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Reading Assignment: Chapter 3.4
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Problems on Blackboard Chapter 3: 1,3,4,6,8
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HW #02 \

1. Knowing that the photoelectric absorption of an element scales as the inverse of the energy
cubed, calculate:

(a) the absorption coefficient at 10keV for copper when the value at 5keV is 1698.3 cm™1;

(b) The actual absorption coefficient of copper at 10keV is 1942.1 cm~!, why is this so
different than your calculated value?

2. A 30 cm long, ionization chamber, filled with 80% helium and 20% nitrogen gases at 1
atmosphere, is being used to measure the photon rate (photons/sec) in a synchrotron
beamline at 12 keV. If a current of 10 nA is measured, what is the photon flux entering the
ionization chamber?

3. A 5 cm deep ionization chamber is used to measure the fluorescence from a sample
containing arsenic (As). Using any noble gases or nitrogen, determine a gas fill (at 1
atmosphere) for this chamber which absorbs at least 60% of the incident photons. How does
this change if you are measuring the fluorescence from ruthenium (Ru)?
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HW #02

4. Calculate the critical angle of reflection of 10 keV and 30 keV x-rays for:
(a) A slab of glass (SiO2);
(b
(c
(d

) A thick chromium mirror;
) A thick platinum mirror.
)

If the incident x-ray beam is 2 mm high, what length of mirror is required to reflect the
entire beam for each material?

5. Calculate the fraction of silver (Ag) fluorescence x-rays which are absorbed in a 1 mm thick
silicon (Si) detector and the charge pulse expected for each absorbed photon. Repeat the
calculation for a 1 mm thick germanium (Ge) detector.
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Scintillation detector

Useful for photon counting experiments with rates less than 10%/s
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Scintillation detector

Useful for photon counting experiments with rates less than 10%/s
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Scintillator

Nal(Tl), Yttrium Aluminum Perovskite (YAP) or plastic which, absorb x-rays and
fluoresce in the visible spectrum.

Light strikes a thin photocathode which emits electrons into the vacuum portion of a
photomultiplier tube.

® Photoelectrons are accelerated in steps, striking dynodes and becoming amplified.
Output voltage pulse is proportional to initial x-ray energy.

PHYS 570 - Fall 2021

Carlo Segre (lllinois Tech) September 09, 2021

4/23



Counting a scintillator pulse N

the scintillator and photomultiplier put out a very fast negative-
going tail pulse which is porportional to the energy of the pho-
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Counting a scintillator pulse V

the scintillator and photomultiplier put out a very fast negative-
going tail pulse which is porportional to the energy of the pho-

1 ton
I

a fast shaping and inverting amplifier is used to convert this
fast tail pulse to a more complete positive voltage pulse which
can be processed

: an energy discriminator with a threshold, E, and window AE
| is used to detect if the voltage pulse has the desired height
1 (which corresponds to the x-ray energy to be detected)

if the voltage pulse falls within the discriminator window, a
short digital pulse is output from the discriminator and into a
scaler for counting
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Solid state detectors V

The energy resolution of a scintillator is very poor and it is often necessary to be able to
distinguish the energy of specific x-rays. The semiconductor detector is ideal for this purpose.
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The energy resolution of a scintillator is very poor and it is often necessary to be able to
distinguish the energy of specific x-rays. The semiconductor detector is ideal for this purpose.

a semiconductor such as Si or Ge has a completely
filled valence band and an empty conduction band
separated by an energy gap AE of ~ 1.2 eV for Si
and ~ 0.7 eV for Ge
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The energy resolution of a scintillator is very poor and it is often necessary to be able to
distinguish the energy of specific x-rays. The semiconductor detector is ideal for this purpose.

a semiconductor such as Si or Ge has a completely Conduction Band
filled valence band and an empty conduction band
separated by an energy gap AE of ~ 1.2 eV for Si
and ~ 0.7 eV for Ge AE

when a photon is absorbed by the semiconductor,
it promotes electrons from the valence to the con-

duction band creating an electron-hole pair Valence Band

because of the small energy required to produce an electron-hole pair, one x-ray photon will
create many and its energy can be detected with very high resolution
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Semiconductor junctions VY

