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A SLOTTED LINE RECORDER SYSTEM

With the infroduction of the GR900
Precision Coaxial Connector' and asso-
ciated equipment?, the trend to greater
accuracy and precision in microwave
impedance measurements has been
greatly accelerated. Not only does the
connector itself boast a vswr an order
of magnitude better than that of any
previous connector, but the availability
of such a true precision connector has
led to the development of a GR900
line of components and devices, all of
which share the connector’s electrical
and mechanical excellence.

An expanding, self-refining tech-
nology demands improvements not only
in devices but in techniques. Given
the new tools of the GR900 line, we
were able to reappraise the traditional
methods of measurement, to see whether
remaining limitations were imposed by
the procedures themselves, by the
available equipment, by the method of
data presentation, or by some other
factor capable of improvement.

As the basic tool in coaxial impedance
measurements, the slotted line remains
unsurpassed; its accuracy is absolute,
since its standard impedance is the
characteristic impedance of a coaxial
line. The inherent accuracy of the
slotted line, as well as its stability and
broad bandwidth, led to the investiga-
tion of the limitations of this instru-
ment for low vswr measurements. As
might be expected, we found the limit-
ing factors to be not in the slotted
line itself but in the noise level and

P A, E. Sanderson, "'A Hadieally New Coaxial Connector
for High-Precision Measurements,” General Radio Experi-
menter, Febivnary-Mareh 1063,

S Johu Zorzy, “Precision Conxial Equipment — The 600
Sorivs," General Radio Ecperimenter, November 1963,
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limited scale expansion of commercial
standing-wave indieators. This con-
clusion led to the development of the
Tyre 1640-A Slotted Line Recorder
System.

The combination of a slotted line
and a graphic recorder produces a re-
cording of the slotted-line probe output
as a function of probe position that far
exceeds, in resolution and usefulness,
the conventional meter readout. The
noise figure of the transistorized Tyrn
1640-A System is held to less than 5
dB, and the high signal-to-noise ratio
at the crystal detector (normally over
80 dB) is preserved through the am-
plifier chain and the recording process.
The recording of vswr's as low as 1.001
with excellent signal-to-noise ratio is
entirely practical.

The use of a slotted line recorder
system not only overcomes the fradi-
tional seale-factor and noise problems
but also offers the many advantages
of a permanent recording. The chart
record, for example, can be analyzed
graphically for the most accurate meas-
urement of vswr, position of minimum,
and other waveform characteristies.
The minima of low-vswr patterns are
particularly difficult to locate by tradi-
tional techniques, because of their shal-
lowness and beeause of the apparent
shift of position if tilt exists in the
flatness curve. On a chart record, the
positions of minima are strikingly easier
to locate, not only because the pattern
is greatly expanded, but also because
the vswr pattern and the fatness
curve are easily disentangled when
both are visible together.
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Several plots can be made on the
same chart so that, for example, the
positions of minima with short-cireuit
termination and with unknown at the
reference plane can be intercompared
directly. Wherever the difference be-
tween two measurement conditions is
important, any irregularities in the
slotted line (in constancy of probe
penetration, for instance) effectively
cancel out in a multiple plot, and the
difference shows up elearly as a sinus-
oidal wobble of one trace about the
other (sce Figure 1). Because of the
effective elimination of slotted line im-
perfections from the measurement, the
substitution method by graphie record-
ing yields the most accurate, repeatable
measurements of low vswr — with the

Tyre 1640-A, down to 1.001.

Repeatability and comparison meas-
urements are also facilitated by the
multiple-recording technique. A series
of measurements, for instance, can be
plotted on the same seetion of chart
paper as a rapid method of comparison-
checking components against a stand-
ard. The graphie record also quickly
reveals whether the measurement is a
true one or whether it is being dis-
torted by a moisy signal generator, a
connector that doesn’t repeat, or some
other unforeseen factor. Finally, as a
continuous monitor on eguipment op-

a standard
Slotted Line and a modified version of

GENERAL RADIO EXPERIMENTER

usual vswr meter in convenience.

THE TYPE 1640-A SLOTTED LINE
RECORDER SYSTEM
The new Slotted Line Recorder Sys-

tem, shown in Iigure 2, comprises
Tyre 900-LB Precision

the Type 1521 Graphic Level Re-

corder (Tyre 1521-SL), along with the

necessary interconnecting linkage and

mounting hardware. The slotted line

is mounted in its usual bench-top posi-

fion, and the recorder is beneath the
bench, either on a shell or suspended
from the bench top with the bolts

provided. The metal mounting plate on
which the slotted line rests has four

studs, which engage the rubber feet of

the slotted line, and a projecting shaft.

