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Question 1
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Just before the collision, the electron and proton are travelling directly towards each other. Thus,

(pe1 + pp)2 = (pe1 — pp)g. Also, since we wish to find the maximum value attainable for my, we set
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Pe, =Px =0, and E,, = m.c” and Ex = mxc”, where m, and my are rest masses.
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= (pe, + pp)2 = — (pe, + Px) (from before)

Since the proton is at rest before the collision, we have (p61 + pp)2 = pgl and E, = mp02. Since we
want to find the minimum energy required for the electron to produce my above, we set p., = px = 0,
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Let us write Pjjpen(t) in terms of p* using p = ymgc .
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Now let us consider the circular accelerator.
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From before we have
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We thus have Poieutar(t) = 7> (tret) Pinear (). Since v° > 1, the radiated power from a circular accelerator
is greater than that from a linear accelerator, under the same external force. This is mostly due to the
extra power radiated due to the bending of the particle trajectories.



Question 2

1.

In class and for Homework 2 we derived the electric dipole term of the magnetic field in the far-field zone
as
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From the expression E = —n x B, this leads to
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The electric field due to a moving point charge is given by
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In the far-field zone, the electric field can be approximated by the leading term, i.e. the field due to the
electric dipole. We can also approximate the above expression in the far-field zone by the second, more
dominant term, i.e. the acceleration field. This leads to
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To connect E¥P and Eilgm we first make the assumption that 8 = |B| < 1, which leads to
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Now let us simplify the electric dipole moment d for a single point charge q.
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Thus in the approximation of § < 1, the acceleration field reduces to

1 .
E...(t,x) ~x —5nx {n X d(t — E)} = E"P.
rc c



2.

For simplicity we will let the charge position X(¢) take the form X(t) = p[cos(wt) & + sin(wt) §], i.e.
t = 0 corresponds to X(0) = (p,0,0).
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Since the magnetic dipole moment m is time-independent, the magnetic dipole electric field EMP (which
depends on the second time derivative of the magnetic dipole moment) vanishes and so is clearly sub-
dominant.



Question 3
1.
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