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1. INTRODUCTION

Two of the primary pieces of the diagnostic information in pulsed-power
experiments are the voltage and the current provided by the pulser at the
load. In many instances, particularly with voltages on vacuum devices, it is
not possible to make measurements as close to the load as one would like.
Often an inductive correction is used to relate the voltage sensed at one
position to the actual voltage at the position of interest. However, such a
correction is only an approximation with limited validity.

A better method to infer the voltage and current at some position from
data measured at another position uses a transmission-line circuit and a
transmission matrix approach. There are three requirements for the applica-
tion of this method: first, the voltage and current must be sensed at a
common position; second, the record of these data must include information
before and after the time frame of interest by a time equal to the transit
time from the sensors to the calculation position; and, third, the geometry
connecting the calculation position with the data position must be character-
ized by a system of transmission lines.

One necessity for the practical implementation of this method is a comput-
erized system for pulsed digitization and data processing. With the more
widespread use of high-speed transient digitizers, this otherwise awkward (and
therefore little-used) method is quite easy to implement.

2. ANALYSIS

For our purposes we consider that the region connecting the field sensors
with the position of interest can be described by a sequence of lossless
transmission lines each described by an impedance, Zi’ and a one-way transit
time, Ti'

In each transmission line there can be a wave propagating to the righf and
to the left, and each wave has a frequency-independent speed. For the right-
going wave of voltage, V, the current at a given point im_the line is given
by V/Z, while for the left-going wave, v, tge current is -V/Z. Consequently,
the total current, I, is given by I = (V = V)/Z, whereas the total voltage is
given by V = V + V. Combining the expressions, one can express the traveling
waves in terms of I and V:

> 1
V =—(V + ZI)
2
and (1)
¥ =Ll - z1)
=5V - .

We assume we know as functions of time the voltage, Vi+ and current, I
to the left of the ith transmission line (fig. 1). What we want to determine
are the functions, Vigp and I, .4, which describe the voltage and current to
the right of the transmission line.
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Figure 1. Definition of the parameters: V; and I, are the total
voltage and current to the left of the ith transmission line; V; 4 and
Ii+1 are the total voltage and current to the right; VL and 1, are,
respectively, the right- and left-going voltage waves in the ith
transmission line at its left end; and VR and VR are, respectively, the
right- and left-going voltage waves in the same line at its right end.

At a given time, t, the voltage and current to the right of the transmis-
sion line are expressed by
> <
Vi () = VR(t) + Vg(t)
and (2)
> <«
ZiTi49(t) = VR(t) - Vr{t) ,
in which the subscript R identifies the traveling waves as theylgppear in the

right end of the ith transmission }ine. éThese values, V_ and V., at time t
are equal to the left-end wvalues, V. and V_, at times ofgéet by the transit

ol L I
ime, Ti=
> >
vp(t) = vp(e-1,)
« « (3)
Vp(t) = vp(t+ry)

Using equation (1), we can express the time-offset traveling voltages at the
left side in terms of the total voltage and current measured there:

. 1 1
p(t-ry) = vi(e-Ti) + 5 23T5(e-Ty)
and (4)

1 1
(‘}L(t"'Ti) = EVi(t-O-Ti) -3 ZiIi(t+Ti) .

We now combine equations (4), (3), and (2) and obtain the expressions desired
for Vi+1(t) and Ii+1(t) in terms of the known functions, Vi and Ii:



[vi(t-13) + 2315 (e-7y) + vi(eemy) - 2315 (esmy)] (5a)

N -

Vi (B)

Lip(t) =5[Vi(t-1y) + 235 (t-15) - vi(tomy) + 235 (emy )] /23 o (Sb)

=

Equations (5a) and (5b) embody the result of the transmission operation
through one element of the circuit and are the equations used in the computer
application of this method.

For geometries that can be described by a series of transmission lines of
a variety of impedances, equations (5a) and (5b) can be used to step from one
junction to the next until the voltage and current are derived for the posi-
tion of interest. In carrying out this procedure neither V nor I nor the
geometry need be specified to the left of the point at which V and I are
measured or to the right of the position of interest. Consequently, derived
data can be used directly to indicate the load characteristics.

