Spectroheliograph

‘A spectroheliograph to observe details

on the disk of the sun

April 1958
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! en years ago a voung coal miner
in West ergmxa sent a letter to

this depawrtment which began:
“Those who helped make the amateur-
telescope-making books possible have
caused me to live two vears of my life
in complete contentment.” The letter
went on to tell how its author, Walter J,
Semerau, who now lives in Kenmore,
N.Y., had constructed a six-inch reflect-
ing telescope, In the intervening vears
Semerau has had a remarkable career
both in amatewr optics and in his daily
work. He left coal mining to become an
“lectrician, then an instrument-maker,
aen a laboratory technician and finally
an engineer, Meantime, as regular read-
ers of this department have learned, his
six-inch telescope has been succeeded
by a whole galaxv of bigger and better
instruments, including a 124-inch Te-
Rector complete with a coronagraph and
a spectrograph. Semerau now informs us
that his telescope mounting supports a
new apparatus which has long been the
dreamn of amateur telescope makers; a
spectroheliograph of the Hale type. This
instrument provides him with a view of
the sun rarely enjoved by laymen.
“Although the sun is a fairly stable
body of gas,” writes Semerau, “it is
neither as amorphous nor as plucid as
the casual viewer might suppose, Tm-
mense clonds of jonized hvdrogen, cal-
cium and other substances thrown up
from the interior account for features as
distinct as the earth’s oceans and land
masses. Although each of these features
emits light of unique color and intensity
which distinguishes it from its survound-
ings, they are lost in the white glare of
the sun as it is scen by the naked eve.
To see the details clearh the observer
is obliged to examine the sun in light of
a single color.

“One might suppose offhand that the
details could be brought into view by
looking at the sun through a filter of
colored glass. This stratagem would fail
because colored glass, however deeply
it is stained, transmits a broad band of
colors, just as a radio set of poor selec-
tivity permits several broadcasting sta-
tions to be heard at the same time. One
must use a filter with an extremely nar-
row ‘pass-band.’

“Such a device was hit upon about a
century ago in Indiz by the French
astronomer Pierre Janssen, Janssen was
using a spectrograph equipped with two
slits to observe a total eclipse of the
sun. The image of the sun’s edge was
focused on one siit. Rays proceeding
through the slit were spread out by the
prism into the familiar ribbon of spectral
lines, Janssen was examining one of the
lines through the second slit—the dark
red line characteristic of glowing hydro-
gen—when he saw a tongue of flame
standing out from the solar edge. Open-
ing the slit brought more and more of
the prominence into view until the width
of the slit exceeded that of the red line.
At this point the image became blurred.
To examine slit-shaped portions of the
salar disk in other colors Janssen simply
shifted the viewing slit to other lines of
the spectrum.

“Some 40 vears later George Ellery
Hale and Henri Deslandres mdepend-
ently devised a method of using the
double-slit spectrograph to make photo-
graphs of the whole solar disk. The two
slits were simply coupled mechanically
so that they could be moved as a unit.
When the entrance slit is swept across
the sun’s image, the exit slit keeps in
step with the similarly moving speetral
line of any selected color. Solar features
emitting light of that color are focused

ona photographic plate and build up a

composite image that resembles the
scanned image of a television picturd..
The device, called the spectrohelio-
graph, was only a step away from the
spectrohelioscope, which presents the
composite image to the eye. To make a
spectroheliograph into a spectrohelio-
scope one simply arranges for the slits
to oscillate across the sun's disk at a rate
of 20 or more sweeps per second and
substitutes an eyepiece for the photo-
graphic plate.

“Not many spectroheliographs have
been built by amateurs because of the
difficulty of procuring the element which
disperses white light into its constituent
colors, This may be either a glass prism
or a diffraction grating. Prisms large
enough for the job arc hard to make, and
10 amateur has succeeded in ruling a dif-
fraction grating of the required fineness
and precision. In recent years. how-
ever, the Bausch & Lomb Optical Com-
pany has introduced an excellent and
relativelv inexpensive ‘replica’ grating: u
plastic cast of an original grating. A
replica grating two inches square with
15,000 rulings per inch costs no more
than a set of good golf clubs. With it the
amateur can build a spectrograph of
exceptional performance and equip this
basic instrument with an accessory for
making spectrohelioscope observations.
[For a description of Semerau’s spectro-
graph see “The Amateur Scientist”,
September. 1936.]

