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If this block is checked, the copy furnished to DTIC
contained pages with color printing, that when reproduced in
Black and White, may change detail of the originai copy.
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NTRODUCSTION by v ter Crr Roberia

In a 5peqial "e,,ort, submittod under tiis CUR exntract on 26
Feoruary 1948, irtaur .. loap descrived the plans to build ths sun-
spot. kinema‘wgragh waich has materialized in’ the latsr work by
Cordon Newxirk, Jr. The camera was described there as a "sunspot
sequence camera."

Betn Hoag und ilowkirk worked primcrily as studants at the .
larvard Collage Jbservatory with relatively amall charges to the
subject contract. Tneir work has lod tc designs which will ba of
assistance in planning later oquipmant for ths largs 20~foot oqua-
torial table to be buvilt with funds of the subject contract.

Jork under this contract on tha kinsmatograph is conaidered
termina tad with this report. Additional devalopmant along thase
lines is planned, however, with lha sup l‘ort of A Zontract .J19-122
ne=17. this work will te described ir the raports »f that coatract.

All of the work of loag and Mowkirlk at Jambridze and Oak Ridgs .
foll urder the direct suparvieion of In. Uonald . lenzel, Associate ”
Diroctor £or Solar Resscarch at llarvard (n)is:te Coservatory. Advice

and aid were suooldied on some occasions by tae Hi ah Altitude tbserva-

(140

tory rogzarch group at Bonlder, Colorade.

GEIEIAL DuSCRIVIION CF SCLIAR KINSLATOGE: PH

s to provide a flexiblae,

Thae i 2pose of the 1iC Solar Camerds v
expacirenial initeuont for solar rescarolh. A crlrinally desipned
by Artour Hoag, tho cdest tpaia of ke thlzaies; 2 consiuted of an

obiaztivs L.rw. 3 collimat-e long atoa oot o enl to its >
focal & th froa bn. foca lan: o ot ooi2ntic, a rhasry comera
Llems Lt cac - wrinoof the moll.oszbus ndy and a .',u-*-)x.-iaz'y J4Mmara

lens toab or.a-d W Yirnato coon vhe file. A dire-

Tringint e camat. & oviss o Lo n tie j.callel light beaan
betwesar Ly collinater a:‘.—d bt ;-r...-w' caaera lon3d - we Jfound that
this o, tical Lyt was L atdstae tory Tie arrw‘m;‘uont wags oaxiramely
diffizult bo ad;wwt cnd ronzined dnoad o syorat only a susek tune,.

In dnuar; of 1 4% we rovigad the (obles 50 thet they waie in
gcme copeods siritar tu thosa of oocerer crapt. Ihe osteid tradn
now st sty ol aa eLjeetise Tang, 20 fd 1as Cust beadind th focal
plan: <& o o tachive, 2t @ cootra U that Corme wn andarced
unape (notng :,‘iﬂm Jho j-stemens aes 0, @ oy sneh refir mcats
ac digp s et ol L oTeaction g, e e bl edpes of tie
lenge s, ot v oo v et s o eoryr T he

A corrae o they owon, Lode put s caeern n iueny 1o The

tube o G aolose v Lnovd € Ly -+ 3 i traced with
1/ e e st Ve eanh e L '.Vii'.lr.,'.l oo alwiiran
rofl ca-. pAreed e ow e, AR Lyl e ative Ioacd Yo oseld
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lens is a simple concave-convex lsns; the camera lens is & twoeinch
diameter, 20-inch focal length achromat. Two right angle prisms at 4
the base of the instrmmsnt band the 1ight beafi iip the laft hand dide R
of the tube. The position marked B in tho drewing indicates the ’
proposed location of the birafringent monoshromator which, at the : ‘
tims of this report, was not completed, and also the location of the

color filters which have been used in the kinematograph, Just behind
this position is a retractable right angle prism which can be moved R
into the optical axis to allawv the cbserver to examines the field to be [t
photographed. L

- A Pairchild Ruoording Cunra auppliad by tho Ot't:loe of Na.val S
.. Research is used as a film-advancing mechanism and magasine. . The. e a L
- shutter mechanism consists of a modifiad Merocury Camesra rotary mm.or,
‘with a special relay to relsase it and a 2LV DC motor to rewind the
shutter spring after each exposure. Both of these pisces of squipment
‘ operate fairly wellj however, the shutter works stiffly in cold
| weather, and the recording camers occasionally gives faulty 1eqistra-
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 particularly good. The
cause of this limited definition is that the color curve of the ‘
optical system 12 extremoly steep. Unless the light being used for
the photograh 1s essentially monochrowatic, the focus will be &igni-
Jicantly different from one end of the film sencitivity curve to the
other. GZven with the relatively narrow pass band of 200 A., the defi-
, nition is not good. Of course, this difficulty would disappear if a
| ; monochromatic filter were used. /e made no attempt to make accurate
! measurcments of the scale of the images in the kinematograph since ;
E the scale would diffar for different wave lengths. The radius of !
the scjar image was roughly 1.25 inches.

