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- .|N‘TRODUCT|ON .

" In ‘1973 the National Aeronautics* and Space
Administration published a series of books called
“Skylab Experimenfs.” The first volume in the
series contained some guidelines for constructing a
reflection grating spectroscope. Requests for more
information have be received from several educa-
tional gources. This booklet was prepared in
response to these requests as part of the on-going
‘educational activities of the National Aeronautics’

and Space Administration.

The booklet shows how a demonstration-spectro-
scope can be made for a total cost of around $5
and about 12 hours of werk. Instead of the more
familiar prisms or transmission gratings, the instru-

v - . . v

ment uges a reflection diffraction grating to dis-
perse the spectrum for observation. The reflection
grating is more often ‘used in spectral analysigbe-
cause of its greater spectral dispersion properties
over a wider wavelength range than either of the
othér devices.

©

-
-

Included is an appendix that explains the theory
behind the prmcxples of dispersion of a spectrum
by refractlon and diffraction. Descriptiong of some

. of the more advanced - spectroscopes used in

NASA’s*Skylab Program show that the instrument
built by following the instructions in this book-
let is fundamentally the same type of device. '
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MAfERlALs o

HEAVYWEIGHT MOUNTING BOARD Artists’ sipply store , S
'Crescent Brand 3X Process Board or equivalent . R .
76.2 x 101.6 ¢cm (sold as 30x40 in.) L ' ,
. [ §- . . . i ‘ .
CONCRETE-COLUMN FORM TUBE * . Concrete constiuctiort material supplier *
" 40.6-cm (16-in.) inside:diameter : . or concrete contractor. Get the shortest

' ‘ - length available. You only need 15.24 cm @ in. ).

d
y

CARD-BOARD TUB_E‘ o Core from roll of aluminum foil or
Approximately 5 cm (2 jn.) in diameter, gift-wrapping paper
- 40.cm (15.75in.) long , : o .
S i _ - )
WHITE GLUE, snmll bottle . " Any hardware or drug.store
0.236 liter (8 0z} . ‘
WAXED PAPER 18x25c¢m (7x10in.) ' Any grocery store
’ MASKING TAPE, small roll O ™ Any hardwareror paint store
‘ 254cm (1in)inwigth -~ C— g/ d . o,
LIGHTWEIGHT ART BOARD | Artists’ supply store
. -3 -ply Bristol or equivalent, at least 61 cm
- square (24 in. square)
DOUBLE:EDGED RAZOR BLADE | Any grocery or drug store . { :
P ) .
) i N
FILECARD 7.6x12.7 cm (3x5 in.) Any grocery or drug s:tore
MENDING TAPE 19 mm (3/4 in.) wide’ Any grocery or drug store
Scotch brand Magic Mand/ng, 3M No. 810
. or equiva/enn !
“ ,FLAT BLACK PAINT latexoroil =~ =~ " Any hardware or paint store.
. DRAFTING MYLAR 6x79 cm. (238X 7% in.). . Artist’s or draftsman’s supply store .
,SMA&. HAND M'IRROIR c . o Any drug store
W —
_ PIFFRACTION GRATING = . Available fram sdurces such as:
) 21.6'x 28 cm (8%x11 /n ), 13,400 lines per insh Edmund Scientific Company _
» Edscorp Building PR
n : Barrington, NJ 08007 = (Part No. 50,201)
o . - ‘ . . o e
kLo A
o T T : . 2 _ -




ToOLS . S

METRIC SCALE

/.
" SHARP PENCIL — 2H hardness ———— g
' SMALL C-CLAMPS (4) R
i i ’
KEYHOLE SAW __ ‘
! " ) ’ : !
TRIANGLE — 30—60°
4 . . <
. i 4 ‘- . . . B e - M . ‘ :
DRILL — manial or power, - G - |
PROTRACTOR . ‘
3 \g ) .
L SHARP KNIFE — fike X-acto with No. 11 blade ~~ TGl _ —
. or utility-knife _
COPING SAW Ve o \
CONVEX WOOD RASP - oo |
- 2 ¢
HEAVY DUTY SCISSORS . = e '@' Lo T
. . , - i . s » _'
B . : ) : '_‘ ) . N .
. .o " o . o ' L . 3 ‘
— ‘ s ‘,. . e & UN
. PAINT BRU H "diagonal cut bristle shape . L e
‘ preferrod for tight corners N — — : . N
‘ FLEXIBLE STRAIGHTEDGE C ~ '
) L approxnmately 50 cm % |
. ) 1# : C ]
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~ INSTRUCTIONS.

@ e

. . .
N .

Cut the base - T

-

. N\ .. . %
_ , . On the heavyweight mount-
. " " ingboard, draw a 50-cm " .
; (19.7-in.)square, using two
edges of the board for.two
_ - sides of the square. ‘Cut out
. “ the square with an X-acto
‘ +  *knife. But be careful. It’s
. " easy toslip and cut a few
- fingers-or the table top on
" :which you are working.

. This will be the base of the

‘ spgctroscope.
2 | Prepare the shell ~ T

Now cut 15 cm (6 in.) from -
one end of the eoncretd col-
umn form tube with thekey-
.o .. hole or saber saw. Don’t

try this alone. You'll need
gsomeone te hold the tube

. *  steady while you cut. It’s

* . also a good idea to clamp
the form to a workbench

_ . at one end, using\one of the
PR C-clamps.
k ' .
. v Make a row of dotsall Let someone help hold
: around the tube gnd the flexible straightedge |ty !
Note: If the endsiof the join with a continuous’ * and the form tube while | &
form tube are uneven or Ilnr scribing and sawing. ‘
" " rough, it is advisable to' '
., smooth them with medium 7 ~— :
’ ' grade sandpaper before mark- , . :
ing the line on which’to cut.- =/ . ’
! . ' . . . 6 Loosen C-clamp periodically t rotate
. - L C o * form tube for proper saw position. '
'- ;- '~w_ : :‘ . . )




3] Establish-thé shell position

‘Now set the shell on the

base, as nearly tentered as

" possible, with the edge of

. the shell you cut facing up.
Hold the shell steady and
carefully draw its outline
on the base, inside as well‘
as outside.

-

(4] Plot the plan

Using the white mounting-
- board base as a drawing .
- " surface, develop a detailed
“floor plan” upon which
you can erect the basic
_ structure and align the op-
tics. Label all linesand
_ plot points as shown, be-
iy cause these are essential
for cutting and assembly.

Remove the shell and plot
‘the center of the outline
. circles on the base by
, lightly drawing several di-
~ ameter lines and marking -
, their centers. Through the * Ayeraga the center paints of the diameter lines =
‘ \ center of the circle, draw a  to find the center of the circle. e e T
. centerline from‘one edge The interim bassline is the starting point for N
of the base to the other. This will be the interim base- - ' p":’"'?g'th:"“.' plan. Mark point E atone - a4
line. Be sute it is perpendicular to the edge of the end of the baseline beside the duter ircle. :

Interim Basélin

S
* b t t E. :
base at poin Using the protractor, plot line EE’ tangent
° With'the protractor, locate line AD and draw it on the to the outer circle from the baseline. to*the
_ base. Mark points A and D on the base. Now draw line edge of the base. Draw line JJ' 12 cm from
. AF and\m@rk point ¥ on the base.  line and parallel to EE'.

