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A Logarithmic Transmission Line Charti

A. C. HUDSON~

Summary—A chart is presentedwhich relates the real and im-
aginary componentsof the impedanceat any position along a trans-
mission line to the magnitude and location of the standing wave.
In the presentchart the ordinate is R/Z. plotted logarithmically and

the abscissa is a function of X/R. Thus a changein the reference
impedancebecomesa simple vertical translation of any point. An
auxiliary chart permits the direct determination of the length and
impedanceof transmissionline required to matcha givenimpedance.

INTRODIJCTIOiN

T

RANSMISS1ON line impedance charts are well
known. 1 There are, for example, the rectangular
impedance chart and the circular or ‘{Smith”

chart,2 which deal with a mismatched transmission line
and relate the magnitude and position of the standing
wave to the real and imaginary components of the im-
pedance (or admittance) at any point along the trans-
mission line.

The above description applies also to the present
chart (Fig. 1). This chart has been designed for quick
solution of problems in which the characteristic im-
pedance of the transmission line varies discontinuously
along its length. It is believed to be more convenient
than the Smith chart for problems where successive
lengths of line of varying impedance are connected in
cascade and less convenient for certain other problems;
for example, where shunt reactive stubs are connected
along the line.

REQUIREMENTS OF AN IMPEDANCE CHART

To achieve simplicity when the characteristic im-
pedance of the transmission line is subject to discon-
tinuous changes, a chart should be designed so that one
of the axes represents some function of the phase angle
O, where the impedance Z is written as IZ I Z+. The
simplest arrangement is to plot @itself on a linear scale.
This has been done here; however, the ~ scale is not
shown, rather the abscissa has been calibrated at even
values of X/R. X/R is, of ‘course, tan–l ~; X and R

are the series reactance and resistance, respectively.
The advantage of using @or some function of it for one
rectangular axis is that a change of reference impedance
represents a straight-line motion parallel to one axis
since the phase angle q$is independent of the reference
impedance.

* Manuscript received by the PGMTT, November 6, 1958; re-
vised manuscript received, December 24! 1958.

~ Nat. Res. Council of Canada, Radm and Elec. Eng. Div., Ot-
tawa, Can.

1 P. S. Carter, “Charts for transmission-line measurements and
computations,: RCA Rev., vol. 3, pp. 355-368; January, 1939.

a P. H. Smith, “Transmission line calculator, ” Electronics, vol. 12,
pp. 29-31; January, 1939.

The other requirement of such a chart is that the
other axis be log IZ \ , or log R, or log X, ‘The second
alternative, log R, has been chosen here. Because of the
logarithmic scale, a change of reference impedance rep-
resents the same amount of motion at any location on
the chart. The choice of log R rather than log IZ\ , and
of X/R rather than ~, was made for easy use of data in
the R +jX form. This facilitates the interchange of data
between the present chart and the Smith chart, for ex-
ample. The rectangular form is also the most usual
when using an impedance bridge. It is recognized that a
log I Z\ , q5chart would be more elegant since it just rep-
resents the complex Z plane and would i~lso be more
useful when it is necessary to express the impedance in
the polar form.

RANGE OF THE CHART

Because the ordinate is a logarithmic scale, some limit-
ation is necessary. Here, for convenience, R/ZO has
been limited to the range 0.1 to 10. To ‘be consistent
with this, the horizontal range has been chosen to in-
clude all points having a voltage standing wave ratio of
10 or less. Angles between 80° and 90° have not been in-
cluded because in this region the two families of curved
lines are too nearly parallel for convenient use. This dif-
ficulty would not arise with the log Z chart.

DESCRIPTION AND USE OF THE (kMur

To be given the VSWR as a number greater than
unity which will select one of the VSWR Icjci, seen to be
roughly concentric with the center of the chart, and to
be given the position of the voltage minimum, measured
in electrical degrees from some reference point, is the
most usual way to enter the chart. This position will
select one of the radial lines marked in degrees toward
the generator from the point of minimum impedance.
Movement towards the generator will represent a
counterclockwise motion on the chart.

The abscissa of the chart is drawn (but not calibrated)
to represent, on a linear scale, the phase angle of the
impedance; that is, tan ‘1 X/R. X and R are the com-
ponents of the impedance at the point in question. The
range is – 80° to +80°, angles between 80° and 90°
being off the chart. The degrees scale is not shc)wn; how-
ever, for convenience the abscissa is calibrated to the
scale X/R.

It will be noted that X/R is independent of the refer-
ence characteristic impedance. Hence a change of inl-
pedance in the line will not change the abscissa, or in
other words, reference impedance changes will be repre-
sented by vertical movements on the chart.
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Fig. l—Logarithmic transmission line chart.



