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I. NITROD U II I oil by h tar Orr RobertW I

d In a :;i.o.,ial ;ý,aport ubir~itttii. uncter Vt_1 CN5, c:: ntract on 26
Febmrlr 1918, .krwiur 1. iioaL; descr'ibed~. the )lan3 t ul h u-*
spot kcinmat~ograph vahich has mrataxrialized id the la t~r work by

tGor~don Neilkirk, Jr., Thre camer~a w~as deocribed there as a "aun.pot

sequence camera.11

* 1cth- HoaC &a~d1 Nwkirk wiorked prim~rily a~s 3tud3nts at tho
Harvard College Qbbervatory with relatively mall c:iarggea to ýher ~sub~ject contract. Their work has led t~c design's ahlah will1 be of
assist~ance in p:lafrming later cquipmant for the la,-g3 26-root equa-
torial table to be built w~ith rumls of th~e sjibject :.ontract.

JIork under U-,is contract. on tha kirx-.nrat~o;-raj.h Is conaidered

termina ted with this r.,pot. Additional derilopm-int along this3e
lines is iplarnn'r, howe'zrer, with Lhs ul~ort of M.%'j Contract XL9-122
r.0-17- T1his wo r! v.illibu duzcrili~ in the r.3port:; ýf that contract.

ri foil All of the %Ivork of Emiag and ~ckr:at, *amnbrLd-ye and Oak R~idge
folurde-' tliw .irec L, mujxrvision of Dr tjonld ';! "nzel Asoiato

Dioto -Olrbcorha.HvadCol Cb 3ervatory.Advice

Tho wau-i:or~r' of' th'-. i;C 2K'ýlar 'ýater t.ý.:. to pr'ijidu a floxiblab
cx~roA ir:t)ýnfrslr;; cri,.nally de_4irned
b:Atuz' -a? c, --'C 1V~ Ci -i r '0 '_-ý .. 1 onsi~ted -)f an

01). 0'et:v Lr.o'. 3 (..''l 1: " al. a tn it,-,~vr
It~~~ foe&1 I~2 c.raI, C 'c an;~! 1ýj' zxatr7cdimera

.lo-is CLid a.- u IJ ti Iu-' Av.W .~,.1..d . l .ai'y ,amara?'

l 1ens tLýau (-,..j _h :,~,.f nIu .-ireK ~~frinf , -):t !C:Yl -' '':*Ic n t-ic d c ~h Lýa~n
botvwr- iwl ct.l?.i1tr ar; d tVl: !Qr' r~~ ;: 3 -r~ to ifourid 1tnat

this o, t c~. al z . \% a,; ti.a.I.tcv.''. u'.~c~iiet ;na; !x-,romaly
ciiffi--ti-l, toa i- I:-.%t r:'Wriod .;n aw _ i. 1, -rit cinly a !ic,ýrL tL:%(..

EnlQ- 1Liiv L.i '1 . '1(- " r >%..n !d th', .tt,.c3 1 -i t 1: . t~rEy in
umen rv(( rjd: U i ILlr tu 1iý(M.;(l of :.Cr( 'a.i- flcy(t r,-it t~rain

PlanL -:~:. o '3t,- id. -I: 2. :_ i c; I hati. :,i .. n * i n!.-red

!n1 m ;.h1Ct 11 A 10 G:11...1.( 1 ;;. Ch t

Lq~~ . I. *. - II C" U ' I

t111c.C' . * L2 ! ; Ai' , *,l-,- C Y: i-r'. ed with
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lens is a simple concave-convex lens; the camera lons is a two-inch
dieter, 20-inch Local length achromat. Two right angle prisms at
the base of the instrument bend the light bea& up *t•_-.ft hand aide
of the tube. The position marked B in the drawing indicates the
proposed location of the birefringent monoohromator which, at the
time of this report, was not completedp and also the location of the
color filters which have been used in the kinematograph. Just behind
this position is a retractable right angle prim which can be moved
into the optical axis to allom the observer to examine the field to be
photographed.j

