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Section 1

INTRODUCTION

- This report describes the efforf: concerniné.the Visible Infrared Spin-
Scan Radiometer (VISSR) for a Synchronous Meteorologicéxl Spacecraft (SMS) _
through the contractual period ending 1 July 1972.\ The work is being accom-
plished for the National Aeronautics and Space Ad;}ninistration, Goddard Space
Flight Center, under Contract NAS ?-21 139 and comprises del'ivery of an
Engineering Model, Protoflight Model, and two Flight Models together with

ancillary equipment.

The VISSR preliminary design was accomplished under a separate con-
tract (NAS 5-21088) and was reported in the Preliminary Design Review Re-
port, dated 27 January 1970. The VISSR Second Quarterly Report, dated
September 1970, contained data compiled for the Detailed Design Review con-
diacted in November 1970, This.report provides a recapi.tula.t\ion of design

data for the Design Review tentatively scheduled for the latter part of August
. ¢
1972, . .

- SUMMARY OF OBJECTIVES .

VISSR operates as an integral part of a synchronous .spm—sta..bilized
geostationary satellite with an operational life of three years., ‘VISSR provides
both day and night mapping capa‘bility with a satellife subpoint resolution of
'o'ne-h:'il“f mile in dayiight and five miles at night. Cloud altltitude is determined
by infrared radiometric measurement of cloud top temperature. VISSR instru-
mentation provi'd-es a substantial improvement in resolution in the visible re-
gion and ext'ends measurement capabilities to the infrared region when com-

pared to the p;‘ev'ious smaller ATS Spin-Scan Cameras.

A secondary design obje..i.e provides capability for future growth in

" the infrared region. The primary consideration in tnis area is for femperature
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profile m.eas-urements requiring additional infrared channels with different

s

.:spec‘i:ra.l and field-of-view characteristics.

_"Appendix D to this report delineates VISSR design objectives ‘and param-
eters, and provides required and expected values for each parameter,

SYSTEM OPER.'ATING CHARACTERISTICS

The VISSR arrangement as used in the synchronous spin-stabilized geo-
stationary satellite is shown in Figure 1-1. As indicated in this figure, t_he.-‘
mapping raster is'formed by a combination of the satellite spin motion and a

step action of the scanner optics. One raster line, corresponding.to.the earth's:

N —pe

'‘west-east axis, is formed for each revolution of the spinning-satellite (106 rpm),
and th.e scannei‘ positions each-successive line in the north-south axis. Each
north-south axis scan step corresponds to the instrument's .instanta.ne‘ous -geo_-*”

© metric field of view (IGFOV). This 0.192-mr step corresponds to the thermal -
channel 5-mile resolution when related to the satellite's 22,000 statute mile -
distance from the earth and considex:i.ng there is a 1-mile ovex:lap bet‘ween .
successive scan lines. The c;n“e -half mile resolution in the visible region is
obtained by using a 1"mea_r array of eight detectors aligned so thfat they sweep
out ‘the Same scan line é:aath.' The IGE’”OV of each visible channel is 0. 025X

0.021 m;r, allowing 20% underlap between detectors for fabrication éonsidera-
tions. The earth is covered in the north-south plane with successive latitude

" steps until 20° coverage is attained (:th‘; about the nominal radiometer optical -
axis.). Following the normal framé, the scann,e'r retraces to the original start
position at a rale aﬁproxim‘a’.tely ten times faster than the normal step scan
period. The VISSR instrumentation. permits the following four modes of scan-
ning.

1. Normal Frame - This covers the entire.earth with a £10° frame,
and consists of 1821 latitude steps in 18.2 minutes. It automatically
retraces to the original start position.in I, 71 minutes to make a
complete scan .ycle 1n 19, 93 minutes, Each normal frame is ini-
‘tiated by yround con.:iand. '

Z. Variable Frame - Selected frame sector and position within the ror-
mal earth view are acquired by ground command.
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3. Single-Line - Interruption of the gcan sf:ep se:quence at any selected
north-south position makes a single-line scan. Scan position is
determined by command timing. ’

4. Rapid Forward Scan - A rapid forward scan (ten times normal scan
rate) is initiated by command to permit.rapid positioning of the
scan to any selected position within thé normal frame.

SYSTEM DESCRIPTION

The scanner assembly consists of a telescope.ahxd a separate electronics
module. The telescope is a 16-inch diameter aperture optical system which
includes an object-space scan mirror for accomplishing the step north-south
scan, The assembly includes a radiation cooler and detectors with supp(')rti.ng,‘
electronics, It is approx1mate1y 60 inches long and 25.-5 inches in dlameter, '
and weighs 143, 4 pounds - The electronlcs modu.le occup1es a.pproxxrna.tely 450
in.3 and weighs 13 pounds, _It contains the circuitry for mterfacmg the scan-
ner eleéctronics with the spacecraft electronics, and includes the circuitry
rlecessa.ry for conditioning the scanner signai channels and logic circu'itry
concerned Witi’l the scan drive and calibration sequence. The nominal elec-

trical power required by the radiometér. is 22 watts.

The m;achanical-op'tical layout of the tele sco‘pe is shown in Figure 1-2.
‘Referring to this figure, radiation is received by the primary optics‘ via the
45% object-space scan mirror, It is an elliptically shaped plane mirror which
is tilted about its minor axis to obtain the north-south scan steps. The mirror
is s;arvo—positiohned using a torque motor drive together with a digital encoder '

for ;:orn'pleting the servo loop. A redundant 1dentical assembly is on the oppo-

.

site side of the mirror. The servo electronics include the logic necessary to

step position the mirror at 0,096-mr steps (0. 192-mr optical steps) in the re-

quired sequence to make the selected scan mode.

Energy from the scan mirror .s collected by a Ritche. o ien optical

system. The 16-inch diameter opt..: has a 114. 7-inch fove lengih. The

system includes a baffle that exteaas frora the primary mirro: <= ter section

to minimize the effects of scatte sud radiation. Energy in the visiLle region
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is defect‘ed at the prime focus using .eig'ht fiber.optics arranged at the focal
plane to form the defining 0.2X 0. 025 mr (field stop) linear array (each'fiber
is 0. 025% 0.021 mr). ‘The other ends of the individual fibers are optically
ix;tegrated with the eight photomultiplier tubes having the desired 0. 55- to
. 0:75-micron *r‘esi)ons'e. In a:dait‘:ion, the prime focal plane is relayed to the
;'a::.diation cooler cold plate using two germanium relay lenses: The relay
con;fi;guration a.ls'o is used to increase the overall optical speed to £/1.28
relative to the thermal detectors. The 0, 005 x 0. 005 inch HgCdTe long-wave-
length detector is mounted on the radiation cooler cold plate together with
the identi¢al redundant détector. A'n'optical filtér between the final 1.'e1ay

- lens and the detectors restricts the en‘ergy to the 10, 5- to 12. 6-micron wave-

length bandpass.

A radiation cooler is used to cool the intrinsic long-wavelength detec-
toers (HgCdTe) in the thérmal channel to 2 nominal temperature of 90°K, the
controlled temperature value selected for optimum I‘Jerformance of the par-
ticular detector in the scanner. The c:ooler has a.ctua.lly demonstrated low-
temperature performance to 81°K., It uses two cold stages plus an ambient

"shield. The outside shield is 18 inches in dla.meter.

CALIBRATION

Both the visible and th:e tlierma_l _channel-é use the sun as one method of.
inflight c.:alibration. "Saturation of the thermal channel el.ectronics when lo;:)l'(-
iﬁ'g at the sun is avoided by placing the preamplifier in a pr.ecision attenuate
.mode. The second section of the preamplifier is automatically attenuated by
a 400 factor immediately when the sun is sensed by the first preamyplifier sec-
tion. It provides a calibration signal that is approximately 50% full scale.

. Cperation is limited to approximately 25 days before and after both the Verﬁal_l
and autumnal equinox. In the visible ch‘z}nnels, the sun is viewed with a re-
duced size ''side-looxing™ collecting prism. The size ‘(approximately 10‘5.
of the aperture area} is made to provide a signal equ.ivalent to a '50% albedo

calibration point. The prism is mounted so that its field of view (FOV) leads
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the normal OV in the west-east plane by 15°, ThlS avoids the recovery -
problem following the primary FOV look into.the sun. In addition, three fac- ’
ets are on the pr1sm that increase the effective north- south FOV from :1:10 |
to 126° to. assure the sun is. scanned within £he normal scan displacement.- -
This optical arrangement permits an inflight ‘calibration of the v151b1e chan-

" nels éach frame every day of the year (except during solar eclipse).’

A second inflight calibration method of the therm‘al channel is provided
using an ambient blackbody shutter arrangement actuated by command. The
shutter, whose.tempera.ture is monitored, is placed in the-FOV near the
filter-detector assembly. Therefore, it does not detect possible gai;'l changes
-caused by the primary optica;.l system. The calibration shutter cperates by

command, occurring only on the third scan line of the first full frame scan

following the command.

The inflight calibration sequence includes an electronic gain calibration.
The method uses a precision staircase voltage waveform applied to each of
the signal channel preamplifier inputs. The waveform is,automatically applied

on the first and fourth scan lines of each full frame scan.

The angular position of the radlometer s optical axis at the different

LN

timing events occurring during the scam r:-ycle is as follows:

0° - Eai‘th Center Look
107 - Earth Scan Ends
35° - Scan Line Step Initiate

330" (-30"') - DC Restore Initiate
348" (-12°) - DC Restore Complete
350" (-10’) - Earth Scan Begins

[DC restore initiate is 3047 (-56°)
whenever the sun is located in the
330" to 348 angular sector. J

SANTA BARBARA RESEARCH CENTER- oo 1-7
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Seci:io'n 2

'SYSTEMS ANALYSIS

DESIGN OBJECTIVE SPECIFICATIONS

The design objective specification was initially written during the pre-
liminary design phase of the VISSR program for the purpose of formalizing
and cietail‘ing the VISSR design requirements. It was used as the basis for

the ‘detail design of the VISSR.

The specification defines the overall VISSR '(system) design require-
ments necessary to accomplish. satisfactor}i-ﬂoperational .performance in the
SMS application. In addition., t:he'-s__pécffi'::ation defines the requirements for

"the VISSR subassemblies. These suiaassembly requirements include: 1) the
design approach to be taken, 2) the subassembly design parameter to be u.sed,_-

and 3) the special test and handling provisions to be incorporated.

Following the VISSR Detailed Design Review theld in November 1970),°

the specification was released as a formal controlied document. The released

document has been revised periodically to reflect the results of NASA change
orders and directives, VISSR/SMS interface changes, VISSR test data infor-

mation and analysis updating. The latest is sue_p;’ﬂphe Visible Infrared Spin-

Scan Radiometer (VISSR) Design Objective Spec.i.feié‘altion SBRC No. 19100- is
attached as Appendik D, ' '
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PERFORMANCE ANALVYSIS

Thermal Channel Sensitivity

Noise Equivalent Radiance (NEN)Caiculations.. - For a scanning (non-

chopping) radiometer using a detector whose noise equwale-nt power (NEF) is

P

specified for the electrical bandwidin of the radiometer — -~ Z.EN o7 :he

radiometer (for an extended Source) can e expressed -

NER(A . AF V- v
4] i

NEN = AT O Wati:-cm'2‘-s’rerr—1i'l o1,
0o, . .

- o %

where NEP (Ad, Af,) is the notse équivalent power of the 1aciomet§r
detector, in watts, when the detector hay ap ares of Ad cmmis and is
.operated in the effectrive noise bandwidth, ~i, (Hz oi the radiometer.

Y  is the preamplifier and load resistor degradation izctet which
includes the effects of both preamplifier noise and signal loading.

. R 2
A is the effective entrance aperture area in cm”™,
o) P

T, is the effective ''transmission'' factor of the radiomeier optics
and includes zll mirrors, lenses, and filters.

§2 is the solid angle FOV of the radiometer in sterauaians.

Listed in the following are the parameter values of equation {2-1) used .
to compute the NEN value of the VISSR thermal channel. Also listed are_thé .

VISSR design parameters and conditions on which these values are based.

NE_P(I) =2.0x 10740 watts, based on 1} a detector aréa egual to
1.7 % 10.'4 <:rr1‘Z and 2) an effective electrical bandwidth
whose lower cutoff frequez:lcy is determined by using de¢
restoration every 600 msec with a restore loop time con-
stant of 30 msec and whose upper cutoff frequency is
determined by a simple 2-pole filter having a -3db break
frequency at 26 kHz,

) Ad‘ .. = (D x f/# x 8)2‘ =1.7x10°*F cmz. Based on: 1) an entrance
aperture diameter D, of 16 inches {40.6 cm); 2 an .
effective £/# of 1.29; arid 3) an IGFOV, 6, 0.25-n'r square. 2!

"(1)The equjvalent detector D* value, referenced to g-r noise, is 1. 40X 1010
“em (Hz)2/watt-for an assumed 1 /¥ noise break frequency at 2 kHz.
-(?)éhanged from 0, 2-mx syuare by NASA directive to achieve an improved
NEAT,

SANTA BARBARA RESEARCH CENTER 2-2
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At = 50. 4 kHz. Based on: 1) an information bandwidth equal
to 26 kI—Iz(3); 2) a low-pass filter rolling off at 12 db/octave; -
3) use of dc restoration to set the low~frequency cutoff _
characteristics; 4) an information gathering period, Tj =
0.07 sec; 5) a restore network time constant, Ty = 0, 03
sec; and 6) a detector 1/f noise break frequency at 2 kHz. "

Y =1.3. Based on breadboard tests of the type of preamplifier
to be used in the VISSR thermal channel design and a detec-
tor responsivity of 3, 6X103 volts /watt.

Ay = (‘rr/4D?-><O.84) = 1090 cm?. Based on: 1) an entrance é,per—‘.
ture diameter of 16 inches {40. 6 cm); and 2) a central ob-
scuration of 16%. . .- L

T, = (Rpn > X TR XTgXT.) = 0.43. Based on:. 1) three reflecting

’ mirror surfaces with a reflectivity Ryy = 0: 96 in the 10. 5-

to 12. 6-micron band; 2) dn optical relay system with an
effective transmission T, = 0. 85; 3) an effective filter
transmission of 0. 65; and 4) a first-stage cooler window
transmission T. = 0. 88, )

£ = 82 = 6.25%10-8 steradian based on an IGFOV of 0, 25-mr

sguare.

Using the above parameter values in equation (2-1) yields an NEN for

the VI‘_SSR_ thermal channel of:

NEN(10,5-12.6) = 0. 89X 10-° \n'ratt-cm‘2~sterad'1 {(2-2)

Temperature Resolution and S/N. - The noise equivalent temperature
differential (NEAT) of a radiometer operating in the spectral band A\, and
viewing a blackbody target scene at a temperature Tgo, can be expressed as:

-1

NEAT = NEN l@—@—ﬁ} ' (2-3)
dT |

o}

dN(AX . ‘e
where [—(——)] is the thermal derivative of the target scene radiance
T

dT
© in the spectral band evaluated at the scene temperature

T

o
The radiometer S/N output can be expressed simply as

S/N = N(aX)T, NEN ]! ' (2-4)

(3)

Information bandwidth selection based on original (nominal) 0. 2-mr square
IGFOVv,

SANTA BARBARA R.ESEARCH CENTER 2-3
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The values of é}%—}- and N{(AA)T for A - 10 7 to 12, 6 microns are
. T f

plotted in Figure 2-1 as a function of T,

/The expected NEAT and S/N values for the VISSR thermal channel are
_'shbwn-'rri Figure.2-2 as a function of target scene temperature for the NEN

value calculated in equation (2-2..

It can be seen from Figure 2-2 that for a scene temperature of 200

and 300 K the radiometer NEAT va.lues are approximately 1.2” and 0. 32°K,
respectively, ior an extended target, The S/N values at 200°K and 300°K

scene temperatures are approximately 25:1 and 210:1, respectively.

Visible Channel Sen sitivi.ty

Effective Albedo Radiance. - The spectral distribution of the sun's

energy outside the earth's atmosI.)here is shown in Figure 2-3. The effecjc%ve
radiance value in the VISSR visible channel for an albedo of 100% is obtained -
by multiplying the values of Figure 2-3 with the spectral responée of the
VISSR visible channel, inf:eg'rat:i:n.g the resulting product over wavelength and -
then dividing by m. Performing these calculations for theh VISSR visible chan-

nel spectral response shown i Figure 2-4 yields a radiance value of

N(100% albedo) = 9-4X 107 3 watt-cm~%-sterad-! {2-5)

The effective irradiance at the VISSR aperture in the spectral band of a

visible channel for an albedo of 0. 5% can be expressed as:
H{p. 5% albedo) = 4. 7X 10-3 X Q watt/cm? (2-6)

where is the solid angle FOV of a VISSR visible channel in steradians.
For = 5% 10-10 steradians

H =2,35x%10-14 watt/cm?

Signal-to-Noise. - The S/N of a VISSR visible channel can be expressed

 g/HAT, — ‘ -
S/N rrall JF (5. 0,1, k) C -1

This equation assumes that the noise from any amplifier Jollowing the PMT
will not degrade the PMT S/N, This is true for the VISSR down to S/N
values of approximately unity, -

SANTA BARBARA RESEARCH CENTER . 2-4
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wheré . H -is the effective irradiance at radiometer aperture (wa.tt/cmz)

[

»

is the collecting aperture of the radiometer (cmz)
‘o 1is the effective optical train efficiency
n- is the effective noise bandwidth {Hz)

F(58, g n, k) is the effective normalized detectivity of the PMT used
in the channel, in (Hz/watt), and is'a function of 1) the peak
radiant sensitivity, S (amps/watt), of tne photocathode surface
in the spectral hand of interest; 2) the gawn, ¢, of each current
amplifying stage of the PMT; 3) the number of current amplifying
stages; n, and the noise factor, k, for each stage.

Listed in the rfollowing are the values for the parameters of equation
(2-7) used to compute the S/N value of a VISSR visible channel for an albedo

of 0.5%. Also listed are the VISSR design parameters and conditions on

which these walues were based.

"H = 2.35 x 10" *watt/cm®. [See equation {2-6).
A = 1090 cmz'. (See' Thermal Channel, )
T, = (Rm3 X Tag) = 0.42. Based on: 1) three reflecting mirror

surfaces with a reflectivity of R, = 0,87 in the 0. 55- to
0. 75-micron band; 2) transmission of the visible channel aft

optics of 0, 75; and 3) the visible channel filter transmission
0. 85.

Af = 258 kHz. Basedon: l)an information bandwidth equal to the
reciprocal of twice the IGFOV dwell time, tawell - 2.4 x10°
sec; and 2) a low-pass filter rolling off at 12 db/octave.

F(S,oon k) = 1.5 x 1017 Hz/watt. " (See SBRC Specification 18858
and Figure 2-4.) )
Using the above parameter values in equation (2-7) yields an S/N in a

VISSR visible channel for an albedo of 0. 5% of

S/N( =2.)5

0. 5% albedo)

It should be noted that since the S/N only increases as the square root

of the irr_a.diance, the S/N for an albedo of 1 00% will be

S/N(100% albedo) = 33

.SANTA BARBARA RESEARCH CENTER 2-7
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ATS-1 Spin-Scan Camera S/N Comparison. - The S/N values for the

ATS-1 Spin-Scan Camera (2-nmi circular IGEOV) were calculated for com-
parison with the calculated VISSR S/N values (0, 5-nmi squaré IGFOV), The
following parameters were used to ca.lc‘:ulate the S/N value for the ATS-1
Spin-Scan Camera for a 0.5% albedo.

H =2,27%10-13 watt/cm?2., Based on: 1) a 0. 1-m7r circular
IGFOV, and 2) a 0.48- to (.58 -micron spectral band {(from
Spin-8can Camera Final Report).

Ty = 0.6. Based on: 1) a PMT cathode responsivity of 66, 5X 10-3
amp/watt and an effective system cathode responsivity of
39,8X10-3 amp/watt at 0. 52 micron (from Spin-Scan
Camera Final Report).

Ag

104 cm?, Based on Spin-Scan Camera design-data.

Af

n 236 kHz. Based on a single-pole filter having a 150-kHz
cutoff frequency. )

F(S,0,n,k) = 1.5X1017 Hz/watt. Based on: 1)a PMT cathode re-
sponsivity of 66.5X10-3 amp/watt at 0. 52 micron, 2) a first
dynode stage gain of 4.6, and 3) subsequent dynode gains of
2.3 (from EMR PMT data). -

Using the above parameter values yields an S/N value for the Spin-Scan

Camera for an albedo of 0.5% of

S/N(0, 5% albedo) = 3. 0
. and for an albedo of 100%

S/N(100%, albedo) = 4%

‘Spatial Resolution

Sine Bar Pattern Scene. - The VISSR relative response, 5 Vi{f), to.a

sine bar pattern scene of a given spatial frequency can be expressed as follows:

ol . . Vi) = O(f) X F(f)X E(f) - L. (2-8)
where O(f) is'the relative frequency response of the radiometer optics
F{f) is'the relative frequency response of the radiometer IGFOV

{(field stop)

V.oltage output versus radiation input.

SANTA BARBARA RESEARCH CENTER .2-8
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E({f). ' is the relative frequency response of the radiometer elec-’
¢ tronics '
f is the frequency being considered expressed in the time

domain in Hz, :

and the transformation of frequency from the space domain (cycles/radian)
to the time domain (Hz) is accomplished by uéi}xg the radiemeter scan rate

(radian/sec).

The diffraction pattern for the VISSR lé-inch aperture with 0. 4 obscura-

‘tion has been calculated by using the following equations. 6
| 2
i{P) = IO 2J1 (Kaw) - E_Z ZJ']. (Keawd (2-9)
(1 - €4 | Kaw Keaw ‘
: 2.4 242
H 1 - -
. and 1, =222 Lo €)% otes sterad™] (2-10)
e -
where H is the uniform irradiance upon the aperture in watts cm™?
a is the entrance'apérture r,ax_;liﬁ's" in em
A 1s the wavelength of the light in cm’
€ is the ratio of obscuration radius to aperture radius
FAl
Y
‘ W = sin 8 where 8 1s the angular direction between any point P and
the geometric 1mage point
J1 = Bessel function of the first kind.

This diffraction pattern has been convolved with itself along a line to
determine the line spread function. The angular spread of the line spread '
function has been converted to the time domain by using the scan rate of 10, 45.
radians per second. The resulting frequency response for a VISSR visible

channel and the VISSR thermal channel is given in Figures 2-5 and 2-6,

6 . .
M. Borp and E. Wolf, 'Principles of Optics, " Pergamon Press, New Yuorx,
- NLY. (1959).
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The effects of aberrations in the VISSR thermal channei are relatively
small compared to the channei IGFOV and can be neglecte‘d. However, aber-
rations in the VISSR visible channels are significant compared to the IGFOVs
and must be taken into accoﬁnt (see Optics). 'In determining the relative fre-
-qucncy response of the VISSR v151b1e channel optics due to aberratmns the

blur circle has been assumed to have an energy distribution which is cosine

in shape.

The frequency response of a VISSR visible channel IGFOV and the VISSR

. $
thermal channel IGFOV has been determined from a —=— pattern convertedto

the timme domain, The results are shown in Figures 2-5 and 2-6.

':l"he electronic frequency response of the ';fISSR thermal and visible
channels {including the fre:quency response, of the PMTs) is also plotted in
Figures 2-5 and 2-6 together with the expectéd spa'.cecragt electronic filter-
ing. For the thermal channels, a 5-pole 26=kHz (at -3 db point) Butterworth
filter was assumed for ﬁhe.spa'c'ecraft. For the visible channels, a 5-pole,

‘0. 1-db ripple, 210-kHz (at -3 db point) Chebyshev filter was assumed.

The response curves shown in Figures 2-5 and 2-6 have been appropri-

ately combined to show the resultant frequency response (MTF) for the VISSR

visible and thermal charmels.'

For a spatial frequency hav1ng a period equal to tw1ce the dwell tlme of
the VISSR IGFOQVs (visible channel = 2X 104 cycles/rad1a.n thermal cha.nnel

=2X%X103 cycles/radian), the MTFs for the VISSR visible and thermal channels‘
are 0,33 and 0. 50, respectively.

Measured Square-Bar MTF. - An example of the squa’re—ba;.xz-ol:).tical 3

MTF measured for the engineering model VISSR visible and thermal channels
is shown in Figures 2-7 and 2-8, respectively. - The ef{ects of the spacedraft '’
filter cutoff frequency characteristics (early de-sign)‘on the VISSR visible. -
channel are also shown in Figure 2-7. At a 900—rpm MTF wheel rotation,

the electrical frequencies generated (for the correspcnqmg spatial frequenc:les.

generated by the VISSR ca,11bra,tor) are sufficiently low so as not to be gr.ea.t]y

SANTA BARBARA RESEARCH CENTER 2-12
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-SBRC
affected by the simulated s_pacecraft filter (part of the V;S-SR Test Console-).

“At 6000-rpm MTF wheel rotation, the proper electrical/spatial frequency

“relationship (for 100-rpm spacecraft spin rate)} exists.

The higher than expected square-bar optical MTT values for the VISSF
thermal channel at high spatial frequencies are-: dae .o {n= fact that the ex-
pected square-‘bar M'.IF-;e'spon’se is based on a 0. 25-mr syuare IGI':‘OV,
whereas the actual thermal channel IGFOV in the engizeering model VISSR

is approximately 0.20-mr square.

Blur Circle Effect on MTF/Ground Resolution. - Arn analysis was con-

ducted to determine the change in VISSR MTF as the VISSR ontical blur circle
size increased above the minimum size attainable under optimum focus con-
ditions. -

The purpose for conducting the analysis was to provide the necessary
technical information on which a decision could be based for establishing the

maximum defocusing that could be tole_lfajse& before refécusing would become

- necessary.

The IGFQOV assumed for the VISSR visible channels was the.nomiﬁal
25 pr (0, 5-nmi ground resolution), For the thermal channel, the nominal

250-pr IGFOV (5-nmi ground resolution) was assumed.

The spacecraft electrical filtering assumed for the analysis was a 5-pole,
0.1-db ripple, 210-kHz (at -3 db point) Chebyshev filter for the VISSR visible
channels and a 5-pole, 26-kHz (at -3 db point) Butterworth filter for the VISSR

thermal channels. Also included in the analysis was the expected electrical

" characteristics of the VISSR electronics.

The results of the analysis are éummarized in Figures 2-9 and 2-10,
which show the sine wave MTF of the VISSR visible and-thermal' channels,
respecf‘iVel-y, for several .in::r:eases in blur circle size above optimum focus
condition, The optimum focus condition includes the effects of diffracsion and

an expected, uncorrectable 20-pr diameter blur circle,

SANTA BARBARA-RESEARCH CENTER 2-14
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As would be-expécted (and shown in Figures 2-9 and 2-10), the relative
change in MTF for a given change in blur circle size is significantly greater

for the visible channels compared to the thermal channels.

If -the value of MTF at 20, 000 cycles/ra;iia'n (0. 5-nmi ground half-period)
at optimum focus condition is used as the basis for evaluzating the ‘effects of
blur circle size of the VISSR visible channels (see Figure 2-9), then it can be
seen that for a blur circle diameter increas'e'of approximately 35 ur, a de-
crease in ground resolution of 10% (to 0 55 nmi) results Similarly, fo;‘ a
~ blur circle diameter increase of approximately 45 pr, a decrea.se in ground

resolution of 20% (to 0. 6 nmi) results.

For the VISSR thermal channels (see Figure 2-10) a blur, circle increase
.of 200 pr can be tolerated with less than a 10% decrease in ground resolution.
-SUN EXPOSURE ANALYSIS

Effects of Sun Exposure on the VISSR Photomultiplier Tubes

Cathode Radiant Power Density. - The cathode radiant power density

expected to impinge on a VISSR PMT photocathode surface when the sun is
in the FOV of the VISSR can be expressed as:

“

PD. = Ng-Ag- Q- K(A\). To/Ac o (2-11)

where Ng is the solar radiance value = 2, 03X 103 watts/cm? /steradian
Ay  is the effective collecting aperture of the VISSR = 1090 cm?

Q is the 1nstantaneous geometric FOV of a VISSR vzs1ble c¢hannel
=5Xx10-10 steradian

K(AM)is the fractional amount of sun radiance in the spectral band <
of interest = 0. 68. The value of 0. 68 takes into account thuek_".“.
fact that from radiance transmission consideration the upper
wavelength cutoff of the visible channel is set by the visible .
channel's (glass) aft optics and not the photocathode respon-

sivity which sets the upper wavelength spectral resEonse of
the visible channel.

o is the effective visible channel transmlssmn Qp 1o the v151ble
channel photocathode surfa.ce = 0,55

SANTA BARBARA RESEARCH CENTER . ‘ o 2-17
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A is the effective area of the photocathode surface over which
the collected solar radiation is spread ("first bounce’” arez
when PMT enhancement is used) = 3_0X 10" 2 em?,

Using the above values in equation (2-11) yields:

PD, =1.39><10'2'\xr::).{:ts/c:rﬂ2 (2-1z

I\'

This value is approxz,mately 0.1 the value of ‘direct sunlight (0. 14 watt/cr-
In addition, the radiant power is lacking.in UV content due to the lower wave-

length cutoff, (0. 55 micron) of the VISSR visible channel f{ilter.

The low level of radiant. power density on the photocathbde surface en-
sures against any significant heating or the creation of hot spots. Therefore,

no degradation of the PMT is expected-due to the heating effects of direct

solar radiation.

PMT manufacturers state genei‘ally that when a rionpowe re;i PMT is .
exposed to a relatively high level of radiation, particularly when the r;d'ia:-'-'-:'_.
tion is h1gh in UV content, a temporary increase in tube dark noise will re- ‘
sult when the PMT is subsequently operated. The length of time the dark

,noise persists is depen.dent on the magnitude and length of exposure? :E‘or

the VISSR PMTs, the above normal dark noise would persist for a'ppro:?:i‘rngtely
24 hours following full exposure to direct sunlight (when nonpowered) for an
extended period of time. For the lower level of radiation that will actually

' be experienced by the VISSR, particularly since the radi‘atiori will be void of

UV content, no noise problem is expegted to exist.

Cathode Current Density. - When PMT enhancement is used to improve

the photocathode’ responsivity of a PMT, the area of the photocathode surfacé .
recelvmg the "first bounce'' of the collected radiation will have the hlghest
. photoca.thode current density. The current density increase factor (due to

‘ using enhancement) will be approximately 1.5, 7 Therefore, the maximum

J.B. QOke and R, E, Shield, "A Practic;al Multiple Reflection Technique for

Improving the Quantum Efficiency of Photomultiplier Tubes, " Apphed
Optics 1, 617 (1968),
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photocathode current density expected for a VISSR PMT when the sun is in
the FOV of the VISSR can be expressed as:

L ID. = 1.5 PD, {eff): R {2-13)

where PD. (eff) is the effective radiant power density at the photoca.tl'-lode;h

surface in the spectral (responsivity) band of interest -
(0.55 to 0. 75u) = 4. 55X 10-3 walt/cm?

R is the effective average (non-enhanced) responsivity of the
PMT photocathode in the spectral band of interest = 3, 5X
10-2 amp/watt

Using the above values in equation (2-13) yiel‘ds:
ID. =2.4%X10"% amp/cm? (2-14) -

This value exceeds the maximum limit value specified by EMR, 10-6. amp/

cm? (specified as being conservative) for the averag.e cathode current dénsity

(averaged over seconds). Therefore, the VISSR PMTs should not be operated .
1]

{powered) when the sun. might be in the FOV of the VISSI.{ for more than just a.

. short period of time,

When the SMS is c;perating' in a spin-stabilized mode.at a nominal 100
- rpm, the duty cy‘cle of the VISSR FOV crossing the sun is 1.53% 10-3 (maxi-

- mum when crossing a 0.55% sun diameter). Th"erefox"e, the average cathode

current density will be:

ID

clave) = 2, 4X 16-4x 1.53x10-3

3.7x10-7 amps/em? - - (2-15)

‘_which is below the (conservative) maximum limit value specified by EMR by

a safety factor of 2,7,

Anode Current Density. - For an average PMT photocathode enhance-

. ment value of 2, the total cathode current expected fgr a VISSR PMT when
the sun is in the FOV of the VISSR will be: o

I.(peak) = 2.9x102% amp (2-16)
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When the SMS is in a spin stabilized mode the average cathode current
will be:

I.(ave) = 4.4x 108 amp (2-17)
For a-VISSR PMT gain of 1 X 1b4,8 the peak and average values of PMT
anode"ch.rrent will be:

2.9X16‘1 amp (2-18)

15 (peak)

I.(ave)

4,4 %1074 amp (2-19)

The values of I (peak) and I(ave) shown assume no current'limiting in
the PMT circuitry. Without’ culj'rent 1i;'n.iting (‘:he_ values of I (peak) and Iz{ave)
will exceed the maxim;lm limit values épec_ified by the PMT manufacturer. 9
For this reason, PMT anod'e'_ current limiting of (shortldura.tion, pulse) sig-

nals above those pfoduc:ed by the maximum scene albedo has been incorporated’

lin the VISSR PMT circuit design,

.Tests conducted on a PMT with the anode, current _lin"nting circuit shows
that after'the application of 50 sun amplitude pulses of 1 to 2 msec duration,
whi<':h are applied at a rate of 1 per 600 msec, the decrease in PMT gain
immediately after the 50th pulse is applied is ap’pi‘oximately 2. 5‘%. Recovery
of the PMT to within 1% of the pre-exposure”‘cube gain ocdcurs approximately
Z.5 minutes after exposure to the last '.'s'i:m": pulse and to within less than

0. 5% of the pre-exposure gain after approximately 8 minutes.

Since the maximum width of the sun pulse "seen' by the VISSR channels
during a line-scan will be approximately 0. 9 msec (at 0,557 sun diarﬁeter),
the maximum gain change after scanning the sun during a normal full-irame.

mode of operation is expected to be less than the above measured value.

From stability considerations the PMTs will be operated at a current gain

which is only high enough to ensure that the remaining channel gain required -
can be achieved with a dc a.mpllfler

9Specﬁled as 1x10-3 amp and 1 X10° 6 amp, respectively, by EMR for the

541E.
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Temperature Effects of Imag;ed Sclar Radiation in the VISSR Scanner

During the prbce ss of maneuvering the SMS to achieve proper orientation
-and stabilization 1n orbit, the VISSR optical aperture may inadvertently be
po'mte‘d directly toward the sun., When the optical a;cis of the VISSR is aligned
closeiy with the sun, the collected solar radiation is concentrated ("imaged'")
onto small areas of the radiometer. The high radiation ‘flux densities imping-
ing on and being absorbed by these areas can quickly give rise to localized
hot-spots. In addition, al’f:hough localized hot-spots are not as severe for
large off-axis angles, the contir;uo'u‘s-sq._n _-in]_:;ﬁt into the VISS5R aperture can

‘result in an average over-temperature condition of the scanner,

The effects of solar heating of the VISSR for a non-spinning spacecraft
and for a spinning spacecraft rotating at a constant 4-rpm rate about the Z-
axis of the spacecraft were investigated. The following conclusions were

reached based on the results of the investigation:

1.  To assure that the average scanner tempe-ra'ture will not exceed
45°C for the non-spinning case, the VISSR should not be oriented
with the sun closer than 55° to the VISSR optical axis,

2. No VISSR temperature problems are expected to be encountered for
spacecraft spin rates as low as. 4 rpm..

SCAN DISTORTION ANALYSIS

It is 'de_sired from data reduction and data ana.lysis_considérations to
achievc-a‘ a VISSR scan frame which is essentially distortion-free. A perfectly
aligned scan 'frame consisting of 1821 thermal lines of 0,25-mr wi.dthlb is
ShOWI:I in Figure 2-11. At each scan step position of the scan mirror, eight
visible lines are scanned in addition to‘e:ach thermal line. 10 With a rotation

rate of 100 rpm, omne line of the 20° square frame is scanned in approximately

10, .. . :
With a nominal 0.192-mr scan step, approximately a 25% overlap will

" occur between adjacent thermal channel scan lines. For the visible chan-
nels, approximately a 20% overlap will occur between end channels (of the
. channel array) each scan step. Visible channels within the channel array
will have approximately a 20% underlap due to cladding of the fiber optics.
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Figure 2-11, Perfectly Aligned Scan Frame

33.3 msec. For a perfectly aligned scan frame, an undistorted one-for-one
correspondence will exist between each mosaic element in the scan frame
‘facsimile and each element in the 20°X20° frame of the earth as seen from

synchronous orbat,

As a result of 1) optical aligniment errors in the VISSR, 2} axial mis-
alignment between the VISSR and the SMS, and 3) misalignment between the
SMS spin axis and the earth north- south center line, a certain a.m.ouzlw.t of scan
di-stortion is expecte:d to exist in the VISSR data frame. The foll:owing ’i:s‘a_. . -
summary of an analysis conducted to determine the type and magnit‘tide of.' "

data frame distortion that is expected will exist due to optical alignment

errors inthe VISSR. Also presented is the type of scan distortion that will
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result due to VISSR/SMS misalignment and misalignment between the SMS

“‘and the earth north-south center line.

Detector Element Mounting Misalignments

- Figures 2-12 and 2-13 show distortions caused by mounting misalign-
ment of the visible and thermal channel elements, respectively.. The visible
channel linear :;eray is shown rotated about the refe're'x‘l'ce axis thfc;tigh an
angle, €., which is estimated to be 22 mr. 11 Fhe res't-J.lt'i‘ng distortion’is -
0.42 psec {1/6 of a dwell time) of time dela.y between the extreme elemt'él;ltué:‘“
of a single array. The small 0. 3% underlap effect that results wi'll.ténél."tc;‘

reduce {though only slightly) the nominal 20% overlap that exists between '

successive scans.

All VISSR alignment measurements will be referenced to the center of
the visible channel array; therefore, no horizontal or vertical displacement

errors will exist for the visible channel as such.

The thermal channel elements_will be initially aligneci with respect.to’
the visible channel array (in ‘ghé nor‘th—south -d_irectlon) to within +0, 050 mrll-
The subsequent shift‘ in alignment ;iue to environmental testing and/or the
lal_mch environment has not .yet fully been detgrmineé. ’I'I_‘ie reldtive shift .in
alignme‘nt measured on the engineering model VISSR follolwﬁ‘ng vibration and
""acceleration exposure was found to be approximately 0.2 mr in both the north-

south and east-west alignment directions, Although the exact cause of the
‘ alignment shift was not determined, the pinninc and bonding of all elements
found to be possible suspects in causing the shlft (during an investigation. of

the shift anomaly) was 1ncorporated in the prototype "VISSR deSLgn

The diffraction effects in the thermal chamnel will tend to circularize
the square FOV. For this reason, small rotational errors in the thermal --

-channel detector alignment will have essentially no effect on data frame

distortion.

The value measured on the ehgineering model VISSR was 20 mr.

—
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Step-Scan Axis Misalignment

Figure 2-14 depicts the distortion from angular misalignmer.lt of the
scan mirror step-scan axis, €. The resulting frame is skewed to the right
or left depending on the direction of axis rotation, The value of ¢, is es‘ti'-'_
mated to be 1, 28 mr, hence the accumulated error over one complete frame ‘

is 43 psecor approx1mately two thermal dwell times out of 1821

VISSR /S'MS Mis alignment "

‘ “Figure 2-15 shows the type of data frame distortion that will result
from.a pitch — Bp, yaw — By, and a roll — 6. misalignment between the VISSR
' o'ptica:l_ axis and the SMS sI;in axis. The. contribution to 85, 9,),, and §_ due '
to measurement uncertainty in the VISSR alignment reference surface is ex-

pected to be 0. 01 mr. The alignment uncertainty in mounting the VISSR to
the SMS must be added to this value.

SMS Spin .Axis Misalignment

- If the SMS spl.‘n axis is misaligned in space (from the earth north-south’
center line} then the data frame will be distorted as shown in Figure 2-16.
The effect of axis tilt about two mutually perpendicular axes, i and j, is
‘shown in the figure. Part A shows a vertical displacemeht of the frame which
is equal to ju’st the angle of tilt about the j-axis, Part B shows how an angu-
lar displacement about the i-axi-s resulfs in a corresponding angular rotation

of the data frame. A data frame for which both angles of tilt are considered

is shown in Part C.

Nutation of the SMS Spin Axis

Figure 2-17 shows the type of data frame distortion that will result

when a nutation of the SMS spin axis exists and has a period which is less

than the frame period,
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Figure 2-14., Latitude Step-Scan Axis Misalignment
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VISSR/SMS ELECTRICAL INTERFACE CHARAG TERISTI'CS

+

Appenda.x E contains information on VISSR/SMS electncal interface
characteristics. All of the electrical mterconnect functmns between VISSR'
and SMS.are listed, The tabulation is arranged by connector designation and
i.n.cludes detector type and number, and. pin number ass1gnment for each 1nter-
face function. Source and load characteristics together w1th the appropr 1ate

ground reference designation is included for each :.nter_fa.ce functlon.

SCAN MIRROR STEP-SCAN OPERATION

The following is an updated description of the rl:lethod of scan mirror
step-scan operation used in the VISSR scanner. The descr%f)tion reflects the
current VISSR design and includes detail descriptions of and/or requirements
for the :‘Eollowing: _

1. The four modes of step-scan operation' and how they are initiated,

2. Timing events and waveforms assoc1ated with the VISSR:

a. Scan mirror step tlang 51gnals
b, DC restoration timing signal
¢. Inflight electronics and blackbody calibration.

3. Mechanical scan mirror travel limits and method of scan mirror
stowage during launch.

Scan Mirror Drive - Primary Scan Drive

The purpose of the scan mirror drive is to rotate'the scan mirror in
steps of 0, 09587 mrl? {19.775 arc seconds) to perform scanning and retrace
motion in accordance with the VISSR .;:,tep—sc':‘an mode commands. The fOur-
scan modes of operation are:

1. Single full-frame (20°, 1821 scan lines)

2 Variable frame he‘ig'h.t
3. Single-line frame height
4

* Rapid forward scan stepping rate.

