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FOREWQRD

The Defense Advanced Research Projects Agency (DARPA) and the
Office of the Secretary of Defense (0SD) tasked Battelle to review ultra-
wideband (UWB) technologies and applications. Battelle convened the Ultra-
Wideband Radar Review Pare! to ex:mine the state of the art and the potential
performance benefits and limitations of UWB technology, with particular
The Pane! was tasked with identifying and

emphasis on radar applications.
This summary report

prioritizing UWB research to be pursued and exploited.
presents the Panel's findings.
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DISCLAIMER A | \L

The views and conclusions contained in this document are those of

the 0SD/DARPA Ultra-Wideband Review Panel and should not recessarily be
interpreted as representing tine official policies, either expressed or
implied, of the Defense Advanced Research Projects Agency or the U.S.

Government, or the views or pclicies of Battelle.




EXECUTIVE SUMMARY

Introduct.on

In view of the interest in ultra-wideband (UWB) technology, the
Defense Advanced Research Projects Agency (DARPA) and the Office of the
Secretary of Defense (0SD) contracted with Battelle to assess UWB technology
and its potential military applications. Battelle convened a panel of experts
drawn from tke various technical areas concerned with UWB technology in order
to perform this assessment. The Panel's assignment was to review the status
of the work in the field, to examine the validity of a number of claims made
by proponents, to determine potential performance benefits, and to recommend
areas for Governmwent R&D support. The Terms of Reference are given in the
Appendix, aiong with a 1ist of Panel members, Government advisors, and
presenters, and the agendas of the Panel meetings.

The Panel reviewed available experimental data, anaiyses,
literature, and various studies. It examined past and proposed research at
DoD and DOE laboratories, as well as by industry and academia. It invited the
proponents of UWB technology to disclose and explain their approaches,
methods, and recommendations. It gave consideration to 211 views, and worked
to identify and prioritize promising concepts for exploitation of UWB
phenomena. This report presents the results of these efforts and recommends
research which the Panel believes should be pursued and identifies areas which
the Panel believes are not worthy of pursuit.

Scope

Interest in UWB technulogy has focused on three areas:

e Radar
® Communications
o Electronic warfare (EW) and RF weaponization.

The Panel concentrated on radar but invited the presentation of
ideas on cnmmunications. No ideas or proposals for UWB communications systems




or techniques were presented, nor were any advantages for such systems
apparent to the Panel. Examination of electronic warfare and RF weaponizaticn
epplications was very limited. The restrictions imposed by the combination of
security classification and the proprietary nature of many of the EW and
weaponization concepts under development by the presenters made it difficult
for the Panel to conduct an in-depth review of these areas. Further, the DoD
has established a separate in-house committee to review a broader area that
includes UWB applications to electronic warfare and weaponization. Thus, the
Panel's efforts were almost entirely devoted to UWB radar issues.

Features o UWB Radar

UWB radars are characterized by very wide bandwidths and the
commensurats fine range resolution. There are applications in which range
resolutions on the order of one foot are desired, such as imaging typical
tactical targets, and wideband techniques are routinely used for these.
However, there are associated disadvaniages 2s well, as evidenced by the
preference to use the narrowest bandwidtih consistent with need in order to
minimize the processing burden. For example, a teafold increase in bandwidth
has significant impact or the cost of a system since, for a given surveillance
volume, the number of resolution cells to be processed and the required
processing for detection are both proportional to the bandwidth., In addition,
the tenfold increase in number of cells, for all else constant, implies about
a tenfold increase in the probability of false alarm or a small decrease in
system sensitivity. For these reasons, wideband or ultra-wideband are used
only when the increased percentage bandwidth presents a distinct advantage.

Essentially all of the interest in (and claims for) UWB radars have
related to an impulse radar implementation which, in its simplest form,
generates its radiated energy by applying a very short video pulse (hence
"impulse") to an antenna. Other forms of UWB radars, "non-impulse" radars,
are generally extrapolations and extensions of so-called conventional radars.
Consequently, the Panel's efforts were concentrated on impulse radar
technologies and capabilities.
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Discussion

Impulse radars have been around for a long time and there are a
number of fielded systems that have been successfully used for terrain
profiling and ground penetration to find buried aobjects.

The recent general interest, hcwever, has centered on claims
involving counter-stealth capabilities, Low Probability of Intercept (LPI),
and detection of relocatable targets (in camouflage and foliage). In the
technical community, there has heen controversy over assertions that the
“standard" analytical tools were either inappropriate or inauequate to deal
with impulse radar issves.

