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I.

INTRODU CTION

For many years the High Altitude Obgservatory has engaged in a
program of observations of the epectacular motions of giant solar
prominences rendered visible in monochromatic light by the Climax
coronagraph, Motion picture studies of these films snd similar
ones taken at other observatorlies have revealed the extraordinary
nature of the force fields involved, and have pointed to the need
for further quantitative work, particularly that involving the
neasurement of the growth of luminous areas in prowinences as a
function of tima, -

An attempt was made to analyze tiie prominences by a photographic
determination ff isophotal contours, uesing the method suggested by
Brian O'BErisn of developing the film to extremely high contrast,
It was found that tne lsophotael contours wers very helpful in
interproting solar mhenomena but that the process was time-gonsuming.
Two other methods of plotting lsophotal contours which have bean
used {n the study of galaxies were alsoc deemsd to be 1mpr”ti§",lh)
for our purposc. The 'Iilliams~Hiltaer microdensitometer ©/? !
can be operated to plot very satisfactoery isophotal contours, but
it has three serious limitations in prominence work: (1) ITtu
use i3 too tice-consuming for the study of the many frames in the
film of a rapidly changing prominence; (2) 41t requires an enlarge-
ment of a photograph to propar dimensions for effective use, which
in vurn introduces difficulties in thc stindardivation of the
photomatry as wall as additional work; end (3) 1t does not give
autoratically a mmer:cal value for the arsa enclosed within g
contour. The plotting of imophotal contours from a aag§ea of
micro 7nait.or:.,-t.er tracangs, ¢s used by Yiss Patierson -/ and D. S,
Evans ‘' appears to be an even nore time-consuming procudure, and
would lead to less satisfactory results in our problem.

' PBecause of the limitaticrs for this work of other contourlng
methods the staff of the High Altitude Observatery has seught io
develop & new tLype photometer capsbie of analyzing {ilas froum
motion picture sequances fast encugh for the problem st hand. The
isophotal contour densitometer described in this ruport is a first
breadboard wodel of an instrument o.” this type. It has the requisite
speed, being capable of plotting a contour in ap“raximately seven
seconds; it posgesses much rlexibil-ty as to the type of photographic
plate which it will analyze, using directly the 35 mm negatives from

1)
2)

3)
L)
5)

6)

0'Brien, Drian, Ap. J., 89, 1939,

Publications of the Observatory of :he University of Vichipan,
9 42 & o

Tbid., page 103,
W1lisms, R. C., and IMtnar, W. A., Ap. J., 98, L3, 19L2,

&I:pley. H., "Calaxies" pags 170, Blakeston Company, Philadelphia,
1943,
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coronagraphs and flare cameras; and it can be set up readily to :
measure and record autonatically the area within a given contour.# x

We deem its realm of potential application far wider than the
measurement of the changes in the lumincus areas of solar prominences, :
and outline a few suggestive further uses in this repert, Pl

II. USCS OF THZ HIOH ALTITUDC OBSERVATORY CONTOUR DENSITOLLTER.

A. General Purpcso. f

The High Altitude Observatory contour densitometer is an 2
elactronic device for indicating which areas on a photograprhic :
p & plate have densities greater than any specified amount. By -
3 the addition of a simple integrating circuit such a mechanisnm
B becomes also & device for determining numerically the extent
t of these areas. Because it can be made to draw accurate
contours much more quickly than can be done with contouring
methods now in use such an inetrument has a mmber of appli-

5 cations in solar research. At present a working pilot medel
ST of the instrument has been put into operation at Boulder,
: Colorado at the laboratories of the Observatory.

B. Uses in Solar Research.

The contour densitomoter has votential applications at
- the High Altitude Observatory in the study of solar flares,
o solar prouinences and coronal emission lines. e expect that
! the detailed knowledge of the structure of solar flares to be
gained from sets of isophotel contours will give much insight
into their nature and origin. Also for the statistical cor~ o
relation of flare activity with other solar and terrestiial
phenomsna we would like to be able to quickly obtain numerical
valuecs of flare arcas. If wo turn 4t to a solar prominence
the contour densitometer shculd glve immediate information about
the distribution of luminous materisl and the pesitiorn and
shape of the most brilllent portion of tho prominonce. In fact
it was for thia aprlication that we began our work on the contour
densitoneter.

