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ABSTRACT

We report the status of the programs and projects of the Electron-

ics Division for the period of June through December 1977. The presen-

tation is divided into three sections: RESEARCH, ENGINEERING SUPPORT,

and TECHNICAL SERVICES. Each of these sections presents the activities

and accomplishments of the corresponding branch within the Division.

The primary goal of the Research and Development branch is to advance

technology for future applications. The primary goal of the Engineer-

ing Support branch is to apply advanced technology to Laboratory and

material problems. The primary goal of the Technical Services branch

is to provide a technical base and support for Laboratory programs.

These goals are reflected in this report.
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I. RESEARCH, P. M. KEATON, DIVISION LEADER
A. Detector Research and Development [Gruhn, E-1O]

1. Introduction. Group E-10 applies basic
and developmental research to various types of radi-
ation detectors and materials for radiation detec-
tion. The work is appropriate to many programs in-
cluding weapons, nuclear physics, high-energy phys-
ics, nuclear medicine, laser fusion, geothermal, nu-
clear safeguards, solar power, and environmental ra-
diation detection.

Me have three physics experiments in progress.
The results of the first, a measurement of the most
probable energy loss in thin silicon by ultrarela-
tivistic charge particles, are being prepared for
publication. The second experiment, a study of the
charge transport and energy exchange mechanisms in
noble gas liquids, has resulted in a paper, "Energy
Resolution Considerations in Liquid Ionization Cham-
bers," that has been accepted for publication, and
another paper, "Geminate Recombination of a-Particle
Excited Carriers in Liquid Argon," that is now being
prepared for publication. Two additional experi-
ments, the mobility of electrons in liquid argon and
the temperature dependence of recombination of ex-
cited carriers in liquid argon, are in the measure-
ment stage. A third experiment, exciton lumines-
cence in silicon, is nearing the point of first data
taking. The experimental apparatus for the third
experiment is nearly complete.

Group E-10 is also working on two special sen-
sor projects. The highest priority project is con-
cerned with the beam alignment sensors for the
Eight-Beam C0 2 L&3er Facility (L-l). The second
priority project is concerned with the development
of a higher resolution, low-energy x-ray spectrom-
eter.

The Group E-10 fabrication and measurement fa-
cilities are operational. Results have been at-
tained on several radiation sensor projects during
the past year. The fabrication facility consists
of a class 100 clean room having a fabrication capa-
bility equivalent to that needed for large-scale in-
tegrated circuits (IC). The measurement facility
includes a computer-based PDP-11/20 data-acquisition
system (DAS) that employs CAMAC and a Tektronic dig-
ital processing oscilloscope (0P0). A new ion mi-
croprobe facility is being developed using the ver-
tical Van de Graaff accelerator of Group P-9. These
facilities and the analysis techniques being devel-
oped are discussed in the Facilities section of
this report.

2. Physics.
a. Energy Loss of High-Energy Electrons in

Thin Silicon Foils [Ogle, WPC-2; Goldstone, P-9;
Gruhn, Maggiore, E-10]. There are various reasons
to expect that the accepted ionization loss theory
breaks down when the formation length for small mo-
mentum transfers exceeds the target thickness. We
have completed the analysis of our experiment done
at Fermi National Accelerator Laboratory (NAL) up
to Lorentz factors of Y L = n)5 ,„ a 100-um silicon
detector. Local experiments with y = 3 provide an
absolute measurement and give an independent verifi-
cation of the energy loss measured in the detactor.
We also made a precise mechanical measurement of the
detector thickness, which was important for compari-
son with theory.

The experimental result is that the energy loss
equations of Sternheimer have been verified to hold
to within ± 2% up to yL = 1.6 x 10

1*. However, our
results are 7 ± 2% below the predicted value for
3 x l ( f < Y L < 105. We suggest an explanation of



the effect based on the finite thickness and multi-
ple scattering effects.

A paper combining theory and experiment is be-
ing prepared for publication.

b. Energy Resolution Considerations in Liquid
Ionization Chambers [Edmiston, Gruhn, E-10]. We
present first results that show the highest resolu-
tion ever achieved with a liquid argon ionization
chamber. During the past year we have set up the
experimental apparatus for studyi lg charge transport
and energy exchange mechanisms in noble gar liquids.
As a first experiment we are studying the limita-
tions on energy resolution in liquid ionization
chambers. In the last progress report we presented
a discussion suggesting the resolution limitations
to be charge losses, charge production statistics,
and electronic noise. Since then we have succeeded
in reducing these limitations and set a new record
in resolution. Our results were discussed at the
IEEE Nuclear Science Symposium in October and will
be published in the proceedings of that meeting.

Several experimental problems have been solved
thoughout the past year. Charge losses due to oxy-
gen trapping were eliminated by our argon purifica-
tion scheme that allows us to operate in the neigh-
borhood of 10-ppb oxygen. Problems associated with
using high voltages in argon were solved by fabri-
cating our own high-voltage feedthrough with assis-
tance from A. Migliori and J. Dean of Group Q-TO.
Electronic noise has been reduced by modifying Ortec
preamplifiers to be dc coupled and by selecting our
own field effect transistors (FET) and feedback com-
ponents with assistance from R. Wagner of Group E-2.
Cooled FET preamplifiers are currently being tested;
it is expected that they will lower the electronic
noise even more. However, electronic noise is pres-
ently not a limitation.

Figure 1 is a spectrum of the resolution. This
spectrum shows the conversion electrons from 207Bi
as seen by our liquid argon ionization chamber. The
976-keV line resolution is 34-keV FWHM and the reso-
lution for the 480-keV line is 26-keV FWHM. Using
the equation derived in the last progress report we
predict 14 keV for both peaks.* This discrepancy
shows that there is an energy-dependent term missing
from our equation. At this time we do not under-
stand what the missing term could be. It appears
that this term scales as energy to the half power
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detected with our

and is independent of field, impurities, grid, and
recombination. We are undertaking systematic stud-
ies of this contribution to the resolution.

c. Geminate Recombination of Alpha-Particle
Excited Carriers in Liquid Argon [Gruhn, Edmiston,
E-10]. We report experimental evidence showing that
the electric field-dependent yield of carriers ex-
cited in the track of an a particle stopping in li-
quid argon is dominated by geminate (initial) recom-
bination of the electron-ion pairs. This is the
first confirmation of geminate carrier recombination
in a noble gas liquid. The thermalization length
of the hot electrons is determined to be about
28 nm.

The yield of charge carriers from a track of
ionizing radiation has long been known to have a
strong electric field dependence in liquids and
high-pressure gases. Recent extensive reviews

*This equation is:

+ of
F

+ 02
l

AE(FWHM) = I (a2. . + of + 0
|V electronic Fano losses'

• 2.36 + N0(l - G)f(x,D)|{j .

This equation is detailed in the last progress
report. At this time, we have reduced the terms in
the bracket to nearly zero except for electronic
and CTFano. These two terms now account for 13 keV.
and 4 keV, respectively, for a total of 13.6 keV.
This leaves 31 keV unaccounted for in our experimen-
tal spectrum.



of the subject have been given by Hummel and Mo-

zumder. The introduction of large-volume noble

gas liquid ionization chambers to the field of high-

energy physics has generated additional interest in

the charge transport and carrier yield in noble gas

liquids.'"9 Many attempts have been made to meas-

ure the carrier yield as a function of electric

field in these liquids.7»8,10-13 Tne two important

modes of recombination limiting the carrier yield

are geminate* and track recombination. It is ex-

tremely important to have minimized background

charge loss processes such as bulk recombination and

electron scavenging at the low applied fields. Ra-

diation dose and impurity concentrations determine

the extent of these background processes.5 While

previous investigators have postulated track recom-

bination in liquid argon, we ere reporting the first

evidence for geminate recombination of a-particle

excited carriers in liquid argon. The theory of

geminate recombination was first introduced by On-

sager, and the theory for track recombination by

Jaffe. The strongest feature of Onsager's theory

is the production, independent of initial ion-pair

separations. The carrier yield I'S a linear function

of the applied electric field for low fields with a

siope-intercept ratio equal to e3/2£k2T~, where e

is the electron charge and e is the dielectric con-

stant of the medium. This linear behavior has been

observed in liquid hydrocarbons.5

The apparatus used to measure the carrier

yields is described in more detail elsewhere.14,15

It consisted of a parallel plate ionization chamber

with two stainless steel electrodes 2 cm in diame-

ter. A 2ItlAm source (0.1 pCi, 4-mm diam) deposited

on one of the electrodes provided the a particles.

The ionization chamber was suspended in 'iquid ar-

gon, which was purified to ~ 10 ppb of oxygen impur-

ity. The temperature was maintained just above the

triple point (84 K) by controlling the pressure.

The carrier yield (charge) was measured by an Ortec

124 charge-sensitive preamplifier followed by NIM-

and CAMAC-based electronics. The amplifier shaping

filter time constant was 1 us. The charge measure-

ments were calibrated using a precision capacitor

with a known voltage at the input of the preampli-

fier. The positive ions were relatively immobile^

(Ar2
+, 6.1 x 10"** cm2v"]s"'), compared to the elec-

trons^ (~ 500 cm2/v~l5~l). The charge measurements

were therefore corrected for our observation of only

the electron current.

Several precautions were taken in order to

avoid space-charge effects due to the accumulation

of positive ions. The e-particle source strength

was chosen so that the accumulated Ar2
 + ions per-

turbed the applied field by less than 1 V/cm. How-

ever, contrary to our expectation, we observed at

the lowest fields that the value of the charge meas-

ured decreased with a time constant of about 30 min.

The original value of the charge measurement was re-

produced after allowing the liquid argon to relax

for about 2 h without an applied field. A similar

effect has been reported in liquid xenon.^ This

may be evidence of a less mobile ion species. Er-

rors due to this problem were reduced to less than

2% by acquiring data for short intervals separated

by enough titfe for the dielectric to relax without

field.

In Fig. 2 we show the measured free carrier

yield, G (E), as a function of the applied field for

a 2.47-mnfe!ectrode spacing. Data were also taken

for an electrode spacing of 0.76 mm. Q»(E) is de-

fined as the yield of escaped electrons per 100 eV

*oo

Fig. 2.

*The terminology, geminate, initial, and self-recom-
bination has been used synonymously in the litera-
ture.

40

Plot of G,. vs the applied field, E, for
a-particle excited carriers in liquid ar-
gon. The electrode spacing was 2.47 mm.
The solid line is the Onsager geminate re-
combination theory with no free parameters.



deposited in the liquid. We estimate that the back-

ground charge loss processes reduce our carrier

yields by less than 1%. The uncertainty in the val-

ues of the electric fields and carrier yields are

estimated to be ~ 5%.

The Onsager theory predicts for the low field

dependence of the free carrier yield.

GJE) *o[exp(-rkT/r0)][-k

where *0 is the limiting carrier yield at high

fields, = e2/ekT is the Onsager length, and
rQ is the thermalization length. The thermalization

length, r0, plays a critical role in determining

both G.J0) and the high-field dependence of G w ( E ) .

Note in Fig. 2 at the higher fields the slope de-

creases, which is predicted by the Onsager theory

when higher order terms in the field are included.

The Onsager prediction of the slope-intercept

(e3/2ek2T2 at T = 84 K and e = 1.53 ± 0.08)* is 8.9

x 10*M cm/V. This value of the slope-intercept

ratio was fitted to the data for values of the ap-

plied field up to Ec = e/er k T
2 = 7 kV/cm and is

shown in Fig. 2, and x2 and GJO) were determined.

x2 was defined as:

= (N - I)"1 £
i l

Gth ' Gexp
O 7 O 5 * G exp

We observed x 2 = 0.92 and GJO) = 0.047 and x 2' 1.18

and G (0) = 0.043 for the data taken with the elec-

trode spacings of 2.47 mm and 0.76 mm, respectively.

This is excellent agreement with the Onsager theory

considering that there are no adjustable parameters.

The thermalization length, r0, is determined to be

~ 28 nm if we assume £0
 is e1uaT to 4-24 (23.6 eV/

ion pair). The observation of a nonzsro inter-

cept, Gw(0), is easily masked by impurities. This

can lead to difficulties in distinguishing between

geminate and track recombination.

There are several features of our data that ex-

clude the interpretation of the carrier yield in

terms of track recombination. The carrier yield in

*The value of the dielectric constant for liquid ar-
gon, e = 1.53 + 0.08, is taken from the Handbook of
Physics.

this model is predicted to have no field dependence

between ~ 103 V7cm and a critical field of about

10" V/cm.20 Me do not observe a lack of field de-

pendence down to fields of 800 V/cm. The track re-

combination model also predicts for the carrier

yield a strong dependence upon the angle between the

track and the applied field.3'20 This experiment

was sensitive to a particles being emitted with uni-

form probability into 2TT sr. The pulse-height dis-

tribution of carrier yield in this model should have

a breadth corresponding to this spread in track an-

gles. We observe line widths in the pulse-height

spectra of the carrier yields that are approximately

one-fifth the width predicted by this model.12,20

In conclusion, we have presented experimental

evidence that shows that the electric field-depend-

ent yield of carriers excited in the track of an a

particle stopping in liquid argon is dominated by

geminate recombination of the electron-ion pairs.

The thermalization length of the hot electrons was

determined to be about 28 nm. These results have

immediate implications for liquid ionization chamber

designs where recombination has limited the carrier

yields.- Higher temperature operation of the cham-

bers will enhance the carrier yield in the case of

Onsager geminate recombination but not for track re-

combination. We are currently investigating the

temperature dependence of the carrier yields.

d. Mobility of Electrons in Liquid Argon [Ed-

miston, Gruhn, E-10]. As part of the charge trans-

port and energy exchange mechanisms in noble gas li-

quid program we are studying the drift velocities

of electrons in liquid argon. This study has sever-

al purposes. Ore is to verify existing data on the

drift velocity in pure argon.2* Another is to de-

termine the effects of impurities that one might

want to add to liquid argon ionization chambers for

particular applications. For example, if the drift

velocity in pure argon is not destroyed by the addi-

tion of 3He, then an efficient neutron detector

might result. Liquid He and liquid Ne are known to

have a slow electron transport while liquid argon

and the heavier noble gas liquids have a fast

electron transport. For liquid He and liquid Ne,

there is evidence that the electrons become trapped

in bubbles ~ 1 0 A in diameter.22 The bubbles trans-

port the fluid according to Stoke's law. Calcu-

lations show that liquid argon is borderline as to



whether one w^uld expect a bubble transport or

not.23 In pure argon, bubbles are not seen, but

they may be seen with the addition of 3He.

In preparation for adding 3He to argon, we have

tested our apparatus by measuring the drift velocity

of electrons in pure argon. We have a small ioniza-

tion chamber 2 cm in diameter with a 2.5-mm gap.

An a source provides the radiation for ionizing the

argon. The collector of the ionization chamber is

connected to a current integrating preamplifier.

The preamplifier output is signal averaged 100 to

101* times with a 0P0. An example of the averaged

signal is shown in Fig. 3. The distance between the

two points where the slope changes is the transit

time across the ionization chamber.

In Fig. 4 we show our pure argon data. The

agreement with previous work is quite good and tells

us that our apparatus is ready for the addition of

impurities.

e. Exciton Luminescence in Silicon [Hammond,

Andrade, E-10; Silver, T-ll]. A complete laboratory

has been set up in SM-40, room N-128, for photoiumi-

nescence spectroscopy of Si at low temperatures

(<; 2 K). The laboratory contains a Spex 1701 opti-

cal spectrometer; a Janis super vari-temp liquid

helium optical Dewar; a PAR 124 lock-in amplifier;

an RCA 7102 PMT with cooled housing and power sup-

ply; a GaAs laser assembly with high-current pulser;

100

0

-100

-200

-300

-400

-500

E

O

\
\

\
\

\
\ s\

0.2 0.4 0.6

TIME (fts)

0.8 1.0

u
>-
U

o

ee.

a

Fig. 3. Signal averaged output of the liquid argon
detector. This set of data was averaged
10 times.
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Fig. 4. Log-log plot of the drift velocity vs elec-
tric field in pure argon.

a vacuum station for temperature regulation below

4 K; and a strip-chart recorder.

The initial experiment is a detailed study of

free exciton luminescence in ultrapure silicon. The

primary purpose of this study is to determine the

free exciton ground state splitting in Si. This

sp7ittfng has never been directly observed, but is

predicted and has been calculated.24'25 This work

is also the first careful study of broadening in the

free exciton luminescence line shape. Several

sources of line broadening have been suggested and

a careful study of the observed broadening varia-

tions with temperature and assisting phonon may

yield a definite explanation.

The strong free-exciton luminescence in Si con-

sists of two phonon-assisted recombination lines.

These are the TO- and LO-phonon satellites. These

satellites are closely spaced in energy with a

splitting of 1.8 MeV. These lines have been spec-

troscopically resolved for T < 4 K. It is expected

that within each of these phonon satellites two lu-

minescence lines exist due to a small (~ 0.4 MeV)

splitting of the exciton ground state. Indirect ev-

idence of this splitting gives an energy separation

of the two exciton states consistent with calcula-

tions. This splitting has not yet been



resolved in either luminescence or absorption. By

using a Ueierstrass sphere of Si to optimize light

collection, we can achieve signal to noise suffi-

cient to resolve this exciton ground state split-

ting. Intrinsic broadening of the luminescence line

shapes may mask this splitting, however. If this

is true, we will be able to make the first detailed

study of broadening in this luminescence.

3. Special Sensor Projects.

a. Large-Area Beam Alignment Sensors for the

Eight-Beam CO? Laser Facility [Andrade, Gruhn, and

Hammond, E-1O]. Twenty-four large-area beam align-

ment sensors have been delivered to Group L-l for

use in aligning the Eight-Beam CO2 Laser Facility.

The requirement to locate the 2.5-cm-diam (1/e2) la-

ser beam within 1 mm was achieved with a single-shot

signal-to-noise ratio of 4. A useful performance

measurement of the device is the resolution beam en-

ergy product (REP) (mm * mJ). All devices delivered

have an REP < 5 mmmJ. (The position resolution is

determined by dividing REP by the beam energy.

Hence, for a 20-mJ pulse the resolution is 0.25 mm).

The class of problems initially envisioned for

these devices ranged from material damage and degra-

dation to charge-collection modeling. However, much

more severe constraints were placed on the device

by size, cost, background noise, linearity, low-sig-

nal levels, and fixed electronic interfacing. The

latter stems from the attempt to standardize the

analog-digital signal processing input to the

control computer. Furthermore, the final product

reflects greater understanding of the device as well

as changes in the device requirements. The devices,

silicon large-area position sensors (SLAPS), are

7.5-cm-diam, 20-fl-cm p-type silicon mounted with the

contact side facing the beam. (See Fig. 5.) Two-

sided foam tape secures the device to the aluminum

enclosure. The enclosure, shown in Fig. 6, provides

ease of mounting, device protection, and electromag-

netic interference (EMI) shielding. The foam tape

provides thermal protection and shock resistance.

A 6.35-wn Mylar window on the enclosure cover mini-

mizes spurious radiative or convective temperature

changes in the device.

A theoretical description of the SLAPS agrees

with the data. This description is based on thermal

diffusion of the C02 laser heat pulse. Both linear-

ity and resolution are predicted using this model.

SILICON LARGE-AREA POSITION SENSOR

Fig. 5. The inner four contacts have 4.5-cm spacing
and provide five beam-sensing signals. The
outside contacts are on the edge of the
7.5-cm wafer and provide the signal refer-
ence.

The SLAPS innermost contacts (A, B, C, and D)

are arranged to simulate the thermal quad device

produced by EG&G, Inc., thus minimizing interfacing

POSITION SENSOR ENCLOSURE

Fig. 6. The enclosure is shown with a SLAPS detec-
tor wired for use.
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Fig. 7. The interface preamplifier provides a gain
of 100. A very minimum amount of EMI pro-
tection is implemented. The effects on EMI
are nonetheless now present on test data
taken in Room 101, Bldg. 86.

problems. The outside contacts are resistively

summed and provide the device reference voltage.

The ohmic contacts are alloyed aluminum with indium-

soldered wires attached. The four signals are each

simplified by the preamplifier as shown in Fig. 7.

This four-channel preamplifier is being integrated

into the EG&G-built interface electronics. Input

filters and careful shielding and grounding are nec-

essary due to the large EMI transients produced by

the laser discharge. Fortunately, the noise and

signal power spectra are sufficiently separated to

allow 1 —pV signal resolution.

Because of the low-beam energy it is necessary

to absorb all of the beam energy in the sensor.

Even so the peak temperature rise of the silicon is

>0.1 C. The 400-iiV/C thermopower of silicon ena-

bles a 2 * 10"3c temperature resolution, and the
07

required resolution is attainable. The entire

beam energy is absorbed into the silicon by e thin

surface application of Nextel coating (101-C10

Black). Fortunately, linearity and sensitivity are

weak functions of the coating thickness. At present,

SiO2 is being studied as a replacement coating.

Before delivery, the contact resistivities for

each channel are checked. In addition, the devices

are operationally checked for sensitivity and line-

arity with the final interface electronics. The

linearity of a SLAPS is shown in Fig. 8, and a de-

tector configuration is shown in Fig. 9. The peak

signals were obtained from oscilloscope photographs

of the signal-time evolution.

4. Research and Development on Analysis Tech-

niques.

a. Laser Scanner [Stotlar, Maggiore, E-10 ] .

A dual-wavelength scanning laser system is being de-

veloped to provide nondestructive mapping of optical

interactions in semiconductor devices. The system

can provide information on tht uniformity of surface

and bulk properties, thickness uniformity, weak or
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stressed points of a functioning device, and failure

locations on malfunctioning devices. A National Bu-

reau of Standards (NBS) design has been modified to:

• be completely portable;

• provide mapping of devices or wafers up to 7.5

cm in diameter;

• scan a test sample with 6328 A and 1.15-wn ra-

diation separately or concurrently;

• be compatible with computer control; and

<o generate a transmitted signal for materials and

devices essentially transparent to the 1.15- vm
wavelength light.

In addition, the 1-kHz horizontal scanning mirror
has been replaced with a 3-kHz mirror and the NBS-
designea television and display circuitry has been
changed.

The system is nearly complete. The display and

electronics have been assembled and appear to be

functioning properly; nearly all of the fixtures

have been fabricated. The system is being debugged

and the fixtures are being refined. Using test sam-

ple signals and the reflected light germanium photo-

diode with the 6328-A light directed into the micro-

scope, a scan of the test device has been displayed

on the television. With the microscope at 7.5x to

250x magnification, the scan area was originally an-

ticipated to be 2 cm by 2 cm to 600 nm by 600 um.

However, the relatively small acceptance angle of

the reflected light optics makes this an upper lim-

it. A typical scan area may be on the order of

2 mm by 2 mm to 60 um by 60 urn. The spot size var-

ies from about 133 urn in diameter to 4 um for a 1-mm

diam at the exit pupil point of the microscope. The

ratio of the spot area is approximately 284. Condi-

tions for large scans without the microscope have

not yet been investigated.

Debugging of the electronics and fixturing re-

mains, and refining the system to some extent. Oth-

er tasks include calibrating and describing the

functions and limitations of the system and assem-

bling drawings and operating instructions.

b. Low-Energy X-Ray Spectrometer [E-10 Col-

laboration]. An epitaxial silicon avalanche diode

(ESAD) low-energy x-ray detector is being developed

by Group E-10. The detector, intended to operate

at LN2 temperature with a cooled FET preamplifier,

is expected to be used in the ~ 0.3- to 10-keV ener-

gy range. The ESAD x-ray spectrometer is designed

to provide the simplicity, efficiency, solid-angle,

and nonfocusing characteristics of the Si(Li) detec-

tor with improved energy resolution below a few kil-

oelectron volts. The design and characteristics of

the ESAD have been reported previously. This proj-

ect will be continued in January 1978.

5. Facilities.

a. The E-10 Counting Facility [Edmiston,

E-10]. The E-10 counting facility has been used

heavily for the charge transport and energy exchange

mechanisms in nobl<? gas liquids experiments. The

computer, CAMAC system, and DPO have proven to be

very reliable and ideally suited for these studies.

The facility is located at the Group P-9 Van

de Graaff. Because this is inconvenient for most

E-10 personnel, we plan to move the equipment to SM-

40. Space has been assigned for this purpose and

the move will take place by January 1978. The new

location will make the facility more accessible for

other experiments in the group and division.

b. Clean Room Facility [Hammond, E-10;

Gibbs, Glick, Nutumya, E-2l The clean room facil-

ity, shared equally between Groups E-4, E-DOR, and

E-10, consists of five rooms: entry room, dressing

room, class 100 room, random flow room (class

10 000), and utility and storage room. The class

100 room has a downward laminar air flow of 50 cm/s

while the random flow room has a flow of approxi-

mately 15 cm/s. These rooms are maintained at 39°C

and 35% humidity. Personnel using these rooms are

required to wear jumpsuits, hats, and booties that

are available in the dressing room. The rooms are

cleaned by E-2 personnel, and a schedule for monthly

major cleanups and weekly minor cleanups has been

established. The deionized water system, acid and

solvent hoods, photoresist spinners and baking

tubes, and the mask aligner are all operational.

The four-section Thermo furnace is also fully opera-

tional . Systematic temperature profiling has been

done, and the furnace was found to be well within

specifications. Thus far, it has been used for phos-

phorus diffusions from doped oxide into Si wafers

at 1000°C, oxidation of Si wafers, and alloying of

Si-Al contacts. The Varian ion-pumped high-vacuum

system is being assembled with the recently acquired

E-beam deposition system. The LN2 Dewars for the

blow-off system, which has been installed and leak

checked, and the gas bottles for the furnace are
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located in the utility room. The gas lines and gas

flow systems to the furnace have been installed.

A standard operating procedure (SOP) for the

clean room has been drafted and sent to Group H-3

for amendments. Safety inspections by H-Division

personnel have showr, that the hoods do not meet Los

Alamos Scientific Laboratory (LASL) safety stan-

dards. The situation has been corrected by imple-

menting a new operation procedure. A Halon fire

protection system has been installed in the class-

100 room.

Ralph Kranz of Comp-Aire visited this past sum-

mer to inspect and certify the clean room. He noted

many discrepancies that have since been corrected.

These corrections included:

• sealing the undersides of doors with weather

stripping,

• placing louvres in breezeway and entry doors

for proper air flow,

• sealing conduit around exit lights,

• removing all wood and paper,

• putting perforations in panels of the sput-

tering system for proper air flow,

• complete cleanup of upper plenum area,

• requirement for all persons to wear complete

clean room garb, and

• clean room garb to be cleaned regularly.

Since this work has been completed, Suzanne Stotlar,

E-10, has certified the clean room at specifica-

tions.

A daily after-hours safety inspection has been

instituted, and a set of clean room procedures has

been written and reviewed by all personnel using the

clean room. Responsibility for all clean room main-

tenance, modifications, and procedures hos been as-

signed to A. Gibbs, E-2.

c. Ion Microprobe Facility [Mag.iiore, E-10;

Keaton, E-DO; Nachamkin, E-DOR; Tosmer, P-9].

Group E-10 is developing an ion niicroprob' facility

that uses the Group P-9 vertical Van de Graaff ac-

celerator. The goal is to produce a spatially re-

solved ion beam of a few million electron volts to

investigate the near surface (< 1 ym) of materials.

The ion beam will be used to generate x rays for el-

emental analysis and Rutherford backscattering for

depth distributions of masses in the surface region.

Future development of the system for light element

analysis with nuclear, reactions using beams such as

tritium and 15N is also being considered. The ac-

celerator can produce positive and negative ions up

to 6.5 MeV; it will be upgraded to produce 10-MeV

ions within the next year.

A beam line and scattering chamber fora back-

scattering has been set up. This beam line can not

produce a small spatially resolved spot, but can be

used for routine backscattering analysis of thin

films. The beam line has been used to study Pt-Ti

contact pads and Mo-Ti and Ta-Ti cathodes of inte-

grated thermionic circuit (ITC) devices. A comput-

er program for deconvolving backscattering spectra

from nonuniform depth distributions of binary sys-

tems has been obtained from Sandia Laboratories,

Albuquerque (SLA) ami is being modified to operate

on the Modcomp computers at the Group P-9 Van de

Graaff.

Beam optics calculations for the spatially re-

solved ion beam line indicate that a single lens

system with a 10-cm focal length can be used to pro-

duce a spot diameter of ~ 1 ym at the specimen. A

superconducting solenoid with a Glaser bell-shaped

field,

B =

where B = 80 kG and a = 6 cm can be approximated

by a simple solenoid. Such a magnet has a spherical

aberration coefficient of 9 cm and a chromatic aber-

ration coefficient of 7.5 cm for 4-MeV protons.

Preliminary analytical calculations have been

made to determine the magnetic field of thick sole-

noidal magnets using Bessel transforms. The advan-

tage of this approach is that it makes the problem

mathematically tractable.

The lens is used to demagnify by ten a 10-um

by 10-um object defined by a set of microcollimator

jaws. The jaws can be set to 0.1 m with a microm-

eter-controlled wedge. The jaws are being fabri-

cated by the Shops Department Micromachining Facil-

ity. When the vacuum system is assembled, it will

be a completely bakeable, oil-free, ion-pumped sys-

tem with ultimate pressure < 10"8 . Initial meas-

urements of the basement indicate relatively large

low-frequency vibrations (250-um displacement at

4 Hz). Mounting the beam optics on a single mono-

lithic concrete block and decoupling the block from



the floor and the accelerator beam pipe should min-

imize the vibration problem. The high-resolution

system is in the final design stage. Fabrication

has begun and testing should begin in 2 to 3 months.

B. Electronic Tsmperature Monitoring and Identifi-

cation for Livestock (USDA/H-6) [Bobbett, E-4;

Koelle, E-5; Landt, E-DOR; Salazar, E-2]

The US Department of Agriculture (USDA) and the

Department of Energy (DOE) have been supporting an

electronic identification and temperature-monitoring

project at LASL since early 1973. The development

indicates that a subdermally implanted, electronic

transponder with no bctteries can be remotely acti-

vated and will transmit temperature and identifica-

tion information to a receiver in a few tenths of a

second. Development of this electronic identifica-

tion and temperature-monitoring system into a com-

mercially available product line will enable the

cattle industry to carry out more extensive manage-

ment control practices.

1. Background. In 1971 LASL began work for

the Animal and Plant Health Inspection Services

(APHIS) branch of the USDA. During discussions with

APHIS personnel, problems were explored. The inad-

equacy of animal identification systems at that time

was mention-sd as a very important problem in disease

control, and LASL scientists were asked to consider

ways of i/nproving identification. Many concepts

were considered, such as magnetic-tape ear tags,

battery-powered transmitters, color-coded ear tags

implanted capsules with stable or radioactive iso-

topes, laser branding, cryogenic branding, solar-

powered electronic ear tags, inductively powered

electronic transmitters, and resonant antenna back-

scatter from a radar beam.

In the winter of 1972, LASL scientists were

also asked to consider the possibility of passively

monitoring the temperatures of animals during ante

mortem inspection at slaughterhouses. In consider-

ing this problem, a remote temperature-monitoring

system was envisioned using encoded microwave back-

scatter from a fixed frequency interrogator. It

soon became apparent that identification numbers

could also be encoded on the temperature signal.

Thus, a combination of animal identification and

temperature monitoring seemed possible, and work

was started to determine the technical feasibility

of the concept. The first step was to demonstrate

the feasibility of a passive remote transponder hav-

ing both identification and temperature. No effort

was made to optimize the circuitry or to include the

full number of digits that might be required. This

staga was accomplished in the fall of 1973, and the

equipment was demonstrated at the US Animal Health

Association (USAHA) meeting in St. Louis. The next

step was to develop a temperature-only monitoring

transponder, which would function under the skin

without batteries. It was soon found that animal

tissue presented significant problems in powering

an implanted transponder and obtaining a valid re-

turn signal. Solving these problems required the

development of new antennas and new circuits for ex-

tracting energy from the interrogating beam. A very

important consideration was the necessity of power-

ing the transponder with an interrogating beam whose

intensity was within accepted biological radiation

standards. A demonstration of the subdermally im-

planted, temperature-only indicating transponder was

accomplished in September 1975. A second unit im-

planted in November 1975 was still functioning in

May 1977. In July 1977, the transponder of the sec-

ond unit ceased returning temperature data. The

unit is still implanted in order to determine long-

term biological effects.

In December 1975, a system for passively moni-

toring the temperature of six cows was installed at

the National Animal Disease Laboratory at Ames,

Iowa, under the supervision of Dr. Gary Seawright.

Preliminary data from this experiment suggest that

an animal's subdermal temperature changes with minor

external stresses. These animals are periodically

subjected to interrogation and observed. There is

no evidence of degradation or biological incompati-

bility.

An informal report on the Model 75 temperature-

only system was published in February 1977 and a

progress report on the Model 76 temperature and

identification system was published in July 1977.

Two implants have been rejected within 5 months

of implantation in one animal. The rejections, ap-

parently not due to any immunological causes, appear

to be due to a pressure necrosis phenomenon, perhaps

because the skin of the bull fits very tightly over

the transponder. There have been no transponder re-

jections by the steer and the transponder outline

is hardly visible in this animal.
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2, Current Activities. Success in improving

.e transponder antenna performance was achieved by

atching the antenna impedance to the transponder

lectronics via an appropriate length of coaxial ca-

)le. For a given power level, the interrogation

range was doubled to 3.5 m. This achievement was

demonstrated to USDA/APHIS representatives in Novem-

ber during a program review of this project.

3. Future Activities. Funding for FY-78 has

been received. The major effort will be to conduct

a field test program. A significant part of this

activity will be specification of hardware and soft-

ware required to conduct field tests at approximate-

ly 10 sites. To promote the transfer of technology,

the USDA will purchase data-acquisition hardware as

specified by LASL. The initial procurement phase

will involve submitting "requests for quotes" for

the manufacture of several interrogators and 1000

transponders, which must meet the required perform-

ance specifications.