Ar. impulse radar can have substantial low frequency content and
typically has high peak power and short pulse length. These properties are
the basis for claims of unusual capabilities. In examining the subject, the
Panel found it useful to separate such claimed capabilities into two
categories: (1) those involving pheromena which are unique to impulse radars
and (2) those in which impulse radar way offer one or wive Gdvantages i
implementation.

Most of the claims 7or unique cerformance capabilities were based
upon non-linear effects due to high power and/or short pulses. The Panel
found no theoretical or experimental evidence of such effects at frequencies
and operating ranges of interest.

The use of self-irduced transparency (a truly non-linear phenomenon)
has been suggested as a pcssible method for reducing atmospheric attenuation
of miliimeter waves. The Panel was able to look into this only briefly. It
concluded that the likelihood of achieving a useful military <apability
taking advantage of potertially reduced atmospheric attenuation was slight but
that it would be vieful to have someone (e.g., the JASONS, the National
Science Foundatio., er a university) review and document the whole area of
non-linear effe_ts and any possible military applications.

Other claims for unique capabilities were examined and found to be

in error.  Specifically, “precursors", which have figured prominently in some
discussions, are linear transients in distributed media and not unique to
impuise cystems. Further, the Panel saw no practical radar application of
this phenomenon.
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There are a number cf applications where the combination of high
resolution and low frequency is desivable. The most demonstrated are terrain
profiling and earth penetration, but others such as foliage penetration or the
possibility of simultaneous low-frequency surveillance with high resolution
for target identification have been suggested and should he considered.
Either conventional wideband (non-impulse) or impulse radars could accomplish
these functions. but impulse radars miyzht have a substantive advantage in
implementation as measured by cost, size, or weight and deserve detailed
examination. Shorter-range applications are most Vikely to manifest this
advantage.

There have been three proposed capabilities for impulse radar that
have rec=sised wide attention:

(A) Cournter-Stealth. The Panel concluded that
impulse radar is not “"inherently anti-ste¢’
The primary technique used for achieving low
radar cross seccion is shaping. Low
frequencies (HF and VHF) can exploit target
resorance effects which are independent of
shaping and oniy a function of size, This
phenomenan, however, holds for any radar
operating in those bands and impulse radars
have 1o uniquc advantages against shaping.

There are no effects in radar absorbing
material (RAM) thst are unique to impulse
radar, Field strengths in practical
applications are too lcw to excite material
non-linearities. All obseived effects are due
to "out-of-band" operation (with respect to the
RAM) and predictions to the contrary are due to
a misunderstanding of electromagnetics.
Standard measurement and diagnostic techniques
routinely used by the stealth community deal
with these issues completely.

{B8) Detectability of the Radar {LPI). To make a

radar's signal more difficult to intercept,
radar designers resort to the use of complex
waveforms and large processing gains. Even so,
it is difficult to make a radar hard to detect
even in the sidelobe region. The Panel
concluded that the impulse radar, which
typically has less processing gain, has no



special LPI characieristics and is readily
detectable by an eppropri:tely designed
intercept receiver.

(C) Detection of Relocatable Tirgets. A capability
ot interest to both strategic and tactical
forces is the detection of m.litiry targets
when shielded or obscured hy trees.
Consequently, there has beein interest in
developing a foliage-penetration imaging radar
with sufficient resolution to detect targets of
interast with an acceptable false alarm rate.

A radar with a resolution on th~ order of a few
feet and operating at frequencies low enough to
have tolerable attenuation through foliage
might provide a useful capability. Tne Panel
suggests that an impulse radar with a center
frequency of a few hundred Megahertz may well
be tte best way to implement such a system.
These: design efforts and, if appropriate,
experiments are needed to establish the
military utility of such a system.

The Panel reviewed and analyzed all the other areas and issues
pertinent to impulse radar. The Panel was favorably impressed by the designs
of the existing systems for terrain profiling, etc.; by the possibilities of
other short-range and possible medium range radar applications (See
Recommendation A-1); and with the work on "sources" (i.e., generators of ver.
high power puises) and their possibie appiication to conventional as well as
impulse transmitters. Other than these issues, nothing startling or of
unusual merit was found for impulse radsr.

