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I. o ThTROIU CTIOII

F'or 'many years the 14igh Altitude Observatory has engaged in a
progm of observations of the spectacular motions of giant solar
prminences rendered visible in monoohromatio light by the Climax
corona•raph. Motinn picture studies of these films and similar
ones taken at other observatories have revealed the extraordinary
nature of the force fields involved, and have pointed to the need
for further quantitative work, particularly that involving the
measurement of the growth of luminoas areas in prominences as a
function of time&.

An attempt was made to analyze the prominences by a photographic
determination isophotal contouzsa, using the method suggested by
rian 0 'Bri m of developing the film to extremely high contrast.

'It wns found that tne iseophotal contours were very helpful in
interpretine solar nhenomena but that the process was time- onsndmg.
Two other methods of plotting ioophotal contours which have been
used in the study of galaxies were also deemed to be impr~yti."lq0for our purpose. The Williama-Hiltrier microdensitometer " ' I
can be operated to plot very saticfactory isophotal contours, but
it has tbree serious limitations Jn prominence works (1) Itu
use is too time-concuming for the study of the many frames in the
film of a rapidly changing prominencel (2) it requires an enlarge-
ment of a photograph to proper dimensions for eilective use, which
in turn introduces difficulties in .hr nt.:•ndardization of the
photometry as well as additional work; ardt (3) it does not give
automatically a w.imer. cal value for the area enclosed within a

oht ontour. lnv plodting of itophotal coniourn from a iseaes of
micrognsitor.ter tracings.. c.s used by I-ies Patterson 17and D. S.

Evans appears to be an even core time-consuming procedure s and
would lead to less satisfactory reoulto in our probldmL e

se ecause of the limitation.s for this work of yther contourina
methods the staff of the High 41titiide observatory haB Sought to

pdevelot a nw type photometer cap&bui of analyzing films from
motion picture sequences fast enoulgh for the problem at hand. mh3
isophotal contour densitometer, described in this rupert is a first
breadboard model of an instrument o." this type..Xt has the requisite•

speed, being capable of plotting a contour in aplroximately seven _
seconds; it poseesses muchl rlexibilý.ty as to the type of photographic
plate which it will analyze. using directly the 35 mm negatives fron,

2) Publications of the Observatory of 'Aic University 2f 11ichirL-,

3) hild., page 103,

4) Millems, R. C., and If•lrl , W. A., Ap. J., 98, 43, 1942.

5) Shapley, H., "Galaxies" page 170, Blakeston Oompany, Philadelphia,
1943.

6) •nms, D. S.# U. ?1., 109, 94o, 1949.
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ooronaeraphs and flare camerasj and it can be set up readily to
measure and record autoiatically the area within a given contour,*

We deem its realm of potential application far wider than the
measurement of the changes in the luminous areas of solar prominences,
and outline a few suggestive further uses in this report.

11. USES OF TIM HIM ALTITUDE OBSIRVATORT CONTMR DNSILTOMLTR.

A. General Purpcuo.

The High Altitude observatory contour densitometer is an
electronic device for indicating which areas on a photographic
plate have densities greater than any specified amount. By
the addition of a simple integrating circuit such a mechanism
becomes also a device for determining numerically the extent
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 instrument has a number of appli-cations in solar research. At present a working pilot model

of the instrument has been put into operation at Boulder,
Colorado at the laboratories of the Observatory4

B• Uses in Solar Research.

The contour densitomoter has notential applications at
"the High Altitude Observatory in the study of solar flares,
solar prowanences and coronal emission lines. .•e expect that
the detailed knowledge of the structure of solar flares to be
gained from sets of isophotal contours will give much insight
into their nature and origin. Also for the statietical cor-
relation of flare activity with other solar and terrestrial
phenomena we would like to be able to quickly obtain numerical
values of flare arcas. If ra turn it to a solar prominence
the contour densitometer shculd give immediate information about
the distribution of luminous material and the positiorn and
shape or the most brilliant portion of the prominence. In fact
it was for this application that we began our work on the contour
densitoneter.

