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ABSTRACT 

The Thomson-Scattering Diagnostic System (SCATPAK II) used to 

measure the electron temperature and density in the Impurity Study 

Experiment is Interfaced to a Perkin-Elmer 8/32 computer that operates 

under the OS/32 operating system. The calibration, alignment, and 

operation of this diagnostic are all under computer control. Data 

acquired from 106 photomultiplier tubes installed on 15 spectrometers 

are transmitted to the computer by eighteen 12-channel, 

analog-to-digital integrators along a CAMAC serial highway. With each 

laser pulse, 212 channels of data are acquired: 106 channels of signal 

plus background and 106 channels of background only. Extensive use of 

CAMAC instrumentation enables large amounts of data to be acquired and 

control processes to be performed In a time-dependent environment. The 

Thomson-scattering computer system currently operates in three modes: 

user interaction and control, data acquisition and transmission, and 

data analysis. This paper discusses the development and implementation 

of this system as well as data storage and retrieval. 

v 



1. OVERVIEW 

The Impurity Study Experiment (ISX-B), a fusion experiment at the 

Oak Ridge National Laboratory, utilizes several computer systems that 

interconnect to form the network shown in Fig. 1. Three levels of 

computers provide the ISX experimentalists with flexible as well as 

reliable paths from data acquisition and control, performed on the 

PDP-8s, the PDP-11/343, and the Perkin-Elmer 8/32, to analysis and 

storage on the PDP-10. Communication and data transmission are handled 

by the PDP-11/34s and a PDP-11/45.1 

The Thomson scattering system is one of several diagnostic devices 

on ISX for which data acquisition and experimental control are entirely 

performed by a computer (in this case, the Perkin-Elmer 8/32). The 

Perkin-Elmer 8/32 is a 32-bit minicomputer operating under OS/32, a 

multitasking and time-sharing operating system. The system currently 

has 1 megabyte of core memory, 250 megabytes of on-line storage, and an 

800-BPI magnetic tape unit. An RS-232 19.2-kilobaud link connects the 

8/32 to the Fusion Energy Division (FED) network, allowing the 

transmission of data to the PDP-10 for further analysis and storage. 

Table 1 lists the present configuration of the 8/32. 

The Jorway 432 CAMAC2 branch driver is the CAMAC interface on the 

8/32. It presently supports three highways (two serial and one 

parallel) with a total of 15 crates, six of which belong to Thomson 

scattering. A powerful software package, PCAM,^ provided by 

Perkin-Elmer allows access to CAMAC modules through Fortran or 

assembler code. Single direct memory access (DMA) transfers as well as 

block transfers can be handled. Automatic scanning of module addresses 

1 
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F i g . 1 . I S X - B c o m p u t e r n e t w o r k . 

T a b l e 1 . P e r k i n - E l m e r 8 / 3 2 c o n f i g u r a t i o n 

S i n g l e - o r d o u b l e - p r e c i s i o n , f l o a t i n g - p o i n t p r o c e s s o r 

1 m e g a b y t e o f c o r e memory 

W r i t a b l e c o n t r o l s t o r a g e (2K b y t e s ) 

Two 8 0 - i n e g a b y t e d i s k u n i t s 

One 8 0 - m e g a b y t e / 1 , 5 - m e g a b y t e HPT W i n o h e s t e r d i s k 

One 1 0 - i n e g a b y t e c a r t r i d g e / f i x e d m e d i a d i s k 

One 8 0 0 - B P I m a g n e t i c t a p e u n i t 

DMA-CAMAC i n t e r f a c e ( J o r w a y 1 3 2 ) 

R S - 2 3 2 c o m m u n i c a t i o n s l i n k ( 1 9 . 2 k i l o b a u d ) 

V e r s a t e c p r i n t e r / p l o t t e r 
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o r s u b a d d r e s s e s a n d f u l l LAM ( s i g n a l i n t e r r u p t ) h a n d l i n g c a p a b i l i t i e s 

a r e a v a i l a b l e . O S / 3 2 i s c a p a b l e o f i n i t i a t i n g a b a s i c DMA t r a n s f e r 

e v e r y 2 . 5 ms ( R e f . 4 ) . T a b l e 2 l i s t s t h e e i g h t PCAM F o r t r a n c a l l s 

a v a i l a b l e t o t h e 8 / 3 2 u s e r . 

