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0. Introduction

This Progress Report describes the work which has
been performed during the past six months under NASA Grant
NAGW-397. Portions of the work are also being performed under
Grant NAG5-626; tasks covered under both grants are described
in this report.

Our current effort has been directed toward completion
of the telescopé assembly design, procurement of major components
and coordination of the optical fabrication and X-ray multilayer
testing with personnel at IBM. In addition to the work specifical-
ly mentioned in the body of this report, we have also:

(i) begun fabrication of the flight prefilters;

(ii} completed mirror assembly components;

(iii) completed a Project lnitiation Conference (PIC) at
the Wallops Flight Facility;

{iv) designed and ordered components for a small, low-
cost Ha camera to provide real time imaging of Solar
activity during the flight;

{v) set up a conjugate image experiment whose goal Iis
test the image quality of the NIXT Prototy8pe mirror

at the sub-arcsecond level.
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NIXT EROGRAM

NOTE: These are the calculated weights to date and will be updated

over life of program., * is an estimated value.

PART NAME PART WEIGHT QTY/REQ'D POTPAL WEIGHT
PRIMARY MIRROR 14.85 TOTAL 1 14.85
INVAR BASE PLATE 30,28 1 30.28
MOUNTING BOLIS .13 3 .39
SPUERICAL MACOR WAUHERS .03 3 BUPLEX sLTS . 1B
TELESCOPE TUBE 15.52 1 15.52
CAMERA BASE RING* 4,63 1 4.613
CAMERA TUBE* 3.0 1 3.00
CAMERA MTG.* 1.0 1 1.00
TELESCCOPE TUBE FLANGE 8§.52 g.5%2
SECONDARY ASEY

MIRROR .34 1
SHAFT .15 1
PIVOT 34 2
PLATE ADJ. .1 1
NOT CLAMP .01 1
SPRING 001 1
NUT .02 1
BLADES .1 6
MAIN RING «81 1
MTG'S .08 3
2.61
SECONDARY ASSY WEIGHT
SECONDARY MOUNT 15 3 .45
FWD CABLE 1.00 1 1.00
LISS MOUNT .29 1 25
LISS SUN SENSOR .45 1 46
MASS MOUNT .19 1 .19
MASS SUN SENSOR .08 1 .09
UPPER HEAT SHIELD 8.84 1 8.84
LOWER HEAT SHIELD 7.83 1 7.83
WEIGHT HEAT SHIELD
ISCLATORS VARIES 9 .98
BASE HEAT SHIELD Mi'G. .06 3 .18
FILTER 3.41 3.41
HVESR )
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TO:\L.Golub, G.Nystrom

FROM: D.Boyd

MEMORANDUM
18 September 1964

, DAN-B84-023
SUBJECT': Temperature Gradients in NIXY Mirrors

CC: L.Cchen, B.Dias (memo only)

If the NIXT fiilters are placed al toe ruedr of the wluseops, aniowir
the mirrors to be illuminated by the sun, & howe ~a'enlstead Hh ki
cecalting temperature gradienis in Yhe miveos g0 7 ooy e
deformaticns of about ol arcsecund IM earf nliro. . waineering neteoonk
cheets bearing the calenlatinng are attached. 1 oukline below tha
assunptions and a few caveais o the results.

Mirrvor siues were scaled from the telescope lavout, '
Primary reflectivity = 0 for calculating heating of the primary
=0,2 for determining input to the secondary
Secondary reflectivikty = 0, concentration ratio = 15
(These assumptions result in answers that are about 20% high if the
true reflectivity = 0.2. Secondary deformation is roughly proportional
tv primary reflectivity, but probably will not be acceptable unless
this reflectivity << 0.1)
Coefficient of expansion for the Zerodur blanks = -0.lppm/C
(this value was obtained from Lester Cohen)

Front-back delta-~T in primary = 15C at the end of 300 seconds, J
yielding deformation of 0.8 arcsecond.
Front-back delta-T in secondary = 22C at the end of 300 saconds, ‘o
yielding deformation of 0.9 arcsecond. '

The temperature gradients were also assumed to be linear through the
glass for calculation of deformaticn; this gives answers that are larger
then nermal kbut probably not by as much as a factor of two. The must 'y
favorable assumptions and accurate calculations possible would probably

reduce deformations by as much as a factor of two, which would still be

quite large, so additional analysis of this subject does not appear

necessary.
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((oT: David Boyd

Leon Jolub g;i:“ “;5_; o
eolge Sysbrum POCR Guist o
FROM: Peknrr Cheimets
NATE:: June 12, 1984

g Sk e s it St S it ke Fid 4 e T PR St et ek A S P S T Tt ) O By R S S i O D Nl ot e S 8 e b B P e B R P e e

SOBJRCT: results of Test of Filter 6urviva1

In a mem: ddated March 5, 1984 I proposed a test to debermine if the NIXT
pre-filters would survive direct exposure to on selar constant in a vacuum.
That test, slightly modified, was performed thig morning. The filter that
orly had a dag coating melted almost immediately while the aluminum coated
filter survived two exposures to radlation level near that of the sun Loy 5
seconds each.

Teglt Descriptiun:
The apparatus was identical to that descrited in the %March 3rd iemo.

The precedure was slightly different., VFiratb tbhe lamp'cs cadiation ovtiput
wazs meanucred using thez induced temperat.re vharss i~ o unel) alock brass

none. The integrated ensdbtod radiatdon reow Pl Yo waz Toune e o 500G
watts, Lhis meant Lhat at a separation nf 4.2 ‘nepes thu rariiarier <iayx
would be ore selar zonsbant. Mo cone was olaced & . hat Aeta 2e urj che
lamp f£flux remeasured. Lo £lox 3140 2 Fart ogquel 0 e iy,

The unaluminizod Filter wos plecnd b 6.5 0 "o 7 v 0, 1 e
vacuum dravn. ‘The lamp was switehed on anl criog L0 Lo otk o g B
variac. ‘The filter meited away 3 seconus ~olev L0 D reous 0§t
voltage.

The aluminized filter was then mounted in the ©ell jar at a woraration
of 9.2 inches a distance that would yield a flux of half the solar
constant. The filter was exposed for about 3 seconds. One part of the
filter that was not covered with aluminum did stark to melt the remainde:y
of the filter was intact. The filter was then moved to a spacing o) 6.5
inch, the flaw covered and the light turned on. "The filter survived two 5
second exposures with no further visible effect.

Suggestions:

I would suggest that as the filter making nrocedure gets more advenced
and we began to turn out flight quality filter we resun this test. Then
the flight filter(s) =zhould be tested here and at CGoddard. In the Godda:zd
test I suggest a full 5 minute exposure to radiation whose spectral contantl
iz the same as the sun.

$
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TO: Distribution
. 2 0;"*’@5“‘?.;; R
FROM: P. CUEIMETS -7 - OF POOR Gu...,;.
elab gy
PATE: SEPYEMBER 26, 1934

SUBJECT: Results of NIXT Pilter Test

Four filters resembling those that will be flown on the NIXT rocket
experiment. were tested in a solar simulator. All four filters withstooa
2 solar constants, those that were exposed to a radiation level equal to
4 times that of the sun were melted instantly.

The solar simulator consisting of a 550 watt bulb and a stand to support
the filters was placed inh a vacuum chamber. The filters were placed at
various digtances from the lamp. The first two filters vwere tested at
9,5 inches, 6.6",4.6",3.75" and 3.25" and exposed for 3 seconds. This
corresponds to .5,1,2,3,4 times solar equivalent radiation flux level
(Cs) respectively., The two filters each had an aluminized surface
facing the lawp and a graphite coated surface facing away. One of the
filters was cut by accident during handling. 1In spite of this the cut
filter survived all the exposures until 3.75". 'The uncut filter melted
at 3,25" (4XCs).

A third filter prepared the same way was exposed to the lamp at 3.257
(4nCa% and melted immediately.

Finally a fourth filter, this one with both sides yraphited and one side
aluminized, was tested. It was exposed at 6.6",5.5" (1.5¥Cs) and 4.6"
each for 3 seconds, The filter survived all exposures.

Thease methods of pregaraticon ceem adeguate to assure that the filters
will survive direct exposure to the sun. A few filters should be made
in the flight frimes and terted. There appears to be a strain level
dependence in the melting temperature. If these survive, and there
geens little doubt that they will, the flight Eilters should be made,
tested here to at least 1.5%XCs and then tested in the NASA solar simula-
tor tor 350 seconds, the wission duration.

Digtribution:

David Bovd
Bruce Dias
John Gerdes
Leon Golub

George Nystrom
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TO: George Nystrom Ofcti. . .
Leon Golub OF POUW L.l
Lester Cchel

FROM: Peter Cheimets

DATE: July 19,1984

Pt iy T S . e Sy, Bt G e it H Ty e g, S b G T e A B B FA5) B S A g Tt g e T Es M A AR B B B G M k- B M L Ry Sf By S W fe ek PH ber by B e Aok e B Sy

SUBJECT: Vibration Specification fnr Niut Primary Mirror

S e g N e e sk S g S e WY AR B L i T vy B0 Sake S S R B e B bt Sk Ay e PV e S e g e weh B e e W gy P ) P P s S e e A s g Y SR T M S e R A s e e et

SCOPE:

This specification describes the test procedure of the NIXT
primary mirror assembly in vibration loads resembling those expected
during launch. The, test, setup, required equipment, persocnnel and
reported data are outlined.

TEST ARTICLE:

The mirror ring (NIXT-1000}) with a flat mirror blank bonded in
place will be subjected to vibration loads described in table 1,
These conditions are suggested bv NASA for "prototype® {esting of
designs intended to be launched using a Black Brant motor., The
components that will be tested zre the mirror ring, mirror blank,
epoxy bond, and the mounting scheme.

TEST SET-UP:

The mirror/ring will be mounted, by means of an adapter, to the
shake table (see figure 1l}. The adapter will be provided by 8a0. It
will be bolted to the 16 inch bolt @isc)e o bLbe whake table using
bolts torqued to a minimum of lu ft«lb. 2h2 wiirv: asuenbly will be
mounted to the adapter with standoffs, ‘Phe micirar mounting bolts will
be torqued to between 14 -16 ft-lbs., A zontrol hhree-axis
accelerometer will be mounted to the/adapter and a seccnd three-axis
accelerometer will be mounted to the elge of the niirror., The 2 or
thrust and one cross axis will be tested in this way (see fig 2).

