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ECET 3410

High Frequency Systems

Transmission Line Analysis
using

Smith Charts

Transmission Line Analysis using Smith
Charts

To find the input impedance of a Jossless
transmission-line using a Smith Chart:

1) Plot the normalized load impedance.

2) Draw the constant || circle.

3) Rotate “Towards the Generator” (CW)
the length of the line (in wavelengths)
referenced to the /2—wavelength scale
provided in the outer band.

4) Read the normalized input impedance.

Note that the reverse procedure can be
utilized to determine the load
impedance from the input impedance.
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Textbook Example 4-1

air-filled,
(150 + j60)Q and supplied

2 meters

meter long,
transmission line that is terminated by

a load Zj,
by a source that is operating as a

frequency of S0MHz.

Determine the input impedance of a
2-
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Textbook Example 4-1

= 0~ ¢
= e
TS

Zin =P Zo=100Q Zx=150+j60 O

H 2 meters H
1 1
i 13\ i

Step 3a: Draw a line from the origin,
through the known impedance,
to the 1%t band and determine
the STARTING marker position.

START 0.199

Since the input reflection coefficient, I';,, will
rotate one complete revolution clockwise from I'y
for each Ys-wavelength of line-length, the 15t band
(Wavelengths Toward Generator) can be utilized

to determine the required rotation.

Textbook Example 4-1

Zin = Zo=100 Q Zx=150+j60 Q

H 2 meters i oo /1 [ 2| N\ oo
i Iy i o O e G AN VL e O D P v v mm r e At N A WS

Step 3b: Locate the ENDING marker
position on the 1%t band and
draw a line from the origin to
the ENDING marker.

I =

A PR DTSR S X e
Moot B eueaslar @
e oS :

RO
oS L

) START  0.199
“‘ length + 0.333
L) END 0.532 = o
“. - 0.500 If the ending marker position is greater than 0.500,
. Equivalent END 0.032 then subtract whole multiples of 0.5 to find an

equivalent ending position since the scale on the 1%
band resets back to 0.000 at the 0.500 marker.
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Textbook Example 4-1

at the point where the END line
intersects the constant || circle.

Zin Zn=150+j60Q o
<
2 meters A “‘
132 [ ....
A
Step 4: Read the normalized value of égi
the unknown impedance (Z;,) iil----;

Z, =(0.55+ j0.14)Q
Z,=2,-Z,=(55+j14)Q

m

Textbook Example 4-1

Zin = Zo=100 Q Zx=150+j60 Q

i 2 meters i
i 13 i

The Reflection Coefficients I', and I';,
on the line can be determined from the
Smith Chart solution by using both the
3rd scale (RFL COEFF E or 1) provided at
the bottom left side of the chart and the
3rd band (ANGLE OF RFL COEFF IN DEGS)
provided around the outer portion of the
Smith Chart. \

Note that the 4" band has been erased and a 4™ scale has been
removed from the Smith Charts shown in this presentation.
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Textbook Example 4-1

Zr=150+j60 Q

2 meters

13\

A
The [T is found b ing th '.-'-’.Qs'
(¢} 1S TOUnN measurin (] e L Y

" 2 3

distance from Zp to the origin and then
reading the value that corresponds to
the same distance to the left of center
on the 374 scale (RFL COEFF E or 1) that is
provided at the bottom left side of the
Smith Chart.

IT, |=0.3
©, =36.8°

Textbook Example 4-1

Zx=150+j60 Q

2 meters
1730

The £Ty is the an i e sl
R gle that the START line e ey
(drawn from the origin, through Zp, to e
the outer bands) forms with the right-
hand side of the horizontal axis.

This angle can be found by reading the
value corresponding to the point at which
the START line crosses the 3™ band.

