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THE DALAI LAMA
FOREWORD

Despite their obvious differences, science and Buddhism share several key features in
common. Both are committed to empirical observation, the testing of hypotheses, avoiding
blind adherence to dogma, and cultivating a spirit of openness and exploration. Most
importantly, Buddhism and science share as a fundamental aim the contribution they can
make to humanity’s well-being. While science has developed a deep and sophisticated
understanding of the material world, the Buddhist tradition has evolved a profound
understanding of the inner world of the mind and emotions and ways to transform them. [
have no doubt that improving collaboration, dialogue and shared research between these two
traditions will help to foster a more enlightened, compassionate, and peaceful world.

I have long supported the introduction of a comprehensive science education into the
curriculum of the traditional Tibetan monastic educational system. When I first heard that
Emory University proposed to develop and implement such a science education program for
Tibetan monks and nuns in collaboration with the Library of Tibetan Works and Archives, I
thought it would take many years. When [ visited Emory University in October 2007, I was
genuinely surprised to be presented with the first edition of a science textbook for Tibetan
monks and nuns, the result of more than a year’s work by a team of dedicated scientists and
translators at Emory.

By extending the opportunities for genuine dialogue between science and spirituality, and by
training individuals well versed in both scientific and Buddhist traditions, the Emory-Tibet
Science Initiative has the potential to be of great meaning and significance to the world at
large. Once more, the creation of this primer series, presented in both Tibetan and English, is a
clear tribute to the commitment and dedication of all those involved in this project. With the
preparation having been done with such care, I am confident that the long-term prospects for
this project are bright.

I congratulate my friend Dr. James Wagner, President of Emory University, the science faculty
and translators of the Emory-Tibet Science Initiative, and everyone who has lent their support
to this project for achieving so much in such a short time and offer you all my sincere thanks.

T
A@“

4 October 2010
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Education is one of the most potent tools we have for ensuring a better world for ourselves and for
generations to come. To be truly effective, however, education must be used responsibly and in service
to others. This ideal of an education that molds character as well as intellect is the vision on which
Emory University was founded, and the challenges of our time show that the need for such education is
as great as ever.

This vision is one that His Holiness the Dalai Lama shares deeply, and it is the reason for the close
relationship that has emerged between His Holiness and Emory over the past two decades. On
October 22, 2007, it was my pleasure and privilege to welcome His Holiness to Emory to be installed as
Presidential Distinguished Professor and to join our community as a most distinguished member of our
faculty.

The interdisciplinary and international nature of the Emory-Tibet Science Initiative, the most recent and
ambitious project of the Emory-Tibet Partnership, is an example of Emory University’s commitment to
courageous leadership for positive transformation in the world. This far-reaching initiative seeks to
effect a quiet revolution in education. By introducing comprehensive science instruction into the Tibetan
monastic curriculum, it will lay a solid foundation for integrating insights of the Tibetan tradition with
modern science and modern teaching, through genuine collaboration and mutual respect. The result, we
trust, will be a more robust education of both heart and mind and a better life for coming generations.

The Emory-Tibet Partnership was established at Emory in 1998 to bring together the western and
Tibetan traditions of knowledge for their cross-fertilization and the discovery of new knowledge for the
benefit of humanity. This primer andthe other companion primers are splendid examples of what can be
accomplished by the interface of these twao rich traditions. We at Emory University remain deeply
committed to the Emory-Tibet Science Initiative and to our collaboration with His Holiness and Tibetan
institutions of higher learning.

To the monastic students who will benefit from these books, | wish you great success in your studies and
future endeavors.

s S Pl
James W. Wagner /“/ﬁ

President

Emory University
Atlanta, Georgia 30322
An equdf opportunity, a'fﬁmmriue action university
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PROLOGUE

It is most fulfilling to be able to bring out this primer as part of the complete series of core science textbooks along with
reference materials for a six-year program in modern science developed for Tibetan monks and nuns. This collaborative
undertaking between Emory University and the Library of Tibetan Works and Archives, which is both unprecedented
and highly challenging, took birth under the aegis of His Holiness the Dalai Lama and is known as the Robert A. Paul
Emory-Tibet Science Initiative (ETSI). To ensure the successful implementation of the ETSI, we have been working to

create bilingual materials catered to the Tibetan monastic community and make them available in print forms.

