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MathSoft has recently released a Windows version of 
Mathcad. The live document feature of Mathcad 3.0 (1) 
running under the graphical interface of Windows 3.0 (2) 
provides a powerful computational and programming envi- 
ronment for a wide variety of calculations encountered in 
the traditional physical chemistry sequence. 

This note describes three quantum mechanical calcula- 
tions appropriate for an undergraduate course: numerical 
solutions for Schrodinger's equation, the linear variation 
method, and molecular orbital theory. Applications of ear- 

Numerical Solutions for Schrodinger's Equation 
The use of basic programs and spreadsheet templates to 

obtain numerical solutions for Schrodinger's equation has 
previously been described (3-5). Mathcad offers a signifi- 
cant pedagogical advantage over either of these altema- 
tives. Figure 1 shows a Mathcad document for finding nu- 
merical solutions for the radial part of Schrodinger's 
equation. 
Text, mathematics, and graphics are integrated into one 

live document on the screen just as they would customarily 
appear in a textbook, on a blackboard, or in a set of lecture 
notes. With appropriate scaling of the graphical display, 
the screen can simultaneously present the following. 

Integration grid, imegration limih, and initial values b r  the wavefunction: 

0 - 3CHJ Rmin = 0 Rmar = 35 A = % : l R, . .99 

Reduced mass: p - 1 Angular Momentum' I = 1 Nuclear charge: r = 1 

Enter energy guess: E a - ,055556 

Plot radial wavefunction: 

Plot radial distribution function: 

- 

- 
Figure 1. Mathcad document for the numerical integration of the radial equation for the 

the parameters 
the integration algorithm (6) 
a graphical display of the solution 

tional physical chemistry textbooks-and 

To find solutions for the hydrogen atom, 
for example, the user sets the values for the 
integration grid, integration limits, electron 
mass, nuclear charge, and angular momen- 
tum, and then makes a guess for the energy 
eigenvalue. In the automatic recalculation 
mode, all equations are recalculated, and the 
screen is refreshed with current graphics. 

If the wavefunction satisfies the right- 
hand boundary condition, a solution has 
been found. If not, another guess for the en- 
ergy is made. In general, it is not difficult to 
bracket the correct energy eigenvalue and 
move quickly to a solution. On a 80486 25- 
MHz machine with an integration grid of 
300, the screen was refreshed in two sec- 
onds. 

By editing the potential energy term one 
can use the same document to solve a variety 
of problems, such as  

hydrogen atom. many that are not. 
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particle in the infinite spherical potential 
weu 
three-dimensional isotropic oscillator 

All the traditional one-dimensional prob- 
lems can be solved with a s e~a ra t e  document 
using an algorithm appropriate for the one- 
dimensional Srhrodinger equation (5,7). 

particle in the box 
simple harmonic oscillator 
Morse potential 
particle on a ring 

Thus, by providing students with two 
Mathcad files of modest size (approximately 
5 Kbytes) one can ask them to obtain numer- 
ical solutions for all the quantum mechani- 
cal problems that are covered in the tradi- 



Number of terms in trial wavefunction: n = 3 ORIGIN = 1 

1. Calcuiation of matrix elements: i = I.." j = I.." 

2. Display variational matrix and find eigenvaiues: 

3. Find eigenvecton: 

a = cigenvee(H. 9.717) b : eigenvec(H, 24.804) c = etgenvec(H, 49.565) 

4. Plot wavefunction and wavefundon squared for ground-state. 

The Linear Variation Method 

Figure 2 shows a Mathcad document that uses the vari- 
ation method to find approximate solutions to Schrod- 
inger's equation for the particle in the slanted one-dimen- 
sional box with potential energy V = lox.  In  this 
variational calculation the trial wavefunction is a sum of 
the first three e igenMions  for the particle in the one-di- 
mensional box. More terms can be included in the trial 
function by increasing the value of n. 

The matrix elements H,  are calculated in section 1. The 
eigenvalues and eigenvectors are calculated in sections 2 

and 3 using Mathcad's built-in func- 
tions "eigenvals" and "eigenvec". In 
section 4 the wavefunction and its 
square are displayed for the 
ground-stateenergy. Just as in the 
previous example, this document 
can senre as a template for doing a 
variety of variational calculations. 
In addition, this exercise can be re- 
lated to the previous one by asking 
the students to obtain numerical so- 
lutions for the particle in  the 
slanted box and then compare them 
to the results of the variation 
method. 

Molecular Orbital Theory 
Molecular orbital theory is gener- 

ally introduced with a calculation 
on the one-electron hydrogen mole- 
cule ion (8). Figure 3 shows a 
Mathcad document for a calculation 
using a linear combination of hydro- 
gen atom 1s orbitals as the molecu- 
lar orbital. In this calculation the 
energy is a function of the inter- 
nuclear separation R. 

In section 1, R and the energy are 
given seed values for the numerical 
solution algorithm. In section 3, R 
and the energy are determined 
using the built-in "Find" function 
given the constraints expressed in 
section 2. The constraints are the 
equation of the energy as a function 
or R and the first derivative of the 
energy with respect to R set equal 
to zero. Finally, in section 4 the 
bonding molecular orbital is dis- 
played as a surface plot. It is not dif- 
ficult to revise this document for a 
molecular orbital calculation using 
scaled hvdroecn 1s orbitals (91. " - 

These three examples illustrate 
the ease of use and the versatility of 

routine problem solving, including units management 
linear. nonlinear. and oolvnomial remession analvsis . . "  
obtaining mts of transcendental cquntlons 
solvlng systems of linear equations 
a simple SCF calrulation 

Concluslon 
In summary, Mathcad 3.0 running under the graphical 

user interface of Windows 3.0 provides a pleasant and ef- 
fective computational environment for doing a variety of 
traditional quantum mechanical calculations. Its features 
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