According to equations (5a) and (5b), to derive Vi+1 or Ii+1 at a time, t,
the given Vi and I, must both be known at times t + T; and t - Ty This
requirement chains itself across a succession of transmission lines so that
the derived data are less extensive than the measured data at each end of the
trace by the sum of the individual T »

3. RELATION TO OTHER DATA-CORRECTION FORMULAS

The result contained in equations (5a) and (5b) should, with the proper
assumptions, simplify giving the inductive correction term LI if certain
simplifying assumptions can be made. To investigate what these assumptions
might be, we write equation (5a), grouping together the voltage and current
terms:

Vi (0) = o[V (e-1y) + vi(eery)] - myz[n(eeny) - 1 (e-my)]/(2m) . (6)

The factor Tizi seen above is identically the inductance Li of the ith trans-
mission line. If the variation in time of vy is approximately linear from t -
T, to t + T, then 1/2[vj(t-T;) + Vi[t+Ti%] approximates V;(t). Furthermore,
if the same condition holds for I;, then Ii(t+Ti) = Ii(t—Ti)]/(ZTi) approxi-
mates Ii(t). If both V; and I, are approximately linear over t - T; to t +
T;, we see that equation (6) reduces to

Vi+1(t) 2 Vi(t) - LiIi(t) 0 (7)

Consequently, if the assumption of linearity over a time, 2Ti' can be made,
the standard LI correction is valid using sensors of voltage and current at
the same position. ’




Analogously, to the extent that Vi and Ii are linear from t - Ti to t +

T,, equation (5b) reduces to

i’
Ii+1 (t) = Ii(t) - civi(t) ' (8)

where Ci is the capacitance of the transmission line.

4. IMPLEMENTATION IN VANDALS PROGRAM AT AURORA

VANDALS is a program implemented on the Auroral! PDP 11/60 computer to
process voltage and current data recorded with Tektronix 7912 transient digit-
izers and their associated software. Although VANDALS performs other tasks
associated with digitized data-taking (e.g., baseline and sweep-speed adjust-
ment; time alignment; integration of traces from capacitive voltage dividers
and B-dot loops; and calculation of wave impedance, power, energy, and
IV**2.8), its main function is to implement the translation algorithm dis-
cussed above.

The relevant portion of the VANDALS subroutine that performs the transla-
tion appears in appendix A. The transmission-line circuit in VANDALS is a
string of up to 30 transmission lines of arbitrary impedances, 2Z(J), and
transit times, T(J). At Aurora this circuit (fig. 2) describes the region of
the machine from the high-voltage end of the vacuum insulator stack to the
field-emission load. The transit times of the circuit elements were chosen so
that the various voltage and current monitors and the load are positioned at
junctions in the circuit.

The voltage and current traces to be translated are contained in the
arrays V1 and I1, each of which is dimensioned for 768 points. These data
arrays are associated with any one (N) of the 31 positions between (or at the
end of) transmission lines in the circuit. Things are set up so that position
N is between lines N and N + 1. Position 30 is between line 30 and the non-
existent line 31; position O is between line 1 and the nonexistent line O.
Each pass through the major DO loop (ends at statement 200) replaces the data
in the arrays V1 and I1 with data appropriate to either position N + 1 or
position N - 1. The formalism of the algorithm will permit translations in
either direction in the circuit provided an adjustment is made in the sign of
current terms in the statements corresponding to equations (5a) and (5b)
above. This must be done because the definition of positive current implies a
directionality in the circuit. The factor SIGN which takes the value +1 or
-1, as appropriate, takes care of this.

As explained in the theory section above, to calculate a point for time t
in a translation across a line, J, of length T(J), data must exist in V1 and
I1 corresponding to both t + T(J) and t - T(J). This means that, if in V1 and
I1 the data cover the time span from t; to tyr the translated data (which are
temporarily put in the scratch arrays V2 and I2) will cover the time span from

lg, Bernstein and I. D. Smith, Aurora, and Electron Accelerator, IEEE Trans.
Nucl. Sci.,_gg_(June 1973), 294.
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t1 + T(J) to t2 - T(J). Therefore, in successive translations the time span
covered by the data will shrink. The program keeps track of this with the
quantities K1 = NMN and K2 = NMX, which are the respective numbers of the
minimum and maximum bins of relevant data.

Since the program permits transit times of arbitrary values, an interpola-
tion is done between points in Vi and I1 to get quantities V1(t+T(J)) and
I1(t£T(J)) for use in the translation formulas. A graphical illustration of
this interpolation procedure is commented into the listing (app A) in which
all parameters of relevance are identified. For our purposes a linear inter-
polation has been found to be quite adequate; but, as a result of this inter-
polation, the data are smoothed in translation. This smoothing can be seen in
the sample Aurora data of figure 3. Also shown in figure 3 is the shortening
of the traces due to the algorithm. This shortening is at both ends, although
one could reason that it need not be for times before the pulse, if we assume
we know a priori what the current and voltage are before the time frame of the
recorded data. As the original current trace can be seen here to end slightly
before the voltage trace, in this example it is the extent of the original
current data that governs the extent of data in subsequent calculations.

