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Priklad 2

The force F on a particle with rest mass m is the rate of change its momentum p as given by text Eq. (1.36):

" % (34)
where as given by text Eq. (1.35):
b=y (35)
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where v is the velocity of the particle. Eq. (34) with p given by Eq. (35) is the relativistic generalization of
Newton's Second Law,
Now
v = (37)

where uy is a unit vector along the tangent of the particle’s trajectory. and the acceleration a of the particle is
dv  dv v’
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where u,, is a unit vector orthogonal to u, directed towards the centre of curvature of the trajectory and p is
the radius of curvature of the trajectory, so
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When
F=Fu (40)

that is, when F is parallel to v, if follows that

p=na (41)
That is, the particle moves in a straight line, and
a=af ~* (12)
where ;
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When a particle of charge ¢ moves in an electric field E, the force F on the particle is F = qE. If the
particle moves in the direction of E, then F and v are parallel. Aceordingly, Eq. (42) holds with a = gE/m.

It follows from Eq. (42) that @ — 0 as v — ¢ and also that
F~ma whenv <ec (46)

which is the nonrelativistic result.
When F is constant and the particle starts from rest at { = 0, its speed v(t) is found by integrating Eq. (42):

wit) duv' )
_/,:, (1— 02/~ & (47)
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It follows that v(f) — ¢ as ¢ — oo and also that
v(t) ~at when at < ¢ (49)

which is the non-relativistic result.

The position x(t) of the particle is found by integrating v = da/dt:

(t) = fut oyt = (VI+ (@t - 1) & Ja. (50)

1t follows that @ — ¢t as  — oc and also that

x(t) ~ =at® when at < ¢ (51)
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which is the nonrelativistic result.

The position z(v) is found by integrating a(v) = dv/dt = vdv/dx:

o de_ﬂf
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It follows that x(v) —2(0) — oc as v — ¢ and also that
v? =~ 2afx(v) — z(0)] when v < ¢ (53)

which is the nonrelativistic result.

When a particle moves with constant speed, that is, when

% =0 (56)
it follows from Eqs. (34) and {(39) that
g ="y (571
where .
P gBsind (58)
i

where # i5 the angle that v makes with B. For a proton moving perpendicular to a 1.00 T magnetic field,
=958 MHz.

The right side of Eq. (57} is constant. Accordingly, the radins of curvature g of the particle’s trajectory
changes to accommodate changes in the magnetie field B.



When B i= constant (that is, time-independent and homogeneous), it follows from Eq. (57) that the particle
muves in a circle with radios

r =y (50
and speod
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The angular frequency w = v/r of the circular motion is
e w :
wWEO s e (6l
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as above.
It follows that r — oo as v — ¢ and and also that
v~ or when v < e (G2
which is the nonrelativistic result.
It follows also that
w o~ when dr € (6]

For a proton moving perpendicular to a 100 T magnetic field, this requires that r < 313 m.

The above results limit the range of speeds attainable in a conventional particle-accelerating eyelotron
which relies, as with Eq. (63}, on a constant-frequency accelerating potential to inerease particle speeds and a
time-independent homogeneous magnetic field to make particles move in civeles.

Thizs limitation iz overcome at the TRIUMF evelotron on the UBC eampus which accelerates protons to
520 MeV ((.75¢), and has a diameter of 17.1 m. This is accomplished by increasing the magnetie field with
rading to accommadate the Loventz factor 5. For move information on TRIUMF, see http:/ fwww trinmfea.
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