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Direct Measurement of Impedance
in the 50-500 MC Range
THE frequency range from 50 to 500
megacycles, being too high for accurate
use of conventional bridges and too low for
economical construction of slotted line
equipment, has heretofore been a difficult
region for measuring impedance.
The new -hp- Model 803A Bridge1 meas
ures impedance with good accuracy over
this 50-500 me range. Measurements can be
made over the much wider range from ap
proximately 5 to 700 me with relaxed accu
racy and reduced phase angle range. The
bridge reads directly in impedance magni
tude over a range from 2 to 2000 ohms and
is also calibrated in impedance phase angle
at 100 me. Phase angles between â€” 90 and
+90 degrees can be determined at any fre
quency above 50 me. Because of its wide im
pedance range, the bridge is capable of

measuring almost any of the devices and
components usually encountered in highfrequency work. In addition, the impedance
range of the bridge can be extended with
some reduction in accuracy by using a known
length of transmission line.
The usefulness of this new bridge in the
modern laboratory can hardly be over-em
phasized. Measurements of impedance of
high-frequency components, connectors, ter
minations, antennas, amplifier input circuits,
and transmission lines are all possible with
the -hp- 803A. The operation of the instru
ment is so convenient that accurate measure
ments can ordinarily be made at the rate of
one per minute. In our laboratories, -hp- en
gineers have found the bridge to be more
convenient and more accurate to use than
slotted line equipment for the same fre
quency range.
Also available for use with
the bridge is the new -hp- Model
417A VHP Detector-a wellshielded, high sensitivity receiv
er that has been specifically de
signed for use as a detector for
the bridge over the range from
10 to 500 me. This receiver is re
garded as a very useful piece of
general laboratory equipment,
for it is quite small, has a very
wide range, and has approxi
mately 5 microvolts sensitivity
over the entire range.

Figure 1. -hp- Model 608 A VHP Signal Generator Used with New
-hp- Models 801 A VHP Bridge and 417 A VHP Detector.
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'Based on a principle suggested by Mr. John F.
Byrne of the Airborne Instruments Laboratory,
Inc.
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Figure 2. Basic Circuit of -hp- Model
80) A VHP Bridge.
CIRCUIT DESCRIPTION

The basic circuit for the bridge is
shown in Figure 2. Power of the de
sired VHP frequency is fed through
a coaxial line to the unknown imped
ance to be measured. To determine
the voltage-to-current ratio E/I (and
thus the impedance) at the terminals
of the unknown, a magnetic and an
electrostatic probe are located as
close as possible to the end of the
main line. The voltage induced in
the magnetic probe circuit is pro
portional to the current flowing at
the sampling point, while the volt
age in the electrostatic probe cir
cuit is proportional to the voltage at
the sampling point. Thus, two small
voltages Em and E,, that have a defi
nite relationship to the unknown
impedance are available externally
for comparison purposes.
In operation, the probe-to-line
coupling of the two probes is ad
justed by means of ganged controls
so that the induced voltages are
equal in magnitude. The magnitude
of the impedance being measured
can then be read directly from the
settings of these probes. The control
that operates the probes is provided
with a single dial calibrated directly
in impedance magnitude.
The phase angle of the unknown
impedance can be determined from
the angle between E,n and E, . If the
current and voltage in the main co
axial line are in phase (resistive un
known), Enl and Ee will be out of
phase and a null will exist at the
center of the external loop when E,n

and E,. are adjusted to be equal in
magnitude. If the current and volt
age in the main line are not in phase
(reactive unknown), the null will be
displaced to one side or the other of
the center of the loop. The amount
and direction of this displacement
in electrical degrees is proportional
to the phase angle and sign of the
unknown. To measure the displace
ment, the external loop is slotted and
the slot searched with a probe oper
ated by a panel control. This control
can be calibrated directly in phase
angle at any one frequency. The
phase angle at any other frequency
is modified by the ratio of the second
frequency to the first. To facilitate
calculation, the phase dial is cali
brated for a frequency of 100 me
and at other frequencies the phase
angle 6 obtained from the expression
0=(frequency used/100 me) X dial
reading.
The foregoing brief description
shows that this impedance-measur
ing device is not a true bridge, al
though its measurements are based
on null methods
and it is other
wise operated
like a bridge.

