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FOREWORD

This book first came out in 1672. The author corresponds
with many amzteurs of the world. He learned of new ideas which
are in this book.

There are new solar image synthesizers by Brian G. Manning
and M. V. Gavin, both of England. Jeffery Young started the
knodding mirror synthesizer; lives in the U.S.A. Spacek synthe-
sizer related to the author by M. M. Maner of Florida, U.S.a.
also. A new coelostat design is from Heinrich W. Beeker of the
Federal Republic of Germany. Gote Flodgqvist of Sweden wuses
two separate knodding mirrors connected with a rod. Toshio
Ohnishi of Japan,folded up oscillating slits for an advantage.

The srectrohelicscope is perfectly safe to observe with.
Only a narrow section of the sun passes through the entrance
slit. And that bright, narrow section 1s spread out into a
iong solar spectrum, further greatly reducing the intensity
of the sun light. Finally only a thin section goes through
the exit slit and into the eye at a comfortable brighiness.

The author has tried Tuthill Mylar screen and Thousand
Oaks solar glass filters. Both work very good. Both are totally
safe to the eyes.

“risms and 600 gr/mm gratings were used decades ago. That
was all available. High quality reflection gratinggwere copied
as recvlicas in the mid-fifties, greatly reducing the price.

Now gratings of 1200 gr/mm and 18CC gr/mm are available for
avtout 53C0 to 36C0O. They have excellent resolving power.

Co not copy the gratings of 70 yezrs ago for a2 sceciro-
helioscore. Use new products to sn advantage. Large professional
solar aobservatories use 600 gr/mm gratings of large size for
various reasons. Do not copy them exacily. Use 1200 zr/mm and

180C gr/mm gr.tings for an amateur spectirohelioscove.

The zuthor wishes to thank the editors of Sky and Telescove
for the information on sunspot polarity work by NOAA, Colormdo.
This lead was important. The scientists there showed that a
visual polarity instrument works. Not need a hu ge instrument.

In other words, amateurs can enter the field too. Also my thanks
for the lead on Jeffzsry Young and his knodding synthesizer. The
author thanks editors of the Journal of the British Astronomical
Association for the address of Erian ¢. Manning and his new
synthesizer. Also thanks to other amateurs and their contributions.
This book becomes all the more richer for amateur solar astronomers,

The author was born July 24, 1930, California. Graduated from
the University of California, 1957, with a B.A. in bacteriology.
Astronomy has been a hobby since 16.

_ FNV, 1999
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OBSERVATIONS WITH A SPECTROHELIOSCOPE

Instrumental designs for H-alpha work. A spectrohelic-
scope 15 a solar spectroscope and a telescope stuck end to end.
Add a solar image:synthesizer near the prime focus of the tele-
scope, and you have a complete instrument. Use it for just
photography, it is a spectroheliograph. The prints are spectro-
heliograms. A mirror system reflects sunlight into the telescope.
Halfbandwidths (HBW) from 0.5 to 0.1% are easy to adjust for the
sclar disk in order to see filaments, plage, flares and preoainencas.

grating
i entrance slit

" . L1 .
= {2}
E
Bpectroscope,
' positive menis-

cus lens

'"]g

telescope

Anderson
prisms

Passband and eyepiece

halfbandwidth are
used equally.

A Zeiss O.EK HBW birefringence filter is complex and dif-
ficult to produce. Basically it consists of four guartz and
three calcite rlates of various thicknesses. A red filter and
many Polaroids are included. Also several % wzve and + wave re-
tardation plates are for shimming and tuning the wavelength to
d-alpha light. A precision oven is necessary fcr temperature
conirel. The filter is very expensive,

A DayStar filter of 0.51 HBW is ome calcite plate partially
aluminized on both sides, called a Fabry-Pérot étalon, invented
about one hundred years ago. There is a 108 HBW blocking filter.
An oven is needed. The filter is medium exvensive.

,far solar prominences, the bandwidth can be somewhat wider.
A 4.0a HBW gquartz prominence filter ccnsists of seven plates,
eight Polaroids, and a red filter. An sven is required too but
temgperature control is not as critical as previous filters. The
filter is medium expensive. A cheaper-method is to employ a 4.0R%
HBW interference filter for about $200 or more. It is a piece of
glass coated with various layers of di-electric materials. It
will last a few years or so. An oven usually is not needed.

The two main solar image synthesizers that are emphagized
in this book are Anderson prisms and the rotating glass disk.
Both have no vibration problems. Other synthesizers are discussed.



Svectrohelioscope resolution. How much detail that can be
seen on the solar disk in H-alpha light with a spectrohelioscope
depends upon two factors. First, the size of the solar image on
the entrance slit. Second, the width of the slits. The following

table shows resolution on a day of good seeing. Assume 0.006" siits
(150 migrons).

Sun dia. Telescope f.1l. Slit res. Truer res.
2" (S0mm) {18' (5.4 m) 6 arc/sec 3 arc/sec
1 (25mm) 9t (2.7 m) 12 3
3 (13mm)- j 43 (1.3 m) 24 12

With a 9' f.1. telescope lens giving a one inck (25mm} sun
image with a 0.006" slit width, then the calculation is:

- 0.006™" slit 2000 arc/sec sun diameter _ 12 arc/sec slit
one inch sun in the sky - resolution

The shape and brightness or darkness of the solar detail
determines the actual minimum resolution. For a 9' f.l. telescorpe
with 0.006" slit width, examples of wisible solar details will be
a faint flare or faint plage about 12 arc/sec, a bright flare or
a bright plage about 6 arc/sec, a faint filament abouti2 x 60 arc/
sec, a dark filament about 6 x 30 arc/sec, and prominence 6 arc/sec.

The author's spectrohelicscope has a 9 ' f.1l. telescope and
a 6' f.l. spectroscope. The diffraction grating is 32mm x 30mm ruled
area, 1200 gr./mm, 50008 blazed wave length, giving 4.0f/mm in the
first order. The solar imuge synthesizer is the rotating glass disk
with 0.006'" slit widths, passing 0.64 band_width. This medium sized
instrument gives good visual views of the solar disk because all
the main features on the disk are about 5 arc/sec or larger. Flages
are seen as a mass of brightnesses, from very faint to somewhat
bright. Filaments usually have a vague shave wlith varying darkness
from deep black to a very faint grey. Prominences are from bright
to faint red. A bright flare is much more intense than the bright-
est plage, but most flares have a similar brightness to plages. All
the solar features have detail as fine as 1 arc/sec, but this detail
is observable only with a longer focal length telescope.

There are three kinds of instruments to observe the sun in H-
alpha light: a DayStar Fabry-Perot interference device, a costly
quartz-calcite birefringence filter, and a professional spectrohe=~
lioscope. A shelter will add severazl thousands of dollars. The nar-
rower the bandwidth, the higher the price. The only economical wgy
to observe the sun is to build a spectrohelioscope youxrself.

For acceptable contrast for the detail on the solar disk in .
H-alpha light, the bandwidth must be 0.8X%. For excellent contrast,. ‘
the bandwidth should be 0.6&. A narrower bandwidth is not necessary,
but it is desirable. With a spectrohelioscope, you just work with
narrower slits to ggt 0.21 Oor less. There is no added expence.
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A bandwidth wider than 1.0f displays prominences and bright flares
with associated off-band surge filaments and prominences, but the
plage and on-band filaments will not be seen.

Drawing technigue. It is quite possible to draw the warious
solar events with speed 1if a definite technique is adopted. The
fastest events are surge prominerces, surge filaments and flares.
Surges usually spread out in a given area and are a little more
difficult to outline. Flares are confined moreso in an area and
are somewhat easier to record. But large flares are spread out.

A surge often starts as an active filament ox prominence.
Then suddenly and unexpectedly it develops high sight line (S. L.)
velocities. It quickly scatters itself to pieces and disappears
within 30 to 60 minutes. A flare develop from nothing to maximum
brightness in about ten minutes or more. This peak intensity lasts
several minutes., Then there is a gradual decline which may last ,
about 20 minutes or less. Consequently there are about 30 minutes
for the main changes of the average flare or a surge. Plages do
not change very quickly but variations in brightness and in shape
do occur from day to day. This is for about 5 arc/sec resolution.

Use a notebook 8%" x 11" (20C x 250mm). It would be wise to
nave ruled lines half an inch (about 10mm) apart, for they serve as
references to draw enlarged square sections of part ofthe solar
cisk apart from the main drawing. Buy an inexvpensive compass. A 6"
(150mm) diameter circle is used by the British Astronomical Asso-
ciation as a standard, and this is the size we will select. Best
of all is to buy special paper marked with &i" x #'"squares (6mm x
6mm). With a 6" circle for the sun, then each 1"square will cover
75 x 75 arc/sec. The sun diameter varies a bit throughout the
year, but it 1s not necessary to be that exacting. Most solar
events will occupy an area about 7% x 7% arc/sec.

One " square can be enlarged to four %" squares for a linear
magnification of two times, or an area increase offour times. More
detail can be drawn without crowding. If square vaper is difficult
to obtzin or becomes a bit expensive, just plain or lined paper
will be adequate. You will need a 6" circle because a certain
amount of convenient drawing space is necessary. Circles of 2" to
31 (50 to 75mm) diameter are too small and require much greater
care to draw in. A circle larger than 6" is not necessary.

There is a considerable amount of solar disk detail at the 5
arc/sec resolution level, much more than can be drawn. Only the main
solar features need be drawn. Use short or long, narrow or wide
black lines for the filaments. Make closed lines for the plages
and the flares. Have a black outline for the prominences on the

solar limb. The umbrae will be small or large round black dots.
The penumbrae are omitted.

Brightness eor darkness sYstem. After all the solar features
are drawn on the circle, the relative brightness and darkness shoild
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be noted in a simple manner. The reason is because a filament nay

be changing, either appearing or disaprearing, or a plage actually
is a flare in progress, either increasing or decreasing in bright-
ness. A number system will be employed. For the filaments, 4 is deep
black, 3 is medium black, 2 is faint grey, and 1 is a very faint
shade of grey (barely detectable). For the plage and flares, 5 is
very bright, 4 is bright, 3 is medium bright, 2 is faint, and 1 is
very faint (barely seen). One through 5 is for flares,and 1 through
4 is for the plages. No plage will ever be as bright as a number 5.
But often a plage of 4 will look the same brightness as a F¥lare of
4, and so forth for the other numbers.For the prominences, use .t
to &4 in a similar manner. Put the proper number by the solar feature
on the drawing. It is impossible to remember the brightness or dark-
ness of all the various features. The number system acts as a me-~
mory check, quite invaluable at times too.

When a description of an eventis written on a separate page,
filament darkness is abbreviated as FD, flare brightness as FB, and
pProminence and plage brightness as PB. This short hand method of
letters and numbers will allow an event to be accurately and quick-
ly followed in detail. Here is an example: a bright flare near a
faint plage with nearby dark filament. Abbreviated: FB4 flare near
PB2 plage with FD4 filament. Much precious time is saved.

Scanning method. Sometimes a flare, a surge filament, or a surge
prominence will be developing when you are setting up the spectro-
helioscope. You must draw the location of events with a certain a-
mount of accuracy on the 6" circle. Using the spectrohelioscope to
draw the main umbrae of the sun spots on the circle is not very
fast because the umbrae are not easily seen in H-alpha light. With
slit widths of 0.006" passing 12 arc/sec, umbrae less than this
value will not be detected, unless a small group of about S5 arc/sec
umbrze are close together. In the H-azlpha line, about 18 arc/sec
umbrae or larger will be discerned, but out of the H-alpha line about
12 arc/sec umbra comes into view. The field of view of the instrument
is somewhat limited, usually about 30 x 15 arcfmin of the 32 arc/ min
solar disk. It is best to use a small 4Cmmto 60mm refractor for the
placement of the main umbrae on the 6" circle. The author uses a 2"
(50mm) refractor with an Optron solar filter in front of the lens.

A 50X eyeviece works best., Even a 1" (25mm) refractor of25X is use-
ful. About five minutes are needed for a quick white light observa-
tion. With average or large size sun stot groups, mark a few of the
main large umbrae, Forget about the penumbrae and most of the tiny

szots. For a small spot group of 10 arc/sec umbrae or less, mark a

few umbrae on the circle. Now set up the spectrohelioscope. Make a

complete white light drawing later in the day.

Quickly look at the solar disk in H-alpha light by turning the
line shifter. Any surge activity or flares will be easily seen off-
band {out of the H-alpha line, or out of the core) due to Doppler
shift of the surge and to the wide emission of the flare. Other
solar disk details will not be seen off-band. Now on-band (in the
H-alpha line, or in the core), the flare will appear brightest, but
the surge will only be partly viewed. The reason is different parts
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gach flare bead is

H-o¢ EXAMPLE

March 6, 1967
22:00 to 24:20° U7

North

Seeing: good

West

Most flares
occur in a sun
spot group. But
seven per cent
appeAar away fron
spot groups. This
is an example.

South

about 30 arc/sec.

2Z2:15

F1B N\, o F2A

-_—2»2‘"

A 23:05

F2A%Y 3p7

Flare observed from 23:00 UT to 24:20 UT. Class 2B,
This 1s a composite drawing of the three surge
filements F-I, F-2, and F-3. They &appeared and dis-
arpeared as the flare progressed, F-2 actually was
an arch filament &s seen in two sections. F-24 was
seen first in the violet. Minutes later it disap-
peared and F-2B was seen in the red, F- I and F-3
were viewed in the red. The drawing shows maximun
develcpment of the flare.It was two bright to very
bright parallel rvregions loocking like two short lengths
of beads. The beads had a sharp outline at maximun
intensity about 23:15 UT. The regions waned with
a diffuse cutline mirutes later, Only three beads
with a feint shape were seen at 24:C0 UT. The spec-
troscopic study at 23:05 UT of surge filaments F-I
and F-24 showed S. L. velocities of 2.28 v and 3.04 ¢
respectively, Estimated time of initial development
of the flare, * dbout 22:40 UT, although it was not
observed. o
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of the surge will hzve variocus S. L. velocities. The high velo-

City sections will only be seen off-band,and the low velocity
sections will be observed on-band. Using the line shifter, a2 surge
filament or surge prominence will be noticed piece by ziece as the
shifter is turned. Plages are seen in the H-alpha line (core).
Plages and flares of unequal brightness can be separated by the line
shifter. Now faint flares will not be so easy to descriminate be-
cause they will have a similar brightness as faint plages.Only
continucus observing for several minutes or longer will detect

the flare by a change in brightness.

A full scan implies a spectroscoplc and a spectrohelicscorpic
observation. Therefore, change the rotating 24 slit disk for the spec-
troscope disk, and back to the 24 slit srectrohelioscopic disk
again. There 1s a reason. Very faint surge filaments and »rominences
are easier to detect with the svectroscopic disk due to the Dop-
pler shift than with the 24 slit disk, which can easily miss a ,
very faint surge, whether the surge is large or small in size. But
usually surge filaments are darkx and . easy to see either with the
stationary sgectroscopic disk or the rotating 24 slit disk. Flares are
easy to detect with the 24 slit disk and line shifter.

Assume the solar disk has had a five minute prelimincry scan,
and there are no surges or flares in develorment., Now start to
draw some of the filaments and plages near the sun spot grours
on the 6" circle, using the umbrae as guides. Do not draw a lot of
detail yet. After drawing for five minutes, again scan the whole sun.
Check against the numbered plages whether any flare has changed in
brightness. Now draw some more, putting in other filaments and plages

and nrominences. Do not forget the proper numbers. From start to
finish should take abcut 20 to 30 minutes for a good drawing. Hers-

after terform a scan about every ten minutes. This completes the rou-
time of observing the sun in H-zlpha light.

Perhaps you will see scme movies on TV or at an astronomical
convention of the rapidity of surges and flares. These events are
sped up and give the impression of great quickness. Actually most
flares and surges can be easily and nicely observed and the sudden-
ness of the events is lacking. Rather there is a steady growth of
most of the events. S0 zgocd drawings of them are rossible.

Chromospheric network. Solar detzil in H~alpha light may be
divided into two groups: (1) the main disk features, and (2) the
chromoscheric network. The main features are flares, prominences,
filaments and plages. The chromospheric network is the mottles,
fibrilles, rosettes and bushes., Filaments and prominences are abcve
the chromosphere about 30 arc/sec .or more. Fibrilles are in the
chromosphere, -

In the H-alpha line with a 9' (2.7 m) f.l. telescope, network
shows a patchy ‘appearance of dark and light areas called mottles.
They are somewhat faint in the center of the solar disk and more
conspicuous towards the solar limb. Average size is 10 arc/sec
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H-cX SOLAR DISK AND LIMB FEATURES

rotation black sky

prominence over the limb

in emission

plage
solar disk
2/[:} @ solar limb
sunspot arange-red W
group chromosphere with DayStar H-cK filter see

chromosphere above the .
limb in emission, about
S arc/sec high, faint,
need good seeing

mottles

(L M
rosettes <

reversing layer, not seen,

\}
N about 0.5 arc/sec high

bush W
ushes i

TEREV!

iy na T .
- =it spicules
on the limb

relative intensity compared to the
solar continuum of 100%. photosphere

bright flare. " 150% or more
photosphere. 100

faint plage 25

faint flare 25

H-alpha core 16 chromosphere
faint filament - 14

dark filament 2

faint prominence -2

The chromosphere is visible in the H-alpha line. The photosphere
is visible outside of the H-alpha line about one angstrom, showing
the sunspots, umbrae and penumbrae much better and sharper,
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Basic solar disk. details. The general bibliography will
give many excellent b coks for quick information on the sun.
But here are a few basics.

Patterns on the surface

1. hypergranulation, or magnetic continents, large areas
2. supergranulation, medium areas, 4O arc/sec

3, granulation , small, 2 arc/sec

4. areal vertical oscillation, small areas, 10 arc/sec

Sunspots

1. velocity inversion level, netmotion of zero
2. Evershed velocity, small, 2 km/sec

umbral oscillations, small, 0.5 km/sec
umbral flashes, few minutes of time
penumbral running waves, 10 km/sec
moustaches, not flares , few minutes of time
penumbral filaments, dark, 1 arc/sec wide

~J O\ F\N
. -

s & a

B

gnetic fields
magnetic continents, large.area, weak field
polar regions, weak, one gauss
nonspot fields, small.area, 200 gauss
single spot umbra, 800 gauss
sunspot groups, very strong, 2500 gauss
classification
a. Mt. Wilson: alpha, unipolar; beta, bipolar; beta-gamma,
little mixed polarities; gamma, mixed completely;
delta, umbrae in the same panumbra
b. Modified Zurich,1966: A, B, C, D, E, F, H (P. McIntosh)

. . 2 s 8 .

(e ARV IR S DR AV R

Filaments and promiences, higher than 30 arc/sec¢ above limb

1. quiescent, very slow motions, 2 km/sec.

a_ctive, medium velocity, 20 km/sec.

. eruptive from an active, fast, 200 km/sec.

. surge, very fast,60 minutes of time, A Doppler shift or more
. spray, extremely fast, 20X Doppler shift

. activation by Alfven waves, large and very fast(Moreton)

[oniN ) N ol W N AV

Solar features

chromosphere, height.above photosphere, visible 5 arc/sec.

reversing layer, height 0.5 arc/sec.

photogphere

flare cycle: pre-flash phase(sometimes),flash, maximum, decay

most flares, less than 10 km/sec motion

proton flare, rare, 200 km/sec motion

spicules in emission on the solar limb, 1 arc/sec,wide

bushes and rosettes (spicules in absorption) on solar disk

plage and plagette, last days, slow changes ]

chromospheric thread, low in the chromosphere, consists of

many fibrilles(spicules bent over in absorption)

11. chromospheric brightening, last hours, are not flares which
can wax and wane in minutes

12. H-oCmottles, dark and light patches

13. filaments and prominences .

pam—y
L
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THE H-ALPha LINE AND ENVIRONS

The region of the H-alrha line with
the sun high in the sky. The spec-
. tral lines 6560.6& (1) and 6564.24
(3) wave length on the sidesof the
I 2 '3 ‘ H-alpha line 6562.88 (2) are used
to measure the Doppler shift of a
preominence or a filament. The two
lines can be used to calibrate the
line shifter.

The region of the H- alpha line
with the sun low above the horlzon.
The water vapor lines beccme very
numerous,

red NN\ R\ b1 a ck

spectrumi\ BI85 kv The H-alpha line at 4&/mm is 0.6k
.. NN f ' 3 4 £

$§Q§Q§§§§§ ; wide, At the edge cf the solar

limb, the H-alpha line reverses

759‘LWide\= N itself (into emission) and is 0.84
o.ek wide and 5 arc/sec high.
wide ‘

leasured faint spectreal lines arvre

ﬂQQgt}i‘Q*“ 0y 0.028 (5 mieron);medium lines
dark;v<§§f EN\spectroscope o csf; strong liées, 0.1f; violet
absorption [EEEEEE\ mode H and X lines, "2 & and zi wides
intthQé\& . -~ using 2" (S0mm) f.l. eyepiece.
emission 5 arc/sec high
- This is a typical sun spct
quiescent area in H-alpha light. The
slit 'e— Fil. rlzge dense quiescent filament
unbtra causes an abscrpticn bulge
& e N in the H-alrha line. Umbrae
'(J ' W] give a lengtinwise iine
. along the full length of the
umbrae filament spectrum, Plages arcund
o spots prcduce reversals,
solar disk Loop rrominences (here as
vulge filaments) show Ccppler
1.08 v shifts of 1.0 in the red

\
I ——

H-o¢£ b
reversal

solar sypectrum

Z-Crc/se‘c and violet., A 0.00I" (25 p)
||

glit give 2 arc/sec detail.

r, Ted Deprler shift; v,
1.0t | violet.

5 to 10 Assume 9' f,1. tele-lens.

_ -arc/sec pelicate dark and light
E?geﬂsiiﬁga N patterns in H-alpha line.
moves and ii 1 Slightly moving sun on en-
like a snakeggsegun trance slit reveals them

goes slowly along the slit. better. Lin. disp. 4%/m.
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dizmeter. Out of the H-alpha line about O.Bﬁ, towards the red or
the violet sice of the line, the network changes tc an appearance
of dark elongated structures called fibrilles. They look like
narrow filaments, but are not filzments. Average 3 x 20 arc/sec.
Out of the H-alpha line by O0.5A, either to the red or the violet,
the network changes to another kind of area detail called rosettes.
These areas are forshortened near the limb where they are called
bushes. The rosettes and bushes on the solar disk appear as if
black pepper was scattered over the solar disk and almost to the
1imbh. Black peppery areas average 5 to 10 arc/sec. The rosettes
overlay the supergranulation network. With a much longer focal
length telescope, the coarse detail resolves into 1 arc/sec.

The rosettes and bushes are spicules in absorption onthe disk.

You should be aware of the chromostheric network because
at times the srectrohelioscope willdisplay it. You will wonder
what you are seeing if not properly informed. Mottles, fibrilles,
bushes and rosettes are not included in the 6" drawing because
it would be impossible to draw it all. And it is not necessary
to include it. A 9' f.1. telescope willshcw coarse  chromospheric
network detail. Also slight air currents in the spectro.-box might
cause a slight smearing effect of the bandwidth. Use baffles.

Seeing. The atmostheric seeing and ground heating will vary
from day to day and will smear the solar disk detail. A spectro-
helioscope with an average of 6 arc/sec resolution will not be
sericusly affected by average seeing conditions because thelatter
will be about 1 arc/sec. Only on a roor day of seeing of about 10
arc/sec or worse will the latter influence the instrumental seeing.
For srectroscopic study of the solar disk with a narrow slit pass-
ing 1 arc/sec detail, then the atmcspheric seeing will alter the
fineness of the spectroscoric detsil, for the 1 arc/sec detail
will be about the same as the seeing conditions.

Chromosghere. Books and magazines sometimes show photo-
cranhs ol the chromosvheric network but often brief comments
are mentioned. What is hacpening is that wvarious solar disk details
are seen at different heights of the chromosthere. In the center
(core) of the H-alpha line, the top of the chromosvhere is viewed.
At plus or minus 0.33 from the H-alvha core, the middle of the chro-
mosphere is studied. At plus or minue O.5ﬁ, near the bottom of the
chromoschere. At plus or minus 1.0k, the photosthere is in view.
A G' f.1. telescore gives a 25mm sun image, or coarse detail. in
18" to 27' f.l. produces SOmm to 7S5mm sun image for finer detail.

Tabulation of events. The solar events should be tabulated at
the end of the month. The following table is sufficient. Note the
beginning of a flare to the nearest minute in the '"Begin' column.

If you cannot observe the flare to its ending, just put the time of
last observation inthe "End" column, and have as asterisk before the
time. If the exact time to one minute of appearance is detected,
then underline the time. If the maximum flare brightness is not
obvious, leave the "Time at Max." column blank. If the time at maxi-~




dzrch 4, IC67
28N 90W

21:30 UT

Two very active
prominences,

22:00 UT

New prominence
Eprears.

Flage is shown
around umbra,

22:20 UT
New active
prominence,
0.61 v.

23:00 UT
Spectroscoplce
view of all

3 prominences,

March 5, I967
28N 90W
23:24 UT

Two active
prominences.

23:25 UT
cpectrcescopic
view,

2.8v

March 24, 1967
20S SQE

21:25 UT

Surge prominence.

£I1:26 UT
Spectroscopic
view,. Mcst of it
in the viclet,

2I:20 UT

Surging gone. Now .
have rattle snake
appearence

-emission for prom.

fRCMINENCES

The sky around the solar disk

is black.
tnhe dravi

To draw tlack sky for
ngs is time consuaming.

Just have a white background, im-
plying bleck.sky. The prominences
are outlined as black, but in
reality they are shades of red.

