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Introduction 

This r eport was written following the visit of the author to 

Mexico from 15 March 1977 to 16 April 1977. 

From a Canadian point of view the purpose of the visit was to 

permit C.I.D.A. to be in a positicn to make a critical assessment of 

proposed cooperative aid projects in which Canada and Mexico would 

suppl.y a comprehensive highly automated earthquake monitoring network 

to the Central American Republics and to other eligible countries in 

South America. 

As a part of the assignment the author was asked by the Director 

of The Institute of Applied Mathematics and Systems (IIMAS) of the 

Autonorno us University of Mexico (UNAM) to report his f indings during 

tne visit. Rather than repeat rnuch of the same 1uaterial, thai.: repo1:t 

is attached to, and forms a part of the present report . 

In addition a copy of the OAS resolut ion regarding a Seismological 

Network for Central America is attached to this report. It includes 

the terms of reference for the committee which is to make recommendations 

on the facilities that might satisfy the requirement . 

A review of my report of 14 April 1977 

The numb ers below refer to the attacheè repor . . In sections one 

and two the background of seismological study in Mexico is described 

and should be of general interest . In particular section 2.1 mentions 

some of the persons involved in the proj ect . 
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Section three lists the objectives that were established for the 

system and recommends that the time is appropriate for a general review 

of the current work program which would probably l ead to some a djustments 

in priorities. I should add that there exists considerable scope for 

interdisiplinary jurisdictionaldisputes with regard to seismological 

data collection and analysis. 

Section four is a point by point revie~ of the present project 

status and includes a technical discussion of problem areas, or areas 

where several options as to future development exis t. Because of the 

technical detail in this section, most of it is not relevant to this 

report. However, I can sununarize the more relevant points of this 

section in a few lines. 

1. The detail of the overa.11 system desi gn r equires more 

attention and effoYt. 

2. The communications facilities should be recogni?:e <l as a major 

part of the system, and as such requir e the attention of all 

levels of management in ensuring that facilities are made 

available as soon as possible and which, after installation , 

are adequat e ly maintained. 

3. That more attention be dcvoted to ensuring the time ly orde r 

and delivery of sub-syst em components . 

4. That the digital system design is receiving adequate attention 

and has few probl ems . 

5. That more attention should be devoted to the sensor-ana logue

digital interface. 
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Summarizing, I believe the project team has sufficient technical 

expertise in the academic sense, but it is lacking both experience in 

Seismological Instrumentation and in Project Management. 

An examination of methods of supplying RESMAC technology to third countries 

Notwithstanding the fact that RESMAC has not been demonstrated 

as an op erationa l system, Dr. Cinna Lomnitz, the Project Coordinator , 

has been actively promoting the system in Central and South America. 

As a consequence of the P.A.I.T. meeting, Dr. Lomnitz saw Canada as a 

source of funding for future RESMAC sys t ems in "tripartite" ar r angements 

with a third country. In this scheme Mexico would supply the technology 

and the Outstatio.n hardware. Canada wo uld supply the E.D.P. equipment 

in the form of PDPll minicomputers, valued a t about $100K. Since these 

computers are manufactured by Digital Equipmen t Corporation and are perhaps 

only assembled in Canada , I am not sure to what extent -this could 

be regarded as Canadian content (as opposed to U. S. content). 

In considering the manufacture of Outstations it should be noted 

tha t the University does have a prototype printed circuit manufacturing 

facility, however, the examples I have seen of equipment made in this 

facility are not to accepted manufacturing standards of workmanship 

even t hough they do work . I should also point out that the University 

does not have availabl e to it the services which are a part of a ny 

manufacturing operation such as sales , contract administration, assembly, 

t est , technical literature and test procedures , operation manuals, 

spare parts and other after sales services . Perhaps this would be a 

role for Canadian or Mexican industry, in which case the concept of 

technology transfer is involved. 
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Recommenda tions regarding cooperative projects 

Based on the present status and arguments in this report, I 

believe it is premature to seriously consider any cooperative projects 

involving RESMAC . Canada (and other countries) should wait until there 

is a minimum of six months demonstrated operational experience of RESMAC 

be fore making any kind of commi tment. There · is se ope for further 

examination of the kind of cooperation that would be mutually acceptable 

to all the parties that would be involved. 

A furthe r comment on the RESMAC approach to the study of seismicity in 
underdeveloped contries 

Seismologists in Canada and elsewhere have expressed doubts as 

to whether the RESMAC technology is the most appropriate solution to the 

problem of c:reating and maintaini.ng a viabl e and reliable national 

seismograph network. RESMAC employs state of the art electronics 

technology with digital transmission of data to a central digital 

computer. lt is thus a highly centralized high technology project. 

Other approaches using somewhat less sophisticated frequency division 

multiplex of analogue FM transmission have been successfully employed, 

notably in the Californian Regiona l Network . Certainly the conventional 

Mexican Photographie Seismograph Network has been a dismal failure. 

This has been attributed to the difficulty in maintaining a sufficient 

level of in~erest by seismograph station operators in a widely dispersed 

network and is aggravated by the principle of tenure and the lack of 

any native ability of operators to tinker in order to make things work . 

By contrast the centralized system is deliberately made sophisticated, 

utilizing the theory that interest increases with sophistica tion and hence 

it becomes feasible to attract and keep motivat ed a team of t echnological 
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specialists at a central location. I have discussed this concept with 

a noted seismologist of :i,nternational reputation, James A. Brune, of 

the University of California, San Diego. He has had as much experience 

as any foreign seismologist of prevailing conditions in Mexico, and was 

originally in favour of simplicity in a seismograph network. However, 

simplicity by North American standards is sophistication at the village 

level in Mexico. He is now having "second thoughts" and having observed 

the high motivation in the RESMAC project team will concede that the 

high technology concept warrants testing. In Mexico the choice of an 

all digital system was made two years ago and is fait accompli. In any 

third country the FM analogue system could be considered a viable 

alternative. Sev_eral U .S. companies can supply most of the equipment 

req~ired from their 8Stablished product lines. To my knowl edge, no 

company is offering off-the-shelf digital telemetry systems. Presumably 

the Mexican interest is in promoting Mexican technology which is digital. 

Would Canada promote FM systeffis utilizing U.S. technology and hardware? 

The Earth Physics Branch has also developed and successfully used 

the digital technology similar to that be ing deve loped in Mexico. The 

Canadian stations have been opera tiona l since 1974 and present plans 

call for significant expans ion during 1978. This technology could be 

transferred to a Canadian Company by a licensing agreement through CP&D. 

International contacts which have b een made by Mexico 

The following are notes of a conversation between C. Lomnitz 

and the author. 
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Columbia 

C. Lomnitz has had discussions with Jesus Emilio Ramirez, Director, 

Instituto Geofisico de los Andes and with Mr. Camil Coté, 2nd Secretary 

of the Canadian Embassy in Bogota. Apparently, Mr. Coté thought that 

a RESMAC system for Columbia would be a good opportunity to try out a 

"tripartite" approach in coop erative aid. A budget of the order of $250K

$500K was mentioned. Mexico would supply the technology, system design 

and assistance in training. Canada would provide the funding and the 

computer equipment. Columbia would assemble the hardware. 

Central America 

An O.A.S. ~esolution has been passed in favour of a Central 

American Seismograph Network and the O.A.S. has agreed to fund a 

feasibility study to be started in October 77. The team on the study would 

include Dr. Lomnitz, Gary Latham , University of Texas, E. Counsel from 

Chile, and R.B. Hayman of Canada (the author of this report). 

The project would be controlled by Antonio Quesada, Earth 

Sciences Program, Science and Te chnology Branch, Department of Science 

and Technology, O.A.S. 
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EXPL4NATORY NOTE 

The General Assembly, at its Sixth Regular Session, in resolution 

AG/ RES. 215 (VI-0/76), instructed the General Secretariat to coordinate , 

in consultation with the Governments of Central America and Panama, the 

preparation of a Seismological Plan or Program for the region anà to 

provide that the plan thus prepared be presented for consideration to the 

next regular me~ting of GIECC, which. shall be responsible for adopting 

measures to finance it. 

The present document includes a copy of AG/RES. 215; the agreement 

reached at the XIV Regular Meeting of CEPCIECC, regarding the need to 

carry out a prior study for the preparation of the plan, as recommended 

by the Inter-American Committee on Science and Technology at its XIX 

Regular Meetinc;; and th~ docum2nt, "Centrb.l Arne:rican Seism·'.)logical NetwoTk> " 

(CI CYT/doc.160) which is to be submitted to CIECC for consideration. 

iii 



WHEREAS: 

AG/PES . 215 (VI-0/76) 

SEISMOLOGICAL HETWORK FOR CENTRAL Al"lERICA AND PANAMA 

(Resolution adcpted at .the second plenary session, 
.held on Jw1e 16, 1976) 

The Central A~crican region is subject to frequent seismic phenoroena 
whosc disas trous consequcnces for human life and the economy of the coun
tries have been evident in r eccnt years in the cases of the Managua earth
quake and the recent one in Guatemo.la; 

Seismological studies based on the experimental analysis of seismic 
movements are very important as a basis for earthouake- resistant engine
ering, a science that make s it possible to construct or adapt civil en
gineering works (buildings, bridges, roads, da~s, industrial installations, 

. etc .), so that they have the greatest capability of resisting the effects 
of high-intensity seismic accelerations without appreciable damage; 

It is equally important to educate and alert the population to follow 
an individual and collective pattern of behavior that facilitates the ac
t1on of the authorities i n restoring life to normal following an earth
quake ; and 

The OAS, 1-r.ithin its tedmical assistance activities in science and 
technolo&}', has rendered services in these matters to the Central American 
countries and Panama, 

THE GEl'IERAL ASSEMBLY 

RESOLVES: 

1. To i nstruct the General Secrctariat of the OAS to coordinate, in 
consultation with the govern..rnents of Central America and of Panama, the 

. preparation of a plan or progr am desi gned to: 

a. Strcnc;then existinc; seismic in.stallations in that area and co
ordinate them, so that they may corne to fonn a Centrn.l Amer ican 
Seismological Network ; 

b. Prornotc a .studics and research program for training profcssional 
teams of seismologists, gcologists, volcanologists, and engi.neers 
specializing in earthquake -resi sta.~t construction; 

c. Rendcr any technical assistance requestcd by the govcrrunents for 
prepuring or updating codes or standards for carthquake-resistant 
construction ; 
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d. Assist the r;overrnnents in fonnulating and d.isseminatinc; among 
their people information on the action that they should takc, 
inclividually or as a group, in the event of an earthquake; and 
assist the r;civcrruncnt.0, also, in organ.i.zing wi thin the sphere 
of the public · authoritics, centers or tearns that can act in 
cases of national ~~ergcncy. 

2. To providc that the plan thus prepared shall be prcsented for 
consideration to the next regular meeting of CIECC, which shall be res
ponsible for adopting measures to finance it. 
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. FINAL REPORT OF THE XIV REGUIAR MEETING OF CEPCIECC 
CEPCIECC/doc.365 rev. 1 corr. 1 page 49 (English version) 

At its XIV Regular Meeting CEPCIECC decided: 

Seismol oc:ical Neh1ork for Central America and Panama - AG/RES. 215 
Ivr-0/76) - CICTI/doc . l b 4 

To approve the study proposed in document CICY'l'/doc.164 and to 
instruc t the Secr etar iat t o provide the funds necessary to implement it 
in the next budget , since it would benefit not only Central America but 
all the countries. That study could be conducted by three experts under 
the coordination of the General Secretariat . Those experts should have 
·broad knowledge of the unique featur es of the region and could be "hired 
for a period of two months each . The working plan would include a visit 
to each of the Central American countr ies and Panama, with an average stay 
of nine days per country . Existing earthquake-monitoring stations could 
be visited and the technical needs could be analyzeà with local experts. 
The cost of this study is estimated at US $22 , 000, distributed as follows : 
fees, US $9,000; travel and per diem, US$13, 000. 

The group recommends that the Secretariat be instructed to secure, 
through the ONE's the participation of specialists whose services would 
be paid by t heir own institutions, leaving the expenses of per diem and 
t-ravel for pa;-,rment . by the Secrete.riat . 

In the des ign of the project, account will be taken of the activities 
and capacities of the centers of the special project "Evaluat ion of Seismic 
Risk, 11 which has been in operation sin~e the beginning of th~ 1976/77 
period. 

It likewise r ecommends that as a future action, a study be undertaken 
for a project tha t will eventually include all the Andean countries and 
the Caribbean countries as participants . 
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CENTRAL AMERICAN SEJ:SMOLOGJÇJ\1 NETWORK 

l3ACKGROU1ID 
, 

.• 

The Ç~neral Assembly of the OAE, at its session on June 16, 1976, 
adopted re~olution AG/F:ES . 215 (Vl-0/76) whi.çh states in its operative 
pa.rt: 

"l. To instruct the General Secretariat of the O.AS to coordinate, in 
consultation with the governments of Central America and of Panama, the 
~reparation of a plan or prcgram designed to: 

~) Strengthen e:xisting seismic installations in that area and 
eoordinate them, so that they may come to form a Central 
Americ~n Seismological Network; 

b) :?romote a studies and research progrem. for training profes
sional teams of seismologists, geologists, volcanologists, 
and engineers specializing in earthquake-resistant cons truc 
struction; 

c) Render any technical assistance requested by the governm.ents 
for preparing or updating codes or stand~rds for eaxtnqu::.ke-

f'~ r~si. stc.nt const:uctien ; 

d) Assist the governnents in for:nulating and disseminating among 
their people i:iformatio!l on the action that they should take, 
individually o~ as a group, in .the event of an earthquake; 
a.nd assist the govermnents , also, in organizing within the 
sphere of the public author~ties, ce~ters or teams that can 
aet in cases of national emeTgency . 

2. To provide that the plan thus prepe.red shall be presented for 
consideration to the next regular meeting of CIECC, which shall be respon-. 
sible for adopting oeQ.sures to finance it." 

CICYT, at its Eighteenth Meeting, on June 28, 1976 studied the resolu
i;ion of the General Asseirrbly and pointed out the following (doc .158 ): 

"l. For preparing this project, other agencies in the system, such as 
the Pan Ar:lerican Institute on Geography and Histo:!'.'y, and its Geo
physic s Com:nittee, the Inter-American Geod.esic Service, loca.ted 
in the Panama Canal Zone, as well as all the member countl'ies and 
any other countries concerned should be askecl to cooperate . 

2. It is eonsidered important for the project to be prepared by uti
li: ing the expe~ · ence of the dtù.tinc.tion.::ü Barth Scie!1ces Proj ect 
and the Multinational Engineering Project of the FRDCYT . 
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~. A topic on forecasting earthqua.kes should be includ.ed among the 
project topics. 

4. The characteristics and multinational impact of the proposed net~ 
work indicate that the project could be presented as a special 
vroject with the countries concerned. 

At its regular meeting on July 26, 1976, CEPCIECC, in doc. 330, rev. 1, 
tPO~ the ;following decision: · 

"'J.'he Cornmi ttee took note of the work that the Genera.l Secretariat must 
ee.r;ry out, and also the recŒ1Illendat.ion conta.i.ned in the final report of the 

· XVll Meeting of CI~IT and decided that, at its next ~eeting, it would study 
the pl?.n to be presented." 
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~r;r. ANAL YS rs OF TEE PROBIEM 

Due to its geological conditions, Cent~al P.meri ca is one of the areas 
of greatest seismicity in the Arnerican hemisphere. 

In the period fron 1900 to 1976, more than 2,820 earthqua.kes have 
"Peen recorded in Central .A~erica wi th surface wave ::;agnitudes ab ove 5 .5 
Ms. on the Richter scale, of which 953 were destructive. Notable among 
these were the ones on April 28 and May 1, 1919, which caused the destruc
tion of San Salvador; the one on Noveobcr 5, · 1928 , which destroyed Le6n; 
the one on Decer:iber 23, 1972, which devastated Managua; and the one on 
Feb:rua.ry 4, 1976, which destroyed a wide a.rea of G:uatemala . 

The seismic phenomenon ta.ken in its most simplistic for:n, is the re
sult of vibration and acceleratian induced in a part of the crust of the 
ee.rth, because of the tectonic movements of the continental plates , as a 
result of the constant evolution of the planet . 

During a seism, buildings are subjected to the se vibrations and ac
celerations, and in the maj ority of cases the probable behavio:t of the 
soil-structure system is un.~nown. For this reason, it is easy to make 
errors in calculation a:ld design of buildings , which ma..l<:es it highly 
likely they ma.y côllapse , thus causing the characteristic dêlllage of an 
e~:-thquake . 

In order to provide effective protection for the cities and buildings 
of the region , it is necessary to collect as much seismic information as 
possibl e, to obtain a thorough knowledge of the geologically active and 
inactive areas, and the ~echanics of the seismic phenomenon . This know
ledge will allow the respective gover!'l~ents to establish standards, codes, 
and laws that will ensure to the inhabitants of the region effective pro
tection against disasters of this kind . 

III. NEED FOR A SEISMOLOGICAL NET..-!ORK A11D IHPLICATIŒTS OF ITS INSTALLATION 

The Central American region has a remarkable periodicity in the in
cidence of se.ismic phenomena, some of which are accompanied by vclcanic 
eruptions . The frequency of these phenomena is ur...fü."1o~m; also unknown are 
which areas are most active and the behavior of the soil and of the struc
tures built on it under the action of seismic waves . 

In order to be able to interpret these ph.enGmena, it is necessary to 
record the seism~c waves of various kinds, which is done by instruments, 
such as: se.ismograpils , accelerometers, and seismoscopes, placed in per
manent stations loc::i.ted in various geographic locations . The group of 
.the se actions for:n the so-co.lled "Seisrnoloe;ical Network . " 

The stations operate under a const::i.nt system, and the information 
that the y obtain mo.:ir be collected pcrio;licalJ.y by the staff, or tre..~s~i ttcd.. 
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immediately to a cent ral office by telemetric systems. In both çases, it 
is in this central o:fice that the infor:nation is anaJ.yzed and processed 
by_ a group of highly-trained professional workers, having master's or 
doctorate degress in the seismologic3.l and geological sciences. 

The results of this research will be applicable immediately py engi ... 
neers and planners in the establishment of codes, st2.l1dards, ~nd urban 
zoning , which will lead to greater protection of lives and property during 
an earthqua...~e . It will aJ.so be a function of this g:roup of seismo1ogists 
to conduct res earch directed toward prediction at seismic ~n~ volcaniç 
phenornena. 

IV. SEISMIC FACILITIES ETISTING IN CENT.!M.L AME...."R.ICA AND P_t\i.ITAM.A 

i. Equipment 

Several countries of the region now have seismological networ.ks whose 
i'unctions are confined to surveillance of volcanic activity, or to studies 
for protecting hyd.Taulic works under way . Such is the case with the seis
mologicaJ. network of Guatemala at Lake Atitlé.n and the Volc2.n de Fu.ego, or . 
the Costa Rican network in the vicinity of the Arenal Volcano and the dwi 
under construction. 

Networks more national in nature, wtose function it is to determine 
areas of greatest seismic :cisk i!"l the cou:1try for ?"'-1::'."?0ses c±' ".12:'.!J<!n enrl 
regional planning, are those of Nicaragua, operated by the Seismic Research 
Institute of Nicara5~a, and that of Costa Rica, operated by the Central 
American School of Geology. :Both networks are deficient in equipment and 
technical personnel. 

EXISTING S~ISMIC STATIONS IN CEJIITRl\L P.M~RICA 

No. of 
Country Stations Instrmnents 

Guatemala 4 6 seismographs 

El Salvador 1 1 seismograph 

Honduras 1 l seismograph 

Nicaragua 11~ 14 seic:mographs 

Costa Ries. 10 10 seismogniphs 

Panama 1 1 seismograph 

Coverage 

local 

locs.l 

local 

national 

partial 

local 

Location 

- Lake Atitlan 
- Volcan Fuego 

Near Tejutla 

_In Tegucigalpa 

In the seismically 
active region in the 
western part of the 
COUJltry 

Vicinity of Arenal 
Volcano, in the central 
plateau, and in the 
city of San José 

Canal Zone 
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ii. Personnel 

Central PJnerica has highl y-skiiled personnel in the fi elds of ge ology 
and civil engineering ; in the field of seismoloty, only Costa Rica and 
Nicaragua have , in the last three years, started personnel training programs. 

\ 
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V. STRUCTURS O:' A SEIS~·10LOGI CAL !BTWOR'.<: 

The basic components of a seismological network are the research 
personnel and the seismological stations. 

~. Seisôological Stations 

A group of more than three "seismological stations," each located at 
a different geographical point and having the possibility of seismic 
triangulation among them, constitutes a so-ca.lled "seismologica.l network. 11 

Each station should have a number of pieces of equipment able to 
detect the seismic waves of vari ous kinds and to record them independently 
of the magnitude of suc.h waves. 

A typical station is composed of a seismometer of two or three com
ponents with the ability to record the horizontal and vertical seismic 
waves, an automatic system to measu.re time, and recording systems, which 
can be either graphie or telemetric. 

This group of instruments should be installed permanently and pro
tected e.gainst the atmospheric elements e.nd at a distance from u.rban centers 
with a great dee.l of traffic, in order to avoid interference from them. 
TI1is involves construct ing a small building that constitutes the so-called 

f- ;;SeismoJ_ 0~::.c2.2 S~2.t:.cr: ." 

In addition to the network, the installation of recording apparatus 
that provides additione.l i:iformation on the behavior of certain types of 
construction and of the soils supporting thera du.ring violent seism.i.c 
movements shoul.d be ple.~-;.ed . For this, i t is necessa.ry to inste.ll sim_pler 
instruments, suc..~ as accelerograpbs and seismoscopes, in the construction 
'Wb.ose behavior it is wished to learn. 

The number of stations depends on the area to be covered and the 
degree of detail of i:'lforr:iation required. For t.his reason it is necessary 
to carry out a prelii:linary study on the installation of each station to 
determine its desirability and feasibility. 

The information produced by each station is collected by the attendant 
personnel or transmi tted by a telemetric syster:J. to a centre.l station; in 
the latter case the sta~ions have teleœetr~c eq~ip~nt and reCTote control 
and are hooked up to eac..~ other. This alla~s a national seismological 
network to be ·Connected to another network in a neighboring ne..tion th.rough 
the use of existing ::ùcrowave c..li.annels, which gi ves bath networks a 
regional opening for studies on prediction. 

Because e.11 this equipment is electronj_c and hig.~ly sopbisticated, 
i t is absolutel~.t ecesse..ry to ~e.ve facili ties for their ::!ainte:iance and 
calibration . Past experience has sha..rn that due to lack of adequate 



( 

- 15 -

maintenance, on.ly 10% of exist:ing instruments in e. co\.llltry have been 
operable when an ea.rthquo.lœ occurr-ed. 

Given the characteristics of the Central Ame~ican region, it. is 
estimatcd that about 80 stations are needed to organi~e national networ~~ 
in the six countries, and on that basis the network.s wou.ld constitute 
-the "Central American Network. 11 

.ii. Staff 

For the opera~ion of, and the analysis of the information produced by 
each one of the national networks of national coverage , a group of highly 
trained pyofcssionals is required, -to dea.l with the following : 

(a) Location of foci and epicenters, (b) Deterrnination of active 
seismic zones (fai.ùts) , (c) Determination of the anomalies in the upper 
:p:i.rt of the mantle , (d) Preparation of maps of seismicity (isoseismic 
and exoseismic ) , (e) Mi crozoning of important cities, (f) Stud.ies on _ 
seismic a.Dd volcanic prediction. 

