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A method and system are disclosed for selective] 
varying the phase dispersion characteristic of a di sper 
sive meander line as well as a method and system for 
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56 R i C. second harmonic signal suppression in ampli?er 
[ 1 e erences ‘ted chains. The dispersive characteristics of the disclosed 

variable dispersion meander line are varied by selec 
tively changing the ratio between the gap spacing of 
interacting line segments and the pitch of the interact‘ 
ing line segments. The gap spacing to pitch ratio may 
be continuously varied within a. desired range while 
maintaining an acceptable characteristic impedance. 
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METHOD AND SYSTEM FOR VARYING TI-llE 
CHARACTERISTICS OF A DISPERSIVE DELAY 

LINE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to signal delay lines 

and, more speci?cally, to a method and apparatus for 
selectively varying the phase dispersion characteristic 
of a meander line and for employing the variable dis 
persion characteristic to suppress second harmonic 
power generated in ampli?er chains. 

2. State of the Prior Art 
Meander lines are well known and are generally con 

structed by forming the center strip conductor of a pla 
nar stripline transmission line in a pattern which pro 
vides a plurality of spaced, generally parallel, electri 
cally interacting segments. The meander line exhibits 
phase dispersive characteristics in that the total time 
delay introduced in a signal transmitted along the line 
is a nonlinear function of the signal frequency. 
For example, if two in-phase signals of different fre 

quencies such as ?rst and second harmonic signals are 
transmitted through a dispersive meander line, the two 
output signals from the line will be out of phase. The 
relative phase difference between the two output sig 
nals depends upon the dispersive characteristics of the 
meander line at the frequencies of the applied signals 
and is a function of the physical con?guration of the 
meander line. Thus, to vary the dispersive characteris 
tics of a meander line at a predetermined frequency, 
the physical con?guration of the line must be varied. 
Similarly, to retain desired dispersive characteristics of 
a meander line at different frequencies, the physical 
con?guration of the meander line must be varied. 

It may be desirable to vary the dispersive characteris 
tic which a meander line presents to a ?xed frequency 
signal or to retain a particular dispersive characteristic 
over a range of frequencies. For example, it may be de 
sirable to phase shift a second harmonic signal by a pre 
determined amount relative to the ?rst harmonic or 
fundamental signal to achieve second harmonic signal 
suppression. In an application such as harmonic sup 
pression in a radar system, the fundamental signal fre 
quency may be variable within a predetermined band 
and, to be effective, the phase dispersion characteris 
tics of the meander line may necessarily have to be 
variable. Available dispersive meander line signal delay 
systems cannot provide this capability. 

OBJECTS AND SUMMARY OF THE INVENTION 

It is accordingly an object of the present invention to 
provide a novel method and system for varying the dis 
persive characteristics of a phase dispersive delay line. 

It is another object of the present invention to pro 
vide a novel meander line and method for continuously 
varying the dispersive characteristics over a desired 
range while maintaining the characteristic impedance 
of the line within acceptable limits. 

It is yet another object of the present invention to 
provide a novel method and system for obtaining a de 
sired phase difference between ?rst and second har 
monic signals to achieve second harmonic signal can 
cellation. . 

These and other objects and advantages are accom 
plished in accordance with the present invention 
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2 
through the provision of a meander line having a selec~ 
tively variable physical con?guration. More speci? 
cally, a ?rst substrate is provided with an electrically 
conductive strip formed with a plurality of electrically 
interactive segments or sections along one surface 
thereof. A second substrate is disposed in at least par 
tially overlying relation with the strip of the ?rst sub 
strate. The second substrate is provided with electri 
cally conducting means contacting the strip of the ?rst 
substrate for varying the electrical interaction between 
the segments thereof in response to relative movement 
between the two substrates. 
The interaction varying means is preferably another 

electrically conductive strip formed with a plurality of 
electrically interactive segments or sections disposed 
along the surface of the second substrate. The strip 
along the surface of the second substrate is preferably 
substantially a mirror image of the strip along the sur 
face of the ?rst substrate so that the strips are substan 
tially coextensive and coincide in one position of the 
?rst substrate relative to the second substrate. 

