Problem 2.1 A transmission line of lengthconnects a load to a sinusoidal voltage
source with an oscillation frequendy Assuming the velocity of wave propagation
on the line isc, for which of the following situations is it reasonable to ignore the
presence of the transmission line in the solution of the circuit:

(@ | =20cm,f =20 kHz,

(b) I =50 km, f =60 Hz,

(c) I =20 cm,f =600 MHz,

(d) =1 mm,f =100 GHz.

Solution: A transmission line is negligible whdriA < 0.01.
_If  (20x1072m) x (20x 10° Hz)

(a) )I\— m T2 1P s = 1.33x 10> (negligible).
(b) /'\f - 'u‘; _ (50 10332) 12;?:/: 1H2) _ ) 01 (borderiine)

(© }I\— = qup = (20 10232)125?:/?( 16 Hz) = 0.40 (nonnegligible)
) /'\f - 'u‘; _ (1x107 3m>2 :0531:]?: 10°H2) _ 5 33 (nonnegligible)




Problem 2.2 A two-wire copper transmission line is embedded in a dielectric
material withe; = 2.6 ando = 2 x 108 S/m. Its wires are separated by 3 cm and
their radii are 1 mm each.

(a) Calculate the line parametd®s L', G/, andC’ at 2 GHz.

(b) Compare your results with those based on CD Module 2.1. Include a printout
of the screen display.

Solution:
(a) Given:

f =2x10° Hz,
d=2x10"°m,
D=3x107°m,
0. = 5.8 x 10" S/m (copper)
& = 2.6,
0=2x10°S/m
H = Hc = Ho.

From Table 2-1:
Rs= \/m
=[x 2x10° x 4mrx 1077 /5.8 x 107]%/2
=117x1072Q,
R R 2x117x 1072
md 2= 103

L= %In [(D/d) +,/(D/d)2 — 1]

=3.71Q/m,

=1.36x 10 % H/m,
G o
In[(D/d)++/(D/d)?—1]
=1.85x10°S/m
Gt
T o
~ 1.85x10°x8.85x10 2 x 2.6
o 2x10°6
=213x 10 " F/m.

CI

(b) Solution via Module 2.1:



Module 2.1 Two-Wire Line

Substrate Wires
E, = 2.6 o, = 5.8E7 [5/m]
o = 2.0E-6 [5/m]

Select: f Impedance vs. Distance D . ]

Input Output
Structure Data e sl ok
—— d =2.0 [mm] D/d= 15.0
Wire Diameter d = /2.0 |(mm] D =30.0 [mm]
[Range| [ ( O] Z; = 253.037142 -j0.026617 [ Q ]
Centers distance D = 30.0 [mm] C° = 21.241303 [ pFim ]
- - L° = 1.360034 [kH/m]
Range| [ ¢ O« »] R = 3.713907 [Q /m]
Frequency f = 2.0E9 _[HZl GC° = 2.0E-6 [S5/m]
|Range| ey IR hg = 0.15 [m] in vacuum
L =93026 [cm] in guide
. €, o a [Sfm]I IUL-_ [SJmJI
2.6 2E-6 5.8E7 a = 0.007572 [Np/m]
- ! ! B = 67.542213 [rad/m ]

I Update I




Problem 2.6 A coaxial line with inner and outer conductor diameters of 0.5 cm
and 1 cm, respectively, is filled with an insulating material wih= 4.5 and
o =103 S/m. The conductors are made of copper.

(a) Calculate the line parameters at 1 GHz.

(b) Compare your results with those based on CD Module 2.2. Include a printout
of the screen display.

Solution: (a) Given

a=(0.5/2) cm=0.25x 10 2 m,
b= (1.0/2) cm=0.50x 10 2 m,

combining Egs. (2.5) and (2.6) gives

1 mfuc 101
R=21\ o (a+b>
1 [n(10° Hz)(4mrx 107 H/m)( 1 1 >

= o 5.8 % 107 S/m 025%<102m | 050x102m
— 0.7880/m.

From Eq. (2.7),

—7
L= Hin b :wlnzzlw nH/m
2 \a 2m
From Eq. (2.8),
-3
. 2mo _ 2mx107SIm g em

G = In(b/a) In2
From Eqg. (2.9),

271E 2me gy 2mx 4.5 x (8.854x 10712 F/m)
r o reg o
C = inib/a ~in(bja) In2 = 362 pF/m

(b) Solution via Module 2.2:




Module 22 Coaxial Cable Select: _Impedancevs. Radusb__| ¢ |

Real Part of Characteristic Impedance

Input Output

Inner radius a = 7 5 I [mm] Structure Data
' a =25 [mm] bj/a=2.0

|Rangl| [ - ]" > b =5.0 [mm]

Shield radius b = g [mm] Z; = 19.605065 + j 0.03034369 [ Q ]

Rang| [ ( y< > " = 360.67376 [ pF/m]
] 1€ 22 : © = 138.629436 [ nH/m ]

e Lo [IEy | e {Sim1
- - = 0. m
rang]  [[3 <] /
hgp=0.3 [m] in vacuum

_Er 9 [s/m]  Pc [S/m] A =0.1414 [m] in guide
45 | [1e-3 - 5.87

= 0.10895 [Np/m ]

l Update = 44.428883 [rad/m ]




Problem 2.7 Find a, B, up, andZ, for the two-wire line of Problem 2.2. Compare
results with those based on CD Module 2.1. Include a printout of the sdisglay.

