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Mathematica Version Advisory | ——
This notebook was created in an earlier version of Mathematica

Most notebooks run without change. This tool scans for possible issues and suggests changes.

Scan for possible issues Do not scan this notebook Never scan notebooks

p2 = Plot ([MzCrot([a][(3]], {(a, 0, 2Pi}, (PlotRange -> (-1, 1}, PlotStyle + {Thickness[0.01], RGBColor(l, 0, 0]}}]

=0,25

=0.,%

-0.78%

= Graphics -

Show([pl, p2]

1
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0.25
1 d -]
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Mathematica Version Advisory | — C
This notebook was created in an earlier version of Mathematica

MOS! N0tebooks fun WIthout change. This 1001 SCANS for possible 8sues And SUQQEss Changos.

Scan for possible issues

Do not scan this notebook Never scan notebooks
[AX68 - False, Boxed - Fal#e, Mesh - Falae, PLoESEYLe - (Thickness|[.Ul], ROBCoL6¥ (U, 1, U],

ParametricPlotdD([rotx[a)] . roty[(n~-2¢] . rotx[(n/2~-¢] . (0,0, 1}, (0, 0, n/ 2},

{Axes -+ False, Boxed + False, Mesh + False, PlotStyle +» {Thickness|[.0l1], RGBColor(l, 0, 0]}}]].,
(e, 0, n/4}, SaveDefinitions + True)
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Mathematica Version Advisory | — C
This notebook was created in an earlier version of Mathematica

MOS! N018books un without change. This 1001 SCANS for possible 8sues And SUQQEStS ChANgos.

Scan for possible issues

Do not scan this notebook Never scan notebooks
[Ax68 - False, Boxed - Fal#e, Mesh - Falae, PLoESEYLe - (Thickness|[.Ul], ROBCoL6¥ (U, 1, U],

ParametricPlotdD([rotx[a)] . roty[n-2¢] . rotx[n/2-¢]) . (0,0, 1}, (0, O, n/2},

{Axes -+ False, Boxed + False, Mesh + False, PlotStyle +» {Thickness|[.01], RGBColor(l, 0, 0]}}]].,
(e, 0, n/ 4}, SaveDefinitions -+ True)
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Composite Rot.cdf
SN o ¢ QE Lec 3.cdf
. L : ' i
res5up(a_, b_] := TrigReduce [
ExpToTrig [Simplify[Ubladeg[n /4] . Un . Uphase[a] . Usample[b] . Ubladeg[n /4] . in .
Ubladeginv([n/ 4] . Uphaseinv([a] . Usampleinv[b] . Uminv . Ubladeginv[n/4]]]]

ks

res5up(a, b]

rrl 1 o1 1 Y Y
{ 4 (1 +Cos|[a+b]), iSinja+b]}, ¢ iSin[a+ b], (1-Cosla+b])}}
L2 2 o2 2 ) )
res5down[a_, b_] := TrigReduce [ExpToTrig|

Simplify[Ubladeg (7 /4] . Um . Uphase[a] . Usample[-b] . Ubladeg[n/ 4] . in.
Ubladeginv([n/ 4] . Uphaseinv([a] . Usampleinv[-b] . Uminv . Ubladeginv([n/4]]]]

Note that the magnetic phase is directly proportional to the z-component of the neutron spin.

M50up[a_, b_] := Tr[Ezp . res5up[a, b]]

M50down[a_, b_] := Tr[Ezp . res5down([a, b]]

MSHup[a_, b_] := Tr[Ezm . res5up[a, b]]

M5Hdown([a_, b_] := Tr[Ezm . res5down[a, b]]

For an unpolarized neutron beam we start with an equal mixture of spin up and spin down. Note that there

is no coherence in the spin state: it is up or down with equal probability. [ A
M50(a_, b_] := (M50up(a, b] + M50down[a, b]) / 2

