







































































Section 2 — Question 4

Consider a large region of space where the electric field, E(x,y,2) = [Ex E). E.;l=
[|E|, 0, 0], is constant and homogeneous. The effect of gravity can be neglected.

A point particle with mass, m, and positive charge, e, is accelerated by the electric
field. It moves through the origin at ¢, = 0. Its velocity vector, v, is known at this
point: v = [v, cosa, 0, v, sina], with v, << ¢ and cosa. > 0.

At some later time, ¢;; the distance, along the x-axis, between the particle and the
origin is L and the particle’s speed is still non-relativistic: vy<<c.

a) Estimate the total energy emitted, W, in the form of dipole radiation,
between £, and t;; as a function of the variables given above.

b) Describe and interpret the result.

Hint: one can approximate the power radiated by a dipole moment, p, in non-
relativistic situations, by the Larmor formula:
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Section 2 — Question 5

A plane electromagnetic wave in vacuum is propagating in the positive z-direction.
The wave has a frequency o and its amplitude is being slowly decreased in time. In
particular, at z = 0 the amplitude is proportional to (1 — az) for time t=0to ¢ = 1/q,

with a/o << 1.

Consider an imaginary cylinder as shown below.
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Find the net, average outward energy flow per unit time from the cylinder and show that it equals
the rate at which the enclosed energy decreases with time.
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Radiation related problem

Consider a sufficiently large region in vacuum around the origin, where the
electric field ( E (x,y, z)=[Fz, Ey E: 1=1[1El, 0, 0]) is constant and
homogenous (i.e. far beyond the volume of interest). The effect of gravity can
be neglected.

A point particle with mass (11) and positive charge (¢) is accelerated by the
electric field, It moves through the origin at to=0. Its velocity vector v is
known at this point: |7| = v, < ¢ and v, = 0, where c is the speed of the light.
The angle between ¥ and Z is a; cos(c) > 0.

The distance along the z-azis between the origin and the point particle will
be L at some later time (tj).

Estimate the total energy emitted (W) in the form of dipole radiation be-
tween t, and ¢5 as a function of ( I—*_‘:, Vo, @, L, m ) . e« and L is chosen that the
charge never leaves the region of interest where the field is constant and homoge-
nous and that the speed of the particle at t; is still non-relativistic (v < c).
Describe and interpret the result.

(Hint: Remember, one can approzimate the (dipole) radiated power with
the Larmor formula (e.g. P = I;T:?g’ where p is the dipole moment) for non-
relativistic situations.)

Summary of solution:

One way to estimate this is:

. — .. .
The equation of motion is mT = eE. Since p = ea in this case, the
. . )2 2 .

radiated power can be approximated as P = 6%%5— according to the Larmor

formula.
The x-projection of the position of the particle at time t¢ is L = % (%"Ii) t} +
’Uotf.

Therefore the total flight time is ty = muocos(@)ty/mvicosi(a) t2eBmE

eE
Consequently the total energy emitted in the form of dipole radiation be-
tween t, and ty can be estimated as:

W o po cBue ( cos?(a) + 2BL cos(a))

— 6mc m muwg




¥,

EORIL 1 P xa X, NS

64_” Ciu.ﬂgll\\‘”\ . Dece wbe - 2004 . Rokev—‘l” iy /gy
MAwlfttun.e
d

pen -
A ﬁame (/eﬂ.c‘{\mmm%wejn‘c Wave twn VACLUuhna 1S
Pro Ty H,\e. Fosi{—ive 2 cl:\f‘CC/'*'.\OV\, The
L«/awe Qreﬁu.e w and its o«mpﬂ/{i—m& 1S
b(,c\,«_a SQ, M&S

Ovn Clz is YO or’\"Tov\.a.Q +z) (l a‘t)
P pep
«Cw bme 0 b dee Yo oud c< 1

Co wse cLQr an y vvxajvxaﬂa C«a,QA'wAer as S Low h

awemfse

. F\.A “’\& net ~ obt-l-—war evterja F),amw per un. 1
Hime ’R’OW\ H«e Ojbmler omcl sShow 4‘{/\0.‘(‘ s actuo-ﬁs
‘H’\e V‘ovl-t at WL\?Q(A -Hm QV\(—L:SQJ e_mewa:) Cl—QCv-QqseS
| wi +h e

cJ v Rme. Tw Pa(-l'\‘culav‘, o—'E 2T

|



Méwhinngy E-5
S¥msanhm ~(

Soﬁ.ujﬁovx’ P«.Qe. i
e need  Hhe  value of E*g,

‘\’\A"- ?O:}wl'\‘wa VC,U‘LDT‘
\\vv\'(,f)fal-ec[ ove ‘\’\AQ- Surgcx.ce .

\ ) s Ay ' ‘H’\-C
Dur\».% He Hhwe the \O\W\PL hode 1 “3
ehcl‘v\c 1[1\&_4 of 2=0 s

-3 - Cw{’—
E =€, (l-ak) e

The aCichl at o sk ab ke b s He
P \ e
same  as  He Lell ot pont 0 ok Bue £

w\/\}o\/\ 3\)\165

P
E X B . ‘Po‘m{'s ‘. ‘)’\N. (l,\rcol'\‘m« o‘(: P«)F«Ga}\‘om, Se we oﬂ
\/\CC:L ‘ ‘H/‘Q S\A\"cn.c,e ‘MleavQO o v "’LQ .ev\clj (_,'( 'HA-D_

q’ -
Cg/aing&(. PR ,B = CEGO AV\A S\wce /LJ v S Syaalll
1
/Z.

)

coo (- #e)

we

Qvevuges  over o osci Llatyon fe»:acl TeiA
\/\o.vC,

\S E*g»i}" = LZG«’CE: (’NYIBKQ” at "“L/c_f —~ (L‘_ajc;]
7 i

Co““t\f‘\\ow“ﬁ'ow ’PNM (_o“‘\v:-\owko-q
iyt end fomn Jodt end

e B (e z
;-eac o('f)&l(l*a‘c\% J'Gé)]

-—




mawhinney -5
So Liakon - pone 2 e M Stutom - 2

. ' . R 2
'ﬂ;\e C\A€r33 J'QV\S-‘I‘A 'S C__E_E *-B/io ~ €6EL ‘(;)r 7

2z

Il)QaVLC wawe . Avffa.j‘w\a ovey o f-c\rrocl ﬂ‘wc,s EN 'Cauc,nr A
o el
- j' w& an avemja ewwa,& of

W = SL e B? :
> o ( | —at + %}> dz (per?)
2 -
' - € B met L
Ozé M S A_Q [Q,ah)?— + Z(\"ak)i 2 +O:L'EZ
R c o

Y
— 60 Eo ’c\‘rz '

) 2 {Q’aOzL * (\-aQ& L* « Oi]

3c

R PTCON I o B (T