4. Publicity. The animal electronic identi-

fication system was demonstrated to the National

Brand Conference held in Albuquerque on August 8.

With the assistance of Group E-5 and Eaton Corpora-

tion, we integrated a microprocessor and weighing

scale with the interrogator-receiver hardware. To

our knowledge, this was the first demonstration of a

system that could automatically record an animal's

identification, temperature, and weight while the

animal passed over a weighing scale. The time was

also automatically recorded when the data were ac-

quired. Two animals with different identifying

transponders were used in the demonstration to pro-

vide two sets of data.

C. Electromagnetic Probing (Induction Fracture

Mapper) (G Division)[Landt, E-DOR; Trump, E-4; Sai-

azar, Shapolia, E-2; Vanuxem, Nickel!, Koeile, E-5;

Neudecker, WX-8]

1. Background and Introduction. The unique

concept of extracting geothermal energy from hot dry

rock is being actively investigated at LASL.2^

This concept hinges on completion of a fluid circu-

lation heat transfer system between two boreholes

in hot (250°C) rock, deep within the earth. Pres-

ently, the most attractive means of forming the re-

quired circulation path is through the use of con-

ventional hydraulic fracturing. The fractured zone

plays a vital role in the production of many present

and potential energy resources such as oil and gas,

in situ coal gasification, in situ oil shale produc-

tion, and hydrothermal geothermal stimulation, as

well as hot dry rock geothermal. However, only in

the case of hot dry rock is detailed knowledge of

the fractured region required for the production of

energy. For this reason, many fracture mapping

techniques have been considered and explored at

LASL. The topic of this discussion is the vertical

conductive fracture detector, which was originally

conceived by P. Kintzinger, F. West, and W. Johnson

of LASL.

The fractures presently formed at a depth of

about 3000 m in hard granite of 200°C at the Fenton

Hill, New Mexico, site appear to be nearly verti-

cally oriented disks of several hundred meters diam-

eter and several millimeters wide. The fractures

are filled with water of moderate conductivity. The

surrounding material is a high-resistivity granite.

To be useful in the hot dry rock application, a

fracture mapping technique must be capable of meas-

uring this type of fracture. The vertical conduc-

tive fracture detector operates on differences in

electrical conductivity between the fracture and the

surrounding rock. As such, this mapper could be

used in any well undergoing hydraulic fracturing and

for leach mining applications.

Because of the potentially broad areas of ap-

plicability, and because DOE is interested in help-

ing nurture a geothermal industry, LASL has at-

tempted to attract industrial participation in the

mechanical design and construction of this instru-

ment. The progress of this effort is also dis-

cussed here.

2. Fracture Mapping Techniques. Unfortunate-

ly, no single technique presently exists that per-

mits unambiguous detailed mapping of an entire frac-

ture zone. Indeed, it is desirable that several

techniques and methods be developed to define the

orientation and geometry of the fractures. For the

hot dry rock application, an instrument must be sen-

sitive to the type of fracture described earlier,

and if the instrument is to be lowered into the

borehole, it must withstand 7 x 106 kg/m2 (10 000

psi) and 275°C in hot water and have a maximum

diameter of 15 cm.

Several concepts with surface-located sensors

have been used, are under development, or have been
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proposed. Some of these may be applicable to hot

dry rock hydraulic fracture orientation detection;

however, there are apparently serious problems with

them.

Many fracture mapping techniques have been con-

ceived, and a few of them attempted. These tech-

niques include the following.

• Control of fracture zone

•Tracer measurement of fluid flow

• Measurement of electrical properties

• Caiiper measurement of borehole dimensions

• Impression packer measurement of borehole

surface

• Active seismic sounding

• Borehole televiewer measurements

• Measurement of fracture-induced seismic sig-

nal

• Measurement of piezoelectric signals

• Television scanning of borehole

• Measurement of anomalies induced in the frac-

ture

• Measurement of electric current injected in
fracture

• Focjsed guard-resistivity measurements

• Radar scanning of fracture

• High-frequency radio measurements

• Borehole stress measurements

• Laser interferometry measurement of borehole

movements

• Measurement of magnetically induced eddy cur-

rents

A conventional induction instrument in use by

the oil service companies will respond to horizontal

conductive fractures. This device was designed to

measure the electrical conductivity of formations

by measuring the eddy currents set up in the forma-

tions by a transmitting' coil. This is a well-

developed and very effective technique. Standard

logging devices cannot map the Fenton Hill fracture

system, but it was proposed at LASL that this tech-

nique be modified to perform that task. Such an in-

strument will work from a single borehole and ac-

curately map the fracture direction and thickness

within several meters of the borehole. The tech-

nique will work only in uncased sections of the

hole, similar to most of the electrical techniques

listed above. The initial efforts, supported by the

hot dry rock project in FY-77, have demonstrated the
basic feasibility of this proposed technique.

3. Vertical Conductive Fracture Orientation

Mapper. Serious consideration of using magnetic in-

duction to detect vertical conductive fractures was

the result of at least three items:

• The failures of the other fracture mapping

techniques.

• The magnetic induction technique can perform

the required mapping task and provide frac-

ture orientation in formation near the bore-

hole.

• The magnetic induction technique is highly

refined in the industry, and this existing

experience can be used.

Because there are major differences between

this instrument and its industrial counterparts, and

because of the initial specialized application, the

hot dry rock geothermal project has funded the ini-

tial development efforts.

Conceptual instrument design is shown in Fig.

10. The electronics must be very stable and sensi-

tive. Generally, synchronous phase-sensitive detec-

tors will do this job best. The earth's magnetic

field will be used as a local reference direction.

A comnercial flux-gate magnetometer will provide

this information in a similar manner to the system

used in the US Geological Service (USGS) borehole

televiewer. The measurements will be digitized and

transmitted to the surface on the wireline. For me-

chanical simplicity and reliability, two complete

coil sets will be used, and the coil rotation will

be synthesized so that no actual mechanical rotation

will be required. The measurement will sequence au-

tomatically upon application of power to the elec-

tronics. Borehole fluid will be displaced with an

oil-inflated bladder. The oil pumping system will

be contained within the instrument. The electronics

will be protected with a pressure housing and a Dew-

ar. The remainder of the instrument will be con-

structed to operate at temperatures under the exist-

ing pressure. The coil support section must be made

of a high-temperature dielectric material.

This concept uses a wide variety of techniques

presently in use. No breakthroughs are required,

but no instrument has yet been constructed with all

of these concepts combined. The design, construc-

tion, and intended instrument use is quite different
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Fig. 10. Conceptual schematic of induction fracture
mapper.

from coraiercial induction logs. Indeed, no high-

temperature induction logs exist.

4. Progress to Date. Our theoretical analy-

sis has proceeded enough to instill confidence

but will continue for instrument design optimiza-

tions and assessment of the influence of various

secondary factors.

Our electronic efforts have proceeded to the

laboratory experiment state and have produced work-

ing breadboards.^1 Nearly all preliminary design

and electronics are complete with the exception of

ruggedized construction.

A materials and vendor search was conducted by

EG&G.32 Materials and suppliers have been located

for all items of major concern.

The mechanical design concept has been infor-

mally reviewed by many oil field service companies.

Their suggestions have been studied and incorporated

into the design. Detailed mechanical design and

construction awaits the search for and selection of

a subcontractor.

To fully utilize existing well-logging industry

technology and experience, we are trying to attract

a service company to design and build the mechanical

portion of the instrument. This industrial partici-

pation would also aid technology transfer of this

instrument as well as stimulate interest in geother-

ma? energy programs. The folJowirtg companies were

contacted and briefed on the magnetic induction

fracture mapper: Dresser-Atlas, Birdwell, Schlum-

berger, Suntech, Sperry-Sun, Newtown Square, Gear-

hart -Owen, and Simplec.

All of these companies expressed interest, and

many provided valuable suggestions. All of them,

however, are very busy with their own work and, of

the eight listed here, only one has expressed seri-

ous interest. These negotiations are continuing,

D. Superconducting Josephson Junction Switching

Devices [Wang, E-DOR]

1. Background. To operate semiconductor dig-

ital devices in a very short time, it is necessary

to drive them very hard. This raises the power dis-

sipation, and heat removal becomes one of the 'limit-

ing factors. A superconducting Josephson junction

can be operated in either a zero or finite-voltage

state (1-3 mV) and can be switched between these

states by applying a very weak magnetic field, as

shown in Fig. 11. It has been demonstrated that

switching time and the energy required for switch-

ing are extremely small. The power-delay prod-

uct, the usual criterion for switching circuits, is

orders of magnitude lower for the Josephson device

(see Fig. 12). Superconducting devices should be

less susceptible to radiation than semiconductor de-

vices, because the former do not require nearly

• V

Fig. 11. Typical I-V curve for a Josephson junc-
tion.
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perfect single-crystal material. These attributes

of Josephson devices make them of potential

importance for high-speed digital systems.

Development of superconducting digital micro-

electronics is in progress at IBM, Bell Labs, and

several other laboratories. However, the circuitry

in high-speed instrumentation is somewhat different

than that of the building blocks in a computer; the

data acquisition process in the former is random

rather than synchronous with some internal clock as

in a computer. Thus, in spite of the fact that

there is a growing industry effort to develop pico-

second computer circuitry, it is highly unlikely

that circuits tailored to the unique requirement;;

of LASL programs will be commercially available.

The objectives of this work are to develop a set of

basic circuit building blocks that operate in the

picosecond range and simultaneously to develop an

understanding of the physics underlying this new and

very promising technology.

2. Research Approach. Oxide tunnel junctions

with electrodes made of thin-film refractory super-

conducting materials will first be fabricated. Re-

fractory materials are used because of their super-

ior chemical and mechanical properties.

Niobium is chosen as the working material be-

cause at the convenient operating temperature

(~ 4 K) the supercurrent of the junction is insensi-

tive to variations of ambient temperature. Thin ni-

obium films can be deposited by rf sputtering, ion-

beam coating, or electron-beam evaporation in a vac-

uum of about 10"2, 10"5 , and 10"8 mm Hg, re-

spectively. A trade-off between throughput and film

quality will be made; electron-beam evaporated film

usually yields the best film. When the niobium

sputtering target is received, we will prepare the

film by rf sputtering. Should this process yield

unacceptable films, a high-vacuum electron-beam

evaporation system will be used. The junction area

and the circuit pattern will then be delineated by

photolithography. Thin oxide layers will be formed

in an oxygen glow discharge. The final pattern will

be etched by ion milling or chemical anodization.*

Existing semiconducting microelectronic technology

is applicable to the final interconnections, bind-

ing pads, and packaging.

Striplines, with almost 50-n characteristic im-

pedance to reduce parasitic reactances, that lead

from Dewar top to test junctions will be developed.

Measurements of the I-V characteristics and the

risetime of the switching transient will be measured

with a fast oscilloscope.

A talk was presented and a paper submitted to

the 23rd Conference on Magnetism and Magnetic Mate-

rials, November 8-11, 1977, Minneapolis, Minnesota,

"Magnetic and Superconducting Transitions in

Gdx Eri_x Rhr and Gdx Yj_x Rh^ B^" by R. H. Wang,
R. J. Laskowski, C. Y. Huang, J. L. Smith, and C.

W. Chu.
E. Fiber Optics for Downhole Instrumentation
(J-14) [Golob, E-DOR]

1. Introduction. Efforts to exploit fiber

optics technology for underground weapons testing

are continuing. When compared with conventional co-

axial cables, optical fibers offer the advantages

of higher bandwidths, lower cost, and EMI immunity.

Optical fibers now cost only one-fourth as much as

*The ion milling technique is essential for fabrica-
tion of very small (< 1 urn and, hence, free of self-
resonances) high-current-density junctions with very
short switching time. The shortest switching time
(10-90%) to date is no more than 24 ps. It is ex-
pected that elimination of the test-chip reactance
will lead to a value near 6 ps. 4
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standard field coaxial cable and have much greater

information capacity. The feasibility of using this

technology in the Nevada Test Site (NTS) environment

was demonstrated earlier this year when transient

radiation effects in fibers were measured downhole

and then transmitted over 700 m of optical cable to

an uphole recording skid.35 The impact of this

successful experiment has spread throughout the

weapons testing community. Expanded use of fiber

optics for weapons diagnostics is planned by LASL,

Lawrence Livermore Laboratory (LLL), and the Defense

Nuclear Agency (DNA).

2. Radiation effects. The applicability of

optical fibers for weapons diagnostics is limited

by their sensitivity to ionizing radiation. A study

has been undertaken to determine which available fi-

bers sre most resistant to radiation effects and to

quantify these effects to define th> full range of

optical fiber applications in radiation environ-

ments. The phenomena of interest are radiation-

induced luminescence, which acts as an interference

to signal transmission, and optical absorption,

which decreases transmission of the information sig-

nal. The luminescence occurs only during the radia-

tion exposure, while the optical absorption has a

transient peak during the exposure and then begins

a recovery toward its permanent absorption level,

which is typically decades less than the peak tran-

sient value. In general, high-purity silica fibers

exhibit the greatest radiation hardness so the great

strides made in reducing glass impurities for low-

loss fiber technology has also improved their re-

sponse in radiation environments.

The luminescence measurements demonstrated that

radiation-induced light was of Cerenkov origin for

all three types of commercially available low-loss

fibers (< 20 dB/km); germanium-doped silica, boro-

silicate-clad silica (BCS), and plastic-clad silica

(PCS). The Cerenkov effect was validated by the

angular and spectral dependence of the luminescence.

The practical importance of this result is that all

low-loss fibers have essentially the same lumines-

cence (within variations in core diameter and numer-

ical aperture), but that this radiation-induced in-

terference is strongly dependent on the geometry of

the fiber with respect to the ionizing source. This

contradicts earlier work reported elsewhere3^

where luminescence was stated to depend on fiber ma-

terials, and it is hypothesized that absorption ef-

fects contaminated these early measurements.

Characterization of radiation-induced optical

absorption in fibers has focused on the short-term

effects of interest in high-bandwidth weapons diag-

nostic experiments. For these applications, the

peak transient absorption and the short-term recov-

ery (<0.5 ys) were documented. Of the three com-

mercially available fiber types, the PCS was found

to be the most radiation resistant, followed by the

BCS fiber and then the germanium-doped silica.

Since the BCS ana PCS fibers have the same core ma-

terials, it is not immediately apparent why their

radiation sensitivities should differ. Most likely,

the cladding material is influencing the radiation

response, but it is also possible that the different

manufacturing processes involved could be the cause.

Wliile the PCS fiber has superior radiation re-

sistance, it is not amenable to the end finishing,

splicing, or connector techniques that have been de-

veloped for glass-clad fibers. Since we desired a

glass-clad fiber with decreased absorption response,

our diccussions with Times Fiber Communications,

Inc., produced the hypothesis that the ^creased

radiation sensitivity of the BCS fiber was caused

by its higher water impurity. The manufacture of

PCS fibers is inherently a drier process. With this

motivation, Times was contracted to manufacture a

BCS fiber with reduced water content. Preliminary

data show that the radiation response of the resul-

tant fiber was improved at high doses (* 100 krad)

to within a factor of 2 of PCS, but did not change

significantly at lower dose levels. This suggests

that while the water impurity in BCS is significant

at high doses, the boron dopant in the cladding is

the dominant influence at lower dose levels.

Other significant results of the radiation-

induced absorption study are the equivalrnt response

of conventional step index fibers with high band-

width graded index fibers for similar constituent

materials. Contrasting with earlier work,37 the

recovery rate of induced absorption was observed to

be dose dependent. Also, the peak transient absorp-

tion was found to be independent of preirradiation,

that is, no hardening effects occurred as has been

reported in other long-term studies.3**

The radiation effects data obtained to date

combine to well characterize fibers with respect to
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short-term transient effects. This satisfies the

original motivation for this study, addressing those

weapons diagnostic applications where fibers showed

the most immediate payoff. However, there are still

unresolved questions regarding the long-term re-

sponse of fibers for underground testing (downhoie

TV transmission occurs milliseconds after the radia-

tion exposure) and for other laboratory applications

where fibers would be exposed continuously for long

time periods or pulsed repetitively over extended

intervals. Other studies have only scratched the

surface.37'38 Determination of fiber radiation

response in arbitrary environments will require fur-

ther work including mathematical modeling of the re-

covery mechanisms and an investigation of the phys-

ics of absorption and recovery.

3. The Golden Egg. A time-resolved imaging

experiment is being planned for field implementation

at NTS during the summer of 1978. This experiment,

called the Golden Egg,35 will utilize 100 fibers

to transmit 100 individual image points with a total

image bandwidth in excess of 100 MHz. Parallel de-

velopment of both streak tubes and PMTs is proceed-

ing for the uphole recording system. The actual

number of fibers assigned to each recording system

will depend on their respective capabilities.

The timing calibration accuracy attainable be-

tween separate channels is an unanswered question

regarding the Golden Egg. One possibility for the

time calibration system is an optical time domain

reflectometer, and a second option is transmission

of a narrow optical pulse downhoie to illuminate all

channels simultaneously. Timing accuracy of 300 ps

will be required to recover the relative amplitudes

of individual 100-MHz signals. Additionally, since

complete channel characterization and deconvolution

of the received data are impractical on an individ-

ual basis, all channels must have equivalent band-

widths. This is necessary for both signal recovery

and accurate time calibration. Unfortunately, the

PMTs are the limiting bandwidth component in the

system and present technology cannot produce PMTs

identical enough for Golden Egg requirements. An

alternative is being pursued that could drastically

improve the PMT speed by radically changing the dy-

node bias. If this modification is successful, the

system's limiting bandwidth component will be the

fiber spectral dispersion, which can be solved by

selecting equivalent optical interference filters.

Both timing and signal recovery requirements would

then be satisfied. Note that multiple-channel re-

cording on a single streak tube eliminates these

bandwidth variations.

Scintiliators will be used on the downhoie end

of the experiment to convert a radiation image to

an optical image. Since conventional fast blue

scintillators are spectrally incompatible with op-

tical fibers and commercially available red scintil-

lators are too slow, EG&G, Santa Barbara, and E.

Fullman, J-14, have undertaken the development of a

fast red scintillator. The most recent result of

this effort is a liquid fluor with 1.5-ns FWHM re-

sponse.

The dynamic range of the Golden Egg using pres-

ently available scintillator formulations is about

100. The Silliest observable signal is limited by

photon statistics at the detector. Work to improve

scintillator brightness and thus system sensitivity

is continuing. The upper end of the dynamic range

is constrained by saturation effects in the scintil-

lator and measurements at Santa Barbara have demon-

strated linearity to 2 x 25 cm rad/s, which is the

peak output of a Febatron 705. We have obtained

time on the Hermes II facility at SLA where satura-

tion measurements car> be extended to 10 1 2 rad/s.

Success of these measurements will increase the sys-

tem dynamic range by a factor of 5.

F. High-Temperature Electronics [McCormick, Lynn,

Wilde, E-4; Nachamkin, E-DOR]

1. Background. The high-temperature elec-

tronics program at LASL was initiated in response

to the need for high-temperature instrumentation in

geothermal environments. Conventional silicon tran-

sistor technology can only be applied over a re-

stricted temperature range and wide-band gap semi-

conductors, although possessing great potential,

have many unsolved fundamental problems.

Therefore, the LASL approach is that of the

ITC. A typical cross section of an ITC gain device

is shown in Fig. 13. In essence, the ITC is a mi-

crominiaturized vacuum tube that relies on process-

ing techniques similar to those employed in the fab-

rication of standard ICs.

These ITC gain devices have been modeled previ-

ously using computer programs especially developed

to provide high-resolution electron ballistics.
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Fig. 13. Basic gain device for ITC.

Promising geometries have then been selected and

fabricated. Analytical models have been confirmed

by experiment, Fig. 14, and a library of device mod-

els has been developed for SCEPTRE, a widely used

circuit analysis program.
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Fig. 14. Experimental verification of the triode
model for ITC.

Primary emphasis has been on developing manu-

facturing techniques amenable to high-yield mass

production. Materials have been selected with ut-

most care and reliable delineation and wire-bonding

techniques have been developed.

A high-temperature package development program

has been started in conjunction with SLA and a high-

temperature passive program, now funded by DOE, was

begun at the University of Arizona.

2. Developments During this Period. Primary

emphasis has been on technology consolidation. De-

vice fabrication techniques have been evaluated and

upgraded with utmost consideration given to manufac-

turability. The computer program VALVE has been

used to better understand device physics. Particu-

lar emphasis has been placed on modeling the bound-

ary conditions along the insulating substrate.

Boundary conditions in the VALVE code were

changed to approxiro?te zero surface charge between

grids and cathodes. A set of runs was made to in-

vestigate the extent to which the polarization of

the substrate can affect the flow of current and

amplification factor of a tube. It was found that

tubes with high-amplification factors (p * 90) are

compatible with current technology and greatly re-

duce the influence of the substrate polarization.

Numerical schemes that would take thermal ef-

fects into account while running electronic trajec-

tories were investigated. The electric field just

above the cathode is so large that it cannot be di-

rectly taken into account using the mesh sizes al-

lowed by the code. It was decided to temporarily

abandon calculation of thermal effects using the

VALVE code.

3. Processing. Since basic ITC fabrication

techniques have been developed to the stage where

initial high yield can be expected, processing con-

siderations during this period have dealt primarily

with those effects that occur over the device life

span. Foremost among those effects is the migration

of cathode coating from the cathode to other parts

of the device. Subsequently, the grids and anodes

begin to emit. In conventional vacuum tubes these

effects are minimized by using titanium grids and

anodes.

Unfortunately, sputtered thin-film titanium is

mechanically very soft. Normal processing tech-

niques such as running tweezers across the
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substrate in picking up the substrate, cause the

titanium to smear, which causes shorts to occur. A

literature search suggested that this softness may

be due to a shifting of crystal formation from

face-centered cubic to hexagonal close pack.

Changes in various processing parameters dij not

improve the results. Other getter materials such as

tantalum were tested, but none showed the necessary

emission inhibiting effects.

Finally, a technique was developed using a very

thin film of titanium (50-100Ae) on top of a thicker

film of molybdenum. The thin titanium was found to

be mechanically hard but had high resistance. The

molybdenum is used to lower the resistance. Diffu-

sion studies at high temperature showed that the

titanium did not readily diffuse into the molybde-

num, and tubes operated over a long time period

showed no spurious emission.

During this period it was also observed that,

in some cases, stresses induced in metalizations,

which stepped from the sapphire surface to the top

of the bond pads, would, in time, result in hairline

open circuits. This led to a complete reordering

of metalization and etch processes. The important

innovation in this new process schedule is the de-

velopment of a lift technique for sputtered films

(see Fig. 15). This allows metals, which require a

more powerful etch, to be placed on top of those

SUBSTRATE

"•-PHOTORESIST (KTI)

OPEN HOLES IN

PHOTORESIST WITHOUT

POST BAKE

• - M E T A L

SPUTTER METAL O N

DISOLVE PHOTORESIST

Fig. 15. Photoresist lift technique.

more easily etched. Thus, metals can be stacked so
that there are no steps of one metal up onto anoth-
er.

The evolution of gases within the tube over a

period of time was the final subject addressed dur-

ing this period. The gases evolved are hydrocarbons

from the cathode coating and argon entrapped in the

metal films during sputtering. These gases evidence

themselves as small breakdowns in the dc character-

istics of the devices or small loops with voltage

current characteristics as seen on a curve tracer.

Adjustments in processing parameters associated with

sputtering were found to lessen the argon entrapment

but not eliminate it. Investigations into the cause

and elimination of these gases are continuing. Pro-

cessing techniques that eliminate the argon and get-

tering techniques for removing the hydrocarbons are

being evaluated.

4. Device Modeling. Accuracy in predicting

device performance by the VALVE computer code has

been demonstrated, and general analytic predictive

equations have been derived. However, the VALVE

code incorporates two important assumptions:

• The substrate between grid and cathode is re-

sistive In nature, causing a linear varia-

tion of voltage between grid and cathode.

• The thermal velocity of the electrons as they

leave the cathode does not greatly affect de-

vice operating parameters.

During this period an improvement of the sub-

strate boundary model was incorporated into the

code. Although exact simulation of the insulator

boundary is not possible, the code was modified to

include a boundary condition that is modeled by free

space. Experiment comparisons show that the code

outputs approach more closely the values measured

on actual devices.

Incorporation of electron thermal velocity ef-

fects into the code was also considered. However,

preliminary investigations demonstrated the diffi-

culties involved. The fundamental problem is that

of numerical stability. The thermal velocities gen-

erate an extremely high potential derivative near

the cathode. These derivatives require extremely

fine resolution to avoid numerical instabilities.

Therefore, consideration of electron thermal veloc-

ities was postponed until a definite need is demon-

strated.



During the next period, the computer code will
be used to guide device designs for specific circuit
applications.

5. Package. With the development of device

fabrication and modeling techniques, the need for a

high-temperature package has increased. Because of

this greater need, SLA is evaluating the applicabil-

ity of glass ceramics for high-temperature packag-

ing. Glass ceramics may hold great promise in that

the expansion coefficient can be tailored to match

various metals. However, sufficient high-tempera-

ture electrical properties will have to be incorpor-

ated into the technology before a successful high-

temperature geothermal ITC package can be fabri-

cated.

Development possibilities for a metal or con-

ventional ceramic package are also being investi-

gated. One potentially promising approach being in-

vestigated is the use of a stainless steel package

with alumina pin seals around nickel feedthroughs.

G. Adaptive Control Applied to HVAC Systems [Far-

ris, E-4]

1. Background and Introduction. At the end

of the last reporting period, the heating simulation

models had been developed,and comparative data, dem-

onstrating substantial savings in auxiliary energy

consumption for the adaptively controlled system,

compared to a conventionally controlled system, were

available. Since the last report, efforts have been

directed toward technology transfer and technical

progress of the project. A subtle development is

relabeling the adaptive control approach to an adap-

tive optimal control approach in order to emphasize

its optimality characteristics.

2. Technical Accomplishments. We have made

refinements and conducted studies on the heating

simulation models that have improved our understand-

ing of the%adaptive optimal control approach as a

result of consultation with James L. Melsa, Univer-

sity of Notre Dame. One of the refinements is the

establishment of a criterion to consider transient

behavior effectively suppressed in the simulations.

This was done to obtain results for a short simula-

tion period that would be comparable to those ob-

tained as a subset of a longer simulation period in

which the transients have decayed. Another refine-

ment was modification of the model so that the adap-

tively controlled system would not permit mixing the

auxiliary and the storage tank hot water heating

supplies. This avoided the problem of heating the

storage tank with auxiliary energy. The first of

these refinements resulted in the adaptive optimal

controller demonstrating a savings of auxiliary en-

ergy of 28.8% when compared to the conventional con-

troller. The second refinement increased the auxil-

iary energy savings to 44.3%.

One study determined the effects of relaxing

some of the computational requirements of the adap-

tive optimal controller algorithm. The interval

used between successive linearizations and corre-

sponding control gain computations was increased

from 0.01 h to 0.25 h with essentially the same per-

formance demonstrated. The number of optimally com-

puted control variables was also reduced from five

to three; and again, essentially the same perform-

ance was demonstrated. These results indicate that

implementation may not be bound by computational re-

quirements. A different study examined sensitivity

of the perturbation technique used for lineariza-

tion. The perturbation technique was found to be

extremely sensitive to changes in operating point.

Although this sensitivity is undesirable, it is not

a major problem because the perturbation technique

will be replaced by an on-line system identification

technique in the near future.

An air-conditioning model using a lithium-bro-

mide chiller has been developed for simulation. The

conventionally controlled system has been simulated,

but the adaptive optimal controller has not been

simulated yet. We therefore cannot report on sav-

ings in auxiliary energy consumption for this model.

During a 2-wk consulting visit in August,

Melsa worked on the system identification technique.

Since then he has continued this work at Notre Dame

and the technique seems to be working well. An

early version has been used in a LASL heating simu-

lation to replace the perturbation technique dis-

cussed earlier, but the more fully developed version

has not yet been used.

Also during August. Isaac Horowitz of the Uni-

versity of Colorado and the Weizman Institute of

Science in Israel spent 2 days consulting with us.

His work resulted in a problem outline to determine

the optimum set points for the controls and some of

the states, which minimize instantaneous energy o n -

sumption in the steady state. This problem has not

been solved.
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3. Technology Transfer. A significant proj-

ect effort has been technology transfer and presen-

tations of our work at meetings. We presented a re-

view of our work at the Second Annual ERDA Solar

Heating and Cooling R&D Branch Contractors' Meeting

in Reston, Virginia, in August. We visited the

Singer Company, in Fairfield, New Jersey, and Au-

burn, New York, and Drexel University in Philadel-

phia, Pennsylvania, to discuss our work. In Septem-

ber, a paper was presented at the 1977 International

Conference on Cybernetics and Society in Washington,

District of Columbia.

The most intense effort in technology transfer

has been organizing a workshop to discuss applica-

tion of adaptive optimal control concepts to solar

heating, ventilating, and air-conditioning systems.

An industry telephone survey was conducted and indi-

cates that interest in this work is extensive. As

a result of the telephone contacts, one company sent

a representative to LASL to discuss mutual inter-

ests. A control systems conference is scheduled for

May in Boston, Massachusetts. Since it would be a

duplication of effort, the LASL control systems

workshop has been cancelled and we will participate

in the conference in Boston.

4. Plans. Major plans include developing the

air-conditioning simulation model and investigating

implementation of adaptive concepts in a building.

H. Energy-Environment Simulator [Lynn, E-4; Na-

rud, E-DO]

The DOE energy-environment simulator (EES) mo-

dels the energy situation of the United States. It

simulates the relationships between energy re-

sources, energy demands, growth of energy use, pop-

ulation growth, and the effects of energy use on the

environment. The front panel of the EES, illus-

trated in Fig. 16, shows the input controls and the

output displays.

The first generation EES was an analog simula-

tor developed at Montana State University. We have

completed the second generation unit, a microcom-

puter-based version that eliminates the analog cir-

cuits. This report describes the hardware and soft-

ware of the microcomputer-based version.

1. EES Hardware. The EES hardware can be di-

vided into the input section, the microcomputer, and

the output section. The hardware configuration is

shown in Fig. 17.
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Fig. 16. Front panel of EES.

a. Input Hardware. The input hardware con-

sists of the front panel controls, lap unit con-

trols, and input multiplexers.

There are 39 front panel inputs; 32 of these

inputs are 16-position rotary switches that provide

a 4-bit binary signal. This eliminates the need for

analog-to-digital (ADC) conversion. The remaining

seven front panel inputs are 2-position binary

switches. Most of the front panel inputs (thirty-

one 4-bit inputs, three 1-bit inputs) are multi-

plexed to a single 8-bit input port. The remaining

front panel inputs are read from the port used for

the lap units.

Each of the five possible lap units has twenty-

two 4-bit inputs. These inputs are multiplexed and

read from the 8-bit lap unit input port.
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Fig. 17. Block diagram of energy environment simu-
lator.
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b. Microcomputer. The EES uses an Intel SBC

80/10 microcomputer, which contains an 8080A micro-

processor and 1-k 8-bit bytes of read/write memory.

Tt provides for up to 4-k bytes of read-only memory

(ROM). The 80/10 also contains one serial and up

to six 8-bit parallel programmable input-output

(I/O) ports.

The EES uses four of the parallel I/O ports.

As mentioned above, one port is used for most of the

front panel inputs and another for the lap unit in-

puts. The other two ports are configured as output

ports. One supplies data used to address both the

input multiplexers and the output demultiplexers.

The current EES software requires 2584 bytes

of ROM, thus leaving 1512 bytes on the 80/10 board

for program expansion. Addition of an SBC 416 pro-

grammable read-only memory (PROM) module would pro-

vide a;̂  additional 16-k bytes of ROM.

c. Output Hardware. The outputs consist of

light-emitting diodes (LED) for the resource re-

serves; incandescent bulbs for the energy pools,

food pool, and environmental impact; and digital

readouts for years elapsed, personal energy demand,

and population. The outputs are connected to the

microcomputer data output port through drivers, ap-

propriate decoders, and banks of flip-flops acting

as buffer storage. The addressing and control are

handled by a demultiplexer.

2. Software. The EES software flow chart is

shown in Figs. 18(a-d). The turn-on and reset rou-

tines are shown in Fig. 18(a). Figure 18(b) shows

the I/O loop, which reads the inputs, does most of

the calculations, and outputs the rpsu'Li. The rest

of the calculation is done in the new year routine

shown in Fig. 18(c). The interrupt processing is

also sfiown in Fig. 18(d).

When the simulator is operating, over 99% of

the CPU time is used in the I/O loop, which requires

about 33 ms per pass. One-third of this time is

used to read inputs; therefore if the computation

time were increased by a factor of 4, the I/O loop

time would still be less than 100 ms. That is, if

the complexity of the simulations were increased by

a factor of 4, the maximum delay between an input

change and the corresponding output change would be

less than 100 ms. This appears instantaneous to a

human operator.

a. Turn-On and Reset. The. turn-on sequence

shown in Fig. 18(a) loads the stack pointer, clears

RAM (except for the stack pointer area), and trans-

fers the default initial conditions from ROM to RAM.

The reset routine avoids this last step so that if

the initial conditions are changed, the new values

»"ill remain as long as the simulator is on.*

Both reset and turn on zero the output and

scratch area of RAM (redundant in the case of turn

on), set up addresses for front panel and lap unit

averages, initialize the I/O ports, and initialize

reserves and growth factors.

b. I/O Loop. As indicated in Fig. 18(b), the

I/O loop reads the inputs; calculates energy, pol-

lution, and pool balances; and outputs the results

to the displays. The computations include calcula-

tion of available energy, pollution, and energy de-

mands; application of the growth factors to the en-

ergy demands and population; calculation of the food

supply; and balancing the chemical energy, electri-

cal energy, and food pools.

