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Composite Pulse Tube
Axial leakage of heat is reduced.
Lyndon B. Johnson Space Center, Houston, Texas

A modification of the design of the
pulse tube in a pulse-tube cryocooler re-
duces axial thermal conductance while
preserving radial thermal conductance.
It is desirable to minimize axial thermal
conductance in the pulse-tube wall to
minimize leakage of heat between the
warm and cold ends of the pulse tube. At
the same time, it is desirable to maxi-
mize radial thermal conductance at the
cold end of the pulse tube to ensure ad-
equate thermal contact between (1) a
heat exchanger in the form of a stack of
copper screens inside the pulse tube at
the cold end and (2) the remainder of
the cold tip, which is the object to which
the heat load is applied and from which
heat must be removed. The modified de-
sign yields a low-heat-leak pulse tube
that can be easily integrated with a cold
tip.

A typical pulse tube of prior design is
either a thin-walled metal tube or a
metal tube with a nonmetallic lining. It

is desirable that the outer surface of a
pulse tube be cylindrical (in contradis-
tinction to tapered) to simplify the de-
sign of a regenerator that is also part of
the cryocooler. Under some conditions,
it is desirable to taper the inner surface
of the pulse tube to reduce acoustic
streaming. The combination of a cylin-
drical outer surface and a tapered inner
surface can lead to unacceptably large
axial conduction if the pulse tube is
made entirely of metal. Making the
pulse-tube wall of a nonmetallic, low-
thermal-conductivity material would not
solve the problem because the wall
would not afford the needed thermal
contact for the stack of screens in the
cold end.

The modified design calls for fabri-
cating the pulse tube in two parts: a
longer, nonmetallic part that is tapered
on the inside and cylindrical on the
outside and a shorter, metallic part that
is cylindrical on both the inside and the

outside. The nonmetallic part can be
made from G-10 fiberglass-reinforced
epoxy or other low-thermal-conductiv-
ity, cryogenically compatible material.
The metallic part must have high ther-
mal conductivity in the cryogenic tem-
perature range and would typically be
made of pure copper to satisfy this re-
quirement. The metallic part is bonded
to the nonmetallic part with epoxy.
Copper screens are inserted in the
metallic part to form the cold-end heat
exchanger, then the assembled pulse
tube is inserted in the cold tip.

This work was done by Jerry L. Martin
and Jason H. Cloyd of Mesoscopic Devices,
LLC for Johnson Space Center. For further in-
formation, contact:

Jerry L. Martin
Mesoscopic Devices, LLC
510 Compton Street, Suite 106
Broomfield, CO 80020
Phone No.: (303) 466-6968

Refer to MSC-23522

Photometric Calibration of Consumer Video Cameras
In imaging of point sources, dynamic ranges can be extended beyond saturation levels.
Marshall Space Flight Center, Alabama

Equipment and techniques have been
developed to implement a method of
photometric calibration of consumer
video cameras for imaging of objects that
are sufficiently narrow or sufficiently dis-
tant to be optically equivalent to point or
line sources. Heretofore, it has been diffi-
cult to calibrate consumer video cameras,

especially in cases of image saturation, be-
cause they exhibit nonlinear responses
with dynamic ranges much smaller than
those of scientific-grade video cameras.
The present method not only takes this
difficulty in stride but also makes it possi-
ble to extend effective dynamic ranges to
several powers of ten beyond saturation

levels. The method will likely be primarily
useful in astronomical photometry.
There are also potential commercial ap-
plications in medical and industrial imag-
ing of point or line sources in the pres-
ence of saturation.

This development was prompted by
the need to measure brightnesses of de-

cludes chemical models developed at
JPL. The products are synthetic images
and spectra for comparison with Spitzer
measurements.

Radiative transfer in a protostellar
disk is primarily affected by absorption
and emission processes in the dust and
in molecular gases such as H2, CO, and
HCO. The magnitude of the optical ab-
sorption and emission is determined by
the population of the electronic, vibra-
tional, and rotational energy levels. The
population of the molecular level is in
turn determined by the intensity of the

radiation field. Therefore, the intensity
of the radiation field and the popula-
tion of the molecular levels are inter-de-
pendent quantities. 

To meet the computational chal-
lenges of solving for the coupled radia-
tion field and electronic level popula-
tions in disks having wide ranges of
optical depths and spatial scales, the
tool runs in parallel on the JPL Dell
Cluster supercomputer with C++ and
Fortran compiler with a Message Pass-
ing Interface. Because this software has
been developed on a distributed com-

puting platform, the modeling of sys-
tems previously beyond the reach of
available computational resources 
is possible. 

This program was written by Paul Von
Allmen and Neal Turner of Caltech for
NASA’s Jet Propulsion Laboratory. Further
information is contained in a TSP (see
page 1).

The software used in this innovation is
available for commercial licensing. Please
contact Karina Edmonds of the California
Institute of Technology at (626) 395-2322.
Refer to NPO-44467.


