Formula sheet for midterm exam This page will be provided with the exam.

Schrodinger equation:
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iha\ll(ﬁ t) = HY(T,t)
Energy eigenstates: H =p?/2m + V(T
HY(F) = E(7), W, 1) = (i) e
Differential operators corresponding to momentum and energy:
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Harmonic oscillator in 1 dimension:
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Raising and lowering operators:
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Harmonic oscillator in 3 dimensions (isotropic), H = p?/2m + mw?*?/2 = H, + H, + H,:

spatial wavefunctions are just the products of the solutions of the 1-dim harmonic oscillator.

H|n1n2n3> - Enlngng |n1n2n3>a En1n2n3 - hw(nl + no + ns + 3/2)7
the wavefunctions can also be written in terms of the spherical harmonics,
(FIntm) = Ry,o(r)Yem (6, ), En tm = hw(2n, + 0+ 3/2).

Particle in a box (infinite square well), 1 dimensional:
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Particle in a box, 3 dimensional, L x L x L, one corner at the origin:

W(x,y,2) = (i)gﬂ sin nlgx sin nggry sin n;zrz7 E = 271:;22 (n? +n2 +n?)
Angular momentum:
L6, m) = R*((C+ 1)|¢,m), Lle,m) = hm|l,m), Mo = ¢
Ly =L,+iL,  [L* Ly =0,  Lylt,m)=C(,m)[l,m 1)

Ci(lom) =T/(t —m)(E+m+1),  C_(6;m) =h/({ +m)( —m+1)
E:Fxﬁ so, e.g., L, = xpy — ypa.
Addition of angular momentum: when J=L+5S ,

j:f+87...,|€—8|, J,.=L,+ 5., Jy =Ly + 5S¢



Spherical harmonics, up to ¢ = 2:
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Pauli principle: under the exchange of any two identical particles, multi-particle wavefunctions
are symmetric for bosons (integer spin), antisymmetric for fermions (half-odd-integer spin).
Time-independent perturbation theory:

H=Ho+ My, Hilo) = EOl6,  HJb) = BuJon) (17)
E,=E9+EV 4+ E® 4 ... (18)
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Degenerate perturbation theory: ﬁrst find the combinations of states that diagonalize the
matrix (¢;|AH;|¢;) made up of states degenerate at zeroth order. The eigenvalues of this matrix
are BV

Time-dependent perturbation theory:

ol = Ol i) = (Ho + AVO)Ip(0) 21)

= Y e (t)e g, (22)

For ¢;(0) =1 and all other ¢,(0) = 0, to first order in A the coefficients are

lt) = g [ = (V)] (23)

where wp, = (B0 — E,io))/h. The transition probability is Py, (t) = |cm(t)]?.

Variational principle: for any wavefunction |V), (V|H|V) > E, = ground state energy of H.
Some math:

Taylor series about x = 0:
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Eigenvalues of a matrix M ([ is the unit matrix; solve for \):

det(M —X-1)=0 (25)



The table of Clebsch-Gordan coefficients from the Review of Particle Physics will also be provided.