Lines EE’ and JJ’ will be used to
) A ™ D locate the light-tube brackets. Toe
Point A is where the diffraction grating * Line AF is pml]ql to the baseline, and Before going on with the plan, the
centerlihe will be. Point D will locate the hpgins stAon tha“i{\mer circle. * *  diameter of the light-tube guide
hinge line of one door, must be determined, "

. -
- ‘e : o . Y .
. . . . .
hJ . : v . . . .

- : . . ) y ! . 6 ' ! ’ . . \ /
. : ' i .- . »




.~ I the shell, and point C will locate the joint between the

Cut and size the Ilght-tube]guide o
- To make the light-tube gmde from '
the cardboard tube, cut/one 25-cm"
piece, and another that is'15 cm
long. With the knife, carefully

slit the 15-cm piece as shown.
This is the light-tube guide.

15em

-—

Slitting the
Incident Light
[\Tuha Guide -

" Wrap a piece,of waxed paper »
around the 25:-cm piece and shove
the wrapped tube into the light- @
tube gmde

Now you‘té ready to measure the
diameter of the light-tube guide.

Holding the entire assémbly as
shown, measure the outside diam:
eter to be plotted on the flooy plan.
Remove the light tube and waxed
paper 9‘3 savé %em_ for later use.

N

*

On the floor plan, draw lines G and H. The dis-
. tance between the lines should equal the diameter
of the light-tube guide. G and H should be sym-
+ metrical about the line AF. Then draw two lines
through the inner and outer circles 2 jam outside
_ zl f lines G and H and label them G’ and H'. These
_ inarks will be used to locate guidelines on the shell
to help in cutting the hole for the light-tube guid®.

- Using the protractor on line AD as shown, mark
point B 27° from A, and point C 79° from A. x

Point B will locate the hinge line of the small door in

two doors to be cut in the shell later
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16 Ch_eck"the total “floor p‘lzafn ’

- The floor plan [is ‘now complete, with all reférence points

*heeded to mark the shell for cutting and to place parts -
for gluiffg. Before proceeding, check your floor plan
against this diagram td\be sure all guidelines and reference
points have been.correctly plotted. : :
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| Mark the shell

- Set the shell back on the base so -

'and place the appropriate letter

, Remove the shell from the

" H’' on the inside and outside of

With the flexible straightedge,

. a similar manner; connect the
- 10.5-cm marks. You now have

With the triangle resting on the
. base, draw a vertical line on the

“shell at each of the pbmts you
. have marked .

the shell fits between the circles
drawn in Step 3. While someoné
. holds the shell’ firmly in place,
carefully ‘mark points A, G, H’,
and J on the inside of the shell,

beside each mark. In a similar
manner, mark points B, A D, E,
F, G, and H’ on the outs1de of
the shell

@

On the vertical lin'e‘s at points
B, C, and D, mark points 4.5
and 10 5 cm from the base

base and lay it on its side. On
the vertical line on the i

of the shell at point A, mark a
point. 7.5 cm from the base.
Do the same at points G' and -

the shell. These points will be -
used when installing the light
tube.

draw a line connecting the i ,
4.5-cm marks on the vertical _ N
lines gt points B, C and D. In ) :

the outlines of the doors to be
cut in the shell. Mark the ends
of the door with the letters B
and D so you can put it'back *
in. place properly later.

Connect the 7.5-cm marks on the vertical
lines at point G’ and H',

On the vertigal line at point F, mark
points that are 1/2 the radius of the
light tube guide plus 2 mm above and
 below the 7.5-cm line. You now have
! the major and minor axes of the
' llipse that must be cut for the light-
o g:e guide. Sketch in thg ellipse, as
wn. .




' ;

Drlll the shell

To mhkg dnlhng more accurate, pllot holes shou%d
be provided for the drill bit. With a nail or center
puhch, put an:indentation in the oQtside of the

_ shell 4 mm from.the 4.5-cm line.and the vertical
drawn at point B. Make second pilot hole 4 fim
from the 10.5-cm line and the vertical at point D.
Make a third pilot hole 4 'mm below the top of the

ellipse on the vemcal line at F.

Now drill 5/16 in. holes at each of the three pomts
" where you made the pilot holes. You are then ready
to cut out the doors and the hole for the guide.

Cut the shell

Clamp the ring to a Workbench
so the doors are at the'top.
Have someone hold the ring .
steady while you'cut. Insert
the saber saw in the hole be-

,side the vertical line at point

B and cut along the line to the
10.5-cm line. (If the saw blade
is too large to fit the 5/16-in.
hole, enlarge the hole along
the vertical line with the knife.)
Then remové the saw and rein--
sert it in the same hole, 90°
frog the first cut, and saw
along:the line parallel to the
base as far as the vertical line
at point D. v

Remove the clamp and set the
shell on the workbench in its
normal positigg, with the ellipse
at point F toward you. Remove
the blade from the coping saw,

- insert the blade through the hole

drilled in the ellipse, and reattach
the blade to *he saw frame, with
the saw hand!e on'the outside of
the shell. Have someone hold the
shell steady while you saw.” Keep,
the saw aimed at the vertical line
drawn on the ms1de of the shell
at point A while you cut along
the ellipse. As you go around

theé curve, it will be necessary to

change\the angle of the saw blade

in the frame. .

. material. When holding the ring steady

. thumbs in front of the saw blade.

. Ina similar manner, saw along the
two lines from the hole beside the
vg_rtica,l line at point D. '

Remove the piece cut out-and
carefully cut it in two along the
vertical line you drew from point
C. Set the two pieces aslde for
later hse as doors.

Wait until the sabre saw blade stops oscil-
lating before removing it from the material,.
and don't switch on the saw fora new cut |
until the base of the saw rests on the

do not hold the ring with fingers or

You are cutting the ellipse oyersize so that the ‘ 1
elliptical hole will not afféct alignment of the ‘ .
light tube. The light lesk around the light-tube . ‘ =,
guide can be prevented by covering the gap with . P

tapefifter the light-tube assembly is installed -

and aligned.

-

o




Mount the shell

Spread white glue evenly between the two circles on -
the base and on the bottom edge of the shell. Set the
shell on the base so that points A, C, D, and F are
aligned. Wait for the glue to harden before domg

- any more work on the base or. shell,

,Mak.e_ Iight%tube 'braei(ets

From the heavyweight mounting

- hoard, cut a rectangle 15 cm wide
by. 20 cm long. Be sure the long .
edges are parallel. Draw a center-
line on this piece, 7.5 cm from,
the long edges. . '

" Draw a circle of the diameter .
you measured in step 5. Center
the circle on the center line and

" _locate the circle as shown on the
right. Draw a vertical line

. through thé\eenter of the circle
to the edges of the board Label
it KK'.

