
20 Chapter 3. Experimental Implementation

Figure 3.5: Interference pattern used to generate a cube with each vertex illuminated
by a point source. Di↵erent colors correspond to di↵erent phase shifts applied at each
pixel of the SLM.

where Eref is the amplitude of the wave. For our source field, we want to choose
something whose field we are able to write down, so we decide to make our “object”
out of point sources arranged in a 3D configuration. Recalling from Eq. (1.15) that
the field from one point source looks like

Ẽs =
Es

r
eikr, (3.16)

where r =
p

(x� x0)2 + (y � y0)2 + (z � z0)2 and Es is the amplitude of the wave.
Rewriting this in terms of our coordinates for a single point source behind the SLM
screen at (x0, y0,�|zobj|) looks like r =

p
(x� x0)2 + (y � y0)2 + zobj2.

We can in theory add together as many points as we want to create a 3D shape. In
practice, we can not add arbitrarily many points due to the limited resolution of our
SLM, but we can make a cube where each of the vertices is illuminated by a point.
For our cube of side length l centered at (0, 0, z), we sum the fields of a reference
wave and eight point sources to find the total electric field. An interference pattern
records intensity, so to compute what the interference pattern should look like, we
must take the absolute value squared of the sum of the fields:

I(x, y) = |Ẽref + Ẽs1 + ...+ Ẽs8 |2, (3.17)

where the Esn are fields from identical point sources at di↵erent spatial locations of
the form

Ẽsn = Esn(x,y)e
i�n(x,y)

=
Cp

(x± l/2)2 + (y ± l/2)2 + zobj2
eik

p
(x±l/2)2+(y±l/2)2+zobj2 , (3.18)


