TheoryTrace Scrodinger Equation
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Thisspecific equation iscalled the Born Interpretation (or Born’s Rule) of the wavefunction. It was formulated by physicist Max Born in 1926, a discovery that earned him the Nobel Prize.

In short, thisequation is the bridge between abstract quantum mathematicsand real-world reality. It tlls us how to translate a mathe matical wavefunction (B intosomething we can actually measure ina lab probability.

Here iz the exact mathematical breakdown of whateach partof this equation isdoing.

1. P{r. t @ The Probability Density

The leftside of the equation re pressnts Probability Density ata specific position (r) and a specific time ().

Crucial Distinction: It isa probability density, nota flat probability.
Because space iscontinuous the probability of a particle being atan infinitesimally exact point is zero. Instead, P(r, 1 tells you the probability per unitvolume.

Tofind the actual probability of finding a particle in a small region of space (like a tiny box of volume dV), you multiply the density by thatvolume: P-dV.

2. |mir, @B The Absolute Square

The wavefunction Bir, ) its=1f isa complex number (itcontains the imaginary uniti = g-1)).

Because instruments in a labcan only measure real physical quantities (like meters seconds or Joules), a complex number cannotdirectly represznta physical measurement You can't have a meter stick measurean
“imaginary"distance.

By taking the absolute square (B, the mathe matics stripsaway the imaginary componentsand forces the resultto be a positive, real number. This maps perfectly onto the conce ptof probability, which mustalways be a real
number betweenOand 1.

3.85(r t|ir, 3 How Its Calculated

This third part shows you the actual alge braic step usad to find the absolute square of a com plex function.

In complexalgebra, tofind the square of the magnitude of a complex number, you multiply that number by its com plex conjugate (denoted by the asterisk ).

= How itworks mathematically, = Ifa wavefunction ata certain pointevaluates to the complex number z = a + bi, itscomplex conjugate is 2+ =a - bi (you just flip the sign of the imaginary part). = When you multiply them
together » = [ElE= 040 =(a- bilia + bi) =all + abi - abi- bAIA = = » = Since i@ =-1, thissimplifiesto > » [AE=a0 + b= »

The imaginary parts completely cancelout leaving you witha pure, pesitive real number.

Conceptual Summary

Before you measure a quantum particle (like an electron), itdoes not exist in one definitive place. Itexists in a 'superposition of states™a cloud of possibilities described by R

When you evaluate B+ (r, tair, t:

Areaswhere the resultis high mean you have a very high chance of detecting the particle there when you look.

Areaswhere the resultis zero mean you will absolutely never find the particle there.

Thisequation turned quantum mechanics from a theory about literal "matter waves' intoa theory about waves of probability.
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