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MlE[a_] := Tr[Ezm . resl[a]]

Evaluation

Palettes

Plot [MlH[a], (a, 0, 27}, (AxesLabel - { "phase (Radians)"”, "O-beam intensity”)},

PlotStyle «+ (RGBColor [0, 1, 0], Thickness[0.01]}}]
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Kpected the sum of the O and H-beam intensities is |
Simplify[MlO[a] + MlH[a]]

e Problem 11: Here is a set of experimental data. The horizontal axis is given in terms of the difference in path length of silica
blades placed in the two paths. What width of silica corresponds to & ;7 phase shift in this experiment”? Suggest a few possible
reasons tor the differences between the experiment and theory. We will explore some of these next.
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lade with different transmission and reflection coefficients

E the probabilities of transmission and reflection add to 1 we can completely describe the action with only one
meter. t= Cos*2[a] and r = Sin*2[a]

Ubladeg(a_] := ({Cos[a], Sin[a]}, (-Sin[a], Cos[a]}}
Ubladeginv[a_] := Transpose[Conjugate[Ubladeg[a]]];
Simplify Refine [Ubladeg[a] . Ubladeginv[a], Element[a, Reals]]] // MatrixForm

[=]

¢ 1)

o Problem 2: We give the propagator for the general blade. give a Hamiltonian description for an infinitesimally thin blade.
Show that this integrates to the correction action for a thick blade.

e Problem 3: Give an interpretation for the Hamilionian. Note that we are describing a set of physics where there is at most one
scatter event in a single blade.

e Problem &: The blades have a finite thickness. Show that the reflected beam is spread relative to the incoming beam.
jddle blade

propagator for the mirror is its own inverse.

Um = ({0, I}, (-I,0}};

Uminv = Um;

Rifm: l0Zmamy // MatrixForm Page 43/71



Mathematica File Edit Insert Format Cell GCraphics Evaluation Palettes Window Help
YO #1.nb

c 3 ‘.. . 5 4 T J

Pirsa: 10020084 Page 44/71



Mathematica File Edit Insert Format Cell GCraphics Evaluation
N #1.nb

L
|

-
-
w
»
«
!

(> beam intensity

phase (Radians)

H - beam imtensity

lOrp

"5 b

06}

+ phase (Radians )

Pirsa: 10020084

Palettes

Window Help

3

Page 45/71



LMathematica File Edit Insert Format Cell Graphics Evaluation
My #1.nb

l"l Ry B

»
«
|

() beam intensity

phase (Radans)

H - beam: milensity
l1O0r

IV 5

bl s s s a b s s s a b oo s s a Lo a s 3 b a2 s s ) 2.3 :‘hﬁL\'l."RJl..'.lJr.S'

i
.
=

Pirsa: 10020084

Palettes

Window Help

3

Page 46/71



Mathematica File Edit Insert Format Cell GCraphics Evaluation Palettes Window Help
) #1.nb

C 2 : s 5 . J

purth experiment: Block one path

WMWWWMWWWWWW lmmmmmmmmwmmu
|
I

we look at the intensities at the O- and H-detectors for a perfect single crystal interferometer when we block
I:eam in the upward direction between the 2nd and 3rd blade. We will compute this by projecting the state
een these blades.

resd(a_] :=
rirEnicgReduce [ExpToTrig[Simplify[Ublade . Ezp . Um . Uphase[b, a] . Ublade . in . Page 47/71
Ubladeinv . Uphaseinv(b, a] . Uminv . Ezp . Ubladeinv]]]
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phase flag can be magnetic and since the neutrons have spin we expect the contrast to be a function of this mag-
field. Here we look at a simple example where the spin degree of freedom remains separable throughout the

iment and thus we do not need to expand the Hilbert space to describe the experiment. Latter we will look at
iments where the spin and path degrees of freedom become entangled.
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phase flag can be magnetic and since the neutrons have spin we expect the contrast to be a function of this mag-
field. Here we look at a simple example where the spin degree of freedom remains separable throughout the

mcm and thus we do not need to expand the Hilbert space to describe the experiment. Latter we will look at
iments where the spin and path degrees of freedom become entangled.
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Animate [

