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BACKGROUND
Many of the fundamental breakthroughs and 
advances in astrophysics are enabled by advances 
in instrumentation. New discoveries or better 
understanding of the universe always follow 
technology that opens new observational areas. One 
such area is the infrared spectrum of light – light 
too red to be visible to humans – that comes from 
astronomical objects. Although infrared imagers 
have been in use on telescopes for quite some time, 
spectrographs that split the light into a spectrum of 
separate wavelengths have been slower in coming. 
Efficient infrared spectrographs that are able to 
observe multiple objects at once on the world’s largest 
telescopes are only now becoming operational. With 
such instruments, astronomers can survey extremely 
faint objects across the universe. “Observing with 
infrared light allows me to effectively jump into a time 
machine and study the properties of distant galaxies 

as they were billions of years ago,” says Marsha Wolf, 
astronomer at the University of Wisconsin. Infrared 
wavelengths are longer than visible light, permitting 
the light to pass through the dust surrounding 
otherwise hidden, supermassive black holes at the 
centers of galaxies or newly forming stars inside 
dense gas clouds. Stellar features only seen in the 
infrared can be used to characterize the final stages of 
dying massive stars as they generate powerful winds 
by expelling their outer layers and finally explode as 
supernovas. In short, the infrared universe reveals 
unique answers to many questions of star and galaxy 
formation and evolution.

RSS-NIR
The University of Wisconsin-Madison (UW) is 
building an infrared astronomical instrument called 
the Robert Stobie Spectrograph Near Infrared Arm 
(RSS-NIR). Its home will be the 11-meter (~36-feet) 
diameter Southern African Large Telescope (SALT) in 

the Karoo Desert of South Africa. 
The RSS-NIR will operate at 
near infrared wavelengths out to 
1700 nanometers. Its capabilities 
include a “swiss-army-knife” 
suite of different observing 
modes. It takes images, diffracts 
the light into infrared spectra, 
captures images in single shades 
of infrared colors via a tunable 
Fabry-Perot etalon and narrow 
band filters, and measures the 
degree of light polarization 
caused by reflecting off of or 
passing through different media 
like dust grains or magnetic 
fields in deep space.

The RSS-NIR project is headed 
up by Principal Investigator 
Marsha Wolf of the UW 
Astronomy Department and 
Program Manager Mark 
Mulligan of the UW Space 
Science & Engineering 
Center. It has been developed 
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through a partnership between these 
two organizations and the Inter-
University Centre for Astronomy and 
Astrophysics (IUCAA) in Pune, India. 
The UW Astronomy Department has a 
17 percent share in the SALT telescope, 
giving its astronomers about 60 nights 
of observation time per year. The 
IUCAA is also a partner institution in 
the SALT telescope consortium. 

One of the challenges with astronomical 
observations in infrared light is the 
fact that all objects, including the instrument itself, 
emit infrared radiation. The amount of infrared 
emission goes up with the object’s temperature, 
like a heating element on a hot electric stove. This 
thermal radiation shows up in an astronomical 
image as contaminating background light that did 
not come from the source object. For faint objects that 
astronomers want to observe, the background from 
even a room temperature instrument can be larger 
than the signal from the target object, rendering it 
undetectable. To decrease the instrument thermal 
background contamination, the whole RSS-NIR has 
to be cooled to very low temperatures.

Components of the RSS-NIR exist in compartments 
that have three different operating temperatures. 
The initial optical equipment operates at ambient 
observatory temperatures (-10°C to +25°C; 14°F to 
77°F). After a dichroic, or two-color, element splits 
the visible and infrared light, the remaining parts 
of the RSS-NIR are enclosed by an insulated box 
called a pre-dewar and maintained at -40°C (-40°F). 
Within that enclosure is a cryogenic dewar operating 
at -150°C (-238°F) containing the infrared detector 
that records the images. The -40°C (-40°F) pre-dewar 
enclosure houses many moving mechanisms that 
configure the instrument for different observation 
modes. For imaging, different optical filters are 
inserted into the beam. For spectroscopy, a diffraction 
grating is inserted into the beam and rotated to angles 
ranging from 10 to 100 degrees to observe different 
wavelength ranges. The angle of the diffracted 
beam through the grating must rotate as well. This 
requires that the camera and detector dewar also 
follow this angular motion around curved rails. The 
moving components in the RSS-NIR contain motors, 

position sensors and encoders, temperature sensors, 
and heaters for thermal stability control, all of which 
require wires running between them and the external 
control system.