(1) Fractions. Before describing the me-

thods used in the calculations, a brief discussion

of how fractions are handled is given.

rractions are stored internally as an integer;

the implied decimal point is usually left of the MS

bit. Thus, if a fraction (FR) is stored as the in-

teger (IFR)

FR = IFR/256 0 < FR < 1 - 2-°

For example, the rates of use are read from hex

switches (as are most inputs). Since a rate of use

is to represent a fraction between 0 and a little

less than 1, the hex switch value is stored in the

four MS bits of the 8-bit data byte. Then a rate

of use R is given by the integer

R = 0, 16, 32, 48, .... 224, 240

and represents the fraction R/256.

(2) Available Energy Calculations.
First, the energy contribution of each resource and

*Currently, the initial conditions can only be
changed with a terminal and an 80/10 monitor program
(in addition to the EES software). However, soft-
ware could be added to allow changes in initial con-
ditions to be made from the front panel.
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its chemical and electrical distribution is calcu-
lated.

For all resources

Er = Rr x Wr , Qr > 0 ; and

= 0 . Qr =

{For hydroelectric, Q^ > 0) •

For new technology, the total energy is

Ett " Qt * Et •

For the other resources, the total energy is

E t r = E r .

The chemical and electrical energy for each resource
is

cr = acr x Etr' an^ E e r = (1 - aer) x E t r

(for nuclear, hydroelectric, and new technology

acn = ach = act * 0) -

In the above, subscript r is c, o, g, n, h, or t for

coal, oil, natural gas, nuclear, and new technology.

Rr = rate of use 0 < Rr < 1 .

Wr = potential rate of use (a weighting function)

The above relations are modified slightly for

the MPU to reduce the number of multiplies required.

In the following, MPU variables use upper case let-

ters in place of lower case subscripts.

First, ER is calculated (R -» C, 0, G, N, H, or

T)

ER = RR * WR .

Since RR is a fraction and WR is an integer, the im-

plied decimal of the result is between the MS and

LS bytes of the result. The integer part of the re-

sult is rounded off and the fractional part dis-

carded.

The following method of calculating chemical

and electrical energy avoids further multiplica-

tions. First, the following quantities are calcu-

lated <rounded to the nearest integer, cne-half

rounds upward)

ER/2, ER/4, ER/3, and ER/16 .

Then

ETR ••= ER/2 + ER/4 + ER/8 + ER/16 ,

ECR = ALCR * ETR

= b7 x ER/2 + b6 x ER/4 + b5 x ER/8 + b4 x ER/16,

and

EER = ALCRBAR * ETR

= 57 x ER/2 + 56" x ER/4 + 5? x ER/8 + bT x ER/16.

Where

ALCR = O.b7 b6 b5 b4 0 0 0 0, a 4-bit fraction

ALCRBAR = 0.57 56 55 b4 0 0 0 0 and

ETR = ECR + EER = ER - INT(ER/16),

That is, if ER = 0, 1, 2, 3 14, 15, 16, 17,...

then ETR = 0, 1, 2, 3,..., 14, 15, 15, 16,...

Since 0 < ALCR 1 - 2""

but 2-k < 1 - ALCR < 1 ,

ALCRBAR is used instead of 1 - ALCR to allow EER to

be reduced to 0.

The total energy, total chemical energy, and

total electrical energy is then

TE = ETC + ETO + ETG + ETN + ETH + E n ,

TCE = ECC + ECO + ECG, and

TEE = EEC + EEO + EEG + ETN + ETH + ETT .

(3) Pollution Calculations: First, the
"pollution energy" for heat, air, and nuclear pol-
lution is calculated. It depends on the weighted
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total energy produced by coal, oil, natural gas, and PENA = 8 X RC + 4 X RO ,
nuclear. The general form of the pollution energy

is PENN = 4 x RC + 8 X RN ,

j = ALC, * ETC + ALOi * ETO + ALG^ * ETG

+ ALNi * ETN ,

where i = H(heat), A(air), or N(nuclear) and the AL

coefficients h are weighting factors. The terms on

the right are the contribution of coal, oil, natural

gas, and nuclear. The normalized pollution energy

is

PENi = INTfPE/WZERO) .

The pollution light lit for each type of pollution,

PLIT., 1S

PLIT.. = INT \(Bj + Mi x PEN^/PDENf

= 1, 2 NPLIT .

As an example, the standard calibration is

WZERO = WC = WO = WG = WN (= 58)
PDEN = 12 ,

the number of pollution lights is

NPLIT = 3 ,

and the pollution weighting factors are below.

j

ALOi

ALGi

ALN,

Mi

Bi

Heat

4

4

4

4

Air

8

4

0

0

Nuclear

4

0

0

8

With che above values, the equations governing the
heat, air, and nuclear pollution lights are

PENH = 4 x RC + 4 x RO + 4 x RG + 4 x RN,

and

PLITH = INT (1/4 + PENH/4) ,

PLITA = INT (1/3 + PENA/3) , and

PLITN = INT (PENN/2) .

(The values for the rates of use are the stored in-

put integer divided by 256.)

(4) Demand Calculations. The energy de-

mand calculations use the same method as the energy

supply calculations in order to reduce the number

of multiplications required of the microprocessor.

The industry demand will be used to illustrate.

The total industry demand is composed of the

metals, research and development, chemical, and con-

struction demand. Each in turn is determined by the

front panel rate control and an internal weighting

factor. The total industry demand is

D. = R. x W. + R. x W. + R.
it lm lm ir ir ic

Wic + Rib * Wib •

The chemical and electrical components of the in-

dustry energy demand are

Dic = Bic x Dit a n d

D ie - B1c } * Dit •

The total, chemical, and electrical demands are
calculated in the same way as ETR, ECR, and EER;
that is,

DIT = DIC + DIE

= Dit/2

DIC = BIC * DIT , and

DIE = BICBAR * DIT .

Dit/16
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As before, TCDG = FT * TCD and

DIT = D.t - INT(D1t/l6) .

Similar calculations provide

DTT, DTC, and DTE;

DHT, DHC, and DHE; and

DAT, DAC, and DAE;

the total, chemical, and electrical demands from

transportation, household-commercial, and agricul-

ture.

The total demand, total chemical demand, and

total electrical demands are

TF.DG = FT * TED .

(6) Food Supply. The food supply is pro-

portional to the total agricultural demand and grows

by a factor of 2 at a rate dependent on the setting

of the agricultural research and development con-

trol. The equations are

TFG = KFG * DAT and

KFG = KF + KF
AGR RAR. < 2KF

TD = DIT + DTT + DHT + DAT,

TCD = DIC + DTC + DHC + DAC, and

TED = DIE + DTE + DHE + DAE,

Note that these demands do not yet include growth.

(5) Application of Growth Factors. The

total, chemical, and electrical personal energy de-

mands after growth are*

PEO = FE * TO,

PEDC = FE * TCD, and

PEDE = FE * TED.

The population is

POPD = FP * SPOP.

SPOP = Starting population.

The total chemical and total electrical demands af-

ter growth, which are used to calculate the energy

pool balances, are

*See the section on growth factors for a description
of FE, EP, and FT.

where

TFG is the total food supply after growth,

DAT is the total agricultural demand,

KF is a food normalization constant (so the

food supply has the same units as POPD),

AGR is the agricultural growth rate - the num-

ber of years to double agricultural output

if RAR = 16/16 (although the maximum switch

setting is 15/16), and

RAR is the setting of the agri.-.ulture research

and development control.

(An intermediate variable used in the program is

NKF = AGR/KF > 1.)

Standard values are

KF = 29 , AGR = 145, and

(NKF = 145/29 = 5).

These values are chosen so that the initial food
supply

TF = KF * DAT

is equal to the starting population, SPOP, when the

total agricultural demand is 6/16 of its maximum

value. That is,

TF = SPOP when DAT = | (WAF + WAC + WAR + WAP) ,

or
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KF = |
SPOP

3 WAF + WAC + WAR «• WAP

8 216
4 + 7 + 2 +

= 28.8 -+29.

8 216
~3 ~2l5

(7) Pool Balances. Once the available en-

ergy, energy demands, food supply, and population

have been determined, the three pool balances can

be calculated. All three pool balances are calcu-

lated in the same manner although the food pool uses

different calibration constants.

(a) Chemical and Electrical Energy Pools.

The chemical energy pool light to be lit is given

by BC, where BC is an integer :n the range 0 to

NEPL - 1.

BC = INT(CPO) ,

CPO = (CP1/EPR) * NEPL, and

CP1 = (TCE + EPR/2) - TCDG,

0 < CP1 < EPR

where

EPR is the energy pool range; that is, the number

of PED units to go from zero pool energy to maximum

pool energy (currently from Red [-] to Red [+]).

NEPL = number of energy pool lights.

Standard values are

EPR = 100 and

NEPL = 5

Similarly, for the electrical energy pool

BE = INT(EPO),

EPO = (EP1/EPR) * NEPL, and

EP1 = (TEE + EPR/2) - TEDG.

0 < E P K EPR

26

(b) Food Pool. Calculation of the food

pool light BF is the same except that the pool range

and number of lights can be different.

8F = INT(FPO),

FPO = (FP1/FPR) * NFPL, and

FP1 = (TFG + FPR/2) - PPFD,

0 < FP1 < rPR

where

FPR = Food pool range; that is, the population in

millions to go from zero to maximum (currently from

Red[-] to Red[+]).

NFPL = Number of food pool lights.

Standard values are

FPR = 250 and NFPL = 5.

(8) Software Clock. After the calcula-

tions are finished, the shortage flag is set or re-

set then the software clock is checked. The clock

simply counts the times through the I/O loop and

calls the new ye»r routine when appropriate, depend-

ing on the setting of the years-minute switch. For

example, at 100 yr/min the new year routine should

be called every 600 ms. Since the I/O routine takes

33 ms, the new year routine would be called after

18 times through the I/O loop. (Currently, new year

is called after 16 times for 100 yr/min. Thus, the

actual rate is 114 yr/min.)

c. Mew Year Update. In the new year routine

the year counter is incremented, the energy re-

sources are updated, and the new personal energy de-

mand, population, and overall growth factors are

calculated. This is shown in the flow chart of

Fig. 18(c).

(1) Energy Reserves. The reserves are

calculated from

N
QC = QIC - NC"

R C > 0



n

QO = QIO - jjg E RO > 0

N

E
i = l

N

QG = QIG - ̂  E RG > 0

N
QN = QIN - J E

NN i=1

QH = QIH, and

QT = T4 E RIR < NLITE

where QC = Remaining coal reserves

= Number of coal lights still on,

Q X = NLITE Initial coal reserves

= Total number of coal reserve lights,

RC = Coal rate of use (FP input, can vary

from year to year, 0 < RC < 1),

NC = Years to extinguish one coal light if

RC = F = 1,

QO = Remaining oil reserves

= Number of oil lights still on,

qiO = NLITE = Initial oil reserves
= Total number of oil reserve lights,

RO = Oil rate of use (FP input, 0 < RO < 1),

NO = Years to extinguish one oil light if

RO = F = 1,

QG = Remaining gas reserves

= Number of gas lights still on,

QIG = NLITE = Initial gas reserves
= Total number of gas reserve lights,

RG = Gas rate of use (FP input, 0 < RG < 1),

NG = Years to extinguish one gas light if
RG = F = 1,

QN = Remaining nuclear reserves

= Number of nuclear lights still on,

QIN = NLITE = Initial nuclear reserves

= Total number of nuclear reserve lights,

RN = Nuclear rate of use (FP input,

0 < R N < 1),

NN = Years to extinguish one nuclear light if

RN = 1,

QH = QIH = NLITE = Remaining hydroelectric

reserves

= Number of hydroelectric lights

still on

= Initial hydroelectric reserves

= Total number of hydroelectric

reserve lights,

QT = New technology reserves

Number of new technology lights on,

RIR = Industry research and development demand

(FP input, 0 < R I R < 1).

NT = Years to turn on one new technology
light if RIR = 1, and

F = Fossil doubler,, F = -p 1
(2**FOSDB)

F = 1 Fossil doubler off

_ 1 Fossil doubler on.

Implemented as a shift,

N = Number of years elapsed.

(2) Growth Factors. Three growth factors

are calculated, which are used to determine:

• energy demand per person (for PED display),

• total population, and

• total energy demand.

These growth factors multiply the initial PED start-
ing population and starting overall energy demand.
The growth is nearly exponential and depends on the
settings of the population and personal energy
growth rates.
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The growth factors are updated each year by in-

creasing the previous year's value by a percentage

determined by the current setting of the appropriate

growth control. That is, growth is controlled by

the simple difference equation

Fn = . F0

where Fn is the growth factor for year n and ap
is the per cent growth for year n. Since an is
small the growth is nearly exponential. If an
= a, a constant

F0 =

= (1 + a)

J_ (an)
a

e a n for a-> 0.

The personal energy demand, population, and total

growth factors are

Fen = (1 + aen} Fe(n-1)'

F
P n =

 (1 + a p n } F
P(n-l)>

 and

Ftn = (1 = atn} Ft(n-1) = Fen x Fpn

= (1 + aen)(l + apn) F U n . 1 }

* ( 1 + aen + apn> Ft(n-1) •

The approximation for Ftp is used; with standard

calibration values the error is less than 3% for

growth of a factor of 10 (5% for a factor of 100).

For personal energy demand the per cent growth

for year N is

a6f) = (PCEN/2**RG) * KE(N),

where

KE(N) is the current setting of the energy growth

input,

PCEN is a calibration constant regarded as a

fraction (that is, PCEN is an integer divided

by 256), and

PCEN/2**RG determines the per cent growth per step

of KE{N).

For example, the standard values are PCEN = 4, RG = 2

(PCEN/2**RG)/256 « 0.4% per step •

The RG bit shift to the right allows a step size

less than 1/256 «O.4% (the method for avoiding un-

derflow is explained below). Calculation of a

for population growth, is similar and the growth

factors are

FE{N) = FE(N -

FP(N) = FP(N -

PCEN*KE(N)/2**RG),

PCP0P*KP(N)/2**RG),

FT(N) = FT(N - 1}*(1 + [PCEN*KE(N)

+ PCP0P*KP(N)]/2**RG), and

FE(O) = FP(O) = FT(O) = 1.

An 8-bit word allows a growth factor of up to

255, which is much larger than needed. In order to

increase accuracy and avoid underflow on the RG bit

right shift, an initial MG bit. left shift is per-

formed on FE(O), FP(O), and FT(O). A 3-bit left

shift increases accuracy by 3 bits and reduces the

maximum growth factors to 31. For personal energy

demand the actual quantity calculated is

(2**MG)*FE(N),

and the equation is

(2**MG)*FE(N) = (2**MG)*FE(N-1)* (1
+ PCEN*KE(N)/2**RG).

The equations for FP(N) and FT(N) are similar. Note

that underflow is avoided if MG > RG and if

(2**MG)*FE(N - 1)*PCEN*KE(N) is calculated before

the RG bit right shift is performed.

The standard values used are

RG = 2, MG = 3, PCEN = 4, PCPQP = 1,

then

(PCEN/?**RG)/256 « 0.4% per step, and

(PCP0P/2**RG)/256 « 0.1% per step.
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d. Interrupt Service Routine. The RSET and

NEWYR routines are called through the interrupt

structure as shown in fig. 18(d). In the current

simulator the new year flag is always set (by hard-

ware). The reset flag is set by the reset button

on the front panel. Since the reset flag is checked

first, reset has priority over the new year routine.

Originally, it was planned to have a hardware

clock that would interrupt the microprocessor once

per simulator year. Subsequently, it was found that.

a software clock is adequate, which could •<<= entered

through a simple subroutine call. However, because

of the original intent, NEWYR is called by enabling

the interrupt with the appropriate flag set (the

interrupt pin is hard wired on). This is why both

RSET and NEWYR are called through the interrupt

structure rather than by subroutine calls. This al-

so allows a hardware clock to be added with a mini-

mum of change.
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II. ENGINEERING SUPPORT, R. A. GORE, ALTERNATE DIVI-

SION LEADER

A. Development Projects

1. Introduction. The activities reported in

this section include both LASL-funded projects and

projects funded by outside agencies. These projects

are usually aimed at obtaining an understanding of

a problem, the development of a solution to a given

problem, or the development of a new capability or

resource required in support of basic research.

2. Microprocessor Development [Ethridge, E-5].

a. Intel ASM-48. As reported in our

previous semiannual report, Group E-5 has developed

a comprehensive support capability for microproces-

sor applications. This capability will be expanded

as LASL's needs grow and as commercial units change.

The ICE 48 in-circuit emulator for the 8748 family

of microcomputers is scheduled to be delivered to

E-5 in November. When this hardware-software pack-

age is received, E-5 wi?J have complete ASM-48 sup-

port capability. The prompt-SPP hardware-software

package has been received and is operational, allow-

ing object program downloading from the MDS to the

Prompt-48 for 8747 EPROM programming.

3. Computer-Aided Design and Manufacturing

[Johnson, Booth, Whitworth, E-4]. Bids for the au-

tomatic drafting system, which E Division has decid-

ed to purchase, have been reviewed and the order has

been placed. Design Aids, Inc., was chosen as the

successful bidder. The software, written by Design

Aids, runs on a Data General NOVA 3D minicomputer.

Procurement was delayed when it became evident that

purchasing the hardware directly from the manufac-

turer would save money. This approach required ob-

taining bids from the hardware manufacturers, re-

viewing the bids, and then choosing the successful

bidder. The hardware should be delivered by early

March 1978.

The wire-wrap codes have been converted to run

under the SLOPE 1 operating system on the CDC 7600.

This conversion was required because of the reduced

availability of machine time on the CROS operating

system.

Two rather important additions have been made

to the wire-wrap code. The first is generation of

a control tape that locates all wire-wrap pins that

are to be manually tabbed to either tha power or the

'ground bus. After the manual tabbing is complete,

it can be checked using the wire-wrap machine to 1c-

cate all pins to be tabbed to the power bus, then

all pins to ba tabbed to the ground bus. If any

tabs are missing or are incorrectly placed, correc-

tions can be made before wiring is started. Board

wiring is then completed as before. The second ad-

dition to the wire-wrap code is a control tape to

locate «;ach end of each net to permit a continuity

check after wiring is complete. These additions re-

quired breaking the code into three primary overlays

in order to be run using 120 k words of CDC 7600

memory. -The code, with these two additions, is now

in use and has been helpful in improving the quality

of E-Division wire-wrap production.

4. NET-2 Support [Hancock, E-4]. E Division

has a continuing program to provide LASL with effec-

tive circuit and system analysis programs. The most

recent activity has been directed toward improving

the NET-2 program and making the SCEPTRE program

available. Standard maintenance was performed on

NET-2. Errors were traced and identified as NET-2,

system, or user generated. New users were assisted

with procedures for getting started. Users have

been directed to SCAN42, a library program that per-

mits interactive editing of NET-2 plots on a Tek-

tronix oscilloscope. A procedure file that greatly

simplifies user running of NET-2 was placed in the

central user library. Our efforts to have the clas-

sification status of the NET-2 source code clarified

have resulted in the code being declassified nation-

ally. This should make it easier to deal with fu-

ture updates.

A SCEPTRE working package has been installed

with a procedure file for running it in the user li-

brary. We are now studying the computational basis

of SCEPTRE and inquiries have been initiated for ob-

taining SUPER-SCEPTRE, which may be the best such

program available.

5. NSRSC Instrumentation. [Trump, Murray,

E-4]. The NSRSC, a 6131-m2 library and conference

center, was completed this year and is in full oper-

ation. An integral part of this building is a solar

energy system designed to supply up to 95% of the

heating and 75% of the cooling requirements. The

three systems, solar energy, heating, and cooling,

have been heavily instrumented to permit monitoring

of energy production and consumption. Additionally,

sufficient instrumentation has been added to one
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area of the building shell to permit eventual veri-

fication of the models used to predict building per-

formance.

All instrumentation has been installed and

checked out. Liquid temperature measurements are

made with platinum resistance thermometers. Liquid

flows are measured by turbine flowmeterj and annubar

(Pitot-static) probes. Air temperature measurements

are made v.ith thermocouples and Baico resistance

thermometers. Air flow measurements are made by

propeller anemometers calibrated by Pitot-static ar-

rays. Electrical power inputs to major subsystems

are measured by means of watt transducers. Control

system inputs and states are measured by means of

shaft-position potentiometers and binary contact

c losures.

A computer-based data-acquisition system with

a capacity of 160 analog and 16 digital (binary) in-

puts is installed and operational. This data-acqui-

siticn system is connected to the instrumentation

plant and is currently collecting and reducing data

on line. The data are scored in summary form, pri-

marily energy balances, in order to reduce volume.

Additional program development is proceeding, pri-

marily in the area of graphical displays of system

performance.

Tasks that are currently operational on the

computer are:

a. Data acquisition and conversion. This

task is run at a 15-s interval. It sam-

ples all of the channels and in some cases

(flow meters, delta-pressure measurements,

and thermocouple measurements) performs

multiple samples to compute averages be-

cause of noise in the flow measurements

or fluctuations in the least significant

bit in the ADC for the thermocouple chan-

nels. The data are all converted to engi-

neering units and stored in a core-resi-

dent common area to be used by other

tasks.

b. Energy calculations. This task also runs

every 15 s. It performs the basic energy

balances on all components in the solar

heating and cooling system by means of

H o w rate and temperature difference pro-

ducts and electrical power measurements.

The mass flow rate conversions are also

done in this program. Average heat rates

are accumulated over 0.5-h periods.

c. Energy summary. Every half-hour during

the day, every hour during the night, and

in response to significant events in the

system (primarily control system mode

changes), a summary of the energy calcula-

tions is output to the computer terminal.

At the same time, al? of the information

in the common data area is recorded on one

of the fixed disks on the computer. This

program also initializes the average ener-

gy calculations. This summary may also

be requested at random to be displayed or

the oscilloscope terminal.

d. Daily summary. Around midnight a detailed

summary of the system performance for the

day is output to the terminal. All calcu-

lations are then reinitialized, and the

day's energy summaries are written on a

daily file or. the removable cartridge disk

for long-term storage. Data for 1 month

are stored on each cartridge.

These programs will continue to monitor the op-

eration of the various systems, thus building a data

base that will eventually allow a comprehensive

evaluation of the solar energy system and the build-

ing models.

6. Computerized Tomography [Lundy, E-5]. Ex-

ploration of industrial applications of computerized

tomographic imaging was started under a LASL New Re-

iearch Initiative Proposal (NRIP) project with R.

Morris, Group M-l (nondestructive testing), and M.

Cannon and R. Kruger, Group M-8 (digital image and

signal processing). An x-ray tomography system will

be assembled for demonstration; design of this sys-

tem has begun. It now appears that a lithium-

drifted germanium detector will be used as the pri-

mary detector in the current mocie. The image data

acquisition will be controlled by a PDP-11 computer;

detector and scan motion control interface design

is under way. The project, exploring object imaging

with much larger variations in absorption coeffi-

cients than are found in medical situations, will

also explore improvements in spatial and density

resolutions in situations that are not x-ray dose

limited. Tomochemistry techniques are also being

considered. In relation to this activity, Lundy at-



attended a 1-wk course at MIT that covered princi-

ples of computerized tomography. The course, di-

rected by G. Brownell, MIT, included a variety of

presentations by engineers, physicists, and physi-

cians.

7. Gas-Diffusion Simulation for E6SP [Spring-

er, E-4]. In order to evaluate induced changes in

gas production caused by interconnecting existing

fractures, by forming new fractures and modifying

the region around the wellbore, we have placed a

two-dimensional diffusion model on the hybrid com-

puter. The model contains 180 pressure nodes ar-

ranged in a 15 by 12 array that may be used in ei-

ther Cartesian or cylindrical geometry. The four

analog computer consoles have only enough equipment

to implement a 5 by 4 pressure node array, as shown

in Fig. 19, that is shared by nine parts of the com-

plete 180-node model, shown in Fig. 20. Boundary

pressures are fed as a function of time to the edges

of the 5 by 4 array by digital-to-analog converters

(DAC), represented by x in the figures. As the ana-

log hardware sequentially represents each of the

nine sections of Fig. 20, the transmissibilities be-

tween pressure nodes are quickly changed to ' repre-

sent the permeabilities and porosities of that res-

ervoir section. The boundary pressures are recorded

through AOCs to be used later as the boundary pres-

sures for adjacent sections. On the exterior bound-

ary of the whole reservoir real boundary conditions

are applied. No flow conditions are imposed by mak-

ing boundary transmissibilities zero.

The minimum integration time for a single sec-

tion requires about 50 ms. Solving the nine sec-
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Fig. 19. Representation of 5 by 4 array of pressure
nodes (circles) implemented on analog con-
soles and surrounding DACs (crosses).
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Fig. 20. Representation of the entire 15 by 12 ar-
ray of pressure nodes time shared in nine
sections. Each section looks like Fig. 4.

tions once requires 450 ms. We have achieved con-

vergence in 10 s for a simple problem of a rectang-

ular reservoir of uniform permeability and porosity

with a wellbore at one corner. Thus, about 22 iter-

ations were required. From stability considera-

tions, the loop gain in the analog circuits is lim-

ited to 20 000/s. In certain problems with large

ranges in transmissibility, large ranges, this may

necessitate increasing the integration time up to a

factor of 10, thus increasing the solution time per

problem from 10 s up to 100 s.

As a problem solving tool for enhanced recovery

evaluation techniques, this hybrid computer program

has some good features when compared to other hybrid

computer programs, as well as when compared to digi-

tal computer gas-diffusion codes. To the user de-

scribing a set of problems and obtaining the re-

sults, the program appears to be purely digital.

Data are input via punched cards or magnetic tape

and results returned to a printer, plotter, or mag-

netic tape. The analog interconnections to the dif-

fusion model are untouched except during mainte-

nance. All problem changes in the model are per-

formed digitally. Scaling of variables, a worrisome

task for the fixed-point analog computer, can be

done automatically by digital preprocessing.

Maintenance is simplified by the row-column struc-

ture of ths equipment interconnections in the model

that allows automatic testing on a regular and sys-

tematic basis.

If we compare the production time, cost, and

availability of the hybrid computer to the CDC 7600

for the 180-node diffusion model, advantages of the

32



hybrid for this application become apparent. Cen-

tral processing and 1/0 time on the 7600 is compara-

ble to solution time on the hybrid. If hybrid com-

puter production runs were made on a basis of only

one-half shift per day, the operating costs for com-

puting time would be less than 10% of the digital

computer costs, which are based on almost three

shifts of production per day. If the hybrid comput-

er production time were quadrupled, the cost per

time unit probably would only halve, since more

maintenance would be required. More important than

the reduced cost per solution is the availability

of this computing too1. Where CDC 7600 available

time per day is measured in minutes, the hybrid com-

puter available time, applicable for only special

classes of problems, is measured in hours.

When final testing of this model is complete,

one of the first uses will be optimization of

lengths, diameters, and spacing of jet-penetrated

holes off a wellbore. Figure 21 details a potential

use of the holes formed perpendicular to the well-

bore at various depths to increase gas flow. This

problem, while three-dimensional, can be broken into

several two-dimensional problems. Since it is an op-

timization problem, the complete study will require

a large number of solutions, which the hybrid com-

puter can easily handle.

8. Fuel-Cell Powered Vehicle [McCormick, Bob-

bett, Lynn, E-4]. This program, a joint project be-

tween LASL and Brookhaven National Laboratory (BNL),

involves BNL evaluation of fuel cells for transpor-

tation and LASL simulation of fueUcell powered ve-

hicles using BNL results to predict performance and

suggest directions for fuel-cell development for

transportation applications. Since this program is

just beginning, the following section will describe

the program rationale for fuel-cell powered vehi-

cles.

a. Need for Developing Alternate Vehicle Pro-

pulsion Systems. Increasing interest in alternate

vehicular propulsion systems has been brought about

by a growing realization of our limited petroleum

reserves. Coal will increasingly become the primary

US energy source. For vehicular application, it is

essential to convert coal to a form that is easily

transportable. Prospective candidates for this form

are gasoline, diesel oil, hydrogen, methanol, or

electricity stored in batteries. For energy conser-

OVER BURDEN

Je»-Penetra»ed
Holes

Fig. 21. Jet-penetrated holes off a wellbore to
stimulate gas production.

vation, one has to investigate systems that will use

petroleum reserves in the near term and coal in the

longer term. Another factor that should be serious-

ly considered is the environmental acceptability of

the power plant for vehicular propulsion. This

would be determined primarily by levels of pollut-

ants (for example, Nox, SO2 , and CO) in exhaust

gases, noise, and safety.

b. Advantages of Fuel Cells for Vehicular

Propulsion. For transportation applications, it is

necessary to convert the chemical energy of coal-

derived fuels to mechanical energy, either via heat

or electricity. The only type of energy converter

in which the overall efficiency for transforming the
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chemical energy of fuel to mechanical energy that
is not Carnot-limited is the fuel cell coupled with
a motor. In Table I the projected efficiencies for
utilization of coal-derived fuels in internal com-
bustion engines, diesel engines, battery vehicles,
and fuel-cell/battery hybrid vehicles are shown.
The advantage of the fuel-cell/battery hybrid vehi-
cle is apparent. Further, the efficiencies of fuel
cells increase at part load, while the opposite be-
havior is observed for heat engines. In a fuel
cell, the fuel is stored externally, oxygen from the
air serves as the oxidant, the products are ejected
into the atmosphere, and the stack is designed for
full power. Hence, the specific power vs specific
energy curve resembles that of a heat engine and is
unlike the curve for a battery-powered engine. From
the point of view of fast start up and acceleration,
it appears necessary to hybridize a fuel cell with
a battery. Lifetimes of over 40 000 h have been
demonstrated for fuel cells, which is considerably
longer that that requirad for vehicular application.
Using methanol as the coal-derived fuel, coupled
with a reformer, it should be possible to use the
existing fuel distribution network. Conversely,
battery-driven vehicles require special charging fa-
cilities in residential homes, apartment complexes,
and industrial buildings. The other advantages of
fuel-cell vehicles are that their exhaust emissions
will have no, or extremely low, levels of air pol-
lutants; they will be noiseless and reliable (few
moving parts).

c. Recent Progress in Some Potential Candi-
date Fuel Cells. A few years ago, fuel-cell driven

TABLS I

COMPARISON OF VEHICULAR EFFICIENCIES

ASSUMING COAL AS PRIMARY ENERGY SOURCE

Power Plant
Internal Combustion Engine
Oissel
Battery
Coal to Electricity
Transmission and Distribution
Battery
Motor
Overall

Fuel-CelVBattery Hybrid
Coal to Methanol
Fuel Cell
Motor

Overall

Component
Efficiency

35K
85*
70%
75X

70«
45X
75X

Overall
Efficienc

8.8%
9.9*

15.7X

23.7

vehicles were discounted because of the high weight,
volume, cost, and short life of the fuel cell.
There have, however, been significant developments
in fuel-cell technology, particularly after the en-
ergy crisis in 1973, which have stimulated a re-
examination of hybrid fuel-cell vehicles. Five fuel
cells that appear to be promising candidates for ap-
plication in the transportation sector include four
in which hydrogen is the fuel and air is the oxidant
with phosphoric acid, a solid polymer (Nafion), po-
tassium hydroxide, or aqueous trifluoromethane sul-
fonic acid (TFMSA) serving as the electro/'te. The
fifth, where a breakthrough is needed to increase
the power densities in the cell by at least a factor
of 5, is the direct methanol-air fuel cell. There
has been considerable technological progress in the
last 10 yr with the phosphoric acid (United Technol-
ogies), alkaline (Siemens), and solid polymer elec-
trolyte (SPE) (General Electric) fuel cells. The
important performance criteria for vehicular appli-
cations are the power density, efficiency, and life.
In Table II, we compare the power density, efficien-
cy, and lift plus other electromechanical parameters
for alkaline, acid, and SPE systems, as reported in
1967 and 1977. Also included in Table II are some
recent data from the Energy Research Corporation on
the use of aqueous TFMSA as the electrolyte in hy-
drogen-air fuel cells. The power densities in this
cell operating at room temperature are considerably
superior to the phosphoric acid fuel cell operating
at 200°C and the alkaline cell at 80°C. There is a
significant improvement in start-up time and life
in all types of fuel cells, which is also essential
for fuel-cell driven cars. Start-up times may de-
pend mainly on the reformer. The noble metal cata-
lyst loading has an impact on the capital cost.
Here too, when comparing the 1967 and 1977 data,
there are marked reductions in the quantities used
in fuel cells. The projected cost of the phosphor-
ic acid fuel cell (not including reformer and power
conditioner) is about $100/kW. For electric utility
applications, higher efficiency- rather than power
density has been emphasized. However, for transpor-
tation applications the reverse is true, which
should result in lowering the capital costs. The
projected weights and volumes of these fuels are
within acceptable limits for the vehicular propul-
sion system.



TABLE II

IMPROVEMENTS IN H2/AIR FUEL-CELL PERFORMANCE CHARACTERISTICS

Performance Parameter
Alkal ine_

1967
Acid SPE

Current Density (mA/cmz) 100

Cell Voltage (V) 0.75

Power Density (mW/cm2) 75

Operating Temperature (°C) 65-75

Thermal Efficiency (%) 51

Catalyst Loading (mg/cm2) 1

Start-up Time 3.5 h

Life (h) 5000

*The first two columns are for phosphoric acid, the third is for TFMSA.

977

200

0.7

140

80

47

0.2

5 min

1967*

300

0.55

165

160

37

20

1977*

300

0.65

195

190

44

0.75

> 12 000

1977*

400

0.6

240

25

41

4

15 min

600

1967

15-42

0.6-0.7

10.5-25

1977

700

0.68

476

100

46

8

1 min

40 000

d. A Preliminary Assessment of a Fuel-Cell/

Battery Hybrid Vehicle. A fuel-cell/battery hybrid

vehicle was designed, developed, and tested by K.

