4/11/2014

PHY 712 Electrodynamics
10-10:50 AM  MWF Olin 107

Plan for Lecture 30:

Special Topics in Electrodynamics:

Cherenkov radiation

(discussed in Jackson Chapter 13)
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References for notes: Glenn S. Smith, An Introduction to
Electromagnetic Radiation (Cambridge UP, 1997), Andrew
Zangwill, Modern Electrodynamics (Cambridge UP, 2013)

Cherenkov radiation
Discovered ~1930; bluish light emitted by energetic
charged particles traveling within dielectric materials

04/11/2014 PHY 712 Spring 2014 -- Lecture 30 3




Maxwell's potentialequations within a materialhaving permittivity
and permeabilty (Lorentz gauge; cgs Gaussianunits)
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Source: charged particlemoving on trajectory R, (t) :

plr.) =5 R, (1)) o \Rl—

J(r,t)=qRq(t)5(r—Rq (t)) :
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Liénard-Wiechert potential solutions:

04/11/2014 PHY 712 Spring 2014 — Lecture 30

Some algebra

R(t)=r-vt

R(t,)=r—vt, =R(t)+v(t-1,)
(11X, = Rle,)=[RE)+ V(e
Quadraticequation for (t 2, )c, :
((e=t,)c, ] = R*(c)+2R(e)-B, (=1, )e, + B, (e, )c, ]

(11 Yo, - ~ROB2RO)-B,J {5 - T)
o pl -1
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R(f,)=r—vt, =R(1)+v(1-1,)

R(t,)= ﬁRz(t)l(_ﬁ” cos@+f1— B sin’ 9)
R(t,)-R(t,)-B, =%R()1- A7 sin’ 0

Liénard-Wiechert potentials:

q 1
rt)=tt—m —7 —7—7+/J
) € R(1)\/1- B, sin* O
B !
rst = iqﬂ—n
) R()\J1- B sin* @

For 8, > 1, range of 6 is limited:

R(1)=R0O (-8, c0s0 1 sin” 0] 20

B -1

2%S f<sin™ [LJ

o

A(

B,
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Physical fields for g, > 1

= cos < cosb.

2q

1

& R(t)W1- B sin’ 0
p

)= 2 [ i E—

rot) =244 R()J1- B sin* @
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O(r,1)= O(cos g, —cos (1))

O(cosd,. —cosO(t))

A(




Physical fields for g > 1

O(r,t _u

1
£ R(t)1- B, sin* 0

©(cos 6. —cos (1))

B
A(r,t) =2qu————F—=———0(cos 6. —cosH(t))
(=) R(t)Wf1- B sin’ 0 ‘
1 0A
E(r,t)=-VO-—— B(r,t)=VxA
(r)=-vo-L%  B(r)-vx
2q R
E(rt)=———FF—— x
(0= (R@) J1-p}sin* 6
[12’”;77.1,6@((:056( —cosﬁ(t))+1[ﬁ”2—1 5(005:9(.—(:059(0)]
—p, sin”

B(r,t)=-f,sin H(éxE(r,t))
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Intermediate steps:

df vsiné dR

—= — =-vcosd

dt R dt

L . ~ 0 ~10

Using instantaneous polar coordinatss: V=R—+0——
OR ROO

VO(cos b, —cos(t)) = 5(cos @, —cos O(t)) nggt) 0

20(cos b, —cosO(t)) vsin® 6(¢)

o =5(cos@,. —cosH(r))

R(t)
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Some details: Cherenkov radiation observed near the
angle 0, at time t=t +At

Q

cos . —cos6(1) ¢, A
' NI B.R.
N NV VbR L, i
2¢, At} -1
1-8, sin’ g(t) EM

R

C
When the dust clears ....

d*l ca’
oc| 1— - |@
dwd/ %
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Some details: Cherenkov radiation observed near the
angle 6,
R(t)=r-vt
sinf,. = S
v
7>6(r)> 6,
r/ R R(At) ¢

ef\()) —a@y

vic
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Cherenkov radiation observed near the angle 6, -- continued
cos 6, —cos@(Ar) ~sinf. O(Ar)

Y
RC
1- 5,2 sin’0(1) = 2 ﬂf—l%’
r R¢ R(At) ¢
R O)
8(At
/—\( )
vt
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Cherenkov radiation observed near the angle 6, -- continued

2q R

t)=— X

E(rt)=—"—FF—/—7—--—
(r) & (R(t)) 1=} sin’ 0
(1_227;“1129 O(cos b, —cos 8(1)) ++/B,> =1 5(cos b, —cos H(t))J
B(r,r)=-p, sinH(éxE(r,t))

Estimates at ¢ = ¢ + At

2q & (ﬂnz _1)1/4 -1/2 1 -3/2
E(r,t)z—?q CW[(AQ 5(At)—§(At) ®(At)}
B(r,1)=—(0(0)xE(r,1))




Cherenkov radiation observed near the angle 6, -- continued
Spectral analysis:

E(0)=-—R.—— > de{mg(t)_l t*3/2®(t):|eim

- C(203RC)1/2 o 2

@
J.dt £
0

q A .
==R S (1-1 @
& C (203RC )1 2 ( )
1/2
P e e g (8]
Spectral intensity: 1o oc ‘E (0))‘ = gz(ch) @
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Cherenkov radiation emitted by the core of the Reed Research
Reactor located at Reed College in Portland, Oregon, U.S.
Cherenkov radiation. Photograph. Encyclopaedia Britannica
Online. Web. 12 Apr. 2013.

ht}p:[/wiw.britannica.crg'rn/E_l_?chqclﬁgq(rpedia/ 174732