The Panel also reviewed the claim that conventional analysis
techriques were not applicable to impulse radar, and found that this claim was
due to inadequate understanding of the i-sues or erroneous application of
electromagnetic theory and is incorrect.

Principal Conclusions

(A} The Panel concluded that there is no credible
evidence of unique phenomenological
capabilities r ated to the claims made or
proposals advo.ated to the Panel.




(B)

(C)

(D)

(€)

The Parel concluded that im~ ‘i<g radar is not
"inherently anti-stealth."

The Panel concluded that impulse radar has no
special LPI characteristics and s readily
cetectable by an appropriately designed
intercept receiver,

The Panel concluded that all applications
presented could be implemented by alternative
“non-impulse” techniques.

For every application of impulse radar which
was presented, a corresponding example using a
non-impulse radar was found. The Panel saw no
applications for which only an impulse radar
could work.

The Panel found that impressive accomplishments
have been achieved on impulse radars for
terrain profiling, ground probing, and
diagnostics--all short-range applications.

Terrain profiling can be dune at higher
frequencies. but terrain profiling through
foliage requires low frequency and high
resolution.

The Panel suggests that impulse radar probably
represents the most cost-effective solution for
the terrain profilirg and ground probing
applications.

The Panel found that there may be other
applications where impulse radars are
preferable to non-impulse approaches due to
potentially lower cost and lighter weight.

Impulse radars might have specific advantages
for ceitain applications ' ‘th regard to size,
cost, weight, and ruggedness. Their
applicihility to other military requirements
should be explored. (See Recommerdation A-1)

The Panel concluded that the available analysis
tools are completely adequate and appropriate
for dealing rigorously with impulse radar
performance. However, the Panel cautions that
care must be given to ensure their correct
application and notes that this has not aiways
been the case.




Excluding intensity-driven non-linearities and
quantum phenomena, the Panel mairtains thar
conventional classical, linear, time-invariant
systems theory, statistical estimation and
detection theory, and Maxwell's Equations fully
describe all the phenomena presented that
relate to impulse and non-sinuscidal radars.

(H) The Panel conciuded that advances in sources
for generating very nigh power shurt pulses are
impressive and may be promising for
conventional short pulse racar as ~ell as
impulse transmitters. These advaices do not
enable any unique capabilities but may impact
the choice among possible implementations te
achieve cost or weight advantages.

Key Recommendations

(A) The Panel makes three recommendations for DoD investments
in UWb radar related studies and analyses:

(1) In order to examine in detail the
implementation trade-ofi advantaces, the Panei
recommends that the DoD fund ana’yses of poini
designs using impulse and non-impulse
approaches for four radar applications which
appear to have important military applications:

® A short-range system for detecting moving
targets behind walls or foliage

® A short-range airborne imaging radar for
detecting military targets under canopy or
in wooded terrain

o A medium-range (20 km) air defense radar
for detection and non-cooperative
identification of airborne targets,
including but not limited tc helicopters
in the tree line

e A medium-range (20 km) radar for detection
of sea skimming missiles in fleet defense
applications

Suggested performance parzmeters for each
system are given in the text of this report.
The suggested level of effort for each of the
point designs is one to two person-years.

7




(2) 1n order to support the point design studies in
(A)(1) al:ove, tlie Panel reccmmends that the DoD
fund two other studies rejprant to UWB (impulse
or non-injulse) system def:ns:
® A revicw and analysis {based upon existing
theory and measurement data) of clutter
behavinr for UWB radar systems /

® An analysis that characterizes the range
and angle pattern of UWB linear and planar
antenna arrays.

The suggested level of effort of each study is
one person-year,

(3) The Panel recommends that the DoD review the
status of UWB source development in order to
determine if additional R&D efforts are needed.
It is suggested that this review be an in-
house effort.

(B) The Pan

investm
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en
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(1%

makes three recommendations against DoD
s in UWD radar related efforts:

(1) The Panel recommends that no measurement
programs of any kind on stealth materials or
vehicles (e.g., to examine non-linear effects)

be funded.
s (2) The Panel recommends against funding of any

R system studies based upon unsubstantiated
" materials phenomena.

Sy (3) The Panel recommends that no system development

A be undertaken until the results of

: recommendations (A)(1) and (A)(2) above are
assessed and demonstrate the military value of
such system(s).

This is not meant to exclude the investigations in

progress at several Government laboratories which are

_ ¢imed at understanding the technology and implementation
3 implications of UWB radar systems.