In utilizing the variable disperson meander line for 
the suppression of second hannonic power in power 
ampli?er chains, an output signal from a signal source 
such as a ?rst power ampli?er is coupled to an ampli 
?er such as a second power ampli?er through the vari 
able dispersion line. The output signal from the signal 
source includes a fundamental frequency component 
and a second harmonic frequency component, and the 
dispersive characteristic of the variable dispersion 
delay line is adjusted to obtain approximately a l80° 
phase displacement between the fundamental and sec~ 
ond harmonic frequency components. The second har 
monic power generated by the second power ampli?er 
is thereby suppressed by the phase shifted second har 
monic frequency component of the signal coupled from 
the signal source to the ampli?er. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. I is a perspective view of a prior art dispersive 
meander line; 

FIG. 2A is a graph illustrating the delay characteris 
tics of dispersive and nondispersive delay lines; 

FIG. 2B is a graphical representation of typical wave 
forms of ?rst and second harmonic signals illustrating 
the effects of transmission through dispersive and non 
dispersive delay lines; 

FIG. 3 is a functional block diagram of a system for 
suppressing second harmonic signals in accordance 
with the present invention; 

FIG. 4 is an exploded, perspective view of a variable 
dispersion meander line according to the present inven 
tion; 
FIGS. 5A and 5B are views in cross-section of the 

variable dispersion meander line of FIG. 4 illustrating 
two selected positions thereof; 

FIG. 6 is a graph illustrating the phase difference in~ 
troduced between ?rst and second harmonic signals as 
a function of the physical characteristics of the variable 
dispersion meander line of FIG. 4; and, 

FIG. 7 is a graph illustrating the variations in charac 
teristic impedance of the variable dispersion meander 
line of FIG. 4 as a function of the physical characteris 
tics thereof. 

DETAILED DESCRIPTION 

A meander line may typically be utilized in a micro» 
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wave system as a delay or phase shifting element. As in 
FIG. I where a typical meander line is illustrated, an 
electrically conductive strip 10 may be encapsulated in 
a substrate 12 of a low loss, microwave dielectric mate 
rial. The substrate 12 may be any suitable dielectric 
material having a conductive outer cladding, e.g., cop 
per-clad, Te?on (polytetra?uorethylene)-?ber glass. 
The conductive strip 10 may be provided with termi 
nals or connectors to a microwave circuit. The strip 10 
is con?gured in a zig-zag or “meander line“ pattern to 
provide a plurality of spaced, substantially parallel, 
electrically interactive or coupled phase dispersive seg 
ments 16 between the ends 14 thereof. Each segment 
16 has length designated L, determined in a conven 
tional manner by the frequency for which the meander 
line is designed, and a strip width W which, in conjunc 
tion with a gap spacing S and an intersegment pitch di 
mension D, primarily determines the dispersive charac 
teristics of the meander line. 
A meander line such as that illustrated in FIG. 1 ex 

hibits a phase dispersive characteristic in that the delay 
or phase shift introduced between the terminals 14 of 
the meander line is nonlinear as a function of the fre 
quency of the signal coupled therethrough. This phase 
dispersive characteristic of a meander line is a function 
of the physical con?guration of the meander line as 
well as the frequency of the applied signal. For exam 
ple, as the ratio of the width W of the strip 10 to the 
pitch D of the interactive segments 16 is increased from 
zero to one, the phase characteristics vary from nondis 
persive to resonant. Similarly, the phase dispersion of 
the meander line is inversely related to the ratio of gap 
width S to pitch D, i.e., as the ratio S/D decreases, the 
phase dispersion of the meander line increases. 
The dispersive characteristic of a meander line as 

compared to a nondispersive delay line is illustrated in 
FIG. 2A. Referring now to FIG. 2A, a linear relation 
ship exists between the frequency of an applied signal 
expressed in terms of angular frequency w and the elec 
trical length of a nondispersive delay line expressed in 
terms of relative phase (15 as is indicated by the line 18. 
Thus, it can be seen that for a nondispersive delay line, 
a signal having an angular frequency (01 and a signal 
having an angular frequency 2wl will be phase shifted 
by the same relative amounts because of the linear 
delay characteristics of a nondispersive delay line at 
different frequencies. 
This linear ‘relationship may be more clearly under 