RSS-NIR Cabling Challenges
Passing electrical signals through the thick insulated 
pre-dewar wall is challenging because the wall is 
both a thermal and moisture barrier. Heat leaking 
through or around electrical connectors will raise 
thermal gradients in the instrument, which amplifies 
the background infrared radiation, and also increases 
the load on the pre-dewar cooling system. Humid 
air leaking through or around electrical connectors 
would condense on the cold optics inside the pre-
dewar and damage their optical coatings. To mitigate 

About SALT
The Southern African Large Telescope 
(SALT) is one of the largest optical 
telescopes in the world. It is largely 
funded by the South African 
government’s National Research 
Foundation to promote science 
education, international research 
collaborations with South African 
scientists, and to help stimulate 
South African high technology 
industries. Other telescope 
partners include universities 

and institutions in the USA (University of Wisconsin, Rutgers 
University, Dartmouth College, University of North Carolina,  
Carnegie Mellon University, American Museum  of Natural History), 
Germany (Georg-August-Universität Göttingen), Poland, New 
Zealand, India, and the United Kingdom. 
The telescope has a segmented 11-meter (~36-feet) diameter primary 
mirror feeding instruments at its prime focus. Existing prime focus 
instruments at the top of the telescope include a visible light imager 
(SALTICAM) and the visible wavelength Robert Stobie Spectrograph 
(RSS-VIS). A high resolution spectrograph (HRS) will be added in early 
2013. The HRS will be fed by optical fibers leading from the prime focus 
to the basement where the spectrograph resides inside a stable vacuum 
tank. Its main science uses will be studying the details of individual 
stars in our home galaxy, the Milky Way, and looking for planets 
around other stars. The RSS-NIR is expected to join the suite of prime 
focus instruments in 2015. Its sensitivity to infrared wavelengths will 
allow the telescope to observe more distant galaxies in the universe, 
to better peer down into dust enshrouded regions, and to observe 
diagnostics of stellar winds and supernovas that are not present in  
visible wavelengths. For more informaiton visit www.salt.ac.za/home.

Photo credit:  
Eric Hooper, UW Astronomy Dept.
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these effects, the team had to minimize the number of 
cable penetrations into the pre-dewar from the external 
controls enclosure.

Another challenge is the fact that electrical cables inside 
the pre-dewar must be routed in a way that ensures the 
moving mechanisms their full range of motion. This 
is achieved with off-the-shelf and custom designed 
carriers that keep the cables away from pinch points 
throughout their movement. The carriers bend and flex 
the cables around a radius that moves back and forth 
with the mechanism. The cold operating environment 
of the pre-dewar and bending/flexing requirements in 
the cable carriers put stringent constraints on the types 
of cables that can be used. The insulation must remain 
electrically functional at -40°C (-40°F), yet cannot 
become too stiff or brittle because of the bending and 
flexing motions it will experience. 

To avoid a large number of penetrations into the pre-
dewar for separate devices, sensors and drivers inside 
were selected and designed to communicate over serial 
networks. A 1-wire™ network developed by Dallas 
Semiconductor™ and acquired by Maxim™ is used 
to serialize temperature, humidity, hall proximity, 
mass air flow, and air pressure sensors. Digital I/O to 
detect limit switches and drive solenoids also live on 
this network. The 1-wire™ network does not require 
controlled impedance cables or resistive terminators, 
since it is limited by the total capacitance of the 
network. This allows flexibility in the topology by 
allowing short stubs, consisting of separate power 
conductors and data lines.

