EE 340 Electromagnetics Lab Experiments Term 062

EE 340
Electromagnetics
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Problem Session #1

Part 1: Visualization of surfaces in 3D coordinate systems:
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Part 1: Visualization of surfaces in 3D coordinate systems:
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Part 1: Visualization of surfaces in 3D coordinate systems:
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Part 1: Visualization of surfaces in 3D coordinate systems:
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Part 1: Visualization of surfaces in 3D coordinate systems:
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Part 1: Visualization of surfaces in 3D coordinate systems:
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Part 2: Visualization of surfaces in 3D coordinate systems:
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Part 2: Visualization of surfaces in 3D coordinate systems:
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Part 2: Visualization of surfaces in 3D coordinate systems:
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Part 2: Visualization of surfaces in 3D coordinate systems:
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Part(3): Vector Algebra

Problem 1.5
For U—Ux@x +5 Qy—Qz, V=2 dx -Vydy +3az and W= 6ax +ay +Wzaz,
obtain Ux, Vy and Wz such that U, V and W are mutually orthogonal ?

U.V = (uXax+3 ay - az).(2ax —vy @y +3 dz)
eq1 #C Y+ ep:R F/Suy-utia

1 07 18 5 1 RN M By O
U.W =(Ux ax + ~'m az).( 6ax+ ay | Wz az) Ar
! [ 3x(5)+eg- 4 =p g ="%
—6 U+ 5-We=0 : i ) e Syl 22 "2
V. W =(2ax- Vv Qy +3 Qz).{ 6ax+ Qy +Wz dz)
w2V ABWERD oivoinsrovisinminsrssnse (3)
.Prubhmtf.‘{ﬂ S
fa) A.(AXBI=0=B (4XB) -« PGty
a, bty -
AH- |lax ay az f‘ime"“b_‘?‘_t ¥ i
Ax Ay Az g+ Qx = y- Oy zoypy=1
Bx HJ B,'-,' ﬂ:{-uj :ﬂ_?.q-}:q}.a!:ﬁ

~dx (AyBz-AzBy) — Qv (AxDz-AzBx) | Qz (AxBy-AyBx)
A (AXB)=AxAyBz-AxAzBy-AyAxBz + AyAzBxAdzAxBy-AyAzBx=0
BR. (4XB)= I‘IB'\B- AzDxBy-AxByBz+ AzBxBy+ AxRyBz-AyBxBz=(

So this statement is frue.

Part 3: Vector Algebra

Problem 1.5
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(@) A-Axax 1 Ayay+Azaz
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Part 4: Coordinate Transformations

Problem 2.1 convert the following points to Cartesian
coordinates:

X=p cos@ & Y=p sin@ & Z=2

() Pra, 120°0)
X=3cos 120 =-25 ¥=355in {200 =4.33 Z=()
Pir-2 5 4 33, (])

fh) PeI,30°-10)
Y=/{cos 30 =) 866 Y=1Isin 30=(1 5 L=-10

P 8ae, 0.5, -1}

ic) P10 3n'd, m'2)

X=p sin? cnsd Y= r sint sind A—r rasE
X=[0sin In'f cos wd= 0
Y= 10 sindm’tsin o' 2=7.071 Pl 7071 -7.071)

Z=10cos3md=-7.071

Part 4: Coordinate Transformations
Problem 2.2 Express in Cylindrical and spherical coord

¢ 0T 5
fa) Prl, -4, -3)

o \1 16 = y 1 i ff.J .',:“_'.' i< ,"__.—._ _:!. -'_J_‘;": ;1'5-'& 'ﬂga. d‘_‘ :T_-;
pe17. 7594, -3 ) =—> Cylindrical

r=N(i+16+9)= 26 ao = ey
O= tan' WN17/-3) = -53.96°

P26, -53.96°-75.94] == Spherical

rh) (3, 0, 3)
n = Jo+0=3 @=tan’(0/3)=0° & z=5
03,0, 5) =—e> Cylindrical
QI3 ,30-9¢ . ©) = Spherical
fe) R(-2,6,0)

p =JA+36= 40, d=tan’ (6/-2)=-71565" & z=0

P(+/40 ,-71.565°, 0)
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Part 4: Coordinate Transformations
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Part 4: Coordinate Transformations (Cylindrical case)
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fc) T= "‘ — 3 dx + —,‘UI —+ xy |y + Az
{x"+y x+y |
[Ap| [ cos@ sing 0][ax]
A6 —sin@® cosf 0| ay
Az 0 0 1||az
Ar sin Ocosd? vin (Ivind? cos € )l Ax
46 coyE cox o cos€ sind  -sint) Ay
| Ad> | | -sin @ cosu o l | 4z

r . '| roo_
¥ . _ Xy
= casd ey  sineh e e _\'_y—‘ F )
| T+ | x by J

—cos’ @-p° s @eosD + sin’heosd+ p sin’ Geos® = cosP
Remember : #=FPCon®’ J:femP. 2= &

} ,);JJJ({';J.\'@) + )

[ ¥ al. o xy
igd- [ - eomey + |2,
| x” 4+ | x" + )
7 - y 3 . 2 2 I R B
= _gintheos’ @ +p’ simr'® + sin® cos” @ | p° sind® cos™ @ =p sind»

=}' So. | T=cos® Qp + p° sin® AP + Az

Part 4: Coordinate Transformations (Spherical case)

v . Xy , i
Ar —_—— sin & cos @ + \‘,—-o- !'I'J sin & sin @ + cos &
Y 4y

sin @ cos @ - r'sin’ @ sin“Pcosg+ cosd sin’ @ sin @ + 1 sin” Geosdsin ¢
cors 6

sin() cos® (cos™ <P

sin Ocosh cas 8

Fxin @ +rsin” O sin® D" st @ sin () ) +cos()

Remember : £= 4 oo
i ¥ 2] i Xy 1 ) )
AQ=|———=-¥ |cos Ocosyg ————+4xy |[cos O sing -5in O
X+ ] L +y* ]

feos™ @-rxim & cos @lfcos B cosg) +(cos gsing+rsm &

cosgsingi(cosGsin ) 1 cos &

roxin” 6 cosdg coy G feos” G+ sicg) + ooy G cos @ixinT g-cos” ¢) ooy G
= ¢os( cos ~ r—r sin” O sin" D cosO cos D cos Osin i cosdy 1 sinT O cos
frcin (i cos8 —sing

cosE cas d-sind
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Part 4: Coordinate Transformations (Spherical case)

I ! ; K
Aag -~y | f-sing ) =+ xV | cosd +()
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sl cos” @+ sin O sin D +eos™ @ sindh + 7 sin” B cos™ D sindh

resim” @ sing

1 =(5in6 cos®@ +cost ) am + ( coyE cosP sin @) ag-+ r sin & sin @ ag

Copyright © Electrical Engineering Department, KFUPM.