To make s
the limb

pectroscopic study of
or solar disk, cpen the

top cover at the front of the

spectrcsc

cpe box and put the

hend Iinside. Move the spectro-

scope dis
Thus, sec
rrecisely

A pumber

k with the forefinger.
tions cf the sun can be
studied.

system is employed for

plage brightness gPB} and promi-
nence brightness (P2):
PB 4 is bright;
PB 3 is medium bright;
PB 2 is faint;
PB 1 is very faint. .
Filament darkness (FD) is:
FD 4 is deep black , 2%;
FD 3 is medium black, 4%;
¥D 2 is faint grey , 8%;
FD I is very fzint grey,14%.
H-alpha core is 18%.
sky Sept. £7, ICE86
DEN QOW
20:20 UT
hctive prominence. gver
sun sun spot on the limb.
Two different pesiticons
0.4 v of the entrance slit.
-\ fmigsions of 0.44 to
o3r| 0.€A width are common
for a prominence, -
oo | The E-alpha line itself
y | is 0.8} wide and is
‘ P used as & reference
, ?‘. to measure widths of
| g.o7 | emissions, The 0.3 r-to
: 0.6 v are S. L.

velocities,
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mum can be estimated to a few minutes, then put a time value in.
Some flares orighten up unevenly. Use Universal Time (UT).

Date Begin tnd Time Position Imp. | Max. Remarks
Max. Lat. Long. Area *

S-19 | 20 31 | 20 50 | 20 40 | 145 O9E s |uso flare

9-19 | 21 15 | 2215 | 21 35 | O4N O3E —- SF

* millionths

Filament . and prominence abbreviated: SF, surge filaments; SP,
surge prominence; AF, active filament; AP, active crominence. The
difference between a surge filament and an active filament is that
a surge will dissipate itself within an hour whereas an g&ctive fila-
ment will remain in view for a few hours. The same can be stated
for a surge pronminence and an active rrominence.

Area units. A convenient unit to express the area of a flare i:
in millionths of the solar hemisphere. For example, a subflare
(Class S} of one millionth is equal to 6 square arc/sec. This
is an area 2 x 3 arc/sec, or other equiv~lent total area. Most
flares average 100 millionths, or abbtreviate it 100 units. This is
equal to an area 15 x 40 arc¢/sec, or 20 x 30 arc/sec, or otherwise.
The sun is almost 2000 arc/sec at maximum diameter.

The derivation of area units is quite simple. The circumfer-
ence of a circle is 560 arc/degrees, or 115 arc/degrees in diameter.
The area of a sphere is equal to 4 pi radius sguared. Thus a solar
sphere is:

115 arc/deg. diameter

43,000 sq. arc/deg.
2000 arc/deg. dizmeter

12,000,000 sq. arc/sec

Inn

Only nalf of the sun 1s visible. For a solar hemisphere,
divide 35y iwo and have:
21,000 sa. arc/deg.
6,0C0,0C0 sq. arc/sec

1Hon

The vrevious solar hemis—there units are awkward to use. The
term millionth of a solar hemisphere 1s easier. Just divide the
above values oy one million, giving:

] millionth solar
hemischere

.C2 sag. arc/deg.
6 0 sq. arc/ sec

I n

These two unit values are used to express the total area of a
flare at-maximum growth. Measure the area of the flare on the draw-
ing. For examzle, a flare 10 arc/sec wide by 20 arc/sec long. Now
10 x 20 = 200 sq. arc/sec. Divide 6 sq. arc/sec (1 millionth) into
200 gives 33 millionths, or 33 units. Surges are not expressed in
area units. A 1 arc/sec diameter Ilare is equal to 450 miles (730
kilometers). Such a tiny flare is big when compared to earthly
values, being equal to several H-hombs exploding at the same time.



Aug. 22, I967

I8N 42E

22:03 UT -

I0 and 20 &rc/sec
flzres plus surge.

22:15 UT

Surge was moving
out fast but now
going in along
same path.

£2:25 UT

22:3C UT

New small flare.
Surge fllament
&lmost gone.

22:45 UT
Flare and surge
filement gone,

Cct, 20, I966
I4N 58E

20:25 UT
Bright and
sharp outline.,

20:40 0T

Flare still
growing,; bright
and sharp. Surge
aprears.

20:85 UT .
Les=s bright and
fuzzy (diffuse)
ocutline. Surge
gone,

2I:05 UT . -
Less bright and
diffused into 2
separate areas,

YLARES

Plages are cmitted to keep
drawings simple and easier

to ccmplete, Only main unbrae
rut in the drawing in order to
locate events. Penumbra . is not
ircluded., Nect 2lways but some-
times a surge filament sccom-
panies.a flare. )

To save time in order to make
good drawings, & number system
for brightnessof the flare:

FB 5
FB 4
FB 3
FB 2
FB I

is
is
is
is
1s

H-alpha 167
Photosphere represents 100%.

very bright 150-500%;
bright, 80-150%;
zedium bright,45-80%;
faint, 25 to 45%;

very faint, less 25%,
core,16% cf continuum.

Nev, IZ2, IZ€6
IEN 0OSE

28
This
exhibited ai

:I5 UT
flare never
fuseness,

22:20 UT
Flare divides into

2

unequal medium

bright areas.

£8:88 [T
Flere still de-

creases in bright-
¢ ness, surge fila-
e | ment arpearsidv.

22:30 UT
Surge gone,., Flare
beccmes smaller.

0 22:00 UT.Flere gone.
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Mlares. Flares are classified oy the total area at maximum
growth, not by time or brightness. 4 reticle with 1mm sguares
is used to estimate maximum area in millionths of the solar hemi-
sthere, 7ith a one inch sun image on the entrance slit, Tmm equals
80 arc/sec. Location of a flare in a sun spot group with many
vlage 1s found by using the line shifter. Most flares are irre-
gular vatches. The smallest flares, Class S, are often tiny oval
or round points (actually a tiny area) of light. S is subflare.

In the initlal stages of an average flare, the bright areas
are narrow and sharply outlined. Once past maximum intensity, there
usually is observed a broadening and outward diffusion of the flare,
but sometimes there i1s no broadening or diffusion. Then the flare
wanes in brightness. Surges are frequently observed with flares.

The letters f, n, and b are faint, normal and bright for a flare
at maximum growth.

Class Maximum total area (corrected)
I.A.U. 1966|millionths | square deg. | sq. ar¢/sec.
Sf, Sn, Sb K100 2 <600

1f, 1n, 1b |100-250 2-5 600-1500

2f, 2n, 2b [250-500 5-12 1500~3500
3f, 3n, 3b |600-1200 12-25 3500~7200
LT, L4n, 4b Pp1200C »25 » 7200

Surge filaments. Surge filaments may occur in one of three
ways. rirst, it can develop in the form of an arch, ascending ra-
ridly and then descending just as fast. Second, the filament moves
outward along one rath; then suddenly returns along the same path.
Tnird, the filament moves outward and scatters itself out of sight.
Velcocities start about 40 km/second and increase in a matter of
minutes to about 100 lm/second or more. 3Surge activity may or may
not be associated witih flare activity.

There are some kinds of solar detzil that can not be seen with
a medium sized spectrohelioscone, namely Zllerman H-bombs (or mou-
staches) on the sclar disk. : :

The relationship of sight line velocity (5. L. V.) and asso-
clated filament or prominence is as follows:

I Pilament cr Average sight line velocity Doppler
| srominence shift
I
Quiescent 1.2 mi./sec. (4,300 mi./hr.); 2 km./sec.| 0.04}
Active 12 mi./sec.(43,000 ni./hr.); 20 !m./sec.| O0.428
| Surge 120 mi./sec.(430,000mi./hr.); 200 km./sec. &,20%

Solar svectrum atlases., A good inexpensive spectrum atlas is
in the book "The Sun” by G. Abetti..Excellent set of 15 slides of
solar specfrum by Tersch Enterprises, P.0. Box 1059, Colorado
Springs, CO 80901.
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Oct, ¢, IgE6
205 60OW

22:00 UT

£sctive filament.

23:I0 UT

SURGE FILAMENTS

The term radial velocity

is for stars,

For the sun

it is best to use sight line

velocity,

S. L. velocity,

or line-of- light velocity.

Surge developnent.

23:20 UT

surge filament in
rapid cheange,
fanning out fast,

%
wy| £3:25 UT
R Maximun spread
of the surge
. 47 | fllament.
MY 24:00 UWT. Gone,
Sept. I9, 1966
.av 04N C3E
\ 20:45 UT
L Active filzment,
21:25 UT
20V Surge fillament
sV in progress.
s Lbout 200 =zargiec
. long.
v 2I:35 UT
‘25 Surge is frag-
‘\,oV menting itself
\\' to pieces,
®
21:40 UT
‘LoV Surge mcving
YWosv straight outward
e towards the earth
° (in the violet),
21:45 UT
v Surge almost gone.
\\Q:‘95V Much less active,
L5 '
e

Most surge filaments move at
an argle to the observer.The

S. L.’

veloclity is not the true

velocity. Sometimes a fila-

ment moves &long the surface
of the solar cdisk. This is a
tangentlal velocity.

An active filament with above
average S. L.. velocity wiil
last 2 few hours. & surge fila-
ment will.come and go within

about 80 minutes.

Some active

filaments remain such fer a
reriod and then suddenly and
unexpectedly develor into a

surge.

147

22:30 UT. Gone,

Cect, 2C, IC66

ION 35W

20:25 UT
Tangential fila-
ment moving along
the solar surfzace.
21:50 UT

22:45 UT

Two active fila-
ments appear. One
in violet and one
in red.

23:00 UT
Spectroscopic view
of the two active
filzments.
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Observation in the spectroscove mode. Uniaue experiemces
seen on the solar surface. High linear dispersion required.

1. Atmospheric lines. The red A and red B (75%4i\ oxygen, 686?ik
oxysen rescectively) and water in the atmosphere of the earth
cause many dark lines in the srectrum, especially when the
sun is near the horizon.

2. H-alzha line at solar limb. With the slit radial on the limb,
view the srectrum for the bulge in emission of the H-alpha
line and the blue H-beta line (4861XA ).

3. Solar disk. Place the slit across a chromospheric plage, and
see the plage in emission (reversal of the H-alpha line).
Violet calcium H and X lines (3968iA and 39348\ respectively)
also show rlage in emission. To see the solar disk in violet
light with a spectrohelioscope, the instrument must be de-
signed differently. Llso a young adult's eyes are better.

4. Emerging magnetic regions. Magnetic flux ropes slowly emerge
from the photosphere and push through the chromosphere. Hot
gaseous material moving along the flux ropes gives a zig-zag
apoearance to the H-alpha line, about 0.5} Doppler shift in
the rec and 1ln the violet. The zig-zag itself has slow changes
of about 0.1} shift per hour, or less usually.

5. Light bridges. The bridge forms across a large umbra-penunbra
of a sunspot, giving an upward violet Doppler shift of H=alpha.

Rotational velocity. They occur in surge oprominences and in
surge filaments (Zlliscon, 1963). Use a Dove orism to rotate the
solar image so that the spectroscoce slit lies across the base
of the frominence or filament. There will be seen an ocrposite
tilt of the parts of the H-alpha line in emission or absorction.

O™

7. Yellow helium (58?6ﬁh ). With the entrance slit tangentially
slaced on the golar limb, the helium line will be in emission.

3. The solar spectrum. It has very fine detail, particularly in
the second order of the grating, giving equzl, visual detail
as compared to crofessional work by photography with large scopes.

hservation in the snectrchelisscone mode.

1. Temperature map of flares. A flare in emission in H-alpha is
about 10,C0C° K. Some parts are hotter and seen in absorption
in yellow helium st 15,000°K. Hottest parts in emission in
yellow helium at 20,000°K.

2. Height structure of a flare. A flare in H-alpha and in yellow
helium is in the upper chromosphere, about 5 arc/sec above the
solar disk. A flare in sodium and in magnesium lisght is in the
lower chromoscthere, about 1 arc/sec above the solar disk,.
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3. Hot and cold prominences and filsments. Hot rarts have a tem-
rerature more than 10,000°K, giving strong hydrogen Balmer
lines (H-alcha, H-beta, etc.), strong in helium, weak"- metal
lines (Fe, ig, ila, etc.). The cold parts have a temgzerature
less than 10,000°K, showing strong Balmer lines, weak helium,
and strong metal lines.

L. Folarity work. Visual polarity determinatios of sunspot groups
need 0.058 bandwidth with Mg by, (5167XA , green). It is .
best to use Anderson prisms to avoid H-alpha lag effects. Set

exit slit on the blue wing for maximum contrast, off-set 0.0ER.

5. H-alpha details. No occulting disk needed for solar disk and
solar limb. Both seen together. Best contrast in the H-alpha
center core of the linme. Spectroscopic work useful.

6. Useful spectral lines. Main visual lines, also by rhotography,
are: red H-alpha, 0.64 bandwidth or less; blue H-beta, O.4R or
less; yellow sodium line, 0.1&; yellow helium in emission, 0.1%;
yellow helium in absorption, 0.18; green magnesium 5173%A ,
0.1%; green magnesium 5167ﬁA,O.o5§, For the violet H and K
lines about 3,08 bandwidth or less for good contrast.

7. Explosive flares. Most flares have slow expansion, about 10 to
20 km/sec. Some flares have an explosive phase that last about
20 seconds of time, best observed by time lapse photography.

On occasion a rare, large proton flare will exhibit the explo-
sive phase. The single flare ribbon in emission will split

into two serarate ribbons with a tangential. velocity of about
100 km/sec or mcre for about 15 minutes or more. Such splitting
of the flare ribbons near the solar limb will have a Doppler
snift of the obright moving parts such that most of the flare
will not ©e seen in H-alpha, only out of the H-alpha core with
a fast adjusting line shifter. If the splitting occurs away
from the solar limb and towards the solar center, the moving
ribbons will be observed in the H-alrha core .

The previous modes of usage o0f a svectrohelioscope will give
you a guick idea of the versatility of the instrument. These two
rages are to teach you now. Making observations and slowly learning
yourself, you will miss certain tytes of solar events. These events
are discussed in hard-to-get technical journals, but it takes time
to geruse the literature.

The human eye varies in sensitivity with age.At age 30 one
%ill see the svectrum from the violet to the red with high disver-
sion. But the eye yellows with age. So about 50 years or so, the
eye will not see the vioclet tart of the spectrum very good. At low
disrersion as with a hand spectroscope, the spectrum is greatly
compressed. Now the vioiet will be seen. ‘At age 60 the violet
H and K lines are not seen at high dispersion, -but a hand spectro-
scope will barely show the H line but not the K line.
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The solar spectrum. The following wavelengths are from
The National Bureau of Standards, Monograph 61, by C.E. Moore.
These three regions are easy to flnd in order to use the
wavelengths for grating resolution. Units are in Angstroms,

Green magnesium region

5166.28 Fe 5176.14 Co

5167.33 Mg _ 5176.57 Ni

5167.51 Fe 4 5177.24 Fe

5167.72  Fe 5177.41 Cr

5168.19 Fe | 5178.80 Fe

5168.66  Ni 5179.13 Ni About 93% of the
5168.91 Fe:> b 5180.07 Fe lines are neutral
5169.05 Fe 3 5181.33 Fe atoms.

5169.30 Fe 5181.8L ==

5170.77 Fe 5183.62 Mg b,

5171.61 Fe 5184.27 Fe

2172.70 Mg b, 5184.56  Cr 100" %o, 2000RA.
5173.75 T1 Ultra violet,

Yellow sodium region gggg viglggoggh
5889.97 Na D, 5892.88  Ni 3000 to 4000RA.
5890.20 EH,0 5893.05 H.0

5891.18 Hs0 5893.57 H.O Egoqbio “?OgﬂA
5891.50  atm. 5894.39  H,0  5550re MeORy:
5891.66 H,0 5894 .94 H.O deep blue,
5891.89  Fe . 5895.14  H,O ﬁfggttglggooﬂA
o} . ’ -Q .
SR5ei70 8959k N2 D 5000 to 55008

Ereen,

Orange-red hydrogen region ?2?203? 60003A
656056 Ha0 657063 K.0 ggggggorESOOKA
561.10 H,O 571.18 Fe

6562.81 H-alpha 6572.09  H,O 6600 to 76008A
6563.52  H,0 6572.80 Ca red..

6564.21  H,O 6573.53 H,0

6565.55 H,0 6574.25  Fe

6567.85  atm. 6574.85  H,0

6568.81  H.O 6575.04  Fe

656G.22 TFe

6570.05 H,0

- There are about % , Q00 spectral lines between the orange-red and
the violet (66004 to 39OOK ) of the spectrum. About 3,000 are
very faint to faint lines. The rest are strong to medium strong.
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Ziz-zazs and $iltinzg =S¥ the H-aiphna line., Careful stgec-
Lroscoric coservaltions csn ravear nany interesting aventis on the
sclar disk, slowly move a fuaint plage cver the =2nitrance silit., The
Z-2lcnz line will agzzear plached due I the slight filling ia of
thae bottoa of the H-zlgha line. A mediuz brizht zlage will show
a complzte reversal. The H-alrna lize itgelf is not comvletely
blacik, ratner a grey ovlack. With the entrasnce slit over a faint,
grey filament, the H-alrha line becomes slightly darker due to a
£illing in of the bottom of the profile of the line. With a dark
filament, tne H-zloha line will bulge cutward a bit because of
the filling in of the bottom and the wings of the line.

broad, wide, faint
faint filament
plage
dark core 0,61 wide, H-o% 48/mm linear disp.
s oroad, wide, dari
e ZEREN, orighnt Filament
plage

On occasion magnatic flux tubes will slowly pusit out of the
cnotossinere and throuszh the carsimcszihers. Gaseous material moving
zloag the flux tubes causss 2 rigid zig-zag shift of the E-z2lpha
lipe, If the gaseous material i3 rotating, the end of the zig-zeg
of the H-alvpha line will be %ilted. The zig-zag usually shows no
change in shape after an hour cf time, Observed’ summer of 1946.

24 arc/sec
< — < > < =

Carefully move cn active sunspeot group with loovp prominences
(filaments) over the entrance slit, If there is a narrow, cold
culescent filament, a dark strezk will zvprear in the H-zalvha line.
If there i3 rotution of material in the filament, the darit streak
w111l ve tilted slizhtly. If the filament is not moving toviards or
away from the observer, the dark strezx will be centered over the
H~alpha line, which is 0.6A wide at 4i/mm dispersion. If the narrow
filament is hot and rofzting but not moving outward or inward, the
dark strezk will be conspicuously extended about 0.98 out from the
Hl-alpna line on both sides and zlso De tilted slightly. If material
is strongly moving along the filament, zlso hot and rotating, a
dzrix strealt will appear away from the H-alpha line and be tilted.
to the left or right, indicating clockwise or counterclockwise
rotation of the material. )
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H-alpha ljne, core is Q.6L not ot
wiie at 4A/mm disperszion. not, rotation,

moving cut fron

cold, nc rotation cew the sun, 2.08 v
B R
warm, rotation no rotation
. 3 O.41 v :
e T T e
DI | . R
hot, \ rotation »  rotation
, - 0.58 v
¢ % *09w¢g —— e . . . .
I R T 7ilt of the lines is somewhat
¢ 0.94 \ 7 exagzerated. (Ohman, 1968)

7ith a narrow eatrance slit of 0.001" (25 microns), small,
narrow 2 arc/sec detail in a loop prominence (filament) is about
the same size zs the slit. A Cove vrism is not nzeded tc rotate
the solar detall perpenciculzar to the slit. [ut for wider promi-
nences and filazents about 10 arc/sec cor more, 2 Dove nrisn is
reculrasd bacazuse the detnil is definitely larger than the entran-
ce slit.

Joserving a2 rrominence will show the rarts in emission with

-1

a stroignt shift awey from the EZ-alpha line if there is only
sight line velocity and nc rotationzl velscity., If there is
rotiotion of the cromiience, the rpartswill be in emission and tilted
relztive to the Z-2lrhs line. If viewing a filznment, seciions
%11l ke =ilted in absor:tion in the HZ-wlrha line,

Somnetimes seeing 3 zromisence pr a2 fila=eat withzut a
Jove zrism for orientaition will show ~n aznarent tilting of
sgme of tne narts. Zut you do not xnow for a certainty whether
tne tiltiang of the Z-alzia line is rezl or asuarent.

Coserving = medium large culsscent prominence on the lizb
will often show seciions 0.4i to 0.23 wide as an averzge emission
value. If there is little or nmuch sizht line velocity, the 0.&A
width =till holds true Tto a certzin extent. If the gaseous materizl
is tenuous, secilons in emissicn as narrow as 0.23 will be seen.

An active prominence or filament can be small, say 15 arc/sec,
out the slight line velocity might be 24 or more 4n the red or
violet, or both. Straight visuzl examination reveals little or
nothing at first glance. S;ectroscopic study will exhibit sudden
survrises in activity by watching shifting of the H-alpha line.

A 9" f.1. telescope is limited in analyzing small 2 arc/sec
detail. The above examples are border line visible. Much longer
focgl lgngth is desirable for more critical work. But a g' f.l.
woras fine for flares and filaments because they are larger, about
5 arc¢/sec or more.
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Wave disturbances. Evicdence ncw indicates that a2 flare
orizinztes 1n tine lower corona with aighly energetic particles
meviaz out into svace towzards the earth and downward ants the
carcmossiaere, allowing the flare to be seen in H-2lpha light
andhalium lizht, 53764 wavelength. Moments later some of the
flare energy rasses further dovmuward into the lower chromoschere
and the reversing layer, which 1s just above the photssphere,

showing the flare in sodiunm, magnesiun, iron and other wavelengths.

vhen the flare vegins in the coronz, an outward and downward
wave disturbance occurs, sometimes called Moreton waves, pressing
upon the chromosphere, first causing about C.2A Doppler shift
to the red for the front of the wave. is the wave moves along and
over the chromosphere, the rear c¢f the wave comes upward, pre-
seating a slight Dopgler snift to the violet. This is obvious in
time lapse movies. It is thought that these huge waves are magnetic
transverse waves, czlled Alfvén waves, in con*rast to sound waves
which are longitudinal. The waves trzvel over the solar disk
about?00kn/sec. (1,300,000 miles/hour) ur to about .1,500 kn/second
of time.

The wave disturbance cen activate s filament, shoving it
downwsrd, giving a Doppler snhiit to the red. A faw minutes later
the rear of the wave risesz uzwvard and up comes the activated fi-
lament, now shifted to thsz violet wing of the H -zltha line. Zven-
tually the filament returns to its normzl viewing position in the
center of the H-slnha line. Thisz "giniging” in and cut was obsarved

oy CGreeves in 1G3C with a svectrohelioscope.

If 2 large flare cccurs, it is
D Moreton best ic take stectrcheliozrams not

i wave cnly iz the ceater 2f Z-=lvha but
prasion also on tne red and violet wings.

flare The larzge proton flare o7 August

23, 1966 is an excellent example.
In the drawings the reason for tae
+c.5% daric and light =rrexzrance ¢f the
front and rear of the wave 1is as
follgows, teking the offset of

length of the +0.58 for discussicn. The exit
/7 wave is 400,000 I g1it is almost out of the H-ulpha
) core. The downward moving front of
4 the wave shifts the H-:lpha line to
/g the red. Now the exit slit isin the
dark.core, passing to the eye or

0538 film that area of the wave as dark.

The moving upward rear of the wave
shifts to the violet, away from the dark core, onto the brighter
side of tife wing of the line. Exit slit transmits that area of
the wave as somewhat brighter. A big ©proton flare may occur
on the non-visible side of the solar disk. In which case the
huge wave will move around the solar disk and still cause the

"winking" of the filaments. Above with a _spectroheliograph
to capture the flare. Bandwidth about 0.13. (Dodson, 19%3),
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AN IMPORTANT CONCEPT TC UNDERSTAND IN SPECTROHELIQSCOPES

Linear dispersion. Telescope ?5'9 ft. focal length as a
bare minimum. Thes spectroscope must produce a solar spectrum about
3.3 feet long (one meter) in order to widen the spectral lines,
notably the H-alpha line. The term used is linear disversion. A
75 inch f.l. (1.9 meters) spectroscope lens with a 1200 gr/mm

grating used in thi
to the red is 4000
long spectrum.

first order will be excellent. From the violet
, and the latter divided by 4%/mm =

one meter

75" £.l. spec-lens (1.9 m), 1.9 meter lens, 1.9 meter lens,
1200 gr/mm grating, > 600 gr/mm, ———> 600 gr/mm,

1st order, spectrum is 1st order, 2nd order,

one meter long, L4X/mm 0.5 meter. one meter
linear dispersion, sEectrum, spectrum,

good 84/mm disp. LA/mm disp.

Warning. If you use 108" f.1. lens

a grating blazed for (2.7 m),
50001 wavelength 1200 gr/mm,
(green) in tst order, 1st order,
the blaze shifts to 1.4 meter
25008 wavelength ectrum,
(violet) in 2nd order. BA/mm disp.,
very good

Most of the_time
pick a 5000% blgze
(green) or 6000

blaze wavelength 1.9 meter lens,

in first order. 18C0 gr/mm,

1st order,
If you want to do }.7 meter
sunspot polarity spectrum,
work, buy a grating ﬂg/mm disp.,
at 10,000} blaze(red) better

wavelength,1st
order. The blaze
shifts to SOQOR
wavelength in
the second order,

2.7 meter lens,
1800 gr/mm,

18t order,

The dispersion is
not linear at high
grooves/mm and
higher orders.

1.88/mm disp.,
best

2.2 meter spectrum,

19 meter lens,
600 gr/mm,

2nd order,

10 meter
spectrum,
O0.48/mm disp.

19 meter lens,
600 gr/mm,

Lth order,

20 meter
spectrum,
0.28/mm disp.,
or Smm/} disp.