REQUIRED EQUIPMENT:
This test will require:
1) Torque wrench,

2) Two 3-axis accelerometers with signal conditioning electronics
and recording devices for each channel,

3) An adapter plate supplied by SAO.

o
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TEST S5EQUENCE:

1) Sine sweep 2-I,

2) Random 2-Z,

3) Sine sweep cross axis,

4) Random cross axis,

EXAMINATION, DURING TEST:

The assembly will be thoroughly examined between tests to
determine if the mounting bolts have lossened, the adherive weaked or
ths mirror cracked. Any unfual changes will be noted before
proceeding. o

EXAMINATION, POST TEST:

Visual examination of all the components for signs of
fdeterioration due to the vibration loads. The ring and blank will
then be wrapped to protect the surfaces, boxed {or trancport back to
IBM,

TEST REPORT:

The test report should include:

1) The output of the three-axis accelerometers from both the sine
sweep and the random vibration tests;

2) Graphs of the frequency content of the random vibration tests;

3) Present engineering judgement of the success or failure of the
design, any recommendations and calculations.

5
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TO: Distribution ,
FROM: Peter Cheimets f [~

DATE: August, 1984

—— " — o

SUBJECT: Report of Bonding and Test a Mirror Blank
for NIXT

—— ] ——

Scope:

This memo describes the procedures used in bonding a mirror blank into
the NIXT flight base ring and the testing of this subassembly of the
NIXT telescope. It also presents the results of those tests and dis-
cusses planned future actions,

Pre Bond Test:

The optical flat was polished by IBM. We measured it in their 2ZYGO
interferometer. The plate measured out to be flat to a 1/50th of a wave
RMS. The fringe lines were straight and evenly spaced for all of the
central portion of the optic, The mirrors thickness was measured at
46.61 mm.

Bonding:

The blank and ring were scrubbed with acetone at the bond locations.

The blank was then set on a stone surface plate with a sheet of plastic
between it and the plate. Three Job block stacks each 10.60 mm high
were placed at 120 degrees around the mirror to support the ring (See
fig 1.). This height brought the center point of the ring, and thus the
center of the bond, in line with the center point of the mirror. Care
was taken so that the block did not sit on a wrinkle in the plastic or
under a hole in the ring and thus tip the plane of the ring. The loca-
tions of the job blocks were then marked on the ring.

The epoxy (HYSOL 9313) was mixed in two batches, the extra for spare.
It was de-gassed somewhat less than adequately as a good vacuum jar was
not available at IBM. The epoxy was then let to stand for about 1,25
hours to increase its viscosity. The epoxy was injected by means of a
50 cc syringe into the three bond joints. The adhesive was observed
through the flat to see that it filled, released the remaining bubbles
and wetted the surface of the glass. This all seemed to go fine and
there were only one or two bubbles visible in the bonds. The assembly
was left on the surface table for a week before anything was moved to
permit the epoxy to set up completely.

4yt b <y T T e




Page 2

Post-Gluing Tests:

A static strength test was performed by IBM., IBM placed about 200 lbs.
of lead on the ring to determine if the epoxy had at least that much
strength., This had no visible effect on the bond. The mounted optic
was then put into the interferometer and the gquality of the flat was
measured again. The surface had noticeably deteriorated. It was about
a 1/20th of a wave surface. The class of the surface could be described
as a dish though this could only be inferred. There was more marked
distortion at the areas near the bond but there was visible change
throughout the surface.

Two biaxial strain gages were placed on the unpolished side of the
mirror. They were placed on a radial line beginning at the center point
of one of the gluing pads. One at the edge of the flat and the other at
the center. They were aligned with each other and oriented such that
one axis of each gage was parallel to the tangent of the flat at the
bisected gluing pad (see fig 2). The gages were tested and their output
was found to be very low, this was attributed to the thickness of the
£lat.

The assembly, along with an adapter plate were brought to Stanford
Technologies in Connecticut., Here the mirror/flat was tested per a
shake spec written July 19, 1984, Basically the flat was given the
vibration load suggested by NASA for all prototypes of payloads to be
flown on a Black Brant missile. The test was performed on two axes, one
perpendicular to the optical axis and along the radial line on which the
strain gages were mounted, the other parallel to the optical axis. The
assembly was to be given both a sine sweep from 5 to 2000 Hz and a 19.6
g rms random shake in each axis.

5
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Page 3

Shake Tests:
Cross Axis:

The cross-axis was tested first. The adapter was bolted directly to the
slide table. The ring was initially attached to the adapter by three
screws with spherical washers above and below the plates (See Fig 3.)
During the procedure some problems were encountered. The sine sweep
showed a strong individual resonance at 1000 Hz. The quality of this
singularity was so high that the shake table was an able to drive the
specified g-level in that frequency range. The mounting arrangement was
changed eliminating the spherical washers and bolting the ring directly
to the adapter. This shifted the resonance up scale to 1800 Hz. The
quality of this resonance was still too high for the slide table to
drive. The frequency range was then truncated at 1800 Hz for both the
sine and random vibration., Both test were performed with no visible
deterioration in the bond and no large strains measured in the gages,

Optical Axis:

The mounting was then changed to shake along the optical axis. This was
done by removing the slide table, rotating the shaker 90° and bolting
the assembly directly to the shaker. The sine sweep in the optical axis
showed a family of fairly strong resonances around 1000 Hz. These were
not strong enough to hinder running the test as specified. When the
random shake was run a distinct change in sound was observed in the

start up segment of the test. The test proceeded with no further inci-
dent.
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Page 4

Post Test:

Examination of the glue joints after testing showed that two of them had
partially parted taking some of the glass with them. The mirror was
still soundly attached to the plate. The change in sound was attributed
to this bond breakage.

The flat was brought back to IBM and once again placed on the interfer-
ometer. The quality of the surface was unchenged both in surface flat-
ness and in shape. Review of the type of failure and the resonances
measure indicate that an "oil can" mode was set up in the telescope ring
causing high moment loads in epoxy. The loads tended to pull the adhe-
sive away from the glass. The joint, thus relieved, could no longer
transmit the high loads, yet could still support the shear force. 1In
this way the assembly was able to hold together under later vibration
loads,

Future:

The optical flat will be sawn out of the ring and photographed by IBM.
This will give us a better view of the exact nature of the cracking in
the glass. In the mean time we are reviewing possible mounting and
bonding alternatives for the next pass. Lester is working up a number
of models of these alternatives and we will make a list of candidate
arrangements that should reduce both the likelihood of bond faiiure and
distortion in the mirror. The methods under review each endeavor to
create a bond that acts as a hinge when a moment is applied to the bond
yet still supports shear loading. In this way we hope to create the
bond arrangement that resulted by accident this go around.

Two approaches are:

1) Notch the ring to create a cantilever (See fig 4a} and glue to the
cantilever. The cantilever will be unable to pass large stresses
to the glass as a movement is applied to the joint.

2) Place a U-shaped piece of metal in the joint (See £ig 4b). The
metal will flex if a moment is applied yet be fairly stiff for
any shear locads.

Distribution:
G. Nystrom
N. Boyd

B, Dias

I:, Cohen

L. Golub___.
D, Goddard
J. Gerdes
File
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3, Hasselblad Camera Flight Qualification Tests
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9-11.

12-13.
14-17,

18-23.
24-25,

TEST REPORT No. 04003

500 EL/M modified for Smithsonian Institution
Project No. 60332

Tested by Saab Space, Gbteborg

Participants: Claes Madrtensson SQM, Saab Space

Stig Ekberg, Quality Dept, Hasselblad
Leif Ahlning, Spec Appl Dept, - " -

Appendi x

Test diagram

First test 1

First test I]

Reinforcements made after the first test
Second test

Adjustments and reinforcements made after the second
test

Third test

Adjustments made after the third test
Diagram resonance searchingA

Diagram shock

Diagram sinusodial vibration

Diagram random duration
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Adjustments and Reinforcements made after the first test

Adjustments: The outer plate of the magazine was rechanged.

Reinforcements:




At

COTLLORG  SWEDEN

Date:
Test:

Magazine:

First shock:

Second shock:

Third shock:

Second test
1984-06-13
Shock

70, weight 654 g.

The camera ma/le an exposure
directly after the shock.
Otherwise 5 exposures OK.

The camera was blocked.

The magnet arm had turned
over to the wrong side of the
release lever.

The camera was repaired direct-
ly.

The magazine shook itself loose
from the camera body in the
same wWay as in the first test.
The outer plate at the magazine
was deformed.
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Reinforcements and adjustments after the second test

Adjustments: The magnet arm was lengthened in order to
restrain the type of blocking as in the
second test.

The outer plate at the magazine was rechanged.

Reinforcements:

.‘,._,.___,___..‘d
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OF POCR ¢ ¢
Third test
Date: 1984-06-27
Test: Sinusodial vibration and shock
Magazine: 70, weight, 654 g.

Sinusodial vibration in
y-direction: 5 exposures,
all functions O0K.

Note: In this direction, in the first test the film
wind rewinder and frame counter went out of order.

B P —

Sheck, twice: The camera made an exposure
directly after both shocks.
Otherwise all functions O0K.

The spring between outer plate
and magazine support was de-
formed.

