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Lecture Plan

• Introduction to X-rays and diffraction
• Basics of Elastic Scattering 
• Interaction of an electron with X-rays
• Bragg’s formulation of X-ray diffraction by crystals



Introduction to X-rays and diffraction
Diffraction
Phenomenon in which light waves bend at obstacles or slits.

Can be understood using the Huygens-Fresnel principle 
(secondary wavelets originating from each point along the 
obstacle/slit.

The secondary wavelets superpose to yield interference 
patterns on a screen.

Source: Wikipedia
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Location of first minimum



Introduction to X-rays and diffraction
Diffraction
If there is a regular array of slits then the diffracted 
waves at each slit superpose with each other to 
yield an interference pattern.

Location of maxima
 (at normal incidence)
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Where m is any integer

Intensity of the maxima is highest at the central peak.

Observation of diffraction effects require 

Source: Wikipedia
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Introduction to X-rays and diffraction
X-rays
Electromagnetic radiation with wavelength in 
the range 100 to 0.01 Å (100 eV - 1 MeV). 

For XRD we are interested in X-rays with 
wavelengths ~ 1 Å (around 10 KeV).

Source: Elena Willinger’ Lectures (FHI)

X-rays can ionise matter, photo-excite core 
electrons, inelastically scatter from loosely 
bound electrons (Compton effect) and get 
diffracted from crystals. 

X-rays can penetrate bulk of crystals and hence can probe crystal structure.



Introduction to X-rays and diffraction
Elastic scattering of X-rays
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Elastic scattering is said to occur when 
E0 � E = 0

