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The symbolB(-1) is the foundation of an entire branch of mathematics Itisa number that cannot existon the traditional number line, which iswhy it is officially defined as . the imaginary unit

mi-1) =i

Here isthe breakdown of why itexists how it works, and why physics completely relieson it

1. The Core Faradox

Ifyou take any real numberand square it (multiply it by its21f, the result isalways positive:

@p2=4

(-2)mi-21=4

Bacauss of this rule, if someone asks you, "What number multiplied by itsa|f gives you -17% it feels like a trick quastion. In the realm of ordinary "real* numbers nosuch number exists

Tosolve this readblock, 16th-century mathe maticians simply invented a new number system. They defined a new constant i such that

in=-1

2 Visually: & New Dimengsion of Numbers

Tounderstand B(-1), it helps tostop thinking of numbers as pointson a one-dimensional line and start thinking of them on a two-dimensional grid called the Complex Plane.

The Horizontal Axis representsstandard Real Mumbers (1, 2. -35, etc).

The Vertical fxis represents Imaginary Mumbers (i, 2i. -3, etc).

When you combing a real numberand an imaginary number (like 3 + 41}, you geta Complex Number, which representsa specific coordinate pointon this 2D space.

The Geometry of Multiplication by i

In this 2D space, multiplyinga number by | hasa fascinating geometric proparty; it rotates that number by 90° counterclockwiss.

Startatthe real number 1.
Multiply by i: 181 =1 (Rotated 90° onto the vertical axis).

Multiply by iagain: 181 =-1 (Rotated another 90°, landing on the negative realaxis).

Thiselegantly explainswhy il = -1. Two80° rotations add up toa 180° flipacroes the origin, taking you from +1 to-1.

3. The Power of 1: Cyele and Cscillation

Bacauss multiplying by i is justa 90° rotation, multiplying by | re peatedly createsa perfect mathe matical loop:

im=-1
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=1 (the cycle repeats..)

Bacause of this re peating 4-step cycle, any equation that usss(-1) is inherently built to handle rotation, waves, cycles and cecillations.

4. Why Quantum Mechanics Needsa(-1)

Aswe discussad with the Schrisdinger equation, the universs ata quantum scale cannot be described using only real numbers.

Ifthe Schradinger equation only usad real numbsars quantum states would behave like heatithey would justspread outsmoothly and fade away over time.
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By including i in the equation (ihbar (©./(21) B = hatHE, the mathe matics forces the quantum wavefunction to rotate and cecillate instead of decay. Itallows waves to have "phases "giving rise tothe constructive and destructive

interference patterns that define the quantum world.
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