Kordesch of Union Carbide. This system incorporated

a hydrogen-air alkaline fuel cell (4.5 kW) and a

lead-acid battery. The hydrogen was stored as com-

pressed gas. The vehicle was capable of cruising

at 88 km/h and its range, with 1.6 kg H stored in

the vehicle, was 322 km. It is necessary to perform

a comparative study of target vehicles (for example,

commuter vehicle, passenger car, light vans, trucks,

buses, etc.) that are the most appropriate for fuel-

cell propulsion. A preliminary assessment was made

for a light van and the expected performance was

compared with that o'. the Electra-Van, a battery-

driven vehicle. The results are shown in Table III.

The fuel-cell/battery hybrid vehicle propulsion sys-

tem components chosen for comparative purposes are

TABLE III

PROJECTED PERFORMANCE CHARACTERISTICS OF BATTERY-DRIVEN
ELECTRA-VAN AND OF FUEL-CELL/BATTERY HYBRID VEHICLES

Parameter
Weight, kg
Power. kW

Cruise at 88 km/h

Peak

Power Plant

Energy, kWh

Weight, kg

Volume, L3

Range (at 88 km/h), km

Acceleration (0-48 km/h), s

21

Fuel-Cell/Battery Hybric
Electra-Van

1134

12

—

1134

12

30

Vehicles

(12-kW
18-kW

fuel c e ' l ,
battery)

143 (76-L methanol/water)
4 (Ni/'Zn battery)

435
184

97
11

340
227

845
4
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a 75-L methanol-water fuel tank, methanol reformer,

radiator, controls, motor, and an acid electrolyte

fuel cell. A 4-kWh nickel-zinc battery is included

for start up and acceleration purposes. The battery

is charged by the fuel cell, which also delivers the

necessary power (~12 kW), for cruising. The bat-

tery supplies the extra 18 kW necessary for acceler-

ation. For a 30-s acceleration, the battery is dis-

charged to 3.75% depth of discharge. An estimate

of the cost for such a power plant is $1860. This

assumes $100/kW for the fuel cell and $90/kWh for

the battery. Currently available nickel-zinc or

lead-acid batteries will suffice for this power

plant. Because the fuel cell is designed for cruis-

ing power, the range is determined by the quantity

of fuel stored; the battery provides the power for

start up and acceleration. The expected performance

range of the fuel-cell/battery hybrid is similar to

that of internal combustion engine powered vehicles

and markedly superior to battery vehicles. The ex-

pected efficiency of fuel utilization of fuel-cell/

battery vehicles is considerably better than that

of internal combustion engine driven vehicles.

9. Data Communications Study [Lindber'g, E-5;

Lewis, C-DOR]. The broad goals of the LASL data

communications study were to evaluate the feasibil-

ity of a unified Laboratory-wide data communications

system that would facilitate the timely and accurate

transfer of information among LASL activities; to

identify LASL activities which do, will, or might

utilize such a data communications system; and to

investigate current data communications technologies

that are applicable to LASL's needs.

To achieve the stated goals, the study has been

broken into five phases with overlaps. These phases

are:

Phase 1: Organization and preliminary ground

work. Search for and identify suitable data commun-

ications consultants. Review existing applicable

literature, identify possible data communications

technologies, identify existing data communications

systems whose methods may be applicable, review cur-

rent LASL data communications users and their activ-

ities, and identify a few friendly users to help us

get started.

Phase 2: Survey LASL data communications and

set up contracts with consultants. Prepare a ques-

tion guide, interview LASL groups, prepare 5 LASL
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data-flow matrix, and review the study with LASL
management.

Phase 3: Survey existing (non-LASL) data

communications system architectures and visit proto-

typical installations.

Phase 4: Analyze data and report preparation,

reinterview selected LASL groups in light of current

knowledge and proposed solutions and prepare a rough

draft report and review it with interested parties.

Phase 5: Prepare final report and recommenda-

tions. Review report with LASL management and cri-

tique the study.

Our efforts during this period were divided in-

to three distinct, but related, areas. We continued

our phase 2 activities and talked with a significant

number of divisions/departments/groups who provided

us with representative information. The upgraded

LASL alarm system data transmission needs were re-

viewed with the aid of Network Analysis Corp. We

also specified a CATV system to be used for security

alarm assessment.

The study has now been concluded. The informa-
tion gathered is statistically significant and is
presented in a final report, "LASL Data Communica-
tions Survey - 1977."
B. Program Support

This section of the report

LASL programs

The

1. Introduction.

describes E-Division's role in those

where there is a long-term dedicated effort,

discussions include the general nature of the over-

all program as well as the technical nature of our

support.

2. Data-Analysis System (AP-2)[Kuckertz, Coy,

E-5]. One of the methods proposed for producing

controlled thermonuclear (fusion) reactions is to

bombard a deuterium pellet with intense laser light.

If the deuterium pellet is illuminated under proper

conditions, pressures and temperatures high enough

for the fusion reaction to proceed will occur. An

optical system capable of transmitting a single la-

ser beam intense enough to start the fusion reaction

does not exist. The transmission problem is being

solved by taking many laser beams and focusing each

on a single target. The goal is to minimize the

number of laser beams while at the same time maxi-

mizing the energy density on the target pellet. To

do this it is necessary to select components for the

laser optical systems that can transmit laser light

of very high energy densities without being damaged.



LASL Group AP-2 operates an experimental ar-

rangement that tests various optical system compo-

nents and determines the threshold energy density

at which the component is damaged. Initially, all

of the data required to calculate the damage param-

eters were gathered manually from photographs of os-

cilloscope traces and strip-chart recordings. The

raw data were then processed using hand-held calcu-

lators. In March 1976 AP-2 requested that we design

a data-acquisition and analysis system that would

automate most of the data collection and analysis

operations of this experiment.

A data-acquisition system, based on a DEC mi-

crocomputer (PDP-11/03), was designed to measure

damage parameters every time a pulsed laser was

fired at a selected optical target. A fundamental

design philosophy was to let the microprocessor con-

trol, via a stored program, as much of the instru-

mentation as possible, excluding the laser itself.

The experimental signals measured by the micro-

computer are those associated with a calorimeter,

an energy meter (Laser Precision RK3232), a diode

array (Reticon Corp.), a transient digitizer (Tek-

tronix R7912), and a spark (not laser light) intens-

ity measurement circuit. The first two items meas-

ure the energy in a laser shot, while the diode ar-

ray gives the spatial distribution of the laser

pulse. The transient digitizer records the intens-

ity of the laser pulse as a function of time. The

spark intensity measures damage above a threshold.

Suitable mathematical manipulation of the measured

quantities yields the peak energy and power densi-

ties of the laser pulse, which are of primary impor-

tance.

Figure 22 is a block diagram of the entire la-

ser damage experiment. Commercial components were

used for this system whenever possible- The comput-

er system was built from the following components:

a PDP-11/02 central processing unit, two general-

purpose parallel interfaces (DRV-11), a serial in-

terface (DLV-11), 4 k of PROM (MRV-11), a memory re-

fresh circuit (REV-11), an ASR 733 terminal, 8 k of

PARTIALLY REFLECTING MIRRORS

OPTICAL AMPLIFIERS

PDP-11/03 BUS

PDP-11/03
WITH

EIS & FLOATING POINT
4K MOS MEMORY

4K MOS
MEMORY

DlV-11
SERIAL

INTERFACE
110/300 BAUD |

n.
MRVUA
4K PROM

HEX LOADER

JI
REV U.A
MEMORY
REFRESH

TERMINAL
Tl 733

£
CASSETTE

TAPE DRIVE

Fig. 22. Block diagram of laser damage experiment.
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RAH, and a transient digitizer interface. The mem-

ory refresh circuit was required because the Ret icon

diode array produced erroneous data whenever the CPU

paused to refresh the MOS memory, when the REV-11

relieved the CPU of its refresh responsibilities,

the amount of erroneous data from the diode array

was greatly reduced.

The design and fielding of this microcomputer

system was performed without purchasing a separate

development system; rather an existing minicomputer

system performed the development function. Addi-

tionally, the microcomputer system is almost devoid

of standard peripherals since the terminal device

performs the function of the system residence de-

vice.

In the development of the operating software a

high-level language, FORTRAN IV, was used to code

as much of the system as possible while assembly

language was used to code those sections of the sys-

tem where execution speed was of paramount impor-

tance. The operating system consists of three tasks

outside of RT-11. The first is a default task,

which monitors the keyboard and performs most of the

routine accounting functions. The second, an inter-

rupt-driven task starting 33 ms before the laser is

fired, initializes the instrumentation. The third,

another interrupt-driven task starting when the la-

ser is fired, gathers the raw data and calculates

report quantities.

Development of this system has greatly enhanced

the data collection and analysis capabilities of

Group AP-2. The time required to collect and ana-

lyze damage parameters has been decreased by an or-

der of magnitude. This permits testing more compo-

nents than was previously possible. More accurate

data analysis is now possible because more data can

be collected on each sample and assumptions neces-

sary to simplify manual processing of the raw data

have been eliminated. A comprehensive description

of this system has been reported in the open litera-

ture.39

3. Intelligent. Data-Acquisition and Control

System (CMB-3)[Damran, Seifert, E-5]. The intelli-

gent data-acquisition and control system (IDACS) is

a transportable system available to many users. The

system will accept a wide range of signal levels

that are passed through signal conditioners and fil-

ters before they are converted to a 12-bit binary

value recorded on a TI 733 ASR tape cassette. Vari-

ous operating modes are available by operator inter-

action through the keyboard. A program-selectable

number of TTL input and output signals will also be

available. The system has been completed and deliv-

ered. The software portion of the project is ap-

proximately 50% complete.

4. ...Master Data-Acquisition and Control System

(HDAC) for TSTA (CMB-3)[Damran, E-5; Stutz, ENG-8].

a. TSTA Function. The tritium system test

assembly (TSTA) is dedicated to the development,

demonstration, and interfacing of technologies re-

lated to the deuterium-tritium fuel cycle for fusion

reactor systems.

The required assembly will consist of a number

of integrated subsystems as follows.

Vacuum pumping

Transfer pumpinq

Fuel cleanup (ash and impurity removil)

Fuel mixing and injection (inclu';:rd impurity

simulation)

Interfaces with external system (neutral

beam, coolant, and breedinq blanket systems)

Fuel storaqe

Essential functions associated with the overall

assembly must include the followinq.
Tritium waste treatment

Emergency room cleanup and effluent controls

Haste disposal
Radiation monitoring

Personnel safety

System maintenance

Instrumentation

Computer control and simulation

Analytical systems (gas analysis)

Quality assurance procedures

The F-5 responsibility includes the design,

procurement, fabrication, installation, check-out,

and operation of the data-acauisition and control

subsystems that will interface with the computer

subsystem beinq designed by R. Stutz, ENG-8. Group

E-5 is also responsible for the design and implemen-

tation of a man-machine interface subsystem, an un-

interruptible power supply (UPS) for the MDAC, and

an emergency generator set (EGS) for the TSTA.

b. System Functions. The primary compound
purpose of the MDAC is to accurately measure
performance parameters and provide control of



components, subassemblies, and the TSTA as a whole;

to assure adequate safeguarding and records account-

ability of the large tritium inventory; to provide

alarms for out-of-limit processes and conditions; and

to record the resulting information as a permanent

data base.

Secondary purposes of the MDAC are to perform

real-time data reduction and display: provide status

of equipment via CRT graphics display; provide

qraphic display of data via CRT with hard-copy capa-

bility; provide system simulation for control stud-

ies; develop TSTA software control; perform off-line

data reduction; provide a printout of data in enqi-

neering units; provide training for LASL personnel

and personnel from other laboratories who will be

involved in tritium technology at other fusion fa-

cilities; study tritium damage effects and determine

long-term reliability of a wide variety of instru-

mentation and controls; assist in check-out of vari-

ous TSTA systems and components; and provide and

maintain preventive maintenance and history records

for TSTA.

c. System Description. The MDAC hardware

configuration consists of a data-acquisition subsys-

tem (DAS), a process control subsystem (PCS), a man-

machine interface subsystem (MMI), a computer sub-

system (CSS), and software subsystem (SSS). Figure

23 is a block diagram of the hardware subsystems and

their interfaces.

The detailed design of the system has been

started. A preliminary measurement list and control

Disk
Wet.) Magnetic Tape Printer

CPU'J 1E2 18.2 3E4 3a4 1

TTY't
Mea)

CRT's

TTTTTTn
1 2 3 4

Fig. 23. TSTA MDAC subsystems interface.

list depicting the measurement and control parame-

ters for each TSTA subsystem have been initiated.

d. Data-Acquisition Subsystem. The DAS con-

tains a collection of transducers and other signal

sources, interconnecting cabling between these

sources, and major DAS equipment components used for

conditioning, formatting, and interfacing TSTA pa-

rameters to the CSS.

Detailed design of the DAS has begun. Specifi-

cations and drawings are being prepared for major

components of the subsystem.

e. Process Control Subsystem. The PCS and

the DAS are integrated subsystems. All process-

oriented functions of the TSTA shall be under com-

puter control. The detailed design of the PCS has

been started. Specifications and drawings are being

nrepared for major components of the subsystem.

f. Man-Machine Interface Subsystem. The MMI

serves as an interface between system operators and

the MDAC. We have not yet begun detailed design of

this equipment.

g. Computer Subsystem. The CSS is designed

as a modular redundant system wherein the control

and data-acquisition functions if the four CPUs and

disks can be shared for continued safe operation, in

case of malfunction of any one or more units.

A specification detailing the requirements of

the computer subsystem has been prepared and re-

leased for quotations. The proposals have been re-

viewed and evaluated. A supplier has been selected

and the purchase order is now being processed. This

subsystem is expected to be delivered in March 1978.

I. Uninterruptible Power Supply. A UPS will

be provided that will supply the total power re-

quirements of the MDAC at the specified fi quency,

voltage, and phase. A specification for this equip-

ment has been drafted; however, procurement of thr:,

item has been delayed until fiscal year 197S.

Therefore, the final equipment design is not sched-

uled until the latter part of the next reporting

period.

i. Emergency Generator Set. An EGS to supply

power to the TSTA in the event of a power line fail-

ure will be provided. The procurement of this item

is scheduled for fiscal year 1980; therefore, little

design effort is scheduled until fiscal year 1979.

j. Software Subsystem. The software for the
TSTA computer subsystem consists of the computer
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operating system, TSTA control/data collection,

training, data reduction, simulation, and the soft-

ware controller. The software task is being out-

lined and the specification controlling its struc-

ture is being prepared.

5. Data-Acquisition and Control System for

the Gas-Cooled Fission Reactor (GCFR) Disruptive

Core Test Program (Q-8)[Damran, E-5; Miller, E-2 ] .

This task consists of E Division acting as design

consultants for the duration of the GCFR disruptive

core program. Explicit responsibility has been giv-

en to E Division for the design and implementation

of the instrumentation and control system to gather

diagnostic data and to control the independent vari-

ables of each experiment.

During this reporting period, we have in-

stalled, checked out, and calibrated the data-acqui-

sition and control equipment procured by Group Q-8.

We assisted Q-8 in the design and implementation of

an automatic control system to operate a lathe for

the manufacture of carbon rods to be used as heater

elements for the disruptive core program tests. The

hardware is complete and the software is approxi-

mately 80% complete. We have begun the design and

installation of instrumentation for a test cell to

monitor and control a series of GCFR tests using the

HP 9825A calculator-based data-acquisition system.

The design and implementation of a control system

to automatically operate the 2.5-MK power generator

set and other control functions are being initiated.

We will also assist with the GCFR tests. The first

series of tests are scheduled for completion during

the next reporting period.

6. Computer Specification (CMB-ll)[Criscuolo,

E-5].

a. Background. The CMB-11 R&D Section does

diverse plutonium materials research and development

work ranging from basic properties measurements to

large volume materials production for irradiation

testing. A large proportion of this section's re-

sources and efforts are relegated to the development

of alternate and advanced LMFBR fuel materials and

.to their irradiation testing. Fuel materials are

tested and fabricated as fuel elements for irradia-

tion testing using comprehensively quality-assured

procedures.

Personnel involved in the advanced LMFBR fuel

development program will soon begin fabrication of

material and fuel elements for irradiation testing

in the fast test reactor (FTR) at the fast flux test

facility. These FTR experiments will utilize

longer, more prototypically sized fuel elements.

Facilities for the production and testing of FTR fu-

el elements are being installed at the new Plutonium

Facility at TA-55. The TA-55 element fabrication

facilities are designed to process iOO FTR fuel ele-

ent* per year. Approximately 100 of these will be

in process or current at any time.

A key inspection in fuel element fabrication

is testing for bond integrity in sodium-bonded ele-

ment designs. Group CMB-11 i; responsible for the

development of both the bonding procedure and the

bond inspection method. Bond integrity is tested

using an eddy current technique.

The current method and apparatus are limited

in application to the inspection of relatively short

fuel elements used for irradiation testing in the

experimental breeder reactor II. The analog meas-

urements of current phase and amplitude are recorded

using a high-speed, strip-chart recorder. These da-

ta are subsequently interpreted and reported manual-

ly.

To obtain the improved resolution desired at

the required throughput rate, eddy current measure-

ments at TA-55 will be made automatically at the in-

tersections of a virtual grid covering the circum-

ference and 1-m length of the fuel section of each

FTR element. The grid spacing will be 0.5 mm. Ap-

proximately 60 000 intersections will be sampled

during the inspection of each fuel element necessi-

tating the acquisition, analysis, and storage of ap-

proximately 250 000 numbers. The proposed process

time for the inspection of one fuel element is 5

min. A computer-based, high-speed, data-acquisition

system is required to analyze, store, and subse-

quently reduce this information. An optimum system

will test the data as it is acquired and return a

qualitative "accept" or "reject" message to the in-

spector. A detailed analysis will be subsequently

and remotely compiled for inclusion in the data

package to summarize the processing of each fuel

element.

Numerous quality records are generated in the

course of fabricating a fuel element for irradiation

testing. Present practice involves preparation of

approximately 100 such documents ranging from
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operator-generated data records and strip-chart re-

cordings to chemical analysis results reports. It

is proposed that the current system be supplanted by

a computer-based data-management system using a com-

bination of interactive CRT terminals and low-speed

data-acquisition centers strategically located

throughout the TA-55 facility. An optimum system

would monitor information, return a control signal

to operate process machinery, and control experimen-

tal apparatus.

Fuel element fabrication has all the character-

istics of a conventional manufacturing process. Ac-

cordingly, all of the related management, schedul-

ing, .'id control problems are experienced. It is

proposed that the system employed for quality data

management also be used for operations management

and control. The proposed computer-based system

must include software components specifically de-

signed for this application. To support this re-

quirement, CRT terminals must be located in the ad-

ministration and cold support office buildings.

Management and supervisory personnel are not ex-

pected to be experienced computer programmers.

Hence, software component-, should communicate with

the interactive terminals in a simple language.

Similarly, program preparation should be possible

at each terminal using this language as well as a

more sophisticated language.

While the data-acquisition and management ap-

plications for the proposed system are now concen-

trated in the advanced LMFBR fuel development pro-

gram, it is proposed that communication links be ox-

tended to all the laboratories in the R6D Section's

facilities at TA-55. It is anticipated that the

system will be expanded to include additional CRT

terminals and data-acquisition centers in each lab-

oratory. These will be reconfigured as required in

response to the changing character of the research

and development effort undertaken. The interfaces

at the termination of these links must be highly

standardized yet flexible enough to accept the out-

put of a variety of data-generating units. The com-

plete system will include 14 CRT terminals, 8 low-

speed, and 2 high-speed data centers.

Finally, the proposed system will have the ad-

vantage of reducing the volume of potentially con-

taminated records that will otherwise flow between

the plutonium building and other on and off-site

support facilities. This advantage must be traded

with the disadvantage of maintaining and repairing

hardware located in the plutonium building. The

number of hardware items in the plutonium building

must be minimized and the character of each must be

simple.

b. Proposed Computer-Based System. The pro-

posed computer-based system must satisfy the follow-

ing foi'r requirements concurrently.

Remote high-speed data acquisition and equip-

ment control

Reircte low-speed data acquisition and equip-

ment control

Remote program development

Remote data base management

Each of these functions must be satisfied at loca-

tions remote from the computer.

(1) Remote High-Speed Data Acquisition

and Control. The eddy current inspection requires

that the computer system sample within 50 vis, two

analog voltages that range from 0 to 5 V, convert

these to 10-bit (minimum) binary numbers, and store

these numbers for analysis. This sequence will be

repeated every 5 ms. Approximately 250 000 of these

numbers must be stored. The data-acquisition device

shall also accept and store two 12-bit binary sig-

nals with TTL levels. The data-acquisition device

must allow expansion for additional monitor and con-

trol of analog and digital channels without requir-

ing chassis or power supply additions.

(2) Remote Low-Speed Data Acquisition

and Control. The low-speed data-acquisition and

control systems must sample voltages from 20 yV to

1 V once every second, and store these values for

later analysis. The data-acquisition device must

be easily expandable to accept additional monitor

and control and analog and binary channels.

(3) Remote Console Devices. Two-way

communications must exist between the computer and

console devices at various locations in TA-55 and

must provide the following functions.

Allow development of programs in FORTRAN and

BASIC

Allow generation of forms for use by opera-

tors and inspectors

Allow set up of low- or high-speed data-

acquisition and equipment control

Allow completion of computer-generated forms
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(4) Remote Data Base Management. Data

from the eddy current inspection of fuel elements

and the forms related to each fuel element must be

accessible to each of the console devices. Data may

be considered to be in one of two categories: cur-

rent or archival. Current data must be immediately

available to each console, whereas archiva1 data may

require computer operator action before the data are

available to each terminal. Each fuel element will

have approximately 500 000 16-bit words of data as-

sociated with it, and as many as 100 fuel elements

may be current during any time interval. The data

base management software (DBMS) must allow for ac-

cess of data by a variety of categories and facili-

tate report generation from the data base. The DBMS

shall support generation of preformatted forms on

CRT terminals, extensive checking of data entered

from terminal keyboards, and tracing of data history

through file searches.

c. Status. The CMB-11 computer specification

is complete. A purchase request has been written

and sent to Supply and Property with copies to CADP.

Groups CMB-11 and E-5 are now awaiting vendor re-

sponses.

7. Flow System Instrumentation for Cell Biol-

ogy Research (H-10)[Hiebert, Greenwood, E-5; Sand-

ier, Van Lyssel, Hansen, E-2 ] . The demand for

unique instrumentation for high-speed measurements

on biological cells in flow systems continues Our

support is primarily for numerous Group H-10 pro-

grams, but we also continue to support special needs

for researchers at the National Cancer Institute

(NCI). Through these interactions with the NCI, the

result of contractual arrangements, several of our

new instruments and systems have been placed in ser-

vice at NCI headquarters in Bethesda, Maryland. The

joint development projects with H-10 are a response

to a blend of DOE and NCI needs for improving diag-

nostic tools for flow cytometry.

a. Developments During this Period. The

largest completed project was the Model 417 multi-

parameter signal processor. This instrument re-

ceives signals from as many as six transducers lo-

cated at as many as three measuring locations along

the path of cells in a flow system. The sensors

measure either cell volume or optical parameters re-

sulting from the intersection of the cells with

highly focused laser beams. The light signals can

result from light-scatter phenomena or from fluores-

cence of cell dyes when excited by laser beams. The

signal processor must condition analog signal inputs

and establish triggering and logic control for the

multiparameter inputs. Analog processing includes

pulse-amplitude ratio taking that is useful if, for

example, one wishes to normalize one parameter

against another parameter that relates to cell size.

Two amplitude single-channel analyzers are furnished

for optional gated single-parameter analysis. The

outputs of the system will initially be used to feed

a multichannel analyzer display and cell sorter log-

ic circuitry. Eventually the processor will be in-

terfaced to a PDP 11/20 computer.

The Model 8161 analog ratio processor was de-

signed and built for a system to explore the utility

of light-scatter signal processing from only two de-

tectors that can be moved to different locations in

a flow instrument. The sensors will probably be

red-sensitive photomultipliers because the light

signals in some areas of the scattering field will

be too weak for photodiodes. The signals are condi-

tioned through peak sense-and-hold before the ratio-

taking process.

An assortment of add-on electronic elements was

built to upgrade the NCI laboratory. This included

a Model 76 laser signal AGC to correct unpredictable

instabilities in their laser sources. Also, a laser

monitor amplifier was built to be used with an aux-

iliary helium-neon laser to accurately determine the

time of droplet, formation in a cell sorting system.

A special power supply was built for the laser used

in this monitoring application. These circuits were

installed at NCI by J. Martin, H-10, in mid-Novem-

ber.

The Model 317 computer interface design and
fabrication are progressing on schedule. This in-
strument, a general-purpose fast data-acquisition
system that is modular in concept, will allow flex-
ibility in system configurations. Brief descrip-
tions of the individual modules will give insight
to system utility.

• The dual analog data-in module receives

pulses from external amplifiers and peak sense-arid-

holds the pulse amplitudes. These held levels are

digitized in fast 12-bit successive approximation

ADCs, with the eight most significant bits becoming

1 byte of the input word to a DR11-L interface. Two
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of these channels form one computer input word. The

module includes a clear generator and an interrupt

generator that are selectively triggered from bus

signals derived from the data coincidence module.

• The data-coincidence module receives inputs

from the threshold discriminators in the dual ana-

log-in modules and processes them through a comput-

er-programmable logic array. The output of this ar-

ray generates a start convert to the ADCs and an in-

terrupt to the computer if coincidence requirements

are fulfilled.

• The sorting module processes data from the

computer output word derived from a DR11-M inter-

face. This word sets up sorting coincidence re-

quirements, and single-channel analyzer (SCA) bounds

levels. Actual SCA action is performed with

hard-wired analog ci-cuitry to gain speed. The fi-

nal outputs of this module are "sort" signals that

will be sent to separate logic and timing circuitry

to generate the actual sort pulses to select the

droplets containing the cells of interest.

• The sealer module contains five 8-digit

counters with computer control of start, stop, and

clear. They will be used to count events at various

input and output ports of the system.

•The an?log-digital data-in module allows en-

try of a single parameter in analog form (as for the

dual module described above), and 6 bits of miscel-

laneous digital data for use according to the exper-

imenter's needs.

In summary, the Model 317 will allow data ac-

quisition of as many as eight input parameters, 8-

fold input logic, two sorting directions established

by four parameters each, and scaling of all counts.

The system is arranged to allow two experiments to

be operated through the interface at the same time.

The designs for the dual analog data-in module, the

data coincidence module, and the sorting module are

complete and the bin to house them has been de-

signed. Fabrication of the data coincidence module

prototype is complete and fabrication of the other

modules is at midpoint. We hope to have a working

assembly for a minimal experiment by the end of this

year.

Evaluation of cameras using solid-state image

sensor arrays continues. These systems will be used

to view and record optically transformed images of

cells under a microscope. This activity is not in

a flow system category, but the developments will

offer strong peripheral support to flow system re-

search. A Reticon 32 by 32 photosensor array has

been tested and, since spatial resolution was some-

what marginal, a 100 by 100 array has been ordered.

A manuscript was prepared by R. Hiebert. The

final draft of a chapter entitled "Light Sources,

Detectors, and Flow Chambers" for the book Flow Cy-

tometry and Cell Sorting, M. Melamed, P. Hullaney,

and M. Mendelsohn, eds. (John Wiley and Sons) was

completed and sent to the publishers.

8; Mult ifrequency Notch Filter (J-10)[Koelle,

E-5; Shapolia, E-2]. Group J-10 had a problem with

an ionosonde system set up on Kauai for the Lagopedo

ionosphere modification experiments to be conducted

in late August 1977. They were overwhelmed by in-

terfering signals from the nearby WWVH transmitter

at 2.5, 5, 10, and 15 MHz, which overloaded the in-

p-jt circuitry of their system to the point where

they could not make the required measurements. They

were fa<;ed with the choice of moving their equipment

including a sizable antenna array to another loca-

tion further removed from the WWVH transmitter or

securing a suitable filter that would notch out the

interfering signals but pass through their measure-

ment signals, which are short bursts of rf in a cornr

puter-controlled sweep from 0.5 to 32 MHz. Since

the critical frequencies in the measurement could

not be predicted, it was vita) that any such notch

filter have sufficient attenuation to suppress the

interfering signals and as narrow a notch width as

possible.

An order was placed with a commercial supplier

for a custom-designed crystal filter. Since timely

delivery of this item was not assured, we were asked

to design and build an L-C filter to be used as a

back-up. The filter requirements were that it have

more than 40-dB attenuation at each of the four in-

terfering frequencies, as narrow a notch width as

possible, and as little insertion loss as possible

away from the notches. Physical size posed no limi-

tations. Filter delivery was requested within 3 wk

since a decision on moving the ionosonde equipment

would have to be made by mid-July if the filters did

not solve the problem.

A simple "trap" filter using parallel-resonant

elements in series with the signcl path and series-

resonant elements in shunt was chosen. An analysis
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of basic principles showed that selecting the L-C

ratios so that the series elements were of low im-

pedance compared with the 50-n system impedance and

the shunt elements of high impedance would result

in a narrower notch width than if all the impedances

were equal. However, the narrower notch width cost

reduced notch attenuation. In order to get suffi-

cient attenuation, the Q of the resonant circuits

had to be rather high.

For a T-section notch filter, as shown in Fig.

24, the design equations come to:

o _
2/1

[
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10
u L
o i 20

L =
0 2

From this equation the attenuation and phase

shift at the skirts of the notch can be calculated.

The K factor is the impedance offset ratio used to

control the notch width. Note that the K factor in

effect multiplies the frequency deviation term a SO

that if K is larger than 1 the notch width is made

smaller compared to the case where the resonant cir-

cuit reactances at the notch frequency are made

equal to the system impedance.

MUITIFHE.QUENCY NOTCH FILTER:

SIGNAL

Fig. 24. T-section notch filter.
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The above equation will not give the attenua-

tion at the bottom of the notch since the losses in

the resonant circuits are not accounted for. The

notch attenuation is given by the following equa-

tion:

' 2Q, Q, / Q,Q?\ Q*
n — L + _i + 2(1 + - ^ - M + ->•

K K V K2 /

Where Q and Q are the Qs of the series and

shunt elements, respectively, and K is the impedance

offset ratio defined above; note that making K

larger than 1 reduces the notch attenuation.

A series of T-section notch filters was de-

signed and built, one for each of the interfering

frequencies, and intended to be connected in cas-

cade. The K factor was chosen to be 10, which makes

the 3-dB notch width i3.5% of the notch frequency.

The shunt elements use 5-ctn-diam Air Dux inductors

and air trimmers for the capacitance. The smaller

inductances for the series elements are wound from

flattened silver wire and are resonated with fixed

large-value silvered mica capacitors. The series

element inductors are tuned to resonance with fer-

rite slugs. Each filter was built into an individ-

ual shield box with internal shielding between input

and output.

The notch attenuation for the 2.5-MHz filter

was measured to be greater than 60 dB; that of the

higher frequency filters was somewhat less, but

still adequate. The shape of the filter skirts was

found to agree closely with that predicted from the

design equations. The insertion loss at > + 4X off

the notch frequency is negligible.

The completed filter modules were delivered to

J-10, shipped to Hawaii, and arrived in sufficiently

good tune to be used as delivered. It was found

that the desired ionosphere layer could be located

using just the 2.5-MHz module, which cut out the

largest of the interfering signals. The 5-MHz mod-

ule was not used since the critical frequency was

found to be very close to 5 MHz. The two higher

frequency modules were also not needed. The LASL-

built 2.5-MHz module was used during the Lagopedo

experiments since the crystal filter had notch

widths that were found to be much too wide.



A paper describing this work will be prepared

and submitted to a suitable journal. The paper will

include the discussion presented here plus a more

general analysis of both the T and Pi section fil-

ters with unequal K factors for the series and shunt

elements and a set of universal curves for attenua-

tion ant; phase shift at the filter skirts. It will

also show that while the equations for the T and Pi

section filters are identical in form, there is a

practical reason to prefer the Pi configuration be-

cause of the higher Q than can be attained for the

shunt elements than for the series elements. The

result is that since the (J of the shunt elements has

a larger weight in the Pi filter equation for notch

attenuation, one can get more notch attenuation for

a given K factor and given Qs with the Pi filter

than witn the T configuration.

9. Laser Fusion Support (L-l) [Sutton. Day.

Hansen, Remington, Sanders, Trump, Tucker, Wells,

E-4; Nava, E-2; Cummings, WX-4]. E Division is sup-

porting the L-Division development of two carbon-

dioxide pulse lasers to be used for fusion research.

The two lasers discussed here are the eight-beam

system at building 86 and the High-Energy Gas Laser

Facility.

a. The Eight-Beam Laser System. Several ar-

eas of the eight-beam laser system (EBS), being con-

structed by L-l, have been supported by E Division

for the past few years. These areas include control

system design, fabrication and installation, comput-

er-control programming, optical alignment support

(electrical and mechanical), target insertion and

alignment, mechanical design and fabrication, and

technical support for electrical and mechanical as-

senbly of the eight-beam laser. The E-Division sup-

port has involved virtually all groups. The present

level of support is about six full-time staff mem-

bers from Groups E-5 and E-10, seven full-time

graded series from Groups E-4 and E-2, and many

part-time or occasional personnel from E-2. Our

goal is to have all eight beams on target by the end

of March 1978.

In September a paper entitled "Minicomputer/

CAMAC Control System for an Eight-Beam CO Laser Fa-

cility" was written and submitted to the 1978 IEEE/

OSA Topical meeting on Inertial Confinement Fusion.

The authors were E. Jolly, D. Remington, L. Sanders,

J. Sutton, M. Thomason, and F. Wells. Although this

paper was not accepted for presentation at the con-

ference, the effort was useful and parts of it have

been presented at LASL meetings. This report

briefly describes the eight-beam laser control

system.

A summary of specific E-Division activities and

their present status follows.

(1) Control Programming. In the last few

months work has been started on a new and better

version of EBS (the computer program that performs

system tests in TSL-86). Several versions of EBS

will be written in order to develop one that will

support the target experiments expected to start on

April 1, 1978.

