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Our Alumnus — Dr. David Giltner: 
System Engineering – a Great Fit for a Physics Background 

David Giltner received his Ph.D. 
in physics from Colorado State Uni-
versity in 1996.  His graduate work 
with Siu Au Lee focused on precision 
laser spectroscopy and atom deflec-
tion with laser light.  His thesis was 
titled “An Interferometer for  Atoms 
Using Bragg Scattering from Stand-
ing Light Waves.”  After graduating 
from CSU he went to SDL, Inc. in 
San Jose, CA where he developed 
diode laser and fiber amplifier based 
systems for lab instrument and tele-
communications  applications.   In 
2003 David joined the Systems Engi-
neering group at Ball Aerospace in 
Boulder  where  he  develops  laser 
communication systems for satellite 
applications. 

Most of the technical work avail-
able in the industrial sector involves 
the design of some type of product 
and typically falls under the category 
of engineering.  As a physics gradu-
ate student I often wondered where 
the skills and interests of someone 
trained in physics might fit into the 
commercial world.   Since graduation 
I have found system engineering to 
be one role in industry where the 

tal physicists often have experience 
designing and building hardware for 
research experiments, but there is a 
tremendous difference between de-
signing hardware for a lab setup and 
designing a system that will survive a 
rocket  launch  and  operate  in  the 
harsh environment of space. 

A better match for a physicist is 
one that leverages a broader techni-
cal knowledge that is not typically 
part of design engineer training.  This 
is just what is required of the system 
engineer, whose job it is to guide the 
top-level design to ensure that the 
final  integrated  product  meets  the 
requirements.   System  engineers 
don’t typically need to know the de-
tailed design rules for each element 
of the system, but they do need to 
understand enough to translate the 
top level specification into require-
ments for each discipline.  This is 
well within the scope of the physicist. 

While perhaps a physicist may 
never have designed a Zerodur pri-
mary mirror for an afocal three-mirror 
anastigmatic telescope, they do un-
derstand telescope basics and why a 
mirror made from a low thermal ex-
pansion material might be beneficial.  
They may not know off-hand which 
Zernike terms best describe coma 
and  spherical  aberration,  but  they 
can definitely appreciate that a basis 
set of orthogonal polynomials can be 
useful for describing an optical wave-
front.   Many have learned enough 
about basic circuit design to be able 
to speak intelligently with an electri-
cal engineer and have spent enough 
time in a machine shop to under-
stand when a mechanical engineer 
says the tolerance requested by the 
optical designer is unrealistic. 

skills developed through an educa-
tion in physics are very applicable.  
In this article I describe some of my 
experience  in  the  Instrument  Sys-
tems Engineering group at Ball Aero-
space in Boulder, Colorado, and dis-
cuss where I have found training in 
Physics to be particularly useful. 

Ball  Aerospace  designs  and 
builds  satellites  and  space-based 
instruments  for  scientific,  commer-
cial,  and defense applications.  In 
simplest terms the Instrument Sys-
tems Engineering group is responsi-
ble for the top level design and inte-
gration aspects of developing these 
instruments.  In the case of a simple 
device,  this  may mean integrating 
the efforts of the various technical 
disciplines such as optical, mechani-
cal, and thermal engineering.  For a 
larger, more complex payload, it may 
mean orchestrating the integration of 
multiple  subsystems  into  a  single 
unit. 

A tremendous amount of design 
and analysis work goes into a satel-
lite payload, because design modifi-
cations and repair work are usually 
impossible after  launch.   Such an 
effort requires a team with very spe-
cialized skills  in  the fields of  me-
chanical, optical, structural, thermal, 
electronic, and software engineering.   
Each has typically spent their career 
focused specifically on design and 
analysis best-practices for their disci-
pline.   First-hand  experience  with 
software  tools,  a  thorough  knowl-
edge of the supplier base, and an in-
depth understanding of state-of-the-
art fabrication and test methods are 
all essential.  It is very hard for a 
physicist to compete with an engi-
neer for this type of job.  Experimen-
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To better understand the role of 
the system engineer it is useful to 
consider how a team might approach 
the design of a telescope for an im-
aging satellite, and what role a sys-
tem engineer might play.  Key per-
formance parameters of such a tele-
scope  are  likely  to  include  image 
quality,  field  of  view,  and thermal 
stability.  Minimizing weight is critical 
for a satellite instrument as it impacts 
the launch cost dramatically.  The 
system must be robust enough to 
withstand the stress of launch and 
still meet the performance require-
ments for the duration of the mission 
life. 

The first key element of the tele-
scope design is the optical prescrip-
tion, typically designed by an optical 
engineer using an design software 
package such as Code V or Zemax.  
Experience is required to determine 
the best mirror configuration to meet 
the field of view and image quality 
requirements  without  being  overly 
complex,  massive,  or  sensitive  to 
misalignment.  A mechanical engi-
neer will design the mirror substrates 
and the metering structure that will 
hold  the  mirrors  in  the  locations 
specified  by  the  optical  designer.  
Material choice is critical for minimiz-
ing  weight  or  achieving  sufficient 
thermal stability. If adhesive bonding 
is required, engineers who specialize 
in adhesives will specify appropriate 
bonding  materials  and  processes.   
Contamination specialists will assist 
with  material  selection  to  prevent 
outgassing in the vacuum of space 
that may contaminate the optics.   A 
structural analyst will use finite ele-
ment analysis tools to model the dy-
namic properties of the design, iden-
tifying  resonance  frequencies  and 

istic.  The thermal engineer may pro-
pose a sophisticated baffle that will 
prevent the sun from shining directly 
on the telescope but pushes the sys-
tem  mass  beyond  the  customer’s 
requirement.  The  system engineer 
must maintain a system level point of 
view and determine a compromise 
solution based the top-level specifi-
cations. 

Despite the fact that engineering 
is different from physics research in 
many respects, there are opportuni-
ties in industry that can be very re-
warding to someone with a physics 
background.  A career in system en-
gineering  makes  excellent  use  of 
skills common to physicists such as 
a broad technical knowledge, hands-
on  hardware  experience,  generic 
problem solving,  and an ability  to 
understand and solve problems in 
many technical disciplines. 

predicting the stress expected during 
launch.  The mechanical design will 
likely go through several iterations 
based on the results of this structural 
analysis before it  is  finalized, and 
compromises may have to be made 
based on a prioritization of the re-
quirements.  A thermal engineer will 
model the system in its specified op-
erating  environment  and predict  a 
temperature  profile  used  to  deter-
mine thermal control  requirements.  
Electrical and software engineers will 
develop the thermal control system 
and a mechanical engineer will de-
sign  a  suitable  enclosure  for  the 
electronic  hardware.   A  radiation 
specialist will determine the radiation 
dose expected for the specified orbit, 
mission life, and specified shielding 
so that radiation sensitive parts such 
as the electronics and optical coat-
ings can be designed appropriately. 

It is the job of the system engi-
neer to ensure that all of these spe-
cialized design efforts are integrated 
properly to produce the final product.  
Each member of the technical team 
will have an excellent understanding 
of their own discipline but typically 
much less appreciation for the other 
disciplines.   Therefore the system 
engineer must have enough of an 
understanding of each of the techni-
cal disciplines to be able to lead the 
team  and  make  critical  decisions 
when complications arise.  Often the 
design preferred by one discipline is 
not the preferred choice of another, 
and a compromise must be negoti-
ated.  As an example, the optical 
engineer may propose a telescope 
configuration that meets the optical 
specifications but requires a mirror 
positioning  tolerance  that  the  me-
chanical engineer believes is unreal-


