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In the E'requcncy and Time Stanclnrcl Uevelopment I ) rog~nn i  01 thc 'I'TMATION 
Systerx~, a new miniaturized Rul~irlium Vapor Fretluency St:tndard has been testcd 
:~nd  analyzed for  possible use  on the TTMATION ITIA launch, schetlulcd for  ear ly 
1.974, a s  par t  of thc Defense F:tvigalion Sntellitc Development Program. 'l'lie de- 
sign and construction of :t Uigitnl Frequency Control by NRL, was recluirecl to  
remotely control this Rul~itlium Vapor Frequency Standarbd :is well :is the quartz 
oscillator in cur ren t  us?. This control must be ca1)ablc 01 accepting conlm:~nds 
from a satell i te telemetry systcrn, verify th:~t the co r r cc t  cornm:tnds have bccn 
sent  and control thc frequency to the rccjuircrnents ol' the systcrn. 

The Digital Frccpcncy Control consists of sevcr:11 (1:tuglltcr 11o:trcls nlounted on 
a mother bonrtl. Tllc v:lrious dauglitcr k~on~cls  proccss  the incoming digital in- 
formation, convert: to :in c~srLremely s t a l ~ l c  analog vvltng~';  c o n ~ ( ~ ~ 1 .  i t  to the pro- 
p e r  levels for  use by t'nc frequency st:inclarcl, : ~ n d  lboutc it to the appropri:tle 
freclucncy standard, The Digjt;tl Frequency Control was cicsignetl lo control one 
quartz osci1l:ltor nncl two Kubiclium k'requency Standarcls. I t  mahcs cxtr~nsive 
usc  o l  low power mini:lture TTL circui t ry ant1 llybricl n~ in i a tu rc  L> to A converters  
to  lcecp s ize  and power consumption a s  low :IS possible. Control c i rcui t ry not in 
USE is turned off :inti, except f o r  the comrn:~ncl systcrn, the Control is rcctuntlant. 
Spcci:tl isolation circui t ry h:ts Ixcn incor.poratct1 Lo protcr t  the digittil-io-analog 
converter f rom being f :~lsely triggc.rhecl by noise o r  s l~ur ious  signals. 

Several modilicntions must  bc pel'1orrnccl to the Rubidium Vnpor k'requcncy 
S t a n d a r d  to allow i t  to l ~ c  conlpatiblc \\it11 the Tligital Tr*crjucncy Control. Thcsc 
include the :lddition of :L varactor  to voltage t~lnt.  Ihc coarse  rangc of the "fly- 
wheel" oscillator,  and :L moclification to supply thc "('" field cur ren t  exterxinlly. 

Quartz oscillators in 'IIIIIIATIC)N I ancl TI useti a motoy-driven g lass  c:tp:lcitor 
l o r  tuning, however the oscillator to bc used for TII\ILATION IIIA uses  3 vnrnctor 
which can be dircctly user1 with the Iligital Fr*eclucncy Control. 

The Digital Frccluency Control f o r  the Rubitlium Vapor Frequency Stand:lrd 1i:ts 
bccn succcsslully tcsted in prototype form. Ll'orh is now bcing :'done on :I flight 
version for  TIMATION TIT A. 



The TWil'ION satellite navigation projcct depends on an ultra stable oscillator 
in the satellite a s  a basis for its accuracy. TTMATION I and I1 successfully 
used quartz oscill:~tors, especially built by Frequency Electronics Inc. for space 
use. * The 'I'IMATION I11 satellite (Navigation l'echnology Satelli tc I) i s  schcd- 
uled for launch in early 1974 a s  part  of the Global Positioning System Program. 
Figure 1 is a picture of the satellite which will also have a cyunrtz oscillator a s  
its primary frccjuency source; howcvcr while 'I'TMATION I and I1 used mcchani- 
cal tuning (stepper motor), TIMATION 111 will use varactor tuning controlled by 
n Digital to Analog Converter. In addition two experimental Rubidium Vapor 
Frequency Standards a r c  being tested for  possible use.394 Thesc units would 
also be controlled by n/A convcrters5, which, with :tssociated circuitry is com- 
bincd in the  Digital Frequency Control. The Frcrluency Standard System will 
he configurccl to provide redundant frecyuency sources, with thc ability to select, 
by cornrn:~ncl, one of thc three RF outputs lo r  thc experiment. A system block 
diagram is shown in Figure 2. 