5. TEST OF THE TRANSLATION ALGORITHM

To test the coding of the basic translation algorithm, a simple sine-wave
example is presented, with a very simple circuit.

Consider a 50-Q transmission line that is 100 ns long and is represented
by a chain of twenty-five 50-Q transmission lines, each 4 ns long. At one end
of this line some unspecified circuitry is attached. This circuitry results
in a voltage of 50-V amplitude that is exactly in phase with the current of
1 A at this particular end of the transmission line. The voltage and current
are sinusoids with a 250-ns period.

At the remote end we expect identical waveforms except that they are
delayed by 100 ns. The load responsible for V(t) and I(t) must be a resist-
ance of 50 @ (or a further length of 50-Q cable terminated in 50 Q).

Figure 4(a) shows the given voltage and current. Figure 4(b) shows the
voltage and current calculated for the other end of the 100-ns line. Note
that, as expected, the traces are identical in shape to the given data but
delayed by 100 ns. Also note that the traces are shorter by about 120 ns at
each end. Theoretically, the data should be shortened by one transit time or
100 ns at each end. The extra 20 ns is due to a rounding effect: on each
pass through one of the 25 transmission lines, the data are shortened by an
integral number of data points. When the transit time is 4 ns and the 512
data points are 0.98 ns apart, 4.1 data points should be eliminated per trans-
mission line at each end of the trace. To round 4.1 down to 4 data points
would leave an irrelevant point at each end of each trace. Therefore, 5 data
points are eliminated instead; (5 points) x (0,98 ns/data point) x (25 lines)
accounts for 122 ns lost at each end of each trace. This effect has proven to
be no problem with real data (fig. 3).

10
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Figure 3. Sample Aurora data: (a) data provided by the sensors, (b) data

calculated for the load position with the use of the data of 3(a), and
(c) data calculated for the sensor position based on the calculated load-

position data of

3(b}.
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Ideally this would reproduce exactly the data in
3(a), but is smoothed due to interpolation.



6. CONCLUDING REMARKS

Legitimately, one can only make use of the equations (5a) and (5b) if V
and I are known functions of time at some common position. However, if expe-
rience indicates that either V or I does not vary too much in position, one
could rationalize applying this method to two traces from slightly different
positions along a transmission line. The present method of analysis, which
assumes that the two traces originate at the same position along a transmis-
sion line, results in a closed form (equations (5a) and (5b)) for translating
the traces. One could envision converging infinite series replacements for
equations (5a) and (5b) so that information for a third position could be
unfolded rigorously from monitors at two different positions. An approach to
this problem was taken by R. Richardson et al. of Maxwell Laboratories, Inc.
in reference to work on their Blackjack 5 Machine.?2

{a) original data
v
Wiy
0 ~4 [os
" - 04
10 — B2
1 | 1 1 1 1 |
¥ I 1 ] I ] ] v
10 02 Figure 4. Sinusoidal test of code:
(a) data simulated for "sensor"
-2 -4 position and (b) data calculated
—06 (using VANDALS) 100 ns downstream
of original data through twenty-
48 five 4-ns transmission lines. The
extra time missing at each end of
the calculated data results from
(b) after transiation

rounding up the fractional number

v | L of bins that should be removed from
ey the data on each pass.

30-

20 -~

= 0.6

—~— 0.2

_} i 1 I
1 1 T 1
_10 g
J “’5"
"y

-3

-4 —

2R. Richardson, E. Chu, W. Clark, J. Shannon, and M. Wilkinson, Calibration
of the Blackjack 5 Pulse Generator Output Power, National Bureau of Standards
Special Publication 628, Measurement of Electrical Quantities in Pulse Power
Systems, R. H. McKnight and R. E. Hebner, Jr., ed.(June 1982), 150.
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THE GRAFHIC EXAMFLE SHOWS EITHER A VOLTAGE OR CURRENT DATA ARRAY
THAT I8 TO CONTRIRUTE TO A DATA TRANSLATION. THE NUMRERS TDENTIFY
THE RINS, EACH % I8 A DATA FOINT IN THAT ARRAY. THE SYMROL

X SHOWS THE LINEARLY INTERFOLATEDR VALUES USED IN THE ALGORITHM
(STATEMENT 100 ANDI THE ONE JUST AROVE IT) THAT ACCOMPLISHES THE
TRANSLATION .
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FRR N P

(1

K1 AN K2 ARE THE RESFECTIVE SCRATCH EQUIVALENTS OF NMN ANI' NMX.

FOO Ki= NMN
K= NMX

THE SCRATCH ARRAYS V2 AND T2 ARE ZEROED.

no 99 K=
CVR(KY= O,
59 T2(K)= 0.

