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Atom on a stick 

Atom’s Response to Electric Field 

𝑬𝒆𝒙𝒕𝒆𝒓𝒏𝒂𝒍 

𝑭𝒆𝒙𝒕𝒆𝒓𝒏𝒂𝒍 = 𝑞𝑬𝒆𝒙𝒕𝒆𝒓𝒏𝒂𝒍 

𝑭𝒊𝒏𝒕𝒆𝒓𝒏𝒂𝒍 = −𝑭𝒆𝒙𝒕𝒆𝒓𝒏𝒂𝒍 
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For small stretch, first term in Taylor Series (Hook’s Law) 
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Electric Dipole moment 
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So, for small enough stretch, weak enough field 
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Atom’s Response to Electric Field 
extEp




How Small is Small Enough? 

Atom on a stick 

𝑬𝒆𝒙𝒕𝒆𝒓𝒏𝒂𝒍 

𝑭𝒆𝒙𝒕𝒆𝒓𝒏𝒂𝒍 = 𝑞𝑬𝒆𝒙𝒕𝒆𝒓𝒏𝒂𝒍 

𝑭𝒊𝒏𝒕𝒆𝒓𝒏𝒂𝒍 = −𝑭𝒆𝒙𝒕𝒆𝒓𝒏𝒂𝒍 
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Special case: uniform ‘electron cloud’ 
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(easier to consider nucleus being displaced) 
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Key to this working: charge 
distribution is radially uniform 
and angularly symmetric 
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Atom’s Response to Electric Field 
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How Small is Small Enough? 

Atom on a stick 

𝑬𝒆𝒙𝒕𝒆𝒓𝒏𝒂𝒍 

𝑭𝒆𝒙𝒕𝒆𝒓𝒏𝒂𝒍 = 𝑞𝑬𝒆𝒙𝒕𝒆𝒓𝒏𝒂𝒍 

𝑭𝒊𝒏𝒕𝒆𝒓𝒏𝒂𝒍 = −𝑭𝒆𝒙𝒕𝒆𝒓𝒏𝒂𝒍 
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Real (simple): electron cloud 
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(easier to consider nucleus being displaced) 
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Key to this working: charge 
distribution is radially uniform 
and angularly symmetric 
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Assuming d<<a 
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Indeed, constant 
polarizability only for 
radially constant charge 
distribution  

But if d<<a, good 
enough approximation 
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Polarizability Tensor 

Mass on un-even springs analogy 
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Polarizability Tensor 

Imagine cylindrical ‘molecule’ which is easier to polarize along 
length than radially: l>r.  

So when field is applied in z-direction,  
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Get poloarization at an angle 
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More generally expressed in terms of Cartesian coordinates 
that may not be aligned with p or E, 
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Atom’s Response to Electric Field 
Field of a dipole 
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Atom’s Response to Electric Field 
Response of a dipole to fields 
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Torque in uniform field 
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Change in energy with Rotation 
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Change in energy with vibration 
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Atom’s Response to Electric Field 
Response of a dipole to fields 
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Exercise: A dipole  is a distance z above an infinite grounded conducting plane. The 
dipole makes an angle q with the perpendicular to the plane.  Find the torque on it. In 
what orientation is it stable? 
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Atom’s Response to Electric Field 
Response of a dipole to fields 
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Force in uniform field 
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Force in a non-uniform field 
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First, imagine dipole along z-axis,  
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Alternatively, if dipole 
points along y-axis 
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or dipole points 
along y-axis 
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Atom’s Response to Electric Field 
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Exercise: What is the force on a dipole due to a point charge ‘below’ it? 
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Atom’s Response to Electric Field 
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Response of an induced dipole to fields 
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Product rule 4 (if polarizability is uniform / scalar) 
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Only if time-varying current 
and/or charge distribution 

Note: force in direction of increasing field strength -  “Optical tweezers” 



Bulk material’s Response to Electric Field 

Polarization 

P≡ dipole moment per unit volume 
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