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Part 2 of the

Wondrous Roots
Eive Senses
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The Ears!
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What Are Ears
Actually For?

A The ears arenot just hearing organs

A They are:

AMechanical receptors (sound
s5Cc20t WaWayY23013Uqb

A Fluid -dynamic organs
(pressure, motion, acceleration)

A Neurological organs (signal
encoding, timing, balance)
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A Translateair movement into electrical
signals, continuously inform the brain
about:

A Sound

A Position

A Motion

A Orientation in space

Theears arephysics, fluid mechanics,
neurology, and perceptionall in one.
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The ear is divided intdhree major regions,
each with a distinct joby but none work alone.

A Outer Ear T collects and funnels sound

A Middle Ear T amplifies and transmits
vibration

A Inner Ear T converts vibration into nerve
signals and governs balance

1/23/2026 Rebecca Roentsch Montrone, BSWondrous Roots, Inc. 5
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Outer Middle Inner
ear ear ear

Semicircular
canals

. B
Pinna
(auricle)
Cochlea
External Eustachian tube
ear (auditory)
canal

: Ossicles
Tympanic membrane

(ear drum)
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The Outer Ear
Gathering the World

Components
A Auricle (Pinna) T the visible ear
A External Auditory Canal

Functions

A Captures sound waves from the
environment

A Shapes and directs sound inward

A Enhances certain frequencies (especially
speech-related)

1/23/2026 Rebecca Roentsch Montrone, BS Wondrous Roots, Inc.




More
specifically...

Process of hearing

Stapes

Oval window

Malleus

The folds of the pinna help the brain determine:
A Direction of sound
A Whether sound is coming from above, below,

front, or behind W

The ear canal: ‘ ’ |
Tympanic
A Acts as aresonance chamber ” membrane

A Slightly amplifies sound window
A Protects deeper structures

. Corti Organ

Sound waves Tympanic duct Vestibular duct

Cochlear duct

G I IJ C T ! e I-OG]-G- I'J DH -U* l'Oé [J mm* m 8 UT I-OI:I v 11 1 1 IV INJIN UI INVJIV v 1 1\ COChlear
reaches the brain.
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The Tympanic Membrang Where Air
Becomes Motion

Human ear - Eardrum or Tympanic membrane

The Eardrum (Tympanic Membrane)

A Thin, flexible membrane

A Separates outer ear from middle ear
Function

A Convertssound waves in air into mechanical
vibration

Key concept
A This is atransduction point

A Energy changes form:
A RI WGI It t el WS WGE!

Even tiny sound waves create measurable motion here.

1/23/2026 Rebecca Roentsch Montrone, BS Wondrous Roots, Inc. 10



The Middle Ear Amplification &
Precision Engineering

This is one of the most elegant
mechanical systems in the body.

Components

A Ossicles (three tiny bones):
A Malleus (hammer)
Alncus (anvil)

A Stapes (stirrup)

A Eustachian Tube

MIDDLE EAR

Malleus ‘( L

Ligaments—‘-\‘ :
- Qval

N window

Eardrum F.fuund
i window

—Eustachian
tube

QOuter ear Middle Inner ear
edr

1/23/2026 Rebecca Roentsch Montrone, BSWondrous Roots, Inc. 11



Ossiclest Core Functions

Amplify sound (about 20r30x)
A Transfers vibration from:
Axecl nDUuwWwUlel 11 edWdwWgqRU!

A Matches impedance (resistance to
movement) between air and fluid

The ossicles act like anechanical
transformer that makes airborne sound
strong enoughto move fluid.

Without this amplification, most sound Tympanic Membrane
energy would be lost.