Solution: From Problem 2.2:
R =371Q/m,
L' =1.36x 10 H/m,
G =1.85x10°S/m
C' =213x10 2 F/m.

At 2 GHz:

y=+v(R+jwl) (G +jwC)
—=0.0076+ j67.54.

Hence

a = 0.0076 Np/m
B = 67.54 rad/m

J _w 2mx2x10°
P B~ 6754

IR+ jol’
=== _253Q.
2=\ G o =23

=1.86x 10° m/s,



Module 2.1 Two-Wire Line Select: f Impedance vs. Distance D = ]

d
- -
i
D
Substrate Wires 0.0
£, = 2.6 o, = 5.8E7 [5/m] (0 ’ 0.0

:; = 2.0E-6 [S/m]

Input Output
Structure Data e sl ok
—_— d =2.0 [mm] D/d=15.0
Wire Diameter d = /2.0 |(mm] D =30.0 [mm]
[Range| [ ( O] Z; = 253.037142 -j0.026617 [ Q ]
Centers distance D = 30.0 [mm] C° = 21.241303 [ pFim ]
- - L™ = 1.360034 [pH/m]
|Range| [( === R® = 3.713907 [Q /m]
Frequency f = 2.0E9 _[HZl GC° = 2.0E-6 [S5/m]
|Range| ey IR hg = 0.15 [m] in vacuum
L =93026 [cm] in guide
. €, o a [Sfm]I . O [SJmJI
2.6 2E-6 5.8E7 a = 0.007572 [Np/m]
) o o B = B7.542213 [rad/m ]

Update




Problem 2.9 A lossless microstrip line uses a 1-mm-wide conducting strip over a
1-cm—thick substrate witl = 2.5. Determine the line parameteess, Zp, and at

10 GHz. Compare your results with those obtained by using CD Module ZBidie

a printout of the screen display.

Solution: Given

w=10"3m,
h=10"2m,
er == 25,
f =1x 10 Hz,
w
=—=01
= h
From Eg. (2.36),
e er+1Jr g—1 1+E) e
= 2 s
with
0.05
x—0.56 [g, 0'9]
&+3
25-0.91%%
=056|——— =052
[ 2543 ] 8
$*4+3.7x 1042
=1+0.021
y=1+00 ”< $ 1043 >
+0.05In(1+ 1.7 x 10 4s?)
~ 0.83,
which leads to
By Eq. (2.39),
60 6+ (2m—6)e 4
Zo= I +4/14+ 5
\/Seff { SZ
with 0.75 0.75
(= 30.67 _ 30.67 _ 7399
S 0.1
Hence,

Zo=1933Q.



Also,

w 21 x 1010

B= Ver="31¢

f = 10.0 [GHz]

Strip widthw = [mm]
|Range| [ © )< »]

Substrate thickness h = [[mm]

|Range| [ O« ]

v 1.85= 28487 rad/m

Structure Data

w
h

1 [mm]
10 [mm]

wih

= 0.1

Zy
Eoff

192.916 [Q]

1.843
2.21
0.022

[ 108 mys ]
[m]

Frequency f = 1E10 [Hz]

|Range| [ -, )< |

23.457

= 872.987

= 284.327




Problem 2.16 A transmission line operating at 125 MHz has=40Q, a =0.02
(Np/m), andB = 0.75 rad/m. Find the line parametd®§ L', G/, andC’.

Solution: Given an arbitrary transmission linef = 125 MHz, Zy = 40 Q,
a = 0.02 Np/m, andf = 0.75rad/m. SinceZy is real anda # 0, the line is
distortionless. From Problem 2.18= w+/L'C’ andZy = /L’/C’, therefore,

 BZ  0.75x40

/ —
L= T Zmxizsx i o2 nHm
Then, fromzy = /L’/C’,
!/
ol Lz _ 38.2 nH/m: 239 pF/m
z3 AR

Froma = vRG andRC’' =L'G,

IR /L
R =vVRG o= VvRG o= 0Zo=0.02 Np/mx 40Q = 0.6 Q/m

and ) 5
,_a®_(0.02Np/m*
G = R = osam =0.5mS/m




Problem 2.18 Polyethylene withs, = 2.25 is used as the insulating material in a
lossless coaxial line with characteristic impedance of50Ihe radius of the inner

conductor is 1.2 mm.
(a) What is the radius of the outer conductor?
(b) What is the phase velocity of the line?

Solution: Given a lossless coaxial lingy =50Q, & =225, a=1.2mm:
(a) From Table 2-27y = (60//&) In(b/a) which can be rearranged to give

b= ae?oV&/60 — (1.2 mm)e®22560 = 42 mm

(b) Also from Table 2-2,

c  3x10fm/s

= ———=20x10m/s
V& V225

Up:




Problem 2.19 A 50-Q lossless transmission line is terminated in a load with
impedance&; = (30— j50) Q. The wavelength is 8 cm. Find:

(a) the reflection coefficient at the load,

(b) the standing-wave ratio on the line,

(c) the position of the voltage maximum nearest the load,

(d) the position of the current maximum nearest the load.