M5H[a_, b_] := (M5Hup([a, b] + M5Hdown[a, b]) / 2

Animate [
Show[Plot [M50[a, b], {(a, 0, 2 7}, {AxesLabel -+ { "phase (Radians)", "intensity" },
PlotStyle + {RGBColor [0, 0, 1], Thickness[0.01]}, PlotRange - {0, 1}}],
Plot[M5H[a, b], {(a, 0, 2}, {AxesLabel -+ {"phase (Radians)", "intensity" },
PlotStyle + {RGBColor[l, 0, 0], Thickness[0.01]}, PlotRange -+ {0, 1}}]],
{b, 0, 2}, AnimationRunning - False]
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For an unpolarized neutron beam we start with an equal mixture of spin up and spin down. Note that there
is no coherence in the spin state: it is up or down with equal probability.
ks
M50(a_, b_] := (M50up(a, b] + M50down[a, b]) / 2
M5H[a_, b_] := (M5Hup[a, b] + M5Hdown[a,6 b]) / 2
Animate [
Show [Plot [M50[a, b], {a, 0, 2 7}, {AxesLabel + { "phase (Radians)", "intensity" },
PlotStyle -+ {RGBColor [0, 0, 1], Thickness[0.01]}, PlotRange - {0, 1}}],
Plot[MS5H[a, b], {a, 0, 2}, (AxesLabel -+ {"phase (Radians)", "intensity" },
PlotStyle + {RGBColor[l, 0, 0], Thickness[0.01]}, PlotRange -+ {0, 1}}]],
{b, 0, 27}, AnimationRunning - False]
b © P RIY —
mntensity
1.0
k
08 [
0.6
04
0.2
+ phase (Radians)
If wae nlat what hannene ta the tun enin etatee than the tatal nicties ie paciar ta ens O canires we can da thie . Y v
200% » | F R ] PRI
- = i = = .
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Animate [
Show [Plot [M50[a, b], {a, 0, 2 7}, {AxesLabel -+ { "phase (Radians)", "intensity" },
PlotStyle -+ {RGBColor [0, 0, 1], Thickness[0.01]}, PlotRange - {0, 1}}],
Plot[MS5H[a, b], {a, 0, 2}, (AxesLabel »+ {"phase (Radians)", "intensity" },
PlotStyle -+ {RGBColor[l, 0, 0], Thickness[0.01]}, PlotRange - {0, 1}}11],
{b, 0, 2}, AnimationRunning - False]

ks

b € P R|Y —

intensity
1.0

0.6

4+ phase (Radians)

If we plot what happens to the two spin states then the total picture is easier to see. Of course we can do this

experiment by either preparing the neutrons in a particular state or by using a spin polarized detector. Does

it matter which we use?

Manipulate [Show | .

