheet. Laying out ahonldlﬁa done with ve;y sharp
po?nted dividers and éoriber. and & reliable steel stralghtnodge., The
gurface should be polished before the figure iz constructed. The center
point ahnul& be as light as poscidvle, The agglas ghonld 56 laid out on-
» large circle, of diameter adout ¢ inchess i;a., the work ghould start

“with a metal sheet approximately 9 incha# squars, The totsl anglaa of
the twn sac@oré nead not be prociaely 100%, but they stould be precisely
pqual , Dtviéion of the upper sﬁctor in Fig. 1 skould be carried ont

: veéy carefully with dividera, by'tha proceas of dlsectiom, 1f a.iarge,
acoursle prntraotﬁr ie not available. As ptated earlier in this report
the angular Géenings of the soneg are 1000. 900; g0, . . . 20°, 10° ane
57, The error in scridbing the zone limits ehould. be Kept to within 0.1°

(0.1 per ecent at 100 per cent transmizsion, 2 per cent at 5 per cent

transmission). The radiasl edges of the sones should be beveled on the
rear face: after bYeveling, the edges shonld not dbe actuaily sharp, for
they would be tos fragile - an edge thloknesg of about 0,017 48 ro-
comuended. If fine scriding lines aré uged, filing te the lines shounld
result in a p}eoise plece of work., The centrel ﬁéle-should berﬁrillad

ané out accurately on center after tha seriding is completed, The slze

1L AFear v - .
e N P VI L
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of the hole wlll be slightly lesa than C.NTI%, to fit the nmaln shaft

mugly (but not eo mrogly ne to make remaval Aifftoult). The zector

vhaoel ig then bal-ted ko T.-gm;i- i:he'a -énéﬂbi-n;-t'{v;n ‘15. a"tmt‘ié;xils} :‘%;'fa.!:maeci N
ny ad.étng aectors of solder %o tho back surface of the sactor wheel
{adincent to the limits of the 100° mector).
7. Steol, Gantm!; uale to fib anuely on shaft (dl=meter sllghtly
lesa than O,U73%), mnd off center by 0.02". Mark with arrow na shown
in Pig. 1, making enre that nrrow les on line with thg: Yo centi;ru. {ittter:
surface ground to nearly polished finlsh, The contacting sarfacos of
‘ﬁ ghould likevige be very smcoth, Bdge of sebt-acrew hole alléhtly 'rmmdeda
. €. Drill rod, osrefully selected for straightness. o
9. Yew prgrtura. bearing ne, 1201,

10. Double abeorption celll gre second attached photoatat,

11. Rrass box, to it 10 omugly. Eolesg 13 to £4t 12 frictimm
Light: 12 should be Ariven in rleoce, Soldered while clammad together,

12. Steel drill red, 1/167 dinmeter. %o rlt'1Y with friction
tightnens and 11 snugly but not tightly.

1%, Yo forther comment,

1%, 3tnrrett flat stock. Yot pre-bent like 7. Bearing blocks
st wmor snds silver scldered to reeds. Yewpered. Clearanco between
1h oamd 16 naztigidvle,

15. Steel. Commente similar to 7 excopt hole slze to fit 1/2"

shaft smagly, and off eenter by 0.0,
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16. Starrett flat stock or other steecl stock 1/16% thick
sil%ar soldered to 1k. Smooth faces centered on axis of shaft.

- ’17., Reotanguiar brags frame, to weigh about 41 grams, Hust
a0t Interfere with light haam, lleraly to compennate for forces on
10, 1l end contents, |

18, Sioilar to 14, except for slight difference of mounting
of 17. Blocks similar t§ 16 cilver soldered, as om 1k,

19. Exactly gimilar to 15, but mounted 180° from 15. Chsek
gstatic balance of 15 and lé tnken teogether, make correcticns by borings
from slde, if nececsary, '

20. 3Brass, Boltod and soldered to 21,

21, Trass, 20 and 21, anmted on sheft together, rust be care-
fully balsnced. Sectors must center on sectors of 6 to within 0.5°.

ea, Eraauﬁ Anpropriate qidih to’hold G gattsfretorily. Rearing
rataining ring filed flat on ton to avoid ponsidle interccptlcn.of 1light
beam, as shown, '

23. 3Brass, 1/32" thick. Inner sdges oxceedingly straight. Fot

goldered until roeds in pleesn,
AFPPFRDIX
CALCULATION OF JINTUSIONS OF GBTTEL RYEDS

According to Xioball (Vidration Prevention in Engineering), the

frequency of the firgt wode of vidbration of a reed clamped at one end

fr -y
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1g obialned from

. i !
o W )‘/"’.L = 1.875
c - - AgRTS e

where | w = welght per wmlt length
or w/g = mass, ."m'". per unit length.
' L = lengthk |
we= 2TE
8 = Young'e medulus

I = moment of inerila of sectlon of reed

1% Mo g the equivelent mass. placed at the end of o weightless reed

of similar elaastie characteristics,

also | w = (l_,m)a Bl
. Tt 1g well Jmewn that
k= ¥y=32YL
Qub stituting,
¥, = 0,243 0 L
It ia now assumed that when an nddl'tlnnal mase, ¥, ic placed at the

end of the reed, the trequenéy {g glven by
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fa_1_ 1p 1)1’
C. 1) 0.243 m L + i

FPor the aystem 2, 3 (zee drawing), the following rumerical velues

]

were usedt

£ = 35/se0., e 2.0 x 101 ¢/en.?,
L =11 enm., M= T7.25 gu.,

width of roed, 0.8 con.

