EE324 HW?2 Solution Fall 2012

A two-wire copper transmission line is embedded in a dielectric
material with & = 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 parametdrs 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 =2 x 10° Hz,
d=2x10"3m,
D=3x10"?m,
0. = 5.8x 10" S/m (copper),
& =26,
0=2x10"°S/m,
H = Hc = Ho.

From Table 2-1:

Rs= \/m
= [mx2x10° x 4 x 1077 /5.8 x 10]*/2
=1.17x1072Q,

2R, 2x1.17x10°?

md 2= 103

L= %In [(D/d) +,/(D/d)2 — 1]

=1.36x 10 H/m,
;o j(0)
In[(D/d)++/(D/d)?—1]
=1.85x10°S/m
Gt
T o
~ 1.85x106x8.85x102x 2.6
o 2x10-6
=2.13x 10" F/m.

(b) Solution via Module 2.1:

R = =3.71Q/m,

CI
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Module 2.1 Two-Wire Line

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

HW?2 Solution

Fall 2012

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
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Problem 2 | Finda, B, up, andZ, for the coaxial line of Problem 2.6. Verify your

results by applying CD Module 2.2. Include a printout of the screen display.
Solution: From Eq. (2.22),

Y=V (R+]jwl')(G + jwC’)
= \/(0.788 Q/m) + j(2mx 10° s-1)(139x 10-9 H/m)

x /(9.1 10-3 S/m) +] (21 x 10° 51)(362 10-12 F/m)
= (109x 10 3+ j44.5)m 1.

Thus, from Egs. (2.25a) and (2.25b) = 0.109 Np/m ang3 = 44.5 rad/m.
From Eq. (2.29),

7,— RAJOL [ (0.788Q/m) + j(2x 10° 51)(139x 10°° H/m)
"\ Gt jwc’ T\ (9.1x 103 S/m) +j(2mx 10° s-1)(362x 10-12 F/m)
= (19.6+ j0.030)Q.

From Eq. (2.33),
W 21X 10°
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Module 22 Coaxial Cable Select: (Impedancevs. Radusb |5

Real Part of Characteristic Impedance

Input Output

[mm) Structure Data
! a =2.5 [mm] b/a=2.0
| Rangn| [ - )<+ b =5.0 [mm]

Inner radius a = 2 5

Shield radius b =5 [mm] = 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 ]
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Problem 3 | polyethylene withe; = 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 =50 Q, & =2.25,a=1.2 mm:
(a) From Table 2-27o = (60/,/&) In(b/a) which can be rearranged to give

b= ae?oV&/60 — (1.2 mmp*»22/60 — 4 2 mm.

(b) Also from Table 2-2,

c 3x10®mi/s
- """ 7 _20x10® m/s.
\/gr \V2.25

Up
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Problem 4 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 printout of
the screen display.

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

ZL—7Zy _(30—j50)—50 L j79.8
M= = - =0.57¢!7° |
Z 47 (30-j50)450 2°7€
(b) From Eq. (2.73),
S_ 1+l ~1+057 365

S 1-|f| 1-057
(c) From Eqg. (2.70)

4T 2 4 180° + 2
=-0.89cm+4.0cm=3.11cm.

6:A +n/\ ~ —79.8 x8cmmrad nx8cm

dmax =

(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 Module 2.4 we
need to select the combination bfandeg; such thath =5 cm. Withg chosen as 1,

c 3x 108

f=3 " 8x102

=3.75 GHz.
The generator parameters are irrelevant to the problem.

The results listed in the output screens are very close to those given in parts (a)
through (d).
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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
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Module 2.4 Transmission Line Simulator Options: [ Set Input / Output %

d -

T

=30.0-)50.0 Q

Z;=50.0+]0.0 Q Z;=50.0+]0.0 Q I 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)
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Problem 5 | 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
- S+1 341

For a purely resistive loadd, = 0 or 1. For 6, = 0,

0.5.

7 =7 {1—% F] _ 5o {1—%0.5

1i-1 1—0.5} = 1500

For6,=m I'=-0.5and

1-05
Z =50|—2>| =15Q.
- 50[1+0.5] >
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Problem 6 | At an operating frequency of 300 MHz, a lossless 5@ispaced
transmission line 2.5 min length is terminated with an imped@pce (40+ j20) Q.
Find the input impedance.

Solution: Given a lossless transmission lirgy,= 50 Q, f =300 MHz, | =2.5m,
andZ_. = (40+j20) Q. Since the line is air filledy, = c and therefore, from
Eq. (2.48),

W 27T % 300% 10°

u  3x108
Since the line is lossless, Eq. (2.79) is valid:

B=

= 2mrrad/m.

Z + jZotanpl (40+ j20) + j50tan(2rrrad/mx 2.5 m)
Zin="12o =5

Zo+jzitanBl ) 7|50+ j(40+ j20)tan(2mrrad/mx 2.5 m)
= 50[(40+ j20) + 50 0]50+ j (40+ j20) x O
— (40+ j20) Q.
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Problem 7 A lossless transmission line of electrical length= 0.35A is

terminated in a load impedance as shown in Fig. P2.28. Fjri§) andz;,. Verify
your results using CD Modules 2.4 or 2.5. Include a printout of the screen’s output

display.

——-1=0.35

(o

Zin —

Zo=100 Q

[

:| Z1= (60 +j30) Q

Figure P2.28: Circuit for Problem 2.28.

