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Today's Lecture Coverage

o
Review Sections 2-1 through 2-6 of the book:

2-1: What is a transmission line?
Why study transmission lines?
2-2: Lumped-Element Model
2-3: Governing Differential Egns
2-4: Solve the Differential Equations
Properties of the solution: wave propagation
2-5: Lossless Microstrip Line
2-6: Lossless Transmission Lines

Section 2-7 of the book:

2-7: Lossless Transmission Lines: Wave Impedance



Chapter 2 Review
T

* A transmission line connects a generator to a load.

Zg

A B

gE—g E:
;g Sending-end T takon s Receiving-end §ZL

port port

— —

A’ =

Generator circuit Load circuit



Chapter 2 Review

Phase Delay due to length of transmission line:

A4 o B
T i
§
Vg@ Vaa' Transmission line VlB' %R
ky _l ! Ly
T o
| / >
wl  2rfl ;.
Po = — = / = 2w — radians.
C 6 A

I/A < 0.01: Can ignore transmission-line effects
I/A 2 0.01: Must deal with phase shift, and other
effects...
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—

Metal

Different

% iz’

Ad h

- D 16 . 1 STyaci o
g eo m etrl eS Dielectric spacing Dielectric spacing et o
. . (a) Coaxial line (b) Two-wire line (c) Parallel-plate line
for transmission
Metal strip conductor Metal

Iines Metal

Z Metal ground plane
Metal ground plane Dielectric spacing

Dielectric spacing

Dielectric spacing
(d) Strip line (e) Microstrip line (f) Coplanar waveguide

TEM Transmission Lines

Metal %
/ Concentric
dielectric

layers

(g) Rectangular waveguide (h) Optical fiber

Higher-Order Transmission Lines



Chapter 2 Review

I
Lumped-Element Model:

R'Az L'Az R'Az L'Az R'Az L'Az R'Az L'Az
——o— WAV —

G'AZ{}C'AZ G’Az{ ClAz G’Az% = A G'Az% —CiAZ

£ 5
~ ~

L

I Az Az Az

All parameters are "per unit length™:

R': Combined Resistance of BOTH conductors: | |/m
L': Combined Inductance of BOTH conductors, H/m
G': Conductance of insulation

between inner and outer conductor, S/m
C': Capacitance

between inner and outer conductors, F/m



Chapter 2 Review

I
Lumped-Element Values: geometry/materials/freq

Table 2-1 Transmission-line parameters R’, L', G’, and C’ for three types of lines.

Parameter Coaxial Two-Wire Parallel-Plate Unit
Ry (1L 1 2R 2R
R/ LA — i O
2% (a i b) rd w /m
/ H H 2 ph
L o In(b/a) - In [(D/d) + \/(D/a’) 1] ” H/m
’ 2o o ow
G — S/m
In(b/a) In [(D/d) ++/(DJd)? = 1} h
! 2re TE Ew F/m
In(b/a) 1 |(D/d)++/(D/dP 1] :

Ry = /T fUc/0c



Chapter 2 Review

I
Lumped-Element Values: geometry/materials/freq

L'C" = e
G o
' &

This turns out to be true for all the
transmission-lines we study.
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)

Transmission-line governing Differential Equations

dV (z)

7 = (R'+joL) I(2),

7

dz(z) = (G'+ joC") V(2).
%

(telegrapher’s equations in phasor form)
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Transmission-line governing Differential Equation for V-

d*v ~
PV =0

(wave equation for V (z))

Y=/ (R + joL) (G + joC').

(propagation constant)



Chapter 2 Review

T
Complex propagation constant:

y=oa-+jp

Where:
Y. Units of 1/m

0.. Attenuation constant, units of Np/m (>0 in this class)
f3. Phase constant, units of rad/m

Np and radians are both "dimensionless”, and are the
conventional "units" for these parameters.



