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Far Infrared Absolute Spectrophotometer

John Mather, PI

Rick Shafer, DPI

Bob Maichle, IE

Mike Roberto, ISE

Michelson Interferometer (Nobel 1907)
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Based on 9 minutes of data

Presented at American Astronomical 
Society, January 1990



Ned said:
•  FIRAS breadboard didn’t focus right (Ned at 

MIT)
•  FIRAS spectrum has cosmic implications:

– Little energy release in early Universe, y and µ
– Limits on exotic processes like antimatter 

annihilation, proton decay, cosmic explosions, 
cosmic strings, etc. etc. (very thorough!)

•  Cold Big Bang isn’t right, even interstellar 
needles can’t convert starlight to a perfect 
blackbody spectrum
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Ned on FIRAS
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Ned’s far IR galaxy
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Ned’s Needles
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Differential Microwave Radiometers
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Sky map from DMR, 
2.7 K +/- 0.003 K

Doppler Effect of Earth’s 
motion removed (v/c = 

0.001)

Cosmic temperature/density 
variations at 389,000 years, 

+/- 0.00003 K
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COBE Map of CMB Fluctuations ���
2.725 K +/- ~ 30 µK rms, 7o beam



Ned said:

•  The sky has spots! First person to show them 
to the Science Working Group.

•  Cosmic implications: many!!
– Cold Dark Matter fits
– Dark Energy (not yet required but OK)
– Scale free spectrum (over a narrow range)
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Ned said:
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Mike Hauser, PI

Tom Kelsall, DPI

Don Crosby, IE

Loren Linstrom, 
ISE



John Mather AAS Jan 2007 18

DIRBE Test Unit Hardware
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DIRBE far IR 
(100, 140, 240 

µm) Sky 
Modeling
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DIRBE cosmology results

•  Cosmic Infrared Background has 2 parts, 
near (few microns) and far (few hundred 
microns
– Each with brightness comparable to the known 

luminosity of visible & near IR galaxies
– Luminosity of universe is ~ double expected 

value
– Does not mean the CMB spectrum is distorted



Ned said:
•  I can get the spacecraft pointing to 1 arcmin 

from the DIRBE star crossing times (and 0.7o 
beam), and a model for the spinning 
spacecraft

•  I can calibrate using thermal models of 
asteroids, etc. and get % photometry

•  I can model the zodiacal light (somewhat 
different answers from Kelsall et al.)
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Ned subtracts the IR foreground

22



COBE team in tails
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SWANSON, GULKIS, KUIPER, KIYA

wavelength for a number of different telescopes- radio, infrared,
and optical. The minimum operating wavelength Xmin is defined
here as 13 times the rms surface errors E. The numbered circles on
the right are a sampling of the world's best radio telescopes. The
squares are anticipated performance for new telescopes. The solid
diagonal line represents a constant D/Xmin of 7700, which gives a
constant gain of 85 dB and a constant beamwidth of = 30 arc sec.
This appears to be the approximate performance limit of existing
passive radio telescopes, independent of size. Circle number 2 is ex-
ceptional and is clearly the highest performance radio telescope in
existence. This is the OVRO 10 m built by Leighton, discussed
earlier. Leighton's encouraging results indicate that the predicted
performance of the new generation of millimeter wavelength radio
telescopes (squares between 100 p,m and 1 mm) can be realized.
However, the most that can be expected is a D/Xmin < 105, as
shown by the broken, diagonal line in Fig. 4. This is still a factor of
seven short of the LDR requirement. At the other end of the spec-
trum are the optical telescopes with D/Xmin Z., 3 x 106. As indicated
previously in Fig. 3, these glass monoliths are much too heavy for a
20 m LDR. The squares 14, 15, and 16 represent a new class of
ground -based optical telescopes. The LDR with a D/Xmin of 7 x 105
and an areal density < 40 kg /m2 also represents a new class of
telescope.

The telescopes in Fig. 4 are all passive telescopes. The stated
limitations on weight and DA can be exceeded by actively control-
ling the surface. Referring to the broken line in Fig. 4, if a D/Xmin
of 105 can be achieved with a single passive segment of approx-
imately 3 m in size, then that segment can be used at a wavelength
of 30 µm. The reflector can be fabricated out of a large number of
<3 m segments, provided the segments can be actively controlled
to within a small fraction of 30 µm. The maximum size of this type
of a segmented, actively controlled reflector of fixed areal density is
probably determined by the overall stiffness and resonant frequen-
cies. As the size increases, the resonant frequencies decrease until at
some point the overall surface accuracy cannot be maintained.

If the maximum dimension of the passive segments is <3 m from
Fig. 4, something can then be said about the segment shape. To
minimize the number of segments (which minimizes the number of
segment actuators) the segment area to maximum linear dimension
ratio should be maximized, i.e., a circle. Since circles don't close -
pack, the next best shape is a quasi- hexagon. (The term quasi -
hexagon is used because only a flat surface can be paved by
uniform -sized hexagons. There are only five regular polyhedrons,
and none have facets that are hexagons. A spherical or parabolic
surface may, nevertheless, be paved with polygons that closely
resemble hexagons.) Nearly square, quasi- trapezoids are almost as
good as hexagons, but long gores, which are often used on ground -
based telescopes, are inefficient if the maximum dimension is 3 m.
Hexagons are used in the baseline LDR design, but other shapes are
certainly possible; the choice represents a design detail.