0, =36.8°
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o _Zx=Z, _ 50+ 60

Textbook Example 4-1

Zr=150+j60 Q

2 meters

13\

Thus, I'y, the reflection coefficient of
the load is:

T, =03236.8°

A mathematical check can be used to
verify the accuracy of the result:

=0.304.£36.7°

R

C Zo+Z, 250+ j60

g8

/ :
5 g".-'.}!'m‘. i
Al &
il e e

Textbook Example 4-1

Zx=150+j60 Q

2 meters

13

Similarly, T';,, the reflection coefficient

at the input has the same magnitude
as I['; but a different angle:

T, =03£157°

Checking the result:

Z,—Z, —45+j14

= = =0.303£157.6°
Z,+7Z, 155+ j14

4 e
n ss
AR et
| -

E‘,‘Il

L :




Textbook Example 4-2

( < &4 2
9aZa% 2

=100 Q
1/8A

Zo

50+j7Q =

Zin=

=9 98 o
v Ll
aza9a0%000,00000,0% 0000 0000 00®

Since the length of the line is already

terminates a 1/8-wavelength long, 1000,
lossless line if the input impedance of

Determine the load impedance the
the line is Z;, = (50 +j7)Q.

expressed in wavelengths, neither
frequency nor velocity is needed in

order to solve this problem.

15

100 Q

Zo

Textbook Example 4-2

50+i7Q =P

Zin=

1/8A

= -3
<
W \Q) = N
o~ - =
= o ena
w N g =
= ™~ =8
- + O =
2. 3 Eg.
28 <= gx8
TE S §
< = ~ wn 2D
@2 o SE&
.Em + | Chm
ﬂa-l wl a“-l
Ex ° 283
S = ] s E 82
Z = NIN [ &=
— [ &
=" = (=3
2 N2
N 75

16
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Textbook Example 4-2

Zin=50+j7 Q =P Zo=100 Q2 ZIr

1/8 A

Step 3: Draw a line from the origin,
through the known
impedance, to the 2" band
and determine the starting
marker position.

START 0.485

Textbook Example 4-2

Zin=50+j7Q =P Zo=100Q Zr

1/8A

Step 4: Rotate the length of the line
(toward generator) and draw a
line from the origin to the
ending marker.

START 0.485
length  + 0.125
END 0.610

- 0.500
Equivalent END 0.110
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Textbook Example 4-2

Zin=50+j7 Q =P Zo=100 Q2 Zr

1/8 A

Step 5: Read the value of the unknown
impedance at the point where
the ending line crosses the
constant |['| circle.

Z,=(0.72-j0.53)Q
Zy=Zy Z,=(12-j53)Q

Textbook Example 4-3

+h
If the VSWR is measured to be 5 on a
lossless, 5002 line and a voltage minima

occurs 1/3 of a wavelength from the
load, determine the value of the load Z.

10
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If the VSWR is measured to be Son a
lossless, 50Q2 line and a voltage minima

“. occurs 1/3 of a wavelength from the
.‘.‘ load, determine the value of the load Z.

Therefore, rotate 1/3\ from Z,;,
towards the load to find Zj.

Z,=(0.77+ j1.48)Q

Z,=Z,-Z, =385+ 74)Q

Textbook Example 4-5

Zin Zo=(685-92) Q Zx=2000Q

LIRS N

SSESX
N
Seeten
Although a lossless line will always |
have a characteristic impedance thatis g

oo

S
purely real, a lossy line may have a
complex characteristic impedance.

SR THT ]
CFL TS 2

100 miles

Determine the input impedance of a
100-mile long, lossy line that is
terminated with a 2000 load if the
line’s propagation constant is:

Y= 0{+Jﬁ =0.00497 ’1:’27:9 +]00352 radi7ns

mile
and its characteristic impedance is:

Z, =(685— j92)Q
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Textbook Example 4-5

Zin Zo=(685-j92) Q Zx=2000Q v et s

100 miles

Step 2: Normalize and plot the known

load impedance.

15 i M A o

7, =2 200 _ 574 0390
7, 685—j92

Although it is not necessary to draw the
constant |['| circle, it may help when
performing the first part of the solution.

HZr=2.87+j0.30Q1 % [ ¢

Textbook Example 4-5

Zin Zo=(685-92) O Zx=2000Q et

100 miles

Step 3: Determine the length of the

line in wavelengths:

15 i M A o

_2%_ 27198 4 miles
£ 0.0352
= M =0.561 wavelengths
1784 Wa\rfr(l;ll:;gth

Ze=287+j0.300% [ ¥

13
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Textbook Example 4-5

=0
e
= g

028 .8
o 2e%
9¢%:% . ¢

Zin Zo=(685-92) Q Zx=2000Q

100 miles

o
([ Step 4: Determine the starting and
“‘ ending marker positions on the
“. 15t band (Toward Generator).
.“‘ START 0.242
g length _+ 0.561
“‘ END 0.803

- 0.500

Equivalent END 0.303

Textbook Example 4-5

Zin Zo=(685-j92) Q Zx=2000Q e et

100 miles

OaeSest: =IH
et N
..... “
Note: If you determine the value of the 'H'ﬁi}.‘_‘t&jgg
impedance where the ending iz e '!E'-;i_ :{
line crosses the constant |I'| s
circle that passes through the
normalized load, the result
would be the normalized input
impedance for a lossless line.

