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Question #84295, Physics / Molecular Physics | Thermodynamics | 

A particle of mass m moves in a three dimensional box with dimensions a , b , c . Calculate the 

allowed energy values. For a=b=c=L give the first five eigenvalues of the energy and the 

coresponding degenerate energy levels  

Hint: 

Consider solution of this kind: Ψ(x , y , z)=Ψx (x)Ψy ( y )Ψ z(z ) with energy E and solve for 

Ψx ,Ψy ,Ψz with energies Ex , Ey ,Ez where E=Ex+Ey+Ez  

Solution 

The potential for the particle inside the box 

 

r→ is the vector with all three components along the three axes of the 3-D box: r=Lxx+Lyy+Lzz When the 

potential energy is infinite, then the wavefunction equals zero. When the potential energy is zero, then the 

wavefunction obeys the Time-Independent Schrodinger Equation 

 

The easiest way in solving this partial differential equation is by having the wavefunction equal to a product of 

individual function for each independent variable (e.g.,the  separation of variables technique): 

 

Now each function has its own variable: 

• X(x) is a function for variable x only 

• Y(y) function of variable y only 

• Z(z) function of variable z only 

Now substitute Equation (4) into Equation (3) and divide it by the product: xyz: 
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E is an energy constant, and is the sum of x, y, and z. For this to work, each term must equal its own 

constant. For example,  

 

Now separate each term in Equation (8) to equal zero: 

 

 

Normalization wavefunction equation for each variable 

 

The limits of the three quantum numbers 

 

For each constant use the de Broglie Energy equation: 
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the first five eigenvalues of the energy and the corresponding degenerate energy levels 
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