Digital Frequency Control 

The Digital Frcilucncy controlfi i s  a circuit which converts digital information 
to analog signals which control the frccluency of various frequency standards. 
To cio this cffcctively thc output stability must be low compared with the frccluency 
sensitivity of thc frequency standard control. Extcnsive usc has becn made of 
components and techniqu~s th:xt have been tlcvcloped and refined in the past fcw 
years. 

The Digital Frequency Control has four main functions: dc power control, digi- 
tal word control, D/A conversion and nntllog control voltage processing. As the 
primary frecjuency source, the Qu:~rtz oscillator has dc power applied to all 
times. T t  uscs +I5 v for the oscill:~tor, + I5  v for the D/A converter and opera- 
tional amplifiers and 5 v  for the logic control. The Rubidium units usc 28v as 
well 3s k l 5  v and 5 V. Only one Rubidium unit can be turncd on at any one time. 
Separate regulators a r c  uscd for thesc voltages, cxccpt the logic supply, to pro- 
vide redundancy. The command systcm and :lssocinted logic circuitry i s  not 
redundant. 'l'hc oscillator systcm will continue to run in the evcnt of a commnnd 
system failure, hut there could be a frctyucncy shift. 

7'he Digital Frcquency Control has four switches to control thesc voltages. 'I'he 
s21tcllite command system switches power to the Rubidium units. In addition 
there i s  a precision 10 volt regulator in the control to supply thc reference for 
the D/A converters. 



TIMATION m 
SATELLITE 

'I'unjng t h e  Digitnl I+'rc(luclicy Coutlbol 1s ~ccoiiq)lishctl  l ~ y  scncling :I 14 l ~ j t  stxri:il 

word. 'I'hjs wort1 can be londcd i n t o  onc 01 lhrec rcg is tc rs  :IS dctc.rmincc1 by two 
of the bits. Thcrc is a 12  bit s t o x . : ~ g ~  rbugistcr to tune thv Quartz c r y s t a l  oscilln- 
t o r ,  :I 1 0  bit storage rcgis tc r  to f ine tun? the Rubidium k'rt~cluenc:y St :~nt la~l l  rl'C1' 
ficl(1 :~tljust)  and :in 8 bit stortlge reg is te r  to kccp t h y  Hubidiurn cryst;71 oscil1:ltor 
witlijn the locli l imits of the cont-rol circuitry.  Tllc lnntlin:: o f  t h ~  14  I~it ivorcl 
c a n  he verified by rligit:~l tclcmcltry I~cforc  it is tr:iusft~r.recl to the :ippropriate 
stor:~gc regis ter .  Thcrc a r c  :11so st'vt'r31 l ) r~v i s in l i s  m:~cle lo prSevent spurious 



Fjgurc: 2. E'rcclucncy Stnndnrd System Block L>i:igrarn 
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signals from entering the L)igit:~l E'rcqucncy Control by disabling the input cir- 
cuitry whcn it is not nccdcd. 

Thc Il/A converter usctl for a11 thrcc tuning commantls is a 12 hit, thjn film, 
hybrid low powcr rnodulc. Its specifications a r c  shown i n  E'igurc 3 .  Thc pins 
havc thc same spacing a s  a dual in ljnc intcgratecl circuit package. It uscs nn 
ex-tern:il voltage reference which was mentioned e:trlj er . 'I'cst of this voltage 
regulator showed a volL~ge change of about 0.7 rnvolts from 10" to 40°C. This 
circuit was clesignecl to be insensitive to supply voltage changes. Jn thc satellite, 
the precision regulator will be temperature stak~ilizetl to within 200 millidcgrces7 
and 200 milljvolts supply voltage will bc avnilablc. The 12  bit D/A convertcr will 
also hc tcmpcr;lturc stabilizcd to providc thc necessary voltage stability to the 
Qu:lrtx oscillntor var:tctor control. An opcrntionnl amplifier circuit i s  used to 
convert the O to -2 ma D/A convertcr output to thc 1 to Gv output reyuircd by the 
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12 BIT DIGITAL TO ANALOG CONVERTER 

POWER CONSUMPTION : 570 MW 
LINEARITY : 4: 1/2 LSB 
TEMPERATURE RANGE : - 25OC TO +85"C 
CONSTRUCTION. HERMETICALLY SEALED 