A Fairchild Recording Camera supplied by the Office of Naval
Research. is used as &a film-advanoing mechanim and. magasines. he:

- shutter machalim consists of. a modified Mercuy Camera rotar abutter, J.
with a -special rela to release it and a UkV DC motor to rewind the
shutter spring after each exposure. Both of these pieces of equipment 3
operate fair2y well; hcwever, the shutter works stiffly in cold
weather, and the recording camera occasionally gives faultV veqistra-
tion of the frames. Photographs with the kinematograph, on file at
the Harvard College Observatory, show clearly that the definition of
the camera in non-monochromatic light is not particular2ly good. The 4

cause of this limited definition is that the color curve of the
optimal system is extremely steep. Unless the light being used for
the photograph is essentially monochromatic, the focus will be sdpgi-
ficantly different from one end of the film senitivitr c to the

other. E'ven with the relatively narrow pass band of 200 A., the defi-
nition is not good. Of course, this difftcultV would disappear it a
monochromatic filter were used. I's made no attempt to make accurate
measurements of the scale of the images in the kinematogaph since
the scale would OtLfqr for different wave lengths. The radius of
the swlar image was roughly 1.25 inches.

In. AUTOMATIC aUIDINO APPARATUS

The kinematograph as erected at Oak Ridge is guided photoelectri-
cally by apparatus similar to the photojpe guider on the Climax
ooronagraph . Essentially, the guider (Figure 2) is a second telescope
with a detecting device at the focus of a long-foous objective lens.
The solar image is centered on an occulting disk that is very slightly
smaller than the image. Immediately behind the disk are four lucite
rods placed at 900 intervals. Those rods, two for hour angle and two
for declination, conduct the light to four photo*ubes. The wiring
diagram for one coordinate (Figure 3) shams that the two phototubes
are in balanced circuit. When equal light falls on both phototubes
they cancel each other, and the first grid of the 38 tube is neutral.
Each current does trickle through the W5'e, however, to close the

DOO0.m relay. It is easily seen that when the 917 phototube receives
more light, the first grid of the 38 Lube is positive, the current
through thu 6•5 tubve is higher and both relays close# The opposite
effect is produced when the 919 tabe receives more light and both

1. "A Photoilectric Ouider for Solar Telescopes," Roberts, ,i. 0.,

Electronics, ,June 1946
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of the.v~ pho orubes ridon,.A

Ic'tato woul bec ponolu~ cto hava thio VOIlt1I contro thev~~ teco.thce
corocy~taion moor diecly hmeov. end uin accordn to Robit orty oA this luider
to hwit. the ntoi nt wvt.; Thoz at-hunto cur.nito (Fi~e Qo is w-ia1
For tial aninci~tegraL thng hourin Wnith provotli n guider.i AfMrolJc

corctLr fo v ýt c omA short po~riod aimn o&. or but %-ihiy h allrd b he

insrumnats to respond seiv.Jlt Lvcly toa longA volt curront or Vn aa
oftatio%,ng shoar~t pernid oh.i .nris.)t1q nt--74-it nthxJ,

voti~i b w4ulila onecn orch-:OA thor Voltagotp Wi huln delcura to ads

(That s. Tiora J.,, ixe.U In , vIhingt'41 0,311i~ 'ti¶Adto OZc1 thon gride ,
tocut The ani-un ~:~wc v wits~ fo thoI to Vcou~rdaoo aivnd ot ik, tic
For'. ~.u the kicnatogra hhi to hou agv ,oreotion mo.1 tor is wi~onrol

Wat.'Nrr V'd'3 DCN1 t'O'ila y (111t OW~r .~ irtt Ctu rolt worhked by'th

a'IuiminatA he coi,ýv g ron oovcioe f tui t~on v'ol burath tbrma the

&'rn clinalo corr~ic'- oa rtho coreti which tora wcuud riot b
au.antod soi -thaý. ntho mucta birwcitco arun khs m rto-ro the anti-r

huTo xut_ ail- aoto Lo had1 t,, hava ~iiing dmi~ t Actualx.1y' on th.u
t. rq~ &~±oVA.",10. oab b "oni T:~h i,ý ti-io wlch L-vprnc s atec fthded

ao u u:11 1i c1. axad Lbo W; I srte Uao 11-i-i! Crah tbrvfl a~ff~t th

.31A )olfcain in th3 anti-..