1y

768
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APPENDIX A

o

™
L

FOSITIVE CURRENT IS ASSUMED TO BE IN THE DIRECTION OF INCREASING
VALUES FOR THE SURSCRIFT J IN Z(JY AND T(J)., SIGN IS A FACTOR + OR -1
USED AS THE SIGN OF THE CURRENT TERMS IN THE TRANSLATION ALGORTTHM.

TO USE THE ALGORITHM FOR TRANSLATIONS IN THE DIRECTION OF INCREASING
Jr SIGN I8 415 TO USE THE ALGORITHM FOR TRANSLATIONS TN THE OTHER
DIRECTIONy SIGN I8 1.

GO OO0

]

SIGN= 1,

IF(NL LGT, N2)Y SIGN= -1,
IF (N1 +EQ. N2) BO TO 1000
NUMBER= ARS(N2-N1)

THE LOOF OVER CIRCUIT ELEMENTS BEGING.

[ i R

nO 200 Jd=1y NUMBER

J OIS THE I.D. NUMRER OF THE ELEMENT REING CALCULATED ACRDSS .
IMPLICIT HERE I8 THAT TO THE RIGHT OF FOSITION J IS ELEMENT 41

G ooDo

J=OL 4+ N
IFINL 6T, N2)Y Jd=Ni+l-Jd

DT I8 THE TIME FER RIN,

THE IDENTIFIERS Ki AND K2 OF THE MINTMUM AND MAXTIMUM BINS OF RELEVANT
DATA ARE ADJUSTED BELOW. IF Ti (T2 I8 THE TIME AT WHICH THE naTa
BEGING (ENDS) REFORE TRANSLATIONs T1+T (T2-T) 18 THE TIME AT WHICH
THE DATA BEGINS (ENDS) IN THE NEW TRANSLATED DATA ARRAY .

OO0

OO0 G

Kil= 1 4+ KL1+TCy /0T

R2= K2-T(J)y/nT

IFLAG = 0

IF (K2 .6GT. Ki) 60 TO 10

WRITE (%5 11

11 FORMAT (7 THE SFAN OF THE UATA IS TOD RESTRICTED FOR FURTHER’ »

1 7 TRANSLATION, ")

IFLAG = 1

GO TO 1000

K1 AND K2 ARE RESFECTIVELY THE LOWEST AND HIGHEST BINS OF RELEVANT
DATA.  THE LOOF OVER RINS IN THE CALCULATED DATA ARRAYS REGINS HERE,

G OOc

10 DO 100 K= KiyK2
TMINUS= K¥DT-T(J)
MMINUS= TMINUS/DT
TETWN= TMINUS ~ MMINUS % DT
UMINUSG = Ul(MMINUQ)+THTNN*(U1(MMINUS+1)MU1(MMINUS))/HT
IMINUG= Il(MMINUS)+TBTNN*(Ii(MMINUS+1)mIl(MMINUS))/DT
TRLUS= KXDT+T ()
MPLUS= TFLUS/DT
TETWN= TPLUS-MPLUSXDT
VFLUS= Vl(MPLUS)+THTNN*(U1(MPLUS+1)wU1(MPLUS))/HT
IPLUS= Il(MPLUS)+THTNN*(11(MPLUS+1)*II(MPLUS))/DT

16
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oGO0

GO ofn

APPENDIX A

THE NEXT TWO STATEMENTS DO THE ACTUAL TRANSLATION.
V2K = LSXCUMINUSHSIGNXZ (DX IMINUSHVUFLUS-SIGNXZ (DX TFLUS)

100 I2(K)= .5*(SIGN*UHINUS+Z(J)*IHINUSmSIGN*UPLUS+Z(J)*IPLUS)/Z(J)
THE TRANSLATED DATA IN THE SCRATCH ARRAYS ARE TRANSFERRED TO THE
ORIGINAL ARRAYS ANI THE SCRATCH ARRAYS ARE ZERODED .

00 200 K=iy 768
V1 (K)=V2(K)
V2(K) =0,
T1(K)=TI2(K)

200 I2(K)=0,

THE LOWEST AND HIGHEST RELEVANT DATA RINS (NMN AND NMX) ARE SHIFTED
SINCE DATA IS LOST AT EACH END OF THE TRACE BY AN AMOUNT CORRESFONDING
TO THE TRANSIT TIME OF THE TRANSLATION.
NMX= K2
NMN=K1
1000 RETURN
END
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ATTN WARREN G. WILLIAMS, JR.
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ARDC, AMCCOM (Cont'd)