Producing the electron-hole pairs is not sufficient. It is necessary to extract the charge from
the device to make a measurement
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Semiconductor junctions VY

Producing the electron-hole pairs is not sufficient. It is necessary to extract the charge from
the device to make a measurement

start with two pieces of semiconductor, one n-type
and the other p-type |

if these two materials are brought into contact, a nat- <

ural depletion region is formed where there is an elec- €
tric field £

this region is called an intrinsic region and is the only \

place where an absorbed photon can create electron-
hole pairs and have them be swept to the p and n
sides, respectively

depletion region

by applying a reverse bias voltage, it is possible to extend the depleted region, make the
effective volume of the detector larger and increase the electric field to get faster charge
collection times
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- . N
Silicon Drift Detector YV
Same principle as intrinsic or p-i-n detector but much more compact and operates at higher
temperatures

anode

field strips

s
integrated FET g

— -V —

p* ‘

back contact

Relatively low stopping power is a drawback
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Detector operation vV
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Detector operation vV

+Vhias { P-doped

Li metal

output current is integrated into voltage pulses by a pre-amp, when maximum voltage is
reached, output is optically reset
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reached, output is optically reset

fast channel “sees” steps and starts integration;
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reached, output is optically reset

fast channel “sees” steps and starts integration; pulse heights are measured with slow channel
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Detector operation vV

+Vhias { P-doped

A, pileup A, A, A,

Li metal

output current is integrated into voltage pulses by a pre-amp, when maximum voltage is
reached, output is optically reset

fast channel “sees” steps and starts integration; pulse heights are measured with slow channel
by integration; and detected pulse pileups are rejected

electronics outputs input count rate (icr), output count rate (ocr), and areas of integrated
pulses (Ap)
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If the overall input count rate is low
enough, the output count rate is linear
and can be corrected for dead time by
a simple ratio

As the input count rate increases the
output count rate is significantly lower
and gets worse with higher photon
rate

If these curves are known, a dead time
correction can be applied to correct
for roll-off

When dead time is too large, correc-
tion will not be accurate!
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SDD spectrum V

Fluorescence spectrum of Cu foil in air
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Area detectors V

Area detectors have been used for many years and include older technologies such as 2D gas
proportional detectors, image plates, and even photographic film!
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proportional detectors, image plates, and even photographic film!

Will look carefully only at more modern technologies such as Charge Coupled Device (CCD)
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Area detectors have been used for many years and include older technologies such as 2D gas
proportional detectors, image plates, and even photographic film!

Will look carefully only at more modern technologies such as Charge Coupled Device (CCD)
based detectors and active pixel array detectors

The basic criteria which need to be evaluated in order to choose the ideal detector for an
experiment are:
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proportional detectors, image plates, and even photographic film!

Will look carefully only at more modern technologies such as Charge Coupled Device (CCD)
based detectors and active pixel array detectors

The basic criteria which need to be evaluated in order to choose the ideal detector for an
experiment are:
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® Pixel size - 20 um x 20 pum or larger is typical

® Detector speed - readouts of 5 ms to 1 s are available
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Area detectors have been used for many years and include older technologies such as 2D gas
proportional detectors, image plates, and even photographic film!

Will look carefully only at more modern technologies such as Charge Coupled Device (CCD)
based detectors and active pixel array detectors

The basic criteria which need to be evaluated in order to choose the ideal detector for an
experiment are:

® Area - 20 cm x 20 cm is often standard
® Pixel size - 20 um x 20 pum or larger is typical
® Detector speed - readouts of 5 ms to 1 s are available

® Dynamic range - 16 bits is typical, more is possible
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Area detectors V

Area detectors have been used for many years and include older technologies such as 2D gas
proportional detectors, image plates, and even photographic film!

