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INTERNAL-GRATING ELECTRONOGRAPHIC SPECTROGRAPHS WOR THT PAP
ULTRAVIOLET AND X-RAY WAVELENGTH RANGES

ABSTRACT

'Described are concave-grating spectrographs, of the
normal-incidence and grazing-incidence types, using electron-
ographic recording with a front-surface alkali-halide photo-
cathode on the Rowland circle. The normal-incidence version
uses magnetlc focusing, wlth unity magnification, and 1s use-
ful at wavelengths above 300-400 A. The grazing-incidence
version 1s belng developed in two types; one uses magnetic
focusing and near-unity magnification, and is intended for
applications where high resolution 1ls required but the avail-
able flux 1s relatively high; the other uses electrostatic
focusling and a large demagnificatlion ratlo and 1s intended
for applications where resolution can be sacrificed to obtain
higher sensitivity for weak sources (such as celestial Y-ray
sources). The use of grazing incidence results in a hicsher
quantum yleld from the photocathode, as well as a hirher re-
flectance from the grating, in the extreme ultraviolet and

soft X-ray wavelength ranges.




INTERNAL-GRATING FLECTRONOGRAPHIC SPECTROGRAPHS FOR T17 WA™
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Introduction

The instruments described here represent an extencion of
the internal-optic concept!’? to include the cace where the
optical system conslsts of a single concave grating. "ush a
configuration 1s of interest for the following reasons:

(1.) The previously-described electronographic Schmidt and
all-reflecting cameras are obviously limited 1n size, due to
the external location (and correspondingly increasing size and
welght) of the focusing magnet., Iimitatlons are also encounter-
ed in the avallable sizes of objective zratings and »f ltra-
violet transmitting blanks for Schmidt correctorsc. Troaref .o,
for large effectlve apertures, one must consider an i1n:% unment

which can be placed at the focus of a large telescope.

(2.) For many types of observations, such as of diffuse sours.:

(comets, galactic nebulae, etc.), 1t 1s desirable or nececcar:

to use a slit-type spectrograph rather than an ob jecilive-sratir. -

tvpe.
{3.) For wavelengths below 1000 A, the reflectances »° known
mirror coatings are very low, and hence it 1s necesgsar:s to Keep

the total number of reflections in the optical svstem to an ar-

solute minimum. Also, no transmissive materials (other than thirn

metal f1lms) are available in this wavelencth rance. ThoreTore,

the use of refractive elements (such as Schmidt correctors)
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is not possible, and any photoemissive surfaces must =enerally

be of the front-surface variety.

Normal Incidence Spectrograph

Figure 1 is a diagram of a normal-incidence electrono-
graphlc spectrograph we are presently developing which uses
a concave grating internal to the device, with the entrance slit
and front-surface photocathode on the Rowland circle. The plane
of the grating and Rowland circle i1s tilted relative to the
axls of the 1imaging device, so that the emitted photoelectrons
can be accelerated along the tube axis and pass over the gra-
ting, then belng recorded on electronographic film. Figure 2
is a photograph of the present laboratory "breadboard" unit,
which uses a solenoid coill to provide the focusing magnetic
field, and 1s equipped with a 40 cm radius, 1200 line/mm iratin:c.
This instrument should be capable of better than 0.1 A resolu-
tion, With platinum coating on the grating, it 1s useful at
wavelengths as short as 400 A, with some sensitivity perhaps
down to 300 A. It could be used at the focus of a large space
telescope for studles of celestial objects, or without any addi-
tlonal optics for spectrography of extended, diffuse sources
such as the terrestrial airglow and aurorae. In the latter case,
the fleld of view 1s the projectlon of the grating throuch the
glit onto the sky- here, roughly an area 4.3° by 5.4%. The ef-

fective focal ratio of this system i1s about f£/10.5.