9 41;;1«:‘4:‘-“'."‘? a4 £ g

et
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‘hen apnlied to coronal spectral lines it should solve 1
many of the difficulties involved in the routine coronal 3
photometry of tha High Altitude Observatory. In this photoe 4
metry we ere especlally concernzd with the correlation of the 5
location of bright portions of certain coronal emission lines
with solar and lonospheric events, Since a routine traocing
of line profiles at aspecified intarvals around the solar disik
would be exceptionally laborious, a procedure has been worked
ocut for routine work in which the curonal lines are comnared

*Note added after completion of Repori: Ve have recently learned of an auto-
watic density analyzer develcped by Hogen lLaboratoriss, Inc. that works from
: a photographic print and has several features which appear to be common to ours.
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visually with a set of standard lines, the latter in turm
being coupared with the set of photl.ometric spots impressed on
each plate. By means of an attachment which has now been
constructed for our present contour densitcmeter, ncwever, it
is rnor nossible either to read directly the illumination for

- any point in any spectral line, in terms of the illumination
of the ochotometric svots, as well as to locate immediately
the points of maximm density. Our experiments indicate that
we may be able later to replace the more subjective visual
photometry with a sound quantitative scheme based on the new
contour densitometer.,

C. Possible Applicatiohs Outside the Field of Solar Research.

A number of possible avplications of a contour densitometer
of this sort outside the fiald of solar research have come to
our minds. As it stands, the device should be useful in the
study of the shape of nebnlse and zalaxies, and we think that
with certain wmodifications it could be used inthe counting
and clusi?cation of stars. in chvious terrestrial spplica-
tion is the repid study of motion picture nhotographs of
combnstion processes and similar rhencmena such as exhaust
gas distributions in jet engir:cs. Jlher possidble apvlications
are in lhe field of serial phciovrarhy. For examnle, if it is
Jesired to rapidly identify the Jatails in two photographs,
portions of which cover the same region, the densitometer can
be set to select for comparison only certain of the more dense
details. As sanother example, <he areas of geogranhical features
which nhotograph with distinguishins densities in aerial photo-
graphy {such as forests, lakes, snow fields, etc.) could be
determined by it in a matter of seconds. Thus one might conduct
rapid surveys, from photographs, of foreat aress, etc. With
the addition of recording apparatuvs, the instrument, we beliesve,
could be tuilt so that by 2 single switching operation it can
be convertaed into a two-dimenional microdensitcaster, giving
simltaneocusly tracings of density versus cdistance along as
many lines of any shape in a photograchic rlate as one might
care to record.

III. A GENERAL JSRCRIPTION OF “HE PILOT TUSTACLENT NC- COMPLETED.

The pilot instrument which has been completed and is in
operation at the High Altitude Obser?ﬁory Laboratory is based in
part on a system suggested by Babcock / and includes added fealures
sugrested by John W. Evans of our steff. 1In iis operation, a beam
of electrons, by both horizontal and vertical displacement, strikes
in succession all points in a rectangular portion of the screen of
a cathode ray tube. The resulting moving spot of light is focused

7) Babcock, H. W., "A Con tour Fhotometer," Publications of the Astro-
nomical Society of the Pacific, 62, 18-2I,713550,
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on the film to be analyzed. The intensity of the light transmitted
through the film, by its action on a photomltiplier tube, determines
whether or not the bcam of & second cathode ray tube (the horisontal
and vertical wotion of which is synchronigzed with the first) is
bloocked, As a consequence there is traced on the screen of the
sacond tvbe a pattern of that portion of the scanned area of the
film above a certain density.

