CASSY Lab 2 (2013-06-07)

P3.3.3.4ab

Electricity Basic measurements for the
Magnetostatics electrodynamic definition of
Effects of force in a magnetic field the ampere

Description from CASSY Lab 2

For loading examples and settings,
please use the CASSY Lab 2 help.
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CASSY Lab 2 ‘

Force between two current-carrying conductors (ampere definition)
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% @E?—‘ can also be carried out with Pocket-CASSY and Mobile-CASSY

Experiment description

The force F acting on a conductor with the length s and carrying a current | in a field with the magnetic flux density B
is

F=1-s-B.

If the flux density B is generated by a long conductor at a distance r, we say

B=const.-I/r.

Thus, the force F acting between two parallel conductors carrying the same current | is determined using
F=const.-I°-s/r.

Electrical current (the ampere) is defined as follows: the current | has the value 1 A when the absolute value of the
force per unit of length s between two parallel, straight and infinitely long conductors with a diameter tending to zero
and carrying the identical current is

F/s=2-107 N/m.

const.

const. =2 - 107 N/A?

is expressed as Jo/21, which gives us:
F=po2m-1°-s/r

where g = 411-107 N/A? = 411:10° Vs/Am.

In this experiment a conductor with the length s = 0.30 m is suspended at a distance r of just a few millimeters above
a somewhat longer conductor. This experiment measures the force F acting on the suspended conductor at different
currents | and distances r. The result verifies the ampere definition.
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CASSY Lab 2

Equipment list

1 Sensor-CASSY 524 010 or 524 013
1 CASSYlab?2 524 220
1 Bridge box 524 041
with Force sensor and 314 261
Multicore cable, 6-pole, 1.5 m 501 16
or
1 ForcesensorS,+1 N 524 060
1 30-A box 524 043
1 Support for conductor loops 314 265
1 Set of conductors for ampere definition 516 33
1 Vertically adjustable stand 516 31
1 High current power supply 52155
1 Stand base, V-shape, 20 cm 300 02
1 Standrod, 47 cm 300 42
1 Leybold multiclamp 30101
2 Connecting leads, 50 cm, blue 501 26
1 Connecting lead, 100 cm, red 501 30
1 Connecting lead, 100 cm, blue 501 31
1 PC with Windows XP/Vista/7/8

Experiment setup (see drawing)

The force sensor holds the top conductor loop with the support and is positioned so that the distance between the
two conductor loops is about 5 mm for medium extension of the vertically adjustable stand.

The two 4-mm sockets on the bottom of the force sensor are intended for supplying the conductor loop support. They
are not connected internally. The force sensor is connected to the bridge box at input A of Sensor-CASSY. The cur-
rent flows from the 20 A supply unit via the 30 A box on input B of Sensor-CASSY through the two conductor loops in
series and back to the power supply.

Now, slowly bring the conductor loop on the stand closer to the suspended conductor loop until the two are just
touching (the wire centers now have the distance r = 2 mm). Check to make sure that the vertically adjustable stand
is still parallel to the conductor loop, and adjust it if necessary using the adjusting screws.

Set the zero-point slider of the vertically adjustable stand to a defined mark and set the desired distance between the
two conductor loops using the height adjustment mechanism (e.g. r = 4 mm).

Good measuring results require careful adjustment here.

Carrying out the experiment

1 Load settings

e Set the force zero point in Settings Force FA1 with — 0 « and, where necessary, switch on the smoothing LED of
the bridge box with LED On/Off.

e You may want to set the current zero point in Settings IB1 with — 0 «.

¢ Increase the conductor loop current | from 0-20 A in steps of 2 A, and record measured values with @ each time.
You can delete a faulty measurement from the table with Table — Delete Last Table Row.

¢ If only negative forces are measured, reverse the connections on the conductor loop support.

e Carry out the experiment rapidly, as the conductor loop and support may be subjected to loads of 20 A only brief-
ly.

e At the end of the experiment, set the conductor loop current to 0 A.

¢ Record additional measurement curves with different conductor spacings r. Select Measurement — Append
new Measurement Series.

Evaluation

Fit a parabola to each measurement series F(l). After each best-fit straight line, switch to the display Ampere Defini-
tion (click the tab with the mouse). Here, an additional table is filled out by dragging the parameter F/I1? of the parabo-
la just determined from the status line using the mouse and dropping it next to the respective conductor loop spacing
rin the table (drag & drop). Enter the conductor loop spacing r directly via the keyboard. The desired diagram is gen-
erated as you enter the values.

In this display, the parameter F/1%rof a hyperbola 1/x gives us the constant for the ampere definition as
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Mo/2TT = F/%r/s=FN%r/0.3m.
In our example this means
Ho/2TT = 0.000062 mN-m/A%/ 0.3 m =2.1-10"" N/A% = 2.1-10" Vs/Am.

Alternatively, you can convert the x-axis from r to 1/r in the ampere definition display (click on the axis with the right
mouse button). In this display, we obtain the value po/21 by fitting a straight line.

Remark

This measurement contains systematic errors. For one thing, the conductor has a finite length. That means that the
assumed magnetic field does not exist at the end of the conductor, so that the forces are less. Additionally, a minute
opposing force component acts on the suspended conductor due to the conductor segment running upward.
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