When applied to coronal spectral lines it should solve
many of the difficulties involved in the routine coronal
photometry of 6he High Altitude Observatory. In this photo-
metry we are especially concerned with the correlation of the
location of bright portions of certain coronal emission lines
with solar and tonospheric events, Since a routine tracing
of line profiles at specified Intervals around the solar disk
would be exceptionally laborious, a procedure has been worked
out for routine work in which the cc•ronal lines are comnarad

*Note added after completion of Reportt We have recently learned of an auto-
matic density analyzer developed by Rogen Laboratories, Inc. that works from
a photographic print and has several features which appear to be common to ours.
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visuallyvwith a set of standard lines, the latter in turn
being, coumpared with the set of photometric spots impressed on
each plate. By means of an attachment which has now been
constructed for our present contour densitometer, however, it
is nor nossible either to read directly the illumination for
any point in any spectral line, in terms of the illumination
of the ohotometric soots, as well as to locate immediately
the noints of maximu 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 ApplicatioMs Outside the Field of Solar Research.

A number of possible amplications of a contour densitometer
of this sort outside the fkeld of solar research have come to
our minds. As it stands, the device should be useful in the
study of the shaph of nebala. and galaxies, and we think that
with certairt modifications it could be used inthe counting
and classi cation of stars. an ebvious terrestrial applica-
tion is t"ertpid atd of notion pictae rhotographs of
coubtmstion %roceases and similar phencuena such as eadumst
g4r distributions In jet eagir.s. 3ther possible apnlicatlons
art in Wie field of aerial phoxoi:rarhy. For examle, if it is
Jtn red to rapidly identify the details in two photographs,
portions of which cover the same region, the densl.tcmeter can
be set to select for comarison only certain of the nore dense
details. 4s another ample, the areas of geogranhical features
which nhotograph with diatinpishinz densities in aerial photo-
grabhy (such as forests, lakes, snow fields, etc.) could be
determined by it in a matter of seconds. flbs one eight conduct
rapid surveys, fkr photographs, of forest areas, etc. With
the addition of recording aqpratus, the instrument, we believe,
could bV built so that by a sinCle switching operation it can
oe converted into a two-din&lonal icrodnsitioeter, giving
simultaneously tracings of density versus distance along as
many lines of any shape in a photogramhic plate as one might
care to record.

MI.A A CGUUAL X•C TON OF 1HE PILOT TUSTU11Wf N90 C.: PLErED.

The pilot instrument thich has been completed and is in
operation at the High Altitude Obse ory Laboratory is based in
part on a system suggested by Babcock,' and includes added features
sugrested by John W. Svans of our staff. In its 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 Photometer," Publications of the Astro-
nomical Society of the Pacific, 62, 18-21, 195 0
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on the film to be analyzed. The intensity of the light transmitted
through the film, by its action on a photonltiplier tube, determineu
whether or not the bcam of a second cathode ray tube (the horisontal
and vertical motion of which is synchroniued with the first) is
blocked, As a consequence there is traced on the screen of the
second ti'be a pattern of that portion of the scanned area of the
film above a certain density.

This nilot instrument differs from that suggested by Babcock
primarily in that by the use of high-rosolution magnetic type
oathode ray tubes it is possible to obtain a comnlete contour of
a film from a single scanning, Another and more radical difference
in contemplated in the finished instrument yet to be built. This
is the introduction of a second photomultiplier tubesand optical
system to soon a standard film or wedge of known density. An it
will balance the signals from the two photomultiplier tubes, the
dersitometer will be a truly null-instrument, showing on the observ-
ing screen a nattern of the areas on the film of density greater
than that on the standard film, with errors from various sources
balanced out. A block diagram showing the general features of the
contemnlated instrument is Civen in Pir',n: t3 Those features not in
the nresent nodel are identified.