S B bt 62 i om0

b
SRy i

This pilot instrument differs from that suggested by Baboock i
primarily in that by the use of high-resolution magnetic type ;
cathode ray tubes it is posaible to obtain & comnlete contour of
a film from a single scannins, Another and more radical difference
is contemplated in the finished inatrument yet to be built. This L
A is the introduction of a second photomultiplier tubeiand cptical
o systen to scan a standard film or wedge of known density. As it
2 will balance the signals from the two photomultiplier tubes, the
- densitometer will) be a truly mull-instrument, showing on the observ-
ing screen a vattern of the areas on the film of density greater
than that on the standard film, with errors from various sourccs
balanced cut. A block diagram showing the general features of the &
contemnlated instmument is civen in M1 fa Those features not in
the oresent nocdel are identified.
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¢ The essential parts of the preaent. model are: (Refer to Figure 8)

Ao A pair of oweep oircuits which causes a beam of electrona ’4
: to trace ocut a rectangular pattern on the ecrenn of a cathodo -
: ray tube that we call the "scanning tube." The sertical swaep
: takes nlace in 1/60 second, ths horizontal in : .ven seconds.

ST ST TR LR ST

B- An optical systca consisting of two lenses, the first of
mhich imafos the moving epot of light of the scanning tube
sereen upon tha photographic film to be analyzed. The second
lons images the apaorture of the firat upen the cathode of a
rnhotomultiplier tube. Tha firat lens is diaphrammed so as to
have an aporture the image of which just fills the cathode of
the photomultiplier tube. :

s iy s,
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C. A circuit for apnlying D. C., amplification to the signal
from the photemmltiplier tube and ccmparing the amplified signal
with an adjustable comparison voltage. The signal from the
photomultiplier tube ie fed into the amplifier circuit in such B
a way that an increase in photomultiplier plate current causes 5
a decrease in the output of the amvlifier. The amplified T
signal and the variamble D.C. comparison voltage are applicd to
the cathods and gnode of a mixing diode. then the density of
the f1lm being analyzed is such that tue cathede of the diode
i6 less positive than the anode, the tube conducte. One part
of a flip-flop circuit coupled to the diode conducts when the
diode is conductinpg, the other whca it is not.
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Do A viewing tube. A second cathode ray tube is used for
viewing the areas of the £ilm whose densities are above the
amount determined by the setting of t he comparison voltage.

The horizontal and vertical deflection coils of this tube are
connected in parallel with those of the scanning tube, so

that the horizontal and vertical sueeps of the two tubes areo
alvzys synchronized. The bias of the viewing tube is controlled
by the flip-flop circuit, the tube being blanked wheonever the
mixing diode is not conducting. There appears, therefore,

on the viewing tube & bright pattern of all areas on the
scanned portion of the photogr phic plate c© density greater
than a determined amount. Two phosphors on the viewing screen,
a short-lived blue and long-lived yellow, make the pattern
suitable either for photographic o< visual study.

Bo An attschment for use of the instrument in the photometry
of coronal plates. This consists of a plate holder which
permits easy horizontal and vertical positioning of the plate,
and of an optical system which diverts a portion of thé raster
image around the plate and through a high-gradient wedge. Figrre
18,) Then this attachment is in place, one sees 01 the left
gside of the viewing screen & pattem of that part of the spec-
tral line above a given density, and on the risht side a
rectangular area part of which is dark. (Fla> i) To operate,
first the standardizing spots o the plate are succossively
positioned for scanning, and the cocparizen voltage is adjusted
so that the images of the spots on the vieaing screen are
just blocked. The corresponding positions of the odge of the
davk area on the right side of the screen a-e marked on a scale
fastened to the front of the viewing screen. The coronal plate
is then positioned so that a portion nf a corcaal line is being
scanned. Tie comparison voltage is set to give a desired image
of the line on the vicwing screen (3.8., £n inage with only
the points of maximm dmsity unblanked, oo ulth the cuge of the
unblanlod regien ot a point of interest on th:e coler circuricivnec.)
Tho illumination coitesponding to blankinc in torus of tho plioto-
motric spots, is road directly froo the position of uhc bLounary
botueon the blanked and the unblonked regions on “he rdght hand
side of the vicwuir; screen.,

IV. OPERATING CHARACTERISTICS OF THE PILOT TNSTRUMENT NOU7 CONSTRUCTED.
He have now cested the operation of the pilot instrument
extensively and have determined its gensral properties in prepara-
tion for the construction of a fingl model.