<latexit sha1_base64="XpIi2BXsrkEC61wvL4s6Axjawj4=">AAAB+XicbVBNSwMxEM36WevXqkcvwSJ4seyKoBehKAWPFewHtGvJprNtaJJdkmyhLP0nXjwo4tV/4s1/Y9ruQVsfDDzem2FmXphwpo3nfTsrq2vrG5uFreL2zu7evntw2NBxqijUacxj1QqJBs4k1A0zHFqJAiJCDs1weDf1myNQmsXy0YwTCATpSxYxSoyVuq5bfeokignA57iKb7DXdUte2ZsBLxM/JyWUo9Z1vzq9mKYCpKGcaN32vcQEGVGGUQ6TYifVkBA6JH1oWyqJAB1ks8sn+NQqPRzFypY0eKb+nsiI0HosQtspiBnoRW8q/ue1UxNdBxmTSWpA0vmiKOXYxHgaA+4xBdTwsSWEKmZvxXRAFKHGhlW0IfiLLy+TxkXZ98r+w2WpcpvHUUDH6ASdIR9doQq6RzVURxSN0DN6RW9O5rw4787HvHXFyWeO0B84nz/FApHG</latexit><latexit sha1_base64="XpIi2BXsrkEC61wvL4s6Axjawj4=">AAAB+XicbVBNSwMxEM36WevXqkcvwSJ4seyKoBehKAWPFewHtGvJprNtaJJdkmyhLP0nXjwo4tV/4s1/Y9ruQVsfDDzem2FmXphwpo3nfTsrq2vrG5uFreL2zu7evntw2NBxqijUacxj1QqJBs4k1A0zHFqJAiJCDs1weDf1myNQmsXy0YwTCATpSxYxSoyVuq5bfeokignA57iKb7DXdUte2ZsBLxM/JyWUo9Z1vzq9mKYCpKGcaN32vcQEGVGGUQ6TYifVkBA6JH1oWyqJAB1ks8sn+NQqPRzFypY0eKb+nsiI0HosQtspiBnoRW8q/ue1UxNdBxmTSWpA0vmiKOXYxHgaA+4xBdTwsSWEKmZvxXRAFKHGhlW0IfiLLy+TxkXZ98r+w2WpcpvHUUDH6ASdIR9doQq6RzVURxSN0DN6RW9O5rw4787HvHXFyWeO0B84nz/FApHG</latexit><latexit sha1_base64="XpIi2BXsrkEC61wvL4s6Axjawj4=">AAAB+XicbVBNSwMxEM36WevXqkcvwSJ4seyKoBehKAWPFewHtGvJprNtaJJdkmyhLP0nXjwo4tV/4s1/Y9ruQVsfDDzem2FmXphwpo3nfTsrq2vrG5uFreL2zu7evntw2NBxqijUacxj1QqJBs4k1A0zHFqJAiJCDs1weDf1myNQmsXy0YwTCATpSxYxSoyVuq5bfeokignA57iKb7DXdUte2ZsBLxM/JyWUo9Z1vzq9mKYCpKGcaN32vcQEGVGGUQ6TYifVkBA6JH1oWyqJAB1ks8sn+NQqPRzFypY0eKb+nsiI0HosQtspiBnoRW8q/ue1UxNdBxmTSWpA0vmiKOXYxHgaA+4xBdTwsSWEKmZvxXRAFKHGhlW0IfiLLy+TxkXZ98r+w2WpcpvHUUDH6ASdIR9doQq6RzVURxSN0DN6RW9O5rw4787HvHXFyWeO0B84nz/FApHG</latexit><latexit sha1_base64="XpIi2BXsrkEC61wvL4s6Axjawj4=">AAAB+XicbVBNSwMxEM36WevXqkcvwSJ4seyKoBehKAWPFewHtGvJprNtaJJdkmyhLP0nXjwo4tV/4s1/Y9ruQVsfDDzem2FmXphwpo3nfTsrq2vrG5uFreL2zu7evntw2NBxqijUacxj1QqJBs4k1A0zHFqJAiJCDs1weDf1myNQmsXy0YwTCATpSxYxSoyVuq5bfeokignA57iKb7DXdUte2ZsBLxM/JyWUo9Z1vzq9mKYCpKGcaN32vcQEGVGGUQ6TYifVkBA6JH1oWyqJAB1ks8sn+NQqPRzFypY0eKb+nsiI0HosQtspiBnoRW8q/ue1UxNdBxmTSWpA0vmiKOXYxHgaA+4xBdTwsSWEKmZvxXRAFKHGhlW0IfiLLy+TxkXZ98r+w2WpcpvHUUDH6ASdIR9doQq6RzVURxSN0DN6RW9O5rw4787HvHXFyWeO0B84nz/FApHG</latexit>

