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Hollow cylinder (radius a and length [) containing uniform gas

flowing along the axis, the z direction, with velocity v. Protons are injected
into the cylinder with velocity V parallel to the axis. As a result of magnetic
forces, they are brought to a focus at a point on the z axis a distance p far
from the cylinder, p > .

4. Consider a hollow cylinder of radius a and length [ filled with a com-
pletely ionized gas of uniform charge density p which is moving parallel
to the axis of the cylinder with velocity v.

/ad/3pts.

Find the magnetic field (magnitude and direction) at a distance r
from the axis of the cylinder, for r < a; assume that we are well
inside the cylinder and that [ > r so that we can neglect edge
effects. Assume that the gas is nonmagnetic.

. Suppose a beam of nonrelativistic protons of mass m and velocity

V are sent into this cylinder with their initial velocities parallel
to the z axis. Neglect electrostatic, edge effects, and collisions
between protons and the gas. Show that while in the gas-filled
cylinder, the protons experience a force pushing them toward the
axis of the cylinder. Calculate the radial velocity V. acquired by
the protons when they exit the cylinder. Assume that the distance
moved toward the axis while in the cylinder is negligible.

. After the protons leave the cylinder, they continue to move toward

the z axis with constant radial velocity V,. Calculate the time T
required for the protons to reach the axis.

. As a result, the protons will travel through the cylinder and be

focused at a point p on the z axis beyond the cylinder where p > 1.
Find p and show that it is independent of the initial distance of
the protons from the axis when they enter the cylinder.

Face ZWDY



FALL. Z008
Pt (2) Peowen. 4
%5 //L

ﬁy Méra's o

§>de = Yy Lene -
TIn this case, wt Caun sa Yuds Lhe retio a]ﬁ enclsed curres to 4he
wta of the /prmm loop i eﬁmé bo The rats of 65720 purrent G

fmég;[ ML . JF the rﬁéllﬂs 07£ our— /474'505‘}—[‘4& /00/0 (s r, Where. ~ea,
Hhur

Ieuc. _ L tot
A‘Mf /460{7
Tow = Awe Tt
Aot
= (W" r‘z> ?___V
=

2.

Lope = Jﬂ_izfi .

by the ight hand rule, we buno the magpelic frd wrts around Y
J«aac[s. (s miars B //D(Z/So since [B[ is constait

%DZ'JZ :/(oZ;tc
b8dL = 4, (aai_g_)
Stnoe.  our /ozy) > 0[rau/4r p
b (& = u [pve”
(5
il in e @iorp rea,

[5- 2 53]




AL Z00%

’D wt (63 Pebrsm. Y
- PAsSE 2 /7
The ﬁrce, exerted on e Ior'vfbn.s é/y Lhe mﬁnéﬁc ﬁcéL (s
l? = g,v KZ :
5\/&1«&6&3 B cross ,orulucé. ..

S .t b
Vb = o o V
o b6 0

"

£ (-vB) - $loy +2(0)
X
Thass,
F = ——5,\/5 r
= 3\/\/5 [‘FX
ad Yo f:méms erpurnce A firce f)uslu'y e tyard, the cyfwfa-ls 2,