It is a great honor for the two of us to play a part in overseeing this project. While each of us finds great inspiration for
this project and the promise it holds, the full scope of its vision lies with His Holiness the Dalai Lama. For several de-
cades, His Holiness has had the dream of introducing science education as a crucial component of the Tibetan monastic
curriculum. While this is a bold step, His Holiness sees far-reaching benefits in such an undertaking. The integration
of science into Tibetan monastic study will serve as a model and a trailblazer for constructive collaborations between
religious and scientific traditions. It will help to inspire a paradigm shift in modern education as we know it, by provid-
ing resources for integrating the training of both heart and intellect to create a balanced education of the whole person.
Furthermore, it will create a new science literature in the Tibetan language, thereby enriching the already extensive
Tibetan literary tradition and helping to preserve the endangered Tibetan culture. This project represents a significant
step towards a genuine convergence of science and spirituality. This convergence, which would enable us to tap into
the combined resources of knowledge of the external world and knowledge of the inner world of the mind, could prove

crucial for our future survival.

We are deeply honored, grateful, and humbled by the trust and confidence His Holiness has shown in us by entrusting
us with this project, so dear to his heart. We thank him for his constant guidance, vision, and support at every step of
the way. Furthermore, we thank all those who have made the Emory-Tibet Science Initiative possible. In particular, Dr.
James W. Wagner, President of Emory University, has provided critical institutional support, without which none of this
would be possible. Our role has simply been to oversee ETSI, but its actualization is due to many others, most notably
the tireless and selfless ETSI faculty, our dedicated team of translators both at Emory University and at the Library of
Tibetan Works and Archives, and the administrators and staff of Emory and LTWA, who have supported this ambitious
undertaking in countless ways. Crucially, this project has depended upon generous financial support from Emory Uni-
versity, the Dalai Lama Trust, the Joni Winston Fund, the John Templeton Foundation, and a number of key donors:
including the Judith McBean Foundation, the Lostand Foundation, Jaynn Kushner, and Drepung Loseling Monastery,

Inc. Atlanta. To all these supporters, we would like to express humbly our deepest gratitude and thanks.

Geshe Lhakdor
Director, Library of Tibetan Works and Archives

Geshe Lobsang Tenzin Negi

Director, Emory-Tibet Science Initiative



5=

55 AT A R AR T R ARG A AR A B R R R AN RR ARy @ R SRR FR AR AR N B ER AR RN AR R
AR BRI ARG ER| FARRNFI TG AR LR TR AR AR ARy IR Ay Fawfr Fagy] Xy RFaRER
AR AR P EF R Ra A fvayy R R AR g FR PR AR r ¥y PR aEn praax §gragaranaf Ay § v s
g Ede AR g aaE 8] FAn B AR AR AR e T TRV FR AN AFFANNFI QS| AR G Rug A gNaR IR TG
ﬁqa'gﬁ'ﬁnsacmﬁ'mgrwﬁiﬁwwaa;'r?\zq AARRENTF A AR TR FIN AN TR AT AFA AR FR R VTR Py agE s dy R ARy
AR AR S At SR A L Rt A et Ll Gt RS ]

RN AR AR AR RTRRR2AR Vv ganady &5 Vada fnasg Ra i ng A T P afF 3 ma ) 5538 § &5 Y squy &R g
Agg @ Tasava) R v fvanay i Y Fandy T ag g afy v Ba R YN gR R AR A wg Hy Gy g RN 3
S8 e s A E R E R B S B g R R g TN R g B D s B e SR e A R s arasy
NP G AN TR WA AN FA AN NG GRRAGRAN] AN AR AANF TR N Ag A YN A @ NN Al Fu g 3R N AgR FINAI AR
ST VRV Y Fr g g R F VA YR A G B P ABT AN YR AR [T ABFRINR| AR AvTFRANIR Fgs
N A SR AR B RN R A R g draR] AR EEN g AN YR N aR sy Darana R
Hrafx ARG AR PR AR R G 5 AR 5 P TR G FINAIRRN] AN ARV EE AR VAN RSN TGN RIS IR
ag AN AR FRAFIR g Fu Y qa B’ gaafaadsa) FAsAngn ANy JnRaagr AR R R s Py RN P
<BRagragRaBRvasEA e A s ARy