The essential parts of the presant. raodel are: (Refer to Figure 6)

A. A pair of oweep circuits which causes a beam of electrons
to trace out a rectangular pattern on the screen of a cathodo
ray tube that we call the "scanning, tube." The iertical sweep

takes slace in 1/60 second, the horizontal in :-vyen seconds.

B, An optical system consisting of two lenses, the first of
which imagos the moving spot of light of the scanning tubeS~screen upon the photographic film to be analyz~ed, The second

ions imAges the aperture of the first upon the cathode of a
nhotomultiplier tube. The first Ions is diaphrammed so as toShave an aperture the imago of mhich just fills the cathode r•f

the photomultiplier tube.

C. A circuit for apnlying D. C. aomplification to the signal
from the photoiltiplier tube and ccmparing the amplified signal
with an adjustable comparison voltage. The signal from the
photomultiplier tube is fed into the amplifier cir(!uit in such
a way that an increase in photomultiplier plate current causes
a decrease in the output of the am~lifier. The amplified
signal and the variable D.C, comparison voltage are applied to
the cathode and anode of a mIxing dio&k• M •en the density of
the film being analyzed is such that tne cathode of the diode i
is less positive than the anode, the tube conrActes one part
of a flip-flop circuit coupled to the diode conducts when the
diode is conducting, the other .h(i it is not.



Do A viewing tube, A second cathode ray tube is used for

viewing the areas of the film whose densities are above the

amount determined by the setting of t he ccparison voltage.

The horizontal and vertical deflec.ion coils of this tube are

connected in parallel with those of the scanrdng tube, so

that the horizontal and vertical sr-eeps of the two tubes are

alwqys synchronized. The bias of the viewing tube is controlled

by the flip-flop circuit, the tube being blanked vt-never the

mixing diode is not condncting. There appears, therefore,

on the viewing tube a bright pattearn of 0'.. areas on the

scanned portion of the photogr phic plate cý density greater

than a determined amomant. Two phosphors on the viewing screen,

a short-lived blue and long-lived yells, make the pattern

suitable either for photC o: visual study.

An attachment for use of the instrument in the photometry

of coronal plates. This consists of a plate holder which

permits easy hiorizonltal and vertical positioning of the plate,

and of an optical system i-ch diverts a portion of the raster

image around the plate and through a b-i--gradient wedge. Fig're

18.) 71en this atta.hment is in place, one sees on the left

side of the viewing screen pattern of that part of the spec-

tral line above a given density,, and on the ristht side a

rect~angular area rart of ihich is dark. (Fiprm 1) Th operate,

first the standardizing spots or the plate are succesively

positioned for scanning, and the cocpar1so, voltage is adjusted

so that the images of the spots on the vieuirg screen are

just blocked. The corr•o~ing positions of the edge of the

dak area on the richt side of the screen t-re marked on a scale

fastened to the front of the viewing screen. The coronal plate

is then positioned so that a portion of a coronal line is being

scanned. 7he comparison voltage is set %o give a desired image

of the line on the viewing screen (i.e., r-n Image with only

the toints of maximum density unblanked, o " r:jth tho c,:Co of tle

Urb1:rJ:od roi.nn at. n point of intcre-A on tLQ0 GolL-r cir.ur-('"-Ic-.)

Mho illninrmtion coivcz-.ondinr• to blarnk in terets of the p:lioto-

motrle spots, is road directly fr_- the poSition of ýhc lbwxndary

botnor7n the blanhod and the 'a eod rýJins onsm -Ito right 'kand

side of the vicrir: screcn,

IV. OPRATINCG CHaRkCTERISTICS OF TE PILO.l TlSTMrMT W-7 CONST, C-ED,

We have now .Uested the operation of the pilot instrument

extensively and have determined its general properties in prepara-

tion for the construction of a final model,

A. Our objectives in the testing we have now done were:
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1. To test the usefulness of the instrument as it now stands,

2. To obtain data for predicting the operating characteristics
of an instrument in ihich The comparison voltage is replaced
by a circuit containing a photou2ltiplier 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 coaoarison photo-
multiplier tube as described above, and in addition using
an A.C. rcther than the prosent D.C. amplifier.

