Problem 3

The problem concerns investigation of transforming the electron microscope with
magnetic guiding of the electron beam (which is accelerated with the potential difference U =
511 kV) into a proton microscope (in which the proton beam is accelerated with the potential
difference —U). For this purpose, solve the following two problems:

A. An electron after leaving a device, which accelerated it with the potential difference
U, falls into a region with an inhomogeneous field B generated with a system of stationary
coils L1, Lo, ..., L,. The known currents in the coils are i1, i, ... , in, respectively.

What should the currents i1’, &2, ... , i, in the coils L1, Lo, ... , L, be, in order to guide
the proton (initially accelerated with the potential difference —U) along the same trajectory
(and in the same direction) as that of the electron?

HINT: The problem can be solved by finding a condition under which the equation
describing the trajectory is the same in both cases. It may be helpful to use the relation:
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B. How many times would the resolving power of the above microscope increase or
decrease if the electron beam were replaced with the proton beam? Assume that the resolving
power of the microscope (i.e. the smallest distance between two point objects whose circular
images can be just separated) depends only on the wave properties of the particles.

Assume that the velocities of the electrons and protons before their acceleration are
zero, and that there is no interaction between own magnetic moment of either electrons or
protons and the magnetic field. Assume also that the electromagnetic radiation emitted by the
moving particles can be neglected.

NOTE: Very often physicists use 1 electron-volt (1 eV), and its derivatives such as 1
keV or 1 MeV, as a unit of energy. 1 electron-volt is the energy gained by the electron that
passed the potential difference equal to 1 V.

Perform the calculations assuming the following data:

Rest energy of electron: E.=mec® =511 keV
Rest energy of proton: E, = myc* = 938 MeV