Comments: During the shock test one could
see the magazine shaking in the
direction as shown below.

wa-—

,'Al*”'f___fhﬁ;"“*u;; 1
/7 ;
/ l AN
I ]l
. l| | ﬁ




vr'lula..x]»?....iﬁ:.l. e — . 2 = - ;
»

*
.
o
- a
(=) (=1
=
@
c
~N
L]
on
o
| 3
e ©
c
= L.}
- O -
Z& %
o2y —
OO0 a
- -
] w
@ e / A
- o ) "
o “ SN |
x 7 /o ﬁ £
| = [ =2 s
= J TN\
1 & 1B (R
- Ao " v 7 4 ; :
_ﬁ. N ..‘.n. < 1@.‘. h .\\.\ A ,\...1\ = l\\s
o S N - 4 ’L<\\ S | =
-] -— /ft \.\ a...\“, S ‘_.ﬁ_\ / .\A. “ ilij. -
o~ L 7o | h /4 N, R T T e e
o 3 PR YN e
ol B 27NN\ / [
2 3 SN RAEAN N
. - .2 . ...v.(-; \*ﬂ,/ // SRR / |
2 +2 o © e . . |‘ _
o [ o [l -
3 Q - ) -
: E - @ -
2 -— a -
T (%] v
+] = ] @
o —i L -
- © o w
- << -z

e




ZH suaayal4
L1 Az Al 008 OQ9 ooy opZ 001 O8 a9 or 174 ol B 9 )
0 J WH
— 1 IE] ] ] IUI
i + T E:
- -r N ('™ Q
I+ — - v e o . - |m [+ 4
- O
ot -
) : v 58
i H .ﬂ sm= 1t 9 m pOf
i ] i i a
4 \ T T P N 8
0z _. .. .qu .— oL
i __,s ._.. : | N - — "
il ) - m
i u- - . .R. oz m
B ] Y - -
) ] = ~ == 5
3
- []
al ﬂ. -— oy Wz
L "
- 09 m.
] <
i o &
o - 001 e
1 - k"
= 00Z
3“ 0ov
J 008
- 008
09- 0001
8 v -
P ada s\ N\ _ -.l\qlu\\l\\c.uN u\sv\ 2/
Sujuyrewuy| TH DRI UOIUSA (81 J/TH PDwIqpUe TH SPPIWOTUSANSI J/IH | » “lg-u
2 2 )0 Y ououg ...\~Q\ -_ML?_&:R.
!o..m— PeIea B bl LF ) resan )0 \-.!.
SO-90-hi _ x | o il vw\\\ o4 -..G.L\\\ \\\w& obnm
dng) Bural g1 1 quradie gy Bumun ey 1yundieyy |
WYHOvIa
. _ “YAINSNOILVHIT32OV - VINVOS-GWS
L o /.M (\




!
:
|
!
|
{
‘1
i
|
|

TH SuUaANIY B .
{114 (174
1w " " 008 0g9  OQY oz opn 8 ® —
0 ] L w
= i /.- ¥ .u
; iC 2 ‘3
1 2 P z . o
- el
- =<
oL ni [l ) T 2 m
. 1 .1"..f 2 - *Ga
3 [ 2w
E = g OO
- 1 ] i [] L
n ] ) i \ g
a : X ot
al. — ' .“ /
- 1 1) (] m
d : > oz 2
i X =
- «fiﬁ m
"
Ot - . oy W.c
i "
- = W
\:“l 8F »
- N
: 00z
-
O........ 00V
“ * 009
o 008
09- 0001
ap
L]

Surs pirwuy TH SPRIUOtUSAN: /T H PPrgpUe g TH SPPIUOTUSARSS 4/TH ‘b!i:
£ Zapd
\\“ - V.W\L.\N ‘.’-L pesesin4 peisnmio W‘!l V ” Wm -._ -ﬁ!ﬁll_
ro-9o-/ze| _ A wg PR PN Of t=iBaly ev/ 73 _

1pundivny| Suniyuien
WYHOVvIQ

v ~ “YAINSNOILYHITIV ~ 4 VINVOS-ENVS
.fv % M Sl ~ s

— -




e e b
1"!‘!’1]..;:1??1 I— = e — e e ity e AP N S e R T

IH suaayas4
gz AU 008 0OQ oQy oQL 08 o 0C oL 8 9 .
o e
- 4
[ ] B
- . v
3 = : 9
. [ B 1 t
v T TS v 2 8
TrE : : - o1
0z [ 1 | & - Jn B = 2 il —
J” — . [} Lt M - n. \ ! - m
s 18y — " 3
- 2 : £ 8 a -
\n d s “
> - 3
- Q M
! 0t - —
r - w — ov by )
= n
m & 09 F
Lo - <
o0 g 08 M
op 001 2
i N
= 00Z
31
A - 00y
.
-+ ¢ 009
#. i 008
- - 0001
» / v sy Q w\! N\
Bupupitwuy| TH SPRIMOTUSARSS 4/TH i - W = TH l-;liﬂw-xv ks \ Pesds: oyBug s
& \\‘“ ; P 8 V ..va\tv'\.w h\vo..\ N
IL . peienmic perenngd L
So- u? 486t _ =] °& N X T4 od >77¢ ey Ly agg
-I-HP L 1.4 1qunchery }'-._
WYHOVIQ
- -~ CYAINSVOILVMITIOOV ~ VINVOS-EWWS
/uv ;\ (\ -/

T YT I = -



ORI |
OF POUR W~

PN o e B e Y e A ARTI LW BMOLAIL

GUTLRUNG  SWELDENMN

Diagram, shock

First and second test
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Diagram, shock

Third test

soo@L /M1 STET 1 X~ 840622

209, /Oms fariv (Ve P7.

So0 24747  STET 2 x- 8Y0623
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Preliminary NIXT Electronic Design
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Tos Distribution . | B P
Proms He Penfield 4~

Date: September 5, 1984

Subject: Review of NIX-T Electronic Design

This memorandum together with the referenced drawings represents
the current state of the NIX-T Electronic Design. The design utilizes
a hardwired logic approach and the microprocessor serves only to
facilitate programming of thg exposure code sequence in the EEPROM and
to output the proper exposure code in response to input from the

hardwired logic. An alternate approach is to more fully utilize the

microprocessor by implementing most of the logice in software.

Primary scientific data is recorded on £ilm which will be
recovered from the rocket at the conclusion of the £light.

Housekeeping data is t;aﬁémitted to the ground over a telemetry link

and stored on tape for post flight analysis.

A telemetry command link from the ground to the rocket will
provide four discrete commands that are used to generate the "ABORT"

and "RESTART" signals.

Drawing No. . NIXT-203 shows the block diagram for the NIXT

electronics. . The command telemetry, data telemetry, telemetry

- interface, camera battery and electronics battery are shown as dotted

blocks because these items are supplied by NASA. With the exception

- of the_bétteries,wall of the NASA supplied items are located outside -
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the experiment package and the connections to them would be carried

through hermetic connectors. The batteries are located within the

experiment package inside a hermetically sealed container to avoid any

- cut-gassing problem.

-—

While the rocket is on the yround, an umbilical connection

provides the following lines to the experiment package; ' .

1.

2

3.

4,

Battery Charge, -~ provides direct current for the purpose of

charging both batteries in the experiment package.

- Light Test, - provide excitation for the test light source

which is used prlor to launch to check the operatlon of the

llght 5enNS0L.

Camera Test, — contact closure operates camera shutter in an

- open-and-close fashion'on alternate contact closures.

RS~232REC. and, RS=232XMT., - provmde two—wav communlcatlon

to the mlcroprocessor in the programmable sequencer.

Clock Start, - contact closure to generate master reset or to
start the experiment clock. Normally the experiment clock
will be started 30 to 60 seconds prior to lift-off. At this
same time a master reset pulse places the control f£lip/flops
and counters in their inactive state and initializes the

programmable sequencer,to the: first exposure code.

FOllOWlng llft~0ff; the sun acqu;red s;gnal from SPARCS (Solar.

_P01nted .Aerobee Rocket. Control System) is contznuously' monltored.

When sun acqulred goes true (contact closure) Lhe automatlc sequence

__cf exposures is enabled. In the event that sun acqulred does not .go

.true prlor to "N" sec (N might typzcally be 120 seconds, 30 prlor to
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launch + \BQ post launch), the automatic sequence will be enabled

regardless. Once the sequence is enabied, the state of sun acquired

,wuu——qgg

is immaterial. Detailed description of the control logic is discussed
later when the operation of the cycle control, exposure timer and

programmable sequencer are described,

‘Housekeeping data is transmitted to the ground over a data

telemetry link operating at 1 megabits per second. Each word is 10

5EE§WEh.iength;-a spbframe consists of 32 words and a frame c¢ontains
32 subframes. Thus, there isTa total of 10,240 bits per frame, the
frame time is 10.24 milliseconds and the-sﬁﬁffﬁﬁé*ﬁémagighq:Bz

—_—

milliseconds. Since time ig recorded at the start of each subframe, T
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our time accuracy will be 0.32 millseconds. Digital data utilizes all
10 bits of & word. Analog data is converted to digital form in a 9
bit successive approximation analog-to-digital converter and output as

the first 9 bits of a word., 044 parity'is calculated on these 9 bits

and is output as the tenth bit.

B L I

The NIX~T hotisekeeping data will consist of 3 digital words and

18 analog words as summarized below.

e ot e

Digital Word.#l -~ Frame No.

Digital word #2 ~ Exposure Time to 0.2% accuracy.

Count of 500 = 100% of nominal exposure time.

S TOURE A

" Digital Word #3 ~-Status.

i

Bit 0 -~ shutter, 0 = closed, 1 = open

Bit 1 - Lift-off, .0:= pre lift-off, 1 = post 1lift-off"

e AT b AT R

" Bit 2 ~ Sun Acquired, 0 = false, 1 = true

Bit 3 -~ Restart, 0 = not activated, 1 = activated
"Bit 4 = Abort; 0 = not activated; 1 = activated
Bit 5 ~ Not used
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Bit 6 thru bit 8 ~ Exposure Code
Analog Woxd #1 =~ Light Sensor Level
Analog Word #2 thru #4 - 3 Azis Accelerometer
Analog Word #5 ~ Pressure Sensor
Analog Woxd #6 ~ Camera Current Monitor
Analog Word #7 thru #12 -~ Temperature Sensors (6)
| Analog Woxd #13 thru #16 - Circuit Voltage Monitors (4)
Analog Word #17 & #18 - Battery Voltages
Each of the Analeg inputs must be limited to the range of 0 to 5

volts.

The normal mode of”operationhiggglves a series of preprogrammed
exposure times that occur automatically oncéMEHE“EEH*&uni;gg‘signal
goes true or the "N" second timer runs out. Drawing NO., NIXT-206

shows the control logic £low diagram. In addition to the normal mode

of programmed exposure times, the system responds to a "RESTART"

command and an "ABORT" command.

The RESTART command terminates an exposure in progress by closing
the shutter and advancing the £ilm. However, the exposure code
remains unchanged and a new exposure is started with the same exposure

time as the exposure that was interrupted.

The ABORT command locks out the automatic programmed exposure

sequence ang control of the shutter is in an open-close mode

controlled by successive ABORT commands. Thus, once the ABORT command

has been issued, all subsequent operation of the camera is essentialiy

"manual" via the ABORT command.
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The key subsystems in the automatic operation of the camera are:

1. Esperiment Clock Drawing No. NIXT-207
2. Cycle Control Drawing No. NIXT=-205
3. Programmable Seguencer Drawing No. NIXT-204
4. Exposure Timerx Drawing No. NIXT~208

The referenced drawings show functional diagrams for each of the

units.

