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The Effect of a Radio Wave on an lonospheric Electron

The ionosphere is a region of electrically
neutral gas, composed of positively charged
lons and negatively charged electrons, that
surrounds the Earth a a height of
approximately 200 km (120 mi). If a radio
wave passes through the ionosphere, its electric
field accelerates the charged particles. Because
the electric field oscillates in time, the charged
particles tend to jiggle back and forth. The
problem is to find the motion of an electron of
charge -e and mass m which is initially at rest,
and which is suddenly subjected to an electric
field E = E sin ot (o is the frequency of
oscillation in radians/second).

IONOSPHERE
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Example 1.15 Straight Line Motion in Polar Coordinates
Consider a particle moving with constant velocity v = ui along the line
y = 2. Describe v in polar coordinates:

y ,. V = VT + v40.
0 i
Y I g _¥= Vv, = ucos 6
N // .
N i Vg = —usin @
r/ usin~<"ucosb A
Tr V=ucosOdr —usinb .
0 B o
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Example 1.16 Velocity of a Bead on a Spoke

A bead moves along the spoke of a wheel at
constant speed u meters per second. The wheel

rotates with uniform angular velocity § = w

radians per second about an axis fixed in w’/
gpace. At t = 0 the spoke is along the x axis,

and the bead is at the origin. Find the bead’s
velocity at timet (&) in polar coordinates; (b) in
Cartesian

coordinates.

(@ r=ut,i=u,0=uw.
&:) v=it+7r00 = uf + uwt6.

(b) Vy = V,C0S 0 — vgsinf

Vy = VrSIN 6 + vy cos 6.

V= U, Vg = rw = uwt, 6 = wt,

&:) v = (4 cos wt — uwt sin wt)i + (u sin wt + uwt cos wt)j.
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Example 1.17 Motion on an Off-center Circle

A particle moves with constant speed v around a circle of radius b,
with the circle offset from the origin of coordinates by distance b so
that it is tangential to they axis. Find the particle’s velocity vector in

polar coordinates.

\
4
-
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v =—vsinBt+vcosB 8

= —ysin@r +vcoshao.

20 = wt or 8 = wt/2, where w = v/b.

&:) v = —v sin(vt/2b)f + v cos(vt/2b)8.
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