B. Operating Characteristics of the Scanning System as Determined
by Tezts.

The sweep circuits produce on the scanning screen a
raster which can be varied conveniently from appwoimately
2.5 x 5 cm. to h x 8 m. Photoelectric ueamu-ements indicate
that no inequalities in the brightness of the raster are
readily attributable to nonlinear sweeping,. Since the bright-
ness iv easily 4asted over a wide range of values, it proves
to be variablc most estAsfactory for accemodating various
densi0y rxrwes. A 4iW, resolution optical system sweeps an
area en the fils 1/10 the dimens•ons of the raster; a low
resolution system, an area 3/10 the dimensions of the raster,

C. Operating Characteristics of the Detector as Deteruined by Tests,

We analyzed the cathode voltage of the pentode which seves
as the cathode-follower of the photoumltiplier tube by inserting
into the optical syvtem a aeries of ciensities ranging from 0.00
to 3.34. Frum the pattern on an oscillcscc-pt screen of thu
voltages we obtained a fairly accurate meavurement of the signal
(average level during scanning minus average level during blar k-
Ing),, and estimated the peak-to-peak noise. In Figure 1 the
logarithm of the signal and the logarLthm of one-b,,f the
peak-to-peak noise are plotted against density. The noise found
here is the high-frequency photo-tube noije. For very low den-
sities a noise of much lower frequency becomes apparent unich
completely masks the tube noise. This low frequency noise comes,
we believe, from the irregularities in the 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 model.

D_ COperatin Characteristics of t:he 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

8
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form and the density-discrimination which may be expected if
the comparison voltage potentiometer is replaced by a comparison
pbotomultiplier tube system. For each of three ranges of
densities the brightness of the scanning tube and the operating
levels of the ).C. amplifier were adjusted so that the corres-
ponding comparison potentiometer settings covered most of the
range of the potentiometer. For each density, four poten-
tiometer settings were determined.

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

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

(c). The setting which caused a prodetermined point
on the viewing screen to be blanked for successive
sweepso

(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 (c) and (d) were
not obtained for the lowest dersity,

In each case the horizontal disolacement between curves
(a) and (b) represents the density-discriuination of the apparatus
as in use, whereas the titiz tnation which should be obtainable
with a comparison photomitiplier tube circuit is represented
by the horizontal displacement between curves (c) and (d).
The light and voltage levels were set up to give convenient
potentiometer readings. Subsequent exp6rience has shown that
these are not the levels for maxuimu density-discrimination.
Note, for example, the density discrimination possible with
an optimum choice of operating levels as shown in Figure 5,

E. Performance Tests on Prominence, nlare, and Coronal Spectra
Photographs.

1. Four solar prominences were analyzed, and photographs
taken of the viewing screen when the potentiometer was
set for various densities. Sets of isophotal contours
traced from three of these are given in Figures 3, h., and
5. An enlargement of the negativa of a fourth prominence
vi'.wed and enlargements of negatives of the photographs
of the viewing screen for different density settings are
also included. (Figure 7.)

9



2. We then demonstrated to our satisfaction that the
densitometer is ux;eful for a study of solar flares and
of coronal spectra. Figure 6 gives a set of isophotal
contours in a solar ro~ion containinj a flaro and sunspots.
By setting the donsitomet-or to inblank tho viewing tube
for densities below the level of the colat disk and
tracing the outline of thL 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.