Chapter 2 Review
T

Form of the solution: traveling waves, going in both

directions:
V)=V, e " +Vy,e* (V)
3 % Vi
(Z) — 0 , 7 0 L% (A)
/0 70
 R+joLl  |R+ joL
Zo = y = \/G,+jwc, (£2),



Chapter 2 Review
N

Solution in time-domain

V(z,t) = V(;L e “cos(wt — Bz + gb*)

+ |V, e cos(wt + Bz + ¢ )

Remaining unknowns are determined via specification
of source and load.
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Microstrip Transmission-Line St:ir;d(l:ftinag)
Parameters:

60 6+ 2m —6)e? 4
Zg = In g ¥ 14+ —=¢,
JEeff s 52

Conducting ground plane (x, ac)>

0.05
x = 0.56 [8‘ - 0'9]
e+ 3
v = 140021 (s4 +3.7 x 10-4s2) Largely the result of fitting
| st 4043 lots of data using functional

4+0.05In(1 + 1.7 x 1074s3). forms based on intuition.
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N

* The wave equation for a general Transmission Line.

d*V (z ~
dzg ) _ v?V(z) =0, (221)

« General solution of the wave equation

* [t involves both incident and reflected waves
V(z) = Vie "+ Vge"? V),
[(2) = [()“Le—yz s eb= (A).



Chapter 2 Review
T

« Useful Relations for lossless Transmission Lines:

=0 (lossless line),
B=wvLC’ (lossless line). (2.45)

| i — a)\/ﬁ (rad/m), (2.49)
1 1 ¢ 5 — up _ ¢ 1 _ Ao
w VHo€o VEr  Er J fovEe Ve

Zo=,/§ (lossless line),  (2.46) | (REAL)
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L

 \oltage reflection coefficient due to load:

TR e

F=—+=
VO Z1 + 7o
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-

Reflection Coefficient I' = |"|e/%
Load IT| o,

r — 1) 422 ca X X
Z 71 = ix)Z — tan~! ( — tan~!
E L= (r+jnZ |:(r+l)2+x2:| W he—1) T e
2y % 2 0 (no reflection) irrelevant
Z | (short) 1 +180° (phase opposition)

e
Zy (open) | 0 (in-phase)
—o0

Zy §jX = jolL | +180° — 2tan— ! x

T

0 F e d 1 +180° + 2tan—! x
L TIX=C

7, =2 )L =R+ JX)[Lp=FF jx



Chapter 2 Review
N

« Concept of standing wave

Vi@y="V5 e + D%,

. VT . .
I(z) = _0 (e—JﬁZ _ FeJBZ).
A

 Voltage (current) magnitudes at any point on line:

o 1/2
V(@) =V [1+|I‘|2+2|I‘|cos(2f3d—6’,)]/ . (2.66)
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Voltage _ . V)
max\
| P max
Iﬂmin \
d <—t + — ¢ | 0.
A 131 41 dnin)  dmax
14 2 Vi ~
1 (a) IP(AD versus A (b) |/(d)| versus d

e Location of minima / maxima

9r+2n7r O A na
dmax = _ |
o 2p 4 " 9
n=1,2,... if6, <0,
{ n=012 ... 16 =0, (2.70)

Value of V__: |V(d)| = |V |max = V5" I[1 + T[],
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Voltage g - V(@)

d <—t : —; : {
A 131 41 dnin)  dmax
14 2 Vi ~
1 (a) IP(AD versus A (b) |/(d)| versus d

A
» Spatial period of standing wave: E

« Standing wave ratio S:

(¥ 1|
|V|min ] — Irl




2-7 Wave |mpedqnce

.