Will look carefully only at more modern technologies such as Charge Coupled Device (CCD)
based detectors and active pixel array detectors

The basic criteria which need to be evaluated in order to choose the ideal detector for an
experiment are:

® Area - 20 cm x 20 cm is often standard

® Pixel size - 20 um x 20 pm or larger is typical

® Detector speed - readouts of 5 ms to 1 s are available
® Dynamic range - 16 bits is typical, more is possible

The most advanced detectors can easily cost over a million dollars!
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CCD detectors - direct \ 74

One of the two configurations typical of CCD
detectors is direct measurement of x-rays
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CCD detectors - direct \d

One of the two configurations typical of CCD
detectors is direct measurement of x-rays . .
4 the direct measurement CCD is just a seg-
mented silicon detector

layer

depletion
region
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CCD detectors - direct

One of the two configurations typical of CCD
detectors is direct measurement of x-rays
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|
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the direct measurement CCD is just a seg-
mented silicon detector

the x-ray deposits its energy directly in
the depletion region, creating electron-hole
pairs
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cumulate during the exposure time
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CCD detectors - direct \id

One of the two configurations typical of CCD

detectors is direct measurement of x-rays . .
4 the direct measurement CCD is just a seg-

mented silicon detector
electrodes
oxide—— NN NN NN NNSNNNNSNNNX

layer e

.o

the x-ray deposits its energy directly in

of
1 10-20 um the depletion region, creating electron-hole
depletion *** .
region ! pairs
pixel 500 um the electrons and holes are trapped and ac-

cumulate during the exposure time

when readout starts, the charge is swept to the electrodes and read out, consecutively,
line-by-line
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CCD detectors - direct

One of the two configurations typical of CCD
detectors is direct measurement of x-rays

layer

depletion
region

pixel

A\

the direct measurement CCD is just a seg-
mented silicon detector

the x-ray deposits its energy directly in
the depletion region, creating electron-hole
pairs

the electrons and holes are trapped and ac-
cumulate during the exposure time

when readout starts, the charge is swept to the electrodes and read out, consecutively,

line-by-line

expensive to make very large, limited sensitivity to high energies

Carlo Segre (lllinois Tech)
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CCD detectors - indirect \ 74

The largest area detectors are made using the CCD in
indirect mode
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CCD detectors - indirect

The largest area detectors are made using the CCD in
indirect mode

The CCD is coupled optically to a fiber optic taper which
ends at a large phosphor
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CCD detectors - indirect

The largest area detectors are made using the CCD in
indirect mode

The CCD is coupled optically to a fiber optic taper which
ends at a large phosphor

When an x-ray is absorbed at the phosphor, visible light
photons are emitted in all directions
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CCD detectors - indirect

The largest area detectors are made using the CCD in
indirect mode

The CCD is coupled optically to a fiber optic taper which
ends at a large phosphor

When an x-ray is absorbed at the phosphor, visible light
photons are emitted in all directions

A fraction of the visible light is guided to the CCD chip(s)
at the end of the taper
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CCD detectors - indirect

The largest area detectors are made using the CCD in
indirect mode

The CCD is coupled optically to a fiber optic taper which
ends at a large phosphor

When an x-ray is absorbed at the phosphor, visible light
photons are emitted in all directions

A fraction of the visible light is guided to the CCD chip(s)
at the end of the taper

This detector requires careful geometric corrections, par-
ticularly with multiple CCD arrays
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CCD detectors - indirect

The largest area detectors are made using the CCD in
indirect mode

The CCD is coupled optically to a fiber optic taper which
ends at a large phosphor

When an x-ray is absorbed at the phosphor, visible light
photons are emitted in all directions

A fraction of the visible light is guided to the CCD chip(s)
at the end of the taper

This detector requires careful geometric corrections, par-
ticularly with multiple CCD arrays

Pixel sizes are usually rather large (50 um x 50 pm)
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Pixel array detectors - schematic \id

The Pixel Array Detector combines area detection
with on-board electronics for fast signal processing
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Pixel array detectors - schematic

diode detection

solder

_ "i/ bumps

Carlo Segre (lllinois Tech)

A\

The Pixel Array Detector combines area detection
with on-board electronics for fast signal processing
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Pixel array detectors - schematic \id

diode detection

solder

_ "i/ bumps

Carlo Segre (lllinois Tech)

The Pixel Array Detector combines area detection
with on-board electronics for fast signal processing

The diode layer absorbs x-rays and the electron-

hole pairs are immediately swept into the CMQOS
electronics layer
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Pixel array detectors - schematic \id

diode detection

solder

_ "i/ bumps

Carlo Segre (lllinois Tech)

The Pixel Array Detector combines area detection
with on-board electronics for fast signal processing

The diode layer absorbs x-rays and the electron-
hole pairs are immediately swept into the CMQOS

electronics layer

This permits fast processing and possibly energy
discrimination on a per-pixel level
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Pixel array detectors - Pilatus

Carlo Segre (lllinois Tech)

A\

Pixel array detector with 1,000,000 pixels.