Grazing Tncldence Spectrographs

For wavelengths below 300 A (and for best efficiency btelow
about 400 A), 1t 1s necessary to use the concave grating at rra-
zilng 1incidence. Figure 3 shows the variation of the reflectance

of gold vs. angle of incldence for three wavelengths of goft 7-

ray radiation®. This behavior is typical of the other heavy metals

which are used as reflecting coatings on mirrors and sratings in
this wavelength range.

It 1s also found that the quantum ylelds of photoemissive
surfaces are improved at these shorter wavelengths by the use of
large angles of incidence. Lukirskii and co-workers?’“have meas-
ured the quantum ylelds of several photoemlssive substances in
the soft X-ray wavelength range from about 1.3 A to 300 A. It
was found that the quantum yilelds for a given wavelength of ra-
dlation increased as the secant of the angle of incidence, up
to an angle (dependent on the wavelength and the photoemissive
material) beyond which the guantum yield dropped off sharply with
increasing angle {due to increasing reflection from the photoca-
thode). This maximum occurred at larger angles for shorter wave-
lengths, and (generally, at a gilven wavelength) for less <dense
materlals (see Figure 4). Heroux et al.® found that the varia-
tion of quantum yield (for a tungsten photocathode) with angle
of incidence, between 0° and 60°, showed a gradual change from
being nearly independent of angle at 1216 A, to closely match-
ing the secant law at 304 A (see Figure 5).

Since, at the shorter wavelengths, the gquantum vield Adepends
on the angle of incidence as well as the wavelength, one mist

determine the angle of iIncldence for each wavelength of interest,




For a front-surface ph~ftocathode on the Rowland circle, the
angle of incidence 1s equal to the angle of diffraction, B, of
the concave gratines, This 1s glven by the grating equation

nt = d (sin @ - sin B)

where n 1s the order of diffraction and d is the grating line
spacing (in angstroms). The angle of incidence on the grating,
a, is determined by the shortest wavelength of interest.

When used at the optimum anrle of incidence for each wave-

length, the quantum yields of the alkall-halide photosurfaces

are found to be very high throughout the extreme ultraviolet

and soft X-ray wavelength ranges. Figure 6 shows measurements

by Duckett and Metzeer’’® at normal incidence, and by Lukirskit

et al%’% at 67°-70° angle of incidence, for CsI. Judging from

the curve for tungsten at 304 A (Figure 5) of Heroux et al., it
may be that the apparent discrepancy between the CsI measurements
at 300 A and at 500 A may be due to the onset of grazing incldence
reflection at 300 A for a 70° angle of incildence. Likewise, at
the shortest wavelengths in Figure 6, the gquantum ylelds would

be considerably larger 1f a larger angle of lincidence were used.

Figure 7 is a dlagram of a grazing-incldence electronopra-

phic spectrograph using electrostatic focusing. The present

laboratory test unit 1s based on the electrode structure of a
scrap WL-234100 image tube obtained from Westinghouse. This tube
was origilnally used for X-ray imaging, but wlth an X-ray phosphor/
semltransparent visible-sensitive photocathode converter., The

front glags window of the tube was cut off, and this conversion
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screen wags removed; in its place was substituted a front-surface




alkali-halide photosurface to be i1illuminated from behind by the

concave grating. The approximately 20 c¢m radius of the original
photocathode surface in this tube 1s a close match to the Row-
land circle of a 40 em radius concave grating.

Thls Image tube has a large demagnification ratio, and
hence provides a galn in sensitivity 1n proportion to the ratio
of the image areas on the photocathode and on the electronogra-
phlc emulsion. However, the resolution 1s reduced in the same
ratlio. In many cases, however, the available photon fluxes are
so low that one 13 willling to trade off resolution for increased
sensitivity. Such 1s the case, for example, in the study of
celestial X-ray sources. For this application, the instrument

would be placed wilth its entrance slit at the focus of a grazing-

incldence telescope, as might possibly be flown on a large orbit-

Ing observatory or space station.