ATTN DOUGLAS WITKOWSKI

ATTN ALEXANDER E. ZIELINSKI
PROP BR, ASD, LCWSL

DOVER, NJ 07801

COMMANDER /DIRECTOR

ATMOSPHERIC SCIENCES LABORATORY

US ARMY ERADCOM

ATTN DELAS-EO, ELECTRO-OPTICS DIV
WHITE SANDS MISSILE RANGE, NM 88002

DIRECTOR

APPLIED TECHNOLOGY LABORATORY
AVSCOM

ATTN DAVDL-ATL-TSD, TECH LIBRARY
FT EUSTIS, VA 23604

DIRECTOR

US ARMY BALLISTIC RESEARCH LABORATORY
ATTN DRDAR-BLB, ROBERT KREMENS

ATTN DRDAR-BLB, CLINTON HOLLANDSWORTH
ATTN DRDAR-TSB-S (STINFO)

ATTN KEITH JAMISON

ABERDEEN PROVING GROUND, MD 21005

COMMANDER/DIRECTOR
COMBAT SURVEILLANCE
& TARGET ACQUISITION LABORATORY
US ARMY ERADCOM
ATTN DELCS-R, DIR RADAR DIV
FT MONMOUTH, NJ 07703

COMMANDER

US ARMY COMPUTER SYSTEMS COMMAND
ATTN TECH LIB

FT BELVOIR, VA 22060

COMMANDER
US ARMY ELECTRONICS PROVING GROUND
FT HUACHUCA, AZ 85613

US ARMY ET/DL ERADCOM

ATTN DELET-PL, EVANS AREA, JOSEPH TOMAINI
ATTN DELET-PL EVANS AREA, ROBERT YOUMANS
ATTN DELET-DD

ATTN DELET-B, STEPHEN LEVY

FT MONMOUTH, NJ 07703

COMMANDANT

US ARMY ENGINEER SCHOOL
ATTN LIBRARY

FT BELVOIR, VA 22060

COMMANDER

ERADCOM TECHNICAL SUPPORT ACTIVITY
ATTN DELSD-L

TECHNICAL LIBRARY DIRECTOR

FT MONMOUTH, NJ 07703



DISTRIBUTION

DIRECTOR

US ARMY MATERIEL SYSTEMS ANALYSIS
ACTIVITY

ATTN DRXSY-MP

ABERDEEN PROVING GROUND, MD 21005

US ARMY MATERIAL TESTING INSTALLATION

ATTN STEAP-MT-R, DR. ABDUL HALIM KAZI

ABERDEEN PROVING GROUND, MD 20115

COMMANDER

US ARMY MISSILE & MUNITIONS CENTER
& SCHOOL

ATTN ATSK

ATTN ATSK-CTD-F

REDSTONE ARSENAL, AL 35809

COMMANDER

US ARMY MISSILE COMMAND

ATTN DRCPM-HEL, HIGH ENERGY LASER SYS

REDSTONE ARSENAL, AL 35809

DIRECTOR

US ARMY MISSILE LABORATORY

USAMICOM

ATTN DRSMI-RPT, TECHNICAL
INFORMATION DIV

ATTN DRSMI-RA, CHIEF, DARPA PROJECTS
OFFICE

ATTN DRSMI-RH, DIR, DIRECTED ENERGY
DIRECTORATE

REDSTONE ARSENAL, AL 35809

COMMANDER

US ARMY NATICK RES & DEV COMMAND
NATICK DEVELOPMENT CENTER

ATTN DRDNA-T, TECHNICAL LIBRARY
NATICK, MA 01760

COMMANDER

US ARMY RSCH & STD GP (EUR)

ATTN CHIEF, PHYSICS & MATH BRANCH
FPO NEW YORK 09510

US CHIEF ARMY RESEARCH OFFICE (DURHAM)
PO BOX 12211

ATTN DRXRO-EL,
ATTN DRXRO-MA,
ATTN DRXRO-PH,
ATTN DRXRO-EG,
RESEARCH TRIANGLE PARK, NC

DIR ELECTRONICS DIV
DIR MATHEMATICS DIV
DIR PHYSICS DIV

DIR ENGINEERING DIV
27709

US ARMY SATELLITE COMMUNICATIONS
AGENCY

CORADCOM

FT MONMOUTH, NJ 07703
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COMMANDER
US ARMY SIGNAL CENTER
& FT GORDON
ATTN ATZHCE, DIR OF COMMUNICATIONS
& ELECTRONICS
FT GORDON, GA 30905