Geologists with a Master's degree, whose fUnction would be to 
collabora te wi th the seismologists to improve the e..xisting geological 
maps and to aid them in preparing sej.smicity and microzoning maps. 

Electronic technicians Wi th ex:rie::-ience i:i the i:iaintenance of seis
mological equipment. Their fUnction would be to provide necessary 
maintenance of the equiprrent. 

The composition of the team will depend on the level and volume of 
activities a.Dd shouJ.d take into accou.nt the necessary infrastructure 
(pre:nises, transportation, secretarial staff, and a.rea) for its proper 
f'unctioning. 

VI. DEVELOB'·ŒNT OF A PLAN 

In order to form a Central American seismological netwo:r·k i t is 
necessary to: 

i. Conduct stud.ies to determine the number of stations required by the 
countries, their location, and the instit ut ions responsible for their 
operation. 

ii. Decide which of the two systems will be uscd in the gathering of 
in.formation from t he stations: (a) graphie, (b ) telemetry. 

The graphie system i:wolves :pcriodic collect ion, daily or weekly, of 
the infor :r:e..t ion produc ed by each sta vion . The telenetric system involves 
more sophistic~ted electronic equipnent for automatic transmission of 
the information . 
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The development of these two points may requi~e about 6 man~montbs 
of work in v~sits to the çountries and to other network,s ~l;reaày establisbed. 

The setting up of the seismological network ca.n be accompli.shed 
t hrough · one of t }1e foJ,).ow;i..ng inethod.s: 

a . Acquisition of a;Ll the necessa.ry equipment , Instç,llation and 
functioning of that equipment basice..lly by contracted personnel while 
t he national staff ;i..s being t rained abroad. This alternative would 
r equire a period of approximately two years for setting up the network 
and a larger initial investment. 

b . The other alternative .is to define successive stages in which, 
initially, staff is trained and a limited number of stations are equipped. 
The investments in equipment are carried out gradually and progressively 
over six or seven years. 

VII. COLLABOP_i\TION WITH OT-IBR ORGANS OF THE SYSTEM 

VIII. 

In developing the pla.î, consideration could be give~ to the partici
pation of other agencies of the system or international agencies, as long 
as the activities to be carried out by each one are defined, and there 
i s coordination to vrevent the dilution of the project. 

BE:Nt::FITS O? A SS:!:SMO:!:.OGICAL :NETWO~K 

Short -ter~ Direct Eenefi ts 

a. Production of ~ore precise gcological ~sps, which would promote 
greater conf ~~ence in large investments su~~ as hydroelectric, 
geotherma:L , and other projects it is de~ ired to develop in the 
r egion. 

b. Deterrnination of the areas of greatest seismicity that could 
affect present or fu.ture urban area.s. 

c. Microzoning of the eities of the region t hat would permit , 
designing of better building codes and establish uxban zoning 
laws suited to the real geological situation . 

Long-term Benefits 

A unified network would peymit the gathering of the statistical data. 
needed to initiate systems for predicting earthquakes and volcanic 
eruptions , a go~l no t too far off in the develcpment plans of some 
nations; a:id one that would avoid repetition of the recent cat astrophes 
caused by the earthquakes in Nicaragua and Gue.temala . 

CIECC/15-I 
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Introduction 

This report outlines the topics covered during the visit of 

Mr. R.B. Hayman to !!MAS between 15 March 1977 and 16 Apr;il 197'7. During 

the three weeks many aspects of the RESMAC system were discussed and 

compared with experience gained in th design and operation of the two 

Canadian telemetered seismic networks, ECTN and WCTN, which have been in 

operation since 197t1. . The Mexican RESMAC system will be siniila.r to the 

Canadian syst ms in several respects. For example, each system includes: 

1. data transmission by the national microwave tel ephone 

network 

2. wide dynamic range dig;i_ tal da ta format 

3. unatt enàeè outstations 

4. on-line data processing and event triggering by PDPll 

minicomputer 

S. automatic remote calibration of outst.a tions 

A description of the RESMAC system has been published by 

Lomnitz and Gil. A copy of this paper is shown in appendix 1. 
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2. Background 

2.1 Seismology in Mexic~ 

The National centre for both seismology and Earthquake Engineering 

is located in the Autonomous Universi'ty of Mexico in Mexico City (UNAM). 

Dr. Cinna Lomnitz is head of the Department of Seismology and Physics of 

the Earth's Interior, which is a part of the Instituto de Geofisica , where 

he is responsible for the Mexican Seismograph Network. 

In addition, a cooperative venture with J.N. Brune et al (U. of 

C., San Diego), has established a separate network in the Baha California. 

The Instituto de Ingeneria has responsibility for the strong 

motion network and studies in Engineering Seismology. A significant 

project in this areéi has been the establishment of a telemetered strong 

mo~ion network in Mexico City. 

The Instituto de Investigaciones Matematicas Aplicadas y en 

Sistemas (IIMAS) is developing the RESMAC system as a special project in 

Systems Engineering. The Instituto de Geofisica is funding the capital 

purchases with Dr. Lomnitz as the project coordinator. The senior staff 

associated with the RESMAC project in IIMAS are : the Director, Dr. Tomas 

Garza; the head of the Digital Systems Design group, Jorge Gil, and 

Software Design group le~der and Institute secretary, Dr. Alberto Tubilla. 

Furthe:i: de ta ils of the staff and. ac tivities of the se three 

Institutes are given in appendices 2, 3, and 4. 

Sorne idea of the seisrnicity of Mexico can be obtained by 

. referring to tabl e land fig. 1 after Lomnitz
2

. 

Examples of the bulletins published by both the Institutes of 

Engineering and of Geophysics are shov.rn in appendices 7 and 8 :respectively . 
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2.2 The original Mexican seisrnograph network 

The first stations of the Mexican seismograph network were 

established in 1905. Additional stations were added from time to time, 

and the network reached its present configuration in 1950. The location 

of the stations are sketched in the map of figure 2. The operation of 

these stations has presented rnany problems due to the lack of technical 

expertise in the remote areas where many of the stations are located. 

The station time corrections for many stations have been unreliable and 

frequently useless. Often there is insufficient expertise on site to 

correct the smallest malfunction. All servicing has had to be clone by 

staff from Mexico City with the inherent expense of travel to the stations. 

Presentl-Y, I understa.nd that seven of the nineteen stations 

are operating fairly reliably. Thi~ excludes stations in the Baha 

California network which are considered in section 2.3. 

2.3 The Baha California network 

Three stations were established in 1969 in the Baha r eg ion as 

a result of an agreement between scientists of the Universidad Nacional 

Autonoma de Mexico (UNAM) and the California Institute of Technology, 

coupled with the active cooperat ion of the Comision Fed eral de Electricidad 

(CFE), Lomnitz et al
3

. Subsequen tly, the network was expanded by the 

addition of five more stations. Presently, seven stations are operating . 

Most stations in this network include : a baby Benioff seismometer 

and two special horizontal long period seismometers, a local photographie 

record er, a WWVB time receiver and a crysta l clock system. Power is 

obtained from a solar pan e l and battery. Altho~gh ~imple, the network has 

been expensive to operate, wi th even the simplest maintenance having to 



4 

to be clone by field travel from a central location. 

Stations of this network are marked with an asterisk in table 

2. 

2.4 SISMEX : The Mexico City strong motion network 

In 1972, with assistance from UNESCO, the Institute of 

· Engineering, UNAM, established a multicomponent seismograph and strong 

motion network which has been described by Prince
4 

The system utilizes 

a mix of vertical seismometers and triaxial accelerometers. Data is 

telemetered to the Institute of Engineering using FM on FM radio 

t elemetry operating in the lSOMHz band. Four radio links are employed, 

some of which have two repeaters. Up to ten analogue channels are 

multiplexed on to one r adio carrier. For example, one channel may 

include thr ee gain levels of three components of acceleration plus one 

seismometer channel for a total of t en channels . At the central facility 

data are recorded on a seven (fourteen?) channel direct tape recorder in 

the multiplex format. One channe l of the tape is allocated to a locally 

generated IRIG (VELA) time code and one to standard time radio transmissions. 

Data are demodula t ed only on playback and are cligitized and 

processed by an on-sit e minicomputer system . 

All channels but the Pueb la link a re presently operational. 

The network layout has been sketched in figure 3. 
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3. RESMAC: A review of the project ooj eetives 

The principle uses for RESMAC have been described by Lomnitz 

and Gil. I quote, 

"The immediate objective of RESMAC will be to provide a full 

coverage of the national territory for uniform and reliable 

earthquake information to be used in zoning, microzoning, and 

other methods of estimating earthquake risk on a regional 

or local scale." 

This is no minor undertaking, since it would make Mexico one 

of the first countries to have such an ext ens ive centralized, fully 

computerized seismological network. Because of this, I believe the 

available R and D resource at the UNAM shouJ.d be concentrated on this 

established , immediate objective, which is a systems engineering problem. 

I think it useful at this point to list the 'routine functions' 

which the system must perform so that I can l&ter consider the implications 

of some of these requirements: 

1. To acquire raw data from outstations. 

2. To trigger on events. 

3. To sort events into categories: local, regional, and 

teleseismic. 

4. To identify and list seismic phase a rrival times. 

5. To detennine epicenter and magnitude according to the 

category of event. 

6. To publi sh an earthquake bulletin . 

7. To create and maintain a library of digi tal event tapes 

a11d provide for d issemirration of dat.'.1 eithcr as cditcd 

digital event tapes or as a visua l record. 

8. To maintain the system w:i.th adequa t e calibration of amplitude 

and phase and with reliable absolute timing . 
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4. Project status and some !"ecomrnendations 

4.1 System desig"Q_ 

This is the area in the project which requires the most attention. 

Potential users of the system should be consulted in orde r to de.termine 

their needs more carefully. This should b e followed by a further review 

of the obj e ctives with modification as approptiate. These objectives 

could then be used to def ine a number of work e l ements or sub-projects 

to be distribut ed amongs t the available manpower . I believe that this 

type of approach would allow a number of parallel work paths to be 

established and allow the project as a whole to progress even when one 

element is temporarily b lo cked. (eg. no lines !) 

4.2 Communication network 

This item must be recognized as the key to the success of the 

project as a whole. A sus t ained effort will be required in this area at 

all levels of management to ensure that lines are made available as 

promised and that an adequate priori t y and quality of maintenance i s 

applied to the l i n es after the initial installation. Experience in 

Canada with ECTN and WCTN has shown tha t phone line fa ilure is a major 

cause of down time. 5 Dean has reported similar experience f or LASA, 

with line failure and CPU failure each accounting for 1.7% clown time . 

At IIMAS, two conventional lines are abou t to be installed (April 1977) 

whilst communication technicians have recently conducted propagation 

t es ts as a pieliminary step in the escablishment of a 24 channel direct 

microwave link from IIMAS to the Mexico City central communications 

fac.ility. I estimate tha t a minimum of s ix months will elapse before 

this link becomes fully operational. Table 3 lists the locations of 

repeater sites of t he Mexican microwave communication network which a re 

available for use by RF.SMAC . 



7 

4.3 Central proc essor hardware and configuration 

Twin Digital PDP11'40 central processors were installed in 1976 

in the configuration described by Lomnitz and Gil and are fully operational. 

The original cabinet, unibus and box layouts were as shown in figs 5, 6, 

and 7, and the system block diagram is as shown in the paper by Lomnitz 

and Gil (reproduced in appendix 1). The present scheme has been modified 

somewhat since the original proposal. and now has the DHll multiplexer, 16K 

of memory, the twin tape drives and twin dise drives on the shared bus. 

This system has th.e disadvantage of having one of the magnetic tape drives 

and the tape controller tied to the on-line task, making tape to tape 

transfers a difficult proposition. In addition, a severe disadvantage of 

magnetic tape systems is that operator action is required to place a unit 

back on-line following a power failure. 

5 
Experience in Canada and elsewhere points to the desirability 

of keeping the on-line system as simple as possible, changing to a batch 

type of operation as soon as feasible in the signal flow. 

Discussions with Alberto Tubilla led to the development of a 

new system block diagram, as shown in fig. 8, which also includes provision 

for a system clock and the display plotter sub-system. 

A brief evaluation of the new proposal is given below: 

Advantages 

1. Simpler on-line system. 

2. High redundancy of key elements eg. dises . 

3. No on-line magne tic tap e drives. 

4. Direct access to tentative event files since they would be 

stored on dise. 

S. All 1/0 peripherals a re accessible to the user of the off-

line processor a ll the time . 
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6. Off-line user has access ~o two magnetic tape drives and 

can thus do direct tape to tape transfers. 

Disadvantages 

1. Data storage problem when of f-line system is down. 

2. Less on-line storage capacity. 

3. High buss loading of off-line system. 

4. No automatic transfer of dise capacity. 

S. Requires fast I/O channel between CPU's for event transfer. 

Calculations on the time to transfer an cvent from CPUl to 

CPU2 using the existing DLll interface yield cumbersome times. Therefore 

the new configuration would need a faster transfer channel such as a 

DAllB. The DLll units thus released could be utilized for the link to 

the ùisplay processor. 

In Canada unnecessary downtime is incurred on ECTN and WCTN 

as a result of there being no operator to reinitialize the system fol

lowing certain classes of fatal error (eg. Trap to 4). These errors 

often occur following a power bump which can apparently fool the CPU 

power fail autorestart circuitry. A scheme to automatically reboot the 

system and reinitialize the programs would largely eliminate this form 

of downtime . The RSXll softwar e provides most of the software r equired 

to do this. 

4.4 Sys tem chron~metcr 

A Systron Donner mode l 8110 Digital Clock has be en ordered for 

use as the System Chronometer. The clock should incl ude provision f or 

synchroniza tion to W',.,,rv, should have a precis ion 60 HZ r e ferenc. e output , 

and should include a non- i nterr up t i ble power supply so that system time 

can be ma inta ined t hr ough a pow.r int erruption. 



9 

The clock could be conveniently interfaced to the PDPll using one of the 

DECkit 11 general purpose interfaces; The interface should permit the 

operating system time to be synchronized with real time. Use of the 

precision 60HZ for the line clock interrupts to the PDPll will ensure 

continued synchronism of the programs after the system time has been set. 

A flag bit on the clock which is set by the clock hardware when an 

operator changes the time would be a convenient method of notifying the 

processor that re-synchronization is necessary. The clock should, of 

course, be interfaced to the shared unibus so that the on-line processor 

can always access it. 

4.5 Central processor software 

The central processor utilizes the Digital RSXllM real time 

operating system. This is an event driven multi-prog~arnming system which 

permits priorities to be attached to each program and permits controlled 

interaction between concurrently running programs . 

Before the development of application softwa:re could commence 

at IIMAS, some special system software had to be developed to augment the 

operating system as delivered. This was a consequence of the particular 

twin processor configuration which had been installed. 

Subs equently ~ driver progr am was written to interface the DHll 

phone line multiplexer to the event detector program. This is operational. 

An event detec tor program has been written which compares the broadband 

short term rectified running average with a long term average to generate 

. event triggers. Presently the program does no ~ use dise circulation of 

immedia t e past data; rather a core buffer of several seconds on1.y is used. 

The program has been tested with a single local outstation with the event 

being played back as an X-Y plot on a typewriter terminal . 
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Currently, three new programs are under development. Software 

is being develop 2d for the interprocessor link which currently employs the 

DLll interface. Note that the recommendation of section 4.3 is that this 

link should be upgraded to a DAll-B. A modular approach should be used 

in the interprocessor link software in order to permit an easy change over 

to the faster hardware at a later date. 

Another software package is being develop ed to permit the Tektronix 

storage terminal to be used to display events . This is an interim measure 

since these duties will eventually be taken over by a modif ied DEC GT44 

display processor, however, a more effective way of displaying data is 

needed urgently. 

In addition, a Fast Fourier Transform package is also being 

finalized, and is being used to analyze calibration pulses. 

Following a review of the syst em objectives as discussed in 

section 3.3, I bèlieve that some kind of overall syst em flow chart should 

be developed similar to that shown in fig. 9 and described by ~ungum6 

(1974). 
7 8 9 

Crampin ' ' (1974) has describ ed a system for the automatic 

analysis of tape-recordings from seisillic networks. Although this was not 

a real time system the techniques are very relevant to the RESMAC system. 

I think it appropria t e at this stage of development not to 

attempt automatic phase identif ica tion as describ ed by Crampin. For the 

inunedia te future more rapid overall progress would b e achieved by including 

an opera tor in the system flowchart who would determine phase arrival times 

for subsequen t epicentre determination. 

Discussions with Alberto Tubilla led to the developmen t of a 

tenta Uve system flow chart fig. 10. Thj s might be used as a basis for 

furth er discuss ion . 
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4.6 Type TT station (SPZ) 

Specifications and some black diagrams of the TT Station are 

shown in Appendix 5. In concept this station is very similar to the 

Outstations of ECTN/WCTN in Canada. 

Three prototype stations have been built and are ready for 

field trials. The design will b e finalized after the evaluation of data 

from the field trials . The lack of telephone lines has impeded progress 

in this area, but this should be resolved shortly . 

The digital end of the package , including the modem, apparently 

presents no problems. However, I believe some further work can be justified 

on the analogue front end, a l though this should not be allowed to impede 

the progress of field trials. 

The present scheme of filt ering , using parallel matched filters 

for each of the four gain l evels, is cumbersome to build and maintain. On 

the highes t ga in c.hannel there is a danger of limiting taking place by 

signa ls out of the band of interes t. I also fee l that a more s~tisfac tory 

design would include differential amplification of the s eismome ter signals. 

I understand that an alternative filter design with a much lower noise leve l 

is being developed . 

A low noise f ilter design would permit a more efficient 

arrangement of the black diag r am of the gain r anging s tage which would 

avoid out of band limiting , conta in fewer component s and avo id the requirement 

for caref ully matched components. Careful placement of the filter s ection 

would also r emove th e need for a three second del ay when the syst em is 

gain ranging to lower s ignal l evel s and t hus avoid the decis ion as to the 

optimum delay time. Considerations of dynamic r ange a ud g3in separation 

are given separately in sec tion 4.9. All thr ee t ypes of Outstations 

presently operate f rom 115V mains suppl y wh ich e:an be unreliable . The 
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The possibility of utilizing the non-interruptible power system which is 

used in all microwave repeater systems might be investigated. This approach 

would require a de-de conver ter in place of the present power supply. 

4.7 Type T station (SPZ + LPZ + LPN + LPE) 

The electronics of this station are essentially the same as in 

the type TT station and so many of the same remarks apply. However, in 

my discussions, it became apparent that no one had really appreciated 

the higher level of care that is needed for the successful operation of 

the long period seismometers. These instruments can have a mass position 

tempera ture constant as high as 2.7 mm/
0 c (Geotech model SL210). Since 

the instrument is des igned to measure fractions of a micron, care must be 

taken to reduce temperature variations and air convection to a minimum. 

Furthermor c , whereas with SP ~easur cmcnts the grcund ~oise velocity 

decreases with increasing frequency, with LP measurements there is a sharp 

peak in microseismic ground noise at about 6 seconds period (fig. 11) so 

that the noise l evel increases with frequency. Buoyancy effects from 

atmospheric disturbances will also introduce noise into the system . 

Consideration might also be given to the option of recording 

the LP, data in a broadband format as discussed by Marshall et a110 

(1972) and others. 

Note that a remote Long Period seismometer mus t include 

electronics to automatically me'asure the position of, and centre the coil 

in the magnetic field. 

It is also worth noting the input noise characterist ics of a 

typica l commercial long period amplifier such as the Geotech model AS620:-

0.l V p-p (0.01 to O.lHZ) 

0.075 V p-p (0.005 to 0.03 6HZ ) 

meas ured with a total source impedance of 2K at 25°c. The r eason for th:Ls 

noise level can be seen by r efercnce to fig. 12. 
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4.8 Type I station (SPZ + LPZ + LPN + LPE + µP) 

A block diagram of this station is given in appendix 5. The 

electronics of this station a r e essentially the station T with the addition 

of an Intel 8080 microprocessor. Testing of the prototype microprocessor 

circuit boards is underway and a program has been written which will 

permit the Outstation to operate in an event triggered mode and send data 

on request to the central processor . The microprocessor end of this 

station is well unde r control, but the same remarks as for stations T and 

TT apply to the sensor end. It should be noted that the inclusion of 

the microprocessor certainly gives some flexibility in the organization 

of the Outstation. 

Further thought is required on the best me thod of utilizing this 

type of station. One good idea~ which merits further thought is the use 

of this kind of station in a multidrop communication network. Careful on

site editing of data could make this type of station compet itive in t erms 

of data handling capacity with conventional analogue FM transmission. 

However, to be effective thes e stations may need more on-site memory in 

order to buffer the data effec tively when several stations on the same 

line are triggered simultaneously, a s will often be the case. 

Consideration might also be given to integra ting the station 

types T and I so that a microprocessor .would be available for control of 

the LP seismometer. 

4.9 A discussion of digitiza tion parameters 

The choice of one t o ten hertz bandpass for a system designed 

for regional seismicity studies is in keeping with accepted practice. 

(One to t en hert z is the standard response in Cinadian Reginnl Stations). 
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Local events certainly may have some energy at frequencies 

above lOHZ, but I do not believe there is any useful phase information 

at these high frequencies. To my knowledge, the only studies that 

utilize the energy beyond 10HZ are those that determine source parameters 

from the natural event corner frequencies. Small e r events would require 

an instrument response extending well beyond ten hertz in order to be able 

to accurately measure the high-cut asymtote . If these data were a 

requirement, I believe that it may well be feasible and economic to transmit 

only the spectrum information of the higher frequencies rather than the 

broadband time series. 

The choice of 36 samples/second and hence on 18HZ folding 

frequency in conjunction with lOHZ second order filters will give adequate 

protection against aliasing . li: remains now to discuss the system riynamic 

range and resolution. 

Fig. 12 is an attempt to present an overview of the ground 

motion spectrum. Recognizing that a seismometer is a velocity transducer, 

the vertical axis is plotted as velocity. Thus lines of constant 

acceleration will have a slope of minus one, whereas lines of constant 

ground displacement will have a slope of plus one . . The ground noise 

spectrll.l-n is derived from fig. 11 bu t is plott ecl for a constant octave band 

width. This is more representative of the nois e that might be observed 

and measured on a seismogram. Average and maximum l evels of noise are 

shown. The upp er bounds of ground velocity and ground acceleration are 

theor e tical values taken from Brune and Lomnitz
11 

which have been substan

tiated by fi e ld measurements but are not yet fully accepted by seismologists. 

Tl1e three heavy outlines indicate the normal areas of operation of typical 

long and short period seismographs and of a ccelerometers. At the top of 

the figur e a triangular shaded area indicat s the ground v elocity r equired 
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to produce lem displ acome.nt of a se.is.mometer coil . This is the limit 

of linear motion for the Gcotech Sl3. A second lo.wer triangular outline 

corresponds to lnnn of coll dis placement. Most seismon\eters should 

operate in linear mann r up to coil displac ements of 1-lOmm. 

Since the bandwidth has been def ined , we can now shade in the 

poss ible area of operation of a SP wide dynamic range seismograp h. The 

· lower limit has been set at the average noise level of l~um/ sec . This 

is also the lower l eve l of the Canadian ECTN/WCTN and has been found to 

be just satisfactory . The upper l evel is determined by restricting the 

coil displacement to lmm corresponding to a ve locity of lem/sec. This 

level jus t overlaps the tr igger level of an accelerometer . Thus the 

desired dynamic range is 10
6

. 

In the lef t margin the voltage output of an L4 seismometer is 

shown for reference . In addition , two gain ranging schemes are shown . 

