
Estimate of force coupling between an 
optic with a uniform surface charge and 

the metal frame on the optic cage. 

B. Lantz, Oct 1, 2014, G1401179-v3

We estimate the motion of the test mass caused by a moving metal frame (i.e. an image plane) moving near a 
charged optic. We show this will be a problem if the surface charge on the optic is roughly  
sigma >= 2e-6 C/m^2.  This is a Rough Estimate. Electrostatic FEA could be used to make a Better Estimate.

We do a simple matlab estimate of the spring rate (dForce/dL) caused by a uniform charge density (sigma) 
on the front surface of the test mass interacting with its image charge in the metal frame nearby. We assume 
a fixed surface charge and and moving metal frame.  

This complement’s Rai’s calculation of a ‘hopping’ charge distribution and a fixed gap between the optic and 
reaction mass. We assume a fixed charge and moving gap; Rai uses a moving charge and fixed gap. Reality is 
probably that everything is charged, changing, and moving.

Summary (all forces are in the optical beam direction, L, normal to the face of the optic):
For sigma = 2e-6 C/m^2:  
F0 = 1.6e-4 N * (sigma/2e-6 C/m^2)^2 
dF/dL = 8e-3 N/m * (sigma/2e-6 C/m^2)^2
BSC ISI motion req. at 10 Hz = 2e-12 m/rtHz
Resulting force ASD on optic Foptic = 1.6e-14 N/rtHz
driven optic motion at 10 Hz, xoptic = Foptic/(40 kg (2π*10 Hz)2) = 1e-19 m/rtHz



Coupling mechanism
Basic coupling mechanism :

1) Charge on the optic face induces image charge in the nearby grounded metal frame. The force on the 
optic changes as the frame moves. The frame motion at 10 Hz is ~1e7 times larger than the optic motion, so 
small couplings can be important.

2) The image charge distribution is a function of :  
  a. the nominal frame and optic geometry (fixed),  
  b. the distribution of charge on the optic, sigma (assumed to be uniform and fixed), and  
  c. the position of the optic relative to the frame (intentionally varied along the beam direction for the 
calculation).  

3) The charge on the optic feels a force from the image charge, F0.

4) The force varies as a function of the optic position (the image charge changes, and the gap to the image 
charge also changes). This is Kimage = dF/dL. Use  +/- 1e-6 m displacement to recalculate things. 

5) In reality, the frame is the piece which is moving, since it is attached to stage 2 of the BSC-ISI.

6) Given Kimage and the motion of stage-2 optical table (xstg2),  
   - calculate the force on the optic Foptic = Kimage * xstg2, and  
   - calculate the resulting motion of the optic, xoptic = Foptic/ (40 kg * w^2).
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Detail of D060434
Frame geometry near optic

25 mm high
16 mm wider than round optic
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Details about calculation
Details:

1) Assume sigma = 1e-6 C/m^2 for the calculations. The image charge will scale as sigma, whereas the force 
and spring rate (Kimage) will scale as sigma^2. It is likely true that the front surface charge distribution is not 
uniform, because the charge affects in the 4 quadrants of the electrostatic drive are quite different. 

2) The closest large piece of metal is the frame at the front side of the optic. The piece jutting out in front of 
the optic seems to have the greatest effect.  The forces from the piece moving out to the side are much 
smaller, and so ignored for now. 

3) These calculations assume that the image charge in a small piece of metal will be the same as for the 
image charge on that same piece of metal in an infinite ground plane. This is clearly not true at the edges. The 
edges are the part closest to the optic in this calculation, and so the whole calculation is quite suspect. 

4) If an accurate answer is desired, a more sophisticated model will be required.

5) Since the sides are the closest, we just use the force from the 2 sides (i.e. twice the force from 1 side).

6) Done in Matlab. image plane is 100 x 100 grid. optic is grid with 2.25 mm spacing, first 2 rows are skipped 
to mimic the 6.75 mm cut-off to make the flat where the ears go. Careful ‘fence post’ analysis has not been 
done, see (4) above.

7) Only calculate for 1/2 the optic. Forces drop off pretty quickly.

8) Calculations done with script charged_optic_face.m and functions image_charge_rectangle.m and 
image_charge_force.m. 
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0.78

6

Image charge

These are 2 views of the map of the image 
charge density which appears on the side 
plate. It has been normalized by the surface 
charge density on the optic. The max is 0.78 
of the surface charge density, and appears 
next to the close edge.



These are 2 views of the map of the dF/dL 
distribution on the optic. The electro-static 
spring is dominated by the part of the optic 
closest to the image plane, as expected.
Units are dF/dL per m^2 for optic surface 
charge of 1e-6 C/m^2. These are the grid 
elements used for the calculation.

When the grid elements are summed up, 
dF/dL = 2.3e-3 N/m for one side plate. L is 
normal to the optic face. Lateral forces are 
also calculated, but ignored. 

dForce/dL on the optic
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The frame is 8 mm from the edge of a round optic.  About 
6.75 mm of the round optic has been removed from each side 
to create a flat place to mount the ear. On the right, I’ve put 
the two images (force on optic and charge on image plane in 
approximately the correct relative location and scale. Note - 
the close edge of the image plane is in the correct place, the 
rest of it should be coming up, out of the page. 




