A gear on one end of this shaft is
coupled to the probe-carriage drive,
and a sprocket on the front end engages

the external chain-link drive of the re-
corder. The motor that powers the
chart drive thus also drives the probe
carriage of the slotted line, and the
chart paper is automatically given the
correct horizontal axis for the desired
vswr plot. The vertical axis of the
plot is supplied by the audio output of
the erystal detector, which is connected
by a coaxial eable from the probe
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Figure 1. Multiple plot
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ADJUSTABLE 3]
PROBE - TUNER\[ |
il

SLOTTED LINE
(COMPLETE)

PEN-POSITION
CONTROLS

STRIP CHART

JANUARY 1965
VSWR RANGE CONTROL
TUNING SYNCHRONOUS
MONITOR DRIVE LINKAGE

Figure 2. Type 1640-A Slotted Line Recorder System. Owners of Type 900-LB Slotted Lines
can easily add recorder and connecting linkage. Prices ore available on requesi.

carriage to the recorder input connector.
The recorder suppresses the zero level
and applies the resulting greatly ex-
panded vswr pattern to the vertical
axis of the strip chart. The degree of
scale expansion is remarkable: On a
typical vswr meter a vswr of 1.10
takes up two inches of seale, whereas a
vswr of 1.008 can be expanded to the
full 4-inch width of the chart paper!

THE SLOTTED LINE

The Typr 900-LB Precision Slotted
Line? is the most precise coaxial impe-
dance-measuring instrument available
commercially, with a residual vswr of
1001 4 0.001fg. from 300 Me/s to
9 (Ge/s; it is, moreover, an extremely
rugged, reliable instrument whose cali-
bration can be expected to stay within
specification indefinitely. The forged
outer conductor joins its connectors
smoothly, without the reflection-caus-

Y Zorzy, op, vit,
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ing steps and discontinuities found in
noncylindrical coaxial slotted lines.
The chrome-plated outer conduetor
of the line is a 26-inch, precision-forged,
brass tube, lined with a 0.0005-inch
layer of pure silver for low loss. The
finished inner diameter is 0.5625 inch
=+ 100 miecroinches. The inner con-
ductor is steel with a 0.0005-inch layer
of silver and is centerless-ground to a
tolerance of == 50 microinches. Both
inner and outer conductors are stress-
relieved to resist diaméter changes due
to machining. g
Two interchangeable electrostatic
probe assemblies are supplied: a tuna-
ble probe for use with the built-in de-
tector for modulated =ignals and an rf
probe to couple an unmodulated signal
to an external detector. Either mounts
in the carriage that transports the
probe through the entire 50-cm length
of the slot. This cast brass carriage,
with its honed sleeve bearing, rides

IET LABS, INC inthe GenRad tradition
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smoothly on the finely ground surface
of the outer conductor.

Probe position along the 50-cm slot,
relative to the reference plane of the
GRI00 connector, is indieated to within
0.1 millimeter by a calibrated milli-
meter scale with attached vernier.

Depth of penetration of the tunable
probe is controlled and indicated by
a micrometer adjustment. The secale
is preset to indicate directly the dis-
fance between the probe tip and the
center conductor (smallest marked in-
terval: 0.001 inch). A positive stop
prevents the probe from striking the
center conductor.

The probe is tuned to resonance (at
any frequency from 300 Me/s to 9 Ge/s)
with a built-in short-circuited stub,
whose length is adjusted by means of a

rotating barrel drive. One turn of the
barrel moves the short circuit 1 em.
A logging scale indicates position of
the short cireuit within the barrel.

SLOTTED LINE RECORDER

The Typr 1521-SL Slotted Line Re-
corder is a transistorized, single-fre-
quency, servo-type instrument (see
block diagram, Iligure 3), which pro-
duces, on white chart paper, an ink
record of the standing-wave pattern
of the slotted line. Seale expansion is
continuously adjustable, with the con-
trol calibrated in vswr, 7 FULL SCALE
(a vsawr of 1.01 is defined as equivalent
to 19%). Standing-wave patterns of 1.2
to 1.008 in vswr can he expanded to
oceupy full seale.