2.7 meter lens,
—————=» 1800 gr/mm,
2nd order,
IOmeter spectrum
(equivalently),
0.48/mm disp.
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Grating formulae. There are three formulae in "Amateur Astro-
nomer's Handbook" by J. B. Sidgwick. The chapter on spectroscopes
discusses prisms and gratings for the solar spectrum. There are
two types of gratings: transmission and reflection. Transmission
gratings are limited to about 600 gr/mm because of the index of
refraction of the glass in visible light. Reflection gratings are
preferred because the grooves/mm can be much higher, allowing
greater linear dispersion for longer solar spectrum from one meter
up to ten meters or more.

The first formula is resolution of a grating,
100% resolution = wavelength/ grating width x grooves/mm x order

With 32x30mm ruled area of 1200 gr/mm,

R = 52008/32mm x 1200 gr/mm x 1st = O.14%

R = 65634/32mm x 1200 gr/mm x 1st = 0.20%
With 58x58mm ruled ares of 1800 gr/mm,

R = 52004/58mm x 1800 gr/mm x i1st = 0,058

R = 52008/58mm x 1800 gr/mm x 2nd = 0.0253%

R = 65638/58mm x 1800 gr/mm x 1st = 0.06

A 600 gr/mm grating has orders from one up to 8 in the violet. A
1200 gr/mm grating has orders from one up to 4 in the violet. An
1800 gr/mm grating has orders in the first up to green in the
second order. Up in higher orders the grating is tilted about 80
degrees to the incoming light.

The formula for angular dispersion for transmission grating,

sin alpha = wavelength/grating constant (space}

For a reflection grating,

sin alpha = 1/2 x wavelength/grating constant.
One millimeter is 1000 microns, or 10,000,000 angstroms. With a
1200 gr/mm grating the grating constant (spacing) is 83338 bvetween
the grooves. At H-alpha with such a grating,

sin alpha = 1/2 x 65634/83338 = 0.3938, or 23 deg. 11 min.
The last formula i1s linear dispersion,

lin. disp. = spec. f.l. x order x 18 = mm/ﬁ
grating constant x coseoe

With 75" f.1. (1.9 m] spectroscope, cosine of 23 deg. 11 min. =0.91925,

lin. disp = 1900mm x 1 x 1% = 0.25mn/f, or 4&/mm
333K x 0.91925

Inverting from mm/f to &/mm is termed reciprocal linear dispersion.
The three formulae explain the mystery of gratings.
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More grating details. A perforwance table for gcod and
average quality gratings for the first order {Jarrell, I964).
Specs. minimum good
grooves/mm 300 600 1200 300 600 1200
resolution, 50%  40O% 309 95%  $0% 85¢
¢ theo.
efficiency at 50 35 20 g0 80 70
blaze A , %

‘ High quality replica gratingScame on the commercial market
in the mid-1950's. An original grating would cost about ten times
as mucnh. That is why a rare amateur constructed a spectrohelio-

scope. Abcut 20 years

.8g0 holographic gratings appeared. Both

classical ruled and holographic gratings have high resolution.

The fzllowing chart by Jarrell znd Stroke gives the light
curve of a well blazed grating of 1200 zY/mm, SOOOK blazed wave-

length.

100% )
3 In the first order
tiie grating is
- 1st order 90% efficient at
R 50008 wavelength
and about 40% at
i H-alpha.
Oa/ - o
0% Or the grating is
" G0% efficient at
R end order 5000% wavelength in
first order but
" 55% efficient at
- 25004 wavelength
onl . 1 ) 1 N 1 . in the second order.
Z000AA  40COA 60CO 8000K st order
Z000R 3000 4OOOA 2nd order
Spectrum length, violet to red
spec. f.1l. grating grating one 60°
1200 gr./mm | 600 gr./mm | prism
75" (1.9m) [L40" long 20" long o long
7.5" (190mm) [ 4" (100wm) | 2'" (SOmm) 0.6" (16mm)

For a small spectroscope of short facal lengths, an Edmund grating
of 12 x25mm ruled area will worik fine. For long focal leagth, use
a high quality replica grating.
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MAIN BASICS FOR A SPECTROHELIOSCOPE

Comparison of designs. The author used the rotating glass
disk #s the solar imzge synthesizer in his first instrument.
For just the H-alpha line, tke rotating glass disk functions fine.
But as the years passed by, it was realized that observations in
the metal lines and helium were also useful.The Young synthesizer
easy will allow usage of the latter. narrow lines with fixed
slits, or Anderson prisms dnd fixed slits.. i

There are several spectrohelioscope designs in this and
following chapters. It may seem a little confusing. So a brief
comparison of the designs herewith. It is important to keep in
mind that a long solar spectrum is desired, about three feet
(one meter). The reason is to keep the H-alpha line wide.

A. Basic design. Rotating glass disk or Young syathesizer.
A six ft.tf.l.spectroscope, nine-foot focal length telescope,
grating 32x30mm ruled area with 1200 gr./mm. Spectrum will be
about one meter long. An 1800 gr./mm grating is better, giving
about 1.5 meter long spectrum.

B. Advanced design. Young synthesizer. About nine-foot f.1.
spectroscope, about nine-foot f.l. telescope. Grating 52 x 52mm
or larger, 1200 gr./mm is good. Spectrum about 4.5 feet long
(1.5 meters). Good for H-alpha, also metal and He lines.

C. W-spectroscope design. Anderson prisms only. A six- to nine-
foot f.l. spectroscope. Grating 32 x 30mm or larger, 1200 gr./mm.
Attach it to the end of a medium large refractor to make a
solar spectroscope, or conversion into a spectrohelioscope.
Spectrum three feet longs An 1800 gr/mm grating better.

D. Commercial design. Convert an F:15 refractor of 3 inch (76mm)
averture to a spectrohelioscope. Add a 2X Barlow (-10"£.1)
100" e.f.l, Use the Arcetri spectroscope design with 36" f.1.
(900mm) acaromats. Grating 32 x 3Cmm, 1200 gr./mm is good. But
1800 gr./mm is better, giving about 2.3 feet long spectrum.

Warning about using a Barlow lens. It must be adjusted correctly
SO no aberrations are inctroduced to harm the solar image. It is best
and léss critical for adjustment . to use about -10" f.1. (-250mm).
About 1.5 to 1.7X is best, less critical., If in doubt, use a long
focal length single lens or a concave mirror, slightly off-axis.

All the larger designs above require a high qualitygrating.
Gratings of 600 gr./mm were used in the literature of &0 years ago
because only that ruling was available then. Now high quality repli-
cas came on the market in the mid-50's. Thus buy a 1200 gr./mm
grating; the spectrum is longer. If you have extra money, buy an
1800 gr./mm grating, giving a longer spectrum even more sa. for the
same focal length. Good quality lenses and mirrors are a must,%@k.
Test your optics for quality. Take nothing for granted.
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Sclar image syntoesizers. There are flve main types of image
synthesizers: apcevrson prisms, ~rcetri slits, Hale's oscillating
slits, Sellers’ vibrating slits (like a musical tuning fork), and
Veio's simplified rotating glass disk. Not any tyre of synthesizer
cen be used with any spectroscope design, which includes the Arcetri,
Ebtert, off-axis bbert, grating-Ebert, Hale and Littrow design.

Anderson prisms are two separate square prisms about 4" zpart
mcocunted cn the ends of an axje which rotates in front of two slits.
The fixed slits are in line with each other, The Arcetrli slits are
about 4" apart. They are parallel to each other, using a sideways
motion. Hale's oscillating slits are cn 2 metal bar about 5" (12§
mm) long. The slits are fixed and in line with each other on the
bar. Sellers' slits are on e xechanical spring mechanism. The slits
are about #" zpart and jparallel tc each other. The Velo 44 dlanmeter
vrotating glass disk has 2 4 slits cut in the paint on the surface,
The glass disk is bolted on a metzl flarnge which is mounted on the

cutput axle of a motor. ¢/,
-~ > <>
EN— == 0 [
Arcetri Anderson prisms Bale Sellersk Velo

Arcetrl spectroscope design, The Arcetrl design consists of 2
almost identical focal length lenses, one optical flat, and 2 re-
flecting grating all arranged in the form of a U-shape. The light
frcm the entrance slit passes througk ome lens, off the optical flat
znd off the grating, ana passes through the cther lens to the exit
slit, There is an even number cof vreflections, ramely two., The Ar-
cetrl design can not be used with the rctating glass disk , for the
spectrum is tilted at & 45 degree angle at the exit slit. Rotating
the groting aoces not correct the situation. The ircetri design
cnly. wWorks with siaevways mcving slits. iAn interesting design.
Remove any vibraticn problem. Instead of a reflecting grating, a

ransuission grating  can be used, but it presents no particular
design advantage. & transmission grating exists up te only 800 grooves
per mm for visible light. A vreflecting grating up to I200 lines/mm
can be used to achleve higher linear disparsicn apnd resclution.
Instead of moving slits, use the Pettit system of fixed slits with
-separately’ mounted .inderson prisms on separate motors.

Ebert, Hale, Littrow designs, All the following designs have
an ¢dd number of reflections. The Ebert design is one large mirror.
The off-axis Ebert consists of two small mirrors cut from one large
pirrvor. The grating-Ebert is the ruled area of the grating om a
concave mirrvor. Such gratings cost sbout $800. op.more. The Ebert
design has tilting of the spectral lines. Thus ‘the H-glpha line can’
not line up exactly with the fixed slits of the rotating glass disk.
But cther synthesizers have adjustable exit slits and can be used
to better design advantage, PR .




Hale design

(Hay-1)
horizontal
entrance
—4 slit
_’
smell grating
nirrors

Ebert design
(Ee-bert)

one large
mirror, § ft. f.l.
[F - — Ay s

- -
-
g
-

vertical

— —

orientation <

o' f.1., horizontal_slits
- or vertical slits

5t f.l., vertical slits

Arcetri design
(Ar-chet-tree)

vertical
flat nlens slits
=%
-
~ - screen

grating
Vertical
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SPECTRCECCPE DESIGNS

These &are scme ccmmcn spectrosccpe
designs, particularly the Littrow.
Crossing over of extraneous light
is blecked out by a screen placed
along the optical axis. Or the
screen with holes can be located
acrcss the optical axis, Dotted
lires zre the light crossing over.
For the Littrow %Veio) design, the
rositive meniscus lens shape is
best because the two lens veflec-
tions are mcre ezsily blccked out
than with a planc-convex lens orvr
related shape.

Littrow design

entrance

biccrnvex lens

Veio design
{Vee-oh)

positive
meniscus lens
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The Hzle design is two sphericsl mirrors made separately and
the saxe focal length witoiné" inch. There is some tilting of the
spectral lines at the exit slit. The Littrcw design has one lens
of ticonvex, plano-conveX or positive meniscus skhape, Or an achro-
watic lens is usable. With the biconvex, planc-convex anc achro-
matic shape, there are two sun reflections off the surfaces of the
lens. They must be removed. Cne small black piece of tape placed
on the rear surface of the lens and another small disk ‘on a
wire atout z foot from the lens will remove the two veflections.

The positive mensicus lens has two lens reflections, but they
can be conveniently blccked out. The rear surface of the lems 1s
about the same radius of curvature as the equivalent focal length
of the lens. The light from the entrance slit bounces off the rTear
surface and focuses near the exit slit, assuming the optical axis
of the lens does not coincide with the outprut sxle cf the motor.
The second- small but very bright reflection is blocked out with a
swall I/8" (3mm) disk mounted about ome. fcot behind the lens.
This small reflection moves as the rotating glass disk revolves,
but the reflection movement is very slight apa the disk  is
more than big emough to block it out. Bale's slits, Sellers’ slits,
and the rotating glass disk all kave moving siits and would work
best with a positive meniscus spectroscope lens shape. The reason
is the extranecus reflecting light can be ccmpletely removed.

The rotating glass disk can not bve used with a biconvex, plano-
convex or aciaromatic lens shape because the extranecus light from
the entrance slit reflects off the convex rear surface of the lens
ana back to the exit slit. What happens 1s as the rotating glass
aisk turns arcund, the light off the Littrow lens also moves. This
results in a large part of the sun in H-alpha light that can not be
stuaied because there is a whitish hnaze on that part of the sclar
disk. Blocking out the two reflections from the biconvex lens (and

ctiner related shapes) is impractical because thne blocking disk
must be too large in order to ccver the area through which the re-
flections shift cue tc¢ the movingslits. A synthesizer that

can be usea with any lens shape for the Littrow design is Anderson
prisms beczuse the slits are fixed and the necessary blocking
disk . need only be small. The HYLOV synthesizer is all right.

The Ebert and Hale spectroscope designs heve harmful extrane-
cus sun light from the entrance slit which crosses over and reflects
off the mirror(s) and back to the exit slit. The light can be eli-
minated by having a screen placed alcng ana parallel to the cptical
rathweys so that no crossing over occurs, Or have the screen across
the optical pathways ana holes in the screen in the proper places,

The importance of adjustable slits, particularly the exit slit,
is 1f the spectroscope optics are cf relatively short focal Llength,
about 3 feet (one meter), the spectral lines will be tilted rTelative
to the exit slit. The tiltéd H-alpha 1line will not coincide exact-
ly with a fixed exit slit. The result is that part of the spectral
light through the exit slit is H-alpha light and the neighboring
tilted part of the H-alpha line misses the rest of the exit slit.
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Wnen cbserving the sun in H-alpgha light,pnarrow part ofthe sun is H-
alphe,enc the rest will te &z aifferent wave length, plus or minus
about cne angstrom. With & Littrow design (eny lens shape) zbcut

€ feet (I.9m) fccal length, there will te no sigrificant tilting of
the spectral lines. With the Hele or Ebert cesigns, there is tilt-
ting of the spectral lines, depending upon the focal length of the
optics. About IZ feet (Z.8m) focal length is prefevred with the
latter twc designs. Keep slits close together, about four inches.

Synthesizers versus syectroscores. For a portable spectrohelio-
scope, Arcetrifs slits, Hele's slits, and Sellers' slits present a
minor vibration problem. Therefore, only Anderson prisms and the
rotating glass disk are workable. Anderson prisms will cost atout
$200 mounted and the votating glass disk about $200 or mcre by an
optical comrpeny. From the eccnomic point, the voteting glass disk
is preferred. Making the rotating glass disk is very delicate.

The tolerances for a pair of Anderson prisms are .semi-critical,

A summary of some of the solar image syntnesizers which can
be used only with certzin spectroscope designs:

Syntnesizer S1lit motion Spectroscope optics
Avcetri | Hale | Littrow¥®| Velo#*
Arcetri slits silaeways yes rio no no
Anderson prisms|fixed no yes yes ves
Hale's slits oscillating | no R R ves
Jellers' slits |vibrating no R R yes
Veio disk rotating no R R yes

* Lens shape is achnremat, plano-convex, biconvex; long f.l. best.
#*# Lens shape is positive meniscus only; about 8'f.1.([9wm),
R Recommended cnly with long focal lengths; about I2 feet I.l.

Frofessional spectrohelioscopes have very long fecal lengths.
The telesccpe is about I8 feet f,l.,&nd the spectrosccpe is about
IZ feet f.1. The amateur dces not in most cases need such lencthy
optics, About half such dimensions will serve most excellently.

The rotating glass disk was invented in I2I2 byF.Stanley. Hale
and Mitchell hed worked with it. Mitchell's glass disk was 8"(200mm)
dizmeter ard cut with IB0 slits. His optical-mechznicel mcunting
was very invelved. The author reduced the size of the disk to 4%4'
(10Bmm) znd cut only 24 slits in the paint, Decreasirng the separation
of the slits from 8" to aW'recuced the cff-axis effects of the spec- -
treoscore lens upon tilting the spectrzl lines to nothing. Thus one
aegree prisms, as employed by Mitchell, were not needed, The over-
all simplification and gmaller costs of rotating glass disk were
considerable, ' ' : ) '

I

Diffraction gratings, The resolution of a grating is calculz-
ted in a simple manner. With a 32mm x 30mm ruled area of I200 g
per mmo, then 32mm x I200 totals 38,4C0grdoves.This total number of
lines divided intc the interested wave length gives the resolution
in the first order. Thus, for the H-alpha line:8563%/38,400 grooves =
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SPECTROSCOPE CONSIDERATICNS
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The three diagrams at the left depict the
" x 4" clear window on the spectrcscope
disk. The H-alpha line is in the window.

With a2 € feet f,1. spectroscope lems, the
tilting of the spectral lines can nct be
detected. If the spectroscope disk is rto-
tated by the finger up and down, the H-
alpha line will lag behind the side re-
ference marks abouto#td as seen in the top
and bottom diagrams,

When the 24 slit disk is exchanged for
the srectroscope disk and the motor turn-
ed on, the field of view cf the solar
disk is not all I00% H-alpha light.Rather
the top and bottom of the field is a
little brighter than the dark middle,
which 1s pure H-alpha light.

Theo&f lag of the H-alprha line is caused
by the slight bending of the sun light
through the spectroscope lens in an off
axis position. .

Exit port (wihdow) 3/u4m by 1/2" (18mm x 12mm),

The rotating spectrohelioscope disk,
Drawing at left shows the H-alpha view
of the solar disk. The top is about 856244
wave length. The middle is 6562.84,or H-
alrha. The bottom is about 6563.28 wAVE~
length, The air current wall 1is used.

With a 2 feet f.l. spectroscope lens, the
H-alpha line will be tilted about £,
Fixed slits and 'Anderson oprisms are all’
right., Rotating disk will not work.

If the air current wall ‘15 not used,
the field of view of the solar disk in
H-alpha light results in various zig-
zegged patterns of uneven H-alpha light.
Solar deteil 1s not as easy to discern.

There must be no seriocus sources of vibra-
tion on the spectrohelioscope or in the -
environs. The H-alpha line would be badly
shakened, giving & very irregular appear-
ance to the fleld of view,
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0.17% resoluticn. This is I00% resolution which seldom happens. ibout
S0% rescluticn is a better vazlue which is 0.I98 with the preceeding
example. For excellent contrast to sclar disk detzil in h-alpha
light,a bandwidth of 0.6R 1s selected. The irating must have a re-
solution of at least I/2 of C.64,namely 0.2A resolution, &although
O.BE resclution is test., This is why a small grating will give fine
contrasty views of the solar disk. A small grating of about 4C% re-
solution yields about 0.48. Such a fair quelity grating will show
conspicuous detail on the solar disk, such as bright flares and
bright plages and dark filaments, but ruch fainter disk detail will
not be ailscerned, which includes faint flares, faint plages and
fazint grey filaments. There iIs much more faint detail cn the sclar
disk than obvious detall., :

The etficiency of a grating is the amount (Jarrell,1964) of
light concentrated (blazed) in a particular regicn of the spectrum,
in 85% efficiency at 50004 (green§ blazed wave. length means that 85%
of the green light is located at 50004 wave length. The best com-
prouwise grating to buy is ome with a blazed wave length of SOC0A.
The full visible spectrum from the violet tc the red can be used.
There is a fantastic amcunt of spectral detail in the green and blue
regicns of the spectrum and much less in the yelloew, orange and red
regions. With a top quality 32mm x 30mm grating of I200 gr/mm,
about 4C00 spectral lines will be resolved in ths first order by
the eye. This is almost as good as by photography by & large pro-
fessionzl solar observatory. Witnh bhigher orders, much more lines
will ve uiscerned, Higher orvders alse proauce finer resclution and
greater linear dispersion. The second crder has twice as much re-
solution. ) '

To observe a higher orcder, 1t is necesssry to useifilters
(glass or gelatin) to eliminate overlapping orders. 4 deep Ted fil-
ter is for the red end of the spectrum,and a blue filter is for the
violet end of the spectrum. In the red part of the spesctrum cf the
first orcer, a rec filter is needed in order to view further than
ebcut 72COR wave length. Otherwise the Fraunnofer A line can not
oe cbserved. In the blue-viclet region of the seccnd order, a blue
filter 1z used to view the d and X lines., For the green regiom, no
filter is required in the second order,

Spectrosccpe limitations, .. It is best to have scmewhat leng-
thy fccal lenatns for the spectroscope because adjustments are
more convenilent,and full grating resoluticn i1s much easier to
achieve. The eyepiece for fine spectroscecplc detall is not the sanme
25 requirea fcr spectroheliosccpe work by the 24 slit disk. Long
spectrosccpe focal lengths permit wider entrance slit wicdths so
that critical adjustment., is not necessary. The following table
has grating empirical (actually observed) resoluticn of 90% in
the first crder. For-comparison the bottom examples have 45% re-
sclution. Notice how the eyepiece focal lengths-ana slit widths change
&s the spectroscope focel lengths vary. The IZ feet and 6 feet f.1.
designs are for a spectrohelioscope, Of ccurse, they can be used
for a high powerea spectroscope. The 3 feet designs are comparisons
Grating 32%30mm ruled area, 1200 gy/mm. ‘
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Definition of Res' width (resolved width) in the table is
the width of the resolved lineson the svectrum. For example, 0.2%
resolution is C.00L" (100 microns) width onthe spectrum with a 12t
(3.8 m) f£.1. spectroscope. The desired slit width should be about
one-third. Changing the spectroscope f.l. and/or grating resolu-
tion will alter the coantrast of the faintest resolved spectral
lines. To compensate one must change the slit width and/or the

eyepiece f.1l. in order to maintain the same contrast of resolved
lines as before.
Theo. | Lin. Sgpec. Emp. | Res'd Slit Eyepiece
res. disp. f.l. res, | width width f.l.
90% | 28/mm | 12' (3.8 m)|0.2h} 0.004" | 0.0013" | 4" (100mm)
44/mm 6! 0.28 | 0.002" | 0,0007" | 2"
84/mm 3t 0.28 ] 0.001" { 0.0003" | 1
45% | 2&/mm | 12 0.4% | 0.008" | 0.0027" | 8"
4} /mm 6! 0.4% | 0.004" | 0.0013" | 4n
88/mm | 3¢ 0.4 | 0.002" ] 0.0007" | 2

For the very faintest spectral "detail possible by the gra-
ting, use about to 10 microns (0.0005'") for the entrance slit.
For good detail, abcut {5 microns (0.001") is quite acceptable.

{ 5 to 10 micron | A medium strong line is
| slit width easily seen.A medium faint
| line 1s visible. 4 very
: faint line is barely seen.
med - ft very ft
t about 1Smicron-| A medium strong line re-
] . slit width mains the same. A medium
1 ‘ faint line becomesa fuzzy
\ ' faint line , Very faint line

may or may not be seen.

Tilting of the E-algha line.,At the exit slit +the tilt de-
vends upon the optical design of the spectroscupe system.,

separation of slits: 31(150mm) 6'"(300mm)

shape f.l.0 qpr 61 31 12¢ 61 3t
biconvéx lens none none trace |none trace |more
pos. men. lens none none littleinone little|too much
two mirrors (Hale} |trace little{more little |more too much

Try to keep the slits relatively close together, particularly for
moving slits (rotating glass disk) that can not be adjusted. Slits

that can be adjusted are an advantage, whether the slits are fixed
or moving.
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Moving slit synthesizers. They have a peculiar problem.

As the slits move, the H-aipha line at the exit slit lags behind

a

slight amount. For a 6% f.1. (1.9 m) spectroscope lens as an

example, 1f the entrance slit moves up #" (6mm), the H-alpha
line does not move down exactly " with the exit slit. Instead,
the H-alpha line lags about 0.,004" (100 microns) and shifts out
of the exit slit. The field of view is not all H-alpha light.
The top and bottom are a slightly different wavelength. Remember
the H-alpha line is 0.006" wide (150 microns).Examples below.

0.6% bandwidth

6" f.1. (1.9m)

/4
slit 0.006" (150p)

1200 gv/mm grating

0.28 bandwidth

slit 0.002" (50p)
6' £.1. (1.9m)

1200 g¥/mm grating

slit 0.006" (150p)
g' rf.1. (2.7m)
1800 gT/mm grating

If you use about 9' f£.l. svec. lens and an 1800 Er/mm

grating,
view becones

the . M-alpha line becomes much wider, and the field of
almost all H-alpha light., The H-alpha lag effect

is minimized. With moving 5liis, only the H-alpha line is useful
with a 6' f.1l. spec. lens. Exit port 3/4" by 1/2" (18mm x 12mm) .

Other spectral lines (He, Na, Mg, Fe) are narrow, about

0.001" (25 microns) with a dark core of 0.18%

. The spectral line

lag effect is serious. Only a 10% narrow central part of the
field .of view is one wavelength, or practically nothing. It is
possible to tilt the grating tc the second order. The sgectrum

is stretched about +two

tires longer, making the narrow lines

a bit wider. But the spectral lines become slightly tilted at
higher orders. Then the tilted spectral lines do not coincide
with the exit slit. The very narrow field of view is useless.

The best way to
fixed slits, There is
siit can be tilted to
Anderson prisms are a

use both H-alpha and metal lines is vwith
no spectral line lag effect, and the exit
colncide with the tilted spectrsl lines.

good

solution. There is one wavelength

over the full field of view. The H-alpha line can be used only
in the first order, not in the second order which has overlanping

orders.
cond orzers,

The He and metsal lines can be used in the first and se-
easier and best in the second order because the

spectral lines are wider, less critical to adjust the slits.

The strong green metal lines and yellow helium have no

over-

lapping orders. Blocking filters are unnecessary. So the lines
can be used to pass the maximum amount of light for a reasonable,
bright solar image. Going from 0.6% bandwidth to 0.1% means less
light into the eye. But changing from the red H~alpha line to the
green region of the spectrum means a brighter sun image because
the eye is several times more sensitive to green than red light,.
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Anderson vrisms. The adjustment (Hale, 1929) of the vrisms is
as follows. bkach prism is mounted in a cell at the end of a steel
shaft, which 15 mounted on amaluminum dbase plate. The prisms with
base plate are nlaced in direct sunlight. Rotate the steel sharft
slowly. View the rectangular areas of sunlight as reflected from
the four faces of one prism on a wall about ten feet (three meters)
distant. Mark on the wall the end of one of these rectangular re-
flections. Adjust the prism in its cell until the ends of the four
rectangular reflections are in the same position.This means the
a xis of the prism coincides with the axis of the shaft. Repeat
for the second prism. The two prisms may not lie in the same plane.
Rotate one of the prisms until the faces are together.