A. Our objectives in the testing we have now cone weres



———— o e e

- \.\\\-\\‘- '

B.

C.

1. To test the unaefulness of the instrument a3 it now stands.

2. To obtain data for predicting tre operating characteristics
of an instrument in which the comparison. voltage is replaced
by a circuit convaining a photommltiplier tube illuminated by
the scanning tube, but viewed through a standard density.

3. To obtain data for predicting the operating characteristics
of a final model of the instrument with a cozmvarison phcto-
multiplier tube as described above, and in addition using
an A.C, rether than the present D.C. smplifier.

Operating Characteristics of the Scamming System ass Determined
by Tects.

The sweep circuits produce on the scanning screon a
raster which can be varied conveniently froa approximstely
2.5x 5 cm, toh x 8 om. Photoelectric measurvemsnts indicate
that no inequalities in the brightness of the raster are
readily attributable to nonlinear sweeping. Since the bright-
ness iy easily sijcsted over s wide range of vaiues, it proves
to be variablc most s-isfactory for accoxzodating various
density ranges. A uaigh resolution optical system sweeps an
area cn the f1l~ 1/10 %the dimensions of the raster; a lom
resolution systcm, an area 3/1C the dimensions of the raster.

Operating Characteristics of the Dstector as Determined by Tests.

We analyzed the cathode woltage of the pentode which serves
as the cathode~follower of the photowmltiplier tube by inserting
into the optical systew a series cf densities ranging from 0.00
to 3.3h. Fr.m the pattern on an oscillecsccpe screan of the
voltages we obtained a fairly accurate wesrurement of the signal
(average level during scanning minus average level during blar :~
Ing), and estimated the peak-to-peak noise. In Figure 1 the
logarithm of the signal and the logarithm of one-half the
peak~-to-peak noise are plotted against density. The noise found
here is the high-frequency photo-tube nolde. For very low den-
sities a noise of much lower frequency becomes apparent wnich
completely misks the tube noise. This low frequency noise comes,
we believe, from the irregularities in ithe phosphor of the
Scanning tube and we expect that it will be compensated out
by the use of the comparison photomltiplier tube we expect
to use in the final wodel.

Operatine Characteristics of the Amplifier and Viewer System
as Determined by Tests.

We conducted measurements with known densities to determine
the density—discrimination of the densitometer in its present
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form and the density-discrimination which may be expected if

the comparison voltage potentiometer is replaced by a comparison
photomultiplier tube system. For each of three ranges of
densities the brightness of the scanning tube and the operating
levels of the 1.C, amplifier were a2djusted so that the corres-
ponding comparison potentiometer settings covered most of the
range of the potentiometer. For each density, fcur poten-
tiometer settings were determined.

(a). The setting which completely blanked the whole
viewing screen.

(b). The setting which completely unblanked the whole
viewing screen.

(¢). ‘The setting which caused a prodetermined point
on the viewing screen to be blanked for successive
sweeps.

(d). The setting which caused the same point to be
unblanked for successive sweeps.

These settings, for the three ranges of densities, are
plotted against density in Figure 2. Data (¢) and (d) were
not obtained for the lowest density.

In each case the horizontal displacement. between curves
(a) and (b) represents the demnsity-discrimination of the apparatus
as in use, whereas the 4:ziii-ination which should be obtainable
with a comparison photoamltiplier tube circuit is represented
by the horizontal displacement betwecen curves (c) and (d).
The light and voltage levels were set up to give convenient
potentiometer readings. Subsequent experience has shown that
these are not the levels for meximm density-discrimination.
Note, for example, the density discrimination possible with
an optimm choice of operatins levels as shown in Figure 5.

Performance Tests on Prominence, Flare, and Coronal Spectra
Photographs.