reduce the apparent impedance of
capacitive unknowns and increase
that of inductive unknowns. The ef
fect can be avoided only by having
an insignificantly short distance be
tween the sampling point and the
end of the connector.
To aid in determining the untransformed or actual load imped
ance quickly, a chart like that shown
in Figure 3 is supplied with each
bridge. The arcs centered on the
horizontal line in the chart are con
stant-impedance contours; those cen
tered on the vertical line are con
stant-angle. To use, the bridge read
ing is located on the chart and the
chart then rotated clockwise an
amount corresponding to the elec
trical length of 3 cm in a manner
similar to the use of a Smith chart.
The value obtained is the. actual
value of the unknown. An example
is shown in the figure. Point A is
the bridge reading of 43/70Â° ohms.
At a frequency of, say, 500 me, 3 cm
is equal to 18 electrical degrees. The
value at A is thus transformed on an

HIGH FREQUENCY
CONSIDERATIONS

At frequencies
above 100 me,
the distance
from the sam
pling point to
the end of the
unknown termi
nal becomes im
portant. This dis
tance is approxi
mately 3 cm or
1/100 wave
length at 100 me.
If the unknown
is different from
50 ohms, there
fore, it is trans
formed by 3 cm
of line. This will

Z-eÂ»UHART
Figure 3. Z-Theta Chart Supplied with Bridge.
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arc centered at the center of the chart
to B, the corrected value.
This chart is extremely useful
when measuring loads that are lo
cated a finite distance away from
their input connector â€” the usual
case. In such applications the chart
will quickly tell the length of line
between the sampling point and the
unknown by the following proce
dure: a short placed at the actual
load can be measured by the bridge;
but, instead of reading zero imped
ance, the bridge will give a larger
reading owing to line transforma
tion of the short. This reading, when
located on the chart, is the fraction
of a wavelength away from the short
indicated by the calibration around
the periphery of the chart. There
fore, when the short is removed and
readings made of the load impedance
through the same cable, these read
ings are transformed by the length
of line determined in the short-cir
cuit measurement. A common ex
ample where this system is useful is
in measuring the impedance of an
tennas that must necessarily be
measured through a length of cable.
A short placed at the antenna end of
the cable, when read on the bridge
and located on the chart, will tell
the significant fraction of a wave
length between the sampling point
and the antenna. The actual antenna
impedance can then be quickly
found.
Two copies of this chart on trans
parent film suitable for making dryprocess prints are supplied with each
bridge. One copy is as shown in
Figure 3; the other is the same ex
cept that the impedance values are
normalized to 50 ohms.
HIGH MEASUREMENT ACCURACY

The specifications for the bridge
state that its measurements are accu
rate within 5% for impedance mag
nitude and within 3 degrees for
phase angle. However, these accu
racy ratings are necessarily stated

to cancel in a measurement of this
type, giving approximately 1% ac
curacy.

- .
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Figure 4. Open- and Short-Circuit Meas
urements of Air-Filled Line.

conservatively and do not take into
account the important factor of
bridge technique.
Figure 4 illustrates this matter.
The curves in Figure 4 show meas
urements of open-circuit and shortcircuit impedance of a section of airdielectric 50-ohm rigid line. The im
pedance of the line (Z0 = VZ,,,. Zsc)
is shown in the series of heavy dots
across the center.
An examination of the heavy dots
shows that this measurement is accu
rate within approximately 1% over
the entire 50-500 me range. Refer
ring to the short-circuit measure
ment as given by the lower curve in
Figure 4, the actual measured values
are enclosed by small circles. These
circles vary about the solid line in
cyclic fashion, and this variation in
dicates the error of the bridge. Look
ing at the upper curve Z0,., it can be
seen that these same variations are
present in the open-circuit measure
ments, but are out of phase with
those in the short-circuit measure
ment. Thus, these errors, which are
in the order of a few per cent, tend
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Figure 5 shows these errors in
magnified form for a typical bridge.
Curves of this type are supplied for
each instrument to allow maximum
accuracy to be obtained by the user.
Figure 5 (a) shows the error in mag
nitude readings at three phase an
gles; figure 5 (b) shows the error in
phase angle readings at three phase
angles. The importance of these
curves is that the error of measure
ment can be estimated for nearly any
reading of the bridge or can be made
directly for what is probably the
three most important cases: a resis
tive, totally capacitive, or totally in
ductive unknown. For example, in
Figure 5 (a), the error at 100 me at a
phase angle of â€” 90 degrees is +2%,
while at 0 degrees the error is 0%,
and at +90 degrees about â€”1.3%.
Use of these correction curves sig
nificantly increases the accuracy of
measurements and it is believed that
measurements can be made within
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Phase Angle
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Figure 5. Typical Correction Curves
Supplied with Bridge.

