JOURNAL OF RESEARCH of the National Bureau of Standards — C. Engineering and Instrumentation
Vol. 72C, No. 2, April-June 1968

Applications of Coaxial Chokes to A-C Bridge Circuits
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One or more turns of coaxial cable on a magnetic core form a coaxial choke which may he used 1o
suppress unwanted loop currents in a-¢ bridge circuits. A review of several applications of coaxial
chokes to a-¢ bridge circuits is presented. These applications include suppressing ground loop currents.
assuring unigue definition in the measurement of small 3-terminal capacitors, reducing stray magnetic
field -and reducing voltage drops in leads caused by large ground capacitance current. There is also a
discussion of techniques for greatly increasing the effectiveness of the coaxial choke.
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1. Introduction

Large improvements in stability have recently heen
made in commercial 3-terminal capacitance standards,
and transformer-ratio-arm bridges of high precision
have become available. The availability of such equip-
ment may result in measurements of better precision
in a greater number of laboratories. The accuracy of
such measurements can frequently be improved by
the use of coaxial chokes in appropriate parts of the
bridge circuit {1, 2].' Coaxial chokes have been used
by workers in other fields as well—sometimes under
different names, such as ‘“cable chokes™ [3] and
“baluns™ [4]. This paper givés a review of several
applications of coaxial chokes as applied to a-c
bridge measurements
Often a-c bridge circuits have components inter-
connected with coaxial cables to prevent undesired
coupling between different parts of the circuit. Fre-
quently, the physical layout permits more than one
return path fur the current to a given component.
Such multiple returns have the effect’of producing
currents in the outer conductors of the coaxial cable
which are not equal and opposite to the corresponding
inner conductor currents. This departure from equality
can be called a “net current.” The elimination of the
net current is a major problem in precision a-c bridge
measurements, and one technique, that of using
coaxial chokes, will be discussed here.
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A coaxial choke is formed by winding one or more
turns of coaxial cable around a high permeability
toroidal magnetic core, as illustrated. in figure .1. A
higher impedance to net current can be obtained either
by increasing the number of turns through the core or
by increasing the size (or permeability) of the core. In
the former case, the increased cable length results in
increased cable impedance which may be undesirable.
In the latter case. the increased cost may be undesir-
able. The self-inductance of either conductor of the
coaxial cable is given approximately by

X107\ -
: S

where L is inductance in henrys, V is the number of
turns, u the permeability, 4 the cross-sectional area

FiGUuRE 1.

Coaxial choke \coaxial cable wound on a high
permeability core.
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FIGURE 2. Capacitance measuring system showing ground loop.

of the core in em?, and S the mean core length in cm.
A typical range of inductance is 10 to 40 mH at 1 kHz,
for example. This inductance reduces only the net
current in a coaxial cable; the equal “go and return”
enrrents induce equal and opposite magnetic fluxes
in the core. Thus, the contribution to the equivalent
self-inductance from the high permeability core is zero
for equal “go and return” current.

2. Applications
2.1. Ground Loop

If in the capacitance bridge illustrated in figure 2 [5]
the connection OD were not present, the detector
would sense ¥, the bridge unbalance voltage. How-
ever, if the case of the detector electrically contacts
the case of the oscillator (connection OD), a ground
loop is formed, accompanied by a possibility of an
error in the measurement. The contact between oscil-
lator and detector may be through a relay rack, or
may result. from both oscillator and detector being
connected to a common power source (a-c line for
example). Since z' is generally not zero, a portion of the
current { may be diverted through z, such that i. ap-
pears in the detector ground lead, resulting in a voltage
drop %. In this case V. is an error voltage, adding to
the bridge unbalance voltage Vy. When the detector
indicates null, Ve=VF3, thus giving an erroneous
result. In addition, the current i, in the loop completed
by OD will generate a magnetic field which may couple
into other parts of the circuit, or the loop may have
}irollhage induced in it by other sources of magnetic

eld.

