ELEKTRİK-ELEKTRONİK MÜH. ELEKTROMANYETİK DALGA TEORİSİ FİNAL SINAVI
			01.06.2015
S-1	Maxwell denklemlerini nokta ve integral formda yazın.
S-2	Boşluktaki bir dikdörtgen akım taşıyıcısının köşe noktaları A(1 ,0, 1), B(3, 0, 1), C(3, 0, 4), D(1, 0, 4) olarak verilmektedir. Akım taşıyıcısı az yönünde (B den C ye) 6mA akım taşımaktadır.  z ekseni boyunca yine az yönünde 15A akım taşıyıcısından kaynaklanan manyetik alana maruz kalan dikdörtgen taşıyıcı üzerinde oluşan toplam kuvveti bulun.
S-3	 alanı için  dir. Aşağıdaki terimleri bulun.
a) ω  		b) Jd (z, t) 
S-4	Kayıpsız bir iletim hattının karakteristik empedansı 72Ω, L=0.5 µH/m ve 80MHz frekansta çalışmaktadır. Bu verilere göre aşağıdaki parametreleri bulun.
a) C	b) vp 	c)β	d) iletim hattı 60Ω ile sonlandırılırsa Γ ve s parametrelerini bulun.
S-5) 	Boşlukta çalışan ve  d=0.01λ uzunluğundaki bir antenin 1W gücünde dalga yayabilmesi için gerekli akım miktarı ne kadardır.
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L T
ization process. Experiments must treat physical macroscopic quantities, and
their results therefore are expressed in terms of integral relationships. A differ-
ential equation always represents a theory. Let us now collect the integral forms,
of Maxwell’s equations of the previous section.

Integrating (20) over a surface and applying Stokes™ theorem, we obtain

Faraday’s law,
fE.dL:—/ﬂ.dS
A0

and the same process applied to (21) yields Ampére’s circuital law,

fu.aL:H/@.as (34
o

Gauss’s laws for the electric and magnetic fields are obtained by integrating
(22) and (23) throughout a volume and using the divergence theorem:

fo-as= [ pa
s ol

fn../szo (36)
s

‘These four integral equations enable us to find the boundary conditions on B, D,
H, and E which are necessary to evaluate the constants obtained in solving
Maxwell’s equations in partial differential form. These boundary conditions
are in general unchanged from their forms for static or steady fields, and the
same methods may be used to obtain them. Between any two real physical media
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B=0 @3

Equation (22) essentially states that charge density is a source (or sink) of electric
flux lines. Note that we can no longer say that afl electric flux begins and
[P €nd of Book terminates on charge, because the point form of Faraday’s law (20) shows that
E, and hence D, may have circulation if a changing magnetic field is present.
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05, Amclangular loop of wire in free space joins points A(1,0, 1) to B(3,0,1) to C(3,0,4) to D(1,0,4)
to A. The wire carries a current of 6 mA, flowing in the a, direction from B to C. A filamentary current
of 15 A flows along the entire 7 axis in the a direction.

a) Find F on side BC:

]|

c
Fpc :f Tioopd L X Brom wire atBC
B

Thus
15u0

4
F, 6x107%)d: 2
BC fl( X ) zathmay

=-1.8x 10783, N = —18a, N

b) Find F onside AB: The field from the long wire now varies with position along the loop segment.
‘We include that depeﬂdmce and write
. 150 45x 1073
Fap= (6><10 Ydxa, x —2a, = """ I3 a, = 19.8a, iN
2x kg —_—

¢) Find Fioq on the loop: This will be the vector sum of the forces on the four sides. Note that by
symmetry, the forces on sides AB and C D will be equal and opposite, and so will cancel. This
leaves the sum of forces on sides BC (part @) and DA, where

4
157

Fpa= | —(6x107%)d —
DA /; (6 x ) a5
The total force is then Fiott = Fpa + Fpc = (54 — 18)a, = 36a, nN

9.6 The magnetic flux density in a region of free space is givenbyB:—3xa,+5ya,. 2zazTFmd

& ORI
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11.6. Let ug = eg = 1 for the field E(z. 1) = (25a, — 30a,) cos(at — 50z) V/m.
a) Find @: @ = ¢f = (3 x 108)(50) = 15.0 x 10° s=1.

b) Determine the displacement current density, Ju(z. 7):

aD
Ja(z, 1) = s —eow(25a, — 30ay) sin(wt — 50z7)

= (—3.32a, +3.98a,) sin(1.5 x 10'% — 50z) A/m?>

c) Find the total magnetic flux @ passing through the rectangle defined by 0 < x < 1, y = 0,
0 <z < 1,att = 0: In free space, the magnetic field of the uniform plane wave can be easily
found using the intrinsic impedance:

25 30
H(z, 1) = (*ﬂY + 7a,) cos(wt —50z) A/m
no no

Then B(z,1) = poH(, 1) = (1/¢)(25a, + 30a,) cos(et — 507) Wb/m?, where po/no =
/io€o = 1/c. The flux at = 0 is now

& ORI
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13.3. The characteristic impedance of a certain lossless transmission line is 72 . If L = 0.5 uH/m, find:
a) C: Use Zo = JL/C, or

L sx107

c=L _3x197
7z (122

= 0.6 x 101 F/m = 96 pF/m

1 8
== —144x10°m/s
T e o x0T m/s
PTVIC T /G <1006 x 10-1)