A B C

At a distance d from the load: & B C
> Ve 2d—  Z A

V d - ,21:' @r gy

Zd) = 2 | :

[(d) _ .d=l d 0

: _ (a) Actual circuit
- V()+[€Jﬁd + Fe—1P4) ” ’
VO+[ejﬂd — [e—iBd] : :

|
N
o

Z g
(1 + [e/2Pd 1729_5 Z(I‘d]
_]. - Fe_-lzﬂd] g_ 4! ":B'

1 4 Fd] (Q) (b) Equivalent circuit




2-7 Wave Impedance

o
Define the phase-shifted voltage = 4 B C
g ) O
reflection coefficient: N 3
Ve Z(d)—> Zy L
9 0. — i) - A’ B’ %
[y =Te /2P = |[|e/bre—12Pd i : ‘,’
d=1 d 0
(a) Actual circuit
— ||’ =28 |
y B
e s

- Ze
Z(d) is different than Z,; ;gC'\SE P gél

Ratio of Total Voltage and 5 Ptk e
quivalent circuit
Current

Recall: Zy=-%-<—
Iy wave only.

Vv, The ratio for the forward-going |




2-7 Wave Impedance

]
Reflection coefficient at d=/: 4 B
& Zg — >
. . 7 Zd)—  Z 7
I =Te /%P = |F|€j(9’_2m). - 4 B '

Impedance at z=lI:

o]@)

sl |

oLt

(b) Equivalent circuit



2-/ Input Impedance

|

+‘Z*> 7A S e i Alternative expression:
W) hm— o [ Input impedance:

_ \:A | impedance of the transmission
Generator zj—/ zio Load line at d=/-

ZJﬁ o= Z(d=1) = L@=D

= I(d=1)

‘@ % &l Note that Z_is different from the
o’ Characteristic Impedance, and is different

from the Load Impedance:
Zia = 4 Zin # 4L



2-7 Input Impedance

!
, |

- i»é Transmission line i )
. + T VL
V@ T/-/z- -~ z [z Use voltage and current at d=I
. | |
senerator o 0 oa + _'_jﬁl —jﬁl
Generat = Z:|0L d g Vb € +1I're ]
[} - R/ Bl
Yo . _
N. 7 L€ J I're=J ]
N B
+ g F L ZL - ZO
17('9 v [z L = 7 7
b L 1 Zig
_CA’




2-/ Input Impedance

i
, |

+0O s

Transmission line

/i
= Zv — \J )
g + ‘IL
+
Vg@ Vi Zip =—> Z L |2
N L
Generator | | Load
z=-] =0
d=1
£
A
7 _
e Zin = 2o
+
-5
- = ZO

[ _+48l Zr—Zo\ ,—jBl ]
e T (ZL+Zo e

Use expression for T

etiBl _ Zr—=2o e—JBl
Zr+Zo "

(Z1, 4+ Zo)etIPl + (Zy, — Zy)e 3P
_(ZL T Zo)6+jﬂl — (ZL — Zo)e_jﬂl
-ZL(e+j51 kY e—jﬁl) 4 Zo(e“m _ e—jﬁl)

ZL(G-I—j’Bl = e—jﬁl) 4 Zo(e-l—j’Bl + e—jIBl)

|



2-/ Input Impedance

|

% 7A —— o . Use expressions for sin and cos:
175® Vi Zip =t A n |z : ;
T \ I etIP 1 e=IP —= 92 cos(BI)
Genera tor T T Load . )
S Mo =ajsin(l
ey 7 3  Z1, cos(Bl) + jZy sin(pl)
€> | w07 sin(Bl) + Zgy cos(B1)
ALY Vi Zin _
> il _ 5 |z cos(pBl) + 7 sin(pl)
° 0 | cos(Bl) + jzr sin(Bl)
7 -7 2L fjtan(ﬁl)
1+ jzp tan(fl)




2-/ Voltage Amplitude

_E Lg Finally, can solve for the amplitude of
- — ¥ the voltage. Voltage division:
Ve % 7. %
b@ \/ ¥ V Zin
V5 =Slids
o T Zg+Zin

And from the transmission line solution:
V(z) = VM (e P74 TelP?)
at z=-/:

Vi = V(=l) = Vi [eP! + Te 7.