The experiment. clock utilizes a 1 MHZz crystal oscillator Followed
by two cascaded decade dividers to produce a 10 KHz clock signal. A
clock start input (momentary contact closure) is routed to the
experiment clock eircuit through the umbilical connector. This clock
start input serves the dual purpose of generating a master reset pulse
and opening a clock gate to allow the 10 KHz clock signal to be output
to the cycle control and'exposure timer subsystems. A single
momentary clock start contact closure generates master reset and opens
- the clock gate. Two momentary clock start contact closures, with the
2nd cloéuré oddurfing.within the time of the delay gate (say, 3

seconds) , stops the 10 KHz outputxéha'generatagﬂmaster reset. Drawing

No. NIXT-207 shows the logic circuitry required.foanﬁé'bxpEEimgggﬁxh

clock and also shows typical timing waveforms.

The gycle control circuit provides a shutter gate signal that
determines the time during which the camera shutter is commanded open.
Drawing No. NIXT=-205 shows the circuitry required in the cycle
control subsystem. The master reset pulse clears all counters and

- resets all fiip/flops‘ ‘The 10KHz signal from the experiment clock is

divided down to 1 Hz by four cascaded decade dividers. This 1 Hz

- signal provides synchronization for the start of each exposure in the

automatic Sequence and also drives a divide by N counter chain. When

e
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either sun acquired goes true (contact closure) or the divide by N
counter overflows, the sequence enable £lip/flop is triggered and the

next lo-to-hi transition of the 1 Hz signal triggers the shutter gate

flip/flop which in turn triggers the exposure start £lip/flop. At the

e

end of the exposure time (as determined in the exposure timer
subsystem) , exposure stop goes hi and resets the shutter gat.e
flip/flop which then triggers the cycle reset f£lip/flop thru a NAND
gate. Cycle reset occurs on the next 1 Hz pulse following the

triq'g'ering of the cycle reset £lip/flop. The cycle reset and exposure

start f£lip/flops are reset by the cycle reset pulse through an RC
delay. Cycle reset is also used to reset the shutter gate and RESTART
flip/£lops and to generate the increment input required by the i
programmable sequencer. When a RESTART input triggers the RESTART |
£lip/£lop, the increment output is disabled 'and the cycle. ;:esét : ~1
flip/flop is triggered thus resetting the cycle control for a new ,i
exposure but maintaining the current exposure time. When an ABORT %
input triggers the control sel_éct £lip/flop, the shutterx 'ga{:e _is f
derived from the state of the test/abort f£lip/flop. The test/abort
flip/flop is a divide by two circuit that switches logic level on i
sncecessive clock inputs. The clock input is obtained either £rom the |
_ RBORT signal o_ﬁ from @& camera test input (contact closure) that is
routed £o the-cyele control subsystem through the umbilicé.l connector.
Camera test allows chédk‘BﬁE of the camera shutter/film advance

operation prior to launch. T
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A sample cycle control timing diagram is shown in drawing No.
NIXT=210. HNoi.e that the 1 Hz signal synchronizes the exposure start
and cycle resnt and that a 1 to 2 second period is provided for £ilm

advance betwern exposures.

The expcsure timer subsystem, shdwn in drawing No NIXT-208,

. utilizes a series of decade dividers and a divide by three circuiﬁ_to
dexive an.exposuré clock signal whose period is 0,001 of the desired

exposure time. The 10 KHz signal from the experiment clock is fed

thru an AND gate to four cascaded decade counters that provide outputs

of 1 KHz, 100 Hz, 10 Hz, and 1 Hz. The control signal for the AND

gate is the exposure start signal generated in the cycle control

circuit., When the exposure start signal goes hi, the 10 KHz, 1 KHz, .

100 Hz, 10 Hz, and 1 Hz signals will be present on the 0 through 4
input lines of a 1 of 8 data select circuit. The selection is
cohtrolled by the three hi bhits of the exposure code. The exposure
code is a four bit input-that comes from the programmable sequencer.
The lowest bhit of the exposure code is used to select eithex the
direct output of the data select circuit or the output divided by

three.

. Nine exposures times have been selected for use in the NIX-T
system. The following table lists these exposure times along with the

corresponding exposure clock rate and exposure code.
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connector. The microprocessor also responds to the master reset and
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Exposure Time Exposure Clock Rate Exposure Code
0.1 seconds 10 Kiz | 0000
0.3 - 3.333 KHz 0001
1,0 1 KHz 0010
3.0 333.3 Hz 0011
10.0 100 Bz 0100
30,0 33.33 Hz 0101
100.0 | 10 Hz 0110
300.0 3.333 Hz 0LLL

10000 1 He 1000

The exposure clock signal is divided by 1000 in a chdin of three

cascaded decade counters to provide the exposure stop signal required

by the cycle control subsystem. "

The programmable sequencer utilizes a microprocessor with an
EEPROM as part of its memory to provide the capability of editing the

stored exposure code sequence via an RS-232 link thru the umbilical

the increment signal generated by the cycle control subsystem. Master

~ reset initializes the microprocessor and places the first exposure

code on the #4 bit parallel output to the exposure timer subsystem.

Increment selects the nekt exposure code and places it on the 4 bit

parallel output.

A llnﬁ_dﬂlﬂﬂﬁ_ﬁnﬁ_xﬂuﬁxﬁﬁn CerUIt is requlred to interface the

_RS—232 lines to the umblllcal connector and approxmmately 900 feet of

=‘">< A’ﬁhﬂttﬁzwﬂﬁén*5§ﬂﬁan,.utilizing an IR source and detector will

W be used to determine when the camera shutter is actually open. The

cable from the 1aunch pad to the block house.
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output from the sensor will be used to advance the frame _counker,

serve as a gate for the exposuré clock input to the .exp.os.ur.e_g_o_lmj:_e.n
and activate bit zero in the status register. ”

The exposure cownter functional diagram is shown in drawing No.

NIxmw-209, Cascaded four bit binary counters are utilized to derive a

10 bit output that represents actual shutter open time to a resolution

of 0.2 percent., In other words, & count of 500 represents a shutter
open time that is equal to the exposure time specified by the exposure

code.,

The command.decode subsystem accepts four contact closure inputs
from the command telemetry and generates the ABORT and RESTART

signals. A specific combination or sequence of the four commands will |

be required to generate these signals.

The shutter drive circuit accepts the shutter'gete signal from
the cycle control subsystem, provides isolation ({(thru an
opto-isolator), and provides a low impedance "contact closure" to the

camera shutter contacts.

The gamera gurrent monitor ecircuit senses the total current drawn

by the camera and presents this (thru an opto-isolator) to one of the

analog inputs-to.the,data telemetry. The camera current monitor
circuit also includes a DC~to-~DC converter to reduce the 24 volt

‘battery voltage to the 6 volt level required by the camera.

The pQHﬂx_ﬁlEtleutlQn subsystem utlllzes Dc—to-DC converters to

transpose the battery voltage to the voltage levels of +3 volts and
15 volts requmred by the. electronlcs. Also 1ncludaﬂ in the power
dlstrlbutlon is the fmlterlng and decoupllng requlred to ma1nta1n

"clean" voltage supply to all 01rcu1ts.
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A hi_volt power supply is shown on the electronics system block

to cover the case where an avalanche type photodiode is used as the

light sensor.
In addition to the light sensor, the system includes a
pressure_sensqr, a 3_axis_accelerometer and several
. | ) N

Utilizing the functional diagrams it is now possible to generate

a detailed design with specific components. selected to pe.form each

function. Based on the functional design it is estimated that the
- gystem will require approximately 60 integrated chip packages  and

‘should lend itself well to a layout utilizing 3 circuit boards.

The GSE and/or special test equipment requirements for the

electronics will have to-simulate the following interfaces.
1. Umbilical
2. SPARCS
3. Command Telemetry

4, Data Telemetry

The degree of sophistication in the GSE required during testing of the

system is probably a matter of economics. For instance, digital

telemetry data could be chegkgdﬁusing.a;simp;e;array of LEDs and

analog telemetry data could be checked with a digital voltmeter.

- Contact closuies, as required for the command . telemetry and SPARCS,

could be simulated hy switches. o

e
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The wnbilical lines will terminate in the GSE equipment that will

be located in the block house at White Sands. This equipment will
include a computer terminal (such as a VI~100), a line driver and
receiver, a battery charge supply, a variable powerx sburce (fbf the
Light Test Source), and momentary contact switches for camera test and

clock start.

HP/pk

Distribution:
B. Dias
J. Gerdes
Le Golub
F. Licata
G. Nystrom

-4

M e T — g+

o

ampbrem g i




i S B o b, P S S S RS S PN PR S T

N S | & Y s _ 4
T . = L G BBMC : -
2} gor-rrza| WG | T we———— =% oo | ssseean
I A g R e | _ _ -
. = FN 5 nE.n.i
. h . T ax
. Ty | L B = SR
mrcame  ANOLYAYISEO | o
- TYDISAHJOUESY NVINOSHUWS | - i e ey
- LSTISOYS o ’ : ce
IHQWM - .Mn\uﬁt.h»i.!ﬂ. _M.H”th — 40 ’ . B E N T E -
Pt ] E . T
Nﬂw.vnﬂw&ﬂm.wwww Loo-mmd
. L B S - | ol

. . 1:1.,. o H '

3, —— b bed
B _l_ m.n_ 1 | esearymive
] ! e

T oe
iz ; = = i
g vy | W IHCITINY I s i j e— , : : E
= ' i i : MONFGIE NprFrIYy L o o
e iz e ' 5 O : ;2 il LS
mmmun DILITING | gvwe — SELFHS | w Py e R W B T S N it T
e o ”| SR | o~ Loy _ RS ; . £ , saersy

o2 pz ot 1 — o TEIFTEW
s 3L i L
Sl e , o
Fae o . =R — e e e e e i — I, J00 .
m (@] : ) i i m : LCRLVIFWET :
sa — sz | S . B S s SR ;
- <R’ o . BUSHIT ; P desmsy & - . .
m M.w. . P oA T T m gy — < Iy | . ages ko F S S
: i o : i v ¥FLAHS * R 7 S | den
i : — - 1 ; .. i . ) : '
. . ¥
{ e R, L . 3
. Towwws AsIlyT
IS  REae eaenESl T . =
.. FRSEL QerEIANT 8 )
QU | 2.vg [ — janjanezf -
SuOISASE S




LR g

¥
AN z e
- sl = “Fe =
vAomano - XYOIVAUISIO . T e
TVIISXHJOUISY NYINOSHUWS SN ROy oy
ISTISINY - o -
| E o

— TN

.

