Problem 5: Perturbing a Square Well

‘onsider a particle of mass m in a 1D infinite square well of width a,
Viz})=0, 0<z<ge Viz)=co, z<0, 2>0. {1}

(7/[2 pts] Derive the cigenfunctions and cigenenergies of the particle in this potential. Be
sure to normalize the states.

() [2 pts] Show that if the well is perturbed by a potential V/{z) = « z, the energy
of all the unperturbed states shift by the same amount to first order in . Find an
expresgion for this energy shift. Give a physical explanation for why this perturbation
results in an equal first-order energy shift {or all siates.

};4 13 pts] Next, instead of the perturbing potential from part (b}, the well is perturbed
hy a potential

’.:‘, E'— <’.{E—- !": N E-— 0 E o

Vifx) = Vo, 5 6mr_2i<5 V{x) O,x<2 d, .L>2+§ (2}

Compute the energy shift 1o first order in a for the unperturbed energy eigenstates
n{z). Bxplain the limit of this result as n, the unperturbed energy level, gels large.

() [2 pts.] What is the energy shift of the states iy, (2) to first order in § as 6 = 07 (W
is constant.) Give a physical explanation of this result. Note: You should be able to
answer this question even if you did not get a solution to part {c}.

() [1 pt] What is the energy shifl of the states ¢(x) ag § - §7 (Vg is constant.) Give
a physical explanation of this result. Note: You should again be able to answer this
quostion even if you did not get a solution to part (¢},
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