


































































Higher motor 

Primary somatosensory
Primary motor 

Primary
visual

Higher visual

Higher auditory

Primary auditory

Prefrontal
“association”

Parietal
“association”

Higher somatosensory

Temporal
“association”



Human
Chimpanzee

Mouse Rat Cat

Elephant

Macaque



Time (msec)

Pipette
enters cell

Resting
potential

Action
potential

V
o

lt
ag

e 
(m

V
)

40

0

-65

0 5 10 15

Glass pipette

Amplifier

Wire

Neuronal
cell body



Initial condition Equilibrium state

Build-up of
electrical
charges

Extracellular

Membrane

Intracellular
K+ moves
down its

concentration 
gradient

K+ moves
down its

concentration 
gradient

Electrical
potential
moves K+

into the cell

Na+
Na+

K+
K+



Recording
electrodes

Stimulating
electrodes

Axon

Current
recording

Voltage
recording

Command voltage

Feedback signal



Na+

Na+

Na+

Na+

A

B

Axon Myelin sheath

Node of Ranvier

Myelin sheath Axon

Refractory node



No glutamate Glutamate bound

View from inside cell

NMDA Receptor

Extracellular
domains

(no magnesium)

Transmembrane
domains

Pore
closed

Pore
open

Glutamate

Extracellular

Membrane

Intracellular



2D structure of a V-gated Na+ channel

3D structure of an open Na+ channel pore

A

B

NH3+

β2

Out

1 23 4 5 6 1 23 4 5 6 1 23 4 5 6 1 23 4 5 6

In

Voltage
sensing

Pore

Inactivation

α
β1

+H3N

+H3N

+O2C CO2

CO2



Epidermis and
nervous system

Ectoderm

Lining of gut
and lungs

Endoderm

Muscle, bone
and cartilage

Mesoderm

Zygote

Blastocyst

Gastrula

Yolk sac



Neural plate - 16 days

Neural fold - 20 days

Neural tube - 22 days

Amnion
(cut edge)

Notochord

Neural tubeNeural crest

Somite
(mesoderm)

NotochordSomite
(mesoderm)



Normal RA concentration 

Increased RA concentration

A model of RA effects

Forebrain
Midbrain Hindbrain Spinal cord

C

B

A

Normal RA 

Increased RA

Rostral Caudal
Spatial position

R
A

 c
o

n
ce

n
tr

ai
o

n



100 µm

Notochord

Forebrain

Midbrain

Hindbrain

Spinal cord

A

B



Pretectum

zli

Midbrain

Medulla

Pons

Cerebellum

Dorsal
thalamus

Ventral
thalamus

Telencephalon

Preoptic area

Optic

Pituitary

Hypothalamus

Anterior
neural ridge

Midbrain-
hindbrain
boundary

Fgf8

Shh



Scalp

Dura mater

Dura mater

Skull

Brain

Periosteum

Skull

Arachnoid

Pia mater

Arachnoid

Pia mater

Sub-arachnoid
space



Arterial
blood

Venous blood

Blood-brain
barrier

Blood-CSF
barrier

Parenchyma

Parenchyma

Ependyma Ventricles

Ventricles

Arachnoid
barrier

Subarachnoid
space

Tight junction

Tight junction

Tight junction

Astrocyte

Endothelial
cell

Smooth
muscle

Cilia

Parenchyma Ventricles

Arterial blood

Arterial blood

Venous blood

Sub-arachnoid space

Giant
vacuoles



Outer
segment

Cis-retinal

Cytoplasm

Cell membrane

Rhodopsin

Opsin Retinal

Light

Carbon
Hydrogen
Oxygen

All-trans retinal

Outer
segment

Nucleus

Axon

Synapse

A B

C



Rhodopsin Transducin
(G-protein)

Na+/Ca2+

channel
Phosphodiesterase

GMP

GMP

Activate phosphodiesterase

Activate transducin

Activate rhodopsin

Close Na+/Ca2+ channel

Light

Open

Closed

GDP

GDP

GTP

GTP

GTP

cGMP

cGMP

cGMP

cGMP



Cone Rods

Rod
bipolar cell
ON

ON
bipolar
cell

ON
retinal
ganglion cell

OFF
bipolar cell

OFF
retinal

ganglion cell

Electrical

Inhibitory

Metabo-
tropic

Ionotropic

Amacrine
cell

Choroid

Pigment
epithelium

Photoreceptors

Bipolar and
amacrine cells

Ganglion cells

Ganglion cell
axons

Li
gh

t 
 p

at
h



Olfactory bulb

Olfactory epithelium

O
lf

ac
to

ry
 b

u
lb

O
lf

ac
to

ry
 e

p
it

h
el

iu
m

Olfactory
cilia

Olfactory
sensory
neurons

Olfactory nerve fibers

A

C

B

Mitral cell
Granule
cell

Basal
cell

Mucus
duct

Mucus
layer

Supporting
cell

Glomerulus

10 µm



Tympanic
membrane

Malleus Incus

Oval window

Round window

Middle ear

Ear
canal

Pinna

Cochlea

Eustachian
tube

Vestibular labyrinth

Auditory
axons

Vestibular axons

Stapes



Scala vestibuli

Tectorial membrane

Inner hair cell

Stereocilia

Scala tympani

Outer hair cells

Basilar membrane

Scala media

Axons

Oval window

Round window

Apex Scala vestibuli

Scala
tympani

Scala media

Base
Nerve

A B

C

500 µm



Sound processor
and transmitter

Intracochlear
electrode array

A

B

Receiver

Oval window

Round window
Electrode Auditory nerve

Electrical
contacts

Scala
media

Microphone



A P

S

I

L M

P

A

A

Horizontal
canal

Horizontal canal

B

Anterior canal

Anterior canal

Utricle

Cochlea

Cochlea

Sacculus

Posterior canal

Posterior canal


	Eagleman_01
	Eagleman_02
	Eagleman_03
	Eagleman_04
	Eagleman_05
	Eagleman_06
	Eagleman_07
	Eagleman_08
	Eagleman_09
	Eagleman_10
	Eagleman_11
	Lambert_01
	Lambert_02
	Lambert_03
	Lambert_04
	Lambert_05
	Lambert_06
	Lambert_07
	Lambert_08
	Lambert_09
	Lambert_10
	Lambert_11
	Lambert_12
	Lambert_13
	Lambert_14
	Lambert_15
	Lambert_16
	Lambert_17
	Lambert_18
	Lambert_19
	Lambert_20
	Lambert_21
	Streidter_01
	Streidter_02
	Streidter_03
	Streidter_04
	Streidter_05
	Streidter_06
	Streidter_07
	Streidter_08
	Streidter_09
	Streidter_10
	Streidter_11
	Streidter_12
	Streidter_13
	Streidter_14
	Streidter_15
	Streidter_16
	Streidter_17
	Streidter_18
	Streidter_19
	Streidter_20
	Streidter_21
	Streidter_22
	Streidter_23
	Streidter_24