12THis value is approximately 4% less than the desired nominal ‘value of 0, 1
mr; however, it permits a standard digital shaft encoder disc to be used
for step-scan position control,
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The scan mirror drive opérates basically as a torque motor se;rvg sys.. :
tem. The register output of a 12-bit counter servés as the input signal to the-
servo loop with the output of a digital shaft angle position encoder (which. is  ”
‘attached to the scan mirroxr) acting as the servo-loop feedback sigz}al.-'l3 A
least significant bit of the shaft encoder output corresponds to 0. 09587 mr.
Therefore, each time the 12-bit counter.is changed by one count, the scan

_ mirror is rotated 0._ 09587 mr. 14

.t

Single Full-Frame. - In the single full-frame mode of operation of the

primary scan drive (20° frame helght), the 12-bit counter is advanced from
910(15) counts to +9IO(15) counts (forwa.rd scan dlrectlon) and then back to
-910 counts (retrace) Where the counter is stopped. In the forward scan
dlrectlon the counter register is advanced one count each spin cycle of the
..‘spacecraft. The timing signal initiating the one-count advance of the counter
rdgister is provided by the s‘pace.craft and is timed to occur when the VISSR's
"IGFOV is pointing 35° t 5° from the north south earth centerline and moving
away from the e_arth {i. e., post- -earth scan pos1t10n) In the retrace (step-
' scan) operation, the countet is made to count back to -910 by a spacecraft-
supplied timing signal (square wave) which has a repetition rate equal to
10. 667 times the spacecraft spin rate. Therefore, the retrace time is ap-

proximately 0.1 of the forward frame time.

A block diagram of the primary scan mirror dr1ve 10g1c is shown in

Flgure 2~ 18 With the mirror positioned at scan line No., 1 (counter register

13 : .
The encoder shaft angle position information i5 also supplied as a teleme-

try output and for use in scan line serialization by the spacecraft,
14

This results in a2 VISSR IGFOV rotatlon of 0.19174 mr (~0. 2 mr) due to
angle doubling,

5 .
! -910 and +910 are the nominal encoder digital line numbers at the top and

bottom of full frame. In actual practice, the top and bottom of f{rame en-
coder line numbers will be different and are selected such that the 45%

'position of the VISSR scan mirror will occur within one scan line.of the
center of the full frame,
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nﬁmber -910), the full-frame mode of operation is initiated by setting ON/OFF
FliP-Fl.op (OOFF) in the ON state. This accomplished by issuing a Step-Scan
ON (ilomrnand to OR gate No, 1. With OOFF in the ON state, AND gate No, 1
is enabled permitting scan mirrgr step timing pulses to advance the 12 -bit
_counter from--910 counts (éc‘an' line No. 1)rto +910 counts {scan line No. 1821).

*When +910 counts is reached (or greater than +910 counts is indica;ted) Digital

Comparator (DC) No. 1 sets the FWD/REV Flip-Flop (FRFF) so that the 12-
bit counter counts-back to -910 counts using the Rapid Scan Mirror Step Tim{ng,
Signal. When -910 cou.nts is reached (or less than -910 counts is indicated),
DC No. 2 sets ERFF so that OOFF is set in the OFF s;:a.te.‘ With OOFF in the
OFF state AND ga.te' No. 1 is disabled and the scan mirro? step %iming.‘ﬁgnals ,

are prevented from reaching the 12-bit counter, therefore leaving the coﬂuni:.hé'r'-_ .

at -910 counts (scan line No, 1).

Variable Frame Height. - In addition to the single full-frame step-scan .

mode of operation, the scan mirror can be operated in a variable frame héigl}-t_
mode, At any time during the forward or retrace scan—s{:ep motion, the state ‘
of the FWD/REV Flip-Flop (see Figurey2-18) can be reversed by exe;:ution of'

a mirror Scan Step Direction REVERSE Command, thereby reversing the -
mirror step-scan direction. The scan mirror will continue stepping in the:.
reversed direction {at the stepping frequency associated with @ha.t di.rection.i: .
until either another REVERSE command is received, or until the 12-bit counter -_
reaches either -910 .or' +910 counts. When +910 counts {scan line No. 182i).‘1is )
reached, the scan direction is reversed. W};en -910 counts (scan line No. 1)

. is:, re‘ach.ed, the stop scan motion is stopped. Therefore, by use of 1:.he RE- .
VERSE command, programming of a variable frame height can be accom-
plished from the ground. The size of the frame and its location (within the
nominal 20° frame limits) is dete;rmi.n'ed by the t'imin.g sequence establisl?ed

for the execution of the REVERSE commands,

At the completion of the variable height mode of oneration, the remain-
ing part of the full frame will be scanned and the scan m:ir-cr returned to

.scan line No. 1.
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Single-Line Frame Height, - The scan mirror drive can be placed in a

single-line frame-height mode by interrupting the scan mirror step timing
‘ ‘signals from the spacecraft. This is accomplished by issuing a Step Scan

OFF .Command to OR g‘ate No. 2 (see Figure 2-18) which in turn places ON/.
 OFF Flip—!Flop (OOFF) in the OFF state. With OOFF in the OFF state, AND
. ga:te No. 1 is disabled, ‘thus preventing scan mirror step timing signals from
reac':hing and advancing the 12-bit counter, Thereiore, the same elevation
line 'will be repeatedly scanned each spin cycle of the spacecraft.’ The scan
mirror drive can be placed in the single-line frame height mode when the

,8can mirror drive.is stepping in either the forward or retrace direction.

Step scan motion is reinitiated by issuing a Step Scan ON Command to
OR gate No. 1 which in turn places OOFF in the ON state. With OOFF in the
ON state, AND gate No. 1 1s enabled and scan mirror step timing sigz.la.ls are

permitted to reach the 12-bit counter.

.Rapid.Forward Scan.” - When scanning in the forward direction, the

‘scan mirror Step-scan drive ‘can be made to advance at a‘rate equal to the
‘ retrace rate (10, 067 times the normal stepping rate}. This is acco‘nlplished
by issuing a Forward Scan RAPID Command to Logic Latch Neo, 1 (Isee Fig- -
ure 2-18) which in turn permits Rapid Scan Mirror Step timing signals to
reach the 12-bit counter through AND gate No. 1._ The forward step-scan
Can be returned to & normal rate by 1ssumg a Forward Scan NORMAL Com-

mand to Logic Latch No. 1. CoT

Turn-On Initialization. - Turn-on initialization circuits are iﬁélud.e:d in
the VISSR scan logic design to assure that the scan drive logic will always - ‘
come on 1n a2 known state at power turn-on. At power turn-on, the VISSR -~

scan drive circuitry will be in the following logic states.’

Pt
.

The 12-bit counter will be sét at 000 counts,

Step-scan logic will be in the ON mode.

w v

The FWD/REV Flip-Flop will be set to allow rapid scan mirror.
step timing signals to advance the 12-bit counter in the positive’
direction. ‘
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Under these initializing conditions and the scan mirror position (digital
encoder output) not at line 000, the scan mirror wﬂl be slewed {at approxi-
mately 20 times the normal steppmg rate) to posxtmn 000. It should be noted-
(see Figure 2-18) that until the scan mirror arrives at position 000, no step
timing signals are permitted to reach (and advance) the 12 -bit counter since
Digital Comparator No. 3 will not be TRUE and therefore AND gate No. 1 is.’
disabled. When scan mirror position 000 is reached, AND gate No. 1 is en-
‘abled and rapid step timing signals are permitted tc; advance the 12-bit counter
in the positive direction (forwarfi direction for the primary scan drive). When
“the bottom of the frame is reached, the normal retrace-motion {to the top of

the frame) is initiated,

Scan Mirror Drive - Redundant Scan Drive

"The operation of the redundant scan drive is the same as the primary
scan drive described with the following exceptions:

1, All of the redundant scan drive '"line number polarity" logic is
reversed ({rom the primary scan drive) to appropriately account
for the fact that the redundant encoder (nominal) digital line num-

ber at the top of a VISSR frame is +910 and the (nominal) digital
line number at the bottormn of the frame is -910,

2, Following slewing of the VISSR scan mirror to encoder digital line
number 000 after turn-on {i.e., initialization), the scan mirror is
stepped in increasing (positive) encoder digital line numbers {at
.10, 667 times the spacecraft spin rate) directly to the top of the
full frame where the stepping motion is then stopped.

Timing Events'and Waveforms

Scan Mirror Step. - As indicated in the above description of the-scan

mirror drive operation, the step-scan motion of the scan mirror is initiated
by two scan mirror step-timing signals supp}.:led from the spacecfaft These
are the Normal Scan error Step timing signal a.nd the Rapid Scan error
Step timing SLgna.l The Normal Scan Mirror Step timing signal is requlred
to occur 35° + 5° after the VISSR-IGFCV has passed the north-south eartlg

centerline, The required amplitude and temporal characteristics of this

signal are:
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1. Amplitude 4.3 £0.75 vdc
2. Dura.t-i;m 1 7 £0.8 msec ..
3. Rise Time =0,1 msec
The Rapid Scan Mirror Step timing signal is required to be a 4, 3 + 0. 75 volt

square wave having a frequency equal to 10. 667 times the spacecraft spin

rate.

DC Restoration. - DC res;’corad:ion16 of the VIS5R's thermal channel(s)

is timed to occur' each spin cycle of the spacecrait just prior to the time the :
VISSR's IGFOV scans the earth. The period of dc restoration is 28.5 + 1.5

msecC,

DC restoration is initiated by the dc restore timing signal supplied by
the spacecraft. The dc restore signal is required to occur once each spin
cycle of the spacecraft when thé VISSR's IFOV is located at the following
angul?._r positions:

i 1. 30° x£1° prior to the north-south earth .centerline, except when
the sun is located in an angular sector defined by lines-of-sight,

as viewed from the spacecraft, which are 5° and 32° forward of
the north-south earth centerline,

2. 56° £1° prior to the north-south earth centerline whenever the
sun is located inthe 5° to 32° angular sector.
. The regquired amplitude and temporal characteristics of the dc restore

timing 51gna.1 are the same as those requlred for the Normal Scan Mirror Step -

tlmmg signal.

Inflight Electronics and B.lackbody Calibration. - During the first and
- fourth scan lines following the start of each single full-frame scan, the channel

electronics of the VISSR's visible and thérmal channels are calibrated.

The electromc calibration event consists of a repetltlve ca.llbratlon sig-
nal.- - The format for each calibration signal (referenced to the channel output)

is'a 0- to 5-volt dc staircase increasing 1.0 % 0. 02 volt/step., The width of

16
Zeroing of the channel output when space is viewed. -
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each si:‘ep is 1.5 msec. Therefore, a total of 16 calibration staircases occurs

du_ririg the nominal 144-msec electronic calibration period.

.From reliability considerations, a decision was made to provide for a
‘disconneéct -capability of the VISSR stairsl'.tep signal by command. This is
accon:;plished without the addition of ad@itional commands by utilizing the
‘thermal channel focus Fox-'warld and Reverse Commands., A Thermal Channel -
Fwd Command will also disconnec:_'t the s't'ai;cca.se gircuitry from the VISSR
.pre.amplifier.s and a Thermal Channel Rev Command will reconnect the stalr-

case circui’.cr.y to the VISSR preamplifiers.

A thermal (radiation) check-of-calibration can be performed on the
VISSR thermal channels by ground command. This is accomplisheci by plac-
ing an opaque ambient temperature blackbody shutter (whose temperature is
monitored) in.thc_a optical train o;f the VISSR thermal channels ahead of the
thermal channel relay optics. The shutter is programmed to move into the
calibration position during the third écan line following the start of a single
full-frame scan, provided a VISSR Internal Calibrate ON Command has been
executed prior to the start of the full-frame scan. Unlike the electronic cal-
ibration which automatically occurs on the first and fourth scan lines of each

17

full-frame scan, the thermal channel radiative check-of-calibration requires

that a VISSR Internal Calibrate ON Command be executed each time a2 calibra-

tion is desired.

The start of the electronic and blackbody calibration events is programmed
to occur at the end of the dc restoration period and timed to last for 144 msec,
Therefore, the calibration events occur during the earth data scan period (20°)

and for a minimum angle of 20° following the earth data scan period.

In the execution of the internal radiometric checktof-calibration event,
the maximum time required to place the blackbody calibration shutter into the

optical path of the thermal channel (following the end of dc restoration) is

30 msec. "

? R .
Provided the last thermal channel focus command sent was a'Reverse Cor-
mand,
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Timing and Waveform Summary. - The timing events and waveforms

associated with the VISSR step-scan operation and internal calibration are

diagrammatically summarized in Figure 2-19.

Mechanical Scan Limits

Mechanical scan limits are incorporated in the scar mirror drive as- -
sembly to assure that over the restricted angular travel limits.of the scan

mirror .ene, and‘only one,. anpular position exists for every 12-bit word out-

put from the-digital shaft encoder. This arrangement permits the use of a
12-bit (rather than higher order) counter, since unambiguous angular read-

. out over 360° with a 19, 775 arc-second resolution requires a 16-bit word.

The rhechanical scan limits are set at 2-1/2° + 1/2° beyond the nominal
10°_ scan mirror travel range required to produce the 20° frame height. The
mechan1ca1 scan limiting is physically a,ccompllshed by restricting the travel

range of the scan mirror inertia balance arms by the use of mechanical stops.

Launch Mode Stowage - Durmg launch, the scan mirror is stowed

against the mechanmal scan limit which restricts the scan mirror in its
farthest ''down'' direction of travel. The scan mirror is driven to this posi-
tion whenever all of the following conditions are met: .

' 1.  +29 volt spacecraft power is supplied to the VISSR.

2. The VISSR primary and redundant power supplies have been com-
manded OFF,

3. The Scan Mirror LATCH Command has been executed,

When the VISSR primary power supply is in the OFF pos‘it1on e;,nd the
. Scan Mirror LATCH Command has been executed, a fraction .of the +29 volt -
spacecraft power is applied directly to the coils of the primary scan drive
motor causing the motor to drive the scan mirror, in an open-loop mode, in

the "down'' direction into the mechanical scan 1imit.

It is necessary that the VISSR redundant power supply be placed in the
OFF position to assure that the scan mirror stow drive is not opposed by the

normal scan mirror operation (which would nominally "overpower' the stow
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drive), During the actual launch, it is assumed that both the VISSR primary

and redundant power supplies will be in the OFF position. ' . .

The maximum torque available from the torgue motor that could be
used:to ﬁpld the scan mirror against the mechanical li_rnits' is approximately
40 in, -0z, However, the torque required to hold the scan mirror against the

mechanical limits under worst-case conditions during launch was calculated

to be 150 in.-oz. Therefore, an additional holding fores is reguired during
launch. This is accomplished by the use of_.an active magnetic latch which
can supply a large holding force for.a ‘SI;'la.ll power inptit once the magnetic
latch pole pieces are brought into close proximity., The magnetic latch pole
pieces are located on the "'down' mechanical stops and the scan mirror i:'nertia
balance arms. The magnetlc latch is activated by pla.cmg the VISSR scan

mirror Stow command relay in the LATCH position.

Torque motor power is interrupted when the scan ;'nirror is in the stow
position to minimize the power required by the radiometer during 1aunch.. A
microswitch located near the end of the open-loop scan mirror travel accom-
plishes this purpose. The microswitch is located so that it is depressed
(removing torque motor power) only after the magnetic latch pole-piece;- are’
close enough to pull the scan mirror into its final stow position. This f;;l.rrange—‘
ment also a.ssure‘s that the scan mirror will always be returned to its stow
position d'uring launch in case a momenté.ry interruption of 'i:he'electrical
powe'r to the magnetic latch should ocecur simultaneously with the generation
of a:torque moment on the scan mirror (due to motion. of the spacecr:::.ft),

which moves the scan mirror from its stow position.
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" VISSR INFLIGHT SUN CALIBRATION PERIODS

During the normai operation of ;:he VISSR /SMS system, VISSR. vicieo
data will be limited to'those' signals generated during the 20° Spiljl angle time ‘
period which is centered with respect tlo th-e north-south axis of the earth
(when wide-band transmis sion’ from the spacecraft is programmed to occ'x.n_').

. For this reason, a radiometric check-of-calibration of the VISSR's visible

and thermal channels against the sun can only be adcomplished during certain

time ‘lperiods of the day.

In addition, since the north-south limits of the relative sun position to
the earth exceeds the 20° north-south full-frame of the VISSR, a check-of-
calibration of the VISSR's thermal channels will, in addition, also be limited

P

to certain times of the year. * - 1 F

Figure 2-20 summarizes the time periods during which a VISSR radi-

ometric check-of-calibration against the sun can be performed.

The calibration time period limits in the "east-west" direction are in '

time-of-day. The time period limits in the north-south direction are in day'-

of-year.

For the thermal channel calibration, proper timing of the start of a
frame will be required to assure that the sun is scanned when it is located ’

in the time area shown.
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' Figure 2-20. Time Periods During Which a VISSR
Radiometric Check-of-Calibration
Against the.Sun Can Be Performed
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THERMAL ANALYSIS

VISSR Scanner Thermal Model

A T72-node thermal model was formulated for the VISSR s‘ca.nrier and

the therma.l model nodal parameters sent to PhllCO Ford-to determine the.

VISSR/SMS interface couplmg required to achleve acceptable VISSR operatmg

temperatures

The distribution of the thermal model nodes for the VISSR thermal
model is shown in Figure 2-21. A description .o_f the nodes shown is pre-

sented in Table 2—1.

The values_ of the VISSR scanner thermal model nodal parameters (con-

ductive and radiative coupling plus solar and electrical power input) are pre-

sented in Appendix G.

Previous Thermal Evaluation of Isolated Scanner

.An evalua.tmn of a preliminary VISSR scanner thermal model was made
during the preliminary design phase of the VISSR program (1969). For the
‘evaluation it was assumed that the VISSR was thermally isolatec{ from the
spacecraft (radiatively and conductively) and that' ‘the primary coupling be-
tween the VISSR and the sun and space was, through the VISSR optical aperture.
A small amount of couphng {to the sur a.nd space) by the innher surface of the

radla.tlon cooler sunshield was also assumed.

As might be expected under these boundary conditions!® plus electrical -
power being dissipated in the scanner [primarily the encoc_i‘er(s) and the visible
ch;.nnel integrated PMTs ], the average scanner temperature was formd to be -
warmer than desired. At that time it was recommended that a heat leak to
space be provideci for the VISSR through the top and bottom of the spacecraft
[to balance the electrical power being dissipated in the VISSR encoder(s) and -

integrated PMTs, respectively] to obtain the desired nominal VISSR operating

temperature,

Basically the conditions which would result in an average scanner tempera-
ture of approximately 25°C if no additional power were supplied to the VISSR.
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Table 2-1. Thermal Model Nodal Description

. Node

Description

8to 13
" 14 to 19
- 26 to 31

32

33

The photorultiplier mountiﬁg plate. It contains the visible chan-
nel preamplifiers, the baffle mount, calibration shutter focus
drives, and relay optics. The node is annular, 1/3 of the distance
between the inner and outer radius. ’

The primary mirror baffle. It guards agai.x}st stray radiation
falling upon the image plane. . The nodal point is at the half length
point. N R ’

The primary mirror. The node is annular, half-way between the
irner and outer radius. ’

The radiation cooler mounting plate.. It is the annular ring with

a slight bevel. This plate attaches to the Be tube and to the ra-.-
diation cooler. The node is half-way between the inner and outer
radius. .

The infrared preamplifier. It is located on the plate described
as node 4. ’ '

The housing of the radiation cooler. The node is located hali-way
up the housing, and has annular symmetry.

The sun shield of the radiation cooler. The node is located half-
way up the housing. The node is annular.

These nodes are on the Be tube, centered between the pri;‘nafy- .
mirror mount and the photomultiplier tube platé. The nodes in-
crease in number every 60° in a CW direction as viewed from the
radiation cooler end. Node 8 is on the top on the side opposite
from the sunshade. ' .

These nodes are analogous to 8 through 13. They are located 3/4
of the distance between the PM mounting plate and the radiometer .
mounting ring.

These nodes are on the mounting ring for the radiometer. Nodes
26, 28, and 30 coincide with the three mounting pads, and include
60 angular degrees of the ring. The intervening 60° sectors are

devoted to nodes 27, 29, and 31.

This node is located at the junction of the four scan mirror braces.
The mount for the secondary miirror is also attached at this point.

The secondary mirror.” The shield around the mirror and the ad-
justing structure are defined by separate nodes. ' '
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Table 2-1 (Con't)

Node

Description

34

35
36

37
38 to 41

-_42

43 to 48

49 to 54‘

‘55

56 to 63-

64

65

* .66

The rotor of the right encoder-scan mctor. This encoder does
not have the spacing diaphram. It is on the right hand side when
viewing into the radiometer entrance with the radiation cooler
downward. o

The stator of the same encoder-motor.

The side of the encoder can. It protrudes beyond the scan mirror
cover forms this node.

The end of the encoder can. This end views the spacecraft,

These nodes are analogous to nodes 34 to 37, but pertain to the
left encoder.

The scan mirror. The node has annular symmetry and is located:
at the mounting holes,

These nodes are located on the scan mirror cover in an analogous
fashion to nodes 8 through 13, These nodes are located 1/4 of
the distance from the mounting ring to the cover plate for the
scan cavity. Node 46 is largely cut away for the entrance aper-
ture.

Similar to nodes 43 to 48, but tﬁey are located 3/4 of the distance

.- between the mounting ring and the scan cavity mounting plate.

" The end plate of the scan mirror cavity cover, The node is an-

nular at the half radius point.

These eight nodes are on the sunshade. Looking into the radiom-
eter with the radiometer oriented such that the radiation cooler
is on the bottom, node 56 is the left side flat portion of the first
half of the shade, 57 is the bottom curved portion, 58 is the right
flat, and 59 is the top curved portion Similarly, nodes 60, 61,
62, and 63 are on the second (inner) half of the shade., The two
halves are divided on the basis of shade length.

The cylindrical shield for the secondary mirror. This shield is
viewed when looking into the entrance aperture, and protects the

mirror irom direct rays. This shield also provides a radiation
shield for the mirror.

Circular plate. This holds the seco'ndary mirror alignment ad-
.Justing -structure. This plate connects via structure to node 32.

Y -shapad mount. This holds the secondary mirror.
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Table 2-1 (Con't)

Node Description

67 to 69 Nodes 26, 28, and 30 mount to the spacecraft. Nodes 67 to 69 .
mate with the above nodes, and thus form boundary nodes when
the radiometer is considered by itself. When the radiometer is
considered as part of the comple.te SMS system, these nodes are
part of the spacecraift.

70 This is a boundary node similar to nodes 67 to 69 when the radi-
ometer is considered by itself. In the complete system,. this is”
the inner walls of the solar array panels: '

N

71 This, node is space,. and forms a cold radiation source,
72 This node is the 'sun. A fixed angular view is used for the sun’
' ® which necessitates usmg a '"'solar’equivalent temperature "

When it subsequently became known that the spacecraft design would
preclude the use of a heat leak from the VISSR_éncoders to space fhrough the
top (+Z axis) of the spacecraft, it w.as decided that the encoders should be
radiatively coupled to the in.ner walls of. the-spacecraft s.olar panels as a

means of keeping the temperature of the powered VISSR encoder within ac-

ceptable limits,

A thermal controi surface (radiation patch with proper @/€¢ characteris-
tic and siz_e)‘would be used as a heat leak to space through the bottom of the
spacecraft (-Z axis) to optimize the VISSR scanner temperature. The radi-
ation patch would also serve to-help the radiation'c‘:ooler shield run cold which

is desirable from cooler operation considerations.

Present Thermal Evaluation of ”Isolated" Scanner

The present VISSR scanner nodal model was evaluated by SBRC using
the following boundary conditions:

1. The scanner was isolated from the spacecraft except for radiation
coupling between the VISSR encoders and the inner walls of the
. spacecraft solar panels which were assumed to.be at a tempera-
' ture of 10°C (based on discussions with Philco-Ford).
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2. A thermal control surface (several sizes) was placed on the outside
surface of the radiation cooler shield (a cylindrical band at the top
edge of the shield having an & = 0.2 and an € = 0. 9).

The results of this evaluation are summarlzed in Figures 2-22 through

2-25" whlch show the steady state VISSR scanner nodal temperatures for differ-

ent sun angle positions and thermal control surface sizes:

Figure 2-22 shows the nodal temperatures.for summer and winter sol-

stice when no heat leak (thermal control surface) is used:

e

It can be seen from F1gur'é 2-22 that during the summer solstice, the

following temperature conditions exist.

1. The radiation cooler sunshield will run significantly hotter than
desired.
. 2. The primary mirror temperature will tend to run hot.

3. A significant temperature gradient exists between the primary and
secondary mirrors.

4. Although the powered encoder runs slightly warmer than desired,
the radiative coupling to the spacecraft appears to be adequate to
keep the encoder within acceptable temperature limits.

Figure 2-23 shows that a significant improvement in average scanner -

temperature, scammer temperature gradients.and summer solstice radiation
cooler temperature can be achieved by using a thermal control surface having

a band height of 0.6 inch.

-Figure 2-24 shows the scanner nodal temperatures for the thermal con-,

trol s:urface band height of 0. 6 inch and sun angles of 107,

The sensitivity of scanner temperature to control surface area can be
_seen by comparing Figure 2-25, which shows the scanner noddl temperatures
at summer and winter solstice for a thermal control surface band height of

1. 2 .inches, with Figure 2-23.
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Thermal Evaluation of Integrated VISSR/SMS

. . The therma}'model evaluation of the integrated VISSR/SMS system
rbeing conducted by Philcao-¥ord will include the actual conductive and radi-

ative coupling that is expected to exist between the VISSR scanner and the

spacecraft nodal parameters.

Although the conductive couplmg between the VISSR scanner and the
spacecraft will be minimal, radiative coupling will exist since, in general,
thermal radiation shielding between the VISSR and the spacecrait is not bemg
,provided. 19 For this reason, the VISSR scanner nodal temperatures are

expected to be somewhat different than that shown for the 'isolated' scanner

condition.

Following the completion of the thermal analysis being conducted by
Philco-Ford, the results of the analysis are planned io be reviewed with
NASA and SBRC and a final decision made on the size of the thermal control

surface to be used on the radiation coocler sunshield.

Focus Range and Blur Circle Size

Focus Range. - The focus adjustment range allocated for thermal gradi-

ents in the VISSR scanner is

450X 10-3 inch for the thermal channels

and +70 X 10‘3 inch for the visible channels.-

The magmtude of the focus range ad;ustment required for differential
’ temperatures between VISSR optlcal elements can be determined from the
following expreselons.
Thermal Channel -
= [-0. 107AT i 5pac-0. 022ATpri-gec-0. 098AT o pplX1073 inch
VlSlble Channel -

= |-3.354T pri-gpac-0. 69ATpri_sec/X10-3 inch

This decision was based on the results of a preliminary thermal analysis
conducted by Philco-Ford which showed that no undesirable thermal eifects
were created when substantial radiative coupling beitween the VISSR and the
spacecraft was assumed.
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where &Tpri-'spa.c' = primary mirror ternp.erature minus telescope

spacer temperature in °C
AT

pri-sec = pPrimary mirror temperature minus secondary
mirror temperature in °C
ATpri—MP = primary mirror temperature minus ‘mounting

plate temperature in °C

Blur Circle Size. - Folloﬁving the optimization of the VISSR thermal or

visible channel focus to correct a defocused condition due to a VISSR scanner
temperatute gradient,. the subsequent blur circle diameter change that will
i'.esult due to a change in temperature gradient ‘z‘)et'ween VISSR optical elements
can-be determined from the following expressions:

. Thermal Channel -

BCDT = |-4. 08A(ATpri-spac)-0. 84A(ATpri_gec)-3. 728(ATpri- el pur
. Visible Channel -

BCDy = |-4. 08A(AT 15 _gpac)-0. 84A8(AT, 4 gecllur
The above expressions used in conjunction with Figures 2-9 and 2-10
‘can be used to determine the change in VISSR scanner temperature gra:dients

~that can be tolerated before refocusing is required due to ground resolution
L .

(MTF') requirements.
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S:ec:tion‘ 3

OPTICS

OPTICAL REQUIREMENTS

The scanner assembly contains eight identical visible channels operating
in the 0. 54- to 0, 70-micron band and a single infrared thermal channel oper-
ating in the 10.5- to 12. 6-micron band. The instantaneous geometric field of
view (IGFOV) of each visible cﬂaﬁnel is 0. 025X 0. 021 mz and the IGFOV c_)f
the thermal channel is 0. 25 mr square. The eight visible channel IGFOVs
are aligned in a linear array so that during the scanning-process they are
. symmetrlcal with the 0. 25-mr thermal channel IGFOV. A 20% underlap be -
"tween channels is a.llowed as a practical fiber optlcs cladding allowance.

Also, as a redundant consideration, an additional ‘thermal 'channel is mounted

next to the primary thermal channel and has identical characteyistics,

Although the precedmg requirements define the requ1red telescope field
) angle. a desired system growth potential would increase this parameter. The
a.nt1c1pated modification includes additional thermal channels to-accomplish a
vertical temperature profile measurement capability. The details of this

growth potential experiment have not been defined,

GENERAL DE_SCRIP_TION -

The optical.system 1s shown schematically in Flgure 3-1. 1t consists
of the following:
1.  An object-space scan mirror
A Ritchey-Chretien primary-secondary mirror system
Relay optics for the thermal cha.nne-l . R

Fiber optics light-guides for the visible channels

Optical filters for the thermal and visible channels” - S

[ . A

An immersed (to PMT window) optical prism in each visiblé channel
to achieve enhanced photocathode effective quantum efficiency.
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TELESCOPE DESIGN

The éelection of a specific ’;:elescope design involved the tradeoff of
fabrication difficulty with the 'reg.uired optical pex:formance. Several mirror
systems are'theoretically‘ capable of perfect imlgigery at the opticai axis, but
they have markedly different c:ha-ra.cteristics away from the optical axis,
Figure 3-2 compares three folded telescope types used by SBRC in previous
spaceborne sensors. The solid lines show performance at the plane of ‘

paraxial focus, and the dashéd lines the curve of hest focus.,

It should be noted that a parabola alone is very nearly equivalent to the
Cassegrainian optical system. The blur size shown in the figure is the diam-
eter of the maximum blur circle. The main aberration present in the Dall-
Kirkham and the Cassegrain systems is coma, so one may assume that a

major fraction of the energy is contained in a significantly smaller blur circle.

The Ritchey-Chretien design has been of principal interest because it
provides higher resolution ocver a significantly wider field.than the somewhat
‘simpler Dall-Kirkham design. ‘ The wide field angle cha..ra.cteris.tics cf the
Ritcbt_ay-Chretien design fa.ci.lita.te- and simplify optical alignment procedures
..az"xd perm{t channel separation to be accomplished by angular displacement

without seriously deteriorating channel spatial resolution.

Three different optical designs were explored durmg the ‘preliminary
design phase. They are as follows:
1. The Ritchey-Chretien design initially proposed.

‘2. A three-mirror design using a spherical primary mirror and
aspheric second and third mirrors.

3. A Ritchey-Chretien design having slower optical characteristics
as compared to the systern initvially proposed.

Table 3-1 summarizes some of the properties of these three systems.
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Table 3-1. Summary of Three Optical De:s.igns Characteristics

i/ Optical System Fiber
. / Primary | Configuration |Material | Image Size .
Optical Design System | Mirror P S5 Tx P 5 T* | Quality { {In,) Baffling | Rating
s i :

Propose_zd Design 4 i.8 A A .| Be .- Good 0. 0066 Good 3
with Modified Back Ritchey Be . i
Focal Length . Chretien

T - . H
Three Mirror 2| 10 2.5 Sp A A Be Good [6.39e% Exc .- ) 1
Design . 5104 .ent

. S102
Revised Two 3 T17 ) 2.4 A A Be ! Very 0.0028 | Fair 2
Mirror Design . Ritchey Be - Good to
Chretien ) ' Good

* P - Primary ** Mirrors § & Q are 1dentical

.8 «~.8econdary ’

T -~ Thard

A - Aspheric
- Sp - Spherical
_Designs other than No. 1 were considered because of anticipated diffi-
.culty in fabricating the rela‘.tlvely fast aspheric primary mirror. While this
problem was difficult to define, discussions with various optical vendorsl
. Erovgd'*ﬁi’xét a'slower systern‘ would increase the probability of obtaining optics

meeting the requirements.

.Design No. 2 would be the easiest to fabx:icate ‘because of the spherical
primary mirror. ‘However, this system was not compatible with certain
spa.cec;raft coniigurations. Also, field angle capability 15 less due tqg the
double fold, long focal length, and center hole re;qu'%red in tl';e secondary ‘

’

" mirror. Lo

Deélg.n No. 3's only apparent drsadvantage is lirnitations in apply3'.’1*1&,;r
radiation baffling. Using this configuration, radiant energy from outside the ’
desired field cannot be prevented from irradiating the secondary mi:rz'-o;.
Specularly reflected energy deoes no harm because it will be absorbed by the
scanner baffling; however, energy diffusely scattered to the field stops can-
not be shielded. Preliminary analysis has indicated that this is not a signifi-

l cant factor when‘ related to reflected or-radiated energy from the earth. A
detailed analysis will be completed using {Ehe radiomete.r—su_r’lshade configura-

tion. It will include bidirectional (scattering} of the éecondarr mirror sur-

face,
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TELESCOPE AND THERMAL RELAY SYSTEM

Summary .

. Optical design for the VISSR l6-inch a.perture telescope has been
coupled with the thermal channel relay system in a continuous ray tra.ce
The ray traces include surface printouts for determmmg requlred clear E
apertures as well as spot diagrams for image evaluation at the primary and =

relayed image planes. Rffective focal length is nominally 114. 7 inche s

The ray trace results indicate a blur circle of 3 X 10> inch on axis,

and 2 x 10-% inch at the largest field angle; at 114 inches focal length these’

. give 3X10-7 and 2x10-6 radian, re'spectively. The diameter of the central
difiraction maxima is about 3.7X 10-6 radian for visual light. The geometri-
cal aberration is less than the diffraction dimension‘bjr a factor of 10 in the_»
field center where the visual channels are located, The diffra%:tion maxirﬁa
for the infrared 'cha-nnel 15 a.bou:t 7%10-° radian. At the field edge where the‘
infrared channels are located, the geometrical aberration is about 35 times

smaller than the diffraction maxima diameter.

These results assure a diffraction limited opera’cion for the nominal

telescope design.

At the relayed ir;fr.axjeid image plane, the image blur's maximum dimén-
sions are 1.2%10-% inch for .both the upper and lower field extremes. The
£/# of the convergent beam at'the image is £/1. 28, _For this £/# and 11. 5~
micron wavelength,’ the diffraction maximum diameter is 1,4X 10-3 inch.
The geometrical blur circle- of the relayed-image is about a factor of 10
smaller than'the diffraction pattern. This assures diffraction limited per-

formance for the combined nominal design of the telescope and relay system.

.General Description

The primary image is formed by a 114, 7-inch focal length, 16-inch
diameter, Ritchey-Chretien system. This image lies 1.5 inches behind the

vertex of the primary mirror to permit access for image evaluation equip-

ment.

SANTA BARBARA RESEARCH CENTER L a3l



At the primary image surface, the infrared field co‘ns‘ists of two ’seg-
ments each 0.2 mr square, or 0,023 inch per side. The segments are sepa-
. rated by 0, 023 inch. The array lies on a padius centered at the telescope
axis. The near.edge of the first IR field segment is 0. 100 inch from the
axis. The far edge of the second de.tec(to.r lies 0,169 inch f;:_om the axis.

This array is illustrated in Eigure 3-3.

The relay. axis -is parall’e-l to, -but displaced frorh,__ the telescope axis by -
0. iSQ inch. This displacement was needed Because the entrance pupil c->f the
_ relay is the exit pupil of the telescope and all pr‘incipa.l rays diverge from
this stop. The axial displacement dimension was selected to distribute prin-

cipal ray spread equally about the relay lens aperture, thus minimizing the

required aperture,

Detailed Systern Description

The system layout is shown in Figure 3-4. Relay lens details are out-
lined in expanded scale in Figure 3-5. Total length from telescope ‘secondary .

_vertex to detector plane is 34.556 inches.

The number of significant figures on dimensions does not necessarily
indicaté tolerance critically to those figures. These are rounded off in the

tolerance study.

The spacing between elements B and C (Figure 3-5) must be examined
to see what space is available for focal adjustment t{o compensa;te for a poten-
tial axial shift of £0, 040 of ’Ehe.‘dét:t_acto,r.':‘ _;L'fmthe. detector moves 0. 040 from
the lens, the lens pair AB must move 0. 0413 toward the filter C. This has

been verified by a ray trace.

The clear aperture radius required on the concave surface of lens B is
0.312 inch. If we add 0. 003 to this for tolerancing we Have 0,315; Pres_unjl-
ing the lens edge is flat and orthogonal to that axis from 0. 315 outward we
calculate the lens sag, or distance from flat to veri;ex (axial intersect) to be

B .
R - (RZ - 0. 3152)2 or 0. 0636 inch. The spacing-vertex of B to filter C is

SANTA BARBARA RESEARCH CENTER .37
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.G' 27616, Therefore, the distance from mounting surface of B-(flat edge) t6

mounting surface of C is 0,21256,

The detector array is of the dimensions shown in Figure 3-5. The top
detector edge is.0. 0093 from the relay axis, and the bottom detector edge is

0, 003 from the relay axis,

Relative to the telescope axis, the top detector edge is 0.1613 from

axis and the bottom detector edge is 0.1490 from axis.

" The-diameter of the filter clear aperture is 0. 207 on the front face for
the nominal pOSit.i.OIl. However, the spacing lens B to filt;er can shrink by
0. 045 inch. To accommodate for this spacing shrinkage, the filter aperture -
must increase. The tangent of the steepest incidence angle on the filter is
0.4948 or about 0.5, If we presume.as m;J.c:h'a.s 0. 050 'spacing reduction we
have 0.050% 0.5 = 0.-025 increase required in the filf:-er -diameter: This in-

£

creases the required active aperture radius to 0.232 inch.

Since the overall length of relay conjugate can vary by 0. 040.c‘1ﬁel t(’:')"
detector displacement, ray traces at these displacements were run. F_o':c: a-
shortening of overall distance by 0,040, the lens to detector distanc‘e:'in- -
creases by 0, 0013 inch. Image quality and image height deviation are less
than 0. 0001 inch. Folr an increase of 0.-040, lens to detector distance is de-

_creased by 0.0013, Image quality and image height deviation are less than .

0. 0002 inch.

Thus, no image deterioration or distortion of significance is intr‘oduc;e:dh_.‘
by required focusing. The dynr_:zmic'ra.nge of motion is +0, 0413 by -0. 0387,

or is equal to the total motion range ‘of the detector.

. ]
. Performance Summary

The computer output summarizing .system performance is given in the

following figures.

Figure 3-6 shows a spot diagram of the oh-axis'ray bundle in the pri-

mary image plane.. The total ray pattern is contained within 3 X 10~3 inch.
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' Figure 3-7 sbows a spot diagram of the ray bundle in the primary image
plane at 0, 169 off-axis, or at the edge of the infrared field fartl;est from the
' ‘axis. The blur pattern a.pproxima'tes a:n ellipse 1% _10'4_inch .Wide by 2 X 10-4
inch high. R

. .Table 3-2 gives a readout of the system input data to the computer.

Figure 3-8 shows a spot diagram of the izl';la‘ge'a,t the detector surface.

This is at an entrance field angle of 0. 0844°%, It.represents the far edge of
the infrared field, but due to inf-version,bj the re_:la;y is the detector edge clos-
est to the axis, The maximum spo‘t :separation is 1,2x10"% inch with 90%

of the distribution within 0.4 X 10-4 inch,

Figure 3-9 shows a spot diagram of the near edge of the far infrared
field as imaged at the detector. Its entrance angle is 0.06729°. The blur
pattern maximum dimension is 1.3X 10-4 inch, with a heavy concentration

of spots in less than 0, 50X 10-4 inch,

Figure 3-10 shows a spot diagram of the far edge of the near-infrared
field as imaged at the detector, The input angle is 0.0615°, Distribution is

similar to the preceding cases,

Figure 3-11 shows a spot diagram of the near edg:e of the near-infrared
field. The input angle is 0, 050°. Spot distribution matches that of previous

figures,

. Tables 3-3 and 3-4 give su:rface-by-surface readouts fo? marginal and _
axial rays. Table 3-3 is for the near-infr:ared field limit of 0.050° while
_Table-3—4 is for tﬁe far-infrared field limit. The Y and Z reé:dings are used
tc;‘ determine the required clear apertures and sags at each surface. All Y
readings are relative to the telescope axis. The relay axis spacing of 0. 156

must be considered when using these numbers to determine aperture.