1. Four solar prominences were aaalyzed, and photogzraphs
taken of the viewing screen when the potentiometer was
set for various densities. Sets of isophotal contours
traced from thres of these are given in Figures 3, 4, and
S. An enlargement of the negztive of a fourth prominence
viared and enlargements of negatives of the photographs
of the viewing screen for different density settings are
also included. (Figure 7.)
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2, Vle then demonstratad .o cur satisfaction that the
densitometer is uieful for a study of solar flares and
of coronal spectra. Mpmure 6 gives a set of isophotal
contours in a salar rogion containing a flare and sunspots.
By sotting the donsitomeloer to 'nblank tha viewing tube
for densities below the level of the aoclar disk and
tracing the outline of the portion of the screen which
remained blanked we obtained contours within the sunspot,
Setting it for higher densities gave us contours in the
flare areas.

Bnission and abscrption 1lines in the coronal spec—
trum appear as bright and tlanked lines, ruspectively,
on the wieming tubs., A density gradient along the
sractral line can be immediately detected by esetting
the comparison voltage so that only thae portions of the
line above a certain density appear on the screen. By
means of the attachments described in part III-E we can
study coronal lines, and preparations are being madoe to
put the instrument into test use for the routine analysis
of these lines. Soce¢ Flgure 20.

PROPOSED WODIFICATIONS IN A FINISHED INSTRUMINT,

A.

Use a Different Set of Ceflection Coils.

The deflection coils now in use were not designed for the
particular cathode ray tubes boing used, and although they
work fairly well, a better raster can certainly be obtained
with the prcver coils. It is recommended that the nem set of
coils be of the push~pull typs. Under the presumt set-up the
varying load during a sweep raquired an nnnacessarily elaborate
set of voltage 1agulated power supplios.

Modify the Optical System to Increasse the light on the Photo-
cathode.

Since in the present sot-up, the signal=-noiss ratio is ;1
at density of 2.8, the use of tho densitometer for higher densi-
ties will require a mure efficient optical system. It will be
easy to make significant improvements here.

Introducs a Cemparison Fhotomultirlier Tube Clrcuit vadch
Will Recelve Light from the Secanning Tubes through a Wedge of
Known Density.,

This featurs has been contemplated throughout in the deaign
of the instroment., It was not inocluded in the pilot instrument
because we bellieved that the overating characteristic data
could be obtained more readily without it. Its desirabllity
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has been thoroughly proved from the observations on the
pilot densitometer. Tt will automatically compensate for
the following:

1. Irregularities in the phosphor of the scanning tube.

2 Variations in the brightneas of the scanning beam due
to power line flustuations,

3. Variations in the dlatribution of light over the scanning
screen due to changes in the intensity of the electron
beam, It will also provide a convenlent means of asesigning -
an ahsolute value to the density of a glven eonteur. “y

De Use ur 4,C, Rather than a D,C. Amplifying System.

The praesent D,.C. system, besides Lelng subject to drifts,
requires a revision of levels throushout whenever densities
are changed radically. An A.C., system 1s contemplated which
should be stable and not require adjustument over a wide range
of densities,

Es Introduce an Integrating Device.

"™mis is another feature which has been contemplated
throuchout the deaign of the instrumoent. Elther a circuit
which charges a condenscr whensver ine viewing tube is unblanked
or a counter which is operating when the tube is unblarked will
give, st the end of gach sevan-second sweop, an exprescion f{or
the area greater than a given density on the ewopt portion of
the {ilm.

F. Design and Construct an Appranriate Housing. 1

Provislon chould Le tude in such z housing for mornting
a 36 mun filw and for changing it quickly from frame .o framc.
There stould be a two-dimensional adjvatment for positioning
the fila 30 that the desired nortion of a frame moy be studied (-
as a wmotion picture, The optical system should be mounted to
as to pernit convenient initlal adjustment, tim can be lecled
into nlace. The same is trae cf the electrical circuil. whi-h,
for routino work, chould be cperated by as simple a set. of
controls as is possible.