KRy
A X

Zin (lossless)

=(1.6- j1.3)Q
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Textbook Example 4-5

= 0~ ¢
= e
TS

Zo=(685-92) Q Zx=2000Q

.'
ags
0
N

100 miles

() Step 5: Determine the || using the 374
“‘ scale and the calculate the [, |.
()
e IT,|=0.49
.‘.‘ 2oL
a
“ ‘Fin = ‘FR‘e

= (0.49) - ¢ (000497100
=(0.49)-(0.37)= 0.18

z
28
00,

Textbook Example 4-5

...-
0

=]
@ e
(O =
N

Zo=(685-92) Q Zx=2000Q

100 miles

Step 6: Using the 37! scale to determine

Ll e
the distance relating to |I" 7

‘ZR =2.87+j0.39Q

=

in|’

Z,, will be located this distance from
the origin on the ending line.

Z, =(13-;03D)Q

Zin :Zin 'Zo :(861_]332)Q
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Textbook Example 5-1

When a slotted-line is terminated with a
short-circuit, voltage minima are detected
at positions of 10cm and 50cm.

When the short-circuit is replaced by an
unknown load, a voltage minimum is
located at 35cm and the VSWR is 5.

Determine the value of the load Z,.

_ Textbook Example 5-1

\
‘r i - D T i 51 ] Short
{ "‘[ J J Circuit
10cm ‘ 50 cm 90 cm
N~ e -
VSWR =5 | é Unknown
f' - - —— - ‘\L Load
T Zr
35cm %

Since the standing-wave pattern repeats
every > wavelength, then:

A=2-(50-10)=80 cm

Additionally, by extending the pattern
in % A increments, the location of the
short-circuit is determined to be 90cm.

16
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_ Textbook Example S-1

28,
o
a1
3
8
o —H
3

o
Q
3
g

It is assumed that, when the short-circuit

‘:: is replaced by the load Z,, the load will
O also be located at the 90cm position.

Furthermore, based on transmission-line
theory, the same impedance should also
be seen every 42 wavelength down the
line... (at 50cm and 10cm).

_ Textbook Example 5-1

\
‘r i - D T i 51 ] Short
{ —‘[ J J Circuit
10cm 50 cm 90 cm
e~ “~ -
VSWR =5 | - é Unknown
f' - o —— : ) \L Load
1 Zr
35cm %
ZR

To determine the value of the load Z;: : . “zz’ﬁ“ b
“”"”:’. [ZEE el
SRR 13 ),
SR
T

\ e
1) Draw a circle on the Smith Chart N \ ”"": %

that relates to a VSWR of 5.

Note that a minimum in the SWR pattern
occurs whenever the magnitude of the
impedance on the line is at a minimum,
which occurs at marker 0.000 on the SC.
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Textbook Example 5-1

AN
E—— b ” ‘
10em 50 cm 90 X ‘ 2
T e, Sosserth
— - : l‘ - - UnLk:::v " "".::::::’g’;“g“i‘ \ 4’
7o s s NmeN
Z &, .... 17 0"‘\‘ T
b LA % d

To determine the value of the load Z;:

2) Determine the distance from the load
minimum to the location of the load
impedance in wavelengths:

ISCI::O.1875/1

A

d =(50-35)=15cm =

_Textbook Example 5-1

\
{r i - D T i 51 ] Short
{ "‘[ J J Circuit
10cm 50 cm 90 cm
e~ “~ -
VSWR =5 | - é Unknown
f' - - —— : ) [L Load
T Zr
35cm %
ZR

To determine the value of the load Z,:

3) Beginning at the minimum, rotate
that distance (Toward the Load) on the
SC to determine the load value:

Z,=(1.13-j1.89)Q

Z,=Z,-Z,=(56.5—j94.5)Q

18



