EE 340
Electromagnetics
Lab

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 2: Visualization of surfaces in 3D coordinate systems:
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Part 2: Visualization of surfaces in 3D coordinate systems:
(b)
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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 ay—asz, V=2ax- Vyety +3dz 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 az)

U -G IET0 haatiret ) eg.1 #C Y T g2 =15 vy Ly tia
U.W =(Ux ax +5ay - dz).( 6ax+ dy | Wz az) e
! N . 4 =p 3="%
BES T B SR {s) repbab oy 2 G
V. W =02ax- Vv Qv +3 Qz).( 6Gx+ Qy + Wz dz)
Y AR 1 RO )

Pﬂ!bfemhf.'{ﬂ S
(@) A .(AXB)=0=B (AXB)

AH- |lax ay az |_3.¢_memb_m¥@fk pree-)
Ax Ay Az Bx* Ox = Gy Oy =opdy=]
Bx BJ' Bz H’UT:"‘TQ-_\:Q‘}Q;:Q

~dx (AyBz-AzBy) — Qv (AxDz-AzBx) | Qz (AxBy-AyBx)

A (AXB)=AxAyBz-AxAzBy-AyAxBz + AyAzBxAdzAxBy-AyAzBx=0
B. (4XB)=AyBxDz-AzBxBy-AxByBz+AzBxBy+AxByBz-AyBxBz=()
So this statement is frue.

Part 3: Vector Algebra

Problem 1.5

.fﬁ.HJBJ LI\BH ~(AB) “tl
| AXB|~(AB) w”(_) —d i e

f lﬁ'.l-"1 -11.31 AB cosO )’ HBwnHJ (ABF cos’@ + (AB) sin' 6
(AB) ( cos"8 + sin” B)= (. AB)’ * I=RHS
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Part 4: Coordinate Transformations

Problem 2.1 converlt the following points to Cartesian
coordinates:

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

() Pra, 120°0)
X=35cos 120 =-25 ¥=355in {200 =4.33 Z=()
Pir-2 5 4 33, (])

fh) PeI,30°-10)
X=/{cox 30 =) 866 Y=ixin 30= 05 L=-10

P 8ae, 0.5, -1}

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

X=p gintd coxd V= r gintd sindd A—r cosd
X=10sin 34 cos w'd=(}
Y= 10 sindm'fsin w'2=7.071 PO, 7071, -7.071)

Z=10cos3mid=-7.07]

Part 4: Coordinate Transformations
Problem 2.2 Express in Cylindrical and spherical coord
(a) P(I, 4, -3)

p NI 16= 17, P—ian’'(-4/1)=-T504=2246£°, & z=-3

Pe17.-75.94, -3 ) == Cylindrical

r \-r'T' 16+92)=" 26 ao = _\‘x”-.r-'g".y,.}"'
o= tan! N17-3) = -53.96°

P26, -53.96°-75.94] == Spherical
rh) (3, 0, 3)
n :.\'()_q] — 3 ¢p=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

Pr~/40 ,-71.565° Q)




Part 4: Coordinate Transformations
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Part 4: Coordinate Transformations
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Part 4: Coordinate Transformations (Cylindrical case)

23 e N _|
c/ )" 2ty ax+ | = —+xylay - az
L F+7 |

40| [ cos® sind EW [ ]

A6 —sin@® cosf 0| ay

A -J 0 0 1||az
Ar sin Ocosh vin (i cos Ul Ax
408 cosc coy @ cosC) sin®@  -sintd Ay
| Ad> | | -sin @ cosu o I | 4z |

[« —I [ xyp
=- casd ,'\ _ =yt | tsindD | —, +txp| 0
| i oy ] x|y

—cos’ @-p ° sin @eos® + sin” Deosth+ p sin” @eosd = cos®

Remember: #=FCox®  J:Pfcm¢: 2= 4

ad- (= v |coimer |2y |eos) + 0
EaLS atn | x*+ ¥

7 3 . 2 2 R IS S
= _gintheos” @ +p° simw'® + sind cos” @ 1 p sind cos™@ = p” sind

S0, | T=cos® Gp + p° sin® AP + Az

Part 4: Coordinate Transformations (Spherical case)

X
Ar -
X +y

4+ Vv

? Xy : st
—— sin & cos ¢ [—-o— !'1'J sin & xin @ + cos &
X I

= s5in @ cos” ¢ - ' sin’ O sin " Pcos ¢ L'U.'l'.\'i'.l'fﬁl_:-.'al sin @ + 1 sin’ Gcos gsin’ ¢
o 6
sin(? cos@ (cos" @ +sin “® +r'sin" O sin® D-r"sin" @ sin" O ) +cosO
sin OcosP + cos O
Remember : # = 4 <., B-Co s

X + ; X . . y
A =——=y |cos Ocosg ——— 4 xv |cos D sing -s5in O

x +y |_.1:: +

feos™ g-rsin” G cos @)fcos G cospl +icos gsing+rsim &

cosgsing)(costsin ) | cos &

rrxin” G cosd cos G (coy” G+ s d) + cos G cos d(sin” g-cos” @) teos G
= cosO) cos * - sin" O sin”d? cosO cos i cos Osindh costh +r sin™O cos

frcin (i cos8 —sing

cos6d cas P-sined




Part 4: Coordinate Transformations (Spherical case)

L 3 et Ly
Aa ~ ¥ | f-smg ) — =+ xy |cosg +01)
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