L A N S T e
P4

VI. APPENDIX

A- A More Detalled Deseri.tion of Electronic Circuits, i

e s se AT K

The general layout of the ligh Altitude Observatoiy Contour




S e o Ak T T R, & vy,

Bl‘

- TR TR A i 2 o e o,

-10-

Densitometer as contemplatod in its final form is represented
diegramatically in Figure 8, If the reference photomultiplier
and the integrator are ocuitted from the diagram, the inatrument
in its present form is represented,

The horisontal and vertical deflection coils of the
wvagnetic deflection type cathode ray tubes (S FP 7) are driven
by one set of horisontal and vertical sweep circuits; the 2-axis
(bean intensity) of the scanner tube is wmodulated mamuelly,
that of the viewar tube modulated by the signal from the photo-
mltinlier tube 8o as to be elther blanked or unblanked,
depending on whether or not the density of the photographic
plste being scanned is below or alove a critical amount.,

The gweep frequencies generating the raster on the acopas
aro kept relatively low to asimplify the sweep=driver circuits
and to minimiza the bandwidth requirements of the comparison
ecircuits and Z-axis modulator. The resolution desired is in
the order of LOO lines so the circuits in question must respond
adequately to a pulse of width 1/400 x 1/.{'h seconds where
f, 1s the froquency of the fast sweep. For convenience, 60 c/s
ih chosen for ons of the sweep frequencles enabling the sweep
generation to be timed by the power line. To keep frequencies
down, this is chosen as the fast sweep. An orthogonsl sweep
of frequency f.» 1/7 ¢/s then creates a raster resolved into
7 x 60 = )20 1fnes. Thus the Z-axic modulation circuits must
transmit without modulue or phase distortion flat topped pulses
of width ¢ T = 1/L00 x 1/60 sec = L2 microseconds.

It has been remarked that the fast gweep is tined by the
60 c/s pover line. The two smespe are locked together by
counling the slow sween also to the power line, This is
accomplished by using & power line drivon synchronous motor
and cam-operated switoch to time the slow sweep.

The ssparate portions of the system outlined above are
now to be described.

1. Vertical Sweep Circuiis,

The block diagram of the vertical srmeep circuits is
given in Figure 9. (Refer also to the couplete ewesp-
c¢ircuit diagram). This is a fairly straightforward cireuit
using the pouer line voltase wave %o time the discharge
of a capacitor being charged in a pentode charging circuit.,
A push-pull power amplifier drives the d2fiection coils.
The individual elements of Figure 9 are desoribed below.
The voltage wave-forms at various points are showa in
FMgire 10,

i e e s it e Mk
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to Square lave Qemerator.

The voltage from the 40 c/s powsr line is here
sransformer-coupled to a 6ALS diode rectifier and 6AUS
gero blased pentode amplifier to generate & square wave,

Pulse tonorator.

Here the square wave is difforentiated b, an R-C net-
work. A GALS diode removes ail nezative rulses. The resylt
15 a train of positive »ulses apnearin; at a rate of 60 c/s.
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a fe Swecep Generator,
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The sneep 18 pgonerated by a capacitor charging through
a 6AU6 pentode functioning as a ccnstant-current source.
The high cathode resistance ot the 6AUS is unbypassed to
insure high linearity. The sweep-generating capacitor
is paralleled by a varieble resistcr to produce a trara-
20idal waveform with variabie "step." The 12AU7 discherge
tube is connected across the sweep~-eneratin~ cavacitor.
This tube, normally cub off, ia caused to conduct in a
resisn ¢f low plate resistance Ly the pulses from the rilsc
generaior, aischarging the capacitor and thus csusing tie
sweer to be gensrated at the same repetition rate as thit
of the oulses, ,

it 3
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d.  Amplificr,
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'lere the swoep valtage waveform is balanced to ground
and apclied to a 016 push-pull cathode-loaded povier out-
put stapo desipned to develop a sawtooth current wave in
the horizental deflection coils. Two fcedbzek loops, one
, positive and one nejative, are vmployed t¢ control the
¥ linearity of the sweev as generated by the current in the
lowr rosistance deflention coils.

il L2
- P Bk Bbvadio g

0. Sweep Return Rlankin: Clreudt. 3

Thn pulses vhiich are injected into the discharge
tube arc alse sent to a blanking circuit vhich cuts cff
the cathods ray tubes during the discharge and s 3
prevencs the rsturn trace from anpearing o. the screen. .