Both have the sanie star t ing resolution (lünm/s ). The right hand column 

corresponding to four amplifiers with a gain separation of 4 shows that 

this scheme cannot caver the required range since the top l i mit is at 

6 1.3 x 10 nm/s. The left hand column shows a scheme with a gain separation 

of eight which has the required 106 range. 

Bo th of the schemes lwve an identical digital format, that is, 

a 12 bit mantissa and two bits of gain information . However , there is a 

trade off between an order of magnitude of dynamic range a nd one bit of 

resolution . 3 The 8 system has a minimum resolution of 1:256 whilst the 

3 4 syst em has 1:512 . The Canadian system has been operating without 

r esolution problems (so far !) at a resolution of 1 : 256. A f urther 

cons ider ation favouring a lo~ver resolution is that rhc noise spectrum is 

flat within the bandpass. This would not be the case if a broadband 

syst em were contemplated since an additional two decade s of resolution 
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would be r e quired to handle the microseismic noise peak at 0.2HZ without 

the loss of low level signal fidelity. 

Brune has said (discussion with RBH) that his experience has 

been that seismometers become us e l ess at high ground velocities, perhaps 

because of spurious r esponses . I have been in contact with Geotech to 

try to get more information on this point but have not received any at 

the time of writing. 

3 
I recormnend that the 8 system be chosen as the most useful 

until such time as a definite problem is identified. Furthermore, I 

believe there is considerable sense in adopting a uniform scheme for all 

stations. Exper ience has shown that despite the best intentions, there 

will be uncertainty in the parameters of a system in which the dynamic 

range/reso lution is individually optimized acc0rding to the noise level 

at each site. Since there is sufficient dynamic range the gain can be 

defined for the quietest site and that value used throughout the network. 

4.10 Helicorder monitors 

Further consideration should be given to the nurnb er of helicorders 

. that should be connected to the computer through appropria te DA convertors 

in order to provide a conventional visual moaitor of activity within the 

network . Four to six units might be appropriate. 
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5. Conclusions 

The RESMAC project is progressing well. A p·rototype Outstation 

is operational. The central computer is fully operational and a trigger 

algorithm is working. Graphies routines are being developed to display 

the data. The telephone lines, however, have been disappointingly slow 

in materializing. The achievement is significant since it represents a 

leap frog in the technology of seismic data acquisition in Mexico. A 

contributing factor in the progress to date has been the high level of 

motivation of the team at work on the project at IIMAS. There are a few 

areas which I think warrant closer attention : 

1. Who is going to operate t he system? And who will be the user 

of the processed output? These questions become parLicularly 

Edgnificant when J. ong t erm funding of the operational system 

is considered. 

2. The communications network will always b e a key · part of the 

system. A long term commitment to quality service is required. 

3. There i s a tendency for both hardware and software designers 

to move on to more sophisticated systems before the simpler 

approache s have been made fully operational. A review of the 

projec~ objective s followe<l by a redefinition of priorities 

might help here. 

4. More time needs to be devot ed to understanding the seismometer 

end of the Outstation package, particularly where LP instruments 

are to be used . 
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TABLE 14 .5 

Earthquakes of Mexico- Guatemala (Region 5) 

Date Epicenter M 

1538 Mexico 
1542 Mar. 17 Mexico 
1568 Dec. 27 Cocula, Jalisco 
1573 Co lima 
15 75 Pueb la 
1582 Mexico 
15 86 Guatemala 
1603 Oaxa ca 
1604 Mardi Oaxaca 
1608 Jan. 8 Oaxaca 
1611 Aug. 25 Mexico 
1619Jan. 13 Oaxaca 
1622 May 6 Zacatecas 
1626 Puebla 
1655 Nov. 25 Oaxaca 
1662 Jun.7 Oaxaca 
1667 Jul. 30 Puebla 
1697 Feb. 25 Acapulco, Gucrrcro 
1701 Dec. 2 1 Oaxaca 
1711 Aug. 16 Mexico, Colima, 

Guadalajara 
1727Mar.10 Oaxaca 
1739 Jul. 14 Colim a 
1749 Mexico 
1750 Mexico 
1754 Sep . 1 Acapulco, Gue rrero 
1773 Jul. 29 Gua temala 

1784 Mar. 28 Acapulco 
1801 Oct. 5 Oaxaca 
1806 Mar. 25 Jal isco 
181 8May3l Mexico. Colima 
1820May9 Acapul co 
1830Apr. l C uatemab 
1838 Veracruz 
1845 Apr. 7 Acapul co about 7 
1852May 17 Amatitlan, Guatemala 
1854 Apr. 15 Guatemala 
1858Jun . l 9 Mi choadn al'OUt 7 
1862Dcc. l9 Antigua, Guatcrna l:t 
1864 Oct. 3 Pu ebla 
1870 May 11 Oaxaca about 7 
18 72 Mar. 27 Oaxaca 
1874 Sep. 18 Guatema la 
1875 feu. l l Zapop;rn, jal isco 7.5 
1882Jul. !9 Put.:b!a 
1897 Jun. 5 Oaxaca 7 

Tf\ BLE :i.. 

Comments 

very large 

destructive 
scvcra l dead 

tsunami 

ClRCUM-PACIF!C BELT 

100 deact; capital city moved 
to presen t site 
tsunami (12 ft) , severa l dead 
7 dca d 

· many dcad 

tsunami 

tsunam i 
tsunami 

CENTRAL /\N[ 

TABLE 14. 5 (cc 

Date 

1899 Jan. 29 
1900Jan.1 9 

1902 Jan. 16 
1902Apr.1 9 

1902 Sep. 23 
1903 Ja n. 14 
1907 Apr. 15 
1908 Mar. 26 
1909 Jul. 31 
1909 Sep. 5 
1909 O ct. 31 
1910 May 31 
1911 Fcb. 3 
1911 Jun . 7 
1911 Aug. 27 
19 11 Dcc. iG 
19l2Nov. 14 
191 8 Jan . 3 

1919 Apr. 17 
1920 Jan . 3 
1920 Apr. 19 
1928 Feb. 9 
1928 Mar. 2 1 
1928 Apr.16 
1928 Ju n. 17 
1931J an. 15 
1932 Jun. 18 
1932Jun.22 
1936 Dcc 14 
1941 Apr. 15 
194 2 Aug. 6 
1943 feu. 20 
1943 Feb. 22 
194 8 Occ. 4 
1954 feb. 5 
1956 Nov. 9 
195 7 Jul. 28 
1959 May 24 
1959 Aug. 76 
1962 May 1 1 
1962 Ma y 19 
1962 Nov. 30 
1964Ju!. 6 
1965 De <.:. 9 
196 7 />Ln. l I 
1968 Aug. 2 
1968 Sep. 25 
1970 Aµr. 2'1 
1973 Jan. 30 
1973 Aug. 28 
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TABI L 14 .5 (cnntinucd) 
·----------

Date Epicenter 

1899 Jan . 29 Oaxaca 
1900 Jan. 19 Jalisco 
190 2 Jan. 16 G uerrero 
1902Apr.19 Quetzaltcnango, 

Guatem ala 
1902 Sep. 23 Chia pas 
1903 Jan. 14 Oaxaca 
1907 Apr. 15 Acapulco 
1908 Mar. 26 Gucrrcro 
l909Jul.31 Gut:rrero 
1909 Sep. 5 Gucrrcro 
1909 Oct. 31 Gucrrero 
J910.M ay3 1 Gucrrcro 
1911 Feb. 3 Oaxaca 
191 J Jun . 7 Jalisco 
1911 Aug. 27 Oaxaca 
1911 Dcc. 16 off G uerrcro 
1912 Nov. 14 Acambay, Jal. 
1918Jan.3 Guatemala 

19 J 9 Apr. 1 7 Guatemala 
1920 Jan. 3 Oxochoacan, Puebla 
1920 Apr. J9 Jalapa , Veracruz 
1928 Feb. 9 Oaxaca 

1928 Mar. 21 Oaxaca 
1928Apr.J6 Oaxaca 
1928 Jun . 17 Oaxaca 
1931 fan. 15 Oaxaca 
1932Jun.1 8 Ja!i,.:o 
1932 Jun . 22 Co lima 
1936 Dcc. 14 Tuxtla Guti érrez Chiapas 
J 941 Apr. l 5 Guerrero 
1942 Aug. 6 Guatemala 
1943 fcb. 20 Paricutfn, Mi ch. 
1943 Feb. 22 Guerrero 
1948 Dec. 4 lslas Marias 
1954 feb. 5 Chia pas 
1956 Nov. 9 Tehuantepec 

M 

8.9 

7 
8.3 

7.8 
8.3 
8.3 
7.5 
73/o, 7 
6.6 
7 
6.5 
7.25 
8 
6.7 
7 
7 

7.0 

about 6 
7. 7 
7 . .5 
7.7 
7 .9 
7.9 
7.9 
7.9 

7.0 
7.9 

7.5 
7'1. 
6'1. 

Co111m cnts 

many dead 

45 dcad, damage in Mexico City 

destru ctive in Guatemala City; 
several dcad 

t!;un ami 

tsunami 

vol can ic eruption 
damaging in Mexico City 

193 

1957 Jul. 28 G uerrero 7'/2 scveral dc:id, dam age in Mexico City 

1959 May 24 Oaxaca 
1959 Aug. 26 Veracruz 
1962May11 Acapulco 
1962 May 19 Acapulco 
19 62 Nov . 30 Gucrrero 
1964 Jul. 6 Gucrrcro 
1965 Dec. 9 off G uerrcro 
1967M ar. Il Veracrnz 
1968Aug.2 Oaxaca 
1968 Sep. 25 Chia pas· 
1970 Apr. 29 Chia pas 
1973 Jan. 30 Michoa d n- Colima 
197 3 Aug. 28 Puebla-Veracruz. 

6.8 
6.5 
6.7 
6.5 
5.5 
6.5 
6.8 
5.5 
6.5 
6 
6.3 
7. 7 
7 .1 

local damage 

damage 
damage 

56 dcJd 
100 kn1 dcpth; 600 dead 

----------~ 
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Tabl e 2 

A li s t 
( USGS , 

MOIC O 

BAJA CALl fORtdA 
[C.H EL GCLF O 0[ SANTA CLAi;'A - + 
L AY llAHH DE L OS ANC.HES - ~ 
RHH RIO HAR DY~ -f-
SFP S AN FELIPE-+ 

CHl AF AS 
COH 
PHH 

CHIHUAH UA 
CH H 

COLI MA 
HNZ 

GUA NAJU A TO 
L CC. 
LNH 

· JALI SCO 
GUH 

COHl lA N . ./ 

PR ES A HALPAS O 

CHHUA~UA 

HANZANJLLO 

L EO N CERRO GORDO ./ 
LEON 

G\JAOAL AJA RA 

MEXICO 
OXH OX TOll TL AN ./ 
·P~P~H-~P~O~P~C CA T E P E f l 

ME XI CO F.O. 
IXT C J X T AF ALA P A 
TA C 1 AC U8 AYA.,/ 
UN H NA 1 UNI Vt:RSl TV OF ,/ 

MEXICO (W liNS S l 

MIC HOACAN 
PIH c P~ESA ltff!ERNI LL O 

MORE L OS 
TPH TEPCZTLAN ..,/ 

NUE VC LEON 
Tt1H TECH~OLOGlCO OE HONTERREY 

0 AXA CA 
OAX ('AOO 
.rpJ P~f~ fi 9EN I TO J UAREZ,,/ 

\7 
. 

VHt" V l S 1A H ER H OS ~ 

PUEBLA 
PUE c PU E ELA 

S lNAL OA 
CUL c CUL ! ACAN '? ? 

HAZ '1AZA 1L AN 

S ONOR A. 
CB S CA S Cl<CA - -*' 
GYH GUAYHAS - If< 

HRJ<. DE BAJA CALIFCr<N lA SUR 
L AP LA r.n-;i., 
SRL c S ANTA ;lOSA LI A 

TLAXCALA 
VGH c nLLA GRAJALES 

V[RAC;< UZ 
VCH VER ACRUZ 

YUCATAN 
HER HE RIDA 

of seismograph s·tations i n Mexico 

Seismograph station abbreviations 

and coordinates , Marcn 1974 . ) 
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RED NACIONAL DE MICROONDAS S.C.T. 

LISTA DE ESTACIONES CONMUTADORAS. 

Acapulco, Gro. 

Acayucan, Ver. 

Aguascalientes, Ags. 

Campan a, Son. 

Campeche, Camp. 

Campo Nuevo, Ver. 

Cd. Gu zman , Jal. 

Cd. Obreg6n , Son. 

Cd. Victoria, Tamps. 

Cerro Culiacan, Gto. 

Chetumal, Q.R. 

Chihuahua, Chih. 

Coat zacoalcos, Ver 

Colima, Col. 

Comitan , Chis. 

C6rdoba, Ver. 

Crest6n, Oax. 

Culi acan, Sin. 

Dona ji, Oax 

Durango, Dgo. 

El Tormento, Camp . 

Ensenada, B.C. 

Guadalajara, Jal. 

Guaymas, Son 

Ixtepec, Oax. 

Jaltipan, Ver. 

Jiménez, Chih. 

Juchitân, Oax. 

La Memoria, Sin. 

La Virgen, Zac. 

Las Lajas, Ver. 

Leôn, Gto. 

Loma Batea, Nay. 

Loma Larga, Oax. 

Lomas de Nogales, Son. 

Los Lirios, Gro. 

Malinche, Tlax. 

Manzanillo, Col. 

Mat amoros, Tamps. 

Martias Romero, Oax. 

Medias Aguas, Ver. 

Mérida, Yuc. 

Mexicali, B.C. 

!ABU~ 3 



Minatitlân, Ver. 

Monc lova , Coah . 

Monterrey, N. L. 

Morelia, Mich. 

Neveria, Sin . 

Nuevo Laredo, Tarnps. 

Palma Sola , Oax . 

Piedras Negras, Coah. 

Poza Rica, Ver. 

Puebl a, Pue . 

Reynosa, Tamps; _ 

San Pedro, D. F. 

Sabinas, Coah. 

Salina Cruz, Oax. 

Saltillo, Co ah. 

Tampico , Tarnps 

Tapachul a , Chis. 

Texixco, D. F. 

Tijuana , B. C. 

Torre6n, Coah. 

Tulancingo, Hgo. 

~-. __ ..... " .. 
~-- -~ --
,/' .. ..-·.-.~-~ 

/"----~ 
..-~ : \ 

_,. ·- ~ 
2. 

· Tuxtla Gutierrez, Chis. 

Uruapan , Mich . 

Vega , Coah. 

Veracruz , Ver.. 

Villaherrnosa, Tab. 

TOTAL 70 ESTACIONES CONJ\1UTADORAS. 
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fig . 4 
The Baha Callfornia Network 
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Figure ,..Y. Physical and l ogica l structur e of tlie d ata processing 
system at NORSAR . For sirnplicity, rnost o f the phy s i cal peripheral 
equiprnen t has been l eft out , and ernpha s i s is put on data flow . 
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C. Lomnitz 
and J. Gil 

A new seismic array is currently 
being insta ll ed thruughout Mex ico. 
Resmac, which stands for Red 
Sismica Mexicana de Apertura Con -
tinenta l, or Mexican continenta l 
aperture seismic array, will use a 
nationwide microwave communica
tion network as a vital element in a 
modern , al l-di gita l , integrated 
system of seismic data acquisition 
and processing. 

The Mexican microwave network 
spans the country from Tijuana to 
Cozumel and from coast to coast: 
hence it is call ed a 'continental 
aperture array.' Eventua l coopera
tive projects now under the con
sideration of the Central America n 
na tio ns make a southward ex ten 
sion to Panama a possibi lity. At 
pre-<ent , however. the Resmac proj
e..:t is spo.msoreà cxclusively by five 
agencies of the Mexic;1n federal 

cial or technica l con tribution from 
outside sources. The exe..:utive agen
cy is the National Univt:!rsity of 
Mexico, which is in close coopera
ti c n with the ·n epartment of Com
munications and Transportation of 
the federal government. 

The Resmac System 

The type TT station di gitizes the 
output from a s ingle vertical 
seismometer and feeds the data via 
Modem to a voice grade channel 
(Figure 1 ). Timing and ca libration 
are also provided. The type T s tation 
may include up to six different sen
sors, digitized at different sampling 
rates : short- and long-period 
seismometers, tide gages, strain-

The system is accessible through ometers, and so on. The type I sta
any of 320 microwave transmission tion includes a microcomputer unit; 
towers in the 30 states of Mex·co. it may detect a nd store seismic in
Most of Lhese towers are located at formation and transmit such infor
rcmcte mountain sites where condi - mation either continuously or in the 
tians for seismic recording are close ba tch mode. This type of station 
to optimal. The sensors wi!l be may be interrogated from the data 
buri ed m i::h111l0w wells within 250 center, and it may aiso be Luned by 
m of the transmission towers. Three rernote contrai. 
types of stations are currently being 
built at the CIMAS (Centro de The Data Center 
Investigaci6n en Matemat ic as 
Aplicadas y en Sistcmas) Digita l 
Design La bora tory of the University 
of Mex ico: ( 1) passive single station, 
type TT; (2) multicomponent sta
tion, type T; a nd (3) type I station. 

CON VERT 

LOAD 

EMPTY 

The microwave terminal building 
of th e Mexican national com
munications system is located some 
8 km from the data center on the 
University of Mexico campus. A 

SAMPLE AND 
HOLD 

A/D 

CO NVERT ER 

SERIALIZER MODEM 

government, there being no finan- Figure 1. Station TT. 
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micruwave link will be set up LO 

bypass the t elephone switchin g 
systems. The data processing 
facilities fcature a dupl ex computer, 
includi ng two identica l central pro·· 
cessor units <CPU) which are ac
cessible through a common switch
ing unit (Figure 2). One of the 
CPU's handl es up to l OO channels of 
incoming di gital data in real time, 
while the second CPU is held in 
standby for periods of maintenance 
or malfunction. The standby unit is 
also used for off-line processing. 
Each unit has independent core, 
disk , and tape storage; in addition, 
the off- Jine unit has an interactive 
screen terminal , which will be used 
for data editing and for a wide range 
of research acti viLies. 

Most routine function s, such as 
epicenter and magnitude deter
mina tions, bu ll etin compilations. 
and emergency messages for official 
use, will be executed automaLically. 
Sorne research functi ons may also 
he programed for auiomatic execu
tio11, e.g., steering the array to focus 
on a specific region after a large 
earthquake has just occurred in 
that region. Surveillance of i:,pecifi c 
regi ons to detect premonito ry 
changes in se is mic transmission 
characteri stics may also be pro
gramed as it is required. 

An Instrument for Earthquake 
Risk Studies 

Resmac will be a powerful tool for 
seismologica l research. At present, 
however, because of budget limita
tions, only Lhose se ismic events 
detected by the system itself and 
deemed to be of interest to geop hys 
icists will be sto red on tape. The 
algorithm which detecis Lhese 
events may be set ai a conventional 
threshold; except fo r specia l r e
search purposes the emphasis will 
be on domestic ea rthquakes . 

Mexico is situated ai the in tersec
tion of four major lith ospher ic 
plates. Its terriLory contains an im
portant sector of the east Pacifie 
ri se, with active sp readin g in the 
Gulf of California; a maj or active 
oceanic trc;nch; al leasl Lwo triple 
junctions off the Pacifie Coast; a nd 
one of the. greatesL chains of active 
volcanos in the world . 

Figure 2. Process ing facility. 

GRAPHIC 

OI SPLAY 
SYSTEM 

DATA 

COMMUNICATION 

UNIT 

Earthquake hazard has become a 
controlling fa ctor in industrial ex
pansion and economic development. 
ln many states the incidence of 
ea rthquakes is very poorly known. 
Qui te recen t ly, the engineering 
design factors of two large new 
power projects (o ne hydroelectric 
and one nuclear) had to be raised 
subsiantially to allow for incom
plete information on local seis
rnici ty. H ence the immediate objec
tive of Resmac will be Lo provide a 
full cov-e-;:agé of the-national territo
i·y -for uniform and reli able eanh
qua-ke infor'ination to be used in zon..: 
ing, -microzoning, and oiher meth-

ods of estimating ear thquake risk 
on a regional or local sca le. 

The research facilities at the 
Resmac data center will be made 
availablc to Mexican and foreign 
scientists on a demand-quota basis. 
Limited operation of the system is 
scheduled to begin in about one 
year. Resea rch in ha rdware and 
software design at. the National 
University of Mexico is being car
ried out :rnder a contract awarded 
by CONACYT, the Mexica n Na
tional Research Counci l, which also 
act s as the coordi na ti ng agency on 
behalf of the Mexican federal 
government. 

Cinna Lomnitz received hi s M.S. in 1950 from 
Harvard University and bis Ph.D. in J 955 from 
the California lnstitute of Technology, where he 
rem a ined as a resea rch fe ll ow in seismology until 
1957 . He bas since been assoc iated with Latin 
American scismology, first as the Director of the 
lnstitule of Geophysics al the University of Chi le 
and currenLly as head of the Seismology Depart
menl of the Institute of Geophysics at the 
University of MPxico and as Earth Science Coor
din a t or of the Me::ican National Re earch Coun
cil. He is a lso currenLly 'dcbugging' a new 
program for epicen_ter location ca lled F!.esmac 3. 

J orge Gil is head of the Di gita l Des ign Labura to
ry al the CIMAS Center for Applied l\lathematics 
a nd Systems al the University of i\lexico. He 
graduated in 1960 from the Institulo Politécnico 
Nacional in Mexico and has since worked al the 
Mexican Atomic Energy Comm ission, the ln 
s tituto Polit éc ni co N:1cional, a nd the Univers ity 
of Mexico. ln addition lu hi~ leaching and 
rcscarch work un digital circuit~. Jorge Gil is in
tcrestcd in the mathematical structu re of mus i
cal compos it ions. 
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Flealizar invcstig;:iciones pa;a conocer y rcco!·:cr prohlc
r.ias del mundo en que vivimo :>, st.:s océ·.:ino$, atm6sfc·ra 
y ~I espéicio yuc Io rodcJ. btudiar los f.,;r,.',m:;nos que 
directnmentc élfectan al ~on1bre, talc;; como r·I cstado 
dol tie n~po y los mareas. TrJ~dr de rrevcer fc:::16rnenos 
cata 'o tr6fi cos como si ~ mos y erupciones. Uesarro!!ar 
las técnicas que permirJ:i un mejor conocirni~nto de los 
rccur:;os minua!es y encr'.;éticos con que se cuenta y 
en rcsumen todos l0s c:otucfos tE.6ricos y prbcticos del 
r.1cdio ambierite en que vivimos 

C\fOLUCIOi'J 

1945 Se crea el lnsti tuto de Geoffsica, a parti r de un 
Departamento del lnst ituto de Geologfa. Empieza 
a funcionar en 1949 

1954 Se le desti:ian l'Js pisos 1, 4 y 5 de la Torre de 
Ciencias, en Ciudad Uni-.1 Jrsitarie 

1976 Se trasla~a LI lnstitu~o -;I m;evo edificio en el 
Conjunto de instalacion:;s del Circuito E:<terior 

DIRECTOR 

(or Juiian Adem) 

(5 de marzo de 101-5 de marzo de 1977) 

SECRETAf110 

MIEMBROS DEL cm~sEJO 11 'TERNO 

Dr 
M enC 
Men C 
Men C 
Dr 
lng 

Julian Adem (Presid~nte) 
Humberto Bravo 
Luis Del Castillo 
Ri.;th Gall 
Cinna Lomnitz 
Pecro Mosiiio 

··-··.. ..... . .. ~ - . ~.. .. . ,. .. .... 