Entrance and exit slits are supported by a main base plate.
Each slit rotates on a small, round base, The slit can be rotated
about its center. The exit slit is provided with another motion
for lateral adjustment. Set both slits in a horizontal line on
the main base plate. Fasten the main base plate carrying the slits,
shaft and prisms to the front of the spectroscope box. One prism
in front of each fixed slit. Put the spectroscope box in front of
a window, but not in direct sunlight, with the prisms facing the
window. If the prisms and spec-tox are mounted on a pier, skylight
may be reflected through the prisms with one or two large mirrors.

Open the slits to a width of about 0.003" (75microns). Open
the top front cover of the spec-box. With a small hand mirror, look
at the entrance prism through the entrance slit from the rear of
the main bgse plate. As the prisms are slowly rotated, their ho-
rizontal corners can be seen as dark lines, cutting off part of
the light as they pass the slits. If these lines are not exactly
varallel to the entrance slit, rotate this slit as described above
until the light is cut off throughout its 'thole length at the same
instant. Leave the prism in this position. Look through the exit
3lit, and see the dark line due to the corners of the exit prism
through the small windows above and below the exit slit. If the
¢nincidence is not nerfect, move the exit slit laterally, or rotate
it slightly untili the light is cut off from both slits at the same
instant when the prisms are turned.

Bring the solar image on to the entrance slit. OCbserve a
narrow absorption line near the H-alpha line. Notice if the line
makes a small angle (tilt) with the exit slit. If so, remove half
of this angle by rotating the entrance slit and the rest by rota-
ting the exit slit. Set H-alpha line on the exit slit by tilting
the grating. Observe the sun in H-alpha light.

Two Anderson prisms do not have to be exactly the same
squareness. Onf®prism can be about 0.002" (50 microns) larger or
smaller that the second prism. The 90 degree angles can be about
40 to 60 arc/seconds tolerance. The pyramidial tolerance ean be
about 5 arc/minutes. The surfzce flatness may be gbout omne wave.,
The double dense flint glass should be grade A quality always.
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_Using the Anderson orisms. WVith the rotating glass disk
synthesizer, there is a second, stationary speciroscove disic with
a ¥ x ¥ incn (12 x 12mm) clear vindow. The latter is for 2bser-
ving the solar spectrum and alSo to mutually aiigh the optical
axes 0 the telescope and speciroscope lenses. See stev two in
the chapter on Setting up a Spectrohelioscope. The front door
of the spectroscope box has an entrance port of 1" x 3" (25 x 12mm).

With mounted Anderson prisms the opening behind the entran-
ce slit must be about 1" x %" high in order to fully use the
clear avperture of the Anderson prism. A mask must be used to
reduce down the opening to about }'"x 3" for:optical alignment. The
entrance slit mount must slide sideways about one inch. The Ander-
son prisms are stationary. Now moving the rear of the spectroscope
box sideways slowly, align the telescope and spectroscope optical
axes. This procedure is for a portable instrument.

To mzke observa_tions of the spectrum at the exit siit,
the exit slit mount must slide sideways about an inch. The An-
derson prisms do not revolve. The top and bottom small windows
on the exit slit mount are too small for a2 large section of the
srectrum. The small windows are mainly for centering the H-alpha
line at the exit slit for spectrohelioscope work., For the spectrum
slowly turn prism-cell with a finger. The solar image at the
entrance slit will shift up or down a bit. Thus sections of the
sun can be studied spectroscopically.

To change back to a spectirohelioscope, slide back in po-
sition the exit slit mount. dow turn on the motor so the pulley
can rotate the Anderson prisms. Now the solar disk is seen.

W¥ith .nderson vrisms 14 x 14 x 30mm, about Smm 1s to mount
the prismin its cell. The index of refraction of glass linmits . .
the actual working area to about 2/3rds of 14mnm, or 10mm high by
25mm long. Thus about half of the sun can be observed at one time.
To prevent stroag reflections of sun liszht off the entrance slit,
have a dull mask cover over about 95% of the slit jaws.

Mount an Anderson vrism.Fix in metal cell is preferred
always .. Calculate the diagonal of the prism. With a 1L x T4mm
(0.55 x 0.55 inch) prism, the diagonal is 19.75%9mm. S0 make a cell
=ith an inzide dizmeter of 25 microns (0.001") more than the
diagonal. ~he rzrism will .utomaticzlly be centered in the cell.

5. rubber b.nd temporarily holds the zrism in place. Now the prism
must be tilted sliishtly in the cell so that the prism axis and
the cell axis coincide.

A simple way is to have a raised ridge on the bottom of
the cell, File a little here and there to tilt the prism. Then
set permanently in place withr epoxy. A second way is to glue
a round flat piece of metal on the vottom of the prism. Rave .
three small epoxy knobs about 120 degrees apart on the bottom
of the metal. Put the prism and the attached metal in the cell.
Tilt the prism by filing down the knobs; perhaps 0.001" might
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be enough. A third way is to have the aforemen:ioned metal with
no epoxy knobs. Just put the prism and meti:l in the cell. Three
very fine threaded screws are 120 degrees apart on the bottom of
the cell. Adjust slightly one or more screws to tilt the prism.

ANDERSON PRISM MOUNTING

pﬁjm.uiL:f_{ {1"':T- --:,},}
ARIE N Dewnfion | metal [T
: Witz base brersrrebarzzeizan
cell o r
8 . :
SIS SN R N NIBEN
N\ N N o
R NN N R
X ~ ~] | S ‘\‘b N
ridge on . glued | metal 'F
bottom of | metal i base i
cell | base and LL: ‘and 3 t
LL: 3 knobs screws | X
r \ PETTIT PRISM ARRANGEMENT
Separately mounted prisms
and motors) one is fixed,
other can swivel arcund,
$30,
1ight iy beari cell :
duty coupling bearing '\Q: - -
™1  motor, '\\\\ RN
8 rev, ; \\':‘,&."l Vo
- — € — per Sec._ :' — —t e o — —T ] . f . v ~ -‘: .
\ |\‘1‘ - : L
_ i . prism
base support // entrance
W R P e slit W’
! '4////////////// ///_/////// Z
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MORE DETAILS FOR A SPECTROHELIOSCOPE

Other solar image synthesizers. Hale used an oscillating
aluminum bar with slits mounted near the ends. The output axle of
a motor had an eccentric knob that slammed the aluminum bar back
and forth. Vibration limited the maximum amplitude to about S/16M1
(7mm) . It is suggested to minimize the vibration by employing a
magnet and spring mechanism similar to Sellers% slits or Manning's
slits. To change from solar disk work to spectroscopic detail,
stop the oscillating slits. Move it to the side. Replace with a
stationary entrance slit and an exit window for the spectrum.

B.& . Manning (private communication,and 1982) invented a
synthesizer with fixed aluminized right angle prism. But two small
diagonals would be all right. The folded up slits move in and out
by a spring mechanism and a magnet. The magnet can be 34 to 36
guage enameled copper wire. Have four layers with about 170 turns
total. Use 4.5 to 6 volts battery current, Keep the total mszss
of the slits down to about 16 grams or less in grder to avoid
overheating of the coll. Frequency will be about 20 cycles per se-
cond. Use slightly thicker springs in order to increase the fre-
quency. So 0.25mm thick by 8mm wide beryllium copper is good.
Spring steel is also good. Brass is not recommended because it is
too flexible, and the springs tend to float. Amplitude of the slits
will be six to nine milliimeters. Do not try to see the whole dia-
meter of the solzr disk, To keep down the vibration, make a com-'
promise. Have the Manning synthesizer on a movable small platform.
To do srectroscopic work, stop the synthesizer. Move the platform
back so that an entrance slit and exit window replace the platform.

light from telescope MANNING SYNTHESIZER
Ad Top view
to spec-lens L entrance Tf—T-T 20 cycles
—E : :l f 1 per second
flxed ,'“'.‘-" e P A s A I eoual to
rism \o.-¢| K<L 2 : I :
£ 1 - N | exit E > | goazgia;er
rom spec lens e At . v m _
in outr mo Tl onj— second into
eye
v Side view magnet
Hoo- .- I . o,
i B I T l”'*?ﬁf;mﬂﬁﬁ
) L il I
springs .JL- IR
here have vertical 3i§2mm x 8om
entrance slits
slit and ﬂ
exit window contact )
for spec-work blade diode bkhunt
‘ . 0.125mm for back
EMF
» V- v v ary s s T s a7 )

- platform slides back for apectroscope work
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Do not limit yourself to traditional synthesizers. Jeffery
Young (private communication) was first to mount two small flat
diagonals, 1/10 wave, ona shaft and bearing mount. An eccentric
cam on the axle of a motor oscillates shaft -~ back and forth.
The technique was suggested by Sinclair Smith (Hale, 1929). The
solar image is moved over the fixed slits. Instead of a cam and
motor, considera spring mechanism and magnet be used too. Keep
the mounted flats from the slits by about 5 inches (12Som).
Only a small angular tilt of the flats is needed to move the
solar image. If the distance is less than 5 inches, the angular
tilt must be greater, maybe introducing a vibration problem.
The two flats must be mounted so that the axis of motion is along
the surface. The flats and shaft mount must be balenced to eli-
minate a source of vibration. The off-set of the cam can be about
3mm from the axle of the motor. The sun light can come from three
directions. '

HYLOV- YOUNG SYNTHESIZER

telescope light .¢ telescope light
from the rear from the front
ere— — —t—— .....—-._. —
fixed flat

O bearing and support

-ﬁ;\‘_slightly knodding,
oscillating shaft

and flat diagonals

trance slit down motion

——— é/, I

fixed ene-ﬁ/y sun up and

get 30 solar images
rer second with a

1.5° motor at 5 rev/second.
angle

eyepiece
A

VAR
fixed exit
slit

motor

To do spectroscopic
work, stop the motor.
Remove exit slits,
exposing exit window.

sping e
tension plastic or metal cam
S with 3mm off-set,

use counterweight

bearing

Spacek Company tried a single long prism mounted in a bear-
ing. A motor rotates the 'assembly. To have a somewhat short prism,
bring the slits close together, say three inches (76mm) center
to center. The prism now can be about four inches long (100mm).
Use a star diagonal so that the Side of the face does not block
the sun light focused upon the entrance slit.
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M. Maner related _ fixed L
this synthesizer entrance sli
to the author.

fixed
exit slit
7
b

SPACEK SYNTHESIZER

t

To do spec-work,
stop rotation of
prism, remove exit
slits, observe
spectrum, slight-
ly rotate prism
with finger for
fine detail.

e
aring light from
telescope

star diagonal

seven revolutions
per second gives 28
solar images per
second into the eye

Maurice V. Gavin (private communication, England) has a
modification of the sideways moving slits in the Arcetri spectro-

scope design. He uses a single lens

spectroscope combined with

a reversing prism (90-45-45 degrees) which yields mutual slit

motion.
reversing vrism
Top I
view
ine shifter
eye and eyeplece
and star diagonal
Hale (24, 1931) reversing /0o
uUsed reversing prism near”

crism for ex- entrance

cellent photo- slit V
graphy in H-ol

light. '

correspondence condl-.‘ -

tion not apply to
moving slits

grating

spec-lens

GAVIN SYNTHESIZER

14 back and
forth motions
gL per second 1is
equal to 28 solar
images per second
into the eye

slits about 4Omm apart,
parallel and vertical
with each other

- —— slits move
sideways motion,
Al plate 1.5mm thick
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Sellers' vibratianz slits. The vprinciple is similar to a

vartition

E exit | 0.0 |@ { o |®l® entrance
,  slit [ s1it ‘
g ejo| |®| | 1o |o]e 4
L/ | ;
‘ 51

/ > _S3 83 g
’ Q - - ~ Y
N N /
J NS 8 7744 /

7 INNQLZPNN I
7 NS\ Q& \\:'j /. /,
;o S 2 TRAOENNNT RN\ 52 ’
/ = S Vi y
55'1555f'55: ég%£ ‘

52 1El% 52
» w
oo / — 777
= S WY ,
! ;EEE spark gap y

- — G_ﬁ .

magnet W'fk contact { breaker .
ﬁorrespondence condi— |4 ;

tion not apply to
moving slits

e

! \

tuning forik. Sheet aluminum of two thicknesses (1/16" and 1/32")
is used. Srring steel is good. Jood blocks (W) suppert the spring(s)
mechanism. Two btell-crank levers (3 1 and B 2) move the slits
exactly parallel. A trace of lost motion, about ©.0005 inch (12
microns), is acceptable because the H-alpha line is about 0.006
inch wide ( 150 microns). Natural period of oscillation is about
45 cer second., But about 30 per second is quite good too. The
magnet is operated by six dry cell batteries, giving an ampli-
tude of 3/16 inch (Smm). The slit mechanism is mounted on a

pier and separate from the rest of the instrument. To avoid ex-
cessive sparking, use a two microfarad condenser across the spark
gap. Increase the thickness of the sheet aluminum will descrease
thefrequency. For S 1, 52, $3, S 4 and S 5, use 1/32 inch sheet.
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Velo combination glass disk. The stationary spectroscone
glass disk and the rotating 24 slit glass disk can be combined
into one glass disk. One can use a 5" diameter glass disk as a
maximum. Ficlkt 24 slits-as a minimum. Cut 24 sliz:s about
0.005" (125 microns) wide, giving 0.5% bandwidth for H-zlpha
work. Between two of the slits, a clear area is cut to serve
as the srectroscope window for the 'spectrum. On the other side
by 160 degrees is cut a single slit of 0.0004"( 10 microns) for
the entrance slit. A second flange is mounted on the front of
the painted glass surface. A metal screen with 24 wide slots
is mounted on the second flange. The whole combination disk is
stationary for spectroscopic work. The screen is moved withthe
thumb and forefinger so that the clear area is seen in one
of the wide slots. For spectroheliocoscoric work, the screen is
noved so that the 24 slits are in the 24 slots. Then turn . on
the motor. Do not use the H-al pha line to focus on. It is too wide.
Use a nearby narrow line.

For setting up the spectrohelioscope, first use the simple
spectroscope disk because the clear window of %" x %" is used to
mutuzlly align botn the telescope and spectroscope lenses. Next
rut on the conbination glass disk. Flicker varies from person
to person in low light conditions. The author needs 24 sun = images
per second into the eye for H-zlpha work. Out of the core of
H-alpha a trace of flicker is detected.

VEIO ROTATING DISK. SYNTHESIZER ‘(metal or glass)
Side view ' '
metal
SsCreen

clear area
in paint

for a \"E‘\:\ W
R o R \\\ \
Ny A
i H\S:\:' .‘\:R\,‘\\\F\
- AT N s
S PRV N
CoUNY ..

window

..‘ ) ‘k.. - .

flange g

s
// ’ d
g + /- - % 7 - > "\\‘\, 1
7 f '\ NN\ Y/ 7%
in v W, 22 \ N £
L . I AN
axle \ \t\ N
Gyviwe \\\‘\‘\\\\\‘ 3 ‘:;
N
AR F slit
correspondence NN {O
condition not 3§§ ¥
apply to E:\\\ =
moving slits AS
v
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SUMMARY OF SOLAR IMAGE SYNTHESIZERS

Synthesizers

Slit motion, orientation

SnectroscoPe optics

fixed slits

Anderson prisms
Pettit prisms

Spacek prisnm

- - e gp— — e

Flodqvist

HYLOV-Arcetri
HYLOV-Littrow
HYLOV - Young

moving slits

Arcetri
Gavin-Sellers
Gavin-Manning

Gavin

Hale

Sellers

Veio

Manning

Ohnishi

Veio-Manning

Spectrohelioscope
A. Telescope 9!
B. Telescope 9!
C. Telescore 9!

blazed 10, 000& X (red)

one meter =

39.4"

rotation on szme axle,
horizontal

two serarate axles,
vertical or horizontal

horizontal

rotation,

— d— — -— —

mirrors with connecting
axle, horizontal

mirrors on serarate avles,
rotate same, vertical

mirrors on servar-te axles,
rotate opp051te, vertical

mirrors on same axle,
horizontal

sideways, vertical

sideways, verticsl,
reversing prism

sideways, vertical,
rever51n¢ prism
51deways, vertical,

reversing prism
up~-down, horizontal

in-out, vertical

rotztion, radial

slits

fE rwa_rd ~backwe rdT
vertical

up~down, horizontal

rotation, horizontal

variations:
f.1., spectroscope 6' f.l., grating 32x30mm, H-alpha.

f.l.
f.l.

, srectroscoce 9!
spctroscogpe 9!
used second order,

6' £.1.= 6 ft £.1.(1.9 m)

lenses or mirrors
as you wish it f. i

ditto

ditto

two achromats,
meter f.1l.

one

or longer

one flat and 2 achro-
mats, one meter f.l.

ditto, one meter f.1,

or longer better

pos. men.

cave mirrors, f.l.
you wish it

one flat, 2 lenses

or achromats, meter
ditto, long f.l. be

ditto

positive mensicus 1
6 ft. f.l. minimum

poSs.

men.lens 6ft f

lens, 2 con-

as

£.1.
tte

ens,

1.

2 concave mirrors 12 ft.

pos.men.lens 6 ft.

f.1l.;

2 concave mirrors 12 ft.

pos.men.lens 6 ft.
straight pathwsy

£.1.,

Eblaéd-iagﬁwa§; pas._

men.lens, 4 ft.

folded pathway,
men.lens, 4 ft.

folded pathway,
men. lens, 4 ft
longer better

pPoOs

f.1

minimum

minimum
pos.

.2

f.}k., grat. 52x52mm, H-& He, metals
f.1., grat. 52x52mm or larger,
polarity work.
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Correspondence condition. When you lock in a mirrer, you
see a reverted image due to the odd number of reflections,
namely one. If you nad two mirrors prozerly set up and looked at
yourself, you otserve a true image. The same can be stated for
the speefroscope section of a srectrchelioscope. The solar image
1s seen section by section. I'or example, Anderson prisms with flxed
slits and one lens Littrow design, there is one reflection. The
solar image passing through the entrance slit comes cut at the exit
slit reverted. For somewhat wide slits, about 0.020" (0.5 mm),
the combined sections will be smeared, not as sharp as possible

—
T L . e G
solar e image s s [
prominence — - reverted B YU Y S <
e —— 0

You  add an extra reflection to the spectroscocte. There

is an even number of reflections, and the sun inH-alpna light
will be sharper detail.

exit ; : grating

Anderson
prisms

positive
meniscus
~ lens for spectroscope

With very narrow slits, about 0.002" (50 microns) or less,.
the smearing effect is minimized or gliminated. For the
one mirror Ebert or the two small mirror Hale design, there is
an odd number of reflections, namely threeincluding the grating.
Add an extra refilection agrln solves the reverting protlem. For
the Zbert design, have -the inderson prisms mounted paranllel to each
other for maximunm sharpness of detail. Thus four reflecti ons,

reversing prism

entrance by entrance slit

‘qdz

Ebert motor and Hale spectroscope
snect“oscooe;) A-prisnm
5' £.1 curved slits " motor and A-prism
ﬁ-(
grating

Pettit had each Anderson prism mounted on the output axle
of a motor-bearing combination. No wobbling of the prism cccured,
"One of the two motors could be rotated about its own axis in order
to have both inderson prisms in relative synchronity.

For the Arcetri spectroscope with 51deways moving sllts, the
focal lengths of the two lenses must be almost - the same in order
to minimize the H-alpha lag effect. With fixed slits and separate
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Anderson prisms on two motors, the two lenses do not

have to be
exactly the same focal length. Thus two reflections,

reflection

Arcetri A-prism (;1 grating
stectroscone £ S I/4 - %
and reflection motor &
grating - 50" f,1.
-10" f.1l. —=
son  f.l. 2X Barlow Ca screen

“% > ¥ ‘?/// > —4RF1at 1/26A

The two lenses for the spectroscope can be commercial optics.
Edmund sells 53" f.l. achromats of 3 inch diameter for about
#150 each. The telescope can be another Edmund * achromat of 50" f.l.
with a 2X Barlow, giving a minimum desirable 100" e.f.l. Instead, use
two zuide scopes of 60mm diameter, 900mm f.l., and 1800 gr/mm grating.

Have high linear dispersion , hﬁ/mm, ‘to detect small and
large Doppler shifts. With 350' f.l. one can use an 1800 gv/mm
grating of 32x30mm ruled area. For average high dispersion of
about 6&/mm in thne first order, use a 1200 gy/mm of 32x3Cmm area.
Eoth gratings produce high resoluticn of 0.2 or better. A large
refractor can ‘have an Avtetri spectroscope attached to the end,
converting it to a spectrohelioscope. The long focal length of the
refractor is an advantage to study very fine solar detesil. The re-

fractor nust be diarhragmed down to match its F:ratio with the
spectroscore. o '

Arcetri C’// flat 1/204A
spectroscore - E

w:j.th. trans- 7 7 som .1 trangmission
mission grating . O o T grating

A-vrism 0

@ flat 1/20A

For minimur linear dispersion 2f about 128 /mm for the sun im
H-21lpha light, select a transmission grating of 600 gv/mm, 32x30mm
ruled area. Grating resolution will be a.out 0.45. A better ;srating
would be 50x50mm ruled area. They are abtout twice the price of a
reflection grating of similar ruled area. The 50x50mm trans:rission
gr-ting will yield about 0.2f. Following table compares transmission
versus reflection grating at 0.68 bandwidth. Notice how narrow the
slits must become for short focal lengths of 24",

linear -dispersion, first order, 0.63 bandwidth H-X
spec. transmission grating reflection grating
f.1l. 600 gT/mm slit 1200 gT/mm slit
75" (1.9m)| 8%/mm 0.003" |  4&/mm 0.006" (150M)
A 128 /mm 0.002" 6%/mm 0,004 (1908
24" 248 /mm NR 0.001™ 128 /mm 0.002" (s

NR, not recommended.
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on grating is nzi particulasrly recosmended with

4 transmlssil
a 3C' .1, szeciroscore. Detecticn ¢l fast uuk;lar shifis is lizited,
in the iiterature of actout 50 years 550, workers discuss zratings
£00 gT/mm vecause only that was available. Now 1200 —T/ m gratings
are on  the mar<et, s0 take auvantaye OI tnem. The Arcetri design

with a reilection grating of 12CC gr/mnm or 1300 gr/mmn is a much
detter design than working with a iransmission grating. Comrarison
»f transmission versus reflection zrating is to make you aware of
the limitation of a transmission grating. Narrow slits of Q.00i"
(25microns) are not easy to work with. Also high linear discersion
has %o be seeh 1in crcder to be fully aporeclated.

Sunmary of the correscondence condition with two swectro-
scoce designs and nunber of reflections.

Hale, Littrow,
synthesizer odd | odd Fbrsynthe51zer with moving sl1it§,
— — - the correszondence condition
oscillating slits —_ —_ dces not anvly. COnly with fixed
_ siits "11ll the condition be

rotating dicsk - — considered or not.

pderson ©risms "o no With very nerrow slits, the
: < . | condition is minimal cr
snderzon prisms ves ves elim%nated, no rroblem at sll.
+ small prism So disregard the small prism.

yes, condltion satisfied; no, condition not satisfied.

Cue to the index of refraction of glass, a transmission
grating can not be used with more that .zbout 600 gv/mm for a
spectiroscore., 4 transmission grating costs more than 2 reflection
grziing of the same ruled area...

A test of the correspondence condition is possible as folliows.
WWith a stationary Anderson prism or other mechanism, oven the fixed
axit slit wide and center the H-alrna within it. Next open the fixed
entrance slit somewhat. Bring the solar limb into it. JNote how the
linzb enters the H-alipha line. If ths limb 15 convex in the same
direction in both- the openings of the entrznce and exit slits,
the corresgondence condition is satisfied. If the curvature of
the two 1images is oprposite, the condition is not satisfied.

-
. | el 0| 20 e, 00
entrance slit exit slit entrance slit exit slit
condition not satisfied condition satisfied

Just add one reflection or a reversing prism will satisfied th#
corresnondence condition.
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W-spectroscove design., It is posgssible to mcount a power-
ful, compact spectroscorge onto a medium-large refractor. T he
long focal length will be a distinct advantage, giving about
two to taree inch (50 tc 76mm)} diazmeter sun image at the prime
focus. The VW-design can be equipved with Anderson prisms inthe
Fettit arrangement, converting it to a spectrohelioscope.

'« The best design would be a spectroscope with atout nine feet
(2.7 m) focal length. P lus or minus " six inches is all right.
A 52x52mm grating is minimum, preferably 64x64mm. Buy 1200 gv/mm.
If money is no problem,1800 gr/mm is best. The F:15 refractor
must be masked down to the F:ratio of the spectroscope. This
minimizes heating effects also. Spectrum 4.5 feet long, or more.

2. A good design is a spectroscope with about six feet (1.9 m)
focal length. A 30x32mm grating is minimum. But 52x52mm 1s better.
You get a brighter sun in H-alpha light, and _you can use narrower
slits for a narror bandwidth, s ay about 0.2 HBW or less. Again
1200 g7/mm is minimum but 1800 gr/mm is good. Spectrum, 3 feet.