-
4

~ Place the piece of mounting -

- board on the edge of the work- ~
bench:so the centerline is just-.
off the edge of the bench.
€lamp it to the bench to help
hold it while you cut. With
-the coping saw, carefully cut
right down the centerline.

Loosen the clamp and move
the piece under it until the )
semicircle is just clear of the
. bench. With the coping saw,
cut out the semicircle, using
the inside of the pencil lineas |
your guide. Remove this bracket

o from the clamp and place the -

other piece in position for.
cutting out its semicircle.

After cuttmg out the second

2. gemicircle, cut 1.5 cm from

the end of the piece so,that
the semicircle is 2.5 cm from
the end. Mark this piece *“‘in-
side bracket.”” Mark the other
piece “qutside bracket.”

/

R R NN

| '
o |e—15em ) Vertical Canter
- t Line :
: x ' : Inside Bracket (shown inverted)
- § . 1 . :
_— 2.5 | b
15¢m pol V- \
] ! Center Line
R )
' -— 4em— :
1.5 cin : '
“ Outside Bracket
5 |
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———— Inside Bracket
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_-J.J&V Outside Bracket _
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: From the heavyweight mountmg .

. cut oyt each dlSk

" file card. Fold each strip in the.

Make the sI|t

_board, cut two disks the same,
dmmeter as the light-tube. Place .
the end of the light tube qn the

- board and trace around the tube.
Wit the coping saw, careful’ly

On each dlslé dxaw two center- °
lines, 90° Qpart With the knife,
carefully cut a 5-mm slot in the
centet of one disk, and a l-cm
slot in the other, as shown. Each
slpt, should be 2.5 cm long.

-

Now put a small piece of mask- .
ing tape over the sharp edges of + -
the razor blade and carefilly -
bresk the blade in two along-the
, three holes. Carefully. peeI off
the tape.
3

_With the scissors, cut M 5 cm
‘wide strips, 5 cm long from the

midéle and glue the two pieces
‘together to'form an inverted T, '
as shown. 0 T

When the glue has set, place the
inverted T on a flat surface and
put the disk with the 1-cm slot
over it so the “stem’ of the T
-is aligned with the centerline -«
“of the slot. The inverted T isa
spacer to ensure that the razor -
blades will be 0.5 mm apart
when you motint them on the
disk.

Tape the razor pieces to the

disk with mending tape, as

shown, pushihg them tightly

against the spacer. Leave about .
* 2 mm of the blades exposed.

With the knife, trim off the

tape that extends beyond the

edge of the disk. Remove the

gpacer. :

On the disk with the 5-mm slot, . ™
tape two 15- by 20-mm pieces of
aluminum foil, using the mend-
ing tape, so that the stit is

7 mm long, as shown. The

foil provides more sharply de-
fined ends for the-lit than the
cut-edge of the mounting board.
Be sure the foil is smooth.

, 0.5 mm Space betwsen Blades

Aluminum Foil, 15x20 mm
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) across the denter of the disk \

» * carefully cut away the part of

_place with masking tape, as shown.

. tube'in the light-tube guide. Insert this *
-. the shell so that the hght-tube guide rests

- guide is at the bottom. Rotate the light

Hold the two dlSkS ﬁrmly to-

gether so the aldminum foil is

against the razor blades and the

centerlines of thé two disks are )
matched. Fasten the two disks ’ Disks

together by taping their edges Blade 2
with.masking tape, as shown, Foil _ Z
Fold the excess tape against-’ % 2

. ; : W
each side of the disks to com- ' % %
plete their att:chment : ' / Z V%

Place the slit disk against the
_end of the light tube so the
5-mm slot js toward the tube.
Tape the disk to the end of
the tube with a length of tape

and down both sides of the -
tube, as shown (tape 1). .
Place two more lengths of tape
‘alongside the slit and back
_along the tube (tapes 2 and 3):
“Withithe point of the knife,

tape 1 that covers the slit in
* the disk.

-

Install the Ilght tltbe

Place the inside bracket on line JJ' so
that the semicircular cutout is on top
and the vertical centerline X' is in line
with line AF on the baseboard. If the
glue has squeezed out from between the
shell and the base so that the bracket
will not fit tightly against the shell, cut a
small triangular piece from the bottom
corner of the bracket so it will clear the
glue. With the rasp, carefully bevel the
end of the bracket so it fits snugly
against the shell. Tape.the bracket in

Placesthe outer bracket on line EE’ so
‘that the semicircular cutout is on top
and vertical centerline K is in line with
line AF on the haseboard. Tape the

bracket in place as shown. Wrap the light
tube with waxed paper and insert the

assembly through the elhptlcal hole in
on the brackets. Be sure the slit in the ~

tube until the slit in the disk is vertical. -
Tape the guide to the brackets, as shown. -

TN
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To chéck the alignment of the light tube, set the

. spectroscope near a window, but out of the

. »  direct light from the window. Have SJomeone

. \ : hold a small mirror in the sunlight so the light
. . reflected from the mirror shines directly down

“the light tube, : o

A simple way, to check that the light is shining
directly down the light tube is by ensuring that
the shadow of the tube on the outsidé of the

~ shell is symmetrical around the tube:

The beam of light from the light-tube slit should

strike the inside wall of the shell on the vertical -

~ line at point A, centered on the 7.5-cm mark. To

darken the inside of the shell enough so you can

- gee-the light beam, it may be necessary to '
partially cover the shell with a piece of card-

board'-- : . B N . : : D

-~

If no sunlight is available, shine a flashlight
down the light tube. Be sure the flashlight lens is
centered on the end of the light tube. If the lens
diameter is much larger than the-light tube, you
_ may have to mask off the perimeter of the lens
~ with masking tape. '

inside
Bracket

If the light tube is aimed too If the light tube is aimed to if the tube is aimed to .

high, shim up the tube at the the right of vertical at A, the left of vertical at A, ' '
outside bracket with a piece move outside bracket to . move outside bracket

of file card. if too low, shim the right. . to the left. - '
up.at inside bracket.

While holding the light-tube guide in the proper ™~ )
' alignment, carefully mark the position of the . : : ,
- inside bracket on the base. On the light-tube /\/ _
L guide, mark the'poi;ats’where the the light-tube - < ' Q 7\ >
. guide rests on the brackets. These marks are _ '

important to realignment of the light-tube
guide when you glue the assembly together.

. Coat all mating surfaces of the light-tube guide, .
shims, inside bracket, base, and shellyith glue. ‘
Reposition the brackets and tape them in position.
Reposition the light-tube assembly and shims (if
any) and tape them in place until the glue hardens.