The vawr accuracy of the strip-chart,

NENREEEESEEE RS e R e
| FREQUENCY3GoA | = = = i »

EEL /\! . ShSEEE=EET An w8
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Figure 4. Typical direct & { FINCE =

recording of VSWR, | 1‘ o [
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= | |
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recording depends only on three stable,
wire-wound potentiometers in the servo
loop. These are custom-calibrated in
each instrument. The accuracy is within
one minor division of the chart paper
(1/40th of full scale) for all positions of
the vawr, 9}, FULL SCALE control.

Sensitivity (the minimum signal level
for an on-scale indication) is con-
tinuously adjustable from 50 micro-
volts to 2 millivolts, The 2-millivolt
upper limit is set by the square-law
characteristic of the erystal detector,
the 50-microvolt lower limit by the
degradation in  signal-fo-noise-ratio
(which also determines the minimum
detectable vswr).

The amplifier is fixed-tuned to 990
¢/s (avoiding harmonics of 60 ¢/s and
50 ¢/s) and has a 35-cycle bandwidth.
The 5-dB noise figure at this bandwidth
results in a vswr-equivalent noise level
of 1.0001 (0.019;) at an audio input
signal level of 1.0 millivolt.

Chart Drive

The chart drive has four speeds;
since two sprockets of 2:1 different
sizes are supplied, there are eight
possible  slotted-line carriage drive
speeds, from 5 to 0.08 centimeters per
second. One horizontal division on the
chart paper corresponds to either 1 or
0.5 eentimeter on the slotted-line scale,
depending on which sprocket is used.

IFast chart speeds and the 1-em/division
sprocket are used at lower frequencies,
while the slower speeds and the 0.5-cm/
division sprocket expand the horizontal
scale for better precision at the high
end of the band. At any freauency from
0.6 to 9 Ge/s, two full eyeles of the
standing-wave patiern can be scanned in
five seconds, without perceptible distortion
of the standing-wave paltern.

APPLICATIONS
Direct VSWR Measurement

The primary application of the
Slotted Line Recorder System is, of
course, the measurement of the vswr
of an unknown one-port companent by
the direct method. If vswr alone is
desired, the recorder motor drive is
engaged for at least one cycle of the
standing-wave patiern, to produce a
record similar to that shown in Figure 4.
If the phase of the vswr pattern is also
important, then a Tyre 900-WN Short-
Cireuit Termination (supplied with the
system) is connected in place of the
unknown, and a second curve is super-
imposed on the first (see Figure 5). The
distance between positions of minima is
then measured directly on the chart
paper, as is wavelength, and the value
of d/x, thus determined, is transferred
to the Smith chart as wavelengths-
toward-load. The ease with which the

www.ietlabs.com
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positions of minima can be located
graphically ensures excellent phase
measurements, even for vswi's as low
as 1.01.

Direct vswr measurements can be
made on eonnector systems other than
GR900 by means of GRY00 precision,
low-vswr adaptors. These are now
available to types BNe, ¢, N, T8¢, and

GR874 connectors (see page 17).
Substitution VSWR Measurement

For even greater accuracy, a substi-
tution technique can be used,® with
a Tyrr 900-LZ Reference Air Line act-
ing as an impedance standard. Aeceu-
racy of measurement is increased by a
factor of from 2 to 5, depending on
frequency, and the position of minimum
1A, BE. Sanderson, A New High-Precision Method for
the Measurement of the VEWR of Conxial Conneators,”
IRE Transactions on Microware Theory and Techniques,
Vol MTT-9, No 6, November 1061, pp 524-528,
4 A. E. Sanderson, "'Calibration Techniques for One- and
Two-Port Deyices Using Conm.l Reference Air Lines as

Absolute Impedance Btandards,"
Ameriea Preprint 21.6-3-64.

Instrument Society of

can be located accurately for a vswr
as low as 1.001.

In the substitution method, a multi-
ple plot s recorded, showing (1) the
vswr of the unknown connected di-
rectly to the slotted line and (2) the
vawn with the reference air line inserted
between the unknown and the slotted
line. (See Iligure 6.) With the imped-
ance transformation of a quarter-wave
air-line section, the difference between
the two curves represents twice the
vswr of the unknown impedance with
respect to the reference air line. The
residual vswr of the slotted line ef-
fectively cancels out.