Table 3-5 is the case in which overall length has been reduced by 0. 040.
,'i."he double underlined number on the first line BFL = 0. 121310 is the back

focal length. Since the normal BFL is 0.120 we have an increase at 0. 0013i .
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Primary Optics, Off Axis

Figure 3-7.
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Table 3-2., System Input‘Data Readout

SURF TAG . RADIUS . = T ' D . F S
“ 1 I . =73461169 =27.50000  =1,00000  ~1s00000 _ =1600000
04000000E 00 0¢Q0C000E 00 0¢00Q000E 00 0s000C00E 00 ~0¢107000E 0L

2 1 =27 640644 29200000 1200000 100000 1400000
0.000000E 00 04000000E 00 03000000 00 0+O000000E 00 =0+466500E 0Ol
3 1 FuEREReREE - 4.54000 - .1000600 ' 100000 . 1200000
4 1 6e02409. 0410000 4+00000 100000 . 1400000

DECENTERED DCX 000000 . oCY 0e15200
0+000000E 00 0e00Q000E 00 0e¢000000£.00 0s000000E 00 C«00CQO0E 00
5 1 RSN 002000 1400000 100000 1400000 ‘"
DECENTERED ‘' DCX 0400000 _DCY 0e15200 -
0.,000000E 00 0+000000E 00 0s000000E 00 0e000000E 00 0+000C00E 00
6 1 0s70821 0410000 4400000 - 1400000 100000
DECENTERED DCX 0400000 DCY 0415200 :
0+.000000E. 00 0+000000E 00 0s000000E 00 0«000000E 00 0+000000E 00
7 1 081234 0427616 100000 . 1600000 1400000
DECENTERED DCX 0400000 DCY 0415200
0+000000E 00 0<000000E 00 0+CC00QQ0E 00 -0Ww0000Q0CE 00 04000000E 00
8 1 T2 R S D408000 4200000 100000 1200000
9 1 FEHBBLABRS 028000 . _ ;100000 100000 1.00000
10 1 ERACHBHERRSE 0.04000Q . - "2417000 100000 100000
11 1 FRABODTRER 0.12000 1400000 1400000 1+00000
SYSTEM DATA (K=21 TO 38) o )
0000000 8.010000 04001200 0.000000 1000000 14000000 14000000
11 1 1 1 1##33%  =0.,0050 040000 040000 *© 0e1200 ~=2046051

RAY DATA (K=41 TO 49)

1 9 008440 8.00000 =£a200000 000000
8.,01000 0«00000 000000

- SANTA BARBARA RESEARCH CENTER ’ . 3-15
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Optics with Relay

Figure 3-8,
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'SBRC |
Table .3;3;. ‘Surfaceiby—Surface Readouts

SURF. "X Y T 4

TAN X TAN.Y TAN XY

BN .THETA =" 0,050000 DEG .. '

1. 0,000000 7999621 =0e4345 0s0000 .0e2189 02189

2 0¢000000 24057201 =040768. 0s0000 =0+0673 0e0673

'3..°04000000. 04100027 00000 040000 ~0:0673 Ce0BT3

"4 0000000 ~0.206279 0.0106 040000 00279 00279
5 0.000000 =0.203785 00000
6 . 02000000 =0s4191552 0.0889
7 04000000 =~0e159690 040621
8 0000000 =0.053799 040000 .

9  0,000000 =0.044873 0.0000

10 0.000000 04093685 0.0000

11 . 0000000 04102037 040000 :

IM 0000000 0el61422 0+1200 0.,0000 Ds4948 0e4948
1 0000000 0s000000 0+0000 00000 =0.0008 040008
2 04000000 0+023998 =0,0000 00000 040026 040026
3 0+000000 0,100093 0.0000 040000 040026 0s0026
& 0.000000 0+112006 0«0001° 00,0000 040056 0+0056
5 0000000 0¢112568 0.0000 -

6 0+000000 0«113044 0.0010
7 0000000 0a117722 0:0007
8 04000000 0s134551 00000
9 0000000 04135771 . 0.0000

10 0+000000 0+152880 0e 0000 —

11 04000000 02154004 . 0.0000 :

M 0000000 0+161337 041200 0+0000. 0a.0611 040611
1 0000000 =8+000379 =0+4346 0+0000  =042207 062207
2 0+000000 =2,008523 =0.,0732 040000 0e0725 0¢0725
3 0000000 0+100174 040000 040000 0s+0725 0+0725
4 0.000000 04429928 0s0064 040000 ~040165 0e0165
5 0+000000 0:428376 0¢0000
6 0.000000 0+423453 040540
7 0000000 0+396414 0s0376
8 0000000 0e313365 040000
9 0.+000000 04306766 040000

0+000000 0+209272 0+0000

0.000000 0.203140 0.0000

040006000 0+161356 0:1200 0+0000 =003481 0De3481
"SANTA BARBARA RESEARCH CENTER . 3-20
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Table 3-4. Surface-by-Surface Readouts

X

THETA =

0+000000
0000000
0000000
0000000
0+000000

0.000000°

0.000000
0000000
0000000
0+000000
0.000000
0.000000

0000000
0000000
0000000

- - 09000000

0.000000
0..000000
0.000000
0.000000
0+000000
0.000000
0.000000
0000000

0000000
0.000000

- .0s000000

0000000

-0«000000

0000000
0000000
0.Q00000
0000000
0000000

"0.000000

0+000000

Y Z
0.084400 DEG
76999360 =~044345
24073935 ~040780
0e168805 040000
~0s 129075 Qe 0085
-04127327 00000
«0a121698 0:0550
~0:094337 020382
-0s008518 00000
=0«001707 00000
04099295 0.0000
0.105628 0.0000
0+4148917 021200
0000000 00000
0040509 =040000
0+168957 0.0000
0+189066 00001
0.188716- 0.0000
0.188422 0.0009
0.184222 0.0006
04170611 040000
0+169624 00000
0.155790 0.0000
0+154881 020000
0s148952 061200
. =B,000640 =0.4346
-18991771 =0.0720
0e169122 00000
De5073255 00104
0«505044 00000
0+493838 0.0879
0e&462190 00615
04358739 00000
0350002 0.,0000
06215027 00000
0+206857T 00000 .
00149008 041200

TAN X

0sC000
00000

040000
000000

00000

00000
00000
00000
00000

040000

0+0000
00000
00000
040000

040000

TAN Y-

0¢2182
=0e0655

~0:0655
00187

063607

=0+0014
0+0044
00044
=0+0035

-000494

=0e22164 -
Ce0743
00743
=-0«e0258

.-004820

Nmmmemmisana cmrymr o ————

TAN XY

002182
020655
060655
00187

0e3607

00014
. 060044
0s0044
0.0035

0s40494

Oe2214
00743
Q0743
Qs0258

904820
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THRDR -
BFL =
SPHER
1 =0.0206404
000220852
2 0.0061834
—0..0076244
.3 0.0000000
4 =0.0003521
0%0000000
5 ~0.0001907
040000000
6 =040000347
040000000
7 ~0.0001706
00000000
8 0.0090262
9 =0,0086157
10 0.0024098
11 =0,0020919
TOoTAL B
-0.0000160
RAY X 1
THETA
i 0+0000
2 040000
3 040000
4 040000
5 0.0000
6 040000
7 0.0000
8. 0+0000
8

040000

Table 3-5. " Tangential Fan for Reduced Length

COMA

040002276
040000000

=0+0001034
=~0s0001242

0+0000000
000000841
00000000

0.0001606
0.0000000

0+0000138

qaooooood

0.0002126
G+«0000000

~040051723
040049370
~0,0013809
0«0011987

F

0.0000538

Y1

= J.0844

8.0000

640000

4,0000

2.+0000

0,0000

-2450000
=-440000
=6+ 0000

-=B840000

ASTIG

~0+0000025
0+0000000

0.0000017

~0.3000020

0+0000000
~0¢0000201
040000000

=0«0001352
0« 0000000

-0+0000054
0+0000000

=0+0002451
0«0000000

00029639
-0+0028291
0+0007913
=0+0006869

C

=0«00018%96

X IM
00 DEG

0.000000
0+000000
0000000
04000000
04000000
04000000

04000000
S0.000000

G+000000

Y=MARG Y=PRINC
B8+4010000 ' 040000090
24025217 04032999

~0s00005%9 04137637
~04314327 04153874
~0e312159 04152048
«0a310425 (0e150588
"=0e275384 04132815
~0s165154 04071942
-04161461 0.,067534
«0.053754  0.005815
“0.0“6663 0-001751
E p
04000249 =0s306055

Y IM TAN X TAN Y

Del48912°

04148937

0s148936

04148929

0.148920

0e148908

QelaB892

0s+148885

0+148927

04121310 EFL==-20.823223 ENT= 04000000 EXT® 0a007947

CURV

=-0a01358

~0403648

]

0+00000
. 0e16600

000000

T 1a&k1200

- 1423100

000000
0.00000
0400000
0.00000

A

C«000000

TAN XY

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

=27450000
29.00000

4450000
‘0210000

002000

C.10000
0-%7916

*

0408000
0428000
0404000
0.12131

S 4 5

C«C000Q00
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Since plano elements aberration introduction is indepen&ent of element loca-

tion in the beam, the 0.0013 compensation can be ‘introduced anywhere that

-will' extend the image plane to lens B distance by 0. 0013,

VISSR Image Quality versus Secondary Mirror Alignment

'The VISSR image guality.as a function of primary-secondary mirror
alignment was determined by geometrical ray tx:a.ci'ng. -An éggreg-atle of 40
ra:ys distributed uniflormly over the VISSR entrance aperture wasg use'd' 'f'iéléf
angles (8) of 0, 0.5, and -0.5 mr were used. Decentering (DCY) cases: of
0.002, 0.004, and 0. 006 inch were computed, Axes X and Y are two orthogo-—

“nal axes perpendicular to optical axis (Z axis). Field angles are in the YZ

plane and decentering is along the Y axis.

Table 3-6 is a tabulation of cases run and resultant image gquality.

Figure 3-12 graphically illustrates.image blur (95% energy) versus decenter-

ing.

If the secondary mirror is decentered by 0,005 inch, the geometrical

. .image degradation is equivalent to Airy’'s diffraction disc for 0. 65 micron,

Ba.ffle Design Parameters

Aecomputer ray trace was run to facilitate the baffle design for the pri-
. mary—secondary mirror system. Rays were 1ntro§1}1ced in a tangential fan at
a'field angle of theta = 0, 0844"_. This arlgle Was ljsed so that the beam would
be focused into the infrared channel relay optics \x;:h‘}ch are located at an angu-
lar displacement of 0. 06147 ra.dia.n_fro;’n the oppgi‘c ;xi:é in the horizontal plane,
Ray height wa.r.s adjusted so that the marginal ra}ir would intercept the'gurface
of the primary mirror at 8. 000 inches along the positive Y-axis. This re-
suited in a corresponding negatlve Y-intercept of 7. 965 inches. The inner
rays in the trace were determined by the requ1rement for mtercepts with the
scan-mirror at Y = 3. 200 inches at field angle theta In addition to the nom-
inal ray trace, data were taken to simulate the effect of misalignment of the
secondary mirror in the plane perpend.’bcular .1;'0 the optl_c.a}ns. This consisted

of decentering the coordinates of the éecon‘dary mirror along the Y-axis by

+0. 020 inch,

SANTA BARBARA RESEARCH CENTER 3-23



Table 3-6. Image Size vs Decentering

Case 100% Energy 5% X, Y of Center |
Energy O
DCY 6 AX AY Cireular X Y
(in. ) {mr) {in. ) (in. ) {(in. ) {in. ) (in. ).
0. 002 0 0.00018 | 0.00023 0. 00019 0.00 | -0.0041
‘0.5 0.00018 0.00025] 0.00020 0.00" 0. 0533
-0.5 0.00018 0.00018 0.00017 0. 00 -0. 0615
0. 004 0 0.00028 0. 60044 0. 00035 0. 00 -0. 0082
0.5 | 0.00028 | 0.00045 0. 00035 0. 00 0.0491
~-0.5
0. 006 | 0 0.0004 | 0.00065 |. 0.00050 | 0.00 | -0.0123
’ 0.5 | 0.0004 0. 00066 | 0.006050 0. 00 0. 0450
-0.5 | 0,0004 0. 00058 0. 00045 0.00 | -0.0697
> [ E I
4_
=
S
&
ESl
l_
I ] i L

a,

002

0. 004

DCY - Decentermng {inch)

0. 006

Figure 3-12. Image Blur (ur) for 95% Included Energy

vs Decentering
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To determine a satisfactory configuration for baffles, a set of fifteen
plane surfaces was introduced between the prin:ia,ry and secondary mirrors.
';he intercepts of the rays \;i:fith these surfaces along with the intercepts with
the mirror surfaces themselves g:onstituted-the' necéséary ray trace. Aper-
ture (stop) dimensions weére chosen after an initial_x‘a:y trace and were adjl'isted..
so that the definitive rays (including those for decexi.tered data) would clea..:r:

apertures nominally by 0, 005 inch. The resultant data were used to design
baffles.

Scan Mirror Dimensions

Requirements, - The mirror is an ellipse"with an elliptical central hole. ~

The stop of the system is'the primary telesc.:qpe mirror.’

Maximum dimensions for cledr a.'f)ertures and the minimum dimensions
to prevent ray obscuration or vignetting were established. The differences
between these dimensions and those actually specified for the mirror repre-

sent the allowance for manufacturing and alignment tolerance as well as extra -

si:ace for edge rolloff.

Summeary of Hole Dimensions. -

Major Semi-Axis: Cannot be larger than 4. 122 inches (flat
faced is used to this dimension)

Cannot be smaller than 3, 918 inches (inter-
feres with return beam if smaller). Rec~
ommend 4, 020 inches (give 0.100 inch for..
edge rolloff) ) ‘

‘Minor Semi-Axis: Cannot be greater than 3, 158 inches (flat
) . face is 1sed to this dimension)

. Can be smaller by as rmuch as 1 full inch.
Recommend 3. 058 inches

Gives 0,100 inch for-edge rolloff, and
leaves spaces for assembling and mount-
ing secondary mirror approaches

SANTA BARBARA RESEARCH CENTER ' 3-25
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...........................

‘Outside Dimensions: The minor semi-axis is 8. 0 inches for the
: axial aperture plus 0,042 inch for projected
aperture shift plus 0. 100 inch for edge roll-
off or 8. 142 inches,

The major semi-axis subtends a vertical
dimension.of 8, 00 inches for the axial aper--
‘tyr'e plis 0. 003 inch for the projected aper-
ture displacement. At the 40° inclination
‘the rhajor.axis is 8.003/sin 40° or 12. 466
inches. Adding 0. 100 inch to this for edge
runout amounts-to a 12. 566-inch major
semi-axis, =’

Summary: Major semi-axis 12. 566 inches

p :
Minor semi-axis 8. 142 inches}Outer edge

Major semi-axis 4,020 inches

Minor semi-axis 3. 058 mchﬂ-}l‘mer edge

Tolerances of the Thermal Channel Relay Optics

To establish a tolerance basis for the relay lens, the following analysis
was made. All radii were varied plus and minus 1% from nominal. All thick-
nesses and spacings were varied plus and minus 0.005 inch from nominal.

Third order callouts were made for all cases,

.‘The lenses were each decentéred by 0,005 inch. Tangential fans:,,were
run for these two cases.both off and on axis. The worst third-order case in- R
dicated a sum approximately 16 times that of the nominal. A tan.gential fan
) was also run for this case. The results ix‘ldica‘te an image blur about 1/4 that

of the diffraction pattern central diameter.

_ The three radius tolerances (the fox._lrth is plane) gave about the same
amount -of thii‘d—order contribution. TI}e‘ thickness tolerance on the first ele-
‘ment gave n_o.'significant change. The thickness tolerance on the air space
between lenses gave no significant change. The- thickness tolerance on ele-
ment 2 introduces about-l/2 the contribution of the individual radius toler-

ances.

The thickness tolerance on-the filter and on the window introduced about

the same contribution as the radii tolerance.
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"Decentej:*ing elements gave no significant change in reéolut‘ion. How-
ever, .decentéring did introduce a change in image height. For nominal, the
height is 0. 0096 relative to reia.y axis at the detfz;c-tor. With second element
decentered, height is 0, 0134 or 1. 4 times la—rgc.ax_'. Since the relay magnifica-
tion is 0.053/0. 0096 or 5.5 times; the infrafed field edge at the primary
. image plane must be at: e

Nominal H at primary imagé - magnification X (height difference
at relayed image) or 0, 053-5,5 (0.0134-0. 0096) or 0. 032 inches,

This would make the lead edge of the infrared field 0. 121 from optic

axis, rather than the 0.100 in design. If this difference is to be calibrated °

into the system, it is not significant,

In reviewing the preceding results, we know that the individual toler-
ances are large relative to manufacturing capability, and they caused no sig-
nificant loss in performance. If these tolerances are held to good manu.fac—‘
turing capability, the individual tolerance is of such a dimension that the
accumulated aberration contributions do not exceed the worst case deﬁ}elopeéi

in our single tolerance.

. Holding radius tolerance to 0.2% and the three critical spacing toler-
ances to 0. 002 inch'gives no more atcumulated aberration than a 1. 0% radius.

tolerance on a single surface.

" For decentering, if referenced to a nominal axis location, it is possible
to reference the lens mount to within 0. 001 of this location, to reference the
lens edge to within 0. 001 of the mount and the lens center to within 0. 001 of
the léns edge. This guarantees a-maximuz:x} of £0. 003 decentering, which will

give no measurable.loss of resolution.

.. A worst-case accumulation was run with contributions all additive in

the same-direction.
All radius tolerances were 0.2%.
Thickness tolerance on lens A was 0. 005 inch.

Air space lens A-B was 0, 005 inch.
Thickness lens B, filter and window was 0, 002 inch.
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The resultant ray trace indicated a blur circle of about 0. 00024 inch
which is effectlvely no degradatlon of the 1mage Therefore the above tol-
erances, whlc:h represent reasona.ble mamufacturing requirements, w111 be
specified on the drawings, -The system is shown in Flgure 3—13. Notes

summarize the tolerances,

Filter  _ Window '

Lens A {Part #44116)

Ry = 6, 024 tolerance 0. 2%
Test plate fit 3 Tings spherical,
I ring irregularity; centered
clear aperture diameter 0, 718

Thickness 0. 100 tolerance 10, 005

Ry flat - test plate fit 2 ringe spheria

czal, 1 ring irregularity; centered

clear aperture diameter 0, 712

Centering tolerance 3 minutes of arc

Spacing Lens A to Lens B 0. 020
tolerance 20..005

Lens B (Part #44118)

Ry = 0, 708 tolerance +0. 2%
Test plate fit 3 rings spherical, .
1 ring irregulanty; centered
citar apertire diamicter 0. 688

Thickness 0. 100 tolerance =0, 602

R; = 0,812 tolerance x0.2% .
Test plate fit 3 rings spherical,
I ring irregularity; centered
clear aperture diameter 0, 624
‘sag to flat 0. 068 + 0, 005

Centering tolerance 3 minutes of arc

S

Spacmg Lens B to Filter {C) 0,275
The filters location has no sifect
on image quality. Location toler-
"ance is only determined by clear
aperture requirements. Can ne
-0, 050 + 0,200

Figure 3-13.

.

Image Surface

|

Filter {C)
Both sidea flat to 2 rings spheri-
cal, 1 ring irregularity; thickness
0. 0BO tolerance 20 002; centered
clear aperture 0. 464; wedge toler- °
ance: surfaces parallel to 00005

Spacing filter (C) to window (D)
0. 280. Location of window hzs no
effect on image quality. Location .
tolerance is determined only by
aperture requirements, Can be
-0,010 + 0, 020,

Window (I})

Both sides flat to 2 rings spheri-
cal, 1 ring irregularity, thickness
0. 040 tolerance * 0. 002; clear
aperture diameter 0, 140

Wedge tolerance - surfaces par-
allel to 5 minutes of are,

Distance Window to Detector 0. 120
“This spacing dossn't affect image
quality as long as the sum of the
‘three air spaces from Lens B to
the Detector are constant.

IR Relay Sketch
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Thermal Channel Bandpass Filter o . . . -

The thermal channel bandpass is §pecified as 10,5 to 12 6 mlcrons i
and is determined by ; the’ optlcal bandpass f11ter spectral effects of the AR
coated germanium and Irtran 2 lenses, and ‘second order effects of the dex
N :tector 9pectral ‘Tesponse, Spectral effects-of these elements other than the ~
f_-_'bandpass filter are shown in Figure 3-14. The AR coatmgs for the germa.- '

nium lenses aré peaked at 12 microns due to the intrinsic absorption chax-

acteristics of germanium. .

The bandpass fllter response is decreased approximately 0. 05 micron

by the second order effects shown in Figure 3~14. The bandpass filter cut-on
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. :
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:I T
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0.5 ] : ; 1 711
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Figure 3-14. Spectral Characteristics of VISSR Qp‘t"i-cal .
' . Components {Excluding Bandpass Filter)
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and cutoff wavelengths (transmltta.nce of one-half the peak value) are spem:_

—
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fied at 10..5 733 and 12, 6 + microns.

Sensitivity to Thermal Gradients

Two areas are discussed:

1.

The criteria for a permissible change in temperatlire gradient
’—\‘Tpri-sec and ATpri-spac for the ’chern:xal channel performance -
operation, ' .

The initial temperature gradients between the primary mirror and

the secondary mirror, and between the primary mirror and tele-

scope spacer that can be compensated for by the visible and ther-— T

mal channel focus a.dJust drives.

The therma.l channel performance depends on temperature gradients in,

ﬁhe' VISSR telescope and relay optical systems. All temperature gradxents

will be Felative to the telescope primary mirror. The image degradation,

GID’ due to telescope and relay system temperature gradients is approxi-

mated by

GID

where

lens and detector temperature

.,.x

All temperature differences are expressed in C

The thermal channel IGFOV is 250 ur and the image blur, excluding

temperature gradients, is 210 pr., If we assume ‘that a total image blur of

250 pr is permissible and the image degrading factors are independent, the

image blur due to temperature gradients is given by

= |-4.08ATg, - 0.84ATg-0.065AT, - 3. 28ATg - 0. BSAT;JZI (3-1)

eID = image blur (due to gradients) in microradians

ATSP-S = primary mirror temperature minus telescope spacer .

" temperature
ATg = primary mirror temperature minus secondary mirror
’ temperature ’

AT = primary mirror temperature minus spacer between pri-
mary mirror and relay lens temperature

ATg = primary.mirror temperature minus relay lens tempera-
ture

ATLZ = primary mirror temperature minus spacer between relay
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= V2502 - 2102 =136 pr

B -_":‘- Th'érefore, the tolerable temperature graciients in telescope and relay optical

GID

systems.can be expressed by

-4.08ATg . o - 0. 84ATg - 0. 065A Ty, - 3.26ATg - 0. 37T, |2136 . (3-2)

*The pr_ecéding_ equation gives image degradation due to temperature
‘gradients referred to an in-fo‘cus isc;thermal sys:tem. However, the same
equation is appli‘cablé to image degradation resulting from a change of tem-
perature gradients; \.vherein, the system was initially in-focus with an initial
set of temperature gradients. In this case, th;a AT is defined as the change

of temperature gradients.

. * ;An e:;:ample to illustrate this would be: For an initially"focus'ed system
assume Alg = —4;’(3. This states that the secondary mirrer is 4°C colder
than the primary mirror. Now assume the system is changed, perhaps by
going into an eclipse, and the result is ATg = -20°C. The value of ATg to
be used in the equation is the change or ATg = -20 - (-4) = -16°,

Thus, using the definition of temperature gradient change for 'AT/s;,

equation (3-2) can be used to obtain permissible change in temperature gra<"" .

dient and is the answer for item (1).

The relationship between image degradation, 8;_, and defocusing; é:F, A
P 24 g ID R 23284 A

g b

is expressed as

. _AF (3-
= “Ip =T 3-3)
‘ where {/# = system focal ratio
f = system focal length

Furthermore, the image degradation for the visible channel due to

temperature gradients is given by

, "By = |-4.084Tg, o - 0.84ATglur (3-4)
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Thus, the focal shift drive motion, AF}y, required to compensate for initial

temperature gradients is related by the following expressions:

Vi;ible Channel, -

AFp = (-3.354Tgy, o - 0. 69ATg)x 1073 inch (3-5)

Thermal Channel, -

AFM = (0..017ATSP_S - 0.022ATg - 0. OOl?ATLl

- 0. 086ATR - 0.010ATL,,)x 10-3 inch (3-6)

The total active focus drive mechanism range is

+0. 100 inch for the visible channel

+0. 080 inch for the thermal channel

A portion of this focus range is a.llotté_d for initial assembly and align-
ment of . the VISSR optical system. The remainder may be used to correct

. for thermal gradients. The remainder consists of

+0. 070 inch for the visible channel

+0. 050 inch for the thermal channel ‘

- Therefore, limits can be set on eguations (3-5) and.(3—6) which indicaté the
‘maximum temperature gradients that can be con.lpensated for by the active

focus drive mechanism. For the visible channel, the expression is

-3.350Tg g - 0.694Tg|= 70 (3-7)

and the equivalent expression for the thermal ‘channel is
|-0. 107ATgy, ¢ - 0.022ATg - 0. 0017ATL,
- - < ' : -
0. 086ATg - 0.010ATy, | =50 . N (3-8)

Equations (3-7) and (3-8) represent the total rpaximum temperature
gradients that can be accommodated by the active focus drive mechanism.
If the range is used in the initial focus‘i_ng then any subsequent change must
be in the opposite direc.tion or.the dri_vg mecl'ianisr‘n‘will not be able’'to ac-

commodate the change.
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“Reflective Coatings

As indicated in previous reports, a qgestiqn' exists concerning tha;: dura-
bilitf c;f enhanced coatings when applied to the finished electroless nickel-
plfa.ted"beryllium optical elements, The problem is related to the limited
substrate tempéra’cure that.can be tolerated when applying the coatings.
Temperature required to obtain‘ reliable coatings may distort the final mir-
ror figure, The compromise solution is to use aluminum with an oxidized
silicon monc‘»cide over‘coat.. These coatings a.re applied at substrate temper-

4 -‘-z.a'.tur'e less than 200°F. The disadvantage is that this coating has lower re-
_ ;élec:ta.nce in the x.risible region; it will result in a 20% signal ioss and 10%
s:ignal-to-noise loss in the VISSR wvisible channels. The reflectance in the

thermal channels will be almost equivalent to that obtainable with the en-

hanced coatings.

Mr. "John Osentowsky of NASA/GSFC has.generatéd a suggested optical
coating process specification for silicon monoxide (SiO) protected alum:in.ur_na

(Al + Si0). ! This is shown in Table 3-7.

Based on preliminary analysis, it appears that the 510 overcoat thick-
ness should be thicker for the scan mirror (operating at 45°) than fc;r the
primary and secondary mirrors. Using optical constants for Al from the
American Institute of Physics Handbook 2nd Edition (see Table 3-8) and -

refractive index of reactively deposited silicon monoxide as 1, 50, the re-

flectance for the Al-Si0O was calculated and is plotted in Figure 3-15.

The optimum thickness of silicon monoxide is 0.2 micron for the pr,i:—
mary and secondary mirrors and 0. 24 'micron for the scan mirror as indi-

cated by the reflectance calculations. These values have .been confirmed }Sy

. 6 . . .
‘test coating runs before being used on the VISSR beryllium elements,

1App'11ed Optics 9, 339 11970).
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Table 3-

7. Optical Coating Specifications for VISSR Optics

1. Coating selected - Silicon oxide (Si0Q) protected alurminum (A1+S1O)“)

a.

h.

C.

2, Aluminum

4, Preparation of murrors for Al+ 5i0 coating

Deposat at a rate » 300 A/sec at 105 Torr or less
Starting material 99, 99% purity or better certified

Alurminum sources to be shuttered until vaporization stage
reached

Thickness 800A - 1000A

Kemet Company selected grade or equivalent (certified)

Reactively deposit 10 at approxlmatgly 8X10-% Torr oxygen at
3-5 Afzec

Thickness A/2 at 60004 .

a,

b.

&
[
<

irradiation of mirrors after coatlnr_r,B)

t

Mirror cleaned with GSEC supplied procedure or equivalent

Dust contmination of surface must be avoided before optics placed
in vacuum chamber

DC glow discharge clean mirrer just prior to deposition of opti-
cal coatings

Pre-deposit A/4 sioi2) (at 5500A) on mirror, This provides an
electrochemical barrier between alunuinum film and mertal sub-
strate; also improves adherence ’ -

Al + 510 then deposited per items 2 and 3 above

6. Thickness and reflectance uniformity

Irradiate mirrors tn air \;«1th Hanovia 7520, 435-W quartz lamp

Irradiation time required is approximately 5 hours with a lamp
to marror separation of about 20 cm

Large mirror should be 1lluminated as uniformly as possxblg'

a.

c.

Tests to demonstrate that coating thickness is uniform to
. =100 A/sec and reflectance uniform to 5%

7. Reflectance acceptance test

Test depositions o be made on 2 1n. éq. or 2-inch diameter glass
samnples located to simulate large VISSR mirrors

Test samples to be retained for future reference or testing

s a,

<.

‘Acceptance will be based on the reflectance of test samples coated
with each mirror

Samples, provided with mirrors, must receive same treatment;
i.e., cleammng, etc.

Minimum acceptable reflectance 87% .

(1) Applied Optics 9, 339 {1970).

(2} This film 1s true $10; 1. e., deposit at low pressure and a rate of approxi-

mately 30 A/sec,

{31 J. Cpt. Sov. Am. 53, 1089 (1963).
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.Table 3-8. Aluwninum Optical Constants
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Since the VISSR systerrn does not require any near ultraviolet sensitiv-
ity and indeed its short-wavelength band edge is near 0.5 micron, the ultra-

violet irradiation which enhances the near UV reflectance is not reguired.

v

C‘E}-t:ical_CDa.ting Laboratory, Inc.; ‘coated the mirrors for both Tinsley
Laboratories ar.1d P.erkinLElmer Corporation. SBRC has rodified the optical
system specifications (SBRC 18761) reg:arding the coating requirements. The
spe'ci.ﬁca.jbion is a performance spécifica.‘c-i.onl rather than a process specifica-

tion.
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VISIBLE RELAY SYSTEM

General

The visible relay system detailed design uses a ten-element linear
fiber array; one end cemented to the face of a 45° - 45° - 90° glass prism
located at the telescope prime focal plane. The prism represents a conven-
ient way to make a sharp fold in the ray path without necessitating a short
radius of curvature in the fibers. The fiber ends effectively disappear in'@he' .
cemented interface because the refractive indices of fiber, cement, and- -
prism are comparable, Th1s minimizes the criticalness of the fiber polisli.
and flatnes‘s. " The front surface of the prism Will- have an-étnti.-r-efle'ction

coating and the reflecting silrfa.ce_will function by total internal reflection.

The two end fibers in the linear array are used for alignrment purposes,.
. They are illuminated by an auxiliary lamp and serve as a convenient means

of identifying the VISSR optical system ‘axis..

Detailed Design.
‘ The following critica_i opfical areas rg-quired optimizing during the
detailed ciesign. . ‘

Lo Tré.nsxjnitt‘ance

2 Dgcél-li;nation effects
3. Spurious radiation
4

Fabrication limitations

Transmi'ttance of the fiber optics assembly is optimized by 1) anti-
reflection coating of the first prism surface, tilizing total internal reflec- -
tion at the prism hypotenuse {material refractive index of 1.85), and 2) min-
imizing the surface reflections by effectively immersing the prism and fiber

surfaces in EPO-TEK 301 epoxy.

The optical filiering has been combined with the fiber optics assembly
by cementing a sharp cut color glass on the fiber exit end. Corning Glass

No. 3484, or equivalent, is used for the fiber end block and results in a
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short-wavelength cut-on point at 0. 53 .micron.. The long-waveiengt_h cutoff -

is determined by the photomultiplier spectral sensitivity.

The fiber transmittance, with end reflection losses as a function of-
fiber length, is'illustrated in Figure 3;16. It indicates that the fibf:r length
" should be minimized fo,‘r‘maximum transmittance. However, decb‘llimation‘ ‘

" effects caused by bends in the fibers must be considered when routing the
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Figure 3-16, Fiber Transmittance as a Function of Fiber Length

The VISSR teléscope operates at f/7; therefore, the incident beam at
the fiber front end is {/7. Broadening occurs as a result of defects in the .
fiber, fiber bends, and surface’ imﬁerfc—z_ctions; thus making the exiting £/#

smaller.

A series of measurements waé ‘made with-a square single fiber.to de-
termine the decollimation effects as a function of bend radius and length'of
bend arc. The results are graphically -illustrated n F:igure.?;-l?.. An f/?'
input was used throughout the mea-surements. Extrapoléting the data in
Figure 3-17 gives a relative percentage of energy -contained in an /4 exit
solid angle for a 180° arc as a function of bend curvature. This 1s plotted

in Figure 3-18,
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No decollimation effects were in excess of /3 exit solid angle for any

of the measurements using an £/7 input-solid angle, curvatures {1/radius)

between 0 and 2.0 inch~! and arc lengths of 0° to 75°.

The VISSR fiber optics”assem‘t-)ly restricts the fiber curvature to less

than 1.33 inch-! (0."75-inch radius) and the longest f.iber ig 1%, 0 inches,

Spurious radiation or crosstalk can result from several causes. Fig-
ure 3-19 illustrates one potential source. Light'rays from images formed
outside thé fiber face can reflect off the cement surfacé_ and enter the fiber

~through the cladding. At steep.angles, the ray will exit through the cladding
on the opposite surface. However, at lesser anglés they will be conducted
with the fiber-cladding unit and act as a single fiber. This is also true of
imaging forming rays that are iﬁciﬁ(eﬁt or‘:?ti:u':': cladding area. This source of

spurious energy can be minimized by placing an absorbing surface, such as

potting compound, in intimate contact with the fiber bundie for some distance.

The absorbing material provides an efficient sink for energy being transmitted

in the cladding.

Fiber defects at the common end can result in light being scattered iato

other fibers. The absorbing potting compound minimizes this source oi

crosstalk.

//\/ Ray not hrected at Fiber

1!’ T . < Reflection off Cement

Ray has entered and will be conductesa
through fiber and classing.

Figare 3-19. En‘crir of Unwanted Ray into Fiber
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Since the priém 1s bonded to metal, the metal-prism interface could"
have a.'pprecia.ble reflectivity. Imtla.lly it was.assumed tha.t the metal surface
could be chemlcally blackened. However, the £1ber rna.nufacturers mdlca.ted
* that it was necessary to polish the metal and flber ends after the flbers are .
bonded into the metal. Thus, the chemically blackened surface would be. | i

polished off leaving a shiny polished metal surface.

The initial fiber optics assembly used a black Armstrong A-12 'él_)oxy st
encapsulation technique. There was partial delamination ~of fibers-EpoTek
301-prism bonds. This was attributed in part to the black A-12 gncap_sﬁlatign_
. interface, Subsequeht units have polished, shiny metal-ﬁ?po'l'gak 301-glass

configurations.

The crosstalk problem noted is covered in the crosstalk specification,‘
which is part of tﬁe fiber optics subcontract. The specificatidn is as follow;s..
When one fiber i.s iiluminated (_common end), the éhergyj_ at the termination
end f‘o'r each of the other‘ﬁbers (1 through 8) 'shall be less than 1% of the
: :c;.nerg'yr transmitted in the illuminat'ed fiber, - When any seven fibers 1 through
8 are equally illuminated, the energy at the termination end of the unillumi-

" nated fiber shall .not be more than three times the value that occurs when any
" one adjacent fiber is illuminated ré.ﬂlex_- than thé seven. The fiber optics

assemblies as built meet this crosstalk specification.

PMT Enhancement

The PMT enhancement technique has been described in Volume 1 of the.
Second Quarterly Report compiled for the Detailed Design Review. Due to the
greater tha..n anticipated decollimation effects of the.fiﬁers, the effective f/#
incident on the PMT enhancement prism xirili be f/3 rather than /4. Tl’ius,

the complete optical beam will have three encounters with the photocathode

rather than four as indicated in the above referenced report although a major

portion of the beam will still have four encounters or more.

The following design requlrements and constrainiy were as sumed.
Damage to the photomultiplier can ocdcur 1_f the 1rrad1ated level is sufficiently

high. To eliminate this possibility, energy exiting the fiber optics in an f/4
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bundle will i:g‘l_'e_.di'a.tq a photocathode surface area of 3 X 10-2 cmé, minimum.
'-’I_'o maximize the signal, the ehhancement mechanism will accept an £/1, 5

bundle (in airj for first impingément on the photocathode and an £/4 bundle

(i:n air) will strike the photocathode at least three ti}.:nes.

‘The selection of f./4 and £/1. 5 bundles was based on fiber optics beam
divergence mea’surements illustrated in Figure 3-20, sincethe fiber optics
| are irradiated by the telescope with an £/7 solid angle and the beam div‘ex";‘
gence caused by the fibers, as illustrated in Figﬁre 3-20, shows that an‘.ga.;:-i:é"" ;
solid angle  of £/4 contains 95% of the energy in an £/1.5 ‘solid angie. . 'Filr.tiier'—\- o
more, since an {/4 exit angle in air converts to a 5° half-angle in glaL_ss ax}d )
-the enbancement literature indicates gain curves that are rel"lativel'y flat for

about 8° either side of the peak, it is not necessary to have any colliniating

optics between the fiber and the PMT enhancement prism.

The final design of the PMT enhancement used the EMR phlotomultipl'ier -

parameters. The dimensions are as follows:

Faceplate thickness’ = 0. 050 inch--

Photocathode diameter =1. CiO inch

Tube face diameter = 1,38 inch;e:s |
' Angle of inci:dence for

maximum sensitivity = 65°

Figure 3-2] illustrates the PMT end assembly. The fiber is cemented
to a glass filter block (B). The exit face of the block is brought near a 25°-
65°-90° prism (A) cemented to the PMT faceplate.

The upper ray of the £/2, 25 bundle will strike the prism face and be
reflected to the photocathode. This gives a smaller prism base, which pre-

vents the /6 bundlé from re-entering the prism.

The upper ray of the £/6 bundle is at 69°45', The space between
bounces 1s 2t tan € where t is tube thickness or 0.050. Since tan 69°45! ig

2.710, 0.271-inch intervals occur between bounces for this ray,
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Figure 3-20, Beam Divergence
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6 Physical contact can be made on top surface of prism for a length 0.

from right angle corner

Fiber 5 Physical coniact can be made on surfaces 4 and 5 of prism
Block . 4 Physmal contact can be made on surfaces 3, 4, 5, and 6 on block
® 0. 020 _ o ‘3 Pfism sides and lop are coplanar with block sides and top to
Prism . within %0, 005
2 Prism centerline to coincide with tube diameter within %0, 005

lateral displacement and within 2° angle
] Prism cemented to PMT with cement index of

refraction 1,5

0,190

Photlocathode

Figure 3-21. Fiber Optics - PMT Assembly, VISSR
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The fix-'st bounce for this ray occurs at 0, 183 inch from the photocathode

;ed'ge. Three more bounces use 0.271%X3 = 0,813 inch. So there are four in-

cidences in 0, 996 inch or within a cathode diameter,

For the lower /6 ray, a 60°15' incidence angle and 0. 175-inch interval
occur between bounces., First incidence occurs at 0. 060 inch from the cathode

edge. The original incidence plus five bounces uses up 0. 945 inch for six

impingements on the photocathode..

The 25°-65°-90° prism was chosen to permit a ray bundle with an axis
normal to the surface to pass through the faceplate and impinge on the photo-
cathode at 65°. No loss occurs at the cemented interface because the refrac-

tive indices of the prism, cement, and PMT faceplate match.

Figures 3-22 and 3-23 give details of the PMT enhancement prism and
the fiberglass block. -
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Surface 3

PP,

SB

Linear tolerances + 0. 002,
Angular tolerances % 10 minutes of arc,

Surfaces 4 and 5 fine grind and Cat~a-Lac Black,

v oW b N

Surfaces 1, 2, and 3 optical polish flat to one fringe
quality 60-40 per MIL-0O-138304A,

I Material Corning 7056 glass,

Figure 3-22. Prism for Attachment to PMT in VISSR

Surface |

. : .'Surfa.\ce3 / \

Surface 2

Surface 4

L};é_g%.n / o.g\
o_éz—a}—o.osw\ l

[¢=)

Angular tolerance 10 min of arc
Linear tolerances £ 0. 002

[=a S |

across 0.5- to 0. 75-macron band

%_0‘ 120—— \ ~—0. 060—
Surface 5 Surface &

5 Break all corners 0, 005 max

Fiber cemented normal tec Surface ] withun 1°

3 Surfaces 2 and 3 optical polish flat to 1 fmnge
quality 60-40 per MIL-0-13830A

W

Surface 2 HEA coat for max transmttance {0. 99 mun)

2 Surfaces 3, 4, 5, and 6 fine grind and Cat-a-Lac black

1 Material Corning Glass 7056

Figure 3-23. Block Details
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OPTICAL RESOLUTION

The optlcal system consuiered for VISSR is moderately la.rge and near
diffra.ctlgn-hmlte‘d. The spat1a1 resolutlon of the idealized theoretlca.l de51gn
can be degraded by many fa.ctors These factors have been considered and
are minimized Wherever possible to ac:hleve the required optical performance, .
+ The factors considered were: .
1, . Scan mirror figure
Primary mirror figure
Secondary mirror figure

- Telescope residual geometrical aberrations

2, WY U FUS N

Primary-secondary mirror alignfnent )
Axially - along optical axis

Laterally - perpendicular to optical axis
" Tilt

6. Misalignment of field stops in focal plane

. 7.. -Aperture diffraction effects

8. Thermal effects

a. Different forms of beryllium have different thermal expansion
coefficients . d

b. Thermal gradients parallel to optical axis

¢. Beryliurm anisotropy - thermal expansmn coefficient is direc-

tionally dependent

d. Bimetallic strip effect - beryllium and Kanigen electroless
nickel have different thermal expansion coefficients

e. Thermal channel, isotemperature and temperature gradient
effects - associated with the infrared channel

i Thermal gradients in VISSR optical elements with effect on
optical system behavior

G, Stresses

a. Residual stresses - in the beryllium mirror blanks
b. Electroless nickel plating stresses - stress levels induced by
the Kanigen electroless nickel plating

10. Spatial error resolution budget
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The following summarizes considerations taken for some of these

items.

1, Scan Mirror Figure -

An analytic expression for image degradation, BID; is derived. The
derivation assumes that the mifro'r.s'_uxfaii:e deviates from an idealized plane

and is a spherical surface of large radius.