1Iin lm tia-*ntI J.n:-,h .12-,:j, Att; c tuiar y on tha.' 0i
.1to!"i D161( to~.. r r-, -ý..' prn*pa studi

in x.C~~~V VO rlV !noS0 1
I, be a" cotrx~! ripro 4 , r e~~tr

2('I1L tm n r) n o ~ >. 2 ) nL1~ l~ ig. riig

F1, r' 41)A 3 . .fct .. ._.iui( thei 'o± %hat the

ra i l tli :1 'lu fi-
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IV. .LI•CTRECAt CO-rO i•'u1,:Ul'Mr-h 4

A, Miain Control C-i-riuit

A drawing of tho moin control circuit is as•on in Figure 5. j
The function of the unit can casily, be seen from the circuit

diagram. The top of the drawing comprisos a timing atrouit in

which the tlmniy elment is a synchronous motor. A switch S is
arranged so thit the main control rolay may receive a pulso
diroctay from ::,ho cam switchos or remotely through %he stoprelay (40 step:;) - vtcohs 1-24 allow ono to connect various

contacts of th3 stop relay to the coils of the main ocontrol rg-

lay. Wy this arrangement it is possible to have intervals frm

7j seconds to ten minutes betwee exposures. The witch combina-
tions for various timAng intervals appear in Table I, (The errors

in those times are of the ordcr of 0.1/.)

A

InteRvT S APnmv O s L U C U N

1 see L D U U

30 gec R D U U 1,2,..2O up
60 sec R D U U 1,3,5...69 up

75 sec i D U U 1,5...20,21..24 up
2 min R 1 U U 1509,13,17 up

150 see R D U U 21,22,23,24 up
Smia 11 D U U 1 and lup

10 W11_ _ U- I Ulip

SL-left R - rifi -t Uj -n D -datm

Tho veco, d half of tho control circutit :-.3 merely a delay
switch to onAl 3e the vibrabions caused by tie Ailm advance solowid
to die down b-forc the shutter in opened. To prodtce the delay,
the shutter i'; set off by a 25,000A. roley that is olised b a
relaxation os' illatcr. When one polo of th) maa.n control re.'y
closcs, the 6',6 voltage doublor :rectifier t,!be charaes, throug
a variable rc:,istor, a ton mfd condenser in parallel with a VR
150 voltage r.;ulator. Tho VR 150 allows tie voltage to build
up t3 a critiý-l value and t.han d4 sohArges "ho condenser thtuch
the 2#,000- -- i. ralry, which closoa to sot off the rhutter. In
order to prey .it Ula accumulation of errors in the oscillator:
a shorting r i..y Ai arranged to dischar-o completely both the
condenser and 'hu .,R tube at the end of cAc'1 exposure. Th-io
dovies gives tu-mlum= practical dolaý' of about a secojM, .

9 -
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B. Shutter C",Lrcuit

hIe OPerai-1cr 07 thc ","itter se~t aind re.LOASO cireuit can
oaci1:i be seen in Minwor 6-, and li~tlo cxplahnitiioan i ncc~,,ary.
Tho singLb polo 247 DC rcotny will. stay closed' onco 1.t in closed
and will I.-op tho shutter varrind motor' goi.ng until, the cam switch

-brrla4k3 the circuit.. Thic cw, mYtitch ia on1 tio shutter and docuc
not opon tho cilrcuit un~til~ '.13 z~h~itttwi is comnpletely wound. Tho
1, 2t ... 5 rofor to~ the lead connoctions from the shuttor unit
to tho control bo'x,

cylincL I bxad cilitialb tho li:',ht From tho solar
im~age plivo thal.- frmo-ir vrm&ll lalu To diI!'Zuno the light, a
picce of opal gasn in placod i~c-liat22y bea~ind tha danilty wadee.