Each pixel has energy resolving capa-
bilities & high speed readout.

Silicon sensor limits energy range of
operation.

from Swiss Light Source
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High energy solutions 7

One of the major problems with pixel
array detectors and SDDs is the low
absorption cross section at high ener-
gies
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High energy solutions V

120% [ — Silicon (500um)
Ge/ GaAs (500um)
—CdTe (500um)

100%

One of the major problems with pixel
array detectors and SDDs is the low
absorption cross section at high ener-
gies

80% |
60% |
40% |
A solution is to use a semiconductor

other than Si, for example Ge, GaAs
or, CdTe

20% |

Proportion absorbed / interacting

0% [
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X-ray energy (keV)
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High energy solutions i

120% — Silicon (500um)
Ge/ GaAs (500um)

100% —CdTe (500um)

One of the major problems with pixel
array detectors and SDDs is the low
absorption cross section at high ener-
gies

80% |
60% |
40% |

A solution is to use a semiconductor

20% |
[ other than Si, for example Ge, GaAs

Proportion absorbed / interacting

S I . — or, CdTe
. I o 60 80 100

X-ray energy (keV)

The absorption can be significantly enhanced with these higher Z elements while maintaining
good energy discrimination capabilities.
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Refractive index in the x-ray region i

When visible light passes from one medium to another, it changes direction ac-
cording to Snell's Law which depends on the index of refraction of the two media.
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Refractive index in the x-ray region YV

When visible light passes from one medium to another, it changes direction ac-
cording to Snell's Law which depends on the index of refraction of the two media.

For visible light, the index of refraction of a transparent medium is always greater
than unity and this is exploited to create lenses and optical devices.
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Refractive index in the x-ray region \ i

When visible light passes from one medium to another, it changes direction ac-
cording to Snell's Law which depends on the index of refraction of the two media.

For visible light, the index of refraction of a transparent medium is always greater
than unity and this is exploited to create lenses and optical devices.

For x-rays, there is also an index of refraction but it is always slightly less than

unity, resulting in phenomena which can be used to create x-ray optics and a host
of experimental techniques.
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Refractive index in the x-ray region \ i

When visible light passes from one medium to another, it changes direction ac-
cording to Snell's Law which depends on the index of refraction of the two media.

For visible light, the index of refraction of a transparent medium is always greater
than unity and this is exploited to create lenses and optical devices.

For x-rays, there is also an index of refraction but it is always slightly less than
unity, resulting in phenomena which can be used to create x-ray optics and a host
of experimental techniques.

The refraction and reflection of x-rays derive fundamentally from the scattering
of x-rays by electrons and the fact that the scattering factor is negative, —ry.
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Refractive index in the x-ray region \ i

When visible light passes from one medium to another, it changes direction ac-
cording to Snell's Law which depends on the index of refraction of the two media.

For visible light, the index of refraction of a transparent medium is always greater
than unity and this is exploited to create lenses and optical devices.

For x-rays, there is also an index of refraction but it is always slightly less than
unity, resulting in phenomena which can be used to create x-ray optics and a host
of experimental techniques.

The refraction and reflection of x-rays derive fundamentally from the scattering
of x-rays by electrons and the fact that the scattering factor is negative, —ry.

Initially assume that all interfaces are perfectly flat and ignore all absorption pro-
cesses.
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Thin plate response - scattering approach

perpendicular distance Ry away.
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Thin plate response - scattering approach

A\

Consider a thin plate of thickness A onto which x-rays are incident from a point source S a

perpendicular distance Ry away. A detector is placed at P, also a perpendicular distance Ry on

the other side of the plate.