. ; Cddv e " : p=—

26y -2 xs7y| vvsos | o
- . Cddw T

O Sy O ey e | are =

¥~

| WYNIIT MOTE HDOT onINGD

W%
(%]

(WA

QUALKIY

ORIGINAL £,
OF POOR Q

-

-
- . - -

3 oIS ey}
Cjasiy § ava ) : HOLLAO] jananoz;

T I S




ST e L e Rl e DI D e lton i L e R e A T T St e B T e e e

L

Log) ’ 1 TS Sa_ NOHYITLY
- . L n KO 035N ASSY BGN
z oyt xspr| BEE0S | D T
. - X Cdd¥ 108 '
AT oz | Tapaesesy | o 1va E) j
WESTEF i~ e L 5T ST
- . FIL S
FREVEN rE N
Inn kkn.h..kﬂ
wramny  AHOLYAHISED
TIISAHJOUISY NVINOSHHWS
"iEn SaEva »3 . o - . SIS FYASOIRT
— ST L _ _ nua..u !

T o e ey

T . T T o -t - ~o L ammoy was

P - - - “ - — -
* o ] E i
-— —— . ' — — -4
T I = - . T 1357 52T

S - ;, : ; . 1

T
1 : 2 R i
] L TN WP e oot
e gig = —— i [ % j——

l S I -
- .z - - EECITLONT WF o =l e § e

= h——
. 25 . - ot
- =t - e

— - - & [ S SN i . i < —

Z3TEY DTAF T . . - - ' :

Z
"=
—— - oA,
i ors =
- _ - - - 2 o o
. r =i
——— S - £ -
£ S had . TSR =0
——— - _ - 2AE TR s i , Q.
Lo Fartoga S . _ S . L—y i m "
: o0 .

———— e L mman -

g
t . o=
INTINFEMT : — - - - !
: 7~ <|.|..W|I1l -
: b — ~— i

{ . _ v or
- - e
: _ e ] 2 -
m = EZR PR o INVLSTE
et

o ISFTEREE J...r.ll e 1.10..* 2URISTE AW
| S
‘

b ot b Rt

T FTLLS o o
D— Lyoay
- -. - - - —

5 PE g 0 _.I:;lh! mr.l - ..M- ASFL wyTlD

; .
[rupe— K
Pl N A - WOUSTATS Ty ITITS - Nd. .

o ulkE
ausisdt | v NORLDOYSNT funf3nog| .
L] * ‘ : . ' =




L R e

P e LR I R ANST RSN EL o BE R Sttt S Y

[4 £
= o ROLAUN
E&ﬂh el g o3sn sy ban
’ i ol
LA ) va
O WKT
MGRUG HEINY ITNTIETE R LIt e A .
i TR
L-XIN - _ A8y — TRONAR. 2
] o
wwoawene LHOLYAUISHO |
3 TYDISARIOYLISY NVINOSHIIWS
: 1573 S1Evd -
usOTK |
wﬁ%ﬁﬁm@
r .
2903
FANSOIXS

i

*n,-
i

|
i
{

LHNFNIFINT

| 1553y NRLSVH

T R S ~ —_
MM ineg S M T i ! m T
B3 : S | oo

MM - ﬂ _l _ ” - ] i L w HOSSTIOIIONIE .«mm.mu_m

o WO, S wgd wer | . . o .,

=1 o _r t.rusl ..f,* ! . 1 7 vy m.-l? |¢ e =23
m e _L i - 4 : - I — - “.

..n-M o M STIN=AV — ...Inlllm

[Vl TN s - - e

o Na
i . I _Er S 1 /1

B.Eu&.._ 2uva ROUSIEYSIT |unajaxoz
g _




AP 2k T SR e e e

B PR

IR % £ LA S SA—

et o e e L e < e e L e T e Wi Vum.!ii;

L W EE ST 3 UL

P RO | VOO T = o A T i S R AP T SR

et

carezmon . ROLYWSSY ;-
/7 ho.m - .C«\L\ R ) — = woain Assw Lk
L o5 pne0 | gne e St ] st -
WYSYIT TUNGL NS IOTD INTHIY AN T e armm
L-¥IN rm »m\k\MhMM 7 o 30 iom
no 4 w0 3 .M“ﬂ F
Y TRTAYD Eoﬁimmmo e
._qu_m__.:moﬁQ NYINOSH1IWS R TS S
£ oo
25
Lo
=1 .
m m o ] ; } w“uu m
—_— i+ —— Tim = ’ H
ok o TR S T e |
e :
00 .
S -
!
| T [ . |
PRSI s nibisid I B eatlatd o - 1
i “ ;
! - - B !l,.m Leiez s
. 4 - - . - .||_ FFE
- - '.r ln“i — |Wl._
L o
| ISET pfriipr | 7
ALY g NOULATIDS N t- e EFTT=F)
SRS

u...l SIOLS ‘P AYTIG THESO UL JiLL PUHLEINT DINNAIIO
PUATSTIS onZ SHE ML IS TXOSCTD LIWINOD LIS 220G s&ﬁl?ufoi omy

ADSFYIFISVNY STIFNIS TAITGTI LWLNO3 LIWISHICT] ANMLNIWOW IS

hh.ﬂm.w. MELSUI E-\ﬁ.?mﬁ ONY LOSLAO. I 0;

UASLID IYOF OITY OF FLUD NZOTD SHIID .GV

.4 P ——

' : i T W07y
—
- e e

s ._ “ LTSTN YRLSVIN
- M FUVS APFTIG

- t s .M "mu.snoduh_s.znuu. .

J AT ¥ICTD

T

1 LILS NI0TS
S {

.

L



WL D 3Im

T

Hh[anoz ) . . j

L | g | y
1 ] ] s NDUVINEY ]
i/ 02— xs/v]| vrs0s | D NG 0En e o
[ ] oM B ) TR S0 A | T
d- QSSYTT TR NI T TN
L-HIN
Fiug
wezamn  AHOIVAHISIO
TYIISAHdONISY NVINOSHAIWS
- 1STySunvd
) woaoTng
— -now .
JIUNI TG
4
P e A
o -ﬁ . e ——— h 2y FTHT
. an W-M e .a.,.m.r..uz._.._.l
> =0
=1 or
Eo
z29 .
&2 o . .
£ N 2 I
co uwes i hagit P TR s
R LR T vere T g T raedE i —_———— e — .
‘..Q _—— ku_.1lM.|. WJ.I«I... pu— —— Jllu . MTET ML,
Y ory Ty Ve

L

Sy




vl deepar e

T e Doy —drd Rt At

T T T TSR £ AT T e B vk

o - - - i TSN i )
L | z v g | 4
2l [] ) un HOLYINdY
”. . Odd¥ MIHLD M
/ B07—¢¥7M vrets | o g o sn Assy st
HYSSHIE TYNOLLINGS YL I¥snT = s v
L :
LXIN o o Ema e _
Jun H S.J F Fxr 3
ez A{OLIVAYISIO - et
AVISAHIONISY NYINOSHIIWS _ R TS e
ST Suva
(= I EEA T
1& |
AHUN m dd —
’
- —_— d Ry e—y
. g vyreyrrral)
3
—_—t .
- L . _m
drsTanitaig , 1 ” - .
, — e |
as | | or+ | o ;
i . - ' A 1. .,1. _
2 —— y
-3 . — e | b |
W, o= o1 ‘ S
el .
£. O by ...rm : 1.3
e i
=8 - L =t h o |2
o O o ﬁ £+ 7 ' Gr+ 1
4o } i e b v I
= T S i |
&k Ped™ 2 ,
=N . — T . e — e — wyot
- rd / _————— De— w N
- .,.rt..rl - - , , L3S FISCAT -
BN S e L o
H : = . * AIFTIS Wik B
Y Llll..w ....... n . -.. H

ruﬂn.

FJaes
FIOATCLIT
= i IINESy  Spersit 7
QUCEEN | arm : NOULIRoH jaijanoz
- SNIRSIASH -




) iy it
Ry :

-\‘_‘

= Aok g o B ——— s g i T v rucel s Sl B i e R L ML Snean oo ih.l-.
i
L _ [ v g L
inwE Fra ) NOLLYIOLIY

] ! ; Saee ity e - Hedrir) 23560 =

G/7—_LX/N)| vveos 1D T e Ay ion =

- Cad¥ G - oigo 935 | £

h T5 P
= e e — ey a3 ca15 wsor A4
. . - ey Du FTEY JTIAD CHOFOIAL MY INTWI I
v WYESVST L TOSLVGT T30 i M e d VaIsTY CyFTOIVL ywiSaY D) 1130 g \Vi Y

XN

“ofa FIFYNT JIVID IS

o)
™

T - P, I w.»hqwum‘.%i ﬂmwm@q.u Wm.nc u_ Wuﬁ "
—an TR Jwen03) SPNLE SF09 SN
wowemws  AHOIVARISEO e ¢ <
Y ) guw@mog NYINOSHUWNS o) Temn
15T S1va r -
- woureea | Siesas 123 ] mmn | a :
1 J nw a 3y
JHv TR - :
P —_— et — — —a- o ———— et = A ke T -— R
: R B _w ‘
m e . ~ mmm g e - i . T e —_—
T | |
-~ — RN . —_ - —— g -~ - ey - ———— .ln\\mxlllll..ilr} g
o 224 w Ell_l [ b I
.«.. B D ATIIY

- . ”nv;.u.! -".‘, I

i ‘Q'...

<a

OF POOR QUALIVY

ORIGINAL PACY

——
L

g 7 T
. 1
| =

Junjasez

PRSP § = — ! — — —————
g Ea sy g 938 T |l
s S
: _ s am —— Looeo
- ) ivt
e N Y —_—tem e e
. e e e s P — U § X P R
TR b T T T T
$ B . ' x i H . : . H 1

I.!.ill;lvsr S

i B G A it
WEIRRGT Sy ST ST Tos5 2003

LAFVLTIY

Ty Ao

LITLEIN

L AWIONT
LAFEIY FTIAD

- I
LISFY FTAD

aQCie @NSISRT

LI
AWML FHAS) edx3

S
FLUD. WFLUIHE

v o

FEYNT FINIOTSS

aFirOw N3
25F

(L¥¥es ¥2073)
LSS5IV FILSVIV




J.