The T h o m s o n s c a t t e r i n g d i a g n o s t i c , SCATPAK I I , o b t a i n s 

t w o - d i m e n s i o n a l ( 2 - D ) t e m p e r a t u r e a n d d e n s i t y p r o f i l e s i n ISX p l a s m a s 

by c o l l e c t i n g and a n a l y z i n g l a s e r l i g h t s c a t t e r e d f r o m 15 s p a t i a l 

l o c a t i o n s a l o n g a v e r t i c a l c h o r d t h r o u g h t h e p l a s m a . T h e l i g h t s o u r c e 

i s a p u l s e d r u b y l a s e r . The s c a t t e r e d l i g h t f r o m t h e p l a s m a i s f o c u s e d 

o n t h e e n d s o f a n a r r a y o f f i b e r o p t i c b u n d l e s t h a t d i r e c t t h e 

s c a t t e r e d l i g h t t o 15 p o l y c h r o r a a t o r s . H e r e , t h e l i g h t i 3 s p e c t r a l l y 

d i s t r i b u t e d and c o l l e c t e d by f i v e o r s e v e n p h o t o m u l t i p l i e r t u b e s 

( P M T s ) . The s i g n a l s a r e t h e n m e a s u r e d by 1 2 - c h a n n e l a n a l o g - t o - d i g i t a l 

i n t e g r a t o r s . T h e o p t i c a l s y s t e m i s m o u n t e d o n a t r a n s l a t i n g t u b l e t h a t 

a l l o w s t h e d i a g n o s t i c t o o p e r a t e a t d i f f e r e n t r a d i a l p o s i t i o n s w i t h i n 

t h e p l a s m a i n o r d e r t o c o m p i l e a c o m p l e t e 2 - D p r o f i l e o f p l a s m a 

t e m p e r a t u r e s a n d d e n s i t i e s . T h e s y s t e m o u t l i n e ^ a n d a s i g n a l f l o w 

d i a g r a m a r e shown i n F i g s . 2 a n d 3 , r e s p e c t i v e l y . 
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T a b l e 2 . PCAM F o r t r a n s u b r o u t i n e s 

1. CMCBSC CAMAC basic subroutine; perforins a single DMA data 

transfer 

2. CMCLW LAM wait; halts execution until a LAM occurs; suspends 

task 

3. CMCLP LAM wait-proceed; interrupts execution when a LAM occurs 

4 . CMCESU CAMAC experiment setup; defines a set of calls to be 

executed in experiment mode 

5. CMCEWT Experiment wait; suspends execution prior to an 

experiment 

6. CMCISU CAMAC immediate setup; defines a set of calls to be 

executed at a later time 

7. CMCIGO Immediate go; submits a previously defined set of calls 

for execution 

8. CMCSTA CAMAC status return 
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F i g . 2 . S y s t e m o u t l i n e . 
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CAMAC HIGHWAY 

F i g . 3 . S i g n a l f l o w . 
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2. HARDWARE 

The Thomson scattering diagnostic makes extensive use of CAMAC 

instrumentation for timing, data acquisition, experiment control, and 

user interaction. The SCATPAK II CAMAC system consists of six Ultima 

3000 crates using Kinetic Systems (K.S.) 3952 serial crate controllers. 

Each crate contains a K.S. 3935 U-port adapter, a K.S. 3924 LAM 

encoder, and a Jorway 202 display module. Five crates, four located 

within the experiment enclosure and one in the laser room, one floor 

beneath the experiment, are linked by a bit serial highway loop of 

fiber optics. A byte serial highway of ribbon cable supports one crate 

located in the experiment control room. A diagram of the CAMAC crates 

and their interconnection is shown in Fig. 4. 

The CAMAC instrumentation can be functionally categorized into 

four groups: dr.ta acquisition, translation and alignment, laser 

diagnostics, and timing. The three data acquisition crates (10, 12, 

and 14) located in the experiment enclosure are rack-mounted in an 

electrically shielded room on the Newport Research Corporation (NRC) 

translating table. Crates 10 and 14 contain nine programmable 

attenuator modules designed in-house. Crate 12 contains eighteen 

12-channel, integrating analog-to-digital converters (Le Croy module 

2249W). A high voltage controller (Le Croy Model 2132) is located in 

crate 10. This module communicates with the Le Croy 4032 high voltage 

system and can set and read channel voltages as well as turn the supply 

off and on. Crate 12 contains a calibration nodule (designed in-house) 

that controls timing and generates triggers during system calibration. 

The Joerger dual digital-to-analog converter (model D/A-16) in crate 14 
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SCREEN ROOM 

Fig. 1. Thomson scattering CAMAC configuration. 
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i s u s e d t o c o n t r o l t h e p o w e r s u p p l y v o l t a g e s f o r t h e LED d r i v e s d u r i n g 

LED c a l i b r a t i o n . 