D; Ismael Her.rc ra 
lng A!:ierto J Flor2s 
Dr Si1ntiago Lépnz d8 Mcdrano 
Dr Juan Manuel Loz<:no 

· SUPHIFlC!E Cür'J!.>TRU:OA 5,443 rn2 

PRESUPUESTO 1976 $29,434,428.00 

INVi:BS!Oi\! Dl f:QUlPO 
C: GJTIFICO $20,000,00J.OO 

PUBLICACIOl\!ES 

Geoffsica lntemacional (4 nt'.imeros al aiio) 

An2les del lnstituto de Geoffsica 

Tabias de Predicci6n de Mareas. Puertos del 
Golio de México 

Tabias de Predicci6n de Mareas: Puertos del 
Océano Pacffico 

Observatorio Magnético de T eoloyucan, Méx. 
Va!ores t·llagnéùos 

Noticiario 
{ . 

Datas Geoffsicos 

ORGANIZt',CION ACADEMICA 

Departamentos 

Ciencias Atm osférica's 
Contarninaci6n Arnbienta l 
Espacio Exterior 
Exploraci6n Geotfsica 
Geodesia y Gravimetr:a 
Geomagnetismo 
Sismologia y Ffsic::! cel li1te~ior de !<i T:erra 
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Sccciones 

Occano9rz1fia Fis ica 
Servicio i\i~c:r00~1r«1fico ~facion;:il 
Pronôstico de Mare· s 

La bora to;i os 

Gcohid:o!açiia y Con:ar.1in:.ici6n d') AQLJJS 

Proriadadcs Eléctricas de Rocas 
Paieomagnctismo y Geo fi:;i::a Nucleoir 

EstêJcion -::s Expc rimcntal cs fu era de la 
Ciudad Universirnria 

21 

20 

3 

1 
70 

estaciones sisrnol6g icas dist ribuidas en 
la Republic<:: Mexic&na 
estaciones moirt;O\"Jraficas ( 13 en la Costa 
del Pacifico y 7 en la Costa del Golfo 
de México) 
estaciones de P<idioici6n Solar (i ncluye11 -
do la de CU) 
O!J~er·1ôto rio !Vagnético en Teoloyu can 
estacion es magnéticas de rep~tic i6n, 

ubica;:;2s en d:versos puntos de la Re
pub!ica Mexicana 

PERSO NAL ACAL·EMICO* 

J efe d e Departamento Dr Ju:ian Adem 

Sr Angel Al varez 
Met José Arroyo G 
Sr Sergio ArzéJc 
Sr Ricardo Berlanoa Z 
Fis J osé Luis Bravo 
Men C Enrique i3uendio 
Fis Liborio Cru z 
Fis Alfonso Estrada Beta ncourt 
Dr Ignacio Galindo 

.Sr Lu is Galindo L 
Fis Sergio Guzman 

•Al 30 de agosto dè 1976 
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Fis Gabriel r lare 
Mat Ju :1 11 Carlo.:; !racheta 
l"vl en C Luis Le Moyne 
Men C /..m.:;ndo Leyva 
Sr Elio Loza Llcnos 
l ng J esus ivlart ir. ~z Guerrero 
Sr Gilberto f'/1artirwz i'v1ares 
lng Peciro M osiiïo 
Fis Agu:>:in ~/luh lia 

Sr Heriberto Ornelas 
Sri ta Guc:? c!:ilu;,Je PEitiilo 
Srita !nés Re.mirez Pioquintos 
Fis Hodolfo Revilla 
Sr Gil Rodriuuez Rivern 
Men C Sergio Se: ra Castelan 
Sr Vidal Valderrama 
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Electr6nica del Sistcma de Espectrornet ria d e rayos gam ma. 
Muestra la salida d9 los d atos del Anali zador Multi cana l al 
Te letiµo 
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Oe pa rt<;ment ·J cl r· Cnn .nrnin:..!ci0n /'.n1bicntal 

J ete de D0païtamento Dr Hurr.bs r.o Bravo 

lng Salvador /\'/anegui 
Men C Humb2rto 8 rc.Jv0 
Quim 
Fis 
Qui in 

Noelia G:1rcia P(; i'ia 
Raci: M:" ~' Jné) 
Son ia ~;3!ozar 

Departnme11to de Ec;p 3cio E.xtt:rior 

J efe d~ Departérn<:ntc' Men C Ruth Gal l 

Fis 
Dr 
Fis 
Men C 
Dr 
Sr 
Fis 
Sr 
Sr 

Silvia Bravo 
JaviP.r O:a0!J 
Adolfo r::ruzco 
Roman Pérez 
Héctor Pérez de Tejada 
Alejand ro Salas 
Oscar Troncos'J 
José Francisco Valdés 
Gerardo 2enteno 

Departamento de Explorad6n Geoflsica 

Jefe da Departamento M en Cluis Del Castillo 

M enC 
lng 
M en C 
M at 
Sr 
M cnC 
Dr 
lng 

A!herto Qç,minguez 
Robr::ï'LO Dc;;ni.-:riuez Bmgueta 
Tomas GorEal€:?. rvl oran 
Lazaro Mendivt~ Abreu 
Marcelo P.i 1.:;;is To rres 
José Héctor Sandoval Ochoa 
Shri Krishn:i Sir:gh 
Jaime Urruti.::; F 

Secci6n de Geodesia y Gravimetrfa 

J efe de Secci6n t ng J 1~1:0 Monges Caldera 

lng Mac:i ri c, Martinez 
Sr Manuel r\.~c:i a Jara 
Sr Eduardo S.:llyano J 

88 

Secci6n de GeornBg n et:sm o 

J efe de.Secci:.'>n Mat Anselmo Chargoy 

lng Carlos C ~nén .'-\mar'.) 
Mat Lucio Ch:wioy 
Ma t Manuela Garin cie Alvarez 

Depart ~~mento d e Sismologia y Fisica d::il 
lnterio r d e la Tierra 

Jefe de Dnpc:irtamento Dr Cinna Lomnitz 

lng _ J osé Luis Acosta Cussi 
M en C SeP1ando de la Cruz 
M en C Sergio Ferraes 
lng J esus Figueroa 
Sr Zen6n Jiménez 
lng Federico Mooser 
Dr José M erino y Coronado 
Dr Lauta ro Ponce M 
Sr Bernardino Rubi 
Fis J er6n imo Rubi 
Dr Federico Sabina 

Secci6n ck· Fi$ÎCa del Oc éa no 

Jefe d e Se~ci6n Men C Raul Ocampo 

Fis Miguel Angel A!?.torre 
M e:-, C José Barbera n 
Oï i ngva; Emi:ssor. 
Fis t>.gus tiri F erna ndez 
Dr Nicolas Grija lva ! 

. Fis Francisco Ruiz Renteria 

Servicio r'k.HeogrMico Nacion al 

Jef<1 de Secci6n 1 ng Herminio Cepeda 

Arq M a de la Lu z Bernai 
Sr J osé Trin idad Guzman 
Sr José Quintana Esqu ivel 
Sra Martha Rojas de Si iva 
lng Ru ffo A rce 
Sra Al icia Estevez de Castillo 
lng Francisco Grive! Pi iia 
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•.üboratorio dç G0 ·) hir:lro 1 ') ~, ;.:i y 
:on bminac !6 n dr: .49uss 

J efe C:n LL1bor2totio Men C A rmJndo Baez 
Sr RaCi! Belmont 
Men C OiJnJ Gr.rci3 
Oufm 
Oufm 
Fis 
Oufm 
Quim 

Eréndir.:i Gômcz 82rredo 
Ofel:a Guzman d8 Gon zéi lez 
José Antonio L6;:iez Cruz 
Irma Rosas 
Felipe Solorio 

Laborntorio de P;-0p!.ada clcs l-léc:tric~1 s 
do Roc:1:; 

J efo de Labora torio Dr Roman Alvarez r 

Sr Michêel Andrade 
Sr Le6n del Rio 

La borntorio de Paleomag netismo 
y Geoffsicn Nuclear 

Jefe de Laboréit!'.; ; Ï·'J Dr Surerdra Pal 

Fis Roburri Carrillo 
1 ng Erm1: io Herrero 
Fis David Terrell 

Coorrlin<ici6n ~'\cad 6 mica 
l~ncargadn 

Fis Consuelo Gémr·z de Medina 

· · S(lcci6n Edita.rial 
- .. 

Jefe de Secci6n Dra MJrtha Adem 
Pas · Guadalupe Aceves 
Sra Thelma Gutiérrez 

.PROYECTOS DE INVESTIGACION EN PROCESO (31) 

Apl icaciôn del Modela Term odina mico del Clima 
al Mar Ca ribe y al Golfo de México 

Aplicaciôn del Modela Termodinamico para ex
plicar la sequedad de los desiertos 

Mod!:'los de prcd;cci6n a c,orto plaw 

Prepa-racién de una Carta de R ~di2ci6n So!a r pa
ra la Republic2 Mcxicana 

Climatola3ia de la turbidez atmosférica en la 
Ciudad de Mé>'. ÎCO 

Predicc i6n de temperatura de placas y eficiencias 
de calentéldores solon~s de agua, en base a los 
datas meteoro!ôgicos 

Parnmetrizacién de los componentes radioact!vos 
de la atmésfera 

Posible re!aciôn de las anomalias mensua!es de 
la temperatura su per f;cial de los océanes y .la 
frecuencia de los huracanes en el mismo periodo 

Programa que pronostica la posici6n de los hL•ra
canes en el P<Jcifico Nororien tal (EPANA LOG) 

Efecto de corrosion de la contaminacién atm::>s· 
férica en la Ciudad de México, sobre mewles 

. La calidôd de airn en cuatro ciudades mexica r.as, 
usélndo una estaciôn mévi l 

Primera parte del modela materna tico para el 
manejo de residuos s61idos en zonas urbanas 
marit;mas mexicanas 

Segunda parte de la "Aplicacién de modela ma
tematico para manejo de residuos s61idos en 
Veracruz, a la ciudad de Santiago, Republica 
Dominicana" 

Estud io del transporte y difusi6n de un conta· 
minante no reactivo en la Cuenca del Valle de 
México 
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Sccunda f~1 :: 2 cJ.::-1 estudio - - Aeroruerto- Me- r 
dici6n de particul :i s '/ gas(:S de erni~ i6n por tur
binas de a::nonaves 

Estud:o pJra t~étJm iento de efl'Jentes Hquidos 
de ingenios azuca1eros 

Estuciio prc liminJr dol télmaiio y nurnero de 
particulas 3 micras d8sde !a superficie a 9,000 
pies de altura en la C1Jonca del Valle de México 

Estucl io d~ fun -.:: iones dé! nu cleo a parti r de ecua
ciones intcgro-difercriciales y diie10-ciiferenciales 
con po::,ibles ap l i cJcio~1 es en sistcrnas no-linea
les, asi como con particulas lineales 

.()bservaciones grav!métricns para la elaboraci6n 
del Piano de Anomalias Gravimétricas de la Re
publ ica Mexicana 

Observaciones geomagnéticas en la Republic<J 
Mexicana, Pan2ma y Costa Rica (pélra elaborar 
la Ca rta Magnéticô de México y Centroamérica 
para la época 1975.0) 

M ecanisrnos de co11dL1cci6n eléctrica ::n èl rego
lito lunar 

Estudiu Je pïopiedac;e.; eléctricas de muestr3s 
de carb6n de la regiôn de Sabinas, Coah 

Estuclioéi aerorr.o gnéticos on la z.orw de Alchichi
ca, Pue. 

Progr<ima de percepci6n remota de mineralos 

Conductividôd a alw tempuatura (has1a 1,200°C) 

Estudio sobre los efectos de la con tam inaci6n 
industrial en el estuario dPI rfo Panuco 

Estudio sobre la contarninaci6n y transporte de 
metales pcsados residua !f:s en el Gran Canal del 
Desagüe y la zonél de infiuencia en el cli!::trito de 

riogo de Tula, Hgo. 

Proyectos Espociales 

Red Sismol6gica Mexicana de Apertura Conti 
nental (RESMAC) 

Prorecto de Estimulaci6n de la lluvia en el Valle 
de México 

Tab:a de valores para la red mundial de estôcio
nes de r;:iyos c6smicos solares 

Evoluci6n inicial de la naturaleza del sismo ocu
rridc' en Guatemala el 4 de febrero de 1976 
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OfJ.JHtVO 

11i:ülizar investigaciôn apiicada y fundoniental pJra 
es t1rr1•Jl 2r P! avance d".:! !n 1ngcnierfu y contribuir t:il ck
SéH rollo u·cn:::·IG0ic•:i cir~I p.:i~s 

EVOLUCi 01\l 

1955 Comi,:;r,zan i: s activ idades ci el lnst;tuto de lnge
riierfa A. C. como 0~oci<.rion no lucrat iva , ocu
pa11do prestcdo el sôtano del ! nstituto de Cieologia 

1857 Se incorpura a la Un ivorsid:::d corno Division de 
lnve:;tigaciones de la Esc.ie!a N:!sional de l01ge
nii:iros, mantcnie!1do tJi nc·mbre cc !nstituto de 
lng::nicrfa 

1976 Se crna oficialmente el lnstituto de lngenierfa 

Dl HECTOR 

Dr Dan iel Heséndiz 1\: ;'! n9z 

(6 de junio de 19/4- 6 de septiembre de 
1982) 

SUBDIRECTORES 

lng Gabriel Auvin2t Gci i 1~hard 

lng /l.nlonio c-:~ ;:;el !a V:::cafno 
!n::i Jorge Fliz ~ndo p. : .. , rcé,n 
Dr Luis Es!evi'l Maraüoto 

fv'ilEM 81iOS DEL COl-JSEJO INTERNO 

lng Oscar De Bucn L6pez de Heredia 
lng hleftali Rod1 fauez Cuevas 
Dr Emilio R0senblueth 

MIEMBROS DE LA CO l'Vl lSlON DICTAMINADORA 

lng 
lng 
lng 
Men 1 

José Luis Sanchez Elïibiesca 
Ocl6n De Buen Lozai1o 
Dan!el Ru iz Fem<'inaez 
Jes(1s Alber~o Aramburu 

Dr 
Dr 

Octavie Fl asc6n 
Gabriel Ech~vez f\idape 

SUPERFICI E CONSïï·\UlD.4 

PR ESUPUt:STO 1976 

6,600 m2 

$60,000,000.00 

INVEP. SIOl'·i EN EQU!PO ClENTIFlC0$15,000,000.00 

PUBLICAClONi:S 

Informe de ac!ividades (anua!) 

Boletfn :4 veces po~ afïo ) 

Serie técnica en espanol (ape1i6dica) 

Serie técnica en lenguas extranjeras (aperi6dica) 

ORGANiZ/\ClON ACADcMl CA 

Autom.itizaci6n y Electr6nica 
Dina mica 
Estruct .. :ras 
Hid raui:ca 
lngenis-fa de Sistemas -
lngen1e•fa de Transito 
!ngeniQrfa 1 1eca nicél 
lngenie.-ia Sa nit2ria 
lngenierla Sfsmica - 1 
lngenieriô Térmica 
M ecar1ir:a de Sue:os 
Pavime, 1tos 
Planeacién 
V f3s Terrestres 

PERSONAL /\CADEMICO* 

Sr 
Men 1 

~duardo Acosta Lara 
Manuel Agui rre Gandara 

*Ai 30 de septiembre de 1976 
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lng Jesus Al ~Jerro /1r;'Jmburu Dr Ezio Félccioli Mi~trorigo 
M en C n .. fa:; I ;\ln 13• IZ.J s:i:_:;3do lng Francisco Flore:; Ht!rrera 
Dr /\nto:1io Ah!i:.o Cunche1ro Bi61 Francisco Jos6 Fk1res Tena 
lng Lu is Alon:,0 Cori:i Sr Victor Franco 
lng Gu stavo R::f:;~;l .l\ r;:;nd<: H:;rn6ndez lng Bcr11élrdo Frontana de ln Cruz 
lng Alfon so ,L\ren,1s Didz lng Armando 1: ucmcs cle la Hosa 
lng Arturo Ari<!'' ~l!_~rez lng 0 Célr Arturo Fu·Jntes r'l1ariles 
Men 1 G2briel Au 1,1i:i<;t Gui::h:;rd lng Manuel G:;rcia Flores 
Dr Gustt.vo 1\ ;·,1 :::do f1ya:a Mi!ian lng Serg io Gera rd Bertrand 
Dr l-1en'ato 8m;cra Hivara lng Javier Eugenio Gonzalez 
lng rv'. oisés Bcrezo·Nsky Verduzco lng Jes t'is Gracia S3nch8z 
Dr Jacobo Bieidk F; .:;;fosl 1icka Sri ta Lucia Guaida Escontria 
lng Agustin Breiïri Puyol lng Osbn ldo Rubén C:Jerra Jiménez 
lng /,Jberto Camacho Sanchez lng Servio Tulio Guillén Burgu ette 1 -

lng Jaime Cam.Jrgo Hernandez Men 1 Oscar Hernan dcz Basi lio 
Dr f\oberto Canalcs Ruiz Dr Gerardo Hiriart Le Uert 
M en 1 An tonio Capella Vizca ino lng Rosa rio !turbe Argue! les 
lng Ca rlo$ Gaston Carvajal Nava lng Alberto Jaime Paredes 
Sr Eugen;o Domingo Cobo Pérez lng Lu is J iménez Escoba r 
Dr Leone:i Corona Treviiï o Dr Eulalio J uarez Bad il Io 
lng Sa11ti:1go Corro Ci:i ballero Dr Felipe Lara Rosano 
lng Ca rlos Cortés Ruiz Men C Gerardo Legar:a MJrtinez 
Men 1 Carles Cruickshank Vii!anueva lng José Luis Le6n forres ! 

lng Eu:er Chargoy del Valle Dr En zo Levi Lattes 
Dr Enrique Chicurel Uziel lng Santiago Loera Pizar ro 

1 -~ 

Dr Ricardo Chicurel Uziel M en C Anastasio L6pcz Zovala 
Men 1 Andrew Dawson 'vVayne Sr An tonio Lozada •iautista 
Sr Pablo Delgildi!lo Reynoso lng J11 !io Loz0ya Corrales 
lng Oscar [ 1e Buen L6pez de Heredia lng M!e]uel Madina1:ei ti3 Jurgenson 

! 
1 1 

i 
j . ~ 

lng E:nrique De le> Serna R?.rnire~ !ng Miguel Marlin?.vcitia Vii l;i nucvri 
lng Carlos Dfa z Mora Men 1 floberto Magallt::'L:S î~ f:g;e ta 
lng EnriqL:e Diaz Mora Sr S:imuel Më.ldonado Cabal lero 1 ' 

Men 1 Jorge Abraham Diaz Rodriguez Dr ( Raul Jaime Marsa l C6rdoba 
lng Ram6n Domi;iguez Mora Sr José Luis Martinez Paiacios 
Men 1 Juan N. Dyer d-9 Lc6n Menl Belsa y Martinez F1omero 

Dr Gabriel Echavez Aldape Men 1 José Antonio Maza Alvarez 

Bi61 Beatriz Eugenia Elias Lapez lng Marcos Mazari i·t1er•:P.r 
M en L Carmen Meda Vidal 

lng J orge Elizondo Alarc6n Sr Eduardo Medina Hernandez 
lng Juan Manuel Espinosa Aranda Dr Roberto M eli Piralla 

1 . 
1 < 

! 
l i 

Men C Leopo:do Espinosa Graham lng Victor Manuel Mena Ferrer 
lng Raûl EspinosJ lslas lng Enrique Mena S::indoval 
Men C Raul F. Esquivei Diaz lng Carlos Javier Mendoza Escobedo 
Dr Luis Esteva Maraboto lng Gaston Mendoza Gamez 
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lng 
M c1 . 1 
lng 
lng 
lng 
lng . 
lno 
lng 
Sri ta 
lng 
l ng 
lng 
Sr 
lng 
lng 
lng 
Men C 
lng 
lng 
Men 1 

lng 
lng 
Dr 
Dr 
lng 
lng 
lng 
Men 1 

Dr 
Sr 
lng 
Dr 
Sr 
Men 1 

Men 1 
lng 
Men 1 
Men 1 
Arq 
lng 
lng 
M en 1 
Men 1 
Dr 

M ~1 nuel J esus iv'l endo;.a L6pez 
[nr iqut:! f\kn::Joz<l Ot!.::ro 
José! Luis i1,1ont:i :'jo Angeles 
l0nélcio Mo1a Gof'lZalez 
V ictor 1,01oral~s f,~J!a~ 
Ju <.:ln r,1 ,Jrcos S<Jln•an 
Felipe Muiioz Gu:i;Srrez 
Ficiei Nade r Dulp:.do 
lren0 Isabel Ncivé:rro Gonzalez 
Gonzalo Neç;rne Pérez 
Juan Luis f'~ é urnan Valez 
A:fredo Oliva res Ponce 
Marcic:n0 PacJi:l3 Munoz 
Victor José Palenc ia Gemez 
Hodolfo Pet2rs Larn rnel 
Gu 'lle rmo Prado Olrervides 
J orge Prince Alfaro 
Roberto Federico Ou aas Weppcn 
Luis Rélmirez de />.rellano Alvarez 
J orge Ramirez Flores 
Cai los Ra mirez Val ::nzuela 
Armando Range! Ordoiiez 
Octélv10 R'3sc6n Cr: 2vez 
Da1iiel Reséndiz NCiiez 
Alejandro Reyes Gnnzélez 
Francisco H. Rodrig Jez y Cayeros 
Ed gardo Rodriguez Conrado 
Noftalf Rodriguez Cuevas 
Emi lio ;:;osenblueth Deutsch 
J ulio Aiberto Ruiz Parr6n 
Demie! R ui1 Fernén ~ez 
Edua1do Rukos rv'lanzur 
Môrcos Ivan Saavedra Brofman 
J osé Luis Sê:'inchez Bribiesca 
Francisco José Sân...:hez Sesma 
Horacio Sandoval Rodriguez 
Enrique Srntoyo Villa 
Ca•los Silva Echartca 
José Ramon Sordo Cedeiio 
Francisco Suzan Colombres 
Victor Talavera Rcdarte 
Francisco Téllez Granados 
J osé Luis Trigos Suarez 
Mima Urquidi Fernandez 

Sr 
r·.'1en1 
Sr 
Bi61 
lng 

Ase!iores 

8 2rn6n Enrique Vera S;ilvo 
f-H19usto V il !a rreol Aranda 
Oscar WeckmJn ivl unoz 
Jorge Za rnacona Evenes 
Jorg~ Zarnte Cruz 

Dr Cinna Lomnitz 
Dr Singh Shri Krishna 

PROYECTOS DE Jf'JVEST!G/\CIOi\l EN PROCES O 
(1 83) 

Autorrwtizacion 

Traducci6n del lenguaje oral al de maquina 
(3a. Et2pa) 

Procesamiento de irnagenes 

Simulaci6n dinarnica y desarrollo de algoritmos 
para el con trai en tiempo real de la red naciona! 
de potencia 

Diseiio de un registra automatico de vehfculos 

Desa wJllO de una terminal de video de 7 colores 

Progremaci6n de un monitor cie tiempo real pé1r2 

cornputadoras redund<intes 

Uso actual y racionalizac i6n de energ éticos 

Estudio de problernôs ext ;em os 

Dina mica 

Respuesta sismica de estructuras 

Optimizaci6n del disefio estructural 

Licuaci6n de arenas, 2a. parte 
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Villroch1 fnrza".la J~ bas8s aj)Oyados sobre rn c
dios cl{;:, ti c0:; 

Estud io esp e; ctréll de sismos 

A né'.ilisi > din.d mico tridimensional cJe est• L: cturas 
térreas 

Parametros de la fucnte sismica del temblor de 
Oaxaca 

Procodimiento de forrnaci6n de gra ndes especf
men es de arena 

An{Jli..>i~ critico de los usos de la cnerg:a del vien to 

Inter acci6n dir:amica no lineal suelo-estru ctura 

Regionalizaci6n e61icD de la Republica Mexicana 

ldent ificaci6n del sistema est ructural r ara fines 
de disefi o sfsmico 

Mantenimiento de la red de anem6g rafos y ban
co de dél tos sobre vicnto 

Efectos locali:;s sobre !a eva luaci6n probabi!fst ica 
del riesgo sfsmico 

Duques de Alba: Estructuras de protecc i6n, 
2a. par te 

Respuesta dinamica de estructu ras apoyadas 
sobre pilo tes de friccién 

A nalisis de intcracci6n dint1mica sue! o-estructu ra 
como problerna de difracci6n 

Estructuras y Mate ri ales 

Libro sobre estructurns metalicas 

Ménsulas en ext remos de vigas, 2a 

Propiedadcs de mamposterfa pretensada 
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Contrai de calidad de los concretos en grandos 
obras 

Caract ,~ rfs t ic as fis icas ciel agregado ligero "C1ra
vamil 700" y su comportamiento en conc rL!tos 
es tructurales 

Revisiones y auiciones al Reglamento del Distrito 
Fe de ra i 

Prucbas de carga. Cr iterios de evaluaci6n con 
bases probabillsticas 

Diseno sfsmico de estructuras con muros de con
creto. 1a. parte. Acondic iona miento de squipo y 
ensayes preliminares 

Libro de discfio de estru cturas de madera 

Ensaye a fl exi6n en rejillas metal icas 

Manual para disefio y const rucci6n de estcuctu- · 
ra .> de concreto reforzado 

Pruebas ffsi cDs en especfmenes de concrnto y 
ta ~; iqu e trutados con un produc to impermeabi
lizonte 

Pdrieles de ferrocemento para vivi8nda econôniicu 

Procedimiento de reparaci6n de viviendos dt: 
adobe en Chiapa de Corzo

1 
Chis. 

RE:vestimientS de canales con fe rrocemento 

En .>ayes dinamlcos de estructu ras reforzadas en 
Chiapa de Corzo, Chis. 

