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and all balance adju tments are made
bv means of variable air capacitors.

•

Among the improvements in the new
bridge are:
1. The volume occupied by the bridge

has been halved.
2. A ingle bridge tran former replace

the two transformers used in the
older bridge, thus eliminating the
necessity of changing transformers at
3 mega('ycles.

3. New milled-plate variable air ca
pacitor. , which have very low 10 se ,
are used as reactance tandard .

4. The re istor previously mounted in
the lead used to connect the un
known to the bridge has been moved
in ide the bridge, which facilitates
connertions to the unknown.

5. The readance dial is calibrated over
a 3300 arc rather than over a 1650

arc, which permits more precise
reading.

6. TeRon insulation is used to support
the important bridge elements in
order to keep losses low and to make
operation po 'sible over wide tem
perature range .

7. Diallock are provided on the initial
balance controls to prevent acci
dental movement.

8. A separate carrying case is made
available as an accessory.

Bridge Transformer

Probably the most ignificant im
provement in the bridge is the new
broadband bridge transformer, which
operates efficiently over the entire fre
quency range of the bridge. As shown in
Figure 2, this transformer is the isola
tion network used to couple power from
the generator into the bridge through
junction points a and c.

The transformer must develop a volt
age between points a and c which
"floats" with resped to ground. That
is, the relative potentials between point
a and ground and between c and ground
must be determined by the impedances
in the bridge arms alone and not by
stray couplings in the transformer. The
transformer therefore should have only
magnetic coupling between the primary
and secondary, and all capacitive cou
plings between the windings themselves
should be pliminated.

Figure 1. View of the
Type 1606-A Radio
Frequency Bridge in
its carrying case.
Shielding is provided
by the metal cabinet
of the instrument, so
that the bridge can
be used either in or
out of the carrying

case.
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Figure 4. Cross section drawing of the bridge
transformer.
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Figure 2. Schematic diagram of the bridge circuit.

adjustment in order to balance out
undesired coupling. Figure 5 is a graph
showing the relative voltage developed
acros the bridge at balance a a func
tion of frequency. The performance of
the two tran formers u ed in the older
TYPE 916-A R-F Bridge i also shown.
As is evident, the new tran former
produces a substantially larger voltage
acros the bridge at practically all
frequencies than do the older units.

As a matter of intere.'t, the char
acteristics of the transformer alone
working between a 50-ohm source and
a 50-ohm load were measured and are
plotted in Figure 6. As can be seen, the
insertion 10 s is reasonably 100y over a
very \yide frequency range in spite of
the large physical pacing nece sitated
by the shielding bet\yeen the primary
and secondary windings.

Figure 3. View of the bridge transformer with
component parts shown at left.

In order to keep the stray capacitance
coupling negligible, the primary and
secondary \yindings are completely
shielded, and an additional shield is
used between the shielded primary and
secondary, as hown in Figure 3. The
fixed capacitance between the middle
shield and the secondary shield causes
no error since it appears in parallel
with the capaciti \'e arm of the bridge
and can be included as part of the
capacitance eN. The details of con
struction are shown in Figures 3 and 4.
Note that the individual shields are
not complete turns around the core but
are slotted to avoid the formation of
short-circui ted turns.

The wide frequency range is obtained
through the use of a high-permeability
ferrite core (/-L = 50) which form a
complete magnetic path around the wi nd
ings. The low-reluctance magnetic circuit
results in a high degree of coupling
between the primary and secondarv. ,
and, ~ince only two turns are required
on both windings to produce an ade
quate primary inductance for satis
factory performance at the lowest fre
quencies, it also re ults in a high self
resonant frequency for the transformer.

All connections to the winding are
made by means of coaxial cables in
order to minimize possible capacitance
couplings.

The performance of thi new trans
former is completely ati factory. It
covers the entire frequpncy range of
the bridge and does not requi re any
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Figure 6. Insertion loss of
the bridge transformer as a
function of frequency, work
ing between 50-ohm im-

pedances .
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Variable Capacitors

A new type of variable air capacitor
i u ed for the reactance balances and
the initial re istance balance. In this
capacitor the complete rotor and stator
sections are milled out of solid blocks
of aluminum, a construction which
avoids the losses at the joints between
plates and spacers found in many
conventional designs. Ball bearings
mounted in high-temperature poly
styrene-di k insulators support the
glass-fiber shaft to which the rotor is
clamped. Because their over-all losses
are very low, capacitors of this type are
excellent components for use in the
bridge. Figure 7 is a view of a 220 J.1.J.1.f

variable capacitor of the type used in
the in trument.

