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PRIMARY CURRENT CONDUCTOR 
CONFIGURATIONS FOR A RESIDENTIAL 

ELECTRONIC METER 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This Application claims the bene?t of US. Provi 
sional Application No. 60/058,588, ?led Sep. 12, 1997. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates generally to electronic elec 
tricity meters and, more particularly, to a loW cost, high 
accuracy current conductor con?guration for the electronic 
electricity meter for the primary current carrying conduc 
tors. 

[0003] PoWer distribution systems include many electrical 
devices. Some of the electrical devices have current sensors 
for sensing current How in a conductor. For example, poWer 
distribution systems generally include circuit breakers, elec 
tricity meters, and monitoring equipment. The accuracy of 
such current sensors is important, since inaccurate current 
sensing could lead to unnecessarily cutting-off poWer to a 
load and discrepancies in poWer metering, Which are unde 
sirable. Although knoWn sensors provide acceptable results, 
it Would be desirable to even further improve the sensing 
accuracy of current sensors and to reduce costs. 

[0004] In addition to high accuracy and loW cost, the siZe 
of current sensors often is important. For example, if prod 
ucts must be redesigned in order to incorporate a neW current 
sensor, the cost of adding the neW current sensor to the 
product can be very eXpensive. Preferably, any neW current 
sensor is siZed so that the sensor can be easily installed into 
eXisting units, such as meters and circuit breakers. 

[0005] In addition, conductor con?gurations for electricity 
meters impose restrictions on current sensors. These restric 
tions are lightened appreciably if the conductors are 
designed speci?cally for the current sensor in use. 

[0006] Accordingly, it Would be desirable to provide a 
current sensor assembly that is accurate and of loW cost. It 
Would be further desirable to provide a current sensor that 
readily replaces eXisting current sensors and is of loW 
pro?le. In addition, it Would be desirable to provide a current 
sensor including conductors speci?cally designed for the 
particular application. 

SUMMARY OF THE INVENTION 

[0007] These and other objects may be attained by a 
current sensor assembly including a sensor coil, an electro 
static shield coil, a core, a housing, and a magnetic shield. 
The sensing coil, electrostatic shield coil, core, housing, and 
magnetic shield are of toroidal symmetry and are arranged 
coaXially about a pair of primary current conductors. The 
conductors can be either asymmetrical or symmetrical With 
respect to the geometric center of the remaining sensor 
assembly. 
[0008] The core has the shape of a toroid and is of 
non-magnetic material. The sensor Winding is Wound over 
the toroidal core to form a toroid shaped Winding. The 
electrostatic shield Winding is then Wound around the sensor 
Winding. When assembled into the current sensor assembly, 
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the core and Windings are disposed around tWo conductors. 
AC currents to be measured How in the conductors, creating 
an alternating magnetic ?uX in the core. This ?uX induces a 
voltage in the sensor Winding Which is connected to the input 
of an ampli?er and an integrator. 

[0009] The conductors can be either symmetrical With 
respect to each other or asymmetrical. In the asymmetrical 
case, the conductors pass side by side through an air space 
in the middle of the sensor such that the common middle of 
the line joining the center of the conductors is at the 
geometric center of the remaining toroidal assembly. In the 
symmetrical case, the center of the concentric conductor 
assembly is at the geometrical center of the remaining 
toroidal assembly. 

[0010] The conductor con?gurations are used to fabricate 
a loW cost, high accuracy current sensor using an air core. 
The current sensor detects the value of current ?oWing in the 
main conductors in a residential electronic meter accurately 
and at loW cost to enable an overall loW cost electronic 
meter. Although the present embodiment uses an air core, a 
core of high permeability material can also be used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a general perspective vieW of a core and 
Winding for use With an asymmetric current sensor assem 
bly. 
[0012] FIG. 2 is a schematic of an asymmetric current 
sensor assembly. 

[0013] FIG. 3 is a perspective vieW of a current sensor 
assembly in accordance With one embodiment. 

[0014] FIG. 4 is a top vieW of the current sensor assembly 
shoWn in FIG. 3. 

[0015] FIG. 5 is a side vieW of the current sensor assem 
bly shoWn in FIG. 3. 

[0016] FIG. 6 is a front vieW of the current sensor 
assembly shoWn in FIG. 3. 

