Homework 8

Colin Anderson
PHYS402
HWS8 4/1/05

Problem 1

The time-dependent state function is given by the expansion:
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where ¢, (r) are the time-independent eigenfunctions of the Hamiltonian and c,(#) are expansion coefficients.
For this particular system:
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This Hamiltonian has eigenstates | 1) = ( 0) and| ) = ( 1 ), with eigenenergies Eq = S andE =-=5. We

approximate the coefficients by:

k

The first order approximation to the coefficient is given by:
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If the perturbing Hamiltonian is separable in time and space, then (g, |A| Or) = S (@) {pn IH' ()] 1)
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Our system begins in the state| 1). Thus ¢, ?(0) = 6,1:
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We find the coefficients under the perturbation £(¢) = a 6(¢) T —1):
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The diagonal elements of the perturbation are 0 in our basis so ¢4V(f) = 0. Then the coefficients are:
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The probability the sytem shifts to| {) is given by:
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The perturbation can be considered small when Py, <1:
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Problem 2
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The time-dependent Schrodinger equation is given by:
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Hy(r, 1) =ih 57 Y(r, 1) (12)

Hence:
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A matrix differential equation of the form Ax = X has a solution of the form:
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where A is an eigenvalue of A and v its corresponding eigenvector. We determine the eigenvalues and normal-
ized eigenvectors of our system using Mathematica -
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Y(r, t) = ¢ e"' : Vi +0; eh! A%
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At ¢ = 0, the system is in state ol This allows us to solve for the constants ¢; and ¢,. We use Mathematica

again:
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We use Mathematica to Taylor expand the exact solution in :
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Thus the first order expansion is:
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This agrees with the solution in Eq. 9.

Problem 3

We continue from Eq. 6 with the new time-dependent perturbation fH=a % T -1
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By the same argument used in Problem 1, ¢;(f) = 1V ¢. So the perturbed state function to first order is:
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The probability the sytem shifts to| {) is given by:
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The perturbation can be considered small when P1, <1. We work in the regime that # < T, so that 7%— is

negligible:
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Problem 4

We continue from Eq. 6 with the new time-dependent perturbation f(¢) = a sin(w 1) () T — 1)
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By the same argument used in Problem 1, ¢(r)= 1V ¢. So the perturbed state function to first order is:
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The probability the sytem shifts to| 1) is given by (keeping in mind that ., + Q_ =2):
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The perturbation can be considered small when P;,;<1. All trigonometric functions are estimated at their
maxima (1) to maximize the probability:
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Problem 5
o
Ha
The second order appoximation to c,(?) is given by:

ine, () = ; Gn 1 1) e (0) @

For our particular system, the perturbing Hamiltonian is separable. Hence:

ine, 0= (e IO g0y T 6O £(1) 28)
k
1 A HE,~ENt
&) = — [ R Zk: Ol e V0 f@)dt (29)

We determined earlier that:
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This yields:
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Since diagonal elements of the Hamiltonian are 0 and ¢:(V(¢) = 0, the integrand is 0, hence:
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Continuing:
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Since ¢ (¢) is left unchanged by the second-order approximation, P;.,; remains unchanged:
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We use Mathematica to calculate the second-order Taylor expansion of the exact solution:
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Simplifying the expression yields:
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This is in agreement with our approximation.
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