Carlo Segre (lllinois Tech) PHYS 570 - Fall 2021

September 09, 2021

19/23



Thin plate response - scattering approach A\

Consider a thin plate of thickness A onto which x-rays are incident from a point source S a
perpendicular distance Ry away. A detector is placed at P, also a perpendicular distance Ry on
the other side of the plate. We consider a small volume at location (x, y) which scatters the

X-rays.

\\\W‘*/Z/
S Ro R / / P

— A
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Thin plate response - scattering approach A\

Consider a thin plate of thickness A onto which x-rays are incident from a point source S a
perpendicular distance Ry away. A detector is placed at P, also a perpendicular distance Ry on
the other side of the plate. We consider a small volume at location (x, y) which scatters the

X-rays.

X
‘ The plate has electron density p and the vol-
\\/ o ume Adxdy contains pAdxdy electrons which
T \%\\ Z / scatter the x-rays.
e 3
S Ro Ro //P

— A
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Thin plate response - scattering approach A\

Consider a thin plate of thickness A onto which x-rays are incident from a point source S a
perpendicular distance Ry away. A detector is placed at P, also a perpendicular distance Ry on
the other side of the plate. We consider a small volume at location (x, y) which scatters the
X-rays.

X

‘ The plate has electron density p and the vol-
X ume Adxdy contains pAdxdy electrons which
" +s scatter the The di
\ - ~ x-rays. The distance from S to the
/\V\ A scattering volume is
S Ro Ro //P

— A
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Thin plate response - scattering approach A\

Consider a thin plate of thickness A onto which x-rays are incident from a point source S a
perpendicular distance Ry away. A detector is placed at P, also a perpendicular distance Ry on
the other side of the plate. We consider a small volume at location (x, y) which scatters the
X-rays.

The plate has electron density p and the vol-

‘X
N ume Adxdy contains pAdxdy electrons which
R N\ A :
%// /\\\Z / scatter the x-rays. The distance from S to the
Y A scattering volume is
S Ro Ro //P

R=1/R2+ x%+ y?

— A
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Thin plate response - scattering approach A\

Consider a thin plate of thickness A onto which x-rays are incident from a point source S a
perpendicular distance Ry away. A detector is placed at P, also a perpendicular distance Ry on
the other side of the plate. We consider a small volume at location (x, y) which scatters the
X-rays.

The plate has electron density p and the vol-

‘X
N ume Adxdy contains pAdxdy electrons which
R N\ A :
%// /\\\Z / scatter the x-rays. The distance from S to the
Y A scattering volume is
S Ro Ro //P

R=1/R2+ x%+ y?

— A

x2 +y2
RS

R =Ry |1+
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Thin plate response - scattering approach A\

Consider a thin plate of thickness A onto which x-rays are incident from a point source S a
perpendicular distance Ry away. A detector is placed at P, also a perpendicular distance Ry on
the other side of the plate. We consider a small volume at location (x, y) which scatters the
X-rays.

X

‘ The plate has electron density p and the vol-

N ume Adxdy contains pAdxdy electrons which

R N\ A :
%// /\\\Z / scatter the x-rays. The distance from S to the
Y A scattering volume is
S Ro Ro //P
R=1/R2+ x%+ y?

x2 + y2
2R?

— A

x2 +y2
RS

R:Rg 1+ %R0|:1—|-
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Thin plate response - scattering approach V'

R is also the distance between the scattering volume and P so, a wave (x-ray) which travels
from S — P through the scattering volume will have an extra phase shift

Carlo Segre (lllinois Tech) PHYS 570 - Fall 2021 September 09, 2021 20/23



Thin plate response - scattering approach V'

R is also the distance between the scattering volume and P so, a wave (x-ray) which travels
from S — P through the scattering volume will have an extra phase shift

x2 +y2
2R?

P(x,y) = 2k
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Thin plate response - scattering approach V'

R is also the distance between the scattering volume and P so, a wave (x-ray) which travels
from S — P through the scattering volume will have an extra phase shift

X2 4 y? B X2+y2k
2 2
2R R3
compared to a wave which travels directly
along the z-axis.

