
STUDIO DISPLAY / ACOUSTIC STUDY

Sound in a thin space.
How the Apple Studio Display creates its soundbar-like sound

T
W × 2

2022 L R

Reference-informed 2022 front cutaway. Tall side chambers and lower driver assemblies follow teardown photographs. W: conceptual
woofer pair; T: tweeter region. Hidden internals and dimensions are approximate. [7, 8] The interactive version uses the iFixit image on
separately modelled surfaces; this PDF uses an original simplified diagram.

What Apple confirms

The original 2022 Studio Display has four force-cancelling woofers and two tweeters, with spatial audio
for Dolby Atmos music and video. Apple assigns bass to the woofers and mid/high frequencies to the
tweeters. Its A13 Bionic supports the camera and audio system. [1, 6]

Where the impression comes from

A wide physical source arrangement provides stereo separation. Multiple specialized drivers share the
frequency range. Reducing mechanical vibration helps a thin enclosure remain a useful acoustic
platform. Spatial processing can add perceptual cues beyond ordinary left/right balance. These are
complementary jobs, not one special soundbar component. The 2022 teardown shows elongated
acoustic chambers along the side edges, with slim driver assemblies near the bottom corners. [7]

Driver count is not channel count

Six physical drivers do not imply a 5.1 surround layout or six independent full-range channels. The
display has no separate subwoofer behind the listener. A convincing sense of width is a perceptual
result, and it depends on the recording, processing, room and listening position.
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02 / KEEP THE GENERATIONS STRAIGHT

The same headline architecture. An
updated bass system.
This guide covers the 2022 and 2026 Studio Display, without importing claims from Studio Display
XDR.

2022

4 W + 2 T

Reference generation

2026

4 W + 2 T

30% deeper bass*

* Apple [2, 3]

Documented comparison. The numerical bass statement belongs to Apple's 2026 model; the diagram does not infer a measured
frequency-response curve.

2022: the original

Four woofers, two tweeters and Dolby Atmos spatial audio were part of the original launch. Force
cancellation is therefore not a feature introduced only in 2026. The original model's processor is
identified as A13 Bionic. [1, 6]

2026: what changed

Apple describes an updated six-speaker system, still with four force-cancelling woofers and two
tweeters, and claims 30 percent deeper bass than the previous generation. Its product page also
describes more precise stereo imaging. [2, 3]

What the percentage cannot tell us

The cited Apple pages do not specify a measurement protocol or a reference cutoff for that bass
percentage. It cannot responsibly be converted into a 30% lower cutoff, 30% more loudness, a decibel
gain, or a particular hertz value. Switching the model year in the page changes the evidence note, not
invented performance data.
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03 / FORCE CANCELLATION

The air moves. The structure moves less.
Pair two opposed moving systems so their reaction forces largely cancel.

F₁ F₂

20% mismatch → 0.2 F₀ residual

A B SUM

One conceptual opposed pair at an instant in its cycle. Arrows indicate reaction force on the shared structure, not sound rays. Motion and
spacing are exaggerated.

Fnet(t) = F0 sin(ωt) − (1 − ε)F0 sin(ωt) = εF0 sin(ωt)
ε is the imposed mismatch in this teaching model. 0 means a matched pair; 1 means the second force contribution is absent.

Why it works

A moving diaphragm and voice coil exert a reaction on their support. With matched opposed
assemblies, the two mechanical forces point in opposite directions. The net translational force ideally
approaches zero. Apple's force-cancelling transducer patent describes this principle while maintaining
in-phase acoustic output; it does not prove the exact Studio Display mechanism. [4]

Why bass does not vanish

Mechanical force is a vector; acoustic pressure is a scalar field. Opposing mechanical motions do not
by themselves imply opposing pressures at the listener. For suitably oriented and acoustically coupled
diaphragms, both outward-facing surfaces can compress their respective air volumes at the same time.
The enclosure and passages determine how that sound reaches the room.

Try the mismatch control

At 0% mismatch, the normalized residual force is 0. At 20%, its peak is 0.2 times one driver's reference
force. At 100%, it is 1. Real products also have phase errors, unequal moving masses, structural modes
and possible torques; this one-axis model calculates none of those.
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04 / BASS IN A SHALLOW BOX

A long wave does not need a long
cabinet.
A speaker launches a pressure wave into the room. It does not store a complete wavelength inside its
housing.

100 Hz 3.43 m

1 kHz 0.343 m

0.623 m

Wavelength in air at c = 343 m/s, an approximate room-temperature sound speed. The enclosure width marker is 0.623 m. These are scale
relationships, not measured Studio Display response data.

λ = c / f | x ∝ 1 / f² (fixed far-field pressure)
The excursion relation is a low-frequency, small-source approximation with fixed radiating area and distance. It is not a prediction
of this display's diaphragm travel.

The wavelength test

At 100 Hz, λ = 3.43 m, much wider than the display. At 1 kHz, λ = 0.343 m. A small source can still
radiate a long wave; its efficiency and available output are the difficult parts. Change frequency to see
that distinction in the interactive view.

The excursion cost

For a compact radiator in the low-frequency limit, pressure amplitude scales approximately with
diaphragm area, displacement amplitude and frequency squared. Holding pressure constant while
halving frequency therefore requires about four times the displacement. This simple derivation explains
why deep bass is demanding in small loudspeakers.