The error can be reduced by the use of low imped-
ance leads and connectors from the bridge to the
detector and generator, e.g., coaxial cable with low
impedance in the shield. Also, the ground loop can be
avoided by using an insulated, battery-operated detec-
tor, or an isolation transformer can be used in an ap-
propriate place in the circuit. However, in cases where
it is not convenient or possible to use an insulated,

FIGURE 3. Partial circuit showing detector cable passed
through a high permeability toroidal core.

battery-operated detector, or an isolation transformer,
a coaxial choke in the coaxial cable between the bridge
and the detector may achieve the desired result. A
coaxial choke can also serve as a convenient test for
trouble. A change in the bridge balance accompanying
insertion of a coaxial choke indicates that a problem
previously existed.

Figure 3 illustrates the use of the coaxial choke in
the detector cable. It- may be useful first to think
of the toroid being around the connection OD in posi-
tion Q. The single lead choke thus formed is a high
impedance relative to z, so that i; in figure 3 is much
less than i, in figure 2 (where no choke is used).
Thus, the error voltage is considerably reduced; for
example, if z=z'=0.01Q and the impedance of the

.

choke is 100Q, then ;—"52><10“4. One can now

{4
imagine pushing the magnetic toroidal core into posi-
tion P around the detector cable; the two pesitions
are electrically equivalent.

Tt may be useful, as a rule of thumb, to consider the
use of a coaxial choke in every unwanted loop in the
measuring circuit. For N paths to some reference
point it may be necessary to use N-1 coaxial chokes.

2.2. Measurement of a 3-Terminal Capacitor

A 3-terminal capacitor connected to a bridge is
illustrated in figure 4. Here C: is the capacitance to
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FiGURE 4. 3-Terminal capacitor connected to a bridge with leads
having inductances L,. L, and L,.
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FIGURE Sa. 3-Terminal capacitor connected
to a bridge showing the use of a coaxial choke.

be measured; C, and C; are capacitances to ground;
Ly, Ls, and Ly are lead inductances. It has been shown
[6] that the effective capacitance seen by the bridge
is given by

Con=Cy [1 —9’—2—6* Lo+ 0*Cols + @?CalLs
1
+0?C (Lot L:;)]

If C, is small, relative to C; and C3, then

(JJ‘ZCQCSL,
Cog = Ch [1 _’"ET“]
For example, @ Colily can be 107 if C,=1 pF,
1
C.=Cy;=1000 oF, @=10% and L;=0.1 pH. At point
1 .
A, i is divided between jwL, and . Thus the

]wC:x
voltage developed across L, by the current i; drives
current i5 into Cs, and to the detector, though it did
not pass through C,, which is.the capacitance being
measured. The capacitor’s apparent value therefore
will depend upon the circuit in which it is measured,
and thus will not be defined uniquely.

Let us assume that the leads from the active elec-

FIGURE 3b. Transformer bridge with coaxial
choke.

FIGURE 5¢.

Bridge split te
show effect of the coaxial
choke.

trodes of a 3-terminal capacitor are attached to the
inner members of coaxial fittings, and that the case
of the capacitor and the outer members of the coaxial
connectors lorm the third “terminal.” Also assuine
that such a capacitor is connected to a bridge with
two coaxial cables. The effect that may cause an
error (discussed in the preceding paragraph) can be
nearly eliminated by inserting a coaxial choke into
a cable connected to the capacitor as illustrated in
figure 5a. The choke is a high impedance to net cur-
rent (i—i'). Thus most of the current in C, returns
to ground through L, rather than through C; and Ls.

Figure 5b shows a transformer-ratio-arm bridge as
a practical example. Here C;, Cs, C}, and C; are ground
capacitances. Lead inductances are also shown. The
result of using the coaxial choke may be thought of as
breaking the connection BB’ in figure 5¢ and inserting
the high impedance, Z.. The impedance of the ground
loop is greatly in¢reased by the core.