P(x,y) = 2k
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Thin plate response - scattering approach A\

R is also the distance between the scattering volume and P so, a wave (x-ray) which travels
from S — P through the scattering volume will have an extra phase shift

X2ry? x2qy?
P(x,y) = 2k QRg = Rg k
compared to a wave which travels directly
along the z-axis. The wave which is scattered
through the volume will have the form
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Thin plate response - scattering approach V'

R is also the distance between the scattering volume and P so, a wave (x-ray) which travels
from S — P through the scattering volume will have an extra phase shift

X2ry? x2qy?
P(x,y) = 2k QRg = Rg k
compared to a wave which travels directly
along the z-axis. The wave which is scattered
through the volume will have the form
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Thin plate response - scattering approach V'

R is also the distance between the scattering volume and P so, a wave (x-ray) which travels
from S — P through the scattering volume will have an extra phase shift

x2+y2 _ X2+y2k

=2k =
B(x,y) QRg Rg
compared to a wave which travels directly
/ along the z-axis. The wave which is scattered
A i through the volume will have the form
— 0

ikRo
> (pAdxdy)
Ro

e
dq/)_f%(
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Thin plate response - scattering approach V'

R is also the distance between the scattering volume and P so, a wave (x-ray) which travels
from S — P through the scattering volume will have an extra phase shift

x2+y2 _ X2+y2k

=2k =
B(x,y) QRg Rg
compared to a wave which travels directly
/ along the z-axis. The wave which is scattered
A i through the volume will have the form
— 0

ikRoy ikRo
p_[€ e
avg ~ (G )ondan) (0% )
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Thin plate response - scattering approach V'

R is also the distance between the scattering volume and P so, a wave (x-ray) which travels
from S — P through the scattering volume will have an extra phase shift

x2+y2 _ X2+y2k

=2k =
B(x,y) QRg Rg
compared to a wave which travels directly
/ along the z-axis. The wave which is scattered
A i through the volume will have the form
— 0

ikRo

e
dyf ~
s (Ro

ikRo\
> (pAdxdy) <beR> el#(x)
0
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Thin plate response - scattering approach N

oikRo okRO\
cr'dfllsD = ( 5 )p(Adxdy) (—b - ) e/¢(x.y)
0 0
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Thin plate response - scattering approach V'

oikRo elkRO\ | A J A
dwi; _ ( ) p(Adxdy) (—b > el ®(x,y) nt(?grate the scattered wave over the
Ro Ro entire plate.
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Thin plate response - scattering approach A\

eikRo ekRo\ .
dwi; _ ( ) p(Adxdy) (—b > o ¢(x.y) Int(?grate the scalltt.ered Wa\./e ove.r the
Ro Ro entire plate. This integral is basically
a Gaussian integral squared with an
imaginary (instead of real) constant

ei2kR0 00 X +2y k
¢§ :/deg = —pbA 2 / e R0 dxdy in the exponent and it gives
0 J—o0
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Thin plate response - scattering approach

eikRo ekRo\ .
dyf = ( - )p(Adxdy) (—b 5 )e"i’(w)
0 0

ei2kR0 00 X +2y k
¢g :/dd}g = —pbA =2 / e 0 dxdy
0 J—o0

Carlo Segre (lllinois Tech)

PHYS 570 - Fall 2021

A\

Integrate the scattered wave over the
entire plate. This integral is basically
a Gaussian integral squared with an
imaginary (instead of real) constant
in the exponent and it gives

o0 I-X2+y2 k R
/ e R dxdy = FaAY)
oo k
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Thin plate response - scattering approach

eikRo ekRo\ .
dyf = ( - )p(Adxdy) (—b 5 )e"i’(w)
0 0

p p ei2kR0 00 X +2y k
o = [a0g = —ppn = [

R2 ) o
ei2kRo 7Ry
= —pbA——— [ i—
PPETRE ( k>
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A\

Integrate the scattered wave over the
entire plate. This integral is basically
a Gaussian integral squared with an
imaginary (instead of real) constant
in the exponent and it gives

2,2
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Thin plate response - scattering approach \d

eikRo ekRo\ .
dwi; _ ( > p(Adxdy) <—b > o ¢(x.y) Intggrate the scalltt.ered Wa\./e ove.r the
Ro Ro entire plate. This integral is basically
a Gaussian integral squared with an
imaginary (instead of real) constant

ei2kR0 00 X +2y
¢’S’ :/Ch/;g = —pbA 2 / e R0 dxdy in the exponent and it gives
0 J—o0
i2kRo R 00 'X2+y2k R
e LTTIXQ 1 ] NIWAG)
SR YN B dxdy = i 0
2 (2) [