The EBS program has two basic parts: machine

controls and data acquisition. Machine controls in-

clude operation of the E-beam Marx generators, pulse-

forming network pulsers, supporting spark gap gas

systems, E-beam chamber vacuum system, laser gas

control system, and other minor supporting subsys-

tems. Data acquisition includes testing the high-

speed digitizers, reading the high-speed diqitizers,

display of acquired data, storing digitized data and

other shot parameters on disk and magnetic tape, re-

trieval of lost data from magnetic tape, parameter

updating, and operation logging.

The EBS control program has evolved into a

three-task multiple overlay (three overlay areas)

using almost 32 k of core storage on the Data Gener-

al Eclipse S/200 control computer.

Another program, which is not a part of EBS,

has been written. This program will allow data re-

trieval from the high-speed digitizer in case a sys-

tem crash were to occur during a shot. This program

allows the digitizers to be read and the data dis-

played and saved on disk, so that no loss of data

will occur during a system crash.

(2) Laser Gas System for EBS. The 1aser

gas system is designed to acquire helium, carbon di-

oxide, and nitrogen gas from a supply station and

then mix the gases to the desired proportions for

use in the oscillator, preamplifiers, and the main

amplifiers. Sonic orifices are used for mixing.

For a given orifical pressure, which is a function

of the orifice upstream pressure, the flow rate re-

mains a constant. Therefore, by adjusting the ori-

fice upstream pressure for each gas, the flow rate

will be defined and the gas mixture determined.
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The laser gas system has been modified exten-
sively during the last 6 months. The major effort
has beerrwriting a computer program for laser gas
filling that allows an operator to fill any or all
amplifier chambers with a proper mixture of laser
gas. The program will automatically fill any or all
of the chambers and leave the operator free for oth-
er tasks during this time. The operator can specify
which chambers should be evacuated and filled and
chambers where the pressure should be changed. A
color display of the laser gas system is incorpor-
ated into this program so that an operator can see
what is happening at all times during filling and
evacuation.

In order to obtain parallel color display and
gas fill, a multitask program was written that pre-
vents the gas fill and color display programs from
interfering with each other when both use the CAMAC
hardware. Appropriate error messages are printed
if a chamber cannot be filled or evacuated; if a
dangerous combination occurs, the program will shut
the system down. The program has been used to evac-
uate and fill all eight chambers with a correct gas
mixture. The program has been used routinely by the
operator.

In addition to this computer program, a header
monitor system has been designed and installed so
that a control room operator knows immediately if
he has sufficient pressure for each of the supply
gases used for the laser gas mix. The header pres-
sures can also be obtained by a CAMAC call; this
supply pressure check has been incorporated into the
laser gas program. In addition to supply pressure
information, a system of pressure switches has been
added so that if any of the three gas pressures is
too low, the laser gas supplies are cut off. This
prevents a chamber being filled with a bad gas mix-
ture. Longer relief valves have also been installed
on the amplifiers, and pressure switches have been
added so that it is impossible to fill amplifier
above 2100 torr. Testing has shown that it Is pos-
sible to fill more than one amplifier at a time and
still obtain a uniform correct gas mixture.

(3) Delta Mirror Mount Controllers. Con-
tained within the EBS target chamber will be 16 mir-
ror mounts, 8 flat turning mirrors and 8 parabolic
focusing mirrors. These mirrors will be positioned
to direct and focus the eight laser beams onto the

target. Each mirror mount contains a three-point
drive mechanism having three stepping motors located
at the corners of an equilateral triangle. To pro-
vide manual positioning of these motors in an or-
dered fashion, a delta mirror mount controller has
been designed.

During this reporting period the controller
logic design was completed and a portable unit
fabricated. This unit was checked out, made opera-
tional, and installed in building TSL-86 adjacent
to the target chamber. It is used to position tar-
get chamber mirror mounts as needed for daily power
amplifier experiments being conducted. Thus far,
this prototype unit has performed satisfactorily.
Effort is now directed to transfer the design to a
rack-mounted unit that will be installed in the con-
trol room of TSL-86. Completion and installation
is scheduled for February 1978. Following installa-
tion, a second portable controller will be built to
serve as a spare.

(4) Target Chamber Mirror Mount Wiring.
During the last 4 months the Rocketdyne Corp. de-
livered 18 target chamber mirror mounts. One addi-
tional mount is being fabricated and will be shipped
when completed. As these mounts were received, a
connector was installed on each to provide termina-
tions for the stepping motor and limit-switch wir-
ing. The controller was used to cycle all mounts
through their full motion range. These mounts are
precision mechanisms that have operated without
problems. Nine mounts have been installed in the
target chamber and seven more will be -Installed dur-
ing the next quarter. The remaining three will
serve as spares.

(5) Assembly and Installation of Motor-
ized Mirror Mounts and Beam-Positioner Equipment.
All motorized mirror mounts required for the eight-
beam segments of the facility have been assembled,
wired, and checked out. This includes the assembly
of thirty 7.5-cm mounts and five 10-cm mounts.
These are in addition to eighteen 7.5-cm mounts that
had been assembled previously. Also, eight-beam po-
sitioner units have been installed and all cabling
has been completed between the beam positioners and
the mirror mounts.

It recently became evident that improved rout-
ing of mirror mount cables near the power amplifiers
was needed. Sections of 15-cm-wide fiber glass
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I-beam material were located and lengths of this

have been installed on power amplifier 4. The

I-beam forms a 15-cm-wide insulated table tray.

The mirror cables and wiring, routed through this

tray, result in ". much improved installation, both

in appearance and electrical isolation from the met-

al framework. Similar installations will be added

to power ampl ifiei-i 2 and 3 during the next quarter.

(6) Mirror Position Encoder System. The

experience of L-l personnel in aligning laser beams

to a target has established the requirement for an

encoder system that provides absolute mirror posi-

tion information. This can be accomplished by in-

stalling shaft angle encoders on each mirror mount

lead screw and electronically processing the encoder

outputs to generate the desired positional data.

During the preceding reporting period two different

shaft angle encoding schemes have been investigated,

electromagnetic resolvers and optical encoders.

It was recently found that the target chamber

mirrors can couple each stepping motor to an en-

coder. An incremental optical encoder attached to

a motor will provide an output pulse for each motor

step. Forward or reverse rotation can then be de-

tected and the encoder outputs can be accumulated

by an up-down counter to register the shaft position

in motor steps. By using a set of nonvolatile

counters, the lead screw positions can be stored and

processed as desired to provide the mirror position

information. Since this approach appears to be the

least expensive to implement in terms of hardware

costs, it was selected. An order was written to

purchase 60 encoder wheels and associated sensors.

Also, a design for a mounting enclosure to hold the

wheel and sensors was begun.

Design of an electronic chassis to process the

encoder outputs is now under way. It is anticipated

that a microprocessor-based system will be used be-

cause a number of arithmetic functions are required

in the algorithm for processing the shaft-position

data. While substantial work remains, it is ex-

pected that the system will be in service by March

31, 1978.

(7) Target Chamber Vacuum System Control-

ler. The target chamber vacuum system controller

will provide electrical controls to operate all

vacuum equipment associated with the target chamber.

The control system will provide the necessary active

and passive interlocks as specified by L-10. The

control system, operable from any of three loca-

tions, will present data to all three locations si-

multaneously. These locations are the target cham-

ber area, the control room, and the control comput-

er.

Two cryogenic pump controllers have been con-

structed and are operable. These controllers pro-

vide interlocked operation cf the Cryogenic Technol-

ogy, Inc., (CTI) cryogenic pumps used in the target

chamber vacuum system. Each controller is capable

of automatically regenerating its pump in addition

to controlling its cryopump and compressor unit.

Operation of these controllers revealed that a few

modifications would be desirable. The changes in-

clude allowing the cryopump and compressor to oper-

ate independently of each other and incorporating

latching relays with compressor interlock status in-

dicators. These modifications will be performed

soon.

A relay buffer chassis and manual control panel

have been constructed and each is in operation. The

combination of these two chassis allows immediate

operation of all valves associated with the target

chamber vacuum system. The manual control panel has

no interlocks; therefore, it should be operated only

by qualified personnel. This panel controls the re-

lay buffer chassis, which provides controlled 110

Vac to all valves in the target chamber area and

generates feedback to the solenoid valves, which are

not equipped with feedback. The manual control pan-

el is only a temporary device and can be eliminated

from the system by removing one connector. The main

controller is also easily inserted or removed from

the system.

The main controller is still in the design

stage. When completed it will be located in the

control room. The main controll - will provide all

necessary interlocks for safe mechanical operation

of the target chamber vacuum system. The main con-

troller will indicate status of all valves and pumps

in addition to displaying pressures throughout the

vacuum system. The main controller will communicate

with a remote controller located in the target cham-

ber area. The remote controller will appear to be

identical to the main controller from the front pan-

el, but it will have priority over the main control-

ler and the control computer. The control computer
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-VACUUM CHAMBER

TARGET INSERTION MECHAVSM

Fig. 25. Target insertion mechanism (firing mode).

will be able to check the status of the target cham-

ber vacuum system at any time, but it will operate

the system only if enabled through two key inter-

locks.

(8) Room-Temperature Target Insertion

Mechanism. Most of the components for the EBS room-

temperature target insertion mechanism (TIM) have

been made and are being assembled. Five kinematic

mounts, a target alignment fixture, and a burn paper

holder are being fabricated.

The TIM injects and locates one target at a

time through an airlock into the target chamber.

The airlock is held at a pressure of 10~6 torr.

The target changing cycle time is 10 min or less and

the target placement repeatability is within a radi-

us of 2.5 ym. Figure 25 shows the mechanism pre-

sented schematically with the major parts labeled,

and Fig. 26 shows the portion of the mechanism that

is inside the target chamber.

Accurate target placement is accomplished by

positioning a target on a target holder relative to

a fixed point in space in a laboratory and then du-

plicating the point in space in the target chamber.

The point in space is defined by a kinematic mount

that consists of a cone, a v-groove, and a flat

mounted on the bottom of the target holder, which

mates onto three balls. This configuration will al-

low the target holder only one orientation, thus

fixing the position of the target. Figure 27 de-

tails the target holder and the kinematic mount.

Fine positioning of the target on its holder is pro-

vided by a 3-axis micropositioner that is an inte-

gral part of the target holder. When one wishes to

insert a target into the target chamber, the follow-

ing sequence is performed:

• The target holder, containing a prealigned

target, is placed on the target cart in the

target load-in chamber.

• The load-in chamber door is closed and the

pressure reduced to that of the target cham-

ber.

• The gate valve is opened and the cart is ad-

vanced into the target chamber.

• When the cart arrives at the target area the

target holder is placed on the kinematic

mount and the gate valve is closed.

Figure 28 shows the cart and target holder be-

fore the target holder is placed on the Kinematic

mount. Figure 29 shows the position of the target

holder located on the kinematic mount.

Two tests have been performed on the TIM. The

first, a vibration test, determined structural in-

tegrity of the target-mounting stacks when subjected

to cyclical loading. The second was a repeatability

test to determine the positional repeatairlity of

Fig. 26. Target chamber portion of TIM
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Fig. 27. Target holder and kinematic mount. Fig. 29. TIM with target holder on kinematic mount.

the target when its holder was placed on the
kinematic mount. A summary of the vibration test
results is shown in Table IV. The results indicate
that the stacks are sufficiently stable for the ex-
pected environment.

The repeatability test was performed in a ther-

mally controlled environment in order to minimize

the effect of positional changes due to temperature

change. Two data samples were taken. The first

contained 60 data points. During this test a glove

was used to handle the target holder between each

placement to minimize heat transfer to the holder.

The second sample contained 24 data points and a

bare hand was used to hand?e the holder. Results

of each test indicated that the position of consecu-

tive target placements will be within the design

specification of ±2.5um of each other. Figure 30

is a schematic of the testing configuration. Table

V summarizes the data.

(9) Target Insertion Device Controller.

The target insertion device controller will provide

electrical controls to transport a target from an

airlock outside the target chamber into the center

of the target chamber. The controller will also

control valves and pumps associated with the target.

The controller consists of a manual control panel

that will allow manipulation of the target insertion

device components, a target carrier tracker that

will track target insertion and removal and provide

interlock information, and an automatic sequencer,

which will insert or remove a target upon command.

The manual control panel has been built and is

now being checked1 out. The manual control panet

will allow interlocked operation of the target in-

sertion device, providing the interlocked conditions

generated by the target carrier tracker are satis-

fied. Since the target carrier tracker is now being

designed and its interlock outputs are not required

KINEMATIC MOUNT

Fig. 28. TIM before placing target holder on kine-
matic mount.

SPHERE HOLDER

SPHERE

-SPACER

- GRANITE MKROFLAT

Fig. 30. Testing configuration for EBS target in-
sertion mechanism.
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TABLE IV

WORST CASE RESULTS OF

TARGET STACK VIBRATION TESTING

Natural
Frequency Displacement

663 Hz 876

Acceleration

775 g's

Expected Driving
Acceleration

In Situ

g's

Resultant
Expected

Displacement

1.2 x 10~9 ra

for personnel or mechanical safety, the outputs will

be temporarily bypassed to allow immediate implemen-

tation of the target insertion device controller.

(10) Front-End Controls. The redesign

and upgrading of the EBS front-end controls begun

in March 1977 have been completed. The four Lumon-

ics C02 laser preamplifiers are on line and opera-

tional. The redesigned high-voltage, gap-gas, and

laser gas control systems have been completed and

are operational. These controls have been consoli-

dated into a single equipment rack in the oscillator

room in order to provide greater physical access to

the controls and amplifiers.

10. Antares Laser Project (L-10) [Thuot, Gut-

scher, Sutton, E-4; Seifert, E-5].

a. General. The Group L-10 100-kJ laser sys-

tem has been named "Antares." Group L-10 is respon-

sible for the Antares system design and development.

The L-10 instrumentation and controls section is re-

sponsible for the design of all instrumentation and

controls for Antares. The control philosophy, al-

though still in a state of flux, is rapidly ap-

proaching the final design concept.

The Antares system will use a distributed task

computer system for control. The system consists

of an HP 3000 minicomputer and several hundred 6800

microprocessors linked by asynchronous fiber optic

convnunication lines. The HP 3000 will provide su-

pervisory control of the laser while the micropro-

cessors will control each subsystem. These subsys-

tems include the front end, pulse power, timing,

power amplifier, mirror positioner, transient re-

corder, and safety system.

b. Power Amplifier Controls. The power am-

plifier control consists of three subsystems: the

mirror-positioning system, the anode current moni-

tor, and the vacuum gas controller.

TABLE V

SUMMARY OF TIM REPEATABILITY TESTS

Sample
Number

1

2

Axis

X

y

z

X

y

z

Mean
(urn)

- 0.083

0.017

0.006

- 0.167

0.019

0.120

Standard
Deviation

(urn)

0.551

0.216

0.225

0.494

0.274

0.135

Maximum Deviation
from Perfect Re-
peatability at
99% Confidence
Level

(um)

1.505

0.574

0.586

1.553

0.879

0.499

Maximum Deviation
When Vector Adding
Deviation of Each
Axis 99.9% Confi-
dent

(vm)

1.714

1.853
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The anode current monitor collects data from

the 48 anodes in the power amplifier and either pre-

sents the data locally as a plot on a CRT terminal

or sends it to the control room. The anode current

information is transmitted by analog fiber optic

links to the local screen room. There the data,

captured at a 12-MHz rate, will undergo time base

expansion by a serial analog memory circuit that is

now being developed. A microprocessor controller

will operate an ADC to digitize the time expanded

data and format it for display or transmission.

The vacuum-gas controller will be a table-

driven microcomputer control system. It will oper-

ate with an interactive CRT display to allow the op-

erator to check out any system component or to auto-

matically sequence to a commanded vacuum or gas

pressure level. Full operation and safety inter-

locks will be incorporated into the system.

A basic component of the Antares distributed

task microcomputer network is the communication and

data fiber optic links. The control system will be

subjected to high-level EMI generated by the pulse-

power supplies. The network microcomputers are lo-

cally shielded and grounded to a distributed ground

mesh. An analysis of the noise fields and the pro-

posed grounding system has been published in an L-

Division memo, "Grounding and Shielding for Antar-

es," by M. Thuot. An abstract is included in Appen-

dix C. Communication to various areas of the facil-

ity must be done through a nonconductive, EMI-immune

medium, fiber optics.

c. Fiber Optics. The fiber optic functions

that have been or are being developed for the Antar-

es laser control system are summarized below. These

functional subsystems will simplify equipment design

and microprocessor interface and will improve per-

formance. They are recommended for systems designed

for Antares instrumentation and control.

(1) Digital Communications Links. This

subsystem has been designed for digital asynchronous

communication over lengths to 100 m. Digital bit

rates from dc to 2 MHz can be accommodated. The bit

error rate is less than one error in 10 1 0 bits. In-

put and output are at TTL or RS 232 levels.

(2) Analog (Pulse Waveform) Links. This

subsystem transmits analog amplitude modulated in-

formation up to 40 m. The bandwidth is 10 MHz with

a 40-dB dynamic range. The completely isolated

transmitter is powered from a low-impedance signal

source. This system has operated with a 600-kV com-

mon-mode voltage on the transmitter. If applica-

tions demand, extension of this technology to band-

widths of 150 MHz is possible.

(3) Analog Low-Speed (Quantized) Links.

These subsystems transmit analog information in se-

rial digital form. One unit uses voltage-to-fre-

quency conversion for a 0.5-kHz bandwidth and a

60-dB dynamic range. This unit is powered by an

isolation transformer and has a 100-m range. A low-

power unit, powered by the 50-mW signal, has a 30-Hz

bandwidth and a 20-dB dynamic range. The low-power

unit could be used for a self-powered capacitor

charge monitor.

(4) Binary (On-Off) Control. This sub-

system is essentially a fiber optic operated solid-

state switch for kilowatt loads. It is designed for

high transient immunity by using back-to-back SCRs,

snubbers, and a metal oxide varistor. It is self-

powered from the line-load circuit with a floating

ground reference circuit. This switch operates on

line voltages from 12 to 240 Vac with a 2-uW input.

Applications include solenoid operation and motor

control.

(5) Binary Status (Latch Back). This

subsystem is designed for monitoring switch closure

and position sense at low speed. The low-cost

transmitters and receivers are available in groups

of 8 to 20 channels. The transmitter is immune to

transients, has a built-in test, and a 20-m range.

(6) Timing and Trigger Links. These sub-

systems transmit timing pulses with less than 10-ns

jitter over distances to 150 m. An injection laser

diode is used as a source. Receiver outputs are in

the range of 25 to 100 V for timing and 2 to 5 kV

for triggering. Trigger outputs have <20-ns jitter

and >100 V/ns risetime.

A paper detailing the application and design

of these subsystems is being written. This paper

. titled "Fiber Optics and Microprocessors: A Control

System Solution for the Laser Fusion Environment"

will be presented at NEPCON, February 28, 1978. An

abstract is included in Appendix C.

d. Mirror-Positioning Controls. The mirror-

positioning control system design is nearly complete

and hardware is now being tested. Designed around

the Motorola MM01A microprocessor card and the 6800
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microprocessor, the motor controller offers versa-

tility and programmability. Final testing of the

motor controller will be done when the connectors

^re delivered. An improved hand-held controller

...nat can interface an operator to the motor control-

ler and other microprocessor systems has been de-

signed and is ready for assembly and testing.

A mirror position sensor has been developed and

tested. It consists of a laser diode mounted or; the

mirror to be positioned and a position detector

mounted on the laser frame near the next mirror in

the beam line. Once the ideal mirror position is

determined, the laser diode and detector are aligned

so that the detector output is nulled. The mirror

can be returned to that came position by nulling the

detector with the laser diode. Initial laboratory

tests indicate that the system is very sensitive to

mirror position error and quite stable over long

periods of time.

A mirror mount testing station has been de-

signed and fabricated. Linear variable differential

transformers (LVDT) provide very precise measure-

ments of relative mount movements, and digital volt-

meters (OVM) provide visual indication of the LVDT

outputs and digital signals for driving a microcom-

puter. A microcomputer system has been incorporated

to record data and to conduct automated life tests.

A stepping motor drive system provides manual mirror

mount control or automatic positioning through the

microcomputer. The automatic test program will

sweep the mount in either or both axes, stop at pre-

programmed points to take LVDT readings, and keep

track of the number of steps the stepping motors

skip.

e. Software Support. Microprocessor software

support has also been provided for Antares. The

conceptual design has been well described else-

where.40 The bulk of the instrumentation and con-

trol is handled by a distributed microprocessor com-

municating with a central control computer, an HP

3000 Series II minicomputer. The exact nature of

the control variables, algorithms, or I/O relation-

ships is not yet clearly defined. Tools for han-

dling the data-acquisition and control problems are

currently being developed. These tools include mod-

ular hardware based on the Motorola 6800 micromod-

ule; a nucleus operating system for each 6800 micro-

processor designed to facilitate intertask communi-

cation, scheduling, and interrupt handling; a cross

compiler for the 6800 based on PASCAL language; a

PASCAL compiler for the HP 3000; fiber optic inter-

faces for the communications link between the HP

3000 and each 6800; and a variety of specialized

hardware functions that will serve system require-

ments such as beam alignment, high-voltage current,

voltage monitoring, and the gaseous laser amplifi-

ers. The tools described are all being developed.

Future needs that are currently anticipated in-

clude the development of the man-machine interface

including interactive graphics capabilities, a high-

speed I/O processor (IOP) for the HP 3000 used to

increase the transmission line bandwidth between the

control microprocessors and the HP 3000, and soft-

ware check-out and diagnostic tools to assist the

facility designers in the prototype and check-out

operations. Group E-5 currently has one staff mem-

ber assigned to this project.

11. PHERMEX Enhancement Program (M-2)[JL ison,

E-5]. Software has been written for preshot cali-

bration of the Biomation 8100 digitizer using the

autocalibration subsystem. This required expansion

of existing 8100 software for remote front-panel

programming, in addition to autocalibration program-

ming.

The microNOVA CAMAC branch driver interface has

been checked out and operated in all designed modes.

Software to operate the system in a data retrieval

back-up mode and software for the multipie-pulser

acceptance tests is being written.

The evaluation of existing operational detec-

tion chamber software enhancement continues, with

improvements in the area of postprocessing waveform

manipulation and data flagging, updating the operat-

ing system level, and incorporating data channel

CAMAC operation.

12. Detonation and Shock Wave Physics Support

(M-3, M-6, WX-7)[Lundy, Love, Parker, E-5; Martin,

Rose, E-2]. Work on the microprocessor-based firing

site control system continues. This system will re-

place existing firing site controls at Kappa Site

(TA-36, Group M-3) and at Ancho Canyon (TA-39, Group

M-6). It offers improved human engineering of con-

trols; provides for automatic preshot turn on of

equipment (high-speed movie cameras, intensifier

camera, high voltage, etc.) up to 99 s before deto-

nation; allows interlocking of all diagnostic equip-
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ment to insure readiness before detonation: allows

the use of multiple rotating mirror cameras on a

single shot; and provides automatic data logging of

a large number of shot parameters as an option. In-

stallation of the first system is starting at Ancho

Canyon and should be completed early in 1978.

Work also continues to support short-exposure

(10-ns) microchannel plate image intensifier cameras

for Groups M-3 and WX-7. Five 10-channel avalanche

transistor pulsers based on hybrid assembly using

the 2N3700 transistors mentioned in the last status

report were built and delivered. Several "donuts"

were built and potted to supply high voltage, gat-

ing, and gain control voltages to 40-mm microchannel

plate image intensifier tubes. A paper, "Avalanche

Transistor Pulser for Fast-Gated Operation of Micro-

channel Plate Image Intensifiers," by Lundy, Parker,

Lunsford, and Martin was presented at the Nuclear

Science Symposium, San Francisco, in October.

Instrumentation to support a rocket propel 1 ant

hazards test facility operated by Hercules Powder

Company near Salt Lake City, Utah, was constructed

and delivered under a US Navy contract with M Divi-

sion. This equipment included digital time delay

generators, digital time interval meters, and pulse

fan-out circuits that had been previously designed

and built for M-Division explosive firing sites.

At the request of Group M-3, the i_lectro-Opti-

cal Products Division of International Telephone and

Telegraph (ITT) at Fort Wayne, Indiana, was visited

to discuss required instrumentation for ITT to do

in-plant fast pulse testing of their microchannel

plate image intensifier tubes. A proposal will be

generated to construct that portion of the instru-

mentation that is not available commercially.

Lundy participated in an experiment at Lawrence

Livermore Laboratory (LLL) with personnel from M Di-

vision, Hercules Powder, Naval Weapons Center, SLA,

and a private consultant to determine the feasibil-

ity of doing trgh-speed x-ray cineradiography on

large solid propel 1 ant rocket motors during burn.

A report on this experiment will be issued by M-l

early in 1978.

13. Digital Image An^ysis and Display System

(PIADS) Software Support (M-8)[Seifert, E-5] . The

E-5 software support for Group M-8 was completed as

of October 1, 1977. The support role involved the

reconfiguration of.the PDP-11 interactive software

for the M-8 DIADS system. Besides assisting in the

definition of the new interactive software package,

significant effort was spent writing a new magnetic

tape handler for the image data, including the in-

vestigation of tape transportability between the

PDP-11 and the LTSS 7600. The last task undertaken

involved writing a software driver routine for an

SDS video digitizer. This driver and its associated

interactive software allows the user to scan an ar-

bitrary image with a video camera, whose output is

converted into a digital frame of 8-bit bytes or-

ganized 512 by 512 for a total of 262 144 bytes.

These digital data arc derived by writing 512 col-

umns of the digitized image onto a disk file 512

times. The video digitizer is a character-oriented

device, rather thar* a block-oriented device such as

a rotating disk. Tnus, the software driver must re-

quest 512 bytes one 8-bit byte at a time from the

digitizer, loading up a character vector, then writ-

ing this vector to the disk file. This process is

done a total of 512 times in order to construct the

complete digitized image.

Besides the digitizing software, the video dig-

itizer hardware allows for computer control of the

set-up operation. This involves an interactive

software calling routine and a control driver rou-

tine. The interactive software requests an end-

point percentile value from the user, which serves

as the measure of how heavily weighted the gray-

scale extreme should be. For 8-bit data, the value

of 0 corresponds to a white picture element, and a

value of 255 corresponds to a completely black pic-

ture element. In this way, the degree of contrast

is under the actual control of the computer but un-

der the direction of the user. This extreme weight-

ing is used to control three control words inside

the video digitizer, thus driving the digitized im-

age to the required contrast level. The set-up

software was defined, designed, coded, and debugged

in approximately 1-1/2 man-months.

14. Solar Energy Support—Nambe Pueblo Solar

Heating System (Q-ll)[Murray, E-4]. The Nambe Pueb-

lo solar heating project is a LASL-designed solar

heating system added to the existing Nambe Pueblo

community building and tribal headquarters. A Vidar

data-acquisition system has been installed to record

data on a 7-track magnetic tape at the site. It is

unattended for 1 wk at a time.
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About 3 wk of performance data have now been

collected and the problems of reading this data at

the CCF are being addressed. It appears that some

tapes are only marginally compatible with the CCF

tape transports, but recently acquired tapes can be

read. The software to decode these tapes (raw data

are in standard BCD characters) and convert them to

engineering data is now under development. There

have been some problems with the data system in that

the clock fails occasionally resulting in loss of

the time code on the data tape. The data channels

then get shifted in each data record. The data can

probably be reconstructed with software, but it is

not clear at this time how serious the timing infor-

mation is. If the data are still being scanned at

the prescribed interval, this should not be a hope-

less situation. Efforts are being made, however,

to correct the problem in the hardware.

15. DYMAC Program (Q-3)[Ford, Wooten, Sandow-

ski, E-5; Lindsay, Hagen, Amsden, Q-3; Woodwell, Lo-

pe2, E-l]. Installation of the DYMAC system at

TA-55 has continued during this reporting period

with emphasis on the advanced fuels laboratory in

the 2 3 9Pu wing since the first CMB-11 section to oc-

cupy the facility will be involved with the advanced

carbide-fuels process.

In anticipation of this, more instruments and

terminals have been installed in the vault, count

room,239 Pu research and development (R&D) material

management room, and the advanced fuels laboratory.

The communication lines that.connect the terminals

and instruments with the DYMAC computer are being

checked out. The computer is installed and fully

operational, enabling the software effort to proceed

smoothly.

a. DYMAC Software System. The DYMAC program

runs on the Eclipse C330 computer. The computer was

purchased along with an operating system and some

software tools for data base management. The oper-

ating system is RDOS, a real-time, disk-based oper-

ating system that does .ultitasking. The data base

management package is called INFOS; it is a set of

system commands that facilitate data handling.

All software that the DYMAC programmers have

written can be called application programs, in con-

trast to the system programs, which were purchased

with the computer. All DYMAC application programs

will henceforth be referred to as the DYMAC software

system (DYSS). The DYSS, then, is a collection of

application programs, which execute together to make

the real-time accountability system possible. Up

to this time we have had various names for the DYMAC

software, or parts of it: data base management, the

accounting system, the accountability system, and

measurement control program. They are included in

the name DYSS.

Many functions are performed by DYSS. The

first five functions listed pertain to transaction

handling.

• Terminal dialogue

• Data base searches

• Measurements

•Calculations

• Data base update

• EXEC (executive program) for multitasking

•Utilities (this includes packet and image

editors) to create or recreate the data base

and do housekeeping activities

• Report generation: these are formatting rou-

tines

• Measurement control program to perform in-

strument verification, for example, calibra-

tion, accuracy checks

• General ledger (station balance) is run on a

daily basis.

(1) Terminal Displays for Making a RE-

CEIVE Transaction. The messages and questions dis-

played on the terminal are the only contact that

users have with the DYSS. The programmers have be-

gun to revise these messages and reorganize the dis-

plays so that they are easily understood. The peo-

ple who are learning to use the terminals provide a

constant feedback about the displays. From their

comments, we have begun to standardize the displays.

Displayed messages that require no operator answer

are enclosed in asterisks: *** ITEM EXISTS IN IN-

VENTORY ***. Directives that require a response are

enclosed in brackets:

<« SELECT THE OPTION »> . Immediately following a

directive a prompt appears on the next line to alert

the user that he must reply: ? _ .

A terminal not in use will always display or»

its screen the following option list with a user re-

ply prompt at the bottom:
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<« SELECT YOUR ACTIVITY » )
T...TRANSACTION
S... SUPERVISOR

N...NUCLEAR MATERIALS OFFICER
R...REPORTS
M...MAINTENANCE

?

The user selects an activity by typing in the 1-let-

ter code associated with it, then hitting the car-

riage return. Suppose he is an operator in the
2 3 9Pu R&D wing who has just received a can of feed

stock from the vault. He is presently in the mate-

rial management room where he will enter the can in-

to the glove box system. First he must verify that

the seal is unbroken. He must make a transaction

to notify DYSS that he has received the can and that

the seal is unbroken. He approaches the terminal

in the material management room and from its dis-

play, he selects the transaction option T. The next

display that appears on the screen asks him to spec-

ify the wing in which he is working.

((( SELECT THE LOCATION >»

1...100 WING (239PU R&D)

2...200 WING (238PU R&D)

3...300 WING (METAL FABRICATION)

4...400 WING (RECYCLE)

? _

He types a 1 for the 2 3 9Pu R&D wing. The display

changes. Now he must select the process he wants

to make the transaction.

«< SELECT THE PROCESS >»

Ml...MATERIAL MANAGEMENT ROOM

AF...ADVANCED FUEL FABRICATION

SI...SUPERVISORY

? _

(This list is incomplete. It will be expanded to

include other processes in the 2 3 9Pu R&D wing when

they begin to occupy the facility. At this time on-

ly the advanced fuel fabrication process has been

implemented along with the transactions that need

to be made in the material management room.) The

operator selects option Ml to indicate the process

where he is located. The display changes to show

him all the transactions that are available for the

material management room.

< « SELECT THE Tf .NSACTION >»

1...RECEIVE FROM VAULT OR COUNT ROOM

2...SEND TO VAULT OR COUNT ROOM

3...RECEIVE FROM PROCESSING

4...SEND TO PROCESSING

He selects option 1 and DYSS steps him through the

RECEIVE FROM VAULT transaction, question by ques-

tion. It asks him if the seal is intact and then,

in turn, for the number of the account the can is

coming from (we call this the "from" account num-

ber);, the material type of the can contents, and its

lot identification (ID) (all this information is on

the can label). These three pieces of information

make up the DYMAC name and uniquely identify the can

of feed stock in his possession. A search for this

item in the in-transit inventory is now made by

DYSS. When DYSS finds the item it continues the

questioning; DYSS already knows what account the

item is going to (it is precoded in the image) and

it knows the material type. All it needs to ask is

the lot ID to which it will be assigned (we call

this the "to" lot ID). When the operator supplies

this information, the item has a new name (account,

material type, and lot ID), and DYSS searches the

inventory file to see if any other item has the same

DYMAC name. The item, under its new name, is a new

entry in the inventory. Now DYSS asks the operator

for his name and for the seal number on the can.

It verifies that the seal number is correct and askr

the operator if he is going to break the seal. He

answers yes and DYSS erases the seal number for this

item in the inventory. This is the end of the ques-

tioning. A full display appears on the screen that

shows this transaction (see Fig. 31). In the fig-

ure, the "from" and "to" columns serve as the credit

and debit columns of a bank balance, respectively.

The transaction is made to transfer 872 g of nuclear

material from account 751 (the vault) to account 712

(the material management room). In the process the

item's DYMAC name changes from 751/54/HF 7501 to

712/54/FS 501. The two lines at the bottom of the

display summarize what the transaction accomplishes.