PIC AT Wallops Flight Facility

P

R t Ta R e

i enomn s, Pt e sk

P e




e e s ernd e Sttt 2 :
- R e oy ey e

]

Nationat Aeronaulics and NIRRT ,‘(n»:
Space Adminisiration OF PO(‘;R Q‘_,,,‘_ “{ 4/ Aoty
Gaddard Space Flight Center

Greenbeil, Maryland
20771

il

- Raply to Aun of 1040 Ji.lly 20, 1984
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T0: Distribution

FROM: 1040/8Sounding Rocket and Balloon Projeocts Office

SUBJECY:  Project Iniviation Conference (PIC) on 27.089U5 - Golub/SAC
The subject meeting was held in the 8rd floor conference room in

building E108 at the Wallops Flight Facility on July 18, 1984. Those
attending were:

ML NS S SEur  S R S S

NAME ORGANIZATTON

R. ‘Windsor GSFC/1040 ﬁi
W. Gurkin WFI /1041 qo
VW. Wallace Wi /1022.4 i
R. Burns WFF/1022,4
B, Ballance WFF/1041.2 E
F. Boykin WFI/1022.3 '
J. Snolinski WFI/1040 A
R. Pless * WFF/1040 Ho
Jd. Cerdes 840
i, Penfield SAQ
G. Nystrom SAQ _
L. Golub SA0 ’ 7
T. Laughlin Laockheed
K. Zirrmer Lockheed )
Experirment

The e}.perimentr.-r prepared and distributed a handout cutlining his
techniques o requivemnents. Dr. Golub plans to build and fly a new
concept In .ioray imaging that is called a "Normal Incidence X-Ray
Telescope (M'XT). This telescope will be used to obtain very hish

; resolution “-ray spectra from the sun. The data will be rccorded on
£ilm using a speeially rupgedized Hassellblad for a £ilm transport and
shutter ass:mbly. A tentative exposuro soquence is 75 seconds,
2 seconds, 20 seconds, 1 second. S8till to be determined is the
altitude this sequence should stari. The P.I. has requested that the
skins e anodized and polished to proteet the film from heating prior
to recovery. In discussing the resolutiop it was detenmmined that o
rig section would be required since he i looking for 14 are swond 2y
stability. “Where will be a Calroc type vacuum door in the forward - 5
experiment, The vacwun requirement will he in the order of 11006,

o, g
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Fu?mrﬂ
Pve griertific dnstruments will consie.t of.

Te MUIZE=HIXPr "Thece codligned mirrors, each tuned to a selected
speciral Hne.

2. AIXT/Sneetrograph with transmission grating (1000 lp/rm at entrance
Coerturs)
Damolution of <~ T.5 B{m = 01 8 resolution

b5 ﬁ_nmg Polarincter: Add »~ 45° reflection (Brewster angle) to obtain
TG polarized imapes.

I Ireakd-wn of camponents and welghts is contained in Attachment 1 and
o Tesfone chart for the telescope is contained in Attachment 2

Tl P I. fas asked for use of the Goddard solar constant :L’acility for
ca.l_b.,t.ucn 6 months prior to launch.

Experitenter Action

1. Provide comprehensive and minimun success criteria, i.e., nuber of
exposures time above altitude, ete.

2, Provide altornatives for moving experiment weight aft.
3. Inhibit light source prior to launch.

4. Provide mechanicel drawings by November 15, 1984,
Mechanical

R. Burns 'has agreed to provide anodized experimmt sections with pressure
bulkheads and an aft extension if reguired.

Perforrance

There will be no problems from a performance standpoint with the possible
excepltion of ballast to keep altitude to <200 miles,

A_ction

Provide migs properiies of launch and recoveraule payload using existing
lengths and weights. Zimmer/LMSC '

Instrumentation

The instmmentatlon system ﬂw.t will be used for 'Lh.‘m :El:.ght will be
from 27.05008. Battery power for the rigs will be provided by ins stru-
mentation. The POM will be reforrntted and submitted to SAQ for review.
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The B/l fecd-thru conneetors rey be hermatically sealed as opposed to
the glass type. The PuI.'s GOE will access his eguipment through the
I''S, and his umbilical lines will be through the instrumentation
umbilical, A command gystem will be flown.

Action
Coordinate required cormands w.th P.I.
Vehicle

This will be a 4 fin Nike Black Brant s possibly use the new aluminum
igniter housing. _

SPARCS

The P.I. will require some still to-be determined solar activity and the
only other launch constraints will be the ETA angles. Pointing require-
ments to achieve the resolution are such that a rig will he required to
maintain low roll drift rates. Other requiremz:nts such as pointing
accuracy and limit cycle are well within the SPARCS capabilities.

Schedule
pIC Conmplete
Design Review November 15, 1984
Skins to 8A0 April 15, 1985
Telescope to GSFC August 15, 1985
for calibration
Field Ops January 22, 198G
PIR January 23, 19806
FRR : February 12, 1980
Launch February 15, 1980
Contacts
Science, PI L., Golub, 617-495-7177
Mech C. Nystrom, G17-405-7190
Elec H. Penfield, Gl7-485-7195
Mission Chief R. Windsor, 301-344-5871
Mechanical R. Burns, Xb48
- Performance -~ W, Gurkin, X506
Vehicle B, Ballance, X422
; Instrumentation - . T, Laughlin, 408~742-<194)

SPARCS/WSM Support N, Zimrier, 505-070-9442
. Scheduling : J.. Smolinski, X366 :

o
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Wallops numbors my B -reached cormercially by dialing 804-824-3411
and glving the operator the extension-number... On T8, dial 928-5 plus
three digit extension. White Sands my be reached on FIS by dialing
800-0442 or 9440,

-ﬂ M (el

Richard M. Windso_r
Attachments: 2

Distribution: Attendess
' D. Bohlin/lQ/EZ
J. Holtz/NQ/LZ
Lo “Eardy /1040
‘““’h‘-"ﬂr‘“——-—.‘,_
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NIXT PRELIMINARY EXPERIMENT WEIGHT ESTIMATE

EXPERIMENT
Telescope Section:
Primary Mirror Assembly
Secondary Mirror Assembly

Camera Assembly

Electronicé:
Electronics

Batteries

Cables, Connectors, etc.
- Total Experiment Weight

VEHICLE
Rocket Skin Sections
Thermal Shields
Vacuum Door
Aft Bulkhead
Trim Weights

TOTAL WEIGHT EXPERIMENT SECTION

Pounds
41,3
31.3
15.1
87.9

14.0
24,0
6.0
44,0
131,9

116.4
17.4
6.5
8.5
3.0

285,7 Pounds

L.,,w
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AGENDA
SAO NIXT PRESENTATION

SCIENCE OBJIECTIVES

'EXPERIMENT DESIGN OVERVIEW
‘MECHANICAL DESIGN ASPECTS

ELECTRICAL DESIGN ASPECTS

PROJECT MILESTONES

WSMR ASPECTS
PROGRAMMATICS
OPEN DISCUSSION

(1) Sqlar simulation GSFC - prefilters in vacuo

(ii) SPARCS perfdgmancé; espec. role st.ability

PRESENTOR

L.

G,

COLUB
NYSTROM

. NYSTROM

PENFIELD
NYSTROM
NYSTROM -
GERDES
GOLUB

o et
s g et
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Jeriere CABE

Umbilical Cable
12 Lines Requixed

iRt I Y %
R S N R
! I b
: | i
) 7
#3.38 a 5 ‘
Machanical =) Ei |
Pump at Platform % ;
Level Contalning E é
Deoy. Will Be e
Disconnected ' |
One~Two Hours . ?
Prior to Launch } \ i |
Or As Late As ’ VB |
Possible . < |
. & R — _Separation Ring
L JIgniter Housing

Pull Away Bulkhead

NIX-T EXPERIMENT
TOWER REQUIREMENTS



NIXT FROGRAM MILESTONE CHARY

MILESTONES

Fabricate Primary Mirror
Receive Telescope G/E Tube
Receive Secendery Farts
Tolescope Tube Assembly
Electronics Comp,

Sacondary System Tested
Fabricate Secondary Optic
Telascope Optics Complete
Multilayer Coatings Complete
X-~ray Telascope Complete
Brookhaven X-ray Tests Complote
Begin Final Assembly

Begiin Test Program

Test Program Complete

Ship to WSMR

FLT

CALDENDAR DATES

b Sept 84
15 Sept 84
1 Oct 84

1 Nov 84
10 Nov 64
15 Nov 84
30 Nov 84
1 Mar 85

1 Apr 85

1 Moy 85
15 June 85
15 July 85
5 Sept 85
15 Jan 86
15 Feb 86

7 Mar 86

FY YEAR
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Appendix: "Solar Coronal Studies Using Normal-Incidence
X-ray Optics"
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Invited presentation at COSPAR meeting,
Graz (1984).

SOLAR CORONAL STUDIES USING NORMAL-INCIDENCE X-RAY OPTICS
Leon Colub

Smithsonian Astrophysical Observatory, Cambridge 92138 MA U.S5.A.

ABSTRACT

We deacribe the progress which hos been made in constructing a new type of X-ray telescope,
which operdates at normal incidence in the soft X-ray reglon by the use of multilayer coat-
ingn. The principles involved in state-of-the~art multilayer technology and some recent
high~resolution imaging results are discussed. A rocket payload incorporating & multilayer
X-ray mivror io pregently being constructad, It is of Ritchey-Chretien design and the
expected spatial.resolution is 1/4 aresec. The selentifie program for solar coronal studies
and future instrumental developments are alse discussed.

INTRODUCTION

During the twenty years in which X-ray imaging has been used in astronomy, every major
advance in imaging techniques has resulted in significant new sclentific achievements. The
continued development of groazing-incidence techniques has led to the great success of the
Skylab missions in the Scolar case and of the Einstein Qbscrvatory in the case of non-golar
X-ray astronomy, Optical figuring and polishing techniques have progressed to the point that
sub~arcsecond imaging is now possible with a large grazing-incidence broadband system such as
the AXAF, ’

Complementary to the progress in grazing incidence imaping has been the development of multi-
layer coatings which provide usable normal incidence reflectivity at soft X-ray wavelengths.
As we will describe below, it is now possible to deposit large numbers of layers without
aceumulating signif -ant total thickness errors in the stack (Spiller /1/, Barbee /2/). This
breakthrough means that one can now fabricate normal incidence mirrors for use at Xwray wave-
lengths, down to the limit imposed by d drop in performance caused by the effects of inter-
layer boundary roughness at ~ 30 A. The ability to reflect X-rays at normal incidence pro-
vides an immediate improvement in image quality compared with grazing incidence mirrors
(Henry et al,) /3/ and the technique 1s also capable of providing simultaneous moderate
resolution spectroscopy because the multilayers can be designed to provide quite narrow
bandpasses. The grazing incidence and multilayer techniques provide complementary lines of
development since the high spatial resolution and spectroscopic capabilities of normal inei-
dence optics are offset by the'enhanced short wavelength response and broad bandpass of
grazing incidence optics. At the present time the fabrication of multilayer coatings for
normal incidence X~ray optics is in a state similar to that of grazing=incidence techniques
in the eagly 1960's: it has now been demonstrated that normal incidence imaging at X-ray
wavelengths 1s feasible and that high spatial resolution combined with moderate reflectivity .
can be achieved, However, the technique has not yet been used for observations in. space and
it has not yet been developed to the level of quality in imaging which will be achieved in
the pnear future.

