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INTRODUCTION: THE MAGIC
BEHIND THE MAT

Picture this:  you walk into your home,
drop  your  smartphone  onto  a  sleek
charging pad,  and within  seconds,  the
battery  icon  indicates  it’s  powering
up—no  cables,  no  plugs,  no  fumbling
with  connectors.  This  convenience,
known as wireless charging, has become
a staple feature in modern gadgets, from
smartphones  and  smartwatches  to

electric  toothbrushes and even electric
vehicles. But have you ever paused to
wonder, how does wireless charging
work  at  a  technical  level?  Is  it  truly
“wireless,”  or  is  there  more  science
hiding beneath the surface?
Wireless charging is not magic—it is a
clever application of physics, specifically
electromagnetic induction and resonant
inductive  coupling.  While  the  concept
has  been  around  since  Nikola  Tesla’s
experiments over a century ago, it has
only  become  mainstream  in  recent
decades  thanks  to  standardization
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efforts  like  the  Qi  (pronounced  “chee”)
protocol.  In  this  comprehensive  guide,
we  wi l l  exp lore  the  pr inc ip les ,
components,  standards,  efficiency
factors,  and  common  misconceptions
surrounding  wireless  charging.  By  the
end, you will have a clear picture of how
does wireless charging work and why
it is transforming the way we power our
devices.

THE FUNDAMENTAL PRINCIPLE:
ELECTROMAGNETIC INDUCTION

At the heart of most wireless charging
systems  l ies  electromagnetic
induction. This principle was discovered
by Michael Faraday in 1831 and states
that  a  changing  magnetic  field  can
induce an electric  current  in  a  nearby
conductor. In a wireless charging setup,

two coils  of  wire are used: one in the
charging base (transmitter) and one in
the  device  being  charged  (receiver).
When  an  alternating  current  (AC)  flows
through the transmitter coil, it generates
a  fluctuating  magnetic  field.  This
magnetic  field  then  passes  through  the
receiver coil, inducing a voltage that can
be used to charge the battery.

Key Components
of an Inductive
Charging System

Transmitter Coil (Charging
Pad): Usually a flat copper coil
housed inside the base. It is
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connected to a power source and a
driver circuit that generates an
alternating current at a specific
frequency (typically 100–200 kHz
for Qi chargers).
Receiver Coil (Device): A
similarly shaped coil embedded in
the smartphone, smartwatch, or
other device. It captures the
magnetic flux and produces an
induced AC voltage.
Rectifier Circuit: Converts the
induced alternating current into
direct current (DC) suitable for
charging the battery.
Control Electronics:
Microcontrollers and
communication chips that manage
power transfer, detect foreign
objects, and adjust output based

on the device’s state of charge.

HOW DOES WIRELESS CHARGING
WORK STEP BY STEP?

To truly understand how does wireless
charging work, let us walk through the
process from the moment you place your
phone  on  the  pad  until  the  battery
reaches full capacity.

Initial Handshake: When the1.
device is placed on the pad, the
transmitter sends out a low-power
signal. The receiver in the device
responds, identifying itself and
requesting a specific power level
(typically 5W, 7.5W, 10W, or 15W
for Qi) based on the device’s
battery management system.
Magnetic Field Generation:2.
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Once the handshake is successful,
the transmitter driver circuit
switches on, sending an
alternating current through the
transmitter coil. The frequency is
typically between 110 kHz and 205
kHz for Qi-compliant systems. This
current creates a rapidly
oscillating magnetic field that
extends a few millimeters to a few
centimeters beyond the pad’s
surface.
Induction in the Receiver: The3.
receiver coil, aligned closely with
the transmitter coil, picks up the
changing magnetic field. According
to Faraday’s law, the induced
electromotive force (EMF) in the
receiver coil is proportional to the
rate of change of magnetic flux.

The closer the coils are and the
better the alignment, the higher
the induced voltage.
Rectification and Regulation:4.
The induced AC voltage is sent to
a rectifier circuit inside the device,
which converts it to DC. A voltage
regulator then ensures a stable
output (e.g., 5V) before it reaches
the battery charging circuit.
Continuous Communication:5.
Throughout the charging process,
the device and the pad
communicate via load modulation
or in-band signaling. The device
can request more or less power,
and the pad can detect if a foreign
metal object (like a coin) is present
and shut down to prevent
overheating.
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Charge Complete: When the6.
battery reaches full capacity, the
device signals the pad to stop
power transfer or enter a trickle-
charge mode.

TYPES OF WIRELESS CHARGING:
INDUCTIVE VS. RESONANT

W h i l e  t h e  b a s i c  p r i n c i p l e  o f
electromagnetic  induction  remains  the
same,  there  are  two  main  variations:
inductive  charging  and  resonant
inductive coupling. Understanding the
difference  helps  answer  how  does
wireless  charging  work  in  different
contexts.

Inductive
Charging (Close
Coupling)
This is the most common method used in
Qi  chargers  for  smartphones.  The
transmitter  and receiver  coils  must  be
very  c lose  (usual ly  within  a  few
millimeters)  and  precisely  aligned  for
efficient  power  transfer.  The  coils  are
typically  wound  on  ferrite  cores  to
concentrate  the  magnetic  field.  This
method  is  highly  efficient,  often
exceeding  80%,  but  the  positional
constraints  can  be  inconvenient.  For
example, if you place your phone slightly
off-center,  charging  may  stop  or  slow
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dramatically.