Thus the total wave (electric field) at P can be written
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Thin plate response - scattering approach

eikRo ekRo\ .
dyf = ( - )p(Adxdy) <—b 5 )e"i’(w)
0 0

p p ei2kR0 00 X +2y k
o = [a0g = —ppn = [

R2 ) o
ei2kRo 7Ry
= —pbA——— [ i—
PPETRE ( k>

Thus the total wave (electric field) at P can be written

P = yf +yF

Carlo Segre (lllinois Tech) PHYS 570 - Fall 2021

Integrate the scattered wave over the
entire plate. This integral is basically
a Gaussian integral squared with an
imaginary (instead of real) constant
in the exponent and it gives
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/e RS dxdy:i%

— 00
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Thin plate response - scattering approach \d

oikRo elkRoN | h q h
dyP = ( - >p(Adxdy) <—b - >e:¢>(x,y) ntggrate the scalltt.ere wave over the
0 0 entire plate. This integral is basically
a Gaussian integral squared with an
i2kRy oo j24r imaginary (instead of real) constant
¢’S’ :/ch/;g — _pbAeR2 / e R dxdy in the exponent and it gives
0 —00
i2kRo 00 jx*4y?

Thus the total wave (electric field) at P can be written

i2kRo TI'RO ei2kRo

i jobAO =
2R, PR TR

WP = b +4E =
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Thin plate response - scattering approach \d

oikRo elkRoN | h q h
dyf = p(Ddxdy) b el(xy) ntegrate the scattered wave over the
S R R . . . . .
0 0 entire plate. This integral is basically
a Gaussian integral squared with an
oi2kRy oo iy imaginary (instead of real) constant
w's’ :/dd}g = —pbA 2 / e R dxdy in the exponent and it gives
0 —00
i2kRo R 00 'X2+y2k R
€ NIWAY) =3 NIWAG)
= —pbA—z— | i— e fo dxdy =i—
7 (%) [ :
Thus the total wave (electric field) at P can be written
i2kRo i2kRo
P P p € . TRy e P 2mpbA
YT =1y +9s 2Ry ipb k R Yo [ L
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Thin plate response - refraction approach N

Now let's look at this phenomenon from a different point of view, that of refraction.
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Thin plate response - refraction approach V

Now let's look at this phenomenon from a different point of view, that of refraction. Assume
that the wave passing through the plate simply gains a phase shift because it passes through a
medium compared to a wave which does not have the plate present.

X
\IJP
R \
s "I |R Ro/ P
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Thin plate response - refraction approach A\

Now let's look at this phenomenon from a different point of view, that of refraction. Assume
that the wave passing through the plate simply gains a phase shift because it passes through a
medium compared to a wave which does not have the plate present.

X The phase shift depends on the thickness and
yF the difference between the index of refraction
\ of the medium and that of vacuum
MR
s "I |R Ry P
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Thin plate response - refraction approach A\

Now let's look at this phenomenon from a different point of view, that of refraction. Assume
that the wave passing through the plate simply gains a phase shift because it passes through a
medium compared to a wave which does not have the plate present.

X The phase shift depends on the thickness and
yF the difference between the index of refraction
\ \\ of the medium and that of vacuum
MR A A
(==
s T 1r R P ’ ”(A' A)

— A
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Thin plate response - refraction approach A\

Now let's look at this phenomenon from a different point of view, that of refraction. Assume
that the wave passing through the plate simply gains a phase shift because it passes through a
medium compared to a wave which does not have the plate present.

X The phase shift depends on the thickness and
yF the difference between the index of refraction
\ \\ of the medium and that of vacuum
L) nA A
(==
s " TR Ro P ¢ ”(A A)

— A
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Thin plate response - refraction approach A\

Now let's look at this phenomenon from a different point of view, that of refraction. Assume
that the wave passing through the plate simply gains a phase shift because it passes through a
medium compared to a wave which does not have the plate present.