(e) Verify quantities in parts (a)—(d) using CD Module 2.4. Include a printdut o

the screen display.

Solution:
(a) From Eq. (2.59),

LB S0 oo
(b) From Eq. (2.73),
S= i F - igg; —365
(c) From Eq. (2.70)
Oy — A nA 798 x8 cmnraol+ nx8cm
am - 2 41T 180° 2

=-0.89cm+4.0cm=3.11cm
(d) A current maximum occurs at a voltage minimum, and from Eq. (2.72),
Omin = dmax—A/4=3.11cm—-8cm/4=1.11cm

(e) The problem statement does not specify the frequency, so in Modulee.4 w
need to select the combination bandeg; such thath =5 cm. Withg chosen as 1,

c 3x 108

f=3~8x102

=375GHz
The generator parameters are irrelevant to the problem.

The results listed in the output screens are very close to those giventsn(gpar
through (d).



Module 2.4 Transmission Line Simulator Options: [ Set Input / Output & |

d -

T

Z,=500+j00 Q
Vg=10+j00 Vv

d= 125 A = 100.0 mm

Set Line

Length units: (O [A] ®[m]

Low Loss Approximation

Characteristic ZB

Impedance - |50'0

[3.75E9

Frequency f

Relative
Permittivity

Line Length [0.1

g =[10

| Update

Zp=500+j0.0 Q
g =10

2= |30 [*ifso ]

(*) Impedance ) Admittance

Z,=300-)500 Q

3.75 GHz

80.0 mm

Output [

Cursor

Impedance
(2]

Transmission Line Data 1

d =00k =0.0m

Z(d) =30.0-j50.0
= 58.309519 L -1.0304 rad

Set Generator

[10 |+ o0 |v

L0 |+ [0 |

Figure P2.19(a)

Admittance
[s]

Reflection

Coefficient

¥(d) =0.008824 + | 0.014706
=0.01715 L 1.0304 rad

Ty =0.10112359-j0.56179775
=0.57082633 L -1.392703 rad
=0.57082633 L -79.796026 °

Voltage
[v]

Current
[A]

¥id) = -0.280899 - j 0.550562
=0.61808 L -2.0426 rad

T(d) =0.005618 -j0.008989
=0.0106 L -1.0122 rad

Power Flow
[mw]

P, =1685393




Module 2.4 Transmission Line Simulator Options: [ Set Input / Output %

d -

T

=30.0-]500 Q
I Z;=50.0+j0.0 Q Zp=500+]0.0 Q f

3.75 GHz
Vg=10+j00 V g =10 80.0 mm

d= 125 A = 100.0 mm

Set Line Output [ Transmission Line Data 2

Length units: () [A] ®([m]

. - Z,=|30 +] | -s0 = SWR = 3.6601 (load)
Low Loss Approximation L | | | |

. Amplitude of Incident Voltage Wave [ V]
(*) Impedance (O Admittance Vi =00 -j0.5
=05 L -1.5708 rad

Characteristic
Impedance ZB = | 50.0

Location of First Voltage Maximum & Minimum

o 3.75E9 Hz d(max)= 0.38917 A =31.1338 mm

R.elq ; " o | Set Generator d (min) = 0.13917 L =11.1338 mm
ative _

Permittivity Er - | 1.0

B TIME-AVERAGE POWER
Line Length 0.1 Yy =10 |3 |00 v P(abs )= 1.685393 [mW] izl e

i P{Zg) = 3.820225[mW] Absorbed by Zg
| Update Zy =50 [*) [0.0 |2

Figure P2.19(b)




Problem 2.21 On a 1508 lossless transmission line, the following observations
were noted: distance of first voltage minimum from the leadl cm; distance of first
voltage maximum from the loag¢ 9 cm;S= 3. FindZ,.

Solution: Distance between a minimum and an adjacent maxirauky4. Hence,

9cm—-3cm=6cm=A/4,

or A =24 cm. Accordingly, the first voltage minimum is dj, = 3cm= ’\g.

Application of Eq. (2.71) witn = 0 gives

2 A
Br—2><7><§—77'[,

which givesf, = — /2.

S-1 3-1
M=35=371-

=_—=-=05
S+1 341

AIN

Hencel = 0.5e 12 = —j0.5.
Finally,

PN o R By o1 I
7 =27 [1—r] _150[1“0_5} — (90— j120) Q.




Problem 2.24 A 50-Q lossless line terminated in a purely resistive load has a
voltage standing-wave ratio of 3. Find all possible value? of

Solution: S_1 3-1
M=sr1=37179%
For a purely resistive load, = 0 or 1. For 6, = 0,
1+T 1+05
2L =29 L_r] = 50{1_0.5} =150Q.

For6,=m ' =-05and

1-05
Z =50|——>| =15Q.
- 50[1+0.5] >