. / \ » o
v When the glue has set*seal up the

As soon as you have everything back in place, . opening in the shell around the

quickly recheck the alignment of the light tube - light-tube guide with small pieces |

and make any necessary adjustments before the . ~ (O{emask'in g tape on the outside of
¢ th : . '

glue stgrts‘to set up. 'y

o 5

ghell,




First, you need door jambs to

keep the doors from falling

inside the shell. Cut two

pieces from the heavy mounting

board—each 54 cm long’by 4 cm

wide. Draw a line 6 mm from one
-.edge of each strip.

. )

Glue one of these strips to the
inner surface of the shell so that
the pencil line is just visible above
the bottom of the slot and the
strip extends 6 mm-above thé
bottom edge of the slot. Use the
C-clamps, slipped through the
‘slot, to hold the strip until the
glue sets

‘Now glue the other strlp along the top
. edge of the slot in 4 similar manner.

" Again, use C-clamps through the slot
to hold the strip.

Remove the clamps When the glue s

before you install them. . o - - . Foldfor Hinge -
thelight-weight arf board, cut ' : | o

a rectangle 10.5 cm by 21.5 cm:

.Fold as shown and glue the art

board to the outside-of the small

door so that about 2 cm sticks

out above and below the door

‘and the fold is at the ‘end you

rr)arked with a B (step 8).

For the second door facmg, cut "
a piece of lightweight art board " 25'cm,,‘ Fold for Hi
10.5 cm by 40.5 cm. Fold the old for Hinge
art board 2.5 cm from one end, <
a8 shown. Glue this piece to
the large door, with the fold
i flush with the end you marked
with a P (step 8). About 1 cm
of the facing will protrude be-
and the end of the door to
overlap the small door to keep
the light out. - LY :
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* around the outside of the spacer
tsa you have a circle on the under-

‘Install the door’s

“When t\sg\él'ue on the door facings has
1

Make the cover
With the scissors, cut enough
13-mm wide stnps lightweight
art board to go completely around
the shtﬂ Tape the strips around. ~
the outdide top edge of the shell -
to make a spacer. Place a piece of
heavyweight mounting board on

top of the shell. While holding
the board in place, carefully draw

‘'gside of the mounting board. ¢ ’
Remove the inountmg board and turn 1t over. With * L ’ . ..
the krife, carefully cut along the pencil hne to o - 2 Y

make the circular cover. . .

Place the cover back on the shell and cut enofi¥ ' i Sirip. _||#

9-cm wide strips from the lightweight art board to . ‘Spacer Strip—
go around the outside of the cover as a hghtptoof P P
rim. .

With the spacer trips stlll attached to the shell,
- carefully spread glue around the outside edge of
the cover only (don't glue the rim to the spacer), N
and tape the rim strips in place until the glue sets. '

When the glue has set, remove the cover assembly L o . .
and discard the spacer strips. You now have a cover ' ‘ '
that can be easily removed and replaced.

Pe

K
— -

dried set
the shel

With the ends of the-doors firmly
against the shell wall, apply glue.to
the folded ‘“hinges” ‘(shown at right -
as black areas at points B and D).
Fasten to the outside of the shell
with maslung tape until the glue sets.

e twa_ doors in the slot in

IPﬁint the S‘péctroos'cope | : "

q

To avoid getting paint on the slit, remove the hght where you make the mark 7.5 cm from the base.
tube before painting. Paint the inside of the shell, This will avoid getting point on this area as you
doors, base, and cover with flat black paint to cut, need this reference point to mount the diffraction -
down reflection of light inside the instrument. grating. The paint can be applied with a brush ora
Place 25-mm square of masking tape on the inside spray-can

of the wall centered on the vertical line at point A ‘ | . . £

‘ ‘6. 1 ~
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- "25-mm sq or on the res} of

" of grating will protect it while”

*7.5-cm mark. Theé line pattern

. align the line pattern on the grat-
- ing vith the vertical edge of the

. -triangle. Again, avoid putting
~“your fingers on the grating material.

- will be trapped under the end of

Install the dlffractlon gratmg

Cut a 26-mm square from the

- sheet of diffraction grating with

the scxssors Be very “careful not
to get any fing&prints on the

the sheet. A piece of thin tissue
paper or _vellum over the sheet

you handle it. Be sufe the line
pattern extends e way
across the 256-mm square you

Attach two 25-mm strips of
mending tape to two edges of
the 26-mm square;as shown,
With the line pattern vgrtical,.
thetape should overlap the

. top and bottom edges of the

cut out. _ o A * 7 .square about 3 mm.

y . 4

Mo_unt the grating on the inside of

the shell so the lines are vertical

and the square is centered on the
vertical line at pomt A andthe -

must be vertical. This is hard to
measure. The best way_is to set

up the triangle as in step 6 and

Tape

. ) |
. / 4 '-
« Jl” .

L%
L R o — 20.5 cm X — = -
‘Cut a rectangle of drafting Mylar | . . v N Artbodtd Frame
that is 6 by 10 cm. Make a frathe ’ - - RS #
for the Myiar py cutting a plece . — ——17.5'¢m —
of lightWeight art board that is _ Bom e - l c . P
.6 by 20.5 cm. From the center of: B [\ . 4¢m Y i VA
this piece, cut a rectangular hole I l .. R
and make a tab on one end, as -L - . '
shown. . : . 4 Tem . — —
v : bolel-tem S Art Board
Glue the Mylar to the frame, , .
leaving the tab on the frame ex- « " When the glue has set, bend a Mylar
' jog in the tab so that the oytside

posed. - Cy
L surface of the tab isin line with
the inside surface of the Myl

'

Insert the focusing screen in the
slot behind the small door. Tuck
the tab inside the wall of the
shell at the grating end of the
slot. The Mylar surface should
rest against the door jambs, and
the left-hand end of the screen

the large door
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"~ but out of direct light from the '

‘the sunlight,so that light is re-

W1th the speqtroscope cover re-

. just the attitude of the spectro-
" scope so that the image of the -
.. glit'in the light-tube is vigible in

", “covered by the rhending tape.
- Rotate the light tube until the

~ the cover.

| A bright spectrum should be

- grating.

" scope is placed and thus in-
- crease the brilhance of the
- spectrum., -~

Reinstall the light tube and you =~ e e T -
are ready to use the spectroscope. o _ S , ' oot
Set the instrument near a window, - i _ P .- :

window. Place a small mirror in

flected directly down the light
tube. Hold the mirror in place
with masklng tape.

’ %

-~

moved, focal-plane door dpen,
and focusing screen in place, ad-"

the center of the diffraction
grating, but not on any part

image is vertical. Without dis-
turbing the mstwment replace

visible on the fotusing screen,
with the red end nearest the .

'y

You may need to darken the
room with drapes or increase
the shade in which the spectro-
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If you want to make color prints of the spectrum

your instrument produces, you first must have a . o Outsi\de'Diameter
means of controlling the light entering the instru- . of Light Tube
ment. A cap must be made to place pver the out- N ) Guide

s1de end of the hght tube.

