EECE.3600 Final Exam
12/20/2017
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1. (10 points) On a lossless 50-€2 transmission line terminated with a Z; = 150+j100 Q. If

this transmission line is matched to the load using a shorted load stub. Determine the

stub length and distance between the load and stub. Two possible answers. You only

need to show one of them.

Solution:

See Smith Chart
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2. (10 points) A 20-cm long air spaced lossless 50-Q line (er = 1) is terminated in an
unknown impedance. If the input impedance is Zin = 60 + j30-Q at frequency 5GHz, Find
(1) the reflection coefficient; (2) the standing wave ratio (S) and (3) the location of the
first voltage maximum from the load.
8
228 3A0MIS g g = fn 12+ jos
f  5x10°Hz Z,

_ 20cm
6cm

I =3.3334,5=1.7, I'=0.32-68". Location at 0.411 from load.
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3. (10 points) For a vector filed A=r?f + 3r¢;$ — 22, verify the divergence theorem

j':.fﬁ\-dé’ =III(V-A)dv, on a section of a cylinder bounded by -1 _%g¢g%, 1<7<3

¢=—0.57 $=0.51

g

N

Solution:
ffA-ds=[[A-ds+ [[A-ds+ [[A-ds+][[A-ds+ [[A-ds,
S b side left right

top ottom

[[A-ds=[[-2z-2rdrdgp=—z, [[A-ds= [[-22:(-2)rdrdg=r,

top top bottom bottom

[[A-ds = [[ree-frdgdz] ., =27,

side side

[[ A5 = [3rg-dared,.. -,
J[ Avds = [[argd-(- b, ., =22

right right
ﬁli.d§=ﬂii-d§+ HA-d§+ﬁA-d§+HA-d§+ HA-d§=57z.

top bottom side left right

=51,

I'V” (V-A)dv = fdz[://;d(pﬁ(Sr +3)rdr = Zn(rs +§r2j;
ﬁ/&-d§=m(v.li)dv.




4. (10 points) Verify Stokes’s theorem for the vector field A= Xy® + yx*along the path

shown below:

.1L

] !

L3 LE
Ly
0 > x
2
Solution:
§A dl :jA-dT+JA-dT+ A-dl
L L, L,

IA dfzj()?y3+yx )->A<dx|y . :.[y3dx|y =
L L L
[A-dl'= _E(f(f +9¢)-%dx ], , +J.Ol(>”(y3 +9¢)-ydy |,

(9.3 0 3
_Lxdx+Lydy
1 1
_—ZXAE—ZY%
__2
4
fA-dF = [Adl + [A-dl + [A-di =042 23
4 4



=20+ 0+ 2(3x* —3y?)

IJ(VXA) J.J' 2(3x? —3y - 2dxdy

_.[ dx.[ (3x ~3y )dy+J' dxj (3x —3y )dy
='[02x3dx+j1 [3x (2-x)—(2—x)° ]dx
:%+L23x2(2—x)dx—jZ(Z—x)de

:E+2x
4

_2,14-315-1
4 477 4

J2_3 .2
1 4

=3

fﬂ-dfz_!'(VxA)-d§



5. (10 points) A coaxial capacitor with inner connector radius r; = 2mm, and outer
connector radius rz3= 8mm, is filled with two different materials as shown in the following
figure. The length of the capacitor is 2cm. Calculate (1) if the surface charge density
6=1.0x10"°C/cm?, calculate the electric field inside the capacitor; (2) the capacitance of
the capacitor. ¢, =8.85x10"?F/m.
ry = 2mm
79 = 4mm

r3 = 8mm

€)1 = 8¢gp;

€ = 4g9;

Solution:

Using Guass’s Law, the E fields are:

OTl
-1, r<r<r,
&r

m
Il

O-rl
—L, rn<r<r,
&,r

The voltage is:

= or, I of, I
Vdmpszrdr:—lln 2 1+=LIn| 2,
& n & r

Q=2mlo,

c_ 21,0l _ 27 _ 27, L 43 pF.

on.n(fzjﬁnm[fsj 1.n[rzj+1.n(fsj 1.n(fzj+1.n[rsj
& I &, r, & I &, r, 4 r 8 r,




6. (10 points) A Capacitor shown in the following figure consists of two dielectric
layers. d1=d2 = 10cm, and A = 200cm”2. Determine the capacitance of the capacitor.

g =4g,=35x10""F/m, g, =2¢, =1.8x10"F/m.