To determine phase, a curve is run
with a short ecireuit at the reference
plane, as before (see Figure 7). The posi-
tion of minimum of the unknown is
halfway between two adjacent intersec-
tions on the multiple vswr plot and can
thus be located with pinpoint accuracy,

i
3

e ey

FHEOUEM:T 3 Gu s -

L

BE E
i
-t
-
—t &
wnr
4
Figure 7. Multiple recoerding =
vsed in substitution-methed =P
VSWR and phase measure- o
ment. :
=
;-_ﬂlcm
I8 i o
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no matter how low the vswr may be. As
before, d and X\ are both on the chart
paper, and their quotient becomes the
“wavelengths-toward-load” reading on
the Smith chart.

Insertion VSWR

Many of the most common design
problems can be cast in the form of two-
port unknowns, and the insertion vswr
of a two-port unknown can be measured
very accurately on the slotted-line
recorder system by a substitution
method.® ¢ Examples of design prob-
lems centering on the insertion vswr
are the design of coaxial connectors, of
isolated bead supports, or of transitions
between coaxial lines of different diam-
eters. Separating the reflections of the
two-port unknown from those of the
slotted line and termination has always
been difficult in such design problems,
In the substitution method with the
recorder system, separation is easily
achieved, since the undesired reflections
cancel out, while the desired reflections
do not. The insertion vswr of the two-
port is the difference between two
curves recorded on the same section of
chart paper, just as in the one-port
substitution method described above.
The short-circuit reference plane marks
can also be recorded on the chart paper
for Smith-chart plots of the measure-
ment (see Figure 8).

JANUARY 1965 &
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Figure 8. Recording showing insertion VSWR of o
mated pair of GR900 odaptors (Types $00-QNJ
and -QNP) at 7.5 Ge/s.

Repeatability

In the process of any vewr measure-
ment it is important to check periodi-
cally that the measurement is repeat-
able, that is, that it can be duplicated
several times in succession with a
variation no greater than the rated
repeatability of the connector (for the
GR900, 0.059%). The Tyee 1640-A
system is well suited for such checks,
because several successive curves can
be plotted on the chart for direct inter-
comparison, as shown in Figure 9. For
this check, it is desirable to match the
slotted line to its load by means of the
Type 900-TUA Tuner (see page 15)
for maximum recorder scale expansion
(1.008 full-scale). The successive curves
are spaced with the recorder cENTERING
control and should agree within 0.05%,
or 1,0005,

T reouenerezoen "E‘ IEEEEREESE
SIHESSS ekt ey e e AT t
= S Ee TS =ESE
- = ] — -
- o= ss = ==
_._ — == === — Figure 9. Multiple recording
= —= - showing excellent repeatabil-
== =+ ity of GR900 joint with connec-
=== e e tors at six different orienta-
T - T SEE=as tions, In a very low VSWR
: = — bttt measurement,
: = =SSSSS==S2=
SSESSSSSSssSssss S
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Figure 10, Typical recording of system noise at
2 Gefs, with Type 1360-B Microwave Oscillator
vsed as signal source. Chart speed was 30 div/
min. Note that total excursion over entire 25-

d to VSWR of enly
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1.0002.

System MNoise Check

The equivalent noise level of the
system, all-important in precision vswr
measurements, can be checked easily
with the Tyepe 1640-A Slotted Line
Recorder System. Contributing about
equally to the system noise are three
sources: the signal sources, the crystal
detector, and the recorder itself. To
measure the vswr equivalent of system
noise, the probe carriage drive is de-
clutched, the recorder set for maximum
resolution, and the chart drive acti-
vated, Since the probe is not moving,
the sole cause of any wiggles on the
chart is system noise. The peak-to-
valley noise excursions can then be
translated into an approximately equiv-
alent vswr. In the example of Figure
10, the peak-to-valley ratio is 0.029,

for a vswr equivalent of 1.0002. This

amounts to a basic figure of merit for
the system, since the vswr of the un-
known must be ecomfortably above that
of the noise level in order to give
accurate results.

SUMMARY

The use of a graphic level recorder
greatly enhances the usefulness of the
precision slotted line. Among the bene-
fits derived from this synergistic al-
liance are:

— a scale expansion that makes the
recorder the equivalent of a vswr meter
with a 10-foot-long scale,

—a signal-to-noise ratio of over
80 dB,

— the pinpoint location of positions
of minima,

— the many advantages of multiple
recording (in substitution measure-
ments, for example),

— the possibilities of graphical analy-
sis of recordings,

— the availability of permanent re-
cording for reference and later study.