The focal length, F, of two mirror systems can be approximated by

11,1 o
C F o fg. i . - (3-9)
or
fq fsc
F fo +1ge

Let £, = focal length of Primary-Secondary mirror system

~

fsc = focal length of scan mirror

By differentiation

. folfse fo f5c2 fsc - n
AR = - T (3-10)
T2
PRt S
TR AR
(f5 +1fg¢)
Since fse >> £, -2
Y T £.40f _
"0
AT ms (3-11)
£ 2
Ige

The scan mirror is oriented at an angle, ¢, with respect to the tele-

scope system., Thus

L Afg = - f,, cos @ . (3-12)
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-'I‘l}is corresponds to the two astigmatic images formed by a spherical
lrhirrol‘r operated off akis. If we assume the. scan mirror and telescope com-

bination is focused, such that, the minimum blur éircle is used, the angular
image degradation, GID’

_AF DL '
b 2 i T (3-13)
where image degradation (lipea:::-)
_AF D
T2 f
o
therefore .
__D 1 .
GID =35 (mcos. $.- cos @) (3-14)

5C

since for a spherical surface

f Rse x2 442 %ﬁ_ D% (1.414D)2
s¢ 2 4x 4x  16x 16x°

where 1.414D gives scan mirror major axis.-dimension. Thus

Zx' . 1 ) )
eID ——IT(cos 3" F:OS ¢> ) (3-15) '

where x is the scan mirror deviation from a plane and since ¢ = 45° for the

present system

2,83 C .
Ol = = (3-16)

If it is assumed that there is no refocusing of the telescope system, aID would

be larger by a factor of three.

2/3. Primary-Secondary Mirror Figure

The simplifying assumption made in the derivation given below is.that
the ideal mirror surface has superimposed on it a spherical component and

that the focal plane is not'adjusted to correct for it.

‘The system can be treated as if two mirrors are present. Thus,
ff . '
o e

f_.

—m {(3-17)
(? o)
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where fo = focal length of ideal mirror figure

'fe = focal length .of surface figure error

£E S
Af = - = n = :.;‘.':3,- y
£ .fo f +1 f +f f '(18)
‘ e o) o e e NS
where f, << {
Image degradation Iy is given by
.o
Nf fo
and :
Df, Dfo . 16 £,x )
I = = = . .t
D - .
fe  Dp2/16x D (3-19)
For a spherical surface .
R 2 2 2 2
f =2 . *2*y vy _ D
e 2 2x  Tax T 16x
and the angular image degradation, .GID’ is
LN
léx )
8 = -
D D (3-20)
4, Telescope Residual Geometrical Aberrations

The telescope residual geometrical aberrations are calculated using a
computer program that t¥aces rays through the optical system for prescribed

field angles and plots X-Y image spot diagrams.

5. Primary-Secondary Mirror Alignment
The effect of axial, lateral, and tilt misaligﬁment of the primary and’
secondary mirrors are calculated in an exact manner using the computer

trigonometrical ray trace program mentioned above.

The axial separation rnisalignment effect is approximated by the use of

Gaussian first order equatiohs-as shown below, The back focal length, BFL,

is given by

€8 __-f) :
BFL = = : (3-21)
. . ._s’ P S.
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where fg ‘secondary mirror focal length
fp = primary mirror focal length

Sp-s = primary-secondary mirror spacing

_ Differentiating with respect to S

p-s
B(.BFL) - - fs + fsf'p-fssp-sz'
BSP_S Sp_s-fp-fs (SP_S'-fP—fS)
Simplifying by collecting terms 5 ‘
3(BFL) s :
3p.s . (Sp.g-fz-Ts oo . (3-22)

- and system effective focal length, EFL, is given-by

fotp L
= 3223
EFL forfa-Spoa o (3=23)
and by defining magnification, M, by
M= - “:%E‘E (3-24)
P
then
' 3BFL 2 .
= - . 3-25
S M { "I

6. Miszalignment of Field Stops in Focal Plane

This effect is simple d_efdcusing. For exa.inple, the field stops-are not’

located in the focal plane of the telescope.

If the defocusing magnitude is denoted by AFg the angular image degra-

dation is given by

/_\Fd

Ip Tt - 5-28)

T, Aperfure Diffraction Effects

The diffraction effects have been calculated using a computer program
which assumes a round aperture with a centrally located obscuration, Figure

3-24is a graphical representation of the diffraction effects.
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Figure 3-24. Diffracted Energy as a Function of Aperture,
Obscuration, and Wavelength

B Therm‘a‘l Effects

The following thermal effects have been considered; ‘a.)' isotemperature
system with materials having differing thermal expansion coefficients (&),

and b) thermal gradients parallel to the optical axis.-

During the prelirﬁinary optical design phase several alternate.approaches
were explored. These included the so-called two mirror and three mirrozx

designs. Expressions based on first order (Gaussian) equations were devel-,

oped for both systems to cover items a and b above,

8a/8b.Two Mirror System - This system is schematically shown

in Figure 3-25. The symbols used are shown in the figure.
Defining the defocusing (¥} as:
F =BFL-S5,.¢ - (3-2
Differentiating

dF dBFL  dSg.f

3-2. -
dT dT at ( 8)
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Figure 3-25. Two-Mirrer Configuration
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: Howéyer, ‘the'ba.c;k focal length (BFL) is a function of f,, S

pr Spes and f;. There-
fore, - _ ‘
aBFL _2aBFL ' aBFL ®p-s  aprL U (3.29)
dT afp aT aSP_'S aT ofg dT
and fS(Sp-s“fp')
{ BFL = ‘S—'—'f—'f— . (3-30)
p-s p s
and it can be shown that
E%EE—L- = M4 (3-31)
P
SBFL - -MZ ‘ (3-32)
aSP—S .
aBafFL = (M4 )2 (3-33)
s
where
M- EEL | (3-34
p
and EFL = Effective focal length of system.
Since
dfp ] . .
T " %pp - 5-33)
dsp—s s .
aT - ®Sp.s Op-s (3-36)
df
T = o i (3-37)
then
ar 2 2 : 2 ;
ar M apf-M aSp-sSp-s T MH egfsmas  Ss-f (3-38)

An extension of the above equation gives defocusing (AF) caused by
temperature gradients along the optical axis. It is assumed that some :

"average'' temperature can be assigned to each element.
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Thus AF = M20,f,AT-M2ag

oip Sp-sATs + (M+1)2 0 fg AT,

p-s ..
-85 Ss-fATs g _ C e (3-39)

8ec. Beryliium Anisotropy. - Co;’nmercialiy hot.pressed ber'ylliu‘ng‘ is aniso-

t;'op'ic: The uniaxial pressing results in a nonrandom orientation of beryllium
crys;ta:llites. Beryllium single crystals are hexagonal in shape with thermal

_expansion 'coefficients_l'given in Table 3-9. -

Table 3-—9'. Thermal Expansion Coefficients per °C,. Single Crystal Beryllium

© Temperature - . N & 1/3(0‘“ + 20 )
250°K 7.4x10-® - 10.6x10-6 9.5x10-6
300°K - 9.1 12.6 11,43
" 350°K . 10.2 - 13.9 12.7

W. Goggin of Perkin Elmer Corp3 and R. Maringer of Battelle Memorial
Ir}stituteg’ have quoted that longitudinal and radial expansion coefficients vary
as much as 7. 7% for the commercially available hot pressed beryllium., Paul

Winslow? of Hughes Aircraft Company has measured 2% to 5% variation.

Due to this anisotropy, the figure of 6ptical-components will be modified

as a function of temperature. An analytical approximation is given below.

Let ap and =29 be the thermal expansion coefficients perpenc_lidular and
parallel to the mirror optical axis (which is also the pressing axis). The

mirror focal length, {, is approximated by
2

§ = 4=

4x

where y is the radial distance from the optical axis and
X is the surface sag at y
By partial differentiation .

df _of dy  of dx _y y©
dT ~ 3y 4T " ax 4T 2x %RY ~ax2 %1%

ap - aL) =f(2ap - &y )

ZAmerican Institute of Physics Handbook, Znd Ed@tion, p +-68.

3Private communication.
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If ap = 0-']; the expression reduces to

af:
dT .

which is the expected result.

daf
Th i -,

' e quantity, aT 3
change due to the anisotropy, «pR # @ . The other portion is due to the-

consists of two parts. One part is the focal length -

finite value of thermal expansion coefficient, @p = oy # 0, Since the SMS/

VISSR system is all beryllium the second component, (Eii)

aT) should be sxizb-

tracted out.

The beryllium housing is expected to ve sheet beryllium formed ina
cylinder and thus its effective thermal expansion coefficient relative to the
mirror is unknown, Three cases will-be considered. They consist of letting’
the spacer ¢ be C_YR’ QfL, a?d (l_/EQ{ZO::R-aL). Ab express‘icn fo':_: (d.f/d‘I‘), is

given_foat: each of three cases: -
'Ca:se I using Cp
df\ _ )
(dT)l =Hog-ép)
Case IT usi..ng 2
af) -
(dT)l -— Zf{aR-‘aL)
Case III using(1/3) (eag-o;)
~ - df ]
— - _a

The image degradation, aID" due to a temperature difference, AT, is

given by dfy -
a (&) ‘a7
R W
Ip (£/#) £
and the surface deformation is given by
df
(&) st
R TXIEDY:
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Sample Calculation

Primary mirror is a £/2.5, £=40, D=16, let AT=15°C, ap-of, =
0.077 x 11.3 x 10-6,

-

For Case 1 . L e
_ Her-op)AT 0,077 %.11;,3°x10-% ¥ 15

81 =52 x10-6 rag

D (£/#)£ 2.5
1. D -6 .
-_ D _ 5.2 x107°x16 _ -6 _
AX =—7 = T =5.2x10"% =)/4
For Case I1
61, = 10.4 x 107® radians
- AX = X[2 -
For Case III
81, =6.9 x 10-8 ragians -

AX = \/3

8d. Bimetallic Strip .Effect - The bimetallic deformation for a-Kanigen nickel-

l plaéed bBeryllium flat plate approximating the primary mirror dimensions has
been ca'.l‘culvated. The nickel plating was assumed to be 0. 005 inch thick on one

- side:ana 0. 001 inch £h1‘ck on the polished surface. A uniform temper‘ature
change of 10°C was assumed, Summarizing the results, the calculations indi-
cated less than A/10 deformation where A’ = 0.5 mi:cron. Detailed caléula-

tions were presented in the Second Quarterly Report prepared for the De-

tailed Design Review.
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8e. Thermal Channel Isotemperature and Temperature Gradient Effects -

This consideration is principally concerned with temperature effects relative
to the thermal channel relay‘ optical system. An expression is gi-ven for the
temperature dependency of th;a thermal channel focus. ' The expression as-
sumes that the two-relay lens system is replaced 'wf.th‘an equivalent thin'le.fas.
The following quantities are defined: -

L; - Spacing between prime focal plane and rel‘é.y lens

5
WV
1

Spacing between relay lens and thermal detector

oW
]

i Distance from relay lens to image plane

fr - Focal length of relay lens

d o I .
a%, Lens material's rate of change of refractive index with tempera-

ture . e

" %

1

The change in Ip is somewhat ‘more complex to assess because it will
be affected by the radiation cooler temperature in addition to the scanner

temperature.

L, = Lsc - Lrc

s

where 'LSC is the dimension associated with the scanner and LRC is the

dimension asscciated with the radiation cooler.

ar | —zdiz Ine +dia fnw —f-l--{"-d—n (LsCe -L [o's )
aT =~ " a,c 1%Ly Tip? |R®R T rgr | T MSC%LgcTTRCTLyce

As before, an "'average'' temperature can be assigned to each of the .-

elements giving:

dn

2 D
4 il PR B R
RfyR--n_l 4T ‘ R .-

1
AR E-g 2 tieny ATy e

- scerge 2TLge - MRC¥Lg 2 TLgc!

, '8f: Thermal Gradients in VISSR Optical Elements with Effect on Optical

System Behavior - A first-order worst-case analysis has been made of ther-

mal gradients in the VISSR scan mirror, primary mirror, and secondary

mirror. Thickness and facial gradients have been considered.
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Geometric blur circles have been exammed as have focal plane shifts_

for the locations of minimum blur c1rc1es

In order to.assure worst- case conditions, all per_tirfent data have been
used at the most'thavoxjable: value in the range of uncertainty. Wherever '
such ran:ges could not be established, unfaverably exaggerated values were

assumed which fell well beyond the anticipated most probable value.

To further assure worst-case conditions in the study of facial gradients,
it was found necessary to consider two models for each of the optlcal elements.
In the simpler flrst model each optical element is assumed to be attached,
without thermal resistance, to an infinite heat sink located behind the element.
In the second and more realistic model, each optical element is coupled to an
infinite heat sink behind the element by means of thérmally resistive elementé.
While such resistive elements cannot be ascertained ‘with better than moderate
accuracy, it is found that in some cases the accuracylr is not.necessary, and

in cases where it is, the most unfavorable value for such resistive elements

is used.

The models are discussed in detail in Appendix A.

An'elyses Results
Table 3-10 presents a summary of the results of the analyses‘ described

above.

For thickness gradients, the extrema occur at equinoctial periods’ and

1
at winter solstice.

For facial gradients, worst cases occur at different points of time and
for different modes of operation. Such gradients arise from area-selective

insolation.

In the table:

A positive thermal gradient indicates the'.optical surface is at a
higher temperature than the back surface.

A positive focal shift is in the direction gf ionge'r focal lengths.
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Blur circles refer to the earth-referenced diameter in nautical
o miles which includes all the geometrically blurred energy.

. A zero blur circle implies that, to a first order,-refocusing re-
. moves the geometrical blur. )

-
-

¥

A zero focal shift or temperature difference implies a va,lue'li'es'?s;:“

than 0. 0001.

Wherever refocusing is used to arrive at minimum blur, the re-

v

focusing is assumed to have occurred in the nermal seasonal pro-

gression - for example, at six to eight week intexwals.

Special

cases of area-selective insolation with locked scan mirror are
not assumed to be refocused, except in-cases where the mode is
used to replace the scan mode in order to create.a worst-case |

condition.

Table 3-10. Thermal Gradients ana_Optical Effects in
VISSR Fore-Optics Elements

Declination and Optical Type of Ter.nperature Focal Blur Circle ]
Operating Mode Element Gradient Difference Shaft Dhameter |Refocus
peratng ! : ) (in. ) {rimni} -
Equinox, Any Mode Scan Mirror | Thickness 0,0317 0. 0047 0. 036 Yes -
Winter Splstice (-23.5%), _ L
.Any Mode Scan Mirror| Thickness -0.0149 °{-0.0022 0. 017 Yes
+10°, 'Any Mode Scan Marror| Facial )
First Model ’ -—-- 0.006 0.118 Yes
Second Model . 0. 00002 0. 068
Equinox, Scan Mirror .
Fixed at 45° (Worst-Case) Primary ‘Thickness Q. Q073 L 0.0027 1] Yes °
Wint-er Solstice {-23.5%), -t " ’ . .
Scan Mode Primary Thickness -0.0018 -0. 0007 0 Yes
+3°, Scan Mirror Fixed
at 40° (Worst-Case] Primary Facial
First Model 0. G035 0. 0013 0. 060 No
Second Model 0, 0515 " 0. 0001 0 006
Equnox, Scan Mirror Fixed )
at 45° (Worst-Case) Secondary Thickness 0.008 0. 0003 a Yes
Solstices {Scan Mode) Secondary Thickness no't 0 Q --
-6,5°, Scan Mirror Fixad
at 40° (Worst-Case) Secondary Facial - No
First Model 0. 0065 0. 0002 0.012
Second Model 0,064 -0, 006002 0. 001
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Analvses Conclusiohs

The behavior of the optical elements with respect to thermal gradients

is summarized in Table 3-10, preceding.

The detailed analyses for the individual optical elements are presented

in the subsequent text and appendices.

The greatest thickness "gradient" (more correclly, temperature differ-

ence) encountered in any element is 0.032°C.

. ) .

The-greategt geometric blur circle encountered is 0, 12 nmi ({irst model)
with'a more likely maximum ’i.alur circle (second model) of 0. 07 nmi. These
compare with the 90% diffraction-limited blur circlé, for the obscuration
ratio of 0.4, of 0.197 nmi, and the IGFOV of 0.48 nmi. No optical degrada-
tion in system p:erform:ance is expected to arise from t'h_ermal gradients in
th'e"c;ptical ‘elements, except for pdssible transient conéitions. But su<{:~h_\
transient behavior, due to eclipses, will be dominated by in_ter—element. ah'c}"«‘.,'

spacer temperature differences, and not by gradients within the elements,

Facial gradients ‘arising from selective insolation produce the greatest -
blur circles., No mechanisms of comparable magnitude could be envisioned
for other facial gradients, such as ''radial gradients, ' and none other were

il

analyzed.

Focal plane shifts arising from gradients‘ are moderate, compared
with the active focal adjustment of 10, 080 inch: The extrerne range, from -
equinox to solstice, required to corr;pensate for gradiénts within all elc,ament:s.
is approximately 0, 011 inch (frorh +0._008 to--0. 003 inch), cc-)mbining the

effects in the three elements.

L]

Optical efiects arising from variations in the overall '.tempera.tu_res of
elements, as distinct from gradients within elements, were not investigated

in this study.
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9. Stress-Strain

Dimensional instability of Kanigen plated beryllium mirrors is caused
by:
+a. Metallurgical instability

b. Relaxation of residual stresses.

The residual stresses may be due to machining, heat treatment, aniso-

tropy of thermal expansion of the composite,

*9a. Residual Stresses. - Dimensional instability of beryllium mirror's can

be caused by metallurgical instability, relaxation of residual stresses, and

-plastic deformation. These possible conditions are usually interrelated and

~ difficult to define in the actual part.

.. Metallurgical instability can be described as residual stresses caused

" - by thermal expansion anisotropy of the c.ompo.site or material irregularities
peculiar to a paréicula'r material pressing. While some evidence of metal-

3 ilur'gic.:a;.l- il:lgst‘ability has appear_e-d, it is not presently clear-whether or not the

noted effects have been isolated from the normal causes of residual stresses.

The common types of residual stresses are minimized by elaborate
machiping, heat treatments, and chemical etching processes in the beryllium
mirror blanks prior to ‘electroless nickel .pl.ai:ing. These processes,are de-
tailed in SBRC S;pecifica.tion No. 18842, entitied ”Ma.chi-nihg and Stress Re-

lief of Beryllium, Process for."

Plastic deformation is the result of applied stresses exceeding the .pur'e-‘
cision elastic limit (PEL). PEL is defined as the stress at which 1 £‘nicro—
inch/inch of plastic strain occurs and should be used in designing optical com- "

ponents rather than the usual vield strength used in strug:tural-applications.

9b. Electroless Nickel Plating Stresses. - Appreciable stress levels have

been observed in electroless nickel-plated beryllium thin strips. Stress
levels as high as 33,000 psi have been reported by Battelle Memorial Insti-
tute. Stress levelsof10, 000 to 15, 000 psi may bé common after the standard

temperature annealing cycie,

.SANTA, BARBARA RESEARCH CENTER" ' o 3-62



‘General American Transportation, ur;der contract to Hughes Aircraft
Company, has developed a '"low stress' Kanigen plating on beryllium, The
phosphorous content of this "low stress' Kanigen pla.tiné is approximately 12%

compared with 8% for the normal Kanigen plating. Using this method the stress -

levels in plated, thin be ryllium strips have been reduced to less than 2000 psi.

There is not complete agréement on the most appropriate method of
Ealculating the stress levels within the electroless nickel nor the most appro-

priate selection of beryllium strip thickness.

The initial work by General American Transportation (GAT-X) and
Hughes Aircraft Company used strips which were 0. 010 inch thick and about
3 inches long. The work by Battelle Memorial Institute and Perkin Elmer
was also on very thin'strips. Speedring Corporation said they thought that it
was impossible to process 0, 010 inch thick strips of a hot pressed block
beryllium mmaterial in a manner that would make them suitable for the stress
measurements, It appears that the material used for the General American
Transportation experiments was sheet beryllium. The difference in aniso-

tropy' of sheet and hot pressed block makes the da;ca questionable at best.

The f0110w1ng are comments concerning various means of calculatlng

i stress levels due to 1nte raction between the berylllum and electroless plating.

Comparison was made between GAT-X, Stoney, Shenienski,. and Brenner

equations for calculating stress in the nickel plating. ,

Shemenskl and Brenner eguations were numencally compared, The
ca.lculated stress values agreed within 3%. It is po_ss1ble to derive Stoney's
formula from Brenner's transcendental stress equation and Shemenski equa-
tions by making a:pg;ropriate approximations. Due to these approximatio‘ns,.
Stoney's formula was not used ir.; the calculation_s. The GAT-X equations were

not used because of some errors in the derivation.

The-. Shemenskl equations glven in the following have been used in the

-SBRC process specification for the optical system (Specification 187561).
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Calculation of Maximum Stress:
Fixed Quantities:
Ey =30.0 x 10° psi elastic modulus for Ni
E, = 44.0 x 108 psi elastic modulus for Be
: Measured Dimensions: (inches)

W = width of strip (0.30.£ 0. 04)"

C = length of strip (3. 00 £ 0. 04)

"t] = thickness of Ni coating (0. 004 & 0. 0003)
t, = thickness of Be substrate (0.-010 £ 0. 0003)
L =

bow-out at the.center (sagitta of the arc)

(Requirement: S, ., <2.00 X 103 psi)

The absolute value of the maxinium stress (psi}) in the Ni coating is to be
calculated from the following formula? using measured dimensions and the

above values for fixed gquantities:

< cae B Ey (- v) .
max ~ &P% Ay T R
where
abs = absolute value °
Ay =W cross-sectional area of Ni coating
2 2 '
4L
R = Q'Tg—:,—— radius of curvature

tzz B tlz El
2 &,/ 2 Y\g;/H%
£
t2 + Ez tl

4R. M. Shemenski, J G. Beach, and R. E. Maringer, ""Plating Stresses from
Electroless Nickel Deposition on Beryllium, "' J. Elcustrochem. Soc, 116,

402 (1969).
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t +2 | — 1t +1 = t

Companies that have worked on the low stress electroless nickel plating -

P =

for VISSR include Grunwald and GAT in Chicago, Ilinois; ElectroCoating, .
Inc. (ECI) in Houston Texkas; and Magnacomp (ECI) in Mountam View, Call-. )
fornia. The Work by these companles was completed under subcontract with
either Perkin- Elmer Corporatlon or Tinsley Laboratories. The latter two

- companies are under contract with SBRC for the fabrication of the VISSR

beryllium optical elements.

Stress levels as monitored with 0. 040-inch thick and 4. 00-inch long
beryllium tés't st.rips have been consistently higher than the specified 2000-
psistress levels. The plating by GAT has had the lowest stress levels;

- these have been in the 4000- to 6500-psi range. The preceding equations

-were used in stress calculations.

As indic'att;d above,. the basis of the specification feasibility was based
on previc.)us GAT/HAC work. Cross—r‘olled beryllium test strips of 0. G10-
inch thickness were used.to monitor deformation caused by the electroless
nickel plating. It is only partially underst‘ood why VISSR stress levels as
monitored by hot pressed beryllium block machined to a thickness of 0.040

. inch results in significantly different calculated stress levels.

Part of the discrepancy can-be explained by the greater anisotropy of
cross-rolled beryllium. The electroless nickel plating bath is maintained

at 100°C; thus, stresses are introduced due to a bimetallic strip action
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since nickel and beryllium have different thermal expansion coefficients. If

the thermal expansion cc')ga‘fficients of cross-rolled beryliium differ from hot

pressed blo-ck, the calcéulated stress levels are expected to be.di:fferent.

Quantitatively, this can be approximated by using Timoshenko's equa-

tion for a bimetallic strip:
2
6(cz - 1} (T1 - To) (1 +t—2")'

1 .
R RN M t1\? t1E1\[t1°2 £ E;
CrrerpP g ) T teE\Lz TaE

-

where E, = elastic modulus of nickel
E; = elastic modulus for. berylliu;::;p,_
t; = thickness of nickel pvlz;,tii;g.:—
t; = thickness of beryllium substrate
R = radius of curvature of deformed strip
Tp = plating temperature

. Ty = room temperature

¢ = thermal expansion coefficient of beryllium
& = thermal expansion coefficient of nickelmpla.ting

This can be rewritten as

= =Kl - a1)(T1 - To)

The radivs of curvature, R, is related to deformation-bow, x, ahd

strip 1eng{h, 2.y;_ by the equation for a circle |

o2
R X2 t¥e y®
2x 2%

Thus,-.the strip bow is given by

2
bs =2LK(0fz - «1)(T1 - To)
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By differentiation we have the rate of change of bow with respect to’

berylliurn thermal expansion coefficient.

dx _y?

dOtz 2 K(“T}. - TO) )

For the case where y =2, 0 inchés, t] = 0, 004 inch, ty .= 0. 040 inch,

H
1

100°C, To =23°C, Ez = 40x10° psi, Ej =20x10° psi, which results in
9.2. . ) ' '

A
"

JFor cross-rolled beryllium sheet - @ =12.5x10-67°C

For VISSR hot pressed beryllium block ¢z =11.5X 10‘6/°C :

Thus Ax = 1330% 10~ inch.

Therefore, the differential stress explainable due to difference in
" beryllium material is 1200 psi. However, this explains only about 25% of
the stress levéls being observed on VISSR platings compared to'previous

GAT/HAC platings. The mechanism for the remainder is not understood.

Figures 3-26 a’nd 3-27 have beenuseful in evaluation of the electroless. -
nickel plating.” Figure 3-26 relates stress levels to strip deformation for
three thicknesses of beryllium substrate. Figure 3-27 relates stress levels

to strip deformation for five thicknesses of nickel plating.

Based on data from GAT experimentation two mechanisms would re-
sult in lower stress levels for VISSR optical elements.

1. Increase the phosphorus content in the electroless nickel
plating. T e s

2, Reduce the post-plating bake temperature..
It appears that a developmental program would be required to significantly

increase the phosphorus levels. Side effects of an i'ncrea.sed phosphorus

content are unknown.

5K. Parker and H. Shah, ""The Stress of Electroless Nickel Deposits on
Beryllium, '"* J. Electrochem. Soc. 117, 1091 {1970).
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The recommended post-bake temperature is 375°F (190°C) for four
~hours. This post-bake increases the nickel-beryllium adhesion bond. Re-

duction of the post-bake temperature may adversely affect the Be-Ni bond.

In conclusion, the allowable stress levels in the VISSR electroless
nickel plating as monitored by 0. 040-inch thick beryllium strips will be re-
la-xed from 2000 to 6500 psi, The reason for this 1s that to achieve stress
levels less than 2000 psi, a development program would be required. It .

should be noted that the 6500-psi relaxed level is significantly lower than

would be achieved if standard electroless nickel plating techniques are used.

10. Spatial Resolution Error Budget

A spatial resolution error budget has been developed and is summar-

"_1zed in Table 3-11.

-

Table 3-11. Tabulation of Factors Affecting Spatial Resoiutlon
BID’ Image Size (mr)

8
. Ip
Visible ir
Channel Channel
-Diffraction Effects, 909 of energy 0. 01 0.192
contained within, (¢ = 0, 1)
Scan Mirror, Af2 0, 005 0. 005
Primary Mirror, A/3 0,007 0. 007
Secondary Mirror, A\/4 0. 010 0. 010
Primary-Secondary misalignment 0. 002 0, 002
= to optical axas, 0, §00271n.
Focal Plane misalignment Active - Active
. Focus Focus
Thermadl Gradient ' to optical axis
Spacer AT =2 'C
Secondary mirror AT =4°C 0.012 0,012
Isotemperature Change AT=10°C '
Beryllium anisotropy : 0. 007 0. 007.
IR relay system ' - 0. 081
Mounting - mirror ) 0. 01 0. 01
Summaton of Effects
2l 172
T (81 v.u2d 0,21
1
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_ OPTICAL VENDORS

Only those optical vendors who have succes sfully demonstrated a capa-

blhty in fa.br1ca.t1ng fast aspheric optlcs from metal in moderate sizes were

‘ conmdered.

* . Vendor survey trips were made to the potential suppliers. Several
optical suppliers commented on the optical design, mechanical structure,
beryllium composition, and reflective coatings. These comments are sum-

marized in Table 3-12.

The VISSR design and fabrication philosophy was modified in several

areas where it appeared appropriate, based on the optical vendor comments.

The following companies were solicited for proposals on fabrication of

the VISSR telescope system,

Diffraction Limited
Owens-Illinois (Fecker Systems)

Perkin-Elmer Corporation (Norwalk, Connecticut, and Costa Mesa,
California)

Speedring Corporation (Schlller) '
Tinsley Laboratories :

Each of these companies were solicited to give a quotation for fabricating the
VISSR telescope using polished bare beryllium and/or electroless nickel
polis‘hed beryllium substrates. Diffraction Limited and Perkin-Elmer Cor-
poration (Costa Mesa) limited their response to electroless nic.kel—plated
berylliuvm. Owens-Illinois (Fecker Systems) and Perkin-Elmer (Norwalk)
response was limited to polishing bare beryllium. Speedring Corporation

and Tinsley Laboratories were responsive to both methods.

Firm fixed priced contracts were let wit-h ;Iinsley .Laboratorie_s and
Pérkin—Elmer (Costa’Mesa). Tinsley Laboratorie's' contract is for one bare
berylhum pollshed system and two electroless nickel- plated beryllium sys-
tems, Perkin- Elmer Corporatlon {Costa Mesa) contract is for two electro-

_less nickel-plated beryllium systems, . d
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Table 3~12.

Cptical Vendors

v pemmmenme cveabeee v

. Vendors -
Daffraction Perkin~Elmer Qwens [1]:nos Tinsley ’ K
* Limated Corp, {Norwalk) Fecker Systems Lahoratories .
1, Recommended beryllium material HP40 (1400) OK _ | HPS0 . HP4@ (1500) OK HP50 . s
2. Willingness to polish Kanigen mckel Yes T Yes ’ Yes : Yes ones
plated beryllium RN . '
3. Wallingness to polish beryilium directly | No Yeas Yes o Yes
4, Recommended route Kangen Bare Be ot Kanigen . 7| Bare Be
HKanigen versus bare Be, N Ude HP50 or HP2O - - Uge HP50 ar HP20O
. | {5200} {52001 .
5. Mairrer structures OK OK - Suggested OK - Suggested OK - alternate
. - . ! locking at 3-point rib at scan rmrror | scan marrar
. - . ’ scan mirror 1D appreach ‘use
s . mounting again. h closed back with
. EDM central
' " . structure
€ Rough and medium machining futs and OK OK OK OK, btut would rec-
: peat treatment as given on wmtial pre- B N ' commend a2 simpli-
liminary specification fied machiping
o " schedule and heat
’ treatment  Heat
. treat at lempera-
. ture > 1350°F,
7. Fine machining OR -OK OK )24
8. Chemical etch 0.002-0. 004 inch OK i . Should be 0,0101n, [ Acceptable bat felt | Should be O ¢10:n
. - . . it should be
. . - preater.
. @ Cyclic stabilization ! OK . Delete Probably can Delete
. delete
10. ‘Kanigen nickel plating law stress type OK OK OK OK )
11. Heat treatmens - Kanigen oK oK OK OK !
12. Optical finish - scattering spec - 1% « "2 Would prepare No adverse No adverse o adverse |
P samples for comment cdmment | comment '!
measurements ) - I
13, Image quality as spelled out 1n spec OK OK OR ; Essenually asking ‘
. : T | for diffraction :
. . , limited aperation, =
, . i
14, 600°F heat cycle afiér polishing Concerned Concerned Concerned E Reduce to 500 F at’
’ - i least. !
15, Enhanced silver reflective coatings OK . OK - PE can Ok [ OK '
. apply at temper- I
. atures less than |
I75°F, A o
16, Testing of marrors interferdmetric Interferometric Interferomietric ] Interferametric
and blur ¢irgle and blur circle and blur crrcle and blur circle
OK OK OK T 0K .
17. Fabrication problem associated with F.2% b, 5% 10X 3%
f/1.8B versus {/2. 4 primary .
18, Desirability of using Irtran | secon- Do not use Would certainly Tas$-up Would not recom-
dary from fabrication standpoin! be casler. mend. )
19, Recommended Kanigen nickel plater Grunwald Grunwald Grunwala Grunwald
20. Willingness to be reaponsible for total Yes Yes Yes Yas - Desira in-
marror fabrication (from material to eremental fund-
reflective coatings) . ing,
21, Machine Shaop - recommendations Picneer Tool Speedring Speedring, Mich. American Beryl-
{Boston Area) Warren, M:ch, Pioneer Astro lium Company
Chicago, I11 Sarasota, Fla
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 SBRC
BERYLLIUM MATERIAL

The selection of the beryllium composition was based on beryllium
oxide, precision elastic limit (PEL), and cost coi‘ns‘iderations. A low beryl-
lium oxide content was required if Polishing .ft.;gzrylliﬁm difectly was to be an
option. A high PEL i‘s'highly desifabie t“o"{achieve rriir.ro‘r stability as a func-
tion of time. Table 3-13 compar‘esf several different beryllium compositions.

The material per SBRC Specification 1883.4 appears to represent a good

compromise between the various performance parameters and cost.

Table 3-13. - Beryllium Material Factlors

. PEL Yield Strength Ultimate Tensile ~ BeO Relative
Material (psi) 0. 2% Offset Strength (psi) Content Cost
P (psi) ngeh P (%)

HP20 ‘

$200 2, 000 30, 000 40, 000 2 Max 1.0,

HP40 . ) . . y

1400 8, 000. 40, 000 50,000 . 4 Min 1.4

HP50 - 20, 000 : .85, 000 3 Nom . . 1.7

SBRC . )

Spec 5, 000 . 30, 000 . 40, 000 2 Max 1.1

18834 . .

Tﬁe lowl beryllium oxide content composition-(2% or less) 1s desirable
if polishing beryllium directly is to be an-option.* Table 3-14 compares

- polished electroless nickel-plated beryllium and bare beryllium. Informa-
tion in the.tal?le indicates reasons why the polished bare beryllium would be
a better mirror choice for VISSR, provided the required low scatter surface
p‘olish can be obtained within the cur:l.'ent state of the art. Two optical sup-:
pliers have indicated they can polish bare beryllium mirrors to the 1% VISSR
optical surface scatter specification. However, the SBRC evaluation indi-
cated that a conclusive decision could not be made because of restricted

experience and inconsistent data, Therefore, it was concluded to use
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electroless nickel- -plated (low stress) mirrors as the pr1nc1pa.l process,’ in

addition to a backup order using the bare berylhum pohsl’ung technlque

Firm fixed’ priced contracts were processed for four VISSR optical systems

usmg electroless nickel-plated beryllium, and one eystem using bare

be rylhum

Table 3-14. Pohshed Kanigen Nlckel Plated Berylhum
versus Bare Beryllaum

Kanigen-Plated Beryllium

. Preferred Method

Bare ':-Berylligm

Kanigen | Bare Be

Bimetallic Strip Effect
Kanigen Nickel Stress Levels
Delamination

Kanigen Thickness
Nonuniformities

Kanigen Metallurgical
Unstable

Weight

e e e ——— o —— — i — —— =

Kanigen Nickel Pits

Kanigen Nickel Hardness © ° .
Nonuniformities

Be An:}sot'ropy

Be Residual Stress

Surface Scatter (Low)

Be Voeoids (Pats)

?
Be Anis'otropy.

- Be Residual Stress

Surface Scatter (°)

Reflective Coating
Compatibility {?)

Cost

5
X

Schedule

SANTA BARBARA RESEARCH CENTER



'SBRC |
TELESCOPE PERFORMANCE SPECIFICATION

The optical system specification is covered by SBP;C Specification 18761,
‘”Pro‘cess Specification foz;v‘Opt'ical System VISSR/SMS.'"' The image quality, .
effective focal length, and back focal 1.éngt.h are only specified regarding the
" assembled sy‘sten'i. The optical system composed'_c;f scan mirror, 'primé.?y
mirror, and secondary mirror is tested as an assembly., Surface sc'atte:r and

mirror reflectance are spocified and measured on'a component basis.

Two classes of measurements are specified with Class Il measurements
ma..de with the optical system [(scan mirror, primary mirror and secondary
mirror) assembled in a laboratory setup. The.secondary mirror is adjusted
+0. 020 inch perpendicular to optical system axis and £0. 125 inch parallel to
optical system axis to facilitate optlmurn performance Class I measurements

are made with the optical system assembled in VISSR/SMS hardware,

The performance specifications were written te be consistent with any
of the following test methods.

' 1. Interferometric Methods. - These are commonly used methods that
are relatively simple to setup. A large volume of data and iﬁfor-
mation can be obtained in a short time span. They are not sens1t1ve
to surface microstructure, i.e., surface scatter.

2. Image Energy Distribution Measurements. - This is a standard test
method where.several different distributions can be measured. For
example, the image can be scanned with a knife edge, a slit aper-
ture, or an opaque wire. Radial distribution can be obtained'by
using varying circular pinhole apertures symmetrically altgned
with the image.

-

3. Modulation Transfer Function Measurements -(MTF). - This is an’
- effective but relatively new technique. Few optical manufacturers
have the regquired equipment.

An analysis was made to determine the relationship of _Wa.vef-roht distor-
ltiori_to image quality in the sense of radial energy distribution or MTF com- - ]
plex. The conversion depends on the wavefront distortion contour. The anal-
ysis used.a* simple parabolic wavefront distortion as the mociel. Under these
conditions, it can be shown using first order equations that the angular image .

16

blur eID is approximated by BID.= —-l—jzc-where X is the surface deviation from
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the ideal surface figure and D is the diameter of the optical element. Rather |

than a parabolic wavefront deformation, let distortion be related to

4-
X = A sin—;;X

where X = surface departure ‘from ‘ideal confi_gura‘tion

A = amplitude of surface distortion
y = radial distance on mirror
D = mirror diameter

L]

" This results in the equivalent equation for angular image blur of

25X
% =5
As z rule of thumb, .a diffraction limited system has classically been:

figured. to A/8 wave. Sﬁbstitgting this into the equation for 8115, we have,

» : 2
’ , ®p =D
the Airy disc diameter is given by
8 _ 2,44 R
Airy T D e

Thus, this lends some credibility to the validity of the simple model assumed.

LIS

The radial energy distribution was approac.};;d from the standpoint of
having several independent contributors to the ir:na.ge size. The addition of
image degradation factors was done 1n a root sum square {rss) manner. The
image degradation factors consideréd 1ncluded

Diffraction effects -
Residual design aberrations
Fabrication tolerances
Mounting tolerances,

‘Because computer ray trace data indicated that the residual d-e51gn '
aberrations were negligible compared with diffraction effects, no degradation

function was included for them.
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Figure 3-28'illustrates the predicted energy distribution as & fanction of

angular dimension at the image plane. Curve 1 shows the distributicn due is

[

diffraction from a 0.4 central obscuration. Curve 2 shows an e2X intensity
curve. ‘Curve 3 shows the % energy within the given angular dimensions due’

to the e®* degradation factors. Curve 4 shows the root sum square of Curve

I

! and 3. Curve 5 shows the root sum square of Curve 1, Curve 3, and Curve

3 taken a second time. "

Thus if the distortions are of the form e®* that Curve 4 represents, the
predicted distribution of one distorting source is present. Curve 5 represents

the predicted distribution if two distorting sources are present,

The radial energy distributions described in these figures have been used
as a basis for MTF calculations. The distortions due to dif—fracti‘on; fabrication, -

and mounting are therefore inherent in the MTF results,

For the Class 'II.case; the liné spread functions based on the radial
intensity distribution of the diffraction and fabrication distortion were con-,
" volved t;; obtain the combined line spread intensity distribution. A bar
pattern with sinusoidal transmission is ;me‘d to obtain the modulation.
I

.
Tnax Tin
M =

Ima’x + Ian

as the energy pattern-is scanned over the bar pattern. The bar‘nattern is
effectively infinite in one dlrectlon and by varylng the width of the bars a

spectrum of spatial frequenc1es is attained.

In an analogous manner a square bar pattern can be used. Square bar

is defined as having a transmission of 1. 00 or 0. 00.

‘A tabulation of modulation using square bar pattern is given in Table

3-15,
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Table 3-15. Square Bar Modulation Transier

Spatial . Modulation
Frequency
(cyeles/radian) Class II Class I

1, 000 1. 00 1.00
5,000 1. 00 1.00

10, 000 0. 98 0. 96

15, 000 0. 96 0. 92

20, 000 0. 94 0. 88

25, 000 0.93 0.83

30, 000 0. 92 0.78

Inflight Solaxr Calibr ator

The flnal 1n£l).ght solar cal1brator is brlef}.y described below. The de-

‘tailed design was covered in the Fifth Quarterly Report.

The requirements of the inflight solar calibrator include the following'

factors: ,
1. The solar calibrator prov1des three optical channels at different
angles,

.2. The channel spacing (angular) is such that one channel angle will
be 16° greater than, one channel 16° less than, and one channel
parallel to the line-of-sight as determined by scan mirror position.

3. All channels lead by 15° the aim point of the telescope as deter-
mined by telescope rotation.

4. The active aperture of each channel is sufficient to simulate an

" . effective albedo of 0.50. Tolerance of about 5% effective aperture
from channel to channel is anticipated.

5.  The solar calibrator and mount should obscure a minimum of energy
directed into the principal aperture of the telescope.

System Description. - A cartesian coordinate system is used. The

X-axis is the telescop.e axis, the Y.-axis is the axis of tilt for the tilt mirror

and the Z-axis is the central aim point of the tilt mirror. The origin is the

center of the tilt mirror, which is the intersection of the telescope axis and . .

the tilting axis.