2-/7 Voltage Amplitude
B

DI

<+
(

Equate these 2 expressions.
Solve for the Voltage Amplitude:

S
AN
=]

I
o)

o4 VgZin + | 78l —jBl
= Vg | + TP
Zg+Zin 2
ngin 1 . s

. — =V
Zy + Zin €38l + Te—38L 70




2-/ Voltage Amplitude

a4
g +j’
@

—

EZi n

|
Q=

Equate these 2 expressions.
Solve for the Voltage Amplitude:

0 = Z, + Zin eiBl 4 Te—JBlL |~

We used the boundary conditions (£, Zg , Vg, /) to solve
for the 2 remaining unknowns: V;", V;

This completes the solution of the transmission line

differential equation.



Example 2-7

Given: Lossless transmission line with:
f=1.05 GHz

=10 Q

10V sin(wt + 30°)
Z =100+j50Q

Z

0 =50 Q
[ =067 cm

up =0.7c
Find: v(d,t), i(d,f) on the line.

(@)

L
4

I_CQ



Example 2-7




Example 2-7
T

Know: V(d) = V" (e7P? 4 Te7P4)
= _ Yo
2

VoZi 1
ko Sor . ). %
L (Zg+Zin) (e’m +Fe"‘81) e

(1417 ]
i =17

(e7P? — Te3Pd)

m — Z(l) — ZO

4 —Zy 27 7(6:—21)



Example 2-7
—

Solution:
Up = Af
U
A= -2
f
\_ (0.7)3x 10® m/sec
~ 1.05 x 109Hz

A=0.2m



Example 2-7
T

Solution: 2
bl = Tl
2T
Bl = O.2m<0'67m)
gl = 6.7

Note that since this is used only in the phase terms,
can remove multiples of 2z

Bl = 0.7 = 2.2rad = 126°
261 = 252°



Example 2-7

Solution:

- ZL—Zy
- Zi+ Z
p_ 100+ 550 — 50

100 + 750 + 50
50 + 550
150 + 450

v/502 + 502¢d tan™ (1)

- \/1502 4 502 ¢J tan—1(50/150)

I

I




Example 2-7
—

Solution:

v/502 + 502¢7 tan (1)
- V1502 + 502¢J tan~1(50/150)
70.7e745°
T 158.1eJ184°
[ = 0.447¢1(45°—184%)

[ = 0.447¢726-6°

I




Example 2-7
—

Solution:
| -{—Fl
Tin = 7
n O(l—Fz)
I'y = Te 728

[} = 0.447€720:6"¢=9252"

Iy = 0.447¢ 7224

I'; = 0.447 cos(—225.4°) + 70.447 sin(—225.4°)
I} = —0.314 + j0.318



Example 2-7
I

Solution:
1+ T,
Zin = 4
0(1-&)
1+ (—0.314 + 70.31
Zin = (50) L2031+ j0.318)
1 — (—0.314 + j0.318)
; 10.31
7. = (500) 0.686 + j0.318
1.314 — j0.318

0.6862 & 0.318]2¢J tan™'(0.318/0.686)
Zn = (50Q) ( v ia €

V1.3142 + (0.3182¢7 tan~"(-0.318/1.314)



Example 2-7
I

Solution:
0.6862 31827 tan~1(0.318/0.686)
V/1.3142 1 (0.3182¢7 tan~1(—0.318/1.314)
0.756¢724-87°
Zin — (50 Q) (1.3526_j13'60)

Zin = (509)0.559¢738-47
Zin = (27.958Q) cos(38.47°) + 7(27.95(2) sin(38.47°)
Zin = 21.88 + j17.39Q



Example 2-7
—

Solution:
vg(t) = 10 Vsin(wt + 30%)
Vg(t) = 10V cos(90° — (wt 4 30%))
vg(t) = 10V cos(—wt + 60°)
Vy(t) = 10V cos(wt — 60°)
17;; = 10e77%0" v