1959

+:10
9

8

7

6

5

4

3

2.5

2
L9
I.e
1.7

1.6

1.3

1.4

1.3

1,2

1.1

0.9

0.8

0.7

0.6

Hudson: A Logarithmic Transmission Line Chart 279

--- ..- ... ... .. .. --- -
.—x —.L--v .\’ :\ c7’zz7zl

1
———
N.——
-T

—

—

—

7

6

4

3

2.5

2
1.9
Le
1.7

1.6

1.5

1.4

1.3

1.2.

!.1

1,0

0.9

0.6

0.7

0,.6

0<5

0.4

0.3

Y !./ /!!’! (1 \, l\ I !–-++4——+4
.25

LLumMdY__LJJ_l.1 0.2
.19
.18
.17

.16

0.15
.14
.13
.12
.11

0.1

)@N?3A. xl? PosmvE)

Fig. 2—Transposed logarithmic transmission line chart.



280 IRE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES April

The ordinate of the chart is R/ZO, where ZO is the
characteristic impedance of the transmission line. Be-
cause of the logarithmic scale, a change in reference im-
pedance of a certain ratio will represent the same
amount of vertical movement anywhere on the chart.

Consider a point plotted to a reference impedance of,
say, 50 ohms. Assume that we wish to move along a
50-ohm line ~ wavelength toward the generator. We fol-
low the VSWR locus in a counterclockwise direction,
counting off 45° on the degrees scale. Now assume that
the transmission line changes at this point to one having
a characteristic impedance of 75 ohms. R/ZO will be re-
duced to 50/75 of its former value. Thus we move verti-
cally down on the chart, the distance moved being
found by setting a pair of dividers on the ordinate scale
between any two points which are in the ratio 50:7.5, for
example, 0.5 and 0.7.5. We lmay now move along the new
standing-wave ratio locus counterclockwise for the
number of electrical degrees corresponding to the length
of the section of 75-ohm line. To return now to the origi-
nal 50-ohm reference, the point is moved vertically up-
wards by the same divider setting.

The use of the chart for a typical broad-band match-
ing problem will be discussed later, but first the trans-
posed chart, Fig. 2, will be described.

TRANSPOSED CHART

‘The purpose of Fig. 2 is to answer the question, “What
length of line of what impedance will match a given inl-
pedance ?“ To put the cluestion in a more practical form,
“Of those transmission lines which are available, which
impedance is the best, and what length should be used ?“
Conventional charts do not answer this question ex-
plicitly. The present chart (Fig. 1) is somewhat better,
but one trial-and-error operation with a pair of dividers
is still necessary.

Suppose for example that we wish to match an im-
pedance represented by point A [Fig. 3(a)] point A
being referred to the impedance of the standard trans-
mission line which is in use. Note that Fig. 3(a) is a
representation of Fig. 1. We transform from point A to
B; in other words, a transmission line which is lower in
impedance by the ratio represented by the distance AB

is used. We now move counterclockwise along the con-
stant VSWR locus to point C, the point of zero reac-
tance. The length of the lower-impedance line is given
by the difference in the degree readings at the points B

and C. The transformation back to the standard im-
pedance is represented by the downward move CD. For
a perfect match, we wish point D to coincide with O.
Thus, in terms of Fig. 1, to match point A (Fig. 3), such
a VSWR locus that AB = CO is sought; this is a trial-
and-error procedure.

But suppose that the VSWR locus shown on Fig. 3(a)
is the correct locus to match point A; in other words,
suppose that AB = CO. Now suppose also that the
VSWR locus is moved bodily downward until it is tan-
gent to the R/ZO = 1 axis, as indicated in Fig. 3(b). Dis-
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Fig. 3—(a) Diagrammatic representation of the chart of Fig. 1 with
onlv one VSWR locus shown. If this locus is the correct one to
ma;ch point A, then point D will coincide with 0. (b) Transposed
version of (a). Here the locus in (a) has been moved bodily down-
ward. If it is the correct locus, it will pass through A.
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Fig. 4—(a) Diagrammatic representation of the chart of Fig, 1 with
only one VSWR locus shown. If this locus is the correct one to
match point E, then point H will coincide with 0. (b) Transposed
version of (a). Here the locus in (a) has been moved bodily up-
ward. If it is the correct locus, it will pass through E.

(b)

tance CO will collapse to zero and since AB = CO, AB

will collapse to zero also. Thus the transposed locus will
pass through point A. Suppose finally that all of the
VSWR loci in Fig. 1 are translated downward until they
are tangent to the R/ZO = 1 axis, then the VSWR locus

now passing through any point A is the correct one to
use for matching the impedance represented by point A.

It will be noted that the impedance transformation ratio
for a correct match is always equal to V, the VSWR on
the matching section. The lower half of Fig. 2 has been
prepared by sliding the VSWR loci in the manner de-
scribed above.

