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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. I
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 I 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.

o
4@}

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
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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 neuroscience course. The initial manu-
script was compiled and composed by two of the first batch of six Tenzin Gyatso Science Scholars—Ngawang Norbu
from Sera Jey Monastery and Lodoe Sangpo from Gaden Jangtse Monastery, with guidance and advice from Prof.
Carol Worthman 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,
Loseling 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
Geshe Dadul Namgyal 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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Calcium

Central cortex
Postcentral gyrus
Central sulcus
Coronal plane
Brainstem
Cerebrum

Limbic system of the
brain

Encephalitis
Substantia nigra
Cortex

Cerebral peduncles
Cerebellum

Somatotopic
representation
Subthalamic nucleus

Thalamus

Palatine bone
Stellate cell
Membrane potential
Cochlea

Reuptake and
degradation
Reuptake

Lumbar region
Mechanoreceptor
Motor neuron
Insulation

Tipping point
Ionotropic receptors
Insular lobes
Electrical impulse
Electropotential

Electrochemical
signal
Vertebrae

Invertebrate
Vertebrate
Epilepsy
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Posterior

Spinocerebellar tracts

Spinal cord
Spinal nerves
Tendon
Vesicles
inhibition
Excitation

Conscious experience

Conscious awareness

Eardrum
Monism
Ligament

Voluntary Nervous
System
Superior /dorsal

Cervical region
Smooth muscles
Iris

Oval window
Medulla

Jelly fish
Nucleolus

Nucleus

Nucleus accumbens
Toxin

Cone

Homunculus
Occipital lobes
Postural muscles
Postural musculature
Filiform

pineal gland
Threshold potential
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Malleus
Cranial nerves

Reward processing and
learning
Auditory cortex

Auditory nerve
Auditory cells

Peripheral Nervous
System
Limbic lobes

Basal cell
Synaptic potential

Post-synaptic neurons

Synaptic vesicle

Pre-synaptic neurons

Presynaptic
Synaptic cleft
Synapses

Visual cortex
Vision
Tegmentum

Ventral tegmental area
(VTA)
Feedforward systems

Anterior

Frontal lobe
Frontal Bone
Frontal sinus
Down syndrome
Correlates

Lens

Reticular nucleus
Retina

Retinal output
Olfactory
Olfactory bulb
Olfactory epithelium
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Olfactory receptor

Odor molecule, smell
molecule
Dendritic spine

Dendrite

Axosomatic synapse

Axondendritic synapse

Axospinodendritic synapse

Axon terminal

Axon

Feedback system
Feedback control
Feedback cycle
Uptake

Inhibitory interneuron
Afferent neuron
Afferent nerve division
Mammal
Mitochondria
Pressure

Pinna

saccule

Utricle

Otoliths

Temporal lobe
Consciousness

Large cartilage of the ala
Nasal septum cartilage
Nasal bone
Nasopharynx
Olfactory mucus
Nasal cavity

Unipolar neuron
Tripolar neuron

Multipolar neuron
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Bipolar neuron
Receptor cells
Parkinson’s disease
Pacinian corpuscles
Cornea

Efferent neuron
Efferent nerve division
Exterior auditory canal
Unicellular organism
Cytoplasm
Multicellular organism
Cell-body

Cell membrane
Spindle neuron

Lateral geniculate nucleus

Proprioception

proprioceptor
Narcolepsy
Interneuron
diencephalon
Organelle
Sensory gating
Sensory neuron
Sensory nerves
Sensory nerve network
Sixth sense
Mixed senses
Sensory ganglia
Synesthesia
Neurotoxins

Neuromuscular junctions

Neuron

Nerve cell
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Central Nervous System
Neuroanatomy

Free nerve endings
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Nerve impulses

Nerve centers

Nerve fibers

Nerve root

medial longitudinal fissure
Medial geniculate body
Rods

Grasshopper

Papillae

Superior colliculus
Colliiculi (colliculus)
Pulvinar

Vestibular sensors
Inferior/ventral
Uncrossed fibers
Resting potential
fMRI

Thoracic region
Meissner’s corpuscle
Merkel’s disks
Merkel receptors
Optic radiation

Pupil

Optic tract

Optic chiasm

Optic disk

Gland

Parietal lobes

Parietal-occipital
sulcus
Root hair plexus

Sphenoid sinus
Aneurysm
Sacral region
Prostheses

Social animal
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Sensor
Pharynx

Developmental
Neuroscience
White matter

Gray matter
Voltage-gated channels
Basilar membrane
Sagittal plane
Paralysis

Ipsilateral cortex
Pons

Pain

Nociceptor
Dualism

Vallate
Hemispheres
Light-sensitive cells
photoreceptor
Palate

Sea urchin

Light touch

Cognitive Neuroscience

Stimulus
Stapes

Autonomic Nervous
System
Supporting cell

Ruffini corpuscles
Ruffini endings

Skeletal muscles
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Ribosome

Touch perception

Tactile

Smell receptor
Smell molecules
Smell buds

Entrance to the Eustachian
tube
Action potential

Somatosensory cortex
Somatosensory receptors
Foliate

Lateral (sylvian) sulcus
Fovea

Behavioral Neuroscience
Smooth ER

Rough ER (Nissl body)
Earthworm

Soma (cell body)

Axial/horizontal plane

Neurology

Corpus Callosum
Sclera

Huntington’s disease
Fungiform
Alzheimer’s disease

Epiglottis
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Action potential
Afferent nerve
division