T h e t r a n s l a t i o n h a r d w a r e , c o n t a i n e d i n c r a t e s 8 a n d 1 6 , e n a b l e s 

t h e T h o m s o n s c a t t e r i n g s y s t e m t o a c q u i r e d a t a a t d i f f e r e n t r a d i a l 

p o s i t i o n s w i t h i n t h e p l a s m a . An A n o r a d t r a n s l a t i n g t a b l e , o n e f l o o r 

b e n e a t h t h e t o k a m a k , c a r r i e s a t u r n i n g m i r r o r t h a t p o i n t s t h e l a s e r 

beam u p t h r o u g h t h e p l a s m a . The NRC t r a n s l a t i n g t a b l e i n t h e e n c l o s u r e 

c a r r i e s t h e o p t i c a l and d a t a a c q u i s i t i o n s y s t e m s . T h e s e t a b l e s m o v e by 

c o m p u t e r - c o n t r o l l e d s t e p p e r m o t o r s . T a b l e p o s i t i o n s a r e m o n i t o r e d b y 

A n o r a d l i n e a r e n c o d e r s on e a c h t a b l e . C r a t e s 8 a n d 16 c o n t a i n a 

J o e r g e r SMC-LCH s t e p p e r m o t o r c o n t r o l l e r f o r e a c h t a b l e a n d a J o e r g e r 

S2 u p - d o w n s c a l e r t o c o u n t e n c o d e r p u l s e s . 

T h e i m a g e a l i g n m e n t h a r d w a r e i s l o c a t e d i n c r a t e 1 6 . F i b e r o p t i c 

b u n d l e s a r e m o u n t e d o n two i m a g e s u r f a c e s t h a t c a n b e a d j u s t e d f o r 

a l i g n m e n t o f t h e l a s e r b e a m . A c o m p u t e r - c o n t r o l l e d s t e p p e r m o t o r and 

an a b s o l u t e e n c o d e r a r e p o s i t i o n e d a t e a c h e n d o f t h e s u r f a c e s . E a c h 

s t e p p e r m o t o r i s c o n t r o l l e d by a J o e r g e r SMC-L c o n t r o l l e r . T h e 

e n c o d e r s a r e i n t e r f a c e d t o t h e c o m p u t e r b y a 1 - c h a n n e l , 2 4 - b i t J o e r g e r 

QIR m o d u l e . 

T h e l a s e r d i a g n o s t i c i n s t r u m e n t s a r e a L a s e r P r e c i s i o n C o r p o r a t i o n 

R J - 7 2 0 0 r a t i o m e t e r , w h i c h m e a s u r e s t h e r a t i o o f n e a r - f i e l d t o 

f a r - f i e l d l a s e r e n e r g y , a n d a j o u l e m e t e r ( d e s i g n e d i r i - h o u s e ) , w h i c h 

m e a s u r e s t h e t o t a l l a s e r e n e r g y . T h e s e i n s t r u m e n t s a r e i n t e r f a c e d t o 

t h e c o m p u t e r by a J o e r g e r IR1 m o d u l e l o c a t e d i n c r a t e 8 . 
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The three modules bhat make up the timing system are the 

K.S. 3655, a logic isolator (designed ln-house), and the Jorway 210 

output module. The K.S. 3655 located in crate 10 is an 8-channel 

timing pulse generator used to generate delays during a laser shot. 

Tokamak operations signals are interfaced to the computer by the logic 

isolator module, also located in crate 10. The Jorway 210 output 

module in crate 10 is used to initiate the laser charge and fire 

sequence. 

Two K.S. 33^0 communication modules in crate 10 interface a 

Tektronix 4006 graphics terminal and a Lear Siegler ADM-3A terminal to 

the computer. A third 3340 module is used to transmit the shot nunber 

from the PDP-11/34 operations computer to the 8/32. 
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3. SHOT SEQUENCE 

A typical ISX shot sequence consists of pre-shot, data 

acquisition, and post-shot activities. Pre-shot activities are 

initiated by a pulse at t = -30 s, generated by tokamak operations, 

which sets a LAM on the CAMAC dataway directing the computer to begin 

initializing modules. The computer then sends an instruction to the 

output module to charge and arm the laser. While the laser is 

charging, integrator pedestals are recorded and stored, the shot number 

is read from the K.S. 3340, and the pre-shot signal is cleared. At the 

t = -100 ras signal from operations, the computer initializes the 

integrator modules and issues a LAM request that will be satisfied when 

the integrators are gated. When the tokamak discharge is initiated 

(t = 0) , a pulse is generated that starts the preset K.S. 3655 timer. 

The laser fire sequence begins when the timer times out. During the 

fire sequence, pulses are sent via fiber optics to gate the PMTs and 

the integrators and to trigger the joule and ratio meters. The PMT 

output signal is delayed 200 ns for half of the integrators, so that 

half of them read scattered light and half read background radiation. 

