MRes in Physics at the Nanoscale
Course CPPNST (XN-Rays)

Problem Sheet B
in AL the guestions below, vou should prow ide appropriale COMmMENis O yOUr ANSWErs

| A new svnchrotron is planned. with an electron beam energy of 10Ged and a bending
magnat field of 13T Determine the characteristic wavelength

For cortmn experiments, comparisons musl be made betwesn measurements carmicd o

asing bending magnet and undulato radiation at the same wavelengtn Technologueal
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the en-gis feld of the undulator that would provide on-axis lndam: ental radiation at the

same wavelenzth 25 the bonding maghel charactenstic wavelength, A.
Caleulate also the wavelenath of the fundamental radiation 05 mead and [ orad oltaas

* Demive an exoression for the change it energy when a photon anderzoes Compton
scaltering from an electron, stating yvour assumphons

i

[)i uss the possibility of using the synchrotron of question 1, at 4 1o stucy Complon
cattening from a copper target. Assumming that it 15 repured o detest Compion scatiening
Inr.wu;_Ah arange of angles fom 37 10 137 determine the energy resol won ol the detector
that will be needed  Discuss briefly and gualitatively whether the same apparatus could
b sed 1o detect stmilar scattering from the nucleas, rather than from an electron, for x
rayve of similar energy

t Look up the optical constants Sand Jat A, for copper (Cuj and carbon (C) Then answer

the following guestions, all of which refer to 4.
{2) Determine the critical, . and Brewster, Oy, and angles for Cu and C.

(b Caleulate the ratio ol the s- and p-polansed reflectivities for both Cu and O al
fand oy

(o Foatimate, stating vour assumntions, the s number of layer pairs of 2
Cu/C penodic multilayer that would contribute to the overall reflectivity at normal
incidence.

idiy A Cu zone plate 13 made with a diameter of 150 um and an outer zone width of
3nm. Determing the frst-order focal length, the first-onder foeal spot size
{assuming a source size of Spm at a distance of 50m), the thickness ol Cu
required to sive optimum efficiency, and the corresponding efficiency

-

Answers {one copy ), showing full working, must be handed in to Julia Kilpatrick by 1700 on
Friday 11 December 2000 You should not assume that & Jate submssion will sutoms neally
te marked unless there is a medical or other extenuatimg reason for latensss, suppored by an
sppropriate medical cenilcate or documentation

Remember that vou are being tamned in rescarch techrques: these include the abiliny 1o
discuss problems with vour colleagues. Y ou are therelore encouraged to do this, before
asking members of staff for assistance/hints, Remember, however, Ehﬂ. he work submitted
MLUIST be vour own.
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