Afferent neuron
Alzheimer’s disease
Aneurysm

Anterior

Auditory cells
Auditory cortex
Auditory nerve

Autonomic Nervous
System
Axial/horizontal plane

Axon

Axon terminal
Axondendritic synapse
Axosomatic synapse

Axospinodendritic
synapse
Basal cell

Basilar membrane

Behavioral
Neuroscience
Bipolar neuron

Brainstem
Calcium

Cell membrane
Cell-body
Central cortex

Central Nervous
System
Central sulcus

Cerebellum

Cerebral peduncles
Cerebrum

Cervical region
Cochlea

Cognitive
Neuroscience
Colliiculi (colliculus)
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Conscious awareness
Conscious experience
Consciousness
Cornea

Coronal plane
Corpus Callosum
Correlates

Cortex

Cranial nerves
Cytoplasm

Dendrite

Dendritic spine

Developmental
Neuroscience
diencephalon

Down syndrome
Dualism

Eardrum

Earthworm

Efferent nerve division
Efferent neuron
Electrical impulse
Electrochemical signal
Electropotential
Encephalitis

Entrance to the
Eustachian tube
Epiglottis

Epilepsy

Excitation

Exterior auditory canal
Feedback control
Feedback cycle
Feedback system
Feedforward systems
Filiform

fMRI

Foliate

Fovea

Free nerve endings
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Frontal Bone
Frontal lobe

Frontal sinus
Fungiform

Gland

Grasshopper

Gray matter
Hemispheres
Homunculus
Huntington’s disease
Incus
Inferior/ventral
inhibition
Inhibitory interneuron
Insular lobes
Insulation
Interneuron
Invertebrate
Ionotropic receptors
Ipsilateral cortex
Iris

Jelly fish

Large cartilage of the
ala

Lateral (sylvian)
sulcus

Lateral geniculate
nucleus

Lens

Ligament
Light touch
Light-sensitive cells

Limbic lobes

Limbic system of the
brain

Lumbar region
Malleus

Mammal

Mechanoreceptor
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Medial geniculate
body

medial longitudinal
fissure

Medulla

Meissner’s corpuscle
Membrane potential
Merkel receptors
Merkel’s disks
Mitochondria

Mixed senses

Monism

Motor neuron
Multicellular organism
Multipolar neuron
Narcolepsy

Nasal bone

Nasal cavity

Nasal septum cartilage
Nasopharynx

Nerve cell

Nerve centers

Nerve fibers

Nerve impulses

Nerve root
Neuroanatomy
Neurology

Neuromuscular
junctions
Neuron

Neurotoxins
Nociceptor
Nucleolus

Nucleus

Nucleus accumbens
Occipital lobes

Odor molecule, smell
molecule
Olfactory
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Olfactory bulb
Olfactory epithelium
Olfactory mucus
Olfactory receptor
Optic chiasm

Optic disk

Optic radiation
Optic tract
Organelle

Otoliths

Oval window
Pacinian corpuscles
Pain

Palate

Palatine bone
Papillae

Paralysis

Parietal lobes

Parietal-occipital
sulcus
Parkinson’s disease

Peripheral Nervous
System
Pharynx

photoreceptor

pineal gland

Pinna

Pons

Postcentral gyrus
Posterior
Post-synaptic neurons
Postural muscles
Postural musculature
Pressure

Presynaptic
Pre-synaptic neurons
Proprioception
proprioceptor
Prostheses

Pulvinar
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Pupil
Receptor cells

Register

Resting potential
Reticular nucleus
Retina

Retinal output
Reuptake

Reuptake and
degradation
Reward processing
and learning
Ribosome

Rods
Root hair plexus

Rough ER
(Nissl body)
Ruffini corpuscles

Ruffini endings
saccule

Sacral region
Sagittal plane
Sclera

Sea urchin
Sensor

Sensory ganglia
Sensory gating
Sensory nerve network
Sensory nerves
Sensory neuron
Sixth sense
Skeletal muscles
Smell buds
Smell molecules
Smell receptor
Smooth ER
Smooth muscles

Social animal
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Soma (cell body)
Somatosensory cortex

Somatosensory
receptors

Somatotopic
representation
Sphenoid sinus

Spinal cord

Spinal nerves
Spindle neuron
Spinocerebellar tracts
Stapes

Stellate cell
Stimulus

Substantia nigra
Subthalamic nucleus
Superior /dorsal
Superior colliculus
Supporting cell
Synapses

Synaptic cleft
Synaptic potential
Synaptic vesicle
Synesthesia

Tactile

Tegmentum
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Temporal lobe
Tendon

Thalamus

Thoracic region
Threshold potential
Tipping point

Touch perception

Toxin

Tripolar neuron
Uncrossed fibers
Unicellular organism
Unipolar neuron
Uptake

Utricle

Vallate

Ventral tegmental area
(VTA)
Vertebrae

Vertebrate
Vesicles
Vestibular sensors
Vision

Visual cortex

Voltage-gated
channels
Voluntary Nervous
System

White matter

FFNARIH|

AR

ANF

Sqam @qq
é&‘aaswgm'aq
a@ﬁ'ﬁqﬁ'&a&ﬂ
iﬂ'%‘?m'q%q'ma'qﬁﬁﬂ
iﬂua'qﬁ'ﬁ:\q

CAN
ERNEERSAN
:’§Na7g'@“’]
YRR H R
§ IR RRF L IFI
739

g'@m%’q]

TR

0@&'&'&“}'{3‘1}‘
R A B R
ﬂ“'ﬁﬂ'ﬁﬁ'qaﬁﬂ'%ﬂ“’1
SN

Y ETA|
SERER

SEREX TR G|
Fugg ey gas)
%ﬁ'gmﬁqz'g'&mq

RV

/3



	cover_Neuroscience_full1
	final_Neuroscience_book(1)