DIRECTOR

US ARMY SIGNALS WARFARE LABORATORY

VINT HILL FARMS STATION

ATTN DELSW-CE, COMMUNICATIONS/EW DIVISION

ATTN DELSW-EE, ELECTRONICS/EW DIVISION

ATTN DELSW-OS, OFFICE OF THE SCIENTIFIC
ADVISOR

WARRENTON, VA 22186-5000

COMMANDER

NAVAL AIR DEVELOPMENT CENTER

ATTN TECHNICAL LIBRARY

WARMINSTER, PA 18974

CHIEF OF NAVAL OPERATIONS

DEPT OF THE NAVY

ATTN DIR, COM & CONTR &
COMMUNICATIONS PROGRAMS

WASHINGTON, DC 20350

SUPERINTENDENT

NAVAL POSTGRADUATE SCHOOL
ATTN LIBRARY, CODE 2124
MONTEREY, CA 93940

CHIEF OF NAVAL RESEARCH

DEPT OF THE NAVY

ATTN ONR-420, PHYSICAL SCI DIV
ARLINGTON, VA 22217

OFFICE OF NAVAL RESEARCH
LONDON BRANCH OFFICE

BOX 39

ATTN DR. DAVID MOSHER
FPO NEW YORK, NY 09510

DIRECTOR

NAVAL RESEARCH LABORATORY
ATTN 2600, TECHNICAL INFO DIV
ATTN 4760, B. ROBSON

ATTN 4704, C. KAPETANAKOS
ATTN 4770, I. M. VITKOVITSKY
ATTN 4771, F. C. YOUNG

ATTN 4773, RON BOLLER

ATTN 4773, G. COOPERSTEIN (10 COPIES)
ATTN 4773, ROBERT MEGER

ATTN 4773, JOHN SHIPMAN

ATTN 4773, S. J. STEPHANAKIS
ATTN 6682, DR. NAGEL

ATTN 6682, R. NEGER

4555 OVERLOOK AVE, SW
WASHINGTON, DC 20375




DISTRIBUTION

COMMANDER

NAVAL SURFACE WEAPONS CENTER
ATTN DX-21, LIBRARY DIV

ATTN F-12, EDWIN D. BALL
ATTN F-12, VICTOR H. GEHMAN
ATTN F-04, M. F. ROSE

ATTN DAVID FENNEMAN

ATTN R. J. GRIPSHOVER
DAHLGREN, VA 22448

COMMANDER

NAVAL SURFACE WEAPONS CENTER
ATTN E-43, TECHNICAL LIB
ATTN F-30, NUCLEAR EFFECTS DIV
ATTN F-34, EUGENE NOLTING
ATTN F-34, R. A. SMITH

ATTN F-34, VAN KENYON

ATTN F-34, F. J. SAZAMA

ATTN F-53, JOSEPH M. BUTNER
ATTN F-53, NICHOLAS PAPPAS
ATTN F-53, JESUS A. ROSARIO
ATTN F-55, EUGENE R. CARROLL
ATTN R-41, GARY A. GLASS
ATTN R-41, STANLEY H. STERN
WHITE OAK, MD 20910

COMMANDER

NAVAL TELECOMMUNICATIONS COMMAND HQ
ATTN TECHNICAL LIBRARY

4401 MASS AVE, NW

WASHINGTON, DC 20390

COMMANDER

NAVAIL, WEAPONS CENTER
ATTN 38, RESEARCH DEPT
ATTN 381, PHYSICS DIV
CHINA LAKE, CA 93555

AF AERO-PROPULSION LABORATORY
WRIGHT-PATTERSON AFB, OH 45433

COMMANDER

ARNOLD ENGINEERING DEVELOPMENT CENTER
ATTN DY, DIR TECHNOLOGY

ARNOLD AIR FORCE STATION, TN 37389

HQ, USAF/SAMI
WASHINGTON, DC 20330

DEPUTY CHIEF OF STAFF
RESEARCH & DEVELOPMENT
HEADQUARTERS, US AIR FORCE
ATTN AFRDQSM

WASHINGTON, DC 20330

SUPERINTENDENT

HQ, US AIR FORCE ACADEMY
ATTN TECH LIB

USAF ACADEMY, CO 80840
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COMMANDER
AF ELECTRONIC SYSTEMS DIVISON
ATTN WO, DEP FOR CONTROL
& COMMUNICATIONS SYS
L. G. HANSCOM AFB, MA 01730

COMMANDER

HQ, ROME AIR DEVELOPMENT CENTER (AFSC)
ATTN LE, DEPUTY FOR ELECTRONIC TECH
ATTN LMT, TELECOMMUNICATIONS BR
GRIFFISS AFB, NY 13441

