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DEVELOPMENT OF A HIGH RESOLUTION IMAGE
INTENSIFIED SPECTROGRAPH

1. INTRODUCTION

This instrument was developed to provide high resolution

spectral information of low light level radiations from atomic and

molecular species related to the lB chemistry of the upper atmos-

phere when excited by electron bombardment by a rocket-borne

electron accelerator .
A near-optimum instrument has been developed under this

contract to provide a diagnostic tool to record visible-radiating species

related to the IR chemistry of the rnetastable state of atomic nitrogen ,
2 . 1 1

N (  D) , and atomic oxygen O( S) and O( D) in the altitude range

of 90-120 kms . The instrument combines several state-of-the-art design

features; i. e., fa st F/num ber , echelle and crossed dispersion gratings,
image intensification , and direct photographic film contact with the fiber-

optic output screen of an image intensifier . The combination of these

design features increases the total sensitivity of this instrument far in

excess oF any spectrograph used for collecting this type of spectral info r-

mation on Exceed-type programs.

• ci.

3
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2. BACKGROUND

In 1974, operating under contract to Utah State Univer-

sity and ••~FCRL , HSS Inc developed an image-intensified spectro-

gra ph named Cygnus for use on Project Precede . The Precede

event , sponsored by DNA , had as its principle objective the test of

the perf ormance  of a rocket-borne electron accelerator in the altitute

range of 90-120 kilometers. Ground based optical measurements,

including the use of the Cygnus spectrograph , were performed as an

aid to diagnosing the accelerator per forma nce , as back-up to the

payload photometers , and as an evaluation of techniques for making

ground based measurements of electron-induced atmospheric processes.

The results of the Precede Event, conducted at White Sands

Missile Range on 17 October 1Q74, demonstrated incontrovertibly the

importance of ground based measurements to uppe r atmospheric aeronomy

programs involving electron deposition. In the Precede case, for example,

a malfunction of the system for removing the covers of the on-board photo-

meters rendered those instruments , in effect, inoperative and the only da ta

obtained was from the ground based instruments .

The Cygnus spectrograph obtained data over the entire opera-

ting period of the electron-accelerator . The data was of good q u a l i ty  but

was contaminated by an unexpected source of light , as was the data from

the other ground based inst ruments . The contaminat ing light source was

related to unspent propellant emanating from the combustion cha m be r of

the second stage booster which was deliberatel y left  at tache d to the accelera-

tor payload to improve vehicle neutralization .

Cygnus spectrograph is a low-dispersion survey-type  instru-

ment covering the wa velength region from 4200 A to 8500 A . The large

4
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wavelength coverage is perhaps its grea test  a t t r i b u t e .  Its wavelength

resolution , spa t ial resolution and sens i t iv i ty  are mod est . S i~e, weight ,

and configur at ion of the i n s t rum en t  are such that the i nst r u m e n t  lends

itself to easy adapt at ion to any kind of autom at ic  or m a n u a l l y  t ra i nab le ’

mount .

The Cy gnus  inst rument  wi th  Its low dispe rs ion , 220 .\ per

millimeter, a nd consequent modest r esolution , 10 to 12 A , is a suit ab l e

inst rument  for ci’ rta in classes of ~~~~su rement  s on F:xci’ed type pro —

grams . It is the equivalent of 400 photometer channels  each 10 .\ wide ,

albei t of reduced sen s i t i v i t y .  Wi th  it ,pro ni in e ’is ( ft ’ ze t i i  i • t ~~~ of the ~pc ~t rum

can be readi ly ohs e eyed and thei I’ te’ nipora 1 and to sonw degree spa t ia I

fea tures can he studied.

The goal of Ex ceed ty p e  i ’vcnts  is the studs’ of a tmosph er i c

chemist  rv p rocesses in the vie in i t v  of aft itndes a round 100 k i lome t er s

under controlle d condit ions of elect ron impact . The complex c hem i s t  cv

chains that result f rom this electron d e t le Is  it ion must  bt ’ t in de  rstood for

ma fly upper at mos phe n c  problem s and app l i ca t ion s .

The optical spectra  induced by th e  cheni ica l  proces se’s a cc ’

p r i m a r i ly  infra red r adiat ions  and w eak  v i sib le  OR’ n ea r  — v i s i b l e  r a d i at  ions .

In a low resolution ins t rument  such as (‘ygnu s and in phot otne t e  i’s , t hese

weak visible r ad ia t ions  tend to be s Wa mpc d b y  the r adi a t ion s  ot r ’ i ~~hhor  —

ing prominent  atomic lines or molecular bands . (
~)ne is thus  led to con —

elude tha t to mi prove fl~~Ofl p resent  ground based spect r a l measu r ( ’n ) ent s

bet ter  ,vavelength resolution is r equ i red .