. effort to document the characteristics of self induced
i transparency and any other non-linear effects relevant to
Y their possible contributions to military systems. This

(C) Finally, the Panel recommends the DoD sponsor a modest ]




work could be accomplished as nart of the JASONS' 1990 Summer
Study, a National Science Foundation effort, or a funded
University effort.

Final Comment

Althougnh, as noted herein, the Panel found interesting work under
way and recommends additional efforts, it does not believe impulse radar
offers a major new military capability nor correspondingly does it present the
threat of a serious technological surprise.
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ULTRA-WIDEBAND RADAR REVIEW PANEL

TERMS OF REFERENCE

1. Review what has been done in ultra-wideband radar development
a. Available experimental data

b. Literature, including Soviet unclassified, as available.

ro

Review what is being done and what is proposed to be done
a. Government laboratories, including DOE labs

b. Industry and academe.

3. Determine potential performance benefits

a. Radar technology for a variety of applications, including
potential for low observable targets

b. Countermeasures.

Identify technclogy issues and gaps in knowledge, and priority of
importance.

Recommend research which should be pursued to resolve issues

a Areas for further investigation

h. Experimental tools/hardware needed.

Determine possible applications.
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0830-0840
0840-0900

0900-1000
1000-1015
1015-1115
1115-1215

1215-1315
1315-1445

1445-1500
1500-1700

1700

MKGENDA
ULTRA-WIDEBAND STUDY - SESSION I
February 22, 1990

Welcome & introduction B. Tullington

Study Objective & General C.A. Fowler

Discussion

NRL Activities M. kolnik

Break

RADC/OCT Program Review M. Wicks

Lincoln Lab/RADC/MITRE Study L. Pourier/
C. Davis

Working Lunch/Panel Discussion

DIA Ed Thompson/

[959%

. Colsman
Break

Panel Discussion C.A. Fowler/
ij Corum

Meeting Adjcurned

A-8




ULTRA-WIDEBAND STUDY
AGENLA
March 29, 1990
SPC Conference Roum

1500 Wilson Roulevard
Arlington, VA 22209

Times Subject Presenter
0830 - 0840 Welcome 3. Tullington,

Battelle

0340 - 0915 Chairman's Remarks C. Fowier
0915 - 1015 Current UWB Projects B. Crane, USA

1015 - 1030 Break
1030 - 1130 NOSC UWB Programs V. Pusatari, NOSC
1130 - 1230 Working Lunch

123C - 1330 UWB Experimental Results L. Fullerton, Time
Domain Systems

1330 - 1430 roliage Penetration UWB SAR J. McCorkle, HDL
1430 - 1450 sreak

1450 - 1550 Review of Los Alamos UWB J. Corum, Battelle
Conference
1530 - 170C Panel Discussion C. Fowler/ J. Corum,
. Battelle
1700 Chairman's Remarks & Adjournment C. Fowler




Times

0830

0840
0900
1000

1020
1040

1140
1210

1310
1510
1530

1630

1700

0840

0900
1000
1020

1040
1140

1210
1310

1510
1530
1630

1700

ULTRA-WIDEBAND STUDY
AGENDA
Marcn 28,1990
SAIC Conference Room
1555 Wilson Boulevard

Suite 700
Arlington, VA 22209

Subject Presenter

Welcome B. Tullington,
Battelle

Chairman's Remarks C. Fowler

General Principles of UWB H. Harmuth, CU

Boeing Company Programs, T. Johnson, Boeing

Introduction

greak

Theorctical Approach to T. Barrett, Boeing

UWB Radar

Working Lunch

Near-term UWB Applications S. Davis, Power
Spectra

UWB Applications H. Harmuth, CU

Break

Analysis of Impulse Radar and W. Happer, JASONS
Materials Effects

Panel Discussion C. Fowler, J. Corum
Battelle

Chairman's Remarks & Adjournment C. Fowler




ULTRA-KIDEBAND STUDY
AGENDA
March 29, 1990

SAIC Conference Room oL
1555 Wilson Boulevard ]