s vgaN s B TR 3y TR A gN AN Ry B TR R TR A R EXNgR PR QNG AR TR BN R AR SRR A s
YIAR] ARG G TR R A B AR TR AR RN AR SR G I RR S B A R e s A TR FR AR AR
FRTOPINFRAGRIRARRF TR D] AARFNINRA TR An Ty P @ RapanRaraq Avadg Ay g e agRsms Frwar
g Ban| ErRRg R ER A TR A g aly A Ra R A gr A A Ex aganan iy Y sa R A ey
AR RS TR AR E AN TF AR RIT AN FNAF BRG] = FR B gnanRsrahx MmN gR g F I § I anAg RNy A g A
ABAAgR g ATAR G FR IR AR By PR B g A Al g FranFaqraiadinan 3R e 5 gaNarads §R a6 <E
rnaanagg R AAREFRqR AT IREq) ARF Ay gRa R P P an TR AgE AGR RN XA Y AR ARG AN
Frval e e i TERE A E R Aa) ARl A TR AR iR RR TR ] gaR gaR Rney] £3 A5 T any akg e
R EFINS] FRFYE P RAVRT NG| ANGHF ARFYFFY| AP aFpREpRagvyswF o EvBasy
FuRnaR RraraiRagy AR IS N qFR amE SR TR THR TR F IR RRU AT AGF FFNFIINFENN] RO FIFRAFR RS
BRARRENYR RN E F IR

A AN ER| B YRR aR g R A A aks)

@'@'lﬁnﬁwﬁnaanﬁqagaﬂ @'ﬁ%’ﬁ:’ﬁﬁ'@'aag'%qmw'%&@aﬂﬁqgm



ACKNOWLEDGEMENTS

The Robert A. Paul Emory-Tibet Science Initiative (ETSI) grew out of the longstanding vision of His Holiness the Dalai
Lama and is sustained by His Holiness’s continued guidance and support at every step of the way. Not only has His
Holiness provided annual operational funds, but he has also provided $1 million towards the ETSI endowment fund
thereby ensuring the long-term sustainability of the program. The ETSI also owes its existence to the patronage of Dr.
James W. Wagner, President of Emory University, who has allocated considerable funding on behalf of Emory Univer-

sity and from his personal discretionary fund.

The Emory-Tibet Partnership (ETP) was established in 1998 in the presence of His Holiness the Dalai Lama through the
collaborative vision and work of Dr. Robert Paul and Geshe Lobsang Tenzin Negi. ETSI is the most ambitious project
to grow out of the Emory-Tibet Partnership, and in 2010 ETSI was renamed the Robert A. Paul Emory-Tibet Science
Initiative in honor of Dr. Paul’s visionary leadership and guidance. We express our heartfelt thanks to both these indi-

viduals for helping to establish the many programs of the Emory-Tibet Partnership, including ETSI.

We gratefully acknowledge Geshe Lhakdor, Director of the Library of Tibetan Works and Archives, Dharamsala, India,
and Dr. Preetha Ram, former Associate Dean of Science Education at Emory University, both of whose leadership has

been invaluable to the establishment and development of this initiative.

The project would also not have been possible without the support of Dr. Gary Hauk, Vice President and Deputy to the
President at Emory University, who has guided ETP from the beginning and continues to be one of ETSI’s strongest
supporters. Additionally, ETSI is greatly indebted to Dr. Robin Forman, Dean of Emory College of Arts and Sciences,
for providing critical resources and faculty of Emory College, which houses this initiative, towards the ongoing devel-

opment and implementation of the ETSI.

We thank also the ETSI science faculty, who have worked tirelessly to develop the science textbooks and who have trav-
eled to India each summer to teach the science intensives, and the ETSI science translators who have given of their skills
and time to contribute an entirely new scientific vocabulary to the Tibetan literary tradition and lexicon. In particular,
Drs Carol Worthman, Arri Eisen, and John Malko, team leaders for neuroscience, biology, and physics, respectively,
oversee all of the curricular aspects of the ETSI and have been integral to any success experienced by the ETSI. Ad-
ditionally, the principal ETSI translators, Geshe Dadul Namgyal and Tsondue Samphel oversee the entire translation
and production of all ETSI printed materials and video lectures. Without this dedicated team of exceptional faculty and

translators, the ETSI would not be where it is today.



