Consider a spin coupled to a magnetic field via the Hamiltonian
H=yS.B where the three dimensional magnetic field is B = (Bx,By,Bz) = Bo (1,1,0),
Bois a constant, and y is another constant. The three dimensional spin vector is S
= (Sx, Sy, Sz), and each Sx,Sy,Sz are the usual 2x2 spin matrices.

(a) Find the two eigenvalues of the resulting 2x2 Hamiltonian H.

(b) Find the two normalized-to-one eigenvectors of the 2x2 Hamiltonian H.
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Consider the spinor y = A ( 1+i )

a. Find the normalization A.

b. Find the expectation value of the 2x2 spin operator Sz.

c. Find the expectation value of the 2x2 spin operator Sx.

d. Find the expectation value of the 2x2 spin operator (Sy)?.
e. What is the probability of finding +h/2 if Sz is measured?

(3) o< 1Al (2, -0( 50) = 1Al +0-0€0] =

=lav 2 ;—.’].—-——-'9 fE\_—;-T:
AL 42l "]

) 52y B(L ) =BG35
% -16.. (2, 1-0) ( ): ‘%['i - (t-'i)(l-i-f-)] =

= ) =%
_jg__(‘-l 2) ..



Thes, G x =% (L)% =X %
<C37) )-7(+67 )1'}6 =:Ié; 7C+7C :@aﬂ M?Lc)‘th\



Consider the boron B atom with Z=5. (a) Write the ground state
electronic configuration using the notation (1s)? ... (b) What is the net spin of

boron in the ground state? (c) Using the notation 2°*1L,, write all the possible
values.

_— e ——— 3 d
2§ — — — —23¢
2S —_———"p (15)2(25)2(2p)

S S

Tive. elechons e ?l:suw\ Ay 4P — —
N
'@f the Qémuwl sThhie
The TobhL ngSi‘y dhes ‘/'2_.
'”f\c_, "\QM 0¢b~‘..."f-‘p, a!v\g...\ﬂ)\ " oM e Tona LT& 1 » ey
&_CBMM_ "dﬂ@_ b \ues T ‘ane/f%a states  have 2-9.
Szify wd k=4 oW ordoined s 2 and 4/2(;¢,~.T)

25+ q--%-_'H:Z

I\"\ "‘d"‘@- Y‘\‘Q—\x_r‘"‘\ LJ _:;. L{/__::’f/
qn

XX e wmsS Yhe QmoL\m[?T:‘es ave



Consider 4 electrons, each with spin %. Find the possible values of
the total spin, including for each value how many times it appears. This is a problem
similar to that of the 3 quarks in one of the HWs where the answer was 3/2, 1/2, 1/2.
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Consider three electrons in a Li atom, one in the lowest energy
state \y100(r1) of the H atom, another in \y200(r2), and a third in soo(rs): (a) Write
the fully antisymmetric wave function of this problem (using the notation \y10(r1)
etc of course, not the explicit wave functions). No need to normalize to one.

(b) To complete this excited state, as spin portion of the wave function choose the
state with the maximum total spin and maximum projection m.
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