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Transmission Line Equations

V(z)=Vte ™ + Vyer®
[(2) =Ife™ 7 + Iy e
Vi =TV
y=a+jb
v =V (R + jwl)(G + jwC")
v(z,t) =R {V(z)ew}
0(2,1) = [V cos (wt — =+ 64) + [V | cos (wt + B2 + 6. )

p=" (1)
w=21f (2)
uy = \f = = (3)

=

sV Vo R4l
T @+ we

_ZL_ZO_ZL_l_VE)___IO_

_ZL+ZO_ZL+]—_VE)+_ E
I = |T|e/

Z(d) = Zip = Zg = V()
1(d)

1+ De—928d
1 — Te—728d

14Ty
— 7
0[1—@}

_ 2z ( % —|‘—than(6d) )
1+ jZ= tan(Bd)

~ Vimae  L+]T]

Vi 11T

_ W

P, = 1—|T?
27 (1= 1)




Equation
Sheet

Exam 1

ELEN3401: Electromagnetics

Table 2-4 Properties of standing waves on a lossless transmission line.

Voltage maximum

Voltage minimum

|VImax = |V I[1+ T[]
[V lmin = [V 11— 1T])

first current maximum)

. ; . .4  ni
Positions of voltage maxima (also positions | dmax = 4— ?, =012
of current minimal) T
A
9,_ f0=6=m
Position of first maximum (also position of | dpax = 4m
.. 6.3 3
first current minimum) s + i if—7<6<0
dm 2
A 2n+ DA
Positions of voltage minima (also positions | dy, = ir— ( 1_ ) =0,1,2,
of current maxima) T
A &
Position of first minimum (also position of | dyin = Z (l + ;r)

Input impedance

Lin = Zﬂ(

7+ jtan S
—_— =
l + jzptan S
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Positions at which £, is real

at voltage maxima and minima

Z;, at voltage maxima

Zip = Zl](

1+ |T|
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Ziy, at voltage minima
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Zin of short-circuited line

Z¥ = jZytan l

Zin of open-circuited line Zr = —jZycot i

Ziy of line of length | = na /2 Zin=%1, n=0,12,...

Zin of line of length | = A/4 + nl /2 Lin = ESIZL n=10,12,...
Zin of matched line Zin = 7y

|Vn+| = amplitude of incident wave: I' = |["|e/% with —1 < 6; < 7 # in radians; [; = e J281
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Electrostatics Equations
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Cartesian Cylindrical Spherical
Coordinates Coordinates Coordinates
Coordinate variables X, ¥z K.z R.0,¢
Vector representation A = XAy +¥Ay +24; £A, + ti)Aqt, + ZA; RAg + éAg — dnJAfp
Magnitude of A |A| = vA:+ Al 4 A2 JA+ 4 + A2 A%+ AJ + A3
— . - - . R -
Position vector OP; = xx) + ¥v; + 223, rry + 2z, RR,,
fOl'P(Il,j’l,,Z” forP(r|,¢r|1:[) forP{R1,9|,¢|}
Base vectors properties X-X=§y-¥y=%-2=1 E-E=$-$ i-i=1 ﬁ-ﬁ:é-é:cﬁ-ti):l
X y=§-i=2%=0 | i-d=0-i=2F=0| R-0=0-6=¢-R=0
ixV=1% Pxdp=1 Rx0=d¢
ixz=% Pxi=r Oxp=R
ixX=¥ ixi=a¢ dxR=0
Dot product A-B= A By +AyBy + A,B, | A,B, + AyBy+ AB, ARBg + AgBy + AgBy
i 0y oz T R 8 ¢
Cross product A x B = Ay Ay A Ay Ay A; Ap Ap Ay
Bx B}\ B;'_ 'Bf pr Bz BR Bﬂ pr
Differential length d1 = Rdx+§dy+zdz Fdr+rdp+id: | RAR+0OR d0 + GpRsind do
Differential surface areas dsy =% dy dz ds, = r de dz dsg = RR%sin® df do
dsy = § dx dz dsg = drdz dsyg =0Rsind dR dg
ds; =% dx dy ds, = ir dr d¢ dsg = ®R dR do
Differential volume 41 = dx dy dz rdrddd:z R%sin@ dR do dep

Transformation

Coordinate Variables

Unit Vectors

Vector Components

Cartesian to

r= Y12

Ap = Aycosg + Aysing

spherical

g=tan '[Vx2+y2/z] | @

¢ =tan"'(y/x)

+ ¥sinf sing + zcosd
= Xcos @ cos ¢

+ ¥cosd singh — £sinf
Ii} = —Xsing + ycosg

cylindrical ¢ =tan"!(y/x) {i} = —Xsing + ycosg Ag = —Aysing + Ay cos¢
ba i i=1Z A, = A,

Cylindrical to X = rcosg X =rFcosg — ¢| sin ¢ Ay = Arcosg — Agsing
Cartesian ¥ =rsing ¥ =rtsing + ¢ cosg Ay = A;sing + Agcos¢
I=2Z i=i A.z = A:

Cartesian to R = +~.,KJ¢‘§+_1;§+Zz ﬁ=ism9cns¢ Ap = Ay sinf cos¢

+ Ay sindsing + A; cosf
Ay = Ay cosf cosg

+ Aycosfsing — A;sind
Ap = —Ayxsing + Ay cosg

Spherical to

x = Rsin#f cos ¢

x=R

sin # cos ¢

Ay = Apsinfl cos¢

Cartesian +émsﬂ'ms¢—$sjn¢ + Agcostcosg — Agsing
v = Rsinfsing j=ﬁsipﬁsin¢ a Ay = Agsind sing
+ B cosf singh + ¢ cos g + Agcosf sing + Ay cos ¢
z = Rcosf 7=Rcos# —Osind A; = Agcosfl — Agsind
Cylindrical to R= yri472 R = Fsinf + Zcos# AR = Apsind + A, cosd
spherical f=tan '(r/z) 0 = fcosd — zsind Ay = Arcosd — A;siné
¢=9 b= Ap = Ag
Spherical to r= Rsinf f = Rsin# —I—écos@ Ar = Apsint + Agcosd
cylindrical ‘b=¢ b=¢ Ap=Ay
z = Rcosf 7=Rcos# —@sind A; = Agcosfl — Agsind