Am )

TR RFURHFR A TR P s RayanRsral 3+ Frfrwyavady 35 TR gaeys ReF agx yr 3xsla 5 gaw G Qg Gx]
ARARgR R Y ApryRnR Rx s B | g Er Aq R an TR g R Y B raaga ¥y iR v s fvanRaaiA ARA A Hg ey
KRR R ER s s aras an R d Bav e sRaad Fasn P e md i gaana ds B e s ek gx e Ea g
Tm xRN aFE MER 3R] anRaraRx A TR g R g ps 8 el g Faaig Ra N A g aE fn graRaa da An X ad]a
qEE TS AR R TR TG iR pR R g Eea Y Er ] ey AR R gR A g ety aa gy ER amgad
AR g R AR XN R E B R AR

§w:’ﬁq'ﬁﬁq%gx’%ﬁm'ﬁr@'@'ﬂ'qﬁ:\1'ﬁ'qat'm@q'q&'ﬁ'ﬁa’q%m’q«:ﬁ?’a:’a@a’gq‘@N'aaawaﬁﬁ'ﬁc'ngwqq:’qngﬁéﬁ? sees A=
RapanRsral G5 gy BqnRR A eEx yax fr guadanang SHN Y anRaGadga) 34 a00 AxFarlgHuYaRamgrlzad:
ﬁ@'aﬁﬁ:ﬁ‘”'fj”]§QQQGN’”%Nﬁcqﬂ‘“%ﬁﬁﬁiﬂa’”N%NC@Ki’ﬁ*’%ﬁi"d@ﬁ%ﬁqﬁﬁ@%ﬁ%ﬂ‘”“'i&amqaa:ﬂm“'ﬁq'ﬁﬂm]
gh

%x’a’gs«'g&'q%mmqwnqqﬁq’qms&ﬁN'%q'ﬁm'a'xzm'@'gaa;m] fﬁt:'u@m'@'iq’aa’sm’naﬁg@ﬁm&'§q%'aq'iqw:\ria'qﬁ'qg'u]m'n'ﬁ:'
a%m’gm’nﬁtnx'mqﬁqmng%'@:’ﬁﬁ]

B ax A agaN R FNAgR g BANAR AN TG IR AN T| [ ANRN AR YNGR FI PGV S HV R ARG NP B FRE
RO FR g s i 8 AR g @ AR 8 ARG EFN R TN FATa FRENAFER A= gr P TN RRam AR R AN aET
AR /gy gy RRAENRIR TG AT B Ry an g3 Fa B Yrag Ry X a sy JuEa RapanRaaqR g
2R 35F Fr g PR asvaR TR aF Fo P Tagnarv R & 35 R le P agy 35§16 B "qyanRaraqx ia I Fr
R

85 X9 8 Fraax A T g R rA R FN AT Jyay FuqFr AR AFR AN AR AGF I Ny BF RV FR R By F AR AR
RErRERqanRa Y g saNR] s RN Y Al e Y i D E R R ey A B aag Ry g wy
IR AR GRNARINGRFF WA B AN YA G I FANARRGINE B GRAFHSN| FRIRG R GG AR FBFRAFR| F R4
2 RRNEeN R A REN Y D Eg e R AR AT TR agAR| s wd ¥y Ky gafasvgnasgRaaniaagaaggreaand:
A T A TRNFRANRINENNFRER| AN AR I AFVR N AR R A ELFH R Z RN PR s RAFqRER AR TR B
RapanRa YAy a8 Fage AgNANa RRA AR A AN ARV EN FUAPN TN B R Y A3 gy §F R NI Ry 55 2R F
w:ﬁ'rdq'@R’gﬂﬁ:ﬁmiﬁa@mwuﬁ'%:’alx'ﬁiz:w@m@'%qqainnaq’ﬁﬁ'mm AN RN AR NIRTIA FIFNHRFN AT PR RXANEA
FRATg R AY IR T RR AT G AR FANRaraq § EF IRy e wR NN AT R TR IN RN




We also thank the hard-working staff of the Emory-Tibet Partnership, who have labored far beyond the call of duty,

showing time and again that their efforts are not only work, but also an act of love.