~p,E
<latexit sha1_base64="+AvqJJU0yNKX4I1JK2Jp0mDYDEA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiCB4r2A9sQ9lsJ+3SzSbsbgol9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGt1O/OUKleSwfzThBP6J9yUPOqLHSU2eELEsm5+SuWyq7FXcGsky8nJQhR61b+ur0YpZGKA0TVOu25ybGz6gynAmcFDupxoSyIe1j21JJI9R+Nrt4Qk6t0iNhrGxJQ2bq74mMRlqPo8B2RtQM9KI3Ff/z2qkJr/2MyyQ1KNl8UZgKYmIyfZ/0uEJmxNgSyhS3txI2oIoyY0Mq2hC8xZeXSeOi4rkV7+GyXL3J4yjAMZzAGXhwBVW4hxrUgYGEZ3iFN0c7L8678zFvXXHymSP4A+fzB/nikHE=</latexit><latexit sha1_base64="+AvqJJU0yNKX4I1JK2Jp0mDYDEA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiCB4r2A9sQ9lsJ+3SzSbsbgol9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGt1O/OUKleSwfzThBP6J9yUPOqLHSU2eELEsm5+SuWyq7FXcGsky8nJQhR61b+ur0YpZGKA0TVOu25ybGz6gynAmcFDupxoSyIe1j21JJI9R+Nrt4Qk6t0iNhrGxJQ2bq74mMRlqPo8B2RtQM9KI3Ff/z2qkJr/2MyyQ1KNl8UZgKYmIyfZ/0uEJmxNgSyhS3txI2oIoyY0Mq2hC8xZeXSeOi4rkV7+GyXL3J4yjAMZzAGXhwBVW4hxrUgYGEZ3iFN0c7L8678zFvXXHymSP4A+fzB/nikHE=</latexit><latexit sha1_base64="+AvqJJU0yNKX4I1JK2Jp0mDYDEA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiCB4r2A9sQ9lsJ+3SzSbsbgol9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGt1O/OUKleSwfzThBP6J9yUPOqLHSU2eELEsm5+SuWyq7FXcGsky8nJQhR61b+ur0YpZGKA0TVOu25ybGz6gynAmcFDupxoSyIe1j21JJI9R+Nrt4Qk6t0iNhrGxJQ2bq74mMRlqPo8B2RtQM9KI3Ff/z2qkJr/2MyyQ1KNl8UZgKYmIyfZ/0uEJmxNgSyhS3txI2oIoyY0Mq2hC8xZeXSeOi4rkV7+GyXL3J4yjAMZzAGXhwBVW4hxrUgYGEZ3iFN0c7L8678zFvXXHymSP4A+fzB/nikHE=</latexit><latexit sha1_base64="+AvqJJU0yNKX4I1JK2Jp0mDYDEA=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeiCB4r2A9sQ9lsJ+3SzSbsbgol9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aysrq1vbBa2its7u3v7pYPDho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGt1O/OUKleSwfzThBP6J9yUPOqLHSU2eELEsm5+SuWyq7FXcGsky8nJQhR61b+ur0YpZGKA0TVOu25ybGz6gynAmcFDupxoSyIe1j21JJI9R+Nrt4Qk6t0iNhrGxJQ2bq74mMRlqPo8B2RtQM9KI3Ff/z2qkJr/2MyyQ1KNl8UZgKYmIyfZ/0uEJmxNgSyhS3txI2oIoyY0Mq2hC8xZeXSeOi4rkV7+GyXL3J4yjAMZzAGXhwBVW4hxrUgYGEZ3iFN0c7L8678zFvXXHymSP4A+fzB/nikHE=</latexit>