2, Tlorizontal Sweep Circuits. - 8

Tho bleock diagram of the horizontal (slow) sweep
circuits iu given in Figure 11. Here again the sweep
voltaze is genera..d by a capacitor charging through

from o
t:‘:: o:,::itndb\o copY.
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a nentode, A single—aonded cathode-loaded outnut stagzo
drives the horluonval Collsction colle. De Co couimling
iz nceaasitated by 4he olow ratc of mvoan, e dndivie
dual blocks are discussed below,

a. Swesp Generator.

A eapacitor charging throush a 6AUS pentode with
unbypassed cathode resistor is again used to gencrate
the sweap voltage, Due to the low sweep {regquency, it
was found propitious to usec a synchronous motor and cam
periodically closing a switch to dischargs the sweep-
generating cavacitor. The synchronous motor is driven
from the 60 ¢/8 power line. Since tho vertical sweep
is alao driven from the power line, the ¢tweo sweeps are
locked in.

b. Sweop Ampliifier,

At present the output of the sweap generator is
cathode~coupled into a single=cnded cathode loaded
i outmul sta, e consistin- of three type 616 beam tetrodes
: operating in parallel, The scroens oi the 61l56's are
: vroperly biased and kept in motion narallel to the
P cathodes by driving them from a cathode loaded 5687
which rececivod the same - rid signal waveform as the 614
wbes.

ST RS

2 . SwWeen Roturn Rlanking.

S —

A contact on the discharge switch apnlies the
apnrorriate volta~e to the blanking tube to cu: off the
C.R, tube during the discharge and so prevent the return
trace frcm appearing on the screen.

3. Comparison Circuits,

VRSP - B R R G S e =
ISy RTINS T LR R iy

B OB 0 7 s

The present compariscn clircuit is delineated in
™Mgures 12 and 13. The photomultiplier tube drives
directly the grids of a &J7 cathode follower  Aftor
N.C, anmplification the signal is fed te an amplitude
selocloy which passes e sipgnal only when the reference
& voltaze 1s survassed by that resulting from the density
F 3 of tne lmaga boing studicd. This output signal tripners
. & & bi-stable flip-flop circuit which puts a positive, flate-

4 topped square wave on the viewingz scope srid during selec-
¥ tion an:l leaves this tubes cut-off during anti-selection.

) the regultant image bullt um on the viewin: scope has
a2 an arra proportional to that partion of the nhotographie

2] plate waich is more dense than the boundary density. The

14
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blocks are describod below,
Photocell Circuits,

A standard tyme 931A or 1P21 photomultiplier tube
is eaployed, This 18 direct coupled into cathode follower
stage which transmits the siznal at a low imvedance level
to the amplifier circuit several feet away.

Amplificr.

The outpui of the cathode follovier is diruct-goupl od
into a 6AU6 pentode amplifier stase. The output impedance
«f 6J6 cathode follower is used to by-mass the cathode
resistor of the 6AU6 tube.

Amplitude Selcctor.

A fundamental diode selector circuit utilizing a
OALS commares {1e signal with a comperison voltage,
The output is constant. during anti-selection and is a
function of imago density durin~ selection.

Bi-stable [ip-Flop Clrcuit.