3. As a bare minimum design, use the Arcetri design of two
achromats with an 1800 gr/mm grating. Two guide scopes of 60mm
dizmeter and 900mm focal length are wocrkablesSolar spectrum will
be about 2.2 feet long (0.7 meter).

two guartz flats, 1/20A , mounted
on a gimbal for easier adjustments

about 10 inch (250mm)
or more, refractor
objective

gcreen

exit slit entrance slit

eye and BSy Anderson
eyeplecefs prism and
notor

strey light blocking
disk

spectroscope lens, positive meniscus

reflection grating
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Stretch the svectrum. Different svectroscope focal lengths
and gratings will widen the spectral lines to a n advantage.

r—

Grating Focal Lin. disp. | Spectrum | H-9X * | He, metal®
length in green length n.6% 0.18
600 g¥/mm | 6 feet, | 8.6%/mm 1.5 feet, | 0.003" | 0.0005",
1 st order| 2 meters C.5 meter 751 121
1200 g7/mm | 6 feet 4 .38 /mm 3.0 feet | 0.006" | 0.0010"
1 st order R
gt 2.8A/mm LSt 0.C09" | 0.0015"
12! 2.13/mnm 6.0 0.012" | 0.0020"
1200 g1/mm | 61 1.95%/mm b.5? 0.013" | 0.0020"
2 nd order
1800 gY/mm | 6! 2.74/mm 4.5 0.00S" { 0.0015"

1 st order

* The 0.68 and 0.1% are the dark core, not include the wings.

As you tilt the grating to higher orders, the specira be-
come longer and some parts overlap. A 600 g7/mm grating has orders
from one to eight. A 1200 gr/mm grating has corders one to violet
of the fourth. An 1800 gr/mm grating has orders one and up to
green of the second. For 1200 gv/mm grating,

K Mg H-ot Viclet K light in 3rd
P— — K Mg Na Heot order is faint, not
s — . : s M cause problem near Na
order 2 nd K '8 of 2nd order.

3 rd

Winere the orders do not overlap and do not reguire bloclking filters,
this is called the free svectral range. For the 1200 gv/mm grating,
it is the green and yellow of the second order and green only in
the third order.

The linear dispersion of a grating at various gr/mm is
linear at low gr./mm {300 gr/mm and 600 gv/mm) and low orders
(one to about four ). With gratings of 1200 gv/mm and 1800 gv/mm,
the linear disversion is not linear in higher orders. For exanmple,
a grating of 1200 gr/mm displays 2.2 times more disversion in the
gsecond order in the green, three times more in the mcond order
a t H-alpha. In the s ame order, particulaerly higher orders, the

disrersion varies _ a bit from the violet to the red. Some
lines to memorize:

orange red H-o¢ B C 65634A green, two iron F8é bs 5169K A
yellow sodium Na D, 5896 green, Fe and Mg —~ b’ 51674
yellow sodium Na D, 58904 blue H-beta ~ H F* L4861
yellow helium He DS 58764 violet calcium Ca HE 3968
green magnesium Mg bo 51844 violet calecium Ca K 39344

green magnesium Mg bl 51734



Using commercial optics. If you can not make or buy long
focal length lenses or mirrors, some commercial items are avail-
able as a good compromise.

For the telescope, use a 3" (76mm) diameter refractor ach-
romat of F:15, -10"f.l. Barlow, giving about 100" e.f.1l. Or pick
a L' (112mm)} diameter Newtonian mirror about F:25 and use
without a 3Barlow. Diaphragm down to about 23" (43mm) opening.

For the srectroscove, there are a few possibilities:

A. ILbert design, 6" (150mm) diameter mirror,F:10 is good but F:12
is better, 32x30mm grating, 1200 gr./mm, Young's nodding mirrors
and fixed slits. Rotating glass disk will not work.

B. Hale design, two 3" (76mm) diameter mirrors, about F:25 if
possible, 32x30mm grating, 1200 gr./mm, Young's nodding mirrors.

C. Arcetri design, two 60mm achromats, about 900mm (36") f.1.,
one diagonal 1/20 wave, 32x30mm grating, 1800 gr./mm, and
Arcetri sideways moving slits, .about 12mm maximum motion.

D. Littrow design, one 3" (76mm) diameter achromat, about F:15
preferably, 32x30mm grating, 1800 gr./mm, Young's nodding mir-
rors. Two reflections are removed: one narrow black strip on
back of achromat, one small black disk several inches (200mm)

from back of the achromat.Tilt the achromat will mova reflec-
tions to the side,.

The above designs can be in a straight line, or folded up
with cne or two diagonals. A large diagonal, about 2% (67mm)
mincr axis,can be used for a heliostat. A two mirror coelostat is
not needed in most instances. All designs above will vproduce about
35" (0.9 m) long solar svectrum. The H-alpha core will be about
0.005" (125 microns), which is still guite good to work with.
In designs A, B, and C, the cross reilections will be blocked out
with screens placed along the focal lengths of the optics. If you
can obtain two Anderson rrisms, you still can use the above designs.

In regards vibration of the whole instrument, if the instru-
ment shakes about 0.001" (25 microns) and the slits are about
0.005" (125 microns) wide, you do not have a oroblem. But if the
instrument shakes about 0.005'" (125 microns) anc the slits are
about 0.002" (50 microns), then you have a problem with seeing fine
detail on the solar disk in H-alpha light. Keep the amplitude of
moving slits about 4" to %" (6mm to 12mm) in most cases. If you can
not get reasonably the same focal length for two lenses or two concave
mirrors, use the conjugate foci principle., For example with two
mirrors of 47" and 50" f.1l. With the 50" f.l. mirror for the en-
trance slit, have the slit moved in about the 48.5" f.1. position.
This will refocus the H-alpha line at about the same mutual focus.
at the exit slit. Use the same technique for two lenses of almost
the same focal length. Just juggle the conjugate foci.
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Tor e solar eclizse,. Use2 nzli & spectirsscoze in order to
sez th2 :fiasn spectrun, which lasts only a2 few saconds of tine.
L oTrian oarm low cc3t reflsciion grating is vwerikszbiz, 4 high
~uelilty Tranzmission zraciang 1s unneceszary, a21lsc eurnensive,
“he pri:m cr grating nust Se nreoperly crientated to tas sun o
the scectroscove will not werk. The szrooves of 1 graiting must
be carzllel to tze emerzing solar limb, which forms a natural
slit in the sky. The grooves <o not havo to be exactly parzllel,
just close. 2 single achromat of atout 176mr f.l. and a 25om f.1.
eyerzlece 1s a gopd combination. \
transmission
~ - grating
176mn £.1.
¥ svectrum

solar limb
amerging parallel eyepliece and eye
to prism base

Set up and adjust complete spectroscove (collimator/telescope).

1. rocus

Ly

tneg telescore with 25nm. .l.grertiecea. Loak an
otject zbout 300 vards (30C msters) or more away. Hold the
ayewlece in fl&cm with masiting tape,or ctanervwise.

2. Put the telescoze and collimator togethsr on a tatle and in
line *1tn ezch other. Focus the slit in the collinater by
ni t pmounting taci and forth. The sliit «will
iz corrzct Iccus.

i mounting voard.
=“risn and
age 01 tn=
entering

acT-

ct

HOoocD
133 <D
(8

e

Set

rt‘
w

Log; oyt
D

1

wne

. Make 130 angle.

211 fla:z mirror, low caost, refle
ccllizsztor, Swivel the telessccpe
t0 better see the ends of the sze

=
cidr
g

! -
ac

ix ooty

» o

crro
[l A e E
I
ot D
O
ri ()‘

@©

¢t the
iron
ctrunm.

sun

127

light
To 1353

[l pdeian
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solar spectroscaope.
woula like to have a zaowerful
design. ¢ UiOTK3 2o0d.

seen from the V”Olﬂt to

If you do not have much room and
solar stectroscope,here is a tested
There zre about 4,CCC srectral lines to Dbe
the red with a quality 32x30mm reflsction
griting of 1200 gr/mm, resoluticn about 505, of theoretical. There
711l se two small strong rzfilections off the biconvex zchromat.
2lso & third fainter one. They are caused by the sun light
bouncing off the front and rear sonvex surfaces., By Jjust tilting

the zchromat a few degrees,

the three reflections

will move off

the zchromat and to the szide of

the speciroscoze box.

stectrum lines

The solar

w1ll be slightly tilted but no ssricus problem.

Tilt the grating from the first order, 13 to 26 degrees, up
tc higher orders, 50 degrees or more. Glass filters will be needed

to see through the overlapping orders.
amateurs at

lztion for

b2

The design will be a reve-
convention. Pici the green region with the
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magnesium linss. kake a drawiag in the first crdear. Co to
hizher ordarz. Zotice how zirong lines Become much soroager and
wicer. rzint lines Secone doricer. 7ou oo na2togsrion the
solar stecirum too. Tax2 uv the syesisce of the stectraoscose.
Zemove the camerz lens. Jith an adaptor set the camers body
on thzeyeriece noider o the stectiroscore. focus careifully.
ialte exposures of the spectrun.
. single element lens good,
better deslgn approximately
50mm f.l. eyexziece
cO’ theo.
<+ \[\ ”ablnc'
-10" f.1, 200 gr/mm
telescopne 2X -
g
1/10)\ /
flat 50 inch f.1. slit 0.0002 inch, spectroscoPe,
mirror  1o0v e.f.l.(z.5m) OF 5 microns 50 inch f.1. (25 m)

Here are two designs: acceptable low cost; better more expensive.
The dimensions of the onti

cs zre not criticzl. But the achromat

ior tne spectroscore must be good cuality. The talsscove can be
2 cheap lens. You need a telescope in order to fill the grating
witn sun lizht. From the first order up to the violet of the
fourth is »scszible. ithout the telescore, you will only be zble.
to ootserve 1an the first order. The gsecond order will ve too faint.

aitit a2 3004 gquality zchrcmat for the telescowne, it will bve
vossible To view orizht =rcuzinances 12 emiszican in the ssectrum.
It will not be easy to do with about a 50" f.l. talezcoss oe—
cause the sun image on the entrznce slit is small, about ha
inch glsmeter. 7ith atout a 50" {.l. ~chrcmat and a 2X :ar13764°“FJ9
z_ving 100" e.f.1,, the sun imaze will be almest an iach in

diameter. low the detectiion of prominences is oetter. The flat
mirror also must te high guality, about 1/10 wave flatness.

*d

. . . . . 9 X

A nizgh resolution grating will resolve =azbout C.2a or better
in the first ordsr. You will need aoout ' f.l. spectroscope lens
to see this detail. The rescluticon of 2 prism deJends upon the

langth 01 the base. i 30mm vase will resolve about 21; 10mm base,
avout 6. 4 large prism will be well: Jorth it, costing about $80.
A low cost grating will have about 5% retlcal resolution,

A grating of J2ax25mm ruled area with 600 gT/mm (15,000 total grooves)
”lll nave the eguivalent of =zbout S,OOO grooves to resolve the

sun light. It takes about 1000 grooves to .resolve 63, just

barely senarnte the two spdiunm llnes. So §,000 grooves w 1ill re-
solve about 12&. A small grating will cost - about $80. The writer

has tried both a 30mm base vrism and a low cost grating. Both |

give interesting results. The grating is the preferred first ch01ce,
particularly 1200 gr/mm and 1800 gv/mm.
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Hand svectircscove. An inextensive way Lo 7bserve the solar
vectrum is to build & small, efficilent srectrosco-e. =«n equilateral
degree prism , dense {lint, avout 32mm dase, or a low cost re-
flection grating, (2 x25mm, from odmund Scientific Co. will work
fine. About H4CC strong and faint spectral lines can be studied.
Two achromats,32mm dizmeter and 176mm foczl length,are adequate.

[ORN O]

optics in box do not
have to be light tight box

ilight [ 60°

sun

B is blocking wall,
ﬁl stop stray light

ﬁ/.spectrum 16mm long

25mm f,l., approx.
eyepiece

small
low
cost 'll‘ :

: collimator
mirror,

IA 130 degree
angle

telescope

The field lens of the eyevpiece will be about 25mm diameter.
The stectrum will be about 16mm long. You will see the whole spec-
trum. Hount Ttwo razor blades close together. One blade is fixed .
The other is slightly moveable by finger pressure. Hold the mounted
blades up to a light bulb. A very narrow, barely seen slit will be
about 0.0002" ( & microns) wide. Gently toueh the moveable blade
so that the secaration dincreases to about 0.001" (25 microns).
The nerrow slit now will be definitely seen but still not too
bright. Use a 74 eyeplece micrometer to check the slit width.

KRB H-7 H-3 Mg Na. B-4 B A (&
(1 Ll L1 b
violet blue zreen yellow red

spectrum by a orism .
many clcse atmes,lines

With a & micron slit, many delicate faint svectral lines
can be discerned. The strong lines are otvicus. The three green
magnesium lines ~nd the two yellocw scdiun lines are resolved easily.
The ends ~f the zpectirum in the vicliet snd in the red will ve a bit
faint but the rresence a2f the violet H line and the red B line
w%ill be noticed. 7ith a 25 micron slit, from the violet K to the
red A line nuw can be observed with the increase in light through
the slit. With careful scrutiny the deep red Ca is there too.. It
is three strong calcium lines centered about 8542K wavelength. The
red A and red Ca are strong lines but are not sharply outlined.
The red B line is strong and sharp. The violet H and K lines are
also strong but fuzzy. Many sections of the spectrum are faintly
shaded due to many close lines that are not resolved. There are
many lines in the violet and blue, some in the green, and few in
the yellow-orange-red.



Tmission svectrcscone.A simplehand spectroscore can te used
tc stuay the emizsion lines of a mercury light. ith just the
svectroscoze (prism or grating), neint it at a2 room lizht tulb.
n incadiescent Lizht will show & b*;;ht centinuous sctecirum. [ne
second order can azlso oe viewed. Vith a mercury lizht, yrou yiew
a faint continucus scectrum with “right (o) and {zint emission
lines which are sharczly outlined.

deep violet ©blue-violet blue green yellow red
no

7//‘ R M /// f’_/'.[,/:r ////1 : /’// ‘/_ // /// light ,
vlack ol /9 ' R | DR A 7, black
e l ) /. g ) RO ) . -
b b mercury b b b
43602A 43583 light 5614 5704

Qther ways. 'With just the reflection grating in tae hand,
you con azke & prelizinary study of the crders. 3tznd in 3 semi-
dzrik room. Let the zun light rass through the window and fall uron
the grating. solar szectra will form on the ceiling. Tilt the

grating, and the second crder will appear fainter out much
longer. 5*g
: Edmund 12 x 25mm
Any grooves/mm !mmeﬂ“““‘ b 1 will work fine.
is useful:600 | - e spectrum Mot need costly,
gr/mm, 1200 gr/mm ~ y high resolution
1800 gr/mm. | a \ﬁ ﬁ eve grating.
Iave z light tult about ten feet bvenind your baci in a

room. Hold the grating so that the vulb spectra reflect into

your eyves. Tilt the grating. . szectrus on one side of the gra-
ting normal will Ye Tright. Un the sther side 2f tne ncormel,

tne uabvlazed szacirum will e =0 1: 2¢ nun%t use tne

S Arrnge.gn

=un for tal
! Reflaczi
/ -k - reflection
NG - = 2, grating,
=N\~ g , 12 x 25nmm

ruled area,
50008 N blaze.

Hold = low cost, zdmund slide transmission grating close
tc the eye. Look at & light bulb covered with only a nwrrow
slit showing. Snort spectr=z will enter your eye. The technical
concent of first and second orders sometimes confuses an amateur.
Zut with 4 little =»rzctice with simple grating materizls, one
becones confident in handling » gra_ting so to proceed to make
a spectroscope, or something bigger.

Can. use reflection
gratingz, 12 x 25mm;
just reorientate
the bulb, slit

u031tlon.
For 51mple demonstrations, low cost grating will work good.
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‘avouts for a svectrohelicsceoxne, ID you nave zn observatory
Aar & snmall snac<, there are variocus ways to Tut the somewhat long
Toczl lengths in & shelter, decsenciag urnon north-scuth orientation
znd 2ther factors, For the nortaern heml—s;here, tie sxy iz the
southern direction must ve free of obsiructions so that a two
nirror Hzle coelostat can be used. Here are some top views
with the ovtics horizontal to ths ground.
N
- G shaclk
5 | out of line
Syn S G
slop's
Sym - T
straight L-design
desig -
&n Hale coelostat T
4//ég V-design
< T e Hale coelostat

Hale coelostat

G.

T, telescore lens
/ S, spectroscove lens

G rating
North Pole : & g

Syn, synthesicer
/
I
P

: North
Zeliss aor
Arcetri Pole “\\

coelostatf T polar heligstat
vertical
L-design '\\E
G G S Syn
POl T PSS T

If you nave only clear sky in the northern direction, then use a
simple or polar heliostat design. The above two designs are a V or a
half vertic:l arrangement for a good compromise.
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‘A spectrohelicsccpe in a straight line of 18 feet { 3 @) ac-
curies a fair amount cf space. & falded up desizn with two flats
can rut the focal lengths in a box atout nine feet lcng, but the
latter can bte a bit awkward to handle. This was the author's first
design in 19€4., A more ccmpact folded up-design is suggested.

Thus a perzanent ov semi-permanent solatv obsetvatory 13 best.

Besign Arrangenent Fiers Set up time

straight line| all permanent| fixed piers, spec-box,| zerec minutes
aoptics parts tele-lens, coelcstat

ditto geml-perma- & Tixed pters, mcvable| about % min.
nent spec-box and welostat

ditto seni-perna- 3 movable piers left about 5 min.
nent on matked ccncrete

pads, mcvable sgec-
box and ccelcstat

ditto all portable | Z zcvable pilervs, 20 ziInutes
syec-bcx,corlostat

folded up permanent box sets on 2 Iixed zero minutes

crtics piers

aitto semi-rcerma- bex movable, 2 fixed 2 minutes
nent ciers

ditto 2ll portable |box mcovible, dsc picrs| S minutes

Profils of the H-alvoha line. Zxamples of detﬁéls in emisgion and
absorsticn. The darx core of the rine is .64 wide at LE/mm dlsp.
- The core is 16% of the continuum,

violet red : : : 0
- ‘ continuum is 100%.
#ing wing Photospheric
- L0 T,
: ™ medium bright flare or plage in emission
- 50
had -~ faint flare or plage
~ 20 very faint flare or plage, 20%
L 20 oo J////, very faint filament in absorption, 14%
p o core -~ very dark filauent , 2%
6% !
10 \ faint i ‘ issi 2%
i
’ ‘L '—“*w"”~ aint prominence in emission, 2%
-03 o +o0.3R
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SETTING UP A SPECTRCEELICSCOFE

dasic procedure, To aiscuss &il the necessary facts at one
time for setting ugp a spectrohelicscore would be rather ceteailed.
Cenfusicon mey ensue. Therefore, a trief outline will be mentioned
first. Then further pointers thereafter. With a little experience,
it will be realized that the iInstrument is easily mastered,

It is assumed that the optical axis cf the spectrosceope lens
is aajustea almest down the middle of the spectroscope box. More
aiscussion later. It 1s alsc assumed that the optical axis of the
telescope lens 1s adjustea parallel to the side of the baseboard
of the helicstat-telescope platfcrm. And mere on that leater.

The procedure {or setting up is as follows:

Step I. Put the heliostat-telescope platform anc the spec—
troscore box on their respective piers,

Step 2. Mutually &align the optical &xis of the telescope and
spectroscope lenses.Use spectroscope disk first.

€3]

Step 3., Move sideways the grating mcunting to reflect the

sclar spectrum back to the exit slits.Use 2" f.1. eyepiece.

Step 4. Feocus spec-lens first.Turn the micrometer which tilts
the grating ip order to place the H-alpha 1line in
the center of the field of the eyepiece.Focus tele-lens.

Step ©. Exchange the spectroscope disk for the24 slit spec-
trohelicsccpe disk. Turn on the mctor and observe the
sun in H-alpha light. Use 5 " (i2%mm) f.l. eyepiece now.

Ao just tle spectroscecre lens, Now for ail the extra details.
The optical axls eI the spectrosccpe lens must pass almest down the
nidale of the spectroscope bex within sbout half sn inch ( a centi-
meter), This is not difficult &nd is su:sficient. Open the front Ccor
cf the spectrosccpe box. Remcve the 60 vpm mctor., With a flash
+ight clcse to the eye, look cown into the midale of the box teo ob-
serve the reflection off the rear of the surface of the spectroscoge
lens. Shift the lens focusing platform up ana down ané sideways.
cet the locusing platform permenent anc replace the motor. The
Iirst roflection ¢if the spectroscope lens now bounces off the lens
and bacx to the sice of the exit slit by about half an inch. The
output axle of the motor must zlso be mcunted so that the axle is
in the middle of the front of the box. Accurvacy within I/22"(I mm)
is alright. Exactly in the middle is not necessary,

The seccnd reflection off the spectroscope lens must be blcck-
ed with a I/8" (3mm) diameter disk which is mounted from the
bottom of the spectrusccpe box and about I2" (Z00mm) behind the
spectrosccpe lens, Put the spectroscope disk on the output axle of
the motor. Have the 4" x 4™ (I2mm x I2mm) clear area 1ined up with

the eyepiece holder.Put the sun on the entrance slit. Remove the
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ELIMINATE SPECTHCSCUPE LENS rmEFLECTICNS
exit siit . .
First extrznecus reflection is at exit clit
-<( »: n if optic axis and gotor exle axis ¢einycide,

paint positive
on meniscus
aisk-¥ spectro-

Scoperlens

———— rotating glass disk
entrance slit

Benove first extranecus reflection by coff-axis
tilt of the spectroscope lens ty half inch (12mm).
——

optic axis

femove seccnd extranecus reflecticn by blccking
out with a I/8" (3mm) dizmeter disk placed
apout IZ2" (300mm) behind the spectroscope lens.

]“—FB-EJOmmm-)‘1

par

Sun light to and from the greting in ovder to
observe the solzar spectrum anc the sclar disk

exit in H-alpha light. grating

out—goiﬁz(sunf light

— —

- in—goiﬁ%‘éun light

In a é{fict sence, the optical axis of the telescope is adjusted
with ‘the in-going axis of the sun light into the spec-box. Read
discussion carefully.
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eyeplece and look into the spectroscope box. The second reflection
will be small but very bright and easy to see. Acjust the disk
wounting until the r<flection is blocked cut.

Ad just the telesccpe lens. The optical axis of the telescoge
lens must be parallel ana centrally aligned with the helicstat-
telescope platform baseboard which holds the focusing rails. Ad-
just the optical axis of the telesccpe as fcllews. Use a long
table for mutual’ leveling of the eye with the baseboard.

For simplicity only tral liEhEde:ZD
the telescope lens . CEE — e — — — _—PpEeYE
and the bese board ' %

are shown. parallel = __ — — —

a

Place the eye about &' (2.7m) away from the telescope lens,
Hzve the eye central and parallel to the basevoard. Use a flash
light close to the eye and observe the reflection off the rear
surface of the telescope lens. Shift the telescope lens until the
flash light reflection bounces back to the eye. The adjustment does
not have to be exact; close within 4" 1s good and easy. Special
collimators are not necessary.

Step I detzils, The heliostzt-telescope platform must be mount-
ed sc that the optical axis of the telescope lens passes within 2"
through the entrance port of the spectroscope box., Put the helio-
stat-telescope platform on its pier 9' away fromthe spectroscope
box. Look along the edge of the baseboard of the platform. Eotzate
the rlatform until the edge is lined up only with the front side
of the spectroscope box. Now the telescope lens enters the entran-
ce rort of the door. Next the rear of the spectroscope box 1s moved
up and aowvn and sidewcys in order to line up the spectroscope lens
with the telescope lens. ‘

}nzzfmn1 g@iq h\4i; Lin
] |
! | optical _
-— T T axis

eye : ’edge

3 — —_— — side of box
Shimeing ad justmwents, When setting up the three plers with at-
tendent helicstet-telescope platform and spectroscope box, it may
not te possible to place the piers so that the cptical axes of the
two lenses can be easily and mutually aligpned., Some shimming may be
necessary in the height of the heliostat platform and/or the rear
of the spectroscope box, The middle pier is not moved; only the two
other piers, : ‘

The first possitility may be that the heliostat pler is a bit
too short. Therefore, make and keep on hand a piece of wood about
one inch (25mm) thick with the length and width the same as the top
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dimensicn ol the pier. This wood shim elevates the neliostat plat-
form one inch so that the rear of the spectroscope box can be mov-
ed up or down a tit more when a&aligning the spectrcscope lens.,

Now perhaps the rear of the spectroscope box must be onlv
raized %" above the top of the rear pier. Well, a hzlf inch of
air sgace supports nothing. Then make and keep on hand two wood
wedges about 3" (75mm) long, 1" (25mm) wide, and tapering from I/8"
(2mm) to I", This gives a variation ipn smell amounts for wedging
the ena of the spectroscope box. The reason for two wedges in-
stead of ome 1is that it 1s easler to shim each side of the rear of
the box. Adjusting the spectroscope and telescope lenses here and
there half an inch{centimeter) 1s not too crude and will not cause
trouble in the performance of the instrument. Long focal length
optics of high F:ratlc , about F:50, permit some leeway, thereby
greatly minimizing criticality of adjustments.

Step 2 details, After the heliostat-telescope platform and
the spectroscope Dbox are mounted on their respective pilers, the
optical axes of the telescope and spectroscope lenses must be
mutually aligned. This alignment does not have toc be exact, Jjust
close, No special optical devices are required, The spectroscope
box pivots at the front ¢n the middle pier by a nut and bolt hold-
ing them together. The rear of the spectroscope box mcves up and
down ana sideways so that the light passing thrcugh the entrance
potrt of the front door falls upon the diffraction grating via
the spectroscope lens, The rear door of the box is lifted in ovder
to see if the grating is properly illuminated,

Have the sun image centered and covering the entrance port of
the front door of the spectroscope box. The spectroscope disk has
a clear area on one side which is 3" x 4" (I2mm x I2um) aguare. Op-
posite the clear area is the slit about 0.COI™ (C.025mm) wide. Now
put the spectroscope disk on the cutput axle of the motoryand turn
the disk until the clear area i1s lined up behind the entrance port.
Thus tne light from the telescope lens passes through the entrance
pert ana through the glass disk cleer area tc the spectroscope lens
and to the grating. If the spectroscope box is correctly aligned,
the light rassing through the spectroscope lens will fully and
evenly llluminate the grating. This is not 1likely to happen the
first time,but a little practice 1s sufficient.