stood with reference to FIG. 28 wherein a ?rst signal 
20 at a fundamental frequency and a signal 22 at the 
second harmonic thereof are graphically illustrated. 
With these two signal applied to a nondispersive delay 
line, each signal is linearly delayed or phase shifted and 
the phase of the fundamental signal 20 relative to they 
phase of the second harmonic signal 22 will be the 
same both before and after the signals are delayed. 
A dispersive delay line, on the other hand, exhibits a 

nonlinear delay for signals of different frequencies and 
results in the curve 24 of FIG. 2A. Thus, with the same 
fundamental frequency signal 20 and the same second 
harmonic signal 22 applied to a dispersive delay line 
having the characteristic curve 24 illustrated in FIG. 
2A, a relative phase shift A¢ will be introduced be 
tween the fundamental and second harmonic output 
signals. This relative phase displacement may be more 
clearly seen with reference to FIG. 2B. 
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Referring to FIG. 2B, the fundamental signal 20 and 

the second harmonic signal 22 may be applied to the 
phase dispersive meander line of FIG. 1. Assuming that 
each segment 16 of the meander line of FIG. I exhibits 
the phase dispersive characteristics illustrated by the 
curve 24 in FIG. 2A. the output signals from the mean 
der line will have a relative phase displacement NA¢ 
(where N is the number of segments 16) as is indicated 
by the phase relationship between the fundamental sig 
nal 20 and the nonlinearly delayed second harmonic 
signal 26 illustrated in phantom in FIG. 28. 

It has been found that the nonlinear dispersion char 
acteristic of a meander line is useful in microwave am 
plifying circuits for the suppression ofsecond harmonic 
power generated in power ampli?er chains. With refer 
ence to FIG. 3, for example. a power ampli?er 28 may 
provide a relatively high power microwave output sig 
nal having excessive second harmonic signal content. 
To reduce the second harmonic signal content of the 
output signal, the output signal from the power ampli 
?er 28 may be applied to a second high power output 
ampli?er 30 through a variable phase dispersion mean 
der line 32 hereinafter described in greater detail. 

In operation. the phase relationship between the ?rst 
and second harmonic signals from the power ampli?er 
28 may be adjusted through adjustment of the phase 
dispersion characteristics of the variable phase disper 
sion meander line 32. When this phase relationship is 
properly adjusted so that the second harmonic signal is 
approximately 180° out of phase with the fundamental 
signal, the second harmonic power generated in the 
output ampli?er 30 may be signi?cantly reduced by the 
injected, phase shifted second harmonic signal from the 
variable phase dispersion meander line 32. While, in 
general, it is necessary to control the amplitude as well 
as the phase of the injected second harmonic signal to 
achieve complete cancellation, a signi?cant reduction 
of more than l0 dB in the second harmonic content of 
the output ampli?er 30 has been demonstrated by ad 
justing only the phase of the injected harmonic. 
The variable phase dispersion meander line 32 of 

FIG. 3 may be constructed in accordance with the pre 
ferred embodiment of the present invention illustrated 
in FIGS. 4 and 5. Referring now to FIG. 4, the variable 
phase dispersion meander line 32 of the present inven 
tion may include a ?rst substrate 34 having a thickness 
A and having an electrically conductive strip 36 em 
bedded in one surface 35 thereof. As can be seen more 
clearly in FIGS. 5A and 5B, the electrically conductive 
strip 36 is preferably embedded in the substrate 34 suf 
?ciently so that an outer surface of the strip 36 is flush 
with the surface 35 of the substrate 34. 
The strip 36 is desirably con?gured to provide a plu~ 

rality of spaced, substantially parallel, electrically inter 
active phase dispersive segments 36' along the length 
thereof. As is illustrated in FIG. 5A, the segments 36' 
may each be de?ned as having a width W and may be 
separated by a gap separation distance S. The separa 
tion distance S plus the width W may de?ne a distance 
D (the pitch dimension) between corresponding edges 
of the segments 36', e.g., between the rightmost or left 
most edges of the segments 36'. 
A second substrate 38 having an electrically conduc 

tive strip 40 embedded in and flush with one surface 37 
thereof may provide a means for varying the phase dis 
persive characteristics of the segments 36' embedded 
in the ?rst substrate 34. The electrically conductive 