~p0, E0
<latexit sha1_base64="1fg7HTahvHa0T20JTRI1da/9trs=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBBdSEhF0WRTBZQV7gSaWyfSkHTqThJlJoYS68VXcuFDErW/hzrdx2mahrT8MfPznHM6cP0g4U9pxvq3C0vLK6lpxvbSxubW9Y+/uNVScSgp1GvNYtgKigLMI6pppDq1EAhEBh2YwuJ7Um0OQisXRvR4l4AvSi1jIKNHG6tgH3hBoljx4iWQCxqf4JseOXXYqzlR4EdwcyihXrWN/ed2YpgIiTTlRqu06ifYzIjWjHMYlL1WQEDogPWgbjIgA5WfTC8b42DhdHMbSvEjjqft7IiNCqZEITKcguq/maxPzv1o71eGln7EoSTVEdLYoTDnWMZ7EgbtMAtV8ZIBQycxfMe0TSag2oZVMCO78yYvQOKu4TsW9Oy9Xr/I4iugQHaET5KILVEW3qIbqiKJH9Ixe0Zv1ZL1Y79bHrLVg5TP76I+szx9v05bc</latexit><latexit sha1_base64="1fg7HTahvHa0T20JTRI1da/9trs=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBBdSEhF0WRTBZQV7gSaWyfSkHTqThJlJoYS68VXcuFDErW/hzrdx2mahrT8MfPznHM6cP0g4U9pxvq3C0vLK6lpxvbSxubW9Y+/uNVScSgp1GvNYtgKigLMI6pppDq1EAhEBh2YwuJ7Um0OQisXRvR4l4AvSi1jIKNHG6tgH3hBoljx4iWQCxqf4JseOXXYqzlR4EdwcyihXrWN/ed2YpgIiTTlRqu06ifYzIjWjHMYlL1WQEDogPWgbjIgA5WfTC8b42DhdHMbSvEjjqft7IiNCqZEITKcguq/maxPzv1o71eGln7EoSTVEdLYoTDnWMZ7EgbtMAtV8ZIBQycxfMe0TSag2oZVMCO78yYvQOKu4TsW9Oy9Xr/I4iugQHaET5KILVEW3qIbqiKJH9Ixe0Zv1ZL1Y79bHrLVg5TP76I+szx9v05bc</latexit><latexit sha1_base64="1fg7HTahvHa0T20JTRI1da/9trs=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBBdSEhF0WRTBZQV7gSaWyfSkHTqThJlJoYS68VXcuFDErW/hzrdx2mahrT8MfPznHM6cP0g4U9pxvq3C0vLK6lpxvbSxubW9Y+/uNVScSgp1GvNYtgKigLMI6pppDq1EAhEBh2YwuJ7Um0OQisXRvR4l4AvSi1jIKNHG6tgH3hBoljx4iWQCxqf4JseOXXYqzlR4EdwcyihXrWN/ed2YpgIiTTlRqu06ifYzIjWjHMYlL1WQEDogPWgbjIgA5WfTC8b42DhdHMbSvEjjqft7IiNCqZEITKcguq/maxPzv1o71eGln7EoSTVEdLYoTDnWMZ7EgbtMAtV8ZIBQycxfMe0TSag2oZVMCO78yYvQOKu4TsW9Oy9Xr/I4iugQHaET5KILVEW3qIbqiKJH9Ixe0Zv1ZL1Y79bHrLVg5TP76I+szx9v05bc</latexit><latexit sha1_base64="1fg7HTahvHa0T20JTRI1da/9trs=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBBdSEhF0WRTBZQV7gSaWyfSkHTqThJlJoYS68VXcuFDErW/hzrdx2mahrT8MfPznHM6cP0g4U9pxvq3C0vLK6lpxvbSxubW9Y+/uNVScSgp1GvNYtgKigLMI6pppDq1EAhEBh2YwuJ7Um0OQisXRvR4l4AvSi1jIKNHG6tgH3hBoljx4iWQCxqf4JseOXXYqzlR4EdwcyihXrWN/ed2YpgIiTTlRqu06ifYzIjWjHMYlL1WQEDogPWgbjIgA5WfTC8b42DhdHMbSvEjjqft7IiNCqZEITKcguq/maxPzv1o71eGln7EoSTVEdLYoTDnWMZ7EgbtMAtV8ZIBQycxfMe0TSag2oZVMCO78yYvQOKu4TsW9Oy9Xr/I4iugQHaET5KILVEW3qIbqiKJH9Ixe0Zv1ZL1Y79bHrLVg5TP76I+szx9v05bc</latexit>