The piuipoi3o of t~he Izriu control airaiiit (FI;gure 7)
isa to movo the stcip donniit- vtcd~ge, into peo:itiono tiirn on theo laxnpas
and t~hon inovo it out of pro.:btion onco ýho ,itaridard frame is taken
one zoo in thoý mWaLr control circuit. (.Vjkrc ';) -that ithe olls
of' thq sVtindart; , zor roxiy tro connxiL t.d to tar, off contacts -;. the
s top ral~i, i~e% F tv.o cont~mctn on veich an c-po~u-o we"' ý. novor be
taken. ';t tine Pir~i uonLat tho !.aotor moica tho !o=ýý;ty WOCdge
into ýolac: ý and th'j 11L,1ito c-o an, At. the dte~por i
modc,. Ai. th(, ithirid 3tu-p .- ýn conxtact tho viotor movo, the deonsity
V-,QaZ;F out. of 1.ha £idd. znid raluts oi7 t1'.rj 11ghbo, sccnw:; en the
rvhxf t O l..ic~c1n'r. box opor-2to tlic li-d-t s-vt~cj~os shoo

* ~ ~ ~ ~ ~ - atr c~i I,,- iilo'jo to~e b'~ ir' : io hx a,, tic Prope
pC~t~C.A~,,V ;~- it) r, 1.:211 0,4 tl-v moioor; A,

13~ , an.i ~jl 1Ir, tit O. b . ~ vt.l1J
t' . 1 .y' j, n. i'.c r Ao i. n'.i y ('5' tlo

v. 7 17. C i EQ2 X FillP, . .;' 1g '~.i

7h~o 1.; ~i-'r' r jo )L .. . I 1.:1 .Ac n; by 1,:.Ir;j .%3IZc,21iates

in to Ubo (, .~ ' f rý .1 r1. . i*IL L ihydro!'en

O3~ ~~'i ±'~ '.. 't j I I *. ' -to(n ~: "0*4 ye-

.at

!f,':r-,11
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WAVE PLATt TCYTL
POLAROID t RSTL OL AROID

- "1T

Fig rum

Caisiwdo tho unit (Fi1gurc, 8) moiati~tnF of tha thdckout cz:,tal,,
one of its poioaroidsa, the freeional riuvo pianvo (I.ct im tAko it tor ~ ~~~be a haif-wuve t-,t,.) m o tnd polaroid.. Wl tu=ning the half
wa~vo plate and the 3ocond polv~oid ona can add va-rious aiouwtc of
retardation to that. of t~to thinkest plate. Sinice the plane of polarl-
zation o~f tho omergent l.ight makow an angla of 2 iT - 2 'ý -ýrIth the plmuno
of polaz'izat-ion of the incident light (whoem G Is the angle botween the
incidant vibrations and the prinoi-pal s~ection of tho ha).f-mlve plate')
a Ceai* train v~i1J toe noodocu to turn the r'1nlroid and han. £.-wavo plato
Coaination throui,- twice the angle ~Irnomd by the hai'-~vix plate
alone. A sirnjin" tit irrwolveo the seco~nd thickest nit~iTte,I ~ ~~(The rotation oi' b! is uni~t mu;t 'ec cci:'i cuplod to the first,)
By 3.ddi.in: va~rcim eti~hw tuo th") two tahC,:0ckot. crys.;;alr, 'rýC.rI] ~ ~~shift the ma~dn-t of," th_-io i-r, .'latcs up i-.id d~rm .oz•rt T
practice La si'..x. pcik frc.a thlcso tvm 10r~~ -M CV'ri;Lo41OUt ":Incidc"
the oDuk of tho thiritic1 o; pL.Le Cr cvc h r0att~ h
sharp pOeik may lb !: ovec_ dc~mi nr('3upn th'.ý rnz,Idiia-Lil~. th'xt a-p.3a1*
at. othor -ýv icng~bs a3 theo r-xi.ramu is, di-.,mRcced fr orL-:±rmt1
position., PIgnre ý. :31hipr1 Cvý pams bt-ýnd of e. fý Ivmeiit 'i:ll.or tha±t
is "shifted" riym-3it ,I J. frc:rj 6,5`2.8