3,849,745 
5 

strip 40 is preferably con?gured as a mirror image of 
the strip 36 with an identically formed plurality of elec 
trically interactive, phase dispersive segments 40' along 
the length thereof. With the surfaces 35 and 37 of the 
respective substrates 34 and 38 disposed in abutting re 
lation as is illustrated in FIG. 5A, the conductive strips 
36 and 40 are disposed in electrical contact and thus 
provide an electrically continuous, substantially coex 
tensive strip. By moving one of the substrates 34 and 38 
relative to the other as is illustrated in FIG. 5B, the 

ratio of S/D may be varied to vary the dispersion char 
acteristics of the meander line. 
While the segments 48' are preferably formed from 

an electrically continuous strip 48, it can be seen that 
the portions of the strip 40 connecting the segments 40' 
do not directly affect the S/D ratio when the substrates 
34 and 38 are relatively moved. Thus, the segments 40’ 
need not be electrically connected to obtain a move 
ment responsive variation in the S/ D ratio and thus the 
phase dispersive characteristics of the meander line. 
The illustrated embodiment is, however, preferred 
since losses due to sharp corners are minimized with 
the illustrated embodiment. 
The substrates 34 and 38 may be formed from a suit 

able low loss, microwave dielectric material such as 
commercially available composite of copper-clad, Tef 
lon (polytetra?uorethylene)-?ber glass. The conduc 
tive strips 36 and 40 may be formed from any suitable, 
highly electrically conductive material, preferably cop 
per with a gold plating thereover. Moreover, the cor 
ners of the transmission line formed by the conductive 
strips 36 and 40 may be chamfered as illustrated to re 
duce re?ections. 
With continued reference to FIG. 4, the substrates 34 

and 38 may be accurately slidably positioned relative 
to each other for the purpose of accurately varying the 
dispersion characteristics of the meander line by slid 
ably mounting one of the substrates, e.g., the substrate 
38, in a support frame generally indicated at 42. The 
support frame 42 may include a relatively ?at support 
plate 44 having a transversely extending ?ange 46 at 
one end thereof and spacing members 48 along each 
edge thereof. The spacing members 48 may be substan 
tially identical in thickness to the thickness A of the 
substrate 38 and may slidably receive the substrate 38 
therebetween with a surface 50 of the substrate 38 rest 
ing in abuttment with a surface of the support plate 44. 

A laterally extending ?ange 52 may be provided at 
one end of the substrate 38, and threaded apertures 
generally indicated at 54 and 56 may be provided 
through the respective ?anges 46 and 52. A threaded 
adjustment screw 58, for example a machine screw 
threaded in opposite directions at opposite ends 
thereof, may be threaded into the threaded apertures ‘ 
54 and 56 to provide accurate movement of the sub 
strate 38 along the channel formed by the spacers 48 
in response to rotation of the adjustment screw 58. The 
substrate 34 may then be conventionally fastened to 
the support frame 42 so that the substrate 34 is ?xed 
relative to the support frame 42. For example, threaded 
apertures 60 may be provided in the spacers 48 and 
correspondingly positioned apertures 62 may be pro 
vided through the substrate 34. The substrate '34 may 
thereby be bolted to the spacer 48 so that the surfaces 
35 and 37 of the substrates 34 and 38 are in sliding en 
gag'ement. 
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In operation, the substrates 34 and 38 of the variable 

dispersion meander line of FIG. 4 may be initially posi 
tioned so that the strips 36 and 40 are substantially co-v 
extensive in width as is illustrated in FIG. 5A. To facili 
tate an understanding of the invention, it may be as 
sumed that the variable dispersion meander line is to be 
employed to reduce the second harmonic signal con 
tent of an ampli?ed signal as was previously described 
in connection with FIG. 3. In this connection, an ampli 
fied microwave signal from a first power amplifier may 
be applied through the variable dispersion meander 
line of FIG. 4 and the output signal therefrom may be 
applied to a second power amplifier. The output signal 
from the second power ampli?er may be monitored for 
second harmonic signal content and the relative posi 
tions of the substrates 34 and 38 may be adjusted by ' 
turning the adjusting screw 58. 
As the adjusting screw 58 is rotated, the substrates 34 

and 38 and the electrically interactive segments 36' 
and 40' move relative to each other resulting in a 
change in the 5/0 ratio and the dispersive characteris 
tics of the meander line. As is illustrated in FIG. 6, the 
phase delay of the fundamental signal relative to its sec 
ond harmonic signal for each electrically interactive 
segment of the variable dispersion meander line may be 
nonlinearly varied over a relatively large range by 
changing this S/D ratio. 
With continued reference to FIG. 6, the phase differ 