Figure 1 provides a visual demonscration of the resolution which has up to now been achieved:
the row of dote in the picture 1s a series of exposures through the. plane of best focus, where
each of the images i5 of 2 0.7 wn X~ray spot at a distance of 1000 feet (angular size v 1/2
arcsec). The mirror was a 3 spherical multilayer coated optic, coated to reflect at the
Boron Ky wavelength of 67.6 A and the X-ray source was a Boron tarpet. Vibration at the MSFC
test facilicy (éee §2) kept the measurement limits to the arcsecond level, ‘The production of
a high resolution X-ray image on £ilm using normal-incidence optics im & breakthrough and
constitutes a major suceess for tlie program, o

We have thus been able to show that a multilayer coating tuned -to a specific well-defined
wavelength can be produced and verv high quality X-rdy imaging obtained, However, while the
experimental technique of producing multilayer coatings at a specific desired X~-ray wavelength
is now understood, such mirrors have not yet been used for any astronomical studies, -

In this paper we discuss the present status of the program in which we are involved, whose
poal is to develop a -large apertuye telescope for very high-resolution studies of the Solar
corona, “The Solar coronz-is the ideal target for an initial application of normal incidunce
techniques: it is characterized by high X«ray ploton fluxes in a number of suitable emission
lines, and is already known.to be structursd-down to the arcsecond level, Furtherpore, there
are cogent sclentific arguments for suspeeting substantially greater structuring at yet
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emaller spatinl scales, so that there exists a pressing nced for a breakthrough in our
ability to resolve spaticl detail in the cnrona, We thercfore expect to begin answering the
numerous thooreticol questions which have beon raised by results from Skylab ragurding
plasma processes occurring on spatial scales which have heretofore not been resalved,

From this vicwpoint, high spatisl resolution observations of the solar corona form a scicne
tifically important complement to ongoing diagnostic studies of laboratory plasmas, in which
the stability properties of hot magnetically confined plasmas are studied under parameter
repines rarely if ever encountered in the laboratory, For this reasen alene, subarcsecond
spatial resolution solar observations are rocognized as carrying great scientific impact, and
the imporcance of understanding local transport processes in the solar corona from the astros
nomical perspective simply adds yot another compelling reason for carrying out this rescarch,

MULTILAYER PERFORMANCE AT ¥=-RAY WAVELENGTHS

Multilayer coatings are widely used In the optical region to fabricate mirrers with enhanced
reflectivity, These coatings are anslogous to a quarter-wave stack, in which the high reflec-
tivity ie made possible by producing a standing wave in the matarial, In order to avold the
rapld absorption of X-rays, a modified quarter-wave stack is produced in which the most abe-
porbing layers are centered on the nodes of the standing wave. The best performance of a mul-
tilayer coating in the soft X-ray region is obtained by alterpasting layers of high and low
dbsorption indices (Spillor /4/) and placing che high absorber at the nodes of the standing
wave,

The reflectivity at normal incidence for a single surface is R t (§%+k?}/4, vherc the complex
refractive index is n(A) » Ll-(§+ik), For wavelengths in the soft X-ray region of the spectrum
§nk << land R 6%/2 & (nered?/4m?, where ng is the effective clectron density and te s
the classical electron radius., Thus, for soft X-rays R~ 10™* so that practical normal ineci-
dence devices cannot be fabricated for work at thase wavelengths,

However, it is theoretically possible to achieve high reflectivities from multilayer coat-
ings, Becont advances in multfiayer fabrication techniques (Haelbich er dl., /5/, and refer-
ences therein) indicate that these coatings will allow the achievement of normal incidence
reflactivities greater than 10% for wavelengths as short as 44 A. As deseribed below our work
has showa not only that high reflectivities can be achieved but also that exceptionally pood
image quality can be waintained in a multilayer coasted mirror. ’

The number of layers needed at any X-ray wavelength to achleve a roflectivity RvI0% ipcreases
as N « 1/A%; about 60 layers are required for A=100 A, In practice, it is extremely important
to control £ilm thickness in the deposition process such that the accumulared thickness error
is a small fraction of the wavelength. This type of nearly perfect thickness control has been
achiaved via an in situ soft X-ray monitoring system (Spiller et al./1/). With vthis system an
error in a deposited layer can be corrected in the next layer so that the number of layers in
the stack need not bé limited by errors in the individual layer thickresses, Coatings have i

been fabricated with more than 200 layere and an accumulated total thickness exrrer below 5 A.

The imaging performance of a normal incidence spherical mirror &t the B Ko wavelength of 67.6
& has been tested by Henry et al /3/, The tests were performed at the MSFC 1000-foot long X~
ray test and calibration facility. The mirror (manufactured by the Zygo Corp.) was 7.6 cm in
diamecer with a foeal length of 5.24 m. The 2erodur blank was figured te A/100 rms and super~
polished. A multilayer coating consisting of 124 alternating layers of C and a Re-W alloy was
deposited directly on the Zerodur substrate, The reflectivity of the cvating was monitored
during the deposition, using N Ka (31.6 &) at an angle of incidence of ¢2°, Because of geo-
metrical conscraints, the first round of tests was performed at an angle of L°5 off=-axis;
the detector used was the backup High Resolution Imager (Einstein brassboard), a two-dimen-
siongl photon counting imaging detector,

The results of the test are shown in Table 1, in which we compare the performance of the nor-
mal incidence mirror at L°5 off axis to that of the Einstein Obgecrvatory grazing incidence
mirror performance on axis; the latter mirror is chosen as an example of the current state of
the art in grazing incidence desipn, The data show that the normal incidence mirror compares
quite faverably with the Einstein mirror, The test results alse indicate a total reflective
ity of 5-10%, the major uncertainty being due to uncertainty in the detector's quantum effi-
ciency as used in this test. We note also that the Figure of 1" for the FWHM of the mirver
repregents an upper limit to the true response, since this was the resolution limit of the
tast setup,

TABLE 1. Normal Incidence Mirror Performance

Normal Tncidence (1.°5 off~gxis) Einstein (on axis)

FWHM {arcsec) _ : T 1,0 3 3.4
50% 5,0% 8.4
70% 8, 5% R o ..15,2

+ % Normallzed to detector field of 512 arcsoe

L B



A TELESCOPE FOR SOLAR STUDIES

We are in the process of bullding n normal ineldence Xeray telescope (NIXT) fo wvery high
spatial rosolution studics of tho Solar corona. The telescope io o nt:chny-Chratinn dosipn,
conaloting of a pair of mirrors with byperbolic figure arranged in . Cacnugrain confipu=
ration, After figurinpg and polishing of the optice arc complate, they wiil bo coated with a
multilayor designed to provide usable normol incidonce roflectivity at a coft X-ray wavo-
length chosen to colneide with a strong coronal emiselon line formed in the 1,53 x 10° K
temperature tange.

An optical schematle of the tolescopa, which 1o presontly being fabricated, io provided in
Figure 2, For roasons of thormal stability as woll as finor optical surfacn quality, it ie
intended that the mirror substrate matorial be Zeredur., Extensive testing over the paat
several years hos demonstrated that Zerodur £lats con be polished to better than 5 B sutface
r7ughneaa. Tho desired Eipure tolerance for the flight instrumenc i A/10 peak to valloy or
A/40 rms, .

The proposed teleacope will consiot of a 2§ em diameter primary and a 5,9 em gecondary. The
rvodii of curvature are approximately 394 cm and 126 cm, respoctively, and the BEFL of the sys-
tem {5 750 ¢m, Because of the extremely high spatisl rasolutlon which we are sceking to
obtain (v 4 times batrer than the AS000 diffraction limit), the main support structures for
che inatrument will be a large Invar ring holding the primary mirror and a graphite=spoxy
monocoque optical bench for positioning of the secondary, Decause of the limited duration of
a rocket Elight, an athermalized telescope cell i5 not felt to be necessary, and therefore
the Invar metering structure will suffice.

The design, fabrication, test and assembly of the tolescope optics are following conventional
optical shop procedures for aspheric syrfaces, MNull lenses will be required for findl figue
ring nf primary and secondary mirrors, in conjunction with fringe measurcments on a Zygo 12"
laser interferometar, It sliould be noted that because the telescope is to be used at a
wavelength of about 50 &, the domands an optical figure are severc. Using the tolescope at
wavalengths one hundred times shorter than visible demands striet attention be paid to pre-
cise figure control throughout the manufacturing process. Also, since the thickness of each
interference coating layer pair is of order A/2, the osurface finish of the optics must be
state~of«the art,

The detector for this instrument will be £ilm, since there are no electronic detectors avoil-
able which have the required spatisl resolution, even wicth our 7.5m focal length. The film
which was used for the X-rdy instruments on Skylab was §0-212. This film, or its parent
emulsion Panatomic~X Aersographic (3412), would be acceptable for our purpeses, towever, we
anticipato the nped for a higher resolving power since cthe resolution of the NIXT may be ao
order of magnitude betcer than that of the S=054 or 5-050 instruments, We are testing a new
Kodak product, Technical Pan Film (2415), which bas higher resolving power than 3412 and may
also have higher gsensitivity; combined with the fLactor of 3 greater plate s:ale of the NIXT
it will be possible to achieve l/4 arcsec redolution in the Elight instrument,

SCIENTIFIC PROGRAM

Having assessed the initial test results for our existing normal incidence mirvor, it ls evi-
dent that true sub-arcsecond spatial rosolutlon is now o realistic possibility in observa=
tions of the Solar corona. We are thus ‘n a poaltion to consider a qualitacively new kind
of observing program, In this section we propose and briefly sketch some of the most obvious
new observations, both Solar dnd non-Soler, which can now be envisaged,

At the present time we anticipate three major Selar areas in which normal incidence X-ray
optics will have immediate impact;

1, Fine structure of coronal loops, The progress which has been made in studying the
structure of the Solar corona has served to define a set of questions regarding local encrgy
release and mass and enepgy transport which can be nddressed by higher resolution observa-
tions, These questions may all be grouped under the general heading of heating, structure
and stability of hot plasma-filled loops observad to be confined by mapnetic fields (Fig. 3).
This general problem of plasma heating and confinement is, of course, presently being vigo-
rously studied in terrestrial ldboratories by those interested in controlled nuclear fusion
ond many of the same theoretical and instrumental techniques are being used in both flelds.