In t~ht practit Al. 11' uf' r cic~h!-ozntic i'iltwit',t .,.r noce!;::arY
to be a~ble to f in1 the. potAiA. .in t A' tho iuvdr.T;i in tlh'. S-_Ž,. WIn- Eý-er

to1-ine-matograph -onsi:;t~ri of ;; Fabry-PLurot I2'ati mu
analzerand a hYTJ;'crzcn~r tbuli fox- ý; :,xurce of ,A-Ananlir fU'eo lcnjth

(Il~rno 10).

X, the -Iaco si t~ih:- rajort. noithur the f-Ilt/-r nor monitor dovicLo
have bcim, bu!]lý,

.43t
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MONOCHI.ROMATOR
GROVJND GLASS 1

PRISM

= HYDROEN T .1

Figure 10

Lt~ct ftr taho ramcclrtoor mad trm ft tw Id'cg tubo uifl tell
an a feI'ONm eliw.&fftiser., Thw an obam'rv locks tbrWaih the intt~'-
frnter's he wIn see e tine fringes Irom the hydrogen tube supen-
posed an the b frinage from the monochromator. Setting the
fi'ta Vill be uerely a matter of moving the broad fringee

e uttl4 they appoar to be bisected tb the sharp fringes,

Since the monochromator was not to be ready for the summer of
19J•19 1 experimuatad with a Baird interforence filter (with normal
incidence maxi-a at 3970 X ard 5235 X) and sae sharp cutoff glass
filters in an attempt to find a combination with a fairly narrow
pans-band. Copies from microdensitomotor tracings of se of these
emperimonts aro shmn ir, Figure U. Those are tracings of plates
made on the O0k Fdgo spectral standardizer (with narroweat slit width)
with 103 a? plates and an Incandescent bulb as a light source. The
Sfilter combination was placed in front of the slit. A short cporetw
an a memruzy are with the filter and light bulb ren0wd was used as a
wave length standard. Figure 31 A shows a tracing of an exposure
with the bulb and mercury arc alone. Figures 11 D and 0 are tracings
of a red glass filter and the Ba:ird filter separately. Note that the
Baird filter placed 650 ftm normal ineldonce produces two m@adma,
ihich are polarized in opposite directions. The low height of the
maximm marked A Is apparontly die to some polarization of the light
goin through the spoetrograrh in addition to the drop in the intensity
of lighte nittod by the lamp. one can soo in Figure 11 D and E that
the attempt to improve on the pass band of the Baird filt'w by combining
it with the glass filter -aas hardly successful. (The ewosurea of A
through D werc the oare - that for E was increased by a factor of 3.)

-9-
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Vi OONaLumIONS

7he .qrmental kinmatograph has boon dismantled to make
roi for tho 24" reflecting telescope. As a whole the HC -solar camea
will not be wsed again; howeverj, the various plces of a1udliary
..,i.nt. will be uoeftl for later exporiments at Oak Ridge, Boulder•
"-- M•ax•. The infauation gained here till be uied ifi-plAming the
be ist•Lled at alimax, pr6obably in 1951,aind .n-otheO•-ola ocjuatoria-

I should like to expreso uqr special appreciation to Dr. Donald H.
lUezel and Dr. 7[alter Roberts for their advice and patience in tes

. work. Also I want-to thank Dr. Shepley and Dr. Bok for parmittin me- ..
to •Iork at Harvard Observatory and the Oak Ridge Station. Joyce
LUarrison deserves thanks for he waork and ncotragamnt during the
progress of tle project and for typing this manuscript. My thanIca
.1.o go to ArU= Hoag and the staff of Baird Associatos. 1Tnasll

SI should liko to acknowledge the assistance of the Office of Havel
Rteoarohn ONR financial support made the projoct possibleo A

Gordon Newkirk, Jr.

Approvod for Submission as
Technical Report

).•t •rze Roberts
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