SANTA BARBARA RESEARCH CENTER . - 3-78-
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The General Concept

;Ihe deflection sy.s.tem consists of three prisms. These are shown in
three views in Figure 3-29. The left illustration in Figure 3-29 is a view
with the observer sighting from the -Y direction. The central illustration is
viéwed from + or -X. The right il_lustra.ti.on 1s viewed from a direction of

15° from the X-Z plane as measured in the Y-Z plane.

The top surface of the top prisim is in an X-Y plane. The two top cor-

ners of this prism have direction X.

Incident on this surface will be beams of light which in the X-Z plane

vary from normal to +10° and -10°, The X-Z plane is perpendicular to this

surface and parallel to its edges.

This top prism has two intérnal reflecting surfaces which tilt the inci-
dent fans from the X-Z plane to a plane at 15° to the X-Z plane with the lin'e‘
of intersection of the planes having direction X The incident {top) and emer-

_gent (bottom) surfaces are both perpendicular to the central ray so that

QnO

O\

Bon

m

—C

Figure 3-29. Solar Calibrator Prism Assembly
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refractively the prism behaves as a plane parallel sheet of glass, and no d_is -
persion or angular d.ifferen‘ce occurs betWween rays within the fan prior to a.nzi‘
after their path through the prism, F'igu.re 3-30. Threé: "s’copé'_a're' located on
the bottom of this prisi’n..‘ O‘né controls the dimension of the central fan, the

‘other two control the two side fans.

~ The central fan needs only to be tilted at the 15° provided by the top

. prisri"_x and regquires no further deviation,-

The two side fans must be tilted at +16° and -16". This is accomplished

* by placing right angle prisms in front of the two side apertures with bases at

L
g

Central Ray__.;

-0.2,0

0.10
Figure 3-30. Ray Path Through Top Prism
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+8° and -8° to the normal to the bottom of the top prism, The prism sides
are in the 15° lead plane in roll angle:’ "The separation between prisms is

such that they will not vignette the fans from the central calibration bundle,

The result is that a plane has been established which has an angle of
15° to the tilt plane of normal telescope viewing. The intersection of the two '
.plan'es will lie in the X direction. In this established pl-e.a.ne will be three—cali-
brator fans. One will sweep from +10° to -10° as the tilt mirror travels:

The other two will sweep from +6° to +26° and from ~6° to -26°. ~ These an-

gular sweeps are measured in the ‘15° plane from a center line which would

project onto the Z axis,

Component Details and Basis for Determination

1. Top Prism. - Figure 3-31 is a detail of the top prism.

a. Angular Deviation. - A ray in;:ic:ler'lt on the top su.rfa'ce Znd normal
to the top is to.emerge from the bottorn surface normal to it. Since
the bottom surface is at 15° to the top surfa_a.ce, the emergent ray
will be at 15° to the top ra.y'.‘ The incident r= ses the top sur:
face undeviated and is incic.le'nt on the right suriace at 54° to the
normal. After reflection, the ray will be at 1087 to its original

direction or 18° from the top surface (this ray direction is best

illustrated in Figure 3-29 whith has superimposed rays).

The normal to left surface i's at 118.5° - 90° or 28.5° to the top .
surface. Therefore, the ray is incident at 28,5%+ 18° or 46,5,
The introduced deviation is twice this angle or 93°. The ray direc-
tion is now 93° - 18° or 75° to the top surface. This places the ray
at 90° - 757 or 157 to the top surface normal or 15° to its incident
direction. Since the bottom surface normal i1s 15° to the top sur-
face normal, the def.lected ray will be coincident with a bottom

surface normal.

Therefore, the prism angles result in the required angular devia-
tion. Since Total Internal Reflection (TIR) occurs at 43°18' and

the steepest incidence is 46°30', we are 3°12" beyond TIR.
SANTA BARBARA RESEARCH CENTER 3-81
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—Clesr Apcriar:e

——C ifar Aperture

— 0 2 lil—e

{ Jear Aperture

Break betwoen 0 603 and v 910 anch,

Lincar tolerances on rmmask apertures +0 0005, All other linear tolerances 20 0035

Mask on bottom suriace Lo be upague; adherence and humidity durability per Mil-M-13508.
All angular tolerances 5 minates of arc,

All dumensions are to sharp corners.

Edgé chips shali not be eithin tlear aperture or not greater than 0. 015,

Break all edges 6, otk max {excejt Note 12)

Surface finish 40-10 per Mil.0-13830

. Optical polish flat to 1/2 iring. within clear apertere (A - 284 pm) |

Fine gryned finish. -
Bubbles and inclusions shall be 10 per Mil-0-13830 within view of clear apertures.
Material: Fused Sihica may be: a,. Dynasal:  fused silica UV No, 1000
. b, Corning: [used silice 7940 UV
«. Amersil: fused silica Suprasil 1.

Figure 3-31, Solar Calibrator — Top Prism
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b. Clear Apertures. - The effective stop areas are to be 1.0 mim

squared or 0. 0016 square inch.

No loss in efficiency will occur at the reflective surfaces since
total internal reflection ig essentialiy periectly efficient. Absorp-
tion losses through the short glass path will be negligible, The
only significant losses will'be ciue to reflection at the refractive

surfaces,

The transmittance at each of th .rfa e -'s 1 1.458-1 & =

M C- (?“ age su C S' 1 - 1.458'5'1
0.9653. The transmittance for the system is (0. 9653)® where n is
the number of refractive surfaces encountered. For the central

channel, n = 2 and efficiency is 0. 9318, For the side channels,

n = 4 and efficiency is 0. 8682.

To compensate for this light loss, the area used will be equal to
area desired/efficiency, giving effective area equal to area desired.

For the central channel area u.s_ed = %—8—% = 0 001717.

For the side channel area used. = 8 goég = 0,001843,

The stops located on the bottom of the prism will be 0. 080 in lengt_h..-:

0. 001717 _

The central channel will ‘bé 0. 080 - 0. 0215 wide.

The side channel will be 229843 _-0 0230 wide.

The three stops will be spaced 0. 090 between center lines., -

The surface outside the stops will be opaque.

2. " Bottom Prism. - The two botto;‘r; prisms are identical. Their location
is such that they will be symmetrical about a Y-Z center-plane of the

system. See Figure 3-32.

The prism is a truncated 45°-45°-90° with the truncated side being

parallel to the prism base.
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Clear :Apé rtures
Both Sides

: 0.450 —
To Sharp Corners

\ /_Clear Aperture

N / $o_oqo.

S | g 0.100

|

I

| .
T

I

11,

NW b O 00O

o

.

—o0. 155’—»‘

Paint per SBRC Spec. 18863 using 463-3-8 Cat-a-Lac black paint {Finch
Paint and Chemiczl, Torrance, Califorma).
Break between 0. 015 and 0 020 at 60° £ 10° to base.
Linear tolerances 0. 005,
All dimensions are to sharp corners,
Edge chips shall not be within clear aperture nor greater than 0. 015,
Break all edges 0. 005 max (except Note 10).
Surface finish 40-10 per Mil-0-13830.
Optical polish flat to within 1/2 fringe within clear aperture- (A 35894).
Fine grind finish.
Bubbles and inclusions shall be 10 per Mil-0-13830 within view of clear
apertures.
Material fused silica may be: a. Dynasil: fused silica UV No. 1000
b. Corning: fused silica 7430 UV
c. Amersil: fusedsiulica Supras:l }.

| IR | !

Figure 3-32, Solar Calibrator Prism Bottom
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R . Assembly Requirements

Figure 3-29-shows three ;rieﬁvs of the assembled system. The two
lower prisms a1:e in a plane normal to the bottom face of .the top prism.
Their bottom sides will lie on that plane which intersects the lower left
corner (center view, Figure 3-30) and is normal to tl:xe bottom face of the top

prism.

The two lower prisms are located so that their top corners if left sharp

would intersect the bottom face of the top prism in a line 0. 040 from the ’c'e:n-

ter of the top prism (see right view, Figure 3-29).

The bottom prism faces are at 8° to a plane bisecting the top prism:

The 8° is measured in a plane containing the bottom prism sides (see right

view, Figure 3-29),

Location in Syste;m

To define the prism location, refer back to the coordinate system men-
tioned under ''The General Concept'; that is, telescope axis is X, tilt axis is

Y, and Z axis is central look angle. The origin is at t‘he‘dente.-r of the tilt axis.

) The top surface of the top prism is at Z = -8.25; the two edges of the’
- . top prism are parallel to the X axis. By the selection Z = }8. 25, double
blockage of the incoming light by the priém assembly is prevented, viz.,

it is placed below the active telescope aperture,

The maximum. possible v location is neqéssary". The prisrﬁ assembly
should be as close fo the outside edge of the telescope as possible. This iAs
for two reasons: 1) to give a minimum of light blockage, and 2) to give a

.maximum possible path across the suns};ade volume to prevent vignetiing .at

the sunshade aperture.

The following is the derivation for the selection of the y location.

Figure3-33isused for illustrating the terms of the derivation.
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Calibrator

y o : B y Top
[ clFt ‘ : / ‘ /
. Mirror Edge - . |y -
y=8.00. . - |7 0.120
x =0,00 . L — X
z = -8,25 o ’
; |
(X = 0. C0O0
Lty = 7, 841 {includes +0. 010 extra for tolerance)
vz = -8,250
/ L
4
z /
s
/
, 7‘? < . y
//l }.6. 0 /IE
//8 25 i
v 3 . ¥ ' / |
m/_____ _9 . 1. L : .

0.1 5'3 —»i\::-_“"'" Calibrator

Figure 3-33, Basis [or .Calgﬁlations of Calibrator Location Relative to Telescope Coordinate
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The extreme ray leaves the calibrator top surface at an angle of 10°
from a pomt at X = 0.153, Z = -8.25 (see lower left illustration, Figure 3-33).

This ray will strike the tilt mirror when it is at an angle of 40° from the

X axis.

The equation for the line before incidence on the mlrror is Z = Xtan 80+b

Inserting the origin points values to establish b results in
-8.25 - 0.153 (5, 6713) =8B =-9,1177
Z=5 673X -9.1177

The equation’for the mirror is Z =Xtan 40°= 0, 83910X, Solving simul-
taneously resulis in 0.83910X = 5, 6713X - 9..1177.

-9, 1177 _-9.1177
O 8391 - 5.6713  -4,8322

= 1. 8869 inches

and Z=1.8869X0.83910 =1.5832

To establish the Y value, transfer to a Y-Z plane after reflection off the
mirror, The Z value has been established above at 1.5832. The Y value,

since it will represent the back edge of the ¢alibrator aperture, can lie on

. the mirror'periphery at radius = 8 inches.

1
F

The equation of the circle is Y2 1722 =282 and Y = {64 - ZZ)
1 1
(64 - 2,5065)% = (61.4935)° = 7. 841

The upper right sketch of Figure 3-33 shows the top of the calibrator
relative to the mirror edge. It includes a 0,010-inch safety factor for

tolerancing. .

* Now examine the penetration points in the sunshade aperture for

origin points at the calibrator.

Since all the fans are in a plane at 15° to the tilt plane of the telescope

the slope of any ray in the Y direction is tan 15° = 0.26795,

L . The z dlstance to the sunshade is 37.5 - 8.25 =29, 25, (Acpually the
effective origin is slightly greater than Z = -8.25, but since using -8.25 is a

conservative step, it will be used. )
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All fans will intersect the sunshade in a line. This line is the inter-

section of the 15° plane starting at the calibrator mechanism and the X-Y

plane of the sunshade at Z = -37.5.-

-

The Y va.lue of -this line is the Y value of the calibrator plus AZ calibra-
tor to sunshade tlmes tan.15, or Y = —7 841 + (29,25X0,26795) = -7.841 + -

7.837 = -0. 004 or the calibration fans exits within 0. 004 of the sunshade

center line in'the X direction.

" For the X value consider only the extréme ray; that is, the one at 26°

from center in the tilted fan.

The length of a central ray from calibrator to sunshade is AZ secant 15°=

29.25%X1.0353 = 30, 283 inches,

The X distance from this ray's intersection with the sunshade plane to
the extreme ray's intersection with the sunshade plane is its length times

tan 26° or 30.283x0.48773 =14, 770 inches,

The length of the sunshade from center to end along the X center line

is 14,872, Therefore, the ray is within the sunshade aperture by 0.102 inch.

Aperture Blocking

The maximum width of the calibrator optics is 0.43 inch. The maximum

penetration into the beam is 0. 28 inch.

The blocked area is 0. 1204 square inch. This is about 0. 75 of a square

centimeter, or less than 0.06% blocking.

_The previously designed calibrator had blocked off 0. 0964 square inch .

so an increase in blocking of about 30% is realized in this system.

Tolerance Basis

The angular tolerance on the top prism has been set at 5 minutes of
arc., With two reflections the total error could be 10 minutes which would

give a deviation of +20 minutes possible. This would set the roll angle lead

.at15°_i 20 minutes,
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All required clear apertures have been overdimensioned by at least

0.010 inch. This permits 0. 005 on the part and O_‘OO'S in assembly without

exceeding clear aperture limits.

1

The aperture stops have been toleranced +0, 0005, -This will permit a .

2, 5% change in area if the maximum occurs on both dimensions.

On the bottom prisim, angular tolerances are *10 minutes of arc. This
would represent introduction of 20 minutes of prism if a maximum occurred,
The deviation introduced would be (n-1) A8 = 0.458 X 20 minutes or about

" 9 minutes. The angular ;Jrit‘antation of the base.'on assembly should be %5
minutes since this is the reflecting surface and the tolerance wo‘ulld give

_ double the deviation or 10 minutes p-ossible.

Accumulative maximum angular error from all sources o this would -
be #19 minutes. This would set the extreme lead angle at 26°+ 19'which

would still pei‘mit sun viewing,

Linear tolerances are again £0, 005" manufacture and +£0. 005"

assembly with all clear apertures overdimensioned to compensa-te.

“
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OPTICAL DATA ' _ RN

Thermal Channel Inflight Calibrator

The following considers the relationship of the thermal channel i_nﬂigh:t"
. shutter surface finish to its emissivity. During the design review in No've;m-
ber 1970, a roughened or grooved surface was proposed as a miethod to en--.
hance the shutter's emissivity. However, such a conﬁguratfon is not realis-
tic due to the shutter's thin structure. ¥urthermore, when the VISSR cavity '
effect is considered, a relatively smooth shutter finish ie quite adequate. .
The shutter will be painted with Cat-i-Lac (463-3-8).black paint. Its intrin-
sic emissivity in the 10~ to l13-micrometer range is 0. 90 to 0. 93. The re-
flected component froz;n a Cat-a-Lac painted surface evén when applied on a -
smooth. surface will be partially diffused. When the VISSR optical-detector
-system is considered, ‘th,e detector will sece principally the arnbient VISSR
housing temperature. The relationship of shutter effective emissivity (€55}
as a function of the difference of shutter and VISSR housing temperature is
expressed by . ‘ |

dN
(1 - egyy) 57 AT

€off =1 + NT
O

shutter effective emissivity within VISSR spectral band

where  €q¢f

€SH = painted shutter intrinsic emissivity within VISSR spectral

band

NT, = blackbody radiance (within VISSR spectral band) at tempera-
ture T,, where T, is shutter temperaturé

dN . . . :

aT - radiance derivative with respect to temperature at shutter
temperature within VISSR spectral band

AT =

temperature difference between shutter and VISSR housing
temperature, - = - . 3 :

Assuming AT = 5°C, €53 = 0.9, Tg = 300°K, €eff = 1 £ 0,003,

The effective emissivity will be somewhat lower Lecause a part of the
shutter reflected energy will originate from the cooled detector window and’

vicinity; however, it is believed that the diffuse proper:ics of the Cat-a-Lac -
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painted shutter will make this effect small. Therefore, it can be concluded
that the effective shutter emissivity will apptoach unity without special rough-

ening or groove .contouring of the shutter blade.

SCATTERING

The I:elationship of VISSR murror scattering and radiometric uncertainty
is described as follows.. The hemispherical scatter specification per tﬁe ini- ..:.,-.“
tial release of Specification No. 18761, Process Specification for Optical Sys-_ - -
tem, VISSR/SMS, was 1% for each VISSR optical element. Based on scattering, )
measurements, made at SBRC, this specification is stringent for Ritchey
Chretien optical 'systems using metal optics such as used i1n the VISSR. The

simultaneous attainment of both surface figure and low scattering is within

the state of the art but diificulr.

The effect of "near fie_ld"-scatrering on the VISSR radion‘ietrlc accuracy
has been approximated by numerical integration teg,hmques "Near field" is
.‘defmed as scattering within 7° of the specular reflection dlrectmn The
numerical integration technique dccounted for vignetting due to the VISSR sun-
shade and secondary mirror structure in relation to scan and primary mirrors.
The secondary mirror scattering analysis is cofisiderably more complex, and

- thus a worst- case analysis was made to give an upper bound for the secordary,

mirror scattering component,.

The scattering components for each mirror.a.re'given in terms of frac-
tional effective scattering. For example, if the whole mirror were unifor‘rn-ly
irradiated by the earth through a solid angle havmg a half angle of 77, its
fractional efrectlve scattering would be 1. 0.

Scan Mirror 0. 97
Primary Mirror 0.72:

- Secondary Mirror <0720

The near field scattering for measured “VISSR mirrors has been 0.2 to

- 's

0. 4 of the total hemispherical scattér: As suming a nominal fraction of 1/3
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for-near field scattering, the near field scattering will be 1/3 and 2/3% for
total hemispherical scatter of 1% and 2%, respectively. The total near-field

scattering, -pg(total), 'is given by summing individual mirror contribution,
Psc(total) = o (scan) + pg (primary) + pg.(secondary)
" For Case I where hemispherical scatter is 1%

(0.97)(0. 33)(0. 01) + (0. 72}(0. 33)(0. 01) ~ 0.20(0. 33)0. 01
0. 0062

"

" Pgc(total)

n

For Case Il where hemispherical scatter is 2%
psc(total) = 0. 0124

The VISSR signal (Syigsr) will be a function of earth albedo (¢) within -
the instantaneous field of view (IFOV} and the average earth albedo (&S’c;)'n”
" within the near field scattering solid angle. The relationship can be ex-
pressed by
Svissr = K0 + Psc Usc)

where K = sensitivity constant

The fractional quantity (F)

Kog - o

F - =
Kty + Pgc Uge) o + Psc Ysc

is an indication of the effect.of the scattering component on the accuracy of.. '

the radigmetric measurement.

Figure 3-34 is a plot of I’ versus &, for two cases of average earth
(@ge)y Oge = 0.4 and 0.8. VISSR mirror hemispherical scattering of 1% 1s
‘assumed. Figure 3-35 gives equivalent data for VISSR mirror hemispheri-

cal scattering of 2%.

In each of these figures, the upper curve represents a fairly typical
case since if assumes an earth albedo of 0.40, The lower curve is a worst-

case since the earth would have to be covered with high reilecrivity clouds.
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Based on Figures 3-34 and 3-35, the SBRC Specification No. 18761

regarding scattering has been changed from 1% to 1. 5%. This could result

in a radiometric measurement uncertainty of 0. 9% due to scattering for a

'"nominal' earth scene; nominal earth scene being defined as &, =0.4 and

Qgc = 0.4, The corrésponding uncertainty for worst-case &

rtn scene is

e

'3.6%. Worst-case earth scene is defined as € = 0.2 and & = L. 5.

o
i
2
o
i

o
¥y + Ps Mac

13
o
o
o

I

1 ] I

!
02 04 0.6 08
Earth Albedo, &,

Figure 3-34, Functional Quantity (F) vs Earth Albedo (),

Scatter of 1% for VISSR Mirrors

. 1.06

I ] I 1

0. 92—~

8. 3¢ ! ! t L

[4] 0.2 0.4 G.6 0.8 I8

Earth Albedo, ¢

0

Hemispherical

Figure 3-35. Functional Quantity (F} vs Earth Albedo (CZO‘), Hemuispherical

Scatter-of 2% for VISSR Mirrors
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SBRC
VISSR/SMS CALIBRATOR

Optical Design

Design Considerations - Collimator. - The VISSR calibrator philosophy -

has dictated that the optical system have +3 mr field coverage ‘for the visible
channel 0. 1l-microradian {ur) .image quality., The IR channel requires a field

coverage of 4 mr with roughly 50 pr. The #3 mr visible-channel field cov~

erage dictated the use of a Ritchey-Chretien system.

Design Details - Cpllimator. - The calibrator optical system uses a

Ritchey—Chretien system. The optical schematic is shown in Figure 3-36,

The primary mirror operates at £/2. 4 wij:h a focal length of 43, 4 inches.
* The mirror diameter is 20. 00 inches with a clear .aperture in excess of 18. 00
inches, The ID is 4. 995 inches with a usable ID of 5. 40 inches. The primary-
'sec:ond‘ary spacing is 32. 15 inches. The secondary mirror has a focal length
of -15.12 inches. Its diameter is 5,100 inches with a clear aperture of 4. 90
inches. The back focal length (BFL) is 43. 992 inches. The effective focal
length (EFL) is '1-69. 7 inches. The magnification of the secondary mirror is
169.7/43.40 = -3: 91. Thus.the focal plane shift with change in primary-
___secondary mirror spacing is (-3, 91)2 = 15.3. This value is greater than is
;cons-idere‘d optimum, but the ('iesired 14 mrt field angles make it a necessity

if vignetting is to be minimal for the 45° scan mirror position.

Optical ray trace analyses have been completed using the IBM 1130

computer. The computer ray trace program uses a surface-defining equation

of the type i
2 . .
Z = 5 + st + Es® + Fs8 & as!o
1+Y1 - (K + 1)C282
where Z = surface sag
C = curvature
S = radial pcsition on mirror
K = conic constant
D = 4th order deformation coefficient
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SECONDARY MIRROR
AN 24972

!

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

FOLDING MIRROR
Fin 24975

2.62

38,

55

!

32,5 *.20

PRIMARY AIRROR
PIN 24974

FOCAL PLANE

79

|
T

ROTATING /4/2202—/
P 25063

ﬁ/—FOCAL PLANE (V/iS)

~—-j—5.444 *, 100

}F"‘igufe 3-36. VISSR/SMS Calibrator Optical Schematic
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{sBRC

= 6th order deformation coefficient

1t

E
F. = 8th order deformation coefficient
G

1

10th order deformation coefficient

“The 6ptic_:al system parameters are given in Table 3-16.

Table 3-16." Optical Syst’em Parameters

Description Surface .| o ameters Comments
. . Configuration
Mirror, Folding P/N 24975 | Plane. R=1/C=w» Mirror oriented
' at 45° to optical
axis
Spacing from Mirror, Fold- : 34,77
ing-to Mirror, Primary
Mirror, Primary P/N 24974 | Concave R =-86.80534
Hyperbolic |[K =-1.0459
Spacing from Mirror, Pri- l -32:15
mary to Mirror, Secondary
Mirror, Secondary Convex R=-30.24"
P/N 24972 Hyperbolic |K=-3, 275
Spacing from Mirror, Sec- 38. 55
ondary to Mirror, Rotating
Mirror, Rotating P/N 25063 Plane R=o Mirror oriented
' at 45° to optical
axis
Spacing from Mirror, . 5:442
Rotating to Focal Plane

Figures 3-37 through 3-40 are spot diagrams for field angles 0, 2, 3,
and 4 mr, respectively. The compromise image plane is 43. 992 inches from
the secondary mirror. The principal residual aberrations are field curvature
and astigmatism. The magritude of field curvature and astigmatism is illus-
_trated in Figures 3-41 and 3-42, The field angle is 4 mr and the plotting

. planes are 43: 978 and 43, 972 inches, respectively,
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épot Diagram 0. 0 mr

Figure 3-37.
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Spot Di‘agram Z. 0 mr

Figure 3-38.
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Spot Diagram 3. 0 mr

Figure 3-39.
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Field Curvature and Astigmatism (43. 972 in. )

Figure 3-42,
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Table 3-17 gives the geometrical blur circle including 95% energy

) based on the image spot diagrams,

Table 3-17. Image Blur

I !
. ! Geometrical Blur Circle
Field Angle . .
. Including 95% Energy.
(mr} .
()

0 1.4
x2 1.5X 0.6
+3 5.0xX3.0
w4 10.6X 7.1

Radial energy distributions for various fixed angles-.are tabulated in

* Table 3-18. These energy distributions were obtained by root-sum-square

. {rss) of the following:

Residual geometrical aberrations

Diffraction effects (A = 0. 6 um)

Fabrication tolerances

i

Table 3-18. Enei‘gy Distribution, Optical System (Class I and II)

Angular Dimension Fractional Energy Contained
of within Specified Aperture
Measuring Aperture
{rad} 0 mr +2.0 mr +3.0 mr =4 0 mr
2x10-6 0.13 |~ 0.13 0. 07 0. 00
4x10-% 0. 44 0. 44 0.27 0. 05
6x10-0 0. 62 0. 62 0. 58 0.26
8x10-6 0.82-| -0.82 0.74 0.52
10X 10-6 0.89 0.89 0.88 0. 66
12x10°0 0. 91 0. 51 .0.90 0:82
14x 1070 0.92 0. 32 0.91 0. 90
16X 10-0 0.93 0.93 0. 92 0.91
18X 10-6 0.94 0. 94 0.93 0.92
20X 10-6 0.95 0. 95 0.94 | .0.93

SANTA BARBARA RESEARCH, K CENTER-

3-103


http:16x100.93

The estimated equivalent wavefront deforma

SBRC:

tion ig giver in Table Z-.%,

Table 3-19. Wavefront Deformation {Class I and II}

Field Angle | Wavefront Deformaticon
(mr) X=0.6p.
0 0. 4A
+2 0. 4A
*3 0. 51
T4 0. 6A

The equivaleﬁt modulation is given in Fable 3-20.

Table‘3-20. Modulation Transfer
Spatial MTF
Frequency
(cycles/radian) | Sine Wave | Square Wave |
1,000 .00 1.00
5, 000 0. 97 0.99
10, 000 0. 94 0.96 -
15, 000 0. 91 0.93
20,000 0.88 0,91
25,000 0.86 0.91
3G, 000 0,83 0.91
35, 000 0. 80 - 06.90
40, 000 0.78 0. 88 - )
50, 000 0-72 0. 85 E
60, 000 0. 67 0.81 IRt
70, 000 0, 61 0.76
Tolerance Analysis. - Image quality is being specified-relative to the-

assembled optical train, No specific tolerances have been imposed on the

flat mirrors or on the primary and secondary mirrors.

Several degrees of ireedom are necessary to optirnize.a near diffracuion-

limited optical system. These include tilt of one mirror, lateral motion iper-

pendicular to optical axis}), and axia.l._'motion {(parallel to optical axis‘)‘. These ’
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adjustments are accommodated by moticns built into the primary-secondary
mirror system as follows:

1. Tilting the primary mirror $2.25° about its vertex

2. Lateral adjustment of the secondary mirror £0. 040 inch

3. Aocal a&justment of the primary mirror ®0. 20 iach.

The lateral and tilt adjustments are used to compensate for misalign-
ment between the mirror surfaces and the mechanical axis. The axial adjust-

ment is required to adjust the system back focal length (BFL). The BFL must
be adjusted to 0. 100 inch.

The optical design equations (equivalent to those contained in the VISSR/
SMS Second Quarterly Report) indicate that if no change in primary-secondary
,"_‘n’;irfor spacing were permitted, the aspheric primary mirror basic radius

would be required to be within 0, 015% of its nominal design. This is clearly
' ' gBFL . 3BFL

of, 355,

opposite in sign. Therefore, with a ASy_s = £0. 2 adjustment, ‘the primary

unreasonable. However, the magnitude of are equal and
mirror basic curve toleran‘ce can be relaxed to ap?roxima’cely 1/4%. This

is a reasonable tolerance for a system of this type.

Vignetting. - The VISSR entrance aperture (l6-inch OD, 6. 4-inch ID)
ideally would be the only aperture stop in the VISSR-calibrator setup for field
‘angles of £4. 0 mr. Because of multiple constraints in the optical-mechanical
-d'esign, this design goal was not realizable. The maximum vignetting, with

. the foldirtg mirror in the 45° position, for the visible and thermal channels
“{s.1/2 and 3/4%, respectively. After the calibrator is assembled, aligned,
and calibrated, the uncertainty in the vignetting levels is expected to be lesls

than 1/3 and 1/2% for the visible and thermal channels, respectively.

Structural -Mounting Analysis. - The optical component structures and

mounting configurations were considered critical elements in the overall de-
-sign. It has been assumed that the collimator will always be operated in a

-single spatial orientation; vertical with the folding mirror in the UP position.
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Deﬂ.ections- of the primary mirror structure were calculated. As an

appr':oxirr{ation, a flat plate was used'with the following dimensions: OD,

g 20 incilé;s; ID, 4.0 i:;lches; and thickness, 3. 334 inches: Calculations weI:e
made to determine the mounting zone where the inner and outer edge deflec-
tions are comparable 1n amplitude. Figure 3-43 indicates the results. It
indicates the_nglirror should be supported at a-one with a 7. 6-inch radius and

- that the edge deflections for this cage are 1. 7%10-® inch J(les;.s than A /10}).
The mirror will be supported from this zone by a Pro—éeal annulus serving
as a bonding agent between the primary mirror and the Invar mounting plate.
Additional data are contained in this report in the section entitled Test and

Calibration Equipment,
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Calibrator-Collimator Optical System Image Quality

In the final figuring stages of the calibrator optical ¢lements, it was
apparent that relaxation of the specification image quality might be necessary
to enable Perkin-Elmer to have the mirro; coatings applied by OCLI in a
timely manner. Thus, it was important to determine energy distribation

trade-off and possible relaxation in the optical specificazion.

In addition to the possible specification relaxation, Perkin-Elmer ndi-
cated it was desirable to measure the image energy distribution in a double-
pass mode. Visualize a point source placed at the calibrator optical system
prime focal plane. Energy traverses the optical system (backwards) and is
retro-reflected by an auxiliary plane mirror such that the energy travérs_es

the optical system (forward) a second time. The measuring pin hole detector

is located at the prime focal plane.

.Double-pass measurement mode necessitated modifying the single-
pass imé.ge! energy distribution, thus raising the question of what was the
.. appropriate method to use. Computer ray trac:in.g showed that image diam-
eter due to residual aberrations for double-pass was twice single-pass irmage
diameter. Thus, it was assumed that image s:i:ze due to fabrication would
"also be doubled in the double-pass mode. On the other hand, cliiffractim"l

effects.were assumed to be the same for either measurement mode.

Thus, the image energy distribution was calculated in the following

ma'.nner:
Single pass (SP)

1

2 243

+ 8 + 8 ] (3-20
Ipgg LisTeN )

8, (SP) =[8,_ 2
_IDTotal . IDI

g
=
®
H
®
@

b=t

o

%

3
[

= Total angular image diameter

Angular image diameter due to residual aberration
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Angular image diameter due to fabrication
eIDIII = Angular image diameter due to diffraction

Double pass (DP)

8; DP) = (2687 )% 4 (28, )2 + 8
IDTtal Ipg “Dir Dy

In like manner, double-pass nicasurements are extrapolated to singlz-

pass by

7

81 (SP) = “2[81 (DP)}* - (6:. /2 ;Ju -1, ¢ (3-42)
DTO'E:J.]. ( DToral) Do J -

ial

Figures J-+44 and 3-43 ll.us.rare the specificaticn irale energy distri-

bution for three field angles for single-pass and double-pass, respectively.

Due to encertainties in interpretation of the double-pass data, the de-
cision was rlace to run single-pass energy distribution measurements, The
results are given in Figure 3-46. Experimental data (Class II) is plotted for
single-pass and double-pass. The double—-pass experimental data is extrapo-
lated to single-pass. It appears that the RSS calculation methods as given
above fit the experimental data well. Although it 1s seen that the experimen-
tal data does not meet the coptical specification, it is close. The system was

considered acceptiable.

The collimator mirrors were mounted and ligned in the VISSR calibrator
structure. The Class I interferograms are shown in Figure 3-47. The meas-
uring technique uses a scatter plate interferometer operating at 0. 6328u. The
calibrator optical system is autocoliimated w:ith a 22-inch diameter test flat,
The scatter plate is located at the focus. Sizic the system uses a double pass
configuration, each fringe in the interferograzm represents A /4 deformation.

If all iringes are straight and parallel, the system is perfect; any deviation
from straightness or parallelism represents optical error. Photographs were
‘taken with calibrator axis vertical. The folding mirror was at 45°. Temper-

ature was room ambient at 73°F,
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SBRC |

‘Su:bseq‘uently,_ square bar MTF was measured. The results are shown
»Iiﬁn Figﬁre 3-48. The decreased modulation at higher spatial frequencies is
probably as socia.ted with: '
1. Image quality slightly less than specification
_2. Measurement configuration-
a. 7-micron wide slit
b, S.iPD-/electronlcé freqt..{ency response

3. SBRC collimator.

The MTF measurements confirm that the VISSR calibrator image qué.liéy

is sufficient, such that the calibrator can be used to measure VISSR._

VISSR Calibrator
Specification

Moedulation

VISSR .Calibrator -
#1 .

¢ l I [ | ] [ -
10K 20K 30K - 40K
Spatial Frequency (cycles/radian}

0.60

Figure 3-48. Square-Wave Modulation, VISSR Calibrator No. 1

Relation Between EFL, BFL, fp, Sp-s, and fs

The following analysis is useful in determining appropriate methods to

measure calibrator-collimator effective focal length (EFL).

The following gives the mathematical relationship between the guantities,

£.f

EFL = =P
Ip + 5 - Sp_s
£5(Sp_s - fp)

BFL =
: Sp-s - fp-fg.

-
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where EFL = effective system focal length

BFL = back focal length, distance from secondary mirror to focal

plane
. .fp = primary mirror focal length
fg =-secondary mirror focal length

Sp-s = spacing between primary and secondary mirrors

! By differentiaticn and collection of terms

JEFL (fs - Sp-s)
3t M2 £
p 5
SEFL _ ..o
3Sp_s fs
3EFL £
= a2 P _
T g2 1P Spes)
B Wﬁere M = - ﬂ
fp

For the VISSR calibrator system
EFL =169.7
M= -3.91

where fp = 43,4 inches, fg = -15.12 inches, and Sp-s = 32.15 inches,

Therefore,
GFFL - (3. 91)2 (-—1‘:;. IZP- 32, 13).= 47.8
2f : -15,12
P
SEFL . 43, 4
=== = (3, 91) —=—— = _43,9
8Sps 215,12
3EFL , ' :
ST - (3,912 —222— (43.4 - 32.15) = 32. 6
fs (-15.12)2 .

The change of focal plane location (A¥) as a function of change of fp,

fg, and Sp-s is given by
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AF-= M2 Af, - M2 AS,_g + (M% - 1) Ofg + ASg_g

where  Sg_f is the structure's distance from secondary mirror to prime

focal plane

The calibrator specifications include EFL = 169. 7 * 3 inches and the

focal plane occurs at the nominal design value £0, 100 inch.

Assuming the optical vendor can hold the focal length of aspheric sur-

faces -within 0. 25% of the design values,

if Afp =0, 0025 fp

1]

0.109 inch
af, =-0.0025 fs = 0, 038 inch

then CAEFL = (47.8)(0.109) + (32.6)(0. 038)

5.2+ 1.24 =6, 44 ’

!

To correct for this, a change. in Sp-s is required;:

AEFTL, 6. 44
= = - = ~0. 147
P-s 7 43,9 43,9

AS

The change of focal plane, AF, for this condition is

AF

i}

(3.91)2 (0.109) - (3.91)2 (0.147)
+ 13.912 - 1)(0.038) + 0.147

1l

1,67 -2.25 +0.54+ 0.147 =0.11

.Thus, both EFL and focal position are not compensated for simultaneously

by a change of Sp—s' Thus, a compromise may be necessary.

For the case given above, assume residual AF = 0. 050. Then

0,050 + 1,67 + 0.54 + 0,147 _ 2,307
&Sp-—s = =
3.912 15.3

=0.151
This results in AEFL of

AEFL

(47.8)(0.109) - (43.9)(0.151) + (932. 6)(0. 038)
5.2 - 6,64 +1,24 =-0.20
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Thus, if the aspheric surfaces can be figured such trzt their izcal
lengths are within 1/4% of the design values, the calibrator speciications

for EFL and image plane location can be met with the adjustment capabilicy

built into the VISSR calibrator hardwaré.

Cne of the potential optical vendors has asked how the EFL of an opt:-
cal system can be measured to the accuracy being requested for the VISSR
calibrator, Since the EFI: has been specified as 169.7 + 3 inches, the meas-

urement technique should be good to 1.5 inches.

The image motion, D, (perpendicular to optical axis) as a function of

input collimator beam angle (8) is given by

D = (EFL) 6
By differentiation
O(EFL) _1  S(EFL) D
oD 8’ a6 §2

The total error in fnea.gurement of EFL, (AEFL}T, due to errors in

linear dimension, D, and angle, 8, is given by

AD
]

/

(AEFL)T s

DAB| 8AD + DAS
g2 | - g2

"If measurement accuracy of D = 0, 003 inch and 6 = 3 sec = 15x10-6
.ra.diian is assumed, and a nominal change of collimator beam angle of 8 =

0. 003 radian
(0. 003)(0. 003) +.(0.509){15x10-6)

(AEFL)T (0.003)(0. 003)

1.8 inches

- Thus, it is'apparent that a careful measurement setup is required if

accuracy of EXL measurement :s to be achieved to £1. 5 inches, alfhough it

does appear feasible to accomplish it.

SANTA BARBARA RESEARCH CENTER 32116



{SBRC

Visible Source

Desi.gn Goals. - The design goals for the VISSR czlibrator visible
) s-ouxzce:inciuded: '
‘ 1. Field coverage - 4 mr

2. Earth albedo radiance levels - 0, 1:> to.l. 0 in eight steps achieved
by NDF elements :

'3.‘ © Unifermity
a. - .Field =2%
b. Aperture £10%
4, Simulation of solar spectral distribution

5. Radiometric calibration - 10%

. The task of achieving the above requirements simultaneously was 2
formidable one. However, the re.a.sons for achieving them appeared valid.
For example, the {ield coverage was necessary to reduce thermal vacuum
alignment problems, especially at Philco-Ford. VISSR had to be calibrated
over the 0 to 1,0 earth albedo range.- Field uniformity has a direct relation-
ship to calibration accuracy. There is some evidence that PMTs .have spec-

tral sensitivity changes as a function of temperature. The effect on VISSR

radiometric calibration of the above, or any other cause of VISSR spectral
sensitivity change, will be minimized by having the VISSR calibrator spectral

radiance distribution simulate solar spectral distribution.

Detailed Design.” - The final design concept is schematically illustrated

in Figure 3-49. The radiant energy source is a Sylvania Halogen lamp l\,Iodel.
FAV. The lamp filament is imaged at the calibrator '"entrance pupil image
plane' via the first field lenses and relay lens. It is then imaged onto the
calibrator entrance pupil via the second field lens. The plane labeled "image
of calibrator focal plane’ is imaged at the MTF reticle plane/calibrator focal

plane via the relay lens,

A ground fused silica diffuser is placer near the FAV lamp envelope

to diffuse the lamp filarnent at the callbrator entrance pupil and to enhance
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uniformity at the calibrator focal plane. This diffuser causes la;rge non-

" ¢ ’ LI

uniformity of radiance level across the calibrator entrance pupil. The ele-
ment with radial-varying transmittance function is introduced at the plane

_labeled image of calibrator entrance pupil to compensate for the diffuser

effect.

The trim NDF element is used to reduce visikle source/collimator.
maximum radiance level to Unity effective albede. ihe filters-solar spec-
tral correction converts the visible source/collimator spectral radiance to
a distribution approximating solar spectral distribution.

Initial design efforts used computer ray tracing technigques. The uni-

formity aspects of the optical system could not be handled with existing pro-

grams and knowledge of diffusing element characteristics.

The optical system was set up bz‘eadboard._.fa.shion in the laboratory.
Solid angle-area (R2A) calculations were used to obtain appropriate spacings
and lens focal lengths, The solid angle-ared product required by the design
goals was 0. 0038 sx in.2 The solid :;ng'gle-area. products throughout the opti-
cal system were verified. Table 3-21 summarizes the visible source optical

system parameters.

. The element with radial varying transmittance function serves two
purposes. First, there is a photoetched mask which simulates the calibrator
entrance pupil. This permits more realistic laboratory uniformity measure-
ments without the necessity of having the massive calibrator-collirnator optics.
The second function is to improve uniformity across the calibrator entrance
pupil. Figure 3-50 fllustrates the radial transmittance function. The trans - o
mittance function as illustrated was obtained by vacuum-depositing techniques.’
The photoetched titanium-gold mask was fabricated first. The part was thex.a '
coated with Nichrome. The Nichrome was deposited thro:ugh a 0.0290-inch
Wide.evb.poration. slit. Du-rmé the dePOSiting,- the glass element was rotated
about an axis perpendicular to the surface being coated. The result is.a Zilm

thickness that varies in the radial direction.
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Table 3-21. Visible Source Optical System Parameters

Description Dlr'nensmns Configurai;ion Comments
(inches)
Quartz lodine Lamp - FAV 0.10X0.11 | Helical Sylvania
Ground Fused Silica to Field
Lens 1A 0:485 Spacing }
Fused Silica : .
Thickness 0.067 Plane parallel |
on ' - 0.70 : |
Filamept to Fieid Lens 1A 0.725 Spacing |
" Field Lens 1A Fused silica
R,y -1.351 Spherical
Thickness 0.20
Ry -0.65
Field Lens 1A to 1B 0.10 Spacing
Field Lens 1B : o
Focal length 1,97 Spherical
Thickness 0.146
oD .1.18
Field Liens 1B to Relay Lens 4,00 Spacing
Relay Lens ' :
Focal length 2.50
Thickness 0.138
(O) 0. 985
Relay Lens to Aperture
Element 2,07 Spacing ’
Aperture Element Plane parallel
Thickness 0.10 L
oD 1.15
Aperture Element to Field
Lens 2 2.53"- Spacing
Field Lens 2
Focal length 2.48
Thickness 0.198 .
oD 1.18
Field Lens 2 to MTY Wheel 1.075
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Figure 3-50. Aperture Element - With Radial Varying
Transmittance Function

SANTA BARBARA RESEARCH CENTER ' 3.121



The evaporation slit with uniform slit width was used for VISSR cali-

brator No. 1. Figure 3-51 1llustrates the anticipated corrected relative

radiance function across the calibrator entrance pupil.