1/23/2026 Rebecca Roentsch Montrone, BSWondrous Roots, Inc.
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Eustachian Tube

A Equalizes pressure between middle ear and
atmosphere

A Connects ear to nasopharynx

A Explains:
A Ear popping
A Pressure discomfort
A Ear issues with congestion or altitude

1/23/2026 Rebecca Roentsch Montrone, BSWondrous Roots, Inc.
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semicircular

oval
——J canals

i ' otic e window
The Oval Windowr Entering the Inner World capsule /"”F. W "
i 3 roun

__"-EI_[‘IdﬂW

C

A Thestapes connects to the oval window
A This is the gateway into the inner ear

cll Dkt Waqé W 6 Rnaa
A~-1IJH6c¢c URHEOW2RHAI ¢
A Fluid wave

lea

e

\stapes

Once sound enters the inner eargverything Incus
changes
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MIDDLE EAR

Incus

Malleus

Ligaments

Oval
window

Round
window

Eustachian
tube

Duter ear

Middle Inner ear
ear

In othemwvordss

As sound vibrations leave the ossicles, the stapes
presses againstthe oval window , a flexible

membrane that forms the entrance to the fluidfilled
inner ear. This movement no longer transmits sound
through air, but instead pushes against inner ear fluid,
creating pressure waves within the cochlea. At this
point, sound shifts from mechanical vibration of bones
to fluid motion inside a sealed system. These fluid
waves travel through the cochlea, setting the stage for
the precise stimulation of sensory hair cells that will
ultimately convert this motion into electrical signals

for the brain. Once sound enters the inner ear, hearing
is no longer about amplification, but about precision,
timing, and neural interpretation.

Rebecca Roentsch Montrone, BS Wondrous Roots, Inc.
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Oval Window

1/23/2026

Function: Entry point for sound into the
Inner ear

A Thestapes presses on the oval
window

This converts:
A Mechanical vibration (bones)

A 5 L RpdegsYrdiwaves in inner
ear fluid

It is thedoor in for sound energy

Think: Pushes fluid into motion

Rebecca Roentsch Montrone, BSWondrous Roots, Inc. 16



T Function: Pressure release for inner ear

g G fluid

e A Located at the base of the cochlea
41"..;" ; A Bulges outward as fluid moves inside
= e A Allows fluid to move freely within the
: sealed inner ear

. ‘ Without it:

£ ~. A Fluid would be trapped

g7 e e e AEY2U0T Wse2t wWAY23GT Uk q
Aclel RUNDWs Yadl Uk qlis Y1

Round WlndOW Think: Pressure relief valve

1/23/2026 Rebecca Roentsch Montrone, BS Wondrous Roots, Inc. 17



Anterior
semicircular canal

The Inner Ear Where \
Sound Becomes Meaning

Endolymphatic sac

Endolymphatic duct

Posterior semicircular

The inner ear Is carved into canal
the temporal bone and
filled with fluid. /
Two major systems Lateral (horizontal)
A Cochlea T hearing semicircular canal

A Vestibular apparatus T
balance & motion Sacoule

Ampulla

Utricle
Cochlea

1/23/2026 Rebecca Roentsch Montrone, BSWondrous Roots, Inc. 18
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The Cochlear The Spiral of
Sound

Structure
A Snail-shaped, fluid-filled

Contains three
chambers:

A Scala vestibuli
A Scala media
A Scala tympani

1/23/2026 Rebecca Roentsch Montrone, BS Wondrous Roots, Inc. 21



Inside the
cochlea

A Basilar membrane
A Organ of Corti

A Hair cells (inner and outer)

Function

A Converts fluid motion intoelectrical nerve
signals

A Different frequencies stimulate different
regions:
A cCRNSWGRqHES WS WHEt 1J
A xYs lWUWGRqHG WS We GU*

Hearing is literallyplace-based inside the
cochlea.

1/23/2026

Anatomy of the Cochlea

Cochlear
nerve

Stapesin
oval window

Round window

Vestibular membrane L
Scala vestibuli

with perilymph
Cochlear duct

Spiral
with endolymph

ganglion

Organ of Corti Cochlear

nerve fibers

Scala tympani
with perilymph

Basilar membrane

Rebecca Roentsch Montrone, BSWondrous Roots, Inc. 22
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Tectorial membrane Inner hair cells

Cutear hair calls

Basilar fiber
Cochlear nerve

Hair CellsT The True Sensory
Receptors

1/23/2026

Hair cells are the stars of the show.
How they work

A Fluid motion bends microscopic
stereocilia

A This opens ion channels

A Electrical signals are generated

A Signals travel via the auditory nerve
Important clinical point

A Hair cells do not regenerate

A Damage = permanent hearing loss
This explains:

A Noise-induced hearing loss

A Ototoxic drug effects

A Agerelated hearing decline

Rebecca Roentsch Montrone, BSWondrous Roots, Inc.
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The Vestibular Systent
Balance, Motion, Orientation

The inner ear also tells you:

A Where you are in space

A1 6UqéRl W Yek! ywavyz2r0On

A cYsWneéet quW Yek!l DWeHHDGU! ¢qRUN
Components

A Semicircular canals (3)
A Detect rotational movement

A Otolith organs
A Utricle
A Saccule
A Detect linear movement and gravity

A Tiny calcium crystals (otoconia) shift with movemeny stimulating hair cells.