ITI. AUTOMATIC GUIDING APPARATUS A
R

o

The kinematograph as erected at Oak Ridge is guided photoelectri- 1
cally by apparatus similar to the phototype guider on the Climax ]
coronagraphl. Essentially, the guider (Figure 2) is a second telescope 1
with & cdatecting device at the focus of a long=focus objective lens. 3
The solar image is centored on an occulting disk that i8 very slightly
i . anallsr then the image. Immediately behind the disk are four luscite
? rods placed at $0° intsrvals. 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) shows that the two phototubas
. are in balanced circuit. ihen squal light falle on bath phototubes
they cancel each other, and the first grid of the 38 tube is neutral.
, Each current does trickle through the 6J5's, however, to close the
D00 .0 relay. It is easily sewn that when the 917 phototube receives
k more light, the first grid of the 38 lube is positive, the ourrent |
through ths 6J5 tubos 15 higher and both relays closes. The opposite :
l sffevt is produced when tho 919 {ube receives more light and both !

1, %A Photonlactric Guider for Solar Telescopas," Roberts, ii. O.,
Electronics, June 1946
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with thg sansliltivity coutrol wich ropuliles the W voltege supplic.d
tc the phototubes.

It would be poussivle to have tha melays control the teleecops
corraction motors dirsctly; however, according to Robarts, this lcade
to hunting of the telesccps. Tho anti-hunt unit (Fipure 1)) is es-
aentially an intesrating devicea that prevents the guider from
corracting for random, short perlod alming errors but which allows the
instrumeant to raspond sensitively to long poriod errors or tha maan
of recurring short period onns. Also in th= Anvd<hunt unit box iy a
veltmotor by wihleh one can chack the voltapge belng deliversd to the
relayss  Tils Je wselul in adjusting tuo vansitivity of the guldar
circuit. Tho anti~punt units Cor the two courdinates are not identical.

" For tha 'duematograpn, tho hour angle sorrectlon motor 1s sontrolled

by 2 tan volt DG wvelay (not chewn). A set of AC roluys, workad by
the linit owitshes, rogulates the ten voll rolay. (This arrangsmont
eliminates the conmon groune veween Uie ten volt curront £rom the
station generater and the 0 lino.)

Tuo declination correciion cetor is the type which has four leads
arranged so -that tnoy must bo switched around to rovorse the molor,
(That is, lor oXc'=igae motion, whito wuust b Wad to black and greon,
to Dlna: for covnterJlockwise uobion, whito t¢ preon and vlack, o
blue.) To use this motor we hed to hara Lwo limlt vl tches whorg
thera was provicusly only ona. Tho two owltehes at each end of the
adjusiable an =2re ara arran;cd so thiad they ave both throvn at the
sune tiee.,  This aveangemens ol the corrsction motors veuld not be
ueod in o4 prgeanant arcanspamcnt.  Thoso moedifications in the antd-
hmt mits are sol tneluded in the wiring dizrsram, Actually on tho
Climns mauatorisal Table Covouasraph, fo which tho principles studied
hare will be acoulicd, the guidn ithe tho euranacragh will perform this
sork Tl gaider 1a plammed to be a continudus sexvo of Far more
cemplinn deadpm tan this ono.

oo vno s ol dhie (e wtale thie kinerato,raph is

Coimne Usyoan A0 oA ol bhre oolne LAk, 1t 15 negessary 0 have son:
Lot ol Sl bme o soin i ke suile Leloaucope W the axis of wo
ol ovc IhA e cene s oap there S6A ‘ha Luage saifter is
NUNERRTISTERN SN T TS S o B U ER A SR SRR o Lrnes 2 rountad co fhat the

noral Lo the pless aay boeoadves i Db Bae hour angde and right
Aveonslon Jipreood ma, Thic loveo neroly shad0ws the woler inapge £rom

the ~:ids welosoc.o and Beo theocfeet of shans iug tha position off
Lo i s ket e de bhe s T e Vincactepeaphe The devize is

LUreoedy s ey ac . 00 proy sd o quitn satlsfactolys

W " oo an terkat weerassfully o anen
Gl i s i Il r o o o waven T oabont v eeond of
oo sy dem oty of abeut tho sate aueunu- dng
ML wee Dt grale o s g Lied matnly by soving
S e T o net Tt b N o v o oeeuls ine Glsks,
‘ ' G g s e dutiein )y avdior) for avr crouse. T
st b st e s S wdkpthy th gaildar For another
RN to ot et oo et move sloods cnovph
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ain control Circuit