€2
—
Solution:
Assuming the surface charge density of o, the flux density D is:
D,=D,=-%c.
22, B2 V£, +E,d, = T, T
& & 1 &
C—g— Ac A
v o od, d _d,
& & &g &
—4 2 -11
co A _ 72200><10 m _ :2><10 F _2.4pF .
d d, 10x107°m 10x107°m 10 10
35 138

— 4= +
35x10MF/m 1.8x10MF/m



7. (10 points) Determine the electric field intensity vectors in each layer.

\

Eq

=N
v

&) (air)

e3=Tey

£0 ['di["'

Solutions:
Layer €1:
J2 £ J2
Elt = EOt = 5 Eo' glElz = gOEOZ’ Elz = EOz =— Eo,
2 & 6
Layer e:
J2 & J2
Ex=E,=—Ey, &E;, =6F, =6E,, E,=—"E;, =——FE,,
&, 10
Layer &3:
J2 £ J2
E3t = E2t =4 E0f &k, =6,E,, =&E,,, E3z == EOZ = Eo,
2 &, 14
Layer eo:
V2 & J2
Ex =Ey =—E, &E,, =&E;, =&E,, E,, =—2E,=—E,.
2 & 2



8. (10 points) If the inner conductor of a coaxial cable carries a current of I, calculate the
magnetic field inside the coaxial cable. The inner radius of the coaxial cable is ry, and

the outer radius is ro. Assuming the permeability of material inside the coaxial cable is
Ho.

Solution:

Applying Ampere’s law:

§H-dF=|,H(r)2ﬂr=|,
I

H(r)_g, n<r<r,

= a2

H:¢ﬁ’ n<r<tr,



9. (10 points) Write down the Maxwell equations and their integral forms.



10. (10 points) A conducting bar is put in a constant magnetic field B = 0.1T. The circuit
resistance is R =20Q. The bar width is 20cm. The mass of the bar is m = 1kg. The circuit
and the metal bar are on a flat horizontal surface. If the bar has an initial speed (t = 0) of

V0 = 4m/s, determine:

(1) the current generated in the bar at t = 0;

(2) the force experienced by the conducting bar att = 0;

(3) (extra 5 points) the speed of the bar at time t = 20s;

(4) (extra 5 points) the current generated at t =20s?

(5) (extra 5 points) prove that the kinetic energy loss of the metal bar is converted to the

resistor heating power with a 100% energy conversion efficiency.

R M

X X X XX X X X

X X XX _ X X X
0

X X X XX X X X

(nvz—gﬂyw-umzsw%

| = v = BW, =4(mA), counter clockwise
R R
(2) F =BWI=8x10" (N), pointing to the left.
d BW?
3) F=—m—v= Vv,
®) dt R
W 2B2
- t
v=v,e ™

2Rp2
WBY, e—W ot

mR

@ =



Voltage maximum

Voltage minimum

|V Imax = |V I[1 + U]
IV imin = |V I[1 — T[]

B A A
Positions of voltage maxima (also Imax = B + n—, n=20,1,2,...
.. .. V% 2
positions of current minima)
Or
—, if0<6 <m
Position of first maximum (also lmax = 4
position of first current minimum) O + A if —7 <0 <0
4w 2’ ==
Or A 2 DA
Positions of voltage minima {(also {min = Zr— + g{—), n=0,172,...
T

positions of first current maxima)

Position of first minimum (also
position of first current maximum)

A 6
Imin = Z (1+;r)

Input impedance

Zin=2

Z1, + jZptan gl
0 Zy + jZy tan Bl

Positions at which Z;;, is real

at voltage maxima and minima

Zin at voltage maxima

14T
%:%Q—m)

Zin at voltage minima

P I —T]
in — £0 1—]—|F|

Z;y of short-circuited line

Z¥ = jZotan Bl

Z;n of open-circuited line

Zﬁf = —jZgcot Bl

Zin of line of length ] = ni/2 Zin =21, n=012,...
Zi of line of length [ = A /4 + n)/2 Zin=Z2}/Z1L, n=0,1,2,...
Z;y, of matched line Zin = Zg

IV(;r | = amplitude of incident wave, I' = |T"|e/% with —7 < 6; < 7; 6, in radians.