Mission and absorption lines in the 'oronal spec-
trum appear as br.ght and blanked lines, respectively,
on the viexing tube. A density gradient along the
raectral line can be immediately detected by setting

the comparison voltage so that only the 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 made to
put the instrument into test use for the routine analysis
of these lines. See Figuro 20,

V. PROPOSED MODIFICATIONS IN A FINISHED INSTRMT;T.

A. Use a Different Set of Deflection Coils.

The deflection coils now in use were not designed for the
particular cathode ray tubes b•ing used, and although they
work fairly well, a better raster can certainly be obtained
with the proper coils. It is recommended that the new set of
coils be of the push-pull type. Under the presont set-up the
varying load during a sweep required an iunneces.'sarily elaborate
set of voltage regulated power suppliuos

B. Modify the Optical System to Increase the Light on the Photo-
cathode,

Since in the precent aut-up, the signtl-noise ratio is Isl

at density of 2.0, the use of the densitometer for higher dcnoi-
ties will require a mc,re efficient. optical system,, It will be
easy to makn significant improvements hero,

0,C Introduce a Ocnpa•rison Photomultiplier -jbe Circuit Vihich
'Will Receive LiCht from the Scanning Tube through a Wedge of

Known Denvity,

This feature has been contemplated throughout in the design
of the ,nstromento It %,as not included in the pilot instrument
because we believed that the operating characteristic data
could be obtained more readily without it, Its desirability



has been thoroughly proved from the observations on the
vilot densitometer. It will automAtically compensate for
the following:

1l Irregularities in the phosphor of the soanning tube.

2. Variations in the brightness of the scanning beam de is
to power line flu-ituations.

3. Variations in the diotribution of light over the scanning
screen due to changes in the intensity of the electron
beam. It will also provide a convenient means of aesigning
an absolute value to the donsity of a given contcur.

D. Use an A.C, Rather than a D.C. Amplifying System.

The present D.C. system, besiec being subject to drifts,
requires a revision of levels throughout whenever densities
are changed radically. An A.C. eystem is contemplated which
should be stable and not require adjustment over a wide range
of densities,

E, Introduce an Integrating Devicc.

This is another feature "nhich has been contemplatcd
throu-hout the design of the Instrwcant. Either a circuit.
which charges a condenser whenaver t*e viwiing Lube is unblanked
or a counter which is operating when the tube is unblarked will
give, at the end of each seven-second sweeop, an exprescion for
the area greater than a given dSnsity on the swopt portion of
the filmn

Fo I)eoign and (Ionstruct an Appro,,ý-iate Housing,

ProvIsion ohould be t.nde in such a housing for mm'ntinj
a 5 -am film and for ch=nCing it quiclkly from frame •o frame.,
There sliould be a two-dimensional ad~uatment for positionlrg
the film 30 that the devired nortion of a frame may be studced
as a motion picture, The optical aystem should be mouzitod ,o
as to permit convenient initial adjiistment, t'n can bc: locl:ed
into place. The same is trae of the electrical circuit whi-h,
for routino work, Chould be operated by as simple a sei of
controls as is possiblea

! V1. AIPENDIX

A. A !,ore Detailed Desocri..tion of Electronic Circuits,.

The general layout of the Iligh Altitude Observatory Contour

11
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.D1nsitometer as conteiplatod in its final form Is repreented
diagramatially in FiCurs 8. If the reference photcinltiplier
and the integrator are omitted from the diagram, the instrument
in its present form is rapreented.

"1he horisontal and vertical deflection coils of the
magnetic deflection type cathode ray tubes (5 7P 7) are driven
by one set of horisontal and vertical sweep circuitsl the Z-axis
(beam intensity) of the scanner tube is modulated manually,
that of the viewer tube modulated by the signal from the photo-
multinlier tube so as to be either blanked or unblanked,
dspending on whether or not the density of the photographic
plate beinG scanned is below or above a critical amount.

The sweep frequencies generating the raster on the scopes
are kept relatively low to simplify the sweep-driver circuits
and to minimizP the bandwidth requirements of the comparison
circuits and Z-axis modulator. The resolution desired is in
the order of 400 lines so the circuits in qt'estion must respond
adequately to a pulse of width lA/CO x 1/fh seconds where
I is the frequency of the fast sweep. For convenience, 60 c/s

chosen for one of the sweep frequencies enabling the sweep
generation to be timed by the power line. To keep frequencies
down, this is chosen as the fast sweep. An orthogonal sweep
of frequency f - 1/7 c/o then creates a raster resolved into
7 x 60 - h20 lines. Thus the Z-axic modulation circuits must
transmit without modulus or phase distortion flat topped pulses
of width 5T - l/[O0 x 1/6o sec - 42 microseconds.