Solution: From Eq. (2.59),
4 —Zy (60+j30)—100

— 0.307d1325 ",

ZL+Zp (604 j30)+100

From Eqg. (2.73),

From Eqg. (2.79)

Zin:ZO<

_14|r| 140307

1.89.

Z, + jZptangl
Zo+ jZ tanpl

T 1-|r] 1-0.307

o| (60+130)+ j100tan( 2529 35) )
100+ j(60+ j30)tan(2%290.351)

] = (64.8— j38.3)Q.
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Module 2.4 Transmission Line Simulator Options: | Set Input / Output & |

Z, =60.0 +]30.0 Q

Z,=50.0+]0.0 Q Zy=100.0 +]0.0 Q f = 3.75 GHz
Vg=10+j00V e =10 A =80.0 mm

d= 035 A = 28.0mm

Set Line Output [ Transmission Line Data 1
Langth ity ©12] Otm) Cursor d =035k =28.0mm

N 7,= |60 +i |30 = | = 64. -j38.
Low Loss Appronmatlon L | | | | Imae]dance Z(d) =64.841222 -38.282867

= 75.29915 L -0.5333 rad
© Impedance O Admittance Admittance Y (d) = 0.011436 + | 0.006752
[si =0.01328 L 0.5333 rad
IChar:cteristic Zy = Reflection Ty =-0.15119794 - j0.2673552
mpedance Coefficient =0.30714756 L -2.085486 rad
Frequency f =0.30714756 L -119.489553°
Relative & = Set Generator Voltage V(d) = 0.60816 -} 0.130622
Permittivity r . . - [v] = 0.622029 L -0.2116 rad
Line Length [ = Yy =| 10 [*) |00 | Current  T(d) =0.007837 + ] 0.002612

; o [A] = 0.008261 L 0.3218 rad
Zy =[50 [+ |00 |

Power Flow P, =2.212394
[mw]
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A 6-m section of 150-Qossless line is driven by a source with
Vg(t) = 5cos(8Tx 10't — 30°) (V)
andZy = 150Q. If the line, which has a relative permittivity = 2.25, is terminated
in aloadZ, = (150 j50) Q, determine:
(a) A onthe line.
(b) The reflection coefficient at the load.
(c) The inputimpedance.
(d) The input voltagdy.
(e) The time-domain input voltage(t).
(f) Quantities in (a) to (d) using CD Modules 2.4 or 2.5.
Solution:

Vg(t) = 5cos(8Tx 10t —30°) V,
Vy=5e 130 v.

i Transmission line
— Zg > O O

OF _
/+ T m

+
Vg @ Vi Zin—> Z0=150Q V. |4 (150-j50) Q

T<—I:6m
= -

Z__

Generator

Figure P2.32: Circuit for Problem 2.32.
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(@

c 3x 108

Un — — =2x10® (m/s

PTVE V2.5 (m/s)
U, 2mu, 2mx2x10®
F~ o ST AL
w 8mx 10’

B b 2x 108 0.4t (rad/m)

Bl =0.4mrx6=24m (rad)

Since this exceeds®(rad), we can subtractr which leaves a remaind@t = 0.4
(rad).
(b) T'=

(©

Z -7y 150—j50—150  —j50

= . = —_ —0.16e 18054,
Z +Zo  150—j50+150 300— j50 ©

20— 2 [ZL + jZotanpl ]

Zo+ jZ tangl
(150— j50) +j150tar{0.47m)
150+ j(150— j50)tan(0.47)

] — (115.70+ j27.42)Q.
(d)

VoZn 56130 (115.7+ j27.42)
Zg+Zin 150+ 115.7+ j27.42
_se o0 (L157+]27.42
265.7+ [27.42
= 56130 0.44el74% = 22712256 (),

Vi =

(€)

Vi(t) = ReViel ] = Me[2.2e712256 W] — 2 2co48mx 10't — 22.56)) V.
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Module 2.4 Transmission Line Simulator Options: | Set Input / Output % |

Z,=150.0+)0.0 Q
Vg=433-j25V

d=121=60m

Set Line
Length units:

O] ®(m)

Low Loss Approximation

Characteristic
Impedance

Frequency f

Relative
Permittivity

Line Length

Ep=

Z,=150.0+j0.0 Q
e, =2.25

z,= | 150 [*1 |50 [2

(®) Impedance O Admittance

Set Generator

v,_,=|_%§3
24 =| 150

| e Y
| oo \ |

Z, =150.0-)50.0 Q

f = 40.0 MHz

A =50m

Output

Transmission Line Data 1

Cursor d

=12k =6.0m

Impedance
[2]

Z(d) = 115.702409 + j 27.423507
=118.907931 L 0.2327 rad

Admittance
[s]

Reflection

Coefficient

Y(d) =0.008183 -j0.00194
= 0.00841 L -0.2327 rad
Iy =-0.11718185 +j0.11530585

= 0.16439899 L 2.364264 rad
= 0.16439899 L 135.462322°

Voltage
[v]

V(d) = 2.055434 - j0.853886
= 2.225742 L -0.3937 rad

Current
[A]

T(d) =0.015164 -j0.010974
= 0.018718 L -0.6265 rad

Power Flow
[mwW]

[5 cos (-30)

5 sin(-30)

P, =20.269378
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