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The propagatior
equatior

This eq n eit be ved r r y as in R R COUPLED WAVE
THEOR

An app te mathemat t this ¢ t an be found (in the
case of monic index prof fa nptior nade tt nly a single
reference wav nd 1| W Xist t ratir )GELNIK

THEORY




< >

lyndvwr

D. mmmnm»um,unmmum.mmwm-mma
parallel stacked mirrors,” J. Mod. Optics. 59, 1113-1132 (2012)
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We can now use the Fresnel fc > A wn recurrence relations for

the reference and signal
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And now
grating essentially perfectly
into differential equation
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Boundary Conditions for Reflection Gratings

Ny=0=R.(y=0)=1
Sy gl=S (y=d)=0

Diffraction Efficiency

csh'(d)

n=80)S(0)
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Comparison of the
predictions of the PSM
analytical model

Kogelnik bupled wave
theory and a Runge—Kutta
numerical solution of the
Helmholtz equation for a

typical normal incidence

reflection grating of a
thickness of 7 mm and
with n0 = 1.5, n1 = 0.045
The gratir

at 532 nm
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Multi-colour grating index
profiles for a modulatior

nl=0.045
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Once a u ximate (but usually very accurate)
analytic
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A normal incidence
reflection grating recorded
using two wavelengths
nm and 660 nm. A value of
nl=n2=0.045/2 s used
giving a total index
modulation of 0.045. n(

1.5. The grating thickne

7 mm. (a) Replay near 660
nm and (b) ref

nm
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As before we simply
ray diagram - e.g
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Then we convert again to
differential form by letting the
number of layers go to infinity
and using Taylor expansions

We also make the
assumption onstant ray
direction

This gives a more gene
set of PSM equations
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These partial differential
equations can now be

simplified to ordinary
differential equations and
then very accurate simple
analytic solutions can be
found for both sin,
multi-colour gratings

Four graph ngth of typical
nik’s theory (red

thetac = 20 degree

grating thi
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The PSM equations which
describe slanted gratings are

derived by simply rotating
the unslanted PSM partial
differential equations
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The procedure of rotating the unslanted PSM (reflection)
€quations to describe a general slanted grating leads to
accurate analytic expressions for diffraction efficienc y of

both reflection and transmissio rating

As Ardie Osanlou et al show (see poster session) the PSM

analytic expressions generally provide slightly be
than Kogelnik’s theory for most reflecti t
converse is true for most transmis
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of the spatially grating,” Appl. Opt. 51,

D. Brotherton-Ratcliffe,
7188-7199 (2012).

The PSM theory may be
extended to describe
spatially multiplexed (and

multi-colour) gratings and

gives analytical results very
similar to N-Coupled Wav
theory.







The Multi-Colour N-PSM
theory c

analytically des:
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0. Brotherton-Ratcliffe, A. Osanlou and P. Excell, “Using the parallel-stacked mirror model to analytically describe diffraction in the
planar volume reflection grating with finite absorption”, Applied Optics Vol. 54, pp. 3700-3707 (2015)

PSM can be extended to describe gratings with finite |

oss
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Differential equations can ther

fashion as before
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D. Brotherton-Ratcliffe, H. Bjelkhagen, A. Osanlou, and P. Excell, “Diffraction in volume reflection
gratings with variable fringe contrast”, Applied Optics Vol. 54, pp.5057-5064 (2015)
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This contrast function gives
analytic solution with PS
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PSM in Quantum Physics, Neutron Optics
and Acousti T :

The PSM model may be utilised to desc ribe particle diffraction from quantum

periodic structures as the time inc 2pendent Schrédinger equation for a
harmonic potential is analyti ally identical to the rresponding Helmholtz
equation describi ptical diffraction from a harmonic index Potential
applications include the analysis of ne n super-mirrors that hz

recorded us ) ech 1es ( 14). Finally the

useful in th idy ¢ ou from harmor
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The PSM Theory is described in full detail in the follow references