If the top half of the grating is illuminated, then the rear
cf the spectrcscope box must be moved up about onme inch (25mm).
If the bottom helf of the grating is illuminazted, then the rear of
the box must be moved down. If the left half of the grating is il -
luminated, then the rear of the box must be moved to the left, and
so forth. The clear area of 4" x 4" on the glass disk must not be
too big ot too small.

Step 3 details, Now the optical axés- of the two lenses are
aligned. The light falling on the grating and reflecting off it
passes back through the spectroscope lens tc the vicinity of the
exit slit. Look through the peep hole at the end of the spectroscope
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box in order to see where the spectrum is located near the exit
slit. Move the greting mounting horizontally (sideways) in order

to position the spectirum at the exit slit. Within I/I8" (about 2um)
is good enough. Manually rotzte the grating cell so that the spec-
trum is vertical with the exit slit., Verticality does not have to
be perfect.

Step 4 details, Rotate IB0O degrees by hand the spectroscope
disk sc that the clear area of %" x 8" is now limed up with the
exit port of the front door where the eyepiece is located. The en-
trance slif of the glass disk is lined up with the entrance port
of the front door. Now the entrance slit passes a narrow secticn
of the sun light to the grating which resolves the light into fine
detzil in the spectrum,which is seen through the glass disk clear
area with the eyepiece,.

Focus2'fl.eyepiece on a speck of dust on the painted surface
of the spectroscope disk. Mark on the side of the eyepiece so
that locating it in the eyepilece holder will be faster next time,
Focus the spectroscope lens by pushing the focusing rod in and out.
The H-alphe line is not likely tc be seen. Tilt the grating down
by turning the micrcmeter head. It will put the H-alpha 1line into
the cemter of the field of the eyepiece., Line up the H-alpha
line with the reference warks on the side of tkhe 4" x %" clear
area, Double check the focus of the spectrosccpe lens and leave it;
see below for the reason, Step S5 details.

with tne spectroscere disk still cn the cutput axle of the
wotor, shift the heliostat mirrvor to¢ place the sun image so that
zbout half of it covers the entrance slit. Lecking into 2"gleye~
plece; hall the fiela of view will be vlack due to nc sun light
réssing through half the entrance slit. The other half of the field
of view wilil be the red part of the spectrum due to sun light going
through the cother haif of the slit. The i-alpha line will still be
visible, Actually the region of the spectrum arcuna the H-alpha
line will be &an orange-red, nct a true rea, but fcr the sake of
simplicity the weord red is used. Now fccus the telesccpe lens by
locking &t the edge of the spectrum locatec in the midcle of the
clear arez, This is the edge ¢f the sun zand will be & blur if not
focused. When the telescope 1s fccused, the blurred edge of the
spectrum beccomes sharply outlined , Now exchangefor 57 f.1, eyepiece,

Step & cetails, Exchange the spectroscope dis: for the stec-
troneliosccre 24 slit disk. Turn cn the rotcr and cbsecve in ii-
alpra light, When the spectreosccpe lens is focused at the H-alpha
line, make no futrther focusing adjustments beczuse a slight shift
of the lens will slightly shift the H-alpha 1line so thet it will
not coincide with the exit slits. The focusing mounting for the
spectroscore lens must be free from pley and wobbling. Slight
spring tensicn is desirable. The high F:ratio of the lens gives
great depth of focus so that mutual focusing of two lenses is not
cifficult. Derth of focus for an F:44 lens is zbout 2" (6mm). Depth
of feccus for two such lenses together is half, about I/8" (3mm).
For comgarison, a 6" (I50mm) F:8 mirror has about 0.006" (0.ISOmm).
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The spectrcscope disk has one cut about0.001" wide on the disk
surfece. In the spectrosccre disk drawing the cut (cotted line) passes
through the center of rotation of the glass cisk, whicn is mcunted
cn z wetal flange. The wicath of the cut is exzggeratea for better
v.sualization of tke parallel relationship of the entrance slit
formed by the one 0.001" slit: asnd the reference marks on toth sides
of the clear area, When the H-alpha line is.in the center of the re-
ference merks, this means the H-alpha line is exactly lined up with
the center of rctation of the disk anc the entrance slit. Thus
when the spectrcscope aisk is changed for the spectrchelioscore 24
slit disk, ycu know that the 24 slits: are sutcmatically lined up
with the H-alrha line as the 24 slit disk rotates. The spectro-
scope disk anc the 24 slit disk must be the szme thickness, 2.4 ww.
When the spectrosccpe disk is used to focus the spectrum and Fosi-
tion the h-slpha line, you know that the 24 slit disk is mutually
focused when changed frcm the spectrosccpe disk.

Alr current 'wall. When observing the sclar disk in R-alpha
light with the 24 slit disk, &ll cf the field of view of the sun
may de dark H-alpna light. Sometimes the extreme top and bettem of
the fielc cf view may be slightly brighter ana tne middle of the
fiela will ve darher. This is due to air currents in the spectro-
sccre box slightly meving the d-alpha 1line on the exit slits. The
brighter tecp ana bottom, if it occurs, are a slightly aifferent
wave length.

A few inches behind the 60 rpm meotor is placed a piece of thin
material (metal) with two 1" (25mm) diameter holes to let the light
frcm the entrance slits t¢ pass to the spectrcscope lens ana grating;
tnen back to the exit siits, The wall ' prevents stirring up the
air in the spectruscope box as the 24 slit disk rotates on the motoer
outiut axle. The twc holes are ceovered with gocd quelity reticle
glass,wnich can be purchased from Edmund, Scientific, Microscop e
slides are acceptable, All glass shoula be tested by autocollima-
tion for quality. The air current -wall helps to give a very uni-
form fiela of H-alpha light,vwhich results in viewing the solar disk
detall much better perfecrmance by about two times, The author has
been the first to use such a simple device for the past several
years, Cther observers are strongly advised to put it in their
instrument.
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CONSTRUCTION COF A SFECTROZELIOSCCPE

Warning. The spectrosccpe lens must be & Lcsitive meniscus
lens shape 1n orcer to function witn the rotzting glass disk act-
ing as the solar image synthesizer. The telescope lens can be any
lens share or an acnromat. A Newtonisn or Cassegrzin mirror de-
sign may be used.

A linear dispersion (spreading out the spectrum) about 4%/mm
in the first order is necessary. 4 75" (1.9m) f.l. spectroscogpe
lens used with a reflectance diffraction grating cf I200  g¥/mm
preduces the proper linear dispersion. The spectrcscope lens.does
not have to be exactly 75". Plus or minus a few inches (centimeters)
is Allright and allcws meking the lens scmewhat easter. Siit wiaths
of 0.C06" (0.I50mm) on the 24 slit spectronelioscope disk will pass
0.64 and will give excellent contrast of the solar disk detail in
H-algha light. Do not use slits wider than 0.008"( 0.200mm),or 0.24

Spectroscope box. The front docr of the box can be 1/8" (3Zmm)
thick brass or aluminum. Anything thinner is mot good. Wood %"
thick is sufficient. The door must be painted black to prevent the
sun refliecting off the door into the eyes in a manner similar to a
mirror. Flat black paint is best, but glossy black is acceptable.
sncther dark color (deep brown perhaps) might work, but do not use
white. The rest of the box can be any colcr. The 854" (2.I72m) long
spectroscope box is for a spectroscope lens of 78" f.1. (I.205m)
in the red part of the spectrum. If the lens is shorter or lenger,
then corstruct the box proportlionately shorter or longer. It is best
to make the box about 290", for it can always be shorten later.

Cne revcluticn/second mctor. The rotating glass disk with 24
slits rotetes cn the output axle of a synchrencus motor of I rps,
or 60 rrm (rev./minute). The mctor. is placed inside the front of
the spectroscope bex, The motor is ©bolted to an L-shaped metal
flange of I/8" (3mm) thickness. The metal flange and motor are
bolted to the bottom of the front of the box. With the 2¢ slit disk
passing 24 solar images irtc the eve per second, there no flicker in
the H-alpha core. But out of the H-alpha core, a trace of flicker.

The motor should be of syncnronous design so that the rotating
glass disk revolves at exactly one revgluticn per seccnd. If the
mctor revolves less than I rev./sec., this resultsin annoying flic-
xer. If the motor revolves slightly mcre than I rev./second, there
wili be no troubles. It may not be possible to conveniently obtzin:
a I rev./second motor of synchronous design. A series motor design
way work. It has I7Z5 revolutions/minute %or almost 29 rew/second)
without any gear reduction. Use a 30:I gear recduction vratioc with
such a motor to have it function at almost I revclution/second.

A synchreonous mctor is about 24" x 2+" x 24" (57 x 57 x 57mm)
ana will easily fit in the front of the spectroscope box. During
motor operation, the warming of the motor will cause no serious
heating rroblem. No insulation is needed. A series designed motor
of similar size might be placed outside the box and mounted there.
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Have an output axle extension intc the box to
worm and gear riatio. The latter i=s mounted on
is suprorted by two small bezrings. This axle
ting disk placed on one end., Some motors have

join with a 320:1I

a piece of axle which
has the glass rota-
slight vibrations.

lever use thnem, for such tiny vibrations slightly shake the spec-
troscope box and also ripple the air inside the box. The result
causes the [-alpha line to shimmy on the exit slits and presents
a datrk and light messy H-alpha view of the solar disk. Always buy
a very smcoth turning motor.

The motor must be about 7 to IO watts, depending upon the ma-
nufacturer, in order to have enough torque (axle turning power). D o
not use a small motor of about rovA watts, for they do not have
enough torque to safely rotate the glass disk without danger of
stalling and burning out. Small watt motors also have too much
output axle eccentricity, which can cause the glass disk to wobble
too much as it rotates. A trace of glass disk woboling of about
0.00k" (25microm)is all right, but too much more than that can give
eye strazin, for as the 24 slit glass disk wobbles, it also wobbles
the sun as the latter passes through the glass disk.

Near the motor is a I/4" (6mm) diameter hole to bolt the front
of the spectroscope box to the middle pier. This hole is a pivotal
point, beth horizontal and vertical motion? for the rear of the
spectrosccpe box in order to align the optical axis of the spec-
troscc_pe lens relative to the telescope lens which 1s bolted on
another pler nine feet (2,7m) away.

Address for rrocuring a synchrcnous motor and gears:

Winfred M.Berg
499 (Ocean Avenue
East Rockway,L.I.
NY 11518

Minarik Electric Co,
224 East Third 5%,
Los Angeles

Calif, 9CO0I3

Stock Drive Products

55 S. Denton Avenue

New Hyde Park, NY
11040

Minaerik is z aistributor for Bodine motors, which cost about
#93 for a 10 watt I revolution/second speed. Bodine motors have ab-
solutely no vibretion. They would be excellent for a spectrchelic-
Scope mcunted even on an equatecrial mounting. Send for free pamphlets.

Making the spectroscope box, The spectroscope box is
of wood that are nailed tcgether., Drill a hole about half
meter of the nail in order to aveid ugly splitting of the
is a geood woed and is inexpensive. Qzk: ccsts more but is more
rigid. Thickness of the wood should be about half an ipnch (I2mm) as

minipum, Up to about 3/4" (I8mm) as a maximum .Plywood about I/4"
(Bmm) thickness is equivalent to wood about twice as thick, such as
pine., First paint one side of the four planks with flat black paint.
Then nall them together. This is much easier than nailing the planks
first and then frustratingly painting the inside of the box later.

A 5" (I25mm) diameter aluminum tube can be used.,. '

four planks
the dia-
wood. Pine

Line shifter glass, The I/6" (4mm) thick line shifter can be
made frowm good quality reticle windows of gcvernment surplus, A I"




71

(28mm) window will cost about 5 aollarsor less. Do not use com—
mercial window or picture frgme glass unless it has been tested,
¥cst commercial glass hes striae or surface irregularities that will
seriously warp the solar light passing through it to the eye. Two
microscope slides, I" x 2" of I/I2" (2mm) thickness, can be mcunted
tcgether to give I/6" thickness. The microscope slides will be not
quite as good asveticle glass but the slides will suffice. The
line shifter must not be too thick. Use about I/5" (5mm) as a
caximum thickness. At the same time the glass must not be too thin.
About 4mm to 5mm is good. Too thick or too thin glass will result
in a line shifter that 1s too sensitive or not sensitive encugh
in order to have small wave length changes at H-alpha.

Dust om the grating, Dust is the enemy- of a diffraction grating.
Whenthe spectronelloscope is not in operatlon, always put a cover
over the grating. Never touch the surface of the grating. Any slight
hupen mark 'will be permanent, for the surface is extremely | delicate.
When the grating is received,the ruled area will not be seen. The
grating will aprear as a common optical flat, but the I20¢gr,/mwm
ruled area is there. Never blow with the mouth at any particle on
the grating surface, Tor trere 1s & high chance thet a bit of saliva
will be scattered on the grating. Generally, it is best just to leave
the dust alone, for a few specks of dust will cause no harm,

When the instrument is set up for cbserving and there is a dusty
surface nearby, water the ground a little. This keeps dust off the
grating via gusts of wind. If no water hose is avallable, walk
cavefully. Never have children playing near the instrument. Put ugp
a 3 feet (Im ) high fence around the instrument if relatively com-
plete isclation is not possible. Put up a sign that you dc not wish
to be disturbed, unless the sign states otherwise. Remember that
when a surge fillament or prominence cccurs, you will have only 3¢
minutes to observe the event. This will rvequire full concentration
on your behalf. Children, adults and animels are distractions.
Have little or no talking by people near you during observatiocns.

Liffraction grating aauresses, Two high quality grating companies.

Diffraction Products,Inc. Richardson Grating Laboratory
P. 0. Box 645 820 Linden Ave.

Woodstock, I11l. Rochester, N. Y.

60098 14450

Write for a free catalog. If not sure of catalog number, then just
write grating wanted: reflection, ruled area, grooves/mm, blazed wave-
length. They will fill in details., Years ago Rausch and Lomb changed

ownership, .

Diffraction grating mounting, & good gquality micrometer, cost-
ing about $60 . can be used to easily and precisely control the ver-
tical tilt of the grating =angle. The H-alpha line must be placed
exactly at the narrow exit slits. A& high quality micrometer also
permits megsuring the gruting angles versus the spectral lines ob-
served. Have 2 vernisr on the micrcmeter. Put a crosshair in the




2t §,1. spectrosccpe eyepiece. Place the spectrzl line on the cross-
hzir and reac the inch or mm velue on the micromster to 0.000I7

(2.5 migron)With a known wave length, such as the H-alpha line of
6562.8 '8 wave length, other wave lengths can be determined. Now a
solar spectral atlas can be tabulzted. A top quality wuicrcmeter has
no backlash but a low quality, . .low cost micrometer doces have some,
perhaps about 0.002"(50micron) reading error.

Source of a top cuality micrometer head:

Campbell Tools Co. J. T. Slocomb Co,
2100 Selma Rd. 68 Matson Hill Rd.
Springfield So. Glastonbury
Ohio 45505 Conn. C6073

Micrometer desired is & one inch (25mm) spindle travel; no ratchet
or lock nut needed; vernier 1is optional. Average price about §60,

If you are siaort co money or not interested in meesur.ing
wave lengths, then buy an inexrensive wmicrcmeter. The main point
to understana 1¢ that vertically tilting-the grzting the preper angle
for tpe H-alpgna line at the exit slit is impossible by cirect menual
ireens. Mechenical leverwuge oI scme design must be employed. The
writer uzes &n excellent micrometer head. Turning the micrometer
0.0QOY'(Eémicron%dll shift the H-alpha line at the exit slit by
0.2n. Flacement of the H-elpha line is not difficult,

The grating mcunting consists of 1/8" (Zmm) thick alwsinum or
bress, This thickness gives excellent rigidity which is absclutely
necessary, Very siight flexture c¢f thinner petzl will easily shift
tre spectrum at the exzt slit. A slight bencing perhnaps of 0.COL"
ci’ thin metal due tc temsicn on the grating mounting can shift
the spectrum ebout nalf an angstrcm at the exit slit. The H-zlpne
iine will carely ziss the exit slit, rendering inoyerzble tie in-
strument. Anything thicker than I/8" is not necessary. Massive
parts «re zlsc not regulred, Much precision lathe work or expensive
metzl castings are ccmpletely ticiculous. Just simple pieces of
metal of good strength and preper share will give rigicity for a
grating mounting. Precision arilling of the hcles is not neeced in
most instances., Flacement of the holes in the plens te within 1/32"
(eoout Imm) is encugh.

The edge of the grating nas & smell bevel of &5 cegree angle.
ihree =mzll machine screws spaced I20 degrees arart barely touch
the glass bevel to retain the grating in its cell. Thick paper or
cerk act as a shim cn the sides of the grating in its cell to rre-
vent any slight movement which could shift the spectrum at the
exit slit with the result that the E-zlpha line will barely miss
the exit slit. Do nct gut any mecnanical pressure directly on the
grating. Never,

There zre tnree mctions of the greting in its greting mcunting:
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(I) votation of the grating cell with grating; (£) herizoutal
wovement cof the wncle grating mcunting; and %3) verticael mcove-
ment cf the grating cell with grating. The votation <f the grating
cell gives tne mutual parzllelness of the lines cn the grating
+ith the exit slits. This mutuzl parzlieiness does not have to

te exactly perfect. ‘Plus or minus 2 degrees will result in no
seriocous loss of rvresolution of the grating. The horizontal move-
ment cof the whole grating mounting pcsitions the spectrum at the
exit slit. This horizontal movemernt is not delicate but a simgple
slew mcticn device to push at the rear of the grating mcunting

is desirable. The verticzl movement of the grating cell snifts the
zpectrum vertically (up and down) at the exit slit. Cnly this
moticn is delicate.-

with the micrcmeter several feet {(few meters) distant from
the eyepiece, it wculd be nancy to have bevel gezrs or some system
with & long control rod to turn the micrcmeter, thereby saving a
gocdly ameunt of walking back anc forth. Lo not depend upon an
assistent &ll the time. & bevel gear system will cost about $4C. To
save mcney, Jjust wrep a plece of string arcund the micrometer head
znd pull on it. This teclmique aliows coverall viewing of the solar
spectrum, For exact placement of the H-alpha line at the exit slit,
the Iingers must turn the microzeter head.

insteaa of turning the micrometer head by finger control, it
is possible to move the line shifter which will quickly put the -
alpnha lipe at the exit slit. Of course, this is not the true func-
tien of the line shifter, for pow it can not be used as such,
since it is tilted at an uncalibrated angle which iInitially should
be 90 degrees with the optical axis of the spectroscope lens. It is
a good laez to have twc line shifters ne&ar the exit slit, ocne be-
nind the other. Cne is always used as the true line shifter and the
ctrher - ¢zll it an H-alpna tuner - &as & Iine adjustment fcr the -
alpna line. ihis earrangement retzins one c¢f the line shifters fcor
ceasuring soppler shifts cf solar disk detzil. The thicxmess of
the two shifters shcula be about the same,

Benind the back of the grating cell is attached a lecng plece
cf metcl. It 1is celled the gratipg cell arm anc gives long deli-
cate levereage for the vertical motion of the greating cell. The
length siculd be about 5" (I2Emm). The micrometer spindle presses
cr. the end of the grating cell zrm In order tc vetically tilt the
greting cell. To connect the motion of the ena cf thes micrcmeter
spinale to the ena of the grating cell arm, & small L-shaped fiange
is used. 1he flange is hela tc the end «f the grating cell zrm by
a wichine screw zna nut. The L-s8haped flange has a 30 diameter de-
pressicn (about I/I6", Imm) so that the end of the #" spindle dia-
meter fits into the depression. Now turning the micrometer will
rot push sideways the flange which would move the grating cell and
snift the spectrum at the exit slit. Have very little play for the
3pindle 1n the depression, certainly pot more than 0,C027 (50 micron).

A 1" (25mm) spindle travel of the micrometer is desired in
order to tilt the grating from the violet tc the red regions of the
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spectrum. A *" spindle travel is acceptable but only about 2/3rds
of toe spectrum can be viewed, namely from the red to about the
green, The prlans for ths grating mounting have a grating cell dis-
tznce (frem the surface of the grating to the micrometer spindle)
of 54" (I34mm). For a %" micrometer srindle travel, this distance
must be decreased to about h&",‘(LOB_mm), but no less. Now from
the violet to the red of the spectrum can be studied. A tiltImg
dcwn of the grating to a I3 degree angle places the violet region
of the spectrum at the exit slit; & tilting of 23 degrees shows
the H-alpha line: These values are for the first order with a .
1200 gr/mm_grating.

Wood parts, The telescope and spectroscope lens: focusing ar-
rangement is a simple wood slide with wood rails. To avcid binding
have a I/32" (abcut Imm) recess along most of the side and bottom
cf the wood slide, for the wood rails or bottom board may be slight-
ly warped. A bit of vaseline or light grease gives a smooth motion.
The lenses are mounted in a hole with & metzl retainipg ring. The
telescope lens may be allowed a tiny bit of play, preferably none,
But the spectroscore lens must have no play, for a slight shift
of the lens in its mounting will slightly move the spectrum and
H-alphe line off the exlt slit. The édge of the lenses shculd be
slightly beveled to guard agzinst chipring.

The HA wood pedestal censists of fcour pieces of wood that are
nailed together. The pedestzl is bolted on the same wood base board
which suppeorts the lens focusing slide and rails. Cn the top of the
woocd pedestal 1s a sheet of metal which prevents the RA bell bezrings
sinking into the wocd. Bearings can ve bought from Sears and Ree-—
buck and Mcntgomery Wards retall stores. Check their catalogs. For
cther bearing scurces, lcok in the telephone directory.

Heliostat. A 4" (I0Omm) pyrex mirror of I/8 wave flatness is
gocd for the neliostat. It will cost about $400.The helicstat fork
can te I/8" thick aluminum bent intc a U-shape. For the Teclination
axis, smell bearings can be mounted on the arms. Falf inch dilameter
bearings are large enough, but even #" bearings may work. Be care-
ful to lire up the btearings to aveid binding. A ltacugh not obvicus
in the plans, the wirror surfaece must be 1n the plane of rotation
of the center cf the Declinaticn axis. T ilting the mirror platform
by the fingers can be tedious at times. 4 simplie sicw motion Dec-
lination contrel isreccmmended. Can use 3" (76mm)minor axis diagonal.

RA drive. The RA motor is not shewn in the plans, just the 96:1
gear (boston Gi03I) and its worm (Boston LTHB). The worm and gear
can be obtained from Edmund Scientific Company for akout §40, But
Boston Gear 'iorks nas many offices 1n the largest cities, Look in
the telephone directory. A solar Ri drive for an equatcrial moun-
ting needs a I revolution per minute motor with a 96:I and I5:I gear
ratios, This gives a total gear reduction ratic of I440:I. Now if
a telescope is mcunted horizontal to the earth in a north-scuth
directicn andcoalostat reflects sun light into the telescope, then
the mirror doubles the motion of the sun acrcss the ground. The RA
drive must have the gear reduction ratio doubled (2 x 1440= 2880:I)
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in order to reduce oy half the doubled mction of the sun. The doub-
led motion of the sun now is a simple physics law cf optics of
light reflecting off a surface., Thus, a 96:I and a 30:1 gear ratiocs
equals 2880:1 total reduction ratic with a I rev./minute mctor for
a polar: hellostat . or a coelostat. Do not use slow revcluticn
mctors, about I/30 rev./minute, because slight backlash will not be
teken up gquickly. Do not use low watt motors in the " -4 watt range,
for they do -not have much torque and they tend to stall. A stall-
ing motor will not drive the gears.The mirror will not follow the
sun in order to keep the sun image on "the entrance slit. A motor
stalling perioaically for a few seconds will vresult in the sun
drifting on the entrance slit. This czan be meost annoying at times.
AN 8watt mctor willcost about §30versus a 4 watt motor costing
about $i5.Therefdrethe amount of dollars saved is not worth it.

Optics &nd testing, The radii of curvature (RCC) of the bi-
convex telescope lens ARE plus 64" (I.626m) and plus 384" (9,754m),
for an equivalent focal length (e.f.l.) of IIO" (2.794m) . The ROC
of the positive meniscus spectroscope lens ARE plus 25%2"(648mm) and
minus 75" (I.205m), for an e.f.l. cf 75". A tolerance of plus or
minus four inches (IOCum) for the e.f.l. is quiteAllright. This
saves time in making the lenses, The clear aperture of the two
lenses is 2.5" (64mm) and 2.0" (50mm).The glzss is about 3" (6mm)
more 1n diameter and serves to mount the lenses. Order Schott glass
blanks of 2.7" (70mm) and 2.2" (58mm) diameter. The working F:ratio
of the lenses is F:43., This is calculated by the I.7" (44uw) dia-
meter (diamgonal) of the ruled area of the grating, which is I.2" x
I.2" (32mm x 30mm). Thus, I.7" is divided into the spectroscope f.l.
of 75" to give F:43, The ROC above are for crown glsass, grede A,

The F:ratic of the spectroscope and telescope lenses should be
the same Iin order to cover the full ruled aree with sun light from
the telescope lens. When the grating 1is tilted 23 degrees for the
d-alrha line, the ruled area forshortens to 30mm x 30mm., Althcugh
the spectroscope lens i3 £.0" clear aperture, only I.7" is used.
The two lenses can be crovn or lint glass. érown glass is a bit
less costly. Grade A is strongly recommended for the lens blanks
if you attempt tc make the lenses. Crade B sometimes hes slight
variaetions of the irdex of refraction, rendering it useless. And
on occasion =ven Grade A will exbibit this variation, The lenses
will cost zbout $300 each by an optical ccmpeny, for it is custom werk.