Example 2-7
—

Solution:

Vo =

- o Zn | 1
Zg+ Zin | | 9Pt + Te 7P

Zy + Zin = 10+ 21.88 + j17.39
Zy + Zin = 31.88 + j17.39

Zg + Zin = /31.882 + 17.392¢] tan™ (17:39/31.88)
Z L iy =2 8631450




Example 2-7
—

Solution:

VyZin  10e7760°27.95¢738-47°
Zo+Zin  36.31e5286°
VoZin  279.5e7921:53°

Zo+ Zin  36.31e128.6°
%Zin
Zg + Zin

— 7 76—j50.13°
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—

Solution:

eIBl | TeIPl = I126° | () 447¢726:6° —7126°
Pl 4 Te™IPl = 7126° 1 (.447¢779947
/Pl 4 Te 7Pl = cos(126°) + j sin(126°)+

0.447 cos(—99.4°) 4 70.447 sin(—99.4%)
/Pl 4 Te 7Pl = —0.588 + j0.809 + —0.073 — 50.441
eIPl 4+ Te 78 = —0.661 + j0.368



Example 2-7
—

Solution:

Pl 4+ Te 78 = —0.661 + j0.368

ej,Bl 4 Fe—jﬁl — \/066].2 5 0.3682€j(1800+tan—1(_0'368/'661))
elPl 4 TPl = 0.757¢/(180°=29.1%)

eP! + Te P = 0.757¢71%0-9"
1
eJBl 4 Le—iBt

= 1.3 A0




Example 2-7
—

Solution:

V()—}— — 7.76—]'50.130 1.326—j150.930 V
Vot = 10.17¢ 77201087y

VT — 10.17(360°—201.06°) v/

-t — Y O
VO+ — __O._.76]158'94 \V/




Example 2-7
N

Solution: combining all this:

V(d) = Vgt (eﬁd + Fe‘fﬂd)

V(d) = 10.17&719894° v (eﬁd + 0.447¢126:6° —Jﬁd)
V(d) = 10.17¢/158:9%° (3B y | 4 55i15894° j26.6° —jBd
V(d) = 10.176715894° (3B | 4 55,7185.54° ;—jBd y;



Example 2-7
T

Solution: and in the time-domain:

v(d,t) = Re {V(d)eﬂ’wt}

v(d,t) = 10.17 cos(wt 4+ Bd + 158.94°)
+ 4.55 cos(wt — Bd + 185.54°) V




Example 2-7

Solution: and for the current:

f(d) ‘g)o (eyﬁd I’e_jﬁd)

~ 10.17¢7158-947

I(d) = A (eﬂﬂd _ 0.447ej26-6°e—jﬁd)

I(d) - 0.2€j158.9406j,3d . 0.9€j185.54° e—j,BdV

i(d,t) = Re {T(d)ejwt}
i(d,t) = 0.2 cos(wt + Sd + 158.94°)
— 0.9 cos(wt — Bd + 185.54°) A




Example 2-7
—

Solution:
where:
27T 27
= X - 0om - 31.42rad/m

w=2nf = 2m(1.05 x 10° Hz) = 6.6 x 10 rad/sec



Example 2-7

Module 2.4 Transmission Line Simulator Options: | Set Input/ Output v
‘ = . J
d=

Z =100.0 +j50.0 Q

100+j0.0 Q =500+j00 Q (i 1.05 GHz

5.0-]8.66 V 2.0408 200.0 mm

d= 335 A = 6700mm

Set Line P Srichans Output | Transmission Line Data 1
Length units: @[ A] O[m]

Cursor d =335A =670.0mm

Z, = |1000 [ +i [s0.0 [¥eY

Impedance  Z(d) = 21.886194 + j 17.433404

Lossless Approximation (0] D SEbh: O

@ Impedance O Admittance
Admittance  Y(d) = 0.027954 - 0.022267

[S] = 0.035739 £ -0.6726 rad
Characteristic 500 (o] P _ .
Impedance 0= Reflection ryg =-0.3138181 +0.3186192

