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Problem?2

Magnetic field with a V-shaped wire

Amongthe first successesf the interpretation by Ampéreof magneticphenomenawe havethe
computation of the magnetic fidklgenerated by wires carrying aglecdric current, as comparedto
early assumptions originally made by Biot and Savart.

A particularly interesting case is that of a very longthin wire, carrygumnatant current madeout
of two rectilinearsectionsand bentin theform of a "V", with angularhalf-span o (seefigure).

According to Ampeére's computations, the magnitBaé the magnetic field in given point P lying

on the axis of the "V", outsidef it and ata distanced from its vertex,is proportionato tanE%E.

Ampere's work was later embodiedin Maxwell's electromagnetictheory, and is universally
accepted.
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Using our contemporary knowledge of electromagnetism,

1 Find the direction of thefieB in P.  [1 point]

2. Knowingthat thefield is proportionalto tanE%E, find the proportionality factor k in

— g -
IB(P)| = ktanDz C [1.5 points]
3. Compute the fiel8 in a point P* symmetricto P with respectto the vertex;.e. alongthe

axis and at the same distamcdut inside the "V" (see figure). [2 points]
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4, In order to measure the magnetic field, we place in P a smal mageele weéh momenbf
inertia I and magneticdipole moment ; it oscilatesaround a fixed point in a plane
containing the directionf B. Computethe periodof small oscilationsof this needleas a
function ofBB. [2.5 points]

In the sameconditionsBiot and Savarthad insteadassumedhat the magneticfield in P

i o
might have been(we use herethe modern notation) B(P) = #)d_ where |y is the magnetic

permeability of vacuum.In fact they attemptedto decidewith an experimentbetweenthe two
interpretations (Ampére's and Biot and Savart's) by measuring that@msgileriod of the magnetic
needle as a function of the "V" span. For somwlues, however, the differences are too stodile

easily measurable.

5. If, in order to distinguish experimentally between the two predictmrité magnetineedle
oscilation periodl in P, we needa difference byat least10%,namely T; > 1.10T, (T,
being the Ampere predictionand T, the Biot-Savart prediction) statein which range,
ap proximately we mustchoosethe "V" half-spana for beingableto decidebetweenthe

two interpretations. [3 points]

Hint

Depending orwhich pathyou follow in your solution, the followingtrigonometricequationmight
(o sina

be useful:tan=——-=

020 1+ cosa
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Answer sheet

In this problemwrite the requestedresults as analytic expressionsnot as numerical values and
units, unless explcitly indicated.

1.  Using the following sketch draw the direction of Bdield (the lengthof the vector isnot
important). The sketch is a spatial perspective view.

2. Proportionality factok ............................

3. Absolute value of the magneticfield intensity at the point P, as describedin the

Draw the direction of th8 field in the above sketch
4.  Period of the small angle oscillations of the magnet ........................oo .

5. Write for which range ot values(indicating herethe numericalvaluesof the rangelimits)

the ratio between thescillation periods,as predictedby Ampereandby Biot and Savart,
is larger than 1.10:
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