Show[Plot[M50([a, b], (a, 0, 2}, (AxesLabel +» {"phase (Radians)"”, "intensity"” },
PlotStyle «+» (RGBColor[0, 0, 1], Thickness[0.01]}, PlotRange -+ (0, 1}}],
Plot[M5H[a, b], (a, 0, 2 x}, {(AxesLabel + ("phase (Radians)"”, "intensity” },
PlotStyle -+ (RGBColor([1l, 0, 0], Thickness[0.01])}, PlotRange - (0, 1}}11,
(b, 0, 2x), AnimationRunning - False]
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 plot what happens to the two spin states then the total picture is easier to see. Of course we can do this experi-

by either preparing the neutrons in a particular state or by using a spin polarized detector. Does it matter which
se,ﬁ’irsa: 10020084 Page 54/71
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we must add a new description where we run two experiments one for each neutron spin state. Note the neu-
Iis a spin 1/2 and the magnetic field in the sample is assumed to be uniform.

resSup(a_, b_] :=
TrigReduce [ExpToTrig[Simplify[Ublade . Um . Uphase [0, a] . Usample[b] . Ublade .
in . Ubladeinv . Uphaseinv[0, a] . Usampleinv([b] . Uminv . Ubladeinv]]]

ﬁ%:’l%(ﬂm ia‘—' l’—-1 e Page 55/71
TrigReduce [ExpToTrig[Simplify[Ublade . Um . Uphase[0, a] . Usample[-b] . Ublade .

in . Ubladeinvy . Unhaseinv/i0. al . Usampleinv/i-b] . Uninvy . Ubladeinvi1]
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M50(a_, b_] := (M50up([a, b] + M50down[a, b]) /2

MSH[a , b ] :

(M5Hup [a, b] » M5Hdown [a, b]) /2

Animate [
Show[Plot[M50[a, b], (a, 0, 2}, (AxesLabel +» { "phase (Radians)"”", "intensity" },
PlotStyle -+ (RGBColor[0, 0, 1], Thickness[0.01]}, PlotRange + {0, 1}}],
Plot[MS5H[a, b], (a, 0, 2 v}, (AxesLabel + ("phase (Radians)"”, "intensity” },
PlotStyle -+ {RGBColor([1l, 0, 0], Thickness[0.01])}, PlotRange - {0, 1}}]11],
(b, 0, 2x), AnimationRunning - False]
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M50[a_, b_] := (MS5Oup[a, b] +» M50down[a, b]) /2

MS5H[a , b ] :

(MSHup [a, b] « M5Hdown[a, b]) /2

Animate [
Show [Plot[M50[a, b], (a, 0, 2}, (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[1l, 0, 0], Thickness[0.01]}, PlotRange - {0, 1}}11],
{b, 0, 2), AnimationRunning - False]
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= FLUTOTYLIE & (RUDLULUI [V, i, V], THICKUESS|(V.VL] ), PFiUTRauge =+ (U, 1)}, J
Plot [MSHdown[a, b], (a, 0, 2 ), (AxesLabel -+ {"“phase (Radians)"”, "intensity” },
PlotStyle «+ {RGBColor [0, 0.5, 0.5], Thickness[0.01]}, PlotRange - {0, 1}}11}.,
(b, 0, 2}, AnimationRunning -+ False]
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L" FLUTDOITYLE & {RUDLOULOL |V, 41, V], THLACRNESS | V.VL1] }J, FiUTRaAUge = (U, L7 7r]1, 1
Plot [MSHdown[a, b], (a, 0, 2 ), (AxesLabel -+ {"“phase (Radians)"”, "intensity” },
PlotStyle -+ (RGBColor [0, 0.5, 0.5], Thickness[0.01])}, PlotRange -+ (0, 1}}11},
(b, 0, 2}, AnimationRunning -+ False]
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= FLUTSTYLIE & (RGDLULUL (U, 4, V], ITHICKNESS(V.VL] ]}, PLUTRaugye =+ (U, 3551, 1
Plot [MS5Hdown[a, b], (a, 0, 2}, (AxesLabel -+ ("phase (Radians)"”, "intensity” },
PlotStyle -+ (RGBColor [0, 0.5, 0.5], Thickness[0.01]), PlotRange - (0, 1}}11},
(b, 0, 2}, AnimationRunning -+ False]
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= FLUTSTYLIE < (RUDLULUI [V, i, V], TUHICAUESS[V.VL]}, PLUTRAUYyeE =+ (v, 4], 1
Plot [MSHdown[a, b], (a, 0, 2}, (AxesLabel -+ {"“phase (Radians)"”, "intensity” },
PlotStyle +» {RGBColor [0, 0.5, 0.5], Thickness[0.01])}, PlotRange - {0, 1}}11},
(b, 0, 2}, AnimationRunning -+ False]
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