Figure 8 1s a diagram of a grazing-incidence spectrograph
which 1s magnetically focused and has a demagnification ratio
only slightly less than unity ( more precisely, equal to the
ratio of the concentric radii of the Rowland circle and of the
film holder). Here, the electric and magnetic filelds are cylin-
drically radlal, rather than completely uniform. This instrument,
which 1s presently still In the planning stage, would be useful
in experiments where resolution, rather than limlting sensitiv-
ity, 1s most important. Thils would be the case for solar studles

and for many laboratory plasma physics investigations.
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FIGURE CAPTIONS

Dlagram of a normal-incidence concave grating spectrograph
wlth electronographic recording from a front-surface photo-

cathode deposited on the Rowland circle.

Photograph of the laboratory test version of the normal-

Incldence concave-grating electronograrhic spectrorsraph.

Reflectance of gold vs. angle of 1lncidence for trree wave-

lengths of soft X-radlation®.

Quantum yleld of CsI and LiF photocathodes vs. angle of

incldence for various wavelengths of soft X-radiation?.

Angular dependence of quantum yleld of a tungsten photoca-

thode at four wavelengths in the far ultraviolet®,

Quantum ylelds of CsI photocathodes in the far ultraviolet

(500-1000 A)7?® and in the soft X-ray reglion (15-300 A)*’7,

Grazing-incidence concave-grating electronopgraphic spectro-

graph using electrostatic focusing.

Grazing-incldence concave-grating electronographic spectro-

graph using magnetic focusing.




Pt

ax0e2-

AMOC -

3IOVAI Y3080 O¥3Z

(31080 GNYIMON NO)
3IIOHLITIOLOHd

1H917
ONINOON

0D GIONIT0S

4

ONILYHS 3AVONOD

\

P

e

NONLIIINIOLOHY

209 QION3I0S

s

@\\\\\\

S

—

N B

—ll‘—— R
O
-\‘il"— ),
WS —I.“—l- .

\

\

3ivd
»opHl HV3TONN

>
S

SONI ONILVE3TI00V

M3IIA 3015

ONILYNO JAVINOD

M3IA 301




O T KTy A T =y




(,) 3TONV ONIZVHO

o¢ G2 (0T Gl Ol S (0]

(0]

02
b ¢
ﬂ

ov r
m
)
l
>
2
O

09 m
S

0}

00l




e men .

' 8 8duapidul Jo 3Buy
_ 0F 0s 09 1074 08 06 .op 05 09 0L 08 06
- w _ T 0
= B
b
g 3
S
- 8
L34
. - a
,_ ] c
, <.
; m
. — — a
3
- (90 l o8
L | ! ~ oL yELl x J/
® X \X
B 189 X\\.&Jx\l.lx.X B
| 1 ! 1 001




$33493G0 Ni ' 6 *3ON3QIONI 40 379NV
oL 09 06 ov o¢ 0¢ 0l

Iy 3==9 Tt O
- v 9l2I \\\\\.\_.o_ 1 <
i RIS 7 A
L x\\\\o o\ L G
u <m.vo_ e .-\ A w
4 4 . oA
~ Jd 75 3
- Vv p8S . -
/ <
- —— D )
3 / AN
' <
- .\ - °
", o V bOS - 0%
1 1 I | L |




e =0°
900 1000

800

600 700

Csi
500

e=70°
300 400

200

100

-

o o) o o o
® 0 < ~N

(%) GI3MA WNLNVND

100

P S

)\ (R)




r . S

L
1178 3IONVYHLINI

ONILYH9 3AVINOD

/ N33Y2S YHOHJSOHd
. ¥O NOISINW3

JIHdVHOONOY 13313

300H.LVIOLOHd — 1

$300¥L23713 9HNISNI0J




arl e -~

TOP VIEW
. PHOTOELECTRONS

FILM HOLDER—\ KV
4008
BAFFLE ,.e-""".'i;: ‘ FOCUS‘NG
. MAGNE T
INCOMING TR o
RADIATION \-—PHOTOCATHODE
(ON ROWLAND CIRCLE)
\—CONCAVE
ENTRANCE SLIT SRATING
TEFLON
SIDE VIEW INSULATION
ENTRANCE
SUT 77777 7227222 J/«/\// /é@g
7 - RN R
‘//M % W% A
CONCAVE \_ FOCUSING
GRATING PHOTOCATHODE MAGNET
"' - ‘h—kvc—-—u—._‘—-:‘-




hy George B. Tarruthers .- - .