[0017] FIG. 7 is a side vieW of one of the conductors 
shoWn in FIG. 3. 

[0018] FIG. 8 is a schematic vieW of a current sensor in 
accordance With another embodiment. 

[0019] FIG. 9 is a top vieW of an asymmetrical conductor 
con?guration in accordance With a further embodiment. 

[0020] FIG. 10 is a perspective vieW of the conductors 
shoWn in FIG. 9. 

[0021] FIG. 11 is a schematic vieW of a current sensor 
assembly in accordance With an additional embodiment. 

[0022] FIG. 12 is a schematic vieW of a symmetric current 
sensor in accordance With a still further embodiment. 

[0023] FIG. 13 is a schematic vieW of the current sensor 
shoWn in FIG. 12. 

DETAILED DESCRIPTION 

[0024] FIG. 1 illustrates an asymmetric current sensor 100 
including a core 102, a sensing Winding 104, and an elec 
trostatic shield Winding 106. In one embodiment, core 102 
has the same magnetic permeability po as that of air and is 
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therefore sometimes referred to as an air core. Sensing 
Winding 104 is Wound around core 102 to form a sensing 
coil 108. Sensing coil 108 is knoWn as a RogoWski coil or 
a MaxWell Worm. A RogoWski coil, or a MaxWell Worm, is 
a uniformly Wound coil of constant cross sectional area on 
a non-magnetic former shaped into a closed loop to surround 
current carrying conductors. Some of the reasons for using 
a RogoWski coil are that a RogoWski coil gives an isolated 
current measurement and a RogoWski coil is not sensitive to 
DC components. Also, a RogoWski coil does not saturate 
With high ?elds. Further, A RogoWski coil has an excellent 
bandWidth, and linearity. 

[0025] Electrostatic shield Winding 106 is Wound around 
sensing Winding 104 to form an electrostatic shield coil 110. 
Electrostatic shield coil 110 is used to eliminate the effect of 
electrostatic coupling from/to a pair of conductors 112 
carrying the current to be sensed. The use of electrostatic 
shield coil 110 has the bene?ts of reducing the capacitive 
coupling in the presence of rapidly changing electric in 
conductors 112. 

[0026] FIG. 2 illustrates an asymmetric sensor assembly 
114 according to one embodiment of the present invention. 
Sensor assembly 114 includes a sensor 100 With an opening 
116, a housing 118 positioned around sensor 100, and a 
magnetic shield 120 positioned around housing 118. Sensor 
100, housing 118, and magnetic shield 120 are of toroidal 
symmetry and are arranged coaxially about a pair of asym 
metric primary current conductors 112. Conductors 112 pass 
through opening 116 at the approximate center of sensor 
assembly 114 side by side, thus presenting an asymmetric 
conductor con?guration. Conductors 112 are disposed asym 
metrically With respect to the remainder of sensor assembly 
114. The symmetry of the remaining portion of sensor 
assembly 114 is thus not preserved. Conductors 112 are 
disposed side-by-side such that the center of the line joining 
the centers of the conductors is at the geometric center of the 
remaining toroidal assembly. This relative position is regis 
tered by the use of simple attachments, or a registration part 
(not shoWn in FIG. 1 for clarity), that maintain the appro 
priate relative positional relationships in sensor assembly 
114. 

[0027] The conductor con?guration of the electronic resi 
dential meter imposes restrictions on sensor assembly 114. 
These restrictions are lightened appreciably if conductors 
112 are formed speci?cally for current sensor 100. For an air 
core sensor, the conductor con?guration is more important 
since the con?guration imposes further restrictions on sensor 
assembly 114 beyond the magnetic and coil considerations. 
The general approach to fabricating sensor assembly 114 
With an air core sensor is to have conductors 112 pass 
through opening 116 at the substantially precise center of 
sensor assembly 114 in such a Way as to realiZe Ampere’s 
LaW as accurately as possible in spite of the Winding details 
of air core sensor 100. 

