Physics 201L
Current Balance

Objective:
The force acting on a current-carrying conductor loop in a uniform magnetic field (Lorentz force) is measured with a balance. Conductor loops of various sizes are suspended in turn from the balance, and the Lorentz force is determined as a function of the current.
Equipment:
Current balance, Wire loops (l=12.5 mm, l =25 mm, l= 50 mm, l =1000 mm), 900 turns  Coils with iron cores, Distributor ,Bridge rectifier, 30 V AC/1 A DC Power supply, and two ammeters 

Theory:
In a magnetic field with a magnetic induction B, a force F (Lorentz force) acts on a moving charge carrier with charge q and velocity v:
F= q · (v х B)  (1)

The force vector F is perpendicular to the plane occupied by v and B. In this experiment v and B are also at right angles to each other, so that the following relationship holds for the values of the vectors:
F = q · v · B   (2)
The velocity of the charge carriers (electrons) is measured via the electric current IL in the conductor. The total charge of the electrons in the section of the conductor of length l must be formulated for q:

q · v =  IL · l 
The following is therefore obtained for the Lorentz force:
F = IL · l · B   (4)

 In the two vertical sections of the conductor loop the electrons travel in opposite directions, and the two forces acting on them cancel each other out. Only the horizontal section of the conductor loop, whose length l is indicated on each occasion on the loop, therefore affects the measured Lorentz force.

One of the conductor loops has two turns (n = 2), each with a horizontal length of 50 mm. The Lorentz force on these conductor loops is exactly equivalent to that on a single loop of twice the length (l = 100 mm, n = 1). 

Procedure:
1- The coils of the electromagnet are connected in series and are connected to the alternating voltage output of the power unit via an ammeter, a switch and a bridge rectifier. 
2-A fixed voltage of 12 V a. c. is selected and the associated current IC in the coils is measured. 
3-The conductor loops are connected via two light flexible metal stripes, first of all to a distributor, and then via an ammeter to the direct voltage output of the supply unit. The distance between the metal strips should be as large as possible and they should only sag slightly, so that no forces from the magnetic field act on them.
4- The pole shoes are placed on the electromagnet with their edges parallel and with an air gap of 1 cm.
5-The conductor loop with l = 12.5 mm is hung on the balance. The horizontal section of the conductor runs perpendicular to the field lines and – with the balance trimmed – is in the middle of the uniform field (fine adjustment with screw on tripod). 
6-The current in the conductor is raised in steps of 0.5 A with the knob on the power unit. 
7-The mass mo of the conductor loops is determined with the magnetic field switched off. The magnetic field is then switched on, the (apparently increased) mass m is measured, and the Lorentz force calculated from the difference between the two readings. 
8-Plot F versus IL and from the slope of the regression, the value of the magnetic induction B can be obtained.
9-Repeat the same procedure for the other two conductor loops.
Date:_____________

Physics201L 

Current Balance

Name: ________________________                        
Section: ________________

Instructor: _____________________

A- l = 100 mm   (6 pts)
mo​= _______   +         IC =_______  +
	IL ​(A) +
	m(g) +
	F=Δmg (mN)
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Plot F versus IL and from the slope of the regression; find the magnetic induction B along with its associated error.
B -l = 50 mm   (6 pts)
mo​= _______   +          IC =_______ +
	IL ​(A) +
	m(g) +
	F=Δmg (mN)
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Plot F versus IL and from the slope of the regression; find the magnetic induction B along with its associated error.
C- l = 25 mm   (6 pts)
mo​= _______    +         IC =_______  +
	IL ​(A) +
	m(g) +
	F=Δmg (mN)
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Plot F versus IL and from the slope of the regression; find the magnetic induction B along with its associated error.
D- l = 12.5 mm   (6 pts)
mo​= _______     +        IC =_______  +
	IL ​(A) +
	m(g) +
	F=Δmg (mN)
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Plot F versus IL and from the slope of the regression; find the magnetic induction B along with its associated error.
E- Analysis (6 pts)
· Plot on the same graph F versus IL for the four conductor loops (l =12.5mm, 25mm, 50mm, and 100mm). Analyze your graph.
· Plot the magnetic induction B versus the length l of the wire loop. Comment on your graph.
· Explain thoroughly how Lorentz force is calculated from the difference between the two readings of the balance before and after switching on the current.
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