The final major consideration is in the area of orbits and thermal
stability. This has not been studied in any detail, but the problem
has been defined. Thermal distortion of the reflector in orbit is one
of the major sources of surface error. The most well- behaved
materials from a thermal point of view are the optical glasses such
as fused silica, ULE, and Zerodur. A near zero coefficient of ther-
mal expansion can be tailored for any operating temperature. Glass
mirrors, however, are heavy, and a 20 m LDR could be put only in-
to a low inclination orbit by a single Shuttle launch. Less thermally
stable materials such as metals and composites can probably be
used to make a lighter reflector. If the reflector can be made suffi-
ciently light to put into a sun synchronous polar orbit, the thermal
environment may be benign enough so that the overall thermal
distortion will be less than that of the better thermal material in a
worse orbit.

5. LDR CONFIGURATION
Figure 5 represents the current baseline concept for LDR. It reflects
the telescope requirements given in Table I and represents a consen-
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Fig. 5. LDR concept.

sus of the Asilomar workshop.
The telescope is a f/0.5 Cassegrain with a segmented, actively

controlled primary reflector. The primary reflector segments are
made from either lightweight, low expansion glass or a composite
honeycomb sandwich. The individual segments are supported from
the backup structure at three attachment points. Each attachment
point incorporates a position actuator so that the segment is ad-
justable in two axes of tilt and one of piston. In this example 37
hexagonal segments, each 2.8 m across, make up the 20 m primary
reflector. The sunshade keeps direct sunlight from the reflector and
reflected sunlight from the detectors. In the latter case, a more
complicated baffling system may be required, which is not shown in
Fig. 5.

The active optical system includes, as well as the position ac-
tuators on the primary reflector segments and secondary mirror, a
system for measuring the optical errors. There are at least three
methods under consideration. The first would use edge sensors at
the segment boundaries, as is planned for the University of Califor-
nia 10 m telescope. This only determines the shape of the primary
reflector; the relative positions of the secondary and focal plane
would still need an additional measurement system. The second
method samples a portion of the incoming wavefront from a point
source. Figure and misalignment errors of the optical elements
show up as departures from a plane wave at the focal plane. There
are methods to deconvolve the wavefront and determine uniquely
which optical element is in error. The third measurement method
uses direct laser range- finding. A steering mirror at the Cassegrain
focus steers a laser beam to at least three points on each reflector
panel sequentially, via a reflection off the secondary mirror.
Retroreflectors on the primary send the beam back to the second-
ary and, in turn, back to the focal plane where an interferometer
measures the phase path length through the complete optical
system. The use of two frequencies can remove the fringe am-
biguity.

Closely associated with the figure measurement and control is
pointing and structural vibration control. Since LDR will be a
relatively light structure for its size, it will have low natural fre-
quencies. Any on -board disturbance such as slewing, secondary
mirror chopping, pumping of cryogenic fluids, gyro noise, etc., will
excite the natural frequencies of the structure. Active damping of
the structure, where an incipient vibration is damped by feeding in
a disturbance of equal amplitude but opposite phase, may be
necessary. Pointing and slewing forces can be tailored such that the
spectrum of the forcing function contains minimum power at the
lowest resonant frequencies of the structure.

The instrument package will be housed just behind the vertex of
the primary reflector at the Cassegrain focus. A complement of 13
instruments were listed at Asilomar and were termed "the
astronomers dream, but the technologists nightmare." The number
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LDR (Large Deployable Reflector)
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SPIRIT is a scientific and 
technology pathfinder for SPECS. 
Both instruments are Michelson 
imaging and spectral 
interferometers that would operate 
over the wavelength range ~40 - 
500 µm and provide spectral 
resolution λ/Δλ ~ 104. 

SPECS 

Space Infrared Interferometric Telescope Submillimeter Probe of the Evolution of Cosmic Structure 

SPIRIT 

SPIRIT AND SPECS 
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Organization 
▪  Mission Lead:  Goddard Space Flight Center 
▪  International collaboration with ESA & CSA  
▪  Prime Contractor: Northrop Grumman Aerospace 

Systems 
▪  Instruments:  

―  Near Infrared Camera (NIRCam) – Univ. of 
Arizona 

―  Near Infrared Spectrograph (NIRSpec) – ESA 
―  Mid-Infrared Instrument (MIRI) – JPL/ESA 
―  Fine Guidance Sensor (FGS)  and Near IR Slitless 

Spectrometer (NIRISS)– CSA 
▪  Operations:  Space Telescope Science Institute   

                   Description 
▪  Deployable infrared telescope with 6.5 

meter diameter segmented adjustable 
primary mirror 

▪  Cryogenic temperature telescope and 
instruments for infrared performance 

▪  Launch on an ESA-supplied Ariane 5 rocket  
to Sun-Earth L2  

▪  5-year science mission (10-year goal) 

James Webb Space Telescope (JWST) 

www.JWST.nasa.gov 

JWST Science Themes 

End of the dark 
ages: First light 
and reionization

The assembly of 
galaxies

Birth of stars and 
proto-planetary 
systems

Planetary 
systems and 
the origin of 
life



Ned said:

•  Use the cosmology calculator: we didn’t 
know how to design for detecting the first 
galaxies before H0 and Λ were measured

•  (Ned was on the Ad Hoc Science Working 
Group, ASWG)
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JWST Deployment
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JWST status

•  Telescope/Instrument module in test at JSC 
in Chamber A, all cold and working well
– Hurricane Harvey approaching but we’re ready

•  Spacecraft bus being finished at Space Park 
Redondo Beach, by Northrop Grumman 
Aerospace (NGAS)
– Final deployment tests after telescope is 

attached
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Proposals

•  Cycle 1 call for proposals: 11/30/17
•  Cycle 1 proposals due: 3/2/18
•  Use the APT (google JWST APT), includes 

exposure time calculator
•  Analysis software being written in Python
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The End