We thank all those who have contributed the financial support needed to operate ETSI and ensure its long-term sustain-
ability. We are particularly indebted to Joni Winston for her long-term generous support to ETSI and for her unwavering
conviction in the worth of this endeavor. Funding for ETSI has also come from Emory University and Emory College,

including the Science and Society Program and the Office of International Affairs.

Generous support has also come from:
e The Dalai Lama Trust

e The Joni Winston Fund

e The John Templeton Foundation
e Judith McBean Foundation

e Lostand Foundation

e Jaynn Kushner

*  Drepung Loseling Monastery, Inc., Atlanta, Georgia

We also thank the Advisory Board of the Emory-Tibet Science Initiative for their guidance and advice:

e Dr. Gary Hauk, Vice President and Deputy to the President, Emory University

e Geshe Thupten Jinpa, Principal English Language Translator for H.H. the Dalai Lama and President, Institute
of Tibetan Classics

e Geshe Lhakdor, Director, Library of Tibetan Works and Archives

e Dr. Alan Wallace, President, Santa Barbara Institute

*  Dr. Preetha Ram, former Associate Dean for Pre-Health and Science Education, Emory University

e Dr. Arthur Zajonc, President, Mind and Life Institute

e Dr. Richard Davidson, Director, Center for Investigating Healthy Minds, University of Wisconsin, Madison

e Dr. Robert A. Paul, Charles Howard Candler Professor of Anthropology and Interdisciplinary, Emory University

*  Geshe Lobsang Tenzin Negi, Director of Emory-Tibet Partnership, Emory University

We would like to thank the venerable abbots and the administration of the Tibetan monastic institutions for embracing
the ETSI curriculum and incorporating this material into the Tibetan monastic core curriculum. Lastly, we thank the
highly dedicated monastic students of the Emory-Tibet Science Initiative, who are not only beneficiaries, but also es-
sential collaborators in the success of this program. May the knowledge that they gain through this program and these

materials benefit them greatly, and through them, all of humankind.



qqu:@'ﬁi'ﬁ:’ﬁﬁ'@'gq%‘qw@mm’@%’k)'@:’%'qa'm@ﬁ'gsm'@N'R:X:'?\Tﬁr‘imn\mq'am'qajm%sqquqz'q’ﬁ:] @q’gq’atﬁ%&m’
ﬁ'?)ﬁwm’qafﬁsﬁaq'aq’mxs&m’q%ags&&'& a"'g'qu'qgamwa:&'ﬂ:&'%ﬁ'&ﬁ'@

B R anRamaayRIRERER]  ANAERR G Y TN 5 FRN AR < A gan Ay Al X Rrar Y ags gRagR sRe dRs
AR EFNIA R B AR AR FAF)| FRqY IR FN G E F A VT Pyyg An i Ey B Wvag qan R gR PR
7] ARy PRy eranlindnwd Ay BNsg AqFraR R 5 IR ENF] §Rg 3G ] AT Ty Y@ RqyanRaraq R
RO FIIFR AR AR B A AR Y BNV ANy FH AR A AR AEFR| AR g TR NFN AT AN QRN SN N PR XN R ER )

g uR AN R AR THR Ay B RA TN FROm A Fad FRENN R S|
FAR AR RRNE|
X3 AFRFgRwg|
SRR
RRRATRAST
RAGERLL
AR
R wara ARy FERBR Y 39 IR v RN T i g En f Fn Eapmasa |

AR FR ATy JEg RqyanRar Y Fa ¥y gg FqN Y A Frn g Ex s T AR FR N ER RGN E F G H )
RERaga FaaRaEs B AR e R 8 Ak g Kax e R aig §R 5
Y FR AR R A B WaE 73 {7 YR FROE AR | BF B g W {R T mm ) ¥ AR ) RGN gR g §F
AN YRR aRyER A Ry aRe <Ny RX|
TR TR S A R R g AR
R ER AT TR s Al e T R g R Ty Dang Al ne K gR T AR Ax e
ReRe R A e g R A S Al F xR R R R |
33 g TR AR A R g R R e A <R ex Rera R s T A e Re A ryal g R e 3 2R
AR F IR R AR RaaqR| Iy 9y RANIRA FRGIE AR BAN FH | g paxFaale By A fa R
bR kS
RER g AR R A A SR R d D gy B Y ng el g Rl Ry Faam myg Al non g