Cut a piece of lightweight art board the,w1dth of
, the light tube guide and about 5 mm longer. This is
. the cover of the light tube. Cut one end intoa.
semicircular shape, wrap a 1-cm-wjde strip of light
‘weight art: board around the cove? and glue it to
. the cover to make a rim. .

- ~ N (P4 L— _
- 'Pa.mt the inside black to cut down ‘on hght reflec- .. o
* tiony “1lem '

-

.- This cap can_now be hung on the outer
end of the lighttube guide to prevent :
light entering the slit.

Next the film must be loaded in the lnstrument
This must be done in total darkness. ‘

o \Tht'e_t'ﬂvmetrument, a roll of mending tape, a

" cassette of color film (preferably Kodacolor X

" Film), and a pair of scissors into a darkroom. As all
‘subsequent activities'must be done by feel, it
-would be a ﬁ idea to practice'removing the

cover from the shell, opening and closing the
doors, and taking out and replacing the foscusing
- screen with eyes clogéd. When confidence in all
" these activities has been degeloped, the lights can
"+ beturned out. e(p Z o

Take the focusing screen out of the mstrument
Pull some film out of the film cassett. Remember

that the first few centimeters of the film are
1' shaped as shown in the sketch. It is a shape that
{ you.will easily recogmze by feel . L

) IR Now pull out enough of the full wldth film t0(
- gtretch the full length of the focusing screen. While

" doing this be careful not to touch the emulslon of ~ Emulsion

the film. It is easy to tell whichi side of the filmhas_, Side
. the photographic emulsion. The film has & natural m : et
’ _ curl, and the emulsion is always on the mslde sur-
) face. ' . | _ o : Back of Film

ya
.

4




KN
. Allow the film to curl up an
you will immediately know

- which is the side that must not

be touchedl. It is best to hold
the film li?n_tly by the edges.

BT

'

1]

’

i4

- Cut off a piece of film the same length as
", . the focusing screen. The back of the film
must be toward the mylar surface. Use a
number of short lengths of tape to
attach the film. It will be easier than
trying to tape the full length. Do not

allow the tape to extend inward beyond
the rows of perfo ations on the fil

Any tape adhesive or finger prints qm the
photographic emulsion will spoil th)

35mm
Color
Film

‘Mending

Tape

-development of the photograph. | . N

Jr Mylar

| > e "> - K%mmﬁlm

" Place the focussing screen in the jnstrument as ’ '
described-in step 19. Close both doors and put a

- strip of masking tape all the way down the adjoin-

ing edges of the doors, overlapping the shell to
make sure the doors don’t.open until you are back , / \
in the dark room. ' 3 ' _ \ v
-Replace he cover on the shell ang place the light . ©, ,ArtBoard .o

- tube covex over the end of the h‘z}tt tube guide.

»  Take the mstrument into hady area (the darker
v the better) in a position §o that sunlight can be
¢ -reflected into theé light tabe as in steps-13 ' ' .
. and 19. When the mirror is set = v
* {p so that the light is shining
.on the light tube correctly, .
- place a piece of lightweight, art
oard between the mirror and ~
“ the instrument so that the
reflected.sunlight now falls on
the card. Carefully'remove the £
light tube cover.

N%w qulckly take away and replace the
piece of art board so that the sunlight

. was reflected into the instrument for
half a second. Then quickly replage the

- .
-

19 -

Light Tube Cover —

Remove the film from the focussing
.scxeen and pack in a light proof con-
tainer 8o that it can be safely taken to a
film processing lab, Kedacolor X is a

light tube ¢ov d take the instrument film negative process. Therefore you
back to the darkfoom and turn out the should ask for contact prints to see the
light. - " ' spectrum in its natural colors.

"

Mirror
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aposed - : .

are not in seven disti

R

"« The objectives of this appendix are to:'

1) give the\reader an - undetstandmg of the pr1nc1 '

ples of refraction and diffracsion;

can,bé built 'using the 1nstructlons in this book-
- let differs only in quallty from the moYe so-
phisticated instruments used in advanced sc18n '
tific programs

¢ Iln the text that fdllows, des\rrptlons -of optlca
principles are interspersed with some simple calcu-

lations that define the theory Behind the princi-"
ples.. These are indented and printed in smaller

type so that readers who are not mathematloally-
inclined can skip over them w1thbut 1nterrUpt1ng
the narrative.- :

.
. ¥

What is a spectroscope?

show that the apparently crude instrument that " -

W

/ ' --

APPENDIX What is a: Spectroscope 2.

Objectlves o

LS

" light of another Wavelength For example, red llght '

‘has a longer wavelength than violet light. In the

* cover illustration the wavelengths of various colors -

can be measured by comparison with the wave-

" length scale below the continuous spectrum. The

wavelengths of light are extremely short and are
‘usually measured in units called angstroms (A). *
An angstrom is one ten-millionth of a millimeter.

»

_ ‘Emission Spectrum

-~

When ‘a materral is heated untll it begms to

~ vaporize,'it radlates light. The type or color of the

4

—

A spectroscopus an instrument that separates C

light from a luminous source_into the array of
colors (wavelengths) of ‘which the hght is comi

\ »

, Thé Spectrum 9

The array ‘of colohls called a spectrum. The

“.white light from the Sun is feally a mixture of
diffesent colors. Red, orange, yellow, green, blue;
- indigo, and violet are econsidered to be the colors in

the spectrum of visible sunlight. The rainbow is the

~ best-known result of separating the Sun’s white

light into a spectrum. The “colors of the rainbow”’

other. This is called & continuous spectrum, and is

.ﬂlustrated on the outside hack cover of t‘hls book

Light -has a-wave.formation similar to. ocean
waves. The distance bétween crests in hghf waves
(the wavelength) varies, as it does in ocean waves.

Light-of one wavelength differs in appearance from

.-

: Long. Wavelength
g |

* Short l

t bands; but merge into each -

-

- and yellow' wavelengths *of

_ light radiated by one chemlcal element differs from
" the light radiated by any other elément. For exam-
ple; when a sample of the,metallic element sodium
is vaporlzed as in an electric arc, the light em1tted
(radlated) is brlght yellow :

If a spectt/oscope is used to spread out the light
from the heated sodium, the spectrum that is ob-
- served is not a yellow Bant, as might be expetted,

"but is a pattern of narrow yellow lines. These lines

représent specific wavelengths of light, and the pat-
tern of lirtes is unique to the element sodium. ‘This
is called an emission. spéctrum Each elenfent has

its own specific pattern or line spectrum. g

‘As shown oh the outside back c@ver,. the
emission spectrum of.mercury has llnesln the blue

e visible spectrum.
When you look with the:unaided eye at the light

from vaporized mercury, it has the'blue appearance )

. that.can be seen in many streetllghts This is be:
. cause your eye has ‘“added together’ the colors™ . _

.and".brightnessess of the emission spectrum, ‘and -
the blue component is brighter than the rest.