-t has been remarked that the fast sweep is timed by the
60 c/s pomer line. The two sweeps are looked together by
coupling the slow sween also to the power line3  This is
accomplished by usinM a power line driven synchronous motor
and cam-operated switch to time the slow sweep.

B, The separate portions of the system outlined above are
now to be described.

1. Vertical Sweep Crcuits.

The block diagr= of the vertical sweep circuits is
given in Figure 9. (Refer also to the couplete sweep-
circuit diagram), This is a fairly straightforward circuit
using the power line voltage wave to time the discharge
of a capacitor being charged in a pentode charging circuit.
h push-pull power amplifier drives the d3flection coils,
The individual elements of Figure 9 are described below.
The voltage wave-forms at various points are shown in
Fignre 10.

12
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k.o Square Gavo Generator.

The voltage from the 60 c/o power line in here
transformer-coupled to a 6A.L diode rectifier and 6AU6
sero biased pentode amplifier to generate a square wavL.

1o PPulse ,('=arntor.

Hlere the square wave is difforentiated b-; an B-C net-
work. A 6AL5 diode removes ail negative pulses. 1he reslt II
is a train of positive nulses apnearing at a rate of 60 c/s,-

MoSemo Generator.

The sreep is generated by a capacitor charging thr-ugh
a 6AU6 pentode fUnctioning" as a ccnst-ant-current source.
The high cathode resistance or' the 6AU6 is unbypaosed to
insure high linearity. The sweep-generating capacitor
is p.rallelod by a varipble resistcr to prnduce a tray--
zoidAl uvaveform with variabie "stop." The 12AU7 dischrtge
tube is connected across the sweep-,-enoratin- canacitor,
This tube, normally cut off, is caused to conduct in a
ro•i�r fof low plate resistance by tho pulses from the r ilse
genfralorý cischarging the capacitor and thus causing i ie
sweep to be generated at the same repetition rate as tk Lt

of tho Vulses.

dý Amp.lificr.

'ere the ameen voltage waveform is balanced to ground

and aplind to a 6i6 push-pull cathode-loaded power out-
put stagn designed to develop a sawtoothi current taie in
the horizcntal deflection coils. Two feedbJck loops, one
positVLve and one ne.gative, are employed tc control the
linearity of the sweer as generated by the current in the
low resistance defloection coils.,

e, Swoep feturn rllankin:" Circuit.,

Tho pulses jihich are injected into the discharge
tube ar, also sent to a blanking circuit which cuts cff
the c-tthodq ray tubes durinr, the discharge and t nis
preven- the return trace from anpearing o.i the •creen,

2, Horizontal Sweep Circuits.

71o block diagram of the horizontal (slow) sweep
circuits ia given in Figure 11. Fere again the sweep
voltage is generau.d by a capacitor charging through

13
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a pentode. A single-onded cathode-loaded output stage
rlvc-o ahe he - Uio, .^al &Zhct!on coil. D. C. coupling

ic necocsitatcM by the slow ratc of T' Tho indivi-
dual blocks are discussed below.LA a. Sweep Gonerator.

A capacitor charging through a 6AU6 pentode with
unbypassed cathode resistor is again used to gencrate
the sweep voltage. Due to the low sweep frequency, it
was found propitious to use a synchronous motor and cam
periodically closing a switch to dischargi the imeep-
generating capacitor. The synchronous motor is driven
from the 60 c/s powver line. Since the vertical sweep
is also driven from the power line, the two sweeps are
locked in,

b. Swoop Amplifier.