I’erha ps one of th e  most i m p o r t a n t  v is i h ic ’ - r a d i at i n g  s ~‘ t ’ ic s

related to the IR c h e m i s t  cv is the  met ast ahie  state of a t o mic  nit  rogen ,
9

N 1)). ( oi isequent ly ,  any  cons idernt  ion ot new or n ip roved inst  r u m e n t a t  ion

should provide for the cap abi l i ty  of recording this  a t o m ic  doublet .

previous ins t rument  ( ‘ Y G N I  S did not have  the sen s i t i v i t y  to record Nt

5
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emissions from any planned EXCEED event even if it had suff ic ient

spectral resolution to isolate it from adjacent spectral features .

The requirement for improved sensitivity alone did not ju s-

justif y a completely new instrument . Improvements could have been

made to the existing Cygnus which would have increased its sensitivity

and thereby improved its performance and capabilities . Howeve r , the

requirement for increased wavelength resolution , an inc rease of between

a factor of 10 or 20 , could only have been fulfilled by a complet ely new

approach to the spectral dispersion system , making a new i n s t rumen t

approach mandatory.

The new inst rument  Supe r Cygnus combines both high

resolution and increased sens itivity to provide an instrument with far

mo re capability for providing spectral information related to the lB

chemistry problems . In addition , it has improved spatial resolution

another limitation of the Cygnus instrument.

ii 
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3. 1NSTRLJMENT DESIGN GOALS

The optical , mechanical, and electrical design of the
Supe r Cygnus spectrograph was designed in accordance with good
commercial practices. The design goals of the instrument a ~ as

follows :

I ’ Paramete r Design Goal
Wavelength Coverage 4200 A - 7500 A
Linear Dispersion 15 A / m m
Wavelength Resolution 1 A
R elative Aperture f/ i . 5
Field of View (variable) 0. 5 - 2 . 0 degrees
Image Intensifier 3 stage electrostatic
Radiant Power Gain 40, 000
Cathode Response S-20 VR
Phosphor Screen P- il
Film Size 70 mm
Exposure Times (Optional) 1, 2 , 5, 10, 20 sec

‘V
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4. INSTRUMENT FINAL CHARACTERISTICS

The instrument final cha racteristics are better than the

design goals in two major respects . The image intensifier has a higher

radiant power gain and using a refle ctive cross dispersion grating

Instead of a transmission type allowed us to have more grooves per

millimeter thus larger separation between spectral orders and linear

dispersions from 14 A / m m  to 25 A / m m .

Parameter Fina l Cha racteristics

Wavelength Coverage 4200 A - 7500 A
Linear Dispersion H A / m m  - 25 A / m m

I’ Wavelength Resolution I A

Relative Aperture f / i . 5

Field of Vie w (variable) 0. 5 - 2 . 0 degrees
• Image Intensifier 3 stage electrostatic

Radiant Power Gain 75 , 000

Cathode Response S-20 VR

Phosphor Screen P - l i

Film Size 70 mm x 125 ft

Exposure Times (Optional) i , 2 , 5, lO , 20 sec.

- 
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• 5. INST HUM1 ’ NT OPl ’IC’AL COMPONENTS , PARAM E TEU S
A ND CHARACTERIST ICS

5. 1 Optical

Parameter Specification

Objective Lens Modified Maks ut ov Catadioptric
300 mm FL .. F 13 . 0 w/field

• flattener lens.

Collimator Lens Schneider Nenotar l.ens
150 mm FL, F 1 2.  8.

(‘amera Le ns Farrand Optical Co.
Super Farron Lens w / I R I S
76 mm FL , F /0 . 87

Operating F/No F/I . 5

Image Intensifier ‘rube :\R() inc I’ vpe ’ 8606 , 40mm

• 
dia . Ca th ode , 3 stage inten —

si fica tion w/ f iber  optic cx—
• tension on anode screen ,

w/ P - 1 1  Phosphor .

Magnific .etion 0. 9

Radiant Power Gain 75 , 000

Field of Vie w (variable) 0. 5 - 2. 0 degrees

5.2 Spectral

Configuration ross dispersing sy s tem .
Echelle Grating for high
resolution and plane reflee -
tion grating for orde r sorting.

Dispersion Grating Echelle gratin g. Bausch and
Lomb Type 35-03-25-401
79 G r o ov es / m m .  63”2 6’ blaze

• angle .

Order Sorting Grat ing Plane reflecta nce grating.
Bausch and Lomb Type
35-53-20 -280 , 1200 grooves I
mm. I7°27 ’ blaze angle .