PlotIM50la. bl. {fa. 0. 2 r}. {AxesLabel -+ {"phase (Radians)". "O-beam intensitv" ). - \ y v
200% » “ b
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Animate [
Show [Plot [M50[a, b], {a, 0, 2 7}, {AxesLabel + { "phase (Radians)", "intensity" }, o
PlotStyle -+ {RGBColor [0, O, 1], Thickness[0.01]}, PlotRange - {0, 1}}],
Plot[MS5H[a, b], {a, 0, 2 7}, (AxesLabel + {"phase (Radians)", "intensity" },
PlotStyle -+ {RGBColor[l, 0, 0], Thickness[0.01]}, PlotRange -+ {0, 1}}11],
{b, 0, 2n}, AnimationRunning - False]
b (% P Al —
intensity
1.0
08
0.6
P ————
04
0.2 [
bt phase (Radiany)
0 ) L] ) 5 6H
If we plot what happens to the two spin states then the total picture is casier to see. Of course we can do this
experiment by either preparing the neutrons in a particular state or by using a spin polarized detector. Does
it matter which we use?
Manipulate [Show | . r
PlotIM50la. bl. fa. 0. 2 ). (AxesLabel -+ {"phase (Radians)". "O-beam intensitv" ). 2 . Y v
200% » 4/ b
-~ = -_TTE=TTTT = —_
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Animate [
Show [Plot [M50[a, b], {a, 0, 2 7}, {AxesLabel + { "phase (Radians)", "intensity" }, o
PlotStyle -+ {RGBColor [0, 0, 1], Thickness[0.01]}, PlotRange - {0, 1}}],
Plot[MS5H[a, b], {a, 0, 2 7}, (AxesLabel »+ {"phase (Radians)", "intensity" },
PlotStyle -+ {RGBColor[l, 0, 0], Thickness[0.01]}, PlotRange -+ {0, 1}}11],
{b, 0, 2x}, AnimationRunning - False]
b R P AR |—
mtensity
1.0
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0.6
04
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bbb phuse (Radiany)
0 ) L] ) 5 6H
If we plot what happens to the two spin states then the total picture is casier to see. Of course we can do this
experiment by either preparing the neutrons in a particular state or by using a spin polarized detector. Does
it matter which we use?
Manipulate [Show | . r
PlotIM50fa. bl. {a. 0. 2 7). (AxesLabel -+ ("phase (Radians)". "O-beam intensitv" }. - N Y .
200% » 4 b
— = - = = T
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1 ] 4
FlOT | MSUGOWN | A, D], (A4, U, £}, {AXesLapel - { pnase (Kaaians) , intensity }, d
PlotStyle -+ {RGBColor [0, .5, .5], Thickness [0.01]}, PlotRange - {0, 1}}]],
{b, 0, 2}, SaveDefinitions - True] ks
b 4)
&
O=beam intensity
1.0
(IR}
0.6
(1]
02
O TRV WU RUNT O T OSSO O W Yo W Ll phase (Radians)
0 | 2 3 4 5 6 [
Manipulate [Show|
Plot[M5H[a, b], {a, 0, 2 7}, (AxesLabel -+ {"phase (Radians)", "H-beam intensity" },
PlotStyle + {RGBColor [0, 0, 1], Thickness[0.01]}, PlotRange - {0, 1}}],
Plot [M5Hup[a, b], {a, 0, 2 7}, {AxesLabel -+ { "phase (Radians)", "intensity" },
PlotStyle + {RGBColor [0, 1, 0], Thickness[0.01]}, PlotRange -+ {0, 1}}],
Plot [M5Hdown[a, b], (a, 0, 2}, {AxesLabel -+ { "phase (Radians)", "intensity" },
PlotStyle -+ {RGBColor [0, 0.5, 0.5], Thickness[0.01]}, PlotRange -+ {0, 1}}]].,
{b, 0, 2}, SaveDefinitions - True] . B
200% » € ] 4 b Y
-~ = N = . = .
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Composite Rot |
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F
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- FlOT | MSUGOWN |a, D], (A4, U, £}, {AXesLapel - { pnase (Kaaians) , intensity }, d
PlotStyle + {RGBColor [0, .5, .5], Thickness [0.01]}, PlotRange -+ {0, 1}}]],
{b, 0, 2}, SaveDefinitions - True] ™
b 4*
O=beam intensity
1.0
08
0.6
(1]
02
PR e, PR S S W S SN W W S SR Asdit phase (Radians)
0 | 2 3 4 5 6 [
Manipulate [Show|[
Plot[M5H[a, b], {a, 0, 2 7}, (AxesLabel -+ {"phase (Radians)", "H-beam intensity" },
PlotStyle + {RGBColor [0, 0, 1], Thickness[0.01]}, PlotRange - {0, 1}}],
Plot [MS5Hup[a, b], {a, 0, 2 7}, {AxesLabel -+ { "phase (Radians)", "intensity" },
PlotStyle + {RGBColor [0, 1, 0], Thickness[0.01]}, PlotRange -+ {0, 1}}],
Plot [M5Hdown[a, b], (a, 0, 2}, {AxesLabel -+ { "phase (Radians)", "intensity" },
PlotStyle -+ {RGBColor [0, 0.5, 0.5], Thickness[0.01]}, PlotRange -+ {0, 1}}]].,
{b, 0, 27}, SaveDefinitions - True] . .
200% »| € b 4 b X
-~ S N = = .
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The phase flag can be magnetic and since the neutrons have spin we expect the contrast to be a function of
this magnetic field. Here we look at a simple example where the spin degree of freedom remains separable o
throughout the experiment and thus we do not need to expand the Hilbert space to describe the experiment.
Latter we will look at experiments where the spin and path degrees of freedom become entangled.
" phi_up 157 ¢ 3: _ [llv\(lc:urlunt (2.34 A]] '
600 L [)hl down=119 + 2 | + . n py
|d_phi 38 | T { ; f 2\
" b \ \ )
500 4% A L I, ,
7
- 5 ,
S s ! I
S 400 ' b \
5 y "
o " i '
< 300 | . " k [
@ \ ]
3 .
2 = 1 o
200 Y i ] .
r Y
\
100 , o) .
] L I
T T T T
2 ] 0 ] 2
Phase flag rotation, (degree)
Here we must add a new description where we run two experiments one for each neutron spin state. Note
the neutron is a spin 1/2 and the magnetic field in the sample is assumed to be uniform. . a
200% » | F R “» . i
-~ = - = = —_ '
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this magnetic field. Here we look at a simple example where the spin degree of freedom remains separable
throughout the experiment and thus we do not need to expand the Hilbert space to describe the experiment. E
Latter we will look at experiments where the spin and path degrees of freedom become entangled.
| . .
1T phi_up 157 + 2| . llu‘\(l(url(‘m (2.34 A)‘ l
600 <L phi_down=119 + 2| ! T : 'S
+; d_phi 318 ‘ \ 7 , '
} L 4 A i . \
r \ y \
. 1 Y
500 l‘ A - { |
" | |
, ; \
> J PR -
S 400 b
S 1 ;. &
o | " i
< 300 — + J
2 \
T | . / A [
200 — & 7
| !
. ’
| v /¥
100 ! ) .
‘ " 1 a I
‘ T T T T T
2 1 0 1 2
Phase flag rotation, (degree)
Here we must add a new description where we run two experiments one for each neutron spin state. Note
the neutron is a spin 1/2 and the magnetic field in the sample is assumed to be uniform.
res5up(a_, b_] := TrigReduce| , ‘
200% » | F L) a > M
-~ = - = = e Y
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