Muteriales sflico-calcareos de bajo costo (3a. 
etapa ) 

Muros de adobe mejorados 

Vivienda rurnl en zona sfsmica 
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LJnidJd hidro-s:ir.ita1 ia pilra viviancJa rurnl 

Estud io de l:is dirncnsioncs y Si'!p::iraci6n de los 
du rmicn t,)S en l.:i linea "A", CootzaGolll coE:
M érid ér, d? hm0c:arri les UnidlY, ciel Sures te. 

Estu clio analitico de !ils propi cd;:idr;s corga -dcfor
m ac ion l<i te:r2! d ·~ 111uros de marnpu::;teria 

Analisis sismico de viviend3 rural 

ln genieria Hidraulica 

Scminario sobre Orenaje 

Diseno hidraulico del vertl'') dcro de la presa 
Chicoasén. Chis. 

Efectos de flujos de alta veloc:idad en ductos de 
concreto. 

lnstrumentacion hidro16gica de la cuenca Chi
coasén, Ch~:, (la. Etapa) 

Diseno hidrau!:co del verteclor de la presa El 
Caraco! 

Obras de prt..tecci6n y encauzamiento del rio 
Verde, O:ix. 

Optimizaci6n d3 sisterna de ri ego 

Azolvamiento de embolscs . Primera parte 

Manejo del agua en cl del LI del rfo Bal sas 

Previsi6n de la erosi6n en Tlaxr.ala (2a . Parte) 

Estudio gcohidro16gico preliminar en San Hilario, B.C. 

Asesorfa sobre rnétodos de anal isis de drenaje 
urbano 

Drenaje del Valle de M éxico 

Vc!ocidJd.::; m aximas perrnisibles en tuberias de 
d1cn;1 je vrbc.lno 

Efcctos Hid;oi·)gicos de la urban!z,1ci6n (2a. Parte) 

HicJro!ogf::i sisternj~ica (2a. partri ) 

Aplicaci6n d8 los sistemas de informatica a la 
prcvisi(: 11 de hidrog ramas 

Estudio de la red de alimentaci6n y la red prima
ria de dis tri bur.iéln de agua pot2ble en el Valle d~ 
M éxico 

Participaci6n en 81 Proyecto Hidrol6gico Inter
. nacio1121 de la Uf1H:sco 

Modelo ffsicô para el transito de avenidas en 
colectores 

ln genierfa . Mecanica, r~ lufdos y Térmica 

'lmpl ::?mentaci6n de un lnboratorio para prucbas 
de a!ta velocidad 

lnstrumentaci6n y medici6n en canales vertedo
res de La Angostura 

Sclléldo hidraulico de bombas centrifugas 

Estriac ion2s longitudinales y procesos dc·tra r~s i-
ci6n en capas de pared 1 

Modificacion es al tr::i.nsporte econ6mico para el 
campo 

Oesarrollo de un motor rotatorio de vapor 

Turbulencia en tanques amortigundores 

Bomba solar de agua 

-Calentadores domést icos hfbridos 
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Sist~rna s do 8nfrinrni r:nto de las tcrmo :Y'c~ricas 
Progr"'so. Munza ni ii o, Pur!l3 Pri8tél, C2ni pcche 
M.:izat!jn y Guaym<Js 

Uso de pclimcros para rcducir ar rastre fr iccion2I 

Prospectiva de la h:drau ica en México 

Aplicaciôn del proyecto sob;e cci.ipor t a mien~o 
de recubrinii<Jnto de concreto 

Dispositivo pélra absorcion de energia 

lngeniel'in Snnitc:ria 

Impacta de los detersentes en el recurso hidrau
lico (4a. ctapa) 

Distribuci6n de contaminantes en el rio Santiago 

Distribuci6n vertical de la producci6n ncta de 
oxigeno por fotosintesis 

Efecto de viento y l!uvias en el coeficiente de 
aireaci6n superfic ial en lagos 

Evaluaci6n de las élltcrnativas factibles p<ira la 
operaci6n de la laguna evaporadcra de Cerro 
Pricto, 8.C. 

Micrometeorologia y difusi6n de contaminantes 

Reuso del agua en la Ciudi.ld de México 

Contaminaci6n de acufferos por liquido percola
do de un rcllcno sanitario 

lngenierfa Sismica 
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lnstrumentaci6n Sismica en el Edificio de la -
Loteria Nacional 

Telemetria hidrol6gica en Chicoasén, Chis._ 

Colabciraci6n con la Asociaci6n lntt::rnacional da 
!n9e,·1ieria Sf;;rnica 

Diseiio de ur~ fechador pera acelerogrnmas 

lnformnci6n p:ira el 8oletin sismol6gico del lns
tituto de lngenie:-fa 

lnst =.laciéin de cinco ace!cr6grafos en la Sidorur
gica La:uiro Cardenas. Las Tru chas, S.A. 

M antenimiento de ace!er6grafo3 

fJ iseno y con sfrucci6n de canale::; aceleroméiri
cos de rnuy olta ÇJanancia pa;a la red SISMEX 

Reconstrucci6n de la estaci6n Tuxpan de la red 
SiSMEX 

M antenimiento de la red SISMEX 

Diseno y construcci6n de un sistema de graficae;i6n 

Mantenimiento del sistema de procesamien '.o de 
datos de la mesa vibradora y entr::mimien!o del 
persona! 

Diseiio y Construcci6n de un trailsmitor de VH F -

Dctecci6n de errores en el sistema de digitiz.1ci6n -· 

Diseiio y construcci6n de fr7cu_encimetros d_igitales 
, 

Segunda fase de construcci6n de la red dé tele- -
metria sismica de Chicoasén, Chis. 

Desarrol lo de un radio receptor de VH r -

Participaci6n en el Comité consultivo de normali
zaci6n basica del CONACYT 

Segunda fase de construcci6n de la red hidrol6- • 
gica de Ch icoasén, Chis. 
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Construcci0n y Pruebél ciel cquipo nara !{Js esta
ciones de IJ 1 ed telcrn8tric;_i h;drol6gica de Chi
coass:1, Chis. 

Estudio de mcconi::;mos foc.:iles en el noroeste de 
la Rcµ(Jb!ica. 

ln ge11ierfa de Si stcmas 

Contrai de tJvJnce de obras en la Ri:~finer fa de 
Tula, Hgo. 

Eva!uaci6n econ6mica del tr3ctor agrfcoia Uf~Afv'! 

Selccci6n de tecnologfas y sus efcctos en la dis
tribuci6n del ingreso 

Transferencia:, de tecnoiogf,is en México 

Tom a de decisiones con objetivos multiples 

Organizaci6n matricial de ·.mtl empresa 

Defin ici6n d<:. :- ied nacior,al de transporte 

/\n{llisis de for:-na:; mixtas cle transporte 

Cpstos de se~vicim: en las ciudades segun su 
tamano 

Calidad de la ·iCJa segun el t2mano de las ciud:ides 

Localizaci6n é;::itima de estaciones maestras 
de con teo de vehfculos 

lnstrumentaci6n 

Equipo de medic i6n eléctrica de dos hilos 

Registra automatico en campo con grabadora de 
audio 

Transductor para medir aceleraci6n 

Amp! ificadores modulares para pruebas de campo 

Prototipo dt! <.rna central de adquisicion de déltos 

Mec~nicn Ap!ic3da 

Eval uéici6n de proyect o::; , sistcmas constru cti vos 
y matcrié.lles 

Respue::;ta sfsmica de muros de retenci6n 

Sistemas de piso a base de !osas reticulôres 

Algunos prcb! er nas en el analisis sismico cstat i
co de edificios 

Efectos de esbeltez son relaci6n con los regla
mentos de diseiio estru ctural 

Recomendacioncs para disefio sfsrnico de tanques 

Métoclos aproximados para el anâlisis y dise~o 

de mz:rcos rfg idos de dos dimensiones. util izando 
subconjuntos (1a. parte) 

Mode:o consti!utivo dinarnico de arenas saturadas 

Detenninaci6n de pararnetros para disefio sismi
co en la plélnta t ermoeléctrica de Manzan illo, Col. 

Desa1 .-ollo y evaluaci6n de sisternas para !irnitaï 
las ac:c:onos sismice:;s sûbrt: ec!ificios. Erapa ·li 

Ana!isis pljstico dè entrepisos dfî maicos de acero · 

Disefio 6ptimo cJ e,.armaduras y rnarcos pianos 

Anali sis estatico y dinamico de tuneles y canales 

lnfluencia de factorcs locales en los movimientos 
sismicos 

Mecanica de Suelos 

Propiedades mecanicas de materiales de la ?resa 
Necaxa 
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Subsu elo de 17 ciud:idcs 

Comr-ortomien to de r res.:is co:-,s:rui, las en îv1 .~xi-:o 

Col3bo rnci6n con la Co rn i::.i6n de Zonas rv~inéldas 
del D.F . 

Estud iœ de nrnpfi ficaci6n sismi ca en el Va!!e de 
M éxico 

Ensaycs tr inxialcs con trayectoria de esfu erzos 
cf cct ivos co:-. trolados 

Estudio del com portamiento de menas en condi
cione s ci !: co rte simple cfc iico 

Criterios de di<>cno para cim'3ntar.:iones sobre 
suelos expar .:.; ivos 

Agrietarn iento de terraplencs (4a. Etapa) 

Ecuaciones co11stitutivJs de arcillas 

Estudio ç1eot6cnico, lfnea A, Ferrocarriles Unidos 
del Sures tc (2a. Etapa) 

Ensayc de los materi2 1cs de construcci6n de la 
cortina de la Presa Chicoasén 

Comportamiento de pcdrap lenes (la. etapa ) 

Prograrna parn corn pu ta dora para la sol11 ciô 11 de 
problemas de estabi!idacl de taludes (Léa se Il) 

Ar.a!isis de respuesta dinamica de pres;:i s 

Asesor fa A SICARTSA, mina abier ta de Ferro
tepec 

Asesorfa a SICARTSA, estudios geotécnicos 

lnstrumentaci6n estatica Presa Andrés Figueroa, 
Gro. 

Analis is de estabilidad de laderas rocosas 

Def ir.ir.i6n y rPsonocimiento de l<Js arcas afcc tJ
das por licuJcion, sismo de Chiapa de Corzo, 
Ch is. 

Vocabulario Técnico en r spafïol de mecanicn cie 
suclc s 

Criterios de ci isciio sfsmico dd la Presa Chico3-
sén, Chis. 

Apar ato do corte por torsi6n para suelos co:-n 
pactaclos 

Mincralogfa cie las arcilias en las PresJs ~Jccax<1, 
S nn~a Ana y l oguna 

Asesorfa sobre diseno y construcci6n del proyec
to Ci1icoasén, Chis. 

Sistema para rnedici6n piczom étrica en rocas -

Analisis sfsm ico trid imensional de la presa Chi
co3 :;én Chis. 

Prcpiedades mecanicas de arcillas. de presas 

Eva!uacion ct cl procedimiento constructivo del 
La!;,·O Texcoco Sur 

Fticci6n nt:yotivô en pilotes (2a. Etapa) 

Camara triaxia l T-30-75. Etapél Final 
( 

Especificaciones para pru ebas de labora torio de 
m ecanica de suelos l1 a. Etapa) 

Camara tria xial T -30-75, Etapa Final 

Especifiènciones para pru ebas de laboratorio de 
mecanica de suelos (1a. Etapa) 

Altcrnativas posibles para el desarrollo de las 
obras del Lago de Texcoco 
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Vbs Terrcstr~s 

Pavirneritos ·rfs idos parn aeropist2s d') Zum
pangn, M~x. 

Desarrol!o d'J un c!asificacor de t rans ita 

Eva!uJc:6n de pavimentos en la rcd nacional y 
t ramas de pruebas. Ewpa B 

Efectos de las helad2s en el comportamiento d-:; 
pavimentc s flexi bles 

Adaptar~i6n del progrnma de computadora 
PDI LB 

Comportamiento c!s bese·3 arcillosas 
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Rc<iliz?. r irwe:;ti~a .::o n c;s se>~ r·J ci i vc r ~'.:ls ;:isp8ct os c:: l;:;s 
t ~i. ·31112 : ii..:a s aplic:iô .. 1s, pi ; nc i ~:,.~ln1f' 1 \t e en Pl <'i ,~1: ; ; ·-; 

1unci0f;ai, !Js ocu3c!c:;>:: s dif crenc i ~ I -~~ . las c ir.n:: i::s c:,:) 
l:i compuwci ·~r• , e: an ~·!;si s num.;; , icu, i,1 pobabi:idod, lcJ 
es to: c'io~iic ,• y la investig0ci6n ae cpc·aciunes. Col28orJr , 
<1dem~ s . en la soluci 6 '1 d e! prob!er.1 iis -:oncre tos r::; f;:: '.:io
nadoc. con esta:; r..:::peci~li d é3l : es , con o trc:is dcpcnd<:nciJs 
universi tJrias o con orçpnisn10s cxte ir.os. Particip~r ac
tivame:ite en la cn s2 :12nza de las i'lr 3é: S Mcncionacias, en 
los r.iv:: les pro fesiori al y de posrgrado . 

EVO LUClON 

1955 Se crea el Departamento de M tiqu inas 

1957 Se c0r11 bia de dcnominaci6n po1 el de O~ici r.;:i 

Central de ~'~~ q uinc:is 

1953 Se créa e: Centrci de Cal: ulo El<- ct r6nico 

1959 Se convierte en Departamento Central de Ma
quinas 

1964 Se funda el Departa:nsr1ro de Procesamiento de 
Datos; des:: :i§::; cambîa este nombre por el de 
Departamento de Sister. 1as 

1966 Se fusionan el Departar.icnto Central de Maqui
nas y el de Sist:::o.ias par-::i crea r la Unidad de Sis
tematîzac î6n .:'. ::: Datos 

~968 Se t 12 ;osfc.-ma s:-1 Direc .;!6n Genera! dB Unid c: rl 
de Sistemat:zaci6n de D;:nos 

1970 Se establece el Cent re de lnvest igaci6n en Ma
temat icas Ap!îcridas, Si~ tem as y Servicios 
(C: MASS) 

1973 Se reorganiza el CI MASS y da luga r a dos ccn
tros: ei de lnvc:;1igaci6:i en Maternaticas .A. ~l i 
cadas y en Sistcmas (ClfM AS %l y el Centr'J de 
Servicios d 3 C6mputo (CSC) 

1976 Se crea el lnstituto de lnvestigaciones en Mate
rr.aticas A;:i: icaJas y en S:stemé1s {llMAS) 

DIH~CTOR 

Dr Tomas Garza Hern andez 
(1 9 de Abri! de 197ô 19 c!c Abri! de 1982) 

Dr Alberto Tubi!la Estefan 

M!H.18f10S DEL CO NSEJO !NTERNO 

-Dr 
- lng 

Dr 
. Dr 

Dr 
Dr 
Dr 
Dra 
Dr 
Dr 

-Dr 

Jomas Gr.rza Hern6nd:>z (Prcsicicnte) 
Jorge Gi l f·Jlendîeta 
Adolfo Guzrnén Arenas 
Jeon Pie;re Hennart Boudet 
Ismael Herrera flcvilla 
Jorg e Ize Larnache 
;.\lejandro L6pez Yanez 
Cristina Loyo Varela 
Ignacio Méndez Ramircz 
Federico O' Reî lly Togna 
A lberto Tubilla Estefan 

MIEMBl~OS DE LA COiv'llSION DlCTAMIN,l\DORA 

Dr 
Dr 

-Dr 
Dr 
Dr 
Dr 

Juan A. Careaga 
Ismael Herrera Riw!lla 
Cinna Lomnitz Aronsfrau 
J uan Manuel Lozano 
Alberto R•.1 !z Moncayo 
Gu illermo Torres 

SUPERFICIE CONSTRUIDA f 1,560 m2 

( 

PRESUPUESTO $18, 191,837.00 

INVEl1 S1Jf\J EN EOLJ.lPO CIENTlrlCO $1,500,000.00 

ORGt\NIZ.AC:ON ACADE:MICA 

Departamento de Anc:'l lisis Numérico 
Departarncnto de Ciencias de la Computaci6n 
Departamento de Diseno de Sisternas Digitales 
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De pur t0r.1 t n :ode M.:H"I 11 {1 ticas V r 'Pr;{. r, ic:.1 

Dcf) ;l r:arr?cn to ~:; Prnt18Li ii!'"lc1ri, E !:>tê;~~ i ~3~:cr:1 e 
lnvest:_y1c1611 c.J8 Opr r0cic1nes 
Gru po [;;pec ia l cl ·3 Ant ropolo0ia y Taxonorn fa 
Gt ipo r:sv~ cial de M-:.ct"H 1icn de l'v1edio~ Continuos 

~'E RSGi'JAL AC A DE M ICO"' 

Dcp <J:'tônH•nto ci~ An61i s is 1 1urnérico 

Jefe de DepMtnmento Dr J eé:t n Pierre He1u1art f3ouclct 

Dr 
Men C 
Dr 
Dr 

PoDlo 8ar rera ::;â.1che ~ 
Catherine Garci::i de Vargris 
Victor Guerru Or ti z 
Alejandro Vcl2sr;o Le·Jy 

D epartamento de Cienc ias d e la Comp utt.i ei6n 

Jcfe de Departarnento Dr i\dolfo Gu zma n Arenas 

Lie Mat 
Lie 
Lie 
Dr 
Lie 
Dr 
Men C 
Lie 
Dr 
Dra 
Lie 
Men C 
Lie 
Men C 
Lie 
Men C 
Dr 
Lie 
Lie 

Lortnzo Agui1ar Cabello 
Je:1nie Beccr: J de Barquet 
M ex imiliano ùiJz De la Pefia 
E11rk1ue Grap1 M arkuschamer 
Dora Lu z Gôn 1ez Sotomayor 
Renato l turrié Jél De la Fu en te 
F; c.; ,1cisco Ja" ;cr lzquierdo Sanchez 
Armando .Jin; ~h RirstP.in 
Chr i3tian L8n-.. Are LE:6 n 
Cristina Loyo Var?!a 
J uan Lu dlovv Saldiva r 
Rat'..I Medina Mora 
Concepc i6n Pérez de Celis Herrero 
Héctor Fabio Pinz6n Tofino 
Rosa \iarfa Seco de Garcia 
Raymundo Segovia Navarro 
Alberto Tubilla Estefan 
Carlos Veia rde V e!azquez 
Héctor Vill anueva Nufiez 

•Al 1o. de octubre de 1976 
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J oie de Departarncnto lrtCJ Jorge Gil lv1 enciid<i 

lng 
lng · 
lng 
lng 
lng 
lng 
lng 

lng 
lng 
lng 
Men C 
lng 
lng 
lng 
Men C 
lng 

M émica ArcJ;sso11 Pétez 
Jcsé Antcnio B:ind~ras G6mcz 
Julio Césa r Car.o D:im i.1 11 
FernéJndo CJsas i\fo \'ron 
Juan M3nuel Fernanclez Pena 
Hum!Jert::i Gôrn8z ~J<.mrnjo 

Luis Arturo Gonz<'.ilsz Hermosillo 
M elgarcjo 
Héctot Haro Guzmjn 
Lu is l\rturo ~faro Ru;z 
Jaime Hernandez Rubi 
1-\ngcl Ku 1i Moroles 
Manuel Padiila NoriegJ 
Enrique Felipe Pé10z Garda 
fvfario Rodrfguez Manzanera 
Josf! Ruiz Ascen cio 
Carlos Ruiz de Velasco Gutiérrez 

D epartarnento de Matematica::; y !Vieeaniea 

Jefe de Dcpartamf:nto Dr A :~jandro L6µez Yéiiez 

Dr 
Dr 
Lie 
Dr 
D~ 

Dr 
Lie 
Dr 
Dr 

J osé Luis Abrcu Le6n 
Ch<irles Boyer Pi<iee 
Felipe Braeho '.:a rpizo 
Jo~é Angel Canavati Ayub 
Migu:;l Ang •.;I r_:;;;i rcfa Alv2rez 
Jor~e Ize LamJche 
Luis Montcjano Psirnbert 
Antonmmia Minzoni 
Kurt Eiernardo Wolf 8ogner 

Departamento de Probabilidad, Estadistica e 
lnvestigaci6n de Or:8raciones 

Jefe de Departamento Dr Ignacio Méndez Ramfrez 

Lie 
Dr 
Lie 

Pedro A!cantara Aguilar 
Raul Carvajal Moreno 
Sigfrido Chaim Sanchez 

Men C Joac;ui11 OfJz Suez 
Lie Guillo:mo Duenas Vil !::is::inor 
Dr Tom.:'l:; GJrza H ~rn{mdez 

Or Raul Ht1dle t 
Lie 
Men C 
Dr 
M rn C 

J aime Jiménez Guzman 
Francisco ~.1artfncz l'ulomo 
Federico O'Rcil!y Tof::•lo 
Santiago Rinc6n Gzl lnrdo 

Grupo Espeeial de Anî:ropologfn y Taxonomfn 

J efe d::: G!·upo Dra Larissa Ade1 de Lornnitz 

M en C Gu illermo Espinosa Velasco 
Lie Jacqucli11e Forte3 de Leff 
Dr Enrique Leff Zirnmcrmé:'n 
Lie J osé .t..rturo L6pez Pérez 
Lie Enrique Molina Le6n 