Several jobs inside the enclosure

Acoustic volumes load the diaphragms and help manage front/back radiation. A crossover shares
frequency bands between drivers. Equalization and output protection are common engineering tools,
but the cited Apple sources do not disclose exact crossover frequencies, chamber volumes, filter
curves, maximum excursion or maximum sound pressure. No such values are invented here.
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05 / SPACE IS ALSO A PERCEPTION

Two ears can hear more than two
positions.
Stereo and spatial audio work by controlling the information arriving at your ears.

L R
0.48 m

0.75 m
Forward distance

159 μs
Left-source ear delay, centered

Top-view geometry with two ideal point sources 0.48 m apart, ears 0.18 m apart, and a listener 0.75 m away. These chosen teaching
dimensions do not describe an Apple calibration.

Δt = (rfar − rnear) / c | pear = H · sdrivers
The first relation gives a geometric travel-time difference. H represents frequency-dependent paths from sources to ears; it is not
Apple's published filter matrix.

Ordinary stereo already creates an image

A centered voice can seem to come from between two speakers when their signals and arrival cues
support that image. Moving to one side changes path lengths and levels. In the interactive top view, the
listener-position slider updates all four source-to-ear paths and the left-source arrival-time difference.

How virtual spatial cues can help

Dolby's soundbar paper describes using head-related transfer functions, which encode
direction-dependent filtering by the head and ears, together with crosstalk cancellation. Such
processing can approximate cues from virtual surround sources. Apple confirms Spatial Audio support,
but the cited sources do not reveal whether or how each of those algorithms is used in this display. [3,
5]

Room and position still matter

Each physical speaker reaches both ears. Reflections add delayed, filtered sound. A rendering
algorithm must work through those paths, so a spacious impression is not equivalent to placing real
speakers above or behind you. The optional browser sound demonstrates ordinary stereo panning only;
it neither reproduces Apple's processing nor compares the two generations.
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06 / READ THE MODEL HONESTLY

What to take away. What remains
unknown.
Useful intuition comes from keeping product evidence and teaching models separate.

01
Share the spectrum

02
Balance the forces

03
Move enough air

04
Shape spatial cues

Four cooperating ideas: driver specialization, mechanical balance, moving air, and spatial cues. Each solves a different part of the listening
problem.

Three kinds of evidence

Confirmed hardware: the published driver count, the stated frequency roles, and Dolby Atmos support.
General principles: reaction-force balance, wavelength, low-frequency radiation and source-to-ear
geometry. Illustrations: component shapes and locations, exaggerated motion, the mismatch
experiment and point-source paths.

What this guide does not claim

There is no measured frequency response, validated sound-pressure field, reconstructed Apple DSP,
direct 2022/2026 audio comparison, or claim of HomePod-style room sensing. The three microphones
are an input array; their presence alone does not establish automatic room equalization. The display's
screen is not being modelled as an exciter-driven loudspeaker.

A simple listening exercise

Use familiar material at a comfortable, similar level. Listen from the center, then move a little sideways
and notice where a centered voice appears. Compare a stereo mix with its available Atmos version,
remembering that the mixes themselves may differ. These observations can reveal imaging and tonal
changes; they do not isolate the contribution of Apple's algorithms.
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07 / SOURCES & METHOD

A guide you can check.
Checked 13 September 2026. Numbers match the text. Select a source title to open the original publication.

1. Apple: Studio Display launch (8 March 2022)
Original driver count, frequency roles, A13 Bionic and Dolby Atmos support.

2. Apple: new Studio Display (3 March 2026)
Updated model and Apple's relative bass claim.

3. Apple: current Studio Display overview and specifications
Six-speaker architecture, stereo imaging and Spatial Audio.

4. Apple patent US10631096B1: Force cancelling transducer
Opposed motion can reduce mechanical reaction while preserving in-phase acoustic output. A principle reference, not
proof of the exact Studio Display assembly.

5. Dolby: Dolby Atmos for sound bar applications (2018)
Pages 6 and 12 discuss virtualization, HRTFs and crosstalk cancellation. These are general techniques, not confirmed
Apple firmware details.

6. Apple: Studio Display (2022) technical specifications
Archived original-model specifications; useful for keeping generations separate.

7. iFixit: Studio Display teardown (30 March 2022)
Primary teardown photographs: tall side chambers, lower assemblies and internal layout. The site uses the interior
image as a 3D surface reference under CC BY-NC-SA 3.0; see attribution.

8. Apple: Studio Display exploded view and parts
Original model housing, panel and stand structure. Context reference, not a speaker engineering drawing.

Model method: approximate the 2022 chamber silhouettes and visible assemblies from public photographs; use an
explicitly conceptual opposed pair for hidden mechanics. This is not dimensional CAD, an acoustic field solution, a
measured response, or a reconstruction of Apple DSP. Equations and geometric diagrams are original derivations under
the stated assumptions.

Open the interactive companion

theisegoria.github.io/studio-display-sound/

ISEGORIA  /  STUDIO DISPLAY ENGLISH 7

https://www.apple.com/newsroom/2022/03/apple-unveils-all-new-mac-studio-and-studio-display/
https://www.apple.com/newsroom/2026/03/apple-unveils-new-studio-display-and-all-new-studio-display-xdr/
https://www.apple.com/studio-display/
https://patents.google.com/patent/US10631096B1/en
https://professional.dolby.com/siteassets/tv/home/dolby-atmos/dolby-atmos-for-sound-bar-applications.pdf
https://support.apple.com/en-us/111890
https://www.ifixit.com/News/58242/studio-display-teardown-is-this-secretly-an-imac
https://support.apple.com/en-ie/100669
https://theisegoria.github.io/studio-display-sound/