Recoil

Scattering

�~~q, ~!
<latexit sha1_base64="LC0z+oExSnNBLUYuLvXtrE88uCs=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhZZEBF0W3bisYB/QhDKZ3rRDJ5k4MymUUHDjr7hxoYhbf8Kdf+O0zUJbD1w4c869zL0nSDhT2nG+rcLS8srqWnG9tLG5tb1j7+41lEglhToVXMhWQBRwFkNdM82hlUggUcChGQxuJn5zCFIxEd/rUQJ+RHoxCxkl2kgd++DM6wdEekOg2cP4FM9eIoIe6dhlp+JMgReJm5MyylHr2F9eV9A0glhTTpRqu06i/YxIzSiHcclLFSSEDkgP2obGJALlZ9MbxvjYKF0cCmkq1niq/p7ISKTUKApMZ0R0X817E/E/r53q8MrPWJykGmI6+yhMOdYCTwLBXSaBaj4yhFDJzK6Y9okkVJvYSiYEd/7kRdI4r7hOxb27KFev8ziK6BAdoRPkoktURbeohuqIokf0jF7Rm/VkvVjv1sestWDlM/voD6zPH6Nil4I=</latexit><latexit sha1_base64="LC0z+oExSnNBLUYuLvXtrE88uCs=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhZZEBF0W3bisYB/QhDKZ3rRDJ5k4MymUUHDjr7hxoYhbf8Kdf+O0zUJbD1w4c869zL0nSDhT2nG+rcLS8srqWnG9tLG5tb1j7+41lEglhToVXMhWQBRwFkNdM82hlUggUcChGQxuJn5zCFIxEd/rUQJ+RHoxCxkl2kgd++DM6wdEekOg2cP4FM9eIoIe6dhlp+JMgReJm5MyylHr2F9eV9A0glhTTpRqu06i/YxIzSiHcclLFSSEDkgP2obGJALlZ9MbxvjYKF0cCmkq1niq/p7ISKTUKApMZ0R0X817E/E/r53q8MrPWJykGmI6+yhMOdYCTwLBXSaBaj4yhFDJzK6Y9okkVJvYSiYEd/7kRdI4r7hOxb27KFev8ziK6BAdoRPkoktURbeohuqIokf0jF7Rm/VkvVjv1sestWDlM/voD6zPH6Nil4I=</latexit><latexit sha1_base64="LC0z+oExSnNBLUYuLvXtrE88uCs=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhZZEBF0W3bisYB/QhDKZ3rRDJ5k4MymUUHDjr7hxoYhbf8Kdf+O0zUJbD1w4c869zL0nSDhT2nG+rcLS8srqWnG9tLG5tb1j7+41lEglhToVXMhWQBRwFkNdM82hlUggUcChGQxuJn5zCFIxEd/rUQJ+RHoxCxkl2kgd++DM6wdEekOg2cP4FM9eIoIe6dhlp+JMgReJm5MyylHr2F9eV9A0glhTTpRqu06i/YxIzSiHcclLFSSEDkgP2obGJALlZ9MbxvjYKF0cCmkq1niq/p7ISKTUKApMZ0R0X817E/E/r53q8MrPWJykGmI6+yhMOdYCTwLBXSaBaj4yhFDJzK6Y9okkVJvYSiYEd/7kRdI4r7hOxb27KFev8ziK6BAdoRPkoktURbeohuqIokf0jF7Rm/VkvVjv1sestWDlM/voD6zPH6Nil4I=</latexit><latexit sha1_base64="LC0z+oExSnNBLUYuLvXtrE88uCs=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhZZEBF0W3bisYB/QhDKZ3rRDJ5k4MymUUHDjr7hxoYhbf8Kdf+O0zUJbD1w4c869zL0nSDhT2nG+rcLS8srqWnG9tLG5tb1j7+41lEglhToVXMhWQBRwFkNdM82hlUggUcChGQxuJn5zCFIxEd/rUQJ+RHoxCxkl2kgd++DM6wdEekOg2cP4FM9eIoIe6dhlp+JMgReJm5MyylHr2F9eV9A0glhTTpRqu06i/YxIzSiHcclLFSSEDkgP2obGJALlZ9MbxvjYKF0cCmkq1niq/p7ISKTUKApMZ0R0X817E/E/r53q8MrPWJykGmI6+yhMOdYCTwLBXSaBaj4yhFDJzK6Y9okkVJvYSiYEd/7kRdI4r7hOxb27KFev8ziK6BAdoRPkoktURbeohuqIokf0jF7Rm/VkvVjv1sestWDlM/voD6zPH6Nil4I=</latexit>

A general scattering event between a projectile and a scatterer can affect the momentum and 
energy of the projectile particles.