If an evaporation

slit with variable width were us ed, the relative radiance {corrected) curve

could be made flat within the bounds of the visible source radial symmetry.

Due to schedule and cost considerations, this was not cone.

The ground fused silica scatterer is fabricated in the following manner.

American Optical grinding compound No. 302% is mixeé witr. water and spread

thinly on a thick glass plate. The fused silica substrate is pressed firmly

"against the plate and slowly moved in a figure 8 pattern for a few minutes

until the surface 1s ground,

The neutral density filter wheel provides filters for eight alsedo levels.

The nominal tr_ansmittance of the NDF wheel.elements is listed in Tahle 3-22,

Table 3-22, NDE Wheel Elements, Nominal Transmittance

Position

Transmittance

O o U W N

1. 00
0.91
0. 84
0.75
0. 65
0

Uniformity Measurements. - Preliminary uniformity measurements

have been made on the revised design breadboard visible source system. Thé . _

aperture uniformity is shown in Figure 3-52. The inner and outer diameters

correspond to the VISSR calibrator entrance pupil. The dverage value across

the aperture is 3.40. The variation is +15%, -20% for 95% of the aperture.

Figure 3-53 illustrates field uniformity.

Average value across the field is 3.54 with a variation of %5%.

.SANTA BARBARA RESEARCH CENTER

The total field diamscer is 4 mr.

3-122



TEERC

0O.D.
Primary
Mirror

C.D.
Secondary
Mirror

Radiance

< 0 = ' ‘ Ny
Radial Position o BPEE

Figure 3-51, Radiance Profile Across VISSR Calibrator
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,Spectral‘ Radiance Distribution Matching. - The VISSR calibration accu-

racy will be enhanced if the VISSR calibrator spectral distribution matches’
solar spectral distribution, ‘Schott glass filters ¥FG6 (4 mm) and BG34
(1. 0 mm) modified the quartz iodine lamp and collimator spectral charac-

teristics.” Table 3-23 lists measured transmittance for Schott glass,

T._able 3-23. Schott Glass Transmittance

A FGb BG34
(pm) (4. 0 mm)} (1.0 mm)

0. 50 0.70 0.59
0.55 0. 60 0.49
0. 60 0.51 0.40
0. 65 0. 44 0.31
0. 70 0.48 0.32
0. 75 0. 45 0.29

Figure 3-54 compares earth spectral radiance with relative calibrator
spectral distribution and a quartz iodine lamp (GE/FDT) operated at 60 watts

giving a filament temperature of 2850°K.

o, v8
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Figure 3-54, Spectral Radiance Distribution Matching
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Lamp Parameters

The lamp filament temperature versus current was measured for three
: qt;.artz-iodine_la.mps, Sylvania Model FA.V. An optical pyrometer was used
..for the coior_ temperature measurements. The current was regulated using
."an EG&G Model 590 ac power supply. The pyrometer rezdings were con-

“verted to true temperature using:

prrometer

Ttrue =
1+ Toyrometer “(Z In (ey, Tenvelope!

Table 3-24 is a tabulation of the results.

Table 3-24. L£AV Quartz Iodine Lamp Filament
Temperature vs Current

Current Filament Temperature (°K)

(amps) Lamp No. A | Lamp No. H Lamp No. I
5.0 2280 2288 2284
5.2 2313 ) 2343 2346
5.4 2385 2420 2398
5. 6 2466 248G i 2480
5.8 2530 2534 2529
6.0 2592 2597 2588
6.2 2643 2658 2637
6.4 2702 2699 2712
6. 6 2780 2762 2759
6.8 2832 2852 2850
7.0 2900 2882 2892
7.2 2964 - 2944 . 2932
7.4 2998 2992 3005
7.6 3060 3050 3040

_'Ihé strip filament'lamp used as a secor;darir standard of radiance was
measured at two current levels to develop a relationship between current
regulation and radiance level. Figure 3-55 illustrates the results, ‘where
N is the spectral radiance, I is the lamp current, and E is the exponent de-

rived from the measurements.
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Figure 3-55. Spectral Radiance vs Current,
Strip Filament - Secondary
Standard of Radiance -

Calibration

Visible Source. - The VISSR calibrator's visible source calibration

shall include the following:
1. Measurement of aperture uniformity
pA Measurement of field uniformity
3. Adjust radiance level to approximate a maximum of unity albedo
4

Calibration of calibrator radiance levels for all positions of filter
wheel

Confirm quariz iodine lamp assembly replaceability

w

The calibrator aperture uniformity will beé measured by sampling the
output beam. Areas (1 through 12) to be measured are illustrated in Figure

3-56. The field uniformity will be measured by scanning a point detector
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Figure 3-56, VISSR Calibrator Exit Pupil -
: Uniiormity Sampling
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across the field. Point detector is defined as having an I7CYV of arsroximately

25 pr. A total field of 4 mr will be sampled at intervals of 0, 25 mr.

The spectral radiance calibration of the calibrator shall be determined
by comparison with a strip filament secondary standard of radiance. The

calibration block diagram is given in Figure 3-57.

The SBRC collimator enables complete sax-’npling of the VISSR calibrator
exit’ pup.il. The fused silica lens L, collimates radiation coming through the
SBRC collimator. Lens L, collimates radiation from a secondary reference
standard-lamp. Neutral density {filter (NDEC) reduces the secondary standard: -
‘ra\dian‘cc-.:, Ngg, such that Ngg ™ Ny - The reflecting chopper enables the SiPD
detector to. s'e‘e .the VISSR calibrator and secondary standard twice per chopper
‘wheel revolution. .Lens L3 images the standard lamp filament and VISSR cal-
ibrg.tor focal plane onto the entrance slit of the Perkin-Elmer Model 16U filter.
grating speci‘:zi'ophotometer. The aperture mask, SBRC collimator, and VISSR
calibrator are 'a-lign:ed so that the VISSR calibrator exit pupil is imaged on the .
aperture mask symmetr{cally. The aperture mask must be the only aperture

limiting stop.

The spectrophotometer slit width will be 2 mm (0. 080 inch) and the slit
length will be masked to 0,216 inch (nominal). Thus, the spectrophotometer
will sample an instantaneous field of 0.8 mr Ey 2 mr. The spectral slit width
for this condition i's 0. 0044 micron., Lens, L4, will image the exit slit onto

the SiPD,

SiPD detector signals for the following conditions will be used.

Svc.-ss - SiPD alternately sees VISSR calibrator visible source
{VC} and radiance standard (SS).

SVCO—SS - SiPD alternately sees VISSR visible reference (VC,)
and 5S. Calibrator five-position mirror is actuated.

Svc - SS arm is blocked off. Block between chopper and
lens Io.

Sgg - VC arm is blocked off. Block between chopper and
lens L,.

So - Block at PE 16U entrance slits.
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lote: 'SVCO-SS and Sgg should be the same for all wavelengths,

If this is the case, only one sample needs to be taken.

'S, should be zero for all wavélengths_. If this is shown to be the case,

only occasional checks are required.

- With blocks between chopper L; and chopper Ly, the signal must be

equivalent to S,. .

Record S1PD signals for the spectral range of 0.5 A = 1, Op in steps
of AA = 0,02u. Recorded signals shall include:
Svc-ss, Sves Sos Ss5-

Data will be examined for internal consistency in the following manner,.
(Svc-ss) - (So) - (Syc - Ssg) =&

where A should have the relationship A= 0. 03 Syc.ss. This is a calibration

design goal.
The spectral radiance of the VISSR calibrator is calculated using 'the
following equations:

KX Syc-ss - Ngs®) T, Tnpr®
PcoLL®™ TL; &) Pcu®)

Nyc@) =

where Nss@) 71, ) TNDE @A)
Sss - So

The VISSR calibrator effective albedo level is calculated using

iﬁ\lvc@) Ryjigsr®) di

UppF ~ IN
N

carth® Ryissr @) &

© -<where s gnynink = effective albedo level
RVISSR(A) = VISSR relative spectral response

Nearth() = earth radiance, a perfect diffuse scatterer is as sunged.

The required transmittance for the trim NDF element for a given lamp

assembly (A)/VISSR model is calculated by
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1

TNDFA = 5" -
’ [ Z (egrF )1]/8

i=1

" The various VISSR visible channels are represented by i values.

. The detailed calibration procedure for the VISSR calibrator visible

source calibration is covered by SBRC Specification No, 19474,

Polarization Effects. - Polarization is a potential source of radiometric

' calibration uncertainty., There are three principal sources of polarization:
1. Scene
2. Calibrator

3. Instrumental polarization

The scene polarization is unknown. However, since VISSR may view
the earth (near the edge.s at least) at highly oblique angles, the anticipated

polarization is not expected to be negligible.

The calibrator uses a quaftz iodine lamp. Measurements made at
SBRC on several lamps indicate polarization levels of 5 to 149%,. In addition,
the calibrator will have folding mirrors operating at 45° incidence angle

which will increase the calibrator's polarization.

The VISSR scan mirror (®45°) will introduce additional polarization.
The fiber optic will serve as a depolarizing element; this is probably very
fortunate since the photomultiplier tube being used with an enhancement prism

will be a major polarization sensitive element.

Equations are given such that radiometric accuracy can be calculated

for various scene, calibrator, .and VISSR polarization models.

Degree of polarization (P) is defined by

_NJ_ - N“
_N_L+NH
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This expression is useful both for scene and calibrator radizrce {N). The
calibrator radiance can be further broken down to lamp raaiance modified oy

various calibrator elements.

A method is required to handle the VISSR fiber optics depolarization

effects. It is assumed that the depolarizer function is suck that

Ps = DPj . T (3-44

where D = a constant, 0<D'S1.0and subscripts "' and '"i" mean
final and initial.
I, .- NI
N1 N

P, =—+ U1 _45
SREURES ) o)

The fiber is assured to be a lossless element relative to polarization
-effects. Thus

N +N =N+ N|| . (3-46)

”f

Furthermorta- N.Lf - Nllf \E_L Tlii) {3-47)

From equations (3-46) and (3-47) we obtain

N_Lf = % [( -.-D)N (1-D)N|!i] - (3-48)
and N”f ;;[(-I'D)Nli + (1+D)Niii: (3-49)

Equations (3-48) and (3-49) aescribe the effects of the depolarizer ele-
ment (fiber) where “li and N”i are radiance levels going into fiber and sub-

script "' designates values at exit end of fiber.

The expression for VISSR signal level (S) can be writzen as
1 :
S = 1,04 |5 K1{{1+D) NLPL (I-D)N”pnv}

1 .
+EK[|{(1-D)NL9_LV+ (1+D)1\lip_:v} (3-50)
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where S = VISSR signal
. To = V,ISSR optical system transmission
Q = VISSR FOV, sr
A = VISSR entrance aperture, crn?
K_}_ = PMT and electronics sensitivity to ~ compcenent, volts/war
K” = PMT and eclectronics sensitivity to ;. component, ~olts rwatt
D = Depolarining fiber element constant
Ny, NII = Radiaznce levels, watts (cmz sr)*l
B, pi: = Scan mirror reflectlvity

Equation {3-50) can be used to numerically determine the polarization effect

on radiometric accuracy in the following manner:

s1 Ki{(1+D)NLp L +(1-DIN o VJ-;-K“{(I-D)NJ_piv-i-(l-i-D)Nlipiiv}jl
S, EKL{(1+D)NLO_|_VT(1-D)N”pnv}-i-K”{(l—D)N_;_p;_v+(1+D)Nlip!:v]_iz

(3-31}

The base line condition will assume the following parameters:
1. Nonpelarized incident radiation,” N = N”
2, Fiber depolarizer, D =0.02, 0.06, 0.10

0.99

0.93°

3. VISSR scan mirror, PL,

Pliy
4. PMT sensitivity, K| =2.5
K“ =1.7

Note: PMT sens1t1v1ty is patterned aiter publlshed data from
Applied Optics,

+ - Holding items 2, 3, 4 constant, the base line conditions should be com-

pared with the following conditions for item 1.

a. P=1.0
b, P=0.4
c. P.= 0 1
d. P =0.05
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For all cases

2 2

baseline a,b,c,d

The results of these comparisons are graphically illustrated in Figures
3-58, 3-59, and 3-60. Values for tﬁe fiber optics depolarizat)}on,' D, used to. -’

calculate data for plotting of the figures are 0.02, 0,06, and 0, 10, respectively,

It is to be noted that the ratio of Sl/SZ is not a str‘ong function of D.
. ¢ ’ ’ - Y

* The proper interpretation of this is that the interaction of the incident par-

- tially polarized radiation and the 45° scan mirror are the principal causes

of the ratio $)/S, to deviate from unity.

Thermal Blackbodies. - No radiometric éalibra:tion is made on the

thermal blackbodies. The Source cavity is designed such that the emissivity °
,i-s greater than 0. 99 based upon theoretical ‘arguments. Thus the blackbody
radiance is calculated assuming an emittance of 1. 00 using the measﬁred '

cavity temperature,

The VISSR calibrator mirrors will modify-the'calibra:tor IR radiance

levels by their reflectances, There are four such mirrors.

A means of monitoring.the combined mirror reflectance as a function
of time has been considered. NASA/GSFC has indicated this is not to be

implemented at this time.

It should be noted that the initial s‘i)%ctra.l reflectance measurements of

—VISSR calibrator mirrors have r;xn uncertainty of 1/2 to 1% per mirror,

Alignment

Alignment Functions, - The VISSR calibrator has several alignhlent

functions. These are:
1. Folding mirror - electronic autocollimation
2 Vernier pattern on visible MTF wheel
3. Alignment microscope
4

Accessory alignment telescope/prism assembly
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Detailed Discussion. - The VISSR system testing reguir.d that the scax

mirror drive system be tested in thermal vacuum environments, Items @ and

2 are used to accomplish the measurements.

The large folding mirror can be set at any of three angles remo;ely
The angles are 41°, 45°, and 49°. This is accomplished by mount.ay a thir ze-
faceted mirror monitor onto the folding mirror. Adjacent facets have an in-
‘eluded angle of 176°, “The angles are known with an accuracy of hetter than
l arc sec. An electronic autocollimator is aligned with respect 1o the mirror
monitor center facet such that a null signal is obtalned when the folding mir-
ror is at 45 . Null signals from the autocolllmator are obtained when the
folding mirror is rotated: by #4°, Thus, for any given tetnperature, the fold-
ing mirrbr can be rotated to three positions fo;' which the relative angular

relationship is known with precision.

Fach time the VISSR calibrator is used to test the VISSR system, the
two systems must be optically aligned. There is an alignment microscope
on the VISSR calibrator instrument plate that is aligned to the VISSR calibra-

" tor optical axis and is focused on the calibrator focal .plane-

The VISSR and VISSR callbrator optical axes can be a11gned parallel to
each other by a.l1gn1ng the -VISSR illuminated fibers symmetrlcally to the
alignment rmcroscope cross hairs. The VISSR OpthE}]. systerm axis is de-

fined by the center of the fiber optics array.

_The accessory alignment telescope/prism assembly provides the means
to assure superposition of the optical axes via medsuring lateral (perpendicu-
lar to optical axis) alignment. The accessory_a.s's'embly consists of a prism
and alignment telescope with supporting strucfure. The a‘ssembly is aligned
to the VISSR ca.llbra.tor so that the al::gnmént telescope line of sight l.S coin-
cident with the VISSR calibrator optical /mechanical axis as it is projected
away from the calibrator folding mirror toward the VIEIR, The VISSR has
an alignment target on the secondary mirror which is :ucated on the pro-—

jected VISSR optical/mechanical axis.
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The VISSR and VISSR calibrator are aligned when the VISSR projected
illuminated fibers are aligned to the alignment microscope and t-he alignfneﬁt
telescope line of sight pierces the VISSR secondary mirror alignment target -

simulianeously.

Optical Eifects Related to VISSR to VISSR-Calibrator Alignment. - There
are several effects.associated with misalignment of the VISSR/SMS to VISSR/™'

SMS calibrator.

The separation between the VISSR/SMS and VISSR/SMS calibration in-
struments will affect the VISSR /SMS radiometric calibration accuracy and the”
Ymeasuren:lent of scan drive step accuracy. Both effects are related to illumi-

.nation vignetting of the VISSR optic:.al sy stems.
. + ’

" Visualize a configuration where VISSR and VISSR ;:éiibration. optical |
axes are "nominally ' parallel with angular and lateral misalignments result-
ing in the VISSR calibrator clear aperture and/or field not filling the VISSR
entrance aperture and/or field. The vignetted VISSR aperture or field will

result in a pseudo decrease in VISSR sensitivity.

Figure 3-61 illustrates the vignetting for a pure lateral misalignment
(perpendicular to instrument line of sight). The dlstance from the VISSR/SMS '

calibrator centerline to VISSR/SMS centerline is as sumed to be 90 inches.

Figure 3-62 illustrates the vignetting for angular misalignment. The
vigietting discontinuity at 2 mr for the visible channel is due to the calibrator

visible source angular diameter of 4 mr.

It is assumed that the radiometric ca.lib;'a.tioh will be limited to the case
where the VISSR scan mirror and VISSR calibrator folding mirror are at 43"

with respect to the optical axes. . ..

The vignetting present in the scan drive step mreasurements is much
larger since the VISSR scan mirror and VISSR calibrator folding mirror arz
rotated from the 45° angular position. However, it is assumed that scan

‘drive step measurement aceuracy is not a function of aperture vignetting
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providing sufficient illumination is present to give an adequate signal-to-roise
ratio. The vignetted case signal-to-noise rano, SNRyg, can pe approximarted
by _

SNRvy1g =SNRoV F

where SNR, = signal to noise with VISSR entrance aperture filled;
SNR, *~ 35

F = fraction of VISSR aperture being illuminated

13

Figure 3-63 illustrates the fractional VISSR illuminated aperture as a
function of separation between the center lines of VISSR and VISSR calibrator.

The .curve assumes scan mirror angles of 41° and 49°,

0.8 -]
.- Note, Data apphcaole to neasarement of scan .
ni.rror shaft encoder assuming 24  scan

\ angle centered about 45

. Fractien of VISSR Aperture Being IMlumninated

~ 1 | I ] | | ! l ]
o . T 40 00 . Bur v

Distance Between VISSR and VISSR Cahibrator Centerhines (inches)

Flgure_3-63. Fraction of VISSR Aperture Being Illuminated
. as a Function of Distance betweéen Center
Lines of VISSR and VISSR Calibrator
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. Calibrator No.- 1 Uniformity Measurements

Majox difficulties have been encountered with respect to VISSR calibra-
tor uniformity. During the January 1972 radiometric calibration, measure-
ments wére made'of VISSR calibrator No. 1 field and aperture uniformity.
‘Field uniformity} is that measured at the calibration focal niane, Ajerture
un'iférm'ity is that measured in the collimated peam. Lthe raeasurew ents
were made using a small optical system consisting of a 2-inch diarteter fused
silica lens with a pinhole at its focal plane. An SiPD detector was ‘posi‘eionea
behind the pinhole. The calibrator's aperture was sampled with 1. 0-inch
diameter apertures. The field uniformity was sampled with a pinhole of
0. 004 inch. The measured results were:

a. Field Uniformity +10%,

b. Aperture Uniformity . 257,

Subsequent to these measurements, VISSR calibrator No. 1 was taken
to El Segundo in preparation for VISSR thermal vacuum testing. Prior to
VISSR testing, it was necessary to replace field lens 14, P./N 25331, and
the quartz iodine FDT lamp. Due to schedule commitments, no measure-

ments were made at this time to ensure optimum alignment.

Limited measurements were made on calibrator No. 1 field uniformity
using engineering model VISSR. VISSR scan mirror was used to scan cali-

brator focal plane. These data are summarized in Table 3-25,

Table 3-25. VISSR Calibrator No. 1 Field Uniformity

Scan Mirror | VISSR Channel 1 Output
Encoder .(volts)
Readout Initial -|+ Repeat
-3 3.44 3,40
- -2 3.52 3.50
-1 3.48 3,46
0 3.45 3.44 -
+1 3.72 3.74
+2 . 3.81 3.81 ‘.
+3 : 3.20 . 3.20

HENDE wheelv plositic;n No. 6 was used in the above measurements,
. - . 'u‘ .
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VISSR output changed by a factor of 2 at encoder line +6, These‘dat.a "
were verified in a dummy bench test at SBRC on 22 May 1972,

Detailed VISSR calibrator No. 1 field and a;,perture uniforniity'r were
‘madeé 12 June 1972. - The-calibrator was aligned to the 3BRC collin.ator. A
0-. 0025~iﬂch diameter fiber was located in the SBRC collimatsr ¢ .al plane.
The energy transmitied by the fiber was collected by an SiPD wcweceosr, Thus
the cal1bra.t0r field was sampled with a 23——p.r probe, The aperture was sam-
~ pled with 2.—1nch diameter masks located between the calibrator and collimator.

-The same fiber - SiPD was used as the‘detecting' system.

" The aperture sampled areas are illils_trated in Figure 3-64. SiPD out-

put voltages associated with each sampled area are listed in Figure 3-64 also.

The field uniformity was measured in 0. 050-inch increments at the
SBRC collimator focal plane. This corresponds to angular increments of

'0. 46 mr. The results are tabulated in Table 3-26.

Table 3-26, VISSR Calibra-tor.No. 1 Field Uniformity Data (6/12/72 ).

0.20 0.30 1.20. Y., 70 2,10 2.60 2.30 1,95 1.10 0.20
0.15 1.45 2.00 2,60 2,80 3,60 3,30 2.90 2,30 1,10

= 0.10 S 2.10 2.50 3.20 3.10 2.10 2.66 4. 10 2.80 2. 00
2 0.05 2,65 3,00 3,60 2.60 3.00 2.80 3,00. 2.95 2.20
= 0 2.90 3.10 2,05 2.70 2.82 3.00 3.15 2.90 2.40
~ -0.05 2.65 2.60 2,70 2,60 1.95 2.70 2.75 2,60 2.15
fé -0.10 2.50 2.50 2.40 1.90 2.10 2.05 Z.30 2,15 1,70
5, -0, 15 1,65 2.10 2.10 1.90 1.75 1.65 1,65 1.71 1. 10
-0.20 0.17 1.50 1.80 1.70 1.60 1.50 1.35_ 1, 00 0.10
-0.20 -0.10 - 0 +0.10 +0.20

X Axis (inch)

Based upon the above data, aperture uniformity varies by a factor of
three. However, if one point is discounted, the uniformity is +30% and -25%

from the average. The field nonuniformity varied by more than a factor of

two.
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+."In addition, calibrator No. 1 visible source does not appear uniform
(qua.lita.tiv:e) when viewed visually. It appears much less uniform visually
" and radiometrically now thar.1 before it was taken to El Segundo (initially).
The differences may be associated with the,repl.'c_\;cemenf_ of the FDT lamp,

field lens 1A, and changes in visible source optical alignment.

With the revidsed visible source to be retrofitted into VISSR calibrator

No, 1, the uniformity should be improved greatly.

(SiPD Output is Listed Along Side Lz.cn Sampled Area)

" Figure 3-64. Sampling - VISSR Calibrator No. 1 Aperrure
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OPTICAL COMPONENT MEASUREMEN TS
- LI

Reflectance - Coated Mirrors {Protoflight)

Spectral reflectance for silicon oxide overcoated aluminum mirror

" surfaces is shown in Figures 3-65 and 3-66 for the visible and IR regions,

respectively.
100 i T T T T 7 T T T T T T T I ; T 1 ]
2 904 N
" 1
ﬁ 80 ) Mirror Reflectance ]
o tSample Curve)
& Metal Witness S/N 18
mo ol Visible Spectral Reglon i
& ; | i j ] i ] 1 1 i | ] ! I ! ]
83 j 0.3 0.6 0.7 5.5

Wavelength (microns)

* Figure 3-65. Coated Mirror Reflectance, Visible Region
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Figure 3-66. Coated Mirror Reflectance, IR Region

Reflectance - Pblished Electroless Nickel

The reflectance of one of the VISSR polished electroless nickel test

specimens is plotted in Figure 3-67,

{ [ | 1T l
0.6}~ . ) e 3
s ———TT
c . e T
a : ——
g .-—-__’,.--_-‘"‘-
] -
Q
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Wavelength (pm}

Fiéure 3-67. -Spectral Reflectance of Polished Electroless Nickel

Y
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Transmittance and Crosstalk - Fiber Optics ' L ‘ ) -

:Transmitta.nce (absolute) and crosstalk measurements are ma,ldé.i}ylfhe
vendor (Bendix Mosaic) for each fiber of the fiber optics assembly prior to -
- delivery to SBRC., Both measurements are made with the same test -se‘t"sip.
‘The beam from a He/Ne laser source (0. 6328 micron} .s focused down to 2
0.000175-inch spot (radius) and directed into an integrating sphere where tze
total amount of light is collected and measured by an El.Dorado Model 20F
phofometer. The input beam is then'directed onto the common end of the
initial fiber in the array. The integrating sphere ‘is placed just below the
surface of the filter ‘block located at the other end of the fib;ar and a me_asure—'
ment is made. .’1'_11e tr;msmitta.‘nce measurement for t}ie_fiber is the ratio of..
the photometer reading obtained through the illuminated fiber to that for thé
-_',giiré;:f laser input to the photometer. Data for crosstalk is obtained by posi-
_ti'oning the integrat:.p slphere under each of the remaining seven unilluminate2
- fiber filter blocks and recording the photometer reading in each of the seven
cases. Crosstalk value for the illuminated fiber is the sum of the photometer
readings ior the seven, unilluminated fibers normalized to the input beam. .
Transmittance and crosstalk measurements are made for each of the eight
fibers, Table 3-27 indica_te.'s the values obtained on fiber optics assembly.
serial No. 102, T;'ans'mlttanc':e values are given for hemispherical pickup
l(collecting sphere placed just below the surface of t'he.filter block; i.e., £/0.5
solid angle) and for a slightly decollimated beam (collecting sphere withdrawn

a distancé of 0. 746 inch from the output fibers; i. e., £/3 solid angle).

Relative Spectral Transmittance - Fiber Optics -

Relative spectral transmittance measurements are made on each fiber
optics assembly when received at SBRC, l_{g.latiire spectral transmittance ior
a representative Ifiber optics -a.s.sembly"is“ illustrated in Figure 3-68. Meas-

urements are over the visible wavelength region..

SANTA BARBARA RESEARCH CENTER 3-146



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

Table 3-27." Fiber Optics Assembly Transmittance and Crosstalk

_ Light Output from Fiber No,
0 1 2 3 4 5 6 7 8 9
No. 1 X 0.25 0_.05 0.02 O.IOZ 0.02]0.0210.02
< | No. 2 0.15{ X [0.400.03]0.03|0.02!0.02!0.03
; No. 3 0.0210.20| X [0.30]0.03{0.02{C.02 0.02
= | No. 4 0.02]0.03/0.20| X {0.19]0.03{0.03]0.02
Y | No. 5 0.02]0.03(0.02]0.15"| X 0.20,0.02;0.02
' f;':: No‘.- 6 0.02.. 0.02 (0.02]0.02|0.23| X (0.21(0.03
S | No. 7 0.03]0.020.02(0,02(0.0210.19} X }0.15
No. 8 0.070.03{0.02)0.020.021]0.03]0.12 X
Crosstalk from Other 7 Fibers
0.3310.58 [0.73]0.56[0.54{0.51|0.45 [0.29
Transmittance with Hemispherical Pickup l
T7 80 81 B0 79 78 78 87 |-77 |.75 T
Transmittance with £/3 Pickup —
78 77 75 72 74 71 | 85 71
oob-
a0}
30|~
— or
° 30} ) .
20l -
10f- -
e ———k EE— I,. e

Wavelength (micrt;ns)

Figure 3-68. Relative Spectral Transmittance - Fiber Optics
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Transmrtta.nce - IR Channels Optlca.l Elements

Spectral transmittance curves for the optlcal elements of the IR channels
are shown in Figures 3-69 through 3-72. Figures 3-69 and 3-70 illustrate the
spectral transmittance for 0° incident light for the IR relay lenses and for the

. IR bandpass filter, respectively. Figure 3-71 illustrates spectral transmit-
tance at 0% incid'ent. light for the Irtran 2 window on the radiation cooler.
.-;%dditic.mal plots for the Ixtran Z.Windovy over an extended IR spectral region

" are shown id Figure 3-72. In addition to spectral transmittance measure-
ments o.ver the extended IR spectral region, calculated absorption and.re-

_ flectance measured at 45° incidence are plotted for the extended spectral

region,
s

] ] 1 ] H 1 1 { 1 1 I 1 |
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Figu.re 3-69, Spectral Transmittance - Relay Lens
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Figure 3-70. Spectral Transmittance - Bandpas—s Filter
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Figure 3-71, Spectral Transmittance - Irtran 2 Window
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Figure 3-72. Spectral Transmittance. ~ Irtran 2 Window -,.
-Extended IR Spectral Region

INTEGRATED MULTIPLIER PHOTOSENSOR ‘(IMP)
MEASUREMENTS

7

Extensive tests on the IMP units were to be made by ]the vendor (EMR).
pricr 'to delivery. ' A limited number of optical performance tests were per-
‘formed-at SBRC after receipt of the IMP units %:o verify results of vendor
tests. .Tests were made on a representative sample after a 1-hour run-in
and comprised; 1) 'dc photocurrent frorr} a single intensity, known de¢ .sou'rce, .
at one wa{relengt.h - 6250?&, 2) noise-in-signai at that light level, and 3) con-
firm output stability by ‘repeat%ng‘ photocurre.nt measurement periodically;

.over several months.

Limited Measurements of Specification Performance

Measurements to be Made. -

1, DC Photocurrent., A single measurement of the chotocurrent was
to be made at a known light level riear, but less than 1.94X10-9
watt, This measurement was to confirm paragravoh 3. 1. 2.5 of

.
=
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-'.. o SB'RC_Spécifica.tion 18858 for anode radiant sensitivity. A value of
g " 700 amps /watt at 0. 625 micron was required.

2. " Noise Level. A single measurement of the noise-in-signal was to
- be taken, and ‘when combined with the dc photocurrent value, the
requirements of paragraph 3. 1.2.1 of SBRC Specification 18858
" -were to be met. A value of S/N232_68%108 (W/aB)1/2 is required,

3 Stability. Periodic photocurrent measurements were to be made
" over a span of several months., Paragraph 3. 1.2.3 of SBRC Speci-
fication 18858 requires-a variation in anode radiant sensitivity of
le'ss than 3% after a 1-hour warmup from any value taker within
the previous twelve months.

Test Setup. - An IMP test set was designed and built using a calibrated
irradiance lamp to irradiate a white, diffuse reflector painted with barium
sulfate reflectance standard paint. The size and distance of this reflector
from the IMP was selected so that the light into the IMP was coming from

14 . .
an £/4 cone. Thus, the incident radiation more closely simulated in-use
conditions for the IMP than if it came from a more nearly point source. A
calibrated interference filter was interposed in the light path, which peaked
at 0. 6250 micron, and had a bandwidth of approximately 0. 0150 micron.. (See
Figure 3-73.) A calibrated pinhole aperture of 0. 040-inch diameter was pro-

. vided to limit the input aperture of the IMP,

I | ] ] 1 I 1 1 ¢

A =9 56w
Algnm = 13.37 w2

Effective Bandw:idth at

*100% Transmuasion =
b 4= 716 am |

T ranamittance *

0 | E N N SR T N W I
0 0. 60 0 61 Q9,62 0 63
Wavelgngth {microns})-

o 65

Figure 3-73, Spectral Response of Baridpa.ss Filter in IMP Test Set
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Figure 3-74 shows the optical configuration and the measured parame-
ters. The value for M\ ¢ = 7. 16 nm was arrived at by two means: 1) by- '
computer- integr?.tion of tl.'le spectral irradiance times the spectral trans-
missgion, and 2) by measu-rin‘g the normalized area under the filter spectral
¢urve with a polar planimeter. . The difference in these two cases was less
than 1%. The significance of M ¢ is that‘ it is the bandwidth of an equivalent-
_square pass filter of 100% peak transmission which passes the same total
p.ox'ver -a:s thelqne actually used. The.value of P = 0, 94 was measured with a
.625—nrn filter relative to a pressed-powder sample of BazSOy4 at a 30° angle
of incidence. The reflectivity of the BapSO4 pressed-powder reference sam- '
ple is greater than 99%. The test set target reflector was a 1. 750-inch diam-
eter button coated with a Ba,S0O4 spra.y paint. Baffles were used to control
.stray light and to avoid vignetting or shadowing on e1ther leg of the test set

The insides of the IMP test set were painted matte black.

Calibrated
Irradiance

Lamp
[ H

=2, 11 pwatt

sz X nm

at 625 nm
at 30 emn

0=30°

r
\
\
\
\
\
\
Y
Y]

|—-— IMP Unit

B e =0
B v

lig————————R =6, 944" Limiting Aperture,
{17.62 cm) 0, 040" Diam;

RZ =311 cm AO=B.!2xl0'3 em?

White Diffuse Reflector interference Falter,
- - Adggr = 7,16 am at 625 nm
A =;(t.75)2 mé

fe]
Ap=15.52 em?
p = 0,94 . pAA
P = Hycos 8 —L B = 1,59 x 10°7 watts

Figure 3-74, Optical Configuration and Calibration of IMP Test Set
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* The measured values used in the basic equation in Figure 3-74 result
in a value for the power arriving at the phototube prism input as P = 1,59X 10-9
‘Watt. The only other factor rec';uired to assure a;::curacy of this test set is to

ascertain that the proper current is flowing in the lamp to produce the cali-

brated irradiance.

The output of the IMP was clo.se—_coupled to a transimpedance preampli-
fier which was the breadboard preamplifier for flight hardware design. Pre-
amplifier effective input impedance Waré 2.20%10° ohms. Effecti\.;'e Bandwidt}.l‘.
for noise determinations was 250 kHz (£10%). Preamplifier output cha.rac—-

teristics were 1000 ohms and 0, 001 uf to minimize effect of loading by the .

measuring instruments.

To keep the source in calibration, use of the calibrated lamp was mini-
mized. This was facilitated by the introduction of a secondary, or keeper,
lamp internal to the test set., During warmup periods and perioc:ls between'

-measurements, the IMP photocurrent was maintained at approximately the

same level as during actual measurements.

To assure accurate and 'reproduciblé positioning of- the IMP ifiput aper-
ture with respect to the test set pinhole aperture, a special mount was made’
for the IMP unit. Fixed reference surfaces were used on the mount th:at cor-
' responded to the three primary reference gurfaces of the IMP unit as called -
out on'SBRC Drawing 44284, These su.rfa.ées were initially adjusted to assure
* proper matiné of the input/output apertures and then locked in place. Spring

-tension for each axis was used to assure proper and repeatable contact of the

reference.surface.:

. The PMT test set was enclosed so stray light would not affect the meas-
ﬁrement‘accuracy. An electrical interlock was provided as a protection
l:;ackup to remove power fo the IMP unit whenever the PMT compariment

door was unlatched.
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“

Measurement Results, - Initial meas.u_}_'eménts showed that a !-hour
warmup was not adequate to acl:lie;r,e reasonable’initial étability. The same
" was true when a keeper lamp was used dur ing the warmup. A 4-hour warmup
regime with keeper lamp was started, but still no point of stability was reached.
Figure 3-75 shows the output over a period of 3-i /2 days (89 hours? .for-IMP.
serial No. 8. During the entire time, the IMP was kept"on and exposeé te tI_:c—
same light input. Neglecting the first 5 minutes of operation, IMP response
dropped 6.2% in the first hour, 3.0% in the next 6 hours, 4. 1% in the next 22
hours, and 4.2% in the next 61 hours. In 89 hours, the IN_IP output response
dropped 16.4%, and was continuing to drop, further without positive signs of
“leveling off. A similar case was observed with IMP serial No. 4. Over a
-period of 1 week (168 hours) IMP serial No. 4 dropped in output response by :
22%, and as seen in Figure: 3—.76, it had not yet reached a minimum vzilue. )

The apparent rate of decrease in response was still about 1% pef day.

The engineering model IMP units (Nos. 1 through 8) were tested for a
mi-nil.:num of 4 hours each in sequence. The measurements onthe IM].:;S were
repeated '3 times in 3 different runs, and runs were repeated a fourth time
‘om uni’és-No. 4 and No. 8. These meaé‘.urements occurred over a one-month
int.erval‘. A summary of these measurements is shown in Figure 3-77. This
" figure shows that the anode radiant senéitivity aﬁong units varies between
411 amps/watt to 538 amps/watt. Thus the IMPs are between 23% and 41%

' too',low.” The factor of greater concern, ho‘wever, is the variation of sensi-
tivity with time, e.g., IMP No. 8 dropped 16.4% and IMP No. 4 dropped 22%. -
All tube’s indicated a drop in sensitivity with time, greater than the 3% maxi-
mum called for in the sp.ecifica.tion, and all showed evidence of continuing

decrease.

The ratio of the dc signal to the ac (rms) néise-in—gignal is to be equal
to or greater than: .
S/N = 3. 68X 108 (W/AB)?
1. 4X10-9 watt '
2.5X10° Hz

for W

OB

S/N 2 29 required.
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Table 3-28 summarizes the minimum anode radiant sensitivities and

the ratio of signal to noise-in-signal for IMPs serial Nos. 1 through 8, All

engineering model IMP units exceeded the specification requirements for

signal'to noise~in~-signal ratio,

Table 3-28. Anode Radiant Sensitivity and Signal/Nmse-in-SignalaR.atxo

IMP Minimuam
. Sexial-No. ¢ (amps/watt) | S/NS
1 482 32
2 503 - 30
3 437 - 36
4 411 34
5 591 35
6 541 ° 35
7 550 " 35
8 491 35

Note: Anode radiant sensitivity still
decreasing at conclusion of
tests in all cases,

Redirected Measurements

Scope of the optical testing was redefined to determine whether the IMP |
units were useful for the VISSR program in spite of not meeting requirements

of sensitivity and stability.

Anode.Radiant Sensitivity. - It is possible to adjust the high voltage on
the PMT and thus change the anode radiant sensitivity of the IMP to a proper'
value. However, it-is meaninéless to do this until you have reached some .

degree ,of stability at a.‘rheaningful radiant power level regime.’

- Stability Regime. - It was decided to modify the test setup and p_rocedilre

to simulate more closely actual flight conditions. Primarily, this meant in-
troducing a duty cycle corresponding to the angular subtense of the earth and
the satellite spin period. The former is approximately 20° and the latter is

600 msec. The powe.r levél was to be left the same.:ince it corresponded to
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intermediate albedo levels for the system. I the IMP units met the stability

requirements for this newly defined test, they might be useful for the VISSR
program, but if they failed this test they would degrade the SMS/VISSR per-

formance,

Test Set Modifications. - A 100-rpm synchronous motor with a singie

20° sector chopper wheel was installed in the IMP test set as close to the final
pinholle_a_.I_)ertu:re as possible, This resulted in.a trapezoidal input signal which
_ w_.a.‘s 33 msec long at the half-power points and about 20 msec across the top
, ";flat portion of- the input signal. With this duty cycle and waveform it was no
longer possible to measure the IMP response with conventional dc instruments
nor could-ac instruments be used. An oscilloscope did not have adequate accu-
‘racy to be useful. A sampling digital voltmeter (DVM) was obtra-ined to read
t}‘le dc signal level daring the signal's 20-msec ﬂé).t top. . A synchronizing
. trigger was added to sense the phase of the chopper wheel and trigger the
DVM‘to‘read at the proper time., The DVM used was a ''successive approxi-
mation'' type which took I msec to complete.a reading. With a system band-
. width of 250, 000 Hz, there are enough signal fluctuations in ! msec that
.s'everal hundred measurements would have to be made and averaged in order
" to get a single value good to better than +1/4%. This was done in the early
' ;neasurementa. Later, a 1-msec time constant filter was added to the input
‘of the DVM to reduce the frequency bandwidth, noise fluctuations, and the

number of readings required to get reasonable accuracy. This filter was

removed and the chopper wheel stopped every time a noise reading was taken,

RS In practice, ten successive signal readings were found to bt.:z adequate

* to yield é.veraged measurements good to £0. 1% when the input filter 'W'ra‘s' usea
Case was taken to allow for at least 10 time constants of constant inpili; _s‘igng,l.
amplitude before the DVM was triggered to read the dc signal. When data
recording equipment was available, the readings were recorded automatically
on punched tape for later computer averaging. Thermocouple.s. were addec to
record the temperature of the IMP units during the test. 1‘\io attempt was made

to stabilize the IMP temperature except to isolate the test set from unreasonable

‘heat sources and to allow thermal coupling to the ambient room environment.
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Results of Flight Profile Measurements. - The stability of the anoce

} ra:dia.nt sensitivity is shown in Figure 3-78 for IMP No. 13. Measurements ‘
were repeated for IMP No. 8 and No. 4 and the results are plotted in Figures

3-75 and 3-76, .r'especti.vely. These curves all indicate that a stabilized value
.is Teached, wit'h.th.e signal within :':-3% (approximate) of the stabilized value

.after 1 hour operation.