*21 long ateel roda . . . . . . . . 0.81 gm,
21 ghort steel rods . . . ... .. 0.2

brasy frame md atripn ., . . . . . 1350

14.5 g,

Ons half thig mass ls used, because there are itwo reeds. The density
of gtoe)l vas acsumed to Ve 7.30, that of braszs, 8.560. Solving, it 1a

found that 3/64¥ gsteel flat ctock would be suitable,

Tor the system 1k, 11, 10 (and contents), stwilar data were
used, except that the width of the reeds was taker %0 be 1.L40 em., and

H= 20.2 gn.*

*hrans TPAHE . . . 4 . 4 . e . . 26,2 gm.
quartz eell , . . . . . . . . . . 10,0
“Rter L3 L] . * L] * . - » L) * - L] » 1‘.2

Ho. b4 am.
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Solving, it is fonnd that the thickneas of reede should Ye 0,170 cnm,
Plat stock 3/64" (g conveniently uged, this thickness glving a

" feoquency of 10.8/sec. Hence a driving -frequency of 30/aec. would . ..
be sultadle; adjustable small masres on the reeds of the lighter

gystem 2, T will permit adjustment of the fregunenoy of this syaten

dnwn to regononce with the twp heavier gystems,

VARIATION I SPYSD OF SHAPT WHEN SPKED IS OFF RESONANCE WITH RYKD

SYSTYMS

Por proper time dlvigion by the sector wheel &, the rntatlonal
speed mst be quite constant, At resonance, the varlatlons would be

nil. The driving force, for negligidle daming, 1s given Yy
.
PF=a(X-nw") coswt

(whore notation is that of "Lecture Notes,” vol. 1). There are four

of the heavier reeds. The torques are additiva, hence we may write
P24 Am (%-wa)coswt

3 )
Kow Efn= 47" % = 37,400/s0c. and m = 20.2 ¢ 0.203 x 14,3 = 23.7 go.
Let A= 0.% en., and suppose that the shaft "ll'mw at half gpeed, so

that w2 = G400 ., Then the torque 1s seen to dbe
L = 660,000 ginwt ocoswt .

The change in angular momentum over a guarter revelution i
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wt !:1\'/2
1dw= 6@0,000 sinwt cogwt dlwt) .
)
T S T et = 0 i ,

This leads to the result,Sw/w= 33/ 1 . 1If, for this speed (kalf

of rosonant), we wish to have w/w<0.01, then I must be greater than
7300, For a sector fly wheel having two 120° openings, I = (1/6) ¥ Y.
' 2 2

If R =50 en.”, Y= HOO gm., the thicimese of a brasa fly whesl

ghenld be greater than 0.1189.  Actually, a thilckness of ahout 0,19°

ts used, so that the maximmm variation in speed at half remonant speed

should be sdout 0.6 per cent, Woar resmmance, then, the spead variatioms

" ghould be entirely negligible.
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Fused quartz double absorption cell

Thickness of liquid: 1.00 cm 4:1
Wall thickness: 2mm.

Partition thickness: {mm. /””‘”‘*’“”‘“"L
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During the two weeks ending June 30th, the multi-steo sector photometer

_wes designed. The detalled drawings were finished and signpd on June 10 19?8

The final design incorporates a few significant improvements over the
original concention of the physical embodiment of the basic idea. These

:

1. The comnlete shsence of lenges or other antical parts (except*ng
the absorvption cell 1tself). T
2. The use of rapidly osclillating absorntion cells instead of
rotating cells. This change results in the following imnrovements: .

(a) The volume af solution required has been reduced by a
factor of about ten, the actual volume now required
being 2.1 cc. or less. This will enable determinations
where the evailable guontity of solutien is small.

(b) The reduction in size of cell should decrease the cost
of the pell.

{¢) The use of oscillating cells eliminates the necessity of
a separate shaft (flexibly mounted) to carry the rotating
cells, thereby simplifying and reducing the size of the
instrument., The dimensinns of the base nlﬁte nf the
instrument are 6" x 6",

In addifion to these, a few minor mechanical improvements have been made.

For example, the absorption cells are mounted on steel reeds, moved by circular
cams, and a vibrating system having similar dynamical characteristics is
mounted alongside, vibrating out of vhase by 180°, to compensate vibrations

due to the former system. Both systems are desigmed to have natural freguencies
closely resonant with the driving frequency (see spvendix of progress report

¥o. 1), A sectored fly vheel with a pulley on the hub will maintain constant
speed during one revolution.

Thne elimination of optical parts will remove difficulties due to dispersion,

and it should be possible to obtain in one spectrogram all data for the
wavelength range of the spectrograch. It might seem necessary, in the present
design, to have the grating mask immediately adjacent to the plane of the slit,
and to employ a "point source.” An analysis shows, however, that the arrengement
should be satisfactory when the-grating mask is over one-half inch distance

from the slit and a source of about one-guarter inch diameter and two or three
feet distance is used. Due to the formation of a penunbra, the region between
adjacent banded swectra will not be auite as fine as that obtained with a
carefully corrected optical system. Fowever, the energy arriving at the banded
spectra st match noints is constant from the test srwectrum to the comparison
spectrum, i.e., a discernible band between adjacent svectra should not be wresent

at match points. This is concluded from a study of the distribution of total
energy over superimposed penumbras. Diffraction effects, while emall, would

PROJECT NO._ =7 506 & A Talgi /it
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likewise cause no discernible effects at match points.
Specifications are given in progress report No. 1.
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