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Mathematical proof of the fiber based position detection mechanism. Objective-lens-free, fiber based position 

detection mechanism depends on the difference in the scattered optical power collected by the two fibers. Here we prove that the 

differential signal from those two fibers is linearly proportional to the trapped bead displacement, assuming small displacements. 

Optical beams emitted from both fibers are scattered by a trapped bead and gathered by both fibers. We will use Pij (i, j = 1, 2) to 

represent the light emitted from Fiber i and collected by Fiber j. The scattered signal gathered by each optical fiber can be 

separated into two parts, one being light emitted from itself, P11 or P22, and another being light emitted from the other fiber, P21 

or P12, as shown in Fig. S 1a. As a result, the total scattered optical power received by Fiber 1 (P1) and Fiber 2 (P2) can be 

described as:  

                                 21111 PPP  , 22122 PPP  .                                                                       (1) 

The influence of the bead displacement on the collected power is dependent on the moving direction. That is, the influence of the 

bead movement along the fiber axis on the collected power is different from that of the bead movement perpendicular to fiber 

axis. Therefore, we define the ratio of collected optical power to displacement as a displacement sensitivity. There exist 6 

displacement sensitivities with a unit of W/m: D , ,'D "D , IID , 'IID , and "IID , where the subscripts specify whether the 

direction of the bead displacement is parallel or perpendicular to the collection fiber axis. D  and IID  are the sensitivities of 

light emitted and collected by the same fiber, 'D  and 'IID  are those of light emitted by Fiber 1 and collected by Fiber 2, and 

"D and "IID  are those of light emitted by Fiber 2 and collected by Fiber 1.  The detailed geometry diagram is shown in Fig. S 

2. The dependence of 11P and 12P on the x-, y-, z-axis bead displacement can then be expressed as: 
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21P  and 22P  are: 
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Based on the above deductions, we can obtain the resultant differential power signal between two fibers as:  

             CyPP  21
                                      (6) 

Where C in Equation (6) stands for a constant and can be described as:  

 
S 1. schematics of principle of fiber based detection mechanism (a) and top view (b). P11 and P12 are the 

light emitted from Fiber 1 and collected by Fibers 1 and 2, respectively. P21 and P22 are the light emitted 

from Fiber 2 and collected by Fibers 1 and 2, respectively. 

 

 
S 2. The detailed geometry diagrams. 
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                                                      (7) 

Equation (6) indicates that the differential power collected from two fibers is linearly proportional to the y-axis bead displacement, 

but not dependent to the x- and z-axis displacement. Therefore, we conclude that the differential power signal can be used to 

measure the y-axis bead displacement when the bead displacement is small. 

  



 

 

 

Video Brightfield image of the bead with size of 4.64 m overlaid with the detected bead boundary.  
 


