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Apology: These slides were prepared for an oral presentation 
to the UNC Computer Science faculty for my 2010 academic 
reappointment. For conciseness, acronyms and technical 
jargon abound. These were to be explained during my talk, but 
are unfortunately left undefined in this on-line version.



Outline
•

 
Brief early history

•
 

Early jobs in science and technology
•

 
The MSL and its projects 1981 -

 
1999

–
 

Selected intellectual contributions
–

 
Problem-driven by MSL projects

•
 

2000 –
 

2010 broader technologies
•

 
Current collaborations and projects

•
 

Educational components thereof



Science/techno geek from the get-go
The 1940s
“Tell me about space.”
Northfield, Carlton, and
Grandpa the Chemist

The 1950s
Ridgewood High School
In New Jersey

• Science Club 
• Radio Club
• Mathematics Club
• Duodecimal Club
• Chess Club

I also worked after
class in a TV repair shop 

I placed second in 1957 statewide Physics 
Competition; scholarship offer from Rutgers.
I obtained a ham radio license K2TLH, and a
First Class Radiotelephone license; summer
Jobs at WMCA and WWRL transmitters

In 1958 I entered Antioch 
College where I majored 
in Physics, and reaped 
the benefits of their 
extensive Coop work- 
study program.



Florida State University Physics

1959 Coop job in the lab of Prof. 
Hans S. Plendl.  I learned about
• Vacuum systems,
• Vacuum evaporation of thin films,
• Machine shop skills;
And helped in the final assembly of 
a new Van de Graaff accelerator,
calibrated a neutron detector, and
built an aid for counting tracks in 
analysis of scattering experiments.



WHOI Seismic Studies
In a 1960 Coop job in Brackett Hersey’s
lab in Woods Hole Oceanographic Inst.   
I worked on processing seismic echo 
data using analog computer technology.

Addition, subtraction, differentiation and 
integration were straightforward, but in 
the days of vacuum tubes, multiplication 
was tricky.

We used (solid state!) diode function 
generators to implement square laws, 
and obtained our products from the 
“quarter square”

 

algorithm:

xy= ¼[(x+y)2

 

-

 

(x-y)2]



SIO Lusiad Expedition 1962-3

A 15 month Coop job working for Dave Keeling at Scripps 
Institute of Oceanography studying the global CO2

 

cycle.



The Lunar Orbiter Project

My first post graduate job in manufacturing test engineering

 

at Boeing 
Aerospace was a peak experience I only appreciated years later.

“For many observers as well as for the people who worked on the project, Lunar Orbiter 
quickly became a model of how to handle a program of space exploration.  Its successful 
progress demonstrated how a clear and discrete objective, strong

 

leadership, and positive 
person-to-person communication skills can keep a project on track from start to finish.”
[Kloman, Unmanned Space Project Management]



Fast Forward

•
 

Boeing Optics R&D Laboratory
•

 
Oregon Graduate Center

•
 

University of Oregon
•

 
Electro Scientific Industries
–

 
The Calcumeter

–
 

Laser trimming systems
•

 
“Pattern recognition”

 
hardware

–
 

Mick and Brick, bit slice “build a computer”



I joined UNC in 1981

•
 

North Carolina Microelectronics initiative
•

 
MCNC + UNCCH, Duke, NCSU,NCA&T, UNCC, RTI
–

 
Chip design

–
 

Chip fabrication
–

 
But no system integration plans

•
 

Brooks: commited to build a Microelectronic Systems 
Lab to build running, reliable, maintainable systems from 
custom designed and off the shelf chips.

•
 

Hired me as founding Director of the MSL.



MSL –
 

the first twenty years



Selected contributions, pre-2000
•

 
Boolean Vector Machine board layout

•
 

FFP Machine memory management
•

 
Pixel Planes 5 and PixelFlow clocks

•
 

BioSCAN system integration
•

 
NanoManipulator mechanicals

•
 

Snail eyes HMD: high res video see thru
•

 
HMD trackers: Chandelier, then HiBall

These were application-driven engineering problems



Salphasic clocks for Pixel Planes
Mathematical physics insight: Standing waves are salphasic, and 

occur naturally in lossless transmission media and systems.
Pxpl 5 –

 
Transmission lines drive 3 racks, 200[ps] skew.

PixelFlow –
 

2D structures: rasterizer board clock planes.
Patent issued in 1995 was ahead of its time; 10 year hiatus,
then

 
recently,

 
4 dependent patents, 10 referring patents.

31 paper citations, mostly since year 2005.



How salphasic clocks work
sin(x -

 
ct) + sin(x + ct) = 2sin(x)cos(ct)



Contributions to the HiBall

•
 

Signal design and analysis
–

 
Dark-light-dark NIR signal design

•
 

Internal optical space shared by 6 views
–

 
(Colucci extended idea to 26 views!) 

•
 

Connectorless rigid-flex



HiBall signal analysis
I analyzed the signal 

performance of the 
HiBall system from 
LEDs to the LEPD 
photodetectors.

The final design 
performed within 5% 
of the theoretical 
optimum!



Moving on in the 21st
 

century
Microelectronics became less fashionable and funds for hardware computing 

systems scarce.  However, I have broad interests inclusive of  ME, EE, RF, 
Microwaves, optics, sensors and control systems.  I always welcome 
collaborations with colleagues having interesting engineering problems.