[0028] FIG. 3 is a perspective vieW of a current sensor 
assembly 150 in accordance With one embodiment. Current 
sensor assembly 150 includes a current sensor 152 With an 
opening 154 therethrough, an axis 155, and a pair of current 
conductors 156 having a substantially symmetric diagonal 
con?guration. Conductors 156 are substantially identical, 
and one of them Will be described. In one embodiment, 
conductor 252 is structurally similar to conductor 250 except 
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that conductor 252 is turned 180 Ecompared to conductor 
250. Conductors 156 include a blade 158 at each end for 
connecting conductors 156 to a poWer source, e.g., a Wall 
outlet. Substantially symmetric diagonal conductors 156 
have a ?rst end 160 and a second end 162. First end 160 and 
second end 162 each have a blade 158 attached thereto. First 
end 160 is positioned at a ?rst corner (not shoWn) of each 
side (not shoWn) of a meter base (not shoWn). In one 
embodiment, conductors 156 include a ?rst portion 164 
positioned external to sensor 152 that extends in a ?rst 
direction substantially parallel to axis 155, from a bottom of 
sensor 152 to a top of sensor 152. Conductors 156 also 
include a second portion 166 that extends from ?rst portion 
164 in a second direction substantially perpendicular to the 
?rst direction. Second portion 166 extends toWard opening 
154 in sensor 156. A third portion 168 of conductors 156 
extends from second portion 166 in a third direction that is 
substantially perpendicular to the second direction and sub 
stantially parallel to the ?rst direction and axis 155. Third 
portion 168 extends through opening 154 in current sensor 
156. A fourth portion 170 extends from third portion 168 in 
a fourth direction that is substantially perpendicular to the 
third direction and substantially parallel to the second direc 
tion. Fourth portion 170 extends to a second corner (not 
shoWn) of the meter base. A ?fth portion 172 of conductors 
154 extends from fourth portion 170 in a ?fth direction that 
is substantially perpendicular to the fourth direction and 
substantially parallel to the third direction and axis 155. 
Blade 156 is attached to ?fth portion 172 for connecting ?fth 
portion 172 to a poWer source. 

[0029] FIGS. 4, 5, and 6 are a top vieW, a side vieW and 
a front vieW, respectively, of current sensor assembly 150. 
Each conductor 156 has a general “V” shape as vieWed from 
the top of current sensor assembly 150. In FIG. 4, a section 
of fourth portion 170 of conductors 156 is shoWn in dashed 
lines to illustrate that this section is located beneath current 
sensor 152. FIG. 5 illustrates the side by side relationship of 
conductors 156 as they pass through opening 154 of sensor 
152. 

[0030] FIG. 7 is a side vieW of conductor 156 including 
?rst end 160 and second end 162. Blades 158 are connected 
to ?rst end 160 and second end 162. Conductor 156 further 
includes ?rst portion 164, second portion 166, third portion 
168, fourth portion 170, and ?fth portion 172. Conductor 
156 passes through the current sensor (not shoWn) at third 
portion 168. Conductor 156 has a general “V” shape as 
vieWed from the top of conductor 156. 

[0031] FIG. 8 is a schematic vieW of a current sensor 
assembly 200 including a current sensor 202 and tWo 
asymmetric conductors 204, 206. In one embodiment, con 
ductor 204 has a ?rst end 208 and a second end 210. First 
end 208 is positioned at a ?rst corner (not shoWn) of a meter 
base (not shoWn). Conductor 204 includes a ?rst portion 212 
that extends in a ?rst direction toWards a center 214 of 
sensor 202 that extends along an axis 215. Asecond portion 
216 extends from ?rst portion 212 in a second direction that 
is substantially perpendicular to the ?rst direction and passes 
through an opening (not shoWn) in sensor 202. A third 
portion 218 extends from second portion 216 in a third 
direction that is substantially perpendicular to second por 
tion 216 and substantially parallel to ?rst portion 210. Third 
portion 218 extends to a second corner (not shoWn) of the 
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meter base. First end 208 of conductor 204 is connected to 
Line 1 and second end 210 of conductor 204 is connected to 
Load 1. 