0. 1760@)

! j [ —40.80
16 July Intermittent )
Irradiance,
1.34%x 109 watt
AT =33 msec ; —4590 0.79
Period = 600 msec )
©
o E ~0.78
e
5 ~4580 £
e ]
[
iy o 4
A 0.1700% 2 5
5 3 -
© 1 o _~0.77
- = =1
o @ O
o w0
= —570 = 4
s | il R
3 ! 3 8
[ =1 A 7
R o -o.n%
3 B -
& &
@ a
—4560
0. 1650 4" -d0.75
: =40, 74
18 July 7 —1550
0.1620 [ 1 A ,
0 20 40 &0

" Elapsed Time, hours

Figure 3-78. . IMP Serial No. 13 Stability Tests
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Figure 3-79 shows the response for IMP No. 9 whics is a notable ex-
ception to the previous units., This unit took 16 hours before it was within

+3% of the stabilized value.

Figure 3-80 shows a summary of_mea.sured curves for the first eight -
IMP units (enginee'ring uni_ts'). Note that all .un,its reached a stabilized value, -
and IMP units Nos. 4, 5, 6, 7, and 8 were within #3% of that value in approx-
imately '} hour, IMP unit"s“Nés-. 1, 2, and 3, however, required a longer

time to stabilize than the l-hour requirement as defined in the specificat.on.

' Figure 3-81 shows the results of those units whi¢h have been measured.
Note that most units reached a stabilized value. The curves with questionable
dips were checked for temperature changes during test, and for some, the
dips are found by temperature correlation to be a nearly normal response of
the unit to temperafure chanées. -Notable exceptions to this: IMP units Nos.

33, 15, and 17 do not seem to reach a reliable stabilized value.

Among the; IMP units which stabilized, the following do so to withir.
+3% in approximately 1 hour: Nos. 10, 11, 12, 13, 14, 16, 18, 19, 20, 24,
27, 28, 29, and 32, Thése which do not reach to within i.3% of a stabilized
value within 1 hour are IMP units: Nos. 9, 15, 17, 22, 23, 25, 26, and 33.

Note that IMP unit No. 13 was measured on two separate occasions, and that

the stabilized values differ by 4%, both at 75°F. -

The stabilized values forthe anode radiant sengitivity, as best as may
be estimated between 75° to 77°F, are annotated on Figure 3-81 for each unit,
Note that the stabilized sensitivity values vary from 634 to 439 a.inps/watt,

values that are 9% to 38% too low.

The signal to noise-in-signal ratio was measured for all IMP units
tested, and all meet or exceed the'S/N = 29 value derived from the specifi-
cation. Table 3-29 lists the S/N, sensii‘.ivity, and stabilization determina-

tions for all units tested.
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Table 3-29. Summary for Flight Profile Testing of
; SMS/VISSR IMP Units

IMP o . S/N During Stabilize
Serial No. ¢ Intermittent | Initial Measurements in 1 Hour
(Spec = 29)
1 512. , 32 No
2 503 30 ‘ No
3 471 . 36 No
4 443 34 Yes
5 528 36 Yes
6 535 34 Yes
7 572 . . 35 Yes
8 548 36 Yes
. 9 516 T32 No
10 - | 513 - - : 32 Yes
11 430 31 Yes
12 .. 570 35 - Yes.
13 -~ 539 37 ' Yes
14 560 36 Yes
15% . 556 37 No
16 494 35 Yes
17% . 535 .35 . No
18 - 633 , 36.° . . | Yes
.19 - 586 ‘ 37’ . Yes
20 596 38 Yes
21 Not Measured -
22 566 37 o No
23 596 38 . No
24 ' 514 37 Yes
25 581 39 No
26 603 35 No
27 634 41 - Yes
28 517 , 30 Ves
29 521 B . ’ 34 o, - Yes
30 Not Measured
31 Not Measured
32 601 35 . Yes
33% 627 .+t 38 . No
34 thru 38 - : Not Measured
- - |

*Unit did not stabilize. L
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Stabilization Effects of Solar Scanning. - The effect on the stability of

sensitivity due to scanning through the sun has been tested previously by the
vendor, Single flashes, of a comparable power to the sun, indicated no seri-
ous degradation of sensitivity. With the failure of the IMP units to meet the
steady-state stab‘ihty specification on a long-term basis, it was deemed im-
portant to assess the significance of long-term solar flashing. A modification
to the IMP test set was made so that a helium-neon laser would shine through,
the system into the IMP input in addition to the normal operation. A timed
shutter for the laser was provided so that the laser would deliver a 1- to 2-
‘msec burst once each 600 msec ~ synchronized with the chopper wheel. " An
optical filter was provided to reduce the laser intensity to 10-4 watt (effective)
_ into the IMP The true solar puise is expected to be 10-% watt (effect.ive) and -

of 1-msec duration,

A test regime was established where the las er would ﬂasia once every
600'msec for a period of 30 seconds, then resume normal operation for 19-1/2
minutes. Near the end of ‘each 600-msec scan, the partially recovered normal
‘albedo signal level is mea.surred and plotted, This cycle approximates the
-scann'mg when the 1/2° wide sun is scanned in a 20° field of view, requiring
20 minutes. Thus the sun is scanned for 1/2°X 1/20°X 20 min = 1/2 min =

30 seconds,

Short duration tests were made on IMP units Nos. 4 and 8, with nominal
_ results.. A 30-hour contintous, ‘round-the-clock, test was set up for IMP unit
No 15, It required continuous and rigorous attention as the laser had to be
‘calibrated, ajctivated and timed each 20 minutes, in addition to taking response
-re'a.dings of the IMP units. The IMP was prestabilized for 63 hours in a nor-
mal flight profile regime. A minimur.n of 20 hours of stabilized operation was
desired. Figure 3-82 ‘shows 1;he data from this-te_si;. A sta:bilized sequence

of x;a.lues wasg reached after 5 hours. ' The values [.)],ptt-;ad are the apparent
earth albedo measurement, using the calibrated lé,mp and the IMP :es;:- :se:t At
various times during the 20-minute test cycle,: At 10 hours, the‘ electrical

power in the plant went off, and was off for 65 minuytes before resuming.the ~
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test. Note in Figure 3-82 that during the 65-minute off period the IMP com=- =

pletely recovered. In another 5 hours of operation it again reached a’stabiliZed

sequence‘of values.

« At 18,5 hours, the laser was inadvertently left on for an indefinite
t'ime'—- probably 2 to 10 seconds. The laser pulse to the IMP unit wouflé then -
_be on for 33 msec every 600 msec. The accumulative time would have been
-ahout. 99 to 550 mse;: at 10-% watt. Note the substantial but finite ‘degradation
of IMP respbnse due to the excessive laser pulsing by -16%. However, the

. test continued normally immediately after the extra long laser burst, and
previously stabilized séquence values v;rere reached again in 6 hours. At the
) 28.'66—}'101.11' pc?in{;, the solar flashing was discontinued and normal flight pro-

file operation continued for 1.66 hours — with surprisingly little recovery.

To summa:rize the results of the solar flashing test, it can be said that
1) there is a 2% drop in the recovery maximum value while solar flashing
cycle continues, 2) stabilization decreas ing or increasing takes place in'about
5 or 6 hours, 3) during the time it takes to make one complete field-of-view
picture (20 minutes), the sensitivity c:irops 2.75 to 3% after each solar flash-
ing period — and then recovers ﬁearly completely by the time another solar
image is started again, and 4) there appears to be no significant permanent
damage to the IMP due to solar flashing., (Steady sun oﬁ'the, IMP would re-

quire the satellite to stop spinning. )
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CPTICAL SYSTEM TESTING

. Hemispherical Scattering Analysis” -

The rationale behind the data reduction for the SBRC scatter goniometer
equipment is given below. The geometry is shown schematically in Figure

3-83. Only a small portion of the ring formed by d8 is sampled.

-}
Incident‘
Irradiance

A-Scattering
Surface

~

Figure 3-83. Scatter Measurement Geometry

Assuming scattering surface is an ideal diffuser.with a reflectance of
’ unity'?.nd'is irradiated normally with a level of H (watts /cmz), the reflected

‘ra\dianc-e is ..
H 2 .
N = p (watts /cm® sr) (3-52)
Theé power, P, reflected (scattered) from area A into solid angle with

4@ width is . : -
: e 2wR _sin 6 R d6 .

dP =§- (A cos 6) (3.53).°

R2
dP = HA 2s5in8 cos8 dé
By integration with limits describing hemisphere
P w /2 :
Jar=HA | 25in6 cosf a8 (3-54)
o o.’ A
o2 /2 '
P =HA sin®6 | =~ =HA - . _ (3-55)
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Of course, this is the expected result since HA .s tne power incident on

the surface with area 'A. "

" In the experimental measurements, the scattering of a mirror surface
is referenced to the scattering of BaSQO4 surface., The BaSOy4 surface is

assumed to be an ideal diffuser with a reflectance of unity.

The mirror hemispherical scattering, HS, is defined as

Pyrslsc)
HS = P——M———- %-35¢
BaS04(5¢)
. /2 .
where PBaSO4(SC) = HA I 2sinb cos @ 4@ " (3-57)
. o e
/2 .
Pylsc) =HA [ 2pg'sin8 cos® dé ‘ _ (3-58)
)
Using equations 4-5, 4-6, and 4-7
n/2
_f 2pg sin@ cos € 48
o .
= -5
HS Ty (3-59)
I 2sinf cosB 48 .
o
/2
HS= [ 2pg sinf cos® as : {3-60) -
o . . )
To facilitate numexical integration of scattering data, we write
imax " imax ) ’ . .
Z APi=HA T Asin®8;, i=1,2,3...1ipay (3-61)
iy | iy -
viz., a set of angles where
A sin? 6; = sin® 6; - sin® 8] = : (3-62
'max

Assume iy = 1, iynax = 20, which gives AP = 0, 05.
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These conditions result in

6. 8; + 91_1'= 6.
1 . - 2. ! av
(degrees) . (degrees)
i 12.9 ) 6. 45
2 18.45 = - 15. 68
37 22.8 20. 63
4 26, 4 - 24, 60
"5 . 30 . 28.2
3 33,2 31.6
7 36,3 34,8
"8 39,3 37.8
9 42. 1 40.7
10 45.0 43,6
11 48. 0 46.5
12 . 50,8 49.4
"13 ., .53.8 52,3
14 . " 56.9 55.4
15 60. 0 58,4
16 63, 6, 61.8
17 67.3 65.5°
18 71.8 69.6
19 77. 1 74, 4
20 90. 0 83, 6

A ,s'e_t of scattering data consists of signals at each of the angles, 8 av,
for the BaSO4 and mirror surface. The hemispherical scatter, HS, is calcu-

"lated by

-

i .
1. rrgax ,_ZSM'(ei a.v)

imax ig ‘SBaSO4(61 av)

"HS = (3-63) -
The above analysis assumes rotational symmetry for scattering about
the surface normal. This condition has not been met by many of the mirror, - -
surfaces measured to date. For these cases we have assumed 2 linear inter-
polation, such that the average of two orthogonal sets of Sp(f; av) is used in

equation 3-63 to.obtain hemispherical scatter.
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As }ndicai;ed above, the BaSO4 surface has been assumed to be an iciea.l
“diffuser (Lambertian) with a reflectance of unity. The Lammbertian or cosine

distribution propérty is checked in the following manner., H the surface is.

Lambertian, we have

lmax
1 . ) .
i 2 SBaSO4(8.i av)/SBa'so4(max)
‘'max i, .
1 =1.0
1 max
- Z cos §; 4y
lmax i,
Actually, the ratio is
0.612
0. 664 _ 0- 923

Thus, for hemisphericallscatter reference, the BaSO4 is within 8% g:if
being Lambertian. Grumb reports.the reflectance for BaSO4 powder is
2 0,99 for the 0.55- to 0. 80-um spectral range. Thus, BaSO4 powder sur-

face closely approaches an ideal diffuser (Lambertian) with unity reflectance. ]

Scattering Measurements

Numerous scattering measurements have been rhade on VISSR optical

components. The results of these measurenients are summarized in

_-Table 3-30.

SBRC and Perkin-Elmer scattering measurements do not correlate too

well, The scatter data correlation is generally withi_h a factor -of two.

Significant efforts have been made.to determine the cause of the incon-
sistencies. The initial effective,.SPectr‘al region usc_e'd by SBRC was 0. 45 to
0.73 . An additional Corhing sharp-cut filter was added to change the
spectral region to 0.55 to 0. 73' TR The PMT detector uséd determ‘ines the
long-wavelength cutoff.edge. This change in spectral band results in a change

of scattering value of the order of 10%.

6F. Grum and G. Luckey, Appl. Opt. 1, 2289 (1968)

.-
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Table 3-30, Summai‘y of Scattering Measurements - VISSR Optics

< Scatter !
Meas
Pri S i - .
Scan rimary | Secondary | Company { Coating HS (%) | Scatter | Scatter Date
. h {1971}
Avg Max Min
002 .- TLI | None 1.88 | 3.5 | o0.16 7/6
U P 17 S ‘ TLI None 4.1 8.0 0,37 742-7/3
< . 004 TLI None 0.59 1.84 0.2 7/3
" 004 ' TLI None 1.31 1.89 { 0.5 6/25-6/26
: 002 - TLI None |z1.19 1.8 0.8 6/26
002 TL1 Nene 0. 60 . 5/17
004 ) TLI None 1.26 2.7 0.8 7/17-7/19
002 TLI None 1. 80 5.5 1.0 7116
002 ' TLL None | 1.73 3.5 0.23 |'T/31-8/2 ,
' 002 TLI None 0. 51 . . B/ -
002 * TLI None | 0.77 | 1.40 | 0.30 8/6 oL
003 | . PE None 0.68 | 0.63 6/25 PE el
005 PE None 0 55 0, 53 TB/25 Measyrements 4" °
005 PE None 0.73 0. 53 T 6/25 . L e
005 PE Al-5i0 1.9 2.5 .0 7/29 Cursary
005 ° PE Al-510 1.3 2.8 1 26 1/28 Measurements
Not Detailed -
005 . PE None 0.56 9/t PE
003 PE None 0.49 . a1 Measurements:
003 PE None 1.1 8/12
005 PE None 0 44 0.59 | .0,29 |[8/13-8/i7
603 PE None 0.85 | .1 352 0. 44 8/12
V03 PE None 0.73 | 0,82 0. 6(3 T 8r12.

The Perkin-Elmer scattering measurement method uses an integrating.
sphere, and the VISSR mirrors are r:neas'ured_'relative t6 an aluminized glé..s-.s '
réferenée; rnix:ror. The reference mirror s.cattering was measured by
‘H, Bennett of the Navy Ordnance Test Station, China La:ke, 'California.

Figure 3-84 compares SBRC and H. Bennett narrow-band spectral scattering.

" Figure 3-84 shows that the scattering function for the glas-s reference
mirror decreases with increasing wavelength, The Bennett data are fitted
closely by a straight line. The SBRC scattering data tend to be less depend—

ent on wavelength for longer 'v;ra.velengths.
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Figure 3-84. Hemispherical Scatter, Perkin-Elmer Reference Mirror No. 3
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The hemispherical spectral scattering function for one of the VISSR
Ni-Be test specimens was measured and plotted in Figure 3-85. The shapes
of the two spectral sca.ttéring functions, represented in Figures 3-84 and
" 3-85, are within 10% of each other. The "'shape'' is determined by taking

ratios of the two curves.

0.80

0. 60{—

Hémispheric al Scatt:er (%)'

]

i ] [
4000 5000 o 6000 7000
- A

0.20

) Figure- 3-85. Hemispherical Scatter

Reflectance (Séattering) - Scan Mirror Serial No. 005

A diffuse reflectance (scattering) curve is given in Figure 3-86 for scan
mirror serial No. 005 (Tinsley). The curve has been normalized to the BaSOy

diffuse reflectance standard. The BaSO4 surface is assumed to be an ideal

L

d‘iffuser with reflectance of units and Lambertidan scatter.

Reflectance (Scattering) -~ Anodized Berylliurh

A sample of VISSR anodized beryllium was measured for hemisphe.r‘ica‘lj'. e
scatter. Its hemispherical scatter was 3.3%. Its reflectance (scattering) .

properties as a function of angle are illustrated in Figures 3-87 and 3-88.

The incident radiant energy was normal to the anodized Bery_llium sample. :
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Scatteriny Curve Scan Mirror

S/N 005 After AlS:0 Coating .
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Memo, ¥. B.-Young, "Optical,
_.Component Scattering,

Perkin Elmer Mirrors III",

30 August 1971)
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Figure 3-87. Anodized Beryllium Reflectance {Scattering) -
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Reflectance (Scattering) - Radiation Cooler Honeycomb

- SBRC

‘Measurements were made of diffuse reflectance {scattering) for the

radiation cooler honeycomb radiator on the protoflight model. Results for

0° -i‘nc.id_encaa angle are shown in Figure' 3l-89 for both dull and gloss black

=.finishes. The finish selected for use on the protoflight model is dull black

(Cat-A-Lac).

1. 00 , P

- I { 1 | ] | | 1 ! i —
B Radiation Cooler ]
- Honeycomb Radiator
— . ' Scattering Curves -
. ¢ Cat-A-Lac Dull Black
= (Used on VISSR) -
X Gloss Black
0° Incidence Angle
0.10
éU_Z_' - -
o | -
(&)
<!
‘6 —
3 =
L3} -
= = —
%)
~
L]
in — -
=
b=
a
0. 01
/f
X
= < —
— L —y
. ! L ! Ll I ‘- i I j ] !
0.001 5 70 TS

10 20 30 . 40 50 60
: : ’ Angle (degrees)

Figure 3-89, Radia:tion_ Cooler Honeycomb Reflectance (Scatzering)
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Reflectance (Scattering) - Cat-A-Lac Black Ii’aint

The diffuse reflectance'(s::at.t_c_af_in'g)—;fo; a flat sample surface painted
“with Cat-A-Lac black paint was mea.s-ured for normally incident light at
scattering angles from 6° to 75°. l Reflectance as a function of angle is

illustrated in Figure 3-90.

' | ! ! ' I | | I I 1
. Black Paint
- (Cat-A-Lac) —
Scattering Curve- ’
0° fncidence Angle
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m
[:M]
w
g .
o o.01
LA = ]
001 | | | | I | | i | [ [ ] |
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Angle (degrees)

Figure 3-90. Cat-A-Lac Black Paint Reflectance (Scattering)
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ENGINEERING MODEL OPTICAL SYSTEM MEASUREMENTS

. 7

Image Quality - Class II

The VISSR optical system was measured in Class 'H configuration. The
optical systerm was assembled in a laboratory setup. The optical specification
required that the optical vendor measure the system performance using two
dif'fgarent optical testing methods. The optical vendor, Pe:rkin—Elmer, chose:
1) interferometric measurement of wavefront, and 2) image blur - radiometric

(encircled energy distribution).

The interferometric technique used a scatter plate interferometer oper-
ating at 0. 6328 micron. The VISSR/SMS optical system is autocollimated
with an optical test flat. The scatter plate is located at the focus of the VISSR - .

- optical system,

Figui‘es‘3~91 and 3-92 illustrate typical intei'ferogrgms on-axis and 1.6

mr .off-a"xis, respectively.

Since the test uses a double pass system, each fringe in the interfero-
"gram represents a A/4 surface or A/2 wavefront deformation. If the fringes
are.all straight'and parallel, the systerﬁ_ls perfect; any deviation from straight-

ness or parallelism represents a system optical error.

The Class II wavefront deformation specification requires the assembled
optiéai system to have a wavefront deforrﬁéti_on less than A /2 for all field angles.

. of:l. 6 mr or l'e‘ss‘ where A = 0. 6 micron.

- .Figures 3-91 and 3-92 indicate that the Class II measured maximum

wavefront deformation is of the order of A/2.

Radiometric Tests - Class II

The radiometric tests were performed on the VISSR/SMS optical sys-
tem with the optical axis horizontal, The scan mirror was at 45° to the opti-
cal axis. Energy from an auxiliary collimator filled the VISSR entrance
aperture. Final alignment to the VISSR optics was performed in this config-

uration using a microscope to examine the image on-axis.
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Figure 3-91. Interferograms, On-Axis,
’ Class’ II Test Configuration

Figure 3-92, Interferograms, 1,6 mr, Off-Axis,’

Clags II Test Configurapion
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The collimator source was a quartz arc lamp with a4 spectral outpur
peaked at 0,58 micron. The source pinhole was 0. 0004 inch {after a 10:1

reduction by a relay lens)., The focal length of i:hé collimator is 218 inches.

Thus, the effective source diameter referred to the VISSR focal surface was

0. 0002 inch. T Lo

A photometer was placed at .;:I;e focus of the VISSR optical ssstems.  The
photometer assembly consists of a reiay lens (10X microscope objectivel
aperture field, quartz {ield lens, filter holder, and Model 2020 (Gamma
Scientific) photometer with S-20 photomultiplier. The photometer assembly'
is mounted on a three-axis adjustable stage. A flip mirror is provided f‘:gr'
use in visual examination of the images with an eyepiece. The aperture wheel

contains twelve precision round apertures of specific sizes.

The microscope objective relays the image formed by the VISSR optif:al
system onto the aperture wheel plane. The desired aperture is selected and .
positioned on the axis of the microscope manually. The quartz field lens .
images the relay lens (microscope objective) onto the__S—”?_O PMT phot'oca.thod;

at about unity magnification.

f‘igure 3-9.3 illustrates several functions of fractional encircled energy
versus angular diameter of circle (pinhole). Curve A is the VISSR o;;tical
-‘syst.em Class II specification requirements, Curve B is the Class II meas-
. arements. Curve C is the test equipr}lelnt calibration function. The portion
of the test e.quipment tested is the source optics and detector optics. Curve D

is the Class Il measurements corrected for effects of the test equipment.

The data reduction used root sum square (rss) subtraction. For example

_ Z
8corr = V.0M° - fcaL

It

where eCORR‘ corrected Class I angular diameter of encircled energy

8

Class II angular diameter of encircled energy

calibration of test equipment angular diameter of encirclied
energy

8caL
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. F=

The corrected Class II measurements (Curve D) did not meet the VISSR
image quality specification (Curve A). Howéver, based on schedule consider-
atioms and the fact that the mirrors would be used in the engineering model of

VISSR, the decision was made to accept the mirrors.

Assembly - Class I Measurements

Preliminary optical measurements of the VISSR optical system were
made in Class I configuration. Class I configuration has VISSR mirrors

mounted and aligned in VISSR beryllium hardware,

During the assembly phase, the scan mirror was measured after assem-.
bly in a Ritchey test configuration. An interferometer was placed at the center
of curvature of a well figured sphere (R = 300 inches}.” The scan'mirror was

situated -such that it folded.the beam as sHovgm in Figure'S‘— 94,
.The criterion for the scan mirror assembly was to obtain an interfero-

gram equivalent to the ones obtained with scan mirror supported in a laboratory:

.
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Scan
Mirror

!

Sphere, R =300 in|
IFigure 3~94. Ritchey Test, Scan Mirror

setup; i. e,, minimum restraints. .The interferogram indicated a scan mir-

ror surface deviation from flatness of <A/5.

Interferograms were taken of the ‘primar'y mirror supported loosely in
VISSR hardware and with it in turn supported firmly. No appreciable wave-

front deformaticons were observed.

‘The same basic ii’nage quality measurements were made in Class I
. .configur'ation as done in Class II configuration. The principal difference
involved was that the SBRC collimator (i/6, EFL = 108, 2 inches) was used

rather than the Perkin-Elmer 218-inch focal length collimator.

Figures 3-95 and 3-96. illustraté'typica.l'inferferogra.ms on-axis and-

1, 6 mr off-axis, respectively, for Class I configuration.

The Class I wavefront deformation specification requires the assembled
optical system to have-a wavefront deformation less than 3A/4 for all field .. '

angles of 1, 6 mr or less where A = 0, 6 micron.

Figures 3-95 and 3-96 indicate that'the Class Iﬁeashted maximum

Wavefront’.deforma.tion is of the order of A/2.

Figure 3-97 gives equivalent curves for Class I measurements as Fig-
ure 3-93 did for Class II measurements. Curve A is the VISSR optical svstem
Class I specification requirements., Curve B is the Class I measarements,

Curve C is the test equipment calibratién function. Curve D is the Class I

measurements corrected for effects of the test equipment,
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* Figure 3-95, Interferograms, On-Axis,’
: Class 1 Test Configuration

Figure 3-96.. Interferograms, 1.6 mr,‘ Off-Axis,.
Class I Test Configuration
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_ Figure 3-97, Fractional Encircled Energy as a Function of Blur
_Diameter, Class I Test Configuration

" The corrected Class 1 measurements (Curve D) meet the VISSR image
quality requirements (Curve A) for fractional encircled energy levels less
than about 0.75. For values grea:ter than 0,75, the Class I configuration

deviates s‘ignificantly irom the specification.

In an effort to determine the possible cause of the Class I image meas-
urement results,.a function (eCON) was generated that converts corrected

Class II into corrected Class I measurements. This function is given by

3

. . ) - -.' . E
8con = H?BCORR(Class 112 + [6cORR(Class II):}Z}, .

.

Figure 3-98 illustrates the function 8con. Negative values of 8coxn
indicate for those levels of fractional encircled energy that the Class I con- .,
figuration image was smaller than Class I1I. The second'curve labeled,

8con(Spec), is the function required to convert the specification Class II

values to Class I values.
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Figure 3_98, Function 8con Which Converts Class II Fractional
Encircled Energy to Class I Fractional Encircled
Energy Data

It appears that the alignment of the optical system was more optimum
for the Class I configuration as compared to the Class Il éonfiguration. ~ This
could result in the improved '"hard cer}tral core. " During the VISSR d;asign

’ phaéé, it:was as sumgd that mounting "che optical systern in VISSR beryllium
‘ :hgr.dv_vare would result .in some image degradation. However, a re@.sonable
’ -th-eory,has not been found which would attribute the Class I image low level
skirts to the VISSR mountings ar;d yvet permit the major bortio;ﬁ of the energy

to be contained in a small image. .

It does appear possible that the measured low level skirts could be
. associated with scattering effects,” T_He scattering effects might be asso-

ciated with the test equipment.
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ENGINEERING MODEL _
OPTICAL SYSTEM TESTS, .

General
Ehgineeril{g Model o'-p;ciE:a.‘l alignment and tests have been completed
du:.riqg'th_tis reporting period. The following listed activities are discussed

in detail.

1. Initial Channel Al1gnment of the VISSR per SBRC Procedure
: 19145, .

2. Field-of-View Measurements, VISSR/SMS per SBRC Proce-
dure 19181,

.3. Relative Spectral Response, “VISSR/SMS, per SBRC Procedure
© 19147, :

4, Primary Laboratory Modulation Transfer Function Measure-
ments, VISSR/SMS, per SBRC Procedure 19146,

5. Reference Mirror Alignment Measurements per SBRC Proce-

dure 19148,

Alignment and optical system measurements served the follewing pur-

poses:

1. Permitted validation of test procedures iarior to release so that
corrected versions of these procedures will be available for
testing the Prototype Model.

2, Disclosed VISSR optical problem areas and determmed satis-
factory solutions.

3. Defined VISSR optical parameters sufficiently accurate to un-
cover possible problem areas associated with subsequent en- |
vironmental testing.

4. Provided data so that Engineering Model functioning can be
compared to VISSR design parameters.
The stability of the 18-inch diameter SBRC collimator was not adequate
to measure certain VISSR alignment parameters within the specified quantities.

Measurements were made with the unmodified SBRC collimator because of
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schedule constraints. Subsequently, the collimator base was modified to im-

prove the measurement capabilit.y. R

Relative spectral response data for the visible channels were correlated
with the PMT relative spectral response data and disclosed that electronic
channels were labeled differently from the optical components on the Engi-
neéring Model, Differences are tabulated as follows: .

Electronic Channel No, 8 7 6 5 4 3 2 1

Optical Channel No. 1 23456 7 8

All Engineering Model data contained in this section use the electronic

channel identification number,

Initial Channel Alignment of the VISSR

During the channel alignment it was noted that the therrhal detectors'’
array was rotated by 90°. Figure 3-99indicates the correct thermai-to-

visible channels alignment, Figure 3-100 illustrates the Engineering Model

configuration.

Thermal Channels

Visible Channels

u._j L_ East-West

g —J—

ol

CENE AR LY =D

F{gure 3-99, Proper Orientation of the Visible and Thermal IGFOVs

0. 148 mr

r___O‘ 19

mr
a
b
A ‘ 0.87 3
0.26 mr . mr H
East-West ;
. e e 2
v

. 0,074 mr

Figure 3-100, Orientation of the VISSR Engineer_i.n'g Model
Visible and Thermal IGFOVs
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The mechanism used to position the radiation cooler (inclunding thermal
detector) to the visible channel functioned adequately.. However, it was a
delicate,. time consuming‘operation to tighten the radiation cooler wi.thoui:
losing optical alignment in the process.. The techniques used were adequate,
but because of schedule considerations the thermal channel was not aligned

to the values specified in SBRC Procedure 19145, Figure :-100 illastrates the

alignment achieved.

.'l'he two end illuminated fibers (0 and 9) were used as the visible chan-
nel alignment reference rather than Channels 4 and 5 as indicated in SBRC
Procedure 19145, This change was appropriate_becé,use of effects associated
with the SBRC collimator instability. It is expected that the alignment accom-

plished after modifications to the SBRC, c‘olli-'fna.tor' have. been completed will

-be made in accordance with the_SBlS\C Procedure.

After optical alignment of the thermal detectors, the radiation cooler
was removed and epoxied in accordance with the requirements of SBRC dra.w"-—
ing 44345. After reassembly a check of optical alignment was made. It was
found to be the same within 20 prad. The SBRC collimator instability res.ul{.:ed

in data spread of the same order.

Field-of-View (FOV) Measurements

The VISSR Engineering Model FOV measurements were made in accord- -

ance with SBRC Procedure 19181 with the £ollowirig exceptions.

A simpler technique (relative to ﬁaragraph 3.3.3, SBRC Procedure '
19181) of aligning the a.lign‘.;nent microscope to the SBRC collimator was used,
SBRC collimator basic instability precluded exhaustive séudigs of other poten-
tial instability (paragraph.3. 5. 8). ‘Indicated procedures for other instability
pa.ra.rineters will be used during prototype measurements, The SBRC éol.".i-
?na.to_r will be modifi:ed and will have a significantly more stable platiorm.

‘At the time the Engineering Model FO%/' ‘measurements were made, the VISSR
noise level was higher than expected and this lin'lited the FOV ''skirt" meszs-
urements, Figure 3-101 is a ‘simplifieél ‘block diagram of the FOV measure-

mént' equipment setup.
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SBRC Cellimator .- VISSR
{on Granite Slab) Scanner

3-Axis Stage

o]

. N-S5° e
: VISS
2. -W
E Conso.e
. Gscilloscope
2. DVM
3. Printed Tape
Source 4. Punched Tape
1. Visible
2. Blackbody

Figure 3. 101. FOV Measurement Equipment Setup,
" Simplified Block Diagram

Graphic and tabular date;. for Engineering Model FOV tests are cont:eaajned- )
in Part 1, Appendix B. Tables 3'—31’a’nd 3-32 summar:ize data pertinent to the
FOV measurements. Parameters listed are: pea-l:c s$ignal, noise, IFOV half-
w'idf}'1, ‘channel center and channel separation. Channel center and channel
separation are referred to the center of IFOV array. ‘The center of the ZFQV
array is defined on the systerr'*l optical axis, It’zls centered between Channels
4 and 5 in the north-south direction and is midway betw-.een the east and west

half-power points for Channels 4-and 5.

The major discrepancy found in the Engineering- Model optical system
tests is the apparent effective size of image. It is significantly larger than
the Class I measurements indicate. This éubjeét is discussed further in tl}e:

section on modulation transfer function measurements..
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Table 3-31, FOV Data, North-South Scan

.Peak . Cxre (jhanngai Channel Separation
Channel | Signal N(;:T Haftf;?;c}ith Center | (Adjacent Channels)
(mv) " (wrad) (urad) v,
1 270 0. 40 24,0 94. 7 .
. 26.8
2 306 0. 16 24. 4 67.9
26.9
3 345 0, 61 a2.7 41.0
27. 6
4 . 297 0.32 26.8 13.4
26.8
5 358 0. 44 24.0 13.4
6 -- -- -- - -
7 404 0. 34 23,0 66,5
. 25,9
8 248 0.37 |- 24.9 92.4 -

“Table 3-32. FOV Data, East-West Scax;

Peak . . Channel | Channel Separation
Channel | Signal N(:;i? Hal(f;:/—;?th Center | (Adjacent Channels)
{mv) H (krad) (prad)
1 217 0.30 24.0 +1.85
. S . . 0.00
2. 248 0.36 26,8 +1. 85 . .
. . G.93
3 276 0. 69 24. 9 - +0, 93 .
: : 0,93
4 269 0.42 24,9 0.00
' . s 0.00
5 293 0.40 24,0 0,00 - :
6 - -- - - -
7 325 | 0.44 24. 9 -1:85
0.00
8 302 0.31 24.0 ~-1.85
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Relative 'Spectral Response

) . _ Relative spectral response (RSR) measurements were made for the
TJVISS'R/SMS Engineering Model scanner. A Perkin-Elmer Model 16U spectro-
photometer (filter-grating monochromator) was used in cox"ljunction with the
SBRC collimator for these tests. Channel outpu:ts were monitored on the
VISSR console. Data were recorded on paper tape in a form appropriate Inr

-s:ubsequent computer reduction. Figure 3-102 is a simplified blogk diagrasr

‘of the RSR equipment setup,

SBRC Collimator VISSR
{on Granite Slab) Scanner
Radiation
Chopper
Relay
Optics VISS.R
Consgole
1. Osc1lloscope’__
2, .DVM
Perkin Elmer l6u 3. Printed Tape.
Spectrophotometer 4. Punched Tape
1., Visible Source )
Z. Blackbody

Figure 3-102. RSR Measurement Equipment Setup,
Simplified Block Diagram

Thermal Channels, - Thermal channel measurements were made usihé

a globar radiant energy source for the spectrophotometer. A 101 4{/mm
grating was used along with appropriate LWP filters. The following param-

eters are associated with the spectrophotometer for the thermal channel

measurements: .
1." slit width ' 4 mm
2. Spectral slit width 0.12p
3. Globar source operating 1200°K .
4. Chopping fregquency 100 Hz with an electrical bandpass of 20 Hz
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The relative spectral response was calculated using the following

expression:

S(A) P

VISSR 16U
R\ = =— R {\)
vissg PR AR S oo

Coll Relay TC

where R()

i

Relative spectral response of VISSR thermal channel |

VISSR

RN = Relative spectral response of PE16U rad:iation tnermo-
TC couple

S(A) = VISSR signal as z function of wavelength
VISSR Y

S(A) = Thermocouple signal as a function of wavelength
TC ‘ :

p(A) = SBRC collimsdtor (two mifrors) spectral reﬂectance
Coll

pA) = Rélay optical system (two-mirrors) spectral ‘reflectance
Relay : : .

pA) = PE 16U thermocouple optics (two mirrors) spectral re-
PE16U flectance .

NOTE: R{A) . is essentially constant over the 8 SA =14 pm region.

TC ’

.p(’t) spectral reflectance for spectrophotometer internal mirrors

PE16U is flat over 8 £X < 14 pm region,

pih) , PR employ AL with an overcoat of SiO. Spectral reflect-
Goll Relay ance is'assumed flat over 8 A S 14 pm region.

Results of the rneasurements for the two thermal channels are given in Fi1z-

ures 3-103 and 3.-104.

Visible Channels, - Visible channel measurements were made using 2

tungsten filament source for the spectrophotometer. . A 1440 4/mm grating
was used along with appropriate LWP filters, - The following parameters are

associated with the spectrophotometer for the visible channel meASurc_;mem:s:

5
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Figure 3-103. Thermal Channel 1 Relative Spectral Response
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Figure 3-104, Thermal Channel 2 Relative Spectral Response
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1. Slit width 2 mm
2, Strip filament lamp
operating at R2700°K
Grating 1440 L/mm
4, Chopper frequency 100 Hz with electrical bandpass of
20 Hz
5. Spectral slit width 0. 004

The relative spectré‘:l response was calculated using the following

- expression:

S®)
RO) = omy sy R
VISSR Coll SiPD SI.PD
-_.,‘where R(\) = Relative spectral response of VISSR
’ . VISSR ]
. RA)Y = Relative spectral response of silicon photodiode standard

SiPD - detector

S{A) = VISSR signal as a function of wavelength
VISSR:
S = Silicon photodiode signal as a function of wavelength
. SiPD
-p(l)‘ = SBRC collimator (two mirrors) spectral reflectance
Coll : ' ‘

Graphic and tabular data for Engineering Model RSR tests are contained

in Part 2, Appendix B.

Modulation Transfer Function Measurements

The modulation transfer function (MTF) was me;a.sured for both visible
and the;:'mal channels under ambient laboratory conditions., VISSR MTEF was
measured in two orthogonal directions corresponding to the east-west and
north-south directions. Equipment and procedures used in these measure-
ments are those defined in SBRC Procedure 19146. Figure 3-105 is a sim-
plified block dia.g:ra.m‘of the MTF test setup. .

SANTA BARBARA RESEARCH CENTER 3-195



SBRC Collimator . ., - . VISSR,
{on Granite Slab) . . . Scanner .

3-Axis Stage‘-
MTF Wheel Autocollimating
1. Visible Plane Mirror .
2. Thermal . VISSR
: Console
1. N-S .
2. E-W 1, Oscilloscope
{ - ' 2. DVM
3. Polaroid
Source
. Scope
1. Visible . Camera
2. Blackbody

Figure 3-105, MTF Measurement Equipment Setup,
. Simplified Block Diagram

The principal deviation from the procedure is with respect to data for-
mat, . Oscilloscope traces of the MTF pattern were made rather than digital
recording on tap.e with subsequent computer reduction. Oscilloscope traces

will be used on following measurements.

Figures 3-106 and 3-107 illustrate modulation versus spatial frequency
for the visible and thermal channels, respectively., The curves contained in
these two figures are computed squaré—wave modulation with no modification
due to electronics. Three computed curves are given for visible channel
MTF. See Figure 3-106. These curves are Class I specification +21 'ur
IGFOV, Class I specification +25 pr IGFOV, and 25-ur diameter blur assum-
ing cosine intensity distribution +25 pr IGFOV., Two computed curves are
given for thermal channel MTF., See Figure 3-107. These curves are dif-
fraction +200 pr IGFOV and diffraction +250 pr IGFOV. Diffraction data were
cor.nputed, based on an optical diameter of 16 inches with a 0.'4-inch central

obscuration. A wavelength of 11. 5pu was used.
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Figure 3-106, Visible Channel Modulation Transfer Function -
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Figure 3-107, Thermal Channel Modulai:ion Transfer Function



The spatial frequencies at which MTF values were measured are listed

in Table 3.33 and are shown on Figures 3-106 and 3-107 as ATTOWS péi'ﬁexi%‘

dicular to the abscissa.

Table 3-33, Spatial Frequencies

Visible Channel Thermal Channel
(cycles/radian) "{cycles/radian)
510 65, 4
2550 318
5100 RE 628
7640 955
10200 : 1272
12720 1o 1590
. : 17200 2230
. 25000 3500

Analysis of visible channel MTF and OV data indicates an apparent
image blur that is significantly larger than that measured on the Engineering
- Model optical system Class I acceptance tests. E Engineering Model optical
.system tests are consistent with assuming an image of the order of 20 to 25
pr in diameter with a cosine intensity distribﬁtion. In Class I acceptance
tests, the measured image diameter containing 85% and 90% of the total

energy was 20-and 30 pr, respectively.

The VISSR Engineering Mecdel fiber optics assexIanY has appreciable
delamination effects in the fiber/epoxy/pri‘sm interface af; the focal plane.
Since this is the principal known difference between VISSR -Engineering Model
~and the Protoflight optics and thé Protoflight does not exhibit anomalous image
degradation, it is presumed that the delamination causes the imag'e degrada-

. A

tion.

- ™
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. Reference Mirror Alignment Measurements

Ob]echves. - Al1gnment and measurement objectives are as spec-.lfled

in SBRC Procedure 19148. These ob_;ectwes are:

The distance from the fiducial lines reference point on primar}; .
alignment reference mirror PARM-1 to the YZ plane and the dis- .
tance from the fiducial lines reference point on primary alignment
reference mirror PARM-2 to the XZ plane shall be measured and
recorded with an accuracy of 0, 003 inch {FPearagraph 3.2, 1). )

The angular alignment of PARM-1 and PARM-2 to thie VISSR mount- |
ing plane (XY) shall be measured and recorded with an accuracy of
0. 001 radian (Paragraph 3.2.2), \

The scan mirror angle with resI')ect.to VISSR optical axis shall be
positioned to 45° location (nearest step) and measured with an accu- '
racy of 10-5 radian (Paragraph 3. 2. 3).

The angular alignment of the VISSR optical axis (including the scan .
mirror) to PARM-1 will be measured with an accaracy of 10-2 rad_iar_x -
(Paragraph 3. 2. 4).

The angular alignment of the VISSR optical axis (excluding scan mir-
ror) to two nominally orthogonal primary alignment reference tir-
o +. ‘rors (PARM-1 and PARM-2) will be measured with an accuracy of
’ 10~ radian (Paragraph 3, 2, 5),

The angular alignment of secondary alignment reference mlrror
SARM-2 to PARM-2 will be measured with an accuracy of 107
radian (Paragraph 3.2.6).