The ideal cable for the RSS-NIR 1-wire™ network 
application would have two individually shielded 
twisted pairs (one for DC power and one for network 
data) and be designed for continuous flexing at a 40 mm 
(~1.6 in) bend radius in a -40°C (-40°F) environment. 
“Companies tend to test their cables for millions of 
flexing cycles at room temperature only. They rate their 
cables for temperatures based on the materials and 
construction for static conditions. A few flex test their 
cables at elevated temperatures, but to our knowledge, 
none flex test cables while cold, which is an unusual 
requirement,” says Ron Koch, SSEC electrical engineer 
who designed the RSS-NIR control hardware.

Unable to find such a cable rated to meet these 
specifications, the RSS-NIR development team 
approached HELUKABEL® USA.

A view of the camera articulated to its maximum angle of  
100 degrees.

A close-up of the filter and grating inserters and the tight bend  
radius cable carriers. 

A shot of the whole instrument. Purple, gray, and green cables are 
from HELUKABEL®. To date, not all components are installed. 

A Behind-the-Scenes 
    Look at the RSS-NIR 
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Why HELUKABEL® Cables
“What really drove the selection of HELUKABEL 
cables was their ability to meet the tight bend radius 
required in the cable carriers on the grating and 
filter inserters, and the fact that their cables could 
withstand the consistent flexing cycles at extremely 
low temperatures,” said Koch. “When we found that 
HELUKABEL® could provide quick delivery on small 
orders at good prices, they became our default cable 
supplier.”

The 1-wire™ network application was the RSS-NIR’s 
most demanding, and required Koch to work with 
the HELUKABEL® USA team to find a cable that 
met his shielded pair, polyurethane (PUR) jacket, 
cold temperature rated, and continuous flex capable 
specifications. 

Koch finally chose the HELUKAT® Industrial Ethernet 
cable (P/N 82838), which is a twisted quad, copper 
data cable. The quad design lays more efficiently than 
two pairs, resulting in a smaller cable diameter and as 
such, a smaller bend radius. Furthermore, the cable is 
designed for continuous flex applications having a low 
friction wrap between the wires and braided shield 
enclosed within a PUR jacket capable of performing in 
the cold temperatures of the pre-dewar. 

Before being installed, the cable underwent testing 
in conditions as close as possible to those in the RSS-
NIR pre-dewar. It was placed into a cable carrier in 
an environmental chamber at -40°C (-40 °F) and 
cycled 100,000 times to simulate the lifetime of the 
instrument. During testing, the conductor resistance 
was measured periodically, and following the test the 
HELUKAT® Industrial Ethernet cable was dissected 
and analyzed. Based on the positive results, it was 
then installed for permanent use on the RSS-NIR. 

After his initial experience, Koch has continued to 
consult with HELUKABEL® USA to incorporate 
additional HELUKABEL® products. To date, the RSS-
NIR is using the following cables:

•  HELUKAT® Industrial Ethernet cable (P/N 82838) 
for 1-wire™ network communications.

•  DeviceNet™ PUR cable (P/N 81910) for a 
CANbus network using the CANOpen protocol to 
communicate with absolute linear encoders. 

•  The RSS-NIR image data will be transmitted on 
Industrial USB BUS S cable (P/N 802469). 

Shielded to protect against EMI, 
this control cable is highly flexible 
at low temperatures and has a high 
resistance to abrasion.

Perfect for cable tracks, this PUR-
jacketed control power cable is ideal 
for use in continuous flexing 
applications.

Shielded for resistance to EMI, this 
PUR-jacketed data cable is highly 
flexible and is both abrasion and 
impact resistant at low temperatures.

Data cable with PUR jacket provides 
superior transmission of data in 
highly-flexible applications, e.g. cable 
tracks and camera technology. 

Combines data and power conductors 
inside a PUR jacket. Designed for 
highly-flexible applications between 
-40°C and +80°C.

PUR-jacketed, data cable, suitable for  
use in cable tracks operating in 
temperatures between -40°C and +80°C.