The amplitude selaclor is direct-ecoupled to the
inmit zrid of a 12 AU7 connected in a bi-stable trigzger
eircuit confipuraticn. This circult romains in one of
its stable poaitions most of the time. The ;rid of the
vigwer scope i3 connected to the flip-flop circuit and
voltages aro adjusted so that tho scope is cut off while
the eirouit 4s 4n thin stable position. The flip-flop
switehes to its othor atablu positicn only during soeler -
tion and in this stato the out~ut t¢ the C.X. prid is : %
a highor Tevel which is just rizht to unblank the tube
Provision is to be mado fer switcling the output of the
{1ip~flop into a differentiatins and rectifying networl
before applying to the C.R. tube grdd. The nutput pulses
will then produce a contour line at tho boundary density
in place of recreating the entire area above tliis donsity,

C. Block diazrams of the various voltare surnifes Isr the system
are given in Pizures 14, 15, 16, and 17,

"
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3 FIQURE 1. Signal and lloise from the Cathode Follower of the Photomultiplier

1
‘ Tube in the Contour Densitometer ]
y: & 1} December 1951 hﬁ
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FIGURE 2. Operational Test on Contour Dansitom.ter.

Upper Curve —— Screen Completely Illuminated.
Lower Curve == Scresn Completely Blank

2.8

e B e




FIGQRE 3. Isopaotal Contours of an Area Including a Small Solar Prominence.

The prominence photograph when viewed by the eye most closely resemblss
the region enclosad within ths third contour {counting irward). Two
aslgnificant elements of contour densitcmntry in prominencs study are
represented by this sot of contours: (1) There is a comparatively high
density regicn not generally obsarvad oty tne eye, which is ssnsitive to
contrasts surrounding the detailed pari of a prominsnca which the eye does
observe. (2) The density gradient of the background near the rim of the
occulting disk nakass the shaps of the contdurs diffurent from that of ths
prominencs filaments. Consideration is beinz given to introducing a
comparison density with a gradient corrazponding to tiat of tho vackground
for the study of prominsncas with finich2d instrument.

FIQRE 4o Isophotal Contours of a Fouitein-Shaped Prominencss

The prominence appsars to bs exmupting from the sun near the center of the
contour region, sending one haavy sirsamsr of matsrial to the lslfi and

saveral sipaller onszs to the piph:t  Thw Firdh vy sonloars cnelosc all the
streamers and the background tv the rival~hand sirearsrs. e third

prd

-~

contovr anzlones only the ccontral cors and frasucats eof ke right-hand
streamors. Tha foorih and £i17ih contours shor only the mest lwninous
portion of the central covs.



FIGURE S- Isophotal Contours of a Fragment of Prominence Matarial.

‘This fragment was surficienily distaat froz ths rim or the occulting disk
that there was 1little gradient in the density of the background. Consequantly

the outermost contours are quite faithful reproductions of the shape of the
fragmsnt on the 7 prominance photograph

as seon by the F'ﬁk f IS oye. Tne inner detail
>
70

is not apparent to th3 eye.

41 .
~ 4
/ \”) | (8

Dansitometsr measurcments show variations in daniity over the fragment image
of the order of 0.06. In the contour densitcmetor thoss datails move when

the filn is moved, retaining their goneral shape. Hence they rspresent true
density contours, and the instrumunt is cepable of denuity discrimination of

the order of 0.01.

Py

FIGURE 6. Iscphotal Contours of a Solar Flars.

(The shaded arsa is & sunspob, tha contoure within 3t giving density levels
below that of the solar disk.)
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FIGURE 7

A Solar Prominence, Printed Directly from a Coronagraph Negative (A); and i
Regions in the Sawe Prominence Bounded by Different Isophotal Contours, as
seen on the Viewing Tube Screen of the Contour Densitometer (B), (C), (D).

|
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(A)
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(8) (@ (D)
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The rectangle marked on (A) shows the area on the prominence film
which was scanned. The photographs (B), (C), and (D) show the viewing
scraen corresponding to three different density levels, the bright
g:ruonl of each photograph representing the areas on the prominence film

ving densities above the reference density for which the densitometer
was sete (The irregular bright spots in (B) appear because the densito=
meter setting was just above the level of the background density.
Conssquently tude noise, film irregularities, and small irregularities
in the scanning tube brightness show as spots on the background.)
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3 FIGURE 10 |
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FIGURE 18

Optical System for use with Coronal Plates
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FIGURE 19
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Viewing Screen Then Using Attashment for Coronal Plates
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