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1 SG & measurements
Various spin-1/2 particles are all prepared in exactly
the same state and are subjected to the indicated Sy =+h/2
Stern-Gerlach measurement.

a) Consider a particle initially in the state |+&).
What could the measurement outcome be? Sy =—h/2

b) Consider a particle initially in the state |—&).

What could the measurement outcome be?

c) Suppose that four particles are all prepared in the same state. They are sent, one at a
time, through the measuring device. Three measurement outcomes are S, = +4/2 and
one is S; = —h/2. Can we say that the state (of all four) prior to measurement was
|[+&) or that it was |—&)7

d) Suppose that a single particle yields outcome S, = +//2. Can one say that the state
of the particle prior to measurement is |+&) with certainty? What is the state of this
particle after measurement?

e) Suppose that a measurement yields S; = —4/2. What is the state of the particle after
the measurement?

f) How could this be used to prepare particles in the state |—&)?

g) Consider a particle initially in the state |[+2). What could the measurement outcome
be?
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2 Successive measurements

a) A spin-1/2 particle is subjected to a SG¢ device and the measurement outcome is
Sy = +nh/2. This particle is then subjected to a SG 2 measurement. Determine the
probabilities of the two measurement outcomes.

b) A spin-1/2 particle is subjected to a SG4§ device and the measurement outcome is
S, = —Nh/2. This particle is then subjected to a SG 2 measurement. Determine the
probabilities of the two measurement outcomes.

c¢) A spin-1/2 particle in the state |-2) is subjected to a measurement of S,, where fi lies
in the xz plane midway between the two positive axes. Determine the probabilities of
the two measurement outcomes.
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3 Three measurements

Spin-1/2 particles are subjected a series of three SG measurements as illustrated. The par-

ticles that emerge from the first device with S, = —h/2 are immediately removed.
Se = +h/2 —— S:=+h/2
21 sas
— S, = —h/2
S, =+h/2
SGa
— S = +h/2
S— 3G 2 SG 2 '
Sy =—h/2 ——— 5 = —hy2
8; =—hf2
f - = +n/2. Show

that the probability with which the particle emerges from the subsequent SG 2 measure-
ment with S, = +A/2 is 1/2. Repeat this for a particle that emerges with S, = —h/2 is
1/2. Repeat this entire analysis for the case where the particle emerges from the SG &
measurement with S, = —/i/2.

b) What are the probabilities with which any particle will emerge in any of the four outputs
on the right, given that it does emerge with S, = +7/2 from the first device!

c¢) In the illustrated situation what is the state of the particle that emerges after the first
measurement? Could this be the state after it emerges from the second measurement?
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