The lenses can be tested by autccollimation in ovder to check
the spherical aberation. i Foucault test or Ronchi screen:test is
suitzble. A Ronchi screen witH I00 lines/inch is good, The I/8 wave
mirror of the heliostet can be used. 4 deep red filter (gelatin or
glass) must be used becalise the single element lens has chromatic
abeé?tion. Il no red filter is used, the straightness of the Honchi
lines is not seen, Instead, a colorful mess is observed. '

The set up for testing sphericzl abeﬁétion is simple. Notice
in the diagram that the light source 1is a frosted bulb, Or a2 piece

of frosted glass can be used with an unfrosted bulb. About a 25
watt bulb is best, although less watts can be used.
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liostat Ronchi screen,
error lens to test ¥~ 60 or 120 lines/inch

I/6 -—-> frosted bulb
wave

B eye
Ted filter,_,f‘ Y

To test the flat glass to be used for the line shifter znd for
the votating glass disks and for the air current waLtb , & smzll
variztion of the autocollimetion test is devised as follows:

frosted bulb

Peye

glass to test} " acnromat

The flat glass is placed between the mirror anc the achromatic
lens. If the glass is good, the Ronchi screen lines will be straight.
If not acceptable glass, the lines will be zig-zagged cvr other odd
appearance, The fccal length of the achremat is not criticzl, from
(ol (250mm) or more will work; dizmeter of the lens is not critical.
All flat glass should be tested. YWhen purchasing the glazss from a
store, do not take their word of honor that it is queality glass.
Honest mistakes can occur, Just one piece of poor quality glass
can sericusly warp the sun light passing through it and ruin the
entire performénce of the optical system of the spectrohelioscoge.

Eyerieces. The focal length of the eyerieces dces nct have te
be exactly the same as used by the author. There is scme leeway,
The S " EI25mm) f.l. eyepiece can vary from 44" (Ifzme) to 5£"(I35mm).
The 24" (683mm) f.1. eyepiece czn be from 2" (SOmm) to 24", The dis-
meter of the lenses neea be zbout I"™, The eye relief is high and
tuxes scmwe practice to beccmeaccustorxed to 1t. The spectrum has
much fine detail. an eyepiece about 2" f.1, is test. Spectrchelic-
scope deteil, using the 24 slit disk, on the sclar disk in H-alpha
light requires a longer focal length eyeplece because short foczl
lengtns give toc much power,which will reduce the contrzst of the
solar disk aetzil in H-elpha light.

Optical addresses. Glass blanks and lenses can be bought from:

Edmund Scientific Co, Newport Glass Vorks Ltd

z200 Edscorp Bidg. 1629 Monrovia Ave.
Barrington Costa Mesa, CA
N.J. 038007 92627

- OEM. It is originsal equlpment manufacture for an instrument.
OEM grating is about 45% thHeoretical resolution, about 1/4 wave
or less. A precision gratlng is about 90% theoretical resolution.
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Sources for lenses, optical flats, and other items can be found in
popular astronomical magazines. Check 2dvertisements, ‘

Concrete piers. Three concrete-wood piers are used. Cne is 407
(I.0 meter) hign for the neliostat-telescope platform., The otker
two are 42" high (I.050m) for csupport of the spectroscope box. &
pound of concrete vccupies about I2 cubie inches (I87 cu. cm). Cne
pound equals 454 grams, When pouring the concrete, pemember that it
sets fast, within sbout 30 minutes, Have three metal knobs on the
bottom of the pails, or box, to give a three point contact with the
sidewalk or patio surface. This prevents wobbling of the piers. The
piers cezn weigh about 70 pounds &s & minimun and will not be dif-
ficult to handle. Put two small wheels on each side of the bottom
of each piler. Just pull back on the top of the pier anc push for-
ward. Then agein, & low cost {(about $I2) dolly can be bought from
Sears and Hoebuck store. The plans show a box at the bottom of the
pier with inside aimensions of 9" x 9" (225mm x 225zm) and height
of IO" (250mm). Volume is 8I0 cubic inches. The latter value di-
vided by IZ cublc inches gives about 67 pounds of concrete, Add a
few pounds for the nails and the wocd frame brings the total to
about 70 pounds(zz kilograms).

if lawn or greund Is always available, then dig, a nole 2 feet
by 2 feet by one foot deep (0.7m x 0.7m x C.3m}. Fill it with con-
crete. Buy concrete drymix st a pursery. Bags cost about fiveé dollars,
The instrument coes not have to be in an exact north-scuti direc-
tion. The RA axle dces not have to be pointing exactly to the North
Fole. Only for lurge instruments and long observing times is bet-
ter alignment needed. After the first day of setting up the instru-
ment, mark with & small paint brush, or cther manner, on the con-
crete surface around the bzse of the piers, This permits repid
setting up the instrument the next day. To keepr curious people a
safe distance from the ipstrument, put & light fence around the
whole instrument. It can be mede of concrete filled ccffee cens
with 8 skhotrt pole, A rope links up a2ll the poled coffee cans,

Canves shrcud, The 5" £,1. eyepiece has z short piece of can-
vas tuobing arounc it., The observer's shroud has a smaller diameter
tubing. It fits into the eyepiece canvas tubing. The cirect sun
i1ight must be kert frowm the eyes. The shroud znd eyepiececzn be
easily separated Tfor storage., White canvas musc be used, for thet
usually is ail that can be 2cught, as from an uphclstery shop. A
pilece of black clcth sewec insice the snrcud keeps cut the excess
diffusing sun lignt. fotal exclusicn cf the sun light is not neces-
sary. 4hen setting up the instrument, put on sun glasses. By the
time the eyes are put under the shroud, they will be sufficiently
dark adapted for immediste H-alpha cbservations. BefFore you take ycur
head out of the shroud, close your eyes anc put on the sun glasses,
Never look into the heliostat mirror to lccate the sun in order to
positicn 1t on the entrance slit. Watch the sun image on the
ground anc place it on the entrance slit by tilting the mirrvor.
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PLANS FOR STRAIGHT LINE DESIGN

SPECTROELLIOSCOPE

A heliostat is easy to build and low cost, It is good for a few
hours long observing. For almost all day viewing the sun, a
coelostat is best. Draw plans up to full scale.

Instexzd of an all concrete filled pier, just fill half the gpier

bottom with concrete of 30 pounds; then have a 30 pound sack of
dirt or sand to cut inside the pier.

/

un ' '
- Overall side view
k,lsimple ' no scale
eliostat -
mirror, / gggg:li‘slgggzh 7 pound (3 K&)
SA tele 5 1) spectroscope box
rive lens —_ g_:[epiecs . — "
rod B 1aee
heliostzat '
40" pier mid-support .- 42" pier
for fecusing .
Tod motor
switch
i IO pounds PIeR
R S Y N N N e N W W
I5 feet (5 m)wire R.Al switch

each of the piers, about 701b(Ez Kke)

HOW THE LINE SHIFTER FULCTIOQIS
glass

‘ disk l paint on
wave [the surface :
lengths ! " A
65624 : 2 psszﬂ o
65634 ] Y S (2888 s
65644 L @ 6564% -;:': X
/ 2 sllt passes.. .
axis of ok -
rotation ‘ line shifter tilted to observe

out of the H-alpha line -



— A HELIGSTAT PIER for the
SRR ™ helicstazt-telescope lens
‘Q\:\\:‘ platform. Three views,
¢ .‘“(VO‘. v IO", 250mm Scale none
' hole’
.l\ %" \\\
F\Qsmmfi
—— A 4 The other two piers for
surport of the spectro-
Top view scope box are 42" high
(I.05m). Cne of them has
a %" hole (6mm) on the top
board for placement of the
front of the spectroscope box.
AT T AN g H DRI
A
5" h;le
I25mm i
—_— 6mm
Side view Front view
40"
5" I meter
I25mm
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! t ' 1
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GRATING HOQUNTING

Cverall 3-dimensional view,
Grating cell omitted.
Measurements azre metric.

Metzl thickness is 3mm (I/8").
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GRATING MCUNTING
Side view
Tuled =rea

Z22mL x Z0mm / micrcmeter
diffracticn head
_gratirg / 1&4mm >
5z" greting cell
) » : aistence
H-alpha SO minimize dust on ;;;\\x\\ LI
angle Rl grating with the surface ~ |-
~<1 923 deg NN facing downward '
T~ S5
1
' -
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57mm of the |gratin _
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I L-shaped Baseers
I flange e dedtt
an - an ah an | vith depression
14 [ [ 1 bv 1
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vertical GRATING MCUNTING poicrereter for
pivotal Top view vertical motion
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dimensions can be varied, are not critical
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vertical " Front View
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Dust. Drawing on the previous vage for the grating mounting,
the grating is tilted backward, facing upward at an angle. In this
vosition dust will slowly settle on the surface of the grating, even
if the cover is over the grating most of the time. A trace of dust
will scatter a little solar light down the spectroscore box. A
trace of dust is no serious trcblem. But too much dust over a period
of years accumulated on the surface of the grating will scatter too
much light. It was realized by the author years later that the best
orientation of the surface of the grating is to have a forward
tilt of the grating, facing somewhat downward at an angle. Thus
no dust will ever settle on the surface of the grating, keeping
It clean a long time. The grating will function a long time if
oroverly protected.

For the first order of the grating, a simple micrometer
and srring arrangement will work. But for higher orders, it is
best to have a worm and gear arrangement to rotate the surface
of the grating at steer angles, about 40 to 50 degrees in the
second order, and about 70 to 80 degrees in the third and
fourth orders of a 1200 gr./mm grating. In most spectroscopes
for finest spectral detail possible, about 5 to 10 microns
entrance slit (.0005") is best in order to sharpen.up the
spectral lines, particularly the faint lines. The medium strong
to strong spectral lines take care of themselves. An entrance
slit of 25 microns (.00t") is an acceptable compromise only.
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MIRROR REFLECTICN_SYSTEMS

There avre many flat mirrvors reflecticn systems, which can di-
Tect the sclar beam into the telescope. Quartz is creferred, at
least to 1/10 wave flatness, and pyvrer is next best. If the surface
is 1/1C wave, the wave frcnt off the mirror will be 1/5 wave into
the telescope. For a twc mirrvor system, toth 1/1C wave, this pro-
duces about 1/2 wave into the cptics. éo 1/15 to 1/20 wave mirvors
are best. The center axis of the Declination axle must pass along,
within O.Smm or lessgffront surface of the mirror. Counterwelghts
will be needed to bzlence the mirror and-its cell,

A siderostat has one mirror to reflect the sun light horizon-
-tally to the ground into the telescope, which i ortentated in a
north-south direction., The RA axle is separated from the nearby
xounted mirror, which is connected to the RA axle by a special lin-
kage that keeps the sun light directed at the telescope.
Refer to J. B. Sidgwick for more details.The construction is a
little complicated but the system works good.

A simple heliostat uses one nirror, which reflects the sun
light horizental tc the ground Into the optics, orientated in a
north-south direction. A polar hellostat emplcys one mirvor, pla-
cing the sun light Into the telescope such that the optical axis
eand the RA axis both point towards the North Pole. A Dove prism
located near the prime fcocus counters the rcoctztion of the sun im~
age. A tvo mirror heliostet has the RA axis of the primary mivror
directed to the North Pole. The fork mounted primary mirror reflects
sun light to a fixed secondary mirror, which places the sun light
in & horizontal or vertical direction, There is bo shadow by the
secondary mirror on the primary during the year,

A tvo wirror ccoelostet places the sun beam in 2 horizontal or
vertlcal directlion. The twomirrors are locazted in a north-scuth
direction. fotation of the sun image by the primary mirror is cocun-
tered by the secondary mirvor so that the sun image at the pripe
focus is stetionary. The angle of the primary mivror 13 set by the
latitude of the worker. The primary mounting must be shifted in a
north-south -pasitian.ain ovder to reflect the sun light onto the se-
condary mirror, for the sun changes its Declination during the year.
In the autumn and spring, the seccndary mirror casts a shadow; there-
fore, the primary mirror must be moved eastward at forenoon and west-
ward in the afternocn. This offset method slightly changes the orien-
tation of the sun image at the prime focus. Just let the sumr drift
in R& in order to determine the angle with the horizontal to the
ground. -

There are tweother interesting coelostat arrangements., At the
Arcetri Observatory, Italy, the north-south movement of the primary
mirvor I8 along a plane in line with the North Pole. This simple
change - reduces the north-south travel distaence by atout half as
compared tothe primary mirror moving in 2 horizontal manner, At the
Kitt Peak National Observatory on top of the 120-foot Sclar Tower,the
primary mirror moves on a track about the vertical telescope .Alsc
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the secondary mirrvor adjusts up and down durirng the vear. The rri
mary mirror 1s on a platform, and the latter mcves on a semi-circu-
lar track about the telescope objective, To raintain alignment on
the North Pole, if the priracy mirvor is placed, for example, 40
degrees eastward on the track, then the mirror platform must  be ro-
tated 40 degrees Iin the opposite direction This Zeiss two mitrror
coelostat was first used in the Binstein olar Tower In Potsdam,
Germany, about 183C.

An equatorial mounting with-a solar rate for the RA axle 1is
1440:1 total gear reduction ratio with a I rpm motor. 4 9€:1 ami
a 15:1 gear ratio is appropriate. For a 2 mirrvor coelastat, a
2880:1 total gear reduction ratioc with & 1 rpm motor is needed
This is equal to 96:1 and 30:1 gear ratios, crequivalent, Fora sim-
ple heliostat,a 2000:1 total gear reductlon ratlo 1s good for a
Tatitude about 26 degrees. So use & 96:1 and a 20:1 gear ratios,
being sufficlantly close. If you can not obttain a S6:1 gear ratic,
then use & 100:1 gear ratio. Any drifting of the solar image can
be corrected by slow mcticn controls.

With a portable spectrchelicscaope, there 1s no need faexact
ed justmat of the HA axle towards the North Pole and no need for
exact alignment of the instrument in a north-south direction., Small
errors will cause little drifting of the sun image in RA and in
Declination but slow cotion controls can correct it, Far cbserving
a few hours a day, about once otr twice a week, the meeded slow
motion ccrrections will not be bothersome. For all day observation
spells, day after day, it ic necessary tao have exact adjustments.

A permanent observatory 1s then desired,

Mirror RA drive | Final gear Constant slow Rotation of
system rate red. ratio metion controls | sun inmage
2 mirror [ 1.0 rev/ | 2880:1 no no
coelostat] 48 hours
siderostat [.Q0 rev/| 1440:1 ne yes

‘24 hours
2 mirvor | LOrev/ | 1440:1 no. ves
heliosteat] 24hours
pclar 1.C rev/ | 1440:l no ves
heliostat| 24 hours
simple 0.7 rev/ | 2100:1 yves,in Dec. ves
helicstat| 24 hours ‘

For more details an the siderostat,

:8ee J. B. Sldilck

The author does not have time to make and test all mirroe systems.
above. The 2 mirror coelostat and simple heliostat have correct
RA drive gear ratios. The other mirror systems are inferred.
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As the sun changes Declination in the sky from moath to
montl, the primary mirror must be moved towards or awsy from the
secondary mirror. The maximum separation of the crimary in the
summer time from the secondary mirror can be calculated. Assume
an 8" (20Cmm) vertical height difference of the primary mirror
from the telescope axis. A n example will be 40 ° latitude.

summer
2.5" tele- // sun secondary 3"
A lens optical axis
Y

90 degrees
-40 deg. latitude
=23+ deg. equator

™ 26% deg. angle
Y at secondary
OD
_%at.\ ~ tan. 26} deg.
primary 3" T = _8 inches

KN sevaration separation
SRR

Add extra distance to the rear of the primary mirror and to
the front of the coelostat platform in order toget the total
length of the platform. The length of the stainless steel rails
will be about four inches (100zm) less than the total length.

lat. seraration of | coelostat platform total lengthy
mirrors add to rear jadd to front of platform
30° 27Cmm, 10.6" 175mm, 7" 250mm, 10" 700mm, 28 "
32 291 11.5 n " " M 712 28%
34 314 12.4 i H " a 738 29x
36 340 13.5 " i " " 763 30%
38 368 4.5 o o ” " 788 317
l'+O 4@1 }5.8 " " " " 825 35
L2 43G ]7.3 1 it " 1 863 5}_’_.}
L 485 19.0 1" " n " (;'[3 36%
LL6 535 21.0 tH " " " 963 38%.

The slewing motor for the axles of the secondary mirrer. for
up~-down and left-right motions are determined as follows. 4 motor
wita one revolution per minute of time eguals 360 arc/degrees.

If the motor nmoves a mirror, the latter doubles all motions off

of the surface by two times, or 720 degrees. A 100:1 gear ratio
reduces the 720 degrees down to 7.2 degrees per minute of running
of the motor, or half arc/degree (diameter of the sun) per four
seconds of time. This is a compromise rate, not too fast or too
slow. The half .arc/degree per four seconds of motor time means that
the sun crosses its own diameter in four second of motor time.

This rate is acceptable for a nine feet focal length telescope.
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MIRROR REFLECTION SYSTEHNS.

North T
Pole * -polar sidercstat
heliostat
4" mirror
4" mirvor § ]
' 24" tele.
2" tele, “
b //l//// LTI 7T 7,
//’/;/>/’f%%A linkage: F, fork; S, slide;
-0, trunnlon
x

~

Simple heliostat

g PP P PP,

////“/_//,/'//;/

tele.

A

V
oim tele,

sumrer

- Hale ceelostat 3"

Primary
3" mivror

L

f

secondary
tilts

r 4
PN

vintef

%2 mirror heliostat
N :

-
fixed 3"
secondary
mirror
24" tele,
e NN R INENT
roof
Arcetri coelostat

moving
platform

tele,

J o Ee
;:::1!!@ @
\ connector bar

Zeiss coelostat

redestal,
mirror

omltted

semi-circular
track

side seconds
view  tilts; up and
winter, up dcwm
Y I pedestal
/ £ .l
® 1N /
N summer, = sun in
~ down
primar - ”/I: winter
mirror v
' tar b
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HALE COELOSTAT

Top view
e | ’e
stainless steel rails '
?ng;?Ch diameter mirror platform in the g
forenoon (150mm)
| 3 X
north in summer time. primary south - T
mirror platform kept be - .
telescope tween 2 central rails secondary 6"
lens - mlrror '
64mm 76mm
: -
] p rimary —— 1 'y
76mm 'gixy mirror platform in the
RS, afternoon 6"
] platform A o 1 v

\

summer win;;;M\\‘\

position position

Beeker coelostat., Heinrich W. Beeker, Germany,
new coelostat design. He re-arranged the mec
Zeiss cdoelostat. He put a spur ring gear
around the telescove tube, He placed a spur
gZear around the base of the nrimary mirror ‘
mounting. A small central spur gear links !
up the two larger gears. Turn the small

r

gear clockwise, the crimary mounting 4

turns counter clockwise, and the whole /

vlatform turns equally counter clocxk- ' -
wise. And vice versa the other ‘\mpmi ! -
direction. The coelostat is on / -

the roof of his home. The H-alpha
instr, wnent is in the attic.

invented a
nical parts of the

secondary

-
-
-

-

winter
sun

7

primary
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SPLCTROHZLIOCGRAPHIC MZTHODS

Th

2 re three excellent methods to cthotogracth the sun in
H-zlpna 1

re a
ight in order to make 1 spectroneliogrsm.

[«
=

The first method was used oy Dr. G. E. Hale with the 4C inch
(1 m) azerture refractor at Yerkes Qbservatory about 1895, The
srectrograph was mounted on the tube of the refractor. Two flat
mirrors bend the light 180 degrees into the entrance slit. With
the RA drive, the telescove follows the sun in a normal manner.
The Declination slow motion control has a motor, which moves the
telescoxze tube in a north-south direction, or vice versa. On the
spectrograch, the plate holder moves over the fixed exit slit in
a north-south direction, or vice versa. Both the motion of the
declination axis and the plate holder are coordinated in a syn-
chronous motion. it the end of an exposure, a new plate was put
at tne exit slit. Then the telescope and new vlate move syachro-
nously in the oprosite direction in Declination. This method is
recommended only for heavy pier mounted instruments.

The second method is still used &t the 6C-foot (18m) tower
telescogpe on Ht. Wilson, built abcut 1607. 4 30 feet focal length
(¢n) fixed spectrosrarh is in a well beneath the 60-foot tower.
odn top of the latter is a two mirror coelostnt. The RA drive fol-
lows. the sun with the primary mirror. For the Declination motion,
the secondary nmirror is tilted by a long tangent arm with nmotor
in a north-south direction, or vice versa, in order to =mcve the
sun image at the prime focus across the fixed entrance slit. The
vlate holder is moved across the fixed exit slit : ~ in =z south-
nerth cdirecticn synchronously wich the secondary nirror metion.
at the end of the exzosure, 2 new plate is placed a2t the exit slit.
Then the secoadary zirror and the plate are meved in oppozite

direction (Leizhtcon, 1%62).

“he third method 15 used at the Arcetri Observatory, bhuilt
accut 1620, cutside Florence, i1taly. The telescore in the 60-foot
tower produces the sun image on the entrance slit, The 13 feet focal
length (4m) spectrograph nangs in a well beneath the solar tower.
The solar image at the entrance slit and the vlate holder =zt the
exit slit are stationary. The whole srectrograph with slits moves
in an east-west direction, or vice versa.At the end of the exposure,
a newv plate is put at the exit slit, and then the spectrosraph goes
in a west-east direction (Abetti, The Sun ).

All three methods give about cne arc/sec resolution of
solar detail in H-alpha light with a telescove of 60 feet £.1. An
amateur does not have much room. So about six arc/sec detail
can be resolved with a nine feet f.l. telescope. Narrow slits of
0.002" to 0.003" (50u to 75u) are desired. A tower telescope can
be costly. Have the telescope and coelostat horizontzl to the
ground. The spectrograph c¢an hang in a shallow well. £ sma 11 flat
reflects the sun light vertically downward into the svectrograph.
i six feet f .1, svectroscove lens with a 32mm x 30mm grating will
give good .spectroheliograms. This L-arrangement is compact.
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The average resoluticn of detzil is discussed at thne begin-
ning of the vook. A nine feet f.1l. telescoge produces a one inch
(25mu1) diameter solar image. The calculation of the extosure time
of the solar disiz is sianle. First, tikke 2 chotosgrznn of the sypec-
trum in the H-alpha region. With ASA 160 color film, it will be
about 1/60 second of time with an F:50 ortical system.is a spec-
troneliograph and 0.003" (75 microns) slits, the sun is exposed in
sections as the solar image is moved across the entrance slit (Mt.
Wilson method). With each section of 0.003" wide (0.3A HBW) the
full diameter of the solar image,

total one inch sun image

1
t = = —y X gy second = 5.6 seconds
exzosure 0.005" slit {7on © time total time

The 1/60C second uf time per each solar section is fairly fast
exposure time, gpartially freezing the seeinyg conditions for sharp
solar image detail in H-=lpha light. )

The first method is no longer used at Yerkes Observatory.
Only the second and third methods are still employed. For con-
venlence & spectrohelioscore can be changed to a spectroheliogravh
by plzcing a camera behind the 5" f.l., eyepiece. The canmera lens
may be about 5" f,.l., and it is set on infinity focus, also
orened to full aperture. Then an exposure is tzken. & cloth tube
nmust connect the eyepiece and the camera lens so no stray light
enters the camera lens.

As a spectrogragh the slit must te narrower in order to
have sharp spectral lines. With 0.0004% (0 microns) slit, exposure
is aztout 1/10 second of time at T-alpha region, and about 1/10 se-
cond oI time 1ia thne gresn of the spectirum,

. Commercial black and white films are sensitive out toa.bout
630C~ wsavelength, then droopving off rather gquickly in the red.
Color films have taree peaks of sensitivity, namely violet, green
ancd red. They can be used for H -alrha work. There is one black
and white sgecial film, Xodak 2415, that can te used from the viclet
to the red. It is ASA 20, fine grain.

In ATM Hale gives a comract spectrohelicgraph. The _
telescope is nine feet f.l., The spectregraph has two 15" f.l. lenses,
a flat mirror, and a prism. All folded up in a U-shape. At the
time of the 1630's, rerlica gratings did not exist in high quality.
And original gratings were exvensive. So a prismwas used. 3ut times
have changed, and new products must be used. Instead of a prism,
use a replica grating. Hale took the violet K line because the
prism could not make a wide enough H-alpha line. Now with a grating
you can use the H-alpha line with about 0.001" slits to give
0.6] bandwidth for good spectroheliograms. Instead of 15" f.l.

lenses, better to use longer focal lengths, about 30Y f£.1. or longer.

Hale (74, 1931) used a reversing prism for a spectrohelio-
graph on Mt, Wilson. The slits are fixed. The prism is perpendi-
cular to the entrance slit. The prism and plate are on a long bar
with a 2:1 ratio of length. The moving prism wipes the solar image
across the entrance slit. Excellent results obtained.
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SUASPOT POLARITY SEICTRCHILICSCORE

Most solar observatoriss usze 2 CZabcocit magnetozgrach to study
the maegnetic fields of sunscots. 1t has very long focal lengtn op-
tics and a large exsensive tvlane grating. The detector system 1is
complicated photoelectric ecuirgment. If one uses the human eye as
the detector, then the focal lengths can be shorter, and the gra-
ting may be smaller and less costly. A visual polarity instrument
was first used . by sclar sclentists,NOAA. Boulder, Colorado.

Telescope 8" (200mm) diameter mirror, 18 ft. f.l. (5.4 meters) .
Spectroscope 8" concave kLbert mirror, 5 ft. f.1l. ''wo Pettit prisms.

The principle for the determination of the polarity of a sun-
srot group depends uvon the longitudinal Zeeman effect, which 1is
for a sunspot near the center of the solar disk. There is also the
transverse Zeeman effect but it is for sunspots near the solar limb.
At the center of the solar disk, the magnetic lines of force are
almost percendicular to the solar surface. The exclted magnesium
atoms are orientated in-aone direction by the lines of force from
the sunsuvot. The light from the excited atoms is parallel to the
line of sight of the solar observer. The magnesium spectral line
consists of two circular polarized components, which are marked Sr
(sigma, red) and Sv (violet). For & soler spectral line in absorg-
tion(inverse Zeeman effect), the Sr conmponent is left circular
rolarized light, which shifts to the red, and tane Sv component 1is
right circular polarized light, which shifts to the violet.