The user vf^ifies the fields in the display

that he supplied. If he has made an error, he can

change it now. When he is satisfied that the dis-

play is correct, he types Y for YES it is okay, and

DYSS uses the transaction to update the inventory.
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NUMBER ««••«• " FROM »*•«•••»•• TO

1,2
3,<l
5,6
7,8
9,10
11,12
13,11
15,16
17
13
19
20,21
22
23,21
25,26
27

LOT ID HF 7501 FS
ACCOUNT 751 712
RECEIPT AREA VT Ml
PROJECT 'H3 '113
SPECIAL DESIGNATOR
LOCATION 751 ISO
SHELF 1
ITEM DESCRIPTION CA1 CA1
"FROM" REMARKS: FUEL PELLET FEED STOCK
"TO" REMARKS:
DESTINATION:
NN AMOUNT: 872.00 G OF TYPE 5<l
ENRICHMENT: 10.00%

.007. OF

BULK AMOUNT:
IISOTOPIC WEIGHT!I
MEASUREMENF CODE!
COEI NUMBER:

IMPURITY:
SEAL NUMBER:
IS0T0P1C A: .0000, B: .0000, C: .0000, D: .0000, E: 0000
751/W/HF 7501 m VALUE: 00 G, BULK VALUE OF .00 G
712/5'l/FS 501 NN VALUE: 872.00 G, BULK VALUE OF 1000.00 G

« < TRANSACTION OK? > » (Y.. .YCS, N.. .NO)

1000.00 G
785.00

SOO
7<)6

Fig. 31. Full-format display of a RECEIVE FROM VAULT transaction.

Note that no change occurs in the inventory until

the user approves the transaction.

(2) A Packet-and-Image Approach to Trans-

action Handling. A general approach to handling

transactions requires much information from the op-

erator and limits system diagnostics. We decided

to define specific transactions for processes that

reduce operator input (and errors) and provide im-

proved diagnostics. We realized that the transac-

tions for each process would change and that the

processes themselves would change. We needed an ap-

proach that would make it relatively easy to accom-

modate such changes in the DYSS code. Had we chosen

to put that information in the applications code,

we would have to recompile and reload the entire

system for every minor change. Instead we adopted

a table-driven approach using packets and images

that allow us to change transactions rapidly and'ac-

curately.

One packet and a corresponding image exist for

every transaction in a process. The packet is a

group of messages and instructions that DYSS uses

to prompt the user to check !iis entries. It enables

DYSS to display a certain series of messages and

questions to the user that are unique to the partic-

ular transaction he is doing. For example, the RE-

CEIVE FROM VAULT transaction is iised in the material

management room of the 239Pu R&D wing. The packet

designed for this transaction instructs DYSS what

messages to display to step the user through the

transaction. The corresponding image for the RE-

CEIVE FROM VAULT transaction contains certain fields

of information that remain the same every time this

transaction is performed. Figure 32 shows the image

for the RECEIVE FROM VAULT transaction. In this

transaction, material always goes to account 712,

receipt area Ml, project 413, and location 150.

These fields have been coded into the image, as one

might place them on a preprinted form.

To create a set of packets and images for a

process we must break the process into balance ar-

eas, and identify the transaction and measurement

points within and between balance areas. For each

transaction point we fill out a DYMAC process infor-

mation packet (DYPIP) that tells us everything we

need to know about the process from an accounta-

bility standpoint. From the information on the

DYPIP sheet, we create the packets and images. The

DYPIP sheet becomes the specification for each

transaction. Any changes to a transaction will
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NUMBER FIELD •••••#•* FROM ••*•*••»•• TO ••••#*••**>•••••••••#

1,2
3,4
5,6
7,8
9,10
1L12
13,11
15,16
n
18
19
20,21
22
23,21
25,26
27

LOT ID
ACCOUNT
RECEIPT AREA
PROJECT
SPECIAL DESIGNATOR
LOCATION
SHELF
ITEM DESCRIPTION
"FROM" REMARKS:
"TO" REMARKS:
DESTINATION:
NM AMOUNT: .00 G OF TYPE
ENRICHMENT: .00%
IMPURITY: .00% OF
SEAL NUMBER:

712
Ml

150

BULK-AMOUNT!
{ISOTOPIC WEIGHT:
MEASUREMENT CODE:
COEI NUMBER:

ISOTOPIC A: .0000, B: .0000, C: .0000, D: .0000, E:

.00 j

.00 G

VALUE: .00 G, BULK VALUE OF

.0000

.00 G

Fig. 32. The RECEIVE FROM VAULT image is the information inside the heavy line.

start with a modification to the current DYPIP

sheet.

(3) Transactions for the Nuclear Materi-

als Officer. The duties of the nuclear materials

officer (NMO) are being defined. So far, a few of

his functions have been implemented into .DYSS. He

selects the N option on the very first display that

appears on the terminal. The next display to app-ear

specifies the functions he can do. As his job be-

comes better defined, the number of options in the

list will increase.

(((SELECT THE PROCESS>»

V...VAULT

C...COUNT ROOM

F...5 X 5 (STATION BALANCE)

M...MANAGEMENT FUNCTIONS

? _

The first three items represent certain accounts for

which the NMO is the custodian and only he or a mem-

ber of his staff may write these transactions. All

shipments enter the facility through the count room

or the vault where the NMO enters them into the

DYMAC system. He maintains the station balance (the

beginning inventory plus shipments minus receipts).

His various management functions include inspection

of the in-transit file for any delinquent transfers,

reconciliation of end-of-day plant balances with the

general ledger, reconciliation of the replicated da-

ta bases, and generation of the day's activity tape

for ADASF.

(4) DYSS Conversion from NOVA to Eclipse.

When the Eclipse C33O was first installed, as re-

ported in the last program progress report, LA-6849-

PR, p. 46, we began by running the NOVA version of

DYSS on it. This is the version that we used for

the prototype system at DP Site. We made sure that

the code would run on the new computer before we be-

gan revising it. During this reporting period we

have expanded DYSS capabilities.

The first change was to put the INFOS data base

management package to work. With INFOS tools we can

maintain an ordered data base that permits quic' ac-

cess to inventory and transaction information. The

INFOS package manages file and record space, which

makes it easy to add, delete, and change information

in the data base; and DYSS will have to produce a

variety of reports. Thus, INFOS makes it possible

to produce these reports on-line, in real time, in

a multiplicity of formats.

Another DYSS revision has been a change from

FORTRAN IV to FORTRAN V. The change takes advantage

of reduced compiler-generated code, faster execu-

tion time, and better diagnostics.
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(5) File Structure of the DYMAC Software
System. The DYSS is a collection of on-line, real-
time, multitasking programs and on-demand, off-line
programs that maintain and manipulate four data
bases, as shown in Fig. 33. Note that the five
tasks that operate under EXEC correspond to the
first option list displayed on the terminal. The
tasks draw on four data bases: the nuclear material
data base, network data base, measurement control
data base, and maintenance data base. A discussion
of the individual filas in each data base follows.

(a) Nuclear Material Data Base. The nu-
clear material data base consists of 15 files that
contain inventory, transaction activity, operator
interaction, and validation information for data en-
tries. Unless otherwise noted, the files in the nu-
clear material data base are INFOS files that have
been created and initialized 'oy the off-line program
DBINIT. The DYSS accesses the files and updates
them in real time. An off-line report program gen-
erates printouts of most portions of the data base.

ALL IDLE COMMUNICATION LINES

IHI

OFFLINE REPORTS

TASK

TRANSACTION

TASKS I N

SUPERVISOR

TASKS l M

NMO

TASK

ONLINE REPORTS

TASK

MAINT

TASK

Fig. 33. Functional diagram of DYSS.
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The inventory file flNVT) contains rec-

ords of all the inventory items within the facility.

Records are accessed by their DYMAC name key (for

example, account number, material type, and lot ID).

A record exists for every item except those in tran-

sit. Table VI lists the information contained in

the inventory file.

The location file is a collection of

partial records that contain cumulative information

about the amount of nuclear material and fissile

isotope in every location within the facility. The

locations contained in this file may be used to ac-

cess the inventory file; in this way all items pres-

ent at a given location can be listed. When fully

TABLE VI

INVENTORY, IK-TRANSIT, AND TRANSACTION FILES

InformationINVT ITRA': TRAH

x x y Lot ID

X x y Account numbera

Exslanat ion

x y Material type

x y Receipt area

Project

Identifies the current processing name assigned to this record.

Identifies material balance area that contains the material in
this record

A code that indicates the kind of material and its enrichim-nt
range

Identifies a unit process, an item control area, or an individ-
ual that contains or has custody of the material in this record

A code that identifies the project that this material is associ-
ated with

Name of person who created this record

Identifies the physical whereabouts of the material in this rec-
ord

Subloration identifier, used in the vault

User defined

A code normally used to define the chemical or physical form of
the material

Convey information pertaining to this record

A code that indicates destination of item in transit

Date this record was first created

Time this record was created

Total element weight in this record

Uncertainty 01 total element weight in this record

Information required to calculate weight of principal isotope

Uncertainty of enrichment

Amount of this isotope contained in the material in this record

Uncertainty associated with the value of this isotope

(Same as for Isotcpe A)

(Same as for Uncertainty A)

(Same as for Isotope A)

(Same as for Uncertainty A)

(Same as for Isotope A)

(Same as for Uncertainty A)

(Same as for Isotope A)

(Same as for Uncertainty A)

Weight of principal isotope

Normally defines the kind and iiiount of major impurity in this
material

A code that identifies the COEI number of this material

Number of seal (if any) or container of this material

Identifies the means of determining the NM value

Bulk value or weight of total material in this record
A code that gives the units of the bulk (e.g., grars, liter:,)
NM value
Instrument used to verify amount of NM

Uniquely identifies every transaction in the DYSS inventory

NOTE: File records are made up of the information indicated hy x or y under the column heading. The TRAN
file maintains "from" and "to" information for those en:ries indicated by y.

aThe account number, material type, and lot ID together make up a unique DYWiC name for each item in
the facility.
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Person

Location

Shelf
Special designator

Item description

Remarks

Destination

Date

Time

NM value

Uncertainty NM value

Enrichment

Uncertainty enrichment

Isotope A

Uncertainty A

Isotope B
Uncertainty B

Isotope C

Uncertainty C

Isotope D

Uncertainty D

Isotope E

Uncertainty E

Isotope weight

Impurities

COEI

Seal number

Measurement code

Bulk

Bulk units

Verification amount

Verification instrument

Transaction ID
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implemented, this file will also be used for criti-

cal ity checking.

The in-transit inventory file (ITRAN)

contains a record of each item in transit in the fa-

cility. We define items that are in transit as

those moving to or from the vault and count room,

and those moving in the conveyor system. An ITRAN

record contains the same information as the INVT

record, with the addition of destination and instru-

ment verification data (as shown in Table VI). Rec-

ords are accessed by the DYMAC name key. The sum

of INVT records and ITRAf! records is the official

total for nuclear material contained in the facili-

ty.

The holdup inventory file is a collec-

tion of records identical in format and key access

to inventory records. The purpose of the holdup in-

ventory is to trace material held in the glove box

system even though it has been officially cleared

from the facility inventory. The holdup inventory

will increase during the monthly clearing of local

MIP accounts and decrease when a glove box

is cleaned out.

The location file of holdup inventory

is identical to the inventory location file. In

this case the location key will access records in

the holdup inventory.

The file of nuclear material sums by

account and material type has partial records that

contain the total nuclear material in the facility.

The transaction history file (TRAN)

contains records of all transactions that occur to-

tally within the DYMAC system other than those in-

volving holdup inventory, which are in another file.

Each TRAN record has information describing where

the item comes from, where it is going, and the

quantity of the transfer. The TRAN record contains

the same information as the INVT record with the ad-

dition of a destination, instrument verification da-

ta, and a transaction ID number. It differs from

an INVT record in that it contains "to" and

"from" information for the first 11 items listed in

Table VI. The TRAN records are referenced via the

INFOS key mechanism and are accessed by the from or

the to DYMAC name used as the index key.

The external transaction file contains

records of all transactions that involve a transfer

of material into or out of the DYMAC system. These

records follow the same format as the regular trans-

action records; however, they are accessed using the

ADASF transaction number as the index key.

The holdup transaction file contains

records of all the transactions pertaining to the

holdup inventory. Holdup transaction records have

the same format as the regular transaction records

and are also accessed using either from or to DYMAC

name keys.

Transaction sequence files: Associated

with each process in the facility is a sequence of

i'-ansactions that notifies DYSS of the material flow

through the process. The transaction sequence is

presented as an option list, which the operator uses

to choose the option that corresponds to the process

step he is performing. Each option has an associ-

ated packet-and-image file. These are RDOS files,

maintained by the RDOS editor SPEED, a packet editor

PEDIT, and an image editor MEDIT.

The material composition file is a ta-

ble that contains valid material types and associ-

ated enrichment ranges, accountable units, and iso-

topic calculation information. This is an RDOS

file. We are currently developing routines to ac-

cess and manipulate this file.

The COEI number file is a table of val-

id composition of ending inventory (COEI) numbers.

This table associates facility account numbers with

the correct COEI number and is used when reporting

the inventory to the Albuquerque Operations Office

(ALO). This is an RDOS file. We are currently de-

veloping routines to access and manipulate this

file.

The transaction ID file contains the

ID numbers that will be assigned to all DYSS trans-

actions. Transaction ID numbers are assigned by ac-

count number. Each account is initially assigned a

block of ID numbers (for each type of transaction)

with new blocks assigned as current blocks are ex-

hausted. Transaction ID records are referenced via

INFOS with the account number as the index key. An

off-line program (EDTTRID) initializes the transac-

tion ID assignments and generates or initializes a

new record when an account is added to the system.

The nuclear material calculations file

will indicate the various calculations to be per-

formed with measurement data.



The general ledger file maintains a

current station balance of nuclear material for the

facility. It contains the ending inventory balance

(by material type within account) at the last gener-

al ledger check. It includes all shipments and re-

ceipts involving the facility since that check, and

the current inventory totals. The NMO and his staff

will use this file to verify the facility station

balance. This is an RDOS file that is created off-

line by CLEDGER and updated by DYSS. The off-line

routine PLEOGER prints it.

(b) Network Data Base. The network data

base includes the information necessary to recognize

and identify active terminals and to validate users.

It includes a line definition table and user vali-

dation information.

The line definition table contains in-

formation about the devices attached to each commun-

ications line in the network. A line may be at-

tached to a terminal or an instrument, or it may be

unused. If a line is attached to an instrument, its

table entry describes the type of instrument, for

example, a balance. If a line is attached to a ter-

minal, its table entry identifies it as a CRT termi-

nal (4800 baud) or a hard-copy terminal (300 baud).

User validation information has not yet

been implemented. It will consist of lists of pass-

words and user numbers that control access to the

system.

(c) Measurement Control Data Base. The

measurement control data hase contains information

that the measurement control program uses to vali-

date and monitor the performance of all instruments

in the DYMAC network. It contains an instrument

file and a standards file.

The instrument file contains all of the

on- and off-line measurement instrument information

in the DYMAC system. The information is referenced

via INFOS and is accessed using the instrument ID

as the index key. The data are stored in two parts.

The operating parameters, information required to

interface with the instrument and calculate the

measured value, are stored in a partial record for-

mat in the INFOS index structure. The historical

data, information describing the instrument perfor-

mance, are stored in the actual data base record.

Any transaction that requires a measurement refer-

ences the instrument'file. In addition, an off-line

program (EDTINSTR) creates or edits the instrument
data and prints instrument control charts.

The standards file contains all stan-

dards information, for example, weights, containers,

etc., used irs taking measurements and calibrating

or checking the instruments. The information is

referenced via INFOS and is accessed using the stan-

dard ID as the index key. The data are sorted in a

partial record format only. Any transaction that

requires a measurement references the standards

file. In addition, an off-line program (EDTSTND)

creates or edits the standards data.

(d) Maintenance Data Base. The mainte-

nance data base contains the diagnostic files re-

quired to maintain the network components. It now

consists of a file of test patterns and a list of

communications lines. These files are supported by

RDOS.

The terminal pattern file consists of

five patterns that can be sent to a CRT terminal to

check its refresh memory and focus.

The network file is a listing of every

communication line in the system. This listing in-

cludes the baud rate, line resistance and capaci-

tance, wall jack number and location, current jack-

field patch number, and the nearest telephone num-

ber.

b. Transaction Sequence for the Advanced Car-

bide-Fuel Process. Advanced carbide-fuel prepara-

tion will be the first process used in the new Plu-

tonium Facility. It will occupy laboratory 6 in the
239Pu R&D wing. The DYMAC programmers have imple-

mented a sequence of transactions that parallel ma-

terial flow in the fuel preparation process. When

these transactions are performed as a complete se-

quence, they accurately describe the amount anc! lo-

cation of material in process at any given time.

This information is stored in the dynamic inventory

of the DYSS. The DYSS keeps track of the material

by unit process: how much material and in what form

entered the unit process, how much left the unit

process, and how much remains.

A unit-process accounting area is a physical

location (such as a glove box) where a dynamic bal-

ance can be drawn on a batch basis. As each batch

is processed, the input, output, recycle, and scrap

materials are measured. We can then draw a material

balance based on these measured values. We defined



eight unit-process accounting areas to coincide with

the processes in the preparation of carbide fuel.

They are the material management room, oxide-blend-

ing area, oxide press, reduction furnace, comminute

area, automatic pellet press, sintering furnace, and

grinding-and-inspecting area. Figure 34 shows the

flow of material during the fuel preparation procesj

from the time the feed stock enters the glove box

system in the material management room until it

passes inspection as fuel pellets.

In each unit-process accounting area, material

is processed and weighed with an electronic balance,

or counted by an NDA instrument, or both. This

measurement information is entered directly into

DYSS from the instrument when the operator makes a

transaction. The transaction informs DYSS of the

material location the operator is working with, the

quantity, and form. When the operator is ready to

send the material to the next unit process, he noti-

fies DYSS with a SEND transaction. When the materi-

al arrives in the next unit process, the operator

notifies DYSS with a RECEIVE transaction. The SEND

and RECEIVE transactions function together to moni-

tor transit of material to and from the vault and

through the conveyor system. Material that is

transferred from one glove box to another without

going through the conveyor does not require the

SEND-RECEIVE pair of transactions; instead it re-

quires a one-step TRANSFER transaction. Figure 35

shows the transactions that have been implemented

for the advanced carbide-fuel process. Fuel fabri-

cation begins with a sampling process.

MATERIAL MANAGEMENT DOOM

Fig. 34. Material flow in the preparation of ad-
vanced carbide fuels.

< « SELECT THE TRANSACTIOtl >>>
1...RECEIVE FR«' "AULT OP C W T =no»
2...SE»n TO VAULT OP COUNT POO"
3...RECEIVE F W PROCESSING
4...SEW) TO PROCESS^.

A. OPTIOII LIST FOR Pu RJ-D H'.IIO WTEKIAL KAMAGEKENT SOC".,

< ( ( SELECT THE TRANSACTION >>>
1...RECEIVE F W f W i E I ' E I I T ROW

•TAKE SAMPLE
.RETURN FEED STOCK TO f A W W F i T POO"
.SEND SAKPLE

5.. . .DIVIDE OUT P!J02 FOR NEW BATCH
6. . .ADD CARBON W l U02 TO EATCH
7...TRANSFER IN GLOVE BOX LINE iV /KEASLWENT)

.WEIGH SCRAP

.SEND BRJOUEITES TO REDUCTION fUP'l'-CE
10...RECEIVE AliP VERIFY BRIOL'ETTfS
11...REDESCPIEE BATCH
12,,.SENfi SIIITEPED PELLETS TO G»MDiriG
13...RECEIVE SINTERED PELLETS
11...WEIGH Aim SEND FINISHED PELLETS

B. OPTION L I S T FOR THE ADVANCED CARBIDE-FUEL PROCESS,

< « SELECT THE TRANSACTION ))>
1...ADJUST FEED STOCK FOR CK3-1 ANALYSIS

c, SUPERVISOR OPTION LIST FOB THE " 9 P U P.8D WING (TO Bt EXPANDED).

Fig. 35. Option lists of transactions for advanced
carbide-fuel production.

(1) Material-management-room unit pro-

cess. The operator receives PuO2 and U02 feed

stocks from the vault. The nuclear material (NM)

content of the feed stocks is already in the inven-

tory. The DYSS uses these NM values as input to the

unit process. It accepts the values if the seals

on the cans are intact and the operator has verified

them by typing in the seal numbers (DYSS verifies a

seal number by comparing it to the inventory). The

operator breaks the seals, puts the feed stocks in-

to the glove box system, and verifies plutonium feed

stock with the TNC. (The verification procedure re-

mains to be defined for U02.) The operator then

sends PuO2 and U02 feed stock to the processing area

via the conveyor. Provided that the items have been

successfully verified, there will be no difference

between input and output values for this unit pro-

cess.

(2) Oxide-blending unit process. The op-

erator receives feed stocks from the conveyor system

and puts them into the oxide-blending glove box.

The verified NM amounts in OYSS are used as input

to this unit process. The operator samples chemical

analysis and archival use for both PuO2 and U02 faed
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stocks and weighs them. He then weighs the feed

stocks and returns them, with the chemistry sample,

to the material management room. These are the

measured outputs for this unit process. The differ-

ences between the input and output NM values, called

the materiai-in-process (MIP), is consigned to the

MIP lot for the oxide-blending unit process.

(3) Material management room unit pro-

cess. The operator receives samples and feed stocks

at their weighed valiits and affixes a seal to each

item. He sends the PuO, and U02 feed stocks to the

vault and the chemistry sample to Group CMB-1 for

analysis. The NM values do not change. Because

there is no difference in input and output values,

DYSS determines no MIP for this unit process. At

some later time Group CMB-1 will determine the NM

values of the feed stocks by chemical analysis,

which take into account impurities such as water

content in the oxide. The process supervisor ad-

justs the NM values and the material-unaccounted-for
2 39

(MUF) lot for the Pu R&O wing to reflect the

chemical analysis. The feed stocks are now ready

for the production process.

(4) Material management room unit pro-

cess. The operator receives PuO2 and U02 feed

stocks from the vault at the adjusted NM values.

He checks the seals and verifies them by typing in

their numbers to OYSS. If all is in order, the NM

values residing in DYSS are used as input to this

unit process. The operator breaks the seals and

places the material in the glove box system. He

verifies the PuO2 with the TNC and sends the feed

stocks to the processing area via the conveyor sys-

tem. There is no difference between input and out-

put NM values, hence, no MIP is determined for this

unit process.

(5} Oxide-blending unit process. The op-

erator receives feed stocks at the verified NM

amounts. He makes a production batch from portions

of the PuO and U02, which he weighs. He adds car-

bon and puts the batch through a blending machine.

He weighs the batch and transfers it to the oxide-

press unit process. He similarly makes and blends

many batches from the PuO2 and U02 feed stocks.

With the TNC he measures the scrap that is generated

during the blending operation. The oxide-blending

unit process has two measured outputs that the oper-

ator enters into DYSS: the blended batches and the

scrap. The difference between the input NM value

of the feed stocks and the measured output value is

assigned to the MIP lot. for this unit process.

(6) Oxide-press unit process. The blend-

ed batch of oxide powder is pressed into briquettes.

Some scrap is generated from the pressing operation.

The operator weighs the scrap and it remains in the

glove box. He then sends the briquettes to the re-

duction furnace.

(7) Reduction furnace unit process. The

operator weighs the briquette batch and verifies it

with the TNC. Now DYSS determines the MIP for the

oxide-press unit process. The operator places the

briquette batch in the furnace where it is reduced

to carbide: he weighs the chemically reduced bri-

quette batch and sends it to the comminute unit pro-

cess. The DYSS determines the MIP for ths reduction

furnace unit process.

(8) Comminute unit process. The reduced

briquette batch is ground into powder and some scrap

is generated as briquettes are broken into powder.

The operator weighs this scrap and transfers the

carbide powder to the pellet press. The DYSS deter-

mines the MIP for the comminute unit process.

(9) Automatic pellet-press unit process.

Carbide powder is pressed into pellets. The opera-

tor weighs the pellets and the scrap that spills

from pressing, and transfers the pellets to the sin-

tering furnace. The DYSS determines the MIP for the

pellet-press unit process.

(10) Sintering furnace unit process. The

pellet batch is sintered at high temperature and

then weighed; the operator sends the batch to grind-

ing and inspection. The DYSS determines the MIP for

the sintering furnace unit process.

(11) Grinding and inspecting unit pro-

cess. The operator receives the sintered pellet

batch. He grinds ihe pellets and inspects them to

assure conformity of size and shape. He weighs the

samples and sends them on for chemical analysis and

metallography use; he weighs che scrap that results

from grinding and the finished pellets. He sends

the pellets either to the vault or the pel let-load-

ing area in the 2 ? 9Pu R&D wing. The DYSS determines

the MIP for the grinding and inspecting unit pro-

cess.

c. Communication System. The DYMAC communi-

cation system is a network of in-house wiring, a
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central jackfield, and diagnostic programs and

equipment. Installation of the in-house wiring is

nearly complete and the completed wiring has been

checked out. The wiring consists of twisted pairs

between the jackfield and a remote location. Each

line is checked for polarity, resistance to ground,

loop resistance, and open line capacitance. In ad-

dition, data are transmitted in both directions at

4800 bits/s and the data are verified at the receiv-

ing end. The loop resistance and capacitance meas-

urements are recorded in a file on the NOVA 840 com-

puter for future maintenance. All lines and junc-

tion boxes have been labeled. The lines between the

DYHAC computer and the jackfield are installed,

checked out, and labeled. The lines from the DYMAC

computer to the control room have been installed,

the proper connectors have been inserted, and the

lines have been checked out.

Additional diagnostic equipment, has been added

to the communications system. A spring-loaded, 3-

position switch was added to facilitate loop resis-

tance measurements. The remote test-1 box has been

modified to eliminate components. The modified ver-

sion consists of a simple telephone plug with two

red-green LEDs.

A series of shorting plugs and loopback plugs

have been built for check-out and diagnostic pur-

poses. A Patteren generator was designed and fabri-

cated as a data source. This eliminates transmis-

sion of a computer-generated test pattern over com-

munication lines. The advantage of this method is

that the data can be visually inspected for errors.

There are a total of 20 terminals installed and

in operation. All the terminals have been checked

out.

The complete system will be grounded at the

DYMAC computer only and floating ground connections

will be used everywhere else in the system.

C. Instrumentation Support

1. Introduction. This section contains re-

ports on a wide variety of small instrumentation

projects that support LASL research on a continuing

basis. Additional information on the items de-

scribed here can be obtained from the people identi-

fied in the headings.

2. Fiber Optic Links (AP-l)[Longmire, E-5] .

A system of fiber optic RS232 interfaces has been

delivered to AP-1 for computer network communica-

tions in high EMI areas. The fiber optic links will

allow communication at 9600 baud over 70-m dis-

tances. Our choice of OuPont PFX-S-120R, a tough

plastic-clad silica single-fiber cable was based on

the need for moderate attenuation (~ 100 dB/km) and

termination with standard connectors. These fiber

optic links are patterned after hardware developed

for L Oivision by M. Thuot of E-4.

3. Computer Systems (AP-4)[Kozubal, Robinson,

Milich, E-5].

a. Systems Status. Four satellite NOVA-2 and

-3 systems are in use and three additional systems

are being prepared for installation. The Eclipse

host system is running the fourth revision of AOS.

Most of the earlier AOS problems have been resolved,

or ways have been found to circumvent them. A sec-

ond 90-M byte disk drive, added to the Eclipse re-

cently, has slightly improved the system response

time. The major hardware problem is the floppy

disk, although there has been some imp-ovement in

recent weeks.

b. Software. The Tektronix PLOT-10 packages

have been upgraded to allow hard-copy output on a

Versaplot plotter.

An additional budget program was implemented

to allow access of FY-76 data. Safeguards have been

built into this program to prevent unintentional

changes or additions to the data base.

Newly available subroutines to drive the serial

display units have been written. These serial dis-

play units will replace the digital display units

now in use.

An MCA bootstrap loader program has been devel-

oped. This program is being used to down-line load

RTOS programs into the fast satellite systems.

A program, TRAN1, that performs data acquisi-

tion through two Tektronix 7912 transient digitizers

has been developed. Three versions of TRAN1 are

available: an AOS version, a DOS version, and an

RTOS version. The RTOS version can communicate with

AOS files via the MCA.

A data-acquisition program has been written for

the laser-induced fluorescence experiment. This

program handles trace integration, background and

base-line correction, and multiple trace averaging.

Data are presented in statistical and graphical

form, and can be stored on diskette, as described

in Sec. C below.
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A program that performs polynomial fitting of

laser diode data to an etalon referente, LRPL, has

been written. Data are entered via a Tektronix

graphics tablet.

c. Laser-Induced Fluorescence Monitoring Sys-

tem. In order to determine the fluorescence effect

of lasers on a gas, a data-acquisition system in-

corporating a NOVA-3 computer is used to collect,

display, and plot data. Fluorescence data are gath-

ered by Tektronix 7912 digitizers and laser energies

by a CAMAC ADC. The experimenter can select the

7912 to be used and the CAMAC slot number. Samples

are taken without gas to determine background lev-

els, then with gas for plot data. Minimum laser en-

ergy levels are set to avoid low-energy laser shots.

Shots made with low-energy levels are discarded.

If necessary, samples may also be discarded by the

experimenter after the requested number of samples

are obtained. Plot limits are set by the operator

after the program displays the data ranges. Thus,

the experimenter can focus on one part of the plot.

The X component is the laser and energy and the V

component is the fluorescence with gas normalized

to zero. A standard plot package is used. Program

development is performed with the Data General

Eclipse system of AP-4 and the computer program in-

terface is provided by Tektronix CRT. Hard-copy

output is available on a Versatec plotter.

4. CAMSS II (CMB-1)[ Backsen, E-5; Carrier,

E-2]. A proposal for a calculator-automated mass

spectrometer system (CAMSS II) was approved and pro-

curement was accomplished during this reporting per-

iod. This project involves interfacing an H-P Model

9825 calculator-based system to an AVCO Model 90001

mass spectrometer. The CAMSS II will be used for

data acquisition and control. Data acquisition will

be accomplished by interfacing the mass spectrometer

Model 401 electrometer output to the Model 9825 cal-

culator via an HP-IB compatible Model 3455 DVM and

an HP-I3 compatible Model 3495 scanner. Control

will be accomplished by interfacing the mass spec-

trometer Model 3018 sweep unit to the Model 9825

calculator via an HP-IB compatible Model 59501 pro-

grammable power supply. A signal conditioning unit

has been designed and fabricated by Group E-5. In-

stallation is under way.

5. Constant-Voltage Power Supply (CMB-3) [Bu-

chen, E-5; Umphres, E-2]. A hybrid, solid-state and

vacuum tube regulator was designed and fabricated.

This regulator provides 0-2 kV at 0-1 Adc no-load

to full-load regulation of 0.1% for surface ioniza-

tion studies. The raw dc power for the regulator

is obtained from the power supply of an existing

Knudsen cell electron bombardment source for a Group

CMB-3 mass spectrometer. The series control element

of the regulator is an Eimac 290 pentode. The con-

trol grid voltage is derived from an operational

amplifier-drive transistor regulator cir:uit. The

control circuit may be programmed manually to adjust

the regulator output voltage or may be automatically

programmed by a DAC, whose input is obtained from

the HP-IB bus of an HP-9820 calcule'.or-based data-

acquisition system. An isolated current circuit to

permit measurement of the rurrent at high voltage

to the surface ionization apparatus was also de-

signed and fabricated. This current magnitude is

digitized by the data system.

6. Nuclear Fuel Pin Optical Profilometer

(CMB-14)[Seifert, E-5]. Support of CMB-14 continues

in the areas of software and systems for the nuclear

fuel pin profilometer. The NOVA-3 computer system

at DP Site is now running the applications software

from the single floppy disk as an RTOS "save" file.

With this change, the systems software is no longer

dependent upon the teletype for program loading.

The floppy disk in use at DP-Site is also configured

as a DOS minimum system. Besides the DOS operating

system and CLI utilities and applications programs,

the floppy disk contains the Data General octal ed-

itor, applications program listing files, a core

dump facility, and several other utility functions

that ease the operational debugging whenever prob-

lems are encountered.

The profilometer system destined for installa-

tion in the CMB building has been altered in that

the original front-end components have been deter-

mined to be deficient at the required resolution.

These components, which did not satisfy the original

sampling criteria specifications, have been re-

turned to the manufacturer. A totally different

system has been ordered and delivery is expected in

a few months.
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7. Spectrophone for Laser Spectrometer (CNC-

2/AP-4)[fiuchen, £-53- An ac-dc converter, gated am-

plifier, and signal amplifier system was designed,

fabricated, and .assembled from commercial components

for a spectrophone, which measures the acoustic en-

ergy produced from the absorption of selected wave-

lengths derived from a CO2 dye laser system. The

measurement is designed to quantize photochemical

reactions in a UF6 loaded chamber that the laser

light passes through. Component design was

straightforward and simple. However, considerable

time was spent modifying the component layout and

grounding the system to reduce laser firing noise

transients.

8. Multichannel Sealer (CNC-2)[Nickel 1, Long-

mire, £-5]. A fast multichannel sealer is being

constructed for CNC-2 to accept input pulses on a

single input line and accumulate counts in 512 chan-

nels, which represent "time slices" subsequent to a

starting time. The accumulation sweep cycle may be

performed repetitively many times; during this cycle

up to 24 data bits may be added to or subtracted

from each channel. The accumulated data are then

transferred to a computer for further processing.

An internally generated dwell-time clock of 1, 2,

5, and 10 ys {switch selectable) is provided. The

dead time between channels is approximately 50 ns.

Manual or automatic controls are provided. This

unit will be packaged in a two-wide CAMAC module.