[0032] Conductor 206, in one embodiment, has a ?rst end 
220 and a second end 222. First end 220 is positioned at a 
third corner (not shoWn) of the meter base. A ?rst portion 
224 of conductor 206 extends toWards a fourth corner (not 
shoWn) of the meter base. Asecond portion 226 of conductor 
206 extends from ?rst portion 222 in a second direction 
toWards center 214 of sensor 202. Second portion 226 is 
substantially perpendicular to ?rst portion 224. Conductor 
206 includes a third portion 228 that extends from second 
portion 226 in a third direction substantially perpendicular to 
third direction and substantially parallel to the ?rst direction. 
Third portion 228 extends through sensor 202 adjacent to 
second portion 216 of conductor 204. A fourth portion 230 
of conductor 206 extends from third portion 228 in a fourth 
direction that is substantially perpendicular to the third 
direction and substantially parallel to the second direction. 
Fourth portion 230 extends toWards the third corner of the 
meter base. A ?fth portion 232 of conductor 206 extends 
from fourth portion 228 in a ?fth direction that is substan 
tially perpendicular to the fourth direction and substantially 
parallel to the third direction. First end 220 of conductor 206 
is connected to Line 2 and second end 222 of conductor 206 
is connected to Load 2. 

[0033] FIGS. 9 and 10 are a top vieW and a perspective 
vieW of symmetric non-diagonal conductors 250, 252. Since 
conductors 250, 252 are substantially identical, only con 
ductor 250 Will be described in detail. Conductor 250 has a 
?rst end 254 and a second end 256. In one embodiment, a 
?rst portion 258 of conductor 250 originates from ?rst end 
254 and extends in a ?rst direction toWards a center 260 of 
a meter base (not shoWn). A second portion 262 extends 
from ?rst portion 258 in a second direction that is substan 
tially perpendicular to the ?rst direction. A third portion 264 
extends from second portion 262 in a third direction that is 
substantially perpendicular to the second direction and the 
?rst direction. A fourth portion 266 extends from third 
portion 264 in a fourth direction that is substantially per 
pendicular to the third direction and the ?rst direction, and 
substantially parallel to the second direction. A ?fth portion 
268 extends from fourth portion 266 in a ?fth direction that 
is substantially perpendicular to the fourth direction, the 
third direction and the second direction, and substantially 
parallel to the ?rst direction. A sixth portion 270 extends 
from the ?fth portion in a sixth direction that is substantially 
perpendicular to the ?fth direction, the fourth direction, the 
second direction and the ?rst direction, and substantially 
parallel to the third direction. First end 254 of conductor 250 
is connected to Line 1 and second end 256 of conductor 250 
is connected to Load 1. In one embodiment, conductor 252 
is structurally similar to conductor 250 except that conductor 
252 is turned 180E compared to conductor 250. 

[0034] FIG. 11 is a schematic vieW of a current sensor 
assembly 300 illustrating substantially straight conductors 
302, 304 passing through a current sensor 306. Current 
sensor 306 includes an opening (not shoWn) located at 
approximately the center of sensor 306. Conductor 302 
includes a ?rst end 308 and a second end 310. First end 308 
is located at a ?rst corner (not shoWn) of the meter base (not 
shoWn). Conductor 302 extends from the ?rst corner to a 
third corner (not shoWn) of the meter base. Conductor 304 
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originates from a second corner (not shoWn) of the meter 
base and extends to a fourth corner (not shoWn) of the meter 
base. Conductors 302, 304 each include one substantially 
straight segment that extends from one of the corners to a 
diagonal corner. By arranging sensor assembly 300 as 
shoWn in FIG. 11, conductors 302, 304 are arranged in an 
orientation Which alloWs the least height for sensor assembly 
300. Conductors 302, 304 cross each other Within the 
opening of sensor 306 thus providing for a symmetric 
orientation for sensor assembly 300. The crossed con?gu 
ration alloWs for the most direct conductor con?guration, 
but may only be used When the position of the LINE1, 
LINE2, LOAD1, and LOAD2 may be sWapped from the 
typical positions. The sWapped con?guration of the LINE1, 
LINE2, LOAD1, LOAD2 positions may also be used for 
other current sensor con?gurations, such as those previously 
described. 

[0035] A general situation that exists With asymmetric 
conductor con?gurations is that the coupling from the con 
ductors to the air core sensor may not be balanced or 
symmetric. The lack of symmetry results in different volt 
ages created locally around a perimeter of the sensor. The 
differing voltages can be avoided by adopting an averaging 
or integrating approach such that the conductors have a 
substantial tWist of multiples of 180E along the length or 
linear dimension of the sensor. Alternatively, the proximity 
of the conductors With respect to the internal perimeter of the 
sensor can be constrained. 