Coefficient = 0.4472136 £ 2.348603 rad
Frequency f = |1.05E9 [Hz]

= e
Set Generator 0.4472136 £ 134.565051

gglr?rtﬂgﬁvity Ep = (|2 2108163 Voltage v(d) = 4.935958 - | 5.909077
V. =|s. +j [-8.66 [V] = 7.699407 £ -0.8749 rad
U et = (] o =I |- |

Current I(d) =0.006404 - j 0.275092

Zy = [100 [ +i Joo [A] =0.275167 Z -1.5475 rad

Power Flow P, = 828.576159

[ opeae ] (w1




Example 2-7

®© Vmax =7.699 [V ] d =335A =670.0mm

=y

P % : Trace ON d Envelope ON
[Fin Dependent vorage £ -

'l Total I

<< Slower faster pp




Example 2-7

@ Imax =275167 [mA] d =335A =670.0mm

407.081 _

-407.081

=y

P % : Trace ON d Envelope ON
ITime Dependent Current | || pa

'l Total I

<< Slower faster pp




Module 2.5 Wave and Input Impedance The wave impedance, Z(d) = V (d)/I(d). exhibits a cyclical pattern as a
function of position along the line. This module displays plots of the real and imaginary parts of Z(d), specifies the locations
of the voltage maximum and minimum nearest to the load, and provides other related information.

I Module 2.5 Wave and Input Impedance Options: | Display Plots & Output Dats | ‘
A rd] = il A ‘

= 500.0 mm

Instructions

Output

Re{Z(d)} [D]
Cursor

d =0 [ A
= 0.0 [m
Impedance Z(d)= 25 -j 50
(O] =55.902 £ -1.1071 rad
Admittance Y(d)= 0.008 + j 0.016
[5] =0.018 £ 1.1071 rad

Reflection 'y =0.076 -] 0.615
Coefficient =0.62 £ -1.446 rad
= m{z(d)} [Q] =008 £ 02,573 1
100.682 X : Voltage Standing Wave Ratio
' SWR = 4.266

Location of First Voltage Maximum & Minimum
d (max) = 0.385 A = 57.734 [mm]
d (min) = 0.135 A =20.234 [mm]

Wavelength A =150 [mm]




Example 2
)

Transmission line

Q

Given: Lossless transmission-line
ZO=5O Q,/=041 “ 2L
ZL =30 +j60 Q 0
Find: T, S, Zin

Q



Example 2
B

Transmission line

SOIUtiOn: o
I' = ZL _ ZO 2 Zy,
— ZL -+ ZO ; )
30+ 560 — 50
~ 30+ 560+ 50
s —20 + 60
80 + 560
V202 + 602¢/(180°+tan™"(—60/20))
[ = |
/802 + 602eJ tan—1(60/80)
- 63.25ej(1800_71'60)

100e736-9



Example 2
N

Transmission line

a

Solution:

63.256j(1800 —71.6°)
S TIPS °

T = 0.63256]'(1800—71.60 —36.9°)

Q

' = 0.63&71:5°




Example 2

Transmission line

~

Solution:

Zy 7,

1+0.63
1 —0.63
1S = 4.4




Example 2
N

Transmission line
O O

Solution:
1+ 17 L
7 = /7 0 o
n 0 (1 — Fl)
' = TeJ2P
Bl = 27l /A
Bl = 27(0.4)

pl = 2.5rad



Example 2
N

Transmission line

Q

Solution:
Fl — Fe_j25l Zo V73
I = 0.63¢) 715 o —52(2.51ad) 0 5

I = 0.636j(71'50—5rad)

I = O.63€j(71'50_286'50)

I; = 0.63e 72155

I, = 0.63 cos(—215°) + 0.63 sin(—215°)
I, = —0.516 + j0.36



Example 2
)