At present the output of the swoep generator is
cathode-coupled into a single-anded cathode loaded
outnuL eta, e consistin.- of three tl-Tye 616 beam tetrodes
operating in parallel. The screens of the 6L6,s are
properly biased and kept in motion parallel to the
cathodes by driving them from a cathode loaded 5687
which receivod the same rid signal waveform as the 616
L4bAB o

Sweep Return BlankinG.

A rontact on the discharge switch applies the
apnronriate volta-e to the blanking tube to cuL off the
C.R. tube during the discharge and so prevent the return
trace from appearing on tho screen, 4

3 Comparison Circuits..

"'he present compariscn circuit is delineated in"7iurns 12 and 13. The photomultip)I.ý'r tuba d;.ives
directly the grids of a 6J? cathode follower ýftor
D.C. amrlification the signal is ftd to an amplitude
seloctor which ras8s8 a signal only when the reference
volta,7e is surpassed by that re.'iulting from the density
of the imAga being studied. This output signal triggers
a bi-stable flip-flop circuit which puts a positive, flat-
topped square wave on the vicwinG scope grid during selec-
tion an- leaves this tuba cut-off during anti-selection,
%ch rosultnt imag~e built u' on thu viewin,. scopo has

an area proportional to that nortion of the nhotographio
plate which is more dense than the boundary density. The

I / i
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blocks are described below.

a, Photocell Circuits.

A standard t.•e 931A or 1P21 photomultiplier tube
is sq~loyed. This is direct coupled into cathode follower
stage which transmits the signal at a low imoedance level
to the amplifier circuit several feet away.

b. Amplifier.

The outputL of tI.e cathode follower is diroct-ooup3 od
into a 6AU6 pentode amplifier staqge. The output impedanc~e
r.f 6J6 cathode follower is used to bi-t)as the cathode
resistor of the 6AU6 tuboe

c. Amplitude Selector.

A fundamental diode selector circuit utilizing a
6AL5 comnaros tho signal with a comtPrieon voltage,
The output is constant durinc. anti-Gelection and is a
function of image density durin- selection.

d. Di-stablo Mlip-Flop Circuit.

The amp).itudo selector is direct-coupled to the
innnt grid of a 12 AU? connected in a bi-stablo tri-ggr
circuit configuration. This circuit remains in one of
its .;table positions most of the time, The ;-rid of the
viewer scope 13 connected to the flip-flop circuit and
voltages aro adjusted so that the scope is cut off whila
the eirnuit is in this stable position. The flip-flop
rwvitches to its othar stablu, positir.n only during soler
tion and in this stato the outnut tc the C.R. rrid is
a higher level which is just right to unblank the tube
nrovir.on is to be made for switcl,ini the output of thL
flip-flop into a difforentiatinC and rectifyinq networ4
before applyinig to the C.1l. tube Crid. The nutnut rulsos
will the.n produce a contour line at the boundary density
in place of rccreatinZ thu entire area above this density,

C.. Block diagrams of the various voltage surn.5es fir the seytem
are given in iVur.3 14, 15, 16, and 1?,

15L



nFZRE i. Signal and Noise from the Cathode Follower of the Photomultiplier
Tube in the Contour Densitometer 19

(Output Voltages in Unite of .005 Volts.)
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FIuUB 2. Operational Test on Contour Dcnmitouý ter.

Uppew Curve - B5orsn Completely xlim•minatcd.
Lower Curme - Screan Completely Blank

(b,

50...- - -

I _

() \b

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.o 2.2 2.L 2.6 2.8
Density
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FIG=RE 3o Isophotal Contours of an Area Including a Small Solar Prominence°

The prominence photograph when viewed by the eye most closely resembles
the region enclosed within the third contoi•r (comnting inm-ard)o Two
significant elements of contour danvitcm-try in prominer•e study arm
represented by this set of contours: (1) There is a comaratively high
density region not gone.rally ob5ermzd by the eye,, which is sensitive to
contrasts surrounding the detailed part of a promin-ar~e which the eye does
observe. (2) The donsit'y giadient of the background near the rim of the
occulting disk makes the shape of the lontto-rs different from- that of the
prominence filments. Consideration i'- being given to introducing a
comparison density with a gradient corr-:2.ponJ.ig to that of the bnckground
for the study of prominences wt fini:7hM i