PRODUCTS USED 
          IN THE RSS-NIR
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Your Partner in High-Performance Cables

sales@helukabel.com                      www.helukabel.com                 

Cable Expertise
• Over 30 years in the industry

• 50 global warehouse locations

• Custom & specialty cables

• 30,000+ products in stock

•  The filters and gratings in the instrument will be 
identified with radio frequency identification 
(RFID) tags. The RFID antenna is connected using 
the SUPER-PAAR-TRONIC-C-PUR (P/N 19101). 

•  Control and motor cables include DATAPUR®-C and 
SUPERTRONIC-C-PURö. 

RSS-NIR Status
The RSS-NIR is currently in its integration and testing 
phase in the laboratory at UW. All mechanisms are 
being assembled and operated at room temperature. 
When installed on the top of the telescope RSS-NIR 
will sit at a 37 degree angle and will rotate through 
120 degrees. This requires that the mechanisms work 
through a range of varying gravity vectors, which 
means they must be tested under similar conditions 
on a simulator in the lab. After room temperature 
checkout is complete in late 2012, the pre-dewar 
enclosure will be installed and the entire instrument 
will be cooled to -40°C (-40°F) and run through the 
same series of tests. Only after passing all of these 
tests will it be ready for shipment to South Africa 
and integration onto the telescope. This is expected 

to happen in approximately two years. 

The integration team at the telescope will include 
engineers, astronomers, and students from UW 
who will spend a few months re-assembling the 
instrument at the South African Astronomical 
Observatory laboratories in Cape Town. During the 
installation process, the RSS-NIR will be mated to its 
twin visible wavelength instrument, RSS-VIS, and 
put through a series of verification tests similar to 
those previously done in Wisconsin. The combined 
RSS will then be loaded onto a truck and driven 350 
km (~217 mi) northeast of Cape Town to the SALT 
telescope in the Karoo Desert. An overhead crane 
inside the telescope dome will lift the instrument to 
its home 15 m (~49 ft) above the floor on top of the 
telescope. Once installed, astronomers from many 
of the SALT partner institutions will spend a couple 
more months commissioning the RSS-NIR. This 
involves calibrating how well the instrument works 
by observing a whole matrix of astronomical objects 
to test different aspects of its performance.

The SALT with the combined RSS-NIR and RSS-VIS 
is expected to be fully operational by 2015.
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Washburn Astronomical Laboratories

Washburn Astronomical Laboratories (WAL) is the University of Wisconsin 

Astronomy Department’s instrumentation group that is partially funded 

by the UW College of Letters & Science.  This newly founded organization, 

which grew out of the long successful history of the UW Space Astronomy 

Lab, has shifted the department’s development focus from space-based to 

ground-based astronomical instrumentation.  The WAL serves to increase 

scientific productivity and broaden the educational impact of the department. Its primary goal is to 

produce premier instrumentation to advance scientific research capabilities and programs in astronomy, 

astrophysics, and related fields. The group plays an active role in developing and upgrading the capabilities 

of instruments and telescope sub-systems that enhance the department’s current research facilities: the 

WIYN Observatory in Arizona and the SALT Observatory in South Africa. The group has an additional 

mission to educate University of Wisconsin students and others at all career stages in the principles and 

practice of modern scientific instrumentation, as well as to offer opportunities for direct involvement 

in the development of state-of-the-art instrumentation. The RSS-NIR project team includes graduate 

and undergraduate students in Astronomy and Electrical Engineering. For more information on the  

UW Astronomy Department visit www.astro.wisc.edu.

 The University of Wisconsin Space 
Science and Engineering Center

The University of Wisconsin Space Science and 

Engineering Center (SSEC) is a research and 

development center focusing on geophysical research 

and technology to enhance the understanding of 

the atmosphere of Earth, the other planets in the 

Solar System, and the cosmos. SSEC develops 

and demonstrates new observing systems for 

spacecraft, aircraft, and ground-based platforms. It receives, manages and distributes significant amounts 

of geophysical data and develops software to visualize and manipulate these data to gain insight into 

weather and climate, as well as atmospheric processes and phenomena. In addition to conducting their 

own research, producing algorithms, creating products and improving forecast models, SSEC is committed 

to sharing its efforts, tools, and knowledge with the larger research community and scientists around the 

world. For more information visit www.ssec.wisc.edu.


