
AZ), using the optical design parameters of the Pentax 50 mm lens.

To confirm the results of our Monte Carlo simulation and diffractive optics model discussed above, we constructed a physical

macroscope system on an optical bench and imaged a calibration slide through an intralipid phantom, which is known to have a scattering

cross section very similar to that of freshly resected cortex [14]. The observed blur of the calibration image agreed well with our

simulation results, as well as with existing experimental measurements in cortical tissue.

Point-spread functions of the macroscope at varied tissue depths

The Gaussian Beam Decomposition method [15] was used to calculate the two-dimensional diffraction PSF for the optical recording

for several depths including the object plane and several planes above and below the object plane. It was necessary to calculate the

out-of-focus planes as the contributions to the total PSF come from the entire volume of the tissue under observation.

For the macroscope optical model, we computed the PSFs for on-axis model photon origin positions at 50 µm intervals. Fig. 5

provides a subset of diffraction PSFs generated for planes above and below the object plane at 150 µm intervals. Each individual PSF

image is 600 µm square.

−600 µm −450 µm −300 µm −150 µm 0 µm +150 µm +300 µm +450 µm +600 µm

Figure 5: Macroscope diffraction PSFs. A subset of the macroscope diffraction PSFs computed with ASAP that
were used to model the macroscope optics. The numbers beneath each panel denote the distance, in the direction of
the optical axis, between the PSF and the focal plane of the macroscope, where 0 µm signifies the PSF at the focal
plane, positive values signify PSFs at heights above the focal plane, and negative values signify PSFs at depths below
the focal plane. The center of each image represents the PSF at the optical axis, and the pixel intensity is proportional
to flux per mm2 of the PSF.

Combined point-spread function for photon scatter and macroscope optics

The intensity distribution of photons reflected from a particular point source and reaching the detector through the optical system was

produced by convolving the diffraction PSF of the macroscope optics with the three-dimensional distribution of photons associated

with a point reflectance source produced by the Monte Carlo photon propagation simulation. This PSF was computed for point source

locations and macroscope focal depths that were independently varied between cortical depths of 100–500 µm.

Columnar point-spread function

The neuronal response to orientation stimuli was taken to be columnar, i.e., identical in response through the supra-granular depths of

the cortex, excluding Layer I. Out-of-focal-plane contributions to the optical image signal were modeled by convolving the combined
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