_ .Absorption Spectrum

¥

_ If the white light from a source like the Sun is
passed through a vaporized element and then into a

. high quality spectroscope, a pattern

dark lines
can be seen in the continuous spectrqu‘la‘from the
light source. The vapor has absorbed light at spe-
cifia wavelengths, The wavelength of these lines
correspond exactly to the wavelengths of the light
emitted by the same element when vaporized. The
spectrum containing the dark lines js called an

absorption spectrum. See Figure A-1. .y

The phenomena of emission and absorptior
spectra are discussed in more detail in the wall

" #Named for A. J. A'ngstrom, a Norwegian physicist, who, first measured wavelengths of light in 1868.

v

L4
.

f |

v

*
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chart The Spectrum,NF-54/1 -6, the booklet The -
~ Spectrum, NF-66/1-75, and in Modern Physics, and
* other texts hsted in the blbhography '

Absorption Spectrum

6500 -6000 ~ 5500 4500 -

© 5000

4000

Figure A-1 4bsorption and Emission Spectra of Hydrogen '

o P < .
Methods of Generating Spectra

SpectroScopes employ one of two basxc méth
ods of generating spectra—-refractlon or diffraction.
The method with which you may be mogt familiar

~uses a prism of transparent materlal and the opti-
< cal prmcxple by which it works is called refractlon

Refraction—When a succession of equally
: spaced light waves strikes a materxal like glass, the
waves are slowed down as they enter the material,
and the direction of travel is bent toward a line
perpendicular to the surface. See Figure A-2.
If the approaching light is traveling at a velocity,
represented by V,, and its angle Trom the-perpendicular

is 0;;-and if the velomty inside the glass is V,, and its
angle is0,: .

Slnol . e B - [
— - R}

) Vfg' sin 0,
' l-/Porpendicular to

Glass Surface

-Glass

V, = spproach velocity in air

6, = angla Yrom perpendicular in air
V, = velocity in w

0, = angle from gRrpendicular in glass

_ Figure A-2 Light Entering Glass

4

. This bending of the light.is called refraction.’

' they ‘had before entering. The light is bent, again

“same as the exit angle (6,), as.shown in Figure A-3.

Flgups A-3 Refraction through a Shest of Glass

al\le_l to each 90the1: (Figure A-4).

"Figure A4 Refraction through a Prism®

~ prism (Figure A-4). -

The term refraétive index is used to indicate the
amount of bending as light passes from one me-
dium, like air, into another, like glass. The refrac-
tive index “varies with the yelocity at which the
light travels in each medium. ; .
» . ’ -

When the light passes through the other surface

- of the glass, the waves speed up to the velocity

away from the perpendicular. If the sutfaces of the
glass are parallel, the entry angle (9, ), will be the

Perpendicular

Perpendicular

When the entry and exit surfaces are not paral-
lel, the light is refracted twice in the same direc-
tion. The hght still bends toward the perpendicular .
on the way in, and away from it on the way out,
‘but the perpendiculars to the surfaces are not par-

N
N P
« Perpendicular

The refractive-index varies with the wavelength
of the light—long-wavelength light is bent less than
short-wavelength. The colors of which white light
is composed—red through violet—have different
wavelengths. Red has the longest and violet the
shortest. Therefore, when white light (as from the
~ Sun) isrefracted through a prism, | the red compo-
" nent emerges at a different- angle than the violet.
This explains why the spectrum of white light be-
comes visible when the light is passed through a
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“spectra in'a spectroscope is an application of the
. principle of diffraction. Diffraction is best illus-
. trated by the situation shown in Figure A-5.

Diffraction—The second method of generating

A hi-fi speaker is emitting a sound in one room

" (A). A listener in the other room (B) out of sight
" of the speaker can stil] hear the sound because the
sound waves are bent after passing through the.
doorwiy. It is as if the sound were coming from -

the do and were radiated in all directions.

" Other waves behave in the same way. Diffrac-

“tion of water waves can be easily demonstrated in a

ripple tank. The diffraction of light waves across an

edge is not as easy to demonstrate because of the

much shorter wavelength, but it does occur.

»

» Transmission Diffraction—When-a source like -

an electric light bulb shines, it radiates light in all

directions. And, as light is a wavelike phenomenon,

an expanding serigs of waves spreads uniformly in

all directions, just like the ripples that spread when

you drop a stone into a still pond.. |,

Consider an' object like a metal plate, placed
where-tight can shine on it along a line perpendicu-
lar to t 1.
plate That is illuminated by a narrow ray of light.

"The crest of each light.wave of this ray will strike

the plate at exactly the same time across the width
of the wave. T

When such a ray of light strikes a plate contéin-

_ing two narrow slits, some of the light emerges
" through the slits (Figure A-6). The slits, like the -

doorway, become sources of light of the same

_wavelength as the source on the other side of the

plate, and the crests and troughs of the light waves
emerge exactly in phase with those falling on the
other side of the plate: Light pagsing through each

slit radiates in all directions. In Figute A-6, the

light waves striking the plate and emerging from

%ach slit are represented by altrnate solid and-

dashed lines. The solid lines represent crests and
the dashed lines represent troughs.

The circular arcs of crests and tnouéhs centered
on each slit intersect each other. In some cases,
crests radiating from one slit intersect .crests radiat-
ing from the other, and trotighs intersect troughs.
These light waves Wre said tg be in phage with each
other, and the light energy.i) oire v véf{ﬁnforces
the energy in the Sther (Wave plot A in.Figure

A-6). This is called constructive interference. Care-

ful examination of ‘the figure shows that this oc-
curs in three directions. One line is perpendicular

to the plate.and joins the intersection points where

surface, and consider a-small area‘of the .

\Light Bulb
ASRRAN

Wave Plot B

hE

. B 2 - |
Figure A-§@ Diffraction through Two Siits
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_ the number of wavelengths from each slit is equal.
(One wavelength is the distance from one solid liwe

to the next.) This is called the,zero-order line.

"The other two lines are symmetrical aboutthe

zero-order line! These lines connéct intersections
where the distance from one slit to the intersection

is one wavelength greater than the distance from.

the other slit.“This is called the first-order, line. The
shape of each of these lines along which crests rein-

force each other is called a hyperbola.-If plotted

for a few dozen wavelengths, each hyperbola will
become tangent to a straight line that intersects.the
plate at the base of the perpendicular (zero-order)
line. . L ‘

A ‘

- Where the wave crests intersect with troung,
the waves are out of phase, and the light energies
cancel ‘each other (wave plot B). This is called de-
© structive interference. These lines are also hyper-
bolas. .Replotting Figure A-6 and eliminating the
wave patterns, we get Figure A-7. The angle be-
tween the zero-otder line and* the tangent to the
first-order line is called the intérference angle. This
angle varies with the wavelength of the light, just as
in the prism discussed earlier. Here, the longer the
wavelength, the greater the angle. (The oppgsite
was true*for the prism.) The important fact is that
the colors are separated. The interference.angle
also varies with the distance between slits. '

The sine of the >
interference angle
(9) is given by

d
the equation: f?l::?l: :rm
A
sin 0 = %— .
' Interference
where Angle (6)
n = the order (0, 1, 2, etc) ~ o/
) . N y oL
A = wavelength of the light . S -
" 'd = distance between slits
. (in the same units as A).
7
First-Order
~— Line (n = 1)

Figure A-7 Interference Angle .