[0036] FIG. 12 illustrates a symmetric current sensor 350 
including a core 352, a sensing Winding 354, and an elec 
trostatic shield Winding 356. In one embodiment, core 352 
is an air core. Sensing Winding 354 is Wound around core 
352 to form a sensing coil 358. Sensing coil 108 is knoWn 
as a RogoWski coil or a MaxWell Worm. Electrostatic shield 
Winding 356 is Wound around sensing Winding 354 to form 
an electrostatic shield coil 360. Electrostatic shield coil 360 
is used to eliminate the effect of electrostatic coupling 
from/to a pair of conductors 362 carrying the current to be 
sensed. The use of electrostatic shield coil 360 has the 
bene?ts of reducing the capacitive coupling in the presence 
of rapidly changing electric in conductors 362. 

[0037] FIGS. 13 and 14 illustrate a symmetric sensor 
assembly 364 according to another embodiment of the 
present invention. Sensor assembly 364 includes current 
sensor 350, a housing 366 positioned around sensor 350, and 
a magnetic shield 368 positioned around housing 366. 
Sensor 350, housing 366, and magnetic shield 368 are of 
toroidal symmetry and are arranged coaxially about sym 
metric conductors 362. Conductors 362 are disposed con 
centrically such that the common center of conductors 362 
is at the geometric center of the remaining sensor assembly 
364. This relative position is registered by the use of simple 
attachments, or a registration part (not shoWn in FIG. 12 for 
clarity) that maintain the appropriate relative positional 
relationships of sensor assembly 364. The con?gurations of 
conductors 362 can include any of the conductor con?gu 
rations previously described, except that the conductors are 
arranged in a concentric geometry before passing through 
the center of sensor 350. The conductor con?gurations are 
used to fabricate a loW cost, high accuracy current sensor 
using an air core. The current sensor detects the value of 
current ?oWing in the main conductors in a residential 
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electronic meter accurately and at loW cost to enable an 
overall loW cost electronic meter. 

[0038] From the preceding description of various embodi 
ments of the present invention, it is evident that the objects 
of the invention are attained. Although the invention has 
been described and illustrated in detail, it is to be clearly 
understood that the same is intended by Way of illustration 
and example only and is not to be taken by Way of limitation. 
Accordingly, the spirit and scope of the invention are to be 
limited only by the terms of the appended claims. 

1. A current sensor assembly for an electronic electricity 
meter, said sensor assembly comprising: 

a substantially symmetric current sensor including a top 
and a bottom, having an axis extending through the 
center of said sensor, said sensor further including a 
core With a sensing Winding Wound around said core to 
form a sensing coil, said sensing coil and said core 
being substantially toroidal shaped; 

a central opening through said sensor; and 

at least tWo substantially symmetric conductors passing 
through said opening asymmetrically With respect to 
said current sensor, each of said conductors having a 
center, Wherein said conductors are con?gured to carry 
a current through said sensor. 

2. A sensor assembly in accordance With claim 1 Wherein 
said sensor assembly further comprises: 

an electrostatic shield Winding Wound around an outside 
of said sensing coil; 

a housing positioned around said sensor; and 

a magnetic shield positioned around said housing, 
Wherein said sensing coil, said electrostatic shield 
Winding, said housing, and said magnetic shield are 
substantially symmetric, share a common center, and 
are of toroidal symmetry. 

3. A sensor assembly in accordance With claim 1 Wherein 
said conductors are non-concentric Within said sensor open 
ing so that a middle of a line joining said conductor centers 
is located approximately at said center of said sensor assem 
bly. 

4. A sensor assembly in accordance With claim 1 Wherein 
said conductors comprise tWo substantially symmetric 
diagonal conductors that enter and exit said sensor opening 
at approximately 90 degree intervals. 

5. A sensor assembly in accordance With claim 4 Wherein 
said conductors form a general “X” shape as observed from 
said top of said sensor assembly. 

6. A sensor assembly in accordance With claim 4 Wherein 
each of said conductors comprises a ?rst portion substan 
tially perpendicular to said axis, a second portion substan 
tially parallel to said axis, and a third portion substantially 
perpendicular to said axis. 

