ELECTROMAGNETICSII
March 17,2004
Second Exam
Solution

Answver thefollowing five questions Write clearly and condsely. Y oumay use any material,
induding your notes, book etc. but you cannotborrow material duringtheexam. You are
encouraged to make reasonable assumptionsbut you mug state them clearly. Only assumptions
necessary to solve the problem will be accepted. Permittivity of free spaceis ! g=8.854"10#12

F/m, permeability of free space is 4$" 1077 H/m.

1. A laser beam propagaesin alossless optica fiber. Thefibe isroundand has aradiusof a=0.1
micrometers. Thetotal time averaged power of thebeam is P=0.01[W]. Assume planewave
propagaion aongthefiber. Now suppo® thefiber is cut at some point so tha the plane of the
cutisclean and straight If therelative permittivity of thefiber is ¢,=2.25, calculate the power
trangmitted fromthefiber into air. Thearrow in the figure ontheleft shows the direction of
propagaion of thewave.
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Solution: Calculate thepower dengty inthefiber, then theeectric field intengty and the
trangmission coefficient. From these calculate theelectric field intengty in air, then the power
dengty and findly, power.

Thepower dendty in thefiber is:

Fromthis, theelectric field intengty inthefibe is:
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where:
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Thetrangmission codficientis
_ 2no _ 2x377

= = = 1.
Mo+ Ny~ 377 + 377TW2.25




Thedectricfield intengty inair is.

E,=TE; k4
Power dendty inair is:

_ E§ _ TZEf2 _ T2271fP {W}
2N 2Ma 2nama?

Thepower in air isthis quantity multiplied by thearea:

T2mPma2  T2nP
Pa= SPy = i = (W]
2ngmal Na

Numerically this gives:

b = T2yP _ (1.2x251.334x0.1
a7 Ma 377

=0.0096  [W]

2. A planewave propagaesin free space (air) and impinges at an angle of 60;j on a conduding
interface. Calculate thetime averaged power dengty in air. Give both direction and amplitude
Assume the surface of the condudor is at x=0.
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Solution: There are anumber of waysto solve this problem. Theeasiest isto write the electric
fieldsand magndic field by ingpection. To do so we write both theinddent and reflected fields
usng Figure B. Note tha thereflected electric field intendty is such tha thetangentia
components of theinddent and reflected field cancel each other onthe surface of the condudor
asrequired.

Now we can write each field separately but note that both theinddent and reflected magneic
field intengties mug beinto the page (negdive z direction). Note also tha the amplitudeof the
reflected field intendty isthe same as tha of theincident electric field intengty.



E; = [iE,-nsinﬁoc’ ! §E,-ncos60°Je!J'"(XC0560° + ysin60°)
H; = /Z\E’I?”;n e—jﬂ(xcos60° + ysin60°)
0
E.= [?E,- 2Sin60° + YE; ncos60°}ejﬁ(‘“0~‘60° + ysin60°)
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Now we add the electric fieldstogeher and the magnédic field togeher to find thetotal field:
For the electric field intengty:
Ei=E +E, = iEinsin60i[e!j"(xc0s60i + ysin60i) + ej"(! xcos60i + ysin60i)}
+ ?EinCOS60i[€j"(! xcos60j + ysin60i) | e!j"(xcos()Oi + ysin60i)}
=X insin60i[e!j"ysin601 + ej"ysin60i}e!j"xcos60] + ?Emc0s60i [ej”ysin60i I e!j"ysin60i}
= XE;,(sin60j 2cos("ysin60j)e' " *cos60i + yE; (cos60j )j2sin("ysin60j)
= X2E; (sin60j cos("ysin60j)e! /" xcos60i + yiE; (cos60j )sin("ysin60j)

Similarly for the magndic field intengty:

H] — Hi + Hr: /Z\E,%’l[e"j#(xcos60i + ysin60i) + ej#(" xcos60j + ysin60i)}

A~

= 17%& JHysin60j 4 ej#ysm60|}e J#xcos60j = 72 .l(;l COS(#ySln60i)}€ J#xcos60j

Now we write for thetime averaged power densty:
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I x! E%g[cos( "ysin60°)|eJ "xcos60°2F; (5in60°)cos("ysinB0°)e# xcos60°
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= yﬁcoﬂ( "ysin60°)|(sin60°)

Note: theabovewas donein all details. This can be shortened by suing available expressionsin
thebook.