Ongoing and pending projects are,
•

 
Superfine in P&A –

 
the 3D Force Microscope

 
(2000) 

•
 

McLaughlin and Camassa in AM –
 

RMX Project
 

(2005) 
•

 
Superfine –

 
MHTS/Panoptes (parallelized 3DFM) (2006) 

•
 

Bloom in Cell Biology –
 

Mitosis models (2009) 
•

 
McLaughlin et.al. –

 
Cough machine simulator (2010) 

•
 

Oldenburg in P&A –
 

UCT with magnetics (pending) 
–

 

Ultrasonic Coherence Tomography with magnetic particle targets

•
 

Alterovitz in CS –
 

Flexible needle steering (pending) 



The 3D Force Microscope (3DFM) 

Concept
Engineering drawing

Magnetics for the

DC prototype

Magnetic force on a soft magnetic sphere:

Rich Superfine, Physics & Astronomy and Russ Taylor, Computer Science

Solid angle budget for optics and magnetics; tetrahedral geometry



Numerical aperture, bandwidth and full 3D

High resolution needs large Numerical 
Aperture, further cramping magnetics

Laminated cores to provide bandwidth

Six pole design allows forces in all 
directions

Model 1 was developed to address 
these requirements

Five issued patents resulted from work 
on this project



Current version 3DFM magnetics



The RMX project
•

 

Mathematical slender body model of nodal cilia beating in fluid
•

 

Experimental verification needed
–

 

Jing Hao’s 3DFM experiment
–

 

RMX table top scale model developed:
•

 

Terri Jo’s PhD thesis on epicyclic orbits

Rich McLaughlin and Roberto 
Camassa, Applied mathematics



Current projects

•
 

Massively parallel 3DFM
–

 
Panoptes: 12 microscopes for 96-well plates

–
 

MHTS: Multiforce High Throughput System
•

 
RMX with bent rods
–

 
Symmetry breaking creates toroidal flow

•
 

Metaphase mitotic spindle dynamics
–

 
From qualitative to quantitative models

–
 

Newtonian mechanics below diffraction limits



Panoptes engineering problem:
 how to fit 12 copies into 65x100mm

SBS 384-well plate: 3.3x5 in 

Objective lens modified 
with Varioptics liquid lens

20x30mm

 
Camera head

Needed components include:

12 

copies



MHTS engineering problem:
 How to fit 96 copies into 3.3x5 inches

96  copies



Work in progress

A 2x6 layout gives 18x72mm 
between centers of optical axes.  

Single filtered epi path.  
(two

 

required per view)

Camera and epi-illumination 
Paths separated by dichroic.

Camera paths must be folded and 
the cameras displaced vertically to fit.



RMX –
 

bent rod creates toroidal flows
Video cameras improved frame 
rate, and use of Cal Tech camera 
calibration and 3D extraction code 
provided far better quality data.

Introducing curvature to the rod with a “scooping angle”

 

causes the orbit 
to trace out a toroidal surface over the long term.  Model plot shown 
above a photo of how a dot of dye has mixed over about an hour.



Metaphase spindle dynamics Kerry Bloom, 
Biology

(Illustrations by Kendall McKenzie)

The mitotic 
spindle

The kinetochore

Pericentric region

Image of the entire nucleus is 5x5 pixels, so inferring details of dynamics is hard.  
Current models treat pericentric region as a Hooke’s law spring. 



Developing a theoretical model 
informed by experimental evidence

•
 

Some open questions:
–

 
How does the mitosis “check point”

 
work?

–
 

What’s the pericentric spring behavior?
•

 
Available experimental/analytical tools
–

 
Epi fluorescence (multi wavelength) 

–
 

FRAP (fluorescence recovery after photobleaching) 
–

 
Mutations (changing the structure in known ways) 

–
 

Mathematical analysis
 

(using quantitative models) 
•

 
Goal:

 
build and evaluate a quantitative model 

having predictive power (from first principles)



Educational component

Regularly scheduled research meetings are like 
seminars without course numbers.  Weekly 
contact hours:

•
 

CISSM: 10 GR, 20 UG, 2 hrs/wk
•

 
Panoptes: 4 GR, 2 UG, 1.5 hrs/wk

•
 

RMX: 2 GR, 4 UG, 2 hrs/wk
•

 
Mitosis: 2 GR, 2 UG, 1 hr/wk

Office hours average half again the time per week 
devoted to helping students.



Thesis committees
•

 
Recent Computer Science

–

 

Andrew Nashel 2010 (expected) 
–

 

Gennette Gill 2009
–

 

Hua Yang 2008
–

 

Vishal Gupta 2008 (MS Thesis)
–

 

Danette Allen 2007

•
 

Recent Other Departments
–

 

Ricky Spero 2010 (expected) Physics & Astronomy
–

 

Longhua Zhao 2010 (expected) Applied Mathematics
–

 

Kristen Alexander 2007 (MS Thesis) Physics & Astronomy
–

 

Jing Hao 2006 Applied and Materials Sciences
–

 

Terry Jo Lieterman 2006 Applied Mathematics

•
 

Selected earlier:
Chris Dwyer 2003, Nick Vallidis 2002, Russ Taylor 1994, Gary Bishop 1984



Thank you!
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