
Physis 200-05Assignment 71. Show expliitly that the eigenvalues for the matrix A = a0I +~a � ~� area0 �p~a � ~a.If a1 = a sin(�) os(�) (1)a2 = a sin(�) sin(�) (2)a3 = a os(�) (3)then show that the eigenvetor for the a0 + a eigenvalue isja0 + ai = � os( �2)ei� sin( �2)� (4)and for the other eigenvalue the eigenvetor isja0 � ai = ��e�i� sin( �2)os( �2) � (5)2. Consider the state vetorj i = 1q(2)  11+ip2 ! (6)a)What is the unit vetor j�i orthogonal to this vetor? Ie, h�jj i = 0?b) Show that the matrix A = j ih j � j�ih�j has eigenvalues �1 andeigenvetors j i and j�i. (Remember that j�ih�j is the produt of a olumnvetor times a row matrix, whih is a 2x2 matrix if the j�i and j�i are 1x2vetors.) � ab � (  d ) = � a adb bd � (7)Finally show that j ih j is a projetion operator ( has a single eigenvalueof value 1 and the other eigenvalue has value 0) with j i as the eigenvetorwith 1 as the eigenvalue. 1



3. Given the matrix A = � 3 2 + 2i2� 2i �1 � (8)what are the values of a0; a1; a2; a3 and what are the eigenvalues of thismatrix?What is the projetion matrix onto the larger eigenvalue? If the statej i = � 10� what is the probability that the largest eigenvalue of A is obtainedin a measurement.4) Show that [A;BC℄ = [A;B℄C +B[A;C℄ (9)where A; B; C are matries and [A;B℄ = AB �BA is the ommutator.Show that if X and P obey[X;P ℄ = i�hI (10)and if we de�ne the Energy asH = 12mP 2 + k2X2 (11)where m and k are real numbers. Then[X;H℄ = i�h 1mP (12)and [P;H℄ = �i�hkX (13)Show that if we de�ne the non-Hermitean matrixA = (km) 14X + i 1(km) 14 P, then [A;H℄ = �hs kmA (14)2



Finally, show that if jEi is an eigenvetor if H with eigenvalue E, thenAjEi is an eigenvetor of H with eigenvalue E � �hq km . A is alled theannihilation operator for the simple harmoni osillator beause it annihilatesone unit of energy. (Ie, if the state has energgy E, the new state afteroperating on it by A has one unit less energy)This an be used to show that the eigenvalues for the Harmoni osillatormust have values (n + 12)�hq km where n is a positive integer. (You do nothave to show this, but if you want to do it for yourself, The key is that theremust be a minimum eigenvalue sine h jHj i is greater than 0 and thus theA annot step the eigenvalues to less than 0.)(See the text book for further expliation.)
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