The signals from the PMTs are amplified and passed through programmable 

attenuators to ensure that the signal levels will not saturate the 

integrators. 
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D a t a a c q u i s i t i o n b e g i n s w h e n t h e i n t e g r a t o r LAM r e q u e s t h a s b e e n 

s a t i s f i e d a n d c o n s i s t s o f a c q u i r i n g t h e f o l l o w i n g d a t a : 

( 1 ) 2 1 6 c h a n n e l s o f i n t e g r a t o r s i g n a l s , 

( 2 ) 1 0 8 c h a n n e l s o f a t t e n u a t o r s e t t i n g s , 

( 3 ) 3 2 c h a n n e l s o f PMT v o l t a g e , 

( 4 ) j o u l e ^ e t e r r e a d i n g , a n d 

( 5 ) r a t i o m e t e r r e a d i n g . 

P o s t - s h o t a c t i v i t i e s i n c l u d e d a t a s t o r a g e , t r a n s f e r , a n d d i s p l a y . 

The a c q u i r e d d a t a , a l o n g w i t h c a l i b r a t i o n c o n s t a n t s and s y s t e m 

i n f o r m a t i o n , a r e w r i t t e n t o a d i s k f i l e and t h e n t r a n s m i t t e d t o t h e 

P D P - 1 0 c o m p u t e r f o r s t o r a g e . E a c h f i l e c o n t a i n s 5 0 2 4 5 2 - b i t w o r d s o f 

d a t a and i s u n i q u e l y named u s i n g t h e t o k a m a k s h o t n u n b e r . T h e n e t 

s i g n a l s a n d s h o t i n f o r m a t i o n a r e d i s p l a y e d t o a i d t h e e x p e r i m e n t a l i s t 

i n s y s t e m a d j u s t m e n t s . F i g u r e 5 s h o w s a t y p i c a l ISX s h o t c y c l e . 
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TIMING 

•10 s -100 ms 
TOKAMAK LASER INTEGRATOR 

FIRE FIRE GATES 

J L J 
COMPUTER ACTIONS 

WAIT ON CLEAR S CHARGE TAKE READ CLEAR WAIT ON CLEAR WAIT ON OATA DATA DATA 
-30 s LAM ENABLE LASER PEOESTALS 3340 SIGNAL -100 ms LAM INTEGRATORS INTEGRATOR ACQUISITION TRANSMISSION DISPLAY 

LASER FOR SHOT MODULE ENABLE LAM 
MODULE NUMBER LAM 1 1 c 

PRE SHOT DATA POST SHOT 
ACTIVITIES ACQUISITION ACTIVITIES 

F i g . 5 . ISX s h o t c y c l e . 
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4 . SOFTWARE 

H i e T h o m s o n s c a t t e r i n g o p e r a t i o n s s o f t w a r e o p e r a t e s I n t h r e e 

m o d e s : u s e r i n t e r a c t i o n a n d c o n t r o l , d a t a a c q u i s i t i o n and t r a n s m i s s i o n , 

and d a t a a n a l y s i s and d i s p l a y . U s e r I n t e r a c t i o n and c o n t r o l a r e 

a c h i e v e d t h r o u g h a menu o f c o m m a n d s . A f t e r e a c h s h o t , t h e 

e x p e r i m e n t a l i s t c a n s e l e c t a n y o f t h e f o l l o w i n g f u n c t i o n s : 

( 1 ) c h a n g e a t t e n u a t o r v a l u e s , 

( 2 ) c h a n g e PMT v o l t a g e , 

( 3 ) i n p u t l a s e r f i r e t i m e , 

( 4 ) m o v e t o a new r a d i a l p o s i t i o n , 

( 5 ) c h a n g e s p e c t r o m e t e r p o s i t i o n s , 

( 6 ) b e g i n a s e q u e n c e o f s h o t s , and 

( 7 ) c h a r g e l a s e r a n d p r e p a r e f o r d a t a a c q u i s i t i o n . 

The d a t a a c q u i s i t i o n a n d t r a n s m i s s i o n n o d e i s e n t e r e d by s e l e c t i n g 

t h e c h a r g e l a s e r command. The s y s t e m c u e s t h e o p e r a t o r t h r o u g h o u t t h e 

d a t a a c q u i s i t i o n p r o c e s s , d i s p l a y s any e r r o r m e s s a g e s , and a n n o u n c e s 

s u c c e s s f u l d a t a f i l e t r a n s m i s s i o n . 

F i g u r e 6 s h o w s t h e o u t p u t f r o m t h e d a t a a n a l y s i s and d i s p l a y m o d e . 