DIP PACKAGE 
INPUT : TTL  COMPATIBLE 
OUTPUT : 0 TO -2 MA 

oscillator.  The output voltnge 01 this D/A converter is expected to  be stable to 
within onc millivolt. The rerjuircrnents for  thc I l /A convcrtcrs  to b~ uscd to con- 
t ro l  the Rubidium units a r c  no t  ns s t~ ingc i i t  and thcrctore thesc un i t s  s re  not 
tcmperxt-urc st:~bilizcrl. 'rhey do, hom7cveY use t l l ~  s:lme prccjsion v o l t n g ~  rc-- 
ferencc. Thc output voltage r:lnge of tllc 3 hit Rul~iclium crys ta l  I3/A conveyter 
is 0 to  5 v and thc 1 0  hit  Rubidium C' lieltl n / A  colir ertcl- outl~ut i s  5 to 6.5 ma. 

Provision h : ~ s  :dso bccn m:~cle to cxcrcise  thc Rubitlium units inclel~enclcntly of the 
cornmand systcm on the grountl, In addition, sevcral  monitor pojnts have bccn 
I3rought out to thc satell i te skin to allow pcrforlnance monitoring during system 
chccks. Figurc 4 is a block disgrnm of the system. 



Figurc 4. Logic and Tuning Control Block Diagram 
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Figure 5 i s  a photo of thc prototype tuning the logic control box. This box will 
weigh 2-1/2 pounds and will contain most of the frcquency control circuitry. 
Figurc G shows the sizes and weights of the frequency standnrds and circuits. 

RF 

Frequency Standards 

'I'hc primary frequency standard fox TIMA'I'ION I11 will be a 5 MHz quartz oscil- 
lator. A block tfiagrxrn is shown in Figure 7. This is a 5th overtone, A T  cut, 
double oven, oscillator tha t  wwas built on contract for this satellite. This oscil- 
lator will havc a natural aging ra te  of less than 1pp  1012 pcr day o r  2pp 10' over 
thc planned 5 year lifetime. However, thc calculated radiation induccd frequency 
shift i s  -5 pp 10 ' ' per day o r  9 pp 1 0  over 5 years,  therefore the tuning range 
has been selected to he 1.5 pp 1 0  with the smallest jncremcnt to be 2 to 4 pp 1 0  l 1  , 
the range of valucs bcing due to the nonlinearity of the varactor rcsponsc. This 
curve is shown in Figure 8. This oscillator, along with thc precision voltage 
reference and the 12 bit D/A converter will be mountcd on a thermal electric 
control device which will maintain the base plnte ternpcrature a t  25°C *O.l°C. 
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Figure 6. System Mechanical Details 





Two Rubidium Vapor frequency standards89 9 will also be flown to test their fea- 
sibility for space usc. A block diagram is shown in Figure 9. Two units a r e  to 
be flown for tests and rcliahility although only one can be turncd on a t  any one 
time. Thesc units a r e  commercial units manufactured by Efratom Elektronik 
Gmhh, Munich Gcrmany, which have bccn extensivcly used by NRL and modified 
for space use. Remote control of this unit is accomplished by controlling thc 
R b  crystal oscillator, the C ficld current ant1 monitoring the loop control voltage. 
The Rb crystal oscillator has two varactors, one for the loop control, and another 
to se t  the oscillntor within the loop lock rnngc. This oscillator has m expected 
aging rate of 3 pp 1 0  per  month which is ten times the anticipated radiation el- 
Iect. Thc 8 bit D/A converter will give this oscillator a range of 2pp l o h .  By 
rno~dtoring the Rubidium control voltage the oscillator may be pcrjoclically ad- 
justed to keep it within the lock range of f5pp l o 7 .  The frequency output of the 
Rubidium unit can bc adjusted by applying an cxternal current changing thc mag- 
netic fielcl :iround thc rcsonancc ccll. A 10 bit D/A convertcr will give n range 
of 2 pp 10". 'I'hc tuning curves a r e  shown in Figurc 10. 