X The phase shift depends on the thickness and
yF the difference between the index of refraction
\ \\ of the medium and that of vacuum
L) nA A
(==
s” " T TR, Ro P ¢ =2m ( A\ /\>
P
2
Yo = A -1)

Carlo Segre (lllinois Tech) PHYS 570 - Fall 2021 September 09, 2021 22/23



Thin plate response - refraction approach A\

Now let's look at this phenomenon from a different point of view, that of refraction. Assume
that the wave passing through the plate simply gains a phase shift because it passes through a
medium compared to a wave which does not have the plate present.

X The phase shift depends on the thickness and
yF the difference between the index of refraction
\ \\ of the medium and that of vacuum
L) nA A
(==
s " TR Ro P ¢ ”(A A)
P
2
oo ., = STA(n— 1) = kA(n - 1)
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Thin plate response - refraction approach A\

Now let's look at this phenomenon from a different point of view, that of refraction. Assume
that the wave passing through the plate simply gains a phase shift because it passes through a
medium compared to a wave which does not have the plate present.

X
WP
L) \\\\
S T R, RO// P

Carlo Segre (lllinois Tech)

The phase shift depends on the thickness and
the difference between the index of refraction
of the medium and that of vacuum

21
= TA(H —1)=kA(n-1)

The wave function at P is then:
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Thin plate response - refraction approach A\

Now let's look at this phenomenon from a different point of view, that of refraction. Assume
that the wave passing through the plate simply gains a phase shift because it passes through a
medium compared to a wave which does not have the plate present.

X

— A

wP — ¢gei(n—1)kA

Carlo Segre (lllinois Tech)

The phase shift depends on the thickness and
the difference between the index of refraction
of the medium and that of vacuum

21
= TA(H —1)=kA(n-1)

The wave function at P is then:
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Thin plate response - refraction approach A\

Now let's look at this phenomenon from a different point of view, that of refraction. Assume
that the wave passing through the plate simply gains a phase shift because it passes through a
medium compared to a wave which does not have the plate present.

X The phase shift depends on the thickness and
yF the difference between the index of refraction
\ \\ of the medium and that of vacuum
L) nA A
(==
s " TR Ro P ¢ ”(A A)
P
2
oo ., = STA(n— 1) = kA(n - 1)

The wave function at P is then:

WP =g IRE = g [+ i(n — kA + -]
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Thin plate response - refraction approach A\

Now let's look at this phenomenon from a different point of view, that of refraction. Assume

that the wave passing through the plate simply gains a phase shift because it passes through a
medium compared to a wave which does not have the plate present.

X

The phase shift depends on the thickness and
the difference between the index of refraction
of the medium and that of vacuum

21
= TA(H —1)=kA(n-1)

The wave function at P is then:

WP = R = Y (Lt i(n - KA + -] = 9§ [L+i(n - 1)kA]
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Calculating n V

We can now compare the expressions obtained by the scattering and refraction approaches.
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Calculating n V

We can now compare the expressions obtained by the scattering and refraction approaches.

Scattering Refraction

WP =P [1 - i2”ibﬂ WP =g [L+i(n = 1)kA]
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Calculating n V

We can now compare the expressions obtained by the scattering and refraction approaches.

Scattering Refraction

WP =P [1 - i%ibﬂ WP =g [L+i(n = 1)kA]

By inspection we have
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Calculating n

We can now compare the expressions obtained by the scattering and refraction approaches.

Scattering Refraction

WP =P [1 - i%ibﬂ WP =g [L+i(n = 1)kA]

By inspection we have

2mpbA
(n—1)kA = — 2P
k
1— 2mpb
n— = —7
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Calculating n

-

We can now compare the expressions obtained by the scattering and refraction approaches.

Scattering Refraction

WP =P [1 - i%ibﬂ WP =g [L+i(n = 1)kA]

By inspection we have

(n—1)kA = —2”’;(%
2mpb
n—l=-"a
2mpb
n=1-— 2
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Calculating n

We can now compare the expressions obtained by the scattering and refraction approaches.

Scattering Refraction

WP =P [1 - i%ibﬂ WP =g [L+i(n = 1)kA]

By inspection we have

(n—1)kA = —2”’;(%
n_1— _27Ii§b
—1- 27;’2) b_1_5
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