9
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5. 3 SPE CTRAL W A V F I . E N G I ’ I l ( )RDER S

Total wa velength coverage 200 \ - 7500  \

Linea r dispersion 1 4 \  / mm • 2:~ A l  miii

Wavelength Resolut ion I A

Orders 30-52

Spectral \ \ ave leng th  Linear  t A / m m )  Wavelength
Order Coverage (A I ) i spcrs i on  Resolution 

~~~~

• 30 722 () to 7720 24 .8 O . 9i~
31 6990 to 7460 24.0 0. 96

32 6750 t~ 7220 23 . 3 0 . t13

33 6580 to 6990 22 . 5 0. 90

34 ( 39R1 to ~780 21 .9 0.88

35 6220 to 6580 21 . 3 0. 85
36 6050 t~ 6390 20. 7 0. 83

37 5890 to 6220 20 . 1 0. 80

38 5740 to 6050 19 . 6 0. 78

39 5590 to ~‘890 19 . 1 0.76

40 5460 to 5440 18. 6 0 . 74

41 5330 to 5590 18. 1 0. 72

42 5200 to 5460 17 . 7 0 . 70

43 5090 to 5330 17 . 3 0. 69

44 4 117 0 to 5200 16 .9 0.68

• 45 487 () to 5090 16 . 5 0 . 66

46 4 76 0 to 497 0 16 . 2 0. 65

47 4660 to 4870 15 . 8 0. 63

48 4 570 to 4760 15 . 5 0 . 62

49 4480 to 4660 15 . 2 0.60

50 4390 to 4570 14 , 9 0. 59

51 430O to 4480 I4.(~ 0.58

52 4220 to 4390 14. 3 0. 57

10 
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6 . ~l E ( ’ I I A N I ( ’A I .  ( ‘ I I AR :\~~i’ER [S 1’t(’S

• Fi lm ‘1’ rans port . 70 mm fi lm me ye ment  enclosed
in a l ight  t ight  e :ise painted r e—

• f lect iv h i t t ’ , wi th  a reciproca-
ti ng fi lm p r essure  plat en for pro—
~‘id ing direct  contact  of the f i lm
wi th  the image in tens i f i e r  f iber

- optic  output face  pla t e sc reen .

1’ilm Tra nspor t  R a t e s  The f ilm t r a n s p o r t  is operated
w i t h  a camera progra miii or
\ Iodcl C( ’ -384X . The spec t rog raph
inco rpora te s  an in te rnal  s h u t t e r
w h i c h  is synch ron i zed  w i t h  the
film move ment . It opera tes  in a
normally  open to open mode , c losing
only  when the f i lm is advanced .

• The choice of f i lm r a t e s  a re  1
• p ic tu re  pe r second , 1 e v e ry  2

seconds , 1 eve ry  S seco nds ,
e ve ry  10 seconds , and I e v e ry  2I~
seco n ds .

Shut ter  (capping ) 2 inch d iameter  FIA H V \ R I )  shu t—
I or is incorpora ted  in the  opt ic al
nath to cap the input  light to the
image in tens i f ie r  dur ing  f i lm
t r a n s p o r t a t i o n . It is synchronized
wi th  the  f i lm t r a n s p o r t  and camera
cont ro l  u n i t .

spect rog rap h •\ 1I of the opt ica l  and  m e c h a n i c a l
components are mounted to a
co mmon f rame  and Lise plate
wh ich  is enclosed wi th  a li ght t igh t
covet ’ pa inted re f l e ct ive  white wi th
access hatches , one to change slits
or field of v iew l imi te rs  and one
to adju st  the camera  lens focus
for ex t reme t empc i’attir e compen-
sation .

Grat ing Holders I3oth gratings ar e  mounted in f ront
su r face  pivoted adjus table , gonio—
metric grat ing mount s .

i i
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Weight . 157 pounds

Mounting points The spectrograph has two
optional mounting configura-

• 

- 
tions . One is for “ in laboratory
use ”, three adjustable leveling
pads are arranged on an 18-inch
per leg triangle pat tern  attached
to the bottom of the ins t rument
base plate . The other method
of mounting is for “in field use ”
on a tracking mount rail . Wh en
this is required , an in terface
plate with two shoes at tached is
bolted to the three threaded bases
that normally hold the “ in labora-
tory use” leveling pads . These
shoes in t u r n  bolt to the t racking
mount i nst rumen t  ra i l .

• Cei~ter  of Gravity . . The center of gr av i ty  is indicated
in three axes on the i n s t r u men t
with CO (lecals .

12
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7 . ELE( ’TRR’AL CUA RA ( ’I ’ERl STR ’S

All elect rical  funct ions are controlled by an electr ical

switch pa nel with lights to indicate all func t i ons . (see Fig. 6, pg 20

Function

Film Transport  Swi tch Position 1 p = — \uto ina t ie
(Pr ogra nwd~ (‘enter OF I”,
Momentary  Down = Ma nun I l”il ni
A d v a nce .

image Intens i f ier  On —Off Ii . 75 \‘ IX’ Biittt ’ ry I ~oWt ’ r .

Powe r On—Off  = 115 VA (’ Power  to Film