Suite 700 I
Arlington, VA 22209 /~.
Times Subject Presenter .
0830 - 0840 Welcome B. Tullington, }
) Battelle
0840 - 0900 Chairman's Remarks C. Fowler
0900 - 1000 Panel Discussion C.Fowler/ J. Corum,
Battelle

inan . 11920 Annlirsratinn Af HUD Faun Dadan f DhiT1ldne Thawao
- FyYan WHIIsUL TV W Uy 1w BStivive) Ve rllllll’l), ngrme _
iy Electron -
N 1120 - 1200  Working Lunch :
1200 - 1300 UWB Weapen Applications 0. Su]]ivani MRC 'Q
;‘ 1360 - 1400 UWB Weipon Applications L. Frazier, GD
# 1400 - 1420  Break
B 1420 - 1526 UWB Aircraft Signatures R. Vickers, SRI
1; 1530 - 1700 Panel Discussion C. Fowler/ J. Corum
R Battell.
,é 1700 Chairman's Remarks & Adjournment C. Fowler




Times
0830 - 0840
0840 - 0900
0900 - 1000
1000 - 1020
1020 - 1120
1120 - 1200
1200 - 1300
1300 - 14w
1400 - 1420
1420 - 1520
1520 - 1620
1620 - 1700
1700

ULTRA-WIDEBAND STULY
AGENDA
April 4, 1990
SPC Conference Room

1500 Wilson Boulevard
Arlington, VA 22209

Subject Presenter

Welcome B. Tullington,
Battelle

Chairman's Remarks C. Fowler

UWB Applications G. Ross, ANRO

Break

Fundamental Issues F. Zucker, RADC

Working Lunch

Impulse Radar A. Schutz, GSSI
UWB Techknologies R. Morey, GSSI
Break

Absorber Measuring Contrasting J.P. Hansen, NRL
UWB Instantaneous Swept

Frequency Techniques

UWB Diagnostic Target Imaging J..Young, OSU
Panel Discussion C. Fowler/J. Corum

Chairmaa's Remarks & Adjournment C. Fowler
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ULTRA-WIDEBAND STUDY

AGENDA
April 5, 1990
SPC Conference Room

1500 Wilson Boulevard
Arlington, VA 22209

Times Subject Presenter
0830 - L900 Welcome/Chairman's Remarks B. Tullington,

Battelle/C. Fowler
0900 - 1000 Impulse Radar Clutter Models J. Copeland, BOM
1000 - 1015 Break

1015 - 1115 Low Observables W. Pearson, McDonnell Douglas

1115 - 1215 Noise Radar & Working Lunch G. Cooper

1215 - 1700 Panel Discussion C. towler/J. Corum [~
1700 Adjournment C. Fowler
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DoD/DARPA BTI Committee Review of Boeing Aerospace Electronics

8:30-8:35
8:35-9:00

9:00-10:00

10:00-10:30
10:30-10:45
10:45-11:15

11:15-12:15

12:15-12:30
12:30-13:30

13:30-13:45

13:45-14:00
14:00-15:00

15:00-15:15
15:15-15:30
15:30-16:00

16:00-16:30
16:30-17:00
17:00-17:15

17:15-17:30
17:30~17:45

17:45-18:00
18:00-18:30
18:30

Energy Crafting for Optimum Propagation (ECOP) Concept

(Energy Prupagation Technolouy)
April 24, 1990

The Boeing Company
Rosslyn Center, 20th & 21st Floors
1700 North Moore Street
Rosslyn, VA 27209
(703) 558-9600

Introduction & Overview (J. B. Walsh, Boeing A&E, VP R&E)
Summary of Energy Crafting for Optimum Propagation (ECOP)
Concept (Terence Barrett, Boeing A&B)
First Proposition of ECOP, addressing 70% of effort (Terence
Barrett): The optimum emitted signal is that which is matched,
filtered, (in both frequency and time), to the medium, target
shape and material, and the desired results (Matched Filtering
Adaptive Reconfigurable Array)
Discussion & Question:
Break
Teledyne Ryan Electrorics (Sheng Peng): Adaptive
Reconfigurable Timed Array
General Dynamics {larry Frazier): Sid
Lunch (Catered Working Lunch)
gowerhSpectra Inc. (Steve Davis): Bulk Avalanche Semiconductor
witc
;es}ing of Interceptor Hardware (Don Simms or Ed Trou, Boeing
&E
Break
Second Proposition of ECOP, addressinyg 30% of effort (Terence
Barrett): The Dielectric response of media to transient
signals of sufficiently short duration is distinctly different
from the dielectric response to steady state signals.
(Radiation Matter Interactions).
Discussion & Questions
Break
University of Rochester (Dwayne Miller): Dielectric effects
with transient signals
University of Vermont (Kurt Oughstun): Precursor effects of
radar frequencies
Northeastern University (Marvin Friedman): Advanced
electrumagnetic theory
Potential Applications Spectrum of UWB
Summary of ECOP COncept: Propositions #1 & #2
Recommendations for BTI,/Other Government Support of UWB
Activities
Discussion & Questions
gommittee Deliberations
ND




