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ble spin quantum numbers of the operator k deseribing
the sum of the equivalent proton spins, and s = 1/2 is
the spin quantum number associated with the operator
s, reprasenting the O spin. To frst order in B,, eigen-
states are those of the unpertwrbed Hamiltonian, and
Zeemian shifts 0( the eigenvalues can be read from the di-
agoual matrix plements of the Zeeman perturbation. Oue
finds:
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Here ~, and v, are the proton and '°C gyromagnetic
ratios, and {ksmprmgl fm) are the Clebsclr-Gordan coef-
fcients. The observable in our eypeumuu is the total

& magnetization, Me{t) « 'ﬁp Oy 2oy Ly where p{t) is

&R
the time dependexd deosify matrix. Writing £, in terms
of the raising and lowering operators, we obtain selec-
tion rules for observabie coherences: Af = O +1 az‘;d
Arnp = +1, valid in the linit where |, Bl << [JI.
ihe cage al hand with N equivalent protons, f‘-lu 2 ig an
additional selection rule, Ak == 0, since, 11 the absence
of chemical shiffs, the Hamiltonian corpmutes with k2.
BExperimentally, we examine ti’m case of N = 1 and
N == 3. In the former case, k = 1/2, the zero- h?]u levels
are a singlet with f = 0 and a tviplet with f = 1. In
the presence of a small m glmh@ ﬁelriﬁ
mperturbed, while the triplet lev

the singlet level is
split, as .siUWL by
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”m wmanifoids on the left of Fig. 1{a). Tn the following
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' denotes the hc‘ uency of trans
:

states I, :f) and {7, m’). Employving £q. (2} and the
lection rules, one fx 1ds a single line for nau iions with
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Of = 0 between states with f = 1, and a doublet for

transitions with Af = +1 bptwex 1 states with f = 1 and
F =0
fe=
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T = Balw + ) /2, (3)
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For the case of N = 3, & is elther 1/2 or 3/2. The
- 1/2 transition frequencies are given by BEq. (4], The
"% manifolds are shown on E.be right of Fig. 1{a),
and 1:tuherencef< between |f = L, my) and [f = 2,ms 4+ 1)
veanr atb frequencies given by
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tons for states with & =
- sevo frequency,

Thore are two additional tran
3/2 with Af =0 that ocow n
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