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Introduce me to Eulers equation and describe its applications in daily life.
Euler’s equation: a friendly introduction
If by Euler’s equation you mean the famous equation from mathematics,
e +1=0

you’re looking at one of the most celebrated equations in mathematics.
It connects five fundamental mathematical constants:

e e = 2.71828— the base of natural exponential growth

e i =+/—1—theimaginary unit

e 1 = 3.14159— the circle constant

e 1—the multiplicative identity

e 0— the additive identity
Where does it come from?
The key idea is Euler’s formula:

e = cos@ +isinf

Think of e as a point moving around a unit circle in the complex plane.

Setf = m:
e™ =cosm+isinm
Since
cosm = —1, sinmt =0,
we get
el™ = -1

and therefore

i 1=0)

The remarkable part is that exponential growth, imaginary numbers, circles, and basic
arithmetic all meet in one equation.



How does this show up in daily life?

You generally won't calculate e'™ + 1while cooking dinner, but the mathematics behind
Euler's formula is deeply embedded in modern technology.

B Smartphones and wireless communication

Radio and Wi-Fi signals are oscillations. Engineers represent these waves using complex
exponentials such as

eiwt_
This makes it much easier to manipulate signals, change their frequencies, filter unwanted

noise, and decode information.

So when you use Wi-Fi, Bluetooth, GPS, or cellular networks, mathematics based on
Euler's formula is working behind the scenes.

49 Music and audio

Sound is made of waves. A complicated sound can be represented as a combination of
simpler sinusoidal waves.

Euler's formula provides a convenient way to represent those sine and cosine waves:
e® = cos +isiné.

This is fundamental to Fourier analysis, which is used in digital audio, noise reduction,
music compression, and speech processing.

raa Images and video

Digitalimages and video can also be analyzed as collections of spatial and temporal
frequencies.

Techniques such as the Fourier transform rely heavily on complex exponentials. They're
used in areas such as image compression, filtering, medical imaging, and computer vision.

Electricity
Alternating current repeatedly changes direction:
V(t) = Vycos(wt).

Electrical engineers often rewrite this using complex exponentials. This turns complicated
calculations involving resistors, capacitors, and inductors into much simpler algebra.



That's one reason Euler's formula is so important in power grids and electronics.
4% Radar and GPS

Radar systems transmit and receive electromagnetic waves. By analyzing the phase and
frequency of those waves, systems can determine things such as distance and motion.

The mathematics of complex numbers and Euler's formula makes that analysis much more
manageable.

The big picture

A useful way to remember Euler's formula is:

e = cos@ +isinf

It essentially says:

Exponential functions and circular motion are two ways of describing the same
underlying mathematics.

And Euler's famous identity is simply the particularly beautiful case where the angle is
180°:

e +1=0]

If you'd like, | can next explain why e‘® = cos 6 + i sin fis actually true, starting from
almost zero calculus.




    e  i 𝜋 + 1 = 0
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    e  i 𝜃 =  cos ⁡  𝜃 + i  sin ⁡  𝜃


    e  i 𝜃


  𝜃 = 𝜋


    e  i 𝜋 =  cos ⁡  𝜋 + i  sin ⁡  𝜋


   cos ⁡  𝜋 = − 1 ,    sin ⁡  𝜋 = 0 ,


    e  i 𝜋 = − 1


     e  i 𝜋 + 1 = 0 .


    e  i 𝜋 + 1


    e  i 𝜔 t .


    e  i 𝜃 =  cos ⁡  𝜃 + i  sin ⁡  𝜃 .


  V  ( t ) =   V 0 cos ⁡  ( 𝜔 t ) .


     e  i 𝜃 =  cos ⁡  𝜃 + i  sin ⁡  𝜃


   180 ∘


     e  i 𝜋 + 1 = 0 .


    e  i 𝜃 =  cos ⁡  𝜃 + i  sin ⁡  𝜃