In Figure A-6, which is an exaggerated diagram, the
wavelength ()\) is the distance from one solid line to the
next and equals 8 millimeters. The distance between
slits (d) is 16 milljneters. From this, the interference
angle can be calculz:F‘d:

1x8

sin@ = =().6333

16
0 -/(2.23°

‘

t] ' .

The students can plot different interference patterns in
the same manner as in Figure A-6, using different wave-
lengths (M) and distances (d). Try a plot whered = 2x A
or 3 x A Plot the radial wave patterns darefully, and
from the plot, determine the constructive interference’

lines and interference angles. Then calculate the inter- .

ference angles using the equation, and q‘omfmre the
theoretical value with the plot.

T Tmnsmission Diffraction Grating—So far, we
. have disdussed development of a spectrum using a

plate with only two slits. In practice, a plate with
many slits is used so that more-light is transmitted
though the plate, and the resulting spectrum is

-brighter. Such a plate is called a transmission dif-
fraction grating. : .

Diffraction gratings are usually made by m-
scribing grooves or lines in a’ glass plate. An in-
scribing machine with a diamond scriber is used.
The uncut glass becomes the slits in the grating.

..Because the spacing between the slits must be a

spequic number of wavelengths, the grooves must

be inscribed very accurately. Therefore, a good
grating is very expensive. Cheaper gratings can be .
obtained by making a casting from a transparent

material, using a ruled glass grating as a master.

It is possible to replot Figure A-7 to illustrate the
spread (dispersion) of the spectrum of visible light (Fig-
ure -A-8). For this, you need some basic data such as
actual wavelengths of light and typical distances be-
tween slits. :

The shortest wavelength of light we can'see is violet -
at approximately 3900 A, and the longest is red at
approximately 7600 A. The diffraction grating used in
the spectroscope whose construction is ed in this
booklet has 13,400 lines per inch. How many lines per
millimeter does that represent? The equation is:

13,400 Ii igch .
0 lines Per I9F1 _ _ 597.559 lines per millimeter
25.4 millimeters per inch

The spacing between lines (slits) is Lo

1 millimet -
e _ = 0.001855 millimeter
527.559 lines per millimeter . oon grating lines

The shortest wavelength of violet light is

N 3900 A
10,000,000 A per millimeter

= 0.00039 millimeter

and the longest wavelength of red light is

¥

7600 A
10,000,000 A per millimeter

= 0.00076 millimeter

Now we ‘can begin to calculate the interference
angles for the extremes of the spectrum, using a grating

with the same slit spacing as that used-in the spectro- -

scope described in this booklet.

L)

L
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0




Ditpenio’n
~ Angle_ -

- v Figure A8 Dispersion of a Spactrum by a DIffmcrlon -
] . Gmrlng s

" . way

Referring to Figure A8 again, the first-order inter- .

ference anglé Oy; for “the violet end of the spectrum

" can be calculated from .

\

- 1 x 0.00039

‘. 6 L .=' . .
sin V‘ 0001855 0 2102.425

. i ) o

0V = 12.14 ,

and, the first-order. interference angle for the red life of
the spectrum can be caleulated: - .

_1x0 00076 :
' 6p = —orrrr = O 035
sin 0.001855 0.40970:
* ’
. . o . .
GR = 24,12 - NN
) ] '

This gives a dispersion angle of 24.¥8 — 12.14 = 12.04°,
which is the angle over which the spectrum is spread.
‘These angles can be plotted on Figure A-7.

The transmission grating suffers-from a limita-
“tion it shares with a prism. The limitation is that
thé light must be transmitted through it to develop .
a spectrum
° Ordinary glass cannot transmit hght w1th wave-
lengths shorter than 3000 A, which is in the ultra-

violet waveband. Because the ultraviolet waveband

. extends from the short-wavelength end of the visi-

ble spectrum (about 3900 A) down to less than .
100 A, it is logical to consider that ultraviolet spec-.
cr tra should be possible. Obviously, a glass prism or

transmission grating ‘cannot ‘be used. A prisnr or
gratmg made of calcium fluoride will transmit
_* ultraviolet light down to a wavelength of about
- 1000 A, but that still leaves an importan art of

-

-

Reﬂectxon Diffraction Gratmg—Fortunately, '
“the prmg;ple of diffraction works exactly the same -
ﬁ?e light is reflected fro‘(n a series of strips
- of, reflécting material in which the “mirrors”™ are
~ th§ s,g;ne width and have the same spacing as the
slits in the transmission grating. Just as the slits in™
the transmlssxon grating behave as light sources, so

~ do the “mirrors” on what is called a reflectzon dif-

fractzon ‘grating. _ '

Calculatlon of interference angles is identical to
the calculation of transmissién- gratmg interference
angleg. p . '

The relative sizes of the reflecting ridges ‘and
grooves -are - greatly exaggerated in the sketch :
below. - _

The shane of the reflection gratmg used in the

spectroscope whose -construction is described in .- -

_this booklet looks more llke thls—enlarged of
course. . . . '

. .
. ‘ .
r : )
\ - . .
v . " -

Re'z'urnlng to F‘lgure -A-7 and the,calculation of in-
terference a‘l?les—thls tinfe for a wavelength of.390 A:

.1 x 0.000039 _ T
gin "Uv 0001885 *Q0210243 - J‘ ‘
GUV = 1.2' 1‘2 D

o - Interference’
N . Angle -

.
-

~

L —e

-~

.. Phis shows that this wavelength is reflected
. almost back to the source of the ultraviolet light.

The 1.2° angle can be changed by changing the

.. angle of the reflecting surfaces into a.configuration
. like a sawtooth. Now the ultraviolet‘spectrum will

be reflected at a greater angle and- produced in a
more convenient part of the instrument.
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engrave. the reflection grating on a concave surface.
_The result is that no lenses are required to focus

~ 7/Another refinement in reflective surfaces is to

A AL o W o . -
. Y - N
N N o
R

b

. .
> . : .

. plvoted s0 the entire spread of the spectrum can be
- scanned.

the light striking the grating or focus the spectrum N

- reflected from the grating.

[]
In the mstrument whose congtruction is de-

" '.scnbed in.this booklet; the light that enters the slit.-

- and- shines on the ‘grating strikes it at,an oblique

angle This results in rotating the spectrum farther

“‘away from the perpendicular without matermlly
changmg the- dlspempn angle (Flgure A-9)

hell of
pectroscope

- Perpendicular

Spéctrum 4

. Diffraction
(Dispersion Angle)

| ~Grating

Figure A9 Light Path and Spvctrum'_ln Spectroscope
. v . )

'Wpes of Spectroscopes
-

Spectroscopes come in many shapes and sizes.