Figure 6. Magnitude and Phase Measure
ment of Parallel Tuned Circuit.

approximately 2% in every caseâ€”
and often within approximately 1%.
By contrast, such high accuracies
correspond to a slotted line system
having a residual VSWR of less than
1.01-1.02â€” a seldom-achieved condi
tion.
USES CONVENTIONAL BRIDGE SET-UP

Impedance measurements with the
new bridge require the same type
set-up as with a conventional low-

frequency bridge: a signal source,
the 803A Bridge, the -hp- 417 A VHF
Detector or other suitable receiver,
and the device to be measured (Fig
ure 1). The signal generator should
be a-m modulated and for best re
sults should generate 0.25 volt or
more across 50 ohms. The -hp- 608A
VHP Signal Generator (10-500 me)
announced iri last month's "Journal"
is very well suited to this application.
An example of typical results ob
tained with the bridge is shown in
Figure 6â€” a magnitude and phase
curve of a parallel tuned circuit. A
parallel-resonant point is shown at
approximately 265 me, while at 425
me the inductance of the leads reso
nates with the equivalent series ca
pacity of the circuit to cause a seriesresonant condition. A full investiga
tion of this type is easy and quick to
make with the bridge.
â€”Arthur Pong.

SPECIFICATIONS FOR
-hp- MODEL 803A VHf BRIDGE
FREQUENCY RANGE: Maximum accuracy, 50
to 500 me. Useful from S to 700 me. Maxi
mum measurable phase angle at 5 me is
â€”9 to +9 degrees.
IMPEDANCE MAGNITUDE RANGE: 2 to 2000
ohms. Higher and lower values can be
measured with some reduction in accuracy
by using a known length of transmission
line as impedance transformer.
PHASE ANG1E RANGE: From â€”90 to +90
degrees at 50 me and above.
IMPEDANCE CALIBRATION: Directly in ohms.
PHASE ANGLE CALIBRATION: Directly in de
grees at 100 me. Can be readily computed
at other frequencies (Actual Phase Angle
= dial reading X Frequency/100 me).
ACCURACY: Impedance magnitude, within
5%; impedance phase angle, within 3
degrees over 50 to 500 me range.
EXTERNAL RF GENERATOR: Requires a-m sig
nal source of at least + 1 mw. High sicnal
level is desirable (-hp- 608A is Â¡deal for
this purpose).
RF DETECTOR: Requires well-shielded VHF
receiver of good sensitivity, -hp- Model
417A VHF Detector is designed for this use.
CONNECTORS: Unknown terminal, female
type N; Generator and Defector terminals,
female type BNC.
MOUNTING: Cabinet Mounting.
SIZE: 14" x 14" x 8" deep.
WEIGHT: 25 Ibs.; shipping weight, approx.
40 Ibs.
PRICE: $475.00 f.o.b. Palo Alts, California.
Data subject TO change without notice.

10-500 MC VHP DETECTOR
The -hp- Model 417A VHF De
tector is a 10-500 megacycle a-m re
ceiver having a sensitivity of ap
proximately 5 microvolts through
the entire range. A built-in speaker
is included in the receiver as well as
a jack for headphones.
The Detector is small, light, and
well-shielded to prevent interference
with measurements by other labora
tory equipment or hum. Circuitwise, the receiver is super-regenera
tive, which is ideal for this applica
tion because of the inherent high
sensitivity and rather broad tuning
of the circuit. In addition, the superregenerative circuit can be used
without a modulated signal source

in some applications by tuning the
receiver for a null in noise output.
However, the use of an a-m signal
generator gives in the order of a
20 db increase in sensitivity and is
desirable in all cases.
For ease in tuning, a large 6-inch
tuning dial driven through a 5:1 re
duction drive is used. The receiver
covers the 10-500 me range in five
bands: 10-20, 20-40, 40-90, 90-200,
and 200-500 me.
In addition to its use as a bridge
detector, the receiver will be found
useful for general - purpose work
such as making quick frequency
checks, checking spurious radia
tions, etc.
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SPECIFICATIONS FOR
-hp- MODEL 4T7A VHF DETECTOR
FREQUENCY RANGE: 10 to 500 megacycles
in 5 bands; calibrated directly in me.
SENSITIVITY: Approximately 5 microvolts
over entire range (minimum discernible
signal).
OUTPUT: Built-in speaker; output jack for
headphones.
CONNECTORS: Input terminal, female type
BNC.
CABIES SUPPUED: 7' power cord permanent
ly attached to unit.
DIMENSIONS: 9" wide, lO'/z" high, 8" deep.
POWER: Operated from nominal 115-volt,
50/60 cycle source. Requires approxi
mately 30 watts.
WEIGHT: 17 Ibs.; shipping weight, approx
30 Ibs.
PRICE: $200.00 f.o.b. Palo Alto, California.
Data subject to change without notice.