For engineers working on coaxial
design problems, for instructors wishing
to demonstrate standing-wave phe-
nomena most effectively, for anyone
concerned with slotted-line measure-
ments, the Tyre 1640-A Slotted Line
Recorder System merits very serious
appraisal.

— A, E. SANDERSON

SPECIFICATIONS

SLOTTED LINE (TYPE 900-LB)
Characteristic Impedance: 50.0 ohms -0.1%.

Probe Travel: 50 cm. Seale palibrated in centi-
meters from reference plane. Attached vernier
can be read to 0.1 mm,

Scale Accurocy: £=(0.1 mm + 0.05%).
Frequency Range: 0.3 to 9 Ge/s. At 300 Me/s,

covers a half wavelength. Operates below
300 Me/s with Tyee 900 Precision Air Line.

Censtancy of Probe Pickup: +0.5%.

Residual VSWR: Less than 1.001 <+ 0.001fg
(e.g., 1.002 at 1 Ge/s).

Accessories Required: Generator and detector.

Dimensions: Width 2714, height 10, depth
434 inches (700, 255, 125 mm).

www.ietlabs.com
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RECORDER (TYPE 1521.51)

Sensitivity: Continuously adjustable from 0.05
to 2,0 mV (on-scale).

Frequency: 990 ¢ /s & 2%.
Bandwidth: 35 ¢/s 7 c¢/s (at 3 dB).

VSWR Range: Continuously adjustable from
1.008 D.Si) to 1.20 3120%) full-scale; accurate
to within one minor division.

Noise Level (referred to input): Short-circuit, less
than 0.1 uV; open-circuit, less than 3.0 pA.
Naise figure less than 5 dB at the oplimum
gource resistance (about 30 kilohms).

Power Required: 105 to 125 or 210 to 250 V,
60 c/s, W. Tree 1521-8LQ1 Recorder,
used with Tyre 1640-AQ1 System, 50 ¢/s.

Chart Paper: 4-inch recording on 5-inch paper;
40 minor and 8 major divisions vertically.
Horizontal seale ruling, 14 inch.

Paper Speeds: Adjustable, 2.5 to 75 inches per
minute; plots correspond to 5- to 300-cm /min
carriage travel on slotted line. Two inter-

JANUARY 1965

changeable sprockets advance paper 1 or 2
horizontal divisions per cm probe travel.

Serve Bandwidth of Pen Drive: More than 4 ¢/s.
Input Connector: GR874 Coaxinl Connector,
locking, recessed.

SYSTEM

Accessories Supplied: Tyre 874-R22A Patch
Cord; Type 000-WN Precision Short Cireuit;
Tyre 900-WO Precision Open Circuit; tunin
stub — probe assembly (including 1N21C an
IN23C o ); ri-probe assembly (with
Tyrr 874-BL Connector); micrometer carriage
drive (aceurate to 0.01 mm); spare drive cable;
storage box; Smith ; two pens; 2 oz red
ink; 2 oz %mn ink; potentiometer cleaner;
10 100-ft rolls of chart paper; eyedroppers for
filling pen; power eord; spare fuses.

Bench Space Required: Width 48, depth 14 in
(1220 bv 355 mm); height above ch, 12
in, depth below bench, 9 in (315 and 230 mm).
Net Weight: 67 Ib (37 kg).

Shipping Weight: 120 Ib (55 kg).

Type Price
1640-A Slotted Line Recorder System (for &0-cycle supply) $1975.00
1640-AQ1 Slomed Line Recorder System (for 50-cycle supply) 1975.00

U.B. Patent No 2,581,133; 2,548,457,

REFERENCE AIR LINES
FOR THE

@900 SERIES

New GR900 Reference Air Lines de-
rive exceptionally low vswr chiefly by
the elimination of bead supports. The
inner conductor is suspended instead
by the center contacts of the GRO00
connectors with which the air line is
mated (see Figure 1 above and Figure 1,
page 19). Use of the beadless GRY00
connection helps make the accuracy of
these air lines several times that of the
Type 900-BT Connector. Thus GR900-

Figure 1.

equipped instruments and components
can now be quickly and conveniently
calibrated with respect to the new
standards. For example, the Tvyrr
900-LB Precision Slotted Line, whose
VsWR aceuracy specification is 1.001
+ 0.001/g, can typically be calibrated
to an accuracy of 1.0008 or better
with the Tvyre 900-LZ Reference Air
Lines and the new Tyrr 900-TUA
Tuner. With this new calibration sys-
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tem, the customer can now verify the
performance of any GR900 device and,
if he desires, correct measured data for
the effect of the small residual vswr’s
that are present. Furthermore, the ref-
erence air lines are themselves “check-
able’” by means of electrical half-wave-
substitution measurements and me-
chanical measurements of diameter and
length (in turn traceable to the Na-
tional Bureau of Standards).