Now, Fig. 3 deals with an impedance whose normal-
ized resistive component, R/ZO, is less than unity and
requires a lower impedance line for matching. If, on the
other hand, the value of R/ZO is greater than unity, we
refer to Fig. 4. In Fig. 4(a) it is assumed that we wish to
match point E. In an exactly analogous manner we
move down to point F, then counterclockwise to G, and
up to H. Thus by sliding all the VSWR loci upward, as
has been done in the upper half of Fig. 2, the correct
VSWR may be read directly.
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One way of presenting the data of Fig. 2 would be to
superimpose it on Fig. 1; however, in the absence of
two-color printing, Fig. 1 would become difficult to
read. Figs. 1 and 2 are the same size however, so a point
from Fig. 1 may be conveniently transferred to Fig. 2
with dividers or compass.

USE OF THE TRANSPOSED CHART

For greater clarity, the use of Fig. 2 will now be de-
scribed without any references to the method of forma-
tion of the chart. Given an impedance normalized to ZO,
and represented by some point on Fig. 1, it is required
to find the length and impedance of a section of trans-
mission line which will match the given impedance to a
line of characteristic impedance ZO.

1) Transfer the point geometrically to Fig. 2.
2) Read the value of VSWR indicated on this chart.

Let us assume that the value found is V. No more use is
made of Fig. 2.

3) Draw a line vertically from the original point on
Fig. 1 to intersect the VSWR curve of value V.

4) Note that the impedance transformation ratio
represented by the length of this line is exactly V, and in
fact, best accuracy in the previous step is obtained by
setting a pair of dividers at this ratio, as determined by
the ordinate scale.

5) a) If the original point is in the lower half plane,
the characteristic impedance of the matching section is
Z. decreased in the above ratio V. b) If the original point
is in the upper half plane, the impedance of the match-
ing section is ZO increased in the ratio V.

6) To find the length of the matching section, move
from the intersection on curve V (see step 3) counter-
clockwise to the first zero reactance point which is in the
opposite half plane (vertically) to the original point.

7) The number of degrees passed in this lmotion gives
the length of the matching line.

It maybe seen from Fig. 4 that all points in the upper
half-plane may be matched, but matching of some im-
pedances which have R/ZO <1 is impossible. For com-
parison, one may refer to published analytical expres-
sions for the length and impedance of the matching sec-
tion.

s The following rules will define which of the two possible inter-
sections is used: 1) if the original point is in the upper half-plane
the motion is downward and vice versa; 2) the first intersection en-
countered is the correct one.

4 ‘~~ery ~igh-Frequency Techniques, “ Radio Res. Lab., Harvard
Univ., McGraw-Hill Book Co., Inc., New York, N. Y., and London,
Eng. (first cd.), vol. 1, p. 60; 1947.

A TYPICAL BROAD-BAND MATCHING PROBLEM

This problem will be described very briefly. A model

of an antenna for use with a 50-ohm system was meas-

ured with a standing-wave line, eight points being

measured in the band 96 to 300 mc. (These were model-

testing frequencies; the actual antenna was to operate

at frequencies lower by a factor of 48.) The points were

plotted on a chart similar to Fig. 1, using the VSWR and

position of the minimum to locate the points. The re-

sultant curve made several excursions over the chart

and reached some values of VSWR as hig’h as 12. The

position of the curve, mainly in the upper lhalf-plane,

suggested the use of a matching section of higher im-

pedance. So as a first trial a 97-ohm line, having an
electrical length of 10° at 100 mc, was tried. This line
was thought of as having a length of 1° per 10 mc. Using
one divider setting of the ratio 97 to SO, the points were
moved down, then around counterclockwise, increasing
the angle reading by an appropriate amount for each
frequency, for example, a 17.5° increase at 175 mc.
Then, with the same divider setting, th~e points were
moved vertically upward, thus giving the final VSWR.
No writing was done on the chart itself, one point being
treated at a time and the final VSWR being plotted on
a linear scale of VSWR vs frequency. Orre single setting
of a slide rule gave the electrical length for all fre-
quencies. The final choice was a 75-ohm line of length
2° per 10 mc, which matched the antenna to within a
VSWR of 3.5. This provided a very economical match-
ing device since it was necessary only to replace 17.3
feet of 50-ohm cable with 75-ohm cable ( 17.3 feet in the
actual antenna, not the scale model). This type of prob-
lem, where the final match requirement is not severe,
is often amenable to this kind of matching. The time
required to plot each VSWR vs frequency curve was
about six minutes.

USE OF THE CHART FOR ADMIT~~ NCE

As with the conventional impedance charts, the pres-
ent chart may be used to represent admittance instead
of impedance, the abscissa scale then being B/G, and
the ordinate scale G/ Yo. The right-hand (positive) side
of the chart which is inductive for the impedance chart
becomes capacitive when the chart is used as an admit-
tance chart and vice versa. To change from impedance
to admittance the point is moved 90” in either direction
along a line of constant VSWR.
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