“Although it is possible to fit out
a spectroheliograph  for mechanieal
scanning, the wrrangement is bulky, dif-
ficult to maintain and a remmkdblv el-
fective generator of unwanted vibra-
tions. Fox these reasons I adopted the
optical-scanning system devised by Hale
in 1924, The couventional racker arm
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which carries the entrance and exit slity
in the mechanical system is replaced by
a pair of rotating glass cubes, or Andev-
son prisms. The image of the sun is fo-
cused on the fixed entranceslit of the

h one prism. The
image of the similarly Bixed exit-slit is
focused on the plateholder (or an the
focal plane of the eyepiece) through the
second prism. As the prisms rotate, re-
fracted light sweeps pust the slits as
though the slits had been moved across
the rays mechanically, The prisms are
mounted on the ends of a shaft which
turns on ball bearings; the unit can be
assembled on the mounting of even u
small telescope without introducing per-
ceptible vibration.

“The spectroheliograph assembly con-
sists of (1) a main housing to which
the moving parts are attached and (2) 2
tube for the eyepiece, reflex mirror and
33-millimeter camera [see drawing on
page 134]. The unit is relatively light,
compact and simple in construetion. It
weighs 10% pounds complete with eye-
piece and camers, and measures 15
inches over all. An adapter makes the
assembly interchangeable with the plate-

holder of the spectrograph, which is

mounted beside the telescope. The bear-
ings of the equatorial mounting have
enough friction tv offset the added
weight of the unit; thus no change is
Ier|uire({ in the counterbalance when the
spectroheliograph is used.

“Each prism is clamped between a
flange at the end of the shaft and a metal
disk held in place by through bolts. Rub-
ber sheeting between the glass and metal

the prisms against excessive
mechanical strain. Center to center the

i are 8.625 inches apart, the dis-
tance between the entrance and exit
slits of the spectrograph. The flange
supporting the outer prism is grooved
for an ‘0’ ring belt through which the
rotating assembly is coupled to a mini-
ature direct-current motor. The facets
of the prisms must be adjusted to lie
in 2 common plane or the image will
flutter when the unit is started up.

“Parallel rays entering my telescope
come to a focus at a distance of 625
inches from the 12.5-inch objective mir-
ror, a foeal ratio of f/5. The focal ratio
of the spectrograph is £/23. To feed the
spectrograph with light from the tele-
scope a set of negative achromatic lenses
was intreduced into the optical path be-

tween the objective and the spec
graph. This compensates for the di
ence between the focal ratios of the
instruments. A pair of front-silvered
tical flats was mounted at the upper
of the telescope to receive ravs refle
from the objective and bend them
degrees into the spectrograph.
“Incoming rays pass through one
tating Anderson prism, scan the entrc
slit and diverge to an eight-inch sp
ical mirror at the opposite end of
tube, where they are
flected as parallel rays to the diff
tion grating at the other end of
tube. Here the white light is dispe:
into its component colors and retur
to the spherical mirror, which br
the resulting spectrum to a foous
the plane of the exit slit [see drou
on next page]. The exit slit may be
justed to match the width of any s
tral line. The most useful lines are
red ‘alpha’ line emitted by glowing
drogen and the “H’ and ‘K’ calcium ]
in the violet region of the spectr
Light transmitted by the exit sfit |
ceeds through the second Ander
prism, the scanning action of which,
gether with a final lens assembly,

These speciroheliograms were made on October 20, 1957 ot 14:15, 14:18, 14:29, 16:51, 16:53 and 16:57 Greenwich mean time



constitutes a highly monochromatic im-
age of the source in the focal plane of
the camera. A reflex mirvor in the beam

order, one could observe an extremely
narrow band of color through an exit slit
of substantial width. My grating is ruled
for use in the second order (it is blazed’
for 10,000 angstroms in the first order
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Semcran's telescope. showing the sptical parh used during spectroheliogruph observations
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Details of Semerou’s spectroheliograph

the prisms reach a speed of about 16
revolutions per second, a monochro-
matic image of the sun, complete with
the faming detail of the solar surface,
will come inta view,

