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For therapy and diagnosis of gait abnormalitie it is conve
nient to measure and record changes in gait param. ers. More 
than a few experimental methods of recording nor al and 
pathological gaits have been in use. One of the earliest me ods 
was the use of strobe photography [ 1], where a sequence 
pictures is taken from a moving subject and the perf nt 
parameters such as angular relationships of joints with re ect 
to each other and their respective rates of change are me sured. 
Another method has been the use of electromechanic devices 
such as electrogoniometers [2]. This is a simp electro
mechanical device which produces a voltage pro ortional to 
the angle of the joint to

1 
which it is attached. simpler and 

less cumbersome method used recently is the ,se of television 
cameras to monitor the gait. Winter et al. 3] attached re
flecting markers on· subjects walking in ront of the TV 
camera and had each television field digit"· ed and recorded. in 
a 96 x 96 matrix in the memory of a DC 1700 computer. 
The reflecting dots were recorded as o es and the background 
as zeros. Having calculated the cen r of the markers, they 
were able to calculate the required gles. However, as can be 
seen, this method requires a comp er with a large memory. 

To reduce memory requireme s, a different interfacing of a 
TV camera with a minicompu r has been designed. The mini
computer used is a PDP-11/ . Fig. 1. shows a block diagram 
of the interface system. 

In this experiment, li emitting diodes or pinlights with 
small NiCd rechargeable atteries are taped to the anatomical 
landmarks of leg, foot nd hip. Instead of recording the whole 
television field in th computer memory, from each television 
field we record onl the (x;,Y;) coordinates of pinlights which 

· are brighter than_t e background. For each field, the computer 
can then analyze the data and calculate the pertinent angles of 
joints under st y. This is achieved by using two clock coun
ters, one for t e horizontal sweep tci give the x-coordinate and 
the other to count the number of •horizontal sync-pulses to 
give the y-c · rdinate. · 

In other words, the composite video signal from the TV 
camera is eparated into the video signal, the horizontal blank
ing pulse , and the vertical blanking pulses. One of the two 
counter is reset by each- of the horizontal blanking pulses. 
This gives the coordinates along the x-axis. The other counter 
coun;s the horizontal blanking pulses and is reset by the verti
cal blanking pulse. This gives the coordinates along the y-axis. 
Once a light spot is detected and the corresponding voltage is 
over the threshold of the voltage comparator, the ready flag 
will be set. The computer detects the flag and transfers the 

16-bit buffer register, to its memory 

The resolution of the system is I part in 237 on the x, 
direction and I part in 240 on the y-direction. The uncer
tainty error of the system caused by the timing of blanking 
pulses and the interlacing scanning scheme of the TV camera 
CS{l vary the data coordinate by one unit in the x coordinate or 
in th y coordinate or both. 

Sine the angle between the optical axis of the camera an<;! 
the incide t beam of the subject to the camera is not allowed 
to exceed o · r 15 degrees, the parallax error is less than 2 
degrees and app s to be insignificant for our work. 

Two light spots be discriminated as long as there is one 
scanning line in bet en them or they are separated horizon
tally by at least -i o he width of the picture field. This 
system is presently being used to analyze normal and patho-
logical gaits. · 
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Reducing the Electric Field in Coil Systems Used for 
Emironmental Research 

JAMES D. GRISSETT 

Abstroct:_Series resonant coil systems are being used to study the 
effects of ELF magnetic fields on living systems. High inductive volt
ages generate electric fields that prevent the separation of magnetic and 
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electric field effects. These electric fields can be reduced by using 

r:.1ultip!e 5,1pacitor banks and connecting the coils and capacitors so 

,,.that the .. electric fields cancel each other. 

INTRODUCTION 

Current interest in the physiological and psychological ef

fects of ELF magnetic fields has created a need for coil sys

tems in which various life forms can be exposed and their 

responses to the fields monitored. Since the size of the coils · 

is dependent on the type an<l' number of specimens to be ex

posed, several coil systems were constructed, ranging from 0.6 

m to 3.6 m in diameter. Inductive reactance of the larger coils 

is sufficient to require capacitive tuning. If the capacitor bank 

is plac;ed in series between the power source and the coil sys

tem, the voltage drop across the coil is much larger than the 

source voltage. The resulting electric field within the experi

mental area is undesirable because effects of the magnetic field 

cannot be distinguished from effects of the electric field. A 

technique was devised to reduce the electric fields by using 

multiple capacitor banks and arranging the coils and capacitor 

banks so that the electric fields cancel each other. 