ULTRA-WIDEBAND
SUB-PANEL ATTENDANCE LIST

April 24, 1990
(GOVERNMENT ONLY)

NAME AFFILIATION
CORUM, JAMES F. BATTELLE
ENTIMINGER, JOHN DARPA

HOAG, PETER JCLO
HOGARTY, JIM JCLO
IVERSON, EVAN LANL
LOOMIS, JAY MICOM

MUIR, RICHARD NAVSEA
POIRIER, LEE RADC

PUGLIELLI, VINCENT G. BATTELLE

RALSTON, JAMES IDA
RUCK, GEORGE T. BATTELLE
SCHINDLER, JAY RADC

SKOLNIK, MERRILL NRL

SOUCY, PHILIP SAF/AQ

TULLINGTON, BERNIE BATTELLE

WILLIAMS, ROBERT DARPA

OLIVER, MARION JHU/APL

HUI, BERTRAM DARPA

MCCORKLE, JOHN HOL



ULTRA-WIDEBAND STUDY
AGENDA
April 25, 26, 1990
BATTELLE CONFERENCE ROOM
1300 N. 17th Street, Suite 1520

Arlington, VA 22209
Telephone, (703) 875-3340

Times Subject Presenter
APRIL 25, 1990 - SUB PANEL MEETING

1000 - 1005 Welcome, Sub-Panel B. Tullington,
Battelle
1005 - 1015  Remarks J. Entzminger, DARFA \

1015 - 1200 Sub b Pane el Discussions J. Entzminger/J. Corum ‘
Conclusions from D |

1200 - 1345 Lunch Break
APRIL 25, 1990 - FULL PANEL MEETING

1345 - 1400 Opening Remarks, Full Panel C. Fowler

1400 - 1450 Systems Aspects of Rescnance- M. VanBlaricum, Toyon
Based Target Identification

1450 - 1500 Break

1500 - 1550 Conventional LaPlace Transient T. Sarkar, Syracuse

O EM Issues
1550 - 1630 Sub Panel Report on Boeing J. Entzminger/J. Corum
Session
i 1630 - 1700  Panel Discussions C. Fowler/u. Cirum
i 1700 Chairmen's Remarks & Adjournuent C. Fowier
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0830 - 0845
0845 - 1700
1200 - 1245
1700

APRIL 26, 1990 - FULL PANEL MEETING

Opening Remarks C. Fowler
Panel Discussions & Reports C. Fowler

Working Lunch

Chairman's Remarks & Adjournment C. Fowler




ULTRA-WIDEBAND STUDY
AGENDA
June 14, 1990
BATTELLE CONFERENCE ROOM
1300 N. 17th Street, Suite 1520

Arlington, VA 22209
Telephone, (703) 875-3340

Times Subject Presenter
0830 - 0845 ¥elcome/Chairman's Remarks C. Fowler
0845 - Q0900 Draft Report Organization and J. Corum, Battelle
General Conments
0900 - 1700 Final Report Discussion C. Fow'er
1200 - 1245 Working Lunch
1700 Closing Remarks C. Fowle-




N

Wrennens | aboratory for Loser Energeﬂcsw THL 718 275 8101

I—

Agenda
Ultrawide Band Radar Panel Site Visit
Friday, 11 May 1990

11:30 Tour of Faciiities at the Laboratory Dwayne Miller
for Laser Energetics Sam letzring

William Donaldson
12:30 Lunch on Site

13:00 Short Pulse Effects in the Optical
Regime Joseph Eberly

14:C0 E?erimantal Coservation of Short Pulse
Effects.Outline of Experimental Program Dwayne Miller

15:00 High Power Photoconductive Switching
for Microwave Pulse Generation William Donaldson

16:00  Summary
Meeting Adjourned




ULTRA-WIDEBAND SUB-PANEL
ATTENDANCE LIST

May 11, 1990

Uriversity of Rochester

NAME AFFILIATION
JAMES RALSTON IDA
MERRILL SKOLNIK NRL
GEORGE RUCK BATTELLE
VINCE PUGLIELLI BATTELLE
JAMES CORUM BATTELLE
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