The ultimate standard of 50-ohm
impedance upon which the entire GR-
900 line is based is the characteristic
impedance of the Tvyee 900-LZ Ref-
erence Air Lines shown in Figure 1.
These are coaxial transmission lines of
very accurately controlled mechanieal
dimensions, and thus of known charac-
teristic impedance and electrical length.
The characteristic impedance depends
primarily on the ratio of diameters of
the inner and outer conductors and is
controlled to 50 ohms =+0.059, with
tolerances of 100 and 50 microinches on
outer and inner conductors, respec-
tively. Both inner and outer conduc-
tors are overlaid with pure silver for
minimum loss. The electrical lengths
are controlled to +0.002 em and are
slightly shorter than the nominal length
to allow for the dielectric constant of
air (1.0007) and for the fact that the
velocity of light is not exactly 3 X 101
em/second but 2.997925 X 10" em/
second, This adjustment makes the
line lengths exactly integral numbers
of wavelengths at integral frequencies
(1 Ge/s, 2 Ge/s, ete) for eonvenience
in calibrations. Since the time delay
and eapacitance of each line also come
out in round numbers, the air lines
are convenient standards of these para-
meters as well as of impedance. The
specifications table lists quarter-wave-

GENERAL RADIO EXPERIMENTER
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Figure 2. Smith-chert determination of instrument

reflection coefficient ([7,) and load reflection co-

afficient (7)) from measured values of [ and [,
with quarter-wave reference air line.

length frequencies, capacitances, and
time delays for the six reference air
lines presently available (5, 6, 7.5, 10,
15, and 30 cm).

The inner conductor of the reference
air line derives its support from the
connectors in the system under fest,
obviating the need for dielectric bead
supports within the air line. The inner
and outer conductors are of equal
length and without steps, joints, or
slots, which would destroy their useful-
ness as caleulable standards of miero-
wave impedance. When connected to a
system under test, the reference air line
is an ideal section of transmission line
from the reference plane on the input
connector to the reference plane on the
output connector.

Applications

The use of ideal sections of trans-
mission line to calibrate measuring
instruments and components is illus-
trated in Figure 2. When a termination
with a finite reflection coefficient is
measured on an instrument having a
finite error, the measured reflection
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coefficient equals the vector sum of the
reflection coefficients of the two de-
vices. The equation for small reflection
coefficients (["<0.1) is:

= rlm + Pt (l)
where
[ = initial indicated reflection
coefficient,
[" = residual reflection coefficient

of the instrument,
[ = load reflection coefficient.

The insertion of a reference air line
of eleetrical length L between the
measuring instrument and the load
has no effect upon the [T vector, but
rotates the phase of the [ vector by
47 L/\ radians about a point on the
Smith chart equal to the characteristic
impedance of the air line. This fact is
the key to the separation of instrument
error from load error and to their meas-
urement with respect to a known and
ealeulavle rf impedance, the character-
istic impedance of the reference air line,

I'or calibration purposes, the most
convenient lengths of reference air line
are the odd quarter wavelengths, for
the rotation of the [V vector is then =

DIELECTRIC
SAMPLE

JANUARY 1965

radians, or 180 degrees, corresponding
to a change of sign of the [V vector.
The measured value of reflection co-
efficient after insertion of the reference
air line, [, is therefore:
M =a =T 2
Vector addition of equations (1) and
(2) and rearrangement yield the resi-
dual reflection coefficient of the meas-
uring instrument:
o+
R S
Veetor subtraction of equation (2) from
equation (3) yields the reflection co-
efficient of the load:
i
M= T (4)

The corresponding vswr's are ob-
tained from the formula:
1+l

=1

The above results can be generalized
to apply to lengths other than odd
quarter wavelengths and to two-port
as well as one-port unknowns, to
achieve the same high acclracy at any
frequency in the measurement of any

VSWR =

i bt -
Figure 3. Dielectric-sample fabri- b e — e o
ien for in Type bt s e s =+
900-LZ Reference Air Line.
t NOTE: o
ot s T
£ 0244252200 |
b SAMPLE DIMENSIONS 0,005 TIR Max
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