Grupo Especia i dD l't.ecanica de !Vied ios Continuos 

Jefe de Grupo Dr Ismael Herrera Revilla 

Dr 
Dr 

Federico J. Sabina 
Arturo Vargas Guadarrama 

PP.OYECTO DE INVESTIGACION EN PROCESO (53) 

Percerci6n Remota 

lnterconexiôn de Computadoras (SoftwJre l 
J 

Red Sismo!6gica !Vlexicana de Apertura Conti
nentil l {RESM t._C) (Software) 

Dia logos en Espenel por Computador a 

Graficaci6n por Computadora 

Simulaci6n de Transporte de Plasma 

Elaboraci6n de C6d igo de Dinamiea y Estatica 
de Reaetores 
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Soluciôn 1·i u1.1éri ca de las Ecuaciones 
Novi~r-:'.>tokos 

Desl:l rrollo de f.i étodos Numéricos pa ra Ccuacio
nes Diferi:ncialc:s Stiff 

Dise iio de Muestrn par(1 Estimar la Cosecha 
NacionJI de Café 

Curso de Forn1aci611 de Profcsores en Estad istica 

Pruebns de Hip6tcsi:; eq Modelos Li noal~s co n 
Restricc iones 

M étodos Eficientes para la Comparaci6n de Tra
ta mientos Agron6micos 

Definici6n de Obj.~tivos Operacionalcs y Siste
mas de Trabajo de CO NACYT 

Revaluaci6n de la Cruz Roja Mexicana 

Estructura Organizaci-:mal de CO NASUPO 

Diseiio ldr,aliwdo dr,i Sistema Nacional de ln
fo rmaci6n 

Considorëciones sobre Posibles Accion es Futu 
ras de "TEivlA" en 1 . ~ C0misi6n OceanogrMica 
lntergubernamental do la UNESCO 

Estudio de Técnicas de Simul c1ci6n Dinamica 
Aplicada 

Ecuaciones Con~titut i·.tas de Arci llas 

Ecuaciones Constitutivas de Emocamiento 

Difracci6n de Ondas El ésticas 

Acuiferos Semiconfinados 

Aproximaci6n de Longitud de Onda Larga para 
Difraçcio!1 de Ondas Elasticas 

Ana!isi c; de las ofrendLJs do los entierros de Tl .:;
til co vi~1 Io T:i.xonomia r·Jum;)1 ica 

Revisi6n Ci~)iiog rafica scbre desarrol! o Ru rol y 
Urbano 

Estucl io de Frecuencin de Olas 

M étorl os Topol6gicos en Ecuaciones en Deriva
das ParcialE:s 

Teoria Probabilis t ica del Potcncia l 

Teoria F.rgôdica y Anj lisis de Fou rier Ge:ierali
zado 

Transforrn aciones Can6nicas y Grupos de Lio en 
la M ec<'inica Cuantica 

Red Sismol6g ica Mexicana de Apertura Conti 
nental \RESMAC) (Hard';.~varc) 

Proyecto 1\ 1 icroprocesadores 

rv:icroprogramaci6n y Disef\o de Contadorns 
.. 

lnterconexi6n de Computa doras (Hardware) 

Apl icaciones de la Teoria de Grupos al Dissno 
Digital 

o ;sef\o de Circu!w y Ti t 11e1 para Encundido al 
Toque 

Microprocesa'dor para pruebas de Flybacks 

Proyecto Modems 

Disefio y Construcci6n de un Modem !nalâmbrico 

Diseiio y Construcci6n de un Casette para Micro
procesadores 

Dispositivo para Contrai de Llamadas de Larga 
Distancia 

t -- - .... __ , ____ ... 
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>llo Ru ra l y 

. en Deriva-

~r Gcncr::ili-· 

) S de Lie en 

tura Conti-

-3dores 

Jware) 

Diseno 

cendk._ al 

l <lCks 

lna!ambrico 

Jara Micro-

·S de Larga 

Tcrmi1wles pa ra Cornputndorc;s 

Diseiïo de Instrumental Vario 

Si ster.1::i de lnformac i6n par.J ci Contrai de 
Componen ~ e s 

Diseno de Rclojcs Digitales 

Aplicacionc~: de la Teoria de Colas <JI Diseno de 
Mo ni tores 

Algori tmos para la Determinaci6n de Epicentros 

Algoritmos pura Dctccci6n Au tomatica de Sena
le::; Sismicas 

Estudios sobre Riesgo Sfs_mico 

Estudio de Métodos de Optirnizaci6n 

A lgoritmos para la Estimaci6n de Parametros 
No Lineales 

Algoritrnos para la Soluci6n d8 [cuaciones ln
tegrales de la Primera Clase 

PRO\'ECTOS DOCENT;:S 

El llMr'\S ti ene a su cargo la organizaci6n acadé
ni ica de dos proyectos colegia2os de docencia: 
La MaestriJ en Ciencias de la Computnci6:-i y la 
Maestrîa en Estad;s~ica e lnvestigaci6n de Ope
raciones. Arnbos proyectos esta n encuadrados 
en la Unid2d de Es~udios Profesionales y de 
Postgrado del Colegio de Ciencias y Humanicfacles 

THABAJOS DE l f'J\/ESTlGACI ON PUBLICADOS 
(1975-1S76) 80 

Comunicai::iones técnicas 
Articulos en revistas cientfficas 
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ESTACION TT 

Desc ripci6n del control para un s8nsor. 

Velocidad de rnuestreo 

La velocidad limite de rnuestreo queda deterrninada por la velocidad 

de transmisi6n y el formata de palabra. Suponiendo que: 

a) La velocidad es de 1200 6 2400 bauds. 

y b) Cada rnuestra estarâ formada por dos c aracteres con 11 bits 

por caracter 

Cada car&cter tiene 1 bit de start, 2 bits de stop, (supuesta 

una transmisi6n asîncror.a ) y 8 bits de in forrnaci 6n. El formata 

es el que se indica en la figura 1. 

1er. caracter 1 Stop 1 D6 1 DS 1 D4 1 D3 I D2 LDl 1 ?O l 1 1 Start \ 

2°. caracter Stop EXPl EXPO Dll DlO D9 DB D7 0 Start 

Figura 1. Forrnato de caracteres 

Con el primer bit de los ocho de inforrnaci6n se identifica si se 

trata del primer o segundo carâcter de la rnuestra , y en el caso 

1 . 

de que h aya multiplexa je, mâs de un s e nsor, s8lo sera "l" en el 

caso del primer bit del prime r carâcter de un ciclo pre-establecidq 

El dato estara contenido e n los siete bits res tantes del pri~e r 

car~cter y cinco del segundo tal como se ve en el diagrama 

reservandose los ûltimos dos b its del segundo carâcte r para el 

expone nte. Una vez establecidas e s tas caracterîsticas podemos 

definir las velocidades mâximas de muestreo, estas son: 

CIMAS-Ui !At1./1 
PROYEC ïO: 

Rï:'.:S1~1\.C 

CD ffRO DE l ~ IV"'. SîiC;.c 1 0 N, 

EN :.lATU,IATIC~\S /1PL!Ci\- 3iSTé:MA : 

DAS Y EN SI STE !:lAS. 

'RESPONS/\3 LC 

1 I NG . J . GIL 

ccc~~DJ~·: . ~D OR 

DISE~O 
HOJA_l_ OE _7_ 

.. Tl\ nu:: II. RUI3 I 
·--i·---



109 muestras/s egundo para 2400 büuds 

54 muestras/segundo para 1200 bauds 

Dado que es de cap ital importancia el que la velocidad de 

transrnisi6n sea exacta se escoge corne base de tiempo, para 

todo el sisterna, un oscilador de cristal cuya frecu€ncia 

es un mûltiplo de la velocidad de transrnisiôn; para la 

estaci6n TT sera de 240000 Hz. 

POSIBLES VELOCIDADES DE TRANSMISION 

Si tomamos como base una frecuencia de 24 000, se tiene 

una descomposiciôn en f actores primes de 

2 6 X 5 3 
X 3 

Teniendose los siguientes divisores de interés 

1 

2 

4 

8 

16 

32 

64 

.L 

1 

2 

4 

8 

16 

32 

64 

5 

5 

10 

20 

40 

80 

5.5 

50 

100 

? 
J 

3 

6 

12 

24 

48 

90 

I 

Para nues tra aplicaciôn son de interes 

32,40,48,50,60,64,75,80,96 y 100 

3.5 

15 

30 

60 

75 

Siendo utilizable s para el caso de una trans rni s i6n de 

1200 ~auds ; 32,40,48,50. Teniendose una libertad en bits 

por muestra de : 

Cl" 1AS l PP.OECTO : 1 RESPONSABLE DISE: 0 1· 

C 
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, . 

.... . . . 

Divisor #muestras 
por segundo 

Libertad(bits/muestra) 

2400 75 

60 

50 

48 

32 

40 

48 

50 

15.5 

8 

3 

2 

Para el prototipo, con fines de investigaci6n, se tendr§n 

las siguientes caracteristicas: 

• CAFACTERIS rl'ICAS 

1.- Velocidad de Transmisi6n de 1200 bauds. - . 
2.- Muestreo d~ 40 6 48 muestras/segundo 

' 
3.·- Dos'"' escalas de amplificaci6n (1) 

/ 
4.- Pulse de calibraci6n condicionado (2) 

a la escala en funci6n. 

5. - Res et gener2l al ~-:i..rcui to. ( 3) 

El diagrama de bloques del control del prototipo, sin 

incluir el control de las escalas de ganancia serîa como 

se muestra en la siguiente figura: ( ho1l\ 4) 

(1) Explicaci6n aparte 

(2) Aun en desarrollo 

(3) Funciona este reset al momento de poner en 

funcion amiento el sistema . 

CIMAS-UNA.M 
~· . - -~ ...... 

RSS~mc ING. J. GIL J. H. RUBI 
i -

Cl: l'ff!'!C !J E l? i'/E ~ TIG AC IO ~~ : 

iHOJA_-_DE~ 

CN UAÏ[i>IATICt . :: ..... ~u c;.- StSTE: ~.\: SOORD INADOH 

1;~~VAI/ :sv1010;, 1 
D s y EN SISIE i4A S. 'l'T DR. Lür1N ITZ 
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r l 

1200 
OSCIL ADOR 

' DI VISORES 
4 0 0 48 

' - -· -
24 0 000 Hz 

12 0 0 0 DIFE RENCI AD Of1 

I l\ 

RE SET 
RELOJ .__ 

5 FASES 

1 CICLO/DI A 
GENERA DO R 

DE L ~" .. Dl VISOR 

j 1 
P U L. SO DE 

1 C t.. L: B~A '.: I C: l I 
î 

RESET 

~ , 

~ 

' 

1 

-

' -:. 
·, , 
' : , 

AMPL IFIC 
, . oi::: 

SERIALIZADOR 

soc 
SOT 

BOBI NA DE 
Aoo:- CA LI BrlACIO N 

1 
PCTCtlC! A I 

~ - ~ son 5 f a s e s que se genera n po r cada f ren t e en la senal 

de 40-48 Hz son utilizada s pa r a rea li za r las funciones 

de control de transfe r e nci a e n fo rMa s!ncrona. 

SOC Stârt of conve rt 

SOT S tart of transmis s ion 

1 

PflOYECTO : 

RES MA C C!MAS-Uf\JAM 
RE SPO tJSABL E 

ING . ~1 . CIL 
DISJ.:~ O 
Jl'.nm fI . HlJB I HOJ A_4_ OE _ 7_ 1 

Cf::t!T::? O o::: l ~JV E ST I G:'.C I O i ;, _ ___ __ __ __ -+------·--.--
~E. j HA f Pü\T ICAS A? LI CA-11 SISH. ! l i-\ : COC.<ùH~;,.ooR 1 

~ s 1.S TE t!.A S . _ TT DR . LO' L' JI T 7. 1 

FEC HA : i\ ê Vl3 JOii 1 
7/VI I / 75 



Para establecer un ài agrama de Flujo . se presenta un diagr ama 

ilustrativo del sistema ù bloques incluyendo sus sefiales de 

control. 

SENAL DEL 
SEN SOR 

S/H 

c 

A/D 

.__ ___ E_o_c _ _ __=r 
soc 

CM---

RE SET 

MUX 
o. 

LOAD STROBE SJSTEMA R 

RE LOJ ( 120 0) 

Al tomars e una muestra se sigue la siguiente secuencia 

SOC al proveer esta senal se levanta la bander a EOC (END OF 

CONVE RSION ) lo que produce que el S/H se rnar.tenga en i1'.lodo 

Hold y el A/D inicie la conversion. 

SOT al p·roducirse esta senal se generan las cinco fases 

0
1 

Se provee CM para obtener un cambio en el multiplexer 

0
2 

LS (Load Strobe ) se carga del prime r byte del data 

0~ SR en esta fa s e se inicia la transmisi6n 
.) 

~4 
0 

} Utilizables para la termina l T en desarrollo 
5 

Un a vez que se ha terminado de transmitir el prime r byte, el SOT 
' "". .:,.', . 
vu e lve a generar el r e loj de 5 fase s y el 2° byte se transmite 

i-----b-~--j_o __ J_.a __ m_i_s_·m~a--s·-e-c_u_e_n_c_i_a_.~·-.-------~---.------------.---~--~--~~ 
PROYF.CïO: 1 RESPO NSA BLE DISE~O 5 7 1 

C!MAS-UNA1.~ 
CD!T::?O DE INV ESTI GACION 
F.N MATEr-.!ATICAS AP UC,\
DAS Y EN SISTD.1J\S . 

RESnAc LING . J. GI_L_ .... J_A_I_fŒ_:._H_. _R~B_r_ H_.o_J_A=~~-oE __ I 
$1$TOi.iA • TT Î C~~~Dl~~°,~;ITZ ~:;~; Ïl_REVJSIOM i 



En el c as o de l a terminal TT el misino control CM' nos sirve par a 

el bit de identificaci6n de cada byte , _quedando las ' entradas al 

mult iplexor co~o se muestra 

Do 
Dr 
02 1er. 
03 ) 

04 
BYTE 

05 
06 

MUX D 
... 

D1 
Os 

09 

010 2 do. 
) 

011 BYTE 

{
2° 

EXPONENTE 21 ---• 

12 bits provenientes del A/D (convertidor an&logo

digital) 

C! îv1AS-Uf\lAM 
PROYECTO: 

EESM . ..7\C 
c :: r!T:":O D~ 1::vE STI GACION 
Eil MATEfJ~TIC. S APLICA-1 SI S TE l-tlA: 

D.'\S Y Efl S IST H l:\S . j TT 

--, RC PCIVSASLE 1 DISERO 

I~TG. J . GIL 1 J.:J:-IB H. 

COGi"\ ùl ièi:'.i::> Oïl " l 
DR. LO}il'HT~ 

·---

6 7 1 
RU3I IHOJA __ DE __ , 

FECHA: 1 Ri:::VIS!CN 1 

7/VIfl___j 



En cl caso de dos o mas sensores el rnuestreo se harâ en forma 

cfçlica, por ejemplo; si tcnemos dos sensor.es uno de perfodo 

corto y el otro de periodo largo de las 48 rnuestras 4 

corresponderan al perîodo largo y 44 al periodo corto teni6ndose 

el siguiente diagr illna 

CICLO 

12 MUESTRAS 12 MUESTRAS 

sP 

PL 

12 MUESTRAS 

li MUEST R~ 
PC 

12 MUESTRAi] 

CM 1 estara condicionado por el aut6mata de direccionamiento 

que controla al multiplexor anal6gico, el qi.::.e a su vez alimen·ta 

al 11 sample/hold 11
, siendo 11

l11 s6lo el primer bit del prime;r- byte 

de la primera muestra de las 12 que forman un ciclo. 

36 muestras/seg. periodo corto 

48 muestras/seg. p.c. + 3 periodo largo 

1 
PRO' f r. c ·v: RE SPOHSt.3LE 

l 
1· 

DISE NO 7 7 
ESi·Ll\ C I NG . J . GIL J. H. RUBI 

HOJA __ DE _ _ , C ! "· -~ A("°' - U "" " fi ~ · 4', I 0 1\T-\i.' t 
1 

~----1 
E , ; A' _J COo ,, Dlt< •\:)C,1 FECHA: l_R EVISI0 1 ~ 1 

TT DR. LO:~ ITZ D 7 /VI/ 7p ___ j 
------ ----·-

C- " ·1· " 1 f"'I~ 1·1 1 r. ·-:-1 1r ' " 10'' ..... 1 • ·- v · - ... •r' . • . ~ • 

EN UAT rnATtc • ·; " · uc'-1 s .sT 
!) .'.~; Y E M SI S T t: : .1,'\~1. 
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4 
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M 1 C R O lo!'.';;~--EoDEM r'---lôl;; ,_, ,,. -

C A /D 

1\ 
1 

MUL T .I PLEXOR 

~·-·-

...._ __ . ___ ___. 

l<fl .... ---------1 
A NALOG ICO "" 

UNID A D bE CONT ROL 

l 

/\ .-----~ ____ J 
~~ A 
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1 
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SEN SORES 

FIGURA (1) .- ORGANI ZAC ICN ESTACION I 
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ACTIV JD A!) S!S\!!C\ 

Los dato3 slsmicos ciue se c!a n a conocer a p.J rtir 
d e encro de· 19 7G en cl lnst :uto ue l110cnicd:i c!e 
la UNA:V'1 son provisio:~:ilcs y ::e biJ:.;:in en el 
an31isis prt:limir.Jr ce s:::mcr,riJmas obtenit!os en 
el propio lr.slituto rned i3r: ;e ia op2r <Jci0n dr.I 

Sistema de ln fcrr.iaci6n S:5motelcm·.?trica de 
México (SIS ~.1EX : y c<i la e:.> taci6n sis mogr:Jfica 
de Ch ico<Jsén , ChiiJp3s, de la Comision Fcue ral 

La in~orm2ci6n corresponde a movirnie;1to5 de 
mug nitud :> 4, y se timit<J a dln cJ.:::1 mes, t icmrio 
de c rige n re ferido a TMG, coorrJenedos 
epice ntralc.s, rq;iôn y cornenlari os, profundidJcl 
de l fo co, mag nitud calculada y numcro de 
es tac iones regis tr::icioras. 

Tanta los movim icntos con masni tud ;;;:> 4 que se 
li star., como· de cuaiqu iera de los otros que se 
glosan r;n el rE-sumen f inal de céldn informe, se 
encucntran c ataloçndos y, a solicitud, se 
proporcion3ran mayores datas o se ha ran 
cstudios especiales. 

de Elec tr icidzd (CFEi. 

Los datos, en alsunos ca:;os, son c'.lmparados con 
los d8 ()Stoc ioncs del Ser;ici o s;smolÜ'JÏCO del 
l nsti~uto de Ccoflsica d0 la UNM11. 

NOT A: Las co ,rden2da; ep;cent rales de movi mien tos corisiderados en so lo dos es:aciones son tentativas, a menos que

- aparezr:an d ilms de intensicad. 

CARACTEI<ISTlCAS DE LAS ESTACIO\'ES 

=i 1 

l~J-o-r-d0-,n-a_d_J_s ·---A-l-t i-tu_c;_',_C_o_m_o_o~1·-p-.;r-ir-~c-!o, Am;:il i ';çac :6n , 

.Sisterna Lugar Cl ~v~ 1 ": n n1 nente en scg veces 
1 N W i 

t----.;------------+--1 __ J_ _ ___ , ____ .:_I -----<----l-~--- 1 

Sl!..: ~.1E X 

SIS 'i,:::: x 

SISt.ii:x 

SISl1lEX 

SI S:vlEX 

CFE 

Geo!. 

G0of. 

Geof. 

Gco f. 

1 Sta. Rita Coyotcpec, ~- léx . llC i9.7G7° 99.2::i::l' 1 2 725 1 Z 1 f -~;---1 
lnst.c!c lng,UNA.\'1,D. F. I l~.': 1'.J.326° 99.182° 2275 Ir' Z 1 3000 

El F.no, ÎèXCOCO, r!.€x l lP 19.347° 98.917° 2 650 z 1 15 OOJ 

Ton 1n tzintla , Pue. l lT 19.02 1° 93.3C3° 2 205 Z 1 30 000 

Cerro de Tu xpJn, lgu;;l a , Gro. 111 13.37Gc S9.4C3° . 1 750 Z 1 15 000 
Ch i co~sé n. Chis, CSN H:i. %9° 03. 103° 320 Z 1 6 000 y 12 000 

TJcubava .DF. TAC 19.270° I' 99. 11 6° 
Comitan, Ct•is . COM 16. 15 1° 92.238° 
Presil Bçnito Juarez , Oax. PBJ 16.437° 93.406° 

Obscrvatorio. Oax<Jca, Oax. VHO 17.Cô9° j 9ô.732° 
• 

2 2'J7 1 Z, NS·EW varios 

1 528 1 Z, NS·EW 1 y 4 

213 IZ, NS-EW 1 
1 635 z 1 1 

35 OOù y 20ü 

48 COD 

67 000 1 

; .. •-
.,:::· ... - ... · .·}c~ •:.,.:,;_;,'. • 

~ ....... . 



TiC::!!JO de Ori Cooréi::n .":C -· 

DÎ3 
gc~ e?i.cc:1tr 

,_ 

-~~-1 " 

l 

_,___I 
15 150 03 50 .:i:'.i 1 

l 05 !,() 05 J s 500 
1 06 u .s. s 17 !, 10 
l l:. 45 I -

-i) 111 339 
l 13 CO 23 17 250 
1 lj .';6 24 16 357 
1 22 53 1)4 19 33(1 
2 04 14 ~ -..1.J 

2 10 20 14 13 259 

3 02 I; 5 40 15 450 

3 07 13 ! 36 

1 
15 571 

134 l 2s 3 07 1 16 060 
l: 05 13 i'O. :;; '.'.O 600 
4 17 24 l - ') \4 a1s 
5 Dl " CC 1 ~ l 16 911 Lv t. ~ 

5 09 -") 01 13 250 1 .J_ 

5 20 . 11 37 1 18 7l12 
1 

6 os 09 19 1 . 5 000 IL 6 12 14 1 1)6 i ::, 292 
6 17 38 03 14 980 
7 04 31 37 14 895 
7 05 12 19 15 714 
7 l 11 22 1;/ Li 482 
7 12 12 54 lï CGO 
7 15 26 6 .5 14 830 
7 23 11 SS 16 000 
8 03 19 46 13 603 
B 07 19 33 13 000 
8 07 47 04 la ooo 
8 21 5l 12 115 82 l 
9 OO 1:2 1:.9 . 5 ia 1,-:is 
9 04 ['' 21 . 5' 14 235 
10 Oi. -+L 30 .5 15 950 
10 07 !, (l 50 17 J73 
10 07 55 j7 1 5 145 
10 li - ... 139 17 ~50 .) _1 

10 12 0,:,J 21. 5 .17 661 
10 15 L') l .'.iù 14 536 
10 23 35 5;) 16 13 
11 OO 13 43 lJ 232 
11 OO 23 07 14 -464 
11 

l l 08 f 1 '1 1 ~ 3 1 ~ (, 8\Q 
~1Jortl'C"" • ..__ ... __..-.,._ ... _..__ 

1 

9 

9 
9 
9 

3 300 
~ - 31JO 
3 033 
4 950 
6 92~1 

03 190 

9 
9 
1 

6 9 989 

9 4 160 

9 4 000 

9 
9 

i 9 

i-9 

3 420 
9 250 
2 490 
2 755 

1 9 660 
118 10 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

10 
lO 
9 

110 

3 000 
3 St1 6 
3 230 
-~ 870 
3 66 0 
2 075 
4 860 
3 863 
4 793 
2 075 
3 36 7 
2 905 
3 775 
0 160 
4 00 0 
4 360 
2 125 
t1 i s·o 
5 000 

1 

9 
9 
9 
9 
9 
•' 
l 

, 

-

j l 
)3 
vS 

:203 
6r.o 

0 2 SlO 
9!. 550 

:Iur.1 . 1 
?rof !;:i ~ - ! 