~p
<latexit sha1_base64="wGpLbJ+eJOnwtMik+mSzVcNZMOg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmQ2dlhZjYQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXpAQ31ve/vcLG5tb2TnG3tLd/cHhUPj5pmiTVDBssEYluR9Sg4BIblluBbaWRxpHAVjS+n/utCWrDE/lkpwrDmA4lH3BGrZNa3QmyTM165Ypf9Rcg6yTISQVy1Hvlr24/YWmM0jJBjekEvrJhRrXlTOCs1E0NKsrGdIgdRyWN0YTZ4twZuXBKnwwS7UpaslB/T2Q0NmYaR64zpnZkVr25+J/XSe3gNsy4VKlFyZaLBqkgNiHz30mfa2RWTB2hTHN3K2EjqimzLqGSCyFYfXmdNK+qgV8NHq8rtbs8jiKcwTlcQgA3UIMHqEMDGIzhGV7hzVPei/fufSxbC14+cwp/4H3+AKW7j8I=</latexit><latexit sha1_base64="wGpLbJ+eJOnwtMik+mSzVcNZMOg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmQ2dlhZjYQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXpAQ31ve/vcLG5tb2TnG3tLd/cHhUPj5pmiTVDBssEYluR9Sg4BIblluBbaWRxpHAVjS+n/utCWrDE/lkpwrDmA4lH3BGrZNa3QmyTM165Ypf9Rcg6yTISQVy1Hvlr24/YWmM0jJBjekEvrJhRrXlTOCs1E0NKsrGdIgdRyWN0YTZ4twZuXBKnwwS7UpaslB/T2Q0NmYaR64zpnZkVr25+J/XSe3gNsy4VKlFyZaLBqkgNiHz30mfa2RWTB2hTHN3K2EjqimzLqGSCyFYfXmdNK+qgV8NHq8rtbs8jiKcwTlcQgA3UIMHqEMDGIzhGV7hzVPei/fufSxbC14+cwp/4H3+AKW7j8I=</latexit><latexit sha1_base64="wGpLbJ+eJOnwtMik+mSzVcNZMOg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmQ2dlhZjYQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXpAQ31ve/vcLG5tb2TnG3tLd/cHhUPj5pmiTVDBssEYluR9Sg4BIblluBbaWRxpHAVjS+n/utCWrDE/lkpwrDmA4lH3BGrZNa3QmyTM165Ypf9Rcg6yTISQVy1Hvlr24/YWmM0jJBjekEvrJhRrXlTOCs1E0NKsrGdIgdRyWN0YTZ4twZuXBKnwwS7UpaslB/T2Q0NmYaR64zpnZkVr25+J/XSe3gNsy4VKlFyZaLBqkgNiHz30mfa2RWTB2hTHN3K2EjqimzLqGSCyFYfXmdNK+qgV8NHq8rtbs8jiKcwTlcQgA3UIMHqEMDGIzhGV7hzVPei/fufSxbC14+cwp/4H3+AKW7j8I=</latexit><latexit sha1_base64="wGpLbJ+eJOnwtMik+mSzVcNZMOg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmQ2dlhZjYQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXpAQ31ve/vcLG5tb2TnG3tLd/cHhUPj5pmiTVDBssEYluR9Sg4BIblluBbaWRxpHAVjS+n/utCWrDE/lkpwrDmA4lH3BGrZNa3QmyTM165Ypf9Rcg6yTISQVy1Hvlr24/YWmM0jJBjekEvrJhRrXlTOCs1E0NKsrGdIgdRyWN0YTZ4twZuXBKnwwS7UpaslB/T2Q0NmYaR64zpnZkVr25+J/XSe3gNsy4VKlFyZaLBqkgNiHz30mfa2RWTB2hTHN3K2EjqimzLqGSCyFYfXmdNK+qgV8NHq8rtbs8jiKcwTlcQgA3UIMHqEMDGIzhGV7hzVPei/fufSxbC14+cwp/4H3+AKW7j8I=</latexit>

~p0
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It is straightforward to show that in this condition



Interaction of electrons with X-rays
Elastic scattering of X-rays
X-rays interact with electrons in crystals and get scattered. The elastically scattered part (i.e. 
with no change in wavelength) is measured to yield crystal structure

Assuming a classical picture, we can work out a relation for the scattered intensity.
Source: Elena Willinger’ Lectures (FHI)

The oscillating electric field of X-rays induces 
oscillations in bound electrons of same frequency.

This oscillation charge then radiates to yield the 
scattered X-rays.



Interaction of electrons with X-rays
Thomson scattering formula
Consider an electron subject to e-m wave interacting with it through its electric field.

�e Ez k̂ sin(!t) = m~a(t)
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Assuming linearly polarised field

=) ~a(t) = � e

m
Ezsin(!t)k̂
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An accelerating charge emits 
radiation. The electric field 
strength is given by the Larmor 
formula.

Source: Elena Willinger’ Lectures (FHI)



Interaction of electrons with X-rays
Larmor’s (Radiation) Formula

The total energy radiated per unit time per unit solid 
angle by an accelerating charge is given by

Where a(t) is the acceleration and the angle between 
the incident polarisation and re-radiated beam is 

dP

d⌦
=

e2a2(t)

16⇡2✏0c3
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Interaction of electrons with X-rays
Thomson scattering formula

Source: Elena Willinger’ Lectures (FHI)

The ratio of the time-averaged (over a time period of e-m 
wave) scattered power and the incident intensity is 
defined as the scattering cross section. 

r0 =
e2
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Bringing back the directional dependence of the emitted radiation 
and averaging over incident polarisation we can also define the 
differential cross section as Note: Here the angle here 

refers to the scattering 
geometry 
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