The dc power hudgct is shown in Figurc 11. The tuning command powcr i s  shut 
off when not in use. The qu:trtx systcm uses almost 3 watts and thc rubidium 
system uscs nlmost 13 watts. 
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Figure 9. Rubidium Block Diagram 
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Fjgure 10. Hubiclium 'I'uning Curves 
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CONCLUSION 

The TIMATION I11 sntcllite frequency standard systcm will use a digital control 
system which will provide control of several frequency standards for spacecraft 
use for the purpose of testing ncw concepts and redundancy by the use of digital 
techniques, intcgrated circuitry and modern construction techniques. It will 
be a compact sizc, low weight, low power consumption device capable of being 
used with a variety of frequency standards. 
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QUESTION AND ANSWER 

MR. CHI: 

A r e  there any questions '? 

(No response. ) 

MR. CIJI: 

According to thc schpdule, there will be 3 qucstion period open to al l  the papers .  
Before I do that I should like to use  the opportunity to restate  the ol~ject ive,  
which is to comrnunjc:ttc thc activities among the people working i n  different 
fields,  h o r n  different :~gencics.  

Now, I would Ijke to open the session for  questions of  any papcr which were 
presentcd (luring the day. 

P lease  identjfy yourself, and also the priper o r  nuthor to whom th(1 cluestion i s  
addressed. 

MR. MlTCITET,JJ: 

1 am Donald Mitchell. 1 am f rom the Rwaj:tlcin Missilc: Range, ancl I have a 
question on  Mr. Matthewsl pnper. 

Perhaps I misunderstood, but cor rcc t  me  if 1 am wrong. Did you state that you 
only made the evaluations of your, delay mensurelnents once every three nlonths 
at your remote locations '? 

ME. MAT'I'HE WS: 

On the r a d a r  sys tcms,  yes ,  that i s  con-ect.  On the telemctry system, i t  i s  a s  
the mission i s  flown. The time bi:ts is tlctcrminccl on an  op-to-op basis.  Does 
that nnswcr your question? 

MR. MITCIIKLL: 

Yes,  i t  does. Thank you. 

MR. I<RUTENArl': 

Bob ICrutennt, Naval Torpedo Station, f o r  M r .  Nichols, the 1:tst spcalwr. 



How severe were the vibmtjon requirements for your ~wbidium standard, and how 
djd they hold up ? 

MR. NICHOLS: 

This was for  an Atlas F launch, which i s  13 GRMS overall and a fairly severe 
vibration. If our parts  aren ' t  very carefully mounted, we have trouble. We 
had problems with brolcen transistor leads and glass capacitors that short out 
on us  and things of this sort.  

The problem i s  mainly solved by making the printed circuit boards more rigid. 
'I'he boards wcrc originally mounted in the corners. We felt they were giving 
thc parts  a lot rougher ride than they should have. 

We have now succecdcd in getting past vibration, with four units, but it  took a 
lot of work to get there. 

MR. CHI: 

As I can recall, you made four unjts, of whjch you had two, o r  did all four pass 'r' 

MR. NICI-IOLS: 

In this program, we purchased a total of 1 0  units. We purchased four initially 
for  prototype testing. We then purchased six more,  of which we hope to get 
two good ones to fly. Of those six, we havc taken the four best ones and got 
them through vibration testing. We will choose the flight one from one of thcse 
four. 

MR. CHI: 

A r e  all  10 modifjed ? 

MR. NICHOLS: 

No, a t  this point only four a r e  modified. The modjfication i s  so elaborate and 
complex that we only modified as many as we felt were necessary, and two of 
thcse have been destroyed in testing, taking them apart and putting them back 
together so many times. Wc now only have eight operational units left. 

MR. CHI: 

Dr .  Kartaschoff. 



nK.  KARTASCHOFF: 

n o  you have some agjng data over n long period of time on thcsc rxbidiun-I 
cells ? I tested one for  45 days and it  rcmained within plus o r  minus one part  
in 1 0  to the 11th. So, it  was much better than stated hy thc mnnufacturcr. 

MR. NICHOLS: 

In general, we found the aging to be much better than the manufacturer by :I 

factor of two. We have one on continuous aging for about seven months, and the 
aging has changed a s  the units havc aged. It gcncrally started off high ant1 
improved. I believe the units that we have aged the longest arc somewhere 
arouncl a part  in 10  to the 12th pcr  day, o r  less.  

Rut I think more typical numbers a r e  two to three parts  in 1 0  to the 12th per  
day. 

MR. WI LCCIX: 

My name is  Doug Wilcox, and I nm from the Defense Mapping School a t  Fort  
Belvoir. I would like to a sk  Mr. Iinowles a question an his paper, Applications 
of Radio Interferomet-r'y to Navigation, 

Conccrning this navigation system which uses quasars a s  :I natural source, 
what would he the effect on i t  of a hostile environrncnt, such a s  a war?  IIow 
reliable would a quasar be for a navigation of n military vehicle '? 

