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Abstract:  This experiment measures the force exerted by an air coil on a conductor ring in a 
uniform magnetic field as a function of the conductor ring current I. A uniform magnetic field is 
produced in a long, slotted air coil, and the conducting loop is of length s. = 8 cm is inserted 
into the slot where the force sensor is attached. Only the horizontal part of the conductors 
generates the force component measured by the force sensor. Thus, the ratio between the force 
F and the loop current I is used to determine the magnetic flux density B. 
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The main part: Magnetic flux density, or more simply the magnetic field B, is a vectorial 

quantity. A force F acts on a charge q passing through a magnetic field B with a velocity v; the size 
of the force depends on the strength and direction of the magnetic field. We can say 

𝐹 = 𝑞‧(𝜗 × B).       (1) 
The Lorentz force F is also a vectorial quantity, and is perpendicular to the plane defined by ϑ and 
B. 
We can understand the force acting on a current-carrying conductor in a magnetic field as the sum 
of the individual forces acting on the moving charge carriers which make up the current. The 
Lorentz force F acts on every single charge carrier q moving with the drift velocity ϑ. For a straight 
conductor, this gives us the total force 

𝐹 = 𝑞‧nAs‧(𝜗 × B),     (2) 
as the number of charge carriers in the conductor is the product of the density n of the charge 
carriers, the conductor cross-section A and the length s of the section of the conductor within the 
magnetic field. 
It is common to introduce the vector s, which points along the direction of the conductor segment. 
Also, the product qnAϑ is equivalent to the current I. Thus, the force of a magnetic field on a 
straight, current-carrying conductor section is defined by  

𝐹 = 𝐼‧(𝑠 × B)    (3) 
and the absolute value of the force by 
𝐹 = 𝐼‧𝑠‧B ,   when s and B are perpendicular to each other. The force F and the current I are thus 
proportional to each other, and the proportionality factor is B. 
The advantage of the air coil is that the magnetic flux density B within it can be calculated easily 
and compared with the value arrived at through experiment. For a long air coil, we can say 

B = μ0· N · IC / L   (4) 
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with the magnetic field constant μ0 = 4π·10-7 Vs/Am, the number of turns N of the coils, the coil 
current IC and the length L of the air coil. 
The following equipment was used in this experiment: Sensor-CASSY, CASSY Lab 2, Bridge box 
with Force sensor and  Multicore cable, 6-pole, 1.5 m or Force sensor S, ±1 N, 30-A box, Support 
for conductor loops, Conductor loops for force measurement, Field coil, d = 120 mm, Stand for 
tubes and coils, High current power supply, AC/DC power supply 0...15 V, Stand base, V-shape, 20 
cm, Stand rod, 47 cm, Leybold multiclamp, Connecting leads, 100 cm, red, Connecting leads, 100 
cm, blue, PC with Windows XP/Vista/7/8. 
 During the experiment, the device is assembled in the following order. 
The force sensor holds the 8 cm long conductor loop via the support and is positioned so that the 
conductor loop is inserted in the slot of the air coil. The conductor loop must not touch the air coil. 
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 current flows from the 20 A supply unit via the 30 A box on input B 
of Sensor-CASSY through the conductor loop and back to the power supply. The current of the 
second 5 A power supply flows through the air coil. 
 

 
(Pic.1) 

 
In the settings, the force zero point is set with Force FA1 → 0 ← and, if necessary, the alignment 
LED of the bridge box is turned on with LED on/off. 

mk:@MSITStore:C:/PROGRA~2/LDDIDA~1/CASSYL~1/en/CASSYL~1.CHM::/CASSYs/Sensor-CASSY/Introduction.htm
mk:@MSITStore:C:/PROGRA~2/LDDIDA~1/CASSYL~1/en/CASSYL~1.CHM::/CASSYLab/Introduction.htm
mk:@MSITStore:C:/PROGRA~2/LDDIDA~1/CASSYL~1/en/CASSYL~1.CHM::/Sensors/Sensors.htm#id_524041
mk:@MSITStore:C:/PROGRA~2/LDDIDA~1/CASSYL~1/en/CASSYL~1.CHM::/Sensors/Sensors.htm#id_524060
mk:@MSITStore:C:/PROGRA~2/LDDIDA~1/CASSYL~1/en/CASSYL~1.CHM::/Sensors/Sensors.htm#id_524043
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The current zero point can be set with → 0 ← in the IB1 settings. 
In the power supply of the air coil, about IC = 5 A is set. 
The conductive ring current I is increased from 0-20 A in steps of 2 to 5 A and the measured value 
is recorded each time. You can remove an invalid dimension from the table by going to Table → 
Delete last table row. 
If only negative forces are measured, the connections on the conductor loop support are reversed. 
The experiment must be performed quickly, because the conductor ring and support can only be 
loaded with 20 A for a short time. 
At the end of the experiment, the conductor loop current is set to 0 A. 

 
(Pic.2) 

 
Summary. Power increased linearly with current. The proportionality factor F/I = B·s was 
derived from the slope of the straight line. This, in turn, made it possible to determine the 
magnetic field strength B. In this example, with F/I = 0.138 mN/A and s = 0.08 m, B = 1.725 mT. 
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Using B = m0· N · IC / L, values of m0 = 1.257 mVs/Am, N = 120, IC = 4.75 A, and L = 0.41 m give 
us a calculated value of B = 1.75 mT. Both results were in good agreement within the limits of 
measurement accuracy. 
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