Figure 6 illustrates how the small inductance, /;,
of the case of the capacitor itself, in conjunction with
ground capacitances C. and C;, may cause the capaci-
tance being measured to differ from the value calcu-
lated from the capacitor’s dimensions. This difference
would remain even if a coaxial choke of infinite im-
pedance were used: it would be considered an error
only in the case of a calculable capacitor and has, for
example, been evaluated for the NBS cross capacitor
[6]. Mention of it is included here only to show that not

FIGURE 6. Partial bridge circuit to illustrate ),
a small inductance which is part of the capacitor,
not the connecting leads.
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FIGURE 7. Circuit using bypass leads and coaxial chokes.

all errors of this type can be eliminated by simply
using a coaxial choke. Current i, is divided at A

betw jwly and !
jetween jwi, an ij:;

2.3. Stray Magnetic Field

A net current in any given coaxial cable of a bridge
cireuit flows in other conductors of the circuit. Be-
cause of the physical layout these other conductors
have the effect of creating loops that are large relative
to loops designed into the circuit. The magnetic:field
associated with the currents in such loops can cause
trouble. A coaxial choke may be used to suppress the
net current, thereby reducing the stray magnetic
field.

However, if the net current to be eliminated is in-
jected through a very high impedance, such as a small
capacitor, the coaxial choke may be a relatively small
impedance to the net current and nearly ineffective.
The coaxial choke is an effective impedance to net
current only when the net current is a result of a cur-
rent divided by lead impedances that are small rela-
tive to that of the coaxial choke.

2.4, Special Uses

Figure 7 illustrates a techmque used by Shields [7]
to eliminate errors due to voltage drops in critical
parts of his circuit. The voltage drops in the circuit
were caused by the loading of capacitances C; and-C,.
These are capacitances to ground from circuit shield-
ing that was at a high potential above ground. The
errors were eliminated by supplying current to the
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Ficvre 8. Use of triaxial rable and ten conyial chokes 1o
multiply the effectiveness of the coaxial choke,

FIGURE 9a. “Triaxial choke” system with the euter
shield completely enclosing the inner shield.

capacitances by low-impedance ‘“bypass leads,” and
coaxial chokes were used in the coaxial cables as
shown to restrict the current to the bypass leads in
which voltage drops were not critical.

2.5. Extra High Impedance Coaxial Chokes

A coaxial choke can be modified to multiply s
effectiveness by adding a shield and a magnetic core
as shown in figure 8. Figure 9a is an equivalent circuit
of figure 8. A calculation shows that such a “triaxial

y

Z .
choke” can reduce net current by 7z where z is the

impedance of either shield and Z is the impedance of
each choke as shown in figure 8. Since a single core
coaxial choke reduces net current by approximately

z .
+. a large improvement, can be expected from the
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Ficure Ob.  Egquivalent circuit of a “triaxial choke™ svstem where

outer shield is connected short of the ends of the inner shield.
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FIGURE 1. Manual high impedance coaxial choke.

“triaxial choke.” To realize the maximum improve-
ment from the “triaxial choke,” care must be taken
to connect the outer shield to the ends of the inner
shield. If the outer shield is connected to the inner
shield at points short of the ends, an equivalent circuit
shown in figure 9b can be used: A calculation based
on this equivalent circvit shows that net current is
2

reduced approximately by %_4_9__2_'—_13 where the
assumptions made are z=z =12z, joli=jol:=Z,
and z< Z.

Two addilivnal techniques [8, 9] for increasing the
effectiveness of coaxial chokes also involve two cores,
one a sensing core and the other a voliage injection
core. One technique is to perform these functions
manually as shown in figure 10. The detector senses
flux in the core from net current in the coaxial cable.
The generator output level can be adjusted such that
the detector indicates null. The other technique is
illustrated in figure 11 where the same functions are
performed electrenically. If e,=Z,i, eq=Ge,, and
er=e,+ ey, it can be shown that Z; - Z,(1+G). The
gain G of the amplifier and the number of turns through
the cores can be adjusted to reduce net current by an
amount which will make the error current negligible.
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FIGURE 11. Active high impedance coaxial choke.
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