qqu:’ﬁcﬁq'ﬁ'rnnﬁ'arnq%ag'ﬁ'%'ga'u'ﬁ:'agqg:’mm@';smm@'ﬁ'i’ﬁ:’ﬁﬁ'@%q'iquiw@nﬁqqa'ﬁr:'&q@mﬁﬁqgg'ﬁz'&‘ﬁa'
q’g'q§a;'gam'm':'£mgqm'§'%'@@'Qaﬂ ﬁ:’g&NmN'i&'aﬁa'mqﬁﬂwg’@m@a@a;w;] am'aax’a%'ma@'?’:’ﬁ:’qwﬁ:ﬁm'aﬁ'ga'@:’fqa'
a@s«mm’na:’&aﬂ mm’qaax’q%'ﬁ:'ﬁqaam'aﬁ'ﬁcqwmﬁN'ﬁqq:ﬁ:mﬁNﬁ:’;&mmgqm’mq’é’%x'uﬁ'a1:'1 ﬁ:'gam'qgﬁ'qwaa%qw@w
EEREE Gl NG|



TRANSLATOR’S NOTE

Guided by His Holiness the Dalai Lama’s far-reaching vision to better the humanity through close collaboration be-
tween science and religion, and inspired by his constant emphasis on the importance of introducing modern science
education in the monastic institutions, Emory-Tibet Science Initiative (ETSI), since its inception in 2006, has under-
taken a 3-step strategy of planning, developing, and implementing a comprehensive and sustainable monastic science
education program. Initially, for a period of two years, its faculty—in consultation with experts conversant in both
traditions—discussed, planned and developed science curriculum and teaching programs tailored for monastics. Fol-
lowing that, for the next six years, during the development phase, numerous bilingual science textbooks and teaching
materials were developed and distributed, six-week summer science intensives were organized annually where faculty
from various universities, prominently from Emory, taught science to select groups of monastic students from differ-
ent schools of Tibetan Buddhism. Two cohorts of more than 90 monastics, both monks and nuns, participated in the
six-year program and graduated in 2012 and 2013 respectively. Each cohort was awarded certificates of completion at
what could be considered history making ceremonies. This allowed monastic institutions opportunities to have future

indigenous monastic science teachers.

With the successful completion of the planning and the development phases the monastic institutions are now poised to
introduce modern science into their core monastic curriculum and implementing long-term sustainable science educa-
tion programs. To assist in these efforts and to help lay a firm foundation of science education, ETSI has been devel-
oping 19 primers and several reference books, which would be made available to all monastic institutions that wish
to start science education and use its materials. From the summer of 2014 ETSI will additionally organize and fund
visiting teachers from the west to lead summer intensives at various monastic locations in India, subject to availability

of resources.

This introductory book, one of the 19 primers, is the textbook for the first year biology course. The initial manuscript
was compiled and composed by two of the first batch of six Tenzin Gyatso Science Scholars —Gelek Gyatso from
Drepung Loseling Monastery and Sherub Tenzin from Drepung Gomang Monastery, with guidance and advice from
Prof. Arri Eisen of Emory University. During the 2013 summer intensive, a group of monastic scholars consisting of the
above six Tenzin Gyatso Science Scholars, a few past graduates of the ETSI summer program which included Gomang
Geshe Dadul, Sera Jey Geshe Nyima Tashi, Gaden Shartse Geshe Kalsang, Loseling monk Sonam Choephel, Losel-
ing monk Thupten Tsering, Loseling monk Tsering Phuntsok and Loseling monk Tenzin Choegyal, and the two of us
formed a team to review the whole manuscript. After the completion of the summer intensive, the ETSI translator Tson-
due Samphel revised and edited the entire book. Final review was done by Geshe Lhakdor, the Director of the Library
of Tibetan Works and Archives. We would like to thank everyone who has contributed in making this book possible. We

extend our greetings to all.

Tsondue Samphel
Geshe Dadul Namgyal

Emory-Tibet Science Initiative
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