The altuation in the solar cororal case is that at presént theory has toe much freedom to
construct possible models. Present obsevvatlons are insufflcient to constrain theoretical
parameters: we do not at- this time know the radial temperature and density structure within
a coropal loop, the rate of magnetic fiecld expansion at the base of a loop, the magnitude of
coharent plasma flows within the loop, the lmportance of rapid, transient heating for loops
(Sheeley and Golub /6/), and so forth, A major aim of our overall program s to resolve
these issues by means of extremely high spatial and temporal resolution X-ray imaging, In
so doing, this research will contribute not only te our understanding of -the solar corona,
but also of confined hot plasmas in general.

2.. Flare reconnection repions, . The area of coronal research which has recoived the most
attention over the years amg wiilch still seems far from soluticn is the Solar flare.
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Propoced explanations,other than apgrocing that rapid releace of mognetic energy {s invelved,
otill offor a discouragingly largo ronge of possible mechanisms (see Sturrock /7/ for o sum-
mory}s The Skylab and S¥MM observationn have provided somo holp by showing that thore ara twe
gencral classes of flaras, those with lorge ond diffuce loop systemp ansociated with erupt-
ivo prominencos amd compact active reglon flares with small or upresolved loopo, hipher
plasma pressupes and more rapid avolution (Pallovieini, Serio and Vaiana /8/). Furthormore,
8¢ obsorvaticns hava chown that the likely site for porticle aecccleration io coronul, and
that electrons ond ions are aceclorated op ess;~tially the pamoe time meale, cotitrary to
thooretical expectations, .

The basic unreselved problem ie the mechaniom of flare onorgy relecaso, There 18 general
agvoomant that the problem to be solved invelveo the storvapge of enorgy in coronal mpgnotic
flelds and the rapid rolease of this atored energy in a Elare event, prepsumably via wagnetic
reconnection, “Reconncction” involves the diseipation of mapactic Flux at a finite reaisti=
vity boundary layer and the associated conveysion of magnetic energy into heat and acceler-
aced paveicles, These recennection boundary layers are both at the heart of the flare prob-
lem and puve theorotical constructst they have never been obsorved, Becsuso predicted sizes
for tho nssocisted current layers bsgin about one order of magnitude below the best spatisl
rogolution achieved to date, tha abserce of observational confirmation has not ot all con=
strained £larc modols, At a rosolution of 0.1 arcoec the possibility cxists, particularly in
the larger scale flaros, that we may begin to resolve the roconnection reégion and honce be-
gin to constrain available thoorias for the flare energy releanse, Furthermore, high resolu=
tion soft X-ray images will provide a direct.controptatinn of recent hydrodynamic flare
models with the data, ‘

3, _Emerging mapnetic flux. A third area of study is the investigacion of small-seale emerg-
ing (bipelar) magnetic flux. We now Know thnt most of the magnetic flux emerging from the
Solar interior iz in small spatisl scale "uhredded" or ivtormitcent form, aond that mognetic
flux emergence is associated with vigorpus %-ray emission at the emergence sita, X¥-ray obser-
vations thus provide a very good diagnostic for magnetic flux emergence on the Sun (Golub
/9/), Lorge active vagions, although of crucial importance in determining the large-scale
form of the corona and the level of activity, vepresent only & small fraction .of the total
nagnetic £lux which emerges, The only exception seems to be at times of Solar maximum, when
the gctive rogions may dominate the emorgence procesa, The overall balance between large and |
smoll emerging reglons is a function of phase in the Solar cycle and 1is such that the total
amount of flux emerging 18 necarly conmstant (Golub /9/); the eolar ¢ycle can thus be visuale-
ized as an oscillation in the wavenumber distribution of emerging flux (Fig., 4), This ob=-
servaticnal constraint on solar magnetic cynamo theory remains to be cestod on smaller spa-
tial scales: bocause of the Ay, avent importance of magnetic flux emergence on small spatinl
seales, it 18 of great interest to know whether flux emergence on a8 yet unrssolved scale
sizes vitiates the present observational picture. - Our observations ean thus provide a

direct apswer to these questions,

An intimately rolated problem is whether there are any smoller scale emerging fields at all.
That is, we have not answered the question, ot what acale size, 1f any, does the emergence
process stop. It is certain that at some swall spatial scale length magnetic diffusion will
dominate, so that the size spectrum of emerging flux will cut off, In addition, the spectrum
of flux cmergence determined by Colub et al., /9/ is siuch that the integrated contribution of
small bits of flux increases in importance down to the smaliest scale size observed (v 1019
Mx). Hence the shape of the distribution must turn over at some small scale size and this
spatial scale is gccessible’ to our observations, then we will be able to test directly
theories Eor magnetic flux emergence and diffusion on small spatial scales,

FUTURE APPLICATIONS

Although the principal aim of our initial application of fiormal incidence optics at soft X-
ray wavelengths is high=resolution imaging; we emphasize that ope of the most important ulti-
mate contributions of normal incidence technology is in the field of high-resolution X-ray
spectrascopy. This prospect is a naturnl.consequence both of the relstively natrrow passhand
inharent in such optics, as well as of the inherent opticsl configuration which, as we shatl
show, 15 far better suited than grazing incidence optics for feeding spectropraphs of ex-

tremely high wavelength resolution,

Spectroscopic applications of multilayer technolopy range from the most simple case, in which
several mfrrors are flown at the same time, each tuned to a particular spectral feature to
more sophisticated instruments, €.8., one in which a normal incidence telescope is used ag

a feed for an.echelle type spectrometer, In this section we describe spectroscaple instru-
mentdl developments which we foresee at this time as being the most promising and productive
avenues. to pursue for the {mmediate future, .

“Multiple-Mirror NIM . -

The notion that spectrographs ef fairly high wavelengeh rvesolution are essential to perfoim

" pleema diapnostics based on, for example, linc ratios is common wisdom and under mest circum=
.&.ances ontirely warranted, However, an important exception to this rule exists, which
normal -incidence dpties’ can take advafitagc:of. The spectrum of a coranal {i.oi, X-ray
emftting) plasma in the temperature range of 1-20 million deprees contains many narcow
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wovelength fntervals in whichs (a) the number of spoctral line featuras per unit wavelongth
interval 16 low, and (b) the ecmisafon in virtually completely dominatod by o omall numbor
of specific transitions whooe intensitles are charactorizod by different depondonces on
plaomo tomperdturc, Broadband coft X-ray spectrosccopy hop tokon advantage of this fact for
some time, but has boen limited by the relatively wide passband of typleal transmisslon
filter arrangoments {(AM A of approximately 0.1},

It 1o posaible te choose wavelength intervalo in the opoctra of plaema at coronal temperas
turas such that the mirror bandpass trancmiocsiop oc any f£ixed temporature is dopipated by o
single {resononce) line. By appropriaste "tuning” of th¢ bandpass, the contribution of con-
tinuum omicsion and othor lines can be made to constitute a very omnll fraction of the total
bandpass flux., Thus, by taking advantage of sparsely populated wavelength intervalo in tho
spoctra of corcnal plasma and thon matching the bandpass of the normal incidence optics to
the wavelongth extent of these spoctrum intervals, we can ebtdin a level of spectral isola-
tion of soft X~roy lines moré comionly associatoed with high-reselution spoctrographs siuch ap
transmission or refloction gracings, but with for greater effoctive area. If one now
employs several normal incidence mirvors, each "tuned" to o different wavelength interval in
which the emission ip dominated by a eingle line, it is than possible to measurc line ratios
with a minimum of contaminating emission, The cmissivity vs, coronal temperature for three
candidate bandpasses is shown in Figure 5, : : i o .

Extremoly High-Resolution Spectroscopy

It goes without saying that most of the techniques developed for high=-resolution speetroscopy
with grazing incidence optica c¢an be readily applied In the normal incidence case, For
example, cbjoctive gratings (with A/AA ~ 100-1000) con be readily adapted to our optical
peometty, with the considerable advantage that grating fobrication is simplified by less
stringent optical constrainte, For example, the vequirement for coma-corrected transmission .k
- gratings in the grazing incidenge ¢ase no longer applied, OF conskderably greater interest . - - B
in the long term, however, is the possibility of cenducting spectroscopy with wavelength ' ‘ i
resolution of cho order of 3/AA ~ 10,000 or more, &.8., with resoluticn which begins to be :
comparable to that enjoyed by optical astromomers, At this resolutien it becomes possible,
for example, to measure line doppler shifts for X-ray emitting plapmn moving at the modest
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velocitica expected in stellar atmospheres and to determine detailed lire profiles,

for our present purposes, the essentisl element of, e.g., an echelle spectrometer design is
the roquirpment for two distinet nested grazing incidence telescopes; the first belng the
imaging telescope, which focuses the scurce onto the entrance slit of the spectrograph
proper, the second being the collimatow, whieh is necessary to produce the parallel beam fed
to the echellé gratings. Such teléscope/spectrogtaphs thus require at least four grazing
incidence reflections before the beam arrives at che echelle gracings., The key point of our
normal incidence télescope derign is that only two reflections are necesdary: . by placing
the spectrograph entrance slit at the focus of the normal incidence primary mirror, a

second normol incidence mirror behind the slit can bhe used as ., collimotor, onalogous -to
conventional echelle spectrogrephs, ' The major edvamiege of this design over the corres-
pording grazing incidence casc is the substantially aimpler optical train, while the elimi-
nation of two grazing incidence reflections largély compensates for the lower reflectign
efficiericy of the normal incidence mirrors, For extended objects, the normal incidence
design also allows one to maintain high -patial resolution aleng the slit, as is achieved in
the HRTS instrument of NRL. : ) . . .
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Fig. 1+ A series of x-ray images through tho plase of bost focus, taken with the
prototype normal incidence %-ray telescope (NIXT}, Images are of u Boron target, spot
size 0.7 nmy at o distance of 300 m; emission is at the B ¥ lino, 67,6 X, -adlatioen,
Arrow points to best-focus spot. o
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Fig. 2. Optical schematic of the NIXT rocket inst rument, a Ritchey-Chretien x-ray
telescope with 10" primary and expeeted spatial resolution of 1/4 arcsec.
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Fig. 4. Solar eycle variation ipn emergence rate of smnll-scale magnetic fields, as
determined from the number of x-ray hright points and from simultaneous magnetagrans,
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