) Bif f = 80 MHz:
27 x 80 x 108

—wVIC="TT "
p=0 1.4 x 108
d) The line is terminated with a load of 60 . Find I" and 5:

60-72 140 1+.00
- —0.00 s= =
60+72 1T-r " 1-.00

13.4. A lossless transmission line having Zo = 1202 is operating at & = 5 x 108 rad/s. If the velocity on

g e
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and the time-average power i given by one-half the maximum amplitde.

where n =
This i the same power a5 that which woukl be disipatad in  esstance
B by the current I i the absence of any radiation, where

<1 b | oToxtMain Monu | TotbookTabl o Contris

Ram 2 (8) )

11 e assume the diffreniallengthis 0,013, then R, is about 0,082 This
small resstance & probably comparable Lo the olmic resistance of 4 practial
antenna, and thus the cficiency of the antenna might be unsatisuctorly low
Effectve matching to the source also bocomes very diffiult 1o schieve, for the
input reactance of  short antenna is much greater in magnitude than the nput
resistnce R This s the basks for the statement that an cffecive anteana
Should be an apprecisbe fraction of 4 wavelength lons.

The actusl currnt distrbution on o thin linear snienna is very nearly
simusoidal even for anicnnas that may be several wavelengihs long. Note that
ifthe conductors of an open-circuited two-wie ransmission line ar folded buck
90", the standing-wave distribution on the e is sinusoidal. The current & 2er0
at Cach end and maximizes one quarter wavelength from cach end. and the
Current continucs (0 vary in this manner toward the center. The current at the
center, theefore, wil be very small for an antcnra whose length is an intcgral
numbr of savelengths, but it will be cqual 1 the maimum found a any point
on the antenna if the anienna kngth i 32, 34/2, /2, and 50 orth.

On ashort antenna, then, we ses only the firs portion of the sine wase: the
ampliud of the current i ro at sach end and inereases pproximatly in 4
fincar manner (0 3 maximum value of , at the center This is suggested by the
sketch of Fig. 1421, Note that this anicnna bas identical currnts i the two
alves and it may be fed conveniently by 4 two-wire ine, where the currnts i
e two conductorsare cqual in amplitude but opposit n direction. The gap at
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1424, A short cusrent clement has d = 0,033 Caleulate the radiation sesistance for cach of the following
curreat dictributions
2) unifomm: In this case, (86) apptics dircetly and we find

Raa =302 (%) =s0r03

) finear, 1(2) = o(0.5d — [2)/0.54: Hee, t average custent 0.5, 2 5 the averag powes
drops by  factorof 0.25. The sadiation esitance therefore is dow o one-fousth the value found
inparta, or Ryq = (029)0711) = 0178

@) siep, Iofor 0 < [z| < 0254 aad 0.5 for0.25d < [z| < 0.5d: Ithis case the average curreat on
the e 07510, The radiated power (and sadiation sesitance) e down to @ factor of (0.73)°
times thcis valocs for 2 uniform cosrat, 0350 Rrag = (0.75)2(0711) = 0.400

14.25. A dipole antenna in free space has a lincar cumzent disribution. IF the length is 0,024, what value of Io
i seqired to:
2) provide a radiation-field amplitade of 100 mV/am at a distance of one mile, at 6 = 90° Witha
lincar current distibuion, the peal curent, Jo, occurs a the center of the dipole; current decreases
Tincarly to 2070 at the two cnds. The average current s thus /o/2, and we vse Eq, (84) to write:

1Bl = 22 01 = =844

) sadiate  total powwer of 1 watt? We use

P = (3) (33Re)

‘wher the radistion esitance i given by . (86), aad where the fctor of
average cuent of o/2: We obtan Prs = 1072/3(0.02)

1426, A monopole antenna in free space, extending vertcally over a perfectly conducting plane, has a lincar
current distibution. If the length of the antenna ic 0,01, what value of Io & sequised to
2) provide a radiation field amplitade of 100 mV/im at a distance of 1 mi, at # — 90° The image
antenna below the plane provides a radiation pattern that i identical to a dipole antcnna of length
fild s thos piven by (84)infrce space, where § — 90°, and with an additional
incinded to account for the lincar corrent distibution:

4rlEsl _ 4(5289)(12 x .0254)(100 x 10-3)

@mm [EWTE;

) sadiae a total porwer of 1W: For the monopole over the conducting plane, power i sadiated osly
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Tactor of 1/2 included to account for the linear curfent distribution:

gy = Moo ArlEol _ 4(5289)(12 x 0254)(100 x 107 _saa
272 @/mmo (02)(377) ===
b) radiate a total power of 1W: For the monopole over the conducting plane, power s radiated only
over the upper half-space. This reduces the radiation resistance of the equivalent dipole antenna
by a factor of one-half. Additionally, the linear current distribution reduces the radiation resistance
of a dipole having uniform current by a factor of one-fourth. Therefore, Ryq4 is one-eighth the
value obtained from (86), or R,qq = 107%(d/)?. The current magnitude is now

p 7[2}’@]“7[ 21) ]”27 N:
" Ral Tlo2@n?] T Vionce

=71A

14.27. The radiation field of a certain short vertical current element is Egs = (20/r) sinf /17" V/m if it is
located at the origin in free space.
) Find Eps at P(r = 100, 6 = 90°, ¢ = 30°): Substituting these values into the given formula, find

20
Eos = ﬁsm(go“)f”""“w’ — 0261907
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