A t t e n u a t o r s e t t i n g s , PMT v o l t a g e s , a n d n e t s i g n a l s a r e d i s p l a y e d o n a 

T e k t r o n i x 4 0 0 6 t e r m i n a l . T h e d a t a a r e c u r r e n t l y a n a l y z e d o n t h e P D P - 1 0 

c o m p u t e r a f t e r t h e s h o t f i l e i s t r a n s m i t t e d . 
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ORNL-DWG 82-4110 FED ft ATTENUATORS 
L> VOLTAGES 
TA TABLE 19 
TI TIME 150 
P CHANGE SPECT. 1 POSITION 
s START ! SEQUENCE 
E ENO SEQUENCE 
C CHARGE AGAIN 
SPECTI 1 2 3 4 5 6 7 
STATION 35 26 29 33 34 31 30 RABPOS 298 5 0 25 60 1)1 .60 233. 2 6 5 40 171 30 141 2 0 

SPECTI 8 10 11 12 13 14 
STATION 27 23 25 24 32 0 0 
RADPOS 5 3 . 6 9 82.40 - 3 4 0 -31 8 0 281 98 0 00 0 00 
SPECTT 15 ALIGN TUBES 
STATION e 0 0 0 0 
RADPOS 0 00 0 00 0 0 0 0 00 0 00 

7/26/82 14 2 

ATTENUATORS UOLTAGES 
CHANNEL 1 2 J 4 5 < 7 H U. H.U. 

1 1 60 1 00 I 00 1 08 i ee 2275 2150 
2 1 00 1 00 2 00 1 00 I ee 23e i 2200 
3 ] 00 1 00 1 00 i ee i ee 2300 2175 
4 1 00 1 00 1 00 I ee l ee 2400 2150 
5 1 00 1 00 1 00 i ee I ee 2325 2208 
6 1 00 3 16 I 00 1 ee i ee l ee l ee 2500 2388 
7 1 00 1 00 1 00 l ee l ee I ee I 00 2300 2200 
8 1 00 ? 00 I 00 l ee l ee I ee I 00 2330 2301 
9 1 00 1 00 I 00 2 ee i ee I ee l ee 2350 2250 

10 2 00 1 00 1 00 i ee i ee I ee i ee 2400 2230 
11 1 00 1 90 1 00 i . e e i ee i ee i ee 2375 2239 
12 1 00 1 00 1 00 l ee l ee i ee I ee 2400 2350 
13 1 00 1 00 1 00 i ee l ee I ee i ee 2375 2380 
14 1 00 1 00 1 00 I ee l ee i ee I ee Z300 2301 
15 1 00 1 00 1 00 1 0 0 l ee 2300 2300 SPECTROMETER NUMBER ? 0 TO CHANGE ALL 

2300 2300 

SHOT 45345 
TI ME 156 RAO 
SPECT 
NO. 1 2 3 
1 15 47 90 

'I 654. 497 1093 
3 596. 567 633 
4 32. 144 59 
5 46 6 11 
6 533 1426 459 
7 326. 269 203 
8 764 1201 469 
9 432 500 871 
101185 308 942. 
11 725 922 553 
12 176. 03 267 
13 -». 
14 1 
15 0 
16 SIG 58 

BKG 15 
58 
9 

19 SEC) • 
SIGNAL 

435 358 
116 135 
19. 
3 

JOULES B.3B7E*01 
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The Thomson scattering software is based on 15 data files 

containing spectrometer characteristics and on a system status file 

containing CAMAC information and other system parameters. This 

information is read in and stored in a common area. At the present 

time, three software libraries are used. These collections of 

subroutines allow the user to read and write data files, acquire 

integrator data, change attenuators, take baseline pedestals, 

manipulate the high voltage power supply, and operate the image surface 

alignment system. These basic routines are used extensively in the 

higher level calibration and operation programs. A block diagram of 

the software flow is shown in Fig. 7. 
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F i g . 7 . Thomson s c a t t e r i n g s o f t w a r e . 
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5. AI IGNMENT 

The computer-controlled procedures used to align the Thomson 

scattering system are the translation system alignment and the image 

surface alignment. 

The translation system alignment requires aligning the two 

translating tables, monitoring their alignment while moving to 

different positions within the plasma, and realigning whenever 

necessary. These activities are time-dependent in that they must be 

completed between shots. They are accomplished as follows. As Fig. 8 

shows, the home positions of the two tables are at opposite ends of the 

plasma center. Each time the tables pass through home, the counting 

register in the up-down counter module is set to the distance, in 

encoder counts, from the home position to the tokamak center. This 

enables both encoder registers to read the same whenever the tables are 

correctly aligned. After every shot, the encoder registers are read; 

the computer calculates the distance needed to move the tables for 

correct alignment and moves the tables accordingly. To move the tables 

during a laser sequence, the experimentalist simply issues the table 

command and inputs the distance to be moved in centimeters. 

