advanced PhO'l'OH sSource .
Homework Solutions Set#3

Problem 1.

o=-—4np— m!

y? =(o+ B)” = jou(c + joe)
(oc2 )+ J(2ap) = —o’ue+ jouc = —m’p,(18.58, )+ jop,o
S
— B =+/a +18.50% e, ~9.867ad — m”"
203

and 20B=op,c >oc=—-—-=0. 15m™
Wy

RF and Microwave Physics Fall 2002 ANL



advanced FhOI’OH sSource .
Homework Solutions Set#3

Problem 1. Cont.
n, = ‘nc‘eﬂbn =74.2¢7 %0

So E(z,t)=2e"" cos(wt—9.862 )V —m™
#, (2,6)=2.7x10"" cos(wt —9.86.2 —0.386)A — m "~
S, = 2(2.7x102 k™ cos(0.386) ~ 2(2.5x10 2™ W — 1~

d

Prering = (Hea of 1y plane ), (2 = 0)
= (ab)2.5%1072)=1.25x 102 W
Priing = (Aea o 3 = d plane)S,, (2 =d)
= (ab)2.5x1072 Je 8 )= 4.19x 10" W
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P,=0-E=c& -E =olkc|” =0.4¢7% cos* (01 —9.862)
=0.2¢7" +0.2¢75 cos[2(wr —9.862)]
=[P] =02 W —m™
1 1
P, = jV VARCE j(ab)0.2e_8zdz = j(.5)0.26‘_8ZdZ ~1.25x107*W
0 0
P

entering ~ * exiting

%Z'e M 1)[0[(2/ —
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Problem 2.

Note that since the for normal incidence, 1+I'=7, the reflection and
transmission coefficients must be I'=-0.5 and 7=0.5 respectively. For

loss-less nonmagnetic case, the reflection and transmission coefficients
can be simplified as

e e,
e, e,

Z = r =0.5
e, + e,

0.5-0.5M% = 1 %209
glr 811‘
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At 3GHz, the skin depth of copper is 6=1.15 um which means that we
can easily reflect multiple reflections for a copper foil of 10 um
thickness. The reflection coefficient at air-copper interface is given

F::;:C;EO (ﬂcc'dl'ée"f« . . . 5 //‘ 0& 55 )
where
jOOM 2nN

= m(lﬂ)

N ~2.61x10° 7f(1+,)

Fonon. C2.61x107VF(1+ 7)Q-377Q
n, +n.  2.61x107V 1+ /)Q+377Q
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FZEJ:E (1), éo the cnterinsce impedance of copper)
where
J(DM 27‘!2\/? .
= 1+
g Ut)

M. ~261x107f(1+1)
Fon-n ~2.61x107VFA(1+ )Q-377Q
n+1n. 2.61x107V 1+ ))Q+3770Q

RF and Microwave Physics Fall 2002 ANL



advanced photon source

Problem 3. Cont.
At 3GH~

[ =0.9993623¢" ™"

($,), =2(S,), =998.72W — m"™

(5,), =(1=T*XS, ), =1.274993W — ™

fon coppen with G =5.78x10°S — m™", az 3GH2, we bave
oL~ 827593.621 up - "

=[(5,),(e7)] ., = 82.6260W —m”
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( av )emerthg av

Thus 10um sheet of copper 1s extremely effective in
shielding 3 GHz radiation.
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Problem 4.

At the center of L-band (f-1.5 GHz), the min. thickness of fiberglass needed that
causes no reflection is

A, A, _c/f 3x10°/1.5x10°

d ="2= — ~
"2 20e, 2e. 2~/4.6
d ~4.66cm

min

A4 \GH~,
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A, = P =~ 1.0cm

Je.
Pliase constant [ follows as

B, = iﬂ ~ 0.449rad — cm™

2
RF and Microwave Physics Fall 2002 ANL



advanced photon source

Problem 4. Cont.

Homework Solutions Set#3

n — n3 T mZ ZLan(BZC{mm)
B 2 n2 + m3 zLan(ﬁ2a’min)
subotituting for 1, :@,Mm =377

V4.6
N, = 126" Q

Tte effective neflection coefficient co
r = Ny, — M,y ~ O.6€j1560

ell’
T]23 + nl
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Hence the 75 of the time - average incident powen
hat thansmits to Unough the nadome at |GIHz can
be calealated as

Homework Solutions Set#3

i <100 = (1- 1T, [ )x100 = 642
Repeating the same at 2GH

N, ~ 1267990
r, ~0.6e” = (1-I

efl

?)x100 = 64%
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