The snmplest consists of a cardboard tube with a

slit in one end and a piece of transmission grating

_in the other (Figure A-10). '

sift—-_\ )

Transmission
_ o : Grating
Figure A-10 Simple Spectroscope * -

A more sophisticated -mstrument is shown in
Figure A-11. In this spectroscope, light is passed
through a series of lenses onto a prism or a trans-
mission’ diffraction gratirtg. The spectrurh is then
studled. by looking through a telescope_ that is

Transmission ~

Collimator
~ (Glves pmllol light bum)

Light
Entering
Spectroscope

s

L

3

The instruments in Figures A-10 and A-11 are
primarily for demonstration of the spectrum. In-

‘struments used in operational spectroscopy are in
. different forms for d_ifferent needs.

Dlsperslon of ultravrolet visible, and infrared R
spectra is achieved by refractlon through pri¥ms, or
diffraction by gratings. Reflection gratings have

‘been so improved that they have become more gen-

erally used than prisms in spectroscopic instru-e .
ments. The reflectlon grating surpasses the prism in
spectral resolution and dispersion power. (Spectral
resolution is the ability to sepatate spectral lines."
The higher the resolution, the smaller is the wave-
length difference between adjacent lines that”can
be seen. Dispersion power means the extent to
which the .spectrum.can be spread.) These powers
are practically constant across’ the wavelength
range, whereas, in prisms, these powers vary con--
mderably with wavelength. a

¢

o . )
In X-ray spectroscopy in the range from about,

- 0.26.to around 15 A, dispersion of the spectrum is

achieved by reflective diffraction from a crystal.
The atomic reflection planes’in the crystal. functlon

"as the grooves in a machined gra%ng

-

The.spectroscopes used in astronomy generally
represent some of the greatest advances in the
development of these instruments, NASA’s Skylab
spacecraft -carried a number of very advanced in-
struments for spectroscopic analysis of the Sun.
Two of these are described to show the basic
similarity between the simple spectroscope that
can be built using this booktet and®the hlghly
sophisticated Skylab mstruments .

One of these is the Ultraviolet Scanning

'Polychromator-Spectrohehom ter. That is a cum-

bersome name, but it very accurately descpbes the .
function of the instrument. It senses radiation in
the ultraviolet wavelength range. Because there is a

‘need to obtain ultraviolet radiation information .

ffom the sthallest possible points on the'Sun, the
instrument’s field of view was"very small. There-
fore, thd instrument scanned a small area on the
Sun in the same way that the picture on a televi-

sion screen is created by the beams of electrons

. sweeping back and forth across the picture tube. ’

)
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~ Polychromator means that the instrument
genses radiation in a number of very narrow wave- . .
bands. Spectroheliometer means that the instru-
. ment measures the mtensrty of radiation from the
Sun‘j m these wavebands

L4

The optical system of thls spectrometer is 1llus-
trated in Figure A-12. Light from the Sun entered

~ the mstrument and shone on a concave mirror that

could be rotated about two axes perpendrcular to

Gimbalad

Primary -

" Mi'rror
%

‘.
(3

Instrument
Entrance
Aperture —~
] . . 4
Solar '
Radiation P
Grating L Plane

Flgum A-12 Optical System of Skyisb Ultraviolet Scanning
, PonchmmatonSpactrohollomom

“each other. The mirror reflected the light through a .

slit and focused it 6n a concave diffraction grating
that dispersed an ultraviolet spectrum on a focal
plane containing seven detectors placed at specific:
wavelength positions.,

The entrance aperture of the -instrument
dllowed radiation to enter from an area on the Sun
that subtended an angle of 5 minutes at the Earth.
(The whole solar disk represents an angle of about
32 minutes.) This §-arc-minute field of view equals

an area about 22,000 kilometers square on the
"Sun. ' '

L r

" The beam of radiation that passed through the
slit onto the grating projected a b-afc-second
square of the Sun’s surface (about 3,600 krlo&

- eters square). Movement of the mirror direc

each 1/60th part of the field of view of the spec-

trometer onto the grating to “paint a picture” of

the total scene on the Sun. .

Figure A- 13 is a picture of a 5-arc-minute area
of the Sun. The picture has 60 horizontal lines,
each 6 arc seconds high. Each’line is divided into

0 rectangles that result from the 50% overlap of

the b-arc-second squares defmed by the size of the

mstrument’s slit.

Flm_m A-13 \ K4

Ultraviolet photograph of 2,7 billlon square
kilometers of the Sun. The curved shapes
show megnetic field lines In the highly
onerylzed. atmocphcro about 100,000 kllom-
aters above the Sun’s surface.
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ST Another Skylab spectrdmeter was called a spec- . The .spectrum recorded at the focal ‘plane

~ troheliograph. Its funcfion was to develop ultra- showed an image of thegsolar disk centered on each
" violet gpectra of the Sun. The optical system of emission wavelength, 'lﬁe brightness of the image

., -thisinstgument is shown in FlgureA 14, indicated the intensity of solar radiation at each
- - wavelength. Figure A-15 shows part of one of the
films taken by this mstrument The very bright
image shows how the Sun “appeared” in the ultra-
violet wave'leylgth of 304 A.

LY

Aluminum ‘ .
Filter “  Most of the Sun’s disk is visible, with a pattern -

of lighter and darker areas. These represent areas of
greater and less activity on the Sun. To the left of

Film the 304-A image, you can see other faint images, -
Strip one of which is outlined by a dashed line. This
A image was obtained at a wavelength of 284 A. Ex-
)\ - cept for a relatively few small areas, the intensity
‘ of the radiation at this wavelength was much lower
Instrument Csun’s - than the 304-A radiation. The/bright areas on the
' Apsrture Radiation s 284-A image can easily be mafched with the bright-
est areas on the 304-A uwi showing that they
- Figure A-14  Spactroheliograph Optical System . are caused by the same phenomenon on the Sun.
- A notable difference between this instrument "~ Also visible in the” 304-A image is a massive
. and the spectroheliometer, and the instrument that . prominence ‘'where matter has been ejected from

can be built using the instruction in this booklet, is the Sun to reach an altitude of about 600, 000
that there is no slit through which the sunlight kilometers from the surface. It is notickable that
could pass before reaching #he grating. Instead, ra- this material is not dJscemlble in the 284-A image,
diation from the entire solar disk fell on the gratlgg although there is ev1dence of high- energy act1v1ty
angd was dispersed. ' o . at the base of the prominence. = -~

\ 3 -
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Summary

.

The simple spectroscope thg?,can be built by

. following the instructions in this booklet, crude
- though it may appear, is basically the same type of -

instrument that has many applications in various
scientific disciplines. The difference between this
and other instruments lies primarily in the quality
of manufacture; and quality is what causes the dif-
ference in cost.

°
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