In front of the entraznce slit of the stectiroscore is vlaced a
manually rctating 1/4 wave plate (ratardation), which changes cir-
cular polarized light to rlane volarized light. Zehind the 1/L wave
vlate is locoted & fixed Folaroid filter, which suppresses left
(or rizht) clane pilarized light and rasses right (cr left) tlane
nolarized lignt. iiow half of tne zolnrity of the sunspot group is
viewed. .jext, one rotates tne 1/L wove plate 90 degrees, changing
the left slane polarized light to right glane polarized light, and
right tlzne rolarized light is altered to lefti plane polarized
lizht. lhe other nalf of the polarity of the sunspot goes through
the Folaroid filter and is now seen.

The average field strength of the umbra in s sunspot is about
2500 gauss, and the penumbra is zbdbout 1000 gauss. Plage vary fronm
200 to 800 gausg. The field strength of a penumbra or a plage will
shift.the sola¥ line atout 0.05%. The spectroscoce must have very
nigh 1inear dispersion to detect this small Doppler shift. One puts
the core (center) of the solar line about Q.0SA on the blue side
of the exit slit of the 51674 A magnesium line. The visual band-
width must be about 0.05A. This gives best contrast (Howard, 1971).

The resolution of the grating cught tc be about half of the
bandwidth desired, or close to it. Pick a grating with ruled area
6¥x L4mm, 1800 gr./mm, blazed 10,0008 in the firstprder. Tilt
grating to second order shifts blaze to SOOOK wavelength.

grating 51678 wavelength (green) _ 0.028%
resolution” g mm x 1800 gr./mm x 2nd order ~ ’
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A magnetic region (3v) on the solar disk will srift the snectrunm
towearas tne blue =0 th=t the cire maves iats the exit s31it in
order to coserve the polarity. The g core is G% of the solar
continuum. The H-zlpha core iz 15%

The znolarity spectrchelicscove designed by the author has
a telescope of 3" (76 mn) aperture and 9-foot f.1., also a spec-
troscore of 3V (76 mm) averture and 9-foot f.l. About F:35
system, Use about " f.1. (i25mm) eyepiece for viewing for polarity
work. '

2
~
I

first order, 1.8 E/mm in the green linear dispersion;

0.054 bandwidth = 0.C01" slit (25 microns),

lenzgth of srectrum about 6.7 feet;

second order, O.qﬁ/mm, spectrum about 28 feet.
Andzrson g¢risms are ctreferred. The Folarcid #ill absorb about
4C% of the sun light.The visual volarity scope must be designed
crocerly, or the sun in magnesium light will be too frint.

soinning Mg right circular rizght plane light
polarized light colarized light rassed
. dﬂb B : l__(:>
” ! ;
' I
\ oD Sv Q.001" \ o
rotate Vi slit
wave plate s
@ g | g
3 A i and- @
- =y %’ Lt wd width
Teft circular left plane light
oolarized light rolartzed light blecked

Strong sztectral lines, as h-zltha znd H-teta, violet H and X
~ines of Call, and the twec s2dium D lines, showv multiple szlitting,
which makes the interzretztion of polarity difficult, Lines with
silaple Zeeman stlitting are recommended, yielding components with a
longitudinnl doublet.

Very faint and faint spectiral lines originate in the thoto-
sthere. dest contrast to solar disk of bright-dark areas is in
the red wing of the faint line. iedium strong and strong lines
develop in the reversing layer and chromosthere. 2est contrast to
bright-dark area detail is in the blue wing of the strong line.
There is a velocity correlation of bright areas and dark areas
(Leighton, 1962). :

_ Motor. To get the exact vibrations per second of the synthe-
slzer, put a paper disk, say with 28 slits, on
the output axle of a one rev/second motor.
Look through the slitted disk and at the
motion of the synthesizer. The latter will
stand still at 28 vibs/second, or move
ahead or slowly behind if at a different rate of motion.
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APPENDIX

HYLOV—~YQUNG mirror synthesizer. About 20 years ago Jeffery
Young was first to make #£nodding twgo mirror synthesigzer with fixed
slits. He visited the author's home in 1992 for a demonstration of
his spectrohelioscope. The xnodding synthesizer needed some im-
provements. The author has communication with other amateurs. Vit-
torio Lovato, Italy, tried the knodding synthesizer. He strongly
recommended grease or oll on the rotating knob on the output axle
of the DC motor, greatly reducing vibration on his spectrokelio-
scope. Toshio Ohnishi, Japan, used folded-up oscillating slits
synthesizer with small ball bearings to greatly reduce vibration
on his folded up spectrohelioscope. The author read a book op vi-
bration, suggesting a heavy motor put on a heavier steel base
and the latter supported with springs, greatly minimizing vibra-
tion. Leonard Higgins worked with the author. He had a few extra
refinements. All these thoughts were put together to make a modi-
fied new knodding synthesizer that was incorporated in Higgzin's
spectrohelioscaope: 4' heliostat, 3" concave mirror of nine feet
f.1., spectroscope 8" diameter mirror of nine feet f.l., 1200 gr/mm
grating, 52x52mm ruled area by Diffraction Products,Inc. The 3"
telescope mirror is reduced to 2.5 inches and used slightly off-
axis. His instrument works excellent. He lives in California.

IF'ive persons perfected the knodding synthesizer. It will not
be necessary to select Anderson prisms with fixed slits . Take
the first letter of the last name of the five. persons and combine
to H.Y.L.0.V., pronounced high-love. Hereafter the synthesizer
should be called the HYLQOV synthesizer (omit the periods for
simplicity).

Here is an important comparison of synthesizers. The Veio
rotating glass disk must be used with a positive meniscus lens
of about six feet f.l. (1.9 meters) because of a trace of H-alpha
lag as the disk rotates. Do pof use two small concave mirrors or
one large concave nirror, latter naving toa much H-alpha lag.

The 4ILOV synthesizer can be used with one large mirror, two
sm=ll mirrors, or a stectrscoce lens. The rezson is the slits
are fixed,and there is no H-altha lag. Haolfband_widths of 0.68
for H-alpha and Q.1A for metals and helium are rossible for both
synthesizers if certain designs are followed correctly.

A magnetic driver to push the lever
can ve three coils of wire, 32 zZuage,
or two coils of wire and one small
magnet. A commutator and small
nmotor energize the coils with
DC current. Slamming back and forth
nust be avoided. Use rheostat to
control current strengtn. B. Manning
{used an elegant elctronic drive for
\ 1is synthesizer. Complete details in
nis article in Journal of B.A.A.
\ Can use AC DC inverter.
N

motor and axle

N\
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AN

-

:3Téscope N

light from fixed
diagonal, 1/10 wave
silits norizcntal Y
relative £o the two flat diageonals, 20mm mincr
ground ¥ axis, 1/10 wave, nyrex

1

71

-,

46— balenced mirror platform, axis

-

-

¥ of xnodding along the surfaces

7

to have enough
headroom , have
about 125mm (5")
from slits to
knodding mirrors

mirror platform lever moves
about 3mm back and forth, 2.5
degree angle approx.

small DC motor with greased knob on
\Q\ output axle, off set 3mm approx.
\\
steel base, about 4 kg (9 1lbs),

W weight not critical
JoI S AT o L N )

wood support (snectroscore box) \\_rubbe; pads about one to two

total mass about 20 kg (45 1lbs) mm thick (1/12 inch), exag-
gerated here, absorb 90% of
residual vibrations

>

Side view

axls of rotation, simple bearing with

grease to reduce friction

steel base !
! side supports

x}ﬁVXX%&K/XNVX7V7
r : very stiff but very light
. ====._==;J mirror xnodding platfora,
giitgontal [’? I about 225 grams (1/2 pcound)
A 2FM / including mirrors; platfornm
il §<GOOF? : 4 must be balenced
s 4 ; greased knob on output axle
\ of DC motor balenced with
rirror se-% ﬁ small counterwveight
gziigioio B ] f, balencing, greasing, light
' tart bb ads- all will
center : / parts, ruboer » )
85mm y /’ result in croverly functicn-
Haﬂwﬂx‘ 55 ing synthesizer with no sig-
% ﬁ\ nificant vibration, giving
- ‘; t? fharo solar image in 3-alpha
; 2 ight
leit slits A e epiece locatzg;\\\j§‘\
;% s“FJ. : look down over exit knodding
i —— mirror to lock through eye-
i : piece of 5 inch f£.1. (125mm)
| éj in spectrohelioscope mode
Top view [XAN/ Aa i, ANAALNOIAS of the solar disk
‘ {1 i
j&—— 5 —_—

()25mm)
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Other synthesizer possibilities. Any moving slit synthesizer
will have a trace of H-alpha lzg at the exit slit. “ith a straight
through optical pathwzy and center to center separastion of the '
slits about three inches (7tmm), the svectroscope focal length
should be about 75 inches (1.9 meters). If you bring closer to-
gether the off-axis optical pathwaysomehow, - 'You can use a
shorter focal length lens of about 40 inches (one meter). If you
go from a slightly off-axis optical pathway (Littrow) to an on-
axis pathway, you have less H-alpha lag even moreso. And a shorter
focal length spectroscope and compact design will be the result.
The author does not favor short, short designs. He prefers long,
long focal lengths. But the following discussion will help.

Assume positive meniscus spec-lens, 1200gr/mm or 1800 gr/mm grating.

Littrow, one lens, Littrow,
Sellers synthesizer, Manning synthesizer,
about 2 meters f. 1. about one meter f.l.

two folding
diagonals

Littrow,

Ohnishi synthesizer,

'\g one meter f.l.,
folded-up slits

Littrow, .

e synthesizer,
straight line slits,
two meter f.l.

oscillating slits, g cscillating
ball bearings notor slits motor
reduce friction
mall b.b.
Littrow, Littrow, two meters f{.l.,
Gavin synthesizer, Veio-Manning synthesizer,
lit . short five inch \y £l o

S.ilS rgiigSlng (125mm) diametef angng
are = o tube, cut with
close, can

use one meter

tor
2L sIits, L wi

£.1. rotates one ‘ support Al
;fﬁ rev/second, tube
inside two )
Note:With folding up diagonals, fclding up )
one meter f.l. spec-lens is diagonals

good, but longer is much better.
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arcetri scectroscope,

two achromats used Gavin~3Sellers Gavin-Manning
on-axis, Arcectri synthesizer syntnesizer
synthesizer

HYLOV -Young synthssizer Flodqvist synthesizer;
fixed slits)\ (3 two separate kmodding

two meters mirrors connected with
f.l‘

lever and motoF
move the mirrors,,
two achromats, fixed
slits, one meter f.l. i

focal length
as you wish it

HYLOV-Littrow synthesizer,
Littrow, fixed slits,
separate xnodding
mirrors which

rotate in oppo-
ite directions

JYLOV-Arcetri synthesizer,
Arcetri, separste
k¥nodding mirrors,

move 1in same

both have
vertical slits,
mirrors rotate
vertically

focal length
as you wish it

Warning: It is to be repeated,if you use two small concave
mirrors for the spectroscope, the focal length maust be about
12 feet (about 3.8 m) in order to minimize the H-alpha lag
at the exit slit,assuming a moving slit synthesizer.
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Wave disturbance spectrohelioscope. Two spectrohelioscopes cannp
be combined together with or without a beam splitter in order to
deteet wave motions on the solar surface. One spectroscope is ag-
justed to +0.3} on_the red wing of the H-aipha line. The second
spectroscope, mO.5ﬁ on the violet wing of H-aipha line. Any motions
toward or away from the observer will be seen as flickering of the
event. To avoid any H-alpha lag, use Anderson prisms or the HYLQV-
Young synthesigzeér. Both employ fixed slits, having no H-alpha lag.
The field of view will be all one pure wavelength, The two spec-
troscopes might have abodut 90% of the length in a tube with a vacuum
about 7Cmm of Hg. A very high vacuum is not necessary.

Have two sets of pairs of gratings. For H-alpha work, have 52x
52mm ruled area, 1800 gr/mm, blazed at S000R wavelength in the
first order. Passbandswill be 0.28 to 0.6&. For narrower passbands
and for the metals (Fe, Mg, Na) and yellow helium, have the second
pair of gratingswith 52x52mm ruled area, 1200 gr/mm, blazed at
10,0008 Alone micron) in the first order; use it at 5000&Ablaze in’
thi\second order. Passbandswill be O.1& or less.

. 1 -
e inderson’ Y
\X telescope . orisms spec. f.1l. 2.7 meters
G : . v %Sllt&‘r o grating
coelostat

Use telescope focal lengths from two meters up to about ten meters.

Orders of a grating. For sake of simplicity, the drawings below
show the sun light falling perpendicular upon the surface of the
grating. Actually the grating 1s tilting somewhat. When sun light
impinges upon the gratiig, 90% gces to one side of the normal
(perpendicular) of the grating; this is the blazed side. About
10% of the sun light goes to the other side, nonblazed side. The
sun light is broken up into various overlapping orders (spectira).
The grooves per millimeter of main interest are 600 gr/mm, 1200
gr/mm and 1800 gr/mm. These are the best compromiseg, and costs
are nominal. The spectra (violet to red) will vary with gr/mm,
orders and focal:?ength of the spectroscope.

v
\
. . VNG
600 gr/mm grating, eight orders Ly PN
A +4
ectra length vs focal length X \ - 12 3 7\
sp g a g N /t—.
17’

angle order 1.9 meters 3.8 meters| \\ \ g
8° 1st 0.5 m 1.0m S~ Ny

17° 2nd 1.0 2.0 falng

359 Lth 2.0 4.0 2

75 8th violet violet

‘Several very short to short spectra. blaze arrow off back
Green and yellow do not overlap. They of grating

are clear areas on the svectrum.
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1200 gr/mm grating, 4 orders
spectra length vs focal length

angle order 1.9 meters 3.8 meters
17° 1st 1.0 m 2.0 m

35° 2nd 2.0 4.0

6£0° 3rd 3.0 6.0

75 ° L4th violet violet

Three medium long spectra. The L4th order violet is at about 80°
tilt of the grating. Not see blue-green-yellow-orange-red.

A grating of 1800 gr/mm has a long first order spectrum. Onlya
half spectrum seen in the second order, namely violet-%}ue—green.
8

1800 gr/mm grating, 1 and ¥ orders
spectra length vs focal length

angle order 1.9 meters 3.8 metersl
25° st 1.5 m 3.0 m A
70° 2nd green green

e s i

Eyepiece designs for the HYLOV-Young synthesizer. For almost
all solar image synthesigzers, a single element lens will workvery
good. The one exception is the HYLOV-Ycung synthesizer. Normally
the eyepiece will be between the kncdding flats and the exit
slits. This 1s a minor inconvience. There are three ways to bring
out the eyepiece t0o a more comfortable position. One method is to
employ two single lenses of suitable focal length, using the Fdmund
formula from their book Popular Optics, Edmund Scientific Company.
It has 192 vages, %18, much basic information.

NORMAL OUTSIDE .
exit SET UP EYEPIECE DESIGN
slits . e.f.l. 5"
Smof.l. knodding :
“ > G N mirror ” N SN
" inside I

The second method is based upon the principle of a rifle scope.
Between the telescope objective and the eyeviece are two short

focal length achromats close together. They invert the image from
the telescope.

OUTSIDE
The distance between EYEPIECE DESIGN
ana the slifs 0 slits ~-17" focus plane

should be about | AR "\
5 dinches I > v /
(125mm) . 2 achromat




114

The single element 5" (125mm) focal length eyepiece itself can be
redesigned using the Edmund formula,

Fln AF?'
equivalent focal _ _Fy x Fa ] >

separation
The single lens eyepiece and long brass tube will be about eight
inches (200mm) long. This can be shortened conveniently to about
half. With two 6 inch (150mm) f.l, lenses and a 5 inch (125mm)
sepq{%}ion, the e.f.l. will be 5.1 inches (about 130mm). Or two
eight(200mm) f.l. lenses and a four inch (100mm) Separation,
the e.f.1 . is about 5.3 inches (130mm). The previous examples
are an eyepiece for the solar disk in H~alpha light.

For the s olar spectrum,zbout two to 2% inch f.1. (50 to 62mm)
is best. Different lenses must be selected for the correct com-
bination,., Edmund Scientific Company sells a variety of short
focal length lenses. About one (25mm) dizmeter is sufficient.

A fourth eyepiece design is by Leonzrd Higgins, Hapa city,
California. Two 3% inch f.l. achromats (B88mm) mounted close to-
gether are placed above the knodding mirrors. They function like
a microscope working backwards, e.g., taking an image at the siits
and reducing it smaller via the conjugate foci. ‘he reduced image
is examined with normal

telescope eyeplece of a HIGGINS TRANSFER

about 25mm f.1. The EYEPIECE ,A$\

Edmund formula is not .

used here. Rather the Eg normal

object-image formula, focus telescope
1 v 1 plane -—-|--- eyeplece

= P a A
f is positive for lens, two 3% dinch
p is real object, exit slits fi <> .1,

q 1s real image. {;"::> “\?chromats

Sy

" distance exit knodding

1 25nmm mirror
«— ——
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Reflection gratings from Diffraction Products, Inc. The following
gratings will be the main selection for a spectrohelioscope and a
solar spectroscope, When ordering a grating, give ruled area, blank
size, grooves/mm, blazed wavelength in nanometers usually (ex.: 500
nm is 5000ﬁ). They will £ill in the order number. This will prevent
errors and confusion.

Blank diameter 50mm, ruled area 30x32mm, 1200 gr/mm, 5000& blazed
wavelength, §327.

Blank diameter 50Cmm, ruled area 30x32mm, 1800 gr/mm, 50001 blazed
wavelength, $376.

Blank dizmeter 80mm, ruled area 52x52mm, 1200 gr/mm, 50008 blazed
wavelength, #502.

Blank diameter 80mm, ruled area 52x52mm, 1800 gr/mm, S000% blazed
wavelength, #640.

The gratings will be tilted somewhat. Determine the dilagonal of the
ruled area. This sets the diameter of the spectroscope lens and the
F<ratio of the instrument. The telescope and spectroscope do not have
need for exactly the same F-ratioc. It is not that critical. The focal
length of the optics do not have to be exactly this or that. Just
closs is good enough. Do not drive yourself crazy with precision.

The 5000K blazed wavelength selecied above for the first four
gratingsis an excellent compromise for the spectirum from the vio-
let to.the red. If you want to do photography in the violet and
in the red, that is, H-alpha light, the grating gives a good bal-
lence of sun light. If you buy a 6000f wavelength blazed grating,
it will be excellent for the red but not sc good for the violet,

A certified precision grating has about 90% thecretical resolu-
tion, surface about 1/10 wave flat, Certificate can be obtained.
an OEM grating (original eguipment masnufacture) is about 45% of
theoretical resclution, about 1/4 wave or less flat. No certificate
is produced. Much less than a precision grating in costs.

A high quslity holographic grating is about 10% more expensive
that a classical ruled grating. Theoretical resolution is about 90
%, No blazed arrow on the back. Does not need one. Scattered light
is much less than z classical ruled grating, but it does not maske
any difference for a spectrchelioscope.

Blazed arrow on back of grating. An arrow on the back of the
grating indicates the side of the blazed spectra. You want to tilt
the grating downward so dust will not settle on the surface of
the grating. So have the arrow pointing upwsrd somewhat., If you
have doubts about correct crientation of the blazed side, you
have two choices. Just rotate 180°to check for a comparison of
both sides of the arrow.
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] surface should face
blazed side downwards a bit

arrow on back of

light to grating

and from
the slits

spec. ﬁ :
¥ nonblazed side

normal

A grating doesnot need the sun light at infinity focus in
order to produce spectra. In other words, the entrance slit
can be inside or outside of the focus of the spétroscope lens.
The sun light passing tnrough the entrance slit and lens will
st1ll result in spectra at the exit slit.

Fositive meniscus lens. Dr. G. E. Hale mentions (1929) the
use of a positive meniscus lens for the spectroscope. He re-
commends the optical axis be placed back to the entrance slit.
This arrangement will be all right with Anderson prisms as the
synthesigzer with fixed slits. But it will not be acceptable
wlth moving slits. The reason is the H-azlpha lag will be very
high, and the field of view will be very limited in H-zlpha light.
Also the spectral lines will be tilted too much, reguiring special
wedge prisms at the entrance and exit slits. )

With moving slits synthesizer it is best to have the optical
axlis of the positive meniscus lens placed between the entrance
and exit slits, not through the entrance slit. The result will
be very little H-#lpha lag. Also no tilt of the sectral lines.
Keep the separation of the entrance and exit slit within about
three inches (76mm) for most spectroscope designs.

The author used a positive meniscus lens with the cptical axis
adjusted between the slits. lHis idea was published in the Haksutov
Club Circulars in 1964 by Allan Mackintosh. The lens shape easily
=llows blocking out scattered light off the surfaces, In later
years three new solar observatories had a spectroscope with crown
snd flint combination, and the flint had a concave rezr surface.
The observatories are Big Bear Solar Observatory, San Fernando
Solar Observatory, both of California, USA, and the Solar Vacuum
Telescope (3VT) on Kitt Peak, &rizona.

Depth of focus. About 25 years ago Robert E. Cox published a
brief but interesting article on depth of focus in Sky and Tele-
scope. He gives a simple formula to calcudate the depth. Here it
is slightly modified to give at least a 90% accurate result, It
is assumed a one inch {(25mm) f.l. eyepiece is used.

2
i _ {F-ratio) _in ten-thoussnds of
depth of focus = 10,000 = an inch
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For example, with an F:8 Newtonian telescope, the cepth of focus

will be 64/10,000 of an ineh,or 6/1000 inch (150 microns). With
an F:15 refractor, the depth will be 225/10,000 inch, or

23/1000 inch (about 0.5mm). This is with a one inch focal length
(25mm) eyepiece.

Now with the F:50 telescope of 2 spectrohelioscope, depth of
focus will be:

depth = 2500/10,000 inch, or 250/1000, or 1/4 inch,

And the latter is about 6tmm. Extrapolating with other eyepieces,

a 2% f.1. (50mm} will give 1/2 inch (12mm) depth of focus. A

utt f£.1. {(10Cmm) will yield one inch depth (25mm}. This is with
just thetelescope of F:50., Now with the telescope and spectroscope
together, the depth of focus will be halved, namely half an inch
(12mm) with the 4" f.l. eyepiece {(can be single element lens).
This is why a high F:ratio instrument is easy to focus. It is
assmued the telescope and specircscope pass a 1/8 wavefront.

low cost achromats. Somewhat long focal length achromats about
one meter (4O incnes) are sold by two companies. They advertise
in Sky m1é Telescope. This is . very convenient in order © build
a spectrohelioscope. You must test the optics to be sure of 1/8
wavefront through the optics. A Ronchi screen c¢an be used, having
about 50 to 100 .lines/inch. Not too expensive. Edmund Scientific
Company sells the screens,

Sky Instruments Apogee, Inc.

MPC Box 3164 Vancouver BC P.O. Box 136

Canada V6B 3X6 Union, IL 50180-0136
82/1000 mm, %59 £0/1000mm, %25

If the optics have a little spherical aberration, you can correct
the zberration yourself. If slightly overcorrected, use the concave
side of the flint element. If slightly undercorrected, use the
convex side of the ‘crown element., It should take about five to

ten minutes of figuring with cerium oxide. Test frequently.

The pitch lap must be medium soft. Use the thumb test upon the
pitch lap. Or get a friend with cptical experience.

Long negative focal length Barlow. A telescope with a good
Barlow can double the gquivalent focal length. For a spectrohelio-
scope the Barlow lens should be about -15" to -20" f£.1.(-500mm},
preferably the latter. One company makes a good Barlow.

Newport Corporation plano-concave lens, BK-7,

1791 Deere Ave., grade A, 50mm diameter,—5060vwm,
Irvine, CA 92606 coated, %77, order no. KPCO64
USA shipping is extra

The lens as stated in the catalog is 1/4 wave sphericity or better,
i spectrohelioscope at F:50 has narrow beams of sun light
go through about half the diameter of the Barlow. So the
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sphericity involved is about 1/8 wave, which is excellent.
Newport has many branch offices in large cities of the world.

Short focal length Barlows are never recommended for a spec-
trohelicscope. About =10 inch (-2%0mm) will be considered the
bare minimum., And this assume 1/8 wave sphericity of the surfaces.
Test the Barlow with a telescope to be sure the spherical aberra-
tion is within 1/8 wavefront. Use a Ronchi screen. Point at
a planet or a bright star. If the Ronchi lines are strazight, it
is an excellent combination.

Solar spectrum atlases. The Paris Observatory, France, offers
a low and a high resoluticn atlas of the solar spectrum from the
violet to the red, 30004 to 300CA wavelength, The National
Solar Observatory on Kitt Peak offers six solar atlases for
various purposes, ranging also from the violet to the infrared.

http://mescla.cbspm. fr/ Meudon Solar Observatory

http://www.nso.ncao.edu/ NSO, Kitt Peak, Arizona

Astrovhysical Journal cver the Internet. Harvard Observatory
presents scanned articles from technical Jjournals, notably the
Astrophysical Journal and -Agtronomical Journal. Type in the
Journal volume and the page, and 1t appears on the screen.

http://adswww.harvard. edu/
They offer an . Astrophysic Data System (ADS).

Dr. G.E. Hale's originsl four articles on the spectrohelioscope
can be obitzined from the Astrophysical Journsl,

70:265 (1929), part 1
21:73  (1930), part 2
73:379 (1931), part 3
74214 (1831), part &4

Dr. Hale had a private solar observatory next to the California
Institute of Technology campus. The four articles refer fto it.
Mt. Wilson with the two solar towers is located miles away.

Do not be confused.
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