N6Rt 1Ot !+ qUGIOs YI t+ orRYUt qcUqi! etod2 130105 6 D00 Ye

VESTIBULAR SYSTEM

Static equilibrium
Cupula Sensory nerve fibers

— Hair cell

Otoliths %?rlritt?ri; ne
- —
Hair = ;
cell Nerve fibers

Dynamic equilibrium
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The Ears: Our Internal GPS

The ears serve as a primary navigation system for the
body, orienting us both internally and externally.
Through the vestibular system, the inner ear
continuously tells the brain where the head and body
are in spacaywhether we are upright, moving,
turning, or still. At the same time, the auditory system §
helps map the environment around us by identifying
where sounds originate, how they move, and how
close or distant they are. Together, these systems
allow us to know not only where we are, but what is
happening around us in real time. Long before
conscious thought or visual processing occurs, the
ears are quietly guiding balance, orientation, and our
sense of safety within the world.

1/23/2026 Rebecca Roentsch Montrone, BSWondrous Roots, Inc. 26
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. BRANCH OF GLOSSOP!
System Connections * Tonsis and pharynx

+ Posterior tongue :
+ Middle ear )
+ Medial surface of tympani
* Mastoid air cells

BRANCH OF VAGUS NERVE (CN X) ‘ ; PITAL NERVE (C2,C3)
. . + Pharynx and larynx : . ral scal '
The ears are richly innervated. # Lateral surface of tympanic membrane |
# External acoustic meatus
+ Concha

Major nerve players p—

A Auditory nerve T hearing

A Vestibular nerve 1 balance S—
A Facial nerve (CN VII)T passes through the ea

GREAT AURICULAR NERVE (C2,C3)
+ Angle of jaw
+ Majority of pinna
+ Lateral neck
+ Skin over parotid gland and
mastoid process

A Vagus nerve branches T external ear
connections AURICULOTEMPORA

* | ateral surface of

A Trigeminal contributions

MAYO

%9/ ©2014
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This explains:

AEC| WGe RULWQ S ¢ q WK
| Rt Jct Uw
A Earjaw-neck connections

A Vagal stimulation via the
ear

A Why ear issues can affect
balance, digestion, heart
rate, and mood

1/23/2026 Rebecca Roentsch Montrone, BSWondrous Roots, Inc. 28



IntegrationT How It All Works
Together

1/23/2026

Pull it all together:

A Sound enters the outer ear

A Vibrates the eardrum

A Amplified by ossicles

A Converted to fluid waves

A Transduced by hair cells

A Interpreted by the brain

A Balanced against vestibular input

All of this happens inmilliseconds .

The ear is not passive it is constantly
measuring, comparing, and adjusting

Rebecca Roentsch Montrone, BSWondrous Roots, Inc. 29



Nerve
impulse

"
SDund || || || || :_ __'__';.-- 2 [ - [ | |
waves = Cochl ea. ) Cochlear

nerve

.' : r
N Ear Eardrum |

¥ canal

From Ear to Brain: Hearing
Is Not Finished at the Ear

1/23/2026

Theearss YWUY qWbs ¢ w
A Theydeliver information, then...

A The brain creates the experience of
hearing

What reaches the brain is not soung
it is patterns of nerve signals .

Rebecca Roentsch Montrone, BSWondrous Roots, Inc.
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What the Brain Does With Ear
Input

Once signals leave the inner ear, the brain must
decide what matters.

The brain continuously:

A Decodes
(What is this sound? Speech? Music?
Background noise?)

A Filters
(What should | ignore?)

A Prioritizes
(What needs attentionnow?)

A Suppresses
(What should fade into the background?)

1/23/2026 Rebecca Roentsch Montrone, BSWondrous Roots, Inc.
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