Transmission line

Solution: %
ZO ZL
B 1+ Fl
ZIH_ZO<1_1—\l) O O
1 —(0.51 0.
7. = (500) +(—0.5 6+].036)
1 — (—0.516 + j0.36)
0.484 10.36
Zi = (50 Q) TJ
1.516 — 50.36

V1.5162 + 0.362¢7 tan—1(—0.36/1.516)

0.4842 + (0.362 jtan—1(0.36/0.484)
Zin = (50 Q) ( \/ i :



Example 2
N

Transmission line

Q

Solution:
% 7
0.4842 + 0.362 jtan=1(0.36/0.484)
Zn = (509) | -2 O
\/1.5162+0.36263ta'n (—0.36/1.516)
0.6¢736-6°
Zin = (5041) (1.566_j13'40)

Zin = (50 2)0.4¢7(36-6°+13.4°)
Zin = 2067 Q ‘




Example 3
N

Given: Lossless transmission-line
Vg = 10V cos(wt)
o = 1X10° rad/sec
Zg =50 Q
ZO =50 Q
€ = 3
[ =10 cm

ZL =50 +~j 150 Q

Find: T, Zin’ Vi







Example 3
)

Know: -
‘/i Zg i Zin

NSy
iy '= LAL) = &
n (1) 0 l—F[_
:ZL—Z(): )\_@_C 1 _ A0
7 +Zy - f fVE JE

p== wp=fA TIy=|T}ef@2D



Example 3
N

Solution:
¢ 1
A= —
fVer
\ C 1
- w/(27) Ve
3 — 3 x 10% m/sec 1

1 x 107 rad/sec/(27) /3
A=1.09m



Example 3
L

Solution:
2T
[ = —I
B A
27
8l = 1.Ong.lm

Bl = 0.b8 rad = 33.23°
261 = 1.16 rad = 66.46°



Example 3
N

Solution: . Zi — Z
7L+ Zg
r— 50 4+ 7150 — 50
50 + 7150 + 50
~ Jj150
- 100 + 5150
. 150e790"
V1002 + 1502¢7 tan—1(150/100)
” 150e790°

~ 180.3¢756.3°



Example 3
N

Solution:

o 150¢790°

180.3¢756-3°
T' = (.83¢(9077563%)

T = 0.83¢7337




Example 3
N

Solution:
1+ I
L = 7,
n 0 (1 — Fl)
I' = [e 727

I, — (0.83¢733:7° —66.46°

[; = 0.83¢ 73276

['; = 0.83 cos(—32.76°) 4+ j0.83 sin(—32.76°)
T, = 0.7 — j0.45



Example 3
N

Solution:
1
Zin = (50Q) + (0.7 — 50.45)
1 — (0.7 — 50.45)
1.7 — 70.45
= (50Q2)
Zin 0.3 + 3045>

\/O 32 4], 452 ¢J tan—1(0.45/0.3)
1.76¢—714.8° )

(50 2)
Q)
(50 0.54¢756-3°

<\/1 72 1 0.452¢) tan~ (=0.45/1. 7))



Example 3
I

Solution:
1.76¢714.8°
Zin — (50 Q) ( 0.546.756-30 )
Zin = (509)3.26¢7(714:87756:3%)
= (163 Q)71
Lin = (163 Q) COS( 1. 10) +](163 Q) sin(—71,1°)
\ Zin = 52.8 — j154Q) \




Example 3
N

Solution:

Vy(t) = 10V cos(wt)

V, =10V



Example 3
N

Solution: . ‘79 7z

: Zg + Ziy
(10 V)(163 Qe—I7L17)
50. + 52.8 — j154 Q

Vi

Zy + Zin = 50. 4+ 52.8 — j154 ()

Zy + Zip = 102.8 — 5154 )

Zg + Zin = 1/102.82 + 15427 tan™ ' (-154/102.8) ()
Zy + Zin = 185.2¢7956:37 )