Paragraph 3. 2.1 Alignment Requirement's. - The distance from the

fiducial lines reference point on PARM-1 to the YZ plane is 0. 024 inch. The ‘
PARM-1 cross hair is 0. 024 inch on the -X ax1is side of the VISSR YZ plane.
The corresponding distance of the PARM-2 alignment cross hair to the Xz _
_plane is 0. 041 inch. The PARM-2 cross hair is 0. 041 inch on the -Y axis
side of the VISSR XZ plane, '

) Parégraph 3.2.2 Alignment Requirements. - A difficulty became appar-

ent in determining the angular alignment of PARM-1 and PARM-2 ta the VISSR
mounting surface, In the initial draft of SBRC Procedure 19148 1t was assumed
that the VISSR mounting surface, a plane formed by three mounfing.:ads ras
parallel to the VISSR cart surfa.ce In actual practice VISSR mountmg pacs

are seated on an intermediate Delrm mount, As a result, the mountzng pads
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are not necessarily parallel to the VISSR stainless steel ring. Measurements

- were made to reduce uncertainty in Engineering Model data. VISSK reference

PR

" axes-are-illustrated in Figure 3-108.

Y Mounting Plane . ,
Datum "A" 3
N

1]

Fiducial !

|
Iine s \

- = @

PARM-27]

L. ‘i,_ -

.
PR T . . ' -

T m B

ol I

PARM-1

E

]

+

) !
PARM-1

Figure 3-108. VISSR Reference, Axes

£

The exterior angle formed by PARM-1 (nominally perpendicular to the., -
" Y axis) and the VISSR mounting plane, defined as XY ‘plane, is 89°54, 8, A
See Figure 3-109,

PARM-1

-Y Y Axis +Y

Figure 3-109. PARM-1 to Y Axis Alighment
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SBRC
The exterior angle formed by PARM-Z (nomiinally perpendicular to the

X axis}'and the VISSR mounting plane is 89°59. 7', See Figure 3-110.

PARM-2

k- i r—— bt e
+X X Axis -X

Figure 3-7110, PARM-2 to X Axis Alignment

The meaéured angle formed by PARM-1 a;1d the VISSR mounting plane
exceeds fabrication tolerance of VISSR components, The measurement
method necessitated by the Delrin intermediate mounts is believed to be
‘causing the apparent discrepancy, Precision metal mounts will be substi-
tuted for the Delrin intermediate mounts during Frototype Model measure-

ments,

Paragraph 3.2.3 Alignment Requirements. - The scan mirror angle

- “with respect to the VISSR optical axis is 45° (to the nearest encoder step)
"rwhen the redundant encoder is positioned at step +23. Scan mirror rotation

toward encoder step +22 hy 19 prad would provide a frue 45 angle with the

VISSR optical axis.

With the primary encoder positioned to step -79, the scan mirror angle
is 45° {to the nearest encoder step) with respect to the VISSR optical axis,
- Scan mirror rotation by 11.5 prad toward encoder step -80 would provide a

true 45° angle with the VISSR optical axis.

Paragraph 3. 2.4 Alignment Requirements. - Angular alignment of the

" VISSR optical axis (including scan mirror) to PARM-1 was measured to the
redun@ant op?ica.l ‘en_coéler. ‘With the redundant encoder ‘ser to +23 and using
) -:PARM-I normal, the VISSR optical axis to PARM=-1 normal has two angular
.components. In t.h|e VISSR YZ plane, the VISSR optical awis r;lakes an angle
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with the PARM-1 normal of 0. 603 mrad with the VISSR 0pt1ca1 axis pomtmg"‘ Co

slightly toward the +Z axis. Sece Figure 3-111, In the VISSR'XY plane, thé
" VISSR optlca.l axis makes aq angle with the PARM-1 normal of 0,107 mrad

with the VISSR optical axis pointing slightly toward the -X axis. See Figure

32F1- '
+Z
o % PARM-1
0. 603 mr )
Y -~ VISSR Optical Axis
[ . = PARM-1 Normal
-Y +Y

V

-z

 Figure 3-111. Alignment of VISSR Optical Axis to PARM-1 in YZ Plane

+X
PARM-1
0.107 mr
——. o |\¢-PARM—1 Normal
=Y Y | T VISSR Optical Axis

v .

-X

Figure 3-112. Alignment of VISSR Optical Axis to PARM-1 in XY Plane
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Paragraph 3.2.5 Alignment Requirements. - The angular alignm;nt of

VISSR optical axis (excluding scan mirror) to two nominally orthogonal pri-

mary alignment reference mirrors was measured.

The angle between PARM-1 normal and the VISSR optical axis in the
YZ plane is 0, 656 mrad. The corresponding angle between PARM-Z normal
and VISSR .optical axis in the XZ plane is 0. 456 mrad. See Figuresx-113 and

3-114. 7

+7Z . .
% ' PARM-1
: ) 20,656 mr VISSR O. A. without
. + Scan Mirror
S DARM-1 Normal
- T T
Y +Y

¥

-Z

Figuré 3-113., Alignment of VISSR Optical Axis (without Scan Mirror)
} to PARM-1 in YZ Plane

+Z

A

. o | . 1 = PARM-2 Normal

+X ‘ -X I_\ )
T VISSR O. A. without

Scan Mirror

Y

-z

Figure 3-114, Alignment of VISSR Optical Axis (without Scan Mirror}
to PARM-2 in XZ Plane
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Paragraph 3.2. 6 Alignment Requiferments. - The angular alignment of

. . the secondary alignment reference mirror (SARM-2} to PARM-2 was meas-

ured. .Alignment in the XZ plane and XY .pla.ne is illustrated in Figures 3-115
and 3-116. o

0,400 mr
- l . J PARM-2
+X ?3-( I\ = Normal-
) : Normal

Figure 3-115, Alignment of SARM-2 to PARM-2 in XZ Plane

| * PARM-2

e X Normal
- - I SARM-2
T . Normal

Y

+¥

Figure 3-116, Alignment of SARM-2 to PARM-2 in XY Plane
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. Alignment Measurements After Environmenia: Testing

Check of optical alignment measurem.ents was made . t-e VISSR Engi-
- neering Model after environmental testing. 7The measurements were made

Apri1.5—7, 1872, The coordinates used in summarizing the measurements

are shown in Figure 3-108.

Angular alignment of the VISSR optical axis (including scan r...zror 10
PARM-1 was measured for both the primary and redundant optical encodex,
The primary encoder-was set to -79, Figure 3-117 and Figure 3-1.3 illus-

trate optical alignment before and after environmental testing for the primary

encoder,
o +Z

A

. ~ PARM-1
‘ 0.67 mr (11-20-71)
% r VISSR Optical Axis
&> PARM-1 Normal
T Py
0.18 mr (4-6-72)
v
A

Figure 3-117. Alignment of VISSR Optical Axis to PARM-1 in
YZ Plane - Primary Encoder

+X .
A . -l

PARM-1

- % . PARM-1 Normal
=Y : Y l\f-b VISSR Optical Axis

0,11 mr (4-6-72)

A4
-X

L]

Figure 3-118, Alignment ¢f % ISSR Optical Axis to PARM-1 in
XY Plane - Pr.unary Mirror
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In like manner the redundant encoder was set to +23. Figures 3-119°

and 3-120 illustrate optical alignment before and after environmental testing

for the redundant encoder.

PARNILL
0.603 mr {11-20-71

+Z
A
- .4 9
oy
V
-7

S N

-+ 0,86 mr {4-6-72)

Alignment of VISSR Optical Axis tc ZARM-1 in
YZ Plane - Redundant Encoder

é, ___j_.g v ISSR Opricai ~xis
~ w2 PARM-1 Normal

+X
A E—
PARM-1
0.107 mr (11-20-71)
- E» % % - PARM-1 Normal
-Y +Y VISSR Optical Axis
0. 102 mr (4-6-72)
v
-X

Figure 3-120,

SANTA BARBARA

Alignmernc of VISSR Optical Axis to PARM-1 ir
XY Plane - Redundant Encoder -
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The élig'nment of VISSR optical axis via scan mirror compared to the
optical axis excluding the scan mirror'i_s illustrated in Figure 3-121. Pri-

mary encoder set at -79 was used,

+2.‘.'
A

=

0.02 mr (11-20-71)

O. A, without Scan

0. 62 mr (4~5-72)

v
~Z

Figure 3-121. Alignment of VISSR Optical Axis With ahd Without

Scan Mirror - Primary Encoder -79

The alignment of the VISSR optical axis, with scan mirror, compared
to the optical axis excluding the scan mirror is illustrated in Figure 3-~122.

Redundant encoder set at 423 was used.

0.4 mr (4-5-72)

+7Z
A
- - ¥ » O, A, without Scan
-Y +Y ) )
0.037 mr (11-20-71)
v.
-Z

Figure 3~122. Alignment of VISSR Optical Axis With and Without
Scan Mirror - Redundant Encoder +23 ., .
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“The optical alignment of thermal channel No. 1 with respect to VISSR
optical axis (illuminated fibers) was measured and the results are graphically

illustrated in Figures 3-123 and 3-124,

+Z
% 0.1 mr («-7-721
TC No. 1
«§ . e VISSR O A.
-Y +Y TC ™o 1
0.065 mr (11-12-71)
v
~Z

Figure 3-123. Optical Alignment of Thermal Channel No. 1
(TC No. 1) to VISSR Optical Axis - ’
North-South Direction

+X
4 0.87 mr (11-12-71) -
TC No..1
, . : TC No., 1
< > P VISSR O. A.

=Y . +Y _ ?
[ ]

0.64 mr (4-7-72) .

Figure 3-124, Optical Alignment of Thérmal Channel No. 1
+ (TC No. 1})to VISSR Optical Axis -
Fast-West Direction :
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The preceding optical alignment measurements indicate the following:

- 1. The alignment of the two scan mirror encoders w1th respect to the |
scan mirror changed by varying amounts.

a. 'RDN - Scan Mirror +0.44 mr
b, PRI - Scan Mirror -0, 64 mr

" 2. The optical telescope. (excluding scan mirzror effects) and/or fibers
with respect to primary alignment reférence mirror (PARM-1)
L changed by -0.21 mzr in the YZ plane,

3. Alignment of the thermal channel to visible channels changed’by;‘
a. +0.16 mr in the YZ plane -

b. -0.23 mr in the XY plane

Probable mechanisms associated with alignment shifts are discussed
. .

as follows:

The encoder might move on its mounting bolt circle. Linear motions
‘0f 0.0011 to 0.0016 inch are required to account for the noted angular align-"

ment changes. The encoders are not pinned and motion of this magnitude

appears possible.

The telescope optical axis ali-gnment change of 0.21.mr could be caused

by secondary mirror tilt associated with linear shifts of less than-0. 001 irfch.
\ .

The therrmal to visible channel alignment change of 0..2 mr appears too
large to be associated with fiber motion vw.;hich would require a linear motion
of 0,023 inch. It seems unlikely that the effect is associated with radiation
cooler since it was not vibrated, etc. However, a lateral shift in the thermal
channel relay_'le-nses could account for the aligr;rnent change. An alignment
change of 0,23 mr is equivalent to a lateral motion o:; the relay lens of 0. 004
inch, Relay lens assembly will bé modified on the protoiflight model to mini-

mize the possible réla.y lens motion.

The siinll‘alified block diagram for equipment se:tup for alignment meas-

urements is shown in Figure 3-125,
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VISSK i« anner
SBRC Cullimatun ’ .. s .
{on Granite Slat) A * OSARM 2.

=
PARM 1. O PARM 2.

!'—l

1 e
. . Theoutlite -
Ahgnmieni Antecollimating
Micros. ope Plane Mirror ot
. N
r
. i
VisSR i
Console

‘Figure 3-125. Referenc¢e Mirror Alignment Measurement Equlpment Setup
Stmplified Block Diagram )

Scattering Light Measurements - Laser Source

‘During the initial VISSR engineering model.solar calibration tests, the
. direct sun éignail had veJ;:y long skirts, and indeed, at times extended to the
solar inflight calibrator signal. The pfobable cause of the skirts seemed to

'be scattering ‘within the earth's atmosphere and thus not related to VISSR.

" ‘_ However, to verify this, en experiment wae C'Onducted in the laboratory
‘with & small portion of the VISSR entrance’ aperturé bei‘ng‘ irradiated with a

. 'laser beam ‘The la.ser was modulated with the Brower chopper at a frequency
o of 260 Hz. The 51gnal from VISSR PMT preamplifier channel No. 1 was fed
mto ‘the Prmceton Applled Research HRS lock~1n voltmeter. A reference sig:
nal from the Brower chopper was also used. A neutral density filter attenu-
ated the laser beam when it was focused dlrectly on or near the VISSR IFOV
With' thé above experimental setup, the dynamlc range was 5X 108, A\OLSe.

' corresponded to a relative signal level of 1.5 and was actually 1.5 pv.

Figure 3-126 illustrates the signal:-falloff with angle.. It is plotted -as a

function of scan mirzor steps, where.a step is equal 10 0.192 mr.
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The graph shows that the solar calibration skirts are rot due to VISSR.

As indicated earlier, the probable cause is atmospheric scattering,

It should be noted that the above data do not eliminate the desirability
of conducting additional scattering tests on. the VISSR, Since the above meas-
urements were made using a very small portion of the VISSR entrance aper-

ture, they do not preclude spurious signals of solar origin.

Solar Inflight. Calibrator Spuricus Radiation

During the initial solar inflight calibrator calibration, a spurious signal,
was noted midway between the ''direct" signal and the calibrator signal. Sub- .
sequent laboratory investigation using laser techniques identified the problem,

Figure 3-127 illustrates the desired and spurious energy paths in P/N 46020

prism.

A k\ Direct Energy Path .

(Parallel to VISSR
O, AL)

Paint / :
\AJ' ——— Desired Energy Path

Reflection

Spurious

Part No. 46020 Energy Path

Surface
with Defining
Apérture Stops

Figure 3-127. Desired and Spurious Energy Paths in P/N 46020 Prism
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“The spurlous energy was blocked by painting the indicated surface Wlth

Cat A Lac black pdint (see F1gure 3-127) in the region indicated by dashed

© line.

| Another spurious energy path Was'.noted during this inve'stigation.

. Energy reflected from the Dove prism basc ‘long s:ice, was transmitied oy

. f:he_ central aperture on Part No. 46020, Thls spurious znergy path ‘ras
nea,i:l; coincident angularly with the desired calibration energy transmitted

by fl}e Dove p‘nris_ms..

- Due to the angular subtense of the sun, the spurious signal would add
to the desired calibration signal. Furthermore, the signal due to spurious
energy would vary with the time of yea‘r. ‘This is caused by the change of
surface reflection with incidence angle. The average reflectance varies be-

tween 7 and 27%. The calibration signal would have then varied by 18%,

This eifect was eliminated by placing thin metal baffles in close prox-
imity to both of the Dove prism bases. Both modifications were made on the

engineering model solar inflight calibrator assembly.

Anomalous Focus Shift

During the engineering model thermal vacuum testing, anomalous focus
changes were observed for both the visible and thermal channels. This sec-

tion summarizes the analysis completed in an effort to understand these effects.

Table 3-34 is a tabulation of optimum focal position as a function of tem-
perature and calibratrion sequence and is based on a computer modeling tran-

sition time of:

<6 hours - has severe thermal gradients
~24 hours - has small thermal gradients
=248 hours - is a stabilized system

Refer to VISSR Project Memo 2640-0078, dated 11 July 1972, entitled "Thermal

Settling Time in an Environmental Test Chamber. "
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Table 3-34, .Tabulation of Focal Position as a Function
of Temperature

Preliminary Calibration Sequence

Chamber ! ! ! I ]
Temperature | 23 E 5 43 | 5 . 25
(°C)
Transition o .
Time 51 - ‘
{Hrs) i

-
NEN
(A%
L
<

Focus Step . !
Visible 220 152 273 194 - j2as
. Thermal | 357 380 . ‘ 347

Final Calibration Sequence

Chamber I 1 I |
Temperature , 20 | 45 1 25 |
Cc) ‘ 3 i
Transition’ . '
Time ! 150 25 25
(Hrs,-

(9]
(R
[y

¢ 2

Focus Step ) !
1
1

Visible 222, 266 170 {12

w

|
&
[
k

3
Thermal 329 .1 341 b370

*Transition time = time between starting a temperature change
making measurements.

The relationship between defocusing, AF, and temperature for a two-

mirror system is:

= M2 o M2
AF = M2popATy - M2Sp_s0s) AT

+ (M-1)2f 0 AT - Ss-10s,_(ATS, ¢ (3-64)
where AF = focal plane shift
M = system magnification
fp = primary mirror focal length
fg = seconda.'ryr mirror focal length
Sp—s = Spacing - primary to secondary m.:ror
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The saran (12. 6p) film is equivalent to the mylar (6. 4p) film in trans-
mittance and has appreciably less scattering. In additior, it- strength and

mounting characteristics are equal or superior to the mylar 1ilm,

' Based on the above data, saran f'ili:n, 12, 7p. thick; will be used as &

cover for VISSR protective cover.

The effect of the plasiic protective cover on the eng.neering model

4

modulation was measured. “The results are shown in Figure -l3r

The 0,55 to 0. 75 transmiwance of the cover as measur:zi Jduring VISER

engineering model tests differs appreciably from laboratory pecircphotome-

ter measurements, Tre transmittance values are 0. 66 and 0.8 -, r. spectively. ’

N

of this discrepancy is not known at this time.

T T T T T T i } {
ole o' E Model
P P o . npineering Maode -
= o e} /“ ithout Plastic
o X \ ’ o / . Protective Cover
X . o]
. X .
T 0. B X -
X o}
“ .
2 X
:‘ *
50, 6= i - -
g . . . f . .
(2] Engineering Model . K -
= K with Plastig ‘ Tx ot N
: Protectire Cover N
= - £, .
0.4 IR
* ¥
0.2~ -
L ] | | 1 | 1 i !
q 3, 00 2, 000 10, b0 15,000 . . 20,4000 SR,

Spatial Frequency twycles/radian)

’

Figure 3-146. Engineering Model Modulation Modification upon Insertion
' of Plastic Protective Cover ’ ;
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" Sg-f . = Spacing -'seco.nda.ry to focal plane
o - = thermal expansion coefficient
AT  =temperature change

The 'ec'luiva.lent expression for the VISSR relay lens sysiere is

dy V% _ -
OFrelay ~ (E) SSTITiAT 1y + Seres®eresT - cres-

21 ;
d‘_ fR o
Tt foop - |—— °n
(fR) RER ° (n- 1) ar} ATR
“ SBe®RelATRe + (SEAT)1a4 cooler (-85

The above equatior assumes that the VISSR relay lens system is re-

placed by an equivalent thin lens, where .

d; = image distance

dg = object distance

g = focal length- of relay lens

S = spacing {length)

i = refractive index. of germanium

Subscripts for '"S" refer to the controlling structural material.

The relationship between VISSR telescope change of focus, —\‘Ftelescu_.,e’

to VISSR relay system image plane, AFrelay, is

LFrelay = MRZ AFtelescope
¥y P
0.032 AFtelescope {(3-66)

AFre].a.y

The VISSR and VlSSR calibrator material models are illustrated in

Figures 3-128 and 3-129, respectively.

The required values for equations (3-64) and (3-65) are listed below:

VISSR Telescope. -

M = -3.117; £, = 36.8 in.; f5 = -13.7 in.; Spog = 27.5 in.;
Sg.f =27.51in.; Sg_f =29.0; @=11,3X10-% in./in./°C
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VISSR Relay System. -

di = 0.846 in.; dg = 4,71 in.; ST{ =2.2 in.; Scres = 2. 51 in.;
fR = 0.718 in.; 1 = 4, 0; 2—7% = 300X10-5/°C; Spe = 3.55 in. ;
Srad cooler = 2. 69 in.; a; = 8.8X1078 in./in./°C;

Qeres = 16X1076 in./in./°C; ag = 6.0x106 in. /in./°C;

Crad cooler - composite of Al and glass

VISSR Calibrator. -

M'=-3.91; 5.2 43. 4 in.; f5 = -15.12 in,; Sp_g = 32.13 in.;
Se-f = 43.992 inm, '

ProSeal Bonds., -

0.125-in, primary mirror, 0.015-in. secondary mirror
o = g = +0.1X1076 in./in./°C; a5, g =1.3%1078 in./in./°C

05, _g is a composite; Uprogea) = 1. 8% 10-% in. fin./°C

The following relationships are useful in understanding the focusing

effects,

1. VISSR. calibrator serving as a radiant energy source
AF  Beam condition at calibrator exit aperture
Pos;. Diverging ' -

0 Plane

Neg., Converging

Z. VISSR telescope with a plane wavefront incident on entrance aper-

ture
AF -Image plane © Visible focus-drive used to fotus
counter, N, changes '

Pos, BFL increases N,, decreases
Neg. BIL decreases Ny increases

3. With a "point source'' radiating toward thermal channel relay’
lenses . T
AF  Image plane Thermal focus drive used to focus

counter, Nt changes
Pos. BFL (or dg) increases ' N increases

Neg. BFL (or dg) decreases N decreases
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The above is graphically illustrated in Figure 3-130,

BFE

as, ST * where

3T

A

oF I
—£ = M2f

p%

“Table 3-35 lists VISSR telescope partial'derivatives.

Table 3-35. VISSR Telescope Partial Derivatives °

SBRC |

Equation (3-64) can be considered in terms of pa.rtial' derivatives, such

" (3-67)

7

OF finch oF

Elementi' ST ( e ) TN ST

Primary Mirror 0.00403 358 oo
Primary-Secondary Spacer | -0.0030 -267 A0S, _g

Secondary Mirror -0.00069 -6l Adg
Secondary to Focal Flane -0.00033 -29 AUgg ¢

" ‘Sbtain column 3 of Table 3-35,

Table 3-36 gives equivalent values for the VISSR calibrator.

. Thé second partial derivatives of F with respect to T and & are used to

Table 3-36., VISSR Calibrator Partial Derivatives
OF finch - 3F
Element © 3T (?C) ABT

Primary Mirror £0. 000066 | 660 A,
Primary Secondary Spacer -0.000689 | -530 Aasp_s
Secondary Mirror +£0,000013 | £130 Aag
Secondary to Focal Plane Spacer ; -0.000134 Compﬁsite .
ProSeal Mounting Pads +0.000386 | 2.15 AGproSeal

Using the preceding values for the calibrat-o;: and using o, =

in,/in./°C

AFca) = -66X1076 AT, -

68§x10-6 ATg

p-s

. -134X 10-6 ATg ¢+ 386x10°6 LT proSeal

SANTA, BARBARA RESEARCH CENTER-
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and if a calibrator with'no temperature gradients is assumec,

AF 1 = -490><10'§ AT (3-69)

The equivalent change at VISSR focal plane is

2
AF. o [EELVISSRY T (57"
v EFLcal Ca.]. ' e
Sry £ 0,457 AF ..y = -224X10-0 in./°C
ATcal = .45 cal = - . 111,
" VISSR telescope, AF,, is given by

AF, = 4030X10-6 AT, - 3000%10-6 ATg, - 690 2T

- 320%16-0 ATs_, (2-71

Of course, if VISSR telescope has no thermal gradients, AF = 0 pet equa-

- tion (3-71).

£
i

Substitution of values into equation (3-65) for thermal relay:

AFR = -0.62X 10"6 ATyi - 1. 3X10_6 ATcres

~93.6X10"0 ATR - 40X10°® ATR. (372 T

The term involving the radiation cooler is deleted since the detector stage is
fairly well decoupled from VISSR ambient temperature, .If we assume no

' thermal gradients for other terms, we have:
AFR = -136% 1076 ATyrelay ' C(3-73)

The e_,xperiniental data shown in Table 3-34°can be used fo obtain expe’ri.-

mental values of dF /4T, where

R dF _dNdF

aT  dT dN. ' . o (3-7
(dF/dN), = -0.0004¢ in./step ~ visible channel

(dF/dN)T 0. 00025 in./step thermal channel

SANTA BARBARA RESEARCH CENTER . - - o 3-221

~



SBRC

For the VISSR visible channel

dF', )
A = -1040%10-® +0.00023 in./°C
average
where data.used for averaging was limited to transition times in excess of

40 hours, The tolerance is equivalent to an uncertainty of x.0 steps for op-

timum focus.

Predicted 3T s based on an isotemperature calibrator, VISSk witn

-

a 1°C temperature gradient bétween 'p-ril";f)qr)-r mirror and spacer, Sp-s {de -
veloped over a 20°C VISSR temperature change), and 5% difference in the
VISSR beryllium housing with respect to VISSR mirrors. -
dF _(dFy dF dFy
. at \eT tl\aT ), FlaT
cal

1°C

_224%10-6 - 500%x10-% - 150x10-©

874X 107% in./°C (3-75)

In addition, Invar 36 has a +15% thermal expansion coefficient sprez:
from the nominal value used. The ProSeal band line is assumed to '"track”
the temperature of the Invar spacers Sp-g. It seems likely that thﬂe calibrator 3
CerVit mirrors will have a tl:lei‘mal time constant considerably greater”thah
any other item in the calibratqr—VISSR configurat-ion. Although 'i'nirf_cor con-
tributioris are small due to .irery ‘].QW expansion c'oefficient, the ProSeal is in
intimate contact with these.elements and will more likely track their ten-lper—

. - dF | .
. ature. Its contribution to - is appreciable.

dT
Within experimental accuracy and knowledge of specific elements, the
"temperature-focusing anomalies® for the engineering model visible channel

are explicable using the above first order equation analysis,

Greater uncertainty exists in the thermal channel temperature focusing
effect. First, ‘very little thermal channel data is available. Secona, the

available data is questionable due to thermal gradients.
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‘Final calibration sequence data, Table 3-34, is used to obtain

dFr 329 - 370
dT 45 - 5

0.00025 = -0.00051 in./°C

. The englneerlng model thermal channel sensnw“y was low. Due to
.low SNR, optimum focus has an uncertainty of j:lO steps. Thus

dF'_f

I7F = -0. 00051 £ 0.00025 in. /' C

This value can be separated into two components, One 1s due to VISSR cali-
brator-VISSR telescope effects and the second is due to VISSR relay system.

. Mathematically,.this is expressed by

dF dr, d4dF
=1 = (0.032) —//— —R
dT

aT (3-76)

]
+

aT

Solving for dFR/dT, we have ~

dF dF drF
dT dT daT
dF ) '// - - ‘ ‘
and - T R 266 - 130
— = U, 51 - |0, — (-0, 4
’ T 0. 00051 _[0 032.)( 45 -5 ) ( 00046)]

-0.00051.+ 0.000047
-0.00046 in./°C

Based on equation {(3-73)

dFRr

T = -0,00014 in./ C‘

The above equations do not explain the thermal channel temperature
. focusing effects. Due to the scarcity of data and baslc uncerta.mty a.ssoc:lated
with the available data, efforts toward resolution of the discrepancy are to

be continued with the protoflight unit,
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PROTOFLIGHT MODEL OFPTICAL SYSTEM TESTS

Field-of-View (FOV) Measurements

FOV measurements were made for visible channels in accordance with

:SBRC Procedure 19181 with the following exceptions.

Although the SBRC collimator had been modified priocr to protoilight
FOV tests to produce a significantly more stable platform than used earlier
'(engineering model measurements), a basic instability was observed between
i the colllmato,r and attached scanner and VISSR cart. During the course of
. the measurements, the protofhght VISSR and VISSR cart wers observed to
drift with respect to the collimator. The total.driit durmg north-souath run 1
amounted to an angular displacement of 3.5 pr. The corresponding total driift
for north-south run 2 was 21 BE. For the east-west scans, the total drift for
run 1 corresponded to an angular dls‘placement of 8 pr a.nd for east-west run 2
_the total wa's 3 pr. In all cases. the movement was‘momtored continuously
using a pointing interferometer and also by a repeated check on the outpuit of
one of'the VISSR channels (Channel 1). All reduced FOV data have been -c‘:or- :
rected for drift. The basic instability between the collimator and cart E)re-'
cluded exhaustive studies of other potential instability (paragraph 3. 5-. 9; .
Procedure 19181), - ‘

In addition to instability in the collimator-cart system, the digital volt-
' meter used for reading VISSR channel voltage outputs had a zero offset which |
could not be removed by simple adjustment. Correction for-offset was made

during data reduction by subtraction of offset from channel output voltage

readings.
Graphic and tabular data for pr.o;coflight_model FOV tests are contained '
in Part i, Appendix C. Tables 3-37 through 3-40 summarize data pertinent

"to.the FOV measurements. The peak signal valne has noise removed and a

voltage offset of 1. 4] mv has been subtractec Irom the noise values.

For comparlson purposes, a'theoretica’l =0V :urve calculated firom

- Protoflight Class I Energy Spread Functlon (ESF) measurements is plottea
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Table 3-37. FOV Data, North-South Scan, Run 1

Peak ) i ) Channel | Channel Separation
Channel | Signal. Noise | Half-Width Center {Adjacent Channels)
: (mv) (pr)
. (mv) . (pr) (bt}
1 686 0. 06 19,0 -84.6
. 24. 4
.2 676 0.06 20. 6 -60. 0
. . 24,6
3 698 0.06 20.3 -34.1
25.
4 689 0.06 22.1 ‘-9.3
. . - ' 27. 2
- -3 " 511 0.07 22,6 +18..1
b . 24,6 |
) :581 0.07 20.1 +42. 7
_ 2es |
7 691 0.07 20.9 +67.0 '
. 24,2
8 615 0. 07 20.0 +91.2 ’
Table 3-38. FOV Data, North-South Scan, Run 2
Peak , _ Channel | Channel Separation
Channel Signal Nmse Half-Width Center (Adjacent Channels) |
{mv) {ur) N . o !
(mv) (ur) () A
- -4
1 685 0,12 21.0 -87.3 .
) . 27.7 i
2 675 0.11 20.0 . -59.6 . - '
. 25,1 . |
3 707 0.12 21.0 -33.5 . ]
, 24.5 .
4 689 0.12 21,0 -9.0 S
. 27.0
5 519 0.12 22.7 +18.0 .
. ’ - 24,1
6 586 0.12 21.5 +43. 9 :
. - 23.79
7 706 0.12 20.3 +67.8
) ’ ’ 24,0
8, 625 0.13 20. 6 4+91.8 ‘
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Table 3-39. FOV Data, East-West Scan, %, .1

] i - N
: . Peak o i ) Channel | Channel Separation |
! - ]
Channel | Signal Noise | Half-Width Center | (Adjacent Channels}
(mv) (br) , ; ;
() (wr) | (ux) ;
1 389 0.03. 22.0 +1.75 I I
) U, S
2 377 0. 02 22.0 ~1.'45
. . .20
3 306 0.02 © 22,0 +1.25 |
- . i 2.0y
4 116 0. 02 22.0 0,75
0. 5§
5 176 0.02 23.0 +0. 75
! 0.30
6 262 0.03 22.3 +0. 45
0,20
7 357 0.03 22,3 +0.25 g
’ 0.20 .
8 334 0.03 | - 22.0 +0. 05 !
i
Table 3-40. FOV Dzata, East-West Scan, Run 2
Peak . Channel -Channel Separation
\J - .
Channel | Signal Noise | Half-Width Center "|~-{Adjacent Channels}
‘ | (mv) (nr) -
(mwv) (jor) fur)
1 388 0.03 |~ 24.0 +0. 48
o 0. 00 P
2 371 0.02 23.5 +0,. 48 :
0. 30 L
3 209 0. 02 24,3 +0.78 !
1.00 '
4 217 0.03 24.5 -0.23 |
0.45
5 181 0,03 24,1 , +0.23
- 0.25
6 313 0. 02 24,0 1 =0.02
[ 1. 00
7 354 0.03 24,3 i -1.02
. 0. Q¢
& 355 0.03 | 24,0 -1.02
! .
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"in Figure 3-131 with the data plot for protoflight FOV east-west, Channel 1.,

m———

run 2, T
Experimental setup used for FOV measurements is depicted in Figure
3-101.
1 T T ] T
oo i
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Figure 3-131. Theoretical versus Actual FOV

Relative Spectral Response

Relative spectral responsé {RSR)} measurements were made for the

VISSR/SMS protoflight model scanner visible channels in accordance with

SBRC Procedure 19147. A Perkin-Elmer ,Mo&del 16U spectrophotometer

(filter-grating monochromator) was uzsed in .conjanction with the SBRC colli-

mator for these tests.

Characteristic paramerers associated with the spec-

trophotometer are the same as those listed zor engineering model measure-

ments. Calculations were performed via computer using the same ecuatic.

as for engineering model data.

SANTA BARBARA RESEARCH CENTER
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VISSR channel voltage outputs had a zero offset which could not pe removed

by simple adjustment, a correction was made during data reduction.

An apparent discontinuity for all RSR curves occurs at 0.8p wavelength,
This coincides with a pownt at which order filters were changed in the spectro-

photometer and is not considered to be due to a defect in the VISSK optics.

* Graphic and tabular‘data for protoflight RSR tests are contained in
'Part 2, Appendix C.

The experimental setup used for RSR measurements is depicted in

Figure 3-102.

Modulation Transfer Function Measurements’

- . The modulation transfer function {(MTTF) was measured for visible
channels ﬁnder ambient laboratory conditions. Measurements were made
) .in_f:wo orthogonal directions corresponding to-the east-west and north-south

directions. Egquipment and procedures used are those defined in SBRC Pro-

cedure 19146.

+

MTF da.te.s. w;alje recorded in the form of photographs of the' oscilloscope
traces for the eight visible channels., A sample of the reduced data.is’ g:wen
in Figure 3-132 which illustrates modulation versus spatial frequen-c}.r. Th;.‘ee
computed curves (same as used for engineering model data) are included in .

the figure for purposes of comparison,

Reference Mirror Alignment Measurements . . -

Reference mirror alignment measurements were made for the VISSR/
SMS protoflight model scanner in accérdaqce with SBRC Procedure. 19148. ]

with the following exceptions.

The depth-of-field of the alignr'pent mi.crc_)scop“e ‘as focused on the
PARM-1 reference mirror resulted in an uncertainty in the Z-axis best—.focu.s
position measurement which nr-lade it difficult to repeat redundant encoder
readings to pri:.rnar)'r encoder readings as required by para:glraph 3.6.7 of t}:;e
. .procedu're. The diffI.CUltY was compounded by imperfect tracking of the X-Y

micrometer microscope stage which produced a variation of the X-position
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readings with Z-axis movement. - T;) alleviate this uncertainty, the alterrzte
method was adopted of resetting the Z-axis stage to a s.ngle best—fm:.us posi-
tion determined by repetlition of the Z-axis micrometer reading rather than
operator judgment as to repetition of visual best foc.us. This deviation in
methc;d was likewise adopted for measurémen’cs called for by paragraphs

3.7.7, 3.8.7, 3.9.4, and 3. 9.5 of the procedure. A mod.ilcation > the

microscope 3-axis stage has solved the problem, with Z-axis tracking:

The following measurement results were obtained after the modificatior
to the 3-axis stage and using the alterniate method of ac}:'lieving best focus as
described above, Measurement objectives are the same as those described

for the engineering model.

Paragraph 3.2.1 Alignment Requirements, - The distance from the

fiducial lines reference peint on PARM-1 to the Y-2Z plarie is 0. 000 inch. The
FPARM-1 cross hair lies in the VISSR Y-Z plane. The corresponding distance
of the PARM-2 alignment cross hair to the X-Z plane is 0. 008 inch. The

PARM-2 cross hair is 0. 008 inch on the -Y axis side of the VISSR X-Z plane,

VISSR reference axes are illustrated in Figure 3-108,

The exterior angle formed by PARM-1 (nominally perpendicular to the .
Y axis) and the VISSR m&){lnting plane, defined as X-Y plane, .is 89°55.3" '
See Figure 3-133, ‘ -

PARM-1

89°55, 3t
——— > -] —_——

-Y Y Axis +Y
Figure 3-133., PARM-1 to Y-Axis Alignment

The exterior angle formed by PARM-2 {nominally perpendicular to the
X-axis) and the VISSR mounting pla.r;e is 89°44.8'. See Figure 3-134,
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Figure 3-134. PARM-2 to X-Axis Alignment

Paragraph 3.2.3 Alignment Réquirements. - The scan mirror angle

with respect to the VISSR optical axis 15 45° (to the nearest encoder step)
when the redundant encoder is positioned at step +32. Scan mirror rotation
toward encoder step +31 by 53 ur would provide a true 45° angle with the

VISSR optical axis.

With the primary encoder positioned to step -60, the scan mirror angle
is 45° (to the nearest encoder step) with respect to the VISSR optical axis.
Scan mirror rotation by 31 pr toward encoder step -59 would provide a true

45° angle with the VISSR optical axis.m : *

Paragraph 3.2.4 Alignment Reguirements, - Angﬁlar alignment of the

VISSR optical axis (including scan mirror) to PAR'M—I was measured to the
primary optical encoder. With the primary encoder set to -59 and us;'.ng'
PARM-1 normal, the VISSR optical axis to PARM-1 normal has two angular :
components. In the VISSR Y -Z plane, the VISSR optical axis makes an angle
with the PARM-1 normal of 0. 031 mr with the VISSR optical axis pointing
slightly toward the -Z axis. See Figure 3-135. In the VISSR X-Y plane, the
VISSR optical axis makes an angle with the PARM-1 normal of 0. 029 mr with

the VISSR optical axis pointing slightly toward the +X axis. See Figure 3-136, - ’
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Flgure 3-135, Allgnment of VISSR Optical Axis to PARM-1 in YZ Flane

+X.

A

PARM-1

0.029 mr

VISSR Optical Axis

mPARM-1 Normal

-Y ‘ ' +Y f

/
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Figure 3-136. Alignment of VISSR Optical Axis to PARM-1 in XY Plane
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Paragraph 3,2.5 Alig;nment Requirements. - The angular aligemen. of

4 .‘ - - . -
. VISSR optical axis (excluding scan mirror) to two nominally orthogonal pri-

mary alignment reference mirrors was measured:

The angle between PARM-1 normal and the VISSR optical axis in the
lY-Z plane is 0.381 mr, The corresponding angle between PARM-Z normal
and VISSR optical axis in the X-7% pla.n‘e is 4.87 mr. See Figures =137 wnd
3-138, )

——PARM-1

\ 0. 381 mr
l‘ \ —“\-""RARM—I Normal
- So—— .
-Y -Y L VISSR O, A.

without Scan Mirror

Y

7

Figure 3-137. Alignment of VISSR O}Sti;:al Axis (without Scan Mi-rror'l
to PARM-1 in Y-Z Plane ’

+7Z
A 4. 87 mr
VISSR O. A,
without Scan Mirror
-y oo l s PARM-2 Normal
+X . -X I

;72

Figure 3-138. Alignment of VISSR_Optllca.l Axis (without Scan M.fror!
. - to PARM-2 in X-Z Plare
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Paragraph 3.2.6 Alignment Requirerients. - The arzuiar zi.jnment of

the secondary alignment reference mirror (SARM-2) tc FARM-Z was meas-

ured. Aligpmeni: in the XZ plane and XY plane is illustrated in Figares 3-139

" and 3-140,
+ 7
4,459 mr
I | / PARM-2
:§ i?'}?: t\:\fcrmal
- SARM-2
. Normal

¢+ Figure 3—139. Alignment of SARM-2 to PARM-2 :n XZ Tlzze

0.437 mr

{ PARANI_Z
- Normal

- SARM-2-
- Normal

*

+
x
X

1

+Y

Figure 3-140. Alignment of SARM-2 to PARM-2 in XY Plane
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Protéctive Plastic Cover for VISSR

The VISSR must be protected from various forms of contaraination.

. _Oné of the methods being evaluated 1s the use of a thin plastic film across

the VISSR '"entrance aperture.' Such a cover used in conjunction with a dry
nitrogen purge 'should reduce contaminants in the vicinity of scar n..rror,

téelescope and aft optics assemblies.

Any pladgtie filmm being considered should be evaluated from the follow-
ing aspects:
' 1. Absorption,
2 Scattering
3 Mechanical sirength
4.  Mounting characreristics
5

Image degradation - uniformuity

A prelimnary survey indicated saran and mylar films wera poténtial
candidates for the cover. Mylar films, 6.4 and 12, 7u thick, and saran
film, 12, 7p thick, were measured. Figures 3-141 and 3-142 illustrate
transmittance of mvlar films in the"V'ISSR visible and inf.ura.red channels,,

respectively. Figures 3-143 and 3-144 are the equivalent transmittance

data for saran plastic film.

Because of SBRC scattering, goniometer configuration limitations
single-pass scattering in transmission could not be me‘a;*.ured. Figure 3-145
schematic illustrates the two types of scattering measurement made.

Experimental arrangement (shown in A of Figure 3-145) measures film
scattering in reflection. The arrangement shown mn B of Figure 3-145 meas-

ures film scattering in reflection and transmission as modified by the mirror

The total scattering, S(total), for the B arrangement can be expressed by

~ PMZSR, + SM

2

S(total)' = SRI + pMSTl + ST

where SRl =film, scattering in reflection ifirst pass)

ST1 = film'scattering in transmission (first pass)
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A. Reflection Mode . B. Reflection- Transmission Mode
_ S . ‘F":lglire 3-145, Plastic Film Measurement Setup

STZ. = film scattering 1n transmission (second pass - after energy :s
reflected off mirror)

' SRZ = film scattlering in reflection .(second pass)
) . Py = specular reflection of mirror
SM = mirror scattering ' <

5

Quantities S{total), SRI’ oM, SM are experimentally determined.. It-'is'

-assumed that S, = S, and SRy = SR,- Therefore, ST, is given by -

S(total) - Spq - (1 + pMZ)S'Rl
S = -
T1 (1 + Pp) '
The 12. Tp saran film has hemispherical s'ca'tter, ST (saran), equal

to

Py )_2.47-_0.01-(1+‘o.802)0.7z'
T, (saran) = — (1 + 0.80) .
=0.71%
The équivalent 6. 41 myiar film hemispherical scatter, S.T] (mylar)
% . . .

is-

6.22 - 0.01 - (1 + 0.802)1.21
(1 + 0.80)

ST] (myl‘a.r) =

=2.4%
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