7. A sensor assembly in accordance With claim 1 Wherein 
each of said tWo conductors comprises: 

a ?rst portion substantially parallel to said axis; 

a second portion substantially perpendicular to said axis 
and extending toWard said axis; 

a third portion substantially parallel to said axis and 
extending through said opening; 
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a fourth portion substantially perpendicular to said axis; 
and 

a ?fth portion substantially parallel to said axis. 
8. A sensor assembly in accordance With claim 2 Wherein 

said sensor, said housing, and said magnetic shield are of 
toroidal symmetry. 

9. A sensor assembly in accordance With claim 1 Wherein 
said core comprises an air core. 

10. Asensor assembly in accordance With claim 1 Wherein 
said conductors further comprise blades con?gured to con 
nect said conductors to current supply. 

11. Asensor assembly in accordance With claim 1 Wherein 
said conductors comprise tWo substantially symmetric non 
diagonal conductors. 

12. A sensor assembly in accordance With claim 11 
Wherein said conductors form a general “H” shape as 
observed from a side of said sensor assembly. 

13. A sensor assembly in accordance With claim 12 
Wherein each of said conductors comprises: 

a ?rst portion extending substantially perpendicular to 
said axis; 

a second portion extending toWard said center and being 
substantially perpendicular to said axis; 

a third portion extending substantially parallel to said axis 

a 

a 

and extending through said opening; 

fourth portion extending aWay from said center and 
being substantially perpendicular to said axis; 

?fth portion extending substantially perpendicular to 
said axis; and 

sixth portion extending substantially parallel to said 
axis. 

14. Asensor assembly in accordance With claim 1 Wherein 
said conductors form a general “X” shape as observed from 
a side of said sensor assembly. 

15. A current sensor assembly for an electronic electricity 
meter, said sensor assembly comprising: 

a substantially symmetric current sensor including a top 
and a bottom, and having an axis extending through the 
center of said sensor, said sensor further including a 
core With a sensing Winding Wound around said core to 
form a sensing coil, said sensing coil and said core 
being substantially toroidal shaped; 

a central opening through said sensor; and 

a ?rst conductor and a second conductor, said conductors 
being asymmetric and passing through said opening 
asymmetrically With respect to said current sensor, each 
of said conductors having a center, Wherein said con 
ductors are con?gured to carry a current through said 
sensor. 

16. A sensor assembly in accordance With claim 15 
Wherein said sensor assembly further comprises: 

an electrostatic shield Winding Wound around said sensing 
coil; 

a housing positioned around said sensor; and 

a magnetic shield positioned around said housing, 
Wherein said sensing coil, said electrostatic shield 
Winding, said housing, and said magnetic shield are 
substantially symmetric and share a common center. 
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17. A sensor assembly in accordance With claim 15 
wherein said conductors are concentric Within said sensor 
opening. 

18. A current sensor assembly for an electronic electricity 
meter, said sensor assembly comprising: 

a substantially symmetric current sensor including a top 
and a bottom, and having an axis extending through the 
center of said sensor, said sensor further including a 
core With a sensing Winding Wound around said core to 
form a sensing coil, said sensing coil and said core 
being substantially toroidal shaped; 

a central opening through said sensor; and 

a ?rst conductor and a second conductor, said conductors 
being asymmetric and passing through said opening 
asymmetrically With respect to said current sensor, each 
of said conductors having a center, Wherein said con 
ductors are con?gured to carry a current through said 
sensor. 

19. A sensor assembly in accordance With claim 18 
Wherein said conductors are positioned such that the middle 
of a line joining said conductor centers is located approxi 
mately at said center of said sensor. 
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20. A sensor assembly in accordance With claim 18 
Wherein said ?rst conductor comprises: 

a ?rst portion extending toWard the center of said sensor 
being substantially perpendicular to said axis; 

a second portion extending through said opening substan 
tially parallel to said axis; 

a third portion extending aWay from said center substan 
tially perpendicular to said axis. 

21. A sensor assembly in accordance With claim 20 
Wherein said second conductor comprises: 

a ?rst portion extending substantially parallel to said axis; 

a second portion extending substantially perpendicular to 
said axis and toWard said center; 

a third portion extending substantially parallel to said axis 
and extending through said sensor; 

a fourth portion extending substantially perpendicular to 
said axis and aWay from said center; and 

a ?fth portion extending substantially parallel to said axis. 

* * * * * 