ence Ad) for various ratios of substrate thickness 2A to 
coupled segment pitch D varies in a decreasing manner 
with an increase in the ratio of S/ D. Thus, for a ratio of 
2A/D = 2.0 (curve 66) the phase difference Aqb for 
each interacting segment of the variable dispersion me 
ander line may be varied between approximately 35° 
and 90° by varying the ratio of S/D between 0.5 and 
0.01. Similarly, curves 68 and 70 indicate the variable 
phase dispersion characteristics obtained in accor 
dance with the present invention for ratios of 2A/D 
equal, respectively, to 1.0 and 0.5. 
A 180° phase difference between the fundamental 

and the injected second harmonic signals ordinarily 
provides maximum second harmonic signal cancella 
tion. Thus, with a variable dispersion meander line hav 
ing the characteristics illustrated by the curve 66 of 
FIG. 6, three interacting segments may be provided to 
permit a variation of phase difference over a range of 
between 105° and 270°, i.e., three times the quantity 
2A/D for one meander line section. The S/D ratio may 
then be varied within this range by adjusting the screw 
58 to provide a total of 180° phase displacement be 
tween the first and second harmonic signals. In the ex 
emplary meander line having the characteristics illus 
trated by the curve 66, this S/D ratio is approximately 
0.15 since this ratio provides a phase difference Ad) of 
approximately 60° for each of the three interacting seg 
ments. 
The practical range over which the ratio S/D may be 

varied is determined by the variation in characteristic 
impedance which can be tolerated in the particular ap 
plication of the variable dispersion meander, line. As 
the S/D ratio is varied, the characteristic impedance of 
the variable dispersion meander line varies and may re- - 
sult in an undesirable loss of power should too great an 
impedance mismatch result from varying the S/D ratio. 

In FIG. 7 the variation of the characteristic imped 
ance Z0 of a variable dispersion meander line con 
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structed in accordance with the teachings of the pres 
ent invention is illustrated as a function of the ratio 8/ D 
for ratios of 2A/D equal to 2.0 (curve 72), 1.0 (curve 
74) and 0.5 (curve 76). Referring now to FIG. 7 
wherein the product of the characteristic impedance Z0 
times the square root of the relative dielectric constant 
V? of the substrate material is plotted as a function 
of the ratio S/D, it can be seen that for a ratio of 2A/D 
= 2.0 (curve 72), the characteristic impedance-relative 
dielectric constant product may vary from approxi 
mately 46 ohms at an S/D ratio of 0.01 to approxi 
mately 130 ohms at an S/D ratio of 0.5. It can be seen 
that with the exemplary meander line previously dis 
cussed in connection with FIG. 6 adjusted to an S/D 
ratio of 0.15, the characteristic impedance-relative di 
electric constant product is approximately 80 ohms. 
Assuming that a typical substrate material has a rela 

tive dielectric constant of about three, the characteris 
tic impedance of the variable dispersion meander line 
having a 2A/D ratio of 2.0 is approximately 46 ohms 
when adjusted to provide an S/D ratio of 0.15 and the 
resultant 180° fundamental to second harmonic phase 
difference. In a circuit application wherein the charac 
teristic impedance must be maintained within certain 
acceptable limits, e.g., 50 ohms :10 ohms, this value of 
46 ohms is well within the acceptable limits at the S/D 
ratio of 0.15 and permits adjustment on either side of 
the 0.15 S/D ratio. 

It can be seen from the foregoing description that the 
variable dispersion meander line of the present inven 
tion may provide a continuously variable dispersion 
characteristic within desired limits while substantially 
maintaining the characteristic impedance of the line 
within an acceptable range. 
The disclosed variable phase dispersion technique 

may be readily adapted for use in harmonic cancella 
tion in microwave systems and can be applied to other 
systems wherein phase equalizers or variable time delay 
devices are employed. 
The present invention may be embodied in other spe 