MR. JOHNSON: 

It would be as reliable a s  without a war. I t  i s  irnpossiblc to jam thesc sources, 
since they give out a noise spectrum over a very wirlc range. So, i t  woulcl be 
impossjble to jam them, so they a r e  very good sources for  that. The problem 
i s  that they a r e  not very strong. 

DR. WTNKLER: 

1 woulcl only have a comment, which does not :~pply to a single paper, but I 
would repeat my appeal that wc should use n common language. I have found a 
couple of very strange numbers on some of the slides. For instance, the 
rubidium standard operating a t  ti, 800 rnillihcrtz, o r  a crystal oscillntor which 
requires 3.5 megawatts for its operation, o r  data which were given for Julian 
day 1133111, which indicates an event very early in human history. 



Things likc that, J think, again point to the need to bc careful in our terminology 
and to usc at  least what we have :tlrendy agreed an. Hopefully wc will also agree 
on some additional terms which may be found uscful. 

MR. CIII: 

Are there any more yucstjons o r  comments'? 

MR. KAUPMANN: 

I have a question for Mr. Matthews. 

Hnvc you consiclered the usc of Loran-D now that i t  i s  available on the West 
Coxst in the Vandcnhcrg complex, a s  opposed to U H F ?  

MR. MA'I'THEWS: 

M r .  John Schmid here i s  currently with SAMTEC engineering, and is currently 
irnplenienting a Loran receiver at  our Pcno Point facility, Because our 
prccision measurement lab is located at  Vandenberg Air Force Base, there is 
not going to be a receiver located there. The Pcrnel lab will have the receiver, 
and they a r e  like our quality control. They monitor our timing and they tell us 
when we a r e  getting bad. They a r c  immediately right there to repair the cesium 
if i t  i s  in trouble. 

MR. ICAUFMANN: 

I was wondering about your remote locations. 

MR. MATTIIFWS: 

At Kanbn Island there were two Loran C receivers. I am not sure  if there a r e  
any a t  Kaona Point; no. 

MR. KAUFMANN: 

I was really thinking about the Vandenberg complex where you transmit, as I 
understood, over U H F  from your central time standard to other remote locations 
100 miles o r  so away. Do you use Loran-C a t  those remote locations and a t  the 
Vandenberg complex ? 



MR. MATTHEWS: 

No. We a r c  using an IRIG-A timc codc, which we :ire t1-:tnsmitting on this 1750 
megal~er tz  frcclucncy, a t  each of thc 12 remote locatjons that wc have receivers  
at, IVc: a r e  currently under implementation to put clual recejvers  in :it ou r  
tclelrletry c1:1ta ccnter ,  ou r  tracking and receivc si tc :tt Osli Mo~ultain, vvl.lich is 

s<)uth of V:~ndenberg, and a t  our  launch c:ontrtol facility for  ILrinutcman. 

A t  each of these locations, both on thc t3u:ll r , ~ c e i v ~ r  l ~ a s i s  :tntl on the single 
receiver  basis ,  we have tjme cotlc generators  thel'e uhich a re  phase locl<ed to 
that incoming TKTG timc cocle, anrl thnt providrs  u s  the synch1-onization with o u r  
range timc. 

1 MR. CIII: 

Are  there any more  conlments or cyuestions? 

(No response, ) 

MTE. CHI: 

a Perhaps Llr. Vl7inlilcr would use one n~ inu tc  o r  so to inform peoplc how good is 
T,or:in-l), and the av:ijl:thility of receivers  : ~ n d  so on. 

Well, i t  i s  certainly a s  good a s  :iny T,orban station for  a t  1c:ist dilI(~rc~ntia1 
measurements.  The signal c:jn hc rcccivecf with r.egul:~l. Idoran-C tinling 
receivers. It gives :i signal cvhich you can reccivc :ill over  Califorr-ljn, :~nd :t 
consider:tblc pa r t  of the other Western St:ttcs. 

