Preparation of the spin echo

Now that we understand the fundamentals of the
product operator, we apply this idea to the spin echo:

Spin echo

b f
90° (x) = delay T — 180° (X) - delay Tt — acquire

First, we prepare with a n/2 pulse:
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Then the spins evolve in the x,y plane: Higee =21,
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Application of the w-pulse

b f
90° (x) = delay T — 180° (X) - delay Tt — acquire

Apply the m-pulse Hpuisex = @1l
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Since the flip angle here is w,t, = 1 the
i second term on the right goes to zero and the
2~ first term changes sign (cos 1 =-1). Such
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Treatment of |, and I, terms

b f
90° (x) = delay T — 180° (X) - delay Tt — acquire
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The second term (sinQt |,) on the left is unchanged
because it is not affected by a rotation about Xx.
Therefore after the 180° pulse the following is

obtained:
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Evolution following the rn-pulse

b f
90° (x) = delay T — 180° (X) - delay Tt — acquire

ml,

—C0s 271, + sin 27, - €0S Q7]+ sin Q1l,

Evolution (e) involves separate treatment of each term on
the right:
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Refocusing of the spins
90° (x) = delay t 2 180° (X) - delay t L acquire
Collecting the terms in |, and I, gives us:

(cos 27 cos Q27+ sin L2zsin Q27)1, +
(cos Q2zsin Q27— sin Q27 cos Q27)1,

The terms multiplying |, goes to 0 and the terms multiplying I,
goes to 1 because of the identity: ~,s29 + sin20 = 1

Therefore:
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Product operators vs. vector

Spin echo
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90° (x) = delay T — 180° (X) - delay Tt — acquire
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