The image surface alignment compensates for drifts in the laser 

beam position. The two image surfaces that carry the fiber optic 

bundles can be moved from side to side by two stepper motors, one at 

each end of the surfaces. Figure 9 shows the image surfaces.^ Two 

fiber optic detectors, one at each end of the surfaces, are used to 

detect the position of the laser beam. The signal from each detector 

is integrated and read by .the computer during data acquisition. This 
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i n f o r m a t i o n is used to calculate the offset of the laser beam from the 

center of the fiber optic bundles and to move the surface to correct 

the alignment. Although the alignment hardware is in place, this 

procedure has not yet been implemented. The laser system is apparently 

stable enough that weekly manual alignment is adequate. 
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Fig. 8. Translation system. 
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6. SUMMARY 

The data acquisition and experiment control system for the Thomson 

scattering diagnostic provides the ISX-B experimentalists with reliable 

data in a real-time environment. Extensive use of CAMAC 

instrumentation along with powerful CAMAC control software provides the 

user with a flexible as well as easy-to-use hardware interface. In 

addition to data acquisition and experiment control, the Thomson 

scattering computer system allows the user to monitor the systems 

performance on a shofc-by-shot basis. System adjustments can be made 

during operations if necessary. 



23/a1/ 

REFERENCES 

1 . P D P - 8 , P D P - 1 1 / 3 2 , P D P - 1 1 / 4 5 , and P D P - 1 0 a r e t r a d e m a r k s o f t h e 

D i g i t a l E q u i p m e n t C o r p o r a t i o n , M a y n a r d , M a s s a c h u s e t t s . 

2 . IEEE S t a n d a r d f o r M o d u l a r I n s t r u m e n t a t i o n and D i g i t a l I n t e r f a c e 

S y s t e m (CAMAC), IEEE S t a n d a r d 5 8 3 - 1 9 7 5 , I n s t i t u t e o f E l e c t r i c a l a n d 

E l e c t r o n i c s E n g i n e e r s , I n c . , New Y o r k , 1 9 7 5 . 

3 . P e r k i n - E l m e r CAMAC A c c e s s Method F o r t r a n U s e r ' s M a n u a l . 

P e r k i n - E l m e r C o m p u t e r S y s t e m s D i v i s i o n , O c e a n p o r t , New J e r s e y , 

S e p t e m b e r 1 9 7 9 . 

4 . W. R . Wing and D . R. O v e r b e y , Oak R i d g e N a t i o n a l L a b o r a t o r y , " ISX 

D a t a S y s t e m Memo 1 , " p a r t D ( u n p u b l i s h e d , A u g u s t 1 9 8 0 ) . 

5 . R. R. K i n d s f a t h e r , R . D . F o s k e t t , E . A. L a z a r u s , K. A . S t e w a r t , and 

C. E . T h o m a s , "A T w o - D i m e n s i o n a l T h o m s o n S c a t t e r i n g S y s t e m o n 

I S X - B , " p a p e r p r e s e n t e d a t t h e 4 t h A m e r i c a n P h y s i c a l S o c i e t y 

T o p i c a l C o n f e r e n c e o n H i g h T e m p e r a t u r e P l a s m a D i a g n o s t i c s , B o s t o n , 

M a s s a c h u s e t t s , A u g u s t 2 5 - 2 7 , 1 9 8 2 . 

6 . R. D. F o s k e t t , Thomson S c a t t e r i n g D i a g n o s t i c SCATPAK I I E l e c t r i c a l 

a n d E l e c t r o n i c s M a i n t e n a n c e a n d O p e r a t i o n s M a n u a l . p r e p a r e d by 

F o s t e r - M i l l e r A s s o c i a t e s , Oak R i d g e , T e n n e 3 s e e , f o r U n i o n C a r b i d e 

C o r p o r a t i o n N u c l e a r D i v i s i o n , March 1 9 8 2 . 



