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The main goals of the Lab:

Study of the magnetic field distribution created by

various systems using Hall probe and Gauss meter.

Calculating for simple systems the magnetic field

profile and comparing it with experimental data.

Getting understanding of the application of the Hall

effect to measurements of the magnetic fields.

This is one week Lab
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Magnetic field due to current loops

Helmholtz coils 

Solenoid

Halbach magnets

Hall effect. Measuring of the magnetic field
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Hermann Ludwig 

Ferdinand von 

Helmholtz  

(1821-1894)

Magnetic field vector in a plane

bisecting the current loops.

(courtesy Wikipedia)

http://upload.wikimedia.org/wikipedia/commons/0/01/B_vector.helmholtz.svg
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In the z range –a/4  a/4  the field uniformity is better than 0.5%
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The results of 2D field mapping can be presented in 3D plot

Step#1.  Plugin your data in the worksheet 
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Step#2. Convert data to matrix 
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Step#3.  Plot (here is the color map chosen but you have many options 

how to plot)
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Helmholtz coils can produce the pretty uniform magnetic field in large volume free 

of material. Helmholtz coils are not very suitable to generate high magnetic fields. 

Helmholtz coil from Brookhaven 

National Laboratory 

Helmholtz coils in Rb optical pumping 

experiment. UIUC Physics 403
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Solenoids are another source

of the uniform magnetic field.

Solenoids could be used to

produce very high magnetic

field.
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Physics 401 Spring 2016 20

0

a

q1 q2

dz

zB

 


 
 

  
 
 

2

0

3

2 2 2
1

2

nIdz a
B z

z a

z1 z2

q

q

 
q q q q     

2

1

0 0

1 2
sin cos cos

2 2

nI nI
B d z z

q q 
 

1 2

1 2
2 2 2 2

1 2

cos( ) ;   cos( )
z z

a z a z
where

n –turns per unit length

I – solenoid current  

Field from current loop



Physics 401 Spring 2016 21

B
R

L=R

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

0.2

0.4

0.6

0.8

1.0

B
/B

(0
)

z/R

L



Physics 401 Spring 2016 22

B
R

L=2R

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

0.2

0.4

0.6

0.8

1.0

B
/B

(0
)

z/R

L



Physics 401 Spring 2016 23

B

R

L=4R

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

0.2

0.4

0.6

0.8

1.0

B
/B

(0
)

z/R

L



Physics 401 Spring 2016 24

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

0.2

0.4

0.6

0.8

1.0

 L=R

 L=2R

 L=4R

 L=10R

B
/B

(0
)

z/R

To create the uniform field in solenoid you 

need you need to wind a long coil with L>>R 
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17T solenoid (4.2K, 105A)

from

22T magnet from

Units:  1T=104G;  typical fields reachable in your experiments <100G 
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The late Klaus Halbach of Lawrence Berkeley

National Laboratory discovered an interesting

permanent magnet configuration that

concentrates magnetic flux on one side of the

array and cancels it on the other

Courtesy MatchRockets.com

Klaus Halbach

1924-2000
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Edwin Herbert Hall 

(1855-1938)

x x
I NqAv xThe current in x direction could be written as:

where N is the concentration of carriers, q is carrier charge 

and A is a cross-section area of the bar and vx – drift velocity.  
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After the field application in z direction

the carriers experience a force:
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X-Y scanning equipment Hall probe scanning the 

“iron box” magnet
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Be smart! Do not forget about the symmetry of the 

investigated magnetic system.

I

B B(r,)



r

B(r,)=f(r)≠ f() 

Magnetic field created
with the circular loop
(solenoid, Helmholtz
coil) depends only on
radius r but not on the
angle 
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\\engr-file-03\PHYINST\APL Courses\PHYCS401\Common\Halbach Magnets 

Documentation: 

HalbachSim - The most useful README in the world.docx

Courtesy of  Longxiang Zhang