E;, =100 V/m

FigureB

3. Given auniform planewave:
E= x3¢7!% +yded!ei"4  Vim

Find the polarization of the plane wave as well asits sense of rotation (i.e. left or right).
Do notguess. A guess withoutsubgantiation will not be accepted.

Solution: follow the standad steps
(1) Write theédectric field intengty in thetime domain:

E(z,/)= X3cos(! t" #z) + yacos(! t" # + H4)
(2) set z=0:
E(z=0,t)= X3cogmt) + y4cogwt + m/4)
(3) Choo= two digtinct values for wt, say %4=0 and wr=%$/4. Calculate the electric field for the
two values:
For %4=0:

E(z=0,! 1=0)= X3 + y4cos("/4) = X3 + y2.83
For wt=%/4:

E(z=0,wt=m/4)= X3cos(m4) + y4cos(n/4 + m4) = Xx2.12
Thus thepdarizationis eliptical since theamplitudechanges with rotation. Therotationis
clockwise (see Figure). Thuswe have aleft elipticaly polarized wave
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4. Thefrequency of light radiated fromthesunis 1014 [Hz]. Thetime averaged power densty at
the surface of the earth at this frequency is 500[W/m?2]. Suppo this lightimpinges onthe
surface of your skin perpendicularly. The propeties of the skin are: condudivity 0=10[Sm],
permeability u=ug and permittivity e=2¢9. How far does thelight penetrate into your body before
its power dengty is attenuaed to 1/10000f itsvaluein air.

Solution: Wefirgt calculate theelectric field intensity in air followed by thetrangmission
coefficient from air into the skin. Then, after calculating the power dendty and the attenudion
condant we calculate the depth into the body.

Inair:
_E3 . _ ./ \Y
Pav—% Ea=V210Pay {a}
Thetransmission cogficient between air and skin is;
2
Toro+rs

Now, theintringc impedance of skin is
. [ous j2x10 4x4 %1077 _\/ j7.896x108
) s + jwes 10 + j27x1014x2x8.854x10~12 10 +j1.11x10%
i7.896x108
Ly BT
j1.11x10%

Thisis possible because the condudivity is small in comparison. With these thetranamission
codficientis:

s 2x266.7

T 0+ 1s 377 +266.7
Thedectric field intengty intheskinis:

=0.829

E =TE, ¥
Thepower dendty intheskin at theinterfaceis:



B 21 21 - 2n; - Ns m?
This power dengty is now attenuaed with an attenuation condant for a distance d where the
power dengty is 1/10000f 7,,. We can write formally:

N
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2
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Rewriting:

2
1T hed L 2w s
1000 Ns IOOOTZT’]()

Now, taking thenaural log on both sides:

Dad=Inf— ) - d=-Ljf B
1000T2n, —2a {10002

Before we can calculate this we need to attenudion congant. To calculate the congant we nead
first to decideif we have low or highloss attenudion:

G = 10 = 9x10~4
2mx1014x2x8.854x10~12
Thisisalow loss materia. Theattenuaioncondantis;

47x1077
=0y _10 >0 133196 |Ifn—p}

(04
208 27\ 948.854x10-12

Now we can write:

d=-1_n #s = 1
12" 1000T2#0 12%$1331.96

That is, pendrationisonly 2.58 mm.

In 266.7 =2.58%10'3 ‘m]
1000$0.829)2$377