THEORY 

The rationale can be easily demonstrated by winding a sys

tem in the form of a Helmholtz pair which consists of two 

identical tightly wound coils separated by a distance equal to 

the coil radius. If each of the two coils is •:::enter-tapped, the 

voltage drop across each of the four subsections will be +jV/4, 

one-fourth the total inductive voltage drop of the system. The 

circuit should be opened at the center taps and tuning capaci

tors inserted in series at these two points. Selection of the 

capacitors should be such that the voltage drop across each 

capacitor is -jV/2, one-half the total inductive voltage of the 

system. Every segment of each coil that has a voltage with 

vector operator +j ·is balanced by another segment of the same 

coil that has the same voltage with vector operator -j. The 

separation between the segments is small compared to the 

overall dimensions of the system; therefore, at points within 

the experimental area, the electric field vectors produced by 

these segments are essentially equal in magnitude, but opposite 

in direction, with a negligible resu1tant. 

APPLICATION 

The basic theory was applied to the Barker-Four configura

tion 1 which has four separate, tightly wound coils (Fig. 1). 

The turns in the two outer coils exceed the turns in the two 

inner coils by a factor of 2.3. A schematic of the coils and 

capacitors is shown in Fig. 2. The heavy vertical lines repre

sent the four, square, wooden structures in Fig. 1. Each struc

ture contain·s a coil of tightly wound wire that is split to form 

two subcoils that have equal turns. The total inductance of 

the coils between points A and His 78.7 w.H. At a given 

operating frequency, the capacitance between D and E is se

lected that will provide a capacitive reactance equal to the 

total inductive reactance between A and H. An analysis of the 

reactive voltages shows that A and H have the same voltage but 

180° out of phase; the same is true for B and G, C and F, and 

D and E. Every segment throughout the system is balanced in 

this manner. 
The electric field at the center of the coil system was mea-

1Gibson, R. J., "A monograph on magnetic fields for life scientists," 

Report A-B2299-3 (Vol. II), Franklin Institute Research Laboratories, 

Contract No. NSR-39-005-018, National Aeronautics and Space Ad-

ministration, 1969. · 

Fig. 1. Coil system with four coil sections. The cover at the lower left 

comer of the nearest coil has been removed to expose the wire bun

dle. The capacitor bank for the first two sections is directly behind 

the wire bundle. The bank for the last two sections is out of view at 

the far right comer of the rear section. The system can generate 

fields up to I mT (IO gall5S) rms over a test area 2.4 m X 4:8 m. 

POWER SOURCE 

Fig. 2. Electrical schematic diagram of the coil system shown in Fig. 1. 

The four rectangles represent the four coil sections. The coi~ in each 

section are tightly wound together with an electrical discontinuity at 

the center. For example, A through His a 72-turn coil with a break 

between the 36th and 37th tum, resulting in two 36-turn subcoils, 

AB and GH. The physical separation between points A and His less 

than 10 cm. C throu!!h Fis a 32-tum coil with a break between the 

16th and 17th tum, resulting in two 16-turn subcoils, CD and EF. 
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TABLE I 
ELECTRIC FIELDS MEASURED AT Tl!E CU.,ER OF THE COIL SYSTEM 

Axial Axid Vertio::I Transverse 
Coil Magnetic EleciTic Ele<:tric Electric: 

Current Field Field Fielc Field 
(A) (ml)* (V/,.,,) {V/n:.) (V/m) 

S i:-,;.\e-CCoocito< T u:iing 

3 0.1 3.4 1.3 0.3 

5 0.16 5.4 2.1 0.6 

Twcr-Cop.,citor Tuning 

3 0.1 

5 0.16 

• 1 m T = 10 gauss 

sured for two-capacitor tuning, as shown in Fig. 2, as well as 
for single-capacitor tuning in which a single capacitor bank was 

. inserted between the power source and the coil system. The 
results given in Table I show that with two-capacitor tuning 
the electric field at 3A was reduced by a factor of 32.3 as 

... 

\ 

0.03 0.1 0.03 

0.1 0.2 0.05 

compared to the field obtained with single-capacitor tuning. 
At SA it was reduced by a factor of 54. These measurements 
ag:re.e with theory and clearly show that the method provides 
an effective means for reducing the electric field generated by 

• inductive voltages in series resonant coil systems . 