Unknown Lead

In the older bridge the resistor, Rp,
shown in Figure 2, used to make pos
sible the initial resistance balance, is
mounted external to the bridge in the

lead used to connect the unknown to
the circuit under test. As a result, spe
cial leads with the resistor mounted
in them had to be used or an initial
balance could not be obtained. In the
new bridge the re, istor is mounted
inside the bridge, which permits much
greater flexibility in the selection of
connecting leads. In fact, components
can often be most satisfactorily meas
ured at high frequencies when con
nected directly across the unknown
terminals by means of their own leads.

Carrying Case

The bridge is mounted in a sturdy
aluminum cabinet, the inside of which
is actually part of the bridge circuit.
In field applications where some addi
tional protection is desired, or in cases
in which the instrument is transported
frequently, a separate luggage-type
case, shown in Figure 1 can be obtained
as an acce ory. The instrument can be
operated while inside the case if desired.

Figure 5. Relative voltage developed across the bridge at bal
ance as a function of frequency. Data for the older Type 916-A

model are shown for comparison.

Figure 7. A variable air ca
pacitor of the type used in

the new r-f bridge.
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Figure 8. Resistance and reactance of a loaded
transmission line as measured on the bridge

(circles) and as calculated (curve).
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bridge even more useful than was the
previous model. The broadcast engineer
measuring antennas and the research
worker in the field will both find new
features which will simplify their work.

- R. A. SODERMAN

Performance

The bridge is well suited to the
accurate measurement of components,
antennas, and other circuits having
relatively low impedances over a fre
quency range from below 400 kc to 60
Mc. Figure 9 shows the results of a
series of measurements made over a
frequency range from 100 kc to 60 Mc
on a length of transmission line term
inated in a resistor and a capacitor
connected in series.

At very low frequencies, that is below
about 400 Kc, the resistance balance
becomes progressively less ensitive
than the reactance balance and as a re
sult it becomes more difficult to meas
ure very small resistances accurately.
Since the reactan e range is inversely
proportional to frequency, it also be
comes increasingly more difficult to
measure very small reactances as the
difference in dial settings for a given
reactance is also inversely proportional
to frequency, and in extreme cases the
re olving power of the dial is ap
proached or exceeded.

The improvements outlined in the
previous paragraphs will make this

SPECIFICATIONS

Frequency Range: 400 Kc to 60:.vr .
Reactance Range: ±5000n at 1 Me. This range
varies inverscly as the frequency; and at other
frequencies the dial reading must be divided
by the frequency in megacycles.
Resistance Range: 0 to 1000n.
Accuracy: For reactance at frequencies up to
50 Me, ± (2 0 + In + 0.0008 x R x J), where
R is the measured resistance in ohms and I' is
the frequcncy in Me.

For resistance, at frequencies up to 50 Me,

[
R 10-' X

± 1% +0.002-!.f' (1 + 1000) % ± J n

+ 0.10] subject to correction for residual

parameters. R is the measured resistance in
ohms, X is the measured reactance in ohms,
andf is the frequency in :\I[c. At high frequen
cies, the correction depends upon the frequency
and magnitude of the unknown resistance com-

ponent. A chart from which the correction can
be determined is given in the instruction book
supplied with the bridge.

Satisfactory operation can be obtained at
frequencies as low as 100 Kc and somewhat
above 60 Me wit,h not quite as good accuracy as
indicated abovc_ The.f' term is important only
at frequencies above 10 Nrc. The l/.r term is im
portant onl~r at very low frequencies when the
resistance of a high·reactancc, low-loss capacitor
is mcasured.
Accessories Supplied: Two lead of different
lengths for connecting thc unknown impedance
to the bridge terminals, two TYPE 87-!-R22
Coaxial Cables for connecting the generator
and detector, and onc TYPE 874-PB58 Panel
Connector.
Other Accessories Required: Radio-frequency
generator and detector. The TYPE 1330-A
Bridge Oscillator and the TYPE 1211-A Unit
Oscillator are satisfactory generators, as are






