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Mathematica Version Advisory - =
This notebook was created in an earlier version of Mathematica

Most notebooks run without change. This 100! scans for possible ssues 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

= Graphics -

Show(pl, p2]
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Mathematica Version Advisory e 4
This notebook was created in an earlier version of Mathematica
Mast notebooks run without change. This 100l scans for possible ssues and suggests changes.

Scan for possible issues

Do not scan this notebook Never scan notebooks
[Ax68 > Falae, Boxed - Fal#e, Mesh - Falsee, PLOESEYLe - (Thickness|[.UL], ROBCGL6¥ (U, 1, U],

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

{Axes -+ False, Boxed + False, Mesh -+ False, PlotStyle +» {Thickness|[.0l1], RGBColor(1l, 0, 0]}}]],
(e, 0, n/4}, SaveDefinitions + True)
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Mathematica Version Advisory | 4
This notebook was created in an earlier version of Mathematica
Most notebooks run without change. This 100! scans for possible ssues and suggests changes.
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© Composite Rot.cdf

Scan for possible issues

Do not scan this notebook Never scan notebooks
[Ax68 > Falae, Boxed - False, Mesh - Falae, PLoESEYLe - (Thickness[.UL], ROBCGL6¥ (U, 1, U7,

ParametricPlotiD[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(1l, 0, 0]}}]].,
(e, 0, n/ 4}, SaveDefinitions + True)
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AN © QE Lec 3.cdf -
1 L ] \y J‘
res5up(a_, b_] := TrigReduce [
ExpToTrig [Simplify[Ubladeg([n /4] . Um . Uphase[a] . Usample[b] . Ubladeg(n /4] . in .
Ubladeginv([n/ 4] . Uphaseinv([a] . Usampleinv[b] . Uminv . Ubladeginv[n/4]]]] s
res5up(a, b]
1 : 1 L 1 . o . =
{ { (1+Cos[a+b]), iSinja+b]}, ¢ iSin[a+Db], (1-Cos[a+b])t}
‘2 2 /oL 2 2 )
res5down([a_, b_] := TrigReduce [ExpToTrig|
Simplify[Ubladeg([n /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.
MS5Oup[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
MSH(a_, b_] := (MSHup(a, b] + M5Hdown(a, b)) /2
Animate [
Show[Plot [M50[a, b], (a, 0, 2 r}, {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]
b € PR |— - -
200% » ':__ N 4 > M A
- = N = = -_—
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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
MS5H[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 7}, (AxesLabel »+ {"phase (Radians)", "intensity" },
PlotStyle -+ {RGBColor([l, 0, 0], Thickness[0.01]}, PlotRange -+ (0, 1}}]],
{b, 0, 27}, AnimationRunning - False]
b © P R|Y||—
mensily
1.0
)..
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0.6
04
0.2
+ phase (Radians)
I'f we nlnt what hannene ta the tan enin etatee then the tatal nictnies e pacionre tn eon OW conires we can da thie . Y v
200% » ) R} a»
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Animate [
Show [Plot [M50[a, b], {(a, 0, 2 7}, {AxesLabel -+ { "phase (Radians)", "intensity" },
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, 27}, AnimationRunning - False]