ci?c forms without departing from the spirit or essen 
tial characteristics thereof. The presently disclosed em 
bodiments are therefore to be considered in all respects 
as illustrative and not restrictive, the scope of the in 
vention being indicated by the appended claims rather 
than by the foregoing description, and all changes 
which come within the meaning and range of equiva 
lency of the claims are therefore intended to be em 
braced therein. 
What is claimed is: 
l. A variable delay line comprising: 
a ?rst substrate having a ?rst electrically conductive 

strip embedded in one surface thereof, said ?rst 
strip being con?gured to provide a plurality of 
spaced, electrically interactive, phase dispersive 
segments along the length thereof; and, 
second substrate overlying at least a portion of the 
one surface of said first substrate and including 
electrically conductive means electrically contact 
ing said ?rst strip for varying the spacing between 
said dispersive segments to thereby vary the electri 
cal interaction between the segments of said ?rst 
strip responsively to relative movement between 
said ?rst and second substrates. 

2. The variable delay line of claim 1 wherein said 
spacing varying means comprises a second electrically 
conductive strip including a plurality of electrically in 
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teractive, phase dispersive segments embedded in the 
surface of said second substrate overlying the one sur» 
face of said ?rst substrate, the segments of said second 
strip being con?gured to coincide with and electrically 
contact associated ones of the segments of said ?rst 
strip in one position of said second substrate relative to 
said ?rst substrate. 

3. The variable delay line of claim 1 wherein each of 
said spacing segments of said ?rst strip have a width W 
and are spaced by a distance S. said electrical interac 
tion varying means being operable to vary the ratio of 
the spacing S to the distance S+W in response to said 
relative movement. 

4. A variable delay line comprising: 
a ?rst substrate having a ?rst electrically conductive 

strip embedded in one surface thereof. said ?rst 
strip being con?gured to provide a plurality of 
spaced, electrically interactive. phase dispersive 
segments along the length thereof. each of said 
electrically interacting segments of said ?rst strip 
having a width W and being spaced by a distance 
S; and, 

a second substrate overlying at least a portion of the 
one surface of said ?rst substrate and including 
means electrically contacting said ?rst strip for 
varying the electrical interaction between the seg 
ments of said ?rst strip responsively to relative 
movement between said ?rst and second sub 
strates, said electrical interaction varying means 
comprising a second electrically conductive strip 
including a plurality of electrically interactive. 
phase dispersive segments embedded in the surface 
of said second substrate overlying the one surface 
of said ?rst substrate, the segments of said second 
strip being con?gured to coincide with and electri 
cally contact associated ones of the segments of 
said ?rst strip in one position of said second sub 
strate relative to said ?rst substrate, said electrical 
interaction varying means being operable to vary 
the ratio of the spacing S to the distance S+W in 
response to said relative movement. 

5. Apparatus comprising: 
a ?rst member; 
?rst electrically conductive means con?gured for 
mutual electrical interaction between spaced seg 
ments thereof and carried by said ?rst member; 

?rst and second terminals connected to said electri 
cally conductive means; 

a second member; 
second electrically conductive means carried by said 
second member in electrically interacting and slid 
ably contacting relationship to said ?rst electrically 
conductive means; and, 

means for moving said ?rst member relative to said 
second member. said second electrically conduc~ 
tive means being con?gured to vary the spacing be 
tween the segments of the ?rst electrically conduc 
tive means in response to the relative movement 
caused by said moving means to thereby vary the 
electrical interaction of said ?rst and second mem~ 
bers and in turn the effects of said ?rst electrically 
conductive means on a signal passed between said 
?rst and second terminals. 

6. The apparatus of claim 5 wherein ?rst and second 
electrically conductive means are each substantially 
planar and are carried respectively by said ?rst and sec 
ond members in sliding contact with each other. 
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7. A method of selectively varying between predeter 
mined limits the phase dispersive characteristics of a 
meander line having electrically interactive, spaced 
conductive strips comprising the steps of nondestruc 
tively varying the effective physical configuration of 
the meander line by slidably contacting the interactive 
conductive strips with electrically conductive members 
and simultaneously varying the width of each electri 
cally interactive strip while varying the spacing there 
between by moving the strips relative to the conductive 
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10 
members. 

8. The method of claim 7 wherein the effective physi 
cal configuration of the meander line is varied by slid 
ably contacting each of the electrically interactive 
strips of the meander line with a substantially coexten 
sive electrical conductor and physically displacing one 
of the electrical conductor and the strips relative to the 
other. 

* * >I< * * 