Resonant
Inductive
Coupling (Loose
Coupling)
Resonant  charging  uses  coils  that  are
tuned to resonate at the same frequency
using  capacitors.  This  allows  the
magnetic  field  to  be  transmitted  over
larger  d istances  (up  to  severa l
centimeters) and with more tolerance for
misalignment.  How  does  wireless
charging  work  with  resonance?  The
transmitter coil oscillates at its resonant

frequency,  creating  a  strong  magnetic
field that can couple with a receiver coil
tuned  to  the  same frequency,  even  if
they  are  not  perfectly  aligned.  This
enables charging mats that can power
multiple devices placed anywhere on the
surface, and it is the technology behind
many electric vehicle wireless charging
pads.

THE QI STANDARD: UNIVERSAL
WIRELESS CHARGING

The  Wireless  Power  Consortium (WPC)
developed  the  Qi  standard  to  ensure
interoperability between different brands
and  devices.  Today,  most  major
smartphone  manufacturers  (Apple,
Samsung, Google, etc.) support Qi.  So,
when  you  ask  how  does  wireless
charging work in your iPhone or Galaxy



How Does Wireless Charging Work 7

7

phone, you are essentially asking how Qi
works.

Key
Specifications of
Qi

Power Classes: Qi supports
several power levels: Baseline
Power Profile (5W), Extended
Power Profile (up to 15W), and
soon higher powers (up to 25W or
more).
Operating Frequency: 110–205
kHz.
Communication Protocol: The
receiver sends data packets to the

transmitter by modulating the load
(changing the impedance) on the
receiver coil. The transmitter
detects these changes and adjusts
power accordingly.
Foreign Object Detection
(FOD): Qi chargers continuously
monitor power loss. If a foreign
metal object is present, the
efficiency drops, and the charger
reduces power or shuts off to
prevent heating.
Alignment Tolerance: Qi version
1.2 and later introduced “free
positioning” using multiple
transmitter coils or a moving coil
mechanism to improve user
convenience.
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EFFICIENCY, HEAT, AND POWER
LOSS: THE REAL TRADE-OFFS

No technology is perfect, and how does
wireless charging work when it comes
to  efficiency?  Unfortunately,  wireless
charging is  inherently  less  efficient  than
wired charging.  Typical  wired chargers
achieve  95–98%  efficiency,  while
wireless  chargers  range  from  60%  to
85%, depending on alignment, distance,
and  coil  design.  The  lost  energy  is
dissipated as heat, which can warm up
both the device and the charging pad.
Excessive  heat  can  degrade  battery
health  over  time,  so  manufacturers
implement  thermal  management
strategies  such  as:

Reducing power output if
temperatures rise

Using temperature sensors in both
pad and device
Designing charging algorithms that
pulse current to reduce heat
buildup

Desp i te  these  d rawbacks ,  the
convenience of simply dropping a device
onto a pad often outweighs the minor
efficiency loss for most consumers.

BEYOND SMARTPHONES: OTHER
APPLICATIONS

Understanding  how  does  wireless
charging  work  opens  the  door  to
appreciating  its  broader  applications.
Electric  vehicle  (EV)  wireless  charging
uses  resonant  inductive  coupling  with
larger coils buried in the road or parking
spots.  Medical  implants,  such  as
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cochlear  implants  or  pacemakers,  use
inductive  links  to  charge  through  skin
without piercing the body. Even kitchen
appliances  like  electric  kettles  and
induction  cooktops  use  the  same
principle—though  in  cooktops,  the
induced current  heats  the  pot  directly
rather than charging a battery.

SAFETY CONSIDERATIONS AND
MISCONCEPTIONS

Is Wireless
Charging Safe?
Yes. The magnetic fields used in wireless
charging are non-ionizing and extremely
low  frequency.  They  have  no  known
harmful effects on human health, similar

to  the  fields  from  induction  cooktops  or
power lines. Qi chargers are designed to
meet international safety standards.

Common
Misconceptions

“Wireless charging works
through thick cases.” Actually,
metal cases or objects interfere
with magnetic fields. Most wireless
chargers require a non-metallic
back (glass or plastic). Thin plastic
cases (up to 3–5 mm) usually
work, but metallic credit cards or
magnets in folio cases can block
charging.
“All wireless chargers are the
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same.” No. Charger quality
matters. Cheap chargers may lack
proper FOD, overheat, or deliver
inconsistent power, potentially
damaging batteries.
“Wireless charging is slower
than wired charging.” Modern
fast wireless chargers (15W–25W)
can keep pace with many standard
wired chargers, though they still
fall short of ultra-fast wired
charging (65W+).

FUTURE DEVELOPMENTS: LONG-
DISTANCE WIRELESS CHARGING

Researchers and companies are working
on  extending  the  range  of  wireless
power  transfer.  Technologies  like
magnetic  resonance,  radio  frequency
(RF)  harvesting,  and  even  laser-based

systems aim to charge devices across a
room. However,  as of  2025,  these are
not  yet  widespread  due  to  efficiency
losses  and  regulatory  limits.  For  now,
how  does  wireless  charging  work
remains largely a contact-based or near-
contact phenomenon, but the dream of
truly wire-free power is slowly becoming
reality.

CONCLUSION: A CONVENIENT
BRIDGE BETWEEN PHYSICS AND
DAILY LIFE

Wireless  charging  elegantly  converts
electrical  energy into  magnetic  energy
and back again, eliminating the need for
physical connectors. By now, you should
have  a  sol id  grasp  of  how  does
wireless  charging  work—from  the
core  physics  of  electromagnetic
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induction to the practical nuances of Qi
standards,  efficiency  trade-offs,  and
safety.  While  it  may  not  be  100%
efficient  or  perfect  for  every  use  case,
the  convenience  it  offers  is  undeniable.
As  technology  advances,  expect  even

faster,  more  flexible,  and  longer-range
wireless  power  solutions.  Until  then,
every time you drop your phone onto a
charging  pad,  you  can  appreciate  the
subtle  dance  of  magnetic  fields  that
powers  your  digital  life.