ks

b &» P AlY | —

nensity
1.0

08

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|

PlotIM50(la. bl. fa. 0. 2 7). (AxesLabel -+ {"phase (Radians)". "O-beam intensitv" ). - . ! v
200% » “ >
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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 N’ P | R|¥||—
intensity
1.0
(0.8
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|
04
0.2 [
At phase (Radians)
0 ) L) 1 S 6
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 | . -
PlotIM50fa. bl. fa. 0. 2 7). (AxesLabel -+ ("phase (Radians)". "O-beam intensitv" }. - " g v
200% » 4 »
- = N = = N
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Animate [
Show [Plot [M50[a, b], {a, 0, 2 7}, {AxesLabel -+ { "phase (Radians)", "intensity" }, =
PlotStyle -+ {RGBColor [0, O, 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, 2n}, AnimationRunning - False]
b 'k‘ P AR|lY |—
intensity
1.0
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0.6 i
04
0.2 [
Attt bbb phase (Radians)
0 2 L) 1 5 f
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 | . .
PlotIM50fla. bl. fa. 0. 2 n}. (AxesLabel -+ ("phase (Radians)". "O-beam intensitv" }. - . * v
200% » a b
- = - = = -
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d
1 | # ‘
- FlOt |M>UGQOWN|a, b|, {4, U, £}, {AXesLapel - { pnase (Kaaians) , 1ntensity }, -
PlotStyle -+ {RGBColor [0, .5, .5], Thickness [0.01]}, PlotRange -+ (0, 1}}]],
{b, 0, 27}, SaveDefinitions - True] ks
b
(N
O=beam intensity
1.0
0.8
0.6
04
02
TRV RN e R VRS TR Y A8 AR VLY Aot ddbda i phase (Radians)
0 | 2 i 4 J [+] [
Manipulate [Show|
Plot[M5H[a, b], {a, 0, 2 n}, (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 v}, {AxesLabel -+ { "phase (Radians)", "intensity" ),
PlotStyle -+ {RGBColor [0, 0.5, 0.5], Thickness[0.01]}, PlotRange -+ {0, 1}}]].,
{b, 0, 2}, SaveDefinitions - True] . r
200% »| € ) ; Y
-~ = i % = o =T -

Pirsa: 12030006 Page 34/37



® Mathematica File Edit Insert Format Cell Graphics Evaluation Palettes Window Help Y W) D) = 4 @] Wed 957 AM dcory Q
Composite Rot.cd

s MNo & QE Lec 3.cdf

d
1 2 b 4
- rlot|Msvaown|a, o), (a4, U, £}, {AXesLapel -+ { pnase (Kaaians) , intensity }, o
PlotStyle -+ {RGBColor [0, .5, .5], Thickness [0.01]}, PlotRange -+ {0, 1}}]],
{b, 0, 2}, SaveDefinitions - True] ks
b ik‘
O-beam intensity
1.0
0.8
0.6
1L}
02
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Manipulate [Show|
Plot[M5H[a, b], {a, 0, 2 n}, (AxesLabel » {"phase (Radians)", "H-beam intensity" },
PlotStyle + {RGBColor [0, 0, 1], Thickness[0.01]}, PlotRange - {0, 1}}],
Plot [MSHup[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 v}, {AxesLabel -+ { "phase (Radians)", "intensity" ),
PlotStyle -+ {RGBColor [0, 0.5, 0.5], Thickness[0.01]}, PlotRange -+ {0, 1}}]].,
{b, 0, 2}, SaveDefinitions -+ True] . 4
200% »| b “ > 4
-~ = . = 5 = 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 =
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.
r
I - " 1
[T phi_up 157 £ 2 [I ield current (2.34 A)J E
- T H 1
600 —-& phi_down=119 + 2 * I o p Y
' |d_phi 38 p 2 \ vy i
. { -
' 500 <& A - { |
m :
- 1
— R k I
> 400 ! \
5 1 .
5 y 1 ‘
o | ] i I .
< 300 : * / k [
@ -
2 . ) f
200 — B (I
I Y
!
100 ! . L
[ ] al g
T 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. . r
200% » | F R “« > M a
- = -, = = - :
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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.
[1 phi_up 157 ¢ .,'] : Illr'h‘lcurwl\r (2.34 A)J :
600 —4 phi_down=119 + 2 i _* T '. .
d_phi 38 J T ¢ s »
L R o &Y
500 . \ L] |
5 .
,‘ ¥ ..
: 'R i
> 400 ' ? y
"1 X ‘. 1 .
= b i
< 300 # o
3 . ) : 4
200 — IR i ;
100 ? . .
[ 1 a I
T T T T
2 1 0 1
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| , S
200% » » <»
- = - =
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