Tr ansport  and (‘app in g  S hu t t er .

Shutte r Disable p = N or i i ia l ly  Opt’n . I . i& ~°ht Off . I )own
= (‘1os~ d , I ‘ight On , indicat ing that  the
shut t e r  is disab led a ri d in the capp i rig ri io ~k’

Electr ical  Connector and
(‘a niera (‘able ontro l i ‘owe r to Fi lm ‘1’ ra us pOt ’t

Eleetr h ’al (‘onnector
115 V A (‘ I ‘ower for cent r ’ol ci r cu it to f i lm

t ranspor t  and SIititt(’ r .

Electr i cal  (‘oiuwctot ’
Progranin ier  Signals for ox post ire  ra tes  to f i lm

t ranspor t  and shu t te r  a ’o  supplied
by a Model ( ‘(‘ — 384X ca mer’a
progra nuiie r .

13
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8. 1’! NA L TEST RESt I i;i’s.

The contracting off icer ’s represen ta t ive , Mr . Wi l l i am

Isenga i’d, vis i ted INS Inc laboratory  on the week of 111 (,)ctolw r 1976.

A t  tha t  t ime we conducted final  optical  a l ignment  of the optical corn —

ponent s and permanentl y bolted these components  in pla c(’. ‘I’Iw s y ste i i i

was 01W rate (I and spectral  sources were photog ra plied on fi l  ni . A

Nikon camera  was used to photograph the Image Inten si fie ~
‘ output  he ea u s e

the f i lm t ranspor t  enclosure was not corn pletel y fabr ica ted  at  t ha t  t i m e .

H es olution and dis pe rs ion tests were conducted and evalu ated . The j u s t  ru —

ment  ei ther  met or surpassed all of the design goals and was t en t a t i ve l y

accepted by Mi ’ . I senga rd pen ding a f ina l  in tegra ted  t es t  incorporat ing

the f i lm t ranspor t  coup led to the image in t ens if i e r  f iber  —opt ic  o u t p u t

screen with the electrical control circui t  in full operat ion .

The film tra ns port was completed in mid Novembe r 1 976. ‘1’ he

• • spectrograp h was elect r icall y wired and the sw i t ch  and relay control  panel

• was installed Zifl (l tested .

The film t rans  port was tested wi th  f i lm in d i rect  contact  wi th

the ~ ma ge In tens i f ie r  output  fibe r optic sc ree ii a nd spec t rums  were  photo —

graphed of several  spectral  sources .

The results were excellent ; there were no s ta t ic  e lectr ic  charge

problems with the film in direct  contact with the f iber  optic face plate or

in tra ns port . The ent i re  in s t rumen t  system aperated ve ry  sa t i s factor i l y .

The high resolution image intensif ied spec t rograph is comple ted

and Final A cceptance by the cont rac t ing  officet ’ was conducted on A pr i l  2 1

a nd 22 , 1977.

8. 1 Figure and Photograph (‘omment s

• Figure 1 is a diagramatic  layout in plan v iew of the inst rument

identifying the location of all the principal components ot’ the spect rograph .

14
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Figure 2 is a photograph showing the geometrical character-

istics of the image intensifier tube. The VARO 860 6 tube , as do all 3-stage

electrostatically focused image intensifier tubes , displays marked pincushion

distortion. There is also a radial decrease in efficiency of response . This

again is an inherent characteristic of the electrostatically focused image inten-

sifier tubes. A general conclusion regarding all geo metric characteristics

of the instrument is that in applications where high positional accuracy is

required , detailed calibration ‘of the image tube geometry is essential.

Figure 3 presents a high-dispersion spectrum taken with the

spectrograph . The source was a highly attenuated glow discharge spectrum

of iron excited by a mic rowa ve generator. Twenty-three spectral orders are

covered by the spectrogram , although some are quite faint.  A transparent

overlay is providcd to give the read-~r an indication of the degree of distortion

present in each spectral order .
Figure 4 is a photograph of the complete spectrograph with

objective lens , instrument cover , electrical controls , and film transport .

Figure 5 is a photograph of the instrument with the covers

removed.

Figure 6 is a close-up photograph of the electrical control panel .
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