“This of course assumes that all ad-
justments have been carefully made.
Each element of the iu.n:mmant. from

to the final image and impair its con-
trast,

“The final adjustment consists in
eraduallv narrowine the exit <lit This

brings progressively finer details into
view; prominences, mottling near the
region of sunspots, dack flaments, floc-
culi and so on. It also reduces the bril-
liance of the image and sets a limit to
visual observation. At this point the
camera comes into use. The average
exposure time is from two to four sec-
onds; the instrument is guided during
a time exposure as it is in conventional
astronomical photography. The camera
is also used in the violet region of the
spectrum the range of the eye.
In this region lie the H and K lines of
calclum.
“ the instrument has many
desirable features, 1 should also mention
one disadvantage. The Ebert spectro-
graph, as [ constructed it, introduces
some distortion; the image of the sun’s
disk is somewhat elliptical. This is ex-
plained by the fact that the slits must
be located somewhat off the axis of
the spherical mimor. The distortion is
partially compensated by tilting the
camera. Curved slits would provide a
better correction, but I have no way
of making them. The distortion does not
imnair resnlution bt it inloduees some

‘\_‘h

lication in locating details a
r.nlely on the image. Advantages of
design include simplicity, lightness, 1
tively low cost and a cylindrical {
that is easy to assemble on an e
torial mounting. In addition, des
portions of the spectrum can be broy
into view at the twist of a dial.

“The spectroheliograph is mow
beside the coronugraph previously
scribed in ‘The Amateur Scier
[September, 1955]. The two are 1
simultaneously. The coranagraph sh
prominences at the edge of the sw
great detail, but gives no hint of
solar disturbances respousible for tl
because the central disk is masked
a digphragm. In coatrast, the spec
heliograph reveals faculae, flocculi,
ments. spots und even prominence
esceptional brilliance.

“Amateurs often ask which instrun
[ prefer. The choice is difficult. E
were jects. The cos
influenced, particularly in the case
the coronagraph, by the extent to wi
the final image is made monochrom:
The filtering element in mv coronagr
is a yuartz monochromator, 2 m
layered sandwich of crystal quartz
Polaroid flm. It was designed to tri
mit a band of color four angstroms w.
At current prices the raw crystal
quartz from which it was made wa
cost about $150. Four times this amo
would be needed to narrow the p
band to one angstrom, If, for exampl
monochromator designed for a p
band of four angstroms requires a st
of crystal slabs four inches high, one
a pass-band of one angstrom would
quire a 16-inch stack. Moreover, e
successive slab in the stack must
twice as thick as its predecessor, 1
means that the final slab in a 16-i
stack would have to be cut from a 1
crystal more than eight inches lo
Crystals of this size—and of the nex
sary optical perfection—are not o
mon in nature, and are priced acec
ingly.

“Monochromators are not easy
build. 1 would rather make two set:
prisms for a spectroheliograph than
two quartz slabs for the monochroma
Not only is glass softer and easier
work thau quartz, but the prisms may
cut in random directions from any lo
tion in a block of glass. Quartz crys
must be put thropgh a complex se
of tests to determine their optical pr
erties in advance of cutting. The
fects of quartz are many, and the s
stunce is so hard that a diamond-ed;
saw is almost a necessity.

“Rnt oane lnnl: themoah tha aveni




of a coronagraph. even one with a pass-
band of four angstroms, justifies the in-
vestrent of time and labor. When they
are seen in detail, solar prominences are
among nature’s most impressive specta-
cles. I did not keep an accurate record
of my cush outlay for the two instru-
ments, but an estimate of $300 for each
would not be far wrong.

“I had the good fortune to abserve
and pbotograph an interesting pair of
solar events on October 20, 1957. No
outstanding disturbance was evident
when 1 began to observe at 14:15 Green-

wich mean time, but within 15 minutes a
scarlet flocculus appeared near the
southwest edge of the sun. The intensity
of the flocculus remained constant dur-
ing the follewing two hours, but at 16:51
a small flare brightened near the east
edge. At about this time the cloud first
observed also started to brighten; there-
after both regions grew in size and
brightness to the International Geophys-
ical Year standard of ‘Importance 3." By
17:15 the east flare had diminished teo
normal brightness and 45 minutes later
the one near the southwest edge simiiar-

ly faded. The visua wnage was suip

and crisp, Poor seeing caused some
blurring of the photographs, but condi-
tions improved somewhat at 16:51 [see
photographs on page 13217

Semerau states that he is now work-
ing on an electronic servo guiding-
mechanism, two 35-millimeter time-
lapse cameras and a heavier equatorial
mounting for his instruments, What he
hangs on the mounting next is anvbody’s
guess!