FIGURE 4o Isophotal Contours of a Foiuatain-Shapad .•.ouineneoo

The prominence a4ppars to be eruptirg from t.he sun near the center of the
contour region, sending ono heavy streamsr of material -to the loft and
several. stmalleoi. to c.1]3 , K.)1-1.
streamers and the backgrouuid to,) the rIxA,-hFud stre;aeruo Zi, third

contour oncloao8 o-•y thc ,t'-. co-i-;n ' . ...
atreaamors. Tho fcv::'.t ad fi., coýto"-' ;,tfc. ornly t-h noLit lmiuno.i
portion of the ctitral core.



FIGM T o oophotaJ Contours of a Fragment of Prominence Matsrialo

fidis frasent was sufficientiy distai, .om the rim or the occulting disk
that there was little gradient in the density of the background. Consequently
the outermost contours are uite faithful reproductions of the shape of the
fragment on the prominence photograph
as soon by the eye. The inner detail
isnot apparent to th., eye*

Densitometor measurcments show variations in dancLiy over the fragpant image
of tho order of 0.06. in the contour densitcmator thase detaile move when
the film is moved, retaining their gonoral shape, Hence they represent true
densitq contours, and the instrm~ant is -. pable of danity discrimLnation of
the order of 0o01o.

FIGURE 6o Isophotal Contours of a Solar •lareo

(The shaded area is a nsoot, t~ho contours within it giving density levels
below that of the solar dis 0.o)

19



FIQ)R 7

A Solar Prominences Printed Directly from a Coronagraph Negative (A)l and
Regions in the Sae Prominence Bounded by Different Isophotal Contoursl as• seen on the Viewing Tbe Screen of the Contour De,,sitometer (B)p (C), (D).i "

I * 

b

/ .

(E) (C) (D)

The rectangle marked on (A) shows the area on the prominence film
which was scanned. The photographs (B), (C), and (D) show the viewing
screen corresponding to three different densitv levels, the bright
grtione of each photograph representing the areas on the prominenoe film

Sdensities above the reference density for which the densitometer
was set* (The irregular bright spots in (B) appear because the densito-
meter setting was Just above the level of the background density.
Consequently tube noise, film irregularities, and small irregularities
in the seanning tube brightness show as spots on the background.)

20
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to aquarc wave g.nerator. -4.

, \I

Voltage at grid of 6AU"

zero bias amplcifir.

7cltage at plate of 6NU6

output of square wave

generator-

Differentiated output of

square wave gen6rjtor I

Output of 6AL6 ractiflnr

-- signal. at Erid o0 12Mib7

discharge tube ......

Output fromi sweep

genora tor,

FITGURE 1.C)
'The Step-pl•i-a-'atooth output of thei stiIep ..qr.c.a•tor : rodified t,'
femcdback loop and app~lid pusn-pu.l. , h' ::idi , f thi Uclcti• oil
ch-ivera.I -. -• 23 .
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nloun 18

optical System for use. with Coronal Plates

Field Long

Ooronal, Plate

F7ocusing Lens
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Au with other devices developod at the Obcervatcry, a great deal
of group aralysin and disoussion influenced tho final product. Mar-
people contributed practical sugg3stions that havo gone unmentioned in

the test. de gratefully acknowledge theas. In particular,, Dr. John W.
Wvane has played a large role in shaping our thoughte about tiis
instrument.

Fred E;. Fowler,

Donald S. Johnson

Dcnald E. Billings

lli.h A,.titudo Qbservato=7
Bouldcr, Colorado

29 Januw.ry 1952

Approved for Subini3ilrt aS
Technical Report

26 Fobruir-j 1952 _.
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