9. Model 1137 Air Sampler Sealer (CNC-11)

[Greenwood, E-5; Hanson, E-2]. Group CNC-11 has re-

quested a 16-channel sealer and control circuit to

be used with an E-5-designed data-acquisition pack-

age. The air sampler is a stack of 10 chambers with

entry and exit apertures that allow a pump-driven

air stream to flow through the column. In each

chamber, an exposed quartz crystal, resonant at

10 MHz, is mounted so that the air flows around the

crystal and into the next chamber. The crystal sur-

faces, coated with a grease, capture any particle

present in the air stream. The resonant frequency

of the crystal changes to reflect any change of mass

and, when used as a reference in an oscillator cir-

cuit, produces an output frequency variation that

is recorded with a precision time base.

In the present configuration, 10 channels are

used for frequency recording; the remaining 6 chan-

nels are useJ to record elapsed times, pressures,

and temperatures. Each of the 16 channels has a
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count capacity of 22l>. The sample times or measure-

ment windows are selectable from 1 to 32 s and the

measurement period or time between samples can be

set from 30 s to 64 min. In addition, an events-

per-unit time meter with LED display is available

for manually monitoring any of the 16 channels.

10. Model 1157 Quad Amplifier/Integrator

(E-10)[Hiebert, E-5; Hansen, E-2 ] . This instru-

ment integrates signals from each of four quadrants

of a silicon detector and displays the results on

digital panel meters. The resulting data determine

the location of a laser beam impinging on the detec-

tor. Two instruments were built for Groups L-l and

E-10. Design of this instrument was complex because

the minimum charge to be measured was small (109

electrons or less), and the detector impedance

is small (1 to 10 kfl). To cope with these input re-

quirements, the design incorporates chopper-stabil-

ized operational amplifiers in trans impedance con-

figurations to amplify the current signals before

integration. Integration is accomplished with con-

ventional FET-input operational amplifiers with FET

analog switches to control the integration period

and reset the system.

11. Electromagnetic Emission Detection System

(G-6)[Buchen, E-5]. Group G-6 was assisted in in-

strumenting a system to detect and measure the am-

plitude, frequency, and decay rate of electromagnet-

ic radiation accompanying the fracture of quartz-

bearing rock. This experiment was used to determine

the applicability of this detection system in moni-

toring cracks in rock associated with earthquakes

and other geological phenomenon. The experiment re-

sults are described in the paper, "Electromagnetic

Emission Accompanying Fracture of Quartz-Bearing

Rocks," by Uzi Nitsan, G-6.

12. Remote Area Telemetry System (H-l) [ Back-

sen, Seamons, E-5; Carrier, E-2]. The design, de-

velopment, and fabrication of a prototype remote ar-

ea telemetry system (RATS) were completed during

this period. The RATS is a portable UHF raoio link

consisting of two suitcases, each with self-con-

tained battery pack and charger. The remote suit-

case includes a transmitter, receiver, duplexer, and

tone decoder network. The central suitcase includes

mating transmitter and receiver modules, duplexer,

and tone encoder.

The RATS is designed for full duplex, continu-

ous duty data transmission, with voice override.



The system, intended for general use, will transmit

RADAS signals from the forward area to the control

point (CP) on NTS events. In addition, remote con-

trol is provided from the CP to the forward area by

the tone encoder and decoder circuitry.

The prototype was installed and used success-

fully on a recent NTS event. The RATS is being for-

mally documented.

13. Albatross IV (Pulsed Neutron Radiation

Monitor (H-l/P-ll) [Koelle, Brown, E-5]. Albatross

IV, a neutron monitor, is intended for use in tne

pulsed neutron environment of the WNR facility. It

will be functionally similar to the Albatross III

design produced in 1973 at NAL, but with some LASL

modifications. Group H-l has one of the Albatross

III instruments on loan from NAL and is using it oc-

casionally in the Group P-ll area at LAMPF. They

would like to have about 12 similar instruments

built to their specifications by E Division, hence

the designation, Albatross IV.

Albatross III measures neutron bursts by inte-

grating neutron dosage in a silver foil surrounding

a Geiger-Mueller (GM) detector. The neutrons, ther-

mal ized in a polyethylene "pseudosphere" are cap-

tured in the silver, producing an unstable isotope

that beta-decays with half-life of about 22 s. The

beta particles released from the silver are detected

in the GM tube. The beta activity is proportional

to the previously acquired neutron dose that has not

yet decayed. The response time for a steady reading

after a step change in the neutron dose rate is of

the order of 1.5 min due to the half-life of the in-

duced activity. The NAL design uses a 10-s elec-

tronic averaging time constant to smooth the radio-

activity decay process. This averaging time is neg-

ligible in the overall reading time.

There is some gamma background associated with

the neutron reading process, and there may be some

unrelated gamma background where the neutron activ-

ity is monitored. Since the GM tubes respond to

gammas and the gamma rate may be a significant frac-

tion of the beta counts from the neutron activation

in the silver, the NAL designers chose to include a

second GM tube to respond to the gamma background

so that the gamma count interspersed with the neu-

tron-induced beta-decay counts could be corrected.

The second GM tube is placed near the first one, but

it does not have a silver cladding; it has a tin

cladding that gives it gamma response similar to
that of the silver-clad tube.

Albatross III is operated with ac power and

uses a combination analog-digital design, with the

digital logic implemented in standard TTL. The GM

tube pulses pass first through a threshold detector

that rejects low-level noise and are then converted

to standard length pulses (~ 70 us) in a one-shot.

This is done separately for the silver and tin-lined

GM tube channels. The pulses are then integrated

in a 10-s time-constant averaging circuit in such a

way that the neutron-gamma channel drives the output

up and the gamma compensating channel pulses drive

the output down. The output voltage is used to con-

trol a voltage-controlled oscillator, which in turn

feeds pulses back to the input in a direction to

drive the output down. The net effect is that the

voltage-controlled oscillator producer, a pulse train

in which the number of pulses in a given time period

is proportional to the difference between the number

of pulses inputted from the two detector channels.

This pulse train is then used as the input to a non-

linear diode pump circuit, which produces a voltage

that is approximately proportional to the logarithm

of the pulse rate. This voltage drives a meter that

has a scale reading logarithmically in mR/h. Analog

comparators are used to sense the meter drive volt-

age and are set to indicate when the reading exceeds

2.5 mR/h and 20 mR/h. The instrument displays a me-

ter range from 1 to 100 mR/h and has incandescent

lights to show when the reading is below 2.5 mR/h

(green), between 2.5 and 20 mR/H (yellow), and above

20 mR/h (red).

The H-l and P-ll users wished to retain most

of the Albatross III features and add several oth-

ers. The added features include operation on inter-

nal rechargeable batteries for several hours, exten-

sion of the range to 300 mR/h, provision for exter-

nal gating so that the detectors can be disabled

during the LAMPF beam pulse, and an adjustable aud-

ible alarm threshold.

Upon examination, the Albatross III circuit was

complex, with many adjustments in the analog cir-

cuitry. Some simplification could have been

achieved with more modern components, but a copy of

the hybrid analog-digital design approach would have

resulted in a complex and expensive instrument. Im-

plementation of a digital design with an up-down
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counter for the differencing operation was consid-

ered. The disadvantage of a digital design was ra-

ther slow and jerky response if the averaging time

was made long enough to smooth the count rate sta-

tistical variations. Output presentation in stand-

ard units was also difficult if a digital display

was used. A running average operation would have

solved the response time problem but would have

been very complex and expensive in hard-wired logic.

A running average operation could be imple-

mented easily in software with a simple microproces-

sor; this is the approach used in Albatross IV. An

Intel 8748 microprocessor is used that has 1 k of

on-board EPROM program memory and 64 words of RAM

scratch-pad memory. It has an on-board clock and

two 8-bit latchable output ports in addition to the

8-bit multiplexed address and data bus port. In

this application no additional microprocessor de-

vices are needed such as external PROM or RAM or

output latches; this makes the system very simple

and economical to implement.

The GM tube pulses pass through threshold de-

tectors and simple CMOS logic into the microproces-

sor where they are counted. An external oscillator

defines a counting period of about 0.86 s. At the

end of the counting period the latest neutron-gamma

and gamma-compensating counts are differenced and

used to replace the oldest of 16 previous counts in

a rotating stack. The stack contents are then

summed internally and the sum bits reformatted so

that a direct digital-to-log analog conversion can

be performed. The reformatted bits in an 8-bit word

are latched into one of the output ports. Digital

comparisons are made to test for green, yellow,' or

red alarm status, and the information is latched in-

to the other output port.

The digital-to-log analog conversion requires

a pair of quad CMOS analog switch packages, nine

weighting resistors, and an operational amplifier

to form a very close approximation to the true log

function. The readout, a meter with a built-in

threshold setting pot coupled to a manually settable

dial pointer, is used with an analog comparator to

allow easy setting of the audible alarm threshold.

The program for the 8748 microprocessor was

written and debugged on the Intel Prompt-48 without

any major problems. This version of the program had

about 140 bytes, which is well within one page of

the internal program space. The important parts of

the external circuitry were breadboarded with

Prompt-48. The digital-to-log analog conversion was

also breadboarded successfully.

Since this work was completed, the users re-

quested that we add the capability for taking neu-

tron measurements with a much longer averaging time,

about 5 min, in order to allow meaningful measure-

ments under fluctuating conditions. The initial

plan for implementing this was the design of an ex-

ternal up-down counter and suitable Albatross inter-

facing circuitry. Implementation of this capability

into the Albatross will require some extra hardware

and software over that originally planned. The

flexibility afforded by the microprocessor will al-

low this to be done with little extra cost.

The present design also includes a limited neg-

ative count range in the count storage memory stack

to accommodate the statistical probability that the

compensating gamma count during any of the short

counting periods may be larger than the count from

the neutron counter.

The new software for the added features has

been written and combined with the previously writ-

ten software. It is expected that the program will

not require more than 256 bytes.

The hardware design and assembly of the proto-

type unit are nearly complete. Hardware assembly,

programming of the 8748, and electrical check-out

should be completed by early December and the unit

turned over to H-l for operational check-out. Con-

struction of the 12 production units will begin af-

ter H-l acceptance of the prototype.

14. Science Hall Exhibit, Electronic Identifi-

cation (ISD-2)[Bobbett, E-4; Landt, E-DOR; Koelle,

E-5; Salazar, E-2]. As a result of the technical

achievements of the "Electronic Temperature Monitor-

ing and Identification for Livestock" project,

Robert Brashear, Group ISD-2, has requested a work-

ing system for Science Hall exhibition. Although

the effort is basically a duplication of the live-

stock application, some redesign will be necessary

to best demonstrate the system's applications in an
p:chiLit. Tn particular, the transponder must be

modified to read ambient air temperature rather than

a subdermal animal temperature. The data display

must be modified so that many people may simultane-

ously view the readings. Thus far we have ordered



the long-lead parts and have fabricated six of the

eight receiver PC boards. No firm deliveiy date has

been set; we hope to have the exhibit complete by

the spring of 1978.

15. Model 9144H Time-Interval Meter (M-2, M-3)

[Greenwood, E-5; Whittemore, E-2]. Group M-3 re-

quested a time-interval meter for their new timing

and firing system that would meet the following

specifications:

• Six channels each with a range of, 100 ns to

10 s with an accuracy of ±10 ns. ' Two modes

of operation to be selectable from a front

panel switch; one to allow a master start

signal to all channels, and a second mode to

allow individual start signals on each chan-

nel. Individual stop signals would be re-

quired for both modes.

• Inputs: Start and stop signals that are

+ 5 V to + 100 V pulses with adjustable input

threshold and input impedance of 50 a . Two

reset inputs, a "+ reset" that would respond

to an input of + 3 V to + 100 V, and a "- re-

set" that would respond to a momentary con-

tact closure to ground.

• An "ext clock" input to allow use of a master

clock driver.

• Controls: A master reset switch that would

reset all channels and indicate that the me-

ter was ready for a measurement. Individual

reset switches for each channel.

• Data bus: A data bus to allow remote readout

of each channel; a signal indicating the

ready status by a controller typically driven

by a micro- or minicomputer-based data-acqui-

sition system.

Design and documentation has been completed on

a prototype chassis, which has been delivered to the

Hercules Powder Co. Three chassis have been

fabricated by E-2 and are in the final stages of

check-out by the E-2 Quality Control Section.

16. Film Reader (M-3)[Criscuolo, E-5] . The

present M-3 film reader was designed and built about

15 yr ago. We plan to upgrade the single-axis read-

er by replacing the Datex encoder electronics, the

paper-tape punch, and the encoder and serializer

readouts. This will enhance the data-editing pro-

cess, provide a data medium that is compatible with

CCF NOS input; and preserve the "quick look" data-

reduction capability.

Figure 36 is a block diagram, of the proposed

system. The dashed boxes indicate tunctions that

have been added since the last reporting period. A

microcontroller is the major unit of this system.

When activated by the foot switch, it will record

data from the X encoder on the diskette and display

the data on the TEK 4013. In addition, the micro-

controller will maintain the encoder and serializer

displays and handle the data editing on the TEK

4013. When data recording is completed, the micro-

controller will, on command, transfer the data on

diskette to the Wang 720 for quick-look processing.

Al1 of the hardware, except that represented by the

dashed boxes, has been checked out and is operation-

al. Approximately 70% of the software is written

and 80% of that has been checked out.

17. Guard-Ring Beam Detector (MP-13) [ Srown,

E-5; Spencer, E-2; Hoffman, MP-13]. As the LAMPF

proton beam increased in intensity, there was con-

cern that the beam might accidentally strike one of

the tungsten collimatcrs. Calculations indicated

that if the beam, with a peak intensity of 17 mA at

800 MeV, struck the collimator, the thermal stress

would exceed the yield strength in 200u s. To de-

tect beam position, nine secondary-emission guard

rings were installed in the main beam line of Area

A and A-East during the 1974-1975 shutdown. The
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goal of these rings and the associated electronics

is to provide hard-wired disaster-level protection

for the coliimators and some diagnostic information

about beani position, intensity, and halo.

The guard rings are aluminum disks that sur-

round the beam. The ring is split into four quad-

rants to provide position information. When the

beam or the beam halo passes through the quadrants,

secondary emission produces a signal current at each

quadrant equal to =* 10% of the beam. The emitted

electrons are collected by an electrode. The sig-

nals, amplified by a set of four amplifiers located

in a box just outside the shielding, are sent to the

guard ring beam detector module. There the signals

are filtered and compared to an adjustable thresh-

old that detects whether the beam halo has exceeded

the threshold. If the threshold is exceeded, the

guard ring beam detector outputs a fast-protect sig-

nal, which goes to the fast-protect system and turns

off the beam at the injector. Logic levels are al-

so outputted to the RICE system so that the control

computer can identify which quadrant caused the in-

terrupt .

When we started work on this project, the guard

rings, the cables to the amplifier box, the ampli-

fier box, and the output cables from the amplifier

box were in place. We were asked to improve the re-

liability of the signals coming from the amplifiers

and to design and construct the guard ring beam de-

tector modules. We observed that the amplifier cut-

put had up to 0.6-V p-p SCR noise and, under certain

cable loading conditions, the amplifiers would break

into oscillation. To reduce the possibility of os-

cillation, a 1-kn resistor was added at the amplifi-

er output in series with the input to LH0002 driver.

The amplifier box contained a CAL TEST pulse

amplifier that produced a fixed amplitude pulse.

This circuit was modified to provide a pulse whose

amplitude could be adjusted. The purpose of this

circuit was to apply a calibrated pulse to the high-

voltage collecting electrode in the guard ring and

check the gain of each of the amplifiers. Unfortu-

nately, the wire that connects the guard ring to the

collecting electrode is unshielded and lies in the

same cable as the signal wires from each of the four

quadrants. It turns out that there is much more ca-

pacitance between the wires in the cable than be-

tween the collecting electrode and the signal elec-

trodes in the guard rings. Also, the capacitance

to each of the signal wires in the cable is unequal.

Until the cabling to the guard ring is modified, the

CAL TEST pulse will be used as a simple test to

check that the collecting voltage is present and

that all the amplifiers are working. The polarity

of the collecting voltage was originally negative.

It was noted that when this voltage was reduced to

Jess than )O V, the signals from certain quadrants

would reverse polarity and become more differenti-

ated while other signals from the same guard ring

would not. Changing to a positive polarity resulted

in a more predictable mode of operation.

The guard-ring beam detector was built as a

three-wide NIM unit, shown in Fig. 37, that could

monitor the eight signals from two guard rings. To

eliminate ground loops, each amplifier has a low-

pass filter time constant of 30 us to reduce the am-

plitude of the SCR noise spikes. The signals then

go to a comparator for a threshold check. The com-

parator output is latched. When the threshold is

exceeded, the latch output is used to trigger the

Fig. 37. Guard-ring beam detector.
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fast-protect system and to identify the offending

guard-ring quadrant. The four identify sgnals are

ORed to form a guard-ring identify signal. All five

signals are available from the guard-ring b<»ain de-

tector. The RICE system will now input only the

guard-ring identify signal from each of the nine

guard rings. Additional inputs will have to be

added to the RICE system to identify which quadrant

or quadrants of the guard ring are causing the fast-

protect interrupt.

The guard-ring beam detector also sends a CAL

TEST pulse to the CAL TEST amplifier after every

beam pulse. The amplitude of the CAL TEST pulse is

adjusted to be large enough so that the signal cou-

pled into each of the amplifier inputs results in a

signal that exceeds the threshold of all comparators

(even with maximum threshold setting). The logic

insures that if these signals are not detected be-

tween beam pulses, a fast-protect interrupt is gen-

erated in the same meaner as if the beam had struck

one of the guard-ring quadrants. By pushing t le CAL

TEST disable pushbutton on the front panel of the

module, the cause of the interrupt can be deter-

mined. Experience at LAMPF has shown that safety

system disable switches should not be of the toggle

type since they are easily left engaged. MP

Division insists that all front panel controls (ex-

cept the threshold level) be a pushbutton type.

All six of the guard-ring beam detector modules

have been built and checked out. They are perform-

ing satisfactorily at LAMPF. A joint report by E

Division and MP Division has been started. A sec-

tion describing the electronic operation of the de-

tector module has been written, and MP Division will

write a section describing the guard rings,

18. MWPC Electronics (P-DOR) [ Brown, £-5;

Spencer, E-2; Boissevian, P-DOR]. Group P-DOR is

expanding its muHiwire proportional chamber (MWPC)

electronics. They would like to build new chambers

with a minimum of space used for electronics at the

chamber. The reason fjr the space limitation is to

place the largest chamber possible next to the poles

of a magnet.

To maximize the signal-to-noise ratio of these

small ( -10 mV), fast (tr - 1 0 ns) signals, an am-

plifier is required at the chamber so that the sig-

nals can be transmitted on twisted-pair cable to the

encoding electronics. An MECL triple line receiver

(MC 10116) biased into the linear region will be

used. The circuit has a gain of * 10 using the dif-

ferential outputs. The risetime at the end of 3 m

of twisted-pair cable is the same as the input pulse

(that is, 10 ns). An eight-channel preamplifier

module was developed to fit on a 6- by 8-cm printed

circuit board (PCB). Twenty modules (60 amplifiers)

were built by E-2 for testing in a prototype wire

chamber being built by P-DOR.

To bring the MWPC signals from the chamber to

the preamplifier modules a minimother board has been

developed. Each board will hold four preamplifier

modules behind the frame of the wire chamber so that

a minimum of useful volume is taken up by the pre-

amplifiers. To minimize the volume even further,

the possibility of hybrid circuit construction for

the preamplifier has been considered. Lawrence

Berkeley Laboratory (LBL) has expressed interest in.

the hybridization of this circuit.

The detecting and encoding electronics will be

similar to and compatible with the Model 2048 MWPC

data handling system,41 previously built for

P-DOR. The design of the comparator-logic PCB

(CLPCB) was modified to use the differential signal

from the MC10116. We have done this by ac-coupling

the signal into both inputs of the input comparator.

Another change of the CLrCB is the use of the 74221

monostable delay in place of the 74123 for a more

stable delay. The rest of the CLPCB is unchanged

except for layout. The layout was revised t& pro-

vide the logic and power connections through an edge

connector at one end of the board and a twisted-pair

cable connector for the MWPC signals into the CLPCB

at the other end. This arrangement will permit the

use of standard card cage hardware. Two revised

CLPCB units are being built as prototypes.

All 64 CLPCB units plus the encoding logic and

I/O electronics required for handling 512 MWPC sig-

nals will be housed in an assembly of three card

cages. This unit is called a file. It will be

housed in a standard relay rack being developed

jointly with P-DOR. To cool the electronics, the

file will have fans built in. The encoding elec-

tronics will use the same scheme of priority encod-

ing logic developed in the Model 2048. One new fea-

ture of the file will be control of the monostable

delay and the threshold voltage both locally (at the

chamber) and remotely (from the control trailer
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about 70 m from the file). Another new feature will

be that the monostable delay signal and the fast

discriminator signal will be brought out individual-

ly from each group of 64 channels. This will permit

greater flexibility in setting up coincidence re-

quirements of the fast discriminator signals.

19. Electronics for Electron LINAC Experiment
(P-DOR) [Winston, E-5l. This work consists of pro-
viding electronic support for the construction of a
small electron accelerator. More recently it has
also included work on feasibility studies of using
radiographic techniques in connection with the reac-
tor safety program.

Several days were spent using PHERMEX to try

to find more efficient scintillators. Most of this

testing is complete.

The following pieces of electronic gear were

also designed in the past period.

• A multiple constant-current power supply con-

sisting of seven supplies, each capable of

regulating to 1 A or to 3 A low-resistance

magnets, was completed and is in use.

• A second multiple constant-current power sup-

ply is being constructed. This consists of

three supplies capable of driving higher re-

sistance magnets. Each supply will output

up to 3 A into resistances up to about 7 £i.

• A system for monitoring the position of the

electron beam after it is bent is now under

construction. This device uses an 11-wire

harp; the output of each wire will appear in

a graph-like presentation on an oscilloscope.

The beam energy, and therefore the bending

radius, will change slightly during a pulse

so the graph will depend on when it was sam-

pled during the pulse. The electron pulses

will be from 300 ns to 3-ps wide and the res-

olution of the monitor will be 3 or 4 ns.

Signals from the monitor will also be used

to control the LINAC energy.

20. Feynman Variance Calculator (Q-2) [Ethridge,

E-5]. This multiple microcomputer-microprocessor

system has been designed, constructed, debugged, and

field tested for Q-2 in their mission of special nu-

clear material detection, surveillance, verifica-

tion, and recovery, specifically related to nuclear

terrorist activity. This system is one part of a

data-acquisition and calculating system that per-

forms the basic Feynman (reduced) variance calcula-

tion used in the determination of basic fission phy-

sics parameters, specifically the identification of

fissionable material.

The scientific calculating system has been de-

signed with a number-oriented microprocessor (cal-

culator chip) sequenced by a single-component micro-

computer, a MOS/LSI number-oriented microprocessor.

The National Semiconductor MM571O9 provides the sci-

entific calculation capability with reverse polish

notation data entry. This microprocessor emulates

the HP-21 hand-held calculator.

Input data sequencing, computation processing,

intermediate result comparison, and answer display

is controlled by the Intel 8747 single-component mi-

crocomputer. This system is discussed*^ in a pub-

lication that was presented at the IEEE Nuclear Sci-

ence Symposium in San Francisco, November 20, 1977.

Equipment enhancement is under way to provide

additional operator controls, parameter data entry,

and display selection of one of the several forms

of the Feynman calculation. This effort will result

in a single package integrating the high-speed data-

acquisition electronics and the control-calculating

multiple microcomputer system.

21. Triggered Optical Scanner (Q-8) [Hiebert,

E-5]. A system has been designed for processing

and displaying a succession of images from a solid-

state line scanner. The scanner drive is arranged

to allow external triggering and synchronization

with a precursor signal. Figure 38 details the

block diagram of the system. The scanner array,

producing line images to be recorded, is a Reticon

RL 256C/17 with an RC-100 circuit board. Before the

TO / MOM

OMICAl 1 COMPOSrtl CtOCK

SCANKK

Fig. 38. Triggered optical scanner system block di-
agram.
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arrival of an event of interest, the scanner is

driven by a fast clock and no data are taken. A

precursor trigger initiates a delay (for experimen-

tal reasons) before "cocking" a synchronizer cir-

cuit. This circuit waits for the next end of scan,

when the fast clock is disabled and the readout

clock is enabled in expectation of the optical event

of interest. This action essentially reads out the

unwanted scanned image, ignores the data, and waits

for the desired event to flash onto the array, when

the read-out clock commences to propagate the de-

sired image profile from the array. As indicated

in Fig. 38, the video from the array is fed to the

z axis of a display oscilloscope and the sweep (Vx)

of the oscilloscope is triggered by array end of

scan. Each scan increments a register, which,

through a DAC, gives a stair-step pattern Vy to po-

sition each line scan to a new location on the y

axis of the oscilloscope.

22. Model 296 VISAR Sequencer (WX-7) [Green-

wood, E-5; Spencer, E-2; Whittemore, E-2 ] . Group

WX-7 requested design and fabrication of a sequencer

to provide timing control for an experimental appa-

ratus they were building. The apparatus, used to

measure projectile velocities, is called a velocity

Interferometer system for any reflector (VISAR) and

was based on an SLA design. The sequencer system

specifications required timing intervals ranging

from 10 ns to several hundred milliseconds, all pro-

grammable.

An 8080-based microprocessor system provides

the long delay times. This system has the advantage

that the PROM-generated delay interval can be

changed by the experimenter as desired with a porta-

ble PROM programmer. The 10-ns delays are provided

by the design of a separate delay chassis, the Model

176 digital delay described in the previous status

report. The sequencer has been completed and deliv-

ered to WX-7.
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III. TECHNICAL SERVICES, H. S. OLAFSON, ASSISTANT

DIVISION LEADER

A. General Group Activities (E-l). Group E-l,

Maintenance and Standards, is male up of several di-

verse sections. The activities of these sections

are detailed below.

1. Vacuum Section. Fifty to sixty office ma-

chines are salvaged about every 6 months. Very lit-

tle repair work is requested for rotary calculators.

We continue to repair some manual typewriters and

adding machines, and some electric typewriters. Re-

pair of combination safe locks and vaults remains

at a steady level.

The number of repairs performed on mechanical

vacuum pumps appears to be declining. Some groups

are performing their own minor repairss such as

changing the pump oil, and leaving the major repair

work to us. We have converted approximately 50% of

the Welch turbopumps in the Laboratory from oil to

grease. This conversion costs approximately $1400

per pump for parts and labor. We have repaired some

frequency converter vertical turbopumps for CTR Di-

vision. Two men have been trained to repair this

model pump. Personnel have been trained to install

and operate 12 new leak detectors. The number of

repairs requested for vacuum pumping stations, leak

detectors, and mass spectrometers seems to be in-

creasing.

2. General Instruments. Our major effort in

this section is in the oscilloscope area. We are

devising a procedure to make oscilloscope mainte-

nance more efficient.

Our quality assurance program is very effec-

tive; most repair and maintenance mistakes are

caught before instruments are returned to our cus-

tomers. The maintenance data base is progressing;

it will be a valuable aid in the management of this

section.

3. Physics and Radiation Instruments. Many

maintenance and support functions have been under-

taken during this report period as detailed below.

At the request of J Division, two technicians

went to NTS to calibrate the sensitive circuit test

instruments there.

We have continued to provide support to the

cancer research program, which has been appreciated

by the many people and agencies concerned. In the

year ahead, it is expected that new treatment proce-

dures will require that we take a more active role

in patient treatment.

Several new projects have been undertaken at

the TA-55 Plutonium Facility in addition to the con-

siderable effort that has been involved in the in-

stallation of radiation instruments. About 200

glove box monitors have been checked out and now

need only to be mounted. The gamma system and the

continuous air monitor system alarms must be

checked; we will have to arrange a time suitable to

Groups H-l, E-l, and ENG-14 to coordinate this ac-

tivity.

The DYMAC communication system is about 90%

complete with the exception of the instrumentation.

Instruments are being added as they are received,

although delivery on some will not occur until Feb-

ruary or March 1978.

The H-l IMPULSE system is operational. Back-

ground counts have been around 0.07 counts/min and

efficiencies have stabilized around 35% on all de-

tectors.

We continue to provide preventive maintenance

on a variety of instruments for Group M-6 the first

week of each month.

4. Protected Wirelines. We have established

and have been working toward the following goals in

protected wireline (PWL) data transmission.

Establishment of a single-point contact

Achievement of greater visibility

Increased consistency

Promotion of technical responsibility

Employment of project management concepts

A single-point contact would insure that all

PWL aspects are properly addressed. The LASL Secur-

ity Officer has urged all PWL users to contact E-l

regarding these activities. The C-Division data

terminal coordinator, J. Levin, directs PWL data

users to Group E-l.

We have received compliments from ERDA/DOE re-

garding recent PWL security proposals, which reflect

greater detail of installation procedures. We have

authored a LASL standard for data terminal cable

modification. A jackfield system wiring concept has

been proposed for new installations (PWL and closed

systems). This concept reflects several inputs from

E Division and LASL. We have designed a PWL inspec-

tion report format that clarifies, insures complete-

ness, and reduces documentation efforts. A paper,
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"Guidelines for Defining PWL Components," has been

submitted for review and approval.

5. Telephone. When the building construction

was completed, telephone cable facilities and ser-

vices were installed for the new lie complex at

TA-3, SM-422, andFthe Weapons Neutron Physics office

building. A complete reroute of three 900-pair ca-

bles along Pecos Drive, required because of the pro-

posed road widening, was completed. Continual

moves, changes, and necessary subsequent moves fol-

lowing occupancy of new buildings result in a high

work order activity. This condition forces Mountain

Bell Telephone Company into a continual overtime

mode. We issued 850 telephone work orders to the

Telephone Company; this required that they issue

1700 service orders to accomplish the work required.

As of October 19, 1977, there were 7296 official

telephone instruments and 4209 telephone lines in

use. This results in 0.92 instruments per employee

and 0.53 lines per employee. This figure includes

all official users (DOE, Zia, EG&G, and LASL). The

LASL ratio is 1.06 instruments and 0.63 lines per

employee. We were recently advised by Mountain Bell

Telephone Company that data access arrangements

(DAA) would not be offered after January 1, 1978.

It will be LASL's responsibility to provide the pro-

tecting connecting arrangement or assure that termi-

nals used meet the specifications outlined under the

FCC registration program. All DAA equipment now in-

stalled by Mountain Bell will be covered by a grand-

father clause until removed.

Group E-l personnel participated in the "INTEL

COMM 77" ^inference in Atlanta, Georgia.

6. Process Control Section. Our most inter-

esting job now is involvement with Group ENG-4 in

the measurement and recording of heat flow for LASL

buildings. At the present time we have a prototype

system consisting of a differential pressure trans-

mitter, platinum resistance bulbs, square root ex-

tractor, delta (T) transmitter, linear integrator,

counter, power supply, and recorder. This equipment

is being tested and, if satisfactory, will be moved

to the CCF basement for installation. The output

will eventually be fed into the computer. This sys-

tem will give Group ENG-4 the information they need

to obtain data on various LASL buildings.

7. Terminal Maintenance Shop. The increasing

number of remote terminals in LASL requires more

maintenance effort. Two additional technicians will

be hired to meet this requirement. We now have ter-

minal maintenance contracts on 800 units. An addi-

tional 500 units represent on-call repair potential.

Since we are the only repair facility at LASL with

the capability and reputation for fast, competent

service we repair practically all of these units

during the course of a year. It is necessary that

we store spare units in a readily available area

within our own shop; our spare storage area is be-

coming limited. New user requirements and rapid

changes in the state of the art have required con-

stant contact with users and manufacturers.

8. IDS and Audio. A discussion of the in-

trusion detection system (IDS) activities, other

than maintenance and routine preventive maintenance

programs, follows.

We assumed maintenance responsibility for

EG&G's security vaults and interfaced the five

vaults with local readouts and one drop to Protec-

tive Force headquarters at LAAO. New alarm systems

were installed at three LASL technical areas. Two

alarm systems were upgraded or replaced. We sup-

ported Group E-7 needs on the security upgrade pro-

gram. The SESCOA digital dialers for the fir? alarm

system were tested and installed.

Audio work, other than maintenance and routine

speaker and microphone installations or moves, in-

cluded installation of three public address systems

and evaluation of a fourth. In addition, four other

public address systems were upgraded. A special

language interpretation capability was provided for

Group ISD-2. We also provided a special ESS alarm

using the Honeywell Delta 1000.

9. ESS, CCTV, and Radio. New drawings were

made updating all ESS panels at all technical area

locations. A Honeywell microprocessor was installed

in building SM-700 to provide supervisory line con-

trol. The Honeywell system will be removed in the

near future and special tone-control circuits in-

stalled.
Work was completed on the laser scanner display

unit and synchronization module for E-10. The CRT,
CRT bezel, high-voltage, vertical deflection, con-
vergence, and video driver circuitry were removed
from a GE Model 13YA TV receiver and installed in a
rack-mounted chassis. To complement this equipment,
a power supply, video processing and mixing circui-
try, and horizontal deflection, blanking, interface,



and sweep protection circuitry were Installed. In

conjunction with this unit, a synchronization module

was designed and built. This module provides exact

phase lock between the horizontal and vertical sweep

rates, and provides selectable vertical rates at 10,

15, 20, 30, 40, and 60 Hz. The unit was also de-

signed to provide horizontal and vertical blanking

signals.

A new relay control was designed for use with

the slide chain. This unit is used in the Video

Learning Center (VLC) in SM-39.

The TA-55 Protective Force radio system will

be completed by December !. A passive antenna sys-

tem, installed to provide communications from inside

the Plutonium Facility to outside areas, is opera-

ble. The main guard station radio was installed in

October and the two interior stations will soon be

operational.

A pair of UHF radios, packaged in suitcases,

were checked for E-5. Alignment of the duplexers

and modifications of the transmission lines were

made to optimize output power and sensitivity.

Converta-Com consoles were installed in spe-

cial-purpose vehicles for Group Q-2. These consoles

are designed for use with the MX-350 portable radi-

os. The consoles were modified to provide disabling

of the 100-W microradios when the MX-350 units are

installed.

