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The Schradinger equation is the fundame ntal governing equation of non-relativistic quantum mechanics. It plays the same role in the quantum world that Newton’s second law (F = ma) plays in classical mechanics Instead of
predicting a preciss trajectory, itcalculates the wavefunction, which contains all the statistical information abouta system.

Here isthe mathematical breakdown of its teo main forms.

1. The Time-De pendent Schridinger Equation (TDSE)

This isthe mostgeneral form of the equation. Itdescribes how a quantum system evolves over time.

ihbar (@)@t Blr. ti = hatH a(r,

Breaking Down the Components

I The imaginary unit (Bi-1)). Its presz nce ensures that quantum states wave and cscillate rather than simply decaying like heat

hbar. The reduced Planck constant (hbar = (h)./(20), which sats the scale of the quantum world.

(B8t The partial derivative with respect to time. re presznting how the system changes second by second.

ir, t): The wavefunction. Itisa function of position rand time t The absolute square |BjE gives the probability density of finding a particle ata specific place and time.

hatH: The Hamiltonian operator. In quantum mechanics physical obse rvablesare repressnted by operators. The Hamiltonian represents the total energy of the system.

2. The Hamiltonian Operator in Detail

Todoactual calculations fora particle moving in space, we mustexpand the Hamiltonian operator hatH into its kinetic and potential energy com ponents

hatH = hatT + hatV'

Where:

Kinetic Energy Operator (hatT): Derived from momenturm, it isexpressed as -(hbard) /(2m)iE where m isthe massand M (del-squared) is the Laplacian operator checking spatial curvature.

Potential Energy Operator (hatV): Re presented by Vir, £, which dependson the environment (e.g. an electric field or a gravitational well).

Putting itall tegether in 30 space:

ihbar (g / (@t alr. t = @it -(hbard /(2mim + Vir 8 @it

3. The Time-Independent SchiBdingar Equation (TISE)

It the potzntial energy Vdoes notde pend on time (Vir 1) = Vi), we can uss a mathematical technique called s2 paration of variables. We split the wavefunction intoa spatial partand a temporal part Bir, t) = B(r) eB-iEYhbar

Plugging this back in yields the Time-Inde pendent Schriadinger Equation:

hatHa(r) = Ealr)
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Orexplicitly:

aftl -{hbargl/(2m)m + Vir 1 ar) = Ealr

Mathematical Significance of the TISE

An Eigenvalue Problem: Mathe matically, this isan eigenvalue equation. hatH isa linear operator, (1) is the eigenfunction, and E is the eigenvalue.

Quantization: Solving this equation under specific boundary conditions restricts the allowable values of E This is precisely where "quantization® comes from in quantum mechanicsBenergy levels cannot be justanything they
must be specific discrete values.

Summary of Mathematical Interpretations

| Conce pt | Mathe matical Re preszntation | Meaning ||| — | | | Probability Conse rvation | EEHEZER | @ir, 1) | | Linsarity | 1fipsiland'psiZare solutions thenc\psi1 +c2\psi2isalsoa solution. | Explains guantum superpesition. | |
Hermitian Operator [shat{H} = \hat{H}*'\dagger| Guarantees that the energy eige nvalues (E$) willalways be real numbers which can be measured ina lab. |
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