_4i—4
Z +7Z,

14
11




GRADIENT, DIVERGENCE, CURL,
| CARTESIAN (RECTANGULAR) COORDINATES (x, y, )

& LAPLACIAN OPERATORS

/W v
VYV = X*a;‘f"ya a—
A, 04, oA
VA= o oz
X y 2
12 8 a3l _qoa oA, A, 0A; My A,
VXA =S, az”‘(a_y az) (:Tz 5) (ax a—y)
Ay Ay A,
A A L A L
2 — —_—
Vv = ox? +8v2+822
CYLINDRICAL COORDINATES (r, ¢, z)
v o1V
VV = r$+¢;—a&;+z$
1 194y 04
VA= S oA =" %
r ¢r z
_Mao a|_ qroa A, 0A, A4, ]
Vel= 2% B B (r%‘ﬁ)w(a‘z o ) la(“’) ey
Ay Ay A
2_18(81/) 1%V PV
V¥ = o e TRt
| SPHERICAL COORDINATES (R, 0, ¢}
W1V 1w
W= Rpt oy %*“’Rsinaw
1 2, 1 04,
VA= & ﬁm A0 Rsin® )B(ABS’“ )* Rsin® 39
R 6R (Rsin®
1 |3 a 3
VXA S Fono| R ® %
Ar RAg (RSiI’IB)Aq,
3 1 ‘ 1 0Ag aAR
= Riing L gpdesin® - ‘ 3 ma—(p‘“a*(w "oy “‘AG)
2y . L9 [ HdV 1 9 av 1 v
Vv = R38R(R BR) R2s1n936( meae) R2sin0 902



Tabie 3-1: Summary of vector relations.

Cariesian Cylindrical Sphierical
Coordinates Coordinates Coordinates
Coordinate variables X, 9.z ro,z R,0,¢

Vector representation, A =

%A, +§A, +34,

PA, +¢As + 4,

RAgp +044 + é’/_%

Magnitude of A, |A| =

JAT AT+ A

JAZ+ AL + A

VAR + AT+ AL

— N . =
| Position vector O Py = %x) + ¥y + Zz1, try + 2z, RRy,
, for P(x1, y1,21) for P(ry, ¢1,21) for P(Ry, 61, ¢1)
éBasevectorsproperties i X=y-y=2-2=1 fr=¢-p=i-i=1 RR=0-0=¢-¢=1
8 §=§2=2%=0|Fd=¢-2=3-t=0| Rb=0-¢=¢-R=0
ixj=12 Exp=12 Rxb6=¢
Fxi=% Ppxi=t Oxd=R
ixg=§ ixi=¢ pxR=0
Dot product, A - B = ABy+ AyB,+ AB, | ABy+AgBy+AB, |  ArBr -+ AgBg+ AyBy
i 0§ i P i 'R 6 ¢
Cross product, A x B = Ay Ay A A Ay A Ap As Ay
B, B, B B, By B, | Bk By By
Differential length, dl = fdx +§dy+idz tdr+¢rdp+idz | RdAR+0ORd6 +dRsind do
Differential surface areas ds, =%dvydz ds, =1trde dz dsp = RR%sinf) do d¢
dsy =§dx dz dsy = ¢ dr dz dsg =ORsin0 dR d
ds; =2dx dy ds; =ir dr d¢ dss = pRdR dO
Differential volume, dv = dx dy dz rdrdgdz R*sin@ dR d6 d¢

IR —

Boundary conditions:

Dln - D2n = pPs
Hlx _H2x :‘]y
Hly _H2y :_‘Jx