New base stations were installed in the follow-

ing locations for the groups listed.

TA-57 for Group Q-2

TA-55 for the Protective Force

TA-16 for Group WX-3

TA-33 for Group SP-4

We installed 32 mobile radios for various

groups through November 30. Approximately 28 new

portable and pager radios were issued during this

same period.

Duress alarm radios are on hand and will be is-

sued as soon as remodeling is complete at the LAAO

Alarm Center. The old radios will be removed from

the Protective Force patrol vehicles and will be re-

placed by MX-350 portable radios with mobile charg-

ers. New back-up radios, with battery power, have

been installed at LAAO to provide communications on

three emergency nets, independent of commercial pow-

er sources.

The nurses station at the Occupational Health

Lab was connected to the hospital UFH net. A class

on radio procedures and use of the new radios was

conducted.

Fifty MX-350 dual-frequency radios were re-

ceived and checked out for the Protective Force.

These radios will be used with the Converta-Ccm con-

soles in a portable vehicular configuration. The

base logic and display units for ID-emergency status

reporting were checked out, modified, and set up for

a 3-wk class.

A new ASA project planning system has been in-

stalled iT the CCF to replace the PERT system. We

have started the project breakdown of the radio pro-

gram and will use the ASA system to check the plan-

ning effort.

B. Recharge Programs (E-2)

1. Production Control. During this period

we initiated 1633 work orders representing more than

820 jobs and supporting more than 6C groups through-

out LASL. In addition, approximately 5035 fabrica-

tion hours were awarded to Missouri Research Labor-

atories (MPL) for various electronic manufacturing

jobs. Some of the larger jobs undertaken were:

continuing prototype units of the Model 1775 MCP os-

cilloscope for J-14; several Model 96 PDP-11 debug-

ging tools for various customers; Model 9144 time-

interval meters for M-3; DYMAC 4-channel amplifiers

for Q-3; DYMAC instrumentation packages for Q-3; and

special downhole cabling for NTS tests for WX-1.

We have initiated organizational and procedural

changes to increase efficiency in schedule control,

material control, and cost tracking, which should

benefit both E-2 and our customers in the coming

year.

2. Photographic. We have added a pin regis-

tration system that will greatly improve accuracy

and solve drafting, photo, and PC interface prob-

lems. We have also installed a compact enlargement

system that will relieve the time burden imposed by

smaller reduction-enlargement work orders on the

copy camera. This time reduction will increase

throughput on larger work orders substantially.

3. Silkscreen and Paint. Preparations are

under way for equipment installation of a new and

improved painting facility and a complete in-house

silkscreen facility.
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4. Electronic Fabrication. We have added a

strander-braider to our cable section. To expand

our capabilities we are modifying the strander to

accommodate eight more conductors. Parts have been

ordered to modify the wire-wrap cutter stripper;

this will allow a Kingsly hot stamping machine to

mark identifying nomenclature on the wire.

We are heavily involved in the support of WX-1

through our cable facility and with Q, L, and WX Di-

visions through various other services.

5. The Electronic Support Model Shop. We

have fabricated mechanical hardware for 31 LASL

groups. Among the items furnished have been close

tolerance parts, electronic chassis, and security

enclosures for E-l. We have recently installed a

digital readout on one of our milling machines for

faster, more accurate work.

6. Printed Circuit (PC) Facility. The E-2

PC facility has had its busiest 6 months since E-2

was formed. We have been involved in multilayer

work, and we produced a better quality Scotch Cal

sign for ENG-3 by suing the new camera front light-

ing system. We are studying the possibility of man-

ufacturing different PC extender cards for other

LASL groups. In the coming months, we plan to up-

grade our drilling and routing equipment.

7. Hybrid Microelectronics. During this re-

port period we have received 38 work orders from 25

LASL groups for hybrid microcircuits, engineering

support, and other services.

A major effort has been directed toward devel-

opment of new hybrid circuits for the space elec-

tronics effort in Group P-4. These circuits are

primarily pulse amplifiers and level discriminators

of various electrical designs, circuit combinations,

and packaging arrangements. These circuits are pro-

posed for use in several Earth-orbiting satellites

over the next few years. Approximately $20k has

been used in hybrid layout design, component pro-

curement, and fabrication of prototype circuits.

Reliability tests are planned soon to determine

whether the circuits will perform in a space envi-

ronment.

A rate monitor circuit being developed for

Group Q-2 will be the niust complex hybrid circuit

ever fabricated at LASL. The circuit, containing

21 CMOS ICs, 3 transistors, 6 capacitors, and 28 re-

sistors, will be constructed on a 2.86- by 3.87-cm

substrate. The "chip and wire" fabrication tech-

nique to be used will require approximately 300

aluminum ultrasonic wire bonds for device intercon-

nections. One prototype circuit was fabricated and

approved by the requestor. A second layout was made

to accommodate circuit modifications and to simplify

the assembly process. A new design prototype is

awaiting acceptance tests.

Logarithmic amplifier hybrids are being fabri-

cated for use in the Group J-16 Model 50-3 fast bi-

polar log amplifier. A new hybrid layout is being

prepared that will accommodate improved hybrid as-

sembly techniques, which have been adopted since the

circuit was first fabricated approximately 5 yr ago.

A new LASL service has recently been offered.

We are providing coordination and consultation for

photomask and thin-film device fabrication using

photolithography techniques. The coordination ef-

forts involve the E-2 Design and Packaging Section

(preparation of Ruby nth masters), the E-2 Photo

Section and Group M-l (artwork reduction and photo-

mask preparation), and Group E-4 (making devices by

photolithography). These services are now being

used by H-10 in the preparation of blood cell models

and E-DOR in making photomasks for Josephson junc-

tion research.

Avalanche transistor circuits are frequently

used at LASL for the generation of fast-rising,

high-voltage pulses. We have recently developed a

hybrid circuit capable of generating a 1400-V pulse

with a risetime less than 1 ns using the avalanche

transistor technique. This work, done in conjunc-

tion with E-3, has resulted in hybrids now used ex-

tensively in an M-3 timing system.

Group E-l has requested that a hybrid circuit

be developed for the new WV-1 alpha counter system,

to be used by H-l. The hybrid integrates all of the

signal processing functions of the counter and con-

tains both analog and digital circuitry. It will

be incorporated into a new compact version of the

alpha survey meter used by health physicists.

We have recently developed a Paralene coating

technique for electronic devices. Paralene is an

organic coating with outstanding dielectric, me-

chanical, and chemical properties. This service is

provided through an outside firm. However, we plan

to have in-house capability for this process within

the coming year.
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Hybrid circuits for the new beam-positioning

system at LAMPF are being fabricated. The circuits

are 100-kHz precision rectifiers and consist of five

linear ICs and passive components contained in a

24-pin DIP. These circuits have 0.5X linearity over

a 6O-dB dynamic range. This will be a major fabri-

cation effort because 350 of these hybrids are re-

quired. The total cost of this work will exceed

$20k; half of this cost w i n be for components.

8. Design and Packaging. The Design and

Packaging Section has grown to 23 people including

two mechanical engineers, two senior designers, and

a technical illustrator. With this staff, we feel

we can handle almost any electromechanical packaging

problem. For the past 6 months we have provided

drafting support to Groups CMB-7, CTR-4, J-14, and

L-10. Some major projects that we have supported

are: the 3.5-GHz oscilloscope for J-14; hybrid cir-

cuit artwork for Groups P-4, Q-2, and WP-9; and the

50-8 log amplifiers for J-16.

The FY-78 drafting contract has been placed

with MRL. The possibility of using the LLL software

package to lay out PC boards is being explored with

Group E-4.

9. Technician Services. Me are endeavoring

to keep our technicians abreast of electronics

changes with the aid of seminars, courses, and work-

shops. During this report period, technicians at-

tended the following courses: Microprocessor De-

sign, Laser Instrumentation, Data Acquisition, Dig-

ital Circuit Design, Digital Systems Engineering,

Models for Management, WESCON "77, Basic Leak Detec-

tion, Solar Energy Society, Radiation Safety, and

INTEL. Technician Services supervisors have partic-

ipated in management classes at UCLA and at the Uni-

versity of Denver covering topics such as: manage-

ment by objectives, interview skills, accounting,

and motivation.

Technicians from E-2 are supporting many LASL

programs and experiments such as: ZT-40 pinch ex-

periments, gas discharge laser research and develop-

ment, laser isotope separation development, geother-

mal technology, solar energy, cryogenics, WNR, and

biophysics. In addition, we have responded to many

short-term (1-20 days) projects that have required

a skilled technician to aid an experiment at a crit-

ical point.

Recently, Group G-4 accepted an E-2 proposal

to aid in the geothermal hot rock interim flow loop

project. This will involve 10 electronics and me-

chanical technicians in a "round-the-clock" opera-

tion for approximately 14 months.

The Tech III meetings initiated last year are

going very well. The credit for this is due to

E-Division engineers and outside representatives who

have presented technical seminars and lectures at

the monthly meetings.

Our section has continued to increase in size

and capability. At present, we offer technical com-

petence in virtually every major aspect of electron-

ics.

10. Quality Control. We have received and are

utilizing new test equipment, primarily oscillo-

scopes, pulse generators, and other general-purpose

measurement equipment that made possible more thor-

ough check-out of fabricated units.

We have taken courses to improve our tech*

niques. All members of the QC Section attended a

precision measurements course taught by the Shops

Department and some members have taken a course in

logic design, One section member has become in-

volved through the Technician Services Section, with

the J-8 design program for an eight-beam laser posi~

tioner.

Our section has continued to support major pro~

grams such as the J-14 oscilloscope and the woven

cable facility with proposals and inspection ef^

forts.

11. Detector Services. During this report

period, Detector Services became a full section in

E-2 with a separate cost center. We have set up two

laboratories in the D wing of the LAMPF administra-

tion building. These labs are used to fabricate,

repair, and test solid-state radiation detectors.

Fabrication of epitaxial silicone diode detec-

tors for protons has been accomplished and several

working devices have been delivered to Group P-4.

The fabrication of beam-alignment sensors developed

in Group E-10 has been accomplished with 27 detec-

tors completed for L-l. Groups being supported at

this time are: P-4, L-l, CNC-11, Q-l, H-8, and

E-10.



C. Research and Development Programs (E-2)

1. Hybrid Microelectronics. we plan to be-

gin development of a fabrication process for thin-

film hybrid circuits in the near future. Initially,

we will develop processes for making conductors.

Commercially coated substrates will be purchased and

the conductor patterns will be formed by photoli-

thography using the E-Division clean room facility.

Hire bonding and other assembly techniques wil' then

be developed. The preparation of thin-film resis-

tors will be done later. The fabrication capability

of thin-film circuits will enable us to make hybrids

having higher component densities and to build mi-

crowave ICs. We are presently developing fabrica-

tion capability for resistors that are screen-print-

ed directly on PC boards. The material used in this

process is an organic polymer. The resistors have

properties that are similar to carbon composition

resistors. It »s anticipated that these resistors

will be useful in reducing the cost and incrpcsing

the component density of conventional PC?.

We have continued to support the ..-4 program

in high-temperature electronics by providing consul-

tation on materials technology. Additionally, we

have assisted in the evaluation of resistor materi-

als for high-temperature operation.

2. Design and Packaging^ Me are supporting

E-Division research and development by: cutting

rubylith mask masters for Josephson junction re-

search in E-DOR and supplying artwork for publica-

tions, reports, and proposals.

D. Miiiicomputer Maintenance (E-5) [Spector, Bu-

chser, Bujnosek, Carlson, Cummings, Garcia, Grail,

Horn, Liebee, Lucero, Santana, Sch-nidt, Springfield,

Torrez, Ward]. During this report period the E-5

Minicomputer Maintenance Section responded to more

than 1000 service calls. The number of service

calls continues to grow, as does the nu jer of sys-

tems for which E-5 has maintenance responsibility.

We currently maintain more than 60 minicomputer sys-

tems distributed through 17 divisions at LASL. We

currently maintain DEC minicomputers, and peripher-

als from more than 20 different vendors. We plan

to initiate maintenance of Data General minicomput-

ers in the next 6-month period. The financial and

support aspects of that situation indicate that it

will be profitable *o perform in-house maintenance

on Data General equipment.

Monthly revenues to the group are distributed

as follows:

Maintenance contract income $37,000

Maintenance recharge 2,500

Form B 5,000

Data General contract 10,000 (AVG.)*

Total monthly revenue $54,500

Levels of commitment throughout LASL are ar-

ranged in the following fashion.

MP 6 Technician(s) (Contract)

TA-46 1 Technician(s) (Form IT

TA-55 2 Technicians) (Form B ) * *

Remainder of LASL 4 Technician(s) (Contract)

Total 13 Technicians

Our training effort continues with technicians

completing manufacturers' schools on DEC POP 11/34,

DEC system diagnostics, DEC logic, CALCOMP T-50 disk

drive, DIVA disk controller, Kennedy/Datum magtape

system, and Versatek printer-plotter. We expect to

emphasize training on Data General products in the

next 6-month period.

Logistics levels are satisfactory with more

than $25Ok in sparer currently available. Emergency

parts orders have been and continue to be a problem.

When parts must be obtained quickly to restore a

down computer system, too much time is required to

expedite the emergency order and associated part

through the Laboratory "system." This problem, more

than any other, inhibits our capabilities.

Significant accomplishments during the past

period have been a concerned effort at LAMPF to im-

prove performance of the MBDs installed on the data-

acquisition system through implementation of the

LAMPF MBD study group's recommendations. Addition-

ally, we have restructured, with very satisfactory

results, the maintenance effort at TA-55.

The Group E-5 Maintenance Section is now finan-

cially self-sustaining. We are committed to provide

the highest level of support to our users at LASL

while maintaining steady, moderate growth.

E. Information and Training

1. Summary [ lindberg]. The past 6 months has

been a period of transition for Information and

Training Services. Our manpower has been reduced

•Currently paid to Data General for maintenance
contract.
**0ne technician on Form B from Group E-2 to be
transferred to E-5 shortly.
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by 50X as individuals have left for personal rea-

sons, to take on more challenging positions, or to

continue their education. Increasing commitment to

education and training in the Personnel Department

and a desire to closely coordinate our activities

with that organization are modifying our role in ma-

jor ways.

There have been no major changes or initiatives

in Information Services. Our visual search micro-

film file {VSMF) continues to be the mainstay of our

electronics Information base. This is backed up by

device data sheets for items not adequately de-

scribed in the LASL stock catalog. This applies

primarily to solid-state electronic devices. We are

beginning a study on the adequacy and availability

of our information base. New developments, includ-

ing computer terminal accessible product information

systems, will be investigated.

Five courses were conducted over the past quar-

ter involving 79 students for a total of 2860 stu-

dent contact hours. The Career Assessment Workshop,

a joint effort of PER, ERO, and E Division, has been

completed and the results are being evaluated.

Video-assisted self-study is continuing at about the

usual level of activity for this period. The video

system has been converted to a "user control" mode

allowing self-study students direct access to the

videotape players. We have also simplified our

scheduling and recordkeeping systems. The SLA-LASL

educational microwave link experiment has been sus-

pended temporarily due to a lack of response from

LASL personnel to a course survey conducted during

the first half of November.

2. Information Services Visual Search Micro-

film (VSMF). In the 6-month period from May 23 to

November 23, 1977, a total of 176 VSMF searches were

logged. Of these, 137 were made by E-Division per-

sonnel and the rest by persons outside the Division.

The outside organizations included A, CNC, CTR, J,

L, MP, P, Q, and WX. Table VII summarizes the VSMF

search activity.

3. Training Services. Five electronics-

related courses were sponsored by E-Division Train-

ing Services over the past 6 months. These courses

were attended by 79 persons and accounted for 2860

student contact hours. Table VIII summarizes the

course information. Course outlines follow:

a. Certified Soldering: This course, con-

ducted twice, develops advanced soldering

skills and self-evaluation techniques for

the purpose of improving manufacturing

quality and reliability.

b. Basic Measurements: This course familiar-

izes the students with the basic techniques

and limitations of physical measurements.

c. Logic Design (Infoscope): This course is

designed to provide design engineers, mana-

gers., and senior technicians with the tools

necessary to specify, evaluate, and design

modern1 logic and digital subsystems.

d. Digital Systems Engineering (Infoscope):

This course is intended to aid the digital

designer in evaluating the implementation

of systems design requirements. Approaches

using dedicated design vs general-purpose

TABLE VII

VSMF USAGE

Time
Period

5/23 -
6/20 -

7/18 -

8/15 -

9/19 -
10/12 -

6/13

7/11

8/8

9/12

10/10
11/28

Total Usaqe
Period
Total

30

43

27

22 .

17
28

Running
Total

30

73

100

122

139

167

Projected
For Year

438

400

366
334

334

Period
Total

2

7

12

5

10

12

Non-E Division Usaqe
Running
Total

2
9

21

26

36
48

Projected
For Year

54

84

78

36
96

% Non-E
Usage

7
16

44

23

59
43



T A B L : VIII

CONTINUING EDUCATION COURSE SUMMARY

Course

Certified Soldering (1)

Certified Soldering (2)

Basic Measurements

Logic Design (Infoscope)

Digital Systems Eng. (Infoscope)

Totals

Contact
Hours

40

40

10

40

40

f-Div.
kegistration

7

9

10

10

6

Non-E-Div.
Registration

3

0

0

16

18

Non-E
Percent

30

0

0

62

75

170 42 37 47

packages are evaluated in terms of system

speed requirements and hardware tradeoffs.

4. Employee Development [Brown], In collabo-

ration with PER and the ERO, E Division has assisted

with the design and presentation of a second Career

Assessment Workshop. The workshop was conducted

outside of normal work hours beginning on September

8 and ending on November 17, 1977, meeting 1 day/wk

for 10 wk. The workshop was designed as a prototype

to gather data regarding the potential value of such

a program on a LASL-wide ba.is. A short information

session for the supervisors of participants was also

presented. Participants, selected from a pool of

more than 250 candidates submitted by the various

divisions and departments, provided a cross section

of LASL employees. Participants completed evalua-

tion instruments before and after the course to as-

sess course effectiveness in terms of its objec-

tives. Participant objectives were increased job

satisfaction, greater use of interests, development

of skills and abilities, increased self-awareness

and self-responsibility; setting realistic goals and

planning steps to reach them, increased productivity

and creativity on the job, and more open communica-

tion with management and employees. Participants

were given tools and an environment to accomplish

these objectives. Emphasis was on self-assessment

of career options rather than on specific LASL job

opportunities. The data for evaluation of this

workshop are under study. Preliminary findings in-

dicate participants found the workshop valuable and

had generally higher scores on the evaluation in-

strument after the workshop.

5. Video-assisted Self-Study [O'Mara ] . Use

of the video self-study resources has fluctuated

widely in the past 6 months. Usage was higher than

normal during June, but was lower than normal in

July and August. Such variations zre common though

they tend to be aggravated by factors such or. fiscal

and political uncertainty. We did not acquire any

new videotape series during the past 6 months, a

fact that also may affect usage. The usage record

is summarized in Table IX and is shown graphically

in Fig. 39.

During the week of September 18, 1977, the vid-

eo self-study facility was converted to user control

500
VIDEO VIEWING FACILITY
USAGE: JUNE-NOV. 77
1647 PERSON-TAPES

J J A S O N

Fig. 39. Video viewing usage for 6-month period.
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TABLE IX

E-DiVISION VIDEO FACILITIES USAGE (PERSON-TAPES)

Month

June

July
Aotgus t

September

October

November

Total Usage

Total
For Month

457

270

216

288

279

137

Running
Total

457

727

943

1231

1510

1647

Projected
For Year

5484

4362

3772

3693

3624

3294

Non-E-Divis

Total
For Year

321

254

J38

176

103

94

Running
Total

321

575

7)3

889

992

1086

ion Usaqe

Projected
For Year

3852

3450

2852

2667

2380

2172

% Hon-E
Usaqe

70%

94%

M%

61%

37%

69%

operation. Each study carrel is now equipped with

its own videotape player and TV set. Students

schedule their own viewing, select tapes they wish

to see, and operate the videotape player themselves.

If a student wishes to rewind the tape to review

difficult material or stop the tape to read or per-

form exercises, he now has that capability under his

own control. Room 117 in building SM-215 now has

its own videotape player and color TV receiver. The

new video system retains the capability of cable

transmission to rooms 117 and 281. The system an-

tenna, VHF tuner, and audio-video routing switcher

have been retained and are connected to correspond-

ing inputs on each carrel TV receiver. These fea-

tures alfow flexibility in use of the facility.

Recordkeeping of viewing activities has been simpli-

fied. Each viewing session is entered by the stu-

dent on the carrel log. This provides the person-

tape record that is used to document total activity.

If the individuals wish to certify their viewing ac-

tivities for their personnel file, a special form

is used for each videotape series. The form pro-

vides a course outline, the name of each tape, and

a space for initialing by the Training Services mon-

itor- When viewing of the series is completed, a

copy of the form is given to the individual for in-

clusion in their personnel records.

6. SLA-LASL Educational Microwave Link Exper-

iment [Lindberg]. Management at LASL and at SLA

have approved the concept of an experimental micro-

wave link between SLA and the LASL VLC. The propos-

al provides for transmission of a number of SLA con-

tinuing education courses to LASL. A key experiment

feature requires a sufficient number of interested

LASL personnel to establish cesses similar in tech-

nical background and commitment to those at SLA.

Link cost recovery also requires participation of a

minimum of 50 persons in three or more courses. A

survey to preregister for six potential courses was

conducted between November 3 a'id 18, 1977. At the

end of that period only 46 persons had responded, a

number that was judged insufficient to meet the ob-

jectives of the experiment. The effort is currently

suspended and will be continued when the participa-

tion problems can be resolved.

7. Coordination with PER-5. Efforts to more

closely coordinate our activities with Group PER-5

have resulted1 in a joint E-00/PER-5 appointment for

H. Lindberg and M, Brown. With our help, PER-5 is

organizing special education interest committees to

assist in course selection. The following commit-

tees have been formed:

Management

Secretarial and Office Practices

Science and Engineering

Technical Support

Line Supervision

Employes Development

The intent is that these committees will be re-

sponsible for identifying needed courses and pro-

grams, generating course outlines, and determining

priorities for the application of available training

resources.
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Laser Position Sensor," Conference on Laser and
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February 7-9, 1978.
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in the Proceedings of the Topical Meeting on Iner-
tial Confinement Fusion, San Diego, California, Feb-
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C. Dwayne Ethridge and Gary M. Worth, "Scientific
Calculating System with a Number-Oriented Micropro-
cessor Sequenced by a Single Component Microcomput-
er," accepted for publication in IEEE Transactions
on Nuclear Science, NS-25, February 1978.

J. E. Golob, P. B. Lyons, and L. D. Looney, "Trans-
ient Radiation Effects in Low-Loss Optical Wave-
guides," accepted for publication in IEEE Transac-
tions on Nuclear Science (Oecember 1977).

Richard D. Hiebert, "Light Sources, Detectors, and
Flow Chambers," invited chapter for publication in
Flow Cytometry and Cell Sorting, M. Melamed, P. Mul-
laney, and M. Mendelsohn, eds., (John Wiley & Sons).

Thomas H. Kuckertz and Dennis H. Gill, "Data Acqui-
sition System for Laser Damage Experiments," accept-
ed for publication in Proceedings of the Eleventh

Hawaii International Conference on System
Honolulu, Hawaii, January 5-6, 1978.

Sciences,

P. B. Lyons, J. E. Golob, L. D. Looney, R. E. Robi-
chaud, M. A. Nelson, and T. J. Davies, "Fiber Optic
Utilization at the Nevada Test Site," accepted for
publication in the Proceedings of the 9th Annual
Electro Optics Laser '77 Conference and Exposition,
Anaheim, California, October 25-27, 1977, and to be
published as Los Alamos Scientific Laboratory re-
port LA-7029-MS.

Max Seamons, "Radiation Monitoring by Minicomputer,"
accepted for publication in the Proceedings of KID-
CON/77 Electronic Show and Convention, Chicago, Il-
linois, November 8-10, 1977.

Thomas E. Springer, "Hybrid Computers for Simula-
tion of Gas Diffusion in Fractured Shale," accepted
for publication in Proceedings of the Eastern Gas
Shale Program Meeting, Morgantown, West Virginia,
October 17-19, 1977.

M. Zaider, J. F. Dicello, and R. 0. Hiebert, "A
Pulsed System for Obtaining Hicrodosimetric Data
with High Intensity Beams," accepted for publication
in IEEE Transactions on Nuclear Science, NS-25, Feb-
ruary 1978.

APPENDIX B

ABSTRACTS OF PUBLISHED PAPERS

JUNE THROUGH DECEMBER 1977

R. E. Bobbett, A. R. Koelle, J. A. Landt, and S. W.

Depp, "An Electronic Identification and Temperature

Monitoring System," Los Alamos Scientific Laboratory

progress report LA-6812-PR (July 1977).

A six-digit microwave telemetry system is de-

scribed in which a passively powered transponder can

be remotely interrogated to report temperature and

identification. This preprototype system was devel-

oped to be used to identify livestock and monitor

temperature by implanting the transponder unit under

the skin of each animal. Expected benefits include

early warning of disease or other stress conditions

and improved animal management.

A. L. Criscuolo, "Coulometer Operator's Manual," Los
Alamos Scientific Laboratory manual LA-6883-M, July
1977.

The coulometer control system automates the ti-

tration of uranium and plutonium as performed by the

CMB-1 group. The system consists of a printer, mi-

crocontroller, and coulometer, all of which are con-

trolled by an algorithm stored in the microcontrol-

ler read-only memory. This manual describes the ti-

tration procedure using the coulometer control sys-

tem, its theory, and maintenance.

A. Criscuolo, "E-5 Microcontroller User's Manual,"
Los Alamos Scientific Laboratory manual LA-6826-M
(June 1977).

The intent of the E-5 microcontroller is to
provide all the controller resources normally re-
quired by the application engineer, thus allowing
him to concentrate his efforts on the design of the
control algorithm.
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This manual and the references cited document

the design of the E-5 microcontroller. This docu-

mentation is intended to satisfy the needs of main-

tenance personnel, programmers, and designers.

The E-5 microcontroller is a single-board com-

puter that requires only a power supply to become

operational. Its physical size is compatible with

CAMAC, NIM, and LASL-wire-wrap cards.

L. A. Franks, M. A. Nelson, T. J. Davies, P. Lyons,

and J. Golob, "A Technique for Measuring Optical Fi-

ber Transmission Using the Time Dispersion of Ceren-

kov Radiation," J. Appl. Phys. 48, No. 9, 3639-3641

(September 1977).

A technique based on measurement of time dis-

persion in a *-function Cerenkov pulse has been de-

veloped for determining the attenuation coefficient

,,(•>) of low-loss optical fibers. The time domain

amplitude distribution of the transmitted polychro-

matic pulse is transformed to the wavelength domain

by accurate measurement of the differences in arri-

val times of spectral bands isolated by interference

filters. Since the Cerenkov pulses are generated

in the fiber by a short burst of relativistic elec-

trons, i(>) can be measured over a wide and continu-

ous range of path lengths without breaking the fi-

ber. The technique has been demonstrated over the

500-800-nm spectral region for fiber lengths up to

800 m.

C. R. Gruhn and P. R. Higbie, "Jupiter Energetic

Particle Experiment ESAD Proton Sensor Design," Los

Alamos Scientific Laboratory informal report LA-

700^-MS (December 1977).

We describe here a proton sensor design for the

Jupiter Energetic Particle Experiment. The sensor

design uses avalanche multiplication in order to

lower the effective energy threshold. A complete

signal-to-noise analysis is given for this design.

B. L. Hartway and E. N. Shaskey, "The LASL Upgraded

Alarm System Functional Requirements," Los Alamos

Scientific Laboratory informal report LA-6820-MS

(June 1977).

This document defines and describes the func-

tional requirements to successfully provide Los Ala-

mos Scientific Laboratory with a combined security

and fire alarm system that will satisfy the opera-

tional needs of various users and provide compliance

with applicable codes and Energy Research and Devel-

opment Administration security and fire protection

requirements. The four major subsystems of the up-

graded Laboratory alarm system are field installa-

tion, data communications, central station, an<i re-

mote operation station. Each field installation in-

cludes all of the intrusion detection sensors, fire

alarm sensors, ar.d all other sensors and controls

directly connected to a remote terminal unit at each

alarm protected area within the Laboratory complex.

The data communications system provides multiplexed

data between the remote terminal units and the cen-

tral station computer, and between the central sta-

tion computer and the remote display and control

equipment for the fire and security response forces.

The central station computer automatically process-

es, displays, and records the status, actions, and

events of all alarm system equipment and response

force personnel. Finally, the remote operating sta-

tions for both fire and security forces provide the

following key features: real-time displays, hard-

copy printouts, keyboard access and control, micro-

fiche-projector drawings and documentation, and data

base interaction with displays of all equipment

status changes and events occurring with the Labora-

tory alarm system.

D. M. Holm, R. E. Bobbett, A. R. Koelle, J. A.

Landt, and 3. W. Depp, "Electronic Identification,

July 1, 1976 through September 30, 1977," Los

Alamos Scientific Laboratory report LA-7020-PR

(November 1977).

Passive, remote electronic identification and

temperature monitoring of animals is now a proven

concept which has been demonstrated in a laboratory

environment. Many of the necessary developments for

eventual widespread use by the livestock industry

are under way. A National Livestock Electronic

Identification Board has been formed to guide the

future work and implementation of identification

systems. At least one company has indicated that

they plan to produce commercial equipment. A field

test is contemplated in FY 1978 to demonstrate prac-

tical applications and to solve problems associated

with nonlaboratory environments.
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J. A. Landt, J. C. Rowley, J. H. Neudecker, and A.

R. Koelle, "A Magnetic Induction Technique for Map-

ping Vertical Conductive Fractures: Status Report,"

Los Alamos Scientific Laboratory status report LA-

7049-SR, December 1977.

Fracture mapping plays a vital role in the pro-

duction of energy from hot dry rock. This report

summarizes many fracture mapping techniques and

discusses their merits. Of these methods, one based

on magnetic induction appears to be well suited for

the hot dry rock application. As of August 1977,

the status is given here of the development of a

fracture mapping instrument using magnetic induc-

tion. The basic analysis and electronic design have

been completed. Detailed mechanical design and fab-

rication remain.

Howard P. Lindberg and Martha Y. Brown, "The LASL

Video Learning Center," Los Alamos Scientific Labor-

atory Mini-Review 77-9, August 1977.

The audio/visual (A/V) impact of television

(TV) has intrigued educators for more than a decade.

The use of TV has spread from universities down to

elementary schools and is now being increasingly

used by industrial and R&D organizations in continu-

ing education (CE) activities. The Los Alamos Sci-

entific Laboratory (LASL) has established a proto-

type Video Learning Center (VLC) designed to elec-

tronically supplement our in-house training pro-

grams. The VLC provides for experimenting with re-

mote classroom concepts for educational sharing be-

tween research laboratories and institutions of

higher education.

The VLC, which was designed and built by E Di-

vision for general Laboratory-wide use, is located

in SM-39, room 202, in joint tenancy arrangement

with the Shops Department. For the immediate fu-

ture, scheduling of the facility will be handled by

the E-Oivision Training Services Section (ph. 5431)

and the Shops Department. Operators for the facil-

ity will be coordinated by E Division, and costs

will be recharged to using organizations.

G. C. Salzman, B. J. Price, R. D. Hiebert, and P.

F. Mullaney, "Laser Backscattering Measurements on

Biological Cells: Preliminary Results," Cell Separ-

ation Methods, H. Bloemendal, Ed., (North-Holland

Biornedical Press, 1977).

A flow-system instrument is described in which

the light scattered by a cell as it passes through

a focused helium-neon laser beam is detected simul-

taneously at 26 angles between 0" and 14.1° and at

176" with respect to the laser beam axis. The use-

fulness of backscatter in distinguishing among vari-

ously sized plastic microspheres is demonstrated.

Preliminary results with mouse bone marrow cells are

also discussed.

M. A. Wolf, "Portable Survey Instrument for Low Lev-

els of Transuranic Contaminants," Los Alamos Scien-

tific Laboratory informal report LA-6860-MS (July

1977).

A fully portable survey instrument for low lev-

els of transuranic nuciides has been designed. The

design takes advantage of the properties of a phos-

wich scintillator to detect low-energy photons and

discriminate against higher energy Compton-scattered

events.

APPENDIX C

LASL INTERNAL DOCUMENTS

Michael E. Thuot, "Fiber Optics and Microprocessors:
A Control System Solution for the Laser Fusion Envi-
ronment."

An application of fiber optics and microproces-

sors in a distributed computer control system for a

100-kJ C02 laser fusion facility is described. Gas-

laser control systems must operate in an environment

in which megavolt Marx circuits generate megampere

discharges in the amplifiers, with attendant high

electromagnetic fields. Distributed fiber-optic-

linked controls minimize the adverse effect of these
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fields on the hard-wired controls and offer the addi-

tional advantage of ground isolation. The fiber-

optic subsystems and interfaces developed include

low-error-rate digital communication links between

computers; nanosecond timing and trigger links;

fibe'-optic parameter monitors with dc-to-10-MHz

bandwidths; binary fiber-optic power control for

valves, motors, and contactors; and binary fiber-

optic status interfaces to monitor the system re-

sponse to control outputs.

Michael E. Thuot, "Grounding and Shielding for /irs-

tares."

The selection of a proper grounding system for

Antares is discussed. The reasons for grounding are

mentioned, along with the limitations of practical

grounding systems, which depend on noise sources,

coupling modes, and facility size. These parameters

are investigated and quantified for normal and fault

operational modes. A grounding system is selected,

and recommendations are made for Antares equipment

<*esign. A summary of available fiber-optic isola-

tion methods and a set of rules for grounding and

shielding conclude ttv; paper.
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