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For an infinitely long, stight wire, the magnetic field Eat a poith near the field is the following:
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From this we can see that the magnitude of the magnetic field induced by the current through the

wire is inversely proportional to the distance the point is from the wire (when the wire is
infinitely long and straight

Using Faraday’s law of induction, we can then find out how this magnetic field can be
detected using inductors (solenoids).
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Notice thatdg is the magnetic flux through angie loop and that the electromagnetic fiél
only generated by a change in the magnetic flux over time. (This is the reason why an AC
current source is used for this project instead of a DC current source.) From this formula, the
current generated in a snobid can be calculated winéhe magnetic flux is homogeneous over
the inside loop. B
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R is the resistance within the solenoid, and N is the number of turns.
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Now that you have had a really quick review, | will go over some design samples.

Large horizontal sensor that are closeto thefloor.

changing magnetic field
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sensor loop

Thefirst design has a long, rangular loop of wie which rests on the ground in front of
the car. When the car is centered around the line (as shown above), the amount of flux going
through the loop sums to zero and the sensor sees a value of zero. If, as shown in the picture
below, the car is slightly to the left of the wire, there will be more magnetic flux on one side than

4B,
4B, dt44+7
dt

sensor loop

the other. Unfortunately, the track can be slanted with respect to the car such that the flux is
equal on both sides. This shows that even more than one sensor is needed for detecting angle. In
addition, the car will be unable to tell which way to turn even with a second, similar sensor
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because without a third sensor to give the car a reference signal, there will be no way to
distinguish the left side from the right siéven thoulg the signals produced by each side would
be out of phase by.

Circular sensorsthat areflat against the floor.
This method might be easier to implement because inductors are already circular
inductors, but thre are also other features that are worth mentiortingt of all, it is easier to
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tell which side of the wire your car is on; the sensor with the largest magnetic flux will usually be



closest to the wireThis, unfortunately, will not be true when the wire passes beneath the sensor
because, as in the case of the previous example, the amount of flux going up, through the loop
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will be canceling with the flux going down, through the loop. This will cause the total magnetic
flux to drop quickly as the loop passes over the widé course, once the sensor has passed over
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the loop, it will be possible to determine that the car is no longer in the middle of the track
because t signals will no longer be out of phase as shown in the picture above. With only a
pair of these sensors, the angle of the car can not be detected, so it is probably best if two
additional sensors are added as shown on the next page.
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Standard, horizontally aligned sensorsthat are elevated.
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Elevated snsors are one of the most popular orientations fal#tearrace. | thnk thet
this is beause the sesors do not pasthrough a nul area like the one | degibed fa the
previous deggn; at least whn they ae orientated as sbwn abwe, the signal will not campletely
die ou urtil changing magnetic field beomes too wek to be dedcted. Urfortunately, this
method is al® les eficient beause, as sbwn bebw, only the portion o the field papendicular
to eah cdl is actally deected and tke rest$ lost. If you look at the pidure abae and tle one
on the nt page, it is aparent that the totd field is only detected when the sesor is diredly
above the wire.
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Notice thet not only b the field reduwced beause of digance, bu the pecentage of the field is
reduwced when far from the wire beause a snaller amaunt of the field is pependicular to the
loops.

Further designs.

This information should help yougiire ou unique locatons and orientations that will
maximize the stability ofgur car and allow you to beat those contestants with less
understanding. :-)