DIRECTOR

AF OFFICE OF SCIENTIFIC RESEARCH-

BOLLING AFB

ATTN NE, DIR OF ELECTRONIC &
SOLID STATE SCI

WASHINGTON, DC 20332

AIR FORCE OFFICE OF SCIENTIFIC RESEARCH
PHYSICS DIRECTORATE

ATTN M. A. STROSCIO

BOLLING AFB, DC 20332

COMMANDER

HQ, AIR FORCE SYSTEMS COMMAND
ANDREWS AFB

ATTN TECHNICAL LIBRARY
WASHINGTON, DC 20334

HQ AFSC/INA
ATTN MAJOR DENNIS M. ZACK
ANDREWS AFB, DC 20334

AF WEAPONS LABORATORY, AFSC
ATTN LR, LASER DEV DIV

ATTN NTAP, 2ND LT BRUCE D. BRAY
ATTN NTYP, W. L. BAKER
KIRTLAND AFB, NM 87117

DEPARTMENT OF COMMERCE

NATIONAL BUREAU OF STANDARDS

ATTN LIBRARY

ATTN HIGH VOLTAGE MEASUREMENTS
SECTION

ATTN ROBERT HEBNER

WASHINGTON, DC 20230

US DEPARTMENT OF ENERGY
DIVISION OF INERTIAL FUSION
ATTN S. L. KAHALAS

ATTN R. L. SCHRIEVER
WASHINGTON, DC 20585

US DEPARTMENT OF ENERGY
OFFICE OF CLASSIFICATION
ATTN ROBERT T. DUFF
WASHINGTON, DC 20585




DISTRIBUTION

US DEPARTMENT OF ENERGY
NEVADA OPERATIONS OFFICE
PO BOX 14100

ATTN REX PURCELL (2 COPIES)
LAS VEGAS, NV 89114

US DEPARTMENT OF ENERGY
PO BOX 62 (2 COPIES)
OAK RIDGE, TN 37830

ATOMIC WEAPONS RESEARCH ESTABLISHMENT
BUILDING H36

ATTN J. C. MARTIN

ALDERMASTON, READING RG 7 4PR

UNITED KINGDOM

ATOMIC ENERGY OF CANADA

ATTN DR. MARK DEJONG, ASSISTANT
RESEARCH OFFICER

CHALK RIVER NUCLEAR LABS

CHALK RIVER, ONTARIO

CANADA KOJ 1J0

AUSTIN RESEARCH ASSOCIATES
ATTN JOHN R. UGLAM

1901 RUTLAND DRIVE

AUSTIN, TX 78758

BDM CORP

ATTN TECHNICAL LIBRARY
7915 JONES BRANCH DRIVE
McLEAN, VA 22102

BOEING CO

PO BOX 3707

ATTN AEROSPACE LIBRARY
ATTN ANAHID YEREMIAN
ATTN JOHN ADAMSKI
SEATTLE, WA 98124

BROOKHAVEN NATIONAL LABORATORY
ATTN ROBERT LAMBIASE

BLDG 911A
UPTON, NY 11973
GENERAL ELECTRIC CO
PO BOX 527

ATTN ROBERT L. BERG
KING OF PRUSSIA, PA 19406
GENERAL ELECTRIC MEDICAL GROUP
PO BOX 414

ATTN DR. JOSHUA KOLAWOLE
MILWAUKEE, WI 53213

ION PHYSICS CORP
SOUTH BEDFORD ST
ATTN H. MILDE
BURLINGTON, MA 01803
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JAYCOR, INC

ATTN J. GUILLORY

205 S WHITING STREET
ALEXANDRIA, VA 22304

KAMAN TEMPO

ATTN DASIAC

816 STATE STREET

PO DRAWER QQ

SANTA BARBARA, CA 93102

KMS FUSION, INC

ATTN ALEXANDER A. GLASS
3941 RESEARCH PARK DRIVE
PO BOX 1567
ANN ARBOR, MI 48106
LAWRENCE BERKELEY LABORATORY
ATTN D. KEEFE

BERKELEY, CA 94720

LAWRENCE LIVERMORE NATIONAL LABORATORY
ATTN M. DI CAPUA

ATTN DAVID TRIMBLE

PO BOX 808, L-526

LIVERMORE, CA 94550

LOS ALAMOS NATIONAL LABORATORY
ATTN M. GILLISPIE/THEO DIV
S. D. ROCKWOOD, ICF PROG MGR
DAD/IF M/S 527 (6 COPIES)
PO BOX 1663
LOS ALAMOS, NM 87545