Je, 1, en lit 11 

kv.l f -' ~ t31 .:J_ u-

----~~ 

Reg:i.én y cor.ientario ~ 

1 

I
Gulfo de T~h~antcpec .Fr cate costas 
Chi<:;-i:rs ·····l ... 4 3 

1 !!or 4 3 Cestas de Chi::?.:JS Pijiji :ip.:i ~ IV 0 

Edo . de V c ~a c ruz ·l ~t~o de Tehu:rntepec 
ï.rcr.:_, cos C<i s de Ch ia;.i.:is 

Nor 4 3 
Nor 3 ~ 

l
l Li1Ji t es Ua~~c a y Vera~~uz 
Edo . de Oaxaca 

50 5 7 

[do . de J:tlisco 
P04 l 600 (C O~ !) ; P04 16 l l (L:S:~); P04 l 640 (P.3J); 
P041705(\."PO); P04 175l(IIC,IIP) 

Nor 
Nor 

Pr6xiwo costas Guace~ala . S2ntido II 0 en - SO 
San Salvaclos El Salvador SegGn P0Z H=lO 
20 25.9 

4.5 
3 
5.5 

5 

Golfo de Tchu:.i:itepec .frente cos t as 0:.L"'Ca :::i :!or J 
Y Chia.pas 

Golfo de Tehudntepec .Frente costas Oa::-::aca i:or 4 
Chia pas 
Costas de Ch iapas 
~r6ximo a Cardona~Hidalgo 
Cestas Je Chiapas, Regi6a Soconusco 
Chiapas Re~i6n pr6xin~ a Larrainzar 

1:=- r·cnte a l as coscas- ile Guaceoala 

1
Localizac i6n sc~ Gn PD:: SJa . de Cucrrero 

1
1v 0 D.F. - Fucrte en Zihuatanejo j 

,["rente costas de C'.-lia;-i.:is ( 
1 ~uAra costas de Chi~p2s 

Nor 
Nor 

Nor 
i:-:or 
85 

Nor 
Nor 
NÜr i ~ rente cc sLas de C~ia p3s 

l~olfo de Tehuante~ec Freate 

IFrente cos tas de Chic:;-.ias 
?rontero ~§xico Gu.:ite:aala 

costas deOxac No r 
I N~r 

No r 
, ~do. de Oaxacaistno de Tehuantepec 

E' rente cos tas de Chiapas 
Golfo de Tehuantepec Frente cos tas Oaxaca 
Fr ente a las costas de Guate~ala 
Frcnte a l as costas de Mi ::hoacan 
Frente a las costas de Michoacan 

· Frente a las cos tas èe Chi.:ipas 

1
t:d o. de Guerrero , li:aites con Edo . de l-!éx . 

l
Frente Costas de Chiapas 
~ r i.! nte costas rl2 Oaxaca 
Districo de Alvaro Obregon Chis . 

l'.- rent'2 cos t as de O<n:.ica 
~stade di.! O.:ixacoReg iGn Istmo deîehu:;ntep e 

jLÎn;itcs ct1i. ilpas Ca r.i;i eche Gu:ite..'J.ala 
f.:rcr.te cos c1s de Chi.iras 
!rente cos : as de Guerr e ro Oaxaca 
;· r~nte cos : -is .:i Gu:iti.!:~.:ila 

Nor 
Nor 
NOr 
Nor 
Nor 
Nor 
Nor 
~~or 

~or 

Nar 
100 
Nor 
40 
Nor 
40 
Nor 
50 

t-' u~r.:i co:;t.:is de r.:~i:rpas Nor 
PQ2!.25:l(CC.::); P0243 13(CS ,') ; P02l1330 (PSJ ,e02 
4530(\11()) . 

3 
3 

'4 ,5.3 
') 
..1 

3 
'> 
3 
4 
3 
4 
J 

i ~ 
<1 

4 
3 
•) 
..1 

3 
3 
4 
!1 

" 3 
4 

" 5.5 
3 

5 
2 
6 

7 • 

2 

3 
2 

H •. 
1 7 

2 
2 
2 
2 
3 
2 
... 
..) 

1 ~ 
2 
3 
3 
'I ,_ 
2 
: 
2 
3 
3 

1 ~ 
.'; 

7· 

3 



------·---i---~ 

[ Dl~-;::-:~~~ Coorden~:ida.;; 
ge~ cpi c ~ntr ales 

--- --h -,~ r.i s -----T-
:~ ~ ·l -·-----------. - ~,- -1---- -----

11 08 49 l ~O 16 839 9 ~ 330 ~cpc tici 6n del ant~rior 
11 lï Ol 23 l5 630 93 792 Fr c-!1 Lc a l.:!s co st.'.!s de Chi.'.!pas 
Il l9 ~7 13 15 ~45 98 190 fr~ nte a l as cost~s de Oaxaca 

RcgiSn y curucnta~ios 

Nor 
Nor 4 

11 i9 47 'd . 5 15 384 99 700 FL•C'rt! ços t <!s <le Cucrccro 
12 OO 01 37 15 571 93 472 f r e~ te a l as cos tas de Chiapas 
12 03 02 34 . 5 16 245 97 196 Cost~s de OdxJca Ju qu ila IV" 

Nor 
!\or "L1 

4 Nor 
Nor 

3 

12 10 13 JO 13 7J2 91 924 Frcnte a las cos tas de Gua t emala 
12 16 14 ll 15 518 91 434 Gua cema l~ 1 pr6xim0 frontera con Chiapas 
l 2 16 41 25 16 125 99 150 Frent e a l ès cos tas de Guerrero 

Nor 
Nor 
No r 
Nor 
Nor 
Nor 

12 18 03 12 14 110 94 700 Fuera cos tas de Chiapas 
13 01 18 ·JO 14 000 91 860 frcn t e a las cosLas de Guatemala 
13 05 06 28 16 000 94 000 Cos t es <l e Chiapas Pue rto Arista IV 0 

13 06 42 08 15 9)0 94 245 Frente cos tas de Oaxaca 
13 10 J6 :o . 5 i7 OùO 96 283 
13 12 49 53 . 5 17 2é8 101 630 
13 16 57 ]Î 16 715 94 98 1 
13 20 47 ~o iG 000 97 160 
13 22 04 42 18 OGO 103 143 
li1 02 02 <t1 18 OGO 103 000 
14 03 33 56 15 2~0 90 340 
14 06 33 1' )]·:7' . 5 l6 500 92 604 
J4 09 33 ie 16 1 92 094 

1

1

4

t1 15 46 r· 3

1 

26 4'..12 .5 115 067 

17 45 15 714 93 910 
14 l8 38 1 16 518 92 622 
J l1 23 '. 7 1~ 2 13 OéiO 91 7 1 7 
15 J4 ' 2 rn 15 821 100 755 
15 16 - ) 7 36 15 143 93 58!1 
15 17 J l 31 l5 571 93 773 
.15 20 'J JJ t6 500 91 850 
15 20 52 56 .8 t2 544 87 79 7 , 

16 
16 
16 

16 
16 

16 
17 
17 

3 

7 

15 
19 

19 
)2 

J9 

24 

22 

'.l3 . 5 16 557 

J4 

1

,,, 
, :> 

31. 5 

i J 6 

j'.3 
16. 5 

18 090 

13 822 
16 910 

l!. 160 
14 540 
19 500 

lbp 396 

102 130 

92 434 
94 530 

95 830 
9 3 245 
'9 4 GCO 

Oaxaca , regi6n Cen tral Nor 
Fr ente cos t as de Guerrero Nor 
Est ad o de Oaxaca Nor . 

f Co s t as de Oaxaca . -Mi xtepcc V0 Juquila rv• Nor 
Fr cn te a l as costàs de Xichoacan Nor 
Frcnt c a las costas de Michoac an Nor 

Rc~i6n Cen tr a l de Chiapas 
1 Lim:i. tes Tabasca y Ca11pcche 
Cordillcra Es l a de Pascua-SegGn 
54 38 (\"HO); ?155 450 (IIC, llP) 
Frente cos tas de Chiapas ( 

Regi6n Central de Chi apas 
Fre:te a las c os tas de Cuate~a la 
Fren t c a las coscas de Cue rrero 
~ ren t e a costas de Chiapas 
Frente a l as de Chiapas 
F:do . de Chiapas 

Nor 
ï\or 

l 
Nor 

EDR .Pl 5 Nor 

Nor 
Nor 
Nor 
Nor 
Nor 
Nor 
Nor 

P20 54 22 (CO~); P20 54 37 (CSM) ; P20 54 
54 (PBJ) ; P20 55 20(VHO)Si tuaci6n SegGnPL ·: 86 
F rente c0s tas de Cuer rero No r 
POJ 36 IV (IIC); P03 33 18 (IIP) . ? 

·IDesembocadura Rio Balsas Limites de Gu~- - Nor 
rrero y Michoacan 
Frente costas de Cuate!Tla l a Nor 
Edo de Oaxa c.a . P..cg ién Is tmo de TehLJante- 50 
pec. 
Fu c ra cos tas de Oaxaca 
Frentc cosc a~ de Chiapas 
Golfo de :-!é.:dco 

Nor 
Nor 
Nor 

li . 5 
4 
4 
3 
4 
4 
4 
4 
3 
4 
5 
5 
3 
3 
3 
3 
5.5 

4 
3 
5.5 
3 
4 
4.5 
3 

4 . 9 
3 
? 
3 

4 
4 

4 
3 
3 

17 1.2 ·4 13 lS OïO 9?. 510 Est.3do <le T.0 bas:::o 
17 !2 '7 -,, l8 160 nS9 0 Est::id o deî "1 basco 
17 l J 32 'i3 lS 319 103 000 CL'Sta,; de fü ch o..1 can 

No r 3 
No:: 3 
Nor 4 

17 ~ 2 j 5 14 i 3 455 91 566 Frent~ a l as c0s t 2s de CuateQala 
17 }3 - '.i !9 [.', 570 ']] 050 :: rente a l a_· costas de Cl:iapas 

. ~:-~ '.~_!;'. :_,~;;J~::_t::::o ~:b~=;ck=---
Nor 4 
Nor 4 
No r ' J 

3 
3 
3 
2 
3 
3 
3 
3 
4 
2 
3 
3 
3 
3 
2 
3 
7 
5 
2 
2 
2 

3 

3 
2 
7 
2 
4 
4 
2 

4 
2 
2 
2 

4 
2 
2 

2 
2 
3 
3 
3 
2 

2 

. . ; -· 



D:la 
Iic::ipo Reg i6n y co~cnterios do ~'.i-~, Co~cèeoad~ 

5-n ~?~ce:itr~~:s 1 

l----+-h--r--n- r:-1 ~i 1 W f 
L--~---+--1--~ 

18 
18 
18 
19 
19 
19 
19 
19 
19 

19 
19 

!9 
19 
2') 

20 
2ü 
20 

11 
20 
22 
02 
02 
01 
os 
11 
L2 

16 
20 

23 
23 
OL1 

05 
06 
18 

20 1 l8 
02 
03 
15 
19 
19 
03 
'.'.O 
OO 
0 1 
0 3 
14 
17 
21 
11 
0 3 
'.) 5 

)4 
11 

21 
21 
21 
21 
21 
22 
22 
23 
24 
24 
24 
24 
24 
25 
26 
26 
27 
27 
28 
28 
28 
28 
28 
29 

29 
30 
JO 

0 
5 
9 

18 

L l 
l6 

51 
L6 
43 

l17 

0 3 
39 
52 
23 

55 
53 

06 
10 
20 
11 
'22 
04 
33 

1
51 
34 
52 
21 

11 
lO 
j 9 

L2 
15 
l2 
32 
' 0 
';9 
57 
Jl 
19 

ti 
'J 
}l 

153 16 232 
15 214 l ~î 

~ Gb 
!07 
"31 

L 2 4.'..l:i 
16 850 

03 
:20 
30 . 7 

CO 
0 7 

17 200 
12 ï70 
16 515 
13 770 

7 294 

18 034 

120 
j_ 5 

16 (100 
19 %0 

128 

! ;~ 
15 L90 
14 6 25 
14 f: lO · 
19 .,34 
15 G5 3 
L4 t25 

ls3 
::. 1 
129 . 5 
1-d 18 :263 

1
51 16 518 
lô 15 180 

f ;u 14 C71 

~
-0 16 %4 

·~ ·51 ~~ ~;~ 
12 16 000 
~8 l 7 360 
î2 18 070 
12. 5 !8 28 5 
lO ll. 607 
12 13 6lJ 
~ l 21 360 
ll . 5 15 714 

I
)'.. L6 03 6 
'12 L8 700 
'14 111 89 3 
,'_S 15 17 8 
t , l 3 19 0' 
I{ ~ t5 450 

1 

;o t 5 ooo 
J4 .5 i6 820 

99 320 
91 8.'J) 

91 270 
100 132 
95 07 5 
92 07 5 
96 755 
90 5.S4 
82 239 

100 7 66 

99 00 0 
98 L;30 
93 5S4 
91 780 
92 000 
97 000 
93 
93 
91 
93 
90 
9L 

377 
339 
120 
200 
905 

92 830 
93 849 

104 800 
98 482 
95 310 
94 415 
93 28 3 
94 604 
9"2 509 

104 190 
93 792 
94 339 

102 467 
9 4 000 
93 094 
91 !153 
93 450 

90 905 
95 150 

Fr cnte a las cos t as d 2 Cuc rrc ro 
Gu a~err . .:ila . P:-6:ur.io frontera de l·Iéxico 
Fucr a c ostas d e Guatc~ala 

Fr..,.-i Le cos t .::s de GLrcrre ro. IlI 0 Aca pulc q 
Es~ado de Odxjca . l st~o de Tehuant epec 
Fucr.c. costes de Cuatt:!.:1ala 
Est~d o de Oaxaca 
Fr en ce costas de Gu~ternala 
Pl2 26 53 ( CS ~) ; Fl2 27 23 (P3J); Pl2 27 
34 (VH O) ; P l 2 23 10 (IIP); P12 25 16 (IIC 
P l~ 55 38 (CSN) inscripci6n pror.iinentc 
IV-V 0 D.F. Fuerce en C h ilp~ncin~o y o tr os 
lugares en l os estados de ~icho acan, J a
lisco y M;:.xico . H=205S05~18.22/Nl00 . 469 S 
Frente a las c os ta~ de Guerrero 
Es t ad o de Hida l go 
Fren te a l as costas de Chiapas 
G:.ia~Q;::a la Pro;:i.no iro:ite ra c on ~!éxico 

Gua t e:;uala P:-fo.:iuo a fr ontera con N6xico 
Fsta<l o <le Veracr~z . Regi6n d~ Coa tepe c 
Frenle al as cos tas c!e C!1 ia~w. s 

Fre~te a las costas de C~ianas 
Estado G8 Ca"'peche ?- Localiza ci6n 
Chiapas P.egi6n Central 
Guo. te::iala ( 

Fren tc de eQbOcadu ra rio Suchiate 
Unes 3ï km a l ori en t e de Chicoasen 
Frente a las costas J e Chiapas 
Frente a las costas de Colim3 
:rente 2 l as costas de Oaxaca 

dud os;-

V°Choapan Oax . 17 2ï70i95.55S•.,";-Iag.4.5Seb . 
E:do . de Veracruz PDE 
Es t ad o de Tab asco ? 
Fucr a Golfo de Teh~ant epec 
Fr ente ccstas de Guat Dùala 
Es t ad o de Nayarit 
:rente a l as costas de Chiapas 

1?rcnte a las costas de Oaxac a 
Re;i6~ ~g~ililla ~I ic~1 . 
F r~nt e a lo.s cos t as de Chîapas 
?ren t e o. l a s costas de Chî apa s 
Frcntc a las costas de Gu3t~~ala 
Fr ente a las cos cas de Ch 1a?2S 
? l 9 4 8 l 3 ( Co:!) ; P l 0 l. -127 ( CS~; ) 

I'095.S2 ! . 5(CS:-.I); pnu5f; Q9(\110) ;P0956 36 (II?) 
P0956 3ï(TI C); e09.'i639 (II:[) 
Gu 1!L~r.1al a 

Est~rio de Oaxaca 
P2347 14 (II C); P2347 17(IIP) ; P2JC1 71 9 ( \iHO) . 

,...i,., __ .__ •• t-_.~~----.1..--~-~-----------

3 

:\Cm.! 
Pro [ :;~z- de ,. 

en ni--
km 1 ,., ~s t ::i 
. .f tu u cio:j 

J__ T1 r:<" 

~di-,~· 
~:or l 4 3 

h"or f , 3 
~fo r j

1 
3, 1 2 

Nor!! 4 3 
Nor 4.2 5 
Nor l 4 4 
5 .3 5 . 2 5 

SP.g . ror: 

l ')1 6 
1 

:~ - p 1' 2 . 
Nor 4 · 
Nor- 3 
Nor 3 
~:or 3 
Nor J 
)lor J 4 
Nor · 3 
Kor 4 
Nor 
Nor 
Nor 
Nor 
Nor 
Nor 
Nor 
Nor 
50 
Nor 
Nor 
Nor 
Nor 
Nor 
Nor 
Nor 
Nor 
Nor 
Nor 
~or 

Nor 

Nor 
Nor 

4 
4 
4 
4 . 5 
3 

4.5 
1, 

5 
4 .5 
3.5 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 

7 

3 
2 
2 
2 
2 

2 
3 
3 
3 
3 
3 
2 
2 
4 
5 
1) 

6 
2 
·2 
2 
2 
2 
2 
2 
.2 
2 
2 
2 
2 

5 1 

2 
2 
3 



r: . ~ 11 
s t ac1o n r <l 

k-u-: 

10 

IIC 2 

IIN 

IIP .. 
L. 

III 

CSN 1 

TAC 

CO~! 

PBJ 

VHO 

TOTAL 5 

., 

RES Ul{E~ .n:;,;L DE SF.PTJE: ~RE DE 197 5 
4 

. 
--~r 

10 1 zoo 11 a 50 151 a 100 a 

Ir.-:-. _.k;Ji k:n ·-

8 9 3 

l 

1 
4 1 4 

15 9 52 

7 27 

1 2 20 

1 3 4 

29 32 llO 
•' 

.-.. 

. . . . ... 

(,",!'\LCG\~r ~-- ? Exp lo- --

1
50 1 a 1000 / (.OOC · s i ones s:..r:-rA 

- __-1.. . ..:.:.::__ _ Jsn_ --- ·----

--
20 1 500 a 

k" - - -- -

27 

11 

26 

65 

3 

51 

29 

13 

225 

6 

2 

4 

1 
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9 

10 

4 

3 

1 

1 

1 

21 

11 

18 

5 

6 

13 

10 

80 

31 

56 

1 

181 

3 

9 1 

66 

3ô 

1 _·4_7_· --~- ~· -1·4 ·-· ~6-2_·-_· ......l....-·-2_3_~_..-54-7~·~ 
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5 

EE
·--:-O-~- . Cocrr!r;i:iè.1s--Î·---· 

r' ;i;:i 'e t·i- cpic'nLraL!S Rc3i 611 Y 

1
-l r-1 b:n_-,--:-. -r~ 

----------[·-r 
Prof: '!,'l:;- >:Gm . 

ccr.~ ' ntar i.os t:n Il r: i - de 
km tu::l es c_::: 

___ I LO;\ (' 

l 

__ -2.__ 2..-L...; ___ .. -------, 

02 37 38 lS 535 n 962 l Chi<1r2s 1-<o r 
i 08 09 43 15 410 9 1 300 Gu~tc~Rla Nor 
1 
2 
2 
2 
2 
3 
3 
J 
3 
3 
3 

~~ ~; ~; 
1 

~~ ~~; j ~; ~~~ . 1 2~~~~~~-~~~ Veracruz 

11 15 55 1) 736 ' 92 ') 0 C'hi:.qi~is.- An::;el ,\. Corzo III 0 

12 ~S 16 570 99 350 frŒntP a l.:is costas de Gucrrero Nor 
20 56 120 j 14 500 92 74 0 fren tc a la s cos tas de ChiJpas No r 
OO 25 22 \ 15 96.'. 92 SSù ChÜl:?é!S No r 

-07 24 56 14 6:?i 92 360 Fren t e costas Gllatcm<ila Nor 
10 27 42 17 786 02 210 r:cnte a la des cmboradura del Rio BRlsas Sor 
10 52 40 15 3QJ 95 00 G8lfc de Tchuantepec.~rente costas Oax . No r 
11 54 54 j 16 893 95 320 O.:ixaca . Tstno èr Tchunatepec Nor 
22 05 l 7 14 l C:O 94 3 70 Fu.;ra cos t(.S de Ch i a pas Nor 
01 02 132 14 540 94 280 Fuera cos t .:is de Oaxaca Nor 

'~ 
4 

06 21 Il". 14 8U3 93 132 ;:-rente cost2s de Chiap :is Nor 
06 42 -'i2 20 5~3 93 333 Est2do Je !!itii.Jldo :-ior 
06 59 ,1:; '.W 60i 98 88 7 liid.:i l go . V0 en P.:ic hun , Zacualtip.fo, El :-<o r 

Ca rJ ona l y otros lu~ares.-Distrito Fcdc-

4 09 
5 07 
5 09 
6 05 
6 06 
6 

7 17 
8 10 
8 l 2 

8 15 
8 22 
9 10 
9 21 
9 23 
10 0 1 
10 06 
10 06 
10 07 
10 7. 

10 12 

r.:il III y IV~ - En tr e esta fecha y cl 19 

Il -~~l ~~t~u~.:d~:n~:scr;:~!~r~n e~l f~:~~!e~on 
grado s del III al V.- Todos es to s no~j-

1 mie~~tcs se rcg istr~"tr: .:~n c;1 TIC e II? 
fJO 

04 
t, 7 
37 
46 

07 
43 
31 

10 . 5 l~ !il5 
50 16 110 
01 15 96~ 
"CJ : •. 21~ ''· t~ 42d 

1 
54 15 78b 
08 15 696 
5. S 10 837 

50 02.5 16 893 
02 16 115 090 
16 j33 l.'.; 180 

?~ 1 ~ : jll85 95~08 
;~ 1 ·_J{O~ 1

15 6~0 
J2 . 20 665 
3~ j!D 15 770 
07 lï9 16 428 
03 ll : l6 321 

15 12 ') 15 732 

95 ld5 
94 207 
94 377 
93 132 
92 Sil 

93 641 
93 698 
85 756 

9'l 207 . 
92 962 
94 000 
02 226 
97 -':50 
92 905 
9 9 60!~ 
94 226 
95 075 
98 905 

94 622 

fucra èe las co s tas de Oaxaca ~or 

Cestas ùc Oa~a ca Nor 
Frer. te 2. l é:S co s tas de Oaxaca ( No r 
Frente a las costas Je Chiapas Nor 
Cestas àe Tabasco Nor 
e 091740 (CSN). FD9 17~9 (PBJ); e091833 
( IIP) ; c 091839 (IIC) . ? 
Cos tas c:!c Chia pas Nor 
Fr en te cos tas de Ch i a;i.:is Nor 
?123447 (II?); Pl23448 . 5 (II~): Pl2 3732 
(CO:r). Pl2345l (IIC) . -S egun PDE Costa Rie< i)5 
Chiap33 Distrito A. Obreg6n 
Frcnte a l as ccs t as de Chiapas 
ruera costas de Chié!pas 
Es rë~do de :iicho.:ican 
~rente a 12s c os tas de Oaxaca 
C'.1iapas 
Estado de Hidalgo 
Frcntc a lJs costas de Oaxaca 
Proximo a TchuJGtepcc? Oaxacd 
Frentc a las Cestas de Guerrero 

Frente costas de Oaxaca Golfo de Tehuan-
tep\?~ . 