25 

ORNL/TM-8553 
Dist. Category UC-20 g 

INTERNAL DISTRIBUTION 

1. J. D. Bell 22. M. J. Saltmarsh 
2. R. D. Burri3 23. J. Sheffield 
3. R. A. Dory 24. C. R. Stewart 
4. B. C. Duggins 25. K. A. Stewart 
5. J. L. Dunlap 26. C. E. Thomas 
6. P. H. Edmonds 27. D. H. Thompson 
7. L. C. Emerson 28. T. C. Tucker 
8. R. D. Foskett 29. R. D. Wall 
9. R. M. French 30. P. L. Walstrom 

10. D. E. Greenwood 31. R. M. Wieland 
11. R. K. Gryder 32. W. R. Wing 
12. C. E. Hammons 33. A. J. Wootton 
13. P. C. Hanna 34--35. Laboratory Records Department 
14. R. C. Isler 36. Laboratory Records, ORNL-RC 
15. J. M. Jensen 37. Document Reference Section 
16. R. R. Kindsfather 38--39. Central Research Library 
17. P. W. King 40. Fusion Energy Division 
18. E. A. Lazarus Library 
19. G. S. Massengill 41. Fusion Energy Division 
20. M. Murakami Reports Office 
21. D. R. Overbey 42. ORNL Patent Office 

EXTERNAL DISTRIBUTION 

43. J. F. Clarke, Associate Director for Fusion Energy, Office of 
Fusion Energy, Office of Energy Research, Mail Stop G-256, U.S. 
Department of Energy, Washington, DC 20545 

44. J. F. Decker, Director, Division of Applied Plasma Physics, Office 
of Fusion Energy, Office of Energy Research, Mail Stop G-256, 
U.S. Department of Energy, Washington, DC 20545 

45. D. B. Nelson, Fusion Theory and Computer Services Branch, Office of 
Fusion Energy, Office of Energy Research, Mail Stop G-256, U.S. 
Department of Energy, Washington, DC 20545 

46. M. N. Rosenbluth, RLM 11.218, Institute for Fusion Studies, 
University of Texas, Austin, TX 78712 

47. W. Sadowski, Fusion Theory and Computer Services Branch, Office of 
Fusion Energy, Office of Energy Research, Mail Stop G-256, U.S. 
Department of Energy, Washington, DC 20545 

48. N. A. Davies, Tokamak Systems Branch, Office of Fusion Energy, 
Office of Energy Research, Mail Stop G-256, U.S. Department of 
Energy, Washington, DC 20545 

49. E. Oktay, Tokamak Systems Branch, Office of Fusion Energy, Office 
of Energy Research, Mail Stop G-256, U.S. Department of Energy, 
Washington, DC 20545 



26 

50. Theory Department Read File, c/o. D. W. Ross, Institute for Fusion 
Studies, University of Texas at Austin, Austin, TX 78712 

51. Theory Department Read File, c/o R. C. Davison, Director, Plasma 
Fusion Center, 167 Albany Street, Cambridge, MA 02139 

52. Theory Department Read File, c/o T. E. Stringer, JET Joint 
Undertaking, Culham Laboratory, Abingdon, Oxon, 0X14 3DB, England 

53. Theory Department Read File, c/o F. W. Perkins, Princeton Plasma 
Physics Laboratory, P.O. Box 451, Princeton, NJ 08540 

54. Theory Department Read File, c/o L. Kovrizhnykh, Lebedev Institute 
of Physics, Academy of Sciences, 53 Leninsky Prospect, Moscow, 
U.S.S.R. V312 

55. Theory Department Read File, c/o B. B. Kadomtsev, I. V. Kurchatov 
Institute of Atomic Energy, P.O. Box 3402, Moscow, U.S.S.R. 123182 

56. Theory Department Read File, c/o T. Kamimura, Institute of Plasma 
Physics, Nagoya University, Nagoya, Japan 

57. Theory Department Read File, c/o C. Mercier, Euratom-CEA, Service de 
Recherches sur la Fusion Controlee, Fontenay-aux-Roses (Seine), France 

58. Theory Department Read File, c/o K. Roberts, Culham Laboratory, 
Abingdon, Oxon, 0X14 3DB, England 

59. Theory Department Read File, c/o D. Biskamp, Max-Planck-Institut 
fur Plasmaphysik, D-8046 Garching bei Munchen, Federal Republic of 
Germany 

60. Theory Department Read File, c/o T. Takeda, Japan Atomic Energy 
Research Institute, Tokai, Naka, Ibaraki, Japan 

61. Theory Department Read File, c/o C. S. Liu, General Atomic Company, 
P.O. Box 81608, San Diego, CA 92138 

62. Theory Department Read File, c/o L. D. Pearlstein, Lawrence 
Livermore National Laboratory, P.O. Box 808, Livermore, CA 94550 

63. Theory Department Read File, c/o R. Gerwin, CTR Division, MS 640, 
Los Alamos National Laboratory, P.O. Box 1663, Los Alamos, NM 87545 

64. W. F. Cummins, Lawrence Livermore National Laboratory, MFE Division, 
P.O. Box 808, Mail Code L-436, Livermore, CA 94550 