713G--401F) URC el
PUbLICATION OR PRESENTATION RELEASE REQUEST 30 Sepoener 1973
NOW-NRL-5511/1522 (Rev. 1-70)
g o arer
From: Code ___ X e
TO: Head, Classified Material Control Béd@ (Code 1065)
via: (1), Division Superintendung¥fioda: 04 ——— )
(2) Parent Counsel (Code 1104) - P,
ITINALCRATI G BLECTICGAN TIACHIC SPECTROGRAPHS FOR THE
rageu L PaRe O d AND A-RAY WAVELENGTH PARCTS

; request for release for presentation or publication
rer:  (a) NRL Instruction 1’3310.36
ence. (1) Two copies of subject paper (or Abstract)

I 1o s cordance with the provisions of reference (a), it is hereby requested that the subject paper be
refeased © - presentation or publication.
X%

2. It is tie opinton of the author that the subject paper (éq}, (is not) classified.
3. This paper has heen prepared, keeping specifically in mind trade secrets or suggestions of outside
individuals or concerns which have been communicated to the [Lahoratory in confidence, and does not
violate any such disclosures. Fieth Symposium on !‘h(\tOe]eC*rC‘Elc Image

o ¢ 12.37 Sepierher 31071

oy il ds intended ra affer?hil hager oy con  Fegleve Ao-de OV OTT T O T L

(Name)

IPX The proceedings

KT{XK*{‘(XWK‘{KM:’_M Conference) .
o il dincrppibied)iGan Bdemtinh thdrak roie GmAsRCRRRIRST
L ame O ublication
- " ™ Iy
‘n Lo~don Tnglond L which will be

Name of Publisher)

(1 n-lassified) (W%S

5. The Library (Code 2020) will be notified at the time this paper is submitted for publication if reprints
will ~orvein lieuw of a formal NRL report, or if reprints are dpéi{f‘ﬂ,\[{o%t‘lﬁ publisher.

6. This riquest is in connection with NRL Problem No.

30 Beptemper 1977

(Author’s Signature)

{Date)
FIRST ENDORSEMENT Date:
7180 Can
From:  Division Superintendent (Code ) TXI 1365
TO! Head, Classifted MaterialiControf Bteheh (Code 1065)
ViA: Patent Counsel (Code 1369)
TIXX
I, Release of the cubject paper (i14) (is=m) approved. XXX

2. To the best knowledge of this Division, the subject matter of this paper 2288 (has never) been elassi-

fied.




e

R 4

bt

3. The subject paper (K& (has never) been incorporated in an official NRI. report. In case the subject
i» recommended for publication in advance of incomoration in an official NRL report, this action is con-
stdered desirable for the reasons given below:

L. This recommendation takes into account military security and other administrative considerations

supt., _Space Scienze Division Division

SECOND ENDORSENMENT Date:

FrROM:  Puarent Counsel (Code 1104
To: Head, Classified Material Conteol (Code 1065)

I. Noted.

..................

THIRD ENDORSEMENT Date:

rrom:  Head, Classified Material Control (Code 1065)
To: Research Program Office (Code 1010)

l.  Paper or abstract was released. A copy is filed in this office.

.......................................................................

FOURTH ENDORSEMENT Date:

rrom: Itesearch Program Office (Code 4010)
Head, Classified Material Control (Code 1065)

1. Noted

(Research Program Office)

NDW-NRL-5511/1522 (Rev. 1.70) GPO B85 488

L e