MASSACHUSETTS INSTITUTE OF TECHNOLOGY
ATTN G. BEKEFI
CAMBRIDGE, MA 02139

MAXWELL LABORATORIES, INC
ATIN A. RICHARD MILLER
ATTN J. PEARLMAN

ATTN JOHN SHANNON

9244 BALBOA AVENUE

SAN DIEGO, CA 92123

MISSION RESEARCH CORP
ATTN C. LONGMIRE

735 STATE STREET

SANTA BARBARA, CA 93101

MISSION RESEARCH CORP
ATTN V. A. J. VAN LINT
5434 RUFFIN ROAD

SAN DIEGO, CA 92123

MISSION RESEARCH CORP
ATTN B. B. GODFREY
1720 RANDOLPH RD, SE
ALBUQUERQUE, NM 87106



DISTRIBUTION

NATIONAL RESEARCH COUNCIL OF CANADA

DIV OF PHYSICS, BLDG M-36
ATTN RAYMOND PELLETIER
MONTREAL ROAD

OTTAWA, ONTARIO

CANADA K1A OR6

ONTARIO HYDRO
RESEARCH DIVISION
ATTN MARIO NG

800 KIPLING AVENUE
TORONTO, ONTARIO
CANADA M5A 228

PHYSICS INTERNATIONAL CO
ATTN M. DICAPUA

ATTN JUD HAMMON

ATTN GEORGE FRAZIER

ATTN A. J. TOEPFER

2700 MERCED STREET

SAN LEANDRO, CA 94577

PULSAR

ATTN B. BERNSTEIN
2949 WHIPPLE RD

UNION CITY, CA 94587

PULSE SCIENCES, INC
ATTN IAN SMITH

ATTN PHIL SPENCE

14796 WICKS BLVD

SAN LEANDRO, CA 94577

PULSE SCIENCES, INC

ATTN S. PUTNAM

1615 BROADWAY, SUITE 610
OAKLAND, CA 94612

R&D ASSOCIATES

SUITE 500

ATTN P. J. TURCHI
ARLINGTON, VA 22209

SACHS/FREEMAN ASSOCIATES, INC
ATTN MARK PRONKO

14300 GALLANT FOX LANE, SUITE 214
BOWIE, MD 20715

SANDIA NATIONAL LABORATORIES
PO BOX 5800

ATTN J. P. VAN DEVENDER
ATTN G. W. KUSWA/4240

ATTN G. ROHWEIN

ATTN DIV 5246

ALBUQUERQUE, NM 87185

SPIRE CORP

PO BOX D

ATTN R. LITTLE
BEDFORD, MA 01730
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3M COMPANY

ATTN JOHN HUIZINGA, SPECIALIST
3M CITY, BLDG, 518-1

ST PAUL, MN 55144

AUBURN UNIVERSITY

OFFICE OF THE VICE PRESIDENT
FOR RESEARCH

ATTN DR. ANTHONY K. HYDER, JR.

AUBURN UNIVERSITY, AL 36849

UNIVERSITY OF CALIFORNIA
SCHOOL OF ENGINEERING
LOS ANGELES, CA 90024

CORNELL UNIVERSITY
LABORATORY OF PLASMA SCIENCE
ATTN J. A. NATION

ITHACA, NY 14850

DARTMOUTH COLLEGE
PHYSICS DEPARTMENT
ATTN J. E. WALSH
ATTN R. LEHMAN
HANOVER, NH 03755

UNIVERSITY OF MARYLAND
DEPT OF ELECT ENGINEERING
ENERGY RESEARCH BLDG

ATTN W. W. DESTLER

ATTN M. J. RHEE

ATTN VICTOR GRANATSTEIN
COLLEGE PARK, MD 20740

US MILITARY ACADEMY
DEPT OF PHYSICS

ATTN CAPT. LASCHE
WEST POINT, NY 10996

UNIV OF SOUTH CAROLINA
COLLEGE OF ENGINEERING
ATTN J. E. THOMPSON
ATTN T. S. SUDARSHAN
COLUMBIA, SC 29208

UNIVERSITY OF TEXAS AT ARLINGTON
DEPT OF ELECTRICAL ENGINEERING
ATTN DR. JAMES E. THOMPSON
ARLINGTON, TX 76019

UNIV OF TEXAS AT AUSTIN
CENTER FOR ELECTROMECHANICS
TAYLOR HALL 167

ATTN W. F. WELDON

AUSTIN, TX 78712
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TEXAS TECH UNIVERSITY
PO BOX 5404

NORTH COLLEGE STATION
ATTN M. KRISTIANSEN
LUBBOCK, TX 79417

COMMANDER WILLIAM TATE
7415 FOREST HUNT COURT
SPRINGFIELD, VA 22153

US ARMY ELECTRONICS RESEARCH
& DEVELOPMENT COMMAND
ATTN COMMANDER, DRDEL-CG
ATTN TECHNICAL DIRECTOR, DRDEL-CT
ATTN PUBLIC AFFAIRS OFFICE, DRDEL-IN
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