In addition, wc are publishjng regn1:irly now in ou r  Series  4 bulletins, t imes o l  
emissions,  which a r e  ohtnjned I)y thr  Camp Roberts SATCOhl terminal in direct  
synchronixation back to t l ~ c  ol~scrvatory.  \Ye n r e  :dso bcncfiting from some 
addition:tl monitoring wllich i s  rcported l~ncl, to us ,  

Wc hope eventually wc a r c  going to have two ind~pendcnt  linlis I~acli  to the 
observatory. 

Also, I think that a s  the number of users 113s i n c ~ * ~ a s ~ d ,  p:~rticul;trly within the 
Air  F'orcc and the Navy and other. organizations, that it will he possilnl(1 to 
i nc r r a se  the periods of operations. 



Llie have had an increase recently, :ind maybe another one la ter  on, a s  more 
use r s  inform us and the Air Force of their needs. 

So, 1 have a feeling that this i s  a t  least one useful system now in existence which 
from day to day i s  certainly as. precise in i ts  operation as thc standard Loran, 
except therc a r e  some slight problems in regard to operator convenience, since 
the chains a r e  still turning off during the night, o r  a r e  only in operation during 
the daytime. The receiver will unlock, and the next day when the station comes 
back on, it  does require a manual intervention to lock it back on. And there i s  
some initial searching procedure on the part  of the Loran operators which we 
a r e  trying to Improve. We a r e  preparing some equipment, in cooperation with 
the Air Force,  to ass is t  in eliminating that searching procedure on thc trans- 
mitter part. 

I point thjs out, because i t  certainly i s  not yet completely comparable to the 
standard Loran a s  operated by the Coast Guard, which i s  a real  fine operational 
system has made a remarkable record. 

However, we do feel that anyone who keeps these few inconveniences in mind can 
get high precision timing service. 

MR. MERRION: 

Mr. Merrion (DMA). I would like to just aslc you, a r e  these st:ztions permanehtly 
located here now? Are they going to be here for the next 10  o r  15 y e a r s ?  

DR. WINKLER: 

I think they a r e  a s  permanent a s  anything' we do nowadays, which cannot be 
predicted more than maybc a week in advance with real certainty. 

It i s  certainly correct ,  and I have to tell you this, that these stations originally 
a r e  contingency stations which may be cut off. However, the need fo r  such x 
service is so grcat that 1 think I would recommend that anyone who can, get a 
Loran reccivcr and use it ,  until the signal disappears, ,and in the meantime we 
will  see  what in addition can be done. 

We have some other things in preparation. We have hopes to he able sooncr o r  
la ter  to improve the timing available from local television stations on the West 
Coast. Some development i s  underway. 

We come back again to the question of reliability of service. I think we come 
back also to the fundamental principles in timing that we had better use what is 
available; and we had better have some redundttncy in service and in our sources 



fors tinling - which is even morbe important. Some redundancy js indispensable 
in ou r  operations. 

For. the forbesee:~ble future, le t t  s say a year  o r  scvcrnl  y e a r s  hopefully, I thinli 
the Loran Wcst Co:~s t  servjcc has an cxcellcnt capnbiljty, and within that 
period of time other things will 1)e developed. 

I think wc will  hear   bout that  tor~lo~-row. 

MR. M(lNTG(3ILIERY (CVSRI Ruclic? jn Nashvjlle) 

We 11:avc heen operating phase locli wj th tllr RUI-c:tu O F  StLincla xrls, \IJ\YVI,, for, 
somc three or. four  years now, :~nr l  if you h : i v ~  :1 r c c ~ i v e r .  that  will h n e  I n  650, 

you can gel this stanchi-d can-icr there.  

A n d  n gootl progr:tm nl  so, 

MR. M0N'TC;OMERY: 

(Laughter. ) 

I jus t  hnve one small  c o m n l ~ n t  Lo nl:~l<c in view of tllc clnergTT c ~ i s i s  ~ h : ~ t  is ram- 
ing along. 

Sorncbody mentioned i n  onc of thc tall\s c:ir,lic~- that tllc higgest prbol~lem they had 
i n  :I 1 ,~rnntc  area w:ts pomrcr* supply. T fccl that perhaps in the ~~~~~~e It might 
not only hc in remote nrcas t11:it \ve wjll have this p ~ o b l ~ n l .  

MR. CHI: 

Are  thcre any more  yuestjons ? 

(No rcspon sc . ) 

Tf not, T would like to turn the  session ovcr  to t h e  general chnjrnzun, Dr .  
Klepczynslii, for  the closing rernnr.1~~. 




