
THE FREDERIKS EFFECT IN NEMATIC LIQUID CRYSTALS 
The basis of switching effects used in modern displays 

The electro-optical effect exploited in modern liquid crystal displays is a change of optical 
properties caused by application of a voltage to a thin film of aligned liquid crystal. The same 
effects can be observed in liquid crystal films if a magnetic field instead of an electric field is used. 
Indeed the first observation of the effect, known after its discoverer as the Frederiks Effect, used 
a magnetic field. In one of the demonstrations the magnetic Frederiks Effect is shown using a 
small but powerful rare-earth magnet. 

The Frederiks Effect, whether using electric 
fields or magnetic fields requires three things. 

1. The liquid crystal must be aligned by a 
suitably treated surface. The molecules 
are parallel to the containing surfaces 
OR as illustrated here perpendicular to 
the containing surfaces. It is the 
anchoring of the molecules by the 
surfaces that causes the threshold 
behaviour i.e.the switch from off to on. 

2. A suitable liquid crystal which will switch 
either into the field direction or out of the 
field direction. 

3. A sufficiently strong electric or magnetic 
field 

 

In this demonstration, the effect is observed between crossed polarizers. The stray magnetic field 
from the magnet causes the film of liquid crystal to become distorted, and the distortions are seen 
as coloured interference fringes. The fringes trace the lines or force of the magnetic field in the 
liquid crystal film. Just like the classic iron-filings experiment. 

Below on the left is an image of the interference pattern generated in controlled laboratory 
conditions. On the right is a computer-generated image of the same experiment, which proves 
that the theory is correct. 

 

 

 

 

At the present time there are no applications for magnetically switched liquid crystals. 
Original experiment devised by T Kosa and P Palffy-Muhoray, Liquid Crystal Institute, Kent State 
University, Ohio, USA 
 

   