A drawing of the main control cireuit is shown in Figure 5.
The function of the unit can casily be seen from the cirouit
diagram, Tho top of tho drawing comprisos a timing odrouit in
which the timing clument is a synchronous motore A switeh £ is
arranged so that tho main control rolay may regeive a pulso
directly from “he cam switchos or ramotely through the step
relay (LO stops). Switches 1-2L allow ono to connect various
contacts of thi step rolay to the coils of the main control ro-
lay. Dy this arrangement it is possidle to have intervals f{rom
74 seconds to ten minutes between exposures. The switoh combina-
tions for various timing intervals appear in Table I, (The errors
in thoso times arc of the ordcr of 0.1%.)

TADLE I
Intorval | § A 1B | & }  Lthrogh2
7} sec L u u U
15 Bec L D U U
30 sec R D v U 1,25.0020 up
m sec R o} U U 1’3,500.19 \m
7% sec R 0 Y v 1,5.4420,20. .2l up
2 min R D U 1) 1,5,9,13,17 up
150 eec R D U U 21,22,23,2} up
5 nin 2 D U U 1 and 11 up
10 oin kil ) U u 1 up
L L ~ left R-rig t U - up D ~ dowm

Tho secor d half of the control circuit is marely a delay
switeh to onalie tho vibrabions caused by the film advance solanoid
to die down b-forc the shuttor in opened. 'To produce the delay,
the shutter i sct off by a 25,0004\ relcy that is closed by s
relaxation osc:illatar. ‘han one pole of “h3 main contrel relay
closcs, the 6!V voltage deubler wectifier tobe charses, through
a variable rc:iistor, a ton mfid condenser in parallel with a VR
150 voltage r.ulator. The VR 150 allows tio voltage to build
up t> a criticnl value and then dscharpges *he ccndenser thiough
the 25,000 A irelay, which closes to sot off the shutter, 1In
ocrder to prov .t {hao accumulation of arrors in tho oscillator,

a shorting rc .y i3 arranged to discharse completely both the
condonser and the "R tubo at the end of caca axposure. This
dovi-o gives : waximm practical delg of about a seconi,

e

i
i
3
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B. Shuttcr Circuit A

“he oporat.lon off the shulier get, and relcase cireult can
, oacily be seen in Figurc 6;and liLtlo cxplanaiion i3 necossary.
. Tha singls poic 27 C relay will stay clesed onee At i3 closed
3 and will Leop “hic shutter vowind mote:r going until the cam switch
broaks tho eircuit., Thioc cawm switeh 1o on tiio shutter and dous
not open tho circuit until the chuttar le completely wound. The
' 1, 2, ... 5 rofcr to the lead connoctions from the shuttor unit
to the control box.

C. Standardizer Circuit ' |

The photometric stendardizer Lo simply a maall, transparont
gtopedensi.y wodge that can bo moved into the field of the camera
lens, Tho step~doneity wocgo du contalued 1a a 13" diameter
eylindrical box and ic illwminated by the lizht frem the solar
image plus thay from four emdl lampd. To difluso the light, a
plece of opal plass i placad iumedistcly beaind tie density wedge.

The purpone of the standardizer control cirenit (Mpure 7)

‘ 15 te move the stup density wedse into pesition, turn on the lamps,
and thon mova it oub of pouiltion once the standard frans i taken.
one sees in 4he main coatrol eireult (%imure 5) that the collo u
of tha standardizser roday are connceted Lo {wo of £ contacta =L the '
stop relay, 1.¢,, two contrets on waleh an cxposure won?d never be
taken. ‘At tie firat contact the motor morea the donuuity viedge
into plac? and thu lizhts o on, At The ricond, the exposure is
mede. At the third step relay contact the wmotor movns tho density
wodge out of tho NM<ld and chuba off tho lights. Sercws en the
ghaft neddit~ the oiindrical bex operate thie limit switciens. Thase
serag cen Lo 1idussed Lo cep the devalty wodpe hox al thie proper
peaition. &Y, 5'. ', A Lorefor fo Al Tonds of Lhe noter; A,

9, 2, and T, e Yl i mar e oab e stenrlarmbivoe, UL WL
rro LYy oo e Teoso s e gtptiemnd o1 Shie drtenadty of the