3 
3 
5 
3 
3 
J 
4 
3 

'~ 
3 
3 
3 

4 . 5 
_3 . 5 

4 
4 

l,. 8 

2 
2 
6 
2 
3 
5 
3 
3 
3 
2 
3 
3 
5 
3 
3 
3 
7 

4 3 
3 2 . 
3 2 
J 3 
4 3 

6 3 
3 2 
3 3 

5,3 4 
3 3 
3 3 
3 3 
3 2 
3 .s ! 3 
] i _2 

3 2 
3 2 
J 2 
J 2 

] 

1

10 l5 
10 l 7 
10 l 9 
10 21 

l (1 '') -
26 j1l i3 82 1 

9.'. 679 
93 792 
9~. 320 
9 1 837 

~; l:l Il ~~· Hi 
~2-~-.. ~ ~?-~:: __ 1_~--':~2.L 

Estado de Oa:-:zca. Istmo de Tehuanter.iec r.;o;." 4 
Frente 3 las cosuis de Chi .:ipas ' :or '..l 
Frer\tc a .las cos tas de Chia pas ;or 4 
Fr.::ntc a Lis co:;t:a:; de Cuate:::ala 50 f4 

r. (~~--J:...:;l.~!:..':~ .... ;_~C,:~"lJ;...!'':.,;:.;..~~-''-

3 
3 
2 
3 
3 
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Cc_o_r_d_c-~a-d~J -1----- Rogi6n y _o_o_m_c_n:: o' . .:...:.;.l?_n_.,..l_t_J;i 

1 () 
11 
11 

C'picent~.:iles t':!: r ~:~:: :
1

::::_, 

1 1 
- j .: 1 on. ; 

_h_ -~-1 - _.:..:':__1--_..:..:~'---- --~'·'----1-----------------·-----1 . ! J--~ 

23 12 OO 20 730 99 G:2 Quc rctaro . Pro~imo & Codcrcy ta ~o r ~ 
02 09 114 857 95 358 rre ntc a l as costas de Oaxaca ' io r 3 

)7 

11 tJ8 11 )3 
11 l4 
12 1J3 
12 
1?. 
12 
13 
13 

13 
13 
13 

14 
14 
15 
lS 
lS 
16 
16 

17 
17 

18 
20 
20 
20 
20 
20 

20 
20 
2 1 
21 

22 

l9 ,, 
1 

5 
5 

8 
)3 

l 
3 
9 
0 

Ll 
2 

04 

53 02 2il SJO 99 245 Hidalgo l\o;:: 
0) )5. 5 lt 7 46.'i 1 CJ? l :J 2 1Ch i2 p.:is Distrito A. Obreg6n ~or 
OS l lJ L5 7è6 93 JJO Cestas de ::hi.<:ip.:is ~'or 
50 119 l6 ~ïo 94 3~0 Cestas de O<:lxaca 'or 
14 h2 l6 ~75 l lOü 320 ~ren t e a Jas costas de Gucrrcro o;:: 

18 41) l4 Ô93 95 050 r"ue r a de lé!S CO S tas d e 03:<aca or 
24 O~ l6 \'1 75 92 590 Ch i~1pas or 
48 47 17 553 93 226 Chiapas Pichucalêo UI 0 

_ . or 
10 36 l5 300 93 717 Frente a bs cos tas de Gucrrero y Oaxaca f ~o r 
32 56 l4 000 ? 93 400 ? Po5 3340 (CSN) ; FOS 33 43 (C0:-1); P053349 Lor 

23 tl.5 20 763 
26 17 l S 443 
07 34 15 893 

31 
20 
26 

54 16 178 
13 ILS G4 5 

P6.5J7 303 
29 1 26 l i6 ïG3 

1 14 37 ,:6 ';:25 

1 

(19 I J'] fj 5 c10Q 
10 )2 . 5 L6 .:;co 

39 
33 

53 
19 
l3 
40 
09 
36 

53 
10 
26 
59 

04 

15 11 770 
l2 . 5 i6 10ï 

19 
47 
49 
31 

1 54 
Ji? 

:6 888 
14 303 
15 000? 
l6 214 
'.6 178 

.4 . 5 ~l 7 200 
55 l3 000 
30 . .:. 300 
06 ~ 9 533 

24 2 27ù 

99 100 
99 189 
94 360 

n 69s 
93 453 

. 92 610 
100 5t"JO 
94 680 
93 660 
94 428 

9 1 837 
94 470 

100 333 
92 264 
89 590? 
98 830 
98 755 

93 160 
90 232 
93 190 

105 150 

88 250 

(PBJ) 

I
Hid:Jlgo ~ or 

Fue r a cc~t~s de Guerrero E?iccntr o aprox. ~r 
:-~·en te a las cos cas de O .. ix.'.lca Golfo de :o r 
Tt:;1uantep:!i: 
C~iapas E~balse pre$a Angostura ~or 

Cestas de Chi.2pa$ lor 

' 
Pr6xrni0 a .\'!la t an Chiapas or 

l
fre~te a las cost~3 d e Guerrero 
Oaxaca Is t::i a <le Teb..tantepec or 

!(os t .'.JS de C~·, ·apJ.S , :o r 
Fr ente a l~s cos tas de Oaxaca Golfo de !o r 
Tehuantepec f 
Fuera costas de Guatemala r .'or 
i:·r-ente a l as costas de Oax:aca Golfo . d e ~o r 

Tehuantepec 

? rente a l as costas d e Gu e rr e ro ior 
ë ren te a ü1s cos t.::.s de ChiapasyCua t emala 80 
~~w tema la ? 'o r 
Frente a l as costas de Guerrero No r 
Frente a las cos t as de Guerrero Nor 
P124242(IIC) ; Pl24250 . 5(IIP) ; Pl24307(CO:·:) ? 
Pl24316( 1/HO) . Pl24324(?BJ) . 

. Proxima a Ocotepec , Chiap2s Nor 
?rente a las costas d e El Sal vador Nor 
Fren te a l.:is costas de Chi ap.:;s Nor 
FLente a l a s costas de J a lisco ~~nzanillo No r 
1V 0

- V~ Guadalajara III 0 -IV 0 

?0405LS (CO~) ; P0~0604(CS~) ; P040623 (PBJ) ; ~o r 

P04064S(~· ~) ~0~072~(IJX) ; P0~0726(III) ; P04 
0727-?(Il?) ; r 0!10732 . 5(IIC). Frcnte a l as 
costas d ~ icara~ua. 

4 
3 

l. 5 
3 
4 
3 
L, 

3.5 
4 
4 . 5 
4 

3 
2 
3 
2 
3 
2 
3 
3 
2 
5 
3 

3 2 
4. 5 4 
3 3 

3 2 
3 2 
3 2 
3 2 
3 2 
3 t 2 
3 2 

4 
3 

? 

3 
5 
3 . 5 

6 . 4 

3 
3 
8 
4 
5 

2 
4 
3 
8 

8 

22 5 53 !.i9. èJ 'JI.'.: 88 391. 

3 . 514 000 1 g 1 1 " 

P05 5502(COM) ;P05 5516 (CS~) .?OS 553S( PBJ 32 ~.3 
P05 5637.5 (III) ; P055640 ( IIP) ; ~05 5G4 ScgG: 
~(IIC) .frcnte a las cos tas de El Salvador 

7 

22 2 40 . ro'J3bler.icntc cos tas àe Gu::itt>.::ia la :·/or 
22 4 3J 51 , 5 ~43 1 :;? 000 
22 17 3!. 05 9 SJ6 1 99 099 

Lim ic:cs Chi...ipas Guatcœ.'.!Ll No r 
'! ldalgo Pr6xi.no a El C::i rdonal No r 

'1 1 on '.c; ~'. ! :; J,":
1 I· "I l ""'il , .~., .. r 1 ,-!t"" _l_ 1~ C0~ t" .1.S d1 ... C 1 •rrr.:"~·0 .,":l.J"'~ ..,_.a.1 __ .. _._.......,...__ .... '.:._ · - ---.... - · ··-... --.... ___ _........_.._ 

2 
2 
2 
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DATO S ?f".üVlSï~.\ !. l.S cv:;;.r:sr>o::ou::::r cs AL :~::;s JE OCTLüRE n::: 1976 

Dia Iic~po de O. i
f;t:n 

Cc'O rd .,;n.J <i<:ts 
C?ÎCL:ït.r.Jlcs 

T Peronf tn-· :1·.~ --- •; cc,',~', . 1 Re gi6n y comcn ta rios ~ 

t km tud c:; t.:i-i 

-- h -2j~_ -~'-- · --=\·]==-----------------,----~---, :.i~:l 
~c ra cruz. pr6xi~o li~itcs cou OaxacayChia ; Nor J 2 23 

23 
23 
23 

02 
03 
J(i 

20 

4 1
1 

45 
15 
14 

l7 4J8 94 000 
95 152 
98 384 
94 160 

24 
24 
2 1~ 

24 
24 
25 
25 
25 
25 
25 
26 

26 
26 

2~ 
27 
27 
27 
28 
28 
28 
28 
29 

29 

29 
29 
29 

30 
30 
30 
30 
JO 
31 
31 
31 
31 

_'12 . 5 
() l 

46 

l 6 2t)'.5 
19 3è0 
15 16 l 

o5 ~o 05 i9 480 
7.0 I OO 

r -~/ i'.; ~~~ 20 25 
2 J 

21 
04 
07 
08 
20 
22 

21 
19 
23 
23 
os 
09 
17 
23 

04 

06 
07 

107 
10 
l l 
l l 

04 
12 
18 
23 

CIJ 

1

. 11 
1

L& IJGO 
51 19 117 3ï5 
11 l OO jl !. èSO 
13 05 1:~ 836 
16 24 l) 790 
02 05 15 360 ? 

16 17 446 56 

21 15 964 

17 Q!. 15 607 
:W !,., ,. l'"' JOO 

H q,; 1
1
il m 

07 r.,,., 7 0 46 2 

30 ~4 ~5 553 

:: :: t: ::: 
38 30 ·.o 732 
39 20 l 7 090 

53 
23 
t.t 
47 
29 
47 
20 

l l1Q 

30 

4S 7 000 
i 1 I 592 
5~ t~ 64 5 
O':J fis436 
Si': p 518 
~.'.; . 5, 6 000 
13 20 851 
5:. 5 4 64 
51 5 411 

91 !,6 4 
92 924 
93 810 

1 SS 302 
91, Jôü 
93 361) 
99 099 
92 415 
9!; 000? 

1 93 210 

1 
94 4 15 

Qt.. 
1lo1 

190 
1 92 
' 94 
1 98 

584 
OGG 
411 
924 
472 
653 

94 000 
93 113 

92 622 

1
101 434 
101 924 

lO l 

1
92 
97 

j c;9 

l ;i l03 
98 

815 
81 0 
ï4 0 
000 
415 
215 
156 
943 

94 509 

:Iuy pr6:-:imo a Tehu:rntepec Oax . Nor 4 2 
E:;tdo de Hid21go t'or J 2 
Golfo 'e Tehuantepec Frente costas Oaxac: No r 4 J 
Ctna pas 
~rente a las cos ta s de Ca~peche 
f r en : c a las costas de Tabasco 
~ rente a las costas de Chiapas 
~ren te a las costas de Oa~aca 
V0r2cruz Jes Gs Carranza III 0 

!lor ! 4 
Nor j 4 
Nor , 4 
Nor j S 
80 3 

fr ente a las cos t as de Chia pas J. 5 
Es tado de Hidalgo Pr6ximo a el Cardonal Nor 4 
Ch i apas Nor J . S 
Fr en te a las cos cas de Chiapas Nor J 
Chiapas r r:S x".;;10 a <:hapultenango 3.5 
P005102(CS'.'I) ; P00511)4? ( \"Eci) ; P00.5 1 fJ5(P5J) ; 
P005112(CO~J;P0052 8 J(III,IIP,ID0 ;POC520 
9(IIC). ? ? 
Go lf o de TEhuantepec .Frente cos t as de Oa> Kor 3 
P131030(I:C) ; Pl310Jl . 5(IIP) ;P131036( PBJ) . 
Pl3l 038(\'zto) ;PlJiS .6?(CS~! ) ? ? 
Fre~te a la~ costa~ de Oa~aca 
i' r et;Le a la ,; coscas de Guecrer u, 
Lü1i tes Gt;a.te;;ial a :hiapas 
Citi2?2.S 
Ts tmo Tehuantepec LJ'.mitesVefacruz-Oaxaca 
'lida l go 
Fre~te a las Costas de Chiapas 
f r ente a las co s tas de -Chiapas 
POJJOOl(IIC,I~P) ; POJlOOL (III);POJ1005 
(PBJ,\1!0); l'OJ! Oll( CS:-1) 
f r en t e a l as costas de Lhiapa s Tapachula 
Suchiate V0 

frente a las costas de Guerrero 
frcn te a l as cost as de Gue r rero 
(PBJ) ; eG~ 5 404 ( CSN) ; ~09 5 405 (~~ 0) ; c0 954275 

- (III); e09 543S( IIP) ; e095443(II C) .e0'.) 5354 
f rente a las costas de Guerrero 
Frente a 12s co s t as de Chiapas 
Fren~e a las cos t JS de Oaxaca 
Frencc a l as ços t as de Guerrero 
Ctiar<ls Pr ôxir:;o limites con Guatemala 
Cos tas de Ôaxaca 
fstad0 de Jalisco 
f r ent e c 0s ~as Guer rero Oaxaca 
Fr ente a las costas de Oaxaca 
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~r,·;;o Bol~tin. tien-;) por objoto è.ar e. conccer prin~ipalw 

11:1eatc le, 2.~t::.v:J.fütd E:i~~E.:i.ca de· I::i'.;:··ico? que es set.<;urarl~nte de 

ill'l~eréD para el lect;or e-n gencœal. asi co1uo de los profesio ' ..... 
llllCSc 

La parte principal de este bJl.et1n conticno lao obser

vacionas hechas on lac estacionos de la Re~ Sismol6gica Lla
:x-lcana que fue:ron sw~eptibles de localj_zarse11 

Al final SE'l cons i gna un.a lista s1..:.nario de los sie.mos 
ocurridos dcntro del Territorio Nacional y otras de telesis 
mos. 

Informaci6n sobre dafios producidos por sismos, con to
do el detalle posible, tan;bién es consignadao 

Los datos fucron proceoaclos en el sist:ema B-6700 del 

. CfürTHO DE 3E~VICIOS DS COHPD'l'O (c ;;.c). 

Ar;radec er::os la colaboraci6n dG la Com:Lsi6n Federal d~ 

Electricidad, por el apoyo Iilaterial en el entablecimiento -
de las estn.ciones OX:M y I'H!:, y por su coop0raci6n en el m~ 

tenim:i.ento de las estacion9s PTV Y. H.m .. Lé1. U,, s. GEOLOGICAL 

SURVEY ha continuado prestando su colaboracj_6n en la manten 
ci6n de los equipos originalmente prestados por esa Institu 
ci6n .. 

La informaci6n macrosismica fué recabada con los repo.E_ 
tes envi.ados por el personal de Telégraf os Hacionales y el 
Servicio Vet.:::orol6gico de la Secretaria de Agricultura y Ga 
naderia. 
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RED SIS~'tJLOGICA . .SXI0Ju~A 

-·~--·-------

~--'l'D:'UD :C/JHGI'J:UD AL'.L'UP....A. 

ESTACION' 0 Il 0 Il S/N DEL ?.:AR LOCALIDAD 
' 
' 

i ---- --------------- _ _,____..._ 

crm 28 38 12" Ü.!:T 1C6 04 l;.2 .. ow 14JO Jn Ch.ihua.""lua , Chiho j 
l 00 1::1 16 15 12 .. 0 92 07 Li-J.,,O 1528 Comité.n, C.bJ .s. 
j GU?.1 20 l~O Lf-5 .. 0 103 19 27 ,., 0 1567 Guadalaj ;;• . .ra j Jale= ' l - J_,GG 21 C3 1+2 c0 101 LJ.'• 30 .. 0 2200 L06n ~ Gto., (Ce rro Gorùo : . .:> 

LN'M 21 0'7 oo .. o 101 li{) 03 .. 0 1800 L06n 9 Gtoe 
MAZ 23 11 17.0 106 24 22~0 65 Maza:tltln 9 Sine 
MER 20 56 51.,0 89 36 59oO 7 Mérida, Yuco 
l:iHZ 19 03 15 .. 0 104- 19 50~. o 60 Manzanillo 9 Col. 

OAX 17 01 13.0 96 Ll5 46o0 1570 Oaxaca, oax .. 
oxu; 19 17 49 .. 8 99 41 18.,0 2700 Oxt a t ii.; J. 6.n , r.:éx. 
PB.J 16 26 12u0 a-_,) 2lJ. 21i-.0 213 Pr·osa Benito Jua.rez , 

Oax. 

PH:'. 18 }.6 30.,0 101 52 54e0 81 Pre sa Infi.ernillQ 9 

W ch , 
.PJ.lM 17 10 12.0 93 36 10.0 215 P~:-esa !.'.oi.lp2.so , Chi3o 

PP.il . 19 ()Lj. OOoO 98 37 36~0 4-000 Volcan I'op<1c a tépctl, 
Tlamacas, rue. 

TAC 19 24 18.0 99 11 37~0 2297 Tacubaya ~ ~. :éx. 

T1/Œ.~ 25 45 Olc8 100 12 10.,3 585 Tocnol6~ico de !\'.on -• 
terre y, !1~onterrey î ~~. :;:_,. 

TPJ:T 18 59 OOeO 99 03 42,,0 1500 Tepoztlan, 11ior. 

ID™. 19 19 54-oO 99 11 oo .. o 2275 Ciudad Ur..iversitaria 1 

Méxlco. 
VC11 19 12 02 .. 0 96 08 16.0 3 -Veracruz, Ver. 

1 

j VIDA 17 10 36.0 96 l.J.4 43.0 1829 Vista Hermosa, ÜG.X. 

1 
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1 r- Toclü.s 1 3. n J.oc.'.:1.llz e.çic.ne s E·pic für{;ro.J.:.:s de sisrws r e g iona

les o::.t.'ln l::. ::: ~~2 3. s con cla\:;Jf:t èl.o nucstra r<~ d.o Cua.nè..o se ~ 

t rata. à.e telcc:Ls:~o s :;' nlf;ur.:.os r::isr:os rcg:i.onal c s ~nucstros 

daton non est1.:_die.d.o::; to ::T:t.ndo co rco b ase 1n.s localizac iones 

h echa po:e m~GS , Jrnciéndose notar es-'co en los cor:::.entarios ., 

Cun.nclo la J. e tra 11 H11 ap02'ec e en a.lgu.l:.os de lo s par3-.l1lc tros 

c e.lculo.dos siG:üîü~a q_u.s d.i cho par5.1:-etro :perrnJ..no ci6 .fijo 

dUJ:;;_ut;e l a. co~Jputaci6no 

2o~ FECilA. Todas las îechas estân :i::·e:porta.das Gn ~tiiempo 1iedio 

de Gre omdch (TKG) o 

Hora orir,en en hora s, minutas y scg1.a1dos (TgG),pa 

ra r educir a hora de 1~éxico reste 6 horas •. 

I .A.T Latitud G-9ografica del epicentro en ·gradoa y déci 

mos de gradoo 

W lTG Longitud Geografica 11 Il n Il Il 

l'iO Ut.more d.e refc:re.::1cü1 è.e.1 sisrr.o" 

PROF Profund.idad del foco en Kmo 
( 

ERR Error 11 st;andarè. 11 en la loco.lizaci6n obtenida usando 

3.- EST 

'r 1 

la .f 6rrnula ES = L 
l:::: 1 

residuo (s6lamente 

1.?-. donde ri es el 1 - êsimo 
( n-W1) 

P) n el nfunero de lecturas y m 
el nfos:oro de pa.ra.œetros deterrninados. 

l,'lag:ai tud del sismo !.::S calculada con onùas P 9 MS -

con ondas superf i cif'-les y 1,-;r, 1~.gni t ud Local Calcu

lada con sis.œ6cra.fos Wo od Anderso n (General :Jente -
1.ill y ~.:.S son tohiad.of.J del USGG ) .. 

C6diiso de la e staci6n q_U'3 rcgistr6 el evento. 

· 4,,- PASE Une. ;'I 11 o "E" precede al nowbre d e la fase pa:i:a in-

. die a:~· e l car5.c 'c ~:!:' de l arribo ~ 

n) E ( cnersio ), irdica un co ~ienzo gradual en el cual 

la direcci6n del movimien-co es dudo so .. 

b) I (j'._,~1;.:rt;u ) ç i nsica que el :priruor ru.'r ibo fué i mpuls:t 

vo y la direcci6n do l prill•er nov-inient'.) es claro .. 

- w -a 
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d) 
e ) 

5"- nrs 

B ..... PER 

11.,- AZ 

12c- Ô - C 

( ) 

:El 
El 

.. - . .. . ..J.,.,.., .• _ -

(:pa_ 8.ntesi.s ) 9 inclica inccrtid~bre" 

s5 .. n-oolo *P sl.r;filîic(l _::)]? 

oi.;-:ibolo $P li nP 

JJosig:na l êl cor:ipon3nte (N 9 E o Z) del Bisr:6t;re..fo 

èLC la cu:il el . t:'Lo ~".})O de ar:i:-ibo o ar:rpli t;.id y el 

perioclo :ueron medicloso 

El tic!:lpo de arribo de la i·ase eE:t6.. d::.do en Ho 
ras~ minutes y segv_nd.os en ~FMGe 

Para las J:ases designada.s como impctn una C 6 D 
representa UJ.1 movimiento de compresi6n o dilata 
ci6n respectiva.:œenteo 

Periodo en se5undc~ de la fase correspondient e. 

Contiene la ar:lpli tud en ( m:n ) da la fase cor.res
pondionte, ruedida de pico a pico sobr~ el sisn~ 
grama. PaTa obteLer cl desplazarnionto del sue
lo es necesurio cc·rregir estes valores t..u;and o 

la c 1.i.r\ra de f1.l!1p li.ficacj_6n del equi:po correspon-
dien-Ce o 

·• Contiene la ~-ustancia en grados en0re el ob.s e:r- -

va'tiorio y el epice:ntro,, 

Contiene el azi:œut en grados, medido a partir 
del HORTE a través del ESTE 9 entre el ~eridiano 
que pasa por el epicentro y el a.rco oue une el 
epicentro y la esteci6n. 

Contiene las dif erencias de tiempo pal'a las on

das P, PIC? 6 S entre los tiempos observados y 

los calculados segûn las tablas de Jef~reys 

Bull en~ 

13.- Los grados de int e:;::i.sidad consignados en " '.i:nformaci6n 
Jfacrosis rnica ir O!)tan rr.edidos en la escaln. de }.~erce.ll:t 

ll'iodificada (ï.J1: ) o 

vi 
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