65. C. Parrish, Lawrence Livermore National Laboratory, MFE Division, 
P.O. Box 808, Mail Code L-436, Livermore, CA 94550 

66. J. F. Clauser, Lawrence Livermore National Laboratory, MFE Division, 
P.O. Box 808, Mail Code L-436, Livermore, CA 94550 

67. W. Lindquist, Lawrence Livermore National Laboratory, Electronics 
Engineering Department, Mail Code L-539, P.O. Box 808, Livermore, 
CA 94550 

68. G. C. Speckert, Lawrence Livermore National Laboratory, Electronics 
Engineering Department, P.O. Box 808, Mail Code L-539, Livermore, 
CA 94550 

69. C. Parrish, Lawrence Livermore National Laboratory, MFE Division, 
P.O. Box 808, Mail Code L-436, Livermore, CA 94550 

70. G. Wilcox, Lawrence Livermore National Laboratory, MFE Division, 
P.O. Box 808, Mail Code L-436, Livermore, CA 94550 

71. N. Maron, Lawrence Livermore National Laboratory, MFE Division, 
P.O. Box 808, Mail Code L-436, Livermore, CA 94550 

72. P. Heline, General Atomic Company, P.O. Box 81609, San Diego, CA 
92138 

73. E. Hubbard, General Atomic Company, P.O. Box 81609, San Diego, CA 
92138 



27 

74. G. Shephard, General Atomic Company, P.O. Box 81609, San Diego, 
CA 92138 

75. B. Brown, General Atomic Company, P.O. Box 81609, San Diego, CA 
92138 

76. D. Drobnis, General Atomic Company, P.O. Box 81609, San Diego, 
CA 92138 

77. B. McHarg, General Atomic Company, P.O. Box 81609, San Diego, CA 
92138 

78. S. Karin, General Atomic Company, P.O. Box 81609, San Diego, CA 
92138 

79. C. McCoy, Office of Fusion Energy, Office of Energy Research, 
Mail Stop G-256, Department of Energy, Washington, DC 20545 

80. V. Elisher, Lawrence Berkeley Laboratory, Engineering & Technical 
Services Division, University of California, Berkeley, CA 94720 

81. F. Bennitt, Princeton Plasma Physics Laboratory, P.O. Box 451, 
Princeton, NJ 08544 

82. N. Sautauff, Princeton Plasma Physics Laboratory, P.O. Box 451, 
Princeton, NJ 08544 

83. B. Woolley, Princeton Plasma Physics Laboratory, P.O. Box 451, 
Princeton, NJ 08544 

84. N. Krisa, Princeton Plasma Physics Laboratory, P.O. Box 451, 
Princeton, NJ 08544 

85. R. Berman, Massachusetts Institute of Technology, Building NW16, 
167 Albany Street, Cambridge, MA 01239 

86. R. Parker, Massachusetts Institute of Technology, Building NW16, 
167 Albany Street, Cambridge, MA 01239 

87. C. Burgart, Laboratory for Applied Plasma Studies, Science 
Applications, Inc., P.O. Box 2351, La Jolla, CA 92038 

88. K. A. Klare, Los Alamos Scientific Laboratory, CTR Division, 
MS #640, P.O. Box 1663, Los Alamos, NM 87545 

89. D. Anderson, University of Washington, Seattle, WA 98195 
90. D. Winski, University of Maryland, Department of Physics & 

Astronomy, College Park, MD 20742 
91. A. Keiman, University of Maryland, Department of Physics & 

Astronomy, College Park, MD 20742 
92. R. W. Huff, Center for Plasma Physics and Fusion Engineering, 

University of California, 405 Bilgard Avenue, Los Angeles, CA 
90024 

93. A. Macmahon, Fusion Research Center, Physics Department, The 
University of Texas, Austin, TX 78712 

94. R. Wilkins, Los Alamos National Laboratory, CTR Division, MS 
640, P.O. Box 1663, Los Alamos, NM 87545 

95. L. W. Mann, Los Alamos National Laboratory, CTR Division, MS 
640, P.O. Box 1663, Los Alamos, NM 87545 

96. P. Brown, Los Alamos National Laboratory, CTR Division, MS 640, 
P.O. Box 1663, Los Alamos, NM 87545 

97. N. Green, Los Alamos National Laboratory, CTR Division, MS 640, 
P.O. Box 1663, Los Alamos, NM 87545 

98. Office of the Assistant Manager for Energy Research and 
Development, Department of Energy, Oak Ridge Operations, 
Oak Ridge, TN 37830 

99-264. Given distribution as shown in TID-4500, Magnetic Fusion Energy 
(Distribution Category UC-20 g, Theoretical Plasma Physics) 