Example 3
N

Solution:
- V.7
T — g4m
’ Zg + Zin
7 (10 V)(163 Qe—d71-1°)

185.2¢—396:3° £}
V: = 8.8¢J(-T1-1°456.3%) y/

“72 _ g Re—J14.8° V‘




Example 4
N

Given: Lossless transmission-line
Vg = 5V cos(wt -50°)
o = 3X10" rad/sec
Zg =150 Q
ZO =75Q
€ = 4
[ =12 m

ZL =50 + Nj 100 Q

Find: T, Zin’ Vi




Example 4




Example 4
B

Know: -
‘/i Zg e Zin

NSy
iy '= LAL) = &
n (1) 0 I—F[_
:ZL—Z(): )\_@_C 1 _ A0
7 +Zy - f f VE Ve

p== wp=fA TIy=|T}el@2D



Example 4
N

Solution:
c 1
A\ =
f Ve
\ C 1
- w/(2m) (/&
5 = 3 x 10% m/sec 1

3 x 107 rad/sec/(27) \/4
A=314m



Example 4
N

Solution:
2T
[ = —I
p A
2T
o 31.4m12m

Bl = 2.41ad = 137.6°
9261 = 4.8 rad = 275.2°



Example 4
N

Solution:  Z-%

b= 71 + Zy
r_ 50 4+ 7100 — 75

50 4+ 7100 4 75
~ —25+4 7100
- 125+ 5100

V252 + 1002 ¢7(180°+tan™*(—~100/25))
- V1252 + 1002¢J tan—1(100/125)
" 103.1e710%

160.1e738.7°

I




Example 4
N

Solution:

103.1¢7104°

160.1e738.7°
[ — (.6407(104°—38.7°

[ = (0.64¢765-3°

|l —




Example 4
N

Solution:
1+ 1Y
Lin = 7,
n 0 (1 _Fl)
Fl ZFe_jQBl

Fl s 0.64€j65'306_j275'20

[, = 0.64¢~9210°

', = 0.64 cos(—210°) 4 50.64 sin(—210°)
I, = —0.55 4 j0.32



Example 4
B

Solution:

i = (T5) ( —0.55 +]0.32)>

—0.55 + j0.32)

045+3032
1.55 — j0.32

(75Q)
(75Q)

\/1 552 4 ().322¢j tan™ 1(—0.32/1.55)
0.55¢735-47

(1 58e—J11. 7°>

(75€2)0.348¢7 (3547 +11.7°)

( \/O 452 1+ (. 39207 tan™ 1(0.32/0.45) )

= (75Q)




Example 4
I

Solution:

Zin. = (15 9)0.3486j(35'4°+11-7°)
Zin = (26.1 Q)47

Zin = (26.1Q) cos(47.1°) + 5(26.1 Q) sin(47.1°)
Zin = 17.8 4+ 719.10Q ‘




Example 4
N

Solution:

Vy(t) = 5V cos(wt — 50°)

Vy =5e7°0" v



Example 4
N

Solution:
"‘/’; _ ‘/gZin
Zg + Zin
7 = (5¢7950° V) (26.1 Q 747-1%)

150. +17.8 + 719.1 ()



Example 4
N

Solution:
Zg + Zin = 150. + 17.8 4 j19.1Q
Zy+ Zin = 167.8 +j19.1Q
Zy + Zin = /167.82 + 19.12¢7tan " (19.1/167.8) )
Zy + Zin = 169755 Q)




Example 4
N

Solution:
‘77; — V:qun
Zg iy Zin
z 169¢e76-5° )

f}i = 0.776].(_5004—47.10—6.50) V

‘177; _ 0. 77e—194° V‘




Homework
7

Homework 6 is due tomorrow at midnight.

submit to gradescope via the canvas site.



Next Time

e
Sections 2-8, 2-9:

Lossless Line: Special Cases

L ossless Line: Power Flow