-

Y LU T
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E 'erAA%fAONm_ 1‘ 4
3 Ve PLAT: GRY A
POLAROID . ST " PoLAROID 3
:':__ —— - - —_d A S -:
:‘ H \ 5
i ! ;
L
h , Figure €
Considor tho unit (Mpure 8) emcisting of tho thickest crystal,
1 onc of $ta polarvids, the fractional vove plata (let wa tako 4t to
be a half-wave »late.), ! » meond polareid. Ry turninz the half
wave plate and tho second polaroid ono can add variovs awowits of

rotardation to that of tho thickest plate. Since the plane of polari-

zation of tho emergent light makos an anglo of 2 w - 2 9 with the planc
of polarization nf the incident 1ight (whers 8 13 the angle botween the
incident vibrations and the prinsipal scetion of tho half-wave plate)
a peas train will le nooadou to turn the polaroid and half-wave plate
combination throug! twice the angle Lwrnod by tho half-wnve plate

3 . alone. A simjlar vnit involves the seeond thickest filtho plate, 5
] (The rotation oi tils unit must bo nmochanisally cecupled to the first,) 4
3 By addin; varicuus retavdations te tho two taickost crys als, we may

i shift the macdma of theso twe plates up cad dovm 0 copoctrm.  In

3 practice thc aarp prak frca these too piater 16 neved abeut "ingide®

the peak of the tihird thlclout plate. CF coursc, the aovamt that tho
gharp peak may be roved depends upen the ropidnnd 1ipnt thit appears
at othor mave lengrhs &3 the maximum s ddoplaced frwn b8 orisinal

T

E position. IMgure ¢ alicwa the pass band of e rive element filter that

) is "ghifted" rout .1 [ frem 65626 8,

E In the practical vio of ¢ rmenecnromatie £iltar 1% U6 neces:ary

1 to be able to fin! the posivien ¢ the nadmum in the gsxsirw.  Iven

with an electrically "hunod" £ilter, one would like 4o ‘mew if the

% nadmun were at the normal position [in our case ¢66.8 X) and usc

- this ay a fiducial point. Tuc oinple moniteriag sys ca, plamed fer
‘ the Idnetatopraph consisis of & Mbry-Perol inteeferemciee ag an

: analyzar and a hydiercer tutg for & scurce of standaxd weove lonsth
; (Fleure 10).

i f AL tho fae ot this ruport. noither the [filter nor monitor dovice
| havg Yeceir built,
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GROUND BLASS

MONOCHROMA TOR

- - -

v

: - -~

HYDROGEN TUGBE

Figure 10

Licht fron tho monoc:.romator and from tho hydrogon tubo will fall
on a rround glass Mffuser. then an obaervar looks throuch the intar-
fercmeter, he will seo tho fine fringes from ths hydrogen tube super-
posed on the b fringes from the mohochramator. Setting the
filter on 6562.8 A will be mercly a matter of moving the btroad fringes

until they aproar to be bisected ty the sharp fringes.,

Since the monochromator was not to be rcady for the sumer of
1949, I expsrimeatsd with_a Baird ingerferance filter (with normal
inoidence maxina at 3970 % ard 5235 A) and same sharp cut-off glass
filters in an attempt to find & combinatlon with & fairly narrow
pass~band, Copies from microdensitonotor tracings of some of these
axperimonts are shown in Figure':l. Those are tracings of plates
made on tho Oak Ridgo spectral standardizer (with narrowest slit width)

with 103 a7 plates and an incendescent buldb as & light source.

The

filter combination was placed in front of the slit. A short exposure
on a marcury arc with the filter and 1light buld removed was used as a
wave langth standard, Figure 11 A shows a tracing of an exposure

with the bulb and marcury arc alone, Figures 11 B and C are tracings
of a red plass filter and the Baird filter soparately. Note that the
Baird filter placed 650 from normal incidence produces two maxima,
which are polarized in opposite directions. The low height of the
maximun marked A is apparontly due to acme polarization of the light
going through the spectrograrh in addition to the drop in the intonsity
of light emittod by the lamp, O(ne can sooc in Figures 11 D and E that
the sttampt to improve on the pass band of the Daird filtar by combining
it vith the glass fiiter was hardly successful., (The exposures of A
througch D werc the came -~ thut for E was incressed by a factor of 3.)
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VI. CONCLUSIONS

The experimental kinowatograph has been dismantled to maks
room for the 24" reflocting telescope. As a whole the HO ‘solar camere
will not bo uscd again; however, tho various pieces of auxiliary
equipment will be uneful for later experiments at Osk Ridge, Boulder,
o -or (Mimax, The information gained here will be used if plaming the”
- ‘aocessorics for the 26-foot Equatosial Table Corenagreph that will. -
S - be installed at Ciimax, probnbiy in 1951,and on ot.hm- aolar oquatorial
T t.abloa plamed for Climax, - cee i
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